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TOUR NCR PERSONAL COMPUTER PC8 AND THIS MANUAL

disk controller boards, 
up to six cards 
system.

The NCR PERSONAL 
compatible with a 
personal computers, 
a 
extensions between your NCR PERSONAL COMPUTER PC8 and 
other personal computers you may have occasion to 
use.

Essential electronics are contained on the controller 
board. Where possible, LSI components have been used, 
providing compactness and a high degree of 
reliability. The microprocessor is the powerful and 
versatile 80286, which can be supplemented by the 
80287 co-processor, if required. With the additional 
support of Direct Memory Access, high processing 
speeds can be achieved. 256 Kilobyte of random access 
memory are included in the standard version, over and 
above video RAM.

Full access to the system bus is available at the 
expansion card assembly. In addition to display and 

this assembly can accomodate 
to expand the features of your

Also included on the main board is a real-time clock 
integrated circuit. A battery ensures that time 

I continues to be registered, even after the computer 
has been switched off. Battery powered CMOS RAM also 
stores basic information concerning the disk and 
memory configuration of your system.

7 Your NCR PERSONAL COMPUTER PC8 is a powerful 
| business/prof essional personal computer. It is 
designed to act not only as an independent, self- 
sufficient system, but also as a control center for 
systems fulfilling a wide range of business, 
scientific and technological requirements.

COMPUTER PC8 is operationally 
number of other widely used 

This provides for portability of 
large number of software applications and hardware
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This Manual is intended for designers, system 
integrators, and programmers who require detailed 
information about the construction and operation of 
the NCR PERSONAL COMPUTER PC8. Information is 
included about the I/O bus, signal levels and timing, 
power requirements, and pin assignments. In addition, 
details are given about low-level software control of 
hardware functions.

With the help of the information contained in this 
Manual, you may be intending to make hardware or 
software changes to the NCR PERSONAL COMPUTER PC8 for 
specialized use. Because of the complex nature of 
computer technology, we must stress that NCR cannot 
accept responsibility for problems arising from such 
changes. At the same time, we are constantly 
endeavouring to maintain the quality of information 
provided in this Technical Reference Manual. 
Therefore, if you find that there is a particular 
aspect of information not already provided in this 
Manual, or if you want to let us know how useful you 
find it, please ask your supplier to forward your 
comments to us.
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Chapter 1
6)

System Overview

MODELS AND OPTIONS

The standard unit is made up of the following parts:
« Cabinet

Power supply
*

Main Processor Board with:
80286 Microprocessor

- 256 KB Random Access Memory (RAM)

32 KB Read Only Memory (ROM)

)

1-1

1>2 MB flexible disk drive with or without a 
hard disk drive

64 bytes battery maintained CMOS RAM 
holding time/date and equipment status

Plug-in board option expansion slots (6 
full bus access, 2 limited bus access)

Disk drive controller plug in board, 
occupying one of the full bus access slots

PROM containing unique system unit 
identification (for software protection)

The NCR PERSONAL COMPUTER consists of the main unit 
and the keyboard. The computer is available in 
different models, and has a variety of options that 
can be added to each model. Expansion boards from 
non-NCR ("third party") manufacturers can be used 
with the NCR PERSONAL COMPUTER, as well as 
expansion boards offered by NCR.
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ft

ft

ft or

4

(

1-2
i

1 flexible disk drive
2 full-height or 2 half-height hard disk drives

2 flexible disk drives (second drive 1.2 MB or 
360 KB)
1 full-height or 2 half-height hard disk drives
1 multi-mode tape

2 flexible disk drives (second drive 1.2 MB 
360 KB)
1 full-height hard disk drive
1 half-height hard disk drive

To make up a complete system a display controller 
board must be installed in one of the limited bus 
access slots and a display unit connected. | 

The most extensive configurations of magnetic storage 
media which can be accomodated in the main unit:

The disk controller board included in the main uni 
can support a maximum configuration of two flexible 
and two hard disk drives. The multi-mode tape 
requires a separate controller.
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MODEL IDENTIFICATION
at the back

XX

I I

 Vol taga/Frequency 

I
 Sub Model III

 Major Model I I
 Class 

II
) Class 3279

Major Model

Sub Model
I

80

Language

1-3

II I

II II
Voltage/ 
Frequency

01
02

00 
01 
02 
03 
05 
06 
09 
10 
11
12 
20

01
02

256 KB Memory } 
512 KB Memory J

}
)

}
}
)

] •1J
)

)

}

II

US English
International English
UK English
Spani sh
French
German
Swedish
Danish
Norwegian
Italian
Finni sh

 Language 

100 to 127 Volts/ ) 
200 to 240 Volts [switchable] ]

The model number is shown on the plate 
of the unit:

1.2 MB Flexible Disk }
1.2 MB Flex + 20MB Hard Disk ) _|
+ Ser./Par. Board }

3279 - XX XX - XXI I I II
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STSTEM COMPONENTS
(

various intervals. Accuracy is ensured by the Timer (

often simply

1-4

The TIMER is an integrated circuit which can be 
programmmed to produce a variety of signals at

This section introduces elements of the NCR PERSONAL 
COMPUTER shared by all models. Figure 1.1 provides an 
easy-to-follow diagram illustrating the most 
important components on the main processor board and 
those external functions with which the main 
processor board interfaces.

The CLOCK is the key to co-ordination of the entire 
system. This unit consists of a crystal supplying a 
signal of frequency 16 MHz to a Clock Controller. The 
88284 Clock Controller divides the frequency of this 
input signal, in order to provide a suitable timing 
signal (8 MHz) for the main system microprocessor 
(CPU), as well as timing signals for other system 
components.

The Central Processing Unit (CPU), 
called "microprocessor", is widely acknowledged as 
the most "influential" of the integrated circuits. It 
is the CPU which passes on instructions supplied by 
you, the programmer, to the other units in the 
system. Optionally, the CPU can be supported by the 
8028? Co-Processor. The Co-Processor is capable of 
performing, in response to simple instructions, 
floating-point calculations which would otherwise 
require extensive programming of the CPU.

deriving its synchronizing signals, by way of 
suitable frequency division, from the system Clock. - 
You can use the Timer for programmed interval timing. 
In addition, the Timer can be used to provide the 
frequencies required if you wish to play music on the 
computer. The Timer is also used for refreshing 
random access memory (see below).

The NCR PERSONAL COMPUTER makes use of two types of 
memory: read only memory (ROM), and a large random 
access memory (RAM) of at least. 256 KB. Read only 
memory contains instructions for the CPU which enable
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The I/O CONTROLLER

1-5

The INTERRUPT CONTROLLERS provide fast notification 
of the CPU in the event that a system unit requires 
urgent attention. This is especially important for 
the Timer and keyboard: the Timer, because an 
accurate clock (whether your own or provided by the 
operating system) must not miscount the number of 
ticks; the keyboard, because this is the most

the latter to get the system started, as well as a 
"library” of short, but useful, programs known under 
the collective term BIOS (Basic Input/Output System). 

, It is the task of the BIOS to constantly maintain 
communication between the CPU and the other system 

| units.

Random access memory can likewise contain program 
instructions for the CPU, but it is also used for 
storing data being processed by the the program. The 
random access memory of your NCR PERSONAL COMPUTER is 
"dynamic", which means that its contents can be 
changed very quickly, thus providing for fast 
processing. This also means that memory must be 
"refreshed" at fixed intervals, to prevent its 
contents from disappearing. Fortunately, you need not 
normally be concerned about providing refresh cycles, 
as this is taken care of by the Timer.

The Direct Memory Access (DMA) Controllers are used 
for the transfer of large blocks of data to.and from 
memory. DMA is particularly useful for reading data 
from or writing data to flexible disk. The CPU does 
not then have to specify a memory address for each 
byte read or written. Instead, all the CPU has to 
tell the DMA Controller is 1) that data is to be 
transferred between memory and flexible disk, 2) the 
address of the first byte in memory to be accessed, 
and 3) the number of bytes to be transferred.

is used for bi-directional 
communication with the keyboard. In addition, it 
keeps a note of the settings of system configuration 
switches, so that programs can detect the NCR 
PERSONAL COMPUTER model being used.
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or

The which

1-6

64 bytes of battery-maintained CMOS RAM are used for" 
the encoding .of a number of system characteristics 
(memory, disk drives) as well as an accurate clock . 
and calendar.

expedient way for the 
execution of a program.

Additional equipment can be interfaced via one 
more of the system bus I/O connectors inside the 
computer cabinet.

system BUS provides the lines by 
communication between the units of the system can

The bus really consists of three
The address bus conveys memory or I/O map

user to intervene during

take place, 
busses.
addresses by which memory bytes or external devices 
can be accessed. Data is passed as parallel signals 
on the data bus. Control bus is a collective term for 
those signals which otherwise influence data flow 
within the system, for example, signals whichf 
determine whether the direction of data flow is read 
or write, and whether transfer is to/from memory or 
an I/O device. lour NCR PERSONAL COMPUTER includes a 
BUS CONTROLLER which relieves the CPU of such bus 
arbitration duties.
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SYSTEM OVERVIEW

(

1-8

Figure 1.2 shows exactly where important integrated 
circuits are situated on the main processor board.

Other important logic functions:

Wait State Logic enable a bus transfer to be executed 
over a period' of more than one clock unit.

A DMA Page Register allows DMA to address more than 
64 KB of the memory address area.

Parity checking is performed during RAM access*

NMI Logic determines what source of interrupt may be’ 
allowed to issue the CPU non-maskable interrupt. I 
Possible sources are errors on I/O and memory 
transfers, and co-processor errors.

Chip Select (CS) logic converts address information 
into CS signals for memory and I/O interface 
integrated circuits*
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SYSTEM CONNECTION

the

a

I/O SIGNALS

1-10

6 full bus access (1 of which is required by the 
disk controller board)

2 limited bus access (1 of which is intended for 
display controller board)

This means that 
, can be accessed

The NCR PERSONAL COMPUTER can accomodate up to eighth 

expansion boards (including the disk control and 
display control boards). For this purpose, the main 
processor board, accessed after removal of 
cabinet, is provided with eight expansion slots:

address buses* 
designations*

An nopen” bus structure is used. ' 
system facilities, including memory, 
from outside the system.

Each expansion slot consists of a 62-pin connector. 
In addition, slots 2-8 and 8 each have a 36-pin 
connector providing wider access to the data and

This section provides details of pin

The term ’’limited® here means a data bus width of 8 
bits and 1 MB address capability (slots 1 and 7). 
Where ’’full18 bus access is available (slots 2-6, and 
8), data bus width is 16 bits and address capacity is 
16 MB. The full bus also includes additional DMA and 
interrupt detection capacity.
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1-11

I
I

SA12 
SA11 
SA10 
SAS 
SAB 
SA7 
SAB 
SA5
SA4 
SA3 
SA2 
SA1 
SAD

GM) 
RESET DRV 
+ 5V 
I ROS 
~ 5V 
DRQ2 
- 12V 
CHS 
+ 12V 
GND 
SMEMW/ 
SMEMR/ 
IOW/ 
IORZ 
DACK3/ 
DRQ3 
DACK1/ 
DRQ1 
REFRESH/* 
CLK 
IRQ7 
IRQ6 
IRQ5 
IRQ4 
IRQ3 
DACK2/ 
T/C 
BALE 
+ 5V 
OSC 
GM)

28
29
30
31

1 
2 
3 
4 
5 
6 
7 
8 
9

I 10 
I 11 
| 12 
| 13 
I 14 
I 15 
I 16 
I 17 
I 1? 
! 19 
| 20 
I 21 
| 22 
I 23 
| 24

| 26

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15 
16
17
18 . SA13
19
20 
21
22 
23
24

28

I 28
| 29
| 30
I 31

I/O CH CHK/ 
SD7 
SOB 
S05 
SD4 
S03 
SD2 
SOI 
SDO |
I/O CH RDY/ | 
AEN |
SA19 
SA1B 
SA17 
SA16 
SA15 
SA14
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o c

C1DI

D18 C18

I

System bus pin designations (extension to full busj

(

2-12

03031
CEJCD'

RESET DRV
This signal

MEM CS16/
VO CS16/
IRQ 10
IRQ11
IRQ12
IRQ13
IRQ14
DACKO/ 
DRQO 
DACK5/ 
0RQ5
DACK6/
DRQ6
DACK7/
DRQ7
+ 5V 
MASTER/ 
GND

SB HE 
LA 23 
LA22 
LA21 
LA20 
LA19 
LA18 
LA17
MEMR/ 
MEMW/ 
SOB 
SOB 
SD10 
SD11 
SD12 
S013 
S014
S015

1
2
3
4
5
6
7
8
9
10
11

. 12
13
14
15
18
17
18 ■

The following signals are provided for at all eight 
slots.

1
2
3
4
5
6
7
8
9

| 10
I 11
i 12
I 13
j 14
i 15
8 16
i 17
J 18

Figure 1.4

Output
is issued in response to a system reset.

AEN Output
This signal is used by the DMA Controller to indicate 
that it is in control of the address and data busses, 
as well as the MEMW/. MEMR/, IOWZ, and IOR/ lines.

BALE Output
Provided by the 82288 bus arbitration IC to latch 
addresses from the CPU (BALE falling edge). When used 
with AEN, the address is for DMA (BALE is active 
during DMA cycles). .
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1-13

SDO - SD7
Data lines for 8-bit transfers.

SAO - SA19
Address lines for a memory and I/O address space of 1 
MB.

DRQ1-DRQ3 Input
DMA request lines to the 8237 DMA Controller for 8- 
bit transfers. These lines can be programmed at the 
DMA Controller to active low or active high.

IRQ3-IRQ7, IRQ9 Input
Input signals to the Interrupt. Request Register of 
the 8259A Programmable Interrupt Controller. The 
signal must remain high until the interrupt is 
acknowledged by the microprocessor.

IOW/ Input-Output . . .
Determines that the data on the bus is for reading by 
a device. This signal can be asserted by CPU or DMA 
controller.

This bus reservation is especially important, as the 
DMA Controller needs the data bus for the 8 most 
significant bits of the RAM address to be accessed.

DACK1-DACK3 Output
DMA request acknowledge lines. These lines can be 
programmed at the DMA Controller to active low .or 
active high (the BIOS software specifies active low).

SMEMR/ Output
Determines that RAM data from a selected address is 
to be placed on the data bus. This signal is asserted 
by /MEMR, provided that the address decodes to the 
lowest 1 MB of CPU address space.

SMEMW/ Output
Determines that data on the data bus is for writing 
to a selected address in random access memory. This 
signal is asserted by /MEMW, provided that the 
address decodes to the lowest 1 MB of CPU address 
space.
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9

current

1-14

IOR/ Input-Output
Instructs a device to read data from the bus. This/ 
signal can be asserted by CPU or DMA controller.

10 CH RDY Input
This signal is normally high. It can be pulled low by 
a device which requires more than one machine cycle 
for the transfer of data.
10 CH CHK/ Input
This signal active indicates an I/O or RAM parity 
error.

TC Output
The Terminal Count signal supplied by the DMA 
Controller when the programmed number of bytes has 
been transferred.

CLK Output
A 50? duty cycle frequency of 8 MHz for CPU clocking 
purposes. Where a frequency output is required, use 
shoud be mane of the system bus OSCillator 
connection.

OWS/ Input
When this signal is low, the CPU understands that the 

bus cycle can be completed without 
intervention of additional Wait cycles. The signal is 
derived from an address decoding gated with a 16-bit 
I/O read or write instruction, where no Wait cycles . 
are required. For 8-bit I/O operations requiring al 
minimum of two Wait states, the signal should be 
driven active one system clock following the active 
gating of the read/write instruction with the device 
address decode.

OSC Output
The system crystal oscillator signal of frequency 
14.31818 MHz. This signal has equal high and low 
periods. Note that this signal is not synchronous 
with the system clock.
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allowing up to 16

MEMW/ Input/Output
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The following signals are provided for by the 36-pin 
full bus extension.

10 CS16/ Input
An address decoding provides this signal which gives 
notification of a 16-bit I/O cycle (requiring one 
Wait state).

REFRESH/ Input/Output
This signal indicates that a memory refresh cycle is 
taking place, but it can also be. provided externally 

• to instigate a refresh cycle.
)

However,

Indicates that data for memory storage is on the data 
bus. This signal can be issued by the CPU or DMA 
controller, or can be accepted from an external 
source.

MEM CS16/ Input
Decoded from LA17“LA23f this signal gives 
notification of a 16-bit memory cycle (requiring one 
Wait state).

Input
DMA request has been acknowledged

SD8 - SD15
The eight MSBs of the full 16-bit data bus.

SBHE Input/Output
Indicates or enables a transfer of data on the 8 MSBs 
of the data bus.

MASTER/
After a DMA request has been acknowledged, an 
external device can assert this signal in order to 
take over the system bus. However, memory refresh is 
inhibited during this time.

LA17 - LA23 
This is the address bus extension, 
MB to be mapped. These signals are valid when BALE is 
high. They are not latched during CPU cycles
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CONFIGURATION SWITCHES

( RDM Selection| Pins Connected | Address Selection

16 KS

32 KB

I

1-16

3 - 6
4 - 5

1 ~ 8
2 ~ 7

| A15
| A16
I

to ROM pin 27
to ROM SEL decoder

II

This
or

I
: (

I

bit transfers*
DMA Controller to active low or active high.

The ROM type selector jumper block has the following 
significance:

MEMR/ Input/Output
Instructs memory to place data on the data bus* 
signal can be issued by the CPU or DMA controller, 
can be accepted from an external source. ;

DACKOS DACK5 - DACK7 Output
DMA request acknowledge lines* These lines can be 
programmed at the DMA Controller to active low or 
active high (the BIOS software specifies active low).

The main processor board includes three groups of 
configuration switches (jumpers) which require 
setting as illustrated in Figure 1.55 before the 
computer is used for the first time, and after any of 
the hardware features concerned has been changed.

IRQW ~ IRQ14 Input
Input signals to the Interrupt Request Register of 
the 8259A Programmable Interrupt Controller.
signal must remain high until the interrupt is 
acknowledged by the microprocessor.

| * 5 vdc to ROM pin 27
| A15 to ROM SEL decoder

DRQO, DRQ5 - DRQ7 Input
DMA request lines to the 8237 DMA Controller for 16- 

These lines can be programmed at the
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BU KB

MBMO KB
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25B KB
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JI

Figure 1eS Disk controller board switches

OPEN CLOSEDJ3: Language selection —

6

B

J1: OPEN

Figure 1,7 Display controller board switches
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FJc»»bie Primary
Hard Primary

Flexible Primary
Hard Secondary

Flexible Secondary
Hard Secondary

Flexible Secondary
Hard Primary

Danish
Finnish
Norwegian
Swedish

English
French
German
Italian
Spanish

?;
:■<

::
>:
::

Other configuration switches requiring setting are 
present on the disk controller (Figure 1.6) and the 
display controller (Figure 1.7) boards.

- color, CLOSED ~ monochrome display

c
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MEMORY EXPANSION

I
I

r

1

1-19

Configuration switches on any memory expansion board 
(s) installed (3299-K1 11, 3299-K112) must be set to 
reflect the amount of memory on the memory expansion 
board and the start address(es) of the memory 
expansion (see Figure 1.9).

7

r

^SSSESS!

The NCR PERSONAL COMPUTER is supplied with 256 KB 
x. random access memory on the main processor board.

This memory occupies the lowermost CPU addresses. 
Memory can be upgraded to 512 KB (address 7FFFFH) or 
640 KB (address 9FFFFH). Memory expansion beyond 640 
KB requires the installation of a separate memory 
board.

Memory expansion Kit 3299-K110 contains integrated 
circuits for 128 KB. When installing these on the 
main processor board, the sockets must be populated 
as shown in Figure 1.8, and the appropriate main 
processor board configuration switches set (see 
previous section).

Hl

7

y

/ 7

Figure 1.8 Main processor board memory' expansion
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is possible to install more than one memory 
expansion boards^ subject to availability of slots 
(full bus access), but address areas set by the 
switch blocks S1 and S2 must not overlap., It is also 
important to make sure that a starting address does 
not cause a clash of addresses with main processor 
board and display memory (lower CPU addresses) or 
Read Only Memory (higher CPU addresses).
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THE MEMORY MAP
the NCRmap ofthe memory

8088 INTERRUPT VECTOR

BIOS DATA AREAS

0A0000
DISPLAY MEMORY

0C0000

ROM EXPANSION

0E0000 DUPLICATION OF 64KB FROM 0F0000

0F0000
ROM BIOS

100000

FE0G00

DUPLICATION OF 128KB FROM 0E000G

Figure 1.10 Memory map
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000000
000400

Addrest 
(Hex)

MAXIMUM RAM ON 
MAIN PROCESSOR BOARD

UP TO 15MB 
RAM EXPANSION

Figure 1.10 sets out 
PERSONAL COMPUTER.

DISK OPERATING SYSTEM 
(including BIOS interface)

| STANDARD RAM CAPACITY
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THE I/O MAP

(

1 ^22

Figure L11 illustrates the use of port addresses in 
the I/O map of the NCR PERSONAL COMPUTER, Details of 
system use are to be found in the appropriate 
interface and system function descriptions in this 
Manualo
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| System Use

I

I

I/O mapFigure 1.11
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I
I
I

I
I
I

I
I
I

I
I
IOO-1F 

20-3F

Port
(hex)

40-5 F 
60-6F 
70-7F 
80-9F 
AO-BF 
CO-DF 
EO-EF

FO 
F1

F8-FF 
1F0-1F8 
200-207 
278-27F 
2F0-2F7 
2F8-2FF 
300-31F 
360-36F 
378-37F 
380-38F 
3A0-3AF 
3B0-3BF 
3C0-3CF 
300-3DF 
3F0-3F7 
3F8-3FF

| DMA Controller 1 (8237)
| Programmable Interrupt Controller (8259)
|. (MeSter]
| Programmable Interval Timer (8254)
| Parallel Input/Output Interface (8042)
| Real-time clock and NMI 
j DMA Page Select Register
[ Programmable Interrupt Controller 2 (8259) |
| DMA Controller 2 (8237) |
| Software Protection PROM I
| Clear Co-processor Busy
| Reset Co-processor
| Co-processor
| Hard disk
j Reserved (games adapter]
f Parallel interface 2
| Reserved
| Asynchronous Serial 1/0 (2)
| Reserved
| Reserved
I Parallel Interface 2
| DLC Interface and Bisynchronous 2
Bisynchronous 1
Character Display Controller
Reserved
Graphics Display Controller
Flexible Disk Controller
Asynchronous^ Serial I/O (1)
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THE POWER SUPPLY

(

(

<

1-24

The power supply is cooled by a fan with temperature
dependent rotation speed. The fan supply is <= * 12 
Vdc (pin P5 is ground).

I 115
230

100
200

127
240

57
47

63
53

5
3

t 
*

U 
ft 
ft

Primary input characteristics of the power supply are 
given in Figure 1.12.

The primary-switched power supply contained in the 
main unit supplies power to the following parts of 
the system:

Main processor board
■One or two flexible disk drives 
One or two hard disk drives- 
Expansion slots
Keyboard
Display (primary output)

Figure 1.13 gives details of secondary, rectified 
output power. In addition, a Power Good signal is 
provided, which is capable of driving up to six TTL 
loads. For reasons of output stability, a dummy load 
resistor is connected as long as no hard disk drive 
is installed.

| Voltage (aritchabla]
| McminaL Min.

| Frequency [HzS | ' Max. Current
Max. | Min. Max. | (Aapsl

Figure 1.12 Power source requirements



SYSTEM OVERVIEW

I

5+

I

191.7

Figure 1.13 Power output

PinConnector

) O D D O D
J8 Key

0s
□ O D O O Jp

J9 Key1
Power connections to main processor boardFigure 1.14

Voltage/SignalPinConnector

J2

Power connections tcT disk drivesFigure 1.15

7-25

I
I 

I
I

Figures 1.14 and 1.15 show power cable connections to 
the main processor board and the disk drives.

I
I

I
I

| Nominal

Ground
5 Vdc
5 Vdc

| Voltage/SignaL |
__________________

1
2
3
4

5,6

7.0 
0.0 
2.5 
0.0

99
1.5

87.6
3.6

19OB
0.3
7.3
0.3

- 8
- 4
- 9

5
5

+ 12
- 12

+ 12 Vdc 
Ground
+ 5 Vdc

Voltage | Load current (amps) | Max. power (W] |
Tolerance (XJ | Min. Max

- 4 to +
+ 10
+ 5
+ 10

I 1,2
I 3
I 4,5,6 |

Power Good
+ 5 Vdc
+ 12 Vdc
- 12 Vdc 
Ground

Total power dissipation

I 1
I 2,3
| 4
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THE BATTERY

J21-1] VoltagaPin

oFigure 1e16 Bettery connector

(

1-26

J 21-1 ]
J21-2 |
J21-3 (
J21-4 |

* 6 Vdc | *
Key j
No connection |
Sround I

O 
o

Providing power for the real-time clock and CMOS RAM 
is a 6 Volt Lithium battery. The pin assignments of 
its connector are shown in Figure 1.16.
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SOFTWARE PROTECTION

OEOH - OEFH

SignificanceContents

CEO

NCR Class.[3 is Lowest nibble]E1 - E2 3279

00E3

17 ’(1 is lower nibble]E4

E5

E6 - EB in 6 digits

E9 00

EA - EE 00

EF 00

<5

1-27

I/O address 
byte (Hex)

hyphen
(SDH)

The PROM structure of this machine identification is 
set out below. All digits are coded as 4-bit binary 
values (e.g. W9W is coded as 1001), other characters 
are ASCII-coded (e.g. wCn is coded as 43H)»

Tracar no®

Use of an application can be effectively confined to 
a single main, unit by making successful execution 
dependent on the identification of a unique code. 
Such a code is held in a PROM mapped into 1/0 
addresses in the range

Can be used for customer expansion 
(own PROM]
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Chapter 2

Programmable Intelligence

2-1

This Chapter introduces a number of highly versatile 
integrated circuits present on the main processor 
board. The ICs described perform functions which to 
many users are not always evident at first sight, but 
which are, however, integral to the efficient working 
of your NCR PERSONAL COMPUTER. These XCs are the 
Timer, the Programmable Interrupt Controllers, the 
Parallel Input/Output Interface, and the DMA 
controllers.

The Parallel Input/Output Interface relates to a 
number of system functions: it reads keyboard data as 
well as the system hardware configuration (memory, 
disk, co-processor, display]^ and has certain 
enabling functions (serial I/O, RAM parity check).

The Timer, as its name suggests, provides a useful 
tool for real-time applications. It can be set to 
issue an output signal after a programmed delay on a 
one-off basis, or it can supply repeated signals at 
programmed intervals. It can even be used to supply 
oscillator frequencies for the small loudspeaker 
(this is described in a separate Chapter).

The Programmable Interrupt Controllers detect and 
manage service requests not only from selected 
peripheral devices but also from other internal 
system functions, such as the Timer. The obvious 
advantage of a Programmable Interrupt Controller is 
that the system microprocessor (Central Processing 
Unit) does not have to continuously check the other 
units ("polling") to see if they are requiring 
attention: the CPU is interrupted only if a unit has 
expressly requested attention and the Programmable 
Interrupt Controller has decided, on the basis of its 
programmed priority logic, that the request deserves 
attention.
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also

RECOVERY TIME

I/O

JMP SHORT $4-2 ;Opcode EB 00

2-2

functions 
supported CMOS RAM in the CPU I/O map. 
totalling 64 bytes, 
configuration information.

The Real-Time Clock provides clock and calendar 
Time and date can be read from battery- 

This RAM 
contains system

The Direct Memory Access (DMA) controllers offload 
the CPU where blocks of data have to be transferred 
to and from random access memory. Although the CPU 
cannot use the system bus during DMA cycles, it can 
perform internal register arithmetic. Bus arbitration 
circuitry ensures that CPU and DMA controller do not 
clash over the system bus.

Tour NCR PERSONAL COMPUTER can include other 
programmable integrated circuits dedicated to more 
readily recognised peripheral control functions, for 
example the serial I/O, CRT, flexible and fixed disk 
controller interfaces. These are described in the 
relevant Chapters of this Manual.

The system microprocessor is an 80286, with the 
possible addition of an 80287 mathematics co
processor. There is a wealth of generally available 
literature on the this family of microprocessors to 
which you can refer.

To avoid posssible problems insert a ’’dummy" CPU 
instruction between I/O operations to the same IC. A 
JUMP SHORT (relative) instruction fulfils this 
requirement:

Because of the high frequency at which the CPU is 
clocked, it is inadvisable to address another 
integrated circuit with consecutive CPU instructions. 
The reason for this precaution is that some ICs may 
not recover in time following the first 
operation.
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)

80286/80287 CO-ORDINATION
/

0F8H-0FFH

0F1H

OFOH

the Busy

i

2-3

Writing the value zero to this port sets 
the co-processor’s Real Address mode of 
operation. This is the power-on/reset 
status. (Protected mode is achieved at 
CPU level by means of SETPM followed by 
the ESCape instruction.)

This is usual assembly language syntax for "jump two 
bytes ahead of the first byte of. this instruction”, 
that is, simply go to the next instruction. A simple 
register-to-register instruction will not delay long 
enough.

Transfer of opcodes and operands from 
CPU to co-processor, and return of 
results.

Writing the value zero to this port 
clears the co-processor’s Busy latch.

The co-processor, which can be/installed as an 
option, is clocked with 2/3 of the CPU clock 
frequency. The co-processor functions as a device in • 
CPU I/O address space. The following ports are 
dedicated to the CPU/co-processor interface:

When an unmasked co-processor error occurs, 
signal and interrupt request 13H are issued.



PROGRAMMABLE INTELLIGENCE

THE PROGRAMMABLE INTERVAL TIMER
(

HARDWARE CONFIGURATION

FunctionInstruction
I 

i i
(

 

Figure 2.1 Timer ports

2-4

I
I

I 
i

Communication between Timer and microprocessor is via 
the Port addresses 4OH-43H (see Figure 2.1h

 

OUT 40H
OUT 41H
OUT 42H
OUT 43H

IN
IN
IN
IN

40H
41H
42H
43 H

The signal frequency of 1.19318 MHz common to all 
three clock inputs of the Timer (CLKO 
derived from a 14*318 MHz cry

an 8284A Clock Controller,

Load Counter 0
Load Counter 1
Load Counter 2
Specify Timer operation |

Read Counter 0
Read Counter 1
Read Counter 2
No operation

Interval timing in the NCR PERSONAL COMPUTER is 
provided by an 8254 Programmable Interval Timer. This 
integrated circuit can be used as three independent 
16-bit counters. The Timer is .interfaced to the data 
bus, so that Timer values can be transmitted and read 
by the microprocessor. In addition, the Timer can be 
used to generate interrupts at programmed intervals 
or a single interrupt after a specific interval. 
Counting is carried out internally by the Timer, 
either as a binary or a Binary Coded Decimal (BCD) 
operation. Counting speed is determined by an 
external clock signal. Counting is achieved by 
decrementation of a Counter from the value loaded 
down to zero.

trimmer adjustment,

, CLK1, CLK2) is 
stal with capacitive 

and
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OUTO

OUT1

0UT2 -

« PROGRAMMINGT1

via PortDI | DOD4 ( D3 D2D5D6

43 HR/W SELECT MODE BCDCOUNTER

2-5

iZia

One byte must be transmitted to the Timer’s Control 
Register via Port 43H. The value of this byte is made 
up as shown in Figure 2.2.

i

I 07

0UT1,The three output signals from the Timer (OUTO, 
I 0UT2) are issued to the following system components:

Counters can be programmed independently of one 
another. Before a counter is initialized it is in an 
undefined state. The following programming steps are 
required, in order to set up a Timer Counter.

Timer Interrupt (type 8) to the 8259A 
Programmable Interrupt Controller. This 
Timer output is set to an effective 
frequency of approximately 18.2 ticks per 
second (more accurately: 18.2065) by 
loading the 16-bit Counter with the maximum 
decrement value of zero (not OFFFFH: 
terminal count is not attained until the 
decrementing counter passes to zero).
Memory Refresh line. Initialization 
firmware requires only the lower 8 bits of 
the decrement Counter. The value set is 
12H, which yields a signal period of 
approximately 14 microseconds.
Signal to the parallel input/output 
interface with unrestricted user 
availability.

Figure 2.2 Timer control register

one further division (by 2). Note that this is 
separate from the crystal from which the CPU clock is 
derived.
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to9

(

Output on Terminal Count (Mode 0)

2-6

IIW.

0

2
3

The
NCR

a

These Timer modes are described in detail in the 
following sections* Timing characteristics for the 
Timer modes are illustrated in Figure 2.3.

Counter Latching (see below)
Read/load more significant byte of Counter
Read/load less significant byte of Counter 
Read/load both Counter bytes (less significant 
first)

COUNTER is a two-bit binary value 0-2, denoting the 
number of the Counter to be accessed. Therefore 
access Counter 2, D7 should be set and D6 zero.
R/W SELECT determines the way in which the specified 
Counter is to be loaded or read* The type of 

■ operation to be carried out (read or load) depends on 
whether an IN or OUT instruction is being used (the 
Timer has pin connections for /RD and /WR signals)* 
The significance of the binary value contained in 
these two bits is as follows:

0 - Output on terminal count
1 - Programmable one-shot
2 - Rate generator
3 - Square wave■generator
4 - Software triggered strobe
5 - Hardware triggered strobe

Following the loading of the Counter, the signal 
OUTput pin for that Counter goes low, and remains low 
until the Counter has decremented to zero. The OUT

BCD: .if this bit is set, the 16 bits of the selected 
Counter are used as a 4-digit BCD counter* If this 
bit is zero, the Counter represents a 16-bit binary | 
value.
MODE may be a binary value 0-5 in three bits, 
following modes can be implemented in the 
PERSONAL COMPUTER hardware (applications requiring 
rising edge at the GATE can be implemented only with 
Timer 2):
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able One-Shot (Mode 1)Progra

Rate Generator (Mode 2)

Square Wave Generator (Mode 3)

except that OUTput remains high for the

Software Triggered Strobe (Mode 4)
)

2-7

•!««»

signal then goes high, 
Counter is next programmed.

OUTput goes low following a rising edge at the GATE, 
and goes high at terminal count. Resetting the 
counter value while OUTput is low does not affect the 
current terminal count, but comes into effect the 
next time the OUTput signal goes from high to low. 
The one-shot can be re-triggered without any need to 
reload the Counter.

As soon as this mode has been loaded, the OUTput for 
the selected Counter on the Timer goes high. When the 
Counter has been subsequently loaded, counting

An OUTput low pulse of one clock is.issued upon 
terminal count. This cycle is initiated by the GATE 
going from low to high, and continues until the GATE 
goes low. A newly set Counter value comes into effect 
after the next OUTput pulse.

and remains high until the 
If you write a new value 

to the Counter before the old count has expired, 
decrementing resumes from the new value. From the 
hardware point of view, mode 0 is enabl-ed by a high 
signal at the Gate for the specified Counter. This 
signal is permanently present at the Gate for 
Counters 0 and 1.

As Mode 2, 
first half of the count and goes low for the second 
half (achieved by decrementing by 2 at each clock). 
If the Counter specifies an odd number, the first 
decrement in the first countdown is by 1, the next 
countdown starts with a decrement of three. This 
sequence is repeated until the GATE goes low.
The square-wave characteristic of this mode makes it 
suitable for driving louspeaker circuitry.
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MODE 4s
Software Triggered Strobe

H2DE 5s
Hardware Triggered Strobe

MODE 1?
Programmable One-Shot

MODE 3 s
Square Wav® Generator
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Note that it 
immediately after setting the Timer Control Register. 
However, the specified number of bytes must be read 
or written. In mode 0, as soon as the Timer 
recognizes that the first (or only) byte is being 
transmitted, the decrementing process is suspended 
until the new Counter contents have been read.

To read a Counter Latch, a byte must be written to 
the Control Register, specifying the Counter and with

high signal at the Gate (decrementing would 
suspended if this signal were low).

\ Hardware Triggered Strobe (Mode 5)

Following a rising edge at the GATE, counting starts. 
The count continues until terminal count, whereupon 
the output goes low for one clock period. The count 
can be re-triggered at the GATE without reloading the 
Counter.

Following the Timer Control Register byte detailed 
above, the Timer expects the number of bytes 
specified in the two bits R/W to be transmitted by 
the microprocessor (load operation), or the specified 
number of bytes to be read. The one or two-byte value 
is then read from or written to the data bus. Loading 
all zeros into a Counter results in a maximum count 
(OFFFFH in binary, 9999 in BCD counting).

is not necessary to read or write

Reading Counter registers requires some care in order 
not to disturb the counting process. A Counter can be 
read directly or via a Counter Latch. The former 
method requires counting to be inhibited during the 
reading process. This can be achieved only by 

■. controlling the Gate or suspending the clock signal 
to the Counter which is to be read. For this reason, 
you should use the Counter Latch method.
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%

D5 and D4 zero (this command has no effect on the 
MODE and BCD settings)* Then issue a read Counter 
byte to the Control Register and read the one or two x 
bytes specified*
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the programmable interrupt controller (pic)

INTRODUCTION
Why use Interrupts?
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The advantage of the first method is that a large 
number of devices can be read via the computer port 

without additional hardware.

For these reasons, it is often more practical to make 
use of the ability of the microprocessor to recognize 
an external interrupt in the form of a signal at the 
INTR pin. Assuming that interrupts at the 
microprocessor are currently enabled, the interrupt 
signal is noted by the microprocessor in an internal 
flip-flop, and another microprocessor pin issues a 
signal acknowledging the presence of the interrupt 

| signal.' Although the microprocessor does not proceed 
to deal with the interrupt until completing the 
current instruction cycle (assembler instruction), it

addresses, without additional hardware. This method 
can be most effectively applied in situations where 
information from a device is constantly required at 
regular intervals. Disadvantages arise when this need 
for information, or the device requests for 
attention, are only occasional and irregular. Polling 
then means in many cases ineffective use of 
microprocessor time. Furthermore, the time which 
elapses before the device request for attention is 
recognized can vary, depending on conditional 
branches taken within the current program.

interrupted 
and then to proceed to a program 

the special situation, 
execution of the interrupted program may

There are two methods by which a call for attention 
from a device can be recognized by a program. One 
method is for the microprocessor to sample the status 
of the device at periodic intervals (polling), 
whereupon the program decides whether that status 
represents a call for attention. The other method is 
for the processor to be "interrupted” by a signal 
from the device, 
routine which deals with 
Afterwards, 
continue, if desired.
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Interrupts and the Microprocessor

the
microprocessor for special.

Type 3

Type 4

Starting with

(

Type 0
Type 1
Type 2
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Following acknowledgement of the interrupt by the 
microprocessor, the interrupting device must place an 
8-bit value on the data bus. This value represents 
one of 256 different interrupt "types". The first 
five types of interrupt are reserved by 

internal purposes:

present at 
microprocessor.
This interrupt type is recognized when a 
software interrupt is issued by means of 
the one-byte INT instruction.
Integer Overflow.

instruction cycle, the 
microprocessor automatically PUSHes the flags onto 
the stack and clears the interrupt flag, thus 
disabling further interrupts. Following this, the 
current values of the Code Segment and Instruction 
Pointer are PUSHed onto the stack, and new values, 
determining the starting address of the interrupt 
service routine, are fetched from the "interrupt 
vector" which occupies the first 1024 bytes of 
machine memory. After this routine has dealt with the 
interrupt situation, and provided that the interrupt 
service routine is concluded by an IRET instruction, 
the Code Segment and Instruction Pointer are restored 
to their former values. The flags are likewise

is not necessary to synchronize the issuing of an 
interrupt with the microprocessor.

The NCR PERSONAL COMPUTER hardware makes use of the 
fifteen interrupt types in the range 8-17H, in 
addition to the NMI (described at the end of this 
section). The Basic Input/Output System software 
(BIOS) uses a number of other interrupt types for 
"software” interrupts (INT instruction).

Division by Zero.
Single Step.
Non-maskable Interrupt: this interrupt type 
is recognized when a signal (active low) is 

the NMI pin of the

the next
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Refer to the schematics in the Appendices regarding 
the integration of the PICs into the NCR PERSONAL 
COMPUTER hardware.

