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WARNING: This equipment has been certified to comply with the limits for a Class B 

computing device, pursuant to Subpart J of part 15 of FCC Rules. Only peripherals 

(computer input/output devICes, terminals, printers, etc.) certified to comply with the Class 

B limits may be attached to this computer. Operating with non-certified peripherals IS 

likely to result in interference to radio and TV reception. 

WARNING: This equipment generates and uses radio frequency energy and if not 

installed and used properly, that IS, in StrICt accordance with the manufacturer's 

instructions, may cause Interference to radio and television reception. It has been type 

tested and found to comply with the limits for a Class B computing device in accordance 

with the specifications in Subpart J of part 15 of FCC Rules, which are designed to provide 

reasonable protection against such Interference in a residential installation. However, 

there is no guarantee that interference will not occur in a particular installation. If this 

equipment does cause Interference to radio or television reception, which can be 

determined by turning the equipment off and on, the user is encouraged to try to correct 

the Interference by one or more of the following measures: 

Reorient the receiving antenna. 

Relocate the com puter with respect to the receiver. 

Move the computer away from the receiver. 

Plug the computer into a different outlet so that computer and receiver are on 

different branch CIrCUitS. 

If necessary, the user should consult the dealer or an experienced radio/teleVision 

technician for additional suggestions. The user may find the following booklet prepared 

by the Federal Communications Commission helpful. This booklet is available from the U.s 

GOVERNMENT PRINTING OFFICE, WASHINGTON, D.C. 20402, STOCK NO. 004-000-00345-4. 

"HOW TO IDENTIFY AND RESOLVE RADIO-TV PROBLEMS" 

Xerox Corporation reserves the right to make Improvements to products without Incumng 

any obligation to incorporate such improvements in products previously sold. 
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Introduction 

The purpose of this manual is to provide technical reference material for 
the Xerox 820-11 and 16/8 Professional Computers for programmers and 
engineers involved in hardware, software, and interface design. It is also 
intended for interested persons who have a desire to know how the 
Xerox 820-11 and 16/8 operate and how to access their many features. 

A list of the abbreviations and naming conventions used in this manual 
can be found in Appendix N. 

SYSTEM OVERVIEW 
The modular design of the 820-11 and 16/8 systems enhance the flexibility 
provided by the operating systems. The combination of operations 
provided by the system gives it a flexibility that allows it to be tailored to 
the needs of each user. 
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Overview of Xerox Personal Computers 

Xerox Personal Computers are comprised of four components: 
display/processor, disk drives, keyboard, and optional printers. Both the 
820-11 and 16/8 use the CP/M®-80 2.2 Operating System from Digital 
Research, Inc. Additionally, the 16/8 PC includes CP/M-86® 1.1 and MS '"_ 
DOS Version 2.0 as standard operating systems. 

HARDWARE DESCRIPTION 
System Board 
The system board uses a Zilog Z80-A®-based microprocessor operating on 
a 4 megahertz clock with 64k RAM and 8k ROM. It is a single-board 
computer and uses a daughter board to interface with the disk drives. 
The 820-11 is equipped with three user-accessible I/O ports. Two of the 
ports are located on the back of the display/processor; the third is 
located on the CPU board. On the back are the printer and the 
communications ports (both RS232C). The port inside the display is a 
dual parallel port (most printers and other devices that follow a standard 
Centronics 36-pin interface can be successfully attached). 

The 16/8 has all of the above features as well as an InteI8086®-based 
microprocessor operating with a 4.772 megahertz clock. The 8086 is 
equipped with 128k of RAM which is expandable to 256k total by 
adding a 128k daughter board to the 8086 board. 

The 820-11 and 16/8 are capable of having up to 8k of read only memory 
(four 2k ROMs): the 820-11 has 6k of this 8k occupied; the 16/8 uses the 
full 8K. The last 2k on the 16/8 is used for decoding the position-encoded 
Low Profile Keyboard. The firmware contained in the ROM is capable of 
doing such things as executing a one-sector loader from disk; i.e., 
loading CP/M, emulating a terminal, operating in typewriter mode, etc. 
The monitor also has other commands that are useful for debugging 
hardware and software. The mother board also contains a speaker as 
well as an expansion slot (used by the 16/8 for the 8086 board). There are 
two types of daughter boards: one interfaces the display/processor to 
floppy disks and the other interfaces the display/processor to a rigid disk 
controller. 
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Display 
The display/processor houses the video display, the CPU mother board, 
the disk drive daughter board, and the 8086 processor board if so 
configured. The video display is a standard 241ine by 80 characters. It 
uses a 7 x 10 dot matrix for each character in all text modes and displays 
white characters on a black screen. For graphics characters, it uses a 4 x 4 
pixel resolution. The display attributes can be changed to display either 
in blink, highlightllowlight, inverse, or graphics characters. 

820-11 Display/processor for floppy disks 
820-11 Display/processor for rigid disk 
16/8 Display/processor for floppy disks 
16/8 Display/processor for rigid disk 

Keyboards 

Product Code #U03 
Product Code #UOS 
Product Code #H69 
Product Code #H70 

The 820-11 and 16/8 use either a standard 96-character ASCII or Low 
Profile keyboards. Both keyboards include additional keys to the right 
of the keyboard, a 1 O-key numeric key pad and a set of keys for software 
control of the cursor. The low profile keyboard also includes 12 function 
keys that can be software-enabled and other keys such as Accept, 
Delete, Next, Previous, Home, and Undo. 

ASCII Keyboard 
Low Profile Keyboard 

Disk Drives 

Product Code #X928 
Product Code #G2S 

Five disk drive options are offered for the 820-11: 
Dual St" single-sided floppy disk drives Product Code #X929 
Dual St" double-sided floppy disk drives Product Code #T66 
Dual 8" single-sided floppy disk drives Product Code #X973 
Dual8" double-sided floppy disk drives Product Code #F10 
One 10mb rigid disk drive with Product Code #U07 

an 8" double-sided disk drive 

Three disk drive options are offered for the 16/8: 
Dual 8" single sided floppy disk drives Product Code #X973 
Dual8" double sided floppy disk drives Product Code #F10 
One 10mb rigid disk drive with Product Code #U07 

an 8" double sided disk drive 
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Printers 
40 CPS Pri nter and 20 CPS Printer 
As their names imply, the printers have a printing speed of 20 and 40 
characters per second (CPS) respectfully. Both printers have a wide range 
of print styles available. The 20 CPS Printer supports 10, 12, and 15 pitch 
as well as Proportional Spacing (PS), while the 40 CPS Printer supports 
either metal or plastic printwheels in 10, 12, 15, and P5. More detailed 
information on these printers can be found in the Printer section under 
Peripherals. 

The standard R5232C printer connector and dual parallel port are 
available to interface with many types of serial and parallel printers. 

40 CPS Printer 
20 CPS Printer 

FUNCTIONAL DESCRIPTION 

Product Code # 080 
Product Code # U01 

The 820-11 and 16/8 systems are a collection of four components working 
in unison -- the display, keyboard, disk drives, and printer. The 
computer itself is housed in the display. 

System Monitor - ROM 
The system monitor contained within the 8k ROM controls the essential 
functions of initializing and controlling all system input/output 
resources, and also provides a number of monitor commands that can 
be used to assist in programming. 

Ports 
Three ports are standard on the 820-11 and 16/8: two serial ports located 
at the back of the display unit and an additional dual parallel port inside 
the display unit. These allow printers, communication devices, and 
other peripheral equipment to be interfaced with the system. 

Operating Systems 
The 820-11 uses Digital Research's 2.2 CP/M-80 Operating System. The 
16/8 can use Digital Research's 2.2 CP/M Operating System, as well as 
their CP/M-86 1.1 Operating System and Microsoft's MS-DOS 2.0 
Operating System. These operating systems provide the user with a 
general environment for program construction, storage, and editing, 
along with assembly and program checkout facilities. 
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CP/M-80 operating system software as implemented on the 820-11 and 
the 16/8 is logically divided into four parts: 

ROSR 
BIOS 
BDOS 
CCP 

ROM Operating System Routines (hardware dependent) 
Basic 110 System (hardware dependent)* 
Basic Disk Operating System* 
Console Command Processor* 

*Disk resident portions of CP/M-80 

ROSR provides code in ROM that can be executed without the presence 
of the CP/M system disk and provides the primitive operations necessary 
to access the disk drives and to interface with peripherals. 

BIOS provides the interface between BDOS and ROSR. 

BDOS provides disk management by controlling one or more disk drives 
containing independent file directories. 

CCP provides symbolic interface between the user's console and the 
remai nder of the CP/M system. 

HARDWARE INTERFACE 
The 820-11 and 16/8 are equipped with six input/output connectors. Four 
are on the back of the display unit and two are inside the display. 

Disk Drive 
Used for connection of either the 8" or the 5{" Dual Floppy Drives, or 
the 8" Rigid Disk Drive. This is determined by the type of disk daughter 
board installed in the display processor. 

Keyboard 
Used for connection of either the ASCII or Low Profile keyboard. 

Printer 
A serial printer can be attached to this RS-232-C connector. 

COMM 
COMM is a second RS-232-C connector and can be used for a modem. 
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Parallel Port 
A dual parallel port inside the display cabinet is also provided. 

Expansion Slot 
The expansion slot inside the display cabinet provides all of the ZSO-A 
microprocessor control signals for connection to custom devices for 
future expansion. This slot is used for the SOS6 co-processor if you have 
a 16/S. 

CP/M-SO 

The CP/M-80 2.2-C disk for the 820-11 contains the standard Digital 
Research software development and checkout programs. Xerox issues 
additional utility programs that are unique to the 820-11. A description of 
each program is listed below: 

Digital Research Files 
ASM.COM The Assembler allows you to create a program 

DDT.COM 

DUMP.COM 

ED.COM 
LSO.COM 

LOAD.COM 
M80.COM 

MOVCPM.COM 

PIP.COM 

STAT. COM 

SUBMIT.COM 

6 

which can be read and executed by the S20-11. 
The Dynamic Debugging Tool is used to debug a 
ZSO-A assembly language program. 
Allows binary command files that are not displayed 
on screen to be displayed showing the hexadecimal 
value for each byte. 
A line-oriented screen editor. 
Reads an .REL file created with the Macro-SO 
Assembler Program and outputs a command file. 
Reads a .HEX file and creates a command file. 
Converts a program written in Assembly Language 
to a relocatable (.REL) file and (optionally) a printer 
listing file (.PRN). 
Lets you modify and move the CP/M system image to 
allocate a specific lesser memory size. 
Allows you to selectively copy a file or files from one 
disk to another or on the same disk. 
The status utility is a frequently-used transient 
command for all system housekeeping; i.e., 
checking the amount of space available on a disk. 
Used to submit a file of commands for batch 
processing. 
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SYSGEN.COM 

XSUB.COM 

Xerox Files 
BACKUP. COM 

CONFIGUR.COM 

Introduction 

Used to generate a CP/M-80 system image and copy 
the operating system to another disk. 
Same as Submit.com, but has the facility to include 
line input to programs as well as the console 
command processor. 

A multi-option utility that allows you to archive and 
retrieve files, delete files, list directories of any 
drive, and to verify data integrity of a floppy or rigid 
disk. 
Using Configur.com, you can select seven different 
options: 
1. Record Restart Command - lets you enter a one

line command which will automatically load a 
program. For example, you could enter DIR as 
the restart command and every time you boot 
the system, it will automatically display the 
directory for you. Or you could enter the name 
of your application software package and it 
would automatically load that application 
package for you. This command is recorded on 
the disk and you can have a different one for 
each disk. 

2. Select Printer Port Options - allows you to 
determine printer protocol. This option allows 
configuration for alternate printers without 
modifying the BIOS. 

3. Select Communications Port Options - a 
convenient method for setting up the 
communications port on the 820-11 or 16/8; that 
is, baud rate, protocol, stop bits, etc. 

4. Select I/O Device Assignments - lets you select 
alternative input/output device assignments; 
i.e., set up the system so that everything 
displayed on the screen automatically prints on 
the pri nter. 

5. Select Keyboard Data Format - lets you choose 
7-bit or 8-bit mode for the keyboard. 

6. Select Screen Attributes - includes blink, inverse 
video, highlight/lowlight, and graphics modes. 
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COPY.COM 
FMT.COM 

HELP.COM 

INIT.COM 

KILLESC.COM 

SET.COM 

SWAP.COM 

TlME.COM 

WHATSA.COM 
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7. If you have a floppy disk system, Select Floppy 
Disk Head Step Rate will appear as selection 7. If 
you have a rigid disk system, Configure Rigid 
Disk will appear (program must be loaded from 
floppy or the first partition of the rigid). 
a. Select Floppy Disk Head Step Rate - lets you 

adjust the floppy head step rate for 
optimum performance. 

b. Configure Rigid Disk - lets you divide the 
eight megabyte rigid disk into sections 
(e.g., 4 Mb, 2 Mb, 1 Mb, 1 Mb). 

Makes an exact copy of a disk, track for track. 
Allows you to format (initialize) a rigid disk. 
Verification of the rigid disk is performed using the 
Backup.com utility. 
A guide for CP/M-80 users that contains basic 
information about CP/M-80 commands; also cross
references to additional information in the CP/M-80 
reference manual, Reorder #9R80448. 
Prepares new (or used) disks for storing 
information. It will also alert the user to any flawed 
sectors on the disk. 
Turns off the <CTRL> + <ESC> feature to enable 
use of <CTRL> + <ESC> for other purposes; for 
example, setting margins and tabs on a 40 CPS 
printer uses a <CTRL> + < ESC> sequence. 
A convenient method to temporarily change 
communication and printer port options in RAM. 
A utility that allows the user to swap drive names. 
For example, "A" and "E" for a rigid disk drive. By 
designating an alternate drive as the" A R drive, you 
can load software directly from that drive. Many 
CP/M-80 application packages have been written to 
be executed from the R AH disk drive only. Using 
Swap.com allows you to place your application 
software on any disk drive and load. 
Displays the time and date on screen. Since there is 
no battery backup, however, you must re-enter the 
time and date each time you reload the system. 
This utility lists the logical and physical names for 
each disk drive, as well as the density, number of 

Introduction 



sides, and types of disks logged into the system, 
(e.g., double density, single-sided S" floppy). 

CP/M-86 

The CP/M-SO 2.2 and CP/M-S6 1.1-F disks for the 16/S contain the 
standard Digital Research software development and checkout 
programs. These disks contain the same files as described in the CP/M-SO 
section as well as the following files. 

Digital Research Files 
ASMS6.CMD The Assembler allows you to create a program 

DDT86 .. CMD 

ED.CMD 
GENCMD.CMD 

GENCMDCOM 

GENDEF.CMD 

GENDEF.COM 

HELP.CMD 

LMCMD.CMD 

LMCMD.COM 

PIP.CMD 

Introduction 

which can be read and executed by the SOS6. 
The Dynamic Debugging Tool is used to debug a 
SOS6 assembly language program. 
A line-oriented screen editor. 
Uses the hex output of ASM-86 and other language 
processors to produce a .CMD file. 
Uses the hex output of ASM-86 and other language 
processors to produce a .COM file. 
Reads a 16-bit file containing the disk definition 
statements, and produces a 16-bit output file 
containing assembly language statements which 
define the tables necessary to support a particular 
drive configuration. 
Reads a 16-bit file containing the disk definition 
statements, and produces an 8-bit output file 
containing assembly language statements which 
define the tables necessary to support a particular 
drive configuration. 
Provides summarized information for all of the 
CP/M-S6 commands described in the Digital 
Research Users manual. 
Operates in exactly the same manner as 
Gencmd.cmd, except Lmcmd also accepts an Intel L
module file as input. 
Operates in exactly the same manner as 
Gencmd.com except Lmcmd also accepts an Intel L
module file as input. 
Allows you to selectively copy a file or files from one 
disk to another or on the same disk. 
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STAT.CMD 

SUBMIT.CMD 

TOD.CMD 

Xerox Files 
CPM86.COM 
86CON.COM 
GOBACK.CMD 
LOAD86.COM 
REBOOT.COM 

SOFTKEYS.COM 

The status utility is a frequently-used transient 
command for all system housekeeping, i.e., 
checking the amount of space available on a disk. 
Used to submit a file of commands for batch 
processing. 
Time of day. 

Used by Load86.com to boot the 8086. 
Switches from Z80-A console to the 8086 console. 
Switches from 8086 console to the Z80-A console. 
Loads the 8086 for concurrent processing. 
From the concurrent mode, reboots the system as a 
Z80-A standalone. 
Used to set up the 10-key pad with programmable 
functions « CTRL> + one of the 1 O-key pad keys). 

MS-DOS 

The MS-DOS 2.0 disk for the 16/8 contains the standard Microsoft 
software development and checkout programs. 

Microsoft Files 
ANSI.SYS 

COMMAND.COM 

CONFIG.SYS 
CHKDSK.COM 
CREF.EXE 
DEBUG.COM 
DISKCOPY.COM 
EDLlN.COM 
EXE2BIN.EXE 
FC.EXE 
FIND.EXE 
FORMAT.COM 
L1NK.EXE 
MORE.COM 
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Allows programs that use the standard ANSI driver 
to be executed. 
This is the MS-DOS command processor. It is 
recommended that this file be placed on every 
application program disk. 
Configures system at boot. 
Checks disk. 
Assists in debugging assembly language programs. 
Debugger supplied with MS-DOS. 
Copies a disk. 
Line-oriented screen editor. 
Converts .EXE files to binary format. 
Compares two files for similarity. 
Findsa string in a list of files or standard input. 
Formats an 8" floppy or a rigid disk. 
Linker. 
Used to display text in 23-line segments. 
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MASM.EXE 
PRINT.COM 
RDCPM.COM 

RECOVER.COM 
SORT.EXE 

Xerox Files 
SAMPLE.TXT 

Introduction 

Macro Assembler for MS-DOS. 
Print spooler. 
Reads a CP/M-80 file and converts data to MS-DOS
readable file. 
Recovers bad or damaged disks. 
Used to sort text. 

Provided to assist going through MS-DOS 
Handbook. 
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Specifications 
This section details the following specifications: dimensions, electrical 
requirements, operating environment, and disk drive capacities of the 
Xerox 820-11 and 16/8 PCs. 

Dimensions 
Equipment Height Depth Width Weight 
820-11-16/8 Display 12.20" 14.75" 15.00" 301bs. 
ASCII keyboard 3.75" 9.50" 20.00" 101bs. 
Low profile keyboard 1.60" 8.25" 19.90" 5lbs. 
5t" Floppy disk drives 7.00" 10.20" 7.00" 101bs. 
8" Floppy disk drives 10.50" 17.50" 14.50" 481bs. 
8" Rigid disk drive 10.50" 17.50" 15.50" 541bs. 
40 CPS pri nter 10.00" 17.50" 15.50" 561bs. 
20 CPS printer 9.25" 17.50" 24.00" 451bs. 

Electrical Requirements 
All Xerox products listed below require voltage of 115 VAC, a frequency 
of 60 Hz, and a two-pole, three-wire grounded duplex receptical. 

Equipment 
820-11-16/8 Display 
8" Floppy disk drives 
8" Rigid disk drive 
40 CPS printer 
20 CPS printer 

Operating Environment 

Current 
1.1 Amps 
2.0Amps 
2.2 Amps 
2.0 Amps 
1.0Amp 

All Xerox equipment is tested to perform between 50 and 
90 degrees Fahrenheit with a relative humidity factor between 
20% and80%. 
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Disk Drive Storage 
5i" Ss/sD 
5rSS/DD 
5i" DSISD 
5i" DS/DD 
8" SS/SD 
8" SSIDD 
8"Ds/sD 
8" DS/DD 
8" Rigid (DS/DD) 

Disk Drive Format 

Equipment 
5i" SS/SD 
5i" SSlDD* 
Si" DSISD 
5t" DS/DD* 
8" SS/SS 
8" SS/DD** 
8" DSISD 
8" DS/DD** 
8" Rigid DS/DD 

Unformatted 

Tracks 
40 
40 
80 
80 
77 
77 

154 
154 

1,024 

125 k 
250k 
250k 
500k 
400k 
800k 
800k 

1.6Mb 
10.67Mb 

Sectors 
18 
17 
18 
17 
26 
26 
26 
26 
32 

Formatted Usable 
90k 81 k 

168 k 155 k 
180k 172k 
338k 322 k 
250k 241 k 
497k 482k 
500k 490 k 
997 k 980k 

8.4Mb 8.192Mb 

Bytes 
per 

Number 
of 

Sector 
128 
256 
128 
256 
128 
256 
128 
256 
256 

Heads 
1 
1 
2 
2 
1 
1 
2 
2 
4 

*Track 0 of 5t" double density disks has 18 sectors of 128 bytes. 
**Track 0 of 8" double density disks has 26 sectors of 128 bytes. 

For more specific information on disk formats, see the Disk Drive 
Specifications section. 
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DISPLAY SPECIFICATION 

SIZE: 
TYPE: 

RESOLUTION: 

CHARACTER CELL: 
BUSINESS GRAPHICS: 

CHARACTER SET: 

CHARACTER LINES: 
CHARACTERS/LINE: 

VOLTAGE: 
RIPPLE: 

VIDEO BIT RATE: 
BITS/HORZ LINE: 

HORZ SYNC PULSE: 
TOTAL BITS/LINE: 

HORZ RATE: 
LINES/FIELD: 

VERT BLANKING LINES: 
VERT SYNC PU LSE: 

VERT RETRACE (lines): 
TOTAL LINES/FIELD: 

FIELD RATE: 
REFRESH RATE: 

VIDEO RATE: 

12 inch,landscape mode 
Aluminized P4 
Fluorescence White (W) 
Phosphorescence White (W) 
Persistence Short 
• 240 active line raster adjusted to 8.5 x S.3 

inch usable area 
• Brightness level 30 (± 2) foot-Iamberts 
• Resolution at centers (within 1" diameter 

circle) -100 lines/inch minimum 
7x10 
4x4 Pixel Resolution 
4 sets of 128: (1 U.S. font, 1 Graphics 

font) (1 U.S. font, Inverse 
Video font) 

24 
80 
+ 12 (± 5.0%) VDCat2.0A DC maximum 
50 MV pop synchronous or nonsynchronous 
with refresh or power frequency. 
10.694 MBPS (93.51 nanoseconds) 
560 
126 (11.78 microseconds) 
686 
15.59 KHz (64.14 microseconds) 
240 
20 
20(1.28 milliseconds) 
8TYP 
260 
59.95 Hz (16.68 milliseconds) 
61 Hz 
15MHz 
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FUNCTIONAL DESCRIPTION, XEROX DISPLAY 

The display has the following functional characteristics: 

• 24 line display 
• 80 characters per line 
• 7x10 dot matrix per character 
• White characters on black 
• Software-selectible character attributes 

Inverse Video 
Blink 
Low Intensity 
Graphics with 4 x 4 pixel resolution 

• Brightness adjust 

DISPLA Y CONTROLLER 

The Display Controller is based on displaying characters within a 7x10 cell 
(7 dots horizontally by 10 scan lines vertically). To guarantee spaces 
between characters, one dot on each side of the cell is blanked by 
hardware. Also, to guarantee spaces between character lines, the top 
two scan lines are blanked by hardware. This gives an actual active 
character size of 5 dots horizontally by 8 scan lines vertically. 

For Business Graphics, the hardware is configured to eliminate the 
automatic blanking and allow continuous lines both horizontally and 
vertically. However, the Display Controller is still based on displaying a 
character within a 7 xl 0 cell. The controller design and available refresh 
memory allows one byte per character. The maximum number of unique 
characters that can be defined by any 8 bits is 256. Since the standard 
text font set contains 128 characters, the limit on unique characters for 
graphics that can be displayed together with text is 128. 

The character set for Business Graphics divides the cell into blocks of 4 
dots horizontally by 4 scan lines vertically. Since the total number of scan 
lines per character is 10, the character set actually consists of two sub-sets 
of 4-4-2 and 2-4-4. 

Each subset divides the cell into 6 parts requiring 64 possible 
combinations or unique characters. Therefore, the total number of 
unique characters for the complete graphics set is 128. With this 
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character set, any combination of adjacent 4 x 4 blocks can be chosen. 
Also, at the character cell boundary, the 4 x 4 blocks can be set vertically 
by 2 scan lines. Since the total number of horizontal dots per cell is 7, 
there will be an overlap of one horizontal dot in the center of the cell for 
diagonal blocks within the cell. 

It should be also noted that for the standard text font containing 128 
unique characters defined by 7 bits, the eighth bit is used to set the 
attribute function. For Business Graphics, since both text characters and 
graphic characters can be displayed simultaneously, it requires all 8 bits 
to define the character. Consequently, display attributes are not 
available in graphics mode. 
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SYSTEM BUS EXPANSION SLOT 

ELECTRICAL 
The DC system power available at the expansion slot is as follows: 

PIN 50 
PIN 45 

+5VDC 
+ 12V DC #1 

5t" system 
1.2A 
0.3A 

8" or Rigid system 
2.1 A 

1.75A 

ENVIRONMENTAL 
The following temperature, humidity and altitude environmental 
requirements are specified: 

Operating 
Non-operati ng 

Temp. 
(OCelsius) 

10 to 32 
-77 to 66 

Rel.Hum. 
(%) 

20t080 
15 to 90 

Altitude 
(miles) 
1830 
7620 

Any optional or additional electronic assembly using the expansion slot 
must be capable of performing to design specification when the host is 
subjected to the environmental range, above. Furthermore, the 
presence of such an assembly in the expansion slot must not degrade 
performance with regard to the above environmental requirements. 
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J1 illustration 
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J8 illustration 

820·11 PARALLEL 
J8 P8 PRINTER 

-30 PB2 DATA STROBE 1 PAD DATA BIT 0 -6 l5ii 1 DATA BIT 1 
2-

-8 I5A2 DATA BIT 2 3-
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5-
-14 

PA5 DATA BIT 5 6-
-16 
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7-

-18 !Sii7 ISATA BIT 7 8-
-20 PB7 ACKN~WLEDGE 9-
-40 PB4 BUSY 

10-
-34 
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11-
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-26 GND. 14-
-37 

GND. 16-
-1" 
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-5 
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Parallel Port Connector (J8) 

39 
00000000000000000000 
00000000000000000000 

40 2 

J8 

Pin Value 
2 Port A Strobe 
4 PortA Ready 
6 PortA Bit 0 
8 PortA Bit 1 

10 PortA Bit 2 
12 PortA Bit 3 
14 PortA Bit 4 
16 PortA Bit 5 
18 PortA Bit 6 
20 PortA Bit 7 
22 Port BReady 
24 Port B Strobe 
26 Port B Bit 0 
28 Port B Bit 1 
30 Port B Bit 2 
32 Port B Bit 3 
34 Port B Bit4 
36 Port B Bit 5 
38 Port B Bit 6 
40 Port B Bit 7 

Odd # Pins Ground 
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Parallel connector picture 

GROlA'I> WIRE 

24 

/' 
J8 PRINTER PORT 

INSIDE 820 

FIRST PLUG 
(not used) 

PLUG 
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COMM Port Strapping Options 

39 
00000000000000000000 
00000000000000000000 

40 

Pin 
5--6 
7--8 

9--10 
11--12 
13--14 
15--16 
17--18 
19--20 
21--22 
23··24 
25--26 
27··28 
29--30 
31··32 
33--34 
35··36 
37--38 
39--40 

J9 

Value 
(M) TXD to Pin 3 
(T) TXD to Pin 2 
(M) RXD from Pin 2 
(T) RXD from Pin 3 
(M) RTS to Pin 5 
(T) RTS to Pin 4 
(M) CTS from Pin 4 
(T) CTS from Pin 5 
(M) DTR to Pin 8 
(T) DTR to Pin 20 
(M) DCD from Pin 20 
(T) DCD from Pi n 8 

2 

Clock supplied to Modem as RX Clock 
Clock supplied to 510 with RX Clock 
Modem supplies 510 with RX Clock 
Clock supplied to 510 with TX Clock 
Modem supplies 510 with TX Clock 
Clock supplied to Modem with TX Clock 

The filled-in pins indicate the options as they are jumpered on an 820-11 
or 16/8. 

Note: (M) indicates modem (data communications equipment) 
function. (T) indicates terminal data equipment) function. 
For instance, exercising the (M) strap option will allow 
communication with a modem; exercising the (T) strap 
option will allow communication with a terminal. 
The above shows factory settings for (T). 

Miscellaneous Hardware Information 25 



29 

30 

J9 (Etch 2 CPU) 

000000000000000 
000000000000000 

Pin 
3--4 
5--6 
7··8 

(M) TXD to Pin 3 
(T) TXD to Pin 2 
(M) RXD from Pin 2 
(T) RXD from Pin 3 
(M) RTS to Pin 5 
(T) RTS to Pin 4 
(M) CTS from Pin 4 
(T) CTS from Pin 5 
(M) DTR to Pin 8 
(T) DTR to Pin 20 
(M) DCD from Pin 20 
(T) DCD from Pin 8 

2 

9--10 
11··12 
13--14 
15··16 
17--18 
19··20 
21--22 
23··24 
25--26 
27··28 
29--30 Clock supplied to Modem as RX Clock 

The filled-in pins indicate the options as they are jumpered on an 820-11 
or 16/8. 

Note: To change from ASYNC to SYNC on the Etch 2 CPU requires a 
modification to the operating system rather than moving jumpers. 

Note: 

26 

(M) indicates modem (data communications equipment) 
function. (T) indicates terminal data equipment) function. 
For instance, exercising the (M) strap option will allow 
communication with a modem; exercising the (T) strap 
option will allow communication with a terminal. 
The above shows factory settings for (T). 
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System Bus Connector 

J13 

Dl 1 2 IRD 
DO 3 4 IMEMRQ 
D7 S 6 IIORQ 
D2 7 8 IWR 
D6 9 10 IREFRESH 
D5 11 12 IMl 
D3 13 14 AD 
D4 15 16 Al 

SYSRESET 17 18 A2 
A4 19 20 A3 
A6 21 22 AS 

A15 23 24 A7 
A13 25 26 A14 
A12 27 28 Al0 

A9 29 30 All 
A8 31 32 IBUSRQ 

WAITRQ 33 34 IBUSAK 
PC! 35 36 

IINTRQ 37 38 
IHALT 39 40 ICLOCK 
SPKR 41 42 IMEM8 

43 44 IMEM4 
+12V 45 46 
+12V 47 48 GND 
GND 49 50 + 5V 
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Pin Pin 
Symbol t!.. Name Meaning 
DO 3 Data bus Data Bus (Tri-state, input/output, 
Dl 1 Data bus active high) constitutes an 8-bit 
D2 7 Data bus bi-directional data exchange 
D3 13 Data bus with memory and I/O devices. 
D4 15 Data bus 
D5 11 Data bus 
D6 9 Data bus 
D7 5 Data bus 
AO 14 Address bus Address Bus (Tri-state, output, 
Al 16 Address bus active high) makes up a 16-bit 
A2 18 Address bus address for up to 65k bytes of 
A3 20 Address bus memory for 1/0 devices data 
A4 19 Address bus exchange. I/O addressing uses 
AS 22 Address bus the lower 8 bits for direct 
A6 21 Address bus selection of up to 256 output 
A7 24 Address bus ports. AO is the least significant 
A8 31 Address bus address bit. During refresh time, 
A9 29 Address bus the lower 7 bits contain a valid 
Al0 28 Address bus refresh address for dynamic 
All 30 Address bus memories. 
A12 27 Address bus 
A13 25 Address bus 
A14 26 Address bus 
A15 23 Address bus 
IWR 8 Write Write (Tri-state, output, active 

low) indicates that the CPU data 
bus holds valid data to be stored 
in the addressed memory or 1/0 
device. 

IRD 2 Read Read (Tri-state, output, active 
high) indicates that the CPU 
wants to read data from memory 
or an 1/0 device. The addressed 
1/0 device or memory should use 
this signal to gate data onto the 
CPU data bus. 

IIORQ 6 1/0 Request Input/Output Request (Tri-state, 
output, active low) signal 
indicates that the lower half of 
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IHALT 39 

IMEMRO 4 

IRE FRESH 10 

IM1 12 

Halt 

Memory 
Request 

Refresh 

Machine 
Cycle One 

Miscellaneous Hardware Information 

the address bus holds a valid 1/0 
address for an 1/0 read or write 
operation. This signal is also 
generated with a "/M1" signal 
when an interrupt is being 
acknowledged to indicate that an 
interrupt response vector can be 
placed on the data bus. Interrupt 
Acknowledge operations occur 
during "1M 1" time, while 1/0 
operations never 6ccur during 
"/M1" time. 
Halt (Output, active low) signal 
indicates that the CPU has 
executed a Halt Software 
instruction and is awaiting either 
a non-maskable or maskable 
interrupt before operation can 
resume. 
Memory Request (Tri-state, 
output, active low) signal 
indicates that the address bus 
holds a valid address for a 
memory read or memory write 
operation. 
Refresh (Tri-state, output, active 
low) indicates that the lower 7 
bits of the address contain a 
refresh address for dynamic 
memories and the "/MEMRO" 
signal should be used to perform 
a refresh cycle for all dynamic 
RAMs in the system. During the 
refresh cycle" AT' is a logic zero 
and the upper 8 bits of the 
address bus contain the "I" 
register. 
Machine Cycle One (Tri-
state, output, active low) 
indicates that the current 
machine cycle is in the op-code 
fetch cycle of an instruction. Note 
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that during the execution of two-
byte op-codes, "1M 1 " wi II be 
generated as each op-code is 
fetched. These two-byte op-
codes always begin with a CB, DO, 
ED, or FD. "/M1" also occurs with 
"/IORQ" to indicate an interrupt 
acknowledge cycle. 

IBUSAK 34 Bus Bus Acknowledge (Output, 
Acknowledge active low) is used to indicate to 

the requesting device that the 
CPU address bus, data bus, and 
control bus signals have been set 
to their high impedance states 
and the external device can now 
control the bus. 

IBUSRQ 32 Bus Request Bus Request (Input, active low) 
signal is used to request the CPU 
address bus, data bus, and control 
signal bus to go to a high 
impedance state so that other 
devices can control those buses. 
When "/BUSRQ" is activated, the 
CPU will set these buses to a high 
impedance state as soon as the 
current CPU machine cycle is 
finished and the "/BUSAK" signal 
is activated. 

IINTRQ 37 Interrupt Interrupt Request (Input, 
Request active low) signal is generated by 

1/0 devices. A request will be 
honored at the end of the current 
instruction if the internal 
software controlled interrupt 
enable flip flop (IFF) is enabled 
and if the "/BUSRQ" signal is not 
active. 

IWAITRQ 33 Wait Request Wait Request (Input, active low) 
indicates to the CPU that the 
addressed memory or 1/0 device is 
not ready for a data transfer. The 
CPU continues to enter wait states 
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for as long as this signal is active. 
This signal allows memory or I/O 
devices of any speed to be 
synchronized to the CPU. Use of 
this signal postpones refresh as 
long as it is held active. 

ISYSREST 17 System Reset System Reset (Output, active low) 
indicates that a reset has been 
generated either from push 
button reset or the power on 
reset circuit. The system reset will 
occur only once per reset and will 
be approximately 10 
microseconds in duration. 

ICLOCK 40 Processor Processor Clock (Output, active 
Clock low) is a single-phase system clock 

of4 MHz. 
PCI 35 Priority Priority Chain In (Input, active 

Chain In high) is used to form a priority-
interrupt daisy chain when more 
than one interrupt-driven device 
is being used. A high level on this 
pin indicates that no other 
devices of higher priority are 
being serviced by a CPU interrupt 
service routine. 

IMEM4 44 Memory Memory Expansion 
Expansion (Output, active low) signal is low 

during "/MEMRQ" for a block of 
addresses from "4000 thru 7FFF" 
if the Bank Switch is set for the 
ROM side of memory. 

IMEM8 42 Memory Memory Expansion 
Expansion (Output, active low) signal is low 

during "/MEMRQ" for a block of 
addresses from "8000 thru BFFF" 
if the Bank Switch is set for the 
ROM side of memory. 

ISPKR 41 Speaker Speaker pi n provides access to the 
speaker on the CPU Board. This 
pin is connected to the open 
collector output of the speaker 
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+5VDC 50 
GND 49,48 

+ 12VDC 47,45 

36 
38 
43 
46 

32 

DC Power 
Ground 

DC Power 

Not Used 
Not Used 
Not Used 
Not Used 

driver (75451). This output is 
normally connected thru the 
speaker and parallel 100 ohm 
resistor to a + 12 VDC, but can be 
disconnected by jumper option. 
+ 5VDC system power. 
Ground-System is signal ground 
and DC return. 
+ 12VDC system power. 
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Disk Access Connector 

J12 

01 1 2 IRO 
00 3 4 IMREQ 
07 5 6 IIORQ 
02 7 8 IWR 
06 9 10 IBU5AK 
05 11 12 IMl 
03 13 14 AO 
04 15 16 Al 

RST 17 18 A2 
A4 19 20 A3 
A6 21 22 AS 

A15 23 24 A7 
A13 25 26 A14 
A12 27 28 Al0 
A9 29 30 All 
A8 31 32 IBUSRQ 

16 MHz Clock 33 34 IBUSAKl 
IHALT 35 36 11797CS 

INT 37 38 PRIO 
PP5 39 40 4MHz Clock 
PP2 41 42 PP4 
PPl 43 44 PPO 

+12V 45 46 NMl 
GNO 47 48 GNO 

OSKWAT 49 50 +5V 
51 52 + 5V 

J 1-19 53 54 J 1-1 0 
J 1-18 55 56 J 1-9 
J 1-17 57 58 Jl-8 
J 1-16 59 60 Jl-2 
J 1-15 61 62 Jl-3 
J 1-14 63 64 Jl-4 
J 1-13 65 66 Jl-5 
J 1-12 67 68 Jl-6 
J 1-11 69 70 Jl-7 

71 72 
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Pin Pin 
Svmbol It Name Meaning 

DO 3 Data bus Data Bus (Tri-state, input/output, 
01 1 Data bus active high) constitutes an 8-bit 
02 7 Data bus bi-directional data exchange with 
03 13 Data bus memory and I/O devices. 
04 15 Data bus 
05 11 Data bus 
06 9 Data bus 
07 5 Data bus 
AO 14 Address Bus Address bus AO-A 15 
Al 16 Address Bus provides addresses for 65k 
A2 18 Address Bus bytes of memory. Bit AO and 
A3 20 Address Bus A 1 while under fRO and IWR 
A4 19 Address Bus control select the register 
AS 22 Address Bus to receive transfer of data 
A6 21 Address Bus on 00-07: 
A7 24 Address Bus Al AO fRO IWR 
A8 31 Address Bus 0 o Status REG Command REG 
A9 29 Address Bus 0 1 Track REG Track REG 
2Al0 8 Address Bus 1 o Sector REG Sector REG 
All 30 Address Bus 1 1 Data REG Data REG 
2A12 7 Address Bus AS while under fRO and IWR 
A13 25 Address Bus Control Select Density: 
A14 26 Address Bus o = double density 
A15 23 Address Bus 1 = single density 
PPO 44 SYS-PIO PortA PortA bit 0 
PPl 43 SYS-PIO Port A PortA bit 1 
PP2 41 SYS-PIO Port A PortA bit 2 
PP4 42 SYS-PIO Port A PortA bit 4 
PP5 39 SYS-PIO Port A PortA bit 5 
PRIO 38 SYS-PIO 
fDSKWAT 49 Disk Wait Generates Wait signal to CPU. 
fRO 2 Read Controls input on the data 

registers 00-07. 
fMREQ 4 Memory fMREQ indicates that the address 

Request bus holds a valid address for a 
memory read or memory write 
operation. 
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IIORQ 6 1/0 Request IIORQ indicates that the lower 
half of the address bus holds a 
valid 1/0 address for an 1/0 read or 
write operation. IIORQ is also 
generated concurrently with 1M 1 
during an interrupt acknowledge 
cycle to indicate that an interrupt 
response vector can be placed on 
the data bus. 

IWR 8 Write Controls output on the data 
registers 00-07. 

IBUSACK 10 Bus IBUSACk indicates to the 
Acknowledge requesting device that the CPU 

address bus, data bus, and control 
signals IMREQ, 1I0RQ, IRD, IWR 
have entered the high impedance 
states. The external circuitry can 
now control these lines. 

IM1 12 Machine 1M 1, together with 1M REQ 
Cycle 1 indicates that the current 

machine cycle is the op-code fetch 
cycle of an instruction execution. 
1M 1, together with 1I0RQ, 
indicates an interrupt 
acknowledge cycle. 

IBUSREQ 32 Bus Request IBUSREQ has the highest priority 
and is always recognized at the 
end ofthe current machine cycle. 
IBUSREQ forces the CPU address 
bus, data bus, and control signals 
IMREQ, 1I0RQ, IRD, and IWR to 
go to a high impedance state so 
that other devices can control 
these lines. 

IBUSAK1 34 Bus IBUSAK 1 is daisy-chained Bus 
Acknowledge Acknowledge output which 

indicates to the requesting device 
that the CPU address bus, data 
bus, and control signals IMREQ, 
1I0RQ, IRD, IWR have entered the 
high impedance states. The 
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external circuitry can now control 
these lines. 

11797C5 36 Chip5elect 11797C5 logic low selects the 
Floppy Disk Controller chip and 
enables computer communication 
with the device. 

INT 37 Interrupt INT is generated by 1/0 devices. 
Request The CPU honors a request at the 

end of the current instruction if 
the internal software controlled 
interrupt enable flip-flop (IFF) is 
enabled. 

NMI 46 Non-Maskable NMI is always recognized at the 
Interrupt end of the current instruction, 

independent of the status of the 
interrupt enable flip-flop and 
automatically forces the CPU to 
restart at location 0066h. 

IHAlT 35 Halt IHAlT indicates that the CPU has 
executed a Halt instruction and is 
awaiting either a non-maskable 
or a maskable interrupt (with the 
mask enabled) before operation 
can resume. While halted, the 
CPU executes NOPs to maintain 
memory refresh. 

16MHz 33 Clock 16 MHz clock. 
ClK 40 Clock 4 MHz clock. 
Jl-2 60 Device I/O All interface lines use 

Interface negative logic. 
Jl-3 62 Device 1/0 Interface 
Jl-4 64 Device 1/0 Interface 
Jl-5 66 Device 1/0 Interface 
Jl-6 68 Device I/O Interface 
Jl-7 70 Device I/O Interface 
Jl-8 58 Device 1/0 Interface 
Jl-9 56 Device 1/0 Interface 
J1-10 54 Device I/O Interface 
J 1-11 69 Device 1/0 Interface 
Jl-12 67 Device I/O Interface 
Jl-13 65 Device I/O Interface 
Jl-14 63 Device 1/0 Interface 
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J 1-15 
Jl-16 
J1-17 
Jl-18 
Jl-19 
+ 12VDC 
GND 
GND 
+5VDC 
+5VDC 
RST 

61 
59 
57 
55 
53 
45 
47 
48 
50 
52 
17 

Device I/O Interface 
Device 1/0 Interface 
Device 1/0 Interface 
Device 1/0 Interface 
Device 1/0 Interface 
DC Voltage + 12 Volts DC 
Ground Ground and DC Return 
Ground Ground and DC Return 
DC Voltage + 5 Volts DC 
DC Voltage + 5 Volts DC 
Reset Reset indicates that a System 

Reset has been generated either 
from push button reset or power 
on reset. 

51 Not Used 
71 Not Used 
72 Not Used 
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Theory of Operation 

The display processor houses the system board, disk drive daughter 
board, the CRT, the power supply, and one bus expansion slot. 

The system board has the following: 
• Central Processing Unit (CPU) 
• 6 to 8k of Read Only Memory (ROM) 
• 64k of Random Access (Read/Write) Memory (RAM) 
• Counter Timer Circuit (CTC) 
• Serial Input/Output Controller (510) 
• Parallel Input/Output Controller (PIO) 
• Two RS-232-C Serial 1/0 Ports 
• Dual 8-bit Parallel Ports 
• CRT Controller and CRT Refresh Memory 
• Speaker 
• Disk Drive Daughter Board Connector 
• Bus Expansion Connector 

• 8086 Co-processor (16/8 system) 
• Parallel Keyboard Interface 

CPU 
The CPU is a Zilog Z80-A operating with a clock rate of 4 Mhz. It is 
initialized to use Interrupt Mode 2 by the ROSR monitor at power on. 
The Z80-A also provides refresh to the 64k of dynamic memory on the 
system board. Therefore, the I and R registers should not be altered by 
an application program. 

ROM and RAM Memory 
The System Board has two banks of memory. Bank 1 has 64k of RAM. 
Bank 0 has up to 8K of ROM. 

When power is turned on or RESET is pressed, the Monitor, ROMICRT 
RAM (Bank 0), is enabled by the hardware and the contents of the 
monitor ROM are moved by the CPU to the program memory starting at 
location FOOOH. When the move is complete, the CPU transfers control to 
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location FOOOH and RAM (Bank 1) is enabled. Bank 0 is also enabled 
when a character is sent to the screen. 

6·8k ROM 
The CPU board has provisions for 4·2k x 8 Read Only Memory devices. 
The first 3 (U33, U34 & U35) store the firmware for the ROSR monitor. 
The fourth (U36) provides translation tables and related firmware for the 
position-encoded low profile keyboard. 

64k RAM 
The 64k byte (65536 x 8) RAM provides space for a portion of the ROSR 
monitor (upper 4k FOOOh - FFFFh), and 60k (OOOOh - EFFFh) is free for 
programs to execute in such as an operating system and an application 
program. This RAM is dynamic and refresh is provided by the Z80-A CPU. 

Counter Timer Circuit (CTC) 
The CTC has four independently-programmable counter/timer channels, 
each with a readable downcounter and a selectable 16 or 256 prescaler. 
Downcounters are reloaded automatically at zero. Each channel is 
programmed with two bytes. Once started, the CTC counts down, 
reloads its time constant automatically, and resumes counting. 
Internally, the CTC generates a unique vector for each channel. 

SeriallnputiOutput Controller (510) 
The Serial 110 Controller has two independent, full-duplex channels with 
separate control and status lines for modems or other devices. Data rates 
are from 50 to 19,200 bits/second. Channel A (modem) supports both 
Asynchronous and Synchronous protocols. Channel B (printer) is 
dedicated to Asynchronous. The receiver is quadruple-buffered and the 
transmitter is double-buffered. The controller also supports daisy-chain 
interrupt vectoring for interrupts without external logic. 

Serial I/O Ports 
The 820-11 CPU board contains a Z80-A SIO that provides two user
accessible serial ports to the 25-pin printer and modem connectors on 
the rear of the display processor. The Communications port is capable of 
operating in synchronous or asynschronous modes, while the Printer port 
is only capable of operating asynchronously. On an Etch 2 CPU, there is a 
30-pin connector. Selection of synchronous or asynchronous mode is 
under program control as opposed to the Etch 1 CPU (with a 40-pin 
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connector) where a physical change is required to make the sync or async 
selection. 

ParallellnputlOutput Controller (PIO) 
There is a System and a General Purpose Parallel 1/0 Controller which 
provides direct interface between the CPU and the peripheral devices. 
Each controller has two 8-bit 1/0 ports. The System PIO is dedicated for 
keyboard input, memory bank and CRT font selection, and floppy disk 
drive and side selection. The General Purpose PIO provides the user with 
a dual 8-bit parallel 1/0 port for interfacing with peripherals. 

Parallel Port 
The Z80-A General Purpose PIO is accessible on the main CPU board on 
connector J8. This PIO is programmed by the ROSR monitor at power-on 
to provide a parallel Centronics-compatible interface for a parallel 
printer. A transceiver is physically located between the Z80-A PIO and 
the J8 connector. Jumpers must be installed on option connector J 11 to 
select whether the transceiver will transmit or receive data. See also 
page 24. 

CRT Controller 
The CPU board contains the 2k of refresh RAM where the characters that 
are to be displayed on the screen are stored. It also has the necessary 
electronics to provide the control signals (sync and video) to the CRT 
monitor. The CPU board has two character font ROMs; each font ROM 
contains two character sets. 

US7 Normal white on black font 
Reverse video font 

US8 Normal white on black font 
Graphic character font 

The CRT driver in the ROSR monitor translates character-level escape 
sequences into commands as to which of the font ROMs to select and 
which of the two fonts inside the selected font ROM to select. Basically, 
characters that are stored in the CRT's refresh memory address the 
selected forit ROM; the font ROM provides dot information to the video 
input of the CRT so the character can be displayed. 
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The characters on the CRT can have one of the following attributes: 

Blink 
Inverse video 
Graphics 
Low intensity 

The most significant bit of the character stored in the CRT's refresh 
memory determines if the character is to be displayed with its attribute 
enabled. 

The ROSR monitor provides a character-oriented command format for 
controlling the screen and font ROM selection. It is recommended that 
programs use this method to control the CRT and its attributes. 
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CRT RAM 
Memory Allocation 
The CRT RAM occupies 3000H - 3FFFH in bank 0 (System Bank). Each 80-
character line on the CRT is allocated 128 bytes in the CRT RAM. Listed 
below are the starting and ending addresses for each ofthe 24 rows in 
the CRT RAM. The example (at the bottom) shows some character 
locations in CRT memory. (Assumes scroll register = 23) 

Row Starting Address Ending Address 

0 3000H 304FH 
1 3080H 30CFH 
2 3100H 314FH 
3 3180H 31CFH 
4 3200H 324FH 
5 3280H 32CFH 
6 3300H 334FH 
7 3380H 33CFH 
8 3400H 344FH 
9 3480H 34CFH 

10 3500H 354FH 
11 3580H 35CFH 
12 3600H 364FH 
13 3680H 36CFH 
14 3700H 374FH 
15 3780H 37CFH 
16 3800H 384FH 
17 3880H 38CFH 
18 3900H 394FH 
19 3980H 39CFH 
20 3AOOH 3A4FH 
21 3A80H 3ACFH 
22 3BOOH 3B4FH 
23 3B80H 3BCFH 

Row Column CRT Memory Address 

0 0 3000H 
0 79 304FH 

1 3081H 
5 3085H 

23 0 3BBOH 
23 1 3B81H 
23 79 3BCFH 
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Scroll Register 
To eliminate the delay associated with software scrolling, hardware 
scrolling is employed. Writing into the scroll register (Port 14h) adds an 
offset to the line address developed by the line counter. For instance, 
with an offset of zero (scroll register = 0), the data at location 3000H (in 
the CRT refresh memory) will be displayed on the bottom row of the 
display. If the offset is 23, the data at location 3000H will be displayed on 
the top row of the screen. The scroll register is loaded from AS to A 15 
rather than 00 to 07. Therefore, the scroll value must be in the B register 
if an indirect OUT instruction is used. 

Scroll Register Row 0, Column 0 Row 23, Column 0 
23 3000H 3B80H 

22 3080H 3BOOH 

21 3100H 3A80H 

20 3180H 3AOOH 

19 3200H 3980H 

18 3280H 3900H 

17 3300H 3880H 

16 3380H 3800H 

15 3400H 3780H 

14 3480H 3700H 

13 3500H 3680H 

12 3580H 3600H 

11 3600H 3580H 

10 3680H 3500H 

9 3700H 3480H 

8 3780H 3400H 

7 3800H 3380H 

6 3880H 3300H 

3900H 3280H 

4 3980H 3200H 

3 3AOOH 3180H 

2 3A80H 3100H 

1 3BOOH 3080H 

0 3B80H 3000H 
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Speaker 
The 820-11 and 16/8 have an audio speaker connected to two I/O ports 
(28h and 29h). Outputting to one I/O port causes the speaker cone to be 
pushed out; outputting to the other I/O port pulls in the speaker cone. 
The actual value output to these ports has no significance. To generate a 
beep, the application program can simply send an ASCII Bell character to 
the CRT. To generate a tone other than the standard bell character, the 
program must move the speaker cone in and out at the desired 
frequency. 

Disk Drive Daughter Board 
The disk drive connector on the rear is a "dual personality" connector, 
depending on which disk drive daughter board is installed on the mother 
board. Presently, there are two types of disk interface: 

Shugart SASI interface controller suitable for interfacing to a 
SA 14030 Rigid Disk Controller. 

Floppy-only interface suitable for interfacing to Shugart 
SA800/SA400USA8S0/SA4S0 dual daisy-chained disk configurations. 

The ROSR monitor detects which daughter board is installed at power-on 
and selects the appropriate physical disk driver firmware to process 
physical disk drive requests. 

Caution: 
If a rigid disk drive unit (U07, U08) is connected to a floppy 
display/processor (U03/H69, U04), the rigid controller PWB will be 
destroyed when power is switched on. The rigid disk drive unit must be 
connected only to a rigid display/processor (UOS/H70, U06). Connecting 
a floppy disk drive unit (929IT66/973/F10, E41/E44/E42/E89) to a rigid 
display/processor (UOS/H70, U06) may cause the processor PWB to fail. 
Before connecting any disk drive unit to a display/processor, check that 
the configuration of the display/processor is compatible with the disk 
drive unit. The configuration can be determined in one of two ways. 
(1) Check the product code of the display/processor. The product code is 
the first three digits of the serial number, located on the underside of 
the display processor. (2) Verify that the proper drive interface PWB is 
installed by checking the part number. 
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System Bus 
The System Bus contains an 8-bit Data Bus (Tri-state, Input/Output) bi
directional Data exchange with memory and 1/0 devices. It has a 16-bit 
Address Bus to address upto 64k of memory for 1/0 devices data 
exchange. 

Keyboard Interface 
The keyboard FIFO (Etch 2 CPU only) has space for 16 (decimal) entries. 
Associated with the keyboard FIFO are input and output position 
pointers and a count of the number of entries currently in the FIFO. 

The available memory pointers provide the addresses bounding the 
available unused RAM in the memory reserved for system use. Although 
these pointers are a supported feature, there is no guaranteed available 
memory size. 

There are two tables used to disk map a logical disk to its physical driver. 
The first table, Seltab, associates a logical disk number with a physical 
disk number. The second table, Drvtab, identifies which physical disk 
driver is appropriate to use with the selected physical disk. 

The physical driver command block is a collection of all information 
necessary for the disk system to perform the requested disk activity. 

The timer and clock variables are a collection of locations used for 
maintaining the one second timer and the time-of-day clock and 
calendar. The console command line buffer immediately follows these 
variables. 
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Zilog 

Featur .. • The instruction set contains 158 instructions. 
The 78 instructions of the 8080A are 
incJudeH as a subset; 80BOA software com
patibility is maintained. 

• Six MHz, 4 MHz and 2.5 MHz clocks for the 
Z80B, zaOA, and zao CPU result in rapid 
instruction execution with consequent high 
data throughput. ... 

• The extensive instruction set includes string, 
bit, byte, and word operations. Block 
searches and block transfers together with 
ind.exed and relative addressing result in 
the most powerful data handling capabilities 
in the microcomputer industry. 

• The zao microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 
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may be daisy-chained to allow implemen
tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 

• Duplicate sets of both general-purpose 
and flag registers dre provided, easing 
the design and operation of system soft
ware through single-context switching, 
background-foreground programming, and 
single-level interrupt processing. In addi
tion, two I6-bit index registers facilitate 
program processing of tables and arrays. 

• There art:! three modes of high speed inter
rupt processing: 8080 compatible, non-zao 
peripheral device,- and zao Family 
periphera.l with or without daisy chain. 

• On-chip dynamic memory refresh counter. 
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General The zaO. ZSOA. and ZSOB CPUs dre third-
Description generation single-chip microprocessors with 

exceptional computational power. They offer 
higher system throughput and more efficient 
memory utilization than comparable second
and third-generation microprocessors. The 
internal registers contain 208 bits of read/write 
memory that are accessible to the programmer. 
These registers include two sets of six general
purpose registers which may be used 
individually as either a-bit registers or as 
16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group 
of "Exchange" instructions makes either set of 
main or alternate registers accessible to the 
programmer. The alternate set allows operation 
in foreground-background mode or it may be 

reserved for very fast interrupt response. 
The 280 also contains a Stack Pointer, Pro

gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only a single + 5 V power 
source. All output signals are fully decoded 
and timed to control standard memory or 
peripheral circuits, and it is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary functions of the Z80 processors. 
Subsequent text provides more detail on the 
280 110 controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 

Figure 3. Z80 CPU Block Diagram 
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Z80 Micro
proc_ 
Family 

Z80 CPU 
Res/lot ... 

The Zilog Z80 microprocessor is the central 
element of a comprehensive microprocessor 
product family. This family works together in 
most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer
based. systems. 

Zilog has designed five components to pro
vide extensive support for the Z80 micro
processor. These are: 

• The PIO (Parallel InpuVOutput) operates in 
both data-byte 1/0 transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be configured 
to interface with standard parallel 
peripheral devices such dS printers, tape 
punches, and keyboards. 

• The eTC (CounterfI'imer Circuit) features 
four programmable 8-bit counter/timers. 

Figure 4 shows three groups of registers 
within the ZBO CPU. The first group consists of 
duplicate sets of 8-bit registers: a principal set 
and an alternate set (desiqnated by , (prime]. 
e.g., A'). Both sets consist of the Accumula
tor Register, the Flag Reqister, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver
satile programming techniques as background-

I III11P1OIIYIIIEFIIESH 

each of which has an S-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

• The DMA (Direct Memory Access) con
troller provides dual port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 

• The SIO (Serial Input/Output) controller 
offers two channels. It is capable of 
operating in a variety of progranutldble 
modes for both synchronous and asyn
chronous communication, including 
Bi-Sync and SDLC. 

• The DART (Dual Asynchronous Receiverl 
Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a full modem control 
interface. 

foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY (Index 
Registers), the SP (St.ck Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi
tional pair of flip-flops which assists in identi
fying the interrupt mode at any particular 
time. Table 1 provides further inforIMtion on 
these registers. 

~ .. 
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Figure". CPU Regbten 
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zao CPU 
IIegIoten 
(Continued) 
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.... ....(.1toI --A,A' Accwnulator Stan. an opeI'Gnd or the remt .. of an operation. 

F, F' FJaoo See r.. .. cIIon Sot. 
S, S' General Purp»e Can be ueed eeplrately or U II le·bit NQilIier with C. 

C, C' General Puf'PC»8 See S, above. 

D, D' Geno..cPu..- Can be u.d .eparatel, or as II l~b1t ntQiIter with E. 
E, E' General Purpoee See D, obove • 

H,H' ........ IPu..- Can be uaed eepe.ratel, or as" IS-bit reqleter with L. 
L, L' Geno..cPu ..... See H, above. 

Note: The (S.C), (D,E), and (H,L) eels lIN combined u followal: 
S - Hloh byte C- Low byte 
D- Hlohbyte E - Low byte 
H- Hlohbyte L - Low byte 

lnbmupt Regis_ SlotH upper alqht bila of memory 4ddraIe lor vectored Interrupt -. ReI_Roo_ Prov!qel uaer·transpanmt dynamic memory refreah. AutomatICally 
inCremented. and placed on the ac:kireu bus durinQ each 
Instructlcmfetch cycie. 

IX Index Regllter 16 Uaed. for indued acidreseinQ. 
IT Indu Reqilier 16 Same u IX. abovwI. 
SP Stack Pointer 16 Holds ac:idrHI of the top of the ttack. See Pu.h or Pop in Instruc-_ ... 
PC ProQnun Counter 16 Holda address of nullllltructlon. 

IFFI·IFF2 InterruptEMbIe FU .. Flopo Set or reNt to indlcate Interrupt statu. (see F1Qure 4). 

lMF.·IMFb Interrupt Mode FUp-Flopo Reflect Interru.pt mode (see Flqure 4). 

Tablo 1, lID CPU...-

The CPU accepts two interrupt input siqna.is: • Mode 1 - Peripheral Interrupt service, for 
use with non-808OIZBO systems. NMI ond IN!. The NMI Is 0 non·maskoble 

Interrupt ond haa the hiqhest priority, IN! Is 0 

lower priority interrupt and it requires that 
Interrupts be enabled in software in order to 
operate. INT can be connected to multiple 
peripheral devices in a wired-OR conflgura~ 
lion. 

The Z80 has 0 alnqle response mode for 
interrupt service for the non-maskable inter
rupt. The moakable Interrupt, IN!, has three 
programmable response mode. available. 
These ore: 

• Mode 0 - compatible with the 8080 micro
prooesaor, 

• Mode 2 - 0 vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 

The CPU services interrupts by samplinQ the 
NMI and IN! ,Iqn.la 01 the risinq edqe of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected.. Details on inter
rupt responses are shown in the CPU Timing 
Section. 

Zilog Reprint 



Interrupts: 
General 
OperatiOll 
(Continued) 

NOD-Mallkable IDlerrupl (NMI)_ The non
maskable interrupt cannot be disabled by pro
gram control and therefore will be accepted at 
all times by the CPU. NMI is usually 
reserved for servicing only the highest priority 
type interrupts, such as that for orderly shut
down after power failure has been detected. 
After recognition of the NMI signal (providing 
BUSREQ is not active). the CPU jumps to 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routing. 

Mallkable IDlerrupl (lNT)_ Regardless of the 
interrupt mode set by the user, the zao 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided th.t 
interrupts are enabled and BUSREQ is not 
active) a special interrupt processing cycle 
begins. This is a specialletch {MI) cycle in 
which 10RQ becomes active rather than 
MREQ, as in normal Ml cycle. In addition, this 
special M1 cycle is automatically extended by 
two WAIT states, to allow for the time required 
to acknowledge the interrupt request. 

Mode 0 Interrupt OpercrtiOD. This mode is 
compatible with the 8080 microprocessor inter
rupt service procedures. The interrupting 
device places an instruction on the data bus. 
This is normally a Restart Instruction, which 
will initiate a call to the selected one of eight 
restart locations in page zero of memory. 

Mode 1 Interrupt Operation. Mod~ oper
ation is very Similar to that for the NMI. The 
principal difference is that the Mode 1 inter
rupt has a restart location of 0038H only. 

Mod. 2 Interrupt Operation. This interrupt 
mode has been designed to utilize most effec
tively the capabilities of the zao microproc
essor and its associated peripheral family. The 
interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an a-bit vector 
on the data bus during the interrupt acknowl
edge cycle. The CPU forms a pointer using 
this byte as the lower a-bits and the contents of 
the I register as the upper a-bits. This points to 
an entry in a table of addresses for interrupt 
service routines. The CPU then jumps to the 
routine at that address. This flexibility in 
selecting the interrupt service routine address 
allows the peripheral device to use several dif
ferent types of service routines. These routines 

Zilog Reprint 

may be located at any available location in 
memory. Since the interrupting device sup
plies the low-order byte 01 the 2-byte vector, 
bit 0 (Ao) must be a zero. 

IDlerrupl PrIority (Dally ChalDlDSJ aDd 
N .... d Interrupts). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain config
uration. Each device in the chain has an inter
rupt en"ble input line (lEI) and an interrupt 
enable output line (lEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its lEI input hardWired to a 
High level. The lirst device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange
ment permits the CPU to select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

The interrupting device disables its lEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its lEO line is 
raised, allowing lower priority peripherals to 
demand interrupt servicing. 

The 280 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Disable Operation, Two 
flip-flops, IFFI and IFF2, referred to in the 
register description are used. to signal the lCPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the zeo CPU Technical Manual and Z80 
Assembly Language Manual. 

ActIoa IFF, IFF, Commo.to 

CPUReeet MlUlk~le interrupt 
INT dil4bled 

DI instruction MIIslr.able interrupt 
execution 1Nf disabled . 

EI lnstruction Maslr.able interrupt 
execution INT enabled 

LO A.I inatruction IFF2 - Parity Jl49 
execution 

LO A,R iratruction IFF2 - Parity fiaq 
execution 

AcceptNMI IFF} IFF} - IFF2 
(Maskable inter-
rupt fNT disabled) 

RETN instruction IFF2. IFF2 - IFFlllt _"""lion ~Ieti~nofen -.'" routine. 

Tab .... _ 01 Fl1p-F1opo 
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JnatructloD The 280 microprocessor has one of the most 
Set powerful and versatile instruction sets 

availa.ble in any 8·bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and I/O. It also 
allows operations on any bit in any location in 
memory. 

8·BIt 
Loa" 
Group 

54 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc
tion. The Z80 CPU Technical Manual 
(03·0029·01) and Assembly Language 
Programming ManuaJ (03-0002~OI) contain 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 

o 8·bit loads 

o IS·bit loads 
o Exchanges, block transfers, and searches 

o 8·bit arithmetic and logic operations 

o General·purpose arithmetic and CPU 
control 

- -- - • , • PI •• 

LOr, r' 
LOr, n 

lD.,(HL) ,- (HU 
LOr, (1X+d) r- (IXi'd) 

LDt, (lY+dl .-(IY+d) X 

LD(HLJ,. (HL) _ r 
LO (IX + d). r (lX+d)- r 

LOllY+d),r (lY"d) - r X 

LD(HL), n (RL) _ n X 

LO(1X .. d),n (IX+d) - n X 

LO(l;Y+d), .. (lY+d) - n X 

LOA, (SC) A - (SC) 
LOA, (01) A - (DI) 
LOA, (nn) A-(M) 

LD(BCI. A (Be) _ A 
LO(OE).A (DE) _ A 
!.O(nn),A (nn) - A 

LOA,I X 0 

LOA,R A-' X 0 

LDtA 1- A X 

LOR,A '-A X 

NOTES, t, ,'_naany 01 thot...,.otwro A, B, C. D, E, H, L 
\FFtMoontentcllhe",ter,upt_UIP.LIop,{lFF)I. 
copI-.\ !nto ,h. PN lI.q. 

Fer an upl,,""'11on 01 Haq""l<IlIon.n<loymb>1o ror 
"'_nlcl.blM,_Syll'lboh~Not.n .... MCI"'" 
toltowl!I9toobleo 

X 

X 

X 

X 

X 

X IFF a 

X IFF 0 

X 

X 

C 

o I6-bit arithmetic operations 

o Rotates and shifts 

o Bit set, reset, and 'test operations 

o Jumps 

o Calls. returns, and restarts 

o Input and output operations 

A variety of addresSing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

o Immediate 

o Immediate extended 

o Modified page zero 

o Relative 

o Extended 

o Indexed 

o Register 

o Register indirect 

o Implied 

OBit 

"-'" ..... 
"UlIIO a- -01 : " 00 no 
01 no 
IlOlllOl DO 
01 101 

_d_ 
II III 101 
01 110 

_d_ 
01 110 
II all 101 
OJ 110 
-d-

UlIllOI FD 
01 110 

_d_ 
00 lIO lIO " 
HOllIG! DO 
00 110 110 J6 
-d-

U III 101 FD 
00 110 110 " -d_ 

00 001010 OA 
00011010 IA 
00 III 010 3A 

00 coo 010 " 00 010 010 I' 
00 110 010 " 
II lOI 101 ED , 
01010 III '" 11 101 101 ED 
01011 III " II 101 101 ED 
01000111 ., 
11 \0\ 101 ED 
01001 III ., 

Ifo.atM lfo.ofT 
.".... --

7 
I. 

7 
I. 

I' 

I' 

7 
7 
I, 

7 
7 
13 

-
~ 
001 C 
010 0 
011 • 100 H 
Ial L 
III A 
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I&-BII Load - - - ................ T 

Group - - . I • .,. . C ...... -..... --- -LDIId.1m ... -. I · I .ddDliU 10 ~ 
01 DE 

LDII._ II-- I I II 011101 DO · 10 HL 
GOUIIODJ21 II SP 

UHf ... 

lY __ 

• · I 11 III 101 fD • .. 
00I01)CIII2I 

LDHL.(aII) H_(IUI+II I · I Q) 101 DID 2A 16 
L-C'" 

WeId,lan) ddy- .+1} I I · 11101 101 ED · :II 
_-(all) 01 IIdI OU 

LDII,. IIa-C .. +1) I · 11 011101 DO · :II 
IIL-(nnl 00 101 010 2A 

LOll. Cap) lTH-{nn+1I I I II 111 IOJ FD · ., 
IYL-CIIII) GO 101 DID 2A 

LDCaa).HL (an+1)-8 I 001(1101071 I O->-L 

LD(an).dd I_+I)-ddy I · I 11101101 ED · :II .. 
.... -"'L OJ ddD 011 ! 

LDc-),Jl <-+1) -liB I I II 011101 DO · ., 
(mil-ilL 0010001022 -.-

LDIIIn).1Y (1I1I+1)-ItB I · 11 III 101 fD · :II 
(aII)-IYL lID 100010 22 

LDSP. HL SP-HL 11111001" . 
LDSP.lI SP-II 11011101 DO 10 

11111001 n 
LDSP.1l SP-lY I II III 101 PO 2 

II 111001 n Ie ~ PUSH .. (SP-2)-QQL II QqO 101 
(SP-l)-qcQI ., DE 
SP-SP-2 ,. HL 

PUSH II 1SI'-2)-IIL I · I · II 011 101 DO 2 II AI 
1SP-1)-1I8 11 10010115 
SP-SP -2 

POSHlY (SP-2)-JYL I · I 11111101 II) 2 .. 
(SP-I)-ITJI 
51'-51'-2 

II 100 101 IS 

pop .. QqJI-(SP+1) I I · IIqqOOOl 
qqx,-CSP) 
SP-SP+2 

POP II IlH-(5P+l) I I II 011101 DO 2 .. 
IIL-(SP) II 1000111 EJ 
SP-SP+2 

""'IT IYH- (SP+I) . • I · 11111 101 fD .. 
lI'L-(SP) 1110000111 
SP-SP+2 

"""" dclllarol ............ .:.DE.HL.SP. 
... ...,01 .......... _AF.IC.DLHL 
cP!!~~=~':" ......................... ~aI .. ___ ....--.,.. --. DOi.HL DI-HL 111010110 

Block JXAF.AF' AI-Ar IIIODJODOOI 
DI Be-BC' II on OOJ DI _ .... -

T.-. Dll-Ir --Blocks-ch HL-IU.' ............. 
IXIIPJ.HL H-ISP+IJ I · X 11Il10011 13 a.oap. L-ISPI 
DaIP).1I iIH-(SP+JI I I II 011101 DD 2 '" IIL-(SP) 11Il1001113 
D(SPI.IY IYH-ISP+IJ • · • 11111101 fD 2 '" IYL-ISP) (I) 

11100011 a 

LIII ""'-OIL) • • • 1 • 11 101 101 ID 2 .. LoaIOW_ 
DE-DE+I 101II01III.AO ""'.-HL-HL+I "_ad 
IC-IC-I 

_ ...... 
_(IICI 

LDlR IDII-CJIL) . I • I • • . 11 101101 ED 21 IIC",O 
DE-DE+I 10110 IDI 10 10 lac_O 
IIL_IIL+l 
IC-IC-I --Be •• 

.on: Q)1W1II9.0 .......... 1C-1 .......... M. I. 
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Exchange. 
Block 
Transfer. 
Block Search 
Groups 
(Continued) 

8-BII 
Arithmetic 
and Logical 
Group 

56 

.......... "-- • Z • PlY • 

(DE) - (Hl) 
DE - DE-I 
Hl - HL-l 
BC_BC_I 

(DE) - (Hl) X 0 X 
DE _ DE-I 
HL-HL~I 

BC-BC-I 
Repe<ltunlll 
Be '" 0 G 

CPI A - (HLl , , x , x 
Hl - Hl+I 
BC-BC-I 

G 
A - (HI,.) X , 
HI,. _ HL+I 
BC-BC-I 
R"pe<l1 until 
A", (HLler 
BC z 0 

@ 
CPO A - (HI,.) , , X , X 

HI,. - Hl-I 
BC-BC-I 

C1! 
CPDR A ~ (H!,) , , X , 

Hl - Hl-I 
BC-BC-I 
Repeal until 
A", (HL)er 
Be ~ 0 

NOTES: CD PlY 110'1" 0 ,[ the ~It o[ BC -1 '" O. el~""'" PM '" 1 
GlZffeQ,.l.[ A ~ (lil). e' ....... ,..Z ~ 0 

ADOA. r A - A .. r , , X , X 

ADOA. n , , X , X 

ADD A. (HI,.) A-A .. (HL) , , X 
ADDA. (lX+d) A - A .. (lX+d) , , X 

ADDA. (!Y+d) A - A .. (IY+d) X , X 

A - A-s , , X , 
SBCA._ A _ A-s-CY X 

AND. , , X , 
OR. A_Av. , , X 0 

XOR. A _ A •• , , X 0 X 

CP, , , X , X 

INC. , , X , 
lNC(Hl) (Hl) -(Hl) .. 1 , , X , X 
me (lX .. d) (lX+d) _ , , X , 

(IX+d) .. i 

INC (IY .. d) (iY+d) -
(IY+d) .. 1 

DEem 

(j) 

0 0 

(j) , 
(j) 

(j) , 
(j) 

V 0 

V 0 

V 0 
V 0 

V 0 

V 0 

V , , 
p 0 

p 0 

p 0 

V 1 

V 0 

"-
C 71 M3 210 .... 

II 101 101 ED 
10101000 A8 

II 101 101 ED 
10 III 000 B8 

11 101 101 ED 
10100 001 AI 

10 110001 BI 

11101101 ED 
10 101 001 A9 

11101101 ED 

, 10m. , III@] 110 

, 1O[@)1l0 , 11011101 
IOKmI10 

- d , 11111101 

IOl!l!:8IllO 

- d -, I!!!lD , I!!.!!I 
mIll 
1m!! 
I!m 
I!!D , I!!lI 

00 .1!l!II 
00 1I0um 
11 011 101 

00 110m - d -
11111101 FD 
00 1101mm 

- d 
nID:J 

... ~ 
"-

2 

2 

Ho.ooIM 1f0000IT 
.". ... .... 

" 16 

" 2J 

2J 

"--

UBC ... 0 
USC" 0 

UBC ... o and 
A .. (Hl) 

U Be = 00. 
A ~ (Hl) 

UBC*Oand 
A ... (Hl) 

UBC~Oo. 
A", (Hl) 

001 C 
010 0 
01\ E 
100 H 
101 I,. 
III A 

tl."nyol •• n. 
(Hll. (/X+d). 
(lY+d)astl\own 
for ADD InWuCtlon. 
The Ind\eo;ted bll. 

.-..place the !:El!lI in 

the ADD IIBI U>ove. 

m ~ any of r. (Hl). 

(IX"d). (IY+d) 
at Ihown for lNC. 
DEC oame 100000t 
and tlateo.u INC. 
ReplacellimWlth 
[rnDlhopoode. 
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Geoeral· 
Purpose 
Arithmetic 
cmd 
CPU Control 
Groups 

16-Bit 
Arithmetic 
Group 

Rotate and 
Shift Group 

- - ~ JIo.ofIlo.ol ......... T - IZ B PITRe " Ma 110'" JyM ere- Btat. c--
ConvertJacc.COlltellt I I X I X P • I 00 100 III Z1 o.cnnal.,!jut\ 

11110 pocked BCD 
/Qllowlllg eddor 
IUblroct wdh pocked 
HCDope1'ends. 

A _ A • X I 

, , X , X V , , 11 101 101 EO 
0100010044 

CC' CY - CY X X X 00 III HI 3F 

SC, CY -, 0 X 00]]0 III Yl 
NOP NeopeNlt!en X 0000000000 
HALT CPUhalte;:l X OJ llO 110 76 
DO. IFF - 0 X 11 llO Oll F3 

". IFF _ I X Jl 111011 FB 
IMO Set lllterrupt X 11 101 101 EO 

mooeO 01 000 110 46 
s..ti"tarrupt X X 11 101 !OI ED 

mooel 01 010 11056 
Set IIlterrupt II 10) 101 ED 

mode 2 0101) 110 5E 

IFf,nd,o._, .... 'n'err~p1 .. ""bl"lhp·flop 
CYmd,o., ... ,h .. ""rrylbp-liop 
.. 'ndjo'l ... m, .. "~pt.a"'l>Ol .. mplod.llheomdolElo'DI 

ADD HL. II HL - HL+II 0 , 
ADCHL,II HL - HL+II+CY , , X X X V 0 , 1110) 101 ED 

01 .. 1010 

sse Ht. II HL - Hl- .. -CY , , X X X V , , 11101101 ED 
01..0010 

ADD IX. pp IX-IX+pp ]I Oil 101 DO 
01 ppl 001 

AODlY.r. ..XXX-Of 111l)101FO 
oorriOOI 

INC.. II _ $5 + 1 00..0 011 
INC IX lX-IX+) 1101110100 

0010001123 
II III 101 FD 
0010001123 

DECu 8. _ .. -I 00 •• 1011 
OECIX IX-IX-l 1101110100 

RlC r 

.. " .n~' 01 ,,,. ,eq"\@rl>'".Be, DE, HL. SF 
pp ".nYO"Mreg"'e< poJr.BC, DE IX sr 
",,"", 01 lh .. ,,,,,,,t .. ,p"",ec. DE.IY SP 

X 0 X 

X 0 X 

x 0 X POI 

00 101 011 2B 
II III 101 FO 
00 10101: 2B 

00011111 IF 

RlC(Hl) I I X 0 X POt 

11001011 
oo!!!l}. 
11001011 

oom llO 

RLC flX .. d) @J~ 
r.(Hl).WC + dUIY+d) 

R!.C(!Y .. d) 

l@j~ 
m.r,(HLl.(lX .. dUIY .. d) 

CEDJ.-@J 
m. r.(HL).(lX .. d).(IY .. d) 

11 Oil 101 DO 
II 001 Oil CB - , -
00~110 

II III 101 FO 
II 001 Oil CB - , -
00~110 

!!iID 

POI ~ 

6 

" 
6 

" 

a=IIJ.\o •. 

CompJ.1MrII 
acc\l.","l4lor(ona·, 
gompl_nt) 

~1e1lCC.(lwo'l 

complement) 
ComplelnelltCOl"l1' 

!lag 
Set COlT}' 1149 

~ 
00 BC 
01 DE 
10 Hl 
II SP 

~ 
01 DE 
10 IX 
IISP 

~ 
01 DE 
10 IY 
11 SP 

flOIalel..tIe.l"Clllat 
a<:cumulalor 

Rotate lell 
accumul51or. 

Rotale .. gill c\l"C\Iler 
.ccumul .. IDT 

Rotal ...... hi 
eccumulator 

ROI .. , .. lell c"c~l .. r 

''''''$I''', 
15 ~ ~"9 

ooi C 
010 D 
011 E 
'00 H 
101 L 

A 

andslalelar .. e. 
shown for RLe-. 
Tole.mll"" 
opcode'epl.ce 
~orRLe-$ 
.. ,Ihsho .. ncode 
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Rolette cmd 
Sbift Group 
(Continued) 

Bit Set. Reaet 
cmd Test 
Group 

Jump 
Group 

58 

RR. 

SRA_ 

SRL. 

RLD 

RRD 

arrb.r 

arrb,(HLI 

--~@JIIXOXPOI 
m_r.(HLU)X+d).{IY+d) 

@J--c:EI}-1 I I X 0 X POI 
m_r.(HLJ.(IX+d).{tY+d) 

~@!) X 0 XP 0 I 
lII.r.(HU.(1X+d).([Y+dl 

'-c:E::D--@!J I I x 0 X POI 
m_r.(HL).(IX+dJ.(IY+d) 

~IIXOXPO 
A 1II~1 

~IIXOXPO . -" 
Z-ra, x , X , X X 0 

Z-(HWb x , x , x x 0 

BlTb, (1X+d)b z- (1X+d)b X , X , X X 0 

BlTb,(IY.dlb Z-(IY.dlb x , x , x x 0 

SErb, r "'-, 
SETb.(HU (HLlb - I X X 

SETb,(IX+dl (IX"·dlb-1 X X 

SETb.(IY+dl UY·dlb-1 X X 

RESb.1II .. -0 
m _ r.(HU. 

(IX.d). 
UY.d) 

""'''' tlIelHllllhOn"'b,nd,calftbubtOI07Jarl_onra. 

'PM PC-m X X 

)Poe. nil Uomditlonecll X X 
InoePC - lUI. ........ 

lB. PC - PC •• X X 

mc .• lie. o. x X ........ 
IIC .. I. 
PC _ PC •• 

JRNC,. IIC _I. X X ..... ~ 
IIC .. 0, 
pe - PC •• 

)PZ •• IfZ .. a x x --IfZ .. I. 
PC_PCu 

lRNZ,. IfZ_I, X X 
.,,""~ 
IfZ .. 0, 
PC - PC •• 

IP(HL) PC- HL X X 

JP(IX) PC-IX X X 

0.-.. ................. T 
7ISOUII .......... c,.;s.._ 

II 101 LOI ED 2 
01101111 6F 

II 101 101 ED 
01100111 (f'f 

II 001 011 CB 
01 b 
IL 001 011 CB 
01 b 110 
II 011 101 CD 
II 001 011 CB 

d 
01 b 110 

11 III 101 FD 
II 001 011 CB 

d 
01 b 110 

II 001 011 CB 
I!lIb 
II 001 011 CB 
IllIb 110 
II 011 101 DO 
11001011 CB 

d -
IllIb 110 
11 III 101 FD 
II 001 all CB - d -
I!lIb '10 

I!!! 

II (XX) all C3 

II ecOiO 

000110:018 - .-2-
OOlllooo38 - .-2-
0011000030 _ .-2-

0010100028 - .-2-
0010000020 - .-2-
111010010 

II 011 101 DO 
1110100119 

, 
, 

, 
, 
, 

, 

" 

" 
" 

" 

IS 

23 

" 

10 

10 

" 
" 

" 

" 

Rotaledlq,tleflal\d 
nqhl~ 
ihe&CCIIIIIlli&tor 
andloc&tion{HL). 

The ocntent 01 tM 
IIpper hIIll 01 
tMiICC\Imllldorl1 

"m""'" 

~ 
00' C 
010 D 
011 E 
'00 H 
'01 L 

"' • b BttT8IIied ...,---
00' , 
010 , 
011 3 
'00 , 
10' 

, 
110 • 
"' 7 

TolormMW 

-~ ... [!JafSETb.1 
with G1.Fl&Q:I 
and tllM IllIlftfar 
SETLIlllnictIon. 

~ --00' Z 
OlD NCnan.cany 
011 C "'" 
100 POPUltradd 
10' PII*Itre.--
110 P Ii9nPOl~ 

"' M IiQnMqlU", 

II ClDIIditIonnal met. 

II ocnditlanill met. 

UocnclitlanAOtmet. 

II condiIian II met. 

If COIIdiIiom DOt .... 

IlccmdlUanlllllllt. 

1I0W1dl1lan nat IMI. 

IfcondlbOZlIl .... 
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Jump Group 
(Continued) 

Call aad 
Return Group 

Input and 
Output Group 

= . Z ~'IY.~C: "~08a::! ~~ e--.. 
W==IIY=)~--~---~lY~~------~X-'-------~-"~)-"-)~"~F~D~2--~--~----~----------

11101001 E9 
Dmz.. B-B-I x • 00 010 IXKl 10 

UBRO. _._2_ 
conllnu. 
UB",O. 
PC - PC •• 

... ~ .. !b. • .,.".'onln!he .. lau ... .odntII,"'ImcxO. 

." ... <;>n.d ''''0·' c:cmploo .... nl nu_. In!he •• ~ < -126. ]29 '" 

.-2 ,n ,he opcode pt».' .... n 1O!Mc1''''' &dd ... <>I pc ..... PC " 'nc ....... n!..! 
by2pr,o"o.b..dd,,,onol. 

CALLM (SP-I) - PCH 
(SP-2) - PCL 
~-M 

CAllee.M X 

oonUn .... 
ot/!erwl_Mmeu 
eAllnn 

RET PCl - (SP) 
PCH - (SP. Il 

RET~ If condition 
ee I. tal ... 

RET) fletumlrom 

RETN) 
InlelTUp! 
Retumlrom X 
non-"",wbl .. 

RSTp tSP- 1) - PCH 
(SP-2) - PCl 
PCH-O 
PCL-P 

"'" 'RETNIO<IdlIFF2 -lfF] 

INA. (n) A _ (n) 

IN •. (Cl r_ tel 
II ... 110 only t.he 
flag. wIll be ~Uected 

0) 
(HL)- (C) X , X X 
B - B-1 
Hl- HL .. I 
(HLI- (C) 
B- B-1 

R~tuntil .. , 
(HL) - (e) X q> X X 
B - B-1 
HL-HL-I 
(HLI- (C) 
B- B-1 
HL-HL-J 
Repealunlil 
,.0 

OUT(n). A (n) _ A X 

OUT (C). r (C) - T X X 

OUTI (e) - (HL) X <p X X 
S_ B-1 
HL-HL .. 1 
(e) - (HL) X X X X 
B - 8-1 
HL - HL .. 1 
Repeel until 
• .0 

aUTO (el- (HLl X q> X X X X 
B _ 8-1 

HL - HL-I 

NOn· (j)Jllhp ........ I'ot B-! "u,'O'ho.ZtI8~ """. otNt1"W'1P "".-1 
(£;N Floq II 1 ,tdoto b,t ,. 1. otne..,,, N flllQ ,.0 

, X 

, X 

, X 

, X 

, X 

11001101 CO 

II 001 001 C9 

II 101 101 ED 
0100) 101 40 
II 101 101 ED 
0100010145 

II 101 !OI ED 
01 000 

II 10) 101 ED 
10 100 010 A2 

11 101 101 ED 
101i0OIOB2 

II 101 101 ED 
10 101 010 AA 

11 101 101 ED 
10 III 010 SA 

11 010 OIl 03 

11101 101 ED 
01 ." 

11 lOl 101 ED 
10 100 Oil A3 

II 101 101 ED 
10 llO Oil B3 

11 101 101 ED 
10 101 Oil AS 

UB·O. 

13 liB", 0. 

3 

Ifeelltr\l •. 

Ifeelalalle 

~ 
000 NZ non·zero 
.,lZ 

2 
010 NC non·",,"Y 
Oil e ~'" 
100 PO porltyodd 
101 PE panty_n 
110 P .IQnpo,ntlve 
111M 1191\neq."ve 

~ .,) "'" '" "" ,,, lB" )00 2<l" )" 28" 
'" "" ", 28" 

n Ie Au - A7 
Ace. 10 AS _ AI~ 
CloAS - Ai 
B to AB - A!5 

" C:oAG - A] 
B to As - A:S 

5 CloAC - A7 
(II S .. O) B Ie As - A,S · (!f B .. O) 

CloAo-A7 
B!oAa-AI5 

5 CtoAO - Ai 
(It S",O) SlaAs - AIS · (If S"O) 

nloAo - A7 
Ace 10 As - AIS 
CleAO - A7 
StaAs - AI5 

eIoAo- A7 
SteAS - AlS 

5 CteAo - A7 
(]I 8 .. m Bto AS - A15 · (H 8,,0) 

CtoAo - A7 
BleAS - AI5 
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Input cmc:l ..,...uc..... 0pce6I...... 1Io.aI. lIo.aI f 

Output Group ::::-:;:;;-_k_--,:::--c-::;;-_-_--:,:-:-,---:-, -,::-:,,-"-:::'-"-:-, -'::--07--" 7'::::OI-':~'::-:O~-::::,-,--,::,,-"--,,-,:,s ::.....:-=~-::e-'o=:-=-=::-=,=----
(Continued) OTDR ~C~-B~lll 10 III Oil ([I a_a) StoAs _ AIS 

Summary 01 
Flag 
OperaUoD 

Symbolic 
Notation 

60 

HL- HL-J 4 
n"p""'lunhl (lfa,,01 '_0 

.. • z 
ADD A .• ADC A .• , , , , , , , , , , 

sua.; SBC A .• ; CP I; NEG 
AND. 
ORs.XOR. 
INC I 
DEC. 
ADD DO. III 
ADCHL. :\I 

SBCHL.III 

B·blt ,ncrement. 
8·b,tdecrement. 
16·buadd. 

RLA. RLeA. RRA; RRCA 
RL",:RLCm; RRm; , , , 

J6·b,t add with OIrry. 
16·b,l.ubtract w,th carry 
Rotate~",ulator. 
Rotateand,h,ltlocallons. 

RRC m; SLA III; 
SRAm; SRLm 

RLD. RRD P 0 Rotatedtqttleltandrl9hl. 
CAA 
ePL 
SCF CC, 
INriC) 

p ~llI\6lad)U5ta~""'muJ",\of. 
Complementac"",m"J.Ior. 
Set.:.lrry. 
Complv"",ntCil.ry. 
Inpulreqllter,ndlrecl. 

IN!. IND. OUTI: OUTD 
JNiR; INOR: OTlR; OTDR 
LO!; LOO 

:} aloekmput",ndoutput.l= OdB_Ootl\etw,sel ",0. 

:} Bloc:ktr.!lruderlfl8tructtonl.P/V '" I dBC _ 0, otherwllePtV"' O. 
LDlR; LODR 
CPI: CPUI; CPO' CPOR BlocksHrch,nltructionl.Z .. lilA., (HL),QlllefwiMZ. O.PIV .. 1 

dBC _ O.otherwwePfV = 0. 
LOA. I. LOA. R IFF Tile eonlenl oi the tntelT\lpteMbleUlp.llop(lFF) ill cop,.d Into t,-PIV llaq. 
8ITb •• 

Symha! 
S 
Z 
PN 

H 

N 

H&N 

c 

X Tbesl",teolb,tbollocalton.'.cop!ed,ntothellJ.g. 

Opuatl ... 
Sign flag. S = 1 if the MSB 01 the result Is I. 
Zero lIag. Z '" I If the result 01 the oper4lion is O. 
Parity or overflow 114g. Parity (P) lind overflow 
(V) sMre the slime flag. Logical operallons IIlfect 
this fillQ With the pa.flty 01 the result whlle 
arithmettc operalions IIlIect this illig With the 
overllow of the result. II P/V holds parity, P/V ::: 
I II the result 01 the operation is even, P/V ::: 0 if 
result is odd. II PlY holds overflow, P/V ::: 1 II 
the result of the operation produced lin overllow. 
Half,cllrry illig. H ::: 1 il the add or subtract 
operation produced a Cllrry into or borrow from 
bit 4 01 the IIccumuilllor. 
AddiSubtrllct illig. N ::: 1 If the prevIous opera
tion was a subtrllct. 
Hand N Bags are used in conjunction with the 
decimlll adjust instruction (DAA) to properly cor
rect the result into pllcked BCD lormllt following 
",ddition or subtrllction using operands with 
packed BCD format. 
Cllrry/Link Il"'g. C :: I II the operation produced 
II carry from the MSB 01 the operand or result. 

Symbol 
I 

o 
1 
X 
V 

OJ*'G11oD. 
The illig Is aflected according 10 Ihe result of the 
operation. 
The lIag is unchllnged by the operation. 
The flag is reset by the operlltion. 
The na9 Is set by the operlltion. 
The fillg ill a "don't care." 
P/V flag affected according to the overflow result 
of the operlliion. 
P/V illig ",llected according to the parity result of 
the operation. 
Anyone 01 the CPU registers A, B, C, D. E. H, L. 
Any a-bit location for all the IIddressing modes 
allowed for the particular Instruchon. 
Any 16-bit loclltion for 1111 the addressing modes 
allowed for that mstruction. 
Anyone of the two index registers IX or IY. 
Refresh counter. 
S-bit value in range < 0, 255 >. 
16-bit vlllue in range < 0, 65535 >. 
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Pln Act-AlS. Address Bus (output, active High, 
DescrlptloDS 3~state). Ao-AIS form a IS-bit address bus. The 

Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
110 device exchanges. 

BUSACK. Bus Acknowledge (output, active 
Low). Bus Acknowledge indicates to the 
requesting device that the CPU address bus, 
data bus. and control signals MREQ, IORQ, 
rus, and WR have entered their high· 
impedance states. The external circuitry 
can now control these lines. 

BUSREQ. Bus Request (input, active Low). 
Bus Request has a higher priority than NMI 

. and is always recognized at the end of the cur
rent machine cycle. BUSREQ forces the CPU 
address bus, data bus, and control signals 
MREQ, IORQ, RD, and WR to go to. high
impedance state so that other devices can 
control these lines. BUSREQ is normally wire
ORed and requires an external pullup for 
these applications. Extended BUSREQ 
periods due to extensive DMA operations can 

:::.prevent the CPU from properly refreshing 
··dynamic RAMs. 

1>0-0,. Data Bus (input'output, acUV'e High, 
3-state). 00-07 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and I/O. 

HALT. Holt Stole (output, .ctive Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non
maskable or a maskable interrupt (with the 
mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. Interrupt Request (input, active Low). 
Interrupt Request is generated by I/O deVices. 
The CPU honors a request at the end of the 
current instruction if the internal software
controlled interrupt enable flip~f1op (IFF) is 
enabled. INT is normally wire-ORed and 
requires an external pullup for these 
applications. 

IORQ. Input/~t Request (output, active 
Low, 3~state). 10RQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an 110 read or write operation. 
10RQ is also generated concurrently with Mi 
during an interrupt acknowledge cycle to indi
cate that an interrupt response vector can be 
placed on the data bus. 

Zilog Reprint 

MI. Machine Cycle One (output, active low), 
Mi, together with MREQ, indic~tes that the 
current machine cycle is the opcode felch 
cycle of an instruction execution. MI, together 
with 10RQ, indicates an interrupt acknowledge 
cycle. 

MREQ. Memo~uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non-Maskable Interrupt (input. negative 
edqe:!!!9gered). NMI has a higher priority 
than INT. NMI is always recognized at the end 
of the current instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at loca
tion 0066H, 

RD. Read (output, active Low, 3-state). Ri5 
indicates that the CPU wants to read data from 
memory or an 110 deVice. The addressed 110 
device or memory should use this signal to 
gale data onto the CPU data bus. 

RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode O. During reset time, the address and 
data bus go to a high-impedance state, and all 
control output signals go to the inactive state. 
Note that RESET must be active for a minimum 
of three full clock cycles before the reset 
operation is complete. 

RFSH. Refresh (output, active Low). RFSH, 
together with MREQ, indicates that the lower 
seven bits of the system's address bus can be 
used as a refresh address to the system's 
dynamic memories. 

WAIT. Wait (input, .ctive Low). WAIT 
indicates to the CPU that the addressed mem
ory or 110 devices are not ready for a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 
WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

WH. Write (output, active Low, 3-state). WR 
indicates that the CPU data bus holds valid 
data to be stored at the addressed memory or 
110 location. 
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CPU Timing 
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The Z80 CPU executes instructions by pro
ceeding through a specific sequence of opera· 
tions: 

• Memory read or write 

• I/O device read or write 

• Interrupt acknowledge 

IDlltructloll Opcode Fetch. The CPU places 
the contents of the Program Counter (PC) on 
the address bus at the start of the cycle (Fiqure 
5). Approximately one-half clock. ~le later. 
MREQ goes active. When active, RD indicates 
that the memory data can be enabled onto the 
CPU data bus. 

-.. 
... 

The basic clock period is referred. to as a 
T time or cycle. and three or more T cycles 
make up a machine cycle (MI, M2 Of M3 for 
instance). Machine cycles can be extended 
either by the CPU automatically inserting one 
or more Wait states or by the insertion of one 
or more Wait states by the user. 

The CPU samples the WAIT input with the 
falling edge of clock state T2. During clock 
states Ta and T4 of an Mi cycle dynamic RAM 
refresh can occur while the CPU starts 
decoding and executing the instruction. When 
the Refresh Control signal becomes active. 
refreshing of dynamic memory can take place. 

---"--~_J:!-
NOTE; Tw-Walt cycle added when neceaary lor slow andliiary devicn. 

_5. __ 0pc0d0Fotdo 
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CPU 
TImIDg 
(Continued) 

Memory Read or Write C.,clM. Figure 6 
shows the timing of memory read or write 
cycles other than an opcode fetch (Mi) cycle. 
The MREQ and Ro signals function exactly as 
in the fetch cycle. In a memory write cycle. 

" 

MREQ also becomes active when the address 
bus is stable. The WR line is active when the 
data bus is stable, 80 that it can be used 
directly as an R!W pulse to most semi~ 
conductor memories. 

Figure •• Jhmoty had or Write CydeI, 
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CPU Input or Output Cycle.. Figure 7 shows the 
Timing timing for an 110 re~d or 110 write operation. 
(Continued) During VO operations, the CPU automatically 

.. .... 
...... TI •• 

WRITI 

{

II 

inserts a single Wait state (Tw)' This extra Wait 
state allows sufficient time for an 110 port to 
decode the address from the port address lines. 

".{ iiii .... "... --{====::::::~::j Go-D, 

64 

NOTE: Tw'" One Wdit cycle dutolJldticdlly Inserted by CPU. 

FiSlur. 1. Input or Output Cycl .. 

Interrupt Request/Acknowledge Cycle. The 
CPU samples the interrupt signal with the ris
ing edge of the last clock cycle at the end of 
any instruction (Figure 8). When an interrupt 
is accepted, a special Mi cycle is generated. 

NOTE: I) TL"" 1.4et 'tdte of prevlou. inltruetion. 

During this MI cycle, IORQ becomes active 
(instead of MREQ) to indicate that the inter
rupting device can place an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this cycle. 

2) Two Wdit cycles Ilutomatically inserted by CPU(·). 

FlguN 8. Interrupt a.qu..tI Acbowl.dge Cycle 

Zilog Reprint 



CPU 
TImID; 
(Continued) 

Non-Mauable Interrupt Reques. Cycle. 
NMI is sampled at the same time as the mask
able interrupt input INT but has higher priority 
and cannot be disabled under software control. 
The subsequent timing is similar to that of a 

.... 

Bus Req .... '1 Acknowledge Cycle. The CPU 
samples BUSREQ with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREQ is active, the CPU sets its 
address, data, and MREQ, IORQ, RD, and WR 

normal instruction fetch except that data put 
on the bus by the memory is ignored. The 
CPU instead executes a restart (RST) operation 
and jumps to the NMI service routine located 
at address 0066H (Figure 9). 

mUlt occur no later than the rilinq edqe 01 the clock cycle 
precedinQ hAST. 

lines to a high-impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of the~ lines, 
usually to transfer data between memory and 
va deVices. 

fi6:==============t:~~~--__ ~~ ____ ~~ Iilim: 

~ ____________ -+JI 

an------------~--------~~~--------

NOTE: TL. Leir! .tote of any M cycle. TX. An arbitrary clock erda u.ad by nlqUClirlinQ o.vlee. 
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CPU 

TIm" (Continued) 

66 

Hall Ac:lnlowloclge CyeIe. When the CPU 
receives a Halt instruction, it executes NOP 
states until eUher an iNf or NMI input is 

received. When In the Holt state, the HALT 
output Is active and remains 80 until an inter
rupt is received (Figure 11). 

I ~ I 

:~ 
... =-- cr'-' ---

NOTE: iNT wtll <111110 force <II Hllllit Nit. 

R_ Cycle, RESET must be active for at leost 
three clock cycles for the CPU to properly 
accept It. As long as RESET remains active, the 
address and data buses float, and the control 
outputs are inactive. Once RESET qoes 

CLOCK 

..... 

-See note. Figll ... 9. 

inactive, three internal T cycles are consumed 
before the CPU resumes normal processing 
operation. RESET clears the PC register, so the 
lirst opcode fetch will be to location 0000 
(Ftgure 12). 

...... ====:::t>--~--Ft::== 
~h----------------~@~~~--~~------4----------
~ ________________ -JI 

~:::::~~~1~2~2n/u.~Z~ln/~--'~----------~\~-_--_-_-_-_-_ 
PI .... 12. _ CrcIe 
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AC 
Charae-
teristic& 

ZSOCPU Z80ACPU zeDB Cput 
Min Max Min Max Min Max 

Num,,", Symbol Paramet.r 

TeC Clock Cycle Time 400· 250· 165· 

TwCh Clock Pulse Width (High) ISO· 110· 65· 

TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000 

TIC Clock Fall Time 30 30 20 

5 -TrC ---Clock Rise Time 38 30 20· 

TdC,(A) Clock 1 to Address Valid Delay 145 110 90 

TdA(MREQI) Address Valid to MREQ 125· 65· 35· 
I Delay 

TdCI(MREQI) Clock I to MREQ I Delay 100 85 70 

TdC,(MREQ,) Clock , to MREQ , Delay 100 85 70 

lO-TwMREQh--MREQ Pulse Width (High)---170· ----lID-----65·--

II TwMREQI MREO Pulse Width (Low) 360· 220· 135-

12 TdCI(MREQ,) Clock I to MREQ I Delay 100 85 70 

13 TdCI(RDI) Clock I to Ri5 I Delay 130 95 80 

14 TdCr(RDr} Clock , to rus I Delay 100 85 70 

15 - TsD{Cr) --Data Setup Time to Clock 1---50 35 30--

16 ThD(RDd Data Hold Time to RD I 

17 T,WAlT(CI) WAIT Setup Time to Clock I 70 70 60 

18 ThWA!T(CI) WAIT Hold Time after Clock I 

19 TdC,(MII) Clock I to MI I Delay 130 100 80 

20 -TdCr(Mlr) --Clock 1 to m I Delay 130----100 80-

21 TdC,(RFSHI) Clock , to RFSH I Delay 180 130 110 

22 TdC,(RFSH,) Clock , to RFSH I Delay 150 120 100 

23 TdCI(RD,) Clock I to RD I Delay 110 85 70 

24 TdC,(RDI) Clock , to RD I Delay 100 85 70 

25-TsD(Cf) --Data Setup to Clock I during--60 50 40---
M2. M3. ~ or M5 Cycles 

26 TdA(IORQI) Address Stable prior to IORO I 320· 180· 110· 

27 TdCdl0RQI) Clock t to IORO I Delay 90 75 65 

2B TdCI(lORQd Clock I to IORO t Delay 110 85 70 

29 TdD(WRf) Data Stable prior to WR I 190· 80· 25· 

30 -TdCI(WRI) -Clock I to WR I Delay 90----80 70-

31 TwWR WR Pulse Width 360· 220· 135· 

32 TdCf(WRr) Clock I to WR 1 Delay 100 80 70 

33 TdD(WRI) Data Stable prior to WR I 20· -10· -55· 

34 TdCdWRI) Clock I to WR I Delay 80 65 60 

35-TdWRr(D)--Dat" Stable from WR 1----120·----60·----30·--

36 TdCI(HALT) Clock I to HALT t or I 

37 TwNMI NMT Pulse Width 

38 T,BUSREQ(C,) BUSREO Setup Time to Clock I 

• For clock periods other th",n the mInimUms shown 1rI the table, 
c",lculate parameters usmg the expressIOns 1rI the table on the 
!ollowmg page 

t Umts in nanoseconds (ns). All hmmgs are prehmmary and 
sublect to ch"'nge 

300 300 260 

80 80 70 

80 50 50 
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AC 
Charac, 
teriatics 
(Continued) 

68 

N_ Symbol 
ZIOCPU 

MID Max 
Z80JI CPU 

MID Max 
ZIOBCPUt 

MIa Max 

39 ThBUSREO(C,) BUSREO Hold Time .Ite' Clock f 
40 -TdC,(BUSACKI)-Clock f to BUSACK I Delay ----120 ----100 ----90' 
41 TdCI(BUSACK,) Clock I to BUSACK f Deloy 110 100 90 

42 TdC~Dz) Clock t to Data Float Delay 

Clock I to Contr~~uts Float 

90 90 00 

43 TdC~CTz) 110 00 70 
~:!.~~. I R • !iIi. 

44 TdCr(Az) Clock r to Address Float Delay 110 90 80 

45-TdCT~A)--MREQ f.rORO I. !iIi f. ond--160'----OO'·----35'-
WIt I to Address Hold Time 

46 TsRESET(Cr) RESET. to Clock I Setup Time 90 00 60 

47 ThRESET(Cr) RESET to Clock I Hold Time 
48 lsINTf(Cr) 00 to Clock r Setup Time 00 00 70 
49 ThINTr(Cr) 00 to Clock I Hold Time 0 

5O-TdMlI(IORQf)-Mi I to IORO I Delay ----920'----565'----365'--
51 TdCI(lOROI) Clock I to rORO I Delay I IO 85 70 
52 TdCI(lORO,) 
53 TdCI(D) 

Clock I to rORO I Deloy 
Clock I to Data Valid Delay 

• For dock periods other Iholn the minimums shown in the table, 
caicuUiIe parameters uSing the fo!lowmg expreSliJolUi. Calculated. 
valUe!! dbovE ,usumed TrC = TIC = 20 r\!I. 

t Umts m rlclllOWCQnds (os). Ali tlmmQS are prellrrllnary and 
suhJect .10 change. All hm."..,. assume equal loachnq On p,nB wIth 
SOpF. 

FootDOlft to AC Characteriotlco 

11- SymIooI ZIG ZIOA 

100 
230 

85 

150 

Z80I 

70 
130 

ToC TwCh + Twel + TrC + TfC TwCh + TwCI + TrC + TfC TwCh + rwel + TrC + TIC 

TwCh Although static by design, Although static by design, Although stalic by design, 
TwCh of qreater than 200 JIB TwCh of greater than 200 td TwCh of greater than 200 p.s 
Is not Q'UGl'Gnteed Is not guaranteed Is not guaranteed 

7 -TdA{MREQf)-TwCh + TIC - 7S---TwCh + TiC - 6S---TwCh + TIC - 50---

10 TwMREOh TwCh + TJC - JO TwCh + TJC - 20 TwCh .... TIC - 20 

11 TwMREOl TcC - 40 TcC - 30 TcC - 30 

26 TdA(lOROf) ToC - SO ToC - 70 ToC - 55 

29 TdD(WRJ) TcC - 210 TcC - 170 TcC - 140 

31-TwWR--TcC - 4O------TOC - 3O------TOC - 30------

33 TdD(WRJ) Twel + TrC - 180 TwCI + TrC - 140 TwCI + TrC - 140 

35 TdWRr(D) rwCI + TrC - 80 TwCI + TrC - 70 TwCI + TrC - 55 

4S TdCTr(A) TwCI + TrC - 40 TwCI + TtC - 50 TwCI + TrC - 50 

50 TdMlf(lORQf) 2TeG + TwCh + TIC - 80 2TcC + TwCh + TfC - 6S 2TeG + TwCh + TiC - 50 

AC Teet Conditio .. : 
Vm - 2.0 V 
VIL '"' 0.8 V 
VIHC .. Vee -0.6 V 
VILe = 0.45 V 

VOH" 2.0 V 

~ffiAT ~.8 :tVO.5 V 
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Absolute 
Maximum 
Ratings 

Standard 
Test 
Conditions 

DC 
Character· 
i.tics 

Capacitance 

Storage Temperature ........ _65°C to +150 oe 
Temperature 

under Bias . . . Specified operating range 
Voltages on all inputs and 

outputs with respect to ground. -0.3 V to + 7 V 
Power Dissipation ... 1.5 W 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND (0 V). Positive current flows into the 
referenced pin. Available operating 
temperature ranges are: 

• S· = ooe to + 70°C, 
+4.75 V s Vce s +5.25 V 

• E· = -40°C to +85°e, 
+4.7SV s Vee s +S.2SV 

• M· = _55°C to + 125°C, 
+4.5 V s Vce S +5.5 V 

"See Ordering InlorrMtion section lor pIIckage 
temperature raflQe and product number 

Symbol Parameter 

VILC Clock Input Low Voltage 

VIHC Clock Input High Voltage 

VIL Input Low Voltllge 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltllge 

Icc Power Supply Current 
zao 
ZSOA 
ZSOB 

III Input Leakage Current 

ILEAK 3-State Output Leakllge Current in Flot\t 

L For miliMry qr~de p~rts. Icc is 200 rnA. 
2. TypIcal r~le lor ZSOA is 90 rnA 

Symbol Parameter 

CeLocK Clock Capacitance 

CIN Input Capacitllnce 

COUT Output CapaCitance 

TA =' 2S·C. t =' 1 MHz 

Zilog Reprint 

Stresses greater than those listed under Absolute Maxi· 
mum R4lings may cause permanent damage 10 the device. 
ThiS is 4 stress rating only; operation of the device at any 
condition above those Indicated In the operation",l sections 
01 these specifications is not Imphed. Exposure to absolute 
maximum rating condillons lor extended periods may affect 
device reliability. 

All ac parameters assume a load capacitance 
of 100 pF. Add 10 ns delay for each 50 pF in
crease in load up to a maximum of 200 pF for 
the data bus and lOO pF for address and control 
lines. 

Min Max UnU T .. t Condition 

-0.3 0.45 V 

Vee -·6 VCC+ .3 V 

-0.3 0.8 V 

2.0 Vee V 

0.4 V IoL= 1.8 mA 

2.4 V IoH = -25O.A 

150) mA 
200' mA 
200 rnA 

10 ,.A VIN = OtoVcc 
-10 10' .A VOUT = 0.4 to Vee 

3. AIS-Ao. D7-Oo. MREO. IORO. RD. and WR. 

Min Max Unit Note 

35 pF 

5 pF Unmeasured pins 

10 pF 
returned to ground 
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Fec;rtures • Provides a direct interface between 2-80 
microcomputer systems and peripheral 
devices. 

• Both ports have interrupt-driven handshake 
for fast response. 

• Four programmable operating modes: byte 
input, byte output, byte input/output (Port A 
only), and bit input/output. 

General The 2-80 PIO Parallel 110 Circuit is a pro-
Description grammable, dual-port device that provides a 

TTL-compatible interface between peripheral 
devices and the 2-80 CPU. The CPU config
ures the 2-80 PIa to interface with a wide 
range of peripheral devices with no other 
external logic. Typical peripheral devices that 
are compatible with the 2-80 PIa include most 
keyboards, paper tape readers and punches, 
printers, PROM programmers, ete. 

70 

One characteristic of the 2-80 peripheral 
controllers that separates them from other 
interface controllers is that all data transfer 
between the peripheral device and the CPU is 

-( )_. H. 

-:1 )_. 
""c::={ .sri 

Flgur. 1. PI. FUDCtiou 

Z8420 
Z80' PIO Parallel 
Input/Output Controller 

Product 
Specification 

June 1982 

• Programmable interrupts on peripheral 
status condltions. 

• Standard 2-BO Family bus-request and 
prioritized interrupt-request daisy chains 
implemented without externalloglc. 

• The eight Port B outputs can drive Dar
lington transistors (1.5 rnA at 1.5 V). 

accomplished under interrupt control. Thus, 
the interrupt logic of the PIa permits full use 
of the efficient interrupt capabilities of the 
2-80 CPU during I/O transfers. All logier 
necessary to implement a fully nested interrupt 
structure is included in the PIO. 

Another feature of the F~O is the ability to 
interrupt the CPU upon occurrence of speci
fied status conditions in the peripheral deVice. 
For example, the PIO can be programmed to 
interrupt If any specified peripheral alarm con
ditions should occur. This interrupt capability 
reduces the time the processor must spend in 
polling peripheral status. 

" ~ 

~ - , 
" " .. · ... u " -· ~ " ~ 

~ . 
· · · ., 
" · .. " · UTi .. .... " · · .. .. .. 

0, . 
FIgure. 2. Pia Aulgnaa.Ata 
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General 
O .. criptioll 
(Continued) 

The Z·80 PIO Interlaces to penpherals via 
two independent general-purpose I/O ports, 
designated Port A and Port R Each port has 
eight data bits and two handshake signals, 
Ready and Strobe, which control data transfer. 
The Ready output indicates to the peripheral 
that the port IS ready for a data transfer. 
Strobe is an input from the peripheral that 
Indicates when a data transfer has occurred. 

Operating Mod... The 2·80 PIO ports can be 
programmed to operate in four modes: byte 
output (Mode 0)' byte input (Mode 1), byte 
input/output (Mode 2) and bit input/output 
(Mode 3). 

In Mode 0, either Port A or Port B can be 
programmed to output data. Both ports have 
output registers that are indiVidually addressed 
by the CPU; data can be written to either port 
at any time. When data is wntten to a port, an 
active Ready output indicates to the external 
deVice that data is available at the associated 
port and is ready for transfer to the external 
device. After the data transfer, the external 
device responds with an active Strobe Input, 
which generates an interrupt, If enabled. 

In Mode I, either Pori A or Port B can be 
configured in the Input mode. Each port has 
an input register addressed by the CPU. When 
the CPU reads data from a port, the PIO sets 
the Ready signal, which is detected by the 
external deVice. The external device then 
places data on the 110 lines and strobes the 
!.LO port, which latches the data into the Port 
Input Register, resets Ready, and triggers the 
Interrupt Request, if enabled. The CP~ can 
read the input data at any time, which again 
sets Ready. 

Mode 2 is bIdirectional and uses Port A, 
plus the interrupts and handshake signals from 
both ports. Port B must be set to Mode 3 and 
masked off. In operation, Port A is used for 
both data input and output. Output operation 
is similar to Mode 0 except that data is allowed 
out onto the Port A bus only when ASTB IS 

Low. For input, operation is similar to Mode 1, 
except that the data input uses the Port B 
handshake signals and the Port B interrupt (if 
enabled). 

Both ports can be used in Mode 3. In thIS 
mode, the indiVidual bits are defined as either 
input or output bits. This provides up to eight 
separate, individually defined bits for each 
port. During operation, Ready dnd Strobe are 
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not used. Insleod, an IOterrupt is generated if 
the condition of one input changes, or if all 
inputs change. The requirements for gener
ating an Interrupt are defined during the pro
grammmg operation; the active level is 
specibed as either High or Low, and the logic 
condilIon IS speCified as either one input active 
(OR) or all inputs active (AND). For example, 
If the port IS programmed for active Low 
inputs and the logic function tS AND, then all 
mputs at the specified port must go Low to 
generate an interrupt. 

Data outputs are controlled by the CPU and 
can be written or changed at any time. 

• Individual bits can be masked off. 

• The handshake signals are not used in 
Mode 3; Ready is held Low, and Strobe is 
disabled. 

• When using the 2-80 PIO interrupts, the 
Z-80 CPU interrupt mode must be set to 
Mode 2. 

5YITIM .. '" 

FlguN 3. PlO ill a Typical Z80 Famlly £a,TIrOlUDh' 
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Structure 
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The internal structure of the Z-8O PIO con
sists of a 2-80 CPU bus interface, internal con
trol logic, Port A I/O logic, Port B I/O logic, 
and interrupt control logic (Figure 4). The 
CPU bus interface logic allows the 2-80 PIO to 
interface directly to the 2-80 CPU with no 
other external logic. The internal control logic 
synchronizes the CPU data bus to the per
ipheral device interfaces (Port A and Port B). 
The two I/O ports (A and B) are virtually 
identical and are used to interface directly to 
peripheral devices. 

Port Logic. Each port contains separate input 
and output registers, handshake control logic, 
and the control registers shown in Figure 5. 
All data transfers between the peripheral unit 
and the CPU use the data input and output 
registers. The handshake logic associated with 
each port controls the data transfers through 
the input and the output registers. The mode 
control register (two bits) selects one of the 
four programmable operating modes. 

The control mode (Mode 3) uses the remain
ing registers. The inpuUoutput control register 
speCifies which of the eight data bits in the 
port are to be outputs and enables these hits; 
the remaining bits are inputs. The mask reg
ister and the mask control register control 
Mode 3 interrupt conditions. The mask register 
speci;~es which of the bits in the port are 
active and which are masked or inactive. 

The mask control register speCifies two 
conditions: first, whether the active st"te of 
the input bits is High or Low, and second, 
whether an interrupt is generated when any 
one unmasked input bit is active (OR condi
tion) or if the interrupt is generated when 
all unmasked input bits are active (AND 
condition). 

Interrupt Control logic. The interrupt control 
logic section handles all CPU interrupt pro
tocol for nested-priority interrupt structures. 
Any device's physical location in " daisy-chain 
configuration determines its priority. Two lines 
(lEI and lEO) are provided in each PIO to 
form this daisy chain. The device closest to the 
CPU has the highest priority. Within a PIO, 
Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, 
or bidirectional modes, an interrupt can be 
generated whenever the peripheral requests a 
new byte transfer. In the bit control mode, an 
interrupt can be generated when the periph
eral status matches a programmed value. The
PIO provides for complete control of nested. 
interrupts. That is, lower priority devices may 
not interrupt higher priority deVices th"t have 
not had their interrupt service routines com
pleted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
devices. 

• :,t.. ..... ] } __ 1tI 

.. " OACONTAOL 

}MANMMAKE 

_ ..... , _ ... 

Figure 4. BloclI: Dlapna 
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Internal 
Structure 
(Continued) 

If the CPU (in interrupt Mode 2) accepts an 
interrupt, the interrupting deVice must provide 
an 8-bit Interrupt vector lor the CPU_ This vec
tor forms a pOinter to a location in memory 
where the address 01 the Interrupt service 
routine is located. The 8-bit vector Irom the 
interruphng device lorms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi
cant eight bits of the pointer. Each port (A and 
B) has an independent Interrupt vector. The 
least significant bit of the vector is automati
cally set to 0 Within the PIO because the 
pointer must point to two adjacent memory 
locahons for a complete 16-blt address, 

Unlike the other 2-80 peripherals, the PIO 
does not enable interrupts immediately alter 
programming, It waits until M1 goes Low (e.g., 
during an opcode letch), This condition is 
unimportant In the 2-80 environment but might 
not be If another type of CPU is used. 

The PIO decodes the RETI (Return From 

·U ... "' .... ""'_....,IO .... ...,...- .. _ 
1..-.1t .. ~IIO ...... IO_-"IooII_ 

Interrupt) instruction directly Irom the CPU 
data bus so that each PIO in the system knows 
at all times whether It is being serviced by the 
CPU Interrupt service routine. No other com
mUnication with the CPU is required. 

CPU Bus 1/0 Logic. The CPU bus interface 
logic interfaces the Z-80 PIO directly to the 
2-80 CPU, so no external logic is necessary. 
For large systems, howevJ!!r, address decoders 
andlor buffers may be necessary. 

Intemal Control Logic. This logic receives the 
control words for each port during program· 
ming and, in turn, controls the operating func
tions of the 2·80 PIO. The control logic syn· 
chronizes the port operations, controls the port 
mode, port addreSSing, selects the readlwrite 
function. and issues appropriate commands to 
the ports and the interrupt logic_ The Z-80 PIO 
does not receive a write input from the CPU; 
instead, the RD, CE, CiO and iOR(j signals 
generate the write input internally. 

FlguM 5. Typical Port 1/0 Block Diagram 
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Programming Mod. O. 1. or 2. (Byte Input, Output, or 
Bidirectional). Programming a port for Mode 
O. 1, or 2 requires two words per port. These 
words are: 

74 

A Mode Control Word. Selects the port opertltmg mode 
(Figure 6). This word mtly be written tiny time. 

An Interrupt Vector. The Z·80 PIO is desIgned lor use with 
the 2·80 CPU in interrupt Mode 2 (Figure 7). When mter· 
rupts tire enabled. the PIO must provide on interrupt 
vector. 

Mode 3. (Bit Input/Output). Programming a 
port for Mode 3 operation requires a control 
word. a vector Of interrupts are enabled), and 
three additional words, described as follows: 

1/0 R~ister Control. When Mode 3 is selected. the mode 
control word must be foHowed by onother control word thtlt 
sets the I/O control register, which in turn defines which 
port lines are inputs and which ore outputs (Figure 8). 

