
<:ttl~:; ________________________________________________________ _ 

386/AT CHIPSets 

CS8230: 31$6/ AT CHIPSet 

• 100% IBM PC AT compatible 

• Tightly coupled 80386 interface 
- Designed to interface directly with the 

80386 
-Supports 16, 20 and 25M Hz operation 

• Operates in page mode, with interleave 
memory subsystem 

• Independent clock to support correct AT 
bus timing 

• Provides flexible processor clock selection 

• Supports staggered and non-staggered 
refresh 

• A complete 386/AT requires only 40 IC's 
plus memory 

• Flexible Memory Architecture 
-Supports memory configuration of up 

to 16MB 
-Programmable wait states 
-Supports 256K and 1MB DRAMs 
-Supports page mode access with inter-

leaved memory banks 
-Supports zero wait state read hit 

operation 
-Supports shadowing of BIOS EPROMs 

for efficient BIOS execution 

CS8231: TURBO CACHE-BASED 
386/AT CHIPSet 

• 100% IBM PC AT compatible 

• Tightly coupled 386 interface 
- Designed to interface directly with the 

80386 
-Supports 16, 20 and 25MHz operation 

• Independent clock to support AT bus 
timing 

• A complete 386/AT CACHE BASED PC AT 
now requires only 40 IC's plus memory 

• Integrates Cache Directory and CACHE/ 
DRAM CONTROLLER on single chip 
to provide higher integration and 
performance 

• Integrated CACHE/DRAM Controller en
hances 80386 memory system performance 
-Averages to nearly zero wait state 

memory access 
-Zero wait state non-pipelined/pipelined 

read hit access 
-Zero wait state non-pipelined/pipelined 

write access 
- Buffered write-through DRAM update 

scheme to minimize write cycle penalty 

• Supports 16KB/32KB two way set assoc
Iative cache organization 
-32 byte line size 
-4 byte sub-lined size with associative 

valid bid 
-Supports 4 blocks (of variable size-

4KB/4MB) of main memory as non
cacheable address space 
-Supports caching of data and code 

• Supports control mechanism for prevent
ing unnecessary disturbance of cache 
contents during I/O operation 

• Flexible memory architecture 
-Supports memory configuration up to 

64MB 
-Programmable wait states 
-Supports 256K and 1MB DRAMs in 

configuration of up to 4 blocks of 
4 banks 

-Supports parity or Error Detection and 
Correction (EDC) schemes to provide a 
highly reliable system _ 

• Supports shadowing of BIOS EPROMs 

• Cache hit rate up to 99% 
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CS8230 386/AT CHIPSet 
82C301 BUS CONTROLLER 

82C302 PAGE/INTERLEAVE MEMORY CONTROLLER 
82A303 HIGH ADDRESS BUFFER 
82A304 LOW ADDRESS BUFFER 

82B305 DATA BUFFER 
82A306 CONTROL BUFFER 

The CS8230-16-20-25 AT/386 CHIPSet'" is a 
seven chip VLSI implementation of most of 
the system logic to control an iAPX 386 based 
system. The' CHIPSet is designed to offer a 
100% PC AT compatible integrated solution. 
The flexible architecture of the CHIPSet 
allows it to be used in any iAPX386 based 
system design, such as CAD/CAE worksta
tions, office systems, industrial and financial 
transaction systems. 

CS8230 CHIPSet combined with CHIPs 
82C206, Integrated Peripherals Controller, 
provides a complete PC AT compatible sys
tem using only 40 components plus memory 
devices. 
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The CS8230 CHIPSet'" consists of one 
82C301 Bus Controller, one 82C302 Pagel 
Interleave Memory Controller, one each of 
82A303 and two 82A304 Address Bus Inter
faces, two 82A305 or 82B305 Data Bus Inter
faces, and a 82A306 Control Signal Buffer. An 
all CMOS CS8232-16, and CS8232-20 CHIPSet 
allow OEM's to reduce the form factor, size 
and weight of their portable, laptop machines 
due to the reduced power requirements, the 
reduced cooling requirements and the 
reduced buffering requirements of the 
CHIPSet. In particular, the all CMOS CS8232-
16 and CS8232-20 CHIPSet will reduce a 
system's power consumption requirement by 
at least half that of an NMOS/BIPOLAR/ 
CMOS based system. 
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The only difference between the CS8232 
CHIPSet and the CS8230 CHIPSet is that the 
bipolar parts (82A303, 82A304, 82A305, 
82A306) in the CS8230 CHIPSet have been 
replaced with CMOS parts (82C303, 82C304, 
82C305, 83C306). The difference between the 
new CMOS parts is that the drive capability is 
12 mA as opposed to 24 mA in the bipolar 
parts. 

The CHIPSet supports a local CPU bus, a 32-
bit system memory bus, and AT buses as 
shown in the System Block Diagram. The 
82C301 and 82A306/82C306 provide the gen
eration and synchronization of control signals 
for all buses. The 82C301 also supports an 
independent AT bus clock, and allows for 
dynamic selection of the processor clock 
between the 16-20-25MHz clock and the AT 
bus clock. The 82A306 provides buffers for 
bus control signal in addition to other miscel
laneous logic functions. 

The 82C302 Page/Interleave Memory Cont
roller provides an interleaved memory sub
system design with page mode operation. It 
supports 1 MB to 16 MB of DRAMs with 
combinations of 256Kbit and 1 Mbit DRAMs. 
The processor can operate at 16-20-25 MHz 
with zero wait state memory accesses. 

The 82A303/82C303 and 82A304/82C304 
interface between all address buses and the 
addresses needed for proper data path con
version. Two 82A305/82C305/82B305 are used 
to interface between the local, system mem
ory, and AT data buses. In addition to having 
high current drive, they also perform the con
version necessary between the different sized 
data paths. 
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System Overview 
The CS8230 is designed for use in 80386-
based systems and provides complete support 
for the IBM PC AT bus. There are four buses 
supported by the CS8230 as shown in the 
AT/386 system block diagram: the CPU local 
bus (A and D), the system memory bus (MA 
and MOl. the 10 Channel bus (SA and SO), 
and the X bus (XA and XO). The system 
memory bus is used to interface to ORAM's 
controlled by the 82C302. The 10 channel 
bus refers to the bus supporting the AT bus 
adapters which could be either 8 bit devices 
or 16 bit devices. The X bus refers to the 
peripheral bus to which the OMA controllers 
and timers are attached in an IBM PC AT. The 
X bus has only an 8-bit data path. The term 
"AT bus" is used to refer to the 10 channel 
bus and X bus. Provisions are also made for 
user extension of the 10 channel to a 32 
bit bus. 

Notations and Glossary 

The following notations are used to refer to 
the configuration and diagnostic registers 
internal to the 82C301 and 82C302. 

r.EGnH denotes the internal register with the 
index n in hexadecimal notation. 

REGnH<x:y> denotes the bit field from bits 
y to x of the internal register with the index n 
in hexadecimal notation. 
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CS8231: TIlJIRBO CACHE-BASED 386/AT CHIPSet 

82C301 BUS COIII!ITIROLER 
82A303 HIGIH ORDER ADDRESS BUFFER 
82A304 LOW ORDER ADDRESS BlUFFER 

828305 DATA BUFFER 
82A306 CONTROL BUFFEIR 

82C307 ilNlTIEGRAYlE1D CACHE/DRAM CONTROLLER 
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Block Diagram of a Chips Turbo 386/AT Cache Based System 

The CS8231 TURBO CACHE BASED 386/AT 
CHIPSet is a seven chip VLSI implementation 
of most of the system logic to implement a 
CACHE BASED iAPX 386 based system. The 
CHIPSet is designed to offer a 100% PC AT 
compatible integrated solution. The flexible 
architecture of the CHIPSet allows it to be 
used in any iAPX386 based system design, 
such as CAD/CAE workstations, office sys
tems, industrial and financial transaction 
systems. 

The CS8231 CHIPSet combined with CHIP's 
82C206, Integrated Peripherals Controller, 
provides a complete PC AT compatible sys
tem using only 40 components plus memory 
devices. 

The CS8231 CHIPSet consists of one 82C301 
Bus Controller, one 82C307 Integrated 
CACHE/DRAM controller, one each of 82A303 
and 82A304 Address Bus Interfaces, two 
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82B305 Data Bus Interfaces, and a 82A306 
Control Signal Buffer. 

The CHIPSet supports a local CPU bus, a 
32-bit system memory bus, and AT buses as 
shown in the system diagram below. The 
82C301 and 82A306 provide the generation 
and synchronization of control signals for all 
buses. The 82C301 also supports an inde
pendent AT bus clock, and allows for dynamic 
selection of the processor clock between the 
16M Hz, 20MHz, or 25MHz clocks and the AT 
bus clock. The 82A306 provides buffers for 
bus control signals in addition to other 
miscellaneous logic functions. 

The 82C307 is a high performance and 
high integration CACHE/DRAM controller 
designed to interface directly to the 80386 
microprocessor. It maintains frequently ac
cessed code and data in high speed memory, 
allowing the 80386 to operate at its maximum 
rated frequency with near zero waitstates. By 
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integrating DRAM control functions on-chip, 
it supports simultaneous activation of cache 
and DRAM access, thereby minimizing the 
cache miss cycle penalty. It has hardware 
support to allow the user to designate up to 
four blocks (of variable size from 2K8 to 
128K8) of main memory as non-cacheable 
address space. This feature is important for 
compatibility issues when operating in a 
multiprocessing or LAN environment, or 
where dual-port memory is used, and to 
designate certain regions of video RAM as 
non-cacheable. This feature eliminates the 
need to use very fast PALs externally to 
decode non-cacheable regions and gives the 
user much more flexibility. Optional EDC 
support logic is integrated on to the 82C307 
which allows it to interface to any of the 
generically available 32-bit Error Detection 
and Correction Circuits to realize a highly 
reliable memory subsystem. 

Cache coherency is maintained during DMA 
cycles by channeling all accesses through 
the cache controller logic. During DMA read 
operations, the cache RAM is not accessed 
and data is retrieved from the main memory. 
During DMA write operations, if a cache hit is 
detected, the cache RAM is updated and the 
corresponding tag validated. Cache coher
ency is maintained at all times, with no per
formance penalty. The 82C307 is available in 
a 100 pin PFP package. 

The 82A303 and 32A304 interface between all 
address buses, and the addresses needed for 
proper data path conversion. Two 828305 are 
used to interface between the local, system 
memory, and at data buses. In addition to 
having high current drive, they also perform 
the conversion necessary between the differ
ent sized data paths. 
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Following is a list of the parts shipped with 
each CHIPSet: 

CS8230-16 CS8230-20 CS8230-25 

82C301 82C301-20 82C301-25 
82C302 82C302-20 82C302-25 
82A303 82A303 82A303 
82A304 82A304 82A304 
82A305 828305 828305 
82A306 82A306 82A306 

CS8232-16 CS8232-20 CS8232-25 

82C301 82C301-20 82C301-25 
82C302 82C302-20 82C302-25 
82C303 82C303 82C303 
82C304 82C304 82C304 
82C305 82C305 828305 
82C306 82C306 82C306 

CS8236-16 CS8236-20 CS8236-25 

82C301 82C301 82C301 
82C302 82C302 82C302 
82A303 82A303 82A303 
82A304 82A304 82A304 
82A305 828305 828305 
82A306 82A306 82A306 
82C206 82C206 82C206 

CS8231-20 CS8231-25 

82C301 82C301 
82A303 82A303 
82A304 82A304 
828305 828305 
82A306 82A306 
82C307 82C307 

CS8237-20 CS8237-25 

82C301 82C301 
82A303 82A303 
82A304 82A304 
828305 828305 
82A306 82A306 
82C307 82C307 
82C206 82C206 
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82C301 Bus Coniroller 

• Optional Independent AT Bus Clock 

• Processor Clock Selection 

IlII AT Bus Timing Configuration 

ill CPU Interface and Bus Control 

• Port B Register 

Overview 

The 82C301 provides a clock generation cir
cuitry to solve two basic problems. One is to 
provide system designers the choice of a par
ticular AT bus clock most adequate for their 
applications. The other is to allow the pro
cessor to run at the full speed and optionally 
at a speed to match timing dependent appli
cation software. Because many AT adapter 
boards are designed with built in timing 
assumptions, indep.endent programmable 
controls are provided for AT bus command 
timing and wait state generation for 10 ac
cesses and for 8, 16, and 32 bit memory 
accesses. 

The 82C301 interfaces directly with the 80386 
and implements the state machines required 
for controlling all bus accesses. It also fea
tures a status register known as Port B register 
used in a standard IBM PC AT. 

Functional Description 

The 82C301 has the following function blocks 
as illustrated in figure 1-1: 

13 Clock generation and reset control 

• CPU bus access state machine 

• AT bus access state machine 

• Port B register and NMI logic 

III Bus Arbitration and refresh logic 

Clock Generation and Selection Logic 

The 82C301 provides a flexible clock selection 
scheme as shown in Figure 12. It has two 
inputs; CLK21N and ATCLK1 CLK21N is driven 
from a packaged crystal oscillator circuit, 
running at twice the processor rated CPU 
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frequency (32 MHz for a 16 MHz 80386). An 
oscillator circuit is provided for the ATCLK1 
signal, so that it can be connected to either a 
packaged oscillator or a crystal. Typically, 
the ATCLK1 should be of a lower frequency 
than CLK2IN. 

The 82C301 generates processor clock, CLK2, 
for driving the 80386 CLK2 input as well as 
the CPU state machine. SCLK is CLK2/2 and 
is in phase with the internal states of the 
80386. BCLK (internal) is the AT bus state 
machine clock and is used for the AT bus 
interface. SYSCLK is the AT bus system clock 
and is always BCLK/2. 

