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N introduction

Saction 1

Introduction

| 1.1 Features

Supports 25 and 33 MHz 386DX cache based systems
100% IBM PC/AT compatible

Supposts asynchronous AT bus timing through independent clock or
division of CPU clock

Requires only 16 IC’s plus memory for a 386/AT cache based PC/AT
Includes an integrated CPU/Cache/DRAM/bus controller

Enhanced performance of the 386DX and memory system due to

simultaneous activation of cache and DRAM accesses by the integrated

controlier

©  Zero wait state non-pipelined read hit access

o0 Buffered write through DRAM update scheme to minimize write cycie
penalty

© Supports 32KB, 64KB, 128KB and 256KB direct mapped cache

© Supports 4 blocks (of variable size from 4KB to 4MB) of main
memory as programmabie non-cacheabie address space

Utilizes tightly coupled 386DX interface

80387 and Weitek 3167 coprocessor interface logic

- AMAON ™Y i — o —

Suppaoris up 1o 128MB of local memiory through ficxible memory
architecture

© Programmable wait states and RAS precharge time for each block
(2 pair of banks)

© Supports 256Kb, 1Mb, and 4Mb DRAMS in configurations of up to 4
blocks (8 banks)

° Supports staggered RAS during refresh

© Supports hidden refresh

Supports shadowing of BIOS EPROMs

Supports dual 8-bit or single 16-bit EPROMs
Features integrated high speed cache tag comparator

Provides buiii in hardware for direci g KAVl lesung
Provides posted or non-posted writes
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1.2 82C351 CPU/Cache/DRAM/Controller

By integrating both the cache and DRAM control functions in one chip, the
82C351 supports simultaneous activation of cache and DRAM accesses; thereby
minimizing the cache miss penalty. It has hardware support 10 allow the user to
designate up to four blocks (of variable size from 4KB 1o 4MB) of main
memory as non-cacheable address space.

The 82C351 cache controller supports a direct mapped cache architecture and
cache sizes of 32KB, 64KB, 128KB, or 256KB. Memory write updates are
implemented using a buffered write-through scheme. The 82C351 is available

in a 160 pin PFP package.

1.3 82C355 Data Buffer

The 82C355 bus controller contains the data buffers used to interface between
the local and system memory buses and a path for the AT data bus. In addition
to having high current bus drive, it also performs conversions between the
different sized data paths and provides parity generation and checking. The
82C355 is available in a 120 pin FFP package.

1.4  82C356 Peripheral Controlier

The 82C356 peripheral controller contains the address buffers used to interface
between the processor address bus (A<23:2>) and the system address bus
{SA<19:0>). It also contains an equivalent 82C206 integrated peripheral
controller that incorporates:

¢ Two 8237 DMA controliers

* Two 8259 interrupt controllers

*  One 8254 timerfcounter

®  One MCi46818 real time clock

*  Several Tir/33! interface logic chips.

The 82C356 is available in a 144 pin PFP package.

PRELIMINARY CHIPS and Technologies, loc.
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[ ]
Figure 1-1.  PEAKI/DM System Block Diagram
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Section 2

Manual Conventions

2.1 What You Need to Know

- o_____ K PRSI [ B PR ey 2 e s b

¥ ¢ RSSUME YOU unacrsiani vasic COILPUieTr CONCEPis, OpCrations, Cﬁmpmnum,
and terminclogy. We also assume you understand the architecture, structure,
and operation of an IBM PC/AT; as well as how the various components relate
to one another to effect overall operation. We further assume you have an

nnﬂpretandmtr of the varions memorvy ftvnes and onerations,

R e e e gt

Based on these assumptions, the explanations presented in this manual therefore
assume you have a working knowledge of component parts and their operation
outside our CHIPSet, With the explanation of our CHIPSet, you can, with your

R PR SEn e SVEITTIC vkt mefesimnna b

unumumumg of the oiher COIMPOLIGILS, LLHZS Ol \.[ir ol iD Sfnance uic

overall performance and excellence of the product.

If you are unfarniliar with these concepts, please consult the appropriate
documentation (o enhance your understanding of the explanations presented in
this manaal.

2.2 About This Manual
Here's what you’ll find in this manual:
Volume I: PEAK/DM Overview

& Section 1: Introduction provides basic information about the PEAK/DM.

= Section 2: Manual Conventions gives an overview of this manual.
Volume ll: 82C351 CPU/Cache/DRAM Controller

&  Section 1: 351 Functional Qg ggnnﬂon ldcnllﬁgs the _ﬁ;n:_:ggnmz of the
82C351.

®  Section 2: 351 Configuration Registers details the internal registers within
the Peak/DM chipset.

o

Seciion 3: 351 Pin Descripti
function.

e Section 4: 351 Physical Characieristics reports the range of absoluie
maximum ratings, operating conditions, and capacitive characteristics.

®  Section$: 351 DCIAC Characteristics identifies the DC and AC
Characteristics associated with the 82C351.

®  Section 6: 351 Timing Diagrams details the timings of the 82C351.
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Section 7: 351 Physical Dimensions identifies the dimensions of the
B2C351 PFP package.

Volume lil: 82C355 Data Buffer

Section 1: 355 Functional Description describes the 82C355 chip including
an in-depth functional description.

Section 2; 355 Pin Descriptions provides tables describing each pin and its
function.

Section 3: 355 Physical Characteristics reports the range of sbsolute
maximum ratings, operating conditions, and capacitive characteristics,
Section 4: 355 DC/AC Characteristics identifies the DC and AC
Characteristics associated with the 82C355. .
Section 5: 355 Timing Diagrams details the timings of the 82C355.

Section 6: 355 Physical Dimensions identifies the dimensions of the
82C355 PFP package.

Volume 1V: 82C356 Peripheral Controlier
Section 1: 356 Functional Description provides an in-depth fonctional
description of the 82C356 chip,

Section 2: 356 Configuration Registers details the internal registers within
the Peak/DM chipset.

Section 3: 356 Pin Descriptions provides tables describing each pin and its
function.

Section 4: 356 Physical Characteristics reports the range of absolute
maximum ratings, operating conditions, and capacitive characteristics.

Section 5: 356 DCIAC Characteristics identifies the DC and AC
Characteristics associated with the 82C356.

Section 6: 356 Timing Diagrams details the timings of the 82C356.

Section 7: 356 Physical Dimensions identifies the dimensions of the
82C356 PFP package.

2.3 Typographical Conventions
The following conventions are used throaghout this manual:

REGnH identifies the intemal register of index n in hexadecimal notation.
REGnH «<x:y> indicates the bit field from bit x to bit y with index n in
hexadecimal notation, .

(xxx} signifies the default value after power on Reset; where xxx are
register bits.

Signal names are identified in full caps; for example, READY,

A dash before the signal name indicates an active low signal; for example,
-READY.

Section and Volume titles are shown in italic type for example; Section 72
Clock Input Timing is found in Volume IV: 82C356 Peripheral Controlier.

PRELIMINARY CHIPS and Technologies, Inc.




W Manual Conventions

CHIPS and Technologies, inc.

The following terms are used throughout this document:

MB = megabyte
Mb = megabit
KB = kilobyte
Kb =Lkitobit

MHz = megahertz

ns = nanoseconds
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Section 1

351 Functional Description

| 1.1 Features

The 82C351 interfaces directly with the 386 DX and controls all bus accesses
including CPU, DRAM, SRAM (cache) and AT bus cycles. The 82C351
includes an integrated Cache and DRAM controller designed to minimize cache
miss penalties. The 82C351 provides registers for controlling various system
functions such as DRAM and SRAM timing, system configuration,
non-cacheable memory areas, and refresh. It also includes action code
generation for the bus conversion logic contained in the 82C355.

The 82C351 is part of a cost-effective solution for maximizing the performance
of a 386 DX based system. This is accomplished by providing support for
high-speed cache memory that is used to hold the most recently accessed code
and data. With the use of a cache memory subsystem, the 386 DX is capable of
performing memory bus cycles without additional wailt states. Most memory
requests can be supplied by this fast cache memory. Cache updating is
performed using a buffered write-through system. Using this system, write
accesses to the slower main memory are buffered, 50 the CPU can start the next
cycle before the write cycle is completed. The cache memory hasa
direct-mapped organization.

The 82C351 provides clock circuitry to supply both the high-speed CPU clock,
and the relatively low speed AT bus clock. Since the CPU can operate at clock
rates of over four imes the AT bus clack, the 82C351 is capable of producing
an AT bus clock that is a division of the CPU clock, or an AT bas clock derived
from an independent clock source. .

The 82C351 is also designed with independent programmable controls for the
AT bus command timing and wait state generation for memory and I/O accesses.
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I
Figure 1-1.  82C351 Block Diagram
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1.2 Functional Subsystem

The 82C351 CPU/Cache/DRAM Controlier consists of the following functionat
subsystems as illustrated in Figure 1-1.

®=  Reset and shutdown logic

& AT and CPU clock selection logic

¢  Action code generation, buffer control fogic, and data conversion logic
*  Control Logic for:

CPU

DRAM (local) memory and SRAM (cache) memory
AT bus accesses

Bus arbitration

OWS or 1WS$ buffered write cycles

¢ Memory control logic for:

DRAM accesses

Cache memory accesses

Refresh cycles

EPROM Accesses

Shadow RAM support

*  Index registers for system contral
* FastRESET
.. FastGATEA20 o , B

L= T - B « B = B =

o 0 0 O 0

Reset and Shutdown Logic

The 82C351 has two resat inputs, -RESET] and -RESET2; and two reset
outputs, RESET3 and RESET4. -RESET1 is used to indicate a request for
power-On reset, and is usually connected to the POWERGOOD signal from the
power supply. -RESET! is also used o reset the keyboard controller; and when
active, the 82C351 issues RESET3 and RESET4 for 2 system reset. Both
RESET?3 and RESETY are synchronized with CPUCLKIN and meet the setup
and hold time requirements for the 386DX. '

-RESET2 is generated by the keyboard controller in response to an instruction
from the system and is used to switch the CPU from protected mede to real
mode. -RESET2 activaies only RESET3 which is used to reset the CPU.
RESETS3 is also activated by the 82C351 when a shuidown condition is
detected. After a shutdown condmon is detected, RESET3 is asserted and is
held high for at least 64 CPUCLKIN cycles and then deasserted. An active
RESET3, resulting from a shutdown, is synchronized with respect to
CPUCLXIN to ensure proper CPU operation.

The methods described above for resetting the processor in order to return 0
real mode are relatively slow. The 386DX can switch from protected to real
modes without using the slower keyboard -RESET2; however, most available
software is designed for 80286 or 8086 machines and requires the keyboard
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Tabla 1-1.

||
Table 1-2.

12

controller to generate a CPU reset. For this reason, the 82C351 includes logic to
initiate a fast reset, to be used in place of the methods previously described. The
fast reset can be invoked by a 0 to 1 transition of bit O in port 92H, or bit 5 in
mdex regisier 60H. If pori $2H is used, bit 6 in index ZBH miisl be 561 i0 enabie
the port. RESETS3 is asserted for at least 64 CPUCLKIN cycles during either a
power-On reset, a fast reset, or a keyboard conroller reset.

RESET4 is used to reset the 82C356, the AT bus, and the math coprocessor. It
is synchronized with respect to CPUCLKIN and is asserted for at least 64
CPUCLKIN cycles.

4n Alaal ] asia

1.9 WIUVA LUYIV
The 82C351 has a flexible clock sclection system as shown in Figure 1-2. This
system generates clocks for both the processor and the AT bus. The inputs to
this clock selection logic are CLK2IN and ATCLKIN. CLK2IN is driven from
a packaged oscillator circuit unning at twice the 386DX rated frequency.
ATCLKIN, if present, is usually 16MEz, to provide an 8MHz AT bas clock.
‘The output of the AT bus clock selector is BUSCLK. BUSCLK is equal to one
half the interna!l BCLE. BCLK can be a divisor (2, 3,4, or 5) of CLK2IN or
equal ic ATCLXIN. Asshown in Table 1-1, index Reg 07Hcan be

programmed to select the desired clock for BCLK,

CPLU and AT Clock Selection

Aeg 8H <0> Reg 7H <2:0> BCLK CPUCLK
0 000 CLK2IN/5 CLK2IN .
0 001 CLK2IN/4 CLEKZIN B
0 010 CLE2INS3 . CLR2ZIN
0 011 CLEK2IN2 CLEZIN
[+] 100 ATCLKIN CLE2IN
1 100 ATCLKIN ATCLEIN

Table 1-1 lists all possible clocks modes. Note that ATCLRIN should be a
lower frequency than CLK2MN, Table 1-2 is a listing of the different
combinations available with PEAK/DM that yield a compatible AT clock
frequency. Some add-in cards may not function properly if the AT Bus clock is
greater than SMHz.

BUSCLK Frequencies
CLK2IN Divisor BCLK BUSCLK
S0MHz 3 16.66 MHz $33MHz
50 Mz i 12.50 MHz 625 MHz _
66 MHz 4 16.50 MHz 825 MHz )
66 MHz 5 13.20 MHz 6.60 MHz
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L
Figure 1-2.  82C351 Clock Selection
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The output of the processor clock selector is CPUCLK. This signal is routed to
an output pin and is not used inside the 82C351 except for the clock select
circuit. CPUCLX is software selectable between CLK2IN and BCLK. Index
Register 08H, bit 0, selects the CPUCLK source. Nommally, CLK2IN should be
selected as the processor clock (CPUCLKIN) to allow the processor to operate
at its maximum rated speed. BCLK may be used to generate the CPU clock
when there is a need to slow down the processor for timing dependent code
execution, There is a separate CPUCLKIN pin on the 82C351 that is nsed
internally, This pin should always be connected to the same clock as the CPU.

Once clock selection options are set, clock switching occurs with a clean
transition, During clock swilching, no phase of CPUCLK is less than the
minimum or greater than the maximum value specified for the 386DX. “The
defanlt settings for CPUCLK and BCLK are CLK2IN and CLK2IN/S, *
respectively.

1.4 Action Code Generation and Data Conversion
Logic

The AT bus control logic performs data conversions for CPU accesses to

devices that are not on either the local CPU or memory bus. The data bus

conversions are performed for 16 and 8-bit read or write operations. If required,

32-bit transfers to or from the CPU are broken into multiple 16 or 8-bit cycles.

Action codes are generated to control the buffers within the 82C355. Byte

addresses XA<0:1> are generated for CPU AT bus cycles to drive the lower two

bits of the AT address bus.

The 82C351 uses -MCS186, -IOCS16, and -BE<{(:3> to determine the size of the
data being transferred between the CPU and the AT bus. -MCS16 indicates
16-bit memory accesses are required while -IOCS16 indicates 16-bit /O
accesses are required, If -MCS16 or -10CS16 are not asserted, 8-bit transfers
are assumed. The request is converted into 1, 2, 3, or 4 AT bus cycles based on
the CPU byte enable signals. For example, when -MCS16 is asserted, the AT
bus control logic converts a 32-bit memory access into two 16-bit AT bus
accesses.

‘When performing the data conversions, a 4-bit action code AC<0:3>, is
generated 1o control the buffers in the 82C355 for the alignment of data paths
and to control the direction between the D and MD data buses. The definitions
for the action codes are given in the functional description of the 82C355. For
data accesses to and from the SD bus, SDIR0 controls the buffer direction for
$D<(::7> and SDIR1 controls the buffer direction for SD«8:15>,

1.5 CPU, Local Memory, AT Bus Control and
Arbitration Logic

The 82C351 contains logic to control all accesses initiated by the CPU,
DMA/Master, or refresh request logic to the DRAMSs (local memory), SRAMSs
(cache memory), or the AT bus.

PRELIMINARY CHIPS and Technclogies, inc.
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The CPU and Local Memory (DRAM) logic controls all the accesses to the
local bus (DRAM and cache memory), while the AT bus logic controls
non-local bus accesses. The CPU and DRAM logic supports only 32-bit
transfers between the CPU and the system memory where no bus conversions
are required. Thus, the -BS16 inpat of the 386DX is not used in PEAK/DM
based systems and shonld be pulled high.

The AT bus logic is responsible for all non-local bus accesses and controls the
AT bus for proper bus conversions. In a traditional AT compatible design, the
AT bus clock (BCLK/2 or BUSCLK) and the CPU clock (CPUCLK) are the
same. In PEAK/DM, it is not necessary for the CPUCLK and BUSCLXK to share
the same clock. The CPU and local memory logic can be driven by
CPUCLKIN, while the AT bus can run off BCLK. This aliows the CPU to
operate at much higher frequencies, while the AT bus operates at an
AT-compatible § MHz speed. By allowing the different clock source for the
CPU and the AT bus, high performance systems can be designed compatible
with standard AT bus peripherals. PEAK/DM also has the capability of
defiving the AT bus clock from CLK2IN. CLK2IN can be divided by 2,3,4, or
5 1o yield BCLK (see section 1.3 Clock Logic for more information.)

1.6 CPU Control Logic

The interface to the 386 DX processor requires proper interpretation of the
status lines upon assertion of -ADS, and the generation of -READY upon
completion of the requested operation. The CPU control logic monitors -ADS,
M/I0, W/-R, and D/-C to determine the CPU’s cycle type and its starting point,
This logic generates -MALE to indicate the start of a new CPU cycle.

A Tocal memory access is distinguished from a non-local access by the assertion
of -AF32. -AF32 is generaled by either the 82C351 for local cycles, or the
Weitek coprocessor for Weilek coprocessor cycles. -AF32 is also an input to
the 82C351 to indicate that a Jocal device is in control of the bus such as the
Weitek coprocessor, At the end of T2, after the generation of -MALE, the CPU
control logic samples -AF32. If -AF32 is asserted, the current cycle is
considered a local cycle and the AT bus logic is not activated. If -AF32 is
inactive, then the control is passed to the AT bus logic. The CPU control logic
and the processor then wait for -READY to be generated by the AT bus control
logic. Figure 1-3 shows the timing relationship for -MALE and -AF32 with
respect to CPUCLKIN, -ADS, and -READY,

[
Figure 1-3.  -MALE and -AF32 Generation for Local Bus Cycles (2 WS Cycle)
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Local Memory Control

If -AF32 is asserted by the 82C351 at the start of a memory cycle, then the
82C351 starts a local memory cycie and does not allow the AT bus control logic
to begin, The local memory control Jogic generates the comesponding DRAM
control signals. It can be programmed to insert wait states in vnits of two
CPUCLKIN cycles to extend the memory cycle so that slow DRAMs may be
used to implement the memory subsystem. At the end of the cycle, the Jocal
memory control logic generates -READY to terminate the local cycle. If -AF32
is asserted externally, then neither a local or AT cycle will occur. The device
that geperated -AF32 must generate -READY 10 end the cycle,

AT Bus Control

The AT bus contro! logic is invoked whenever -AF32 is ot active at the start of
the cycle. This logic is driver by BCLK, which is two times the frequency of
the AT system clock, RUSCLE, The 82C351 performs the necessary

synchrommnm of the control and status s1gnals between the AT bus and the
processor. The 82C351 supporis 8, 16, or 32-bit transfers between the processor
and the 8 or 16-bit memory or I/0 devices located on the AT bus,

Aw AT L. s initatad e annavitns RSATE ohnt is Aarndad Errnmm tha MDTT
All AL Bus VJVIG m MUBGLAL LY adOd My “Iviril.l U 13 MRAARSWAL LIVLLE LG Wk W

status signals and is terminated by asserting -READY. During memory cycies,
on the falling edge of BALE, -MCS16 is sampled to determine the bus size
requited. During 10 cycles, -EOCS16 is sampled on the falling edge of BALE.
After a programmed number of delays, the AT logic then enters the command
phase. The command signals for the memory or I/O cycles remain active until
the programmed number of wait states are executed. At this point, IOCHRDY
is sampled. If IOCHRDY is active, the commang signals become inactive
during the next BUSCLXK cycle. If IOGCHRDY is not active, the cornmand
signals are extended for an additional cycle and JOCHRDY is sampled again.
This process continues indefinitely until IOCHRDY becomes active. Figure 14
shows the AT bus timing.

[
Figure 14. AT Bus Timing - One Wait State
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Figure 1-5.

B 351 Functional Description

The AT bus control logic provides programmable registers to control the status
and command phases of different AT bus cycles. These registers allow low
speed AT bus peripherals to operate properly. The 82C351 can be programmed
to insert wait states in units of BUSCLXK and to delay the generation of -10R,
-IOW, -MEMR, -MEMW commands in one half units of BUSCLK (BCLK)
within the seiected wait states. AT bus wait states can be controlled
independently for 8 and 16-bit accesses and the command delays for B-bit

memory, 16-bit memory of I/C cycles. The command cycle is terminated by
detecting -0WS or [OCHRDY active. A command delay is one BCLK delay
between the end of BALE and the start of a command. Command delays reduce
the total time a command is active. 'Wait states are additional BUSCLK cycles
added to the time a command is active. A command active for 0 wait states with
0 coramand delays would be 1 BUSCLK long. In addition, extra addre$s hold
time can be added for AT adapter cards that may need it 0 operate reliably.

‘This feature, when enabled, delays the next cycle from starting by one T state,
This Ieaves the address for the current cycle valid for an extended period of time.

Bus Arbitration

The 82C351 controls bus activity and provides arbitration between the CPU,
DMA, bus master devices, and DRAM refresh logic. The 82C351 arbitrates
between HRQ1, HRQ2, and REFREQ in a non-preemptive manner by
generating a HOLD request to the CPU, The CPU relinguishes the bus by
issuing HLDA. The 82C351 responds by issuing HLDA1, HLDAZ, or -REF
depending on which device prevailed during arviiration. During an AT siylc
refresh cycle, the refresh logic has control of the bus until -REF goes inactive.
-MEMR is asserted low during the refresh cycle and the refresh address is
placed on the MA<(:10> bus by the refresh address counter. In an
AT-comnatible design during a DMA cycle, the DMA controller hag control of
the bus until HRQ1 becomes inactive. Figure 1-5 shows the timing for bus
arbitration.

Bus Arbitration (REFRESH)

rera . \__/

oo / \
swon / ) W—
e \ /-
MEMR \____J
MA0:10> - i VAUD REFRESH ADDRESS 7“ V
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The rising edge of REFREQ sets an internal flag in the 82C351. A HOLD
reguest is then generated, synchronous to the CPU Clock. When the CPU
finishes with its current activity, it releases the bus and activates hold
acknowledge (HLDA.) The 820351 then begins ihe AT style refresh cycle by
asserting -REF. After -REF is activated, the 82C351 places the refresh address
on the MA<0:9> bus and activates -MEMR. After the refresh cycle is
completed, -REF and -MEMR are driven to inactive staies. HOLD to the CPU
returns ko inactive state and the CPU regains control of the bus.

Figure 1-6 shows a DMA cycle arbitration. If a DMA device requests control of
the bus, it activates HRQ1 ar HRQ2. The 82C351 receives HRQI1 or HRQ2 and
issues HLDA1 or HLDA?2 and relinquishes the bus. Once the DMA device is

v Lo aocoeting LTDMT A 'I'J‘Dﬂ‘) tha 9‘3(‘241 Asoccerte HT AT nr HI DAY
0 :ONS0Y asSETUnE xu\g; Of fannge 1+ GEASSNS

and returns controf to the CPU.
L
Figure 1-6. DMA Cycle
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1.7 Bus Timeout Log

An optional Ready timeout is available in the 82C351. If index Reg 26H <2> is
a 1, the feature is enabled. If any device being accessed by the CPU does not
respond with -READY within 128 clock cycles, the 82C351 AT bus control
logic will generate -READY itcelf if the option is enabled.

1.8 Memory Control Logic

The 820351 peovides all the logic necessary 1o interface Io both local and cathic
memories. It utilizes a direct-mapped cache organization of up to 256KB and
conventionzl DRAM accesses up to 128MB, It also contains the necessary logic
for refreshes, DMA cycles, accessing the EPROMs, and Shadow RAM.

a om . rm o

The 82C351 provides the control iogic for generating -RAS<(:7> , -CAS<(:3>,
MA<0:10> and -DWE to control DRAM accesses. It also provides BWBUSY,
1.DBDIR, and -LDBEN sigrials to control the direction of the data flow between
the D and MD buses through the 82C355. Figure 1-7 (shown in the section
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The 82C351 supports 256KB, 1MB, and 4MB DRAM:s in configurations of up
to 4 blocks of 2 banks each. The data width of a bank is four bytes plus 4 parity
bits {one parity bit for each byte) or 36-bits. Each block has its own set of
configuration registers. These configuration registers are used to define the type
of memory, the number of wait states (for a DRAM cycle), the minimum RAS
pre-charge time, the duration of a refresh RAS pulse, and the starting address
within a block. Each block can have a different combination of these options,
For example, block O can have 256K DRAMs running with 5 wait states while
block 1 has IMB DRAMS running with 4 wait states. The minimum amount of
Tocal memory is IMB if 256Kb memory devices are used (If IMb DRAMs are
instalied, the minimum amount of local memory is 4MB and if 4Mb DRAMSs
are employed, i6MB). Since the starting address is for an entire block, all
DRAM used in a block shouid be of the same size 50 the memory will be
contiguous. All DRAM access and refresh control signals are presented by the
82C351 with programmable configurations for 256Kx1, 256K x4, IMx1, IMx4,
4Mx1, and 4Mx4 devices. Parity gencration and checking is implemented in
conjunction with the 82C355 data buffer. Index 28 bit 7 in the 82C351
determines if parity is enabled (-FPEN is low) or disabled {(-PEN is high). If
-PEN to the 82C355 is Iow and a parity error is detected, -LPAR is driven active
to the 82C351. The address of the memory location where the parity error
occured is latched into index Reg 28H<0:2> and Reg 29H<(:7>.

The 82C351 controls the DRAM memory accesses from four sources: CPU,
DMA request, refresh request or a master. These accesses are arbitrated based
on the inputs HLDA1, HLLDA2 and -REF and are handled by their own control
logic. The refresh logic is in conirol whenever -REF is active. When HLDA1
or HLDA? is active, the DMA logic is in control. In all other cases, the CPU
control fogic is in control for valid DRAM memory accesses as defined by the
memory map in the configuration registers. The arbitration is non-preemptive;
the current active control logic always runs to completion prior 10 relinquishing
control.

The CPU initiated accesses are decoded according to the memory map defined
in the configuration registers. The accesses to the local memory are
conventional DRAM accesses. The DRAM access begins by strobing in a valid
row address with -RAS, while -CAS remains high. The addresses on the
MA<{:10> bus are then changed from row addresses to column addresses and
strobed int by -CAS, with -RAS remaining low. This is the beginning of a
DRAM cycle. The specific type of cycle is determined by the state of the
DRAM write enable pin, -DWE. When high, -DWE instructs the DRAMSs o
read the data on the memory data bus. When -DWE is low, the DRAMs place
their data on the memory data bus. The DRAM cycle is terminated when both
-RAS and -CAS are retumed to 2 high state, The 82C351 then generates
-READY 1o terminate the current CPU cycle. -DWE should be buffered and
connected 1o each DRAM write enable input.

Bit 3, in index register 2F, controls the location in a local DRAM cycle that
-RAS and -CAS are asserted. When this bit is 0, Late RAS mode is selected;
and when the bit is 1, Early RAS mode is selected. With Late RAS mode, -RAS
is asserted at the end of the first T2 state, -CAS is asserted in the middie of the
third T2 state. With Early RAS mode, -RAS is asserted in the middle of the first
T2 state. -CAS is asserted at the end of the second T2 state. Early RAS mode
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provides more data access time for the DRAM, but requires the Tag SRAMs to
deliver the cache address sooner. Therefore, slower DRAM could be used, but
faster Tag SRAMSs would be needed. Also, since -RAS is asserted eariier,
additional time between cycles may be added by the internal logic to meet the
minimum -RAS precharge time of the DRAM.

DMA accesses are initiated by asserting HLDA1, The signal combinations
-MEMR and -IOW or -MEMW and -JOR, determine if the DMA cycleisa
memory read or write access o or from an I/O device. Byte accesses to the
Tocal memory are controiled by the four -CAS lines, CAS<0:3>. -CASO selects
the least significant byte, while -CAS3 selects the most significant byte within
the 32-bit wide local memory. To accomplished this, the 82C351 generates the
byte enable coded -CAS lines based on the XAQ, XAl, and SBHE signals. The
DMA contro! logic makes one memory access per DMA bus cycle and does not
attemnpt to pack or unpack data transfers to make full 32-bit transfers.

First Megabyte of Memory

The initial memory default is for 0K of local memory. Index register 2AH bit 0,
when set to a 1, enables the first 512K of local memory. If memory is to be
located from this point to the end of the first megabyte, then bit 1 of index
register 08H should be set to a | which allows index registers OCH through 0FH
to control this address space. Registers OCH through OFH determine whether
the memory located between 080000H and OFFFFFH is located on and
controlled by the system board, or on the 10 channel. Each bit of the registers
controls a 16KB address space, In addition, there is a register that controls
whether the accesses to four 64KB areas will be to ROM or to RAM between
OCO000H and OFFFFEH. The RAM, if selected, can be write protected if
desired. This index register, 09H, is for controlling the Low Boot Space. Bits
<7:4> are used to select if the RAM is readable and writeable or read only. Bits
<3:0> determine if ROM is enabled in any of these four locations.

These seven registers control how the first megabyte of address space is utilized.
For instance, assume & system has this configuration:

* 1MB DRAM on the system board
*  System ROM BIOS
s  EGA/VGA video board installed in I/O channel with BIOS and RAM
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The registers would be set as follows:

I 351 Functional Description

Registar  Dascription Bits <7:0> Function
. 08H Inital Memety AXXXXX1X Enalies coiitios by megisier OCH 1o OFH
09H Low Boot Spsce 100106000 All ROM dissbled, read only RAM at
- : : - CO000H - CFFFFH and FODOOH - FFFFFH
OCH Mem Enable Map 0000CGOO0D RAM at 80000H - SFFFFH on board
8000CH - OFFFFH
ODH Mem Enable Man 111111131 RAM at AGODOH - BFFFFH on channel
ADOOOH - BFFFFH -
OEH Memn Enabie Map 00000DOO0D RAM = CDOOCH - DFFFFH on board
CO000H - DEFFFH
OFH Mem Enable Map 00000O0O00D RAM a2 E0Q00H - FFFFFH on bosrd
EDO00H - FFFEFH
ZAH MenEmbleMsp XXX XXXX 1 Enabie iow 512KB iocal memory
D0J00H - TFFFFH

This example is intended to show how the registers controtling the memory
enable map and Low boot space are used. Other registers are used to select the

DR AM timing and canfiemratian and ars awnlainad in Cortinm 2- 257
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Configuration Registers. Also, a specific sequence must be used in order o
move a BIOS 1o RAM; this is explained in the section titled Shadow RAM.

Cache Access

The 82C351 supports 32KB, 64KB, 128KB or 256KB of direct-mapped cache

memory. The 82C351 provides all the logic for generating «CRD, -CWE<0:3>

and CALE to control the cache memory. For a detailed description of the cache
organization, structure and usage refer to Section 1.10 Cache Concepts.

Refresh Cycle

The 82C351 provides two different methods of performing DRAM refreshes,
AT style refresh and Hidden refresh.

When using AT style refresh, the 82C351 arbitrates for the bus after receiving
REFREQ, and generates HOLD request to the CPU. The CPU relinquishes the
bus by issuing HLDA. The 82351 responds by issuing -REF and starts the
refresh cycle, -RAS only refresh is performed by strobing a row address while
-CAS remains high. The independent RAS pulses (-RAS<0:7>), are staggered
in order to reduce noise caused by driving them aif active simultaneously.

With Hidden refresh, DR AMs are refreshed without the 82C351 implementing
the HOLD and HLDA sequence. With Hidden refresh, the CPU is allowed to
access the cache memory for a read hit during a refresh cycle. If a ocal
memory, AT or DMA cycle is initiated while a hidden refresh cycle is
occurring, wait states are inserted until the refresh cycle is complete, The
delayed cycle is then allowed to complete. On the other hand, if a local
memory, AT or DMA cycle is active when a hidden refresh cycle would
non'nally start, that cycle is allowed to finish and the refresh happens afterwards.

gy SRy, PSS S

ngﬂm 1-7 shows ihe hidden refresh umiug
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| |
Figure 1-7.  Hidden Refresh
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1.9 EPROM Contro!l Logic
The 82C351 provides control Iogic to generate -ROMCS for ROM accesses.
The AT bus coniro] Jogic generaies -READY for this cycle. -ROMCS canbe
enabled for any of the 64KB sections starting at 0C0000H, 0DOOO0OH, UE0000H,
and OF0000H with index register 09H bits 3 10 0, respectively. Index register
2CH bits 3 to 0 control -ROMCS for the 64KB sections starting at 0FCO000H,
OFDO00OH, GFEQQ00H, and OFFO000H. -ROMCS is connected to any ROMs
Iocated in these address ranges that are located on the system board. -ROMCS
is also connected to the 82C356 which controls the direction of data flow
between the SD and XD busses. When 2 ROM access ocours in one of the
above address spaces, and -ROMCS is enabled for that area, the 82C351 asserts
-ROMCS. The 82C356 nses XDIR to direct ROM data from the XD bus to the
SDbus. If, on the other hand, one of the above areas is to be used for RAM, as
with the shadowing of BIOS ROMS, the registers 09H or 2CH would be
configured so -ROMCS is not asserted for accesses 10 that section, Accesses to
this RAM would be handled by the local memeory control logic instead of the
AT bus control logic.
When a single ROM is used, it is attached to the XD<0:7> bus via a
bi-directional buffer whose direction is controlled by XDIR from the 82C356.
‘When the processor accesses the ROM, four suceessive byte transfers are
initiated to complete the 32-bit read.
| ’ )
Figure 1.8,  Single EPROM Connection Example
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Dual ROMs are often used where the code is split, with the even (low) addresses
in the first ROM, and the odd (high) addresses in the second ROM. In this case,
logic should be added to drive -MCS 16 low 1o the 82C351 whenever -ROMCS
is asserted, in order for the 82C351 to perform two 16-bit accesses to complete
the 32-bit read. The low byte ROM should be attached to the XD<0:7> bus.
The high byte ROM should be connected to a newly created XD<8:15> bus that
connects to the SD<B: 15> bus via a buffer that is enabled by -ROMCS.

I
Figure 1-9.  Dual EPROM Connection Example
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In: order to enhance system performance, it is preferable to execute BIOS code
from RAM rather than from slower EFROMs. The 82C351 provides a feature
called Shadow RAM, that when enabled, allows BIOS code to be executed from
system RAM resident at the same physical address as the BIOS EPROM.
Software should transfer code stored in the BIOS EPROMs o the system RAM
before enabling the Shadow RAM feature, ‘This feature significantly improves
the performance in applications that use BIOS calls extensively. The Shadow
RAM feature is invoked by enabling certain bits in the ROM enable register and
RAM mapping registers (Reg 09H, OEH, and OFH). Once the BIOS is
shadowed, that portion of RAM is write protected.

The sequence for turning on the shadow RAM for Video BIOS ROM is as
follows:

1. Enable the ROM space in register 09H and make the RAM read/writable.

2. Disable the local memory DRAM at 0CO000H to OCFFFFH using register
OEH<4-7>. " R

3. Read abyie of the Video ROM into a temporary register.

4. Enable the corresponding local memory at 0COO000H to OCFFFFH by using
register 0EH<4-7>,

AM

5. Write the data from the temporary register into the memory. Since the
memory Jocated at 0CO000H 1o OCFFFFH is now enabled the memory write
cycle will be directed to the local system mernory instead of the video
memory.
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6. Go back to step 2 until the entire BIOS is transferred from ROM into RAM.

7. Upon completion of the data transfer from ROM to RAM, program register
09H to disable the ROM and make the RAM read only.

The sequence for turning on the shadow RAM for system BIOS ROM is as
follows: :

1. Enable the ROM space in register 09H and make the RAM read/writable.
2. Enable the coerresponding local memory by using register OFH.

3. Read the content of the ROM and write to local memory. Since the memory
write cycle does not generate -ROMCS, data is written to RAM.

4. Upon completion of the data transfer from ROM to RAM, program the
register 09H to disable the ROM and make the RAM read only.

0S5/2 Optimization

The PEAK/DM architecture features OS/2 optimization using fast RESET and
fast GATEA20. O5/2 makes frequent DOS calis while operating in 80386
protected mode. In order to service these DOS calis efficiently, the CPU needs
to switch from nrotected to real mode. For a PC/AT architectnre, the keyboard
controller is used 1o reset the CPU {switch to real mode) and to activate
GATEA20. Since this is a sfow process, the 82C351 contains a register at /O
port 92H used to generate a fast CPU reset, and a fast GATEA20. If GATEA20
is low {0 in port 92H), the address 3ine A20 is forced 1o 0; otherwise address line
A20 is passed through. Port 92 is accessed directly instead of vsing the indexed
register method. The port can be enabled or disabled by writinga L or 0,
respectively, to index Reg 2B bit 6.

Coprocessor Handling

The 82C351 identifies 2 387DX cycle by decoding A31 and M/-IO. A one wait
state -READY is generated for all 387DX cycles. The 82C351 canbe
programmed to cither send coprocessor cycles 1o the AT bus, orngt to generate
-READY atall. Sending the 387DX cycles to the AT bus is done when the
387DX is not present and a value should be forced onto the data bus. Not
generating -READY allows external iogic to assert -READY. The option for
generating -READY for a 387DX cycle is present in index Reg 2BH <5:45.
Coprocessor error handling is not performed within the 82C351. External logic
is required to perform this function.

Following is an example of the logic necessary to support the 387DX. This can
necessary to interface the 387DX and Weitek 3167 with the exception of the
following, which are performed on other chips:

*  Port FO decode Performed in the 82C356

s 3R7DXREADY logic Performed in the B2C351

* WT3I67TREADY logic  Performed by the WT3167 directly

® WT3167 bus cycle claiming -AF32 signal from the WT3167 to the 82C351
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The PLD has the following features:

*  Uses a standard speed (35nS) 16L8 PL.D .