Use of the interrupt lines which can be controlled by 
the PICs is shown in Figure 2.4.

The NCR PERSONAL COMPUTER makes use of two 8259A 
Programmable Interrupt Controller (PIC) integrated 
circuits in a master/slave configuration. One PIC can 
control up to eight interrupts from different 
sources, tell the microprocessor which device has 
requested attention, and allow the programmer to set 
priorities among the possible interrupts.

The "interrupt vector”, in the microprocessors’s 
"Real Address" mode, is the 1024-byte area at the 
beginning of machine memory, where the CS and IP 
values for up to 256 interrupt types are held. 
Therefore, addresses 0-3 are concerned with interrupt 
type 0, addresses 4-7 with type 1, and so on. In each 
case, the paragraph value (CS) of the address of the 
interrupt handling routine must be present in the two 
uppermost bytes of the four byte block, the 
Instruction Pointer value in the two lowermost bytes. 
For example, the CS part of the starting address of 
the interrupt service routine for interrupt type 10 
(OAH) is fetched from bytes 2AH and 2BH, the IP value 
from bytes 28H and 29H.

restored, with the effect that the interrupt flag is 
enabled for further interrupts. (It is admissible for 
the interrupt service routine to enable the interrupt 
flag, thus allowing interrupts to be nested.)
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0 (#1) [20H-23H)i 8 not accessible

J Keyboard(24H-27H) not accessible1 (#1J

2 (#1] (28H-2BH) not accessible

3 (»1) (2CH-2FHJ 025
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5 (#1] | OOH (34H-37H) 823I
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LOGIC

The data buffer provides a three-state interface to 
the system bus.

a
8 
it

Issuing an interrupt signal (active high) to the 
microprocessor and awaiting acknowledgement

The 8259A Programmable Interrupt Controller can be 
regarded as consisting of four logical aspects, as 
shown in Figure 2.5. This programming description 
deals with the most important general aspects of 
programming the PIC, drawing special attention to 
those programming elements which are essential to 
it’s functioning in the NCR PERSONAL COMPUTER 
environment. For a complete description of the PIC 
hardware and software interfacing possibilities, you 
may wish to refer to the publications of the 
integrated circuit manufacturer.
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Additional selection of Read/Write functions by 
means of data lines D3 and D4 and the address 
line 0e Addressing the PIC via port 21H of the 
NCR PERSONAL COMPUTER sets this address line to 
high, addressing the PIC via port 20H sets it to 
low.

Service Register (see below). A second signal 
causes the PIC to place an interrupt number on 
the data bus, with which the processor will 
calculate the four bytes (CS+IP) to be read from 
the interrupt vector in machine memory.

The Priority Resolver. This decides the priority 
of the interrupts. An interrupt acknowledgement

The Interrupt Request Register (IRR). This 
register notes for each of the eight interrupt 
lines whether an interrupt is waiting to be 
handled. A bit in the IRR is set by a signal 
(active high) on the corresponding interrupt 
line. This signal must remain high until the 
processor is ready to deal with that interrupt.

* The Read/Write logic. Following an. active low 
signal at the WRZ pin, the PIC can receive 
commands from the microprocessor. If there is an 
(active low) signal at the RD/ pin, the PIC can 
be instructed to place information on the data 
bus. If active signals are present at both these 
pins concurrently, the PIC can be neither read 
nor written to.

(active low) from the microprocessor. In 8088 
mode, the first of these acknowledgement signals 
places the identity of an interrupt in the In- |

* The In-Service Register (ISR). This register 
stores interrupts which are currently being 
handled. The bit for a particular interrupt is 
set as soon as the acknowledgement signal arrives 
from the microprocessor. The corresponding bit in 
the IRR is then reset.
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signal transfers the interrupt with the highest 
priority from IRR to ISR.

Interrupt Mask Register. This register disables 
individual interrupt request.lines by means of a 
bit mask. Masking an interrupt request (IR) line 
does not affect the other IR lines.

In principle, each Interrupt Request signal can be 
supplied by a separate slave PIC. The NCR PERSONAL 
COMPUTER master PIC uses only one IR line for slave 
connection (IR2).

The Cascade Logic uses three lines so that up to 
eight slave PICs can be addressed. The slave is 
addressed by the master whenever the former has to 
place an interrupt type number on the bus. Therefore, 
the cascade line are output for a master PIC, and 
input for a slave PIC.

Communication between microprocessor and'PIC consists 
| of Initialization Command Words (ICW) and Operation 

Command Words (OCW) transmitted to the PIC, and PIC 
register status (IRR, ISR, IMR, or interrupt type) 
read by the processor. Figure 2.6 summarizes the 
signals required in order to switch between these 
various modes of communication. The software means by 
which these initialization and operational functions 
are achieved is explained in the remainder of this 
description of interrupts.
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Initializing the PIC
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Figure 2«7 Initialization command awards 1 and 2
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0 
0
0 
0

0
0

CASC
0

i 0
i 0
I 0
I 1

1
1
1
1

1
0
0
X

x
0
1 
x

| ICW1 | 0 0 0 1 DETECT
j ICW2 PIC base int. type —

Note? These
(low).
active (lew)

ICW4| 20H/0A0H 8
0 8 21H/0A1H |

Data bus is to be read by PIC as ICW1» 
0CW2. 
0CW3o 
ICW2,

The PIC is to place IRR, or ISR, or 
interrupt type on data bus, according 
to contents of previous 0CW2.
The PIC is to place IMR on data bus.

up to 
on the data bus 

to initialize the PIC. ICW1 must be 
to the PIC with address line AO at 

9 OAOH for slave 
Transmission of the other ICW's requires 

#1, 0A1H for

Data bus is read by PIC as 0CW1 
or ICW3, according to Logic sequence of j 
commands (see below). j

The microprocessor must place 
Initialization Command Words (ICWs) 
in order 
transmitted 
logical 0 (Port 20H for master PIC #1 
PIC #2). 
that AO is set to 1 (Port 21H for PIC 
PIC #2). The format of the first two of these data 
bytes is shown in Figure 2.7.

commands are valid only if the CS Line is active 
If this line is high, or if both RD/ and WRZ are 

5 PIC access to the data bus is disabled.
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ICW3 is used by the PIC for master/slave 
identification. ICW1 has already stated that there is

D7-D5 in ICW1 are really "don’t care". (They are only 
required in the PIC 8080 mode, where they state an 
interrupt vector address.)

/ DETECT indicates whether interrupts are level or edge 
triggered. The NCR PERSONAL COMPUTER firmware resets 
this bit (0), thus determining edge triggering.
If edge triggering is set, an interrupt is recognized 
upon a low to high transition on an interrupt request 
line. Level triggering is achieved by the presence of 
a high signal. Note that the interrupt signal 
(sequence of trigger pulses or constant high, 
according to DETECT mode selected) must not be 
removed from the interrupt request line until the 
first acknowledgement signal for that interrupt has 
been received from the microprocessor. In practical 
terms, this means that the IR signal should be reset 
at the issuing device by the interrupt service 
routine, otherwise the PIC may recognize the 
continued signal as a second interrupt request (see 
also "Signal Integrity", below).
CASC is zero (0) to indicate that the PIC is not 

| single, but is
configuration (cascading). This applies to both PIC 
#1 and PIC #2.
ICW4 is set (1) to indicate that ICW1! is included as 
the last Initialization Command Word.

D7-D3 in ICW2 are to contain a binary value in five 
bits corresponding to the microprocessor interrupt 
type to be issued in response to an interrupt signal 
at PIC pin IRO. For example, the value 8 (01000B) 
determines that a valid interrupt request at PIC pin 
IRO will cause the PIC to notify interrupt type 40H 
to the microprocessor. IR1 then corresponds to 
interrupt type 41H, and so on. The actual five-bit 
value for D7-D3 used by for PIC #1 is 1, so that IRO 
results in microprocessor interrupt type 8 (IR1: 
interrupt type 9, etc.). The corresponding value for 
PIC ^2 is OEH, so that IR8 governs interrupt type 
70H (IR9: interrupt type 71H, etc.).
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The format of ICW4 is shown in Figure 2.8.

DO ( via Port |02 01I 07 03D6 D5 04

| 21H/0A1H I| ICW4 | 0 P0 0 SM BUF

Figure 2aB

&

the normal fully nested

(
When zero,

Initialization command word 4
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o

more than one PIC in the configuration (where ICW1 
indicates a single PIC, ICW3 is omitted Vrom the 
initialization sequence).
For the master (PIC #1), ICW3 is a bit map reflecting 
those Interrupt Request lines deriving their source 
signals from a slave PIC. The NCR PERSONAL COMPUTER 
therefore requires bit 2 to be set (see Figure 2.4). 
In the case of the slave (PIC #2), the five MSBs of 
ICW3 are zero, while the three LSBs reflect the 
slave’s identification; therefore ICW3 for PIC #2 
isgiven the value 2.

Where ICW4 is written with all three bits SM 
and M/S zero

AEIO can be set or zero. When zero, this has the 
effect that the ISR bit is not reset until an End-of- 
Interrupt (EOI) command is encountered at the end of 
the interrupt service routine (see Operation Command 
Words, below). If AEIO is set, the ISR bit is reset 
when the PIC detects the trailing edge of the second 
interrupt acknowledgement signal from the

M/S AEIO

SM, if set, instructs the PIC to apply a special 
fully nested mode when PIC’s are cascaded in a 
master/slave configuration. This ensures that 
servicing an interrupt from a slave does not preclude 
higher priority interrupts from the same slave.
BUF, if set, applies a buffered mode to interrupt 
requests.
M/S determines whether a PIC is master (1) or slave 
(0), provided that the BUF bit is set.

9 BUF,
, w w, « HlOde Of

interrupt priority applies (see next section).
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its interrupt vector 
interrupt service routine is available. A ww* 
interrupt requests which are not in use should be 
masked by OCW, so that spurious line signals do not 
pass control to a possibly non-existent interrupt 
service routine. Fortunately, this set-up procedure 
is taken care of by the initialization firmware. 
How ever, 
mind, 
request for a purpose other 
hardware function. If this is the case, 
wary of re-assigning these hardware interrupts 
this means depriving the BIOS of its 
interface. More often than not, 
entail writing alternative initialization procedures 
and BIOS routines.

The Operation Command Words (OCWs) make it possible 
for you to mask and unmask (disable and enable) 
individual interrupt request lines to the PIC, and to 
set priority schemes for dealing with interrupts. 
These facilities result in considerable savings of 
microprocessor time for your application, as an 
interrupt is passed to the microprocessor only if it 
fulfills the conditions determined by the current 
masking and priority scheme.

microprocessor, In order to clear this ’’automatic” 
End-of-Interrupt mode, it is necessary to repeat the 
PIC initialization, this time with AEIO zero.
P denotes the type of microprocessor being used in 

I conjunction with the PIC. This bit is set (1) to 
denote the presence of the 80286 CPU.

you should bear these considerations in 
if you wish to use a particular interrupt 

a purpose other than its standard 
you should be 

, as 
hardware 

such changes will

Following the initialization described above, the PIC 
is ready to receive interrupts on all eight interrupt 
lines (IR0-IR7). It is good practice initially to 
mask (disable) all the interrupt lines, either by 
means of the microprocessor CLI instruction or the 
Operation Commands Words described below, or both. An 
interrupt request must not be allowed to occur until 

entry is written and its 
Furthermore
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As soon as the Interrupt acknowledgement is received 
from the microprocessor, the PIC places.on the data 
bus the interrupt type of the interrupt request (see 
ICW2) with the highest priority. This means that if 
more than one interrupt request is present at a time, 
the one with the highest priority is dealt with, The 
PIC recognizes which IR lines have requested an 
interrupt by inspecting its Interrupt Request 
Register (IRR).

If an interrupt is currently being serviced,

The PIC then checks its In-Service Register (ISR) to 
see if an interrupt is currently being processed. If 
none is being serviced, 
transmitted to the processor 
service routine is activated

Even without Operation Command Words the PIC is 
capable of receiving interrupt requests. The PIC is 
then in the “Fully Nested Mode™. Interrupt requests 
are regarded by the PIC as having different 
priorities: IRO has the highest priority,- IR7 the 
lowest.

Your software can, of course, set and clear the CPU 
interrupt flag (assembler instructions: STI, CLI) * By

the PIC 
checks whether the new interrupt request is of higher 
priority. If this is the case, the ISR bit for the 
new interrupt is set, and the corresponding IRR bit 
is reset. The new interrupt request is then allowed 
to interrupt the currently active interrupt service 
routine: flags, CS and IP of the interrupted routine 
are PUSHed onto the stack in the usual way, ’so that 
the microprocessor can later find its way back to 
this routine, without assistance from the PIC. In the 
event that the new interrupt request is of priority 
equal to or lower than tha-t of the interrupt 
currently being serviced, the new interrupt request 
must wait (IRR bit remains set) until higher priority 
interrupts have been serviced.

the interrupt type is 
and the interrupt | 

as outlined in the 
Introduction to this description. The ISR bit for the 
interrupt is now set, and the corresponding IRR bit 
zero.
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If automatic End-of-Interrupt is active (AEIO bit in 
ICW4 was set), the EOI automatically issued is non
specific. You will normally use the automatic End-of- 
Interrupt facility only when a nested priority 
structure is not required, for example, when all IR 
lines except one are masked. To alter the value of 
the AEIO bit, your software must go through the 
complete ICW sequence again.

clearing the interrupt flag, all interrupts to the 
processor, including those of higher priority, are 
disabled. However, interrupt requests occurring while 
the processor interrupt flag is cleared are not lost, 
as an IRR bit in the PIC is reset only when the 
interrupt is about to be serviced.

Once an interrupt from the PIC has been serviced, its 
ISR bit must be reset, so that waiting interrupts can 
be dealt with. Assuming that the AEIO bit in ICW4 was 
zero, interrupt service routines should conclude with 
an EIO Operation Command Word. This clears the 
appropriate bit in the ISR, thus informing the PIC 
that a particular interrupt has been serviced. Two 
EOIs have to be issued after servicing an interrupt 
to a slave PIC, as both master and slave must be 
informed).

There are two types of EOI commands. As long as the 
priority scheme is the default Fully Nested Mode, you 
do not have to specify which interrupt has been 
serviced. The PIC will automatically reset the 
highest priority ISR bit currently set, ’ this 
representing the most recently acknowledged and 
serviced interrupt. Therefore, a"non-specific" EOI 
is all that is required. A "specific" EOI is required 
in situations where your software has determined a 
priority scheme deviating from that of the Fully 
Nested Mode (see 0CW2, below). This is because the 
PIC cannot ascertain the source of the interrupt most 
recently acknowledged and serviced. A "specific" EOI 
differs from a "non-specific" EOI, in that the former 
must specify one of the eight interrupts.
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DO | vie Port |oe03| 07 DO 05 04

IRQ| 21H/0A1H |IR1IRSIR3IR5 IR4IR6

00 | via Port |D1D203I D7 D6 05 04

J 20H/DA0H |Into Requestj 0CW2 | 0 0EOISEO IR

The significance of bits D7-D5 in 0CW2 is as follows:

this bit instructs the PIC to rotate$
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| OCTI I IR7

this bit tells the PIC to recognize an

The masking and priority scheme of the PIC can be 
programmed by means of up to three Operation Command 
Words. 0CW1 can be transmitted only when address line 
AO is at logical 1 (Port 21H for PIC #1, port 0A1H 
for PIC #2). For the other OCWs, AO must be 0 (Port 
20H for PIC #1, OAOH fqr PIC #2). Operation Command 
Words do not have to be issued in a particular 
sequence.

0CW1 masks all or selected interrupt requests to the 
PIC, If a bit in the Interrupt Mask register is set, 
the corresponding ISR bit is masked. However,, once an 
interrupt has been acknowledged by the PIC, it will 
inhibit lower priority interrupt requests 
irrespective of subsequent masking.

R: when set 
priority.
SEOI: when set, this bit denotes a specific End-of- 
Interrupt or a new priority setting. The binary value 
in bits D2-D0 must denote which interrupt is to be 
affected.
EOI: when set,
End-of-Interrupt.

Figure 2.10 Operation command word 2

Figure 2.9 Operation command word 1
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is waiting for attention, 
As soon as

Non-specific EOI with rotation in automatic End-of- 
Interrupt mode (see ICW4) can be achieved by issuing 
0CW2 with only bit R set (0CW2 = 80H). This is 
interpreted by the PIC as "rotate on automatic EOI", 
which remains in force until cleared by issuing 0CW2 
with all bits zero.

and 
the 

that interrupt 
o The line with 

As the IR4 bit in 
, the 

, unmasked 
and assuming no 

, IR7t IRO,

priority must be encoded 
if D2-D0 contain the value 4, 

highest priority is

Let us assume that IR5 
that IR3 is currently being serviced 
IR3 bit in the ISR has been reset* 

V 

request line is given lowest priority 
the highest priority is the IR4. 
the Interrupt Request Register (IRR) is not set, 
PIC proceeds to deal with IR5- If a new 
interrupt request appears at IR3S 
further unmasked interrupts appear at IR6 
IR1, and IR2, the new interrupt at IR3 will be dealt 
with after IR6 has been serviced.

OCW2 can be used to set a specific priority. In this 
case, bits R and SEOI must be set, and the binary 
value of the interrupt request which is to have the 
lowest priority must be encoded in D2-D0.

1 example, 
request with the highest priority is now 5, the 
interrupt request with the second highest priority is 
6, and so on. This command does not actually issue

The principle of priority rotation requires a few 
words of explanation. Priority rotation can be 
applied when the default Fully Nested Mode ls not 
required. Then the IR number of an interrupt request 
does not necessarily indicate its current priority. 
When the ISR bit of the most recently serviced 
interrupt has been reset, this interrupt should be 
given the lowest priority. This same interrupt 
request line must then wait a maximum of 7 interrupts 
before its ISR bit can be set again. This equal 
priority rotation can be achieved by 0CW2. If both 
bit R and bit EOI are set (OCW2=OAOH), this is 
interpreted by the PIC as a "rotate on non-specific 
EOI". This command has the effect illustrated by 
following example.

in For 
the interrupt 

now 5,
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(

S 07 0506

EDI

Figure 2.11 Priority and termination

00 | via Port |01I 07 02030506 04

REG| 20H/0A0H iRREG1 PO| 0CW3 i 0 0SME SM

Operation command word 3Figure 2.12
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I
I
I

1
0
0
0
1
0
1
1

0
0
0
1
1
1
0
1

mode, §
I

O G

SHJI
I ® •

I R

I 0
| 0

I 1
I 0
I 0
j 1

i 1
i 1

an End-of-Interrupt, 
same time, 
set, 
lowest priority,

Mo operation.
Clear ’’rotate on automatic EOX” 
Rotate on automatic EOI.
Hon-specific EOI.
Specific EOI.
Rotate on non-specific EOI.
Set priority.
Rotate on specific EOI.

SME, if set, tells the PIC to set 
special mask: bit SM set then means set, 
cancel the special mask. If SME is 
”donJt care”.

If an EIO is required at the 
all- three bits R, SEIO, and EIO must be 

The IR line specified in D2-D0 is then set to 
and its ISR bit is reset.

or cancel a 
bit SM means 
zero, SM is

0CW3 is available for setting a special mask mode and 
reading PIC registers. 0CW3 is illustrated in Figure 
2.12.

Figure 2.11 gives a summary of the various commands 
effected by the bits R, SEIO, and EOI.
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01D4 03 0207 06 05

Int. RequestINT

Interrupt pollingFigure 2.13

otherwise IRR.
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DO |
----1

I

It is not necessary to repeat 0CW3 for successive 
reading of the same register. The PIC remembers which 
of the two registers ISR and IRR was last read.

RREG and REG enable your software to read the PIC 
registers IRR and ISR. To read one of these 
registers, RREG must be set. Which of these two 

if REG 
The next

If INT is zero, there is no interrupt waiting to be 
serviced. If INT is set, at least one interrupt is 
waiting to be serviced. . The number of the highest 
priority interrupt waiting for service is represented 
as a 3~bit binary value in D2-D0.

The setting of a special mask gives your software the 
possibility of temporarily enabling interrupts of 
lower priority which are currently disabled. To set a 
special mask, issue 0CW3 with both SME and SM set. 
From then on every interrupt request whose bit in the 
Interrupt Mask Register is not set, is enabled, 
irrespective of nesting priority. The special mask 
can be changed as often as you wish by means of 0CW1. 
The former priority scheme is restored by means of a 
further OCW with SME set and SM zero.

RREG must be set.
registers is to be read is determined by REG: 
is set, ISR is to be read,
RD/ signal with address line AO at logical 0 (IN from 
Port 20H/0A0H) causes the PIC to place the contents 
of the selected register on the data bus.

PO, if set, acts as a Polling command. Your software 
can use this command to detect interrupts while the 
microprocessor interrupt flag is cleared. The next 
RD/ signal to the PIC with address line AO at logical 
0 (IN from Port 20H/0A0H) causes the PIC to place the 
following information on the data bus:
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(

that 0CW3

PIC: ROM BIOS Initialization

(

;Initializgi Master via ports 20H/21H ©

9

ICW2s base interrupt is of type 9.

(

OUT OX, AL

Issue Operation Command Word to mask all IRs.
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a s

edge triggered ~ ICW4 needed.
see section ’’Recovery Time’8.

MOV
MOV
J MP 
OUT 
JMP
INC
MOV
OUT
JMP
MOV
OUT 
JMP 
MOV

MOV
JMP

normal EOI - no special priority 
scheme ~~ CPU is 80296.

is

AL,CFFH
SHORT 5*2

;ICW1g 
§0elsy9

The following CPU instructions summarize the way in 
which the two PICs are initialized by the ROM BIOS 
of your NCR PERSONAL COMPUTER:

both a Polling 
the Polling

0X,20H
AL,11H
SHORT $+2
OX, AL
SHORT S+2
OX
AL, 8
OX, AL
SHORT $+2
AL, 4
OX,AL
SHORT $+2
AL,1 gICW4:

© 
9

?ICW3g slave is connected at IR2.

OCW3 is not used for reading the interrupt mask 
register (IMR)e Instead, the contents of IMR are 
placed on the data bus when the PIC receives a RD/ 
signal and address line AO is at logical 1 (IN from 
Port 21H/0A1HX

' In the event that OCW3 contains 
command and a read PIC register command, 
command overrides.

;Mask all.

However, after placing interrupt information on the 
data bus by means of the P0 command in OCW3, a new 
0CW3 is required before ISR or IRR can be read. 
Following initialization of the PIC, IRR is the 
register automatically selected for reading.
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OUT OX, AL

;ICW1: edge triggered

c

OUT OX, AL

Issue Operation Commend Word to mask all IRs.

Signal Integrity
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MOV 
MOV 
J MP 
OUT 
JMP 
INC 
MOV 
OUT 
JMP 
MOV 
OUT 
JMP 
MOV

MOV
JMP
OUT

{ICW2: base interrupt is of type 70H.

ALjOFFH 
SHORT $+2 
OX, AL

»
o
9

Unitialize Sieve vie ports 0A0H/0A1H.

{Address line A0=zero after ICW completion 
;means that OCW ie OCW1 (for other OCWs 
{A0=^l.

{Address line A0=zero after ICW completion 
{means thet OCW is OCW1 (for other OCWs 
;A0=1.

- ICW4 needed.

{ICW3; slave identification is 2.

DX.OAOH 
AL.11H 
SHORT $+2 
OX, AL 
SHORT $+2 
ox- 
AL,70H 
OX, AL 
SHORT $+2 
ALf4 
DXrAL 
SHORT $+2 
AL,1

As already stated, an IR input signal must be present 
until the first interrupt acknowledgement from the 
microprocessor, irrespective of whether edge or level 

| triggering is being, used.

{Mask all.

{ICW4j normal EDI - no spacial priority 
{ scheme ~ CPU is 80286.

If the IR signal goes low before microprocessor 
acknowledgement, the PIC does not -recognize a valid
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interrupt, but a signal is nevertheless recognized,, 
This is particularly useful for detecting spurious 
noise on the IR lines.

There are two possible ways of using the 8259A 
interrupt requests for your own applications. One 
possibility is to write the address of your own 
interrupt service routine directly into the four 
vector bytes from which the 8259A interrupt fetches 
its interrupt service routine address. This has the 
disadvantage of denying the ROM BIOS access to its 
important system-maintaining routines. If you are 
going to do this, you will need to include routines 
to replace those which have now been by-passed, and 
to return to the interrupting level by means of a PIC 
non-specific End-of-Interrupt command.

If a 
recognizes it as an IR? signal, 
this interrupt type 
microprocessor IRET instruction. In this way, the 
interrupt is ignored If IR7 is being used for other 
purposes, your software can still distinguish between 
a genuine IR? and a non-valid interrupt request: the 
non-valid interrupt request does not set ISR bit ?. 
Therefore, it is possible to detect a non-valid 
interrupt by examining ISR contents (read by means of 
0CW3) at the beginning of the interrupt service 
routine.

& 

non-valid interrupt request occurs, the PIC
Your software for 
only execute

In this way,

To make life easier, the ROM BIOS has provided the 
possibility of adding your own interrupt service 
routines to those already implemented by the system

Because the hardware interrupts, as well as a number 
of software interrupts, are already dedicated to 
specific functions of the NCR PERSONAL. COMPUTER, a 
few words are necessary concerning your own 
application of these interrupts. Even the PIC #2 
interrupt requests OAH - OCH (that is, interrupt 
types ?2H - ?4H) should be regarded as reserved for 
further system expansion.
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The

To enable the NMI
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Remember that disk operating system software may 
write these interrupt vector positions for interrupt 
service routines loaded from disk.

for the timer and keyboard hardware. During the ROM 
BIOS service routines for timer (type 8) and keyboard 
(type 9), a software interrupt is issued: type 1 CH 
for the timer, type 1BH for the keyboard, 
addresses placed by the ROM BIOS in the interrupt 
vectors for these two interrupts (at 70H and 6CH, 
respectively) simply refer to a dummy IRET 
instruction at a ROM location. To address an 
interrupt service routine of your own for one of 
these interrupts in read/write memory, you need only 
write the CS+IP address into the interrupt vector at 
the appropriate location. Note that while the 
interrupt vector is being written, hardware 
interrupts must be disabled (CLI instruction). This 
prevents the interrupt vector entry from being read 
by the CPU until both words are written and the 
address is therefore good. Routines accessed in this 
way need only be concluded by an IRET instruction. 
The 8259A End-of-Interrupt is supplied upon return to 
the ROM BIOS routine.

The Non-Maskable Interrupt (NMI) is maskable via the 
I/O address 70H. The interrupt is masked is as long 
as bit 7 at this address is zero.
it is necessary to set this bit. The ROM BIOS enables 
the NMI.

The NMI is issued in the event of an I/O device 
error, a RAM parity error, or any other event which 
drives the I/O CH CHK/ line active.
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CLK Input
Clock signal controlling internal functions and the 
data transfer rate.

but it can 
arithmetic as well as 

processing instructions already waiting in its 
internal instruction queue.

Vcc
Power supply + 5V.

Vss
Ground.

Data transfer between disk drives and random access 
memory is performed with the assistance of two 8237 
DMA controllers. The advantage of DMA transfer is 
that the system microprocessor (CPU) need specify 
only the initial RAM address, the number of bytes to 
be transferred, and certain items of control 
information, whereupon the transfer can take place 
without the CPU having to manage the transfer on a 
byte-by-byte basis. Bus arbitration prevents the data 
and addresses on the system busses being read by the 
CPU as part of its program. Obviously, the CPU cannot 
make use of the busses for read/write operations 
while the DMA transfer is in progress, 
still perform internal

The pin configuration and internal logic of the 8237 
are shown in Figure 2.14. The 8237 pin connections 
have the following significance:

The DMA controller can manage up to four channels, 
for which two types of priority logic can.be set. In 
principle, any suitable peripheral device can be 
serviced by DMA. It is even possible to perform 
memory to memory transfers.
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CS/ Input
Selects the DMA controller as a normal I/O device

This' allows the CPU to use the

RESET Input
theCl ears

as
Following a reset,as

READY

of this signal.
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during its idle cycle
bus system (and program the DMA controller).

cw c 
wm c 
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IMMN C 
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WMMn C 

M*M C

C

Memory read/write puses are extended for the duration

Command,
Temporary registers (described in 
well as the first/last flip-flop, 
the DMA controller is in the idle cycle.

• D *»

■ 3 M
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□ -
□ «
□ *1
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□ •••
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X 3 MCMf
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Mask, Request and 
later section),
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>*>A C 1

M*r? C • 

•a. C * 

wwo C •

Status,
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IOR/ Input/Output 
In the idle cycle,

HLDA Input
The hold acknowledge signal from the CPU, indicating 
that it has relinquished control of the bus system.

this is an input control signal 
used by the CPU to read the control registers. In the 
DMA active cycle, it is an output control signal used 
to accept data from the peripheral device during a 
DMA read.

the data bus is available for normal CPU 
including the reading and writing of DMA 

During DMA cycles (except 
the data bus transmits the 8 MSBs

an

DREQO, DREQ1, DREQ2, DREQ3 Input
DMA service request line for each of the 4 DMA 
channels of each controller. The polarity of these 
lines is programmable, .the RESET default active high. 
The request is valid only if the DREQ line remains 
active until the corresponding acknowledge (DACK) 
signal is asserted by the DMA controller.
Default priority is "fixed”, that is, DREQO has the 
highest priority, DREQ3 the lowest.

IOW/ Input/Output
In the idle cycle, this is an input control signal 
used by the CPU to write the 8237 registers. In the 
DMA active cycle, it is an output control signal used 
to load data to the peripheral device.

DB0-DB7 Input/Output 
During idle, 
operations, 
controller registers, 
memory to memory), 
of the DMA address, which are strobed into 
external latch by means of the ADSTB signal.

EOP (End of Precess or Terminal Count)/ Input/Output 
This is a bi-directional signal which terminates a 
DMA transfer. The signal may be external, or it is 
asserted by the DMA controller itself to indicate 
that the terminal count for a DMA channel has been 
reached. When this signal goes active through 
internal or external cause, the DMA request is 
considered to have been serviced. If Auto-Initialize
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lines, 
Reset default is active low.

available on

MEMW/ Output
Active during DMA write or memory to memory transfer.

AEN Output
The Address Enable signal enables the 8-bit latch 
containing the 8 MSBs of the RAM address to be placed 
on the data bus.

ME MR/ Output
Active during DMA read or memory to memory transfer.

ss
ADSTB Output
Strobes the 8 MSBs of the RAM addre 
the data bus into an external latch.

A4-A7 Output
In conjunction with AO-A3, these address lines 
provide the 8 LSBs of the RAM address to be accessed 
(the 8 MSBs are placed on the data bus).

is enabled, the Base registers are written to the 
current registers of the channel concerned. The Mask 
and TC bits of the channel status are set (with Auto- 
Initialize, the Mask bit is unaffected).

A0-A3 Input/Output
In the idle cycle, these system bus address lines 
select 8237 registers. During DMA activity they 
function as the 4 LSBs of the address of the RAM 
location to be accessed.

DACKO, DACK1, DACK2, DACK3 Output
The DMA controller uses one of these signals to grant 
a DMA request to a peripheral device. Like the DREQ 

they can be programmed as active high or low.

HRQ Output
With this signal, the DMA controller requests bus 
control from the CPU. Assuming the request line is 
not masked and is of adequate priority, a DREQ input 
to the DMA controller results in assertion of the HRQ 
signal. HLDA is the acknowledgement signal from the 
CPU.
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THE 8237 REGISTERS

Operationj Oirection | Port

OUT

OUT

OUT

| 0CH/0D8H j Clear First/Last Flip-FlopOUT

OUT

OUT

8237 8~b i t programmable registersFigure 2.15
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An additional I/O address area (8OH-8FH) is used for 
the selection of DMA pages. This is described in a 
separate section.

IM
OUT

IN
OUT

I

The I/O address area between 0 and OFH is dedicated • 
to the DMA controller # 1, the area -OCOH-ODFH ’to DMA 
controller #2. Figure 2.15 illustrates the registers 
which are written or read in the form of a single 
byte. Other registers require or return a l6*bit word . 
representing an address or counter value. In each 
case, two CPU input or output instructions are 
required in order to specify or read the complete 
value. For each register an internal first/last flip
flop keeps note of which half of the word is about to 
be-read or written: if this flip-flop is in a zero 
condition, the byte on the data bus represents the 8 
LSBs of the word, otherwise the data byte is the 8 
MSBs. The 16-bit registers are shown .in Figure 2.16.

8/0D0H | Read Status Register
8/0D0H | Write Command Register

9/CD2H | Write Request Register

( 0AH/0D4H ( Write Single Mask Register Bit j

I 0BK/CD6H f Writs Mode Register

| ODH/OOAH | Read Temporary Register [
j ODH/OOAH | Mester Clear (= hardware reset)!

| OEH/CDCH | Clear Mask register

I OFH/ODEH | Write All Mask Register Bits
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| ChannelAddresa/Counter OperationPort

I
I

I

I

8237 16-bit programmable registersFigure 2.16
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IN
OUT

IN 
OUT

IN
OUT

IN
OUT

IN
OUT

IN
OUT

IN
OUT

IN
OUT

2
2

3
3

2
2

1
1

1
1

0
0

0
0

3
3

| 3/0C6H | Read Current Count
| 3/0C6H | Write Base and Current Count

| 7/0CEH | Read Current Count
| 7/OCEH | Write Base and Current Count

| 5/OCAH | Read Current Count
| 5/OCAH | Write Base and Current Count

It is the responsibility of software initiating DMA 
to ensure that a DMA request is not granted while the 
DMA controller is being programmed* For example, it 
is important to prevent DMA from being performed on a 
channel for which half of a 16-bit address or counter 
value has not yet been appropriately written* This 
can be achieved by one of two methods: either mask 
the channel concerned, or disable the controller by 
setting bit 2 in the. Command Register*

| Direction |
I

I 4/0C8H | Read Current Address |
| 4/0C8H | Write Base and Current Address |

| 6/OCCH | Read Current Address |
| 6/OCCH | Write Base and Current Address |

| O/OCOH | Read Current Address |
| O/OCOH | Write Base and Current Address |

I 1/0C2H | Read Current Count
| 1/0C2H | Write Base and Current Count

| 2/0C4H | Read Current Address
| 2/0C4H | Write Base and Current Address |
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7 6 5 024 1

DREQ i WS
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This register is illustrated in Figure 2.17. It can 
be cleared by the Reset or Master Clear instructions.

I
CH 0 i MEM-MEH|PRTY | TIMING| ENABLE| 

I i |ADDR. H|
I I I

DACK |
+/- I

Bits
| 3

in this Chapter). If 
WS selects late (0) or

ENABLE, when set, prevents the controller from j 
entering DMA active mode. This command can be used to 
hold the controller in the idle state while the 
address and counter registers are being programmed. 
To re-enable the controller, write this bit as zero.

. Bits 7 and 6 determine the polarity of the DACK and 
DREQ signals (active low for DREQ is determined by 
setting this bit, active low for DACK requires a zero 
bit).

PRTY is the priority scheme 
priority (bit zero) means that DMA request priority 
is equivalent to the sequence of request lines, DREQO 
having the highest priority. Rotating priority has 
the effect that the DMA request most recently 
serviced assumes lowest priority and priority 
rotates.

selection bit. Fixed

Figure 2,17 DMA Command Register

TIMING determines whether normal (0) or compressed 
(1) timing is active. The latter compresses the 
transfer time to 2 clock cycles (this is illustrated 
in the section "DMA Timing" 
compressed timing is selected, 
extended (1) write selection.
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for Channel

Mode Register

27 6 5 1 0

I

I
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T ransfer
Di rection

Channel
Select

0 via the Temporary Register to the 
address specified for Channel 1 until the Current 
Count Register goes to OFFFFH.

| Transfer Mode |ADDRESS| AUTO
| IINC/DECI INIT

Transfer Mode is a value in 2 bytes specifying Demand 
-Transfer (0), Single Transfer (1), Block Transfer 

(2), or Cascade (3).

Bit 1 is the Channel 0 Address Hold bit. Setting this 
bit means that the same address is used for all 
transfers on this channel.

In Single Transfer mode, only one transfer is made. 
The Current Address Register is then altered by 1 and 
the Current Count Register is decremented. Even if 
the DREQ line is still active at completion of the 
transfer, bus control is released to the CPU. If DREQ 
is then still active, a further transfer is 
performed, and so on. Therefore, there is at least 
one machine cycle between DMA transfers. If the 

| Current Count Register decrements from 0 to OFFFFH 
(Terminal Count) and Auto-Initialize is programmed 
(bit 4), an Auto-Initialize then occurs.

of the 4 DMA channels.
Mode selection information can be specified for any 
one of the 4 DMA channels. The actual channel 
selected is encoded in two bits of this register.

Figure 2.18 DMA Mode Register

Bit: 
4 I 3

MEM-MEM set determines that a memory to memory 
| transfer is to take place from the address specified
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verify mode,

the -DMAof
//

Request Register

the Request Register can

^.^■40

4X0 
1T&«

, or
In the

The Cascade Mode also applies to the DMA controller 
configuration of the NCR PERSONAL COMPUTER. The two 
controller’s communicate by means of Channel 4 of

The Transfer Direction value determines whether data 
is to be transferred to (1) or from (2) memory 
whether data is only to be verified (0), 

memory is not actually affected.

The ADDRESS INC/DEC bit determines whether the value 
in the Current Address Register is incremented (0) or 
decremented (1) after each transfer.

Block Transfer mode transfers continuously until 
Terminal Count or an external End of Process signal, 
whereupon Auto-Initialize occurs, if programmed. For 
this transfer mode, the DREQ signal need, remain 
active only until the corresponding acknowledgement 
(DACK) is received. &

In Demand Transfer mode the transfer runs 
continuously until Terminal Count or an external End 
of Process signal occurs. If programmed, Auto- 
Initialize then occurs. During the transfer, the DREQ 
signal must be held active. If DREQ goes inactive, 
the transfer is suspended, but not terminated. Re
activating DREQ rseumes the transfer process.

Assuming that Block Transfer is selected in the Mode
Register, the Reouest Register can be used to

The Channel Select value selects one 
channels 0-3.

AUTO INIT, if set, enables the Auto-Initialize mode 
of operation. Auto Initialize can then take place 
following an End of Process or Terminal Count 
condition. During Auto-Initialize the original values 
of the Current Address and Current Count Registers 
are restored using the values held in the Base 
Address and Base Count Registers (the Base registers 
are not affected by DMA transfer operations).
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Mask Register

respectively. Bits 4-7 are "don’t care".

*

A Reset inhibits all DMA requests.*
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to these posssibilities of software 
the following signal conditions affect the 

Mask Register:

Write Single Mask Register Bit selects a channel by 
means of the binary value in the 2 LSBs of that 
register; Bit 2 sets or clears the mask bit for the 
selected channel, bits 3-7 are "don91 . care".

Write All Mask Register Bits sets or clears the mask 
bits for Channels 0-3 according to the status of bits 
0-3,

This register determines which DMA requests are 
inhibited (masked). One of two registers can be used 
to mask DMA requests, namely, Write Single Mask 
Register Bit (port OAH) and Write All Mask Register 
Bits (port OFH),

A Clear Mask Register command allows all four DMA 
requests.

In addition 
control,

A mask bit is set when its channel produces an 
End of Process condition, if that channel is not 
programmed for Auto-Initialize.

initiate a DMA transfer, as if a hardware transfer 
request had been received on DREQ line. The channel 
to which this "software” DMA request applies is 
selected by the binary value of the two LSBs written 
to this register, with Bit 2 set. If Bit 2 is zero 

| when this register is written, the request is 
cleared (other bits are "don’t care"). This type of 
DMA request is not subject to the Mask Register (see 
below), but it is subject to priority control. A 
Terminal Count or external End of Process signal 
terminates the transfer in the normal way.
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Status Register

I7 2 16 5 4 0

TC/EOP an ChannelsDMA Request on Channels

1 0 3 223 1 0

DMA Status Register .Figure 2.19

Temporary Register

Current Address Register

(
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if any, have 
and whether on individual

The Temporary Register always contains the last byte 
transferred in a memory to memory transfer operation. 
This register can be read with the Read Temporary 
Register Command (port ODH/ODAH) and is cleared at 
Reset.

