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Section 1 

Introduction 

1.1 Features 

• Supports 25 and 33 MHz 386DX cache based systems 

• 100% lBMPC/ATcompitible 

• SUllomts 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 CPUICaehe/DRAM/bus controllec 

• Enhanced pecfonnance of the 386DX and memory syStem due to 
simultaneous activation of cache and DRAM accesses by the integrated 
controllec 
o :zero wait state non-pipelined read hit access 
o B offered write through DRAM update scheme to minimi7.e write cycle 

penalty 

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

o Supports4 blocks (of variable size from4KB to4MB) of main 
memory as programmabie non-cacheabie address space 

• Utilizes tightly coupled 386DX interface 

• 80387 and Weitek 3167 coprocessor interface logic 

• Suppats up to 128Am ofloeal memu.rj through flexible meiTtOii 
architecture 
o Programmable wait SlateS and RAS precbarge time for each block 

{2 pair of banks) 

c Suppcr..s 25u;qa,, l:t..fb, and 4Mb DP_.A_Y...s in CC.."Jigu.ratior..s of L1P to 4 
blocks (8 banks) 

o Supports staggeced RAS during refresh 
o Supports hidden refresh 

• Supports shadowing of BIOS fil>R.OMs 

• SuWorts dual 8-bit or single 16-bit EPROMs 

• Features integrated high speed cache tag comparator 

• Provides built in hardware for direct iag RAM testing 

• 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 
82C35 l supports simultaneous activation of cache and DRAM accesses; thereby 
minimizing the cache miss penalty. It has hardware support to allow the uscc to 
designate up to four blocks (of variable size from 4KB to4MB) of main 
memory as non-<:acheable 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 
ina 160pinPFPpackage. 

1.3 82C355 Data Buffer 
The 82C355 bus controller contains the data buffers used IO 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 PFP package. 

1.4 82C356 Peripheral Controller 
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<l9:0> ). It also contains an equivalent 82C206 integrated peripheral 
controller that incorporates: 

• Two 8237 DMA controllers 

• Two 8259 intemJpt controllers 

• One 8254 timer/counter 

• One MCI46818 real time clock 

The 82C356 is available in a 144 pin PFP package. 
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Figure 1-1. PEAK!DM SystemBlockDiagram 
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Section2 

Manual Conventions 

2.1 What You Need to Know . 
We ass-wue you ooderstand basic compUtei concepts, ope.t.--ations, eoauponents, 
and tenninology. We also assume you oodecstand the architecture, structure, 
and operation of an IBM PC/AT; as well as how the various componen1S relate 
to one another to effect overall operation. We further assume you have an 
u..riderst.andi.'lg of the vaTious memory types a..Tld opemtio11..s~ 

Based on these assumptions, the explanations presented in this manual therefore 
assume you have a worldng knowledge of component parts and their operation 
outside our CHIPSeL With the explanation of our CHIPSet, you can, with your 
tmderstaiiding of the oilier components, utilize our CHIPS et to eru ... &S.iice L'".e 
overall performance and excellence of the product 

If you are unfamiliar with these concepts, please consult the appropriate 
documentation to enhance your understanding of the explanations presented in 
this lllllllual. 

2.2 About This Manual 
Here's what you'll find in this lllllllual: 

Volume I: PEAK/OM Overview 

• Section 1: Inzroduction provides basic information about the PEAK/OM. 

• Section 2: Manual Conventions gives an overview of this manual. 

Volume II: 82C351 CPU/C&che/DRAM Controller 

• S~li!Jn l; 351 FU!!Cliond Description idenlifieS the func!ionliig of the 
82C351. 

• Section 2: 351 Configuration Registers details the internal registers within 
the Pealr/DM chipset. 

~ Section 3: 351 Pin Descriptions provides tables de&zibii1g each pi.i and its 
function. 

• Seclitm 4: 351 Physical Characteristics reports the range of absolute 
maximum ratings, operating conditions, and capacitive characteristics. 

• Section 5: 351 DC/AC Characteristics identifies the DC and AC 
Characteristics associated with the 82C351. 

• Secdon 6: 351 Timing Diagrams details the timings of the 82C351. 
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• Section 7: 351 Physical Dimensions identifies the dimensions of the 
82C351 PFPpackage. 

Volume Ill: 82C355 Data Buffer 

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

• Section 2: 355 Pill Descriptions provides tables describing each pin and its 
function. 

• Section 3: 355 Physical Characteristics n:ports the range of absolute 
maximum ratings, operating conditions, and capacitive characleristics. 

• Section 4: 355 DC/AC Characteristics identifies the DC and AC 
Characteristics associated with the 82C3SS. • 

• Section 5: 355 Timing Diagrams details the timings of the 82C35S. 

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

Volume IV: 82C356 Peripheral Controller 

• Section I: 356 Functional Description provides an in-depth functional 
description of the 82C356 chip. 

• Section 2: 356 ConfigwationRegisters delails the internal registers within 
the Peak/DM chipset. 

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

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

• Section 5: 356 DC/AC Characteristics identifies the DC and AC 
Characteristics associa!ed with the 82C356. 

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

• Section 7: 356 Physical Dimensions identifies thedimensicnsoflhe 
82C356 PFP package. 

2.3 Typographical Conventions 
The following conventions are used throughout this manual: 
• REGnH identifies the internal register of index n in hexadecimal noration. 

• REGnH o::y> indicates the bit field from bit x to bit y with index II in 
hexadecimal DOlation. · 

• (xxx) signifies the default value after powca- oo Reset; wbeie 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 fer example; Section 7 :i 
ClocklnpUJ Timing is found in Volume IV: 82C356 Peripheral Controller. 
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The following terms are used throughout this document 

• MB= megabyte 

• Mb=megabit 

• KB "' kilobyte 

• Kb=kilobit 

• MHz= megahertz 

• ns = nanoseconds 
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Section 1 

351 Functional Description 

1.1 Features 

The 82C351 interfaces direcdy 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 IO minimize cache 
miss penalties. The 82C351 provides registers for controlling various system 
functions such as DRAM and SRAM timing, system coofigumtion, 
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 suppon for 
high-speed cache memory that is used ro hold the most recendy accessed code 
and data. With the use of a cache memory subsystem, the 386 DX is capable of 
performing memory bus cycles without additional wait 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 lhe slower main memory are buffered. so the CPU can start the next 
cycle before the write cycle is completed. The cache memory has a 
direct-mapped organi7.8tion. 

The 82C35 I provides clock circuitry to supply both lhe high-speed CPU clock, 
and the relatively low speed AT bus clock. Since the CPU can operate at clock 
rates of ovec four times the AT bus clock, the 82C351 is capable of producing 
an AT bus clock that is a division of the CPU clock, oc an AT bus clock derived 
from an independent clock source. 

The 82C351 is also designed with independent programmable controls foc the 
AT bus command timing and wait state generation for memory and J/O accesses. 
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1.2 Functional Subsystem 
The 82C351 CPU/Cache/DRAM Controller consists of the following functional 
subsystems as illustrated in Figure 1-1. 

• Reset and shutdown logic 

• AT and CPU clock selection logic 

• Action code generation, buffer control logic, and data convCISion logic 

• Control Logic for: 
o CPU 
o DRAM (local) memory and SRAM (cache) memory 
o ATbusaccesses 
o Bus arbitration 
o OWS or 1 WS buffered write cycles 

• Memory control logic for: 

o DRAM accesses 
o Cache memory accesses 
o Refresh cycles 
o EPROM Accesses 
o Shadow RAM support 

• Index registers for system control 

• FastRESET 

•- FastGATEA20 

Reset and Shutdown Logic 
The 82C351 has two reset inputs, -RESET! and -RESET2; and two reset 
outputs, RESET3 and RESET4. -RESET! is used ro indicate a request for 
power-On reset, and is usually connected to the POWERGOOD signal from the 
power supply. -RESET! is also used to reset the keyboard controller; and when 
active, the 82C351 issues RESETI and RESET4 for a system reset. Both 
RESET3 and RESET4 arc synchronized with CPUCLKIN and meet the setup 
and hold time requirements for the 386DX. 

-RESET2 is generated by Ille keyboanl controller in response to an instruction 
from the system and is used to switch the CPU from protected mode to real 
mode. -RESET2 activates only RESETI which is used to reset the CPU. 
RESET3 is also aclivaled by the 82C351 when a shutdown condition is 
detected. After. a shutdown condition is detected, RESET3 is asserted and is 
held high for at least 64 CPUCLKIN cycles and lhen deasserted. An active 
RESET3, resulting from a shutdown, is synchroni2ed with respect to 
CPUCLKIN to ensure proper CPU operation. 

The methods descn'bed above for resetting the processor in order to return ro 
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 keyboanl 
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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 I transition of bit 0 in pert 92H, or bit 5 in 
index registel' 60H. if port 92H is used, bit 6 in index 2BH must be set to cnabie 
the port RESET3 is asserted for at least 64 CPUCLKIN cycles during either a 
power-On reset, a fast reset, er a keyboard controller reset 

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

1.3 Clock Logic 
The 82C351 bas a flexible clock selection system as shown in Figure 1-2. This 
system generates cloclcs 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 running at twice the 386DX rated frequency. 
ATCLKIN, if present, is usually 16MHz, to provide an 8MHz AT bus clock. 
The output of the AT bus clock selector is BUSCLK. BUSCLK is equal to one 
half the internal BCLK. BCLK can be a divisor (2, 3, 4, or 5) of CLK2IN or 
equal to ATCLKil-~. As showu in Table 1-1,. index Reg 07H ca.., be 
programmed to select the desired clock for BCLK. 

Table 1·1. Cf'C! fl!ldATClockSekcJion 

Table 1·2. 

Reg SH cO> Reg 7Hc2:0> BCLK CPUCLK 
0 000 CLK21N/S CLK2IN 

OOi 
0 010 CLK2IN/3 CLK2IN 
0 011 CLK21N/2 CLK2IN 
0 100 ATCLKIN 

100 ATCLKIN ATCLKIN 

Table 1-1 lis!S all possible cloclcs modes. Note that A TCLKIN should be a 
lower frequency than CLK2IN. Table 1-2 is a listing of the different 
combinations available with PEAK/OM that yield a compatible AT clock 
frequency. Some add-in cards may not function properly if the AT Bus clock is 
greater than 8MHz. 

BUSCU Frequenc~s 

CLK21N Divisor BCLK BUSCLK 
SOM!lz 3 !6.66MHz 8.33MHz 
30MHz .. i2.:50M-Hz 6.23MHz 
66Mllz 4 16.SOMHz 8.2SMHz 
66Mllz s 13.20MHz 6.60MHz 
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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 
cin::uiL CPUCLK is software selectable between CLK2IN and BCLK. Index 
Register 08H, bit 0, selects the CPUCLK source. Nonnally, 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 used 
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 switching. no phase of CPUCLK is less than the 
minimum or greater than the maximum value specified for lhe 386DX. The 
default settings for CPUCLK and BCLK are CLK2IN and CLK2IN/5, • 
respectively. 

1.4 Action Code Generation and Data Conversion 
Logic 

The AT bus control logic perfonns data conversions for CPU accesses to 
devices that are not on either the local CPU or memory bus. The data bus 
conversions are perfonned 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 82C3SS. Byte 
addresses XA<O: l> are generated for CPU AT bus cycles to drive the lower two 
bits of the AT address bus. 

The 82C3Sl uses-MCS!6, -IOCS!6, and -BE<0:3> to detenninethe.size of the 
data being transfened between the CPU and the AT bus. -MCS16 indicates 
16-bit memory accesses are required while -IOCS16 indicates 16-bit IJO 
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 lhe data conversions, a 4-bit action code AC<0:3>, is 
generated to control the buffers in the 82C3SS for the alignment of data palhs 
and to control the direction between the D and MD data buses. The defmitions 
for the action codes are given in the functional description of the 82C3SS. For 
data accesses to and from lhe SD bus, SDIRO controls the buffer direction for 
SD<0:7> and SD!Rl controls the buffei: direction for SD<:S:lS>. 

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

The 82C3S 1 contains logic to control all accesses initiated by the CPU, 
DMAJMaster, or refresh request logic to the DRAMs (local memory), SRAMs 
(cache memory), or the AT bus. 
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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 
ttansfers between the CPU and the system memory where no bus conversions 
are required Thus, the-BS16 input of the 386DX is not used in PEAK/OM 
based systems and should be pulled high. 

The AT bus logic is responslble 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/OM, it is not necessary for the CPUCLK and BUSCLK to share 
the same clock. The CPU and local memory logic can be driven by 
CPUCLKIN, while the AT bus can run off BO.K. This allows the CPU to 
operate at much higher frequencies, while the AT bus operates at an 
AT-compatible 8 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/OM also has the capability of 
deriving the AT bus clock from CLK2IN. CLK2IN can be divided by 2, 3, 4, or 
5 to yield BCLK (see section 1 .3 Clock Logic for more infonnation.) 

1.6 CPU Control Logic 
The interl"ace 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/-10, W/-R, and D/-C to detennine the CPU's cycle type and its starting point 
This logic generates -MALE to indicate the start of a new CPU cycle. 

A local memory access is distinguished from a non-local access by the assertion 
of -AF.32. -AF32 is generated by either the 82C351 for local cycles, or the 
Weitek coprocessor for Weitek coprocessor cycles. -AF32 is also an input to 
the 82C351 to indicate that a local 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. 

Rgure 14. -MALE and -AF32 Genera/ion/or Local Bus Cycles (2 WS Cycle) 

T2 T2 T2 T1 T2 T2 

: 
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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 cycle and does not allow the AT bus conrrol logic 
to begin. The local memory conrrol Iogic generates the corresponding DRAM 
control signals. It can be programmed to insert wait states in units of two 
CPUCLKJN 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 local 
memory control logic generateS -READY to tenninate the local cycle. If -AF32 
is asserted externally, then neither a local or AT cycle will occur. The device 
that generated -AF32 must generate -READY to end the cycle. 

AT Bus Control 
The AT bus control logic is invoked whenever-AF32 is not active at the start of 
the cycle. This logic is driven by BCLK, which is two times the frequency of 
t.l}e AT syst~ clOt'..k, BUSM-1(. The R2C35! perfom1s the necessary 
synchronization of the control and status signals between the AT bus and the 
processor. The 82C351 supports 8, 16, or 32-bit ttansfers between the processoc 
and the 8 or 16-bit memory or 1/0 devices located on the AT bus. 

A.i"'l AT bus cycle is L. .. ...itiated by asserting -~.,fALE ti"aat is ct.err,ded from the CPTJ 
status signals and is tenninated by asserting -READY. During memory cycles, 
on the falling edge of BALE, -MCS 16 is sampled to detennine the bus size 
required. During 1/0 cycles, -IOCS 16 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 1/0 cycles remain active IBllil 
the programmed number of wait states are executed. At this point, IOCHRDY 
is sampled. If IOCHRDY is active, the command signals become inactive 
during the next BUSCLK cycle. If IOCHRDY is not active, the command 
signals are extended for an additional cycle and IOCHRDY is sampled again. 
This process continues indefinitely until IOCHRDY becomes active. Figure 1-4 
shows the AT bus timing. 

Figure 1-4. AT Bus Timing - One Wait State 

...... 
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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 programme.d 
to insert wait states in units of BUSCLK and to deiay the generation of -IOR, 
-IOW, -MEMR, -ME.MW commands in one half units of BUSCLK (BCLK) 
within the selecte.d wait states. AT bus wait states can be conttolle.d 
independently for 8 and 16-bit accesses and the command delays for 8-bit 
u.emor;, 16-.bit meururj oc I/O c-;cles. The comrr,and cycle is tennir.ated by 
detecting -OWS or IOCHRDY active. A command delay is one BCLK delay 
between the end of BALE and the start of a command. Command delays reduce 
the IOlal time a command is active. Wait states are additional BUSCLK cycles 
added to the !ime a command is active. A command active for 0 wait states with 
0 command delays would be I BUSCLK long. In addition, extra addre1s hold 
time can be adde.d for AT adapter cards that may need it to operate reliably. 
This feature, when enabled, delays lhe next cycle from starting by one T stale. 

This leaves the address for the current cycle valid for an extended period of time. 

Bus Arbitration 
The 82C3Sl controls bus activity and provides arbitration between the CPU, 
DMA, bus master devices, and DRAM refresh logic. The 82C3Sl arbitrates 
between HRQI, HRQ2, and REFREQ in a non-preemptive manner by 
generating a HOLD request to the CPU. The CPU relinquishes the bus by 
issuing HLDA. The 82C3Sl responds by issuing HLDAI, HLDA2, or -REF 
depending on which device prevailed during arbitration. During an AT Siyle 
refresh cycle, lhe 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 lhe MA<O: 1 O> bus by the refresh address counter. In an 
AT ""CCmpatib!e design d!Lri ... 11g a DM.I\ Cycle, the DM-A .. CO!'.!troller has control of 
the bus 1D1til HRQI becomes inactive. Figure 1-S shows the timing for bus 
arbitration. 

Figure 1-5. Bus Arbitration (REFRESH) 

I 
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The rising edge ofREFREQ sct.s an internal flag in the 82C351. A HOLD 
request 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 82C351 then begiriS the AT style na'Tesh 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 states. HOLD to the CPU 
returns !O imtc!ive state and !he CPU regaip_s control of the bus. 

Figure 1-6 shows a DMA cycle arbitration. If a DMA device requests control of 
the bus, it activates HRQl a HRQ2. The 82C3Sl receives HRQl or HRQ2 and 
issues HLDAl or HLDA2 and relinquishes the bus. Once the DMA device is 
- ... 1,...-..,.,_ ........ -; ... rr U'Dl'\1 ,,.,,.. U1'f'\') th.,. 2">(""':2C:1 A,..-:1~Prto 'UT nA t nrRT T\A') 
UV lVU~...._ ~l.Ll.16 L".Ll'Oo."".L VJ..&~""''°'' ......... ~~JJ.a. ~~ ..._~ .. ,..., v.o. ..,,,,_...,,....., 

and returns control to the CPU. 

Flgun 1-6. DMA Cycle 

HOLD 

1.7 Bus Timeout Logic 
An optional Ready timeout is available in the 82C3Sl. 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 82C3Sl AT bus control 
logic will generate -F~A ny itself if the option is enabled~ 

1.8 Memory Control Logic 
The 82C35J pt>vides all the logic JleC=1)' to interface to both local and cache 
memories. It utili7.es a direct-mapped cache organization of up to 256KB and 
conventional DRAM accesses up to 128MB. It also contains the necessary logic 
for refreshes, DMA cycles, accessing the EPROMs, and Shadow RAM. 

Tiie 82C'3Sl provides the control iogic for generating-RAS<ii:7>, -CAS<0:3>, 
MA«l:lll> and -DWE to control DRAM accesses. It also provides BWBUSY, 
IDBDIR, and -LDBEN signals to control the direction of the data flow between 
the D and MD buses through the 82C3S5. Figure 1-7 (shown in the section 
ht1 .. A D.l'r.rJ. r"'"I.\ iMntifi.a.eo t'h.o Meoi,.. tirn;nn- f'nr a n"P AU nn-Tt,. art"...eot! 
~~·1-~JI ~oJIJ -J ... -J _._. ............. WIV ......UV ~U.Ulb AU6 M _ ................ rt"AI-~· 
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The 82C351 supports 256KB, lMB, and 4MB DRAMs 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 staleS (for a DRAM cycle), the minimum RAS 
pre-charge time, the duration of a refresh RAS pulse, and the starting address 
wilhin a block. Each block can have a different combination of these options. 
For example, block 0 can have 256K DRAMs running with S wait states while 
block 1 has IMB DRAMS running with 4 wait States. The minimum amount of 
local memory is lMB if 256Kb memory devices are used (If lMb DRAMs are 
installed, the minimum amount oflocal memory is 4MB and if 4Mb DRAMs 
are employed, 16MB). Since the starting address is for an entire block, all 
DRAM used in a block should be of the same size so the memory will be 
contiguous. All DRAM access and refresh control signals are presented by the 
82C3Sl with programmable configurations for256Kxl, 256Kx4, lMxl, 1Mx4, 
4Mxl, and 4Mx4 devices. Parity generation and checking is implemented in 
conjunction with the 82C3SS data buffec. Index 28 bit 7 in the 82C351 
determines if parity is enabled (-PEN is low) or disabled (-PEN is high). If 
-PEN to the 82C355 is low and a parity error is detected, -LP AR is driven active 
to the 82C3Sl. The address of the memory location where the parity error 
occured is latched into index Reg 28H<0:2> and Reg 29H<0:7>. 

The 82C351 controls the DRAM memory accesses from four sources: CPU, 
DMA request, refresh request or a mastec. These accesses are mbitrated based 
on the inputs HLDAl, HLDA2 and-REF and are handled by their own control 
logic. The refresh logic is in control whenever-REF is active. When HLDAl 
.QI" HLDA2 is active, the DMA logic is in control. In all other cases, the CPU 
control logic 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 to 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. Tue DRAM access begins by strobing in a valid 
row address with -RAS, while -CAS remains high. The addresses on the 
MA<O:lO> bus are then changed from row addresses to column addresses and 
strobed in 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 DRAMs to 
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 tecminated when both 
-RAS and .CAS are returned to a high State. The 82C351 then genecates 
-READY to lem!inate the current CPU cycle. -DWE should be buffered and 
connected to each DRAM write enable inpuL 

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 assected at the end of the first T2 state. .CAS is asserted in the middle of the 
third T2 state. With Early RAS mode, -RAS is asserted in the middle of the first 
T2 state. .CAS is assected 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 IO 
deliver the cache address sooner. Therefore, slower DRAM could be used, but 
faster Tag SRAMs would be needed. Also, since -RAS is asserted earlier, 
additional time between cycles may be added by the internal logic IO meet the 
minimum -RAS precharge time of the DRAM. 

DMA accesses are initiated by asserting HI.DAI. The signal combinations 
-MEMR and -IOW or -MEMW and -IOR, determine if the DMA cycle is a 
memory read or write access IO or from an 1/0 device. Byte accesses IO the 
local memory are controlled by !be 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, lite 82C351 generates the 
byte enable coded -CAS lines based on the XAO, XAl, and SBHE signals. The 
DMA control logic makes one memory access per DMA bus cycle and does not 
attempt IO pack or unpack data transfers to make full 32-bit transfers. 

First Megabyte of Memory 
The initial memory default is for OK of local memory. Index register 2AH bit 0, 
when set to a 1, enables the fll'St 512K of local memory. If memory is IO be 
located from this point to the end of the first megabyte, !hen bit 1 of index 
register 08H should be set to a 1 which allows index registers OCH lhrough OFH 
to control !his address space. Registers OCH through OFH detennine whether 
the memory located between OBOOOOH and OFFFFFH is located on and 
controlled by lite system board, or on the l/O channel. Each bit of the registers 
controls a 16KB address space. In addition, there is a register !hat controls 
whelher lite accesses to four 64KB areas will be to ROM or to RAM between 
OCOOOOH and OFFFFFH. 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 IO select if the RAM is readable and writeable or read only. Bits 
<3:0> detennine if ROM is enabled in any of these four locations. 

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

• IMB DRAM on the system board 

• System ROM BIOS 

• OOA/VGA video board installed in l/O channel wilh BIOS and RAM 
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The registers would be set as follows: 

Register Description Bits c7:0> 

08H Initiil ManOiY X X X X X X 1 X 
09H LowB~dpace I 0 0 I 0 0 0 0 

OCH Mcm Enable Map 0 0 0 0 0 0 0 0 
80000H-9FFFFH 

ODH M= Enable Map ! ! ! ! ! ! ! ! 
AOOOOH-BFFFFH 

OEH Mem Enable Map 0 0 0 0 0 0 0 0 
COOOOH • DFFFFH 

OFll Mom Enable Map 0 0 0 O 0 0 0 0 
EOOOOH • FFFFFH 

2AH Mem&iableMap XX XX XX X i 
OOOOOH • 7FFFFH 

Function 

All ROM disabled, read ooly RAM at 
COOOOH -CFFFFH and FOOOOH -FF!'FFH 
RAM• SOOOOH • 9FFFFH en bcmd 

RAM• C0000H -DFFFFH cn bcmd 

RAM at EOOOOH • FFFFFH on bcmd 

&abieiow SiZKB iocal memory 

This example is intended IO show how the registers c:onttolling the memory 
enable map and Low boot space are used. Other registers are used IO select the 
DP~ .. f tirrJ.11g 3.."td cor..figur.Jion and are explained i.'1Section2: 351 
ConfigurationRegisters. Also, a specific sequence mlist be used in order IO 
move a BIOS IO RAM; this is explained in the section titled Shadow RAM. 

Cache Access 
The 82C3Sl 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 IO control the cache memory. For a detailed description of the cache 
organization, structure and usage refer IO Section 1.10 Cache Concepts. 

Refresh Cycle 
The 82C3S 1 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 IO the CPU. The CPU relinquishes the 
bus by issuing HLDA. The 82C351 responds by issuing -REF and starts the 
refresh cycle. -RAS ooly refresh is performed by strobing a row address while 
-CAS remains high. The independent RAS pulses (-RAS<0:7>), are staggered 
in order IO reduce noise caused by driving them all active simul!aneously. 

With Hidden refresh, DRAMs are refreshed without the 82C3Sl implementing 
the HOLD and HLDA sequence. With Hidden refresh, the CPU is allowed to 
access the cache memory for a read bit dwing a refresh cycle. Ha local 
memory, AT or DMA cycle is initiated while a hidden refresh cycle is 
occmring, 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 
normally start, that cycle is allowed to finish and the refresh happens afterwards. 
Figure 1 • i shows the hidden refresh timing. 
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Figure 1·7. Hidden Refresh 
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1.9 EPROM Control Logic 
The 82C351 provides control logic to generate -ROMCS for ROM accesses. 
Tne AT bus control logic generates -READY for this eyeie.. -ROM CS can be 
enabled for any of the 64KB sections starting at OCOOOOH, ODOOOOH, OEOOOOH, 
and OFOOOOH with index register 09H bits 3 to 0, respectively. Index register 
2CH bits 3 to 0 control -ROMCS for the 64KB sections starting at OFCOOOOH, 
OFDOOOOR OFEOOOOH. and OFRlOOOH. -ROMCS is connected to anv ROMs ---------.---------·-------------- - ----- -- -- -- -- - -
localed 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 a ROM access occurs in one of the 
above address spaces, and -ROM CS is enabled for that area, the 82C351 asserts 
-ROMCS. The 82C356 uses XDIR to direct ROM data from the XD bus to the 
SD bus. 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 to that section. Accesses to 
Ibis RAM would be handled by the local memory 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 successive byte ll'anSfers are 
initiated to complete the 32-bit read. 

Flgun 1.a. Single EPROM ConnectionE:mmple 

I~ 
:: 

Qli 7 
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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. Jn this case, 
logic should be added to drive -MCS16 low to lhe 82C351 whenever -ROMCS 
is asserted. in order for lhe 82C351 to perfonn two 16-bitaccesses 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 SI><8:15> bus via a buffer that is enabled by-ROMCS. 

Figure 1·9. Dual EPROM Connection Example 

A1 •1 ,, .. ... .. 
::: t: 
M .. ., .. .. . 
• "' 

Shadow RAM 
In order to enhance system perfonnance, it is preferable to execute BIOS code 
from RAM rather than from slower EPROMs. 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 lhe BIOS EPROM. 
Software should transfer code stored in lhe BIOS EPROMs to lhe system RAM 
before enabling lhe Shadow RAM feature. This feature significantly improves 
the perfonnance in applications that use BIOS calls extensively. The Shadow 
RAM fea!!!re is invoked by C!!abling certain bi!S in !he 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 llJilling on the shadow RAM for Video BIOS ROM is as 
follows: 

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

2. Disable the local memory DRAM at OCOOOOH to OCFFFFH using register 
0EH<4-7>. . -

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

4. Baable the corresponding local memory at OCOOOOH to OCFFFFH by using 
register0Eli<4-7>. 

5. Write the data from the temporary register into the memory. Since the 
memory located at OC:OOOOH to OCFFFFH is now enabled lhe memory write 
cycle will be directed to the local system memory instead of the video 
memory. 
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6. Go back to step 2 until the entire BIOS is ttansfened from ROM into RAM. 

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

The sequence for lllming 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 corresponding 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 gene:ate -ROMCS, data is written to RAM. 

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

OS/2 Optimization 
The PEAK/DM architecture features OS/2 optimization using fast RESET and 
fast GA1EA20. OS/2 makes frequent DOS calls while operating in 80386 
prolected mode. In order to service these DOS calls efficiently, the CPU needs 
to sw:itc.h from protected to real mode. For a PC/AT architecture, the keyboard 
conlrollec is used to reset the CPU (switch to real mode) and to activate 
GA 1EA20. Since this is a slow process, the 82C351 contains a register at J/O 
port 92H used to generate a fast CPU reset, and a fast GATEA20. IfGA1EA20 
is low (0 in port 92H), the address line A20 is forced to O; otherwise address line 
A20 is passed through. Port 92 is accessed directly instead of using the indexed 
register method. The port can be enabled or disabled by writing a 1 or 0, 
respectively, to index Reg 2B bit 6. 

Coprocessor Handling 
The 82C351 identifies a 387DX cycle by decoding A31 and M/-IO. A one wait 
state -READY is generated for all 387DX cycles. The 82C351 can be 
_,,.... ___ _,. + ....... ;+"'-• -ruf .. ,,..,..,.,... ...._,,..t ... ,.. t-n t'ha AT ..... ro ,_. nnt tn "'"',.,....,,.,. 
p1vy.aa1uu~ w TW-ll.l"""J. """"'"" -.rp1~1. "3"'- w ... _ ~,,. u~...,.. •IV., UJ 6....,. • ..., .. .,...., 

-READY at all. 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 logic to assen -READY. The option for 
generating -READY for a 387DX cycle is present in index Reg 2BH <5:4>. 
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 
be contained in a single programable logic device and contains !Ill of !he logic 
necessary to interface the 387DX and Weitek 3167 with the exception of the 
following, which are performed on other chips: 

• Port FO decode 

• 387DXREADYlogic 

Performed in the 82C356 

Performed in the 82C3Sl 

• WT3167 READY 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 PLD 

• Provides the 387DX -BUSY signal, which consists of the 387DX -BUSY, 
"latched Busy", and "Toggle busy" 

• Provides IRQ13 from both the 387DX cin:uitand the WT3167 

~ Provides ihe 386DX -ERROR signal w indicaie whetha the 387DX is 
present at each 386DX reset 

• Provides the PEREQ signal IO the 386DX 

• AulO-detection of the 387DX and WT3167; no jumpers required 

• Allows the 387DX and WT3167 IO be installed at the same time 

• Reduces the number of pull-up and pull-down resistors required by gating 
signals off inside the PLD if the respective coprocessor is not presenL 

-387ERROR and-WTPRES are used by the PLD to determine which 
coprocessor is present, and should have IOK pull-up resistors attached. PEREQ, 
-387BUSY, and WTIN1R do not need resistors, since these inputs are ignored 
when the respective coprocessor is not presenL 

Outputs 
386PEREQ - If the 387DX is not present, the PEREQ signal is always low. 
Tr.is preven~ the need for a pull down resist.or. If t.'1e 387 DX is pr-~t, 
386PEREQ is the OR of the 387DX PEREQ and a signal which goes active 

·'following a 387DX emir, afier 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 occurs, 
387IRQ13 goes active until cleared by the interrupt service routine. -BUSY will 
go high several clock cycles after the intemJpt goes high. 

387PRE$ENT -Thi• signal is !!se4 at v!!rioos places wi!!tin !be PLO. A 
387DX drives -ERROR low when it is RESET, and keeps it low until it is 
initialized. If the 387DX is not there, a pull-up keeps 387ERROR high. The 
PLD term 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 buteon 
push) is active (high), the latch is transparenL The output pin is inverted from 
the input, so a I indicates the 387DX is presenL 

-386ERROR-The 386DX samples the -ERROR pin sometime between 
coming out of RESET and the first-ADS to deiermine whether a 387DX is 
presenL If it is low, the 387DX is assumed presenL If it is high, either a 80287 
O£ no coprocessor is presenL The 386DX uses this information to determine 
whether to use a 16 or 32-bit data 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 must be high during coprocessor operation since 
the AT <0mpat1ble scheme uses and reports enors differendy. 
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The 386DX must be informed of lhe 387DX presence EVERY time it is reset, 
including times when Ibis is done to take it out of protected mode. Note lhat lhe 
387DX is NOT reset dilling these resets, and will not drive -ERROR low. 

The cin:uit drives -386ERROR high at all times except lhe time from RESET3 
(386DX reset) going active until lhe next -ADS. During Ibis time the inverted 
state of 387PRESENT is driven (low if lhe 387DX is present, high otherwise). 
An RS type latch is used inside lhe PlD for Ibis ID occur. 

·BLOCKBUSY -This signal is used intemally. It is low from the beginning 
of RESET3 until -ADS goes low for lhe first time. It is used ID block busy 
dilling lhat time, to prevent the 386DX from performing a self test when coming 
out of potected mode via RESET3. • 

·386BUSY - This signal is always high if a 387DX is not present, It fs also 
forced high by lhe -BLOCKBUSY signal to prevent unwanted self tests (which 
would reduce perfonnance when lhe 386DX is reset to exit protected mode. If 
the 387DX is present, the signal is lhe OR of: 

o The387DXBUSY-signal 

o The "Toggle BUSY" function 
o The ''Latched BUSY" signal (actually 387IRQ13) 
o "TOGGLE BUS\"' toggles the busy si~1ial periodically when the 

387DX is not present This prevents system hangs wilh certain 
software packages lhat search for lhe presence of lhe coprocessor in 
"non-Intel suggested" ways. 

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

3871RQ13 - This signal is lhe output of a flip-flop whose input is 387BUSY 
(mve:rted-387BUSY) and whose clock is -387ERROR. The flip-flop is cleared 
when RESET4 is active or lNTCLR is high (which occurs during l/O writes to 
port OFO). The output is held low if 387PRESENT is inactive. 

IRQ13-This pin is the OR oflhe 387DX intelillJlland lhe WI'3167 interrupt. 
The WI'3167busy isblockedoffiflhe WI'3167 isnotpresenL The387DX 
interrupt will not occur if the 387DX is not present (it is gated off in the 
3871RQ13 term oflhis PLD). 
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Tabla 1·3. 

Following is a pinout of the PLO and the logic equations necessary to provide 
the above features for this example: 

PW Pinouts and Logic Equalions 

Input• OUtputa 

Pin 1 = 3S7PER~ Pin 19-386PEREQ 

Pin2-387-BUSY Pin 1S=IRQI3 

Pin 3 = -387ERROR Pin 17 = 3S7PRESENT 

Pin4--ADS Pin 16 = -386ERROR 

Pin S - INTCLR Pin 15 =FLOP · · 

Pin6=RPSET4 Pin 14=387IRQI3 

Pin 7 = RPSET3 Pin 13 = -BLOCKBUSY 

Pin 8 =-REFRESH Pin 12= -386BUSY 

Pin 9 = -W'JPRES 
Pin 11 = Wl'INTR ·- --~-·-

Logic Equations 

386PEREQ 1387BUSY • 3S7IRQ13 • 3S7PRESENT 

+ 3~1.t'EREO == 387?'"'~Er<t'Tz 

387PRPSENT !(13S7ERROR • RESET4 

+ !RESET4 • 1387PRESENT 

+ 1387ERROR • !3S7PRPSENTl: 

386ERROR RESET3 • 3S7PRESENT 

+ 387PRPSENT • !ADS • 386ERROR; 

BLOCKBUSY RESET3 + !ADS • BLOCKBSY; 

386BUSY 387BUSY • IBLOCKBUSY • 
387PRPSENT 

+ REFRESH 0 IBLOCKBUSY • 
!3S7PP~ENT 

+ 387IRQ13 • !BLOCKBUSY; 

FLOP !(1387BUSY • 1387ERROR 

+ 387ERROR • !FLOP 

+ 1387BUSY • !FLOP 

+ INTCLR 
+ RESET4).i 

387IRQl3 l(IFLOP • 387ERROR 

+ 1387ERROR • 1387IRQl3 

+ 1387IRQI3 •!FLOP 

+ IhlCIR 

+ RESET4 

+ 1387PRPSENTl: 

IRQ13 387IRQ13 + Wl'INTR • WIPRPS; 

Note The"!" charactec denotes lhe signal in its inactive state (i.e. !ADS would 
indicate -ADS high since -ADS was active low in lhe input 1isL The "•" 
character indicates logical AND, while the "+" charactec 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 temJinate iL When the Weitek 
WT3167 is present and is addressed, itgenerares-AF32and -READY. ·ine 
WT3167 memOiy address range is COOOOOOOH to ClFFFFFFH. 

1.1 O Cache Concepts 
Cache memOiy optimizes processcr performance and enhances bus bandwidth. 
Cache is fast memOiy where recently used code and data is stored. A cache 
system reduces the average memOiy access time beca11Se it bolds !he most often 
requested code and data. Tne effectiveness of the cache is derennined by iis 
size, physical ocganization, 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 allows t.lie syst.em to operate at t.'1e spP1"d of static memories wPlie 
maintaining the economic advantages of slower main memOiy storage. 

cache Size 
The cache size is one of the most important parameters in tenns of both cost and 
perfonnance trade-offs. Cache miss rates reduce asymptotically with the size of 
the cache. Foc example, if the cache size is 32KB, then 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 laiger, 
then increasing the cache size likely reduces cache misses. 

Cache Organization 
The basic characteristic of a cache is the fast access time. Therefore, very little 
or no time must be wasted when sean:bing foc words in the cache. For 
maximum efficiency, the cache is sub-divided into many smaller blocks of 
st...,.np_ge Nllle-0. line.s. 

Each line has an address associated with it, that must be stored and compared 
against the address of the memOiy requeSL Addresses are kept as entries (one 
per line) in a directory that establishes the correspondence between the data in 
t.~ cache and t.1le pa.~cu!ar !rasaeinme..'1t of l?'.ai'l memory that is :represented. 

If the size of the lines are as small as possi"ble, then the cache directory becomes 
iaige 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 
the diteCWfy by a fa.cu of two because two items (sub--lines) in the same line 
share the same directory entry. The transformation of data from main memory 
to cache is referred to as the mapping process. Having a large number of 
directory entries provides a smaller granularity to the address space. This results 
b1 ttigJ\P:T perfO!"!T'..a.'l!ce t1t~'l 1~rge.r li..T!e !C:i7e.s. Since extetri::.1 tag rlircctories can 
use 8K by 8 and 16K by 4 SRAMs, it is relatively inexpensive to implement a 
large directory. Single chip cache conlrollers 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 a-der address presented by the processor (determined by 
the depth of the tag dhutory) is used as an index to seiect one oi lite entries in 
the tag directory. The higher processor address bits (starting after the lower 
order addresses and extending upward to a point determined by the width of the 
tag) are compared with the contents of the lag directory entry to determine if it 
is a hit or a miss. 