*  Provides the 387DX -BUSY signal, which consists of the 387DX -BUSY
“Jatched Busy™, and “Toggle busy”

*  Provides IRQ13 from both the 387DX circuit and the WT3167

- Tre Ao sl ASSPYS TIRTRAT 0o o S T ic whei Lo b AOTIWET S
- FIOVIOES Wi€ J00LA RV 51T W HIUIGES W WIGI.'IJ JOILIA IS

present at each 386DX reset
*  Provides the PEREQ signal to the 386DX
*  Auto-detection of the 387DX and WT3167; no jumpers required
*  Allows the 387DX and WT3167 1o be installed at the same time

®  Reduces the number of pull-up and pull-down resistors required by gating
signals off iiiside the PLD if the respective coprocessor is not present.
-387ERROR and -WTPRES are used by the PLD to determine which
coprocessor is present, and should have 10K puli-up resistors attached. PEREQ,
-387BUSY, and WTINTR do not need resistors, since these inputs are ignored

when the respective coprocessor is not present.

Outputs
3B86PEREQ — If the 387DX is not present, the PEREQ signal is always low.

Thig ?f?"'rnnte the naad for a il down recictor, Ifthe 387 DY ic rn‘rncnnt
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386PEREQ is the OR of the 387DX PEREQ and a signal which goes active

~following a 387DX error, after the 387DX becomes non-busy. This is required

to clear out an internal flag in the 386DX, and is a result of the non-standard
co-processor hookup for AT compatibles. The “error” portion of this signal is
the AND of 387IRQ13 and -387BUSY. When the 387DX error occuss,
387IRQ13 goes active until cleared by the interrupt service routine. -BUSY will
go high several clock cycles after the interrupt goes high.

3B7PRESENT ~— This signal is nsed at various places within the PLD. A
387DX drives -ERROR low when it i is RESET, and keeps it low untit it is
initialized. I the 387DX is not there, a pull-up keeps 387ERROR high. The
PL.D tem is a transparent latch with -ERROR as the data input, and RESET4 as
the gate. When RESET4 (which occurs on a power up reset or RESET button
pash) is active (high), the Iatch is fransparent. The output pin is inverted from
the input, so a 1 indicates the 387DX is present.

-386ERROR — The 386DX samples the -ERROR pin sometime between
coming out of RESET and the first -ADS to determine whether a2 387DX is
present. I it is Jow, the 387DX is assumed present. If it is high, either a 80287
or No coprocessor is present. The 386DX uses this information to determine
whether to use a 16 or 32-bit datz bus when communicating with the
coprocessor. In a“normal,” 386DX/387DX hook-up, the 387DX -ERROR pin
is attached directly to the 386DX. This is not possible for an AT compatible
system for two reasons:

The 386DX -ERROR signal mast be high during coprocessor operation since
the AT-compatible scheme uses and reports errors differently.
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The 386DX must be informed of the 387DX presence EVERY time it is reset,
including times when this is done to take it out of protected mode. Note that the
387DX is NOT reset during these resets, and will not drive -ERROR low.

The circuit drives -386ERROR high at all times except the time from RESET3
(386DX reset) going active until the next -ADS. During this time the inverted
state of 387PRESENT is driven {low if the 387DX is present, high otherwise),
AN RS type latch is used inside the PLD for this to occur.

-BLOCKBUSY — This signal is used intemally. It is low from the beginning
of RESET3 until -ADS goes low for the first time. It is usad to block busy
during that time, to prevent the 386DX from performing a self test when coming
out of protected mode viz RESET3, -

=386BUSY — This signal is always high if 2 387DX is not present. Itis also
forced high by the -BLOCKBUSY signal to prevent unwanted self tests (which
would reduce performance when the 386DX is reset 1o exit protected mode. If
the 387DX is present, the signal is the OR of:

o The 337DX BUSY-signal
The “Toggle BUSY™ function
The “Latched BUSY™ signal (actally 387IRQ13)

“TOGGLE BUSY™ ioggies ihic busy signal periodicatiy when the
387DX is not present. This prevents system hangs with certain
software packages that search for the presence of the coprocessor in
“pon-Intel suggested” ways.

0 “Latched BUSY™ is part of what is required by the AT compatible
coprocessor hook-up. It holds -BUSY active to the 386DX during an
error condition, preventing the 386DX from sending a new instruction
to the coprocessor before the error status can be read.

387IRQ 13 — This signal is the output of a flip-flop whose input is 387BUSY
(inverted -387BUSY) and whose clock is -387ERROR. The flip-flop is cleared
when RESET4 is active or INTCLR is high {which occurs during I/O writes to
port 0F0). The output is held low if 387PRESENT is inactive.

IRQ13 — This pin is the OR of the 387DX interrupt and the WT3167 interrupt.
The WT3167 busy is blocked off if the WT3167 is not present. The 387DX
interrupt will not occur if the 387DX is not present (it is gated off in the
387IRQ13 term of this PLD).

c 0

[+]]
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Following is a pinout of the PLD and the logic equations necessary to provide

the above features for this example:
PLD Pinouts and Logic Equations =~ 7~
inputs Outputs
Pin 1 =387PEREQ Pin 19 = 386PEREQ
Pin 2 =187 -BUSY Pin 18 =TRQI3 o
Pin3 = -38TERROR Pin 17 = 387PRESENT
Pin4=-ADS Pin 16 = -336ERROR
Pin § =INTCLR Pin1S=FLOP -
Pin 6 =RESET4 _ Pin 14 = 387TIRQ13 o
Pin 7 =RESET3 Pin 13 = -BLOCKBUSY )
Pin § = -REFRESH Pin 12 = -386BUSY R
Pin9 = -WIPRES
Pin 11 = WTINTR R
Logic Equations
386PEREQ 1387BUSY * 387TIRQI3 * 387PRESENT
+__ 3RTPEREQ *387PRESENT; .
ASTPRESENT I{I387ERROR * RESET4
+ IRESET4* I387PRESENT
, + _ 13Z7ERROR *|387PRESENT);
386ERROR RESET3 * 387TPRESENT
+ _ 387PRESENT * JADS ¢ 386ERROR: _
BLOCKBUSY RESET3 + 1ADS * BLOCKBSY; N )
386BUSY 387BUSY * IBLOCKBUSY *
387PRESENT
+ REFRESH * IBLOCKBUSY *
+___38TIRQ13* IBLOCKBUSY;
FLOP 1(1387TBUSY * BRTERROR
4+  387ERROR * [FLOP
+ I3BIBUSY*IFLOP
+ INTCLR
+ _ RESET4);
IETIRO13 (IFLOP * 337TERROR
+ DETERROR * I387IRQ13
+ DBSTRQII*IFLOP
+ INICIR
+ RESET4 )
+  DSTPRESENT)
RQI3 3Z7IRQL3 + WIINTR * WTPRES:;

The “1"” character denotes the signal in its inactive state (i.e, !ADS would
indicate -ADS high since -ADS was active low in the input list. The “*”
character indicates logical AND, while the “+” character indicates logical OR.
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During a Weitek coprocessor cycle, the Weitek coprocessor generates -AF32. If
the Weitek WT3167 coprocessor is addressed and is not present (-AF32 is not
active), then the 82C351 generates -READY to terminate it. When the Weitek
WT3167 is present and is addressed, it generates -AF3Z and -READY. The
'WT3167 memory address range is CO000000H 10 C1FFFFFFH.
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Cache memory optimizes processor performance and enhances bus bandwidth.
Cache is fast memory where recently used code and data is stored. A cache
system reduces the average memory access time because it holds the most often
requested code and data. The effectiveness of the cache is deierinined by lis
size, physical organization, cache replacement algorithm, and the behavior of
the program. When a cache satisfies the processor access requirements, the
overhead resulting from accessing the slower main memory is eliminated. The
cache allowe the gvgtem to gperate at the spead of static memaoriss while

maintaining the economic advantages of siower main memory storage.

Cache Size

The cache size is one of the most important parameters in terms of both cost and
performance trade-offs. Cache miss rates reduce asymptotically with the size of
the cache, For example, if the cache size is 32KB, thea the performance of
programs that are less than 32KB which fit completely in the cache are not be
significantly effected when the cache size is 64KB. If the program is larger,
then increasing the cache size likely reduces cache misses., -

Cache Organization

The basic characteristic of 2 cache is the fast access time. Therefore, very little
of no time must be wasted when searching for words in the cache. For
maximum efficiency, the cache is sub-divided into many smaller blocks of

ctoraoa called lines
storaga called 3

Each line has an address associated with it, that must be stored and compared
against the address of the memory request. Addresses are kept as entries (one
per line) in a directory that establishes the correspondence between the data in

tha rarha and tha nartisrular fracomeant af main mamaory that ic renrscanternd
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If the size of the lines are as small as possible, then the cache directory becomes
large since there is a cache directory entry for each line in the cache. Doubling
the size of a cache line, while holding the cache size fixed, reduces the size of
ihe direciory by a facior of two becaise two 1isms (sub-lines) in ihe same lins
share the same directory entry. The transformation of data from main memory
to cache is referred to as the mapping process. Having a Iarge number of
directory entries provides a smaller granularity to the address space. This results
in higher performance than larger line sizes. Since external tag directories can
pse 8K by 8 and 16K by 4 SRAMS, it is relatively inexpensive to implement 2
targe directory. Single chip cache controliers must sacrafice granularity because
of the limits of the RAM size on the chip.
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Direct-mapped Cache

In: a direct-mapped cache every memory location can be stored in one location
in cache. The lower order address presented by the processor (determined by
the depth of the tag directory) is used as an index to select one of the entries in
the tag directory. The higher processor address bits (starting after the lower
order addresses and extending upward 1o a point determined by the width of the
)arccompamd with the contents of the tag directory emrytodewrmme i

»umu.n amm

Figure 1-10 shows the implementation of a direct-mapped cache. In this
example, the 64X direct-map implementation has tag entries 10-bits wide. To
construct this cache, 64K B of cache memory, 16K X 10-bits wide of cache
directory, and ane 10-bit comparator are required. When the processdr presents
the address for the next instruction, address lines A2 thru A15 are used as an
index to select one eniry from the cache directory. The value contained in the
tag directory is compared with A16 thru A25. If there is a match, then the data
mtctcnearmmmccacm uanusswaewcwa, II'IC!'! meuaralsomameulrmn .

main memory.
I
Figure 1-10.  Direct Mapped Cache Architecture (64KB)
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Cache Updating
The cache maintains a copy of the most recently used code or data from main

g . o e .
.memory. The data in the cache should be identical to the main memory. When

the cache memory is modified, the data in the main memory has to be updated
as well.

In a write-through system, the controlier copies the data into memory as well as
the cache. This ensures that the main memory and the cache contain the same
data. The draw back with this type of implementation is that each write cycle is
treated as a write miss cycle, and the CPU has to wait for the slow memory to be
updated.

By using the posted (or buffered) write-through scheme, the wriie operation
penalty can be reduced. During the write operation, data is written into a
temporary buffer. The CPU is released to begin a new cycle before the write
cycle to the main memory is completed. If a write access is followed by a read
hit cycle, the cache access is performed while the main memory is being
updated. However, if a write cycle is followed by another write cycle or aread
miss cycle, the processor has to wait for the completion of the previous cycle.
The posted write through is by far the most popular implementation. The flow
chart for posted write is shown in figure 1-11. The 82C351 supports a one stage
posted write through scheme to update the cache. To enable Posted Writes,
index register 2F bit 1 should be set to 0. Bit 2 of this register determines if
there will or will not be additional wait states inserted between writes.

I
Figure 1-11.  Buffered Write Algorithm
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Cache Coherency

The buffered write through ensures, under normal operations, that the data
present in the cache mirrors the data in the main memory. But in a system
environment, other bus masters and slave DMA devices access main memory
and modify the contents. Cache controllers that have a built in mechanism to
update the corresponding cache contents are said to maintain coherency, Many
schemes are used 10 maintain cache coherency, the easiest being 1o invalidale
(as in the Intel 82385) or flush the cache during DMA operation. Though
convenient, this degrades the performance, as all subsequent memory accesses
will be misses until the cache is filled with new data. Another method of
maintaining cache coberency is by ensuring all accesses to the main memory go

Pasn rm -

mmugn the cache controiier. Fhis meihod is used in the 82C351.

1.11 Cache Functional Overview

The functional overview outlines the cache architecture of the 82C351. The
82C351 performs as an integrated CPU/Cache/DRAM memory controller in a
386DX based system. The 82C351 Cache Controller portion is designed tobe a
cost-effective solution for achieving the full performance of a 386DX based
system, This is accomplished by maintaining the most recently accessed code
and data in high-speed memory (cache memory); such that most memory
requests can be satisfied from this memory. If the data resides in the cache
memory (hit), the data is returmned to the CPU, without wait states. If the data is

ot semanmmt fem tlen Annkia s e s Facn i nat tliaes 26 2n st A aT B tlen Al

HOL pIesEni in the cache memon Y {Jiiiss), Licn it is rewrieved fom the slower

main memory with wait states.

Daring a write operation, the data is held in a temporary buffer, and the CPU is
released to start a new cycle before the write cycle to main memory is
compieted. However, if another write cycie or a read miss cycle is performed,
additional wait states are inserted until the previous cycle is completed
“The effectiveness of the cache is determined predominantly by the size and
organization of the cache, the kit and miss access times, and the dynamic
behavior of the program. An efficient cache organization results in a high hit
rate. The majority of the accesses are to cache and are completed without wait
states. Very few accesses are to the main memory. Consequently, the average
access time approaches that of the fast cache memory.

The 82C351 integrates the control logic required to support an external 32KB,
64KB, 128KB or 256KB cache. The direct-mapped cache directory can be 8,9,
or 10-bits wide and maps up to 128MB of memory space (although 256KB
cache with 10 bit wide cache directory should be able to map 256MB of address
space, the 82C351 has a 128MB limit). The amount of memory that is
cacheable is determined by the size of the cache and the width of the cache
directory. As either of these items increase in size, so does the cacheable

memory limit. If for instance the cache directory is 16KB deep, the cache can

s 1AL devihla ssaedn se AT Jo alea Thin anaba cormenfd cnn b o Bt an Lfen
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A2 10 A15. If the cache directory is 10 bits wide, then the largest cacheable
memory will be specified by address bits A2 10 A15 plus A6 to A2S (the 10
cache directory bits). This would allow 64MB of main memory 10 be cacheable.
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Any memory not cacheable can still be used but all accesses will be misses and
handled by the DRAM conitrol Iogic.

Tag RAM Testing

Two internal registers are used to read and write the tag data. The lower 8-bits
of the tag are accessed through index 23H, while the upper two bils are accessed
through index register 24H. A memory write to the test window causes the data
in the register to be written (o the external tag SRAM. A memory read from the
test window causes the tag data from the SRAM to be latched in the register,
which may later be read by the CPU. Consecutive tag locations are read by
accessing every 4th location in the test window, regardless of whether words or
bytes are read.

Initializing the Tag

To initialize the tag, the cache must be turned on, but READ HITs disabled.
This forces all accesses to be misses. The tags and SRAMSs are still written to
for cacheable areas, just as if the cache was fully operating. The processor must
perform a read from all tag locations to fill the cache with good data. It may do
this by reading any block of 256KB of (128KB, 64KB, or 32KB depending on
the cache size) consecutive cacheable memory locations. Once this is done, the
cache READ HITs may be enabled and the cache becomes operable. The block
used 1o initialize the tag must not be made non-cacheable afterward.

Flushing the cache involves performing the initialization sequence over again.
Note, the cache should be off (or READ HITs disabled) when changing the
memory map (DRAM configuration registers). The cache must be flushed after
changing the registers.

Cache Data RAM Testing

The data RAM is tested using a special testing window. This window is an area
in the memory map below 1 MB, which is the same size as the cache data RAM.
‘The address of the window is specified by Reg 22H bits <7:3>, which specify
address bits A19-15, respectively. For a 64XB cache, A15 is not included in the
decode; for 128KB cache, A16 is not nsed for decode; and for 256KB, Al7 is
not used. Bit 0 of Reg 22H is set to 1 so -CAS signals for DRAM are turned off
and the read/write are from data RAM, While testing the data RAM, only the
test window should be made cacheable by setting bit 2 of Reg 22H = 1. This
feature allows the code to remain in the DRAM and thus the program would not
crash during testing. .

Physical Address Field Assignment

The 386DX supports 32 address bits (30 address bits and four byte enables).
While the 82C351 monitors all 30 bits, it supports a maximum of 128MB of
physical memory (A0 thru A26).
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Table 1-4 identifies the Tag assignments. ‘The CPU address assignment of Tag
bits 2-8 is fixed. However, Tag bits 0, 1, and 9 change as different chache sizes

are selected.
]
Table 1-4.  Tag Assignments -
Csache CPU Address Bits
Size A27 A26 A25 A24 AZ23 A22 A1 A20 A9 A1l8 A17 A16 A15
32K Tag8 Tag? Tag6 Tag5 Tag4d Tagd Tag2 Tagl Tag0d Teg9
84K Teg9 Tag8 Tag7 Tag6 Tag5 Tag4 Tag3 Tag2 Tagl Tag0d
128K TagO0 Tagd Tag8 Tag7 Tag6 Tag5 Tags Tag3 Teg2 Tagl
256K Tagl Tag® Tag9 ‘Tag8 Tag7 Tagh ‘ Tag5 Tagd Tag3 Tag2
Table 1-5 shows which Tag bits from the §2C351 should be connected to the
Tag SRAM for each combination of cache size and Tag width. Any unused
82C351 Tag pins should be pulied up with a 10K resistor to Vec.
R
Table 1-5.  Physical Tag RAM Connections
82C351 Tag Bits
to Connect
32KB Cache
8.bit 06,9 _
9-bit 07,9 _
10-bit all
64KB Cache
8-bit 07
9-bit 0-8 . -
10-bit all
128KB Cache
8-hit 1-8
9-hit 1-9
10-bit all }
256KB Cache
8-bit 25
9-hit 0,29
10-bit all

CHIPS and Technologies, Inc.

1.12 Cache Operation
This section illustrates the different cache cycles:
Data available in the cache
Data is not available in the cache

Both main and cache memory are updated
Cache updated for write hit cycles only

Read hit cycle
Read miss cycle
‘Write hit/miss cycle
DMA cycle

PRELIMINARY
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Read Hit Operation

‘When a physical address is presented to the 82C351, it uses the line index field
(A2 thru Al5 for a 64KB cache) to select a line from the cache directory which
is stored in the TAG RAM. The TAG stored in this location is compared
against the processor’s upper address lines. If there is a valid comparison
indicating a cache hit, the processor is retumed -READY. Once the processor
recognizes ready assertion it completes the read cycle of the address location in
cache memory.

Read Miss Operation

‘When a cache read miss ocours (ibe requesied data i 1oL D ihe cache MEmory)
the main memory (DRAM) provides the data 1o the CPU, and the cache RAM
simultaneously. The data provided to the cache memory st that address location
is updated to the new value of the data, and at the same time, the address
nrovided hy the CP1] ic written into the TAG RAM to indicate that this address

B A e, L el BAg

lIocation is now valid for cache accesses.

Write Hit Operation

‘When the CPU initiates a write cycle, 2 DRAM cycle also started immediately;
independent of cache hit or miss result. If a cache hit happens in a write cycle,
that is the corresponding data location in DRAM is also in cache memory, both
DRAM and cache memory are updated simultaneonsly. Therefore, SRAM and
DRAM write cycle are initiated at the same time. SRAM cycles are much faster
than DRAM cycles and additional wait states are required to complete the
DRAM cycles. Instead of having the CPU wait for the completion of the
DRAM cycle, a register between CPU and the main memory temporarily holds

4l Antn Frae TYD AL on tha vwrmassame Aam Anebimirs
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If a cache miss occurs in a write cycle, no cache write operation: occurs; only
data in the main memory is ppdated.

If any of the cycles, immediately following the first write cycle, requires another
DRAM access while the main memory is still busy with the first write cycle,
then additional wait states are asserted until the DRAM has completed the
previous operation. Figure 1-12 shows the timing diagram for write cycle
followed by another write cycle.
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Back to Back Writes Early RAS, Four Wait States
WRITE HIF
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1.13 DMA Operation

For local memory read cycles initiated by DMA or other masters on the bus,
regardless of cache hit or miss, cache is not accessed. All memory read cycles
are directed to main memory and the data buffer (82C355) receives data from
the D bus, drives the MD, and routes the data to the SD bus via data buffers.

For a local memory write cycle, the 82C355 buffer’s direction is from SD bus
toward MD and D busses. A cache miss causes the data to be written into the
DRAM only and a cache hit writes the data into the DRAM and SRAM to
maintain coherency.

Non-Cacheable Regions

The 82C351 provides non-cacheable registers REG30 thru REG39 to atiow the
system designer to set aside up 1o 4 biocks of variable size of main memory as
non-cacheable, This non-cacheable area is required by the system as some
memory areas should not be cached. Some cache controllers achieve this by
externally decoding the memory address which is to be non-cached. This
requires an external fast PLD; and also, once the PLD is programmed the
non-cacheable area is fixed. In 82C351 index registers are provided to make
any memory non-cacheable without using an external device. The index
registers 30H thru 39H are used for programming the starting address of
non-cacheable areas and their size. The non-cacheable regions may range from
4KB 10 4MB in size.

1.14 Index Registers

Since there are a great number of configuration and diagnostics registers in the
PEAK/DM CHIFPSet, an indexing scheme is osed to reduce the number of 1O
addresses required to configure the system. The system control logic generates
-XDEN 1o access the configuration and diagnostics registers. -XDEN is issued
for /O accesses at 22H, 23H, and 92H. For the 82C351, it directs the XD<(:7>
lines to the MA<{0: 7> address lines with an external buffer. Located at 22H and
23H are the index and data registers, respectively. The index register selects an
internal register, while the data register is uvsed to read or write information to
the selected internal register. The index and data registers for the PEAK/DM
are accessed as follows:

1. Write the address of the index register to be accessed to port 22H.
2. Toread the valve of the index register read 1/0 port 23.
3. “To write data to the index register write to /O port 23.

Every time an index register is accessed, port 22H should be written. For {
example, if index register 20H is read (by writing (o port 22H and reading port

23H), then to write to index register 20H, port 22H should be rewritten with

20H before writing to port 23H. Port 92H can be accessed directly without -
using indexing.
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2.1

B 351 Configuration Reglsters

Configuration Registers

Index Registers

Index Registers accesses are through 1/O ports 22 and 23. Thispati;acﬁve
only if index 2B bit 6isa .

Piease note that values identified in parentheses { } signify ihe defaiut vaiue.
Setting values to other than the specified designation may cause system

malfunction.
Revision Registers (READ ONLY)
indox Bits Values and Functions
04 7-4 {0000): Undefined
30 Revision Level

AT Bus Command Delays (READ/WRITE)

Index

Valuas and Functions

T OsH

(00): Reserved

AL 1L L, POy R p—— . s, JP)
Al DUS L0 DIl INCINOTY GRG0 OGLA

00 : 0 BCLK delay

01: 1 BCLK delay

10:2 BCLK delay

s
I8

11 : 3 BCLK delay

A'T bus & Oit MEMGTY Cotiiang ur.-.u.:"

01 : IBCLKdelly

10: 2 BCLK delay

11:3 BCLK delay

il
&

AT bues /0 command deiay

00: 0 BCLK delay

01:1BCLK delay

10:2 BCLX delay

PRELIMINARY
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I
Index 06H

Index O7H

|
Index 08H

AT Bus Wait States (READ/WRITE)

Rhe
=

(-3

aiuas and Funetlons

76

(00): Reserved _

5:4

16-bit AT bus wait states

00: 3 BUSCLK wait states

01 : 2 BUSCLK wait states

10 : 1 BUSCLEK whuit stater

11 : 0 BUSCLX wait states

32

8-bit AT bus wait states

00 : $ BUSCLK wait states

01 : 4 BUSCLE wait sistes

10: 3 BUSCLK wail states

11 : 2 BUSCLK wait states

AT bus address bold time. (This festure is nsed if an AT card
requires extea address time for reliable operation. When enabled,
the next cycle is delayed by one T state which leaves the address
valid for this extra time.}

0 : Disable extra address hold tme on AT bus

1 : Ensble extra address hold time on AT bus

Reserved

AT Clock Source Select (READIWRITE)

Index Bits Values and Functions
OTH 73 (00000}: Reserved
20 Bus dock Source Select (BCLX). The actoal BUSCLK output is

half of the BCLK source select

000 : CLK2IN/S

001 : CLK2IN/4

010 : CLKZINSG

011 : CLKZINR

100 : ATCLK

Initial Memory CPU Speed (READ/WRITE)

index Bits Values and Functions
bsd 13 (D0000): Reserved
2 -AF32 assemion contral
{0} : Does nok generate -AF32 for addmases sbove 16MB.
Shwldotilébeuwd if extemnal Jogic can recognize addresses
above 16MB.
1 : Generates -AF32 for addresses sbove 16MB. Unless reat
physical memory is installed for thet address range, no memory
eycle stants and no -READY is given to the CPU.
1 Initial memory
(0} : Only 512K memory enabled. Registers O0C-0F arc ignored.
chister%.:\ can also effect the botom S12K.
1 : Registers OC-OF can enable the memory above S12K.
)] CPUCLX {CPU Clock) select

(0) : Seiects CLK2IN

1 : Selects AT control logic dock (BCLK)

PRELIMINARY
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|
Index 094  Low Boot Space RAM/IROM (READ/WRITE)

Bits 7 to 4 write protect RAM Jocated in the BIOS area in 64KB blocks. Bits 3
to O enable the substitution of the BIOS ROM located below 1MB with RAM at
the same Iocation in 64KB blocks, This should be done after BIOS code is
copied from the ROM and the RAM locations have been protected using bits 7
to 4. Make sure registers 0C-OF are enabled if RAM accesses are required.

index Bits Values and Functions

O9H 7 64KB RAM a1 768K O0000-CFFFFH (VIDEO)
(0) : 64KB of RAM at 768K is read/write
1 :64KB of RAM ut 763K is read only

6 64KB RAM at 832K DOOOO-DFFFFH -
(0) : 64KB of RAM at 832K is read/wrils
1 : 64KB of RAM at 832K is resd only

5 GAKEB RAM at 896K EOQOC-EFEFFH
(D) : 64KB of RAM at 806K is read/write
1 : 64KB of RAM 1 896K is read only

4 64K B RAM at 960K FOOO0-FFFEFH (SYSTEM)

(0) : 64KB of RAM at 960K is read/write

1:64KB of RAM st 960K is read only
3 64KR ROM at 763K C0000-CFFFFH (VIDEQ)
(0) : 64KB of ROM at 768K is disabled
1 : 64KB of ROM at 768K iz enabled
2 " 64KB ROM at 832K DOOO0-DEFFFH
(0) : 64KB of ROM at 832K ia disabled

1 : 64KB of ROM at 832K it enabled
1 64KB ROM at 896K EGO00-EFFFFH
(0) : 64KB of ROM at 806K is disabled
1:64KB of ROM at 896K is ensbled
0 64KB ROM at 960K P0000-FFEFFH (SYSTEM)

NN £ AR AP DORL ar OENLE o Asnahlad
AU 5 AFTIRAS AL EWASAVE e SRR Al Skl

1 : 64KB of ROM 11 960K iz enabled

T
Index OCH  Memory Enabie Map 080000-09FFFFH (READ/WRITE}

Bit 0 enables the lowest and bit 7 the highest 16K block in the memory area
080000 to 09FFFFH. For Example, bit 0 controls the 16K block from 512K to
528K. 'This permits 16K blocks of memory to be disabled allowing ROMs,
memory expansion schemes (EMS, EEMS or XMA) or memory mapped I/O

[ PO e yey

. mmnmtida seatileio sha lowne TR adleasn swnsns
UCVIVCS U 1USIUG Wl.l.l‘ll.ll M IUWL] 1IVID dULL GO dpAdets,

Index Bits Values and Functions
OCH 70 Enabie bits for eipht 16K blocks of memory.
0: Addressison
(1) : Address is on the X channcl; 16K biock disabled.
|
index ODH  Memory Enable Map 0AG000-OBFFFFH (READIWRITE)
index Bits - Values and Functions
ODH 70 Enable bits for eight 16K blocks of memory.
0 :tlc:lrcs: is on or controlled by the system board: 16K block
ENg -

(1) : Address is on the 1) channel; 16K Bock disabled.

CHIPS and Technologias, Inc. " PRELIMINARY ' . ' I
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Index 0EH  Memory enable Map 0CO000-0DFFFFH (READIWRITE)
Index Bits Valuss and Functions -
OEH 70 _ Enable bits for cight 16K blocks of memory.

@ ; Address is on or controlled by the sysizm board: 16K block
ensbled.

(1) : Addrese is on the JAD channel; 16K Block ditabled,

]

IndexOFH  Memory enable Map OEGO00-OF FFFFH (READI/WRITE)
Index Bits Values and Functions
O T Enable bits for eight 16K blocks of memory.

0: Address is on or controlled by the system board: 16K block
enabled.

{1) : Address is on the I/ channel; 16K block dizsbled.

T

Index 10H  Block O Type and Starting Address (READIWRITE)
Index Bits Values and Functions
10H T:6 DRAM type in Banks 0/1

00 : Bank(/1 disatded
(01} : 256Kx1 or 256Kx4 DRAMs
10: 1Mx1 or IMx4 DRAM:s
. 11 : 4Mix! or 4Mxd DRAMS
50 {000000): Sterting address for Block 0 <A26:A21>-
256K usage A<26:21> 2MB per pair of banks)
IM usage A<25:23>(8MB per pair of banks)
4M usage  A<26:255(32MRB per pair of banks)

Iindex Bits Values and Functions

11H 7:6 DRAM wait states
00 : 3 wait states
01 : 4 wait states
(10) : § wait suates

11 :Reserved
5 {0} : Reserved - write 0
43 RAS<l: I> precharge time

00 : 4 CPUCLKIN cycles
01 : 6 CPUCLKIN cvcler
10: 8 CPUCLKIN cyclet
(11) : § CPUCLKIN cvcles
2:1 -RAS<0:1> Refresh pulse width
00 : 4 CPUCLXIN cycles
01 : 5§ CPUCLKIN cycles
10: 6 CPUCLKIN cycles
{11} : 7 CPUCLKIN cycles

AN Dammrad  mesra i
JUJ « RESETVED -~ WIkE W

(3
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Index 12H  Block 1 Type and Starting Address (READ/WRITE)
index Bits Values and Fuhctions
12H 76 DRAM type in Banks 2/3

00 : Bank 2/3 disabled

{01) : 256Kx1 or 256Kx4 DRAMs

10 : IMx] or iMx4 DRAMs

11 : 4AMx] or éMx4 DRAMs

50 (0000Q0): Starting address for Block 1

256K utage A<26:21>(2MB per pair of banks)
IM prape A<26:23> (AMB per pair of banks)
4AM uszpe  A<26:25> (32MB perpair of bank)

b

index 13H  Block I RAM Timing (READ/WRITE)
Index Bits Values and Functions
13H 76 DREAM wait states

00 : 3 wait states
01 : 4 wait states
(10) : § wait states

11 : Reserved .
3 (0) : Reserved -write 0
4:3 RAS<2:3> precharge time

00 : 4 CPUCLKIN cycles
01 : 6 CPUCLEIN cycles

10 : 8 CPUCLKIN cycles
(11) : 8 CPUCLKIN cycles
2:1 -RAS<2:3> Refresh pulse width
00 : 4 CPUCLEKIN cycles
Q1 : S CPUCLKIN cycles

10 : 6 CPUCLKIN cycles

€11) : 7 CPUCLKIN cycles

0 {0} : Reserved - write O

index 14H  Block 2 Type and Starting Address (READ/WRITE)

Indox Blts Values and Funétlbriﬁ 7

14l 7:6 DRAM type in Banks 4/5
' 00 : Bank 4/5 diszbled
(01) : 256Kx1 or 256Kx4 DRAMz
10: 1Mx1 or 1IMx4 DRAM;
11 : dMix] or 4Mx4 DRAM;
50 {000C): Starting address for Block 2
256K usage A<26:21> (2MB per pair of banks)
‘1M usage _A<26:23> (8MB per pair of banks)
AM gsage  A<26:25> (32MB perpair of bank)

CHIPS and Technologies, Inc. PRELIMINARY 41




M 351 Configuration Registers

42

T
Index 15H  Block 2 RAM Timing (READ/WRITE)

index Bits

Vailues and Functions

15H 7:6

DRAM wait states

00 : 3 wait states

01 : 4 wait states

(10} : § wait states

10 D memsnd
41 » DESTL YA

{0) : Reserved - write 0

43

-RAS<4:5> precharge ime

00: 4 CPUCLKIN cycles

01 : 6 CPUCLKIN cycles

B PYRTTAT TOTRY T
IV B LU LAY CYUICE

{11) : 8 CPUCLKIN cycles

-RAS«<4:5> Refresh pulye width

00 : 4 CPUCLKIN evcles

01 : 5 CPUCLKIN cycles

10 : 6 CPUCLKIN cycles

(11) : 7 CPUCLKIN cveles

(0) : Reserved - write 0

¥ 16H  Black 3 Type and Starting

Address (READ/WRITE)

Vajuas and Functions

DRAM type in Banks 6/7

00 : Bank 6/7 disabled

(01) : 256Kx1 or 256Kx4 DRAM:

10: 1M1 or IMx4 DRAMs

11 : 4Mx1 or 4Mx4 DRAMS

50 _ (0D000R): Starting address for Block 3

256K usape A<26:21> (2MB per pair of banks)

1M unsage _A<26:23> (EBMB per pair of banks)

4M ussge A<2625> (32ME per pair of bank)

I
Index 17H  Block 3 RAM Timing (READIWRITE)

index Bits Values and Functions

178 76 DRAM wait states

00 : 3 wait stales

01 : 4 wait states

(10) : 5 wait states

11:Reserved

5 (0) : Reserved - write 0

4:3 -RAS<6:7> precharge time

00 : 4 CPUCLETN cveles

01 : 6 CPUCLKIN cycles

10 : 8 CPUCLKIN cycles

(11) : 8 CPUCLKIN cvcles

2:1 -RAS5<6:7> Refersh polse width

A A DT TPTAT svand s
WU el Wb PN e X i

01 : 5 CPUCLKIN cycles

10 : 6 CPUCLKIN cycles
{11) : 7 CPUCLKIN eycles
4] (0) : Reserved - writc 0
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Index 18H  Number of Populated Banks within a Block (READ/WRITE)
Index Bits Values and Functions
18H 7:4 {0000): Reserved
3 Biock 3 (Bank 6/7) -
{0} : Bank 6 populated only
1 : Banks 6 amd Bank 7 popuiaied
2 Block 2 (Bank 4/5)

{0) : Bank 4 populated only
1 : Banks 4 and Bank 5 populated

1 Block 1 (Bank 2/3)
{0} : Bark 2 populated only od
1 : Banks 2 and Bank 3 populated

[4] Block 0 (Bank 0/1)

{0} : Bank 0 populsted only
1 : Banks 0 and Bank 1 populated

|
Index 20H  Cache Control (READ/WRITE)
index Bita Valuas and Functions
20H 7 Cache enable bit
(0) : cache is disabled
1 : cache is enabled
6 Fog'ceRgtd qns c‘yg-le This b:f.unscd for mitializin, gtlh‘e.'d:u

AIIVAIYLE. FYIFGL A W 1 &l SUAGEICS RIT W LAWY, UL
ﬂ:e tag and data SRAM: are still updated for cacheable sreas at if
the cache is fully operating. Any block of 256KB (or size of the
cache) consecutive locations are then read, followed by setting
thiz bit 10 0. The 256KB block used to:mmhzuhengmunnot
be made non—cacheable afterward.

£0) : No forced read miss cyele (nonmal operation).
1 : Forced read miss cycle enabled.
k] Freeze cache directory
(0) : Normal operation

1 : Freeze cache directory. Aud:erudrmumﬂnm-leaug

. RAM updatc and change of data in the cache data RAM. Insicad
lnormuummruaopcrmmwmoepmomm Amﬂc
write hit will update the cache dats RAM.

4 (0):Reserved

3 Refresh type selection
{0} : Hidden refresh
1+ AT Crula vafrash

1:AT wryas foaita

2:0 {000): Reserved
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Index21H  Cache Size (READ/WRITE)

Index Bits Values and Functions

21 76 {00): Reserved
’ {0): Reserved - write 0

5:4 Cache size
{O0) : 32K bytes
01 : 64K bytex
10 : 128K bytes
11 : 256K bytes

3 {0): Reserved

21 Address Tag Width. These bits define the nomber of bits in an
address ag. The tag RAM can be § to 10 bits wide.

(00) : 8bit 1ag
01 : 9 bit Lag
10: [Obittag
11 : Reterved

3] {0): Reserved - write O

I
Index22H  Cache and Tag Test (READ/WRITE)

The Cache data and tag RAM can be tested using a test window. The address of
the test window is specified by bits <7:3> which corresponds to address lines
Al19-A15 (below IMB). When bit 0is szt to 1 the access to DRAM is cut off

- for the test window. Reads and writes can then be performed on the data RAM
alone,
index Bits Valueg and Functions
22H 73 Address A19-A15 for test window (for 64K cache the address
Al5 is notused.
2 “Test window cachesble. The test window can be made cacheable

amnd the rest of the memory noa-cacheable by satting this bit to 1.
Setting this bit 1o 0 makes all the memory eacheable.

{0) : Disable test window
1 : Enable 1ast window
i Tag RAM tcst mode
{0} : Disabled
1 : Enabled
O Cache data RAM test mode.
(0) : Disablad
1 : Enahled

|
Index 23H  Tag <0:7>Test Data Port Register (READ/WRITE)

index Bits Values and Functicns

23H 7:0 When tag test mode is enabled (bit 1 of reg 22 = 1) the data can
be written to tag RAM through this register. Writes to the test
window causes the value in this register to be ix written into the
3}biﬂ<7:0>. Reads from the test window causes the tag bits
(> 10 be written into this register,
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T
Index 24H

Index 26H

]
Index 28H

|
Index 29H

I
index 2AH

B 351 Configuration Registers

Tag <8.9> Test Data Port Register (READ/WRITE)

index Blits Values and Functions

240 This register is similer 1o index register 23H, and is usedaza
data port for testing the tag window. Bits <9:8> arc read or
written through this repister.