This register is a running record of the address used 
for the byte currently being transferred. This 
address value is incremented or decremented (in 
accordance with bit 5 of the Mode Register) after 
each byte transfer. Auto-Initialize restores the 
programmed value.

The Status Register is illustrated in Figure 2.19* 
This register states which channels, 
received DMA requests, 
channels Terminal Count conditions or external End of 
Process signals have occurred. Bits 0-3 are cleared 
immediately upon the register being read and at 
Reset. Bits 4~7 are set whenever service is being 
requested on the corresponding channel.

Bits
| 3
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Current Count Register

Base Address and Base Count Registers

DMA TIMING

*ec 
■»

•esc* 1

o*)
(

The Figures in this section illustrate the time-b; 
co-ordination between the various signals involved 
DMA transfers.
Note that memory to memory transfers require a r 
and write phase.

i1

I 
i

number of bytes transferredo
This register functions as a counter to limit tl 

It should be programme 
with a binary value which is one less than the numb 
of transfer bytes. Terminal Count occurs as soon 
this register has decremented from zero to OFFFF 
Auto-Initialize restores the programmed value.

These are the registers used by the DMA controller 
store the values programmed for the Current Addre 
and Current Count registers. These values a 
required by the controller in the event of an Aut 
Initialize. It is not required to program the Ba 
registers, as they are automatically set to t 
values of the Current Address and Current Cou 
Registers when the latter are programmed by the C 
It is not possible to read the Base registers und 
CPU control.

Figure 2o20 DMA Reset



PROGRAMMABLE INTELLIGENCE
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Figure. 2.21 DMA Ready
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DMA memory to memory transfer



PROGRAMMABLE INTELLIGENCE

SYSTEM USE

Channel 0 is used for RAM refresh.
&

RAM Refresh
It is

2 ^^6

DMA controller #2 supports 16-bit data transfers, 
Channel 4 providing the cascade connection.

Channel 2 provides for data transfer to and from 
the flexible disk controller.

Two of the four channels of the DMA controller #1 are 
dedicated to essential system functions of the NCR 
PERSONAL COMPUTERS

8237:

Channel 1 is to be considered as reserved for DLC 
purposes, Channel 4 is spare.

a characteristic of dynamic random access 
memory that it requires power refreshing at regular 
intervals, in order to ensure data integrity.

It is the task of DMA controller #1 to address random 
access memory during the refresh cycles. Because of 
the importance of these refresh cycles, they are 
accorded the highest priority (DMA #1 Channel 0) in 
the nfixedw priority logic. The regularity of this 
process is ensured by the DMA request for this 
channel being derived from output 1 of the 8253 
Programmable Interval Timer (output every 14 
microseconds). Due to way in which RAM integrated 
circuits are selected (see Schematics in Appendix A), 
the DMA controller does not have to provide fully 
decoded addresses. Therefore, there is no need for

V

page switching during RAM refresh cycles.

You will have noticed that the Address registers of 
the DMA controller are capable of addressing 64 KB of 
random access memory (#2 Channels 1-3 can address 128 
KB), while your NCR PERSONAL COMPUTER contains at 
least 256 KB. It is, however, possible to access all 
RAM areas by means of page switching. This is 
discussed in the section WDMA Pages81 below.
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16-bit Transfer

DMA Page Selection

2-47

two DMA 
an

After initialization by 
requires no further CPU 
should take care not to 
Channel 0 settings, as alterations might lead to loss 
of system control. It is also inadvisable to change 
the priority logic of the DMA controller, as this too 
could seriously impair the reliability of refresh 
cycle intervals.

The DMA page registers are 8-bit registers in the I/O 
map, as set outin Figure 2.25. Access to the full 16 
MB address space requires 24 address bits (AO - A23). 
The address is divided between page register and 
controller Channel as follows:

Channels 1- 3 of DMA controller #2 support 16-bit 
transfer operations between 16-bit devices and 
memory. This controller is capable of accessing the 
entire 16 MB address space of the system in blocks as 
great as 128 KB, with the restriction that the 
transfer cannot start on an odd byte boundary. Bus 
lines SBHE and AO are forced low for 16-bit 
transfers. The value written to a DMA Base register 
is then a word, not a byte address, and the Current 
Count register is similarly a word value.

RAM refresh
However, you 

and DMA

the system, 
attention, 
disturb Timer 1

At first sight, it would seem that DMA controller 
activity is confined to a 64 KB (#2: 128 KB) block of 
memory, by virtue of the fact that programmable 
address values are 16-bit. To overcome this apparent 
limitation, your NCR PERSONAL COMPUTER includes page 
registers which allow memory to be regarded as a 
number of 64 KB (#2: 128 KB) blocks. However, it is 
not posible to define CPU-like "segments" at 
convenient paragraph boundaries. If the memory area 
you wish to access by DMA straddles one of these page 
boundaries, you will 
operations, of which the second specifies 
incremented (or decremented) DMA page value.

have to execute
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- A16

i EOS

Refresh 8FH

DMA page registersFigure 2«25

DMA: ROM BIOS Initialization

Set command registers of #1 and #2.

AUGMOV

2-48

16-bit transfer
controller
p ageregister

8-bit transfer 
controller 
page register

I

DMA Controller/ |
Chann©L I

#2
#2
#2

#1

1
2
3

0
1
2
3

AO
A16

~ A15
- A23

8BH
89H
SAM

87H
83H
81H
82H

(AO is low)
(reg. LSB unused)

A1
A17 - A23

I/O Addro of |
Pag® Register [

^Command Register?
gDACK active Low - DREQ active high - 
gwrite Late - fixed priority - normal 
^timing - controller enabled - Channel 
^address not held - mema-~>memo disabled.

The following code illustrates how the DMA 
controllers are initialized by the ROM BIOS firmware. 
Note that spare Channels must also be initialized
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AL,OCOHMOV

0D6H,ALOUT

AL,40HMOV

©

4
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OUT
OUT

OUT 
MOV 
OUT 
OUT 
MOV
OUT 
OUT 
MOV 
OUT 
OUT

ODOHrAL 
8tAL

OBH?AL
ALr41H
0D6H,AL
OBH,AL
ALtr42H
ODSHpAL
OBH,AL
AL.43H
ODSHjAL
OBHrAL

{Write Commend Register to #2.
; #1.

{Set mode registers for other Channels on #1 and #2

{Mode Registers
{Cascade - addresses increment - no auto
;init - data verify ~ Channel is 0.
{Write Mode Register to #2.

Channel 30

Channel 2.

{Single transfer — address increment - 
{no auto init — data verify — Channel 0 
{Write Mode Register to #1.
{Same to Channel 1
{#2
{#1
? •
;#2

r •
?#2
;#1

V
{Set mode registers for #2 Channel 0 (Cascade),
»
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EQCIPfc T UiFOHMATIOK

and status

which is also accessed by the Real-

&
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, whose
as' the keyboard

* the 8042 Universal Peripheral Interface 
main task is to function 
controller

Access to configuration 
involves operations to

CMOS RAM and the Real-Time Clock are described in a 
separate section in this Chapter, the keyboard in a 
separate Chapter,

* the CMOS RAM, 
Time Clock

A considerable amount of information concerning the f 
machine configuration and status is software- ’ 
readable. Examples of such information: the type of ■ 
disk drive(s) installed, the amount of memory on the 
main processor board, the type of display being used,

& 

information
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CMOS RAM AND THE REAL-TIME CLOCK
The MC146818 ai s

I
Write one byte of CMOS RAM:

;Number (0 - 33Hj of byte.

;VaLue to be written to selected byte.

one byte ofRead

;Copy of byte now in AL

REAL-TIME CLOCK

2-51

MOV
OUT 
IN

MOV
OUT
MOV
OUT

AL,CMOS_ADDR
70HeAL
AL,71H

AL,CMOS_ADDR
70H,AL
AL,BYTE J) ATA
71H,AL

CMOS RAM:

This section gives details of CMOS RAM bytes 
controlling the system clock and calendar. Figure 
2.26 summarizes these 14 bytes.

;Number (0 - 33HJ of byte.

single integrated circuit 
containing a Real-Time Clock and 64 bytes of CMOS 
RAM, of which the first 52 bytes are used. The CMOS 
RAM addresses are not part of the CPU memory map but 
are accessed as follows.



PROGRAMMABLE INTELLIGENCE

Clock/Calender Function

I

(
Real-Tim® Clock CMOS addressesFigure 2*26

The four Status registers are used as follows:
bum SUgnlfieaCTC®

7A

4~5

0-3 Selection of

in7B

6 as

2-52

A 22—stage divider to select one of eight time
base frequencies (010 sets 32a768 KHz)0

CMOS J
Byt® |

0
1
2
3
4
5
6
7
8
9

OAH
O0H
OCH
ODH

R©g«

Set when 
reading 
result* i 
can be read*

[ Seconds
( Seconds alarm
| Minutes
| Minutes alarm
| Hours
] Hours alarm
| Day of week
| Day of month
( Month
I Year
I Status Register A

B
C 
0

Enables (set) or disables (zero) interrupts 
programmed in Register Ao

i the time is being updated iose, 
time might produce an unreliable

Otherwise zero^ indicating that time

Set aborts any updating of time counters 
progress, and inhibits counting until zero*

a divider output frequency for 
square wave and Real-Time Clock interrupts 
(0110 selects 1*024 KHz).
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SignificanceBit(s)Reg.

(zero)(B) disables5 alarmor

update-ended4

3

2

1 format

savings (1) or standard0 time

4-7C Real-
)

Reserved.0-3

70

Reserved.0-6

EQUIPMENT AND STATUS

I

2-53

This section gives details of CMOS -RAM bytes used for 
monitoring system configuration and status. Figure 
2.27 summarizes these 38 bytes.

Enables (set) or disables (zero) square wave as 
set in Register A.

Selects 24-hour (set) or 12-hour (zero) 
for hours counter.

This bit 
providing 
Clock.

Selects binary (set) or BCD (zero) format fror 
time send date storage.

Enables (set) or disables (zero) 
interrupt.

Enables (set) 
interrupts.

Enable daylight 
(zero).

Read only flags used internally by the 
Time Clock.

is set as long as the battery is 
sufficient power for the Real-Time
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Systs® Uss -
I

!

Figure 2e27 Equipment/status CMOS addresses

BitfsJ Significance

E 7

6 0 1 - checksum errors

5
1 (

4 0

2—5

'0 “ Real-Time Clock power is good
1 - loss of power to Real-Time Clock

IiI

CMOS Byte 
(HexJ

Address
(Hex J

E
F

10
11
12
13
14
15
16
17
18

19-20
2E-2F .

30
31
32
33

checksum is good9

I
| Diagnostic Status
| Shutdown Status
| Flexible Disk Drive type
j Reserved
j Hard Disk Drive type
j Reserved
j Equipment
|'Base Memory* (low]
| Bas® Memory (high]
| Expansion Memory (low]
j Expansion Memory (high]
| Reserved
j CMOS checksum
| As 17
| As 18
( Date Century
| Information

~ CMOS record of memory size is correct
1 = inaccurate CMOS record of memory size

0 = configuration info in CMOS inaccurate 
~ configuration info in CMOS reflects 

presence of at least one flexible disk 
drive and correct type display type
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Bit[s) Significance

(E) 3

12

0-1 Reserved

Used by power-on diagnostics.F 0-7

10 4-7

0-3

Reserved11 0-7

12 4-7

0-3

2-55

Address 
(Hex)

0 = no first fixed disk drive
<> 0 = one of fifteen possible types of 

first fixed disk drive (see Table)

0 = no second fixed disk drive
<> 0 = one of fifteen possible types of 

second fixed disk drive (see Table)

herd disk drive initialization correct? 
so boot record can be read
hard disk drive initialization error

0000 = no first flexible disk drive
0001 = 1st drive is double—sided (48 TPI)
0010 = 1st drive is high capacity (96 TPI) 

other values reserved

0000 = no second flexible disk drive
0001 = 2nd drive is double-sided (48 TPI)
0010 = 2nd drive is high capacity (96 TPI) 

other values reserved

~ time is invalid

0 =

0 = time is valid?

1 =
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aitjsj Signiflcanco

(12)

• • ®

iI
I

I

Reserved0-713

14 6-7

4-5

Mot used2-3

2-56

Addres® 
(HexJ

00-1 flexible disk drive 
01 - 2 flexible disk drives 
other values reserved

306 | 
615 | 
615 J 
940 | 
940 I 
615 | 
462 I 
733 J 
900 | 
620 | 
855 | 
855 i 
306 | 
733 |

4
4
6
B
8
4
8
5

15
3
5
7
8
7

305
615
615
940
940
615
511
733
901
820
855
855
319
733

128
300
300
512
512
nona
256
none
none
none
none
none
128
none

§ Type | CyU [ Heads ( Wro pre- j Land- |
| j comp fromJ ing onj

§ Cyl« 9»e I Cyleaoj

L. - 
| 0001 j 
I 0010 S 
| 0011 | 
j 0100 I 
i 0101 I 
I 0110 | 
I 0111 | 
I 1000 | 
I 1001 I 
I 1010 I 
J 1011 I 
! 1100 | 
i 1101 i ! wo | 
| 1111 - reserved

Type of controller to primary display:
00 reserved
01 ~ graphics, 40 column mode
1(3 - 80
11 - character



Bit(s) Significance

(14) 1

I
0

15-16 0-15

0-1517-18

Checksum of CMOS RAM addresses 10H-20H0-152E-2F

) 0-730-31

Date century (BCD value)0-732

733

Used by setup program6

Reserved0-5

Reserved34-3F

I
o

2-57

Address 
(Hex)

0 = Upper 128 KB of possible 640 KB RAM 
on main processor board not installed

1 = installed

01OOH = 256 KB RAM on main process 
0200H - 512 KB 
0280H = 640 KB

Multiple of KB of expansion memory; 
max. value “ 3A00H (for 14.5 MB)

PROGRAMMABLE INTELLIGENCE

0 
• 1

no flexible disk drives installed 
= at least one flexible disk drive

Multiple of KB of expansion memory; 
max. value = 3A00H (for 14.5 MB)

0 = co-processor not installed
1 = co-processor installed

„ board
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Chapter 3

The ROM BIOS

i

>>

3-2

If you require assembly language listings of the ROM 
| BIOS, please contact your local NCR office.
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Chapter 4

The Keyboard

ft

ft

ft 30 Function Keys

ft

Auto-repeat and repeat delay times variableft

ft

*

ft

4-1

Tilting positions the keyboard in one of two 
possible planes: 5 and 12 degrees

Slider switch enables use of keyboard with other 
types of NCR Personal Computer (not described in 
this Manual).

Local toggling of keyboard status 
of instructions from the main unit

Cursor movement keypad in addition to dual 
function cursor movement/ numeric keypad

* 
The keyboard is supplied with those keys already 
fitted, which have the same markings and the same 
position for all the country versions implemented. 
The remaining keys are fitted by the user from a set 
supplied for a specific version. Figure 4.3 shows the 
keys already fitted, Figure 4.4 shows the complete 
keyboards for the various country versions.

Tactile point of key 5 of the numeric keypad; 
deeper finger moulds on F and J keys

independent

Special features of the keyboard are:

LED indication of status of NumLock, CapsLock, 
and ScrollLock keys - LEDs are extinguished at 
power-up initialization, so that unshifted (not 
shifted) and cursor movement (not digit) keys 
are active

Connection to the NCR PERSONAL COMPUTER is via a 
screened 4-core cable. The cable is coiled over a 
length of approximately 600 mm (24w), the length of
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| Pin to PCBColor of wire

The keyboard connectorFigure 4«1

The bit stream of data communication is as follows:

of data bits)

(

■^””2

green 
black 
brown 
whi te viewed from 

solder side

om

5V
Ground
Clock
Data |

Boundary line |
l

Data communication is clocked as illustrated 
Figure 4.2. Logical levels of the data and clock 
signals are set out in Figure 4.3.

1

i 5
I 4
I 1
I 2
J screen
I

Start bit (always 0)
8 data bits (LSB first) 
Parity (completes to odd no. 
Stop bit (1)

the uncoiled parts totals approximately 1.150 mm 
»(45”)e The computer connection end of the cable is a 
DIN connector. The pin configuration is shown in 
Figure 4.1.

The working voltage for the keyboard is 4,75 V - 5.25 
V, the maximum power drain is 250 mA. Required signal 
levels for Clock and Data are minimum 2.4 V (for 
high) and maximum 0.7 V (for low).
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Tranaf«r( Xt~wcmUJ

DATA VAJLXD

Clock

D«t* (S«ndl

St*
Clock

St* t

Figure 4.2 Data/Clock signals

NotesData

low

low
I send

I high | high

I

Data/clock significanceFigure 4.3

^—3

I t 3

| idle
I

’1 1

I 
K> t

I
| no scanningdon’t

care

o• o

| keyboard scans matrix |
| (if enabled) |

| receive! data bit stream: |
| | start + data + parity + |
I | stop |

•j
»
o P q r

i 
J 
Par-

| idle

| Clock |
I I

I high |

r
12

I 
i 
l

I 
| req. to| data stored in keyboard | 

| buffer |

1
’ 7

| receive
I

I0 V
I11I 

h

I 11t11 T11 u
Stop 1

Keyb.forces 
D«t» line to 
low

1
’ir

| high | data bit | send
| to low| stream |

I I

11

| Keyboard | System | 
| Status | Status |

innMLTWUWL
» *

— _ ..................... ................... .. ...........-__________

11
Stop

mrurrtruirmruifi

I I
| inhibit |
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Keyboard - US EnglishFigure 4.5 (1 of 9)
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Figure 4OS (8 of 9} Keyboard •” Norwegian
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Figure 4.5 (9 of 9} Keyboard ~ Swedish/Finnish
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THE KEYBOARD

KEYBOARD PERFORMANCE
(

SPECIAL FUNCTIONS

No special functions are assigned to F20 - F30.

4-14

A First In - First Out buffer accomodating up to 32 
key codes provides a type-ahead facility. All keys 
repeat -automatically. Debounce time for the initial 
depression and release of a key is one scan cycle (8 
ms).

F17
F18
Fl 9

F12
F13
FU
F15
F16

from the 
the fastest 

Initialization

The initial repeat delay is also variable - between 
1/4 s and one second in four incremental steps. 
Initialization default is 1/2 s.

Auto-repeat can be varied both locally at the 
keyboard and by means of instructions 
system,, The slowest repeat rate is 2/s, 
30/Sj with 32 incremental steps, 
default is 10/s.

This section summarizes those keyboard functions 
which can be influenced locally, that is, independent 
of codes received from the system.

Following depression of the Control-NumLock 
combination (suspension of system activity until 
another key is pressed), Function Keys F11 - F30 do 
not issue codes to the system, but take on the 
following functions internal to the keyboard:

increment auto-repeat rate
decrement
increment repeat delay
decrement
disregard LED control codes 

from system (toggle)
toggle LED on CapsLock 

NumLock 
ScrollLock
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F11 -

KEYBOARD/SYSTEM COMMUNICATION

CODES FROM THE SYSTEM

Bytes

2ED

4-15

Code (Hex)
First Byte

2
1 
0 

Note:

F11 ... F20
F21 ... F30

parity,

from 
Keyboard"), 
bytes of a two-byte sequence.

An 8039 or 80*19 microprocessor controls generation of 
key codes for serial output to the main unit. The 
keyboard is also capable of receiving codes from the 
system. As already mentioned, codes are transmitted 
in a serialized form with start, parity, and stop 
bit.

Description

key
while

keyboard

As long as system activity is not suspended 
F30 generate duplicate codes for Fl - F10:

Byte 2: 
bit 7 = 0 

3-6 reserved 
CapsLock LED on (1) or off (0) 
NumLock 
ScrollLock

if a key on 5-key cursor pad is 
pressed while numeric functions on 
numeric keyboard are active, 
the keyboard reverts internally to 
cursor functions on numeric keypad, 
but the NumLock LED is not directly 
influenced. Bit 1 is useful for 
"making good’6 -this LED state

The following is a description one or two-byte codes 
recognized by the keyboard as valid instructions. 
Except where stated, codes elicit an acknowledgement 
code from the keyboard (see "Codes from the 

An acknowledgement is also given between

Shift-F1 ... Shift~F10
Control-F1 ... Control-F10 :
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DescriptionBytes

(EE 1 Keyboard replies

F3 2

0—4

(

1F4 Keyboard bufferi tsclears and

F5 1 clears the

F6 1 (i fexcept that scanning continues

•8 1 M

4-16

Code (Hex)
Fi rst Byte

26.7 •
24.0
21.8
20.0
18.5
17.1
16.0
15.0
13.3
12.0

10.0
9.2
8.6
8.0
7.5
6.7
6.0
5.5
5.0
4.6

4.0
3.7
3.3
3.0
2.7
2.5
2.3
2.1
2.0

As F5S 
enabled]

buffer*

Byte 2 
bit 7 
5-6

0 ->30.0
1
2
3
4
5
6
7
8
9
10

22->4.3
23
24
25
26
27
28
29
30
31

output
starts scanning the matrix

EF - F2
F7 ~ FD

► 9 

~ 0 
repeat delay as binary value 
0 ”0.25 s
1 ~ 0.5 s
2 = 0.75 s
3 - 1.0 s
auto-repeat as binary value 

11->10.9 
12 
13 
14 
15 
16 
17 
18 
19 

• 20 
21

Reserved ”no operation” codes (an 
acknowledgement is issued by the keyboard}.

Restores all power-on defaults* 
output buffer* and suspends scanning until 
further instructions

Used as an ’’echo” code, 
with its own echo code
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0® sc ri pt i onBytes

1FE

1FF

CODES FROM THE KEYBOARD

Status Codes

Code (Hex)

Overflow of the type-ahead FIFO buffer00

Power-on completion - no errorsAA

Response to the system’s echo commandEE

Key released* see "Keyboard Scan Codes"FO

Acknowledgement to systemFA

FC Keyboard RAM or ROM error

Keyboard matrix errorFD

or byteFE

4-17

Code (Hex)
First Byte

Keyboard 
byte 
own 
the

Description

Codes transmitted by the keyboard to the system can 
be single byte codes containing certain status 
information, or they can represent wdataw? that is, 
codes resulting from reading the keyboard matrix.

responds by repeating the last 
it transmittedo If this byte was its 

repeat (re-send) code (see "Codes from 
Keyboard"), the previous byte is 

transmitted

Command received from system was invalid, 
was received with incorrect parity

Resets the keyboard. The keyboard performs 
its internal diagnostics.
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Keyboard Scan Codes

4-18

A code generated by reading the keyboard matrix 
represents a specific position on the keyboard; it 
does not conform directly to the ASCII code for the 
sign marked on the specific key. This means that the 

* ■ code returned for a key position is always the same, 
irrespective of country-dependent keys fitted.

Figure 4.6 shows the scan codes for the keyboard. A 
scan code is transmitted to the system when the key 
is depressed (after a pause for debounce time). When 
the key is released the same code is transmitted 
again, this time preceded by one byte of FOH. All 
these bytes are transmitted with start, parity, and 
stop bits as already stated at the beginning of this 
Chapter. Note that two codes are marked on each key: 
the actual code transmitted by the keyboard is the 
lower of the two. The upper codes conform to the 
codes generated for other NCR Personal Computers. 
They can be made available for software reading by / 
special programming of the parallel I/O controller, 
which among other things, enables the CPU to 
communicate with the keyboard (see section below).
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DIAGNOSTICS

SYSTEM INTERFACE

THE PARALLEL I/O CONTROLLER

4-20
tl

The keyboard position code itself is read via the 
8042 (or 8072) parallel interface in the I/O address 
map starting at port 60H (see Figures 4„7 and 4.8). 
The interface also includes system configuration and

■ OAAH
OFCH
OFDH

No error
Keyboard RAM or ROM test failed
Error in matrix detected while matrix column 
de~multiplexer inhibited

At power-up the keyboard performs an initialization 
check of internal RAM and ROM. One of the following 
codes is then transmitted by the keyboard:

The keyboard hardware interrupt writes the character 
value of the keyboard position code into-the keyboard 
buffer. There is a software interrupt (1BH) 
accessible from the interrupt 9 service routine. 
However, INT 1BH is issued only in the event of the 
Ctrl-Break key combination. Therefore, if you wish to 
interrogate the keyboard position code by means of 
your own software (for example, if you only want to 
check-for a limited number of codes and ignore the 
keyboard buffer), you will have to write your own 
keyboard handling routine and set the four interrupt 
vector bytes starting at 6CH to address your own 
interrupt service routine. This routine must be 
concluded by the 8259A Progammable Interrupt 
Controller non-specific End-of-Interrupt command.

The keyboard read routine contained in the system ROM 
is activated by hardware interrupt request 1 (CPU 
interrupt type 9). The priority of this interrupt, as 
set by the initialization firmware (fully nested 
mode), is second only to that of the 8254 timer.
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status information. Software accessible data/commands 
can be held in the following areas managed by the 
controller.

A "test input port" similar to the two described 
above

Commands to the controller and controller status are 
system accessible via port 64H of the system I/O map. 
Data is passed via port 60H. Scan codes received from 
the keyboard and held in buffer can be read at this 
port. Bytes can be written to buffer for the keyboard 
to fetch, provided that a command has not been issued 
to the controller telling it to expect data from the 
keyboard. A special command issued via port 64H tells 
the controller to read one of a sub-set of commands 
from port 60H.

A buffer holding data received from the 
keyboard, waiting to be read by the CPU at port 
60H. A status bit indicates whether there is 
actually any data to be read

A buffer holding data from the CPU, waiting to 
be fetched by the keyboard. A status bit 
indicates whether the data has been fetched, so 
that the CPU can send a further byte via port 
60H

output port" containing system control bits. 
This "port" also cannot be accessed directly in 
the system I/O map, but via commands to the 
controller. It should not normally be necessary 
to write to this port

An "input port" containing system configuration 
information. This "port" cannot be accessed 
directly in the system I/O map? but via commands 
to the controller

An "
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64XN

0

i1
2

3

4

I

5

6

7

Parallel I/O controller statusFigure 4.7

I

I keyboard acknowledgement not 
received before timeout occurred

!

I
I

I

88
8

I

| Port 8 0it(sJ j
I (HexJI S
i I 8

I

I 1

| 1 = data waiting to be fetched by 
keyboard# 0 - buffer empty. 
Motes this bit must be zero beforej 
date (port 60H) or a command 
(port 64HJ is sent to keyboard

Description

Last byte from keyboard had even 
parity (= error), 0 = add parity

| IM/
| OUT

I 
8

j 0 ~ keyboard activity inhibited by 
switch on Lock. Controller still 
communicates with keyboard, but 
data is not passed to/from the CPU|

I
III
j System flag, set by controller
| command GOH. Flag is zero at reset
I
| Used internally by controller to see
( whether byte written by CPU is data
| (- zero - port 60HJ or command (- set
| -port 64HJ

3 Read keyboard controller status

j 1 - keyboard data waiting to be read 
j by CPU# 0 - buffer empty

data could not be sent to keyboard! 
before timeout occurred# or bit 6 | 
or bit 7 is set I
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Description

I

OUT 64

20

60

AA

AB
II

AC

AD

AE

CO

I

Parallel I/O controller commands (1 of 2)Figure .4,8
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j buffer, so that it can be read by CPU
| via port 60H

| Instruct controller to read contents 
| of input port (see Figure 4o10) into 
| buffer for reading by CPU 
| (check status bit 0)

00 = no error
01/02 = clock stuck low/high
03/04 = data stuck low/high

I

I IM/
| OUT

I 
I
I
I

I

| Disable keyboard [drive clock low)
I
| Enable keyboard

| Test keyboard clock and data lines, |
| returning result in buffer (port 60H)?|

I

I
| Internal diagnostics

| Write command to keyboard controller
I

| Place lest command byte issued in data|
I

I
| Perform controller’s internal diagnos-| 
| tics, and return 55H in buffer at port) 
J 60H, provided that there is no error |

| Instruct controller to interpret as a 
| command the next byte placed by the 
j CPU in the buffer (port 60H), 
| see Figure 4.9

I Port | Value | 
| (Hex)| (Hex) |
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Description

8 (64) i

DO

01

EO
80

Ex

1 means leave bitB

Parallel I/O controller commands (2 of 2)Figure 4.9

4-24

§ IM/
J OUTII___
! (OUT)I

I

I Port | Value |
| (Hex]| (HexJ j
I ! i

j (Write command to keyboard controller]!

j Instruct controller to reed contents | 
| of output port (see Figure 4.11] into j 
| buffer for reading by CPU 
j (check status bit 0]

! Write the next byte written to port
j GOH as the controller8® output port
! (see Figure 4.11)

§ Read the controller’s data and clock
( Lines (see Figure 4.12)0 making this
| information available for CPU reading | 
I at port GOH

( Pulse the 4 LSBs of the output port
J (see Figure 4.11) in accordance with
| 4 LS8® of this command byte (x]• zero j 
| means pulse
| unchanged
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I Bit | Description

10

1 Must be zero
I

Set/reset flag at controller status bit 22
I

3

4

0 = interface is for enhanced PC8J keyboard5
I

6

I
Must be zero7

Sub-commands to controller command 60HFigure 4.9

4-25

I
I

0 = scan codes as read direct from keyboard
1 = translated scan codes as used by RDM BIOS 

(for reasons of compatibility}

disable keyboard inhibit function (switch on 
keyboard lock inactive, see status bit 4)

at port 60H

1 -

1 = disable keyboard interface by driving clock low| 
(see also controller commands ADH and AEHJ |

I
keyboard interrupt when byte waiting to be reed|

I
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| Bit | Description

| Not used| 0-3

4

5

6 I
I

7
!

I
(Controller input portFigure 4eW

I Bit |

0

| Gate A20 to access memory above 1MB1

j UnusedI 2-3

4

5

6

7

Figure 4e11

4~"2b

Controller output port
o

!

Description 
(bit set}

| Second 256 KB of RAM on main processor board is 
j enabled (1] or disabled (0J
I
| Not used

| Primary display connected to graphics (0] or
| monochrome [1] display controller
!

j Keyboard is inhibited (Oj or not inhibited [1] by
| switch on lock .

I
I System reset

| Drive keyboard clock high

| Drive keyboard data high

| Activate buffer from keyboard full 
I
| Activate buffer to keyboard empty



THE KEYBOARD

Description

| Keyboard clock0
I I

| Keyboard data1

Controller test input port

>

»

4-27

II

III
III

I Bit |

2-7 | Not used
I

Figure 4.12
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Disk Storage

INTRODUCTION

diskette

FLEXIBLE DISK DRIVES
4

5-1

Both flexible and hard disk drives make use of the 
disk drive controller inserted in the system main 
processor board.

Flexible disk drives are connected in a daisy-chain 
configuration. A DIP resistor module provides the 
terminator in the last unit in the chain.

, Chapter 5

, driver mechanics, 
and head positioning mechanisms.

Both flexible disks and hard (Winchester) disks can 
serve as disk storage for the NCR PERSONAL COMPUTER. 
Fixed disk capacity is at least 20 MB, 
capacity is 1.2 MB (high capacity) or 320 KB/360 KB 
(standard capacity). Details of disk drive 
combinations installable in the NCR PERSONAL COMPUTER 
are given at the beginning of this Manual.

| Integrated in the computer are one or two 5 1/4-inch 
flexible disk drives to provide mass storage of 
programs and data. The drives contain read/write 
controller electronics, driver mechanics, read/write 
heads,
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1.604 MB500 KBUnformatted capacity I

I
s

i
Data transfer rate

MFMData recording format MFM

A
i

high

Flexible disk drive technical dataFigure 5.1

I Pin j Voltage

• • e e
4 3 2 I

Figure 5O2

5-2

Tracks per inch (TPI)
Tracks per disk sid®

Power consumption [typical with 
disk rotating in drive)

Motor rotation speed
Motor start time
Head movement [track to track)
Average seek time
Latency time (at 300 r.p.m]

I
I

1
2
3
4

48
40

| 12 Vdc 0.22 AS
; 5 Vdc 0.35 A|

96
80

i
I 
8

300 r.pem
< 400 ms

6 ms
93 ms
100 ms

+12 Vdc
Ground
Ground
+ 5 Vdc

360 r.p.m
< 500 ms
, 3 ms 

94 ms 
J33.3 ms

Power connections to the flexible disk drive are 
illustrated in Figure 5.2.

12 Vdc 0.22 A
5 Vdc 0.3

300 11 bits/s |

o

Flexible disk drive power connections

250 K bits/s

Capacity
Stands rd High

Notes The high capacity drive is used in its high density, 
high speed mode of operation, giving a capacity 
(formatted! 15 sectors each 512 bytes/track) of 1.2 MB.
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5-3

Figure 5.3 illustrates the main components of the 
flexible disk drive.

The flexible disk drive contains sensors to detect 
the diskette index hole, the head at track 0, and 
whether the write protect notch is covered.



DISK STORAGE

DO Motor servo board)

“ Stepping motor
DO Motor assembly

MFD Control! board

Clamp arm
Holder

Read-write board

Index sensor

I

Head carriage assembly

Flexible disk drive componentsFigure 5O3

Track 00 sensor 
assembly

Stepping motor 
assembly

Write/protect 
sensor

00
Motor assembly
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I

= stendard setting for NCR PERSONAL COMPUTER

High capacity drive

Flexible disk drive strapping (1 of 2]Figure 5.4

Ml = standard setting for NCR PERSONAL COMPUTER

Standard capacity drive

Flexible disk drive strapping (2 of 2jFigure 5.4

5-5

■■ - D ED

DC
Wfl

RY

o 
LL

fl 
d

n^. or 
tn tn tn tn 
OQ Q Q

o m
vj tn tn tn
DO O O

■ ABNFt ■* Jl3q

The flexible disk drive is strapped internally. Strap 
locations are shown in Figure 5.4.

)

DS1 - DS4
Address selection of the drive. For the NCR PERSONAL 
COMPUTER DS1 is to be selected, even if the drive 
being installed is the second in the system. (The
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LHJ fcurn-on conditionfs}

(

II

5-6

| High density 
j Low density

cable band from the first to the second connector has 
two DS lines transposed*)

(high capacity only) 
these straps must be installed:

mo
no
yas
yes
yes

LG
HG

no
no
no
yes
yes

no
yes
yes
no
yes

HL
Not used (open)

HG
of

| Installed J Density Signal mLowM selects |
L _ _ ’g

LG,
One

IU
When closed, enables the IN USE/ signal at pin 4 of 

• the control/data connector*

FG
Connects frame to 0 Ve

| Drive Select
1 Drive Select + In Use
j In Use
| Drive Select or Ready
g In -Use and (Drive Select or Ready)
8

closed,

Strap installed 
ns in ds

U1, 02
In conjunction with 10, these straps select one of 
five turn-on conditions for the drive indicator LED:
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) uses
I

I

II
I

pin 34 of the

MOTOR TURN-ON

Assertion of Motor On signal

Diskette insertion*

Diskette removal (unless write-protected)

theofone

is

5-7

| Installed | Density
I I

High
Low

Roto Speed
Uop.B)

360
360

360
300

II (high capacity only)
One of these straps must be installed:
I,

The flexible disk drive motor starts rotating under 
one or more of the following conditions:

Motor rotation stops under 
following conditions:

Drive lever has been closed, the motor 
rotating, and drive status has become Ready

RY, XT (standard capacity only)
One of these straps must be installed: pin 34 of the 
control/data connector provides Ready signal (RY 
installed) or is low state of an open collector (XT 
installed).

RY, DC (high capacity only)
One of these straps must be installed: 
control/data connector provides Ready (RY installed) 
or Disk Change (DC installed) signal.

or more

I High
I Low
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§ Approximately 10 seconds after diskette removal
§

CONTROL AND DATA SIGNALS

Disk Change is active
* at power-on or diskette removal

Ready is inactive when
*

5-8

*

f
1

Diskette was inserted at the index-hole position 
and the lever has been open for approximately 10 
seconds

a diskette is installed and a Step pulse is 
received while the Drive Select is active

Ready or Disk Change (strap-selected)
Ready or Open (strap-selected)

The Ready signal is active when the following 
conditions are satisfied:

there is power at the unit 
the diskette is installed 
Motor On is asserted
Disk rotation is more than half nominal speed 
two Index pulses have been counted since disk 
rotation exceeded half nominal speed

The input and output signals to the disk drive are 
standard^ industry-compatible signals. An overview of 
flexible disk control signals is provided in Figures 
5.7 and 5.8. These signals are:

The flexible disk drives use the standard pin 
assignments as shown in Figure 5.5. Figure 5.6 shows 
the corresponding edge connector on the flexible disk 
drive.



DISK STORAGE

Signal [active low)

I

34 OUT
I

I

NOTE; All odd numbered pins are signal ground 8

FDD Pin assignmentsFigure 5.5

3-O.«H fuiy *lot

Fino

I
2.4 2.5-*

’..4 1.44bT

43.4410.7

WITS: m
t

Figure 5.6

5-9

Signal
Pin

Signal
Di rection

IN 
OUT 
OUT 
OUT

IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 

OUT
IN
IN

j—7 o
o

32
30
20
26
24
22
20
18
16
14
12
10

8
6
4

.—A—.w -

If
11.5 >*<•—» Fin 34

li FCS thi,ekn«»a; Mem,

FDD Edge Connector,

_L 
i « i—r

Ready/ or Open/ 
(standard capacity) 

Ready/ or Disk Change 
(high capacity) 

Side One Select/ 
Read Data/ 
Write Protect/ 
T rack 0/ 
Write Gate/ 
Write Data/ 
Step/ 
Direction Select/ 
Motor On / 
Drive Select 2/ 
Drive Select 1/ 
Drive Select 0/ 
Index/ 
Drive Select 3/ 
In Use/

’ I
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inactive - select side 0.

5-10

Read 'Data
Output signal containing composite clock and data 
pulses.

Write Gate
Active 
written on the diskette.

low input signal to enable data to be 
Write Gate not active 

enables the stepper logic and read data logic.

Write Protect
Active low output signal to indicate when a write 
protected disk is installed in the drive. The drive 
inhibits writing and provides the write protect 
signal, irrespective of the state of the Write Data 
and Write Gate signals.

Side One Select
Active s select side 1,

Track 00
Active low output signal to indicate when the 
read/write heads are positioned at track zero. 
Track 00 is not active when the read/write heads 
are not at track zero.

Step
Active low input signal to move the head in the 
direction specified by Direction Select. Each step 
pulse'is delayed by at least 6ms (standard

Write Data
Input signal to provide the data to be written on 
the flexible disk Each transition from high to low 
causes the current through the read/write heads to 
reverse, causing a data bit to be written. This 
line is enabled by Write Gate active. Write Data is 
not active during a read operation. The write pulse 
width can range from 150 nanoseconds to 2.5/1.1/2.1 
microseconds (standard capacity/high capacity, high 
density/high capacity, low density).
To ensure data integrity, MFM write data can be 
pre-compensated on inner tracks (see signal timing 
Figures, below)
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the

5-11

Direction Select
Input signal to define the direction the heads move 
when the step line is pulsed. Low causes the head 
to move toward the center of the disk. High causes 
the head to move toward the outside of the disk.

Motor On
Active low input signal to turn the motor on. Time 
has to be allowed by the system before reading or 
writing to allow the motor to start. The time 
required is 400 ms (500 ms for high capacity, 360 
r.p.m).

capacity) or 3
preceding step.
Head movement to an adjacent track requires two 
steps in standard capacity drives.

In Use
If the IU strap is installed, this signal is active 
to indicate that all the daisy-chained flexible 
disk drives are in use under system control.

Drive Select (0,1,2,3)
Active low input signal to select one of two 
flexible disk drives (only 0 and 1 are used).

Index
Active low output signal which is at an active 
level lach time the index hole is sensed. This 
signal -is active for one pulse each disk revolution 
to indicate the beginning of a track. Index is held 
active when no flexible disk is inserted in the 
system.(The standard capacity drive also issues 
this signal when sector holes are detected on hard- 
sectored diskettes.)

ms (high capacity) from
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Input signals

DRIVE SELECT 0
TTL 1438

DRIVE -SELECT 1

DRIVE SELECT 2 Terminator
DS 3j

DRIVE SELECT 3 j

10IC2
IN USE

““ Kot. used

TTL 7417 - Density■

8

SIDE ONE SELECT

SosLl 10KD.. {Control LSD!