Figure 1-10 shows the implemenlation of a direct-mapped cache. In this 
example, the 64K direct-map implementation bas tag entries 10-bits wide. To 
construct this cache, 64KB of cache memory, 16K X 10-bits wide of cache 
direclary, and one 10-bit comparator are required. When the process6r presents 
the address fa- the next instruction, address lines A2 tbru AlS are used as an 
index to select one entry from the cache directory. The value conlained in the 
tag directory is compared with A 16 lhru A25. If there is a match, then the data 

is fetched from ihe cache_. if a miss is detected, then ihe dam is obtained from 
main memory. 

Figure MO. Direct Mapped Cache Architecture (64KB) 
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Cache Updating 
The cache maintains a copy of lhe most recently used code a data from main 
.......... .-..... -r"S.. ... II~• .. ;.,. tha ....,.,..'h ... ~J..,.,..,1,1 i- •M'"hrat tn th'"' m!:l;n mJ111:mnrv WhPn .1uv.1..1.1v11 • .1.uv """'"~ ~"" ~ ........ -..ouw.aou. ............ _. •• _ _.. - -·- ,,_ • .... _. ... _.J. . . -·--
the cache memory is modified, lhe data in lhe main memory has to be updated 

as well. 

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

By using the posted (or buffered; write-through scheme, me write 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 lhe 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 a read 
miss cycle, lhe processor has to wait for lhe completion of the previous cycle. 
The posted write through is by far lhe 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 lhe 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. 

Figure 1-11. BufferedWriteA/gorithm 
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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 e<nespOllding cache contents are said to maintain coherency. Many 
schemes are used to maintain cache coherency, the easiest being to invalidate 
(as in the Intel 82385) or flush the cache dwing 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 coherency is by ensuring all accesses to the main memory go 
ihrough the cache con1I0lier. Tnis method is used in the 82C35i. 

1.11 Cache Functional Overview 
The ftmctional overview outlines the cache architecture of the 82C3SL The 
82C351 perfonns as an integrated CPU/Cache/DRAM memory controller in a 
386DX based system. The 82C351 Cache Controller portion is designed to be 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 returned to the CPU, without wait states. If the data is 
not pi""'~t in t. ... ie cache memor; (n1iss), the..-i it is retrie-ved fror.11 the sluwer 
main memory with wait states. 

During 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 cycle or a read miss cycle is periormed, 
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 hit 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 2S6MB of address 
space, the 82C351 has a 128MB limit). lbe 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 IimiL If for instance the cache directory is 16KB deep, the cache can 
be 16K double words Oi 64KB in size. This cache would use ihe address bits 
A2 to AIS. lfthe cache directory is 10 bits wide, then the largest cacheable 
memory will be specified by address bits A2 to AlS plus Al6 to A2S (the 10 
cache directory bits). This would allow 64MB of main memory IO 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 control logic. 

Tag RAM Testing 
Two internal registers are used to ICad and write the tag data. The lower 8-bits 
of !he tag are accessed through index 23H, while the upper two bits are accessed 
through index register 24H. A memory write to the test window causes !he data 
in the register to be written to the external tag SRAM. A memory ICad from the 
test window causes !he tag data from !he SRAM to be latched in the register, 
which may later be read by !he CPU. Consecutive rag locations are read by 
accessing every 41h location in the test window. regardless of whether words or 
bytes are read. 

Initializing the Tag 
To initia1ize the tag. the cache must be turned on, but READ HITs disabled. 
This forces all accesses to be misses. The tags and SRAMs are still written to 
for cacheable areas, just as if !he 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 of256KB of (128KB, 64KB, or32KB depending on 
the cache siz.e) consecutive cacheable memory locations. Once this is done, the 
cache READ HITs may be enabled and the cache becomes operable. The block 
used to initialize the tag must not be made non-cacheable aftelward. 

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 !he 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 64KB cache, A15 is not included in the 
decode; for 128KB cache, Al6 is not used 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 !he 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 monitDrs all 30 bits, it supports a maximwn of 128MB of 
physical memory (AO tbru A26). 
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64K 

128K 
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A26 A25 

Tag9 

TagO Tag9 

TogO Tag9 
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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, l, and 9 change as different chache sizes 
are selected. 

Tag Assignments 

CPU Address Bits 

"24 A23 A22 A21 A20 Atll A18 A17 A18 Ats 

Tag8 Tag7 Tag6 TagS Tag4 Tag3 Tog2 Tagl TagO Tag9 

Tog8 Tag7 Tog6 TogS Tag4 Tog3 Tag2 Togl TogO 

• Tog8 Tog7 Tog6 TogS Tog4 Tog3 Tag2 Tog! 

Tog8 Tog7 Tog6 Tag5 Tag4 Tog3 Tog2 

Table 1-5 shows which Tag bits from the 82C35 I should be connected to the 
Tag SRAM for each combination of cache size and Tag width. Any unused 
82C351 Tag pins should be pulled up with a !OK resistor to Vee. 

Table 1-5. Physical Tag RAM Co1111t!ctions 

32KBCache 

8-bit 
9-bit 
10-bll 

64KBCache 

8-bit 
9-bit 
10-bit 

12BKBCache 

8-bit 
9-bit 
JO-bit 

256KBCacha 

8-bit 
9-bit 
10-bll 

82C351 Tag Bits 
to Connect 

().§, 9 
().7 9 

all 

0.7 
().8 

all 

1-8 
1-9 
all 

2-9 
0 2-9 

all 

1.12 Cache Operation 
This section illustrates the different cache cycles: 

Read hit cycle 

Read miss cycle 

Write hil/miss cycle 

DMAcycle 

PRELIMINARY 

Data available in the cache 

Data is not available in the cache 

Both main and cache memory are updaled 

Cache updaled for write hit cycles only 
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Read Hit Operation 
When a physical address is presented to the 82C35 l, it uses the line index field 
(A2 Ihm AlS fora64KB cache) toselectalinefrom !he cache directory which 
is stored in the TAG RAM. The TAG stcxed 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 returned -READY. Once !he processor 
rec:ogniz.es ready assertion it completes the read cycle of the address location in 
cache memory. 

Read Miss Operation 
Wilen a cache read miss occurs (the requested dam is not in the cache memCK)') 
the main me.may (DRAM) pro\l:ides !he data to the CPU, and the cacbeRAM 
simultaneously. The data pro\l:ided to the cache memory at that address location 
is updated to the new value of the data, and at the same time, the address 
provided by Llie rPU is writLen intO the TAG R_A_M ID indicate that thi_s addres.-s 
location is now valid for cache accesses. 

Write Hit Operation 
When the CPU initiates a write cycle, a DRAM cycle also started immediately; 
independent of cache bit or miss resu!L If a cache bit 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 simultaneously. Therefore, SRAM and 
DRAM write cycle are initiated at the same time. sRAM cycles are much iaster 
than DRAM cycles and additional wait states are required to complete the 
DRAM cycles. Instead of having the CPU wait for the completion of lhe 
DRAM cycle, a register between CPU and the main memory temporarily bolds 

If a cache miss occurs in a write cycle, no cache write operation occurs; only 
data in the main memory is updated. 

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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Figure 1-12. Back to Back Writes Early RAS, Four Wait States 
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1.13 OMA 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 rout.es 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 wrires the data into the DRAM and SRAM to 
maintain coherency. 

Non-Cacheable Regions 
The 82C351 provides non-cacheable registers REG30 thru REG39 to allow the 
system designer to set aside up to 4 blocks of variable size of main memory as 
non-cacheable. This non-<:acheable area is required by the system as some 
memory areas should not be cached. Some cache conll'Ollers 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 to4MB in size. 

1.14 Index Registers 
Since there are a great number of configuration and diagnostics registers in the 
PEAK/DM CHIPSet, an indexing scheme is ased to reduce the number of l/O 
addresses required to configure the system. The system conll'OI logic generates 
-XDEN to access the configuration and diagnostics registers. -XDEN is issued 
for I/O accesses at 22H, 23H, and 92H. For the 82C351, it directs the XD<:0:7> 
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 used to read or write information to 
the selected internal register. The index and data registers for the PEAKJDM 
are accessed as follows: 

1. Write the address of the index register to be accessed to pcxt 22H. 

2. To read the value of the index register read J/O port 23. 

3. To write data to the index register write to J/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 to 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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Section 2 

351 Configuration Registers 

2.1 Index Registers 
Index Registers accesses are through l/O pons 22 and 23. This port~ active 
only if index 2B bit 6 is a 1. 

Note Piease note that vaiues identified in parentheses ()signify the defaiut vaiue. 
Setting values to other than the specified designation may cause system 
malfunction. 

Index 04H Revision Registers (READ ONLY) 

Index Bits Values and Functions 

04 7-4 (0000): Undefined 

3-0 Revision I..e:vel 

Index 05H AT Bus Command Delays (READ/WRITE) 

Index Bits Values and Functions 
. OSH 7:6 (00): Reserved 

00 : 0 BCLK delay 
01 : I BCLK delay 
10 : 2 BCLK delay 
II: 3 BCI.Kdela 

3:2 ATbu.1 8 bit mcmoty comm.and del&y 
00 : o BCLK delay 
01 : I BCI.K delay 
10 : 2 BCLK delay 
11 : 3 BCI.K delay 

1 :0 AT bus i!O c:Ommand cie.lay 
00 : 0 BCLK delay 
Ot: I BCI.Kdelay 
10 : 2 BCI.K delay 
11 : 3 BCLK delay 
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Index 06H AT Bus Wait States (READfWRJTE) 

Index Bits 

06H 7:6 

5:4 

3:2 

1 

0 

Values and Functions 

(00): RcsCIVcd 
16-bil AT bis wail.states 

00: 3 BUSCLK wait states 

01 : 2 BUSCLK wlit states 

10 : 1 BUSCLK wait ltatcs 

11 : 0 BUSCLK wlit ...,., 

8-bit ATb.is wait states 

00: S BUSCLK w•t states 

01 : 4 BUSO,.K. wait 1tate1 

10: 3 BUSCLK wait states 

11 : 2. BUSCLK wait states 

AT bus add'"'' h<id time. (This f..nuc is woe! ;rm AT ca:d 
rcquiJu extra add:rcs:s time for reliable opcrati.cn. Wb::n mablcd, 
the next cycle is delayed by enc T state which leaves the address 
valid for this extra time.) 

0 : Disable cxtrt address hold time OD AT bus 

1 : Enable extra address hold time on AT bus 

Resetved 

Index 07H AT Clock Source Select (READfWRITE) 

Index Bits 

07ll 7:3 
2:0 

Values and Functions 

(00000): Reserved 

Bus dock Soorce Sclcct(BCLK). Theac!ml BUSCLK-is 
half cl lhc BCLK source select 

000 : CLK2INJS 
001 : CLK21N/4 

010: CLK21N/3 

OU:CLK21NIZ 
lOO:ATCLK 

Index DBH Initial Memory CPU Speed (READfWRITE) 

Index Bits 

OSH 7:3 
2 

1 

0 

PRELIMINARY 

Values and Functions 

(()()()()()): ReSCIVed 

(0): Doei i'M. 1er.e;&te -A..~2 for :ddn:::e: ~ 16MB. 
Should ooly be used if cncmal logic am~ llddrcsscs 
abovc16MB. 

1 : Gcnerales -AF32 for addn:sscs obove 16MB. Ulllcu iW 
phylical memory is installed for that address range, no memory 
cycle starts and no -READY is given to the CPU. 
Initial memory 

(0) : Only S12K mcmOl)' euablcd. Registcn OCOF me ignored. 
Register 2A can also effect the boaorn 512K. 
1 : Registers OCOF can enable the memory above 512K. 
C'UCLK (C'U Oocl:) select 

(01: S.lccu CLK2IN 

1 : Selects AT cootrol l!?!ic clock @g,19 
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Index 09H Low Boot Space RAM/ROM {READ/WRITE) 

Bits 7 IO 4 write protect RAM located in the BIOS area in 64KB blocks. Bits 3 
10 0 enable the substitution of the BIOS ROM located below IMB with RAM at 
the same location in 64KB blocks. This should be done after BIOS code is 
ccpied from the ROM and the RAM locations have been proleCled using bits 7 
to 4. Make sure registers OC-OF are enabled if RAM accesses are required. 

Index Bits Values and Functions 

09H 7 64KB RAM at 768K COOOO.cFFFFH (VIDEO) 
(0) : 64KB of RAM at 768K is read/write 

I :64KB ofRAM at768Kis ,..d only 

6 64KB RAM at 832K 00000-DFFFFH • 
(0): 64KB ofRAM at 832K is read/write 

I : 64KB of RAM 1t 832K is ,..d only 

s 64KB RAM at 896K ElJOOO,EFfFFH 
(0) : 64KB of RAM at 896K is read/wrile 

I : 64KB of RAM at 896K is ... d only 

4 64KB RAM at 960K RlOOO·FFFFFH (SYSTEM) 
(0) : 64KB of RAM at 960K is rcad/wrile 

I : 64KB of RAM at 960K is !<ad only 

64KB ROM at 768K COOOO.cFFFFll (VIDEO) 
(0) : 64KB of ROM at 768K is disabled 
I : 64KB of ROM at 768K is enabled 

2 . 64KB ROM 1t 832K 00000-DFFFFH 
(OJ: 64KB of ROM at 832Kis disabled 
I : 64KB of ROM at 832K is enabled 

I 64KB ROM at 896K E(J()()().EFFFFH 
(0): 64KB of ROM at 896K is disabled 
1 : 64KB of ROM at 896K is enabled 

0 64KB ROM at 960K RlOOO·FFFFFH (SYSTEM) 
{0): 64KB ofRO}.-i :: 960K i: dis:bled 
I : 64KB of ROM at 960K is enabled 

Index OCH Memory Enable Map 08()()()()4)9FFFFH {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 

Index Sita Values and Functions 

OCH 7:0 Enable bits for eight 16K blocks of memory. 
0: Address is on 

(!) : Address is on the VO c!wme!; 16K block disabled. 

Index ODH Memory Enable Map OA()()()O-OBFFFFH (READ/WRITE) 

Index Bits 

ODH 7:0 

PRELIMINARY 

Values and Functions 

Enable bits for eight 16Kblocbofmemorv. 

0 : Address is oo or c:onlr<>lled by the system b!>otd: 16K block 
enabled. 
(I): Add,.ss is on the VO channel; 16K block disabled. 
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Index OEH Memnry enable Map OCOOOO-ODFFFFH (READ/WRITE) 

Index Bits 

OEH 7:0 

V•luH and Functions 

E.nablebits forcight 16Kblocb: of memory. 

0: Address is an or controlled by lhe l)'llCll1 bout!: 16K blocl: 
enabled. 

(I) : Addres•;, m lhe I/O channel: 16K block diubled. 

Index DFH Memnry enable Map OEOOOO.()FFFFFH (READ/WRITE) 

Index Bits 

OF.d 

V•lues and Functlona 

Enable bits for eight 16K blocb of mrmu•j· 
0 : Address is an or CX10troiled by lhe l)'llCll1 boonl: 16K blocl: 
enabled. 

(I) : Address;, m lhe I/O channel; 16K block di11bled. 

Index 10H Block 0 Type and Starting Address (READ/WRITE) 

!ndex11H 

Index 

!OH 

Bits Values and Functions 

7:6 DRAM type in Banks 0/1 
00: Bank0/1 disabled 
(01): 256Kx! oc256Kx4 DRAMs 
10: !Mxl or 1Mx4 DRAMs 
11 :4Mxl or4Mx4DRAMs 

S:O (000000): Starting addren for Block 0 <A26:A2l>. 

256Kwage A<26:21>(2MB pcrpairoCbanks) 
IM wage A<26:23>(8MBpcrJ?!irofbanks) 
4M usage A<26:25>(32MBpcrpairofbanks) 

Block 0 R.!--~ ti111.i..zg (RE.A.DfWP_T['E) 

Index Bits Values and Functions 

llH 7:6 DRAM wait states 

00: 3 wait st.ates 

01: .C. wait states 

(10) : S wait mt.es 

11 : Reserved 
s (0) : Reserved - write O 

00: 4 CPUCLKIN cycles 
01 : 6 CPUCLKIN cycles 
10: I CPUCLKIN cycles 
(II): SCPUCLKIN cycles 

2:1 -RAS<O:l> Rcfn:sh pu!Jc width 

00: 4CPUCLKIN cycica 
01 : S CPUCLKIN cycles 
JO: 6 CPUCLKIN cycles 
(11) : 7 CPUCLKIN cycles 
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lnd9ll 12H Block I Type and Starting Address (READfWRTTE) 

Index 

1211 

Bits Values and Functions 

7:6 DRAM type in Bmks 2!3 
00 : Bank 213 disabled 
(01) :256KJtl or256KJt4DRAMs 
10: lMxl or !Mx4 DRAMs 

11 :4Mxlor4MJ4DRAMs 
5:0 (000000): Starting addron for Block 1 

256K usage A<26:21>{2MB perpoirofbanl:s) 
IM usage A<26:23>(8MBper,,.Uofbanl:s) 
4M masc A<26:2S>(32MBperpairdbank.} 

Index 13H Block I RAM Timing (READIWRITE) 

Index Bits Values and Functions 

13H 7:6 DRAM wait states 
00: 3 wait states 

01 : 4 wait states 

(10): Swait states 

11 ! Reserved 

S (0) : Reserved ·write 0 
4:3 -R.AS<2:3> prcchargc time 

00 : 4 CPUCLKIN cycles 

01 : 6 CPUCLKIN cycles 

10: 8 CPUCLKIN cycles 

(11) : 8 CPUCLKIN cycles 

2:1 -RAS<2:3>Ref..,,bpulsewidth 
00 : 4 CPUCLKIN cycles 

01 : 5 CPUCLKIN cycles 

10: 6CPUCLKIN cycles 
(11): 7 CPUCLKIN cycles 

0 (0) : Reserved ·write 0 

Index 14H Block 2 Type and Starting Address (READfWRfTE) 

Index 

14H 

Biia Values and Functions 

7:6 DRAM type in Banks 4/S 
00 : Bank 4/S disabled 
(01) : 256KJt 1 or 256KJt4 DRAMs 
10: lMxl or 1MJ4DRAMs 

11 : 4Mx I or 4M•4 DRAMs 
5:0 {0000): Starting address for Block 2 

256Kusage A<26:21> (2MB perpairofbanl:s) 
· lMusage A<26:23>(8MBperpairofbanl:sl 
4M usage A<26:25> (32MB per pair cC bank) 
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Index 15H Block 2 RAM Timing (READIWRITE) 

Index BHs Values and Functions 

!SH 7:6 DRAM WU. states 

00: 3 wait SW.CS 

01 : 4 wait states 

(10): 5 wait nates 

s COl : Reserved - write O 
4:3 -RAS<4:S> pr;clwge time 

00 : 4 CPUCLKIN cycles 
01 : 6CPUCLKIN o/clc. 
iO: S CPlJCLKIN' cycles 
(II): 8 CPUCLKIN cyc!cc 

2:1 -RAS<4:S> Refresh pul!c width 
00, 4 CPUCLKIN cycles 
01 : S CPUCLKIN cycles 
iO: 6\..=t'UCi.KIN cycles 
(Ill : 7 CPUCLKIN cycles 

0 (()) : Reserved - write 0 

Index 16H Block3 Type and Stnrting Address (REAI>!WRJTE) 

Index 

1611 

BHs Values and Functions 

7:6 DRAM type m Banks 6{7 

00 : Bank 6fl disabled 

(Oil: 256Kx\ or256Kx4 DRAMs 
10 : lMx 1 or 1Mx4 DRAMs 
11 :4Mxlor4Mx4DRAMs 

5:0 (000000): Starting ad.U.H for Block 3 

256Kucage A<26:21>(2M,BFpairofbanks) 

lM usage A<26:23>(8MBFpajrofbanks) 

4M usage A<26:25>(32MBFpairofbank) 

Index 17H B/ock3 RAM Timing (READfWRITE) 

Index Bits Values and Functions 

17H 7:6 DRAM wait states 

00 : 3 wait states 

01 : 4 wait state1 

(10) : Swait atates 

11 : Reserved 
(0) : Reserved - write O 

4:3 -RAS<6:7>p~rge time 

01 : 6 CPUCLKIN cvclcc , 
10 : 8 CPUCLKIN cyclea 
(11) : 8 CPUCLKIN cyclca 

2:1 -RAS<6:7> Rdcrsh pulse width 

00 : 4 CFJCLXIN cyclei 
01 : S CPUCLKIN cycles 
10: 6 CPUCLKIN cyclec 
(11) : 7 CPUCLKIN cyclcc 

0 (0) : Reserved - write O 
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Index 1BH Number qf Populaled Banks within a Block (READfWRITE) 

Index Bits Values and Functions 

18H 7:4 (0000): Reseived 

3 Block 3 (Bri 6ffi 

(0) : Bank 6 popi!>tcd coly 

1 : Binks 6 and Bank 7 popui!ied 
2 Bloclc 2 (Bank 415) 

(0) : Bank 4 popi!>tcd coly 

I : Banks 4 and Bank S populated 

I Block l (Bank 213) 

(0) : Bank 2 popi!Atcd atly 
I : Banks 2 and Bank 3 popi!Ated 

0 Bloclc 0 (Bri Oil) 
(0) : Bank 0 popi!>tcd coly 

I : Banks 0 and Bank I populated 

Index ZOH Cache Control (READfWRITE) 

Index Bits 

20H 7 

6 

s 

4 
3 

2:0 

PRELIMINARY 

Values and Functions 

Cache enable bit 
(0) : cache is disabled 

1 : cache is en1bled 

:i~Rgt~~ ~1-~ 1:1~~~:==~~;.;·~noUM~ 
the tag and data SRAM& are still updated for cacheable areas u if 
lhe cache is fully operating. Any bloclc of 256KB (or size of lhe 
cad:tc) consecuuvc Jcx::at:i.9111 are lhcn read. followed by setting 
this bit to 0. The 256KB b1oc:lc. used to initialize the zag must not 
be made non-acheablc afteriNard. 
(0) : No forced read miss cvcle Cnonnal operation). 
I : Forced read miss cycle cmbled. 

Freeze cache direa.ory 
(0) : Normal operatioo 

1 : Frcc:ze cache direclory. A cache read miu will nor. CIUle a i.g 
ltAM update and change of data in lhe cache data RAM. lnsu:ad 
a normal DRAM 1e11d operation will be pcriormcd. A cache 
write hit~ _update the cache data RAM. 
(O):Rcscrvcd 

Refresh type 1Clecti.on 
(0) : Hidden refresh 

! : AT St-•!e r=!r=:h 
(000): Reseived 
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Index 21H Cache Size (READfWRITE) 

Index 

21H 

Bits Values and Function• 

7:6 (00): Reserved 

(0): Rese:ved - write 0 

5:4 Cache size 
(00) : 32K bytes 

01 : 64K bytes 

10: 128Kbytcs 
11 : 2S6K bytes 

3 (O):Rescrved 
2:1 Addren Tag Widlll. Th ... bi1s define the DlllDbercCbits in m 

address taig. The tag RAM can be 8 IO 10 bits w.idc. 
(00) : 8 bit tag 

01 :9bi1U!! 
IO: !Obit tag 
11 : Reserved 

0 (0): Reserved ·write 0 

Index 22H Cache and Tag Test (READfWRITE) 

The Cache data and tag RAM can be iested using a teS1 window. The address of 
lhe test window is specified by bits <7:3> which corresponds to address lines 
Al9-Al5 (below lMB). When bit 0 is set to l the access to DRAM is cut off 
for the test window. Reads and wriies can then be performed on the data RAM 
alone-

Index Bits 

22H 

2 

I 

0 

Valuea and Functions 

Adchess A19-Al5 for !Cit 'll'indow (for64Kcache theadd=s 
AlS is not wed. 
Test window c:acheable. 'Ibe ten window can be made CIChcable 
and the rest of the memory non-c:achcable by setting: this bit. to 1. 
Set.tins this bit to 0 makes all the memory cadlcable. 
(0) : Disable !Cit 'll'indow 
1 : Enable test window 
Tas RAM test mode 
(0) : Disabled 

I :Enabled 
Cache data RAM test mode. 

(0) : Distbled 

I :Enabled 

Index 23H Tag <0:7>TestDataPortRegister (READIWRITE) 

Index Bits Valuea and Functions 

23H 7:0 When tagtcstmodeisenabled (bit 1ofrq22~ l)tbedatacan 
be written to tag RAM lhroogh Ibis regi:cter. Wri1cs to the ten 
window causes the value in this rcgisler to be ii wria.cn into the 
tag bits <l:O>. Reads fra:n the lest window causes the tag bib: 
<J:O> to be written into this register. 
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Index 24H Tag <8:9> Test Data Port Register (READ/WRITE) 

Index 

24H 

Bits 

7:2 

Values and Functions 

This register is similar to index register 23H. and ii med u a 
data port for lelting the tag window. Bits <9:8> are read or 
wriucn through this register. 

i:O Concspood iotag bits 9:8 

Index 26H Ready Timeout Control (READIWRITE) 

Index 

26H 

Bits 

7:3 

2 

Values and Functions 

This register controls the Ready Tzmcour. option. If any device 
accessed by the CPU does not respond wilh -READY wUhin 128 
clock cycles, the 82C3SI AT comrol logic will genome 
-READY itself. 

Reserved (Sec Vol ..... IV: 82C356P<rip/i<ral ConJrolhr, 
Stcticr:.2: 356 Ca~•wntfrmRt•is!trs' 
·READY T'uneout 
(0) : -READY Titncout disabled 
I : -READY T'uncout enabled 

I :0 (00): Reserved (S.. Vol .... IV: 82C356 Peripheral CCfllrolhr, 
Section 2: 356 Con(ig11ralion R~&isters) 

Index 2BH Parity E"or Status Register (READIWRII'E) 

Index Bits Values and Functions 

28H 7 Parity clteck enable 
(0): Parity check enabled (·PEN is low) 
I : Parity is disabled (-PEN is hi sh) 

6:3 
Error address biis A<26:24>. When a local parity enor occun the 
address A<26:24> arc latched into bits <2:0>. These bi.ts arc re1d 
Ohl • 

Index 29H Parity e"or Address Register (READ ONLY) 

When a local memory parity error occurs, A<23: 16> are latched into this 
register. 

Index Bits Values and Functions 

29 Parity error address A<23:16> 

Index 2AH Memory Enable Map 0--07FFFFH (READ/WRITE) 

Index Bits Values and Function• 

2AH (0000000): Re•crvcd 
0 S12K local memory enable 

(0): DisablcSl2Kcn IOCl!memory 
I : Enable S12K en loco! memory 
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lndBX 2BH Miscellaneous Control (READ!WRITE) 

Index Bits Values and Functions 

2BH 7 (0): Reserved 
6 Enable port 92H 

(0) : Disable port 92H 

I : Enlble port 92H 
5:4 Ready senenition fe><387 DX cycles 

(00) : 82C3Sl generates ready after l wait state 

01: 82ClS! rons ATcyc!efonllNPXcycles 
10 :82ClS! doesnotsenmtc ,..dyaull 
JI :Re=ved 

1 :WC.tekccprocesaorprescnt 
(0) : Wcitek coprocessor not present 

2:0 (QQOl: Reserved 

lndBX 2CH Middle Boot Space RAM/ROM Configuration (READ!WRITE) 

Index Bits Values and Functions 

2CH 7 Tvpc of 64KB RAM at OFCOOOOH 
(O) : 64KB of RAM at OFCOOOOH ;, R/W 
I :64KB ofRAM at OFOXXJOH Is ,...i atly 

6 'l'ypc of 64KB RAM at OFDOOOOH 
(0) : 64KB of RAM at OFDOOOOH is R/W 
1 : 64KB of RAM at OFDOOOOH is read only 

s Type of 64KB RAM at OFEOOOOH 
(0): 64KB of RAM atOFEOOOOH is R/W 
I : 64KB of RAM at OFEOOOOH is read ai!y 

4 Tvpc of 64KB RAM at OFFOOOOH 
(0) :64KB ofRAM atOFFOOOOH is R/W 

I : 64KB ofRAM at OFFOOOOH is,..<! atly 
3 Enable 64KB RAM at OFCOOOOH 

(0) : 64KB of ROM at OFCOOOOH is disabled 
I :64KBofROMatOFCOOOOHisenabled 

2 Enable 64KB RAM at OFDOOOOH 
(0): 64KB of ROM atOFDOOOOHisdiubled 
I : 64KB of ROM at OFDOOOOH is enabled 

I Enable 64KB RAM atOFEXJQOOH 
(0) : 64KB of ROM at OFEOOOOH is disabled 
I 64KB of ROM at OFEOOOOH is enabled 

0 Enable 64KB RAM ar: OFR)()(K)H 
0 : 64KB of ROM at OFFOOOOH is disabled 
(!): 64KB of ROM at OFFOOOOH is enabled 
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Index 2FH DRAM Timing Control (READfWRJTE) 

Index Bits 

2FH 7:4 

3 

2 

1 

0 

Values and Functions 

(0) : RcsCJVed 
-RAS mode for DRAM cycles. This caittcls lbc timing forlhc 
gcncIOtioo of -RAS (IJld -CAS). When early -RAS is scleaed, 
-RAS is uic:rted in the middle of the first T2 awc. -CAS is 
asserted at lbc end of !he ~d T2 state. When late -RAS is 
selected. ..RAS is asserted. a the end of the first T2 mie and 
..c.AS is uscrtcd in the middle of~ third Tl ctatc.. 

Ported wr:i1e wait states. Thil specifics the munber of wait It.Itel 
forpoctod Cl'U write cycles. Jf a PQ<tod write is ahoady in 
progress wsit states. arc added wttil the current cycle is finished. 

(1) :one wait state posted wrilcs 

Pootcd DRAM write enable 

0 : Enable J?O!ICd writes 
(I) : Disable po!ICd writes 
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 IO 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 IO be non-cached. Block 0 IO block 3 are the four 
non-cacbeable blocks. Each block has three registers which define the starting 
address and the amount of memory. For example, block 0 has register 30H, 
3 IH and 38IL The register 3 IH contains the 11011-cacheable size. The 
11011-cacheable size can vary from4K to4MB_ 

Index 30H Block 0 Non-Cacheable Address A23 toA16 (READ/WRITE) 

Index Bits Values and Functions 

30H 7:0 (()()()()('.M)OO): Block 0 Non-Cacheable address A23 to Al6 

Index 31H Block 0 Non-Cacheab/e Address A15 to Al2 and Size (READ/WRITE) 

Index Bits Values and Functions 

31H 7:4 (0000): Block ONon-Cachcablc addross AIS to AJ2 
3:0 Non-Cache.able Siz.e 

(0000) : Disabled 
0001 :4KB 

OOJO:&KB 
OOll: !6KB 

OJOI :64KB 
0110: !28KB 
Oil! :2S6KB 
1000 :SI2KB 
1001: l MB 
1010:2MB 
!Oil :4MB 

Index 32H Block 1 Non-Cacheable Address A23 to A16 (READ/WRITE) 

lndsx Bits Values and Function• 

32H 7:0 (00000000): Block I Non-Oochcablc addms A23 to A16 
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Index 33H Block I Non-Cacheable Address AIS to Al2 and Siu (READ!WRITE) 

index Bits Vaiues and Function& 

33H 7:4 (OOOO):Block 1 Non-Cachcable add.css AlS roA12 
3:0 Non-Cac:bcab1c Siu 

(0000) : Disabled 

0001 :4KB 
OOIO:BKB 
0011: !6KB 
0100:32KB 
0101 :64 KB 
0110: !28KB 
0111 :2S6KB 
IOOO:S12KB 
1001 :!MB 
1010:2MB 

1011 :4MB 

Index 34H Block 2 Non-Cacheable Address A23 to AJ6 (READ!WRITE) 

index Bits Vaiues and Functions 

34H 7:0 Bloc!< 2 NC11-Cach .. ble address A23 ro A 16 

Index 35H Block 2 Non-Cacheable Address AIS to Al2 and Size (READ!WRITE) 

Index Bits Values and Functions 

3SH 7:4 (000): Bloc!< 2 Non-Cachcable address AlS to A12 

3:0 Noo-Cacheable Siu 

(0000) : Disabled 

0001 :4KB 
OO!O:BKB 
0011: !6KB 
0100:32KB 
0101 :64KB 
0110: !28KB 
0111 :2S6KB 
1000:512KB 
!OO!:!MB 
!010:2MB 
1011 :4MB 

Index 36H Block 3 Non-Cacheable Address A23 io Al6 (READ!WRITE) 

Index Bits Values and Functions 

36!1 7:0 (00000000):Blod<3Noo-Cachcab!eadd=sA23ioA16 
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Index 37H Block 3 Non-Cacheable Address AlS to A12 and Size (READfWRITE) 

Ind ax Bits ValuDB and Functions 

37H 7:4 (0000): Block 3 Ncn.c.cbeab!e addtoss A\510 Al2 
3:0 Noo-Cachcable Size 

(0000) : Disabled 
0001 :4KB 
0010:8KB 
0011: !6KB 
0100:32KB 
0101 :64KB 
0110: !28KB 
0111 :256KB 
IOOO:S!2KB 
1001:1MB 
1010:2MB 
1011 :4MB 

Index 38H Non-cacheable Address A26 to A24 (READfWRJTE) 

Index Bits Values and Functions 

38H 7:6 (00): Reserved 

S:3 (000): Block 1 Non-Cacheable address AU to A24 

2:0 (000): Block 0 Non-Cacheable address AU to A24 

Index 39H Non-Cacheable Address A26 to A24 (READ/WRITE) 

Index Bits Values and Functions 

39H 7:6 (00): Reserved 

S:3 (000): Block 2 Non-Cacheable addmss AU to A24 
2:0 (00'.Jl: Block l Noo-Cacheable add"'u A26 to A24 

Index 60H Fast Reset Control Register 

Index 

60H 

Bits 

7:6 

s 

Values and Functions 

(00): Reaerved 
(0): Allemate CPU rcaet. A low to lll&h tnnlilion .ldivate1 a 
CPU r=t (RESET3). 

4:0 (00000): Reserved 
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2.2 110 Port Registers 

110 Pon 92H Fast GA1EA20 andRESEf Regiszer 

Bits Values and Functions 

92H 7-2 

0: Force CPUA21J low 
(I) : Enable CPUA21J 

0 Put CPU n:sct 

(0) : A Oto 1 mnrilion cmies a CPU reset 

Note This port is used by OS/2 and is disabled by writing a 0 to register 2BH bit 6. 
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Section 3 

351 Pin Descriptions 

3.1 Pin Assignments 

Tab/eS-1. Clocks 

Pin# Symbol Type Signal Description 

CLK2IN 125 

CPUCLK 124 

CPUCLKIN 123 

126 

ATCLICIN 82 

BUSCLK 79 

Tablll 3-2. Resets 

Input 

Output 
Input 

Input from CMOS oscillator. 

Output of pzyc:cssor clod< select logic. 12mA dri"" capability. 

Processor clod< inpuL This is wed by the CPU, cache, ond DRAM 
ccotrol logic (cvcrytbing that wcs CPUCLKJN except the clod< 
select Jog;c~ This is the same clock the CPU receives. If the intcmal 
clock select logic is used. this is coaneaed to the CPUCLK pin of 
this chip. If the internal clod< JC!cct lcsic is bypassed, this is 
comectcd lO 1he oacillator. or whatever is the CPU clock IOUICC • 

1hU requires a CMOS level clock. 
Output CPUCLKIN/2. High during phuc I, low during phue 2 (proper 

phase for the 486). The 351 arbiuarily telecls the phase of SCLK, 
and uses that phuc to gencntc RESET3 and RESET4, cu:. 4mA 
drive capabilitv. 

Input External occilluor input far the AT cloclc. Inpuuhould be twice the 
hoqueocy of the AT clod<. 

Output AT bus clod<. May be derived fmm CLK2IN or A TCLICIN sjgnlls. 
Fn:quez:oy bctw= 6 ll!d 8.33Mllz is recamnended. 4mA drive 

Pin# Symbol Type Slgnal Description 

-RESET! 

RESET3 

RESET4 

57 Input RESET! is an active low (scbmitt triggered) input which is generated 
by POWERGOOD for a oold ....._ I1 shcukl be wed to..- the 
kcybcord controller. When low, it ac:tivaIU RESET3 and RESET4. 
·RESET! is latched inr.mol!y. 

58 Input RESET2 is genorawl from 1he keyboard controller. I1 foroeu CPU 
reset by activating RESET3. 

2. 0ulp0l RESET3 is an ICtive high signal which ia used to..- the 386DX 
whene..r -RESET! or ·RESET2 is active. I1 ia also ICtivatcd during 
a CPU shuldowu cycle. RESE13 n:mainuolive rou11cut64 
a>UCLKIN cycles. 8mA drive capability. 

3 Output RESET4 is an active high signal used to=« the Inicpted 
Periphml Controller (!PC) ond the AT bus. 8mA drive capability. 

PRELIMINARY 51 



• 351 Pin Descrlpllons 

52 

Table 3-3. Arbitration 

Pin # Symbol Type Signal Description 

HOLD 137 Output HOLD roquest is m active bish c:urpuuo the 386DX HOLD pin. 
HOLD i& med to roquest 101he a>U to IC!inquisb lhe uscc£1bc bu 
toonothcr-(HRQl,llRQ2orREFREQ). olmAdrivc 

bili . 
HLDA llLDA ism octivc bish input from !he 386DX HLDA pin. When 141 Input 

high, HLDA indicaJCS that !he a>U bas rolinquished !he bu in 
rcspmac to an ac:livc high HOID si&nll. 

74 Input llRQI HOLD REQUEST I ism active high rianal ond is med to indicate 
!hat a DMAIMuter is ""!DCltin& the use oClhe bos. For an AT 
compatible an:hilecmn:,"llRQI should be camert"' to !he bold 
!!QUO!! !ignal llRO. from !he 82C356. 

~~ 

,.,,_ ___ 
•u ~ ..... HI.DAI HOLD ACla'-lO\\'LlIDGE I ii iii aaive high ooq:u iij;iiil to ihe 

82C355 and 82C356 and indicaJCS that lhe a>U bas IC!inquisbcd 
conrolc£!he syaem buseain n:spcx!SC to llRQI (OMA/MASTER). 
2mA drive capobi!ity. 