10,10.10.10.1, I. 1,1,1 

11 L ~;;;:~~~' 
o 0 MOO£O 
o , MODEl 
, It MOOE2 
1 1 MOoE3 

Figure 6. Mode Control Word 

100Io.I0.ID.10,10:ID,101 C .. """ .. ''' .. "'~ V£CTO~ 

USE~SUPPl.IEoINTt:II~UPT 
YECtOIl 

Figure 7. Interrupt Vector Word 

Figure'. I/O Regist_ Control Word 

Interrupt Control Wo~. In Mode 3, handshdke is not 
used. Interrupts tlTe generoted tiS tI logic functIon 01 the 
input slgnollevels. The interrupt control word sets the 
logIC condihons t'md the logIC levels required for gener· 
tiling on mterrupt. Two logIC conditions or functions ore 
IIvallllble: AND (if all mput bils change to the oclive level, 
lin interrupt is tnqqered), ond OR (il tiny one of the mput 
bits changes to the IIctlVe level. tin interrupt IS tnggered). 
Bit D6 sets the logic function, as shown In Figure 9. The 
IIclive level of the input bits ctln be set eIther High or Low. 
The achve level is controlled by BIt DS' 

M4.6k Control Word. ThIS word sets the mask control 
regIster. lI!lowing any unused bits to be masked off. If any 
bits ore to be masked, then D4 must be set. When D4 is set. 
the next word wrillen to the port must be /:I mask control 
word (Figure 10). 

Interrupt Disable. There is one other control 
word which can be used to enable or disable a 
port interrupt. It can be used without changing 
the rest of the interrupt control word 
(Figure 11). 

~E
-C::::i:~':::\",'~ 
~ D, .. 0 NO MUKWOIIKFOUOWS 

0. - , MASIC WOfIO FOLLOWS 

0. - 0 ACTlV1i: LEyn IS LOW 
Os ... ACTIVE LEYH IS HIGH 

Os .. 0 INTEIIIIUPT ON O~ fUNCTION 
Os'" INTEIIIIUPTON AND fUNCTION 

D, _0 INTERIIUPTI>lSA.IILEO 
DJ" I INTERIIUPTENAIILEO' 

'NOTE: THE POIIT IS NOT ENAlilED UNTIL 
THE INTE~IIUPT ENABLE IS fOLLOWED 
IIYANACTIYEIli 

Figure 9. Interrupt Control Word 

Figure 10. Mask Control Word 

IT L 10ENTIFIESINTE~~UPT 
DI$AIILEWO~D 

OON'YCo\IIE 

Dr .. OINTEIIIIUPTOISABLE 
o,"",NTEIlIlUPTENAIILE 

Figure 11. Interrupt Disabl. Word 
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Pin Ao-A,. Port A Bus (bidirectionol, 3-state). 
Description This 8-bit bus transfers dato. status, or control 

information between Port A of the PIO and a 
peripheral device. Ao is the least significant 
bit of the Port A data bus. 

AHDY. Register A Ready (output, active 
High). The meaning of this signal depends on 
the mode of operation selected. for Port A as 
follows: 

Output Mod._ This SIgnal goes ",ctive to mdic",te th"'t the 
Port A output regIster hds been IOdded dnd the peripherdl 
ddtd bus is sldbie dnd ready for trdnsfer to the peripherdl 
device. 

Input Mod •. This signdlls dclive when the Port A input 
register is empty dnd ready to accept ddt.1 from the 
peripheral device. 

Bidirectional Mod •. This signails active when d.!!la is 
avaIlable In the Port A output register for transfer to the 
peripherdl deVIce. In thIs mode. d",ta IS not placed on [he 
Port A d",ta bus. unless ASTB is active. 

Control Mod •. This SIgnal is disabled and lorced to a Low 
stdte. 

ASTB. Port A Strobe Pulse From Peripheral 
Device (input. active Low). The meaning of 
this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt 01 ddta m",de 
available by the PIO. 

Input Mod •. The strobe is issued by the peripheral to load 
ddt", from the peripheral into the Port A Input register. 
Dat.!! is io.!!ded mto the PIO when this signal is active. 

Bidirectional Mod •. When this signal is active, ddt", from 
the Port A output register is gated onto the Port A bidirec· 
tional data bus. The positive edge of the strobe acknowl
edges the receipt ot the ddta. 

Control Mode. The strobe is inhibited internally. 

10-1,. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 
1.5 rnA at 1.5 V to drive Darlington transistors. 
So is the least significant bit of the bus. 

8IX. Pori B Or A Select (input, High = B). 
This pin defines which port is accessed during 
a data transfer between the CPU and the PIO. 
A Low on this pin selects Port A; a High 
selects Port B. Often address hit A() from the 
CPU is used for this selection function. 

BRDY. Reqister B Ready (output. active High). 
This signal is similar to ARDY. except that in 
the Port A bidirectional mode this signal is 
High when the Port A input register is empty 
dnd ready to accept data from the peripheral 
device. 

BSTB. Port B Strobe Pulse From Peripheral 
Device (input. active Low). This signal is 
similar to ASTB, except that in the Port A 
bidirectional mode this signal strobes data 
from the peripheral device into the Port A 
input register. 
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em. Control Or Data Select (input, 
High = C). This pin defines the type of data 
transfer to be performed between the CPU and 
the PIO. A High on this pin during a CPU 
write to the PIO causes the Z-80 data bus to be 
interpreted as a command for the port selected 
by the B/~ Select line. A Low on this pin 
means that the Z-80 data bus is being used to 
transfer data between the CPU and the PIO. 
Often address bit A I from the CPU is used for 
this function. 
CE. Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept com
mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur
ing a read cycle. This signal is generally 
decoded from four 110 port numbers for Ports 
A and B, data. and control. 
CLE. System Clock (input). The Z·80 PIO uses 
the standard single-phase Z-80 system clock. 

Do-D,. Z·80 CPU Data Bus (bidirectional. 
3-state). This bus is used to transfer all data 
and commands between the 2-BO CPU and the 
2-BO PIO. Do is the least Significant bit. 

lEI. Interrupt Enable In (input, active High). 
This signal is used to form a priority-interrupt 
daisy chain when more than one interrupt
driven device is being used. A High level on 
this pin indicates that no other devices of 
higher priority are being serviced by a CPU 
interrupt service routine. 

lEO. Interrupt Enable Out (output, active 
High). The IEO signal is the other signal 
required to form a daisy chain priority scheme. 
It is High only if lEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus 
this signal blocks lower priority devices from 
interrupting while a higher priority device is 
being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Request (output, open drain, 
active Low). When INT is active the 2-80 PIO 
is requesting an interrupt from the Z·BO CPU. 

IO'RQ. Input/Outpu~uest (input from Z-BO 
CPU, active Low). 10RQ is used in conjunc
tion with BIA, C/O, CE, and RD to transfer 
commands and data between the Z-80 CPU and 
the Z·80 PIO. When CE, RD, and !(j\l'Q are 
active, the port addressed. by B/A: transfers 
data to the CPU (a read operation). Con
versely, when cr and f(jRQ are active but l1I5 
is not, the port addressed by B/A is written 
into from the CPU with either data or control 
information, as specified. by C/O. Also, if 
iORQ and MT are active simultaneously, the 
CPU is acknowledging an interrupt; the inter
rupting port automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 
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Pin 
Description 
(Continued) 

Timing 
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MI. Machine Cycle (input from CPU, active 
Low). This signal is used as a sync pulse to 
control several Internal PIO operations. When 
both the M1 and Ri5 signals are active, the 
2-80 CPU is fetching an instruction from 
memory. Conversely, when both "M1 and 
IORQ are active, the CPU is acknowledging 
an interrupt. In addition. M1 has two other 
functions within the 2-80 PIO: it synchronizes 

The following timing diagrams show typical 
timing in a 2-BO CPU environment. For more 
precise specifications refer to the composite 
ac timing diagram. 

Write Cycle. Figure 12 illustrates the 
timing for programming the Z-80 PIO 
or for writing data to one of its ports. No 
Wait states are allowed for writing to the 
PIO other than the autollUltically inserted 
TWA. The PIO does not receive a speci
fic write signal; it internally generates 
its own from the lack of an active 
Ri5 signal. 

Read Cycle. Figure 13 illustrates the timing 
for reading the data input from an external 
device to one of the Z-80 PIO ports. No Wait 
states are allowed for reading the PIO other 
than the automatically inserted TWA. 

Output Mod. (Mod. 0). An output cycle 
(Figure 14) is always started by the execution 
of an output instruction by the CPU. The WR
pulse from the CPU latches the data from the 
CPU data bus into the selected port's output 
register. The WR - pulse sets the Ready flag 
after a Low-going edge of eLK, indicating 
data is available. Ready stays active until the 
positive edge of the. +robe line is received, 
indicating that data WdS taken by the periph
eral. The positive edge of the strobe pulse 
generates an INT if the interrupt enable flip
flop has been set and if this device has the 
highest priority . 

the PIO interrupt l£9IC; when Ml occurs 
without an active RD or IORQ signa!. the PIO 
is reset. 

RD. Read Cycle Status (input from 2·80 CPU, 
active Low). If RD is active, or an 110 opera
tion is in progress, R5 is used with BiA, Cio, 
CE, and IORQ to transIer data from the 2·80 
PIO to the Z-80 CPU. 

CUI: 

... .... :=x x::::: 
.. ~ 
-~ 

DATA ~'-_-"-_~X:::: 

.... ~ 
.Wij '" RD-cr-C7f:i-rORQ 

FlguN 12. Write Cycl. Timlno 

T, TI Tw. T, T, 

CU<~ 

"'.'" :=x x::: 

... ~ 
'i'ii5= Ri5-Ci·Cij5-roRo 

Figure 13. Read Cycle TlmlIlO 

... ~ 
.,; .. _0' ________ -' 

-: --------.-~ 
'Wfj .. RD- cr- CiD- RmO 

FllJUI'e 1'. Mod. 0 Output Tlmiav 
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Tlml"ll 
(Continued) 

'"pul MocI. (Mocl. 11. When STROBE goes 
Low, dol. is loaded Inlo the selected port Inpul 
regilter (Figure 15). The next rtslng edge of 
.trobe activates IN!. if Interrupt Enable iI set 
and this is the highest-priority requestinq 
device. The following falling edge of CLK 
resets Ready to an inactive state. indicating 

...... 

... -----v' 

"ro _ 1iD. Ci. Cii5. iOiiQ 

thet the input register ie full a.nd cannot accept 
any more data until the CPU completes a read. 
When a read II complele, lhe positive edge of 
RD sels Resdy allhe next Low·golng transillon 
of CLK. AI this lime new dole can be loaded 
inlo the PIO. 

....... II. Modo I lap" ........ 

IIId1rectIoDa1 MocIe (Mocle 21. This is a com· 
blnation of Modes 0 and I using all four hand· 
shake lines and the elghl Pori A 110 lines 
(Figure 16). Port B musl be set 10 the bll mode 
and ita inputs must be masked. The Port A 
handshake lines are used for output control 
and the Port B lines are used for input control . 

... 
.... 

NT":"""': ----------{ 

... 

If interrupts occur, Port A's vector wUl be used. 
during port outpul and Port B's wlll be used 
during port input. Data is allowed out onto the 
Port A bus only when ASTB Is Low. The rising 
edqe of this strobe ca.n be used to latch the 
dole inlo the peripheral. 

PI .... II. Modo I_' T ..... 
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Timing Bit Mode (Mode 3). The bit mode does not 
(Continued) utilize the handshake signals, and a normal 

port write or port read can be executed at any 
time. When writing, the data is latched into 
the output registers with the same timing as the 
output mode (Figure 17). 

When reading the PIO, the data returned to 
the CPU is composed of output register data 
from those port data lines assigned as outputs 
and input register data from those port data 

lines assigned as inputs. The input register 
contains data that was present immediately 
prior to the falling edge of RD. An interrupt is 
generated if interrupts from the port are 
enabled and the data on the port data lines 
satisfy the logical equation defined by the 8·bit 
mask and 2-bit mask control registers. How
ever, if Port A is programmed in bidirectional 
mode, Port B does not issue an interrupt in bit 
mode and must therefore be polled. 

~ __ ~bX __ _ 
.. --------~ 

"Tirnin; Dio;ram Refen to Bit Mode Read ~'II'LACUON.ua 
Fiaur- 17. Mod. 3 Bu-Mode Timing 

Interrupt Acknowledge Timing. During Mi 
time, peripheral controllers are inhibited from 
changing their interrupt enable status, permit
ting the Interrupt Enable signal to ripple 
through the daisy chain. The peripheral with 
lEI High and lEO Low during INTACK pl.ces 
d preprogrammed B-bit interrupt vector on the 
data bus at this time (Figure 18). lEO is held 
Low until a Return From Interrupt (RETI) 
instruction is executed by the CPU while lEI is 
High. The 2-byte RET! instruction is decoded 
internally by the PIO for thiS purpose. 

Retum From Interrupt Cycle. If a Z-80 per
ipheral has no interrupt pending and is not 
under service, then its lEO = lEI. If it has an 
interrupt under service (Le., it has already 
interrupted and received an interrupt acknowl
edge) then its lEO is always Low, inhibiting 
lower priority devices from interrupting. If it 
has an interrupt pending which has not yet 
been acknowledged, lEO is Low unless an 
"ED" is decoded as the first byte of a 2·byte 
opcode (Figure 19). In this case, lEO goes 
High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second 
byte of the opcode was a "4D," then the 
opcode was an RETI instruction. 

After an "ED" opcode is decoded, only the 
peripheral device which has interrupted and is 
currently under service has its lEI High and its 

iii -

lEO Low. This device is the highest· priority 
device in the daisy chain that has received an 
interrupt acknowledge. All other peripherals 
have lEI = lEO. If the next opcode byte 
decoded is "4D," this peripheral device resets 
its "interrupt under service" condition. 

.. :::::::? 
______________ ~r___ 

Fip. 1'. Iletum FroID (a.ternapt 
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Humber Symbol 

TcC 
TwCh 

Twel 
TIC 

Clock Cycle Time 

Clock Width (High) 

Clock Width (Low) 

Clock Fall Time 

1-80 PlO 
Min Max 
luI luI 

400 (1) 

170 2000 

170 2000 

30 

Z-IOA PlO I-aos PlOI'] 
Min Max Min Max 
luI luI IDSI luI Commont 

250 (1) 165 (1) 

lOS 2000 65 2000 

105 2000 65 2000 

30 20 
5 -TrC ---Clock Rise Time -------30----30 ---20 

T,CS(RlI ~A, cm to iii5, 
IORQ , Setup Time 

Th 

TsRI(CI 

Any Hold Times for Specified 
Setup Time 

Jill, lOli(J to Clock I Setup 

50 

Time 115 

50 50 16) 

115 70 
9 -TdRI(OOI-Jill, lOli(J Ito D.I. Out Del.y ---430 ---380 ---300 -----121-

10 TdRl(OOsI RD, lOli(J I to o.ta Out Float 
Del.y 160 110 70 

II T,DI(C) Data In to Clock 1 Setup Time 50 50 40 CL=50pF 
12 TdIO(OOI) IORO I to Oolite Out Delay 

(INTACK Cyclel 340 160 120 13) 
13 -TsMl(Cr) --Ml I to Clock I Setup Time--210 ---90 ---70 ----------
14 TsMl(Cf) MIt to Clock I Setup Time 

(Mi Cyclel 
15 TdM1(lEO) Mi I to lEO I Delay (Interrupt 

Immediately Preceding M1 I) 

16 TsIEI(lO) lEI to IORO I Setup Time 
(lNTACK Cycle) 140 

300 

181 

190 100 15,7) 

140 100 17) 
17 -TdIEI(IEOf)- lEI I to lEO I DeI.y------I90 ---130 ---120 -----15)-

CL=50pF 
18 TdIEI(IEOr) lEI I to lEO I Del.y (after ED 

Decode) 210 160 160 15) 
19 TclO(C) lOli(J I to Clock] Setup Time 

(To Activate READY on Next 
Clock Cyclel 220 200 170 

2O-TdC(RDYr)-Clock j to READY I DeI.y--2OO---190---170 -------15)-

21 

22 
23 

TdC(RDYII 
TwSTB 
TsSTB(CI 

Clock I to READY I DellllY 
STROBE Pulse Width 
STROBE t to Clock I Setup 
Time (To Activate READY on 
Next Clock Cycle) 

150 
150 

220 

CL=50pF 
140 120 15) 

ISO 120 14) 

220 150 15) 

24 -TdlO(PDI--lOli(J I to PORT DATA Stable --------------------
Del.y (Mode 01 

25 T,pD(STBI PORT DATA to STROBE] 
Setup Time (Mode 1) 

26 TdSTB(PD) STROBE I to PORT DATA 
Stable (Mode 2) 

260 

200 

230 

230 

180 160 15) 

190 

210 180 15) 
27 -TdSTB(PDrl-STROBE I to PORT DATA Float --------------------

Del.y (Mode 21 
28 TdPD(lNTI PORT DATA M.tch to INT I 

Deloy (Mode 31 
29 TdSTB(INTI STROBE I to 1m' I Del.y 

tK>TES: 
HI TcC .. TwCh + TwCl ... TrC ... TIC. 
121 Inetellae TdRi(OO) by 10 III for 8IIch SO pi' inc/'e4R! in !oed 

up to 200 pf max. 
131 increalle tdIQ(DOI) by 10 nller Ncb SO pF, incf'eflte in 

10000nq up to 200 pF lMX. 
14J For Mode 2: TwSTB :> TaPD(STB). 
151 InOTeeIle ttt- va]uet by 2 M lor each 10 pi inCJ'M_ in 

loodinq up to 100 pi IDU. 

80 

200 

540 

490 

180 160 CL=50pF 

490 430 

440 350 

161 rICS(RI) may be reduced. Ha.HWer, the tUne IUbtracted 
from rICS(RI) will be &deled to TdRl(OO). 

[7J 2.5 TeC ,. (N~2}TdIEI(IEOf) + TdMl(lEO} ... TdEIUO) 
+ TIL Buffer Dalay. If IIny. 

181 Mi mUIt be active lor ill mmlmum of two dod: eye]_ to 
reM! the PIO. 

19] ZB08 PIO numben are p!'eliminary and wblect 10 chanqe, 
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Absolut. 
Maximum 
Ratings 

T .. I 
Conditions 

DC 
Charac-
teristics 

Voltages on all inputs and outputs 
with respect to GND. . -0.3 V to + 7.0 V 

Operating Ambient 
Temperature ................. As Specified in 

Ordering Information 

Storage Temperature. . .. _65°C to + 150 °C 

The characteristics below apply for the 
following test conditions, unless otherWise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer· 
enced pin. Available operating temperature 
ranges are: 

• S· = O°C to + 70°C, 
+4.75 V" Vee" +5.25 V 

• E· = - 40°C to + a5°C, 
+4.75 V s Vee" +5.25 V 

• M" = - 55°C to + 125°C, 
+4.5Vs Vccs +5.5V 

'See Ordering Information section lor p.!Icko!lge 
temperdture range dnd product number. 

Symbol Parameter 

VILC Clock Input Low Voltage 

V1HC Clock Input High Voltage 
V,L Input Low Voltage 

V,H Input HItJh Voltage 

VOL Output Low Voltage 
VOH Output High Voltage 

III Input Leakac;; Current 

Stresses gre.1ter than those hsted under Absolute M.ui· 
mum Ratmgs may cause permanenl dall)age 10 the device. 
ThiS IS a stress roling only; operation of the deVice al any 
condition above those indicated In the operational sections 
of these specifications Is not Implied. Exposure to absolute 
maXimum rating conditions lor extended periods may affect 
device rehabihty. 

All ac parameters assume a load capacitance 
of 100 pF max. Timing references between two 
output signals assume a load difference of 
50 pF max. 

MID Max UDiI Test Condition 

-0.3 +0.45 V 

Vce-0.6 +5.5 V 

-0.3 +0.8 V 

+2.0 +5.5 V 

+0.4 V 

+2.4 V 

-10.0 + 10.0 p.A 
Iz 3·State Output/Data Bus Input Leakage Current -10.0 + 10.0 p.A 

h = 2.0mA 
loB = -250 p.A 

O<VIN<Vee 

O<VIN<Vee 

VOH:::: I.SV 

REXT :::: 390 0 

Icc Power Supply Current 100.0 rnA 

IoHD Darlington Drive Current -1.5 3.8 rnA 

Over speclhed temperdture dnd voltdge range 

Capacitance Symbol Parameter Min Max UDI. Test ConclltiOD 

C Clock Capacitance 10 pF Unmeasured 

C'N Input Capacitance 5 pF pins returned 

COUT Output Capacitance 10 pF 
to ground 

Over specdled temperature range; j = lMHz 
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Features 

General 
D .. c:rIptiol1 

i 
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• Four independently programmable 
counter/timer channels, each with a 
readable downcounter and a selectable 
16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

• Three channels have Zero CountITimeout 
outputs capable of driving Darlington 
transistors. 

The 2-80 CTe four-channel counter/timer 
can be programmed by system software for a 
broad range of counting and timing applica
tions. The four independently programmable 
channels of the 2-80 eTC satisfy common 
microcomputer system requirements for event 
counting, interrupt and interval timing, and 
general clock rate generation. 

System design is simplified because the eTC 
connects directly to both the 2-80 CPU and the 
2-80 SIO with no additional logic. In larger 
systems, address decoders and buffers may be 
required. 

Programming the eTC is straightforward: 

CUUTIlBo 
ttno, 

-1 DA~: )-aIQNAL.S 

CLklfAG:I 

wro. 

~. { CLllltllO, 

COff,."OL .... iiim ... ...= .... y{ ZIIOACTC ..... 
ItrrUUlU"T 
_T_ 

o!. .!.l. 
Figur. 1. PLa FUDeti_ 

Z8430 
zaO"' CTC CouDler! 
Timer Circuli 

Produci 
SpecUlc:alloD 

June 1982 

• Selectable positive or negative trigger I! 
initiates timer operation. B 

• Standard 2-80 Family daisy-chain interrupt 9 
structure provides fully vectored. prioritized ft 
interrupts without external logic. The eTC 
may also be used as an interrupt controller . 

• Interfaces directly to the 2-80 CPU or-for 
baud rate generation-to the 2-80 SIO. 

each channel is programmed with two bytes; a 
third is necessary when interrupts are enabled. 
Once started, the eTC counts down, reloads 
its time constant automatically, and resumes 
counting. Software timing loops are completely 
eliminated. Interrupt processing is Simplified 
because only one vector need be speCified; the 
eTC internally generates a unique vector for 
each channel. 

The 2-80 eTC reqUires a single + 5 V power 
supply and the standard 2-80 single-phase 
system clock. It is fabricated with n-channel 
silicon-gate depletion-load technology, and 
packaged in a 28-pin plastic or ceramic DIP. 

• 
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Functloned The 2-80 eTC has four independent counterl 
DHcrlptloD timer channels. Each channel is individually 

programmed. with two words: a control word 
and a time-constant word. The control word 
selects the operating mode (counter or timer), 
enables or disables the channel interrupt, and 
selects certain other operating parameters. If 
the timing mode is selected, the control word 
also sets a prescaler, which diVides the system 
clock by either 16 or 256. The time-constant 
word is a value from 1 to 256. 

During operation. the individual counter 
channel counts down from the preset time con
stant value. In counter mode operation the 
counter decrements on each of the CLKlTRG 
input pulses until zero count is reached. Each 
decrement is synchronized by the system 
clock. For counts greater than 256, more than 
one counter can be cascaded. At zero count. 
the down-counter is automatically reset with 
the time constant value. 

The timer mode determines time intervals as 
small as 4 p.s (2-80A) or 6.4 .s (2-80) without 
additional logic or software timing loops. Time 
intervals are generated. by diViding the system 
clock with a prescaler that decrements 

Archltecture The eTC has four major elements. as shown 
in Figure 3. 

• CPU bus va 
• Channel control logic 
• Interrupt logic 
• Counter/timer circuits 

CPU Bus I/O. The CPU bus va circuit 
decodes the address inputs, and interfaces the 
CPU data and control signals to the CTC for 
distribution on the internal bus. 

.... 
zeoc", {

~ .. 
CONT1tOL 

a preset down-counter. 
Thus, the time interval is an integral mul

tiple of the clock period, the prescaler value 
(16 or 256) and the time constant that is preset 
in the down-counter. A timer Is triggered auto
matiC411y when its time constant value is pro
grammed, or by an external CLKlTRG input. 

Three channels have two outputs that occur 
at zero count. The first output is a zero
count/timeout pulse at the ZCITO output. The 
fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only 
output available from Channel 3. 

The second output is Interrupt Request 
(INT), which occurs if the channel has its 
interrupt enabled during programming. When 
the 2-80 CPU acknowledges Interrupt Request, 
the 2-BO CTC places an interrupt vector on the 
data bus. 

The four channels of the Z-80 CTC are fully 
prioritized and fit into four contiguous slots in 
a standard Z-80 daisy-chain interrupt struc
ture. Channel 0 is the highest priority and 
Channel 3 the lowest. Interrupts can be 
indiVidually enabled. (or disabled) for each of 
the four channels. 

Internal Control Logic. The eTC internal 
control logic controls overall chip operating 
functions such as the chip enable. reset, and 
read/write logic. 

Interrupt Logic. The interrupt control logic 
ensures that the eTC interrupts interface prop
erly with the Z-80 CPU interrupt system. The 
logic controls the interrupt priority of the CTC 
as a function of the lEI signal. If lEI is High, 
the eTe has priority. During interrupt 

'" 

Figure 3. Functioaal Bloclr: Diagram 
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Architecture processing, the interrupt logic holds lEO Low, 
(Continued) which inhibits the interrupt operation on lower 

priority devices. If the lEI input goes Low, 
priority is relinquished and the Interrupt logic 
drives lEO Low. 

84 

If a channel is programmed to request an 
interrupt, the interrupt logic drives lEO Low at 
the zero count, and generates an INT signal to 
the Z-BO CPU. When the Z-8QSPU r~ds 
with interrupt acknowledge (MI and IORO)' 
then the interrupt logic arbitrates the CTC 
internal priorities, and the interrupt control 
logic places a unique interrupt vector on the 
data bus. 

If an interrupt is pending, the interrupt logic 
holds lEO Low. When the Z-BO CPU issues a 
Return From Interrupt (RETI) instruction, each 
peripheral device decodes the first byte 
(EDI6). If the device has a pending interrupt. 
it raises lEO (High) for one M1 cycle. This 
ensures that all lower priority devices can 
decode the entire RETI instruction and reset 
properly. 

Figura 4. Colm,tarlTbaar Black DIagram 

eo .... t .. /Tlmer Clrculu. The CTC has four 
independent counter!timer circuits, each ,con· 
talning the logic shown in Figure 4. 

Channel Control Logic. The channel control 
logic receives the 8·blt channel control word 
when the counter/timer channel is pro· 
grammed. The channel control logic decodes 

the control word and sets the following 
operating conditions: 

• Interrupt enable (or disable) 
• Operating mode (timer or counter) 
• Timer mode prescaler factor (16 or 256) 
• Active slope for CLKlTRG input 
• Timer mode trigger (automatic or CLKITRG 

input) 
• Time constant data word to follow 
• Software reset 
Time CoaatGat Register. When the counter! 
timer channel is programmed, the time con· 
stant register receives and stores an 8·bit time 
constant value. which can be anywhere from 1 
to 256 (0 = 256). This constant is automatic· 
ally loaded into the down-counter when the 
counter/timer channel is initialized. and subse· 
quently after each zero count. 

Prftcaler. The prescaler. which is used only 
in timer mode. divides the system clock fre
quency by a factor of either 16 or 256. The 
prescaler output clocks the down· counter dur· 
ing timer operation. The effect of the prescaler 
on the down-counter is a multiplication of the 
system clock period by 16 or 256. The pre· 
scaler factor is programmed ,by bit 5 of the 
channel control word. 

Dowa·Couater. Prior to each count cycle. the 
down-counter is loaded with the time constant 
register contents. The counter is then 
decremented one of two ways, depending on 
operating mode: 

• By the prescaler output (timer mode) 
• By the trigger pulses into the CLKITRG 

input {counter mode} 

Without disturbing the down· count. the Z·80 
CPU can read the count remaining at any time 
by performing an I/O read operation at the 
port address assigned to the CTC channel. 
When the down-counter reaches the zero 
count, the ZC/TO output generates a positive
going pulse. When the interrupt is enabled, 
zero count also triggers an interrupt request 
signal (INT) from the interrupt logic. 
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J'roFammi"ll Each Z-BO CTC channel must be pro-
grammed prior to operation. Programming 
consists of wrltinq two words 10 the I/O port 
that corresponds 10 the desired channel. The 
first word is a. control word that selects the 
operating mode and other parameters; the 
second word is a time constant, which is a. 
binary dota word with a value from I 10 256. A 
time constant word must be preceded. by a. 
channel control word.. 

After initialization, channels may be 
reprogra.mmed at any time. U updated. control 
a.nd time constant words are written to a. chan~ 
nel during the count operation. the count con
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-BO erc channel is 
enabled, the proqrammlnq procedure should 
alao include an interrupt vector. Only one vec
tor 18 required for all four channels. because 
the interrupt logic automatically modifies the 
vector for the channel requesting service. 

A control word la identified by a I In bit O. 
A I In bl! 2 indlcatea a lime constanl word ia to 
follow. Interrupt vectors are always addressed 
to Channel 0, and Identified by a 0 in bit O. 
AdcIreuIDg, Durinq proqrammlnq, channela 
are addressed with the channel select pins CSI 
and C~. A 2-bit binary code selects the 
appropriate channel as shown in the follOwing 
table. 

o 
I 
2 
3 

o 
o 
I 
I 

o 
I 
o 
I 

a-t. The erc haa both hardware and soft
ware resets. The hardware reset terminates all 
down-counts and disables all CTC Interrupts 
by reaelllnq the Interrupt bits In the control 
registers. In addition, the zeno and Interrupt 
outputs 90 inactive, lEO reflects lEI. and 

Do-DJ 90 10 the high-Impedance slate. All 
channels must be completely repl'OQrammed. 
after a hardware reset. 

The software .--t II controlled by bl! I in 
the channel control word. When a channel 
receives a software reset, it stops counting. 
Whan a software resetla used, the other bits in 
the control word also change the contents of 
the channel control register. After a software 
reset a new time constant word must be written 
to the same channel. 

If the channel control word haa both bits Dl 
and D:2 eetto I, the acldreasecl channel stopa 
operating, pending a new time constant word. 
The channel is ready 10 resume alter the new 
constant is programmed. In timer mode, if 
D:J = 0, operation iBtrlgqered automatically 
when the time constant word Is loa.ded. 
~Ic-tral W ..... ~. The 
channel control word ia shown In Flqure 5. It 
sets the modes and parameters descrIbed 
below. 

Interrupt Enable. DJ enables the interrupt, so 
that an interrupt outpul (lNT) la qeneraled at 
zero count. Interrupts may be proqrammed. in 
either modo and may be enabled or disabled 
.tany lime. 

Operallng Mode. De eelects either llmer or 
countermoc:le. 

Preaco/er Factor. (Timer Mode Only). Os 
eelects faclor-el!her 16 or 256. 

Trigger Slope. D. selects the active edge or 
slope of the CLKlTRG input pulses. Note that 
reproqrammlng the CLKlTRG alope durlnq 
operation is equivalent to issuing an active 
edqe. If the Iriqqer slope ia changed by a con
Irol word upciote while a channel is pendinq 
opera.tion In timer mode, the result is the same 
aa a CLICITRG pulse and the limer atarts. 
Similarly, tl the channel is In counter mode, 
the counter decrements. 

j .. I .. I ... ! .. fo.f .. fDofa.1 

Zilog Reprint 

'_JJ~ II!MULElIfffIMlUPT 
ID!lAILUItrfmlMII'T -.1IUCTS-r. ... MODIl 

1 .... 1CTSCOUNTa MOH 

~:~ 
O_VALUIOF1' 

-:=~~ 
ISIUCtS_I" 

~~-.. -a_VlCTOIl 
:':::-TRCIl.WOIID 
~:==r=TIOII ---•• NO n .. 1 CONIYA'" FOLLOWS 
1_TtMECONITNflI'OLLOWS -_ . 
•• AUroMATlCI'IlIGGUWHDI 

1'1111 CONSTANT. LOAIIU 
I • OUIIfM "'10M STA"" 'NIIII 

85 



Programming Trigger Mode (Timer Mode Only). 03 selects 
(Continued) the trigger mode for timer operation. When 03 

is reset to 0, the timer is triggered automatic
ally. The time constant word is programmed 
during an 1/0 write operation, which takes one 
machine cycle. At the end of the write opera· 
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T 2) 
of the machine cycle following the write opera
tion. Once started, the timer runs contin
uously. At zero count the timer reloads 
automatically and continues counting Without 
interruption or delay, until stopped by a reset. 
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When 03 is set to 1, the timer is triggered 
externally through the CLKlTRG input. The 
time constant word is programmed during an 
110 write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T2) of 
the following machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLK/TRG pulse by a delay time of one clock 
cycle if a minimum setup time to the rising 
edge of clock is met. If this minimum is not 
met, the delay is extended by another clock 
period. Consequently, for immediate trigger
ing, the CLK/TRG input must precede T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timel will 
start on the third clock cycle (T3). 

Once started the timer operates contin
uously, without interruption or delay, until 
stopped by a reset. 

Time Constant to Follow. A 1 in D2 indicates 
that the next word addressed to the selected 
channel is a time constant data word for the 
time constant register. The time constant word 
may be written at any time. 

A 0 in D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value is 
to write a control word with D2 set. 

io,j,o.jllslo.jo.!o,jo,jo,1 

Figure 6. nm. Collltemt WOld 

Software Reset. Setting DJ to 1 causes a soft
ware reset, which is described in the Reset 
section. 

Control Word. Setting Do to 1 identifies the 
word as a control word. 

Time Constant Programming. Before a chan
nel can start counting it must receive a time 
constant word from the CPU. During program
ming or reprogramming, a channel control 
word In which bit 2 Is set must precede the 
time constant word to indicate that the next 
word is a time constant. The time constant 
word can be any value from 1 to 256 (Figure 
6). Note that 0016 is interpreted as 256. 

In timer mode, the time interval is controlled 
by three factors: 

• The system clock period (4)) 

• The prescaler factor (P), which multiplies 
the interval by either 16 or 256 

• The time constant (T), which is programmed 
into the time constant register 

Consequently, the time interval is the pro
duct of tP x P x T. The minimum hmer resolu
tion is 16 x tP (4 ps with a 4 MHz clock). The 
maximum timer interval is 256 x q) x 256 (16.4 rns 
with a 4 MHz clock). For longer intervals 
timers may be cascaded. 

Interrupt Vector Programming. If the 2-80 
CTC has one or more interrupts enabled, it 
can supply interrupt vectors to the 2-80 CPU. 
To do so, the 2-80 CTC must be pre-pro
grammed with the most-significant five bits of 
the interrupt vector. Programming consists of 
writing a vector word to the 110 port cor
responding to the 2-80 CTC Channel O. Note 
that Do of the vector word is always zero, to 
distinguish the vector from a channel control 
word. D1 and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has the 
highest priority. 

io,jo.!O,!o.!O,!D,!o,!o.l 

==r-L O .. ,NT£AAUPTVECTOAWOAD 
Sup:~j:~ 1 .. CONTAOL WOAD 

BY USEA CH"NNE~ IDENTIFIER 

FI~{i~~~ii l"m" 
Figure 1. Interrupt V.ctor Word 
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PID. CE. Chip Enable (input, active Low). When 
De.crlptloA enabled. the CTC accepts control words. inter

rupt vectors, or time constant data words from 
the <iota bus during an 110 write cycle; or 
transmits the contents of the down-counter to 
the CPU during an 110 read cycle. In moat 
appbcaUons this signal is decoded from the 
eight least significant bits of the address bus 
for any of the four 110 port addresses that are 
mapped. to the four counter-timer channels. 

CLI. System ClocJc (input). Standard single
phase Z-80 system clock. 

CLl/TRGo-CLl/TRGs. External ClocJclTimer 
Trigger (input, user-selectable active High or 
Low). Four pins corresponding to the four Z-BO 
CTC channels. In counter mode, every active 
edge on this pin decrements the down-counter. 
In timer mode. an active edge starts the timer. 

CSo-CS •• Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an 110 write or read 
(usually connected to Ao and Al). 

Do-D,. System Data Bus (bidirectional. 
3-state). Transfers all data and commands 
between the Z·80 CPU and the Z-80 CTC. 

FIgure L A Typic:Gl z.ID Ea..troaaaat 
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lEI. Interrupt Enable In (input. active High). 
A High indicates that no other interruptinQ 
devices of higher priority in the daisy chain 
are being servioed by the Z-80 CPU. 

lEO. Interrupt Enable Out (output, active 
High). High only illEI is High and the Z-80 
CPU is not serviCing an interrupt from any 
Z-BO ere channel. lEO blocks lower priority 
devices from interrupting while a higher 
priority interrupting device is being serviced. 

INT. Interrupt Request (output, open drain, 
active Low). Low when any Z~80 CTC channel 
that has been programmed to enable interrupts 
has a zero-count condition in its down-counter, 

IORQ. input/Output R"9E..est (i!!E..ut Irom CPU. 
active Low), Used. with CE and RD to transfer 
data and channel control words between the 
2-80 CPU and the Z-80 erc. During a write 
cycle, iORQ and CE are active and Ri5 
inactive. The Z-80 CTC does not receive a 
specific write signal; rather. it internally 
~erate8 its own from the i~ of an active 
RD signal. In a read cycle. IORQ. CE and RD 
are active; the contents of the down-counter 
are read by the Z-80 CPU. II IORQ and MY are 
both true, the CPU is acknowledging an inter
rupt request, and the highest priority inter
rupting channel places its interrupt vector on 
the 2-BO data bus. 

ML Machine Cycle..Qne (in.E!!!..!.r0m CPU. 
active Low), When Ml and lORa are active, 
the Z-BO CPU is acknowledging an interrupt. 
The 2-80 CTC then place<! an interrupt vector 
on the data bus if it has highest priorit~nd if 
a channel has requested an interrupt (INT). 

1m. Read Cycle Status (in~active Low). 
Used in conjunction with IORQ and CE to 
transfer data and channel control words 
between the 2-80 CPU and the Z-80 CTC. 

RESET. Reset (input active Low). Terminates 
all down~ciounts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrupt outputs 
go inactive; lEO reflects lEI; Do-Dz go to the 
high-impedance state. 

ZC/TOo-ZC/TO •• Zero Count/Timeout (output. 
active High). Three 2CITO pins corresponding 
to Z-BO CTC channels 2 through 0 (Channel 3 
has no ZCITO pin). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decrements to zero. 
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Timing 
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Read Cycle Timing. Figure 9 shows read 
cycle timing. ThiS cycle reads the contents of a 
down-counter without disturbing the count. 
During clock cycle T2. the Z-80 CPU initiates a 
read £r£le~riving~ following inputs 
Low: RD. IORQ, and CEo A 2·bit binary code 
at inputs CS1 and CSa selects the channel to 
be read. MT must be High to distinguish this 
cycle from an interrupt acknowledge. No addi
tional wait states are allowed. 

CSo, c •• , Ci =::::::X:~= ___ =-=_X::::= 
\'-__ ...Jr-

.. ----.\ r-

.. -~?---------------------
D"T"~ 

FiVUN 9. Reacl Cycle TlmlDg 

Write Cycle Timing. Figure 10 shows write 
cycle timing for loading control, time constant 
or vector words. 

The eTC does not have a write signal input, 
so it generates one internally when the read 
(RD) input is High during TI. During T2 
IORQ and CE inputs are Low. MT must be 
High to distinguish a write cycle from an inter
rupt acknowledge. A 2-bU binary code at 
inputs CSI and CSa selects the channel to be 
addressed, and the word being written is 
placed on the Z-80 data bus. The data word is 

c ... c ..... =::x~====_x::::= 
\'-__ ...Jr-

~::7---------------------

OA'A=~ ____ _ 
FiguN 10. Wri .. Cycle Tlmlag 

latched into the appropriate register with the 
rising edge of clock cycle T3. 

•• n: ... L ..... __________ J 

FiguN 11. TIm ... Mode TimlDg 

Timer Operation. In the timer mode, a 
CLKlTRG pulse input starts the timer (Figure 
11) on the second succeeding rising edge of 
elK. The trigger pulse is asynchronous, and it 
must have a minimum width. A minimum lead 
time (210 ns) is required between the active 
edge of the CLK./TRG and the next rising edge 
of CLK to enable the prescaler on the follow
ing clock edge. If the CLK/TRG edge occurs 
closer than this, the initiation of the timer 
function is delayed one clock cycle. This cor
responds to the startup timing discussed in the 
programming section. The timer can also be 
started automatically if so programmed by the 
channel control word. 

Figure 12. CoUDter Moa TlmlDg 

Counter Operation. In the counter mode, the 
CLKlTRG pulse input decrements the down
counter. The trigger is asynchronous, but the 
count is synchronized with eLK. For the 
decrement to occur on the next rising edqa of 
CLK, the trigger edge must precede eLK by a 
minimum lead time as shown in Figure 12. If 
the lead time is less than specified, the count 
is delayed by one clock cycle. The trigger 
pulse must have a minimum width, and the 
trigger period must be at least twice the clock 
period. 

The zelIo output occurs immediately after 
zero count, and follows the rising eLK edge. 

Zilog Reprint 
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Interrupt 
Operation 

The 2-80 CTC follows the 2-80 system inter
rupt protocol for nested priority interrupts and 
return from interrupt, wherein the interrupt 
priority of a peripheral is determined by its 
location in a daisy chain. Two lines-lEI and 
lEO-in the CTC connect it to the system daisy 
chain. The device closest to the + 5 V supply 
has the highest priority (Figure 13). For addi
tional information on the 2-80 interrupt struc
tUre, refer to the Z-80 CPU Product Specifica
tion and the Z·80 CPU Technical Manual. 

Figwe 13. Daisy-Chain Interrupt Priorities 

Within the 2-80 CTC, interrupt priority is 
predetermined by channel number: Channel 0 
has the highest priority, and Channel 3 the 
lowest. If a device or channel is being serviced 
with an interrupt routine, it cannot be inter
rupted by a device or channel with lower 
priority until service is complete. Higher 
priority devices or channels may interrupt the 
servicing of lower priority devices or channels. 

A 2-80 CTC channel may be programmed to 
request an interrupt every time its down
counter reaches zero. Note that the CPU must 
be programmed for interrupt mode 2. Some 
time after the interrupt request, the CPU sends 
an interrupt acknowledge. The CTC interrupt 
control logic determines the highest priority 
channel that is requesting an interrupt. Then. 
if the eTe lEI input is High (indicating that it 
has priority within the system daisy chain) it 
places an 8-bit interrupt vector on the system 
data bus. The high-order five bits of this vector 

'" 
... :::::::.1 \:.:::: 

FlguN 14. Interrupt AdlDOwledsr- nm.IDg 
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ming process; the next two bits are provided 
by the CTC interrupt control logic as a binary 
code that identifies the highest priority chan
nel requesting an interrupt; the low-order bit 
is always zero. 

Interrupt Acknowledge Timing. Figure 14 
shows interrupt acknowledge timing. After an 
interrupt request, the 2-80 CPU sends an inter
rupt acknowledge (Ml and IORQ). All chan
nels are inhibited from changing their inter
rupt request status when M1 is active-about 
two clock cycles earlier than IORQ. Ri5 is 
High to distinguish this cycle from an instruc
tion fetch. 

The CTC interrupt logic determines the 
highest priority channel requesting an inter
rupt. If the eTC interrupt enable input (lEI) is 
High, the highest priority interrupting channel 
within the eTC places its interrupt vector on 
the data bus when IORQ goes Low. Two wait 
states (TWA) are automatically inserted at this 
time to allow the daisy chain to stabilize. Addi
tional wait states may be added. 

Return from Interrupt Timing. At the end of 
an interrupt service routine the RET! (Return 
From Interrupt) instruction initializes the daisy 
chain enable lines for proper control of nested 
priority interrupt handling. The eTC decodes 
the 2-byte RET! code internally and determines 
whether it is intended for a channel being ser
viced. Figure 15 shows RETI timing. 

If several 2-80 peripherals are in the daisy 
chain. lEI settles active (High) on the chip 
currently being serviced when the opcode 
ED16 is decoded. If the following opcode is 
4D16, the peripheral being serviced is released 
and its lEO becomes active. Additional wait 
states are allowed. 

eLK 

________________ -Jr-

Figure 15. Ketura. From Intenupt Timing 
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Voltaoes on all inputs and outputs 
with respect to GND .......... -O.3Vto +7.0V 

Operating Ambient "" Specified in 
Temperature ........... Ordering Information 
Storage Temperature ........ _65°C to + 150°C 

The characteristics below opply lor the 
followtno test conditions. unless otherwise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer
enced pin. Available operatino temperature 
ranges are: 

• S· = O·C to + 70·C, 
+4.75 V:s Vee:S +5.25 V 

• E- = _40°C to +85°C, 
+4.75 V:s Vee:S +5.25 V 

• M" = -55·C to + l25·C, 
+4.5 V:s Vee:S +5.5 V 

Symbol Param .. or 

VILe Clock Input Low Voltage 

VIHe Clock Input High Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 
VOH Output High Voltage 

Icc Power Supply Current 

ILl Input Leake:ge Current 

IWH 3·State Output Leakage Current in Float 

IWL 3·5tate Output Leakage Current in Float 

IoHo Darlington Drive Current 

Stl'eMM qraater than thOllE! lilted under Absolute MM.I· 
mum Ratlnos may ce.UlIE! permanenl damage to the device. 
this Is a IIlreu rallTl9 only; operation of the device at any 
condition above those indicated in the operalioM.lll9CliOnS 
of these specifications II not Implied. Expolure to absolute 
maximum ralln; conditions for extended periods moy affect 
device reliability. 

"See 0rcIertnQ Information .ection for paciaqe 
tem.perotu", r~ oDd product number. 

MiD Max Villi T ... Coaclltloa. 

-0.3 +0.45 V 

Vee-.6 VCC+·3 V 

-0.3 +0.8 V 

+2.0 Vee V 

+0.4 V IoL = 2 rnA 
+2.4 V IoH = 25O,.A 

+ 120 rnA 
+10 ,.A VIN = OtoVcc 
+10 ,.A VOUT = 2.4 to Vee 
-10 ,.A VOUT = 0.4 V 

-1.5 rnA VOH=1.5V 
RElIT = 3900 

Symbol Param .. or Max Villi Coodit1oD 

CLK Clock. Capacitance 20 pF Unmeasured pins 

CIN Input CapaCitance pF returned to ground 

COUT Output CapaCitance 10 pF 

TA = 25·C, f = I MHz 
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Z-8O CTC 1-8OACTC z.aoB CTC 
Min Max MIn Max Min Max 

H_ Symbol P ........... I ... ) lu) I ... ) I ... ) I ... ) lu) II ..... 

TcC Clock Cycle Time 400 (lJ 250 (lJ 165 JIJ 

TwCH Clock Width (High) 170 2000 105 2000 65 2000 

TwCI Clock Width (Low) 170 2000 105 2000 65 2000 

TIC Clock Fall Time 30 30 20 

5 - TrC --- Clock Rise Time 30 ---30 ---20 

Th All Hold Times 

T.CS(C) CS to Clock I Setup Time 250 160 100 

T.CE(C) CE to Clock t Setup Time 200 150 100 

T.IO(C) IORQ I to Clock , Setup Time 250 115 70 

10 - TsRD(C) --liD I to Clock t Setup Time - 240 ---115 ---70 

II TdC(DO) Clock 1 to Data Out Delay 240 200 130 J2J 

12 TdC(oo.) Clock I to Data Out Float Delay 230 110 90 

13 T.DI(C) Dattll In to Clock I Setup Time 60 50 40 

I' TsMI(C) Mi to Clock I Setup Time 210 90 70 

15 - TdMl(IEO)-MI I to lEO I Delay (lnt~upt 
immediately preceding MI) 300 190 130 13J 

16 TdIO(DCI) IORQ 1 to Data Out Delay 340 160 110 12J 
(lNTA Cycle) 

17 TdlEI(IEOf) lEI I to lEO I Delay 190 130 100 13J 

18 TdIEI(IEOr) lEI t to lEO I Delay 
(After ED Decode) 220 160 110 13J 

19 TdC(lNT) Clock 1 to INT I Delay (TcC + 200) (TcC+ 140) TcC+120 I'J 
20 - TdCLK(INT) - CI.KITRG 1 to II>m 

tsCTR(C) satisfied (TcC + 230) (TcC+ 160) TcC+ 130 15J 
tsCTR(C) not satisfied (2TcC + 530) (2TcC + 370) 2TcC + 260 15J 

21 TcCTR CLKfI'RG Cycle Time (2TcC) (2TcC) 2TcC 15J 

22 TrCTR CLKlTRG Rise Time 50 50 40 

23 TlCTR CLKlfRG Fall Time 50 50 40 

24 TwCTRI CLKlTRG Width (Low) 200 200 120 

25 - TwCTRh -- CLKlTRG Width (High) ---200 ---200 --- 120 

26 T.CTR(C.) CLKlTRG t to Clock t Setup 
Time for Immediate Count 

27 T.CTR(Ct) CLK/TRG t to Clock t Setup 
Time for enabling of Prescaler 
on follOWing clock t 

28 TdC(ZCITOr) Clock t to zclTa t Delay 

29 TdC(ZCITOf) Clock I to ZCITO I Delay 

[AI 2.5 TcC > (n·2) TdIEl(lEOI) + TdMl(lEO) + TalEl(lO) 
+ TTL buffer delay, If any. 

IBI RESET must be active lor a minimum 01 3 clock cycles. 

NOTES: 
!II TcC .. TwCh + TwCl + TrC + TIC. 
121 I~ delay by 10 nB lor each 50 pF Incref;Be in loading, 

200 pF tMJ;imum lor data lines, and 100 pF for control linea. 

92 

300 

210 

260 

190 

210 150 15J 

210 150 14J 

190 140 

190 140 

131 Increase delay by 2 IlS for each 10 pF increase in loadmg. 
100 pF maJ;unum. 

[4] Tuner mode. 
]51 Counter mode. 
]61 RESET must be active for a minimum 013 dock cycles. 
• All timings are preliminary and subject to change. 
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Features 

General 
Description 

• Two independent full-duplex channels, with 
separate control and status lines for modems 
or other devices. 

• Data rates of 0 to SOCK bits/second in 
the xl clock mode with a 2.5 MHz clock 
(Z-80 SIO)' or 0 to 800K bits/second with a 
4.0 MHz clock (Z-80A SIO). 

• Asynchronous protocols: everything 
necessary for complete messages in 5, 6, 7 
or 8 bits/character. Includes variable stop 
bits and several clock-rate multipliers; 
break generation and detection; parity; 
overrun and framing error detection. 

The 2-80 S10 Serial Input/Output Control
ler is a dual-channel data communication 
interface with extraordinary versatility and 
caPability. Its basic functions as a serial-to
parallel. parallel-la-serial converter/controller 
can be programmed by a CPU for a broad 
range of serial communication applications. 

The device supports all common asyn
chronous and synchronous protocols, byte- or 

Z8440 
za«r'SIO Serial 
Input/Oulput CoDlroUer 

Product 
SpecUlc:atloD 

June 1982 

• Synchronous protocols: everything 
necessary for complete bit- or byte-oriented 
messages in 5, 6, 7 Of 8 bits/character, 
including IBM Bisync, SDLC, HDLC, 
CCITT-X.25 and others. Automatic eRe 
generation/checking, sync character and 
zero insertion/deletion, abort genera
tion/detection and flag insertion. 

• Receiver data registers quadruply buffered, 
transmitter registers doubly buffered. 

• Highly sophisticated and flexible daisy
chain interrupt vectoring for interrupts 
without external logic. 

bit-oriented, and performs all of the functions 
traditionally done by UARTs, USARTs and 
synchronous communication controllers com
bined, plus additional functions traditionally 
performed by the CPU. Moreover, it does this 
on two fully-independent channels, with an 
exceptionally sophisticated interrupt structure 
that allows very fast transfers. 

Full interfacing is provided for CPU or DMA 

1=)-' 
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control. In addition to data communication, the 
circuit can handle virtually all types of serial 
110 with fast (or slow) peripheral devices. 
While designed primarily as a member of the 
Z·80 family, its versatility makes it well suited 
to many other CPUs. 

Figures 1 through 6 illustrate the three pin 
configurations (bonding options) available in 
the SIO. The constraints of a 4O-pin package 

~:k i~~S~~~:9:i~~~!~(~~}~~~V~er_ 
minal Ready (DTR) and Sync (SYNC) signal. 
for both channels. Therefore, either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered.: 

• Z-80 51012 lacks ~ 
• Z-80 510/1 lacks lTI'RJj 

• Z-80 51010 has all four signals, but TxCB 
and RxCB are bonded together 

The first bonding option above (SIOI2) is the 
preferred. version for most applications. The 
pin descriptions are as follows: 

B/i. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the 510, Address bit Ao 
from the CPU is often used for the selection 
function. 

C/ii. Control Or Data Select (input, High 
selects Control). This input defines the type of 
iuformation transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
on the data bus to be interpreted as a com
mand for the channel selected by B/A. A Low 
at C/O means that the information on the data 
bus is data. Address bit Al is often used for 
this function. 

'"l 
-==1 
~{ 

Flpra 3. %-10 510/1 PIa FIIDCIIoDI 

The Z·80 SIO is an n-channel silicon-gate 
depletion-load device packaged. in a 4O-pin 
plastic or ceramic DIP. It uses a single + 5 V 
power supply and the standard Z-BO family 
single-phase clock. 

CE. Chip Enable (input, active Low), A Low 
level at this input enables the SIO to accept 
command Of data input from the CPU during 
write cycle or to transmit data to the CPU 
durinq oS read cycle. 

CLI:. System Clock (input). The 510 uses the 
standard Z-80 System Clock to synchronize 
internal signals. This is a single-phase clock. 

CTSA. CTSB. Clear To Send (inputs, active 
Low). When programmed as Auto Enables, a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are 
Schmitt-trigger buffered. to accommodate slow 
risetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger bu j 

fering does not guarantee a specified noise
level margin. 

Do-D,. System Data Bus (bidirectional, 
3-5tate). The system data bus transfers data 
and commands between the CPU and the Z-af 
SIO. Do is the least significant bit. 

DCDA. DeDI. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the SIO is programmed. for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate sic 
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer 

· · ~ · · . · · ~ · " ~ .. · ... · .. ~ · .. " · of · .. ': ::--....,,: ;,. · .... 1iiO;" iN R .... 

" .... · ... · ,-IITf.I 17 :10 Ii'I'iI 
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ing does not guarantee a specific noise-level 
margin. 

DTRA. DTRB. Dota Terminal Ready (outputs, 
active Low), These Qutputs'1011ow the state pro
grammed into 2-BO SIO. They can also be pro
grammed as general-purpose outputs. 

In the Z-BO SIOIl bonding option. DTRB is 
omitted. 

lEI. Interrupt Enable In (input, active High). 
This signal is used with lEO to form a priority 
daisy chain when there is more than one 
interrupt-driven device. A High on this line 
indicates that no other device of higher pri
ority is being serviced by a CPU interrupt ser-
vice routine. 

lEO. Interrupt Enable Out (output. active 
High). lEO is High only if lEI is High and the 
CPU is not servicing fin interrupt from this 
SIO. Thus, this Signal blocks lower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. Interrupt Request (output, open drain, 
active Low). When the SIO is requesting an 
interrupt, it pulls INT Low. 

10BQ. Input!Q!;!I!',t Request (input from CPU, 
active Low). IORQ is lIsed in conjunction with 
BfA, C/i5, CE and RD to transfer commands 
and data between the CPU and the SIO. When 
eE, RD and 10RQ are all active, the channel 
selected by BI A transfers data to the CPU (a 
read operation). When CE and 10RQ are 
active but RD is inactive, the channel selected 
by BIA is written to by the CPU with either 
data or control information as specified by 
C/O. If IORQ and M1 are active simultane-

.. ,n! ~MAIM 
",,1M.,..,. 

CDMTIIOi. 

FlpN S. Z-IO SlO/O PIa Fu.acttoas 

Zilog Reprint 

Dusly. the CPU is acknowledging an interrupt 
and the SIO automatically places its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Mi. Machine Cycle (input from Z-BO CPU, 
active Low). When Mi. is active and IDS is also 
active, the 2-BO CPU is fetching an instruction 
from memory; when MI is active while IORQ is 
active, the SIO accepts Ml and 10RQ as an 
interrupt acknowledge if the SIO is the highest 
priority device that has interrupted the Z-BO 
CPU. 

RxCA, RxCB. Receiver Clocks (inputs). 
Receive data is sampled on the rising edge 01 
RxC. The Receive Clocks may be 1, 16, 32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the Z-80 CTC 
Counter Timer Circuit for programmable baud 
rate generation. Both inputs are Schmitt
trigger buffered (no noise level margin is 
specified). 

In the Z·80 SIO/O honding option, RxCB is 
bonded together with TxCB. 

RD. Read Cycle Status (input from CPU, 
active Low). If fill is active, a memory or 1/0 
re~d ~ration is in progress. RD is used with 
SI A, CE and IORQ to transfer data from the 
SIO to the CPU. 

RxDA. RxDB. Receive Data (inputs, active 
High). Serial data at TTL levels. 

RESET. Reset (input, active Low). A Low 
RESET disables both receivers and transmit· 
ters, forces TxDA and TxDB marking, forces 
the modem controls High and disables all 
interrupts. The control registers must be 

- » -... . ... · " · .. · .. · " .0 ...... _: 
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rewritten ~lter the SIO is reset and before data 
is transmitted or receiVed.. 

RTSA. ifi'Sj. Request To Send (outputs. 
active Low), When the RTS bit in Write 
Register 5 (Figure 14) is set, the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode. the output goes tiigh 
after the transmitter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the RTS hit. Both pins ca.n be used as general
purpose outputs. 

smeA. SYNCB. Synchronization (inputs/out
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchronous receive 
mode, they are inputs similar to ers and 
DeD. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 
bits in Read Register 0 (Figure 13), but have' 
no other function. In the External Sync mode. 
these lines also act as inputs. When external 
synchronization is achieved. ~ must be 
driven Low on the second riSing edge of RxC 
after that rising edge of RxC on which the last 
bit of the sync character was received. In 
other words. after the sync pattern is detected. 
the external logiC must wait for two full 
Receive Cloc~les to activate the SYNC 
input. Once SYNC is forced Low. it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza
tion has been lost or a new message is about to 
start. Character assembly begins on the rising 
edge of RxC that immediately precedes the 
falling edge of SYNC in the External Sync 
mode. 

In the internal synchronization mode 
(Mon08ync and Bisync). these pins act as out
puts that are active during the polIrt of the 
receive clock (RXC) cycle in which sync 
characters are recognized.. The sync condition 
is not latched, so these outputs are active each 
time a sync pattern is recognized. regardless 
of character boundaries. 

In the Z-BO 510/2 bonding option. SYNCB 
is omitted. 
TxCA. TxCB. Transmitter Clocks (inputs). In 
asynchronous modes. the Transmitter Clocks 
may be 1, 16, 32 or 64 times the data rate; 
however. the clock multiplier for the transmit
ter and the receiver must be the same. The 
Transmit Clock Inputs are Schmitt-trigger buf
fered for relaxed rise- and fall-time require
ments (no noise level margin Is specified). 
Transmitter Clocks may be driven by the 2-80 
CTC Counter Timer Circuit for programmable 
baud rate generation. 

In the Z·BO 51010 bonding option. rxCB is 
bonded together with RxCB. 
TxDA. TxDB. Transmit Data (outputs. active 
High). Serial data at TTL levels. TxD changes 
from the falling edge of TxC. 
W/RDYA. W/RDYB. WaiVReady A, WaiV 
Ready B (outputs. open drain when pro
grammed for Wail function, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU, to 
the SIO data rate. The reset state is open 
drain. 
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Functional 
Description 

The functional capabilities of the 2-80 SIO 
can be described from two different points of 
view: as a data communications device, it 
transmits and receives serial data in a wide 
variety of data-communication protocols; as a 
2-80 family peripheral, it interacts with the 
2-80 CPU and other peripheral circuits, shar
ing the data, address and control buses, as 
well as being a part of the Z-80 interrupt struc
ture. As a peripheral to other microprocessors, 

Data The SIO provides two independent full-
Communi- duplex channels that can be programmed for 
cation use in any common asynchronous or synchro-
Capabillties nous data-communication protocoL Figure 9 

illustrates some of these protocols. The follow
ing is a short description of them. A more 
detailed explanation of these modes can be 
found in the Z-80 510 Technical Manual. 

Asynchronous Modes. Transmission and 
reception can be done mdependently on each 
channel with five to eight bits per character, 
plus optional even or odd parity. The transmit
ters can supply one, one-and-a-half or two stop 
bits per character and can provide a break 
output at any time. The receiver break
detection logic interrupts the CPU both at the 
start and end of a received break. Reception is 
protected from spikes by a transient spike
rejection mechanism that checks the signal 
one-haH a bit time after a Low level is detected 
on the receive data input (RxDA or RxDB in 
Figure 5). If the Low does not persist-as in 
the case of a transient-the character assembly 
process is not started. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occurred. Vectored 

Zilog Reprint 

the SIO offers valuable features such as non
vectored interrupts, polling and simple hand
shake capability. 

Figure 8 illustrates the conventional devices 
that the SIO replaces. 

The first part of the follOWing discussion 
covers SIO data-communication capabilities; 
the second part describes interactions between 
the CPU and the 510. 

interrupts allow fast servicing of error condi
tions using dedicated routines. Furthermore, a 
built-in checking process avoids interpreting a 
framing error as a new start bit: a framing 
error results in the addition of one-half a bit 
time to the point at which the search for the 
next start bit is begun. 

The SIO does not require symmetric transmit 
and receive clock Signals-a feature that 
allows it to be used with a 2-80 CTC or many 
other clock sources. The transmitter and 
receiver can handle data at a rate of 1, 1116, 
1/32 or 1/64 of the clock rate supplied to the 
receive and transmit clock inputs. 

In asynchronous modes, the SYNC pin may 
be programmed as an input that can be used 
for functions such as monitoring a ring 
indicator. 

SYDchronous Modes. The SIO supports both 
byte-oriented and bit-oriented synchronous 
communication. 

Synchronous byte-oriented protocols can be 
handled in several modes that allow character 
synchrOnIzation with an 8-bit sync character 
(Monosync), any IS-bit sync pattern (Bisync), 
or with an external sync signal. Leading sync 
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characters can be removed without interrupt
ing the CPU. 

Five-. six- or seven-bit sync characters are 
detected with 8- or If)..hit patterns in the SIO 
by overlapping the larger pattern across multi
ple in-coming sync characters. as shown in 
Figure 10. 

eRe checking for synchronous byte
oriented modes is delayed by one character 
time so the CPU ma.y disable eRe checking on 
specific characters. This permits implementa
tion of protocols such as IBM Bisync. 

Both CRC·16 (X16 + XIS + X2 + I) and 
CelT! (X16 + X12 + XS + 1) error checking 
polynomials are supported. In all non-SOLe 
modes, the eRe generator is initialized to 0'8; 
in SOLe modes, it is initialized to }'s. The SIO 
can be used for interfacing to peripherals such 
as hard-sectored floppy disk. hut it cannot 
generate or check eRe for IBM-compatible 
soft-sectored disks. The SIO also provides a 
feature that automatically transmits CRC data 
when no other data is available for transmis~ 
sion. This allows very high~speed transmissions 
under DMA control with no need. for CPU 
intervention at the end of a message. When 
there is no data or CRC to send in syn~ 
chronous modes, the transmitter inserts 8- or 
l6~bit sync characters regardless of the pro
grammed character length. 

The SIO supports synchronous bit-oriented 
protocols such as SDLe and HDLC by per
forming automatic flag sending, zero insertion 
and CRe generation. A special command can 
be used. to abort a frame in transmission. At 
the end of a message the SIO automatically 
transmits the eRC and trailing flag when the 
transmit buffer becomes empty. If a transmit 

underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of 
this status change so that an abort may be 
issued.. One to eight bits per character can be 
sent, which allows reception of a message with 
no prior information about the character struc
ture in the information field of a frame. 

The receiver automatically synchronizes on 
the leading flag of a frame in SDLC or HDLC, 
and provides a synchronization signal on the 
SYNC pin; an interrupt can also be pro
grammed. The receiver can be programmed to 
search for frames addressed by a single byte to 
only a specified user·selected address or to a 
global broadcast address. In this mode, frames 
that do not match either the user-selected or 
broadcast address are ignored.. The number of 
address bytes can be extended under software 
control. For transmitting data, an interrupt on 
the first received. character or on every 
character can be selected. The receiver 
automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also 
calculates and automatically checks the eRC 
to validate frame transmission. At the end of 
transmission, the status of a received frame is 
available in the status registers. 

The SIO can be conveniently used under 
DMA control to provide high-speed reception 
or transmission. In reception, for example, the 
SIO can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the DMA to transfer the message 
to memory. The SIO then issues an end-of-
frame interrupt and the CPU can check the I' 

status of the received, message. Thus, the CPU 
is freed. for other service while the message is 
being received. 

~~-L~~--~: ___ ~:--~J_-~=="-L~~~"~"~ 
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110 ... _ The 510 oIfers the choice of polhll<,l, Inter· 
CapabW_ rupt (vectored or non· vectored) and block· 

transfer modes to transfer data. status and con
trol information to and from the CPU. The 
block-transfer mode can also be implemented 
under DMA control. 

PoJllDg. Two status registers are updated at 
appropriate times for each function being per
formed. (for example, CRC error-status valid at 
the end of a message). When the CPU is 
operated In 0 polling foshion, one 01 the SIO's 
two status registers is used to inclica.te whether 
the SIO has some data or needs some data. 
Depending on the conlenls 01 this register, the 
CPU will either write data, read data, or just 
go on. Two bits in the register indicate that a 
data transfer is needed. In addition. error and 
other conditions are indicated. The second 
status register (special receive conditions) does 
not have to be read in a polling sequence, 
until a character has been received. All inter-
tUpt modes are disabled when operating the 
device in a polled environment. 

laternapts, The 510 hos on eloborote tnterrupt 
scheme to provide fast interrupt service in 
real-time applications. A control register and a 
status register in Channel B contain the inter
rupt vector. When programmed to do 80. the 
510 cen modify three bits of the Inlerrupt vec
tor in the status register so that it points direct
ly to one of eight interrupt service routines In 
memory, thereby servicing conditions in both 
channels and eliminating most of the needs for 
a status-analysis routine. 

Transmit interrupts, receive interrupts and 
external/status interrupts are the main sources 
of interrupts. Each interrupt source is enabled 
under program control, with Channel A hev
ing a higher priority than Channel B. and with 
receive, transmit and externallstatus interrupts 
prioritized in that order within each channel. 
When the transmit interrupt is enabled, the 

Zilog Reprint 

CPU Is Interrupted by the tronsmlt buHer 
becomiD\l empty. (This implies thet the 
transmi_ must hove hod 0 data character 
written into it 80 it can become empty.) The 
receiver can interrupt the CPU in one of two 
ways: 

• Interrupt on first received character 

• Interrupt on all received characters 

Interrupt-on-first-received-character is 
typically used with the block·tronsfer mode. 
Interru.pt-on-all-received-characters has the 
option of modifyinq the interrupt vector in the 
event 01 a parity error. Both 01 these Interrupt 
modes will also interrupt under special receive 
conditions on a character or message basis 
(end·of·frame interrupt In SDLC, for .. ample). 
This means that the special-receive condition 
can cause an interrupt only if the interrupt-on
first-received-chara.cter or interrupt-an-all
received· characters mode is selected. In 
interrupt-on-first-received-charecter. an inter
rupt can occur from special-receive conditions 
(except partty error) oller the first·received· 
character interrupt (example: receive-overrun 
interrupt). 

The main function of the externoUstatus 
interrupt is to monitor the signal transitions of 
the Cleor To Send (CTS ), Deto Carrier Detect 
(DCD) and Synchrcnization (SYNC) pins 
(F~ I throullh 6). In addition, on exter· 
nalIslatus interrupt is also coused by 0 CRC· 
sending condition or by the detection of 0 

breoIr. sequence (asynchronous mode) or abort 
sequence (SDLC mode) in the dota s!reem. 
The interrupt coused by the breok/oborl 
sequence allows the SIO to interrupt when the 
breakl'abort sequence is detected. or ter
minated. This feature facilitates the proper ter
mination of the current message, correct 
initialization of the next message, and the 
a.ccurate timinq of the breaklabort condition in 
external logic. 
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110"'._ 
CapablllH" 
(Continued) 

"'tomaJ 
Structure 
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In a Z-80 CPU environment (Figure II), SIO 
interrupt vectoring is "automatic": the 510 
passes its internally-modifiable 8-bit interrupt 
vector to the CPU, which adds an additional 8 
bits from its interrupt-vector (I) register to form 
the memory address of the interrupt-routine 
table. This table contains the address of the 
beginning of the interrupt routine itself. The 
process entails an indirect transfer of CPU 
control to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge by the CPU is the first instruction 
of the interrupt routine itself. 

CPU/DNA Block TranoIer, The SIO's block
transfer mode accommodates both CPU block 
transfers and DMA controllers (Z-80 DMA or 
other designs). The block·transfer mode uses 
the WaiVReady output Signal, which is 
selected. with three bits in an internal control 
register. The WaiVReady output signal can be 
programmed as a WAIT line In the CPU block
transfer mode or as a READY line in the DMA 
block-transfer mode. 

To a DMA controller, the SIO READY output 
ind~cates that the SIO is ready to transfer data 
to or from memory. To the CPU, the WAIT out
put indicates that the SIO is not ready to 
transfer data, thereby requesting the CPU to 
extend the 110 cycle_ 

The internal structure of the device includes 
a Z-80 CFU interface, internal control and 
interrupt log-ie, and two full-duplex channels. 
Each channel contains its own set of control 
and status (write and read) registers, and con
trol and status logic that provides the interface 
to modems or other external devices. 

The registers for each channel are desig-
nated as follows: 

WRO-WR7 - Write Registers 0 through 7 
RRO-RR2 - Read Registers 0 through 2 

The register group includes five a-bit control 
registers, two sync-character registers and two 
status registers. The interrupt vector is written 
into an addltiolia18-bit register (Write Register 
2) in Channel B that may be read through 
another 8-blt register (Read Register 2) in 
Channel B. The bit assignment and. functional 
grouping of each register is configured. to 
simplify and organize ~e programming pro
cess_ Table I lists the functions assigned to 
each read or write register. 

....... 
" ... 

MO TrensmitIReceive buffer statuI, Interrupt 
status and external ltatus 

RBI Special Receive Condition status 

RH2 Modified Interrupt vector (Chsnnel B only) 

WRO Register pointers, eRC initialize, initializa
tion commends for the VariOUI modes, etc. 

WRI TranamitIReceive interrupt and data tr4nfier 
mode defInition. 

WR2 Interrupt vector (ChsnneI B only) 

WR3 Receive pa!'4meters and control 
WR4 TransmitIRecetve mtscell4neoua paJ'4metera 

and modes 

WR5 Transmit pm'mnetera and controJa 
WR6 Sync character or SDLe 4ddre81dield 
WR7 Sync character or SDLe flag 
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In, ....... 
Structure 
(Continued) 

The logic for both channels provides for
mats, synchronization and validation for data 
transferred to and from the channel interface. 
The modem control inputs, Clear To Send 
(c1$") and Data Carrier Detect (~), are 
monitored by the external control and status 
logic under program control. All external 
control-and-status-logic sigo.!!lis are generell
purpose in nature and can be used. for func
tions other than modem control. 

Data Path. The transmit and receive data path 
illustrated for Channel A in Figure 12 is iden
tical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, 
in addition to the a-bit receive shift register. 
This scheme creates additional time for the 

CPU to service an interrupt at the beginning of 
oS block of high·speed ciat". Incoming data is 
routed through one of sever"l paths (data or 
eRe) depending on the selected mode 
and-in asynchronous modes-the character 
length. 

The transmitter has an 8·bit transmit data 
buffer register that is loaded from the internal 
data bus, ~nd a 2O-bit transmit shift register 
that ClIn be loaded from the sync·character 
buffers or from the transmit data register. 
Depending on the operational mode, outgoing 
data is rou ted through one of four main paths 
before it is transmitted from the Transmit Data 
output (TxD). 

-g-
TOCHANNEL .. ------------:=--""'''-------------

EXTUIINAL ITATUI LOGIC, 
CONT~I.OGlC,EI'C. _____ -".",-__ ---"..".. ___ -, 

IIECEIYt "" .. , 
LOGIC 
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Figur. 12, TraulDit cmd a.c.l ... Data Path (~l A) 
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Programming The system program first issues a series of 
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commands that initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example. the asynchronous mode. 
character length. clock rate. number of stop 
bits. even or odd parity might be set first; then 
the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed via the system program prior to 
operation. The channel-select input (B/A) and 
the controVdata input (C/O) are the command
structure addressing controls, and are normal
ly controlled by the CPU address bus. Figures 
15 and 16 illustrate the timing relationships for 
programming the write registers and transfer
ring data and status. 

Read Reguten. The SIO contains three read 
registers for Channel B and two read registers 
for Channel A (RRO-RR2 in Figure 13) that can 
be read to obtain the status information; RR2 
contains the internally-modifiable interrupt 
vector and is only in the Channel B register 
set. The status information includes error con
ditions, interrupt vector and standard 
communications-interface signals. 

To read the contents 01 a selected read 
register other than RRO. the system program 
must first write the pointer byte to WRO in 
exactly the same way as a write register opera
tion. Then, by executing a read instruction, 
the contents of the addressed. read register can 
be read by the CPU. 

The status bits of RRQ and RRI are carefully 
grouped to simplify status monitoring. For 
example, when the interrupt vector indicates 
that a Special Receive Condition interrupt has 
occurred. all the appropriate error bits can be 
read from a single register (RRl). 

Write Registers. The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WRO-WR7 in Figure 
14) that are programmed separately to con
figure the functional personality of the chan
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO. pro
gramming the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (00-D2) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to con
figure the SIO. 

WRO is a special case in that aU of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bits Do-D2 to point to WRO. This 
implies that a channel reset must not be com
bined with the pointing to any register. 

READ REGISTER 0 

10,10.10,10,10,10.10, lOti 

1/1111 I L-~E::f~~::~~::~ . 
:~:::,::~~~"'. } 

READ REGISTER It 

10.10.10.10.10,10,10,10,,1 

·UU<lWHh e.,.,n""S,a'"5 
'"TertuP' ... """ 

11~ll!~IL 
ENO OF FRAME ISOLCl 

tvarlaD.oI"'Sto'ul"l!e<:IS 
~e<:t<lr" rSPlOQramm..:l 

Figure 13. Read Regist .. Bit FuDCtlou 
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WRlTEIIEGISTIII , 

'j'j'rGmr 
00 1b1.lTSIClioUIACTUI 
01 iII.1.ITIICIlllItACTEiII 
,0 iII •• 8lHlCllMUIICTH 
t t Ib.MSlCIlAAACTEA 
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LOAD''''' MODEIIoDLCI 

WIU1'EJlIQJS'I'ER .. 

Jo,!lttlo.lD.!o.!o,!o.llttl 

II !!'=::~ ~ ~ :!,:"nr.cn::~=TEfi 
" ,.-ro'lIffRIIoUIACfll 

o "lf1'ftIllCCIiAllACTlfl o 1 ,...rSYIIICCWlIACTIII; 

: ~ ~=~'~'::LAQI 
• '.'CLOCIItIlODl 

:~=== 

WRITE_I 

'~~nE!.~~-
, DT •• III1S/CftAJIo\CTIII 
, , Ta.IITIICt1AIlACTIII ... 

WllTEIlEGllTEBI 

·F"'SOLC~_'BePrllll'_ 
~ "OtlltU()·FOIFr.gAKogno ...... 

FI~ If.. Wd .. RegIIter Itt Fwactiou 
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The 510 must have the same clock as the 
CPU (some phose .nd lrequency rel.tionship, 
not nec:eslc1rily the same driver). 

IIea4 CrcIe. The timing sign.ls generoted by 
a Z-90 CPU input instruction to read is data. or 
status byte lrom the 510 are Illustrated In 
Figure 15. 

Write CrcIe. Figure 16 illustr.tes the timing 
and data slgnols generated by a Z·BO CPU out· 
put instruction to write a data. or control byte 
into the 510. 
......... pt·lIclmowledge Cycle. Alter receiv, 
ing an interrupt-request signal from an SIO 
(mT pulled Low), the Z·BO CPU sends .n 
interrupt-acknowledge sequence (Ml Low, and 
R5iiO Low a lew cycles later) as In Figure 17. 

The SIO contains an internal daisy-chained 
interrupt structure for prioritizing nested inter
rupts for the various functions of its two chan
nels, and. this structure can be used within 
an external user-defined. daisy chain that 
prioritizes several peripheral circuits. 

The lEi of the highest.prlority davlce Is 
terminated High. A device that has an inter
rupt pending or under se"ice forces its lEO 
Low. For devices with no interrupt pending or 
under service, lEO = lEI. 

To insure stable conditions in the daisy 
chain. all interrupt status signals are pre-
vented from. changing while m is Low. When 
roro is Low. the highest priority interrupt 
requestor (the one with lEI High) places its 
interrupt vector on the data buB and sets its 

" '. 

-
iii 

.~--------~~------
uu ____________ ~~~'---__ 

"-.5 ...... Cyclo 

.~~ 
• -------i-----
~ ====:::::±::= un ____________ ~ 

"- .1. Wdlo Cyclo 

internal interrupt-under-service latch. 

II-.. ........ mtemapt CrcIe. Figure 18 
illustrates the return from interrupt cycle. 
Normally. the Z·BO CPU Issues a RET! (Return 
From Interrupt) instruction at the end of an 
interrupt service routine. RETI is a 2·byte 
opcoda (EO-40) that resets the Interrupt· 
under-servtce latch in the SIO to terminate the 
interrupt that haa just been processed. This is 
accomplished by manipulating the daisy chain 
in the follOWing way. 

The normal daisy-chain operation can be 
used to detect a pending interrupt; however, it 
cannot distinguish between an interrupt under 
service and a pending unacknowledged inter
rupt of a higher priority. Whenever "ED" is 
decoded, the daisy chein is modified by lore· 
Ing High .the lEO of any interrupt that has not 
yet been acknowledged. Thus the daisy chain 
identifies the device presently under service as 
the only one with .n lEI High .nd on lEO Low. 
II the next opcode byte is "40," the interrupt· 
under-service latch is \'eset. 

The .ripple time of the interrupt daisy chain 
(both the High·ta-Low and the Low·to-High 
transitions) limits the number of davlces that 
can be placed in the daisy chain. Ripple ttme 
can be improved with corry·look·ahead, or by 
extending the interrupt-acknowledge cycle. 
For further information about techniques for 
increasing the number of dalsy·chained 
davlces, reler to the Z-80 CPU Product 
Specification. 

"-.7, -.... ........... Cyclo 

.-::::::/ : - :,-
"-.1 ........ ___ pi Cyclo 
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Tool 
CoDdlIIou 

DC 
Charac· 
_II .. 

Volta.qes on all inputs and outputs 
with respect toGND .......... -O.3Vto +7.0V 
Operoting Ambient As Specified in 
Temperature ........... Ordering Information 
Storage Temperature ........ -65 °C to + 150°C 

The characterisUcs below apply for the 
following test conditions, unless otherwise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows into the refer
enced pin. Availa.ble operating temperature 
ranges are: 

• S' = O·C to + 70·C. 
+4.75V:o:Vee :o: +5.25 V 

• E' = -40·C to +SS·C. 
+4.75 V:o: Vee:O: +5.25 V 

• M* = - ssoC to + 125°C, 
+4.5 V:o: Vee:O: +5.5 V 

.S- OrderIJUlI information leCtlon lor pect.8Q8 
Nll'lperature NftQII and ~ct number. 

SymIooI -VILC Clock Input Low Voltage 
V1HC Clock Input High Voltage 
VIL Irtput Low Voltage 
VIH Input High Voltage 

VOL Output Low Voltage 
VOH Output HIgh Voltage 

III Input Leakage Current 

StreMeI QftNlter then thoee lilted under AbeoJute Mal· 
mum RatlnQa mIIY CflUIe permanent damage to the device. 
Thil 11 a streu I'6tiDQ only; operation of the device at any 
condition above thoae indiCllted In the operationaJ NeUona 
01 thne apecilicaUonlll not impJiad. Ezpoeure to abIoIute 
muimum ratinQ conditionllor extended periods may affect 
device reliability. 

=m'"'''' 
-~ --

"'... .~ 

... Max Vail TeotCoaditioa 

-0.3 +0.45 V 

Vcc-0.6 +5.5 V 
-0.3 +0.8 V 
+2.0 +5.5 V 

+0.4 V Ioc = 2.0 rnA 
+2.4 V IOH = -25O,.A 
-10 +10 ,.A O<Vm<Vcc 

Iz 3·State Output/Data Bus Input Leak4Qe Current -10 +10 ,.A O<VIN<VCC 
Iusy) SYNC Pin Leakage Current -40 +10 ,.A 0< VlN <Vcc 

Icc Power Supply Current 100 rnA 

Over 'PBdIJed tempereture and voltaq. ranQ8. 

Capaci-.:. Symbol - ... Max Vail reotCoaditioa 

C; Clock Capacitance 40 pF UnmEH:lsured 
CIN Input Capacitance pF pins returned 
COUT Output CapaCitance 10 pF to ground 

Over IJ)8Cilied teJDperature ran;e; J = IMHz 
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AC 
Electrical 
Character· 
"Ilea 

~~'Wi ________________ ~~k-~_+--_+--~--~~-------

iiiii,ii -----------~f/'''--_+--_+-~-...J''-------

TcC 

TwCh 

.. 

wriiii 

Clock Cycle Time 

Clock Width (High) 

TfC Clock Fall Time 

4 TrC Clock Rise Time 

Z.80 510 
MlD. Max 

400 4000 

170 2000 
30 

30 

Z.BOA 510 Z.80BSloot 
MiD Max MiD Max 

250 4000 165 4000 

lOS 2000 70 2000 
30 IS 

30 IS 
5 -TwCI---Clock Width (Low) -----------170 -2000 -105 -2000 --70-2000-

6 T,AD(C) CE. cm. BlA to Clock I Setup Time 160 145 60 
T,CS(C) RSiRi. lID to Clock I Setup Time 
TdC(DO) 
T,DI(C) 

Clock 1 to Date. Out Delay 

Data In to Clock I Setup (Write or Mi Cyclel 

240 

SO 
10 - TdRD(DOz)- lID I to Data Out Float Delay ----------
11 TdIO(DOI) 10RQ I to Data Out Doloy (INTACK Cycle) 

12 T,Ml(C) M1 to Clock I Setup Time 210 
13 T,IEI(IO) lEI to RSiRi I Setup Time (INTACK Cycle) 200 
14 TdMHlEO) Mil to lEO' Delay (interrupt before Mil 

15-TdIEI(lEQ,,)- lEi 110 lEO I Delay (after ED deoode)-------

16 TdIEI(lEOI) lEI I to lEO I Delay 

11 TdC(INT) Clock t to iNT , Delay 

18 TdlO(WIRWI) RSiRi I or CE I to WtRlW I (Delay Wait Mode) 

19 TdC(WIRR) Clock I to Wtm5Y I Delay (Ready Mode) 

20- TdC(W/RWz)- Clock I to WIRDY Float Delay (Wait Mode)------

21 Th Any unspecified. Hold when Setup is specified. 

• Z·80 510 Uminq. a ... pr&llm1nary and subject to chanQe. 
t Units in nanosecond. (rUl). 
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liS 60 
240 220 150 

50 30 

230---110----90-

340 160 100 

90 75 

140 120 

300 190 160 

150---100----70-

ISO 100 70 

200 200 ISO 
300 210 175 

120 120 100 
150---130---lIO-
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AC 
ElectrIcal 
Character
laUea 
(Continued) 

............ 

~. 
)![ 

...... 

. 
X 

" .... 
HiT 

.... 

Numbor Symbol Paramo ... 

TwPh Pulse Width (High) 

TwPI Pulse Width (Low) 

TcTxC 'tiC Cycle Time 

TwTxCI !xC Width fLow) 

-rT 

, 

. 
. 
.6' 

, 
" 

T' / . 

'.l 
\I. 

.1"- / 

K 
, 
~ 
'.l 

'\I.----<!D--. 

Z-80 510 Z-8OA SlO Z-8OB SlOI 
Min Max Min Max Min Max Notnt 

200 200 200 
200 200 200 

400 400 330 
180 180 100 

5-TwTxCh--TxC Width (High)-------180-QD-180-CD-IOO-CD--2--

6 TdTxC(TxD) TxC I to TxD DeJoy (xl Mode) 

TdTxC(WIRRf) TxC' to W"IRDY I Delay (Ready Mode) 

TdTxC(!NT) TiC I 10 INT I Delay 

TcRxC RxC Cycle Time 

5 

5 

400 

400 300 220 2 

400 330 
IO-TwRxCI--RxCWldth(Low)-------I80- ... -180- ... -100- ... --2--

11 TwRxCh RxC Width (High) 
12 TsRxD(RxC) RxD to RiC t Setup Time (xl Mode) 

13 ThRxD(RxC) RxC t to RxD Hold Time (xl Mode) 

14 TdRxC(WIRRf) Rxe t to W IRi5Y I Delay (Ready Mode) 

IS TdRxC(!NT) RxC t to iNf I Delay 

16 TdRxC(SYNC) RxC I to SYNC I Delay (Output Modes) 

17 TsSYNC(RxC) SYNC I to RxC t Setup (External Sync 
Modes) 

NOTES; 
t In.,11 modes, the System Clod:. role must be at 1_5tlive limes 

the maximum datil rale. 
I. Z-80 SIO tirnlnq$ are prellmirwory /lind $ub,ecllo change. 

Zilog Reprint 

180 180 100 2 

140 140 100 
10 13 10 13 10 13 

10 13 10 13 10 13 

-100 -100 100 

2. Units In nanoeecondJ (ns). 
3. Unll5 eqIlaJ to System Clock Periods. 
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Notes 
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How the ROM Works 
When power is first applied or the RESET button is pressed, the system 
bank (Bank 0) is enabled by hardware and the ZSO-A's program counter 
is set to OOOOH. 

The first Sk of address space in the system bank consists of ROM sockets 
U33-U36. An S20-11 with the ASCII keyboard will have 6k of ROM 
occupying U33-U35 (6k). With the Low Profile keyboard, another 2k 
ROM is added to U36 bringing the total system ROM size to Sk. 

The firmware contained in the system ROMs will be referred to as the 
ROSR (ROM Operating System Routines). The ROSR provides instructions 
for the ZSO-A to do several things at power-on. They are: 

Do a checksum test of the firmware contained in the first 6k of 
ROM. 

Do confidence test on RAM memory that will be used by the ROSR 
(FOOOH-FFFFH). 

Initialize programmable devices and variable memory area 
starting at address FFOOH. 

Move resident portion of monitor to RAM starting at address 
FOOOH. 

Compute checksum of the ROM in socket U36; if correct, call the 
fi rst address of U 36 (lS00H). 

Check type of disk controller daughter board that is installed and 
load appropriate disk driver into high memory. 

Provide an initial system command level for the user. This provides 
such options as: Host terminal mode, Typewriter mode, Load 
system, Dump memory, etc. 

Additionally, ROSR provides character 1/0, disk I/O, and other hardware
related services for the operating system and lor an application program. 

One of the first things that the ROSR is responsible for is the initialization 
of the programmable devices on the CPU board. These devices are: CTC 
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(Counter Timer Circuit), PIOs (Parallel Input Output controllers), 510 
(Serial Input Output controller), and the Baud rate generator. At power 
on, these devices are initialized as described below. 

Counter Timer Circuit (CTC) 

Base interrupt vector 

Channel 0 
Channell 
Channel 2 
Channel 3 

= OH 

Not initialized 
Timer mode, no interrupts, period = 1 msec. 
Timer mode, no interrupts, period = 8 msec. 
Counter mode, interrupts enabled, down 
counter value = 125. 

Channel 0 of the CTC is not used by the system. Channel 1 is initialized 
but interrupts are not enabled until the screen print command is given 
from the keyboard. At this time, 1 msec. interrupts begin occurring until 
the last character has been printed from the CRT's refresh memory. 
Then, the interrupts from CTC-1 will be disabled. Channel 2 is initialized 
as a timer also. Its job is to divide the system clock and to generate a 
pulse to CTC-3 every 8 msec. Channel 3 is initialized as a counter; it 
counts pulses from CTC-2 and generates an interrupt to the system every 
125 pulses (1 second). 

System ParaliellnputlOutput Controller (PIO) 

Base interrupt vector = 1AH 

Port A Bit Mode Bits 0-5 input, Bits 6-7 output, interrupts 
disabled 

Port B Input Mode Interrupts enabled 

Port A of the system PIO is used for the bank switching, floppy disk drive 
and side selects, and CRT font selection. Port B is used as the keyboard 
input channel. 
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General Purpose ParaliellnputlOutput Controller (PIO) 

Base interrupt vector = Not initialized 

Port A Output Mode Interrupts disabled 

Port B Mode 3 Bits 0-3 output, bits 4-7 input, interrupts 
disabled 

The general purpose parallel PIO is initialized to provide an interface to a 
Centronics-compatible parallel printer. Port A serves as the data channel 
and port B bit 2 provides the strobe to the printer. Port B bit 4 is for 
connection to the printer's ready signal. The parallel interface option 
connector (J 11) must have jumpers installed between the following pins: 
5-6,9-10, and 17-18. This selects the direction for the transceiver; that is, 
between the PIO and the parallel I/O connector J8. 

If the GP PIO is to be used for something other than a parallel printer, the 
user can re-program the PIO and re-jumper J 11 to suit the needs of the 
application. 

SeriallnputlOutput Controller (SIO) 

Base interrupt vector = 00 

Channel A Asynchronous mode modem port 
Interrupts disabled, 7 bits per character, x16 
clock mode, 1 stop bit per character, even 
parity enabled, Data Terminal Ready (DTR) 
and Request To Send (RT5) outputs from the 
SID are active. Wired as RS-232 DTE (Data 
Terminal Equipment). 

Note: The 4.03 ROM initializes DTR and RTS outputs to an 
inactive state. 

Channel B Printer port 
Interrupts disabled, 7 bits per character, x16 
clock mode, 1 stop bit per character, even 
parity enabled, Data Terminal Ready (DTR) 
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300 Baud 

1200 Baud 

136 

and Request To Send (RTS) outputs from the 
SIO are active. Wired as RS-232 DCE (Data 
Communication Equipment). Hardware 
handshake is available on pins 20 and 5. 

Channel A Baud Rate Generator (Modem) 

Channel B Baud Rate Generator (Printer) 
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MONITOR COMMANDS 

The 820-11 and 1618's resident monitor is capable of executing several 
commands directly from the keyboard. 

The table below summarizes the monitor's command set. Under the 
heading" Format", the items enclosed in parentheses represent required 
numeric parameters. The items in square brackets represent optional 
parameters. Detailed information on each of the commands follows the 
table. 

Command 

D(isplay memory) 
M(odify memory) 
X(tended memory test) 
F(i II memory) 
C(opy memory) 
V(erify memory block) 

G(oto) 
I(nput) 
O(utput) 

L(oad from disk) 
R(ead disk sector) 
W(rite disk sector) 

B(aud rate) 
T(ypewriter) 
H(ost terminal) 
P(rinter protocol) 

Device Initialization 

Format 

D [start addr] [end addr] 
M (addr) 
X (start addr) (end addr) 
F (start addr)(end addr)(fill data) 
C (start addr)(end addr)(dest addr) 
V (start addr)(end addr)(with addr) 

G (addr)[HL, DE, BC registers] 
I (16-bit port addr) 
o (16-bit port add r)(8-bit data) 

L [disk drive unit value] 
R (drive unit)(track)(sector)(addr) 
W (drive unit) (track) (sector) (addr) 

B (baud rate)[channel] 
T [baud rate] 
H [ch.] [baud] [data bits] [par.] [stop bits] 
P (Xon/Xoff)[status mask] [status value] 
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1) D - DISPLAY MEMORY COMMAND 

This command displays the contents of memory in hexadecimal and ASCII 
representation. Each display line has the following format: 

AAAA DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD CCCCCCCCCCCCCCCC 

AAAA is the starting memory address of the line in hexadecimal, the 
OD's are the hex values of the 16 bytes of data starting at location AAAA, 
and the C's are ASCII characters equivalent to each data byte. Bytes with 
a value less than 20 hex are displayed with their appropriate display 
character codes as shown in the ASCII code chart. Bytes with a value 
greater than 7F hex are displayed in low intensity. The display memory 
command accepts one, two, or no address parameters. If two addresses 
are specified, the block of memory between those two locations will be 
displayed. Entering only one address will display 256 bytes of memory 
starting at the specified location. Entering D<return> with no 
parameters will display the 256 byte block of memory starting one 
location past the last address displayed. 

The display can be stopped temporarily by touching the space bar. 
Touching the space bar again continues the display. 

2) M - MODIFY MEMORY COMMAND 

The modify memory command allows the contents of individual memory 
locations to be changed. This command accepts one parameter 
representing the first memory address to modify or examine. The display 
format is: 

AAAADD 

AAAA is the current memory address and DD is the hexadecimal value of 
the data in that location. After displaying the contents of a memory 
location, the routine waits for one of the following parameters to be 
entered from the keyboard: 

• Touching < return> does not modify the memory data at the 
currently displayed memory address, but will display the contents 
of the next memory address. 
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• Typing a minus sign has a similar effect, except the address is 
decremented instead of incremented. 

• Typing a hexadecimal number will replace the data at the 
currently displayed address with the number entered. The new 
data is stored as soon as the second digit is entered, with no 
terminating character required. If only one digit is entered, 
touching < return> will cause the single digit hex number to 
replace the previous data. 

• Typing a quote sign will cause the ASCII value of the next key 
typed to be stored at the currently displayed address. 

• Typing any character other than < return>, a minus sign, a 
quote sign, or a hexadecimal digit will terminate the command. 

3) X - EXTENDED MEMORY TEST COMMAND 

This command tests the specified range of memory for errors. Any 
portion of memory may be tested except the read/write area reserved for 
ROSR (FOO~ to FFFF hex). At least two parameters are required: the 
starting address and the ending address. 

Only the high-order eight bits of the addresses entered are actually used. 
If no errors are detected, the test will display a plus sign. When errors are 
detected an error line will be displayed in the following format: 

AAAADD should = X 

4) F - FILL MEMORY COMMAND 

The fill command allows blocks of memory to be fit led with a fixed data 
value. Three parameters are required: a starting address, an ending 
address, and a fill-data value. Each location in the specified block of 
memory has the constant written into it and then read back again to 
check for memory errors. An error line (like the one described for the 
Xtended Memory Test) is printed for any locations that fail to verify. 
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5) C· COPY MEMORY COMMAND 

The copy command allows blocks of data to be moved in memory. Three 
parameters are required: a starting memory address, an ending address, 
and a destination address. The contents of the block of memory in 
between the first two addresses are copied to the block starting at the 
third address. Like the Fill Memory command, a test is made to verify 
that each byte of the destination block, when read back, is the same as 
the corresponding byte in the source block. 

6) V . VERIFY MEMORY BLOCK COMMAND 

This command is similar to the Copy Memory command except that data 
is not moved, but simply checked to see if it is the same as data located at 
a different address in memory. Three parameters are required: a 
starting memory address, an ending address, and the first address of the 
memory block to be compared. 

7) G . GO TO COMMAND 

The go to command controls the CPU to start executing at a particular 
memory location. it requires a single parameter, (the address at which to 
begin execution). Three optional parameters may also be specified so 
the HL, DE, and BC register pairs may be preset before execution begins. 
Each of these optional parameters is a 16-bit (four-digit hexadecimal) 
number. The optional parameters would be entered as: 

G 1 000 AAFF DDEE BBCC 

1000 is the hexadecimal address at which to begin execution, AA is 
placed in the H register, FF is placed in the L register, DD is placed in the 
D register, EE is loaded into the E register, BB is transferred to the B 
register, and CC is put into the C register. in addition, FF (the value 
specified for the L register) will also be placed into the A register. Thus, a 
shortened command line (using only a single optional parameter) would 
be entered as: 

GFOOC 0024 
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In the example, the hex value 24 will be loaded into both the L and A 
registers before executing the CRT output driver at memory address FOOC 
hex. (This example displays a '$' on the screen.) 

ROSR actually passes control to the specified address by simulating a 
CALL instruction. This makes it possible for the external program to 
return to ROSR by doing a RET, (assuming it does not re-Ioad the stack 
pointer or lose the return address to ROSR). After the routine returns, 
ROSR displays the contents of the A register and the HL register pair. 

8) I· INPUT COMMAND 

This command allows data to be read from input ports. It works very 
much like the Modify Memory command, except input ports are being 
examined instead of memory locations. A single parameter representing 
a port number is required. Since many of the 1/0 ports are accessed using 
the unique Z80-A 1/0 instruction, the parameter can be a 16-bit port 
address. The BC register pair is loaded with the parameter, and then an 
IN A,(C) instruction is executed. An example of full parameter 
specification would be: 

IAA55 

AA represents the contents of the B register, which is placed on the high
order address lines (A8-A 15), and 55 represents the contents of the C 
register, which is placed on the low-order address lines (AO-A?). Using 
only an 8-bit parameter will place a zero in the B register. 

Touching the space bar will display data from the same port address 
again. The contents of adjacent ports can be examined by touching 
< return> or the minus sign (like the Modify command). Typing any 
other key terminates the command. 

9) 0 . OUTPUT COMMAND 

The output command allows a specified data value to be written to 
output ports. Two parameters are required: a 16-bit port address (see 
Input command), and an 8-bit data value that is to be written to that 
port. After outputting the specified data to the port, the command 
returns to ROSR instead of stepping to the next output port like the 
input command. This makes it possible to use the output command to 
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initialize Z80-A peripheral devices like the SIO, PIO, and CTC. Since a 16-
bit port address is specified, special ports such as the scroll port register 
can be modified directly from ROSR. Some of these special ports require 
that their "data" value be placed on the high-order address lines. A 
sample command to alter the scroll port register is: 

01014FF 

10 represents the contents of the B register which is placed on the high
order address lines and is the actual "data" that will be written to the 
scroll port register. The 14 represents the value that is placed in the C 
register and is output as the low-order address lines to actually select the 
scroll port. The data value FF hex is output on the data lines, but the 
data is not looked at by this type of special port. 

10) L· LOAD FROM DISK 

The load system command is used to read a one-sector program from 
track 0, sector 1 of the specified disk drive. The load command accepts 
one optional parameter to specify from which physical disk to load. If 
this optional parameter is omitted, the load is from physical drive unit 0 
(drive A). Floppy disk configurations have valid disk parameters of A 
through D. The usualload-from-disk-command for floppy drives will be 
L or LA, to load from drive A. Rigid disk configurations can have valid 
disk parameters of A through H. 

Note: The drive that is loaded from becomes logical drive 
A. Thus, when the operating system is loaded from drive E 
on the rigid (the LE command), physical disk E will be 
referenced as A and the physical floppy A is referenced as 
logical drive E. 

The disk loader reads the first logical sector into memory at location 80h 
and starts execution at that address. Normally, the program will be a 
small loader that in turn reads in a larger program. This two-level 
bootstrap process makes the boot command application independent. 
The only requirements are that the first sector of the disk be reserved for 
a loader, the first byte of this loader not be an E5h, and the first 256 
bytes of memory not be overwritten by the program being loaded. 
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11) R - READ DISK SECTOR COMMAND 

This command allows one physical sector to be read from the specified 
disk drive to a designated address in memory (must be above 66H). The 
drive unit is a number between 0 and F hex, with 0 corresponding to 
physical drive A. 

It should be noted that different disks may not have the same sector size. 
The read sector command will always read one physical sector, no matter 
what its length. Typically, single density disks will have 128-byte sectors, 
and double density disks will have 256-byte sectors. The sector size for 
rigid disk drives will always be 256 bytes or larger. Even though one 
physical sector is read, 256 bytes will be displayed after the read. Thus, 
when reading single density disks, only the first 128 bytes of the 256 
bytes displayed on the screen are valid. 

Physically, all floppy disks used with the 820-11 and 16/8 begin with sector 
#1. However, when using the Monitor's R command, the first physical 
sector is accessed by specifying sector 0 in the command line. 

12) W - WRITE DISK SECTOR COMMAND 

A "w" and a < return> is required with the Write Disk Sector command 
before parameters will be accepted. A second "w" and parameters and 
a < return> is then required. The write disk sector command allows one 
physical sector to be written to the specified disk drive from the 
designated address in memory. The drive unit is a number between 0 and 
F hex, with 0 corresponding to physical drive A. 

Note that different disks may not have the same physical sector size. The 
write sector command will always write one physical sector, no matter 
what its length. In general, single density disks will have 128-byte 
sectors, and double density disks will have 256-byte sectors. The sector 
size for the rigid disk drive will also be 256 bytes. 

Physically, all floppy disks used with the 820-11 and 16/8 begin with sector 
#1. However, when using the Monitor's W command, the first physical 
sector on double density and rigid disks is accessed by specifying sector 0 
in the command line. 
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13) B - BAUD RATE COMMAND 

This command sets the baud rate for the designated serial I/O channel, 
(printer or communications port). An optional parameter is required to 
change the baud rate from the default (1200-Printer, 300-Comm). If a 
second optional parameter is not specified, then the baud rate is set for 
the printer port (channel B). Specifying channel A will cause the 
designated or default baud rate to be set for the communications port. 
At power-on or reset, both serial ports are set for 7 data bits and even 
parity with one stop bit. See also the Host Terminal Mode section. 

14) T - TYPEWRITER COMMAND 

In Typewriter Mode, any information typed on the standard 96-character 
keyboard will be sent to the serial printer port. 

To use Typewriter Mode, type the following parameters (in bold): 

T or TjI 

T Typewriter Mode 
# Baud Rate (1200) 

For example: 

T Typewriter Mode 

T5 Typewriter Mode 300 Baud (from Chart, Appendix K-l) 

15) H - HOST TERMINAL 

Host Terminal H (channel) (baud rate) (data bits) (parity) 
(stop bits) 

The Xerox 820-11 or 16/8 may be used as a terminal to a Host. By typing 
an H at power-on, the firmware initializes software in ROM that permits 
communication with a host computer. 
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Options (default settings are bolded): 

Channel 

Baud rate 

Data bits 

Parity 

Stop bits 

For example, typing 

A (communications port) 
B (printer port) 

Channel A - 300 
Channel B - 1200 
(for other Baud Rate options, see Appendix K) 

7 or 8 

Odd, Even, or None 

1 or 2 

H<space)B<space)8<space)None<space)2<return) 

would put your system in Host Mode with 2 stop bits, no parity, 8 data 
bits, at 1200 baud on the Printer port. 

Options may be altered using the Monitor Output command before 
typing an H <return> to load host terminal mode. It is important to 
note that these settings will remain in effect until the the system is 
turned off, the RESET button in the rear is pressed, or a disk is loaded 
that has had the CONFIGUR program run on it. 

To change to odd parity: 
006 04 meaning 

00645 

To change to no parity: 
00604 

00644 
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Output to the SID Channel A control port 
(06) selecting internal register 4 (04) 

Output a 45h to the SID Channel A control 
port (06) which sets internal SID register 4 to 
enable odd parity 

Output to the SID Channel A control port 
(06) selecting internal register 4 (04) 
Output a 44h to the SID Channel A control 
port (06) which sets internal SID register 4 to 
enable no parity 
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To change-to 8 data bits (receiver and transmitter): 
006 03 Output to the SID Channel A control port 

(06) selecting internal register 3 (03) 
006 C1 Output a C1 h to the SID Channel A control 

port (06) which sets internal SID register 3 to 
8 data bits for the receiver 

006 05 Output to the SID Channel A control port 
(06) selecting internal register 5 (05) 

006 EA Output an EAh to the SID Channel A control 
port (06) which sets internal SID register 5 to 
8 data bits for the transmitter 

For example. to change to no parity. 8 data bits. and set the baud rate to 
1200. the following parameters should be entered at power-on: 
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006 < space >04 < return> 

006<space>44<return> sets no parity 

006<space>03<return> 

006<space>C1 <return> sets 8 data bits receiver 

006<space>OS<return> 

006<space>EA<return> sets 8 data bits transmitter 

B<space>07<space>A<return> sets 1200 baud, comm port 

H<return> loads Host Mode with the above parameters 
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Host Terminal Command Set 

Host mode has a command set that can be used by pressing the <CTRL> 
key and one ofthe Numeric Pad keys. Note: Scroll up and Scroll down 
(t and i) do not require the <CTRL> key when using the 16/8. 

<CTRL> 
+ 
t 

J, 

Del 

Line 
Feed 

2 

(period) 

Meaning 

Scroll up. Up-arrow scrolls up text on the screen with 
wrap around. 

Scroll down. Down-arrow scrolls down text on the 
screen with wrap around. 

Enable local echo. Characters typed on the keyboard 
are displayed on the screen and transmitted through 
the serial port. Touching <CTRL> + DEL again 
disables local echo mode. 

Enable local auto line feed. When < return> is 
touched, a line feed is sent to the local screen display 
but not transmitted through the serial port. Touching 
<CTRL> + LF again disables local line feed mode. 

Enable remote echo. Characters received through 
the serial port are echoed back to the transmitting 
device. In this mode, the 820-11 or 16/8 may act as a 
host to another terminal. Touching <CTRL> + 1 
again disables remote echo mode. 

Enable remote auto line feed. Carriage return codes 
received through the serial port are echoed to the 
remote device as carriage return/line feed codes. 
Touching <CTRL> + 2 again disables remote auto 
line feed. 

Transmit BREAK. When <CTRL> and the period key 
on the numeric keypad are touched, a break 
condition is enabled on the serial port until: 
1. <CTRL> +. is touched again 
2. Any other character is typed. 
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<CTRL> 
+ 

Meaning 

ESC 

"Toggling" the break function allows the length of 
the break condition to be determined by the user. 
Some host computers require a very short break 
condition, while some communications control 
devices require a long break condition. 

Exit Host Terminal Mode. 

Note: In Host Mode, the 820-11 or 16/8 will respond to the 
special Display Control Codes listed in the CRT Control & 
Interface section. 

16) P - PROTOCOL COMMAND 

The protocol command alters the method used to control the 
transmission of characters to the printer (for different types of serial 
printers). Normally, XON/XOFF protocol is enabled to allow efficient 
communications with a Xerox 20 or 40 CPS printer. Since this is a 
"transparent" protocol, it will not interfere with printers that don't use 
XON/XOFF. 

The protocol command requires at least one parameter to enable or 
disable the XON/XOFF protocol. P1 enables this protocol, while PO 
disables it. 

A second type of protocol is used for printers that control the 
transmission of characters by means of "reverse channel" or other 
hardware signals. Two signals may be used to control the transmission of 
characters to the printer: 

CTS (Clear To Send) Printer connector Pin 5 

DTR (Data Terminal Ready) Printer connector Pin 20 

Two parameters are used to specify how these signals will be used for 
"hardware handshaking"; the first designates which signals are to be 
checked, and the second indicates which logical state will be used to 
enable the transmission of data. 
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The most commonly-used modes are shown below. The voltage level is 
the EIA RS- 232 level measured at the printer connector: 

P1 <space>28<space>28<return> 

Check CTS and OTR, pins 5 and 20. If either changes to false (-12), 
stop transmission. 

P1 <space>8<space>8<return> 

Check OTR, pin 20. If false (-12), stop transmission. 

P1 <space>20<space>20<return > 

Check CTS, pin 5. If false (-12), stop transmission. 

The following examples show the values for some less-common printers 
that require transmission be stopped with signals of the opposite sense. 
Notice these examples also enable the XON/XOFF protocol by specifying 
a 1 as the first parameter. 

P1 <space>28<space>0< return> 

Check CTS and OTR, pins 5 and 20. If either changes to true 
( + 12), stop transmission. 

P1 <space>8<space>0< return> 

Check OTR, pin 20. If true (+ 12), stop transmission. 

P1 <space>20<space>O<return> 

Check CTS, pin 5. If true ( + 12), stop transmission. 
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Notes 
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Operating System Interface 

The preferred method of accessing the resources ofthe 820-11 and 16/8 is 
through one of the operating systems (CP/M-80, CP/M-86, or MS-DOS). 
The operating system functions available are documented in the 
manuals listed below. 

CP/M-80 Interface Guide section of Digital Research's CP/M 2.2 
Operating System Reference Manual. 

CP/M-86 

MS-DOS 

Digital Research's CP/M-86 User's Guide, System 
Guide, and Programmer's Guide. 

MS-DOS Programmers Guide. 

Accessing CP/M-SO and CP/M-S6 BIOS 
CP/M-80/CP/M-86 also provide a BIOS (Basic Input/Output System) 
interface that is available to the programmer. The BIOS interface is 
described in the following manuals: 

CP/M-80 Alteration Guide section of Digital Research's CP/M 
2.2 Operating System Reference Manual. 

CP/M-86 Digital Research's CP/M-86 User's Guide, System 
Guide, and Programmer's Guide. 

CP/M-86 has an operating system function (#50) that provides access to 
the CP/M-86 BIOS. 

The BIOS interface for CP/M-80 version 2.2 is not supported as an 
operating system function. An application program may call 16 of the 17 
BIOS vectors; the first vector Cold boot may not be called. Because the 
BIOS jump table is not anchored to any fixed memory locations, 
application programs must not directly call any of the jump vectors 
without first calculating the address of the desired vector. At address 
OOOOH is a jump instruction to the second BIOS vector -wboot. The 
application program should read the address stored at address 0001 H 
and 0002H, then add the offset of the desired BIOS jump vector and call 
this U calculated U address. 
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For example, suppose an application program needed to determine 
whether or not the list device is busy. This is not supported with an 
operating system function call under CP/M-SO 2.2. 

; Users program 

call biolsts 
or a 

;get status of list device 
;result is returned in a 
;00 = not ready 
;else = ready 

;Continue 

Biolsts: 

Id 
Id 
jp 

hl,(OOOl H) 
1,15*3 
(hi) 

; Get address of wboot 
; 15th vector 3 bytes per vector 

The reason that the biolsts label was "called" from the main program is 
to put a return address on the stack. Remember, all BIOS routines end 
with a return instruction. 

Additional BIOS Information 
The following describes parameters for some of the BIOS functions that 
are not described in the Alteration Guide. 

Sectran - The sector translate vector is documented to receive a logical 
sector number in the BC register pair, and the address of a logical-to
physical translate table in the DE register pair, returning the physical 
sector number from the table in the HL register. In the S20-11 and 16/S, 
when a double density disk or a rigid disk is being accessed, the DE 
register pair contains a OOOOH indicating no logical-to-physical skew 
table. When this occurs, the logical sector number is returned in the HL 
register. 

Seldsk - If bit 0 of the E register is 0, the BIOS recognizes this as a first
time select of the disk and will request the physical disk driver to 
determine the type of media currently in the drive. 

Write - The C register contains the write type. 

152 

o Write to an allocated data block 
1 
2 

Write to directory 
Write to an unallocated data block 
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CP/M Logical. 820·11 Physical Device Mapping 
The IOBYTE has been partially implemented in the 820-11 to enable 
optional re-assignment of CP/M character devices (console and list) to 
different physical devices on the 820-11 (CRT/keyboard, serial modem 
port, serial printer port, and parallel printer port). This logical-to
physical device mapping can be changed either under program control 
or with CP/M's transient command, STAT. 

CP/M Logical 
device names 
CON: 
RDR: 
PUN: 
LST: 

Physical 
device names 
TTY: CRT: 
TTY: PTR: 
TTY: PTP: 
TTY: CRT: 

BAT: UC1 : 
UR1 : UR2: 
UP1 : UP2: 
LPT: UL1: 

The chart above lists the CP/M logical device names in the left column 
and the valid physical devices for each logical device is listed to the right 
of the logical device na\T1e. For example the logical console device can be 
mapped to the physical TTY:, CRT:, BAT:, or UC1:, but not PTR:. 

The chart below shows the mapping of physical device names to physical 
devices on the 820-11. 

CP/M physical 
device names 
BAT: 
CRT: 
LPT: 
PTP: 
PTR: 
TTY: 
UC1 : 
UL1: 
UP1 : 
UP2: 
UR2: 
UR1: 

820·11 Physical 
devices 
Serial printer port 
820-11 CRT and keyboard 
Serial printer port 
Serial modem port 
Serial modem port 
Serial modem port 
Serial printer port 
Parallel printer port 
Serial modem port 
Serial modem port 
Serial modem port 
Serial modem port 
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CP/M Logical-16/8 Physical Device Mapping 
The IOBYTE has been fully implemented on the 16/8. The tables below 
describe the logical to physical device mapping for CP/M-80 and CP/M-86. 
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CP/M-80 Logical 
device names 
CON: 
RDR: 
PUN: 
LST: 

CP/M-86 Logical 
device name 
CON: 
AXI: 
AXO: 
LST: 

CP/M physical 
device names 
BAT: 
CRT: 
LPT: 
PTP: 
PTR: 
TTY: 
UC1 : 
UL1: 
UP1 : 
UP2: 
UR2: 
UR1: 

Physical 
device names 
TTY: CRT: 
TTY: PTR: 
TTY: PTP: 
TTY: CRT: 

Physical device 
names 
TTY: CRT: 
TTY: PTR: 
TTY: PTP: 
TTY: CRT: 

16/8 Physical 
devices 

BAT: 
UR1: 
UP1: 
LPT: 

BAT: 
UR1 : 
UP1 : 
LPT: 

Serial printer port 
16/8 CRT and keyboard 
Serial printer port 
16/8 CRT and keyboard 
16/8 CRT and keyboard 
Serial modem port 

UC1 : 
UR2: 
UP2: 
UL1: 

UC1 : 
UR2: 
UP2: 
UL1 : 

Inter-processor communication channel 
Parallel printer port 
Serial printer port 
Inter-processor communication channel 
Inter-processor communication channel 
Serial printer port 
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In the 16/8 configuration, an application program running on the 8086 
can communicate with an application program running on the Z80-A 
through the inter-processor communication channel by changing the 
I/OBYTE value and using console input and console output functions. 

INPUT 
AO = Stop 8086 
A 1 = Start 8086 
OUTPUT 
AO, D7 = 1: Lock 8086 
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1/0 PORT ASSIGNMENTS 

Note: These input/output ports are accessible by the Z80-A only. The 
8086 microprocessor on the 16/8 cannot access these I/O ports. 
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Port # 
(hex) 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
00 
OE 
OF 
10 

11 

12 

13 

14 
15 
16 
17 
18 
19 
1A 

Assignment 

Channel A Baud Rate (Modem) (write only) 
Channel A Baud Rate (Modem) (write only) 
Channel A Baud Rate (Modem) (write only) 
Channel A Baud Rate (Modem) (write only) 
SIO Channel A (Modem) Data 
SIO Channel B (Printer) Data 
SIO Channel A (Modem) Control 
SIO Channel B (Printer) Control 
GP-PIO Channel A Data 
GP-PIO Channel A Control 
GP-PIO Channel B Data 
GP-PIO Channel B Control 
Channel B Baud Rate (Printer) (write only) 
Channel B Baud Rat.e (Printer) (write only) 
Channel B Baud Rate (Printer) (write only) 
Channel B Baud Rate (Printer) (write only) 
Floppy Disk Controller Status/Command Register 

Fixed Disk PIO Channel A Data 
Floppy Disk Controller Track Register 

Fixed Disk PIO Channel A Control 
Fixed Disk PIO Channel B Data 

Floppy Disk Sector Register 
Fixed Disk PIO Channel B Control 

Floppy Disk Data Register 
CRT Scroll Register (write only) 
CRT Scroll Register (write only) 
CRT Scroll Register (write only) 
CRT Scroll Register (write only) 
CTC Channel 0 
CTC Channel 1 
CTC Channel 2 
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I/O PORT ASSIGNMENTS continued 
Port # Assignment 
(hex) 

1 B CTC Channel 3 
1 C System Pia Channel A Data 
1 D System Pia Channel A Control 
1 E System Pia Channel B Data (keyboard) 
1 F System Pia Channel B Control (keyboard) 
(20-27 not used and not available) 
28 Speaker cone push (write only) 
29 Speaker cone pull (write only) 
(2A-2F not used and not available) 
30 Select Single Density 
31 Select Double Density 
(32-33 not used and not available) 
34 Reset CRT Font Generator to ROM # 1 (write only) 
35 Reset CRT Font Generator to ROM #2 (write only) 
36 Set Low-Light Video Mode (write only) 
(37-67 not used and not available) 
68 Asynchronous Communications (write only) 
69 Synchronous Communications (write only) 

80 - 9F Reserved 
FE - FF Reserved 

AD - A3 16/8 CPU Board 
A4 - AF Reserved 
BO - BF Reserved 
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ROM Operating System Interface 
The 820-11 and 16/8 also provide a series of ROM operating system jump 
vectors that can be accessed by a program executing on the Z80-A for 
other functions available on the 820-11 and 16/8. It is important to note 
that these should be used only when the necessary service is not 
provided by the operating system. Use of these ROM services makes the 
program un-transportable to most other computers. Also, use of the 
ROM operating system I/O services may make the program inoperable 
under the dual CP/M-80/86 system. 

CRT Overview 
The CRT functions involve the moving of characters to the CRT RAM and 
character display. (The entry points described in this section are in the 
Monitor; see 10BYTE, starting on page 167 for BIOS display-related calls). 
CRTOUT simply displays a character at the cursor position and increments 
the cursor. FASTCRT also displays a character at the cursor position, but 
keeps track of and returns information about characters lost at the end 
of a line, deleted characters, etc. SETCUR stores a CRT RAM address; 
OUTCUR then stores a character at this address. CRTLDIR will move a 
block of memory (or group of characters to or from CRT RAM). 