0

Open collector TTL 7438

Figure 5O7 Flaxifbl® disk drive control (high capacity! /

5-12

I

K3B0CMaea3B O <O irn tfyrri Mil i

FDD main PCBA

Other input 
sicnals

Ecuivalent toTTL 74LS
I’K-I I n n mriitucun ■»rh»-rrrraxiuM'raw'M»rr«rxri'rart»>no

- IN USE
{Control LSD

, W V* * ► 4» » O O
• u o o o xa> ex* a* ■—»

(R/W LSD

0•
0
9
V 

DS 2
<3 -D

10K£
■W5-—

IU 
»—a d—-

KL 
“C2 O~—

❖ SV

— Select
{Control LSD

5jHI Terminator S-33Cn±5t
> > > (Resistor network!) HifL

SoKCJ

HIGH/NCFMAL 
ce::s ITT

signalsOutput

Straps 
DSO 

“~~O

DS1
”~~O O“"T

Equivalent to 
>yTL 74LS Schmittj .

--«-> side 1 select
(R/W LSD

33 0^5 ft

WRITE DATA
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FDD main PCBA
Input signals

DRIVE SELECT 0

DRIVE SELECT 1

DRIVE SELECT 2

DRIVE SELECT 3 56KD

IN USE
Not used

O Write dataWRITE DATA
)

Side 1 select

(Control LSI)

I

Output signals

READY/OPEN

- (Control LSI or R/w LSL

Figure 5.B Flexible disk drive control (standard capacity)

5-J3

o- i o

I oI

I o I

o I

I L

• R/W LSI 
i

I o I

* T 
> -*■ 

* I f •-•»

I » t »

o I

Other output 
signals

HL 3 O

*5V 
A

. Terminator 7~330n±5% 
(Resistor network)

-In use 
(Control LSI)

- Select 
(Control LSI)

O 
I

I o 
8

r* 
•

L_|

Straps
DSO 

-D D—|

DS2 
O C

DS1 
43 t>

IU 
O O

lOKft

DS 3 
<3 Q-J

10K£330015%
Terminator1»

lOKfi

Ready 
(Control LSI)TTL.7438 or equivalent

TTL 7438 or equivalent

Other input 
signals

O SIDE ONE SELECT I

I• vov
I___
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Figures 5.9 Q»

4WRITE GATE

4

&STEP

tx
T

>5

CAPACITY

£» 0.8ms,Min.

Figure 5a9 Step Timing

/

1o0 0uREAD DATA

t9

J

110 til18 t9

•j X 350ns

tSOQns

a ?Q0 nsSffANDAHO CAPACHY 0

Figure 5o10 Reed Data Timing (MFHJ
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i u
Maonetiration 

on disk

Min.(360rpm)

1ms,Min. (300rpmJ

S'

1 ir

a , .Nora.

1 u

tio

a» e> « «^i 

» 
oo<n> d

Sms. Min.

G
X a. 
<2 « 
X o

Hxah,

H!GM: ft ^***^ & * **

STANDARD: Sms Min.
1 v .T g1, i f;
21ms, Min.

C.StO.2Sus | 

jo.5tO.25us 

|0.510.Xf 1700ns

Mote: The displacement of any bit position does not exceed "tl2" 
from its nominal position. (When PLO separator is used with 
tere write pre~compsnsation.il

5®12 illustrate signal timing.

u s,Mom.Shus.Nora.

3.3us,:.’oraJ 5 us .Non.

tl« S90u$,

DIRECTION SELECT

Density & Disk sceeclj

36crpm j

6.7 u s. Nora.

Su S | 4us..”Jom. | 6us..Nom. J Sus.Ncm.

1 . @ a 0.5 «• | 4 ms , Ncm. j S ua , Nom| 8M«» Hom,

Norr.ai, 260rpn

Norral.

compsnsation.il
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WRITE GATE
fl-

1 r> I
WRITE DATA

f {\

t5t3

t3 t5 t6

2us.Nora. 4ys,?icr»

Sus,Non. 6.1 y s. 'Scr..

Jorr.al, 3GCr;.r> •J u S . Nows . Ejs .Nor..

STANDARD CAPACITY 2.5 us 8 Ut. Max.

Write Date Timing (MFMJFigure 5.11

r

t7» 166.712.Sns (360rpo)

2OC13ms (300rpm)

(Fig.106) IITDEX timing
>

Index TimingFigure 5.12
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u
Magnetisation 
on disk

JK.

*• 1

V

V 
2« 1 xo

t6
9

So JJcm«
ii------- ~ ~r . r.' ■r.ii.i n.im _ rm , „|,

€.7us..”.£:<^3.3yseNcr..

Eus.Xax.

LT

•:±0.S%

6us,Nom.
8 & ms . Nam. | g us. Nom. | • us

1MHn, (HIGH CAPACITY J

2*5.5ms (STANDARD CAPACITY)
______ tl__________________

. Nam.

density £ Disk Sncec| t2 |

Higr., 2G?rpri ii 2. H'-l. lirs | 4ys. Max.

:: 3.15' :. lus 
K___________________________■

j 3. lus
I 0.15 ~
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THE FLEXIBLE DISK CONTROLLER
If

i 3

® s

r~^n

Figure 5„13 Primary/secondary disk interface selection*

disk

OUT 3F2H (372H) Drive select command output

3F4H (374H) MainFDC8 s StatusIN

OUT 3F5H (375H)

5-16

Flexible Primary
Hard Secondary

Flexible Secondary
Hard Secondary

Flexible Secondary
Hard Primary

Output up to' nine commands to the 
command stack

the 
the 

is given in

Flexible Primary
Hard Primary

Read the
Register

The PD765A Flexible Disk Controller (FDC) is included ■ 
on a single board together with the hard disk 
controller. The FDC uses one of two distinct I/O 
address areas, according to whether primary or 
secondary addresses are selected by means of jumpers 
on the disk controller board (see Figure 5*13). The 
DMA Channel used is 2 on DMA controller #1. The 
interrupt request used is 6 (PIC #1).

The flexible disk controller makes use of 
following primary interface ports to 
microprocessor (secondary interface r’~ 2' 
parentheses)?
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3F5H (375H)IN

OUT 3F7H (377H)

3F7H (377H)IN

* Command Phase

* Execution Phase
the actual execution of the

* Result Phase
useful operational status

5-17

During this phase, 
command takes place.

A diagnostics register used by 
both flexible and hard disk 
drive(s). Bit 7 set denotes a 
diskette change

Diskette control register, used to 
control data transfer speed

Input one of up to seven results, 
including up to four 8-bit status 
registers, from the result stack

During this phase, 
information can be read by the microprocessor 
via the Main Status Register and/or the other 
four status registers. If the operation involved 
microprocessor reading of flexible disk data, 
that data is made available.

During the Command Phase, the FDC receives 
commands and inherent parameters from the 
microprocessor.

The FDC can perform several different operational 
commands, each initiated by the transfer of a byte of 
command identification and any parameters belonging 
to that command via port 3F5H. Each operation in the 
process of flexible disk control can be regarded as 
consisting of three phases:



DISK STORAGE

The Main Status Register

Command Phase .

Execution Phase

Result Phase

5-18

beginning 
zero,

. Before 
these bits must be 0 and

microprocessor^ 
must be 0 and 1,

Commands/data for operation are received from the 
During this phase, DIO and RQM 
respectively.

1,

Information available to the microprocessor, 
denoted by bits 6 and 7 of the Main- Status 
Register being set.

Bits 6 (DIO) and 7 (RQM) of the Main Status Register 
are of particular importance’ for the transfer of 
information between FDC and microprocessor 
writing a byte to the FDC,

respectively, Reading a byte from the FDC requires 
both these bits to be 1,

The significance of the FDC Main Status Register when 
identifying the three operational phases is as 
followss

The'FDC in your NCR PERSONAL COMPUTER operates in DMA 
mode, with the result that interrupt detection before 
reading individual bytes is not required. In this 
mode, the FDC communicates with the DMA controller by 
means of an exchange of DRQ and DACK/ signals.

Performance of the requested operation. At the 
of this phase, DIO and RQM go to 1 and 

respectively.

Figure 5.14 indicates the status information, which | 
can be read via port 3F4H (374H).
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| Symbol | DescriptionHama

FDD 0 Busy | | FDD D is in the Seek mode IDDB

I D1 | FDD 1 Busy | | FDD 1 is in the Seek modeD1B

I 02 | FDD 2 Busy | not usedD2B

FDD 3 Busy | not usedD3B

FDC Busy CB
I

NDM

«

IDIO

ROM

I

t

Figure 5.14 FDC Main Status Register
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I

-I
I

I D6 |
I

I D3 |
I------
I 04 |
I I

I Bit]
I
I DO |

Non-DMA 
mode

| A read or write command is in 
| process

I
I

I 05 |

I D7 |

Data Input |
| /Output j

Request [
for Master [

)

I Indicates direction of data
| transfer between FDC and Data
| Register^ If DIO is set* then
| transfer is from Data Register
| to the Processor. If DIO is
| zero* then transfer is from
| Processor to Data Register

| Indicates Data Register is 
| ready to send or receive data 
| to or from the Processor. Both | 
| bits DIO and ROM can be used 
| to perform handshaking 
| functions of ”ready” and 
| ’’direction” to the processor

| The FDC is in non-DHA mode. | 
| This bit is set only during | 
| execution phase in non-DMA model 
| Transition to zero indicates | 
| execution phase has ended |

I FDD 2 ...

| FDD 3 ...
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The Drive Select Register

the

Significance

0

1

2
I

3

!

Figure 5*15

Diskette Control Register

| Hot used
j Hot used

&

*

4
5
6
7

Select disk drive units
Control the motors of these units
Enable controller interrupts and DMA requests

The Drive Select Register is a write only register 
(Port 3F2H/372H) used to:

J Bit f

Drive select register

Figure 5.15 explains the significance of 
individial bits of this register*

| Turns meter of drive 0 on (bit set) or off (bit zero]
I 1

9 bit set selects drive 1

This register is written to the controller in order 
to set data transfer speed* When this register has 
been written^ the FDC should be reset (Drive Select 
Register bit 2)*

i
| Bit zero selects drive 0
i
| Hot used
I
| Bit set enables FDC (resetJ
I
| Bit set enables DMA request and FDC interrupts to be 
j to I/O interface* Bit zero disables I/O interface 
| drivers.
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Significance

)

FDC Commands and their Parameters

5-21

o 
1

are 
return

at port 3F5H/375H.

I Bit |
I____
I I

| } binary value specifying data transfer speed (KB/s): | 
| ) 00 = 500r 01 = 300, 10 = 250, 11 = 125 (FM) |
I II

| 2-7 | Not used

It is important that commands and their data 
and that 

even if elements of
input in the correct order, 
information is read completely, 
this information are not required.

Figure 5.17 presents a summary of commands and 
parameters transmitted via port 3F5H/375H. A command 
phase consists of up to 9 bytes. The tables 
comprising Figure 5.18 explain the abbreviations used 
in Figure 5.17.

A system interrupt (type 6) denotes that an execution 
| phase is completed or prematurely terminated. Status 

information and/or data is then available for input 
The sigificance of this result 

phase (consisting of up to 7 bytes) is also set out 
in Figure 5.17. The significance of the status 
information which can be read during the result phase 
is set Out in detail in Figure 5*24. (This status 
information is not to be confused with the Main 
Status which can be read at any time via port 
3F4H/37H.)

Figure 5.16 Diskette control register
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DATA BUS

I07 05 03 DO RSWKS06 04

READ DATA

Command Codes

e>

FDC Command Summary (1 of 10]Figure 5O17

5-22
i

R
R 
a 
a
R 
R 
R

SSC 
0

MOOM 

0 
0

0
0

w 
w 
w 
w 
w 
w 
w 
w 
w

MFM 
0

.1
HDS

3. R I
! a i
I s I
I « I
I 1 I
I t s

! E i
I x |
1 ® I

! -

I ’
i “

» STQ -
 ’ ST1 “

- ST2 -
- C —
- H —
- a —

 - N —

I C |
I q s
I • I
!■ » S

I ® !
I n i
! <* I

1 o I
DS1 OSO | 
— .... | Sector ID info. |
------ | prior to Com- |
-———” | mand execution j

I P I
I H I 
I A | R/W II S I  _ __ 
t E I

| MT
I 0

- C —
- H ~ 
-• R ~
- N -
- EOT - 
• GPL - 
- DTL “ I I

| Data transfer j
| between the FOO [
| and main system | 
( Status info
| after Command
( execution
I
| Sector ID info, j 
| after Command 
j execution

02 01
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DATA BUS

REMARKSD4D6 05 D1 DO07 0203

READ DELETED DATA II

Command Codes

e>

FDC Command Summary (2 of 10)Figure 5.17
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II

w w w 
W‘ w w w w w

R
R
R
R
R
R
R

SK
0

0
0

1 
0

MFM 
0

1
HDS

I R I
I 0 I
I » I
I u II I II t |

- c
- H
- R
”N
EOT
GPL
DTL

I MT
I 0I C |

I ° I
| ■ |
I 8 I
I n I
I d I
I II E I
I * I
I 6 I

0 0 |
DS1 OSO § 
--— | Sector ID info. | 
—-—— | prior to Com- 
———— | mand execution 
--— j

] Data transfer |
| between the FDD |
| and main system |

— | Status info |
— | after Command |
— | execution |— 8 ' I
— | Sector ID info. |

| after Command
— | execution

I P I I
I H | |
I A | FVW |
I S |___
! E
I

STO •
ST1 •
ST2 :

C -
H -

■ R ~

N -
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DATA BUS

DO REMARKS07 06 03 D2 0105 04

WRITE DATA

Command Codes

I
I
I

G

FDC Command Summary (3 of 10JFigure 5a17
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W w 
w 
w
w w w ww

R
R
RR
R
R
R

!

I

o
0

0
0

0
0

I

MFM 
0

1
HDS

I P I I I HI .I 
| A | ffW | 
I S L__I E

STO *
ST1 •
STS -

• C -
’ H *•
“ R -
• M -

| Data transfer j
| between the FOO |
| and main system j

’ | Status info
■ J after Command
- | execution
• I
• j Sector ID info
- j after Command
- J execution

I MT
I 0 - c -

- H -
- R -
- N -
' EOT
GPL

■ DTL

0 1 I
DS1 OSO !
-----— | Sector ID info, 
—— | prior to Com-
----   | mend execution

.... I

I c ! 
i a I 
I ■ ! I a I I a I I n i I d I 
I I i E | 
I x | 
I « I 
I I ! R ! 
I ® ! I ® I 
I u I I I I 
I t I
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DATA BUS

02 REMARKS07 06 D5 01 DOD4 D3

WRITE DHJETED DATA>

Command Codes

I

I

FDC Command Summary [4 of 10)Figure 5.17
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W
W
W
W
W w w  
W  
W  

R
R
R
R
R
R
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0
0

0
0

0
HDS

I P I II H | | 
I A | R/W |
I S |___
I E

I E |
I * II « I

MFM 
0

STO
ST1
ST2
C

• H •
R
N

1 
0

| prior to Com- 
| mend execution

I I
I C |
I o I

I ’
I ’

- c
— H
— R
— N
- EOT 
“GPL
- DTL

I MT
I 0

I R I 
I e | 
I » I 
I u I 
I I I 
I t |

I ■ I 
I » I 
I n | 
Id I

| Data transfer | 
| between the FDD | 
| and main system |

- | Status info |
- | after Command |
~ | execution |

- | Sector ID info. |
-■ | after Command
- | execution

0 1 |
0S1 DSO |
————- | Sector ID info. |

I
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DATA BUS

07 D1 DO02 remarks06 05

fr
REAO A TRACK

Command Codas

I

I

s

 

I I

I
8

Figure 5O17 FDC Command Summary (5 of 10)
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SK
0

0
0

0
0

IM !I H I I 
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..— j mand execution
—— !

| Data transfer j 
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| and main system | 
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( contents from 
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[ EOT 

• | Status info
“ j after Command 
° | execution 

• j Sector ID info® 
• j after Command 
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D4 03
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DATA BUS

RS4AAKSDi ID7 D6 D5 DOD4 D2D3

IREAD ID

Command Codes

i
o>

FORMAT A TRACK

I C |
I d I
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R 
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STO
ST1
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Command Codes |
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DS1 DSO |
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| execution 
!
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—— j Gap 3 |

 — I Filler Byte |
8 FDC formats an |
| entire cylinder |

—-    | Status info |
——— | after Command |
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S no meaning |
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DATA BOS

07 05 03DS REMARCS04

SCMS fflUAL

Command Codes

T

C3>

e»

0G3

ro

»

Command Codes

FDC Command Summary (7 of 10JFigure 5a17
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DATA BUS

D2 D1 DOD5D7 D6

X

SCAN LOW OR EQUAL

I JCommand Codes

I

FDC Command Summary |8 of 10j
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j and main system | 
j Status info 
j after Command 
j execution

j Sector ID infoQ 
| after Command 
| execution
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DATA BUS

REMARKS0102 DO04 0307 06 05

SENSE INTERRUPT STATUS

0 0 00 0 1 Commend Codes0 0W

ISPECIFY TIME

Command Codes100

SENSE DRIVE STATUS

I Command Codes

| R | ST3R BCO*

INVALID

I C | Invalid CodesW

II R I STOR

(10 of 10)Figure 5.17 FDC Command Summary
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w w w

w w

R
R

I ’

0
0

0
0

0
0

0
0

STO
PCN

0
0

“ | Status info, at |
- J the the end of |

! each seek open- |
j ation about FDC |

I

I

II
I C |
I I
I R I
I B I
I 6 I

1 
HDS

I C |
I o |

| 0 0
| --  SRT
| HLT

I P I I
I H | | 

) I A | R/W |
) !sl—

I E

1 i |
HUT --  |
-- > ND |

___________ I
• j Invalid Command |

| Codes (NoOp-FDC |
| goes into Stand-)
| by Status) |

- | STO = 00 |

0 0 I
0S1 OSO f

I 
j Status info 
! about FDD

0 0
-> <-
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oEscmmoNMAME

1
I

| Data

j Oat® Bus

| Data Length

i

| End of Track

| Gap Length

| Head Select

Abbreviations used in FDC Command Summary (1 of 3)Figure 5S18

5 “”3 2

| HDS

I
I

I

I EOT
I

| EOT stands for the final
| Sector number of a Cylinder

| OS stands for a selected drive | 
j number Q or 1 |

[ C stands for the current 
j selected Cylinder number

or write into the 
Otherwisep DTL should

fl-
8

I h

I GPL

fl 
| 0

j D7-DQ

| Drive Select
I

j Cylinder No.
I

| Head Address

| 0S07
| DS1

j DTL

I sn®0L |

I AD

fl C

j 8-bit Data Bus where 07 is ths | 
| most significant bitp and DO j 
j is ths Least significant bit j

| Address Lin® 0 | AO controls selection of Main
| | Status Register (AO - 0] or

j Data Register (AO - 1)

| H stands for head number 0 or
| 1, as specified in ID field

| HDS stands for a selected head j 
j number 0 or 1 (H = HDS in all | 
| command words) |

| GPL stands for the Length of | 
| Gap 3 (spacing between Sectors j
| excluding VCD Sync Field) |

| When N is defined as 00B DTL 
j stands for the data length 
J which users are going to read 
j out ofp 
j Sects rc 
| be OFFH

I'D stands for the data pattern
J for writing to a Sector
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| SYMBOL | BESCRIPTIONNAME

I HLT

I

I

I

| Non-OMA Mode

| Record

Abbreviations used in FOC Compand Summary (2 of 3]Figure 5.18
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| ND = operation in non-DMA mode |
_______  I

| ND
I__
| PCN

I RI

I New Cylinder
| Number

| R stands for the Sector number | 
| which will be reed or written |

l_ 
| N

»

| HUT
I

| MFH

I MT

| NCN

| Multi-Track

| Head Unload
| Time

| Number

| Heed Loed Time | HLT stands for the head load | 
| | time in the FDD (High Capacity;!

| 2 to 256 ms in 2 ms increments.!
| Standard Capacity: 4 to 512 ms ( 
| in 4 ms increments)

| FM or MFM Mode | 0 - select FM mode,
| | 1 = select MFM mode

| N stands for th® number of |
| data bytes written in a Sector |

| HUT stands for the head unload | !»| time after a read or write | 
| operation has occurred (High | 
| Capacity: 0 to 240 ms in 16 ms. | 
| Standard Capacity: 0 to 480 ms | 
| in 32 ms increments |

| NCN stands for new Cylinder 
| number? which is going to be 
| reached as @ result of the 
| Seek operation. Desired 
| position of Head

| If MT is s®t9 e multi-track ) 
| read or write operation is | 
|. performed [both tracks of cyI*) I

| Present | PCN stands for the Cylinder | 
! Cylinder Number! number at the completion of | 
I | SENSE INTERRUPT STATUS Command.J 
| | Head position at present time |
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DESOUPTIOH| SYMBOL | MME

| Read/Writa

JI sc I Sector

I SK ! Skip

I

I

j Scan Test

Abbreviations used in FDC Command Summary (3 of 3)Figure 5,18
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IIIII
| STP

II

| SK stands for Skip Deleted
| Data Address Mark

| R/W stands for either Read .(R) j
| or Write (W) signal |

j SC indicates ths number of 
j Sectors per Cylinder

S_
| SRT

STO
ST1
STS
STS

| R/W

| Step Rate Time |
I II iI
| Status 0
| Status 1
| Status S
J Status 3
lI

| During a Scan operation^ if j 
j STP “ 1ff the data in contiguous! 
j sectors is compared byte by 
| byte with data sent from the 
| processor (or DMA), and if 
I STP = 2 Q then alternate 
| sectors are read and compared

SRT “ 29s complement of Step 
Rate incremental units. Ona 
unit is 1 ms (High capacity! or| 
2 ms (Standard Capacity) |

STO-3 stands for one of four j 
registers storing the status | 
information after a command hasj 
been executed. This info is j 
available during ths result | 
phase after command execution. | 
These registers are not to be j 
confused with the main status j 
register (selected by AO = 0). j 
STO-3 may be read only after a j 
command has been executed. | 
They contain information rete- j 
vant to that particular com- j 
mend. J
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i

!

I

I

Transfer CapacityFigure 5.19
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I
o
1

0
1

00
01

00
01

01
02

01
02

02
03

02
03

(512) (8) =
(1024) (B) =

(1283(26) -
(256)(26) «

(256)(15) =
(512)(15) =

8,192
16,384

3,840
7,680

3,328
6,656

15 at Side 0 
or 15 at Side 1

8 at Side 0 
or 8 at Side 1

15 at Side 1
15 at Side 1

26 at Side 1
26 at Side 1

I
I
I

I 1
I 1
I 0
I 0
I 1
I 1

0
1

0
1

0
1

0
1

| Sector)
I N I

4,096
8,192

26 at Side 0 
or 26 at Side 1

I 0
I 0

I 1
I 1

I 0
I 0

8 at Side 1
8 at Side 1

)

(128)(52) = 6,656 
(256)(52) = 13,312

Notes concerning individual FDC commands (the status 
registers referred to here are described in the 
subsequent section):

| MT | MEM | Byte/ | Max » Transfer Capacity ( Final Sector Read | 
(Bytea/Sector) ( frat Diskette |

[Nuaber of Sectors] | |

(512)(16) =
(1024)(16) =

(256)(30)'= 7,680
(512)(30) = 15,360

READ DATA
After head location and settling time, the requested 
sector is located by means of the ID marks and ID 
fields on the located track. The FDC then outputs the 
data from the flexible disk data field one byte at a 
time. This operation is a multi-sector read, that is, 
sectors are output by the FDC until the DMA issues a 
TC (terminal count signal). If there are sectors 
remaining on the track, these are read, but only a 
Cyclic Reduncancy Check is performed; they are not 
output to the data bus. Figure 5*19 states factors 
affecting transfer capacity of a single read command.
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9

&

READ ONE TRACK

even if CRC

5-26

(see Figure 5.20), 
Phase.

In this case, 
set. Failure

data is read from both sides of 
the entire cylinder), starting 
and finishing with the last

If N is 0 
by DTL. 
sector, 
not appear on the data bus. 
After accessing the sector(s), 
head unload interval. However, 
not apply if the FDC

there is normally a 
this interval does 

apply if the FDC has already detected a 
subsequent command entailing an access operation. 
This can save time when accessing large amounts of 
data.
Note that if you are transferring data from FDC to 
the microprocessor, the FDC requires, microprocessor 
attention every 27 (FM mode) or 13 (MFM mode) 
microseconds. Failing this, OR in Status Register 1 
(see below) is set.

„ bit 6 in 
If the CRC

If the MT bit is set, 
the diskette (that is, 
with side 0, sector 1, 
sector on side 1.

the data length of each sector is defined 
If there are more bytes actually in the 
the excess bytes are subjected to CRC but do

All Data Fields on a track are read, 
failure is encountered. In this case, the NDR flag in 
Status Register 1 is set. Failure to find an ID 
Address Mark sets the MA flag in Status Rgister 1 and 
terminates the command.

Possible error conditions:
Failure to find the specified sector sets the ND flag 
in Status Register 1. In Status Register 0, bit 6 is 
set and bit 7 is zero, and the command is terminated. 
CRC failure sets the DE flag in Status Register 1, 
and terminates the command. In addition 
Status Register 0 is set, bit 7 is zero. .
failure lies in the Data rather than the ID field, 
the DD flag in Status Register 2 is also set.
External termination (TC signal) influences the C, H, 
R, and N information. This information further 
depends on the MT and EOT values given in the command 

and can be read in the Result
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c H R

I R+1

I C+1 | NC | R=01
I

R+1

R+1

 I  

i NC R+1

 I   I 

ofNotes: value as at

Th© least significant

Figure 5e20 Status at External Termination
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I NC
I

II
I R=01
I

I I
I NC |

 II 
| NC

II 1

I
I NC
II

III
I 1A
I OF
| 08

| 1A
I OF
I 08
I
I 1A
I OF 
| 08

I 1A
I OF
I 08

I 1A
I OF
| 08

I 1A
I OF
I 08
I
I 1A
I OF
| 08

I 1A
I OF 
| 08

| Sector 26 at Side 1
| Sector 15 at Side 1
| Sector 8 at Side 1

| Sector 26 at Side 1
| Sector 15 at Side 1
| Sector 8 at Side 1

| Sector 26 at Side 0
| Sector 15 at Side 0
| Sector 8 at Side 0

| LSB I R=01

I ! I
I C+1 | LSB | R=01

I NC

x
i
/

)

I
J

)

| Sector 26 at Side 0
| Sector 15 at Side 0
| Sector 8 at Side 0

| Sector 1 to 25 at Side 1 |
| Sector 1 to 14 at Side 1 | NC
| Sector 1 to 7 at Side 1 |

II
I 0 

I—J_
I C+1 | NC

| Sector 1 to 25 at Side 0 | |
| Sector 1 to 14 at Side 0 | NC | NC
| Sector 1 to 7 at Side 0 | |
I l__l  

| Sector 1 to 25 at Side 1 |
| Sector 1 to 14 at Side 1 | NC
| Sector 1 to 7 at Side 1 |

beginning

I I 
I NC |I I
I I
I NC |III
I NC |I I

III | ID Info at Result Phase |
 | MT I HIT | Final Sector Transferred |---- -----------------1

III to Processor

| Sector 1 to 25 at Side 0 I
| Sector 1 to 14 at Side 0 | NC
| Sector 1 to 7 at Side 0 I

 l_I
| NC
I

N II

 II I
I NC |
I I

! I
I NC |

1. NC (No Change): Same 
command execution.

2. LSB (Least Significant Bit): 
bit of H is complemented.



DISK STORAGE

READ DELETED DATA

WRITE DATA

WRITE DELETED DATA

5

READ ID

ND is set in the

FORMAT ONE TRACK

5-33

When the sector R has been found,, 
data from the data bus for 
occurrence

N,

This command returns the current head position by 
means of the first ID field the FDC can read. Failure 
to find an ID Address Mark sets the MA flag in Status 
Register 1. If there is no data, 
same register.

the FDC accepts 
that sector. Upon 

of a TC (Terminal Count) signal, the 
remainder of the data field currently being written 
is filled with zeros. CRC failure in an ID field sets 
the DE flag in Status Register 1 and terminates the 
command. Other details as in READ DATA.

As WRITE DATA, except that a Deleted Data Address 
Mark is written at the beginning of the Data field.

The format is determined by the values specified for 
N, SC. GPL. and D in the command. The sector is 
located by means of the C, H, R, and N values. The R 
value is incremented automatically, until index hole 
detection indicates the end of the track.
If an error situation arises, the EC flag in Status 
Register 0 is set, and the command is terminated. The

SC and GPL values for MFM recording are shown in 
Figure 5.21,

As READ DATA, exept that upon encountering a Deleted 
Data Address Mark at the beginning of a Data field, 
and assuming that SK was zero when the command was 
issued, the data in the sector is transmitted^ the CM 
flag in Status Register 2 is set, and the command is 
terminated.
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N | SC | GPL 1 | GPL 2 |Sector Size

? I

Figure 5.21 Sector Size Variables

SCAN ONE TRACK

5-39

I
I

256
256
512 
1024 
2048 
4096

I 01 | 12 |
I 01 | 10 |
I 02 | 08 |
| 03 | 04 |
| 04 | 02 |
| 05 | 01 |

OA
20
2A
80
re
C8

OC
32 
50 
FO 
FF
FF

If a Deleted Data Address Mark is encountered and SK 
was issued in the scan command as a zero bit, this is 
regarded as the last sector and CM in Status Register 

,2 is set. If SK was issued set, CM is likewise set to 
/indicate that the deletion mark was detected, but the 
I scan process skips that sector and continues to scan 
’ the remainder of the track.

§
GPL 1 values given avoid splicing between data field 
and ID field of contiguous sections. GPL 2 figures 
are for formatting purposes.

Data read by the FDC from disk is compared byte by 
\byte with data on the data bus (supplied by DMA 
controller or microprocessor). The comparative 

I condition can be =, <=, or >=, using one’s complement 
arithmetic. The operation is carried out for the 
specified track, with automatic incrementing of R 
until the condition is fulfilled, end of track is* 
reached, or a TC signal occurs.
If the scan condition is fulfilled, the SH bit in 
Status Register 2 is set; SN set Status Register 2 
indicates non-fulfilment. Figure 5.22 shows the 
possible conditions of comparison and the status of 
SH and SN (FDD = data read from disk, Bus x data read 
from data bus).
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Status Register 2
Coosa® rad CoMients

EqualScan

I  

Figure 5.22 Scan Status Codes

SEEK

must be

RECALIBRATE

5-40

8
I 

o

1

0
1

■ 1

0
0

1
0
0

1
0

!

0
0
1

. I 0 FDDS D Bus I
| D FDD> D Bus |
| D FDD< D Bus I

| D FDD” D Bus |
| D FDD< D Bus |
| 0 FDD> D Bus |

| D FDD= D Bus | 
| 0 FDDOD Bus (I 

I
| Scan Low or Equal

| Scan High or Equal |

I 
 ..... 1

I 01t 2 = SN | Bit 3 = SM |

positioned, 
itself, 
issued.

the read/write head 
, whichever 

The SE flag in Status' Register 0 is set

With the Direction line high, 
retracts 77 step pulses or to track 0 
occurs first.

NOTE: FDC read and write commands affect the 
track/cylinder at which the head is currently 

To locate the track/cylinder 
an explicit SEEK command

The present cylinder number (PCN) is compared with 
the new cylinder number to be located (NCN). If PCN < 
NCN, the Direction line to the flexible disk drive is 
set high; if PCN > NCN, this line is low. When the 
cylinder has been located, SE in Status Register 0 is 
set and the command terminated.
If the disk drive is not ready, the NR flag in Status 
Register 0 is set and the command terminated. This 
command does not include a result phase. However, the 
termination of the command is effected by means of 
the Sense Interrupt Status command.
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SENSE INTERRUPT STATUS

FDC

Csuse

0 1 1

t

1 0 0

1 1 0

Sense Interrupt Status

SPECIFY TIME

5-41

I 
I

I

)
)

j Ready Line changed | 
| state? either polarity |

Figure 5.23

| | Interrupt Code |
| Seek End j ———  —| 
| Bit 5 | Bit 6 | Bit 7 |

An interrupt signal occurs upon entering the result 
phase of one of the above commands (or upon 
termination of SEEK or RECALIBRATE), or the Ready 
line changes state, or during execution in non-DMA 
mode. Figure 5.23 shows the significance of the three 
interrupt status bits affected in Status Regiser 0. 
It is important to check this interrupt status before 
attempting to read the information resulting from an 

command.

| Normal Termination of
| Seek or Recalibrate
| Command

| Abnormal Termination |
| of Sask or Recalibrate |

» | Command |

high. If the Track 0 signal is still low, the EC flag 
in Status Register 0 is also set high. This command 
does not include a result phase. However, the 
termination of the command is effected by means of 
the Sense Interrupt Status command.

Sets Head Load Time (HLT), Head Unload Time (HUT), 
and Step Rate Time (SRT). In addition, non-DMA mode 
is determined by bit ND being zero.
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SENSE DRIVE STATUS

FDC Status
Main

Figure 5*24 summarizes the four Status Registers.

5-42

Returns information in Status Register 3*
If the FDC does not recognize a valid a command, no 
interrupt is generated^ but DIO and RQM in the Main 
Status Register are set (as during a normal result 
phase). Status Register 0, containing 80H? must be 
read before a command can be issued to the FDC.

The Main Status Register is accessed via port 
3F4H/374H. In addition, there are four status 
registers which can be read via port 3F5H/375H. 
Remember, it is imperative that all status registers 
affected by a particular command (see Figure 5*17) 
are actually read during the result phase in the 
specified order, even if the information they yield 
is not required.



DISK STORAGE

I
Bit

Description
| Symbol |I No. | Name

Status Register D

IC

I
I D6

I I I
I

I
)

I
SE

EC

Status Registers (1 of 6)Figure 5.24
X

)
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II

II

| D4 | Equipment §
| | Check |

I
I 07 | Interrupt |

I Code |

| If e fault Signal is received
| from the FDDP or the Track 0
| Signal fails to occur after 
| 77 Step Pulses (Recalibrate
| Command) then this flag is set j

| 07 = 0 and 06 - 0. Normal
| Termination of Commend, (NT).
| Command was properly executed |

I I I
! 07 = 0 and 06-1. Abnormal
| Termination of Command, (AT).
| Execution of Command was
| started, but was not success- 
| fully completed .

| 07 = 1 and 06 - 0. Invalid 
| Command issu@9 (IC), Command 
| issued was never started 
l~- ---—- ------
| 07 = 1 and D6 - 1. Abnormal 
| Termination because during 
| Command execution the Ready 
| Signal from FDD changed state |

| 05 | Seek End | | When the FDC completes the | 
| Seek Command? this flag is set | 
| to 1 (high) |
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Bit
 

Description
(Name

Statu® Register 0

MR

HO
i

US1
 (

uso

Status Register (2 of SJFigure 5e24

(

I
I

| This flag is used to indicate 
j the state of ths head at 
j interrupt

These flags are used to 
indicate a Drive Unit number 
st interrupt

!

!

| DO | Unit
| | Select 0

I -
| 01 | Unit
| j Select 1

J 02 [ Head
| j Address

j Syabol |I No.

| D3 j Hot Ready I
I I !

I When the FDD is in Hot-Ready 
j state and a Read or Write 
j command is issued^ this flag 
j is satc If a Read or Write 
| command is Issued to Side 1 of j 
j a single sided drivef then [ 
j this flag is set |
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Bit
Description

| Syabol |I No. | Name
)

Statue Register 1

EN

I

I 06 | | Not used. This bit is always 0 |

DE

| D4 | Over Run OR

I D2 | No Data ND

I I - I I

I
I

Figure 5.24 Status Registers"(3 of 6]
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II

I
I

| When the FDC tries to access
| a Sector beyond the final
| Sector of a Cylinder, this
| flag is set

| D5 | Data
I | Error
I I

I D7 | End of
| Cylinder
I

I 03 |

| When the FDC detects a CRC
| error in either.the ID field 
| or the data field, this flag 
| is set

_ ------------------- I 
| During execution of READ DATA, | 
| WRITE DELETED DATA or Scan Com~| 
| mand this flag is set if the | 
| FDC cannot find the Sector 
| specified in the ID Register i—:---———------
| This flag is set when FDC can- | 
| not reed the ID field without | 
| error when executing READ ID | 
| command || .-------- ---------- —f
| Flag is set if starting sector | 
| is not found during execution | 
| of READ A Cylinder command |

| Not used. This bit is always 0 |
I (lowj I

| If the FDC is not serviced by
| the main system during data 
| transfers, within a certain
| time interval, this flag is set|
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Bit

|Hoe- j Ms®®

Status Register 1

NW
u

MAI
I

!

i
i

I

Status Registers (4 of 6)Figure 5.24
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Missing
Address
Ms rk

i

Ii
l
i

!

!

| 01 J Not
| | Writable

| Syabol |

DO t
I | If the FDC cannot detect the

J ID Address Mark .after encoun- 
| taring th® index hole twice, 
j then this flag is set
i... ...... ... .. ..
J If the FDC cannot detect th®
I Data Address Mark or Deleted 
| Data Address Mark, this flag 
| is seto Also, at the same time 
| the MD [Missing Address Mark 
| in Data Field]! of Status 
| Register 2 is set

Description

j During execution of WRITE DATA,! 
| WRITE DELETED DATA or FORMAT a | 
| Cylinder command, if the FDC j 
| detects a write protect signal j 
| from the FDD, then this flag j 
J is set |



Bit
Description

| Sy whoI |I No. | Name
/

Status Register 2

CM

DD

I
WC

SH

o SN

BC

MO
I

Figure 5.24 Status Registers (5 of 6)
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| D6 | Control
I | Mark

| Flag is set when during Read | 
| the FDC cannot find a Data | 
| Address Mark or a Deleted Data J 
| Address Mark |

I 07 |

| D1 | Bad |
| | Cylinder |
I I II I I

| D5 | Data Error!
| | in Data

I Field

| D2 | Scan Hot
| Satisfied |

| D3 | Scan |
| | Equal Hit j

is always 0 (low}|

DISK STORAGE

| This bit is related to ND bit; | 
| flag is set when contents of C | 
j differs from that of ID reg. |

o

| Flag is set when condition
j M equal*6 is satisfied upon Scan |

| DO | Missing
| Address
| Mark in
| Data Field!

| Bit not used9

| Flag is set when FDC encounters) 
| a sector containing a Deleted | 
| Data Address Mark when execut- | 
| ing READ DATA or SCAN Command | 
________ ________ I 
| Flag is set when FDC detects a | 
I CRC error in the data field |

I 
| D4 | Wrong |
| | Cylinder |
I I

| Flag is set whan FDC cannot | 
| find a sector during Scan meet-| 
| ing the condition | 
___________________ I
| This bit is related to ND bit; | 
| flag is set when contents of C | 
| is OFFH and differs from the | 
| contents stored in ID register |I
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I IBit
Description

| Synbol |Haase

Status Register 3

WP

ROY
I

TO

f
8 TS

HD

US1

OSO

Status Registers (6 of 6}Figure 5O24

MINIMUM FORMAT REQUIREMENTS

<5 8

I...... ........
| D7 | Fault

I I

Figure 5.25 illustrates index requirements and 
tolerances for flexible disk formatting.

j 06 5 Write (
| | Protected j

j Bit indicates status of Unit
| Select 0 signal to ths FDD

j Bit indicates status of Two- 
| Side signal from the FDD

[ Bit indicates status of Side
| Select signal to the FDD

| Bit indicates status of Unit
| Select 1 signal to the FDD

J Bit indicates status of Track=-0|
| signal from the FDD j

| Bit indicates status of Ready 
j signal from the FDD

| 'Bit indicates status of Write 
j Protected signal from the FDD

| Bit indicates status of Fault
| signal from the FDD

i DO I Unit
j i Select 1

I No o

j 02 fl Head

I I

| D1 j Unit
| j Select 1

I D5 j Ready
i I

j D4 ( Track 0

I • I

( 03 | Two Side
I I

Post-Index
Before initial recording of data upon a selected 
tracks a gap is required to allow for drive-to-drive 
adjustment tolerances. This is the gap (Gap 1) from
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for 
variations, 
drives.

o m

the edge of the index pulse to the beginning Syne 
Field for the ID field address marie This gap allows I

i • o «w> « ... .. _ S 5}. -3

Pre-Data
The Pre-Data gap (Gap 2) timing is determined by the 
erase turn-on circuit tolerance and the tunnel-erase 
structure of the read/write head*

for maximum 
Physically,

variations in Index pulse width, speed 
and interchange tolerances between

Pre-Index
The Pre-Index gap (Gap 4) is required to compensate 

speed variations between drives, 
the gap is the space between the last 

sector and the beginning of the index pulse.