136 lnpit llRQ2 HOIDREQUEST2 is anactiYehigh signal that indicws a 
DMA/Muteri& !OqUClling thel)'1tem bases. This pin mUJtbe tied to 
ground ii not med. 

35 Output HLDA2 HOID ACKNOWLEDGE 2 is m aaive high ou-signa! to the 
82C35S and 82C356 that indicate• the a>U bu rclioquished oorurol 
or !he iystem bluet in 1C1pOOSCto llRQ2 (LOCAL MASTER). 2mA 
drivccapabilirv. 

73 lnpit -AENS AcJdicss enable for S-bit DMA ums:fcrs U. an active low inpd. lignal 
from cne rlthc two OMA CCl'ltrollcrs. Wbcnactive.-AENB.c:nablcs 
the address latches for Swbi.t DMA transfen. lt is inaaivc when an 
cncrnal bus muter is active. 

84 Input -AEN16 Adchcu aiablefor 16-bit DMA transfi:nis on active low inpu< tignal 
from aie oC !he two DMA controllen. When...;...., -AEN16 enables 
!he addrcu lacbes for 16-b.it DMA transfers:. his inactive when an 
enema! bus muter is active. 

-MASTER 64 lnpit MASTER i& m octive low input signal from m aaive device on !he 
I/O c:hanoel(ATexpantiai bos). Arte< -MASTER it forced low by 
an l/O device, !he I/O CPU mun wait for aie system clodi: period 
before driving iu addren and dara lines. -MASJ'ER mun not be held 
!ow !or more th!.'l !S microeeoocd: as this m:y rcrJ!t in m--noey- lo-.: 
doe to the bck cL a rd're1h eycle. 

.REl'REQ 62 Input RdretbRcquesti&anac:tivebiaJ>inpntignalgeneratedfnrnOUTI 
or !he 82C356 (by !he 8254 uumpatible timer-I in tide !he 82C356). 
When active. REFREQ initiates a DRAM refresh sequmcc. 

-REF 149 Jnpur/ REFRESH it a aaive low open drain adi=tional 1iamL Au inpot, 
Output .Rfill can be uted lOforce a tefresb cycle from. an I/Omuterdevi.cc. 

As an ooqu., -REF initiates a Jdmh cycle foclhe DRAM&. -REF 
""!uiret .. - pill-up or al leut 680 olm1. 18mA drive 

bili -
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Tabla 3-4. CPUConlTol 

Pin# Symboi 

-ADS 138 

W/-R 139 

D/-C 147 

Ml-IO 148 

-READY 152 

Tab/a3-5. AT Bus 

Pin# Symbol 

BALE 1S 

-MALE S4 

68 

6!I 

60 

61 

-!OR 71 

72 

-INTA 55 

Type 
Input 

Input/ 
Output 

Input 

Input 

lnpll/ 
Output 

Type 

Output 

Output 

• 351 Pin DescrlpHons 

ADDRESS STROBE is an active low inp.u from the 3860X -ADS 
pin. -ADS indicates valid bu cycle dcfinilion1 (ie. W/·R. D/-C, 
M/-IOmd-BE<ll:3> llld oddtcucs (A2roA31). A !OK pull-up 
resistor ii recommended on this pin. 
WRITE/READ 1Ut111 ii a bi-diredional lignalfrom lhe386DX W/-R 
pin. Al an input, during local memcxy or J/O cycles. W/-R indic0lo1 
a write bus cycle when hlgh and a IO&d bus cycle wben low. A !OK 
pull-up -ii '""""""°"ded on this pin. During the DMA cycle, 
W/-R is the umcu -MEMR.. 4mA drivecapabilitv. 
DAT A/CON1ROL 1WU1 ii an input from the 386DX D/-C pin. 
Di.C. indH:.aic5 a dm cycle when high ind a eommiiid ~cle w"heu 
low. A lOK. pull-up resistor is iecommcndc:d on 1hil pin, 

MEMORY/IQ 1Ut111iianinputfrom!he386DX. M/-10 indicates a 
memcxy cycle when hlgh md m J/O cycle when low. A !OK pull-up 
resistor is teQ001mcndod on this pin. 
READY ii generued to indicate to the C'U the md of the cycle. 
This li&nal ii generated for all C'U cycles except for cache hit 
cvclcs. 12mAdrivecapability. 

Signal Description 

BUFFERED ADDRESS LATCH ENABLE ii an acti\'O hlgh output 
to the AT expansion Bus. BALE indicO!ou valid addreu on the SA 
bus. ll ii used to hold the add..., during an AT bus cycle. 2mA 
drive bill . 
MEMORY ADDRESS LATCH ENABLE ii an acti"° low output 
lignaJ to the 82C356. -MALE allows the 82C3S6 to latch local 
addres>el onto the SA bus during C'U AT cycles. -MALE also 
indiear:es the start of a new CPU cycle. 2mA drive capability. 

Input/ MEMORY READ ii an &c:livclow bi-diredional signaldi=ling 
OulpUI memcxy to place valicl data on the data buL ·MEMR ii an OUlpUt if 

the CPU is controlling the bus or an inpw. if a DMA orcxtcmal bus 
master is in control of. the bis. 18mA drive caeability, 

Input/ MEMORY WRITE ii an &<:live low bi-diredional signal di=ling 
OulpUI memcxy to aocept data from the data bus. -MEMW i11n OU!pUl if the 

a>U is controlling the bus or an inpit if a DMA or exlCmll bus 
master is in cmtrol of lhc bus. ] 8mA drive C!J)lbility. 

Output SYSTEM MEMORY READ ii an active low output lignaJ to the AT 
exf*Jllioo. Bus. When ac:tiYe • .SMEMR indicate1 that the lowest 
!MB ~cxy spaec ii being add1<1scd for a IO&d cycle. !SmA dri"" 

OulpUt SYSTEM MEMORY WRITE is 1n active low omput lignaJ IO the 
AT °""""sicn Bos. When &<:live, .SMEMW indicltes that the lowest 
I megabyte memory space ii being add!Olscd for a write cycle. 
ISmA drivecapobili!y. 

Input/ J/O READ ii an active low bi-diredional signal innrueting an J/O 
Output device to plaoe data on the data bus. -!OR ii an output if the C'U ii 

ccntrolling the bus or m input if a OMA cc:atrolla iJ in control cL the 
bus. ISmA dri"° capability. 

Input/ J/O WRITE is an &c:li"" low bi-di=tional signal innrucling an J/O 
Output device IO accept data from the data buL -!OW ii ., - if the 

CPU :is c:cntrolling the bus or an input if a OMA controller ii in 
control of lhe bus. 18mA drive capability. 

Output INTERRUPT ACKNOWLEDGE ii an acsive low output to the 
ild.cnup controller in the 82C3S6. 2mA drive C.E!bility. 
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Tab/83-5. AT Bus (continued) 

Pin# Symbol Type Signal Description 

IOCHRDY 63 Input l/O CHANNEL READY iu schmi11-uiggcrcd aaive IU&h input from 
the AT Bus. When low, IOCHRDYindicatcs a "not ready" caidition 
and forces the insertion of wait mt.cs in 00 or Memory acccucs. 
When hi&h, it allows the completion of lhc Qlm:nlI/O or memory 
access. 

66 lnp,ll ZERO WAIT STATE is 11dmtitt-tri...gg~~ICti.~lowi!4-•Jtfrom1n... 
AT Bus, ausU!g temrinalion di the AT bas cycle. 16-bit Mcmcey or 
J/O cards =iding on the AT c.ponrion bas mc this line IO speed op 
acccssCL .()WS !CQllircs a 330 ohm pill-up resistor. 

-MCSl6 77 Input MEMORYCYCLESELECTsignalisanaaivelowinputrignal 
from the AT bas. When aaivc, -MCS16 causes a 16-bit mcmOI)' 
~OD tbs 00 cbi.i"'j[jel.. If -MCS16 ii inicti.e tlien the affi'fiii. 
memoiy cydc is a 8-bit cycle. A 330 ohm pull-up is n:conmx:ndcd 
O!J. this .. 

-IOCS16 78 Input l/OCYCLESELECT16isanaaivelowinputsignalfromthcAT 
bas. Whal aaivc, -IOCS16 causen 16-bit VO aa:css ai the J/O 
Owmel. If -IOCS16is inactive, the cu=n<J/O cydcis an S-bit 
cycle. A :;so oiun pall-up resistor is ~end~ Qn Uti1 ?n. 

Tab/83-6. Address 

Pin# 
-BE<0-.3> 

A<2:19> 

A20 

·A<21:31> 

-OATEA20 

Cl'UA20 

-SBHE 

XA<O:l> 

Symbol Type Signal Description 

143-146 Input/ BYTE ENABLEs ·BE<0:3> areaaivc low bi-direaiooal sianaJs. 

32-21 
19-14 

33 

12-4 
158-157 

36 

13 

37 

38,39 

OulpUl -BE3 ocntrds the most significant byte; while ·BEO controls lhc least 
rignificmt byte. These sianaJs arc inpuis from lhc 386DX -BE<0:3> 
pin: during : CPU cycle. A: ou;:;.it:~ ·BE<0:3> L"'e gwer-.ted dutu-i& 
OMA cycles hued co the 1tatus sianaJs XAO,XA!,and -SBHE. 
2mA drive caE!bility. 

Input 

Input/ 
UulpUl 

Input 

Input/ 
Ouiput 

LOCALADDRESSBITSA2·Al9arcinpo1StotheB2ClSI f"""lhc 
386DX md &2C356. 

LOCAL ADDRESS bit 20 is a bi-direaional signal. A20 is an cuiput 
signal garod with GATEA20during Cl'U cycles and m inputdurin& 
DMA eyclcs. 4mA drive C!f!bility. 
LOCAL ADDRESS BITS A21-A31 arcinpuutothe82C351 from 
the3&6DX. 
-GATEA20. This sign.al is an cpcn oolleaorout.pn. used to ca'ltrci 
lbe gatin_g gf CPtJft-.10. Whi:n-OATE.J\20 is low. \he !2051 
propagates C>UA20. When -OATEA20 is Jllgh, the 82C351 foreos 
A20 to be low n:gardlcu of Cl'UA20 state. -OATEA20 signal is 
derived fran inverted -GA TEA20 from lhc 8042 keybo!nl contro!ler. 

Inpui/ Cl'U ADD!IESS 1:i120isfromthe3&6DX. A lOKol!m pull~is 
Output =anmcnded. 
!npur/ SYSTEM BUS BYTE !IlGH ENABLE is an active low 
OulpOI bi-<lireaional signal to or from the AT expmricn Bus. When oaive, 

-SBllE indicates when lhc Jll&h byte tnnafcr is takin& place. As., 
outp.u. dtls signal his a 4mA drive apabilitY· 

Input/ EXPANSION ADDRESSbilS Oand 1 ""'bi-direaionalrigna!s and 
9u1p111 an: conncdcd direaly to the 82C356. XAO is C<l!plK when lhc CPU 

is lhe bw: master and an input when 8-hit DMA is-a baJ master. XAl 
:iJ an OQlpUl when the: CPU is lhc bus muter and an input when I-bit 
or l~ OMA is a bus muter. 2mA drive c:apol:ilily. !OK pull-up 
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Tab/e3-6. Address (continued) 

Pin# 

-ROM CS 

-VRAMSEL 

Symbol Type Signal Description 

83 Output ROM CHIP SELECT is an active low rignaL When aa.ive, -ROM CS 

122 

enables the dlip Jdect inputs to lhc BIOS EPROM(o). During a 
ROM cycle the 82C351 directs tho 82C3SS to pa11 da1a from lhc XD 
bw ontolhc Dbw. The ·ROMCS ootoflhe 82C3Sl is camcacdto 
the -ROMCS of lhc 82C356 which ""'11rO!s the diroction of the buffet 

OulpOl VIDEO RAM SEl..ECTU an active low output indicating the wrrcnt 
cycle ii a VRAM .teeeU. -VRAMSELis active for ACXOOH to 
BFFFFH. 2mA drive capabililY. 

Tab/e3-7. Cache 

Pin# 

CALE 

-CRD 

-CWE<0:3> 

-TAGv..'R 

-cRDY 

TAG<0:9> 

Symbol Type Signal Description 

56 Output CACHE ADDRESS LATCH ENABLE is an active high output 

107 

102-105 

53 

ISi 

42-49 
51-52 

OulpUt 

Output 

Ouiput 

Ouiput 

Input/ 
Output 

signal for lhc two octal latohcs. CALE is used to latch the SRAM 
ad<he11es A2 to AIS. When CALE is high lhe lau:h is lnnSparcnt 
and allows the 386DX addresses to flow lhrough to lhc SRAMs. On 
the falling edge d CALE. the addresses arc latched. 
CACHE READ is an active low signal to the SRAM'• 001put 
eolblcs. During read hit qrdci, lhe ..CRJ) is enabled to drive the 
!!:Quested data at to the CPU data bas. 12 mA drive capability. 
Cache Write Fnablcs <0:3> arc active low lignals to the SRAM's 
wriie enables for bytes 0 to 3, mpcai~. For cumple, -CWEO is 
coonccicd to l!yw o cf SRAM. 8mA drive capability. 

TAG RAM WJ<.i!~ ENABLH is an •aivciow ompat signal used to 
updalc the 1ag RAM during a DRAM Jeacl cycle or when iesting the 
tag RAM. 8mA drive cap!bilitx. 
CACHE READY. This is gcncnted by the 82C3Sl foe all cache hit 
cycles. his tied to-READY of the 82C351, and to ·READY oflhe 
386DX. llmA drive .... bility. 
TAG BITS 0-9. These are the tag bits from the tag RAM. The 1ag 
bits provide the •ddreis which is compared by the inlemal 
compa.mor against the memory .ddrcss tequCSL The tag bits used 
for c:anparilOll are programmable for 8, 9 or 10-bits. 1ltcy require 
pull-ups. 4mA drive cap.biliw. 
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Tab/IJ 3-8. DRAM 

Pin# Symbol Type Signal Description 

-RAS<0:7> IZl-129 Ou1pUt ROW ADDRESS STROBEs (). 7 are active low aurpw to lhe system 
131-135 DRAM. Then: is ooe -RAS signal for ead> bani: d !he mcroory on 

lhemccherbomtl. -RASOislhellrobeforbanl:O. -RAS! f«banl: I 
etc. 'Ibcse lignah uc used to bu:h the row address to the DRAMs 
(falling edge). These lhwld be buff=d .,d terminated- 6mA drive 

bili . 
-CAS<0-.3> 116-119 Ou1pUt COLUMN ADDRESS STROBEs are active low corpw signal to !he 

symm DRAMs for oeleetin; lhe byte dlhe DRAMs. The eolumn 
add=s is latched on lhe foJ.ling edge of -CAS. Fer example, -CASO 
is for byte 0. -CASI for byte I, etc. The CAS lines are e<•nnl<>11 to 
all banlcs. These shoold be temrlnated. 6mA drive .-i.1;~. 

-DWE 101 Ou1pUt DRAM WRITE ENABLE is an active low oulpm to the syn.em 
DRAMs. This signal occds to be b!ffcrod and terminated- BmA 
drive~!l:· 

MA<0:7> 87-88 1-tl DRAMMEMORY ADDRESS/DATA lines. ThescarelheDRAM 
90-93 Ou1pUt add=tes during a DRAM eyck. Dmio& an mtem.l. rcai...,. aeeess 
95-96 (mdex register aeecos) lhese are roquired tocoonect to !he XD bis 

using a 74F245. The signal -JOW is med to oorurol lhe di=tim of 
the buffer and -XDEN is med to enable !he buffer. The MA<0:7> 
lines should be buffered .and tcnninated. 8mA drive C.J:!:bilill'.. 

MA<8:10> 97-99 Ou1pUt DRAM MEMORY ADDRESS!ine1...,medtointelfaaotolhe 
DRAM add.... lines. MAB, MA9 and MAIO should be ocn.,.,.ed to 
!he DRAM address lines A81 A9 and AIO. BmA drive oa!!!bili!,l'.. 

-MENB 159 Input MEMORY ENABLE is an active low input signal. Wbeo active 
-MENB validates !he add=s on !he loeal bis. This signal oao be 
ascd to disable the 82C351 for a prede(med addrus range via m 
extemal dooode. Wheo inaesive, lhe 82C3Sl foroe1 all aco:u to the 
AT bis. 

-IPAR 67 lilplt LATCHED PARITY ism active low inpu rolhe S2C3SI. When 
active. il indicates a parity error oc:cuned durin1 the last local 
memory read and caused an NMI to be generated. The failina: 
address is latched !!x this siK!!al internal to the 82C3S L 

Tab/e3-9. Buffer Control 

Pin# Symbol Type Signal Description 

-ACEN 115 OulpUl ACITON CODE ENABLE inn active low oolj)Ut rolhe 82C355 and 
validates ACITON CODES AC<0-.3>. 2mA drive cat>0bili1v. 

AC<0-.3> 111-114 Oulptll ACITON CODE is a four bit eocoded aanmand ro lhe 82C3SS and is 
used for data bis sizing and byte assembly openliom. AC<!l:3> are 
gualified by lhe -ACEN sianaL 2mA drive !:!!!!bilill· 

-ATEN 154 Oulptll A TENABLE is an aaive low ourpot signal to the 82C3SS and 
82C356. Wheo aaive. -ATEN indicates that lhe =t eycle is an 
AT cvcle. <41nA drive oat>Obilitv. 

SDIRO 86 Oulptll SD BUS DIRECJlON. This signal i1 med to """"'1 lhe buffu 
clircctioo of lhe SD BUS for SD<!l:7>. Wben lnw, the cli:oction is 
from lheSD ro lheMD bis (during ATor.., bocdl/O read cycle) 
ond .men high the data path is from !he MD to !he SD bus (<Erin& 
write~es}. 2mA drivccn.bilitv. 

SDIRI 85 Oulptll SD BUS DIRECJlON. This signal is used to """"'1 lhe bolfu 
cli=tioadlhe SD BUS forSD<8:15>. Wheo lowlhe directica is 
from lh• SD ro !he MD WI (ciuini AT or al boud I/O read cycles). 
When high !he data path is from lhe MD ro SD bw (darin1 wrile 
9'.:cle& l· 7.mA drive c:at:Jlbili!X_. 

-XDEN 6S Oulptll XD BUS BUFFER ENABLE ism active low output and is used ro 
enable the b!ffer betweeo lhe XD and MA<0:7> bises. -XDEN is 
userted during IJO aaoess rolndex registers (for I/O addrcu 22H and 
23H cresaitin the82C3SI): 2mAdrive ea!!!bili!,l'.. 
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Table3-9. Buffer Control (continued) 

Pin# Symbol Type Signal Description 

-AF32 153 lnpw/ AF32 is 1111 aaive low bi-di=tion&I signal As• cutpUt ·AF.l2 
Clwput indic:alel dut a loc:al cycle is in progress (active for loc:al DRAM and 

cache eyc:les). A high indicates 11n AT l:w cycle. Ai 1111 input, it 
diubles the AT control logic, allowing the cycle lo be handled by • 
loc:al device. A !OK !!!!!! !!I! is n:QUu.d. o4mA drive .,_bilitv. 

-DRD 142 Omput DRAM READ DIRECTION is an adive low output 1ignll. which is 
med by thc 82C355 to <X111trol lhc cfucction of data 1nn1fer from the 
MD to the SD buL When thiJ lignal is uaertcd Oow) it emblea chla 
bmlfen fiom the MD l:w IO the SD bu1. When lhi1 llisnal is 
de-uaertcd (high) it caoaes data IO be trmufencd from the SD bw IO 
the MD l:w. 2mA drive !!i!!bili!i· 

-PEN 156 ClU1pul PAR!IY ENABLE is 111 active low OUlpUt which enables the parity 
circui1Jy in the 82C355. 'Ibis bit is c:aurolled by index n:giau:r 28 bit 
7. lmA drive !!i!!bili!i. 

BWBUSY 110 Omput BUFFER WRITE BUSY is an aellivc high cutpUt. lignlli IO indiealc 
W.t d)C main memory ii busy in 1 bJ!f~ write cyde. When 
-U>BEN is low,U>BDIR is bigh, and BWBUSY is high, thcvlllue1 
of the CPU chla lines an: puaed on to the DRAM data lines. This is 
connected to the 82C355. 2mA drive capabilicy. 

-U>BEN 108 ClutpUt LOCAL DATA BUS ENAB!.Eiun active low cutpuL When 
-LDBEN and U>BDIR an: low, the curn:nt vllioes oo the MD bw 
arcpuaedoo tothe DbuL When-LDBEN is low, 111d lDBDIRis 
high, the ament vlliues of the D bus an: puaed on to the MD buL 
-LDBEN is connected IO the 82C3SS. 2mA drive esl!!!!ili!i. 

LDBDIR IO'J Omput LOCAL DATA BUS DIRECTION CON'IROL iun ootput IO the 
82C3SS whiob eoouols the data cfucctioo bcrween the D bus uid the 
MD bus. Wbcn-LDBEN 111.d IDBDIR arc low. the current values 
oo ibc MD bui are paiied oo to the D bui. V.-'hen -LDBID'{ ii low 
and LDBDIR ir high the current values oi the D bus arc passed on to 
the MD l:w. 2mA drive capobility. -U>BDIR is IX>ooeeted IO the 
82C355. 

-TEST351 34 Input 'IBST PIN for the 82C351 is an aellive low input signlli and abould be 
prlled !!2 wi1h a JOK resistor for E:~r ~n.tion. 

-WTI'RES 155 Input WEITEK_PRESENT is ID. active low input indicating the p~ce a 
WEITEK coprooeuor. -W'Il'RES abould be pulled high with• IOK 
resistor. 

vcc 20.41~59. +SV ±5% Supply voluge. 
80.89. 

100.121. 
140 160 

GND 1, 40.,.SO. Ground. 
70~ 81. 94. 
106, 120, 
130 ISO 
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3.2 Numerical Listing of Pin Assignments 

Table3-10. Numerical Pill Definitions 

Pin Signal Pin Slgn.ol Pin Signal Pin Slgn.ol 

I v .. 31 A3 61 ..SMEMW 91 MA3 
2 RESET3 32 A2 62 REFREQ 92 MA4 

3 RESET4 33 A20 63 IOC!!RDY 93 MA5 
4 A29 34 -TllST.lSl 64 -MASTER 94 Vu 
5 A28 35 HLDA2 6S -XDEN 95 MA6 
6 AZT 36 -GATEA20 u -OWS 96 MA7 
7 A26 37 ..SBHE 61 ·I.PAR 97 MAS 
s A2S 38 XAO 68 -MEMR 9S "MA9 

9 A24 39 XAI 69 -MEMW 99 MAIO 
10 A23 .co v .. 70 v .. 100 Vee 

II AZ1. 41 Ve1:. 71 -IOR 101 -DWE 
12 All 42 TAGO 72 -IOW 102 -CWFJ) 

13 Q>UA20 43 TAG! 73 ·AEN8 103 -CWEI 
14 Al9 ce TAG2 74 HRQI 104 .cwE2 
IS Al8 45 TAG3 75 BALE 105 -CWE3 
16 Al7 46 TAG4 76 HI.DAI 106 Vss 
!7 A.16 ~ TAGS 77 ·MCS!6 107 .cRD 
18 A15 48 TAG6 78 -IOCS16 108 -1.DBEN 
19 Al4 49 TAG7 79 BUSCLK 109 l.DBDIR 
20 Vee so v .. 80 Vee 110 BWBUSY 
21 Al3 SI TAGS Sl v .. 111 ACJJ 
22 .,, 52 or.i.r....o 82 .&"TY""r vn..r ,,, •r• M~ ................ "'~'W ........... , .. ~ ~~· 
23 All 53 -TAGWR 83 ·ROM CS 113 AC2 
24 AIO 54 ·MALE 84 ·AEN16 114 ACl 
25 A9 SS .JNTA 85 SDIRI llS -ACEN 
26 AS S6 CALE 86 SDIRO 116 -CASO 
~I Ai ,, ..RES.t.Tl ., MAO ii7 -CASi 
28 A6 58 -RESET2 88 MAI l!S -CAS2 
29 AS 59 Vee 89 Vee 119 -CAS3 
30 A4 60 ..SMEMR 90 MA2 120 v .. 
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3.3 Alphabetical Listing of Pin Assignments 
Table3-11. Alphabetical Pin Definitions 

Signal Pin Signal Pin Signal Pin Signal Pin 

A2 32 AO 113 LDBDIR 1()1) TAGO 42 
A3 31 AC3 114 ·LDBEN 108 TAGl 43 
A4 30 ACEN 115 -!PAR (j/ TAG2 44 
A5 29 ·AEN8 73 MAO ,., TAG3 45 
A6 28 ·AEN16 84 MAI 88 TAG4 46 
A7 7:1 ATCUCIN 82 MA2 90 TAGS 47 
AS 26 BALE 15 MA3 91 TAOO' 48 
A9 25 BUSCLK 79 MA4 92 TAG7 49 

AIO 24 BWBUSY 110 MAS 93 TAGS 51 
All 23 CALE 56 MA6 95 TAG9 52 
A12 22 -CASO 116 MA7 96 TAGWR S3 
A13 21 -CASI 117 MAB 97 TEST351 34 

. A14 19 -CAS2 118 MA9 98 Vcc 20 - - -·~ - --~ 

AIS 18 -CAS3 119 MAIO 99 Vcc 41 
A16 17 a>UA20 13 ·MALE 54 Vee 59 
A17 16 -CRD 107 -MASTER 64 Vee 80 
Ai8 15 -CWEO 102 ·MCS16 77 Vcc 89 
A19 14 -cwEI 103 -MEMR 68 Vee 100 
A20 33 -cwE2 104 -MEMW 69 v .. I 
A21 12 -cwE3 !OS REFREQ 62 v .. 40 
A22 11 -DWE IOI -RESET! 57 v .. 50 
A23 10 -GATEA20 36 -RESET2 58 v .. 70 
A24 9 HLDAI 76 RESET3 2 Vss 81 
A2S 8 HLDA2 35 RESET4 3 v .. 94 
A26 7 HRQI 74 -ROMCS 83 Vss 106 
A7:I 6 -INTA SS -SBHE 37 v .. 120 
A28 s lOCHRDY 63 SOIRO 86 XAO 38 
A29 4 -IOCS16 78 SDIRI 85 XAl 39 -- . ~ -
ACO 111 ·!OR 71 -SMEMR60 -XDEN 65 
A Cl 112 -!OW 72 -SMEMW 61 -OWS 66 
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121 

3.4 Pin Diagram 

Figure 3-1. 82C351 CPU/Cache/DRAM Colllroller Pin Diagram 

~ram~g~G~o8~~~0~raww~wge~~~~~~~~~8<~~~~(1)~~ 
>~~~~o<<<<~gm~>~~~~~>~~~~~>~~~~>~~55~~~> 

VCC • ,. -r -r "F i;nog ' 9999 • (l)(l)<Oo 
-VRAMSEL :i;:_, • ' If!;( 
CPUCLKIN m 
CLK20UT 
CLK21N 
-SCLK 
-RASO 
-RAS1 
-RAS2 
vss 
-RAS3 
-RAS4 
-RASS 
-RAS6 
-RAS7 
HRQ2 
HOLD 
-ADS 
W/-R 
vcc 
HLDA 

82C351 -.-i ·DRD -BEO 
CPU/Cache/DRAM 

-BE1 
-BE2 
-BE3 
0/-C 
M/-10 
-REF 
vss 
-CROY 
-ROY 
-AF32 
-ATEN 
-WTPRES 
-PEN 
A31 
A30 
-MENB 
vcc 

CONTROLLER 
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Section 4 

351 Physical Characteristics 

4.1 Absolute Maximum Ratings 

Symbol llln. llax. Units 

Sgt): Voltage Vee 7.0 v 
Jnpit V oltase V1 -.S 5.S v 
Qr.ilTVtt Vnlt•oe Vo -.s 5.S v 
Qe!;tating Tem~rature T!!!! .25 85 c 
Stonae TemperabJre Tstg -40 125 c 

Note 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 llln. llax. Units 

su?elr v cit.age Vee 4.75 S.25 v 
Ambient Tcmpenturc TA 70 c 
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• 351 DC/ AC Characteristics 

Section 5 

351 DC/AC Characteristics 

5.1 DC Characteristics 

. Symbol Min. Max. Units 

1n2!t low voha~ v .. 
TIL level lex~ C'UCUGN, A TCLK, CLK21N) 0.8 v 
CMOS level (CPUCUGN , A TCLK, CLK21N) 15 v 
InJ:!!!t ~voltage VIH 
TIL!evellex~C'UCUGN,ATCLK,CLK21N) z.o v 
CMOS level (CPUCLKIN, A TCLK. CLK2!N) 35 .v 
Outpat low voltage VOL .40 v 
Ou~_!Jigh yoltage VOH 2.4 v 
In~t LOW cmn:nt ~ Vo= V11 In. -200 -10 !!:'! 
Inf!!!tHIGH=t!!!! vo~Vdd !!!! -10 10 !!:'! 
3-State output OFF cumnt LOW lo:l:I. -10 !!:'! 
3-State """"1t OFF c:unent HIGH Iom 10 !!:'! 
Power mpply corrent@2S MHz Ice so !!:'! 
lnE!! caJ!!citance c.. 10 EF 
{)uQ>tJt 01" I/O S!t!!citance CouT 10 EF 
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TablBS-1. 

5.2 AC Characteristics 
All timing parameters are specified under capacitive load of 50 pf and 
temperature of 70 degree C. AU 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. 

Clocks 

2511Hz 

llln. llax. 
t!Ol Operating fn:quency 25MHz 
tl02 CPUCLKIN period 20 
tl04 CPUCLK!Nhjgh time ot35V I 
tl06 CPUCLK!Nlowtimeat 15V 8 
tl07 CPUCLK!Nfli!time(35V10l.5V) 4 
tl08 CPUCLKIN rise time (15V 10 3.5V) 4 
tIOSa CLK2lN delayioCPUCLK 0 15 
tl09 CPUCLK!Nhighio.SCLKiow 6 
tl 10 CPUCLKIN hjgh IO .sCLK high 6 

Table 5-2. Memory Cycle 

llemory Cycle 25 llHz 

llln. llax. 
tl20 Addmss setup lO Q>UCLKIN hi sh 37 
t121 W/·R. Mi-IO, D/-C !Cll!p IO CPUCLKIN low 17 
tl2la -ADS 1C!Up 10 CPUCLKIN low !O 
tl22 ·BE<3:0>!Cll!plOCPUCLK!Nhigh 30 
tl23 -READY acti"" delay from CPUCl.KIN low (0 WS writes) 2 20 
tl25 HOLD delay from CPUCLKJN high 2 19 
tl26 -MALE active delay from CPUCLKJN high 0 30 
tl27 -MALE inactive delay from CPUCl.KIN low 0 30 
t128 -AF32 active delay from CPUCLKIN 23 
tl29 -AF32 inacti"" delay from CPUCLKIN low 25 
t!34 -READY acti"" delay from CPUCl.KIN high 6 30 
tl35 -READY inactive delay from CPUCLKJN high 4 35 

7 22 
tl42 -RAS acti.. delay from CPUCLKIN hi&h (late RAS) 7 22 
t143 .RAS inactive delavfrom CPUCLKINhioh 7 25 
t14S Row add~ valid from CPU address active 25 
tl46 Rowadd=rbold from CPUCl.KIN!ow 7 25 

t146a Column address valid from CPUCLKINlow 30 
t147 Column addrcs1 Vllid to CAS~ actiVe 8 30 
tl48 Column address hold from CPUCLK!Nhi&h 7 25 
t!SO -CAS aoti"" delay from CPUCl.KIN high 7 22 
t!S! -CAS inacti"" delay from CPUCLKIN hjgh 7 'Z1 

tl52 -DRDacb..delayfromCPUCLK!Nhigh 10 25 
tl54 -DRD inactive delay from CPUCLKIN high 10 25 

5 "" ~ 
tl60 .-CWEinacti"" delay from CPUCLKIN high (read miss) 6 19 
tl6!a -DWE acti"" delay from CPUCLKIN high 7 20 
t162 -DWE inac:tivc delay from CPUCLKIN high 7 30 

PRELIMINARY CHIPS and Tec:linologies, lnc. 



• 351 DC/ AC Characterfsllcs 

Tab/eS-2. Memory Cycle (continued) 

Memory Cycle 25MHz 

Min. Max. 

1165 IDBDIR valid from CPUCLKIN low 9 45 
tl66 Row address vllid from CPUCLKIN high 7 35 

1167a BWBUSY active delay from CPUCLKIN high (normal) 7 22 
1167h BWBUSY active delay fran CPUCLKIN high (0 WS write) 7 22 
1168 BWBUSY inactive delay from CPUCLK!N high (0 WS writes) 40 
1169 -LB DEN active from CPUCLK!N high (normal write) 40 
ll69a -LB DEN active from CPUCLKIN high (read) 40 
ll69b -LB DEN active from CPUCLKIN high (0 WS write) 40 
ll69c -LBDEN inactive from CPUCLKIN high 29 

Tab/eS-3. Cache Tuning 

Cechellmlng 2SMHz 

illn. Max. 

tl32 -CJID active from CPUCLKIN high 30 
ll32a -CRD active from -ADS low 30 
ll32b -CJID active from W /·R low 30 
1133 -am in1ctive from (])UCLKJN high 12 

tl38b CALE active from CPUCLK!N high 20 
1138a CALE inactive fran CPUCLKIN hip ZI 
1156 -CWEn pulse width (OWS writes) 18 
tlS7 -CWF.n pulse widlh (I WS writes) 35 
1158 CALE active to ..C_WEn inactive 3 

Table5-4. Tag RAMS 

Tag RAMS 25MHz 

Min. Max. 

1200 TAG<0'9>validio-CJIDYvalid 22 
t201 TAG<0'9> setup to CPUCLK!Nbish Ear!vRAS 14 
t202 TAG<0'9> setup to CPUCLK!Nhigh LaleRAS 2S 
t203 TAG<0'9> setuptoCPUCLK!Nhigh OWS write decision II 
t204 TAG<0'9> setup to CPUCLK!N hish IWS write decision 2S 
t20S -TAGWEactivetoTAG<0:9>1owZ I CPUCLK!N 
r2Jr1 TAG<0'9>0ootfrom-TAGWEinactive 0 s 
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Table 5-5. DMA Cycle 

DllACycle 25Mtlz 

Min. Max. 

1170 Command setupioCPUCLK!Nhigh 20 
1171 -RAS acti"" dday from CPUCLKIN hish 0 22 
t172 -RAS inactive delay from commands inaclivc 0 25 
t173 Row address !C!Dpfromaddress valid 0 20 
t174 Rowadd=•boldfranCPUCLKINbigh 10 25 
tl7S Column address !et!!p to -CAS active 15CPUCLKIN 

t17$& Columnaddressvllidfrom CPUCLK!Nhigh 12 XI 
1176 Colamnaddress delay to valid from CPUCLKIN low 25 
t177 .cAS active delay from -RAS active CDMA memory read) 3CPUC!LKIN 
1178 -CAS active del!yfrom -RAS adive (DMA memorywrilc) 4CPUCLKIN 
t179 -CAS active delay from CPUCLKIN high B 22 
tl 80 .CAS inactive delav from canmands inactive B 20 
11&5 ·AF32activedelayfromaxnmandadive 0 30 
t186 -AF32 inactive delay from oommands inac:i:ive 0 70 
1187 -DWEactivedelayfromCPUCLKINhigh 0 17 
tl-88 -DWE inactive delay from commands inactive 0 17 
11&9 -CWE active delay from CPUCLKIN high 0 20 
1190 -CWEinactive dclayfnrn CPUCLKIN high 10 20 

Table 5-6. ROM Cycle 

ROllCycle 25Mtlz 

Min. Mn. 

1191 -ROMCS active delay from CPUCLKIN high 0 25 
1192 -ROM CS inadive delay from CPUCLKIN high 0 25 

Table 5-7. Local Bus Slave Cycle 

l..oclll Bu. Slave Cycle 25Mtlz 

Min. Max. 

1193 ·READYinputsetupwCPUCLKINhigh 16 
1194 -READYinputholdfrom CPUCLKINhigh 6 
1195 -AF32 setup to CPUCLKIN high 15 
1196. -AF32boldfromCPUCLKINhigh 6 
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TabtaS-8. ATBusAcass 

2SMHz 

llln. llax. 

tllOO -ATENacti..,fromCPUCLK!Nhigh 0 40 
tllOI -A TEN inactive from CPUCLKJN high 0 40 
tll02 BALEactivefrom BUSCLKlow 0 20 

tll03 BALEinacti.,,fromBUSCLKhigh 0 20 

tll04 Command acti""delayfrom BUSCLKlow 0 20 

tllOS CommanclinactivefmmBUSCLKhigh 0 20 

0 20 

0 20 

tll08 AC<0-3> active delay from BUSCLK low 0 20 

t1112 -MCS!6, -IOCSl6 setup to BUSCLK high 25 
t1113 .CS16,-IOCSl6bold from BUSCLKhigh s 
ti 116 Command acti"" delay from BUSCLK high (write) 0 20 

11117 -ACEN octi""clelavfromBUSCLKhish (write) 0 20 

t!llS -ACENinoctivcdolavfromBUSCLKlow(write). 0 20 

tll 19 .OWS setup to BUSCLK low 20 
tll20 .OWS hold from BUSCLK high s 
ti 123 XA<O:b, .SBllE valid delay from BUSCLK low 0 18 

Tab/aS-9. DMAArbitrolion 

OMA Arbllratlon 2511Hz 

llln. ll1x. 
IS 

tll41 HRQninoctivc !Cl!!ptoCPUCLKIN high IS 
tl 142 HOLD active delay from CPUCLKIN high 2 30 
tll43 HOLD inactive delay from CPUCLKJN high s 25 
ti 144 HLDAn active delay from CPUCLKIN high 2 19 
tll45 Hl.DAninactiveclelayfrom CPUCLKIN high 30 

Tabla 5-10. RefreshArbitrolion 

Refresh Arbitration 2511Hz 

llilln. llax. 

tll48 REFREQpobe width Qow) 3CPUCLKIN 
tllSO -MEMR delay from BUSCLK high 0 25 
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Table 5-11. Reset Timing 

Reset liming 2511Hz 

llln. ... x. 

ti 170 RESET3 active delay from CPUCLKIN high 0 25 
t1171 RESET3macnvedc!ayfrom CPUCLK!Nhigh 2 IS 
11 rn RESETI pu1sc widlh ~ IS 

t"'DTYl""'I' vnJ' .....- ...................... 

t1173 RESIIT4activedelay from CPUCLKIN high 0 25 
tl 174 RESIIT4 inactive delay from CPUCLKIN high 2 IS 

Table 5-12. MiscellaMousTiming 

lllocellaneoua llmlng 25 llHz 

llln. llox. 

t1187 BUSCLKhighpu!sewidth programmable 
tll88 BUSCLKJowpu!sewidth programmable 
11189 BUSCI..Krisetime 6 
tll9<l BUSCLK fall time 6 
t1191 FGA20Vllidfrom-IOWinacti\Oe 18 
t1193 A20dolaxfn:mCPUA20 0 16 

Table 5-13. Refresh Cycle 

R•fr•h Cycle 25 llHz 

llln. llax. 

t1200 -RASi active doiay from CPUCLKIN high 25 
t120I -RASi inactive delay from CPUCLKIN high O IS 
tl202 -RASi pulse width -No<e 
t1203 -RAS(i+l) active delay from-RASi active ICPUCLKIN 
t1204 REFRESH addrosue!Upto-RASO 2CPUCLKIN 
tl205 REFRESH add:oss bold from -RAS3 ICPUCLKIN 

Note The RAS pulse width is programmable to 4, 5, 6, 7 CPUCl..KIN 

Table 5-14. U'AR Timing 

LPARTlmlng 25 llHz 

llln. 11.x. 
tl220 -IPAR input setup to-CAS high to 
tl22t -lPARDiputholdfrom-CAShigh 10 
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Table !i-15. Clock Cycle 

ClockCyclea 33 llHz 

Min. Max. 
tlOI Operatingf!oqoency 33MHz 
tl02 CPUCLKIN period IS 
ti04 CPUC"LKINWtimeat3.5V 6 
tl06 CPUCLK!Nlow timeat 15V 6 
t107 CPUCLK!Nf.Utime(3.7Vto.8Vl 4 
t108 CPUCLKINriJetime(.8Vto3.7V) 4 

t108a CPUCLK!NdelaytoCPUCl.K 0 IS 
t109 CPUCLK!Nhigbto-SCLKlow s • 2S 
1110 CPUCLK!Nbi&h to-SCLK l!igh s 2S 

TalJ!e S.16. Merr.ory Cycle 

33 ll!:lz 

Min. Max. 