T2 (000000): Reserved

am v . _ve_aa
13 LOITEIpOnad IO LRY DAty V-5

Ready Timeout Control (READIWRITE)

Index Bits Values and Functions

26H ‘This register controls the Ready Timeout option. If any device
accessed by the CPU does not respond with - READYM&M]ZB
clock cycles, the 82C351 AT control logic will generate

-READY itself,

73 Reserved (See Volume IV: 82C356 Peripheral Controller,
KartiomD: 36K f'nwramnhm p‘are!‘re\

2 -READY Timeout

(0) : -READY Timeout disabled
1 ;: -READY Timeout enabled

1:0 (00): Reserved (See Volume IV: 82C356 Peruphcral Controller,
Section 2: 356 Configuration Registers)

Parity Error Status Register (READ/WRITE)

Index Bjts ) VVaFtr{es gnq functions

28H 7 Parity check enable
' ’ (0) : Parity check enabled (-PEN is low)
1 : Parity is disabled (-PEN is high)

T

6:3 {0000): Reserved .
2:0 Error address bits A<26:24>. When a local parity error occars the
mdress A<26:24> are 1atched into bits <2:05. e bits are read
ly.

Parity error Address Register (READ ONLY)

‘When a Iocal memory parity etror occurs, A<23:16> are laiched into this
register.

Index Bits Values and Functions
29 7:0 Parity error address A<23:16>

Memory Enable Map 0-07FFFFH (READ/WRITE)

Indax Bits Valuas and Functions
2AH 7:1 (CO00000): Reserved
4] 512K local memory enable
€0) : Disable 512K on local memory
1 : Enable 512K on local memory
PRELIMINARY o 45
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.
Index2BH  Miscellancous Control (READ/WRITE}

Index Bits Values and Functions
2BH 7 (0): Reserved
6 Ensbie port 92H
(0) : Dizable port 92H
1 : Enable port 22H
5:4 Ready generation for 387 DX cyeles

€00) : 82C351 generates ready after | wait state
01: 82C351 runs AT eydle for all NPX cycles
10 : 82C351 does not gencrate ready st all
3] : Reserved

3 Weitek Presen bit (READ ONLY)
1 : Weitek coprocessor present
{0) : Weitek coprocessor not present

2:0 €000} : Reservad
[
Index 2CH  Middle Boot Space RAMIROM Configuration (READWRITE)
Index Bits Values and Functions
2CH 7 Type of 64KB RAM at ORCOOO0H

(0} : 64KB of RAM at QRCO000H is R/W

1: 64KB of RAM at OFCO00GH [ read only
6 Type of 64KB RAM a1 OFDOOJ0H

{0) : 64KB of RAM at OFDO000H is R/'W

1 : 64KB of RAM at OFDOOOCH is read only
5 Type of 64KB RAM ar 0FEDODOH

(0) : 64KB of RAM at OFEOO00H is RAW

1 : 4KB of RAM at OFEO000H is read only
4 Type of 64KB RAM at OFFOD00OH

{0} : 64KB of RAM at OFFO000H is R/W

1 : 64KB of RAM st OFFO000H is resd only
3 Enable 64KB RAM st OFCO000H
{0) : 64KB of ROM at ORCO000H is disabled
1 : 64KB of ROM at OFCO0Q0H is enabled
Enable 64KB RAM at OFDOOODH.
(0) : 64KB of ROM st OFDOOCOH is disabled
1 : 64KB of ROM a: OFDOODOH is enabled
1 Enable 64KB RAM at OFEQO00H

(0) : 64KB of ROM at OFEQOOCH is disabled

1 64KB of ROM #t OFEO000H is enabled
0 __Enshie 64KB RAM a1 OFRO000H

0 : 64KB of ROM at OFFOD00H is disabled

(1) : S4KB of ROM at OFFO000H is enabled

)
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Index 2FH

I
Indax 30H

lndax 31H

Index 32H

CHIPS and Technologies, Inc.
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DRAM Timing Control (READ/WRITE}

Index Blis Values and Functions
2FH T4 {0} : Reserved
3 -RAS mode for DRAM cycles. This controls the timing for the

genemation of -RAS (and -CAS). When early -RAS is selected,
-RAS is atserted in the middle of the first T2 state. -CAS is
asserted at the end of the second T2 state. When late -RAS is
selected, -RAS is asserted at the end of the first T2 staie and
-CAS iz anreried in the middle of the third T2 state.

2 ?medmwmz C?%ui: siates. This i st;i the Mbeﬂr::id wait states
or write cycles. If a write is in
Progress wait states are added unLtht,he current cycle is tinished.
0 : zero waiit state posted writes
(1) : one wait state posted wriles
1 Posizd DRAM write erable

0 Enable posted writes
(1) : Disable posted writes
0 Reserved

Non-cacheable blocks: The 82C351 provides programmable registers for
defining an area of memory as non-cacheable. For example, the BIOS ROM
area needs to be non-cached. Four such areas can be declared non-cacheable,
The index registers 30H to 39H are used to set the starting address and the
amount of memory to be non-cached. Block 0 to block 3 are the four
non-cacheable blocks. Each block has three registers which define the starting
address and the amount of memory. For example, block O has register 30H,
31H and 38H. The register 31H contains the non-cacheable size, The
non-cacheable size can vary from 4K to 4MB,

Block 0 Non-Cacheable Address A23 to Al 6 (READ/WRITE)

Index Bits Values and Functions
30H 7:0 __(00000000): Block 0 Non-Cacheable address A23 10 A16

Block 0 Non-Cacheable Address Al15 10 A12 and Size (READ/WRITE)

index Bits Values and Functions

31H 7:4 {0000): Block O Non-Cacheable sddress A15to A12
320 Non-Cachesble Size
(0000) : Disabled
0001 : 4 KB

" O0I0:BKB
0011 : 16KB
0100:32KB
0101 : 64 KB
0110 : 128 KB
0111 : 256 KB
1000 : 512 KB
1001 : § MB
1010:2 MB

1011 : 4 MB

Block I Non-Cacheable Address A23 to A16 (READI/WRITE)

index Bits Values and Functions
32H 7:0 (00000000): Block 1 Non-Cachesble address A23 to A16
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Index33H  Block I Non-Cacheable Address A15 to Al2 and Size (READ/WRITE)

index

Bits

Vaiues and Functions

33H

T4

3:0

(0000): Block 1 Non-Cacheable address Al510 A12
Non-Cachesble Size -

{0000) : Disabled

0001 :

41KB

0010 :

8XB

0011 :

16KB

0i0Q:32 KB

0101 :

64 KB

0110:
0111:

128 KB

256 KB

1000

512 KB

1001 :

1MB

1010 :

2MB

1011 :

4MB

[ |

Index 34H  Block 2 Non-Cacheable Address A23 to A16 (READIWRITE)
index Biis Vaiues and Fundiions
34H 7:0 Block 2 Non-Cacheable sddress A23 1o A16

I
Index35H  Block 2 Non-Cacheable Address A15 to A12 and Size (READ/WRITE)

index

Bits

Values and Functions

35H

T:4

{000): Block 2 Non-Cachesble address A1S 1o Al1Z

30

Non-Cacheable Size

{0000) : Disabled

0001 :

4KB

00102

8§ KB

0011

:16KB

0100 :

2KB

0101

164 KB

0:10:

128KB

0111

1256 KB

1000 :

S512KB

inn

11 MR

1010

:2MB

1011

4 MB

T )
index36H  Block 3 Non-Cacheable Address A23 10 A16 (READ/WRITE)
index Bits Values and Functions
61 70 (00000000): Rlock 3 Non-Cacheable address AZ3 10 A16
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Index 37H  Block 3 Non-Cacheable Address A15 to A12 and Size (READ/WRITE)

[ |
Index 38H

b
Index 39H

I
Index 60H

Indax Bits Values and Functions
37H T4 {000Q): Block 3 Non-Cacheable address A1510 A12
3:0 Non-Cachesble Size

(0000) : Disabiled

0001 : 4 KB

0010;: B KRB

0011: i6 KB

0100:32KB

0101 : 64 KB

0110:128KB .

0111 : 256 KB

1000 ;512 KB

1001 : 1 MB

10i0:2MB -

1011 : 4 MB

Non-cacheable Address A26 to A24 (READ/WRITE)

Index Bits Values and Functions

38H 76 (00): Rezerved
53 {000): Block 1 Non-Cacheable address A26 10 A24
2:0 {000): Block 0 Non-Cacheable address A26 10 A24

Non-Cacheable Address A26 to A24 (READ/WRITE)

index Blits Values and Functions
30H 76 (00): Reserved - -
53 {000): Block 2 Non-Cacheable address A26 10 A4
2:0 (000); Block 3 Non-Cacheakle address A26 10 A24
Fast Reset Control Register
Index Bits Values and Functions
60H 7:6 (00): Reserved —
5 {0y Aliernate CPU rescr. A low to high transition activates a
CPU reset (RESET3).
40 (00000): Reserved .

PRELIMINARY
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2.2 /O Port Registers

|
{0 Port 92H Fast GATEA20 and RESET Register
Bits Values and Functions
S2H 72 Reserved

1 s FTATTTAAN
£ LALLM L CA

0 : Force CPUA20 low

(1) : Enable CFUA20

0 Fast CPU reget

{0) : A Do 1 mansifion canges a CPU reset

Note  This port is used by OS/2 and is disabled by writing a 0 to register 2BH bit 6.

50 PRELIMINARY CHIPS and Tachnologies, lnc.
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Section 3

351 Pin Descriptions

3.1 Pin Assignments

]
Table 3-1.  Clocks
Pin# Symbol Typs Signat Description
CLE2IN 125 Input _Input from CMOS oscillator.
CPUCLK 124 Output  Qutput of processor clock select logic. 12mA drive capability.

CPUCLKIN 123

Input Processor clock input. This is used by the CPU, cache, and DRAM
control logic (everything that uses CPUCLEKIN except the clock
select logic). Thiz is the same clock the CPU receives. H the intemal
clock select logic it used, this is connected 1o the CPUCLK pin of
this chip. If the internal clock select logic is bypassed, this is
connecizd 1o the oscillator, or whatever is the CPU dock source .
This requires a CMOS level clock.

SCLK 126 Outpwt  CPUCLKIN/2. High during phase 1, low during phase 2 (proper
phase for the 486). The 351 arbitrarily selects the phase of SCLK,
and uses that phase 1o generate RESET3 and RESETS, eic. 4mA
drive capability.

ATCLKIN 82 Inpmt  Extemal oecillator inpux for the AT dock. Inpat should be twice the
frequency of the AT clock.

BUSCLK ™ Outpit AT bus clock. May be derived from CLK2IN or ATCLKIN signals.
Fregquency between 6 and 8.33MHz is recommended. 4mA drive
capability. -

I
Table 3-2.  Resets

Pin # Symbol Type Signal Description

-RESET1 57 Input RESET! is an active low (schmitt triggered) inpat which is generated
by POWERGOOD for a oold resct. It should be used 1o reset the
keyboard controller. When low, it activaies RESET3 asnd RESET4.
-RESET]1 is Iatched internally.

-RESET2 58 Input RESETZ2is generated from the keyboard controller. It forces a CPU
reset by activating RESET3.

RESET3 2 Outpot  RESET3 is an active high signal which it used 1o reset the 3836DX
whenever -RESET or -RESETZ2 is active, It is also activaied during
2 CPU shurdown cycle. RESET3 remains active for at least 64
CPUCLKIN cycles. BmA drive capability.

RESET4 3 QOutpat RESET4 is an active high signal used 1o reset the Integrated
Periphera! Controller (PC) and the AT bus. 8mA drive capability.

CHIPS and Technologies, Inc. PRELIMINARY ) ' I
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Table 3-3,  Arbitration

Ping

Symbol

Type

Signal Description

HOLD

137

Output

HOLD request is an active kigh output 1o the 386DX HOLD pin.
HOLD is uzed to request 1o the CPU to relinquith the use of the bas
to ancther master (HRQ1, FRQ2 or REFREQ). 4mA drive
capability.

141

Inpat

HLDA ix sn sctive high inpot from the 386DX HLDA pin. When
high, HLDA indicates that the CPU has relinguished the bus in
responis to an sctive high HOLD signal.

T4

Enpot

HOLD REQUEST 1 is an active high signal and ir used 1o indicate
that a DMA/Master is requesting the use of the bus. For an AT
compatible architectare, HRQ1 should be coenected to the hold
Tequest signal HRQ, from the 82C356.

[ g S
wAGERR

LIAT T & P RIAILT DT T =V a_ al
EINSLLY M DRl V5 T Jalalind s l ll =i “VELI.I.&H uul*u Il‘lm =Nt} -

$2C355 and 82356 and indicates that the CPU bas relinquished
control of the sysem buset in response 1o HRQ1 (DMAS MASTER).
2mA drive capability.

HRQ2

136

Input

HOLD REQUEST 2 is an active high signs] that indicates 3
DMAMnmnrequmgzhe:ymhucs ‘This pin must be tizd to
ground if not used.

35

HOLD ACKNOWLEDGE 2 iz sn active high output xignal to the
82C355 and §2C356 that indicates the CPU has relinguished control
of the system buses in response to HRQ2 (LOCAL MASTER). 2mA
drive capability.

73

Input

Address enable for 8-bit DMA transfers iz an active low input signal
from one of the two DMA controflers. When active, -AENE enables
the address laiches for 8-bit DMA transfers, Itis inactive when an
externe] bus master s active,

-AEN16

Address enable for 16-bit DMA trensfers is an active low Input signal
from cne of the twe DMA controllers. When active, ~AEN16 enables
the address Yatches for 16-bit DMA transfers. htis insctive when an
external bus master is active.

Input

MASTER iz an active low input sighal from an active device on the
J/O charnel (AT expansion bas). After -MASTER it forced Iow by
a0 1/O device, the 'O CPU must wait for one system clock period
before driving its address and data lines. -MASTER must not be held

low for more than 15 micresconds ar this mas reenl? in memornslos
due to the 1ack of 2 refresh cycle.

REFREQ

Refresh Request is an active high input signal generated from OUT1
of the 82C356 (by the 8254 compatible timer-1 intide the 82C356).
When active, REFREQ) initistes a DRAM refresh sequence.

149

Outpue

REFRFSHualcuvelowopmd:mhdumlln;mL Az a nput,
-REF can be used to force a refresh cycle from an IfO maner device.
As an cotpat, -REF injtintes & refresh cycle for the DRAMs. -REF
requires an extemnal pull-up of at least 680 obms, 18mA drive
capability.
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Tabla 3-4. CPU Control

M 351 Pin Descriptions

Pin#

Symboi

P ™ R N PR
agnd wescripuon

-ADS

138

ADDRESS STROBE is an active low input from the 386DX -ADS
pin. -ADS indicates valid bas cycle definitions (ie. W/-R, D/-C,
M/JO and -BE<0:3> and addresses (A2 10 A31). A 10K pull-up
resistor is recommended oo this pin.

W/-R

139

WRITE/READ sttt is & bi-directional signal from the 386DX W/-R
pin. As an input, duzing local memory or I/0 cycles. W/-R indicates
a write bus cycle when high and a read bus cycle when low. A 10K
pull-up resistor it recommended on this pin. During the DMA cyde,
W/-R is the same as -MEMR. 4mA drive capability.

147

DATA/CONTROL status is an input from the 386DX D/-C pin.

y.l-t.mmc-lm lumcycu:wnm mgnlmamnuluqcu: wn:n

low. A 10K pull-up resistor is tecommended on this pin.

148

Inpu

MEMORY/IO status is an input from the 386DX. M/{-IO indicales &
memory ¢ycle when high and an TO cycle when low. A 10K pull-up
resistor is recommended on this pin.

152

Inpuy/
Output

READY is generated to indicate to the CPU the end of the cycle.
This signal is generated for all CPU cycles except for cache hit
cycles. 12mA drive capability.

Table 3-8. AT Bus

Pin #

Symbol

Type

Slignal Description

BALE

75

Owpur

BUFFERED ADDRESS LATCH ENABLE is an active high output
tothe AT expension Bus. BALE indicaics a valid address on the SA
bus. Itis used 1o hold the address during an AT bas cycle. 2ZmA
drive capability.

MEMORY ADDRESS LATCH ENABLE iz an active low output
signal to the 82C356. -MALE allows the 82C356 to Iaich Jocal
addresses outo the SA bus during CPU AT cydes. -MALE alo
indicates the start of 2 new CPU cycle. 2mA drive capabiliry.

MEMORY REAT it an active low bi-directions! signal directing
memory to piace valid datz on the data bus. MEMRnnnoutpmf
the CPU is controlling the bus or an input if a DMA orexternal bus
masteris in control of the bus. 18mA drive capability.

MEMORY WRITE is an active low bi-directional signal directing
memory to accepe data from the data bus. -MEMW is an output if the
CPU is controlling the bus or an input if s DMA or exizmal bus
master is in control of the bus. 18mA drive capability.

SYSTEM MEMORY READ iz an active low output signal 1o the AT
expansion Bus. When active, -SMEMR indicates that the lowest
1MB memory space is being addressed for a read cycle. 18mA drive
capability.

-SMEMW

61

SYSTEM MEMORY WRITE is an active Iow output signal tothe
AT expanrion Bus. When sctive, -SMEMW indicates that the lowest

1 megabyte memory space is being addrezsed for a write cycle.
18mA drive capebility.

-IOR

71

T O READ is an active low bi-directional signal instrocting an IO
device to place data o the data bus. -JOR is an ocutput if the CPU is
cantrolling the bus or an input if 8 DMA controller is in control of the
bus. 18mA drive capability.

IO WRITE is an active low bi-directional signal instructing an IO
device 10 accept data from the data buz, -JOW iz an ootput if the
CPU is controlling the bus or an input if 8 DMA controlleris in
control of the bus, 18mA drive capability.

55

INTERRUPT ACKNOWLEDGE is an active low cutput to the

interrupt controller in the 82C356. 2mA drive capability. )

CHIPS and Tachnologios, inc.

PRELIMINARY 53



M 351 Pin Descriptions

Table 3-5. AT Bus (continued)

Pin¥

Symbol Type

Signal Description

IOCHRDY

63 Input

IO CHANNEL READY is & schmitt-triggered active high input from
the AT Bus. When low, IOCHRDY indicates 2 “not ready”™ condition
and forces the insertion of wait siates in 10 or Memory acceses.
‘When high, it allows the completion of the current /O or memory
RCCESS.

ZERO WATT STATE ix & schmit-riggered active low inpot from the
AT Bus, cauging termination of the AT bax cycle. 16-bit Memory or
TO cards residing on the AT expansion bus use this line to speed op
accesses, -OWS requires & 330 ohm pull-up rsstor.

-MCS16

77 inpot

MEMORY CYCLE SELECT signal is an active low input signal
from the AT bus. When active, -MCS16 causes a 16-bit memory

—— sl Ly . a b m
sccess on the IO charndl. If -melﬁ is fnsctive then the cament.

manorycydcuas-htcyclc. A 330 chm pull-up is rccommended

-20CS16

% Input

1O CYCLE SELECT 16 is an active low input signsl from the AT
bus. When active, -JOCS16 cavses x 16-bit I/O sccess on the TO
Channel. If -TOCS16 is inactive, the current IO cycle is an 8-bit
cydle. A 330 ohm puli-up resistor is recommended on this pin.

Table 3-6. Address

Pin ¥

Symbol Typs

Signal Description

-BE<D:3>

143-146 Input/
Output

BYTE ENABLEs -BE<{:3> are active low bi-directional signals,
-BE3 controls the most significant byt.-.; while -BEQ controls the least
xignificant byte. These signals are inputs from the 386DX -BE<D:3>

pins during 2 CPU cycle. As outputs, -BE<D:35> are generated during

DMA cycles based on the matus signals XAD, XA1, and -SBHE.
ZmA drive capability,

A<2:19>

3221 Input
19-14

LOCAL ADDRESS BITS A2-A19 are inputs 1o the 82C351 from the
386DX and 820356,

33 Inpuy/

LOCAL ADDRESS bit 20 is & bi~directional tignal. A20 ix an output
signal gated with GATEA20 during CPU cycles and an input during
DMA cycles. 4mA drive capability.

ACI31>

124 Inpat
158-157

LOCAL ADDRESS BITS A21-A31 mmptn to the 82C351 from
the 386DX.

_.  -GATEA20

36 Inputf

-GATEAZ20. This signal is an open coIlcd.nrotnpn used to control
the gating of CPUA2(). When -GATEAM) it low, the 82C351
propagates CPUA20, When -GATEA2D is high, the 820351 forces
A2010 be low regardiess of CPUA2D state. ~-GATEAZD signal is

derived from invented -GATEA20 from the 8042 kevboard controller.

13 Inpot/

CPU ADDRESS bit 20 is from the 336D A 10K ol pull-up is
recammended.

SYSTEM BUS BYTE HIGH ENABLE is an active low
bi-directional signal 1o of from the AT expansion Bus. When active,
~SBHE indjcater when the high byte transfer is 1aking place. Az
output, this signal has & 4mA drive capability.

XA<D:A> -

38,39 Inpuy

EXPANSION ADDRESS bits 0 and 1 are bi-directionsl signals and

are connecied directly 1o the 82C356. XAQ is outpix when the CFU

is the bus masicr and an inpat when $-bit DMA is 2 bot master. XAl
is an outpie when the CPU it the bus master and ap input when $-bit
or 16-bit DMA ix 2 bus master. 2mA drive capability. 10K pull-up

yexquired.
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]
Table 3-6.  Address (continued)
- Pin# Symbol Type Signal Dascription
-ROMCS 83 Outpat ROM CHIP SELECT is an active Jow signal. When active, -ROMCS

enables the chip select inputs 1o the BIOS EPROM(s). During a
ROM cycle the 820351 divects the 82C355 to pass data from the XD
bus onto the D bus. The -ROMCS out of the 82C351 it connected 10
the -ROMCS of the 82C356 which controls the direction of the buffer

batween the XD and D bus, 4md drive capelilig.

-VEAMSEL 122

Ouaput

VIDEORAM SELECT is an active low output indicating the current
cycle is s VRAM access. -VRAMSEL is active for AOOOOH to
BFFFFH. 2mA drive capability,

Table 3-7. Cache

Pin# Symbol

Typo

Signal Description

CALE 56

Output

CACHE ADDRESS LATCH ENABLE is an active high output
signal for the two octal laiches. CALE is used to Iatch the SRAM
addresszs A2 to A15. When CALE is high the laich is transparent
and allows the 386DX addresses to flow through to the SRAM:. On
the falling edge of CALE, the addresses are latched.

CRD 107

CACHE READ is an active low signal 1o the SRAM's output
enables. During read hit cycles, the -CRD is enabled 1o drive the
requested data on to the CPU date bus. 12 mA drive capability.

LWE<0:3> 102-105

Cache Write Enables <0:3> are active Iow signals to the SRAM's
wrile enables for bytes 0 to 3, respectively. For examnple, -CWED is
connected to byt 0 of SRAM. 8mA drive capability,

~TAUTWR 53

TAGRAM WRITE ENABLE is an active low output signai used 1o
updaie the tag RAM during a DRAM read cycle or when testing the
tag RAM. 8mA drive capability.

-CRDY 151

CACHE READY. This it generatad by the 82C351 for all cache hit
cycles. Ristied 1o -READY of the 82C351, and to -READY of the
386DX, 8mA drive capability.

TAG<:9> 42-49
5152

Input/
Output

TAG BITS 0-9. These are the tag bits from the tag RAM. Thetag
bits provide the sddress which is compared by the intemal
corparator against the memory sddress request. The tag bits vsed
for comparison are programmable for 8,9 or 10-bits. They require
pull-ups. 4mA drive capability.
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I
Table 3-5. DRAM

Pin # Symbol

Type

Signal Description

RAS<O:T> 127-129
131-135

ROW ADDRESS STROBEs 0-7 are sctive Jow outputs to the system
DRAM. There iz one -RAS xignal for each bank of the memory on
the mother board, -RAS0 is the strobe for bank 0, -RAS1 for bank 1
etc. These signals are vzed 1o Iatch the row address 1o the DRAM:s
(falling edge). These should be buffered and izrminated. 6mA drive
capability.

CAS<(:3> 116-11%

COLUMN ADDRESS STROBE: are active Jow outputs tignal tothe
systan DRAM1 for sclzcting the byte of the DRAM;. The eolumn
address is Iatched on the falling edge of -CAS. For example, -CASO
is for byte 0, -CAS] for byie 1, ete, The CAS lines are common to
all banks. These shoold be temminated. 6mi drive capability.,

-DWE 101

DRAM WRITE ENABLE ix an active Jow output to the sysniem
DRAMs. This signal needs to be buffered and terminated. 8mA

drive capability,

MA<D:T> 87-38
90-93
9596

DRAM MEMORY ADDRESS/DATA lines. These arc the DRAM
addresses during « DRAM cycle. During an intemal register access
(index register access) these are required to comnect to the XD bus
uing a 74F245. The signal -JOW is used to control the direction of
the buffer and -XDEN is used to enable the buffer. ‘The MA<:7>
lines should be buffersd and terminated. 3mA drive capability.

MA<3:10> 97-6¢

DRAM MEMORY ADDRESS linct are nsed to interface tothe
DRAM address lines. MAB, MA9 and MA10 should be connected to
the DRAM address lines A8, A9 and AJ0. 8mA drive capabilicy.

-MENB 159

MEMORY ENABLE is an active low input signal. When active
-MENB validates the address on the local bus, This signal can be
used to dissble the 82C351 for & predefined address range vis an
external decode. When inactive, the £2C351 forces all acoets o the
AT bus.

Tnpa

LATCHED PARITY is an active: low input to the $2C351. When
active, it indicates a parity error occurred daring the last local
memory read and caused an NMT to be generated, The failing
address is Isiched by this signal intemnal 1o the $20351.

Table 3-9.  Buffer Control

~ Pin# Symbol

Type

Signal Description

-ACEN 115

Output

ACTION CODE ENABLE is an active low cutput to the 82C355 and
validates ACTION CODES AC<0:3>. 2mA drive capability.

AC<0:3> 111-114

Outpuzt

ACTION CODE is 2 four bit encoded command to the 820355 and is
nsed for data bus sizing and byte assembly operations. ACO3> are
qualified by the -ACEN signal. 2mA drive capability.

-ATEN 154

Ourpix

AT ENABLE iz an active low output signal to the 82C355 snd
82(356. When active, -ATEN indicates that the current cycle is an

SDIRO 86

AT cycle. 4mA drive capability,
SD BUS DIRECTION. This signal is used 10 control the buffer
direction of the SD BUS for SD<0:7>. When low, the direction is
from the SD 10 the MD tus {Suring AT or on bosrd IO read cyele)
and when high the data path iz from the MD 1o the SD bus (during
write cycles). 2mA drive capabiliry.

SDIR1 85

S$D BUS DIRECTION. This signal is used to control the baffer
direction of the SD BUS for SD<8:15>. When low the direction is
from the 5D to the MD bus (during AT or on board 10 read cycles).
When high the data path is from the M} to SD bus (during writs
cydles). 2mA drive capability.

XD BUS BUFFER ENABLE is xn active low output and iz uged 1o
ennble the buffer between the XD snd MA<D:7> buses. -XDEN is
asserted during I/0 access 1o index registers (for 10 address 22H and
23H present in the 32C351). 2mA drive capability.
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I
Table 3-9.  Buffer Control (continued)
Pin # Symbol Type Signal Description
-AF32 153 Inpu/ AF32 is s active low bi-directional signal. As a cutpan -AF32
Output  indicates that & local cycle is in progress {active for local DRAM and
cache cycles). A high indicates ant AT bus cycle. As an inpat, it
disables the AT control logic, allowing the cycle to be handled by a
Jocal device. A 10K puli up is required. 4mA drive capabiiity.
-DRD 142 Output  DRAM READ DIRECTION is an active low output signal which is
used by the 82C355 to control the direction of data transfer from the
MD to the SD bus. When this signal is asserted (low) it enables data
tranefers from the MD bus to the SD bus. When this signal it
de-zssened (high) it causes data to be transferred from the SD bus 10
the MD but. 2mA drive capability.
-PEN 156 Outpat  PARTTY ENABLE is an active low output which ensbles the parity
circaitry in the 82C355. This bit is controlled by index register 28 hit
7. ImA drive capsbility.

BWBUSY 110 Outpat  BUFFER. WRITE BUSY is an active high output signal 1o indicate
that the main memory it bory in 2 buffered wrile cycle. When
-LDBEN is low, LDBDIR is high, and BWBUSY is high, the values
of the CPU data lines are passed on to the DRAM data lines. This iz
connected 1o the 82C355. 2mA drive capsbility.

-LDBEN 108 Output  LOCAL DATA BUS ENABLE iz an active low output. When
-LDBEN and LDBDIR are low, the current values on the MD bus
are passed on 10 the D bus. 'When -LDBEN is low, and LDBDIR is
high, the current values of the I bus arc passed on to the MD bus.
-LDBEN ijx cormected to the §2C355. 2mA drive eapability.

IDBDIR 100 Outpn  LOCAL DATA BUS DIRECTION CONTROL is an ocutput to the
B2C355 which controls the data direction between the D bus and the
MD bus. When -LDBEN and LDBDIR are low, the current values
on the MDD bus are pasied oa io the D bus. When -LDBEN is low
and LDBDIR is high the current values of the D bus are passed on to
the MD bus. 2mA drive capebility. -LDBDIR is connected to the
82C355. ) o L

-TEST351 34 Inpat TEST PIN for the 82C351 is an active low input signal and should be

_pulled up with a 10K resistor for proper opemtion.

-“WIPRES 155 Tnpot  'WEITEK PRESENT is an active low input indicating the presence a
WEITEK coprocessor. -WIPRES should be pulled high with a 10K
resistor.

vee 20, 41,59, +5V 5% Sopply voluage.
80, 9, _
100, 121,
140, 160 . _ - _
GND 1, 40, 50, Ground. -
70, 81,94,
106, 120,
130, 150

PRELIMINARY




M 351 Pin Descriptions

58

T I T SV,

]
Table 3-10.

3.2 Numerical Listing of Pin Assignments

Numerical Pin Definitions
Pin Slgnal Pin Signal Pin Signal Pin Signal
i Vi 31 A3 61 ~SMEMW 51 MA3
2 RESET3 32 A2 62 REFREQ 92 MA4
3 RESET4 33 A20 IOCHRDY _ 93 MAS
4 A9 34 -TEST351 64 “MASTER 94 Viz
5 A28 35 HLDA2 65 -XDEN 95 MA6
[3 A27 36 -GATEA20 66 OWS 96 MA7
7 A6 37 -SBHE 67 APAR 97  MAS
8 A25 33 XAD 68 -MEMR 98 MAS
9 A24 39 XAl 69 -MEMW 59 MAICQ
10 A23 40 Vix 70 Vis 100 Veo
il A22 41 Ves 71 -IOR. 101 -DWE
12 A2l 42 TAGO 72 -I0W 102 CWED
13 CPUA20 43 TAG] 73 -AENS 103 CWE1L
14 AlD - TAG2 74 HRO1 104 LWE2
15 AlS 45 TAG3 75 BALE 105 CWE3
16 Al7 46 TAG4 76 HILDA1 106 Vs
17 Als 47 TAGS 77 -MC816 07 LRD
13 AlS 48 TAG6 78 -10CS16 108 -LDBEN
19 Al4 49 TAG7 79 BUSCLK 109 LDBDIR
20 Vee S0 Vi 80 Vee 110 BWBUSY
21 All 51 TAGR 8t Vis 111 ACO
22 Al2 52 TAGS 82 ATCLXON 112 ACl
23 All 53 -TAGWR. 83 -ROMCS 113 AC2
24 AlD 54 -MALE 84 -AEN1S 114 AC3
25 A9 55 NTA 85 SDIR1 115 -ACEN
26 A8 56 CALE 86 SDIRO 116 CASD
27 AT 57 __.RESETI___ &7 MAD 117 CASI
28 A6 S8  RESET2 88  MaAl 118 -CAS2
29 AS 59 Ve 89 Veo 119 “CAS3
30 Ad &0 90 MA2

PRELIMINARY
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3.3 Alphabetical Listing of Pin Assignments

I
Table 3-11.  Alphabetical Pin Definitions
Signal Pin Signal Pin Signal Pin Signal Pin
A2 32 AC2 113 LDBDIR 109 TAGO 42
A3 31 AC3 114 -LDBEN 108 TAG1 43
Ad 30 ACEN 115 -LPAR 67 TAG2 44
AS 29 -AENSE 73 MAD 87 TAG3 45
A6 28 -AEN16 84 MAl 88 TAG4 46
A7 27 ATCLKIN 52 © MA2 90 TAGS 47
AB 25 BALE 75 MA3 51 TAGE 48
AS 25 BUSCLK 79 MA4 92 TAG7 49
AlO 24 BWBUSY 110 __MAS 93 TAGS 51
All 23 CALE 56 MAS 95 TAGY 52
Al2 22 -CASQ 116 MA7 96 TAGWR 53
Al3 21 -CAS1 117 MASB §7 TEST351 34
“Al4 19 -CAS2 118 MAS o8 Veo 20
AlS 13 “CAS3 119 MA10 99 Veo 41
Alb 17 CPUA20 13 -MALE 54 Veo 59
Al7 16 -CRD 107 -MASTER 64 Vee 80
Al% 15 -CWEQ 102 -MCS16 77 Ve 89
Al9 14 -CWE1 103 -MEMR 68 Vee 100
A20 a3 LWE2 104 -MEMW 69 Vi 1
A2t 12 -CWE3 105 REFREQ &2 Vi 40
A2 11 -DWE 101 RESET1 57 Vs 50
A23 10 -GATEA20 36 -RESET2 58 Vi 70
A24 9 HIL.DA1 76 RESET3 2 Vie 81
A25 8 HIDAZ as RESETA 3 Vi 94
A25 7 HRO1 74 -ROMCS 83 Vis 106
A27 6 -INTA 55 -SBHE 37 Vi 120
A28 5 JOCHRDY 63 SDIR0D 86 XAD 38
A29 4 JOCS16 T8 SDIR1 85 XAl 39
ACD 111 IOR 71 __-SMEMR60 -XDEN 65
AC1 112 -JIOW T2 SMEMW 61 QWS 66
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3.4 Pin Diagram

Figure 3-1.  82C351 CPUICacke!DRAM Controller Pin Dizgram
JeOiLr [ ol eiaoit-Jeofur orl €
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Section 4

351 Physical Characteristics

4.1 Absolute Maximum Ratings

Symbol Min. Max. Units

Supply Voltege Veeo 10 v o

Input Voltage Vi -5 55 v _
Oumat Voltaoe Vo -5 55 v

Operating Temperature Top -25 85 C _ -
Storage Temperatune Tstz -40 125 C

Note  Exposure to absolute maximum ratings conditions for exiended periods may
affect device reliability, Exceeding the absolute maximum ratings can cause
permanent damage to the device.

4.2 Operating Conditions

Symbol Min. Max. Units

Supply Voltage Vec 475 535 v
Ambient Temperature Ta 0 C
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Section 5

351 DC/AC Characteristics

5.1 DC Characteristics

'Symbol Min. Max. Units

Inpui low voltape Vo

TTL level {(excepr CPUCLKIN, ATCLK, CLX2IN) 0.8 v

CMOS level (CPUCLKIN , ATCLK, CLK2IN) 1.5 v

Input high voliage Vo

TTL level {except CPUCLKIN, ATCLK, CLE2IN) 20 v

CMOS level (CPUCLKIN, ATCLK, CLK2IN} 35 A
Output low voltage VoL 40 v

Qutput high voltape Vou 24 v

Input LOW current @ Vo= Vis In. =200 ~10 HA
Input HIGH corrent @ Vo=Vdd Im -10 10 pA
3-State output OFF current LOW _Jom. =10 pA
3-Suate output OFF current HIGH Tomi 10 BA
Power supply current @25 MHz Iec 80 UA
Inpet capacitance Cmy 10 pF
Ourput or /O capacitance _ Cour” 10 oF
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5.2 AC Characteristics

All timing parameters are specified under capacitive load of 50 pf and
temperature of 70 degree C. Al the units discussed in the following iming

tables are in nanoseconds, unless otherwise specified. Also, the AC
specifications mentioned in this document are subject to change.

|
Table 5-1.  Clocks
Clocks 25 MHz
Min. Max,
1101 Operating frequency _ ) 25 MHz
1102  CPUCLKIN period 20
1104 _ CPUCLXIN high time at 3.5V )
1106 CPUCLKIN low time at 1.5V 3 .
1107  CPUCLKIN fall time (3.5V 10 1.5V) 4
1108 CPUCLKIN rise ime (1.5V 103.5V) 4
11082 CLK2IN delay 1o CPUCLK 0 15
t108  CPUCLKIN high to -SCLK low 6 27 .
1110 CPUCLKIN highto -SCLK high 6 27
|
Table 5-2.  Memory Cycle
Memory Cycle 25 MHz
Min. Max,
1120 __Address setop to CPUCLKIN high 37
121 W/-R, M/IO, D/-C setup to CPUCLKIN low 17
1121a  -ADS setun to CPUCLKIN low 10
1122 -BESB:0> setup 1o CPUCLKIN high 30
123 _-READY active delxy from CPUCLKIN Iow (0'WS writes) 2 20
1125 HOLD delay from CPUCLXIN high 2 19
1126  -MALE active delay from CPUCLKIN high [3) 30
1127 -MALE mactive delay from CPUCLKIN low 0 30
128 -AF32 active delay from CPUCLKIN 23
1129  -AF32 inactive delay from CPUCLKIN low 25
1134  -READY active dalay from CPUCLKIN high 6 30
t135  -READY inactive delay from CPUCLKIN high 4 35
t141 -RAS active delay from CPUCLKIN high (carly RAS) 7 22
1142 -RAS active delay from CPUCLKIN high (iate RAS) 7 22
1143  -RAS inactive delay from CPUCLKIN hiok 7 25 N
1145  Row address valid from CPU address active 25
1146 Row sddress hold from CPUCLKIN Jow 25
11468 Column address vatid from CPUCLKIN low 30
1147  Column address valid to CAS- active £ 30
t148 _ Column address hold from CPUCLKIN high 7 25
t150  -CAS active delay from CPUCLKIN high 7 22
t151 -CAS inactive dclay from CPUCLKIN high 7 27
1152 -DRD agtive delay from CPUCLKIN high 10 25
1154 -DRD inactive delay from CPUCLKIN high 10 25
1150 CWE sctive delsy from CPUCT RIN hish fraad iz £ an
1160 -CWE inactive delay from CPUCLKIN high (resd miss) 6 19
11612 -DWE active delay from CPUCLKIN high 7 20
1162 ~-DWE inactive delay from CPUCLKIN high 7 30
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I
Table 5-2. Memory Cycle (continued)

I
Table 5-3.  Cache Timing

Table 5-4.  Tag RAMS

Mamaory Cyele 25 layy
Min. Max,
1165  LDBDIR valid from CPUCLKIN low 9 45
1166 Row address valid from CPUCLKIN high 7 35
1167a  BWBUSY active delay fromn CPUCLKIN high (normal) 7 22
t1676  BWBUSY active delay from CPUCLKTN high (0 WS write) 7 22
1168 BWBUSY inactive delay from CPUCLKIN high (0 WS writes) 40
1169  -LBDEN active from CPUCLKIN high (normal write) 40
11692 -LBDEN acive from CPUCLKIN high {read) 40
$160h  -LBDEN active from CPUCLEIN kigh (0 WS write) 40
t169¢  -LBDEN inactive from CPUCLXIN high 29
Cache Timing 25 Mz
Min. Max.
132 -CRD active from CPUCLEIN high 30
11323 -CRD active from -ADS low 30
1132 -CRD active from W/-R low 30
133 -CRD inactive from CPUCLKIN high 12
t138b  CALE active from CPUCLKIN high 20
11382 CALE inactive from CPUCLKIN high 27
1156  -CWEn pulse width (OWS writes) 13
1157 -CWFlenlsewidLh(lWS writes) 35
t158 CALE active to -CWEn inactive 3
Tag RAMS 25 MHz
Min.  Max.
200 TAG<09> valid to -CRDY valid _ ' 22
201 TAG<0:9> sewup to CPUCLKIN high Early RAS 14
1202 TAG<0:9> setup to CPUCLKIN high Late RAS 23
1203 TAG<0:9> setup to CPUCLKIN high OWS wrile decision 131
204 TAG<0:9> setup to CPUCLKIN high 1WS write decision 25
205  -TAGWE active 10 TAG<0:9> low Z 1 CPUCLKIN
207 TAG<:9> float from -TAGWE inactive 4] 5
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I
Tabla 5-5.