CLK2 can be derived from CLK21N or from 
the ATCLK1. In the synchronous mode, both 
CLK2 and BCLK are derived from CLK2IN, 
so that the processor state machine and the 
AT state machine run synchronously. In the 
asynchronous mode, BCLK is generated from 
the ATCLK1 and CLK2 is generated from 
CLK21N or the ATCLK1. In this case, the 
processor state machine and the AT state 
machine run asynchronous to each other. 
The following clock selections are possible: 

Synchronous mode 

1. CLK2 = CLK21N 
BCLK = CLK21N/2 
SYSCLK = BCLK/2 = CLK21N/4 

2. CLK2 = CLK21N 
BCLK = CLK21N/3 
SYSCLK = BCLK/2 = CLK21N/6 

3. CLK2 = BCLK = CLK21N/2 
SYSCLK = BCLK/2 = CLK21N/4 

Asynchronous mode 

1. CLK2 = CLK21N 
BCLK = ATCLK1 
SYSCLK = BCLK/2 = ATCLK1/4 

Under normal operation, CLK21N should be 
selected as the processor clock (CLK2) to 
allow the processor to operate at the rated 
maximum speed. BCLK can either be a sub
division of CLK21N or be derived from the 
ATCLK1. ATCLK may be selected to generate 
the CLK2 only when it is desired to slow 

82C301 
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12 XA01 74 
13 SPKDATA XAOO 73 
14 AEN1 MCS32 72 
15 AEN2 IOCS32 71 
16 REFREO LPAR 70 
17 INTA PFAIL 69 
18 HR01 HLDA2 68 
19 HLDA1 HR02 67 
20 XMEMR SCLK 66 
21 VDD 82C301 REF 65 
22 VSS BUS CONTROLLER VSS 64 
23 XMEMW VDD 63 
24 XIOR ACO 62 
25 XIOW AC1 61 
26 NC AC2 60 
27 XDO AC3 59 
28 XD1 ACEN 58 
29 XD2 SDIR 57 
30 XD3 RESET4 56 
31 XD4 XBHE 55 
32 XD5 ALE 54 
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MUX 
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386 302 

SCLK 

B-- I~-----O BCLK (AT BUS STATE MACHINE) 

SCLKO~--..·~-~-~ o ATSCLK (TO AT BUS SYSCLK) 

ATCLK1 Q--------J 
MUX 

Figure 1-2. CLK2 and ATSCLK Clock Selection 

down the processor for timing dependent 
code execution. Once the options for clock 
selections are set, the clock switching occurs 
with clean transition in the synchronous or 
the asynchronous mode. During clock 
switching, no phases of CLK2 are less than 
the minimum value or greater than the maxi
mum value specified for the 80386 CPU. The 
clock source selection is made by writing to 
REG 4H<4> and REG 6H<1:0>, which de
faults to: 

CLK2 = CLK21N 
SYSCLK = CLK2IN/6 

Table 1-1. Examples of BCLK and SYSCLK 
derived from CLK2 

CLK21N SCLK Ratio BCLK SYSCLK 

24 
32 
32 
40 
50 

82C301 

12 
16 
16 
20 
25 

/2 
/2 
/3 
/2 
/3 

12 
16 
10.7 
20 
16.7 

6 
8 
5.4 
10 
8.4 
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Reset and Shutdown Logic 

Two reset inputs RESET1 and RESET2 are 
provided on the 82C301 bus controller. 
RESET1 is the Power Good signal from the 
power supply. When RESET1 is active, the 
82C301 asserts RESET3 and RESET4 for a 
system reset. RESET2 is generated from the 
8042 (or 8742) keyboard controller when a 
"warm reset" is required. The warm reset 
activates RESET3 to reset the 80386 CPU. 
RESET3 is also activated by the 82C301 when 
a shutdown condition is detected. 

RESET3 is asserted for at least 85 CLK2 
cycles during power on reset and for during 
warm reset. RESET4 is used to reset the AT 
bus, 82C206 IPC, 8042 keyboard controller, 
82C302 page interleaved memory controller, 
and 82C307 Cache/DRAM controller. It is 
synchronized with respect to CLK2 and is 
asserted as long as the power good signal is 
held low. After a shut down condition is 
detected, RESET3 is asserted and is held 
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high for at least 85 CLK2 cycles and then 
deasserted. RESET3 resulting from a shut 
down condition is synchronous with respect 
to CLK2, ensuring proper CPU operation. 
Both RESET3 and RESET4 meet the setup 
and hold time requirements of the 80386 CPU. 

Bus Arbitration 

The 82C301 controls all bus activity and 
provides arbitration between CPU, DMAI 
Master devices, and DRAM refresh logic. It 
handles HRQ1, HRQ2 and REFREQ by gen
erating a hold request to the CPU and arb
itrating among these requests in a non
preemptive manner. The CPU relinquishes 
the bus by issuing HLDA. The 82C302 or 
82C307 responds by issuing HLDA1, HLDA2 
or REF depending on the requesting device. 
During refresh cycles, the refresh logic has 
control of the bus until REF goes inactive. 
XMEMR is asserted low during a refresh cycle 
and the refresh addresses are provided on the 
MAO-MA9 address lines by the refresh address 
counter on the 82C302 or 82C307. During a 
DMA cycle, the DMA controller has control of 
the bus until HRQ goes inactive. During the 
HLDA cycle, the 82C301 generates both SMCMD 
and action code AC<3:0> to control the 
buffer enable and directions for the address 
and data buffers. Bus size conversions are 
not supported by the 82C301 for these bus 
cycles and if necessary, should be performed 
by the requesting device. 

Action Code Generation Logic 

The AT state machine performs the data con
versions for CPU accesses to devices not on 
the local CPU or memory bus. The AT bus 
conversions are performed for 32, 16 or 8 bit 
read or write operations. 32 bit transfers are 
broken down into smaller 8 bit 0r 16 bit AT 
bus reads or writes. The action codes are 
generated as shown in table 5.2 to control the 
data bus buffers on the 82A305 data buffers. 
The action codes are in response to IOCS32, 
MCS32 IOCS16 and MCS16 inputs. 

CPU and AT Bus State Machines 

In order to extract maximum performance out 
of the 80386 on the system board, it is desir
able to operate the processor at the maximum 
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rated CPU frequency. This frequency may be 
too fast for the AT bus. In order to overcome 
this problem, the 82C301 supports two state 
machines: the CPU state machine which 
typically runs off CLK2 and the AT bus state 
machine which runs off the BCLK. 

The CPU state machine and AT state machine 
control CPU accesses to the devices on the 
local bus and non-local buses respectively. 
The CPU state machine supports only 32 bit 
transfers between the 80386 and system 
memory (or memory mapped 10) and no bus 
size conversions are done. Thus the BS16 
input on the 80386 is not used in CS8230 or 
CS8231 based systems and should be con
nected to a HI level. The AT state machine 
responsible for all non-local bus CPU ac
cesses controls the AT bus and supports bus 
size matching. 

All CPU access cycles are started by 82C301 
asserting MALE. The CPU state machine then 
samples AF32 one SCLK clock cycle later. If 
AF32 is active, it is assumed to be a local bus 
cycle and the CPU state machine terminates 
this cycle when it detects READY signal active. 
In response to an MALE, if the AF32 is de
tected inactive the control is passed to AT 
state machine. At the end of the bus access 
cycle, the AT state machine generates READY 
to terminate the processor access cycle as 
well as the CPU state machine cycle. 

CPU State Machine 

The interface to the 80386 requires interpre
tation of the status lines upon assertion of 
ADS and synchronization and generation of a 
READY response to the CPU upon completion 
of the requested operatio~ interpreting 
the CPU status lines and ADS, the 82C301 
generates control signals MALE and SMCMD. 
In response to each ADS generated by the 
CPU, an MALE is generated by the 82C301 to 
indicate the start of a new CPU access cycle. 
In a non-pipelined CPU cycle, MALE is gener
ated in response to ADS being asserted by 
the 80386. In a pipelined cycle, MALE is 
generated when the assertion of READY is 
detected for the previous CPU cycle. If AF32 
is not active one cycle after MALE is asserted, 
control is passed to the AT bus state machine. 
The CPU state machine then waits for READY 

82C301 
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becoming active to terminate the access cycle. 
In the CS8230 CHIPset, the READY can be 
generated by 82C302 or 82C307 which con
trols the system memory access. 

SMCMD indicates a memory cycle for both 
CPU and non-CPU accesses. During CPU 
cycles it is generated for all memory cycles 
by decoding MilO, Die and wiR signals. 
During non-CPU cycles it is active when 
XMEMR or XMEMW is active. 

NA Pipeline Control 

The 82C301 supports both pipelined and 
non-pipelined cycles of the 80386. The NA 
(Next Address) input on the 80386 can be 
always asserted in a CS8230 system for higher 
performance. 

Bus Timeout 

An optional feature allows generation of an 
NMI if an internal memory cycle does not 
complete within a certain timeout period. This 
occurs if AF32 is asserted in response to 
MALE and READY is not returned to the 
82C301 within 128 CLK2 cycles. A control bit 
in the 82C301 configuration registers enables 
this feature. 

AT Bus State Machine 

The AT state machine gains the control of 
the buses when AF32 is detected inactive by 
the CPU state machine. It uses BCLK having 
a frequency twice that of the 10 channel 
clock SYSCLK. When ATCLK1 is selected as 
the source for BCLK, it also performs the 
necessary synchronization of control and 
status signals between the AT bus and the 
processor. The 82C301 supports 8, 16 or 32 
bit transfers between the processor and 8, 16 
or 32 bit memory or 10 devices located on 
the 10 channel. 

An AT bus cycle is initiated by asserting ALE 
decoded from the CPU status signals and is 
terminated by asserting READY. On the falling 
(ortrailin~oftheALE, MCS16,IOCS16, 
MCS32, IOCS32 are sampled to determine 
the bus size conversion required. It then enters 
the command cycle. The AT bus state machine 
provides the sequencing and timing controls 

82C301 14 

for status and command phases of different 
AT bus cycles. These controls provide for 
timing emulation of lower speed 10 channels 
to maintain compatibility with AT or PC/XT 
10 adapters and memory cards. The command 
cycle is terminated by detecting OWS or 
10CHRDY active. 

10 Channel Speed Control 

The AT state machine can be programmed to 
insert wait states in units of ATSCLK and to 
delay the generation of XIOR, XIOW, XMEMR, 
and XMEMW commands in one half units of 
ATSCLK (BCLK) within the selected wait 
states. The command phase delay can be 
selectively defined for 10 cycles and for 8,16, 
and 32 bit wide memory cycles by setting the 
corresponding fields in REGOSH. REG06H 
controls the 10 Channel wait state generation 
for 8, 16, and 32 bit accesses. 

The bus clock BCLK is selected by setting 
REG06H<1 :0> It should be noted that the 
processor clock source should be set to 
CLK21N whenever the BCLK is selected to be 
SCLK. 

Data Conversion 

The AT bus access state machine performs 
data conversion for CPU accesses to devices 
not on the local bus when AF32 is not asserted. 
AT bus data conversions are performed for 
the following types of transfers: 

- 32 bit to 8/16 bit, 
- 24 bit to 8/16 bit, 
- 16 bit to 8/16 bit. 

Larger transfers are broken into smaller AT 
bus reads or writes and the action code 
AC<3:0> to the 82A30S/82B30S/82C30S is 
generated. Byte addresses XA<01:00> are 
generated to drive the lower two bits of the 
AT address bus. 

The 82C301 responds to IOCS16, MCS16, 
IOCS32, and MCS32 in determining what size 
of data the 10 channel needs. If none of the 
above signals are asserted, 8 bit transfers are 
assumed and the request is converted into 2, 3 
or 4 10 channel cycles based on BE<3:0>' 
For either MCS16 or IOCS16, the AT bus 



.................... CnIFS _______________ _ 

state machine converts a 32-bit access into 
two 16 bit AT bus accesses. 

The bus state machine also supports 32-bit 
transfer between the processor and memory 
and 10 devices on the 10 channel. IOCS32 
and MCS32 inputs allow a device to request a 
32-bits transfer. It is assumed that the neces
sary extensions to the AT bus are made to 
utilize this feature. IOCS32 and MCS32 over
ride IOCS16 and MCS16. 

In performing these data conversions, a 4-bit 
action code AC<3:0> is generated to control 
the buffers in 82A305 for the alignment of data 
path, and direction control between D, MD, 
and SD data buses. The definition for the 
action codes is given in the functional des
cription of 82A305. 

Port B Register 

The 82C301 provides access to Port B defined 
for a PC AT as shown in figure 1-3. PORTBCS 
enables the access to Port B register and is 
provided as an output from 82A304. Table 1-2 
gives the Port B register bit definition. 

10ADDR 

61H IPCKlcHKIT20 IRFDI EIC I ERPlsPK IT2G I PORT B 

Figure 1-3 Port B register definition 

Addr Bits Function 

61H Port B Register 

The NMI sub-module performs the latching 
and enabling of I/O and parity error condi
tions, which will generate a non-maskable 
interrupt to the CPU if NMI is enabled. Read
ing Port B will indicate the source of the error 
condition (lOCK and PCHK). Enabling and 
disabling of NMI is accomplished, by writing 
to the 110 address 070H. On the rising edge 
of XIOW, NMI will be enabled if data bit 7 
(XD7) is equal to 1 and will be disabled if XD7 
is equal to O. 

CS 823D Internal Register Access Ports 

The CS 8230 have internal registers used for 
system configuration and for diagnostics. 
These are accessed through 10 ports 22H 
and 23H normally found in the interrupt con
troller. An indexing scheme is used to reduce 
the number of 10 addresses required to access 
all registers needed to configure and control 
CS 8230 chips. Each access (either read or 
write) to an internal register is done by first 
writing its index into port 22H. This index 
then controls the multiplexers gating the 
appropriate register data accessible as port 
23H. Every access to port 23H must be pre-

10 ADD A 7 6 5 4 3 2 1 0 

22H INDEX 

23H DATA 

W/O CONFIGURATION 
INDEX 

RIW DATA ACCESS 

Figure 1-4. Configuration Register Access 
Ports 

7 
6 

Read only. 
Read only. 
Read only. 
Read only. 
Read/write. 
Read/write. 
Read/write. 
Read/write. 