1120 Addross "'up to CPUCLKIN high 28 
tl21 W/·R, Mf.10. D/.C. !C1Up to CPUCUilll low 13 

tl21a -ADS !e!Up to CPUCLKIN low 4 
1122 -BE<!l:3>setuptoCPUCUilllhigh 2S 
t123 -READY delayfran CPUCUillllow(OWSwrir.es) 14 
t12S HOLD delay from CPUCLKIN high 2 2S 
t126 ·MALE active del1yfrom CPUCLKINJow 0 30 
t127 ·MALE inactive delav from CPUCLKIN low 0 30 
t128 -AF32 active delay from CPUCUilll low 17 
t129 -AF32 inacti.e delay fran CPUCUilll low 11 20 
1134 -READY active delay from CPUCUilllhigh s 23 
t13S -READY inaaive delay from CPUCLKIN high s 30 
tl41 -RAS active delay from CPUCUilll high (early RAS) s 20 
t142 -RAS active delay from CPUCLION high OateRAS) s 20 

7 2S 
t14S Row addreu v.Iid from CPU address active 2S 
t146 Row add,.., hold fran CPUCUilll low 10 22 

t146a Colwnn address valid from CPUCLKIN low 2S 
tl47 Column addrosc valid to -CAS active 9 30 
1148 Column address hcldfran CPUCUilllhigh 7 22 
1150 -CAS active delay from CPUCUilll high 7 20 
1151 -cAS inactive delay from CPUCUilllhigh 7 2S 
1152 -DRD active delay from CPUCUilll high 8 30 
llS4 -DRD inactive delay from CPUCUill/ high 8 22 
t159 -CWE active delay from CPUCLKJN high (road mils) 8 18 
t160 -CWE inactive delay from CPUCLKIN !Ugh (rud miss) 0 14 

ll61a -DWEactivc delay from CPUCLICINhigl! 7 18 
t162 -DWE inactive delay from CPUCUilll high 7 30 
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Tabla 5-16. Memory Cycle (continud) 

Momory Cycle 33MHz 

Min. Mu. 

t!65 IDBDIR ~d from Cl'UCLKIN low 7 4S 
t166 Row lddreu validfromCPUCLK!N high 7 30 
tl67a BWBUSY active delay from CPUCLKIN high (oomial) 7 20 

7 23 
t168 BWBUSY inactive delay from Cl'UCLKIN high (OWS writes) 40 
t169 -LBDEN aaivefrom CPUCLK!Nhigh (normal write) 40 

t169a -LBDEN active from CPUCLKINhigh (read) 40 
t169b -LBDENactivefrom Cl'UCLKIN hi&h COWS write) • 40 

~n 
~, 

Tabla 5-17. Cache Ti.ming 

MYJ-1..z 

Min. Mu. 

tl32 -CRDactivefromCl'UCLKINhigh 20 
t132a -CRD active from -ADS low 20 
t132b ..cRDactivefrom W/Rlow 20 

tl33 -CRD inactive from CPUCLKIN high 12 

tl38b CALE active from CPUCLKIN higli 14 
t13&a CALE inactive frcm CPUCLKIN high 27 
tlS6 -cwEn pulse width (OWS writes) 13 

26 
t158 CALE active to -CWEn acti:vc 3 

TablaS-18. TagRAMS 

T•g RAMS 33MHz 

Min. Mu. 

1200 TAG<0:9> valid ID -CR.DY valid 20 
l201 TAG<0:9>tetuptoCl'UCLKIN high. Early RAS II 
l202 TAG<0:9>tetupto Cl'UCLKIN high. Late RAS 20 
l203 TAG<0:9>tetuptoCl'UCLK!Nhigh.OWSwtilcdocllion II 
t204 TAG<0:9>tetuptoCPUCLKINhigh.1WS writcdocllion 20 
l20S -TAGWEadivcwTAG<0:9>1owZ lCPUO-KIN 
l207 TAG<0:9> flDllfrom-TAGWEmaclive 0 s 
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Table 5-19. DMA Cycle 

li1n. Mex. 

1170 Oimmand ICIUp to CPUC!XIN high 20 
1171 -RAS active dclayfromCPUCLKINhigh 0 20 
t172 -RAS inactive delay from commands inactiw 0 2S 
t173 Row address !e!Up from address valid 0 20 
1174 Row address valid from CPUC!XIN hi&h 10 2S 
tl75 Columnaddrc111CtUpto-CAS active 1.5CPUCLKIN 

117Sa Column addn:as valid from CPUCLKINhigh 12 27 
t176 C'.nlumn •ddret.& ~vtov-1id from CPUCLKlNlow 2S 
t177 ..cAS ac:ti.vcdclayfrom-RAS active CDMA memory read) 3CPUCLKIN 

1178 .cAS active delay from -RAS active CDMA memory write) 4CPUCLKIN 

1179 .cAS active delay from CPUCLKIN high 8 20 
t180 ..cAS inactive delay from c:ommands inactive 8 20 
t185 -AF32 active delay from command active 0 30 
t186 -AF32 inactive delay from commands inactive 0 70 
1187 -DWE active delay from CPUCLKIN high 0 17 

tl88 -DWE inactive delay from oommands imctive 0 17 

1189 -CWEactivedelay fromCPUCLKINhigh 0 20 

'" •n .v ~ 

Table 5-20. ROM Cycle 

ROllCycle 33 llHz 

Min. Max. 

1191 -ROMCS active delay from CPUC!XIN high 0 2S 
t192 -ROMCSinactivedelayfrom CPUC!X!Nhigh 0 2S 

Table 5-21. Local Bus Slave Cycle 

l.ocoll Bua Slave Cycle 33MHz 

Min. Max. 

1193 -READYin?"semptoCPUCLKINhigh 12 
tl94 -READYi!ipotboldfrom CPUCLKINhigh 6 
1195 -AF32semptoCPUCLKINhigh 10 
1196 °AF32 bold from CPUCLKIN high 6 
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Tab/IJ 5-22. AT BllS Access 

ATBu•Acc:eas 

t!IOO -A TEN ootive from CPUCLKJN higli 
t!IOI -ATEN inactive from CPUCLKJN higli 
t1102 BALE active from BUSCLK low 
•1'11M DAT t::' :.... .. -:~-#- 'DT~l"'f V 1...t-i.. 
1.,1,/1.UJ .U~ '"'"'""""'"'~ U~ UV..,._Mn. IUPC' 

t!I04 Command active delay fran BUSCLK low 

t!IOS Command inactive fran BUSCLK higli 
t!I06 -ACEN active delay from BUSCLK low (lad cycle) 

t1107 -ACEN inactive cle!ay from BUSCLK high (lad cycle) 

t1108 AC<0:3> active delay from BUSCLK low 
t!l12 -MCSl6. -IOCS!61etup to BUSCU:: higli 

t!l13 -MC:S16. -IOCS!6 hold from BUSCLK higli 
t!l16 Command active delay from BUSCLK higli (write) 

t!117 -ACEN active delay from BUSCLK high {write) 

ti iii -Al.:i::.N inactive delay from BUSCLK jov,. (writcj 

t1119 -OWS 1C1Dp to BUSCLK low 
t!120 -OWS hold from BUSCLK higli 

tll23 XA<O:b, -SBHE valid delay fran BUSCLK low 

Tab/IJ 5-23. DMA Arbitration 

DllA ArbllraUon 

tll41 llRQn inactive setup to CPUCLKJN higli 
tij42 HOLDactivcdclayfromCPlJCl . .KiNhigh 
tl143 HOLD inactive delay from CPUCLKIN higli 

tll44 HLDAnactive delay from CPUCLKIN higli 

tl!4S HLDAn inactive delay from CPUCLKIN higli 

Tab/8 5-24. RefreshArbitration 

Refresh Arbllrallon 

t114B REFREQ pal!e widlh Qow) 

t!IS<l -MEMR delay from BUSCLK high 

72 PRELIMINARY 

SSllHz 

Min. Max. 

0 .co 
0 .co 
0 20 
0 20 
0 20 
0 20 
0 20 
0 20 
0 20 
2S 

s 
0 20 
0 20 
0 20 
20 
s 
0 IS 

SSllHz 

llln. llax. 

15 
IS 
2 
4 23 

2 19 
30 

SS llHz 

Min. ••--­•••• 
3CPUCLKIN 

0 2S 
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Table 5-25. Reset Timing 

3311Hz 

llin. llax. 

tl170 RESET3 active delay from CPUCLKIN high 0 2S 

t1171 RESET3 inactive delay from CPUCLKIN high 2 12 

t1172 RESET3 pulse wWth 64 SS 
CPUCLKIN 

t1173 RESET4 active delay from CPUCLKIN high 0 2S 

t1174 RESET4 inactive delay from CPUCLKIN high 2 12 

Table 5-26. MisceU011eo11S Timing 

lllacellaneoua liming 33 llHz 

llin. Max. 

t1187 BUSCLK high pulse width Prosrammable 
t!188 BUSCLK low pulse wWth Plcsrammable 
11189 BUSCLK rise time 6 
11190 BUSCLK foll time 6 
t119I FGA.20 valid from -IOW inactive us 
11193 A20 delay from CPUA20 16 

Table 5-27. Refresh Cycle 

RelrnhCycle 3311Hz 

llin. llax. 

t1200 -RASi active delay from CPUCLKIN high 2S 

t1201 -RASi inactive delay from CPUCLKIN high. 0 IS 
tl202 -RASi pulse width 

11203 ·RAS(i+ I) active delay from-RASi active ICPUCLKlN 
tl204 REFRESH acldrcs11c1up to -RASO 2CPUCLKIN 

11205 REFRESH address hold from -RAS3 ICPUCLKIN 

Note The -RAS pulse width is programmable to 4, S, 6, 7 CPUCLKIN. 

Table 5-28. !PAR Timing 

LPAR Timing 3311Hz 

llin. llax. 

t1220 -U>AR input SCO!pto-CAS inactive 10 
tl221 -U>ARinputhold to-CASinactive 10 
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Section 6 

351 Timing Diagrams 
Figure 6-1. 82C351 AC Timing Waveforms 
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CPUCl.KIN 

-ADS 

A<2:31> 
-BHE.0:3> 
Wl-R.M/-10, 
[ll-C 

CALE 

-CROY 

.flEADY 

MA<0:1Cl> 

SWBIJSY 

-OWE 

-1..DBEN 

LDBDIR 
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Figure 6-2. Back to Back Write Early RAS, Four Wait States 

f----WRITEHl~W-~+!1'-----WRITEHW~-----'1~ 
T1 12 12: T1 12 12 12 12: 12: 
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Figure 6-3. 82C351 One Wail Stale Write Mode, Late RAS Mode. Five Wait Stale DRAM 

~ WRITE Hll' ~ 
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CPUCLKIN 

-SCLK 
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A<2:31> 

W/-R, M/-10 
D/-C 
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-MALE 

-AF32 
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Flgui. 6-4. 82C351 and 386DX lnlerface 
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-ADS 

Ac:2:31> • 
.£!E<0:3> 
WI.ff, Ml·IO. 
Ol.C 
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.CWEn 
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Flgurw fi.5. 82C351 Write Hit, One Wait State Cache, Early RAS Mode, Five Wait States 
DRAM 
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CPUCLKIN 

A<2:31> 
.SEc0:3> 
[){-0,Ml·IO 

Wl·R 

CALE 

-ORD 

.CROY 

·READY 

-TAGWE 

-OAS 

MAc0:10> 

·ORD 

.............. 
....,~ 

LDBDIR 

F/gure6-6. 82C351 Read Miss, Lale RAS Mode, Three Wait States DRAM 

~__,..l>O<~_,_ __ _,_ __ _,_ __ ~f--__,..J>O<~_,_-,,........,, 
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Figure 6-7. 82C351 Read Miss, Lale RAS Mode, Four Wait States DRAM 

r.----------- READ MISS-S--------ll~ 
Tl T2 T2 T2 T2 
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..... '-· E- '-· " ""' I' ::, ,r--11-...._----.; 
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---+' ---..i..+'.-+---t=.;;:; ...... _ .... _ ........... ...,:~ ..:.. ~ f- !207 ..;. 
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__ ....;... ___ ..;_+-----'0--+-+-'~ Ir------+-~·----' 

\~ ___ __.,, 
~ E-11'3 
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...... .., E- • • "'"' -i ~ ~ ., .. -::j v"°---'·----· 
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: '150~ If- t151 ~ lr:t__, ___ • ----
-i f'. "'" . . ii' 

t16S ~ E- • • • 11 .. ? .IL 
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Figure 6-8. 82C351 Read Miss, Early RAS Mode, Three Wait Stales DRAM 
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Rgure H. 82C351 Read Hit!Wrile Hit, Zero Wait State Cache, Lale RAS Mode, Four Wait 
States DRAM 

f--REAOHIT + WRITEH~ 
T1 T2 T1 • T2 T1 T2 T2 T2 
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84 

-SCU< 

CPUCLKIN 

HLDA1 

-MEMW 
-MEMR 

-RAS 

Ac31:2> 

MA<10:0:. 

-CAS 
(Read) 

-CAS 
(Write) 

-OWE 

Figure IMO. 82C351 DMA Cycle 

_J 
I .___ .... r 
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J \ . 

"'"~ 

7 
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: 

--+. ___ ._ ... _'..ii;.+-_,~ 
; ~[-

.... ..., ~ ""' --=l if : 
"'~-:.-· --...11•f- . . 

..:.. 

Note -CRD and -CWE are generated during DMA Write Hit Cycles. 
-CRD is generated for chip select type SRAMs. 

I . 

-AF32 is generated during DMA Cycle for 82C351 to generate the proper 
Action Code. 

PRELIMINARY CHIPS and Technologies, Inc. 



• 351 Timing Diagrams 

Figure 6-11. ROM Read Cycle 
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CPUCLKIN 

-SCLK 

SUSCLK 
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-AF32 

.-ATEN 

BALE 

-IOR ,-MEMR 
~NTA ,.SMEMR 

-ACEN 

-MCS16 
-IOCS16 
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F/gure6-12. 82C351 AT Read Cycle 
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Flgur.6-13. 82C351 AT Write Cycle 

Tl TZ T1 TZ 

TCI Tcr Tc 

:um 

tllll~ 

• J ~ um ~ 't"' 
~-..,..---,-----:-1+--.,...·¢oia 

Two Wait States 

Ts Tc 
I 

I r LJ J I I -, _J 
_/ 

11111~ ~ 

: J 

: .I ~ -f,::_UIZI 

~\ :I 
. ~ jE-t1111 

One Wait State 

CHIPS and Technologie&, Inc. PRELIMINARY 87 



• 351 Timing Diagrams 

88 

CPUCLKJN 

-SCLK 

HROi 

HOLD 

HLDA 

HLDAI 

Flgun 6-14. 82C351 DMAArbitration 
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Figure IMS. 82C351 Refresh Arbitration 
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RguM 6-16. 82C351 Reset 
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Figure 6-17. 82C351 Miscel/11111!ous Timing 
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Rgure fi-18. Refresh Cycle 
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Note t1202 is the -RAS pulse width during refresh and it is programmable through 
register 11-bits 1 and 2. IOCHRDY will not be generated during a classical 
refresh. 
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Figure frt!I. 82C351 lndexRegister Read/Write 

CPUCLKIN 

-SCLK --,'-_ _,! 

XAO 

-IOW 

-IOR 

MA<7:0> MemoryAdd ;>--<., __ xMemoryAddOutPUts 
)(ba1a0u1 X"'-------

-XDEN 

CHIPS and Technologies, Inc. 

''----'/ ''--n-ore_-'/ 

Note No data is output and XDEN is inactive if the indeJ< setup by the previous J/O 
22 Write does not point to a valid I/O 23 register of the 82C351. 
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Section? 

351 Physical Dimensio11s 

7.1 82C351 CPU/Cache/DRAM/Controller 

Figure 7·1. 160-Pin Plastic Flat Package 

-·· ...... -··· .... . 
CHIFS 

82C351 

CPUiCacheiORAM 

CONTROLLER 

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

Note 1 Package Body Size= 28 +0.2/-0.4 (1.102 + 0.008/-0.016) (Swire) 

.. 

Package Body Size= 28 ±0.2 (1.102 ±0.008) (All Other Package Vendors) 

Note 2 Lead Length= 0.6 ±-0.3 (O.if24 ±-O.Oi2) (Package Vendor= Seiko) 
Lead Length= 0.7 ±0.2 (0.028 ±0.008) (Package Vendor= Yamaha) 
Lead Length= 0.8 ±0.2 (0.031 ±0.008) (All Other Package Vendors) 
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Section 1 

355 Functional Description 

1.1 Features 
•• 

The 82C35S provides all of the logic required lo interface the Memory Data bus 
(MD<0:31>), lo the Local System Data bus (D<0:31>). It also perfonns 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 82C3SS. 

The 82C3SS perfonns 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 

• Latches 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 82C3SS is the data buffer that interfaces the CPU data bus (D bus) lo 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>, SOIRO, and SDIRl control the direction of the data 
paths. Refer lo Table 1-1 for bus con_trol definition. 

Data on the D bus is laicbed inside the 82C3SS by BWBUSY. The latches are 
open except for buffered writes. When BWBUSY is low the latches are oiieD. 
When BWBUSY is high, the data is latched. 
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Figure M. 82C355 Data Buffer Block Diagram 
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Bus Controi Definition 

SDIR1 ·ORD Cycle Type 

0 x CPUATREAD 
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LOCM'EMW"R 
MAS'I'ERJDMA 8-tit 

LOCMEMWR 
0 Nor.a vllid cycle 
0 MASl'ERJDMA 16-bit 
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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 actioo codes AC<0:3> are used to control the flow of data 
between the 32-bit memory (MD) data bus and the 32-bit local (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. 

The 82C355 handles the data bus swapping required when a master and slave 
use different data sires. The action codes 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 Dare the CPU data bytes (where A is the LSB and D 
is the MSB), E and Fare the data bytes on the AT bus (where Eis the LSB and 
Fis the MSB); G, H, I, and J are the data bytes oo the Local RAM bus (where 
G is the LSB and J is the MSB). For example, when the CPU is performing 
local DRAM cycles, lhe bus conversions are not necessary as both !he CPU and 
the local memory accesses are 32-bits wide. For 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 82C355 latches the data, and presents 32-bit 
data W ihe CPU. 
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Table 1-2. 

100 

Action Code Definition 

ACc0:3> From To 

0 AB EF 
I B FJF 
2 CD EF 
3 D FJF 
s E G 

6 E Bill 
7 E Cir. 
8 E D/I 
9 EF AB/GH 
A EF CD/fJ 
B F E 
D E F 

1.5 Parity 
The 82C355 generates and checlcs parity for the DRAMs. There is one parity 
bit for each byte. MPO is the parity forMD<0:7>, MPl for MD<8:15>, MP2 
forMD<l6:23>, and MP3 forMD<24:31>. 

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

When -DRD is low, the buffers driving MP<0:3> are t:rista!ed, 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 internally compared 
on a byte by byte basis using the CAS<0:3> signals. If there is a parity error, 
the 82C355 activates-I.PAR to the 82C351. The parity enable signal-PEN 
should be low to enable parity checking. 

The parity emir signals from each byte are NORed together, then ORed with 
-PEN and sent out on the -LP AR signal. When an enor is detected, the -LP AR 
signal will remain low until the next DRAM read from the offending byte with 
proper parity. 
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Rgure 1-3. 82C355 Bus Conversion 

I ol cl 
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BI 
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Al 
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~ 
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~ 
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1&-bit OMA or --b »tit.Uiall RAM 

""'°"""' .. 
F E F E 
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Note 
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F E 

-0 i F I E 

1MllDMA« ---»bit Loml RAM 

""""'""' 

J 

F E 

H G 

F E 

r;::i. 
i F I E I 

A. B, C, and D are 4 CPU bytes with A being the least significant byte. 
E and Fare 2 AT bus bytes with E being the least significant byte. 
G, H, I, and J are 4 local RAM bytes with G being the least significant byte. 
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• 355 Pin Descrlpllons 

Section 2 

355 Pin Descriptio11s 

2.1 Pin Assignments 

Tab/e2-1. Pin Defulilions 

Pin# Symbol Type Signal Description 

DO-D3 83-86 Input/ The Data bus signals DO through D31 a .. bi-di:cdional lin°" umlto 
D4-D8 92-96 ClulpUt c:oonoct the 82C3S5 to the Q>U bu. They.,. driYCO by the 82C3SS 

D9-Dl0 98-99 during DRAM readt, AT ,..els, DMA wrilcs, and Master write 
D11-Dl3 101-103 cycles. 8mA dlive c:opability. 
D14-Dl7 105-108 

Dl! 110 
Dl9-D23 112-116 
D24-D2S 118-119 
D26-D28 3-S 
D29-D31 7-9 

MDO-MD4 24-28 Input/ Memory Data Bils. Tho memory bonks reside on Ibis bu~ The SD 
MD5-MD9 32-36 ""'"'• cm (ATba:}i: derived fran t.l::e MD bus. !rr-.A drl'ie-r·"-,: .. ;. --,...-

MDIO-MD11 38-39 
MD12-MD14 41-43 
MD1S-MD19 45-48,50 
MD20-MD24 52-56 
MD2S-MD26 58-59 
MDZ7-MD31 63-67 

MP<0:3> 77-80 Input/ Memory Parity bils. Ml'O through MP3 .,. inpuis during read cycles 
Output and ompulS during wrilc cycles. During tcad cycles the1c bib are 

canparod with internally scoeraled pority bils to de>ennine whether a 
ttaritv error has ocaJ?Jed, 

-CAS<:0:3> 69-72 Input These.,. the -CAS byte enable coded lines fRllll the 82C3SI, and.,. 
uv.rl !O ch~ PLTi.ry, Pa..rity i! ch~~ m !he riP..ng edged -Ct\..S for 
DRAM read cyc!co. Ooly the b)1CI for which -CAS is active have 
tbeirE!rit~ checked. 

·PEN 74 Input Parity enable (input from the 82C3Sl). When low, parity is checked 
for DRAM read ~les. When big!!, no l!!ri~ checking ii E:!formcd. 

·ll'AR 76 Output Local Pality error. This is the OR d. the 4 parity cm:>r sigcah, 
ANDed wUb PEN. 'Ibis sign.t will go inactive on the next memory 
read with l)loPCl Nritv for the~ which caused the error. 

HU>Al 19 Input Hold Ac:knawledge to indicate a DMA cycle for cmtrol loaic to 
conl:Ol the buffer di=Uans. When high a DMA chmmel «AT bus 
master has control of the bus. Used for data bJs ~rins;. 

·ACEN 10 Jnput Aelion Code enable i1 an acrive low input from the 82C3Sl used to 
validate actico cXxle signals AC<0:3>. -This signal follows the AT 
bu !OR. MEMR, or INT A sign.is for Q>U AT bu read1. For Q>U 
AT bu1 writes -ACEN is dlivcn before the !OW or MEMW sign.is to 
provide data setup time. During DMA and bu mm:r cyc:la, it is 
alwa slow. 

AC<0;3> !!-!4 ~~ Aelion ~ &re four Imm~ CC!!l-.!!'•nds fn:m !he 82-C'JS!. They 
.,. u1od for data bw sizing and byte aucmbly op:n!tion. AC<:0:3> 
.,. qualified by the ·ACEN signal. Table 3-1, shown in S.,;ti"" I: 
355 F1U1cticnal Duc:dJ!.lion1 contains the action code: dcf'miD.on. 
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Table 2·1. Pin Definitions (confinued) 

Pint Symbol Type Signal Description 

-DRD 82 Input DRAM READ ii an active low aignaL 'When aaivc it enables data 
from the MD bw to the D bw. This signal dc<onnin« thc data 
dUedioa. O=DRAM read cycle, l=DRAM write cyclc. It is mod by 
the pmity logic. Parity is cbc:ckod wbm -CAS aocs hiah oc!y ;r DRD 
is low. 

-ATEN 88 Jnput AT BUS ENABLE is 1m active low .;,naI. When active, itindi<:alcc 
that the aim:nt ~e is to the AT bus. 

SDIR.O 16 Jnput Bus diroctioo fer SD<0:7;>. Uocd fer bus llCCring d the MD<!l:7> 
lines. When high, SDIR.O di=ts SD<0:7> away from the MD Im. 
When lowz SDIR.O ~ints SD<0:7> rowards lhe MD Bus. 

SDIR.I 18 Jnput Bus diroctioo fer SD<8:1S>. UJCd for bw AeeJin& dthe MQcl!:lS> 
lines. 

BWBUSY :w Jnput Buff=d Write Busy. This is ao active high signal med to 1a!cb the 
data durin& write ~cs. The risin& edze latches the CPU write data. 

IDBEN 21 Jnput Loc:al Data Bus Enable is m active low signal enabling the data to flow 
be...Jween L1!e MD !nd Dbl:!! and \Ii~~ Thi! i! aa,iyt; fer CPU 
DRAM! ATt and VO 9'.cles. 

IDBDIR. 22 Jnput L.oca! Dw. Bus di=tioa. When low, data flows mxn the MD bus to 
the D buses. When high, data!!!!!! flows from the D to the MD bw. 

VCC 17,29,40,49, +S :!:S'l\ Supply Vohagc. 
60, 73,87, 

100 109 120 
GND 6.15.23. 31, Ground. 

37,44,51,57, 
62. 68, 1s. st. 
91, 97, 104, 

111, 117 
NC 1.2.. 30,61. No connect -These pins should be left Bo.tins;. 

I 89 90 
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2.2 Numerical Listing of Pin Assignments 

Tabla2·2. Numerical Pill Definitions 

Pin Signal Pin Signal Pin Signal Pin Signal 

1 NC 31 V11 61 NC 91 v .. 
2 NC 32 MDS 62 v .. 92 D4 
3 D26 33 MD6 63 MDZ7 93 DS 

4 D27 34 MD7 64 MD28 94 D6. 
s D28 35 MD8 65 MD29 95 D7 
6 V11 36 MD9 66 MD30 96 DS 
7 D29 37 V11 67 MD31 97 v .. 
8 D30 38 MD!O 68 V11 98 D9 
9 D31 39 MDU 69 -CASO 99 DlO 
10 -ACEN 40 v,,,, 70 -CASI 100 Vee 
11 ACO 41 MD12 71 .cAS2 101 Dll 
12 AC! 42 MD12 72 -CAS3 102 Dl2 
13 AC2 43 MDI4 73 .cAS3 103 Dl3 
14 AC3 44 v .. 74 -PEN 104 V11 
IS v .. 45 MDIS 1S v .. !OS DI4 
16 SDIRO 46 MD16 76 -Il'AR 106 DIS 
17 Vee 47 MD17 77 MPO 107 Dl6 
18 SDIRI 48 MDIS 78 MP! 108 Dl7 
19 III.DAI 49 Vee 79 MP2 109 Vee 
20 BWBUSY so MDI9 80 MP3 110 DIS 
21 -LDBEN SI v .. 81 Vas Ill v .. 
22 LDBDIR 52 MD20 82 -DRD 112 D19 
23 v .. 53 MD21 83 DO 113 D20 
24 MOO 54 MD22 84 DI 114 D21 
25 MDI SS MD23 85 D2 us D22 
26 MD2 S6 MD24 86 D3 116 D23 
27 MD3 51 v .. 87 Vee 117 v .. 
28 MD4 S8 MD25 88 ·ATEN 118 D24 
29 Vee 59 MD26 89 NC 119 025 
30 NC 60 Vee 90 NC 120 Vee 
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2.4 Alphabetical Listing of Pin Assignments 

Tab/82·3. Alphabetical Pin Definitions 

Signal Pin Sign.al Pin Sl;nal Pin Signal Pin 

·ACEN 10 DIS 110 MD12 <II ·PEN 74 
ACO II Dl9 112 MDl3 <12 SDJRO 16 
AC! 12 D20 113 MD14 <13 SD!Rl 18 
AC2 13 D21 114 MDIS 4S Vee 17 
AC3 14 D22 llS MD16 '46 Vee 29 

·ATEN 88 D23 116 MD17 47 Vee 40 
BWBUSY 20 D24 118 MD18 48 Vee 49 

.cASO 69 D2S 119 MD19 so Vc:c 60 
-CASI 70 D26 3 MD20 S2 Vc:c 73 
-CAS2 71 D27 4 MD21 S3 Vc:c 87 
-CAS3 72 D28 5 MD22 S4 Vcc 100 
·DRD S2 D29 7 MD23 SS Vc:c 109 

DO S3 D30 s MD24 S6 Vee 120 
DI 84 D31 9 MD2S SS v .. 6 
D2 SS HI.DAI 19 MD26 S9 v .. IS 
D3 86 LDBDJR 22 MD27 63 v .. 23 
D4 92 -1.DBEN 21 MD28 64 V11 31 
DS 93 -lPAR 76 MD29 6S v .. 37 
D6 94 MOO 24 MD30 66 V11 44 
D7 9S MDI 2S MD31 ([/ V11 SI 
D8 96 MD2 26 MPO 77 Vu S7 
D9 98 MD3 v MP! 78 v .. 62 

""1>10 99 MD4 28 MP2 79 Vu 68 
Dl! 101 MDS 32 MP3 80 V11 7S 
Dl2 102 MD6 33 NC I Vu 81 
Dl3 103 MD7 34 NC 2 v .. 91 
Dl4 !OS MDS 3S NC 30 V11 97 
DIS 106 MD9 36 NC 61 v .. 104 

--1 
1>16 107 MD!O 38 NC S9 v .. 111 
D17 108 MDII 39 NC 90 Vu 117 
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2.5 Pin Diagram 

F/gu,.,, 2-1. 82C355 Bus Controller Pin Diagram 

I I I I I I _I I I I I I I I I I _I I I I I I 1 I I I _I __ I _J I 
lllllllll 

oozOMN-oOW~N-o~wzOraN-ow..-o~m~wo 
zzwooooo~w~~~~<wwo wwwwgg~~~wz 

~> o> ~>~><<<<>~~~~~> 
~ ' ~ f 9999 • 

It vss vcc 60 
2 04 M026 
~ 05 M025 

94 06 vss 
95 07 M024 
96 08 M023 
9L vss M022 
98 09 M021 
99 010 M020 

0 vcc vss r 1 011 M019 
012 vcc 
013 M018 
vss M017 • n 014 82C355 M016 • 
015 M015 
016 vss - .. 

1 017 M014 
..1 vcc BUS CONTROLLER M013 
11 018 M012 4 vss vcc 41 

019 M011 3! 
020 M010 
021 vss 
022 .M09 

_j_j 6_ ~nn 1.•n~ 35 U.<.> MUO 

117 vss M07 :34 
1 024 MD6 33 
l1 025 MOS 32 
12 vcc vss _;n_ 

> z .,..wz~ !E ..-<::JWo 
~~mW~o-~o..-N8W-O~ommmwo..-NM~O 

OONNNWNMM<OOO wooo~~gow~~~~~oo 
ZZOOO>OOO,<<<<>W>W~m.~> >Z 

.... IJJjjJJJJddddddJdJdJJJJ~JJJJJJ 
-
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Section 3 

355 Physical Characteristics 

3.1 Absolute Maxi mum Ratings 

Symbol Min. Max. Units 
S!;!E2!}'. V ohagc Vcc 7.0 v 
1n2!! Voltage v, ·.S s.s v I"\,·-·· 'U-1•--.. u. < « v ....................... ,$" .. •u ·~ -~ 
QE!:rating Tem~rature T211 ·2S 85 c 
St.oraRe Tempemun: Tns -40 12S c 

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

3.2 Operating Conditions 

Symbol Min. Max. Units 
Supply V oltaae Vee 4.75 5.25 v 
.Ambient Tempcrawrc 70 c 
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SecUon4 

355 DC/AC Characteristics 

4.1 DC Characteristics 

Symbol Min. MaL Units 

ln(!2t low voltage V11. 
TJ1.level -03 .8 v 
lnJ!!l hig!! vdta~ v .. 
TJ1.level 2.0 +o.3 v 
0u9?:ut low voka.ge VQL .45 v 
Ou!J!! high voltage Voo 2.4 

In~tl..OW currmt~ Voe:Vss In. -10 +JO ~ 
InJ!!t HIGH current ~it Vo= Vdd 11!! -10 10 ~ 
0w::pm cum:nt ]ow Jot. 
{all Pi!!s ex~ -LP AR) -8 +8 ~ 
!·I.PAR) Jot. -4 +4 ~ 
Ou!!!!!! c:un..t hi&!! !OH 
{All Pi!!• exccot ·l.PAR) ·8 +8 ~ 
!·I.PAR) !OH -4 +4 ~ 
3..state OU!:E!!:!:t OFF current LOW !!!a ·10 +10 ~ 
3-Swe out]:Jllt OFF atrrent HIGH Iom -10 +!O ~ h 

Power •!!!!l:t current@2S MHz Jee 80 mA 

In~t ca2:!ci.tance Cm 10 eF 
Ou!t!!!! or I/O capacitance Cotrr 10 eF 
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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. 

Tab/B 4-1. Parity Timmg 

Perlty Timing 25MHz 

Min. Mox. 

t519 -lPAR inactive delay from -PEN inactive 20 
tS21 -IPAR active delay from -PEN acti'YC 6 20 
tS22 MP<0:3> setup to -CAS inactive s 
1523 MP<0:3> valid from MD<0:31> 
1524 MP<0:3> hcid from -CAS inadivc s 

Table 4-2.. Data Paths 

Dau Plltha 25MHz 

Min. Max. 

1555 MD bus scarp to -CAS<0:3> inactive 2S 
t5S6 MD bus hold to ..cAS<0:3> inactive 10 
1570 D bus to MD bus so 
1571 -1.BDENiowtoDATA•alid 39 
1572 MDbustoDbus 2S 

Tab/B 4-3. Parity Timing 

Perlty Timing 33MHz 

llln. Max. 

tS19 -IPAR inactive delay from -PEN inactive 18 
tS21 -IP AR active delay from -PEN active 6 IS 
1522 MP<0:3> !e!!!p to -CAS inactive s 
1523 MP<0:3>volid from MD<0:3 I> 2S 
1524 MP<0:3> hold from -CAS inadive 

Table 4-4. Data Paths 

Data l'lllha 3311Hz 

llln. Mox. 

1555 MD bus !e!!!p to .CAS<0:3> illlldive 2S 
tSS6 MD bus hold to -CAS<0:3> inadivc IO 
1570 D bus to MD bus so 
1571 -LB DEN low to DATA valid 39 
tS1Z MD bus to D bus 2S 
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Section 5 

355 Timing Diagrams 

Figum s-1. 82C355 Write and -U'AR Parity 

• 
/{1 JI• 

CPUCLKIN 

_JJ ~I H :1 :1 :1 -SCLK L ' ' I I I 
: : 

.CAS \. :J . \. : , 
. 

-ORD ' 
. 

. : : 

. WRITE DATA VALID . READ DATA M0<0:31> 

: : : : : e-=~ 
: : WRITE PARfrY VALID : : READPARfrY MP<C:3> 

~-; E- 11 e--. . 

82C355 Write Parity Timing 

-l.PAR 
~{f_1}-· .. ---PEN 

82C355 Parity-LPAR Timing 
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Figure 5-2. 82C355 MD to D Bus Delay 

T1 T2 T2 T2 T2 T2 

CPUCLKIN 
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.... 
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Flgum 5-3. 82C355 D to MD Bus Delay and UJDEN Low to Data Valid 0 ut 
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Section 6 

355 Physical Dimensions 

6.1 82C355 Data Buffer .. 

Figutt1 6-1. 120-Pin Plastic Flat Package 

82C355 
BUS BUFFER 

27.8 (1.094) 

28.2 (1.110) 

1-4---- Foot rint31.75 (1.250) __ ,..i t p 32.40 (1.276) 

Max Height ~ .·. 
3.7 <o.146) T_J~ }i.-

Legend 

CHIPS and Technologies, Inc. 

Clearance 
0.0 (0.000) 

9.6 (0.024) 

· .. Lead Length 

0.6 C0.024! 
1.0 (0.039) 

minimum in inches (minimum milimeters) 
maximum in inches (maximum milimeters) 
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• 356 Functtonal Descrlptton 

II 
Section 1 

356 Functional Description 

1.1 -'Features 

The 82C356 peripheral controller contains the address buffers used to i1iterface 
the local address bus A<2:23> and J/O channel address bus SA<O: 19>. It also 
cootains an equivalent Integrated Peripheral Controller (IPC) that incorporates 
two 8237 DMA cootrollers, two 8259 Interrupt Controllers, one 8254 
Timer/COunter, and an MC146818 RTC with CMOS RAM, in addition to 
several other SSI interface logic devices. 