CRT Output 
Entry Point: 
Function(s) 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 
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FOOCH 
At the current cursor position, display the 
character in register A or perform the special 
function defined by the character sequence 
supplied in consecutive calls to CRTOUT. 
(A) the character to display 
None 
All 
None 
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Fast CRT Output 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 

FOOFH 
At the current cursor position, display the 
character in register C or perform the special 
function defined by the character sequence 
supplied in consecutive calls to FASTCRT. 
(C) the character to display 

Normal display (A) character under the cursor 
character: (HL) CRT RAM address of the cursor 

The special functions will return the following: 
Character Insert (A) character that was lost off the end 
1 B 51 h ofthe line 
Character Delete 
1857h 
Line Insert 
1845h 

Line Delete 
1852h 
Line Feed 
OAh 

Registers Saved: 
Errors Returned: 

Set Oi red CRT Cursor 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

(A) character that was deleted 

The line that was lost off of the bottom of the 
screen is moved to the Command Processor's 
line buffer. This buffer is located immediately 
after the Time-of-Day clock variables, whose 
address is obtained by calling F039. 
The line that was deleted is moved to the line 
buffer as in Line Insert. 
The A register returns a flag indicating 
whether or not the line feed caused the top 
line to be lost (scrolled) (A = 0 - scrolled, A :1! 0 
- not scrolled). If so, the line may be found in 
the line buffer as in Line Delete. 
None 
None 

F02DH 
Store the address passed in registers HL for use 
in successive calls to Direct CRT Display. 
(HL) = CRT RAM address 
None 
None 
None 
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Direct CRT Display 
Entry Point: 
Function(s): 

Arguments: 

Value(s) Returned: 
Registers Saved: 
Errors Returned: 

CRT Memory Block Move 

F030H 
Store the character in C in the CRT RAM at the 
Direct Cursor location. The normal cursor is 
unaffected. The direct cursor address is 
incremented, however line/screen overflow is 
not processed. 
(C) = character to display 
(HL) = CRT RAM address 
None 
None 
None 

Entry Point: F033H 
Function(s): This entry point moves a memory block to/from 

or within the alternate memory bank. It 
functions like the Z80-A LDIR instruction 
except that it also takes care of switching 
memory banks. When data is transferred 
between Bank 0 and Bank 1, source data is first 
moved to the internal line buffer, then the 
memory bank is switched and the data saved in 
the internal buffer is transferred to its 
destination. This sequence of operations is 
repeated until all source data has been 
transferred. When data is transferred within 
the CRT RAM, there is no internal buffering 

Arguments: 

Value(s) Returned: 
Registers Saved: 
Errors Returned: 

160 

performed. 
(HL) source address 
(DE) = destination address 
(BC) = number of bytes to move 
(A) = type of move 

o if move CRT RAM to CRT RAM 
< 0 if move system RAM to CRT RAM 

(i.e., A = FFH) 
> 0 if move CRT RAM to System RAM 

(i.e.,A= 1) 
HL, DE, BC updated as in LDIR instruction 
None 
None 
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Execute Physical Driver 
This entry point is the heart ofthe disk system. Upon entry, register HL 
must point to a nine-byte block of memory called the Physical Driver 
Request Block (PDRB) which must be formatted as shown below: 

00: db command ;FF = Select 
;00 = Write 
;01 = Read 

01 : ds ;for system use 
02: db Ldrive ;Logical Drive for request (00 - OF) 
03: dw Track ;Track number for request 
05: dw Sector ;Sector number for request 
07: dw Address ;Address of sector buffer for request 

The byte holding the Logical Drive (HL + 02) is used to select the 
appropriate physical disk driver by indexing into the Select Table to 
obtain the driver unit as well as the driver entry point address. Byte 
(HL + 01) is filled with the physical unit number for this physical driver, 
then control is passed directly to the physical disk driver. 

User-written disk drivers may be linked into the Select Table if these 
drivers conform to the virtual interface described. The following 
command values (HL + 00) must be supported by any user generated 
physical driver. 

Entry Point: 
Function(s) : 

F02AH 
FF· Select Media Format - This command 
causes the disk driver to identify the media in 
the physical unit. Registers HL return pointing 
to a CP/M-compatible Disk Parameter Header if 
the media was successfully identified. 
Otherwise HL contains zero. 
This command may cause several disk accesses 
because it must determine the disk's density 
and the number of sides. Therefore, it should 
not be issued repeatedly, or system 
performance may be affected. Xerox's CP/M 
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Arguments: 

issues this command whenever a disk drive is 
'logged in'. 
00·· Write Sector - This command causes the 
physical sector identified by bytes 03 through 
06 of the PDRB to be written from the buffer 
addressed by bytes 07 and OB. The acceptable 
values for Track and Sector vary with different 
physical disk drivers. 
01·· Read Sector - This command causes the 
physical sector identified by bytes 03 through 
06 ofthe PDRB to be read into the buffer 
addressed by bytes 07 and 08. The acceptable 
values for Track and Sector vary with different 
physical disk drivers. 

Note: On read/write sector requests, the first physical 
sector number on double density floppies is 
actually 1; however, the PDRB must request 
sector 0 for the first physical sector. The 
second physical sector can be accessed with a 
request for sector 1, etc. Si ngle density 
floppies access physical sector 1 by requesting 
sector 1. 
HL = address of Physical Driver Request 

Block (PDRB) 
Value(s} Returned: 

If SELECT command: HL address of a CP/M-compatible Disk 
Parameter Header if the media was 
successfully identified 

If READ or 
WRITE command: 

Registers Saved: 
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HL = 0 otherwise 

(A) 00 if no error 
(A) = FF if error 
None 
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Printer Overview 
The Monitor printer entries SIOST, SIOIN, SIOOUT, and SIORDY are those 
functions which check status and provide for input and output for SIO 
Channel B, a serial printer. Printer protocols are processed only by the 
SIO Channel B entries. 

S10·8 Input Ready Status 
Entry Point: F012H 
Function(s): Get SIO Channel B input ready status. 
Arguments: None 
Value(s) Returned: (A) = 00 if no data available 

Registers Saved: 
Errors Returned: 

S10·8 Input Data 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

S10·8 Output Data 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

(A) = FF if data available 
All exceptAF 
None 

F015H 
Get SIO Channel B input character. If an input 
character is not ready, IDLE is called repeatedly 
until one is ready. 
None 
(A) = character 
All exceptAF 
None 

F018H 
Wait until the SIO Channel B transmitter is 
ready (by calling SIORDY), then transmit the 
character in (A). IDLE is called while the 
transmitter is not ready. 
(A) = character to transmit 
None 
None 
None 
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S10·8 Output Ready Status 
Entry Point: F03FH 
Function(s): Determine if the device connected to SIO 

Channel B is ready to receive data. SIORDY 
supports the configured printer protocol and 

Arguments: 
Value(s) Returned: 

Registers Saved: 
Errors Returned: 
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the DC1/DC3 (XON/XOFF) sequence. 
None 
(A) = 00 if not ready 
(A) = FFifready 
All exceptAF 
None 
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Communications Overview 
Monitor entries for status and inpuUoutput are also provided for SID 
Channel A, which is generally used as a communications port. These 
entries are COMINS, COMINP, COMOUT, AND COMOTS. 

Communications Input Ready Status 
Entry Point: F05AH 
Function(s): Get the SID Channel A input ready status. 
Arguments: None 
Value(s) Returned: (A) = 00 if not ready 

(A) = FFifready 
Registers Saved: All exceptAF 
Errors Returned: None 

Communications Input Data 
Entry Point: F05DH 
Function(s): Input character from SID Channel A. 
Arguments: None 
Value(s) Returned: (A) character 
Registers Saved: None 
Errors Returned: None 

Communications Output Status 
Entry Point: F060H 
Function(s): Determine if the SID Channel A transmitter is 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

ready to accept data. 
None 
(A) = OOifready 
All exceptAF 
None 

Note: IDLE is not called by the Channel A drivers. Therefore, these 
entries may be called by a user-written IDLE procedure. In this 
manner, you may drive Channel A while other I/O (disk, printer, 
etc.) is pending. 
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Keyboard Overview 
The Monitor keyboard entries, KBDST and KBDIN, provide for keyboard 
status and input. A 16 (decimal) key type-ahead FIFO is maintained for 
the keyboard on an Etch 2 CPU. 

Keyboard Status 
Entry Point: 
Function(s): 
Arguments: 
Value(s) Returned: 

Registers Saved: 
Errors Returned: 

Keyboard Input 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 
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F006H 
Determine if a keystroke is available. 
None 
(A) = 00 if no character available 
(A) = FF if character available 
All exceptAF 
None 

F009H 
Wait for keyboard input data. IDLE is called 
while input is not available. 
None 
(A) = character 
All exceptAF 
None 
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IOBYTE Directed 110 
The 10BYTE function allows for physical-to-Iogical device mapping. This 
mapping capability provides flexibility and device isolation for the user. 
If 10BYTE-directed 110 is used. a program does not have to know which 
devices are currently active; the Operating System will perform the 
10gical-to"physicaIIl0 mapping. 

The mapping is based on the contents of 10BYTE. location 0003. which 
defines the assignment of devices to the CONSOLE, READER, PUNCH. and 
LIST devices. Monitor entries 10CONS. 10CONI, and 10CONO provide for 
status of and input/output to the CONSOLE device. 10LIST and 10LSTS 
provide for status of and output to the LIST device. In addition. the BIOS 
has entries PUNCH and READER to access the Communications Channel. 

Console Status through 10BYTE 
Entry Point: F04BH 
Function(s): Get status of the assigned CONSOLE device by 

dispatching request based upon the current 
(bit) values of 10BYTE as follows: 

Arguments: 
Value(s) Returned: 

Registers Saved: 
Errors Returned: 

None 

00 - Comins 
01 - Kbdst 
10 - Siost 
11 - Siost 

(A) = 00 if not ready 
(A) = FFifready 
None 
None 

Console Input through IOBYTE 
Entry Point: 
Function(s): 

Arguments: 

F04EH 
Get input from the assigned CONSOLE device 
by dispatching request based upon the current 
(bit) values of 10BYTE as follows: 

None 

00 - Cominp 
01 - Kbdin 
10 - Sioin 
11 - Sioin 
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Value(s) Returned: 
Registers Saved: 
Errors Returned: 

(A) = character 
None 
None 

Console Output through IOBYTE 
Entry Point: F051 H 
Function(s): Send output to the assigned CONSOLE device 

by dispatching request based upon the current 
(bit) values of IOBYTE as follows: 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

00 - Comout 
01 - Fastcrt 
10 - Sioout· 
11 - Comout 

(C) = character to transmit 
None 
None 
None 

Printer Output through IOBYTE 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 
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F054H 
Send output to the assigned LIST device by 
dispatching request based upon the current 
(bit) values of IOBYTE as follows: 

00 - Comout 
01 - Fastcrt 
10 - Sioout 
11 - Pioout (parallel printer) 

(C) = character to transmit 
None 
None 
None 
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Printer Status through IOBYTE 
Entry Point: F057H 
Function(s): Get status of the assigned LIST device by 

dispatching request based upon the current 
(bit) values of IOBYTE as follows: 

Arguments: 
Value(s) Returned: 

Registers Saved: 
Errors Returned: 

00 - Comots 
01 Return ready 
10 Siordy 
11 Piosto (parallel printer) 

None 
(A) = 00 if not ready 
(A) = FF if ready 
All exceptAF 
None 
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Programmable Functions 
The following are system exit points. They are provided to allow 
application-specific activities on a 1-second interrupt, when an I/O 
request is pending or when a soft disk error occurs. 

In order for the ROSR Monitor to call these functions, the address of your 
routine must be patched into the appropriate Monitor vector table 
entry. A vector table entry is in the following format (LSB/MSB means 
Least/Most Significant Byte of address): 

Byte 1 
Jump Instruction 

Byte 2 
LSB 

Byte 3 
MSB 

For example, a jump to location F048H would look like: 

Byte 1 
C3 

Byte 2 
48 

Byte 3 
FO 

The application must first retrieve and save the address portion of the 
appropriate vector table entry. (The saved address must be restored 
when the application terminates.) After the vector table contents are 
saved, the application must store the address of its programmed 
function into the vector table entry (overwriting the previous contents). 
You must be careful to replace only the address portion of the jump 
instruction and to put the address bytes in the proper order. 
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A sample code sequence for patching (using Z80-A assembly language): 

Secvec 
Commrm 

Syspio 
Banksw 

Start: 

Exit: 

Example 

.z80 
equ Offi48h ;accessible l·second interrupt vector 
equ OcOOOh ;start of common memory 

equ lch ;system piodata 

equ 7 ;bank switch bit 

aseg 
org 100h 

Initialization 

Id 
Id 

or 

sbc 
jp 

Id 
Id 

Id 
Idir 

call 

hl,(6) 

de,usrrou + usrsiz 

a 

hl,de 

cterext 
hl,usrst 

de,commrm 

bc,usrsiz 

swap 

;get highest available address under bdos 

;if end of driver> highest available address 

;then exit with error message 
;ifthere is enough space, move user's routine 

;to common memory. 

;swap clock vector with value at swpvec 

Now the accessible I-second interrupt has been changed 
to jump to the routine contained in the application program. 

The remainder of the application program would be here branching 

to the exit routine when it is time to go back to the operating 
system. 

;"' .... ****** ........................................... *"' ........ . 

.. Your Program goes here 

;** ... ******* ............ "'*"' ... *** .... ***"' ... . 

On exit, swap clock vector again to restore original value. 

call 
jp 

swap 

o 
;swap vectors back 

;return to operating system 
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Erext: 

Usrst 

Usrrou: 

Usrsiz 

Swap: 
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ld de,ermsg ;give error message 

ld c,9 ;print string function 

call 5 

jp 0 

equ $ 

.phase commrm 

This routine is executed as part of the I-second interrupt 

service routine. It is possible for the CRT bank to be 

enabled; this routine forces the RAM bank to be selected. 

Also, because this is executed as part of an interrupt service 

routine, the interrupts do not need to be disabled during bank 

switching. 

in a,(syspio) ;read current value of system port 

push af ;& save current value away 

res banksw,a ;force bank switch to ram bank 

out (syspio),a 

ld hl,(clkval) ;get current value of clkval 

inc hi ;increment & save new value 

ld (clkval),hl 

Id hl,(swpvec) ;hl = previous address of clock vector 

pop af ;get previous value of system port 

out (syspio),a ;& reswre it 
jp (hi) ;instead of returning so clock routines can 

;bechained 

.dephase 

equ $-usrst 

Swap address at location Swpvec with address injump vector 

Id hl,secvec + 1 

ld be,(swpvec) 

di 

Id e,(hl) 

Id (hll,c 

inc hi 

ld d,(hl) 

;point hi to one second vector 

;bc = address new value for clock vector 

;disable interrupts while changing vector 
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ld 
ld 

ei 

ret 

Clkval: dw 
Swpvec: defw 

Ermsg: db 

end 

(hl),b 

(swpvec),de 

o 
USrl'Qll 

;Clock vector = users Clock routine 
;Save original vector for exit 

;interrupts ok now 

;Flag to be checked by program 

;Save system's I-second vector here for exit 

'Not enough Space in common memory for programS' 
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Accessible 1-second interrupt 
Entry Point: F048H 
Function(s): This exit point is called by the real time clock 

interrupt service routine once each second. 
This user-programmed function must follow 
the rules of interrupt service processing. Only 
registers HL and AF may be used. Any other 
registers must be saved/restored on the five 
level stack provided. The address of your 1-
second interrupt processing routine must be 
patched at F049-F04A. Your routine should 
terminate with a jump to the address that was 
in this vector table entry (F049-F04A) prior to 
patching. 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

Currently, this function simply returns. 
HL = 16-bit seconds counter 
N/A 
The service routine must preserve all registers 
N/A 

Processing While 110 Pending 
Entry Point: F066H 
Function(s): This exit point is called by SIOIN, SIOOUT, 

KBDIN, and by the WD1797 and SA 1403 disk 
drivers when an I/O request cannot be satisfied 
because the device is busy or not ready. It 
provides the capability of performing other 
activities while waiting for I/O. This entry must 
function as an interrupt service routine. That 
is, it must: switch to a local stack (no system 
stack space may be used), save ALL modified 
registers (including flag register), perform its 
function, restore all saved registers, and enable 
interrupts. 
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The address of the idle processing routine must 
be patched at F067- F068. (When complete, 
the idle processing routine should jump to the 
contents of the vector table entry, F067-F068, 
prior to patching. This has effect of chaining 
all idle processors together and ensures that 
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Arguments: 
Value(s} Returned: 
Registers Saved: 
Errors Returned: 

each one has an opportunity to execute.} The 
original contents of this vector should be 
restored when the application completes. 
Currently this function simply returns. 
N/A 
N/A 
You must save all registers 
N/A 
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Soft Error Recording 
Entry Point: 
Function(s): 

Arguments: 

Value(s) to be 
Returned by You: 

Registers Saved: 
Errors Returned: 
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F069H 
This exit point is called by the WD1797 and 
SA 1403 disk drivers when a soft error occurs. It 
provides you with the opportunity to record 
and/or process occurrences of soft errors. The 
address of your soft error processing routine 
must be patched at F06A-F06B. 
The address of the idle processing routine must 
be patched at F067- F068. (When complete, 
the idle processing routine should jump to the 
contents of the vector table entry, F067-F068, 
prior to patching. This has the effect of 
chaining all idle processors together and 
ensures that each one has an opportunity to 
execute.) 
The original contents of this vector must be 
restored when the application completes. 
Currently this entry returns a non-zero 
condition. 
ForWD1797: 
HL address of Physical Driver Request 

Block (for Xqdvr) 
(B) current retry down counter 
For SA1403: 
HL address of Physical Driver Request 

Block (for Xqdvr) command block + 1 
(B) = current retry down counter 

(B) 
If (B) 

(A) 

number of retries desired 
1 (no more retries) 
00 and Z(ero) Flag Set 
no error returned to CP/M 
FF and Z(ero) Flag Reset 
error returned to CP/M 

Currently, (B) is unchanged 
(A) FF and Z(ero) Flag is Reset 

All exceptAF 
None 
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Miscellaneous Functions 
Other Monitor entries are COLD which provides a software reset and 
WARM which is an exit point from the system. GETSEL will return the 
address of the logical-to-physical disk mapping table. DAYTIM returns 
the address of the timer variables. CONFIG returns the system 
configuration. SSP will initiate a screen print. 

Cold Start 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

Warm Start 
Entry Point: 
Function(s): 

FOOOH 
This entry point may be called at any time to 
cause a Software Reset. The system is reloaded 
from ROM and all 110 devices are re-initialized. 
None 
None 
SP, HL, (SP) are saved at FFEO in RAM 
No Return 

F003H 
This system exit point is called by the keyboard 
interrupt service routine when <CTRL> + 
< ESC> is touched. When executi ng the 
power-on commands, (Typewriter, Host 
Terminal, etc.), this exit point is set to the 
address of the Command Processor Line 
Scanner. Thus, <CTRL> + <ESC> is used to 
exit the various command processors. When 
the L(oad) command enters the boot loader, it 
directs the exit point to the Cold Start entry 
point. This causes <CTRL> + <ESC> to act 
similar to pressing the RESET button. 
You may load the address of your own 
software-abort routine into locations F004-
FOOS. This routine must be located in the 
upper 16k of RAM (above COOO). Only the HL, 
BC, and AF registers are available for use if the 
routine RETurns to the keyboard interrupt 
driver. Any other registers used must be saved. 
Only five levels of stack space are available. All 
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Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

rules of interrupt service processing must be 
followed. For example, no calls may be made 
to the system I/O drivers. Typically, a routine 
will set an abort flag that is monitored by the 
application and then exit with a return 
instruction. When the application sees the flag 
set, it should proceed with its own abort 
sequence. 
To disable this function, simply patch a return 
instruction at location F003 (overwriting the 
jump operation code). The original contents 
of this vector should be restored when your 
application completes. 
N/A 
N/A 
N/A 
N/A 

Get Disk Map Table Address 
Entry Point: F036H 
Function(s): The address of the Logical to Physical disk 

mapping table (see Appendix C) is returned in 
registers HL. If register H is non-zero on entry, 
the table address is stored in the two-byte 
variable pointed to by HL. This allows easy 
access by high level programming languages. 
The table consists of two sections. The first 
section contains sixteen two byte entries - one 
for each logical CP/M drive. The first byte of 
each pair indicates which physical disk driver to 
activate for an I/O request; the second byte 
specifies which physical unit within that 
physical driver to access. These byte pairs may 
be carefully rearranged with other byte pairs 
in the table. They may even be removed or 
overwritten, but they must not be duplicated 
elsewhere in the table. The second part of the 
table holds the addresses of eight physical disk 
driver entry points. By convention, driver 
number 0 always returns an error. It is used to 
force Select Errors on undefined logical drives. 
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Arguments: 

Value(s) Returned: 

Registers Saved: 
Errors Returned: 

Driver number 1 controls all of the standard 
disk systems. Additional virtual disk drivers 
linked into this table, with appropriate values 
in the first section, may be accessed through 
the normal CP/M disk I/O facilities. 
H 0 
·OR· 
HL 

HL 

None 
None 

address of integer variable where the 
disk map table address will be stored 
address of the disk map table 
If the H register was non-zero on 
entry, the address of the disk map 
table will also have been stored in the 
address contained in HL on entry to 
GETSEL 
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Get Address ot Time-ot-Day Variables 
Entry Point: F039H 
Function{s): This entry is used to gain access to the timer 

variables maintained by the system. As in 
GETSEL, if register H is non-zero on entry, it is 
used as the address of an integer variable in 
which to store the result. In any case, HL holds 
the timer address on exit. The return address 
points into the following structure (numbers 

Milsec: ds 

ds 
Ticker: ds 
Steprt: ds 
Motor: ds 

HL-+ Day: ds 
Month: ds 
Year: ds 
Hour: ds 
Minute: ds 
Second: ds 
Linbuf: ds 

Arguments: 

Value(s) Returned: 

Registers Saved: 
Errors Retu rned: 
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2 

2 
2 

1 
1 
1 
1 
1 
1 
80 

are decimal): 
; Location incremented by CTC1 

interrupt (if enabled) 
;(unused) 
; Increments once per second 
;WD1797 step rate 
; Disk Motor/Select timeout (1 Hz) 
;01-31 
;01-12 
;80-99 
;00-23 
;00-59 
;00-59 
; Li ne buffer referred to in 

FASTCRT and CRTLDIR 
H = 0 
- OR -
HL address of integer variable where the 

address of the time of day variables 
will be stored 

HL = address of the time of day variables 

None 
None 

If the H register was non-zero on 
entry, the address of the time of day 
variables will also have been stored in 
the addressed contained in HL on 
entry to DA YTIM. 
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Get Configuration Status 
Entry Point: F03CH 
Function(s): This entry point returns current configuration. 

This function should be used to get the system 
Revision level and status information such as: 
what kind of disk system is present, the current 
keyboard mask state, or other variable 
information concerning the 820-11 or 16/8. 
Only four status bits are currently defined (all 
zero bits are reserved for system use), but more 
may be added in later releases. 

Arguments: H 0 
-OR-

Value(s) Returned: 

For example: 

Monitor level 4.03 

Registers Saved: 
Errors Returned: 

HL address of integer variable where the 
address of the configuration status 
will be stored 

H dvvvvvvv (Revision level)* 1 00 - 400 
d 1 means CP/M-86 is loaded 

o means CP/M-86 is not loaded 
vvvvvvv is ROM Version # -400; i.e., 4.03 ROM 
returns the value 3 in bits 0-6 
(H) (4.03)* 100 - 400 = 3 
L = kddfLOOO where: 
k = 0 7-bit keyboard data 

1 8-bit keyboard data 
dd 00 Rigid disk not present 

10 8" 8-megabyte rigid disk present 
f 0 8" floppies present 

1 5t" floppies present 
L 1 Low Profile keyboard present 

o ASCII keyboard present 
H (revision level)*1 00 - 400 
L configuration status 

None 
None 

If the H register was non-zero on 
entry, the configuration status will 
also have been stored in the address 
contained in HL on entry to CON FIG. 
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Start Screen Print 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

F045H 
This entry point initiates background screen 
print. Don't change the screen during printing 
or the printout won't be what you expect. 
None 
None 
None 
None 

Documented System Storage and Structures 
The documented system variables and structures include keyboard FIFO, 
available memory pointers, disk mapping and driver selection tables, disk 
command block and timer and clock variables. A listing of each of these 
variables and structures is provided in Appendix C. 
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SYSTEM DISPLAY 

Modes of Operation 
The display has two modes of operation, Display Character Mode and 
Graphics Mode. 

The CPU Board is equipped with a CRT display controller for use with a 
video monitor as the system console output device. The refresh memory 
for the CRT is bank-switchable from the system's 64k byte memory space 
and includes a hardware address translation circuit for high speed 
scrolling. The Character Mode contains an output driver routine for the 
CRT that emulates the characteristics of a typical stand-alone video 
terminal. All character codes between 00 and 7F hex are directly 
displayable on the screen. Each character is formed in a 5x8 dot matrix. 
When the most significant bit of the character is set to "1", the attribute 
function is turned ON. One of three attributes may be chosen: Blink, 
Low Intensity, or Inverse Video. Only one attribute can be displayed at a 
time, and only those characters with the most significant bit set will show 
the selected attribute. 

To display an up arrow (09h) with an attribute, output a 09h character 
using the CP/M function "Direct I/O" #6. A low-intensity up arrow (89h) 
is displayed like all the other codes described above. 

For more information on the CRT, see pages 15 to 17. 
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Text Character set 

LEAST SIGNIFICANT DIGIT 

\ 
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Graphics Character Set 

LEAST SIGNIFICANT DIGIT 

HE,X .. , " :3 4 ~, 6 ! ;:' '~ M E: C [:r E F 

0 I' ." i. ~ ~ [] ~ ~ ~ ~ [I ~ ~ II! !.II II! I 

1 
- , 

~] ~ ~ IJ IJ ~ ~ ~ ~ [J ~ If! I! II I ~" 
,-, "'! '. ~ ~ ~ ~ ~ [J ~ [I ~ !-II ,. iI I . - ,. I .. 

~ ~ '. ~ &J ~ ~ Il [I ~ [I ~ .. i iii • ..... 
4 'I ~I [~ ~ ~J iJ ~ i! Gj ~ [j !Iii ~ ~ ~ i 
~, "'1 ~ ~ ~ ~J IJ ~ Ii! ~ ~ Lii " ~ Il ~ I L.~ 

t 11 ~ I~ /III! ~ il ~ f ~ ~ [J ~ ~ ~ ~ I 
- ~ /I': r- ~ ~ (j ~ ~ ~ ~ LI !I ~ 11 ~ • li IiIJ 
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Programming Considerations 
Display Character Mode 
New characters are stored on the screen at the locations occupied by the 
cursor. The cursor is then moved one space to the right. If the cursor is 
positioned at a screen location occupied by a non-blinking character, the 
presence of the cursor will be indicated by making the overlaid character 
blink. If a line feed (OAh = LF) is output when the cursor is on the 
bottom line of the screen, the entire display is scrolled up one line and a 
new blank line is created on the bottom. If the displayed character is 
output when the cursor is in the right-most column of the screen, an 
automatic carriage return and line feed are generated. 

All characters codes between 20h and 7Fh are directly displayable on the 
screen. All character codes between OOh and 1 Fh are interpreted as 
control characters. The video display may be controlled by these control 
codes and escape sequences to perform screen manipulations. 

Display Manipulation through CTRL codes 
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Code 
(hex) 
05 
06 
07 
08 
09 
OA 
OB 
OC 
00 
11 
18 
1A 
1B 
1E 
1F 

CONTROL SEQUENCES 

Function 

Set cursor character as next character 
Restore previous attribute mode 
Bell 
Backspace or cursor left 
Horizontal tab 
Line feed or cursor down 
Cursor up 
Cursor right 
Carriage return 
Clear to end of screen 
Clear to end of line 
Clear screen and home cursor 
Escape 
Home 
Display next character direct 
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DISPLA V CODE DESCRIPTION 

The display control codes of the 820-11 and 16/8 pes are downwardly 
compatible with the original 820 with several advanced editing features 
added. The following summarizes the effect of each of the display 
codes. 

05h 

06h 

07h 

08h 

09h 

OAh 

OBh 

OCh 

CONTROL CODES 

Set cursor character. After receiving this code, the next 
character is interpreted as the code to be used as the 
cursor. Only codes between 0 and 20 hex will be 
accepted. The normal cursor code is 02h. The "space" 
character (20h) is a special case used to eliminate the 
display of a cursor. This is useful for displaying a screen 
without a large, visibly-moving cursor for special effects. 
Restore previous attribute mode. Whenever the 
attribute mode is changed, the previous mode is 
remembered. In this way, a program can set its own 
attributes for unique display requirements, and then 
restore the mode that was in effect before the program 
was run. Since the user may set a default attribute mode 
with CP/M's CONFIGUR program, it is desirable to restore 
the default mode after if has been temporarily changed. 
Bell. This code will sound a short tone to alert the 
operator. 
Backspace or cursor left. Moves the cursor one column 
position to the left without altering the character under 
the cursor. 
Horizontal tab. Moves the cursor to the next tab stop. 
Tabs are pre-set for every eighth column. 
line feed or cursor down. Moves the cursor down one 
row without affecting the current column position. 
Cursor up. Moves the cursor up one row without 
affecting the current column position. 
Cursor right. Moves the cursor one column position to 
the right without altering the character under the cursor. 
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ODh Carriag.e return. Returns the cursor to the first column 
position of the current row. 

11 h Clear to the end of the screen. Changes all characters to 
spaces beginning with the current cursor position to the 
end. of the screen. The position of the cursor remains 
unchanged. Characters before the cursor remain 
unchanged. 

18h Clear to the end of line. Changes all characters from the 
current cursor position to the end of the current line to 
spaces. The cursor position is unchanged. Characters 
before the cursor are unchanged. 

1Ah Clear screen and home cursor. Clears the entire screen 
and places the cursor in the home position (column 0, 
row 0). 

1 Bh. Escape. The fi rst character of an escape sequence. These 
sequences are explained on this page and the next. 

1 Eh Home Cursor. Moves the cursor to the home position 
(column 0, row 0) without otherwise affecting the screen 
display. 

1 Fh Display next character direct. After receiving this code, 
the next character is displayed directly on the screen 
without interpreting it as a special display function code. 
This code is usually used to display control characters that 
are not normally displayed by the ROSR. 
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Display Manipulation through ESC codes 
Listed below is a summary table of the multi-character sequences used to 
manipulate the display. Each sequence's effect is more fully described in 
the text following the table. Note that all of these sequences are all 
preceded by the escape character 1 Bh. 

28h 

29h 

<ESC> 
followed by 
28h 
29h 
2Ah 
30h 
31h 
34h 
35h 
36h 
37h 
38h 
3Dh 
45h 
51h 
52h 
57h 

ESCAPE SEQUENCES 

Function 

Disable attribute display 
Enable attribute display 
Clear screen 
Pass 7-bit keyboard data 
Pass 8-bit keyboard data 
Set blink attribute mode 
Set graphics attribute mode 
Set blink attribute mode 
Set inverse video attribute mode 
Set low intensity attribute mode 
XV cursor position lead-in 
Line insert 
Character insert 
Line delete 
Character delete 

Disable attribute display. Will cause all succeeding 
characters displayed on the screen to unconditionally 
have the upper bit reset, so that the selected attribute 
mode will not be displayed. Display will continue in this 
mode until changed by the < ESC> 29h sequence code. 
Enable attribute display. Setting this mode will cause all 
following characters displayed on the screen to 
unconditionally have the upper bit set, thereby causing 
the selected attribute mode to be displayed. This mode 
will continue in effect until the < ESC> 28h code disables 
it. 
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2Ah 

30h 

31h 

190 

Clear screen. This function clears the screen to spaces 
with the cursor at the home position. 
Pass only 7 bits of data from the keyboard. This is the 
default setting at power-on (or reset), and is compatible 
with the 820. This mode of operation does not allow 
many of the unique codes generated by the keyboard to 
be used by applications software. A corollary effect is 
also automatically engaged in the 7-bit mode. Only 7 bits 
of data will be passed to the video display screen. ASCII 
characters with the upper bit set will normally cause one 
of the four attributes to be displayed (blink, lowlight, 
inverse video, or graphics characters). The < ESC> 30h 
code prevents this sometimes undesired feature. 
Pass the upper bit of data from the keyboard. Using the 
<CTRL> key along with certain keys will set the upper 
(eighth) bit of that key, allowing these codes to be 
processed as special function keys by applications 
programs. The following 30 keys produce unique codes. 

Ctrl + Key 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
period 
plus sign 
minus sign 
up arrow 
down arrow 
right arrow 
left arrow 
line feed 
DEL 

Numeric Pad 
(hex) 
BO 
B1 
B2 
B2 
B4 
B5 
B6 
B7 
B8 
B9 
AE 
AB 
AD 
81 
82 
83 
84 
8A 
FF Reserved 
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34h or 36h 

35h 
37h 
38h 

3Dh 

Ctrl + Key Main Keyboard 
(hex) 

1 91 
2 92 
3 93 
4 94 
5 95 
6 96 
7 97 
8 98 
9 99 

9A 
backspace 88 Reserved 
tab 89 
return 80 Reserved 

Set blinking attribute mode. This code will not actually 
begin displaying blinking characters on the screen. 
Note: All the "set attribute mode" code sequences work 
in the same manner. An < ESC> 29h sequence is used to 
enable the display of the attribute characters, or storing 
characters on the screen with the upper bit set, as 
described above. Thus, any of the different attribute 
modes can be selected without affecting the screen 
display as long as there are NO characters on the screen 
with the upper bit set. If there ARE characters displayed 
on the screen with upper bit set, changing attribute 
modes will cause an IMMEDIATE change in the way the 
upper bit characters are displayed, depending on the 
attribute mode selected. 
Set graphic character attribute mode. See Note: above. 
Set inverse video attribute mode. See Note: above. 
Set low intensity attribute mode. See Note: above. 
It should be noted that low intensity is the default 
attribute mode. The CP/M CONFIGUR program allows 
you to select your own default attribute mode. 
Position the cursor to the location indicated by the 
following two row and column codes. The "home" 
position is designated as row 0, column O. An offset of 20 
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45h 

51h 

52h 

57h 

192 

hex must be added to the X and Y position codes. The 
positioning formula is: 
ESC = (X + 20h) (Y + 20h) 
where legal X (row) values are between 0 and 23 and 
legal Y (column) values are between 0 and 79. 
Line insert. Will move the entire line on which the cursor 
resides down one line, filling the cursor line with spaces, 
and causing the line on the bottom of the screen to 
disappear. (It is actually moved to the internal command 
line buffer for the monitor so that applications programs 
wishing to preserve the bottom line are able to do so.) 
The actual position of the cursor will not change. 
Character insert. Will insert a space at the current cursor 
position, causing the character under the cursor and all 
characters after the cursor to be shifted one position to 
the right. The last character on the line will disappear. 
The cursor position will remain unchanged and the 
character under the cursor will be the inserted space. No 
other lines will be affected. The character that was "lost" 
atthe end ofthe line will actually be placed into the A 
register and the HL register will be pointing to the 
current cursor position upon return from the Fast CRT 
jump vector entry point (OFOOFh) so that applications 
programs can preserve this character. 
Line delete. Similar to the line insert function except that 
the line on which the cursor resides will be deleted from 
the screen (and moved to the line buffer as described 
above), and all lines below it will be moved up one line. 
The position of the cursor will be unchanged. 
Character delete. This function will delete the character 
under the cursor and cause all characters to the right of 
the cursor to move one position to the left. The last 
character position of the line will be replaced by a space. 
The cursor position will be unchanged and the character 
under the cursor will now be the character that was to 
the immediate right of the cursor before the character 
delete operation. The deleted character will be placed 
into the A register and the HL register will be pointing to 
the current cursor position upon return from the Fast CRT 
jump vector entry point (OFOOFh) so that applications 
programs can preserve this character. 
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54h 

59h 

Clear to End of Line. Changes all characters from the 
current cursor position to the end of the current line to 
spaces. The cursor position is unchanged. Characters 
before the cursor position are unchanged. 
Clear to End of Screen. Changes all characters to spaces 
beginning with the current cursor position to the end of 
the screen. The position of the cursor remains 
unchanged. Characters before the cursor position 
remain unchanged. 
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Notes 
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Main Key Array: 

Numeric Key Pad: 

Cursor Keys: 

Interface 

ASCII Keyboard 

50 keys plus 3 modifier keys 
(Alpha Lock, Shift, and Control) 

20 keys to the right of the main array 

4 keys on numeric key pad 

u.s. ASCII-Coded Parallel Interface 

Engraving: U.S. Standard ASCII Keycaps 

The electronic keyboard uses a standard 96-character ASCII keyboard. A 
ten-key numeric pad is included for typing statistical material. Parallel 
output is standard. A list ofthe output codes (in hex) for the Unshifted, 
Shifted, and CTRL + sequences for this keyboard begins on page 198. 

Auto-Repeat 
When an auto-repeat key is pressed, the following will be generated: 

• internal code output 
• pause of 0.5 (± 0.1) seconds 
• repeat code output at rate of 16 (± 1) characters per second 
• code output terminates immediately upon release of key 

Repeat Keys Keystation 
-(minus) 12 
= (equal) 13 
backspace 14 
delete 15 

return 50 
line feed 51 
up arrow 52 

x 58 

. (period) 65 
I (slash) 66 

left arrow 68 
down arrow 69 
right arrow 70 

space bar 74 
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Function Key Priority 
When more than one function key is pressed, the output will use the 
function key with the highest priority. The priority of the function keys 
in descending order is: Shift, CTRL, Lock, Unshifted. 

Function Key Uses 
The Shift function (keystations 56 and 57) causes production of shift-key
codes. Affected keystations are: 

Key Keystation Key Keystation 
1 2 A 39 
2 3 S 40 
3 4 D 41 
4 5 F 42 
5 6 G 43 
6 7 H 44 
7 8 J 45 
8 9 K 46 
9 10 L 47 
0 11 ; (semi-colon) 48 
- (minus) 12 ' (apostrophe) 49 
= (equal) 13 

Z 57 
Q 21 X 58 
W 22 C 59 
E 23 V 60 
R 24 B 61 
T 25 N 62 
y 26 M 63 
U 27 , (comma) 64 
I 28 . (period) 65 
0 29 .I (slash) 66 
p 30 
[ 31 
1 32 
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Alpha Lock 
The Alpha Lock key (keystation 38) mechanically locks in the down 
position when first pressed and releases when pressed a second time. 
The Alpha Lock key activates the Shift key function for the keystations 
listed below. 

Key Keystation Key Keystation 
Q 21 F 42 
W 22 G 43 
E 23 H 44 
R 24 J 45 
T 25 K 46 
Y 26 L 47 
U 27 Z 57 
I 28 X 58 
0 29 C 59 
P 30 V 60 
A 39 B 61 
S 40 N 62 
0 41 M 63 

CTRL 
The CTRL key (keystations 73 and 75) allows almost every key on the 
board to have a second or third output code. The CTRL key is used in 
conjunction with the alphabetic keys as function keys and to access the 
complete set of ASCII codes. 

The chart beginning on the next page lists the output codes in hex for 
the Unshifted, Shifted, and CTRL + sequences for the ASCII keyboard. 
Bolding indicates a Reserved key. 
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Key # Unshifted Shifted CTRL + 
Help 01 1E 1E 9E 
1 02 31 21 91 
2 03 32 40 92 
3 04 33 23 93 
4 05 34 24 94 
5 06 35 25 95 
6 07 36 5E 96 
7 08 37 26 97 
8 09 38 2A 98 
9 10 39 28 99 
0 11 30 29 90 
- (Minus) 12 2D SF 1F 
= (Equal) 13 3D 2B 9A 
Backspace 14 08 08 88 
Del 15 7F 7F FF 
- (Minus - pad) 16 2D 2D AD 
7 (pad) 17 37 37 B7 
8 (pad) 18 38 38 B8 
9 (pad) 19 39 39 B9 
Tab 20 09 09 89 

q 21 71 51 11 
w 22 77 57 17 
e 23 65 45 05 
r 24 72 52 12 
t 25 74 54 14 
Y 26 79 59 19 
u 27 75 55 15 
i 28 69 49 09 
0 29 6F 4F OF 
P 30 70 50 10 
[ 31 5B 7B 1B 
I 32 50 7D 1D 
ESC 33 1B 1B 98 
+ (PI us - pad) 34 2B 2B AB 
4 (pad) 35 34 34 B4 
5 (pad) 36 35 35 B5 
6 (pad) 37 36 36 B6 
Lock 38 
a 39 61 41 01 
s / 40 73 53 13 

<" 
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Key # Unshifted Shifted CTRL + 
d 41 64 44 04 
f 42 66 46 06 
g 43 67 47 07 
h 44 68 48 08 
j 45 6A 4A OA 
k 46 6B 4B OB 
I 47 6C 4C OC 
; (Semi Colon) 48 3B 3A 7E 
• (Apostrophe) 49 27 22 60 
Return 50 00 00 80 
Line Feed 51 OA OA 8A 
UpArrow 52 81 81 01 
1 53 31 31 B1 
2 54 32 32 B2 
3 55 33 33 B3 
Left Shift 56 
z 57 7A SA 1A 
x 58 78 58 18 
c 59 63 43 03 
v 60 76 56 16 

b 61 62 42 02 
n 62 6E 4E OE 
m 63 60 40 00 
· (Comma) 64 2C 3C 1C 
· (Period) 65 2E 3E 7C 
I (Slash) 66 2F 3F 5C 
Right Shift 67 
LeftArrow 68 84 84 04 
Down Arrow 69 82 82 02 
Right Arrow 70 83 83 03 
0 71 30 30 BO 
· (Period - pad) 72 2E 2E AE 
LeftCTRL 73 
Space 74 20 20 00 
Right CTRL 75 

--- = Function key 
Bolding = Reserved key 
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Main Key Array: 

Numeric Key Pad: 

Function Keys 

Cursor Keys: 

Other Keys: 

Interface 

Engraving: 

Low Profile Keyboard 

50 keys plus 3 modifier keys 
(Alpha Lock, Shift, and Control) 

18 keys to the right ofthe main array 

12 keys above main array key pad labelled F1 
through F12 

5 keys to the right of the main array including 
Home key 

7 keys to the right of main array such as Help, 
Accept, Delete, etc. 

U.S. ASCII-Coded Parallel Interface 

U.S. Standard ASCII Keycaps 

The electronic keyboard uses 97 key positions, follows the standard 96-
character ASCII keyboard layout, and has one level of position-encoding. 
All keys generate their own unique position code on both the up and 
downstroke. Two bytes of data, command status and position, are 
output for each unique key motion. Parallel output is standard. 

The standard output is two bytes of serial data. (A third byte will be used 
for mouse data.) Each byte is composed of a start bit, eight data bits, and 
a stop bit. The bytes are spaced 700 (± 150) microseconds apart. The 
first byte, or command status word, defines the status of the keyboard 
and the meaning of the data in the next byte. The second byte, or 
position word number one, defines the position of the key. If mouse 
data is present, this byte defines the X movement of the mouse. The 
third byte, or position word number two, defines the Y movement of the 
mouse. Note that the third byte is present only for mouse data. 

Data Format 
Command Status Word 
Bit 0 Alpha Lock 
Bit 1 Shift - Left or Right 
Bit 2 Control - Left or Right 
Bit 3 Mouse Data 
Bit 4 -X if set; + X or 0 if not set 
Bit 5 -Y if set; + Y or 0 if not set 
Bit 6 Up/Downstroke (up = set) 
Bit 7 Always Set (indicates command staus word) 
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Data Format continued 
Position Word Number One 
Bit 0-6 XY position or mouse travel (aX Magnitude) 
Bit 7 Never Set - Indicates Data Word 

Position Word Number Two (Only if mouse data) 
Bit 0-6 Mouse Travel (a Y Magnitude) 
Bit 7 Never Set - Indicates Data Word 

Keyboard Handler 
The 16/8 operati ng system comes standard with the ASCII keyboard 
handler. This handler is not compatible with the optional position
encoded Low Profile Keyboard. The position-encoded keyboard handler 
and translation tables are located in the fourth ROM. The 16/8 system, 
when booting, identifies the position-encoded keyboard by checking the 
presence of the fourth ROM. If detected, a subroutine call is made to the 
fourth ROM to move the position-encoded keyboard handler and 
translation tables to RAM. 

The position-encoded keyboard handler inputs the keyboard command 
bytes and key-station codes. The command bytes identify the required 
action to be taken by the handler, and the valid keystation codes are 
used to index into the translation tables to recover the translated 
hexadecimal codes. The position-encoded handler returns the translated 
code to the ASCII keyboard handler to queue. 

The keyboard handler has three keyboard translation tables. Each table 
consisits of 102 decimal bytes. The tables are RAM resident, and define 
the unshifted, shifted, and control + sequence states. The output codes 
for these three states begin on the next page (bolding indicates a 
Reserved key). The position-encoded keyboard handler listing can be 
found in Appendix J. 

The exception tables identify the repeat keys, inhibited keys, shift-lock 
status, additional alpha lock codes, and mouse status. The mouse 
interrupt handler translates the mouse movement into display 
coordinates. The repeat key interrupt handler provides the timing for 
the repeat key functions. The default keyboard table recovery restores 
the ROM keyboard tables to RAM. The ROM tables contain only the U.S. 
ASCII translation codes. 
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Key # Unshifted Shifted CTRL + 
ESC 01 1B 1B 98 
1 02 31 21 91 
2 03 32 40 92 
3 04 33 23 93 
4 05 34 24 94 
5 06 35 25 95 
6 07 36 5E 96 
7 08 37 26 97 
8 09 38 2A 98 
9 10 39 28 99 
0 11 30 29 90 
- (Minus) 12 20 SF 1F 
= (Equal) 13 3D 2B 9A 
Backspace 14 08 08 88 

Tab 15 09 09 89 
q 16 71 51 11 
w 17 77 57 17 
e 18 65 45 05 
r 19 72 52 12 
t 20 74 54 14 
Y 21 79 59 19 
u 22 75 55 15 
i 23 69 49 09 
0 24 6F 4F OF 
P 25 70 50 10 
[ 26 5B 7B 18 
I 27 50 70 10 
Return 28 00 00 80 

LeftCTRL 29 
a 30 61 41 01 
s 31 73 53 13 
d 32 64 44 04 
f 33 66 46 06 
9 34 67 47 07 
h 35 68 48 08 
j 36 6A 4A OA 
k 37 68 4B 08 
I 38 6C 4C OC 
; (Semi Colon) 39 3B 3A 7E 
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Key # Unshifted Shifted CTRL + 
, (Apostrophe) 40 27 22 60 
Line Feed 41 OA OA SA 

Lett Shift 42 
· (Period 10-key) 43 2E 2E AE 
z 44 7A 5A lA 
x 45 78 58 18 
c 46 63 43 03 
v 47 76 56 16 
b 48 62 42 02 
n 49 6E 4E OE 
m 50 60 40 00 
· (Comma) 51 2C 3C lC 
· (Period) 52 2E 3E 7C 
I (Slash) 93 2F 3F 5C 
Right Shift 54 
Help 55 lE lE 9E 
RightCTRL 56 

Space 57 20 20 00 
Lock 58 

F1 59 F1 Fl 01 
F2 60 F2 F2 02 
F3 61 F3 F3 03 
F4 62 F4 F4 04 
F5 63 F5 F5 05 
F6 64 F6 F6 06 
F7 65 F7 F7 07 
F8 66 F8 F8 08 
F9 67 F9 F9 09 
FlO 68 FA FA OA 
F11 69 FB FB OB 
F12 70 FC FC OC 

7 71 37 37 B7 
8 72 38 38 B8 
9 73 39 39 B9 
,(Comma) 74 2C 2C AC 
4 75 34 34 B4 
5 76 35 35 B5 
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Key # Unshifted Shifted CTRL + 
6 77 36 36 B6 
Enter 78 OD OD 3D 
1 79 31 31 Bl 
2 80 32 32 B2 
3 81 33 33 B3 
0 82 30 30 BO 

Next 83 E7 E7 C7 
Down Arrow 84 82 82 02 
Left Arrow 85 84 84 04 
Right Arrow 86 83 83 03 
Home 87 80 80 lE 
UpArrow 88 81 81 01 
Prev 89 E6 E6 C6 
Accept 90 FD FD DD 
Del 91 7F 7F FF 

+ (Plus) 92 2B 2B AB 
- (Minus) 93 2D 2D AD 
x (Multiply) 94 2A 2A AA 
.;. (Divide) 95 2F 2F AF 
Blank Key 96 FO FO DO 
Undo 97 18 18 DE 

Mouse: 
Switch 1 98 8E 8E 8E 
Switch 2 99 8F 8F 8F 

--- = Function key 
Bolding = Reserved key 

Note: Approximately 1,000 of the first-issued Low Profile keyboards 
will generate a unique code for the Enter key (10-key pad). 
These keyboards can be identified by reading the ROM sign-on 
message when you turn on the display. If your monitor 
displays a (V13) message you have one of the first 1,000 units 
and the Enter key output codes are BDh, BDh, and FEh. With 
(V 16) and higher ROM levels, the Enter Key generates the 
codes listed above. 
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Auto-Repeat 
When an auto-repeat key is pressed, the following will be generated: 

• internal code output 
• pause of 0.5 (± 0.1) seconds 
• repeat code output at rate of 16 (± 1) characters per second 
• code output terminates immediately upon release of key 

Repeat Keys Keystation 
- (minus) 12 
= (equal) 13 
backspace 14 

return 28 

line feed 41 

x 45 

. (period) 52 
/ (slash) 53 

space bar 57 

down arrow 84 
leharrow 85 
right arrow 86 

up arrow 88 

delete 91 

Function Key Uses 
The Shih function (keystations 42 and 54) causes production of shih-key
codes. Since every keystation is position-encoded, almost all keys output 
a unique hex code. For a complete list, refer to the Low Profile Keyboard 
Keystation chart beginning on page 202. 

The Alpha Lock key (keystation 58) locks in the down position when first 
pressed (the red led light comes on), and releases when pressed again. 
The Alpha Lock key activates the Shift key function for the keystations 
listed in the chart on the next page. 
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Key Keystation Key Keystation 
Q 16 F 33 
W 17 G 34 
E 18 H 35 
R 19 J 36 
T 20 K 37 
y 21 L 38 
U 22 Z 44 
I 23 X 45 
0 24 C 46 
P 25 V 47 
A 30 B 48 
S 31 N 49 
0 32 M 50 

The CTRL keys (keystations 73 and 75) allow almost every key on the 
board to have a second or third output code. The CTRL keys are used in 
conjunction with the alphabetic keys as function keys and to allow access 
to the complete set of ASCII codes. 
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Disk Drive Specifications 

SA400L (St· Single-sided floppy) 
Single 
Density 

Capacity 
Unformatted 125 k bytes 
Formatted 90 k bytes 
Usable 81 k bytes 

Transfer Rate 125 k bits/sec 
Latency (average) lOOMs 
Access Time 

Track to Track 20Ms 
Average 275 Ms 
Settling Time 20Ms 

Rotational Speed 300 RPM 
Recording Density 2768 BPI 
Flux Density 5536 FCI 
Track Density 48TPI 
Tracks 40 
R/W Heads 1 
Physical Sectors per track 18 
Bytes per Sector 128 
Encoding Method FM 

DC Voltage Requirements 
+ 12 V de ± 5% @1.80A Maximum, 0.9A Typical 
+ 5 V dc ± 5% @O.70AMaximum, 0.5A Typical 

Power Dissipation 
13.3 Watts (45.3 BTu/Hr) Continuous (Typical) 
7.3 Watts (24.9 BTU/Hr) Standby (Typical) 

Disk Drive Specifications 

Double 
Density 

250 k bytes 
168 k bytes 
155 k bytes 

250 k bits/sec 
100 Ms 

20Ms 
275 Ms 
20Ms 
300 RPM 
5536 BPI 
S536 FCI 
48TPI 
40 
1 
17 
256 
MFM 
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SA450 (5·t" Double-sided floppy) 
Single 
Density 

Capacity 
Unformatted 250 k bytes 
Formatted 180 k bytes 
Usable 172 k bytes 

Transfer Rate 125 k bits/sec 
Latency (average) 100 Ms 
Access Time 

Track to Track 20Ms 
Average 275 Ms 
Settling Time 15 Ms 

Rotational Speed 300 RPM 
Recording Density 2938 BPI 
Flux Density 5876 FCI 
Track Density 48TPI 
Tracks 40 
R/W Heads 2 
Physical Sectors per track 18 
Bytes per Sector 128 
Encoding Method FM 

DC Voltage Requirements 
+ 12 V dc ± 5% @1.80A Maximum 
+ 5 V dc ± 5% @0.70AMaximum 

Power Dissipation 
11.5 Watts (40 BTu/Hr) Continuous (Typical) 
7.3 Watts (25 BTU/Hr) Standby (Typical) 

Double 
Density 

508 k bytes 
338 k bytes 
322 k bytes 

250 k bits/sec 
100 Ms 

20 Ms 
275 Ms 
15 Ms 
300 RPM 
5876 BPI 
5876 FCI 
48TPI 
40 
2 
17 
256 
MFM 
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SA800 (S" Single-sided floppy) 

Capacity 
Unformatted 
Formatted 
Usable 

Transfer Rate 
Latency (average) 
Access Time 

Track to Track 
Average 
Settling Time 
Head Load Time 

Rotational Speed 
Recording Density (inside track) 
Flux Density 
Track Density 
Tracks 
RJW Heads 
Physical Sectors per track 
Bytes per Sector 
Encoding Method 

AC Power Requirements 
60 Hz ± 0.5 Hz 

Single 
Density 

400 k bytes 
250 k bytes 
241 k bytes 

250 k bits/sec 
S3Ms 

SMs 
210Ms 
SMs 
35Ms 
360 RPM 
326S BPI 
6536 FCI 
4STPI 
77 
1 
26 
12S 
FM 

115 V ac S5 to 127 V @ 0.4 A typical 

DC Voltage Requirements 
+24Vdc ± 5% 1.3Atypical 
+ 5 V dc ± 5% O.S A typical 
- 5 V dc ± 5% 0.5 A typical 

Heat Dissipation = 274 BTUlhr typical (SO watts) 

Disk Drive Specifications 

Double 
Density 

SOO k bytes 
497 k bytes 
482 k bytes 

500 k bits/sec 
S3 Ms 

SMs 
210Ms 
SMs 
35Ms 
360 RPM 
6536 BPI 
6536 FCI 
48TPI 
77 
1 
26 
256 
MFM 
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SASSO (8 U Double-sided floppy) 

Capacity 
Unformatted 
Formatted 
Usable 

Transfer Rate 
Latency (average) 
Access Time 

Track to Track 
Average 
Settling Time 
Head Load Time 

Rotational Speed 
Recording Density (inside track) 
Flux Density 
Track Density 
Cylinders 
Tracks 
RlWHeads 
Physical Sectors per track 
Bytes per Sector 
Encoding Method 

AC Power Requirements 
60 Hz ± 0.5 Hz 
115 V ac 85 to 127 V @ 0.35 A Max 

DC Voltage Requirements 
+24Vdc ± 10% 1.0AMax 
+ 5 V de ± 5% 1.1 A Max 

Single 
Density 

800 k bytes 
500 k bytes 
490k bytes 

250 k bits/sec 
83Ms 

3Ms 
91 Ms 
15Ms 
50Ms 
360 RPM 
3408 BPI 
6816 FCI 
48TPI 
77 
154 
2 
26 
128 
FM 

Double 
Density 

1.6 M bytes 
1 M byte 
980 k bytes 

500 k bits/sec 
83Ms 

3Ms 
91 Ms 
15Ms 
50Ms 
360 RPM 
6816 BPI 
6816 FCI 
48TPI 
77 
154 
2 
26 
256 
MFM 

Heat Dissipation = 200 BTU/hr typical (60 watts) 

210 Disk Drive Specifications 



SA1004 (8" Rigid) 

Capacity 
Unformatted 
Formatted 
Usable 

Transfer Rate 
Latency (average) 
Access Time 

Track to Track 
Average 
Maximum 
Settling Time 

Rotational Speed 
Recording Density 
Flux Density 
Track Density 
Tracks 
Cylinders 
R/W Heads 
Physical Sectors per track 
Bytes per Sector 

AC Power Requirements 
60 Hz ± 0.5 Hz 

10.67 M bytes 
8.4M bytes 
8.192 M bytes 

4.34 M bits/sec 
9.6Ms 

1 Ms 
52 Ms 
132 Ms 
18Ms 
3125 ± 3% RPM 
6270 BPI 
6270 FCI 
172 TPI 
1024 
256 
4 
32 
256 

115 V ac 90 to 127 V @ 1.1 A typical 

DC Voltage Requirements 
+ 24 V dc ± 2.4V 2.8A Typical 3.3A Maximum 1 OOOmv ripple P-P 
- 24 V dc ± 2.4V 2.8A Typical 3.3A Maximum 1000mv ripple P-P 
+ 5 V dc ± 0.25V 2.0A Typical 2.5A Maximum 50mv ripple P-P 
- 5 V dc ± 0.25V .20 A Typical .25A Maximum 50mv ripple P-P 

Heat Dissipation = 321 BTUlhr typical (94 watts) 
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Floppy Disk Parameter Header (DPH) 

When the physical disk driver is requested to identify the type of media 
presently installed in the disk drive, it returns the address of a CP/M 2.2-
compatible disk parameter header in the HL register if the identification 
was successful. The first word (address) of this data structure is the 
address of the sector translate table. If the media is a single density disk 
there will be an address in the first field; if the media type is double 
density (or a rigid disk), the sector translate field of the disk paramater 
header will be 0000. This is because the sectors are physically skewed on 
the disk and the translate table is not necessary. 

Single Density Logical/Physical Translate Tables 

St" Single density 

1 ,6, 11, 16,3,8, 13, 18,5, 1 0, 15,2,7, 12, 17,4,9, 14 

8" Single density 

1,7,13,19,25,5,11,17,23,3,9,15,21,2,8,14,20,26,6, 12, 18,24,4, 1 0, 16,22 
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The Disk Parameter Block (DPB) 

The sixth address field in the disk parameter header (DPH) is the address 
for a disk parameter block to describe the physical disk. Listed below are 
the disk parameter blocks. 

5{-" Single-Sided Single Density 

Sectors Per Track (SPT) 18 
Block Shift Factor (BSH) 3 
Max. Rec. # in blk (BLM) 7 
Extent Mask (EXM) 0 
Total Storage capacity (DSM) 82 
Total # of directory entries (DRM) 31 
Allocation mask (ALO) 80H 
Allocation mask (AL 1) 0 
Size of dir check vector (CKS) 8 
Reserved tracks (OFF) 3 

5·!" Single-Sided Double Density 

214 

Sectors Per Track (SPT) 
Block Shift Factor (BSH) 
Max. Rec. # in blk (BLM) 
Extent Mask (EXM) 
Total Storage capacity (DSM) 
Total # of directory entries (DRM) 
Allocation mask (ALO) 
Allocation mask (AL 1) 
Size of dir check vector (CKS) 
Reserved tracks (OFF) 

34 
3 
7 
o 

156 
63 

COH 
o 

16 
3 
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5-1-" Double-Sided Single Density 

Sectors Per Track (SPT) 18 
Block Shift Factor (BSH) 3 
Max. Rec. # in blk (BLM) 7 
Extent Mask (EXM) 0 
Total Storage capacity (DSM) 172 
Total # of directory entries (DRM) 31 
Allocation mask (ALO) 80H 
Allocation mask (AL 1) 0 
Size of dir check vector (CKS) 8 
Reserved tracks (OFF) 3 

5-1-" Double-Sided Double Density 

Sectors Per Track (SPT) 34 
Block Shift Factor (BSH) 4 
Max. Rec. # in blk (BLM) 15 
Extent Mask (EXM) 1 
Total Storage capacity (DSM) 162 
Total # of directory entries (DRM) 63 
Allocation mask (ALO) COH 
Allocation mask (AL 1) 0 
Size of dir check vector (CKS) 16 
Reserved tracks (OFF) 3 

8" Single-Sided Single Density 

Sectors Per Track (SPT) 
Block Shift Factor (BSH) 
Max. Rec. # in blk (BLM) 
Extent Mask (EXM) 
Total Storage capacity (DSM) 
Total # of directory entries (DRM) 
Allocation mask (ALO) 
Allocation mask CAL 1) 
Size of dir check vector (CKS) 
Reserved tracks (OFF) 

Disk Parameter Headers 

26 
3 
7 
o 

242 
63 

COH 
o 

16 
2 
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8" Single-Sided Double Density 

Sectors Per Track (SPT) 52 
Block Shift Factor (BSH) 4 
Max. Rec. # in blk (BLM) 15 
Extent Mask (EXM) 1 
Total Storage capacity (DSM) 242 
Total # of di rectory entries (DRM) 127 
Allocation mask (ALO) COH 
Allocation mask (AL 1) 0 
Size of dir check vector (CKS) 32 
Reserved tracks (OFF) 2 

8" Double-Sided Single Density 

Sectors Per Track (SPT) 26 
Block Shift Factor (BSH) 4 
Max. Rec. # in bl k (BLM) 15 
Extent Mask (EXM) 1 
Total Storage capacity (DSM) 246 
Total # of directory entries (DRM) 127 
Allocation mask (ALO) COH 
Allocation mask (AL 1) 0 
Size of dir check vector (CKS) 16 
Reserved tracks (OFF) 2 

8" Double-Sided Double Density 
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Sectors Per Track (SPT) 
Block Shift Factor (BSH) 
Max. Rec. # in blk (BLM) 
Extent Mask (EXM) 
Total Storage capacity (DSM) 
Total # of directory entries (DRM) 
Allocation mask (ALO) 
Allocation mask (AL 1) 
Size of dir check vector (CKS) 
Reserved tracks (OFF) 

52 
5 

31 
3 

246 
127 

COH 
o 

32 
2 
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8" 8 Mb Rigid - Partition 1 - 4Mb 

Sectors Per Track (SPT) 512 
Blod~ft~ct~~~ 5 
Max. Rec. # in blk (BlM) 31 
Extent Mask (EXM) 1 
Total Storage capacity (OSM) 3EFH 
Total # of directory entries (ORM) 511 
Allocation mask (AlO) FFH 
Allocation mask (Al1) 0 
Size of di r check vector (CKS) 0 
Reserved tracks (OFF) 1 

8" 8 Mb Rigid - Partition 2 - 2Mb 

Sectors Per Track (SPT) 512 
Block Shift Factor (BSH) 5 
Max. Rec. # in blk (BlM) 31 
Extent Mask (EXM) 1 
Total Storage capacity (OSM) 1 EFH 
Total # of directory entries (ORM) 511 
Allocation mask (AlO) FFH 
Allocation mask (Al1) 0 
Size of dir check vector (CKS) 0 
Reserved tracks (OFF) 41 H 

8" 8 Mb Rigid - Partition 3 - 1 Mb 

Sectors Per Track (SPT) 
Block Shift Factor (BSH) 
Max. Rec. # in blk (BlM) 
Extent Mask (EXM) 
Total Storage capacity (OSM) 
Total # of directory entries (ORM) 
Allocation mask (AlO) 
Allocation mask (Al1) 
Size of dir check vector (CKS) 
Reserved tracks (OFF) 
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512 
5 

31 
1 

EFH 
511 
FFH 

o 
o 

61H 
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8" 8 Mb Rigid - Partition 4 - 1 Mb 

Sectors Per Track (SPT) 
Block Shift Factor (BSH) 
Max. Re(. # in blk (BLM) 
Extent Mask (EXM) 

218 

Total Storage capacity (DSM) 
Total # of directory entries (DRM) 
Allocation mask (ALO) 
Allocation mask (AL 1) 
Size of dir check vector (CKS) 
Reserved tracks (OFF) 

512 
5 

31 
1 

EFH 
511 
FFH 

o 
o 

71H 
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Floppy Disk Physical Format 

5t· Single Density floppy disk track format. 

Number Hex Value of 
of bytes byte written 

22 FF 

4 00 
1 FE (1.0. Address Mark) 
1 Track Number 
1 Side Number (00 or 01) 
1 Sector Number 
1 00 (Sector length) 

* 1 F7 (2 CRe's written) 
11 FF 
6 0 
1 FB (Data Address Mark) 
128 E5 (Data field) 
1 F7 (2 CRe's written) 
8 FF 

101 FF 

* This field is repeated 18 times. 
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5t H Double Density floppy disk track format. 

Number Hex Value of 
of bytes byte written 

50 4E 

12 00 
3 F5 (Writes A 1) 
1 FE (1.0. Address Mark) 
1 Track Number 
1 Side Number (00 or 01) 
1 Sector Number 

* 1 01 (Sector length) 
1 F7 (2 CRe's written) 
22 4E 
12 0 
1 FB (Data Address Mark) 
256 E5 (Data field) 
1 F7 (2 CRe's written) 
32 4E 

284 4E 

* This field is repeated 17 times. 
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8" Single Density floppy disk track format. 

Number Hex Value of 
of bytes byte written 

40 FF 
6 00 
1 Fe (Index mark) 
26 FF 

6 00 
FE (1.0. Address Mark) 
Track Number 
Side Number (00 or 01) 
Sector Number 
00 (Sector length) 

* F7 (2 eRe's written) 
11 FF 
6 0 
1 FB (Data Address Mark) 
128 ES (Data field) 
1 F7 (2 eRe's written) 
27 FF 

247 FF 

* This field is repeated 26 times. 
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8" Double Density floppy disk track format. 

Number Hex Value of 
of bytes byte written 

80 4E 
12 00 
3 F6 (Writes e2) 
1 Fe (Index mark) 
50 4E 

12 00 
3 F5 (Writes A 1) 
1 FE (I.D. Address Mark) 
1 Track Number 
1 Side Number (OO or 01) 
1 Sector Number 

* 1 01 (Sector length) 
1 F7 (2 eRe's written) 
22 4E 
12 0 
3 F5 (Writes A 1) 
1 FB (Data Address Mark) 
256 E5 (Data field) 
1 F7 (2 eRe's written) 
54 4E 

247 FF 

* This field is repeated 26 times. 
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Physical Disk Interleave 

All double-density CP/M-formatted floppy disks have Track O. Side 0 
formatted in single density. Also, double density floppies have the 
sectors physically skewed on the disk. This is done when the disk is 
formatted with the CP/M-80 program INIT.COM. Listed below are 
various physical sector placements for different system configurations 
and different options formatted with the INIT program. MS-DOS format 
information is listed on the next page. 

5*" Single Density 
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18 

5*" Double Density 
1,7,13,2,8, 14,3,9,15,4,10,16,5,11,17,6,12 

8" Single Density 
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21,22,23, 
24,25,26 

8" Double Density (820-11 option with WD1797 disk controller) 
1,14,8,21,2,15,9,22,3,16,10,23,4,17,11,24,5, 18, 12,25,6, 19, 13, 
26,7,20 

8" Double Density (16/8 option with WD1797 disk controller) 
1,22,17,12,7,2,23,18,13,8,3,24,19,14,9,4,25,20,15, 10,5,26,21, 
16,11,6 

8" Double Density (820-11 option with SA1403D disk controller) 
1,10,19,2,11,20,3,12,21,4,13,22,5,14,23,6,15,24,7, 16,25,8,17, 
26,9,18 

8" Double Density (16/8 option with SA1403D disk controller) 
1,7,13,19,25,2,8,14,20,26,3,9,15,21,4,10,16,22,5, 11, 17,23,6, 
12,18,24 
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When the disk is formatted under the MS-DOS operating system, the 
gaps and skews apply to both single- and double-sided disks. 

5-1" IBM PC Format 
512 bytes per sector x 8 sectors per track 

GAPl 50 
GAP2 22 
GAP3 = 96 

Interleave = 1: 1 
(1,2,3,4,5,6,7,8) 

5-1" IBM Xl Format 
512 bytes per sector x 9 sectors per track 

GAPl 50 
GAP2 22 
GAP3 96 

Interleave = 1: 1 
(1,2,3,4,5,6,7,8,9) 

8" Microsoft Format 
256 bytes per sector x 26 sectors per track 

GAPl = 50 
GAP2 22 
GAP3 24 

Interleave = 1:2 
(1,14,2,15,3,16,4,17,5,18,6,19,7,20,8,21,9,22,10, 23,11,24, 
12,25,13,26) 
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Configuration Sector 

The CONFIGUR.COM program writes the information listed below on 
track 0 of double density disks only. 

8" floppy: Track 0, Sectors 2 and 3 
5t" floppy: Track 0, Sectors 2 and 3 
8" rigid: Track 0, Sector 2016 
8" rigid (2nd copy): Track 0, Sector 4016 

Byte offset 

OO-Oe Partition 1 (E:) DPB 
Of 01H (256 byte/sector) 
10-le Partition 2 (F:) DPB 
1f 01H (256 byte/sector) 
20-2e Partition 3 (G:) DPB 
2f 01H (256 byte/sector) 
30-3e Partition 3 (G:) DPB 
3f 01H (256 byte/sector) 
40-de (Reserved for Rank Xerox language 

use) 
df Screen Attributes: 35h = Graphics, 36h = Blink, 

37h = Inverse, 38h = Hi/lo Light 
eO Disk Head Step Rate: o = 3 msec, 1 = 6 msec, 2 = 10 msec, 

3 = 15 msec (msec x2 if 5t") 
el 83h 
e2 Keyboard bit mask 30h = 7-bit, 31 h = 8-bit 
e3-e7 Comm PIO command 08 06 00 18 03 
e8 Comm Rec. Wd Length 41 h = 7-bit, c1h = 8-bit 
e9 04 
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ea Stop Bit & Parity 0100 xx yy xx = 01 1 stop bit 
= 11 2 stop bits 

yy =00 no parity 
=01 odd parity 
=10 no parity 
= 11 even parity 

eb 05 
ec Comm Transmit lxxOl0l0 xx = 01 7 bit 

i i = 11 8 bit 
DTR CTS 

ed-f1 Printer PIO Table 08 07 00 18 03 
f2 Receive 41 h = 7 bit, c 1 h = 8 bits/character 
f3 04 
f4 Stop Bit & Parity 0100xxyy xx =01 1 stop bit 

= 11 2 stop bits 
yy =00 no parity 

= 01 odd parity 
=10 no parity 
= 11 even parity 

fS 05 
f6 Transmit 1 xx01010 xx = 01 7 bit 

= 11 8 bit 
f7 Clear-to-Send 00 = Ignore, 01 = Low, 10 = High 
f8 80 
f9 Carrier Detect 00 = Ignore, 01 = Low, 10 = High 
fa 81 
fb Protocol ca = none, 00 = Xon/Xoff 
fc 82 
fd Comm Baud Oxh (x = baud rate, see Appendix K 

for complete list) 
fe Printer Baud Oxh (x = baud rate, see Appendix K 

for complete list) 
ff IOBYTE (Z80-A) xx OOOOyy 

Default 00 01 10 11 
xx = List Device LPT CRT LPT 
yy = Console CRT TTY CRT 

, 226 Disk Formats 



20 CPS Printer 

The 20 CPS Printer (Diablo 620) is a serial printer designed for low-speed, 
low-to-moderate output requirements of standalone word and data 
processing business systems. The printer uses conventional data 
interchange techniques and protocol at speeds up to 1200 Baud. 

This printer produces a "typewriter" quality output of fully-formed 
characters at a maximum of 20 Characters Per Second when printing 
average English (Shannon) text at 10 pitch. It includes operating 
features such as page formatting, graphics, positive and negative full 
and half line feed, absolute horizontal and vertical tabbing, as well as 12 
and 15 pitch and proportional spacing. 

The 20 CPS printer features a new 98-character plastic printwheel with 
automatic recognition of printwheel type and language. A "drop-in" 
printwheel exchange system is also featured (printwheels may be 
exchanged without removing the ribbon cartridge). The 20 CPS printer 
features quick-change film ribbon cartridges and has printwheels 
available in many languages and type styles. 

Set the Switches Under the Front Cover 
Check to be sure that the operating mode switches have been properly 
set for use. These switches set the printer parameters when printer 
power is turned on. If the switch settings are changed with the printer 
turned on, the changes will not have any effect until the power to the 
printer is turned off and then on again. 

The switches are located to the left of the external control panel and are 
covered when the front cover is in place. These switches control 
operating modes and ordinarily do not require attention once they have 
been set. 

When using a 20 CPS Printer with your personal computer, all the 
operating mode switches should be positioned to the right (off) except 
for switch #8. It should be positioned to the left (on). 

20 & 40 CPS Printers 227 



Note: When using single strike ribbons, the 20 CPS Printer single strike 
mode must be enabled. If single strike mode is not enabled, the print 
quality will be unacceptable. See the Xerox 620 Printer (20 CPS) 630 
Printer (40 CPS) Operators Guide, Order #61 OP72115, page 13, for 
instructions on using single strike ribbons. 

Using the Control Panel Switches 
These four switches are located to the right of the Control Panel where 
they are accessible to the operator with all covers on the machine. 
These are momentary-action switches activated by a touch of the finger. 

RESET: This switch will clear an "error" indication and return the printer 
to operation. It will also return the printer to operation following a 
PAUSE command. 

PAUSE: Touching this switch will cause the printer to stop printing 
without any loss of data, and the power indicator will go out. Printing is 
continued by pressing the RESET switch. 

LINE FEED: Touching this switch initiates a single line feed. Action is 
repeated if the switch is held activated longer than 1/2 second. A line 
feed code will not, however, be transmitted. 

FORM FEED: Touching this switch initiates a form feed to the next top
of-form position. A form feed code is not, however, transmitted. 

The POWER Indicator 
The power indicator glows whenever power is turned on to the printer 
and will flash for the following conditions: 

• A parity error was detected with the PARITY switch on. 

• The printer buffer (memory) has overflowed. 

• The printer didn't receive a "Data Set Ready" signal. 
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Operating Mode Switches 
The following information is a brief explanation for each of the 20 CPS 
Printer operating mode switches. 

SWITCH 

2 

3 

4 

5 

6 

20 & 40 CPS Printers 

EXPLANATION 

110-300 BAUD: This switch selects 110 or 300 
Baud as the speed at which the printer will 
receive and transmit data. If 1200 Baud is 
selected (#8 1200/0PT switch ON), switch #1 
doesn't have any effect. 

PARITY ODD-EVEN: This is used in conjunction 
with Parity ON-OFF to determine the nature of 
parity information handling. 

PARITY ON-OFF: This switch enables parity 
checking and parity information transmission 
when on. 

DC1/DC3: This switch is used to allow the 
printer to operate with much faster host 
systems without loss of data. When ON, special 
characters (DCl/DC3) are transmitted between 
the printer and the host automatically 
whenever the print buffer (512 bytes) is either 
nearly empty (DC1) or nearly full (DC3). 

SELF TEST: If this switch is in the ON position 
when the printer is turned on, the printer will 
enter a self test mode and begin sequencing 
through its self test program. The Control 
Panel PAUSE and RESET switches may be used 
to interrupt the self test sequence. To exit the 
mode, the SELF TEST switch must be moved to 
OFF and the power to the 20 CPS must be 
turned off momentarily. 

AUTO/LF: When ON, this switch enables the 
printer to automatically advance the paper 
one line with each carriage return. This 
relieves the host system of the need to send a 
line feed command with each carriage return 
command. 
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SWITCH 

7 

8 

EXPLANATION 

PAGE SIZE: This switch enables setting page 
size, used in the Top Of Form/Form Feed 
function, to either the US standard 11" or the 
European standard 12" page length. 

1200/0PT: This switch, when ON, enables the 
printer to receive and transmit data at a speed 
of 1200 Baud. 

Horizontal Motion Index (HMI) 
!Vertical Motion Index (VMI) 
Horizontal Motion Indexing refers to the horizontal distance that the 
carriage moves for each character (or space) print command. Each 
increment is 1/120" and standard HMI values for 10, 12, and 15 pitch are: 

10-Pitch = 121120" 12-Pitch = 101120" 15-Pitch = 8/120" 

Vertical Motion Indexing (VMI) refers to the vertical distance that the 
paper moves for each line feed command. Each increment is 1/48". 

Proportional Space provides its own HMI on a character to character 
basis as shown in the following example: 

HMI = ESC US (n) 

VMI = ESC RS (n) 
In the example above, (n) is the decimal value of an ASCII character 
se.lected from the chart to produce the desired index value of (n-1). The 
minimum index value is 0 and the maximum index value is 125 in either 
the horizontal or vertical direction. 

20 CPS Printer Operating Codes 
The 20 CPS Printer uses two types of code to control the exchange and 
storage of information and the format of the printout. They are escape 
(ESC) codes, and control (CTRL) codes. 

The ESC code (character) is used to pre-condition the printer logic to 
recognize the characters following the ESC code and preceding a 
carriage return as a command rather than print data. 
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20 CPS Printer Command Codes 

MARGINS AND FORMATTING 
Set Top Page Margin ESC T (n) 

(at current position)** 
Set Left Margin ESC 9 

(at current position)** 
Set Right Margin ESC 0 

(at current position)** 
Set Lines Per Page to (n)* ESC FF (n) 
Set Bottom Page Margin ESC L 

(at current position)** 
Clear Top and Bottom Margins ESC C 
Set Horizontal Motion Index to (n - 1)* ESC US (n) 
Set Vertical Motion Index to (n - 1)* ESC RS (n) 
Return HMI control to internal program ESC S 

CARRIAGE MOVEMENT 
Absolute HTto print column (n)* ESC HT (n) 
Enable Auto Backward Printing ESC / 
Disable Auto Backward Printing ESC \ 
Forward Print Mode ON ESC S 
Backward Print Mode ON ESC 6 

(Forward Print Mode OFF) (clear with < return» 

PAPER MOVEMENT 
Absol ute VT to Ii ne (n)* ESC VT (n) 
Perform Negative Line Feed ESC LF 
Perform Half-Line Feed ESC U 
Perform Negative Half-Line Feed ESC D 

Note: the bolded characters indicate a control code. See ASCII Chart, 
page 234. 

" 

"* 

(n) represents the decimal value of an ASCII character. 

The Left and Right Margin positions must be set by using 
SPACE and BACKSPACE commands from the Carriage Home 
(RESET) position. The Top and Bottom Margin positions must 
be set by using Line Feed commands or <return> from the 
manually-set Top of Form postion. 
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20 CPS Printer Command Codes continued 
PRINTING 

Graphics Mode ON (clear w/< return» ESC 3 
Graphics Mode OFF ESC 4 

WORD PROCESSING COMMANDS 
Proportional Space ON ESC P 

(clear with <return» 
Proportional Space OFF ESC Q 
Program Mode ON (clear with ESC X or SI) ESC SO M 
Program Mode OFF ESC X 

MISCELLANEOUS COMMANDS 
Initiate Remote RESET ESC <ret> P 

ESC Y Print, Printwheel Character 20h 
Print, Printwheel Character 7Fh 
Print, Printwheel Character 80h 
Pri nt, Pri ntwheel Character 81 h 
Print, Printwheel Character 82h 
Print, Printwheel Character 83h 
Enable Download of 

Printwheel Conversion Table 
Enter Remote Diagnostic Mode 

(see next page also) 

ESC Z 
ESC a 
ESC b 
ESC c 
ESC d 
ESC SO DC2 

ESC SUB (enter option) 

When selecting the remote diagnostic mode, enter one of the 
following options: 

Remote Initialization 
Remote Error Reset 
STATUS 1 Request 
RAM/ROM TEST 
Enter TEST MODE 

I 
R 
1 
SO 
ENQ 

Note: the bolded characters indicate a control code. See ASCII Chart, 
page 234. 
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Remote Diagnostics 

Status 1 "Word" 
0- (unassigned) 

1 - 10 Pitch 

2 - (unassigned) 

3 - (unassigned) 

4 - (unassigned) 

5 - Printer idle" 

6 - (unassigned) 

7 - UART Parity Bit 

RAM/ROM Test "Word" Test Mode "Word" 
0- 8041 RAM is bad @, data byte 

1 - 8041 ROM is bad - 8041 RAM data' 

2 - 6803 RAM is bad A - Perform RAM/ROM 

3 - 6803 ROM is bad check 

(upper half 4K) B - Print 1 line swirltest 

4 - 6803 ROM is bad C - Print swirltest 

(lower half 4K) continuously 

5 - (unassigned) D - Stop printing swirltest 

6 - (unassigned) $40, data byte- 6803 RAM 

7 - UART Parity Bit data' 

DEL - Exit Test Mode 

* The Data Byte defines the RAM data address in ASCII code. The 
response is two bytes: 1) STX. ($02); and 2) contents ofthe RAM 
address requested. 

**Print buffer empty and all printer motion complete. 
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COMMAND CONTROL CODE EQUIV. HEX CODE 

ACK CTRL F 06 
BEL CTRL G 07 
BS CTRL BACKSPACE or H OS 
CAN CTRL X lS 
CR CTRL < return> or M OD 
DCl CTRL Q 11 
DC3 CTRL 5 13 
DC4 CTRL T 14 
DEL CTRL DEL 7F 
OLE CTRL P 10 
EM CTRL Y 19 
ENQ CTRL E 05 
EOT CTRL 0 04 
ESC CTRL tor! lB 
ETB CTRL W 17 
ETX CTRL C 03 
FF CTRL L OC 
FS CTRL \ lC 
GS CTRL e lD 
HT CTRL TASorl 09 
LF CTRL LF or J OA 
NAK CTRL U 15 
NUL CTRL l-S 00 
RS CTRL = lE 
51 CTRL 0 OF 
SO CTRL N OE 
SOH CTRL A 02 
SP CTRL <space> 20 
STX CTRL B 02 
SUB CTRL Z lA 
SYN CTRL V 16 
US CTRL . 1F 
VT CTRL K OB 
{ CTRL 9 78 
} CTRL 0 70 
e CTRL e 2C 

CTRL 2E 
CTRL 3B 
CTRL 2F 
CTRL . 27 
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Specifications 

Print Speed: Up to 20 characters per second printing average 
English (Shannon) text at 10 pitch. 

Character Set: 98 character spaces consisting of 82 standard or 
common character segments. The printer 
supports several English and several foreign 
language printwheels. 

Printwheels: Plastic 98 character ASCII Xerox. The printer will 
automatically recognize printwheel pitch and 
language requirements. 

Character Spaci ng: 10-pitch = 10 characters/inch (3.94 ch/cm) 
12-pitch = 12 characters/inch (4.72 chlcm) 
15-pitch = 15 characters/inch (5.91 chlcm) 

Column Spacing: 1/120 inch (.21 mm) minimum. 

Print Line: 13.2 inches (335.3mm) 
132 columns 10 pitch 
158 columns 12 pitch 
197 columns 15 pitch 

Print Buffer: 512 bytes. 

Paper Width: 13.2 inches (387.4mm) maximum - friction feed 
platen. 

Carriage Speed: 1.7 seconds maximum for 13.2 inches (332.77mm) 
of motion. 

Tabulation: Left or right. 

Line Spacing: 1148 inch (.53mm) minimum. 

Paper Feed: Bidirectional. 

Paper Thickness: 1 to 5 part forms; maximum overall thickness 
.024" (.61mm). 

Sensors: End of ribbon, paper out, and cover open. 

Other Features: Self test; host program control through escape 
sequences; data receive/transmit speed selection. 

20 & 40 CPS Printers 235 



Power 
Requirements: 

Cabling Requirements 

Operation from nominal 120/220-240 volt AC 
inputs, 50-60 Hz. 120W maximum power 
consumption. Check your printer's serial plate for 
proper input power. 

A standard RS-232-C interface cable is required for connection between 
the screen and the printer. This cable must be equipped with DS-25P 
connectors with the following pins connected: 

PIN CCITT TELCO 
NO. DESIG. DESIG. DESCRIPTION 

1 101 AA Protective Ground 
2 103 SA Transmitted Data 
3 104 SS Received Data 
4 105 CA Request To Send 
6 107 CC Data Set Ready * 
7 102 AS Signal Ground 

20 108 CD Data terminal Ready 

* Pin 6 must be HI to receive or transmit data. 
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40 CPS Printer 

The 40 CPS Printer (Diablo 630) is a medium-speed, daisy wheel serial 
printer. The 40 CPS printer is capable of producing typewriter quality 
output at speeds up to 40 characters per second with 88, 92, or 96 
character metal printwheels (or 96 character plastic printwheel). The 
version sold by Xerox Corporation for use with the 820-11 or 1618 is a 
Model 630R132 which has the HPROS PWA interface. 

40 CPS Printer Versions 
The 40 CPS Printer has three versions: Basic, Expanded, and Word 
Processor. The feature differences among the three versions of the 
HPROS terminal are primarily a function of the firmware installed on the 
HPROS circuit board in the form of the programmed ROM (Read Only 
Memory) devices and a nonvolatile RAM (Random Access Memory). The 
version offered by Xerox for use with the 820-11 and 1618 product uses the 
basic configuration of the HPROS since printer control is taken by the 
820-11 and 1618 system software for such applications as Word Processing. 

HPR05 Communications Protocol 
DClIDC3 (XON/XOFF) protocol transmit a DC3 control code character 
from the 40 CPS Printer under any of the following conditions: 

• Print buffer (2688 bytes) nearly full (within 64 bytes) 
• Cover Open 
• Paper Out (only when printing is attempted) 
• End of Ribbon (only when printing is attempted) 
• Printer in CHECK condition 
• PAUSE switch depressed 

A NAK character will be transmitted (in addition to the DC3) for: Cover 
Open, Paper Out, End of Ribbon, and CHECK condition if the HPROS 
firmware is level-03 or later, and if both DClIDC3 and EXT/ACK are 
enabled. The NAK character thus distinguishes the "error" condition 
from Buffer Full and PAUSE. NAK is also sent when a parity error is 
detected if parity checking is enabled. The error condition with the NAK 
can be cleared by pressing RESET. 
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The BUFFER FULL DC3 control character when transmitted by the 40 CPS 
Printer will be followed by a DCl control character when the printer 
buffer (2688 bytes) is nearly empty (within 64 characters). 

Setting the Switches Under the Access Cover 
Check to be sure the printer has been set to the proper switch positions 
for use with a Xerox Personal Computer. 

• Pri ntwheel Select Switch. Set this switch to match the 
particular type of printwheel being used. This ensures your 
text will print correctly and prevents possible printwheel 
damage or excessive wear. 

Check your printwheel to determine if it's plastic or metal and which 
pitch it is. The available printwheel settings are: 

0: 88 Metal 
2: 92 Metal 
3: 96 Metal 
4: 96D Metal 
5: APLMetal 
6: APL Plastic 
7: Plastic (Normally shipped with the printer) 

1,8,9: Optional 

• Spacing Select Switch. This switch selects the horizontal 
spacing for character printout. Set this switch to 1 for 10 
Pitch or 2 for 12 Pitch. 

The available spacing settings are: 
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0: 
1 : 
2: 
3: 

4-9: 

• 

Proportional 
10 (Normally shipped with the printer) 
12 
15 
SelfTest 

Operating Mode Switches. When connecting the printer to a 
Xerox Personal Computer, the switches to the right of the 
Printwheel and Spacing switches should be positioned toward 
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the front of the printer, except for the BAUD switch marked 
120. It should be positioned toward the back of the printer. 

The Power Indicator 
The power Indicator should glow; the carriage should move to the left 
slowly, and then back to the right, to stop at the first print position; the 
printwheel should rotate and stop at its "home" position (i.e., the 
"flag H on metal printwheels should be at the top ifthe Printwheel 
Select switch - under the access cover - has been properly set). This 
entire process is called the INITIALIZATION, RESET, or RESTORE 
sequence. It dears all volatile memory, resets all position counters, and 
sets the printer to print the first character. 

Using The Operating Switches 
These six switches are located in the right-hand area of the control panel 
where they are accessible to the operator with all covers on the 
machine. These are membrane-type, momentary-action switches 
activated by a touch ofthe finger. 

RESET Switch - This switch will restore the printer to normal operating 
status following a printer check or an error condition, and clears all error 
indicators. 

SCROLL Switch - Touching this switch advances the paper a small amount 
to give the operator a clear view ofthe last printed line. The paper is 
automatically returned to the last printing position when the switch is 
released. 

LINE FEED Switch - Touching this switch initiates a single or a double line 
feed operation, as selected by the DOUBLE l.F. MODE SWITCH. Action is 
repeated if the switch is held activated longer than 600 msec. A line feed 
code is not transmitted. 

FORM FEED Switch - Touching this switch initiates a form feed to the 
next top-of-form position. A form feed code is not transmitted. 

HERE IS Switch - Touching this switch causes a special "Here Is .. " 
message of up to 31 characters to be transmitted over the 
communications link when operating in remote ASCII mode with the 
fully featured HPR05 option installed. This is not used with the 820, 820-
II, or the 16/8. 
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BREAK Switch - Touching this switch causes a break (250 msec space) to 
be transmitted over the communications link when operating in remote 
mode. 

Reading The Control Panel Indicators 
POWER - Indicates that AC power is applied to the 40 CPS Printer. 

PRINT CHKo. - Indicates that a print operation has been called for while 
the printer is in a "check" condition. A check condition occurs when a 
printwheel or carriage movement command has been received but 
cannot be successfully completed due to a malfunction. This condition 
disables the printer until a restore sequence clears the check condition. 

RESET - Note that if the problem causing the check condition has not 
been corrected when a restore sequence has been initiated, the check 
will reappear as soon as printing is attempted. 

PARITY - This indicator functions only if the PARITY ENABLE switch 
(under the access cover) is ON. It indicates detection of any of the 
following types of errors: 

• Incorrect parity sensed on received character. 
• A framing error (no stop bit) detected on a received non-break 

character. 
• A serial data character detected with an excess number of bits. 

When a parity error is detected, a DEL character is substituted for the 
erroneous character. 

OVERFLOWo. - Indicates that the printer's print input memory (buffer) is 
too full (has overflowed). Protocol has not been used properly. 

RIBBON/PAPERo. - Indicates end of ribbon has been reached or that the 
printer is out of paper, and printing has been attempted. 

COVERo. - Indicates that printing was attempted with the cover open. 

* 
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These errors cause a break to be transmitted when the 40 CPS 
Printer is in Remote mode if DC1/DC3 protocol has not been 
selected. 
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Horizontal Motion Index (HMI) 
!Vertical Motion Index (VMI) 
Horizontal Motion Indexing refers to the horizontal distance that the 
carriage moves for each character (or space) print command. Each 
increment is 11120" and standard HMI values for 10, 12, and 15 pitch are: 

10-Pitch = 12/120" 12-Pitch = 10/120" 15-Pitch = 81120" 

Vertical Motion Indexing (VMI) refers to the vertical distance that the 
paper moves for each line feed command. Each increment is 1/48". 

Proportional Space provides its own HM I on a character to character 
basis as shown in the following example: 

HMI = ESC US (n) 

VMI = ESC RS (n) 
In the example above, (n) is the decimal value of an ASCII character 
selected from the chart to produce the desired index value of (n-1). The 
minimum index value is 0 and the maximum index value is 125 in either 
the horizontal or vertical direction. 

40 CPS Printer Operating Codes 
The 40 CPS Printer uses two types of codes to control the exchange and 
storage of information and the format of the printout. They are escape 
(ESC) codes, and control (CTRL) codes. 

The ESC code (character) is used to pre-condition the printer logic to 
recognize the characters following the ESC code and preceding a 
carriage return as a command rather than print data. 

The CTRL key is used simultaneously with another key to generate an 
ASCII control signal to be used either internally or transmitted to the 
receiving system. 
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40 CPS Printer Command Codes 
MARGINS AND FORMATTING 

Set Top Page Margin ESC T 
(at current position)** 

Set Left Margin ESC 9 
(at current position)** 

Set Horizontal Tab Stop (HT) ESC 
(at current position)** 

Set Right Margin ESC 0 
(at current position)** 

Set Vertical Tab Stop (VT) ESC 
(at current position)** 

Set Lines Per Page to (n)* ESC FF (n) 
Set Bottom Page Margin ESC L 

(at current position)** 
Clear Top and Bottom Margins ESC C 
Clear Horizontal Tab Stop (HT) ESC 8 

(at current position)** 
Clear all HT and VT stops ESC 2 
Set Horizontal Motion Index to (n - 1)* ESC US (n) 
Set Vertical Motion Index to (n - 1)* ESC RS (n) 
Return HMI control to internal program ESC S 

CARRIAGE MOVEMENT 
Absolute HT to print column (n)* ESC HT (n) 
Enable Auto Backward Printing ESC I 
Disable Auto Backward Printing ESC \ 
Reverse Printing Mode ESC < 
Normal Printing Mode ESC > 
Forward Print Mode ON ESC 5 
Backward Print Mode ON ESC 6 

(Forward Mode OFF) (clear with < return» 

Note: the bolded characters indicate a control code. See page 245. 

* 
** 
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(n) represents the decimal value of an ASCII character. 
The Left and Right Margin positions must be set by using 
SPACE and BACKSPACE commands from the Carriage Home 
(RESET) position. The Top and Bottom Margin positions must 
be set by using Line Feed commands from the manually-set 
Top Of Form position. 
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40 CPS Printer Command Codes continued 
PAPER MOVEMENT 

Absolute VT to line (n)* ESC VT (n) 
Perform Negative Line Feed ESC LF 
Perform Half-Line Feed ESC U 
Perform Negative Half-Line Feed ESC D 

PRINTING 
Graphics Mode ON (clear with < return» ESC 3 
Graphics Mode OFF ESC 4 

WORD PROCESSING COMMANDS 
Proportional Space ON (clear with ESC S) ESC P 
Proportional Space OFF ESC Q 
Auto Underscore ON ESC E 
Auto Underscore OFF ESC R 
Bold Print ON (clear with <return» ESC 0 
Shadow Print ON (clear with < return» ESC W 
Bold/Shadow Print OFF ESC & 
Backspace 1/120" ESC BS 
Program Mode ON (clear with SI) ESC SO M 
Program Mode OFF ESC X 

MISCELLANEOUS COMMANDS 
Initiate Remote RESET ESC <ret> P 
Print, Printwheel Character 20h ESC Y 
Print, Printwheel Character 7Fh ESC Z 
Print, Printwheel Character 80h ESC a 
Print, Printwheel Character 81 h ESC b 
Print, Printwheel Character 82h ESC c 
Print, Printwheel Character 83h ESC d 
Enable Download of ESC SO DC2 

Printwheel Conversion Table 
Enter Remote Diagnostic Mode ESC SUB (enter option) 

(see next page) 

Note: the bolded characters indicate a control code. See page 245. 

20 & 40 CPS Printers 243 



When selecting the remote diagnostic mode, enter one of the 
following options: 

Remote Initialization 
Remote Error Test 
Remote STATUS 1 Request 
Remote RAM/ROM TEST 
Remote TEST MODE 

I 
R 
1 
SO 
ENQ 

Note: the bolded characters indicate a control code. See page 245. 

Status 1 "Word" RAM/ROM Test "Word" Test Mode "Word" 

O· (unassigned) 0·8041 RAM is bad @.databyte 

1 - 10 Pitch 1 - 8041 ROM is bad - 8041 RAM data * 
2 - (unassigned) 2 - 6803 RAM is bad A - Perform RAM/ROM 

3 - (unassigned) 3 - 6803 ROM is bad check 

4 - (unassigned) (upper half 4K) B - Print 1 line swirltest 

5 - Printer idle·· 4 - 6803 ROM is bad C - Print swirltest 

6 - (unassigned) (lower half 4K) continuously 

7 - UART Parity Bit 5 - (unassigned) D - Stop printing swirltest 

6 - (unassigned) $40. data byte- 6803 RAM 

7 - UART Parity Bit data· 

DEL - ExitTest Mode 

• The Data Byte defines the RAM data address in ASCII code. The 
response is two bytes: 1) STX, ($02); and 2) contents of the RAM 
address requested. 

··Print buffer empty and all printer motion complete. 
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COMMAND CONTROL CODE EQUIV. HEX CODE 

ACK CTRL F 06 
BEL CTRL G 07 
BS CTRL BACKSPACE or H 08 
CAN CTRL X 18 
CR CTRL <return> orM 00 
DCl CTRL Q 11 
DC3 CTRL S 13 
DC4 CTRL T 14 
DEL CTRL DEL 7F 
OLE CTRL P 10 
EM CTRL Y 19 
ENQ CTRL E 05 
EOT CTRL 0 04 
ESC CTRL torr lB 
ETB CTRL W 17 
ETX CTRL C 03 
FF CTRL L OC 
FS CTRL \ 1C 
GS CTRL e 10 
HT CTRL TAB or I 09 
LF CTRL LF or J OA 
NAK CTRL U 15 
NUL CTRL 1-8 00 
RS CTRL = lE 
SI CTRL 0 OF 
SO CTRL N OE 
SOH CTRL A 02 
SP CTRL <space> 20 
STX CTRL B 02 
SUB CTRL Z 1A 
SYN CTRL V 16 
US CTRL - IF 
VT CTRL K OB 
{ CTRL 9 7B 
} CTRL 0 70 
e CTRL e 2C 

CTRL 2E 
CTRL 38 
CTRL 2F 
CTRL , 27 
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Electrical Interface Xerox 40 CPS Printer 

EIA Interface Connector Pin Assignments 

Pin# Signal 
Chassis 
Ground 

2 -Transmitted 
Data 

3 -Received 
Data 

4 + Request to Send 
5 + Clear to Send 
6 + Data Set Ready 

7 Signal to Ground 
8 + Carrier 

Detect 

11 + Printer 
Ready 

Meaning 
Connects to chassis ground within the 40 CPS 
printer. 
This connector is the serial ASCII-coded digital 
data being transmitted by the 40 CPS printer. 
This signal is in the" mark" state (LOW) 
between characters, rises for logic 0 and drops 
for logic 1. 
This connector is the serial ASCII-coded digital 
data being received by the 40 CPS printer. This 
signal must be held in "mark" state (LOW) 
between characters. It should go HIGH for 
logic 0, and LOW for logic 1. 
Held HIGH (+ 12VDC) whenever power is ON. 
(unused) 
This connector must be ON (HIGH) for 40 CPS 
printer operation in Remote Mode. If OFF 
(LOW), no data can be received. 
Ground reference for all interface signals. 
The ON state of this signal is presented to the 
40 CPS printer when the data communication 
equipment (DCE) is receiving a carrier signal 
suitable for demodulation. The OFF state 
indicates that no signal is being received by the 
DCE, or that the received signal is unsuitable 
for demodulation. In its present design, the 40 
CPS printer ignores the Carrier Detect input 
signal. 
Goes LOW if any of the following conditions 
occur: 
• Print Buffer (2688 bytes) nearly full (within 

64 bytes) 
• Cover Open 
• Paper Out 
• End of Ribbon 
• Printer in CHECK 
• Pause switch depressed 

246 20 & 40 CPS Printers 



20 + Data 
Terminal Ready 

# Function 
1 Double Line Feed 

2 (Unused) 
3 Auto Line Feed 

4 (Unused) 
5 Uppercase Only 

6 (Unused) 
7 Message Load 

8 (Unused) 

20 & 40 CPS Pri nters 

Meaning 
With Paper Out or End of Ribbon, + Printer 
Ready goes LOW only if printing is attempted. 
It returns HIGH when the buffer becomes 
nearly empty, and/or conditions have been 
corrected. 
ON (HIGH) whenever power is ON. 

HPR05 Circuit Board Jumpers 

Dipswitch Module A 

Meaning 
ON- Gives double line feed on every line feed 

command, and on every carriage return 
if switch 3 is ON. 

OFF- Gives single line feed on every line feed 
command, and on every carriage return 
if switch 3 is ON. 

ON- Gives automatic line feed (single or 
double on every carriage return. 

OFF- No line feed on carriage return. Line 
feed occurs only on separate line feed 
command. 

ON- Converts all lowercase alpha characters 
(a-z) entered from the keyboard to 
uppercase. 

OFF- Both uppercase and lowercase character 
selection, through the use of the shift 
key. 

ON- Enables keyboard entry of .. Here Is ... " 
message into non- volatile memory. 
(Functional only on expanded printer 
configuration with jumper A60 (3-4) 
installed on HPROS PCB) 
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# 

2 

Function 
Full Duplex 

Parity Enable 

3,5 BAUD 

4 (Unused) 

Dipswitch Module B 

Meaning 
ON Operates in full-duplex mode. 
OFF Operates in half-duplex mode. 
ON Enables parity checking and parity 

transmission. 
3 5 

on on 
on off 
off on 
off off 

Baud Rate 
110 
300 

1200 
Option Baud Rate 
per switches 3,4, & 5 
on HPR05 PCB. 

6 Parity This switch is used in conjunction with the 
parity enable switch. 
ON Selects Even parity check and 

transmission 
OFF Selects Odd parity check and 

transmission 
7 Paper Out Defeat ON Paper Out sensing ignored. 
8 (Unused) 
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# 
1 

2 

3, 
4, 
5 

Function 
ETXlACK 

DC1/DC3 

BAUD 

20 & 40 CPS Printers 

A66 Control Switch Functions 

Meaning 
When this switch in ON, an ACK character will 
be transmitted whenever an ETX character is 
encountered in the print buffer. ETX 
characters are not printed. When the switch is 
OFF, ETX characters are ignored. 
When this switch is ON, a DC3 code will be 
transmitted through the interface if printing is 
attempted. 
These three switches set the optional baud 
rate. When the two BAUD switches on the 
operator control panel are set to OFF, the baud 
rate selected by switches 3, 4, & 5 is used as the 
data communication speed. To prevent print 
buffer overflow, when operating at rates 
above 300 baud, the system must use DC1/DC3 
or ETXlACK protocol, or must monitor and 
respond to the Printer Ready interface line. 

3 4 5 Baud Rate 
off off off 150 
on off off 600 
off on off 1800 
on on off 2000 
off off on 2400 
on off on 4800 
off on on 7200 
on on on 9600 
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# 
6, 
7, 
8 

250 

Function 
Font 

A66 Control Switch Functions contlnuea 

Meaning 
These switches condition the printer to 
recognize a particular language font for data 
being received through the communications 
interface. Language font selection, whether 
by these three switches or by keyboard 
configuration, can be temporarily overridden 
by the sequence E5C SYN (n). 

6 7 8 Meaning 
off off off Default Typewriter 

Paired 
on off off Typewriter Paired 
off on off Logical Bit Paired 
on on off APL 
off off on French AZERTY 
on off on German 
off on on Scandinavian 
on on on NORSK 
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Specifications 

Pri nt Speed: 

Character Set: 

Pri ntwheels: 

Character Spacing: 

Column Spacing: 

Print Line: 

Print Buffer: 

Paper Width: 

Carriage Speed: 

Up to 40 characters per second with metalized 
printwheels. 

88,92, or 96 printable characters per printwheel. 
Switch-selectable program support for APL and 
all English language printwheels. 

88, 92, 96 character Xerox - Metal 
96 character Diablo - Plastic 

10-pitch = 10 characters/inch (3.94 ch/cm) 
12-pitch = 12 charactersli nch (4.72 ch/cm) 
15-pitch = 15 characterslinch (5.91 ch/cm) 
Proportional Space (PS) - see HMI, page 241. 

11120 inch (.21 mm) minimum. 

13.2 inches (335.3mm) 
132 columns 10-pitch 
158 columns 12-pitch 
198 col u mns 15-pitch 

2688 bytes. 

16.53 inches (419.9mm) maximum 
- friction feed without Top Paper Out switch. 
16.00 inches (406.4mm) maximum 
- friction feed with Top Paper Out switch. 
15.25 inches (387.4mm) maximum 
- full width with optional forms tractor (14.75 
inches/-374.7mm between holes). 3.25 inches 
(82.55mm) minimum with forms tractor (2.75 
inches/69.85mm between holes). 

400 msec maximum for 13.1 inches (332.77mm) of 
motion. 

Tabulation: Left or right. 

Line Spacing: 1/48 inch (.53mm) minimum. 

Paper Feed: Bidirectional, except with unidirectional forms 
tractor and unidirectional pin feed platen. 
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Paper Feed Speed: 

Paper Thickness: 

Sensors: 

Other Features: 

Power 
Requirements: 

Cabling Requirements 

4 inches (101.6mm) per second plus 40 msec 
(typical) settling delay time . 

. 000 - .010 inch (.254mm) at low setting (1-3 part 
forms) 
.010 - .027 inch (.254 - .686mm) at high setting (4-
6 part forms). 

End of ribbon, paper out, and cover open. 

Self test; host program control through escape 
sequences; data receive/transmit speed selection. 

Strappable for operation from nominal 100, 120, 
220, or 240 volt (+ 10%/-15%) AC inputs, 49-61 
Hz. 350W maximum power consumption. 
Factory preset for 120 VAC. Check your printer's 
serial plate for proper input power. 

A standard RS-232-C interface cable is required for connection between 
the screen and the printer. This cable must be equipped with DB-25P 
connectors with the following pins connected: 
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PIN CCITT 
NO. DESIG. 

1 101 
2 103 
3 104 
4 105 
6 107 
7 102 

20 108 

TELCO 
DESIG. 

AA 
BA 
BB 
CA 
CC 
AB 
CD 

DESCRIPTION 
Protective Ground 
Transmitted Data 
Received Data 
Request To Send 
Data Set Ready * 
Signal Ground 
Data terminal Ready 

* Pin 6 must be HI to receive or transmit data. 
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1.0 INTRODUCTION 

The SA1403D Controller consists of a micrprocessor based controller with on-board data separator logic 
and is able to control a maximum of four drives. The drives can be any combination of Shugart SA 1000 fixed 
disk drives, SA800 floppy disk drives. or SASSO floppy disk drives. The floppy disk track formats are compatl' 
ble with IBM 10/20 track formats. The SA 14030 can be mounted on the SAt 000 drive. 

Commands are issued to the controller over a bidirectional bus connected to the host computer. The data 
separator/"serdes" logic senalizes bytes and converts to FM/MFM data. and deserializes FM/MFM data in· 
to a·bit bytes. 

Due to the microprogrammed approach utilized in the controller, limited diagnostic capabilities are im
plemented. This methodology increases fault isolation efficiency and reduces system down lime. Error 
detection and correctIon will tolerate media imperfections up to 4-bit burst errors. 

'lOTE: ThiS device utilizes neoatlve logic (Le., OV = logical t) 

1.1 SAl403D CONTROLLER FeATURES 

OVERLAPPED SEEK 

AUTOMATIC SEEK 
AND VERIFY 

FAULT DETECTION 

AUTOMATIC HEAD 
AND CYLINDER 
SWITCHING 

DATA ERROR 
SENSING AND 
CORRECTION 

LOGICAL TO 
PHYSICAL DRIVE 
CORRELATION 

ON BOARD SECTOR 
BUFFER 

EFFICIENT HOST 
INTERFACE 
PROTOCOL 

SECTOR 
INTERLEAVE 

ODD PARITY 

FIXED SECTOR SIZE 

tn multiple drive configurations the host can issue seeks to different drives 
without waiting for the first drive to complete its seek. 

A seek command is implied in every data transfer command (READ, WRITE 
CHECK, etc.). If the heads are not positioned over the correct cylinder, a seek 
is initiated and a cylinder verification is performed after the seek completes, 

Three classes of fault detection are provided for fault diagnosis: 
t) Disk related faults. 
2) Controller related faults. 
3) Host command or 110 timing faults. 
Fault detection is available from the interface as a status message and is also 
visibly displayed on a row of status LED's on the controller PCB. 

If during a multi-block data transfer the end of a track is reached, the con
trolier automatically switches to the next track. If the end of a cylinder is 
reached, the controller issues a seek and resumes the transfer. 

If a data error IS detected during a disk data transfer, the controller indicates 
whether or not it is correctable. If correctable, it can be automatically 
corrected. (This applies to the SAt 000 only. CRC error detection is used 
on "oopy disc drives.) 

LogiC::!, Unit Number (LUN's) are independent of physical port numbers. All 
accesses specify LUN's. 

A sector buffer is provided on the controller to eliminate the possibility of data 
overruns during a data transfer. 

A bidirectional bus between the controller and host provides a Simple, yet effi
cient communication path, In addition, a high level command set permits 
effective command initiation. 

Sector interleaving is programmable with up to a t6 way interleave. 

The a data bits on the interface bus can have odd parity. Depending on user 
preference, parity can be disabled. 

The sector size is fixed at 256 bytes of data for the SA1000. 
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NUMBER OF 
DRIVES 

The controller will connect to a maximum of four (4) drives. The drives can be 
any combination of SA1000'S andlor SA850's andlor SA800's 

1.1.1 OPTIONAL FEATURES 

MICRO DIAGNOSTICS A set of diagnostic PROM's are available to allow stand alone diagnostic test· 
ing of both drive and controller, Reference Appendix A 

1.1.2 SYSTEM CONFIGURATION 

The controller and data separator comprise a single PCB that can be mounted onto the SA 1000 drive, A max· 
imum of four (4) drives may be connected as shown in Figure 2. 

1.2 TRACK FORMATS AND CAPACITY 

A) 32 sectors of 256 bytes per sector (SAl OOOonly). 
C) 26 sectors of 256 bytes per sector (Floppy only). 
D) 26 sectors of 128 bytes per sector (Floppy only.) 

IBM 10/20 
TRACK FORMAT 

Track format for Floppy Disk drives can be selected under program control 
in real time. The track formats are: 
1) Single density. single sided 
2) Single density. double sided 
3) Double density. single sided 
4) Double density. double sided 

SASOO 

SASSO 

SAl 002 

SA1004 

26 SECTOR 

2001 

4003 

N/A 

N/A 

32 SECTOR 

N/A 

N/A 

16383 

32767 

TABLE I. 

FormatfCaoactty RelatIonshIp 
Maxtmum Logical Sector Address Shown 

2.0 SPECIFICATION SUMMARY 

2.1 ENVIRONMENTAL LIMITS 

Operating Storage 

Temperature FIC 32'/0' to 131 'ISS' ·40'/·40' to 167'/75' 

Max. Wet Bulb 8S'F non condensing 

Relative Humidity 10% to 95% 10% to 95% 

Altitude Sea level to 10.000 It Sea level to 15.000 It 
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2.2 POWER REQUIREMENTS 

Three power supply voltages are required for the SA 1400 series controllers. The maximum current f& 

quirements are as follows: 

+ 5VDC ± 5% at 4.6 Amps 
- 5VDC ± 5% at 0.5 Amps 
+24VDC ± 10% at 0.1 Amps 

Power is applied to the SA1400 series controller via Jl0 which is a 6 pin AMP Mate-N-Lok connector (PIN 
1-380999-0) mounted on the component side of the board. The recommended mating connector. Pl0. is an 
AMP PIN 1-480270-0 utilizing AMP pins PIN 60619-1. The Jl0 pins are labeled on the connector. Figure 1 
shows the pin assignments. 

+ 24V RETURN + 24 vue 

5VDC . 5V RETURN 

+ 5V RETURN + 5VDC 

FIGURE 1. Jl0 DC POWER CONNECTOR 

2_3 PHYSICAL PARAMETERS 

Length: 
Width: 
Height: 
Weight: 

13.7 inches (34.8cm) :!: .030" (.076 cm) 
8.25 inches (21 cm) :!: .010" (.025 cm) 
0.5 inches (1.3cm) :!: .030" (.076 cm) 

1.12 Ibs (0.5Kg) :!: .010 Ibs (0.25 g) 

3.0 SA1403D DISK DRIVE INTERFACE 

Shugart SA 1000 and SA800/850 disk drives are interfaced to the controller via Jl, J2. J3. J4 and J5. Refer to 
Figure 2 for connection block diagram. 

HOST INTERFACE 

DC POWER 

SA14030 SERIES 
CONTROLLER 

J6 
SO PIN 

SOCKET 

Jl0 
6 PIN 

SOCKET 

J1 
so PIN 
EDGE 

J2 
20 PIN 

SOCKET 

J3 
20PtN 

SOCKET 

J' 
20PtN 

SOCKET 

JS 
20 PIN 

SOCKET 

FIGURE 2. SA1403D INTERCONNECT DIAGRAM 
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NOTE: The last physical device on the control cable (drive to be terminated) must be an SAtODO. 

Jl is a 50 pin edge type connector which connects all drives in a daisy chain configuration. This connector 
carries control and data information for the floppy disk drives and control information only for the SAl 000 
disk drive. Maximum cable' length should not exceed 20 feet (6 meters). 

The recommended mating connector for Jl is a 3M Scotchflex ribbon connector PIN 3415-0001. 

J2through J5 are 20 pin socket type connectors used to radially connect the SAl 000 data lines to the con
troller. Maximum cable length Should not exceed 20 feet (6 meters). 

The recommended mating connector for J2through J5 is a 3M Scotchflex PIN 3421-3000. Figure 3 shows 
the pinouts for Jl and J2 through J5. 

256 

Jl 

1 • 

10 

" ,. 
16 

16 

20 

22 

24 

26 

26 

30 

32 

34 

38 

38 

40 

42 

44 

46 

46 

4950 

5101000 SA800 SA850 

·IWSWITCH ·1W8WITCH 

· SEEK COMPlETE 

• TWO SIDED 

· HEAD SEl. 2D - StOE SEt 

• HEAD SEL 2' · HEAD LOAD · HEAD LOAD 

• INDEX • INDEX • INDEX 

• READY · READV · READY 

• DAIVE SEL 1 · DAIVE SEL 1 · DRIVE SEL 1 

· DRIVE SEt 2 · DRIVE SEL 2 · DRIVE SEl2 

· DRIVE SEL 3 • DAlve SEL 3 · DRIVE SEt 3 

· DRIVE SEL 4 · DRive SEl4 · DRIVE SEl4 

· DIReCTION SEl · DIRECTION SEt - DIRECTION SEL 

· STEP • STEP • STEP 

· WRITE DATA · WRITE DATA 

• WAITE GATE · WAITE GATE · WRITE.GATE 

· TRACK ODD · TRACK 00 · TRACK 00 

· WRITE FAULT · WRITE PROTECT · WRITE PROTECT 

· READ DATA · READ DATA 

J2 THROUGH J5 

. DRIVE SELECTED 1 2 CoRluNo 
3 4 

5' 6 

+ TIMING CLOCK 9 10 . TIMING CLOCK 
'18 GROUND 

GROUND 11 12 GROUND 

+MFMWFltTEDA,TA 13 14 ·MFMWRITEOATA 

GROUND 15 16 GROUND 

+ MFM READ DATA 17 18 . totFM READ DATA 

GAO\)ND 19 20 GROUND 

FIGURE 3_ SA1403D DRIVE CONNECTOR PINOUTS 
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3.1 CABLE TERMINATION 

The last physical drive at the end of Jl (50 pin) cable must be properly terminated. Termination networks are 
provided on the drives (refer to SAl 000. SA800 or SA850 OEM manuals for location of termination networks). 
Termination networks must be removed from all drives except the last drive on the cable to avoid multiple 
termination. 

NOTE: If a combination of fixed and floppy drive are used. the last drive at the end of the control cable must 
be an SA1000. 

4.0 HOST CPU INTERFACE 

The SA 1400 series controller interface is a general purpose 8 bit parallel DMA. 

The Host CPU is interfaced to the controller via connector J6. J6 is a 50 pin socket type connector. The 
recommended mating connector for J6 is a 3M Scotch flex ribbon connector PIN 3425-3000. The J6 interface 
cable should not exceed 20 feet (6 meters). 

4.1 HOST CPU ELECTRICAL INTERFACE 

All Host CPU interface signals are negative true. The signals are" Asserted" at 0 VDC to 0.4 VDC. The 
signals are" Deasserted" or inactive at 2.5 VDC to 5.25 VDC. 

4.1.1 HOST CPU INTERFACE TERMINATION 

All Host CPU interface timing lines are terminated with a 220/330 ohm network. The Host CPU adapter 
should be terminated in a similar fashion (see Figure 4). 

The devices driving the controller inputs should be open collector devices capable of sinking at least 48 
milliamps to a voltage level of less than 0.5 VDC (7438 or equivalent). 

The devices receiving the controller outputs should be of the SCHMITT trigger type to improve the noise 
margin (74LS240, 74LS14, or equivalent). The Host adaptor should not load the bus with more than 1 stan
dard TTL input load per line. 

SA 14030 CONTROLLER TYPICAL HOST ADAPTOR 

+5 
BIDIRECTIONAL +5 

7438 TYPICAL 7438 

2200 DATA BUS LINE 2200 

33011 3300 

+5 

7<3. 
TYPICAL OUTPUT 2200 

3300 

+5 
7438 

2200 TYPICAL INPUT 

33011 

FIGURE 4. HOST ADAPTOR BUS TERMINATION 

SA 1403D Controller Reprint 257 



4.1.2 HOST CPU SIGNAL INTERFACE 

Te.e Host CPU Signals are interfaced via J6. See figure 5 for J6 pinouts. 

J6 
GROUND 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

49 50 
GROUND 

· DATA BIT 0 (DBO) 

· DATA BIT 7 (DB 7) 

• PARITY BIT 

FOR FUTURE USE 

· BUSY 

· ACKNOWLEDGE 

· RESET 

· MESSAGE 

· SELECT 

· CONTROUDATA 

· REOUEST 

· INPUTIOUTPUT 

(BSY) 

(ACK) 

(RST) 

(MSG) 

(SEL) 

(C/O) 

(REO) 

(110) 

. 
• 

NOTE: ALL SIGNALS ARE TTL NEGATIVE TRUE 

FIGURE 5. J6 HOST INTERFACE CONNECTOR PINOUT 

4.2 SA1403D HOST BUS 

4.2.1 THEORY OF OPERATIONS 

• OUTPUT 

INPUT 

INPUT 

• OUTPUT 

INPUT 

• OUTPUT 

• OUTPUT 

• OUTPUT 

DiSk commands are issued to the SA1403D via the host bus lollowing a defined protocol. The host initiates a 
command sequence by selecting the controller on the bus. If the controller is not busy, it requests command 
bytes Irom the host for task execution. (Command structure is described in 4.5). Depending on the type of 
command. the controller will request either 6 or 10 bytes. Upon reception of the last command byte, the con
troller begins execution of the command. 
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For the data transfer commands, a check IS performed on the disk address and status flagged If it exceeds 
me dnve limits. The data IS stored In a sector buffer before transfer to the host or disk drive. This buffer 
eliminates any possibility of data overruns between the host and the disk. 

Upon completion of the command, the controller will send completion status to the host. Further delineation 
01 the completion status may be requested by issuing the appropriate sense commands. 

Odd parity IS generated by the SA1403D for all information that it puts on the 1/0 bus. If enabled, the 
SA t 403D checks all information that it receives for odd parity. 

4.3 SIGNAL DEFINITION 

Unidirectional Signals Driven By Controller 

110 

c/O 

BUSY 

MSG 

REO 

Input/Output. When asserted, the data on the bus is driven by the controller; when 
deasserted, the data on the bus is driven by the host adapter. The host adapter will use this 
line to enable its drivers onto the data bus 

Control/Data. When asserted the data transmitted across the bus will be the command or 
status bytes; when deasserted the data will be the disk data bytes. 

This bit is asserted as a tesponse to the SEL line from the host adapter and to Indicate that 
the host bus is currently in use. 

Message. When asserted indicates that the command is completed and status has been 
transferred. The assertion of this bit is always followed with the assertion of 110, and the 
assertion of REO, to cause a message byte transfer. 

Request. This bit operates In conjunction with I/O, C/O, & MSG. When asserted and 110 is 
asserted, REO will mean that the data on the host bus is driven by the controller. When 
asserted and I/O is deasserted, REQ will mean that the data is driven by the host adaptor 
(H/A). 