PCK - System memory parity check. 
CHK - 10 channel check. 

5 
4 
3 
2 
1 
0 

T20 - Timer 2 out 
RFD - Refresh Detect. 
EIC - Enable 10 channel check. 
ERP - Enable system memory parity check. 
SPK - Speaker Data 
T2G - Timer 2 Gate Speaker 

Table 1-2 Port B register definition 
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ceded by writing the index value to port 22H 
even if the same data port is being accessed 
again. 

Configuration Registers 

INDEX 

04H 

05H 

06H 

76543210 

VERS -IPC FEjTE PFITO 

M32 M15 MB 10 

32WS 16WS BWS B elK 

VERSION/PROCESSOR 
CLOCK/NMI SOURCES 

COMMAND DELAY 

WAIT STATE/BUS CLOCK 

There are 3 bytes of configuration and diag
nostic registers in 82C301 as shown in figure 
1-5. The definitions for these registers are 
given in table 1-3. 

Figure 1-5. 82C301 Internal Configuration 
Registers 

Index Bits 

04H 

7:6 

5 

4 

3 

2 

o 

82C301 

Function 

Version/Processor clock selectiNMI source 

Read only. Version 

o Initial version 

Reserved 

Processor Clock Select. If SClK is selected as the source for BClK, 
ClK2 source must not be selected as BClK. 

o Use processor oscillator input. Default. 
1 Use AT bus state machine clock (SYSClKx2). 

Power Fail Warning Enable 

o Power Fail NMI not enabled. Default. 
1 Power Fail NMI enabled 

local Bus READY timeout NMI Enable 

o READY timeout NMI not enabled. Default. 
1 READY timeout NMI enabled 

Read only. Power Fail warning active during last NMI arbitration. 

o Power Fail warning pin not active. Default. 
1 Power Fail warning pin was active. 

Read only. local bus READY timeout 

o READY timeout has not occurred. Default. 
1 READY timeout has occurred 

Table 1-3 82C301 Configuration Register Definitions 

16 
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Table 1-3~ 82C301 Configuration Register Definitions (Continued) 

Index Bits 

05H 

7:6 

5:4 

3:2 

1:0 

06H 

7:6 

5:4 

3:2 

1:0 

Function 

Command delay 

The value for each one of the command delay fields are defined as: 
o 0 cycle delay 
1 1 cycle delay 
o 2 cycle delay 
1 3 cycle delay 

AT Bus 32 bit memory command delay. Specifies between 0 to 3 
BCLK cycles for command delay during an AT bus 32 bit memory 
cycle. Default is 00. 

AT Bus 16 bit memory command delay. Specifies between 0 to 3 
BCLK cycles for command delay during an AT bus 16 bit memory 
cycle. Default is 00. 

AT Bus 8 bit memory command delay. Specifies between 0 to 3 
BCLK cycles for command delay during an AT bus 8 bit memory 
cycle. Default is 01. 

AT Bus liD Cycle command delay. Specifies between 0 to 3 BCLK 
cycles for command delay during an AT bus 10 cycle. Default is 01. 

Wait StatelBus Clock Source 

32 bit AT Bus wait state selects 0 to 3 wait states per 32 bit transfer 
on the AT bus. Each wait state is 2 BCLK or 1 ATSCLK. Default is 3. 
00 3 cycle delay 
01 2 cycle delay 
10 1 cycle delay 
11 0 cycle delay 

16 bit AT Bus wait state selects 0-3 wait states per 16 bit transfer on 
the AT bus. Each wait state is 2 BCLK cycles. Default is 3. 
00 3 cycle delay 
01 2 cycle delay 
10 1 cycle delay 
11 0 cycle delay 

8 bit AT Bus wait state selects 2-5 wait states per 8 bit transfer on 
the AT bus. Each wait state is 2 BCLK cycles. Default is 5. 
00 5 cycle delay 
01 4 cycle delay 
10 3 cycle delay 
11 2 cycle delay 

Bus Clock Source Select 
00 Use Proc Clock/3 for AT bus state machine. Default. 
01 Use Proc Clock/2 for AT bus state machine. 
10 Reserved. 
11 Use ATCLK input pin for the AT bus state machine. 

17 82C301 



CHiPS 
82C301 Pin Description 

Pin 
Pin No. Symbol Type Description 

Clocks 

44 CLK21N CLOCK 2 INPUT from a packaged TTL crystal oscilla-
tor having twice the rated frequency of the processor. 

2 CLK2 0 CLK2 output to the Clock 2 input of 80386 and the 
memory controller. This clock output is derived from 
82C302 CLK21N and has a 50% duty cycle. The clock 
can also be programmed to be the same as the BCLK. 

66 SCLK 0 SCLK is CLK2 divided by two and is an output gener-
ated as a reference to verify the phase relationship of 
the internal clock and CLK2. 

41 ATCLK1 BUS CLOCK INPUT source from Crystal or Oscillator. 
This clock input is used for the AT Bus operation and 
is required only if the AT bus state machine clock 
(BCLK) will not be derived from the CLK2 input. This 
signal should be tied low if not used. Its frequency 
should be lower than CLK2IN. 

40 ATCLK2 0 BUS CLOCK CRYSTAL OUTPUT is connected to the 
crystal oscillator circuit if a packaged oscillator is not 
used. A series resistor of 10n should be used to 
reduce the amplitude of the resonant circuit. It should 
be left unconnected if a packaged TTL oscillator is 
used. 

39 ATSCLK 0 AT SYSTEM CLOCK is buffered to drive the clock 
signal SYSCLK on the AT bus 1/0 channel. It is half 
the frequency of BCLK and should have a nominal 
value in the range of 6 to 8 MHz for maintaining 
correct AT 1/0 bus timing with IBM PC AT. 

Control 

37 RESET1 RESET1 is an active low input generated by the 
POWER GOOD signal of the power supply. When low, 
it activates RESET3 and RESET4. RESET1 is latched 
internally. 

38 RESET2 Active low. RESET2 (8042RC) is an active low signal 
generated from the keyboard controller 8042 for a 
"warm reset" not requiring the system power to be 
shut off. It forces a CPU reset by activating the RESET3 
signal. 

56 RESET4 0 RESET4 is an active high output used to reset the AT 
Bus, the 82C206 IPC, the 8042 keyboard controller 
and the 82C302 or 82C307 memory controller. RESF.T4 
is synchronized with the processor clock. 

82C301 18 
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82C301 Pin Description (Continued) 

Pin No. Symbol 

CPU Interface 

80 RESET3 

82 READY 

3 ADS 

4 W/R 

5 DIC 

6 M/IO 

78 HOLD 

79 HLDA 

10-7 BE<3:0> 

81 NMI 

Pin 
Type Description 

o 

1/0 

I/O 

o 

1/0 

o 

RESET3 is an active high output to the 80386 and the 
80387 when either RESET1 or RESET2 is active. It is 
also activated when a shutdown condition in the CPU 
is detected. RESET3 will stay active for at least 78 
CLK2 cycles. 

READY is an output during AT bus cycles (AF32 
high), and is driven low to terminate the current CPU 
cycle after detecting 10CHRDY high and OWS high or 
if a "time out" condition is detected. It is an open 
collector output requiring an extern~lI-up resistor 
of 10 KOhm. During all other cycles (AF32 low), it is an 
input (from the 82C302 and any other 32 bit memory 
controller), and has to be driven low to terminate the 
current CPU access. It is connected to the READY 
input of the 80386 processor. 

Active low. ADDRESS STROBE input connected to the 
80386 ADS pin. A 10KO pullup resistor is recommended. 

READIWRITE STATUS input from the 80386 W/R signal. 
It indicates a write bus cycle if it is high and a read cycle 
if it is low. A 10KO pull-up resistor is recommended. 

DATA/CONTROL STATUS input from the 80386 DIC 
signal. A 10KO pull-up resistor is recommended. 

MEMORY/IO STATUS input from the 80386 MIlO signal. 
A 10KO pull-up resistor is recommended. 

Active high. HOLD REQUEST is an output to the 80386 
HOLD input pin. This signal is used to request the CPU 
to relinquish the bus to another requesting master 
upon HRQ1, HRQ2 or REFREQ. 

Active high. HOLD ACKNOWLEDGE input connected 
to the 80386 HLDA signal. When the signal is HIGH it 
indicates that the processor has relinquished the system 
bus in response to the HOLD request. When active, it 
forces all commands (lOR, lOW, MEMR, MEMW, INTA) 
to be tri-stated. 

Active low. BYTE ENABLE signals input from the 80386 
BE<3:0> during a CPU cycle. BE3 controls the most 
significant byte while BED controls the least significant 
byte. BE<3:0> are generated by 82C301 during DMA 
cycles based on the status signals XAO, XA1 and XBHE 

Active HI. NON-MASKABLE INTERRUPT connects to 
the 80386 NMI pin and is generated by 82C301 to 
cause an NMI. 

19 82C301 
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82C301 Pin Description (Continued) 

Pin No. Symbol 

Decodes 

48 PORTBCS 

49 NMICS 

50 102XCS 

10 Channel Interface 

53 OWS 

52 10CHRDY 

51 10CHCK 

70 LPAR 

69 PFAIL 

54 ALE 

DMA Interface 

19 HLDA1 

68 HLDA2 

82C301 

Pin 
Type Description 

o 

o 

o 

Active low. PORT B CHIP SELECT is the address 
decode input from the 82A304 as enable for the Port B 
register at address 061 H. 

Active low. NMI CHIP SELECT is the address decode 
input from the 82A304 as enable for the NMI enable bit 
at address 070H. 

Active low. 102X CHIP SELECT is the address decode 
input from the 82A304 as chip select for the 10 registers 
at 022H and 023H used to access the 82C301 internal 
configuration registers. 

ZERO WAIT STATE (OWS) is an active low input from 
the AT bus, causing termination of the AT bus cycle. 
16-bit Memory/I/O cards residing on the AT expansion 
bus use this line to speed up accesses. It requires a 
3300 pull-up resistor. 

Active high. 10 CHANNEL READY input from the AT 
bus. When low it indicates a 'not ready' condition and 
forces the insertion of wait states in I/O or memory 
accesses. When HIGH it will allow the completion of 
the current memory or I/O access. 

Active low. 10 CHANNEL CHECK input from the AT 
bus which causes an NMI to be generated if enabled. It 
is used to signal an Error condition from a device 
residing on the AT bus. A 10KO pull-up resistor is 
recommended. 

Active low. PARITY ERROR is an input from local 
memory system which causes an NMI to be generated 
if enabled. 

Active low. POWER FAIL WARNING signal is an input 
from the power supply. 

Active high. ADDRESS LATCH ENABLE is an output 
to the AT bus. This signal controls the address latches 
used to hold the address during a bus cycle. The 
signal should be buffered to drive the AT bus. 

Active high. HOLD ACKNOWLEDGE 1 is active when a 
bus cycle is granted in response to HRQ1. 

Active high. HOLD ACKNOWLEDGE 2 is active when a 
bus cycle is granted in response to HRQ2. 

20 
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82C301 Pin Description (Continued) 

Pin No. Symbol 

DMA Interface (Continued) 

18 HRQ1 

67 HRQ2 

14 AEN1 

15 AEN2 

Control Strobes 

46 MCS16 

72 MCS32 

47 IOCS16 

71 IOCS32 

75 SMCMD 

Refresh 

16 REFREQ 

65 REF 

Pin 
Type Description 

o 

I/O 

Active high. HOLD REQUEST 1 is active when a DMA/ 
Master is requesting a bus cycle. For an AT compatible 
architecture it should be connected to the HOLD RE
QUEST signal from DMA1 and DMA2. 

Active high. HOLD REQUEST 2 is active when a DMA/ 
Master is requesting a bus cycle. This should be 
grounded if not used. 

ADDRESS ENABLE 1 is an active low input from one 
of the two DMA controllers enabling the address latches 
for 8 bit DMA transfers. 

ADDRESS ENABLE 2 is an active low input from one 
of the two DMA controllers enabling the address latches 
for 16 bit DMA transfers. 

Active low. MCS16 is active during 16 bit memory 
accesses on 10 channel. If MEMCS32 and MEMCS16 
are both high it implies a 8 bit memory transfer. A 
pull-up resistor of 3300 is recommended. 

Active low. MCS32 is active during 32 bit memory 
accesses on 10 channel. 

Active low. IOCS16 is active during 16 bit 10 accesses 
on 10 channel. If IOCS32 and IOCS16 are both high, it 
implies a 8 bit I/O transfer. A pull-up resistor of 3300 is 
recommended. 

Active low. IOCS32 is active during 32 bit 10 accesses 
on 10 channel. 

Active low. SYSTEM MEMORY COMMAND indicates 
the current access cycle is a memory cycle. 

Active high. REFresh REQuest initiates a DRAM refresh 
sequence. It is generated by the 8254 compatible 
timer controller #1 of the 82C206 IPC in a PC/AT 
implementation. 

Active low. REFresh is an open drain signal. It initiates a 
refresh cycle for the DRAMs. As an input it can be used 
to force a refresh cycle from an I/O device. An external 
pull up of 6200 is required. 
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82C301 Pin Description (Continued) 

Pin No. Symbol 

X Bus Interface 

20 XMEMR 

23 XMEMW 

24 XIOR 

25 XIOW 

55 XBHE 

35-34 XD<7:6> 

32-27 XD<5:0> 

57 SDIR 

58 ACEN 

59-62 AC<3:0> 

Memory Control 

77 AF32 

76 BUSY 

83 MALE 

82C301 

Pin 
Type Description 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

o 

o 

o 

o 

X BUS MEMORY READ is an active low control strobe 
directing memory to place valid data on the data bus. It 
is an output if the CPU is controlling the bus. It is an 
input if a DMA controller is in control of the bus. 