1.2 Functionai Subsystem 
The 82C356 peripheral controller consists of the following functional 
subsystems as shown in Figure 1-1: 

• 
• 
• 

• 
• 

Address BUS interface between the A and SA buses 

I/O Address Decodes 

14.318 MHz oscillatoraystal interface 

Integrated Peripheral Controller (IPC) 

Configuration Registers 

Address Bus Interface Between A and SA Buses 
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 
to the iiO cbannei address bus. 

The buffers are controlled by lil.DAl, -MASTER, -REF, and -ATEN to drive 
the signals from the somce to the target buses. Table 1-1 shows_ how the drivers 
are configured between the buses for .each type of active bus request. When 
-REF is asserted, the refresh address iS !arched onto the SA bus as the refresh 
row address and the refresh counter for the J/O 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 
by i."'.e CP'J. For all CPTJ sour-..ed 8'"'""Ctsses, ta"'.e add...-esses aa-e latched on ta ... .e 
trailing edge of -MALE. 
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ext 
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PCUNMIN 
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Table 1-1. Address Buffer Function 

ii LOA AiEN REF MSTR 

0 I I I 

0 0 I I 

0 I 0 I 
I I I 0 

I I 0 0 

I I I I 

NON-AT 

AT 

REFRESH 

• 356 Functional Description 

All buses a~ tri-natcd in UW mode. 
The SA bus XA <0:1> arc driven by lhc 
A bus. 
A<2:16> arc disabled. 

MASTER The SA bus drives lhe A bus and XA 
<0:1> while A<17:23> are tri."'1.ated. 

MASTER-REFRESH The A buo is disabled. 

DMA The 82C356 drivcs lhc A bw, lhe SA 
bus and XA<O:I>. 

1.3 Address Decode 
The 82C356 provides l/O decode for the keyboard conttoller. The signal 
-8042CS provides the address decoding for the keyboard conttoller. The 
-8042CS output is an I/O decode of addresses 60H and 61H. 

i.4 Port Band NMi iogic 
The 82C356 provides access to Port B defined for the PC/AT, as shown in Table 
1-2. The NM! (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, a non-maskable interrupt is generated to the CPU and the 
source of the NM! is recoroed in port B. Reading port B indicates the soun:e of 
the error condition. The master enable for NMI generation (as defined for 
PC/AT system at system I/O port 70H, bi17) is implemented in the 82C356. If 
this bit is set to 1, NM! generation is disabled and if set to 0, it is enabled. 

Table 1-2. Port61 BitDejinition 

Addr•a Bit Functloo Descriptloo 

61H Port B Register 

7 Read only PCK.. System memory parity c:hedc 

6 Read only CHK • yo c:honncl check 

s Read only no -Timer 2 out 

4 Read only RFD • Refresh dctc<:t 
3 Read wr:ile EIC • Enable VO chllDIICl check 

2. Rcadwrile ERP ·Enable system mrmorr parity check 
I R...iwrilc. SPK ·Speaker Data 
0 R...iwrilc T2G • Trmcr2. Ga10 Speaker 

The 82C356 also accepts an NM! due to power fail, READY timeout, or from 
the Power Conttol Unit (PCU) 82C636. The PCU is used to control power for 
memory, serial port etc. This also provides slow DRAM refresh dming standby 
mode when power is off. ·111e PCti and PFAIL NMi, are combined iniO one pin, 
since the PCU can supply the PFAIL interrupL Reg 26H<4> and Reg 26H<2> 
are used to enable the NM! sourced from the PCU and READY timeout, 
respectively. Reg 26H<3> and Reg 26H<O> indicate the source of the NM!. 
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1.5 Integrated Peripheral Controller 
The Integrated Peripheral Conrroller (IPC) pcxtion of the 82C356 is an LSI 
implementation of the standard peripherals required to implement an IBM 
I'C/AT system board. Itconlains the equivalent of two 8237A OMA 
Conrrollers, two 82S9A Intenupt Conrrollers, an 8254 Counter/rimer, and an 
MC146818 Real Time Clock with RAM. The IPC provides all the standard 
peripherals required for a system board implementatioo ~cept the keyboard 
controller. Figure 1-2 illustrates the subsystems contained within the IPC. 

Rgure 1·2. Integrated Peripheral Co111To/lu Block Diagram 
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Two OMA Controllers are provided and connected in such a way as to provide 
the user with four channels of OMA (DMAI), for 8-bit ttansfers and three 
channels of OMA (DMA2). for 16-bit ttansfers (the first 16-bit OMA channel is 
used for ea scarfing). Included,$ pan of ihe DMA subsystem. is the DMA Page 
Register used to drive the upper address lines when required. 

Sixteen intemJpt channels are provided in the IPC. These channels are 
partitioned into two cascaded con1rollers: INTCI 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 internally connected 
channels are as follows: 

• Cti,.n.nel 0-Counter,l!'i.rn.f'l' C-Ol.!nter 0 I.11terrupt 

• Channel 2-Cascade to Slave lntemJpt Controller (INTC2) 

• CbanOOI 8-Real Time Clock Interrupt 

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

A Counter{l'imer (CIC) subsystem is provided containing three independent 
counters. AU three counters are driven from a clock input pin independent of all 
the other clock inputs. Counter 0 is connected to Interrupt 0 of INTCI. It is 
intended to be used as a multilevel 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 (Coonter 2) is a 
full function Counter{l'imer which has a gated input for controlling the internal 
counter. This channel can be used as an interval counter, a timer, er a gated 

-rate/pulse generator. 

A Real Time Clock (RTC) is included in the 82C356 for maintaining the time 
a.'ld date. ThJs subsyste.111 also contai..n..s ! 14 byt..es of CMOS It.A-~ Lri addition 
to the Clock,ICalendar. The Clock/Calendar infonnation and RAM are kept 
active by connecting the deVice to an external battery when the syslem power is 
turned off. 

To inteJCOr.r.ect and eonifOl ill uf these nuijor subsystems. a mul.i.ilevei controi 
section is employed which is divided into subsystems for pwposes of discussion. 

The f'ast section covers the Clocl: and Wait State Control. This subsystem 
controls the generation ofDMA wait states and the negation oflOCHRDY (if 
programmed to do so) during 1,;t'U access of the device. ·rne iast subsystem is 
the Multilevel Decode. 

1.6 t.~ultilevel Decode Subsystem 
To accommodate over 200 registers in the 82C356 and maintain ItO decode 
compatibility with the IBM PC/AT, a multilevel decode scheme is employed. 
The multilevel decode subsystem perfonns the function of generating enables to 
various subsystems. Controi and direclion of the XD0-XD7 data bus buffers are 
also handled by this subsystem. The output buffers are enabled whenever an 
enable is generated to an internal subsystem and the -IOR signal is asserted. 
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Table 1-3. 

The multilevel 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 llllernalDecode 

-MSE 
(AEN) 

XA9 XA8 XA7 XA& XA5 XA4 XA3 XA2 XA1 XAO Addr•1 Selected 

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

0 x x x 
x I x x 
x x x 
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0 
0 
0 

0 

0 

x 
x 
x 

Range Device 

0 0 x x x x OOO-OOF DMAI 
n n n 0 ~ 020-02' ~-· u u u A u • .LL, 1\...J. 

0 0 0 I x 022-023 CONFIG 
0 0 0 0 x x 040-043 ere 
I x x x x 070-071 RTC 
0 0 x x x x 01!().QSF DMAPAG 

~ ~ n 0 ~ ................ ll\"TC'l A A u A UJ"\~1\.1 

0 x x x x x OCO-ODF DMA2 
x x x x x x Disabled 
x x x x x - x Diubled 
x x x x x x Diubled 

The decode is enabled by three signals: -MSE(AEN), XA9, and XA8. To 
enable any internal device, -MSE(AEN) must be 1 and XA9 and XA8 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 to 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 ro the 
unused address spaces established by the multilevel decode. The extta 
peripherals may be tied directly ID the XDO-XD7 data lines since the IPC output 
buffers are not enabled unless an internal subsystem is enabled. 

1.7 Clock and Wait State Control 
The Qock and Wait Sate Control subsystem perfonns 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. 

Flgu,. t-3. Clock/Wait State Contro!Register(023H) (lndaOIH) 

I ,D., fo.: Inc f.,, ln2 I.,,. I,,, Inn I L...,., _L.uv _j_ IJ.J _l llJ"T _i...,...,, i u~ _l u,1. J_uv j 

l L L ¢lock Wait Stale 
.__ ___ Ex19nded Memory Enable 

} 
8-blt Wai!Stalo 

'----'--'--- 16-bitWaitStale 

~-------} Readl\Nillia Wai!Stale 

.____ ___ } 

Writing and reading this register is accomplished by rirst writing an OlH ID 
location 022H ID select the control register.and performing either a read or write 
to location 023H. 
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Cloek Walt State: This bit allows the user to insert a divider between the 
DMA Controller subsysternS 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 1 in this 
position bypasses the divider and uses the SClX input directly. Whenever the 
state of this bit is changed, an internal synchronizer controls the actwll switching 
of the clock to prevent a short clock pulse frrim causing a DMA malfllllCtion. 

Extended Memory Function Enable: This bit enables the extended 
-MEMR function. Normally, the assertion of -MEMR is delayed one clock 
cycle later than -lOW in the IBM PC/AT implementation (EMR=O). This may 
not be desirable in some systems. A 1 pnigrammed into this bit position starts 
-MEMR at the same time as -IOW. 

8-blt Walt State: Wait staleS may be inserted in 8-bit DMA cycles by 
programming these two bits. 

8W1 8WO 8-blt DMA Walt States 

0 0 1 
0 I 2 
I 0 3 
I I 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 jnput to the wait Slate 
generation logic to extend the cycle, if necessary. This input is driven low by 
the peripheral to extend the cycle. The cycle can then be completed by releasing 
IOCHRDY and allowing it to return high. 

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

16W1 16WO 1M>lt DMA Walt States 

0 0 I 
0 I 2 
I 0 3 
I I 4 

Read/Write Walt State: When the higher speed CPU's are accessing the 1PC 
subsystems, the cycle can be extended by programming up to four wait states 
into the Configuration Register. This causes the lPC to~ a not ready 
condition on IOCHRDY (low) whenever a valid decode from the Top Level 
Decode is detected and either-IOR or -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 staleS are in increments of SCLK cycles and are not 
affected by the DMA Clock Divider. · 

·RW1 RWO Read/Write Cycle Walt Sllltea 

0 0 I 

0 I 2 
I 0 3 
I I 4 
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The Configuration Register contents are preloaded by RESET4 to an initial 
value of OCOH hex. This value eslablishes a default which is PC/AT compal!ole 
and conesponds to: 

Read/Write cycles 

16 bit DMA transfers 

8 bit DMA transfers 

4 waitstateS 

I wait Slate 

I wait Slate 

-MEMR delayed I DMA clock cycle later than -IOW 

DMA clock is equal to SCLK/2 

1.8 OMA Functional Description 
• 

The equivalent of two 8237 A OMA controllers is implemented in the IPC 
subsystem. Each controller is a four channel DMA device which generates the 
memory addresses and control signals necessary to transfer information between 
a peripheral device and memory directly. This allows high speed information 
transfer with little CPU intervention. 

The two DMA Controllers are intemally cascaded to provide four DMA 
channels for transfers to 8-bit peripherals (OMA!) and three channels for 
transfers to 16-bit peripherals (DMA2). DMA2 Channel 0 provides the cascade 
inten::onnection for the two DMA devices; thereby maintaining IBM PC/AT 
compa!I"bility. 

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

Each DMA Channel has a pair of 16-bit counters and a reload register for each 
counter. The 16-bit counters allow the DMA lo transfer blocks as large as 
65536 words. The register associated with each counter allows the channel to 
reinitializ.e without reprogramming. From this point on the description of the 
DMA subsystem pertains lo both DMAl and DMA2, unless otherwise specified. 

OMA Operations 
During normal operation, the DMA subsystem is in either the Idle condition, the 
Program condition or the Active condition. In the Idle condition, the DMA 
controller executeS cycles consisting of only one state. The idle state SI is the 
default condition, and the DMA remains in this condition unless the device has 
been initialized, and one of the DMA requests is active; or the CPU attempts to 
access one of the internal registers. · 

When a DMA request becomes active the device enters the Active condition and 
issues a hold request lo the system. Once in the Active condition the DMA 
controller generates the necessary memory addresses and command signals lo 

accomplish a memory-to-00, IP-to-memory, er a memory-to-memory transfer. 
Memory-to-00 and 00-to-memory transfers take place in one cycle, while 
memory-to-memory transfers require two cycles. During transfers between 
memory and 00. data is presented on the system bus by either memory er 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 I/O, two commands are activated during 
the same cycle. In the case of a memory-to-JJO 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 lalch 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 Che multilevel decoder and HI.DA are also sampled at the same time to 
determine if Che CPU is attempting to access the internal registers. When eilher 
of Che above two situatioiis occurs, the DMA exits the idle condition. Note that 
the program condition has priority over the active condition since a CPU cycle 
has already Sl3rted. 

Program Condition 
The program condition is entered whenever HLDA is inactive and internal 
select is active. During this time, address lines XA<0:3> become inputs if 
DMAl is selected. or XA<l :4> become inputs if DMA2 is selected. Note, 
when DMA2 is selected, XAO is ignored. These address inputs are used to 
select Che DMA controller registers which are to be read or wriuen. Due to the 
large number of internal registers in Che DMA subsystem, an internal flip-flop 
bit is used to supplement the addressing of the count and address registers. This 
bit is used to 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 
app10ptiate command. 

Special commands are supported by the DMA subsystem in the program 
condition 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 IPC subsystem enables programming whenever HI.DA has been inactive 
for one DMA clock cycle. It is the responsi'bility of the system to ensure 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 to service a device with a 
channel that is partially programmed. 
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Active Condition 

The !PC DMA subsystem enters the active condition whenever a software 
request occurs, or a DMA request on an mun asked channel occurs, and the 
device is not in the program condition. The DMA controller then begins a 
DMA transfer cycle. 

In a read cycle, fer 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. Oo the next clock cycle, the DMA controller exits Idle and 
enlel'S state SO. During SO, the device resolves priority and issue -DACK on the 
highest priority channel requesting service. The DMA controller then proceeds 
to state S 1 where the multiplexed addresses are output and latched. State S2 is 
then entered, at which time the DMA controller asserts -MEMR. The de'llice 
then transitions into S3 where the -IOW command is asserted. The DMA 
controllecrcmains in S3 until the Wait State counter bas decremented to zero 
and IOCHRDY is true. Note that at least one additional S3 occurs, unless 
Compressed Tinling is selected. Once IPCHRDY is true, the DMA controller 
enters S4 where both commands are deasserted. Jn Burst Mode and Demand 
Mode (discussed in the following sections), subsequent cycles begin in S2 
unless the intermediate addresses require updating. Jn these subsequent cycles, 
the lower addresses are changed in S2. The DMA controller can be 
programmed on a channel by channel basis to operate in one of four modes: 

• Single Transfer Mode 

• Block Tmnsfer Mode 

• Demand Transfec Mode 

• Cascade Mode 

Single Transfer Mode 

This mode directs the DMA controller to execute only one tranSfer cycle at a 
time. DREQ must be held active until -DACK becomes active. If DREQ is 
held active 1hroughout the cycle, the DMA controllec deasserts HRQ and 
releases the bus once the transfer is complete. After HLDA bas gone inactive, 
the DMA controller again assects HRQ and executes another cycle on the same 
channel, unless a request from a higher priority channel bas been received. In 
this mode the CPU is ensured of being allowed IO execute at least one bus cycle 
between transfeIS. 

Following each transfer, the wtrd count is decremented and the address is 
incremented er decremented. When the word count decrements from OOOOH to 
FFFFH, the terminal count bit in the st8tus register is set and a TC pulse is 
generated. If the autoinitialization option bas been enabled, the channel 
reinitializes itself. If autoinitialize is not selected the DMA controller sets the 
DMA request bit mask and suspends transfening on the channel. 
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Block Transfer Mode 

When Block Transfer Mode is selected, the DMA controller begins transfers in 
response to either a DREQ or a software request and continues until a terminal 
count of FFFFH is reached; at which time, TC is pulsed and the status register 
terminal count bit is set. In this mode, DREQ need only be held active until 
-DACK is asserted. Autoinitiali711tioo is also openuional 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 l"!ll)Ched, or 
DP~Q becomes inactive. This mode is nOrm!:a_ny used for peri.ph<:Pu!s which 
have limited buffering availability. The peripheral can initiate a transfer and 
continue until its buffer capacity is exhausted. The peripheral may then 
re-establish service by again assening DREQ. During idle periods between 
transfers, the CPU is released to operate and can monitor the opemtion by 
reading intermediate values from the address and wad count registers. Once 
DREQ has been deasserted, higher priority channels are allowed IO intervene. 
Reaching terminal count results in the generation of a TC pulse, the setting of 
the tenninal count bit in the status register and autoinitializ.ation (if enabled.) 

Cascade Mode 

This mode is used to intel'COnnect more than one DMA controller, to extend the 
nu.uber ofDJ..fA charu-.els while preserving t.'le 111~ity cb.ain. In rastade 
mode, 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 m:eived an 
HLDA from the CPU in i:esponse to a DREQ caused by !he HRQ from a slave 
DMA Controller, the master DMA controller ignores all inputs except HLDA 
from the CPU and DREQ on the active channel. This prevents conflicts 
between the DMA devices. 

Figu .. -re 1-3 shows !he Mt«-~ttP. inten:-01u1ect..ion fer two DM..~ devices. Note !!lat 
Channel 0 ofDMA2 is intemally connected for Cascade mode to DMAI. 
Additional devices can be cascaded to the available channels in either DMAl or 
DMA2 siace cascade is not limited to two levels of DMA controllers. 

When programming cascaded conttollers, begin with the device that is actually 
generating HRQ to the system (first level device), then proceed to the second 
level devices. RESET4 causes !he -DACK outputs to become active low and 
are placed in !he inactive state. To allow the internal cascade between DMAl 
and DMA2 !Q fl!l!ctio!! ~Y, !he active low state of -DACK should oot be 
modified. This is because the DMA controllers have an inverter between 
-DACK.0 of DMA2 and lil.DA of DMAl. The fll"St level device's DMA 
request mask bit prevents second level cascaded devices from goo.erating 
unwanted hold requests during the initialiw•ion process. 
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Rgu,.,, 1-4. Cascaik Mode llllerconMct 
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1.9 OMA Transfers 
Four types of transfer modes are provided in the DMA subsystem. These 
transfer types are: Read Transfer, Write Transfer, Memory-to-Memory 
Transfer, and Verify Transfer. 

• Read Transfer - Read transfers move data from memory to an J/O 
device, by generating the memory address and asserting-MEMR and-IOW 
during the same cycle. 

• Write Transfer-Write uansfers move data from an I/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 to another. 
DMA channels 0 and 1 may be programmed to openue as 
memory-to-memory channels by setting biis in the Command Register. 
Once programmed to perform a memory-to-memory ttanfer 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. Cbannel l 
generates the address for the memory write cycle. During the rcad cycle, a 
byte of data is latched in the internal Temporary Register of the 82C356. 
The contenlS of this registec are then placed on the XD<0:7> data lines 
during the write p<X'lion 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 initiali7.e large blocks of memory with 
the same vaiu11- Tne DMA coniroller will continue performing irnnSfer 
cycles until Channel l reaches terminal counL 

• Verify Transfer-The verify transfer is a pseudo-transfer which is useful 
fOl' diagnostics. Jn this type of uansfec the DMA will operate as if it is 
perfonning a Read or Write Transfec by gene.rating HRQ, addresses and 
-DACK but will do so without asserting a command signal. Since no 
transfer actually takes place IOCHRDY is ignored during Verify transfer 
cycles. 
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1.1 O Autoinitialization 
Each of the four DMA channel Mode Registers contains a bit which causes the 
channel 1 to reinitialize after reaching terminal coiiiiL During this process, 
referred to as autoinitializ.ation, the Base Address and Base Word Count 
Registers, which were originally written by the CPU, arc reloaded into the 
Current Address and Current Word Count Registers (both the base and current 
registers arc 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 autoinitialize, the request mask bit will not 
be set upon reaching terminal counL This allows the DMA to continue 
operation wi1llout CPU intervention. 

• 
During memory-to-memory uansfers the Word Count Registers of both Channel 
0 and Channel 1 must be programmed with the same starting value for full 
autoinitiafu.ation. If Channel 0 reaches terminal count before Channel l, then 
Channel 0 will reload the starting address and word count and con1inue 
transferring data from the beginning of the source block. Should Channel 1 
reach terminal count first, it will reload the current registers and Channel 0 will 
remain uninitia1ized. 

1.11 DREQ Priority 
The DMA subsystem supports two schemes for establishing DREQ priority. 
The flISt is fixed priority which assigns priority based on channel position. In 
this me1llod, Channel 0 is assigned the highest priority. Priority assignment then 
progresses downward through the channels in order; with Channel 3 receiving 
the lowest priority. 

The-nnd type of priority ~C!cig1unent is rot~til"!g priori_ty. In t.hls schemej the 
ordering of priority from Channel 0 to Channel 3 is maintained, but the acwal 
assignment of priority changes. The channel most recently serviced is assigned 
the lowest priority and, since the order of priority assignment remains fixed, the 
remaining 1llree channels rotate acconlingly. The rotating priority assignment is 
illustrated in Table 1-4. 

Rotating Priority Scheme 

Second Third Priority 
Arbitration Arbitration 

Owmcl2 Owmcl3 Highest 

Cbmnc13 Oimnc!O 

Cwmc10 Owmcll 

Owincll Cbmnc12 
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Note In the preceeding table. a box around a channel ownbet indicates a n:quested 
channel. 

In instances where multiple n:quests occur at the same time, the IPC issues an 
HRQ but does not freeze the picxity logic until HI.DA is returned. Once 
HDLA becomes active, the picrity logic is frozen, and -DACK is asserted on 
the highest i:equestiog channel. Priority is not re-evaluated until HI.DA has 
been deactivated. 

1.12 Address Generation 
The DMA Page Register generates A<l7:23>. During 16-bit DMA tnmsfers, 
XAO 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 crdet addresses during 
DMA cycles. Only 8 of the registers are actnally used, but all 16 arc included to 
maintain IBM PC/ AT compatibility. Each DMA channel has a register 
associated with it, with the exception of Channel 0 of DMA2, which is used for 
internal cascadir1g to DMAI. Assignment of each of these registers is shown in 
Table 1-5 along with its Reatl/Write address. 

Table 1-5. DMA Address Extension Map 

Addreu Register Function 

OSOH Unused 
081H S-bit DMA 0.mncl 3 (·DACK3) 
OS2H 8-bitDMA O.onncl2 (·DACK2) 
083H 11-bit DMA Oimncl 1 (-DACK!) 
084H Unused 
085H Unused 
086H Unused 
087H I-bit DMA Oimncl 0 (·DACKOl 
OSSH Unused 
089H 16-bil DMA Oimncl 2 (·DACK6) 
OSAH 16-bil DMA Oimncl 3 (·DACK7) 
OSBH 16-bil DMA 0.111ncl I (·DACKS) 
OSCH Unused 
OSDH Unused 
081ll! Unused 
08FH Rdrosh Cycle 

During Demand and Block Transfers, the IPC generates multiply sequential 
tnmsfers. For most of these tnmsfers the iofannation in the intemal address 
latches remains !he same. elimioatioo: !he need to be rclatched. Since the neal ----- ------ --- ------~ ---------<;;> --- --- - -- -- - - --------- ----- - - - - -

to update the la!ches occurs only when a carry or borrow from the lower 8-bits 
of the Address Counter exists, the IPC only updates the la!ch contents when 
necessary. TheIPC thereforc,onlyexecures Sl cycles when nec:essary, 
resulting in an overall through-put improvemeoL 
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1.13 Compressed Timing 
1be DMA subsystem in the 82C356 can be progr8mmed to tran8!ec a wad in as 
few as 3 DMA clock cycles. The nonnal DMA cycle consists of three states: 
S2, S3, and S4 (this assumes Demand or Block Transfer Mode). Normal 
uansfers require 4 DMA clock cycles since S3 is executed twice due to the 1 
wait state insertion. In systems capable of supporting high through-put, the IPC 
can be programmed to omit one S3 and assert both commands in S2. S2 begins 
the cycle by generating the address and asserting both commands. One S3 cycle 
is executed and the cycle terminates in S4. If Compressed Tuning is selected, 
TC is active in S2. Note that Compressed Timing is not allowed for 
memory-to-memory uansfers. 

1.14 Register Descriptions 
• Current Address Register-Each DMA channel has a 16-bit Current 

Address Register which holds the address used dining uansfers. Each 
channel can be programmed to increment or decrement this register 
whenever a uansfer 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 Cwrent Word Count Register. Channel 0 can be prevented 
from incrementing or decrementing by setting the Address Hold Bit in the 
Command Register. 

• Current Word Couut Register-Each channel has a Current Word 
Count Register which determines the number of transfers to perfonn. The 
actual number of transfers perfonned is one greater than the value 
programmed into the register. The register is decremented after each 
uansfer until it rolls over from zero to FFFFH. When this occurs, the DMA 
controller generates TC and either suspend operation on that channel and 
set the appropriate Request Mask Bit a Autoinitialize and continue. 

• Base Word Count Register -This register preserves the initial value of 
the Cwrent 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 autoinitia1ization. 

• Command Register - This register controls the overall opmition of a 
DMA subsystem. The register can be read or written by the CPU and is 
cleared by eitherRESET4 a a Master Clear command.. 

Flgute 1-S. Clock/Wait State Co111ro/ Reg~r (023H) (Index OJH) 

B7 B6 BS 
'----Memory-to-Memory 

'------Address Hold 
Controller Disable 

'---------eompressedTiming 

'------------:Rotating Priori~ 
Extended Write 

'-------------oREQ 
'---------------DACK 
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Memory-to-Memory A l in the bit 0 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 
when perlorming memory-to-memory transfers. 

Controller Dlsable Bit 2 is the master disable for the DMA controller. 
Writing a l to this location disables rhe DMAsubsystem (DMAl or DMA2). 
This function is normally used whenever the CPU needs to reixogram ooe of the 
channels IO prevent DMA cycles from occuning. 

Compressed Timing Compressed timing is enabled by writing a 1. The 
default 0 condition causes the DMA to opetlite with normal timing. 

Rotating Pilurtt; Wriiing a 1 causes ibe 82C356 w utilize a roiaiing pciority 
scheme for honoring DMA iequests. The default condition is fixed priority. 

Extended Write Extended Write is enabled by writing a 1 to S bit, causing 
the write commands IO be asserted one DMA cycle earlier during a transfer. 
·n1e read and write commands both begin in state S2 when enabled. 

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

·DACK ·DACK active !eve! is de.tfn!'!Jned by bit 7 .. Progra..r11!!llng a 1 in this 
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 I/O address. Bits 0 and I of the Write Mode Register 
command determines which channel's Mode Register is written. The remaining 
six bits conttol 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 COIDlter command is provided IO allow the CPU to restart the mode 
read process at a known point. During mode read operation, bits 0 and 1 will 
both be 1. 

Figure HI. Mode Register 

B7 B6 BS B4 B3 B2 Bl BO 

~-__,}-Channel Select 

'------'----J-TransferType 

I l---~------------~----------~~---_- Autoinitializarion . '-----------·Address Counter 
..._ ___________ ]- ModeSeleclion 
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Channel Select c0:1>: Channel Select bits I and 0 detennine which 
channel's Mode Registec is wriuen. 

Channel Sekctor 

CS1 cso Channel 

0 0 Owmcl 0 Select 
0 I Owmcl I Select 
I 0 Owmcl 2 Select 

I I Oionncl 3 Select 

Transfer Type c0:1 >: Bits 2 and 3 conttol lhe type of transfer to be 
performed. • 

Transfer Type 

TT1 TTO Type 

0 0 Vs:!!x Transfer 
0 I Wrile Transfer 
I 0 Read Transfer 
I I ID91ll 

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

Address Counter: Bit S detennines the direction of the address counter, as 
well as the address after the transfer. A 0 increments the address after each 
transfer. A I decrements the address after each transfer. 

Mode Selection c0:1> Mode Selection foreachchannel is accomplished by 
bits6and 7. 

M<Hk Sekction 

U1 uo Mode 

0 0 Demand Mode 

0 I Sinzjo Cycle Mode 
I 0 Block Mode 
I I Cascade Mode 

Request Register 

This four bit register is used to generate software requests (DMA service can be 
requested either externally or under ~ftware conttol). Request Registec bits can 
be set or cleared independently by thC 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 byRESET4. 
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Rgure 1•7. Request Register Write O~ration 

Tabla 1•9. 

[B7}B6IBslB4}B3IB2lB11Boj 

11 } Request Select 
Request Bit 

J-~-
Request Select c0:1 >: . Channel Select O and 1 detemlines which channel's 
Mode Register is written. Read back for the mode register results in bits 0 and 1 
being ones. 

Request Channel Select 

RS1 RSO Channel 

0 0 Oiannel 0 Select 

0 I Channel I Select 
I 0 Channel 2 Select 
I I Channell Sc1ect 

Request Bit: The request bit is set by writing a 1tobit2. RSl-RSO selects 
which bit (channel) is to be manipulated. 

Fonnat for the Request Registee read operation is shown as follows: 

Rgure 1-11. Request Register Read Owation 

B7 B6 BS B4 B3 B2 Bl BO 

-----}Request Channel 

...______}1 
Request Channel c0:3>: During a request Register read, the state of the 
request bit associated with each channel is returned in bits 0 through 3 of the 
byte. The bit position conesponds to the channel numbel'. 
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Request Mask Register 
The Request Mask Register is a set of fow bits which are used to inhibit 
external DM..\ re-qi_tests from generati..11g transfer c_yc!e~s. Thi~ regi...ster c.a..n be 
programmed in two ways. Each channel c3n be independently masked by 
writing to the Write Single Mask Bit location. The data format for this 
operation is shown as follows. 

Rgure 1.Q. Register Maslr.Regisfer Set/Reset Operation 

LD' _LDO _LDC> J_D't J_DC> J_D-' _LD• _LDV J 1 T T } Mask Select 
Mask Bit 

Mask 5elect<0:1>: These two bits select the specific mask bit which is to be 
setorreseL 

Table 1-10. Mask Channel Select 

11s1 llSO Channel 

O 0 Cwmel 0 Sele« 
0 I Cwmel I Select 

0 Cwmel 2 Seleot 
I Cumnel 3 Seleot 

Mask Bit: Bit 2 sets or resets the request mask bit for the channel selected by 
MS I and MSO). 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: 

Rgure MD. Reqlli!st Register Read Operation 

'-----} MaskBit 

._____}1 
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Mask Bit c0:3>: Each bit position in the field i:eprescnts the mask bit of a 
channel. The mask bit number corresponds to the channel number associated 
with the mask bit. All four mask bits are set following a RESET4 er a 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 status of all four channels can be determined by reading the Sr.atus Register. 
Infcrmation is available to detennine if a channel has reached terminal count 
and wheihtt an external service request is pending. Bits 0.3 of this regi.Sicr are 
cleared by RESET4, Master Clear, er 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 nn..rnber ron-esponds to the bit position~ 

Figure Mt. Status Read Only Regi~r 

138 

Temporary Register 
The Temporary Register is used as a temporary holding register fer data during 
memory-to-memory transfers. The register is loaded during the first cycle of a 
memory-to-memory transfer from XD<:0:7>. During the second cycle of the 
ll'allsfer, the data in lhe Temporary Register is placed on the XD<0:7> pins. 
Data from the last memory-to-memory transfer remains in the register wtless 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 -IOR or -IOW. Infcrmation on the data lines is 
ignored by the R2C356 whenever an .. JQW activated conima.nd is i~a_ied, t.lius 
data retmned on -IOR activated commands is invalid. 

PRELIMINARY CHIPS and Tochnologies, lnC. 



CHIPS and Tochnologies, Inc. 

• 356 Functional Descrlpllon 

Clear Byte Pointer Fllp-Flop: This command is normally executed prior to 
reading or writing IO the address or word count register. This initializes the 
flip-flop to point to the low byte of the register and allows the CPU to read or 
write the registl7 bytes in correct sequence. 

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

Master Clmlr: '!hi~ CQ!!'l.ma.'!d ruu: tl!e sa.rne cffpr.t as a tu~rdware JlP-<:ET. The 
Command Register, Status Register, Request Register, Tlllllporary register, 
Mode Register Counter and Byte Pointer Flip-Flop are cleared and the request 
Mask Register is set. Immediately following Master Oear 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 Register Counter: In order to allow access to four Mode 
Registers while oniy using one address, an additionai counter is used. Airer 
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 Oumnel 0 first. Channel 3 last. 

1.15 Interrupt Controller Functional Description 
The programmable interrupt conttollers in the 82C356 functions as a system 
wide interrupt manager in an IAPX86 system. They accept requests from 
peripherals, resolve priority on pending interrupts and interrupts in service, issue 
an interrupt request to the CPU, and provide a vector which is issued 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; allowing the complete interrupt subsystem 
to be restructured, based on the system. 

Interrupt System 
Two interrupt controllers, INTCl and INTC2, are included in the 82C356. Each 
of the interrupt conttollers are equivalent to an 8259A device operating in 
IAPX86 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 channels. INTCI 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 located at OAOh..()AlH. The Interrupt Request output 
signal from the INTC2 (IN1) is internally connected to the interrupt request 
input Channel 2 (IR2) of the INTCl. The address decoding and Cascade 
inten::onnectioo matches that of the IBM PC/ AT. 
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F/gu,.,. 1-12. Internal Cascade Interconnect 

Table 1·11. 
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1- ~ hl-~-1 -, ---) """ 

• 

... L---...:oJ , ..... ~ [; 

[; .,.., 
INT Lf' ___ __. 

.,.., 

Two additional interconnections are made to the interrupt request inputs of the 
intemJpt controllern. The owput of Tuner 0 in the Counter/rimer subsystem is 
coonected to Channel 0 (IRO) of INTCl. Interrupt request from the Real Time 
Clock is connected to Olannel 0 (IRO) of INTC2. Table I-I I lists the 16 
interrupt channels and !heir interrupt request source. 

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

lntern<pt Request Soura: Environment 

Controller Number Cllllnnel Number Interrupt Request Source 

INTCI !RO Ccunterff'mler Om: 0 
INTCI !RI !ROI !'nput Pin 
iN"T'Cl lii2 INTC2 Cucadeintcrmpt 
INTCI IR3 IRQ3 Input Pin 
INTCI IR4 IRQ4 Input Pin 
INTCI IRS !ROS Input Pin 
INTCI IR6 IRQ6 Input Pin 
INTCI IR7 IRQ? Input Pin 
INTC2 !RO Real Tune Cock !RO 
INTC2 !RI IRQ9 Input Pin 
INTC2 lR2 IROIO Input Pin 
INTC2 IR3 !ROii Input Pin 
INTC2 IR4 IR012 Input Pin 
INTC2 IRS IR013 Input Pin 
INTC2 IR6 IR014 Input Pin 
INTC2 IR7 !ROIS Input Pin 
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1.16 Controller Operation 
Figure 1-13 is a block diagram of the major elements in the interrupt controller. 
The Interrupt Request Register (IRR) is used to store requests from all of the 
channels that are requesting service. Interrupt Request Register bits are labeled 
using the Channel Name IR<0:7> The In-Service Register (ISR) contains all 
the channels which are currently being serviced (more than one channel can be 
in service at a time). In-Service Register bits are labeled IS<0:7>. The Interrupt 
Mask Register (IMR) allows the CPU to disable any or all of the interrupt 
channels. The Priority Resolver evaluates inputs form the above tlm:e register, 
issues an interrupt request, and latches the corresponding 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 written. If a match occurs in the slave 
controller, it will generate an interrupt vector. The contents of the Vector 
Register are used to provide the CPU with an interrupt vector during Interrupt 
Acknowledge (INTA) cycles. 

Fl gum 1-13. lnJe"upt Controller Block Diagram 

' , 

' , 
~ 

' IN-SERVICE , 
REGISTER t--i 

.. L 
INTERRUPT 

REQUEST ~ ' 
REGISTER 

PRIORITY _, , 

~ RESOLVER 
, 

INTERRUPT µ-' 
MASK 

REGISTER 

'-I/ 

CASCADE ' VECTOR ' , 
COMPARATOR REGISTER 

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

MERRUPT MUST REMAIN ACTIVE UNTL 
THE FIRST INTA CYCLE BEGINS ,,( 

IR ~'----..11 \ 
INT 

·INTA 

Tablll 1-12. 

CASCADE PRIOFVTY RESOLYEO 

1. Oneormoreofthe interrupt requests (IR7-IRO) become active, setting the 
cmesponding IRR bit(s). 

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

3. The CPU accepts the interrupt and responds with an INTAcycle. 

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

S. The CPU will execute a second INT A cycle, during which the Interupt 
Controller will drive an 8-bit The format of this vector is shown in 
Table 1-12. Note lhat V<3:7> in Table 1-12 are programmable by writing to 
Initializatirnt Control Word 2 (see Section I J9 Programming the Interrupt 
Controller, Subsection titled Initialization Command Words). 

6. At the end of the second INT A 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 INT A cycle (i.e., a 
spurious interrupt) INTCl issues an interrupt level 7 vector during !he second 
INTAcycle. 

Interrupt Vector Byte 

IRQ D7 D6 D5 D4 D3 D2 D1 DO 
JRQ1 V7 V6 VS V4 V3 t I 
JRQ!! V7 V6 .vs V4 V3 I I 0 
JR~ V7 V6 vs V4 V3 I 0 I 
JR~ V7 V6 vs V4 V3 I 0 0 
JRQ;! V7 V6 vs V4 V3 0 I I 
JR~ V7 V6 VS V4 V3 0 I 0 
JRQI V7 V6 vs V4 V3 0 0 I 
JRQQ V7 V6 VS V4 V3 0 0 0 
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1.18 End of Interrupt 
End of lntemJpt (EOI) is defined as the condition which causes an XSR bit to be 
cle.ared.. De..t....PnPinAtion of wflJch ISR bit is to be re-set ca__n be done by a 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 com:ct ISR bit to reset when operated in modes 
which do oot a1ia the fully nested structure, since the c-um;nt highest priority 
ISR bit is the last level 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 routine. An ISR bit that is masked. in Special Mask 
Mode by 11 IMR bit. will oot be cleared by 11 !!O!!-specific EOI ro!!!!!1"1!g. The 
interrupt controller can optionally generate an Automatic End Of Interrupt 
(AEOI) on the trailing edge of the second INT A 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, IRO 
fl..as t.lie highest priority, !R7 has the lowest and priority assignment is fi..~e-d 
(Fixed Priority Mode). Priority assignment can be rotated either manually 
(Specific Rotation Mode) or automatically (Automatic Rotation Mode) by 
programming Operational Command Word 2(0CW2). 