Pre-ID
The Pre-ID gap length varies with sector size* The 
Pre-ID gap (Gap 3) is based on the tunnel-erase 
structure of the read/write head and maximum erase
circuit turn-off delay.
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THE HARD (WINCHESTER) DISK DRIVE

CurrentVoltage

Figure 5.26

Connection| Pin |

12 3 4

© • • •

+

Figure 5.27 DC power connector

5-57

(4fflD A starting peek) | 
(1.4 A starting peek) |

+12 Vdc 
+ 5 Vdc

1
2
3
4

pin 
are

+ 12 Vdc |
+ 12 V return |
+ 5 V return |

5 Vdc I

The NCR PERSONAL COMPUTER can use one or two hard 
disk drives in a daisy chain configuration. A 
terminator resistor pack must be installed in the end 
unit.

Power requirements

The Winchester disk drive uses a non-removable 5 1/4— 
inch disk as storage media. The unit contains two 
disks and uses three recording surfaces, each of 
which is served by two heads. The total formatted 
capacity is 20M bytes. The disk controller interfaces 
the disk drive to the host processor. All necessary 
buffers and receivers/ drivers are included on the 
Winchester disk controller board to allow direct 
connection to the drive. Power requirements for the 
hard disk drive are given in Figure 5.26, 
assignments for the DC power connector 
illustrated in Figure 5.27.

1.8 A typical, 2.2 A maxo
0.7 A typical, 1.4 A max.
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TOP COVER

CHASSIS

0
h£AT 5ihK0

Figure 5O28 Fixed disk drive components

5-52

MECmAMCAL
SHlPPthC COCK

SJUNDLE/OISK
A5SEM8H

MECHAM I CM 
brake

BASE
CASTIMG

SHOCK OVMS 
U e>4ceii

pa£ih>?
j«.a

ACTUATOR
ASSEKBU

SER ku
l--A

s Q*
^0>Q

0 SOQQ 
o

AUTOMATIC
ACTUATOR arm
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| MBytes per unit (unformatted) 21.78

Bits per inch (MFM) 9550

Data transfer time

Technical data

I

0
0o 0

PIN 1

SNIPPING LOCK

Connections and jumpersFigure 5.30
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(. . . .1
DC POWER CONNECTOR

Tracks per inch
Tracks per surface
Bytes per track (unformatted)

DAT* CABLE 
CONNECTOR

terminatorRESISTOR RACK

COn-lANG CABLE
CONNECTOR

BOO
697

10416

40 ms
90 ms

' I

I
-I

I

3600 rpm I
< 35 s I

i-------------- -
| 5M bits/sec

Motor rotation speed
Motor start time 
Head movement;

Average Seek
Maximum Seek
Average Latency
Optimum step pulse rate

DRIVE I SELECTGRlvE 2 SELECTDRIVE J SELECTDRIVE « SELECTRADIAL SELECT OPTION

DRIVE SELECT 
JUMPER

0 
' OOQ 
OOQOO 
DOO 
0 s'

Figure 5.29

EEJ
DRIVE SELECT JtHPER CONFIGURATIONS

| 8.33 ms |
j 80 microsecs|

I
I
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CONTROL AND DATA SIGNALS

drive

The input and output signals for the drive are:

1

TOP OF SPINDLE

2nd DISK

SH

BASE DECK

Figure 5O31 Hard disk head selection
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oio
001

HEAD
SELECT

Data in MFM format is transferred by 
for which pin assignments

HEAD NUMBER

2
i

0

2 
i

0

Head Select 
active low).
NCR PERSONAL COMPUTER.

inactive,

2°~ - - -
BOTTOM OR Isfc DISK

Head select
The three Head Select lines provide for the 
selection of each individual read/write head in a 
binary coded sequence. Head Select 0 is the least 
significant line. Example: Head Select 0 low with 

high selects head 1 (signals are 
Head Select 2 must be inactive in the 

The correlation between 
physical disk durfaces and Head Select lines is 
illustrated in Figure 5.31 (0 = inactive, 1 = 
active).

Write Gate
The active state of this signal enables data to be 
written on the disk. If the Head Select is invalid, 
activation of this signal will cause an error. The 
inactive state of this signal enables data to be 
transferred from the drive.
This line must be inactive during the transmission 
no.f step pulses.

Figure 5.32 specifies the pin assignments of the 
control signal interface between controller and the 

The corresponding edge connector is shown in 
Figure 5.33. 
means of a separate cable, 
and edge connector are illustrated in Figures 5.34 
and 5.35.
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Signal

OUT2

■ I

I.

Odd numbered connections are Ground

Hard disk controller/drive control signalsFigure 5.32

T0.060 M0«-COMPONENT SIDE1
0.450

t

KEYING SLOT

C.C50

0.100

1.780

Hard disk: edge connector for control signalsFigure 5.33
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I

Signal
Di rection

18

20
22
24
26
28
30
32
34

4
6
8

10
12
14
16

OUT 
IN 
IN 

OUT 
OUT 
OUT 
OUT 
OUT
OUT

OUT
OUT

IN
IN
IN

OUT

I J4

| Signal Pin |

I I

PIN

T
0.400

0.030 *0.006
-0.001

iiu0.0S0-"*H

REDUCED WRITE
CURRENT or |
HEAD SELECT 3 (software selectable] 
HEAD SELECT 2/

WRITE GATE/ 
SEEK COMPLETE/

TRACK 0/
WRITE FAULT/ 
HEAD SELECT 0/ 
Connected internally 
to data pin 7 
HEAD SELECT 1/

INDEX/
READY/
STEP/

DRIVE SELECT 1/ | 
DRIVE SELECT 2/ I 
DRIVE SELECT 3/ | 
DRIVE SELECT 4/ | 
DIRECTION IN/
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Signal
(

I

I

Other connections are Ground |

Figure 5,34 Hard disk control ler/drive data signals

COMPONENT SIDE

6

0.450

KEHHG SLOT

0 JOO

1.080««>

Figure 5.35 edge connector "for data signals

17
18

13
14

9
11

1
3
5
7

0.030 *0.006
-0.001

| Signal Pin |

0.060

5-56

SELECTED/
Reserved
Reserved

Connected internally
to control pin 16

Reserv ed
Reserved

GND

MFM WRITE DATA
MFH WRITE DATA/

GW
Gm

MFM READ DATA
MFM READ DATA/

GND
GND

Hard disks

T
4 2 PINn n r~~r fl p’l" 
-IP— 0.050Q.050 -».■■■. ..nr -i .

BOARD . 
thickness* 
0.062 s 0.007
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when active, 
the control lines.

Seek Complete
This line will go from inactive to active when the 
R/W heads have settled on the final track at the

Drive Select 1 - 3
Drive Select, when active, connects the drive 
interface to the control lines. Jumpers are 
provided on the drive which are set in a specified 
pattern so as to determine which unique select line 
on the interface will activate that particular 
drive (see Figure 5-30).

Direction In
This signal defines direction of motion of the R/W 
head when the Step line is pulsed. Signal high 
defines the direction as noutw and if a pulse is 
applied to the Step line, the R/W head moves away 
from the center of the disk towards track 0. If 
this line is signal low, the direction of motion is 
defined as win” and the R/W head moves toward the 
center of the disk. Direction must not change 
during step time.

Step
This interface line is 
causes the R/W head to move with the direction of 
motion defined by the Direction.In line. Any 
change in the Direction In line must be made at 
least 100 ns before the leading edge of the step 
pulse.
The drive accepts step pulses from the controller 
in one of two possible modes5 track-to-track or 
buffered. Track-to-track mode is possible when the 
interval between step pulses is 3 or greater. In 
buffered mode, steps are accumulated and then 
issued at a rate between 8 and 200 microseconds. 
Note that the acceptance of track-to-track stepping 
is provided for compatibility purposes only. The 
actual stepping mode used by the drive is always 
buffered. .
An attempt to position the head outside the 
recording zone will result in 
Track 0.

a re-positioning at

a control signal which
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2,

3.
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Track 0
This interface signal is active only when the 
drive’s R/W heads are positioned at track 0 (the 
outermost data track).

end of a seek. Reading or writing should not be 
attempted when Seek Complete is inactive.
Seek Complete must go inactive for any of the | 
following cases:

A recalibration sequence is initiated by drive 
logic, e.g. as the result of stepping outside 
the recording zone
Within 500 ns after the leading edge of a step 
pulse or series of step pulses
At power on or after a power interruption

Io

Write Fault
This signal indicates that a condition exists at 
the drive that would cause improper writing on the 
disk. When this line is active, further writing is 
inhibited at the drive until the condition is 
corrected. Once corrected, this line can be reset 
by de-activating the Write Gate or deselecting the 
drive.
There are four conditions which can cause Write 
Fault to be activated:
* Write current malfunction:

Write current in a head without Write Gate 
active

or
Write Gate and Drive Select active with no 
write current in a head

* A drive malfunction causing more than, or less 
than, one head to be selected, or a malfunction 
causing a head to be selected for read during 
write or for write during read

* DC voltages are .grossly out of tolerance.
* Write Gate and an inactive condition on Seek 

Complete



DISK STORAGE

interface signal

I
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Index
T h i s

especially on inner 
is ensured by pre-compensation being 
Data patterns which cause a large amount

MFM,Read Data
The data recovered by reading a pre-recorded track 
is transmitted to the host system via a 
differential pair of MFM Read Data lines. The (pre
compensated) transition of the +MFM Read Data line 
going more positive than the -MFM Read Data line 
represents a flux reversal on the track of the 
selected head.

for 200 
microseconds by the drive once each revolution 
(nominally 16.67 ms) to indicate the beginning of 
the track. This signal is normally inactive and 
makes the transition to active to indicate Index.

MFM Write Data
This is a differential pair that defines the 
transitions to be written on the track. The 
transition of +MFM Write Data line going more 
positive than the -MFM Write Data will cause a flux 
reversal on the track, provided Write Gate is 
active. This signal must be driven to an inactive 
state ( + MFM Write Data more negative than -MFM 
Write Data) by the host system when in a read mode. 
Integrity of data writing, especially on 
tracks, 
active.
of bit shift have appropriate data bits shifted 
early or late with respect to the nominal bit cell 
position. Bit shift compensation, whether early or 
late with respect to the nominal bit cell position, 
is 12ns.

is provided
once

Ready
This interface signal, when active together with 
Seek Complete, indicates that the drive is ready to 
read, write, or seek and that the I/O signals are 
valid. When this line is inactive, all writing, 
reading, and seeking is inhibited. Ready should be 
inactive only as a result of and during recovery 
from a power off conditions Ready is normally 
asserted no later than 35 seconds after power on.
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' 100 ns MIR100 ns HIM

DRIVE SELECT
INDIRECTION

I0STEP
____I1

LAST STEPI |H MjN

„ ms KAY
0
1 j

! STEP PULSE). ■

I Track access timing

o i

t

0

T

1 0 0

0

0 0

I 1

Figure 5.40 Write pre-compensate on
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0 
I

□

0
I

c c
I—WRITE CLOCK LATE

SEEK COMPLETE

8 m MIN

II + I

II
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WRITE CLOCK EARLY

II _ —1_________I — ICO as MIN 
-- 1_ —

I
III
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WRITE DATA LATE
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TRANSIT PRECAUTIONS

THE HARD DISK CONTROLLER

*

thus saving head positioning

noted

Multiple
r c

sector reading and writing

Data reading and writing is buffered internally, 
thus facilitating interruption

The drive is locked when the bar is in the withdrawn 
and released when it is fully home.

The hard disk controller includes features which 
considerably offload the microprocessors

position,

* Basic read/write functions include an implied 
seek operation, 
control software

Head positions are noted internally by the 
controller. This avoids the need to maintain 
corresponding tables in your software

Retries are automatically performed, even on ECC 
(Polynomial Error Check) and head positioning 
errors

The hard disk controller is included on a single 
board together with the flexible disk controller. The 
hard disk controller, like the flexible disk 
controller, uses two distinct I/O address areas, 
according to whether primary or secondary addresses j 
are selected by means of jumpers on the disk ' 
controller board (see Figure 5®13). Hard disk 
controller activity uses interrupt request OEH (IR6 
of PIC #2).

The operating system of the NCR PERSONAL COMPUTER 
reserves track 615 as a Sparking" track.

A metal bar is included in the drive housing, | 
providing a shipping lock to prevent transit damage 
to the drive. The location of this bar is illustrated 
in Figure 5.30.
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Data register1F0H/170H
1F1H/171H

Sector count1F2H/172H
Sector number1F3H/173H

1F4H/174H Cylinder low
Cylinder high1F5H/175H

1F6H/176H Size/Drive/Head
1F7H/177H

I
Status Register

5-63

Read: error register
Write: write pre-compensation

status register
command register

Read:
Write:

The interface between controller and the system is 
via ports with read/write I/O addresses in the range

• 1F0H to 1F7H (primary) or 170H'to 177H (secondary):
)

Figure 5-41 sets out the significance of the status 
bits read via port 1F7H/177H. Reading the status 
register clears the controller8© interrupt request. 
If bit 7 is set, other bits in the register are 
undefined.
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Description

0

1
I

2

3

4

5

6
iprovided that bit

7

j 0

Status RegisterFigure 5O41

5-6 4

i
8
Ii

I
8
8

j Status bit |

I

j 1 ~ date was successfully corrected by ECC (this 
j does not terminate multi-sector operations)

j Index signal
j set as long as the Index pulse is active

I
i

- an error has occurred and the Error Register 
should be inspected; multi-sector operations 
are teminatede

| Bit is reset upon issue of a command

| 1 » sector buffer is expecting a-(further) read or|
j write operation
I
| Seek Complete signal
j 1 “ completed seek.operation

j Writs Fault signal
j 1 ~ read/write/seek inhibited

| Drive Ready signal
j 1 = drive can read/write/seek9
j 4 is set
| 0 = read/write/seek inhibited

| 1 - controller busy: access to registers is not
| possible (any read attempt defaults to Status | 

register) |
- registers can be read/written |
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Command Register

0000 = 35 microseconds

5-65

The 4-bit stepping rate value included in the Restore 
and Seek commands is as follows:

Restore heads to track 0
Seek
Read Sector
Write Sector
Format Track
Verify
Diagnose
Set Drive Parameters

0001 to 1111 =
0.5 to 7.5 ms in increments of 0.5 ms

The format of these commands is summarized in Figure 
5.42. Any invalid format written to port 1F7H/177H 
will cause the "Aborted Command" error bit to be set 
in the Error Register.

Valid hard disk controller commands:

A number of commands involve implied Seek operations. 
The stepping rate used is as most recently set by the 
Restore or Seek command, or the default value of 7.5 
ms following a Diagnose command or controller reset.

The L bit included in some commands determines 
whether the data transfer is to be "long", that is, 
including the four ECC bytes (bit set), or whether 
data without ECC bytes is to be transferred (bit 
zero).

Eight commands can be issued by the controller via 
port 1F7H/177H. For a comand to be issued, the Status 

| Register (read at port 1F7H/177H) must indicate that 
the drive is not busy, the Drive Ready and Seek 
Complete signals must be active, Write Fault must not 
be active. Issuing a command resets the hard disk 
controller interrupt request to the system.
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5 2 1 07 S
i■3MxastXB«3ee>

J Restore Stepping Rate100 0 <

Stepping Rate1 10 1 <

T00 0 1 0 L0

TL0 Q 1 01 0

0 010 0 00 1

0 T1 0 00 0 0

! 00 01 0 1 Q0

1 0 01 0 0 0

Figure 5.42 Command summary

followed by
followed by

10 retries
becannotand
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tntmaiiarn a rTnoora-.-wwa

Comend

I 
I
I

I
I
!

I 
!

I
I

I

>i

>l

I

This maximum is 
influenced by the hard disk controller.

| Seek

| Read Sector

| Write Sector

j Format Track

| Verify
S .
j Diagnose

j- Set Parameters

For commands requiring disk location information 
(drive, cylinder, track, sector), it is necessary to 
have previously supplied this information by means of 
the appropriate controller registers.

10 retries,
drive recalibration,

drive-specific.

Setting the T bit limits the number of retries to 
one. Otherwise, . the drive performs retries up to the 
following maximum:

Bits 
4 3
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and

no error checking is performed.

for the
an so on
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First byte -
Second byte -

Third byte - 
Fourth byte -

FORMAT TRACK
Delinates data fields and writes identification 
fields on the specified track using the interleave 
table already in the sector buffer (written via the 
Data Register). The interleave table written to the 
sector buffer consists of two bytes for each sector:

00 (80H for bad block) 
logical sector no. for the 
first physical sector

RESTORE
Moves the heads outwards until the Track 0 signal 
becomes active. The cylinder registers are reset. An 
interrupt is then issued.

SEEK
Positions the heads at the specified cylinder, 
then issues an interrupt.

00 (80H for bad block) 
logical sector no. 
second physical sector

READ SECTOR
Reads the specified sector from the hard disk drive. 
This command includes an implied Seek. A Restore to 
Track 0 is not implicit, so that no track-to-track 
head movement is required if the head is currently 
positioned over the right track.
An intrrupt indicates that data is available for 
reading from the Data Register.
If the L bit is set, no error checking is performed.

WRITE SECTOR
Writes data already placed in the Data Register to 
the specified sector. This command includes an 
implied Seek. A Restore to Track 0 is not implicit, 
so that no track-to-track head movement is required 
if the head is currently positioned over the right 
track.
An interrupt indicates that the command has been 
carried out.
If the L bit is set,
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The

registers before this
in Size/Drive/Head Register

in Sector Count Register

Data Register

5 “ib 3

The actual number of sectors to be formatted on the 
track is determined by the Sector Count Register. 
Note that this register must be written separately 
for each track formatted. . .

No. of sectors per 
track

1

}

an interrupt is
The

interrupt, 
Register.

The remaining bytes of the 512-byte sector buffer 
should also be written, The hard disk format utility 
of the NCR-DOS operating system uses an interleave 
jump of 3*

issues an 
the Error

VERIFY
Performs a verification of a previous write to the 
sector(s) specified. Upon completion of the single
sector or 
issued.

Max. head no, 
in specified drive

DIAGNOSE
Controller performs internal diagnostics 

and reports any

SET PARAMETERS
This command must be issued so that the drive can 
perform multi-sector operations. The following 
parameters must be deposited in other controller 

command is issued:

The Data Register provides 16-bit access to the 512- 
byte sector buffer on the disk controller board. 
However, ECC information (transferred in wlongn 
read/write operations) must be read or written byte 
by byte, allowing 2 microseconds between transfers, 
and the DRQ signal must be active.

errors in

multi-sector verify^
Status should then be checked.for errors, 

command aborts in the event of an error.
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Error Register

►

5-69

In the normal mode of operation, the Error Register 
bits are used as stated in Figure 5-43.

The significance of the Error Register bits differs 
according to whether the controller is diagnostic or 

| or normal mode.
i ‘ ■

Diagnostic mode applies at power-on, or when the 
Diagnose command is being executed* In diagnostic 
mode, only the 3 LSBs are significant: value 1 = no 
error, value 3 = sector buffer error, values 2, 4, 5 
= other error.
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Description [bit setJ] Error bit |

| Data address mark not found during Read operation0

1 a

82

3

4

(

| Hot used5

6

&

7

Error RegisterFigure 5O43
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the
pre

even if | 
. If error is j 

th® Status Register is also affected)

An 8-bit register specifying 
cylinder, divided by 4, from 
compensation is to be applied.

Pre-compensaticm Register

the number of 
where write

| Track 0 signal did not become active during
| Restore command

| An invalid command was issued 
j or
| A command was issued although drive was not Ready
I or
| A command was issued while Write Fault was asserted)

) Not used

j ECC data field error, This bit is set, and remains ) 
| set, even if the error is recovered by a retry. If j 
| the error is recoverable, Status Register bit 2 is | 
j set, otherwise Status Register bit 0 is set jI
( ID field contains a "bad block98 mark

| Sector ID could not-be found or CRC error in ID 
| fialdc This bit is set, and remains set, 
| the error is recovered during a retry 
| unrecoverable, 
j (bit OJ
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Size/Drive/Head Register

This register is made up as shown in Figure 5.44.

17 26 5 3 0

HEADS11 0

Cylinder High and Low Registers

Sector Number Register

Sector Count Register
I

5-71

DRIVE is zero for first hard disk drive, set for the 
second hard disk drive.

HEADS is a binary value for the maximum number of 
heads in the drive.

I
I

I

Bit: 
4

A 16-bit value specifying a cylinder number. The 
controller notes internally its current cylinder 
position. By comparing its internal note with the 
value specified in these two registers, it can 
determine the direction in which stepping must take 
place. :

DRIVE <

In single-sector operations, this is the sector to be 
accessed. In multi-sector operations, this register 
specifies the first sector to be accessed. The 
controller updates this register as it read/writes 
sectors.

Figure 5.44 Side/Drive/Head Register.

The controller automatically decrements this register 
each time a sector is accessed If you specify a 
value of 1, the subsequent operation is single
sector; otherwise a multi-sector operation is
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Hard Disk Register

controls interrupt request OEH:Bit 1

controls drive reset;Bit 2

Bit 3

Signal Status

(

5-72

0 ~ interrupt request enabled
1 - disabled

Reading port 3F7H/377H yields information about the 
current state of a number of control lines to the 
hard disk drivefs). This is set out in Figure 5.45. 
Note that bit 7 is used by the flexible disk 
controller to indicate a diskette change.

0 s normal operation
1 = perform reset

0 s pin is Reduced Write Current
1 = Head Select 3

controls use of pin 2 of the drive control 
connector:

A write-only register is located at port adresses 
3F6H/376Hc Using this register additional control 
information can be . written to the hard disk 
controller. Only bits 1-3 are significant:

performed, even across cylinder boundaries (value 0 
specifies 256 sectors).
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I Bit | Signal

0

1

| Head Select 02

| Heed Select 13

| Head Select 24

5

| Write Gate6

7

Figure 5.45 Signal status

Hard Disk Format

The sector format is illustrated in Figure 5 <>46.
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SVNC
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ID FIELD
Identifies track and sector. The address mark (AM) is 
a unique MFM encoded data pattern indicating the 
start of the ID field and synchronizing with the 
ensuing bit stream* The ’’A!” byte is made unique by 
the controller by omitting one clock bit* This is 
followed by a single identification byte.
CYL LOW contains the 8 LSBs of the cylinder number.
HEAD contains the upper bits of the cyliner number in 
bits 0-6. Bit 7 denotes whether the sector is good 
(zero) or defective (set)*
SEC contains the sector number.
Then follow 2 bytes for ID CRC checking.

SYNC
Allows the controller’s phase-locked oscillator to 
become phase and frequency synchronized with MFM flux 
reversals. This is necessary so that clock and data 
bits can be distinguished from one another.

GAP 3
The zero bytes allow time for ECC checking.
ensuing J’4Ers bytes allow for variations of spindle 

o

DATA FIELD
The actual data storage area is prefixed by an WA1” 
and further identification byte, as was the case with 
the ID field.
The data field is concluded by four ECC bytes.

GAP 2
Provides bytes of zero, mainly for phase-locked 
oscillator synchronization of the data field.

GAP 1
Provides a head switching recovery period and 
controller decision making period so that that when 
switching from one track to another, sequential 
sectors can be read without waiting the entire 
rotational latency time (the controller can read the 
last sector of a track, perform a head change, and 
read the first sector of a new track)o
The minimum Gap 1 is 4 bytes, but 16 are usual.
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G AP4
Provides a speed tolerance gap for the entire track. 
This gaps like Gap 3, can vary according to 
rotational speed.

speed between formatting and writing. The number of 
these bytes depends on nominal motor speed.
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Chapter 6

The Loudspeaker

I HARDWARE CHARACTERISTICS

PROGRAMMING MUSIC

6-1

That the CPU does not have to directly pulse the 
loudspeaker in relation to’the desired frequency 
means that sound effects can take place while other 
instructions.are being processed.

To obtain timer counter 2 values to produce one of 
these frequencies, it is necessary to perform- jumbo 
arithmetic: place the frequency in Hz in CX. The 
value 1234DCH in DX-AX is then divided by CX to yield 
a 16-bit result in AX. This value is then output to 
the counter, low byte then high (a division remainder 
can be ignored).

If you wish to program music, you will find the table 
of frequencies and their respective notes in musical 
notation useful (Figure 6.1).

The output from the timer to the loudspeaker 
amplification and volume control circuitry is AND

* gated with a latch responding to data line 1 when I/O 
address 61H is selected. Therefore, sound is turned 
on and off by writing to port 61H with data bit 1 set 
or zero.

The driving signal is a square wave derived from 
output line 0UT2 of the 8254 programmable interval 
timer (sse Chapter 2). The actual frequency is 
determined by the value loaded in the counter for 
that timer output.

The NCR PERSONAL COMPUTER MODEL contains a small 
loudspeaker, mainly used to attract operator 
attention in application programs. The loudspeaker is 
driven by a TTL signal, amplified by a transistor.



THE LOUDSPEAKER

Note

I

Music frequenciesFigure 6.1

(

I

5
I

740
784 
830 
880 
930 
987.8
1046.4 
1106
1174.6 
1244
1318.6 
1397 
1480 
1568 
1660 
1760
1864
1975.6 
2093
2217.4
2349.4

220 
233 
247
262
277.2
293.6 
311.6 
329.6 
349.2 
370 
392
416 
440 
466 
493.2 
523.2 
554.8
587.4 
622 
659.2
698.4

R
G
Gf
A 
A#
B
C
C# 
0 
0#
E
F
F#
6
G#
A
A#
8
C
C# 
0

I

5

Frequency
(Hz]

Frequency |
(Hz) |

j Note
I

A 
A# 
B 
C 
C£ 
0 
0# 
E 
F 
F# 
G 
G# 
A 
A# 
B 
Middle C 
0# 
0 
Of 
E 
F

6 — 2
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Display Control
«

ADAPTER CONNECTION

)

7-2

The 3299-K201 graphic display •adapter supplied with 
the NCR 3295-2010 Color Monitor supports "all points 
addressable" graphics and contains a 32 KB memory.

It is important that you install the display adapter 
supplied with the monitor. This is because the 
frequency characteristics differ from.one type of 
monitor to another.

The 32 KB memory of the graphic display adapter can 
be upgraded to 64 KB (3299-K202), thus providing high 
resolution (640 x 400 pixels!) color capability.

A 9-pin D-shell connector interfaces to the external 
monitor. Figure 7.1 shows the pin connections of the 
3299-K201 display adapter. Figure 7.2 illustrates the 
signals for the light pen connector.

The display adapter uses a 6845 controller. A dual 
port configuration is used so that CPU access and CRT 
controller can access video RAM independently of one 
another. All video RAM lies within the CPU "read 
address" area.

CAUTION: Before connecting an external monitor, you 
must ensure that it is truly TTL compatible. A 
number of monitors available claim to conform to 
this norm, but in fact drain excessive current from 
the adapter.
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ISignal
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1

Figure 701 0-connector pin essignments

Signal

l Vs

6

Figure 7e2 Light pen connector
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CHARACTER DISPLAY

THE CHARACTER SET

)
1FH.

7-3

The higher part (character codes 80H to OFFH) is 
loaded with the NCR-DOS executable file GRAFTABL into 
user memory. Assuming that you specify high 
resolution in response to the GRAFTABL menu, this 
higher part of the table is retained in user memory 
even after the return to the parent process (using 
the NCR-DOS function call ’’Terminate but Keep 
Process”). The exact location of the first 16 x 8 
pattern byte (that is, for the character with code 
80H) is the byte with a positive offset of 400H to 
the Code Segment + Instruction Pointer value held in 
the CPU interrupt vector entry for interrupt type 

This entry- is set by the GRAFTABL program. 
Example: if the four bytes starting at machine 
address 7CH (= vector entry for interrupt type 1FH) 
are 03H-01H (IP) 91H-06H (CS) in that order (the CS 
value can vary according to the program segment set

The

The NCR PERSONAL COMPUTER draws upon two character 
sets. In the character mode of display a set of 256 
characters can be displayed on the screen. This 
character set, for the most part consisting of 6 
(horizontal) x 9 pixel patterns in 8 x 16 matrices, 
is produced by a character generator which is not 
accessible to software. If your application requires 
the pixel patterns of this character set (for 
example, for character magnification), you can load a 
corresponding graphic table into user memory by means 
of the GRAFTABL utility under your NCR-DOS operating 
system. This table is required, for example, for the 
640 by 400 pixel graphic resolution of GW-BASIC.

lower part of this graphic table (that is, for 
character codes 0 to 7FH) is held in read only 
memory, starting at the machine address 0D800H offset 
to the beginning of the ROM at paragraph 0F000H in 
the normal machine memory map (the ROM is not 
switched), and extending over 2048 bytes (128 
characters each of 16 bytes). This lower part is, 
therefore, always available for program reading.
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up by NCH-DOS), the beginning of this higher part 
graphics table is located at the hexadecimal 
paragraphsoffset address 0691:0503^ and the top 8- 
pixel line for the graphics character with code 81H 

. is stored in the byte 0691:0513.

The pixel patterns for this 16 x 8 character set are 
illustrated in Figure 7«3.



□ n
o ' 10)

o 1 3 54

I. 7 0 9 A B

C D FI F 10 1 1

I 2 13 14 IS 16 17

)

1A18 19 IB IC w
The mein character sat {1 of 9)Figure 7.3

7-5

'10(1 
M ’ll •mo 
♦00 

111 80 
MIOMil

K’C

IDI 
)■ 

K;

s 
Ju 
f 

Ml. 
00,1001 ton noonrbno (vmi moor

im*nn ’ 80 
I )C ion 
ion 
j m

•nnoonooo 
ponnoooo onnnnnm

|iwa itonn 
it ion

oonncmon 
0000(8000 
umwio PDfOfif — 
not u | 
Of f ’Of 
off mfi 
(Mf mfi 
Of i ml

M >•' II M ‘Of Ml 
nn'mcium 
Pl !•» Mf in (him moon 
nri(n if icon nt irmiuM in 
imii M inion

IS8I8S ISHBRB 
SESSil *■«■** ■am .'fin V )()()(f ii ioim * •*'m*o *8«8*« 
HISI8 ***o«5 ■Bills ■■■■■I

oononnon 
nnonoonn 
onoonru to 
OfMMHM son (m ;f if ii if mn 
Of ifnnnn I •' ’BiMM’0:8 
naaivifi'D 
Of • •oooo 
(KM fonnn 
(mm i i mm 
on' ;fwmop niii ip mob 
Oi r ’iliNlijo 
(M V j( N ♦• )'’[} 
rmf.ii mobb

DISPLAY CONTROL 
ponoonon 
ooonnoon nnnnoiioo 
(innrfono 
onoiaioQ nnof f non on*' ifinfO

0(101 f 100 
odbif non 
BhomnoS 
nnunnooQ 
nbbnooon 
0001IGOOO

noooooon 
00(100000 
nnnoi moo 
(HMM fnon 
cwniifi me OOH’Bnsl 
nrmsi loon 
08*0:108® 
(i(m*m»'io 

“08:1 inffin® 
• inn

nnonooon 
nnoonono Of h mm ion 
oi mil moo 
(II If 8*00(1 
DIM f *0f 
001 '11'110 
(MM l|' 1|: f 
n**iim*i 
■MioiM i Ffii .(Mini rmorw vs* 
(10008 111 
(10000811 boon: icon 
(M10( mono

onoooooo 
ononoooo nnni lonon 
DI i(K)DDOD uni m m mon 
mmnono 
00'88’00 
Off 118(10 nt ifiiiii in 
(MM 1*8'1(10 
di mi Di mo 
km mum mn 

(MIOOIM MIO 
I MM M ll HM10 

if W MMM 111(1 
Of II IIIOI IDO

Off' t 081. 
rinnf' ... 
ononnoon 
01 KM M 1(1(10
KiDQi moo 

000(1(3000

nonoonnn 
pnmnnog 
0(1000000 
00000(100 
(M If mf'MlD 
oddij lion 
O('***8* 1 

fW8J8813 Q(Mf*i’o 
oonoiimn nnnoni mo 
boot MMipn b inodobd 
00(100(100 
0(1000000

n *8 
(”*** 
08888*8 1

j* a a
JIM 88 Mio 

(MM---------
(MM
(If M
MM;_^ .... uni mnoiK) (innfii H mn (m:im m m mo (Mbhrnnuo

!»
nnonnnoo (lorn moon 
nnoonnoo 
nmnpono (m«f)bo»n 
(’• fif-iagfi 
p**fi8**e 
(e.S!l883 
'KM ififieo 
OO(l()ii)( (MIDI ion 
nor.)' ” ‘rv (MM it 
0(H 111 ... 
(1030000

onnnooon 
OflOODf M10 
in kid ’imp 
00088 (mh it 
(11II fl 
0(M 8 i 
(M M 88 
13' 88

c>H« i”o<)8 
oormi mem 
0(1.11 M1000 o mm mono

nonoonoQ boononnd 
0(MM 10000 
pOOrK’QQQ 
bi mi i(inoo 
(M 888830 
080: It IP 8(3 
)| il(J(M fO 
(f 000(1 ill 
(<10(1080 
(M 888800 bODOQDQP 
on: KMiDGO 
otionoooo 
0(10(10000 
(M10(10000

ilrw (lingo 
.300 

(1(1(100 
(MO ID 
i innoo 
moooo

oncioi moo 
uuoi ;i moo 
ocm- u moo 
(•11'88800 

flDi'80 
i.h mi; I 
i *' 5i i* J 

OOt 8880(1 
CUM’ fi MID 
0(188888(1 
O(M)l 8: " >0 
DOOlii.M 1(1 
pOOf 1000(1 
(O MM 10(10 
of mm mono 
(moi mono

nnonnoon noonniMio 
O'MMM’nnn 
Hi 888g'Ml 
ifesKOfn 
8»89BB*f 
8* 88 ie| 
sFW'li obIbsIIi 
MM 
nnfMinono 
boopiinoo ♦( mt mono

pi mi mono 
bcmoi moo ononniicm 
hi mormon (Mini km mn 
l’I KKMMlbO 
CM MK HinOO 
(uu rnrrnon 
(’(10000(10 
nt mnnnoo 
(UM100000 
ii mono io (mngonnr 

pimonnn.. 
uionnooo b( mnnooo

pnrumnon tu inrmnnn 
nor»B®ono 
0(8 m®rm 
(M 8’ TM W10 
Cf'gnnoo 
ri-K:»noo 
(M?8f ’(l®il(3 
nor 8019'1 
DIM M 8'83 
(inner8’10 nnfoi’inn 
00'88’00 
ru mnGiMin 
rMMMMK mo 
ODtinnooo

oiiiioorioo mooi M JOO 
lummog 
M’l *8 Mio 

0’8888 U) 
08889881 
(ii.' 8$ inn 
noi fii (io 
porii mio 
briKHH 
(KM 88 Ii 10 
oof m’i ion (Minnonon 

m i! Kionnn 
ru mJ mono

mmi BiBBBli SSiESel 8(101)088 3(8f'M
i M 88 Ml 
■ O'MMW 

IHIII 
8888*8 
aeii** 
888*88

(icmomino M MM M Mum 
(idimi not 

mo _ __8^ 
l(>. 88 cn

oonononn 
0000(1000 
oonfumrin 
8M >000(100 
DO’ MM IODO 
onnononn 
onrrni moo 
iMinooooo 
oi ’Pimnon mum 
oi88**in 
(mnunrino 
0 IO(M Mil KID 
(M.moniMio 
oiifM mono

onononon (MinnnniM 
oormiM’.i m 
ntiriniMMMi 
pi ii m :f mnf 
I mum’■ mo 
(HMM” * ’( 
0*88888'1 
Of i: MM '* ”, 
noon* HMI 
nrirmrumn nn(M mi inn ruMM Mid it 

. rp it it )• if ifif(u MKuinrrn 
Ji n MMH Mid

nonnoono ononnor« 
nonnopii nonnf’**! 
ifB'SSSSI 

OC11'88888 
OOODifti 
oonnoff I 
poonooriMidi mono 
inonnoon 
•nonnoon 

00000(100

onooonoq 
0(1(100000 
oi ir morion 
* monnoQ 
ftiiKinn. 
99*i mono *88*8'mi 
f****80r 
8*6*800 
88*. MMIDI 
**:m KHM) 
i i moonp 
CM looonot 
oiMinnorio 
(M mooooo 
D(M 10(1000

QQOonnrm 
gonrmoon 
onrmnooQ 
000(10000 
O(MMi*8*f 
onoi ini-ii 
(irmoofi >1 SSRrxljBB 
oi ♦( mi no ci firm if io

0(1000000 
0000(1000 
00000000

nnr»i
0«'8

oi in
nor l

Of”’ 89000

D(l(l( ll MID 
riOtnlDOOO

ooonnnon ooonnono 
rmrinnoon 
nrrnf mono nrumoonn 
I’i 800800 r fnoiu'fl 
8B88888* 
( "fifll *" 1 
OfUMinroo 0 (UMit monn 

n pUMmnno 
n hl mi norm 
n rruKvmnn n oi mm mono

nnfuiofinn 
bnoimnoo 
nnnrif’imo 
(M'*9*800 (f.hh’OBO 
8 Ulf-Milin* 
in*( )()■('* 
I KMMM’i f 
I'fiMifni 
*110*8;)' <i 
!•*'■' ''M I8D 
0( 88*8 Ml 
(K)lMM’D(Ml 
DGOt Mumn 
OOI'OOOOQ 
01 MMUMiOO

00000000 conniMM’n 
O(MII!('»..30 
(MKM f Mid bop8i*m 
DI BBSttfO 
If*****8

OOi M f: n lO 
OOOff M10

0001 mi 100 
bi mi mono 
(mi mm moo

oonooono 
cmnonocm (Mmof’oim 
001 Iff m io 
oihm f*no noof f f n 
(MJCIi | ifio 
oom f mm.. nnrmi'ii m 
oi **5: mo 
o,*e8i' mn 
1)0*80000 
( m m mi .non 

. nimiMMmo 
oi'onnnon CKioot moo

nnnnoono ocmoonon norm'mi m 
(U'888880 
(8 i> i m 
rfi'i Son 
i io** loo 
(l!”'*' *0(1 ()0( fi ’fif Ml 
poi *> f< m boif. i hi 
n it fi ifi'io 
(I I'HMMi. in 
OfMMM’IM ID 
(Mum mim 
o )O; ii moo

(10000000 
(monornn 
000000(10 
nnnnr.ooo norm ukm 
nt mimnn “'innnoo 

hum mu o<!nnn 
^z~—in uuiiv.rirm

di
fHumniMu hi moi mor



control
,5

JOO

IE IF 20 21 23

«

24 25 26 29 29

00000

282A . 20 2D

0

30 4

pi ib

K.