X BUS MEMORY WRITE is an active low control strobe 
directing memory to accept data from the data bus. It is 
an output if the CPU is controlling the bus and is an 
input if a DMA controller is in control of the bus. 

X BUS I/O READ is an active low strobe directing an 
I/O device to place data on the data bus. It is an output 
if the CPU is controlling the bus or an input if a DMA 
controller is in control of the bus. 

X BUS I/O WRITE is an active low strobe directing an 
I/O device to accept data from the data bus. It is an 
output if the CPU is controlling the bus or an input if a 
DMA controller is in control of the bus. 

X BYTE HIGH ENABLE is an active low signal indicating 
the high byte has valid data on the bus. It is an output if 
the CPU is controlling the bus or an input if a DMA 
controller is in control of the bus. 

EXPANSION DATA BUS bits <7:6> 

EXPANSION DATA BUS bits <5:0> 

SYSTEM BUS DIRECTION controls the direction of 
data transfer between the 10 channel and the local bus. 
When low it enables data transfer from the 10 channel 
to local bus. 

Active low. ACTION CODE ENABLE validates the 
action code signals AC<3:0>. 

ACTION CODE is a four bit encoded command for bus 
size control and byte assembly operations performed 
by the 82A305s. 

AF32 is an active low input indicating that the current 
cycle is a local 32-bit cycle not requiring data size 
conversion. A high indicates an AT bus cycle. A 10KO 
pull-up resistor is recommended. 

Active low. BUSY from memory controller. 

Active low. Address Latch Enable for accesses to on 
board memory/IO. It also indicates start of a new CPU 
cycle. 

22 
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82C301 Pin Description (Continued) 

Pin No. Symbol 

Memory Control (continued) 

11 TMRGATE 

12 TMROUT2 

13 SPKDATA 

17 INTA 

45 ATEN 

73 XAOO 

74 XA01 

26,36 NC 

21,42 VDD 
63,84 VDD 

1 VSS 
22,33 VSS 
43,64 VSS 

Pin 
Type Description 

o 

o 

o 

0 

I/O 

I/O 

Active high. TIMER GATE signal enables the timer on 
8254 Timer to generate the tone signal for the speaker. 

Active high. TIMER OUT 2 is the output from the timer 
8254. It can be read from port B. 

Active high. SPEAKER DATA is used to gate the 8254 
tone signal to the speaker. 

Active low. Interrupt acknowledge is an output to the 
interrupt controller. It is also used to direct data from 
the XD to the SD bus during an interrupt acknowledge 
cycle. 

Active low. AT ENABLE indicates the current CPU 
access is an AT bus cycle. 

X Address bit O. It is sourced from the 82C301 when 
80386 or DMA (16 bit) is a bus master. 

X Address bit 1. It is sourced from the 82C301 when 
80386 is a bus master. 

No connection 

Power 

Ground 
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82C301 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 

Supply Voltage Vcc 7.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C301 Operating Conditions 

Parameter Symbol Min. Max. Units 

Supply Voltage 4.75 5.25 V 

Ambient Temperature o 70 C 

82C301 DC Characterisitcs 

Parameter Symbol Min. Max. Units 

Input Low Voltage V1L 0.8 V 

Input High Voltage V1H 2.0 V 

Output Low Voltage 
VOL 0.45 V 

IOL=8mA (Note 1) 

Output High Voltage VOH 2.4 V 
IOH=-200 /lA 

Input Current 
IlL ±10 /lA 

0< VIN < Vcc 

Output Short Circuit Current 
los TBD TBD mA 

Vo=OV 

Input Clamp Voltage VIC TBD V 

Power Supply Current @ 25 MHz Clock lee 100 mA 

Output HI-Z Leak Current 0.45 < VOUT < Vec loz1 ±10 /lA 

CLK2 Output Low Voltage @ 10L = 5 mA VOLe 0.45 V 

CLK2 Output High Voltage @ 10H = -1 mA VOHC 4.0 V 

NOTE: 
1. REF h~= 16mA. 

CLK2. MALE have 10L = SmA. 
All other outputs and 1/0 pins have 10L = 4mA. In all cases all 10L = 10H for the pin. 
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(H.PS _______________ _ 

82C301 AC Characteristics 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C301·16 82C301·20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

t101 CLK2 period 31 25 ns 

t102 CLK2 low time 10 9 ns at 2V 

t103 CLK2 high time 10 9 ns at 2V 

t104 CLK2 rise time 5 4 ns 

t105 CLK2 fall time 5 4 ns 

t106 SCLK delay from CLK2 1 6 1 6 ns 

t107 RESET3, RESET4 active delay 3 11 3 11 ns 

t108 RESET3, RESET4 inactive delay 4 15 4 12 ns 

t109 SMCMD delay from MALE active 2 7 10 2 7 ns 

t110 AF32 setup time to CLK2 15 11 ns 

t111 AF32 hold time to CLK2 0 0 ns 

t112 HOLD delay from CLK2 25 25 ns 

t113 
READY input set-up time 

13 10 ns from CLK2 

t114 
READY input hold time 

5 5 ns 
from CLK2 

t115 ATEN active delay from CLK2 20 20 ns 

t116 ATEN inactive delay from CLK2 20 20 ns 

t117 MALE active delay from CLK2 15 15 ns 

t118 MALE inactive delay from CLK2 15 10 ns 

t119 READY output active delay 
20 20 from CLK2 ns 

t120 
READY output inactive delay 

4 20 4 15 ns from CLK2 

t121 ATSCLK period 100 100 ns 

t122 ATSCLK low time 45 45 ns at 2V 

t123 ATSCLK high time 45 45 ns at 0.8V 

t124 ATSCLK rise time 8 8 ns 

Test Load = 65pF unless otherwise specified. 
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82C301 AC Characteristics (Continued) 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

82C301·16 82C301.20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

t125 ATSCLK fall time 8 8 ns 

t126 ALE delay from ATSCLK (or) 10 10 ns 

t127 
XIOR, XMEMR, INTA active delay 

15 15 ns from ATSCLK (or) 

t128 
XIOR, XMEMR, INTA inactive 

3 15 3 15 ns 
delay from ATSCLK 

t129 IOCHROY set-up time to ATSCLK 17 17 ns 

t130 lOCH ROY hold time to ATSCLK 0 0 ns 

t131 
MCS16, IOCS16 set-up time to 
ATS CLK 25 25 ns 

t132 
MCS16, IOCS16 hold time 

25 25 ns from ATSCLK 

t133 
MCS32, IOCS32 set-up time 

25 25 ns to ATSCLK 

t134 
MCS32, IOCS32 hold time 

25 25 ns from ATSCLK 

t135 
XAO, XA1, XBHE active delay 

20 20 ns from ATSCLK 

t136 
XAO, XA1, XBHE inactive delay 

15 15 ns from ATSCLK 

t137 
ACEN active delay (read) 

12 12 ns from ATSCLK 

t138 
ACEN inactive delay (read) 

0 10 0 10 ns from ATSCLK 

t139 
AC<3:0> active delay 

3 15 3 15 ns from ATSCLK 

t140 
AC<3:0> inactive delay 

3 10 3 10 ns from ATSCLK 

XMEMR, XMEMW active delay 
t145 from ATSCLK (with zero 3 12 3 12 ns 

command delay) 

t146 
ACEN active delay (write) 

10 10 ns from ATSCLK 

t147 
ACEN inactive delay (write) 

0 0 ns from ATSCLK 

t148 OWS set-up time to ATSCLK 25 25 ns 

Test Load = 65pF unless otherwise specified. 
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82C301 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C301.16 82C301·20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

t149 OWS hold time from ATSCLK 0 0 ns 

t151 
NMICS setup time to 

20 20 ns XIOWactive 

t152 
NMICS hold time from 

20 20 XIOW inactive ns 

t153 
Data (XD7) set-up time to 

30 30 ns XIOW inactive 

t154 
Data (XD7) hold time from 

20 20 ns XIOW inactive 

t155 NMI delay from XIOW inactive 25 25 ns 

t156 
PORTBCS set-up to XI OR, 

20 20 ns XIOWactive 

t157 
PORTBCS hold time from XIOR, 

20 20 ns XIOW inactive 

t158 
Data (XD<7:0» valid delay from 

15 15 ns XIOR active 

t159 
Data (XD<7:0» hold time from 

15 15 ns XIOR inactive 

t160 
I02XCS set-up time to XIOR, 

10 10 ns XIOWactive 

t161 
I02XCS hold time from XIOR, 

15 15 ns XIOW inactive 

t162 LPAR, IOCHK, PFAIL pulse width 15 15 ns 

t165 REFREQ pulse width 15 15 ns 

t166 REF set-up time to ATSCLK 10 10 ns 

t167 
XMEMR active delay (refresh 

15 15 ns cycle) from ATSCLK 

t168 
XMEMR inactive delay (refresh 

15 15 ns cycle) from ATSCLK 

t169 
IOCHRDY set-up time (refresh 

25 25 ns cycle) from ATSCLK 

t170 
IOCHRDY hold time (refresh 

0 0 ns cycle) from ATSCLK 

t171 
BE<3:0> active delay from XAO, 

15 15 ns XA1, XBHE valid 

t172 BE<3:0> inactive delay 15 15 ns 

Test Load = 65pF unless otherwise specified. 
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82C301 AC Characteristics (Continued) 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

82C301-16 82C301-20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

t173 
SMCMD active delay from 

20 20 ns XMEMR, XMEMW active 

t174 
SMCMD inactive delay from 

20 20 ns XMEMR, XMEMW inactive 

t175 
ACEN active delay from 

20 20 ns HLDA 1 active 

t176 
ACEN inactive delay from 

20 20 ns HLDA 1 inactive 

t177 
AC<0:3> active delay from XAO, 

25 25 ns XA1, XBHE not valid 

t178 
AC<0:3> inactive delay from XAO, 

25 25 ns XA1, XBHE valid 

t179 
AC<0:3> active delay from 

25 25 ns XMEMR active 

t180 
AC<0:3> inactive delay from 

25 25 ns XMEMR inactive 

t181 
RESET1, RESET2 input 

28 28 ns at 2V set-up time 

t182 RESET1, RESET2 input hold time 10 10 ns at 2V 

t183 
RESET1, RESET2 minimum 

250 250 ns pulse width 

t191 MALE delay from ADSM 22 18 ns 
--

t192 MALE delay from READY 24 20 ns 

Test Load = 65pF unless specified. 

82C301 28 



CHiP5 _______________ _ 
82C301 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t101 CLK2 period 

t102 CLK2 low time 

t103 CLK2 high time 

t104 CLK2 rise time 

t105 CLK2 fall time 

t108 RESET3, RESET4 inactive delay 

t109 SMCMD delay from MALE active 

t110 AF32 setup time to CLK2 

t118 MALE inactive delay from CLK2 

t191 MALE delay from ADS 

t192 MALE delay from READY 

Test Load = 65pF unless specified. 

82C301-25 
Min Typ Max Unit Notes 

20 125 ns 

7 ns 

7 ns 

7 ns 

7 ns 

4 10 ns 

2 7 ns 

8 ns 

10 ns 

13 ns 

17 ns 

Note: All other parameters not specified at 25 MHz are the same as the 82C301-20 MHz specifications. 
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82C301 TIMING DIAGRAMS 
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READY (FROM 302) -----------4:1\ 
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82C301 TIMING DIAGRAMS 
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82C301 TIMING DIAGRAMS 

Ts Tcw Tcw Tc 

ATSCLK 

1126-/ ~ .j 1-1126 

ALE n 
114S..j I- 1128-1 I-

, 

I I XMEMW 
, , , , 

~ 1~1146 
, 

1147_1 r--, , , , , 

I 
, 

1 

I 
, 

AcEN , 1 , 1 

i I 

_11139~ 1140-.j r-
AC<3:0> 1\\\\\\\\\\ \\X VALID X1I///h 

AT Bus 

TS Tc 

ATSCLK 

1126~ I---.j 1-1126 ! 
ALE _______ ......In ! 

114S~ I-! 1128~ I-
~:~:~ ----------.:-;\! i i-\-----------

1148-1 I---I 1-1149 

-----------~ i------------

OWS AT Bus 

33 82C301 



<:tiifi!; __________________________________ __ 

82C301 TIMING DIAGRAMS (I/O READIWRITE) 

I02XCS I I 
-11160 I-- --1 1161 l-

I I 
1153 ~ -J.-r-1154 

XDO-XD7 ~~\~~\~~~ 

--1 1160 r- --1 1161 ~ 
I I 
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U 
r1162-'1 

NMICS IL---__ ---J PORTBCS l~ ____ ---JI 
11156 \- _1 1157 I-

XIOW I I L 
--11151 k- _11152 It-I I _ ~1154 

XD7 11111111111111 ~IIIIIIII 
-11153 I 

I 1155 k--

NMI ____ ---.lX-----
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82C301 TIMING DIAGRAMS (REFRESH CYCLE) 

ATSCLK L.nJ 
1165-1 I

REFREQ -----, n 
~ ~~S~~--~--~--~--~------

1165-1 I-- 1166-1 \-SEE Ni,.:TE 1 

ffi ~I ____ ~~~ __ ~ __ ~-----
1167-1 I- 1168-1 I-

I i-I--
XMEMR ~-4--~----~. 

IOCHRDY 11111111111111111111111111111111111111 1111111111111111 

1169-1 I- -1 1170 r-
HLDA 11111111111111111 S S IT 

NOTE 
REF is an asynchronous signal and the setup time is specified only to guarantee starting a refresh cycle 
on that clock cycle instead of next one. 
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82C301 TIMING DIAGRAMS 
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82C302 Page/Interleave iVlemory 
Controller 

III Page mode access with interleaved 
memory banks achieves higher perform
ance than conventional DRAM arrays. 

• Zero wait state access at 16, 20 and 
25 MHz. 

&I Minimum configuration of 1 bank of 36 
bits, 1 MB using 256K x 1 or 4MB using 1 M 
x 1 DRAMs. 