Fixed Priority Mode: lois is the default condition whieh exists wtless 
. rotation (either manual or automatic) is enabled, or the controller is programmed 
for Polled Mode. Jn Fixed Priority Mode, interrupts are fully nested with 
priority assigned as shown: 

Tab/81-13. Fi.xedPriorityModelnterrupts 

Priority Lowest Highest 
St:tu: -------..... ---------------7 6 5 4 3 2 0 

Nesting allows interrupts of a higher priority to generate interrupt 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 hit for that channel is set. This bit remains set until an 
EOI (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. BeforeRotalion 

(specific rotation command issued with Channel 5 specified) 

Table 1·15. After Rotalion 

Priority Lowest Highest 
SIJllua ~~~~~~~~~~~~~~~~~~~~...;;~-

S 4 3 2 0 7 6 

Automatic Rotation Mode: In applications where a number of equal 
priority peripherals are requesting interrupts, Automatic Rotation may be used 
to equalize the priority assignment. In !his mode a peripheral, after being 
serviced, is assigned the lowest priority. All peripherals connected to the 
comroller will be serviced at least once in 8 intenupt requests to the CPU from 
the controller. Automatic rotation will occur, it enabled, due to the cccmrence 
ofEOI (automatic er CPU generated). 

Table 1·16. Before Rotation (IR4 is highest priority request being serviced) 

Tahfa .,_.,7 ... -- .-,,s 

ISR IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 
SIJllua 

Bit 0 0 I 0 0 0 0 

Priority Lo-st 
SIJllua 

Hlgh•st 
7 6 s 4 3 2 0 

After Rotation (!R4 str•Jict co;r.pltted) 

ISR IS7 IS6 IS5 
SIJllua 

IS4 IS3 IS2 IS1 ISO 

Bit 0 0 0 0 0 0 0 

Priority Lowest 
SIJllua 

Highest 

4 3 2 I 0 7 6 s 

.... ,. ".,. ______ , __ &I..- •-&---··-& ,... __ & __ ,, __ 

1, I ::I' rru9n:11111111119 1ne 11uerrup1 vorurouer 
Two types of commands are used to control the 82C356 interrupt controllers, 
Initialization Command Words (ICWs)and operational Command Words 
(OCWs). 

Initialization Command Words 
The initialization process consists of writing a sequence of 4 bytes to each 
inlel"Iupt controller. 1be initialization sequence is started by writing the first 
Initialization Command Word (ICWI) to address 020H (OAOH) with a 1 on bit4 
of the data byte. The intemJpt controller interprets this as !he start of the 
initialization sequence and does the following: 
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1. Initialization Command Won! Counter is reset to zero. 

2. CWl is latched into the device. 

3. Faed Priority Mode is selected 

4. IR7 is assigned the highest priority 

5. Intenupt Mask Register is cleared 

6. Slave Mode Address is set to 1 

7. Special Mask Mode is disabled 

8. IRR is selected for Staws Read operations 

The next three J.Q writes to address 021H (OAIH), will load ICW2-ICW4. See 
Figure 1-15 for a flow chart of the initializ.ation sequence. The initialization 
sequence can be terminated at any point (all 4 bytes must be written for the 
controller to be properly initializ.ed) by writing to address 020H (OAOH) with a 0 
in data bit 4. Note, titis causes OcW'i. or OCW3 to be written. 

Figure 1-15. Initialization Sequence 

EMOOf INTIAUZATION 
CONTROUBI READY 
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Figure M6. ICWI -Address 020H (OAOH) Write Only Register 

[B7 jB6 }BsjB4 jB3jB2}B1jBo J 
l [ 

]-

Unused 
Single Mode 
Reserved 
Level Triggered Input 
Sequencce Initialization 

Unused 

S!ngle Mode: Bit 1 selects between Single Mode and Cascade Mode. Single 
Mode is used whenever only one interrupt controller (lNTCl) is used. Cascade 
Mode allows two interrupt controllers to be connected through IR2 of INTCl. 
INTCl 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. INTCl 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. Ifa 1 is written toLTM.a "high"levelon the IRR input generates an 
interrupt request. Interrupt requests must be active mltil lhe first 1NT A 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 
ID EOI ID prevent a second interrupt from occuning. 

Sequence lnltlallzatlon: Bit 4 indicates to the interrupt controller lhatan 
Initialization Sequence is starting and must be a 1 to write ICWl. 

Figure 1-11. ICM -Address 021H (OAJH) Write Only Register 

'----}Unused 

~-------}-·-
lntenupt Vectorc3:7>: 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 INT A (see Figure 1-18). INTCl and 
INTC2 need not be programmed wilh the same value in ICW2. 
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Figure MB. /CW3 Format for INTCJ -Address 02JH Write Only Register 

Slave Mode Selector c0:7>: Select which IR inputs have Slave Mode 
controllers connected. ICW3 in INTCl must be written with a 04H for INTC2 
to function. 

Figure 1-19. JCW3 Format for INTC2-Address OAJH 

IB1 ls6 IBs IB4 ls3 IB2 jB1 IBo I 
I I I J I I L...--1 -

1 

-1-slaveMoru:AddressID 

I I I l }, 
'--------------~ 

100-102: Detennine the Slave Mode address the controllers will respond to 
during the cascaded INT A sequence. ICW3 in INTC2 should be written wilh a 
02H foe cascade Mode operation. Note, bits <3:7> should be zeros. 

Fls;ure 1-20. ICW4 for INTC2 -Address OAIH Write Only Register 

I ls; ls
1
6 l~s I~ l~3 l~2 l~1 l~o I 

I I I 
I '----Unused 

]-~:::d of lnlrmlpt 

. Enable Multiple Interrupts 
'---------~1 

'--------------·J-Unused 
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Auto End Of Interrupt: Auto End Of Interrupt is enabled when ICW4 is 
written with a zero in bit I. The interrupt controller perfonns a non-specific 
EOI on the II3iling edge of the second INT A cycle. Note, this function should 
not be used in a device with fully nested interrupts unless the device is a cascade 
Mast.er. 

Enable MuHlple lnterruptS: 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 both selected. 
without being blocked by INTCI. Correct handling of this mode requires the 
CPU to issue 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 sent to INTCI. If non-zero, no command 
is issued. 

Operational Command Words 
Operational Command Word I (OCWI) is located at address 02lh (OAlh) and 
may be written any time the controller is in Initialization Mode. Operational 
CommandWords 2 and 3 (0CW2, OCW3) are located at address 020H (OAOH). 
Writing to address 020H (OAOH) with a 0 in bit 4 places the controller in 
operational mode and loads OCW2 (if data bit 3 = 0), or OCW3 (if data 
bit3=1). 

Figure 1-21. OCWJ -Address021H (OAJH) Read/Write Register 
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LB11B61Bs1B41B31B2lB11Boj 
l L L 

-

t- Interrupt Mask State 

Interrupt Mask State<0:7 .. : These bits control the state of the Interrupt 
Mask Register. Each lntemJpt Request can be masked by writing a 1 in the 
appropriate bit position (MO controls IRO etc.). Setting an !MR bit has no affect 
on lower priority requests. All !MR bits are cleared by writing ICWI. 
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F/gurw 1·22. OCW2 -Address 020H (OAOH) Read/Write Register 

B7 B6 BS B4 B3 B2 Bl BO 

.._ ___ ]-Interrupt Level Select 

L--------Control Word Select 
'---------- Select Initialization 

'----------- Endoflntmupt 
'-------------Select Level 

'--------------- Ro~te 
Interrupt Level Selectc0:2>: These three bits are internally decoded to 
select which interrupt channel is to be affected by lhe Specific command. 
L<0-.2> must be valid during three of the four specific cycles (see Select Level 
below). 

Control Word Select: If lhe 1/0 write places a 0 in bit 4 (Select 
Initialization}, then writing a 0 in bit 3 (Control Word Select) selects OCW2 and 
writing a I selects OCW3. 

$elect Initialization: Writing a 0 in this bit position takes lhe interrupt 
controller out of initialize mode and wri~ OCW2 or OCW3. 

End of Interrupt: This bit, in conjunction with the Rotate and End of 
Interrupt, selects the operational function. Writing a 1 in this bit position causes 
a function related to End of Interrupt to occur. 

Rotate Select LDvel End of Interrupt Function 

0 0 I Non·specific End of Interrupt Command 
0 I I Specific End of lnte!!Uf( Command 
1 0 1 Rotate oo non-specific End of Interrupt 

I I I Rotate at specific End oflnte!!Uf( 

Select Level: This bit, in conjunction wilh Rotate and End of Interrupt, 
selects operational function. Writing a I in this bit position causes a specific or 
immediate function to occur. All specific commands require the lntemlpt 

Channel Select 2-0 to be valid, except "No Operation." 

Rotate Select Level End of Interrupt Function 

0 l 0 Noopcra.tim 
0 I I Specific End of lntem!p! Command 
I 0 Specific Rotate Command 
I I 1 Roiate oo Specific End oflnle!!Up! 

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 functions to be 
selected. 

Rotote SelectlAwl End ol lnt.rrupt Function 

I 0 0 Rotate an aato EOI enable* 
I 0 1 Rotate on noo:!J)Ccific EOI 
I I 0 Specific Rotate Command 

I I Rotate on tpecific EOI 
* This fonc:ti.m is disabled by wriling a zero to all three bit poritions. 
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Rgure 1·23. OCW3 -Address 020H (OAOH) Write Only Register 
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B7 B6 BS B4 B3 B2 Bl BO 
'---Register Select 

'-----Register Enable 
'-------Polle.d Mode 

I I 
'-----~~~~eootroi Word Seicci 

'-----------~~Ini~z= 
'------------Enable Special Mask Mode 

'-------------~-o 

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

Register Enable: When the Registec Enable bit (bit 1) is 1, i:eading the StalUS 
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-XDO. Asserting Polled Mode forces Register Enable to reset. 

Polled Mode: Polled Mode is enabled by writing a I to bit 2 of -OCW 
causing !he IPC to perform the equivalent of an INT A cycle during the next J/O 
read operation to !he 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. ·1ne Intem1pt Request Register 
remains frozen until the i:ead cycle is completed; at which time the Polled Mode 
bit is reset. 

Control Word Select: If !he J/O write places a 0 in bit 4 (Select 
Initializanon), then writing a 0 in bit 3 (Conzrol Word Select) selects OCW2 and 
writing a l selects OCW3. 

Select lnlliallzatlon: Writing a O in this bit position ta1ccs the interrupt 
controller out of initialize mode and writes OCW2 or OCW3. 

Special Mask: If Enable Special Mask Mode and Special Mask Mode are 
written with a 1, the Special Mask Mode is enabled. Wriling a 1 to Enable 
Special Mask Mode, and a 0 to Special Mask Mode, disables Special Mask 
Mode. During Special Mask Mode, writing a 1 to any bit position inlul>its 
intemlpts and a 0 enables inlem!ptS on the associated channel by causing the 
Priority Resolver 10 ignore the condition for the In-Service Rcgistec. 

Enable Special Mask Mode: Writing a l in this bit position enables the 
C' .... tlD-• ci._..,...; ... 1 ......... '(.. .... """' ... h.-,....: ......... ·"'-"-''--' 'L.H 1..:. I! It!'---=-' 11--1.. 111- .I_'\ 
~'"'~" o;J,i-uu .L•.a.a.:ia. .LT.i.vu.v 1.w""u.U11 ......,.,uuuvu uy uu. ..J \Jpt:C:"" s.n~mOCU:J. 

Enable Special Mask Mode allows the other functions in OCW3 to be accessed 
and manipulated without affecting the Special Mask Mode state. 

1.20 Counter/Timer Functional Description 
The Countertruner (CTC) in the 82C356 is general pmpose, and can be used 10 
generate accurate lime delays under software control. The ere contains 3 
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16-bitcounters (Counter0-3)whichcan be programmed tocolillt in binary or 
binary coded decimal (BCD). Each counter operates independently of the other 
two and can be programmed for operation as a timer or a counter. 

All three of lhe counters shown in Figure 1-24 are controlled from a common set 
of control logic. The Control Logic decodes control infonnation written to the 
ere and provides the controls necessary to load, read configure and control 
each counter. Counters 0 and 1 can be JKOgrammed fcx- all six modes, but 
Modes i and 5 have limited usefuiness due to ibe iack of an extemai hardware 
trigger signal. Counter 2 can be operated in any of the six modes listed as 
follows: 

ModeO 
Model 
Mode2 
Mode3 
Mode4 
Mode5 

Figure 1·24. CoUlllerffimer Block Timer 

Interrupt on terminal count 
Hardware retiggerable one-shot 
Rate generator 
Square wave gcnemtor 
Software triggered strobe 
Hardware retiggerable strobe 

All three COIIllters in the CTC are driven from a common clock input pin 
TMRCLK which is independent from other clock inputs to the IPC. Counter O's 
oulpUt (Out 0) is connected to IRO of INTCl (see Section I J 5 Interrupt 
Controller F1111Ctional 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 square waves for use by external devices. The third counter, 
Counter 2, is a full function Counter/rimer. This channel can be used as an 
interval timer, a counter, or as a gated rate/pulse generator. 

1.21 Counter Description 
Each counter in the ere contains a Control Register, a Staws Register, a 16-bit 
Counting Eement (CE), a pair of 8-bit Counter Input Latches (ClL,Clll), and a 
pair of 8-bit Counter Oulpllt Latches (COL, COH). Each counter also has a 
ciock input for ioading and decremeniing ihe CE, a mode defmed GA 1E input 
for controlling the counter (only GA TE2 is externally accesSJble), and an OUT 
signal (OUT 0 is not externally accessible). The OUT signal state and function 
are controlled by the Counter Mode and condition of the CE. 
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The Control Register stores the mode and command information used to control 
the CO<mter. 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 oommand, and count 
format information. 

The Sratus Register allows the software to monitor CO<mter condition and read 
back the contents of the Control Register. 

·ine Counting Element (CE) is a loadable 16-bit synchronous down counter. CE 
is loaded or decremented on the falling edge ofTMRCLK. CE contains the 
maximum count when a 0 is loaded; which i,s. equivalent to 65536 in binary 
opezation or 10000 in BCD. CE does not stop when it reaches 0. In Modes 2 
and 3, the CE is reloaded and in all other modes it wraps around to FFFF{;I in 
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 tum, loaded into the 
CE. This allows CE to be loaded or reloaded in one TMRCLK cycle. 

The Counter Output T raiehes (CO~ CO&} are transparent iatches which can be 
read while transparent or latched (see Section 1.21 Colllller Description, 
subsection titled Latch Counter Command). 

1.22 Programming the CTC 
After power-Up the condition of ere Control Registers, counter registers, CE 
and the output of all counters is undefined. Each counter must be programmed 
fwo.fn- -it ra" 1w:. 1u .. a.A! ..,_ .............. .&•'"'''"'IL .__. ~ 

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

Table 1-18. CounterrTlltll!r Address Map 

Add mo Function 
040H CounlaORead/Write 
041H Coonlcr 1 Read/Write 
042H 

043H 

Rgur9 1-25. Co111rol Word - (043H) Write Only Register 

iB7 lB6 lB5 }B4}B3 jB2 IB1lBol 
I T T 
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Binary COded Decimal: Bit O selects binary coded decimal counting fonnat 
during Read/Write Counter Commands. When bit 0 is 0, lhen it is a binary 
count and when bit 0 is set IO l, it is a BCD counL Note, during Read-Back 
Command this bit must be 0. 

Counter Mode<0:2>: Bits 1-3 determine die counter's mode during 
Read/Write Counter Commands (see Read/Write Countee Command) or select 
the counter during a read-back command (see Read-Back Command). Bits 1-3 
become "don'tcare" during Latcll Counter Commands. 

Function Select c0:3>: Bits4-7dctenninethecommand to beperfonnedas 
shown in the following !able. 

Control Word 043H Bits 4-7 

F3 F2 F1 

0 0 0 
0 0 0 

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

1 0 0 
1 0 0 

1 0 1 
1 0 1 
I I x 

MSB =most oi&nificmt byte 

LSB = 1eut siginilic:ant byte 

FO 

0 

0 
1 
0 

1 
0 

1 
0 

1 
0 

I 
x 

Read/WrHe Counter Command 

• 

Command 
Latch Count<r 0 (sec Count<r Latch Command) 

Read/Writ< Counter 0 LSB only 

Read/Writ< Count<rO MSB only 
Rud/Writ< Count<r 0 LSB !hen MSB 

Latch Count<r I <= Count<r Latch Command) 
Rud/Writ< Counter I LSB ooly 

Rud/Writ< Count<r I MSB ooly 

Rud/Writ< Count<r I LSB !hen MSB 

Latch Count<r 2 (see Counter Latch Command) 2 

Read/Writ< Counter 2 LSB ooly 
Read/Writ< Count<r 2 MSB ooly 

Rud/Writ< Count<r2 LSB !hen MSB 
Read-Back Command (ICC Counter Read-Back 
Camm and 

When writing to 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 follow the format specified in the Control 
Word Qeast significant byte only, most significant byte only, or least 
significant byte and then most significant byte). 

A new initial count can be written intq the counter at any lime after 
programming without rewriting the Control Won! providing the programmed 
format is observed. 
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Tab/91-20. 

During READ/Writ.e ColUlter Commands M<0:2> are defined as follows: 

M<0:2> ColllllerCommand 

112 111 110 Function 
0 0 0 Sclc:ctModeO 
0 0 Sclc:ctMode I 
x I 0 Scloct Mode 2 

x I Sclc:ctMode3 
0 SclcctMode4 

Scloct Modes 

Latch Counter Command 
When a Latch Counter Command is issued, the counter's output la!chcs COL 
and COH, latch the current state of the CE. COL and COH remain lalched until 
read by the O'U, or the counter is reprogrammed. The output latches then 
retmn to a "transparent" condition. In this condition, the latches are enabled and 
the cont.ents of the CE may be read directly. 

Latch Counter Commands may be issued to more than one count.er before 
reading the fust counter to which the command is issued. Also. multiple Latch 
Count.er Commands issued to the same counter without reading the count.er 
causes all but the fJISt command to be ignored. 

Read=Back Command 
The Read-Back Command allows the user to check the count value, Mode and 
state of the OUT signal and Null Count Flag of the select.ed countcr(s). The 
fonnat of the Read-Back Command is as follows: 

Flgure 1·26. Control Word· (043H) Write Only Register 
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counter Latch Enable c0:2>: Writing a I in bit 3 causes ColUltet 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 Coimu:rs 1 and 0, respectively. 

Each counter's latch remains latched until either the latch is read, er the counter 
is reprogrammed. 
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If Latch Status = Latch Count= 0, staWs will be returned on the next read from 
the counter. The next one or two reads (depending on whether the counter is 
programmed to ttansfer one or two bytes) from the countec result in the count 
being returned. 

Latch Status: Writing a O in bit 4 causes the selected counter(s) to latch the 
cwrent condition ofit's Control Register, Null Count and Output into lhe Status 
Register. The next read of the Countee results in the contents of the Status 
Register being read (see Status Read). 

Latch Count: Writing a 0 in bit S causes the selected counter(s) to latch the 
state of the CE in COL and COH. 

Flgu,. t-27. Slalus Byte • 

~I l-a-1-ja_6_ja_s_l_B4_j_B_3_1B-2-IB_1_l_Bo~I ~~~~~~----. 

I I I I I ' t=:.::~ 
.__ ____________ Null Count 

'--------------OUT 

Binary Coded Decimal: Bit O indicates the CE is operating in BCD formaL 

Mode Counter c1 :2>: These bits reflect the mode of the counter and are 
intei:preted in the same manner as in Write Command operations. 

Function StatuScO:b: Bits 4 and S contain lhe FO and Fl Command bits 
which were written to the Command RegisteJ" of the counter during 
initialization. This information is useful in determining whether the high byte, 
low byte, or both must be ttansferred during counter read/write operations. 

Nuii Count: Bit 6 contains the condition of the Null count Flag. This flag is 
used to indicate that the contents of the CE are valid. NC will be set to a 1 
during a write to the Control Register or the counter. NC is cleared IO a 0 
whenever the counter is loaded from the countec input registers. 

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

Counter Operation 
Due to the previousiy stared restriction·s in CoonierO and Cowite.c i, Counter 2 
will be used as lhe example in describing counter operation, but lhe description 
of Mode 0, 2, 3 and 4 is relevant to all counters. 

The following terms are def"med for describing ere operation: 

TMRCLK Pulse: A rising edge followed by a falling edge of the lPC 
TMRCLK inpuL 

Trigger: The rising edge of the GATE2 inpuL 
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Counter Load: Thetransfecofthe 16-bit valueinCILandCIHtotheCE. 

Initialized: A Control Word written and the CounterlnputLalches loaded. 

Countee 2 operates in ooe of the following modes. 

• Mode 0 - Interrupt on Terminal Count 

Writing the Control Word causes OUT2 to go low and remain low m1til the CE 
reaches 0, at which time it returns high and remains high m1til a new com1t or 
Control Word is written. Counting is enabled when GA 1E2"' 1. Disabling the 
count has no effect on OUT2. 

The CE is loaded with the first TMRCLK pulse after the Control Word and 
initial count is loaded. When both CII.. and CIH are written, the CE is IOOded 
after CIR is written (see Write ()perations). This TMRCLK pulse does not 
decrement thecolmt, so for an initial countofN, OUT2doesn'tgo high m1til 
N+ I TMRCLK pulses after initialization. Writing a new initial count to the 
counter reloads the CE on the TMRCLK pulse and counting continues from the 
newcounL 

1f an initial count is written with GA1E2"' 0, it is still loaded on the next 
TMRCLK pulse, but coWlting does not begin m1til GA1E2"' 1. Out2 therefore, 
goes high NTMRCLK pulses after GATE2z 1. 

• Mode 1 - Hardware Retriggerable One-Shot 

Writing the Control Word causes OUI'2 to go high initially. Once initialized, 
the com1ter is armed and a nigger causes OUT2 to go low on the next TMRCLK 
pulse. OUI'2 then remains low m1til the counter reaches 0. An initial count of 
N results in a one-shot pulse N TMRCLK cycles long. 

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

• Mode Z - Rate Generator 

Mode 2 functions as a divide-by-N com1ter, with OUT2 as the carry. Writing 
the Control Word during initialimtion sets OUT2 high. 

When the initial com1t is decremented to I, OUT2 goes low on the next 
TMRCLK pulse .. The followi~ng TMRCLK pulse rcturr.s OLTTZ high, r.:loads 
the CE, and the process is repeated In Mode 2, the COWlter continues counting 
(lfGATE2z 1) and generates an OUI'2 pulse evczyNTMRCLK cycles. Note 
that a count of I is illegal in Mode2. 

Gate2 "'0 disabies counting and forces OUT2 high immcdiateiy. A trigger 
reloads the CE on the TMRCLK pulse. Thus, GA TE2 can be used to 
synchronize the COWlter to extemal events. 

Writing a new COWi! while COW1ting does not affect current operation unless a 
trigger is received. Otherwise, the new count is loaded at the end of the current 
counting 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 OUI'2. 
OUI'2 is set high initially and remains high for the first half of the counL When 
the first half of the initial count expires, Otfr2 goes iow for the remainder of the 
counL 

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

• Mode 4- Software Triggered Strobe 

Writing the Control Word causes OUI'2 to go high initially. Expiration of the 
initial count causes OUI'2 to go low for one TMRCLK cycle. GA TE2 = 0 
disables counting but has no effect on OUI'2. Also, a trigger will net reload the 
CE. 

The counting sequence is started by writing the initial counL Tue CE is loaded 
on the TMRCLK pulse after initialization. Tue CE begins decrementing one 
TMRCLK pulse later. OUI'2 will go low for one TMRCLK cycle, (N+ l} 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 TMRCLK pulse and the sequence continues from lb new counL 
This allows the sequence to be ''retiggerable" by software. 

• Mode S - Hardware Triggered Strobe 

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

CE is loaded duriiig counting, the current counting sequence will not be affected 
unless a trigger occurs. A trigger causes the counter to be reloaded from en. 
and CIH, making the counter ''religgerable". 

• Gate2 

In Modes 0, 2, 3, and 4, GA TE2 is level sensitive and is sampled on the rising 
edge of TMRCLK. In Modes 1, 2, 3, and S the GA TE2 input is rising-edge 
sensitive. This rising edge sets an internal flip-flop whose output is sampled on 
the next rising edge of TMRCLK. The flip-flop resets immediately after being 
sampled. Note that in Modes 2 and 3, the GATE2 input is both edge and level 
sensitive. Table 1-22 swnmeriz.es the gate functions for all modes. 
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Tabla 1·21. GATE Pin Function 

0 

1 

2 

3 

4 

Mode 

Low 

IDiublcs Counting 

•) Disables Comttin& 
!?i._ Forces Out Pin 1iig1i 
•) Disables Comttin& 
!!)_ Fon:cs Out Pinliigh 
T'\: ...... 1 ..... 1""-.: ..... ............. ~ ... .......-..~ 

I Rising 

•) Initiates Camimg 
hl_ R=u Out Pin 

- Colll:!ting 

-Coonlina 

~ 

Condition 

Enables Counting 

&ables Countin& 

c ... 1J ... r-,.; .. ,.. ---------::::::a; 

1.23 Real Time Clock Functional Description 
This section of the 82C356 combines a complete time-of-day clock with alarm, 
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 locations in the Real Tune Clock is 
accomplished by first placing the Index Address of the location you wish to 
access on the data input pins XDO-XD6. The Index Address Register is then 
used as a pointer to the specific byte in the Real Time Ooclc, which may be read 
or wTitien to by asserting -IOR or-IO\\' witi'l an adih-ess on u'"ae XA<0:9> inputs 
of071H. 

Address Map 

Table 1-22 illustrates the internal register/RAM organization of the Real Tune 
Clock portion of the 82C356. The 128 addressable locations in the Real Time 
Clock are divided into 10 bytes which normally contains the time, calendar and 
alann data, four control and status bytes and 114 general purpose RAM bytes. 
An 128 bytes are leadable 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 
isalwaysO. 
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Address Map for Real Time Clock 

Index function 

00 Scccnds 
01 ScccndsAWm 
02 MinU!cs 
03 MinU!csAWm 
04 Hours 

~-- -~-.~~ 

- OS HoorsAWm 
06 Da~ of the Week 
07 Da~ofthcMonth 

OS Mooth 
09 Year 
OA Rczi=A 
OB Rc-B 
oc Rczi=C 
OD RcgislerD 
OE User RAM 
OF User RAM 

7E Um RAM 
7F User RAM 

Time Calender and Alarm Bytes 

~e CPU can obtain the time and calen<lar information by ~g the 
appropriate locations in the Real Time Clock. Initialization of the time, 
calendar and alarm infonnation is accomplished by writing to these locations. 
Information is stored in these locations in binary-coded decimal (BCD) fonnaL 

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

Table 1-23 shows the format for the ten clock, calendar and alarm locations. 
'The 24/12 bit Register delennines whether the hour locations will be updated 
using a 1-12 or 0-23 format. Aftec 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 when it is a 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 writte_n during this time. lnfonnation read 
while the Real Time Clock is pelfomiing updles 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 intemJpt at a specific time or 
they can be programmed to generate a periodic interrupt. To generate an 
interrupt at a specific time, the usec need only program the time that the 
intemJpt is to 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 l, which 
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rums 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 alann registers. 

Tsb/111·23. RealT~ClocJ:AddressMap 

Reg later 
AddrHs 

0 

1 
2 
3 

4 

5 

6 
7 
s 
9 

Static RAM 

Fi.inetion 

Seconds 
Second• Al&nn 

Minures 
Minures Al&nn 

Hours 
(12 hour mode) 

Hours 
(24bourmode) 

HoursAl&nn 
(12 hour model 

HOOiiA.lum 
(24bourmode) 

Day of die Week 
0.y of thcMmth 

Month 
y ...... 

BCD Rllng• 

(1().59 
(l().S9 

(l().59 
(l().59 

01-12(AM) 
81-92(PM) 

(l().23 

Ol-12(AM) 
Sl-92(PM) 

00..23 

01-07 
01-31 
01-12 
()0.99 

The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the 
Real Tune Clock. These bytes are accessible dlll'ing the update cycle and may 
be used for whatever lbe designer wishes. Typical applications will use this as 
non-volatile storage for configuration and cahbration parameteIS since this 
device is normally battery powered when lhe SYstem is wmed off. 
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Control and Status Registers 
The !PC contains four registers used to control the operation and monitor the 
status of the Real Time Clock. These Registers are located at Index Address 
OAH-ODH and are accessible by the CPU at all times. 

Figure 1·28. Register A (OAH) Read/Write Register Exapt Update in Progress 

BO 

~----}Periodic Interrupt Rate 

~----------_} Dividel'/Prescaler 

Update in Progress 

Periodic Interrupt Rate c0:3>: These four bits control the Periodic 
Interrupt rate. The Periodic intemipt 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 intemipt 
rates for which lhe Real Time Clock can be programmed. 

Divlder/Prescaler c0:2>: These three bits are used io control the 
Divider/Prescaler on the Real Tnne clock. While the !PC can operate at 
frequencies higher than 32. 768 Kbz, this is not recommended for battery 
powered operation due to lhe increased power consumption at lhese higher 
frequencies. 

Update In Progress: Update in progress flag is a status bit used io indicate 
when an update cycle is about to lake place. A 1 indicates 1hat an update cycle is 
lllking 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 
lllking 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 
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Table 1-24. 

Rgutw1-29. 

162 

' ----· --~- 0 -

Periodic Interrupt 

. Rate S.!ect!on TlmeBaM 

4.194304 MHz 

RS3 RS2 RSt RSO 
Ul48S76Ml!z 32.76SKHz 

0 0 0 0 Nooe None 
0 0 0 30.S!71H 3.9QS?11tm: 
0 0 I 0 61.0351!! 7.112Sms 
0 0 I I 1zi.C701!! 122.0701!! 
0 1 0 0 244.1411!! 244.1411!! 
0 0 1 -488.2811!! 48S.28! I!! 
0 1 I 0 976.5621!! 976.562~ 
0 1.95312Sms l.95312Sm1 

0 0 0 3.9062Sms 3.90625ms 
1 0 0 I 7.8125ms 7.812Sms 

0 0 1S.62Smc 15.62.Sms 

0 3i.25ms 31.25m1 
0 0 62.Sms 62.5m1 
0 12Sms 12Sms 

0 2SOm1 250ms 
500ms SOOms 

Register B (OBH) Read/Write Register 

'-r'"T-'lr'T-'-r'-T-'-r.....,=:'.--DaylightSavings Tune 

'------} ~oursFonnat 

I I 
'----------Update Interrupt Enable 

'------------Alarm Generation 
L.-----------Periodic Interrupt Enable 

1.... --------------Update Cycle Enable 

Daylight Savings nme: The Real Tune Clock can be instructed ID handle 
daylight savings time changes by setting !his bit to a 1. This enables two 
exceptior.s to the nonr,al ti.Tie kiw"vL.ig sequence to occur on ta~ last Siliiday in 
April AM. Setting !his bit to a 0 disables the execution of these two exceptions. 
-PSRSTC has no affect on this biL 

Hours Fonnat: This control bit is used ID establish lhe format of both the 
Hours and Hours Aiarm bytes. If this bit is a 1, lhe Real Tune Oock will 
inteipret and update the information in lhese two bytes using the 24 hour mode. 
This bit can be read oc wriuen by the CPU and is not affected by Reset 

Update Interrupt Enable: Update-ended Intem!pt Enable bit is a read/write 
bit which enables the Update.ended Interrupt Flag (UF) bit in Registu C to 
assert IRQ. The Update-ended Interrupt Enable is cleared by RESET oc by 
setting the Update Cycle Enable biL 
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Alarm Generation: The generation of alarm interrupts is enabled by setting 
this bit to al. Once this bit is enabled the Real Tune C1ock will generate an 
alarm whenever a match occurs between the programmed alarm and clock 
information. If 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 <r greater. This bit is cleared by Reset. 

Periodic lntenupt Enable: The Periodic lntemJpt Enable Bit controls the 
generation of interrupts based on the vaiue programmed into the RS3-RSO bits 
of Register A. This allows the user to disable this function without affecting the 
programmed rate. Writing a 1 to this bit enables the generation of periodic 
intemJpts. This bit is cleared to a 0 by Reset. 

Update Cycle Enable: Writing a O to this bit enables the Update Cycle and 
allows the Real Time Clock to function normally. When set to al, the Update 
Cycle is inhibited and any cycle in progress is aborted. This bit is not affected 
by the RESET input pin. 

Figure 1-30. Register C (OCH) Read Only Register 

f B7 TB6 TBs TB4 T B3 TB2}B1 TBo l 11 I: } 0 

Update-ended Flag 
AlarmFlag 
PeriodiclnterruptFlag 
AlarmFlag 

Update-ended Flag: Update-ended Interrupt Flag bit is set after each update 
cycle. When the Update-ended Intenupt Enable bit is a I, the 1 in Update-ended 
IntenuptFlag (UF) causes the lRQFbit to be al, asserting lRQ. The 
Update-ended Interrupt Flag (UF) is cleared by a Register C read or a RESET. 

Alann Flag: A l appears in the AF bit when ever a match has occurred 
between the time register and alarm registers dlD'ing an update cycle. This flag 
is also independent of it's enable (AlE) and will generate an interrupt if AlE is 
true. 

Periodic lntenupt Flag: The Period Interrupt Flag is set to a 1 when a 
transition, which is selected by RS3-RSO, occurs in the divider chain. This bit 
will becane active, independent of the condition of the PIE control bit. 1be PF 
bit will then genecate an interrupt and set IR.QF if PIE is a 1. 

Interrupt Request Flag: The Intenupt Request Flag is set to a l when any of 
the conditions which can cause an interrupt are true and the internlpt 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: 

lRQF=PF & PIE 
+ AT&AIE 
+UF&UIE 
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This bit and all other active bits in this register are cleared by reading the 
register or by activating the PSRSTB/input pin. Writing to llris register has no 
affect oo the contents. 

Valid RAM and Time Bit: The Valid RAM and Time Bit indicates the 
coodition of the contents of the Real Time Clock. This bit is cleared to a 0 
whenever the PS input pin is LOW. This pin is normally derived from the 

Rgut91-31. Register B (OBH) Read/Write Register 
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power supply which supplies Vee to the device and will allow the user to 
determine whether the registers have been initialized since power was applied to 
the device. PSRSTB 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 T1D1e 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 march 
occurs between the two sets of registers, an alarm is issued and an intemipt will 
be issued if the alarm and interrupt conttol bits are enabled. 

During the time that an update is taking place, the lower 10 registezs are 
unavailable 10 the CPU. This is done to prevent the possible conuption of data 
in the registers or reading invalid data. To avoid contentioo 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 stan 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 RegisterC will be seL Figure 1-32 illustrates the update cycle. 
CPU aci:ess is always allowed to Register A through D during update cycles. 
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Figure 1-32. Update Cycle 

UIPBIT 

~ 
SEE~E~~ (REGlSTER A) 

~ UPDATE CYCLE 2mS 
ACTlVE PERjC)p 

..... s ~ I t::NOTE2 UFBIT 
(REGJSTER Cl 

Note Registers 0.9 are unavailable to be read or written during Ibis time. UF bit is 
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 user to avoid contention between the CPU and 
the Real Time Clock for access to the time and date information. 

The first method is to read Register A, determine the state of lhe UIP bit and, if 
it is 0, perform the read or write operation. For Ibis melhod to work 
successfully, the entire read or write operation (including any int.emJpt service 

'"TOUtines which might occur) must not require longer lhan 244us to complete 
from the beginning of the read of Register A to the completion of the last read or 
write operation to the Clock Calendar Registers. 

The second method of accessing the lower 10 registers is to read Register C 
once and disregard the coniiiniS, ihen sub8equently continue reading this register 
until lhe UF bit is a 1. This bit becomes true immediately after an update 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 lhe Real Time Clock to remain active whenever the 
system power is turned off. To accomplish Ibis, the user must provide an 
alternate source of power to the IPC. This alternate source of power is normally 
provided by connecting a battery to the Vee supply pin of the device. A means 
should be provided to switch from the system power supply to the bauery. A 
circuit, such as the one shown in Figure 1-33, may be used toeliminaite power 
drain on the bauery 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 

Index 26H RTC, NM/ & Coprocessor Reset Register (READIWRII'E) 
Index Register Address: 022H 
Data Register Address: 023H 

Index Bila 

26H 7 

6 
s 

A 
~ 

3 

2 

0 

PRELIMINARY 

Values and Functions 

Real Tllllc Cock selection. 

(0): Selects internal RTC. 

I: Selects external RTC. 

ReserY<d (default= 0) 

Power Fail warning active during last NMI(R/0). 
(0): PowCTFail warning pin not active. 
1: Power Fail warning pin wu active. 

(0): PCU NMI disabled. 

l:PCUNMI.,..bled. 
PCU NMI active level. 

(0): PCU NMI disabled. 

i: PCl.i N'Mi ena.bied. 
Reaervecl (defoult = 0) (ace 82C3Sl CPU!Cache/DRllMI 
Con.tr oiler, Section. 2: 351 Con(irwation. Registers). 
Extended IO D=x!e &able. 
(0): Disable extended UO deccde. 

1: E."l:b!e extended LJO -".-.vie. 
Reserved (defauh = 0) 
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Index OtH Configuration Register (READ/WRITE) 

Index Bila Values and Function• 

OIH 7:6 Read/Write Cycle WaitS~tes. 
00: 1 Wait Staie. 

01: Z Wait State1. 

10: 3 Wait State1. 

(11): 4 Wait Sta!CI. 
S:4 16-bit DMA eycle Wait Sta!CI. 

(00): 1 WaitSwc. 

01:2WaitStates. 

10: 3 Wait States. 

II: 4 Wait Sta!CI. 

3:2 8-llit DMA eyc:le Wait States. 

(OOl: I Wm Swe. 
01: Z W~ St:te!. 
10: 3 Wait States:. 
11: 4 Wait States. 

Extended DMA Memorv Read enable. 
(0) I?clay-MEMR by one clock cvcle later than-YOW. 

0 DMA source clock. 
(0): DMA Clocl: is equal to BUSCLK. 

I: DMA Clock is equal to BUSCLK. 

2.2 1/0 Port Registers 

VO Port OOH DMAI Channel 0 Address Register (READIWRITE!FUP-FLOP) 

Addr Bits -IOR -IOW FF Values and Functions 

OOH 7:0 0 0 Read cum:nt low byte address. 