110 CID MSG Meaning 

d a d Get command from H/A 
d d d Get data from H/A 
a d d Send data to H/A 
a a d Send status byte to H/A 
a a a Command done to H/A 

TABLE 2. 

asserted, d deasserted, H/A ~ host adaptor 

4.4 UNIDIRECTIONAL SIGNALS DRIVEN BY HOST ADAPTOR 

ACK Acknowledge. This bit is asserted as a response to REO from the controller. rne timing re
quirements on this signal with respect to thp data is cescribed in REQuest section. ACK 
must be returned for each REQ assertion 
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RST Reset. Assertion by the Host causes the controller to cease all operations and return to an 
idle condition. This signal is normally used during a power up sequence. A reset during a 
write operation would cause incorrect data to be written on the selected disk. The con
troller may take a maximum of 2 seconds to respond to the select sequence following 
deassertion of the RESET line. 

SEL Select. When asserted indicates the beginning of the command transaction. The H/A 
asserts SEL to gain the attention of the controller. Data bit zero on the host bus must also 
be asserted during SEL time to select the controller address. The controller will return 
BUSY within approximately t ~s. 

4.4.1 DATA BUS BITS 0-7 (DB) 

These bidirectional data lines are used to transfer 8 bit parallel data to/from the Host adaptor. Bit 7 is most 
signifant bit. NOTE: All I/F lines utilize negative logic. 

4.4.2 PARITY BIT 

This bit is asserted to maintain odd parity on all data and status information transfered to the Host. If enabl
ed, the controller will test for odd parity on all command and data information transfered to the controller 
(see section 9.1). 

4.5 HOST INTERFACE PROTOCOL 

There are 4 sequences required to initiate and complete a command to the SA 14030 series controller: 

1) Controller Selection Sequence 

2) Command Transfer Squence 

3) Data Transfer Sequence 

4) Status and Message Transfer Sequence 

4.5.1 CONTROLLER SELECTION SEQUENCE 

In order to gain the attention of the controller it is necessary to perform a selection sequence. Refer also to 
Figure 6. 

The Host must first test BSY to determine if the controller is available. If BSY is deasserted, the Host will 
assert data bit 0 (controller 10) and then assert SEL. The controller will then respond by asserting BSY. At 
this point the Host must deassert SEL and data bit O. I/O will remain deasserted throughout the selection se
quence. 

4_5.2 COMMAND TRANSFER SEQUENCE 

Following the selection sequence the controller will assert REO (see Figure 6). The Host will then place the 
first byte of the command descriptor block (see section 5.0) on the data bus. The Host will then assert ACK (if 
ACK is not asserted within 256 microseconds after the assertion of REO, the controller will abort the com
mand transfer sequence and attempt to transfer a status byte). The controller will respond by reading the 
byte on the data bus and then deasserting REO. The Host then must deassert ACK to begin the next 
REO/ACK handshake. This handshake must be completed to assure that all command and data bytes are' 
transferred. 
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DB 0·7 

SEL 

BUSY 

OD 

. REO 

ACK 
OlllSMIIII I 

1110 MAX --+I 
NOTE 1 2 SEC IMMEDtATEL Y AFTER RESET 

VALID 

lOONSMAX~ ~ !.-100 NS MIN 

I I 
I I 

FIGURE 6. SELECT SEQUENCE TIMING 

4.5.3 DATA TRANSFER SEQUENCE 

Following the command transfer sequence, the controller will respond on one of four w~ays: 

t) Begin seeking the drive. 

2) Begin accepting write data from the Host. 

3) Begin transferring read data to the Host. 

4) Return status to the Host. 

If the command sent to the controller involves a data transfer (see Figure 7), the controller will deassert the 
CIO line to indicate a data transfer. If the data transfer is from the Host to the controller (write data) the 110 
line will be deasserted. If the data transfer is from the controller to the Host (read data) the 110 line will be 
asserted. The controller will then set the REO line to request a byte transfer. The Host will respond by 
transferring a byte across the data bus and then asserting ACK (if ACK is not asserted within 256 
microseconds after the assertion of REO. the controller will abort the data transfer sequence and attempt to 
transfer a status byte· see section 4.5.4). The Host will then deassert ACK and wait for the next assertion of 
REO. This handshake continues until all data has been transferred 
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~ 

----=1L _____ ~~'-OO-'-S"-"----------------------------------------------------

READ OATA TRANSFER SEQUENCE (CONTROLLER TO HOSTI 

t--690NS MIN 

________ ...:.:'OO:e.;'::;s MAX...j ~ f...l00 NS MIN 
I --1 r+= 460 NS MIN I 

.. ~~SM~' -i i=J I ";"" 0 M
L
"-------' 

--.f ~NOMAX 

WRITE DATA TRANSFER SEOUENCE (HOST TO CONTROLLER) 

FIGURE 7. DATA TRANSFER SEOUENCE TIMING 

4.5.4 STATUS AND MESSAGE TRANSFER SEQUENCE 

Following a command transfer or data transfer, the controller will initiate a status byte and completion 
message transfer. 

When a status byte transfer is required, the controller will assert C/O and 1/0 (see Figure 8). The controller 
will then assert REO. The Host must then read the status byte on the data bus and then assert ACK (if ACK is 
not asserted within 256 microseconds after the assertion of REO, REO will be deasserted. REO will then be 
asserted again).The controller will then deassert REO. The host will then deassert ACK. 

Following the slatus byte transfer, a completion message byte of all zero's will be transfered to indicate 
operation complete. The controller will assert the MSG line (along with 110 and CIO) and then assert REO. 
The Host may read the completion message byte on the data bus and assert ACK (if ACK is not asserted 
within 256 microseconds, the controller will deassert the MSG line and attempt to transfer a status byte). 
The controller will respond by deasserting REO. The Host will then deassert ACK. At this paint BSY and all 
other controller 110 lines will be deasserted and the controller will return to an IDLE LOOP awaiting the next 
selection sequence. 
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· c/o 

·1/0 

· REO 

· ACK 

MI· 

a NS MIN. 
NO MAX 

o NS MIN 
NO MAX 

VALID COMPL 

690 NSMIN ~ 
~ ______________ ~r--~ 

· MSG 

· BUSY 
____________________________ ~r__ 

FIGURE 8. STATUS AND COMPLETION SEQUENCE TIMING 

5.0 CONTROLLER COMMAND DESCRIPTOR BLOCK 

Following the conlroller selection sequence the controller will request a command descriptor block (CD B) 
which. depending on the class of command. may be either 6 or 10 bytes in length. The first byte of the CDB 
contains the command class and the command operation code. The remaining bytes specify the drive 
logical unit number (LUN), logical sector address. number of <Actors to be transfered or a destination device 
(Copy Command), and a control field byte. 

Commands are categorized into four classes as indicated: 

Class 0 
Class 1 
Class 2-5,7 
Class 6 

- Utility. Data Transfer and Status Commands 
- Disk Copy Commands 
~ Reserved 
- Floppy Disk Track Format Selection 

The command descriptor blocks in Command Class 0 and6 are 6 bytes long, and those in Class 1 are 10 
bytes long. 

The controller will check all incoming command descriptor blocks for validity ana will also check (if enabled) 
all CDB's and data for odd parity (see section 9.1). A parity error will cause an immediate halt of the com
mand or data transfer. This will not cause incorrect data to be written because the write does not occur until 
the sector buffer has been filled. An error in the command structure will cause a status byte transfer to occur 
upon completion of the CDB transfer. 
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5.1 COMMAND DESCRIPTION (CLASS 0) 

"WARNING!" 
Commands READ and WRITE require that the floppy diskelte used be formatted. If unformatted, the con
troller will appear to "hang" - i.e., continue waiting for a data address mark. (Reset to clear this condition if it 
should occur). 

Opcode 
(Hex) 

00 

01 

02 

Description 

Test drive ready - Selects the drive and verifies drive ready. The ready condition is in
dicated by the status byte. A not-ready drive will cause bit t of the status byte to be set. 

Recalibrate. Positions the RIW of selected drive arm to Track 00, clears error status in the 
drive. 

Request Syndrome - returns two bytes of error offset and syndrom to the Host System for 
Host error correction capability (see Table 3). The first byte is offset in the data field of the 
error location. The most significant 3 bits of the second byte point to the beginning of the 
error location. The least significant 4 bits of the second byte are the syndrome which is a 
data correction mark to be exclusive or'ed with the faulty data. This command is only valid 
of the automatic data correction has been disabled. 

MSB LSB 

7 I 6 I 5 I 4 I 3 I 2 I 1 I a 
BYTE 1 BYTE OFFSET 

BYTE 2 BIT OFFSET I a I SYNDROME 

TABLE 3 

03 Request Sense. This command must be issued immediately after an error. It returns 4 bytes 
of drive and controller sense for the specified LUN. (See copy block for exception) 

04 Format Drive. Formats all blocks with ID field set according to interleave code. The data 
field contains E5 Hex. 

05 Spare. 

06 Format Track. 'Formats the specified track with bad block flag cleared in all blocks of that 
track. Writes E5 Hex in the data fields. 

07 Format Bad Track "(bad block flag). Formats the specified track with bad block flag set in 
the ID fields (bit 7 of the Head Address byte set). Writes E5 Hex in the data fields. 

08 Read. Reads the specified number of blocks starting from initial block address given in the 
CDB. (See Warning above!) 

09 Reserved. 

OA Write. Writes the specified number of blocks starting from initial block address given in the 
CDB. (See Warning above!) 

OB Seek. Initiates seek to specified block and immediately returns completion status before the 
seek is complete for those drives capable of overlap seek. 

The track is addressed via the logical sector address, which may be an,Y address within the desired tr.ck. 
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5.1.2 COMMAND DESCRIPTION CCLASS 1) 

Opcode 
CHex) 

00 

Description 

Copy Blocks. Copies the specified number of blocks from Source LUN starting at the 
specified Logical address to Destination LUN starting at the specified Logical address. The 
number of sectors transferred may be from 1 to 256. The completion status byte will in
dicate the source LUN. If an error occurs, a Request Sense command is issued to the 
source LUN. The sense will indicate the type of error for the appropriate LUN. Note the 
data in the blocks will be truncated or appended with undefined data if the Source and 
Destination block sizes are not the same (e.g. Source block size - 128 bytes/sector, and 
Destination block size· 256 bytes/sector). 

5.1.3 COMMAND DESCRIPTION CCLASS 6) 

Opcode 
CHex) 

00 

NOTE: 

Description 

Define Floppy Disk Track Format. The Track format code in byte 6 of the CDB defines the 
track format for the LUN. The Track Format Codes are as follows: 

TraclcF~ 
Code CHex) Description 

00 Single Density, Single Sided. All tracks· FM recording, 128 bytes/sector, 26 
sectors/track. 

01 Single Density, Double Sided. All tracks· FM recording, t 28 bytes/sector, 26 
sectors/track. 

02 Double Density, Single Sided. Side 0, Cylinder 0 - FM Recording, 128 
bytes/sector, 26 sectors/track. All other tracks· MFM recording, 256 
bytes/sector, 26 sectors/track. 

03 Double Density, Double Sided. Side 0, Cylinder 0 - FM recording, 128 
bytes/sector, 26 sectors/track. All other track· MFM recording, 256 bytes/sec· 
tor, 26 sectors/track. 

If track format information for floppy is not specified after each reset or power·on, the 
default mode will be taken from the drive type selection dipswitch as follows: 

Switch 
Setting Mode 

OFF-ON Single density, single sided (same as track format code 00) 

OFF-OFF Single density, double sided (same as track format code 01) 

Refer to Section 9.2 for switch setup Instructions. 

5.2 COMMAND FORMAT 
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5.2.1 CLASS 0 COMMANDS 

byte #1 

byte #2 

byte #3 

byte #4 

byte #5 

byte #6 

71 6 T 5 4 1 31 21 
0 0 0 opcode 

LUN logical adr2"· 

logical adrl·-

logical adrO" • 

number of blocks" 

contro'-" .. 

11 0 

(MS) 

(LS) 

• Interleave factor for Format. Check Track Format commands. 
"Refer to Section 5.5 Logical Address . 

••• The control field is defined as follows: 

5.2.2 CLASS 1 COMMANDS 

byte #1 

byte #2 

byte #3 

byte #5 

byte #6 

byte #7 

byte #8 

byte #9 

byte #10 

L...._-L.._-.JI..-_...l...._.....I __ L-\ spare (setlozero) 

= 1 

CONTROL FIELD 

7 I 6 I 5 4 I 3 I 2 I 1 I 0 

0 I o I 1 opcode 

01 LUNls logical adr2/s* (MS) 

logical adr1/s· 

logical adrO/s· (LS) 

number of blocks 

o 1 LUNld logical adr2/d" (MS) 

logical adr1/d* 

logical adrO/d* (LS) 

spare 

control (sectIon 5.2.1) 

where '5' indicates the source device and 'd' indicates the destination device. 
'Refer to Section 5.5 Logical Address 
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5.2.3 CLASS 6 COMMANDS 

7 6 5 4 I 3 I 2 I 1 I 0 

byte #T 1 1 0 opcode 

byte #2 LUN N/A 

byTe #3 N/A 

byte #4 N/A 

byte #5 N/A 

byte #6 Track Format Code 

NOTE: See Class 6 Command Description for more information and default modes for floppy drives. 

5.3 STATUS FORMAT 

5.3.1 Completion Status Byte Format 

At the normal termination of a command or following a fatal error, the controller will cause a status byte to 
be transferred from the controller to the Host. Bit 0, the least significant bit of the status byte, will be set 
equal to 1 if the controller detects a parity error during a command or data transfer to the controller. Bit 1 will 
be set = 1 if the controller detects an error condition. Bits 5 and 6 represent the LUN of the device where 
the error occured. If no error occurs, bit 0 • 4 will be set equal to O. 

Following the transter of the status byte, the MSG line will be asserted to indicate a completion message. At 
this time the message consists of a Single byte transfer with all bits set = O. 

Prior to an error condition the controller, unless diabled (see section 5.2.1 Control Field), will retry 3 times 
before posting the error. 

7 

0 

Bit 0 
Bit 1 
Bit 2-4 
Bit 5·7 

6 5 4 3 2 0 

MS LS spare 

~ Parity error 

LUN (set = 0) 

Error 

Parity error during transfer from host to controller. 
Error occured during command execution. 
Spare (set to zero). 
Logical unit number of the drive. 
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5.3.2 DRIVE AND CONTROLLER SENSE BLOCK 

Following an error indication from the status byte, the Host may perform a REQUEST SENSE command to 
obtain more detailed information about the error. 

The REQUEST SENSE command will transfer a block of 4 bytes to the Host system. 

byte Nt 

byte N2 

byte N3 

byte N4 

7 

1 
7 

I 6 5 I 4 3 I 2 I a 

t t t 
Error code 

Error type 
spare (set to zero) 
Block address valid 

I 6 I 5 4 I 3 I 2 I 1 I a 

LUN logical adr2' 

logical adr1 ' 

logical adrO' 

'Refer to Section 5.5 Logical Address 

5.4 ERROR CODES 

5.4.1 TYPE 0 (DRIVE) ERROR CODES 

o 
1 
2 
3 
4 
5 
6 

No error 
No Index signal 
No Seek Complete 
Write Fault (SAl 000 only) 
Drive not ready 
Drive not selected (SAl 000 only) 
No Track 00 

5.4.2 TYPE 1 (CONTROLLER) ERROR CODES 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 

268 

10 read error. ECC or CRC (floppy) error in the ID field (uncorrectable). 
Uncorrectable data error during a read. 
10 Address Mark not found (possibly unformated disk). 
Data Address Mark not found. 
Record not found. Found correct cylinder a,ld head but not sector. 
Seek error. RIW head positioned on a wrong cylinder andlor selected a wrong head. 
DMA Data time out error. No Host acknowledge within 256~s. 
Write protected. (SA800/850 only) 
Correctable data field error. ECC error (automatic correction if not disabled). 
Bad track found 
Format Error. The controller detected that during the Check Track command, the format on 
the drive was not as expected. 
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5.4.3 TYPE 2 (COMMAND) ERROR CODES 

a 
1 

2 

Invalid Command received from the host. 
Illegal logical sector address. Address is beyond the maximum address for the type of 
drive. 
Illegal function for the specified drive. 

5.5.4 TYPE 3 (MISC) ERROR CODES 

a RAM error. Data error detected during Sector buffer RAM diagnostic. 

5.5 LOGICAL ADDRESS 

The logical address is computed as follows: 

Logical adr = (CYADR • HDCYL + HDADR)' SETRK + (SEADR) 

Where: CYADR = cylinder address 
HDADR = head address 
SEADR = sector address 
HDCYL = number of heads per cylinder 
SETRK = number of sectors per track 

Bit a of Logical adr a = the least significant bit. 
Bit 4 of Logical adr 2 = the most significant bit. 

Note: All addresses begin with 00. 
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6.0 SECTOR INTERLEAVE CODES 

In order to tailor host system data transfer speed to the disk rotational speed, seetor interleaving is offered. 
Sixteen interleave codes are offered number.ed 1 to 16. Not all interleave codes will result in optimum sector 
interleave, therefore the interleave should be chosen carefully. In order to maintain IBM floppy disk com· 
patibility in interleave code of 1 should be used. This will result in a non-interleave condition. 

6.1 SELECTING THE RIGID DISK INTERLEAVE CODE 

The interleave code given during the format command is used to calculate the logical sector number for the 
rigid disk as follows: Logical Sector = (Physical Sector x Interleave code) (mod 32). Note: when the logical 
sector number exceeds 31 the next logical sector is the lowest available physical sector. This does not 
always create a true modulo function. 

Two examples of interleave codes are shown: 

Interleave code of 2: 

Physical: 0 2 3 4 5 6 7 8 9 10 11 12 13 

Logical: 0 2 4 6 8 10 12 14 16 18 20 22 24 26 

Physical: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

Logical: 3 5 7 9 11 13 15 17 19 21 23 25 27 

Interleave code of 11: 

Physical: 0 2 3 4 5 6 7 8 9 10 11 12 13 

Logical: 0 11 22 12 23 2 13 24 3 14 25 4 15 

Physcial: 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

Logical: 16 27 6 17 28 7 18 29 8 19 30 9 20 31 

.................. 
N .. 1Mr of DIIIk a..oa.tIHI 1'hae ........ to T ........ .- ...... -

Coole _ ..... _0.., ..... ...... 0-(_--, --
"ll 3 4.71'5 2 

8 4 7.0,..8 3 

6 6 '9 ..... 4 

5 7 11.7", 5 

4 8 16 ..... 7 

3 II 23 ..... 10 

2 16 35.1". 15 

I 32 72 ..... 31 

(for SAl400 .... controlJersoperating withSAtOOO series drives • double density. 32sac1or$, 2S6bytes/MClof.) 
Note: Dth.er codes will work. but require mON revolutiOns of the diSk to read all sectors of 0ft1! ,Jack. 

TABLE 3. INTERLEAVECOOE SELECTION CHART" 

14 15 

28 30 

30 31 

29 31 

14 15 

26 5 

30 31 

10 21 
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7.0 DIAGNOSTIC PHILSOPHY 

7.1 BOARD RESIDENT MICRODIAGNOSTIC 

Fault Isolation Microdiagnostic (Optional) 
The controller can be further checked out off-line by initiating explicit microdiagnostic routines via optional 
firmware diagnostic sels. The routines are initiated by a ·set of control switches. Errors will be dislayed in a 
sel of LED's. Each microdiagnostic checks the funlionality of a particular section of the controller and is 
able to isolate failures in the following major categories: 

ALU 
Registers 
Sector Buffer 
ECC Logics 

F!!ult-isolation techniques can be concentrated on the failing section. 
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8.0 STATUS LED ERROR INTERPRETATION 

Drivefcontroller error conditions are displayed on the 8 LED display lights providea near the Jl a DC power 
connector (see Figures 11). The lollowing list of hexadecimal numbered error codes describe error mean
ings. Note that these error codes do not necessarily match the request sense block error codes. LED 
number 7 is the MSB. 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

OD 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19-1 F 

20 

21 

22 
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No I ndex Detected 

No Track Zero Detected 

Illegal Logical Sector Address - beyond maximum sectors available lor type of drive 

Drive Not Selected (SAl 000 only) 

No Seek Complete Detected 

ID Address Mark Not found (unformatted) 

Data Address Mark Not found 

Seek Error - RfW head not positioned on correct track 

Record Not found - found correct cylinder and head but not sector 

ID ECC or CRC error (uncorrectable) 

DMA Timeout Error - no Host acknowledge within 2561'sec after request. 

Invalid Command Received from Host 

Incorrect Data Address Mark 

Incorrect ID Address Mark 

Incorrect Cylinder Address 

Incorrect Sector Address 

Incorrect Head Address 

Uncorrectable Data Field ECC or CRC error 

Correctable Data Field ECC error 

D rive Not Ready 

Write Fault (SAl 000 and SA4000f41 00 only) 

Spare 

Write Protect90 (SABOOf850 only) 

RAM Diagnostic Error 

Spare 

Parity Error 

Bad Sector found - a sector within a track that has been flagged bad has been found. 

Invalid function for this drive type. 
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9.0 CONTROLLER OPTION SELECTION 

9.1 PARITY SELECT JUMPERS 

Odd parity may be used by the Host system for data integrity verification. The controller will always output 
odd parity to the Host system. 

Odd parity checking by the controller may be allowed or inhibited by moving a 3 position jumper plug at W2 
(ocated near the J6 Host connector (see Figure 11), With jumper at position A + B the controller will test for 
odd parity on all data input to the controller. With jumper at positon B + C the controller will not check for 
parity (normally shipped in A + B). 

9.2 DRIVE TYPE SELECTION DIPSWITCH 

The dipswitch settings for various types of drives for the SAt403D are shown below: 

Prom Set AS30 -I, II, III, IV CUSTOMER FIRMWARE: (DIP SWITCH set·up proCedure) 

Location: 2H 

Switch Bits 

Field 

Definition 

EXAMPLE: 

LOCA nON: 23 

S 7 6 5 4 3 

LUN 0 LUN t LUN 2 
Drive Drive Drive 
Type Type Type 

Drive 
Switch 

Type 

0 
t 
2 
3 

S 

Setting 
Description 

Even 

on 
on 
off 
off 

7 

LUN 0 
Drive 
Type 

on on 

Odd 

on SAt 002 
off SAt 004 
on SASOO 
off SAS50 

6 5 4 3 

LUN t LUN 2 
Drive Drive 
Type Type 

off on on off 

Drive 0 IS set up for SAl 002 
Drive 1 IS set up for SASOO 
Drive 2 IS set up for SA 1004 
Drive 3 IS set up for SASSO 
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2 

LUN 3 
Drive 
Type 

t 

o 
F 
F 

o 
N 

2 heads, 256 cylinders 
4 heads, 256 cylinders 
t head, 77 cylinders 
2 heads, 77 cylinders 

2 1 

LUN 3 
Drive 
Type 

off off 

o 
F 
F 

o 
N 
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10.0 TRACK FORMAT DESCRIPTION 

10.126 SECTOR FORMAT 

The 26 sector format is an IBM compatible format which employes FM single density encoding on all tracks 
of the single density format (IBM 3740 compatible) and on track O. side 0 of the double density format. This 
format yields 26 sectors of 128 bytes per sector. 

The remainder of the tracks on the double density formats are encoded with MFM double density which 
Yields 26 sectors of 256 bytes per sector (IBM system 34 compatible). Figure 9 shows the two type of en
coding utilized. 

~~ ____________________ ~IL 

FIGURE 9.26 SECTOR FORMAT - SA800/850 

10.232 SECTOR FORMAT 

The 32 sector format employs MFM encoding on all tracks of the SA1000. This format yields 32 sectors of 
256 bytes per sector. Figure 10 shows the 32 sector format. 

~~ ________________ nL 

HEX DATA 

NUM 

14.--------IREPEATED 32 T1MES(316SVTESI----------l.! 

OF.~YT~"~~~~_L_~_~~_~~~~~~-L_L_~~~~~~~~~~~_L _____ _ 

WRITE UPDATE 

FIGURE 10. 32 SECTOR FORMAT - SA1000 
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11.0 DRIVE JUMPER SETIINGS 

11.1 JUMPER SETIINGS FOR SA800/801 FLOPPY 

The following information is contained in the SA800/801 Diskette Storage Drive OEM Manual. Shugart 
Associates, 1977. 

Jumper Name Function (Enabled if Jumper Installed) 

A Install enable DRSEl to drive selection 

B Install, Head Load on Drive Select 

C Remove, Drive Select loads heads 

o Remove, In Use to LED is disabled 

DC Remove, Disable Disk Change to return to controller 

OS Install enable stepper on Drive Select 

DS1-4 Install one only, DS1 = LUN a (Drive Select) 

HL Remove, Head load on Drive Select 

L Jumper for ·5V (remove for ·15V), controller requires ·5V only 

. T1 Remove, Head Load terminator 

T2 Install, Pull up for Drive Select lines 

T3 Install, Direction terminator 

T4 Install, Step terminator 

T5 Install, Write Data terminator 

T6 Install, Write Gate terminator 

X Install, Head Load Enable 

Y Remove, Disable Hdld from driving LED 

Z Install drive select drives in use LED 

800 Install, enables 800 index only operation 

801 Remove, disables 801 mode operation 

11.2 JUMPER SETIINGS FOR SA850/851 FLOPPY 

Jumper Name Function (Enabled if Jumper Installed) 

Controller is compatible with the factory jumper configuration. See SA850/851 OEM Manual. 

Note: Jumpers must be set for SA850, not SA851 

11.3 JUMPER SETIINGS FOR SA1000 WINCHESTER 

Jumper Name Function (Enabled if Jumper Installed) 

Controller is compatible with the factory jumper configuration. See SA1000 OEM Manual. 

SA 1403D Controller Reprint 275 



276 

13.49" 
34.26 CM-

3.70" 1 
34 

r 
.8CM 

6.52" 
16.56 CM 

0.24" 
0.6 
CM 

395" 

~990CM~ 

(t) 