• Maximum configuration of 4 banks of 36 
bits, 4MB using 256K x 1 or 16MB using 
1M x 1 DRAMs. 

[j) Memory configurations of 1, 2 and 4 banks. 

III Shadow RAM feature for efficient BIOS 
execution 

II Staggered refresh to reduce power supply 
noise. 

Overview 
The 82C302 performs the memory control 
functions in a 80386-based systems that utilize 
page mode access DRAMs. The memory con
figurations can be one bank (non-interleaved) 
or multiple banks (2 or 4) interleaved on 
2KB-page basis. 

Array Configuration 

The 82C302 organizes memory as banks of 
36 bits consisting of 32 bits of data and 4 bits 
of parity. A common design may use either 
36 by-1 DRAMs or 8 by-4 and 4 by-1 DRAMs. 
The minimum configuration can be a single 
bank operating in non-interleaved mode or 
can be one to two pairs of banks operating in 
two-way page interleaved mode at higher 
performance. 

The memory controller is designed such that 
the memory can be up-graded from one to 
two banks by making it a two-way interleaved 
organization. Because of the interleaved page 
operation, the third and fourth banks must be 
added as a pair. Furthermore, the DRAM types 
must be identical in each bank of a pair due 
to the interleaved configuration. However, 
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each pair of banks can use different DRAM 
types. With one or two banks of smaller DRAM 
types and later upgraded with additional pairs 
of banks of larger DRAMs. 

Page Interleaved Operation 

The 82C302 uses a page interleaved design 
that is different from most interleaved memory 
designs. Normal two-way interleaving uses 
two banks of DRAMs with even (double word) 
addresses stored in one bank and odd ad
dresses in the other. If accesses are sequential 
(or at least to alternating even and odd ad
dresses) the RAS precharge time of one set 
can be overlapped with the access time of the 
second set. Typically the hit rate (fraction of 
times that the required bank is available) is 
50%. This is especially true since operand 
accesses (which tend to be more random) 
can be interspersed with (most likely sequen
tial) instruction .fetches. 

Page mode operation available with most 
DRAMs operates because the access to the 
row address of the internal DRAM array makes 
available a large number of bits (512 bits in a 
256K x 1) that are subsequently selected using 
the column address. Once a row access has 
been made higher speed random access can 
be made to any bit (1 of 512) within the row. 
The page mode access and cycle times are 
typically half that of the normal access and 
cycle times respectively. If 36 256K x 1 DRAMs 
are used to implement a bank, a page would 
have 512 x 4 bytes = 2KB. Thus memory 
could be interleaved on a 2KB page rather 
than 4 byte basis. Any access to the currently 
active RAS page would occur in the page 
access rather than the normal access time 
and any subsequent access could be to any
where in the same 2KB without incurring any 
penalty due to RAS precharge. 

When memory is configured to take advantage 
of this DRAM organization, significantly better 
performance can be achieved over normal 
interleaving. There are two reasons for this: 

- The page mode access is faster than the 
normal access time. This permits more 
relaxed timing in order to achieve the same 
o wait-state "hit" access. 
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- The frequency of the next access being 
fast (same or alternate page vs. alternate 
address in interleaved mode) is significantly 
higher. This is because of the principle of 
locality of reference, instructions and data 
tend to be clustered together. 

However, the complexity is somewhat higher 
in the page mode controller, making VLSI an 
ideal implementation vehicle. 

Functional Description 

The 82C302 performs four major functions as 
shown in figure 2-1: 

CJ DRAM memory access arbitration 

[!] DRAM memory access cycle control 

19 DRAM refresh 

IiJ Memory mapping 

Memory Access State Machines and Arbitration 

The 82C302 controls the DRAM memory 
access from three sources: CPU, DMA, and 
refresh requests. These accesses are arbi
trated based on the inputs HLDA 1 and REF 
and are handled by three state machines 
controlling each type of accesses. The CPU 
state machine controls the memory operation 
for CPU accesses, the DMA state machine for 
DMA accesses, and the refresh state machine 
controls the DRAM refresh operation. 

The refresh state machine is in control when
ever REF is active. When HLDA1 is active the 
DMA state machine is in control. In all other 
cases, the CPU state machine is in control for 
valid DRAM memory accesses as defined by 
the memory map in the configuration registers. 
The arbitration is not preemptive in that the 
current active state machine always runs to 
completion before relinquishing the control. 
Theref~it is possible for the HLDA1 with 
active lOR or XMEMR to prevent refresh 
cycles to take place. 

CPU Access State Machine 

The CPU initiated accesses are decoded ac
cording to the memory map defined in the 
configuration registers. These are the only 
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accesses that use the page mode operation 
of the DRAMs. The 82C302 maintains four 
page registers storing the page addresses of 
the most recently accessed DRAM pages of 
the two-way page-interleaved banks. These 
four registers are called active page registers. 
Accesses to the active pages are called "hits" 
and are faster because the DRAM is operated 
in the page mode with the RAS staying as
serted. 

The 82C302 supports memory configurations 
with either one, two, or four banks. Since one 
active register is provided for each bank, the 
number of active pages varies with the amount 
of memory installed. In a non-interleaved 
minimum memory configuration only one ac
tive page register is in use. For each active 
page register in use, the corresponding RAS 
stays asserted after the previous access. If an 
access does not hit any active pages, a "miss" 
cycle, normal DRAM access cycle is entered 
by first de-asserting the RAS associated with 
the bank accessed. Refer to the timing diagram 
for the timing sequence for each of these 
cases. 

RAS and CAS Generation 

The 82C302 is based on 2K byte page
interleaved organization. To maintain this 
organization, the following table shows the 
address lines used for the different organiza
tions: 

For non-interleaved operation (one bank only): 

Row 

256K DRAM's A<19:11> 
1M DRAM's A<21:12> 

Column 

A<10:2> 
A<11:2> 

For interleaved memory (two or four banks): 

Row 

256K DRAM's A<20:12> 
1M DRAM's A<21:12> 

Column 

A<10:2> 
A<22>, 
A<10:2> 

Table 2-1. Rowand Column Address Definition 
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In interleaved memory cases bit A<11> de
termines which one of the even page banks 
or odd page banks is accessed in the two-way 
interleaved organization. For 4 bank memory 
configurations, populated with 256K DRAMs, 
A<21> is used to select either RASO and 
RAS1 (A21 = 0) or RAS2 and RAS3 (A21 = 1). 
A<11> determines if the even bank (A 11 = 0), 
Bank 0 or Bank 2) or the odd bank (A 11 = 1, 
Bank1, Bank3) is accessed in a two way inter
leaved organization. 

For 4 bank memory configurations, populated 
with 1 Megabit DRAMs, A<23> is used to 
select either RASO and RAS1 (A23 = 0) or 
RAS2 and RAS3 (A23 = 1). A<11> determines 
if the even or the odd bank is currently being 
accessed. 

When 256K and 1 MBit DRAMs are used, it is 
required that 1 MBit DRAMs occupy the first 
two banks and the 256K DRAMs occupy the 
second two banks. This constraint is there to 
ensure that there will not, be a hole in the 
address space without actual DRAMs. Figure 
2.2 shows the memory addressing scheme 
for the allowable memory configurations. 

RAS Timeout 

When using DRAM page mode, the maximum 
RAS pulse width must be observed. For most 
DRAMs this is 10 microseconds (although 
some have 30 or 100 microsecond limits). 
Timers are maintained for each bank to assure 
data integrity using the OSC/12 (1.19MHz = 
840nS) clock available on the system board. 
RAS is de-asserted for each bank when its 
counter times out at about 10 microseconds 
intervals. The RAS time out feature can be 
disabled by disconnecting the OSC/12 input. 

CPU Access Cycles Sequences 

There are many basic CPU memory access 
patterns: memory read-hit access, memory 
write-hit access, memory read-miss access, 
and memory write-miss access, and CPU 10 
access to 82C301 configuration registers. 
These basic access sequences and timing for 
the critical signals are shown in the timing 
charts. In addition to these basic patterns, the 
configuration register REG13H<6> may be 
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programmed to have one wait state inserted 
for supporting slow DRAM's. Note that the 
default setting after the system reset is for 
one wait state insertion. 

DMA Access State Machine 

DMA accesses are initiated by asserting 
HLDA1. The XMEMR an lOR determines if it 
is a read or a write memory access. The bytes 
accessed are controlled externally with the 
BE<3:0> signals generated by the 82C301 
Bus Controller. The DMA state machine makes 
one memory access per DMA bus cycle and 
does not attempt to pack or unpack data 
transfers to make full 32-bit transfers. Refer 
to the timing charts for a DMA access cycle 
sequence and timing. 

EPROM and DRAM Control Logic 

The EPROM and DRAM control logic in the 
82C302 is responsible for the generation of 
RAS, CAS and DWE signals for DRAM ac
cesses and the generation of ROMCS for 
EPROM accesses. This module also generates 
READY to the CPU upon completion of the 
local 32-bit DRAM access. The 82C301 gener
ates the READY for the ROM access. CPU, 
DMA and refresh addresses use DA<9:8>, 
XDA<0:7> and BA<1 :0> (Note that in the 
current version of the 82C302, the signals 
BA<1 :0> default to zero). The system control 
logic provides MDEN to control the buffer 
chips. MDEN enables the data buffers on the 
82A305 for the MD bus for non-refresh DRAM 
cycles. 

System Control Logic 

This module of the 82C302 generates the 
MDEN, MDRD, CAS (DLE), XDEN and AF32 
for system control. XDEN is issued for I/O 
accesses to the internal configuration registers 
on the 82C302. It is used to enable the 
XD<7:0> onto the XDA<7:0> address lines 
from an external buffer, for accessing the 
internal registers. MDEN and MDRD are 
generated for enabling and controlling the 
data buffers between the MD data bus and 
the CPU data bus. AF32 is issued by the 
82C302 CPU state machine. It is activated for 
local 32 bit memory cycles and satisfies the 
setup and hold requirement with respect to 
CLK2 of the 82C301 bus controller. 
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Refresh Cycles 

To reduce power supply noise generation due 
to the surges caused during RAS transitions, 
RAS pulses to each bank are staggered by 
one CLK2 cycle, as shown in Figure 2-3. 
Because all RAS's could be active for page 
mode operation, a refresh cycle requires that 
all RAS's be first de-asserted for the RAS 
pre-charge period. 10CHRDY is activated low, 
to extend the cycle. Following the RAS pre
charge period, RASO is asserted, followed by 
RAS1 after a CLK2 cycle delay. RAS3 and 
RAS4 are also staggered by one CLK2 cycle. 
10CHRDY is deasserted in the middle of RAS3 
low time, to terminate the refresh cycle. 

Memory Mapping Logic 

The configuration registers REG08H to 
REG13H define what is a valid local memory 
access, and what is a ROM memory access 
according to the local bus addresses. REG08H 
and REG09H determines how ROM areas (as 
defined by an IBM PC AT) between the 768K 
to 1 M address range are accessed. 

CLK2 CYCLES 

o 1 1 1 2 1 31 

RAS 0 ~ 
RAS 1 ~ 
RAS 2 ~ 
RAS 3 ~ 

4 1 

For valid local memory accesses it asserts the 
AF32 to indicate that it has control of the local 
bus and also asserts the READY signal at the 
end of the access cycle. If an access is a ROM 
access, it asserts LDAC to provide controls for 
the ROM's or PROM's; in this case, the READY 
signal must be provided to the CPU and 
82C302 by another source (82C301 will pro
vide this signal in a chip set solution). 

Shadow RAM Feature 

For efficient BIOS execution, it is preferable to 
execute BIOS from the fast RAM rather than 
from the slower EPROM devices. The 82C302 
supports the shadow RAM feature, which if 
invoked, allows the BIOS code to be executed 
from the system RAM resident at the same 
physical address as the BIOS EPROM. It is 
the responsibility of the system software to 
transfer the code stored in BIOS EPROMs to 
system RAM before enabling the shadow RAM 
feature. Shadowing EPROMs into RAM signi
ficantly improves performance in BIOS call 
intensive applications. Performance improve-

5 1 6 1 7 1 8 1 91 

Figure 2-3. Staggered RAS pulses during refresh 
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ments as high as 300 to 400% have been 
observed in bench mark tests on shadow 
RAM. The shadow RAM feature is invoked by 
enabling the corresponding bits in the ROM 
enable register and the RAM mapping regis
ters. 

Clock, Reset and Other Miscellaneous Logic 

The RESET4 input causes all internal registers 
to be reset to their default values. Configura
tion registers not specified with a default value 
are not reinitialized and may not retain its old 
value. The system control logic generates the 
RESETand MEMRsignals to be used for enabling 
parity error checking. 

Configuration/Diagnostic Registers 

There are 14 bytes of configuration and 
diagnostic registers in the 82C302. These are 
accessed through 10 ports 22H and 23H 
normally found in the interrupt controller. 
Accesses to these configuration and diagnos
tic registers are done first by writing the index 
of the desired register into port 22H and then 
followed by an access (either read or write) 
to 23H for the data. XDEN is asserted for 
these accesses to control the buffer connect
ing the XD and XDA buses. 

Memory Configuration Registers 

The configuration registers REG08H to 
REGOFH are used to control how the CPU 
memory accesses are defined. They define all 
address as ROM accesses, system memory 
accesses (or DRAM accesses for short), other 
local CPU bus accesses, or as 10 channel 
accesses . These provisions are made be
cause the low one megabyte is both occupied 
by DRAM's, ROM's and also devices on the 
AT bus. For ROM accesses it generates the 
LDAC to control the PROM ac.cess; for sys
tem memory accesses it generates the neces
sary DRAM controls to the system memory 
under its control; it generates AF32 for all 
other local CPU bus accesses; and it does 
not control the 10 channel accesses. 