0 11 .... ..1 .... ._. "': .. h ........ ·..LI-.... n • .....--.. ...... ,~!&!fio''"'l ..... ....,., .. ,. •• 

0 0 Write hue le. current low bylc. .ddrcs,:. 

0 Write base & CWTCnt high byte addrus. 

VO Port OtH DMAI Channel 0 Word Count Register (READ/WRJTE/FUP-FWP) 

Addr Bits -IOR -IOW FF Values and Function• 

OIH 7:0 Q I 0 Read cuncnt "'ord ~law bvte.. 
0 I Read cur=t word ooum high byt.c. 

I 0 0 Wrile buc It comm word c:oontlow byt.c. 

1 0 I Wrile bHc It cunent word coom lrlgh byte. 
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VO Port OAH DMAJ Single Bit Request Mask Register (WRITE ONLY) 

Bits Values and Functions 

OAH 7:3 QOQOQO: Don't Carc1. 

2 Mukbil. 
(0): Clear Muk bit 

I: Set Mask bit 

1:0 DMA Cbannei Mask bit Sciection. 
(OOl: DMA Ciannel 0 
01: DMA Cl11mnel 1 
10: DMA Chonnel 2 
11: DMA Chmmel 3 

VO Port OBH DMAJ Mode Register (READ fWRITE) 

Bits Values and Functions 

OBH 7:6 Clwmcl Mode tmc. 

(00): Demand Mode 

!O: B!oold\fodo 
11: CalCllde Mode 

5 Address counting direction. 
(0): Increment addtelS 

1: Dccrcmcnt address 

4 
(OJ: Auto-initialization flma.:ion diuble 
1: Auto--initialization function enable 

3:2 Type of transfer. 
(00): Verify tnnsfer 

10: Read tnnsfer 
11: al 

1:0 DMA Channel ModeSelectioo. 
(00): DMA Chonnel 0 

Oi: DMA Channci i 
10: DMA Ciannei Z 
II: DMA Ciannel 3 

VO Port OCH DMAJ Set Byte Pointer Flip-Flop (READ ONLY) 

OCH 

Bits Values and Function• 

7:0 Bits 7:0 are don't cares. The Set Byte Pointer Flip-flop Clear 
ca:nmand is activated as a :remh of the addn:s1 OOCH access and 
the ulCllioo of -!OR. This c:ommand allow1 lhe CPU to ad)ult 
the pointer ro the high byte of an add!ess or word COWJt n::pster. 

VO Port OCH DMAJ Clear Byte Pointer Flip-Flop (WRITE ONLY) 

OCH 

Bits Values and Function• 
7:0 

PRELIMINARY 

Bits 7:0 are dan't COIU. The Cleor Byte Pcinto< Flip-Flop Clear 
ccmmand is activated as a remh of'the address OOCH access and 
a:he assertion of -IOW. This ccmmand allows the CPU 10 adjust 
the p?inter to the low byte of an addrcss or word coant rcginer. 
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VO Port ODH DMAI Temporary Register (READ ONLY) 

ODH 

Bila Valuea and Functions ,., Biu 7-IJ cauai111 values cCXD7:XDO during lhcfintcyclc cC a 
memory-to-memory lrml:Jfcr. Data fran lhc last 
memory-to-memory transfer will rmLlin in the register unless a 
RESET or Ma.stet acar occurs. 

VO Port ODH DMAI Master Clear (WRITE COMMAND ONLY) 

ODH 

Bits Values and Functions ,., Biu 7:0 aredcn"tcares:. The MutcrCearc:anmmd isactin.ted 
u a rosult cC lhc add=s OOEH acocss and lhc asscrtioo c{ -!OW. 
This command bas the same cffec:tas a hardware.RESET. The 
Camnand R~r, Sla!us Register, Request Register, and B~ 
Painter Flip-Flop arc clcarcd and lhe Request Mask ReJistcr 11 .... 

VO Port OEH DMAI Clear Mode.Register Counter (READ COMMAND ONLY) 

~OEH 

Bits Values and Functions ,., Bits 7:0 are doc 't cares. The Oear Mode Resister Counter 
canmand is activated as a rcsultoflheaddrcrs OOEH aocc11 and 
lhe ascertioo d ·IOR. This command is provided to allow the 
a>U to ~tart the mode read process at a known point. After 
clearing lhe CXlUJl!Or all Coor Mode Registen may be read by 
doing succ:cssivc readr to lhe Read Mode ~aer addrcu. The 
OJdor in which lhc rogiJlers will be read is Oiannel 0 first. 
Otanncl 3 lasL 

VO Port OEH DMAI Clear Request Mask Bus (WRJTE COMMAND ONLY) 

OE!! 

Bits Values and Functions ,., Bits 7:0 arc doo 't cares. The Ocar Mask Register canmand is 
activated as a rcsuh of the address OOEH access and the asscrtim 
cC ·!OW. This canmand enables all Coor DMA chamels ro 
accept requests by clearing the mask bits in the n::gisru. 

VO Port OFH DMAI Request Mask Register Bus (READIWRJTE) 

Bits Values and Functions 

OFH 7:4 QOQOC: Don't ea .... 
3 °'""'el 0 Mask bit. 

0: No bit mask. c:bumeI enabled 
(!):Bit mask, d11mnel disabled 

2. Cwmel I Masi: bit. 
0: No bil mask channd. enabled 
(!):Bit mask, channel disabled 

I Oiamel 2. Mask bjL 

0: No bit mask, channel cm.bled 
(I): Bit mul:, channel disabled 

0 Ciamiel 3 Mask bit 
O: No bit mask, channel enabled 
(I); Bit mask, channel disabled 
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VO Port 20H INTCI Initialization Command Word #I (lSTWRrrE ONLY) 

20H 

Bits Values and Functions 

7:5 
4 

2 
I 

0 

(XXX): Don't Cm:s. 
Start lni1ialization Sequence. 

1: Begin sequence and write ro ICWI 

0: Edge Trigger enabled: low !O high trmsitioo1 

1: Level Trigger enabled; active high 

(X): Don't Care. 
Sip&le or Cuc:ade Mode Selca. 
(Oj: C.ascade Mode enabled; CascadcModc .Uowii ibc iCoood 
intenupt controller, INTC2 robe camecred through IR2 of 
INTCl. OO'Cl will allow INTC2 to gcncme its own intcnupt 
V<ClCn if Cucode Mode i1 lelected md the bighen !>rioritY IR 
pending is fronun INTC2 input. INTCI and !NTCZ mmibe 
pros rammed for Cascade Mode for both devices to opc111tc. 
I: Single Mode Enabled; Single Mode is used when_,. oaly oac 
intenupt controller ii mcd. 
(X): Don't Care. 

VO Port 2tH INTCl InitializationCommandWord#2 (2ND WRfTE ONLY) 

21H 

Bits Values and Functions 

7:3 Upper five bits of intenupt vec!Of byte. These bib arc 
programmable by the CPU. The lower three bi.ts cl. the vector arc 
generated by thC Priority Rc10Jverduring intem?J?t acknowledge. 

VO Port 2tH INTCJ Initialization Command Word #3 (3RD WRrrE ONLY) 

Bits Valuea and Functions 

21H 7 Slave Mode Cont.roller coon~ to IR.7 sclca.. 

I: Slave Mode Cootrollerconneded ro IR.7. 
6 Slave Mode Controller c<••H•c:t•d to IR.6 lcle<t. 

(0): No Slave Mode Caitroller conncded to IR.6. 

I: Slave Mode Cootrollereormeded ro IR.6. 
s S"iavc Mode Controller camcacd 10 JJci seiea. 

({)):No Slave Mode Controller conncc:tcd to IRS. 

I: Slave Mode Conuoller cormeded to IR.5. 
4 Slave Mode Controller connected to IR41Clcct. 

(0): No Slave Mode Controller comeded 10 IR.4. 
1: Slave Mode Cont.roller c:omected to lR.4. 

3 Slavo Mode Ccntroller connected to!R3 oe1ecL 
(0): No Slave Mode Controller cormected to lR3. 

1: Slave Mode Controller cannected to IR3. 

2 Slave Mode Controller ccnneaed to IR2 ldect. 
(0): No Slave Mode Controller connected 10 IR2. 
I: Slave Mode Controller connected to IR2. 

(0): No Slave Mode Controller connected to IR!. 
1: Sllve Mode Controller connected to IR.I. 

0 Slave Mode Ccntroller ocnneaed to !RO scle<:L 
(0): No Slave Mode Controller coonected 10 !RO. 
I: Slave Mode Conuoller connected to IRO. 
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Note ICW3 in INTCl must be written with a 04H for INTC2 to ftmction. 

VO Port 21H INICI Initialization Command Word #4 (4TH WRITE ONLY) 

.21H 

Bits Values snd Functions 

7:5 (XXX): Don't Cares. 
o4 Eoablo Multiple lntonupU from tho umo c!wmoI in Fixed, 

Prioril:y Mode. This allows 1NTC2 to fully nest intcrraptl, when 
Casoado Mode with Fned Priority Mode an: both soloctod. 
wi1hout being bloc:ked by INTCI. 

3:2 (XX):Don'tCares. 
I Auto End of Jntomipt enable. This bit iuaiw: low. Tho 

intonupt conlrollor will !>Olfonn a llOllspocific EOI'"' tho trailing 
odg• aftho 1Ca>nd INTA cyclo. 

0 (X); Don't Can:. 

110 Port 21H INICJ Operational Command Word fll (READIWRJTE) 

Bits ValuH and Functions 

21H 7 IR7 Masi: biL 
(O):Nomuk. 
l:Muk!R7. 

6 IR6MukbiL 
(O):Nomuk. 
l:Muk!R6. 

s IRSMukbiL 
(O):Nomuk. 
l:MuklRS. 

4 IR4MukbiL 
(O):Nomuk. 
l:Muk!R4. 

3 IR3Mukbit. 
(O):Nomuk. 
I: Masi: IR3. 

2 IR2Mukbit. 
(O):Nomuk. 
l:Muk!R2. 

I !RI Mukbit. 
(O):Nomuk. 
l:Masl:IRI. 

0 !RO Mask bit. 
(O):Nomuk. 
l:Muk!RO. 
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VO Port 20H INTCJ Operational Command Word #2 (2ND WRITE ONLY) 

20!! 

87 

I 
I 
1 

87 

I 

I 

87 

I 

Bits ValuH and Functions 

7 

B6 

0 

0 
I 
I 
6 

B6 

0 
0 

s 

B6 

0 
0 

4 

3 

Rotate function oelcct. Bit 7 is med in coojunaion Wh bils 6 
and S to oclcct operational function. 

B5 

0 
1 
0 
1 

Function 

RcweonoutoEOI mable. 
Rowe on non-specific EOL 
Specific RaureCommlnd. 
Route al !J?Ccific EOL 

Specific odmm.aiate function oclcct. Bit 6 is used in 
coojonc:tiai willt bits 7 and S to selea operalioml function • 

B5 Function 

0 

0 

No cperaticn. 
Spccilic EOI Commmd. 
Specific Raure Commmd. 

1 Rcweon !J?CcificEOL 

• 

Function related to EOI IClect. Bit S is used :in cm junction wi1h 
bits 7 and 6 to select operational function. 

B5 

0 
I 
0 
1 

Function 

Non-specific EOI Commlnd. 
Specific EOI Commllld. 
Rowe on non-specific EOL 
Rotate al !J?Ccific EOL 

Interrupt controller out d initialize mode select. 

1: Enable initialization mode. 
Operotional Command Word Select. 
0: OCW2 seleacd. 

l:OCW3 seleacd. 
2:0 Bi1s 2:0 ... intemolly decoded to select which interrupt channel 

is to be affeded by the Specific Ccmmand. 
ooo:m7. 
OOl:IR6. 
OIO:IRS. 
011; IR.4, 
!OO:IR3. 
IOl:IR2. 
110:m1. 
111:mo. 
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VO Port 20H INTCJ Operational Command Word 113 (3RD WRITE ONLY) 

Bit• Valuaa •nd Functions 
20H 7 Bit 7 must be set 10 0 for proper operation. 

6 
!Ol: Special Mask Mode bit bocomer a sai't care. 
I: Enable Special Mask Mode bit. 

s Special Mask Mode. 
(U): Resct Spoc:W Mask. 
I: Se< Sp<cia! Mask. 

0: Disable initiktiutjoo. mode and wri1.c OCW2. and OCW3. 
I: Enable inilialimion mode. 

3 
0: OCW2 aclcotcd. 
I: OCW3 ac!Cdcd. 

2 Enable Poll Canmmd. 
(0): No Poll Canmond. 
1: Poll Canmand. 
Enable Read Register Command. 
(0): Read Resiner bit bc:oJmes a dcrt 't care. 

I: Enable Read RepCanmand bit. 
0 Read RcpllCTCanmmd. 

(0): Read Intctrup! Rooucit Rcpner on next -IOR puhc, 
1: Read In&rvice RWner on next ·IOR pulse. 

VO Port 40H CounterfTimer Counter 0 (READfWRITE) 

Bits Values and Functions 

40H 7:0 Ccumer 0 count ..,.;,,.,. (Read/Write). 

VOPort41H CounterfTimerCounter I (READ!WRITE) 

Bits ValuH •nd Function• 

41H 7:0 Coomer 1 camt register <Read/Write). 

VO Port 42H CounterfrunerCounter 2 (READ/WRITE) 

Bit• Values and Functions 

42H 
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110 Port 43H Collllterffimer Control Word Register (WRITE ONLY) 

Bits v.ru .. and Function• 

43H 7:4 Determine command to be pcrl'ormed. 
0000 Llloh COOlller 0 
0001 Rcad/Wriie coon1er 0 LSB only. 
0010 Rud/\Vriie COOJ11Cr0 MSB only. 
0011 Rcad/Wriiecoon1erO LSB thcnMSB. 
0100 Llloh COOlllCr l. 
0101 Rcad/Wriiecountcr 1 LSBonly. 
0110 Read/Write counter 1 MSB only. 
0111 Read/Write counter 1 LSB then MSB. 
1000 lau:h o::iunter 2. 
1001 Rood/\Vriie ccuntcr 2 LSB only. 
1010 'Read/Write oountcrl MSB onlv. 
1011 Rood/\Vriie c:oontcr2 LSB then MSB. 
lhx Read-Back command. 

3:1 Determine the Counter's mode 
000 Select mode 0. 
001 Select mode 1. 
xlO Select mode 2 

xll Select mode 3. 

110 Select mode 4. 
111 SelectmodeS. 

0 Determine the Count type 

0 BinaTY c:otmt. 

1 Binaty roded decimal cwnt. 

VO Port 70H Inda Register Address 

70H 

Bits Values and Function• 

7:0 Index register addres1. The index value is placed in port 70H to 
access a J>&!licular register. 'Ibc: vllid addrcls range for the 
82C3S611 o lhru 7FH. 

110 Port 71H Data Register Address 

71H 

110 Port BOH UllllSed 

80H 

Bit• Values and Function• 

7:0 Data register address. The index value is placed :in port 70H to 
access• ponicular !Ogistcr md the dala to be red from or wrinm 
to that rcgiatcr i1 placed in ?Jtt 71 H. 

Bits Values and Function• 

7:0 No< defined. 

VO Port 81H 8-bit DMA Channel 2 (READ!WRITE) 

Bits Values and Functions 

SIH 7:0 Addreu bits Al6-A23 during 8-bit DMA <DACK2l cycles. 
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VO Port 82H 8-bit DMA CllanMl 3 (READfWRITE) 

Bit• Valuea and Function• 

8211 7:0 Address bits A16-A23 during I-bit DMA(OACK3) cvdc1. 

VO Port 83H 8-bil DMA Cl!al!Ml 1 (READfWRITE) 

Bila ValuH and Functions 

83H 7:0 Address bits A!6-A23 during 8-bil DMA(DACKI) cycles. 

VOPort84H Unused 

Bila Values end Function• 

84H 7:0 Not defined. 

VOPortBSH Unused 

Bits Valuaa and Funcllona 

SSH 7:0 Not defined. 

VOPort86H Unused 

Bits Values and Functions 

. 86H 7:0 Not defined . 

VO Port 87H 8-bit DMA CllanMl 0 (READfWRITE) 

Bits Valuaa and Function• 

87H 7:0 .4.ddre!! bits A!f;.23 during a.bit DMA!DACKO) cycles. 

VOPortBBH Unused 

Bita ValuH and Functions 

SSH 7:0 Not defined. 

VO Port 89H 16-bit DMA Channel 2 (READfWRITE} 

Bits Values and Functions 

89H 7:0 Address biuA17-23 during 16-bitDMA(DACK6) cycler. 

VO Port BAH 16-bit DMA Channel 3 (READfWRITE) 

Bila Values and Functions 
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VO Port BBH 16-bit DMA ChanMI 1 (READfWRITE) 

Bfts Yalu~• and Functk>ns 

8BH 7:0 Address biu Al7-23 during 16-bil DMA(DACK5) cycles. 

VOPortBCH Unused 

Bits Values and Functions 

8CH 7:0 Not defined. 

VOPortBDH U.11used 
• 

Bits Values and Functions 

SDH 7:0 Not defined. 

VOPortBEH Unused 

Biia ValuH and Functions 

8EH 7:0 Not defined. 

110 Port AOH INTC2 Initialization Command Word Ill (lSTWRITE ONLY) 

8!!11 Va!YD!! am! Func;t!on• 
AOH 7:5 (XXX): Doa 't Cares. 

4 Start Initializ.ation Sequence. 

(0): Do-begin inilialimion oegucnce. 

1: BeginaequenceandwritctolCWl. 
3 lntem!pt Level or Edge Trigger Sclea.. 

0: Edge Trigger enabled; Low to high tramitims. 
1: Lcvc1 Trigger enabled: Active hi&b. 

2 00: Doa't ear.. 

VO Port A 1H INTC2 lnitialization Command Word #2 (2ND WRITE ONLY) 

Bits Values and Functions 

• .f\!H 7:3 

VO Port A1H INTC2 lnitialization Command Word #3 (3RD WRITE ONLY) 

Bits Values and Functions 

AIH 7:3 Bits 7"' 3 should be=· 
2.-0 Bits 2 to 0 clclermines the Sia~ Mode ad<has the controller will 

iespond to du~g __ thc CUCldcd INTA aequcncc. 

Note: ICW3 in INTC2 should be written with a 02H for Cascade Mode operations. 
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VO Port A1H INTC2Jnitilllizatio11 Command Word#4 (4TH WRITE ONLY) 

AIH 

Bits ValUH and Functions 

7:5 
4 

3:2 

0 

QOO{): Doa'tCares. 

(XX): Don't Ca=. 
Amo &d of Inlemlpt eaablo. This bi1 is active low. The 
intcnup< coauollcr will petfonn a nonspecific EOI on lhe tnilina 
edge cl.the 1CC011d INTA cycle. 
(X): Don't CIJC. 

• 
VOPortA1H INTC2 OperatiolllllCommandWord#l (READfWRIIE) 

Biis Vaiues 11nd Fundions 

AIH 7 IR7MaskbiL 
(0): Nomuk. 
I: Moslc IR7. 

6 IR6MaskbiL 
(0): No mask. 
I: MasklR6. 

5 IRSMaskbiL 
(0): No mask.. 
I: MosklRS. 

4 IR4MaskbiL 
(0): Nomuk. 
I: MosklR4. 

3 IR3MaskbiL 
(U): Nomuk. 

I: MasklR3. 

2 IR2MoskbiL 
(0): Nomask. 
I: MasklR2. 

(0): Nomuk. 
I: MosklRI. 

0 IROMaskbiL 
(0): No mask. 
!: Y~!RO. 
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VO Port ADH INTC2 Operational Command Word #2 (2ND WRITE ONLY) 

Bila 

AOH 7 

87 B6 

I 0 
I 0 

I 
I 
6 

B7 B6 

0 
0 
! 

I 
s 

87 B6 

0 
0 I 
I I 

4 

3 

2:0 

PRELIMINARY 

Values and Function• 

Rowe funaion teleot. Bit 7 i1 med in conjunction wilh bill 6 
mcl S to IC!oct operational fundion. 

BS Function 

0 Rowe en amo EOI mable. 

I Rowe on nonolpOcilic EOL 

0 SpccificROUEeOwnmmd. 

1 Rout<: on specific EOL 
Specific or immediate func:tico select. Bit 6 ii med in 
CClliunction with bits 7 111d S to select operationll function. 

BS Function 

O No opctatiaa. 
Specific BO! Ccmmmd. 

0 Spe.l!ific R~ C..(!!!1.m!!!d. 
Rout<: on specific EOL 

Function related to EOI select. Bit S ii used in cccjunction wllh 
biu 7 and 6 to select operational function. 

BS Function 

0 Nco-spccific EOI Command. 
I Specific EOJ Ccmm111d. 

0 Rotar<:onncn-spoQ!icEOL 
Rotate m rpccific EOL 

Jntcnupt controller out cL initialize mode selec:t. 
0: Disable initialization mode and write OCW2 1nd OCW3. 
l: Enable i:nitialiratioo mode. 
Operational Ccmmmd Won! Sclecl. 
0: OCW2 teledod. 

I: OCW3 teledod. 
Bill 2:0 arc int<:mally decoded to select which intenupt dumel 
ii to be affect<:d by the Specific Commond. 
000: IR7. 
001: IR6. 
010: IRS. 
011: IR4. 
100: IR3. 
IOI: IR2 
110: IR!. 

111: IRO. 
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VO Port AOH INTC2 Operational Command Word #3 (3RD WRITE ONLY) 

AOH 

Bits ValuH and Functions 

7 

6 

s 

3 

2 

0 

Bil 7 must be sc:t to Oforproperoperation. 

(0): No::csary valoe. 
Enable Special Mui: Mode. 
!Ol: Special Mui: Mode bit booomcs a dal't ca?C. 

1: Enable Special Mui: Mode biL 

Special Mask Mode. 
(0): RcsctSpccial Muk. 
I: Set Special Mui:. 
JntcmiFl contrcllcr cut «initialize mode select. • 

0: DiJable initialization mode ml wri1e OCW2and OCW3. 

1: Enable in:i1ialli.aaion mode. 

Opm!ional Command Word Sclea. 
0: OCW2 oelea.d. 
I: OCW3 oelea.d. 
Enable Poll Command. 

(0): NoPol!Command. 
I: Poll Command. 

F.nable Read Register-Command. 
(0): Reid Register bit bccancs a don"t care. 
1: Fnable Read Read RegistcrCcmmand bi.L 

1: Rad Jn-Service Retrlacrm next RD-txllsc. 

VO Port COH DMA2 Channel 0 Address Regwr (READIWRITE!FUP-FLOP) 

Addr Bits -IOR -IOW FF Values and Functions 

COH 7:0 0 0 Rud currem low byte address. 
0 Read cum:nt high byte address. 

VO Port C2H DMA2 Channel 0 Word Count Register(READ!WRITE!FUP-FLOP) 

Addr Bita -IOR -IOW FF ValuH and Functions 

C2H 7:0 0 0 Rud cum:nt wad"""" low byle. 

0 1 Read cum:nt - """"high byte. 
1 1 0 Write hue .t; cum:n: word oount low byte. 

1 0 WM .. '-••.& ,..,_ .,,_.t ,__ 1.; .. h hut. ···-----··---...... -.....,. .... ,, .... 
VO Port C4H DMA2Channel1 Address Register (READ!WRITE!FUP-FWP) 

Addr Blta -IOR -IOW FF Valuea and Functions 

C4H 7:0 0 0 Rud cunm: low byte add1e1r. 

0 I Read cunmt bigb byte add=s. 

0 0 Write hue & cunan low byte address. 
ft ut..: ... I.-... .._ --• L:..L. L.. .. - -.l'".11--• u ,....wo;.~- ........ '"'""'Ll:l.fl!UZ~ ....... 1~~. 
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VO Port C6H DMA2Channel1 Word CoUllt Register(READIWRITE/FUP-FLOP) 

Adclr Biia -IOR -IOW FF V•lun .nd FuncUona 

C6H 7~ 0 I 0 Read ""'""' won! coon! low byu:. 
0 l I Read cum:nt won! coon! high byte. 

I 0 0 Write - & cum:nt word <Xlllllt low byte. 

I 0 I Write base & cum:nt won! COWi! high byte. 

VO Port C8H DMA2 Channel 2 Address Register(READIWRITEIFUP-FLOP) 

Adclr Biia -IOR -IOW FF V•lun •nd FuncUons 

CSH 7~ 0 I 0 Read cum:nt low byte address. 

0 I I Read currmt high byte addt'CS&. 

I 0 0 Write base & c:unmt low byte addrc1s. 
I 0 I Wrile buc & cum:nthigh byte addrc11. 

VO Pon CAH DMA2 Channel 2 Word CoUlltRegister(READIWRITEIFUP-FWP) 

Addr Bits -IOR -IOW FF V•lues •nd Function& 

CAH 7~ 0 I 0 Read current won! coon! low byte. 

0 I I Read cumnt won! count high byte. 

I 0 0 Write - & current word count low byte. 
I 0 I Write base & cumnt won! count high byte. 

VO Port CCH DMA2 Channel 3 AddressRegister(READIWRITEIFUP-FWP) 

Addr Bits -IOR -IOW FF Value& and FuncUona 

.CCH 7~ 0 I 0 Read current low byte addre11, 

0 I I Read current high byte addrc11. 
I 0 0 Write-& camnt low byte addtoss. 

I 0 I Write base& ammt high byte add=•· 

VO Pon CEH DMA2 Channel 3 Word CoUllt Register (READ/WRITEIFUP-FWP) 

Addr Bits -IOR -IOW FF Values and Functions 

CEH 7~ 0 I 0 Read cum:nt won! COOtll low byte. 

0 I . I Read current won! count high byte. 

I 0 0 Write - & cum:nt word count low byte. 
I 0 I Write - & cum:nt won! count !Ugh byte. 
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VO Port DOH DMA2 Status Register (READ ONLY) 

Biia V•IUH •nd Function• 

DOH 7 Qanncl 3 ponding DMA KrVice. 
(0): DRQ3 not active. 

1: DRQ3 active. 

6 Cllamcl 2 pending DMA se:vic:e. 
(0): DRQ2 not adivc. 

1: DR02 active. 

s Clwmel 1 pen.dine DMA service. 

(0): DRQI not active. 

1: DRQI active. 

4 Csarmel Opendina DMA service. 
(0): DRQ01"lt activc. 
I: DRQO active. 

3 Qamcl 3 Tennina! Count IU!US. 

CO): TC not ... c:hed. 

z Q11111cl 2 Tennina! Coant IWDS. 

(0): TC not ..ached. 
I: Cllanncl Z hos reached TC. 
Cllanncl I Tenninal Count statw. 

(0): TC not ..ached. 
I: Cllanncl 1 hos reached TC. 

0 Q11mel 0 Terminal Comt stams. 

(0): TC not ..ached. 
I: Cllanncl 0 hos reached TC. 

VO Port DOH DMA2 Command Register (WRITE ONLY) 

DOH 

Bits ValuH and Functions 

7 

6 

s 

3 

z 

0 

PRELIMINARY 

-DACK input lldivc levd. 

(0): -DACK active low. 

I: -DACK active high. 
DREQ input lldive level. 

cUi: DREQ active itigh. 
I: DREQ active low. 
Extended Write mablc. 

1: Write oornmmd1 me asserted one DMA cycle earlier during a 
transfer. 

Priority we r .. chamcl servicing. 

(0): Fixed priority. 

1: Rcuting priority. 

Tranlferoompreuicn enable. 
(0): Nonnal tiniing, throe clocl: cycle transfer. 

1: Canpmsed timing. two clocl: cycie transfer. 

Master disable for the DMA c:oottoller. 

(0): OMA controller enable. 
I: DMA canroDercfiJable. 

Address hold during mcm~-to-memory b'ansfers. 

(0): Address hold for Cwmcl 0 disable. 
1: Addreu hold for<llanncl 0 mable. 

Memory-to-Mernorytnmsfcrenable. 

(0): Mcmoiy-to-MC!!!O!)I transfen disable. 

1: Mc:mmy-to-Mcmorvtransfcrs forOJannelOand 1 enable. 
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VO Port D2H DMA2 Request Register (READ ONLY) 

Bits Values and Functions 

D2H 7:4 (1111): These bits are always set daring a iud. 
3 R<qgest bit for Cbanncl 3. 

(0): No ....... pending. 
!: P~e!t. --,.m ..... for Q!rn-1 3. 

2 ReguostbitforCbanncl2. 
(0): No reguenpencling. 
I: Request pending for Cliumel 2. 
R<qgest bit forCbanncl !. 
(0): No ....... pending. 
I: Request pending forC.annel 1. 

0 RegUost bit for chumel O. 
(0): No request pending. 
I: Request pending fo.- Cliannel 0. 

VO Port D2H DMA2 Request Register (WRITE ONLY) 

Bits Values end Functions 

D2H 7:3 (XXXXX): Don't Cares. 
2 ReguenbiL 

(0): Reset Rcguen bit. 
l:SetRequestbh. 

I :0 DMA Cbanncl Request bit Selection. 
{00): DMA Cliumcl 0. 
01: DMA Cliumcl I. 
10: DMACliume12. 
11: DMA Cliumel 3. 
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VO Port D4H DMA2 Command Register (READ ONLY) 

D4H 

Bil• Values and Functions 

7 

6 

s 

3 

2 

0 

-DACK input active lcvd. 
(Ol: -DACK active low. 

(Ol: DREQ active high. 

Extended Write enable. 

(0): Write eommmcb are asctted lue. 
l:WriteCCllllDlaldl..,,usatedaneDMAcyclccmlierdurinaa 
transfer. 
Priorirytypeforc:bmmelaervicing. 

(0): Fixed priority. 

Transfer compn:srion mable. 
(0): Nonna! timmc. Iii= cloclc c:ydc transfer. 

1: CanprcsR.d timing. two cloc:k cycle transfer. 

Master disable f0<1he DMA caoroller. 
(O):DMAcontrolleraiab!c. 

I: DMA cauroller disable. 
Address hold during memory-10-mcmorytr1nsfen. 
(0): Address hold f0<Cwmel 0 disable. 

I: Address hold for Ommel 0 mablc. 
Mcmory-to-Mcmorvtnnsfermable. 

(0): Mrmory-to-Mcmotytransfen disable. 
1: Mcm°'Y.oto-Mernorytnndcn for<lmmel 0 md 1 enable. 

VO Port D4H DMAJ Single Bit Request Mas/cRegister (WRITE ONLY) 

D4H 

Bits Values and Functions 

7:3 CXXXXX!= Don't Ca=. 
2 Mulcbit. 

(0): Clear Mule bit. 
I: Set Mule bit. 

1:0 DMA Channel Ma1Tcbit Selection. 
(00): DMA Clu1mel O. 
Ol:DMACliamell. 
10: DMA Cliamel 2. 

11: DMA Cllamel 3. 

VO Port D6H DMA2 Mode Register (READ/WRITE) 

Bits Values and Functions 

D6H 7:6 Cllsmd Mode type. 

s Address c:oonting d.Wcticn. 
4 Autoinim.liZllion mable. 

3:2 Type of lrlmsfor. 

1:0 DMA Channel Mode Selection 
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VO Port DBH DMA2 Set Byte Pointer Flip-Flop (READ ONLY) 

D8H 

Bila ValuH and Functions 

7:0 Bits 7:0 are dal't ca .... The Set Byte Pcinicr l'Jil>-Flop Cear 
ccmmmd is ac:tivate.d u a rcsuh of lhc address ODSH acce11 and 
lbe ulel1ion d -!OR. This ocx1•111nd allowa lbe CPU IO adjust 
'lhe pointer to the high byte of an addreas or word count register. 

VO Port DBH DMA2 Clear By~ Pointer Flip-Flop (WRITE ONLY) 

D8H 

Bits Values and Functions 

7:0 Bits 7:0 are da1 'I°"'"'· The Cear Byte Pcinler FJii>-Flop Cear 
canmand is activated u a rcsuh oflheadd«11 OD8i:I aca:ss and 
lbe ulel1ion <I. -!OW. Thia command allowa lbe Cl'U IO adjust 
lhc pointer to the low byte of an address or word count register. 

VO Port DAH DMA2 Temporary Register (READ ONLY) 

DAH 

Bits Values and Functlona 

7:0 Bits 7:0 oontallis vllue1 ofXD<0:7> during lbe fim cycle <I. a 
memory-to-memory transfer. Olla fmn lhe last 
memory-to-memory transfer will rcnmn in 1bc regi11erunlca1 a 
RESET or MastcrClclr occun. 

VO Port DAH DMA2 Master Clear (WRITE COMMAND ONLY) 

DAH 

Bila Values and Functions 

7:0 Bits 7:0 arc doo't cares. The Master Clear cx:mmmd :iJ activated 
as a remh of the addrels ODAH access and the assertion d ~IOW. 
This command hu the same effect u a hardware RESET. 1bc 
Comml!ld Regisler, Status Regisler, Request Res;iller, 111d B)<e 
Pcint.er Flip-Flop - clea=l l!ld lbe Request Mask Regisler u .... 

VO Port OCH DMA2 Clear Mode Register Counter (READ COMMAND ONLY) 

DCH 

Bila Values and Functions 

7:0 Bits 7:0 arc den 't cues. The~ Mode Register Counter 
ccmmand is activated as a remh of lhe address OOCH access and 
lbe usertion <I. -!OR. This command ii provided to allow lbe 
CPU to restart 1hc mode re.d process 11 a known pojnt. After 
clearing lbc counter all four Mode Rcgialers may be n:ad by 
doing IUOCCIDve reads IO the Read Mode Regi11er addlOll. The 
order in wbic:b lbc regillerl will be n:ad ii Cwmcl 0 lint. 
011mncl 3 Jaat. 

VO Port OCH DMA2 Clear Request Mask Bus (WRITE COMMAND ONLY) 

Bila Values and Functions 

DCH 7:0 Bits 7:0 are dal't COIOI. The Cle.tr Mask Regisler c:ommand ii 
activated u a result of the addreu ODCH acc:cu md dte uacrtion 
of -!OW. This oonunl!ld enabl .. all four DMA c!wmcla IO 
a<:ccpt mJUCSb by clearing the mask bi.u in the register. 
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VO Pon DEH DMA2 Request Mask Register Bits (READfWRITE) 

Bits Values and Functions 

DEH 7:4 (XXXXJ: Don'1 <Anos. 
3 O.annel 0 Muk bit. 

0: No bit mask. ch.annel enabled. 
(I): Bil mask, c!wmel disabled. 
O.annel 1 Mask bit. 
0: No bit mask. c:hanncI enabled. 
(!):Bil mask, c!wmel disabled. 
O.annel 2Muk bit. 
0: No bit mask,. c:hanncl enabled. 
(!):Bit mask, channel disabled. 

0 a.annel 3 Mask bit. 
0: No bit mask. channel enabled. 

VOPon61H Contro/Port!Status 

61H 

Bits Values and Functions 

7 

6 

4 

3 

2 

0 

PRELIMINARY 

PARITY CHECK (read only). This bit indicates an error has 
occum.d on the local memory. 
O=noctr0toceutted. 
1 e an error ocw~. 

I OCH CK (road only). This bit indicaies m IJ0 channel check bas 
oc:cmrcd (umaliy a paritY error) on the system I/O channel. 

0 =no errorocwrrcd. 

1 = an error oc:airrcd. 
TIMER 2 OUT (read ooly). This bit '"'1lmS !he cooditioo cl 
timcr2ou 
REFRESH DETECT (read only). This bit 10ggleJ on each 
re.fresh cle. 
IOCllCK DISABLE (read/write). This bit disabler NMI 
generation for channel check errors. 

1 =disables NML 
PARITY DISABLE (,..d/wrllc). This bi1, in con· ·oo wilh 
!ho auxiliaJY parity disable bit (AUX PARITY D~LE) of 
internal configuration register 46H, is used lO disable parity error 
c:<>ntrobuticxu IO!he NMI. 11 is logicallyORed wilh AUX 
PARITYDISABLE. Thus, stem . isdisablodifeithcrlhh 
bit (PARITY Dl:SABLE) or:l! Al'&j!'YARITY DISABLE bi! is 
set to a logical cne. 
0 =Parity is enabled (defauh). 

1 =Parity is disabled. 
SPEAKERDATA(road/wrllc). Thisbi1gucslhe001pOtof 
channci. 2 or the ti.mc:ricounter. 
0=0utputis disabled (defauh). 

TIMER2GATE (rcad/wriie)Controls operatioo of timer channel 2. 
0 = O.armel2 timeropention is disabled (default). 
1 = Oiarmel 2 timcropention is cm.bled. 
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2.3 1/0 Map 

Table 2-1. /PC and Address Buffer's l111ernalDecode 

Device AddreuRange 

DMA c:antrolkr #! OOOH-OOFH 

020H-021H 

Configuration Registers 022H-023H 

Coons.er Timer Conuollcr 040H-04'.JH 

Real 1"1Dle Cock (CMOS RAM) 070H-071H 

DMA PAGE ReJUtcn 080H.08FH • 

OAOH.OA!H 

DMA CoottoDer#2 OCOH-ODFH 
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Tab/83-1. 

Pin# 

CXI 

= 
osc 

OSC/12 

• 356 Pin Descriptions 

Section 3 

356 Pin Descriptions 

3.1 Pin Assignments 

Clocks 

Symbol 

74 

15 

so 

72 

Type 

I 

0 

0 

0 

Signal Description 

14.31818MHz aysta1 oscillalorinput. A cry.Wis c:oonectcd between 
CXlandCXZ. 

14.31818MHz oocillator .._to the crystal A aystal i1 c:cnneaed 
between CXI and CX2. 

!4.3!818..¥.!.f_zootpu!. derived fn:m !he~l- 'fhi1 iJ used to drive 
the AT bus directly (requires a series resistor). 24mA drive capability. 

This is a 1.19MHzcloc:k(lTL) derived from dividing the 
t4.31818MHzinputCl)'IUI. Usedintemallyforthe 8254cloc:k. 4mA 
drive eapabilitr. 

BUSCLK 35 I BUS CLOCK is used to gcncntcd the timing sjgnals that control DMA 
operations. 'Ihis input may be driven from DC to 10.MHz. The 
internal cloc:k used for DMACi1 either BUSCLK or BUSCLK!2 
depending on the ICUing of DMA CLOCK SELECT tit in the 
CC!!.fi.guration n:gister 01 H. 