I J7 I I J8 I 

1- 15" 
.38CM @--e 

~~~''"II-1 
0.24" 

-?:i5~l~~) 
DIPSWITCH 

(2H) 

COMPONENT SIDE 

(PARITY) 0 
Wl 0 6.87" = 0 

STATUSg 17.45 

LED'S 0 

CM 

DO 0 
0 

DO I J6 I @ DO f .l-® DO Jl0 

[] 1.35" 

I 3 4 3.42 CM 

1IIlllLlIWil 1 2 

0.21" f ~ 
Jl 

0.53 CM-

8.25" 
20.95 eM 

ALL TOLERANCES ± .003" 

FIGURE 11. SA1403D DIMENSIONAL DRAWING 
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Notes 
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WESTERN DIGITAL 
CORPORAT ON 

FD179X-02 
Floppy Disk Formatter/Controller Family 

FEATURES 

• 1WO VFO CONTROL SIGNALS - RG & VFOE 
• SOFT SECTOR FORMAT COMPATIBIUlY 
• AUTOMATIC TRACK SEEK WITH VERIFICATION 
• ACCOMMODATES SINGLE AND DOUBLE DENSITY 

FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
Non IBM Fonnat for Increased Copacity 

• READ MODE 
Singl&'Multiple Sector Read with Automatic Search or 

Entire Track Read 
Selectable 128, 256, 512 or 1024 Byte Sector Lengths 

• WRITE MODE 
SinglelMultiple SectorWrite with Automatic Sector 

Search 
Entire Track Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 
Double Buffering of Data8 Bit Bi-Directional Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-Chip Track and Sector RegisterslComprehensive 

Status tnfonnation 

• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select compare 

• INTERFACESTOWDl691 DATA SEPARATOR 
• WINDOW EXTENSION 
• INCORPORATES ENCODING/DECODING AND 

ADDRESS MARK CIRCUITRY 
• FDl792i4IS SINGLE DENSITY ONLY 
• FDl795/7 HAS A SIDE SELECT OUTPUT 

111X.Q2 FAMILY CHARACTERISTICS 

FEATURES 1791 1792 1793 1794 1795 

Slnale Density (FM) X X X X X 
Double Densitv (MFM X X X 
True Data Bus X X 
I"""""<fDataBus X X X 
WrilePrecorno X X X X X 
SIde Selection Output X 

APPLICATIONS 

8" FLOPPY AND5V," MINI FLOPPVCONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/FORMATTER 

1797 

X 
X 
X 

X 
X 

r-- AAWR£AD .---
OATAIB) 

~~ .. 
., LATE 

e 
EARLY F 

0 es 1 
M R£ wo 0 
p 

l .. p 

u WE P 

T M" "'IX 
y 

• 
" FlOPPYOtSI< WFIVFOE 0 

CONTROLlE~ 
, 

, FORMATTER _T S . 
N WG 
T ·r , · OP N 

R T"OO T 

F "" "" READY 
E 

· R 
F 

e TG" . 
E ORO STEP e 

E 
INTRa DIRe 

elK 

"179113",RG 11'9517= SSO 
"11'9317 TRUE BUS 

"'179214 OPEN 

PIN DESIGNATION 

"-- HlD~ r~ .......... ONE SHOT 

Vss VDD Vee 
H::'" .. J (IF USEDI 

: 

1 I I 
T ~ 

·sv 
+12 -tsv 

FD111XSVSTEM BLOCK DIAGRAM 
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PIN OUTS 

PIN 
NUMBER PIN NAME 

1 NO CONNECTION 

19 MASTER RESET 

20 POWER SUPPUES 

21 

<10 

COMPUTER INTERFACE: 

2 WRITE ENABLE 

3 CHIPSELECT 

4 READ ENABLE 

5,6 REGISTER SELECT LINES 

7·14 DATA ACCESS LINES 

24 CLOCK 

38 DATA REOUEST 

39 INTERRUPT REOUEST 

FLOPPY DISK INTERFACE: 

15 STEP 

16 DIRECTION 

17 EARLY 

18 LATE 
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SYMBOL 

NC 

Vss 

Voo 

Voo 

WE 

CS 

RE 

AO,Al 

DALO-DAL7 

ClK 

ORO 

INTRO 

STEP 

DlRC 

EARLY 

LATE 

FUNCTION 
Pin 1 is internally connected to a back bias generator and 
must be left open by the user. 

A 50gic low (50 microseconds min.) on this input resets the 
device and loads HEX 03 into the command register. The Not 
Ready (Status Bit 7) Is reset during MR ACTIVE. When MR is 
brought to a logic high a RESTORE Command is executed, 
negardless of the state of the Ready signal from the drive. 
Also, HEX 01 Is loaded into sector leglster. 

Ground 

+5V::t5% 

+12V :t5% 

A logic low on this Input gates data on the OAl into the 
selected register when OS is low. 

A logic low on this Input selects the chip and enables 
computer communication with the device. 

A logic low on this input controls the placement of data from a 
selected leglster on the DAL when CS Is low. 

These inputs select the register to recelvettransfer data on the 
DAL lines under FiE and WE control: 

CS AI AO RE WE 

0 0 0 Status Reg Command Reg 
0 0 1 Track Reg Track Reg 
0 1 0 5ectorReg 5ectorReg 
0 1 1 Data Reg Data Reg 

Eight bit Bidirectional bus used for transfer of data, control, 
and status. This bus is receiver enabled by WE or transmitter 
enabled by RE. Each line will drive 1 standard TTL load. 

This input requires a free-running 50% duty cycle square wave 
clock for internal timing reference, 2 MHz ± 1 % for 8" drives, 
1 MHz ::t:1% for mini-floppies. 

This open drain output indicates that the DR contains 
assembled data in Read operations, or the DR is empty in 
Write operations. This signal is reset when serviced by the 
computer through reading or loading the DR in Read or Write 
operations. respectively. Use 10K pulJ..up resistor to + 5. 

This open drain output is set at the completion of any com
mand and is reset when the STATUS register is read or the 
command register Is written to. Use 10K pull-up resistor to 
+5. 

The step output contains a pulse for each step. 

Direction Output is active high when stepping in, active low 
when stepping out. 

Indicates that the WRITE DATA pulse occuring while Early is 

:~i:!~h) should be shifted ear1y for write preco"," II 

Indicates that the write data pulse occurring while late is 
active (high) should be shifted late for write precompensation. 
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PIN 
NUMBER PIN NAME SYMBOL FUNCTION 

22 TEST TEST This input Is used for testing purposes only and should be tied 
to + 5V or lett open by the user unless interlacing to YQice coil 
actuated steppers. 

23 HEAD LOAD TIMING HLT When a logic high Is found on the HLT input the head is 
assumed to be engaged. It Is typically derived from a 1 shot 
triggered by HLD. 

25 READ GATE RG This output is used for synchronization of external data 
(1791,1792,1793,1794) separators. The output goes high after two Bytes of zeros in 

single density, or 4 Bytes of elther zeros or ones in double 
density operation. 

25 SIDE SELECT OUTPUT SSO The logic level of the Side Select Output is directly controlled 
(1795,1797) by the'S' flag in Type II or III commands. When U = " SSO is 

set to a logic 1. When U = 0, SSO is set to a logic O. The SSO 
is compared with the side infonnation in the Sector 1.0. Field. 
If they do not compare Status Bit 4 (RNF) is set. The Side 
Select Output is only updated at the beginning of a Type II or 
III command. It is forced to a logic 0 upon a MASTER RESET 
condition. 

26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data 
stream must be provided to this input. Phasing (i.e. RCLK 
transitions) relative to RAW READ is important but polarity 
(RCLK high or low) is not. 

27 Rl4'lREAD Rl4'lREAD The data input signal directly from the drive. This input shall 
be a negative pulse for each recorded flux transition. 

26 HEAD LOAD HLD The HLD output controls the loading of the Read-Write head 
against the media 

29 TRACK GflEATER THAN 43 TG43 This output informs the drive that the ReadlWrite head is 
positioned between tracks 44-76. This output Is valid only 
during Read and Write COmmands. 

30 WRITE GATE WG This output is made valid before writing is to be performed on 
the diskette. 

31 WRITE DATA WD A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition. 
WD contains the unique Address marks as well as data and 
clock in both FM and MFM formats. 

32 READY READY This input indicates disk readiness and is sampled for a logic 
high before Read or Write commands are performed. If Ready 
is low the Read or Write operation is not performed and an 
interrupt Is generated. Type I operations are performed 
regardless of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 

33 WRITE FAULT WFIYFOE This is a bl-directional signal used to signify writing faults at 
VFOENABLE the drive, and to enable the external PlO data separator. When 

WG = 1, Pin 33 functions as a WF input If WF = 0, any write 
command will immediately be terminated. When WG = 0, Pin 
33 functions as a VFOE output. VFOE will go low during a read 
operation after the head has loaded and settled (HLT = 1). On 
the 179517, it will remain low until the last bit of the second 
CRe byte in the 10 field. VFOE will then go high until 8 bytes 
(MFM) or 4 bytes (FM) before the Address Marl<. It will then go 
active until the last bit of the second CRe byte of the Data 
Field. On the 1791/3. VFOE will remain low until the end of the 
Data Field. This pin has an intemal100K Ohm pull-up resistor. 

34 TRACK 00 TROO This input infonns the FD179X that the ReadlWrite head is 
positioned over Track 00. 
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PIN NUMBER PIN NAME SYMBOL 

35 INDEX PULSE IP 

36 WRITE PROTECT WPRT 

37 DOUBLE DENSITY DDEN 

GENERAL DESCRIPTION 
The FD179X are ,N-Channel Silicon Gate M05 LSI 
devices which perform the functions of a Floppy Disk 
Formatter/Controller in a single chip implementation. 
The FD179X, which can be considered the end result 
of both the FD1n1 and FD17S1 designs, Is IBM 3740 
compatible in single density mode (FM) and System 34 
compatible in Double Density Mode (MFM). The 
FD179X contains all the features of its predecessor the 
FD1n1, plus the added features necessary to 
readlwrite and format a double density diskette. These 
include address marK detection, FM and MFM encode 
and decode logic, window extension, and write precom
pensation. In order to maintain compatibility, the 
FD1n1, FD1781, and FD179X designs were made as 
close as possible with the computer interface, instruc
tion set, and 110 registers being identical. Also, head 
load control is identical. In each case, the actual pin 
assignments vary by only a few pins from anyone to 
another. 
The processor Interface consists of an 8-bit bi-direc
tional bus for data, status, and control word transfers. 
The FD179X is set up to operate on a multiplexed bus 
with other bus-oriented devices. 
The FD179X is TIL compatible on all inputs and 
outputs. The outputs will drive ONE TTL load or three 
LS loads. The 1793 is identical to the 1791 except the 
OAl lines are TRUE for systems that utilize true data 
busses. 
The 1795/7 has a side select output for controlling 
double sided drives, and the 1792 and 1794 are "Single 
Density Only" versions of the 1791 and 1793 respec
tively. On these devices, DOEN must be lett open. 

ORGANIZATION 

The Floppy Disk Formatter block diagram is illustrated 
on page 5. The primary sections include the parallel 
processor interface and the Floppy Disk interface. 

Data Shift Register - This 8-bit register assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to the 
Write Data output during Write operations. 

Data Register - This. 8-bit register. is used as a 
holding register during Disk Read and Write operations. 
In Disk Read operations the assembled data byte Is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk Write operations in
formation is transferred in parallel from the Data 
Register to the Data Shift Register. . 
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FUNCTION 

This Input Informs the FD179X when the index hole is en-
countered on the diskette. 

This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write 
Protect Status bit. 

This Input pin selects either single or double density 
operation. When DDEN = 0, double density is selected. When 
DDEN = 1, single density is selected. This line must be left 
open on the 1792/4. 

When executing the Seek command the Data Register 
holds the address of the desired Track poSition. This 
register is loaded from the DAL and gated onto the 
DAl under processor control. 
Track Register - This 8-bit register holds the track 
number of the current ReadlWrite head poSition. It is 
incremented by one every time the head is stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track (0). The contents of 
the register are compared with the recorded track 
number in the 10 field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL This Register should 
not be loaded when the device is busy. 
Sector Register (SR) - This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the 10 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
oAL This register should not be loaded when the device is 
busy. 
Command Register (CR) - This B-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL 
Status Register (STR) - This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL 
CRC Logic - This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x" + XU + x! + 1. 
The CRC includes all information starting with the address 
mark and up to the CRG characters. The CRG register is 
preset to ones prior to data being shifted through the 
circuit. 
Arithmetic/Logic Unit (ALU) - The ALU is a serial com
parator, incrementer, and decrementer and is used for 
register modification and comparisons with the disk 
recorded 10 field. 

TIming and Control -. All computer and Floppy Disk in· 
terface controls are generated through this logic. The in· 
temal device timing is generated from an external crystal 
clock. 
The FD179X has two different modes of operation ac
cording to the state of DDEN. When DDEN = 0 double 
density (MFM) is assumed. When DDEN = 1, single 
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density (FM) is assumed. 1792 & 1794 are single density 
only. 

AM Detector - The address mar1<. detector detects 10, data 
and index address marks during read and write operations. 

PROCESSOR INTERFACE 

The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the FD179X. The DAL are three 
state buffers that are enabled as output drivers when Chip 
select (CS) and Read Enable (RE) are active (low logic state) 
or act as input receivers when CS and Write Enable (WE) 
are active. 

When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address is 
decoded and CS is made low. The address bits A1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 
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A1 • AO READ(RE) WRITE (WE) 

0 0 Status Register Command Register 
0 1 Track Register Track Register 
1 0 Sector Register sector Register 
1 1 Data Register Data Register 

During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD179X and the 
processor, the Data Request (ORO) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout. 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is reached. 

On Disk Write operations the data Request is activated 
when the Data Register transfers its contents to the Data 
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Shift Register, and requires a new data byte. It Is reset 
when the Data Register is loaded with new data by the 
processor. If new data is not loaded at the time the next 
serial byte is reqliired by the Floppy Disk, a byte of zeroes 
is written on the diskette and the Lost Data bit is set in the 
Status Register. 
At the completion of every command an INTRa is 
generated. INTRa is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRa is generated if a Force 
Interrupt command condition is met. 
The 179X has two modes of operation according to the 
state of DDEN (Pin 31). When DoEN = 1, single density is 
selected. In either case, the CLK input (Pin 24) is at 2 MHz. 
However, when interfacing with the mint-floppy, the eLK 
input is set at 1 MHz for both single density and double 
density. 
GENERAL DISK READ OPERATIONS 
Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, OOEN should be 
placed to logical "1." For MFM formats, DDEN should be 
placed to a logical "0." Sector lengths are determined at 
format time by the fourth byte in the "10" field 

Sector Length Table* 

Sector Length Number of Bytes 
Field (hex) in Sector (decimaO 

00 128 
01 256 
02 512 
03 1024 

1795197 may vary see command summary. 
The number of sectors per track as far as the FD179X is 
concerned can be from 1 to 255 sectors. The number of 
tracks as far as the F0179X is concerned is from 0 to 255 
tracks. For IBM 3740 compatibility, sector lengths are 128 
bytes with 26 sectors per track. For System 34 com
patibility (MFM), sector lengths are 256 bytes/sector with 26 
sectors/track; or lengths of 1024 bytes/sector with 8 
sectors/track. (See Sector Length Table) 
For read operations in 8~ double density the FD179X 
requires RAW R~D Data (Pin 21) signal which is a 200 ns 
pulse per flux tranSition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) signal 
is provided by some drives but if not it may be derived 
externally by Phase lock lOOps, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided as 
an output (Pin 25) on 1791192193194 which can be used to 
inform phase lock loops when to acquire synchronization. 
When reading from the media in FM. RG is made true when 
2 bytes of zeroes are detected. The FD179X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again. If an address mark is found within 10 bytes. RG 
remains true as long as the FD179X is deriving any useful 
information from the data stream. Similarly for MFM, RG is 
made active wtien 4 bytes of "00" or "FF" are detected. The 
FD179X must find an address mark within the next 16 
bytes, otherwise RG is reset and search resumes. 
During read operations (WG = 0), the WOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE will go 
active low when: 
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II) Both HLT and HLD are True 
b) Settling Time, If programmed, has expired 
c) The 179X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 10K resistor 
to +5. 
GENERAL DISK WRITE OPERATION 
When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
ReadlWrite head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the FD179X before the 
Write Gate signal can be activated. 
Writing is inhibited when the "'W"'ri"'te"P"-r"'ot"'e""ct input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. The Write Fault input, when activated, 
signifies a writing fault condition detected in disk drive 
electronics such as failure to detect write current flow 
when the Write Gate is activated. On detection of this fault 
the FDl79X terminates the current command, and sets the 
Write Fault bit (bit 5) in the Status Word. The Write Fault 
input should be made inactive when the Write Gate output 
becomes inactive. 
For write operations, the FD179X provides Write Gate (Pin 
30) and Write Data (Pin 31) outputs. Write data consists of a 
series of 500 ns pulses in FM (DDEN = 1) and 20) ns 
puises in MFM (DDEN ;; 0). Write Data provides the unique 
address marks in both formats. 
Also during write, two additional signals are provided for 
write precompensation. These are EARLY (Pin 17) and 
LATE (Pin 18). EARLY is active true when the WD pulse 
appearing on (Pin 30) is to be written EARLY. LATE is active 
true when the WD pulse is to be written LATE. If both 
EARLY and LATE are low when the WD pulse is present, 
the WD pulse is to be written at nominal. Since write 
precompensation values vary from disk manufacturer to 
disk manufacturer, the actual value is determined by 
several one shots or delay lines which are located extemal 
to the FD179X. The write precompensation signals EARLY 
and LATE are valid for the duration of WD in both FM and 
MFM formats. 

READY 
Whenever a Read or Write command (Type II or III) is 
received the F0179X samples the Ready input. If this input 
is logic low the command is not executed and an interrupt 
is generated. All Type I commands are perfonned re
gardless of the state of the Ready input. Also, whenever a 
Type II or III command is received, the TG43 signal output 
Is updated. 

COMMAND DESCRIPTtON 
The FD179X will ac ~ pt eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 
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TABLE 1. COMMAND SUMMARY 
A. Commands for Modefs'179' 1792, 1793. '794 

Bits Bits 
ype Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 , 0 

I 

_ore 
0 0 0 0 h V " ro 0 0 0 0 h V '1 ro 

I Seek 0 0 0 , h V " ro 0 0 0 , h V " ro 
I Step 0 0 1 T h V " ro 0 0 1 T h V " ro 
I Step-In 0 , 0 T h V " ro 0 , 0 T h V " ro 
I Step-out 0 , , T h V " ro 0 1 1 T h V '1 ro 
II Read Secto' , 0 0 m S E C 0 , 0 0 m L E U 0 
II WriteSecto, , 0 , m S E C eo , 0 1 m L E U eo 
III Read Address 1 , 0 0 0 E 0 0 1 1 0 0 0 E U 0 
III Read Track , , , 0 0 E 0 0 1 , , 0 0 E U 0 
III Write Track 1 1 , , 0 E 0 0 1 1 1 1 0 E U 0 
IV Force Intenupt 1 , 0 , 13 12 I, iQ 1 , 0 1 13 12 I, iQ 

FLAG SUMMARY TABLE 2. FLAG SUMMARY 

Command Bit 
Type No(s) Description 

I 0,1 r1 fa = Stepping Motor Rate 
See Table 3 for Rate Summary 

I 2 V = Track Numbs,Verify Flag V = O,No_ify 
V :;; 1, Verify on destination track 

I 3 h = Heed Load Flag h =- 1, Load head at beginning 
h = 0, Unload heed at beginning 

I 4 T = Track Update Flag T = 0, No update 
T = " Update track registe, 

II 0 eo = Data Address Marl< aO = 0, FB (DAM) 
aO = I, F8 (deleted DAM) 

II 1 C = Side Compare Flag C = 0, Disable side compare 
C = 1, Enable side compare 

11&111 , U = Update SSO U = 0, Update SSO to 0 
U = " Update SSO to 1 

11&111 2 E = '5 MS Delay E = 0, No 15 MS delay 
E = 1,'5MSdeiay 

II 3 S = Side Compare Flag S =- 0, Compare for side 0 
S = 1, Compare for side 1 

II 3 L = Secto, Length Flag LSB's Sector Length in 10 Field 
00 01 10 11 

L -0 256 512 1024 128 

L _ 1 128 256 512 1024 

II 4 m = Multiple Record Flag m = 0, Single record 
m = 1, Multiple records 

IV ()'3 Ix = Interrupt Condition Flags 
10 = 1 Not Ready To Ready Transition 
I, = 1 Ready To Not Ready Transition 
12 = 1 Index Pulse 
13 :;; 1 Immediate Interrupt, Requires A Reset 
13.10 = 0 Terminate With No Interrupt (INTRa) . NOTE. See Type IV Command Descnptlon for further Information. 
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TYPE I COMMANDS 

The Type I Commands include Ihe Reslore, Seek, Step, 
Stepln, and Stet>Out commands. Each 01 the Type I 
Commands contains a rate field (rt) rl). which determines 
the stepping motor rate as defined in Table 3. 

A 2 ~s (MFM) or 4 ~s (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
treck location In a direction determined by the direction 
output. The chip will step the drive in the same direction It 
last stepped unless the command changes the direction. 

The Direction signal is active high when stepping in and 
low when stepping out. The Direction signal is valid 12.,s 
before the first stepping pulse is generated. 

The rates (shown in Table 3) can be applied to a Step. 
Direction Motor through the device interface. 

TABLE 3. STEPPING RATES 

CL' 2 MHz 2foi1Hz 1 MHz 1 MHz 2 MHz 1 MHz 

Di5EN 

Rl RO TEST"" TEST"" Trn=l TeST"" TEsT:O TEsT:O 
0 0 3m. 3m. Om. Om. '84,.. 366e' 
0 , Om. Om. 12ms 12ms 'OOps 380,<. 

, 0 10ms 10ms 20m. 20 m. ' ..... """". 
15ms 15ms 30"" 30 m. 206", 416p.s 

After the last directional step ':In additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. If TEST :. 0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set in 
any Type II or III command. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by settling bit 2 (V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
15 millisecondgettling time after the head is loaded against 
the media The track number from the first encountered 10 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the 10 Field 
Cyclic Redundancy Check (CRG) is correct, the verify 
operation is complete and an INTRa is generated with no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit is set (Status bit 3), and the next encountered 10 
field is read from the disk for the verification operation. 

The FOl79X must find an 10 field with correct track number 
and correct CRG within 5 revolutions of the media; 
otherwise the seek error is set and an INTRa is generated. 
It V :. 0, no verification is performed. 

The Head load (HLO) output controls the movement of the 
read/write head against the media HLD is activated at the 
beginning of a Type I command if the h flag is set (h = 1), at 
the end of the Type J command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active it remains active until either a Type I command is 
received wHh (h :. 0 and V :. 0); or if the FOl79X is in an 
idle state (non-busy) and 15 index pulses have occuned. 
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Head load timing (HL 1) is an input to the FOl79X whicn is 
used for Ihe head engage time. When HLT = 1, Ihe FDt79X 
assumes Ihe head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on dove. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the FD179X. 

HLO~ 
I----SOTO 1ooms--lj--____ _ 

11----1 I 
HL T (fROM ONE SHOTt 

HEAD LOAD TIMING 

When both HLD and HL T are true, the FD179X will then 
read from or write to the media The "and" of HLO and HLT 
appears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset If h = t and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an intemal15 rns delay. If h = 0 and V = 1, HLD is 
set near the end of the command, an internat 15 ms occurs, 
and the FD179X waits lor HLTto be true. If h = 1 and V = 
1, HLO is set at the beginning of the command. Near the 
end of the command, after aU the steps have been issued, 
an internal 15 rns delay occurs and the FDl79X then waits 
for Hl T to occur. 

For Type II and ill commands with E Ilag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT 
is sampled until true. 

RESTORE (SEEK TRACK 0) 

Upon receipt of this command the Track 00 (TROO) input is 
sampled. It TROD is active low indicating the Read-Write 
head is positioned over track 0, the Track Register is loaded 
with zeroes and an interrupt is generated. If TROD is not 
active low, stepping pulses (pins 15 to 16) at a rate specified 
by the r1 rO field are issued until the'TIiiO input is activated. 
At this time the Track Register is loaded with zeroes and an 
interrupt is generated. If the fROO input does not go active 
low after 255 stepping pulses, the F0179X tenninates 
operation, interrupts, and sets the Seek error status bit, 
providing the V flag is sel A verification operation also 
takes place if the V flag is set. The h bit allows the head to 
be loaded at the start of command. Note that the Restore 
command is executed when MR goes from an active to an 
inactive state and that the ORO pin stays low. 

SEEK 

This command assumes that the Track Register contains 
the track number of the current position of the Read·Write 
head and the Data Register contains the desired track 
number. The FOl79X will update the Track register and 
issue stepping pulses in the appropriate direction until the 
contents of the Track register are equal to the contents of 
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TYPE I COMMAND FLOW 

the Data Register (the desired track location). A verification 
operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 

STEP 
Upon receipt of this command, the F0179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay detennined by the r1ro field, a verification 
takes place if the V flag is on. If the U flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 

STEP-IN 

Upon receipt of this command, the FD179X issues one 
stepping pulse in the direction towards track 76. If the U 
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TYPE I COMMAND FLOW 

flag is on, the Track Register is incremented by one. After a 
delay determined by the r1 rO field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

STEP-OUT 
Upon receipt of this command, the FD179X issues one 
stepping pulse in the direction towards track O. If the U flag 
is on, the Track Register is decremented by one. After a 
delay determined by the r1 rO field. a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

EXCEPTIONS 

On the 179517 devices, the SSO output is not affected 
during Type 1 commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 
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VERIFY 
SEQUENCE 

TYPE I COMMAND FLOW 

TYPE II COMMANDS 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the computer must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HlO is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec 
delay. The 10 field and Data Field format are shown on page 
13. 
When an 10 field is located on the disk, the F0179X 
compares the Track Number on the 10 field with the Track 
Register. If there is not a match, the next encountered 10 
field is read and a comparison is again made. If there was a 
match, the Sector Number of the 10 field is compared with 
the Sector Register. If there is not a Sector matCh, ,he next 
encountered 10 field is read off the disk and comparisons 
again made. If the 10 field CRe is correct, the data field is 

288 

then located and will be either written into, or read from 
depending upon the command. The F0179X must find an 
10 field with a Track number, Sector number, side number, 
and CRe within four revolutions of the disk; otherwise, the 
Record not found status bit is set (Status bit 3) and the 
command is terminated with an interrupt. 

--------TY-P-E-II-CO-M-MA:-:-N=D-----' 

Each of the Type II Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
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record. The FD179X will continue to read or write multiple 
reco~s and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command is loaded into the Command Register, which 
terminates the command and generates an interrupt 

For example: If the FDI79X is instructed to read sector 27 
and there are only 26 on the track, the sector register ex· 
ceeds the number available. The FD179X will search for 5 
disk revolutions, interrupt out. reset busy, and set the 
record not found status bit. 

The Type II commands for 1791·94 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C : 1, the LSB of the side number is read off 
the 10 Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the 10 field, the F0179X continues with 
the 10 search. If a comparison is not made within 5 index 
pulses, the interrupt line Is made active and the Record· 
Not·Found status bit is set 

TYPE II COMMAND 

Western Digital Reprint 

The Type II and III commands for the 1795-97 contain a side 
select flag (Bit 1). When U : 0, SSO is updated to O. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the 10 field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
status bit is set. 

The 179517 READ SECTOR and WRITE SECTOR com
mands include a 'L' flag. The 'L' flag, in conjunction with 
the sector length byte of the 10 Field, allows different byte 
lengths to be implemented in each sector.' For IBM 
compatability, the 'L' flag should be set to a one. 

READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an 10 field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRG, the 
data field is presented to the computer. The Data Address 

DATA ~M 
OCCUIlt:O 

,NT"E 

READ SECTOR 
SEQUENCE 

TYPE II COMMAND 
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Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last 10 
field CRC byte; if not, the 10 field is searched for and 
verified again followed by the Data Address Mark search. It 
after 5 revolutions the DAM cannot be found, the Record 
Not Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
ORO is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRa is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 
that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been inputted to the computer. If there is a CRe error at the 
end of the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 
At the end of the Read operation, the type of Data Address 
Mark encountered in the data field is recorded in the Status 
Register(Bit 5) as shown: 
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STATUS 
BIT 5 

Deleted Data Mark 
o Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (H LD active) and the Busy status bit is set. When an 
10 field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a ORO is generated. The FD179X counts off 11 bytes 
in single density and 22 bytes in double density from the 
CRC field and the Write Gate (WG) output is made active if 
the ORO is serviced (i.e., the OR has been loaded by the 
computer). If ORO has not been serviced, the command is 
terminated and the lost Data status bit is set. If the ORO 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ao 
field of the command as shown below; 

so Data Address Mark (Bit 0) 

Deleted Data Mark 
Data Mark 

The F0179X then writes the data field and generates ORO's 
to the computer. If the ORO is not serviced in'time for 
continuous writing the Lost Data Status Bit is set and a 
byte of zeroes is written on the disk. The command is not 
terminated. After the last data llyte has been written on the 
disk, the tWc>-byte CRC is computed intemally and written 
on the disk followed by one byte of logic ones in FM or in 
MFM. The WG output is then deactivated. For a 2 MHz 
clock the INTRa will set 8 to 12 ~sec after the last CRC byte 
is written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. . 

TYPE III COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the head 
is loaded and the Busy Status Bit is set. The next 
encountered ID field is then read in from the disk, and 
the six data bytes of the 10 field are assembled and 
transferred to the DR, and a ORO is generated for each 
byte. The six bytes of the 10 field are shown below: 

Although the CRC characters are transferred to the 
computer, the FD179X checks for validity and the CRC 
error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector 
register so that a comparison can be made by the 
user. At the end of the operation an interrupt is 
generated and the Busy Status is reset. 
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READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and ORa's are generated for each byte. The ac
cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read Gate 

TYPE III COMMAND WRITE TRACK 
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Is not activated during the command; no CAe checking is 
performed; gap information is included in the data stream; 
the internal side compare is not performed; and the ad
dress mark detector is on for the duration of the command. 
Because the A.M. detector is always on, write splices or 
noise may cause the chip to look for an A.M. If an address 
mark does not appear on schedule the Lost Data status flag 
is set. 

The 10 A.M., 10 field, ID CRC bytes, DAM, Data, and Data 
CRe Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. 

...0" .. , 

TYPE III COMMAND WRITE TRACK 
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CONTROL BYTES FOR INITIALIZATION 

DATAPATIERN FD179X INTERPRETATION FD1791/31NTERPRETATION 
IN DR (HEX) IN FM (DDEN = 1) IN MFM (0"0Eii = 0) 

00 thru F4 Write 00 thru F4 with ClK = FF Write 00 thru F4, in MFM 
FS Not Allowed Write A1' in MFM, Preset CRC 
F6 Not Allowed Write C2·· in MFM 
F7 Generate 2 CRC bytes Generate 2 CRC bytes 
Fa thru FB Write Fa thru FB, Ctk ~ C7, Preset CRC Write Fa thru FB, in MFM 
FC Write FC with Clk = 07 Write FC in MFM 
FD Write FD with Clk = FF Write FD in MFM 
FE Write FE, Clk = C7, Preset CRC Write FE in MFM 
FF Write FF with Clk = FF 

·Missing clock transition between bits 4 and 5 

WRITE TRACK FORMATTING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Fonnatting the disk is a relatively simple task when 
operating programmed 1/0 or when operating under OMA 
with a large amount of memory. Data and gap information 
must be provided at the computer interface. Fonnatting the 
disk is accomplished by positioning the PJW head over the 
desired track number and issuing the Write Track com· 
mand. 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im
mediately upon receiving the command, but writing will not 
start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 
making the device Not Busy, the Lost Data Status Bit is set, 
and the Interrupt is activated. If a byte is not present in the 
DR when needed, a byte of zeroes is substituted. 

This sequence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears in the 
data register is written on the disk with a normal clock 
pattern. However, if the FD179X detects a data pattern of 
F5 thru FE in the data register, this is interpreted as data 
address marks with missing clocks or CRC generation. 

The CAC generator is initialized when any data byte from 
Fa to FE is about to be transferred from the DR to the DSR 
in FM or by receipt of F5 In MFM. An F7 pattern will 
generate two CRC characters in FM or MFM. As a con
sequence, the patterns F5 thru FE must not appear in the 
gaps, data fields. or 10 fields. Also, CRC's must be 
generated by an F7 pattern. 

Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 

TYPE tV COMMANDS 

The Forced Interrupt command is generally used to ter· 
minate a multiple sector read or write command or to in-
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Write FF in MFM 

* * MISSing clock transition between bits 3 & 4 

sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 
reset. 

The lower four bits of the command determine the con· 
ditional interrupt as follows: 

10 ::; Not·Ready to Ready Transition 
11 ::; Ready to Not·Ready Transition 
12 ;;;: Every Index Pulse 
13 ::; Immediate Interrupt 

The conditional interrupt is enabled when the cor· 
responding bit positions of the command (13· 10) are set to 
a 1. Then, when the condition for interrupt is met, the IN· 
TRQ line will go high signifying that the condition specified 
has occurred. If 13· 10 are all set to zero (HEX 00), no in
terrupt will occur but any command presently under 
execution will be immediately terminated. When using the 
immediate interrupt condition (13 ::; 1) an interrupt will be 
immediately generated and the current command ter· 
minated. Reading the status or writing to the command 
register will not automatically clear the interrupt. The HEX 
DO is the only command that will enable the immediate 
interrupt (HEX DB) to clear on a subsequent load command 
register or read status register operation. Follow a HEX DB 
with 00 command. 

Wait 8 micro sec (double density) or 16 micro sec (Single 
density before issuing a new command after issuing a 
forced interrupt (times double when clock ::; 1 MHZ). 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an in· 
temal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRG 
calculations, compares, etc.). 

More than one condition may be set at a time. If for 
example, the READY TO NOT·READY condition (11 = t) 
and the Every Index Pulse (12 = 1) are both set, the 
resultant command would be HEX UDAl'. The "OR" func· 
tion is performed so that either a READY TO NOT· READY 
or the next Index Pulse will cause an interrupt condition. 
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0" TEST ~ •. NO DELAY 
"TEST.,llY'1C1 elK", 1 MHZ. 30 MS DELAY 
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READ ADDRESS 
SEQUENCE 

TYPE III COMMAND 
Read Track/Address 

SllITUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type I commands. 

The user has the option of reading the status register 
through program control or using the ORO line with OMA or 
interrupt methods. When the Data register is read the ORO 
bit in the status register and the ORO line are automatically 
reset. A write to the Data register also causes both ORa's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in 
lieu of using the INTRQ line. When using the INTRa, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
thelNTRO line. 

The format of the Status Register is shown below: 

~--r---r-__ r-~(B~lrT5ti) __ r-__ r-__ .-~ 

~1S3 57 56 55 52 51 so 

Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain time delays must 
be observed when operating under programmed 110. They 
are: (times double when clock:;: 1 MHZ) 

Delay Req'd. 
Operation Next Operation FM ~ MFM 

Write to Read Busy Bit 12",s 6 loiS 
Com~nd Reg. ~tO) I 

Write to Read Status I 28 ~s 1 14 JiS 
Command Reg. Bits 1·7 --L-- I 

Write Any Read From Ditt. T 0;0-
Register Register I 

IBM 3740 FORMAT - 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 
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IBM 3740 FORMAT - 128 BYTES/SECTOR 

Shown below is the IBM single-density format with 128 
byteslsector. In order to fonnat a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 

NUMBER 
OF BYTES 

40 
6 
1 

• 26 
~ 

1 
1 
1 
1 
1 
1 

11 
6 
1 

128 
1 

~. 

FF(orOO)' 
00 

HEX VALUE OF 
BYTE WRITTEN 

FC (Index Mark) 
FF(orOO)' 
00 
FE (10 Address Mark) 
Track Number 
Side Number(OOor01) 
Sector Number(1 thru lA) 
00 (Sector Length) 
F7 (2 CRC's written) 
FF(orOO)' 
00 
FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRC's written) 
FF(orOO)' 
FF(orOO)' 

"Write bracketed field 26 times 
·"Continue writing until FD179X interrupts out. 

Approx. 247 bytes. 
'·Optional'OO' on 1795/7 only. 

Western Digital Reprint 

IBM SYSTEM 34 FORMAT· 256 BYTES/SECTOR 

Shown below Is the IBM dual-density format with 256 
bytes/sector. In order to format a diskette the user nwst 
issue the Write Track command and load the data register 
with the following values. For every byte to be written, there 
is one data request. 

NUMBER 
OF BYTES 

80 
12 
3 
1 

~ 
3 
1 
1 
1 
1 
1 
1 

22 
12 

3 
1 

256 
1 

54 
598·· 

4E 
00 

HEX VALUE OF 
BYTE WRITTEN 

F6 (Writes C2) 
FC (Index Mark) 
4E 
00 
F5 (Wrttes AI) 
FE (10 Address Mark) 
Track Number(O thru 4C) 
Side Number (0 or 1) 
Sector Number (1 thru 1 A) 
01 (Sector Length) 
F7 (2 CRCs wrttten) 
4E 
00 
F5(Writes AI) 
FB (Oata Address Mark) 
DATA 
F7 (2 CRCs written) 
4E 
4E 

·Write bracketed field 26 times 
··Continue writing until FD179X interrupts out. 

Approx. 598 bytes. 
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1. NON·IBM FORMATS 

Variations In the IBM formats are possible to a limited 
extent if the following requirements are met: 

1) Sector size must be 128. 256, 512 or 1024 byles. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of AI must be used in MFM. 

In addition, the Index Address Marl<. is not reQuired for 
operation by the F0179X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for FD179X operation, however PLL lock up 
time, motor speed variation, write-splice area. etc. will add 
more bytes to each gap to achieve proper operation. It is 
recommended that the IBM format be used for highest 
system reliability. 

FM MFM 

Gap I 16 bytes FF 32 bytes4E 

Gap II 11 bytes FF 22 bytes4E 

6 bytes CO 12 bytes CO 
3 bytes AI 

Gap III·· 10 bytes FF 24 bytes4E 
4 bytes CO 8 bytes CO 

3 byles AI 

Gap IV 16 bytes FF 16 bytes4E 

·Byte counts must be exact 
.... Byte counts are minimum, except exactly 3 bytes of A 1 

must be written. 

TIMING CHARACTERISTICS 

T. = OOC to 70'C, VOD = + 12V '" .6V. Vso = OV, Vee =+5V ± .25V 

READ ENABLE TIMING (See Note 6, Page 21) 

SYMBOL CHARACTERISTIC MIN. TYP. 

TSET Setup AD DR & CS to R~ 50 
THLD Hold ADDR & CS from RE 10 
TRE RE Pulse Width 400 
TDRR DRO Reset from RE 400 
TlRR INTRa Reset from RE 500 
TDACC Data Access from RE 
TDOH Data Hold From RE SO 

WRITE ENABLE TIMING (See Note 6, Page 21) 

SYMBOL CHARACTERISTIC MIN. TYP. 

TSET Setup ADDR & CS to WE 50 
THLD Hold ADDR & CS from WE 10 
TWE WE Pulse Wid1h 350 
TDRR DRO Reset from WE 400 
TIRR INTRa Reset from WE 500 
TDS Data Setup to WE 250 
TDH Data Hold from WE 70 

296 

ISf"VIC~,WOAstC"SE. 
fOIl n~"s 

OAQ .AlUNG ED(;( '''DOC.TU .... , '''l DA'. "EG1S1(~ WA$ REAl> 
' .. 'AO .. 'S' .... EDGEOC<;'''.S.'ENDOFCOOO .. '' .. D 
, .. TAO .... LU .. G EOOE INDICATES ' ..... 'ME SlAWS ~EG'STE" ..... s READ 

READ ENABLE TIMING 

MAX. UNITS CONDITIONS 

nsec 
nsee 
nsec Cl=50pf 

500 nsec 
3000 nsec See Note 5 

350 nsec Cl=50pf 
150 nsec Cl= SOpf 

MAX. UNITS CONDITIONS 

,osec 
nsee 
nsec 

500 nsee 
3000 nsee See Note 5 

nsec 
nsec 
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ORQR'S!"GEP\l.E 'ND!CATESTH""'HE!),OUREG/S'ERISE .. Pn 
ORO .... LU .. G EDGE ' .. DI<:ATES ... AT , .. E !)'oTA REG'STER,S LOADf.D 
'NTAO A'S'''G EDGE It<DICATO THE E .. e 01' A COIoI ....... ~ 
'NTAO FALLI .. G EDGE "'IOICATEST .... ' .. ECO .... A .. OREGlST(R 

WRITE ENABLE TIMING 

INPUT DATA TIMING' 

SYMBOL CHARACTERISTIC MIN. 

Tpw Raw Read Pulse Width 100 

Ibc F1aWR'e8cI Cycle Time 1500 

Tc RClK Cycle Time 1500 

Tx, RClK hold to Raw Read 40 

TX2 Raw Read hold to RClK 40 

I ' •. , I ---I I--
iVoWR(AO 

U LI 

ACLM 

-j ' .. 1== ',,--I 
~ 

j-----" ---t---- .. --1 
j----" ------1 

NOMINAL 

DISKETTE MODE ODEN elK T, T. T, 
8" MF .. 0 2 MHz '''' '''' 2 .' 8" F .. , 2 MHz 2 ... 2., '.' 5" MF .. 0 1 MHz 2., 2., .... 
5" FM , , MHz .. ' .. ' 8., 

INPUT DATA TIMING 

TYP. MAX. UNITS CONDITIONS 

200 nsec See Note 1 

2000 nsec 1800 ns @ 70°C 

2000 nsec 1800 ns @ 70°C 

nsec See Note 1 

nsec See Note 1 

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN eLK = 1 MHz) (See Note 6, Page 21) 

SYMBOL GHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS 

Twp Write Data Pulse Width 500 650 nsec FM 
200 350 nsec MFM 

Twg Write Gate to Write Data 2 ~sec FM 
1 ~sec MFM 

Tbc Write data cycle Time 2.3,or4 p.sec :::!:CLK Error 
Ts Early (late) to Write Data 125 nsec MFM 
Th Early (late) From 125 nsec MFM 

Write Data 
Twf Write Gate off from WD 2 Jl.sec FM 

1 ,.c.sec MFM 

Twdl WD Valid to Clk 100 nsec ClK~l MHZ 
50 nsec ClK~2 MHZ 

Twd2 WD Valid after ClK 100 nsec ClK~l MHZ 
30 nsec ClK~2 MHZ 
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elK r-2SONS---.j 

(2MHZ) -. , L 
DDEN. , IL _______ -! 

~IWM 
T"-11I- T-

eLK r-'''=t'''-j 
=.,;!L _____ ....JI I L 

___ ----L~~:..:...%a~ I w& 
Twdl -----1 

WO MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAIUNG 
EDGE IN SECOND SHADED AREA. 

WRITE DATAlClOCK RELATIONSHIP 

WRITE DATA TIMING 

I ~T_ 

MISCELLANEOUS TIMING: (TImes Double When Clock = 1 MHz) (See Note 6, Page 2t) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD, Clock Duty (low) 230 250 20000 nsec 
TCD, Clock Duty (high) 200 250 20000 nsec 
TSTP Step Pulse Output 20r4 ILsec See Note 5 
TDIR Dir Setup to Step t2 ILsec ±CLKERROR 
TMR Master Reset Pulse Width 50 ILsec 
TIP Index Pulse Width to ILsec See Note 5 
TWF Write Fault Pulse Width to ILsec 

298 Western Digital Reprint 



,,~ ... 
r'''--i 

"~'" 
r'" --1 

"~'" 
r 'M' -l 

1-''''-1 

LJL 
--i::t I- =. 

". -.J "'... I~,---_ 
1-","-j:'~~''''1-- /-''''++

~~ 
MISCELLANEOUS TIMING 

'FROM STEP RATE TABLE 

NOTES: 
1. Pulse width on RAW READ (Pin 27) is normally 

100-300 ns. However, pulse may be any width if 
pulse is entirely within window. If pulse occurs in both 
windiJws, then pulse width must be less than 300 ns 
for MFM at CLK = 2 MHz and 600 ns for FM at 2 
MHz. Times double for 1 MHz. 

2. A PPL Data Separator is recommended for 8" MFM. 
3. tbe should be 2 P.s, nominal in MFM and'4 p.S nominal 

in FM. Times double when CLK = 1 MHz. 
4. RCLK may be high or low during RAW READ (Polarity 

is unimportant). 
5. Times double when clock = 1 MHz. 

6. Output liming readings are at VOl. = 0.8v and VOH = 
2.Ov. 

Table 4. STATUS REGISTER SUMMARY 

ALL TYPE I READ READ READ WRITE WRITE 
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRA::K 

S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 

S6 WRITE 0 0 0 WRITE WRITE 
PROTECT PROTECT PROTECT 

S5 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT 

S4 SEEK ERROR RNF RNF 0 RNF 0 

S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 

S2 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 

SI INDEX PULSE ORO ORO ORO ORO ORO 

SO BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I COMMANDS 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of 'WAPT 
inpul. 

S5 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HL T signals. 

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated. 

S3 CRC ERROR CRC encountered in 10 field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track O. This bit is an inverted 
copy of the fROO input. 

S11NDEX ~hen set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

SO BUSY When set command is in progress. When reset no command is in progress. 
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STATUS FOR TYPE 1/ AND III COMMANDS 
BIT NAME MEANING 

57 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' wrth MR. The Type II 
and III Commands will not execute unless the drive is ready. 

56 WRITE PROTEC On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a 
Write Protect. This bit is reset when updated. 

55 RECORD TYPE! On Read Record: It indicates the record~type code from data field address mark. 
WRITE FAULT 1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 

is reset when updated. 

54 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is 
FOUND (RNF) reset when updated. 

53 CRC ERROR 11 S4 is set, an error is found in one or more ID fields; otherwise it indicates error in 
data field. This bit is reset when updated. 

52 L05T DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 

51 DATA REQUE5T This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up~ 
dated. 

50 BU5Y When sel, command is under execution. When reset, no command is under execution. 

ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 
Voo with repect to Vss (ground): + 15 to - O.3V 
Voltage to any input with respect to Vss = + 15 to - O.3V 
Icc = 60 MA (35 MA nominal) 
100 = 15 MA (10 MA nominal) 

OPERATING CHARACTERISTICS (DC) 

CIN & Gaur = 15 pF max with all pins grounded except 
one under test. 

Operating temperature = O°C to 70 Ge 
Storage temperature = - 55 G C to + 125°C 

TA = O'C to 70'C, Voo = + 12V ± .6V, Vss = OV, Vcc = + 5V ± .25V 

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS 
III Input Leakage 10 "A VIN = Voo~* 
leo. Output Leakage 10 "A Your = Voo 
V," Input High Voltage 2.6 V 
VIL Input Low Voltage 0.8 V 
VOH Output High Voltage 28 V 10 = -100"A 
Veo. Output Low Voltage 0.45 V 10 = 1.6mA· 
Po Power Dissipation 0.6 W 

·1792 and 1794 10 = 1.0 rnA 
""leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-up resistors. 
See Tech Memo #115 for testing procedures. 
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[
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APPENDIX A 

CP/M·SO 2.2 BIOS Programming Considerations 

BIOS provides the operations necessary to access the disk drives and to 
interface with peripherals. The user interface with the BIOS is through a 
series of Entry Points. These entry points are "Jump Vectors". Each jump 
address corresponds to a particular subroutine which performs a specific 
function. The Base ( + B for the jump vectors) depends on the size of 
RAM memory. 

BIOS Cold Boot 
Entry Point: 
Function(s): 

Argument(s): 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

BIOS Warm Boot 
Entry Point: 
Function(s): 

Argument(s): 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

Appendix A 

BIOS Entry Vector Table 

(Bbase + 00) - Bios 
This entry is called only by the Boot Loader to 
initialize CP/M. 
None 
None 
None 
None 

(Bbase + 03) - Bwboot 
Perform a Warm Start by reloading the CCP 
and BDOS from the disk in the A: drive, 
returning control to the CCP. 
None 
None 
None 
None in registers; however, message 'Boot Err' 
is displayed. 
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BIOS Console Status 
Entry Point: 

BIOS Console Input 
Entry Point: 

BIOS Console Output 
Entry point: 

BIOS List Output 
Entry Point: 

BIOS Punch Output 
Entry Point: 

BIOS Reader Input 
Entry Point: 

BIOS Home Disk 
Entry Point: 
Function(s): 

Arguments: 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

A2 

(Bbase + 06) - Bconst 

(Bbase + 09) - Bconin 

(Bbase + OC) - Bconot 

(Bbase + OF) - Bprint 

(Bbase + 12) - Bpunch 

(Bbase + 15) - Breadr 

(Bbase + 18) - Bhome 
Sets track number to zero in preparation for 
disk access. 
None 
None 
None 
None 
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BIOS Select Disk 
Entry Point: 
Function(s): 

Arguments: 

Value(s) Returned: 

(Bbase + 1 B) - Bseld 
Select the requested logical disk. The drive 
that will be logged on in further operations is 
the default drive (or drive A if the default drive 
cannot be selected). 
(e) drive to select (00 - OF) 
(E) even if media identification required 
(E) odd if media identification 

previously issued and no disks 
removed/replaced 

(HL) address of CP/M-compatible Disk 
Parameter Header if select successful 

(HL) 0 otherwise 
Registers Saved: None 
Errors Returned: None 

BIOS Set Track 
Entry Point: 
Function(s): 

Argument(s): 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

BIOS Set Sector 
Entry Point 
Function(s): 

Argument(s): 
Value(s) Returned: 
Registers Saved: 
Errors Retu rned : 

Appendix A 

(Bbase + 1 E) - Bsett 
Stores desired track number in preparation for 
a disk read or write record call. 
(Be) = track number 
None 
None 
None 

(Bbase + 21) - Bsets 
Stores desired sector number in preparation 
for a read or write record call. 
(Be) = sector number 
None 
None 
None 
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BIOS Set DMA Address 
Entry Point: 
F u ncti on(s) : 

Argument(s): 
Value(s) Returned: 
Registers Saved: 
Errors Returned: 

BIOS Read Sector 
Entry Point: 

. Function(s) 

Argument(s): 

Value(s) Returned: 
Registers Saved: 
Errors Returned: 

BIOS Write Sector 
Entry Point: 
Function(s): 

Argument(s): 

Value(s) Returned: 
Registers Saved: 
Errors Returned: 

BIOS List Status 
Entry Point: 

A4 

(Bbase + 24) - Bsetd 
Stores desired transfer address in preparation 
for a read or write a record call. 
(BC) = transfer address 
None 
None 
None 

(Bbase + 27) - Bread 
Transfer one 128 (decimal) byte record from 
the selected disk to the current DMA transfer 
address. 
Bseld, Bsett, Bsctrn, Bsets, Bsetd previously 
called. 
None 
none 
(A) 
(A) 

00 if no error 
FF if error 

(Bbase + 2A) - Bwritt 
Transfer one 128 (decimal) byte record from 
the current DMA transfer address to the 
selected disk. 
Bseld, Bsett, Bsctrn, Bsets, Bsetd previously 
called. 
None 
None 
(A) 
(A) 

00 if no error 
FF if error 

(Bbase + 2D) - Bprnts 
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BIOS Sector Translate 
Entry Point: 
Function(s): 

Argument(s): 

Value(s) Returned: 

Registers Saved: 
Errors Returned: 

Appendix A 

(Bbase + 30) - Bsctrn 
Translate a logical sector number into a 
physical sector number in preparation for a call 
to Bsets, the BIOS set sector call. 
(Be) Sector number 

(0 < = (BC) < sectors per track 
(DE) Skew table address obtained from 

the CP/M Disk Parameter Header 
(HL) (Be) if (DE) = 0 
(L) = [(DE) + (BC)] if (DE) = 0 
(H) = (B) should be 0 
None 
None 
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APPENDIXB 

Monitor Entry Vector Table 

FOOOH 
F003H 
F006H 
F009H 
FOOCH 
FOOFH 
F012H 
F01SH 
F01SH 
F01BH 
F01EH 
F021H 
F024H 
F027H 
F02AH 
F02DH 
F030H 
F033H 
F036H 
F039H 
F03CH 
F03FH 
F042H 
F04SH 
F04SH 
F04BH 
F04EH 
FOS1H 
FOS4H 
FOS7H 
FOSAH 
FOSDH 
F060H 
F063H 
F066H 
F069H 
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Cold start monitor 
Warm start monitor 
Keyboard status 
Keyboard input 
CRT output 
Fast CRT output from C 
510 channel B input status 
510 channel B input 
510 channel B output 
Drive select 
Home r/w head 
Seek to track 
Read sector 
Write sector 
Execute physical driver request 
Set direct CRT cursor 
Direct CRT display 
CRT memory block move 
Return address of disk mapping table 
Return address of day variable 
Return configuration status 
510 channel B output ready status 
Set configuration 
Start screen print 
Accessible 1-second interrupt 
Console status through iobyte 
Console input through iobyte 
Console output through iobyte 
Printer output through iobyte 
Printer status through iobyte 
Communications input ready status 
Communications input data 
Communications output data 
Communications output ready status 
Idle while i/o is pending 
Record soft error 

B1 
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APPENDIXC 

Documented System Storage and Structures 

ZBO-A Mode 2 Interrupt Vectors 

FFOO SIOVO: DEFS2 ;Z80-A SIO port B xmit buffer empty 
FF02 SIOV1: DEFS2 ;Z80-A SIO port B external/status change 
FF04 SIOV2: DEFS2 ;Z80-A SIO port B receive data available 
FF06 SIOV3: DEFS2 ;Z80-A SIO port B special receive 

condition 
FF08 SIOV4: DEFS2 ;Z80-A SIO port A xmit buffer empty 
FFOA SIOV5: DEFS2 ; Z80-A SIO port A external/status change 
FFOC SIOV6: DEFS2 ;Z80-A SIO port A receive data available 
FFOE SIOV7: DEFS2 ;Z80-A SIO port A special receive 

condition 

FF10 CTCVO: DEFS2 ;Z80-A CTC channel 0 interrupt 
FF12* CTCV1: DEFS2 ;Z80-A CTC channell interrupt 
FF14 CTCV2: DEFS2 ;Z80-A CTC channel 2 interrupt 
FF16* CTCV3: DEFS2 ;Z80-A CTC channel 3 interrupt 

FF18 SYSVA: DEFS2 ;System Z80-A PIO portA interrupt 
FF1A* SYSVB: DEFS2 ;System Z80-A PIO port B interrupt 

FF1C GENVA: DEFS2 ;General purpose Z80-A PIO port A 
interrupt 

FF1E GENVB: DEFS2 ;General purpose Z80-A PIO port B 
interrupt 

*Vectors used by the Monitor ROM 

Keyboard Data Input FIFO Variables 

FF20 
FF30 
FF31 
FF32 

FF33 

fifo: 
fifcnt: 
fifin: 
fifout: 
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defs 16 
defs 1 
defs 1 
defs 1 

defs 1 

;Console input fifo 
;FIFO data counter 
;FIFO input pointer 
;FIFO output pointer 

; Round address 
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More Interrupt Vectors 

FF34 expvec: defs 8 

Available Memory Pointers 

FF3C 
FF3E 

availb: defs 2 
availt: defs 2 

;Space for 4 vectors for expansion slot 

;Bottom of available memory 
;Top of available memory 

End of documented storage locations 

Logical to Physical Drive Mapping Tables 
Seltab contains two bytes per logical CP/M drive A-P. The first byte is an 
index into the physical driver address table (see next table). The second 
byte is a unit number that is passed to the driver by the XQDVR 
dispatcher. 

Seltab: 

A: defb 1,0 ;Floppy unit 0 
B: defb 1,1 ;Floppy unit 1 
C: defb 1,2 ;Floppy unit 2 
0: defb 1,3 ; Floppy unit 3 

E: defb 1,4 ;Rigid partition 0 
F: defb l,S ;Rigid partition 1 

G: defb 1,6 ; Rigid partition 2 
H: defb 1,7 ;Rigid partition 3 
I: defb 0,0 ; Error driver 
J: defb 0,0 ; Error driver 

K: defb 0,0 ; Error driver 
L: defb 0,0 ; Error driver 

M: defb 0,0 ; Error driver 
N: defb 0,0 ; Error driver 
0: defb 0,0 ;Error driver 
P: defb 0,0 ; Error driver 
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Physical Driver Address Table 
Drvtab contains the addresses of several independent physical disk 
drivers. By convention, driver number 0 always returns a select error. 
Unused entries in Seltab should point to this trivial driver. 

Drvtab: defw Selerr ;Select error physical driver 
defw Dskdvr ; Disk driver (WD or SA) 
defw 0 ;Empty physical driver 

;Expansion slots 

defw 0 
defw 0 
defw 0 
defw 0 
defw 0-1 ;Mark last entry 

Physical Driver Request Block 

db command ;FF = Select 
;00 = Write 
;01 = Read 

ds ; For system use 
db Ldrive ; Logical drive for request (00 - OF) 
dw Track ;Track number for request 
dw Sector ;Sector number for request 
dw Address ;Address of sector buffer for request 
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Time-of-Day and Timer Variables 

Milsec: ds 2 ; Location incremented by CTCI 
; Interrupt 

ds 2 ;(unused) 
Ticker: ds 2 ; Increments once per second 
Steprt: ds 1 ;WD1797 step rate 
Motor: ds 1 ;Disk motor/select timeout (1 Hz) 

HL .... Day: ds 1 ;01-31 
Month: ds 1 ;01-12 

Year: ds 1 ;80-99 
Hour: ds 1 ;00-23 

Minute: ds 1 ;00-59 
Second: ds 1 ;00-59 
Linbuf: ds 80 ;Line buffer 
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How To Make Monitor Calls from Basic 
Several of the monitor function calls return the value in the HL register if 
the H register equals 0, or return the value at the address pointed to by 
the HL register if the H register is not zero. This convention allows 
Microsoh Basic Users to access these functions directly. The examples 
listed in this section demonstrate this feature of the ROSR ROM. 

100 
110 ' Make 820-11 Monitor call to get address of day variable, then 
120 ' Pri nt Day, Month etc. 
130 
140 DATA Day,Month,Year,Hour,Minute,Second 
150 
160 DEFINT I 
170 GETTOD = &HF039:CALL GETTOD(I) 'Return Add. of Day 
180 FOR X = 0 TO 5 
190 READX$ 
200 PRINT USING "\ \ ##;X$,PEEK(I + X) 
210 NEXTX 
220 END 

100 
110 'Do configuration status call & print value returned 
120 
130 DEFINTI 
140 GETCON = &HF03C:CALL GETCON(I) 'Get config status 
150 PRINT CHR$(26); 'Clear Screen 
160 PRINT "The configuration status word is - "; 
170 PRINT HEX$(I); 
180 PRINT" (Hex~. 
190 END 
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100 'Example Using Line Delete To scroll screen up. 
110 ' Make 820-11 Monitor Call to get address of day variable 
120 'then calculate address of line input buffer variable. 
130 
140 'Clear screen, fill screen with characters, position 
150 'Cursor back on top line, send line delete code to CRT, 
160 'This moves the line deleted from the top of the screen 
170 'To the input buffer. 
180 
190 'Recall deleted line from line input buffer & display 
200 'on line 23 of the screen. 
210 
220 
230 WIDTH 255 
240 PRINT CHR$(5);" "; 'Remove cursor 
250 OEFINT I 
260 GETTOO = &HF039:CALL GETTOO(I) 'Get address of Day Variable 
270 I = I + 6 'Line input buffer is at Day + 6 
280 PRINT CHR$(26); 'Clear screen 
290 FOR X = 1 TO 23 
300 PRINT 5TRING$(80,CHR$(X + 64)); 'Fill Screen 
310 NEXT X 
320 
330 FOR M = 1 TO 100 'Do 100 lines 
340 PRINT CHR$(30); 'Put Cursor back on top line 
350 PRINT CHR$(27);"R"; 'Do line delete, move deleted 
360 'Line to buffer. 
370 PRINT CHR$(27);" = ";CHR$(32 + 22);CHR$(32) 
380 FOR X = 0 TO 79 'Now print characters back from 
390 PRINT CHR$(PEEK(I + X); 'Input buffer 
400 NEXT X 
410 NEXTM 
420 PRINT CHR$(26);CHR$(5);CHR$(2); 'Clear screen and 
430 Restore Cursor. 
440 END 
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100 'Example Using Line Insert To scroll screen down. 
110 ' Make 820-11 Monitor Call to get address of day variable 
120 'then calculate address of line input buffer variable. 
130 
140 ' Clear screen, fill screen with characters, position 
150 ' Cursor back on top line, send line insert code to CRT, 
160 'This moves the line deleted from the bottom of the screen 
170 ' To the input buffer. 
180 
190 ' Recall deleted line from line input buffer & display 
200 'on the first line of the screen. 
210 
220 
230 WIDTH 255 
240 PRINT CHR$(5);" .; 'Remove cursor 
250 DEFINT I 
260 GETTOD = &HF039:CALL GETTOD(I) 'Get address of Day Variable 
270 I = I + 6 'Line input buffer is at Day + 6 
280 PRINT CHR$(26); 'Clear screen 
290 FORX= 1 TO 23 
300 PRINT STRING$(80,CHR$(X + 64»; 'Fill Screen 
310 NEXTX 
320 
330 FOR M = 1 TO 100: 'Do 100 lines 
340 PRINT CHR$(30); 'Put Cursor back on top line 
350 PRINT CHR$(27);"EH;' Do line insert, move deleted 
360 'Line to buffer. 
370 PRINT CHR$(27);" = H ;CHR$(32 + 22);CHR$(32) 
380 FOR X = 0 TO 79 'Now print characters back from 
390 PRINT CHR$(PEEK(I + X); 'Input buffer 
400 NEXT X 
410 NEXT M 
420 PRINT CHR$(26);CHR$(5);CHR$(2); 'Clear screen and 
430 Restore Cursor. 
440 END 
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Bank Switching 

• The Bank control switch is bit 7 of port 1 C. 
Bit 7 = 0 Bank 1 (RAM) 
Bit 7 = 1 = Bank 0 (ROM) 

• Change bit 7 only: Bits 0 through 6 should be maintained. 

• Bank 0 and 1 are mutually exclusive; data movement to or from 
one bank will not affect the other. 

• When bank switching, the driver code must be executed at COOOh 
or above; the upper 16K (COOOh-FFFFh) is common memory to 
both banks. 

For example, 

01 
IN A,(lCh) 
SET7,a 
EI 
OUT(lCh),a 

01 
IN A,(lCh) 
RES 7,a 
EI 
OUT (lCh) 

04 

;read port 
; set bit 

;output 

; reset bit 
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MACRO-BO 3.44 09-Dec-Bl 

title Balcones Operating System for the XEROX 820-11 
• zBD 

Balcones Operating System for XEROX 820-11. 

Copyright 1982 (C) Balcones Computer Corporation 

All rights reserved 

Robert Burns, Bee. 

def I 401 

subttl Symbol Oefinitions 
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m 8alcones Operating System for the XEROX 820-11 MACRO-Bo 3.44 09-Dec-B1 
N Symbol Definitions 

21 
22 FFFF true equ -1 
23 0000 fal se equ not true 
24 
25 0000 debug equ false ;assemble ram loader 
26 
27 Absolute Memory Addresses. 
2B 
29 0000 equ OIOOOh and debug;non resident code base 
30 lBOO romsiz equ 01000h+( (not debug) and OBOOh) 
31 1800 RJI 19B4 equ o IBOOh ;prescription for the future 
32 DB 00 LJI 1984 equ OOBOOh ; I ength of future 
33 0003 iobyte equ 00003h ; ilo byte 
34 0080 bootld equ OOOBOh ; boot loader address 
35 EDSO bootbf equ OedBOh ; boot loader buffer 
36 FFOO cam equ OffOOh ;system ram page address 
37 FOOD moni tr equ OfOOOh ;resident monitor address 
3B 3000 crtmem equ 03DOOh ; crt memory address 
39 3COO crtmaJl equ crtmem+24*12B ;crt maJlimum address 
40 0030 crt bas equ high crtmem ;starting page of display ram 
41 003C crttop equ hi gh crtmaJl tending page of display ram 
42 
43 1/0 Port Addresses. 
44 , 
45 0000 bauda equ ~Oh channel a baud rate generator 
46 0004 s i odpa equ 04h sio data port A (communications) 
47 0005 si odpb equ 05h sio data port B (printer) 
4B 0006 s10cpa equ 06h sio control/status port A 
49 0007 s10cpb equ 07h sio controllstatus port B 
50 0008 gpi ada equ OBh general purpose parallel ilo A data 
51 0009 gpioca equ 09h general purpose parallel ilo A control 
52 OOOA gpiodb equ Oah general purpose parallel i/o B data 
53 0006 gpiocb equ Obh general purpose parallel ilo 8 control 
54 OODC baudb equ O,h channel b baud rate generator 
55 DOlO wd1797 equ 10h western digital disk controller base 
56 0014 scroll equ 14h crt bottom I ine scroll register 
57 0018 ,to equ lBh quad counterltimer circuit 
5B 0018 ctcO equ lBh ctc channel 0 (user) 
59 0019 ctcl equ 19h ctc channell (msec, screen print) 
60 OOIA ctc2 equ lah ctc channel 2 (one second prescaler) 
61 0018 ctc3 equ lbh ctc channel 3 (one second) 
62 ODIC sysp; a equ "h system pia data 
63 0010 sysct I equ ldh system pia control 
64 ODIE kbddat equ l.h keyboard data 
65 OOIF kbdct I equ Ifh keyboard cant ro I 
66 0028 bel I of equ 28h turn be I I off 
67 0029 bel I on equ 29h turn bell on 
68 0030 sl sden equ 30h select single density 
69 0031 sidden equ 31h select double density 

l> 
70 0034 chroml equ 34h select ROM 1 character generator 
71 0035 chrom2 equ 35h select ROM 2 character generator 

"0 72 0036 lawl ite equ 36h select low intensity attribute 

a! 73 0068 async equ 68h set internal clocks for asynchronous sio A 
:I 74 0069 sync equ 69h set eJl terna I clocks for synchronous sio A 
Q. 75 
;CO 
m 
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76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

0007 
0006 
0004 

0004 
DOOA 
0000 
0011 
0013 
0016 
001A 

001 E 
009E 
009B 

0035 
0061 
0061 

8000 
4000 
2000 
1000 
0800 
0400 
0200 
0100 
0080 
0040 
0020 
0010 
0008 
0004 
0002 
0001 

0000 
0000 
0000 
0000 

BfFf 

Configuration Status Byte Bit Definitions. 

· keym equ ; Keyboard upper bi t ; s passed 
· sasi equ ;Shugart SA-1403D Disk Controller 
· five equ lfive inch micro floppies 

Asc i 1. 

eot equ 04h ;asci i end of teKt 
If equ Oah ; asc iiI i ne feed 

equ Odh ;ascii carriage return 
,on equ l1h ; asc;; Xon 
xoff equ 13h ;asci; Xoff 
esc equ lbh ; asc i; escape 
cl rs equ lah ;clear screen 

Special Key Constants. 

He I pkey equ Oleh 
Scrprt equ 0geh ;Screen Print key CTRL <HELP> 
Abort equ 09bh ; Automat i c Abort CTRL <ESC> 

Bell Constants. 

bl t im equ 35h ;bell loop time 
blonc equ 61h ;bell on time 
blofc equ 61h ;bell off time 

Assemb I y Opt ions. 

equ lDOOOOOOOOOOOOOOb ; reserved 
o .auto equ olOOOOOOOOOOOQQOb ;auto boot A: 
o. help equ OD1OOOOOOOOOOOOOb ; he 1 p command 
o .prot equ 0001000000000000b ;printer protocol 
o.ddvr equ 0000100000000000b ;disk drivers 

° equ 0000010000000000b ; baud rate set command 
0, inpc equ 0000001000000000b : in command 
o .outc equ 0000000100000000b ; out command 

verf equ 0000000010000000b ,verify memory block 
ramt equ 0000000001000000b ;simple ram test 

0, di sk equ 0000000000100000b ;console disk read/write commands 
o .esct equ OOOOOOOOOOOlOOOOb ; escape command tab Ie 
0, type equ 0000000000001000b ; typewr; ter mode 
o .f; 11 equ 0000000000000100b ; f ill memo ry 

equ 000000000000001 Db ; move memory 
term equ 0000000000000001 b ;terminal scroll driver 

opt; ons def 1 debug and not o.ddvr and not o.esct 
opt ions def 1 options and not o.disk and not o.resv 
opt; ons def 1 opt; ons and not o.verf and not o.fill 
options defl options and not o. ramt 

opt; ons def 1 (not debug or o.esct) and not o.auto 

configuration sector offsets. 
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132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 

EE5F z. scra 
EE60 z. stpr 
EE62 z. keym 
EE63 z .sioA 
EE6D z .sioB 
EE77 z. siom 
EE79 z.siov 
EE7B z. )(onp 
EE70 z. baua 
EE7E z. baub 
EE7F z. iobt 

0007 p. ackn 
0006 p.onln 
0005 p. rdyi 
0004 p. rdyo 
0002 p. strb 
0000 p.auto 

equ bootbf+255-32 initial screen attribute 
equ z.scra+l floppy step rate 
equ z.stpr+2 keyboard mask 
equ z. keym+l sio A init 
equ z.siol\+IO s10 8 1nit 
equ z.s106+10 clear to send low/high/ignore 
equ z.siom+2 data carrier detect low/high/ignore 
equ z.siov+2 Xon/Xoff protocal 
equ z. xonp+2 comm channel baud rate 
equ z.baua+l printer baud rate 
equ z. baub+ 1 initial i/o byte 

parallel printer status bits. 

equ ; acknow I edge 
equ ;on line 
equ ; ready to ; nput 
equ ; ready to output 
equ ;data stobe 
equ ;auto If enable 

subtt I Code Generation Control Macros Definitions 
page 
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155 
156 
157 
15B 
159 
160 
151 
152 
153 
164 
155 
155 
157 
16B 
159 
170 
171 
172 
173 
174 
175 
175 
177 
17B 
179 
lBO 
lBl 
lB2 
lB3 
lB4 
lB5 
lB5 
lB7 
lBB 
lB9 
190 
191 
192 
193 
194 
195 
195 
197 
19B 
199 
200 
201 
202 
203 
204 
205 
205 
207 
20B 
209 

, 
below 

, 
above 

Ream code placement macros. 

The Common Segment holds the non-resident (banked) portion 
of the monitor. This segment is not copied to ram. 

The. Data Segment holds the resident portion of the monitor. 
It is moved to ram at location MONITR during initialization. 

The Code Segment holds the various Transient Commands .• Each 
command is loaded from the ROM to the TPA when it. is executed. 

The following macros keep it all straight. 

below - Generate code for rom below. 

segment b 
endm 

: : enab I e common segment 

above - Generate code for ram above. 

macro 
segment d 
andm 

; :enable data segment 

Overlay - Generate code far transients. 

overlay macro sddr 
tloc defl tloc+$-cloc 
addr equ tloc+bloc+cloc-Monltr 

segment c ; ; enab I e code segment 
endm 

bseg - activate common segment. 

bseg 

sega 

common 
defs 
defl 
endm 

/COMROM/ 
comres 
$ 

segment.- Activate Segment. 

segment macro 
update 

s&space def I 
s,&seg 
.phase 
endm 

-1 

s&loc 

update active phase counter 
set enab I ed segment act i ve 
activate segment code placement 
set absolute segment location counter 

update - Update Phase taunters. , 
update macro 

;t bspace 
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l> 

" " to 

" Cl. 
)C' 
m 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 

0000 
FOOD 
0000 
0000 
0000 
0000 
0000 
0000 

def I 
endif 
i rpe 
if 
if 
if 

tpa I def) 
end; f 
el se 

)(&loe defl 
endi f 

x&spaee def I 
. dephase 
endif 
endm 
endm 

bloC defl 
dloe defl 
tloe defl 
tpal defT 
bspaee def I 
espaee def I 
dspaee def I 

def I 

subtt I 
page 

$-rom+ 1 00h-3 

)(. <bed> 
x&spaee ;; i f segment act i ve 
cspace 
tpal It ($-cloe) 
$-c I oc 

man; tr 
o 
o 
o 
o 
o 
o 

; ; save segment address 

; ;clear segment active 
;;revert to relocatable 

establ sh non-resident code base 
establ sh resident code base 
establ se Transient code base 
establ sh ma)(imum transient length 
preset common segment inactive 
preset code segment inactive 
preset da ta segment ; nact i ve 
preset common base address 

Ram Loader for Testing Only 
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" Rain Loader for Testing Only 

~ 
'" Q.. 
;C' 
m 

~ 

238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
24B 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

DODO! 
DODO! 

0000 21 OOFO! 
0003 01 17FF 
0006 IE 00 
OOOB 7' 
0009 23 
OODA B3 
ODOB SF 
DOOC OB 
0000 7B 
OOOE BI 
OOOF 20 F7 
0011 7B 
0012 ED 44 
0014 77 
0015 C3 0000 

bseg 
defs 

entry: 

licks: Id 
Id 
Id 

licks' : Id 
tnc 
add 
Id 
dec 
Id 
or 
jr 
10 
ne. 
Id 
jp 

subtt I 
page 

hi. bbaae+moy 1 n 
bc.romsiz-l 
.,0 ·;preset checksum 
., (hI) 
hI 
a,e 
e,. 
bc 
.,b 
c 
nz ,licks' 
',e 
(hi) ,_ 

o 

;store twos complement of checksum 

,I store checksum 

System Initial ization 
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CO System Initializiltion 

261 
262 
263 0018 ! bbaS8: ;symbol for accessing non-resident base address 
264 0018 ! defs 1 OQh-{$- (entry-3)),-1 
26. 
266 OOES mavIn equ $-bbase 
267 DOFO comres defl 100h-3 
268 
269 below :generate non-resident code 
270 OOOO! defs 
271 
272 prs - preset storage. 
273 
274 Entry: Power up Reset button. 
27' 
276 0000 F3 prs: di ; lock up system 
277 0001 AF 'oc 
278 0002 30 prs 1: d_c ; the pause that refershes 
279 0003 20 FO j c ni! ,prsl 
280 0005 ED 73 FFEO ld (rstsp),sp ; save part ia 1 reset state 
281 0009 22 FFE2 ld (rsthl) ,hI : in case the luser go boortl 
282 DOOe E1 pop hi :pick possible return off stack 
283 0000 22 FFE4 Id (rstpc) ,hI 
284 0010 D9 ;give primary registers half a break 
285 0011 IC inc 

_ 

286 0012 31 3839 ld sp.3839h ;load strange valu-es in SP 
287 0015 31 4142 Id sp,4142h 
288 0018 4C Id c,h ; insure 
289 0019 43 ld b, e ;registers 
290 OOlA 4F Id e ,a :can 
29 I 0018 4E Id c, (hl) ; forget 
292 OOIC 45 Id b, I ; insure 
293 OOlD 53 Id d, _ ; registers 
294 ~OlE 43 Id 8,_ ;can 
295 OOIF 4F Id C ,a ;copy 
296 0020 4D Id C,I 
297 0021 5D Id d,b 
298 0022 55 Id d,l 
299 0023 54 ld d,h 
300 0024 45 Id b, I 
301 0025 52 Id d,d 
302 0026 08 "' af, af' 
303 0027 3E 17 10 a,24-1 ; 1 ine up bottom of screen 
304 0029 03 14 out (serol1),a ; i ni t sere 1 J port 
305 0028 21 3000 Id h1,crtmem ;clear display memory 
306 002E 36 20 Id (hI),' , 
307 0030 11 3001 Id de. crtmem+ 1 
308 0033 01 OBFF Id be, ertma", -c rtmem-l 
309 0036 ED 80 1d; r pray the vi dec hardware works 

:l> 
310 0038 31 FOOO Id sp.monitr insure mon; tor ram ok 
311 003B 21 AA55 prs2: Id h 1. Daa55h walk checker board through ram 

'0 312 003E Cl pop bc read ram 
'0 .. 313 003F E5 push hi wri te ram fast 
:::> 314 0040 Dl pop de read'ram fast 
Co 315 0041 C5 push be put ram back 
X· 
m 
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"0 System Initialization 
"0 ,. 316 0042 FI pop af land verify it 

'" 317 0043 90 'ub b 0- 318 0044 20 76 j, nZ,errl ;if ram failure X" 319 0046 ED 52 ,be hi ,de 
m 320 0048 20 72 j, nZ,errl ; if ram or register failure 

321 004A 38 dec '0 ;advance test address 
322 0048 3F eef 
323 Q04C ED 7A ade hi ,sp 
324 OQ4E 20 EB j, nz, prs2 ; if top of memory not reached 
325 0050 31 0000 Id sp,stack ;set monitor stack 
326 0053 21 0000 I d hl,prs ; set rom address 
327 0056 01 1800 Id be. roms; z 
328 0059 CD DOAF call ees ; compute check sum 
329 DOSe 20 63 j, nz, err2 ; if bad rom 
330 C05E 21 DOE6 Id hi, intab :point to default variable table 
331 0061 06 00 prs3 : I d b,O 
332 0063 4' Id C, (hI) ;set data block length 
333 0064 23 inc hl 
334 0065 5' Id e. (hI) ;set variable address in 
335 0066 23 inc hi 
336 0067 56 ld d, (hI) 
337 0068 23 inc hi ;point to initial values 
338 0069 ED 60 ldir ;copy data from rom to variables in ram 
339 0066 CB 7E bit 7, (hi) 
340 0060 28 F2 j, z, prs3 ; i f more data to preset 
341 006F 23 Inc hl :point to i/o init data table 
342 0070 46 prs4: Id b, (hi) :set number of bytes to preset 
343 0071 23 ine hi 
344 0072 4' Id e, (hi) ;set i/o port address 
345 0073 23 inc hl 
346 0074 ED 83 ot i r :shoot preset data to i/o device 
347 0076 CB 7E bit 7, (hi) 
348 0078 28 F6 jr z, prs4 ;if more devices require initialization 
349 007A DB IE in a,(kbddat) ; assert PARDY 
350 007C ED SE im 2 ;select interrupt mode 2 
351 007E 3E FF Id a,high vectab ;set interrupt vector page 
352 0080 EO 47 Id ; ,a 
353 0082 21 0416 Id hI, rbase ;set resident base address 
354 0085 11 FOO~ Id de,monitr ;set monitor address 
355 0088 01 OFOO Id be,ram-monitr : set max res i dent I angth 
356 008B ED eo ldir :plant monitor upstairs 
357 0080 21 1800 10 hl,Rx1984 ,prognost i cate 
35. 0090 01 0800 Id be,Lx 1984 
359 0093 CD OOAF call co; 
360 0096 20 14 jr nz. ,prs5 
361 0098 2A lFFD Id hi, (Rx 1984+Lx 1984-3) 
362 0098 11 55AA Id de,55aah 
363 009E ED 52 ,bo hi ,de 
364 OOAO 21 FADS ld hi ,cmdtab 
365 OOA3 11 F360 Id de,seltab 
366 OOA6 01 FC55 Id bC,cloe 
367 OOA9 CC 1800 call z,Rx1984 : FutureShock 
368 OGAC C3 FC55 prs5: jp s i gnon ,Signon Resident Monitor 
369 
370 OOAF 1 E 00 ccs: Id e ,0 ; preset ckecksum 

m 371 OOBI 7E ees 1 : ld a, (hi) 

ID 
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0 System Initialization 

372 0082 23 ino hI 
373 0093 83 add a,e 
374 00B4 SF ld e,a 
375 00B5 DB deo bo 
37. OOB6 7B ld a,b 
377 0087 81 0 
378 00B6 20 F7 jr nz. ccs 1 
379 aOSA B3 or e 
380 00B8 C9 ret 
3Bl 
382 DOBe 21 0004 err1 : ld hl,errml ; set ram error message 
3B3 OOBF 18 03 jr err 
384 OOCI 21 0000 err2: ld hl,errm2 
385 00C4 11 3024 ld de. crtmem+40- (errmI/2) 
386 ODe7 01 0009 ld be. errml 
3B7 DOCA ED BO ldir 
3BB ooce DB err3 : deo bo ; pause a wh i 1 e 
3B9 OOCD 7B ld a,b 
390 OOCE 81 or 0 
391 OOef 20 fa jr nZ,err3 
392 0001 C3 0000 jp prs ; try restart again 
393 
394 00D4 52 61 60 20 errml : db 'Ram Error' 
395 0008 4572726F 
396 OODC 72 
397 0000 52 6F 60 20 errm2 : db 'Rom Error' 
39B OOEI 45 72 72 6F 
399 DOES 72 
400 0009 errml equ ($-errml)/2 
401 
402 initialize the interrupt vector table 
403 

intab: 404 OOE6 02 defb 2 
405 OOE7 fF 1 A defw sysveC+2 
406 OOE9 F140 defw keysr ... ;parallel keyboard interrupt vector 
407 
408 ODES 06 defb 6 
409 OOEC FF 12 defw ctcvec+2 
410 OOEE FIFO defw mi 11 ; :one millisecond interrupt timer 
411 OOFO 0000 defw 0 
412 OOF2 F192 defw timer ;one second timer interrupt vector 
413 
414 init keyboard fifo 
415 
416 OOF4 03 defb 3 
417 OaFS FF30 defw f ifcnt 
418 OaF? 00 defb 0 ;fifo count 
419 OOF8 00 defb 0 ;fifo in 
420 OOF9 00 defb 0 :fifo out 

~ 
421 

"'tl 
422 initialize the crt display 

'tl 423 .. 424 OOFA 08 defb 
:::l 425 OOFB FFAC defw cursor 
Q. 426 OOFO 3000 defw crtmem ;base address is 30aOh 
;C' 427 DOFF 02 defb 02 ;use non-bl inking box cursor 
m 
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System InittaHzation 

III 428 0100 3000 defw crtmem ;direct crt memory output address ::I 429 0102 17 dafb 23 ,initial scroll base Q. 
;C. 430 0103 00 dafb 0 :inittal leadtn 

431 0104 00 dafb 0 ; initial attribute m 432 
433 Initialize conftgurable parameter addresses 
434 
435 0105 OC dafb 2·numcon 
436 0106 FFBF defw contbl ; conf i gure tab 1 a address 
437 0108 FlOC cftntt: defw siomsk :printer output ready mask 
438 OIOA FlOE defw siovsJ :printer output ready value 
439 OIOe F115 defw xonenb ;Xon I Xoff enable/dts.ble (NOP or RET) 
440 DIOE FF54 defw steprt :step rat. for wd1797 
441 0110 FFCB defw spare1 
442 0112 FFCC dahl spare2 
443 0006 equ (S-cfintt}/2 
444 
445 0114 04 dafb 2'2 
446 0115 FF3C def .... ava; lb 
447 0117 F7FO defw i ob 1 oc+ i obdvs 
448 0119 FeeD defw ram-2eah 
44. 
450 0118 FF defb -1 iend of variable init table 
451 
452 I/O port initialization. 
453 
454 initialize system pio for use as bank-switch, 
455 
456 

conf i gurat" on se 1 ect and para lie I keyboard input 

457 
458 011e 01 10 defb I.sysct I 
459 OIIE 4F defb 0lOO1111b ;select input mode 
460 
461 011F 01 Ie defb l.syspio 
462 0121 BO defb 10000000b ;enable ROM 
463 
464 0122 03 10 defb 3,sysctl 
465 0124 CF defb IlOO1111b ;put system pto tn bit mode 
466 0125 3F defb 00111111b ;make bits 5, 4, 3, 2. 1. and 0 be inputs 
467 0126 07 defb OOOOOJ lib ;disable interrupts 
468 
469 0127 03 IF dafb 3.kbdctl 
470 0129 4F defb 01001111b ;put keyboard port 1n 'nput mode 
471 012A lA dafb sysvec+2 ; load keyboard 1 nterrupt vector 
472 0128 83 defb 10000011b ; enab I. "i nterrupts 
473 
474 Initialize Counter Timer Circuit. 
475 
476 al2C 02 18 defb 2,ctcO 
477 012E 03 defb 000000 lIb ; reset timer 
478 012F 10 defb low ctcvec ;base interrupt vector fer ctc 
479 
480 0130 02 19 defb 2,ctcl 
481 0132 07 defb aDOO0111b -;start timer, but no interrupts 

~ 
482 0133 FA defb 250 ;ctcl pertod = 1 msec 
483 
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IV 
System Initial ization 

4B4 0134 02 defb 2, ctc2 
4B5 0136 27 defb OQ10Qlllb ;put ctc2 in timer / 256 mode (64 usec/count) 
4B6 0137 defb 125 ;ctc2 period = 8 msec 
4B7 
4BB 0138 02 1 B defb 2,ctc3 
4B9 013A C7 defb 11000111b ;put ctc3 in counter mode with interrupt 
490 0138 7D defb 125 ;ctc3 period = 125*8 msec = 1 second 
491 
492 initialize sio channel b for asynchronous serial 
493 interface to printer terminal 
494 
495 013C OA 07 defb 10,siocpb 
496 013E 01 defb 1 ;select register #1 
497 o 13F OD defb OOOOOOOOb ;disable interrupts 
498 0140 02 defb 2 ;select register #2 
499 0141 00 defb low siovec ;base sio interrupt vector 
500 0142 D3 defb 3 ;select register #3 
501 0143 41 defb 01000001b ;7 bits/rx characters 
502 0144 D4 defb 4 ;select register #4 
503 0145 47 defb 01000111b ;16x clock, 1 stop bit, even parity enabled 
504 0146 D5 defb 5 ;select register #5 
505 0147 defb 1010 1 a 1 Db ;DTR, 7 bits/tx character, Tx enb, RTS 
506 
5D7 0148 01 OC defb l,l:laudb 
508 014A 07 defb 0111b ;default clock is 1200 bps 
509 
510 
511 initialize communications port for async modem interface 
512 
513 014B 08 06 defb 8, s i ocpa 
514 0140 01 defb 1 ;select register #1 
515 014E OD defb OOOOOOOOb ;disable interrupts 
516 014F 03 defb 3 ;select register #3 
517 0150 41 defb 01000001b ;7 bits/rx characters 
518 0151 04 defb 4 ;select register #4 
519 0152 47 defb 01000111b ;16x clock, 1 stop bit, even parity enabled 
520 0153 05 defb 5 ; se 1 ect regi ster #5 
521 0154 defb 10101010b ;OTR, 7 bits/tx character, Tx enb, RTS 
522 
523 0155 01 00 defb 1, bauda 
524 0157 05 defb 0101b :default clock is 300 bps 
525 
526 0158 01 68 defb 1, async ;set internal Rx+Tx clocks 
527 O15A 00 defb 0 
52B 
529 initialize PIG for Centronics style printer 
530 
531 0156 03 09 defb 3,9pioca 
532 0150 CF defb 11001111b ;mode 3 

J> 533 015E 00 defb OOOOOOOOb ;all output 

-a 534 015F 07 defb 00OOO111b ;no interrupts 

-a 535 

'" 536 0160 03 DB defb 3,gpiocb 

" 537 0162 CF defb 1100111lb ; mode 3 
0- 538 0163 FO defb 11110000b :upper nibble in, lower out 
X· 539 0164 07 defb 00000 111 b ;no interrupts 
m 
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"C System In; t ia Ii zat; on 
"t> 

'" '" Q. 

X" 
m 

m 
~ 

W 

540 
541 
542 
543 
544 
545 
54S 
547 

0165 01 OA 
0167 05 

0168 FF 

defb 1,gpiodb 
defb (1 shl p strb) or (1 shl p.auto) 

defb -1 ;end of i/o init table 

subtt 1 Resident Monitor Entry Points 
page 
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'" 
Resident Monitor Entry Points 

548 
549 Resident monitor entry points. 
550 
551 This Entry Point Vector provides the only rei iable access 
552 to services provided by the Resident Monitor. Any access 
553 to code in the Monitor or its Ram page past the keyboard 
554 variables is not allowed. Future releases of the Resident 
555 Monitor will always provide compatability with these entry 
556 vectors. 
557 
558 This restriction also applies to the Resident Monitor Ram 
559 Page at the top of memory. Access to Ram Variables must 
560 be obtained through the appropriate entry vector. 
561 
562 above 
563 0266 ~ d&seg 
564 FOOD C3 F07C cold: jp restart mon; tor restart 
565 FOO3 C3 FA62 warm: jp prompt monitor entry point 
566 FOO6 C3 FOCD const: jp kbdst console status to A 
567 FOO9 C3 FOD8 conin: jp kbdin console input to A 
568 FOOC C3 F2Fl conout: jp crt out conso 1 e output f rom A 
569 FOOF C3 F2FE jp fastcrt fast crt output from C 
570 FOl2 (3 FOE5 jp siost sio channel b status to A 
571 FOl5 C3 FOFO jp sioin sio channel b input to A 
572 FOIS C3 FOF8 jp sioout sio channel b output from A 
573 FOIS C3 FA 17 jp sel ect select drive in C 
574 FOI E C3 FA3C jp home home r I w head 
575 F021 (3 FA3E jp seek seek to track in C 
576 FQ24 (3 FA4B Jp read read sector C -> buffer @ HL 
577 F027 C3 FA44 jp wri te wri te sector ( <- buffer @ HL 
578 F02A (3 F344 jp xqdvr execute physical driver request @ HL 
579 F02D C3 F2B4 jp set cur set dl rect crt cursor from HL 
580 F030 (3 F28B jp outcur direct crt display 
581 F033 C3 F2A3 Jp crt ldi r crt memory block move ala' LDIR 
582 FQ36 (3 F097 jp getsel return address of disk mapping table to HL 
583 F039 (3 FOB6 dayti: jp day tim return address of Time-of-Day 
584 F03C C3 FOBB jp config return configuration status 
585 F03F (3 FlO5 jp siordy sio channel b output ready status 
586 F042 C3 FOA4 jp set con set conf i gurat i on 
587 F045 (3 FOBF jp "P start screen print 
588 F048 C3 F 13F jp nul int user accessible I second interrupt 
589 F04B (3 F7A3 jp i aeons console status through iobyte 
590 F04E C3 F7AF jp iocon; conso 1 e ; nput through i obyte 
591 F051 (3 F796 jp i ocono canso 1 e output through ; obyte 
592 F054 C3 F7BB jp i 01 ist printer output through iobyte 
593 F057 C3 F7CC jp 101 sts printer status through iobyte 
594 F05A C3 F770 jp comins communications input ready status 
595 F050 C3 F775 jp cominp communications input data to A 
596 F060 (3 F77F jp comout communications output data from C 

l> 597 F063 C3 F788 jp comots communications output ready status 
598 F066 (3 Fl3F idle: jp nul int idle whi Ie ilo ;s pending "C 599 F069 (3 FOO2 softv: jp 50ft record 50ft error "C 

'" 600 F06C defs 16.-1 space for opt; on rom 1 i nkage 
::> 601 
Q. 602 subtt I Man i tor Funct i on Processors x· 603 page 
m 
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"0 Monitor Func_tion Processors 
"0 ,. 
;:, 
";C. 
m 

m 
VI 

604 
605 
606 
607 
608 
60. 
610 
611 
612 
613 
614 
615 
616 
617 
618 
61. 
620 
621 
622 
623 
624 
625 
626 
627 
628 
62. 
630 
631 
632 
633 
634 
635 
636 
637 
638 
63. 
640 
641 
642 
643 
644 
645 
646 
647 
648 
64' 
650 
651 
652 
653 
654 
655 
656 
657 
658 

F07C 
F070 
F07F 
FOBt 
FOB3 

FOB6 
FOB9 

FOBS 
FOBE 
F090 
F091 
F092 
F093 
F09S 

F097 

F09A 
F09B 
F09C 
F09E 
F09F 
FOAO 
FOAl 
FOA2 
FOA3 

FOA4 
FOAS 
FOA7 
FOA9 
FOAA 
FOAS 
FOAC 
FOAO 
FOAE 
FOBO 
FOB3 
FOB4 
FOBS 

F3 
DB IC 
F6 BO 
03 lC 
C3 0000 

11 FF56 
18 OF 

3A FOE3 
E6 80 
F6 00 

5F 
16 01 
18 03 

11 F3S0 

24 
25 
28 03 
73 
23 
72 
'8 
F8 
C. 

7' 
CB BF 
FE 06 
00 
5F 
7' 
23 
46 
16 00 
21 FFBF 

" 
" 5' 

Mani tor Restart. , 
restart :di ,lock system 

in a, (syspio) 
1 sh! 7 ; enab I e banked 

out (syspia) ,a 
jp prs ;reload monitor from 

Day tim - Return Address of Time-of-Day. 

day tim: ld de, day ;point to day of month 
Jr retva I 

Canfig - Return Configuration Status Byte. , 
config: Id a,(mask) ;turn keyboard mask into c.keym 

and 080h 
or a 

confg equ $-1 ;*****=>;This word stored by Preset 
ld e.a 
ld d, rev-4QQ ;return revision level 
j r ret va I 

getsel - Get address of Select table. 

getsel: ld de, Sa ltab ,set select table address 

Retval - Return Value to Caller. , 
retval: inc osee if high level language call 

dec 
J r z, retvl ; if assembly level call 
ld (hI) ,e ;stare answer in variable 
inc hi 
ld (hi) ,d 

retvl: ., de,hl ;leave result in HL as well 
ei ret: ei 

ret 

setcon - set configuration. , 
setcon: I d a, (hi) ;get configuration table index 

res 7.a 
cp 
ret nc : if index out of range 
ld e.a 
ld a, (hi) :get read/write flag 
inc hi 
ld b, (hi) ; get conf i gurat i on data 
ld d.O 
ld hl,contbl ;set address of configuration table addresses 
add hl,de 
add hi ,de 
ld e. (hl) ;get configurable byte address 



m -en 

.g 
'0 
II> 
:l 
Q. 
)C' 
m 
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Monitor Function Processors 

659 FDB6 23 inc hl 
660 FOB7 56 ld d, (hi) 
661 FOBS E8 0' de,hl 
662 FOSS CB 7F bit 7,. set direction 
663 fOBS 7E ld a, (hI) get previous value 
664 FOeC CS cat , if asking current configuration 
665 FOBD 70 ld (h1) ,b store new configuration 
666 FOBE C9 cot 
667 
668 ssp - start screen print. 
669 
670 FOBF 3E 67 ssp: ld a,3+«24+1) shl 2) ;start with cr/lf 
671 FOCI 32 f20E ld (spact),a 
672 FOC4 AF . 
673 FOeS 32 f224 ld (spcnt),a 
674 FOCe 3E 81 1 d a,81h ;start mi 11 isecond timer 
675 FOCA 03 19 (etc}) ,a 
676 FOCe C9 cot 
677 
678 subtt 1 Console I Printer Drivers 
679 page 
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~ Console I Pr.inter Drivers 

:> 
Q. 
;(' 
m 

m 
:::j 

680 
681 
682 
683 
6B4 
685 
6.66 
6B7 
666 
6B9 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
71 J 
712 
713 
714 
715 
716 
717 
71S 
71. 
720 
721 
722 
723 
724 
725 
726 
727 
728 
72' 
730 
731 
732 
733 
73. 

ODCD" 

FOCD 3A FF30 
FOOD 87 
FOOl C8 

FOD2 F6 FF 
FOD4 C. 

FODS CD F066 
FODa CD FOCD 
FaDS 28 Fa 
FOOD E5 
FODE CD F 130 
FOE 1 E 1 
FOE2 E6 7F 
FDE3 
fOE4 C9 

FOES DB 07 
fOE7 E6 01 
FOE9 CB 
FOEA 3E FF 
FOEC C9 

FOED CO F066 
FOFO CD FOES 
FOF3 28 Fa 
FOFS DB 05 
FOF? C9 

FOF8 F5 
FOF9 CO F 1 05 
FOFC CC FOBS 
FOFF 28 Fa 
F 101 F1 

abo·ve ;run this code upstairs 
d&seg 

kbdst - keyboard status. 

Returns A :: o if no char 
A = -1 if char available , 

kbdst: ld a, (fifcnt) :get input fifo bytecount 
0' 
'et ; it keyboard queue '\ s empty 

soft record soft 

sot t: oc -1 ; set ready / error status 
'et 

kbdin - Keyboard Input. 

Returns A :: character 

kbdinl: call idl e ; idle cpu 
kbdin: call kbdst 

j' ztkbdinl : loop unti I keyboard input ready 
push hi 
call remove ;get keyboard entry 
pop hi 

kbmask: and 07fh 
mask equ $-1 ;**"""*=>;this byte modified by ESC 0/1 

'et 

s i ost sio channel b input ready status. 

5 i ost: in at (sioCPb) :get sio status register 
and 00000001 b 
,et ;if no data available 
1 d at -1 
cet 

sioin - Sio channel b input character. 

loln1: ca 11 idle :idle cpu 
loin: ca 11 s i ost :test console status 

j' z,sioinl ;loop until data is 
in a, (siOdpb) ;ready at sio data port 
,et 

sioout - Sio channel e output character'. 

ioout: push af 
; ox 1 : ca 11 siordy 

call z, idl e ;idle cpu if transmitter net ready 
j c Z ,sio)( 1 
pop af 
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~ Console I Printer" Drivers 

735 Fl02 D3 05 out (stodpb) ,. ;output data to s10 
736 Fl04 C9 ret 
737 
738 Biardy - S10 channel B output ready ststus. 
739 

!'ordY: id 740 FIOS 3E 10 B,10h ; reset status latch 
741 Fl07 03 07 out (siocpb) ,B 
7.2 FlOg DB 07 in •• (s;ocpb) 
743 Fl0B E6 04 and OOOOQ1QOb ; test tbe status bt t 
74. FlOe siomsk equ $-1 ; ••••• =>;modtfted at run time 
74S Fl0D EE 04 ,or oooaOl00b 
746 FIDE siova1 equ $-1 ; ••••• "">;modifi.d at run time 
747 Fl0F 28 02 jr z,siordl ; if har-dwar-e is r.ady 
7'8 F111 AF ,or . 
749 F112 C9 ret 
750 F113 F6 FF siard1: or -1 ; set ready status 
751 F115 00 xonenb: nap ;····.=>;put RET here to disable Xon/Xoff 
752 F116 CO FOES call siost 
753 F119 28 11 jr z.siord3 ;if input not avatlable 
754 F118 CD FOPO call stotn 
755 FllE f6 7F and 7fh 
756 F120 06 13 sub Xoff 
757 F122 28 05 jr z,siord2 ; if printer said Stop 
758 F124 06 FE sub Xon-Xoff 
759 F126 20 04 jr nz,siord3 1 if not Resume 
760 FI28 2F cpl ;set printer ready 
761 F129 32 F 120 siord2: Id (xofflg) ,_ 

762 FI2e 3E FF stord3: Id a,-I 
763 F12D xoff 19 equ $-1 ;· •••• =>;set I\S pending flag 
76' FI2E .7 or 
765 FI2F C9 ret 
766 
767 Remove - remove key from fifo. 
768 
769 FI30 21 FF30 Id hi ,fifcnt ;decrement fifo count 
770 F133 35 dec (hi) 

;point hi to fifo output offset 771 F134 21 FF32 Id hi ,fifout 
772 F137 3' index: inc (hi) ;advance fifo pointer 
773 F138 CB AS res 4, (hi) ;modulo 16 
77. FI3A 3E 20 ld a,low fHo 
77. Fl3C B6 add a. (hi) ; index into fifo by offset 
776 F130 6F ld 1,. 
777 Fl3E 7. ld a,(hl) ;fetch character 'in fifo 
778 Fl3F C9 nulint: ret 
779 
780 subtt I Interrupt Service Routines 
781 page 

J> 
't:J 
'1:1 
ID 
:) 
Q. 
;C' 
m 
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1:1 Interrupt Service Routines 
1:1 
/1) 782 
::l 783 isr - interrupt service routines. 0.. 784 ,,' 785 service macro 
m 786 1 d (savstk) ,sp ;; ;s8ve user stack pointer and 

787 1d sp. i ntstk ;;;switch to local stack 
788 push hi ;;;save machine state 
789 push af 
790 endm 
791 
792 keysrv - parallel keyboard interrupt service. 
793 
794 F140 keysrv: serv; ce ; save state 
795 F140 EO 73 FlEe 1d (savstk).SP 
796 F144 31 FF50 1 d sp, intstk 
797 f147 E5 push hi 
798 F148 f5 push af 
799 F149 C5 push be 
800 F14A DB 1E in a. (kbddat) ; read keyboard input port 
801 f14C 2F cp1 
802 F14D FE 9E cp Scrprt 
803 F14F 20 16 jc nz, key2 ; if not screen print key 
804 F1S1 3A F20E 1 d a, (spact) 
805 F1S4 B7 oc a 
806 F155 28 08 jc z,keyl ;if screen not printing now 
807 F157 3E 07 1d 8,3+( 1 shl 2) ;set state to crllf/stop 
808 f159 32 F20E 1 d (spaet) ,a :set screen print state 
809 F 15C AF a 
810 FI5D 32 F224 1 d (spent) ,a : restart character counter 
811 FI60 18 20 jc keyS 
812 FI62 CD FOBF keyl: call "p ;start screen print 
813 fl6S 18 28 jc keyS 
814 FI67 21 FF30 key2 : 1d hI, fifcnt ;bump input fifo character count 
815 F 16A FE. 98 cp Abort ;check user Abort Key 
816 FI6C 2811 jc z, key3 ;warm start system 
817 fl6E 4F 10 c,a 
818 FI6F 7E 1 d a, (hI) 
819 F 170 3C inc a 
820 Fl71 FE 10 op 16 
821 Fl73 30 IA jc nc, keyS ;exit now if fifo is full 
822 f175 77 1d (hI) ,8 
823 Fl76 21 Ff31 10 hI, fifin ;point hI to fifo input offset 
824 FI79 CD F137 call index 
825 F 17C 71 1d (hI), c ;store character in fifo @ hI 
826 F 170 18 10 jc keyS 
827 F17F CD FI Ef key3: ca I I ret ins :release Pia interrupt controller 
828 F 182 06 03 1d b,3 
829 F 184 36 00 key4: 1d (hl),O ;clear fifo count 
830 F 186 2C inc 1 :and fifo in/out pointers 
831 FI87 10 FB djnz key4 
832 F 189 CD F293 ca II crtoff ; turn crt memory off 
833 F laC CD FOO3 ea II warm :and warm start system 
834 Fl8F C1 keyS: pop bo 
835 Fl90 18 57 jc rfi ;return from interrupt 

m 836 

;0 
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IV Interrupt Service Routines 0 

837 timer - Once per second interrupt. 
838 
839 F 192 timer; service 
B40 F192 ED 73 FlEe ld (savstk) ,sp 
841 F 196 31 FF50 ld sp. intstk 
B42 FI99 E5 push hI 
843 f19A F5 push af 
844 F 198 2A FF52 ld hI, (t i kent) ;advance binary seconds counter 
845 F 19E 23 ; nc hI 
846 f19F 22 FF52 1 d (tikcnt),hl 
847 flA2 CD F04B call usrsec ; invoke user's interrupt routine 
848 F1A5 21 FF55 ld hI. t imout ;decrement disk turn-off timer 
849 FlAB 35 dec (hI) 
850 FlAg 20 06 jr nz. timer! ;exit if not timed out yet 
851 FlAB DB lC In a, (syspio) 
852 flAD E6 Fa and 1111100Db ;disable all drive selects which 
853 F tAF 03 Ie out (syspio) ,a ;turns off spindle motors 
854 FIB! C5 timer!: push bc 
855 F 182 06 02 ld b,2 
856 F1B4 3E 38 ld a,59 
857 Fle6 21 FF5B ld hl,secs ;point at wall clock 
858 FIB9 34 timer2: inc (hi) ; increment seconds 
859 FIBA BE cp (hi) 
860 FIBB 30 2B jr nc,timer3 ; if not one minute or hour 
861 FIBD 36 00 ld (hi) ,0 
862 flBf 2B dec hI 
863 fiCO 10 f7 djnz t imer2 
864 FIC2 3E 17 ld a,23 
865 FIC4 34 inc (h 1) ; increment hours 
866 f IC5 BE cp (hi) 
867 FIC6 30 20 j r nC,timer3 ; if not one day 
868 F lC8 36 00 ld (hi) ,0 
869 fiCA D5 push de 
87D flCe 2B dec hI 
87 I FICC 2B dec hI 
872 fiCO 4E ld e, (h I) ; get month 
e73 F 1 CE 2B dec hI ;point to day 
874 F 1 CF 11 FIFO 1 d de, dpm-l ;point to day/month table 
875 F1D2 E8 e, de,hl 
876 FI03 09 add hl,be 
877 flO4 7E ld a, (hi) ;get number of days 
878 FI05 EB de,hl 
879 F 106 01 pop de 
880 flO7 34 'nc (hi) ; inc rement day 
881 Flo8 BE cp (hi) 
882 FlO9 30 00 jr nc. t imer3 ; if not end of month 
883 FIDB 36 01 ld (hi). I ; reset day in month 
884 flDD 23 inc hI 
8e5 flOE 34 inc (hI) ; increment month 

» 886 FIOF 3E DB ld a, II 

'0 887 fiE! BE cp (hi) 

'0 888 FIE2 30 04 Jr nc, t imer3 ; if not new years eve .,. 889 FIE4 36 01 ld (hI), I ; wrap december to january 
::> 890 flE6 23 inc hI 
Q. 891 F 1 E7 34 inc (hi) ;signal Guy Lombardo 
X' 892 F I E8 Cl timer3: pop bc 
m 
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"C Interrupt Service Routines 
"C 
/I) 893 
::I 894 rf; return from Interrupt. 
C- 895 ". 896 F 1 E9 ~fi : pop af 
m 897 FlEA El pop hl 

898 FI EB 31 0000 1 d sp,D ; restore stack 
899 F 1 EC savstk equ $-2 ;*****=>;this word modified at runtime 
900 F 1 EE F8 ei ore-enable interrupts and return 
901 fIEF ED 40 ret ins : ret; 
902 
903 Table of days per month. 
904 
905 F1Fl 1F dpm: db 31 ; january 
906 F1F2 1 C db 28 ; febuary 
907 F1F3 IF db 31 ;march 
908 F1 F4 1 E db 30 ;apr; 1 
909 FI F5 db 31 ;may 
910 F IF6 1 E db 30 ; june 
911 fl F7 IF db 31 ;ju 1 y 
912 Fl Fa db 31 ;august 
913 FI F9 db 30 ; september 
914 FI FA IF db 31 ;october 
915 fl FB lE db 30 ; november 
916 FI FC IF db 31 ; december 
917 
918 mi 11 i Millisecond timer interrupt service. 
919 
920 FIFO mi 11 i: serv; ce 
921 FI FO ED 73 F 1 EC 1 d (savstk) ,sp 
922 F20' 31 FF5D ld sp. intstk 
923 F204 E5 push hi 
924 F205 F5 push af 
925 F206 2A FF5D 1d hI, (Mi lsec) 
926 F209 23 inc h1 ; increment mi 11 isecond counter 
927 F20A 22 FF50 1d (Mi 1 sec) ,hI 
928 F20D 3E 00 1d a.O ;set screen print flag 
929 F20E spact equ $-1 ;****.=:>;this byte modified at runtime 
930 F20F 67 ld h,a 
931 F210 E6 03 and 3 
932 F212 28 60 j, Z ,mi 116 ;if not printing screen 
933 F214 6F 1 d 1,a 
934 F215 CD Fl05 ca 11 siordy :get printer status 
935 F218 28 67 j, z,mi 116 ; if printer not ready 
936 F21A 2D dec 1 
937 F21B 20 48 j, nz ,m; 112 ; if not character print state 
938 F21D DB 1 C in a, (syspio) :get pia state 
939 F21 F F5 push af 
940 F220 CD F29C ca 11 crton 
941 F223 3E 00 Id a,O : !;let character count 
942 F224 spcnt equ $-1 :*****=:>;byte modified at runtime 
943 F225 30 dec a 
944 F226 FA F236 jp m,m; 10 : if end of 1; ne 
945 F229 32 F224 1d (spent) ,a 
946 F22C 21 0000 1d hl,O : set next character address 

m 
947 F22D spaddr equ $-2 :.****=:>:word modified at runtime 

~ 
948 F22F 7E 1d a, (hI) 
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949 Fl3G 03 05 out (siodpb) ,a ;fire hammer 
950 F232 2[ inc I ;advance screen cursor 
951 F233 AF a ;do not advance state 
952 F234 18 22 jr mi 111 ; if not end of 1 ine 
953 F236 3E 61 mi 10: Id a,I+(24 shl 2) ;set address of ne;o;t print 1 ine 
954 F23B 94 "ub h 
955 F239 IF 
956 F23A C6 2F "ra 
957 F23C CD F31 E call cca ;compute cursor address 
95B F23F E5 push hi ;save next 1 ine address 
959 F240 [5 push bc 
960 F241 06 50 Id b,aO ;delete trai 1 ing blanks 
961 f243 7D Id a, I 
962 F244 BD add a,b 
963 F245 6F Id I,a 
964 F246 20 mi 101: dec I 
965 f247 7E Id a, (hl) :get next character 
966 F248 E6 7F and 7fh 
967 F24A FE 20 cp 
96B F24C 20 02 j r nZ,rn; 102 ;"if not trailing blank 
969 F24E 10 F6 djnz mi 101 
97D F250 7B mi 102; Id a,b 
971 F251 32 F224 Id (spcnt),a ;set number of characters to print 
972 f2S4 [ I pop bc 
973 F255 E I pop hi 
974 F256 3E 03 Id a,3 ;set CR next state 
975 F258 22 F22D mi 111: Id {spaddr} ,hI :set next display address 
976 F25B 21 F20E Id hl,spact ;set state variable 
977 F25E 66 ac (hI) ;advance state 
97B F25F 77 Id (hI) ,a 
979 F26D FI pap af ;get pio back 
9BO F261 03 Ie out (syspio) ,8 
9BI F263 18 1 C jr mi 116 
9B2 F265 2D mi 112: dec I ; check next state 
9B3 F26G 21 F20E Id hl,spact :set state address 
9B4 F269 20 11 jc nZ,mi 114 :if not If state 
9B5 F26B 7E Id a. (hl) 
9B6 F26C 06 04 "ub 1 shl 2 ; advance 1 i ne counter 
9B7 F26E 77 Id (hI) ,a 
9BB F26F FE FE cp 2-( 1 shl 2) 
9B9 F271 20 05 jr nZ,mi 113 
990 F273 3E 01 I d a, I :disable etc interrupt 
991 F275 D3 19 aut (ctc 1), a 
992 FZ77 77 Id (hI) ,a 
993 F278 3E OA mi 113: Id a, If ;set 1 ine feed 
994 FZ7A 18 OZ jr mi 115 
995 F27C 3E 00 mi 114: I d a. er :set carriage return 
996 F27E 03 05 m; 115: aut (siodpb) ,a :move paper or carriage 
997 FZ8D 35 dec (hI) 

l> 99B FZ81 C3 F 1 E9 mi 116: jp rf i :return from interrupt 
999 

"tJ 1000 subtt 1 Crt Driver "tJ .. 1001 page 
::l 
c.. 
)C' 
m 
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"0 Crt Dr; ver 
"0 
ID 1002 :I a.. 1003 setcur - set direct display cursor position. 
;C. 1004 

!etcur: Id 1005 F284 22 FFAF (dircur) ,hI ; set up cursor address m 1006 F287 C. ret 
1007 
100a auteur - store character directly to crt memory. 
1009 
1010 F28B CD F2ge auteur: call crton ; turn on crt bank 
1011 FZae 2A FFAF ld hi. (di rcur) ;fetch direct cursor 
1012 F2eE 71 ld (hJ) ,c ;store character 
1013 F2aF 23 lne hi 
1014 F29D 22 FFAF ld (dircur) ,hI 
1015 
1016 crt off - turn crt ram off. 
1017 
1018 F293 F3 crt off : di ; lock pia access 
1019 F294 DB Ie In a, (syspio) 
1020 FZ96 CB SF crtof 1: 7.a ;reset crt bank enable 
1021 F29a FB ei ;unlock pic access 
1022 F299 03 Ie ertan! : (syspio) ,a 
1023 F29B C. ret 
1024 
1025 erton - turn ert ram on. 
1026 , 
1027 F29C F3 erton: di i loek time-out interrupt 
1028 F290 08 IC in a, (syspio) iget pia status 
1029 F29F ce Ff set 7.a i enab 1 e bank 
1030 f2A 1 18 F6 j r ertonl 
1031 
1032 block move from/to crt memory. 
1033 
1034 Entry: HL Source address 
1035 DE Oest 1 nat i on address 
1036 BC Number of bytes to move 
1037 o - Move crt ram to crt 
1038 o - Move sys ram to crt ram 
1039 ;> 0 - Move crt ram to sys ram 
1040 , 
1041 F2A3 ED 73 F31B crtldir: Id (usrstk) ,sp ;do not use callers stack 
1042 F2A 7 31 FFEO ld sp, crtstk isince it may disappear 
1043 F2AA .7 and a ; set ent ry cond i t ions 
1044 F2AB CD F29C call crton 
1045 F2AE 29 37 j r z. crtmv ;block move within crt ram 
1046 F2BO F2 F26S jp P. ldi r2 ; i f move from crt ram to system ram 
1047 F2B3 EE 80 Idi rl: >or BOh 
1048 F2B5 03 IC ldl r2: out (syspio) ,a ; enab I e source bank 
1049 F2B7 E5 push hi ; save move source address 
1050 F2B8 21 FFBO ld hl,-80 ;count down one transfer buffer 
1051 F2BB ED 4A ade hl,be 
1052 F2BO E3 (Sp) ,hI save overflow, retrieve source address 
1053 F28E FA F2C4 jp m, Idi r3 1 f I ess than one buffer 
1054 F2Cl 01 0050 ld be,BO transfer one buffer 
1055 F2C4 C5 Idi r3; push be save byte count 

m 1056 F2C5 D5 pUSh de save destination address 
IV 
IoU 
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Crt Driver 

1057 f2ee 11 FF5C Id de, I inbuf ; set upper buffer 
1058 F2C9 EO eo Id1 r- ;move data to uppa'" ram 
1059 F2ca 01 pop de 
1060 F~CC CI pop be 
1061 F2Ce DB Ie In a, (sysp1o) ;enable destination bank 
1062 F2CF eE 80 ,or 8Dh 
1063 F2D! 03 Ie out (sysp1o) ,. 
1064 F2D3 E5 push hi ,save source addr ••• 
1065 F2D4 21 FF5C Id hi, I 'nbuf Iset upper buffer 
1066 F2D7 ED eO Id1r ;mova data from buffe" to d •• tination 
1067 F209 EI pop hi 
1068 F2DA. CI pop be ;retrieve bytes left to transfer 
1069 F20S 78 Id .,b 
1070 F2DC .7 and 
1071 F20G FA F2E9 jp m.crtmvo ;no more move, turn crt ram off and return 
1072 F2EQ 81 or e 
1073 F2E! 28 06 jr z,crtmvo : if no more 
1074 F2Ea DB Ie In a, (syspio) 
1075 F2E5 18 CC Jr Idi 1""1 ;continue transfer one buffer at a crack 
1076 
1077 F2E7 ED eo crtmv: Idir 