Table 5-6.

N
Table 5-7.

DMA Cycle
DMA Cycle 25 MHr
Min. Max.
1170 _ Command setup 1o CPUCLKIN high 20
1171 -RAS active delay from CPUCLKIN high o 22
172 -RAS inactive delay from commands inactive o 25
1173 _ Row sddress setop from address vatid 0 20
t174_ Row address hold from CPUCLEKIN high 10 25
1175 Column saddress setup to -CAS active 1.5CPUCLKIN
11752 Column address valid from CPUCLEIN high 12 27
1176 Colomn address delay to valid from CPUCLKIN jow 25
t177__ -CAS active delay from -RAS active (DMA memory rexd) 3 CPUGLKIN
1178 -CAS active delxy from -RAS active (DMA memory write) 4 CPUCLKIN
1179 -CAS active delay from CPUCLEIN high 8 22
t130  -CAS inactive delay from commands insctive 8 20
1185  -AF12 active delay from command active o an
ti86  -AF32 insctive delay from commands inactive 0 70
t187  -DWE active delay from CPUCLKIN high 0 17
1188 -DWE inactive delay from commands inactive 0 17
t189  -CWE active delay from CPUCLKIN high [+] 20
1190  -CWE inactive delay from CPUCLKIN high 10 20
ROM Cycle
ROM Cycle 25 MHz
Min, Max.
1181 -ROMCS active delay from CPUCLKIN high 0 25
1192 -ROMCS inactive delay from CPUCLIIN high _ 0 25
Local Bus Siave Cycle
Local Bus Siave Cycle 25 MH2
Min. Max,
1193 -READY input setup to CPUCLKIN high 16
t194  -READY input hold from CPUCLEKIN high 2]
1195 -AF32 gerup 1o CPUCLKIN high 15
1196 -AF32 bold from CPUCLKIN high 6
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]
Table 5-8. AT Bus Access
AT Bue Accass 25 MHr
Min. Max.
11100 -ATEN sctive fiom CPUCLKIN high 0 40
11101 -ATEN inactive from CPUCLKIN high 0 40
11102  BALE active from BUSCLX low 0 20
11103  BALE inactive from BUSCLK high 0 20
11104 Command active delay from BUSCLK low 0 20
11105 Commuand inactive from BUSCLK high 0 20
11106 -ACEN active delay from BUSCLK low (read) o 20
11107 -ACEN insotive delay from BIISCIX hich (read) 4] 20
11108 AC<0:3> active delay from BUSCLK low 0 20
t1112 -MCS186, -JOCS16 setop 1o BUSCLK high 25
_el113__ CS16, -10CS16 hold from BUSCLK high s
£1116 _ Command active delay from BUSCLK high (write) 0 20
11117 -ACEN active delay from BUSCLK high (write) 0 20
11118 -ACEN inactive delay from BUSCLK low (wrile) ) 4] 20
11119  -OWS setup 10 BUSCLK low 20
11120  -OWS hold from BUSCLX high 5
11123 XA<0:1>», -SBHE valid delsy from BUSCLK Jow 0 18
T
Table 5-9. DMA Arbitration
DMA Arbitration 25 MHz
Min. Max.
11140  HROm active setup to CPUCLEIN high 15
. 11141  HRQn inactive setup to CPUCLKIN high 15
11142  HOLD active delay from CPUCLKIN high 2 30
11143 HOLD inactive delay from CPUCLKIN high 5 25
11144  HLDAn active delny from CPUCLKIN high 2 1%
11145  HLDAn inactive delay from CPUCLKIN high 30
|
Tabla 510. Refresh Arbitration
Refresh Arbitration 25 MHz
Min.  Max.
11148 REFREQ pulse width low) 3 CPUCLKIN
11150  -MEMR delay from BUSCLK high 0 25
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]
Table 5-11.

D—
Table 5-12.

| |
Table 5-13.

Note

|
Table 5-14.

Reset Timing
Resat Timing 25 MHz
Min. Max,
11170 _ RESET3 active delay from CPUCLKIN high [ 25 )
11171 _ RESETS inactive delay from CPUCLKIN high 2 15
t1172 RESET3 pulse width o4 e85
CPUCLEN
ti173  RESET4 active delay from CPUCLKIN high 0 25
11174  RESET4 inactive delay from CPUCLKIN high 2 15 .
Miscellaneous Timing
Miscellaneous Timing 25 MHz
Min. Max.
11187 BUSCLX high pulse width programmable
11188  BUSCLK low pulse width programmahle _
11180 BUSCLK rise time 6
11190 BUSCLK fall time 6 .
21101 FGAD valid from JOW inzctive 18
11163 A20 delay from CPUA20 0 16 _
Refresh Cycle
Refresh Cycle 25 MHz
Min, Max.
11200 -RASi active delay from CPUCLKIN high 25
t1201  -RASi insctive delay from CPUCLKIN high 0 15
11202 -RASipulse width see Note
11203 -RAS(i+1) active delay from -RASi active 1 CPUCLKIN
t1204 REFRESH address setupto -RASO 2CPUCLKIN
11205 REFRESH address hold from -RAS3 1 CPUCLKIN __
‘The RAS pulse width is programmable to 4, §, 6, 7 CPUCLKIN
LPAR Timing
LPARTIimIng 25 MHz
Min. Max.
11220 _-LPAR inpi semp 1o -CAS high 10
11221 .LPAR input hold from -CAS high 10
PRELIMINARY CHIPS and Tachnologies, Inc.
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T
Table 5-15. Clock Cycle
Cilock Cycles 33 MHz
Min. Max.

1101 Operming frequency 33 MHz
t102  CPUCLKIN perdod 15
104 CPUCLKIN high dme at 3.5V 6
t106  CPUCLKIN low time at 1.5V 6
1107 CPUCLKIN fall time (3.7V to BY) 4
1108 CPUCLKIN rise time (.5V 10 3.7V) 4
t108a __ CPUCLKIN delay to CPUCLK ' 0 15
1109 CPUCLKIN high to -SCLK Jow 5 25
1110 CPUCLKIN high 1o -SCLX high ] 25

T

Table 516, Memory Cucls -

Memory Cycle 33 MHz
Min. Max.

1120 Address setup to CPUCLKIN high 28
1121 W/-R, M/-10, D/-C, senrp 1o CPUCLKIN low 13
11Z1a _ -ADS setup to CPUCLKIN low 4
1122 _ -BE<0:3> setup to CPUCLKIN high 25
1123 -READY delay from CPUCLKIN iow {0 WS writes) 1 14
1125 HOLD delay from CPUCLKIN high 2 25
1126  -MALE sctive delay from CPUCLEKIN low V] 30
1127 -MALE inactive delay from CPUCLKIN low 1] 30
t128  -AF32 active delay from CPUCLEIN low 17
1129 -AF32 inactive delay from CPUCLKIN low 11 20
1134  -READY active delay from CPUCLEKIN high 5 23
1135  -READY inactive delay from CPUCLKIN high 5 30
1141 __-RAS active delay from CPUCLKIN high (early RAS) 5 20
1142 -RAS active delay from CPUCLKIN high (ate RAS) 5 20
143 -RAS inactive delay from CPUCLKIN high 7 25
U45 _ Row address valid from CPU address active 25
1146 Row address hold from CPUCLKIN low 10 2
ti46a  Column address valid from CPUCLKIN low 25
t147  Colvran sddress valid 10 -CAS active 9 30
t148  Column address hold from CPUCLKIN high 7 2
1150 -CAS active delay from CPUCLKIN high 7 20
1151 __ -CAS inactive delay from CPUCLKIN high 7 25
1152 -DRD active delay from CPUCLKIN high 8 30
1154  -DRD inactive delay from CPUCLKIN high 8 22
1159 CWEaative delay from CPUCLKIN kigh (read miss) 8 18
1160 _-CWE inactive delay from CPUCLKIN high (read miss) 0 14
tiSla  -DWE active delay from CPUCLXIN high - 7 18
1162 __ -DWE inactive delay from CPUCLKIN high 7 30
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|
Table 5-16.

Table 5-17. Cache Timing

Table 5-18.

Memory Cycle (continued)
Mamory Cycle 33 MHz
Min. Max.
1165 LDBDIR. valid from CPUCLKIN low 7 45
1166  Row address valid from CPUCLKXIN high 7 30
1167a  BWBUSY active delay from CPUCLKIN high (normal) 7 20
1167 BWBUSY sctive delay from CPUCLEIN high {0WS writer) 7 22
1168 BWBUSY inactive delay frorn CPUCLKIN high (OWS writes) 40
ti&9 -LBDEN sctive from CPUCLKIN high (normal write) 40
1169s  -LBDEN active from CPUCLKIN high (read) 40 )
t1690  -LBDEN active from CPUCLKIN high (0 WS write} o 40
i16% -LBDEN macive fiom CPUCLEDY high 25
Cacha Timing 22 UHr
Min. Max.
1132  -CRD setive from CPUCLKIN high 20
1132 -CRDactive from -ADS Jow 20
11326  -CRDactive from W/R low 20
1133 -CRD inactive from CPUCLKIN high 12
11386 CALE sctive from CPUCLKIN high 14 R
11382  CALE inactive from CPUCLKIN high 27 _
t156  -CWEn pulse width (0WS writes) 13
1157  -CWEn pulse width (1WS wriles) 26
t158  CALE active 10 ~CWEn active 3
Tag RAMS
Tag RAMS 33 MHz
Min. Max.
1200  TAG<D:9> valid 10 -CRDY valid 2D
1201 TAG<0:9> setup to CPUCLKIN high, Exrly RAS 11
1202  TAG<0:9> setup to CPUCEKIN high, Late RAS 20
203 TAG<0:9> semp to CPUCLKIN high, OWS write decision 11
1204 TAG<0:9> setup to CPUCLKIN high, IWS write decision 20
1205 -TAGWE active 10 TAG<0:9> Jow Z 1 CPUCLKIN
207  TAG<0:%> float from -TAGWE inactive 0 5
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Table 5-19.

T
Table 5-20.

I
Table 5-21.

B 351 DC/AC Characteristics

DMA Cycle
DUMA Cueln 23 MH»
T Max,
t170  Command setup to CPUCLXIN high 20 -
t171  -RAS active delay from CPUCLKIN high 0 20
1172 -RASinactive delay from commands inactive 3] 25
1173  Row address setup from address valid 0 20
1174  Row address valid from CPUCLKIN high 10 25 ~
1175  Column address setup to -CAS active 1.5 CPUCLKIN
11752  Column address valid froon CPUCLKIN high 12 27
1176  Column address delay to valid from CPUCLKIN low 25
1177  -CAS active delay from -RAS active (DMA memory read) 3 CPUCLKIN
t178  -CAS sctive delay from -RAS sctive (DMA memeory write) 4 CPUCLKIN
t179  -CAS active delay from CPUCLKIN high 8 20
t180  -CAS inactive delay from commands inactive 2 20
t185  -AF32 active delay from command active [1] 30
t186  -AF32 inactive delay from commands inactive 0 70
t187  -DWE active delay from CPUCLKIN high 0 17
1188 -DWE inactive delay from commands inactive 0 17
1189 -CWE active delay from CPUCLKIN high 0 20
1130 -OWE inactive delay from OF LCLAIN Hgh i 0
ROM Cycle
AROM Cycle 33 MHz
Min. Max.
1191 -ROMCS sctive delay from CPUCLKIN high [¢] 25
1192 ROMCS insctive delay from CPUCLKIN high [¢] 25
Local Bus Slave Cycle
Local Bus Siave Cycle 33 MHz
Min. Max.
1193 -READY input senp 1o CPUCLKIN high 12
1194  -READY inpat hold from CPUCLKIN high [
«10EL AT amtenen 0 FIDTIAT TR LI 1mn
L rLd TERL ol BCARMSF AT Nk b elsTwALY LU CLL AN
t196 -AF32 hold from CPUCLKIN hiph 6
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I
Table 5-22.

I
Table 5-23.

I
Table 5-24.

AT Bus Access
AT Bus Accass SIMHz
Min. Max,
11100 -ATEN active from CPUCLKIN high 0 40
11101 -ATEN inactive from CPUCLKIN high 0 40
11102  BALE active from BUSCLK low [1] 28
11072 DAT T lnasttens foma DTIEAT 27 hiak n an
L AW APERA el MAMRALL Vi ELVALLE LD A e Bl IHE = A
11104 Command active delsy from BUSCLX low 0 20 )
11105 = Command inactive from BUSCLK high 0 20 .
11106  -ACEN active delay from BUSCLK low (read cycie) 0 20
1107 -ACEN jnactive delxy from BUSCLK high (read cycie) 0 20
i1}08 _ AC<O:3> active deizy from BUSCLX jow 1] it}
11112 -MCS16, -TOCS16 setup to BUSCLE high 25
11113 -MCS16, -IOCS16 hold from BUSCLX high 5 B
11116  Command sctive delay from BUSCLK high (write) [3) 20
t1117  -ACEN active delay from BUSCLK high (write} (5] 20
1iil%  -ACEN insctive delay from BUSCLK low {writc) g . prit)
11119 WS setop 1o BUSCLK low 20
11120  -OWS hold from BUSCLK kigh 5
11123 X A<0:1>, -SBHE valid delay from BUSCLK low [+] 18
DMA Arbitration
DMA Arbitralion 33 MHz
- Min. Max.
11140 HROm sctive setun 1o CPUCLKIN high 15
t1141  HROn inactive s=tup 1o CPUCLKIN high 15 )
til42  HOLD aciive deiay from CF U LA gl z 5
t1143  HOLD inactive delay from CPUCLKIN kigh 4 23
11144  HLDAn active delay from CPUCLKIN high 2 19
11145  HIDAq inactive delay from CPUCLKIN high 30
Refresh Arbitration
Refresh Arbitration 33MHz
#in. max.
t1148  REFREQ pulse width Jow) 3 CPUCLKIN
11150 -MEMR delay from BUSCLK high Q 25
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Table 5-27. Refresh Cycle

Table 5-26. LPAR Timing

Resst Timing 33 MHz
Min. Max.
11170 RESETS3 active delay from CPUCLKIN high 0 25
11171 RESETS inactive delay from CPUCLKIN high 2 12
t1172  RESET3 pulse width &4 g5
CPUCLKIN
11173 RESET4 active delay from CPUCLKIN high 4] 25
t1174  RESET4 inactive delay from CPUCLKIN high 2 12
Table 5-26. Miscellaneous Timing
Miscellaneous Timing 33 MHz
Min. Max
11187  BUSCLK high pulse width _Programmable
11188 BUSCLK low pulse width Progmmmable
11189 BUSCLK rise time _ 6
11190 BUSCLK fall time 6
ti191  FGA20 valid from -TOW inacti ig ~
11193 A20 delsy from CPUA20 0 16
- Refresh Cycle 33 MHz
Min. Max,
11200 -RASi active delay from CPUCLKIN high 25
11201 -RASi inactive delay from CPUCLKIN high 0 15
11202  -RASi pulse width sce Nowe
11203 -RAS(G+1) active delay from -RASI active 1 CPFUCLKIN
11204 REFRESH address setup to -RASD 2CPUCLKIN
t1205 REFRESH address hold from -RAS3 1CPUCLEIN
Note  The -RAS pulse width is programmable to 4, 5, 6, 7 CPUCLKIN.
LPAR Timing _ 33 MHz
Min. Max.
11220 -LPAR input setupto -CAS insctive 10
11221  -IPAR input hold to ~CAS inactive 10
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Section 6
351 Timing Diagrams

|
Figure 6-1.  82C351 AC Timing Waveforms
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I _ )
Figure 6-2.  Back to Back Write Early RAS, Four Wait States
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|
Figure 6-3.  82C351 One Wait State Write Mode, Late RAS Mode, Five Wait State DRAM
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e
Flgure 64.  82C351 and 386DX Interface
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Figure 6-5,
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82C351 Write Hit, One Waii State Cache, Early RAS Mode, Five Wait States
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Figure 6-6.

82C351 Read Miss, Late RAS Mode, Three Wait States DRAM
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82C351 Read Miss, Late RAS Mode, Four Wait States DRAM

Figure 6-7.
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B 351 Timing Diagrams

I
Figure 6-8.  82C351 Read Miss, Early RAS Mode, Three Wait States DRAM
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8 351 Timing Diagrams

T
Figure 6-8. 82C351 Read HitiWrite Hit, Zero Wait State Cache, Late RAS Mode, Four Wait
States DRAM -
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]
Figure6-10.  82C351 DMA Cycle
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Note  -CRD and -CWE are generated during DMA Write Hit Cycles.
-CRD is generated for chip select type SRAMs,
-AF32 is generated during DMA Cycle for 82C351 10 generate the proper
Action Code.
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ROM Read Cycle

Figure 6-11.
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M 351 Timing Diagrams

T
Figure 6-12.  82C351 AT Read Cycle
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I 351 Timing Dlagrams

Figure 6-13.  82C351 AT Write Cycle
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Figure 6-14.  82C351 DMA Arbitration
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82C351 Refresh Arbitration
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M 351 Timing Diagrams

Figurs 8-16.  82C351 Reset
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Figure 6-17.  82C351 Miscellaneous Timing

nmrzﬂ
eovs UL L LT LI LT L LML L

AF32 . : : o :
READY  : : : : : -t
: i X o
Local Bus Slave

- T
- i
- ——

Miscellaneous Timing

CHIPS and Technologias, inc. PRELIMIRARY 81




M 351 Timing Diagrams

Figure 6-18.

Refresh Cycle
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|
Figure 5-19.  82C351 Index Register ReadiWrite
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"I 351 Physical Dimensions

351 Physical Dimensions

7.1 82C351 CPU/Cache/DRAM/Controller

[

I
Figure 71.  160-Pin Plastic Flat Package

n00an MeaTenIneonEngaas 4 Lead Leaghh
RANAK AN AN AN RHE KRR AR R H AN AR RS AR AN RARA R ETSuNoth
| L, L "' E l --u- ll -c l= --qucq i‘«lll I% l
ARG ICH e @&d A= Ga  dd &t
:{ 65 (0 ozss; ! n I i- : I
on- - by
Accumuiative - t%: &: B
82C351 e TIT
e ot e a s b B =
Lead Width " Pucache/HAM é 2l
430 G110 T “' =
€0.012 +0.004) GCONTROLULER s
&
! 1
= Clearance
Lead Length S5 O E_l_ 0 ( )
= 000 (0.000)
See Notw 2 — , ; — 0.600 (0.024)
Pin 1 ' Ses Note 1 —m——— - ‘}" Max Height

Scating Plane 42 (0-163)

Legend  minimum inches (minimum milimeters)
maximum inches (maximum milimeters)

Notel  Package Body Size = 28 +0.2/-0.4 (1.102 + 0.008/-0.016) (Swire)
Package Body Size = 28 +0.2 (1.10220.008) (All Other Package Vendors)

NoteZ  Lead Length = 0.6 0.3 (0.024 £0.012) (Package Vendor = Seiko)
Lead Length = 0.7 £0.2 (0.028 £0.008) (Package Vendor = Yamaha)
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B 355 Functlonal Description

Section 1

355 Functional Description

1.1 Features

The 82C355 provides all of the logic required to interface the Memory Data bus
(MD<0:31>), to the Local System Data bus (D<0:31>). Italso performs data
alignment and size conversion, and contains parity detection and generation
logic.

1.2  Functional Subsystem
Figure 1-1 shows the block diagram of the §2C355.
The 82C355 performs the following functions:

*  Buffers data between the D> and MD buses

*  Generates and checks parity for the DRAM subsystem

* Latches the data for DRAM buffered writes

® Laiches data from the AT bus during CPU AT bus reads
»  Performs data steering for AT bus accesses

®  Provides paths for SD and XD buses

1.3 Bus Interface

The 82C355 15 the data buffer that interfaces the CPU data bas (D bus) to the
memory data bus (MD bus). Figure 1-2 shows the various data paths. The MD
bus interfaces to the SD Bus (AT bus) via bi-directional buffers. The XD bus,
derived from the SD bus using additional bi-directional buffers, is used as a data
path for on board peripherals such as the keyboard controller, etc. The signals
HLDAL, -ATEN, AC<0:3>, SDIR0, and SDIR1 control the direction of the data
paths. Refer to Table 1-1 for bus control definition.

Daiz on the D bus is latched inside the 82C355 by BWBUSY The latches are.
open except for buffered writes. When BWBUSY is low the latches are open.
When BWBUSY is high, the data is latched.
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Figure 1-1.

82C355 Data Buffer Block Diagram
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[ ]
Figure 1-2. PEAKIDM Data Path
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1.4 Data Conversion

The 82C355 provides the proper data conversions for CPU initiated accesses to
the AT bus. The action codes AC<0:3> are used to control the flow of data
between the 32-bit memory (MD) data bus and the 32-bit jocal (D) data bus.
The action codes are generated by the 82C351 according to the signals -MCS16
and -IOCS16. The action codes are used to control the CPU accesses to the AT

bus and are qualified by ~ACEN.
Fuintan Clanvina l? Brie Panraraimmas
Uﬂ.la PIEEE ls M RUI VHITCIOIVIIID

The 82C355 handles the data bus swapping required when a master and slave
use different data sizes. The action ¢odes shown in Table 1-2 and Figure 1-3
identify the data steering for all possible cycles.

In Figure 1-3, A, B, C and D are the CPU data bytes (where A isthe LSB and D
is the MSB), E and F are the data bytes on the AT bus (where E is the LSB and
Fis the MSB); G, H, I, and J are the data bytes on the Local RAM bus (where
G is the LSB and J is the MSB). For example, when the CPU is performing
Jocal DRAM cycles, the bus conversions are not necessary as both the CPU and
the local memory accesses are 32-bits wide. ¥or CPU initiated AT cycles, bus
conversions are required because the AT bus is 16-bits wide. The 82C351
performs two 16-bit cycles and the 820355 latches the data, and presents 32-bit

.

UBXZI.DIIIB\J'U
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I
Table 1-2.  Action Code Definition

AC<0:3»

AB/GH

mwmimmmmmugu.gg
ClREle|S S ]

1D |t | |0 [oo |~ fon [un Jus o [ [

1.5 Parity

The 82C355 generates and checks parity for the DRAMS. There is one parity
bit for each byte. MPO is the parity for MD<{0:7>, MP1 for MD<3:15>, MP2
for MD<16:23>, and MP3 for MD<24:31>.

During a write cycle (when -DRD is high) the parity is generated by the 82C355
and the parity bits are driven on MP<0:3>. The generaiion of the parity is done
on a byte by byte basis.

‘When -DRD is low, the buffers driving MP<(:3> are tristated, disabling the
parity generator and enabling the parity checker. The output of the parity
checker, along with the parity bits read into the 82C355 are intemnally compared
on a byte by byte basis using the CAS<0):3> signals. If there is a parity error,
the 82C355 activates -LPAR to the 82C351. The parity enable signal -PEN
should be low to enable parity checking.

The parity error signals from each byte are NORed together, then ORed with
-PEN and sent out on the -LPAR signal. When an error is detected, the -LPAR
signal will remain low until the next DRAM read from the offending byte with

proper parity.
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Figure 1-3.  82C355 Bus Conversion

- I 355 Functional Description
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Note A, B,C,and D are 4 CPU bytes with A being the feast signiﬁcani byte.
E and F are 2 AT bus bytes with E being the least significant byte.
G, H, I, and J are 4 Jocal RAM bytes with G being the least significant byte.
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I 355 Pin Descriptions

5 Pin Descriptions

2.1 Pin Assignments
|
Table 2-1.  PinDefinitions
Pin#¥ Symbol Type Signal Dascription
Do-D3 83-36 Input/ The Data bus signals DO through D31 are bi-dirsctional lines used 1o o
D4-Dg 9296 Output  connext the 82C355 10 the CPU bus., They are driven by the 82C355
1!,)191—?)1103 13‘1341}903 during DRAM reads, AT reads, DMA writes, and Masier write
- - cles. SmA drive capability.
D14-DY7 105-108 b 4
nig 110

D19-D23 112-116

D24-D25 118-119

D26-D28 3-5 S

D29-D31 79

MDO-MD4 24-28 Input/ Memory Dats Bas. The memory banks reside on this bus, The 5D
MDE.MDR 12.36 Ootent bz (AT bos) iz derived from the MD bur, 8mA drive copatdfity,
MD10-MD11 38-39
MDI2-MD14 4143
MD15-MD19  45-48,50
MD20-MD24 52-56
MD25-MD26 58-59
MD27-MD31 63-67 _
MP<0:3> 77-80 Inpat/ Memory Parity bits. MPO through MP3 are inputs during read cycles
Output  and omputs during write cycles. During read cycles these bits are
eompamd with intemnafly generated parity bits to determine whether &
. parity error has occurred,
“CAS<(:3> 6972 Input  These are the -CAS byte ensble coded l.mcs from lhl: 82C35 1,and arc
nged 10 check Pariry, Parity ie checked on the rising ndoe of -CAS for
DRAM ludcydes. Onlythe bytes for which “CAS is active have
their parity checked, i ~
-PEN T4 Inpat Parity enable (inpar from the 82C351). When low, parity is checked
for DRAM read cycles, When high, no parity checking is perfformed.

APAR T6 Output Loaletyenor “nsnd::ORdxhe4pxmymrngmh
ANDed with PEN. This signal wiii go inactive on the next memory
read with proper parity for the byte which cansed the error.

HEDA1 19 Input  Hold Acknowledge to indicate 3 DMA cycle for control logic to
control the buffer directions. When high x DMA channel or AT bus
master har control of the bas. Used for data bus steering.

-ACEN 10 Inpat  Action Code enable is an active low inpat from the 82C351 used to
validste action code signals AC<0:3>. This sigral follows the AT
bus IOR, MEMR, or INTA aignals for CPU AT bus reads. For CPU
AT bos writes -ACEN is driven before the JOW or MEMW signals 10
provide data setup time. During DMA and bus master cycles, it is
always low.

AC3> 11-14 Input  Action codes are four bit encoded commande from the £207351. They
are used for dat bus sizing and byte assembly operetion. AC<0:3>
are qualified by the -ACEN signal. Table 3-1, shown in Section I:
355 Functional Description, contains the action code definition.

CHIPS and Technologies, Inc. PRELIMINARY 103




I 355 Pin Descriptions

|
Table 2-1.  Pin Definitions (continued)

Pin#  Symbo! Type Signal Description
-DRD 82 Input  DRAM READ is an active Iow signal. Whes active it enables data

from the MD bus to the D bus. This signal determines the data
direction. 0=DRAM read cycle, i=DRAM write cycle. It is used by
the parity logic. Parity is checked when -CAS goes high anly if DRD

is low.

-ATEN 88 Input AT BUS ENABLE is an active Jow signal. When gctive, it indicates
_that the current cycle is to the AT bus,

SDIRO 16 Input  Bus direction for SD<(:7:>. Used for bus steering of the MD<0):7>

lines. When high, SDIR0 directs SD<0:7> away from the MD bus.
When low, SDIRO points SD<D:7> towards the MD Bus,

SDIRI 18 Tnput Bus dirsction for SD<8:15>. Used for bus sisering of the MIJ<8:15>
Iines.
BWBUSY 20 Ioput Buffered Write Busy. This it an active high signal nted 1o latch the
data during write cycles. The rising edge lnches the CPU write data.
LDBEN 21 Input Local Data Bus Enable is st active Jow signal enabling the data 1o flow

betwren the MT) smd D hos and viceverss, Thir i setive for CPIT

DRAM, AT, and /O cycles.

LDBDIR 22 Inpmt  Eocal! Data Bus direction, When low, data flows from the MD bus to
the D buses, When high, data path flows from the D 1o the MD bus.
vCC 17,29, 40, 49, +545% Supply Voltage.
60,73, 87,
100, 105, 120
- . GND 6, 15,23,31, Ground.
37,44, 51,57,
62, 68,75,81,
T 91,997,104,
111,117
NC 1,2,30,61, No connect - These pins should be laft floating.
89, 90
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2.2 Numerical Listing of Pin Assignments

B 355 Pin Descriptions

[
Table 2-2.  Numerical Pin Definitions
Pin Signat Pin Signal Pin Signal Pin Signal
1 NC 31 Vi 61 NC 91 Vis
2 NC 32 MD5 62 Vi 92 D4
3 D26 a3 MD6 63 MD27 93 D5
4 D27 34 MD7 64 MD28 94 D6 __ _
5 D28 35 MD8 &5 MD2o 95 D7 ~
6 Vi 6 MD9 66 MD30 96 D8
7 D29 37 Vi 67 MD31 97 Vi
8 D30 a3 MD10 63 Vi3 98 D9
9 D31 39 MDI11 &9 <CASO 9 D10
10 -ACEN 40 Vee 70 -CAS1 100 Vee
11 ACD 41 MD12 71 CAS2 101 Dit
12 ACl 42 MDI2 T2 -CAS3 102 D12
i3 AC2 43 MDi4 T3 -CAS3 103 Di3
14 AC3 44 Vis 74 -PEN 104 Vs
15 Vis 45 MD15 75 Vis 105 D14
16 SDIRO 46 MDis 76 -LPAR 106 D15
17 Vee 47 MD17 T? MPO 107 D16
18 SDIR1 48 MD18 78 MP1 108 D17
19 HLDAI 49 Vee 79 MP2 109 Vee
20 BWBUSY 50 MDI19 g0 MP3 110 Dig
21 -LDEBEN 51 Vis 81 Vis 111 Vi
22 LDBDIR 52 MD20 22 -DRD 112 D19
23 Vi 53 MD21 g3 DO 113 D20
24 MDO 54 -MD22 84 o) | 114 D21
25 MD1 55 MD23 85 D2 115 D22
_.26 MD2 56 MD24 86 D3 116 D23
27 MD3 57 Vis 87 Vec 117 Vis
28 MD4 58 MD25 28 -ATEN 118 D24
29 Veo 59 MD26 £9 NC 119 D25
30 NC 60 Ve S0 NC 120 Vee
PRELIMINARY 105



M 355 Pin Descriptions

|
Table 2-3.

“

106

24 Alphabetical Listing of Pin Assignments

Alphabetical Pin Definitions
Signal Pin Signal Pin Signal Pin Signal Pin
~ACEN 10 D18 110 MD12 41 PEN 74
ACD il D19 112 MD13 £2 SDIRD 16
ACl1 12 D20 113 MD14 43 SDIR1 18
AC2 13 D21 114 MD1S 45 Vee 17
AC3 14 D22 115 MD16 45 Veeo 28
-ATEN £8 D23 116 MDI17 47 Veo 40
BWBUSY 20 D24 118 MDI18 48 Vee 49
-CASD &9 D25 119 MDi1o 50 Vec 60
-CAS1 70 D26 3 MD20 52 Voo 73
LAS2 71 D27 4 MD21 53 Vee £7
-CAS3 72 D28 5 MD22 54 Vee 100
-DRD 82 D29 7 MD23 55 Vo 109
DO 83 D30 g MD24 56 Vee 120
D1 84 D31 9 MD25 58 Viz &
D2 85 HLDAL 19 MD2§ 59 Vis 15
D3 86 LDBDIR 22 MD27 63 Vi 23
D4 92 -LDBEN 21 MD23 64 Vis 31
D5 923 JLPAR 76 MD29 65 Vs 37
D6 94 MDO 24 MD30 66 Vi A4
D7 95 MD1 25 MD31 67 Vis 51
D8 96 MD2 26 MFO 77 Viz 57
Dy 08 MD3 27 MP1 78 Vis 62
~Di0o 99 MD4 28 MP2 79 Vs 63
D11 101 MD5 32 MP3 80 Vis 75
D12 102 MDé6 33 NC 1 Viz 81
D13 103 MD7 34 NC 2 Vir 91
D14 105 MD3 35 NC 30 Vis 97
D15 106 MDS 36 NC 61 Vs 104
Die 107 MDID 38 NC 89 Vis 111
D17 108 MD11 39 NC 90 Vis 117
PRELIMINARY CHIPS and Technologlas, inc.
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25 Pin Diagram

| |
Figure 2-1.  82C355 Bus Controller Pin Diggram
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Section 3

355 Physical Characteristics

3.1 Absolute Maximum Ratings

Symbol Min. Max. Units

Supply Voltage Vo 1.0 v _
Input Voltspe Vi -5 5.5 Vv _
Qutpit Voltape Vo -5 55 v
Operating Temperatre Top -25 85 C
Storzge Temperatore Tsig =40 125 C

Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability. Exceeding the absolute maximum ratings can cause
permanent damage to the device.

3.2 Operating Conditions

Symbel Min. Max. Units

Supply Voltage Voo 4.75 5325 v
Ambient Temperature Ta 70 C
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355 DC/AC Characteristics

41 DC Characteristics

Symbol Min. Max. Unlts

Input low voltage Vi

TTL level 03 B v
Input high voltage Vi

TTL level 20 +0.3 v
Output fow voltage Vor AS v
Qutput high voltage Vor 24

Input LOW current @ Vo = Vis In -10 +10 HA
Input HIGH current & Vo=Vdd Iy -10 10 HA
Output current low Tot

{all pins except -LPAR) -8 +8 uA
CLPAR) Ior -4 +4 pA
Output current high Tou ]

{All pins except -L.PAR) -8 +8 HA
(-LPAR) Tost -4 +4 A
3-State outpur OFF current LOW Ina. =10 +10 MA
3-State output OFF current HIGH Tt -10 +10 KA
Power supply current @25 Milz Icc _ 80 mA
Input capacitance Cmn 10 pF
Output or /O capacitance Cour 10 pF
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| ]
Tablo 4-1.

[ ]
Table 4-2.

Table 4-3.

Tabie 4-4.

112

4.2

AC Characteristics

All timing parameters are specified under capacitive load of 50 pf and
temperature of 70 degree C, All the units discussed in the following timing
tables are in nanoseconds, unless otherwise specified. Also, the AC
specifications mentioned in this document are subject to change.

Parity Timing
Parity Timing 25 MHz
Min. Mzx.
1519 -LPAR insctive delay from -PEN inactive * 20
1521 -LPAR sactive delay from -PEN active 6 20
1522  MP<0:3> setup 1o -CAS inzctive 5
1523  MP<0:3> valid from MD<0:3 1> 28
1524  MP<D:3>hold from -CAS inactive 5
Data Paths
Data Paths 25 MHz
Min. Max,
1555  MD bus setup 1o ACAS<0:3> insctive 25
1556 MD bus hold to -CAS<0:3> insctive 10
t570  Dbusto MD bus 50
1571 ~-LBDEN low 10 DATA valid 39
1572  MDbusioDbus 25
Parity Timing
Parity Timing 33 MHz
Min. Max.
1519  -LPAR inactive delsy from -PEN inactive 18
1521 ~IPAR active delay from -PEN active 6 18
1522  MP<0:3> setup to -CAS inactive 5
1523 MP<0:3> valid from MD<D:3 1> 25
1524  MP<D:3> hald from -CAS inactive 4
Data Paths
Datz Paths 33 MHz
Min. Max.
555  MD bus setup to -CAS<D:3> inactive 25
1556 MD bus hold to -CAS«<(:3> inactive 10
1570 DbuastoMD bus 50
1571  -LBDEN low to DATA valid 9
572 MDbuswoDbus 25
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Section 5

355 Timing Diagrams

|
Figure 5-1.  82C355 Write and -LPAR Parity
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Figure 5-2.

Bl 355 Timing Diagrams
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Figure 5:3.  82C355 D to MD Bus Delay and LBDEN Low to Data Valid Out
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355 Physical Dimensions

6.1 82C355 Data Buffer ..

L
Figure 6-1.

120-Pin Plastic Fiat Package

==
=
s e |
il

i

I

R R AR GR

Lead Pitch | ==

v

28.2 (1.110)
31.75 (1.250)

e

Footprint
32.40 (1.276)

fon O = 88
Accumulalivef 820355 . g‘ §- ol
== BUS BUFFER [== Z|Z8S
. < ol e
Lon wige (2 L
0.45 (0. ozarfm : e
= = [ o
=0 = | l
bRttt ot i )
27.8 (1.094)

o 7 -
Max Height o
.37 (0.146) A T/
1 ol
Clearance . Lead length
0.0 {0.000} © 0.6 __(0.024)
0.6 (0.024) 1.0 {G.039)
Legend minimurn in inches (minimum milimeters)

CHIPS and Technologies, Inc.

maximum in inches (maximum milimeters)

PRELIMINARY } 117



B 355 Physical Dimensions

This page is intentionally left blank.