000000

39 3036

7-6

s/
Figur® 783

30

Th® j?m1n

o 
(1(i h 
(
(1

QOOOQOOO

moor oo“ 
000(11 *" 
(100090(1

nor ooo

oJil
BWtl 
------- 

00000000 
01611000(10 
(•00000(50 
OOriilOC 00 
oi h— 
DIM MICH ..
000(50001. 
IM 304'1 h 
• MM ““' 
000
000___  ...
88888888 
LMK

88888888QOQodqo 
IOC oc

oobioc

s«r....

o 
!8 
8

noooi.
10000000 
OOODOOQ 
10000000

CK’fWJS noonan noooc 
poor"., mono 
0(6(3001

mono mono 
i(M.)OOO 

00 
00

000 
fl«Q and 
I U MJ 
000 

f118

... JQ nog 
“JO oboe'flong

30 
(if Kino 
no? job

8

nonnnnoi 
none non 
000(6(1111)1 ooorm io 
OlMMKMIOl nmnndm no- imano 
Somnml 
oononncii

RBffliM bnooono 
0000000

OOOQQQOQ 00000000 00000000 oooorano (indraii to boost if: io 
8

noooonoQ booonooo 
OOf lOi 1000 
0(*««8ttt to 
0804,00““ 
hit mor.

ji Mli i 
()(!' 
(W . 
OOOOOJ 
0000(100(1 
hr aa«:)«in

boohnono n( iiimoo

8888888 
QOOQOOOl □ot 'foaoi pooflnaoi 
jot :s oam f SI slsisi

3A

character set (2 of 9J

OQQGQOpQ 
opoodobb □poorond 
00000000 
OO0(I( u m id 

It 100(61) 
.:«'HOOD 
imn 
. <00080 
ooooio noonio

«

QOOOOOOQ 00000000 000000(10 nnoc lanoo 
88SS1S88 “lOiniiMJQ

OOOQOQi QOQPOI

ppopdo sate QOOQOfl uQOOOl pooooa ooooninO oooooiog QOOnaOnc 
M8888 
88888888 ooodoood

QOQQOOOQ QQbboOOQ dpooriooo 00000000 000(10000 0000 ‘ “ 00(18 OCX 50 O(tfl«3_ « 

bpoooob POOOOOOL. 00000000 00(100000 001300000

31

i.

;0^

1

me
888ton
QQiriioi _ob|olo 00000001

QOOOQOOQ 00000000 oonnooog nog00000 “oilogon olaonao iQQOOiOO pobnanoQ booaoooo 0000(1000 ogSooiln 
bbboood

QPOQOOOO 00000000 00000000 00000000 00008000 c»( loitjod 00000000 0001(1000 baoi »©oen
WTO
0000(6000 noQQdooo 
000(30000

80088808 ongonnog 
05 !«@W 
001 >00(10 (linooofi blogi ini 
(0041000 
oinnooi [•1(10(10 i 
0000001 ji

Qoooanoi not oooni 
Q0( (60(601 
00 
0(1(3(10001 
OOOOOOOL. 
0(3000000

88888888 
QfJOOOOOl ononooo nnnoQOOi (looonnoi
80000'008 
donaanoo 

npg 
< 10(3

sxm OOOOOO0 000(101-. 00000(10' 0000000 0000000 (1000000 OOOOOOQ pooopoo 0000000 0(300000 0000000

I?

DISPLAY
QPQQQong OQoooogd 00000000 oonnoopo 

nog
no

00000000 
00000000 
0000000c nnnnfinqf 

IJUC mad 
nor

j a

onononoo 
000000(10 oonnnnon 
0000080(1 
oocoocjn Qooonnlg mporfiOQ

00(1! 1000 
oopfinong 
hoc 18:1000 Ww (inonnoc 
O(1O(IOO(

8888888 
^QOOOOOi Qoooono 
0000000 
ajonoonoi. 
00000000 
00000000 
04100(1000 
00000000 noonoong 
00000000 ontfonooQ 
oonooobo nonnooog 
0000000a

00000000 
00000000 nnnonooQ 
('8000800 pciomom Monnaoo hoofisoog 
cm in«lsng 
0000000(3 
0(100(10011 
00'104 loin 
onsjaaano 
00000000 oncinpoog 
0010(1000 
00000000

I

I

88888888 00000(300 PPQO0OQQ nbobiooo nnoosriag nnooioop naooinoQ nnnoinoQ 00000000 nnooooog mnoaong poooooob 00000000 0(1000000 00000000

88088888 QOOOOOOC boonaaoc booaonod Qoaooood Q i|000QC QClfiOOOOC oosooooo npgijoooa
laSor JCHIOQ iOOQQ

□nd

88888888 
00000000 
ooognsoo oocr“ •*“ 
gon 
000 
qool....
00000000 
00000000 
000041000 
(M 8O0(M 1QQ 
O0( 100000 
OOOflOQOQ moooood 
00000000

(I

OQO0OOOQ 00000000 000(10000 door ’foog 0000if 10Q dpooioog 00001(100 000(1000 mor'inga POOOiodQ QO(1 ’̂.^, inQ boo®ia00 noonogog qp0(i(iood 000(30000 oaodoooa

00000000 
00000000 ooooonno poraanon b(i»: lilfflOO 
■aoi 100 an 
•if 0)0t 
'i ll !( 1(1004 1(10001(1 naononi(5 joanoapd QooaaopQ QoponoQO 1 QOQOOOp pdoOnooQ 0000(1000

qoonnoon ooooonoo 
000(1(14100 
00(100000 nn(i(i( 5ono 
04 50041000 
(404 M 1(5000 

8S^S888 
000( 40000 mco m ion 
000(804100 
CM 54 800000 
04II 1(40000 
IM 100(1000 
0( 600(5000

OOOOQOQQ 
OOOOOOOO 
041000000 

oS?ioSo38 bionncinr
8S8M poogoeic bnnoo(Ji( psnoooin asm 
QQuOQOQC 
0000(1000 
OOO0OOOC

QOOO00QO 
00000000 
000000(10 pnaaaann 
naonnoa.". poooaoio opoofiann 
00000(1(10 ponaomo 
0080(5000 pane jnonn 
MM 
QQQOOJIQQ bobpooo1 
00000000

ooonoooo 
00(100(300 nuonngog 
(looomod 00(501(100 
mooinog QOjoillQQ 
00000000 
0000(5000 
00000000 
<1( 4'10(5000 
(lOOQOnog 
111 10(10000 
004100000 oj sooqnng 
00000000

........ 'ano noPraai to 
0OC®ti«:)O ona '(win eamp®no 
feP|?!S oo( wind nooooiod 

(O1OOO0Q oononngd 1)000(5000 
000(60000

QQOOO0OO 
000001100 
100000(10 
000004100 
0004 60000 
0160(10000 
OO( KM31800 • nooonnoQ 
)(M1O( 1000 nonamoQ 
oonifiiM id noociong mmiiJOQ OnnanpQQ 
noons ibod 
00(800000

'soingoainon
10(1
IO“ 
iO(____„„Dpooonp 

OOOOQQO oooa “

QOQOQOQ 
oonpoog 
0(6(50000 .onoonno 
18S88SS 
mi® i a 900 
10c _ looasno
noiioQ ™ 
100000

odL doo



CONTROL

8
o

b

3D3C 3E 3F 4!40

it

88841888
00000001

42 43 4544 4746

’li

40 49 4A 40 4C 4D

8
4E 4F 50 58 53

r

10(11

55 56 50 59

Figure 7.3 The mein character set J3 of 9)

7-7

f r.no

Q s

3

’1
■'I

88' 
00 rSr

Of1 (# 

8p bo

tn 
oOnonnoo nonoofK c 
oooooooc. oooooooo

3000000

PoRooRR t’fooong 
l’#1)0001

oor not.

fei

0
111

O|«

IT 
01 
(II 
Ol 
01 
DI 

•Ol

it

88 □□

no 
Hew

if
■•s w r • « w »%/» JI

pooooooc biDOOOOC 
rlotmoc 

iu

0

8
'-•Wf v r V B< 

SdRRF

oonnid nnnolo 
M8 noonpn oooobd 
: inoodd

mm
10000000 
ODQ------  

10001

81 
di 

tel 
mnooooo ooooooog 
01)000000

norot oaonc 
0|')0( 
0#0Q( 

p|‘k. 
rinooriio (ittfionofirj 
MH w™ oooooono

O01

oi
338 
1000

fooooad ioonoSo i'joooio 
lOOOQOOp

8888881
QOOOOOI tasi 
8 b h 
in

Q000C boonr 
-onnbC 
ooopgc . .tiooo#d 

pinnooir 
oneonsot ooraffinor bnenfisnc nsnoona or------

88888888 
0(1000(100 prioontQ plonoolo 
b b 
r » 

6 
( 
p 
booooon 
00(100001 
0(100000 
00000001

C’i binnwno. bjooneoti bioooor booooo

Bffl

I

1000000L 
iboRo’oBR

oooooooo OOnOQOOQ nrjroonnn :. nqoHQ “ “1D#Ojo#q Join Town 10 Io
o

o 
c

lor

88888888 
00000000 
0BH®»B8g 
Qfnooow 
81888881 
TO® j #000000 

(lioooooomW 
00000001 
oRooRBoi

57

Pip I 
HBijnoold b#D(100#(j oofiSSSoo 
00(100000 QOOOOOOQ oooooooo

tiooooo|r bennnolr 
88M8 ooonoooQ 
OOOOQQOQ 
OOOOOOOO

(’ o 0__OOOOODOQ OOpQQOQf oohoooot oooooooo

2^
-I

L«

(11

8888888 OOOOOOQ MW ■)0()(#d )()()()|i) Wfe dqdpIq onohld

oooooooo 
ooooooqq pooooonc bi loonf o njnoon# 
8888881 £’#3000# 

□#0000# 
onannao nnnsBrir QDQOOr o 
MW ooodoon

oooooooo 
00000(100 
ooonnooo bniBBenh 
bBDOOOBQ 
r.ioonold O#Q()O(1#Q 
’ Mi

lOOOlQ

8888888 Qoooqooi 
0000(1001 
00000001 
(10000(101 shwMs 
888MM 
00(10000 
DOOOOOQ 
00000(10 
0( MIOOOO- 

88888888

OQOOOOQO 
OOOOOOOC bononooc 
BBR'IWd QOQOioor 
□oonfioQ poor'#'10 Qooojno 000f’#f)0l 
ooor.jnoL QQQuioOQ

onooooBf

I’I

—

(•ioQootg 
888888R8 bnoQQ loo oooooQog oooooooo

8880080' 
nnnonooi 
MR- 
I® 000 l#fll
— 1D#C 

j#Oi 
o| 
OOOOi

j

88888888 00000000
pI'ipQdOC b|t)0Q00C 
PIooqooc b#DOOOOQ 
()|OOOOQC 
OiOODOBQ 

88S8M8 
QOOOOQOC 
00000000 
OOOOOOOO

8888888 JooonocK 
8SW8 

jQOQOOfiQ 
^Q()OQ«Qi 
JQOOf IQi JOQOSOQI 
000(11 10i 

SW& 
00000000 
00000300 

88888888

8888888 onooooo OBOOOOf
P#oIb .:# b|cipop| 
r#onoo| doooo

OOOOOQl 
lOOOOOOl 
00(10001 

iraiii
'#I)OQO_ 
#000(11 
#onnc.._ lta!88 
OOOOOQC looooobc 
lOOOOOOC

«■

a 
0000 
00 in

ooopnooQ 
DOOOf 1(100 
0000(11100 
2 »OBBB0Q bnor#nnQ ppobjood oooojono 
88881888 bon(# ion bOOPfriQQ 
888MW8 
000(10(100 oooonoob 
0 1( l( 10000

l(#C 

dObbIq 
QOOOOC w 

OOOQOQC 

18888888

(1
8888888 
888883F 
|( (inaoi rt 

vAn’enod 
joonario 
10(1 )('BO Ooooooo ppoooco 
00(10000 

8888888

OISPLM

QopnbQor ptwoemd 
bsfioonad ploooofr •'ftf 

j#i ii 
o
‘•I

8888888 oooooor 
ISS8SSS? 
ijnoonoc 0#00Q00f P#(io|iifr t|oooo#r 

bloooojr oioonolc 
88M8S8F ----------------

0 
(> 
(I 
0 
(> 
(I 
0 ............-

QOOOOOOi OQOOOOO OOUOOOOi

88888888 
OOOOOOOO 
(f 100(1 BQ 
('I KlOf #() 
(i|booo|q 
ofiipi 1( #;

D#OOOB#O 
(# lOOtlBQ 
0|()00(lfcr) 
olonooBf) 
01)000000 
(1(1(100000 - oooooooo 
00000(100

IrPB8888 loonoboc
SSWtt
888888
1)1
opoooO 

iQOQ boo 
1000

,088®
B1R8IE
OnF38r 

pboaoooc W8888 
oooooool 
88B88888

88888888 8888888!
OOOODDOO 
DBllonngQ 
oloobano c#oo«§ono 
PlQBOObb I1W8 (#008000 
' 'lOOriffiQO lOQQOBQ lopbood 

10(10000
. JOQDOOQ 
OOOOOOOO

ODoonono pononnoo 8M(W o#oono _ t#onno
D#OO»nfiQ 
olflOQMOQ 
QOBnanm 
00000000 ....................
000000(10 pooooooc 00000000 mpooooC oooooooo oooooooo

poooonoi boooooo oonnooni pennon® (■#00009 
(#00006 
(#t)nnn# [#onnnsi 
Pr’KMh 
briifioio

P oioooiIC QpbonOOQ 000(101

8 888881o booonooo hoonoi

I 88888888 oo nnonoono 
MB RSSS3SS8 PQQnas pinnnoQQ oobnio nSnnoooc 
MB B8M 
“DBOOC ------------'noB~“ 

old not

#1 jOflDO
#(10000

0(10000
□00000

8

000(110 nnnnlo

0(l()(#0 
(1000BQ (looold

•R... #R88ol8

OQQi 
IOOOL 

fl!® 
jpoooi noodoi ooor

P(i888o8[



SA SC SD

0

60 61 63 6S.64

i/

66 67 68 69 6A 60

6C 716D 6E 6F 70

7~>7? 74 7S
Figure 7„3 The main

7-8

ncnooct I

s

oooooooo onoonooo nononnno 00005000 ncrr’" oonn^oon ooosaaon nnnc anno

ononooon ooonoooo onnooono nnnnnnno. 00000000 coonnnnoonnnoooo oonnnooo noonncoa oononnnn onoonnno noooonno nnnnnrnn
oooncooo oooooooo

moL_ ?8ooa JQQOQ

5E

oooooooo oooooooo aoooonoo ooonoooo onnoonoo ononnoon
gcSnScsd
QCfflnfnjid 
00000000 oonoonoo 
00000000 
00000000

SF

oanoorao ranoooan offloonoan canco°an orao'-'ann 
RflnM.nrtR 
noofimno 

0000008

0000oooo

QOQOOOOi ooooooc aoooooQi oaoQoooi cldooooi cinnoooi 
818*888! 
0---0 n o

QOOCOOOO ooooooon oooc 
80800000 oo«r---003 001 ncL .... onennnoi. • 00$:----o« r ■( □OOL___ooonoooi ooooono OQOOOOOi

. B___ocinoo 
-■“>— 

dsason ocanno 0001 3000 nonesoon none anon 
HM QOOQI1000 00000000

SB

anoom 
sBOOOOO w jonon snoonn annnon nnnnn aaong onooo

raono
81888 efinnn 
OGMI

□non5000 anrsi ano or^noran ooococoo noonoooo 00000000 ooocnoco oroonooo onooooon onoooono ooonnooo oononono nnonnooo nnnonooo ononnnon nooooooo

oooooooo oooooooo 00000000 QOOOOOOQ Ooonooon oononnan □nasaann 00000009 Cfiooooid oinoooso cinnnnjo 
8SRW rflhOnoQQ raoooooo oooooaoo

aonnooog 00000000 oonoonng oooooono

73

88888888 ooonnooo none---Qooo_ononnn QOCffl«O_... OOOOfiOOQ ooocaooa QOOOffiOQO donoffinQQ 0005000 QOOOuOOO 00000000 oooooooo QOQOQOQQ

00000000 00000000 ooooonoo oonnooQQ ooonoooo oononnoo nnaeaann oannanaQ 050000Jo nwocoeo ninonofri 88SM888 00000000 oooooooo 00000000

88888888 00000000 08000000 Qinnogoo niananoQ oiOffnn nanrionao bfioonoao cinooolo oaoooo»n ciooooEn OuQooono oooooooo 00000000 00000000

*

onnonnnn oonnonno nnnnnnna 
oennnono onnonnon r.Tinoornn n«: inncan 
rsooncao csnnnr an 
r-amaar.in 
f aai':. »an 
r RcocorH 
nnnorii ififl conn; :nnn 
onnoMfion

00000000 00000000 00000000 00000000 00000000 ononnnon onaaaann oaoonoed naooooSd caooooan cannonan 
8b8M?38 ooQOoegn oodoooso 00000000

00000000 000(50000 noooon^n
nnnocran onnoocSii dononcBo cioQoocao ooococ.sn nonnor,sn gonaaaso 00300000 00000000 QoonnooQ Onoonooa

00000000“ ccnnoooo noononao 00000000 00000000 onnmono
nonran 
RTO

00000009 00009000 oonooono 00000080 00000080 oononoao 
3S8SRM8 oiooncao caoonoio cannonan
OQonoooo oooonooo oooooooo

00000900 00000000 ononocoo onoooooo ononoono onncnnno oannonan oinnnnan nsfinooan ciononan cinnor^n
onhoHnHo 00000000 00000000

DISPLAY CONTROL
oooonoonOOOOOOQQQOnn^nnn
nnnocgoQ
ncaoooooSSWRRh
OOOOODOQ0000000000(200000

00000000 09000000 09000000 00900000 nnnnnooQ rannonoo nr.BrnooQ ooranooo nonranoo QQoormn 
8888R8S8 00000000 Qooonooo OnOOOOQQ 00000000

oa c3 
clriridoQ 
•^8?™ 00000000 00900000 □0000000

88888888 00000000 OOOCOOOQ oonooaoQ onnnonoo nn®f®®oo OHoonoan oeonooao Clngoom oinnnnm
doonocfflo oooonr^n 
8S838888

00000000 00000000 OOOOOOQQ onoonodo onnonaoo ooonnnno 
GW?!8 
—!^QQ 1000 

innQ 08888 00000000 00009000 ooooooQa

OOOOOQOO ooooooon 00000000 oooonoco ooonoooQ oonnnnoo onnaoann ocanjooo oi >ranono ooorqnr n ononcaon 8888888 ononoont onnononn hi Kiooodo

88000808 aooonnoQ ooooaooQ 00000000 ooonnooQ oocsanoo Qoocsnoo . onocaooQ pOOCgOOQ 
ooociooo Qonefoog oponfiooo qpiiQgoq 00000000

88888® aooconnn oooooaaa onorao. iQ doQrinod QorMaoa ooocanno aoocanoQ
oQOafiaoQ QQOOOOQO oononooQ oooooooo OOOOOOOQ

OOOOOOOO 00000000 00000000 oooonnoo 00000000 oocnnnoo nnaaaano □canonan Qcioooio ocfini man ooinonao OOiOOOSQ ooonoond one inoooQ 90000000 00000000

oooaoono ooooar.nn dnor.nacQ 00900000 □oonoooQ oooooonn 00.900000 (O monad 00000000 oonoonnn ocionnooQ onoonnou nonnoonn ononodnd oooonnoo oooaoQCQ

00009000 09000000 ononoona nnoooond onriooooo nnnnnood nnifa^on ooonocag 
8£MS8 Qiooopfin teOQOOOOOQ coooaaoa

GOOOQOQO oooodao onnononi
oioooooi cgonoooi cSnnoooi cSocoooi Dioonooi cSnnnnni plfiaodi ocnoi jooi Qoonrooi QO-OOOOQo OOf'OOOOQ

00900000 ooj lononn 
oooooono 
00900000 ooonoocio □rmnnrK ’□ 
csecaaon oosaoni »o or acorn io (moi innon (u im ni mn 
oaieaqnrj 
Ot h. 1. fjono 
0009'1000 on; innonn □hijooaoa

a - =0 inonoSo ioooojo ionanio 
MM® 
OQQOnnO 
lOOOOOOQ 
0000000

76

character (4 of 9J

88888888 00000000 caonoooQ cinnoonQ rsoonnod caoooooo caoneooo caaaonoQ oaooanno cSonOfcoo canoooao 00000000 QOOOOOOQ 00000000 00000000



CONTROL

I 79 79 7A 7B 7C 7D

7E 7F 80 8! 82 83

84 8685 87 88 89

BA 88 8C 8D 8E 8F

90 92 9391 95
Figure 7.3

7-9

94
(5 of 9)

0 o

00000000 00000000 00000000 oobiiioo 0900001Q 01000000 OJOOOQOQ oioooooo oioooooo oioooooo0100101Q ooniioo QOOOIOOQ 00000100 Q001100Q 00000000

00009000 00010000 00100000 oieaaiso Oil JuiUuUO cioQoooo oinnoooo 01191100 PlQpuUljQ OiOGOOOO oionnono 01111910 OlJUU'ji)OO

ooninooo 
001 31-■'in oom.i ’in.] 
ooomjooo o(n him ino

JI loot 10110 
oom inooo 
OtlfiOOOOOKim nnoo 
30000000 
00000000 
00(300000 
QOOfjOflOQ 
00000000 
013(100000 
0(10(30000

• G*The main character set

oooooooo 00000000 00001000 00010100 00100010 00000000 00011000 00001000 0C001000 00001000 00001000 00011100 00000000 ooooooooOOOQOOOQ OOOOOOOO

00000000 OOOOOOOO OOOOOOOO OOOOOOOO QOOOOQOQ 00000000 OOlieiBQ OIOOOOOO oioooooo 01000000 01001000 
88881888 00000900 □OOlfOOQOOOOOOOO

000000000000000000010000000010000000090000000(300

0991110001000000
88888888OOOOOOOO OOOOQOOQ OOOOOOOO

00000000 oooooooo 00000(300 00900100 00000000 00000000 0011110Q 01000010 01000090 
88888888 w 
§8888888

OOOOOOOO OOOOOOOO OOOOOOOO 00100100 oooooooo 000(30000 00011000 00001000 ooooiooo 00001000 00001000 00011100 00000000 00(300000 00000000 00000000

oooooooo oooooooo 00010000 OOOOIOOO 0000(3100 0000(30(30 00111900 01000090 09000040 oloodoitj 01000090 Gu 9199(30 
88888888 OOOOOOOQ OCJOOOUOO

000000(30 QOOOOOOO oooooooo 00000000 QUOOOOQQ 00000000 01000010 OUlOOluO QOJf1UQ0 QQOiioOQ □□•00100 09000090 
88888888 OOOQOOOQ OOOOOOOO

00000000 OOOOOOOO 00(100000 00110000 OOOOIOOO 00001(300 ooooiooo 00001:100 QOOOIOOO 00001000 00001Q00 00190000 
88888888 QOOOOOQQ OOOOOOOO

DISPLAY
OOQQQOQQ 00000000 OOOOOOOO OOOOIOOO OOOOIOOO 00001000 ooooiooo 00000000 Q0001Q00 goooiooQ OOOOIOOO OOOOIOOO 
§8888888 00000000 00000000

OOOOOOOO 
OOOOOOOO 
00000000 
00000000 
00(300000 
0000(300“ 
003B03O- 
OOf IC'3010 gcw’j.to 
c

oooooooo 
00(300000 
00(301(300 
00(39(1100 
0(31(30090 
000000(30 
OCI11110O 
OlOUuOlO Q 3(3000 :«Q oiooooio oionnnao 
88888888 
Q(l(3Q00(JQ
00000(300 oououooo

88888888 OOOOIOOO 00010100 00100010 00000000 
88888828
828888S8 oiooooio Q01M110 OOOOOQOQ OOOOOOOO 
88888888

OOOOOOOO 00011000 00100100 00100100 000110QQ ooooooooOO11110O00000010 OOllllBO 01000010 oiooooio
80888008 oooooooo 
88888888

OQQQOOOQ OOOOuOOQ oooooooo oooooooo 00000000 OOOOOOOQ □9999910 OOuUulOQ 00001000 QQ01U00Q 00100000 01111110 QOOQOOQQ OOOOOOOO OOOOOOOQ OOOOOOOO

88888888 00000100 00001000 00010000 OOOOOOOQ Qoiiiioo 01000010 oiooooio 01111900 oioooooo 00111110 
88888888 OOOQOOQQ □0000000

OOOOOOOQ OOOOOOOQ 00001000 00010100 ooioooio oooooooo 00111900 oiooooio oiooooig 011191U0 01000000 00111910 
88888888 OOQOQOOQ oooooooo

oooonooo 
0(100:3000 
00000000 
oooonooo 
(3013(10000 
(H im inno 
norininn orimioio 
010(10001 
( •: 'fi’inoi 
(-•■19111 
OGGOC-Olio 
□00(10000 
0(1000000 
00(1013000 
000(30000

oooooooo oooooooo 00090000 OOOOIOOO 00000900 oooooooo OOOllOOQ ooooiooo ooooiooo ooooiooo ooooiooo 00019100 oooooooo oooooooo oooooooo oooooooo

oooooooo 00000190 OOOOluOQ ooooiooo 000(39000 00010000 00001000 OQOOCOQQ oqooiooQ 00000190 
88888888 
88888888

oooooooo oooooooo 0(3000000 001(10100 oooooooo oonnnnoQ 00919900 □ •OOljUlO □100(30 IQ (jiOQOOlo cinonoio 00911100 OpQOOOOQ QQOQOOOQ 00000(300 OOOOOOOO

QOQOOOOQ OOOOOOOO 000(10000 oooooooo 00000000 oooooooo 09000010 oiooooio oiooooio oioOQOlQ oiooooio 00111990 
88880818 00888800

oooooooo oooooooo 00010000 OOOOIOOO 00000100 oooooooo 00111100 QOOOOOfO 
088888 ‘ oioooc 0088880g oooooooo 
88888888

oooooooo oooooooo oooooooo 00001990 00019000 00109(300 ciooiuoo 09999990 Ofuo ji)OO (3100(1000 oiooinoo (19004110 0000000(3 0(30 00(300 
88888888

00000008
0010010Q oooooooo 00(300000001111000000(3010
82888818OQOOOOfO80888800QOQOOOOO
88888888

oonnnnnn onooonno nonnnnnn oninoiOQ 00000(300 00000000 01000080 rinoonSo oinoooio 01000010 oinnof'in 00911090 00000000 00000000 00000000 □OOO( 8000

00000000 00100100 oooooooo □0011000 ooiooioo 01000010 oiooooio oiooooio oittiieio oiooooio oiooooio Qiooooio* OOOOOOOQ OOOOOOOO OOOOOOOO 00000000

Q008100Q 00100100 ooiooioo 00091000 OOIOOIOQ 010Q0Q10 oiooooio Q1000010 09999990 OIOOOOIO OIOOOOIO oiooooio oooooooo oooooooo 
88888888

8
But ' 11UQ _fm .Jumj ouiiuaio 

□□□(JOOiJU



97 98 9A 909996

9E90 AO9C 9F Al

A7AS A6A3 A4A2

OOOO

A9 AC ADA8 AA AD

ECA£

7-10

AF
Figure 7O3

Bi 
character

r<o
The main

5

88888888 QOOOQOOC 00009000 00000000 QOOOQOOO 00008000 oooosooo
01 
OL 
00

8

00000001 Qoocaoot 
QOOOOOOi 
QOOOQOOi 
OOQOBOOl ooooSooi tefe 
00008001 

ooouoo o<------

oooooooo oooooouu oouooooo 
00000000 
□•caoooo 
0091)9000 oououeoo ouuL'«uao 
quobuauQ 
OuBu^lJOO 
oauauooo 
Quuuouuo ouuoouuo 

SI
OOGUuO OUUOOO

QOOOOOOQ OOOOOOOO oooooooo OOOUOOOQ U0009U90 ouoauaoa GOBufflUOO 09U9U000 88C2&88 oi uuaufflo uo 00

88288 JOUOO

000H900Q ooijaacjoo oooaaooo 
88832888 00009000 ouu^euoo 00030000 
88812888 000990110 oooscouo QOO39OOQ

oduaaudo

3SSS3S3S saAunaau 
12^1223 
hi ,'^sBu-en ie«i J)««u 
aujaau$« 13322312 
aaau.saau 
®U .9991 J® 
«««• iflBfld

10000000 lOOOBOOQ iocaSooo 10000000 loooeooo 10000000 000(1000
10 000 10 000 10 000 loeuaooo loSaaaoa 10005000 loogiooo 10000000

B2
set (6 of 9)

aaaogo 
oooaoo uooaoo 
fifflfflOOQ 

882888 
099900 
OUBOOQ ooaooo 
009000 
000900 
OOOOOO

OOOOOOOO 
OOOOOOOO 
OOOOOOOO oaaaaooo oaouuaoo oai pi 83 
00 
0& 
Qfli 
00 
00 
00' 
00

00009000 uuBuuuao •ouoaouo 
uoaouoao aouuflouu ooflouuao aouuauoo uoauuuau auuuauuo uuSuuuao 
fflfJUUffiUOU ut lauouao 
fflOUUSUUU 

28382858 uueuuuBo

oooooooo oooooooo oooooooo oooooooo oooooooo oooooooo oooooooo 00000000 oaaaaaao oauuoooo oaoooooo
00000000 
88888888 oooooooo

8888888 (indioon 'C«i. loaoQ QCttQQiOO onoaaooQ OOnnnrnQ onaaBBdO 
88888888 
88888888 QononcoQ onoonooo 000(10000 OOOGOOOG

OOOOOOOO
88888888 00900000 00000000 00000000 00000090 oaooooao 00000090 00000090 oeuoooao ouaaaaso oooouoao 00000000 ooaaaauo 00000000

00000000 ooaooauo ooououoo ouaaaeoo oiououao ofooouao oauoooBG oaooooao 090000so 00000000 oaooocso ouaaaauo oooooooo 00000000 
88888888

CONTROL ooooonno ooooonoo oooaonon Cinnj <8000 Qaooi.ano nrnoonoo nanoocan ciooacin canoonan nnoiinri 09-inr^B.l
00001)000 000(10000 moot Joos 00000000

00000000 00000000 oooooooo 00009000 00000000 ooooaooo 00000000

ooaoooao oouaaaoo ooouoooQ 
88888888 00000000

oooooooo oooooooo 00000000 oacooaoa oaoooaoa 00909000 oooauooo oaaeeaoo OUU0OOOO oaaaaeoo oooaoooo QOOBOOOQ oooooooo 
88888888 oaoooooo

oooooooo 00000000 OOOCbQOQ oooaooob 00900000 00000000 QQaaaaoa 
88222228 o«ouoo3o offlooooioQuasaaao oooooooo oooooooo 8080888c

ooooaooo oooooooo oooooooo oooooooo onoooooo oooooooo 00000000 ooooouoo oanaaaao oooouuao 000000BO ooooooao ooooooaa oooooooo 00000000 □0000000

ooaooQoi oaoaoftoi ooooaooi 08000091 0800000 0800000
8S88888! oaoouefi 0800000 oaooooi OAOOOOfi' 00000001 00000001 
8888888;

00000000OOOOOQOQ QQOOOBOC 00009000 oooaoooo 
8882S888 §8§§|§8§ 

, 00008000
888S3888 00000000 00000000 QOOOOOQO

0000' 008U 0000____caooooao oaooooao 08000090 09000090 08000090 
83888888 oaooooso ouaaaauo 
88888888 00000000 oooooooo

oooooooo oooooooo 
88882288 oocBooao 00090000
§820 
88838888 oaaaftaoo oouuoooo oooooooo oaoooooo 00000000

OBoarjffioa auftuauau uauauaufl aufluauau u«uaua<jfi ffluauauau uauauBua 
Bu9ua0l.'3U 
UlUBi )3L‘B •(jdufiuau ufluauau® At: flu at; so uausuffli a 
a. taua'.ay r•luauBua 
auflU£L«U

OOOOOOOO 00009000 oooaaooo 00009000 ooooaooo 00009000 oogouooo 09999990 OOOUQOOQ 00099000 00900900 00009000 00080000 00900000 00999900 oooooooo

88888888 88888888 ooooiooo oonnfflooo 00090000 00090000
88888888 88888888 0Q99C900 OBflOOCei 
01000090 09000089
8|8888|8 F3388833
OOflfigffiOOoooooooo□0000000
88888888

OOOOOOOO oooooooo oooooooo 00000000 00009090 OOOOfflOOO 00099900 00009000 ooooaooo ooooiooo 00909000 88808880 00000000 oooooooo ooooaooo

00000000 00000000 00099900 00900900 odeopipo 00UM880 nonr; *«?• »n 
00809990 00000000 ononnooo ooonnoco ooonoooo nnoooooo oooooooo oonoonoo 00000000

opooooog oaoooooo oooooooo 00000000 00009000 ooocaooo 00896980 09008000 08008000 0800§000 
08009000 □OAflaeso OOUL'flUOO 
00000008 oooooooo

00000000 00000000 00080000 00808080 00000900 oooooooo08990900 00000090
83888838 00000090 00000090 OOOOOOOO OOOOOOOO 
88888888'

Cannon
00999901
oonouion oannrrno 
aonnrooo arianonoo

DISPLAY 
88B8B888 
00009000 oooaofioo ooffloouao aooooooo 
09000090 oaooooeo 
00000090 
OSOOOOfiO 
OfflOOOOBO ooeettsoo 
00U0000Q 
00000000 oooooooo oooouooo



CONTROL

I
04 05 06 07 00 09

BA 00 BC BD BE BF

ClCO C3 C4

C6 C7 C0 C9 CA CB

CFCC CE DOCD DI
(7 of 9)Figure 7.3 The main character set

7-11

000(1000000000000ooooooooonoooooo00000(100OOOOOOOO ■oaaaaaaeOOOUOOOO firirmnnnn

oooooooo oooooooo ouoooooo 00000000 ouoooooo 00(100000 88088800 oooooioo ooooobuo obbooboo OOBIJOBOO OUBOOiOO 00600000 ooiooioo 00000800 00600600

oobooboo 00B0UB00 00100600 0060061)0 OOBOOBOO 00600600 ooiooioo ooiooioo OOBOOBOO OOBOOBOO OOBOOBOO 00600800 ooiooioo ooiooioo 0060UBU0 OOBOOBOO

OOBOOBOO 00800600 □06006110 ooeooioo OOBOOBOO OOBOOBOO OOBOOBBB 00600000 00600000 00686686 OUOOOOOO 00000000 oooooooo OUOOOOOO 00000000 OOUOOOOO

DISPLAY
OOOOOOOO OOOOOOOO OUUOOUOO □(JUUUOUO ouoooooo
00(1110000
BBBBBOOOUUUtBOOO 000B8000BBBBBOqQ 00088000 000B60000006BOOQ 00088000 00086000 00066000

00088000 oooaaooo 00068000 000®6000 00066000 oooaaooo 00088000 0008668® oooaaaei 00066000 □0080000 00086000 00066000 00088000 00096000 oooaaooo

1)1)0861 J( JI J 
UUIJ18UIJ0 
OQoaauuq oooiiuoQ 
(K)bliOOQ 
oouiiooo

00800600 
OU800600 
0061 JU800 
(1061108(10 
0U8UU6U0 
f.H 8( JI )8< 111 
OaitH j886 
□i it ii j( jui io 
f II h II UK II Ml 
888011886 
□oJiiueiju 
oiJiuuioQ 
ooiuuii.iu 
fit J JU

00080000 oouaiuoo 00088000 00088000 00118 8000 (JOI 88000 888881)00 ouuaeooo 00066000 66698000 □0086000 00068000 000860(10 oouiiooo 00088000 00088000

00000000 oooooooo oooooooo 00000000 00000000 oooooooo 00888698 00600000 00600000 00600686 008006(10 ooiooioo 0061)0800 00600BOO ouaiioioo OUBOOiOO

OOOOOOOO oooooooo oooooooo oooooooo oooooooo oooooooo 98886886 oooooooo oooooooo 68600666 00600800 00600600 OOBOOBOO 00B00600 00600600 ooiooioo

00800600 OOBOOBOO ooaoofioo 00600600 ooBooaoo 00600600 ooiooioo 68866600 66668800 OOOOOOOO OOOOOOOO OOOOOOOO QOOOOOQQ OOOOOOOO □OOOOOOQ 00000000

00800800 00800800 0U8O0600 0U6UU800 00100800 00800600 ocjiooioo 00800886 ooiooaii 00600800 00800800 ooiuoioo 006(10800 ooiooioo ooiouioo ooiuoioo

00088000 
000660110 
00068000 
000861100 
O(J(J3S(JUO 
(MM 186000 
aaaaaaaa 
1)1 J()L)iji.)()U 
01 KM M IflUO 
66688686 
OOiiUMOUy 
UUU( 1(1000 
til JOOUOUO 
U(M 11)0000UUUuOUOQ UUUUOOOO

00068000 00066000 00086000 00066000 00088000 00068000 68868000C006B000 00086000 88686000 OOOOOOOO OOOOOOOO OOOOOOOO 00000000 00000000 oooooooo

00800600 ooiooioo 00600600 0061)0600 00600800 ooiooaoo BBiooiOO 00000600 00000600 68086800 OOOOOOOO OOOOOOOO OOOOOOOO 00000000 ouoooooo oooooooo

oooooooo oooooooo oooooooo oooooooo oouooooo oooooooo 00(100000 88886886 68868886 oooooooo oooooooo oooooooo oouooooo oooooooo oooooooo oooooooo

□080081)1) ouiuueoo 0G8UU600 0G8UU800 □UBiJUBiJO Olli IG6110 oneuoeoo eeeouaoo 6661)0800 ouiuoeoo ouiuuaoo 00600800 QO|00|OQ ooiooioo ooiooeoo ooiooioo

00086000 00066000 00068000 00086000 00088000 oooaaooo 0(1088000 86886668 8666868600066000 00086000 00086000 00088000 00018000
00066000 oooeiooo

ooouoooo oouooooo oouooooo (jUOOOOUU 00(100000 0000(1000 (II M M 1(1(100 86666600 aaeeaaoo 0O80US0Q oijbuuboo 00600800 
QUBOOSOO 0l)iU()600 ooiooeod oueuoaoo

00800600 ouionboo (10601,600 (10600600 00800600 OOBOUBUO aaiuueoo OOOOGBOO 00000800 18800800 uoaooioQ 006(10600 00800600 ooiooioo ooeooioQ ooiouioo

00600600 0(18(1(1600 00600600 oueijoeoo 00800900 00600600 0091II '61)0 86866866 86666866 Ol MH JI JI IUU 0UU(1000(1 
OUOODOOQ 0(1000000 
.(I8»8 OUOOOOOO

00600600 ooiooioo 00600ioo 0060(161)0 00800600 ooioosoo 
88888888 OOOOOOOO 60668668 OOOOOOOQ OOOOOOOO 00000000 00(100000 oooooooo oooooooo

oonooooo 
OUOOOOOO 
00(100000 
UUUUUOUO 
(Kjuouooo 
I MM MM Mil M) 
86868668 
UUinJi lOOO 
I i* H if M JI I! M) 
86666686 
UlJUUUtJUU 
uuuuuuou 
UtJ! IUU(H H) 
I.H 'UUUUUU 

■ 88888888

OOl '881)1)0 00066000 oui.aauoo oouaeuuo OOl,86i IDO out 66JOO (MM .BBtftJO 86066000 88668000 UUl;86O()O 00086000 00088000 00086000 Qoofiuou oociiiuoo oooiiuoo

00600600 
(M iBtJUBi JI) 
01 ;8ij(!8U0 
0116011800 
011600900 
(JUBOtiBi It) 
00600386 
Oi'j3( JUI mil) 
Ql .6* JUI m Ml 
oujuoaae 
OI18OC3»H) 
OUBi II:a: JO 
Ui i6( JI :<8t JO 
bull H -Bi.JU

oooooooo oooooooo oooooooo oooooooo 000(10000 68868000 66866000 □0068000 00088000 00088000 00088000 00086000 00068000 oooeiooo

oooooooo oooooooo oooooooo □ooooooo ouoooooo oouuuooo Ot II100000 68886666 88896689 00068000 •00088000 00066000 oooeiooQ oocJiooo oooaiooQ oooiiooo

00088000 00066000 OOOBBUUO 00068000 ooueeuoo 00068000 
,88888888 00066000 00086666 00088000 00068000 00068000 oooeiooo 00086000 00066000

oooeeooo ooooeooo00088000 0008600000066000 0006600000066000 oooeeooooooeeooo oooeeooo0008B000 out. 18000oooiiooo oor :B'.itio. 00080686 608»: 4986□ooeoeoi ibbbOOOOOOOO OOUu,00000000000 00000000oooooooo ooooooooOOOOOOOO 0UU00Q0Q□OOOOOOQ oooooooo00000000 00000000OOOOOOOO 00000000
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DDDCD8 D9 DA DB