1078 F2E9 CD F293 crtmvo: cal I crtoff ; turn crt ram off 
1079 -F2fe ED 76 F31S Id sp, (usrstk) 
1080 F2FO CO ret 
1081 
1082 subtt I Resident Crt Driver. 
·1083 page 
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1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
t096 
1097 
1098 
1099 
1100 
1101 
"02 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
III, 
1112 
1113 
1 I 14 
1115 
1 I 16 
1117 
1118 
1119 
1120 
'1Z1 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 

MACRO-BO 3.44 09-0ec-B 1 

~ a. 
;:C. 
m 

m 

'" VI 

F2FI 
F2F2 
F2F3 
F2F4 
F2F5 
F2F6 
F2F9 
F2FA 
F2FB 
F2FC 
F2FD 

F2FE 
F302 
F305 
F307 
F309 
F30A 
F30B 
F30E 
F30F 
F312 
F313 
F316 
F31e 
F319 
F31A 
F31B 
F310 

F31E 
F31F 
F322 
F323 
F324 
F326 
F328 
F32A 

E5 
05 
C5 
F5 
4F 
CD F2FE 
F1 
C1 
01 
E 1 
C9 

EO 73 F31B 
31 FFEO 
DO E5 
DB Ie 
.7 
F5 
CD .F29C 
F6 
CD 0169 
F1 
f4 F293 
DO El 
3E 00 

31 F31B 

C9 

67 
3A. FFBI 
64 
3C 
06 1e 
30 Fe 
C6 78 
67 

crtout - Crt Output Driver. 

Entry; 

Exi t: , 
crtout: push 

push 
push 
push 
1d 
call 
pop 
pop 
pop 
pop 
ret 

Character in register A 
16 bytes of stack space avat labl. 
Char displayed, all registers saved 

h1 
de 
be 
af 
e .a 
fastcrt 
at 
be 
de 
h1 

;maintain users registers on his stack 

;set character to process 
;process character quickly 
;restore callers registers 

fastcrt - fast crt driver. 

Entry: 
Exit: 

, 
fastcrt: ld 

10 
push 
1n 
or 
push 
call 
e; 
call 
pop 
call 
pop 

gold 

usrstk 

1d 
equ 
1d 
equ 
ret 

Character inC 
The only register preserved is SP 
Peaking in register A reveals valuable characters. 

(usrstk) ,sp 
sp,crtstk 

" ., (syspio) 
a 
aF 
crton 

crtdvr 
aF 
P. crtoff 

" a.O 
$-1 

:do not use callers stack 
:since it may disappear 

read system pio 
set bank enable status 
save status for ex i t code 
turn on crt memory 
enable interrupts 
execute crt driver rom 
get previous bank enable status 
disable bank now if it was disabled on entry 

lsneak balcol"!es golden cha,..aet.rs to FAST us.,-s 

sp,usrstk :restore callers stack 
$-2 ;.**.*=>:th1s operand word is modified at runtime 

- compute cursor address. 

CClll! : 
cca2 : 

Entry: 

10 
1d 
add 
'ne 
sub 
jr 
add 
1d 

A = Row 

h.a 
a, (base) 
a.h 
a 
2' 
nc:, cca2 
a,24+2·crtbas 
h.a 

;entry with base absolute 
:ditto 
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~ Resident Crt Driver. 

l> 
'0 -g 
~ 
Q. 
;C' 
m 

1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 

F3ZB ZE 00 
F3ZD CB 2C 
F3ZF CB 10 
F33! C9 

F332 01 0000 
F333 
F335 C5 
F336 C9 

F337 E5 
F338 21 01CF 
F339 
F33B 22 F333 
F33E ED 43 F339 
F342 E1 
F343 C9 

1d 1,0 
h 

rr 1 
ret 

rstatt - Restore Previous Attribute. , 
rstatt: ld bc,O ;execute previous attr;bute routine 
lstatt equ $-2 

push be 
ret 

setprv: push h1 
1d hl,setlow 

prvatt equ $-2 
1d (lstatt) ,hI 
1d (prvatt),bc 
pop h1 
ret 

subtt I Rom-resident Crt Driver 
page 



» Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-81 
't:I Rom-resident Crt Driver 
't:I 
11> 1161 

" '162 below ; execute 1 n banked rom Q.. ;:c. 1163 OOOO! defs 
1164 

m 1165 crtdvr - Crt Driver Proper. 
1166 
1167 0169 2A FFAC crtdvr: 1 d hI. (cursor) ;set cursor address 
1168 DIGC 3A FFB4 1d a, (chrsav) ; retrieve character under cursor 
lt69 O16F 77 1d (hI) ,8 ;replace character under cursor 
1170 0170 32 F319 1d (gold) ,a :bury balcones gold 
1171 0173 3A FFB2 1d a,(leadin) ; set I eadi n state 
1172 0176 87 a 
1173 0177 20 10 je nz, crtd2 ; if processing escape sequence 
1174 0179 3A FOE3 1d a, (mask) ; get keyboard mask 
1175 017C A 1 and 
1176 0170 4' 1d c .a 
1177 OPE FE 20 cp 
1178 0180 38 14 je C,crtd2 ;if control code 
1179 0182 3A ffB3 crtdl: 1d a, (attrib) 
1180 0185 81 ae c 
1181 0186 77 1d (hI) ,a :store displayable character 
1182 0187 2C inc 1 :advance pointer to next column 
1183 0188 70 1d a.1 
1184 0189 E6 7F and 01111111b :extract column# from hi 
1185 0188 FE 50 cp 80 
1186 0180 38 OA je c, crtd3 : if end of 1 ine not reached 
1187 018F AD ,oe 1 
1188 0190 6F 1d 1.a :return cursor to left side 
1189 0191 CO 02F7 ca II lfeed :execute I ine feed 
1190 0194 18 03 je crtd3 
1191 0196 CO 0230 crtd2: ca II contrl ;process control character 
1192 0199 22 FFAC crtd3: 1d (cursor) ,hI ;save cursor pointer for next time 
1193 019C 7E 1d a, (hI) ; get character at new cursor 1 oeat; on 
1194 0190 32 FF84 1d (chrsav) ,a :save for next time 'CRTOUT' is called 
1195 DIAD 3A FFAE 1d a, (csrchr) :get cursor character 
1196 01A3 FE 20 cp 
1197 01AS C8 co, : i f no cursor 
1198 OlAS 4' 1d c,a 
1199 alA7 7E 1d a, (hI) 
1200 alA8 CB SF cos 7,a 
1201 01AA FE 20 cp 
1202 alAe 79 1d a.c ;set character used for cursor 
1203 DIAD 28 03 je z, crtd4 ; if charBeter ; 5 a space 
1204 OlAF 7E 1d a, (hI) :toggle attribute 
1205 0180 EE 80 ,ae aDh 
1206 0182 77 crtd4: 1d (hi) ,a :store cursor character 
1207 0183 C9 co, 
1208 
1209 multi - Process multiple character escape sequence. 
1210 
1211 0184 ES mul t;: e, de,hl ;unconditional'y reset the lead-in 
1212 0185 36 00 1d (hI) ,0 ; state to zero 
1213 01B7 E8 e' de,hl 
1214 01B8 3D dec a 

m 1215 0189 20 4E je nZ,setxyl : if not initial state 

'" ..... 



m Balcones Operat ing System for the XEROX a20-II MACRO-BO 3.44 09-Dee-a1 
N Rom-resident Crt Driver 
CO 

1216 0188 79 Id a, C ;get second character of sequence 
1217 
1218 " (options and o.eset) ne 0 
1219 Escape tab 1 e search 
1220 
1221 DIBC ES push hi 
1222 01BD 21 028A Id hl.esctab 
1223 01CO 01 0011 Id bc,esctbl 
1224 01e3 ED 81 search: cpir 
1225 01C5 09 add hl,be 
1226 01C6 09 add hl,be 
1227 01C7 09 add hl,be 
1228 01C8 4E Id c. (h 1) 
1229 01C9 23 inc hi 
1230 OICA 46 Id b, (hI) 
1231 01C8 E I pop hi 
1232 01CC CO ret nz 
1233 OlCD C5 push be 
1234 DICE C9 ret 
1235 endif ; opt ions and o. esct 
1236 
1237 Set attribute modes. 
1238 
1239 • 01 Cf 03 36 setlow: (10101 i tel ,a ;set la-light mode 
1240 0101 C3 F337 jp setprv 
1241 
, 242 0104 03 35 setbl i: out (chrom2) ,8. ;select rom 2 
1243 0106 AF ,or a ;select standard char set 
1244 0107 18 08 jr model 
1245 
1246 0109 03 35 setinv: out (chrom2) ,a :select rom 2 
1247 010B 1 B 02 jr 
1248 
1249 0100 03 34 set9ra: out (chroml) ,a ;select rom 1 
1250 OlOF 3E 40 mode: Id a,40h ; se I ect a I ternate char set 
1251 01El CO F337 model; call setprv ;set up previous attribute 
1252 01E4 47 Id b,' 
1253 01ES F3 dj ; lock system 
1254 01E6 DB lC jn s, (syspio) ;read system pio 
1255 OlE8 CB 67 6,. ;clear rom select bit 
1256 OlEA .0 b 
1257 OIEB F. ej ;unlock 
1258 01EC 03 lC out (syspio) ,a ;set or reset display mode 
1259 01EE C9 ret 
1260 
1261 Enable/disable (07) display of selected attribute mode 
1262 
1263 OlEF 3E 80 enatr; Id a,BOh 
1264 OlFl 06 db 6 ; ld b, ;skip xor 

» 1265 OlF2 AF disatr: xor a 
1266 01F3 32 FFB3 disl: Id (attrib) ,8 

"C 1267 01F6 C9 ret 
"C 
f1) 1268 
~ 1269 setmsk - Select 7 or B bit data from keyboard 
0.. '270 
;C' , 271 01 F7 OF setmsk: ;get low order bit as upper bit mask 

m 



l> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-a! 

" Rom-resident Crt Driver 

" 11> 1272 DIFS F6 7F oe 7fh 
::> 1273 OlFA 4F Id 

" a C. 1274 DIFS 11 FOE3 1 d de. mask 
X' 1275 OlFE 14 1 d a, (de) 
m 1276 01 Ff 32 f319 Id (gold) ,a ; 5 t ash ba 1 cones go 1 d 

1277 0202 79 Id a,' 
1278 0203 12 1 d (de) ,a ;store keyboard mask 
1279 0204 C9 eet 
1280 
1281 Process cursor pes; t 'I on sequence. 
1282 
1283 0205 3E 02 setxy: Id a,2 
, 284 0207 12 1 d (de) ,a ;make leadin::2 next time 
'285 0208 C9 
1286 
1287 0209 3D set)(yl: dec a 
1288 02GA 20 10 je n.z ,m3tst ;if not in state 2 
1289 020e 6F Id I,a ; clear low cursor pes 
1290 0200 3E 03 Id a,3 
1291 020F 12 1 d (de) ,a :set state 3 for next time 
1292 0210 79 setrow; ld a,' 
1293 0211 E6 7F and 07fh ;strip parity bit 
1294 0213 06 20 sub 
1295 0215 DB eet , ;if illegal character 
1296 0216 FE 18 'p 24 
1297 0218 DD e.t n' 
1298 0219 C3 F31 E Jp c,a ; compute cursor address 
1299 
1300 021 C 3D m3tst: de, a 
1301 0210 20 OC je nz,m4tst ; if not ready for column 
1302 021 F 79 setcol: ld a,c 
1303 0220 E6 7F and 07fh ;strip parity bit 
1304 0222 06 20 sub ; of esc,'=',row,col sequence 
1305 0224 DB eet c 
1306 0225 FE 50 cp BO 
1307 0227 DD eet n, 
1308 0228 85 oe 1 ;merge in col. with 1 
1309 0229 6F Id 1,a 
1310 022A C9 eet 
1311 
1312 0226 3D m4tst: d., a 
1313 022C 20 04 je nZ,m5tst ; i f not escape state 4 
1314 022E D1 pop de ; p ; tch address of crtd3 
1315 022F C3 0182 jp crtdl ;display character in C 
1316 
13 I 7 0232 3A FFAE m5tst: Id a, (csrchr) 
1318 0235 32 F319 Id (gal d) ,a ;stash balcones gold 
1319 0238 79 Id a,' 
1320 0239 32 FFAE Id (csrchr) ,a ;store new cursor character 
1321 023C C9 eet 
1322 
1323 " 

contrl - process control character, 
1324 
1325 0230 11 ffB2 contrl: ld de,leadin ;point at leadin state 

m 
1326 0240 02 0164 jp nc,rnul t i ; if rnu 1 t i code sequence in progress 

IV 1327 0243 FE 05 'p 'E' -64 

ID 
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1328 0245 08 ret e :control char is out of range 
1329 0246 E5 push hl :save cursor 
1330 0247 21 024A ld hl ,ct ltab-(' E' -64)*2 
1331 024A 06 00 ld b,O 
1332 024C 09 add hl,be ; inde}( through control character table 
1333 0240 09 add hl,he 
1334 024E 4E ld c, (hI.> 
1335 024F 23 inc hl 
1336 0250 46 ld b, (hI) ;get address of control subroutine 
1337 0251 E1 pop hl 
1338 0252 C5 push be 
1339 0253 C9 ret :execute control code driver 
1340 
1341 " (options and o.eset) ne 0 
1342 0254 02e5 ctltab: defw defcur ;Ctrl-e is define new cursor character 
1343 0256 f332 defw rstatt ;Ctrl-f is restore previous attribute mode 
1344 0258 032F defw bell :Ctrl-g is the bell 
1345 025A a2eE defw bakspc ;Ctrl-h is cursor left 
1346 025C 031 F defw tab ;Ctrl-i is tab 
1347 025E 02F7 defw I feed ;Ctrl-j is cursor down 
1348 0260 020C defw upcsr ;Ctrl-k is cursor up 
1349 0262 0204 defw forspc ;Ctrl-l is cursor right 
1350 0264 02F2 defw return ;Ctrl-m is carriage return 
1351 0266 02CO defw ;Ctrl-n is not acceptable 
1352 0268 02CO defw :Ctrl-o is not acceptable 
1353 026A 02CO defw :Ctrl-p is not acceptable 
1354 026C 0361 defw c 1 reos ;Ctrl-q is clear to end-of-screen 
1355 026E 02CO defw :Ctrl-r is not acceptable 
1356 0270 02CO defw none ;Ctrl-s is not acceptable 
1357 0272 02CO defw nono :Ctrl-t 1s not acceptable 
1358 0274 02CO defw ;Ctrl-u is not acceptable 
1359 0276 02CO defw :Ctrl-v is not acceptable 
1360 0278 02CO defw nona :Ctrl-w is not acceptable 
1361 027A 0344 defw c I reo I :Ctrl-1I is clear to end-of-l ine 
1362 027C 02CO defw :Ctrl-y is not acceptable 
1363 027E 0357 defw c I rscn ;Ctrl-z is clear screen 
1364 0280 02BO defw escape :Ctrl-[ is escape 
1365 0282 02CO defw ;Ctrl-\ is not acceptable 
1366 0284 02CO defw nono :CtrJ-j is not acceptable 
1367 0286 02C9 defw home up :Ctri-A is home up 
1368 0288 02C 1 defw stuff ;Ctrl-_ ;s display control chars 
1369 
1370 0036 ct I s iz equ $-ct I tab 
1371 
1372 Escape sequence tab Ie. 
1373 
1374 Maintains functional compatibility with terminals supporting 
1375 ADM-3a style supersets. 
1376 

» 1377 028A 28 esctab: db '(' disable attribute 
1378 0288 29 db 'j' enable atribute 

1:1 1379 G2SC 2A db clear screen 1:1 1380 0280 30 db '0' strip keyboard upper bit 

'" :l 1381 028E 31 db 'l' pass keyboard upper bi t 
Q. 1382 028F 34 db '4' ellar font and bl inking 
;CO 1383 0290 35 db '5' ella, font and graphics 



l> Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dee-al 
'tJ Rom-resident Crt Driver 
'tJ 
11> 1384 0291 3B db 'B' char font and bl inking '" Q, 1385 0292 37 db '7' char font and inverse video 
;(' 1386 0293 38 db '8' ct1ar font and 1 a-light 

m 1387 0294 3D db position cursor 
1388 0295 45 db 'E' 1 ine insert 
1389 0296 51 db '0' character insert 
1390 0297 52 db 'R' 1 ine delete 
1391 0298 57 db 'W' ct1aracter de I ete 
1392 0299 54 db 'T' clear to end of line 
1393 029A 59 db 'Y' clear to end of screen 
1394 0011 esctbl equ $-esctab 
1395 
1396 0298 0361 escadr: defw c 1 reos 
1397 0290 0344 defw cl real 
1398 029F 03FS defw chrde 1 
1399 02Al 037C defw 1 ;ndel 
1400 02A3 03De def .... chrins 
1401 02A5 03A4 defw 1 inins 
1402 02A7 0205 defw setxy 
1403 02A9 OleF def ... set low 
1404 02A8 0109 defw set in\l' 
1405 02AO 0104 defw setbl i 
1406 02AF 0100 defw setgra 
1407 02Bl 0104 defw setbl i 
140B 02B3 01 F7 defw setmsk 
1409 0265 01 F7 defw setmsk 
1410 02B7 0357 defw e 1 rsen 
1411 0269 01EF defw enatr 
1412 02B8 01 F2 defw disatr 
1413 1f1 
1414 " ($-eseadr)/2 ne esctbl 
1415 .printx Escape table mismatch 
1416 endH 
1417 endif 
1418 endif :o.esct and options 
1419 
1420 
1421 

escape - Initial ize escape sequence. 

1422 0280 3E 01 escape: I d a,1 
1423 02BF 12 1d (de) ,a : set sequence state 
1424 02CO C9 ret ;for escape processing 
1425 
1426 stuff Enable next char to be stored directly. 
1427 
1428 02C 1 3E 04 stuff: 10 a,' 
1429 02C3 12 1d (de) ,a ; set sequence state 
1430 02C4 C9 ret :for control char output mode 
1431 
1432 defcur - Enable next chara to be new cursor. 
1433 , 
1434 02C5 3E 05 defcur: Id a,S 
1435 02C7 12 1d (de) ,a 
1436 02CB C9 ret 
1437 

m 1438 homeup - Move cursor to upper left. 

~ 1439 
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1440 02C9 DE 20 homeup: 1 d c,' , juse cursor addressing routine 
1441 02ee C3 0210 jp set row ito do home up almost for free 
1442 
1443 bakspc - Move cursor left. 
1444 

baksPc: ld 1445 02CE 70 ., I ;check for left margin 
1446 02eF E6 7F and 01111111b 
1447 0201 C8 ret jabort 1f in leftmost column 
1448 0202 2D dec ; back up cursor pointer 
1449 0203 C9 ret 
1450 
1451 forspe - Move right. 
1452 , 
1453 0204 70 forspe: 1 d a, I ;check for rightmost colunm 
1454 0205 E6 7F and 01111111b 
1455 0207 FE 4F cp 79 
1456 0209 DO ret nc ida nothing if already there 
1457 02DA 2C 'nc 1 
1458 0206 C9 ret jelse advance the cursor pointer 
1459 
1460 upscr - Move cursor up. 
1461 
1462 C20e 11 FF80 upcsr: Id de,-128 lsubtract 1 from rowl component 
1463 02DF 19 add hi ,de ; of cursor pointer in hi 
1464 02EO 7C Id a,h 
1465 02El FE 30 cp crtbas lcheck for underflow of pointer 
1466 02E3 DO ret nc 
1467 02E4 26 3B Id h,crttop-l ;wrap cursor around modulo 3k 
1468 02E6 C9 ret 
1469 
1470 dncsr - Move cursor down. 
1471 
1472 02E7 11 0080 dnes;: Id de,128 1 add 1 to rowl component 
1473 02EA 19 add hl,de ; of cursor pointer in hi 
1474 02ES 7C 1d a,h 
1475 02EC FE 3C cp crttop :check for overflow of painter 
1476 C2EE 08 ret 
1477 02EF 26 30 Id h, crtbas ;reset pointer modulo 128*24 
1478 02F' C9 ret 
1479 
1480 return - Move cursor to left side. 
1481 , 
1482 02F2 7D return: ld a,l lclear column 
1483 02F3 f6 80 and , OOOOOOOb 
1484 02F5 6F 1d I,a lmove cursor poi nter back 
1485 02F6 C9 ret ; to start o"f line 
1486 
1487 1 feed - Move cursor down wi th scro 11. 
1488 

; feed: 
l> 1489 02F7 7D Id ',1 

1490 02F8 17 r1a 'C 1491 02F9 7C Id a,h 'C 
I\) 1492 02FA 17 ria ;elltract rowl component of hi 

" 1493 02FB E6 IF and OOQ'1111b 
Q, 1494 02FD 4F 1d c " :copy row# into c for scroll test 
X' 1495 D2FE CD 02E7 call dncsr lrnove cursor to nellt row down 
m 



> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-a! 
"0 Rom-resident Crt Driver 
"0 
~ 1496 0301 JA FFB 1 Id a,(base) ;test if cursor was on bottom ro'lll ;:) 

1497 0304 91 sub c ;of screen before moving down a. ;C. 1496 0305 32 F319 Id (gold) ,a ; send sere 1, f 1 a9 back to fast 
1499 0308 CO ret nz ;el{it if not at bottom 

m 1500 0309 ES push hi ;prepare scroll screen up 
1501 030A 3A F31 C ld a, (usrstk+1) 
1502 0300 3C inc a 
1503 030E C4 040F call nz ,bbg ;bury balcones gold, unless monitor running 
1504 0311 CO 0341 call c Irlin ;fil1 top line with spaces 
1505 0314 29 add hl,hl 
1506 0315 7C ld a.h :get rowfl component of hI into a 
1507 0316 E6 IF and 0OO11111b 
1508 0318 32 FFBI ld (base),. :store new base line" 
1509 0318 D3 14 out (scroll) ,a ;scrol \ top line to bottom 
1510 0310 El pop hi ; restore cursor 
1511 031E C9 rat 
1612 
1513 
1514 

tab - MOlle cursor to next tab stop. 

1515 031F 11 0008 tab: ld de,8 ; tabs are ellery 8 co I umns 
1516 0322 70 ld a. I ;get column component of 
1517 0323 E6 78 and Dl111DOOb lprevious tab position 
1518 0325 83 add a.e 
1519 0326 FE 50 cp 80 
1520 0328 DO ret I if next tab column past end of 1 ine 
1521 0329 70 Id a.l 
1522 032A E6 F8 and 11111000b ;advance cursor to next tab stop 
1523 032e 6F Id l.a 
1524 0320 19 add hi ,de 
1525 D32E C9 rat 
1526 
1527 be 11 - Malle speaker back and forth. 
1528 
1529 032F 3E 35 bell: Id a,bl tim ;8ell time constant 
1530 0331 D3 29 bellI: out (cel10n),a iPush speaker out 
1531 0333 06 61 ld b,blonc ;set Bellon time constant 
1532 0335 10 FE djnz $ ipaUse 8.2 micro seconds 
1533 0337 03 28 out (cellof) ,a ; yank speaker in 
1534 0339 06 61 Id b,blofc ;set Bell off time constant 
1535 0336 10 FE djnz $ 
1536 0330 3D dec a 
1537 033E 20 Fl jr nz,be111 ; if more noise to make 
1538 0340 C9 ret 
1539 
1540 clrlin - Clear line. 
1541 
1542 0341 CD 02F2 clrlin: call return ; return cursor and fa 11 through c 1 reo 1 
1543 
1544 ;i clreol - Clear to end of line. 
1545 
1546 0344 70 clreol: ld a.l 
1547 0345 E6 7F and 01111111b ;get column component of cursor posistion 
1548 0347 FE 50 cp 80 
1549 0349 00 ret ; if someone busted curpos 

m 1550 034A ED 44 neg 

W 1551 034C C6 50 add a,80 Icalculate number of charactera to clear 
W 
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"" 1552 034E 47 Id b ,a 
1553 034F 70 Id a, I ; save cursor co 1 urnn 
1554 0350 36 20 cl r1: Id (hl). ' ;clear nallt location 
1555 0352 2C inc I 
1556 0353 10 Fe djnz cl rl ; if end of I ine not clear 
1557 0355 6F Id I,a ; restore cursor co I urnn 
1558 0356 C9 
1559 
1560 elisen - clear visible screen memory. 
1561 

~lrscn: ld 1562 0357 21 3000 hl,c:rtmem ;home cursor 
1563 03SA 3E 17 Id a,23 
1564 03Se 32 FFB 1 Id (base),a ;put 1 ine 23 at bottom of screen 
1565 035F 03 14 out (seroll),a ,note scroll register gets AS-AI2, not dO-d7 
1566 
1567 clreos - clear to end of screen. 
1568 
1569 0361 CD 0344 clreos: call cl reol ;clear remainder of current 
1570 0364 '5 push hi ; save cursor 1 aeat 1 on 
1571 0365 ED 46 FF61 cl rs 1: Id bC,(base) :set bottom screen row to c 
1572 0369 70 Id a, I 
1573 036A J7 ria 
1574 036B 7C Id a,h 
1575 036C J7 ria :get row# component of hi into a 
1576 0360 E6 1F and 00011111b 
1577 036F B9 cp c 
1578 0370 28 08 jr z,c! rs2 j if hI is on bottom row of screen 
1579 0372 CD 02E7 cal I dncsr ;point hI to next row 
1580 0375 CD 0341 call cl r! in jand fill that line with spaces 
1581 0378 18 E6 j r cl rsl 
1582 037A EI cl rs2: pop hi ,restore original cursor pointer 
1583 037B C9 ret 
1584 
1585 I indel - Line delete. 
1586 
1587 037C '5 11 nde I: push hi : save cursor address 
1588 0370 CD 04QF call bbg : bury ba I cones go I d 
1589 0380 29 add hl,hl 
1590 0381 7C Id .,h 
1591 0382 E6 1 F and 00011111b jextract row 
1592 0384 ED 48 FFBD Id bc, (base-I) :get base screen row In b 
1593 0388 CO 0301 I indl: call smp : set move parameters 
1594 0388 BB cp b 
1595 038C 28 10 jr z. 1 ;nd2 :it last line 
1596 038E C5 push bc :b=last line, e=row 
1597 038F 01 0050 Id be.aO 
1598 0392 ED BO Id1 r 
1599 0394 C I pop bc 
1600 0395 79 Id a, c 

» 1601 0396 3C Inc a 
1602 0397 FE 18 cp 2. 'tI 1603 0399 38 EO jr c, ! indl 'tI 

tD 1604 0396 AF ,or a :wrap 
::s 1605 C39C 18 EA j r 1 indl :move next line 
Q. 1606 039E 'B 1 ind2: .. de.hl 
X' 1607 039F CO 0341 1 ind3: call cl rl in 
m 
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"t:J Rom-resident Crt Driver 
"t:J 
t1) 1608 03A2 E1 pop h 1 :restore original cursor ::l 1609 03A3 C9 ret Q. 

1610 ;:C. 
1611 J inins - Line insert. 

m 1612 
1613 03A4 E5 1 inins: push h1 ;save cursor position 
1614 03A5 3E 17 1d a,23 jget bottom line 
1615 03A7 CD F3! E call "a j compute cursor address 
1616 03AA CD Q40f call bbg ; bury ba I cones go 1 d 
1617 03AO E1 pop h1 
1618 Q3AE E5 push h1 
1619 03AF 29 add hl,hl 
1620 03BO 7C 1 d a.h 
1621 0381 E6 IF and OOOl1111b ;extract cursor row 
1622 03B3 47 1d b,a 
1623 0384 3A FFBJ 1d a,(base) ;set last line 
1624 03B7 BB 1 in; 1: 'p b 
1625 03B8 28 13 jr z. 1 in;3 ;if move complete 
1626 036A 3D de, a 
1627 03B8 F2 03CO jp p, J ini2 
1628 03SE 3E 17 1d 8,23 
1629 03CO CD 0301 1 ini2: call 'mp ; set move parameters 
1630 03C3 EB e, de,hl 
1631 03C4 C5 push b, 
1632 03C5 01 0050 1d be,BO 
1633 03C8 ED 80 ldi r 
1634 03CA C1 pop b, 
1635 03C6 18 EA j r 1 ini 1 ;move next 1 ine 
1636 03CO E1 1 ini 3: pop h1 
1637 03CE E5 push h1 ; restore cursor 
1638 03CF 18 CE jr 1 ind3 ;clear cursor line 
1639 
1640 smp - Set move parameters. 
1641 
1642 0301 4F smp; 1d ',a ;save 
1643 0302 CD F324 ca lJ cca2 
1644 0305 EB ., de,hl 
1645 0306 79 1d -, , 
1646 03D7 CD F323 ca 11 eeal 
1647 030A 79 1d a,' 
1648 0308 C9 ret 
1649 
1650 chrins - Character insert. 
1651 
1652 D30C E5 chrins: push h1 
1653 0300 7D 1d _,1 ;set cursor column 
1654 030E E6 7F and 01111111b ;set move length '"" 79-column 
1655 03EO ED 44 neg 
1656 03E2 C6 4F add a,79 
1657 Q3E4 47 1d b,a number of chars to move 
1658 0'3E5 7E 1d a, (hI) get char under cursor 
1659 03E6 36 20 Id (hI), ' clear char under cursor 
1660 03E8 28 06 jr z. chri n2 if cursor in last column 
1661 03EA 2C chrinl: inc 1 

m 1662 03EB 4E Id c. (hI) 

IN 1663 03EC 77 1d (hl), a 
VI 
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Rom-resident Crt Driver 

1664 03ED 79 Id a, C 
1665 03EE 10 FA djnz chrinl 
1666 03FO 32 F319 chrin2: Id (gold) ,a jshift line into the gold mine 
1667 03F3 EI pop hI 
1668 Q3f4 C9 ret 
1669 
1670 chrdel - Character delete. 
1671 
1672 03F5 E5 chrde 1: push hI 
1673 a3F6 7D Id a, I 
1674 03F7 E6 7F and 01111111b ; i so 1 ate cursor co 1 umn 
1675 03F9 ED 44 neg 
1676 03FB C6 4F add a,79 
1677 03FD 4F I d C ,a j number of chars to move 79-co 1 umn 
1678 03fE 06 00 Id b,O 
1679 0400 54 Id d,h 
1680 0401 50 Id e, I 
1681 0402 lA Id a, (de) 
1682 0403 32 F319 Id (gold) ,a jmine balcones gold 
1683 0406 23 inc hI 
1684 0407 C4 0418 call nz.ldirx 
1685 040,11 EB ., de,hl 
1686 0408 36 20 Id (hI). ' ;blank last char on 1 ine 
1687 040D EI pop hI ; restore cursor 
1688 Q40E C9 ret 
1689 
1690 bbg - bury ba 1 cones go 1 d. 
1691 
1692 040F CD 02F2 bbg: call return 
1693 0412 11 FF5C Id de,linbuf 
1694 0415 01 0050 Id bc ,80 
1695 0418 ED BO 1 di rx: ldir 
1696 041A C9 ret 
1697 
1698 subtt I Logical to Physical Driver Executioner 
1699 page 
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1700 
1701 
1702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 
1711 
1712 
1713 
1714 
1715 
1716 
1717 
1718 
1719 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 
1730 
1731 
1732 
1733 

0518 ! 

F344 23 
F345 E5 
F346 23 
F347 5E 
F348 21 F360 
F34B 16 00 
F34D 19 
F34E 19 
F34F 5E 
F350 23 
F351 7E 
F352 21 F380 
F3SS 19 
F356 19 
F357 5' 
F358 23 
F359 56 
F35A E I 
F35B 77 
F35C 2. 
F35D D5 
F3SE C9 

qdvr: 

above i code goes in ram 
d&seg 

Xqdvr - Execute Physical Driver. 

Entry: HL = Pointer to Physical Drive Request Block 

inc hi iPoint at physical unit 
push hi 
inc hI 
Id e, (hI) iset logical drive 
Id hl,Seltab :Set driver mapping table address 
Id d.O 
add hl,de :index into driver select table 
add hl,de 
Id e, (hI) ;set physical driver index 
inc hI 
I d a, (hi) iset physical unit 
Id hl,Drvtab ;set Driver table address 
add hi ,de 
add hi ,de 
Id e, (hI) ;set physical driver address 
inc hI 
Id d, (hi) 
pop hI ; recover request block address 
Id (hi) ,a ;store physical unit 
dec hI 
push de :execute physical driver 
cet 

subtt' Physical Disk Driver Area 
page 
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1734 
1735 
1736 
1737 
1738 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 
1760 
1761 
1762 
1763 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
1787 
1788 

035F" 

F35F 
DOOF 

F35F 

F360 

F360 
F362 
F364 
F366 

F368 
F36A 
F36C 
F36E 

F370 
F372 
F374 
F376 

F378 
F37A 
F37C 
F37E 

F380 
F382 
F384 
F386 
F3BB 
F38A 
F38C 

01 00 
01 01 
01 02 
01 03 

01 04 
01 05 
01 06 
01 07 

00 00 
00 00 
00 00 
00 00 

00 00 
00 00 
00 00 
00 00 

F42A 
F4BO 
0000 
0000 
0000 
0000 
0000 

Wasted: 

Physical Disk Driver Area. 

above 
d&seg 
Waste space to get drivers on page boundry. 

bndry equ Ofh 

Sel tab: 

.A 

.S 

.C 

.0 

• E 
.F 
.0 
.H 

.J 

.J 

.K 

. L 

.M 

.N 

.0 

.P 

if 
defs 
endif 

($ and bndry) ne a 
bndry+l-($ and bndry) ,-I 

Logical to Physical Drive Mapping Tables. 

Seltab contains t\'jo bytes per logical CP/M drive A-P. 
The first byte is an index into the physical driver 
address table below. The second byte is a unit number 
that is passed to the driver by the standard deblocker. 

defb 1.0 Floppy Un 
defb 1.1 Floppy Un 
defb 1.2 Floppy Un 
defb 1.3 Floppy Un t 

defb 1.4 Rigid Partit on 
defb 1.5 Rigid PartH on 
defb 1.6 Rigid PartH on 2 
dafb 1.7 Rigid PartH 3 

defb 0.0 Error Dr ver 
defb 0.0 Error Dr ver 
defb 0.0 Error Dr ver 
defb 0.0 Error Dr ver 

defb 0.0 Error Or ver 
defb 0.0 Error Or ver 
defb 0.0 Error Dr ver 
defb 0.0 Error Dr ver 

Physical Driver Address Table. 

Ovrtab contains the addresses of several independent 
physical disk drivers. By convention, driver II a always 
returns a se 1 ect 

rvtab: defw 
defw 
defw 
dafw 
defw 
defw 
defw 

Selerr 
Dskdvr 
o 
o 
o 
o 
o 

;select error physical driver 
;Disk driver (WO or SA) 
;Empty physical driver expansion slots 
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1789 
1790 
1791 
1792 
1793 
1794 
1795 
1796 
1797 
179B 
1799 
1800 
1801 
1802 
1803 
1904 
1805 
1806 
1807 
lBOB 
1809 
1810 
1611 
1812 
1813 

F38E FFFF 

FC80 
FOOD 
FD20 
FD40 
F060 
0000 
0000 
0000 
0000 

FD80 
FOAO 
FOCO 
FOEO 
FEOD 
FE80 
FECO 
FEEO 

~irbuf 
chkOO 
chkOl 
chk02 
chk03 
chk04 
ehk05 
chkOS 
chk07 

all 00 
allOl 
a1102 
al103 
all04 
alIOS 
alIOS 
al107 

defw 0-1 ;mark last empty expansion slot 

Overlaid Monitor Ram Address Definitions. 

equ Ofc80h ;di rector buffer 
equ OfdOOh ;Directory Check Vector for Floppy Drive 0 
equ Ofd20h ;Oirectory Check Vector for Floppy Drive 1 
equ Ofd40h ;Oirectory Check Vector for Floppy Drive 2 
equ Ofd60h ;Di rectory Check Vector for Floppy Drive 3 
equ 0 ;No Check Vector for Rigid Partition 0 
equ 0 ;No Cheek Vector for Rie1d PartHion 1 
equ 0 ;No Check Vector for Rigid PartHion 2 
equ 0 ;No Check Vector for Rigid PartHion 3 

equ Ofd80h ;Floppy Drive a Allocation Vector 
equ ~daOh : Floppy Dr; 'Ie 1 A II ocat i on Vector 
equ dcOh :Floppy Drive 2 Allocation Vector 
equ DfdeOh ;Floppy Drive 3 Allocation Vector 
equ OfeOOh ;Rigid Partition Allocation vectors 
equ Ofe80h 
equ OfecOh 
equ OfeeOh 

subtt 1 Disk Parameter Headers 
page 
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t Disk Parameter Headers 

1814 
1815 Oi sk Parameter Headers. 
1816 

bpbase: dw 1817 F390 0000 0000 0,0,0,0 ;Floppy Drive 0 
1818 F394 0000 0000 
1819 F39S FesO 0000 dw d1rbuf ,0 
1820 F3$C FOO~ FOBO dw chkOO,al100 
1821 
1822 F3AG 0000 oaoo dw 0,0,0,0 ;Floppy Drive 1 
1823 f3A4 0000 0000 
1824 F3AB FesO 0000 dw dirbuf,O 
1825 F3AC F020 FDAO dw chkOl,allOl 
1826 
1827 F3BO 0000 0000 dw 0,0,0,0 ;Floppy Drive 2 
1828 F384 0000 0000 
1829 F3BB FeeD 0000 dw dtrbuf,D 
1830 F3ee FD40 FDCO dw chk02.al102 
1831 
1832 F3CD 0000 0000 dw 0,0,0,0 ;Floppy Drive 3 
1833 F3C4 0000 0000 
1834 F3ce FeeD 0000 dw dirbuf,D 
1835 F3Ce FOGO FDEO dw chk03. a II 03 
1836 
1837 F3DD 0000 0000 dw 0,0,0,0 ;Rigid Partition 0 
1838 f3D4 0000 0000 
1839 F3D8 FeeD F470 dw di rbuf ,Dpbrg4 
1840 F3De 0000 FEOO dw chk04,all04 
1841 
1842 F3EO 0000 0000 dw 0,0,0,0 :Rigid Part H ion 1 
1843 F3E4 0000 0000 
1844 f3E8 FeeD F480 dw dirbuf,Dpbrg5 
1845 F3EC 0000 FE80 dw chk05,all05 
1846 
1847 F3FO 0000 0000 dw 0,0,0,0 ;Rigid Partition 2 
1848 f3F4 0000 0000 
1849 f3F8 Fe8D F490 dw d i rbuf • Opbrg6 
1850 F3FC 0000 FEeD dw chk06,al106 
1851 
1852 F400 0000 0000 dw 0,0,0,0 ;Rigid Partition 3 
1853 F404 0000 0000 
1854 F408 Fe8D F4AO dw d1rbuf,Dpbrg7 
1855 F40C 0000 FEED dw chkQ7 ,a II 07 
1856 
1857 subtt I Sector Translate Tables 
1858 page 
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1859 
1860 
1861 

Sector Tranalation Tablas, 

1862 For 8 inch single density drive •. 
1863 Sk.", by 6 
1864 
1865 F410 01 01 00 13 rn6: db 01,07.13,19 
1866 F414 19 05 08 11 db 25,05,11,17 
1867 F418 17 03 09 OF db 23,03,09,15 
1868 F41C 15 02 DB DE db 21,02.08,14 
18S9 F420 14 lA 06 OC db 20,26.06,12 
1870 F424 1218040A db 18,24,04,10 
1871 F428 10 16 db 16.22 
1872 
1873 F42A 21 DODO seier ... ; ld hl,a 
1874 F420 F6 FF or -1 
1875 F42F CO ret 
1876 
1S77 subttl Floppy Disk Paramete ... Blocks 
1878 pag_ 
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1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
IS89 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 

F430 

F430 OOIA 
F432 03 07 00 
F435 OOF2 003F 
F439 OOCO 0010 
F43D 0002 
F43F 00 

F440 001A 
F442 04 OF 01 
F445 OOf6 007F 
F449 ODeD 0010 
F44D 0002 
F44F 00 

F450 

F4S0 0034 
F452 04 OF at 
F455 00F2 007F 
F459 oDeD 0020 
F45D 0002 
F45F 61 

F46Q 0034 
F462 05 1 F 03 
F465 OOF6 007F 
F469 ooeo 0020 
F46D 0002 
F46F 61 

dpb8s: 

dpbSd: 

Floppy Disk Parameter Blocks, one per media format. 

Single Density, Single side 

dw 26 ; spt 
db 3,7,0 :blkshf, blkmsk, nullmsk 
dw 242,63,192,16,2 :dsw,dirm,allocOl,chksiz,trk off 

db : 128 byte sectors 

Single Density, Double Side 

dw 26 ; spt 
db 4,15,1 :blkshf, blkmsk, nullmsk 
dw 246,127,192,16,2:dsw,dirm,allocOI,chksiz,trk off 

db : 128 byte sectors 

Double Density, Single Side 

dw 2*26 :spt 
db 4,15,1 :blkshf, blkmsk, nullmsk 
dw 242,127 ,192.32,2;dsw,dirm,allocOl,chkslz.trk off 

db B1h :256 byte sectors, track zero single density 

Double Density, Double Side 

dw 2*26 : spt 
db 5,31,3 :blkshf, blkmsk, nullmsk 
dw 246.127,192,32.2:dsw,dirm,allocOl,chkslz,trk off 

db 61h ;256 byte sectors, track zero single density 

subttl Micro Floppy Disk Parameter Blocks 
page 
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1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 

F470 

F470 0012 
F472 03 07 00 
F475 0052 OOIF 
F479 ooao 0008 
F47D 0003 
F47F 00 

F480 0012 
F4B2 03 07 00 
F485 OOAC OOIF 
F489 ooao 0008 
F48D 0003 
F48F 00 

F490 

F490 0022 
F492 03 07 00 
F495 DOge 003F 
F499 ooeo 0010 
F49D 0003 
F49F 81 

F4AO 0022 
F4A2 04 OF 01 
F4A5 DOA2 D03F 
F4A9 ODeD 0010 
F4AD 0003 
F4AF 81 

dpb5s: 

dpb5d: 

Sin9le Density, Single Side 

dw ,. ;spt 
db 3,7,0 ;blkshf, blkmsk, nulmsk 
dw 82,31,128,8,3 ;dsw,dirm,allocOl,chksiZ,trk off 

db i 128 byte sectors 

Single Density, Double Side 

dw ,. ;spt 
db 3,7,0 ;blkshf, blkmsk, nulmsk 
dw 172,31,128,8,3 ;dsw,dirm,allocOl,chksiz,trk off 

db ; 128 byte sectors 

Double Density, Single Side 

dw 17·2 ,spt 
db 3,7, a ,bikshf. blkmsk, nulmsk 
dw 156,63,192,16,3 ,dsw,dirm,allocOl,chksiz,trk off 

db .,h ,256 byte sectors, track zero single density 

Double Density, Double Side 

dw 17·2 ;spt 
db 4, IS, 1 ;blkshf, blkmsk, nulmsk 
dw 162,63,192,16,3 ;dsw,dirm,allocOl,chksiz,trk off 

db 81h ,256 byte sectors, track zero single density 

subtt I Western Digital WO-1797-02 Floppy Disk Driver 
page 
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1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

MACRO-80 3.44 09-Dee-81 

Standard Disk Driver Interface DefiniHons. 

The main entry point (FLOPPY) is called with HL pointing 
to a disk driver request block. All information 1s passed 
in this request as follows: 

HL-> db 
db 
db 
dw 
dw 
dw 

command 
phuni t 
cpun; t 
track 
sector 
address 

1 = read, 0 = write, -1 = select dph 
physical unit for request (0-3) 
CP/M logical drive for request (O-IS) 
CP/M traek number (offset already applied) 
Phys sector number (after deblocking) 
CP/M dma transfer address 

subttl Assembly Constants 
page 
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1981 
1982 
1983 0066 
1984 
1985 
1986 
1987 0010 
19BB 0010 
19B9 0011 
1990 0012 
1991 0013 
1992 ODIC 
1993 0030 
1994 0031 
1995 
1996 
1997 
1998 
1999 0007 
2000 0004 
2001 0005 
2002 0006 
2003 OOAO 
2004 
2005 0040 
2006 0028 
2007 
2008 0004 
2009 0005 
2010 0006 
2011 OOOA 
2012 
2013 
2014 

NMI eqw 00066h ;address of non maskable interrupt 

WD 1797 I/O port addresses. 

wdsr eqw 10h ;status 
wdcr eqw 10h ; command 
wdtr eqw 11h ; track 
wdsn eqw 12h ; sector 
wddt eqw 13h ;data 
wds I eqw 1ch ;drive select port 
IOdsd eqw 30h ;select single density 
wddd eqw 31h :select double density 

External Disk Parameter Tables. 

fm.un eqw 7 
fm.ds eqw 4 
fm.dd equ 5 
fm. fv equ 6 
fm.ddss equ (1 shl fm.dd) or (1 shl fm.un) 

ntrk8 equ 77 
ntrkS equ 40 

c.8 in equ 4 
c. tlOO equ 5 
t imou equ 6 :motor / select time out 
dpbofs equ 10 ;offset in dph for dpb address 

subtt 1 Floppy Disk Driver Proper 
page 
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'" 2015 
2016 Western Digital Floppy Disk Driver. 
2017 
201 B F4BO CD F647 Dskdvr: call ,de : un hang busy cent ro 11 er 
2019 F4B3 7E Id B, (hI) ; set cQ1Ilmand 
2020 F484 23 inc hi ;point to unit 
2021 F4B5 32 F4E7 Id (rdop),a 
2022 F4B8 3C 'inc a 
2023 F4B9 28 55 j, z,selec ; if select command 
2024 F4BB 06 OA Id b,10 ;set retry count 
2025 F4BD C5 flop 1 : push be : save count 
2026 f4BE E5 push hi ; save command 
2027 F48F 7E Id at (hI) ;set unit select 
2028 F4CD CO f544 CB \ 1 sel unt 
2029 F4C3 FA F506 jp m,flop5 ;if unit not ready 
2030 F4C6 23 inc hi 
2031 F4C7 23 inc hi 
2032 F4C8 4E I d C, (hI) ;set track low 
2033 F4C9 CD F5A3 call seekl( :position disk 
2034 F4CC 4E Id C, (h 1) ; retrieve track low 
2035 F4CO 20 37 j, nz,flop5 ; i f unrecoverab 1 e error 
2036 F4CF 23 inc hi ; track high 
2037 F4DO 23 inc hi 
2038 F4Dl 13 inc de ;point to second byte of track table entry 
2039 F4D2 'A Id a, (de) ;get diskette type 
2040 F4D3 E6 18 and 18h 
2041 F4D5 7E Id a, (hI) ;sector low 
2042 F406 20 06 j, nZ,flop2 ; if single density, cp/m skews 
2043 F4D8 79 Id a,e jeet current logical track 
2044 F409 87 a, a 
2045 F4DA 7E Id a, (hl) ; set sector 
2046 F4DB 28 01 j, z, f I op2 ;if single density track zero 
2047 F4DO 3C inc a ;translate for double density 
2048 F4DE 03 12 f I op2: out (~dsn) ,a ;set sector to read in 1791 
2049 F4EO 23 inc hi ;skip sector high 
2050 F4E 1 23 inc hi ;dmal 
2051 F4E2 5E Id e, (hl) ;set transfer address to HL 
2052 F4E3 23 inc hi idmah 
2053 F4E4 56 Id d, (hi) 
2054 F4E5 E8 e' de ,hl 
2055 F4E6 3E aD Id a,O ;set read/~r;te switch 
2056 F4E7 rdop equ $- , 

2057 F4EB 87 a' a 
2058 F4E9 DE A8 Id c,OaSh ;preset wr; te command 
2059 F4EB 3E A3 Id a, Da3h ; set second part of DUTI 
2060 f4ED 28 03 j, z,flop3 ; if ~rite 
2061 F4EF DE 88 I d C, DBSh ;turn write command into read command 
2062 F4Fl 30 dec a ; turn OUTI into INI 
2063 F4F2 32 F4FE f 1 op3: Id (rd~ra).a ;set up i/o direction 

» 2064 F4F5 3E 00 Id ,,0 
2065 F4F6 rdwrs equ $-1 ;set side compare flag 

" 2066 F4F7 B I add a,e 

" to 2067 F4F8 4' I d e ,. 

:l 2068 F4F9 CD F610 cal I 'te ; start transfer 
0.. 2069 F4FC 76 f 10p4: hal t ;wait for ORO or INT 
X' 
m 
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~ 2070 F4FD ED A2 Inl ; transfer next byte 
~ 2Q71 F4FE rdwra equ $-1 Q. 2072 F4FF 20 FB Jr nz.. f 1 op4 ;it transfer not complete ;C' 2073 FSG! CD F639 call ttc ; terminate transfer command 
m 2074 F504 E6 OF and Ddfh ; set error bi ts 

2075 F506 E1 flopS: pop hi ; recover command pointer 
2076 FSG7 C I pop bc 
2077 FSOB CB ret z ;; f no errors 
2076 FS09 DB ret c ;if 5.25" not ready 
2079 F50A CD FOS9 call softy 
2080 F50D 10 AE djnz flop! ;if retry not 811ceeded 
2081 FSOF C9 ret 
2082 
2083 select - select dph for unit. 
2084 

!elec: 2085 F510 7E Id a, (hI) :set unit 
2086 FSII FE 04 cp 4 
2087 FS13 02 F42A jp nc. sa 1 err ;if bad unit select 
2088 FSI6 26 00 Id h,O 
2069 fSIS CD FQ39 call dayti :set address of timers 
2090 F51B 2B dec hi ,point to motor timer 
2091 F51C 22 FS59 Id (mtradr) ,hi 
2092 F51F 2B dec hi ;point to configurable step rate 
2093 F520 22 F66E Id (stpadr) ,hi ;store address of step rate for media selector 
2094 F523 26 00 Id h,O 
2095 f525 6F Id 1,' 
2096 f526 29 .dd hl,hl ;multiply by 2"'4 
2097 f527 29 add hl,hl 
209B FS2B 29 add hl,hl 
2099 F529 29 add hl,hl 
2100 F52A II f390 Id de,Opbase ; set address of d1 sk parameter headers 
2101 F52D 19 add hl,de ; set dph address 
2102 F52E E5 push hi 
2103 fS2F CD F65A call sm' ;set media format 
2104 F532 El pop hi 
2105 F533 CA F42A jp z,selerr ;ifnomedia 
2106 F536 71 Id (hI) ,c ;store translate tabl_ 
2107 F537 23 inc h1 
2108 F538 70 Id (hI) .b 
2109 F539 01 OOOA Id be, dpbofs 
2110 F53C 09 .dd hi ,be ;point to dpb addr and clear carry 
2111 F53D 72 Id (hI) ,d ; f ill in dpb address 
2112 F53E 2B dec hi 
2113 F53F 73 Id (h1) ,e 
2114 F540 ED 42 sbc hl,bc ;point back to dph 
2115 F542 AF ,or 
2116 F543 C9 ret 
2117 
2118 select physical unit. 
2119 , 
2120 F544 4F selunt: Id c " ; save se 1 ect 
2121 F545 EB .. de,hl 
2122 F546 21 F700 Id hl,trktbl+1 ;set track I dens1 ty table address 
2123 F549 06 00 Id b,O 

m 2124 F54B 09 add hl,bc 

~ 
2125 F54C 09 add hl,bc 
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& Floppy Oi sk Or; ver Proper 

2126 F54D 22 F6Dl ld (smfa) ,hl :save address for media selector 
2127 F550 EB e' de,hl 
2128 FS51 1A ld a, (de) :get previous densHy switch 
2129 F552 lB dec de :point to track word 
2130 F553 CD F598 cal J selden ;se1ect density 
2131 F556 3E 06 ld a, t 'mou :start motor I select timer 
2132 F558 32 F559 ld (mtradr) ,a 
2133 F559 mtradr equ $-2 :address filled in by once only routine 
2134 F55B FB e' ; insure cloCk enabled 
2135 F55C CB 89 l,c lmap C->A. 0->8 
2136 FS5E DB lC 'n B, (wds 1) ; read current sa 1 ect 
2137 F560 47 ld b,a 
2138 F5St E6 Fa and not 7 
2139 F563 Bl ; insert new select 
2140 FS64 3C inc a :0-1, 1-2 
2141 F56S 03 lC out (wdsl) ,a ;select drive 
2142 F567 AB ,or b 
2143 F568 E6 03 and 3 
2144 F56A 28 25 jr z,se13 ; if drive select identical 
2145 F56C 3E FF ld a,-1 ;force track pOSition recovery 

~ 2146 F56E 12 ld (de) ,8 
2147 F56F CB 60 bit c .8in,b ; test 8/5 status 
2148 F571 20 IE jr nz.,se13 ; if 8" 
2149 F573 CD F647 call rdc ;set type I status 
2150 F576 06 08 ld b,2·4 ;watch for four holes (8 transitions) 
2151 F578 E5 sellw: push hI 
2152 F579 2A F5S9 ld hI, (mtradr) ;get address of motor select timer 
2153 F57C 7E ld a. (hI) 
2154 F570 El pop hI 
21S5 F57E 06 04 sub t imou-2 : look for 1-2 seconds 
2156 F5BO DB ret c : if drive not spinning 
2157 F5Bl 08 10 in a,(wdsr) 
2158 F583 ES 02 and 2 
2159 FS85 28 Fl se12: jr Z ,sel lw ;1f index not under light 
2160 F587 3A F585 ld a, (se12) :switch iode)!; polarity 
21S1 F58A EE 09 ,or B : (jr z) )!;or (jr nz.) 
2162 F58C 32 F585 ld (seI2).a 
2163 F58F 10 E7 djnz sellw ;wait for at least three revolutions 
2164 F591 DB 10 sel3: in a,(wdsr) ; set ready status 
2165 F593 E6 80 and 80h 
2166 F595 C9 ret 
2167 
2168 F596 3E 18 seldns: Id a, ISh iset track zero single denSity 
2169 FS98 32 F632 selden: Id (dsw) ,a istore switch for read/write routines 
2170 F598 E6 18 and 18h 
2171 F59D 03 31 out (wddd).a ;pre-select dual density 
2172 F59F CB ret . i if dual density 
2173 FSAO 03 30 out (wdsd) ,a iselect single density 
2174 FSA2 C9 ret 

:I> 2175 

" 
2176 seek - position disk. 

" 2177 
II) 2176 FSA3 79 seek)!; : ld a,c ;set new track 

" 2179 FSA4 B7 or a 
Q. 2180 F5A5 CC F596 call z,seldns ;force single density track a 
;c' 2181 FSA8 13 inc de 
m 
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~ 
S-
;C' 
m 

m 
~ 

2182 
2183 
2184 
2185 
2186 
2187 
2188 
2189 
2190 
2191 
2192 
2193 
2194 
2195 
2196 
2197 
2198 
2199 
2200 
2201 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
2210 
2211 
2212 
2213 
2214 
2215 
22"6 
2217 
2218 
2219 
2220 
2221 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
2229 
2230 
2231 
2232 
2233 
2234 
2235 
2236 
2237 

FSA9 
FSAA 
F5AB 
F5AD 
f5AF 
FSBl 
F583 
FSBS 
FS87 
FS89 
FSBA 
F5BB 
FS8D 
FS8F 
FSCO 
FSC1 
F5C2 
F5C4 
FSC7 
F5C8 
F5C9 
F5CA 
F5CC 
F5CE 
F5CF 
F5DO 
F5D2 
F5D3 
FSD5 
F50S 
F5D8 
F5D9 
FSDC 
F5DE 
F5DF 
F5El 
F5E3 
FSE6 
F5E8 
F5E9 
FSEB 
F5ED 
F5EE 
F5EF 
F5F2 
F5F4 
F5F6 
F5F7 

F5F8 
F5F9 
F5~C 
F5FE 
F601 

lA 
16 
E6 01 
28 15 
DB lC 
'C8 67 
06 40 
20 02 
06 28 
79 
66 
3E 00' 
38 05 
79 
90 
4F 
3E 02 
32 F4F6 
87 
47 
F3 
08 lC 
CB 97 
80 
F8 
03 lC 

" 03 11 
89 
2B 17 
3C 
CC F5FB 
28 00 
19 
03 13 
3E lC 
CO F643 
E6 98 
79 
28 02 
F6 FF 
12 
C9 
CO F647 
E6 20 
28 E8 
AF 
C9 

C5 
CO F60S 
20 05 
CD F641 
E6 04 

sakO: 

sek 1: 

seekO r 

seek 1: 
seek2 : 

seek3 : 

retzr: 

MACRO-SO 3.44 09-Dee-Ol 

ld 
dec 
and 
Jr 
in 
bit 
ld 
jr 
ld 
ld c. 
ld 
jr 
ld 
sub 
ld 
ld 
ld 
add 
Id 
dl 

a, (de) 
de 
1 
z,sekl 
., (wdsl) 
c.Btn,. 
b,ntrkO 
nz, sekO 
b,ntrkS 
.,c 
b 
',0 
c,sekl 
',c 
b 
C,. 
_,2 
(rdwrs) ,_ 

-" b,. 

in .,(wdsl) 
res 2,. 
or b 
ei 
out 
ld 
out c. 
Jr 
inc 
call 
jr 
Id 
out 
ld 
call 
and 
Id 
jr 
or 
ld 
ret 
call 
and 
jr 
,or 
ret 

(wds!) ,. 
., (de) 
(wdtr) ,a 
c 
Z, seek3 . 
z, rse 
z,seekl 
',0 (wddt) ,_ 

B,lch 
I,c 
98h 
a,c 
z,seek2 
-1 
(de) ,8 

rdc 
20h 
.t,seekO . 

; if ona sided diskette 

;set number of eight inch tracks 
; if 0" drives 

;set seek track 

;preset side 0 
; if side 0 

;wrap to side 1 

;set side I 
;store Fl (update 550) 
;move into select port position 

; send out REAL SSO 
;check current POSittOR 
; inform 1797 of current track 

if position ok, load head 
check for forced recovery 
recover seek error. 
if error not recoverable 
aet new track 
in data register 
set seek with verify eOlmland 
issue step command 

;update current track 
; t f no errors 
;force recovery next time 

set type I status 
test head load 
if head is not loaded 
say seek complete 

seek error. 

push 
call 
Jr 
call 
and 

be 
rdid 
n.l,r&el 
reca! 
4 

read id mark 
if track pO$ition identifted 
racal1brate 
verify traek zero flag set 
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2238 F603 CJ rsel: pop be 
2239 F604 C9 ret 
2240 
2241 rdid - read id mark. 
2242 
2243 f6DS DE C4 rdid: Jd c.Oc4h ; set Read Address COlmland 
2244 F6D7 CO F61D call .te ;start transfer command 
2245 f60A 76 hal t ;wait for interrupt 
2246 F6De ED 40 in b, (e) ;first byte ;s track 
2247 F6DD 76 halt 
2248 F6DE ED 48 in c, (e) ;second byte is side, pitch next 4 
2249 F61D CD F639 call tte ; terminate transfer command 
2250 F613 E6 98 and 9ah ; ignore lost data 
2251 F615 20 04 j r nZ,rdidl ; if track not identified 
2252 F617 7a Id ',b 
2253 F618 03 11 out (wdtr) ,a ;tell 1797 track head is on now 
2254 F61A F6 dafb Of6h lor xra to set HZ 
2255 F6tB AF rdidl: ,or ;set track not found 
2256 F61C C9 ret 
2257 
2258 start transfer command. 
2259 
2260 F610 F3 stc: di : lock normal interrupts 
2261 F61 E 3A 0066 Id a, (NMI) ;save byte at NMI address 
2262 F621 32 F63A Id (ttea) ,a 
2263 F624 3E C9 Id a.Oe9h ;store RET there 
2264 F626 32 0066 Id (NMI) ,a 
2265 F629 79 Id _,e : retrieve command 
2266 F62A 01 1413 Id bC,wddt+20·256 ; 1797 access timer I data port 
2267 F620 D3 10 out (wdcr),a ; issue command 
2268 F62F 10 FE djnz $ ;pause 60 usec 
2269 F631 3E 00 Id _,0 
2270 F632 ds. equ $-1 :density switch 
2271 F633 E6 18 and lah ; say ready and dens i ty 
2272 F635 ca ret z : if double density 
2273 F636 06 BO Id b,12B ;set 128 byte single density sectors 
2274 F638 C9 ret 
2275 
2276 ttc - terminate transfer command. 
2277 , 
2278 F639 3E 00 ttc: Id _,0 :restore location 66 
2279 F63A ttca equ $-1 
22BO F63B 32 0066 Id (NMI) ,a 
2281 F63E F6 ei ; take interrupts now 
2292 F63F 18 OA jr ;wait for 1797 to complete 
2283 
2284 recal ibrate drive. 
2285 

~ecal : 2286 F641 AF ,or 

_ 
;set restore command I track 0 

» 2297 F642 12 Id (de) ,a ;set traek zero 

." 2288 

." 2289 isc - issue step command. .. 2290 

" 2291 F643 F6 01 isc: or I : insert step rate 
C. 2292 F644 stepr equ $-1 :····*=>:modify here for step rate change 
;C' 2293 F645 18 02 j r Icc 
m 
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II> 

" Q. 

X' 
m 

m 
~ 

2294 
2295 
2296 
2297 
2298 
2299 
2300 
2301 
2302 
2303 
2304 
2305 
2306 
2307 
2308 
2309 
2310 
2311 
2312 

F647 3E DO 

F649 03 10 

F64B 3E 14 
F64D 3D 
F64E 20 FO 
F650 CD F066 
F653 DB 10 
F655 C8 47 
F657 20 F7 
F659 C9 

rdc: 

icc: 

woc: 
woc1 : 

woc2 : 

ld a,OdOh ;terminate and set type I status 

icc issue controller command. 

(wder) ,a ; issue 1797 command 

- wait operation complete. 

ld a,20 ; set 60 usee de 1 ay 
dec . 
;e nz.,woc 1 
ca 11 idl e ; idle cpu 

'n a, (wdsr) ;set 1797 status 
bit 0,' 
je nz.,woc2 ;if busy, wait 
eet 

subtt 1 Media Format Selector 
page 
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2313 
2314 
2315 smf - set media format. 
2316 
2317 entry: unit 1n A 
2318 
2319 exit: DE = dpb address 
2320 Be = translate table 
2321 

~mf : 2322 F65A CD F544 call selunt ;select unit 
2323 F65D FA F5FB Jp m, retzr ; if di sk not ready 
2324 F66D 21 F6DS 1d hl.dtype 
2325 F663 36 AO 1d (hi) ,fm.ddss :start out double density, single side. retry 
2326 F66S DB Ie in B, (wdsl) ;read select status 
2327 F667 CB 67 bit c.Bin,a ;test 8" I 5" status 
2328 F6G9 20 02 Jr nz I smfO ; if S inCh drives 
2329 F66S CB F6 .et fm.fv, (hi) ;move up to 5.25" dpbs 
2330 F66D 3A. F66E smfO: 1d B, (stpadr) ;set configurable step rate for 8" drives 
2331 F66E stpadr equ $-2 
2332 F670 E6 03 and 3 ;just so seeks aren't formats 
2333 FG72 32 FG44 1d (stepr),a ;save step rate tn seek command 
2334 FS7S CD FG41 smfOs: call racal ;establ ish position 
2335 FS78 E6 84 and 84h 
2336 F67A (8 rat : if not on track zero 
2337 F67B FA F5FS jp m,l"'etzl'" ; if unit not ready 
2338 F67E D3 31 out (wddd) ,a ;set double density 
2339 F680 3E FF 1d 8,-1 
2340 FS82 12 1d (de) ,a ;clear drive on track 
2341 F683 3E 02 1d a.2 :use track 2 for density select 
2342 F685 D3 13 out (wddt) ,a 
2343 F687 3E 18 1d 8,I8h ;seek I no verify 
2344 FS89 CD F643 call ise ; issue seek command 
2345 FS8C 3E lC 1d B,lch :find id mark 
2346 F68E D3 10 out (Wdcr) ,a ; start veri fy 
2347 F690 01 0000 1d bc,O ;set timers 
2348 F693 10 FE smf! : djnz $ :pause 
2349 F695 DB 10 'n a, (wdsr) 
2350 FS97 CB 47 bit O.a 
2351 F699 28 08 Jr z,smfla ; if command completed 
2352 F69B 00 dee e 
2353 F69C 20 FS Jr nZ,5mfl ;if more time 
2354 F69E CD F647 call rde ; termi nate seek 
2355 FSAt 3E 18 1d a,18h ; set pseudo record not found 
2356 F6A3 E6 18 8mfta: and 18h ;check record not found I ere error 
2357 F6A5 13 inc da ;point to density word 1n track table 
2358 F6AS 12 1d (de) ,a 
2359 F6A7 18 dee de 
2360 F6AB 28 14 jr z,smf2 , i f dens; ty se I aet successfu 1 
2361 F6AA 03 30 out (wdsd),a :use single density 

> 2362 F6AC 3E IC 1d a,lch ,verify single density 
-g 2363 F6AE CD F643 call ise ; issue seek 
-g 2364 FSBI E6 18 and 18h 
ID 2365 FSB3 28 07 jr z,smflb ;if single density successful 
::s 2366 F6eS CB 7E bit fm.un, (hI) ;test retry 
Q. 2367 F6B7 CB BE fm.un, (hI) ;clear retry ,,' 
m 



l> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-a1 

" Media Format Selector 

" ID 2368 F6e9 20 SA jr nz. smfOa ; if retry 

" c.. 2369 f6BS C9 ret ;return select error 
;;C. 2370 F6BC CB AE smflb: fm.dd, (hI) ;back up to single density dpbs 

2371 FSBE CB BE smf2: fm.un, (hI) ;clear retry m 2372 f6eD DB Ie in a, (wdsl) 
2373 F6e2 CB 07 set 2.a ;select side 2 
2374 F6C4 03 Ie out (wds 1) ,a 
2375 F6eS CD FSDS call rdid ; read ;d mark 
2376 F6e9 28 09 j r z,smf4 ; if no id found, must be one side 
2377 f6CS OD de, , 
2378 F6Ce 20 06 jr nz. smf4 ; if side 1 ID not read 
2379 F6CE (6 E6 set fm.ds, (hI) ;bump up to two sided dpbs 
2380 F6DQ 21 F6Dl 1d hl,smfa ;set double sided status in track table 
2381 F6Dl smfa equ $-2 
2382 F6D3 34 inc (hi) 
2383 F6D4 21 0000 smf4: 1d hl,O ;set diskette type 
2384 F6DS dtype equ $-2 
2385 FSD7 7D Id a.1 isave type 
2386 FSD8 4C Id ,.h ipreset no translate 
2387 FSD9 44 Id b.h 
2388 F6DA 11 F430 Id de, dpb8s ,set base of disk parameter blocks 
2389 F6DD 19 add hl,de 
2390 F6DE EB e. de,hl ; return OPS address in DE 
2391 FSDF CB SF bi t fm.dd,a 
2392 FSEI CO ret nz ;if diskette is double density 
2393 F6E2 01 F6ED Id be, trnS ;preset 5.25" skew table 
2394 F6ES C6 77 bit fm.fll,a 
2395 F6E7 CO ret nz ; if diskette is small 
2396 F6E8 01 F410 1d bC,trn6 ;set S" translate 
2397 F6EB 3C inc ;force NZ 
2398 F6EC C9 ret 
2399 
2400 Skew by 5 translate table. 
2401 

~ rn5: 2402 F6ED 01060610 db 01,06,11,16 
2403 F6Fl 03 08 00 12 db 03,08,13,18 
2404 FSF5 05 OA OF 02 db 05,10,15,02 
2405 F6F9 07 DC 11 04 db 07,12,17,04 
2406 F6FD 09 DE db 09,14 
2407 
2408 F6FF 7F 00 CO 00 trktbl: db 7fh, O. OcOh ,0. 20h. 0,2,0,81 h 
2409 F703 20 00 02 00 
2410 F707 81 
2411 
2412 F70S rigdpb equ Of708h 
2413 F770 lobloc equ Of770h 
2414 
2415 abolle 
2416 0708 " d&seg 
2417 
2418 . dephase 
2419 . phase Of47Dh 
2420 F470 sasstr equ • 2421 

m 2422 Subtt 1 Rigid Pa"rtition Disk Parameter Blocks. 
U1 2423 page 

'" 
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~ Rigid Partition Disk Parameter Blocks, 

2424 
2425 There are 16 4k 8locks per pseudo track. 
2426 Track Zero (2 Cyl inders) are reserved for CP/M boot. 
2427 
2428 0040 Nt4 equ 64 ;Number of Tracks on Partit on 0 
2429 0020 Nt5 equ 32 :Number of Tracks on Partit on 1 
2430 0010 Nt6 equ '6 ; Number of Tracks on Part t t on 2 
2431 0010 Nt7 equ ,. ; Number of Tracks on Part i t on 3 
2432 
2433 0000 aset 0 ,First usable track 
2434 ; rpc n, <4567> 
2435 aset •. +1 : reserve system track 
2436 Dsm&n equ Nt&n*1S-17 
2437 Rtk&n equ 
2438 aset . ,TNt&'n-l 
2439 Opbrg&.n dw 512 :spt 
2440 db 5,31 :blkshf, blkmsk 
2441 db 3+2*(Dsm&n ge 256) ;eJlm 
2442 dw Dsm&n :dsm 
2443 dw 511 ;di rmax 
2444 db -, :allceD (reserve additional dlr space) 
2445 db 0 :allocl 
2446 d. 0 :cheek size 
2447 dw Rtk&n ; traek offset 
2448 db , ; 256 byte sectors 
2449 endm 
2450 F470 0200 Opbrg&4; dw 512 ;spt 
2451 F472 05 IF db 5,31 ;blkshf, blkmsk 
2452 F474 0' db 3+2*{Dsm&4 ge 256);exm 
2453 F475 03EF dw Osm&4 ;dsm 
2454 F477 01fF dw 511 ;di rmax 
2455 F479 " db -, ;aJloeO (reserve additional dir space) 
2456 F47A 00 db 0 ;alloel 
2457 F478 0000 d. 0 :check size 
2458 F47D 0001 dw Rtk&4 :track offset 
2459 f47F 0' db , : 256 byte sectors 
2460 F480 0200 Dpbrg&5 :dw 5'2 ;spt 
2461 F482 05 IF db 5,31 ;blkshf, blkmsk 
2462 F484 0' db 3+2*(Dsm&5 ge 256) :exm 
2463 F485 OIEF d. Osm&5 :dsm 
2464 F487 01FF dw 511 ;di rmax 
2465 F489 FF db -, ;allocO (reserve additional dir space) 
2466 F48A 00 db 0 ;alloel 
2467 F48B 0000 d. 0 ;check size 
2468 F48D 0041 dw Rtk&5 ; track offset 
2469 F48F 0' db , ; 256 byte sectors 
2470 F490 0200 Opbrg&6: dw 5'2 :spt 
2471 F492 05 1 F db 5,31 :blkshf, blkmsk 
2472 F494 03 db 3+2*(Dsrn&6 ge 256) ;urn 

» 2473 F495 OOEF dw Dsm&6 ;dsm 
2474 F497 01FF dw 511 :dirmax 

"0 2475 F499 FF db -, ;allecO (reserve additional dir space) "0 
ID 2476 F49A 00 db 0 ;allocl 
:> 2477 F49B OODO dw 0 :check size 
Q. 2478 F49D 0061 dw Rtk&6 : track offset 
;C' 
m 
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2479 f49F 01 db 1 : 256 byte sectors 
24S0 F4AO 0200 Dpbl"'g&7:dw 512 ;spt 
2481 F4A2 05 IF db 5.31 ;blkshf, blkmsk 
2482 F4A4 03 db 3+2.CDsm&7 98 256);8Itm 
2483 F4A5 DOH dw Dsm&7 ;dam 
2484 F4A7 01FF dw 5" ;d1rma .. 
2485 F4A9 FF db -1 ;alloeD (reserve additional d1r space) 
2486 F4AA 00 db 0 ;allDe1 
2487 F4AB 0000 dw 0 ,check size 
2488 F4AO 0071 dw Rtk&7 ;track offset 
2489 F4AF 01 db 1 ; 256 byte sectors 
2490 
2491 subtt l SA1403 - Shugart I OTC SASI Driver 
2492 page 
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2493 
2494 
2495 504-14030 SASI driver. 
2496 

~gdbuf 2497 EEOD equ OeeOOh ; rigid parameter load buffer 
2498 
2499 Sas; Pia Port Addresses. 
2500 

picAs 2501 0011 equ 11h :Pio A Status 
2502 0010 pioAd equ picAs xor Olb 
2503 0013 pioBs equ picAS xor lOb 
2504 0012 pioBd equ picAs xor lIb 
2505 
2506 0010 Sasid equ pioAd ;bus data 
2507 0012 Sesle equ pioBd ; bus cont ro 1 
2508 0012 Sash equ pioBd :bus status 
2509 
2510 DOIC syspio equ 1ch :system configuration pOl"t 
2511 
2512 Sasl controller status bit definitions. 
2513 

~.bSY 2514 0000 equ 00 : (in) cont ro 11 er busy status 
2515 0001 b,msg equ 01 :(11'1) status byte completion status 
2516 0002 b.ed equ 02 ; (in) control byte or data byte transfer 
2517 0003 b. req equ 03 : (in) controller request for data/command 
2518 0004 b.10 equ 04 : (in) data transfer direction 
2519 0005 b,sel equ as ;(out) controller select 
2520 0006 b.psr equ 06 : (in) buss parity error 
2521 0007 b. rst equ 07 ; (out) controller reset 
2522 
2523 L.ogical Unit Assignments. 
2524 
2525 0000 falun equ :A: Lun 
2526 0001 fblun eQu :8: L.un 
2527 0000 felun equ :C: Lun 
2528 0002 fdlun equ ;0: Lun 
2529 0003 rglun equ IE: Lun 
2530 
2531 subtt I Sasi Class Code Definitions 
2532 page 



» 8alCones Operating System for the XEROX 820-II MACRO".80 3.44 OS-Dec-81 
" Sas1 Class Code Definitions 

'i a. 
;c' 
m 
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2533 
2534 
2535 
2536 
2537 
2538 
2539 
2540 0000 
2541 0001 
2542 0002 
2543 0003 
2544 0004 
2545 0005 
2546 0006 
2547 0007 
2548 0008 
2549 0009 
2550 DaDA 
2551 0008 
2552 OOOC 
2553 
2554 
2555 
2556 OOCO 
2557 
2558 
2559 
2560 0000 
2561 0001 
2562 0002 
2563 0003 
2564 
2565 0000 
2566 0001 
2567 0006 
2568 0007 
2569 0080 
2570 
2571 
2572 
2573 OOEO 
2574 
2575 
2576 
2577 
2578 
2579 
2580 
2581 
2582 
2583 
2584 
2585 
2586 
2587 

Class Convnand Codes for Prom Set AS3l. 

OTC Reference Manual Dated February 4, 1981. 

class a commands. , 
c. trdy ·Ou DOh ; test {"Bady status 
c.recal equ 01h ;recalibrate drive 
c. rsyn eou 02h ; request syndrome 
c. rqsn eou 03h ; request sensa after error 
c.fmat eou 04h ;format driva 
c.vtrk eou 05h ;verify track format 
c. ftrk eou 06h ;format single track 
c.f law eou 07h ;format track with flaw 
c. read ·Ou 08h ; read data 
c. wrpr ·Ou 09h ;write protect sector 
c.writ ·Ou O.h j wr1 te data 
c. seek ·ou Obh ; initiate seek 
c. init eou Och ;1n1titialize drtve 

Class 6 commands. 

c.f lpy .OU OcOh ;define floppy disk format 

Floppy Format Codas. 

~mds eou ;double side bit 
fmdd 'Ou ;doub'le density b~t 
fm.sz eou ;sector size bit 
fm.wr 'Ou ; 1 og2(fm. ddds+l) 

fm. sdss equ DOh ;Single Density, Single Sided 
fm. sdds equ 01h ;Single Density, Double Sided 
fmddss eou 06h ;Doubl. Density, Single Sided 
fm.ddds equ 07h ;Double Density, Doubl. Sided 
fm.hard equ 80h ;Rigid 

Class 7 commands. , 
C.tram equ O.Oh ; test ram buffer 

Message Macros. 

pmsg macro n,msg 
if! 
.printx +MSG N+ 
end;f 
endm 

phex macro n,m 
.radi. 16 
pmss "(n) .• <m> 
.radix 10 
endm 
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l> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-al 
"t:I Sas; Physical Driver. 
"t:I 
to 2591 

" 2592 5a1403 - Sas; Physical Driver. Q. 
;C' 2593 

2594 
m 2595 F4BO 06 06 5a1403: ld b.6 ; set ret ry count 

2596 F482 7E sasOa: Id a. (hI) ;set driver operation 
2597 F483 23 inc hI :point to unit 
2598 F4B4 3C inc . 
2599 F4B5 28 49 J, Z ,sselec ; if select OPH 
2600 F487 E5 push hI 
2601 F4B8 C5 push be 
2602 F4B9 3D dec . 
2603 F4BA 3E OA Id a,c.writ :preset write opcode 
2604 f4BC 28 02 j, Z ,sasO 
2605 f4BE 3E DB Id a,c,read ; assume read 
2606 F4CO 32 F6FO sasO: Id (opcode) ,a ; set Sas; opcode 
2607 F4C3 7E Id a, (hI) ;get driver unit 
2608 F4C4 E5 push hI 
2609 F4C5 CD F5AF call mlu ;m&p to logical unit 
2610 F4C8 E I pop hI 
2611 F4C9 23 inc hI ; ignore cpm dsk 
2612 F4CA 23 inc hI ; track low 
2613 f4CB 56 Id d, (hI) ; set track 
2614 F4CC 23 inc hI 
2615 F4CD 23 inc hI 
2616 F4CE 5E Id e, (hI) ; set sector 
2617 F4CF CD F6D7 call cwp ;check write protect 
2618 F4D2 20 22 j, nZ,sas2 ; if write protected and track> 0 
2619 F404 E5 push hI ;save request block address 
2620 F4DS CO FSC2 call mp. :map physical address to logical address 
2621 F4D8 21 F6FO Id hl.opcode 
2622 F40B CD F643 ca 11 ices : issue controller command 
2623 F4DE EI pop hI :get pointer to low sector back 
2624 F4DF 23 inc hI ; ignore sector high 
2625 F4EO 23 inc hI ;dma low 
2626 F4El 5E Id e, (hI) 
2627 F4E2 23 inc hI ;dma high 
2628 f4E3 56 Id d, (hI) 
2629 F4E4 EB e, de,hl ;set transfer address to HL 
2630 f4ES 06 00 Id b.O ;set sector length 
2631 F4E6 sec I en equ $-1 
2632 F4E7 3A F6FO Id a, (opcode) 
2633 F4EA FE OA cp c.\Ojri t 
2634 F4EC 28 05 j, z, sas 1 :if write command 
2635 F4EE CD F65F ca 11 tdi :transfer data in 
2636 F4F 1 18 03 j, sas2 
2637 F4f3 CD F656 sas 1: call tdo ;transfer data out 
2638 f4f6 CI sas2: pop be 
2639 F4F7 E I pop hI 
2640 f4F8 28 dec hI 
2641 F4F9 CB ,et z if no errors 
2642 F4FA CD F069 call softv report soft error 
2643 F4fO 10 63 djnz sasOa if more retries 
2644 F4FF C9 ,et return error 

m 2645 

III 
lD 
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» Baicones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-a1 
'C Physical Dr'iver Select 
'0 
ID 2648 

" Q. 2649 Select - Physical Driver Select. 
;C' 2650 , 

2651 F50Q 7E sselec: ld a, (hI) :set physical vnlt m 2652 FSO! FE 08 'P B ;verify in range 
2653 F502 numunt equ $- I 
2654 F503 3F co, 
2655 F504 04 FSOE ca 11 nc, smfs ;set media format 
2656 FS07 DD n, ; if media identified 
2657 
2658 selerr - Select Error Driver. 
2659 
2660 FS08 21 0000 Jlselerr: ld hl,O ;Select Error Driver 
2661 FSOB F6 FF seler1: or -I 
2662 f50D C9 rot 
2663 
2664 smfs - Set Media format. 
2665 
2666 entry: A:: Driver unit inde~ 
2667 Ex it: HL = DPH address. ; f no carry 
2668 , 
2669 FSOE CD F6F6 smfs: call first :execute first time only routine 
2670 FSI1 CD f5AF call mlu ;ffiap to logical unit 
2671 F514 EB e, de,hl iget dph index to hI 
2672 F515 7D Id a, I ;and A 
2673 F516 29 add hl.hl ; index *16 
2674 F517 29 add hl,hl 
2675 F518 29 add hl.hl 
2676 F519 29 add hl.hl 
2677 F51 A 11 F390 Id de, Dpbase ;set base of Disk Parameter Headers 
2678 FS10 19 add hl,de 
2679 FSIE FE 04 ep 4 
2680 F520 DO ret ne :if rigid unit 
2681 F521 E5 push hI ; save dph address 
2682 F522 3E 80 Id a,80h ;disable error recovery 
2683 F524 32 F6FS Id (dctr1l ,a 
2684 FS27 32 F5F 1 I d (Iastfm+l),a 
2685 f52A 0' Id a, (be) :always try double side first 
2686 f528 F6 01 ar 1 shl fmds 
2687 fS20 02 Id (bc) ,a 
2688 FS2E 3E 07 Id a ,8-1 ;try each type two times 
2689 F530 32 F530 smfsl : Id (smfsa) ,a ;set retry count 
2690 F533 C5 push b, ;save define format table address 
2691 F534 CO FS7A ca II cod ;check drive density 
2692 F537 CI pap be 
2693 F53B 60 Id h.b ;set format table address 
2694 F539 69 Id I .' 
2695 F53A 28 14 jr Z ,smfs2 ; if diSkette type identified 
2696 F53C 3E 00 Id a.D 
2697 F53D smfsa equ $-1 :diskette type retry counter 
2698 F53E 06 01 sub I 
2699 F540 38 31 jr c, smfs4 :if media not identified 
2700 F542 35 dec (hI) :advance disk type code 
2701 f543 F2 F54B jp p,smfsla : i f no wrap 

m 2702 FS46 36 07 Id (hI) ,fm.ddds 

~ 



m Balcanes Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-B1 
en Physical Driver Select 

"" 2703 F548 CB 4E smfsla: bit fmdd, (hI) ;test for double density 
2704 F54A 20 E4 jc nz, smfs 1 : if double density 
2705 f54C CB 96 fm. SZ, (hI) ;set sector size = 128 
2706 f54E 18 EO jc smfs \ ; try more di skette types 
2707 f550 57 smfs2: ld d ,a : preset no trans 1 ate 
2708 F551 5A • ,d 
2709 F5S2 CB 4E bi t fmdd, (hI) 
2710 F554 20 03 Jc nZ,smfs3 ;if diskette is double density 
2711 F556 11 F410 ld de. trn6 :set single density translate 
2712 f559 El smf-s3 : pop hI ; get dph address 
2713 F55A E5 push hI 
2714 F55B 73 ld (hI) ,8 ;store translate address 
2715 f55C 23 inc hI 
2716 fS5D 72 ld (hI) ,d 
2717 f5SE 11 0009 ld de,10-1 
2718 FSG1 19 add hl,de :point to dpb address in dph 
2719 F562 OA ld a. (be) :get selected format 
2720 F563 E6 03 and 3 
2721 F565 E8 e, de,hl 
2722 F566 BF ld l,a 
2723 F5G7 29 add hl,hl ; index by 16 
2724 F568 29 add hl,hl 
2725 f569 29 add hl,hl 
2726 f56A 29 add hl,hl 
2727 F568 01 f430 ld bc ,dpb8s ; set dpb base 
2728 F56E 09 add hl,bc ;set dpb address (clears carry) 
2729 f56f '8 de,hl jrecover dpb pointer address in dph 
2730 f570 73 ld (hI ),e 
2731 fS71 23 inc hI 
2732 FS72 72 ld (hI) ,d 
2733 F573 El smfs4: pop hl j get dph address 
2734 F574 3E 00 ld a,O jenable error recovery 
2735 F576 32 F6F5 ld (dctrl) ,a 
2736 F579 C9 cot 
2737 
2738 odd check drive densi ty. 
2739 
2740 F57A OA cdd: ld a, (bc) :get attempted side 
2741 F57B E6 01 and 1 j try side 1 on ds, 0 
2742 F57D 11 0201 ld de,2*256+1 
2743 F580 28 02 jc l: ,cddO ; if single side 
2744 F582 16 4f ld d,77+2 ;use back side 
2745 F584 CD F5C2 cddD; ca 1\ mpa jmap physical address 
2746 FS87 21 F6FO ld hl.opcode 
2747 F58A 36 08 ld (hl),c,read 
2748 F58C CD F643 ca II iccs j issue controller command 
2749 F58F CO F6CE call sim ;set input mode 
2750 F592 CD F6B7 cddl : ca 1\ .fc ;wait for req 
2751 F595 20 04 jc nz, cdd2 jif timeout or status, not data requested 

l> 2752 F597 EO 78 in a, (c) :eat sector 
2753 F599 1 B F7 jc Cddl 

'C 2754 F59B CD F6G9 cdd2: ca II jwait command complete 'C 
II> 2755 F59E C9 cet 
~ 2756 
0.. 2757 p21 - Physical to Logical Mappin9 Table. 
;C' 2758 
m 



:I> Balcones Operating System for the XEROX 820-11 MACRO-eO 3.44 09-Dee-81 
'tI Physical Driver Select 
'tI 
111 2759 First byte is the SA1403 Logical Unit Number ::I 2760 Second byte is extended drive format code a.. 
;c' 2761 

2762 F59F 00 00 p21 : db falun 8hl 5,fm.sdss iF10ppy Drive a m 2763 F5Al 20 01 db fblun shl 5.fm.sdds jF10pPV Drive 1 
2764 F5A3 00 06 db falun 8hl 5.fmddss iFloppy Drive a 
2765 F5A5 40 07 db fdlun shl 5.fm.ddds iFloppy Drive 2 
2766 FSA7 60 80 db rglun shl 5,fm.hard jRigid Partition a 
2767 F6A9 60 80 db I"glun shl 5,fm.hard jR1gid Partition 1 
2768 F5AB 60 eo db rglun sh! 5,fm,hard ;Rigid Partition 2 
2769 FSAO 60 80 db ('glun sM! 5,fm.hard iRigid Partition 3 
2770 
2771 Mlu - Map Logical Unit. 
2772 
2773 Entry: • = Physical Driver Unit from Oeblocker 
2774 Ex 1 t: Of :; dph index 
2775 Be = pointer to format code 
2776 Sasi LUN stored in command block 
2777 , 
2778 F5AF 21 F59F mlu: Id hi ,p2! ,set Rigid Physical to Logical map table 
2779 F5B2 16 00 Id d,O 
2780 FSB4 SF Id e,a 
278t F5B5 19 add hi ,de r-:point to table entry 
2782 F5B6 19 add hi ,de 
2783 F5B7 7E Id a, (hi) ; get Sas i LUN 
2784 F5B8 32 F6F 1 Id (lun) ,a rstore in read/write command 
2785 F5SB 32 F6ES Id (deflun) ,a ;store in define command 
2786 F5BE 23 inc h1 ;point to format descriptor 
2787 F5BF 44 Id b,h 
2788 F5CO 40 Id c,1 
2789 FSC! C9 ret 
2790 
2791 Mpa - Map Phys; ca I Address. 
2792 
2793 Entry: Be = pZl format code address 
2794 0 = Track 
2795 E = Sector 
2796 
2797 Exi t: Logical Address set in command block 
2798 Sec len set for transfer 
2799 Controller notHied of floppy format 
2800 
2801 F5C2 21 F4E6 mpa: Id hl,seclen ;preset sector length 
2802 FSC5 36 00 Id (hI) ,0 
2803 FSC7 E6 e' de,hl 1 preset Laddr = Paddr for ri 9i d 
2804 FSCa 0' Id a, (be) :get drive format code 
2805 F5C9 FE 80 cp fm. hard 
2806 F5CB 28 46 jr Z ,mpaS :if Rigid Partition 
2807 F5CD FE 06 cp fmddss 
2808 FSCF 38 06 j r c ,mpa\ ;if single density 
2809 F5Dl 2C inc I :advance sector from 0->25 to 1->26 
2810 F502 7C Id a,h 
2811 FSD3 67 a 
2812 F5D4 20 04 j r nz ,mpaZ j if not on track zero 

m 2813 F5D6 2D dac I 

'" 2814 FSD7 3E 80 mpal : 1d a,128 ; set short sector 
W 
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2815 FSD9 12 
2816 f5DA OA mpa2: 
2S17 F5D8 CB 47 
2818 F5DO 28 OA 
2819 F5DF 7C 
2820 FSEO FE 40 
2821 F5E2 38 02 
2822 F5E4 06 40 
2823 F5E6 3F mpa21 : 
2824 FSE7 BF 
2825 FSE8 67 
28Z6 FSE9 E5 mpa22 : 
2827 F5EA OA 
2828 FSEB 2A F6ES 
2829 FSEE 67 
2830 F5EF 11 FFfF 
2831 F5FO lastfm 
2832 FSF2 22 F5FO 
2833 FSF5 B7 
2834 FSF6 ED 52 
2835 FSF8 28 DC 
2836 FSFA 32 F6Ef 
2837 F5FO 21 f6EA 
2838 f60D CD f643 
2839 f6D3 CD f669 
2840 f6DS E I mpa3; 
2841 F607 44 
2842 F6D8 II DOIA 
2843 F60B 62 
2844 F6DC 37 
2845 F6DD ED 52 
2846 f6DF 04 
2847 F610 19 mpa4: 
2848 F611 10 FO 
2849 FS13 7C mpa5: 
2850 FSI4 65 
2851 FSI5 6F 
2852 FSIS 22 FSF2 
2853 F619 C9 
2854 
2855 
2856 

MACRO-BO 3.44 09-Dee-51 

Id (de) ,a 
Id a, (be) 
bH fmds. a 
jr z,mpa22 ; if not double sided disk 
Id a,h ;map first 77 tracks to side 
co 77 
j r c,mpaZl ;if side zero tracks 
sub 77 ;offset to back side 
ccf 
adc a,a 
Id h,a 
push hi ;salle track/sector 
Id a, (be) :get floppy format 
Id hi, (deflun) ;get new unit 
Id h,a 
Id de,-l 1get previously used formatl1un 
equ $-2 
Id (lastfm),hl :save this format/unit for neltt time 
or a 
sbe hl,de 
jr z ,mpa3 ;if unit and format same as last time 
Id (flpfrm),a 
Id hl,deflpy ; issue def i ne floppy command 
call ices 
cal \ wee 
pop hI ;recover track / sector 
Id b,h ;set track 
Id de,26 ; compute sector-26-1 +(Track+ I) *26 
Id h,d ;clear upper track 
sef 
sbe hl,de ;adjust sector 
inc b ; force one pass 
add hl,de ;multiply track by sectors/track 
djnz mpa4 ;if multiply incomplete 
Id e,h ;swapH&L 
Id h, I 
Id I,a 
Id (addrh) ,hI :Store address in command block 
ret 

subtt 1 Sasi Bus Control Interface 
page 



» Balcones Dperatine System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-S 1 
-g Sasi Bus Control Interface 
-g 
tD 2857 
::l 2858 gea - get controller attention. a. 
X' 2859 

2860 F61A CD F6AD gea: call reset ;reset controller if required m 2861 F6lo 7E Id B, (hi) ; get command 
2862 F6lE FE 01 cp c.reeal 
2863 F62D 3f OA Id _,9+1 Isst 9+ second time-out 
2864 f622 28 02 jr z,!iiIcaD ; if "ecalibrate, use long time-out 
2865 F624 3f 03 Id .,2+1 ;use short time-out 
2866 F6Z6 32· F6Z7 gcaD: Id (gcas) ,8 
2867 F6Z7 gcaa equ $-2 :"'··"'*"">:monitor one second timer address goes here 
286B F629 CD F6e2 call ; set output mode 
2869 F62C 3f 01 Id ',1 :Set s8s1 controller address 
2870 F62f 03 10 out 

(Sasid) ,_ 

2871 F630 3E 20 1d B,l shl b.sel ;sssert Select Line 
2872 F632 03 12 out (Sasle) ,8 
2873 F634 DB 12 gcal: ;n ., (Sas's) ;get sasi status 
2874 F636 OF rrca 1get busy bit in C 
2875 F637 38 06 jr c,gca2 I if controller is ready 
2876 F639 CO F6AS call eft ; check for time-out 
2877 F63C F2 F634 jp p,9ca1 ;if not timed out 
2878 F63F AF gea2: ,or . 
2879 F640 03 12 out (Sasie) ,a ;drop sefect 
2980 F642 C9 ret 
2881 
2882 ices - issue Controller Command, 
2883 
2884 HL =>, Sas' command block 
2885 

~ ees: 2896 F643 7E Id ., (hi) lpeek at opcode 
2887 F644 FE 04 cp c.fmat 
2898 F646 C8 ret , ;do not allow format entire disk 
2889 F647 CO F61A call gca 1get controller attention 
2890 F64A 01 OB10 1d bC,Sasid+6·2S6 ;set port I command block length 
2891 F640 CD F687 icesl : call .fr ;wait for REQ 
2892 F650 C8 ret ; if data requested 
2893 F651 ED A3 out1 ;send next byte 
2894 F653 20 F8 Jr nz, icesl 
2895 F655 C9 ret 
2896 
2897 tdo - transmit data out. 
2898 
2899 F656 CD F687 tdo: call .fr ; wai t for req 
2900 F6SS 20 DE jr nz. wcc ; if not data requested 
2901 F65B EO 83 otir :pHch sector out 
2902 F6SD 18 OA Jr 
2903 
2904 tdt - transmit data in. 
2905 
2906 F6SF CD F6CE tdt: call .1m ;set input mode 
2907 F662 CO FBS7 call .fr ;wait for req 
290S F66S 20 02 jr nz.wce ;; f status. not data request ad 
2909 FBS7 ED B2 1n1 r ; read sector 
2910 

m 2911 wait command complete. 
a-
U! 



m Baleones Operating System for the XEROX 820-II MACRO-SO 3.44 09-Dee-al en 5851 Bus Control Interface en 
29-12 
2913 F6S9 CD F6CE call _1m ; set input mode 
2914 F6Se CD F6S7 call .fr ;wait for REO 
2915 F66F 28 2A jr z,ecr ;if controller not providing 5"tatus 
2916 F671 ED 78 In a. (e) ;read completion status 
2917 f673 1:6 03 and a i ignore unused bt ts 
2918 1"675 ., Id b,. 
2919 F676 CD FSa7 call .fr ;walt for REO 
2920 F679 28 20 jr z.ecr ; if not status 
2$21 F67S DB 12 In .0 (Saat.) ; recove" status 
2922 F67D CB 4F bit b.msg •• 
2923 F67F 28 1A jr z.ecr ; 'f not message byte 
2924 F681 ED 78 In a, (c) ; read messag_ byte 
2925 F6B3 20 16 jr "Z,Bel" ; if last byte not zero 
2926 F6SS 80 or b ;s8t Sa'l; error status byte 
2927 F686 CO ret 
2928 
2929 .. wfr - wait for REQ. 
2930 
2931 EKit; A < 0 Timer Expi red 
2932 A = 0 Request is for data 
2933 A > 0 Request is for control 
2934 

!fr: 29:15 F687 CD F6AS call eft ;check for time-out 
2936 FB8A FA F69A jp m,wfr1 I if controller hung 
2937 F680 DB 12 In 81, (Sasis) ; read sasi status 
2938 FBBF CB SF bit b.req,a 
2939 F691 28 F4 jr z,wfr I if request not a.serted 
2940 F693 CB 77 bit b.par,a ;check buss parity 
2941 F695 20 03 jr nz,wfrl ; if pari ty error 
2942 F696 wfra equ $-1 
2943 F697 E6 04 and 1 shl b.cd Itest control I data bit 
2944 F699 CO ret 
2945 F69A FI wfrl : pop af ;pitch return address 
2946 
2947 ecr - Enable Controller Raset. 
2948 , 
2949 F698 AF ecr: ,or . ;enable controllar raset next time 
2950 F69C 32 F6AO Id (reset La ;by placing NOP at reset entry point 
2951 F69F F6 FF or -1 ;return error .tatus 
2952 F6Al 32 F5FO Id (I.stfm) ,a ;force define floppy format 
2953 F6A4 CO ret 
2954 
2955 Cft - Check for Time-out. 
2956 

~ft : 2957 F6AS CO F066 call idle ; idle cpu 
2958 F6AS 3A 0000 Id 81,(0) 
2959 F6A9 cfta equ $-2 ; ••••• :>;This word gets the addre.s of the timer 
2960 publ tc cfta 

> 2961 F6AS 87 or 

" 2962 F6AC CO ret 

" 2963 
II> 2964 Reset - Reset Controller. ::s 2065 0- 2966 Th's routine ts called prior to every command that is 
iC' 2967 issued to the controller, but disable. it •• 1f after 
m 



l> 8alcones Operating System for the XEROX 820-11 MACRO-80 3.44 09-Dec-81 
"tJ Sas; Bus Control Interface 
'lJ 

'" ::> 
Q. 
;C. 
m 

m 
!!} 

2968 
2969 
2970 
2971 
2972 
2973 
2974 
2975 
2976 
2977 
2978 
2979 
2980 
2981 
2982 
2983 
2984 
2985 
2986 
2987 
2988 
2989 
2990 
2991 
2992 
2993 
2994 
2995 
2996 
2997 
2998 
2999 
3000 
3001 
3002 
3003 
3004 
3005 
3006 
3007 
3008 
3009 
3010 
3011 
3012 
3013 
3014 
3015 
3016 
3017 
3018 
3019 

F6AD 00 

F6AE 3E CF 
F6BD D3 13 
F6B2 3E 5F 
F6B4 03 13 
F686 3E 80 
F668 D3 12 
F68A Af 
F6B6 03 12 
F6BO 3E C9 
F6BF 32 F6AD 
F6C2 E5 
F6C3 21 F6E8 
F6C6 CD F643 
F6C9 CD F669 
F6CC E' 
F6CD C9 

F6CE 3E 4F 
F6DD 18 02 

f6D2 3E Of 
f6D4 D3 11 
F6D6 C9 

F6D7 OA 
F6D8 E6 80 
F6DA C8 
F6DB 3E 00 
F6DC 
f6DD 87 
F6DE C8 
F60F 7A 
F6EO 87 
F6El C8 
F6E2 3A F6FO 
F6E5 06 06 
F6E7 C9 

reset: 

sim: 

som! : 

cwp: 

rdon 1 y 

running. When, and if the controller times-out, this 
routine is re-enabled. Thus, the controller will be 
reset again before the next command is issued. 

nop ; ••••• =>;Note RET fiets put her. aftar reset . NOP gats put thare 1 t t ima-out 
Id a,I1DOl111b ; initial 'iz:e pio in mode 3 
out (pioBs) ,a 
Id a,OlO11111b ;d7, d5 are outputs 
out (piOBs) ,a 
Id a,l shl b rst ;assert reset to controller 
out (Sasie) ,a 
,oc a 
out (Sasic) ,a ; de-assert reset 
Id a,Oc9h 
Id (reset) ,a ;disable reset until time-out 
push hi 
Id hl,rgrecal 
call ices : issue recursive rigid recal ibrate 
ca II wee 
pop hi 
cet 

Sim - Set Input Mode. 

Id a,010Dl111b ; set pi 0 A input mode 
j c som1 

Som - Set Output Mode. 

Id a,OOOOllllb ;set pio A output mode 
out (pioAs) ,a 
cet 

cwp - check wr; te protect. 

ld a, (be) ;get drive type 
and fm.hard 
cat , ;if not ri9id disk access 
Id a.O ;get dirty parameter flag 
equ $-1 

cat , ; if not write protected 
I d a.d 
0, 

cat , ; i f t rack zero request 
Id a, (opcode) 
sub c. read ;allow reads, but no writes to file system 
cet 

subtt 1 Sas i Command Blocks 
page 



m Balcones Operating System tor the XEROX 820-II MACRO-SO 3.44 09-Dee-81 m Sas' Command Blocks 

» 
1:1 

11 
:2 c.. 
;CO 
m 

3020 
3021 
3022 
3023 
3024 
3025 
3026 
3027 
3028 
3029 
3030 
3031 
3032 
3033 
3034 
3035 
3036 
3037 
3038 
3039 
3040 
3041 

F6E8 01 
F6E9 60 

FSEA CO 
F6ES 00 
F6EC 00 00 00 
F6EF 00 

F6FO 00 
FSFI 00 
FSF2 00 
F6F3 00 
FSF4 01 
F6FS 00 

Sas i Command Blocks. 

rlijlraea I :db 
reclun: db 

detlpy: db 
detlun: db 

db 
tlpfrm: db 

opeode: db 
lun; db 
addrh: db 
addrl: db 
nblk: db 
dctrl: db 

c .raeal 
3 shl 5 

c.flpy 
o 
0,0,0 
o 

;define tloppy format 

Class code I Operation 
Logical Unit & Logical Address 20-16 

Logtea' Address 15-8 
Logical Address 7-0 

Number of 810eks 
Error Retry Disable Control word 

subttl 
page 

Overlayable Initialization Code 



» Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dee-B1 

" " 
Overlayable Initialization Code 

ID 3042 
:l 3043 First - First time only. Q,. 
;C. 3044 

3045 F6F6 F5 fi rst; push af m 3046 phex $-dskdvr,<$ASI Resident Length is> 
3047 0010 . rad; x 16 
3048 DODA . rad; x 10 
3049 FSF7 3E C9 ld a,Oc9h :nuke self first time 
3050 F6F9 32 F6F6 1 d (fi rst) ,8 

3051 F6FC 26 00 ld h.O ; indicate return register value 
3052 F6FE CD F039 call dayt 1 :get address of monitor timer 
3053 F701 26 dec hl 
3054 F702 22 F6A9 ld (efta) ,hI ;store address of timer for check routine 
3055 F705 22 F627 1 d (gcaa) ,h1 ;and for command startup 
3056 
3057 F70a 21 F767 fi rst 1: 1 d hI. cnfdpb :point to physical driver read command 
3058 F70B CD F4BO ca 11 sa1403 ; read part i t i on parameters 
3059 F70E 67 or 
3060 F70F CC F723 ca 11 z,cpb ; if no errors then check parameter blocks 
3061 F712 28 00 jr z, fi rst2 ; if parameters are loaded 
3062 F714 21 F76C ld hi, cnfdpb+5 ; try backup heads 
3063 F717 7E ld a, (h I) :get logical sector 
3064 F718 C6 20 add a,32 ;advance to next head 
3065 f71A 77 ld (hI) ,a 
3066 F71B 20 EB jr nz, fi rst 1 ;if 4 heads and 2 cylinders not attempted 
3067 F710 2F col ;set tracks> 0 read only 
3068 F71 E 32 F60C 1 d (rdonly),a 
3069 F721 F1 f i rst2: pop af 
3070 F722 C9 ret 
3071 
3072 cpb - check parameter blocks. 
3073 
3074 F723 21 EEOO cpb: ld hI, rgdbuf ;point to dpb buffer 
3075 F726 3A F76C 1d a, (cnfdpb+5) ;get sector this dpb set came from 
3076 F729 FE 20 Co 32 
3077 F72B 20 04 jr nz, cpbl ; if not primary set 
3078 F72D 7E ld a, (hI) 
3079 F72E FE E5 Co OeSh 
3080 F730 C6 ret , ;use default dpbs if none configured 
3081 F731 11 OOOF cpbl : 1 d de,16-1 ;set offset from high spt to deblock control 
3082 F734 06 04 1 d b.4 ;verify 4 dpbs 
3083 F736 7E cpb2; 1d a, (hI) :set 100!l sectors / track 
3084 F737 67 
3085 F738 CO ret n, ; if bummer sectors I track 
30B6 F739 19 add hl,de ;advance to deblOCk control 
3087 F73A 7E 1 d a, (hI) 
30B8 F73B E687 67h 
3089 F73D CB 2F 
3090 F73F CB 2F sra 
3091 F741 CO ret n, ; i f bad deb lock i ng constant 
3092 F742 23 inc hi 
3093 F743 10 F 1 djnz cpb2 
3094 F745 26 dec hl 
3095 F746 11 F4AF 1 d de, Dpbrg4+ 16*4-\ 

m 3096 F749 01 0040 1d be,16*4 

'" ID 



m Balcones Operating System for the XEROX B20-11 MACRO-BO 3.44 09-Dec-BI 
C; Overlayable Initializ:ation Code 

;g 
"0 
ID 
::l c.. 
;C' 
m 

3097 
309B 
3099 
3100 
3101 
3102 
3103 
3104 
3105 
3106 
3107 
3108 
3109 
3110 
3111 
3112 
3113 
3114 
3115 
3116 
3117 
3118 
3119 
3120 
3121 
3122 
3123 
3124 
3125 
3126 
3127 
3128 
3129 
3130 
3131 
3132 
3133 
3134 
3135 
3136 
3137 
3138 

F74C 
F74E 
F751 
F754 
F757 
F759 
F75A 
F75B 
F75C 
F750 
F75E 
F75F 
F760 
F761 
F762 
F763 
F764 
F766 

F767 
F76A 
F76C 
F76E 

0300 

FADS 

DADS" 

FADe 

FA08 

FADS 
FADe 
FADQ 

EO B8 
01 0010 
11 F3DE 
21 F47D 
3E 04 
'5 
7E 
30 
87 
12 
09 
E8 
09 
E8 
F1 
3D 
20 F3 
C8 

01 04 00 
0000 
0020 
EEOO 

21 0000 
F6 FF 
C9 

Iddr 
1d 
1d 
1d 
1d 

cpb3: push 
1d 
dec 
add 
1d 
add 

add 
e. 
pop 
dec 
jr 
ret 

cnfdpb: db 
dw 
dw 
dw 

sasidl equ 
.dephase 

dloe defl 
. phase 

above 
d&seg 

Dvrlmt; 

rqtop equ 

51 err: 1d 

subtt I 
page 

:move dpbs into place 
be.16 :set 16 bytes/dpx 
de,Dpbase+4*16+14 :point at alloc vector pointer 
hl,Dpbrg4+13 ;point at reserved tracks 
a,4 :count off 4 partitions 
af 
a, (hI) ;get reserved tracks for partition 

;just so nice numbers come out 
a ,a :16 blksltrack / 8 blks/byte = 2 bytes/track 
(de) .a ;store low allocation vector address 
hl,be :advance to next dpb 
de ,hI 
hi ,bc :advance to next dph 
de, hI 
af 
a 
nz:, cpb3 ;if more to allocate 

: return success 

01.4.0 :read partition 0 
0 :track zero 
32 :seetor 32 
rgdbuf :rigid parameter table buffer 

$-sasstr 

dloc+sasidl 
dloc 

:disk driver 1 ;mit 

:set required top of resident monitor 

hl,O 
-1 

820 Style Disk Driver Emulator 



l> 8aleones Operating System for the XEROX 820-1I MACRO-BO 3.44 09-Dee-al 
'1:1 820 Style Dtsk Driver Emulator 
'1:1 
tD 3139 ::s 
Q. 3140 820 Style Disk Drtver Emulator. 
;C' 3141 

3142 above ;generate code in ram m 3143 DADE" d&sag 
3144 
3145 FADE FF phycmd defb -1 ;physical Drtver Command 
3146 FAOF FF phyunt dafb -1 ;physical unit 
3147 FAIO 00 phydrv dafb 00 : logical unit 
3148 FAll 0000 phytrk dafw 00 ;track 
3149 FAI3 0001 physec defw 01 ;sector 
3150 PAIS E080 phydma defw bootbf ; dma address 
3151 
3152 Select - Select Unit for 110. 
3153 
3154 Entry: C = Unit 
3155 Exit: A = 0 If 
3156 A = -1 H 
3157 ; 
3158 fA17 79 select: ld _,C ;set drive selected 
3159 fAIS FE 08 cp 8 
3160 FA1A 30 10 Jr nc.sel1 
3161 FAIC 32 FA 10 ld (phydrv) ,_ 

;save logical CP/M drive 
3162 fA1F 21 FA5A ld hi ,sel tbl ;set select table address 
3163 FA22 06 00 ld b,O 
3164 FA24 D. add hi ,bc ;index into select table 
3165 FA25 7E ld B, (hi) 
3166 FA26 87 a 
3167 FA27 EB ex de,hl 
3168 FA2B 67 ld h,_ I in case previous select worked. say no dph 
3169 FA29 6F ld 1,_ Ito tnternal routines 
3170 FA2A CB ret z ;if drive has already been selected 
317,1 FA2B 05 push de ;save table address 
3172 FA2C 06 FF ld b,-1 ;set Select operation 
3173 FA2E CD FA51 call xqphys ;execute physical driver 
3174 FA31 70 ld _,I ; get returned dph address 
3175 FA32 B' h 
3176 FA33 01 pop de ;retrieve select table address 
3177 FA34 28 03 jr 2,sell ; 1 f se I ect unsuccessfu 1 
3178 FA36 AF xor - ; return no errors 
3179 FA37 12 ld 

(de) ,_ 
I prevent more dens i ty re-.elects 

3180 FA38 C. ret 
3181 FA39 F6 FF sell: or -1 ; return error 
3182 fA3S C9 ret 
3183 
3184 Home - Position t9 track zero. 
31B5 ; 
3186 FA3e DE 00 home: ld C,O ; force t rack zero 
3187 
3188 Seek - Seek Track. 
3189 
3190 Entry: C = Track to read/write from next 
3191 ; 
3192 FA3E 7. seek: ld _,c 

m 3193 FA3F 32 FAll ld (phytrk) .a 

~ 



m ..... 
'" 

» 
'tI 
'tI 
ID 

" ~ 
X' 
m 

Baleones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-a! 
820 Style Disk Driver Emulator 

3194 FA42 AF ,oc ; return no errors 
3195 FA43 C9 c.t 
3196 
3197 Write - Write Physical Sector. 
3198 

!rite: 3199 FA44 06 00 1d boO ;set Write operation 
3200 FA46 18 02 jc rdwr 
3201 
3202 Read Read Physical Sector. 
3203 
3204 FA48 06 01 read: 1d b,1 ;set read operation 
3205 
3206 Rdwr Read/Wi; te Processor. 
3207 
3208 Entry: C = Sector 
3209 HL ;:; Transfer Address 
3210 Ex it: A = 0 if no errors 
3211 A = -1 if errors 
3212 ; 
3213 FA4A 79 rdwr: 1d e,c 
3214 FA4B 32 FA 13 1d (physec) ,a :5et physical sector 
3215 FA4E 22 FAIS 1d (phydma) ,hi ;set transfer address 
3216 
3217 xqphys - Internal Execute Physical Driver. 
3218 
3219 Entry: B -1 for Select 
3220 B = o for Wi; te 
3221 B = 1 for Read 
3222 
3223 FA51 21 FADE xqphys: ld hI, phycmd ;point to physical command block 
3224 FA54 70 1d (hI) ,b ;store operation 
3225 FASS CD F344 call xqdvr ;execute driver 
3226 FAS8 67 a ;set flags 
3227 FAS9 C9 c.t 
3228 
3229 Emulator Disk 110 Ram. 
3230 
3231 FASA FF FF FF FF seltbl: defb -1,-1,-1,-1 ;drive already selected table 
3232 FA5E FF FF FF FF defb -1,-1.-1,-1 
3233 
3234 subtt 1 Command processor 
3235 page 



~ Balcones Operat;ny System for the XEROX 820-11 MACRO-BD 3.44 09-Dec-81 
1:> Commano processor 
1:> 
III 3236 ::> 3237 above ;put code upstairs 0-
;C' 3238 DAG2" d&seg 

3239 prompt for command. m 3240 
3241 FAG2 F6 prompt: ei 
3242 FAG3 31 0000 Id sp,stack ; reset system stack 
3243 FAG6 CD Fe30 call pnext 
3244 FAG9 00 OA defb '; ~' ~ f 3245 FAGS 2A 20 defm 
3246 FAGO 04 defb eot 
3247 fAGE 21 FFSC Id hI. 1 inbuf 
3248 FA71 DE 50 Id c,eo ;buffer of 80 chars (ver. 2.0) 
3249 FA73 CD F837 call get lin ;input a bufered console line 
3250 FA76 38 51 jr c,what ;print 'what ?' if input error 
3251 FA78 3A FF5C autobt: Id a,(linbuf) ;get fi rst character in 1 ina 
3252 FA78 FE 00 cp 
3253 FA70 28 E3 jr z.prompt ;jump if a null line 
3254 fA7f 06 40 sub '@' 

3255 FAS! FE 18 cp 'Z '- '@I'+l 
3256 FAB3 30 44 jr nc ..... hat : if not letter 
3257 FA85 67 add a ,a 
3258 FAS6 4F Id c ,a 
3259 FAS7 06 00 Id b,O 
3260 FAS9 21 FAD9 Id hi, cmdtab+ 1 : index command table with character 
3261 FASC 09 add hl,bc 
3262 FASD 7' Id a.(hl) 
3263 FA8E 26 dec hi 
3264 FABF 6' Id I, (hi) : get address of command processor 
3265 FA90 67 Id h,a 
3266 FA91 E6 80 and BOh 
3267 FA93 20 17 jr nZ,prmt I :if resident command 
3268 FA95 11 FC55 Id de,cloc :move transient command to RAM area 
3269 FA9S D5 push de 
3270 FA99 01 0299 Id bc, tpamax iset length of largest transient 
3271 FA9C F3 dl 
3272 FA~D DB IC in a,{syspio) 
3273 FA9F 67 or a 
3274 FAAO F5 push af 
3275 FAA 1 F4 F2ge call p,crton :enable rom if disabled 
3276 FAA4 EO BO Idir 
3277 FAA6 PI pop af 
3278 FAA7 F4 f293 call p,crtoff ;disable rom if enabled 
3279 FAAA F6 .i 
3280 FAAB 'I pop hi ;set execution address 
3281 FAAC '5 prmtl ; push hi 
3282 FAAD CD Fe36 call crl f 
3283 FABO FO 21 FF5D Id iV, I tnbuf+l 
3284 FA84 CO F85F cal I params ; input numeric parameters from 
3285 FAB7 DD El pop i, ; I ine buffer and test if error 
3286 FABS 2A fFB5 Id hi. (paraml) 
3287 FABC EO 58 FFB7 Id de. (param2) 
3288 FACO ED 48 FF89 Id bc.{param3) 
3289 FAC4 CD FADS call jpi x ;ca!! subroutine (iii ix 

m 3290 FAC7 30 99 jr nc. prompt :90 back to prompt if 
..... 
W 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-a 1 ..... Command processor ..,. 
3291 
3292 FAC9 CD FC3Q what: call pnext 
3293 FACe 20 77 68 61 defm ' what?' 
3294 FACO 74 3F 
3295 FA02 07 defb 'G'-64 ;say 'what?' and squeal 
3296 FAD3 04 defb eot 
3Z97 FA04 16 ae jr prompt 
329B 
3299 FAD6 DO E9 jpi x: jp ('\x) ;cal1 subroutine It i)l 
3300 
3301 FADS 1778 cmdtab: defw help ;@ - Help user 
3302 FADA 1188 defw boot ;8 - boot cp/m 
3303 FADe 1353 defw baud ;b - bit rate 
3304 FADE 1436 defw block ; c - memory block move 
3305 FA EO 12F2 defw memdmp ;d - dump memory in hex/ascii 
3306 FAE2 1315 defw view ;e - enter memory 
3307 FAE4 1428 defw fill ;f - fill memory 
3308 FAE6 1208 defw gate ;9 - gota program 
3309 FAE8 14E2 defw term ; h - host term; na I 
3310 FAEA. 13CA. defw incmd ; i-read from input port 
3311 FAEC FAC9 defw what ;j - not used 
3312 FAEE FAC9 defw .... hat ;k - not used 
3313 FAfD l1BB defw ; I - load system 
3314 FAF2 1315 defw view ;m - memory examine/change 
3315 FAF4 FAC9 defw what ;n - not used 
3316 FAF6 , 3FI defw outcmd ;0 - write to output port 
3317 FAF8 1459 defw proto ;p - printer protocol 
3318 FAFA FAC9 defw what ;q - not used 
3319 FAFC 1367 defw dskcmd ;r - display disk sector data 
3320 FAFE FAC9 defw what ;s - not used 
3321 FBDO 1477 defw type ; t - typewri ter mode 
3322 FBD2 FAC9 defw what ;u - not used 
3323 FBG4 1443 defw vercmd ;v - memory block compare 
3324 FBC6 1367 defw dskcmd ;w - disc sector write command 
3325 FBGS 13Fa defw test :x - ram diagnostic 
3326 FBGA FAC9 defw what ; y - not used 
3327 FBDC FAC9 defw what IZ - not used 
3328 0036 cmdsiz equ $-cmdtab 
3329 
3330 FBDE BE check: op (hI) 
3331 FBOF C8 ret z :return if (hI )""a 
3332 FalO F5 push af 
3333 FBI I CD FB22 call mdata ;print what was actually read 
3334 FBI4 CD FC30 call pnext 
3335 FB17 73 68 6F 75 defm 'should=' 
3336 FBI8 6C 64 3D 
3337 FBIE 04 dafb aot 
3338 FBIF F1 pop af 
3339 FB20 18 07 jr put2j 

l> 3340 
-g 3341 FB22 CD FC36 mdata: call crl f 
-g 3342 FB25 CD FelS call put4hs 

'" 3343 FB2e 7E 1d a, (hi) 
::l 3344 F829 C3 FelS put2j: jp put2hs 
Q. 3345 ;:r 3346 subtt I Console support routines 
m 
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m Balcones Oper8'Cing System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-81 ..... Console support routines en 
3348 
3349 getl in - read 1 ina into buffer. 
3350 
3351 FB2e 3E 40 gethlp: ld a. '@' 

3352 FBZE 32 FF5C 1d (linbuf).a 
3353 FB31 3E 00 1d a,er 
3354 FB33 32 FF5D 1d (linbuf+l),a 
3355 FB36 C9 ret 
3356 FB37 41 get lin: ld b,e ;save max 1 ine length parameter in b 
3357 FB38 CD Fe27 91 in]: ca 11 echo :get a character from the console 
3358 Fa3S FE IE ep He 1 pkay 
3359 FB3D 28 ED jr z,gethlp : if user needs help 
3360 FB3F 77 1d (hI) ,a 
3361 FB4D FE 00 ep :check for carriage return 
3362 FB42 C8 ret z ; i f end of 1 i ne 
3363 fB43 FE 08 ep 'H'-64 ;check for ctl-h backspace 
3364 fB45 28 09 jr z,91 in4 
3365 FB47 FE 20 ep 
3366 FB49 08 ret e ;other control characters are illegal 
3367 fB4A 23 inc h1 ;store character in buffer 
3368 FB4B 00 dee 
3369 FB4C <:'0 EA jr nz, g1 in1 ; get another if there's more room 
3370 F84E 37 sef 
3371 FB4F C9 cet :return with carry=l if too 
3372 ;many characters are entered 
3373 FB50 2B 91 in4: dee h1 :delete last character from buffer 
3374 FB51 CD FC3D ca 11 pnext 
3375 F854 20 DB defb ' , 'H' -64 ;delete character from screen 
3376 FB56 04 defb eot 
3377 F857 DC inc e 
3378 F858 78 1d a,b ; set max line 1 ength 
3379 F859 91 sub , 
3380 FBSA 3D DC jr nc ,91 in1 ; if backspace not past the start of the line 
3381 FB5C C9 ret 
3382 
3383 F85D FD 23 paraO: inc iy ;advance character scan 
3384 F85F 01 DOFF params: 1 d bc, low -1 ;set parameter index 
3385 FB62 FD 7E 00 1d a, (iy+OJ ;fetch character 
3386 Fa65 06 00 sub 
3387 Fa67 C8 ret ; if no parameters 
3388 Fa6S 06 13 sub '-cr 
3389 F86A 28 F1 jc 1. ,paraO ;if leading blanks 
3390 F86C DC para 1; inc e :advance parameter index 
3391 Fe6D CB 51 bit 2,e 
3392 FB6F 37 sef 
3393 F870 CO ret n, :error if > 4 numbers entered 
3394 FB71 C5 paraZ: push be ;save parameter count 
3395 Fa72 CD FBDA ca 11 gethex ; read a number from 1 ine buffer 
3396 Fe7S C1 pop be 

l> 3397 Fa76 DO 21 FFB5 para4: 1d i x ,paraml :point to parameter storage area 
3398 FB7A DO 09 add ;x ,bc :add parameter count in be: 

" 3399 FB7C DO 09 add ; x ,bc 

" ID 3400 FB7E DO 75 00 1d (i x+O), 1 
j 3401 FeBl DO 74 01 1d (i x+1) ,h :store data returned from 'GETHEX' 
0. 3402 FB84 FE 20 ep 
;CO 
m 



l> Balcones Operating System for the XEROX 820-11 
~ Console support routines 

MACRO-80 3.44 09-Dec-a 1 

ID 

" 0.. 
;C. 

m 

m 
:::j 

3403 
3404 
3405 
3406 
3407 
3408 
3409 
3410 
3411 
3412 
3413 
3414 
3415 
3416 
3417 
3418 
3419 
3420 
3421 
3422 
3423 
3424 
3425 
3426 
3427 
3428 
3429 
3430 
3431 
3432 
3433 
3434 
3435 
3436 
3437 
3438 
3439 
3440 
3441 
3442 
3443 
3444 
3445 
3446 
3447 
3448 
3449 
3450 
3451 
3452 
3453 
3454 
3455 
3456 
3457 
3458 

FB86 
F888 
F88A 
FBBC 
FB8D 
FB8E 

FB8F 
FB90 
FBS3 
FB9S 
FB98 
FBSA 
FB9D 
FB9F 
FBA2 
FBA4 
F6A7 
FBAB 
F8A9 
FBAC 
FBAE 
FBBI 
FBB2 
FBB4 
FBB6 
FBBS 
FBBA 
FBBB 
FB8E 
FBCO 
FBC3 
FBC5 
FeC8 
FBCA 
FBCB 
F8CE 
FBDO 
F8Dl 
F8D4 
FBD5 
FBD6 
FBD7 
FBD9 

FBOA 
FBDD 
FBDE 

28 E4 
FE 2C 
28 EO 
79 
3C 
C9 

E5 
CD FC 16 
CO FC 1 E 
06 10 
3E Of 
CD FC23 
3E 07 
CD FC23 
3E 03 
CD FC23 
7E 
23 
CD FCIB 
lU fA 
CD FC 1 E 
E 1 
06 10 
3E 1 F 
CD FOOC 
7E 
23 
CD FOOC 
10 F4 
CD FOD6 
28 DC 
CD FOD9 
FE 00 
ca 
CD FOD9 
FE 00 
ca 
CD FC36 
16 
7. 
a3 
20 86 
C9 

21 0000 
54 
5D 

dump: 

dump2 : 

dump3 : 

clump4: 

j, 
cp 
J, 
1d 
inc 
,et 

dump 

push 
ca II 
ca 11 
1d 
1d 
call 
1d 
call 
1d 
ca 11 
1d 
inc 
ca 1\ 
djnz 
ca 11 
pop 
1d 
1d 
call 
1d 
inc 
ca II 
djnz 
call 
j, 
call 
cp 
,a' 
cal I 
cp 
,et 
call 
dec 
1d 
0, 

j, 

~:~aral 

z,paral 
a.c 
a 

dump memory. 

h1 
put4hs 
space 
b,16 
a,16-1 
dmpfmt 
a,8-1 
dmpfmt 
a,4-1 
dmpfmt 
a, (hI) 
h1 
put2hs 
dump2 
space 
h1 
b,16 
a, lfh 
conout 
a, (hI) 
h1 
conout 
dump3 
const 
z,dump4 
conin 

conin 
co 
z 
cr I f 
de 
a.d 

nz,dump 

:get another item if space 

;get another item if 
; set parameter count 

:save starting address 
:print starting address in hex 

;skip 3 columns on 16 byte boundry 

;skip 2 co I umns on 8 byte boundry 

; sk i P 1 co I umn on 4 byte boundry 

;get a data byte @ hI 

;print the data in hex 
i repea t 16 times 

irestore starting address 

;force next character 

jget back data byte @ hI 

;print asci; character in a 

;check console status 
; i f char not ready 
; read char 

; if user abort 
;pause wh; Ie user examines display 

iif user found it 
jsend end of line 

;if dump not complete 

gethe)!. converts asci i to binary. 

carry set on illegal conversion result 
terminating character returns in a. 
hi returns with 16 bit binary integer 

gethex: 1 d 
1d 
1d 

hi ,0 
d.h 
e.1 

;preset resul t 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-a1 
...... Console support routines 
CO 

3459 fBDF 29 gnuml : add hl,hl ;rnultiply result by 16 
3460 FeEO 29 add hl,hl 
3461 FBEI 29 add hl,hl 
3462 FBE2 29 add hl,hl 
3463 FBE3 19 add hl,de ;append next d1gi t 
3464 FBE4 FO 7E 00 gnum3 : 1d a, (iy+O) iget next character from 1 ine buffer 
3465 FeE7 4F 1d , ,a 
3466 fBES FO 23 inc iy ; advance buffer address 
3467 FBEA CD FBF3 call he.-;bin ;convert one asci i hex to binary 
3468 FBED 5F 1 d • ,a 
3469 FBEE 30 EF jr nc ,gnuml 
3470 FaFC 79 1d a,' ;return first non hell digit 
3471 FBF1\ B7 or a 
3472 fBF2"--~ ret 
3473 
3474 hexbin - convert hex to binary. 
3475 
3476 FaF3 06 30 hexbin: sub '0' 
3477 FBF5 DB ret , 
3478 F8FS FE OA 'p 10 
3479 F8F8 3F cof 
3480 FBF9 DO r.t n, 
3481 F8fA 06 07 sub 7 
3482 FBFC FE OA 'p 10 
3483 FBFE DB ret , 
3484 FBFF FE 10 ,p 

" 3485 FCDI 3F ,d 
3486 FC02 C9 r.t 
3497 
3488 FC03 F5 put2hll: push af 
3489 FC04 1F 
3490 FCOS 1F 
3491 Fe06 1F 
3492 FC07 1F rra 
3493 FCOS CD FCaC call putnib 
3494 FCOS F1 pop af 
3495 FCOC E6 OF putnib: and 000011' 'b 
3496 FCOE C6 90 add a,90h 
3497 FC10 27 daa 
3498 FC,1 CE 40 ad, a,40h 
3499 FC13 27 daa 
3500 FC14 18 OA jr output 
3501 
3502 FC,6 7C put4hs: ld a,h 
3503 FC17 CD FC03 call put2hll 
3504 FCIA 70 1d a,1 
3505 FC'S CO FC03 put2hs: call put2hll 
3506 
3507 space - output space. 

> 3508 
3509 Fe 1 E 3E 20 space: Id a,' , ;fall through to output space 

'tI 3510 'tI 
ID 3511 FC2D C3 FOOC output: jp conout ;display character 
::> 3512 
Q. 3513 dmpfmt - Dump Command Output Formatter. 
;C' 3514 
m 



:I> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-81 
'0 Console support routines 
'0 
ID 3515 FC23 A5 dmpfmt: and ; check address boundry ::s 
9: 3516 FC24 CO ret n, ; if not on boundry 

3517 FC25 18 F7 jr space :skip one column 
)( 

3518 
m 3519 echo - read and echo console character. 

3520 
3521 Echo inputs one character from the consol e 
3522 device, prints it on the console output and 
3523 then returns it in the A register in upper case. 
3524 
3525 Fe27 CD FOD9 echo: call conin ; input a character and echo it 
3526 FC2A FE 1 E ep Helpkey 
3527 Fe2C C8 ret , ;da not echo help key 
3528 FC2D CO FOOe call conout 
3529 FC30 FE 61 ep 'a' 
3530 FC32 08 ret e ; if not lower case 
3531 Fe33 06 20 sub '8'-' A' ;convert lower case to upper case 
3532 FC35 C9 ret 
3533 
3534 crlf - carriage return-I inefeed. 
3535 ; 
3536 FC36 CD FC3D crl f: call pnext ;print next message 
3537 FC39 00 OA 04 defb cr, 1 f ,eat 
3538 FC3C C9 ret 
3539 
3540 pnext - print message after call. 
3541 
3542 FC30 E3 pnext: e, (sp) ,hi ;set message address 
3543 FC3E 7E Id a, (hI) 
3544 FC3F 23 inc hi 
3545 FC40 E3 e, (sp) ,hI :set return address 
3546 FC41 FE 04 ep eot 
3547 FC43 C8 ret , 
3548 FC44 CD FOOC call conout 
3549 FC47 18 F4 jr pnext 
3550 
3551 If options and (O,move or a.vert) 
3552 set block address for move and verify. 
3553 
3554 FC49 E6 blocad: ex de,hl 
3555 FC4A 67 or , ; c I ear carry 
3556 FC4B ED 52 sbe hl,de :get diffrence between 
3557 FC40 E8 e' de,hl ;hl & de for bytecount 
355B FC4E 05 push de : exchange de, bc 
3559 FC4F 50 Id d,b 
3560 FC50 59 Id e,c 
3561 FC5! C1 pop be 
3562 FC52 03 inc be :get count.l into bc 
3563 FC53 C9 ret 
3564 endif 
3565 FC54 C9 ret 
3566 
3567 subtt 1 Trans i ent Command Area 
356B page 

m 
-.J 
\D 
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'" Transient Command Area 0 

3569 
3510 FC55 cloc def 1 $ :establ ish overlay execution address 
3571 overlay start 
3572 oe5S" c&seg 
3573 signon - Announce System Ready. 
3574 
3575 fC55 08 signon: 81< af ,af' 
3576 FC56 CD F293 call crtoff ;disable rom/ram 
3577 FCS9 08 e' af .af' 
3578 FC5A 28 4A jr Z,sign4 :if RI(1984 loaded disK driver 
3579 FeSC 08 e, af ,af' ;get syspio data 
3580 FC5D 21 F091 1d hl,confg ;point to configuration byte 
3581 FeeD CB 47 bit 0, a 
3582 Fe62 28 24 j r z,sign3 ; if 5ASI interface present 
3583 FC64 f3 d' 
3584 FC65 3E CF 1d a,110Ql111b ;set Pic B in Bit Mode 
3585 FC67 03 10 out {sysctl),a 
3586 Fe69 :3E 38 1d a,OQ111000b ; turn around dO, 1,2 
3587 FC6B 03 10 out (sysctl),a 
3588 Fe6D 03 lC out (syspio) ,a ;drop all drive selects 
3589 FC6F 3E DO 1d a ,OdOh ; reset wd-1797-02 
3590 FC71 03 10 out (wdI797) ,a 
3591 FC73 10 FE sign' : djnz signl ; wa it 1797 not busy 
3592 FC75 DB 1C 'n a, (syspio) 
3593 Fe77 C6 67 bit c.five,a 
3594 FC79 3f 02 1d a,2 :preset 10 msec step rate 
3595 FC7B 20 04 jr nZ,sign2 ; if not 5" 
3596 FC7D CB E6 set c.five, (h1) 
3597 FC7F 3E 03 1d a,3 ; set long step 
3598 FCBl 03 10 sign2: out (wd1797),a ;restore I unload heads 
3599 FC83 32 FF54 1d (steprt) ,a 
3600 FC86 18 IE jr sign4 
3601 Fe88 C8 F6 sign3: set c.sasi,(hl) ;set Sas; card installed 
3602 FC8A 21 F70B 1d hl.Rigdpb :set address of rigid dpb 
3603 FC8D 11 F470 1d de ,dpbSs ;set address of 5.25" floppy dpb 
3604 FC9D 01 0300 1d bC,Sasidl :set sas; driver length 
3605 FC93 EO 80 ldi r ;Move driver down 
3606 FC95 E6 02 and 
3607 fe97 20 00 jr nZ,sign4 ; if not AlE swap 
3608 FC99 21 F361 1d hl,5eltab+l 
3609 FC9C 06 08 1d b,B 
3610 FC9E 7E sign3a: ld a. (hI) 
3611 FC9F EE 04 4 
3612 FCA 1 77 1d (hI) ,a 
3613 FCA2 23 inc h1 
3614 FCA3 23 inc h1 
3615 FCA4 10 F8 djnz si gn3a 
3616 
3617 FCA6 CD FC30 sign4: call pnellt 

» 3618 FCA9 ,. defb cl rs ;clear screen 

'0 3619 FCAA 18 38 defb esc, '8' :set low light as default mode 

'0 3620 FeAt 38 32 30 20 defm 'B20-II v 

'" 3621 FCeO 49 49 20 76 
~ 3622 FCB4 20 
Q. 3623 FCBS 34 2E 30 31 defb rev/l00+'O','.', (rev mod 100)/10+'0', (rev mod 10)+'0' 
X' 
m 



» Balcones Operating System for the XEROX 820-I1 MACRO-SO 3.44 09-Dee-a1 
"t:I Transient Command Area 
"t:I 
/II 3624 FCB9 201flC20 defm ' ',31,28,' 1982 Xerox Corp' 
~ 
Q. 3625 FeSO 31393832 

;C' 3626 FCCI 20 58 65 72 
3627 FeeS 6F 78 20 43 m 3628 Fee9 6F 72 70 
3629 feee 00 OA defb cr. 1 f 
3630 feCE OA defb If 
3631 feeF 4C 20 20 20 defm 'L - Load System' 
3632 FeD3 4C SF 61 64 
3633 FCD7 20 53 79 73 
3634 FeDe 74 65 60 
3635 FeDE 00 OA defb cr. 1 f 
3636 
3637 H options and D.term 
3638 FeED 48 20 20 20 defm 'H - Host Terminal' 
3639 FCE4 48 SF 73 74 
3640 FeES 20 54 65 72 
3641 feEC 6D696E61 
3642 FeFO 6C 
3643 FCf1 00 OA defb cr. 1 f 
3644 end; f 
3645 H options and o.type 
3646 FCf3 54 20 20 20 defm 'T - Typewriter' 
3647 FCF7 54 79 70 65 
3648 fCfB 77 72 69 74 
3649 FCFF 65 72 
3650 FOOl 00 OA defb cr. If 
3651 end; f 
3652 FOD3 07 04 defb 7,eot 
3653 
3654 FODS CO FOG6 eatkey: call canst 
3655 FODS CA FG03 jp %, warm ; gO enter mon; tor 
3656 FOOS CD F009 cal I conin 
3657 FDDE 18 F5 jr eat key 
3658 
3659 I/O byte Drivers 
3660 page 

m 
~ 



m Balcones Operating System for the XEROX a20-II MACRO-eO 3.44 09-Dee-a1 
CO 110 byte Drivers 

'" 
3661 
3662 overlay iobdvr 
3663 OOBB' c&seg 
3664 
3665 . dephase 
3666 • phase iobloc 
3667 
3668 comins - Communications input status. 
3669 
3670 F770 DB 06 comins: in a, (s1ocpa) 
3671 F772 OF rrca 
3672 F773 9F sbc ',a 
3673 F174 C9 cot 
3674 
3675 cominp - Communications input data. 
3676 
3677 F77S DB 06 cominp: in a, (siocpa) 
3678 F777 OF rrca 
3679 F778 30 Fa jr nc:. com; np 
3680 F77A DB 04 in a, (siodpa) 
3G81 F77C C3 FOE2 jp kbmask 
3682 
3683 comout - Communications output. 
3694 ; 
3685 F77F CD F78B comout: ca 11 comots 
3686 F782 28 F6 jr z. comout 
3687 F784 79 ld a,C 
3688 F7BS 03 04 out (siodpa) ,a 
3689 F787 C9 ret 
3690 
3691 comots - Communications output status. 
3692 ; 
3693 F7eB DB 06 comots: in a, (slocpa) 
3694 F78A E6 04 and 4 
3695 F78C C8 cet z 
3696 F780 F6 FF or -1 
3697 F78F C9 ret 
3698 
3699 coniob - get console ilo byte. 
3700 

~oniob: ld 3701 F790 3A 0003 a,(iobyte) 
3702 F793 E_6 03 and 0OOOOO11b 
3703 F795 C9 ret 
3704 
3705 iocono - Console output through iobyte. 
3706 
3707 F796 CD F790 iocono: call coniob 
3708 F799 28 E4 jr z, comout 
3709 F79B 3D dec a 

l> 3710 F79C CA F2FE jp z,fastcrt 

'0 3711 F79F 79 ld a,c 

'0 3712 F7AG C3 FOF8 jp sioout .. 3713 
::> 3714 iocons - Console status through iobyte. 
Q. 3715 
;C' 
m 



» Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-0ec-81 
"0 110 byte Drivers 
"0 .. 3716 F7A3 CD F790 iacons: call coni ob 
::I 3717 F7A6 28 C8 jr z,comins Q. 

3718 F7AB 3D dec a ;C. 
3719 F7A9 CA FOCO jp z,kbdst 

m 3720 F7AC C3 FOES jp siost 
3721 
3722 iocon; - Console input through iobyte. 
3723 
3724 f7AF CD F790 iocon;: call coni ob 
3725 f7B2 28 Cl jr Z,cominp 
3726 F784 3D dec a 
3727 F7B5 CA FODS jp z,kbd;n 
3728 F7B8 [3 FOFO jp sioin 
3729 
3730 lstout - List output through iobyte. 
3731 
3732 F7BB 3A 0003 iol i st: ld a,(iobyte) 
3733 F7BE E6 CO and 'lDOOOODb 
3734 f7ea 28 SO jr z,comout 
3735 f7C2 fA F70C jp pe,pioout 
3736 F7C5 79 10 a.c 
3737 F7e6 FA FOFS jp m,sioout 
3738 F7C9 [3 F2FE jp fastcrt 
3739 
3740 List output through iobyte 
3741 , 
3742 F7ee 3A 0003 iol sts: 1 d a.(iobyte) 
3743 F7CF E6 CO and 11000000b 
3744 F701 28 a5 j r z,comots 
3745 F7D3 EA F7F4 jp pe,piosto 
3746 F706 FA Fl05 jp m,siordy 
3747 F709 F6 FF -, 
3748 F70B c9 
3749 
3750 Parallel Output Driver. 
3751 
3752 F70C CD F7F4 pioout: call pi os t a 
3753 F70F 28 Fa j r z,pioout ; if printer not ready 
3754 F7E 1 79 ld a.c 
3755 F7E2 03 08 out (gpioda) ,a ; load character data 
3756 F7E4 DB OA in a, (gpiodb) 
3757 F7E6 C8 97 res p.strb,a :assert strobe 
3758 F7Ea 03 OA out (gpicdb) ,a 
3759 F7EA C6 07 set p.strb,a ;release stobe 
3760 F7EC D3 OA out (gpicdb) ,a 
3761 F7EE 3E OA ld a,10 :delay for ACK 
3762 F7FO 3D picl: dec a 
3763 F7F 1 20 FO j r nz ,picl 
3764 F7F3 C9 ret 
3765 
3766 Parallel Output Status, 
3767 
3768 F7F4 DB OA picsto: in a, (gpiodb) ; read status 
3769 F7F6 2F cpl 

m 3770 F7F7 E6 10 and 1 shl p.rdyc 
QO 3771 F7F9 CB ret : if ready 
W 
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» Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dec-81 
"0 Transient Command Processors 
"0 .. 3782 
::l 3783 if options and o.ddvr Q. 
X· 3784 disk boot loader command 

3785 
3786 over 1 ay boot 
3787 0148 ' c&seg 
3788 
3789 fC55 21 FF50 I d hl,l inbuf+l 
3790 FC58 7E boot 1: I d a, (hI) ; scan command 1 i ne 
3791 FC59 2C ; nc I 
3792 fC5A 06 00 sub co 
3793 FeSC 28 DB j 0 z,boot2 ; if no parameter, boot from A: 
3794 FC5E FE 13 cp -cr 
3795 Fe60 28 F6 j r Z ,boot 1 ;skip leading blanks 
3796 Fe62 06 34 . A '-cr 
3797 FC64 08 ret c ; if inval id drive 
3798 fC65 FE 10 cp 16 
3799 fe67 3F ccf 
3800 FC6S 08 ret c ; if bad drive 
3601 FC69 4F boot 2: I d c, a ;5et boot drive selected 
3802 fC6A C6 41 add a,' A' 
3803 FeSC 32 feDD I d (bootd) ,a ;5et up error message 
3804 FC6F 2E 00 I d 1,0 ;set A: 
3805 Fe71 C5 pUSh bc 
3806 fe72 E5 push hi 
3807 FC73 CD FCEE call swap ;5witch boot drive with A: 
3808 fe76 21 FeD9 Id hl,boater ; set boot error return 
3809 fe79 E5 pUSh hi 
3810 Fe7A DE 00 I d c,O ; then boot from A: 
3911 FC7C CD FA 17 cal I select 
3812 FC7F CO ret n, :if drive not configured or density 
3813 FeeD 3E FF I d a, -1 
3814 Fea2 12 I d (de), a 
3815 FCB3 11 DaDA I d de,10 jset dpb address offset .dthin dph 
3816 FCB6 19 add hi ,de 
3817 FCB7 5E I d e, (hI) iset dpb address 
3618 fCBS 23 inc hi 
3819 FCB9 56 Id d, (hI) 
3820 FCBA CD FA3C ea 11 home 
3821 FeeD DE 01 Id c, I ; set sector 1 
3822 FCBf 14 Id a, (de) ;get low sectors per track 
3823 Fe90 ::l2 FC04 Id (boots) ,a ;;nform boot loader 
3824 Feg3 67 or a 
3825 FC94 20 00 j r nZ,boot3 ; if not rigid 
3826 Feg6 21 0000 I d hl.13 :set reserved track offset within dpb 
3827 FC99 19 add hi ,de 
3828 fC9A 4E I d c, (hI) :get reserved tracks 
3829 FC9B <3 inc hi 
3830 FC9C 46 I d b, (hI) 
3831 fC9D 08 dec bc point behind directory 
3832 FC9E ED 43 FA 1 1 Id (phytrk) ,be do impl ied seek 
3833 FCA2 4F Id c ,a set sector zero for rigid 
3834 FCA3 21 ED80 boot3 : Id hl,bootbf point to boot load buffer 
3835 FCA6 CO FA48 ea 11 read read cold start loader 

m 3836 FCA9 CO ret if read error 
CO 
U'I 



m Balcones Operating System for the XEROX 820-II MACRO-BO 3.44 09-Dec-81 
CO Trans i ent Command Processors 

'" 3837 FCAA 11 DOFF Id de,bootld+128-1 ;set boot loader address 
3838 FCAO 21 EDF F Id hl,bootbf+128-\ 
3839 FeeD 01 ooeo Id be, 128 
3840 FCB3 ED 88 Iddr ;move front half of boot loader to BOh 
3841 FCBS 13 inc de 
3842 FeB6 IA Id a. (de) ;verify instructions read in 
3843 FCB7 FE E5 ep DeSh 
3844 fCB9 C8 ret z ; if disk has no system 
3845 fCBA 21 FOOD Id hl.Manitr 
3846 FeeD 22 FOQ4 Id (warm+t) ,hI ;set warm start to reload monitor 
3847 feeD CD FODS call lep : load configuration parameters 
3848 Fee3 21 1128 I d hl,iobdvr ; load ;obyte driver 
3849 Fee6 II F77D Id de,labloc 
3850 FCC9 01 0080 Id be. i obdvs 
3851 FeeC AF a 
3852 FeeD co F2A3 call crt ldi r 
3853 FeoD 21 0080 Id hl,bootld ; set start address 
3854 FCD3 3E 00 Id a,O 
3855 FCD4 boots equ $-1 :sectors per track 
3856 FCD5 11 FADE Id de, phycmd itell boot loader from whence he came 
3857 FCD8 E9 jp (hI) :execute Boot Loader with return to booter 
3858 
3859 Booter - Boot Error Processor. 
3860 
3861 FCD9 CO FC30 booter: ca I I pnext 
3862 FCaC 07 defb 7 
3863 FCOO 64 3A 20 4C bootd: defm 'd: Load 
3864 FCEI 6F 61 64 20 
3865 FCES 6572726F 
3866 FCE9 72 2E 
3867 FCES 04 defb eot 
3868 FCEC CI pop be ;switch drives back 
3869 FCED E I pop hi 
3870 
3871 swap - swap logical drives. 
3872 
3873 Entry: C = first drive inde,,;, 0-15 
3874 L = second drive inde,,;, 0-15 
3875 
3876 FCEE 06 00 swap: Id b,O ;clear upper indices 
3877 FCfO 60 Id h,b 
3878 FCFl 11 F360 Id de,seltab ;set select table address 
3879 FCF4 29 add hl.hl 
3880 FCf5 19 add hl,de 
3881 FCf6 EB e. de ,hI ;set second address to DE, get seltab to HL 
3882 FCF7 09 add hl,bc 
3883 FCF8 09 add hl,be ;set first address to HL 
3884 fCF9 06 02 Id b,2 
3885 FCF8 4E swap' : Id c, (hI) :swap two bytes 

» 3886 FCFC IA Id a, (de) 

't:I 3887 FCFD 77 Id (hI) ,a 

't:I 3888 FCFE 79 Id a,e 
II> 3889 FCFF " Id (de) ,a 
:l 3890 fOO~ 23 inc hi 
Q. 3891 FOOl 13 inc d. 
X' 3892 FOO2 10 F7 djnz swap1 iif swap not complete 
m 



» Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 D9-0ec-B 1 
"0 Transient Command Processors 
"0 
11) 3893 FD04 C9 ret => 3894 Q.. 
x· 3895 lcp - load configuration parameters. 

3896 , 
m 3897 FODS 3E 8! lcp: 1d a.l0000001b ;default ilo byte to CRT: and LPT: 

3898 FOO7 32 0003 1d (iobyte) ,a 
3899 FOOA 3A FCD4 1d a, (boots) ;get boot diskette type 
3900 FOOD .7 or a 
3901 FODE DE 20 1d c,32 
3902 FDIC 21 EDSD 1d hl,bootbf ; use boot 1 cader buffer 
3903 FO!3 28 08 j r z,lcpl ; if rigid, use system track, sector 32 
3904 F015 FE 16 cp 26+1 
3905 F017 D8 ret C ;no parameters from single density boots 
3906 FDI8 DE 03 1d c .3 ;dd configuration comes from track 0, sector 3 
3907 F01A 21 EeOQ 1d hl,bootbf'+128 ; use second ha 1 f of boot 1 cader buffer 
a908 FOlD CD FA48 Icpl : call read 
3909 F02D CD ret n% ;if can't read configuration 
3910 F021 3A EEOC 1d a, (bootbf+128) 
3911 F024 06 ES sub DeSh 
3912 F026 C8 ret % 
3913 F027 3A fE7B 1d a. (z.xonp) ;confi9ure Xon-Xoff 
3914 F02A .7 or . 
3915 F02B 28 03 j r z, I cp2 
3916 F020 FE C9 cp Oc9h 
3917 F02F CD ret n% 
3918 F030 32 FIlS lcp2: 1d (Xonenb) ,a 
3919 Fo33 3A EE60 1d a, (z.stpr) ;configure step rate 