118 PRELIMINARY CHIPS and Technologies, lnc.




VOLUME

82C356 Peripheral Controller






Section 1 :
356 Functional Description

e 11 Features

* 12 . . Functional Subsystem

* 13 Address Decode

s 14 Port B and NMI Logic

= 15 Integrated Peripheral Controller

* 16 Multilevel Decode Subsystem

s 17 Clock and Wait State Control

*+ 18 DMA Fanctional Description )
* 19 DMA Transfers

* =110 Auto-initialization

+ 111 DREQ Priority

= 112 Address Generation

* 113 Compressed Timing

* 114 Register Descriptions

* 115 Interrupt Controller Functional Description
* 116 Controller Operation '

= 117 Interrupt Sequence

e 112 End of Tnterrupe

= 119 Programming the Interrupt Controller

s 120 Counter/Timer Functional Description

* 121 Counter Description

e 122 . Programming the CTC

s 123 Real Time Clock Fanctional Description






CHIPS and Technologies, Inc.

I 356 Functional Description

Section 1

356 Functional Description

1.1 ~Features

The 82C356 peripheral controller contains the address buffers used to interface
the local address bus A<2:23> and I/O channel address bus SA<0:19>. It also
contains an equivalent Integrated Peripheral Controller (JPC) that incorporates
two 8237 DMA controllers, two 8259 Interrupt Controllers, one 8254

Timer/Counter, and an MC146818 RTC with CMOS RAM, in addition 1o

several other S5 interface logic devices.

i2 Functional Subsystem |
The 82C356 peéripheral controfler consists of the following functional
subsystems as shown in Figure 1-1:

Address Bus Interface Between A and SA Buses

Address BUS interface between the A and SA buses
T/O Address Decodes
14.318 MHz oscillator crystal interface

.l'UlI. D uuu l‘lvl.l NBI&

Integrated Peripheral Controller (IPC)
Configuration Registers

The 82C356 interconnects the System Address bus SA<0:19> to the local bus
A<2:23>. The drivers provided are 24mA current drivers for direct connection
io ihe /0 channei address bus.

The buffers are controlled by HLDAIL, -MASTER, -REF, and -ATEN io drive
the signals from the source to the target buses. Table 1-1 shows how the drivers

are configured between the buses for.each type of active bus request. When
-RFEF is asserted, the refresh address is latched onto the SA bus as the refresh

row address and the refresh counter for the /0 channel, residing in the 82C356,

is incremented. When none of the controlling signals are active, the default

buffer direction is from the A bus to the SA bus for memory accesses initiated

Ty tha FYDOTT Eac all FYTT ncvemmad anmanans tha o ddeocone mon Toonb 2 oo slan
UJ WiV Wi Ve UL @il vl W VUL VAL G- Ddiedy B GUALLEDLYS Al LALGLECUL Ul u

trailing edge of -MALE.
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Figure 1-1. 82C356 Block Diagram
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I
Table 1-1.  Address Buffer Function ' T T
HLDA ATEN REF #STR Wode Actlon
0 1 1 1 NON-AT All buses are tri-sixted in this mode.
0 0 1 1 AT 'Rx:uSA bus XA <0:1> a1z driven by the
S,
0 1 0 1 REFRESH A<2:16> are disabled.
1 1 4 0 MASTER The SA bus drives the A bus and XA
<D:1> while A<17:23> are tri-stated.
1 1 0 0 MASTER-REFRESH The A bus is disabled.
1 i 1 1 DMA The 82C356 drives the A. bus, the SA

bus, and XA<0:15.

1.3 Address Decode

The 82C356 provides I/O decode for the keyboard controlier. The signal
-8042CS provides the address decoding for the keyboard controlier. The
-8042CS output is an ¥/O decode of addresses 60H and 61H.

1.4 Port B and Nl 10gIC

The 82C356 provides access to Port B defined for the PC/AT, as shown in Table
1-2. The NMI (non-maskable interrupt) circuitry latches and enables the I/O
channel check and parity error conditions. If the corresponding NMIs are
enabled in port B, 2 non-maskable interrupt is generated to the CPU and the
source of the NMI is recorded in port B. Reading port B indicates the source of
the error condition. The master enable for NMI generation (as defined for
PC/AT system at system J/O port 70H, bit7) is implemented in the 82C356. If
this bit is set to 1, NMI generation is disabled and if set to 0, it is enabled.

I
Table 1-2.  Port 61 Bit Definition
Address B Function Description
61H Port B Register
¥i Read only PCK - System memory parity check
6__ Readonly CHX - 1/O chanel check_
3 Kead only T2 - Timer 2 oni
4 Read only RFD - Refresh detect
3 Read wrile EIC - Enable X0 channel check .
2 Read wrile ERP - Enable systern memory parity check
1 Read write SPK - Speaker Data
0 Read write T2G - Timer 2 Gate Speaker

The 82C356 also accepts an NMI due to power fail, READY timeout, or from
the Power Control Unit (PCU) 82C636. The PCU is used to control power for
memory, serial port etc. This also provides slow DRAM refresh during standby
mode when power is off. The PCU and PFAIL NMI, are combined inio one pin,
since the PCU can supply the PFAIL intermupt. Reg 26H<4> and Reg 26H<2>
are used to enable the NMI sourced from the PCU and READY timeout,

respectively. Reg 26H<3> and Reg 26H<(> indicate the source of the NMI.
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Figure 1-2.

15 Integrated Peripheral Controller

The Integrated Peripheral Controller (IPC) portion of the 82C356 is an LS
implementation of the standard peripherals required to implement an IBM
PC/AT system board. It contains the equivalent of two 8237A DMA
Controliers, two 8259A Interrupt Controllers, an 8254 Counter/Timer, and an
MC146818 Real Time Ciock with RAM. The IPC provides all the standard
peripherais required for a system board implementation except the keyboard
controller. Figure 1-2 illustrates the subsystems contained within the TPC.

Integrated Peripheral Controller Block Diagram
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Two DMA Controllers are provided and connected in such a way as to provide
the user with four channels of DMA (DMAJI), for 8-bit transfers and three
channels of DMA (DMAZ2), for 16-bit transfers (the first 16-bit DMA channel is

used for cascading), Inciuded, as pari of ihe DMA subsysicm, is the DMA Fage
Register used to drive the upper address lines when required.

Sixteen interrupt channels are provided in the IPC. These channels are
partitioned into two cascaded controllers: INTC1 and INTC2, with 8 inputs
each, Of these 16 channels, three are connected internally to various devices,
allowing 13 user definable interrupt channels. The three intetnally connected
channels are as follows:

®  Channel § .. Coamter/Timer Connter O Interrunt

#  Channel 2 — Cascade to Slave Interrupt Controller (INTC2)
*  Chamnel 8 — Real Time Clock Interrupt

The remaining 13 channels may be defined and utilized as necessary to meet the
users specific system requirements.

A Counter/Timer (CTC) subsystem is provided containing three independent
counters. All three counters are driven from a clock inpat pin independent of all

the ather cloek 1 “'!n"tc Conntar (1313 ic connectad to Interrnmt N nfTNTCTT Tt

AAMLWA WAL e B TS ALESMAL MR W WL AL AN dy AL LY

intended to be used as a multitevel interrupt to the system for such tasks as time
keeping and task switching. Counter 1 may be programmed to generate pulses
or square waves for use by external devices. The third channel (Counter 2)is a
full function Counter/Timer which has a gated input for controlling the internal
counter. This channel can be used as an intervai counter, a timer, or a gated
ate/pulse generator,

A Real Time Clock (RTC) is included in the 82C356 for maintaining the time
and date, Thic snhevetem alen containg 114 hutee of CMOS RAM  in addition

SRR RS SwmAS ) eeas =Rsis 22 s Bl RLAVASS N

to the Clock/Calendar. The Clock/Calendar mfonnatxon and RAM are kept
active by connecting the device to an external battery when the sysiem power is
med off,

[ I PRy PRSP, R | R . S P — ———

.lU IREICONNCCL uuu COLIUUL &1 UL I uuuur bﬁﬂbybmllb, a llll.llulb\‘ﬁl COnroL

section is employed which is divided into subsystems for purposes of discussion.

The first section covers the Clock and Wait State Control. This subsystem
controls the generation of DMA wait statzs and the negation of IOCHRDY (if
programmed 10 do so) during CPU access of the device. The last subsystem is
the Multilevel Decode.

To accommodate over 200 registers in the 82C356 and maintain I/O decode
compatibility with the IBM PC/AT, a multileve! decode scheme is employed.
The multilevel decode subsystem performs the function of generating enables to
various subsystems. Control and direction of the XD{-XD7 data bus buffers are
also handled by this subsystem. The output buffers are enzbled whenever an

enable is generated to an intemal subsystem and the -IOR signal is asserted.
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Table 1-3.

The mutltilevel decode subsystem provides 8 separate enables to various
subsystems of the IPC, Table 1-3 contains a truth table of the internal decode,

Integrated Peripheral Controller Internal Decode

-MSE
{AEN)

XA9

XAB

XA7 XAG

XAs Xaq XA3 XA2 XA1 XAO Address Selected
Range Device

QOCC0-00F DMA1

AN v T
ATAF VAl L AN 1.

022023 CONFIG

040-043 __€C1¢
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MAM AT TR
UMAL-IAL J_.l‘ll—.b_
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Figure 1-3.

The decode is enabled by three signals: -MSE(AEN), XA9, and XAR. To
enable any internal device, -MSE(AEN) must be 1 and XA9 and XA must be 0,

The decode scheme employed in the 82C356 is designed to comply with the
IBM PC/AT requirements, and is more fully decoded. If the user wishes 1o take
advantage of the areas unused by inserting additional peripherals in the I/O map,
this may be done since the subsystems in the 82C356 do not respond © the
unused address spaces established by the multilevel decode. The extra
peripherals may be tied directly to the XD0-XD7 data lines since the IPC output
baffers are not enabled unless an intemal snbsystem is enabled.

1.7 Clock and Wait State Control

The Clock and Wait Sate Control subsystem performs four functions: control of
the DMA command width, control of the CPU read or write cycle length, and
selection of the DMA clock rate. All of these functions are user selectable by
writing to the Clock/Wait State Control Register.

ClockiWait State Control Register{023H) (Index 01H)

o1 nn
E=2 3 B

L7
[ T GlockWaitsue
Extanded Memory Enable
]_B-bitWaitStaie
- 16.5it Wait Stato
™ Readmite Wait State

iy

Writing and reading this register is accomplished by first writing an 01H to
Jocation 022H to select the control register,and performing either a read or write
to location 023H.

27
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tn
K
G
L
b
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Clock Wait State: ‘This bit allows the user to insert a divider between the
DMA Controller subsystems and the SCLK input pin, or connect the two
directly. When this bit position contains a 0, the SCLK input is divided by two
and is used to drive both the 8-bit and 16-bit DMA subsystems. A I in this
position bypasses the divider and uses the SCLK input directly. Whenever the
state of this bit is changed, an internal synchronizer controls the actual switching
of the clock to prevent a short clock pulse from cansing a DMA malfunction.
Extended Memory Function Enable: This bit enables the extended
-MEMR function. Normally, the assertion of -MEMR is delayed one clock
cycle later than -IOW in the IBM PC/AT implementation (EMR=0). This may
not be desirable in some systems. A 1 programmed into this bit position starts
-MEMR at the same time as -IOW.

8-bit Walt State: Wait states may be inserted in 8-bit DMA cycles by

programming these two bits.
8W1 awo 8-bit DMA Wait States
o 0 1 .
0 1 2
1 0 3
1 1 4

Further control of the cycle length is available through the use of the IOCHRDY
pin on the 82C356. During DMA, this pin is used as an inpaut to the wait state
generation logic to extend the cycle, if necessary. This input is driven iow by
the peripheral 1o extend the cycle. The cycle can then be completed by releasing
IOCHRDY and allowing it to return high.

16-bit Walt State: Wait states can be independently controlled for both 8-bit
and 16-bit DMA cycles. This allows the nser to tailor the DMA cycle more

closely to the application.
16W1 16W0 16-bit DMA Walt States
0 0 1 ~
0 1 2
1 [ 3
1 1 4

Read/Write Walt State: When the higher speed CPU’s are accessing the IPC
subsystems, the cycle can be extended by programming up to four wait states
into the Configuration Register. This causes the IPC to assert a not ready
condition on IOCHRDY (low) whenever a valid decode from the Top Level
Decode is detected and either -IOR oz -IOW is asserted. IOCHRDY remains
low for the number of wait states programmed into the clock/wait state control
register bits 6 and 7. Wait states are in increments of SCLK cycles and are not
affecied by the DMA Clock Divider.

- RW1 RWO Read/Write Cycls Wait States
1

i o O O
0 pe O
it (W
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The Configuration Register contents are preloaded by RESET4 to an initial
value of OCOH hex. This value establishes a default which is PC/AT compatible
and corresponds to:

Read/Write cycles 4 wait states

16 bit DMA transfers 1 wait state

8 bit DMA transfers 1 wait state

-MEMR delayed 1 DMA clock cycle Iater than -IOW

DMA clock is equal to SCLK/2

1.8 DMA Functional Desci"iption

The equivalent of two 8237A DMA controliers is implemented in the IPC
subsystem. Each controller is a four channe! DMA device which generates the
memeory addresses and conirol signals necessary to transfer information between
a penipheral device and memory directly, This allows high speed information
transfer with little CPU intervention,

The two DMA Controliers are internally cascaded to provide four DMA
channels for transfers to 8-bit peripherals (DMA1) and three channels for
transfers to 16-bit peripherals (DMA2). DMAZ2 Channel O provides the cascade
interconnection for the two DMA devices; thereby maintaining IBM PC/AT
compatibility.

DMA cycle length control is provided internally in the IPC subsystem allowing
independent contrel for both 8-bit and 16-bit cycles. This is done through the
programmable registers which can extend command signals or insert wait states.

Each DMA Channel has a pair of 16-bit counters and a reload register for each
counter. The 16-bit counters atlow the DMA to transfer blocks as large as
65536 words. The register associated with each counter allows the channel to
reinitialize without reprogramming. From this point on the description of the
DMA subsystem pertains to both DMA1 and DMAZ, unless otherwise specified.

DMA Operations

During normal operation, the DMA subsystem is in either the Idle condition, the
Program condition ¢ the Active condition. In the 1dle condition, the DMA
controller executes cycles consisting of only one state, The idle state S is the
default condition, and the DMA remains in this condition unless the device has
‘been initiatized, and one of the PMA requests is active; or the CPU atiemipts to
access one of the internal registers.

‘When a DMA requoest becomes active the device enters the Active condition and
issues a hold request to the system. Once in the Active condition the DMA
controller generates the necessary memory addresses and command signals to
accomplish a memory-to-1/0, J/O-to-memory, of 2 memory-to-memory tansfer.
Memory-t0-1/0 and 1/O-to-memory transfers take place in one cycle, while
memory-to-memory transfers require two cycles. During transfers betwean
memory and I/O, data is presented on the system bus by ¢ither memory or the
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requesting device, and the transfer is completed in one cycle.
Memory-to-memory transfers however, require the DMA to first store data from
the read operation in an internal register, and then write the stored data to
memory on the subsequent cycle.

During transfers between memory and IfO, two commands are activated during
the same cycle. In the case of a memory-to-I/O transfer, the DMA controller
asserts both -MEMR and -IOW, allowing data to be transferred directly to the
requesting device from memory. Note that the 82C356 does not latch data from,
or drive data out, on this type of cycle.

Idle Condition

‘When no device is requesting service the DMA is in an Idle Condition which
maintains the state machine in the SI state. During this time, the DMA
controller samples the DREQ input pins every clock cycle. The internal select
from the multilevel decoder and HLDA are also sampled at the same time to
determine if the CPU is attempting to access the internal registers. When either
of the above two situations occurs, the DMA exits the idle condition. Note that
the program condition has priority over the active condition since a CPU cycle
has already started.

Program Condition

The program condition is entered whenever HLDA is inactive and internat
select is active, During this time, address lines X A<0:3> become inputs if
DMAL is selecied, or XA<1:4> become inputs if DMA?2 is selected. Note,
when DMA2 is selected, XAQ is ignored. These address inputs are used to
select the DMA controller registers which are 1o be read or written. Due to the
large number of intemal registers in the DMA sabsystem, an internal flip-flop
bit is nsed to supplement the addressing of the count and address registers, This
bit is used 1o select between the high and low bytes of these registers. The
flip-flop toggles each time a read or write occurs to any of the word count or
address registers in the DMA. This internal flip-flop can be cleared by RESET4
or a Master Clear command, and can be set or cleared by the CPU issuing the
appropriate command.

Special commands are supported by the DMA subsystem in the program
condifion to control the device., These commands do not make use of the data
bus, but are derived from a set of addresses, the internal select and -IOW or
-IOR. These commands are Master Clear, Clear Register, Clear Mode Register
Counter, Set and Clear Byte Pointer Flip-Flop.

The [PC subsystem enables programming whenever HLDA has been inactive
for one DMA clock cycle. Itis the responsibility of the system to ansure that
programming and HLDA are mutually exclusive. Erratic operation of the DMA
controller can occur if a request for service occurs on an unmasked channel
which is being programmed. The channel should be masked or DMA disabled
to prevent the DMA controller from attempting 10 service a device with a
channel that is partially programmed. s .
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Active Condition

‘The IPC DMA subsystem eaters the active condition whenever a sofiware
request occurs, or a DMA request on an unmasked channel occurs, and the
device is not in the program condition. The DMA controlier then begins a
DMA transfer cycle.

In a read cycle, for example, after receiving a DREQ, the DMA controller issues
an HRQ to the system. Until an HLDA is returned, the DMA controller remains
in an idle condition. On the next clock cycle, the DMA controller exits Idle and
enters state S0. During S0, the device resolves priosity and issue -DACK on the
highest priority channel requesting service. The DMA controller then proceeds
to state S1 where the multiplexed addresses are output and laiched. State 52 is
then entered, at which tme the DMA controller asserts -MEMR, The device
then transitions into 83 where the -IOW command is asseried. The DMA
controller remains in $3 until the Wait Staie counter has decremented to zero
and IOCHRDY is true. Note that at least onc additional $3 occurs, unless
Compressed Timing is selected. Once IPCHRDY is trug, the DMA controller
enters 84 where both commands are deasserted. In Burst Mode and Demand
Mode (discussed in the following sections), subsequent cycles begin in 82
unless the intermediate addresses require updating. In these subsequent cycles,
the lower addresses are changed in S2. The DMA controller can be |
programmed on a channel by channel basis 10 operate in one of four modes:

* Single Transfer Mode
* EBlock Transfer Mode

*  Demand Transfer Mode
®  (Cascade Mode

Single Transier Mode

This mode directs the DMA controlier to execute only one transfer cycle ata
time. DRE(Q) must be held active until -DACK becomes active, If DREQ is
held active throughout the cycle, the DMA controlier deasserts HRQ and
releases the bus once the transfer is complete. After HLDA has gone inactive,
the DMA controller again asserts HRQ and executes another cycle on the same
channel, unless a request from a higher priority channel has been received. In
this mode the CPU is ensured of being allowed 10 execute at least one bas cycle
between transfers. ‘

Following each transfer, the word count is decremented and the address is
incremented or decremented. When the word count decrements from D000H to
FFFFH, the terminal count bit in the status register is set and 2 TC pulse is
generated. If the antofnitialization option has been enabled, the channel
reinitializes itself. Jf autoinitialize is not selected the DMA controller sets the
DMA request bit mask and suspends transferring on the channel.
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Block Transier Mode

‘When Block Transfer Mode is selected, the DMA controller begins transfers in
response to either a DREQ or a software request and continues uritif a terminal
count of FFFFH is reached; at which time, TC is pulsed and the siatus register
terminal count bit is set. In this mode, DREQ need only be heid active until
-DACK is asserted. Autoinitialization is also operational in this mode.

Demand Transfer Mode

In Demand Transfer mode, the DMA begins transfers in response to the
assertion of DREQ and continues until either terminal count is reached, or
DREQ hecomes inactive, This mode is normally nced for peripherals which
have limited buffering availability. The peripheral can initiate a transfer and
continue until its buffer capacity is exhansted. The peripheral may then
re-establish service by again asserting DREQ. During idle periods between
transfers, the CPU is released to operate and can monitor the operation by
reading intermediate values from the address and word count registers. Once
DREQ has been deasserted, higher priority channels are allowed to intervene.
Reaching terminal count results in the generation of a TC pulse, the setting of
the terminal count bit in the stams register and antoinitialization (if enabled.)

Cascade Mode
This mode is used to interconnect more than one DMA controllcr, to extend the

s Tham AP TARA A nhinwvenla wihil T Monands
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maode, the master DMA controller does not generate address or control signals.

The DREQ and -DACK signals of the master are used to interface the HRQ and

HLDA signals of the slave DMA devices. Once the master has received an
HLDA from the CPU in response to a DREQ caused by the HRO from a slave
DMA Controlier, the master DMA controller ignares all inputs except HLDA
from the CPU and DREQ on the active channel. This prevents conflicts
between the DMA devices.

Figure 1-3 shows the cascade interconnection for two DMA devices, Note that

Channel 0 of DMAZ2 is internally connected for Cascade mode to DMAL,
Additional devices can be cascaded to the available channels in either DMAT or
DMA2 since cascade is pot limited to two levels of DMA comrollers

Py vy | P Y e s | I

'\'HUII p:uglcumuu:g CASCAOTO mlﬂuum, Wsl-ll Wlul I-ﬂc WV“ I-lldl. lh iﬂ-l-ud-uy
generating HRQ 10 the system (first level device), then proceed 1o the second
level devices. RESET4 causes the -DACK outputs to become active low and
are placed in the inactive state. To allow the internal cascade between DMA1L
and DMA? to function carrectly, the active Jow state of -DACK shonld not be
modified. This is because the DMA controllers have an inverter between
-DACKO of DMA2 and HLDA of DMA1, The first level device’s DMA
reguest mask bit prevents second level cascaded devices from generating
unwanied hold requests during the initialization process,
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Figure 1-4. Cascade Mode Interconnect

1.9 DMA Transfers

Four types of transfer modes are provided in the DMA subsystem. These
transfer types ave: Read Transfer, Write Transfer, Memory-to-Memory
Transfer, and Verify Transfer.

130

Read Transfer — Read transfers move data from memory to an I/O
device, by generating the memory address and asserting -MEMR and -IOW
during ihe same Tycic. .

Write Transfer — Write transfers move data from an /O device to
memory by generating the memory address and asserting -IOR and
-MEMW during the same cycle.

Memory-to-Memory Transfer — The memory-to-memory transfer is
used to move a block of memory from one location in memory o another.
DMA channels 0 and 1 may be programmed to operate as
memory-to-memory channels by setting bits in the Command Register.
Once programmed to perform a memory-to-memory tranfer the process can
be started by generating either a software or an external request to

channel 0. Once the transfer is initiated, Channel 0 provides the address for
the source block during the memory read portion of the cycle. Channel 1
generates the address for the memory writs cycle, During the read cycle, a
byte of data is larched in the internal Temporary Register of the 82C356.
The contents of this register are then placed on the XD<0:7> data lines
during the write portion of the cycle and subsequently written to memory.
Channel 0 may be programmed to maintain the same source address on
every cycle. This allows the CPU to initialize large blocks of memory with
the same vaine. The DMA coniroiier wiil continue performing transfer
cycles until Channel 1 reaches texminal count.

Verify Transfer — The verify transfer is a pseudo-transfer which is nseful
for diagnostics. In this type of transfer the DMA will operate as if it is
performing a Read or Write Transfer by generating HRQ, addresses and
-DACK but will do so without asserting a command signal. Since no
transfer actually takes place FOCHRDY is ignored during Verify transfer
cycles.
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1.10 Autoinitialization
Each of the four DMA channel Mode chlsters contains a bit which causes the

JY R, [P B L L R The et rs Sla i sumimma e

channel 1 i0 reimbialize afiet It:&bmng terminal couil  Duming this process,
referred to as antoinitialization, the Base Address and Base Word Count
Registers, which were originally written by the CPU, are reloaded into the
Current Address and Current Word Count Registers (both the base and current
registers are loaded during a CPU write cycle). The base register remains
unchanged during DMA Active cycles and can only be changed by the CPU. If
the channel has been programmed to antoinitialize, the reguest mask bit will not
be set upon reaching terminal count. This allows the DMA to continue
operation without CPU intervention.

During memory-to-memory transfers the Word Count Registers of both Channel
0 and Channel 1 must be programmed with the same starting value for full
autoinitialization. If Channel 0 reaches terminal count before Channel 1, then
Channel 0 will reload the starting address and word count and continue
transferting data from the beginning of the source block. Should Channel 1
reach terminal count first, it will reload the current registers and Channel { will

1.11 DREQ Priority

The DMA subsystem supports two schemes for establishing DREQ priority.
The first is fixed priority which assigns priority based on channel position. In
this method, Channel Q is assigned the highest priority. Priority assignment then
progresses downward through the channels in order; with Channel 3 receiving
the lowest priority.

The cerand hvma of arinrite accionment ic rnl'nhno nrioritv. In thic echeme, the

The second type of priodty assionment ic mtating priarity, In thic scf
ordering of priority from Channel 0 to Channel 3 is maintained, but the achual
assignment of priority changes. The channel most recently serviced is assigned
the lowest priority and, since the order of priority assignment remains fixed, the
rernaining three channels rotate accordingly. The rotating priority assignment is
iliustrated in Table 1-4.

First

Arbliration &
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Rotating Priority Scheme
Third Priorlty
Arbitration
Highest
Lowest
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Note  Inthe preceeding table, a box around a channel number indicates a requested
channel.

In instances where multiple reguests occur at the same time, the IPC issues an
HRQ but does not freeze the priority logic until HLDA is returned. Once
HDLA becomes active, the pricrity logic is frozen, and -DACK is asserted on
the highest requesting channel. Priority is not re-evaluated uniil HLDA has
been deactivated.

1.12 Address Generation

‘The DMA Page Register penerates A<17:23>. During 16-bit DMA transfers,
X A0 and XA16 remain inactive, ‘The DMA Page Register is a set of 16, 8-bit
registers in the IPC which are used to generate the high order addresses during
DMA cycles. Only 8 of the registers are actually used, but all 16 are included 1o
maintain IBM PC/AT compatibility. Each PMA channel has a register
associated with it, with the exception of Channel § of DMA2, which is used for
internal cascading to DMA1. Assignment of each of these registers is shown in
Table 1-5 along with its Read/Write address.

I

Table 1-5.  DMA Address Extension Map

Address  Register Function

O80H Unused

081H 8-bit DMA Chiennel 3 (-DACK3)
082H 8-bit DMA Channel 2 {-DACKZ)
083H $-bit DMA Channel 1 (-DACK1)
084H Unnsed

035H Unused

086H Unuzed

087H 8-bit DMA Channel 0 (-DACK0)
088H Unused

ORSH 16-bit DMA Channel 2 (-DACK6)
QBAH 16-bit DMA Channel 3 (-DACKT)
08BH 16-bit DMA Channel I (-DACKS)
08CH Unnzed _
08DH Unused

DREH Unnsed

During Demand and Block Transfers, the IPC generates multiply sequential
transfers. For most of these transfers the information in the intemal address
latches remains the same, eliminating the need to be relatched. Since the need
to update the fatches occurs only when a carry or borrow from the lower 8-bits
of the Address Counter exists, the IPC only updates the latch contents when
necessary. The IPC therefore, only executes S1 cycles when necessary,
resulting in an overall through-put improvement.
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1.13 Compressed Timing

The DMA subsystem in the 82C356 can be programmed to transfer a word in as
few as 3 DMA clock cycles. The normal DMA cycie consists of three states:
$2, 53, and 54 (this assumes Demand or Block Transfer Mode). Normal
transfers require 4 DMA clock cycles since S3 is executed twice due to the 1
wait state insertion. In systems capable of supporting high throngh-put, the IPC
can be programmed to omit one §3 and assert both commands in §2. $2 begins
the cycle by generating the address and asserting both commands. One 53 cycle
is execuied and the cycle terminates in 84. If Compressed Timing is selected,
TC is active in S2. Note that Compressed Timing is not allowed for
memory-to-memory transfers.

1.14 Register Descriptions

*  Current Address Register ~— Each DMA channel has a 16-bit Current
Address Register which holds the address used during transfers. Each
channe! can be programmed 1o increment or decrement this register
whenever a transfer is completed. This register can be read or written by
the CPU in consecutive 8-bit bytes. If autoinitialization is selected, this
register is reloaded from the Base Address Register upon reaching terminal
count in the Current Word Count Register. Channel 0 can be prevented
from incrementing or decrementing by setting the Address Hold Bit in the
Command Register. :

¢ Current Word Count Register — Each channel has a Current Word

Count Register which determines the number of transfers to perform. The
actnal number of transfers performed is one greater than the value
programmed into the register. The register is decremented after each
ransfer until it rolls over from zero 1o FFFEFH. When this occurs, the DMA
controlier generates TC and either suspend operation on that channel and
set the appropriate Request Mask Bit or Antoinitialize and continue,

* Base Word Count Register — This register preserves the itiitial value of
the Current Word Count Register. It is also a write only register which is
loaded by writing to the Current Word Count Register. This register is
loaded in the Current Word Count Register during autoinitialization.

* Command Register — This register controls the overall operation of a
DMA subsystem. The register can be read or written by the CPU and is
cleared by either RESET4 or a Master Clear command.

Clock/Wait State Control Register (023H) (Index 01H)

B7 |B6 {B5 ;B4 |B3 |B2 |B1 (B0
I l—— Memory-to-Memory
Address Hold
Controller Disable
Compressed Timing
Rotating Priority
Exiended Write

DREQ
-DACK
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Figura 1-6.

Memory-to-Memory A 1 in the bit O position enables Channel 0 and Channel
1 to be used for memory-to-memory transfers.

Address Hold Writing a 1 enables the address hold feature in Channel 0
whenr performing memory-to-memory transfers.

Controller Disable Bit 2 is the master disable for the DMA controller.
‘Writing a 1 to this location disables the DMAsubsystem (DMA1 or DMA2).
This function is normally used whenever the CPU needs to reprogram one of the
channels to prevent DMA cycles from occurring.

Compressed Timing Compressed timing is enabled by writing a 1, The
default 0 condition caeses the DMA to operate with normal timing.

[= P Y Ny PO A T & ¥ AL VU N R L OASVIEL cm 2t e kT o S
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scheme for honaring DMA requests. The defanlt condition is fixed priority.
Extended Write Extended Write is enabled by writing a 1 to 5 bit, causing
the write commands to be asserted one DMA cycle earlier during a ransfer,
The read and write commands both begin in state SZ when enabled.

DREQ DREQ active level is determined by bit 6. Writing a 1 in this bit
position canses DREQ to become active low.,

=DACK .DACK active leval is determined by bit 7. Programming 2 1 in thig

bit position makes DACK an active high signal.

Mode Register

Each DMA channel has an associated Mode Register. All four Mode Registers
reside at the same 1/O address. Biis § and 1 of the Write Mode Register
command determines which channel's Mode Register is written. The remaining
six bits control the mode of the selected channel, Each channel’s Mode Register
can be read by sequentially reading the Mode Register location. A Clear Mode
Register Counter command is provided 1o allow the CPU to restart the mode
read process at 2 known point. During mode read operation, bits 0 and 1 will
bothbe 1.

Mode Register

B7 {B6 |B5 |B4 {B3 {B2 Bl {BO

| =T Channelselect
. AI— Transfer Type
—_ Autoinitialization
Address Counter

]— Mode Selection
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Table 1-6.

]
Table 1-7.

]
Table 1-8.

Channel Select <0:1>: Channel Select bits I and 0 determine which

channel’s Mode Register is written.
Channel Selector
€s1 CSC channel

0 0 Chammel 0Sclect

0 1 Channell Seleat

1 0___ Channel 2 Select

1 1 Channel 3 Select L e
Transfer Type <0:1s: Bits 2 and 3 contro! the type of transfer to be
Transfer Type

o 0____ Verify Transfer

0 1 ‘Write Transfer

1 4] Read Transier

1 1 Tiepal

W 356 Functional Description

Autolnitialization 1: Autoinitilization function is enabled by writing a 1 in
bit 4 of the Mode Register.

Address Counter: Bit 5 determines the direction of the address counter, as

well as the address after the transfer. A 0 increments the address after each

transfer. A 1 decrements the address after each transfer,
Mode Selection <0:1> Mode Selection for each channel is accomplished by

bits6and 7.
Mode Selection
M1 M0 pMode

0 0 Demand Mode

0 1 Single Cycle Mode

1 0 Block Mode

i 1 Cascade Mode
Request Register

This four bit register is used to generate software requests (DMA service can be
requested either externally or under software control). Request Register bits can
be set or cieared independently by the CPU. The Request Mask has no effect on
software generated requests. All four bits are read in one operation and appear

in the lower four bits of the byte. Bits 4 through 7 are read as ones. All four

request bits are cleared to zero by RESET4,

PRELIMINARY
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Figure 1-7.  Request Register Write Operation

B7 |B6 [BS {B4 B3 {B2 |Bl |BO

| L—~]_ Request Select

Reguest Bit

Unused

Request Select <0:1>: Channel Select 0 and 1 determines which channel’s
Mode Register is written. Read back for the mode register results in bits O and 1
being ones.

|
Table 1-9.  Reguest Channel Select

RS1 RS0 Channel

0 0 Chammel () Select
(] i Channe] 1 Select
1
1

0 Channel 2 Select

1 Channel 3 Select

Request Bit: The request bit is set by writing a 1 to bit 2. RS1-RS0 selects
which bit {channel) is to be manipulated.

Format for the Reguest Register read operation is shown as follows:

Figure 1-8.  Request Register Read Operation

B7 |B6 |B5 |B4 |B3 |B2

Bl {BO
L —
]r Request Channel
1

Request Channel <0:3>: During a request Register read, the state of the
request bit associated with each channel is returned in bits O through 3 of the
byte, The bit position comresponds to the channel aumber.
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Request Mask Register
‘The Request Mask Register is a set of four bits which are used to inhibit

external DMA requests from generating ransfer cycles, This register can be
programmed in two ways. Each channe] can be independently masked by
writing to the Write Single Mask Bit location. The data format for this

operation is shown as follows,

Figure 1-9.  Register Mask Register SetiReset Operation

A s 1a d h o ¥4 ™. e ™ ™ ™~ m™TT haTal
DB DO | bBJ D> BL [ DL DV ]
[ L—],_MaskSelect
Mask Bit
Unused

Mask Select<0:1>: These two bits select the specific mask bit which is to be
set or resel.

I
Table 1-10. Mask Channel Select

MS1  MSO0  channel

) 0 Channel 0 Select
0 1 Chammell Sclet
1 0 Charnel? Select
1 1 Chamnel3 Sclect

Mask Bit: Bit 2 sets or resets the request mask bit for the channel selected by
MS1 and MS0). Writing a 1 in this bit position sets the mask, inhibiting
external requests.

Alternately, all four mask bits can be programmed in one operation by writing to
the Write All Mask Bits address. Data format for this and Read All mask Bits
function is shown as follows:

I

Figure 1-10.  Request Register Read Operation

B7 {B6 |{B5 |B4 {B3 |B2 |Bl |{BO

— Mask Bit

it
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Figure 1-11.

Mask Bit <0:3»: Each bit position in the field represents the mask bit of 2
channel. The mask bit pumber corresponds to the channel number associated
with the mask bit. All four mask bits are set following a RESET4 or 2 Master
Clear command. Individual channel mask bits are set as a result of terminal
count being reached if Autoinitialize is disabled. The entire register can be
cleared, enabling all four channels, by performing a Clear Mask Register
operation.

Status Register

The statas of all four channels can be determined by reading the Statzs Register,
Information is available to determine if a channel has reached terminal count
and wheiher an exiernal service request is pending. Biis O-3 of ihis regisicr are
cleared by RESET4, Master Clear, or each time a Status Read takes place.

Bits 4-7 are cleared by RESET4, Master Clear, or the pending request being
deasserted. Bits 4-7 are not affected by the state of the Mask Register Bits. The
Channel number corresponds to the bit position.

ey rislil e

Status Read Only Register

B7 {B6 |B5 B4 [B3 [B2 |Bl |B0O

Temporary Register

The Temporary Register is used as a temporary holding register for data during
memory-to-memory transfers. The register is loaded during the first cycle of a
memory-to-memory iransfer from XD<(:7>. During the second cycle of the
transfer, the data in the Temporary Register is placed on the XD<{:7> pins.
Data from the iast memory-to-memory transfer remains in the register uniess a
RESET4 or Master Clear occurs.

Special Commands

Five Special Commands are provided to make the task of programming the
DMA controller easier, These commands are activated as a result of a specific
address and assertion of either a -JOR or -IOW. Information on the data lines is
ignored by the 82C356 whenever an -JOW activated command ig issued, thug

data returned on -IOR activated commands is invalid.,
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Clear Byte Pointer Flip-Flop: This command is normally execated prior to
reading or writing to the address or word count register. This initializes the
flip-flop to point 1o the low byte of the register and allows the CPLJ to read or
write the register bytes in correct sequence. '

Set Byte Pointer Flip-Flop: Seiting the Byte Pointer Flip-Flop allows the
CPU 10 adjust the pointer to the high byte of an address or word count register.

Master Clear: This command has the came effect ac # hardware RESET. The

Command Register, Status Register, Request Register, Temporary register,
Mode Register Counter and Byte Pointer Flip-Flop are cleared and the request
Mask Register is set. Immediately following Master Clear or RESET4, the
DMA will be in the idle Condition,

Clear Request Mask Register: This command enables all four DMA
channels to accept requests by clearing the mask bits in the register.

Clear Mode Reglster Counter: In order to allow access to four Mode
Registers whiie only using one address, an additional counier ts used. Afier
clearing the counter all four Mode Registers may be read by doing successive
reads to the Read Mode Register address, ‘The order in which the register is read
is Channel 0 first, Channel 3 last.