Tab/83-2. RESET andArbitration 

Pin# Symbol Type Signal Description 

RESET4 110 I RESET4 ii an active high input from the 82051 whicli effccu the 
following registcn: 
DMA Controllers: Oean the c:cmmand, StalUI, DMA Request, 
Temporary rOgister,·Fim/Lut flip-Rep; scu the m.,k "'gilter. 
Following reset. die DMA controller is in an idle awe. 
INTERRUPT Ccmroller. Oean the edge"'"'° cireu.it, the intenupt 
mask rcgisicr • .UIC"W4 flDlciiont. IRQO ii uiigned higheii pfiofir;, 
sll;vc address is set. to 7. special mask mose ii disabled. and 111.tus rad 
is set to IRR. 

HRQ 142 0 HO!D REQUEST is an oc:tive high output and is used to request 
control of the system bus. HRQ is nonn.Uy connecied dircaly to 1hc 
82C351 '1 HRQI pin. However, HRQ 1lllll' be tied to H!DA. This will 
result in one SO state before the transfer . .fm.A drive e&J2!bili!l'.. 

H!DAI 66 I HO!D ACKNOWLEDGE I is an active high input signal from the 
82C3SI and indiCltes lhe O'U hu ld.inqaishod ""1trol d.the system 
bus1e1 in ""1lOtlle to HRQ. 
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Tabla3-3. DMA Controller 

Pin# Symbol Type Signal De9Crlptlon 

DREQ<0-.3> 21-18 I DMA REQUEST lines a:e individual asyncbronow dwmcl roqucst 
inpols usal byperiphenls ro cblain DMA semce. DREQO lhroogh 
DREQ3 support8 biltomsfen betwem 8bilOO111d Sor 16 lit 
1ymor11uemory. 
In fixed priority, DREQO bu tbebighca priority and DREQ7 bu the 
lC1Wcst priority. A ll:'qDcst u geuerated by .aivating the DREQ line 
<Jf a clmme1. -DACK will acknowledge tbc =znjtica <Jf a DREQ. 
Pduity d DREQ u prosnmmable. Uuusal DREQ inpus lbould be 
pulled high or low and lhe conesponding mui: bi1 set. DREQ<0-.3> 
liocshaveinternal lOK oull...,,.. 

DREQ<S:7> 8-10 I DMA REQUEST ore individual asynchrooom dwmcl roqucat inpuu 
usa1 bypcriph<nls rocblain DMA semce. DREQS lhroogh 
DREQ7 ._ trmsfen between 16-bit peripheral< and 16-lit 
system memory. In fixed priority, DREQO bu the highea priority 
and DREQ7 bu the lCIWcst priority. A roqucst u generated by 
aaivating the DREQ lined a ohannel. -DACK will adcnowledge 
the =oguition of a DREQ. Polarity of DREQ u propnmable. 
Unused DREQ inputs should be pulled high or low and the 
con-poudins mask bit set. DREQ<5:7> lines have intemll lOK 

-DACK<0:3> 17-14 0 DMA ACKNOWLEDGE -DACKO lhroogh-DACK3 arc outputs of 
the S-bil DMA controller. and an:: med to nc:tify the individual 
peripherals when me bas bccD gnnted a DMA cycle. The active 
~ari~ d. these lines are E!!'.2Srmnmablc. 4mA drive c:apabili~. 

·DACK<S:7> 11-13 0 DMA ACKNOWLEDGE -DACKS through -DACK7 arc outputs of 
the 16-bil OMA controller. and arc wed to notify the individual 
peripherals when one bu been granlCd a DMA eyc1e. The &dive 
~ariEX dthese lines are t!!ESrammabte. 4mA drive cepahili!l· 

TC 2 0 TERMJNAL COUNT u au active high signal and u perated by the 
DMA Controller when the tcnninll count for my channel is reached. 
except for dwmel 0 in memory ro memory mode. During memory 
romemory tllrufen TC will bepuhcd when the TCfordwmcl 1 
occurs. 24mA drive cwabili!l:-

--·~s 4 0 .A...DD!l..E.S.S ENA...BLE for-8 bit DMA lrol.rlers U: an .adivc low rignal 
and u lhe output enable for the 8lit1au:h OOlllaining !he -S 
address bits (AS-A IS). It is inaotive wbcn au external bw muter 
controls lhc SYAcm bus. 4mA drive !!£!bili!l'.:. 

·-AENl6 3 0 ADDRESS ENABLE for 16 bi1 DMA tllrufen u au llC!ive low 
signal and ii the ouiput enable for the 8 bi1 h<cb ocntsining the upper 
8 adcl=s bits (A9-Al6). It ii inactive when 111 enema! bw mas1<r 

controls the svstem bus. 41m.A drive !:!,E!bili~. 
-MSE(AEN) 0 MODUU! SELECT ENABLE enables lhe drip sclectfundic:n ou 

oue dtbe following modules: (DMA conuoller, Interrupt coua<>ller, 
Tm=, RTC, DMA Page RegillCr, or tbc Coufiguntic:n n:gi...,). 
Addrcs1 &able (for tbc DMA conuoller) u &dive (high) dwing auy 
DMA cycle. md low for CPU. R.eftt:Sh., iDd A.Tbui. W&itff eyclei. 
24mA drive !:!i!!bili!I· 

-IOR 112 00 00 Read ii an active low li-din:<tioual signal In 111 idle cycle. 
(nou-DMA cs uou-intenupt), it ii a sdunin triggered input control 
signal usal by tbc CPU ro ..ad informatioo fran tbc 82C3S6's 
Urtema1 regis1cn. In an active DMA cycle. it ii 111 OO!pCJt ocauol 
signal usal by tbC DMA C...trollerro ..ad dllS from a pcriJiicral 
clurin& a DMA read tllrufcr. 24mA drive .,..,.bili!y. 

-IOW 111 00 00 Wrile ii au aaive low li-din:aional signal. In an idle cycle. 
(nou-DMA orn<n-inlemlpl), it u a schmin uiggcred input ccouol 
signal usal by tbc CPU ro wrile infomwicn ro the 82C356's internal 
scgisters. In m llC!ive DMA cycle, it u an ODtpUt coauol sigual med 
by tbe DMA C...trollerto write dats to a peripheral ckuin& a DMA 
..ad tnmfcr. 24mA drive c:snsbili!):. 
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Tab/8 3-3. DMA Controller ( conlimled) 

Pin # Symbol Type Signal DellCl'lptlon 

-MEMR 6 0 MEMORYREADi1anactiw:lowthree-t111ecu1pUt(aetivecmly 
duriog DMA c:yclel)and is med 10acces1dalafrom1lic selected 
memory loc:atian during a DMA read orDKmOlY IO m:mol)' traDdcr. 
2'!mA driw: capobili!Y. 

-MEMW 5 0 MEMORY WRlTI! is an active low lh,....wc OUlpUt (octivc dorlng 
DMA cyclumiy) and is used 10 wriLe cbta toibc teica.cd memary 
loc:ation duriog DMA wrileormanocy10m=ooy1nmfcr. 24mA 
drive capobili!y. 

IOCllRDY 113 J/O 1/0 CHANNEL READY is a hi-di=tion1hi31111. Dttriug input mode, 

Tab/8 3-4. Interrupt 

driving IOCllRDY low..,,... 1hc illlemal DMA ready signol 10 go 
low IU)nc:hronously. When IOCllRDY 10C1 biah, cme DMA Cock 
cycle will dapsc before imemal DMA Ready goes hiah- 'lbis ligoal is 
wed 10 extot!d memoey tead and wrile pubes for lhc DMA c:ontro11cR 
10 accanmoda1c dow memories or 1/0 devi=. During otllpUt mode, 
Ibis pm is an open dnin CUlpUt 111d proyjdcs Ill active low OU1pUt 
.m....-an 82C356 regis1er is addrcuc4 for a read or ....U.. 
IOCHRDY provides a means of introducing a progranmted nmnbcrof 
wait-"""" for JJO rcad/wrile c:ydcs so 1hc 82C356. 8mA drive 

bili . 

Pin# Symbol Typa Slgnal Description 

IRQI 128 I INTERRUPTREQUESTlisanuynchronou1inpul(normallyfrom 
pm 35 of !he 8042 in a PCIA1). An in1cnmpt n:quea is exeancd by 
mring .n IRQ input frcxn low to high and balding il high until it is 
aclcnowledgod (edge triggetcd mode) or jmt I high level an an IRQ 
i11pul (level triggered mode). This sip!!! bu a !OK intemol pullup. 

IRQ<3:7> 129·133 I INTERRUPTREQUESTS31hrough7an:uynduonoosinpulsfrom 
1hc AT boJL An intemlpt !CQUClt is-.d by niling an IRQ inpu1 
from low to high and holding it high until it is ada!owlodgod (edge 
t:iggcred mode) or just a high !arc! cc L"l !RQ input (l.eote! t."'.ggered 
mode). These signals have intemal JOK poll.ups, 

IRQ<9:1S> 134-140 I INTERRUPTREQUESTS9through JS an: uynchrmoul inputs and 
an: exccutod by raising an IRQ input from low 10 hish and holding it 
high until it is acknowledged (edge triggctod mode) or just a bigh lcvcl 
cm an IRQ input (lcvd triggetcd mode). Tbcsc lignd• have intemol 
lOKpull"'iJl:ii. IRQ 13 ii~_wihe387DXPALmdnlQ9-12! 
IR014-15 are ooanecicd 10 the AT bus. . . 

INTR 143 0 INTERRUPT goes high whcncw:r a valid intenupt request is aucrtod 
and is oom~ ro the 386DX 10 in<enupt the C'U. 4mA drive 

bili • 
-lNTA 28 I INTERRUPT ACKNOWU!DGEfromlhc82C3SI is an active low 

siim1 and is used to enable the inienup: controllcn to vcdor dala onto 
lhcdata bis by a scqucnceofimcnupt ada!owJedse ~issued by 
theC'U. 

Pin t Symbol Type Signal Description 
OUT! 78 0 OU1PUT I is lhc ootput of TIMER I and is prognnnmod u a ralC 

scncmor10 proc!uoc a IS uS period sjgnal used 10 '"'!"""a rdrcsh 
c:ycle. 4mA drive C!lp!bility,ccnncOIM 10REFREQofthe 82C3SI. 

SPKR 107 O SPEAKER gates the spcalccrdata and TimcrOut 210drive1hc intemal 
speaker. 4mA drive arpabili!Y. 
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Table 3-6. Real Time Clock 

Pin # Symbol Type Signal Description 

-PSRSm 126 I -PSRSm is an acd .. Iow input and is med to establish the coodllicn 
of the <XXllrd. rcgistcn when powc:r is oppliod to the dMcc. Io a 
PC/AT compotible design. this pm should be tied to the boucy 
badc-ap cira:iiL .PSRS'll! low ICU a bil in RTC indicating power has 
t-loct. 

OSO/IRQ8 141 I OSC!l.LATORINPUT ii a schmin lriured input med as a buc for 
thctimcfuncticnL Ex!cmal oquan:......,.of32.768KHzmaybe 
"°""ecrcd to this input. Wbcn the atcmal RTC is cmblcd throa;h 
index regiller26H. this pin ii camcctcd to IR.OS instead of osc. 

PWRGD 1Z7 I POWER GOOD mun be high for oll ba1 cyclcl in which the CPU 
....,,.. the82C3S6. Wbcn PWRGDillow,olladdmr.dau.c!w. 
ltrcbc. and R/W pins are disconnccLed from the processor. 

RTCAS 33 0 REAL TIME CLOCK ADDRESS S1ROBE is an acd .. lrlgb CElp<lt 

and is med todc-<nultiplex the bas en m a1=WMC14681S 
REAL-TIME CLOCK plus RAM pcripbcn1 dMcc. Tbe filling odge 
ofRTCAS causes the lddres1 to belau:bod wilbin thc MCl46818. 
4mA drive capability. 

RTCDS 34 0 RTCDATASTROBEi11nacdvehighompnandismedtocontrol 
the bi-di=tiocal ba1 en an a1=Dl MC146818 REAL-TIME CLOCK 
plu1 RAM peripheral device. Doring a zcad cycle, (RTCRW hi&h). the 
RTCDS ompn drives the ba1 with the zcad data. On the othc:r hxnd, 
during a write cycle (RTCRWlow), theRTCDS's trailins edgee&lllel 
the MC146818 to latch. the written data. 4mA drive capt.bility. 

RTCRW 32 0 RTC R!>V CON11lOL OU11'trr is uled to indicate zcad onniJC mode 

Table 3-7. NMI Logic 

for an cstcmal MC146818 REAL-TIME CLOCK plus RAM 
peripheral device. A high level oo RTCRW indicalCs to the 
MCl46818 that the c:mrcn< cycle is uud cycle. A low lcvcloo 
RTCRW indicalCS to the MC14681Stlw thcc:uncntc:yclcis a write 
eyde. 4mA drive capabilitY. 

Pin # Symbol Type Signal Description 

-ll'AR 29 I LATCl!EDPA)UTYilRRORi,.nacdvelowinput(fromthc 
82C355) and imticalCs a pmiiy cntt d~ a DRAM read. Whoo 
active it w.ill cause an NMI to be gencn.tcd. 

-IOCIJCK 31 I IO CHANNEL CHECK is an acdvc low input and is uled to <i&nal m 
error conditicn fonn an 00 device. Wbm active md embied. i2: causes 
ID NMI to be gcfteratcd. 

PCUNMIIN 30 I POWERCON11lOLNONMASKABLEil'ITERRUPTINPUTisa 
programmable .input frcm the power control mi1. It is an active low 
input lignal by default and cau be prognmmed by bil 3 of indcs 
icgUtcr 26H to be either active low or active high. Bil: 4 cl index 26 
enables or disables this fcamre. If the PCU is n« med, PClJNMIN 
should be tied to Vccforthe 82C3S6 toopenitccorrcaly. 

NMI 76 0 NON·MASKABLEINTERRUPTisanacdvchi&houqmandis 
connecrcd to the NMI of the CPU. '4mA drive !?lp&bili!y. 
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Table 3-8. Address Buffers Decodes 

Pin# Symbol Type Signal 0.llCl'lptlon 

XA<O:l> 38-39 J/O EXPANSION ADDRESS bits Oand I arebidirectiooaisignals. They 
.,,,_for DMA Ind ATmas!er~es Ind lnpuu for Cl'U cycle&. 
These arc coancd.cd to lhe 82C3S1 which ccnvens lbem to and &om 
the~ enables. 4mA dri"" C&J)llbility. 

A<2:23> -40-49, J/O LOCAL ADDRESS bus bit1 2 duough 23 .,. bUli=ticml signals, 
51-53 inpm during lFUiAT cycles and output durin& DMA;mutcr cycles. 
5~3 4mA drivc.....mlitv. 

SA<0:19> 82-85, J/O JJ0 CHANNEL (A1) adcl""' bus. Input for AT- cyclca. <Juti:ut 
87-90, at Ul other times. 24 mA drive. 
92-95, 

97-100, 
·~ ...... 

104-106 
-8042CS 2S 0 8042 CHIP SELECJ" is a aciive low signal and is a 00 ckalde of 

addres1CS 060H or 064H. <lmA drive eal)&bility. 
INTCUt 77 0 INTERRUPT CLEAR is an active high oolpUl signal md is used to 

elearmQt3 from lhe 38IDX PLD. INTCUt is generated during 
RESET, Out canmanc1 to port F!H, or Out command"' port ro. 4mA 
driYC!:!E!bili!_X. 

XDIR 26 0 X BUS DIRECTION oontrols lhe diredioo of daia U.nsfer wilhiD the 
82C355 between lhe periphenl bus and lhe JO cbannd. When !ow, 
XDIR sbculd drive lhe SP bus signals toward lhe XD bus. When high 
XDlR dlQW.d drive the XO 00. ~ towm1 the SD bus. XI>IR ii 1n 
JJ0 decoded ports oo lhe XD bus ANDed wilh -!OR. 4mA dri"" 

bili 
-ROMCS 23 I ROM CHIP SELECJ" is an input to generue XDIR dming ROM read 

!:I£!es. This is oonnecled to -ROM CS of !he 82C351. 
-REF 68 I REFRESH is an aai"" low input from lhe 82C35! or an J/O device on 

i:heATbu1 which inarments the address countcr(inthe 82C356)and 
controls the address buffer directicn. When active. the c:omcnt of the 
nofiesh addie11 counu:r is gau:d to lhe SA address bus. Oe the rising 
edge of -REF1 the internal refresh counter ii incremented. 

-MASTER 6!I I BUS MASTER is active low input signal f generated by a device 
active oo lhe AT expansion Bm. It bas an inlcmal !OK Ohm pull-up 
resistor. 

-MALE 70 I MEMORY ADDRESS LATCH ENABLE lau:bes 1oca! adclmses into 
lhc address reg!sten on lhc ri!!!!a {trailing;} ~e. 

-ATEN 67 I AT BUS ENABLE is an active low input signal from lhe 82C35! and 
is active when the CPU is ~rforming an AT bus acce$S:. 
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TablB 3-9. Data Bus and Powers 

Pin # Symbol Type Signal 0e9Cl'iptlon 

XD<0:7> 121-114 IJO Data bits 0 through 7 arc 3-aau: bi-<lircctional Data Bus lineund arc 
"""'""'eel to !he syacm da!a bus. (the XD bus), in a F'C/AT deUgn. 
'lbc anpou arc mablcd in !he program ocnditioa during die IJO 
READ to-lhe=tcns of die DMA =troller rcgistcn, die three 
Jnt=upt CcauoJkr ~the Tmicr/Coo1llerrcgistcn, die Real 
Tmic Oock'• in<emal rcpllers, index rcgistcrZ61!, port B, and 
pnigrammable chip Idea rcgistcn. During an IJ0 WRITE cycle. die 
_..an:dllablcdand dieC'U con program die DMA Coctrolll:r 
rcgistcn, lbc lntmup< ~registers. die Tmier/Coont.cr 
rcgistcn, die DMA Pqe rcgistcr, lhc Real Tune Oock rcgistcn, the 
intemal RAM, index rcgistcr26H, port B, and prognmmablc chip 
sdca regitlen. !lming DMA cycles, die most dgnificmt I bits d lhc 
addrcu ""'OOlpUI oato the da!a bus to be IUobed into an cxtemal Well 
by AEN8- or AEN16-. 

TEST 124 
Vee 1.24, 54, 71, 

79, 103, 109, 
IZS 144 

Gad 7,Zl,36,37, 
so. 64, 65. 73, 
81, 86, 91, 96, 
101, 108, IZZ, 
123 

During mcmory-<o-mcmory cperoiom, data from die memory ocmes 
into the DMA Controller on the data bus during a read from the 
memory. Durlnz the iolemlpt seqocnc::e. the intern¥ IXlllrollcrs 
OUl:plt the interrupt vector byte on the data bus. Data bw: XDdl:7> 
also acu u the multiplexed address/data bus for the Real Tune Clock. 
Tied to ground. 
+SV ±5% Power Supply. 
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3.2 Numerical Listing of Pin Assignments 

Tab/IJ 3-10. Nwnerical PinAssignments 

Pin Signal Pin Signal Pin Signal Pin Signal 

Vex: 37 v .. 73 v .. 109 Vex: 
2 TC 38 XAO 74 CXI 110 RESET4 
3 -AENl6 39 XAJ 75 CX2 Ill -!OW 

4 -AENIS 40 A2 76 NM! 112 -IOR 

s -MEMW 41 A3 77 INTClR 113 IOCHRDY 
6 -MEMR 42 A4 78 OlITI 114 XD7 

7 V11 43 AS 79 Vex: 115 XD6 
8 DREOS 44 A6 80 osc 116 XDS 

9 DRE~ 45 A7 81 V11 117 XD4 
10 DREQI 46 AB 82 SAO 118 XD3 

11 -OAQC'.'li 47 A9 83 SAi 119 XD2 
12 -DACK6 48 AIO 84 SA2 120 XDI 

13 -DACK? 49 All 85 SA3 121 XDO 
14 -DACK3 so Vss 86 v .. 122 v .. 
15 -DACK2 SI Al2 87 SA4 123 v .. 
16 -DACK! sz Al3 88 SAS 124 TESI'356 

17 -DACKO 53 Al4 89 SA6 125 V« 
18 DREQ3 54 Vrx; 90 SA7 126 ·PSRSTB 
19 DREQ2, SS AIS 91 v .. 127 PWRGD 

20 DREQI S6 Al6 92 SAS 128 IRQI 

21 DREQO ~ .. ~ ~ 

~·· 129 ""'' ~' n., ,, ~n7 ~x"' 

22 v .. SS AIS 94 SAIO 130 IRQ:! 
23 -ROM CS S9 Al9 95 SAii 131 IRQ5 
24 V« 60 A20 96 v .. 132 JR~ 
25 -8042CS 61 A21 97 SAIZ 133 IRQI 
26 XDIR 62 A22 98 SA!3 134 IRQ2 
27 -MSE(A!!fil 63 A23 99 SAl4 135 IRQIO 

28 ·INTA 64 v .. 100 SAIS 136 IRQll 
29 -!PAR 65 v .. IOI v .. 137 IRQ12 
30 PCUNMIN 66 HI.DAI 102 SAl6 138 IRQ13 

31 -IOCHCK ({; ·ATHN' iOJ Vee i'.39 IRQi4 
32 RTCRW 68 -REF 104 SAl7 140 IRQIS 
33 RTCAS 69 -MASTER IQS SAIS 141 OSCl/IRQl! 
34 RTCDS 70 -MALE 106 SAl9 142 HRQ 
35 BUSCLK 71 V« 107 SPKR 143 INTR 
36 v .. 72 OSC/12 108 v .. 144 V« 
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3.3 Alphabetical Listing of Pin Assignments 

Table3-11. Alphabetical Pin Assignme/lls 

Signal Pin Slgnal Pin Signal Pin Slgn1I Pin 
... r.-i. ...... 3 nn"'"'' 'n ,...,..,..•nnno .,, ,, __ .. 

•J'U:,J."110 .u.ru:.y1 ,,., v.:>11...11.ll'i.yo ... ·~ .. 
-AENl8 4 DREQ2 19 OSC/12 72 Vee S4 

·ATEN iii DRE03 18 OUT! 78 Vee 71 

A2 40 DREQS 8 PCUNMIN 30 Vee 79 

A3 41 DREQ6 9 -PSRSTll 126 Vee: 103 

A4 42 DREQ'i 10 PW'RGD 12'1 Vex; i09 
AS 43 HI.DAI 66 -REF 68 Vee 125 

A6 44 !!RO 142 RESET4 110 Vee 144 

A7 4S ·INTA 28 -ROMCS 23 v .. 7 
A8 46 INTCl.R 77 RTCAS 33 v .. 22 

A9 47 ThlTK i43 R.TUJS 34 V11 36 
AIO 48 -lOCHCK 31 RTCRW 32 Vts 37 

All 49 IOCHRDY 113 SAO 82 v .. so 
Al2 SI ·IOR 112 SAi 83 v .. 64 

Al3 S2 -IOW Ill SA2 84 Vts 6S 

A14 S3 IRQI 128 SA3 85 Vs1 73 

AIS SS IRQ3 129 SA4 87 v .. 81 

Al6 56 IRQ4 130 SAS 88 v .. 86 
Al7 57 IRQS 131 SA6 89 v .. 91 

Al8 58 IRQ6 132 SA7 90 v .. 96 
A19 S9 IRQ? 133 SAS 92 v .. IOI 

A20 60 IRQ9 134 SA9 93 Vu 108 

A21 61 IRQIO 135 SAIO 94 v .. 122 

A22 62 IRQll 136 SAll 9S v .. 123 

A23 63 IRQ12 137 SAl2 97 XAO 38 

BUSCLK 3S IR013 138 SA13 98 XAI 39 

C:Xi 74 IRQ14 139 SA14 99 XDJR 26 

= 1S !ROIS 140 SAIS 100 XDO 121 

·DACKO 17 -IPAR 29 SA16 102 XO! 120 

-DACK! 16 -MA!Jl 70 SAl7 104 XD2 119 

-DACK2 IS -MASTER 69 SAIS !OS XD3 118 

-DACK3 14 -MEMR 6 SAl9 106 XD4 117 

-DACKS 11 -MEMW s SFKR 107 XDS 116 

-DACK6 12 -MSE(AEN) ZI TC 2 XD6 115 
-DACK7 13 NMI 76 TEST356 124 XD7 114 

DREQO 21 osc . 80 Vee 1 -8042CS 2S 
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3.4 Pin Diagram 

Figure 3-1. 82C356 Puipheral Controller Pin Diagram 

82C356 

PERIPHERAL CONTROLLER 

CHIPS andTechnobgies, Inc. PRELIMINARY 201 



• 356 Pin Descriptions 

This page is intentionally left blank. 

202 PRELIMINARY CHIPS and Technologies, Inc. 



Section 4 

356 Physical Characteristics 

• 

• 4.1 Absolute Maximum Ratings 

• 4.2 Operating Conditions 



• 



CHIPS and Technologies, ktc. 

• 356 Physical Characteristics 

II 
Section 4 

356 Physical Characteristics 

4.1 Absolute Maximum Ratings 

Symbol Min. Max. Unit a 

S!:!!E!l:i Vol!!£e Vee 7.0 v 
!!!l!!!tVollage Vt ·.S s.s v 
°"!l!l! v chas= Vo ·.S s.s v 
Q:e.:::r:atin& Tem~ratorc T!!!! .25 85 c 
S10rage TemE!!!ture T!!!: -40 125 c 

Note 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 

Sapply Voltage Vee 4.75 S.25 V 
Amblem Temperature TA 70 C 
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Section 5 

356 DC/AC Characteristics 

5.1 DC Characteristics 

Symbol Min. Max. Units 

~t low vol!:Ye VIL 

TIL!evel (All I!!!! cx!!J!BUSCI.K and CXl) .8 v 
BUSCLK utd CXl .03 0.8 v 
!!:!E!!t big!! voltage VIll 
T!Llcvel (All I!!!! cx!!J! BUSCI.Kand CXl) 2.0 v 
BUSCI.K and CXl VCC 0.8 +0.3 v 
Ontnut low Voit!"~ VOL .4S v 
Ouiput high voltage 

All pins except IOCllRDY VOH 2.4 v 
IOCHRDY hu ~ drain driver n/a 

JnputLOWcumnt@Vo=V11 m.. :!:10 llA 
cxccp<JRl, IR3·7, IR9·15, DREQ0-3, DREQS·7, 
·I OCH CK 

IR!, IR3·7, JR9-1S, DREQ0-3, DREQS-7, -IOCHCK -1 mA 
Jni:utlllGHcurrent@Vo=Vdd 

All except PWRGD IIH :1:10 llA 
PWR(lD IIH 200 u.A 

Ou~ curn:nt low IOL 
Allpinl except SA().19 -!OR, -IOW,JOCHRDY, TC, 4 mA 
·MEMR. -MEMW, MSE (AENl 
SA().19, ·IOR, -IOW,IOCllRDY, TC, ·MEMR. 1A mA 
-MEMW, MSE (AEN) 
JOCHRDY 8 mA 
Ouwm c:orrcnt hi&!! IOH 
Allpin1 cxcq>t SA().19, ·!OR. -IOW,JOCHRDY, T2. 4 mA 
·MEMR. -MEMW, MSE (AENl 
SA().19, -!OR, -IOW,IOCllRDY, TC, ·MEMR. -33 mA 
·MEM"W.MSE(AEN1 
3-&ale Wli>lt OFF airn11t LOW IOZL :1:10 ~ 
3-&aie '"-!OFF ccm:nt lllGH IOZH ±10 ~ 
Power !!!l!J?!x com:nt~8 MHz ICC 60 mA 
Input Cl2!cilance CIN 10 eF 
()m:i)m or 00 S!citance COUT 10 eF 
Stand:l!J! Ice 10 ~ 
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5.2 AC Characteristics 
All timing parameters are specified under capacitive load of SO pf and 
temperature of 70 degree C. These timing tables cover both 25MHz and 
33MHz; all writs are in nanoseconds, unless otherwise specified. Also, the AC 
specifications mentioned in this document are subject to change. 

Table 5-1. CPU AT Cycle 

CPU AT Cycle 

Min. Mox. 

!601 A<23:0nc<upio·MALEinadive IS 
!602 A<23:0> bold from-MALEinactive 10 
!603 SA<19:0>validfrom-ATENac:ti.., 0 so 
1605 SA<l9:0>fioatfrom-ATENinactive 0 2S 
t60S ..so42CS active from -MALE inactive 0 60 
l6l l ..so42CS inactive from -MALE inactive 0 32 

Table 5·2. Master Cycle 

Mast..- Cycle 

Min. Mox. 

!615 A<23:2> valid from SA valid 6 35 

!616 XA<l:O>validfranSAvalid 5 30 
!618 -8042CSactivefranSAvalid 10 60 
t621 XA<l:O> invalid from -MASTER inactive 6 19 
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Tab/65-3. DMACycle 

.....& ----·-..,.." .... ~ 
lllln. Max 

1625 BUSCLK period (IX) 125 

!62SA BUSCLK period (2X} 62 

""°' BUSC'JC illih time (lX) 55 ~ 

l626A BUSCLK high time (2X} '};/ 

1627 BUSCLK low time !IX) 43 

t6'J:IA BUSCLK low time (2X} 22 
1628 DREQn !e!Up to BUSCLK low 0 

t629 HRQ deiayirom BUSCLKiow 70 

1630 HI.DA !e!Up to BUSCLK high 40 

1631 -AENB/16 valid fJan BUSCLK low 9S 
1632 -AEN8/16 invalid fJan BUSCLK 15 
1633 AEN active frtm IllJlAl active 5 38 

1651 AEN inactive frcm HI.DAI low 5 50 
1634 Addre11 valid from BUSCLK higlt 100 

1635 Addre11 hold from BUSCLK hig)i 50 
1636 -DACKn valid from BUSCLK low 100 

1637 Ccmmond enable delay from BUSCLK higlt 80 
1638 Ccmmond active delay fJan BUSCLK high 100 

1639 Write annd inactive delay from BUSCLK hig)i 70 

l640 Add=s hold from -IOW inactive 70 

1641 Adchess hold fJan -MEMR inactive 50 
1642 Ccmmond n .. t delay fJan BUSCLK hi"'1 75 

1643 -!OR inactive delay from BUSCLK hig)i 115 
1644 TC delay from BUSCLK 50 
1649 IOC!IRDY !C!!!p to BUSCLK low 25 
1650 IOC!IRDYholdfromBUSCLKlow ns 

Tab/65-4. Internal Register Access 

Internal Reglaler Acee .. 

Min. Max 

1655 Command active period ISO 
1656 XI><7:0> adive fJan -!OR active s 35 
1651 Xl><7:0> valid from -!OR acti"" 140 

i658 XD<i:O> bold from -iOR inacriYC 8 
1659 XI><7:0> re!Up IO -IOW inactive 130 
l660 Xl><7:0> hold from -!OW inactive 1.0 
1661 Address aetup to command acti:ve 25 
1662 Add=1 hold from oormnand inactive . 0 
t66J IOCHRDY active delay from oormnancl 6 50 
1664 IOCHRDY inactive delay from BUSCLK higlt 6 40 
11665 NM! valid delay from -!OW inactive 20 
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TableS-5. External Real Time Clock Access 

Exterrud R•I Tim• Clock Acceu 

Min. llax 

1666 RTCAS active delay frcm -IOW adiw s 40 
t667 RTCAS inactive delay from -IOW inactive s 40 
rG/2 RTCDS active delay from ·IOR active s 28 
rG/3 RTCDS inactive delay from -IOR inactive s 28 

Tables-6. INIA Se11uence 

INTASeq....,.. 

llln. llax 

1682 IROn pulse width aow) 100 
1685 XD<l:O>validfo:m ·INTA active 120 
1686 XD<l:O> bold from ·INT A inactive 8 

TableS-7. Miscellaneous Signals 

lliscella_. s1gnala 

llln. Max 

1698 -PSRSTB inactive delay from Vee Sos 
t699 ..J>SRSTB active pulse width Sos 

16100 VRT bit valid delay Cmtm!l 201 

16105 XDIR high from ·INT A active 3 30 
16106 XDIR high from ·!OR active 3 30 
16107 XDIR low from ·INT A inactive 3 30 
16108 XDJR low from ·!OR inactive 3 30 
umo SA valid from -REF active 13 so 
16111 SA bold from -REF inactive 0 2S 
16112 AEN active from -REF active 40 
16113 AEN inactive from -REF inactive. 40 
16121 ·IP AR pulse widlh IS 
16122 -JOCHCKpulsewidth IS 
16123 PCUNMilN pulse widlh IS 
16130 INTCI.R active delay ftClm -IOW active 30 
16134 IOCHRDYpulsewidth 96SCLK 
16135 INTClR. inactive delay from ·IOW inactive 2S 
16138 INTC1.R active delay from RESET4 active 2D 
16139 INTClR. inactive delay from RESET4 inactive 20 
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Section 6 

356 Timing Diagrams 
Rgure 6-1. 82C356 Miscellaneous Signals 

• 
16105 f.6107 

-INTA 

16106 16108 

-IOR 

XDIR 

MSE(AEN) 

1----+}-161-13 

-REF -• l ' r- I T 

REF.ADDRESS 
SA<11:0> 

-? E- 16110 _, ~ 16111 

\ 
16121 i -LPAR 

\ 
16122 i -IOCHCK 

; 111123 

~ PCUNMllN 
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FlguJW 6-Z.. Power-ON Timing 

,,,....,.... ~ 
v "'"' / 

[:;1 7 

i ~~J 
-PSRST 

I ~ I 

1 
I • 

/.. 
!~100 

VRTBIT 
(Internal) . . 

Flgu,. 6-3. 82C356 INT A Sequence 

!Ran 
~~~~r-~r--~---.-,~~~~~ 

l t1---INT 

-1NTA ~~~~-·~·~'~'~~~~Jr-
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FlguN 6-4. 82C356 External RTC Timing 

-IOW " ' J 
-IOR J 

' 
isso: ~ 

~-
RTCAS ' 

t66?l ~ 167~ ~ 
r-

RT CDS t-
167~ E-

RTCRW \ (SEE.NOTE1y 

XD<7:0> ,_ __ __,X AODRE~._ _ __,X DATA x x AODRESs)1-----i( DATA }-
(SEE NOTE 1) - ,__ __ _, 

Note 1 Timing requirements for XD <T:fl> are shown for completeness. Tiiey are 
required by the MC14681A but not the 82C356 . 

.. 

'41!!A!IY 



• 356 Timing Diagrams 

Figure 6-5. 82C356 /nterna1 Register Access 

A<23:2> 

E-------1661----
-MALE 

-ATEN 

·IOR 

.. • 
-IOW ' 

~ E- '660 

XD<7:0> VALD 

t650 

IOCHRDY ; 

~ E- 1664-:l f. 
BUSCLK \ J '~ I\ J 

-: E-1665 

NMI 

Note EnabledifXD7=1. 
Disabled ifXD7 = 0 • 

.. 
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BUSCLK 
(SEE NOTE 1}' 

OREOn 

"""' 
HREQ 

HLDA1 

-AEN8 
-AEN16 

AEN 

A<23:2> 
XA<1:0> 

-OACKn 

-MEMW 
-IOW 

-IOR 

-MEMR 

TC 

XD«l:7> 
(SEEN01Eo4J 

IOCHRDY 
(SEE NOTES) 
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Figum 6-6. 82C356 DMA Cycle 

.fiv b{lh ~~ ~~~ ~~re~ ~" ~~J • µ µ~ µ ,~ ·µ ·~ 
":'.' .., ~: - ..; ~ ~ E--

:{ ~ 
7T ~ E-"'27 

',, 3 ~-
"' I' r 

.... ~ ~ -l IE- I030 

--~~ ~ ' ~ 
" 

-l ~ ... , ~ 7T ~I " 
1033 -l f:!" 1051 _j ~ 

"~ J~ 
7T 

-~ ~ -_i E-
,, 

ADDRESS VAL.IC ADDRESS VALID 

" 
..: IE-=- 1f- ~ IE--

7T I;._ - IE-.... , 11 ... 1837 -l l-' -l ~- j 
,, 

'""' ~ _/ 
SEENOlE2 ~ ~~ 

~-.... .,..:.:.. ~..; ~r SEENOTE2 
..: 

" .. ~ I ,,. 
""38..: ""=i E- .... 

" I· r\ _/ ,,. y- ~~ It_ _i :._ 
IEENOTE3 

SE • 
-~ ~ _,.,_ ,,. 

Note 1. All timings referenced IO BUSCLK are independent of the stale of the 
clock select bit in the configurati(ln registec. BUSCLK shown in this 
diagraffi is the undivided clock directly from the input. 

2. Extended write mode selected. 
3. Extended read mode selected. 
4. Data bus during Memory-to-Memory ttansfc:r. 
S. IOCHRDY input timing. 
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Flgu,. 6-7. 82C356 Masta Cycle 

HLDA1 

-ATEN 

-MASTER 

x SA<19:0> 

Iii 0 ~ 

'-J 
II! 1 ~ 

x "' ./ 

-8042CS 

Rgure 6-B. 82C356 Address Buffer Timing for CPU AT Cycles 

.o\<29:2> 

-MALE 

1 -ATEN 

~ f-SA<19:G> 

.o\<29:2> =:x 1 x 2 

-i i -MALE I I 

f f~' ""°'42CS 

Note HLDA, -REF, -MAS1ER inactive. 
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Non­
Accwnul:ati.vc 

Lead Width ..i. 
0.30 ±0.10 'I' 
(0.012 ±0.004) 

Lead Length 
Sec Note 2 

Pin I 

CHIPS and Tachnologi8S, Inc. 
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356 Physical Dimensions 

7.1 82C356 Peripheral Controller 

Flgu,. 7·1. 144.Pin Plastic Flat Package 

.... .. .. -•.... . .... ••••• •• • ••••••••••••••• 

; Lead Length 
See Note 2 

\..Hir:» 
82C356 

PERIPHERAL 

CONTROLLER 

Clearance 

L 0.000 (0.000) 

J-----See Note 1-----ll .J 
0.406 (0.016) 

J- Max Height 
. 30.S (1.201) 

J--,.-- Footpnnt 
3

2.
4 0

_
276

) ----ii 
Seating Plane 4.26 (0.168) 

Legend 

Note I 

Note2 

minimum in inches (minimum in milimeters) 
maximum in inches (maximum m milimeters) 

Package Body Si7.e = 26 ±0.2 (1.024 ±0.008) (Package Vendor= Toshiba) 
Package Body Si7.e = 28 ±0.2 (1.102±0.008) (All Other Package Vendors) 

Lead Length= 1.20 ±0.2 (0.047 ±0.008) (Package Vendor= Toshiba) 
Lead Length= 0.65 ±0.3 (0.026 ±0.012) (Package Vendor= Seiko) 
Lead Length = 0.80 ±0.2 (0.031 ±0.008) (All Other Package Vendors) 
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