8

E3DE DF EG El
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(

£FEA EB EC EEED
set (8 of 9).Figure 7.3 The main cha racter
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00000000 oooooono OOUIKJOOO OGOOOOOO 00000000 ononnnnn UGuasaca oouaauoo □0C8«t JOO OOGSBBfflffi 00(J«®000 oonaaooo nnfiaaooo oooianoo 00088000 UOG8SUOO

■SSffSflfl is@e«a@ aaanaaa fl®«SA«8 aaaaaaa

aaaaaaaa aaasasac aaaaaaats aasssaa® aattflflffifls aaaaseafi aasaaaai aaaaaaai aaaaaaai
aaaaaoaa aaaaaaai £««31«fi8 lamina aaafifiaaa aaaaaaaffi

onooonoo 
OOOOOiJDO 
onunoono 
oouuoono 
out JOCIIKIO 
0000001)0 
uiiiionoon 
unaaaaaa 
on««fia«« 
oofiuoauo 
oofflonauo 
ooaousoo 
on son at jo 
ouauoeoo 
ooaooano 
ooauuauo

88888888 00000000 00000000 00000000 00000000 
88285888 88008000 ooooaooo oooaoooo oooooooo 00000000 oooooooo oooooooo

ni!f *®Bonn 
nnrg® inn 
OOi'Sffl via 
n jr a® Hin 
nnraannn 
on: a® inn 
rr» aaaaa 
nnr sa'v; i 
r.ncsr •'•>n

twin rinn 
nnrnrnnn 
nnnn.nrnn 
r-M innOf’O 
rawnnnn

ooooooo 
OOOOC"“ 
OOOOOi 
000001 
OOOOOI 
noooo 
o *

88888888 
000(10000 
ooaaasoa 
8S8m8 
oboooobo 
cstioooao 
caooooao 
oaocooio 
oinooGin 
{■jffitjuoc.ao 
(ilMJI lOCull 
000001)00 
88888888

noaooaoo onaunaoa onanoaoo ooamaoo onaaoaoo onaooaoo Ol «iM'«> >n aaaaaaaa aaaaaasa ouaooaoa oosooaoo ooaooaoo ocsooaoo ooaooaao OtiflOOftOO ouaocaoo

oooaaooo oocjaaooo oocseooo oooeaooo oooaaooo oooaaooo OOOfifflOOQ m OOOOOOOO 
88888888 OOOOOOOO 00000000 oooooooo

il
aooo ooaoooao 
oooo ooaaecOQ 
iOOOO QOQOOOQO

88888888 
0000(1001) 
oounnnno 
ouasffisno 
oanijouao 
oat iooubo 
(iflUOUUEO 
oat mot .an 
CJ(. auoath) 
ot atiuano 
I'aam )««□ 
Ubl JiMJuOO 
06000000 
88888888

OOOOOOOO 
oooooooo 
ooc Hiouoo 
ooi) a an ao 
ormoutioa 
OBGOOUGO 
oat it h loon 
ceasaflao 
oauGOUGi) 
O^lJOOOOU 
Oust JOOl 10 
ooGaaaao 
OOOOGuGO 
oo! lounoo t)Ol)Ql)(l(jQ 
uuoouuuo

88888881000000010000000
8888888

8888888 ooooaaa oooosaa 
Pls* ■I boooaaa ooooaaa Qoooaea ooooaaa

CONTROL
or-Bcraan 
o' a r>in 
oraona'io 
ora- in son 
o'anrann 
nosnu at io 
nra-^ann 
orgaffiaaa 
Of @@8888 
OiT;O .OhiO 
(If 111:10000 
Ol >0(10000 
non: .noon 
otnconoo 
i h ini moon 
.iooocooo

oocooooo 00000000 oooooooo oooaaooa OOSOOBOQ OBOOOOfflO oaooooao
88888838 QoaooaoQ Qooaaooa OOOOOOOQ oooooooo oooooooo 00000000

DISPLAY
88888888 ooooouoo oooooooo oooooouo Ol 0)0000 not h it Kino aaaanaaa 
ScaOuauS ooiuuaoo ooiooaoo ooaooaoo ooaooaoo ooiooioo ooaooaoo

0000 iOOOO 
■;88 

iooooo28 
S88S88F 
S88I88: $QOf o88b OOOOl GOOD OOOQi

8888888800000000
00800000
0000000000000000
888S38S8OOOfiSOOO aooasooo 
88812888 oooiaooo oooaacoo OOOBBOOO

OOOMBOOO 
ooosa'jog 
88882888 
OOOfflaOOO 
ooosarii.io

aaaififlBfl ooQaaooo oocaaooQ oouaSooo oooaaooo ooolfiooo OOO0SOOO

oooooooo 00000000 oosaaooo 000*0000 oooaoooo ooeaaooo oaoooaoo oaoaoSoo
885^22888 oooaoooo oooaoooo ooaaaooo oooooooo oooooooo oooooooo

(innr.nono 
□oonnnno 
nt tin tnnnn nnnraa • 9 
OO’’» ffl'i 
I h li fil >: It It J 
; h «. 1 anno 
tun at a>#o 
t tea i- t an 
n> a-’nc'-an ni 9 <«. i
r: \ ASS •() 
nntidu. (Hi 
u m l it Min 
nritHint mn 
!.( nll’lKlO

nnocinonn 
OOCl It 11 Hit 1 
I M i: 11; It I >0 I *0(1(11 II h-'O 
t h 1111 *1 •• *an 
nr aasa -1 
( 
(

oooooooo oooooorjo 01)000000 oooooooo oooooooo 00000000 OOOOOOOQ 00000000 s«a@»@aa fflaiasace asafieaaa @eeaa«a@ iaaateaai aaaasasa aaaaaaaa aafiaaaaa

aaaaoooo saaaoooo saaanooo aaaaoooo aaaaoooo aaaeoooa asaaoooo aeaeoooo fiaaaoooo Saagoooo aaaaoooo aaaaoooo aaacoooo eaflaoooo aasanoao aafiBOOGO

oononnon 
onononno 
coot innoo 
nnootmof) nr ch Miron 
•‘fflonosno 
S' W4! 
® anr g 1 
l aint 1 
t.ni-OO’:!) 1 
nnonnoo i 8 - MM -Ul IO • 
ni •> 11)1:1 in i 
: i (Mil MM) j 
' l< H)( H it 10 1

ooooooo 
iOOOOOOO 
0000000

QOOOOOOQ 
88888888 oooaaaoo goaoooao

Qomooao 
ooioooao 
ooaoooao 
00*08808 sa

oooooooo 00000600 00000000 oooooooo 00000000 00000000 ooaaaaao oaoansoo aoofluaoo ooofflnaoo oooaoeoo ooaooaoo oooooooo OOOOOOOQ OOOOOOOO OQOOOOOQ

a- I. fi«'* 
8. it *a 3 * 

( ffi ’ffii n a • 
1 aa *
! 099’ • 1

. Kill 
( It II t II I' ‘I J 
r 1' it '• 11 ri> ■! 1 
I " !lli II 11 I ;0 
i 'i:: ;i 1: it 11 i(i

OOOOOOOO OOOOOOOO 00(100000 osaaaaao oaooooao 08000000 
85888888 
§§888888 08000000 
88888888 OOOOOOOO OOOOOOOO 00000000

OOOOOOO: QOOOOOO; 0000000' 88888880 
88888888

■
!



■ DISPLAY CONTROL

FO Fl F3 F4 F5

F6 F7 F8 F9 FA FB

FC FD FFFE

I

The main character set (9 of 9)Figure 7.3

7-13

oooooooo oouoouoo oooouooo oooooooo OUOUOOOO 00000000 uooooooo oooooooo 00000000 oooooooo 001)00000 UOOOOOOO oooooooo oooooooo oooooooo oooooooo

oooooooo OOOOOOOO GOOOOOOQ 00000000 . out 110000 00010000 C11I11OO OUUlUUOO 00010000 ooouyuoo . 01111100 ouuuuuuo oooooooo ouuooooo oooooooo oooooooo

oncrnooQ oooooooo oooroooo 
onoi mt’co 
00000000 nt mt mono 
no* minoo our 1®. too 
■nonnooo 
OOiOUf’OO 
00)00000 
00000000 oo mnono umonnoo 
oo.no: 1000 
01 JU l ’.1000

O'niniirm: IIP ..) 9|
Of nr n m i H) 
pt •• •! •• H H If 
OfJlUfl:’) 
fJ'H’ll MJQ 
i ffv-i, , t( i: 
f nfllllC 
Ut .’I H l 'I R.’l 
IJ( HI 111(10 
00011000 
ooouuooo 
00000000 oouunooo 
ooconooo oi munnou

oooooooo 00000000 00000011 00000100 00001000 00001000 00001000 00001000 00001000 00001000 00001000 00001000 00001000 00001000 00001000 00001000

nonnnnor) 
Pt)OOfi‘.’OO onnoonno rnri loofui 
t” I'.mnnO - CltJienco 
oormicio 
001'1:11: jf j 
0101^' ™ 
0-201 1O10 
COOOull’IO oooooone 
OUmMf’Q 
11. W’KOQ 
OGGI H 1000 rwjocuooo

oooooooo oooooooo 00000000 00000000 ouoooooo
00111100 ounnoo00111100 0011110000111100 ■ 0011110000000000 oooooooo oooouooo oooooooo 00000000

00000000 oooooooo oooonooo unoonooQ oonnnoQQ onnnoooQ oncmoooQ 00001)000 tn ’(.mooQ ooocuooo 00000000 00000000 onoonooo oonuoooo 00000000 oooonooo

nnr'^nno rr-’iunp 
DPI' '• 100 
o(■•io ( ni.iiuno Coe mono on: 'Ouiji io 
onoomoo 
(.’UUUOCOO 
1»i J! 100000 
1H.II ’00000 
00000000 iTj(r ’cnOo 
r.Honnuoo 
• U )!’!*( 1000 
nr’CCOf »00

ocoonnno 
□00’ HOP oononoon 
OPOPUPOU o- rnmn 
run rmon imd oroo-
no- a-jooo 
Of.lt p moo f jp'. • mq 
O1111110 
OOi.p <; IIJIJO 
00(100000 
OOOC’OOOO

OOOOOCOO 
OOOOOC11J 
OOOOOOOO 
Ci - ''xp’iic 
O- 'lll^OM 
(JI. 1 J. 110 
Oi ir.?L•■’I 
01 ■ H 1'1)■ od'oou io 
(»• h ’Oi n !' K ’ 
i»; ii -I n it mo 
(’11: -| in-.jtjn 
t mi mu; too 
tn *( mf’.'ioo 
i mt orion 
fl' 10'30000

88888888 OOOOUOOO ouoooouo oooooooo 00000000 (Illlllio ouuuou' :q 01111110 OOUL'UUUO onnno oouuuuoo oooooooo oooooooo oooooooo oooooooo

oooooooo
88888888 00000100 00000100 00000100 OOOOOIOQ82888188 00010100 00001100 OOOOOIOQ QOOOQOOQ QOOOOOOQ OOOOOOQQ OOOOOOOO

(■mriionr) 
QP1Orme I'.’pq 
nori-“pin r('« -’rmn 
nr ill®in 
oout.mune rrmnimrin fmrmrjnpn 
no; if noun f if’ooi mm 
□' it icmn 
1)001)13000 
Of UCOOOO

nrmmnnn ■ coppppno nnuunron nopfir^r n 
ritii ifv'®og 
nnnri mo 
o( -f« moo pr® •: non nrn i^mon (moi i mo norm. ®m 
rnnnnmn nimno 
OtJUtJ-JfJUO orinonroo 
OOOCf’COO

00001000 
00001000 
00001000 

■ 0000100000001000 00001000 0000100Q 00001000 QoooiooQ OOOuioOQ ooooiooo 0000100Q 0QQ1000QCllOOOOO 00000000 oooooooo



DISPLAY CONTROL

*

the

?-14

The 
the0IS

The pixel patterns for 
character set (that is,

The pixel pattern for any character occupies only 
8 bytes of memory.

* You may specify either low/medium or high 
resolution in response to the GRAFTABL menu.

Figure 7.4 illustrates the pixel patterns of the 8 x 
8 character set.

This character set is not implemented in the hardware 
character generator.

The procedure for accessing the higher part of this 
alternative character set is the sames as for the 16 
x 8 character set* except that

* The beginning of the character table is at 
a positive offset of 1 byte to the location 
pointed to by the interrupt vector.

An additional character set is available for reading 
under software control, as used, for example, by the 
low resolution graphics mode of display in GW-BASIC. 
Essentially, this consists of the same characters as 
available in the character set already described.

that pixel patterns for 
characters in this set are in a 7 x 7 format (except 
for downward tails) contained in an 8 x 8 area.

the lower part of this 
characters with codes 0 - 

7FH) can be read starting at address 0FA6EH, offset 
to the beginning of the ROM at paragraph address 
OFOOOH: the pixel pattern for the character with code 
0 is stored in the first 8 bytes, the pattern for 
code 1 in the next 8 bytes, and so on.-Therefore, the 
last character pattern (for code 07FH) is stored 
between offset OFE66H and 0FE6DH.

main difference



DISPLAY CONTROL

o i 2 53 4

976 8 8A

C D E 10 1 1F

1412 13 15 1716

IB 1C. 19 ID1A18

21IF 20IE

2027 292624

The alternative character set (1 of 7)Figure 7.4

7-15

06666680 iiaiiiii eauaaoa* aaaaaaa* ••ouufiai aoonaaa •aa6*aai uaaaaaao

000*0000 00080000 ooaa*iioo o«««e«no aeeessaooaaaaaoo ooaaacioo oecaaaoo

0008*000 000**000 000*8000 oooaaooooeweasao uusaaaoo oooa*ooo 00000800

oooooooo oooooooo oooooooo oooooooo oooooooo oooooooo 00000000 oooooooo

o*6o*»oo aaaaasao aaaaasao BKsaaaao oaaaesoo ooaaaooo oooaoooo oooooooo

oooooooo ooaaaaoo oaauosBO □•ooooso oaouooao oaanoBHO ooeaaaoo oooooooo

008*0000 08*88000 00688000 ooeaoooo00*80000 OOOOOOOO 00**0000 oooooooo

000*000000*8*0000*aaa*00*a«a*a*oo**aa*oo00*8*000□00*0000oooooooo

0*60**00 0**0*800 □*#0**00 oooooooo oooooooo oooooooo oooooooo oooooooo

oooooooo 00*00*00 o**ooa#o.
******** 06900**0 00*00*80oooooooo oooooooo

oooooooo oooooooo 00088000 00*88800 00*88*00 0008*000 00000800 oooooooo

00*8*000 088O6800 003*8000 08*803*0 8*(;J8*IH) 8*1)(,'8*00068*0480 00800000

0860*600 oaaoaaoo 8*8*6680 o**oa*oo *8866680 0*80**00 08*0**00 oooooooo

oooooooo000*8000oo*a*«oo0**688*0ssi:s:ai00080000OOOOOOOO

oooooooo 00*80000 06*00000 *688*6*008800000 00*80000 OOOOOOOO OOOOOOOO

0*8008*0 08*00*80 08*00**0 08*00*80 08600**0 OOOOOOOO 08800*80 OOOOOOOO

OOOOOOOO 0008*000 0000**00•88**88*000008*000008*000 OOOOOOOO OOOOOOOO

oooo****00000***0000****o*8«a*u**600*8006800*8006800*600088*8000

OOOOOOOO oooooooo 9*000000 *8000000 aaoooooo 8*8*8880 oooooooo oooooooo

00000080 00006880 008****0 ***8*6*0 00*8**8000006*80 000000*0 OOOOOOOO

00666000 oaaaaaoo ooaaaooo ■■aaaaao •aaaaaao o**«a*oo ooaaaooo 0*68*800

00*80000 
08*8**00 
8*00) JOOO 
0*8**000ooor1*00 *88*8000 ouaauuoo OLJOOUOUO

88*888888*0000*680(3*8008808668068088**0*800*800888000088888888*8

088888880*8000*806*8886*06*0006* 0860008* 0860088*
18388888

868*8**6 S*H****« «a«O(j«*« •6000068 860000** «**ooa«* 68«*B*a* 8*6*88*8

08868*6080000008■U800808■ooonoo**088**0*80086008’*000000608886860

00000000 oooooooo oooooooo oooooooo 00000000 00000000 oooooooo oooooooo

08888868 8808*088 *80**06* 0886*0** 00068086 0006*0*8 00088088 oooooooo

000*8000 008*6800 088888600008600008866*90 00888800 00086000 88866888

0088688*0068008*006*686$00680000006*00000*680000*66*00006660U000

00*88660086000680086*00006*08800.08808*00008880008800*60006888000

800000008*8000006*6880003*666880866860008860000080000000OOOOOOOO

.OOOOOOOO 8***6666 866**6*6 0666*6*0 006666U0 00088000 OOOOOOOO OOOOOOOO

OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO 08868860 08666660 0668E860 00000000

800*600* 0*088060 00*6*800 86600686 . 888006*1006666000806*080 60066006

00088000 00888800 O«*6*9*O 00066UU0 00086000 066666*0 oooeaaoo 00068000

08800000 03600000 #6000000 OOOOOOOO OOOOOOOO oooooooo OO! 11)0000 oouooooo

00000(100 6*000660 *6l)i;5*i)0 Out! 66000 006*0000 06*01)3*11 **1)004*0 UOOOOOOO

000*6000 006*0000 06*00000 088U0000 0**00000 00*60000 000*8000 00000000

08*00000 00660000 0006*000 000*6000 0003*000 00*60000 . 08800000OOOOUOOO

0006*000 00*66*00 oaaaacao oooaaooo0006*000 00066000 000*8000 OOOOOOOO

00**8800
06*00680
06*00*800B6006&0
006*8600
001 >681100
0*666**0
000660UO



CONTROLDISPLAY

2A 28 202C

353430 33

888

3036 38

3£ 41403C 30

4745 4642 43 44

404C4B4A494Q

(

5352515o4£ 4F

7]The alternative character set (2 ofFigure 7a4

7-16

aaasnaoo uaeuuaao oaauuaao uacaaauu (jaauuouo a jssuijuou «9««uuoo uuuuuuuo

oaaaaooo aauuaaoQ aauoaauo ■am 'ituo sermuo uaaaai *ui) uijujaauo oouuouuo

aaonosso aeaouaeo aaaauaeo 9Mu«6SflO «6UU6«80 aauouaao ffl«UOUffl«O UUUUOOUO

ooaaaooo oaauaaoo «6uuua«u ■auuuaau 881 H lUlflU u««u sauu UU66OUUU UUUUUUUO

aaaaaaoo uaet juasu oaaooaao uaaaaauo caauaeuo C :fl auu880 aaauuaao uuuuuuuu

osiaaaooo aauuaaoo ■•■uuuoo unsauuou 0UU4BWU0 aaoujauu uaaeauuo QUUUUUUO

ooaaaaoo Offl«uua«o 38000000 0SOOOOOO fiaoooooo 088UU38O ooa«®auo OGQUOUOO

08089000 u«®u««oo oaauoaao 08600380 08900e«Q osffluaffiuo bs«««uuo uouuuooo

OBoaaoaa ouaauuuo ooaauuoo ooaauooo 0068U0Q0 ouaauooo oaaaaooo ouuuuooo

00000000 00000000 oooooooo 00000000 oouooooo 00990000 00890000 oeauoooa

ooosa««ooouuaauo 00009900 oouoaauo9900990099009900 06666000 OUUUUOOO

00000000 09900990 00990900 991089909 009688UU ooouuaao ouuoooug00000000

oooooooo 00660000 ouaeuouo 99989900 0US8UUU0 0CS9UUU0 OOUOUUUG 00000000

009000000U9900000006600000009900 OOCSfiUOO ooasuoooOfflfflOOOOO ouuooooo

oooooooo 00000000 99900900 OUUOOUUO ooouoooo 88866600 OuOUUUOO 00000000

9000000009000900oasuaauo00009000G90U00UO0090000000900000OUUOOUOO

09099900003000000000900009090000O90U0UOO0000009000008000□uouoooo

0980800038000960 08009980 880908808898090088800880 08090800 00000000

98080900 S0UU00OO 00009000 00066000 00080 00080__00000000 OOOUOOOO

0888800068UO66UG 00000800 00866UU0 0000090080008800 06666000 OOUUUOOO

00980000 09000000 89000800 80009800 88838800 88008800 80009000 00000000

08080000U08UOOOO 08800000 09000000 0000009009900090 08089080 UUUUOUUO

880088006800880088000800880809008800080080000800800088000U00UU00

00980000 088011000 00900000 00880000 00980000 00880000 86888800 OUUUUUOO

00900800 00000080 99UU00UQ 89000000 89000090 oaaooaso 01)080880OOOOOOOQ

08886600 98000080 69090080 08090000 oaoooeio88000000 08800000 00000000

885318886600080000000900
8888888806960000 OUUUOOQO

0000096000000900 /00098000 (ooaauooo 10690000009000000$000000000000000

680999009BUUU00099990000OUUIJ90OO00009000000099000^898000OOUUOOOQ

60600900 ofieuuaao 
88S82388 O88UU60Q 09000000 60000600 OOUUUUUO

OOOOOOOO oooooooo oooooooo oooooooo oooooooo 00960000 00980000 . 00000000

090000009000909009900960900990000000006000000000 00000080OOOOOOOO

OOOOOOOO oooooooo oooouooo 66900000 UUUUUUOO 00000000 00000000 oooooooo

00060000 OOB0UUUO 06600000 00UOOOOO U00OOOOO 00800000 OOU00UUO 00000000

06806000 80000300 60009000 U0600UOO 68UU660Q 60000000 08680000 00000000

03990000 60UU00OO 00009600 00030000 00600000 OOOOOOOO 00960000 00000000

883288880009000000000000
882288880Q9B000Q06000000

0000660000006900oaauasoo90009600006000600000990000006600OOOUOOOO

31

66600690099000000990600003600000066000000990000060060000OOOOOOOO

00000000 00800000 00800000 OOOUOOOO 00000000 00060000 00S8000Q 00000000

06668000 aeuufiffiuo000068000US66UU000800000fttuoaaooioaiioouuuuouoo .

00668000 0MUU000 06000000 00808000
§2881388 06808000 OUUOOOOO



DISPLAY CONTROL

54 58cr 59

5D5C5h 58 5F

6560 6461

6A 6868 696C.

70 716E 6F.6C 6D

777675737 J

)

7D/C7 b79 78

7)Figure 7.4

7-17

OlJt'JllI 10(111 
m h mm H Hi 
9SH nit 88u 
□III
I li Jill 'i H I
I '9flt if I 

h H if 91) 
uuui.luuiju

a «m i a ct jo 
act iiiiitjii 
acutjaauo 
actjoacou 
■aouast iU 
BIIJliiilKJ 
aaaaaauo 
uuuuuuuu

ciijiinnooci 
I If JI ll'im JI io 
aai mao' jo 
Ofii Ji ®«i jo 
ad h m 
mtsaoai hi 
i it••<> a$t nJ 
acaaaouu

oooooooo 
i »aaf itjuoo 
uoaauumj 
oouaaooo 
oouu a at io 
□not job on 
oooouuaij 
utiuuuuuu

01)000000 00000000 oaaaaooo aaouaaoo aao(joouo aaooasoo uaaaaoou
UOOOllUuO

ooouoooo 
OOOOOl MH) 
aaoi ibooo 
■aooaauo 
aaooaaou 
aa> Ji icat m 
uaaai tael) 
UUIJOIJUUU

oi h j a am io 
oooaamio 
out asm m 
UOI JI II II H 50 
I H II 'Bfii )UU 
ooosai mo 
(100801 H lO 

• UUIJUUUUO

aaaooooo uoaaoooo 00880000 000*8800
00080000 
o< fsaoocjt) 
aaat iouoo 
UOOUOUOO

□0000000 oooooooo OOOUOUUO oucjuuooo 00000000 □0000000 onoooono 86888888

oooooooo □(10000(10 88000680 88080880 86888880 aanscaao □6808800 □uoooooo

89006600 
com .aatio 
aim aaoo 
□a a a ci juo 
□□BOlJUUi) 
00860000 
08666000 
UOUuOUOO

86666880 
BC'.JUI BOl) 
6;KJ( '86011 
CJl l( 'BCUUO 
o< laauoeo 
0880(1660 
86886680 
OUUUUUUO

066801 JOO 
□□ooutmo 
(Jt i66( Hit JU 
□□cat tut m 
□l i66i.ii joO 
U0660UUO 
□aaaoimu 
uuuuuuuo :

OUOOOOUO 00001 mono 08880880 aaui icaou aaouaaou □6666600 (JOI IO68I JO - Booaauuo

08886000 □aounuoo □aauuijoo □aaoLiuiiu oaauuuou (1881HlllOO □6966000 □000001)0

ooooouuo □0001)1 JOO 86008800 86688660 66686680 aauSuaao B6uoo88U □OUOOOUO

OUOOOOOO □t mum mo 
06686600 
68i ti lUOl JU 
i ;8SBB' 1(1(1 
urn '> 'Cauo 
868881)110 
IJUUUUUUC)

aciioaaoo 
cam cairn 
cam jcaoo 
88110861JIJ 
aaooaami 
i jaaaeooo 
Unit! JI 100 
ouoouuou

88800000 
obbdoooo 
ocammoo 
□866860(1 
□661 K J 8 80 
□861)0680 
aaoaaatjo 
□UOUlJOUD

OOOOOOOO 
00000000 
88688000 
8 6 IH.16 61 JU 
aaijoaaoo 
aaouaaijo 
aim j£8i >□ 
□UlJUUlJUU

□□I J6UUOO 
00681 H li lt) 
□saaaaoo 
006801)00 
□□6600(10 
ouboubuo 
otioaeiioo 
ouuuuuuu

□8666000 
U0O6600U 
00066000 
utjoa am. ju 
00068000 
ocioaaooo 
Liaaaamjo 
□OOuUOOO

□0880000 
oooouooo 

’ oasct juuo 
00861)000 
00660000 
□068t IGOO 
06888U00 
(JOULlOOUO

88000680 
aeootjaao .
86000680 
aaoai *1088886860 aaatjasBt) ecoouaao □□uuuumJ

000(10000 OOOUOOOU (isaaaouo aaouaeoo aaooa&ijo 66008600 □6868OUU (JULlUUUUU

000666(10
0001)6600
□0006600
0688661)0
66mj66mJ
#81)0661 fl)
□680U660
OGOOUOOO

□006(10(10 
006 861100 
□aejsaoo 
nauuuaao 
UUOOUOIJU 
OOlJllUUUO 
ouootiouo 
uuuouuoo

00006800 
OOCJOtJflUO 
oiiooeeoo 
00008800 
ooooaauo 
88(108600 
6911(18600 
U68660U0

061100860 
sat jiji >aatj 
□aatiaami 
006661JUO 
008661 HJO 
066066110 
aamjouao 
(JUtlOOUljU

00000(11 JO 
(KiOUUOUO 
6800881)0 
set joaaoo 
861)1 >8800 
□89680110 
OuB80000 
□UlJUOOUU

88800000 
00600000 
OBOdOBBU 
□BBt'OSlia 
118668000 
□861)0600oafiuuoau ouuooooo

oooooooo oooooooo 00680000 8601)0800
aam >oaoo 
00889800 
0000081)0 
000806811

oooooooo 
ouoooouo 
00066000 
OOi 11)6600 
(>0886800 
80i ft ;8Bt JO 
ijaoaoaoii 
(JUOUOOUO

00800000 
□06000(10 
□aooaooo 
□888O8OO 
□0600060 
□6600080 
OBOOtjOfll) 
□OOUlJUUO

tjoouomii j 
□ I 'I If'flf ll )(1 
llllflll II) 
at 11 in 11 it 1 
I H >8fit Ji |( Jl) 
I ICO1 - >1! HJ 
oacaaam) 

.•UiJUtiriinnl

OOOOOOOO oonooooo 08060000 BOt K >6000 66086600 OBtJt JOUOO □66661)00 OOOUOOOO

0(1880000 □OOuOBUO (JOOUUOUO oeaoooou 08600000 □6600000 6666) 11 H10 OuuuUUUU

nooonooo 
mjomjooo 
aamaaai hi 
□ BBBijaBO 
□sauuooo 
□ait h it it ii j 
aaaot iuuo 
f.luuUtJUOO

00680000 
0U60I itlOO 
OlJl >0000(1 
ooouoijmi 
ooonuouo 
OOLiUOUUtl 
(KJOIKUJUO 
□OUOOOOO

ouuca800 
(ji joa> *1 mil 
□I iJOiJUOLU 
Bsfii Hinn 
t il .881 4 id 
uuast mi «o 
□I II 16661 JI) 
OOOUt IIJI.IU

06666600 
Bufifii >600 
1 iJOfiOtJOO 
ouaaoouu 
□□aoutjoo 
OUOOI KJUO 
□86061)0(1 
OlJuuUOUU

oooooooo 
oom joooo 
sail 66 BOO 
□fiorjooQU 
□aamieou 
0B68060U 
OOOOOOOO 
oBsaotjoo

Q

The alternative character set (3 of



CONTROLDISPLAY

(

7F7E 80 8281

as 86 8784 89SB

sc BE 8FSA a& 80

tt

91 92 94

9897 9A9996 98

•70 AO Al9E 9F9C

(

A 7A6A 4 A02 A 2

The alternative character set [4 of 7^Figure 7O4

7-23

00000(10*' 
co ioe««u uonoi -,. o 
ooaaawt >o 
oaa. i ;a«o 
oaaui isan 
oi fflffia«u*j 
OOUUUuUO

(iOHM'i v in 
oi »n« '®®ai i lh 'Ol U !• •! »■ I 
n»siy< aan 
raa< n • sat i 
LSfflO! :®e< 
oraaaaan 
OUUUI MUI J

osancaau 
oaatjoaao 
ouaseauo 
caaaaaao OIJI fflffltHJ'J 
baaaaaan 
ouuaai mo 
oouaaouo

00000000 OOGSUUUO ooaafiuoo oaeuaaoo 98U0US90 saijuusao aaaaasao UUUOUUUQ

fflaaaafion 
a®t .uaaoo B®ri:affl< io 

SO 
a«i Miuaao 
saijusaaa 
aaoooaao 
stiojm

oaaeaaao 
Oi " ;i /i i' '•1 
iiaflocaao 
i •«««■ aao 
csaasaau 
5 ®fflt dflffll) 
Gflaui.aau 
OUlJUOuuU

ooaeaooo 
uaaijaaoo 
uaan-iauo 
OLaaauuo 
Ol'iH :.A(IO 
(jAaaaflOO 
OUUUUUuO 
oooooooo

uoaaaann 
(w dfli io 
caai.iauo 
□(.aaaaau 
(?) H !• ■> H !' ■(■) 
omiiii] 
OuUUUUi.H ] 
00000000

oooi »nnno 
oeaaaaijo 
ooi.' )• ..no 
j ’aaaaaoi) 
i aa: :t 30: I 
ASSfli H ’ Sfit ] 
OaaGuSAi I 
OUUUIJUUO

00000000
HSS3SS88 aauoouuo aaoooooo oaanaaao 
oobllooo

000C9BB0 
OOCOOUi.O 
ocaeaaoo 
cafflijuaao 
i’ aaaaaao 
oaauuuoo ouaaaaoo 
00000000

oonaaaoa 
onaai isan 
ooasouaj 
uaaaanuo 
ouaanuoo 
oaaaunfla 
uasaaaao 
OUUuUOOO

00008880 
0000008 JO 
ouaaaaoo 
onoouflgo 
ocsaaeau 
08900080 
ooanaflflc 
ouuuuuuu

oasasesio 
aaouoLSi 
ouaaaauo 
oouui.aao 
OCSHflflSO 
C’Bffluusao 
OGflcaaaa 
ooouuuoo

oaaioooo 
oouuoooo 
o(>aaa«uo 
Osa* luaao 
ufieflsaao 
(jfflflUituuo 
ou«sas(K) 
oououooo

fiffluflfifiud 
OUOOUUOO 
00000000 
00000000 
ooouoooo 
OGUOOOOO 
oooooooo

oaflaoooo 
OOOIJJCIUO 
OusaaaoiJ 
oouucaao 
oosaaaso 
oaauuaso 
ouaaasae 
ooouuuoo

OOOSBOOO 
oocoooo 
ooaaaauo 
OOui 8. SfflO 
003«ffl«an 
offiauuaeo 
ooaaaaaa 
0(3000000

OOOHSflOO 
OUOUCiOOO 
oosaaooo 
oouaauoo 
oocaaouo 
OOOflflOOO 
ouaeaaoo 
oouuuuoo

oooooooo 
oaaooaao 
OUUOOuiJO 
ooaaaaoo 
caaoL.aao 
csaooaao 
88388588

oooooooo 
oooooooo 
Ufiaaaaa® 
OOUUfflffluO 
oaaaaaae 
flooi.sauu 
Ciaaaaao 
oouuuuuu

oooooooo 
oaeaoooo oouuoooo 
uaaooaao 
oaaooaao 
oaaoi.'gao 
ouaaaaaa 
oououuuo

ooooaaeo 
oooouuuo 
oaflasaau 
OCiflflUUUO ofiasaauo 
ooaauuoo 
oaaaaaao 
OOGUUGOO

OOUOflflflP 
oooffifluaa 
OI)O»fiOOU 
OUfflfifflflOO 
ooi.aauoo 
oocaaooo 
fflflCBflOOO 
ufiflauooo

oaaooaao 
OL’tiUOl.iUO 
oonaaeoo 
C'aauuaflo 
81583538 
oc aiaaaoo 
oououooo

aaonoona oucaaooo OOflflflflOO osauoflao oaacoaflo OLasaano OULfflfflOOO oooooooo

OOBBSfflOO 
oacuufflao 
oaaoouuo 
OaSOUBBO 
ouaeasuo 
ooi juaauo 
ooooi a®o 
aoaeaauo

OBBOOCflfi oousaauo ooaaoflao caauouaa Uflaaaflaa caauuuai Cflaooofii oooooooo

araaaano
Ot.n JOOIIUO 
oaaouaao 
(laaiKiaao 
oaauc?aao 
ouflflaaaa 
UOOUuuOU

oaaaaaoo aauuuaao ouaasuuo oouaaooo COCJflflUOO oooaauoo ocaaaaoo oouuoooo

00000000 oaaooaeo ouuoouuo 08600980 caaooaao 088(10800 0(.ffi«fl«8fl oououuoo

09800880 
Ol.uOO’ :■ iO 
oosaaffloo 
oooui^ao 
opasaaau 
oafiuuaao 
00080888 
QOUQUuOO

onoaooo oaeuuano QIJIJOOUUO 00800800 08800880 0S900S80 
OOOUUOoS

oooaaooo oooaaooo oooooooo 00800800 08800880 08888880 Cfiflooaio 00000000

00000000 oooooooo 00088800 cafluuuoo 08800000 00808900 00001980 00088800

08800880 OQIJOOIJMO 088008*0 08800880 00800880 08800880 0U888800 oouoouoo

00088888 ooaausfltj offlauuaoo 03888088 oaauuaan 08000080 
88388383

osaaoooo oouuuooo 00888000 00088000 00088000 00038000 OCflflflflOO 00000000

0000000008880000 OOOOOOOO 00880800
C98UU830 
owooaao 
88838388

00000000 08800880 OOuOOOUQ 08800880 09800880 ouaasaau oouui.afflo 08888800

08800980 OOUOOOUO 01)808000 oouaaooo oouaeooo 00089000 00888000OOUOOUOO

O088888Q aiuuULfflft or.fflaafflou caauuaeo 08988880 ciiucuuo • 00889800 OOUUOOOO



DISPLAY CONTROL

A 9a a ADADAA

03AF I?'.'AE DO m

B9F<0B7f.<5 B6D4

DFDEuDBB hi;BA

erC-1. cC2Clco

CDF.9csC7CS

DI. Cl !)•?CECDci:

The alternative character set (5 of 7)Figure 7»4
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oobidibo 
or-a ana an 
oosif -boo 
oiiaanBBO 
OC'BOuBBB 
Oi 3101BO 
(Milin Ilf 3 
DfiUGBBfj

OCOBBOOO 
ODOBBi’lDO.. 
OIllIBBOOO 
Ollt IB 11)00 
BBBBBilflf) 
OOGllOOO 
00011000 
OOOBBOOO

00011000 
000111100 
000111)00 
OOOllOOO 
oooaiiia 
OOOOi1000 
OOflOf IDOf) 
oooooooo

oooonoou 
OOOOOGU.* 
Of it h inotio 
U11BS110 
or.oui in) 
OOOOi «••(! 
00000000 
OOOt 10000

oonnoooo 
ODOCGI )t ID 
nOC’OOCKM) (iriont
BBiiisen 
0011 lino 
Of >111 Illi) 
ODlluBlO

oooisoon 
f -Ot Bl'JOG 
■ BBBBtUJi) 
p:~li @ll 11)11 
BBBBBDDO 
•j m it h H li iO 
OOUOUUUO 
OlKHMJiJOO

ll'iliria 
i 111' ma 
■ ■< 11-11 
Illi 111 i 
■ 1> 11: 11 
i .111:'111 
BB> 11'.'11 
■ 1BCB11.)

00000000 
oooooooo 
oooooooo 
di m mt :ooo 
amijoo 
OuGllDflO 
Ol.lUllOOO 
0001It JOO

1)0000000 
OOflOOODO prn >onono 
I <1111110 
IIBDuGOO 
Olli If If ICO 
ooi »oocoo 
Of K 11)0000

OOBBOBBO 
onm hid 
00111 )■■■ 
01 -11000(1 
ooms as 
OOut iUi Di.) 
8)1)11(11 lOC’O 
GQCkMJUOO

II igit-bb
■ ■If)!.llti
III I 11 Hl
■ Brill -11 
• 9BCBBB 
r-aii -am 
ii j-'isaa 
i). j n iLii. ai

(3011GBB0 or sauiii) 
Of IS: 'll-) 
00111 mo 
OOH' *110 
□Olli J ISO 
Drill' Ilin 
OullUBBO

00110110 
orai.; bio 
Bill’ll) 
i ii’f ir :11<) 
mif.lli) 
00BS' )■■'.) 
OGBIO Bit) 
OGBBdBBO

ohoonnoo 
■1001100 
cut io bio 
III IIOI’-IB 
OBBOOBBO 
■1001100 
00000000 
OCU100000

OOC- IB 000 
err Birioo ■■■■■000 
no anno 
■ ■■■■()( )t) 
CKKllll JOO 
00011000 
0001•000

GOBBCOBO 
Of.i®> iiao 
OOBBi 1380 
Onaeraan 
■BlfiBBSO 
UU« <lUOO»J on )noo()o 
OOOOOOOO

of iot io non oi n't m inro 
simas® 
(i >i •» ii 11) 
salami 
I jlH UI )l .Oil 
Of If il il It It if) 
IJt)i )i)t.)l)OO

000*1000 oof aii iuo 
0111)11; JlJD 
001>118100 
08)8 11000 
DOCBBOOO 

•OOfjBlik'O 
ooc*«i»ioo

ODD11000 
Of It ill*inf) 
ODfilllll 
Ont !llOi '-l 
doi laaaia 
Of): '111 It nJ 
ODfSSKlU 
OOtJllOOO

OOGBBOOO 
oooaanno 
oocaaooo 
000111100 
mmiB 
00000000 
DOfjnUOOD 
001)00000

ooiioiao Of aiijiif) 
OuBS'. nil.) 
ni aaoiBO 
■ ■■■(.BSD 
OniBf’lBO 
(IGaiillli)01 )■■!)■■!)