1.15 Interrupt Controller Functional Description
The programmable interrupt controllers in the 82C356 functions as a system

wide interrupt manager in an IAPXE6 sysiem. They accept requests from
peripherals, resolve priority on pending interrupts and interrupts in service, issne
an internzpt request to the CPU, and provide a vector which is issped as an index
by the CPU to determine which interrupt service routine to execute.

A variety of priority assignment modes are provided, which can be reconfigured
at any time during system operation; aowing the complete interrupt subsystem
to be restructured, based on the system.

Interrupt System

Two intermupt controllers, INTCI and INTC2, are included in the 82C356. Each
of the interrupt controllers are equivalent to an 8259A device operating in
TAPX86 Mode. The two devices are interconnected and must be programmed to
operate in Cascade Mode (see Figure 1-12) for proper operation of all 16
interrupt channiels. INTC1 is located at addresses 020H-021H and is configured
for Master operation (defined below) in Cascade Mode. INTC2 is a Slave device
(defined below) and is Iocated at 0AOh-0A 1H. The Interrupt Request output
signal from the INTC2 (INT) is internally connected to the interrupt request
input Channel 2 (IR2) of the INTC1. The address decoding and Cascade
interconnection matches that of the IBM PC/AT.
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Figure 1-12.

Internal Cascade Interconnect

-INTA

TGy

NTA

E8Basx

TS

CADO
CASY
Cas2

INT
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I
Table 1-11.

Two additional interconnections are made to the interrupt request inputs of the
intercupt controllers. The outpat of Timer 0 in the Counter/Timer subsystem is
connected to Channel 0 (IR0) of INTC1. Interrupt request from the Reat Time
Clock is connected to Channel 0 (IR0) of INTC2, Table 1-11 lists the 16

interrupt channels and their interrapt request source.

Description of the Interrupt Subsystem pertains to both INTC1 and INTC2
unless otherwise noted. Wherever register addresses are used, the address for
the INTC1 register is listed first and the address for the INTC2 register follows
in parenthesis, For Example, 020H (0A0OH) indicates G20H is the address for
INTC1 and 0AOH is for INTC2.

Interrupt Request Source Environment

Controlior Number  Channel Number  Interrupt Request Source
INTCI IRO Coonter/Timer Out 0
INTC1 R IRQ1 Input Pin
INTCI R2 INTCZ Caseade Intermupt
INTC1 R3 IRQ3 Input Pin
INTC1 R4 IRQ4 Input Pin
INTCI IRS IRQS Input Pin
INTCL IR6 IRQ6 Input Pin
INTCI IR7 TRQ7 Eput Pin
INTC2 IRO Rea! Time Clock TRQ
INTC2 Rl IRQO Input Pin
INTC2 IR2 IRQ10 Inpat Pin
INTC2 R3 IRQI1Input Pin
INTC2 IR4 IRO!2 Inpat Pin
INTC2 RS TRQ13 Ingut Pin
INTC2 IR6 IRQ14 Input Pin
INTC2 RY IRQ1S mpurt Pin
PRELIMINARY " CHIPS and Technologies, inc.
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1.16 Controller Operation

Figurc 1-13 is a block diagram of the major elements in the interrupt controller.
The Inierrupt Request Register JRR) is used © stoie requests from all of the
channels that are requesting service. Interrupt Request Register bits are labeled
using the Channel Name IR<(:7> The In-Service Register (ISR) contains all
the channels which are currently being serviced (more than one channel can be
in service at 2 time). In-Service Register bits are labeled 1S<(;7>. The Interrupt
Mask Register (IMR) allows the CPU to disable any or all of the interrupt
channels. The Priority Resolver evaleates inputs form the above three register,
issues an interrupt request, and latches the comresponding bit into the In-Service
Register. During interrupt acknowledge cycles, a master controller outputs a
code to the slave device which is compared in the Cascade Buffer/Comparitor
with a three bit ID code previously writien. If a match occurs in the slave
controller, it will generate an interrupt vector. The contents of the Vector
Register are ased to provide the CPU with an interrupt vector during Interrupt
Acknowledge (INTA) cycles.

I
Figure 1-13.  Interrupt Controller Block Diagram
. )lm-ssach
REGISTER
l INTERRUPT
oz T REQUEST
“ REGISTER _a PRIORITY | _
RESOLVER -
INTERRUPT
MASK
REGISTER
CASCADE BI VECTOR SEr
s L COMPARATOR REGISTER
LAG0 N /l
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1.17 Interrupt Sequence

The Interupt Controller subsystem allows the CPU to perform an indirect jump
10 a service routine in response to a request for service from a peripheral device.
The indirect jump is based on a vector which is provided by the Interrupt
Controlier on the second of two CPU generated INTA cycles (the first INTA
cycle is used for resolving priority and the second cycle is for transferring the
vector to the CPU), as shown in Figure 1-14. The events which occur during an
intermipt sequence are as follows:
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Figure 1-14.  Interrupt Sequence

wr / | -

CASCADE PRIORITY RESOLVED

v oL/ /S
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1. One or more of the interrupt requests (IR7-IR0) become active, setting the
corresponding IRR bit(s).

2. The interrupt controlier resolves priority based on the state of the IRR, IMR,
and ISR and asserts the INTR outpat if appropriate.

3. The CPU accepts the interrupt and responds with an INTA cycle,

4. During the first INTA cycle, the highest priority ISR bit is set and the
corresponding IRR bit is cleared. The internal Cascade address is generated
and XD<0:7> remnain tri-stated.

5. The CPU will execute a second INTA cycle, during which the Interupt
Controller will drive an 8-bit The format of this vector is shown in
Table 1-12. Note that V<3:7> in Table 1-12 are programmable by writing to
Initialization Control Word 2 (see Section 1.19 Frogramming the Interrupt
Controller, Subsection titled Initialization Command Words).

6. At the end of the second INTA cycle, the ISR bit is cleared if the Automatic
End Of Interrupt mode is selected (see Section 1.18 End Of Interrupt).
Otherwise, the ISR bit must be cleared by an End Of Interrupt (EOI)
command from the CPU at the end of the interrupt service routine.

If no interrupt request is present at the beginning of the first INTA cycle (ie., a
spurious interrupt) INTC1 issues an interrupt level 7 vector during the second

INTA c¢ycle.

|

Table 1-12.  Inierrupt Vector Byte
iRQ D7 D6 D5 D4 D3 D2 D1 Do
IRQ7 v7 Vé V5 AL ] Vi 1 1 1
RQ6 V7 Vé V5 V4 V3 1 1 0
IRQS V7 V6 h'] V4 Vi 1 a 1
RO4 v7 V6 V5 V4 V3 1 0 (4]
RO3 v7 Vé Vs V4 V3 0 1 1
Q2 V7 vé V5 V4 hx] 0 1 0
RO v7 vé V5 v4 V3 0 0 1
IRQO V7 Vé Vs V4 v3 M 0 0
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M 356 Functional Description

1.18 End of Interrupt

End of Interrupt (EOI) is defined as the condition which causes an ISR bitto be
cleared, Determination of which ISR hit is to be reset can be done by & CPU
command (specific EOI) or, the Priority Resolver can be instructed to clear the
highest priority ISR bit {non-specific EOI).

The 82C356 can determine the correct ISR bit to reset when operated in modes
wiiich do not alier the fally nested sttucture, since ihe cirrent highesi priotily
ISR bit is the last fevel acknowledged and serviced. In conditions where the
fully nested structure is not preserved, a specific EOI must be generated at the
end of the interrupt service roatine. An ISR bit that is masked, in Special Mask
Mode by a IMR bit, will not be cleared by 2 non-specific EOI command. The
interrapt controlier can optionally generate an Antomatic End Of Inlu'rﬁpt
{AEOI) on the trailing edge of the second INTA cycle.

Priority Assignment

Assignment of priority is based on an interrupt channel’s position relative to the
other channels in the interrupt controller. After the initialization sequence, IR0
has the highest priority, TR7 has the lowest and priority assignment is fixed
(Fixed Priority Mode). Priority assignment can be rotated either manuaily
(Specific Rotation Mode) or automatically (Automatic Rotation Mode) by
programming Operational Command Word 2(0CW?2).

P ol PhmlommThee BBm ol s PPt S L A0 M o TP LT S ¥
CIARY POy smoue. 1S 15 LS USLdiil COnMGaaoil WIIC EXISIS UIUCsS

“rotation {either manual or antomatic) is enabled, or the controller is programmed

for Polled Mode. In Fixed Priority Mode, interrupts are fully nested with
priority assigned as shown:

Fixed Priority Mode Interrupts
Priority | owest Highest
7 6 5 4 3 2 1 0

Nesting allows interrupts of a higher priority to generate interrapt requests prior
to the completion of the interrupt in service. When an interrupt is
acknowledged, priority is resolved, the highest priority request’s vector is placed
on the bus and the ISR bit for that channel is set. This bit remains set until an
EQI (automatic or CPU generated) is issued to that channel, While the ISR bit
is set, all interrupts of equal or lower priority are inhibited. Note that a higher
priority interrupt which occurs during an interrupt service routine, will only be
acknowledged if the CPU has internally re-enabled the interrupts.

Specific Rotation Mode: Specific Rotation allows the system software to
re-assign priority levels by issuing a command which redefines the highest
priority channel,
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]
Table 1-14.

I
Table 1-15.

I
Table 1-16.

Before Rotation
Priority | owest Highest
¥ [ 5 & 3 2 1 0

{specific rotation command issued with Channel 5 specified)

After Rotation
Priority
Statue Lowast Highest
] 4 3 2 1 0 7 6

Automatic Rotation Mode: In applications where a number of equal
priority peripherals are requesting interrupts, Automatic Rotation may be used
1o equalize the priority assignment. In this mode a peripheral, after being
serviced, is assigned the lowest priority. All peripherals connected to the
controller will be serviced at least once in 8 interrupt requests to the CPU from
the controller. Automatic rotation will occur, it ensbled, due to the occurrence
of EOI (automatic or CPU generated).

Before Rotation (IR4 is highest priority request being serviced)

1SR 157 156 185 54 Is3 s2 151 150
Stalus

Bit 0 1 0 1 o 0 0 0
Priority
Status Lowest Highest
7 6 5 4 3 2 1 0
After Rotation (IR4 service completed)

ISR Is7 is6 185 154 is3 152 11 IS0
Status
Bit 0 i 0 0 0 0 0 Q
rsll':l'l'l‘l, Lowest Highest
4 3 2 1 (4] 7 6 5
od d” Muo sommennsonion or Slem ool ommmrsnad Mo el 1o
L1 Fieygrdiiminig ine HReirupt Vollirglier

Two types of commands are used 1o control the 82C356 interrupt controllers,
Initiatization Command Words (JCWs)and operational Command Words
(OCWs). :

Initialization Command Words

The initialization process consists of writing a sequence of 4 bytes to each
interrupt controller. The initialization sequence is started by writing the first
Initialization Command Word QCW1) to address 020H (0AOH) witha 1 on bit4
of the data byte. The interrupt controller interprets this as the start of the
initialization sequence and does the following:

PRELIMINARY CHIPS and Tachnologies, Inc.
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Special Mask

g0 N O th kW N

Initialization Command Word Counter is reset to zero.
CW1 is latched into the device.
Fixed Priority Mode is selected
IR7 is assigned the highest priority
Interrupt Mask Register is cleared
Slave Mode Addressis setto 7

Mode is disabled

IRR is selected for Status Read operations

"W 356 Functional Description

The next three J)O writes to address 021H (OA1H), will load ICW2-ICW4. See

Figure 1-15 for a flow chart of the initialization sequence. The initialization
sequence can be terminated at any point (all 4 bytes must be written for the

controller 1o be properly initialized) by writing to address 020H (OAOH) with a 0

in data bit 4. Note, this causes OCW2Z or OTW3 to be written.

Figure 1-15.  Initiglization Sequence
START
i WRITE ICW1 ] xaa0 xDaai
] WRITE ICW2 1 xaoat
NO CASCADE
MODE?
YES
| WRITE IGW3 | xAcat
NO
YES
i WRITE ICW4 | 0=t -

END OF INITIALIZATION
CONTROLLER READY
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Figure 1-16.

Figure 1-17.

ICW1 - Address 020H (0AOH) Write Only Register

B7 {B6 |B5 {B4 |B3 |B2 |BI |BO

l L— . Unnsad
Single Mode

Reserved
Level Triggered Input
Sequencce Initialization

T

Singie Mode: Bit 1 selects between Single Mode and Cascade Mode. Single
Mode is used whenever only one interrapt controller (INTC1) is used. Cascade
Mode allows two interrupt controllers to be connected through IR2 of INTCI.
INTCI allows INTC2 to generate its own interrupt vectors if Cascade Mode is
selected, and the highest priority interrupt request pending is from an INTC2
input. INTC1 and INTC2 must be programmed for Cascade Mode for both
devices to operate.

Level Triggered Input: Bit 3 selects level or edge triggered inputs to the
IRR. Ifa1 is written to L'TM, & “high” level on the IRR input generates an
interrupt request. Interrupt requests must be active until the first INTA cycle is
started to generate the proper interrupt vector (an IR7 vector is generated if the
IRR input is deasserted early) and the interrupt request must be removed prior
to EOI to prevent a second interrupt from occurring.

Sequence Inltlalization: Bit 4 indicates to the interrupt controller that an
Initialization Sequence is starting and must be a 1 to write ICW1.

ICW2 - Address 021H (0A1H) Write Only Register

{B7 |B6 |B5 |B4 [B3 |B2 |B1 |BO |

L‘_—]_ Unased

Interrupt Vector

Interrupt Vector<3:7»>: These bits are the upper 5 bits of the interrupt vector
and are programmable by the CPU. The lower three bits of the vector are
generated by the Priority Resolver during INTA (see Figure 1-18). INTC1 and
INTC2 need not be programmed with the same value in ICW2,

PRELIMINARY CHIPS and Technologiss, Inc.
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||
Figure 1-18.  ICW3 Format for INICI - Address 021H Write Only Register

B7 |B6 |B5 {B4 |B3 |B2 |B1 [BO

L —]

— Slave Mode Selector

Slave Mode Salector «0:7>: Select which IR inputs have Siave Mode
controllers connected. ICW3 in INTC1 must be written with a 04K for INTC2

to funcion.

I
Figure 1-15.  ICW3 Format for INTC2 - Address QAlH

B7 |B6 |B5 [B4 |B3 |B2 |Bl |BO i
i — -
[—— — Slave Mode AddressID

4

— 0

ID0-ID2: Determine the Slave Mode address the controllers will respond to
during the cascaded INTA sequence. ICW3 in INTC2 shonid be written with a
02B for cascade Mode operation. Note, bits <3:7> should be zeros.

|
Figure 1-20.  ICW4 for INTC2 - Address OAIH Write Only Register

B7 1B6 |B5 |B4 |B3 B2 Bl |BO
1

Unuéed
Auto End of Interrupt

Unused
Enable Multipic Interrupts

|
J—-Unused
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Figure 1-21.

Auto End Of Interrupt: Aato End Of Interrupt is enabled when ICW4 is
written with 2 zero in bit 1. The interrupt controller performs a non-specific
EOI on the trailing edge of the second INTA cycle. Note, this function should
not be used in a device with fully nested interrupts unless the device is a cascade
Master.

Enable Multiple interrupts: Bit 4 enables the Enable Multiple Interrupts
from the same channel in fixed Priority Mode. This allows INTC2 to fully nest
interrupts, when Cascade Mode and Fixed Priority Mode are boih selected,
without being blocked by INTC1. Correct handling of this mode requires the
CPU to issve a non-specific EOI command to INTC2 and check its In-Service
Register for zero, when exiting an interrupt service routine, If zero, a
non-specific EOI command should be seat to INTC1. X non-zero, no command

Operational Command Words

Operational Command Word 1 (OCW?1) is located at address 021h (0A1h) and
may be written any time the controller is in Initialization Mode. Operaticnal
Command Words 2 and 3 (OCW2, OCW3) are located at address 020H (OACH).
Writing to address 020H {0AOH) with a 0 in bit 4 places the controller in
aperational mode and loads OCW2 (if data bit 3 = (), or OCW3 (if data
bit3=1).

OCW1 - Address 021H (0AIH) Read/Write Register

B7 |B6 |BS |B4 |B3 [B2 |B1 {BO

L —

— Interrupt Mask State

Interrupt Mask State<0:7»: These bits controf the state of the Interrupt
Mask Register. Each Interrupt Request can be masked by writing a 1 in the
appropriate bit position (MO controls IR0 etc.). Setting an IMR bit has no affect
on lower priority requests. All IMR bits are cleared by writing ICW1.
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OCW?2 - Address 020H {(0AOH) Read/Write Register

Bt [BO|
l :I—InﬁemlptlzvelSelzct

Control Word Select
Select Initialization
End of Interrupt
Select Level

Rotate

Interrupt Level Seloct<0:2»: These three bits are intemally decoded to
select which interrupt channel is to be affected by the Specific command.
L<(:2> must be valid during three of the four specific cycles (see Select Level
below).

Control Word Select: If the IfO write places a 0 in bit 4 (Select
Initialization), then writing a Q¢ in bit 3 (Control Word Select) selects OCW2 and
writing a 1 selects OCW3.

Select Inltialization: Writing a 0 in this bit position takes the interrupt
controller out of initialize mode and writes OCW2 or OCW3.

End of Interrupt: This bit, in conjunction with the Rotate and End of
Interrupt, selects the operational fumction, Writing a | in this bit position causes
a function related to End of Interrupt to occur.

B7 {B6 |B5 |B4 |B3 |B2

Rolate Select Level Endofinterrupt  Funetion

0 0 1 Non-specific End of Interrupt Command
)] 1 1 Specific End of Interrupt Command

1 0 1 Rotate on non-specific End of Interrapt
1 1 1 Rotate on specific End of Interrupe

Select Level: This bit, in conjunction with Rotate and End of Interrapt,
selects operational function. Writing a 1 in this bit position causes & specific or
immediate function to occar, All specific commands require the Interrupt
Channel Select 2-0 to be valid, except “No Operation.”

Rotate  Seloct Lavel Endofinterrupt Function

Q 1 4] No opernion

0 1 1 Specific End of Interrupt Command
1 1 0 Specific Rotate Command

1 1 1 Rotate on Specific End of Interrupt

Rotate: This bit, in conjunction with Select Level and End of Interrupt, selects
operational function. Writing a 1 in bit 7 causes one of the rotate fimctions to be
selected.

Rotate Sajoect Level End ofinterrupt  Function

0 [+ Rotate on auto EOI enable®
0 1 Rotate on non-specific EOL
1 [1] Specific Rotate Command

1
1
1
1 1 1 Rotate on specific EOI
* This function is dissbled by writing & zero 1o all three bit positioris.
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Figure 1-23.

OCW3 - Address 020H (OAOH) Write Only Register

B7 |B6 |B5 {B4 |B3 B2 [Bl {BO
| [ Register Select

Register Enable
Polled Mode
Conitrol Word Select
Select Initialization
Special Mask Mode
Enable Special Mask Mode
0

Register Select: This bit selects between the Interrupt Request Register and
the In-Service Register during Stams Read operations if Register Enable = 1,

Register Enable: When the Register Enabie bit (bit 1) is 1, reading the Statns
Port at address 020H (OAOH) causes the contents of Interrupt Request Register
or In-Service Register (determined by Register Select) to be placed on
XD7-XD0. Asserting Polled Mode forces Register Enable to reset.

Polled Mode: Polled Mode is enabled by writing a 1 to bit 2 of -OCW
causing the IPC to perform the equivalent of an INTA cycle during the next IfO
read operation to the controller. The byte read during this cycle will have bit 7
set if an interrupt is pending. If bit 7 of the byte is set, the level of the highest
pending request will be encoded on bits 2-0. The Interrupt Request Register
remains frozen until the read cycle is completed; at which time the Polled Mode
bit isreset.

Control Word Select: If the I/O write places a 0 in bit 4 (Select
Initialization), then writing a 0 in bit 3 (Control Word Seleci) selects OCW?2 and
writing a 1 selects OCW3.

Select initiallzatlon: Writing a 0 in this bit position takes the interrupt
controller out of initialize mode and writes OCW2 or OCW3.

Speclal Mask: If Enable Special Mask Mode and Special Mask Mode are
written with a 1, the Special Mask Mode is enabled. Writing a I to Enable
Special Mask Mode, and a 0 1o Special Mask Mode, disables Special Mask
Mode. Daring Special Mask Maode, writing a 1 to any bit position inhibits
interrupts and a O enables interrupts on the associated channe} by cansing the
Prioreity Resolver 1o ignore the condition for the In-Service Register,

Enable Speclal Mask Mode: Writing a 1 in this bit position enables the

b v-Vord [ NP N o Y R Ny Y g LY
Sey/Reset Special Mask Mode function contolled b oy bit5 \apccm PGSk mOoaGej.

Enable Special Mask Mode allows the other functions in OCW?3 to be accessed
and manipulated without affecting the Special Mask Mode state.

1.20 Counter/Timer Functional Description

The Countezr/Timer (CTC) in the 82C336 is general purpose, and can be usad to
generate accurate time delays under software control, The CTC contains 3
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16-bit counters (Counter 0-3) which can be programmed to count in binary or
binary coded decimal (BCD). Each counter operaies independently of the other
two and can be programmed for operation as a timer or a counter.

Al three of the counters shown in Figure 1-24 are controlled from a common set
of conirol logic. The Control Logic decodes control information written to the
CTC and provides the controls necessary to load, read configure and control
each counter. Counters O and 1 can be programmed for all six modes, but
Modes 1 and 5 have limited usefuiness due to the lack of an exiernai hardware
trigger signal. Counter 2 can be operated in any of the six modes listed as
foliows:

ModeO0 ”  Intzrrupt on terminal count
Mode 1 Hardware retiggerable one-shot
Mode 2 Rate generator
Mode 3 Square wave generator
Mode 4 Software triggered strobe
Mode 3 Hardware retiggerabie sirobe
T
Figure 1-25.  Counter{Timer Block Timer B
TRBCLK

oE0,
R

pronmm—— ax

CHIPS and Technologies, Inc.

All three counters in the CTC are driven from a common clock input pin
TMRCLK which is independent from other clock inputs to the IPC. Counter 0°s
output (Out 0} is connected to TRO of INTC1 (see Section 1.15 Interrupt
Controller Functional Description), and may be used as an interrupt to the
system for time keeping and task switching. Counter 1 may be programmed to
generate pulses or sguare waves for use by external devices. The third counter,
Counter 2, is a full function Counter/Timer. This channel can be used as an
interval timer, a counter, or as a gated rate/pulse generator.

4094 My Iﬂt

» Nanarintian
[ XY <3 | WL 1 W%

3 il Epll wil )

Each counter in the CTC contains a Control Register, a Status Register, a 16-bit
Counting Element (CE), a pair of 8-bit Counter Input Latches (CIL,CIH), and a
pair of 8-bit Counter Output Latches (COL, COH). Each counter also has a

for controlling the counter (only GATE2 is externally accessible), and an OUT

signal (OUT 0 is not externally accessible). The QUT signal state and function

are controlied by the Connter Mode and condition of the CE.
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152

Table 1-18.

Figure 1-285,

The Control Register stores the mode and command information used to control
the counter. The Control Register may be loaded by writing a byte, containing a
pointer to the desired counter, to the Write Control Word address {043H). The
remaining bits in the byte contain the mode, the type of command, and count
format information.

‘The Status Register allows the software to monitor connter condition and read
back the contents of the Control Register.

The Counting Element (CE) is a Ioadable 16-bit synchronous down counter. CE
isloadedordecrementedonmcfallmgedgeofTNRCLK. CE contains the
maximum count when a 0 is loaded; which is equivalent w 65536 in binary
operation or 10000 in BCD. CE does not stop when it reaches 0. In Modes 2
and 3, meCEmreIoadedandmaHoﬁmermod&snwmpsmundePFFHm
binary operation or 9999 in BCD. CE is indirectly loaded by writing one or two
bytes (optional) to the Counter Input Latches, which are, in turn, loaded into the
CE. 'I‘tusallowsCEtobeloadadormloadedmoncMCLKcycle.

The Coanter Cutput Laiches (COL, COH) are ransparent iatches which can be
read while transparent or latched (see Section 1.2 Counter Description,
subsection titled Latch Counter Command).

1.22 Programming the CTC

After power-Up the condition of CTC Control Registers, counter registers, CE
and the output of all counters is undefined. Each counter must be programmed

before it can be used.

Counters are programmed by writing a Control Word and then an initial count.
The Control Register of a counter is written by writing to the Control Word
address (see Figure 1-24). The Control Word is 3 write only location.

CounterTimer Address Map
Address  Eunasion
040H Counter 0 Read/Write
041H Commter i Read/Write
042H Counter 2 Read/Write
043H Counter Register Write Only

Control Word - (043H) Write Only Register

B7 |B6 |B5 |B4 |B3 |B2 |B1 {BO
| T——— Binary Coded Decimal
Counter Mode

Function Select
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Binary Coded Decimal: Bit 0 selects binary coded decimal counting format
during Read/Write Counter Commands. When bit 0 is 0, then it is a binary
count and when bit 0 is set to 1, it is a BCD count. Note, during Read-Back
Command this bit rmust be 0.

Counter Moda<0:2»: Bits 1-3 determine the counter’s mode doring
Read/Write Counter Cornmands (see Read/Write Counter Command) or select
the counter during a read-back command (see Read-Back Command). Bits 1-3
become “don’t care” daring Latch Counter Commands.

Function Select <0:3»: Bits 4-7 determine the command to be performed as

shown in the following table.
] o
Table 1-19. Control Word 043H Bits 4-7
T
F3 F2 F1 F0 Command
0 g 0 0 Latch Counter O (see Counter Latich Command)
0 0 0 1 Read/Write Counter 0 LSB only
[+ 0 1 4] Read/Write Counter 0 MSB only
[+ 0 1 1 Read/Write Counter 0 LSB then MSB
0 1 0 (1] Laich Counter 1 (see Counter Latch Command) !
0 1 0 1 Read/Write Counter 1 LSB only
0 1 1 Q Read/Write Counter 1 MSB only
4] 1 1 1 Read/Write Counter 1 LSB then MSB
1 0 4] 0 Latch Counter 2 (see Counter Latch Command) 2
1 0 4] 1 Read/Write Counter 2 LSB only
1 0 1 0 Read/Write Counter 2 MSB only
1 O 1 1 Read/Writz Counter 2 LSB then MSB
1 1 X X 7 Read-Back Command (see Counter Read-Back
Command)

MSB = most significant byte

LSB =least siginificant byte

Read/Write COLI nter Command

When writing (0 a counter, two conventions must be observed:

1. Each counters Control Word must be written before the initial count is
written.

2. ‘Writing the initial count must foliow the format specified in the Control
Word (Jeast significant byte only, most significant byie only, or least
significant byte and then most significant byi).

A new initial count can be written intg the counter at any time after

programming without rewriting the Control Word pmvxmng the pmgrammed
format is observed. . . .
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|
Table 1-20.

Figure 1%6.

During READ/Write Counter Commands M<0:2> are defined as follows:

M<0:2> Counter Command
M2 M1 Mo Function

0 0 0 Select Mode 0

0 0 1 Select Mode 1

X 1 0 Scloct Mode 2

X 1 1 Select Mode 3

1 1 0 Select Mode 4

1 1 1 SelectMode 5 _
Latch Counter Command

‘When a Latch Counter Command is issued, the counter’s output Iatches COL
and COH, latch the current state of the CE. COL and COH remain larched until
tead by the CPU, or the counter is reprogrammed. The output latches then
return to a “transparent” condition. In this condition, the Iatches are enabled and
the contents of the CE may be read directly.

Latch Counter Commands may be issued to more than one counter before
reading the first counter to which the command is issued. Also, multiple Latch
Counter Commands issued to the same counter without reading the counter
causes all but the first command fo be ignored.

Dand Ranl fammand
TICU U™ WA WA EIRFIGAE I

The Read-Back Command allows the user to check the count value, Mode and
state of the QUT signal and Null Count Flag of the selected counter(s). The
format of the Read-Back Command is as follows:

Control Word - (043H) Write Only Register

to
N
o
A
"]
N
v
2
]
I3
o
3

o1 1Dn
= A

l L——0

Counter Latch Enable

Latch Statne
Latch Count
1

Counter Latch Enable <0:2>: Writinga ! in bit 3 causes Counter 3 to latch
one or both of the registers specified by LC and LS. The same is true for bits 2
and 1 except that they enable Counters 1 and 0, respectively.

Each counter’s latch remains fatched until either the Iatch is read, or the counter
isreprogrammed.
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Figure 1-27.

M 356 Functional Description

If Latch Status = Latch Count = 0, status will be returned on the next read from
the counter. The next one or two reads (depending on whether the counter is
programmed to transfer one or two bytes) from the countet result in the count
being retumed.

Latch Status: Writing a 0 in bit4 causes the selected counter(s) to latch the
current condition of it's Control Register, Null Count and Output into the Status
Register. The next read of the Counter results in the contents of the Status
Register being read (see Stams Read),

Latch Count: Writing a 0 in bit 5 causes the selected countar(s) to laich the
state of the CE in COL and COH.

Status Byte

B7 |B6 |BS |B4 {B3 |B2 |B1 {BO -
| t— Binary Coded Decimai
Maode Counter

Function Status
Nuli Count
OuUT

Binary Coded Decimal: Bit 0 indicates the CE is operating ir BCD format.

Mode Counter «1:2»: These bits reflect the mode of the counter and are
interpreted in the same manner as in Write Command operauons

Function Status«<0:1»: Bits 4 and 5 contain the FO and F1 Comrnand bits
which were written to the Command Register of the counter during
initialization, This information is useful in determining whether the high byte,
low byte, or both must be transferred during counter read/write operations,
Nuii Count: Bit 6 contains the condition of the Nuil count Fiag. This fiag is
used to indicate that the contents of the CE are valid. NCwillbe settoa 1
during a write to the Control Register or the counter. NC is cleared toa 0
whenever the counter is loaded from the counter input registers.

OUT: Bit 7 contains the state of the OUT signal of the counter.

Counter Operation 7

Due io ihe previously staied resirictions in Counier & and Counter 1, Counier 2
will be used as the example in describing counter operation, but the descnpuon
of Mode 0, 2, 3 and 4 is relevant to all counters,

‘The following terms are defined for describing CTC operation:

TMRCLK Pulse: A rising edge followed by a falling edge of the IPC
TMRCLK input,

Trigger: The rising edge of the GATE2 input.
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Counter Load: The transfer of the 16-bit value in CIL and CTH to the CE.
inftialized: A Control Word written and the Counter Input Latches loaded.
Counter 2 pperates in one of the following modes.

*  Mode 0 - Interrupt on Terminal Count

Writing the Control Word canses OUT2 to go low and remain low until the CE
reaches D, at which time it retarns high and remains high ntil 2 new count or
Control Word is written. Counting is enabled when GATE2 = 1. Disabling the
count has no effect on OUT2.

The CE is loaded with the first TMRCLX pulse after the Control Wond and
initial count is loaded. When both CIL and CTH arc written, the CE is loaded
after CIH is written (see Write Operations). This TMRCLK pulss does not
decrement the count, so for an initial count of N, OUT2 doesn't go high until
N+1 TMRCLK pulses after initialization. Writing a new initial count to the
counter reloads the CE on the TMRCLX pulse and counting continues from the
niew count.

If an initial count is written with GATE2 = 0, it is still loaded on the next
TMRCLK pulse, but coanting does not begin until GATE2 = 1. Out2 therefors,
goes high N TMRCLX palses after GATE2 =1,

®* Mode 1 - Hardware Retriggerable One-Shot

‘Writing the Control Word causes QUT2 to go high initially. Once initialized,
the counter is armed and a trigger causes OUT2 to go low on the next TMRCLK
pulse. OUT2 then remains low until the counter reaches 0. An initial count of
N results in 2 one-shot pulse N TMRCLK cycles Iong.

Any subsequent triggers while OUT2 is low causes the CE 1o be reloaded,
extending the Iength of the pulse. Writing 2 new count to CIL, and CIH docs not
affect the current one-shot unless the counter is retiggered.

* Mode 2 - Rate Generator

Mode 2 functions as a divide-by-N counter, with OUT2 as the carry. Writing
the Control Word during initialization sets OUT2 high.

‘When the initial count is decremented to 1, OUT2 goes low on the next
TMRCLK puise, The following TMRCLX pulss returns QUT2 high, reloads
the CE, and the process is repeated. In Mode 2, the counter continues counting
(if GATEZ = 1) and generates an OUT2 pulse every N TMRCLK cycles. Note
that a count of 1 is illegal in Mode2.

GaieZ = 0 disables counting and forces OUTZ high immediately. A trigger
reloads the CE on the TMRCLXK palse. Thus, GATE2 can be used to
synchronize the connter o external events,

Writing a new count while counting does not affect current operation unless a
trigger is received. Otherwise, the new count is loaded at the end of the current
caounting cycle.
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¢+  Mode 3 - Square Wave Generator

Mode 3 is similar to Mode 2 in every respect except for the duty cycle of OUT2,
OUT2 is set high initially and remains high for the first half of the count. When
the first half of the initial count expires, OUT2 goes low for the remainder of the
count.

If the counter is loaded with an even count, the duty cycle of OUT2 will be 50%
(high = low = N/2). For odd count values, OUT2 is high one TMRCLK cycle
longer than it is low. Therefore, high = (N+1)/2 and low = (N-1)/2.

*  Mode 4 - Software Triggered Strobe

Writing the Control Word canses QUT2 to go high initially. Expiration of the
initial count causes OUT2 to go low for one TMRCLK cycle. GATE2=0
disables counting but has no effect on OUT2. Also, a trigger will not reload the
CE.

The counting sequence is started by writing the initial count. The CE is loaded

on the TMRCLX pulse after initialization, The CE begins decrementing one
TMRCLK pulse later. OUT2 wilt go low for one TMRCLK cycle, (N+1) cycles

- after the initial count is written,

If a new initial count is written during a counting sequence, it is loaded into the
CE on the next TMRCLX pulse and the sequence continues from th new count.
This allows the sequence to be “retiggerable™ by software.

* Mode 5 - Hardware Trigpered Strobe

Writing the Control Word causes OUT2 to go high initially. Counting is started
by trigger. The expiration of the initial coant causes OUT2 to go low for one
TMRCLK cycle. GATE 2 = 0 disables counting.

CE is loaded during counting, the current counting sequence will not be affected
unless a trigger occurs. A trigger canses the counter to be reloaded from CIL
and CIH, making the counter “retiggerable™.

*  QGate2

In Modes 0, 2, 3, and 4, GATE2 is level sensitive and is sampled on the rising
edge of TMRCLK. In Modes 1,2, 3, and 5 the GATE? input is rising-edge
sensitive. This rising edge sets an internal flip-flop whose outpat is sampled on
the next rising edge of TMRCLK. The flip-flop resets immediately afier being
sampled. Note that in Modes 2 and 3, the GATEZ2 input is both edge and level
sensitive. Table 1-22 summerizes the gate functions for all modes.
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T
Table 1-21. GATE Pin Function
Mode Condition
Low Rising High
0 |Disables Counting ] — Ensbles Counting
)3 —_ 1) Initiates Counting —_
tb)} Reteu Ot Pin
2 3) Dirsbles Counting Initistes Connting Enables Comnting
b) Forces Out Pin High
3 a) Disables Counting Initistes Coonting Enables Comnting
b) Forces O Pin High
F] Theahlas Mrtwtine — o sl Y s ey
4 Dizshles Comting EnshHles Comntina
5 —_ Initiates Counting —_
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1.23 Real Time Clock Functional Description

This section of the 82C356 combines 2 complete time-of-day clock with glarm,
one hundred year calendar, a programmable period interrupt, and 114 bytes of
low power static RAM. Provisions are made to enable the device to operate in a
low power (battery powered) mode and protect the contents of both the RAM
and clock during system power-up and power-down.

Register Access

Reading and writing to the 128 Jocations in the Real Time Clock is
accomplished by first placing the Index Address of the location you wish to
access on the data input pins XD0-XD6. The Index Address Register is then
usedasa pointer to the specific byte in the Real Time Clock, which may be read

T TN r nonnmtemre TEOATY m TS acnith nm adAemana e dhho WA Al Sees,
Wl WiILIlCH IIJ U_,' AINAUIE TIVDW UL SIVTY Wit all aludess Ofl Ul AASUIT > ulyum
of 071H.

Address Map

Table 1-22 illustrates the internal register/RAM organization of the Real Time
Clock portion of the 82C336. The 128 addressable locations in the Real Time
Clock are divided into 10 bytes which normally contains the time, calendar and
alarm data, four contro! and status bytes and 114 general purpose RAM bytes.
All 128 bytes are readable by the CPU. The CPU may also write to all locations
except Registers C, D, Bit 7 of Register A and Bit 7 of the Seconds Byte which
is always 0.
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Table 1-22.

¥ 356 Functional Description

Address Map for Real Time Clock
jndex Function

o0 Seconds o
01 Seconds Alarm
© Minoses
03 Minutes Alarm
04 Hours . e -

_ 05 Hours Alarm -
06 Day of the Weck
o7 Day of the Month .
a8 Moath o
0% Year
OA __ReginterA

0B Reginer B R
oC Register C
oD Register D

_OE User RAM
OF UserRAM
TE UserRAM .
TF Ussr RAM

Time Calender and Alarm Bytes

The CPU can obtain the time and calendar information by reading the
appropriate locations in the Real Time Clock. Initialization of the time,
catendar and alarm information is accomplished by writing to these locations,
Information is stored in these locations in binary-coded decimal (BCD) format.

The SET bit should then be cleared 1o allow updates. Once initialized and
enabled, the Real Time Clock will perform Clock/Calendar updatesata 1 Hz
rate.

Table 1-23 shows the format for the ten clock, calendar and alarm locations,
‘The 24/12 bit Register determines whether the hour locations will be updated
using a 1-12 or 0-23 format. After initialization the 24/12 bit cannot be changed
without reinitializing the hour locations. In 12 hour format the high order bit of
the hours byte in both the time and alarm bytes will indicate PM whenitisa 1,

During updates, which occur once per second, the 10 bytes of time, calendar and
alarm information are unavailable to be read or written by the CPU for a period
of 2ms. These 10 locations cannot be written doring this time. Information read
while the Real Time Clock is performing updtes will be undefined. The

Update Cycle section shows how to avoid Update Cycle /CPU contention
problems.