The 82C302 provides three 256KB areas where 
the ROM's can be located. The low ROM 
space is located just below the 1 MB address, 
the middle ROM space is located below 16MB 
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address, and the high ROM space is below 
4GB address. The low ROM is used for 8086 
compatible operation, the middle ROM is for 
80286, and the high ROM is for 80386. Upon 
system reset, the default configuration regis
ter setting causes accesses to these three 
ROM areas to generate LDAC. With the 
exception of the high ROM area which is 
always recognized as ROM accesses, the 
other two ROM areas can be mapped to be 
either ROM or RAM accesses. 

After reset, REG08<4:3> may be programmed 
to make the entire middle ROM area mapped 
to DRAM and with write protection if desired. 
REG08H<2> determines if the 82C301 recog
nizes the addresses generated beyond 16 MB 
as local CPU bus cycles. REG08H<1> is used 
to enable REGOAH to REGOFH which controls 
the "Low Meg DRAM" (40000H to FFFFFH) 
address mapping for 256KB to 1MB addresses 
in 16 KB blocks. This bit defaults upon reset 
so that only the 0 to 256KB areas are acces
sible. Accesses to the low megabyte DRAM 
can be made by enabling the mapping after 
the necessary configuration registers are cor
rectly programmed. REG08H<0> defaults to 
single bank memory configuration upon reset 
and must be programmed to enable page/ 
interleaved operation. 

The REG09H control the address mapping 
and write protection for the low ROM area 
(from COOOOH to FFFFFH) in 64KB blocks. 
REGOAH to REGOFH define for each 16 KB 
address range if it is a DRAM block in the 
system memory or on the 10 channel. 

INDEX 7 6 5 4 3 2 1 0 

OBH IDENTIFICATION o IVERS IMwiMRIHMI sMI NI 

09H 

OAH 

OBH 

OCH 

ODH 

OEH 

OFH 

2A 

R31R21R11ROID31D21D11DO 

36BK 256K 

496K 3B4K 

624K 512K 

752K 640K 

BBOK 76BK 

100BK B96K 

ROM CONFIGURATION 

MEMORY ENABLE 
(16KB RESOLUTION) 

MEMORY ENABLE 
(16KB RESOLUTION) 
LOWER 256K 
(ENABLE/DISABLE) 

Figure 2-5 Control and Address Space Map 
Register Summary 
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Table 2·2. Memory Configuration Register Definition 

Index 

08H 

Bits Function 

Identification 

7 Controller Type Part type 

o Interleaved Memory Controller (82C302) 

6:5 Version 

4 

3 

2 

o 

o Initial 

MW - Middle Boot Space Write Protect. This bit is used in conjunc
tion with bit 3 allowing the BIOS code to be copied into RAM 
and write protected at this location as well as below 1 MB. It 
should only be used if there is RAM present at this address 
(16MB installed). Executing out of RAM will result in better 
performance than out of narrower (usually 8 or 16 bits) 
EPROMs. 

o Read/Write of 256KB RAM at 16128K OOFCOOOOH. Default. 
1 Read-Only of 256KB RAM at 16128K OOFCOOOOH 

MR - Middle Boot ROM disable 

The boot/BIOS ROM located just below 16MB is enabled. This 
is necessary for 286 compatibility. Default. 

o The boot/BIOS ROM located just below 16MB is disabled. 

HM - 16MB 10 Channel Memory Limit 

o AF32 will not be asserted for addresses 2: 16MB. This should 
only be used if external logic can recognize addresses above 
16MB. Default. 
AF32 is asserted for addresses 2: 16MB (01000000H). Since 10 
channel memory cannot normally be configured above 16MB, 
accessing above 16MB will cause a READY timeout if that 
feature is enabled. This is necessary during setup because 
memory address above 16MB that are not enabled for local 
memory could wrap into a valid 10 channel memory location. 

SM - Minimum memory configuration after reset. Used during 
initialization. 

o 256K only enabled. Default. Ignore memory address 
configuration registers OAH to OFH. 
Normal configuration controlled by registers OAH to OFH. 

NI - Single bank/interleave select 
o Disable interleave (single bank). Default. 
1 Enable interleave 
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Table 2·2. Memory Configuration Register Definition (Continued) 

Index 

09H 

OAH 
OBH 
OCH 
ODH 
OEH 
OFH 

2A<0> 

82C302 

Bits 

7 
6 
5 
4 

Function 

RAM/ROM Configuration in boot area. 

RAM at 768K COOOO-CFFFFH (EGA) 
RAM at 832K DOOOO-DFFFFH 
RAM at 896K EOOOQ-EFFFFH 
RAM at 960K FOOOO-FFFFFH (BIOS) 

Bits 7:4 disable writing to RAM located in the BIOS area in 64KB 
blocks. BIOS data. 

o Read/Write. Default. 
1 Read-Only 

3 ROM at 768K COOOO-CFFFFH (EGA) 
2 ROM at 832K DOOOO-DFFFFH 
1 ROM at 896K EOOOO-EFFFFH 
o ROM at 960K FOOOQ-FFFFFH (BIOS) 

Bits 3:0 enable substitution of the BIOS ROM located below 1 MB 
with RAM at the same location in 64KB blocks. This should be done 
after the BIOS code is copied from the ROM and the RAM locations 
have been write protected using bits 7:4. (Default is 0001) 

o Disabled 
1 Enabled 

Address Map 256K 040000-Q5FFFFH (16K Resolution) 
Address Map 384K 060000-07FFFFH 
Address Map 512K 080000-09FFFFH 
Address Map 640K OAOOOO-OBFFFFH 
Address Map 768K OCOOOO-ODFFFFH 
Address Map 896K OEOOOQ-OFFFFFH 

o Address is on or controlled by the system board 
1 Address is on the 10 Channel. 

This permits 16K blocks of memory to be disabled allowing ROMs, 
memory expansion mechanisms (EMS or XMA) or memory mapped 
10 devices to reside within the lower 1MB address space. 

Enable/Disable the lowest 256K RAM on the local memory bus. 

o Disable. AF32 = 1 
1 Enable (default). AF32 = 0 

When this bit is set (REG2A<0> = 1), any access to the lower 
256K of mem~iII be a local memory cycle and will result in 
generation of AF32. 

When bit is zero (REG2A<0> = 0), any access to the lower 
256K of memory will be considered as an AT bus cycle and 
therefore, AF32 will not be generated. 
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DRAM Array Configuration and Timing 

The configuration registers REG10H to 
REG13H provides the DRAM type definition 
and starting address for each pair of banks, 
banks 0 and 1, and banks 2 and 3. The 
REG10H<7:6> and REG12H<7:6> defines if 
the DRAM's are enabled, uses 256K DRAM's, 
or uses 1 M DRAM's. These bits defaults to 
256K DRAM's upon reset. The REG10H<6:0> 
and REG12H<6:0> defines the address bits 
<25:20> of the starting address of the pairs 
of banks. Some of these bits may not be valid 
because the memory banks must start at some 
predefined boundaries. For 256K DRAM's, all 
bits <25:20> are valid if only single bank is 
enabled -it can be on any 1 MB boundary; 
otherwise only bits <25:21> are valid starting 
address bits on 2MB boundaries. For 1 M 
DRAM's, only bits <25:23> are valid forcing it 
on 8 MB boundaries. The REG11H<7> and 
REG13H<7> define the RAS precharge time 

Index Bits Function 

required when a page miss occurs so that 
DRAM's of different speeds can be supported 
for each pair of banks. The REG11 H<6> and 
REG13H<6> define the wait state to be in
serted to meet the DRAM speed. These para
meters default to the slower timing upon reset 
so that the system can be powered up with 
minimal assumptions on the DRAM speed 
and the memory configuration. Refer to Table 
2-3 for details of the bit definitions. 

INDEX 7 6 5 4 3 2 1 0 

10H TYPE START ADDRESS BANKS 0/1 

l1H RPlws ____________________ _ 

12H TYPE START ADDRESS BANKS 2/3 

13H A~WS ____________________ _ 

Figure 2.6. DRAM Configuration/Timing 
Register Summary 

10H 
12H 

bank 0/1 Type/Start Address 
bank 2/3 Type/Start Address 

7:6 DRAM Type 

o none (bank disabled) 
1 256K words, default value for REG10H and REG12H 
2 1M words 
3 Reserved 

5:0 Starting Address 25:20 
The DRAM type determines which address bits are valid in the 
address recognition process. This field of REG10H defaults to zero 
after reset. 

25:20 256K DRAM's. 1 MB boundary 1 MB per bank, single bank 
only. Valid for the first register only. 

25:21 256K DRAM's. 2MB boundary 1 MB per bank, two banks 
required for interleaved operation. 

25:23 1 M DRAM's. 8MB boundary 4MB per bank, two banks 
required for interleaved operation. 

Table 2-3 DRAM Configuration and Timing Register Definition 
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Index 

11H 
13H 

Bits 

7 

Function 

banks 0/1 Timing 
banks 213 Timing 
DRAM RAS precharge. 
Specifies the amount of time for RAS precharge when a page miss 
occurs. 

o 3 CLK2 times (93 nS at 16MHz) 
1 5 CLK2 times (155nS at 16MHz). Default. 

6 Access wait states 
Specifies the number of wait states in SCLK units to allow the use of 
slower DRAMs. 

o 0 wait-state 
1 1 wait-state. Default. 

5:0 Reserved 

Table 2-3 DRAM Configuration and Timing Register Definition (Continued) 

Diagnostic Access Register INDEX 7 6 5 4 3 2 1 0 

28H 

29H 1-''----""'-----1 
REG28H<7> controls the parity check enable 
and defaults to "disable" after reset. This bit 
generates the PEN signal for enabling the 
parity check by 82A306. When parity errors 
occur REG28H<1 :0> and REG29H<7:0> will 
latch the error address <25:16>' 

Figure 2.7. Diagnostic Access Register 
Summary 

Index 

28H 

29H 

82C302 

Bits 

7 

Function 

Error Source/Address (MSBs) 
Parity check disable 

o Enabled 
1 Disabled (default) 

6:2 Not used, returns unpredictable value. 
1:0 High Parity Error Address bits <25:24> 

7:0 
Parity Error Address (LSBs) 
Error address bits <23:16> 

Table 2-4. Diagnostic Access Registers Definition 
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Features of 82C302 Rev. C 

The default state of the 82C302 Rev C is 
similar to 82C302 except for the 3 non
programmable features listed at the bottom 
of this page. 

In addition to the registers which the 82C302 
version B has, a new register at location 20H 
is implemented in version C, and is accessible 
through 1/0 ports 22H and 23H. This new 
register allows the user to enable the addi
tional features that we have incorporated into 
the 82C302 Rev C. 

4 bits are used in this byte and they are 
defined as follows: 

REG20<7>: Deassert RAS for non-pipelined 
cycles. 

o default value, same as version B. 

All 4 CPU DRAM control state mach
ines will be reset to idle when a pipe
lined cycle is followed by a non-pipe
lined cycle. Therefore, all RAS's will be 
deasserted and the minimum RAS pre
charge time could be 75ns at 20 MHz 
system speed. 

REG20<S>: Disable stagger RAS 
refresh mode 

o default value, Staggered refresh. 

All 4 RAS's will be active at the same 
time. 

REG20<S:4>: Fast CAS precharge time. 

o default value 

CAS precharge time can be 1 CLK2 
cycle. This will eliminate the extra wait 
state of a read cycle immediately fol
lowing a write cycle to the same bank. 
REG20<5> controls CAS<1:0> and 
REG20<4> controls CAS<3:2> pre
charge timings. 

REG20<3:0>: These bits are not used. 

49 

Non-programmable features of 82C302 
version C includes: 

Ii 1 wait state non-pipelined write cycle 
instead of 2 wait states 

III Bits 6 and 5 of register 08 will read 01 
instead of 00 

• The page size of 1 MEG DRAM is 4KB 
instead of 2KB. 

The The 82C302 Rev C has 2KB page size 
for 256K type DRAM's and 4K page size for 
1 M type DRAM's. Following table shows 
the address multiplexing for different 
organizations: 

Address 
Assignment 

One bank 
256K DRAM's 
1M DRAM's 

Interleave 
256K DRAM's 
1M DRAM's 

Row Column 
MAg-MAO MAg-MAO 

A<19:11> A<10:2> 
A<21:12> A<11:2> 

A<20:12> A<10:2> 
A<22:13> A<11:2> 

In interleaved memory cases, for 256K 
DRAM's, address bit A<11> determines which 
bank is accessed. Address bit A<12> is used 
in 1 M DRAM's to determine which bank is 
accessed. 

The Column addresses shown in the above 
table are in sequence, however, the row 
addresses shown are not necessarily in 
sequence. Following table shows the row 
address multiplexing: 

One bank, 
256K DRAM 

One bank, 
1M DRAM's 

Interleave, 
256K DRAM 
Interleave, 
1M DRAM's 

Row Address 
MAg MAO 

19,18,17,16,15,14,13,12,11 

21,19,18,17,16,15,14,13,12,20 

19,18,17,16,15,14,13,12,20 

21,19,18,17,16,15,14,13,22,20 
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82C302 Pin Description 

Pin 
Pin No. Symbol Type Description 

Clocks and Control 

44 CLK2 I Processor Clock input from 82C301. 

46 SCLK 0 Generated CLK2/2 for reference. 

41 RESET RESET4 is the active high reset input from the 82C301. 
It resets the configuration registers to their default 
values. When active, RAS<0:3> and CAS <0:3> remain 
high, and OSC and OSC/12 remain inactive. 

49 REF REFRESH is an active low input for DRAM refresh 
control from the 82C30l It initiates a refresh cycle for 
the DRAMs. 

47 MALE Active low. Address Latch Enable. 

33 W/R System WRITE/READ status input. 

48 SMCMD Active low. System Memory Command. Indicates that 
the current command is for memory. 

37 XIOR Active low. I/O READ command is used to qualify 
102XCS. 

38 XIOW Active low. I/O WRITE command is used to qualify 
102XCS. 

35 XMEMR Active low. X Bus memory READ command. 

36 XMEMW Active low. X Bus memory WRITE command. 

45 HLDA1 Active high. HOLD ACKNOWLEDGE 1 is an input from 
82C301. It is used to generate RAS and CAS signals 
for the DMA cycles, in response to a HOLD request. 