3920 F036 32 FF54 Id (steprt),a 
3921 Fo39 3A EESF 1d a, (z.scra) ;confi9ure screen attribute 
3922 F03C 32 F049 1d (lcpa) ,a 
3923 F03F 3A EE62 1d a,(z.keym) ; conf i gure keyboard mask 
3924 FD42 32 F04B 1d (lcpb).a 
3925 F04S CO FC30 call pnext 
3926 FD48 ,. defb esc 
3927 F049 DO lcpa: defb 0 
3928 F04A I. defb esc 
3929 F04B DO Icpb: defb 0 
3930 FD4C 04 defb eot 
3931 F04D 21 EE63 1d hl,z,sioA ;configure Sio channels 
3932 FOSO 3E 02 1d •• 2 
3933 FDS2 4. I cp3: 1d b, (hI) ; get number of bytes 
3934 FOS3 23 inc h1 
3935 FOS4 4E 1d c, (hI) ;get port address 
3936 FOSS 23 inc h1 
3937 FOS6 eo 83 otir 
3938 FOSS 30 dec a 
3939 FDS9 20 F7 j r nz, I cp3 
3940 F05B 3A EE70 1d a, (z.baua) iconfigure channel A bit rate 
3941 FOSE 03 00 out (bauda) ,a 
3942 F060 3A EE7E 1d a. (z.baub) ;configure channel B bit rate 
3943 F063 D3 DC out (baudb) ,a 
3944 F06S 3A EE77 1d a. (z.siom) ;configure printer ready mask 
3945 F06S 32 F 1 DC 1d (siomsk) ,a 
3946 FOSB 3A EE79 1d a, (z.siov) ; conf i 9ure prj nter ready va I ue 

m 3947 FD6E 32 F 1 DE 1d (slova!) ,a 

E3 3948 F07l 3A EE7F 1d a, (z. iobt) ;configure 110 byte 

~. 



m 8alcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dec-al 
CIO Transient Command Processors CIO 

3949 F074 32 0003 1d (iobyte),a 
3950 FD77 C9 ret 
3951 else 
3952 boot equ what 
3953 endif 
3954 
3955 -- gota to memory location command --
3956 
3957 overlay 90tO 
3958 0268' c&seg 
3959 
3960 FC55 B7 or 
3961 FC56 37 sef 
3962 FC57 CB ret , ; if no parameters 
3963 FC5B E5 push h1 ; set goto address 
3964 FC59 DO E 1 pop ;, ; ld ix. hI 
3965 FC5B EB e, de,hl ;set second arg to HL 
3966 FeSC 7D 1d .,1 ;and A 
3967 FCSO 5D 1d d,b ;set third arg to DE 
3968 fC5E 5D 1d e,1 
3969 FC5F ED 48 FFB8 1d be. (param4) ; set fourth arg to Be 
3970 Fe63 CD FADS call jpi x 
3971 Fe6S CD fe1B call put2hs :print A reg 
3972 Fe69 C3 fet6 jp put4hs 
3973 
3974 -- memory dump command 
3975 
3976 overlay memdmp 
3977 0282 ' c&seg 
3978 
3979 FC55 3D dec a ;check parameter count 
3980 FC56 28 06 jr Z, mdmp2 
3981 FC58 3D dec . 
3982 FC59 28 08 jr z ,mdmp3 
3983 FCS8 2A FF8D mdmpl: 1d hl,{Jast) 
3984 FC5E 11 0010 mdmp2 : 1d de,16 
3985 FC6l 18 DE jr mdmp3b 
3986 
3987 FC63 EB mdmp3: e, de ,hI 
3988 FC64 ED 52 sbe hl,de ;derive bytecount for dump range 
3989 FC66 D8 ret e ; if addresses backwards 
3990 FC67 06 04 1d b,4 
3991 FC69 CB 3C mdmp3a; sr I h ;divid4jl bytecount by 16 
3992 FC6S CB 10 rr 
3993 FC6D 10 FA djnz mdmp3a 
3994 FC6F 23 inc h1 
3995 FC70 EB e. de.hl 
3996 Fe71 CD FB8F mdmp3b: ca II dump ;dump de"16 bytes strting at hi 
3997 FC74 n FfBD 1d (last) ,hI 

» 3998 fC77 C9 ret 

'0 3999 
'0 4000 -- memory exam; ne command --
ID 4001 

" 4002 overlay view 
Q. 4003 02AS' c&seg 
;C' 4004 
m 



> Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 OS-Dec-Bt 
"0 Transient Command Processors 
"0 
OIl 4005 FC5S CD fB22 vtelllO: call mdata :s 4006 FC5S CD Fe27 cal' echo Il-
;C' 4007 FC5S FE 00 ep 

4008 FeSO 28 2F jr z,view4 m 4009 FCSF FE 20 cp '- ' 
4010 FC61 28 20 jr z,view5 
4011 FC53 FE 22 cp 
4012 FC65 20 08 jr nZ,viewl 
4013 FC67 CO FOC9 call conin 
4014 fC6A CD FOOe call conout 
4015 Fe60 18 18 jr vtew3 
4016 FC6F CD FBF3 viewl: call haxbin 
4017 FC72 3F cd 
4018 fe73 DO rat 
4019 FC74 4F Id e,a 
4020 FC7S B7 add a,. 
4021 FC76 B7 add a,a 
4022 Fe77 B7 add a,a 
4023 FC7S B7 add .,a 
4024 fe79 47 Id b,a 
4025 fC7A CO Fe27 call echo 
4026 fC7D 06 00 sub er 
4027 FC7F 28 08 jr z,vtaw2 
4028 FCSI C6 00 add a,er 
4029 Fee3 CD FeF3 call haxbin 
4030 FCa6 3F cef 
4031 FCS7 DO rat ne 
4032 FCBS 4B Id e,b 
4033 Fee9 81 V18W2: add a,e 
4034 FCBA 77 view3: Id (hi) ,8 
4035 FC8S CO FeDE call check 
4036 FC8E 23 view4: 'ne hi 
4037 FC8F 23 Inc hi 
4038 FC90 2B viewS: dec hi 
4039 FC91 18 C2 j r viewO 
4040 
4041 " opt ions and o. baud 
4042 -- Baud Rate Command --
4043 
4044 • S<rate> {channel) ; channe I may be O. I or Ala 
404S 
4046 overlay baud 
4047 02E3 ' c&seg 
4048 
4049 FC5S B7 or 
4050 FCS6 37 sef 
4051 FC57 ca ret , ; if no parameters 
4052 FC58 3D dec . 
4053 Fe59 20 02 jr nt,baudl ;if channel specified 
4054 FCSS 1 E 01 Id a, I :set channell (e) 
4055 FC5D ce 43 baud1 : bit O,e l check port 
4056 FC5F DE 00 Id c. bauda ;set communications port 
4057 FC61 28 02 jr Z, baud2 
4058 FC63 OE DC Id c,bauab :set printer port 

m 4059 Fe6S ED 69 baud2 : out (C).l ; set baud rate 

i 4060 FeB7 AF 



m Balcones Operating System for the XEROX 620-11 MACRO-BO 3.44 OQ-Dee-B 1 
ID Transient Command Processors 0 

4061 Fe68 C9 cet 
4062 else 
4063 baud equ what 
4064 end; f 
4065 
4066 if options and a.disk 
4067 -- disk sector read/write command 
4068 
4069 .. R <unit> <track> <sector> <address> 
4070 .. W <unit> <track> <sector> <address> 
4071 
4072 overlay dskcmd 
4073 02F7 ' c&seg 
4074 
4075 FC55 47 ld b,a 
4076 FC56 3A FF5C ld a, (I inbuf) 
4077 fS:S9 06 57 sub 'W' 
4078 FCSB 20 1 E jc nz.dskl 
4079 FeSO BO oc b 
4080 FCSE 20 16 jc nz ,dskO 
4081 feSO 4F ld o ,a 
4082 Fe61 CD F2FE call Fastcrt 
4083 FC64 23 inc hI 
4084 Fe6S 0011 ld de,17 
4085 Fe6S 01 0015 ld be,21 
4086 FCBB EB de,hl 
4087 FeSC AF ,oc a 
4088 FeSO 32 FC54 Id ($-25),a 
4089 fC70 CD F2A3 ca 11 crtldir 
4090 FC73 (3 fC36 jp cr 1 f 
4091 

~ 4092 FC76 3A FC54 dskO: ld a,($-34) 
4093 FC79 B7 
4094 fC7A CO c.t nz 
4095 FC7B 78 dsk 1: Id ',b 
4096 FC7C FE 04 op 4 ; check parameter count 
4097 FC7E 37 scf 
4098 FC7F CO c.t nz 
4099 FC80 21 FFB5 ld hl,paraml ;move parameters to disk command 
4100 fC83 11 FA 10 ld de, phydrv 
4101 FC86 01 0007 Id bc,3·2+1 
4102 FC89 ED AD Idi 
4103 FC8B 23 Ino hI ;skip upper unit 
4104 FC8C ED BO Idi r 
4105 fC8E 05 deo b ;set select operation 
4106 FC8F CD FA51 call )l;qphys ;e)l;ecute physical select 
4107 FC92 70 Id a,l 
4108 FC93 B4 oc h 
4109 FC94 28 16 jc %, dskerr ; if select error 

» 4110 FC96 06 00 ld b,O ;preset write command 

'C 4111 FC9S 3A FF5C Id a. (I inbuf) ; get command 

'C 4112 FC9B FE 57 op 'W' 

III 4113 Fe9D 28 01 J c %,dsk3 iif write 
:::l 4114 FC9F 04 inc b 
Q. 4115 FCAO CD FASI dsk3: call xqphys ;execute driver 
;C' 4116 FCA3 2A FFBB ld hI, (param4) 
m 



» Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-a! 
"0 Transient Command Processors 
"0 
II) 4117 FCA6 11 0010 Id de,16 ;assume 256-byte sector 
:I 4118 FCA9 CA FBBf jp z. dump ;dump disk read buffer if c.. 4119 ;C. 

4120 FeAC CD fe30 dskerr: ca 11 pnext 
4121 FCAF 44 73 68 20 defm 'Osk Err' 
4122 FCB3 45 72 72 
4123 FCBS 04 defb eot 
4124 FCB7 C9 cot 
4125 else ;(not disk options) 
4126 dskcmd equ what 
4127 end; f 
4128 
4129 if options and o. inpc 
4130 -- read input port command 
4131 
4132 * I <16-bit port address> 
4133 
4134 overlay incmd 
4135 03SA' c&seg 
4136 
4137 FC55 30 dec 
4138 FC56 37 scf 
4139 FeS7 CO cet nz ; i f not one parameter 
4140 FC58 40 Id c. I ; set input port 
4141 FC59 44 Id b.h 
4142 FC5A CD Fe3S in! : call cr If 
4143 FeSO 79 Id a.c :display port address 
4144 FC5E CD FC 1 B call put2hs 
4145 FeBI ED 78 ;n2: In a, (c) 
4146 FC63 CD Fe 16 call put2hs 
4147 FC66 CD FOD9 call con;n ; read character 
4148 FC69 FE 20 cp 
4149 Fe6S 28 F4 jr z. ;n2 ; read same port again 
4150 FC6D FE OD cp cc 
4151 FC6F 28 06 Jc :.:;n3 ;if read next 
4152 FC71 FE 2D cp 
4153 FC73 28 04 jr z.1n4 ; if read previous 
4\54 FC75 B7 oc ; clear carry 
4155 FC76 C9 cet 
4156 FC77 03 in3: Inc bc : advance to nex t port 
4157 FC78 03 ine bc 
4158 FC79 DB in4: dec bc 
4159 FC7A 18 DE jc Inl 
4160 else 
4161 incmd equ what 
4162 endif 
4163 
4164 If options and o.oute 
4165 -- wri te to output port command 
4166 
4167 * 0 < 16-b; t port address> <8-bi t va 1 ue> 
4168 
4169 overl ay outcmd 
4170 0381 ' c&seg 

m 4171 

~ 
4172 FC55 FE 02 cp ; requi re two parameters 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-81 
ID Transient Command Processors 
IV 

4173 FC57 37 sef 
4174 FC58 CO ret nz ; if not 2 parameters 
4175 FC59 4D ld e, I ;set 16 bit output port address 
4176 fC5A 44 ld b,h 
4177 FC5B ED 59 out (c). e :output to dO-d7 and address to aO-al7 
4178 FC5D B7 or 
4179 FC5E C9 ret 
4180 else 
4181 Qutcmd equ what 
4182 endif 
4183 
4184 if opt ions and o. ramt 
4185 -- memory read/write diagnostic command --
4186 
4187 .. X <first addr> <last addr> 
4188 
4189 overlay test 
4190 0388 ' c&seg 
4191 
4192 FC55 FE 02 ep ; check parameter count 
4193 FC57 37 sef 
4194 FC58 CO ret nz 
4195 FC59 13 inc de 
4196 fCSA 5A ld e,d ;get ending page address into e 
4197 fC5B 54 ld d, h ;get starting page address into d 
419B FC5C 06 00 ld b,O ; initial il:e pass counter 
4199 fC5E 62 test 1 : ld h,d ;point hI to start of block 
4200 FC5F 2E 00 ld 1,0 
4201 FC61 7D test2 : ld a, I 
4202 FC62 AC h ;generate test byte 
4203 FC63 AB ,or b 
4204 FC64 77 ld (hI) ,a :store byte in 
4205 FC65 23 inc hi 
4206 FC66 7C ld a,h 
4207 FC67 BB ep e :check for end of test block 
4208 FC68 2D F7 j r nZ,test2 
4209 FC6A 62 ld h ,d ; now read back each byte & compare 
4210 FC68 2E 00 ld 1,0 ;point hI back to start 
4211 Fe6D 7D test3: ld a, I 
4212 fC6E AC h ; re-generate test byte data 
4213 FC6F AB ,or b 
4214 FC70 CO FBDE call check jverify memory data sti 11 good 
4215 fC73 CO nz ;exit if escape request is indicated 
4216 fC74 23 inc hi ; else go on to next byte 
4217 fC75 7C I d a,h 
4218 fC76 BB ep e ;check for end of block 
4219 fC77 20 f4 j r nz, test3 
4220 fC79 04 inc b ; bump pass count 
4221 FC7A 3E 28 ld a, '.' 

» 4222 fC7C CD fC20 call output 

." 4223 FC7F 28 00 j r z,testl jde another pass if user not unhappy 

." 4224 Fe81 C9 ret 
ID 4225 el se 

" 4226 test equ what 
Q. 4227 endif 
;C' 4228 
m 



:t> Balcones Operating System for the XEROX 820-11 MACRO-aD 3.44 09-Dec-B! .., 
Transient Command Processors .., 

ID 4229 if options and D,fill ::> 
0.. 4230 fi 11 memory with constant command --
;C. 4231 

4232 overlay fi 11 
4233 0388 ' c&seg 
4234 
4235 FC55 FE 03 'p : check ; f parameter count=3 
4236 FC57 37 ;of 
4237 FC58 CD ,et nz 
4238 FC59 71 filII: I d (hI) ,C 
4239 FC5A E5 push hi 
4240 FC5B B7 0, a 
4241 FC5C ED 52 sb, hl,de ; compare hit 0 end address in de 
4242 FC5E E 1 pop hI 
4243 FCSF 23 'nc hI ;advance pointer after comparison 
4244 Fe6D 38 F7 j, C, fi 111 
4245 Fe62 C9 ,at 
4246 else 
4247 f ill equ 
4248 endif 
4249 
4250 if options and o.move 
4251 -- memory block move command --
4252 
4253 overlay block 
4254 03C6' c&seg 
4255 
4256 FC55 FE 03 cp ; check if parameter count=3 
4257 FC57 37 so' 
4258 FC5B CO ,et nz 
4259 fC59 CD FC49 call b 1 Dead 
4260 FeSC 79 ld a.c 
4261 FeSO BO or b 
4262 FC5E C8 ,et :ellit now if bc=O 
4263 FC5F ED 80 ldi r 
4264 FC61 C9 ,et 
4265 e15e 
4266 block equ what 
4267 endif 
4268 
4269 " opt ions and o. verf 
4270 -- memory block compare command 
4271 
4212 overlay vercmd 
.:1273 0303 ' c&seg 
4274 
4275 FC55 FE 03 cp ;check if parameter count=3 
4276 feS7 37 scf 
4277 FC58 CO ,et nz 
4278 fC59 CD FC49 ea 1 \ blocad 
4279 Fe5C 18 08 j, verf2 
4280 
4281 FC5E lA verf 1; ld a, (de) 
4282 FC5F CD FBDE ea 11 check ;compare data @ de and @ hI 

m 4283 Fe62 CO ret nz leJ(it if escape request ;s indicated 

'" 4284 FC63 23 Inc hI 

'" 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-81 

'" Transient Command Processors ..,. 
4285 fC64 13 inc de 
4286 Fe6S 08 dec be 
4287 Fe66 78 verf2 : Id a,b 
4288 Fe67 81 oc c 
4289 Fe6S 20 F4 jc nz,verfl 
4290 FC6A C9 cet 
4291 el se 
4292 vercmd equ what 
4293 end; f 
4294 
4295 if opt ions and o. prot 
4296 Printer Protocol. 
4297 
4298 overlay proto 
4299 03E9' c&seg 
4300 
4301 fC55 3D dec a 
4302 FC56 28 10 j c z. prot 1 ; i f one parameter 
4303 FC58 06 02 sub 2 
4304 fC5A 37 scf 
4305 FC5B CO cet 
4306 FeSC 78 Id 
4307 FC5D f6 04 oc 4 
4308 FC5f 32 FlOC Id (siomSk) ,a 
4309 Fe62 79 Id a,e 
4310 Fe63 F6 04 oc 4 
4311 Fe6S 32 FIDE Id (sioval) ,a 
4312 Fe6S 70 prot 1: Id ',1 
4313 Fe69 87 oc . 
4314 FC6A 3E C9 Id a.Oc9h 
4315 FeeC 28 01 j c z,prot2 
4316 FC6E AF . 
4317 fC6f 32 F 115 protZ: Id (Xonenb) ,a 
4318 Fe72 C9 cet 
4319 else 
4320 proto equ what 
4321 endif 
4322 
4323 if (options and o.type) ne 0 
4324 Type - Simple Typewriter. 
4325 
4326 ave r I ay type 
4327 0407 ' c&seg 
4328 
4329 FC55 87 oc a 
4330 FCS6 28 06 jc z. typO :if no baud rate 
4331 FC58 3D dec 
4332 FC59 37 scf 
4333 FC5A CO cet ; ; f more than one parameter 

l> 4334 FC58 7D Id .,1 

'C 4335 FC5C 03 OC out (baudb).a ;set printer baud ,ate 
'C 4336 FC5E CD FC3D typO: cal I pnext 
tD 4337 fC61 IA defb c I rs 
:::l 4338 if (options and o.esct) ne 0 
0.. 4339 fC62 16 31 defb esc. ' 1 ' : set 8 bi t keyboard mode 
X' 4340 else 
m 



» 
" " III 
::I 
Q. 
X· 
m 

m 
ID 
U1 

Sa 1 cones Opera t ; ng Sys t em for the XEROX 820-1 I 
Transient Command Processors 

4341 
4342 
4343 FC64 54 79 70 65 
4344 FeGS 77726974 
4345 FeSC 65 72 20 60 
4346 FC70 6f 64 65 2E 
4347 FC74 20 20 54 SF 
4348 Fe7S 75 63 68 20 
4349 Fe7C 43 54 52 4C 
4350 FeeD 28 45 53 43 
4351 FC84 20 74 Sf 20 
4352 FCBS 65 78 69 74 
4353 FeBe 2E 
4354 FeeD 00 OA 04 
4355 
4356 Fe90 CD FOES typl : 
4357 Fe93 28 OF 
4358 FegS CO FOFO 
4359 FegS E6 7F 
4360 FC9A CO FOOe 
4361 Fe90 FE 00 
4362 Fe9F 3E OA 
4363 FeA 1 CC FOOe 
4364 FCA4 CO FOO6 typ2: 
4365 FCA7 28 E7 
4366 FCA9 CD F009 
4367 FCAC CD FOF8 
4368 FCAF CD FOOC 
4369 FCB2 FE 00 
4370 FCB4 20 DA 
4371 FCB6 3E OA 
4372 FCB8 CD FOF8 
4373 FeB8 CD FOOC 
4374 FcaE 18 DO 
4375 
4376 type 
4377 
4378 
4379 
4380 
4381 
4382 
4383 

MACRO-BO 3.44 09-Dec-51 

defb '0' - '@' ; set 8 bi t keyboard mode 
endtf 
defm 'Typewr iter mode. Touch CTRL+ESC to ell; t. ' 

defb cr,lf,eot 

call s lost ,status printer 
Jr z. typ2 l; f char not ready 
ca 11 sioin l read character 
and 7fh ;strip parity bit 
C811 conout 
cp cr 
Id a, If 
call z. conout 
call const ; status conso I e 
jr z.typl ;if user not active 
call conin ; read keyboard 
call sioout ;send character to printer 
call conout ; and screen 
cp cr 
jr nz, typl ;if not CR 
Id a, I f ;send I ine feed to screen and printer 
call 5 i oout 
call conout 
j r typl 
el5e 
equ what 
endif 

If options and o.term 
Terminal I Scroll Driver. 

subtt I Terminal I Screen Manager 
page 



m Balcanes Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-at 
~ Terminal/Screen Manager 

4384 
4385 
4386 aver I ay term 
4387 0472 ' c&seg 
4388 
4389 DOOF pass8 eou 15 
4390 0016 ins I in eou 22 
4391 0017 dell in eou 23 
4392 001A clrchr eou 26 
4393 001 E homscr eOu 30 
4394 QOIF force aou 31 
4395 
4396 OOei kupl in eou 81h Move top 1 ine off screen to buffer 
4397 0082 kdnl in aou 82h Move bottom I ina off scre.n to buffer 
4398 OOBI Rmttog eou BOh+' l' Toggle Remote Eeho 
4399 0082 Rmta I f eou eOh+'Z' Toggle Remote Auto LF after CR 
4400 OOSA LoeB 1 f equ SOh+1 f Toggle Local Auto LF after CR 
4401 OOFF Typtog eou eOh+7fh Toggle Local Echo 
4402 OOAE Brkkey equ BOh+'. ' Hardware BREAK function 
4403 
4404 0007 s.leeho equ ; local echo 
4405 0006 s.reeho equ ; remote echo 
4406 0005 s .• uto! equ ; 1 aca I auto ! f after cr 
4407 0004 s .• utar equ ;remote auto If after cr 
4408 
4409 oroo Trmbuf eou lOCh 
4410 EE8D Buftop equ Trmbuf"'760·S0 
4411 EFOO S10buf equ Monitr-l00h 
4412 EFOO Trmstk eou 510buf 
4413 
4414 FC55 FE 02 cp ; check number of arguments 
4415 FC57 3F ccf 
441S FCS8 08 rat j if more than 1 
4417 FC59 87 or a 
441e FCSA 20 02 jr nz,terml j if port specifed 
4419 FC5C 2E 00 1d 1,0 
4420 FC5E 01 0406 terml : 1d be. s1 ocpa"'s i odpa. 256 ; preset A channe I ports 
4421 FC61 CB 45 bH 0,1 
4422 FC63 28 03 jr z,term2 :if 0/1 or AlB 
4423 FC65 01 0507 1d be, s; ocpb"'s i odpb. 256 ;set B channel ports 
4424 FC6S EO 43 FE7S term2: 1d (ports) ,be 
4425 FC6C 31 EFOO 1d sp,trmstk 
4426 FC6F CD FC3D call pneKt 
4427 FCn lA db clrs 
4428 If options and o.esct 
4429 FC73 16 31 db esc.' I' 
4430 el se 
4431 db pass8 
4432 endH 

> 4433 FC75 54 65 72 60 db 'Terminal mode. Touch CTRL .... ESC to exit.' 

'C 4434 FC79 69 6E 61 6C 

'C 4435 FC7D 20 60 6F 64 
tD 4436 FC81 65 2E 20 20 
:::I 4437 FC85 54 6F 75 63 
D.. 4438 FC89 68 20 43 54 
;;C' 
m 



> Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-0ec-81 
1:1 Termi na 1 I Screen Manager 
1:1 
III 4439 FeSD 52 4C 28 45 
~ 
Q. 4440 Fe91 53 43 20 74 

;C' 4441 Fe9S 6F 20 65 78 
4442 Fe99 69 74 2E 

m 4443 Fege 00 OA db cr. 1 f 
4444 FC9E 04 db eo' 
4445 
4446 Fe9F FD 21 FEES 
4447 

Id i y. status ;set pointer to status byte 

4446 FCA3 CO FOQS term3: call canst ; status keyboard 
4449 FeAS C4 FCB 1 ca 11 nz ,pki ; process keyboard input 
4450 FeA9 CD FEeS call s'loist ;status sio 
4451 FeAC C4 fD40 call nz ,pre ; process remote character 
4452 FCAF 18 F2 
4453 

jr term3 ; unt i 1 user escapes 

4454 pki - Process Keyboard Input. 
4455 
4456 FCB! 3E 00 pki: Id _,0 
4457 feB2 brkflg equ $-1 
4458 FCB3 67 or 

_ 

4459 FCB4 C4 F021 call nz. cl rbrk : terminate pending break 
4460 FCB7 CD FOD9 call conin ;read input 
4461 FCBA CB 7F bit 7,_ 
4462 FCaC 20 OB jr nz ,pki 1 ; if function key 
4463 FCBE CD FD5F call sndrmt I send it to remote 
4464 FCCI FD CB 00 7E bit s.lecho, (;y) 
4465 FCCS C4 FD4C call nZ,sndloc ;if local echo enabled, display console input 
4466 FCCS C9 ret 
4467 FCC9 FE 81 pki 1: cp kupl in 
4468 FCCs 20 t 2 jr nz,pk12 iit not scroll up 
4469 FCCD CD FESO ca II gcp iget cursor position 
4470 FCOD CD FC3D call pnext :home screen, then delete top 1 ine 
4471 if opt ions and o. esct 
4472 FC03 lE1B52D4 defb homscr,esc, 'R' ,eat 
4473 else 
4474 defb homscr,dell in,eot 
4475 endif 
4476 FCD7 CD fDS9 call Itl ;Iink top line 
4477 FCDA CD FOES call dbl ;display bottom line 
4478 FCDD 18 14 jr pki3 
4479 FCDf FE 82 pki2: cp kdnl in 
4480 FCEI 20 13 jr nZ,pki4 ; if not scroll down 
4481 FCE3 CD FE50 call gcp ;get cursor position 
4482 FCE6 CO FC3D call pnext ;home screen. insert blank line 
4483 H options and o.esct 
4484 FCE9 1 E 1 B 45 04 defb homscr, esc, . E' ,eot 
4485 else 
4486 defb homscr,dell in,eot 
4487 endif 
4488 FCED CD FEOS call Ibl ; link bottom line 
4489 FCFO CD FOB 1 call dtl ;display top 1 ine 
4490 FCF3 C3 FE6E pk13: jp rcp :restore cursor position 
4491 FCF6 FE FF pki4: cp Typtog 
4492 FCF8 20 04 Jr nz,pkiS 

m 4493 FCFA 3E 80 Id a,1 shl s.lecho 
ID 4494 FCFC 18 16 Jr pki8 ..... 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dee-51 
ID Terminal I Screen, Manager 
00 

4495 FCFE FE B 1 pki5: cp Rmt tog 
4496 FOO~ 20 04 j c nz,pki6 
4497 FOO2 3E 40 Id a. 1 sh 1 s. recho 
4498 FD04 18 DE j c pki8 
4499 FODG FE SA pki6: cp Leea I f 
4500 FODe 20 04 j c nZ,pki7 
4501 FDOA 3E 20 Id a, 1 shl s.autol 
4502 FoOe 18 06 J c pk18 
4503 FOOE FE 82 pki7 : cp Rmtal f 
4504 fOlD 20 09 jc nz,pki9 
4505 FOil 3E 10 Id a,l shl s.autor 
4506 F014 FO AE 00 pkiB: ,oc ( iy) 
4507 FD!7 FD 77 00 Id (;y) ,a 
4508 FDlA C9 c.t 
4509 F018 FE AE pki9: cp 8rkkey 
4510 FOlD CO cot nz 
4511 FDIE 3A Fee2 Id a,(brkflg) 
4512 fDZI EE FF cl rbrk: xor -I 
4513 fD23 32 FeB2 Id (brkflg) ,a 
4514 Faz6 16 10 Id d,10h :set line SPACING 
4515 FD2e 20 02 Jc nz. setbrk 
4516 FD2A 16 00 Id d,O ;set 1 ine MARKING 
4517 FD2e ED 48 FE78 setbrk: ld be, (ports) 
4518 F03D 3E 05 Id .,S ; set up WR5 
4519 F032 F3 d; 
4520 FD33 ED 79 out (c) ,a 
4521 FD35 3E AA Id 8,10101010b ;8ssert DTR, 7 bpc, RTS, Tl( Enb 
4522 FD37 B2 oc d 
4523 FD38 ED 79 out (e) ,a 
4524 F03A FB .j 

4525 F03B 3E FF Id a,Offh 
4526 FD3D C3 FE90 jp sioot ;send RUBOUT to allow MARKING 
4527 
4528 pre - Process Remote Character. 
4529 
4530 F040 CD FED6 pre: call sioinc ; read remote character 
4531 F043 FO CB 00 76 bit s . recho, ( i y) 
4532 F047 C4 FD5F call nz, sndrmt ; echo it back 
4533 F04A 18 26 jc doc :display it locally 
4534 
4535 snd I oc - send character to screen. 
4536 , 
4537 F04C CD FD72 sndloc: call doc 
4538 F04F FE OD cp 
4539 FDSI CO c.t nz 
4540 F052 FD CB 00 6E bit s.autol,(iy) 
4541 FDS6 OB c.t z 
4542 F057 3E OA Id a,lf 
4543 F059 CD F072 call doc 

» 4544 FDSC 3E 00 Id a,cr 
4545 F05E C9 cot 

'C 4546 'C 
/I) 4547 sndrmt - send character to remote. 
::l 4548 
D.. 4549 FOSF CD FE90 sndrmt: ca 1 I si oot 
;C' 4550 FD62 FE 00 cp 

m 



l> 6alcones Oper<:ltillg System for the XEROX alO-II MACRO-BO 3.44 09-D@e-81 
"t> Terminal/Screen Manager 
"t> 
f1) 4551 F064 CO cet nz :l 4552 FOGS FO CB 00 66 bit s.autor. (iy) Q. 
;;C' 4553 FOGg C8 cet z 

4554 FD6A 3E. OA Id a. J f m 4555 FoGC CD FE90 ca 11 si oot 
4556 FD6F 3E 00 Id 
4557 F071 C9 cet 
4558 
4559 doc - Display One Character. 
4560 , 
4561 FD72 FE 7F doc: cp 7fh 
4562 F074 C8 cet ;don t display RUBOUT 
4563 FD7S 4' Id c.a ;send it to screen 
4564 F07B C5 push be 
4565 f077 CD FE9S call Qutcrt ;display character 
4566 F07A CI pop be 
4567 F07B 47 Id b.a 
4568 F07e 79 I d a.e 
4569 F07D FE OA cp If 
4570 FD7F CO cet nz 
4571 FD80 04 inc b 
4572 FDBI 05 dec b 
4573 fOa2 CO cet nz : if 1 ine feed did not scroll 
4574 FDB3 CD FOB9 call Itl ; 1 ; nk top 1; ne 
4575 FOB6 3E OA Id a. 1 f 
4576 FDBS C9 cet 
4577 
4578 Itl link top line. 
4579 , 
4580 fOB9 21 FF5C 1 t 1 : I d hl,linbuf 
4581 FDBC EO 58 FEE8 I d de, (tapptr) ; set address of line above 
4582 F090 01 0050 Id bc ,80 
4583 FD93 ED 80 ld; r ;move 1 ine 
4584 F095 CD FE34 call wup ;wrap upper pointer 
4585 f098 ED 53 fEE8 Id (topptr) ,de ;set new top 1 ine address 
4586 F09C 2A FEE6 Id hI. (botptr) 
4587 F09F EB de,hl 
4588 FOAO 67 oc a 
4589 FOAl EO 52 ,be hl,de 
4590 FOA3 CO ret nz 
4591 fDA4 II 0050 I d de,BO 
4592 FDA7 19 add hl,de ;advance bottom pointer 
4593 FDA8 EB e, de,hl 
4594 FOA9 CO FE34 call wup ;wrap upper pointer 
4595 fDAC EO 53 FEE6 Id (botptr) ,de 
4596 FOBO C9 cet 
4597 
4598 dtl Display Top line. 
4599 
4600 FDBI ED 58 FEES dt I: Id de, (topptr) ;get I ine above screen 
4601 FOBS 21 FFBO Id hl,-80 
4602 FOBS 19 add hl,de 
4603 FOB9 CD FE41 call wlp ;wrap lower pointer 
4604 FOBe 22 FEES Id (tapptr) ,hI 

m 4605 FOBF 01 0050 Id be ,80 
U) 4606 
U) 



m Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 OQ-Dee-al 

0 
Terminal/Screen Manager 

0 
4607 dIn - display 1 ins. 
4608 
4609 FQe2 E5 dIn: push hi 
4610 FOe3 09 add hl,be 
4611 FDC4 26 dec hi 
4612 FOeS 3E 20 Id a,' , 
4613 FDC7 ED A9 din! : cpd 
4614 FOCg 20 03 jc nz .dln2 ; if not tra; J ing blank 
4615 FOCS Ell. FOC7 jp pe,dlnl 
4616 FOCE EI dl n2: pop hi 
4617 FDeF EO c.t po :if entire line blank 
4618 fOOD 41 Id b,c 
4619 FOOl 04 inc b 
4620 FOO2 C5 dln3: push bc 
4621 FOD3 7E Id a, (hI) 
4622 fDD4 4F I d C ,a 
4623 FODS FE 20 cp 
4624 FOD7 30 08 jc nC,dln4 
4625 FOD9 E5 push hi 
4626 FDDA DE IF Id c. force ;force next character out 
4627 fODe CD FE9S call out crt 
4628 fODf EI pop hi 
4629 FDEO 4E Id C. (hI) 
4630 FOEI 23 dln4: Inc hi ; advance address 
4631 FDE2 E5 push hi 
4632 FOE3 CD FE9S call Qutcrt ;display character 
4633 FOE6 EI pop hi 
4634 FOE7 (I pop bc 
4635 FOES 10 Ea djnz dln3 ,if not entire line 
4636 fOEA C9 cet 
4637 
4638 dbl - Display bottom line, 
4639 
4640 fOES CO fC30 dbl: call pnext ;plant cursor on bottom line 
4641 fOEE 1 B 30 37 20 db esc,':::',' '+23,' ',eat 
4642 fDf2 04 
4643 fDf3 2A FEE6 Id hl, (botptr) 
4644 FOF6 E5 push hi 
4645 FOF7 01 004F Id be,80-1 
4646 FDFA CD FOC2 call dl n ,display bottom I ins 
4647 FOFD EI pop hi 
4648 FOFE 01 0050 Id be,SO 
4649 fE01 09 add hl.be 
4650 FE02 E6 .w de,hl 
4651 FE03 CD FE34 ea 11 wup 
4652 FED6 ED 53 FEE6 Id (botptr) ,de 
4653 FEOA C9 c.t 
4654 
4655 Ibl - 1 ink bottom 1 ins. 

~ 
4656 , 

'tI 4657 FEOB 01 0050 lbl: Id be ,80 

'tI 4658 FEOE 2A FEE6 Id hI, (botptr) 

111 4659 FEll 87 a 
:> 4660 FE12 ED 42 sbe hl,be 
Q. 4661 FE14 CD FE41 call wlp 
;C' 4662 FE17 22 fEE6 Id (botptr) ,hl 
m 



l> 8alcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-a1 

" Terminal I Screen Manager 

" ID 4663 FEIA EB de,hl 
::I 4664 FEIS lA FEeS ld hI, (topptr) ~ 
;C. 4665 FE 1 E 87 or a 

4666 FE 1 f ED 52 sbc hl,de 
m 4667 FE21 20 DB jr nz.lbl1 

4668 FE23 2A FEES ld hI, (topptr) 
4669 FE26 ED 42 sbc hl,be 
4670 FE2S CD FE41 call wlp 
4671 FE2S 22 FEES ld (topptr) ,hI 
4672 FE2f 21 FFSC 1 bll: ld hl,l inbuf 
4673 fE31 ED BO ldi r ;move gold mine to buffer 
4674 FE33 C9 ret 
4675 
4676 wup - Wrap upper pointer. 
4677 
4678 FE34 E5 wup: push hl 
4679 FE35 21 fEeD ld hl,buftop ;set end of buffer address 
4680 FE38 37 scf 
4681 FE39 ED 52 sbc hl,de 
4682 fE3B E 1 pop hl 
4683 fE3C DO ret nc ; if not past end of buffer 
4684 FE3D 11 0100 ld de. Trmbuf ; 5 tart ove rat beg9; n; ng of buf fer 
4685 FE40 C9 ret 
4686 
4687 wlp - Wrap lower pointer. 
4688 , 
4689 FE41 '5 wlp: push hl 
4690 FE42 D5 push de 
4691 FE43 11 0100 ld de, Trmbuf :set start of buffer address 
4692 FE46 87 or a 
4693 FE47 ED 52 sbc hl,de 
4694 FE49 Dl pop de 
4695 FE4A E 1 pop hl 
4696 FE4B DO ret nc :if not below start of buffer 
4697 FE4C 21 EE30 ld hl,buftop-80 ;start over at end of buffer 
4698 FE4F C9 
4699 
4700 gcp get cursor position. 
4701 
4702 FESO ED 48 FFBI gep: ld be, (base) 
4703 FE54 2A FFAC ld hI, (cursor) 
4704 FE57 45 ld b.l ;get eolumn to 8 
4705 fE5B C8 88 res 7.0 
4706 fE5A 29 add hl,hl ;set row to H 
4707 FE5B 7C ld a.h 
4708 fE5C 06 60 Sub ertbas*2 
4709 fE5E 91 sub c ;row::; 23-(base-eurh) 
4710 fESf [6 17 add a,23 
4711 FE61 06 18 gepl : sub 24 
4712 FE63 30 Fe j r ne ,gepl 
4713 FE65 4' 1 d c. a : set row 
4714 FE66 21 1 F38 ld hI, ' '1'-24-100h :offset for <ese>= 
4715 FE69 09 add hl,be 

m 4716 FE6A 22 FE73 ld (repa) ,hI 
4717 FE6D C9 ret 

~ 
4718 



~ Balcones Operatiny System for the XEROX 820-II MACRO-BO 3.44 09-Dec-81 

0 
Terminal I Screen Manager 

IV 
4719 rep - Restore cursor position. 
4720 
4721 FE6E CD FC3D rep: call pnext 
4722 FE71 16 3D db esc, 
4723 FE73 20 20 repa: db 
4724 FE7S 04 db eat 
4725 FE76 C9 ret 
4726 
4727 sio drivers. 
4728 
4729 FE77 01 FE7S siains: ld be,ports ;set status port to c 
4730 FE7S ports equ $-2 
4731 FE7A ED 78 ;n B, (d 
4732 FE7e C8 47 bit O,a :test rCB 
4733 fE7E C9 ret 
4734 
4735 FE7F CD FE77 sioinp: call sioins ;get status 
4736 fEa2 28 Fa jr z,sioinp :; f not ready 
4737 FE84 48 1d c,b ;set data port address 
4738 FEas ED 78 'n a, (e) 
4739 FEB7 C8 SF res , ,a :pitch parity bit 
4740 FE89 C9 ret 
4741 
4742 FESA CD FEn siordt: call sioins ;get sio status 
4743 FESD CB 57 bit 2,a ; test TX empty 
4744 FEeF C9 ret 
4745 
4746 FE90 08 sioot: e' af ,af' ;save char to send 
4747 FEgl CD FE8A siootl: call s;ordt ; test transmi t ready status 
4748 FE94 28 FB jr Z ,sioot 1 ; if not ready 
4749 FE96 48 1d c,b 
4750 FE97 08 ., af ,af' 
4751 FE9S ED 79 out (c) ,a 
4752 FE9A C9 ret 
4753 
4754 FE98 CO FEA7 out crt : call siopl ;poll for input before & after 
4755 FESE CD F2FE call fast crt 
4756 FEA 1 '5 push af :save balcones gold 
4757 FEA2 CD FEA7 call siopl 
4758 FEAS F1 pop af 
4759 FEA6 C9 ret 
4760 
4761 Siopl - Sio Poll Input Characters. 
4762 
4763 FEA7 C5 Siopl: push be 
4764 fEAB CD FE77 call sioins ; input 510 status 
4765 FEA8 28 19 Jr z,siop13 ; if input not ready 
4766 FEAD 48 1d c,b ; set data port address 
4767 FEAE EO 78 in a. (e) 

» 4768 FE80 CB BF res , ,a ;pitch parity bit 

"C 4769 FEB2 E5 push h1 

"C 4770 FEB3 2A FEEA 1d hI. (ipoint) ;set in pointer 
II> 4771 FEB6 77 1d (hI La ;store character in fifo 

" 4772 FEB7 2C inc 1 
Q. 4773 FEB8 20 02 jr nZ,siopll 
;C' 4774 FEBA 2E 00 1d I, low siobuf 
m 



l> Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dec-B 1 
"0 Terminal/Screen Manager 
"0 
<D 4775 FESC 3A FEEC siop!!: ld a, (opoint) :l 4776 FEBF 95 sub I Q. 
;CO 4777 FEeD 28 03 jr z,siopl2 ;if buffer full 

4778 FEe2 22 FEEA Id (ipoint) ,hI m 4779 FEeS EI siop12: pop hi 
4780 FEe6 CI siop13: pop be 
4781 FEe7 C9 ret 
4782 
4763 Sioist - Sio Input Status. 
4784 

Sioist: call 4785 FECe CD FEA 7 Siop! ;poll for input 
4786 FEee ZA FEEC Id hl.(opoint) ;set out pointer 
4787 FECE 3A FEEA Id a. (ipoint) 
4798 FED! 95 sub I 
4789 FED2 CS ret z ;if data not ready 
4790 FED3 F6 FF -1 
479' FEDS C9 ret 
4792 
4793 Siain - Sio Input Character. 
4794 

~ioinc: call 4795 FED6 CD FEeS Sioist :set input ready status 
4796 FED9 28 Fa jr Z, Sioinc 
4797 FEDS 7E 1d a, (hi) 
479B FEDe 2C lne 1 ;advance out 
4799 FEDD 20 02 j r nz, 5io1 1 
4800 FEOF 2E 00 Id l,low siobuf 
4801 FEEl 22 FEEC Sio; 1: Id (opoint) ,hI 
4802 FEE4 C9 ret 
4803 
4804 FEES 00 status: db 
4805 
4806 FEE6 U 100 botptr: dw Trmbuf 
4807 FEE8 0100 topptr: dw Trmbuf 
4808 
4809 FEEA EFOO ipaint: dw s; abuf 
4810 FEEC EFOO opoint: dw si obuf 
4811 else 
4812 term equ what 
4813 endif 
4814 
4815 if options and a.help 
4816 
4817 He 1 p Key Command. 
4818 
4819 overlay help 
4820 0708 ' c&seg 
4821 
4822 FC55 CO FC3D ca 11 pne)(t 
4823 FC58 42 61 75 64 defb 'Baud <rate> [B/A]' ,cr, If 
4824 FC5C 09 09 3C 72 
4825 FC60 6174653E 
4826 FC64 20 5B 42 2F 
4827 FC68 41 50 00 OA 

m 4828 FC6C 44 75 6D 70 defb 'Dump [start] [end)' ,cr,lf 
4829 FC70 09 09 58 73 

0 4830 FC74 74617274 
W 
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8alcones Operating System for the XE.ROX 820-11 
Terminal I Screen Manager 

4831 FC7S 50 20 58 65 
4832 FC7C 6E 64 50 00 
4833 FeeD o. 
4834 FCBI 47 6F 74 6F 
4835 FC85 09 09 3C 61 
4836 FC89 64 64 72 3E 
4837 FeSD 00 OA 
4838 FCBF 40 6F 64 69 
4839 Fe93 66 79 09 09 
4840 Fe97 3C 61 64 64 
4841 FegS 72 3E DO OA 
4842 FegF 50 72 6F 74 
4843 peA3 6F 63 SF 6C 
4844 FeAl 09 3C 78 6F 
4845 FeAS 6E 3E 20 58 
4846 FeAF 60 73 68 20 
4847 FCB3 76616C50 
4848 FCB7 00 OA 
4849 FCB9 04 
4850 FCBA C9 
4851 
4852 help 
4853 
4854 
4855 
4856 

MACRO-SO 3.44 09-0ec-B 1 

defb 'Gate <addr>' ,cr,lf 

defb 'Modify <addr>, ,cr,lf 

defb • Protoco I <xon> [msk vall',cr,1f 

defb eot 
ret 
else 
equ what 
endif 

subtt 1 Segment Size Information 
page 



» 

I 
x" 
m 

~ 
o 
\II 

Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 
Segment Size lnfor-mat ton 

09-0ac-B 1 

4857 
4858 Top of Overlay AreB. 
4859 
4860 overlay stop 
4861 0771' c's." 
4862 0299 tpamax equ tp.l ;.at length of transient move 
4863 
4864 I; Top of Resident Monttor. 
4865 
4866 below 
4867 DO~O! defs comres 
4868 0418 rbsS8 equ S 
4869 
4870 Top o-f Non Resident Mont tor. 
4871 
4872 above 
4873 0518 ! d&seg 
4874 FC55 restop equ S ;resident top 
4875 Oe55 res len equ S-mont tr ; length of resident monttor 
4876 
4877 update Iclea,- active .agment 
4878 
4879 Top of Burned Rom Set. 
4880 ; 
4881 17E1 romtap equ bl oc"dloc+t lac-mont tr 
4882 
4883 F til Out Unused Rom Space. 
4884 
4885 DeSS" CSBS 
4886 
4887 if (rom+romstz-romtop) gt 0 
4888 0771 ' dets (rom+romstz-romtop) ,-I 
4889 end1f 
4890 
4891 subtt I Resident Monitor System Ram 
4892 pege 



m Balcones Operating System for the XEROX 820-11 MACRO-80 3.44 o Resident Monitor System Ram 
09-Dec-B 1 

.., 
4893 
4894 
489S 
4896 
4897 
4898 FFOO 
4899 FFOO 
4900 FF 1 0 
4901 FF 18 
4902 FF 1 C 
4903 
4904 
490S 
4906 FF20 
4907 FF30 
4908 FF31 
4909 FF32 
4910 
4911 FF33 
4912 
4913 
4914 
4915 FF34 
4916 
4917 
4918 
4919 FF3C 
4920 FF3E 
4921 
4922 
4923 
4924 
4925 FF40 
4926 FFSO 
4927 
4928 
4929 
4930 FFSO 
4931 FFS2 
4932 FFS4 
4933 FF55 
4934 
4935 
4936 
4937 FF56 
4938 FF57 
4939 FF58 
4940 FF59 
4941 FF5A 

~ 4942 FF5B 

"tI 4943 
"tI 4944 
II> 4945 

" 4946 FF5C a. 4947 FFAC ;:e. 
m 

. phas@ ram 

Start of Documented Storage Locations. 

vectab 
s10vec defs 
ctcvec defs 
sysvec defs 
genvec defs 

16 
8 

interrupt vector table starts here 
space for 8 vectors for sio 
space for 4 vectors for ctc 
space for 2 vectors for system pio 
space for 2 vectors for general pia 

k@yboard data input fifo variables 

fo: defs 
fcnt: defs 
fin: defs 
fout: defs 

defs 

16 
1 
1 
1 

More interrupt vectors 

expvec: defs 

console input fifo 
fifo data counter 
fif; input pointer 
fifo output pointer 

; round address 

;space for 4 vectors for sJ(pansion slot 

Available memory pointers. 

avai lb: defs 
availt: defs 

;bottom of avai labia memory 
;top of available memory 

End of documented storage locations. 

defs 16 ; local stack for interrupts 
intstk: 

clock-timer interrupt variables 

M I sec defs 
t kcnt defs 
5 eprt defs 
t mout defs 

One Mi II isecond timer, Enable int on etcl 
16 bit seConds counter (18 hr, 12 min, 16 sec) 
WD 1797 step rate 
time-out, decrements once per second 

Getime entry returns the address of DAY 

day: defs 
month: defs 
year: defs 
hrs: defs 
mins: defs 

dafs 

calendar day 
month 
year-1970 

clock hours 
mi nutes 
seconds 

(01-31 ) 
(01-12) 
( 1970-2225) 
(00-23) 
(00-59) 
(00-59) 

crt output driver variables 

inbuf: defs 
defs 

80 
2 

; I ine buffer & Bcc gold mine 
;cursor pointer 



» 6aleanes Operating System for the XEROX 820-11 MACRO-BO 3.44 OS-Dee-BI 
~ Resident Monitor System Ram 

:> 
Q. 
;C' 
m 

~ 
~ 

4948 
4949 
4950 
4951 
4952 
4953 
4954 
4955 
4956 
4957 
4958 
4959 
4960 
4961 
4962 
4963 
4964 
4965 
4966 
4967 
4968 
496S 
4970 
4971 
4972 
4973 
4974 
4975 
4976 
4977 
4978 
4979 
4980 
4981 
49B2 
49B3 
4984 
4985 
4986 
4987 

FFAE 
FFAF 
FFBI 
FFB2 
FFB3 
FFB4 

FF6S 
FFB7 
FFBS 
FFBB 
FFBD 

FFBF 

FFCB 
FFCC 

FFCD 

FFDO 

FFDO 
FFEO 

FFEO 
FFE2 
FFE4 

FFE6 
0000 

esrchr: defs character used for a cursor 
dircur: defs cursor pointer for direct crt display 
base: defs current contents of scroll register 
leadin: defs state of lead-in sequence handler 
attrib: defs attribute enable 
chrsav: defs character under cusrar 

console monitor prosram variables 

paraml: defs :storage for numbers read 
param2: defs : from I ine input buffer 
param3: defs : by . PARAMS' subrout i ne 
param4: defs ; for command processors 
last: defs ; last address used by 'MEMDMP' 

Configurable parameter address table 

contb I: defs 2*numcon 

spare I: defs :spare configuration byte 
spare2: defs :another spare byte 

spare: defs (ram+ 1 00h-48) -$ : spare ram space 

sparnd: : end of spare 

defs ,. : crt stack 
crtstk: 

rstsp: defs : sp reg; ster on reset 
rsthl: defs :hl register an reset 
rstpc: defs :possible pc from tap of stack 

defs 26 :mon; tor stack 
stack: 

• dephase 

subtt 1 Canso 1 e Messages 
page 
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Balcones Operating System for the XEROX 820-11 MACRO-BO 3.44 09-Dec-B! 
Conso 1 e Messages 

4988 
4989 
4990 
4991 
4992 
4993 
4994 
4995 
4996 
4997 
4998 
4999 
5000 
5001 
5002 
5003 
5004 
5005 
5006 
5007 
5008 
5009 
5010 
SaIl 
5012 
5013 
5014 
5015 
5016 
5017 
5018 
5019 
5020 
5021 
5022 
5023 
5024 
5025 

Conso 1 e Message Macros. 

message macro tellt,hl,h2 
if 1 
. rad; x 16 
pri nt x <text>. %(hl). %(h2- 1), %( (h2) -(hl» 
.radix 10 
endif 
endm 

printx macro tellt,hl,h2,h3 
.printx ... text hI - h2 = h3 ... 
endm 

if romtop ge (rom+romsiz) 
message <$ The ROM set ;s Too big *>,rom+romsiz,romtop 
endif 

if cloc+tpal gt ram 
message <* The TPA set is Too big *>,ram,cloc+tpal 
endif 

message <Non-resident executes >,rom,bJoc 
message <Rom ;s burned up from >,rom,romtop 
message <Unused Rom Space from>, romtop, rom+roms i z-l 
message <Resident Monitor needs>,monitr,rqtop 
message <Space Wasted to Driver>,Wasted,Seltab 
message <Physical Disk Drivers >,Seltab,Dvrlmt 
message <Driver Offset for ZSID>,200h+bloc+Seltab-Monitr,O 
message <1/0 Byte Drivers from >,iobloc,iobloc+iobdvs 
message <Command Processor Area>, rqtop, res top 
message <Transient Overlay ROM >,start,stop 
message <Transient Command Area>,cloc,cloc+tpal 
message <Spare Locat ions in Ram>, spare, sparnd 

subtt 1 The*End 
end ent ry 



Baleones Operating System for the XEROX 820-11 MACRO-80 3.44 OS-Dee-81 » The*End 
"C 
"C Macros: 
/I) ABOVE BELOW BSEG MESSAGE OVERLAY 5.. PH EX PMSG PRINTX SEGMENT SERVI CE 
_. UPDATE 
)C .., 

Symbo J 5: 
0080 F360 .A F362 .B 
F364 .C F366 .0 F368 .E 
F36A • F F36C .G F36E .H 
F370 .1 F372 .J F374 .K 
F376 .L F378 .M F37A .N 
F37C .0 F37E .P 009B ABORT 
F6F2 ADDRH F6f3 ADORL F080 ALLOO 
FDAO ALLOI fOCO ALL02 FDEO ALL03 
FEDO ALL04 FE80 ALLOS FECO ALLOS 
FEED ALL07 0068 ASYNC FFB3 ATTRIB 
FA78 AUTOBT FF3C AVAIL8 FF3E AVAIL T 
0000 B.BSV 0002 B.CD 0004 B.I0 
0001 B.MSG 0006 B. PAR 0003 B.REO 
0007 B. RST 0005 B. SEL 02CE 8AKSPC 
FF61 BASE 1353 8AUD FCSO BAUDI 
FC6S 8AUD2 0000 BAUDA OOOC BAUD8 
0018 ! BBASE 040F BBG 032F BELL 
0331 BELL 1 0028 BELLOf 0029 BELLON 
041B BLOC FC49 BLOCAD 1436 BLOCK 
0061 SlOFC 0061 BLONC 0035 BLTIM 
DOOF BNORV 1188 BOOT FC58 BOOTI 
FC69 BOOT2 FCA3 BOO13 ED80 BOOTBF 
FCDD BOOTD FCDS BOOTER 0080 BOaTlQ 
fCQ4 BOOTS FEE6 BOTPTR FCB2 BRKFLG 
DOAE BRKKEV 0000 BSPACE EE80 BUFTOP 
0004 C.8IN 0004 C. FIVE 0007 C. FLAW 
OOCO C. FLPY 0004 C. FMAT 0006 C. FTRK 
OOOC C.INIT 0007 C. KEvM 0008 C. READ 
0001 C. RECAl 0003 C. RQSN 0002 C .RSVN 
0006 C. SASI 00 DB C. SEEK ODED C. TRAM 
0000 C. TROY 0005 C. TWO 0005 C. VTRK 
OOOA C .WRIT ODDS C. WRPR F31E CCA 
F323 CCA 1 F324 CCA2 OOAF ccs 
OOBI CCSI F57A COD F5B4 COOO 
F5S2 COOl F59B C002 0108 CFINIT 
F6AS CFT F6A91 CfTA FBOE CHECK 
FOOD CHKOO F020 CHKOI F040 CHK02 
F060 CHK03 0000 CHK04 0000 CHKDS 
0000 CHK06 0000 CHK07 03F5 CHRDEL 
03EA CHRINI 03FO CHRIN2 03DC CHRINS 
0034 CHROMI 0035 CHROM2 FFB4 CHRSAV 
FC55 CLOC 0350 CLRI FD21 ClRBRK 
OOlA CLRCHR 0344 CLREOL 0361 CLREOS 
0341 ClRUN OOIA ClRS 0365 ClRSl 
037A CLRS2 0357 CLRSCN 0036 CMDSIZ 
FAD8 CMOTAS F767 CNFDPB FOOD COLD 
F775 COMINP F770 COMINS F788 COMOTS 
F77F COMOUT 0518 COMRES 0518C COMROM 
FOSI CONFG FOBB CONFIG F009 CONIN 
F790 CONIOB FOOC CONOUT FOD6 CONST 

~ 



" 8elcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dec-B1 N 
The·End 

FFBF CONTBl 0230 CONTRl F723 CPS 
F731 CPSI F736 Cpe2 F759 CPB3 
0000 CR , Fe36 CRLF 0030 CRTBAS 
0182 CRTDI 0196 CRTD2 0199 CRTD3 
0162 CRTD4 0169 CRTaVR F2A3 CRTLDIR 
3CaO CRTMAX 3000 CRTMEM f2E7 CRTMV 
F2E9 CRTMVO F296 CRTOF 1 F293 CRTOFF 
F29C CRTON F299 CRTONI F2Fl CRTOUT 
FFEQ CRTSTK 003C CRTTOP 0000 CSPACE 
FFAE CSRCHR 0018 CTC 0018 CTeo 
0019 CTCl aOIA CTe2 0018 eTC3 
FF10 CreVEe 0036 eTLSIZ 0254 eTl TAB 
FFAC CURSOR F8D7 CWP FF56 DAV 
F039 DAVTI FOB6 DAVTIM FOES DBL 
F6f5 OCTRL 0000 OEBUG 02C5 DEFCUR 
FSEA OEFLPV F6ES DEFLUN 0017 DELLIN 
FeeD DIRBUF FFAF OIRCUR DlF3 DISt 
01F2 DISATR FDe2 DLN FOC7 DLNI 
FaCE DL.N2 FOO2 DLN3 FDEI OLN4 
FC55 Oloe FC23 DMPFMT 02E7 ONeSR 
F072 DOC F490 DPB50 F470 DPBSS 
F4S0 DPBSO F430 DPB8S F390 DPBASE 
OOOA OPBOFS F470 DPBRG4 F480 OPBRG5 
F490 DPBRG6 F4AO DPBRG7 F1Fl DPM 
F380 DRVTAB FC76 DSKO FC7B DSKl 
FCAO OSK3 1367 OSKCMO F4BO DSKOVR 
FCAC DSKERR 03EF DSM4 01EF DSMS 
OOEF DSM6 OOEF DSM7 0000 DSPACE 
F632 DSW FDBl DTL F6DS OTVPE 
FB8F DUMP FB98 DUMP2 FBB4 DUMP3 
FBDl DUMP4 FA08 DVRLMT FDOS EATKEv 
FC27 ECHO F69B ECR FOA2 EIRET 
01EF ' ENATR OOOO! ENTRV 0004 EDT 
00C4 ERR OOBC ERRl OOCl ERR2 
OOCC ERR3 0004 ERRMl DODD ERRM2 
0009 ERRML 0018 ESC 0298 ESCAOR 
0280 ESCAPE 028A ESCTA8 0011 ESCTBL 
FF34 EXPVEC 0000 FALSE 0000 FALUN 
F2FE FASTCRT 0001 FBLUN 0000 FCLUN 
P002 FDLUN FF30 FIFCNT FF3l FIFIN 
FF20 FIFO FF32 FIfQUT 1428 FILL 
FC59 FILL 1 F6F6 FIRST F70B FIRSTl 
F721 FIRST2 F4BO FLOPl F40E FLOP2 
F4F2 FLOP3 f4FC FLOP4 F506 FLOPS 
F6EF FLPFRM 0005 FM.OD 0007 FM.DDDS 
DOAD FM.DDSS 0004 FM.DS 0006 FM. FV 
0080 FM. HARD 0001 FM. SODS 0000 FM. SDSS 
0002 FM.SZ 0007 FM.UN 0003 FM.WR 
0001 FMDD 0006 FMDDSS 0000 FMDS 

~ OOlF FORCE 0204 FORSPC F61A GCA 

"0 F626 GCAO F634 GCAl F63F GCA2 
"0 F627 GCAA FESO GCP FE61 GCPl 
." FF1C GENVEC FBOA GETHEX FB2C GETHLP 
::> FB37 GETLIN F097 GETSEL FB38 GLINt 
Q. FB50 GUN4 FBDf GNUMl feE4 GNUM3 ;CO 

F3t9 GOLD 120B GOTO 0009 GPIQCA 

" 



> Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-0ec-81 
1:> The*End 
1:> 
~ 0006 GPIOCB 0008 GPIODA DODA GPIODB :l 1778 HELP DOlE HEL.PKEV FBF3 HEXBIN Co 
;CO FA3C HOME 02e9 HOMEUP ODIE HOMSCR 

FF59 HRS F649 ICC F643 ICeS 
.." F64D ICeS! F066 IDLE FC5A IN! 

FC61 IN2 Fe77 IN3 FC79 IN. 
l3CA INeMO Fl37 INDEX 0016 IN5LIN 
OOE6 INTAB FF50 INTSTK 1128 IOBDVR 
0080 IOBOVS F770 IOBL.OC 0003 IOBVTE 
F7AF IOCON! F796 IaCONO F7A3 JOCQNS 
F7B8 rOL.IST f7ee IOLSTS FEEA IPOINT 
F643 ISC FADS JPIX COIF KBDCTL 
ODIE KBODAT FODS KBDIN FODS KBOIN1 
FOCo KBOST FOE2 K8MA$K 0082 KONLIN 
F162 KEY! FI67 KEV2 F 17F KEV3 
F184 KEV4 FlaF KEYS F 140 KEV$RV 
0081 KUPLIN FFBD LAST F5FO LASTFM 
FEDe LBL FE2f LBL 1 FODS LCP 
FOlD LCPl FD30 LCP2 FD52 LCP3 
F049 LCPA FD4B LCPB F2B3 LOIR! 
F2B5 LOIR2 f2C4 LDIR3 0418 LDIRX 
FFB2 LEADIN aOOA L' 02F7 LFEED 
FFSC LlNBUF 0388 LINDl 039E LIND2 
039F LIND3 037C LINDEL 0387 LINIl 
03CO L!NI2 03CO LINI3 03A4 LININS 
008A LOCALF 0036 LOWLITE F333 LSTATT 
F089 LTL F6Fl LUN 0800 LX1984 
021C M3TST 022B M4TST 0232 MSTST 
FOE3 MASK FB22 MDATA FCSB MDMPl 
FCSE MDMP2 FC63 MDMP3 FC69 MOMP3A 
FC71 MDMP3B 12F2 MEMDMP F236 MILO 
F246 MILOl F2S0 MIL02 F258 MILL 1 
F26S MILL2 F278 MILL3 F27C MILL4 
F27E MILLS F281 MILLS F1FD MILL! 
'FFSO MI LSEC FF5A MINS FSAF MLU 
01DF MODE OlE 1 MODEl FOOD MONlTR 
FF57 MONTH ODES MOVLN FSC2 MP. 
FSD7 MPAl FSDA MPA2 FSE6 MPA21 
FSE9 MPA22 F606 MPA3 F610 MPA4 
F613 MPA5 F5S9 MTRADR 01B4 MUL TI 
FSF4 NBLK 0066 NMI 02CO NOND 
0040 NT< 0020 NT' 0010 NT6 
0010 NT7 0028 NTRK5 0040 NTRK8 
F13F NULINT ooos NUMCON F502 NUMUNT 
4000 o .AUTO 0400 o .BAUD 0800 o .DDVR 
0020 O.DISK 0010 O. ESCT 0004 O.FILL 
2000 O.HELP 0200 O.INPC 0002 O. Move 
0100 O.OUTC 1000 O. PROT 0040 O. RAMT 
8000 D.RESV 0001 O. TERM 0008 O. TYPE 
0080 D.VERF F6FO OPCOOE FEEC OPOINT 
BFFF OPTIONS 13Fl aUTCMO FE9S OUT CRT 
F288 aUTCUR FC20 OUTPUT 0007 P.ACKN 
0000 P .AUTO 0006 P .ONLN 0005 P.RDYI 
0004 P .ROYO 0002 P. STRB F59F P2L 
Feso PARAO FB6C PARA 1 FB71 PARA2 

.." FB76 PARA4 FFBS PARAMl FFB7 PARAM2 
W 



~ Balcones Operating System for the XEROX 820-11 MACRO-SO 3.44 09-Dec-B 1 
The*End 

FFB9 PARAM3 FFBB PARAM4 FBSF PARAMS 
DOOF PASSe FADE PHVCMO FA 15 PHVOMA 
FAIO PHVDRV FA 13 PHV$EC FA 11 PHVTRK 
fA-OF PHVUNT F7FO PIOI 0010 PIOAD 
0011 PIOAS 0012 PIOBD 0013 PIOBS 
F7CC PIGOUT F7F4 PIQSTO FCBI PKI 
Fee9 PKII FCDF PKI2 FeF3 PKI3 
FCF6 PKI4 FCfE PK15 FODe PKI6 
FODE PK17 F014 PKIB FOIS PKI9 
fC3D PNEXT FE7S PORTS F04Q PRC 
FAAC PRMT1 FA52 PROMPT Fces PROTI 
FeSF PROT2 1459 PROTO 0000 PRS 
0002 PRS1 0038 PRS2 0061 PRS3 
0070 PRS4 aOAC PRSS F339 PRVATT 
FelS PUT2HS FCD3 PUT2HX FB29 PUT2J 
FCIS PUT4HS Feae PUTNIB FFOO RAM 
0416 RBASE FE6E RCP FE73 RCPA 
F647 ROC F6DS ROID F61S RDIDI 
FSDe ROONLY F4E7 ROOP FA4A RQWR 
F4FE RDWRA F4F6 ROWRS FA4S READ 
F641 RECAL F6E9 RECLUN F 130 REMOVE 
F6AO RESET OC55 RESLEN F07C RESTART 
FC55 RESTOP FIEF RETINS 02F2 RETURN 
FOAl RETV1 FOgA RETVAL FSF6 RETZR 
0191 REV F1E9 RFI EEOD RQOBUF 
0003 RGLUN F6E8 RGRECAL F708 RIGOPB 
OOB2 RMTALF 00B1 RMTTOG 0000 ROM 
1800 ROMSIZ 17fl ROMTOP FADe RQTOP 
F5F8 RSE F603 RSEI F332 RSTATT 
FFE2 RSTHL FFE4 RSTPC FFEO RSTSP 
0001 RTK4 0041 RTKS 0061 RTK6 
0071 RTK7 1800 RX 1984 0005 S.AUTOL 
0004 S. AUTOR 0007 S. LECHO 0006 S.RECHO 
F4BO SA 1403 F4CO SASO F4B2 SASOA 
F4F3 SASI F4F6 SAS2 0012 SASIC 
0010 SASID 0300 SASIDL 0012 SASIS 
F470 SASSTR FIEC SAVSTK 0014 SCROLL 
009E seRPRT 01C3 SEARCH F4E6 SECLEN 
FFSB SECS FA3E seEK F50E seEKO 
FSE8 SEEKI F5EO SEEK2 F5EF SEEK3 
FSA3 SEEKX 0518 ! SEGA FSB9 SEKO 
F5C4 SEK 1 FA39 SELl FS7B SEL lW 
FSBS SEL2 FS91 SEL3 FS98 SELDEN 
F596 SELDNS F510 SELEC FAl7 SELECT 
FSOB SELER 1 F42A SELERR F360 SEL TAB 
FA5A SEL TBL FS44 SELUNT 0104 SETBLI 
Fe2C SETeRK 021F SETCOL FOA4 SETCON 
F284 SETCUR 0100 SETGRA 0109 SETINV 
OlCF SETLOW OlF7 SETMSK F337 SETPRV 

l- 0210 SETROW 0205 SETXY 0209 SETXVl 

"C FC73 SIGNI FCBI SIGN2 Fcee SIGN3 

"0 FC9E SIGN3A FCA6 SIGN4 FC55 SIGNON 
II> F6CE SI. EFOO SIOBUF 0006 SIOCPA 

'" 0007 SIOCPS 0004 SIODPA 0005 SlOOPS 
Co FEEl SIOIl FOFO SIOIN FOED SIOINl 
;c' FED6 SIDINC FE7F SIOINP FE77 SIOINS 

" 



» 6alcones Operating System for the X.EROX 820-11 MACRO-BO 3.44 09-Dee-8! 
"0 The*End 
"0 
/D FEes SIOtST FlOC 51 OMSK FE90 SIOOT :l 
Q. FE9! SIDOTI FOFS SIOOUr FEA7 SIOPL 
;C' FEBC SIQPL 1 FEes SIOPL2 FEes SIOPL3 

" 
FIl3 SIDROI FI29 SIOR02 F 12C SIOR03 
FE8A SIDRQT FIGS SIORDY FOES SIOST 
FIDE SIOVAL FFOO Slovec FOF9 SIOXI 
0031 SlDDEN FADe SLERR 0030 SL$DEN 
F6SA SMF F6GD SMFO F67S SMFOA 
F693 SMFI F6A3 SMF1A F6SC SMFIB 
F66E SMF2 F604 SMF4 FSDI SMFA 
FSOE SMF$ F530 SMFSI F548 SMFS1A 
F550 SMFS2 F559 $MFS3 F573 SMFS4 
F53D SMF$A 0301 SMP FD4C SNDLOC 
FD5F SNORMT FOO2 SOFT FOB9 SOFTY 
F602 SOM F6D4 SCMI FelE SPACE 
F20E SPAcr F220 SPADDR FFCD SPARE 
FFCB SPARE 1 FFCC SPARE2 FFOQ SPARND 
F224 speNT F500 SSELEC FOBF SSP 
0000 STACK 1070 START FEES STATUS 
F610 STe F644 STEPR FF54 STEPRT 
17E1 STOP F66E STPADR 02Cl STUFF 
FCEE SWAP FCFB SWAPI 0069 SYNC 
0010 SYSCTL ODIC SYSPIQ FF 18 SYSVEC 
031 F TAB F65F TO! F656 TOO 
14E2 TERM FCSE TERM! FC6S TERM2 
FCA3 TERM3 13FB TEST FCSE TESTI 
FC61 TEST2 FC6D TEST3 FF52 TIKCNT 
F 192 TIMER FIBI TIMERl F1B9 TlMER2 
F I ES TIMER3 0006 TIMOU FF55 TIMOUT 
0771 TLOC FEES TOPPTR 0299 TPAL 
0299 TPAMAX F6FF TRKTBL 0100 TRMBUF 
EFOO TRMSTK FSED TRNS F410 TRN6 
FFFF TRUE FS39 TTe FS3A TTCA 
FC5E TYPO FC90 TYPI FCA4 TYP2 
1477 TYPE DOFF TYPTOG 02DC UPCSR 
F04S USRSEC F31B USRSTK FFOO VECTAB 
1443 VERCMO FC5E VERFI Fe66 VERF2 
1315 VIEW FCSS VIEWO FC6F VIEW! 
FC89 VIEw2 FC8A VIEW3 FC8E VIEW4 
FC90 VIEWS f003 WARM F3SF WASTED 
FS69 wee 0010 W01797 DOlO WOCR 
0031 WOO~ 0013 WOOT 0030 WOSO 
ODIC WOSL 0012 WDSN 0010 WDSR 
0011 WDTR fS87 WFR F69A WFRI 
F69S WFRA FAC9 WHAT FE41 WLP 
f648 woe F64D WOCI F650 woe2 
FA44 WRITE FE34 WUP DODO! XCKS 
0008 ! XCKSI 0013 XOFf FI20 XOFFLG 
0011 XON FIlS XONENB F344 xaOVR 
FASI XQPHY$ FS08 XSELERR FFS8 YEAR 
EE7D Z. BAUA EE.7f Z. eAUB EE7F Z.lOBT 
fE62 Z. KEYM EE5F Z. SCRA EE63 Z. SIQA 
EE6D Z. SlOB EE77 Z. SIaM EE79 Z. SlaV 
EE60 Z. STPR EE78 Z. XONP 

" U1 

No Fatal error{s} 



." 2433# 2450# 2450 2450 2450# 2450 2460# 2460 2460 2460_ 2460 2470' 
0'1 2470 2470 2470_ 2470 2480# 2480 2480 2480# 2480 

.A 1756# 

.6 1757# 

.c 1758# 

.D 1759# 

.E 1761# 
• F 1762# 
.G 1763# 
.H 1764# 
.1 1766# 
.J 1767# 
.K 1768# 
.L 1769# 
.M 1771# 
.N 1772# 
.0 1773# 
• P 1774# 
ABORT 96# 815 
ABOVE 177# 562 661 1701 1737 2415 3126 3142 3237 4872 
AODRH 2852 3035# 
AOORL 3036# 
ALLon 1803# 1820 
AlLOl 1804# 1825 
ALLD2 1805# 1830 
ALL03 1806# 1835 
ALLD4 1807# 1840 
ALLOS 1808# 1845 
ALLOS 1809# 1850 
ALL07 1810# 1855 
AS¥NC 73# 526 
ATTRIB 1179 1266 4952# 
AUTOBT 3251# 
AVAI LB 446 4919# 
AVAILT 4920# 
B.SSY 2514# 
B,CD 2516# 2943 
B.IO 2518# 
B.MSG 2515# 2922 
a,PAR 2520# 2940 
a.REQ 2517# 2938 
B.RST 2521# 2978 
B.SEL 2519# 2871 
BAK$PC 1345 1445# 
BASE 1132 1496 1508 1564 1571 1592 1623 4702 4950# 
BAUD 3303 4047# 
BAUDl 4053 4055# 
BAUD2 4057 4059# 

» 
""0 
""0 .. 
~ 
Co ;C • 
." 



» BAUQA 45. 523 3941 4056 
'1:1 BAUDS 54. 507 3943 4058 4335 
'1:1 SBASE 243 263# 266 
ID BBG 1503 1588 1616 1692# :l 
Q. BEL.L 1344 1529# 

;C' BELLI 1530# 1537 
BEL.LOF 66. 1533 .... BEL.LON 67# 1530 
BELOW 171# 269 1162 4866 
BLOC 227# 271 563" 1164 1702# 3572 3663 3787 3958 3977 4003 4041 

4073 4135 4170 4190 4233 4254 4273 4299 4327 4387 4820 4861 
486B 4873# 4881 

SLOCAO 3554# 4259 4278 
BLOCK 3304 4254# 
BlOFC 102# 1534 
BLONC' 101# 1531 
BLTIM 100# 1529 
BNDRV 1742# 1743 1144 1744 
BOOT 3302 3313 3787# 
eOOTl 3790# 3795 
BOOT2 3793 3801# 
800T3 3825 3834' 
BOOTBF 35. 132 3150 3834 3838 3902 3907 3910 
800TO 3803 3863# 
BOOTER 3808 3861# 
BOOTlO 34. 3837 3853 
SOOTS 3823 3855# 3899 
BOTPTR 4586 4595 4643 4652 4658 4662 4806# 
BRKFL.G 4457# 4511 4513 
BRKKEV 4402# 4509 
BSEG 191# 23. 270 1163 4867 
BSPACE 231# 270 270 270' 563 563 563# 682 682 1163 1183 1183' 

1702 1702 1702# 1738 1738 2416 2416 3127 3127 3143 3143 3238 
3238 3572 3572 3663 3663 3787 3787 3958 3958 3977 3977 4003 
4003 4047 4047 4073 4073 4135 4135 4170 4170 4190 4190 4233 
4233 4254 4254 4273 4273 4299 4299 4327 4327 4387 4387 4820 
4820 4861 4861 4867 4867 4867' 4873 4873 4873# 4878 4878 

BUFTOP 4410, 4679 4697 
C.BIN 2008# 2147 2187 2327 
C, FIVE 80_ 3593 3596 
C. FLAW 2547# 
C .FLPV 2556# 3028 
C,FMAT 2544# 2887 
C. FTRK 2546# 
C.INIT 2552# 
C. KEVM 78. 
e. READ 2548# 2605 2747 3015 
C. RECAI.. 2541# 2862 3025 
C. RQSN 2543# 

:!] 



." C. RSVN 2542# 
CO C. SASI 79' 3601 

C. SEEK 2551# 
C. TRAM 2573# 
C. TROY 2540# 
C. TWO 2009# 
e. VTRK 2545# 
C,WRIT 2550# 2603 2633 
C. WRPR 2549# 
CC' 957 1131# 1298 1615 
eCAI 1134# 1646 
CCA2 1135# 1136 1643 
CCS 328 359 370# 
ceSl 371# 378 
COO 2691 2740# 
CODa 2743 2745# 
COOl 2750# 2753 
COD2 2751 2754# 
CFINIT 437# 443 
CFT 2876 2935 2957# 
eFTA 2959# 2960 3054 
CHECK 3330# 4035 4214 4282 
CHKOO 1794# 1820 
CHKOI 1795# 1825 
CHK02 1796# 1830 
CHK03 1797# 1835 
CHKQ4 1798# 1840 
CHK05 1799# 1845 
CHK06 laoo# 1850 
CHK07 1801# 1855 
CHRDEL 1398 , 672# 
CHRIN1 1661# 1665 
CHRIN2 1660 1666# 
CHRINS 1400 1652# 
CHROM 1 70' 1249 
CHROM2 71. 1242 1246 
CHR$AV 1168 1194 4953# 
CLOC 366 3268 3570# 3572 3572 3573 3663 3663 3663 3663 3664 3778 

3787 3787 3787 3788 3958 3958 3958 3958 3959 3977 3977 3977 
3978 4003 4003 4003 4004 4047 4047 4047 4048 4073 4073 4073 
4074 4135 4135 4135 4136 4170 4170 4170 4171 4190 4190 4190 
4191 4233 4233 4233 4234 4254 4254 4254 4255 4273 4273 4273 
4274 4299 4299 4299 4300 4327 4327 4327 4328 4387 4387 4387 
4388 4820 4820 4820 4820 4821 4861 4861 4861 4862 4867 5007 

ClR 1 1554# 1556 
CLRBRK 4459 4512# 
CLRCHR 4392# 
CLREOL 1361 1397 1546# 1569 
CLREOS 1354 1396 1569# 

~ 
"0 
"0 
ID 

" Q. 
;:C' 
." 



» CLRLlN 1504 1542# 1580 1607 
'0 CLRS 90, 3618 4337 4427 
'0 CLRS! 1571# 1581 
ID CLRS2 1578 1582# 
~ 
Q. CLRseN 1363 1410 1562# 
;CO CMOSI Z 3328# 

CMOTAB 364 el26D 3301# 3328 
"T1 CNFOPB 3057 3062 3075 3116# 

COLO 564# 
COMINP 595 3677# 3679 3725 
COMINS 594 3670# 3711 
COMOTS 597 3665 3693# 3744 
COMour 596 3685# 3686 3708 3734 
COMRES 234# 240 267# 270 563# 1163 1702# 4867 4873# 
COMROM 240# 270# 1163# 4867# 
CONFG 623# 3580 
CONFIG 584 620# 
CONIN 567# 3437 3440 3525 3656 4013 4147 4366 4460 
CON loa 3701# 3707 3716 3724 
CONour 568# 3430 3433 3511 3528 3548 4014 4360 4363 4368 4373 
CONST 566# 3435 3654 4364 4448 
CONTBl 436 655 4965# 
CONTRl 1191 1325# 
CP8 3060 3074# 
CPSI 3077 3081# 
CPB2 J083# 3093 
CPB3 3102# 31'3 
CR 86' 995 3244 3252 3353 3361 3386 3388 3438 3441 3537 3629 

3635 3643 3650 3792 3794 3796 4007 4026 4028 4150 4354 4361 
4369 4443 4538 4544 4550 4556 4827 4832 4836 4841 4847 

CRt-F 3282 3341 3443 3536# 4090 4142 
CRTBAS 40, 1137 1465 1477 4708 
CRTDI 1179# 1315 
CRT02 1173 1178 1191# 
CRT03 1186 1190 1192# 
CRTD4 1203 1206# 
CRTDVR 1117 1167# 
CRTLDIR 581 1041# 3852 4089 
CRTMAX 39' 41 308 
CRTMEM 38, 39 40 305 307 308 38S 426 428 1562 
CRTMV 1045 1077# 
CRTMVO 1071 1073 1078# 
CRTOFI 1020# 
CRTOFF 832 1018# 1078 1119 3278 3576 
CIHON 940 l() 10 1027# 1044 1115 3275 
CRTON 1 1022# 1030 
CRTOUT 568 1091# 
CRTSTK 1042 1110 4975# 
CRTTQP 41# 1467 1475 

Jl 



... CSPACE 232# 270 563 563 692 692 1163 1163 1702 1702 1738 
0 1738 2416 2416 3121 3127 3143 3143 3238 3238 3572 3572 3572# 

3663 3663 3663# 3663' 31B7 3787 3787. 3787' 3958 3958 395S1 3958,. 
3977 3977 3977# 3977. 4003 4003 4003" 4003# 4047 4047 4047f1 4047' 
4073 4073 4073" 4073# 4135 4135 4135# 4135_ 4170 4170 4170" 4170' 
4190 4190 4190# 4190# .4233 4233 4233# 4233# 4254 4254 4254# 4254" 
4273 4273 4273# 4273_ 4299 4299 4299' 4299# 4327 4327 4327' 432U 
4387 4387 4387. 4387# 4820 4820 48201' 4820# 4861 4861 4861. 4861. 
4867 4867 4967# 4873 4873 4878 4878 

CSRCHR 1195 ~ 317 1320 4948" 
CTC 57# 
CTca 5B. 47. 
CTCI 59' 4BO .75 991 
CTe2 60_ 494 
CTC3 61# .99 
creVEe 409 47B 4900# 
CTLSIZ 1370" 
CTLTAB 1330 1342" 1370 
CURSOR 425 1167 1192 4703 494711 
CWP 2617 3004' 
OAV 615 4937# 
DAYTI 583# 2089 3052 
QAVT{M 593 615 .. 
O"L 4477 4640, 
DCTRL 2683 2735 3038, 
DEBUG 25# 2. 30 123 12" 
DEfCUR 1342 1434' 
DEfLPV 2837 3028' 
OEfLUN 2785 2828 3029' 
DELLIN 4391' 
DIRBUF 1793# 1819 1824 1829 1834 1839 1844 1849 1854 
DIRCUR 1005 1011 1014 4949# 
0151 1266' 
DISATR 1265' 1412 
OLN 4609' 4646 
DLNl 4613' 4615 
DLN2 4614 4616' 
OLN3 4620' 4635 
DLN4 4624 4630' 
DLoe 228# 564 682' 683 1163' 1703 1738# 1739 2416# 2417 3123_ 3123 

3124 3127# 3128 3143_ 3144 3238# 3239 3572' 4874 4878# 4881 
QMPFMT 3417 3419 3421 3515' 
ONeSR 1472' 1495 1579 
ooc 4533 4537 4543 4561' 
DPS5D 1943' 
DPB5S 1923# 3603 
OPB80 1901# 
OPS8S 1882# 2388 2727 
DPBASE 1817# 2100 2677 3099 

> 
"U 
"U 
10 
::I 
Q. 
;CO ... 



> OPBOFS 2011# 2109 
"0 DPBRG4 1839 2450# 3095 3100 
"0 OPBRGS 1844 2460# /I) 

OPBRGS 1849 2470" :::I 
0.. OPBRG7 1854 2480" 

;:e" DPM 874 905# 
ORVTA8 1720 1782# on DSKO 4080 4092" 
aSK 1 4078 4095" 
aSK3 4113 4115# 
DSKCMD 3319 3324 4073# 
OSKDVR 1783 2018# 3048 
DSKERR 4109 4120# 
DSM4 2450# 2452 2453 
DSM5 2460# 2462 2463 
DSM6 2470# 2472 2473 
DSM7 2480# 2482 2483 
OS PACE 233# 270 563 563# 682 682# 682# 1163 1163# 1702 1702# 1738 

1738# 1738# 2416 2416# 2416# 3127 3127# 3127# 3143 3143# 3143" 3238 
3238# 3238# 3572 35721 3663 3787 3958 3977 4003 4047 4073 4135 
4170 4190 4233 4254 4273 4299 4327 4387 4820 4861 4867 4873 
4873# 4878 4878# 

OSW 2169 2270" 
oTL 4489 4600# 
DTYPE 2324 2384# 
DUMP 3412# 3447 3996 4118 
DUMP2 3416# 3425 
DUMP3 3429# 3434 
OUMP4 3436 3443# 
DVRLMT 3129# 
EATKEV 3654# 3657 
ECHO 3357 3525# 4006 4025 
ECR 2915 2920 2923 2925 2949# 
EIRET 641# 
ENATR 1263# 1411 
ENTRV 241# 264 5025 
EDT 84# 3246 3296 3337 3376 3537 3546 3652 3867 3930 4123 4354 

4444 4472 4484 4641 4724 4849 
ERR 383 385# 
ERR 1 318 320 382# 
ERR2 329 384# 
ERR3 388# 391 
ERRM1 382 394# 400 
ERRM2 384 397# 
ERRML 385 386 400# 
ESC 89# 3619 3926 3928 4339 4429 4472 4484 4641 4722 
ESCAOR 1396# 
ESCAPE 1364 1422# 
ESCTAB 1222 1377# 1394 

~ 



::!) ESCTBL 1223 , 394# 

'" 
eXPVEC 4915# 
FALSE 23. 25 
FALUN 2525# 2762 2764 
FASTeRT 569 J096 1109# 3710 3738 4082 4755 
FaLUN 2526# 2763 
FeLUN 2527# 
FOlUN 2528# 2765 
FI FeNT 417 6B9 769 B14 4907# 
FIFIN .23 490B# 
FIFO 714 4906# 
FIFOUT 711 4909# 
FILL 3307 4233# 
FILL 1 4238# 4244 
FIRST 2669 3045# 3050 
FIRST} 3057# 3066 
FIRST2 3061 3069# 
FLOP1 2025# 20ao 
FLOP2 2042 2046 2048# 
FLOP3 2060 2063' 
FLOP4 2069# 2072 
FLOPS 2029 2035 2075# 
FLPFRM 2836 3031 .. 
FM.Do 2001# 2003 2370 2391 
FM.DODS 2588# 2702 2765 
FM.DOSS 2003# 2325 
FM.OS 2000# 2379 
FM.FV 2002# 2329 2394 
FM.HARD 2569# 2766 2767 276B 2769 zeDS 3005 
FM. SODS 2566# 2763 
FM. sass 2565# 2762 
FM. sz 2562# 2705 
FM.UN 1999# Z003 2366 2367 2371 
FM.WR 2563# 
FMDO 2561# 2703 2709 
FMODSS 2567# 2764 2807 
FMOS 2560# 2686 2817 
FORCE 4394# 4626 
FQRSPC 1349 1453# 
GCA 2860# 2889 
GCAO 2864 2866# 
GCAl 2873# 2877 
GCA2 2875 2878# 
GCAA 2866 2867# 30S5 
GCP 4469 4481 4702# 
GCP1 471'# 4712 
GENVEC 4902# 
GETHEX 3395 3456# 
GETHLP 3351# 3359 

l> 
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» GETLIN 3249 3356# 
"g GETSEL 592 630. 
"g GLINl 3357. 3369 3380 
", GLlN4 3364 3373. :s 
Q. GNUM, 3459# 3469 
;CO GNUM3 3464. 

GOLD 1122# 1170 1276 1318 1498 1666 1682 .., 
GOTO 3308 3958. 
GPIOCA 51# 531 
GPICCe 53' 536 
GPIODA 50. 3755 
GPIODS 52# 5" 3756 3758 3760 3768 
HELP 3301 4820. 
HELPKEV 94. 3358 3526 
HEXBIN 3467 3476. 4016 4029 
HOME 574 3186# 3820 
HOMEUP 1367 1440. 
HQMSCR 4393. 4472 4484 
HR5 4940. 
ICC 2293 2298. 
Ices 2622 2748 2838 2886# 2986 
IceSl 2891. 2894 
IDLE 598# 702 722 732 2305 2957 
INI 4142# 4159 
IN2 4145. 4149 
IN3 4151 4156# 
IN4 4153 4158. 
INCMQ 3310 4135. 
INDEX 772# 924 
IN5LIN 4390. 
INTAB 330 404. 
INTSTK 796 841 922 4926. 
IOBDVR 3663. 3848 
Ioaovs 447 3775. 3778 3850 
IOBlOC 447 2413. 3666 3775 3849 
IOBVTE 33' 370 1 3732 3742 3898 3949 
IOCONI 590 3724. 
IOCONO 591 3707. 
IOCaNS 589 3716. 
IOLIST 592 3732' 
IQLST$ 593 3742# 
IPOINT 4770 4778 4787 4809# 
ISC 2218 2291# 2344 2363 
JPIX 3289 3299# 3970 
KBOCTL. 65' 469 
KBOOAT 64. 349 800 
KBDIN 567 703# 3727 
KBDIN1 7021 704 
KBOST 566 689# 703 3719 

~ 

'" 



." K8MASK 708# 3681 

~ KONLIN 4397# 4479 
KEV1 806 812# 
KEV2 803 814# 
KEY3 .,6 827# 
KEv4 829# 831 
KEVS 811 .'3 821 .26 834# 
KEVSRV 406 794# 
KUPL.IN 4396# 4467 
L.AST 3983 3997 4961# 
LA5TFM 2684 2831# 2832 2952 
LBL 4488 4657# 
L.8L.1 4667 4672# 
Lep 3847 3897# 
L.CPl 3903 3908# 
LCP2 3915 3918# 
LCP3 3933# 3939 
L.CPA 3922 3927# 
LCPB 3924 3929# 
LOIRl 1047# 1075 
L.DIR2 1046 1048# 
LDIR3 1053 1055# 
LDIRX 1684 1695# 
L.EADIN 1171 1325 4951# 
LF 85' 993 3244 3537 3629 3630 3635 3643 3650 4354 4362 4371 

4400 4443 4542 4554 4569 4575 4827 4832 4837 4841 4848 
LFEED 1189 1347 1489# 
LINBUF 1057 1065 1693 3247 3251 3283 3352 3354 3789 4076 4111 4580 

4672 4946# 
L.INOl 1593# 1603 1605 
L.IND2 1595 1606# 
L.IND3 1607# 1638 
LINOEL. 1399 1587# 
LINIl 1624# 1635 
L.INI2 1627 1629# 
LINI3 1625 1636# 
LININS 1401 1613# 
L.OCALF 4400# 4499 
1.0WL.ITE 72# 1239 
LSTATT 1147# 1154 
LTL 4476 4574 4580# 
LUN 2784 3034# 
LX19B4 32. 35. 361 
M3TST 1288 1300# 
M4TST 1301 131211 
M5TST 13·13 1317# 
MASK 620 709# 1174 1274 
MDATA 3333 3341# 4005 
MDMPl 3983# 

l> .., .., .. 
" a. ;CO .., 



l> MDMP2 3980 3984# 

" MDMP3 3982 3987# 

" MDMP3A 3991# 3993 
m MDMP38 3985 3996# &. MEMDMP 3305 3977# 
_. MESSAGE 4991# 5011 5012 5013 5014 5015 5016 5017 5018 5019 5020 5021 
>< 5022 
-n MI LD 944 953# 

MIlOl 964# 969 
MIL02 968 970# 
MILll 952 975# 
MIlL2 937 982# 
MIll3 989 993# 
MILl4 984 995# 
MILLS 994 996# 
MILL6 932 935 981 998# 
MILL! 410 920# 
MI LSEC 925 927 4930# 
MINS 4941# 
MLU 2609 2670 2778# 
MODE 1247 1250# 
MODEl 1244 1251 # 
MONITR 37# 228 310 354 355 3572 3663 3787 3845 3958 3977 4003 

4047 4073 4135 4170 4190 4233 4254 4273 4299 4327 4387 4411 
4820 4861 4875 4881 

MONTH 4938# 
MOVlN 243 266# 
MPA 2620 2745 2801# 
MPAl 2808 2814# 
MPA2 2812 2816# 
MPA21 2821 2823# 
MPA22 2818 2826# 
MPA3 2835 2840# 
MPA4 2847# 2848 
MPAS 2806 2849# 
MTRAOR 2091 2132 2133# 2152 
MULTI 1211 # 1326 
NBLK 3037# 
NMI 1983# 2261 2264 2280 
NOND 1351 1352 1353 1355 1356 1357 1358 1359 1360 1362 1365 1366 

1424# 
NT4 2428# 2450 2450 
NT5 2429# 2460 2460 
NT6 2430# 2470 2470 
NT7 2431# 2480 2480 
NTRK5 2006# 2190 
NTRK8 2005# 2188 
NUll NT 588 598 778# 
NUMCON 435 443# 648 4965 

::!) 
V1 



.." NUMUNT 2653# 
O.AUTO 107# 128 en O.BAUD 111# 4041 
a .ODVR 110# 123 3783 
O.DISK 116# 124 4066 
O. ESCT 117# 123 128 1218 1341 4338 4428 4471 4483 
O. FILL 119# 125 4229 
O. HELP 108# 4815 
O. !NPC 112# 4129 
O. MOVE 120# 3551 4250 
o ,OUTe 113# 4164 
O. PROT 109# 4295 
D. RAMT '15# 126 4184 
O,RESV 106# 124 
O. TERM 121# 3637 4379 
O. TYPE 118# 3645 4323 
O. VERF 114# 125 3551 4269 
OPCODE 2606 2621 2632 2746 3014 3033# 
OPOINT 4775 4786 4801 4810# 
OPTIONS 123# 124# 124 125# 125 126# 126 128# 1218 1341 3551 3637 

3645 3783 4041 4066 4129 4164 4184 4229 4250 4269 4295 4323 
4338 4379 4428 4471 4483 4815 

OUTCMO 3316 4170# 
OUT CRT 4565 4627 4632 4754# 
aUTeUR 580 1010# 
OUTPUT 3500 3511 # 4222 
OVERLAY 183# 3571 3662 3786 3957 3976 4002 4046 4072 4134 4169 4189 

4232 4253 4272 4298 4326 4386 4819 4860 
P. ACKN 146# 
P. AUTO 151# 542 
P,ONLN 147# 
P,RDVI 148# 
p, ROVO 149# 3770 
p, STRB 150# 542 3757 3759 
P2l 2762# 2778 
PARAO 3383# 3389 
PARA 1 3390# 3403 3405 
PARA2 3394# 
PARA4 3397# 
PARAM1 3286 3397 4099 4957# 
PARAM2 3287 4958# 
PARAM3 3288 4959# 
PARAM4 3969 4116 4960# 
PARAMS 3284 3384# 
PASS8 4389# 
PHEX 2583# 3046 
PHVCMD 3145# 3223 3856 
PHVDMA 3150# 3215 
PHVDRV 3147# 3161 4100 

» 
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» PHVSEC 3149# 3214 

"0 PHYTRK 3148# 3193 3832 
"0 PHYUNT 3146# 

'" PIOl 3762# 3763 a. PlOAD 2502# 2506 
_. PIQAS 2501# ~502 2503 2504 2999 
>< PIOBD 2504# 2507 2508 
'T1 PIOBS 2503# 2975 2977 

PIGOUT 3735 3752# 3753 
prOSTO 3745 3752 3768# 
PKI 4449 4456# 
PKll 4462 4467# 
PKI2 4468 4479# 
PKl3 4478 4490# 
PKI4 4480 4491# 
PKIS 4492 4495# 
PKI6 4496 4499# 
PKI7 4500 4503# 
PKIB 4494 4498 4502 4506# 
PKI9 4504 4509# 
PMSG 2577# 3048 
PNEXT 3243 3292 3334 3374 3536 3542# 3549 3617 3861 3925 4120 4336 

4426 4470 4482 4640 4721 4822 
PORTS 4424 4517 4729 4730# 
PRe 4451 4530# 
PRINTX 4999# 
PRMTl 3267 3281# 
PROMPT 565 3241 # 3253 3290 3297 
PROT' 4302 4312# 
PROT2 4315 4317# 
PROTO 3317 4299# 
PR5 276# 326 392 611 
PRS 1 278# 279 
PR$2 311# 324 
PRS3 331# 340 
PRS4 342# 348 
PRSS 360 368# 
PRVATT 1153# 1155 
PUT2HS 3344 3424 3505# 3971 4144 4146 
PUT2HX 3488# 3503 3505 
PUT2J 3339 3344# 
PUT4HS 3342 3413 3502# 3972 
PUTNIB 3493 3495# 
RAM 36. 355 448 4894 4970 5007 
RBASE 353 4868# 
Rep 4490 4721 # 
RCPA 4716 4723# 
ROC 2018 2149 2225 2294# 2354 
RDID 2234 2243# 2375 

.,., 
:::j 





» 5A$1 2634 2637# 
"g SA$2 2618 2636 2638# 
"g SASIC 2507# 2672 2879 2979 2981 
II> 5A5ID 2506# 2870 2890 
:l SASIDL 3121# 3123 3604 Co SASIS 2508# 2873 2921 2937 ;:co 

SASSTR 2420# 3121 
." SAVSTK 795 840 899# 921 

SCROLL 56' 304 lS09 1565 
$CRPRT 95. 802 
SEARCH 1224# 
SEC LEN 2631# 2801 
SEes 857 4942# 
seEK 575 3192# 
SEEKO 2215# 2227 
SEEK1 2214 2222# 
SEEK2 2221 2223# 
SEEK3 2211 2225# 
SEEKX 2033 2178# 
SEGA 241# 271 # 1164# 4868# 
SEGMENT 199# 270 563 682 1163 1702 1738 2416 3127 3143 3238 3572 

3663 3787 3958 3977 4003 4047 4073 4135 4170 4190 4233 4254 
4273 4299 4327 4387 4820 4861 4867 4873 

SEKQ 2189 2191# 
SEKI 2185 2194 2199# 
SEL 1 3160 3177 3181# 
SEL lW 2151# 2159 2163 
SEL2 2159# 2160 2162 
SEL3 2144 2148 2164# 
SELDEN 2130 2169# 
SELDN5 2168# 2180 
SELEC 2023 20BS# 
SELECT 573 3158# 3811 
SELER 1 2661# 
SELERR 1782 1873# 2087 2105 
SEL TAB 365 630 1713 1754# 3608 3878 
SEL TBL 3162 3231# 
SELUNT 2028 2120# 2322 
SERVICE 785# 794 839 920 
SETBLI 1242# 1405 1407 
SETBRK 4515 4517# 
SETCOL 1302# 
SETCON 586 646# 
SETCUR 579 1005# 
SETGRA 1249# 1406 
SETINV 1246# 1404 
SETLOW 1152 1239# 1403 
SETMSK 1271 # 1408 1409 
SETPRV 1151# 1240 1251 

." 

\D 



"T1 SETRDW 1292# 1441 N SeTXV 1283# 1402 0 
SeTXY 1 1215 1287# 
SIGNl 3591# 3591 
SIGN2 3595 3598# 
SIGN3 3582 3601 # 
SIGN3A 3610# 3615 
SIGN4 3578 3600 3607 3617# 
SIGNDN >69 3575# 
51M 2749 2906 2913 2993# 
SIOBUF 4411# 4412 4774 4800 4809 4810 
SIOCPA 46' 513 3670 3677 3693 4420 
sloeps 49' 495 714 741 742 4423 
SIODPA 46. 3680 3688 4420 
SIOOPB 47. 725 735 949 996 4423 
SIOll 4799 4801# 
SIOIN 571 723# 754 3728 4358 
SIOINl 722# 724 
StOINe 4530 4795# 4796 
SIOINP 4735# 4736 
SIDINS 4729# 4735 4742 4764 
SlOt ST 4450 4785# 4795 
SIOMSK 437 744# 3945 4308 
SIOOT 4526 4549 4555 4746# 
SIOOll 4747# 4748 
SIOOUT 572 730# 3712 3737 4367 4372 
SIOPL 4754 4757 4763# 4785 
SIQPL 1 4773 4775# 
SIOPL2 4177 4779# 
SIOPL3 4765 4780# 
SIORDl 747 750# 
StOR02 757 761# 
SIORDJ 753 759 762# 
SIORor 4742# 4747 
SIORDY 565 731 740# 934 3746 
SIOST 570 714# 723 752 3720 4356 
SIOVAL 438 746# 3947 4311 
SIOVEC 499 4899# 
SIOXI 731# 733 
SLODEN 69' 
SLERR 3133# 
SLSOEN 66. 
5MF 2103 2322# 
SMFO 2328 2330# 
SMFOA 2334# 2368 
SMF 1 2348# 2353 
SMF lA 2351 2356# 
SMFla 2365 2370# 
SMF2 2360 2371 .. 
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SMF4 
SMFA 
5MFS 
SMFSI 
SMFSIA 
SMFS2 
$MFS3 
SMFS4 
SMF$A 
SMP 
SNDLOC 
5NDRMT 
SOFT 
SOFTY 
SOM 
SOMI 
SPACE 
SPACT 
5PADDR 
SPARE 
SPARE 1 
SPARE2 
$PARNO 
speNT 
SSELEC 
SSP 
STACK 
START 
STATUS 
STC 
STEPR 
STEPRT 
STOP 
STPAOR 
STUFF 
SWAP 
SWAPI 
SYNC 
SVSCTL 
SvSPIO 

SVSVEC 
TA8 
TOI 
TOO 
TERM 
TERM1 
TERM2 
TERM3 

2376 2,578 
2126 2380 
2655 2669# 
2689# 2704 
2701 2703# 
2695 2707# 
2710 2712# 
2699 2733# 
2689 2697# 
1593 1629 
4465 4537# 
4463 4532 

599 695# 
599# 2079 

2868 2998# 
2994 2999# 
3414 3426 

671 804 
947# 975 

4970# 
441 4967# 
442 4968# 

4972# 
673 810 

2599 2651#' 
587 670# 
325 3242 

3572# 
4446 4804# 
2068 2244 
2292# 2333 

440 3599 
4861# 
2093 2330 
1368 1428# 
3807 3876# 
3885# 3892 

74# 
63# 458 
62# 461 

1061 1063 
405 471 

1346 1515# 
2635 2906# 
2637 2899# 
3309 4387# 
4418 4420# 
4422 4424# 
4448# 4452 

2383# 
2381# 

2706 

1642# 

4549# 

2642 

3509# 3517 
808 929# 976 983 

942# 945 971 

812 
4982# 

2260# 

3920 4932# 

2331# 

464 3585 35B7 
608 610 851 853 938 980 1019 1022 1028 1048 

1074 1112 1254 1258 2510# 3272 3588 3592 
4901# 



" rEST 3325 4190# 

'" TEST' 4199# 4223 

'" TEST2 4201# 4208 
TEST3 4211# 4219 
TIKeNT 844 846 4931# 
TIMER 412 839# 
TIMER 1 850 854# 
TIMER2 858# 863 
TIMER3 860 867 882 888 892# 
TIMOU 2010# 2131 2155 
TIMOUT 848 4933# 
TlOC 229# 3572# 3572 3572 3663# 3663 3663 3787# 3787 3787 3958# 3958 

3958 3977# 3977 3977 4003# 4003 4003 4047# 4047 4047 4073# 4073 
4073 4135# 4135 4135 4170# 4170 4170 4190# 4190 4190 4233# 4233 
4233 4254# 4254 4254 4273# 4273 4273 4299# 4299 4299 4327# 4327 
4327 4387# 4387 4387 4820# 4820 4820 4861# 4861 4861 4881 

TOPPTR 4581 4585 4600 4604 4664 4668 4671 4807# 
TPAL 230# 3663 3663# 3787 3958 3958# 3977 4003 4047 4073 4135 4170 

4190 4233 4254 4273 4299 4327 4387 4820 4820# 4861 4862 4867 
5007 

TPAMAX 3270 4862# 
TRKTBL 2122 2408# 
TRMBUF 4409# 4410 4684 4691 4806 4807 
TRMSTK 4412# 4425 
TRN5 2393 2402# 
TRN6 1865# 2396 2711 
TRUE 22. 23 
TTC 2073 2249 2278# 
TTCA 2262 2279# 
TYPO 4330 4336# 
TYP1 4356# 4365 4370 4374 
TYP2 4357 4364# 
TYPE 3321 4327# 
TYPTQG 4401# 4491 
UPCSR 1348 1462# 
UPDATE 208# 270 563 682 1163 1702 1738 2416 3127 3143 3238 3572 

3663 3787 3958 3977 4003 4047 4073 4135 4170 4190 4233 4254 
4273 4299 4327 4387 4820 4861 4867 4873 4877 

USRSEC 588# 847 
USRSTK 1041 1079 1109 1123 1124# 1501 
VECTAB 351 4898# 
VERCMD 3323 4273# 
VERF1 4281# 4289 
VERF2 4279 4287# 
VIEW 3306 3314 4003# 
VIEWO 4005# 4039 
VIEWl 4012 4016# 
VIEW2 4027 4033# 
VIEW3 4015 4034# 
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C. 
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IV 
W 

VIEW4 
VIEWS 
WARM 
WASTED 
wee 
W01797 
woeR 
WOOD 
WODT 
WDSD 
WDSL 
WDSN 
WDSR 
WOTR 
WFR 
WFRl 
WFRA 
WHAT 
WLP 
woe 
WOCl 
WOC2 
WRITE 
wUP 
XCKS 
XCK$l 
XOFF 
XOFFLG 
XON 
XONENB 
XQDVR 
XQPHY$ 
XSELERR 
YEAR 
Z .BAUA 
Z. BAUB 
Z. lOST 
Z. KEYM 
z. seRA 
Z. SIaA 
Z. SiaB 
Z. SIaM 
Z. Slav 
Z.STPR 
Z. XONP 

4008 4036# 
4010 4038# 

565# B33 
'741# 
2754 2839 

55# 
1988# 
1994# 
1991# 
1993# 
1992# 
1990# 
1987# 
19S9# 
2750 2891 
2936 2941 
2942# 
3250 ::1256 
4603 4661 
2282 2302# 
2303# 
2305# 

577 
4584 4594 

243# 
246# 253 
88' 756 

761 763# 
87# 758 

439 751# 
578 1709# 

3173 3223# 
2660# 
4939# 

140# 141 
141# 142 
142# 3948 
134# 135 
132# 133 
135# 136 
136# 137 
137# 138 
138# 139 
133# 134 
139# 140 

3655 3846 

2900 2902 2908 2913# 2987 
3598 
2298 2346 
2338 
2266 2342 
2361 
2141 2186 2203 2207 2326 2372 2374 

2164 2306 2349 
2253 
2899 2907 2914 2919 2935# 2939 
2945# 

3292# 3311 3312 3315 3318 3320 3322 3326 3327 
4670 4689# 

4651 4678# 

758 

3918 4317 
3225 
4106 4115 

3940 
3942 

3923 
3921 
3931 

3944 
3946 
3919 
3913 
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l> Quick, Fast Cold Start Loader MACRO-BO 3.44 09-Dec-a1 

"0 
"0 

'" T1 t Ie Quick, Fast Cold Start loader => 
Q. 

Quick, Fast Cold Start Loader. X' 
G'l 5 

6 
Copyright (C) 1982, Balcones Computer Corporation. 

7 . zaD 
8 
9 F02A Xqdvr equ Qf02ah ; Phys i ca 1 Dr; ver Execut i oner 

10 0004 cdisk equ 0OOO4h ;current user/disk 
11 
12 0000' cseg 
13 0000' bios equ ;origin of bios above ccp & bdos 
14 
15 .phase 80h 
16 
17 0080 phycmd equ • 18 0081 phyunt equ '+1 
19 0082 phydrv equ '+2 
20 0083 phytrk equ '+3 
21 0085 physec equ '+5 
22 0087 phydma equ '+7 
23 
24 quick, fast loader. 
25 
26 Entry: A = Sectors per Track 
27 DE = Address of Physical Command Block that loaded OFD 
28 
29 0080 E8 qfs: e, de,hl ;transfer command block 
30 0081 01 0005 1d be. physec-phycmd 
31 0084 ED 80 ldi r ;woe be unto he who changes qfs 
32 0086 21 0005 1d hI. 1 drtbl-5 ;set loader control table address 
33 0089 DE 05 ld c,5 ;set table entry size 
34 0088 09 qfs 1: add hl,bc ; advance tab I e address 
35 ooat 8E cp (hI) ;match with loader control table entry 
36 0080 38 Fe jr c ,qfs 1 : if match not found yet 
37 008F CO ret n' ;if entry not in table 
38 0090 23 inc hi 
39 0091 4E 1d c, (hI) :set track offset+1 
40 0092 23 inc hi 
41 0093 ED AD ldi ;move starting sector, adjust track offset 
42 0095 AF a 
43 0096 12 1d (de) ,a ; c I ear upper sector 
44 0097 7E 1d a, (hI) ; set number of sectors 
45 0098 23 inc hi 
46 0099 6E 1d 1. (hI) ;set (sector s;z8)/4-1 
47 009A 23 inc hi ;sector size I 4 
48 009s 29 add hI, hI 
49 OOge 29 add hl,hl 
50 0090 E8 e' de ,hI ;set sector size in DE 
51 D09E 2A 0083 1d hI, (phytrk) ;add track offset 
52 aDA 1 09 add hi ,be 
53 QOA2 22 0083 1 d (phytrk) ,hI 
54 QOA5 47 1d b,a ;set number of sectors 
55 00A6 1d a,d ;check sector size 

G'l 56 aOA7 21 FFSa' 1d hl,bios-SOh ;set starting address 



G' QuiCk, Fast Cold Start Loader MACRO-SO 3.44 09-0ec-81 
IV 

57 OOAA 87 a 
58 QOAB 20 01 J' nz ,qfs3 ; if big sectors 
59 QOAD 19 qfs2 : add hl,de ;advance transfer address 
60 QDAE 22 0087 qfs3: ld (phydma) ,hl 
61 OOBl 09 .'> ;switch register sets 
62 0062 21 0080 ld hl,phycmd qfs;set physical command address 
63 OOB5 ~D F02A ca 11 Xqdvr :8xecute driver read 
64 00S8 21 0085 ld hI. physec ; advance sec tor 
65 OOSS 34 inc (hl) 
66 DOBe D9 ;switch back 
67 0080 87 0, 
68 DOSE CD ,et n' ; i f boot error 
69 ODBF 10 EC djnz qfs2 :if cold start not complete 
70 DOCl 32 0004 ld (cdisk) ,a ;start out in A: user 0 
71 00C4 21 0003' ld h1,bios+3 :warm start after signon 
72 OOC7 E5 push hl 
73 00C8 21 OOF6 ld hl,sernum 
74 00C6 11 DaDA 1 d de,ldrtbl 
75 DOCE OE OA ld c,sernml 
76 0000 ED 80 1 di r 
77 0002 12 1 d (de) ,a 
78 0003 13 inc de 
79 0004 3E C9 1 d a,Oc9h 
80 0006 12 ld (de). a 
81 0007 CD 0000' call bios ;execute cold start loader 
82 
83 Loader Control Table. 
84 
85 Entries Must be in sort order 
86 
87 db sectors per track 
88 offsetTI from boot track 
89 starting bios sector 
90 number of bios sectors 
91 sector size/4-1 
92 
93 OODA 34 02 16 04 drtbl; db 52,lTl,22,4.256/4-1 ;8" Double Density 
94 OODE 3F 
95 00 OF 22 03 05 04 db 34. 2T 1,05,4,256/4-1 ;5" Double Density 
96 00E3 3F 
97 00E4 02 14 07 db 26, IT 1 , 20.7, 128/4-1 ;8" Single Density 
98 ODE8 
99 OOE9 12 03 OA 07 db 18,2+ 1 • 10,7, 128/4-1 ;5" Single Density 

100 ODED 1F 
101 DOEE 00 01 16 04 db 00,0+1,22,4,256/4-1 ;Any SASI Rigid Disk 
102 OOF2 3F 
103 OOF3 DO db 00 End of table 
104 
105 if $ gt IOOh-IO 

» 106 .printx * Too Big 
"0 107 el S8 
"0 108 if $ eq IOOh-IO 
11> 109 .printx + Perfect Fit + 
:::l 

"0 el se Q. 
;CO ," OOF4 ds 100h-l0-$,-1 

G' 
"2 endif 
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" Quick. Fast Cold Start Loader MACRO-SO 3.44 09-Dec-81 
",. 

» 
'tJ 
'tJ 
to 
:> 
Cl. 
;CO 

el 

Macros: 

Symbols: 
0000' BIOS 
0080 PHVCMD 
0085 PHYSEC 
0080 QFS 
OOAE QFS3 
F02A XQDVR 

NO Fatal error(sJ 

0004 
0087 
0083 
0088 
OODA 

COISK 
PHYDMA 
PHYTRK 
QFSI 
SERNML 

DaDA 
0082 
0081 
DOAD 
OOF6 

LDRTBL 
PHYDRV 
PHYUNT 
QFS2 
SERNUM 



l> 
"C 
"C 
II) 
::I 
Q. 
X· 
C\ 

C\ 
U1 

BIOS 
COISK 
LDRTBL 
PHVCMD 
PHYDMA 
PHYDRV 
PHYSEC 
PHYTRK 
PHVUNT 
OFS 
OFSl 
QFS2 
QFS3 
SERNML 
SERNUM 
XQDVR 

13. 56 71 81 
10. 70 
32 74 93' 
17. 30 62 
2Z- 60 
19. 
21# 30 64 
20# 51 53 
18' 
29. 62 
34. 36 
59. 69 
58 60. 
75 120# 
73 117# 120 
9' 63 



Notes 

G6 Appendix G 



l> XEROX 820-1 I BIOS MACRO-BO 3.44 09-Dee-81 
"C Bios Jump Table 
"C 
~ 1 subtt 1 Bios Jump Table ::> 
Q. 2 ti t 1 e XEROX 820-11 BIOS 
XO 3 

4 XEROX 820+ Rom Resident Bios Jump Table. 
::I: 5 

6 Copyright 1981, Balcones Computer Corporation. 
7 
8 . zaD 
9 

10 0000 ' C3 OOF l' bios: jp cboot ; col d start 
11 0003 ' C3 0069' bwboot: jp wboot ; warm start 
12 
13 0006' C3 F04B bconst: jp canst ;console status 
14 0009 ' C3 F04E bconin: jp conin ;console character in 
15 DODe' C3 F051 beonet: jp conout :console character out 
16 DOOF' C3 F054 bprint: jp list ; 1 ist character on printer 
17 0012 ' C3 FOGO bpunch: jp punch ;punch 
18 0015' C3 FOSD breadr: jp reader ; reader 
19 
20 0018 ' C3 0186' bhome: jp home ;move head to heme position 
21 0018' [3 0154' bse ld: jp seldsk ;select disk 
22 ODIE' C3 0189' bsett: jp settrk ; set track number 
23 0021 ' C3 OlaE' bsets; jp set sec ; set sector number 
24 0024 ' C3 01C3' bsetd: jp setdma ; set dma address 
25 0027 ' C3 OlEa' bread; jp read ; read a record 
26 002A' C3 01F3' bwrit : jp write ; wr; te a record 
27 
28 0020' C3 FD57 bprnts: jp Ii stst iprinter ready status 
29 0030 ' C3 OlCa' bsctrn: jp sectrn isector translate 
30 
31 0033 ' 81 in; t;o: db 1000000 1 b ;Initia! 110 Byte 
32 
33 Subtt 1 Cold and Warm Start Modul e 
34 page 

:J: -



:I: XEROX 820-11 BIOS MACRO-BO 3.44 09-Dec-81 .... Cold and Warm Start Module 

35 
36 
37 CEOO bdos In equ DeOOh Length of CP/M v 2.2 8DOS 
38 0800 ccp 1 en equ OBOOh Length of CP/M v 2.2 CCP 
39 0004 cdisk equ 4 Current user/disk 
40 OOZC nsects equ (ccplen+bdosln)/ 28 ;number of sectors for ccp -r bdos 
41 0062 equ 'b' 
42 
43 Wboot Warm Start CP/M. 
44 
45 0034' 3E C3 wbt5: ld a,Oc3h :plant jumps 
46 0036' 21 F206' Id hi ,bios-bdosln+6 
47 0039' BE cp (hl) 
48 D03A' 20 , C jc nz. wbterr :if no jump to bdos 
49 003C' 32 0000 ld (0) ,a 
50 003F' 32 0005 Id (5), a 
51 0042 ' 22 0006 ld (6) ,hI :set address of jump to bdos 
52 0045 ' 21 0003' ld hl,bwboot ; set warm boot address 
53 0048 ' 22 0001 ld (1) ,hl 
54 0048' ED 48 0004 ld be. (cdisk) ;set current disk I user 
55 Q04F' 21 EAOQ' Id hl.bios-bdasln-ccplen ;Enter CCP 
56 0050 ' wbtcom equ $-2 :patch to "03" to disable warm boot command 
57 0052 ' 3E 03 Id a,3 
58 0054' 32 0050' ld (wbtcom) ,a 
59 0057 . E9 jp (h 1) 
60 
61 0058 CD 0115' wbterr; call pmsg idisplay error message 
62 0056' 00 OA 42 6F db 13,10, 'Boot Err' ,0 
63 005F 6F 74 20 45 
64 0063 ' 72 72 00 
65 0066 CD 0009' ca 11 bconin iwait for key 
66 0069 31 0100 wboot: Id sp.100h iuse external stack 
67 006C CO 013F' ca 11 dboot ; inform deb locker 
68 006F 4' Id c,a ; (zero) select A: 
69 0070 3E 2C ld a,nsects iset number of sectors to read 
70 0072 ' 32 0000' ld (seccnt) ,a :set sector counter 
71 0075 ' 21 E980' I d hI, bi os-bdos 1 n-ccp 1 en-128 
72 0078 22 0138' ld (dmabas) .hl :set base track dma address 
73 007B' CD 001B' call bseld iselect boot drive (A;) 
74 007E' 7C 1 d a,h 
75 007F 85 I 
76 0080 ' 28 06 jc z, wbterr 
77 0082 23 inc hi ipoint to high translate address 
78 0083 ' 7E ld a, (hI) 
79 0084 ' 32 0122' ld ex 1 ate) ,a 
80 0087 ' E5 push hi 
81 008S' DE 00 ld c,O :translate sector zero 
82 OOSA' CD 0121' call ml, 
83 0080 . 79 I d a, C 

l> 84 OOeE' 32 0133' ld (transz) .a iset sector zero translate value 
'0 85 0091 EI pop hi 
'0 86 0092 ' , 1 0009 ld de,10-1 ; offset to dpb 
ID 87 0095 ' 19 add hl,de ::l 
a. 88 0096 . 4E Id c, (hI) ; get dpb address 
;C' 89 0097 ' 23 inc hi 

:I: 



l> XEROX 820-1 I BIOS MACRO-SO 3.44 09-Dee-al 
~ Cold and Warm Start Module 
~ 
tD 90 0098 ' 46 ld b, (hI) 

" 91 0099' 04 1 d a, (be) :get low sectors per track Q. 
x· 92 aOgA' 32 OODC' ld (spt) ,8 

93 0090' 21 0000 Id hl.13 
:I: 94 OOAD' 09 add h1,be 

95 aOAI' 4' Id C, (hI) : get reserved tracks 
96 aOA2' 23 inc hl 
97 DOA3' 46 ld b, (hI) 
98 QOA4' 08 dee be 
99 ODA5 ' 1 E 01 I d e.l ; set sector 1 

100 aOA7 ' 87 a :test low sectors per track 
101 nOAa' 28 06 jr z,wbt 1 ;if rigid disk 
102 QDAA' 4A Id e .d ;set track 0 
103 OOAa' FE 1 B ep 26+1 
104 OOAO' 38 01 j r c,wbt 1 :if single density 8" or 5" 
105 DOAF' 48 ld e.e :double density starts on track I, sector 1 
106 0080' e5 wbt 1: push be ; save track 
107 OOBI ' 05 push de :save starting sector 
108 OOB2' CD ODIE' ca 11 bsett :position disk 
109 00B5 ' el pop be 
110 00B6' e5 wbt2: push be ;save sector 
111 0087 ' CD 0121 ' ca 11 ml' ;map logical sector 
112 aOSA' '5 push hi :save address 
113 OOBB' CD 0021' ca 11 bsets ; set sector 
114 OOBE' CI pop be 
115 OOBF' 21 FFFE' ld hI, bi 05-2 
116 00C2' ED 42 ,be hl,be 
117 00C4' 36 12 jr e ,~bt3 ;if within bios 
118 00C6 ' CD 0024' call bsetd ; set dma address 
119 00C9' CD OlEB' ea II read ;reao neJlt sector 
120 OOCC' 87 a 
121 OOCD' 20 89 jr nz, wbterr ; if load error 
122 OOCF' 3E 00 Id a,O ;update sectors read counter 
123 0000' seccnt equ ,-1 
124 0001 ' 3D dee a 
125 0002' 32 0000' ld (seccnt) ,a 
126 0005 ' CA 0034' jp z,wbt5 :if end of load 
127 0008 ' C1 wbt3: pop be ;advance sector 
128 0009' oe inc 
129 OODA' 79 Id a, , 
130 0006' FE FF 'p -I 
131 OODe' 'pt equ ,-1 
132 0000' 20 07 jr nZ,wbt2 ; if not end of track 
133 OODF' 41 ld b.e 
134 ODED' 2A 0136' Id hI, (dmabas) ; advance base dma address 
135 OOE3' 11 0080 Id de,128 
136 00E6' 19 wbt4; add hl,de ;by spt*12B 
, 37 OOE7' 10 FD djnz wbt4 
138 OOE9 ' 22 0136' ld (dmabas) .hl 
139 OOEG' C 1 pop be :advance track 
140 ODED' DC inc e 
141 OOEE' 58 Id e .b :snd restart on sector 0 
142 OOEF' 18 SF jr wbt I 
143 
144 Cold Start CP/M, 

:I: 145 
IoU 



J: XEROX 820-11 BIOS MACRO-BO 3.44 09-Dee-81 
~ Cold and Warm Start Module 

146 OOF1 • CD 0115' cboot: call pmsg ;Announce CP/M size and version 
147 DOF4 ' lA5B6572 db 26,'Xero)( 6Dk CP/M vers 2.2',rev 
148 OOfS' 6F 78 20 36 
149 OOFC' 30 66 20 43 
150 0100' 50 2F 40 20 
151 0104 ' 76657273 
152 0108 ' 20 32 2E 32 
153 DIOe' 62 
154 0100 ' 20 23 32 2D db #2-294' 
155 0111' 32 39 34 
156 0114 ' 00 db 
157 
158 pmsg print message at return address. 
159 
160 0115 ' E1 pmsg: pop hi ;print message after call 
161 0116' 7E 1d a, (hI) 
162 0117 ' 23 inc hi 
163 0118 ' B7 oc a 
164 0119 ' E5 push hi 
165 GIlA' CB cet ; i f end of message 
166 0116 ' 4' 1d o ,a 
167 01 1e' CD DOOe' call bconot :display message at current console 
168 01 IF' 18 F4 jc pms 9 
169 
170 m1s - map logical sector, 
171 I 
172 0121 ' 3E 00 mls: 1 d a,O ;set translate address 
173 0122 ' )( 1 ate equ $-1 
174 0123 ' 67 oc 
175 0124' 79 1d a,o 
176 0125' 28 DB jc z,rn! 52 ; if not single density 
177 0127 ' 87 add a,a : read by ha 1 f tracks 
178 0128 ' 2A OODC' 1d hI. (spt) ;get sectors per track 
179 0128 ' BO op 1 
ISO 012C' 38 02 jc c ,ml sl ;if not past end of track 
1B 1 012E' 95 sub 1 ;offset back to beginning of track 
182 012F' 3C inc 
183 0130' 3C ml s 1: inc ,map sector 0->1 
184 0131 ' 4F 1 d C ,a 
185 0132 ' 06 00 mls2: sub 0 ;offset by translate of sector zero 
186 0133 ' equ $-1 
187 0134' 1F cea 
18B 0135' 67 Id h, a 
1B9 0136 . 2E 00 Id 1,0 
190 0133 ' C8 10 ce 1 
191 0130. . 0000 Id de,O ;set base dma for this track 
192 0138' dmabas equ $-2 
193 0130 . 19 add hl,de ;compute address for this sector 
194 013E' C9 cet 

l> 195 
." 196 Subtt 1 CHARlO Character I/O Module 
." 197 page 
to 
:l 
Q. 
;C' 
J: 



l> 
1J 
1J 
/1) 

" Q. 

x' 
:J: 

:J: 
U1 

XEROX 820-11 BIOS MACRo-eo 3.44 
CHARlO - Character I/O Module 

198 
199 
200 FOOD 
201 
202 F048 
203 F04E 
204 FOS1 
205 F054 
206 f057 
207 FOSO 
208 F060 
209 
210 
211 

09-Dec-81 

man; tr equ 

canst equ 
conin equ 
conout equ 
list equ 
I istst equ 
reader equ 
punCh equ 

Subtt 1 
page 

OfOOOh 

tr+4bh 
tr+4eh 
tr+51h 
tr+S4h 
tr+S7h 
tr+5dh 
tr+60h 

;820+ Resident Monitor Address 

CP/M Deblocking Driver 



:z: XEROX 820-11 BIOS MACRO-80 3.44 09-Dec-81 
en CP/M Deblocking Driver 

» 
"0 
"0 
to 
::I c.. 
;;C' 
:I: 

212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 

a 13F' 

DaDA 
OOOB 
0000 
001S 

4518 
5218 

F02A 
0004 

0000 
0001 
0002 

a 13F' 
0142' 
0145' 
0148 ' 
0149 ' 
014C' 
0140' 

014F' 

21 0000" 
22 021A" 
21 02 \ C" 
01 2000 
71 
23 
10 FC 

AF 

, 
If 
up 

insl in 
dell in 

xqdvr 
cdisk 

, 
wra II 
wrdi r 
wrual 

, 
skip 

dboot: 

dbt2: 

cl ract: 

CP/M Deblocking Driver. 

cseg 

Asci i. 

equ 10 
equ 11 
equ 13 
equ 27 

equ ('E' shl 8) 
equ ('R' shl a) 

Abso I ut e Mach i ne Add resses. 

equ 
equ 

Of02ah 
4 

CP/M Write Types. 

; Res i dent Man i tor Dr; ver E.IIecut i oner 
;cep active user/disk 

equ ;normal write to allocated sector 
equ ;write to directory sector 
equ :first write to unallocated block 

skip - Skip next instruction. 

Uses HL to perform very short jumps 

macro 
if 
db 
endif 
if 
db 
endif 
endm 

n 
«(nj-$) eq 2 
26h 

«n)-$) eq 3 
21h 

: ; ; set PC = $+2 (ld h, ... ) 

; ; ; set PC = $+3 (Id hi •••• ) 

Oboot - Deblocking Bootstrap. 

Entry: Called prior to Warm Start reload. 

ld 
ld 
ld 
ld 
ld 
inc 
djnz 

hl,hstbuf 
(hstdma) ,hI 
hl,dphtab 
bC.16*2*256 
(hI) ,c 
hI 
dbt2 

;initialize host buffer address 

;clear internal DPH table of addresses 
;set table length, zero 
;clear next byte 

: if table not clear 

clract - Clear host buffer active. 



l> XEROX 820-1 I BIOS MACRO-SO 3.44 09-Dec-81 .., 
CP/M Deblockin9 Dr'ivel"" .., 

f1) 
267 0150' 32 026E' Id (hstact).a ;clear host buffer activE! :> c.. 268 0153' (9 eet 

;C. 269 
270 select - select CP/M disk. 

:J: 271 
272 Entry: C '" CP/M Logical Drive, 0-15. 
273 E = 2*n+O if media identification required 
274 E = 2*n+l if media previously identified 
275 
276 0154' 79 seldsk: ld a.c ;remember disk to seek 
277 0155 ' 32 0205" Id (sekdsk) ,a 
278 0158 ' 06 00 Id b.O 
279 DISA' 21 021C" sell: Id hl,dphtab ;set table of remembered dph's 
280 0150' 09 add hl,be ; ; ndelt by words 
281 OISE' 09 add hl,be 
282 015F' CB 43 bit O.e 
283 0161 ' 28 OA je z. se 12 iif drive not previously selected 
284 0163 ' 7E ld a, (hI) :set disk parameter header address in hI 
285 0164' 23 inc hI 
286 0165' 66 Id h. (hI) 
287 0166' 6F ld I.a 
288 0167 ' 84 oe h 
289 0168 ' 20 19 j e nil: ,se 13 ; if previous select succesful 
290 OIBA' 5F ld e.a :force media identification 
291 016B' 18 ED j e sell 
292 0160' E5 se 12: push hI ; save dph tab 1 e address 
293 016E' 21 0202" ld hl,selcmd+2 
294 0171 ' 71 ld (hI) ,c :set CP/M Logical drive 
295 0172' 28 dec hI 
296 0173 ' 28 dec hi IPoint to select command 
297 0174' 36 FF ld (h1) ,-I ;set driver select operation 
298 0176' CD 02DF' call ,de ; execute dri ver request 
299 0179' E8 de,hl 
300 OPA' E1 pop hI 
301 0178 ' 73 Id (h1) ,e ; remember di sk parameter header address 
302 017C' 23 inc hI 
303 0170' 72 Id (hI) ,d 
304 017E' E8 e' de ,hl 
305 017F' 70 Id a.l 
306 0180 ' 84 h 
307 0181 ' 28 22 j, Z ,sel4 lif drive not succesful1y selected 
308 0183 ' E5 se 13: push hi ; save dph address 
309 0184' D 1 OOOA Id bC,10 ;set dpb offset in dph 
310 0187 ' 09 add hl,be 
311 0188 ' 5E Id e, (hI) ;set disk parameter block address 
312 0189 ' 23 inc hi 
313 01SA' 56 ld d, (hI) 
31. 018B' EB e, de,hl 
315 018C' n 0241' Id (dpbadr) ,h1 
316 OlaF' DE 03 Id c.3 
317 0191 ' 09 add hl,bc 
318 0192 ' 7E ld a, (hI) ;set blOCk shift factor 
319 0193' 3C inc a ;form 128 byte records per block 
320 0194' 32 0218' ld (rpb) ,a 
321 0197 ' DE DC ld c,15-3 ;point to end of dpb 

:J: 322 0199' 09 add hl,bc ...., 



:I: XEROX 820-11 BIOS MACRO-SO 3.44 09-Dee-a1 
QO CP/M Deblocking Driver 

323 019A' 7E Id a, (hI) ;set internal parameter 
324 0198' 32 0208' Id (trkzfl),a ;set track zero single density flag 
325 DI9E' E6 07 and 7 
326 DIAD' 32 0298' Id (secmsk) ,a ; set sector mask 
327 01A3 ' E1 pop h1 
328 01.£14' e9 c.t 
329 01.£15 ' se 14, ,fall into clear active disk 
330 
331 cad - Clear Active Disk. 
332 
333 01A5 . 21 0004 cad: I d hl.cdisk ;get disk that CCP will log in 
334 01A8' 3A 0205" I d a, (sekdsk) :get disk that fa'; led 
335 01AB' AE ,oc (hl) 
336 01Ae' E6 OF and not !!11000Gb ;clear active user 
337 OIAE' 20 04 jc nZ,cadl ;if selected disk is not default disk 
338 01BO' 7E Id a, (hl) ;cause CCp to log in A: 
339 0161 . E6 FO and not l111b ;retain active user area 
340 0183 ' 77 1d (hi) ,a 
341 0184' 6e cadI; Id I,h ;indicate select failure 
342 0185 ' e9 c.t 
343 
344 Home - Set Track Zero. 
345 
346 01B6' 01 0000 home: Id bc ,0 ;seek track zero 
347 
34B Set t rk - Set Track. 
349 
350 Entry: Be = Track number 
351 
352 0169' ED 43 0206" settrk: ld (sektrk) ,bc ; set t rack to seek 
353 0180' e9 c.t 
354 
355 Setsec - Set Sector. 
356 
357 Ent ry: BC = Sector 
35B 
359 01SE' ED 43 020C" etsec: ld (seksec) ,bc ; set sector to seek 
360 01C2' e9 c.t 
361 
362 Setdma - Set Oi rect Memory Address. 
363 
364 Entry: BC = OMA address 
365 
366 01 C3' EO 43 020A" etdma: ld (sekdma) ,bc 
367 01 C7' e9 
36B 
369 Sect ran - Sector Translate. 
370 
371 Entry: Be Sector number, 0 <= BC < Sectors per Track 

» 372 OE Single byte skew table address 
'tI 373 
'tI 374 Ex it: HL 8e if DE = a 
II> 375 L (OE+BC) if DE <> 0 
:l 376 H = B which better be zero Q. 

X' 377 
37B 01C8 ' 69 ectrn: ld I,c ;set untranslated sector 

:I: 



):> XEROX a20-II BIOS MACRO-BD 3.44 09-Dee-a1 
"D CP/M Deblocking Driver 
"D 

'" 379 D1C9' 60 Id h,b 

" D.. 300 OleA' 7. Id a,O 
;C' 381 01C8' .3 oc 

382 D1CC' C8 c.t z ;1f no translate table 
J: 383 oleo' EO ., de,hl 

384 DICE' 09 add hi ,be 
38. OleF' 6E Id I, (hi) ;single byte translate 
386 0100' 60 Id h,b 
387 OlDl ' C9 c.t 
388 
389 Rdwrs - Read or Write Single Density. 
390 
391 0102' 3A 02AE' rdwrs: 10 a, (readOp) ; set read/wri te ope rat ion 
392 0105' 21 0203" Id hi. sekcmd ; set seek request 
393 0108 ' 18 07 Jc rdwrhs ;enter read/write dispatcher 
394 
39. Readhs - Read Host Sector. 
396 
397 OlDA' 3E 01 readhs: I d a,l ;set read operation 
398 skip $'2 ;jump over write entry point 
399 01DC' 26 db 26h 
400 
401 INri ths - INri te Host Sector. 
402 
403 0100' AF wriths; xor a ;set write operation 
404 OlOE' 21 0213" Id hi ,hstcmd 
40. 
406 Rdwrhs - Read or Write Host Sector. 
407 
408 Entry: HL = Physical command request address 
409 A == a to write 
410 A ::: I to read 
411 
412 Ex; t: A = 0, if no errors 
413 • = -I, if errors 
414 Z = condition of A reg 
41' 
416 OIEI' 77 rdwrhs: Id (hi) ,a ;set driver operation 
417 OIE2' CD 020F' call ,de :Bxecute driver read or write 
418 DIE5' 21 D2BE' 10 hl,erflag ;mergB error flag for directory protection 
419 DIES' B6 oc (hI) 
420 DIE9' 77 Id (hI) ,a 
421 OlEA' C9 c.t 
422 
423 Read - Read CP/M Sector. 
424 
42. 
426 

Entry: Seldsk, Settrk. Setsec, Setdma previously called 

427 Ell; t; • = D 'I f no errors 
428 A = -I ;f errors 
429 , 
430 OIEB' AF read: ,oc a :clear unalloc processing 
431 alEC' 32 0226' Id (unacnt) ,a 
432 OIEF' DE 00 Id c,wral1 ;; nh'l b; t buffer flush after read 
433 OIFI' 3C inc a : set read ope rat 'I on 

J: 434 skip $'2 

'" 



:I: XEROX 820-II eIOS MACRo-ao 3.44 09-Dec-Bl 

0 CP/M Deblocking Drivar 

435 01F2 ' 26 db 26h 
436 
437 Write - Write CP/M Sector. 
438 
439 Entry: SaJdsk, Settrk, Setsec, Setdma previously called 
440 
441 Exit: A = o if no errors 
442 A :::: -1 if errors 
443 C = Wri te type 
444 

!rite: 445 OIF3' AF ;set write operation 
446 
447 Rdwr - Read or Write. 
448 
449 Entry: A=Otowrite 
450 A = 1 to read 
451 

~dwr: 452 OlF4' 32 02AE' ld (readop) ,8 ;set read/write switch 
453 01F7 ' AF ,or a ;reset error flag 
454 OIFS' 32 02SE' ld (erflag),a 
455 OIFS' 2A 020C" ld hi. (seksec) : set seek host sector 
456 01FE' 22 0208" ld (sekhst) ,hi 
457 0201 ' 3A 0298' ld a, (secmsk) ;set sector size 
458 0204' .7 or . 
459 0205' 28 CB jr z,rdwrs ; if deblocking not required 
460 0207 . F6 00 or 0 ;check track zero sin!iJle density flag 
461 020B' trkzf I oqu $-1 
462 0209' F2 0212' jp p,rdwrl ; if track zero not single density 
463 020C' 3A 0206" ld a, (sektrk) ;set seek track 
464 020F' .7 or a 
465 0210' 28 CO jr z, rdwrs : if track 0, read or write without deblocking 
466 0212' 79 rdwrl : ld 8.C ;save write type 
467 0213' 32 02BA' ld (wrtype) ,a 
468 0216' FE 02 cp wrual 
469 021B' 20 DB jr nz,writ 1 ;if not write to unallocated group 
470 021A' 3E 00 ld a.O ;set records per block 
471 OZIB' rpb equ $-1 
472 OZIC' 32 0226' ld (unacnt) ,a ;start counting unallocated writes 
473 021F' 11 020e" ld de ,unadsk ;set unallocated parameter block address 
474 0222' CD OZ06' call cpb ;copy parameter block 
475 0225' 3E 00 wri t 1: ld a.O ;set remaining unallocated sectors 
476 0226' unacnt oqu $-1 
477 0227 ' .7 or 8 

478 0228 ' 28 2E jr z,wri t4 ; if not processing unallocated group 
479 022A' 3D doc . 
480 0228' 32 0226' ld (unacnt), a ;update unallocated sectors remaining 
481 OZ2E' 21 0205" ld hl,sekdsk ; set seek parameters 
482 0231 ' 11 020E" ld de, unadsk ; set una 11 ocated parameters 
483 0234' CD 02CC' call cmp ;compare parameter blocks » 484 0237' 20 18 jr nz, \lid t3 ; if not seek to unallocated sector 

"C 485 0239' 2A 0211" ld hI, (unasec) ;advance unallocated sector 
"C 486 023C' 23 inc hI 
III 487 0230' 22 0211" ld (unasec) ,hi 
~ 
Q. 488 0240' 11 0000 ld de,O Iset sectors per track 
;C' 489 0241 ' dpbadr equ $-2 

490 0243' ED 52 sbc hl,de 
:I: 



» XEROX 820-1 I BIOS MACRO-BD 3.44 09-Dee-B1 
." CP/M Deblocking Driver 
." 
." 491 0245' 20 OA j, nz, wri tZ ; if not end of track 

" 492 0247 ' 22 0211" ld (unasec) ,hI ; reset to sector zero CL 493 024A' 2A 020F" ld hI, (unatrk) ;advance unallocated track ;:e. 
494 0240' 23 inc hl 

:I: 495 024E' 22 020F" ld (unatrk) ,hI 
496 0251 ' AF wri t2: ;mark pre-read not required 
497 0252 ' 18 05 j, rwoper 
498 0254' AF wri t3: '0, a ;clear unallocated processing 
499 0255 ' 32 0226' ld (unacnt) ,a 
500 0258 ' 3C wri t4: inc ; mark pre-read requi red 
501 
502 Rwoper - Read or Write Operation Proper. 
503 
504 0259 ' 32 0288' rl'wper; ld (rsf 1 a9) ,a ;set pre-read block flag 
505 02se' 3A 0296' ld a, (secmsk) ; set shi ft counter 
506 025F' 2A 020C" ld hI, (seksec) 
507 0262' C8 3C rwopl : ,,1 h ;compute host sector::: cpmsec/(2"'*sekmsk) 
508 0264 . CB 10 1 
509 0266 ' CB 3F ", a 
510 0268 ' 20 F8 jr nz, rwopl ;if shift incomplete 
511 026A' 22 0208" ld (sekhst),hl :set seek host sector 
512 026D' F6 00 0 ;check host active flag 
513 026E' hstact eqw $-1 
514 026F' 3E 01 1 d a.l 
515 0271 ' 32 026E' ld (hstact) ,a ;host buffer always becoms active 
516 0274' 28 OE j, z, rwop2 ;if host buffer was not active 
517 0276 ' 21 0215" 1 d hl,hstdsk ;set active host buffer identification 
518 0279' 11 0205" ld de, sekdsk ;set seek identification 
519 027C' CD 02CC' ca 11 emp ;compare seek request with active host sector 
520 027F' 28 16 j, z, rwop3 ;if host buffer contains seek sector 
521 0281 ' CD 02C2' call flush ;flush buffer if previously written 
522 0284' 1 I 0215" rwop2 : ld de,hstdsk ;set host request block address 
523 0287 ' CD 0206' call cpb ;copy seek parameter block to host 
524 02SA' 3E 00 ld a.O ;check pre-read required 
525 028B' rsf lag eqw $-1 
526 028C' 87 or 
527 0280' C4 OIDA' ca 11 nz, readhs iread host sector if preread required 
528 0290 ' B7 0, a 
529 0291 ' C4 014F' ca 11 nz, c 1 ract ;clear host buffer active if read errors 
530 0294 ' 32 02C3' ld (hstwrt) ,a ;mark buffer not written into 
531 0297 ' 3A 020C" rwop3 : 1 d a, (seksec) ;set seek sector 
532 029A' E6 00 and 0 ;form host buffer indell from sector mask 
533 0298 ' secmsk eqw $-1 
534 029C' 1F r,a 
535 0290 ' 57 ld d.a ;multiply inde}l; by 128 bytes/sector 
536 029E' 3E 00 ld a .0 
537 DUO' 1F cea 
538 02A l' SF 1 d e.a 
539 02A2 . 2A a21A" 1 d hI, (hstdma) ;set host buffer address 
540 Q2A5 • 19 add hl,de ;form seek buffer address 
541 02A6 ' ED 58 020A" 1 d de, (sekdma) ;set user transfer address 
542 02AA' 01 0080 ld bC,128 ;set CP/M sector length 
543 02AD' 3E 00 1 d a.O ;set transfer direction 
544 02AE' readop eqw $-1 

:I: ;45 02AF' B7 0, a 
546 0280 ' 20 05 j, nz, rwop4 ;if read operation 



:I: XEROX 820-1 I BIOS MACRO-BO 3.44 09-Dec-81 
CP/M Deblocking Dr"iver 

N 
547 02B2' EB de, hI ;switch directions 
548 0283 . 3C inc 

_ 

549 0284 ' 32 02C3' 1d (hstwrt) ,a ;mark buffer wri tten into 
550 0267 . ED BO rwop4 : 1 di r ;move sector to/from user buffer 
551 0289 . 3E 00 1d _,0 ;set write type 
552 02BA' wrtype equ $-1 
553 02BB' FE 01 Cp wrdi r 
554 02BO' 3E 00 1d _,0 ;set flag 
555 OlSE' erf 1 a9 equ $-1 
556 OleF' CO ret n, 
557 02CO' B7 or 

_ 

558 02e1 
559 

CO ret ;if errors, do not clobber directory 

560 Flush Flush buffer to disk. 
561 
562 02e2 ' 3E 00 flush; 1 d _,0 ;check host written flag 
563 02C3 ' hstwrt equ $-1 
564 02C4' B7 or 

_ 

565 02C5 ' C4 0100' ca 11 nz,wriths ; if buffer written into, write host sector 
566 02C8 ' 32 02(3' 1 d (hstwrt),a ;clear host written flag if no errors 
567 02eB' C9 ret 
568 
569 Cmp - Compare Paramater Blocks. 
570 
571 Ent ry: HL = Parameter block 
572 OL = Parameter block 
573 
574 Exi t, Z = Set if parameters identical 
575 Z = Clear if parameters different 
576 
577 02CC' 06 05 cmp; 1d b,5 ;set length of parameter block 
578 02CE' 1A cmpl : 1d a, (de) ;compare next byte 
579 02CF' AE (hl) 
580 0200 ' CO nz ; if parameters different 
581 0201 ' 13 inc de 
582 0202 ' 23 inc h 1 
583 0203 ' 10 F9 djnz cmpl ; if more bytes 
584 0205 ' C9 ret 
585 
586 Cpb - Copy Parameter Block. 
587 
588 Entry: DE = Address of Unallocated or Host parameter block 
589 
590 Ex; t: Seek parameter block copied into block at DE 
591 ; 
592 0206 ' 21 0205" cpb: 1 d hI. sekdsk ; set source parameters 
593 0209 . 01 0005 1d be ,5 ;set block length 
594 02DC' ED BO ldi r ;copy parameter block 
595 020E' (9 ret 

l> 596 
"0 597 Xdr - Execute Driver Request. 
"0 598 

'" 599 Entry; HL = pointer to Physical Driver Request Block 
:> 600 Q. 

601 Ex; t: Physical Driver exit condition are maintained if x· 602 no errors or user did not request warm start. 
:I: 



;I> XEROX 820-1 I BIOS MACRo-aD 3.44 09-Dec-81 

" CP/M Deblocking Dnver 

" tD 603 ::l 
Q. 604 02DF' 22 02EA' xdr: ld (xdra) ,hI save request for retrys 
;;C' 605 D2E2' 2A 02EA' xdrl : 1 d hI, (xdra) restore request address 

606 02E5 ' CD F02A call Xqdvr execute physical driver :I: 607 OZES' 47 ld b.a save read/wri te error status 
608 02E9' 3A OZEA' ld a, (xdra) get driver operation 
609 OZEA' xdra equ $-2 
610 G2EC' 4F ld c.a j set message index 
6lJ 02EO' 3C inc a 
612 G2EE' 20 05 jc nz. xdr2 ; if not s81 ect request 
613 02FO' B5 oc 1 
614 02Fl ' B4 oc 
615 02F2 ' CO cet nz ; if dph address returned by driver 
616 02F3 ' 18 03 jc xdr3 
617 02FS' 78 xdr2: ld a.b ; set read/wri te error status 
618 02F6' B7 oc 
619 02F7 ' C8 cet z iif no read/write errors 
620 02fB' 2A 02EA' xdr3: ld h1 • (xdra) iput drive name in message 
621 02FB' 23 inc hl 
622 02FC' 23 inc hl 
623 02FD' 7E ld a, (h1) 
624 02FE' C6 41 add a, 'A' 
625 0300 ' 32 0330' ld (lIdrb) ,a 
626 0303' DC inc c 
627 0304' 20 DC jc nZ.lldr4 :if not select request 
628 0306' CO 0375' call pmsgi 
629 0309 ' 53 65 6e 65 db 'Select' ,0 
630 0300' 63 74 00 
631 0310' 18 16 jc IIdr6 
632 0312 ' 00 IIdr4: dec c 
633 0313 ' 20 06 jc nZ,lIdr5 ;if not write request 
634 0315 ' CD 0375' call pmsgi 
635 0318 ' 57 72 69 74 db 'Write' ,0 
636 031C' 65 00 
637 031E' 18 08 jc IIdr6 
638 0320' CO 0375' IIdr5 : call pmsgi :must be read request 
639 0323' 52 65 61 64 db 'Read' ,0 
640 0327 ' 00 
641 0328 ' CD 0115' IIdr6: ca 11 pmsg 
642 0326' 20 45 72 72 db ' Err 
643 032F' 20 
644 0330' 64 3A 20 IIdrb: db 'd: 
645 0333 ' 41286363 db 'A(ccept). 
646 0337 ' 65 70 74 29 
647 0339' 2C 20 
648 0330' 49 28 67 6E db 'I (gnore). 
649 0341 ' 6F 72 65 29 
650 0345 ' 2C 20 
651 0347 ' 52 28 65 74 db 'R(etry) 
652 0346' 72 79 29 20 
653 034F' 00 db 
654 0350 ' CO 0009' call bconin ;read character from console 
655 0353 ' F5 push af 
656 0354 ' CO 0115' call pmsg 

:I: 657 0357 ' 00 db co - 658 0358 ' 5218 dw dell in 
IN 
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, CP/M Deblocking Driver 

» 
'D 
'D 
11) 
::J 
Q" 
;C' 
:I: 

659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 

035A' 
035C' 
0350' 
03SE' 
035F' 
0361 ' 
0363' 
0365' 
0367' 
0368' 
036A' 
0360' 
036E' 

036F' 
0372' 

0375' 
0378' 
037A' 
037C' 
0370' 

DB 00 
67 
6F 
FI 
E6 5F 
FE 03 
28 OA 
06 49 
C8 
06 FB 
C2 02E2' 
2F 
C9 

CO alAS' 
C3 0003' 

CD 0115' 
00 OA 
4518 
00 
C3 OIlS' 

db 
Id 
Id 
pop 
and 
cp 
jr 
sub 
ret 
sub 
jp 
cpl 
ret 

xdr7: call 
jp 

pmsgi: call 
db 
dw 
db 
jp 

subttl 
page 

up,O 
h,a Izera dph for accepted or 'gnored select error. 
I,a 
af 
5fh :1gnare parity, case 
3 
Z, xdr7 ; if warm start requested ',' 
z ;if user 'ignored errol"', don't tell BOOS 
'A'-' I' 
nZ,xdrl ; retry request 

cad ;clear active disk 
bwboot 

pmsg 
cr, If 
ins1 in 
0 
pmS9 

Oeblocker Storage Area 

~-



l> XEROX 820-II BIOS 
,;, Oeblockar Storage Area 

I 
;i" 
:r 

:r ... 
UI 

680 
685 
886 
687 
688 
689 
690 
691 
692 
693 
69' 
69. 
696 
697 
696 
699 
700 
701 
702 
703 
700 
70S 
706 
707 
708 
709 
710 
711 
712 
713 
710 
71. 
71. 
717 
718 
719 
720 
721 
722 
723 
72' 
72S 
726 
727 
728 
728 
730 
731 

0000 
0380' 

0000" 

MACRO-BO 3.44 09-0ac-S 1 

r.serva macro a,n 
.qu $+. 
aaat .+n 
.ndm 
IIS.t 
dselil 

Host S.ctor- O.blocktng Buff.", , 
"aserve hstbuf,S12 

Physical Driver Select Command. , 
re •• ,.va .el cmd, 3 Isel.ct command, unit, d,.iv. 

SeeK Secto,. Pa,.ameter Block, , 
r.serve sekcmd, 1 
,. ••• ,.v. s.kunt. 1 
,.esarve 8akdsk, I 
rasarve sak trk, 2 
resarve .ekhat, 2 
rasarve sakdma, 2 
raserve .aksee, 2 

;ktndly 
le.ve 

I th ••• 
bytas 
alona 

: I Unallocated Sector Param.ter Block. 
I 
reserve unadsk. 1 
r.s.rv. unatrk,2 
,.as.,.ve unas.c, 2 

;ktndly 
leave 
thes. 

Host Sector Parameter Block. , 
reserve hstcmd,l 
reserva hstunt, 1 
res.rv. hstdsk,' 
ra.a,.ya hsttrk,2 
,.esa,.v. hat •• e. 2 
r.serv. hstdma.2 

lkindly 
laave 
th.s. 
bytas 
alone 

II Disk Parametar H •• d.r Add,. •• ses. 

~e.erY. dphtab, ('P'-'A'+' ).2 

csag 

end 



::t: XEROX 820-1 I BIOS MACRO-SO 3.44 09-Dee-a1 

en Deblocker Storage Area 

Macros: 
RESERVE SKl P 

Symbo 1 s: 
023C 0009' BCONIN oooe' BCONOT 
0006' BCONST GEOO BOOSlN 0018 ' SHOME 
0000' BIOS DOOF' SPRINT 0020' BPRNTS 
0012' BPUNCH 0027 ' BREAD 0015' BREADR 
0030' BSCTRN 001B' BSELD 0024' B5ETD 
0021 ' B$ETS ODIE' 8SETT 0003 ' SWeGOr 
002A' BWRIT OIAS' CAD 0184 ' CADI 
OOFI ' CBOOT 0800 CCPLEN 0004 CDISK 
014F' CLRACT 02CC' CMP 02CE' CMPI 
F04E CONIN FOSI CONour f048 CONST 
02D6' CPB 0000 CR 013F' D800T 
0148' 08T2 5218 DELLIN 0138' OMA8AS 
0241 ' DPBADR 021C" DPHTAB 02BE' ERFLAG 
0018 ESC 02C2' fLUSH 01B6' HOME 
Q26E' HSTACT 0000" HSTBUF 0213" HSTCMD 
021A" HSTOMA 0215" HSTD$K 0218" HST5EC 
0216" HSTTRK 0214" HSTUNT 02C3' HSTWRT 
0033 ' INITIO 4518 INSLIN OOOA LF 
F054 LIST F057 LI STST 0121 ' MLS 
0130 ' MLSl 0132' MLS2 FOOO MONITR 
002e NSECTS 0115' PMSG 0375' PMSGI 
F060 PUNCH 01F4' ROWR 0212' RDWRt 
01El ' RDWRHS 0102 ' RDWRS OlES' READ 
F050 READER 01OA' REAoHS 02AE' READOP 
0062 REV 0218' RPB 0288' RSFLAG 
0262' RWOPl 0284' RWOP2 0297' RWOP3 
0267 ' RWOP4 0259' RWOPER ~ODO' SECCNT 
0298' SECMSK Olea' SECTRN 0203" SEKCMO 
020A" SEKoMA 0205" SEKDSK 0208" SEKHST 
020C" SEKSEe 0206" SEKTRK 0204" SEKUNT 
015A' SEL 1 0160' SEL2 0183' SEL3 
OlA5 ' SEL4 0200" SELCMO 0154' SELDSK 
01C3 ' SETOMA OlBE' SET SEC 0189' SETTRK 
OOOC' SPT 0133' TRANSZ 0206' TRKZFL 
0226' UNACNT 020E" UNAOSK 0211 " UNASEC 
020F" UNATRK oooa UP 0069' waOOT 
OOBO' WBTl 00B6 ' WBT2 0008 ' waT3 
ODES' waT4 0034' waTS 0050' waTCOM 
0056 ' WBTERR 0000 WRALL 0001 WROIR 
0225 ' WRIT1 0251 ' WRIT2 0254' WRIT3 
0258 ' WRIT4 01 F3' WRITE 0100' WRITHS 
02BA' WRTYPE 0002 WRUAL 020F' XDR 
02E2 ' XORl 02F5 ' XOR2 02F8' XOR3 
0312 ' XOR4 0320' XORS 0326 • XOR6 

» 036F' XDR7 02EA' XDRA 0330' XDRB 

"0 
0122 ' XLATE fQ2A XQDVR 

"0 
to 
:l 
0- No Fatal error(s) 

x· 
::t: 



» 
"tI 
"tI 
/I) 
:l 
Q. 
;C' 
:I: 

:I: .... .... 

BCONIN 
eCONOT 
aCONST 
BDO$LN 
SHOME 
BIOS 
SPRINT 
BPRNTS 
BPUNCH 
BREAD 
SRfAGR 
aSCTRN 
BSELD 
8SETD 
BSETS 
85ETT 
sweoor 
aWRIT 
CAD 
CADI 
CBOOT 
CCPLEN 
CDISK 
CLRACT 
CMP 
CMPI 
CONIN 
CONour 
CONST 
CPB 
CR 
OBOOT 
D8T2 
DELLIN 
OMABAS 
DPBAQR 
OPHTAB 
ERFLAG 
ESC 
FLUSH 
HOME 
HSTACT 
H$TBUF 

689# 695 
704 705 
70B 709 
715 719 
722 723 

140 65 
150 167 
130 
37# 40 
200 
100 46 
160 
2Bo 
170 
250 
lBo 
290 
21# 73 
240 llB 
230 113 
22# lOB 
110 52 
260 

333# 673 
337 341# 

10 146# 
3Bo 40 
390 54 

266# 529 
483 519 
578# 583 

14 203# 
15 204# 
13 202# 

474 523 
222# 657 

67 256# 
260# 262 
226# 658 

72 134 
315 489# 
258 279 
418 454 
223# 225 
521 562# 

20 346# 
267 513# 
256 695# 

695# 695 699 699# 699 703 703# 703 704 704# 
705# 705 706 706# 706 707 707# 707 70B 7081 
709# 709 713 713# 713 714 714# 714 715 715" 
719# 719 720 720# 720 721 721# 721 722 72211 
723# 723 724 724# 724 72B 728# 72B 
654 

46 55 71 

55 71 115 

674 

55 71 
231# 333 

577# 

592# 
677 

13B 192# 

728# 
555# 
226 

515 



:r HSTCMD 404 719# 

CO 
HSTDMA 257 539 724# 
H$TDSK 517 522 721# 
HSTSEC 723# 
HSTTRK 722# 
HSTUNT 720# 
HSTWRT 530 549 563# 566 
INITIO 31# 
INSLIN 225# 678 
LF 220# 677 
LIST 16 205# 
LI5TST 28 206# 
MLS 82 111 172# 
ML$l 180 183# 
MLS2 176 185# 
MONITR 200# 202 203 204 205 206 207 208 
N$ECTS 40, 69 
PMSG 61 146 160# 168 641 656 676 680 
PMSGI 628 634 638 676# 
PUNCH 17 208# 
ROWR 452# 
RQWR, 462 466# 
FlQWRHS 393 416# 
RDWR$ 391# 459 465 
READ 25 119 430# 
READER 18 207# 
READHS 397# 527 
READOP 391 452 544# 
RESERVE S8S# 694 698 702 703 704 705 706 707 708 712 713 

714 718 719 720 721 722 723 727 
REV 41# 152 
RP8 320 471# 
RSFLAG 504 525# 
RWOPI 507# 510 
RWOP2 516 522# 
RWOP3 520 531# 
RWOP4 546 550# 
RWOPER 497 504# 
SECCNT 70 123# 125 
SECMSK 326 457 505 533# 
SECTRN 29 378# 
SEKCMO 392 703# 
SEKOMA 366 541 708# 
SEKOSK 277 334 481 518 592 705# 
SEKHST 456 511 707# 
SEKSEC 359 455 506 531 709# 
SEKTRK 352 463 706# 
SEKUNT 704# 
SEL 1 279# 291 

l> 
1:1 
1:1 .. 
:::J 
Q. 
;c" 
:r 



l> SEL2 283 292# 
'CI 5EL3 289 308# 
'CI SEL4 307 329# 
ID SELCMD 293 699# 
::I SELDSK 21 276# c.. SETDMA 24 366# ;CO 

SETSEC 23 359# 
:J: SETTRK 22 352# 

SKI P 243# 398 434 
SPT 92 131# 178 
TRANSZ 84 lB6# 
TRKZFL 324 461# 
UNACNT 431 472 476# 480 499 
UNADSK 473 482 713# 
UNA SEC 485 487 492 715# 
UNATRK 493 495 714# 
UP 221# 659 
WeDQT 11 66. 
WBTt 101 104 106# 142 
WBT2 110# 132 
WBT3 117 127# 
WBT4 136# 137 
WeTS 45' 126 
WBTCOM 56' 58 
WBTERR 48 61# 76 121 
WRALL 235# 432 
WRDIR 236# 553 
WRITl 469 475# 
WRITZ 491 496# 
WRIT3 484 498# 
WRIT4 478 500# 
WRITE 26 445# 
WRITHS 403# 565 
WRTYPE 467 552# 
WRUAL 237# 468 
XoR 298 417 604# 
XORI 605# 669 
XOR2 612 617# 
XOFl3 616 620 ... 
XDR4 627 632# 
XDRS 633 638# 
XDRG 631 637 641# 
XDR7 665 673# 
XORA 604 605 608 609 ... 620 
XDRB 625 644# 
XLATE 79 173# 
XQDVR 230# (jOG 

:J: -ID 



Notes 

H20 Appendix H 



l> Banked Physical Driver 
"C 
"C 
ID 

" ~ ;CO 

::; 
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8 
9 

10 
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14 
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16 
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MACRO-SO 3.44 09-Dec-S 1 

Title Banked Physical Driver 

Banked Phys i ca 1 Dr i ver 

Copyright (C) 1982, 8alcones Computer Corporation 

Transferred to Publ'lc Domain - (PO) 1983 

After executing this program by entering BANK x:(where x is any valid 
CP/M disk drive A-P), The BANK program wi 11 load a physical disk 
driver into memory. This physical driver 15 executed when drive x: 1s 
accessed by CP/M. This particular disk driver wi II map normal CP/M 
files onto the address space of the alternate memory bank 
(bank 0) in the 820-11. 

This utility demonstrates the flexibility of the logical to 
physical disk mapping 1n the 820-11. The BANK program 
moves the physical disk driver up to hi9h memory. 
It then updates the entry for drive x: in the logical to physical 
disk drive mapping table tell ing the system to use physical 
disk driver #3 when CP/M requests service from drive x:. 

The execution address of the BANK driver is then placed in 
entry #3 of the physical disk dri .... er address table. 

If BANK is executed by entering: A>BANK P: 

Then doing a A>DIR P: would display the following directory: 

BOOT .ROM OPTION .ROM SCREEN .MEM EXPAND .RAM 

Entering: A>STAT P:- .• will display the following: 

Rees Bytes Ext Ace 
64 12k I R/O P:BOOT .ROM 

256 32k R/W P:EXPAND.RAM 
16 2k R/W P:OPTION.ROM 
24 4k I R/W P:SCREEN.MEM 

Bytes Remaining On P: Ok 

The fi les map to the following memory addresses in bank 0: 

BOOT .ROM 
EXPAND. RAM 
OPTION,ROM 
SCREEN. MEM 

OOOOh-2fffh 
4000h-bfffh 
17ffh-lfffh 
300Qh-3bffh 

The BANK program can also be a very useful tool in that after 
it has been executed a high 1 e .... e I language program can access 
items in the alternate memory bank as disk files on dri .... e Xl 

Of particular interest is the fi Ie SCREEN.MEM, notiee that it 
is 24 records long. Each record (128 bytes) corresponds to a 
I ina on the CRT (only the first BO bytes of each record are in 
the display window). The first record of the file corresponds 
to the first I ine of the CRT only if the CRT has not been 
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l> Banked Physical Ori ... er MACRO-BO 3.44 09-Dee-Bl 