The alarm bytes can be programmed to generate an interrupt at a specific time or
they can be programmed to generate a periodic interrupt. To generate an
interrupt at a specific time, the user need only program the time that the
interrupt is 10 occur into the 3 alarm bytes. Alternately, a periodic interrupt can
be generated by setting the high order two bits in an alarm register to a 1, which
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turns that byte into a “don’t care.” For instance, an interrupt can be generated
once a second by programming the same value into all three alarm registers.

|
Table 1-23.  Real Time Clock Address Map
ndex runciion BCD Rangs
Register
Address
(1] Seconds 00-59
1 Seconds Alerm __ 0059
2 Minotes 00-59
3 Minntes Alarm 00-59
Hourz 01-12 (AM)
{12 hoar mode) £1.92 (PM)
4
Hoars 00-23
(24 hour mods)
Hours Alarm 01-12 (AM)
_ {12 hour mode) 81-92 (PM)
5
_{24 hour mode)
6 Day of the Week 01-07
7 Day of the Month 01-31
13 Manth 01-12
9 Year o000
Static RAM

The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the
Real Time Clock. These bytes are accessible during the update cycle and may
be used for whatever the designer wishes. Typical applications will use this as
non-volatile storage for configuration and calibration parameters since this
device is normaliy battery powered when the system is mrned off.
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Figurs 1-28.

B 356 Functional Description

Control and Status Registers

The IPC contains four registers used to control the operation and monitor the
status of the Real Time Clock. These Registers are located at Index Address
0AH-0DH and are accessible by the CPU at all imes.

Register A (0AH) Read/Write Register Except Update in Progress

B7 |B6 |B5 {B4 {B3 |B2 |B1 |BO

L——} Periodic Interrupt Rate

} Divider/Prescaler

Update in Progress

Periodic Interrupt Rate <0:3>: These four bits control the Periodic
Interrupt rate. The Periodic internupt is derived from the Divider/Prescaler in
the Real Time Clock and is separate from the Alarm Interrupt. Both the alarm
and periodic interrupts do however, use the same interrupt channel in the
Interrupt Controller, Use of the Periodic Interrupt allows the generation of
interrupts at rates higher than once per second. Table 1-24 shows the interrupt
rates for which the Real Time Clock can be programmed.

Divider/Prescaler <0:2>: These three bits are used to control the
Divider/Prescaler on the Real Time clock, While the IPC can operate at
frequencies higher than 32,768 Khz, this is not recommended for battery
powered operation due 1o the increased power consurnption at these higher
frequencies.

Update in Progress: Update in progress flag is a status bit used (o indicate
when an update cycle is about to take place. A 1 indicates that an update cycle is
taking place or is imminent. UIP will go active (High) 244us prior to the start of
an update cycle and will remain active for an additional 2ms while the update is
taking place. The UIP bit is read only and is not affected by Reset. Writing a 1
to the SET bit in register B will clear the UIP status bit.

PRELIMINARY 161



I 356 Functional Description

|
Table 1-24.  Periodic Interrupt
. Rate Selection Time Base
4.194304 Mz
RS3 RS2 AS1 RSO 1.043576 Mz 32768 KHz

0 0 0 0 Nooe Nooe

0 [+] 4] H 30517 s 300526 ms

1] 0 1 Q 61.035 ps 7.8125 ms

0 0 1 1 1220701 12.070us

0 1 0 0 244.141 ps 244.141 ps

0 1 0 1 -488.281 us 488,281 ps

8 i 1 i) 976562 s $76 562 1ix

0 1 1 1 1953125 ms 1.953125 ms

1 0 0 0 3.90525 ms 390625 me

1 O 0 1 7.8125ms 7.8125ms

i O 1 & 15.625 ms 15625 ms

i [1] i i 31.25ms 31.25ms

1 1 0 0 625 ms €2.5ms
- 1 1 0 1 125ms 125me

1 1 1 0 250 ms 250ms

1 1 1 1 500ms 500ms

I
Figure 1-29.  Register B (OBH) Read/Write Register

B7 {B6 |B5 |B4 |B3 |B2 |B1 [BO
] Daylight Savings Time
Hours Format
Fo
Update Interrupt Enable
Alarm Generation

Periodic Interrupt Enable
Update Cycle Enable

Daylight Savings Time: The Real Time Clock can be instructed to handle
daylight savings time changes by setting this bitto a 1. ‘This enables two

] 3 - . e alen Boe Vo
exceptions to the normal time keeping sequence to occur on the last Sunday in

April AM. Setting this bit to a  disables the execution of these two exceptions.
<PSRSTC has no affect on this bit.

Hours Format: This control bit is used to establish the format of both the
Hours and Hours Alarm bytes. If this bit is a 1, the Real Time Clock will
interpret and update the information in these two bytes using the 24 hour mode.
This bit can be read or written by the CPU and is not affected by Reset.

Update Interrupt Enable: Update-ended Interrupt Enabie bit is a readfwrite
bit which enables the Update-ended Interrupt Flag (UF) bit in Register C 1o
assert IRQ. The Update-ended Interrupt Enable is cleared by RESET or by
setting the Update Cycle Enable bit.
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Figure 1-30.

M 356 Functional Description

Alarm Generation: ‘The generation of alarm interrupts is enabled by setting

this bit to a 1. Once this bit is enabled the Real Time Clock will generate an

alarm whenever a match occurs between the programmed alarm and clock
information, Tf the don’t care condition is programmed into one or more of the
Alarm Registers, this enables the generation of periodic interrupts at rates of one
second or greater. This bit is cleared by Reset. _

Periodic Interrupt Enable: The Periodic Interrupt Enable Bit controls the
generation of interrupts based on the valve programmed into the RS3-RS0 bits
of Register A. This aliows the user to disable this function without affecting the
programmed rate, Writing a 1 to this bit enables the peneration of periodic
interrupts. This bit is cleared to a 0 by Reset,

Update Cycle Enable: Writing a 0 o this bit enables the Update Cycle and
allows the Real Time Clock to function normally, When set to a 1, the Update
Cycle is inhibited and any cycle in progress is aborted. This bit is not affected
by the RESET input pin.

Register C (OCH) Read Only Register

B7 |B6 |B5 |B4 B3 |B2 |Bl1 |BO

—1

0

r_ %

upuaw-enuea Flag
Alarm Flag

Periodic Interrupt Flag
Alarm Flag

tipdate-ended Flag: Update-ended Interrupt Flag bit is set after each update
cycle. When the Update-ended Interrupt Enable bit is a I, the 1 in Update-ended
Interrupt Flag (UF) canses the IRQF bit to be a 1, asserting IRQ. The
Update-ended Interrupt Flag (UF) is cleared by a Register C read or a RESET.

Alarm Flag: A I appearsin the AF bit when ever a match has occurred
between the time register and alarm registers during an update cycle. This flag
is also independent of it’s enable (AIE) and will generate an interrupt if ATE is
true.

Periodic Interrupt Flag: The Period Interrupt Flag is set to a 1 when &
transition, which is selected by R53-RS0, occurs in the divider chain. This bit
will become active, independent of the condition of the PIE control bit. The PF
bit will mengene.tatean mtermptandsethFlfPIE isal.

interrupt Request Flag: The Interrapt Request Flagissettoa l when any ot‘
the conditions which can cause an interrupt are true and the interrupt enable for
that condition is true. The condition which causes this bit to be set, also
generates an interrupt. The logic expression for this flag is:

IRQF =PF & PIE
+ AT & AIE -
+UF & UIE
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Figuire 1-21.

This bit and all other active bits in this register are cleared by reading the
register or by activating the PSRSTB/Ainput pin. Writing to this register has no
affect on the contents.

Valid RAM and Tkme Bit: The Valid RAM and Time Bit indicates the
condition of the contents of the Real Time Clock, This bit iscleared 102 0
whenever the PS input pin is LOW. This pin is normally derived from the

Register B (OBH} Read/Write Register

B7 |B6 |B5 |B4 |B3 |B2 |Bl1 {BO

[ — )

Valid RAM and Time Bit

power supply which supplies Ve to the device and will allow the user to
determine whether the regisiers have been initialized since power was applied to
the device. PSRSTE has no effect on this bit and it can only be set by reading
Register D. All unused register bits will be a 0 when read and are not writeable,

Update Cycle

During normal operation the Real Time Clock will perform an update cycle
once every second. The performance of an update cycle is contingent upon the
divider bits Divider/Prescaler<0:2> not being cleared, and the SET bit in
Register B cleared. The function of the update cycle is to increment the
¢clock/calendar registers and compare them to the Alarm Registers. If a match
occurs between the two sets of registers, an alarm is issued and an interrapt will
be issued if the alarm and interrupt control bits are enabled.

During the time that an update is taking place, the lower 10 registers are
unavailable to the CPU. This is done to prevent the possible corruption of data
in the registers or reading invalid data. To avoid contention problems between
the Real Time Clock and the CPU, a flag is provided in Register A to alert the
user of an impending update cycle. This Update In Process Bit (UIP) is asserted
244us before the actual start of the cycle and is maintained until the cycle is
complete. Once the cycle is complete the UIP bit will be cleared and the Update
Flag (UF) in Register C will be set. Figure 1-32 illustrates the update cycle.
CPU access is always allowed to Register A through D during apdate cycles.
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Figure 1-:32.  Update Cycle
UiP BIT
{REGISTER A} SEENOTE1
UPDATE CYGLE _ﬂ A‘f ams
AGTIVE PERIGD. L

244us % SEENOTE?2
¥ renc, 2 —t
Note  Registers 0-9 are unavailable to be read or written during this time. UF bitis

cleared by the CPU read of register C.

Two methods for reading and writing to the Real Time Clock are recommended.
Both of these methods allows the pser to avoid contention between the CPU and
the Rea! Time Clock for access to the time and date information.

The first method is to read Register A, determine the state of the UIP bit and, if
it is 0, perform the read or write operation, For this method to work
successfully, the entire read or write operation (including any interrupt service

“routines which might occur) must not require longer than 244us to complete

from the beginning of the read of Register A to the completion of the last read or
write gperation to the Clock Calendar Registers.

The second method of accessing the lower 10 registers is to read Register C
once and disregard the contents, then subsequently continue reading this register
until the UF bit is a 1. This bit becomes true immediately after an ypdate has
been completed. The user then has until the start of the next update cycle to
complete a read or write operation.

Power-Up/Down

Most applications require the Real Time Cilock to remain active whenever the
system power is turned off. To accomplish this, the user must provide an
alternate source of power to the IPC, This altemate source of power is normally
provided by connecting a battety to the Ve supply pin of the device. A means
should be provided to switch from the system power supply to the batiery, A
circuit, such as the one shown in Figure 1-33, may be used to eliminaite power
drain on the battery when the entire IPC is active. The circuit shown here
allows for reliable transitions between system and battery power without undue
battery power drain.
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Section 2

356 Configuration Registers

2.1 Index Registers

I
Index26H  RTC,NMI & Coprocessor Reset Register (READ/WRITE)

Index Register Address: 022H
Data Register Address: 023H

Index Bits Values and Functions

26H 7 Real Time Clock selection.
{0): Selects internal RTC.
1: Selects external RTC.
6 Reserved (default =0)

5 Power Fail wamning active during last NMI(R/O).
(0): Power Fail waming pin not active.
1: Power Fail waming pin was sctive.

Derrme Catl W avmiton m Bovabela
[OWDL Sall TV AILIE Laiaul.

(0): PCU NMI disabled.
1: PCU NMI enabled.,

3 PCU NMI active level.
(0); PCU NMI disabl=d.

——r v

1: FOU Nl enabied.

A

2 Reserved {defauls = 0) {soe 820357 CPU/Cache!DRAM/
Controller, Section 2: 351 Configuration Registers).
1 Exiended JO Decode Enable,
(0): Disable extended I/O decode.
1: Enshle extended TAO decade.
0 _Reserved (default =0) _
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I
Index 01H  Configuration Register (READ/WRITE)

index Bits Values and Functions

014 76 Read/Write Cycle Wit States.
00: 1 Wait State,
01: 2 Wait States.
10; 3 Wait States.
(11): 4 Wait States.
5:4 16-bit DMA Cycle Wait States.
{00): 1 Wait Suate.
01: 2 Wait States.
10: 3 Wait States.
11: 4 Wait States.
32 8-hit DMA Cycle Wait States.
{00): 1 Wait Syaie,

01:2 Wart Srarne

F ik A

10: 3 Wait Stares.
11: 4 Wait States.
1 Extended DMA Memory Read enable.
(D) Delay -MEMR by ene clock cycle later than -JOW,

1: Start -MEMR at the same tme as -IOW,

0 DMA source clock.
{0): DMA Cleck is equal to BUSCLK.
1: DMA Clock is equal 1o BUSCLE.

2.2 1/O Port Registers

| ]
YO Port 00H DMAI Channel 0 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bits -10R “ow FF  Values and Functions

- 00H 7:0 0 1 ] Read cutrent low byie address. _
0 1 1 Read current high byte address.
1 0 0 Write bese & current low byte sddress.
1 0 1 Write base & carrent high byte addreys.

|
VO Port 01H DMAI Channel 0 Word Count Register (READ/WRITE/FLIP-FLOP)

Addr Bits <IOR —“ow FF  Values and Functions

01H 70 Q 1 0 Read current word count low byte,
Q 1 1 Read current word count high byte.
1 0 4 Wrile base & current word count Jow byte.
1 0 1 ‘Write base & current word count high byte.
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I
VO Port 0AH DMAI Single Bit Reguest Mask Regisier (WRITE ONLY)
Bits Values and Functions
0AH 7:3 OCKXD: Don't Cares.
2 Mask bit.
{0): Clear Mask hit
1: Set Mask bit
1:0 DMA Channel Mask bit Seiection.

{00): DMA Channel 0
01: DMA Channel 1

10: DMA Channel 2
11: DMA Channel 3

I
VO Port 0BH DMAI Mode Register (READ /WRITE)

Bits Values and Functions
OBH 7:6 " Channel Mode type

(00): Demarid Mode
1: Single Cycie Mode

10: Block Mode

11: Cascade Mode

5 Address counting direction.
{0): Increment addrezs
1: Decrement address

Avtn inittalizarinm snshls
AUIS-Ializalioy

(0): Auto-initializadion function disable
1: Auto-initialization fimction enable

4

32 Type of transfer.
' {00): Verify transfer _
01; Wiite transfer
10: Read transfer
11: Nlegal
1:0 DMA Channel Mode Selection.
{00): DMA Channel 0
0i: DMA Channel i
10: DMA Channel 2
11: DMA Channel 3

[
V0 Port 0CH DMA1 Set Byte Pointer Flip-Flop (READ ONLY)
Bits Values and Functions
OCH 70 Bits 7:0 are don't cares. The Set Pcmu.-.r %‘Fl
oomm:ndisaaiv:mdlumuh access and

- the assertion of -IOR. This oou:mmd .lllows the CPU to adj
the poiriter 1o the high byte of an address or word count repister.

I
YO Port 0CH DMAI Clear Byte Pointer Flip-Flop (WRITE ONLY)

Bits Values and Functions

OCH 7:0 Bits 7:0 are don’t cares. The Clear Byte Pointer Flip-Flop Clear
command it activated as a result of the address sccess and
the assertion of -JOW, This command altows the CPU 10 adjunt
the pointer to the low byte of an address or word connt register.
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I
VO Port ODH DMA1 Temporary Register (READ ONLY)

Bits Values and Functions
ObH 7:0 Bits 70 contains valnes of XD7:XDO0 during the it cycle of &
memory-lo-memory transfer. Daa from the last

memory-to-memory transfer will remain in the registerunlagsa
RESET or Master Clear occcurs.

P
VO Port 0DH DMAI Master Clear (WRITE COMMAND ONLY)
Bits Values and Functions .
ODH 70 Bits 7:0 are don't cares. The Master Clear command is activated

ag a result of the address Q0EH access and the astertion of -TOW.
'I'hncouu;nﬁnd hulhcmnekceﬁ'eauahndwgu:RESEI‘.d%hc
Comm ister, Status Register, Request Register, an

Painter Flip- mmmmensqummmmf:
ser

I
YO Port OEH DMAI Clear Mode Register Counter (READ COMMAND ONLY)
Bits Vaiues and Functions
- 0EH YEY Bits 7:0 are don't cares, The Clear Mode Register Counter

command is activated as a reselt of the address 0DEH access and
the assertion of -JOR. This command is provided to allow the
CPU 1o restant the mode read process at & known point.  After
elearing the counter all four Mode Registers may be read by
doing successive reads to the Read Mode Register address. The
order in which the registers will be read is Channel 0 first,

- : Charmel 3 last.
I
VO Port OEH DMAI Clear Request Mask Bits (WRITE COMMAND ONLY}
Bits Vaiues and Functions
CEH 70 Bits 7:0 are don’t cares. The Clear Mask Register command is

activated s a result of the address 00EH access and the assertion
of -IOW. This conmand enables all four DMA channels 1o
sccept requests by clesring the mask bits in the register.

I
VO Port OFH DMAI Request Mask Register Bits (READ/WRITE)

Bits Values and Functions
OFH 7:4 OO0 Don't Cares,
3 Chamnel O Mask bit.

O: No bit mask, channe! enabied

{1): Bit mask_ channel disabled
2 Chermel 1 Mask bit.

0: No bit mask, chznnel enahled

(1): Bit mask, channel dizahled
1 Charmel 2 Magk bit.

0: No bit mask, channe] enabled

- (1): Bit mask, channel disabled

4] Channel 3 Mask bit

0: No bit mask, channel enabied

(1): Bit mask, channel disabled
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| ]
VO Port 20H INTCI Initialization Command Word #1 {1ST WRITE ONLY)
Blts Values and Functions
205 7:5 (300X); Don't Cares.
4 Start Initialization Sequence.

{0): Do ot begin initialization sequence
1: Begin sequence and write to ICW1

T.a | QU S . T, I JUpY N, Ay
ALl LEYEL O7 & LI ST

0: Edge Trigger enabled; low to high transitions
1: Level Trigger enabled; active high

{ud

(X): Don"t Care. ) .
Single or Cazcade Mode Select.

{): Cascade Mode enabied; Cascade Mode aliows the second
mt:rmplemlmner.NTQtobmeuedﬁnougthzof
INTC1. INTC1 will allow INTC2 1o :ncm:mown
vnumlfCuuchodciueleaedmdthc

pending is from an INTC2 input. INTCI and munhc
programmed for Cascade Mode for both devices to operate.

1: Single Mode Emb'ied. Single Mode is vsed whenever only onc
mtcrrmoom.rtﬂcru used.

0 (X): Don't Care.

RS

]
/0 Part 21H INTC1 Initiglization Command Word #2 (2ND WRITE ONLY)

Bits Values and Functions
2IH 73 Upper five bits of inte vector byte, These bits are
programmable by the . The lower three bits of the vector are
generated by the Priority R::nlvcrdurwdmowlcdg:
I
VO Port 21H  INTC Initialization Command Word #3 (3RD WRITE ONLY)
Bits Valuas and Functions
210 7 Slave Mode Controller connected to IR7 select.

[ S Y L N | S Sy Y, |
- \UJ ND FIAVE mu AARUTOLICT OOTMSAEA 1O J.K..' -

1: Slave Mode Controller cornected 10 IR7.

6 Slave Mode Controller connected 10 IR6 select.
(0): No Slave Mode Controlier connected to IR6.
1: Slave Mode Controller cormected 10 IR6.

5 Siave Mode Controlier connected 10 IRS seiect.
{D): No Slave Mode Controller connecied to IRS.
1: Slave Mode Controller connected 1o IRS.

4 Slave Mode Controller connected to R4 select.
©): No Slave Mode Controller connected 10 IR4.
1: Slave Mode Contraller connected to TR4.

3 Stave Mode Controller connected w IR3 select,
(0): No Slave Mode Controller conmected 10 IR3.
1: Slave Mode Controller connected to TR3.

2 Siave Mode Controller connected 1o JR2 select. L
(0): No Slave Mode Controller connected 1o TR2.
1: Slave Mode Controller connected 10 IR2. e

i Stave Mode Controller connected 10 TR selecs,
(0): No Slave Mode Controller connected 10 IR1.
1: Slave Mode Controfler connected 1o IR1.

1] Slave Mode Controller connected 1o IR0 select.
(0): No Slave Mode Controller connectad 1o IR0,
1: Slave Mode Controller cormected 1o IR0.
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Note ICW3 in INTC1 must be written with a 04H for INTC2 to function.

T
YO Port 21H INTCI Initialization Command Word #4 (4TH WRITE ONLY)

Blis Valuss and Functions

21H 75 OO00): Don't Cares.
4 Enshle Muliple Interrupts from the same chennel in Fixed,
Prior Muolgcp. This allows INTC2 to fully nest interropts, when
Mode with Fixed Priority Mode arc both selected,
without being blocked by INTCL.
a2 OO0): Don't Cares,

1 Auto End of Interrapt enable. This bit is active low. The

mmr?mmmnerwill ‘'orm a nonspecific EOI on the trailing
edge of the socond INTA cycle.

0 (X}: Don't Care.

I
VO Port 21H INTC1 Operational Command Word #1 (READWRITE)

Bits Values and Functions

21H 7 IR7 Mask bir.
{0): No mask.

1: Mask IR7.

[ IR6 Mask bit.
{0): Nomask.

1: Mask TR6.

5 RS Mask bit.
{0): No mask.

1: Mask IRS.

4 IR4 Mask bit.
{0): No mask.

1: Mask IR4,

3 IR3 Mask bit.
{0): No mask.

1: Mask IR3.

2 TR2 Mask bit.
{0): Nomask.

1: Mask IR,

1 IR1 Mask bit,
{0): Nomask.

1: Mask IR1.
0 IRO Mask bit.
(0): Nomask.

1: Mask TRO.

176 PRELIMINARY CHIPS and Technologias, inc.

e £ b e b e e * S erta s aNr  au ==




B 356 Configuration Reglisters

I
VO Port 20H INTCI Operational Command Word #2 (2ND WRITE ONLY)

Bits Valuss and Functions

20H 7 Rotaie function select. Bit 7 is used in conjunction with bits 6
and 5 to sclect operational function.

B5 Function

Rotate oo suto EQL enable.
Rotate on non-specific EOL
Specific Rotate Command,
1 Rotate o specific EOL

Specific or immediate function select. Bit 6 is used in
conjuriction with bits 7mdSm:electopernnmalﬁmmon

P
(- ]

i = O O g

B7 Function

No operation.
Specific EOT Command.
Specific Rotste Command.,
Rotate on specific EOL
ction related o EOI select. Bit 5 is nsed in conjunction with
its 7 and 6 1o select operational function.

b el ek et

s = o O g

Function

Non-specific EOI Command.
Specific EOI Command.
Rotate on noa-specific EOL
Rotate on specific EOL

ol b ek et

ol =0 0O 8

Interrupt controller out of initialize mode select.

Fo T o TP R, P S, LIPL O POy, PRI S i T T ]
V. pJIBACEC DLIAULEUUIL LG BTV WIS V- 7Y b Bl L T s

1: Enable tnitialization mode.

3 Operational Command Word Select.

0: OCW2 selected,

1: OCW3 selected.

2:0 BusZ-Ommmna!]ydwodadwodaawhd:mmzptchmcl
is to be affected by the Specific Comman

000: IR7.
001: IR6.
010: IRS.

011: R4,

100: TR3.

101;: IR2. .

110: IR1,

111: IRO.
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T
VO Port 20H INTCI Operational Command Word #3 (3RD WRITE ONLY)

Bits Valuss and Functions
20H 7 Bit 7 must be set 10 0 for proper cperation.
{0): Necegsary value,
€& Enable Special Mask Mode.

(0): Special Mask Mode bit becomes a son't care.

1: Enable Special Mask Mode bit.

5 Special Mask Mode.
1: Set Special Mask.
4 Interropt controller out of initialize mode select, .

0: Disable initialization mode and write OCW2 and OCW3.

1: Enable initialization mode.

3 Operational Command Word Select.

0: OCW2 selectnd.

1: OCW3 selected.

2 Enable Poll Command.

{0): No Poll Command.

1: Poll Command.

1 _ Enable Read Register Command.

(0): Read Regixter bit becomes a doa't care.

1: Enahle Read Register Command bit.

0 Read Register Comnand.

{0): Read Interrupt Request Register ot next -TOR pulse.

1: Read In-Service Register on next -IOR pulse.

178

T
VO Port 40H Counter/Timer Counter 0 (READ/WRITE)

Bits Vaiues and Functions
40H 70 Counter 0 coumt register (Read/Write). _
|
VO Port 41H  CounteriTimer Counter 1 (READIWRITE)
Bits Values and Functlons
41H 70 Counter ] count register (Read/Write).
I
VO Port 42H CounterfTimer Counter 2 (READWRITE)
Blts Values and Functions
42H 70 Counter 2 count regiticr (Read/Writs).
PRELIMINARY CHIPS and Tachnologles, Inc.
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|
VO Port 43H Counter{Timer Control Word Register (WRITE ONLY)
Bits Values and Functions
43H il Determine command to be performed.

0000 Latch coanter §

0001 Read/Write coumter 0 LSB only.

0010 Read/Write counter 0 MSB only.

0011 Read/Writz coanter ) LSB then MSB.

0100 Lawch coumter 1.

0101 Read/Write counter 1 LSB only,

0110 Read/Wiite counter 1 MSB only.

0111 Read/Write counter 1 LSB then MSB.

1000  Laich counter 2. ] _
1001 Read/Writs counter 2 ISB only,

1010 Read/Write counter 2 MSB only.
1011 Read/Write counter 2 LSB then MSB.

11xx  Read-Back command.
3:1 Determine the Coanter’s mode

000 Szleamode (.

001 Select mode 1.

x10 Select mode 2.

x11 Seclect mode 3,

110 Select mode 4.

111 Select mode 5.
0 Determine the Count type
0 Binary count.
1 Binary coded decimal count.

I
VO Port 70H  Index Register Address

Bits Valuas and Functions
70H 70 Index register address. The index value is placed in port 70H 10
wccess & particular register. The valid address range for the
_ B2C35612 0 thru 7

VO Port 71H Data Register Address - . .

Blts Values and Functions
7I1H 70 Data register address. The index valoe is plrced in port 70H 1o
access A particular register and the dats to be read from or wrinen
to that register is placed e i3 pore 711,
|
VO Port BOH Unused
Bits Valuss and Functions
80H 70 Not defined.

P
YO Port 81H 8-bit DMA Channel 2 (READ/WRITE)

Bits Vaiues and Functions
81H 70 Address bits A16-A23 during 8-bit DMA (DACK?2) cycles.

CHIPS and Technalogiss, knc. PRELIMINARY - 179



B 356 Configuration Registers

I
VO Port 82H

VO Port 83H

YO Port 84H

VO Port 85H

e
VO Port 86H

I
VO Port 87H

e
V0 Port 88H

N
VO Port 89H

8-bit DMA Channel 3 (READ/WRITE)

Bits Values and Functions
82H 70 Address bits A16-A23 during $-bit DMA(MACK3) evcles.
&-bit DMA Channel 1 (READ/WRITE)
Bits Valuss and Functions
83H 70 Address bits A16-A23 during 8-bit DMA(DACK1) eycles.
Unused
Bits Values and Functions
84H 70 Not defined.
Unused
Bits Values and Functions
85H 70 Not defined.
Unused
Bits Values and Functions
- 86H 70 Not defined.
8-bit DMA Channel 0 (READ/WRITE)
Bits Values and Functions _
g7H 7.0 “Addrees birs A16.23 during Bhit DMA(DACKO) cyrles.
Unused
Blis Valuss and Functions
S8H 7:0 Not defined.

16-bit DMA Channel 2 (READ/WRITE)

Bits
7:0

Values and Functions
Address bits A17-23 during 16-bit DMA{DACKG) cycles.

891

I
VO Port 8BAH 16-bit DMA Channel 3 (READ/WRITE)

180

Bits Values and Functions
fAH 70 Address hits A17-23 during 16-bit DMAMACKT) eveles.
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I
VO Port 8BH 16-bit DMA Channel 1 (READ/WRITE)

Rite Valuss and Fimnectlons
S8BH 7:0 Address bits A17-23 during 16-bit DMA(DACKS) cycles.
|
VO Port 8CH Unused
Bits Values and Functions
8CH 7:0 Not defined.
[
VO Port 8BDH Unused
Bits Values and Functions
SDH 70 Not defined.
——
VO Port BEH Unused
Bits Values and Functions
8EH 7:0 Not defined.

I
10 Port ADH INTC2 Initialization Command Word #1 (15T WRITE ONLY)

Bits Values and Functions
AOH 75 (XXX): Don't Cares.
o 4 Stant Initialization Sequence.

i: Begin sequence and wrile 1o ICW1,

3 Interrope Level or Edge Trigger Select. - - - . 7

. 0: Edge Trigper enabled; Low 10 high transzitions,

1: Level Trigperenabled; Active high.
- "~ 2 (X): Don't Care. .
' N
VO Port A1H INTC2 Initialization Command Word #2 (2ND WRITE ONLY)
Bits Valuss and Functions
AlH 72 lwﬂu—h'.nfmlpmw\lmm n. ““'"J}J:?:

pmgrmrnxble bythe ¢ CPU. The Ioweﬂhmc hits of the vector are

__generted by the Priority Resolver during interrupt acknowledge.

I
VO Port ATH INTC2 Initialization Command Word #3 (3RD WRITE ONLY)

Bhits Values and Functions
AlH 73 Bits 7 to 3 should be zero,
20 Bits 2 to 0 determines the Slave Mode address the controller will

respond to during the cascaded INTA sequence.

+ Note:  ICW3 in INTC2 should be written with a 02H for Cascade Mode operations.

CHIPS and Technolagies, inc. PRELIMINARY 181



M 356 Configuration Registers
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VO Port A1H INTC2 Initialization Command Word #4 (4TH WRITE ONLY)

Bits Vaiuea and Functions

75 0C0): Doa't Cares.

4 Ensble Multiple Interropts from the same channel in Fixed
Priority Mode. This allows INTC2 to fully nest interrupts, when
Cascade Mods wilh Fixed Priority Mode are both seiected

32 (XX): Don't Cares.

1 Auto End of Interropt epable. This bit is active low. The

controller will ormanompea.ﬁcEOIonth:mihug

edge of the sccond INT.

(X): Don’t Care.

VO Port A1H INTC2 Operational Command Word #1 (READIWRITE)

Vaiues and Funciions

IR7 Mask bit.

(0): Nomask.
1: MaikIRT7.

IR6 Mask bit.

0): Komaik.
1: MaskIR6.

AD: Nomask
1: MaskJRS.

IR4 Mk bit.

{0): Nomask.
1: Mask IR4.

IR3 Mask bit.

(0): Nomask.
i: Mask IR3.

IR2 Mask bit.

{0} Nomask
1: Mask IR2.

—t

IR Mark hit.

(0): Nomask
1: Mask IRl

IR0 Mazk bit.

(@): Nomask.

1+ Wdaal-TRN

An  Avamee aluirs
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]
VO Port AOH INTC2 Operational Command Word #2 2ND WRITE ONLY)

Bits Values and Functions
AOH 7 Rotate function select. Bit 7 is used in conjunction with bits 6
and 5 10 select operational function.
B7 B6 B5 Function
i 0 0 Rotate o0 auto EOT enabie.
1 0 1 Rotate on non-specific EOL
1 1 0 Specific Route Command.
1 1 1 Rotats oa specific EOL
6 . Specific or immediate function select. Bit 6 is used in
conjunction with bits 7 and 5 to select operational fimetion.
B7 B6 BS Function
L+ 1 0 No operation.
4] 1 1 Specific EOI Command.
1 1 1] Sperific Rotate Command.
1 1 1 Rotate on specific EOL _
5 Function related 10 EOI select. Bit 5 is used in conjunction with
bits 7 and 6 1o select operational function.
B7 B6 B5 Function
0 1 D Non-specific EOI Comnmand.
0 1 1 Specific EOI Command.
1 1 o Rotate on non-specific EOL
1 1 1 Rotate on specific EOL
4 Interrupt controller out of initislize mode select.

0: Disable initialization mode and write OCW2 and OCW3.
1: Enable initislization mode.
3 Operational Command Word Select.

0: OCW2 selected.
1: OCW3 sclected.

2:0 Bits 2:0 arc intemally decoded to sclect which interrupe clumd
is 10 be affected by eSpeczﬁcCunmm

000: IR7.

001: IR6.
010: IRS.
011: R4,
100: IR3.
IR2,
IR1

101:
110: .
111: IRO.
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Y0 Port AOH INTC2 Operational Command Word #3 (3RD WRITE ONLY)

T
- VO Port COH DMA2 Channel 0 Address Register (READIWRITEIFLIP-FLOF}
Bits <0oR «“0owW FF  Values and Functions
7:0 0 1 0 Read current low byte address.
0 i 1 Read corrent high byte address.
1 ¢ -0 ‘Writc bese & current low byte address.
. . 1 a 1 Writebase & corrent hich byte address.
]
- VO Port C2H DMA2 Channel 0 Word Count Register (READIWRITEIFLIP-FLOP)
Bits -OR oW FF  Values and Functions
70 0 1 0 Read current word count low byte.
0 1 1 Read current word oot bigh byte.
1 1 0 Wiite base & current woed count low byte.
1 o 1 Write base & cumrent word connt hish bayte

Bits

Values and Functions

ACH

Bit 7 must be set 10 0 for proper operation.

(0): Necessary valne.

Enable Special Mask Mode.

(0): Special Mazk Mode hit beoomes & don’t care.

1: Enable Special Mask Mode bit

Special Mtk Mode.

{0): Reset Special Mask.

1: Set Special Mask.

Interrupt controlier oot of initialize mode select. -

0: Disable initislization mode and write OCW2 and OCW?3.

1: Enahle initialization mode.

Operationat Command Word Select.

0: OCW2 stlected.

1: OCW3 selected.

Enable Poll Command.

(0): No Poll Command.

1: Poll Command.

Enable Read Register Command.

(@): Read Register bit becomes & don't care.

1: Ensble Read Read Register Command bit.

Read Register Command.

(0): Read Interrupt Request Register on next RD- palze.

1: Read In-Service Regitter on next RD- pulse.

e TYURL Malm alimel D v

VO Port C4H DMA2 Channel I Address Register (READ/WRITE(FLIP-FLOPF)

184

Bits 4OR el FF Valuas and Functions
70 0 1 0 Read current low byte address.
0 1 b Read current high byte address.
1 0 0 Write base & current low byte address.
T n ) | Weite hoen & mvenand hich Lewe o X
£ w & WY A M“—wlml‘lﬂl u?'lﬁml“‘-
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e —
Y0 Port C6H DMA2 Channel 1 Word Count Register (READ{WRITE/FLIP-FLOF)

Addr Bits “OR 0w FF Valuss and Functions

C6H 70 0 1 0 Read current word count Jow byte.
0 1 1 Read eurrent word count high byte. i
1 [ 0 Write base & current word count low byte.
1 0 1 Write base & current word count high byte.

 —————
VO Port C8H DMA2 Channel 2 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bls <OR OW FF Values and Functions
C8H 7:0 0 1 0 Read current low byte addmss.
0 1 1 Read corrent high byie address.
1 0 0 ‘Write base & current low byte address.
1 0 1 ‘Write base & current high byte address.
T
VO Port CAH DMA2 Channel 2 Word Count Register (READ/WRITE/FLIP-FLOF)
Addr Bits <40OR SOW FF Values and Functions
CAH 70 ] 1 o Read curremt word count low byte.
0 1 1 Read current word count high byte.
1 ., O 0 ‘Write base & current word count low byte.
1 0 1 Write bete & current word count high byte.
I

VO Port CCH DMA2 Channel 3 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bits -1OR oW FF Values and Functions

- CCH 70 o C1 0 Read current low byte addiess,
0 ! 1 Read current high byte address.
1 0 0 ‘Write base & current low byte address.
1 D 1 Write base & corrent high byte address.

I
VO Port CEH DMA2 Channel 3 Word Count Register (READ/WRITE/FLIP-FLOP)

Addr Bits -OR “4owW FF Values and Functions
CEH 70 0 1 0 Read current word coont low byte.
o 1 1 Read current word count high byte.

1 0 0 Write base & current word count Jow byte,

1 Q 1 Wrile base & current word count high byte.
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L
VO Port DOH DMA2 Status Register (READ ONLY)

Biis Values and Functions

DOH 7 Chamel 3 pending DMA service.

(0): DRQ3 not active.
1: DRQ3 active.

6 Channel 2 pending DMA service.
{): DRO2 not active.
1: DRQ2 active.

5 Chaimnel 1 pending DMA service.
{0): DRQ! not active.
1: DRQI active.

4 Chamnel 0 pending DMA service.
(0): DROO not active.
1: DRQO active.

3 Charmel 3 Terminal Coont status.
(0): TC pot reached.
1: Channel 3 has rexched TC.

2 Channel 2 Terminal Count stats.
{0): TC niot reached.
1: Channel 2 has reached TC.

1 Charme} 1 Terminal Coxmt status.
{0): TC not reached
1: Channel 1 has reached TC.

0 Chamnel O Terminal Count status.

_(0): TC not reached.
1: Channel () has reached TC.

]
/O Port DOH DMA2 Command Register (WRITE ONLY)

Bits Values and Functions
- DOH 7 -DACK input active level.
(0): -DACK active low.
1; -DACK sctive high.
6 DREQ input active level.

1: DREQ active low.
5 Extended Write enable.
" _(0): Write commands arc aszerted late,
1: Write commands are asserted one DMA cycle earlier during 2

transfer.

4 Priority type for charmel servicing.
{0): Fixed priority.
1: Rotating priority.

3 Transfer compression enable.

ORI X S JC BN SEPUR. WA YU [, JEpepp S

{U); MOMmil Lmnimng, Giee aci &yc Waniicl.

1: Compressed timing, two clock cycle trapxfer.

2 Master disable for the DMA controller.
(0): DMA controlier enable.
1: DMA controller disable.
1 Address hold during memory-lo-memory transfers.