00911000 
OOGBl'JOO 
DO()B®-. iDO 
OOliH* IDO ooi iiam 
OOt’lffi' iCiU 
0I2G11: iOO 
OOCISi )()0

00000000 
onnonnoo 
BBBBSBin 
Div hiC) a ao 
■ BBlfjBBO 
DrlluBBO 
Of ’•■ If) 11') 
of )an ibid

oooooooo 
0000(1000 
Of 0)0000 no* innooQ 
masaai 
t M x.HOih) 
000111)00 
OtlClBDOO

oniiraan 
nriit •»■') 
■■■■< .aaa 
( ?• h -I ■( > j Bsaat .«■■ 
fn aii >H-; 
0»’'ll' '■■* ) 
Of.a ii iiit)

00! 300000 oonnonnii 
oniimi 
Ol :B®: i J''«• 
Of 111 >181 
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CHARACTER DISPLAY MEMORY

CPU/monitorTheo

Alternatively.

j Color

The character display attribute byte [color]Figure 7.5

(

0

o
0
a
1
1
1

o
o
1
0
1
0
1
1

0
1 
0
0
0
1
1
1

0 
0 
0 
1 
1 
1 
0 
1

0
0
1
a
1
0
1
1

Q I 
0 |
0 i
1 !
1 I
1 I 
o i
1 |

| Black
| Red
J Green
| Blue
| Cyan
j Magenta
| Brown
| WhiteI

The significance of the attribute byte is set out in 
Figure 7,5*

Background bits
IB 5 4

access is 
Therefore,

7-22

Writing bits j
2 i 0 |

Notes;
Bits 7 and 3 set blinking and increased intensity, 
respectively. When blinking is disabled (see mode 
select register - port 3D9H], bit 7 controls 
background intansitya

The character display mode of the adapter stores the 
character screen image in byte pairs (character code 
~ attribute) in 4 KB of read/write memory, starting 
at CPU memory address 0B8000H. The even address of 
each pair stores the character code in the range 0 to 
OFFH, the odd address immediately above it stores the 
attribute byte 
synchronized with the character clock.
each CPU access to video memory is accompanied by at 
least one processor WAIT stata Alternatively, video 
memory can be accessed by DMA.
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CHARACTER DISPLAY CONTROL

I

are

to register

0

a color display is

4 or

)
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The following hexadecimal port addresses 
dedicated to the 6845 controller:

The effects of the 
are as follows:

Q

1

3D8 - Mode Control (write only)c 
individual bits, when set,

3D5 - Data Register (value output 
selected via port 3D4)

Because video data can be written to and read from 
read/write memory with CPU MOVE instructions, 
programming the 6845 is required only in order to 
initialize the character display and for certain 
changes of the display mode. These programming steps 
are described in this section.

The character display memory requires 4 KB. 
Additional memory can be used for further screen 
"pages" which can be selected by the 6845 controller.

select fast CRT-control1 er clock 
(necessary for 80 x 25 character mode and 
640 x 400 graphics mode)

1 - select graphics mode
character mode

2 - activate video signals for monochrome
display; otherwise, 
assumed

3 - enable video signal
select monochrome graphics (640 x 200
640 x 400)

5 - enable blinking function
6 - select 400 lines display
7 - seiect page:

page 3 or 4

3D4 - Controller Index Register (value output via 
this port points to one of eighteen 6845 
internal registers)

zero = page 1 or 2, set

zero selects
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color

(

Clear light pen latch3DB
3DC - Preset light pen latch

7-24

Critical settings of the Mode Control Register (port 
3D8H) for character display are given in Figure 7.6.

3DA - Status (read only). The significance of the 
individual bits, when set:

0- display enabled (controller not reading 
display memory at the moment)
1 - light pen trigger set
2 - light pen switch closed
3 - vertical retrace in progress

3D9 - Color Selection (write only). The effects of 
the individual bits, when set, are as 
follows:

0, 1, 2 « activate blue, green, and red guns, 
respectively for border color (character 
mode); in graphics modes, this color setting 
applies to the background color. The border 
color in character mode is a software 
convention; it is not actually displayed

3 - set high intensity for color selected by 
bits 0,1,2, provided these bits apply to 
character mode border or 320 x 200 graphics.
4 - set high intensity for background 
in character display
5“ palette selection in color graphics 
through activation and de-activation of the 
CRT blue gun
6,7 “ not used
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Character Display Hude |
I 7 0

11H - read onlyOFH - read/write

7-25

oo
0
0

0 
0

1
1
1
1

0
0
0
0

0
0
1
1

40 x 25 monochrome
40 x 25 color
80 x 25 monochrome
80 x 25 color

1
0
1
0

| 0
I 0
I 0
| 0

Bit
4 3

10H,OEH,

1 0
1 o
1
1

Registers OCH and ODH are of special interest: when 
set to zero, they address the first character of the 
4 KB screen page starting at CPU address 0B8000H as. 

j the top left corner of the screen. Changing this 
value, you can displace characters on the physical 
screen without having to transfer them within screen 
memory.

6 5

The controller register selected via port O3D4H can 
be one of those given in Figure 7C7O These controller 
registers are write only, except:

2 1

Figure 7.6 Character mode control on color/grsphics adapter
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Function/Value via Port 3D5I Rea

0

i 1 of ba

defines horizontal sync

I 3
<9

number |4 (

Elapsed lines not involved5
fl

ba6 Number
o

7
upo

The controller registers (1 of 2]Figure 7O7
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Horizontal 
displayed

the
of

II

I

Sync widths 
horizontal sync pulse width.

of displayed character row times (must 
than value in register 4J

Number of displayed characters per line (must 
than number specified in register 0).

Sync positions defines horizontal sync and f 
Increasing this value shifts.the*display to j 

decreasing this value shifts the display to the |

the |
display |

less |

the value of the vertical sync pulse and th® |

Less |

j ■ 2

periods 
the number

synchronization 
characters plus 

characters (retrace time) minus 1

increasing this value shifts 
this value shifts the

Vertical Sync Positions 
display upa decreesing 
down.

integer 
minus 1.

Elapsed time of the vertical scans the 
of physically displayable character linesff

number of | 
non-display |

I 
time of vertical scans lines not involved with j 

display of video memory image (for vertical adjustment)

Horizontal 
scan delays* 
the leftp 
right.



DISPLAY CONTROL

I Reg Function/Value via Port 3B5

8

04,5:

6,7:

Number of scan lines per character row, minus 19

OAH
of jlinescan

OBH

in read/write memory (most

I
Figure 7.7

7-2?

VThe control registers (2 of 2)

I

OCH
ODH

OEH
OFH

Interlace Mode and Skew:
combined value in bits 0,1:

j 10H
I 11H

significant |

Light Pen address (most significant bits in 10H).

Cursor definition: |
combined value in bits 0-3 = last scan line of cursor | 
in character block. |

Cursor definition:
combined value in bits 0-3 = Start 
cursor in character block;
combined value in bits 5 and 6: 0 = slow blinking |

1 = no cursor display |
3 = fast blinking |

0 or 2 = non interlace
■ 1 = interlace synch

3 = interlace synch 
and video 
no skew

1=1 character skew | 
2=2 character skew | 
0 = no cursor skew 
1=1 character 

cursor skew 
2=2 character 

.cursor skew

Cursor position 
bits in OFH).

I
First address output by CRT controllere The initial value | 
is 0, thus addressing the beginning of video memory. In | 
the case of the character display, this represents the 
CPU address 0B8000H. The most significant bits of this 
address are in OCH.
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| Register
i

I

Figure 7*8 Control registers for coLor character display

THE CHARACTER CURSOR
it

bothand 1514 are

Scan lines 0

7-28

34
28
2C
5

1A

5
6
7
8
9

In 
with 

of lower

o
19
19
0

OF

0
1
2
3
4

69
50
58
0A
1A

| Register

0
19
19

0
OF

o

to 7 are passed to the controller 
without intervening conversion. The scan line number 
specified for the cursor start must not be greater 
than that specified for the end scan line.

Control registers 0AH-11H can be manipulated in 
accordance with the requirements of the individual 
application, The other registers are set as shown in 
Figure 7.8.

* Start and end values 
interpreted as value 15.

Vslue — hex
40 x 25 80 x 25

s The value 2 is added to cursor start and end 
values between 8 and 13 inclusive. As a result, 
scan lines 8 and 9 are not accessible.

The character display mode cursor of the NCR 
PERSONAL COMPUTER consists of up to 16 scan lines, 
order to maintain compatibility 
applications which assume a cursor 
definition* a small PROM intercepts data to control 
registers OAH and OBH (via port 3B5H) before they 
reach the 6845 controller. The following conversions 
are performed:

Votue ~ hsx
40 x 25 80 x 25
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GRAPHICS DISPLAY

GRAPHICS DISPLAY MEMORY

GRAPHICS DISPLAY CONTROL

7-29

The graphics display adapter supports display of the 
set of 256 characters in an 80 (horizontal) x 25 
format. In addition all points addressable graphics 
can be implemented in three degrees of resolution.

The graphic display adapter has as much as 64 KB of 
read/write memory at its disposal, according to the 
amount of memory on the display adapter.This memory 
resides in the CPU address areas 0B8000H ~ OBFFFFH 
and 0A8000H - OAFFFFH (lower 32 KB if video memory 
extension 3299-K202 installed)/ The use of these 
memory areas varies according to the display mode 
selected, and is therefore given for each mode 
separately. The video memory is dual ported, so that 
the CPU can access it at any time. To avoid display 
disturbances, however, applications should confine 
access to the horizontal and vertical retrace 
intervals.

The general concept of video display initialization 
discussed in "Character Display Control" also applies 
to initializing the adapter for graphic display. The 
significant difference lies in the more extensive 
mode control and status information needed to account 
for the variety of modes available in graphics 
programming.

The graphics display controller supports a number of 
degrees of graphic resolution. The graphics display 
adapter and initialization firmware, of your NCR 
PERSONAL COMPUTER allow three graphic display modes, 
namely low, medium, and high resolution. Low and 
medium resolution graphics make use of a 16 KB video 
memory for one screen design, high resolution 

j requires 64 KB.
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Low Resolution

7-30

OBAOOOH » 0BBF3FH:
OBBF4OH - OBBFFFH:

odd scan lines (1 ,3S•••199) 
not used

even line scans (0,2,...198) 
not used

0B8000H - OB9F3FH:
OB9F4OH - 0B9FFFH:

Note:
A number of non-NCR personal computers apply the 
term "low resolution” to a 160 x 100 pixel 
graphic display, as, for example, transmitted to 
home televisions by means of a composite VHF or 
UHF signal. The low resolution graphic mode of 
your NCR PERSONAL COMPUTER supports 320 x 200 
pixel color graphics, medium resolution supports 
a 640 x 200 pixel monochrome graphic display. The 
NCR high resolution mode of display, not usually 
supported by other personal computers, gives a 
.high quality 640 x 
displ ay. 
PERSONAL

400 pixel color graphic 
This enhanced feature of the NCR 

COMPUTER does not adversely affect 
the compatibility stated in the foreword to this 
Manual.

The low resolution graphic display consists of 320 
horizontal by 200 vertical pixels. ‘Each pixel is 
represented by two bits, so that a choice of four 
colors is available for each pixel. Each line is 
output twice (duplicated in the following odd scan), 
so that the physical screen is actually filled by 400 
graphic lines.

Low resolution uses 16 KB of video memory as follows:

The first byte (0B8000H) contains color information 
for the 4 leftmost pixels of the top display line, 
and so on:
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27 6 345

pixel 3,0
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0B8000H 
Bit

| 0

The initial settings of 6845 registers (set via ports 
3D4H and 3D5H) for the low resolution mode of graphic 
display on the internal color CRT are given in Figure 
7.10. Registers 0AH-11H can be manipulated in 
accordance with specific programming requirements. 
When both set to zero, registers OCR and ODH set the 
graphics display controller to regard video memory 
address 0B8000H as the first byte of display 
information. You can change these two registers to 
address the upper 16 KB of the 32 KB graphic memory, 
thus enabling your programs to acccess a second 
graphic page.

Of each bit pair, the more significant bit controls 
the red gun, the less significant bit controls the 
green gun. If neither of these bits is set, the pixel 
takes on the current background color of the Color 
Select Register (port 3D9H, bits 0-3). The blue gun 
is governed by the Color Select Register (port 3D9H, 
bit 5). Therefore, the CRT display uses one of two 
color palettes, according to whether the blue gun is 
on or not. By activating the monochrome bit in the 
Mode Control Register Port 3D8H9 it is possible to 
create a third color palette. Color selection is set 
out in Figure 7.9*

» Cl n rn.B

1
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Pixel Color

0 0 0 0 or 1

Figure 7O9 Low resolution graphics ~ color selection

[8 basic

RegisterV®lu© — hex

Figure 7.10

7 —3 2
*

Control registers for low resolution graphics

0
0
1
1

Q 
1
1

0
1
1

1
0
1

0
1
0
1

1
0
1

0
0
0

1
1
1
1

0
0
0

0 or 1
0 or 1
0 or 1
0 or 1

1
1
1

0
0 ■

0

5
6
7
8
9

Cyan 
Magenta 
Whi ta

Green
Red
Brown

0
64
64
0
3

I
§
JII

0
1
2
3
4

34 
28 
2C 
§

68

Port 3D9H, 
bit 5

j Register V®Lu® — hex j

II
Current Background j

Cyan 8
Red |
White |

Currant Background 8

| Video Hewory
&SS LSS

Notes?
Background can b® any on® of 16 colors 
colors, with Intensity bit on or offje
Foreground color can be given high intensity (bit 4 
of color select register, port 3D9HJO

Port 3D8H0
bit 2
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page 1

page 2

page 3

page 4
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even scan lines 
not used
odd scan lines 
not used

even scan lines 
not used
odd scan lines 
not used

even line scans 
not used
odd scan lines 
not used

even line scans 
not used
odd scan lines 
not used

additional
in the Mode

DISPLAY CONTROL

If your 
memory, 
between two graphic 
manipulation of the page 
Control register (port 3D8H, 
pages can be addressed.

0A8000H - OA9F3FH: 
OA9F40H - 0A9FFFH? 
0AA000H - 0ABF3FH: 
0ABF40H - OABFFFH:

0BC000H - 0BDF3FH:
OBDF4OH - OBDFFFH:
0BE000H - 0BFF3FH:
0BFF40H - OBFFFFH:

OACOOOH - 0ADF3FH: 
0ADF40H - OADFFFHs 
0AE000H - 0AFF3FH: 
0AFF40H - OAFFFFH:

0B8000H - OB9F3FH:
OB9F4OH - 0B9FFFH:
0BA000H - 0BBF3FH:
OBBF4OH - OBBFFFH:

display adapter contains a 64 KB video 
you can use these two registers to switch 

two graphic pages. With 
• switch bit

bit 7) up to 4’graphic

Critical settings for the Mode Control Register (port 
3D8H) are to be found in Figure 7»11 (bit 5 is "don’t 
care").

The memory map for the full 64 KB video memory is as 
follows:
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0I 1

Graphics mode control low resolutionFigure 7e11

Medium Resolution

(

014 3 27 S 5

7 ““3

The 6845 registers (port 3D4H/3D5H) are set as for 
medium resolution graphics.

1
o
0

Color
Monochrome

0
1

0S8000H
Bit

pixel 7,0

Low Resolution Graphics j

The Mode Control Register (port 3D8H) is set as shown 
in Figure 7.12 (bit 5 is ”don’t care”. *

8H
4 3

The medium resolution graphic display consists of 640 
horizontal by 200 vertical pixels. ° Each pixel is 
represented by a single bit, so that each pixel can 
be displayed as on or off in 16 KB of video memory. 
The video memory addresses used are the same as those 
for low resolution graphics. The only difference is 
that each byte contains display information 
(monochrome on or off) for 8 pixels:

2 -S

0 1
0 1

J 0 0
§ 0 0
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Medium Resolution Graphics
0

Graphics mode control - medium resolutionFigure 7.12

High Resolution

(1,5,9,...397)

(3,7,11,...399)

resolution graphics

7-35

oo 1 
1

1
1

1
1

1 
1

o
0

be
In the

I 7 
l_
I 0
I 1

Monochrome (640 x 200) pages 1 and 2 |
Monochrome (640 x 200) pages 3 and 4 |

even scans (0,4,8,...396) 
not used 
odd scans 
not used
even scans (2,6,10,...398) 
not used 
odd scans 
not used

graphics,

on the
of color

Bit
4 3

As in low resolution graphics, each pixel is 
represented by two bits. Bits 7 and 6 of byte 0B8000H 
determine the color of the pixel in the top left 
corner of the screen: either current background color 
as specified by the Color Select Register, or one of 
three colors in the current palette selected by the 
Color Select Register.

0B8000H - 0BBF3FH:
0BBF40H - OBBFFFH:
OBCOOOH - 0BFF3FH:
0BFF40H ~ OBFFFFH:
0A8000H - 0ABF3FH:
0ABF40H - OABFFFH:
OACOOOH - OAFFFFH:
0AFF40H - OAFFFFH:

The high resolution mode of the graphic display 
enables you to use the internal color .CRT to its full 
advantage. This mode makes use of the maximum of 64 
KB video memory which can be installed 
graphics display adapter. In the case 

this memory is used as follows:

The same resolution (640 x 400) can be confined to 
monochrome (pixel on or off) graphics. As in medium 
resolution graphics, each pixel is represented by one 
bit, starting with bit 7 at 0B8000H (top left pixel). 
An alternate screen image can be stored at 0A8OOOH.

6 5 2 1



DISPLAY CONTROL

VelMffi — hex jg Register Mu® -• hex Register

I
!

Control registers for high resolution graphicsFigure 7a13

High Resolution Graphics
6 2 1 ©

Figure 7e14 Graphics mode control. - high resolution

7-36

Monochrome
Color

Figure 7e14 illustrates -Mode Control Register 
settings (port 3D8H) for high resolution graphics.

1
1

1
0

0
1
2
3
4

1
1

1
0

1
1

0

69
50
58
0A
68

5
6
7
8
9

0
64
64

0
3

I 7

e
G

e 
o
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}
(2,6,10,...398)}
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,...397) J

.,399)}(3,7,11,

Sit
5 4 3

0BFF40H - OBFFFFH:
The 6845 registers (port 3D4H/3D5H) are set for high 
resolution graphics as shown in Figure 7.13.

0B8000H - 0B9F3FH: even scans (0, 4,8,...396) } 
not used 
odd scans 
not used 
even scans (1,5,9

■0B9F40H - 0B9FFFH
0BA000H - QBBF3FH
0BBF40H - OBBFFFH
OBCOOOH - 0BDF3FH
0BDF40H - OBDFFFH: not used
0BE000H - 0BFF3FH: odd scans 

not used

The video memory map for the screen image starting at 
0B8000H (the equivalent is also available at 
0A8OOOH):
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THE GRAPHICS CURSOR

«

CONTROLLER DATA CONVERSION

I

7-37

, 1 is
... 7 is interpreted as

A scan line specified in the range 0 to 7 affects 
two scan lines: 0 is interpreted as 0 and 1 
interpreted as 2 and 3, 
14 and 15.

In addition to the conversion applied to the 
character and graphics cursor, display controller 
conversion is applied to most of the other registers 
of the 6845 written via ports 3B4H/3B5H. The purpose 
of this conversion is to ensure that display control 
parameters written by some applications are received 
in a way that will produce the display intended, even 
though the particular application may have been 
designed for a non-NCR monitor. Non-conforming 
parameters are, therefore, converted to the 
respective values given in this Chapter.

The graphic cursor of the NCR PERSONAL COMPUTER, like 
the character display mode cursor, consists of up to 
16 scan lines. In order to maintain compatibility 
with applications which assume a cursor of lower 
definition, a small PROM intercepts data to control 
registers OAH and OBH (via port 3D5H) before they 
reach the 6845 controller. The following conversion 
is performed:

The controller registers affected (in addition to the 
cursor definition registers already discussed), are 
the registers 0 to 9, selected via port 3B4H and 
written via port 3B5H. These registers convey 
parameters setting up display synchronization and 
skew/interlace modes. These parameters are supplied 
by the ROM BIOS, and need not normally be disturbed.

Scan lines 8 to 15 are passed to the controller 
without intervening conversion. The scan line number 
specified for the cursor start must not be greater 
than that specified for the end scan line.
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Chapter 8

Printers and Communications

INTRODUCTION

RS-232-C INPUT/OUTPUT

This

and data signals are described

8-1

3299-K306
3299-K307

1 serial 4- 1 parallel interface
2 serial interfaces

The control, address, 
in Figure 8,3.

A number of printers, plotters and communications 
devices can be controlled by your computer by means 
of these interfaces. The RS-232-C serial input/output 
interface is especially versatile in communications 
applications. This Chapter provides information about 
the hardware integration of these interfaces as well 
as instructions for their low level software control.

The RS-232-C interface is programmable by means of an 
16450 asynchronous receiver/transmitter, 
integrated circuit includes a programmable baud rate 
generator using a 1.8432 MHz crystal, and interrupt 
handling logic. The logic structure ad pin assigments 
of this integrated circuit are illustrated in Figure 
8.2.

Connection to the external device is by means of a 9- 
pin D-shaped connector. The pin configuration of this 
connector, is shown in Figure 8,1.

This Chapter describes two standard types of 
interface which can be installed in your NCR PERSONAL 
COMPUTER, namely RS-232-C (serial) and Centronics 
(parallel). These interfaces are provided by the 
following Kits:
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MKOI

Signal

5 1

o o o
o o

69-=>

Figure 801 RS-232-C pin configuration

»

pSR .
&rS

0 sg 27-

P Tft
\7 7©^-^'■****

!

1
2
3

5
6
7
8
9

8 Pin S

8-2

| Carrier Detect [CD]/
| Receive Data [RxD]
| Transmit Data [TxD] j
| Data Terminal Reedy [DTR]/ j 
| Signal Ground j
| Data Set Ready [DSR]/ 
§ Request to Send [RTS]/ 
J Clear to Send [CTS]/ 
j Ring Indicator [RI]/

o o
o o
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txzoji Signal

DQ-D71-6

(I)I 16X baud rate clack input for the receiver9 RCLK

[Ijj Receives serial data fra® RxD input line10 SIM

11 SOUT

active

15 clock

I

selected j

20 Vss

(

16450 signals [1 of 3)Figure 8O3

8-4

I

16
19

16
17

21
22

12
13
14

XTAL1
XTAL2

cso
CS1 
csaz

! Pin
I 
I
I
I
I

I
I
I

!

in j
I

j Connects crystal to the baud rate divider 
j circuit 
I

DOSTR/(I)| Either one of these Data Strobe lines is used | 
DOSTR (I]| to latch data from the CPU into the 

j 16450 register 
I 
j System signal ground

(0)| Transmits 
j Lineo A Master reset sets SOUT to 
| marking condition

serialized data via the TxD output j
logic 1 |

DISTR/(I)| Either one of these Data Strobe lines serves | 
DISTR (I] | to latch an 16450 register for reading by the |

I CPU |

I

j The system data buss used for transferring j 
| control information and data in parallel form |
j prior to serialization for transmission or |
j after received data has been de-serialized |

(I]I All 3 .Chip Select lines must be 
[IJj order to select the 16450 (U!I I

BAUDOUT/ j 16X clock signal for the transmitter. The | 
(0)| clock rate - oscillator frequency divided by | 

j contents of divisor latches j
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(1/0)1 SignalI Pin

DDIS23
1

24

ADS/ Strobe25

0 an 16450

I
29

enabledINTRPT30 angoes

31

RTS/ active32

activeDTR/33

34

)

16450 signals (2'of 3)Figure 8.3

6-5

26
27
28

A2
A1
AO

device .|

external
o - «

0UT1/ (0)| User-designated
| of bit 2 of the Modem Control 
| set makes signal active

0UT2/ (0) | User-designated
| of bit 3 of the Modem Control
| set makes signal active

| No connection

| Output goes high whenever
(0)| interrupt is imminent

| System address bus lines selecting
| internal register
I

output programmable by means |
Register: bit |

output programmable by means
Register: bit

I
[0]| Driver Disable. Output goes low whenever data 

| is being read from the 16450. Can be used to 
| reverse data direction of external receiver

providing latching for 16450 
An active ADS/ signal is 
th® 3 address lines

(0)| Signal active informs th® external device | 
| that the 16450'is ready to transmit data |

(0)| Signal active informs th® external
| that the 16450 is ready to communicate

(I)| Address
| internal registers.
| requi red only if
| selecting the register do not maintain stable
| signals during throughout an T6450.operation.

CSOUT (0)| Confirms chip selection by means of a high 
| output. A pre-requisite for data trasfer.
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[VOM SignaL

35 active the 16450MR resets

CTS/36

DSRZ37 external

Line Signal38 Detect or

(

RI/39

40 Vcc
I

16450 signals {3 of 3JFigure 8O3

PROGRAMMING THE SERIAL RECEIVER/TRANSMITTER

3299-K306 ( 3299HC307

329SHQ06 (

8-6

I
I

signal
indicating that the latter is

278H
2F8H
378H
3F8H

J
J

| Pin
I 

| +5 Vdc supply 
I

I 
device |

I
Carrier |I 
device " | 

conditions |

internal |

to the 16450 from the external | 
ready |

Thel6450 converts parallel data to serial on the 
transmit side and serial to parallel on the receive 
side. The serial interface driven by the 16450 can be 
assigned to any one of four (3299-K307) or two (3299- 
K3O6) areas in the 1/0 map. The base port addresses I 
selectable for serial 1/0 are:

from th® external 
adequate signal

o
signal

that

RSLD/ (IJ| Received 
J Detect 
| Input 
| confirming 
j are present |
i I

(III Input signal confirming that a ringing signal | 
| is being received by the external-device |

I I 
I

I
(1)1 Signal 

| registers
I

(I) j Input 
j devices 
| to transmit

[Ij| Input signal from the 
| indicating its ready status
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These addresses are switch-selectable on the PCBs.

3F8H

3F9H

Interrupt Identification (read only).3FAH
Line Control.3FBH
Modem Control3FCH
Line Status.3FDH
Modem Status.3FEH
Not used.3FFH

8-7

Interrupt Enable.
Also upper byte of baud rate Divisor Latch 
(switched by means of Line Control Register).

Receiver Buffer/Transmit Holding Register. 
This port is also used to access the lower 
byte of the baud rate Divisor Latch (switched 
by means of the Line Control Register).

The programming instructions in this description 
refer to base port seletion 3F8H, but the four least 
significant address lines apply equally to the other 
three I/O areas.

Figure 8.4 shows the structure of the registers which 
control the operation of the 1645'0. The Receiver 
Buffer/Transmitter Holding Register is no more than 
an 8-bit data register accessed via the processor IN 
or OUT instruction, according to the direction of 
data flow. Bit 0 is always the first bit transmitted 
or received. The Divisor Latch sets the baud rate 
generator by means of a 16-bit binary value. The 
Divisor Latch is selected/de-selected by bit 7 in the 
Line Control Register.

The port addresses dedicated to this interface and 
the 16450 internal 8-bit registers:
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I7 6 5 34 2 01

0 0 0 0 Modem Receive Transmit Data
I

■amuiiOW tta

!

J I i5 I7 6 4 2 1 0

0 Intarr. ID > Pending)0 0 Q a <

asm

I I7 6 5 3 2 1 04

Length>|

16450 Contral/Status Registers (1 of 2]Figure 0.4

8-8

Interrupt ID Register (port 3FAHJ

■ill— mm w,tw rnu»^awnni <nr mirwr il—ne—nwiBiniiiimWiur«ijia^>M«a»)cr—irwirinBTTWMrwnn—im inigB-xnWKWaxp

Line Control Register [port 3R3HJ

8
! 

I

Even
Parity

Parity
Enable

I
!

Stop
Sits

I

I 
[Divisor
| Latch
I

III
«s>

Bits

< Char.Set Stick
Break Parity

Bits

Interrupt Enable Register [port*3F9H]
-rj» irtiao*will wi irwi irmrm wrriimww«wrtlm»nniBaaanMMgmrin»m«ioarrj wtwwbw ■ ■ r iirir lyniymriT.-wavnamr.' rinu i rviTwr*ir»r«i runr   iwm ~»in

Bits
I 3
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Modem Control Register (port 3FCH) I

) I 1 I I2 04. 6 57

I
Out 2 Out 1 RTS DTR0 Loop0

ILine Status Register (port 3R3H)

1. 0257 6

Framing Parity ITHRETSRE0

Modem Status Register [port 3FEH]
I

12 057 6

TERI DDSRCTS DRLSDRI DSR

Figure 8.4 16450 Control/Status Registers (2 of 2)

Interrupt Enable Register

n

8-9

I
DOTS 1

Overrun Data
Reedy

16450.
events result in the issue 
bits may be set in any combination:

I RLSD

Break 
Interr.

If all bits are zero, no interrupts are issued.by the 
Setting individual bits 0-3 determines which 

of an interrupt. These

Bit:

I 3

Bit: 
4 i 3

Bit: 
4 I 3

I 0
I
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RI,

Interrupt ID Register

In€« Type lot* Source

| Highest/3j Receiver Read Line Status

Data

Transmit
| next write to TOR

Modem

I

16450 Interrupt priorityFigure 8.5

Line Control Register

8-10

j Acknowledge/resets j

Receiver data 
aval table

Read Receive
Buffer Register

[ PriorHy/l 
j ID value |

j Overrun error or j 
| Parity error or j 
| Framing error or j 
§ Break Interrupt j 

I I

If an interrupt is waiting to be acknowledged, bit 0 
is zero. The binary value represented by bits 1 and 2 
then denotes the pending interrupt with the highest 
priority (see Figure 8.5).

I g
| Second /2f

| Third Z1|

j Lowest /0|

I I

| Transmit Holding J This register read/| 
| Register empty | next write to TOR |

| Clear to Send or j Reed Modem Register! 
| Data Set Ready or( | 
| Ring Indicator orj 8 
| Received Line | j

Signal Detect | |

0: Interrupt when received data available.
1: Transmitter Holding Reg. empty.
2: error or Break Interrupt.
3: change of state on CTS, DSR,

or RLSD.

This register can be read as well as written, so that 
there is no need for applications to store the 
current settings.



PRINTERS AND COMMUNICATIONS

thisAs long bita s

Modem Control Register

Line Status Register

8-11

Bits 0-3 set force high the 16450 output lines DTR/, 
RTS/, OUT1Z, and 0UT2/, respectively.
Bit 4 set activates 16450 internal diagnostics (see 
later section).

Bits 0 and 1 contain a binary value specifying length 
of the serial character: 0 = 5 bits, 1 = 6 bits, 2 = 
7 bits, and 3 = 8 bits.
Bit 2 specifies the number of stop bits: 0 = T stop 
bit; 1 sets 1.5 stop bits (for 5-bit character), or 2 
stop bits (for other character lengths).
Bit 3 set determines that parity checking takes 
place. The type of parity checking is controlled by 
bits 4 and 5“ bit 4 set means that an even number of 
bits are transmitted or checked; if bit 5 is set, 
parity is transmitted and then detected by the 
receiver as logic 0 (if bit 4 x 1) or as logic 1 (if 
bit 4 = 0).
Bit 6 forces the serial output line to a low (Break) 
state, where it remains until this bit is reset. The 
Break condition is often used to alert the external 
device.
Bit 7 set selects the Divisor Latch at ports 3F8H and 
3F9H, in order to program the baud rate generator.

is zero, the Receive 
Buffer/Transmit Holding Register (3F8H) and Interrupt 
Enable Register (3F9H) are selected.

Bit 0 set indicates that a serial character from the 
receiver has been converted to parallel form and is 
waiting to be read from the Receiver Buffer Register 
(port 3F8H). This status bit is automatically reset 
when the data byte is read, or if that register is 
filled with zeros by means of an OUT instruction from 
the microprocessor.
Bit 1 set means that an overrun error- occurred, that 
is, the Receiver Buffer Register was not read before 
a new character was introduced to it. Reading the 
Line Status Register resets this bit. 

• i.
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the

Modem Status Register

INTERNAL DIAGNOSTICS

8-12

that is,

Thel6450 includes its own loopback diagnostic 
feature, activated by writing the Modem Control 
Register with bit 4 set.

, DSR/, 
respectively, provided that 

zero. If this 
the four Modem Status Register bits 
, DTR/, OUT1/ and 0UT2A

Whenever bit 0, 1, 2, or 3 is set, a Modem Status 
interrupt condition is asserted (see Figure 8.5).

Bits 0 set indicates that, the CTS/ line has changed 
state since the Modem Status Register was last read. 
Bit 1 applies analogously to the DSR/ line.
Bit 2 is set when the trailing edge of the Ring 
Indicator is detected.
Bit 3 set indicates that the RLSD/ input has changed 
state.
Bits 4-7 represent the complements of the CTS/ 
RI/, and RLSD/ inputs, 
bit 4 in the Modem Control Register is 
bit is set, 
represent RTS/

Bit 2 set indicates a parity error. This bit is reset 
by reading the Line Status Register.
Bit 3 set indicates a framing error, 
stop bit is not valid.
Bit 4, the Break Interrupt detector, is set if a 
break condition is recognized by the receiver. Such a 
condition exists when the serial input line is at 
zero beyond the length of one character consisting of 
Start + Data + Parity + Stop bits.
Bit 5 indicates when the Transmit Holding Register 
can accept a new character for serialization and 
transmission (bit set), as the most recent character 
has been forwarded to the 164509s Transmit Shift 
Register. This bit is reset when this register is 
next written to.
Bit 6 reflects 'the status of the Transmit Shift 
Registers this bit set indicates that the register is 
idle.
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Data Integrity

The Interrupt System

5-13

receiver.and transmitter 
The Modem Control 
but the interrupts

To conclude diagnostics, 
where appropriate and 
Register with bit 4 set.

The serial transmitter output (SOUT)is set to a state 
of marking (logic 1) and the serial receiver line 
(SIN) is disregarded. The output from.the Transmit 
Shift Register is looped back into the Receiver Shift 
Register. The Modem control inputs CTS/, DSR/, RLSD/, 
and RI/ are disregarded. Instead, these signals are 
supplied internally by the Modem control outputs 
DTR/, RTS/, OUT1/, and 0UT2/.. This configuration 
allows the 16450 to verify its internal transmit and 
receive data paths. '

restore the 16450 registers 
write the Modem Control

A test of the interrupt system requires writing the 
lower 6 bits of the Line Status Register and the 
lower 4 bits of the Modem Status Register: a bit set 
results in the assertion of .the corresponding 
interrupt.

In the diagnostic mode, 
interrupts are fully operational 
interrupts are also operational, 
are now derived from the four least significant bits 
of the Modem Status Register, not from the Modem 
Control input lines. The interrupts can still be 
enabled and disabled by means of the Interrupt Enable 
Register.
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RECEIVER/TRANSMITTER TIMING

Figures 8.6 cnC5
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BAUD RATE SELECTION

| (hexadeciaal] |

0,026

0.056 '

I

0.69
I

II

I

8-17

50
75

110
134a5
150
300
600
1200
1000
2000
2400
3600
4800
7200
9600
19200

900 
600 
417 
359
300
180
CO
60
40 
3A 
30
20
10
10
C
6

| Nominal baud | Divisor Latch | Actual deviation |
| rate

The crystal input governing the 16450 internal baud 
rate generator in your NCR PERSONAL COMPUTER is set 
at 1.8432 MHz. Accordingly, the 16-bit Divisor Latch 
values for the standard baud rates are as set out in 
Figure 8.12. Where the integer nature of 16-bit 
binary counting results in a negligible deviation 
from the nominal baud rate, this is indicated in the 
rightmost column.

Figure 0.12 Bead Rate Divisor Latch



PRINTERS AND COMMUNICATIONS

THE CENTRONICS INTERFACE

4

o

Figure 8.13 shows the logical significance of the (

Control data comprises the following lines:

STROBE/

AUTO/

INIT/

select the external dev ice

8-18

278H
. 378H

SELECT
INPUT/

Write data to device.
Read data from device.
Read status of device.

&

*

This signal is commonly recognized by 
usually 

erasure of remaining printer

Physical pin connections of the D-
©

printers as a reset instruction, 
entailing
buffer contents

The Centronics interface provides a parallel 
connection to an external input/output device. Up to 
two parallel interfaces can be used (2 x 3299-K306). 
Base port selection is by means of switches on the 
Kit PCB. The following base ports are selectable:

Signal to
(printer)

The pulse of at least 0.5 microseconds 
used to clock data read. Data is read when 
this signal is active (high)

interface signals.
connector are set out in Figure 8.14

This signal is commonly recognized by 
printers as an instruction to perform an 
automatic line feed when end of line is 
reached

The interface provides 8 TTL buffered data lines, 
TTL buffered control lines, and 5 lines for status 
reading. Three basic operations can be performed
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Centronics interface signals8.13Figure
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Signal

13I

O'

U

i

Figure 8O14 Centronics D-connector

Status information comprises the following lines:

ERROR/

SELECT

PE

(f

BUSI

(

8-20

This signal is used by printers to denote 
an out-of-paper condition.

1

W
11
12
13
14
15
16
17

| Pin

Confirms that the device is selected.

ooooooooooooa 
kQOOOQOOCOOOOj

25

during data entry (depending on printer) 
during printer operation 
in off-line status
upon printer error status
during line feed

j STROBE/
| Data Linas 0-7 
j ACKNOWLEDGE/
I BUSY
J PE
( SELECT

AUTO/
| ERROR/
J INXT/
! SELECT IN/'

| 18-25 j Ground

Indicates device (e.g. printer) error, for 
example, at paper-end, off-line, safety 
switch open, failure status

When this signal is active, the device 
cannot receive data. With printers, this 
signal is active under the following 
circumstances:



PRINTERS AND COMMUNICATIONS 4

SOFTWARE CONTROL

Status and Control Registers

5 0I 1237 6

PE| BUSY

8-21

ACKNOW
LEDGE

Device Status (IB 379H/279HJ 
Bit: 
4

>1

Status reading is via port 379H/279H.

Data transfer between the microprocessor and the 
interface is via the system data bus. To write data 
to the external device, the data is transmitted via 
port 378H/278H. The interface captures the data from 
the bus and presents it on the data lines at the 
external connector. Appropriate control information 
must then be issued via port 37AH/27AH.

The status byte is made up as shown in Figure 8.15, 
the control byte as shown in Figure 8.16.

To read data from the Centronics interface, it is 
first necessary to transmit the appropriate control 
information via port 37AH/27AH. Data can then be read 
via port 378H/278H.

ACKNOWLEDGE/
Indicates that data has been received by 
the printer. New data cannot be received 
before this signal is reset

nwi fini-w^iiniuniwuwi i i

<—-- - not usedSELECT ERROR

Figure 8.15 Centronics status register
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Interface Control (OUT 37AH/27AH)
Bits

6 2 17 5 3 04

STROBE |SELECT INIT0 0 AUTO00
INPUT

Figure 8916 Centronics control register

PORT SELECTION
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Figure 8O17
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n OM-SERBAl 
ENABLE
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K306 I/O address selection
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Figure 8* 17 shows the locations and possible settings 
for the 3299“K306 switches. The ^enable88 switches are 
provided so that one of the interfaces on the adapter 
can be used, while the other is disabled to prevent 
an I/O address clash with an interface being used on 
another adapter 3299-K306 or 3299-K307*
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Base Port Address

3FBK2FBH 27BH 37BH

0i»

Off

0- * Cl
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< U> u«UflU9 >1— at1

ii

s»«1>It ua■

£19

0 0 I §3[3•- Cl* -»
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. c3U>1•- aw -• Mil
>

9

Figure 8.18 K307 I/O address selection

8-2S

■

3 
4

1 
2

Oa
Oa

0ts
On

> >

Off
Off

Off
Off

>
k 

I

► 
►

Port 
Canaacftar XI

Port 
C©too®st©r I

3 
V 
I 
T 
C
N

0® 

0»

o CSO «o

Oo 
Off

- ci»• w
o~ at
»■ e?
*- 0Q

c»
C3

-o
•Q

-O
. o- £9
» ao

Off 
0»

; uh

: fl> 9

co.•o
ci

£»•o

o
u 
• c
o 
o
o* 
v» 
o 

CL

O •* • 
u •
c c o
u 
r o
CL-—■M 

•- Cll ■

cc

(«Hif A
CM —

8 9 A
CM

JOo •••o«»ea

<*■ CJ -o •
*- Ct -• '

< >

Figure 8.18 shows switch settings for 3299-K307.
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