'a Constants &. Program Mover 
'a 
C\) 62 

'" 63 
Q.. 64 FOOD Meni tr equ OfDOOh IBase address of resident monitor ;CO 

65 F033 Xcr-tmv equ moni tr+33h :Crt <-> Ram Move f-DIR Simulatol"' 
66 F036 Xget51 equ moni tr+36h ;Get driver select table address to hi 
67 
68 FF3C Bava11 equ Off3ch :Pointer to beginning of avatlable memory 
69 FF3E Eave; I equ Off3eh :Pointer to end of available memory 
70 
71 0005 bdos equ 5 
72 DOSe dfcb equ 5ch 
73 
74 FA8D drvadr equ OfeSCh :address for Bank driver 
75 0000 stack equ 0 
76 
77 • zeQ 
7B 
79 0000' Aseg 
BO Org lOCh 
81 0100 18 SA jr loadit 
82 
83 0102 43 6F 70 79 db 'Copyright (C) 1982 8alcones Computer Corporation' 
84 0106 72 69 67 68 
85 OIDA 74 20 28 43 
86 OIOE 29 20 31 39 
B7 0112 38 32 20 42 
8B 0116 61 6e 63 6F 
B9 OllA 6E 65 73 20 
90 OllE 43 SF 60 70 
91 0122 75 74 65 72 
92 0126 20 43 SF 72 
93 Ol2A 70 6F 72 61 
94 012E 74 69 6F 6E 
95 0132 20547261 db Transferred to Public Domain - (PO) 1983' ,26 
96 0136 6E 73 66 65 
97 013A 72726564 
98 013E 20 74 6F 20 
99 0142 50 75 62 6e 

100 0146 69 63 20 44 
101 014A 6F 60 61 69 
102 014E 6E 20 20 20 
103 0152 28 50 44 29 
104 0156 20 31 39 38 
105 015A 33 lA 
106 
107 
lOB DISC CO 0308 loadit: call req822 ;seB if machine is 820-II 
109 015F 3A D05e ld a, (dfcb) 
110 0162 B7 or 
111 0163 28 30 j r :. ,bnkusg 
112 0165 F5 push af 
113 0166 CO 03FS t:.'1 ckspac Isee if room for driver 
114 0169 F1 pop a' 
115 016A 3D dec 
116 0168 4F ld coa 

W 
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Banked Physical Driver 
Constants & Program Mover 

117 Dl6C 21 0259 
118 Ol6F 11 FABO 
119 0172 05 
120 0173 C5 
121 0174 01 017F 
122 0177 ED 80 
123 0179 26 00 
124 0178 CD F03S 
125 017E Cl 
12. 017F E5 
127 0180 09 
128 0181 09 
129 0182 36 03 
130 0184 23 
131 0185 36 00 
132 0187 El 
133 0188 11 0026 
134 0188 19 
135 G1SC 01 
136 01BO 73 
137 G1SE 23 
138 Ol8F 72 
139 0190 DE 00 
140 0192 C3 0005 
141 
142 0195 11 0190 
143 0198 DE 09 
144 Ol9A C3 0005 
145 
146 0190 55 73 61 67 
147 OlA 1 65 3A 20 42 
148 OlAS 41 4E 48 20 
149 alA9 78 3A 24 
ISO 
lSI OIAe 
152 0259 
153 
154 
ISS 
156 

MACRO-SO 3.44 09-Dee-51 

ld hl,driver 
ld de. banked 
push de 
push be 
ld bC,drvlen 
ldi r 
ld h,O ; indicate register return 
call XGets I ;get select table address 
pop be 
push hI 
add hl,be 
add hl,be 
ld (hI) ,3 
inc hI 
ld (hI) ,0 
pop hI 
ld de,2*16+3*2 
add hl,de 
pop de 
ld (hi) ,e 
Inc hI 
ld (hI) ,d 
ld c.13 
jp bdos 

bnkusg: 1 d de. bnkmsg 
ld c,9 
jp bdos 

bnkmsg: db 'Usage: BANK )(: $' 

ds 200h- 1 03h- ($-1 oad it) • -, 
dr; ver: 

. phase Drvadr 

$ubtt 1 Bank Driver 
page 



l> Banked Physical Driver MACRO-BO 3.44 09-Dee-Bl 
"Q Bank Dri .... er 
"Q 
It> 157 :::I 158 Q. 
x· 159 FA8D 7E banked: ld a, (hI) ;get driver op 

160 FAa! 4f ld c.a 
161 FA82 23 inc hl 
162 FA83 3C inc a 
163 FA84 28 51 jr z.,selbnk ; if select op 
164 FA86 23 inc hl 
165 FAa7 23 inc hl 
166 FABS 56 ld d, (hI) ;set track 
167 FA89 23 inc hl 
168 FA8A 23 inc hl 
169 FASB 7E ld a, (hI) ;set sector 
170 FASC OF 
171 FABD Sf ld e.a 
172 FA8E 23 inc hl 
173 FA8F 23 inc hl 
174 FASD 7' ld a, (hI) ;set transfer address 
175 FA9! 23 inc hl 
176 FA92 66 ld h, (hi) 
177 FA93 6F ld 1.a 
178 FA94 06 00 ld b.O :preset crtldir op 
179 FA96 7C ld a.h 
180 FA97 FE CO cp OcOh 
181 FA99 30 01 j r nc, bank 1 ; if transfer outside banked area 
182 FA9B 05 dec b ; set ram->crt 
183 FA9C 79 bank 1: ld a. c :set read/ .... rite op 
184 FA9D 67 or a 
185 FA9E 28 02 jr z,bank2 :if write 
186 FAAO 06 01 ld b.l ;set crt->ram 
187 FAA2 C5 bank2 : push bc ;save direction op 
188 FAA3 62 d ;check directory track 
189 FAA4 FA FACS jp m, bankS ;if directory operation 
190 FAA7 FE 30 cp 030h 
191 FAA9 79 ld a.c ;set read/write switch 
192 fAAA 01 0080 ld bC,12S 
193 FAAD 38 05 jr c, bank3 ;if not within screen memory 
194 FAAF B7 or a 
195 FABO 20 05 jr nz, bank4 ; ; f read 
196 FAB2 DE 50 ld c,SD ;only write one 1 ine 
197 FAB4 67 bank3 : or . :test read/write 
198 fAB5 28 D 1 jr z, bank5 ; if write 
199 FAB7 EB bank4 : de,hl ; set read 
200 fAB8 Fl bankS: pop af ; get mover op to A 
201 FAB9 ED 73 FAC4 ld (stksav) ,sp :use high stack 
202 fA80 31 0000 ld sp,stack 
203 fACO CD F033 call Xcrtmv : move it to/f rom crt bank 
204 FAC3 31 0000 ld sp,O 
205 FAC4 stksav equ $-2 
206 FAC6 AF ,or ; a 1 ways succeeds 
207 FAC7 C9 'et 
20B fAC8 11 FAD8 bank6: ld de,Direct ;set directory address 
209 FAC8 00 dec c 
210 FACe 20 01 jr nz, bank7 ;if directory write 
211 fACE E8 de,hl 

Vi 



iii Banked Physical Driver MACRO-aO 3.44 09-Dec-81 
Bank Driver 

212 FACF 01 0080 bank7: ld be,BOh 
213 fA02 EO eo Idir : read or re-wri te di rectory 
21. FA04 Fl pop •• 21S FADS AF ,or 
216 FAD6 C9 ret 
217 
21. FAD7 21 FB5B selbnk: ld hl,dph 
219 FADA C9 ret 
220 
221 Subtt I Oi rectory Sector. Dpb & Oph 
222 page 

» :g 
~ 
.Q. 
;CO 



» Banked Physical Driver MACRO-BO 3.44 09-Dec-al .., Di rectory Sector, Opb & Oph .., 
to 223 

" 224 Q. 
225 FADS 00 0; rect: db 0 ;CO 
226 fADe 42 4f 4F 54 do 'Boor R' 
227 FAEO 20 20 20 20 
226 fAE4 02 
229 FAE5 4F 40 db 'OM' 
230 FAE7 00 00 00 40 db 00. 00,00.64 
231 FAEB 01020304 db 01,02,03,04 ;Bank 0 Memory locations OOOOh-lfffh 
232 FAEF 05 06 00 00 db 05.06, 00. 00 2000h-2fffh 
233 FAF3 00 00 00 00 db 00,00,00,00 
234 FAF7 00 00 00 00 db 00,00,00,00 
235 
236 FAF8 00 db 0 
237 fAFC 4F 50 54 49 db 'OPTION ROM' 
236 FBOe 4F 4E 20 20 
239 FB04 52 4F 40 
240 feD7 00 00 00 10 db 00,00,00,16 ;Bank 0 Memory 1 oeat ions 17ffh-lfffh 
241 feae 04 00 00 00 db 04,00,00,00 
242 fBOF 00 00 00 00 db 00. 00. 00. 00 
243 fB13 00 00 00 00 db 00,00,00,00 
244 FBl7 00 00 00 00 db 00, 00,00.00 
245 
246 FSIS 00 db 0 
247 FBle 53 43 52 45 db • SCREEN MEM' 
246 FB20 45 4E 20 20 
249 FB24 40 45 40 
250 Fe27 00 00 00 18 db 0,0,0,24 
251 FB2B 07 DB 00 00 db 07,08,00,00 j Bank 0, Memory 1 oeat ions 3000h-3bffh 
252 FB2F 00 00 00 00 db 00,00,00,00 
253 FB33 00 00 00 00 db 00,00,00,00 
254 FB37 00 00 00 00 db 00.00.00.00 
255 
256 FB3B 00 db 0 
257 FB3C 45 58 50 41 db ' EXPAND RAM' 
258 FB40 4E 44 20 20 
259 FB44 52 41 40 
260 FB47 a 1 00 00 80 db 01,OO.OO,80h 
261 FB4B 09 oA DB DC db 09,10, II, 12 jBank 0, Memory locations 4000h-5fffh 
262 F84F 00 DE OF 10 db 13,14,15,16 6000h-7fffh 
263 FB53 11 12 13 14 db 17,18,19,20 8000h-9fffh 
264 FB57 15 16 17 18 db 21,22,23,24 aOOOh-bfffh 
265 
266 FB5B 0000 0000 dph: dw 0,0,0.0 
267 FB5F 0000 0000 
268 FB63 FB7F FBBB dw di rbuf ,dpb 
269 FB67 0000 FB7B dw O,alloe 
270 
271 FB6S 0002 dpb: dw 2 ; spt 
272 FB60 04 OF 01 db oil, IS, 1 ;blkshf, blkmsk, nullmsk 
273 FB7D 0018 0003 dw 24,3,128, 0,-8 ;dsw,dlrm,alloeOl,chkslz,trk off 
274 FB74 0080 0000 
275 FB78 FfFS 
276 FB7A 00 db ;128 byte sectors 
277 

::::i 
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» Banked Physical Driver MACRO-BO 3.44 09-Dee-51 

" System Identification 

" to 2B6 :> 
Co 2B7 

;C' 2BB Verify The machine this program is being run by Murphy or 
2B9 a Xerox 820-1 I 
290 ; 
291 0308 3A FOOD Req822: ld a, (manitr) ;make certain system is an 820-11 
292 0308 FE C3 cp Oc3h :should be a jump instruction if 820 
293 0300 20 00 jr nZ,noti i ; i f not give error message 
294 03DF 2A FOOl 1d hi, (monitr+l) :follow reload monitor jump 
295 03E2 7. Id a, (hI) 
296 03E3 FE F3 cp Of3h 
297 03ES 20 05 j r nZ,notii ;if interrupts not disabled 
29B 03E7 23 'nc hi 
299 03ES 7. Id a, (hI) 
300 03ES FE DB cp Odbh 
301 03ES CB ret z 
302 03Ee EI Not i;: pop hi ;pitch return address 
303 03ED 11 0434 Id de. msg 
304 Q3FO OE 09 pmsg: Id c.9 
305 03F2 CD 0005 call bdos 
306 03FS C3 0000 jp 0 
307 
30B The pointer at Bavail points to the start of free memory, Eava;! 
309 

~~; ~~~u~~ !::c:n~o ~f {~~:e p~~;~~~. to T~ ~ ~ ~~s:h ~:r~~~:~ I ~~::e~h~~~ory 310 
311 space. If so the Eavai I pointer is updated to the start of the driver -1. 
312 If not an error message is sent to the console. 
313 

Ckspac: Id 314 03FS ED 58 FF3C de, (bavai I) ;get pointer to start of free address space 
315 03FC 2' FASO 1d hl,drvadr ;start of driver 
316 03FF .7 or a 
317 0400 ED 52 sbc hi ,de 
318 0402 3S 11 jr c, nrOOrn ; if drvadr < bavai I then no space 
319 0404 2A FF3E 1d hI, (eava; 1) ;get pointer to end of avai lable space 
320 0407 11 FBFF 1d de, drvadr+drv 1 en 
321 040A ED 52 sbc hl,de 
322 040C 38 07 J r c, nroom ;if driver end:» end of eavail then no space 
323 040E 21 FASO Id hl.drvadr ;else update end pointer 
324 0411 22 FF3E Id (eavai 1) ,hI 
325 0414 C9 ret 
326 0415 11 041A Id de, nspace 
327 0418 IS 06 j r pmsg 
328 
329 041A 46 72 65 65 Nspace: db 'Free memory space in use.$' 
330 041E 20 60 65 60 
331 0422 6F 72 79 20 
332 0426 73706163 
333 042A 65 20 69 6E 
334 042E 20 75 73 65 
335 0432 2E 24 
336 
337 0434 54 68 69 73 Msg: db 'This program requires a Xerol( 820-11 Information Processor.S' 
338 0438 20 70 72 6F 
339 043C 67726160 
340 0440 20726571 

iO 
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l> 
"0 
-g 
5. 
;CO 

341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 

0444 
0448 
044C 
0450 
0454 
0458 
045C 
0460 
0464 
0468 
046C 

75 69 72 65 
73 20 61 20 
58 65 72 6F 
78 20 38 32 
30 20 49 49 
20 49 6E 66 
6F726D6t 
74 69 6F 6E 
20 50 72 SF 
63 65 73 73 
6F 72 2E 24 

MACRO-BO 3.44 09-0ec-B 1 

Subttl Symbol Table 
end 



» Banked Physical Driver MACRO-BO 3 . .44 09-Dec-al 
1::1 
1::1 

Symbol Table .. Macios: 
::J 
Q. 

Symbols; ;(" 
FB7B ALLOe FA9C BANK1 FAA2 BANK2 
FA84 BANK3 FAS7 BANK4 FABS BANKS 
FACe BANK6 FACF BANK7 FABO BANKED 
FF3C 8AVAIL 0005 BOOS 0190 BNKMSG 
0195 BNKUSG 03FS CKSPAC Dose OFes 
F87F DIRBUF FADS DIRECT FBsa ope 
F85B DPH 0259 DRIVER FABO DR VA DR 
017F DRVLEN FF3E EAVAIL DISC LOADIT 
FOOD MONITR 0434 MSG D3Ee NOlI I 
0415 NRODM 041A NSPAce C3FO PMSG 
0308 REQ822 FAD7 SELBNt< 0000 STACK 
FAC4 STKSAV F033 XCRTMV F036 XGETSL 

No Fatal err-ods) 

::; 



IV 

l> 
"0 
"0 
/I) 
:l 
0.. 
;c' 

ALLoe 
BANKl 
8ANK2 
BANK3 
BANK4 
BANKS 
BANK6 
BANK7 
BANKED 
BAVAIL 
BOOS 
BNKMSG 
BNKUSG 
CKSPAC 
DFCB 
DIRBUF 
DIRECT 
OP8 
OPH 
DRIVER 
DRVADR 
DRVLEN 
EAVAIL 
LOADIT 
MONITR 
MSO 
I'IOTI I 
I'IRODM 
NSPACE 
PMSG 
REQ822 
SELBNK 
STACK 
STKSAV 
XCRTMV 
XGETSL 

269 
181 
185 
193 
195 
198 
189 
210 
118 
68. 
71# 

142 
111 
113 
72# 

268 
208 
268 
218 
117 
74N 

121 
69' 
81 
64. 

303 
293 
318 
326 
304# 
108 
163 
75' 

201 
65# 
66. 

278# 
183# 
187# 
197# 
199# 
200# 
208# 
212# 
159# 
314 
140 144 305 
146# 
142# 
314# 
109 
279# 
225# 
271# 
266# 
152# 282 
153 315 320 323 
282# 320 
319 324 
108# 151 
65 66 291 294 

337# 
297 302# 
322 326# 
329# 
327 
291# 
218# 
202 
205# 
203 
124 
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Position encoded keyboard handler 

• • 6 
7 
8 
9 

10 

" 12 
13 ,. ,. 
16 
17 
18 
19 
20 
21 
22 
23 
2' 2' 26 
27 
28 0000 
29 
30 
31 

MACRO-SO :3.44 09-Der;-81 

Tit 1 e Pes i t i on encoded keyboard hand 1 er 

Position encoded keyboard handler for the 620-11 & 16/8 
professional computer . 

Copyright 1983 (C) XEROX Corporation 

.dO 

This ;s the stand alone rom addition to the Xerox 
820-11 monitor. It is called once during monitor restart 
and at that time patches the monitor in ram to 
call the modified k/b,crt,Screenprint and printer 
routines. It then moves in its own SIGNQN overlay 
and jumps into it. 

This SIGNON in addition to selecting the disk driver also 
moves into ram (in the spare driver area) translation 
tables and code for k/b and printer routines (crt is run 
out of rom). 

There is also a RX BOOT overlay which ;s selected instead 
of the Xerox one. This loads the national translation 
tables from disk and then calls the Xerox BOOT. 

defl 013 

subtt I Xerox ROM dependant equates 
page 



N Position encoded keyboard handler MACRO-BO 3.44 09-Dee-a1 
Xerox ROM dependant equates 

32 
33 
34 The following equates are dependant on the revision of the Xerox ROM 
35 These are compatible with Ver. 4.02 
36 

~x 1984 37 1800 equ lBOOh start of r)(1984 
3. aaoo romsi z equ 800h size of apr-om 
39 FOOD moni tr equ OfOOOh start of monitor ad jump table 
40 FlEe savstk equ x' flec' stack save address 
41 FF10 ctcvec equ x' ffl0' counter timer interrupt vector 
42 fF18 sysvec equ OffISh vector page 
43 FFIA kbvec equ sysvec~2 keyboard "ector 
44 FC5D tca equ Dfc5dh start of 4.02 transient command area 
45 0002 baff1 equ ('A' -'@')*2 A command vector in command table 
46 0018 boff2 equ (' L '- '@' )*2 I command vector in command table 
47 0019 s10ff equ 19h sioout vector in mont tor table 
4. DODA kboff equ Oah offset in k/b int service for patch 
49 0010 fcrtof equ 10h fast crt out vector ;n monitor table 
50 0012 crtca 11 equ 12h offset in crt driver for patch 
51 F006 canst equ monitr+6 
52 F009 conin equ monitr+g 
53 F003 warm equ monitr+3 
54 FOlB select equ monitr+lbh 
55 FO! E home equ monitr+leh 
56 F024 read equ monitr+24h 
57 F03C conf 19 equ monitr+",'3c' man; tor conf i gure rout i ne 
58 F03F siordy equ monitr+x'3f' sio channel b output ready status 
59 F066 idle equ monitr+x'66' idle whi Ie ilo pending 
60 F06C mntrex equ monitr+x'6c' monitor jump table expansion area 
61 F06C kybdlp equ monitr+x'6c' low profi 1e keyboard entry address 
62 F06F key2 equ monitr+x'6f' keyboard xlat char entry address 
63 F072 keyS equ monitr+x'72' keyboard without ""at char entry address 
64 F07S pnext equ monitr+x '7S' print message after call 
65 F078 prboff equ monitr+x'78' promt boot entry 
66 0182 crtdl equ 0182h 
67 0196 crtd2 equ Ol96h 
6. DIDO grpad equ Iddh address of set graphics attribute 
69 1078 ",rsign equ 107Bh adress of ",r stgnon overlay 
70 0060 sigoff equ 60h offset of ver value in s1gnon 
71 IICD xrboot equ IlcDh boot all address 
72 FI67 mkey2 equ ",' f167' keyboard handler entry address 
73 FI8F mkey5 equ '" 'f 18f' return from keyboard and timer interrupt add 
74 F22F sprnt 1 equ Of22fh patch address for screen print 
75 F232 sprnt2 equ Of232h return address from RX screenprint code 
76 F293 crtoff equ x 'f293' switch to ram side 
77 F339 prvatt equ Of339h contains address of current set attribute 
7. FA62 prompt equ Ofa62h 4.02 PROMPT 
79 FAgS mprmtO equ x 'fa95' 4.01 PRMTQ 
.0 FC3D mpnext equ x 'fc3d' 4.01 PNEXT 

» 
., 
.2 Data Addreses 

"C .3 
"C 84 EDBO bootbf equ Oed80h II> 

" .5 FOE3 mask equ OfOe3h 
C. .6 F09l confg equ Of 091 h 
;CO 



l> Position encoded keyboard handler MACRO-BO 3.44 09-Dec-al 

" Xerox ROM dependant equates 

" I'D 87 F20E spact 'qu x'f20e' 
::J 88 F319 gold 'qu Of319h Q. 
X' 89 F3S0 sel tab 'qu Of360h 

90 F470 f ivdpb equ Of470h 
91 F70B rigdpb .qu Of70Bh 
92 FaDe tabled 'qu Of BaCh ; space for rll code 
93 FA 11 phytrk .qu Ofal1h 
94 FF3C avai lb .qu x'ff3c' ;bottom ava; lable ram memory 
95 FF50 intstk equ x'ffSO' ; tempory stack address 
96 FF54 steprt equ Off54h 
97 FF5C 1 inbuf equ Off5ch 
98 FFAC cursor equ Offach 
99 FFB2 lead;n equ Offb2h 

100 FFB3 attrib .qu Offb3h ;address af attributes enabled flag 
101 FFB4 chrsav equ Offb4h 
102 
103 Port addressess 
104 
105 0010 syset 1 equ ldh 
106 ODIC syspio equ leh 
107 0005 si odpb equ 05h 
108 DOlO wd1797 equ 10h 
109 DOlE kbdat equ leh 
110 0019 etc 1 equ x'19' ;ctcl port address 
111 
112 Other Equates 
113 
114 0081 enentr equ x '81' :enabie etc command 
115 0001 stent r equ x '01' ;stop etc command 
116 0000 revO equ l\ '~O' ;4.00 Revision L.evel 
117 0001 revl equ l\ '01' ;4.01 Revision L.evel 
118 00S4 revSO equ S* 1 00-400 ;S.OO Revision level 
119 003C cnfgoff equ l\ '3c' lmonitor configuration offset 
120 0006 cnfbyte equ l\ 'OS' ;configuration subroutine byte offset 
121 0008 kbl P equ l\ 'OB' ;configuration bit id for L.PKYBO 
122 0008 romofs equ l\ '06' ;PROMPT offset between 4.02 & 4.01 monitor 
123 0001 1 pkofs equ l\ '01' ladditonal sector required for- table star-age 
124 0076 upper- equ 'z '+1 ;upper I imit fer- alpha test 
125 0061 lower equ 'a' J lower I imit far alpha test 
126 0020 upasc i i equ 'a'-'A' ;set to upper case ASCII mask 
127 0000 zero equ 0 izera 
128 DOFF setf 19 equ l\' ff' ;set flag 
129 
130 Equates 
131 
132 0004 c five equ 04 
133 0006 c.sasi equ 06 
134 0001 o. term equ 000lh 
135 0300 sasidl equ 300h 
13. 
137 Internal equates 
138 
139 DOlO rtabl equ 29 ;rigid disk tables sector 
140 ODIE rtab2 equ 30 , 
141 0004 ftabl equ 04 ;f '?,ppy 

W 
142 ODDS ftab2 equ 05 
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Position encoded keyboard handler 
Xerox ROM dependant equates 

143 0006 
'44 0000 
145 0001 
146 0002 
147 0003 
148 0004 
149 aOtA 
150 0018 
151 0004 
152 0000 
153 DODA 
154 
155 
156 

MACRO-BO 3.44 

ftab3 
lang 
kbrd 
font 
prnt 
kbrdtb 
cl r5 
esc 
eot 
cr 
If 

09-Dec-al 

equ 06 3 
equ 00 offset of language no. tn index tabl. 
equ 01 offset of k/b flag tn index table 
equ 02 offset of font flag tn indell table 
equ 03 offset of printer flag tn index tabl. 
equ 04 offset of k/b tables tn first .ector 
equ lah c I ear screen 
equ lbh escape key 
equ 04h end of text 
equ Odh carriage return 
equ Oah 1 ina feed 

subtt I RX1984 Restart 
page 



l> Positi'on encoded keyboard handler MACRO-BO 3.44 OS-Oec-B' 
"tI RX1984 Restart 
"tI 
ID 157 ;, 
Q. 158 

X' 159 0000 ' start: 
160 . phase rx1984 
161 
162 RX 1984 
163 Entry here from Xerox monitor bfore entering SIGNON. 
164 
165 Input: -
166 ", - cmdtab 
167 de - seltab 
16B be - cloe 
169 
170 
171 1800 C5 push be 
172 1801 05 push de 
173 1802 E5 push hl 
174 1803 21 0000 ld h1,O 
175 1806 CD F03C ca 11 config 19st monitor configuration 
176 1809 7C ld a.h 
177 18011. FE 00 cp revO 
178 laDe ell. 187E Jp z,noload ;skip if below 4.01 
179 leOF FE 64 cp revSO 
lBO 1811 02 IS7E jp nc. no load lsk;p if 5.00 or above 
lBl 1814 21 181A ld h1. rvl tbl ;4.01 spring board table 
lB2 1817 FE 01 cp rev1 
lB3 1819 28 03 j' z,tbxfer ;skip if 4,01 
lB4 1818 21 1829 ld hl,rv2tbl ;4.02+ spring board table 
lB5 1alE 11 F06C tbxfer: Id de,mntrell 
lB6 1821 01 DOOF ld bc,jtblsz 
lB7 1824 F5 push af lsave monitor level 
lBB 1825 ED eo ldir ;append monitor table with Ipkybd jmp vectors 
189 1827 DO 2A F03D ld ix, (mon i t r+cnfgoff+ 1 ) ;set address at monitor conftg: 
190 182B DO 7E 06 ld a, ('ix+cnfbyte) 
191 ISZE F6 08 0' kblp ;set low profi Ie bit flag 
192 1830 DO 77 06 ld (ix+cnfbyte) ,8 
193 1833 F 1 pop af :recover monitor level 
194 
195 Alter BOOT commnd vectors 
196 
197 1834 DO El pop ;, ; cmdtab address 
198 1836 DO E5 push " 199 1838 DO 36 02 3~' ld (; x+boff 1).1 ow rxboot :assume 4,01 monitor 
200 183C DO 36 03 06' ld (h+boffl+1),high rxboot 
201 1840 DO 36 18 3D' ld (;x+boff2),low rxboot 
202 1844 DO 36 19 06' ld (ix+boff2+1),high rxboot 
203 1848 FE 01 cp rev! ;moni tor check 
204 184A 28 10 jr Z,soout :skip if 4,01 monitor 
205 IS4C DO 36 02 45' ld ( i x+boff 1 ) , low (l"'lIboot+romofs) :4,02+ monitor boot 0'10181'" addr 
206 1850 DO 36 03 06' ld (i x+boff 1 + 1), hi gh (rxboot+romofs) 
207 1854 00 36 18 45' ld (;x+boff2),low (rxboot+romofs) 
208 1858 DO 36 19 06' ld (i x+boff2+ 1), high (rxboot+romofs) 
209 
210 A I tel'" keyboard interrupt service 
211 

Vi 



0; 

f 
~ ;Co -

Position encoded keyboard handler 
RX1984 Restart 

212 Isse 00 2A FFIA 
213 1860 00 36 OA CD 
21' 1864 DO 36 DB 6e 
215 1868 00 36 ac fa 
21. 
217 
21. 
21' IB6e " 220 1860 01 
221 laSE Cl 
222 18eF Cl 
223 t870 21 0552' 
22' 1873 11 FeSO 
22' 1876 01 ODES 
22. 1879 ED BO 
227 1878 C3 FeSo 
22. IS?E " 22. 181F 01 
230 18BO Cl 
231 1881 3E FF 
232 1883 A7 
233 1884 C. 
23' 
23' 
23. 

MACRO-SO 3.44 09-Dee-81 

Scout: ld ix.(kbvec) ;k/b tnt vector 
ld (h+kboff) ,Ocdh ;CALL operation 
1d (ix+kboff+l). low kybdlp 
1d (i x'f'kboff+2) ,high kybdlp 

Move tn RX SIGNON to 0/1 area and executa H 

pop hl 
pop de 
pop be 
pop be ;throw away r.turn addr ••• 
1d hl,rxsign ; rom address 
1d de,tea ;0/1 area 
1d bC,l"'xsigl ; length 
Id;r 
jp tea ;GO SIGN ON 

naload: pop hl 
pop de 
pop be 
ld a,x'ff' ;wrong monitor 
and a ; load signan from monitor 
rot 

subttl ROM resident CRT Drive" 
page 



J> Pos itt on encoded keyboard hand I er 
" ROM resident CRT Driver 

I 
;c' 

... 

...... 

237 
238 
239 
240 
241 
242 
243 
244 
24' 
246 
247 
248 
249 
2.0 
251 
252 
253 
254 
25. 
258 
257 
258 
259 
260 2., 
2.2 
2.3 
264 
2.5 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
278 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 

1885 
1888 
188B 
188C 
18aF 
1892 
1893 
1896 
1899 
189A 
189B 
1890 
18AO 
18A3 

18A6 
18A7 
lBA8 
lBAA 
18A8 
leAE 
IBAF 
18Bl 
1B84 
18B7 
18B9 
18BB 
t8BC 
l8BE 
18Cl 
18C4 
18C6 
18C7 
18CA 
18C8 
18CC 
lSCO 
ISeE 

18CF 
1800 
1803 

2A FFAC 
3A FFB4 
71 
32 F3t9 
3A FFB2 
B7 
C2· 0196 
3A FOE3 ., 
4F 
FE 20 
OA 0196 
CO 18A6 
C3 0182 

E5 
79 
E6 80 
F5 
21 FFS3 
B6 
28 OA 
11 0100 
2A F339 
EO 52 
28 OF 7. 
ea SF 
21 F960 
01 0000 
ED Bl 
4F 
CC 18CF 
Fl 
B' 
4F 
El 
c. 

28 
01 0000 
09 

MACRO-SO 3.44 09-Dec-81 

Crtdvr - Crt Driver RX Addition. 

~xcrt : '0 '0 
'0 
'0 
10 
Dr 
Jp 
10 
anO 
10 
cp 
Jp 
call 
Jp 

hi, (cursod 
a. (chrsav) (hi) ,_ 

(gOld) ,a 
a, (Ieadin) 
a 
nz.crtd2 
a. (mask) 
C 

~.~ 

c,crtd2 
fonchk 
crtdl 

set cursor address 
retrieve character under cursor 
replace character under cursor 
bury balcon •• gold 
.et leadin .tat. 

; if processing escape .equence 
I get keyboard mask 

; if control code 
;do font translation 
;go to lC.R code 

Subroutine fonchk does the font translation for national 
character seta. 
entry: C contatns the character 
exit: C contains the translation 

~onchk: push 
'0 
anO 
push 
'0 
Dr 
Jr 
10 
10 
sbc 
Jr 

fonl: Id 
re. 
'0 
'0 
cpir 
10 
ca11 

fon2: pop 
or 
10 
pop 
ret 

hI 
e,c 
IQOOOOOOb 
af , 
hl,attr·1b 
(hi) 
z,'on1 
de,grpad 
hl,(prvatt) 
hl,de 
z, fon2 
e,c 
7,a 
hl,fontbl 
bc. fontsz 

c,. 
z,tntr.n 
af 

c,e 
h' 

; save cursor posn. 
Iget char tn a 
;preserve attribute bit 

point to attdbute anab).ed flag 
te.t " set 
no attribute bit - go do translation 
check if graphics mode 
current attribute mode 

,grahiCs mode - no translate 
;here to da trans late 
;clear attribute btl 
,address of exceptions table 
;s1ze af exceptions table 
;search for char. in exceptions 
; restore char to c 
; if found do translation 
;retrieve attribute btl 
;or it tn 

;retrieve cursor 

air fntran translates font characters 
entry! (HL) - address.' of char to be translated in fontbl 
exit: (c) - translated character 

~ntran: dec 
10 
aOO 

hI 
be, fontsz 
hl.bc 

Iback to byte to ba translated 
lah. of table 
;add to address of char, to be translated 



lio Position encoded keyboard handler MACRO-BO 3.44 09-Dec-B 1 
ROM ,esident CRT Driver 

292 1804 4E Id c, (hI) :get translated value 
293 le05 C9 cot 
294 
295 This routine is called from the Xerox screenprint handler, It 
296 picks up the character to be printed from the crt ram, does a 
297 reverse font translate,replaces any control codes with a space, 
296 does a printer translate and outputs the character to the printer. 
299 entry:- HL - address of byte to be printed 
300 

~crprt: push 301 1806 E5 hi 
302 1807 C5 push b, 
303 1808 7E Id a, (hI) ;byte for printing 
304 1809 CB SF 7,' :ignore attribute bit 
305 :da reverse font trans late 
306 18DB 21 F960 Id hi ,fontbl+fontsz. :point to translates 
307 laDE 01 0000 Id be. fonts;!. 
306 leE! ED el cpir ;search for char. 
309 lBE3 20 07 jc nZ,scrQl :not in table 
310 ; in table convert to media code 
311 tSES 01 0000 Id bc, fontsl; ;offset back. to media code 
312 tSE8 37 scf 
313 18E9 ED 42 sbc h1,bc ;points to media code 
314 18ES 7E Id a, (hI) 
315 18EC serOl: ;here with media code 
31. 18EC FE 20 cp 20h lis it a control code 
317 18EE 30 02 jc nc, scr02 ' 
316 18FO 3E 20 Id a,20h ; yes. subst; tute a space 
319 18F2 CD 1966 scr02: call pot ran ;do printer translation 
320 18FS 20 00 jc nz, scr03 ;no translation done, 90 output char. 
321 ;translation done. check escape btt 
322 18F7 CB 7F bit 7,' ;escape bit 
323 18F9 28 09 jc z, scr03 ; not set go output char 
324 18FB 4F Id c " ;set. save char. 
325 18FC 3E lB Id a,esc ; output an escape 
326 18FE CO 1959 call posout ;output routine 
327 1901 79 Id ',c ; restore char. 
326 1902 CB BF ces 7,' ;clear escape bit 
329 1904 CD 1959 scr03: call posout ;print char 
330 1907 CI pop be 
331 1908 EI pop hi 
332 1909 C3 F232 Jp sprnt2 ; return to Xerox code 
333 
334 b:ception print driver - ROM entry point 
335 
33. 19GC C5 Rmposend: push be 
337 1900 E5 push hi 
336 190E CO 1914 call posend 
339 1911 EI pop hi 
340 1912 CI pop be 

l> 
341 1913 C9 cet 
342 

'tI 343 Posend - deals with character translation and escape 'tI 
tD 344 sequences for the diablo 630 

" 345 
Posend: 1 d 

input--- a contains char for output to channel b 
Q. 346 1914 4F ',a 
;C' 347 1915 3A F9A6 Id a,(escsq) ; in an escape sequence? 



l> Pas i t i on encoded keyboard hand 1 er MACRO-SO 3.44 09-Dec-al 
1J ROM resident CRT Driver 
1J 
II> 348 1918 87 a ::s 349 1919 20 22 jr nl:, pos04 ,yes c.. 
X' 350 1918 79 ld a.c 

351 19lC FE 18 cp esc ; escape char? 
352 19lE 20 07 jr nz ,posOI ;no 
353 1920 CD 1959 call posout ; output char 
354 1923 32 F9A6 ld (escsq),a ; set escape sequence f 1 a9 
355 1926 C9 ret 
356 1927 posOI; ;not escape char 
351 1927 CD 1966 ca 11 pot ran :do translation if neccessary 
35B 192A 20 00 j r nz. pos03 : wasn't neccessary 
359 Ig2e CB 7F bit 7,a ; escape marker set? 
360 192E 28 09 jr z. pos02 
361 1930 4F ld c,a 
362 1931 3E 18 ld a,esc 
363 1933 CD 1959 ca 11 posout ; output escape char 
364 1936 79 ld a, c 
365 1937 CB SF 7,a ; clear escape marker 
366 1939 pos02 : ; escape marker not set 
367 1939 pos03 : :no translation 
368 1939 CD 1959 ca 1 1 posout ;output char 
369 193C C9 ret 
370 1930 pos04 : ; escape sequence 
371 1930 FE FF cp Offh ; 3rd byte? 
372 193F 20 06 jr nz. posOS ; no 2nd 
373 1941 79 ld a.c 
374 1942 CD 19S9 ca II posout : output char 
375 1945 18 00 jr pos06 
376 1947 79 posOS; ld a,c ; 2nd byte of escape sequence 
377 1948 CD 1959 cal' posout ;output byte 
378 1948 CD 1986 call poesc :search escape table for char 
379 194E 20 04 jr nz, pos06 :not present---2 byte sequence 
380 1950 3E FF ld a,Offh ;set sequence for 3rd byte 
381 1952 18 01 jr pos07 
382 1954 AF pos06 ; ,or a : end of 2 byte sequence 
383 1955 32 F9A6 pos07 ; ld (escsq) ,a ; t ogg I e escape sequence f 1 a9 
384 1958 C9 ret 
385 1959 47 posout; 1 d b,a 
386 195A CD F03F s i ox 1 ; ca 11 s i ordy 
387 1950 CC F066 call z, idl e 
388 1960 28 F8 jr z, s i ox 1 
389 1962 78 ld a.b 
390 1963 D3 05 out (siOdpb) ,a 
391 1965 C9 ret 
392 
393 Potran - does printer translation if neccessary and returns 
394 a flag to indicate if translation has been done. 
395 input- a char for translaation 
396 
397 output- a (translated) char 
39B z set if char is translated (otherwise reset) 
399 
400 1966 21 F97A Pot ran: ld hl,prntbl :print exceptions table 
401 1969 01 0016 ld bc,prntsz ;size of table 
402 196C ED Bl cpi r 

it; 403 196E CO ret ;no match - don't translate 



~ Position encoded keyboard handler MACRO-SO 3.44 09-Dec-Bl - ROM resident CRT Driver 
Q 

404 196F 26 dec hi :translate 
405 1970 01 0016 Id bc,prntsz 
406 1973 09 add hi ,be ;offset to translation 
407 1974 7' Id a, (hI) :translation byte 
408 1975 67 0, a ; if zero. requ; res overstr; k i 09 sequence 
400 1976 20 08 j, nz,ptrOl : non-zero - go output char 
410 :zero - use next 2 bytes in table as sequence 
411 1978 23 lnc hi 
412 1979 7' ld a, (hI) ;f; rst byte 
413 197A CD 1959 call posout 
414 1970 3E 06 ld a,OSh ; backspace 
415 197F CO 1959 call posout 
416 1982 23 inc hi ; second byte 
417 1983 AF ptrOl : '0, a ;set z for return flag 
418 1984 7. Id a, (hI) :get translation 
419 1985 CO ,et 
420 
421 Poese - searches the escape table for a match with the char 
422 passed in a, if found returns with z set otherwise 
423 z is clear 
424 , 
425 19B6 21 198F Poase: Id hI. pesctb ; tab I e of escape sequences 
426 1989 01 0007 Id bc ,esctsz ;size of table 
427 19SC ED 61 cpi r 
428 198E C9 ,et 
429 
430 198F 09 DB DC IE pesctb: defb D9h.Obh.Dch.leh,lfh,16h.l1h ;630 daisy printer 
431 1993 1 F 16 11 
432 0007 esctsz equ $-pesctb 
433 
434 
435 Function;- to deal with characters form a positi.on 
436 encoded keyboard. 
437 input :- A character read from PIO 
438 CMD/STATUS byte 
439 bit 7 -CMD/STATUS byte if set 
440 bit 6 -upstroke flag 
441 bit 5 -y axis negative (mouse) 
442 bit 4 -x axis negative (mouse) 
443 bit 3 -mouse active 
444 bit 2 -ctrl key station active 
445 bit 1 -shift key station active 
44. bit 0 -lock key station active 
447 Fi rst data byte 
446 b; t 7 -A 1 ways reset 
449 bits{6-0) -key station or x mouse displacement 
450 Second mouse data byte 
451 bi t 7 -A I ways reset 
452 bits(6-0) -y mouse displacement 

l> 
453 
454 output: - ,) Carry set -- command byte or sequence error 

'0 455 2) Carry clear -- translated character returned in A 
'0 456 II) 

457 1996 2F pekhdl: cpl ;complement keyboard byte ::> 
D- 458 1997 05 push de ;save registers 

;C' 459 1998 16 00 ld d.zero ;get flags 

~ 



)10 Position encoded ke"yboard handler 
"tJ ROM resident CRT Driver 

l a ;c. 

~ -

460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 

199A 
199C 
199E 
19AO 
19AO 
19A1 
19A4 
19A6 
19A8 
19A8 
19AO 
19BO 
19B1 
1982 
1985 
1986 
1989 
1988 
1980 
19BF 
19C2 
19C4 
19C6 
19C9 
19CB 
19CE 
1901 
1904 
1907 
1905 
1909 

1908 
190C 
190F 
!9E2 
19E4 
19E5 

19E6 
19E9 
19Ea 
19ED 

CB 7F 
28 17 
18 01 

7A 
32 F9A7 
CB SF 
2B 05 
21 F9SD 
CB SE 
CO lA66 
37 
Dl 
C3 F9B7 
5F 
21 F9A7 
CB 7E 
28 Fa 
CB SE 
C2 lA70 
CB 76 
20 20 
CO 190B 
28 05 
CO 19FF 
CO lA23 
CO lA30 
21 F9A7 
72 
A7 
18 06 

E5 
21 F953 
01 0006 
ED 81 
El 
C9 

21 F950 
CB SE 
2S 83 
21 F9S9 

MACRO-80 3.44 09-Dec-81 

bit 
jr 
jr 

nochar equ 
peknoc2: ld 
cmdb: ld 

bit 
jr ,. 
res 

peknoc: ca 11 
peknoc 1 : sef 
pekex: pop 

jp 
kypos: ld 

ld 
bit 
jr 
bit 
jp 
bit 
jr 
call 
jr 
call 
call 
call 

charout: Id 
ld 
and 
jr 

cmd,a 
z, kypos 
cmdb 
S 
a.d 
(cmdstat) ,a 
mouse,a 
z,peknoc 
hl,mstbJ 
xy, (hl) 
stpctcl 

de 
lpkext 
e." 
hl,cmdstat 
cmd, (hi) 
Z ,peknoc 
mouse, (hi) 
nZ,mice 
ustrk, (hi) 
nz,upstrk 
ctrtst 
z,peknoc2 
tblsel 
alphtst 
rptst 
hi ,cmdstat 
(hi ),d 

pekex 

; command byte? 
;skip to position byte handler 
;Skip to conwnand byte handler 

clear cOlfll18nd byte (non-valid position byte) 
save command-status byte 
mouse cmd? 
sk i p if not mouse 

reset repeat flag 
thts no the position byte 
recover regt sters 
jmp instead of ret - small int.rrupt stack 
save pos' t t on code 
fetch command byte 
out of sync check 
qui t if no command byte 
test for mouse movement 
skip if mouse moved 
test key pos;stton 
jump if spec'al upstroke 
test for control codes 
quit if non printable control charact .... 
select translation table 
test for alpha lock char 
test for repeat keys 
fetch command byte 
cl.ar command byte (val td position byte) 
c I ear carry 

Cha ... acte ... is tested for the lock, shift, and ctrl key statton. 

input a - key station cod. 

output z - set if 10Ck,shift, or ctrl key station 

~t ... t5t: push 
ld 
ld 
cpir 
pop 
ret 

hI 
hi ,ctrl tb 
bC ,cntctr 

hI 

save regt sters 
non printable char table 
byte count of tabla 
search table 

The up-stroke is tested tor special up-st"'oke key-stations. 

input a - key station code 
strkup - user enable tlag 

output a - trans lated up-stroke key-station code 

~pstrk: ld 
bit 
jr 
ld 

hl,mstbl 
strkup, (hi) 
z,nochar 
hi ,ups 

;user enabl. up-stroke flag 

;quit if user inhibited 
;exception key-statton tabla 



Position encoded keyboard handler MACRO-80 3.44 09-Dec-81 
~ ROM resident CRT Dri\ler 
IV 

516 19FO o 1 0002 ld be, upssz byte count of table 
517 19F3 ED 81 cpir search tab Ie 
518 19F5 20 A9 jr nz, nochar quit if no match 
519 19F7 2. dec hl get except i on 
520 19F8 01 0002 ld bc, upssz 
521 19FB 09 add hl,be 
522 19FC 7E ld a, (hI) 
523 19FO 18 05 jr eharout ; return trans I ated character 
524 
525 The appropriate keyboard translation table is selected 
526 
527 input hi - command-status address 
528 de - key station code 
529 
530 output a - translated key station code 
531 
532 19FF 7E Tbl sel: Id a, (hI) ;mo\le cmd-status byte 
533 lADO E5 push hl ;sa\le command-status ptr 
534 lAOl 21 F867 ld hl,shtab :preset to shift table 
535 IA04 C8 4F blt shift,a ;shift bit set? 
536 lA06 20 17 jr nz, cmdbl :skip if set 
537 lAOa 21 F8CE ld hl,cdtab :preset to control table 
538 IAoa ca 57 bit ctrl.a :control bit set? 
539 lAOD 20 10 jr nz, cmdb I ;skip if set 
540 IAOf 21 FaOO ld hI, tabl :preset to un shifted table 
541 1Al2 C8 47 bi t lock ,a : lock key set 
542 lA 14 28 09 jr z,cmdbl :skip if reset 
543 IA 16 3A F938 ld a,(shftlck) : lock key set 
544 lAl9 A7 and :test for shift lock (not alpha lock) 
545 lA lA 28 03 jr z, cmdbl :skip if reset 
546 lAIC 21 FB67 ld hl,shtab :preset to shift table 
547 IAIF cmdbl: :here with translation table address in hI 
548 lA1F 19 add hl,de : 1ndell: into table 
549 IA20 7E ld a, (hi) ;get translated char 
550 IA21 El pop hl : recover command-status pt r 
551 JAZ2 C9 ret 
552 
553 If the lOCK key 1s depressed, the translated character is 
554 tested to see if it is an alphabet, If it is lower case, 
555 then it is forced upper case. 
556 
557 input hi - command-status address 
558 a - trans lated character 
559 
560 output a - translated character(upper chase if alpha+lock) 
561 
562 lA23 ca 46 Alphtst'bit lock, (hI) ;te5t alpha lock flag 
563 lA25 C8 ret :quit if not alpha lock 
564 IA26 FE 78 cp upper :test for upper alpha range 

» 565 lA2e 30 06 jr nc, a I phexc ;skip if non alpha range 
566 1A2A FE 61 cp lower ;test for lower case alpha range 

"0 567 IAZC 38 02 jr c,alphellc ;skip if not lower alpha case 
"0 568 IA2E 06 20 sub upasc i i ;5et upper case ASCII alpha character II) 
::> 569 

\Q. 570 Three additional car-acters are allowed for the alpha lock key ;c. 571 



~ Position encoded keyboard hanoler MACRO-BO 3.44 09-Dec-81 
1:1 ROM resident CRT Driver 
1:1 
~ 572 input hI - command-status address ::I 573 - translated character 0.. 57. X· 575 output a - upper case except; on 

576 
577 lA30 21 F935 lphexc:ld hI. captab ;lock e;w;ception table 
576 tA33 01 0003 Id be. cptbs% ;table size 
579 lA36 ED 81 cpi r ; searCh 
580 lA38 CO ret nz lqUit if not found 
581 lA39 23 inc hi 1get exception 
582 lA3A 23 inc hi 
583 lA38 7E Id a, (hI) 
58. lA3C C9 ret 
585 
586 Checks for repeat character. If repeat character, the mi 11 isec 
587 timer is vector address ;s modified and the timer is set up 
588 for 0.5 second. The timer is kicked off. 
589 
590 input a - translated character 
591 

Rptst: 592 lA30 21 F940 Id hI. rptb\ ; repea t char tab 1 e 
593 lA40 01 0013 Id bC,cntrp ;number of repeat chars 
59' lA43 ED 81 cpi r ; test for repeat chars 
595 lA4S CO ret nz ;quit if not repeat char 
596 lA46 2A F93C Id hI, (t ick) ;millisec count 
597 lA49 22 F9A8 Id (m; 11 cnt) ,hl ;save it in table 
598 lA4C 21 F9AA Id hl,rptchar ; repeat char save address 
599 lA4F 77 Id (hi) ,a :save repeat char 
600 IASO F5 push af 
601 IASI 23 inc hi : repeat flag address 
602 IA52 36 ff Id (hl),setflg ;set repeat flag 
603 lA54 2A fFI2 Id hi, (ctcvec+2) ;get I mi 11 'lssc interrupt vector 
60. IA57 22 f9AC Id (save) ,hI :save ; t 
605 IA5A 21 f9DO Id hl,rptC]k ; kybd repeat key timer 
606 lA50 22 FFI2 Id (ctcvec+2) ,hI :substitute it 
607 IA60 3E 81 Id a,encntr ;enable millisec timmer 
608 IA62 03 19 out (etc!) ,a :do it 
609 lA64 FI pop af ; recover character 
610 IA6S C9 ret 
611 
612 Thi s rout; ne stops the mi II i second timer and restores the 
613 original timer vector 
61. 
615 IA66 21 F9AB tpctcl; Id hI, rptf 19 ;fetch repeat char flag 
616 IA69 7E Id a, (hI) 
617 IA6A A7 and ;set flags 
618 IA6e C8 ret z ; qu i t if no repeat keys 
619 IA6C 72 Id (hi) ,d ; c I ear repeat char f 1 8g 
620 lA60 2A F9AC Id hI, (save) ioriginaJ 1 mi l!lsec interrupt address 
621 lA70 22 FF12 Id (ctcvec+2) ,hi :restore it 
622 IA73 3A F20E Id a,(spact) ;fetch screen print flag 
623 lA76 A7 and 
62. IA77 CO ret ;don't kill timer, if screen printing 
625 lA78 3E 01 Id a, stcntr ;stop timer 
626 lA7A 03 19 out (ctc!) ,a 

;:;; 627 IA7C C9 ret 



Position encoded keyboard handler MACRO-SO 3.44 Og-Dec-S I • ROM resident CRT Driver 

628 
629 This is the optical mouse handler. The de 1 ta x and y mouse 
630 movement is accumulate and stored in memory locations. 
631 
632 input mouse delta either x or y 
633 xy= zero for x mouse del ta 
634 x'ff' for y mouse delta 
635 hl= cmdstat address 
636 cmdstat=bit 3 mouse moved 
637 bit 4 x delta negative 
638 bit 5 y delta negative 
639 mstbi =bit 7 mouse enabled user flag 
640 bit 6 ; nt rp/npo I 
641 bit 1 y/nx byte 
642 bit 0 mouse table is updated 
643 mbyte =interrupt return byte 
644 xmax =maximum horizontal display units 
645 ymax =maximum vertical display units 
646 
647 output mstb I = bit 0, mouse table updated 
648 x loc= x position of mouse 
649 yloc= y position of mouse 
650 dxmv= prior x signed displacement 
651 dymv:: prior y signed displacement 
652 
653 special requirements 
654 The majority of the mouse-pointer table is require memory 
655 resident in the in the user address space above X'BFFF' 
656 since this handle is ROM resident. Variables MSTBL AND MSPTR 
657 res i de in keyboard RAM space. Variable MSPTR painters to 
658 where the user mouse table resides. These variable .r. 
659 update by both the handler and the user, The following 
660 data structure resides in the user's RAM space only if 
661 the two-button mouse pointer is required for the appl 'caton; 
662 (MSPTR+O) =MBVTE 
663 (MSPTR+ I) =XMAX-LSB 
664 (MSPTR+2) -MSB 
665 (MSPTR+3) ::YMAX-LSB 
666 (MSPTR+4) -MSB 
667 (MSPTR+5) ::XLOC-LSB 
668 (MSPTR+6) -MSB 
669 (MSPTR+7 ) "'YLOC-LSB 
670 (MSPTR+B) -MSB 
671 (MSPTR+9) =OXMV-LSB 
672 (MSPTR+A) -MSa 
673 (M$PTR+S) =OVMV-LS~ 
674 (MSPTR+C) -MSB 
675 
676 IA70 SF ice: ld e,' : save mouse de Ita 

» 677 lA7E 7E ld a, (hI) 
678 lA7F 47 ld b,. save cmd/status byte 

'0 679 IASO 21 F9SD ld hi ,mstbl mouse tabl e 
'0 680 IAS3 CB 7E bit msflg, (hI) test for user enabled II> 
:I 681 lASS CA 19AO jp Z, nochar Quit if mouse handler is not enabled 
0- 682 lABS DO ES push " save re9ister-
;C' 683 1ABA 00 2A F95E 1d ix, (msptr) fetch user's table 



l> Position encoded keyboard handler MACRO-BO 3.44 09-Dee-a! 
"0 ROM resident CRT Driver 
"0 
II) 6B4 lASE CB 4E bit xy. (h 1 ) ; test y/nx mouse byte flag :::I 6B5 IA90 20 26 jr nz.micey ;skip if Y axis delta 0.. 
;C' 6B6 lA92 DO 6E 05 ld 1. (h:+5) : fetch current x posit ion 

6B7 lA9S DO 66 06 ld h, (ix+6) 
6BB lA98 76 ld a.e :save unsigned mouse delta byte 
6B9 lA99 ce 60 bH xneg.b :test polarity of x delta 
690 IA96 CO 1 AEB call mice! :add delta & do min value check 
691 IA9E DO 73 09 ld {ix+x'Q').e ; save signed mouse de 1 t a word 
692 IAA 1 DO 72 OA ld (;;.c.+x' s') ,d 
693 lAA4 DO SE 01 ld e,(;x+1) :fetCh max position value 
694 lAA7 DO 56 02 ld d, (i x+2) 
695 lAAA CD leOO call mice2 ;da max va 1 ue check 
696 lAAD DO 75 05 ld (h'1"S),J :save position 
697 lA80 DO 74 06 ld (ix+6),h 
69B lAB3 DO E' micexl: pop " ; restore regiser 
699 lABS C3 19BO jp peknoc 1 ;return to wait for y mouse byte 
700 lABS DO 6E 07 micev: ld I, (tx+7) ;fetch current V position 
701 IABB DO 66 08 ld h, (i x+8) 
702 IABE 78 ld a.e ,save unsigned mouse delta byte 
703 IABF CB 68 bit vneg, b ;test polarity of y del ta 
704 IACI CO I AEB call micel ,add delta & do min value check 
705 IAC4 DO 73 08 ld (ix+x'b'),e ,save signed mouse delta word 
706 IAC7 DO 72 DC ld (ix+x'c'),d 
707 lACA DO 5E 03 ld e,(ix+3) ;fetch max position value 
708 IACO DO 56 04 ld d,(ix+4} 
709 IADO CD 1 BOO ca 11 mice2 ; do max va I ue check 
710 IAD3 DO 75 07 ld (ix+7},J :save position 
711 IAD6 DO 74 08 ld (ix+8) ,h 
712 IAD9 21 F95D ld hI ;mstbl : update mouse status 
713 IADC C8 C6 set msmov, (hi) ; set the mouse update flag 
714 lADE CS 76 bit mintrp,(hl} ; test for interrupt mode 
715 IAEO CA 1 AS3 jp z,micexl : bye bye if po IIi n9 mode 
716 lAE3 00 7E 00 ld a, (i x) :user interrupt byte 
717 IAE6 DO E 1 pop ;, ; restore reglser 
71B IAE8 C3 1904 jp charout : bye bye 
719 
720 This routine adds the delta to either the V position and 
721 does minimum position check 
722 input e= mouse del ta (absolute) 
723 set if positive mouse delta 
724 reset ; f negat i ve mouse de 1 ta 
725 
726 output 
727 

hl= update position 

72B lAEB 20 04 ; ce I; jr nZ,micell :skip if delta negative 
729 lAEO 16 00 ld d. zero ;set msb positive 
730 lAEf 18 07 jr mice12 
731 IAFl 16 FF micell: ld d ,-I :set msb negative 
732 IAF3 78 ld : recover de 1 ta 
733 IAF4 2F cpl ;2'5 complement 
734 lAf5 C6 01 add a.l 
735 IAF7 5F ld e.a ; put negat i ve va 1 we back 
736 IAFS 19 mice12; add hl,de ;add del ta to mouse position 
737 IAF9 7C ld a. h ; get msb 
738 IAFA A7 and 
739 IAFS FO ret ;skip if msb ;5 positive 

VI 



Position encoded keyboard handler MACRO-80 3.44 09-Dec-S 1 

Q\ ROM resident CRT Driver 

740 lAFC 21 0000 ld hl,zero Iset to minimum boundary 
741 lAFF C9 'et 
742 
743 This routine does a maximum x or y position check 
744 input hI = x or y position 
745 de: x or y max value 
746 
747 output mstbl 
748 
749 1800 7A i ce2, ld a ,d ;msb position test 
750 1801 8C cp h 
751 1802 38 04 j' c,mice21 ;skip if msb too big 
752 1804 78 ld a ,e :Isb position test 
753 1805 80 cp 1 
754 1806 30 01 j, nC,mice22 :skip if lsb is not too big 
755 1808 E8 mice21: ex de ,hI :force maximum limit 
756 1809 3A F950 mice22: ld a,Cmstbl) ;mouse table 
757 lBOC C8 4F bit xy, a ; comp I ement xy flag 
758 lBOE 28 04 j, z, mi ce23 
759 IBID CB 8F 'es xY,a 
760 1812 18 02 J' m; ce24 
761 lB14 CB CF mice23, set xY,a 
762 lB16 32 F950 mice24: ld (mstbl) ,a ;update table 
763 1819 C9 ,et 
764 
765 Jump table for keyboard translator and interrupt handler. 
766 Exit points and monitor adjustment points for the SIGNON 
767 over 1 ay and boot over 1 ay 
768 

RVI tbl: jp 769 IBIA C3 F9AF 1 pkybd ;4. 01 monitor Ipkybd jump table 
770 IBID C3 F167 jp mkey2 
771 1820 C3 F 18F jp mkey5 
772 1823 C3 FC3D jp mpnext 
773 1826 C3 FA95 jp mprmtD 
774 DOOF jtbl sz equ $-rvltbl 
775 
776 1829 C3 F9AF rv2tbl: jp 1 pkybd ;4.02 monHor lpkybd jump table 
777 182C C3 F 167 jp mkey2 
778 182F C3 F 1 SF jp mkey5 
779 1832 C3 FC45 jp mpnext+roffiofs 
780 1835 C3 FA9D jp mprmtO+romofs 
781 
782 The keyboard tables are restored to the original default values 
783 that are stored in rom 
784 

Movtbl: push 785 1638 C5 be 
786 lB39 05 push de 
787 183A E5 push hI 
788 lB3B 21 034A' ld hl,tables 

l> 
789 183E 11 F800 Id de,tabled 
790 1841 01 0159 ld be, tabl ex 

"C 791 1644 ED 80 ldi r 
"C 792 1846 E 1 pop hi ID 
:J 793 1847 01 pop de 
a. 794 lB48 C I pop be 
X' 795 1849 C9 ,et 
~ 
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Position encoded keyboard handler MACRO-SO 3.44 09-Dee-B1 
RAM resident (Tables) 

800 
801 034A' tables: ; rom address 
802 . phase tab1 ed ; ram address 
803 
804 00 10 . radi x 16 
805 
806 k/b unshifted table 
807 
808 F8DD 00183132 Tab1 : defb DOh. lbh. 31h, 32h. 33h, 34h. 35h, 36h :nul,esc,' ,2,3,4,5,6 
809 F804 33 34 35 36 
810 FaDS 37 38 39 30 defb 37h, 38h, 39h. 30h, 2dh, 3dh. OSh. 09h ; 7,8 ,9,O,-.=.bs. tab 
811 FaOe 20 3D 08 09 
812 FalO 71 77 65 72 defb 71h, 77h,65h, 72h, 74h, 79h. 75h,69h ;q,w,e,r,t,y,u,i 
813 F814 74 79 75 69 
814 F818 6F 70 58 50 defb 6fh, 70h. 5bh, 5dh, Odh, Dee. 61 h, 73h :D,P. (.l,cr,lctrl,a,s 
815 FBI C 00 EE 61 73 
816 F82D 64 66 67 68 defb 64h. 66h, 67h. 6Sh. 6ah. 6bh. 6ch, 3bh ;d,f,g,h,j,k,l,; 
817 F824 6A 68 6e 38 
818 FB28 27 OA EC 2E defb 27h. Oah, Dec. 2eh, 7ah. 78h. 63h. 76h :'. If, lshift,. ,z,x,c,v 
819 FB2e 7A786376 
820 F830 62 6E 60 2C defb 62h, 6eh. 6dh, 2ch. 2eh. 2fh. Oed, 1 eh ; b. n. m •. , . , / , rsh i f t , he 1 p 
821 F834 2E 2F ED 1 E 
822 F838 EF20EBFl defb Oef. 20h, Oeb, Of 1, Of2, Of3,Of4, Of 5 ;rctrl,sp,fl,f2,f3,f4,f5 
823 F83C F2 F3 F4 F5 
824 F840 F6 F7 F8 F9 defb Of6, Of7, Of8. Of9, Ofa. Ofb, Ofc, 37h :f6,f7, f8 ,f9,fl0,fl1 ,f12. 7 
825 F844 FA FB FC 37 
826 F848 38 39 2C 34 defb 38h, 39h, 2ch, 34h, 3Sh, 36h. Obd, 31 h ;8,9" ,4,5,6,=enter,l 
827 F84C 35 36 SO 31 
828 F850 32 33 30 E7 defb 32h, 33h, 30h, Oe7, B2h ,84h, 83h, 80h ; 2,3,0, nex t ,darr, I arr, rarr,h 
829 F854 82 84 83 80 
830 F858 81 E6 FD 7F defb 81 h, Oe6, Ofd, 7fh, 2bh, 2dh, 2ah, 2fh ;uarr,prev,aCC,del,+,-,mul,d 
831 F85C 28 20 2A 2F 
832 F860 F0188E8F defb Of 0, 18h,8eh,8fh,OaO,Oa2,Oa4 ; ins ,can,mswl,mswZ, rx 1, rx2, r 
833 F864 AD A2 A4 
834 
835 k/b shi fted 
836 
837 F867 (J016214Q Shtab: defb OOh. 1 bh. 21h. 40h, 23h. 24h, 25h, 5eh ;nul,esc,! .@,#,S."'.'" 
838 F86B 23 24 2.5 5E 
839 F86F 26 2A 28 29 defb 26h, 2ah, 28h, 29h, 5fh, 2bh, 08h, 09h ;&,*, (,) ,_,+,bs,tab 
840 F873 5F 28 08 09 
841 F871 51 57 45 52 defb 51 h, 57h, 45h, 52h, 54h. 59h. 55h, 49h ;Q.W.E,R,T,V.U,I 
842 Fa7S 54 59 55 49 
843 F87F 4F 50 78 7D defb 4fh, SOh, 7bh, 7dh, Ddh. Dee, 41 h, 53h ;0, P, {,), cr, lcrt 1 ,A,S 
844 F8B3 ODEE4153 
845 FaB7 44 46 47 48 defb 44h, 46h ,47h, 48h, 4ah, 4bh ,4ch, 3ah ;D,F,G,H,J,K,L, : 
846 F88S 4A 48 4C 3A 
847 F88F 220AEC2E defb 22h, Oah, Dec, 2eh, Sah, 5ah, 43h, 56h ;",1 f, lshift" ,Z.X,C, V 
848 F893 5A 58 43 56 

» 849 F897 424E4D3C defb 42h, 4eh, 4dh, 3ch, 3eh, 3fh, Oed, 1 eh ;8,N,M,< ,>,?, rshift ,help 

"0 850 F89B 3E 3F ED 1 E 

"0 851 F89F EF20EBFl defb Oef, ZOh, Oeb, Of 1, Of2, Of3. Df4, Of5 ;rctrl,sp,lock,fl,fZ,f3,f4,f 
to 852 F8A3 F2 F3 F4 F5 
::l 853 FaA 7 F6 F7 Fa F9 defb Of6, Of7, Gfa, Gf9, Of a, Ofb, Ofe, 37h ;f6,f7 ,fB,f9,fl0,fll,fI2, 7 
Q. 854 F8AB FAFBFC37 
X· 



» Position encoded keyboard handler 
"C RAM resident (Tables) 

al 
::> 
Q.. 
;CO 

~ ... 

B55 
B56 
B57 
B5B 
B59 
B60 
BSl 
B62 
B63 
B6' 
B65 
B66 
B67 
B6B 
BS9 
B70 
B71 
B72 
B73 
B7' 
B75 
B76 
B77 
B7B 
B79 
BBO 
BBl 
BB2 
BB3 
BB' 
BB5 
BB6 
BB7 
BBB 
BB9 
B90 
B91 
892 
B93 
B9' 
B95 
B96 
B97 
B9B 
B99 
900 
901 
902 
903 
90' 
905 
90S 
907 
90B 
909 
910 

FBAF 
F8B3 
FBB7 
F8Ba 
F8BF 
F8C3 
F8C7 
FaCS 

FBCE 
FB02 
FBDS 
F80A 
FBDE 
FBE2 
F8ES 
F8EA 
F8EE 
F8F2 
FeFS 
FBFA 
F8FE 
F902 
F9DS 
F9DA 
F9DE 
F912 
F916 
F91A 
F91E 
F922 
F926 
F92A 
F92E 
F932 

OOOA 

F935 
F938 
0003 
F938 
F93C 
F93D 
F93E 
F93F 
01F4 
o03F 

F940 
F944 
F947 
F948 
F94F 

38 39 2C 34 
35 36 SO 31 
32 33 30 E7 
82848380 
81E6F07f 
28 20 2A 2F 
FO 18 8E 8F 
A 1 A3 AS 

00 98 91 92 
93 94 95 9S 
97 98 99 90 
1 F 9A 88 89 
11 17 05 12 
14191509 
OF 10 18 10 
80EE0113 
04 OS 07 08 
OA DB DC 7E 
SO 8A EC AE 
1 A 18 03 16 
020EODIC 
7C 5C EO 9E 
EF 00 E8 01 
02 03 04 05 
OS 07 08 09 
DA DB DC B7 
BB 89 AC 84 
B586FE81 
82 83 80 C7 
02 04 03 IE 
OlCSDOFF 
AS AD AA AF 
DO DE BE BF 
C8 C9 CA 

00 00 00 
00 00 00 

00 
F. 
01 
3F 
00 

08 OA DO ZO 
ZO ZE 2F 
3D 58 78 7F 
81 82 83 84 
EO EO EO EO 

MACRO-80 3.44 09-Dec-B 1 

defb 

defb 

defb 

defb 

38h, 39h, 2ch, 34h, 35h, 36h, Obd, 31 h 

3Zh, 33h, 30h ,Oe7, 8Zh, 84h, 83h, 80h 

81 h, DeS, Ofd, 7fh, 2bh, 2dh, 2ah, 2fh 

Of 0 , 18h,8eh,8fh,Oal ,Oa3,Oa5 

;8,S" ,4,5,6,=enter,l 

; 2,3,0, ne)o;t ,dal"'l"'. I arr, I"'arl"', h 

;uarr,prev,acc,del,+,-,mul,d 

; ins,can,mswl,ms~2, rxl,rx2,r 

k/b coded 

Cdtab: defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

defb 

DOh, Sbh, 91 h, 92h, 93h, 94h, 95h ,9Sh 

97h, SBh, 99h, 90h, 1 fh, Sah, B8h, B9h 

l1h,17h,OSh, 12h,14h, 19h,lSh,OSh 

Ofh,10h,lbh,ldh,8dh,Oee,Olh,13h 

04h ,OSh, 07h, 08h, Oah, Obh, Och, 7eh 

6Dh, 08a, Dec, Oae, 1 ah, 18h, 03h. 16h 

02h,Oeh,Odh, lch, 7ch,Sch,Oed,geh 

Oef , DOh, Deb, Od 1 ,Dd2, Od3, Od4, Od5 

Od6. Od7, Od8, Od9 ,Oda .Odb, Odc ,Ob7 

DbB, DbS, Oae, Ob4, ObS, Ob6, Ofe, ObI 

Db2, Ob3, ObO, Oc7 ,OZh, 04h, 03h, 1 eh 

01 h, Oc6, Odd, Off, Oab, Oad, Oaa ,Oaf 

OdO, Ode, Beh, 8fh, OcB, Oe9, Dca 

:nul,esc,l,2,3,4,5,6 

; 7 ,8,S,O,-, =,bs, tab 

;q,w,e,r,t,y,U,i 

:o,p, [,1,cr,lctrl,a,s 

;d, f ,g,h, j ,k, 1,-

;', If,lsh1ft,. ,%.,s,c,v 

;b,n,m" .1, \, rshift ,help 

;rctrl ,sp, I ock,fl, f2 ,f3, f4, f 

;f6,f7,f8,fS,fl0,fl1 ,f12, 7 

;8,S" ,4,5,6,=enter, 1 

; 2,3,0, next, darr, I arl'" ,I"'al"'r, h 

;uarr,prev,acc,del,+,-,mul,d 

; ins ,can,ms~l,msw2, 1"')0; 1, rx2, r 

,radi)o; 10 

captab: defb 
cpte)o;: defb 
cptbs%. equ 
shftlck: defb 
tiCk: defb 

defb 
tock: defb 

defb 
hlfsec equ 
tenths equ 

rptb I: defb 
defb 
defb 
defb 

rpte)o;: defb 

0,0,0 
0,0.0 
($-captab}/Z 
o 
lo~ hlfsec 
high hlfsee 
low tenths 
high tenths 
500 
63 

table of exceptions requiring shifting for 
caps lock key. (3 excepts then 3 translates) 
size of table 
if set, locks all keys to shift table if lock set 
I sb - repeat char speed 
msb 
1 sb 
msb 
O. S second count 
16 chars/sec 

x' 08' , x 'Oa ' , )0; 'Od' , )0; , ZO' 
x' Zd', x' Za',x' 2f' 

bS,lf,cr,sp 
-,., / 

x'3d' )o;'S8' )0;'78' )o;'7f' 
x'81' :x'B2' :)0;'83' :)0;'84' 
)0;' eO' , x' eO' , x' eO' ,x' eO' 

= ,X, x ,del 
ucur,dcur,rcur.lcur 
16 TBO repea t keys 



~ Position encoded keyboard handler MACRO-SO 3.44 09-Dee-81 

'" 0 RAM resident (Tables) 

911 0013 cntrp equ $-rptbl 
912 
913 F953 10 2A 36 38 ctrltb: db x' ld' ,x 2a' ,)('36' ,x'38' ,x'3a' ; lctr,lshft,rshft,rctr, lek 
914 F957 3A 
915 F958 EO ctrlex: db x 'eO' i19 TBO additional key stations 
916 0006 cntct r equ $-ctr) tb 
917 0159 tablex equ $-tabl 
918 
019 F959 EO EO ups: defb x'eO',x'eO' ;upstroke exception key stations 
920 F95B EO EO upsx: defb x'eO',x'eO' ;upstroke char or code translationS 
921 0002 upssz equ ($-ups)/2 ;size 
922 F95D 00 mstbl: defb 0 ;mouse tab1 e 
923 0007 msf 19 equ 7 ;mouse t,anslator enabled if set 
924 0006 mintrp equ 6 ;user interrupt lOith mbyte else user polls 
925 0003 strkup equ 3 ; upst roke user enab 1 e f 1 a9 
926 0001 'Y equ 1 :set for x delta else y delta 
927 0000 msmov equ 0 ,mouse table contains new data 
92. F95E 0000 msptr; defw 0 :user address containing the following table 
929 0160 ktabsz equ $-tabl :size of k/b tables 
930 
931 Font translation table. 
932 first the exception codes 
933 

Fontbl: defb 934 F960 23 3C 3E 40 23h, 3ch, 3ah, 40h, Sbh, Seh, Sdh, Seh ; #, <, > ,@I, [, \,]," 

935 F964 58 5C 50 5E 
936 F968 60 78 7C 70 defb 60h, 7bh, 7ch, 7dh, 7eh l' .LI.) ,-
937 F96C 7E 
93. 
939 Now their translations 
940 
941 F96D 23 3C 3E 40 defb 23h, 3ch, 3eh ,40h, 5bh, 5ch, 5dh, 5eh 
942 F971 56 5C 50 5E 
943 F975 60 78 7C 70 defb 60h, 7bh, 7ch, 7dh, 7eh 
944 F979 7E 
945 0000 fontsz equ ($-fontbl )/2 ;size of font table-s 
946 
947 Printer translation table 
948 first the exception codes 
949 

Prntbl: defb 950 F97A 21 23 2A 28 21h, 23h, 2ah, 2bh, 2eh, 2eh,3ch,3eh ;! ,#,*,+",. ,<,> 
951 F97E 2C 2E 3C 3E 
952 F982 40 58 SC 50 defb 40h, 5bh, 5eh, 5dh, Seh, 60h, 7bh, 7eh :@, [, \,1 ,A, '. {, I 
953 F9B6 SE 60 78 7C 
954 F98A 70 7E FF FF defb 7dh, 7eh, x 'ff' ,x 'ff' • x 'ff'. x 'ff' ;}, -, TBD, TBD, TBD, TBO 
955 F98E FF FF 
956 
957 Now the translations 
958 
959 F990 L 1 23 2A 28 defb 21 h, 23h, 2ah, 2bh. 2eh, 2eh. 3eh. 3eh 

» 960 F994 2C 2E -3C 3E 
961 F998 40 58 5C 50 defb 40h, 5bh. Sch, Sdh. Seh. 60h, 7bh. 7ch '0 
962 F99C 5f 60 78 7C '0 

." 963 F9AO 70 7E FF FF defb 7dh, 7eh, x 'ff' • x 'ff'. x 'ff'. x 'ff' 
:;) 964 F9A4 FF FF 
Q. 965 0016 prntsz equ ($-prntbl )12 :size of printer table 
;C' 966 
~ 



l> 
" -g 
::I 
Q. 
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-IV -

Pas i t i on encoded keyboard hand 1 ef' 
RAM resident (Tat)les) 

967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
9BO 
981 
982 
983 
984 
985 
986 
987 
98B 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 

1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
looa 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 

F9A6 

F9A7 
0007 
0006 
0005 
0004 
0003 
0002 
0001 
0000 
F9AS 
F9AA 
F9AS 
F9AC 
F9AE 
0007 
OlAF 

F9AF 
F9Bl 
FS84 

F9B7 
F9BA 

F9BS 
F9BC 

F9BE 
F9BP 
F9Cl 
F9C4 

00 

00 

0000 
00 
00 
0000 
00 

r 

DB IE 
CO FSBE 
C3 1996 

CO FgeS 
DO 

C1 
18 38 

F5 
DB Ie 
32 F9AE 
CB FF 

MACRO-BO 3.44 OS-Dec-al 

escsq: defb 

cmdstat :defb 
cmd equ 
ustrk equ 
yneg equ 
lIneg equ 
mouse equ 
ctrl equ 
shift equ 
lock equ 
m; l1cnt:defw 
rpt char: defb 
rptflg: defb 
save: defw 
romram: defb 
sider-om equ 
o\s;z equ 

00 
7 
6 
5 
4 
3 
2 
1 
o 
o 
o 
o 
o 
o 
7 
i-tabled 

escape sequence f 1 a9 
0=> no sequence in progress 
lb=> expecting 2nd byte 
ff=> ellpecting 3rd byte 
comand-status byte 
command-status flag 
up stroke 
mouse y axis negative 
mouse x axis negative 
mouse active 
control key active 
shift key active 
lock key active 
current mi 11 isecond count 
repeat character 
repeat flag 
save address of the interrupt vector 
rom/ram memory bank status 
ram side 

k/b interrupt handler for the low profile position encoded k/b. 
The interrupt interrupt service routine inputs two or three 

, 

bytes from the keyboard port, The first byte is the cmd/status 
byte. Appropriate information is saved in memory and the return 
from interrupt code is invoked, The second and third byte(mouse) 
is position encoded data or mouse displacement is analyzed, 
translated, and return to the existing keyboard handler if the 
information is valid; otherwise it is truncated and a return 
from interrupt is in"voked. All registers saved except for the 
A register, 

input - keyboard input port (dat a comp 1 emented) kbdat 

output- Carry flag set - Command byte or truncated character 
Carry flag reset - Translated character in A register 

Lpkybd: in 
call 
jp 

a,(kbdat) 
romside 
pekhdl 

read k/b port 
switch to romside 
decode posn. enc. k/b 

lpkext: call 
ret 

pop 
jr 

rams i de 

be 
rptclk2 

jp instead of call - interrupt stack small 
restore original memory side 
return to xerox code with char. 
here if command byte 
throwaway return address 
return from interrupt (via xerox) 

Romside saves the status of the current side of memory 
and sw itches to roms i de. 

output romram= status of syspio 

Roms i de: push .n 
ld 
set 

af 
a, (syspio) 
(romram) .a 
siderom,a 

save register 
read ram/rom status 
salle it 
force rom side 



5 :~:i~~~~d:~~o~;~b~:~~oard handler 

» 
'0 
-g 
::J 
Q. 
;c' 

1023 
1024 
1025 
lQ26 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 
1063 
1064 
1065 
1066 
1067 
1068 
1069 
1010 
1071 
1072 
1073 
1074 
1015 
1076 
1071 
1078 

F9C6 

F9C8 
F9C9 
F9CC 
f9CE 
F9CF 

F9DO 
F904 
F9D7 
F9DS 
F9DS 
F90A 
F9DD 
F9DE 
F9ED 
F9E3 
F9E4 
F9E5 
F9E7 
F9ES 
F9ES 
F9EO 
F9FO 
F9F3 
F9F6 
F9F9 

F9FC 
F9FO 
FA DO 
FA03 
FA06 
FA07 
FAD7 
0208 

18 04 

F5 
3A FSAE 
03 IC 
F1 
C9 

ED 73.F1EC 
31 FFSO 
E5 
F5 
C5 
3A F9AS 
A7 
28 19 
2A F9A8 
7C 
.5 
28 06 
2. 
22 F9AS 
18 OC 
2A F93E 
22 F9AS 
3A F9AA 
C3 F06F 
C3 F072 

F3 
CO F9BE 
CD 190C 
CD F9Ce 
F6 
C9 

MACRO-80 3.44 09-Dec-81 

jr rmside2 

Ramside restores the ram/rom memory back to where it was 

inp\Jt romram'" ;status of prior ram/rom 

ams i de: p\Jsh 
1d 

rms ; de2: out 
pop 
ret 

af 
a, (r'omram) 
(syspio) ,a 
af 

; savs reg 1ster 
;recover prior ram/rom status 
;switch it 

This routine is the repeat key timer interrupt handler. If the 
the repeat flag or the count is not zero, then the return from 
interrupt is 'Invoked. If the count is zero, then the repeat 
character is passed to the ASCII keyboard handler. 

input rptflg -repeat flag 
rptchar -repeat char 
millcnt -timer table 

output a -repeat char if count is zero 

Rptclk: Id (savstk) ,sp ;save current stack ptr 
1d sp, intstk ; temporary interrupt stack 
push h1 ;save re9isters 
pUSh af 
push be 
1d a, (rpH I g) ; repeat key flag 
and a ;set flags 
jr z,rptclk2 ; qu i t if not in repeat key mode 
1d hi, (mi Ilcnt) ; current mi II i sec count 
1d a,h 
0' 1 ; test count 
jr z,rptclkl ;skip if time elasped 
dec h1 ; dcr count 
1d (mi I lcnt) ,hi ;save mi I 1 isec count 
jr rptc I k2 ;quit if not time 

rptclkl: Id hl,(tOCk) ; reset mi II isec count 
1d (m; llcnt),hl 
1d a, (rptchar) ; fetch repeat char 
jp key2 ; 91 ve char to keyboard key 

rptclk2:jp keyS 

Siout - output to channel b after translation and 
escape sequence hand 1; ng 

Rxsioo: di ;char in' a 
cal I romside ; swi tch to romside 
call rmposend ; does reaJ work 
call rams ide ;restore original memory side 
e. 
,et 

kbramend equ $-1 ; last location of code in 
olsiz3 equ i-tabled ;size of relocatable code 

. dephase 
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~ Position encoded keyboard handler MACRO-BO 3.44 09-Dee-a1 ... Overlay (signon) .... 
10S1 
1082 
1083 signan - Announce System Ready. 
1084 
1085 0552' r)(5;9n: source address in rom 
1086 .phase tea ell8cution in transient command area 
1067 FeSO 21 F091 Signan: ld hl,confs point to configuration byte 
1089 FeSO DB Ie in a. (syspio) check configuration 
1089 Fe62 CB 47 bit O,a 
1090 FC64 28 26 jr z,sign3 ; if SASI interface present 
1091 FCG6 F3 di 
1092 FC67 3E CF 1d a, J lQ01111b ;set Pic B in Bit Mode 
1093 FCGS 03 10 out {sysctl),a 
1094 Fe6S 3E 38 1d a,00111000b ; turn around dO. 1 .2 
1095 FeSO 03 10 out (sysct 1) ,8 
1096 FC6F 3E 80 Id a, IOOOOOOOb ;ensure rom switched on 
1097 FC7, 03 Ie out (syspio) ,8 :drop 81 J drive selects 
1096 FC73 3E DO Id a.OdOh : reset wd-1797-02 
1099 FC7S 03 10 out (wdI79?) ,a 
1100 Fe77 10 FE signl : djnz signl :wait 1797 not busy 
1101 FC79 DB IC in a, (syspio) 
1102 FC7S (8 67 bit c.five,a 
1103 FC7D 3E 02 1d a,2 :preset 10 msec step rate 
1104 FC7F 20 04 jr nZ,sign2 : ; f not 5" 
1105 FCBl CS E6 set c,flve, (hI) 
1106 FCB3 3E 03 Id a,3 ;set long step 
1107 FCB5 03 10 sign2: out (wdI7S?) ,a :restore I unload heads 
1108 FCB7 32 FF54 Id (steprt).a 
1109 FC8A 19 IE jr sign4 
1110 FCBC CB F6 s;gn3: set c.sasi,{hl) ;set Sas; card installed 
1111 FC8E 21 F70B Id hl,R;gdpb ;set address of rigid dpb 
1112 FC91 11 F470 Id de,Fivdpb ; set address of 5.25" floppy dpb 
"13 FC94 01 0300 1d bC,Sasidl ;set sasi driver length 
1114 FC97 ED eo Idt r ; Move drt ver down 
1115 FC99 E6 02 and 2 
1116 FC9S 20 00 jr nz,sign4 ;if not AlE swap 
1117 FC9D 21 F361 Id hl,Seltab+l 
1118 FCAO 06 08 Id b,8 
1119 FCA2 7E sign3a: Id a, (hi) 
1120 FCA3 EE 04 4 
1121 FCAS 77 Id (hI) ,a 
1122 FCA6 23 inc hi 
1123 FCA7 23 inc hi 
1124 FCAS 10 F8 djnz 5ign3a 
1125 FCAA 21 034A' 5 i 9n4. Id hl,tables :move resident code to 
1126 FCAO 11 F800 I d de,tabled 
1127 FCSO 01 0208 Id bC,olsiz3 
1128 FCB3 ED 60 Tdi r : move on top of GETHLP 
1129 FC85 21 FADe Id hl,kbramend+l :next ava; lable ram loc 

» 1130 FCBS 22 FF3C Id (ava; Ib) ,hI :tell the world 
1131 FCBS 2 I 0000 1d hi ,0 

'0 1132 FCBE CD F03C call conf i 9 :Qst monitor configuration '0 1133 FCCI 7C Id a,h :monitor level III 
:l 1134 FCC2 21 1000 Id hl,xrsign+sigoff-romof5 :assume 4.01 level location 
D.. , 13S FeCS FE 01 ep rev! 
;C' 



» Position encoded keyboard MACRO-BO 3.44 09-Dec-Bl 
1:1 Overlay (signon) 
1:1 ,. 

1136 FCC7 28 03 j, z,sign7 ;skip if 4.01 :::I 1137 Fee9 21 1008 10 hl,xrsign+sigoff :4.02+ level location Q. 
1138 Feee 11 FeE6 sign7 : 10 de,sign6 ;put it in our signon message ;:co 
1139 feeF 01 0004 10 bc,4 
1140 FeD2 ED 80 ldi r 
1141 FCD4 CD F293 ca 11 crt off ;disable rom bank 
1142 FCD7 CD F07S call pnext 
1143 FCDA IA defb c 1 rs ; clear screen 
1144 fCaS 18 38 defb esc, '8' ;set 10 .... light as default mode 
',45 FepO 38 32 30 20 defm '820-11 v 
1146 FeE 1 49 49 20 76 
1147 FeES 20 
1148 FeE6 00 00 00 00 sign6: defb 0,0,0,0 :*********** space for the XR rev value 
1149 FCEA 201F1C2Q defm ',31,28,' 1983 Xerox Corp' 
I !50 FCEE 31 39 38 33 
1 lSI FeF2 20 58 65 72 
1152 FCF6 6F 78 20 43 
1153 FCFA 6F 72 70 
1154 FeFD 20 28 76 defm (v' 
1155 FOOO 30 31 33 defm ver/100+'0',(ver mod 100)!lO+'0',(ver mod 10)+'0' 
1156 F003 29 00 OA defb ') , ,cr. 1 f 
1157 F006 OA defb If 
1158 F007 4C 20 20 20 defm 'L - Load System' 
1159 FOOB 4C6f6164 
1160 FOOf 20 53 79 73 
1161 F013 74 65 60 
1162 f016 00 GA defb cr. 1 f 
1163 
1164 If o. term 
1165 F018 48 20 20 20 defm 'H - Host Terminal' 
1166 F01C 48 6f 73 74 
1167 F020 20 54 65 72 
1168 fD24 60 69 6E 61 
1169 F028 6C 
1170 F029 00 OA defb cr. 1 f 
1171 endif 
1172 
1173 If o. term 
1174 FD2B 54 20 20 20 defb 'T - Typewri ter' 
1175 FD2F 54 79 70 65 
1176 F033 77 72 69 74 
1177 fD37 65 72 
1178 F039 00 OA defb cr, 1 f 
1179 endif 
1180 
1181 FD3B 07 04 defb 7. eot 
1182 
1183 FD3D CD F006 devour: ca 1 1 const 
1184 FD40 CA FOO3 jp z. warm ;90 enter monitor 
1185 FD43 CD FOGg call conin 
l1S6 FD46 , 8 F5 j, devour 
1187 OOES rxsigl equ $-s i gnon 
1188 
1189 .dephase 

~ 1190 subtt 1 Overlay (boot) 

'" 1191 page 
VI 



N Position encoded keyboard handler MACRO-BO 3.44 09-Dee-B1 

en Over I ay (boot) 

1192 
1193 
1194 0630' rKboot: rom source address 
1195 . phase tca-romofs execut ion address 0/1 area 
1196 FC55 ds romofs.O 4.01 overlay start address 
1197 FC5D 21 FFSO Id hI ,I inbuf+l 4.02 overlay start address 
1198 FeSD 7E boot 1: Id B, (hI) scan command 1 i ne 
1199 FC61 2C inc I 
1200 Fe62 06 00 sub cr 
1201 FC64 28 DB j r z,boot2 ; if no parameter, boot from A: 
1202 FC66 FE 13 cp '-cr 
1203 FC6S 28 F6 j r Z ,boot 1 ;skip leading blanks 
1204 FC6A 06 34 sub ' 4 
1205 Fe6e 06 ret C ;if invalid drive 
1206 Fe6D FE 10 cp 16 
1207 FC6f 3F ccf 
1206 Fe70 08 ret ; if bad drive 
1209 FC71 4F boot2: Id c ,a ;set boot drive selected 
1210 Fe72 C6 41 add a,' A' 
1211 FC74 32 F072 Id (bootd) ,a ; set up error message 
1212 Fe77 2E 00 Id I,D :set A: 
1213 fC79 C5 push be 
1214 fC7A '5 push hi 
1215 fC7B CO fDB9 ca II swap ;switch boot drive with A: 
1216 FC7E 21 F06E Id hl,booter ; set boot error return 
1217 FC81 E5 push hi 
1218 fC82 DE 00 Id c ,0 ; t hen boot f rom A: 
1219 FC84 CO FOI B ca 11 se I ect 
1220 FC87 CO ret nz ; if drive not configured or density 
1221 FCSS 3E FF Id a, -1 
1222 FC8A 12 Id (de) ,a 
1223 FC88 11 OOOA Id de,10 ;set dpb address offset within dph 
1224 FC8E 19 add hl,de 
1225 FC8F 5E Id e, (hI) ; set dpb address 
1226 FC90 23 inc hi 
1227 FC91 56 Id d, (hI) 
1228 FC92 CD FO 1 E ca I J home 
1229 FC95 14 Id a, (de) ;get low sectors per track 
1230 FC96 32 f060 Id (boots) ,a ; inform boot loader 
1231 fC99 67 or a 
1232 FC9A 20 20 j r nz,boot3 ; if not rigid 
1233 FC9C 21 0000 Id hl.13 ;set reserved track offset within dpb 
1234 fC9f 19 add hl,de 
1235 FCAO 4, Id c, (hI) ;get reserved tracks 
1236 fCA 1 23 inc hi 
1237 FCA2 46 Id b, (hI) 
1238 FCA3 08 dec be :point behind directory 
1239 fCA4 ED 43 FA 11 Id (phyt rk), bc :do impl ied seek 
1240 ;here for rigid 

l> 1241 FCA8 DE 10 Id c, rtab1 ;first rigid sector 
1242 fCAA 21 EoSD Id hl,bootbf ; buffer 

~ 1243 FCAO CO F024 call read : I ayout and k/b tab I es ~ 
to 1244 FCBD CD ret nz 

'" 1245 FeBl DE IE Id c,rtab1+1pkofs ;2nd rigid sector 
Q. 1246 FCB3 21 EE80 Id hl,bootbf+x'100' ;buffer ;:co 



l> Position encoded keyboard handler MACRO-80 3.44 09-Dee-B1 
"C Overlay (boot) 
"C 
to 1247 FCB6 CD F024 call read ; layout and k/b tables ::l 
C. 1248 FeB9 CO ,et nz 
;:C. 1249 FCBA 18 20 j, rxbD 1 

1250 FCBC boot3 : ;here for floppy 
1251 FCBC FE 1 B cp 27 ;doubJe density? 
1252 FCBE DA FDS2 jp C,boot4 ina - exit 
1253 FCC 1 DE 04 Id c, ftabl ;first floppy sector 
1254 FCC3 21 EDBO Id hl,bootbf ;buffer 
'255 FCC6 CD F024 ca 1 1 read ;layout table and half of k/b 
1256 Fee9 CO ,et nz 
1257 FCCA OE 05 Id c,ftab2 ;second floppy sector 
1258 FCCC 21 EEOQ Id hl,bootbf+128 
1259 FeeF CD F024 ca 1 1 read ;midle third of k/b tables 
1260 FeD2 CO ,et nz 
1261 FCD3 OE 06 Id c,ftab2+1pkofs :third floppy sector 
1262 FCDS 21 EE8D Id hl,bootbf+128+128 
1263 FCDS CD f024 ca 1 1 read ; last third of k/b tables 
1264 FCDB CO ,et 
126S FCDC r x bO 1; ;check tables are present 
1266 FCDC 3A ED80 Id a, (bootbf-t-lang) ; language no, set? 
1267 FCOF FE ES op Oe5h 
1268 FCE 1 28 6F J' z,boot4 ;no - exit 
1269 FCE3 3A ED81 ld a, (bootbf-t-kbrd) ;k/b tables present? 
1270 FCE6 FE 68 op 'k' 
'271 FCE8 20 68 j, nZ,boot4 ;no - exit 
1272 FCEA 3A ED82 Id a,(bootbf-t-font) ;font tables present? 
1273 FCED FE 66 op • f' 
1274 FCEF 20 61 j, nZ,boot4 ;no - exit 
'275 FCF 1 3A EDS3 ld a, (bootbf-t-prnt) ;printer tables prsent? 
1276 FCF4 FE 70 op 'p' 
1277 FCF6 20 SA j, nZ,boot4 ;no - exit 
'278 FCF8 21 ED84 Id hl,bootbf-t-kbrdtb ;move in k/b tables 
1279 FCF8 11 F800 Id de, tab 1 ed 
1280 FCFE 01 0160 1 d bC,ktabsz 
1281 FOOl ED 80 \di r 
1282 FDD3 DE 1 F Id c,rtab2-t-lpkofs ;3rd rigid sector 
1283 FODS 3A F060 ld a, (boots) ;rigid or floppy? 
1284 FOD8 87 0, 0 
1285 FOD9 28 02 jr z,boot5 ; rigid 
1286 Fooe DE 07 Id C,ftab3-t-lpkofs ;floppy - 4th sector 
1287 FOOD 21 ED8D bootS; Id hl,bootbf ;buffer 
1288 FD10 CD fD24 call read ;font and print tables 
1289 FD13 CO ,et n, 
129D F014 3A ED80 Id a, (bootbf) ; conf i gured? 
1291 fD17 FE E5 cp Oe5h 
1292 f019 28 37 j, z, boot4 ;no -exi t 
1293 FDIB 21 ED80 Id hl,bootbf ;move font & print tables in 
1294 FDIE 11 F960 Id de,fontbl 
1295 F021 01 0046 ld bc, font SZ * 2-t-prnt sz * 2 
1296 FD24 ED 60 ldi r 
1297 
1298 alter SIOOUT 
1299 
1300 FD26 DO 2A F019 Id ix, (monitr-t-sioff) ;sioout address 

~ 
1301 .FDZA DO 36 00 C3 Id (i x) ,Oc3h ;jump instruction 
1302 FDZE 00 36 01 FC 1 d (ix-t-l),low rxsioo ..... 



~ Position encoded keyboard handler MACRO-SO 3.44 09-Dee-B1 IV 
CO Overlay (boot) 

1303 FD32 00 36 02 F9 ld (iI\+2) ,high I"II$ioo 
1304 
1305 al ter crt driver 
1306 
1307 FD36 DO 2A FOlD ld i x. (moni t r+fcrtof) ; address of fast crt hand 1 er 
1308 F03A DO 36 12 85 ld (ix+crtcal1) ,low iJ,;crt 
1309 FD3E DO 36 13 18 Id (ix+crtcal1.').high rxcrt 
1310 FD42 DO 21 F22F Id i x .sprnt 1 :sddress of screenprint patch 
1311 f046 DO 36 DO C3 ld (i II) ,Oc3h ;jump instruction 
1312 FD4A DO 36 01 06 Id (;)(+I),low scrprt 
1313 FD4E 00360218 Id (;;':+2),hi9h scrprt 
1314 f052 boot4: ;here to exit 
1315 FD52 CI pop be : throwaway booter return 
1316 FD53 Cl pop be :get disk swap parameters 
1317 FD54 El pop hI • 1318 FOSS CD FOB9 call swap ; swap them back for xerox boot 
1319 FOSS Cl pop be ; throwaway return address 
1320 F059 21 0000 Id hl,O 
1321 FOSC CD F03C call config ;get monitor configuration 
1322 FD5F 7C Id a,h 
1323 F060 21 l1B8 I d hl,xrboot-romofs ;assumed 4.01 monitor boot overlay address 
1324 F063 FE 01 ep revl 
1325 F065 28 03 jr z .boot6 ;skip if 4.01 
1326 FD67 21 l1CO Id hI. xrboot ;address of 4.02+ monitor boot overlay 
1327 F06A C3 F078 boot6: jp prboff ;enter xerox code to execute boot 
1328 FOGO 00 boots: defb 0 ;workbyte to save disk type 
1329 
1330 Booter - Boot Error Processor. 
1331 
1332 FD6E CD FQ75 Booter: call pnext 
1333 FD71 07 defb 7 
1334 F072 64 3A 54 61 bootd: defm 'd:Tables Load error. 
1335 F076 62 6C 65 73 
1336 F07A 20 4C 6F 61 
1337 FD7E 64 20 65 72 
1338 FOB2 72 6F 72 2E 
1339 FOS6 04 defb eot 
1340 FDB7 CI pop be ;switch drives back 
1341 FOBS pop hI 
1342 
1343 Swap - swap logical drives. 
1344 
1345 Entry: C ;; fi rst drive index, 0-15 
1346 L = second drive index, 0-15 
1347 ; 
1348 FOB9 06 00 Swap: Id b,O ;clear upper indices 
1349 FOBB 60 Id h,b 
1350 FDBC I! F360 ld de, se 1 tab ;set select table address 
1351 FOBF 29 add hl,hl 

l> 1352 F090 19 add hl,de 

'C 1353 FOBI EB ., de,hl ;set second address to DE, get seltab to HL 
'C 1354 FD92 09 add hl.be 

'" 1355 F093 09 add hl,be ; set first address to HL 

" 1356 FD94 06 02 Id b,2 c.. 1357 FOS6 4E swapl : Id C, (h J) ;swap two bytes 
X' 13S8 F097 14 Id a, (de) 



» Position encoded keyboard handler MACRO-BO 3.44 09-Dee-a 1 

" Overlay (boot) 

" ". 1359 F09S 77 Id (hI) ,a 
" Q.. 1360 F099 79 Id ',C 
;C' 1361 F09A 12 Id (de) ,a 

1362 F09S 23 inc hi 
1363 F09C 13 inc de 
1364 FOgO 10 F7 djnz swap! ;if swap not complete 
1365 F09F C9 ret 
1366 . dephase 
1367 
1368 0788' romtop: 
1369 0788 ' defs (romsiz-x 24' )-(romtop-start),-l 
1370 
1371 Drctry is a table containing the RAM addresses of the keyboard 
1372 tables. This table is located on ROM side of memory. The 
1373 ROM address must be offset by x' 1800' since resides in 
1374 the fourth 2kK8 ROM slot. This directory is helpful if future 
1375 release require the RAM tables to reside in a different RAM 
1376 location 
1377 
1378 C70e' F97A Drctry: defw prntbl ;print exception table 
1379 070E' F960 defw fontbl ;font exception table 
1380 07EO' F950 defw mstbl ;mouse table 
1381 07E2' F959 defw ups jupstroke table 
1382 07E4' F9S8 defw ctrl ex :function key inhibit expansion table 
1383 07E6' F953 defw ctrl tb ;function key inhibit table 
1384 07E8 ' F94F defw rptex jrepeat key expansion table 
1385 07EA' F940 defw rptbl 1 repea t key tab 1 e 
1386 07EC' F93C defw tick j repeat speed tab Ie 
1387 07EE' F938 defw shft lck ;shift lock flag 
1388 D7FD' F938 defw cptex jalpha lock expansion table 
1389 07F2' F935 defw captab ;alpha lock table 
1390 07F4' FaCE defw cdtab :eode + table 
1391 07F6' F867 defw shtab ;shift table 
1392 07F8 ' FaDO defw tab! ;unshifted table 
1393 
1394 D7FA' 00 defb ver :revision level 
1395 07fB' 00 ff 1 pid; defb x '00' ,II 'ff' ; low prof; Ie kybd id 
1396 
1397 def i ne checkword to let know 
1398 that we are present 
1399 
1400 07FD' AA 55 defb Oaah,55h ; id 
1401 07FF ' 00 
1402 

defb 0 ;space for checksum 

1403 Subtt I Symbo I Tab I e 
1404 end 

~ 



t;; Position encoded keyboard handler MACRO-BO 3.44 09-Dec-B1 

C Symbo 1 Tab 1 e 

Macros: 

Symbo 1 s: 
1A30 ALPHEXC 1 A23 ALPHT$T FFB3 ArTRIS 
FF3C AVAILS 0002 BOFFl 0018 BOFF2 
Fe60 BOOTI FC71 BOOT2 FCBC BOOT3 
F052 800T4 fOOD BOOT5 FOBA BOOT6 
EMO eOOTBF FD72 BOOTD FOGE BOOTER 
FOSO BOOTS 0004 C. FIVE 0006 C. $ASI 
F93S CAPTAB FaCE CDTAB 1904 CHAROUT 
FFB4 CHRSAV DOIA CLRS D007 CMD 
19A 1 CMOS 1A 1 F CMOBl F9A7 CMOSTAT 
D006 CNFBVTE D03e CNFGDfF 0006 CNTCTR 
0013 CNTRP F09l CDNFG F03e CDNFIG 
FODS CONJN FODS CONST 0003 CPTBSZ 
F938 CPTEX 0000 CR 0012 CRTCALL 
0182 eRrOl 0196 eRr02 f293 CRTOFF 
0019 CTCl FF10 crevee 0002 CTRL 
F958 CTRLEX F9S3 CTRL TB 190B CTRTST 
FFAC CURSOR F030 DEVOUR 070C ORCTRY 
aoal ENCNTR 0004 EOT 0018 ESC 
F9A6 ESCSQ 0007 eSCTSZ 0010 FCRTOF 
F470 FIVDPB 18CF FNTRAN 18BB FONt 
18CA FON2 18A6 FONCHK 0002 FONT 
F960 FONTBL 0000 FONTSZ 0004 FTABI 
0005 FTAB2 0006 FTAB3 F319 GOLD 
DIDO GRPAQ 01F4 HLFSEC FOIE HOME 
F066 IDLE FF5Q I NTSTK OOOF JTBLSZ 
~OlE KBDAT DADS KeLP DaDA KBDFF 
FAD7 KBRAMEND 0001 KBRD 0004 KBRoTS 
FFIA KBVEC F06F KEY2 F072 KEYS 
0160 KTABSZ F06e KYBOLP 19B5 KYPOS 
0000 LANG FFB2 LEAOIN OOOA IF 
FF5C L1NBUF 0000 LOCK 0061 LOWER 
07FB LPIO F9a7 LPKEXT 0001 LPKOFS 
F9AF LPKYBO FOE3 MASK 1A7o MICE 
lAEB MICEI IAF1 MICEI! IAFS MICE12 
lBOO MICE2 IBoe MICE21 IB09 MICE22 
1814 MICE23 1816 MICE24 lAB3 MICEXI 
lAse MICEY F9A8 MI LLCNT 0006 MINTRP 
F 167 MKEY2 F18F MKEV5 F06C MNTREX 
FOOD MONITR 0003 MOUSE lB38 MOVTBL 
Fe30 MPNfXT FA95 MPRMTO 0007 MSFLG 
0000 MSMOV F95E MSPTR F950 MSTBL 
19AO NoeHAR 187E NOLOAD 0001 O. TERM 
OlAF OLSIZ 0208 OLSIZ3 19B1 PEKEX 
1996 PEKHOL 19AO PEKNoe 1980 PEKNOC1 
19AO PEKNOC2 198F PEseTS FA 11 PHYTRK 
F07S PNEXT 1986 POESC 1927 POSOI 

~ 1939 PDS02 1939 POS03 1930 POS04 

'tI 1941 POS05 1954 POS06 1955 POS07 

'tI 1914 POSEND 1959 POSOUT 1966 POTRAN 
II) FQ7S PRSOFF 0003 PRNT F97A PRNTBL 

" 0016 PRNTSZ FA62 PROMPT F339 PRVATT 
Co 1983 PTROI Fge8 RAMSIDE F024 READ ;c' ..... 



l> Pos it; on encoded keyboard hand 1 er MACRO-SO 3.44 09-Dee-51 
'tI Symbo 1 Tab 1 e 
'tI 
/I) 

0000 REVa DOOl REVl 0064 REVSO :> 
Q. F70B RIGDPB 190C RMPOSEND fgee RMSIDE2 
;CO 0008 RQMOFS F9AE ROMRAM F9BE RQMSIOE 

0800 ROMSIZ 0788' ROMTGP F94Q RPT8L 
F9AA RPTCHAR F9DD RPTCLK F9ED RPTCLK 1 
f9F9 RPTCLK2 f94F RPTEX F9AB RPTFLG 
lA3D RPTST 0010 RTABl DOlE RTA82 
lelA RVl TBl 1829 RV2TBL 1800 RX 1984 

~g~~ Rxeo, 0630' RXSOOT 1885 FlxeRT 
RXSIGl 0552 ' RXSIGN F9FC RXSIOO 

. 0300 SASIDl F9AC SAVE FlEe SAVSTK 
18EC SeRQl 1SF2 SCR02 1904 seR03 
1806 SCRPRT fOIS SELECT F360 SEL TAB 
DOFF SETFLG f93B SHFTLCK 0001 SHIFT 
F·B67 SHTAB 0007 SIOEROM Fe77 SIGNl 
FCB5 51GN2 Feac SIGN3 FCA2 SIGN3A 
FCAA SlGN4 FeE6 SIGNS Feee SIGN7 
Feso SIGNQN 0060 SIGOFF 0005 SlOOPS 
0019 srOFF F03F SIOROV 19SA SIOX1 
18SC SOOUT F20E SPACT F22F SPRNT 1 
F232 SPRNT2 0000 ' START 0001 STCNTR 
FF54 STE;PRT IA66 STPCTCl 0003 STRKUP 
FOS9 SWAP F096 SWAP! 0010 SVSCTL 
ODIC SVSPIO FF 18 SVSVEC Faoo TABL 
FeDO TABLED 034A' TABLES 0159 TABLEX 
19FF TBLSEL 181E TBXFER FC50 TeA 
003F TENTHS F93C TICK F93E TOCK 
0020 UPASCI I 007B UPPER F959 UPS 
0002 UPSSZ 19E6 UPSTRK F95B UPSX 
0006 USTRK 0000 VER F003 WARM 
0010 WDl797 0004 XNEG llCO XRBOOT 
1078 XRSIGN 0001 XV 0005 YNEG 
0000 ZERO 

No Fatal error(s) 

~ 



W ALPHEXC 565 567 577# 

IV ALPHTST 4B5 562# 
ATTRIB 100# 265 
AVAILS 94# 1130 
BOFFl 45# 199 200 205 206 
BOFF2 46# 201 202 207 20B 
BOOT! 119B# 1203 
BOOT2 1201 1209# 
800T3 1232 1250# 
800T4 1252 1268 1271 1274 1277 1292 1314# 
BOOTS 1285 1287# 
BOOT6 1325 1327# 
BOQTBF B4# 1242 1246 1254 1258 1262 1266 1269 1272 1275 1278 1287 

1290 1293 
BOOTD 1211 1334# 
BOOTER 1216 1332# 
BOOTS 1230 1283 1328# 
C.FIVE 132# 1102 1105 
C.SASI 133# 1110 
CAPTAS 577 895# B97 1389 
CDTAB 537 866# 1390 
CHAR OUT 487# 523 71B 
CHRSAV 101# 242 
CLRS 149# 1143 
CMO 460 476 972# 
CMDB 462 465# 
CMOBI 536 539 542 545 547# 
CMDSTAT 465 475 4B7 971# 
CNFBYTE 120# 190 192 
CNFGOFF 119# lB9 
CNTtTR 500 916# 
CNTRP 593 911# 
CQNFG B6# 1087 
CDNFIG 57# 175 1132 1321 
CONIN 52# 1185 
CONST 51# 1183 
CPTBSZ 57B 897# 
CPTEX 896# 1388 
CR 152# 1156 1162 1170 1178 1200 1202 1204 
CRTCALL 50# 1308 1309 
CRTOI 66# 254 
CRT02 67# 247 252 
CRTOFF 76# 1141 
crCt 110# 60B 626 
crevet 41# 603 606 621 
CTRL 53B 977# 
CTRLEX 915# 1382 
CTRL TB 499 913# 916 1383 

» 
"tI 
"tI 
II> 
:l 
Q. 
x· 



» 
~ 
~ 
II> 

" a. 
X' 

~ 

w 
w 

CTRTST 
CURSOR 
DEVOUR 
DRCTRY 
ENCNTR 
EDT 
ESC 
ESCSQ 
ESCTSZ 
F,CRTOF 
FIVDPB 
FNTRAN 
FON! 
FON2 
FONCHK 
FONT 
FONTBL 
FONTSZ 
FlAB! 
FTAB2 
FTAB3 
GOLD 
GRPAO 
HLFSEC 
HOME 
IDLE 
INTSTK 
JTBLSZ 
KeOAT 
KBL.P 
KBOFF 
KBRAMENQ 
KBRD 
KBRDTS 
KBVEC 
KEYZ 
KEYS 
.!HASSZ 
KYBOLP 
KYPOS 
LANG 
LEADIN 
LF 
LlNBUF 
LOCK 
LOWER 
LPID 
LPKEXT 
LPKOFS 

482 
98. 

1183# 
1318# 

114# 
151# 
15Q# 
347 
426 
49. 
90. 

278 
267 
27; 
253 
146# 
274 
275 
141# 
142# 
143# 
BB. 
6B' 

B99 
55. 
59. 
95. 

186 
109# 
121 ... 
48. 

145# 
148# 
43. 
62# 
63. 

929# 
61# 

461 
144# 
99. 

153# 
97# 

541 
'25# 

1395# 
473 
123# 

498# 
24 , 

1186 

607 
1181 1339 
325 351 362 1144 
354 383 967# 
432# 

1307 
1112 

289# 
272# 
279# 
261# 

, 272 
306 934# 945 1294 1379 
290 306 307 311 945# 1295 

1253 
1257 1261 
1286 

244 
266 
900 903' 

1228 
387 

1047 
774# 

1004 
191 
213 21. 215 

1075# 1129 
1269 
1278 

212 
1064 
1065 
'280 

214 215 
474# 

1266 
245 

1156 1157 1162 1170 1178 
1197 
562 979# 
566 

1008# 
1245 1261 1282 1286 



t;; LPKYBD 769 776 1004# 

~ MASK 85' 248 
MICE 479 676# 
MICEl 690 704 728# 
MICE11 728 731 # 

MICE12 730 736# 
MICE2 695 709 749# 
MICE21 751 755# 
MICE22 754 756# 
MICE23 758 761# 
MICE24 760 762# 
MICEX 1 698# 715 
MICEY 685 700# 
MI LLCNT 597 980# 1054 1059 1062 
MINTRP 714 924# 
MKEYZ 72/<' 770 777 
MKEY5 73' 771 778 
MNTREX 60< 185 
MONITR 39. 51 52 53 54 55 56 57 58 59 60 61 

62 63 64 65 189 1300 1307 
MOUSE 466 478 976# 
MOVTBL 785# 
MPNEXT 80' 772 779 
MPRMTO 79' 773 780 
MSFLG 680 923# 
MSMOV 713 927# 
MSPTR 683 928# 
MSTBL 468 512 679 712 756 762 922# 1380 
NOCHAR 463# 514 518 681 
NOLOAD 178 180 228# 
O. TERM 134# 1164 1173 
QLSIZ 986# 
OLSIZ3 1076# 1127 
PEKEX 472# 490 
PEKHDL 457# 1006 
PEKNOC 467 470# 477 
PEKNOC 1 471 #' 699 
PEKNOC2 464# 483 
PEseTB 425 430# 432 
PHYTRK 93# 1239 
PNEXT 64K 1142 1332 
POESC 378 425# 
POSOl 352 356# 
POS02 360 366# 
POS03 358 367# 
POS04 349 370# 
posos 372 376# 
POS06 375 379 382# 
POS07 381 383# 

~ 
"0 
"0 
to 
::l 
Q. 
;CO 



l> PQSEND 338 346# 
't:I posour 326 329 353 363 368 374 377 385# 413 415 
't:I POTRAN 319 357 400# .. PRBOFF 65# 1327 ;;, 
0.. PRNT 147# 1275 
;CO PRNTBL 400 950# 965 1378 

PRNTSZ 401 405 965# 1295 
PROMPT 78, 
PRVATT 77# 269 
PTRQl 409 417# 
RAM5IOE 100B 1029# 1072 
READ 56# 1243 1247 1255 1259 1263 1288 
REVO 116# 177 
REV! 117# 182 203 1135 1324 
REV50 l1B# 179 
RIGDPB 91# 1111 
RMPOSEND 336# 1071 
RMSIDE2 1023 1031# 
RDMOFS 122# 205 206 207 208 779 7BO 1134 1195 1196 1323 
ROMRAM 984# 1021 1030 
ROMSIDE 1005 1019# 1070 
ROMSIZ 3B' 1369 
ROMTap 1368# 1369 
RPTBL 592 906# 911 1385 
RPTCHAR 59B 981# 1063 
RPTCLK 605 1046# 
RPTCLK 1 1057 1061# 
RPTCLK2 1012 1053 1060 1065# 
RPTEX 910# 1384 
RPTFLG 615 982# 1051 
RPTST 486 592# 
RUB! 139# 1241 1245 
RTAB2 140# 1282 
RV! TBl lB 1 769# 774 
RV2TBl lB4 776# 
RX 1984 37# 160 
RxeD1 1249 1265# 
RXBOOT 199 200 201 202 205 206 207 20B 1194# 
RxeRT 241# 1308 1309 
RXSIGL 225 1187# 
RXSIGN 223 1085# 
RXSIOO 1069# 1302 1303 
SASIOL 135# 1113 
SAVE 604 620 983# 
SAVSTK 40# 1046 
SCRQl 309 315# 
SCRQ2 317 319# 
SCR03 320 323 329# 
SCRPRT 301# 1312 1313 

tu 
U1 



;:;; SELECT 54. 1219 

en SEL TAB 89' 1117 1350 
SETFLG 128# 602 
SHFTLCK 543 898# 1387 
SHIFT 535 978" 
SHTAB 534 546 837# 1391 
SIDEROM 985# 1022 
SIGNI 1100# 1100 
SIGN2 1104 1107# 
SIGN3 1090 1110# 
SIGN3A 1119# 1124 
SIGN4 1109 1116 1125" 
SIGN6 1138 "48# 
SIGN7 1136 1138# 
SIGNON 1087# l1S7 
SIGOFf 700 1134 1137 
SlOOPS 107# 390 
SIOFF 47# 1300 
StORDV 58. 386 
SIOX! 386# 388 
SOOUT 204 212# 
SPAeT 87# 622 
SPRHT' 74' 1310 
SPRNT2 75. 332 
START 159# 1369 
5TCNTR us# 625 
STEPRT 96> 110B 
STPCTCI 470 615# 
STRKUP 513 925# 
SWAP 1215 1318 1348# 
SWAP! 1357# 1364 
SVSCTL 105# 1093 1095 
SVSPIO 106# 1020 1031 1088 1097 1101 
SVSVEC 42. 43 
TABL 540 aOB# 917 929 1392 
TAB.LED 9,. 789 802 986 1076 1126 1279 
TABLES 788 801# 1125 
TABLEX 790 917# 
TBLSEL 484 532# 
TBXFER 183 185" 
TCA •• > 224 227 108S 1195 
TENTHS 901 902 904# 
TICK 596 899 ... 1386 
TOCK 901# 1061 
UPASCII 126# 568 
UPPER 124" 564 
UPS 515 919# 921 1381 
UPSSZ 516 520 921# 
UPSTRK 481 512# 

l> 
'a 

i = a. 
)C' 
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A 

A66 Control Switch 
Abbreviations, list of 
Access cover 

249,250 
N1 

-40 CPS 

- 20 CPS 
Access times, disk 
Accessible 1-second 

238,239 

227,228 

207-211 

interrupt 
Accessing BIOS 
Allocation, CRT RAM 
Alpha lock key 

171,174, B1 
151 
45 

-ASCII 197 

- LPK 205,206 

Altitude requirements 18 
Application programming 41, 

42,151,152,155,170 
ASCII keyboard 

ROM, How it Works 

Dimensions 

Product Codes 

General 

CTRLkey 

Alpha loc.k key 

Auto-repeat keys 

Function key priority 

Function key uses 

Key code chart 

Main key array 

Numeric key pad 

Repeat keystations 

133 

13 
3 

195-199 

Asynchronous, General 135 
I/O Port # 157 

Port selection 4.2 

Index 

Attributes 
US7, US8 ROMs 43 

Configuration sector 22S 

Enable, Disable 189 

General 183 

Set mode 191 

Auto-repeat keys 
-ASCII 195 

-LPK 205 

B 

BOOS, General 5 
BIOS Entry points A2-A5 

Banked Physical Driver listing App. I 

Device Initialization 133, 134 

Execute Physical Driver 161,162 

Op.Sys.lnt. 152,174-176,178-181 

Physical Driver Address Table C3 

Programmable Functions 170 

Backspace or cursor left 187 
Bank switching 

Example 04 

System PIO 134 

Z80-A Example 171,172 

Banked physical driver 
listing 11-112 

Basic monitor calls 01 e03 
Baud rate 

I/O Channel 135 

Command 144 

Generator 136 

HostTerminal 145 

Port assignments 156 

Printer port 135 

Table Kl 



Bell (tone, speaker) Business graphics, (desc.) 16,17 
Control code 187 CRT control 183 

Description 47 CRT Controller 43 

Port assignment 157 CRT entry points 158-160 

BIOS CRT font selection 43,134 

CP/M-802.2 5,151 Attributes 44 

CP/M-861.0 151 Attribute selection 7 

Ac~essing 151,152 Configuration sector 225 

Cold boot Al Display specification 15 

Console input 167,168,A2 Graphics mode 

Console output 168,A2 -40 CPS 243 

Console status 167,A2 -20CPS 232 

Entry vector table Al-A5 Memory allocation 45 

Example 152 Prog. considerations 186-193 

Home disk A2 Scrol.1 register 46 

108YTE-directed 110 167-169 

Interface 151,152 

Jumptable 151 

list device 153,154,167-169 

list output A2 

List status A5 C 
Printer output (l08YTE) 168 

Printer status (108YTE) 169 

Punch output A2 CCP, Description 5 
Read sector A4 CP/M-80, (disk contents) 6-9 
Reader input A2 Accessing 810S 151,152 

Sector translate 152,AS Digital Research files 6.7 

Select disk 152,A3 Entry Vector Table Bl 

Set DMA address A4 Prog. considerations AI-AS 

Set sector A3 Xerox files 1-9 

Set track A3 CP/M-86, (disk contents) 9,10 
Vectors 151 Accessi ng BIOS 151,152 

Warm boot Al Digital Research files 9,10 

Write sector A4 Xerox files 10 

Bit mask, keyboard 225 CPU, (general) 2 
Break switch, printer 240 ROM 133,134 

Bus, system Description 41-44 

Connector 27 Go To Command 140 

ElectricaVenvironmental 18 System display 183 

Specification 28-32 CRT, (general) 3, 158, 183 
CRT output 158 

RAM 41,45 

2 Index 



Block move 

Direct CRT display 

Entry points 

Fast CRT output 

Font selection 

10BYTE 

Read sector 

Select media format 

Set direct CRT cursor 

160 

160 

158-162 

159 

43,134 

167,168 

162 

161,162 

159 

Write sector 162 

CRT controller, (general) 43, 44 
Attributes 16,17,44 

Control signals (sync & video) 43 

Design 16,17 

Font ROMs 43 

Functional description 

CTC (Counter Timer Circuit) 

Cabling requirements: 
-40 CPS 

16 

42, 134 

252 

- 20 CPS 236 

Capacity, disk 207-211 
Carriage return, disp. code 188 
Carriage movement 

-40 CPS 242 

- 20 CPS 

Caution, rigid disk 
Centronics Interface 
Channel A 

SIO Controller 

Description 

Entry points 

Channel B 
SIO Controller 

231 

47 
2,43,135 

135,136 

42 

165 

135,136 

DeSCription 42 

Entry points 163,164 

Character codes, display 186-193 
Character delete 192 
Character devices 153, 154 
Character insert 192 
Character sets (information) 

ROM 

Specifications 

Index 

43 

15,16 

Character sets (pictures) 
Graphics 185 

Text 184 

Character spacing 
-40 CPS 251 

- 20 CPS 235 

Clear screen 188,190 
Clear to end of line 188, 193 
Clear to end of screen 188,193 
Clock 

8086 speed 2 

l-second interrupt 174 

Z80-Aspeed 2 

Code charts Kl-K2 
Baud rate table Kl 

Cold boot 151,Al 
Cold start 177 
Cold start loader listing Gl-G6 
Command codes: 

40 CPS 242-244 
Carriage movement 

Control codes 

Hex codes 245 

Margins & formatting 

Miscellaneous commands 

Paper movement 

Printing 

Remote Diagnostics 

WPcommands 

20 CPS 231-233 
Carriage movement 

Control codes 

Hex codes 

Margins & formatting 

Miscellaneous com mands 

Paper movement 

Printing 

Remote Diagnostics 

WPcommands 

234 

Command set (monitor) 137-149 
Summary table 

Baud rate 

137 

3 



Copy memory 

Display memory 

Extended memory test 

Fill memory 

Goto 

Host Terminal 

Input 

Load from disk 

Modify memory 

Output 

Protocol 

Read disk sector 

Typewriter 

Verify memory block 

Write disk sector 

Communications: 
SIO Controller 

SIO Ports, description 

Baud rate command 

Comm channel (Port #s) 

Connector (J4) 

Host Terminal 

10BYTE 

Input Data 

Input ready status 

Output status 

Port (J9), description 

Protocol command 

Settings, 40 CPS Printer 

Strapping Options 

Configuration sector 
Configuration status 
Connectors 

135,136 

42 

144 

156,157 
19 

144-146 

167,16B 

165 

165 
165 

5 
148,149 

249,250 

25,26 

225,226 
181 

(see Hardware Connectors) 

Console devices 153, 154 
Console input IOBYTE 167 

BIOS entry point 

Console output IOBYTE 
BIOS entry point 

Console status IOBYTE 
BIOS entry point 

4 

A2 

168 
A2 

167 
A2 

Control codes, display 186-188 
Backspace or cursor left 

Bell (tone) 

Carriage return 

Clear to end of line 

Clear to end of the screen 

Clear screen and home cursor 

Cursor down or line feed 

Cursor left or backspace 

Cursor right 

Cursor up 

Display next character direct 

Escape 

Home cursor 

HOrizontal tab 

Line feed or cursor down 

Restore previous attribute mode 

Set cursor character 

Control key, keyboard 
- ASCII 197 
- LPK 206 

Control panel indicators -
40 CPS 239, 240 

Break switch 

Cover 

Form feed 

Here is switch 

Line feed 

Overflow 

Parity 

Power indicator 

Pnntchk 

Printwheel select 

Reset 

Ribbon/paper 

Scroll 

Spacing select 

Control panel switches -
20 CPS 

Form feed 

Line feed 

Pause 

228 

Index 



Power indicator 

Reset 

Control sequences, CRT 
Codes 187,188 

Table 186 

Copy memory, 
(Monitor Command) 140 

Counter Timer Circuit 134 
Cover switch, (40 CPS) 240 
CRT memory block move 160 
CRT output 158 

FAST CRT output 159 
CRT RAM 

Memory allocation 45 

Scroll register 46 

CTRL key, keyboard 
-ASCII 197 

- LPK 206 

Cursor, (general) 186 
Cursor keys 

-ASCII 195 

- LPK 200 

Cursor control codes 
Up, Down, Left, Right 187 

Host Terminal cursor control 147 

o 

DC system power 
DTR, 510 default 
Daisy-chain 

SIO Controller 

Rigid/floppy interface 

Data bits 
SIO defaults 

Baud rate command 

Configuration sector 

Index 

18 
135 

42 

47 

135 
144 

225,226 

Get Config Status 

Host Terminal 

Pass 8 bits/keyboard 

Pass 7 bits/keyboard 

Data format, (LPK) 
Daughter board 

ROSR monitor 

SASI interface 

Floppy connectors 

181 

144-146 

190 
190 

200,201 
47 

38 
)1 connector 19 

Rigid connector 39 

Devices, character & physical 
assignments 153, 154 

Device names, logical 
& physical 153, 154 

Diablo printers 
- 40 CPS (630) 237-252 

- 20 CPS (620) 227-236 

Diagnostics, remote printer 
-40 CPS 244 

-20 CPS 

Digital Research 
CP/M-80 files 

CP/M-86 files 

Dimensions 
8" Floppy disks 

8" Rigid disk 

5t" Floppy disks 

40 CPS Printer 

20 CPS Printer 

ASCII keyboard 

Display/Processor 

Low profile keyboard 

Direct CRT display 
Disable attributes 
Disk access connector (J 12) 

Description 

Disk connector (J 1) 
Floppy 

Illustration 

Rigid 

Disk drive format 

233 

6-9 

9,10 

13 

160 
189 
33 

34-37 

19 
38 

20 

39 

14 

5 



Disk drive storage 14 Dimensions 13 

Disk drives 3,5 Graphics character set 185 

Access times 207-211 Programming considerations 186 

Caution 47 Text character set 184 

Connector 47 Display, control codes 186-188 
Dimensions 13 Backspace or left cursor 

Specifications 207-212 Bell (tone) 

Access times Carriage return 

Bytes per sector Clear to end of line 

Capacity Clear to end of the screen 

Encoding method Clear screen and home cursor 

Formats Cursor down or line feed 

Heat dissipation Cursor left or backspace 

Latency Cursor right 

Power dissipation Cursor up 

Recording density Display next character direct 

Sectors per track Escape 

Transfer rates Home cursor 

Voltage requirements Horizontal tab 

Disk driver Line feed or cursor down 

Execute physical 161,162 Restore previous attribute mode 

Firmware 47 Set cursor character 

Media identification 213 Display, functional desc. 16 
Disk mapping Display, escape codes 189-193 

Description 48 Display manipulation 186, 189 
Device mapping 153,154 Display memory command 138 
Drive mapping table C2 Display next character 188 
Interleave 223,224 Display/Processor 13,183-193 

Disk parameter block Display specifications 15 
(DPB) 214-218 Pixel resolution 

8" Floppies Refresh rate 

B" 10 Mb rigid Video bit rate 

5t" Floppies Video rate 

Translate tables Documented system 
Disk parameter header storage (1, (2 

(DPH) 213-218 Double density, 
Select media format 161 Select Media Format 161 
Value(s) returned 162 Downcounter 42 

Display 3,15-17,183-193 Drive mapping tables (2 
Attributes 16,183 Drive selection 
Business graphics 16 PIO Controller 134 

Character mode 183 Description 43 

6 Index 



Dual parallel port 
PIO Controller 134 

Description 43 

E 

8" Disk access times 207-211 
8" Drives, dimensions 13 
8" Floppy disks 

Double-sided 210,216 

Interleave 223,224 

Rigid 211,217,218 

Single-sided 209,215,216 

Track formats 221,222 

820-11 Device mapping 
General 153,154 

Character devices 

10BYTE 

Logical device names 

Physical device names 

Physical devices 

8086 
110 Port assignments 156 

CPU Port # 157 

Configuration status 181 

Description 2,6,48 

Dual CP/M-80/86 158 

Host Terminal 147 

Lock instruction 155 

LogICal/Physical device mapping154 

Memory expansion PWB 132 

Operating system files 9-11 

Operating system interface 151 

Schematics 128-132 

System bus connector 27-32 

Electrical Requirements 
AC 13 
820-11-16/8 display 

Disk drives 

Index 

Printers (40 & 20 CPS) 252,236 

DC 
Disk drives 207-211 

Display 15 

Expansion slot 18 

(See also Hardware Connectors) 

Electrical interface 
40 CPS Printer 246-250 
A66 control switch 

EIA interface 

HPR05 circuit board 

Dipswitch module A 

Dipswitch module B 

Enable attributes 189 
Enter key, unique codes 204 
Entry points, CRT 158-160 
Entry vector table Al-A5 
Environmental req. 18 

Altitude 

Humidity 

Temperature 

Escape codes 189-193 
Cha racter delete 

Character insert 

Clear screen 

Clear to end of line 

Clear to end of screen 

Disable attributes 

Enable attributes 

Line delete 

Line insert 

Pass 8 data bits from keyboard 

Pass 7 data bits from keyboard 

Position the cursor 

Set blink attribute 

Set graphic mode 

Set inverse video 

Set low intensity 

Escape sequences 
CRT 

40 CPS Printer 

ROSR translations 

189-193 

242,243 

43 

7 



20 CPS Printer 221,222 Power indicator 239 

Etch 1 CPU Specifications 251,252 

J9 - strapping options 25 FIFO 48, 166 
SchematICs 109-116 Variables C1 

Serial 110 Ports 42 Fast CRT output 159 
Etch 2 CPU Fill memory command 139 

J9 - strapping options 26 5t" Disk access times 207,208 
Keyboard FIFO 48,166 5t" Drives, dimensions 13 
Schematics 117-124 5t" Floppy disks 
Serial 110 Ports 42 Disk Parameter Header 213 

Even parity, host terminal 145 Double-sided 208,215 

Examples Interleave 223,224 

Bank switching D4 Single-sided 207,214 

Host Terminal 145,146 Track formats 219,220 

List device status 152 Floppy disks 213-226 
Monitor calls/BASIC D1-D3 Connector (j1) 19 

Protocol command 148,149 Illustration 20 

Start/Stop 8086 155 Disk parameter block (DPB)214-218 

Z-80AAssembly Language 171-173 Disk parameter header (DPH) 213 

Execute physical driver 161, 162 Interleave 223,224 

Expansion slot, (general) 6 Track formats 219-222 

Electrical 18 Font generator, I/O Port # 157 
Extended memory Font ROMs (U57 & USa) 43 

test command 139 Font selection 43,44,134 
40 CPS Printer 249,250 

Form feed 
- 40 CPS 239 

F - 20 CPS· 228 

Format, floppy disks 219-222 
Front cover switches 

4.03 ROM 135 -40 CPS 238,239 

40 CPS Printer 237-252 - 20 CPS 227,228 

DC1/DC3 237 Function key 
HPR05 Priority -ASCII 196 

Description 237,238 - LPK 205 

Interface 247-249 Uses -ASCII 196 

Access cover 238,239 - LPK 205 

Command codes 242-244 Functional description 4, 5 
Cont. panel switches 239,240 BDOS 

Electrical interface 246-250 BIOS 

Font selection 249.250 CCP 

Operating codes 241 ROSR 

a Index 



Operating systems 

Ports 

System monitor - ROM 

G 

General Purpose PIO 
Ports A & B, Description 

Specifications 

Get address of time
of-day variables 

Get config status 
Get disk map table 

address 
Go to command 
Graphics character set 

Mode 

H 

HMINMI 

43 

135 

180 
181 

178, 179 
140,141 

185 
183 

-40 CPS 241 

- 20 CPS 230 

HPR05 desc. - 40 CPS 237,238 
Hardware connectors 19-39 

COMM connector(J4) 19 
COMM port (J9) connector 

- Etch 1 CPU 25 

- Etch 2 CPU 26 

Daughter board 
- Floppy 38 

- Rigid 39 

Disk access (J 12) 
- Description 34-37 

Index 

-Interface 33 

Floppy disk (Jl) 
-Connector 19 

- Illustration 20 

-Interface 38 

Keyboard connector (J2) 19 
Parallel port (J8) 

-Connector 23 

- Illustration 21 

- Picture 24 

Power supply (J5 & 6) 22 
Printer connector (J3) 19 
Rigid disk (Jl) 

- Connector 19 

-Illustration 20 

-Interface 39 

System bus connector (J 13) 
- Connector 27 

- Description 28-32 

Video connectors (J7) 22 
Hardware description 2-4 

Disk drives 

Display 

Keyboards 

Printers 

System board 

Hardware handshaking 
Hardware interface 

COMM port 

Disk drive 

Expansion slot 

Keyboard 

Parallel port 

Printer 

Hardware scrolling 
Head Step Rate, 

Configur.com 
Configuration sector 

Here 15 Switch, (40 CPS) 
Hex codes 

-40 CPS 

- 20 CPS 

148 
5,6 

46 

8 
225 
239 

245 

234 
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Home cursor (ESC code) 
Home disk, BIOS 
Horizontal Motion Index 

-40 CPS 

- 20 CPS 

Horizontal tab - display 
Host computer 

188 
A2 

241 

230 

187 
144 

Host Terminal mode 144-148 
Baud rate 

Channel 

Command set 

Data bits 

Monitor output command 

Option Summary 

Parity 

Port 

Stop bits 

Humidity requirements 

I/O Channel, 
setting baud rate 

10BYTE 

18 

144 

CP/M-SO, device mapping 153 

CP/M-S6, device mapping 154,155 

Console Input 

Console output 

Console status 

Directed 1/0 

167 

16S 

167 

167-169 

Printer output 16S 

p" nter status 169 

Input command (Monitor) 141 
Input/output 

Port assignments 156, 157 
SOS6 

CRT 
CTC 
GP-PIO channel A 

10 

GP-PIO channel B 

510 channel A 

SIO channel B 

ZSO-A 

Baud rate 

Double density select 

Font generator 

Scroll register 

Single density select 

Speaker 

Interleave, (floppy disks) 

Interrupt mode 2 
Interrupt vectors 

CTC 

GPPIO 

510 

Disk 

System PIO 

Interrupts 

223,224 
41, Cl 
Cl, C2 

CTC 134 

GP PIO 135 

510 135 

Daisy-cham vectoring 42 

Disk 34-37 

Expansion slot 

System PIO 

J 

2S-32 

134 

J 1 (Disk access) 19,20,38, 39 
J2 (Keyboard) 19 
J3 (Pri nter) 19 
J4 (Communications) 19 
J5 (Power supply) 22 
J6 (Power supply) 22 
J7 (Video) 22 
J8 (Parallel connector) 23,24,43 
J9 (Parallel port, Etch 1) 25 

Index 



J9 (Parallel port, Etch 2) 
J 11 (Option connector) 
J 12 connector 

26 
43,135 

33-37 
27-32 

151, 158, A 1-A5 
J 13 connector 
Jump vectors 

K 

Key code chart: 
-ASCII 198,199 

- LPK 202-204 

Keyboards 3, 5, 195-206 
FIFO variables 

ROM 

ASCII 

Bit mask 

Connector (J2) 

Data input 

Device Mapping 

Dimensions 

Enter key, unique codes 

Handler 

Input (System PIO) 

Input channel 

C1 

133 

195-199 

224,225 

19 

157-165,C1 

153,154 

13 

204 

201 

43,166 

134 

Interface (FIFO variables) 48,C1 

Low profile 

Product Codes 

Status 

Translation tables 

L 

l5T 153,154,167-169 
(device mapping) 

Line delete 

Index 

200-206 

3 

166 

201 

192 

Line feed switch (40 CPS) 239 
Line feed or cursor down 187 
Li ne insert 192 
List device 153, 154, 167-169 
List output, BIOS A2 
List status, BIOS A4 
Listings: Appendix 

BIOS jump table 

ROM 

Banked physical driver 

Cold start loader 

H 

E 

I 

G 

Macros & Sym bois F 

Position-encoded kybd handler J 

Load from disk command 142 
logical device names 

820-11 153 

16/8 154 

logical to Physical Disk 
MappingTable 178,179,C2 

logical/physical 
translate tables 213 

low profile keyboard 200-206 
Auto-Repeat 

Cursor keys 

Data format 

Dimensions 

Enter key, unique codes 

Function key uses 

Key code chart 

Keyboard handler 

Main key array 

Numeric key pad 

low profile ROM 133,134,204 

M 

MS-DOS 10,11,151 
Macros & Symbols listing F1-F24 
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Main key array 
- ASCII 195 

- LPK 200 

Margin & formatting codes 
-40 CPS 242 

- 20 CPS 231 

Memory allocation 44,45 
Memory banks 41-43 
Memory contents 138 
Memory pointers C2 
Memory size: RAM/ROM 2 
Microsoft 10,11,151, 01 
Miscellaneous functions 177-182 

Cold start 

Get configuration status 

Get disk map table address 

Get TOO variable 

Start screen print 

Warm start 

Miscellaneous printer codes: 
- 40 CPS 243 

- 20 CPS 232 

Mode 2 Interrupt Vectors Cl, C2 
Modem 42,135,136 

(channel, baud rate generator) 

Modes of operation 145 
(Hosttermonal) 

Modify memory 
Monitor calls in BASIC 
Monitor commands 

12 

Summary table 

Baud rate 

Copy memory 

Display memory 

Extended memory test 

Fill memory 

Goto 

Host Terminal 

Input 

Load from disk 

Modify memory 

Output 

138,139 
01-03 

137-149 
137 

Protocol 

ROSR 

Read disk sector 

Typewriter 

Verify memory block 

Write disk sector 

Monitor entry vector table B 1 
More interrupt vectors C2 

N 

Numeric key pad 
-ASCII 195 

- LPK 200 

o 

1-second i nterru pt 
Offset, display 
Operating codes: 

- 40 CPS 

- 20CPS 

170,174 
46 

241-244 

230-233 

13 Operating environment 
Operating mode switches: 

- 40 CPS 238-240 

- 20 CPS 227-230 

Operating System 
General 4,5 

Interface 151-182 

Output codes, keyboards: 
-ASCII 198,199 

- Low Profile 202-204 

Output command 141, 142 
Output ports 134-136 
Output status, comm 165 

Index 



Overflow Switch (40 CPS) 240 

p 

PIO, (general) 43, 134, 135 
Paper movement, printer: 

-40CPS 243 

- 20CPS 

Parallel 1/0 controller 
Bank switching 

Floppy drive select 

Floppy side select 

Font selection 

Keyboard input channel 

Parallel port 
Connector 

Parallel printer 
Parity 

Host Terminal 

40 CPS switch 

20 CPS switch 

Pass upper bit of data 
from keyboard 

Pause switch (20 CPS) 
Physical device names 

820-11 
16/8 

231 
134,135 

2,6,43 
23,24 

43,135 

145,146 

240 
229 

190 
228 

153 
154 

Physical Disk Interleave 223, 224 
Physical driver 

Address table C3 

Request block 161, 162, 176, C3 

Physical format, disk 
drives 219-222 

Physical to Logical Device 
Mapping 167 

Pixel resolution 15 
Ports 

Communication 4,5,19,25,26,135 

General 4 

Parallel 23,24 

Index 

Printer 4,5, 19, 135 

Position-encoded keyboard 
Handler 

Listing 

Position the cursor 
Power indicator: 

201 

Jl-J38 

191,192 

-40 CPS 239 

-20 CPS 228 

Power on sequence 133-136 
Power supply (J5 & 6) 22 
Print Chk switch (40 CPS) 240 
Printers, general 4,227-252 

A66 Control switch 249,250 

40 CPS 237 

20CPS 227 

Baud rate command 144 

Baud rate generator 136 

Buffer 238,251 

Channel 42 

Connector (J3) 19 
Dimensions 13 

Entry points 163,164 

Output 163,164 

Overview 163 

Port 

Status 

42,43, 135, 136 

163 

Printing commands 
-40 CPS 243 

-20 CPS 232 

Printwheel selection (40 CPS) 238 
Product code numbers 3,4 
Programmable 

functions: 170-176 
1-second interrupt 

Processing while 1/0 pending 

Sample program 

Soft disk error 

Soft error recording 

System exit points 

Programming considerations: 
BIOSA1-A5 

CRT Control codes 187,188 

13 



CRT Escape codes 

Display 

Escape sequences 

-40 CPS 

- 20 CPS 

Pnnter control codes 

189-193 

186-193 

242,243 

231,232 

-40 CPS 245 

- 20 CPS 234 

Proportional spacing (HMIIVMI) 
- 40 CPS 

- 20 CPS 

Protocol command 
XON/XOFF 

Hardware handshake 

Serial printers 

Punch output, BIOS 

RAM, CRT 
Attributes 

Driver 

R 

Font Selection 

Memory Allocation 

Offset 

Power on 

Refresh RAM 

Scroll Register 

241 

230 

148, 149 

A2 

41-46 

ROM 5,41,42,133-136,158 
ROM listings El-Ell0 
ROM/O.S. Interface 158 
ROSR 5,41,44,47,133-136,170 
RS232 (See Comm port) 
RB 13~1~ 
Read disk sector command 143 
Read sector 162, A5 
Reader input A2 
Real Time Clock 174 

(See also Clock) 

14 

Refresh RAM 
Memory 

Rate 

Remote Diagnostics: 
-40 CPS 

- 20 CPS 

Repeat keystations: 
-ASCII 

-LPK 

Reserved 
ASCII Keys 

Low Profile Keys 

Ports 

Tracks 

Reset Switch (40 CPS) 
Reset, Power on 
Resident monitor 

commands 
Resolution, screen 

43 
183 

15 

243,244 

232,233 

195 

205 

198,199 

202-204 

157 

214-218 

239 
133-136 

137-149 
15 

Restore previous attribute 
mode 187 

RibbonlPaper switch (40 CPS) 240 
Rigid disk conn. (Jl) 19,20,39 

s 

7 data bits (SIO controller) 110 
1797 - Western Digital 279-302 
6-8k ROM 2, 42 
16/8 physical device mapping 

153,154,167-169 
Application programs 

Communication channel 

IOBYTE 

LogIcal device names 

Physical device names 

Physical devices 

64k RAM 2,42 
ROSR monitor 

Index 



Z80-ACPU 
SA 1403 

Processing while 110 pending 174 
Soft Error Recording 

SA 14030 controller 
176 

254-278 
SA400L 207, 214, 219, 220, 223, 224 
SA450 208,215,219,220,223,224 
SA800 209,215,216,221,224 
SA850 210,216,221,224 
SA 1004211,217,218,223,224 
SASI interface 47 
SIO, (general) 42 
SIO Channels: 

-A 135,136 
- B 135, 136, 163, 164 

SIO controller 
SIO-B 

42,135,136 

Input data 163 
Input ready status 163 
Output data 163 
Output ready status 164 

Sample programs 
Z80-A assem bly 171-173 
Monitor calls - BASIC 01-03 
Bank switching 04 

Schematics 109-132 
Screen attributes - see Attributes 
Screen codes 186-193 
Screen print 182 
Screen resolution: 

Description 
Specification 

Scroll switch (40 CPS) 
Scroll register 

Hardware scrolling 
Offset 

Sectors per track 
Sector translate, BIOS 

Table 
Vector 

Sectran 
Seldsk 

Index 

16 
15 

239 
45,46 

207-211 
A5 
213 
152 

152, A5 
152, A3 

Select media format 161 
Serial 1/0 Controller 42, 135, 136 

Async modem port 
Baud rate 
ChannelB 
Printer port 

Set blink attribute 
Set cu rsor character 
Set OMA address 
Set direct CRT cursor 
Set graphic character 
Set inverse video 
Set low intensity 
Set sector 
Set track 

191 
187 
A4 

159 
191 
191 
191 
A3 
A3 

Shugart - 14030 
Side selection 
Single density 
Skewing 

253-278 
43,134,161 

161 

Soft disk error 
50ft error recording 
Spacing select (40 CPS) 
Speaker (bell, tone) 
Specifications 

- 820-11 & 16/8 
Dimensions 
Disk drive format 
Disk drive storage 
Display 
Electrical 
Operating environment 

Specifications 

223,224 
176 
176 
238 

47,157 

13-16 

40 CPS 251,252 
Cabling requirements 
Character set 
Character spacing 
Power requirements 
Pri nt buffer 
Print line 
Pnntwheels 

20 CPS 235,236 
Cabling requirements 
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Character set 

Character spacing 

Power requirements 

Print buffer 

Print line 

Printwheels 

Start screen print 
Storage capacity 
Strapping options, 

Comm port 
Strobe, printer 
Synchronous 

I/O Port # 
Port selection 

System board 
System bus 

Connector (J13) 

System configuration 
System display: 

Graphics character set 

182 
207-211 

25,26 
135 

157 

42 

2 
18,48 

27-32 

181 
183-193 

Programming considerations 

Text character set 

System exit points 
System monitor, 

ROM 
System PIO 
System storage 

20 CPS Printer 
Dimensions 
General 

T 

170-176 

4, 133-136 
43,134 

C1 

13 
227-237 

Cabling requirements 

Command codes 

16 

Control panel switches 

Front cover switches 

Horizontal motion index (HMI) 

Power indicator 

Operating codes 

Operating mode switches 

Specifications 
Vertical motion index (VMI) 

Temperature req. 18 
Text character set 184 
Theory of Operation 41-48 

6-8k ROM memory 

64k RAM 

CPU 

CRT controller 

CTC 

PIO Controller 

SIO Controller 

Bus expansion 

Daughter board 

Dual parallel ports 

Memory allocation 

Parallel keyboard interface 

Scroll register 

Serial 1/0 ports 

Speaker 

Time constant 

Time-of-dayand 
timer variables 

Timer variables 
Tone generator 

(speaker, bell) 
Track format, disk 

drives 
Transfer rates 
Typewriter command 

v 
Vector table 

47,180,C4 
180,C4 
47,157 

207-211 
207-211 

144 

Verify command 
Vertical Motion Index: 

B1 
140 

-40CPS 

-20 CPS 

241 

230 

Index 



Video bit rate 15 
Video connector (J7) 22 
Video rate 15 

w 

WD1797 174,176,279-302 
Warm boot A1 
Warm start 177 
Western Digital 

General 

Reprint 

WP commands: 
40 CPS printer 

174,176 

279-302 

243 

20 CPS printer 232 

Write disk sector command 143 
Write sector, BIOS 162.A4 

x 
XON/XOFF protocol 
Xerox files 

CP/M-80 disk 

CP/M-86 disk 

Xtended memory 
test command 

Index 

148 

7-9 

10 

139 

Z80-A 

z 

2,41,42,47-108 
133,158,C1,C2 

Assembly language ex_ 171-173 

Zilog Reprint 49-108 
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