{0): Address hold for Channel O disable.
1: Address hold for Channel O enable.
4] Memory-to-Memory transfer enable.
(0): Mamory-to-Memory transfers dizable.
1: Memory-to-Memory transfers for Channel 0 nd 1 enable.
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I
VO Port D2H DMAZ Reguest Register (READ ONLY)
Bits Values and Functions
D2H 74 {1111): These bits are always set during a read.
3 Request bit for Channel 3.

{0): No request pending.

2 Request bit for Channel 2.
(0): No request pending.
1: Request pending for Channel 2.
1 Request bit for Channel 1.
(0): No request pending.
1: Request pending for Channel 1.
0 Request bit for channe! 0.
: No et ing.
1: Request pending for Channel 0.

I
VO Port D2H DMAZ Request Register (WRITE ONLY)

Bits Values and Functions
D2l 73 OCO00XY: Don't Cares.
2 Reguest bit.
(0): Reser Request bit.
1: Set Request bit.
1:0 DMA Channe! Request bit Selection.

(00); DMA Charmel 0.
01: DMA Channel 1.
10: DMA Channel 2,
11: DMA Chamnel 3.

CHIPS and Technologies, Inc. PRELIMINARY 187




M 356 Configuration Registers

I
VO Port DaH DMA2 Command Register (READ ONLY)
Bits Valuss and Functions
D4H 7 -DACK input active level.

(0): -DACK astive low.

e L2 ]

1: -DACR aclive }lj&l‘l-

6 DREQ input active level,
{0): DREQ active high.
1: DREQ active low.

5 Extended Write enable.
{0): Write commands are aszened late.

1: Write commands are aszerted one DMA cycle exrlierduring a
transfer.

4 Priority type for channel servicing.
(0): Fixed priceity.

1:Repatine meionrv.
L:eotatthe prionty

3 Trapsfer compression enable.
(0): Normal timing, three clock cycle tansfer.
1: Compressed Eming, two clock cycle transfer,
2 MWaster disable for the DMA controlier.
(0): DMA controller enable.
1: DMA controller disable.
1 Address hold during memory-to-memory transfers.
{0): Address hold for Channel O disable.
1: Address hold for Channel O enable.

Wl i i 2 W st e 3 s o e s
A ACATITE Y IO A e Y transfarensbls,

{0): Memory-to-Memory transfers disable.
i: Memory-to-Memory transfers for Channel O and 1 enable.

&

|
VO Port D4H DMAI Single Bit Request Mask Register (WRITE ONLY)

Blis Values and Functions
" - D4H 7:3 DOXX): Don't Cares.
2 Mask bit.
(0): Clear Mask bit.
1: Set Mask bit.
10 DMA Channel Mask bit Selaction,

(00): DMA Channel 0.
01: DMA Channel 1.
10: DMA Channel 2.
11: DMA Chamnel 3.

]
VO Port D6H DMA2 Mode Register (READIWRITE)

Bits Values and Functions
D6H 7:6 Channel Mode type.

5 Address cormting direction.

L) Autoinitialization enable.

32 Type of transfer.

1:0 DMA Channel Mode Selection.
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|
VO Port DSH DMA? Set Byte Pointer Flip-Flop (READ ONLY)

Bits

Yalues and Functions

DsH 7:0

Bits 7:0 are don’t cares. The Set Byte Pointer Flip-Flop Clear
command is sctivated as & result of the address CDSH access and
the assertion of -JOR. This command allows the iIZPU 1o adj
the pointer 1o the high byte of an sddress or word count regaster.

]
YO Port D8H DMA2 Clear Byte Pointer Flip-Fiop (WRITE ONLY)

Blts

Values and Functions

DSH 70

Bits 7:0 are don’t cares. The Clear Byte Pointer Flip-Fiop Clear
command is activated as & result of the address ODEH access and
the assertion of -JOW, This command allows the CPU 10 adjust
the pointer to the low byte of an address or word count register.

|
VO Port DAH DMA2 Temporary Register (READ ONLY)

Bis

Values and Functions

DAH 70

Bits 7:0 contains values of XD<0:7> during the first cycle of a
memory-o-tnemory transfer. Data from the last
memory-to-memory transfer will remain in the register unless a
RESET or Master Clear occurs.

m—
VO Port DAH DMA2 Master Clear (WRITE COMMAND ONLY)

Bits

Yalues and Functlons

DAH 70

Bits 7:0 are don't cares. The Master Clear command is activated
as a result of the addrers ODAH access and the assertion of -JOW,
This command has the same effect at a hardware RESET. The

Command Register, Status Register, Reginer, mnd B
Pointer Flip-ﬁcp are clug:ad and mell‘{qe;;‘:; h:ﬁkniregﬂuiw
. el - . .. .
I
VO Port DCH DMAZ2 Clear Mode Register Counter (READ COMMAND ONLY)
Bis Values and Functions
DCH 70 Bits 7:0 are don’t cares. The Clear Mode Registsr Counter

comrmand is activated as & result of the address ODCH access and
the assertion of -JOR. This command is provided to allow the
CPU 10 restart the mode read ;ualmcwnaim_ After
clearing the counter all foor Mode Reginters may be read by
doing successive reads to the Read Mode Register address. The
order in which the reginers will be read is Channnl 0 first,
Charmel 3 last. N

ey
VO Port DCH DMA2 Clear Request Mask Bits (WRITE COMMAND ONLY)

Bits Vaiues and Functions
DCH 7:0 Bits 7:0 are don't cares. The Clear Mask Register command is
activated as a result of the address ODCH sccess end the assertion
of -IOW. This command enables all fouar DMA channels to
sccept requests by clearing the mask bits in the register.
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199

¥C Port DEH DMA2 Request Mask Register Bits (READIWRITE)

Valuss and Functions

DEH

7:4

G000 Don't Cares.

3

Channel 0 Mask bit,

0: No bit mesk, channe] enabled,

" (1): Bit mask, channel disabled.

{2

Charme] 1 Mask bit.

0: No bit mask, channel enabled.

(1): Bit mask, channel dizabled.

Channel 2 Mask bit.

0: No bit mask, channel enabled.
(1): Bit mazk, charmel disabled.

Channel 3 Mask bit.

0: No biz mask, channe] enabled.
(1): Bit mask. charme] disabled.

/0 Port 51H Control PortiStatus

Bits Values and Functions
61H 7 PARITY CHECK (read only). This bit indicates an error has

occurred on the local memory.
0 = no error occurred.
i = an error ocourred.

6 TOCHCK (read only). This bit indicates an IO charmel check has
occumed (asually 2 parity emror) on the system IO channel.
0 =no error occurred.
1 = an error occurred.

5 TIMER 2 OUT (read only). This bit retums the condition of
timer 2 output.

4 REFRESH DETECT (read only). This bit toggles oneach
refresh cycle.

3 TOCHCK DISABLE (madfwmc) ‘This bit disables NMI
generation for channel check errors.
U= cnabics NI {defandi),
1 = disables NML

2 PARITY DISABLE (read/write). This bit, in Igmcn
the suxiliary perity disable bit (AUX PARITY D! LB) of
intemal configuration register 46H, is nted 1o disable parity error
eommbunom tothe NM% B islogically ORed with AUX
PARITY DISABLE. Thus, genan iz disabled if either this
bit (PARITY DISABLE) or PARITY DISABLE bit 1z
se1 o & logical one.
0= Parity is enabled (default).
1 = Parity is dizabled.

1 SPEAKER DATA {(readfwrite). ‘This bit gates the output of
channel 2 of the imerjcounter,
0 =QOutput is disabled (defanlt).
1 =Qutput is enabled.

0 TIMER2GATE (read/write)Controls operation of timer channel 2.
0 = Channel 2 timer operation is disabled (default).
1 = Channel 2 timer operation is ensbled.
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23 1O Map
IPC and Address Buffer's internal Decode
Device Address Range

DMA Controller #1 0O00H-00FH
Internupt Controller #1 020H-021H
Configuration Registers ORHOH
Counter Timer Controller ~ O40HO3H
Real Time Clock (CMOS RAM) 070H-071H

DMA PAGE Registers 080H-08FH »
Intermapt Controlier #2 OADH-OAIH

DMA Controller #2 OCOH-ODFH
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I
Table 3-1.

IR 356 Pin Descriptions

Pin Descriptions

3.1 Pin Assignments

Clocks

Pin ¥

Symbol Type Signal Description

X1

74 14.31818MHz crystal oscillator input. A crystal is connected between

CX1 and CX2.

2

75 14. 318!M-Izmalhmrunpmtol.hcayml. A crysial is connected

between CX1 and CX2.

ner
.

g0 14,3121 8MHz currant derived from the erystal, This ig usted to drive

the AT bas directly (requires & series resistor). 24mA drive capability.

0sCi12

E) This is a 1.19MHz cock(TTL) derived from dividing the
14.31818MHz input crystal. Used intemally for the 8254 clock. 4mA

drive capability.

BUSCLK

as BUS CLOCK is nsed to generated the timing signals that control DMA
operations. ‘This input may be driven from DC to 10MHz. The
internal dlock used for DMAC s either BUSCLK or RUSCLK/2
depending on the setting of DMA CLOCK SELECT hitin the

configuration register 01K,

I
Tabie 3-2.

RESET and Arbitration

" Pin#

Symbol Type Signal Description

RESET4

110 I  RESET4is an active high inpul from the 82C351 which effects the
following registers:

PMA Controllers: Clears the command, Stams, DMA Request,
Temporary register, First/Last flip-flop; sets the mask register.
Foliowing reset, the DMA controller is in an idle state.

INTERRUPT Controller: Clears the edge sense circuit, the intermpt
mask regisier, ali ICW4 funcizont, IRQU is asxigned highest priomiiy,
slave address is $6110 7, special mask mose is disabled, and status read
iz setto IRR.

HRQ

142 HO[DREQUFSTnmmvc}nghauputmdnmadmmqucn
control of the system bus. HRQ is normally connected directly to the
82C351°1 HRQI pin. However, HRQ may be tied 10 HLDA. This will

result in one SO sate before the transfer. 4mA drive capability.

HIDAL

HOLD ACKNOWLEDGE ! is an active high input signal from the
82C351 and indicates the CPU has relinguished control of the system
busses in response to HRQ.

CHIPS and Technologies, Inc.
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Table 3-3. DMA Controller

Pin #

Symbol

Type

Signal Description

DREQ<0:3>

21-18

I

DMA REQUEST lines are individual asynchronous channel request
inpuis used by peripherals to obtain DMA service. DREQO through
DREQ3 support 8 bit transfers between 8bit IO and B or 16 hat
Sysiem memory.

In fixed priority, DREQO has the highest priority and DREQ7 has the
lowest priority. A request is generated by activating the DREQ Iine
of a channel. -DACK will scknowledge the recognition of s DREQ.
Polarity of DREQ it programmable. Unused DREQ inpats should be
pulled high or low and the corresponding mask bit set. DREQ<(0:3>
hnes have internal 10K pull-ups.

DREQ<S:T>

8-10

DMA REQUEST are individual asynchronons channel request inpote
used by peripherals to cbtain DMA service. DREQS through
DREQT support transfers between 16-bit peripherals and 16-hit
systern memory. In fxed priority, DREQO has the highest priority
and DREQ7 has the lowest priority. A request is generated by
activating the DREQ line of & channel. -DACK will acknowledge
the recognition of 8« DREQ. Polarity of DREQ is programmable.
Unused DREQ inpets should be patled high or low and the
corresponding mask bit set. DREQ<5:7> lines bave imtermal 10K
puallups.

<DACK 33>

1714

DMA ACKNOWLEDGE -DACKO through -DACK3 are outpuis of
the 8-bit DMA controller, and are used 1o notify the individual
peripherals when one hat been granted 8 DMA cycle. The active
polarity of these lines are progammable, 4mA drive capability.

~DACK<S5:7>

11-13

DMA ACKNOWLEDGE -DACKS through -DACK7 are catputs of
the 16-bit DM A controlier, and are ts2d to notify the individusi
peripherals when one has been granted a DMA cycle. The active
polarity of these lines are programmable. 4mA drive capability.

TERMINAL COUNT is an active high signal and is generated by the
DMA Controller when the terminal count for any channel is reached,
except for channel 0 in memory to memory mede. During memory
to memory transfers TC will be pulsed when the TC for channe] 1
oceurs. 24mA drive capability.

>

ADDRESS ENARLE for £ bit DMA trensfert iz an active low signsl
and is the output enable for the 8 bit latch containing the upper 8
address bits (A8-A15). Itis inactive when an external bus masier
controls the sysiem bus. 4mA drive capability.

"-AEN16

ADDRESS ENABLE for 16 bit DMA transfers is an active low
signal and is the output ensble forthe 8 bit Iatch containing the upper
8 address bits (A9-A16). 1t is insctive when an extemal bus mester
controls the system bus, 4mA drive cepability.

-MSE(AEN)

MODULE SELECT ENABLE enables the chip select function on
one of the following modules: (DMA controlles, Interrupt controlier,
Timer, RTC, DMA Page Reginer, or the Configuration registers).
Address Enstle (for the DMA controller) is active (high) during any
DMA cycle, and jow for CPU, Refreih, mod AT bus madier cycles.
24mA drive capability.

-ICR

112

1/O Read is an active low bi-directional signal. In an idle cycle,
(non-DMA or non-interrupt), it is & 2chmin triggered input control
signal osed by the CPU to reed information from the 82C356"s
intemnal registers. In an active DMA cycle, it ic an catput control
signal used by the DMA Controllerto read data from s peripheral
during a DMA read transfer. 24mA drive capability.

JoW

111

1/O Write is an active low bi-dircctional signal, In an idle cycle,
{non-DMA or nam-interrupt), it is & schinin triggered inpat control
signal used by the CPU 1o write information to the §2C356's internal
yegisters. In an active DMA cycle, it is an catput control signal used
by the DMA ControBier 1o write data to & peripheral during s DMA
read transfer. 24mA drive capability.
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Table 3-3.

IR 356 Pia Descriptions

DMA Controller {continued)

Pin # Symbol

Type

Signal Deacription

-MEMR 6

O

MEMORY READ is an active Jow three-stste output (active only
during DMA cycles) and is used to access data from the selected
memory location during a DMA read or memory to memory transfer.
24mA drive capability.

MEMORY WRITE it an active Jow three-siale outpat {active during
DMA cycles only) and is used to wrile data o the seiccied memory
jocation during DMA write or memory to memory trausfer, 24mA
drive capability.

IOCHRDY 113

J/O CHANNEL READY is a bi-directional signal. During input mode,
driving IOCHRDY low causes the internal DMA ready signal to go
Tow arynchropously. When JOCHRDY goes high, one DMA Clock
cycle will clapc before intemnal DMA Ready goes high. This signal is
nsed 10 extend memory read and write pulses for the DMA controllers
to accommodate slow memaries or I/0 devices, During outpat mede,
this pin is an open drain output and provides an active low outpat
whenever an 82C356 register is addressed for a vead or write,
JOCHRDY provides a means of introducing a programmed number of
wait-giates for IO readfwrile eycles to the 82C356. BmA drive
capabilily.

Table 3-4.  Interrupt

Pin# Symbol

Type

Signal Description

IRGL 128

INTERRUPT REQUEST 1 ix an asynchronous input {normally from
pin 35 of the 8042 in s PC/AT). An internupt request is executed by
raising an RO input from low 1o high and kolding it high tmeil it is
acknowledged (edge triggered mode) or just & high level on an IRQ
input (level triggered mode). This signal has 2 10K intermal puliup.

RQE:T> ~ 129-133

INTERRUPT REQUESTS 3 through 7 are asynchronous inputs from
the AT bus. An intervupt request is execited by raising an IRQ input
from low to high mdholdmg it high mntil it is acknowledged (edge

tviaanred movh\ or mﬂ a l“uh Imvel on an mn inpat ﬂpu.f lnua-ﬁ-ﬂ

AL b Lidrr

mode). These ngnal: Iuve intemal 10K pnll up:

IRQ<9:15>  134-140

INTERRUPT REQUESTS ¢ through 15 are asynchronous inputs and

are exccuted by raising s IRQ input fram low to high and holding it
high urtil &2 is acknowledged (edge triggered mode) or just a high level
mmIRQmpm(levclmggemdmode). Theungmlshwemmnl

_____ e mm— e M o 2L - YV IDAT . dTh/AN
.lunpuu-u;n l.l\\( J.Jummmanluarmmumqua. _

TRQ14-15 are connecied to the AT bus.

143

INTERRUPT goes high whenever a valid interrupt request is ssserted
and is connected 1o the 386DX to interrupx the CPUL dmA drive
cxpability.

INTERRUPT ACKNOWLEDGE from the 82C351 is s sctive low
signal and iz nsed 10 enable the interrupt controllers 1o vector data onto
the daza bus by a sequence of interrupe scknowledge palses issued by
the CPTJ.

Table 3.5. Timer

Pin# Symbol

Type

Signal Description

OouUT1 78

OQUTPUT 1 is the output of TIMER 1 and is programmed az & ratc
generator 1o prodoce 215 uS period signal used to request & refresh
cycle. 4mA drive capability, connected to REFREQ of the 82C351.

SPER 107

SPEAKER gates the speaker data and Timer Out 2 to drive the internal
speaker. 4mA drive capability.

CHIPS and Tachnologies, Inc.
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Table 3-6. Real Time Clock

Pin#

Symbol

Type

Signat Description

-PSRSTB

126

I

-PSRSTB is an active low input and is nsed to establish the condition
of the control registers when power is applicd 10 the device. Ina
PC/AT compatible design, this pin should be tied to the battery
badk-np circuit. -PSRSTR low sets a bit in RTC indicating power has
been Tost.

OSCINRQE

41

OSCHLATOR INPUT is & schmits triggred input vsed as a base for
the time fimctions. External square waves of 32.768KHz may be
coanected to this input. ‘When the external RTC is ensbled through
index register 26H, this pin is connected 10 TRQS instead of OSC.

PWRGD

127

POWER GOOD mast be high for all bt cycles tn which the CPU

R g P p——

strobe, and R/W pins are disconnected from the processor.

RTCAS

33

REAL TIME CLOCK ADDRESS STROBE is sn active high oatput
and is vsed 1o de-multiplex the bus on an exiemal MC146518
REAL-TIME CLOCK plus RAM peripheral device, The falling edge
of RTCAS causes the address 1o be Iatched within the MC146818.
4mA drive capability.

RTCDS

34

RTC DATA STROBE is an active high output and is nsed to control

" the bi-directional bus on an external MC146818 REAL-TIME CLOCK

plus RAM peripheral device. During 2 read cycle, (RTCRW high), the
RTCDS output drives the bus with the read data. On the other hand,
during a wrile cycle (RTCRW low), the RTCDSs trailing edge canses
the MC146818 to latch the written dats. 4mA drive capability.

RTCRW

RTC R/W CONTROL OUTPUT is used to indicate read or write mode
for an external MC146818 REAL-TIME CLOCK plos RAM
peripheral device. A high level on RTCRW indicates to the
MC146818 that the corrent cycle is a read cycle. A Jow levelon
RTCRW indicates 1o the MC146818 that the current cycle is 2 write
cycle. 4mA drive capability.

Table 3-7. NMI Logic

Pin ¥

Symbol

Type

Signal Description

29

I

LATCHED PARITY ERROR is an active low input (from the
82(C355) and indicates a perity error during a DRAM read. When
active it will cause an NMI 1o be gencrated.

31

10 CHANNEL CHECK is an sctive low input and is used to signal s
error condition form an T device. Wihen active sad enabled, it canses
an NMI 1o be generated.

POWER CONTROL NON MASKABLE INTERRUPT INPUT isa
programmabie inpot from the power controf unit. It is an active low
input signal by defank and can be programmed by bit 3 of index
register 26H to be either active low or active high. Bit £ of index 26
enables or disables this featare, If the PCU is not used, PCUNMIN
should be tied to Vee for the 820356 to operste commealy.

76

NON-MASKABLE INTERRUPT is an active high output snd s
commected 10 the NMI of the CPU. 4mA drive capability.

196
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I 355 Pin Descriptions

I
Table 3-8.  Address Buffers Decodes
Pin# Symbol  Type Signat Description
XA<O:l> 38-39 IO EXPANSION ADDRESS bits 0 and 1 are bidirectional signals. They
are outpues for DMA and AT master cycles and Inputs for CPU cycies.
These are connected to the 82C351 which converts them to and from
the byte enables. 4mA drive capability.
A<2:23> 4049, O LOCAL ADDRESS bus bits 2 through 23 are bidirectional signals,
5i-53 inpois during CPUJAT cycles and output during D A/master cycies.
5563 4mA drive capability. ) o
SA<:19> B2-85, KO IO CHANNEL (AT) address bus. Input for AT mastar cycles. Cutpt
§7-90, at all other times, 24 mA drive.
92.95,
97-100,
1
104-106 ) , . _
-8042CS 5 O 8042 CHIP SELECT is a active low signal and is a 10 decode of
addresses 060H or 064H. 4mA drive capability.
INTCLR 77 O  INTERRUPT CLEAR is an active high outpuz signal and is used 1o
clear TRQ13 from the 387DX PLD. INTCLR is generated during
RESET, Out command o port FIH, or Out command to port F), 4mA
drive capability. , i i

XDR 26 O X BUS DIRECTION controls the direction of dat transfer within the
82C355 between: the peripheral bus and the IO channel. ‘When low,
XDIR should érive the 5D bus signals toward the XD bus. When high
XDIR: should drive the XD bus signalt toward the SD but. XDIR iz an
J/O decode of ports on the XD bus ANDed with -IOR., 4mA drive
capability. .

-ROMCS 23 I  ROM CHIP SELECT is an input to generaie XDIR during ROM read
cycles. This is connected to -ROMCS of the 82C351.

-REF - 68 I REFRESH is an active low input from the 82C351 or an IO device on
the AT bus which mcremenis the address counter Gn the 82C356) and
controls the address buffer direction. When active, the content of the
refresh address counter is gated tothe SA address bus. On the rising
edge of -REF, the intemal refresh counter is incrernented.

-MASTER, 68 I BUS MASTER is active low input signal f generated by & device
active on the AT expension Bus. It has an intermal 10K Ohm pull-up
_ — Tesistor, i B m
MALE 70 I  MEMORY ADDRESS LATCH ENABLE latches jocal addresses into
the address registers on the rising (trailing) edge.
. -ATEN 67 I AT BUS ENABLE it an active low input signa! fram the £2C351 and
is active when the CPU is performing an AT bus access. _
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|
. Tabla 3-9. Data Bus and Powers

Pin# Symbol Type Signal Description

XD<0:7> 121-114 10 Dats bits 0 through 7 are 3-nate bi~directional Data Bus ines and are
comnected to the sysiem data bus, (the XD bus), in 3 PC/AT design.
The ootpots are enabled in the program conditicn during the /O
READ 10 output the contents of the DMA controller registers, the three
Interrupt Coantroller registere, the Timer/Counter registers, the Real
Time Clock s intemnal registers, index register 26H, port B, and
programenable chip select regisiers. Doring xn IO WRITE cyde, the
outputs are dicabled and the CPU can program the DMA Cortroller
yegisters, the Interrugst Controlier registers, the Timer/Counter
registery, the DMA Page régister, the Real Time Clock registers, the
intemal RAM, index regisier 26H, port B, and programemable chip
select registers. During DMA cycles, the most significant 8 hits of the
address are output onto the data bus to be strobed into an external latch

by AENS- or AEN16-.
During memory-to-memory operations, dats from the memory comes
into the DMA Controller on the data bus doring a read fromn the
memory, During the intermupt sequence, the intermpt ocntrollers
output the interrupt vector byte on the date bus. Data bus XD<:7>
al3o acs as the muttiplexed address/data bas for the Real Time Clock.
- : B - __TEST 124 Tied 1o ground.
- Veo 1,24,54,71, +5V 5% Power Supply.
79, 103, 109,
123, 144 _
Gnd 7,22,36,37, Gromd.
50,64,65,73,
1,86, 91,96,
101, 108, 122,
123
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3.2 Numerical Listing of Pin Assignments

Table 3-10. Numerical Pin Assignments

I 356 Pin Descriptions

Pin Signsl Pin Signal Pin Signal Pin Signal
1 Vec 37 Vis 3 Vis_ 109 Vee
-2 TC 38 XA0 74 CX1 110 RESET4 o
3 -AEN16 39 XAl 75 CX2 111 -JOW
4 -AENI8 40 A2 76 NMI 112 JOR
5 -MEMW 41 A3 77 INTCLR 113 TIOCHRDY
6 -MEMR 42 Ad 78 OUT1 114 XD7
7 Vis 43 AS 79 Vec 115 XDé _
8 DREQS 44 Ab6 80 QSC 116 XD5
9 DREQ6 45 A7 81 Vis 117 XD4___
10 DREQ7 46 A8 82 SAD 118 XD3 _
11 -DACKS 47 A9 k] SAt 119 XD2 i
12 -DACK6 48 AlQ 84 SA2 120 XDl
13 ~-DACKT 49 All 85 SA3 121 XDo :
14 -DACK3 S0 Viss 86 Vi 12 Vis
i5 -DACK2 51 Al2 87 SA4 123 Vi
16 -DACK1 52 Al3 88 SAS 124 TEST356
17 -DACKD 53 Ald £9 SA6 125 Vee
18 DREQ3 54 Veo 90 SAT 126 -PSRSTB .
19 DREQ2 55 AlS 91 Vs 127 PWRGD
20 DREQ1 56 Al6 92 SAR 128 IRQ1 _
2i___DREQ® 57 AV 9 SA9 12 IRQ3
22 Vis 58 Al8 94 SAID 130 IRQ4 »
23 -ROMCS 59 Al9 95 SAll 131 IRQS5
24 Ve 60 A20 96 Vis 132 IRQS
25 -8042CS 61 A21 97 SAl12 133 JRQ7
26 XDIR 62 A22 98 SA13 134 TROQS
27 -MSE(AEN) 63 A23 9% SAl4 135 IRQ10
28 -INTA 64 Vs 100 SAlS 136 IRQI1
29 -LPAR 6 Vis 101 Vis 137 IRQ12 _
30 PCUNMIN 66 HIDA1L 102 SAl6 138 IRQI3
31 -IOCHCK 67 -ATEN 103 Vee i35 IKQi4
32 RTCRW (] REF 104 SAl7 140 IRQ1S
33 RTCAS () -MASTER 105 SAlS 141 OSCUIROS
34 RTCDS 70 MALE 106 SA19 142 HRQ
35 BUSCLK ___T1 Voo 107 SPKR 143 INTR
36 Vis T2 0OsC/2 108 Vis 144 Vee
CHIPS and Technologies, lnc. 199
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3.3 Alphabetical Listing of Pin Assignments

]
Table 3-11. Alphabetical Pin Assignments

Signal Pin Signal Pin Signal Pin Signsl Pin
-AENIS 3 DRECI 2 OSCIIRGE 141 Ve 24
-AEN18 4 DREQ2 19 0sSC/12 T2 Ve 54
-ATEN &t DREG3 18 OUTI1 78 Ve 71
A2 40 DREQS B PCUNMIN 30 Ve 79
A3 41 DREQ6 9 PSRSTB 126 Voo 103
Ad 42 DREQT id PWRGD 127 Vee i0%
AS 43 HLDA1 66 -REF 68 Veo 125
AS 44 HRQ 142  RESET4 110 Vec 144
A7 45 -INTA 28 -ROMCS 23 Vis 7
A3 45 INTCLR yil RTCAS 33 Vi 22
A9 &7 INTR i43 RICDS 34 Vis 36
Al0 48 -IOCHCK 31 RTCRW 32 Vie 37
All 49 JOCHRDY 113 SAD 82 Vis 50
Al12 51 IOR 112 SA1 83 Vs 64
Al3 52 oW 111 SA2 84 Vi 65
Al4 53 RQ1 128 SA3 85 Vi 73
Al5 55 RQ3 129 SAd g7 Vis 81
Al6 56 IRQ4 130 SAS 88 Vis 86
Al7 57 IRQS 131 SAG 89 Vix 91
AlS 58 IRO6 132 SA7 o0 Vs 96
Al9 59 RQ? 133 SAS 92 Vis 101
A20 60 RQY 134 SA9 93 Vi 108
A21 61 RQ10 135 SA10 94 Vi 122
A22 62 TRQ11 1356 SAl1l 95 Vis 123
A3 63 IRQ12 137 SA12 97 XAD 38
BUSCLK 3s RQ13 138 SA13 98 XAl 39
CX1 74 IRQ14 139 SA14 99 XDIR 26
cx2 75 IRQIS 140 SA1S 100 XD0 121
-DACKO 17 -LPAR 29 SA16 102 XD1 120
-DACKI 15 -MALE 70 SA17 104 XD2 119
-DACK2 15 -MASTER 69 _SA18 105 XD3 118
-DACK3 14 -MEMR 6 SA19 106 X4 117
-DACKS i1 -MEMW 5 SPKR 107 XD5 116
-DACKS6 12 -MSE(AEN) %7 TC 2 XDé 115
-DACK7 13 NMI 76 TESTISS 124 XD7 114
DREQO 21 osC .80 Ve 1 -8042CS 25
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34 Pin Diégram

I )
Figure 3-1.  82C356 Peripheral Controlier Pin Diagram
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356 Physical Characteristics

41 Absolute Maximum Ratings

Symbol Min. Max. Units

Supply Voltage Vee 7.0 vV
Input Voltage Vi -5 55 v
Outpizt Voltage Vo -5 535 v
Operating Temperstore Top 25 85 C
Storage Temperature Tng 40 125 [

Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability, Exceeding the absolute maximum ratings can cause
permanent damage to the device.

4.2 Operating Conditions

Symbol Min. Max. Units

Sopply Voltage Voo 4.75 5.25 v
Ambient Temperature Ta 70 C
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I 356 DC/AC Characieristics

chio

-

5
~

DC/AC Characteristics

W @

5.1 DC Characteristics

Symbol Min. Max. Units

Input Jow voltage VIL :
TTL Jevel (All pins except BUSCLK snd CX1) 8 v
BUSCLK and CX1 03 038 v
Input high voltage VI
TTL Ievel (AN pins except BUSCLK and CX1) 2.0
BUSCLK and CX1 vCC 0.8 +0.3
Output low voltage L vOL 45
Output high voltage
All pins except IOCHRDY VOH 24
JOCHRDY hat open drain driver n/a

Input LOW current @ Vo= Vs L 410

except IR 1, IR3-7, IR9-15, DREQO-3, DREQS-7,

JA0CHCK ] .

IR}, IR3-7, IR9-15, DREQC-3, DREQS-7, -IOCHCK =1

Input HIGH current @ Vo = Vdd
All except PWRGD

. FWRGD 3

Output current low IOL

All pins except SAQ-19 -IOR, -TIOW, IOCHRDY, TC, 4

MEMR, -MEMW, MSE (AEN) . -

SA0-19, -IOR, -IOW, IOCHRDY, TC, -MEMR,, 24

-MEMW, MSE (AEN)

IOCHRDY 8

Output current high I0H

All pins except SAC-19, -JOR, -IOW, IOCHRDY, T2, 4

-MEMR, -MEMW, MSE (AEN)

§A019. <IOR, -IOW, JOCHRDY, TC, -MEMR, -33

-MEMW, MSE (AEN)

3-State output OFF corrent LOW JOZL +10

3-Suste output OFF current HIGH I0ZH +10

Power supply current @8 Miz JICC 60

Input capacitance CIN 10

Output or 1/O capacitance . - oUT 10

Stand-by Iec 10_

< l=

+10
200
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52 AC Characteristics

AN Himing naramatere are ecnacifiad inder camacitive lnad af S0 of and
Fgpttl lﬂ-lll..l.lls PGI“IIIVMD AL arkulw AL WALLRAWALL ¥ AASLRRL WAk af VA ERREWE
temperature of 70 degree C. These timing tables cover both 25MXHz and
33MHz; ali units are in nanosaconds, unless otherwise specified. Also, the AC

specifications mentioned in this document are subject to change.

|
Table 5-1. CPUAT Cycle
CPU AT Cycle
Min. Mex.
1601 A<23:0> setoo 1o -MALE inactive 15 _
602 A<23:0> hold from -MALE inactive 10
1503 SA<19:D> valid from -ATEN active 0 50 )
1505 SA<19:0> float from -ATEN insctive 0 25
1508  -B043CS active from -MALE inactive 0 60
161l -BM2CS nactive from -MALE inactive 4] 32 B
I
Table 5-2.  Master Cycle
Master Cycle
Min. Max.
1615 A<23:2> valid from SA valid 6 35
1516 XA«<1{> valid from SA walid 5 30
1618 -8042CS active from SA valid 10 &
#21  XA<]O» invalid from -MASTER inactive 6 19 o
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]
Table 5-3. DMA Cycle

Max

1625  BUSCLK period (1X)
16254 _ BUSCLK period (2X)
26  BUSCIX high tme (IX)
$626A _ BUSCLK high time (2X)
627 _ BUSCLK low time (1X)
__1627A _ BUSCLK low time (2X)
1628 DREQn setup to BUSCLK low

B2 HRO BUSCLK 70

629  HRQ deiay from BUSCLK low

oig(al8 BRI F

630 HLDA setup to BUSCLK high 40
w31 __ -AENS/16 valid from BUSCLX low 95 .
1532 -AENS/16 invalid from BUSCLK 75
1633 AEN active from HLDA1 active s 38
1651 AEN jnactive from HLDAI low 5 50
134 Address valid from BUSCLK high 100
1635 Address hold from BUSCLK high S0 _
1636 -DACKn valid from BUSCLK low 100
%637 Command enable delay from BUSCLK high __ 80
1638  Command active delay from BUSCLK high 100
1639 Write cmnd inactive delay from BUSCLK high 70
1640 Address hold from JJOW inactive 70
1641 Address hold from -MEMR inactive 5 )
1642 _Command flost delay from BUSCLK high 75
®B43 _ -JOR inactive deley from BUSCLK high 115
1644  TC delay from BUSCLK 50
549  JOCHRDY setp to BUSCLK low 25 .
1550  JOCHRDY hold from BUSCLK low 15
]
Table 5-4,  Internal Register Access
intornal Register Access
Min. Msax

1655 Command active pediod 150

__ 56 XD<7:0> active from -JOR active s 35
1657 _ XD<T:0> valid from -IOR active 140

658 _ XiD<7:0o> hold from -JOR innctive 3
1659  XD<7:0> semp to -10OW inactive 130
16650 XD<7-0> hold from -TOW inactive 20
w61 Address setup to command active 25

0

]

&
20

16562 Address hold from command inactive -

1563 . IOCHRDY sctive delay from command
1664 _ JOCHRDY insctive delry from BUSCLK high
9665 WM valid delay from -TOW insctive

518
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]
Table 5-5.

Table 5-6.

|
Tabla 5-7.

External Real Time Clock Access

External Real Time Clock Acoess

i Min. Max
1566 RTCAS active delay from -IOW active 5 40
667 RTCAS inactive delay from -JOW inactive s 40
672 RTCDS active delsy from -IOR active 5 28
673 RTCDS inactive delay from -JOR inactive 5§ 28
INTA Sequence
INTA Sequence
Min. Max
1682 IRCOn puise width {low) 100
585 XD<T:0> vatid from -INTA active 120
636 XD<7:> hotd from -INTA inactive g
Miscellaneous Signals
Miscellaneous Signals
Min. Max
1598 -PSRSTE mactive delay from Vec Sos
699  -PSRSTB active pulse width Sus
5100  VRT bit valid delay (intml) 2us
16105 XDIR high from -INTA active 3 a0
16106 XDIR high from -JOR active 3 30
15107  XDIR Jow from -INTA inactive 3 30
5108 XDIR low from -JOR inactive 3 30
15110 SA valid from -REF active 13 50
15111 SA hold from -REF inactive 4] 25
16112 AEN active from -REF active 40
6113  AEN inactive from -REF inactive 40
w121 -LPAR pulse width 15
6122 -JOCHCK pulse width 15
16123 PCUNMIIN pulse width 15
15130  INTCLR active delay from -IOW active 30
16134  TOCHRDY pulse width 96SCLY
16135  INTCLR inactive delay from -JOW inactive 25
15138 INTCLR active delay from RESETY active 20
#6139 INTCLR inactive delay from RESET4 inactive 20
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356 Timing Diagrams

Figure 6-1.

82C356 Miscellaneous Signals

B 356 Timing Diagrams
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B 356 Timing Diagrams

|
Figure 6-2.  Power-ON Timing
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I
Figure 6-4.  82C356 External RTC Timing

M 356 Timing Diagrams
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M 356 Timing Diagrams

I
Figure 85 82356 Internal Regisier Access
A<23:2>

 S— o
we T\ [
-ATEN \ /

4 ] -
XD<7:0> J/////////////I vag )
-IoW | li = 7(

-3 1560
XD<7:0> ‘*k‘ ‘s;ALD *’
ICCHRDY t ]

\LE"‘”

662

wox [\ N\
. . %55

NMI {

Note EnabledifXD7=1.
Disabled if XD7=0.

212 PRELIMINARY CHIPS and Technologies, nc.




M 356 Timing Diagrams

I
Figure 66. 82C356 DMA Cycle
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B 356 Timing Diagrams

I
Figure 6-7. 82C356 Master Cycle
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Figure 68. 82C356 Address Buffer Timing for CPU AT Cycles
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B 356 Physlical Dimensions

Section 7

356 Physical Dimensions

7.1 82C356 Peripheral Controller

Figure 7-1.  144-Pin Plastic Flat Package
AARRRRARVERERRRRRRRRRARRAARARGROREA ™ - T # Lead Length
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324 (1.276)

Footprint

Legend

Note l

Note 2

CHIPS and Technolgies, inc.

minimum in inches (minimum in milimeters) -
maximum in inches (maximum in milimeters)

Package Body Size =26 +0.2 (1.024 £0.008) (Package Vendor = Toshiba)
Package Body Size = 28 +0.2 (1.102 +0.008) (All Other Package Vendors)

Lead Length = 1.20 0.2 (0.047 20.008) (Package Vendor = Toshiba)
Lead Length = 0.65 £0.3 (0.026 20.012) (Package Vendor = Seiko)
Lead Length = 0.80 +0.2 (0.031 20.008) (All Other Package Vendors)
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M 356 Physical Dimensions
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