63 LPAR Active low. Latched Parity error indication during a 
DRAM read. The failing address will be latched inside 
the chip for diagnostic purposes. 

8 HIROM Active low. High ROM address chip select asserted 
when the highest 16 MBytes of memory is addressed 
(A<31:24>=FFH). Unlatched. This is used in conjunc-
tion with the remaining address bits to generate the 
ROMCS signal. 

7 L64MEG Active low. Low 64M address that is asserted when 
A<31:26>=00H. This is an active low input, which is 
normally sourced from the 82A303 high order address 
buffer. This input is asserted when A<31:26> = OOH. It 
is not latched internally. This input can optionally be 
de-activated by external logic to prevent the 82C302 
from activating either AF32 or memory control signals. 

65 ROMCS 0 Active low ROM. Chip select for the BIOS EPROMs 
that is qualified with WiF>. and SMCMD. 
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82C302 Pin Description (Continued) 

Pin No. Symbol 
Pin 
Type 

Clocks and Control (Continued) 

6 102XCS 

09-32 A<25:02> 

64 XAOO 

34 READY I/O 

39 BUSY 

40 AF32 o 

Memory Expansion 

61-60 NC 

2 DRD o 

DRAM Interface 

70-67 RAS<3:0> o 

71 CAS o 

Description 

Active low. 10 address 22H and 23H chip selects. I/O 
port 22H is the index register for the configuration 
register set and and I/O 23H is accessed as the 8 bit 
configuration register selected by the index written to 
I/O port 22H. 

Address from the CPU local bus. 

Address from the X Bus. 

READY is the system ready signal to the CPU. It is an 
active low output, activated when the requested 
memory data transfer is being completed. It is an 
i~when the current bus cycle is an AT bus cycle 
(AF32 = 1) and an output during local 32 bit memory 
cycle (AF32 = 0). 

Active low. BUSY indicates that the memory controller 
is still servicing a previous request. This should be 
connected to 10CHRDY through an open collector 
buffer. This signal should not be confused with the 
BUSY of 80386. 

Active low, open drain. If asserted indicates that the 
current address is for local 32-bit memory on the 
system board (DRAM or possibly EPROM). Otherwise 
the current address is assumed to be on the AT 10 
channel. 

No connect. 

Active low. DRAM Read controls the direction of data 
transfer between the DRAM and local bus. When low, 
it enables data transfer from the memory bus 
<MD BUS> to the local data bus. When high, the data 
transfer is from the local data bus to the memory data 
bus. 

Row Address Strobes <3:0> are active low outputs. 
There is one RAS for each bank. RASO selects the 
lowest bank and RAS3 selects the highest bank. These 
lines should be buffered and line terminated with 330 
resistor before driving the DRAM RAS lines. 

Active low. Column Address Strobe. Used to latch 
data in the 82A305 data buffer. 
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82C302 Pin Description (Continued) 

Pin 
Pin No. Symbol Type Description 

DRAM Interface (Continued) 

56-55 CAS<3:2> 0 
53-52 CAS<1 :0> 

58 OSC/12 

66 DWE o 
51 FBE o 

72-73 DA<9:8> o 

75-82 XDA<7:0> 1/0 

83 XDEN o 

3 PCHK 0 

4 PEN 0 

50 MDEN 0 

Miscellaneous 

5,57,59 

42,84,62 VDD 

1,43 VSS 
54,74 VSS 

82C302 

Active low. Column Address Strobe. A strobe per 
bank that must be externally gated with byte enables 
for each byte of DRAM chips. These signals should be 
buffered and line terminated with 330 resistors before 
driving the DRAM CAS lines. 

1.19MHz Clock input is used for RAS low time out. 
This input can optionally be strapped high to disable 
RAS time out. 

Active low. DRAM Write Enable. 

Force Byte Enable. This is an active low signal. It is 
activated during local memory read cycles. When 
active, all the byte enables are forced low, independent 
of MALE or the BE<3:0>, thereby resulting in 32-bit 
memory read operation. This signal is connected to 
the FBE input on the 82A306. 

DRAM address lines DA9 and DA8. These lines should 
be buffered and line terminated with 750 resistors 
before driving the DRAM array. 

These are multiplexed bi-directional pins. During ac
cesses to tf--e internal registers, these lines provide the 
index value and configuration information. During 
DRAM cycles, DA<7:0> generate the lower address 
bits for the DRAM array. A 74LS245 is required to 
isolate DRAM addresses during a memory access. 
These lines should be buffered and line terminated 
with 750 resistors before driving the DRAM array. 

Active low. XD bus buffer Enable. XDEN is asserted 
during 10 access cycles to 022H and 023H internal 
registers of 82C302. XDEN is used to control the chip 
enable for the buffer between the XD and XDA buses. 

Active low. Parity Check. 

Active low. Overall Parity Enable. 

Active low. MEMORY DATA BUFFER ENABLE is by 
default always low and is connected to MDEN of 
82A305. 

No Connect. 

Power. 

Ground. 
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82C302 Absolute Maximum Ratings 

Parametei' Symbol Min. Max. Units 

Supply Voltage Vcc 7.0 V 

Input Voltage V, -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C302 Cperafting Conditions 

Parameter Symbol Min. Max. Units 

Supply Voltage Vcc 4.75 5.25 V 

Ambient Temperature o 70 c 

82C302 IDe ClI1aracllerisillcs 

Parame1ier Symbol Min. Max. Units 

Input Low Voltage V,L 0.8 V 

Input High Voltage V,H 2.0 V 

Output Low Voltage 
VOL 0.45 V 10L =8mA (Note 1) 

Output High Voltage VOH 2.4 V IOH=-200 fJA 

Input Current 
I,L ±10 fJA 0< V,N < Vcc 

Output Short Circuit Current 
los TBD TBD mA Vo=OV 

Input Clamp Voltage V'c TBD V 

Power Supply Current @ 25 MHz Clock Icc 40 mA 

Output HI-Z Leak Current 0.45 < VOUT < Vcc loz1 ±10 fJA 

NOTE: 
1. SYSCLK, OWE, RAS<3:0>. CAS, CAS<3:0> have 10L = SmA. All other outputs and I/O pins have 10L = 

4mA. In all cases all IOL = 10H for the pin. 
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82C302 AC Characteristics 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

82C302-16 82C302-20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

t200 CLK2 input cycle time 31 25 ns 

t201 CLK2 fall time 2 5 2 5 ns 

t202 CLK2 rise time 2 5 2 5 ns 

t203 CLK2 low time 10 9 ns at 2V 

t204 CLK2 high time 10 9 ns at 2V 

t205 RESET hold time 6 6 ns 

t206 RESET set-up time 5 5 ns 

t207 SCLK delay time 6 12 22 6 12 22 ns 

DMA Sequence 

t210 
RASi de-assertion time 

13 13 from HLOA1 ns 

t211 
RASi active delay from 

17 25 17 25 ns commands active 

t212 
Address set-up time to 

35 35 ns 
commands active 

t213 
Address hold time from 
commands inactive 0 0 ns 

t214 
AF32 active time from 

22 26 22 26 
commands active ns 

t215 
ORO active time from 

10 25 10 25 commands active ns 

t216 
Row address set-up time to 

10 10 ns 
RAS active 

t217 
Row address hold time from 

15 RAS active 13 19 ns 

t218 
CASi active delay from RAS 1.0 1.0 
active for OMA memory read cycle CLK2 CLK2 ns 

t219 
CASi active delay from RAS active 
for OMA memory write cycle 1.5 1.5 

CLK2 CLK2 ns 

t220 
OWE active delay from 0.5 0.5 
RAS active CLK2 CLK2 ns 

t222 
RASi de-assertion time from 
commands inactive 15 15 ns 

Test Load = 65pF unless otherwise specified. 
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82C302 AC Characteristics (Continued) 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

82C302·16 82C302·20 
Sym Description Min Typ Max Min 'iYP Max Unit Notes 

DMA Sequence (Continued) 

t223 
Column address hold time from 

16 16 commands active 
ns 

t224 
CASi de-assertion from 

22 28 22 28 commands inactive ns 

t225 
AF32 tri-state delay from 

21 25 21 25 ns commands inactive 

t226 
DWE de-assertion time from 

11 15 11 15 commands inactive ns 

t228 
DRD de-assertion time from 

12 12 commands inactive ns 

ROMCS Sequence 

t235 ROMCS active delay from CLK2 27 27 ns 

t236 ROMCS inactive delay from CLK2 22 22 ns 

t237 
READY input set-up time 

8 8 ns to CLK2 

t238 
READY input hold time 

0 0 ns 
from CLK2 

REFRESH Sequence 

t240 
IOCHRDY going low from 

14 18 14 18 ns REF active 

t241 IOCHRDY float delay from CLK2 18 25 18 25 ns 

-- 3 3 
t242 RASO precharge time CLK2 CLK2 

ns 

-- 4 4 
t243 RASi (O to 3) pulse width CLK2 CLK2 

ns 

t244 
RAS{i+1) active delay from 1 1 
RASi active CLK2 CLK2 ns 

t245 
Refresh address set-up time 3 3 
to RASi CLK2 CLK2 ns 

t246 
Refresh address hold time 2 2 
from RASi CLK2 CLK2 ns 

t247 RASi inactive delay from CLK2 14 18 14 18 ns 

t248 RASi active delay from CLK2 15 18 15 18 ns 

Test Load = 65pF unless otherwise specified. 

55 82C302 



CHiPS ______________ _ 

82C302 AC Characteristics (Continued) 
(TA = O°C to 70°C. Vee = 5V ± 5%) 

82C302-16 82C302-20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

10 Read/Write Sequence 

t250 
I02XCS set-up time to XI OR 

10 10 ns or XIOW 

t251 
XAO set-up time to XIOR 

10 10 ns or XIOW 

t252 
IOCS16 hold time from XI OR 

15 15 or XIOW ns 

t253 
XAO hold time from XIOR 

15 15 or XIOW ns 

t254 
XDEN active delay from XI OR 

15 19 15 19 ns or XIOW 

t255 
XDEN inactive delay from XIOR 

12 12 ns or XIOW 

t256 
XDA<7:0> input set-up time 

10 10 ns to XIOW 

t257 
XDA<0:7> input hold time 

8 8 ns to XIOW 

t258 
XDA<7:0> output valid delay 

37 37 ns from XIOR 

t259 
XDA<7:0> hold time 

15 15 
from XIOR ns 

CPU to Memory Sequence 

t260 MALE active setup time to CLK2 5 5 ns 

t261 MALE inactive delay from CLK2 10 10 ns 

t262 
Address/Status set-up time 

10 10 ns to CLK2 

t263 
Address/Status hold time 

10 10 from MALE ns 

t264 
L64MEG. HIROM set-up time 

10 10 ns to CLK2 

t265 
L64MEG. HIROM hold time 

10 10 ns to MALE 

t266 SMCMD setup time to CLK21 10 6 ns 

Test Load = 65pF unless otherwise specified. 
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82C302 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C302·16 82C302·20 
Sym Description Min Typ Mal( Min Typ Max Unit iNlotes 

CPU Cycle Timing 

t270 AF32 active delay from CLK2 26 25 ns CL=35pF 

t271 AF32 inactive delay from CLK2 17 20 14 18 ns 

t272 
CASi active delay from CLK2 for 

13 11 ns CL=35pF 
read hit cycles 

t273 CASi inactive delay from CLK2 8 17 8 17 ns CL"35pF 

t274 
CAS active delay from CLK2 for 

13 18 13 18 ns 
read hit cycles 

t275 CAS inactive delay from CLK2 9 18 9 18 ns 

t276 
Column address stable 

25 25 
from ADS 

ns 

t277 ORO active delay from CLK2 21 30 21 30 ns 

t278 ORO inactive delay from CLK2 17 22 17 22 ns 

t279 FBE active delay fr0m CLK2 23 25 23 25 ns 

t280 FBE inactive delay from CLK2 20 20 ns 

t281 READY active delay from CLK2 18 15 ns 

t282 READY inactive delay from CLK2 18 18 ns 

t283 RASi active delay from CLK2 10 15 18 10 13 16 ns CL=35pF 

t284 Row address set-up time to RASi 10 10 ns 

t285 Row address hold time from CLK2 15 15 ns 

t286 CASi active delay from CLK2 18 18 ns CL=35pF 

t287 CAS active delay from CLK2 22 22 ns 

t288 RASi inactive delay from CLK2 18 18 ns 

-- 3 3 t289 RASi precharge time 
CLK2 CLK2 

ns 

-- 1.5 1.5 
t290 CASi precharge time 

CLK2 CLK2 
ns 

t291 OWE active delay from CLK2 18 18 ns 

t292 OWE inactive delay from CLK2 19 19 ns 

t293 
IOCHRDY going low from XMEMR 

32 32 ns 
or XMEMW 
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82C302 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C302-16 82C302-20 
Sym Description Min Typ Max Min Typ Max Unit Notes 

CPU Cycle Timing (Continued) 

t294 IOCHRDY going high from CAS 
(read cycle) 

t295 IOCHRDY going high from CAS 
(write cycle) 

Test Load = 65pF unless otherwise specified. 

82C302 AC Characteristics (Continued) 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t200 CLK2 input cycle time 

t217 
Row address hold time from 
RAS active 

t260 MALE active setup time to CLK2 

t266 SMCMD setup time to CLK21 

t270 AF32 active delay from CLK2 

t273 CASi inactive delay from CLK2 

t283 RASi active delay from CLK2 

t286 CASi active delay from CLK2 

Test Load = 65pF unless otherwise specified. 

23 21 ns 

9 9 ns 

82C302-25 
Min Typ Max Unit Notes 

20 ns 

10 15 ns 

3 ns 

4 ns 

19 ns 

17 ns 

16 ns 

12 ns 

Note: All other parameters not specified at 25MHz are the same as the 82C302-20 specifications. 
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82C302 TIMING DIAGRAM (RESET SEQUENCE) 

CLK2 

RESET4 

SCLK 

82C302 DMA Cycle 

CLK2 

SCLK 

ATSCLK 

HLDA1 

(FROM 82C206) 
ADSTB8. 
ADSTB16 

XD<O:T> 

CASi (WRITE) 

CASI (READ) 

XDA<7:D> 
DA<9:B> 

IOCHRDY 

--LJ-

----- @-

_121'1-

1207 1207 

I---SI---~S3r---r--S4~ 

\. 

I- -@\-
-\-- I-@ 

@- I-

@i- I- -- I-@ 
1211_ - - 1::":'222 

-~ 121. -- _122. 
-ro- 121. ~- - _1224 

1 1216 Ii-r 1217 - 1223 

:t:~ow COLUMN 

121'~ - - 1-1225 

.f-
1220_ r - r-'226 

.I-
1293---+- ~+ r: 1295 h-1294 
121'_ - 1228 t t-

OAD ----------------------------------------------~------~t~---------------------
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CLK2 

SCLK 

ATSCLK 

ADS 

MALE 

ROMCS 
en 
0 

ALE 

XMEMR 

ATEN 

ACEN 

READY 

r 

I 
1126 

--J 1-1115 

82C302 ROM Read Cycle 

1127 

1137 

1237 
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82C302 Refresh Cycle Waveform (Staggered) 

CLK2 

SCLK 

HLDA1 

REF 

XMEMi'i 

RAsii 

RAS1 

RAS2 

RAS3 

XDA7-0 
DA9-8 

IOCHRDY 

"H" 

----1--. 1247 -l»- 1248 1247 

"NOTE 
1,-----~~~--1243--~~--------------

----1------...11_1242_1'-------.11 

1240 -
HIGH 

IMPEDANCE 

r-----4-~1~1243--__ ,~-------------

1,-------4----,.---12431----....----------

1243 

1245_ 

111 1246;------J~ 

VALID REFRESH ROW ADDRESS 

1 1241 

HIGH IMPEDANCE 

*NOTE: Add 2 more clock cycles if either Bit 7 of register 11 is 1 or Bit 7 of register 13 is 1. 
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82C302 Rev. C Non-Staggered Refresh Cycle Waveform 

CLK2 

SCLK 

HLDAl ---------------------~---------------+_------------------~-------------------------------------------

XDA7-0 
DA9-8 

IOCHRDY 

------1-..... 1247-" 1247 

1.-----·N-O-T-E---~~._---1243--~~~--------------------------------------

---------+-------------..I1-1242-1~---------------+.I1 

1240 --
HIGH 

IMPEDANCE 1 HIGH IMPEDANCE 

*NOTE: Add 2 more clock cycles if either Bit 7 of register 11 is 1 or Bit 7 of register 13 is 1. 

82C302 62 



CHIPS ________ _ 

82C302 TIMING DIAGRAM (IO READIWRITE) 

CLK2 

SCLK 

:.--- 1250 1252 ~1250--' 1-"1252_ 

---, 1,------, V 
102XCS 

~ 1251 !--1253-+- !--1251-+- 1--1253_ 

~ ir-v 
XAO 

-.JI\ 

lOW 

lOR II 

--- 1-1257 

~ 1256 1258_ ~~ 1-1259 

MEMORY \ CK MEMORY ADDRESS , DATA OUT' MEMORY ADDRESS 
ADDRESS I OUTPUTS "I OUTPUT 

1254- I- -.j 1-1255 1254--1 I- -I I--- 1255 

"NOTE 

*NOTE: No data output and XDEN is inactive if the index set up by the previous 1022 Write doesn't 
point to a valid 1023 register of 82C302. 
Valid registers of 1023: 08H-OFH, 10H-13H, 28H-29H. 
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82C302 TIMING DIAGRAM (INPUT SETUP/HOLD TIME FOR CPU CYCLES) 

<1>2 <1>1 <1>2 <1>1 <1>2 

CLK2 ~ 
1'-----' 

SCLK 

1-1260_ I- 1261 

-----. 
MALE 

,.. 

+t262---. 1263 

---, 
~ 

, , I-, ADDRESS 
-oJ 

, 

I-
, 

I ~t264 1265 
, 

• , , 
V 

, , 
-'f-, 

1\ , , 

I I HI264 1-
, 

1265 
, 
, , 

V , , , , HIROM , 

+ t262---.f 1263 

---. 
WIll -'f-

-oJ 

!-1266_ 

SMCMD 
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82C302 Timing Diagram (CPU to Local Memory Cycle) Read Hit OWS 

CLK2 

SCLK 

ADS 

MALE 

CASi 

CAS 

AF32 

XDA<7:0> 
DA<9:8> 

RASi "0" 

'INTEL 80386 DATA SHEET, A.C. TIMING SPECIFICATIONS. 
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1278 
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82C302 TIMING DIAGRAM (CPU TO LOCAL MEMORY) 
READ CYCLE WITH RAS BEING INACTIVE 

CLK2 

SCLK 

AF32 

RASI 

CASI 

XDA7-0 
DA9-8 COLUMN ADDRESS ROW ADDRESS COLUMN ADDRESS 

\'---_____ ----I! 
FBE ___________ \-''-______________________ _ 

\----_----11 
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82C302 Write Miss Cycle with RAS Low 

CLK2 

SCLK 

ADS# 

CASi 

CAS 

XDA<7:0> 
DA<9:8> 

READY ~
t281 

---
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82C302 DRAM Write Hit, Pipelined Cycle 

CLK2 

SCLK 

CASi 

82C302 

COLUMN ADDRESS 
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82C302 Rev. C DRAM Write Hit, Non-Pipelined Cycle 

69 82C302 



CniP5 ____________________________ __ 

Read Cycle with RAS Being High 

CLK2 -rtrt ~~.rt ~1 rtlt rt ~~rtJ-tJ--t ill rt rL </J1 </J2 

h-n.. ~ r-

SCLK -L r-IL -W-It- f0-r \L r-IL r-.11. w-L.r L r L 

-- 1\ \ 

1117_ "r ~111~ 

-\- -J 

1 L 1283 .. -, 12~3 -

r- ,.... 
r TRP -'" 

-I-

CAS (DLE) 

1286 f--- r "- rF71 12f6-' r- - 1273 

-\-
t-_. ~U I -\- I 

1287 f--- r 1287_ -. 1275 

-\- -I- -\-
I 1277~ t:-- 1278-. J :-1270~ 

.-\ I\. 
;..- f-1271 f---- r-

DRD 

.\, ~ 

1279_. ~:- 1280t b \ 

1281_.... -I -+-1283 1281-1 .... 128 

1284_' ~ -\- ... 1+ 
- .. 1285 

XDA<7:0> 
DA<9:8> ROW:E·-< COLUMN ADDRESS Y ROW ADDRESS X COLUMN ADDRESS 

~ ~AD WITH RAS HIGH READ MISS WITH RAS LOW I 
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82A303/82C303 
High Address Buffers 

• Buffer for bits 31:12 of the Local, X and 
System address buses. 

• X and S address busses can be extended 
to 27 bits (128MB). 

• Direct interface to AT Bus. 

• Advanced Schottky TTL technology. 

Functional Description 
The 82A303 as shown in figure 3-1 provides 
two functions: 

• Generation of address decoding signals 
required by other chips. 

• Interface between the local, X and System 
address busses. 

Address Decode 

The address decoding circuit provides outputs 
LlOCS, LMEGCS, L64MEG, and HIROM. 

Signal 

LlOCS 
LMEGCS 
L64MEG 
HIROM 

Decode Condition 

A<15:12> = OOH 
A<31 :20> = OOH 
A<31 :26> = OOH 
A<31 :24> = 3FH 

Table 3-1. High Address Decodes Definition 

-- - ---
HLDA ATEN REF MASTER Cycle Type 

0 1 1 1 CPU, non-AT 

0 0 1 1 CPU AT bus cycle 

0 1 0 1 CPU Refresh 

1 1 1 0 Master 

1 1 0 0 Master Refresh 

1 1 1 1 DMA 

These signals are active if the address access
es satisfy the conditions defined in table 3-1. 
The signal decodes for LlOCS and LMEGCS 
are controlled by HLDA 1 and latched on the 
trailing edge of MALE. The L64MEG and 
HIROM are simply decoded from the address 
signals. 

Address Bus Interfaces 

The 82A303 interconnects the local, X and 
system address buses with bidirectional drivers 
connecting each bus and the internal buses. 
These drivers have 24mA current drives for 
direct connection to the system address bus. 
The table 3-2 shows how the drivers are con
figured between the buses for each type of 
active bus requests. Note that the default 
configuration is set up so that the CPU ad
dress bus drives the memory address bus for 
local memory CPU access cycles. 

For all CPU sourced accesses, the addresses 
are latched on the trailing edge of MALE. 

27 Bit Address Extensions 

The standard AT implementation supports 
only 24-bit addresses. The CS 8230 allows for 
address extension on the SA and XA buses to 
27 bits (128MB). This is done by grounding 
the enable pin XBHE for XA bus and SBHE 
for SA bus. Internal pull ups are provided so 
that if the enable pins are left unconnected 
bits 24 to 27 of the respective bus are forced 
low. 

A Bus S Bus X Bus 
Source Oulput Source Output Source Output 

- Disable - Disable - Disable 

- Disable A Bus Enable A Bus Enable 

- Disable X Bus Enable - Disable 

S Bus Enable - Disable S Bus Enable 

- Disable - Enable - Disable 

X Bus Enable X Bus Enable - Disable 

Table 3-2. High Address Bus Control 
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~ 

A12 60 
10 A29 

MA12 59 
11 AJO 

12 A31 
XA26 58 

13 L64MEG 
XA25 57 

14 HIROM 
XA24 56 

15 HLOA1 
XA23 55 

16 ATEN 
XA22 54 

17 MASTER 82A303 
VSS 53 

18 vee HIGH ADDRESS vee 52 

19 vss 
BUFFERS XA21 51 

20 MALE XA20 50 

21 REF XA19 49 

22 XAHE XA18 48 

23 SAHE 
XA17 47 

24 LMEGeS XA16 46 

25 Lloes XA15 45 

26 SA12 XA14 44 
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A12 - A31 

LAI2X-LA31X 

SAB12 - SAB26 

LATCH 

.-------, A<24:31> = FF 

HIRDM 

A<26:31> = 00 

L64MEG 

DECODER 

A<20:31> = 00 

A<12:15> = 00 

SA BUS 
MUX 

& 
BUFFERS 

XA BUS 
MUX 

& 
BUFFERS 

HLDAI 

MUX 
& 

BUFFER 

LATCH 

Figure 3-1. 82A303 Functional Block Diagram 
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XA12 - XA26 

MA12 

LlOCS 
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MALE 

ATEN 

LA<27:12> 

HLDA1 

SA<27:12> 

MASTER 

HLDA1 

82A303 

2XF373 

CK 

OE 

[> 

2XF244 SA<27:12> 

<J 
OE 

2XF245 

XA<27:12> 

82A303 SA to XA TTL Equivalent Address Buffer Architecture 

LA<20:31> 

HLDA1 

LA12 
LA13 
LA14 
LA15 

DECODE 

~A'.:::<:"-31'-":2=:'4:::::>~=:..cFC':F~-__ HIROM 

~A'.:::<"'31"':2""6:::>-=--'O""0'-------_ L64MEG 
A<31:20> = 00 

373 

D Q 

~-------<lIL)--.r-..<>----1 D Q 

82A303 TTL Equivalent Address Decode Logic 
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82A303 Pin Description 

Pin No. Symbol 

Control 

17 MASTER 

15 HLDA1 

20 MALE 

21 REF 

16 ATEN 

25 LIOCS 

24 LMEGCS 

13 L64MEG 

14 HIROM 

Processor/Bus Interface 

12-2 
68-60 

58-54 
51-42 

22 

A<31:21> 
A<20:12> 

XA<26:22> 
XA<21:12> 

XAHE 

Pin 
Type Description 

o 

o 

o 

o 

I/O 

I/O 

Active low. Bus MASTER is generated by a device 
that is active on the expansion bus. After MASTER is 
forced low by an I/O device, the I/O CPU must wait 
for one system clock period before forcing the address 
and data lines. MASTER must not be held low for 
more than 15 microseconds, or else data in the system 
memory may be lost due to lack of a refresh cycle. 

Hold Acknowledge is an active high from the 82C301 
and it is used for address and data direction control 
during DMA cycles. 

Active low. MEMORY ADDRESS LATCH ENABLE 
clocks addresses into the address registers on the 
rising edge. 

REFRESH is an active low input. This signal controls 
the address buffer direction. When REF is active, the 
contents of the refresh address counter on the 82A304 
is gated to the SA address bus. 

Active low. AT BUS ENABLE is active when the CPU 
makes an AT bus access. 

Active low. LOW 10 ADDRESS CHIP SELECT is 
asserted when A<15:12> = OH. 

LOW MEG CHIP SELECT is an unlatched active low 
output asserted when the low Meg memory address 
space (0 to 1024Kbytes) is accessed or during refresh 
cycles. 

Active low. LOW 64 MB SELECT is active when the 
access address decodes to the low 64MB address 
space: A<31 :26> = OH. 

Active low. HI ROM SELECT is active when A<31 :26> 
= 3FH. 

Local Address Bus. 

X Address Bus. 

Active low XBUS Address High Enable. It enables bits 
26:24 from the XA bus. A pullup is provided so that the 
input can be left open if only 24 bits are sourced 
externally. 

75 82A303 



CHiPS _______________ _ 

82A303 Pin Description (Continued) 

Pin No. Symbol 

41-36 SA<26:21> 
34-26 SA<20:12> 

23 SAHE 

59 MA12 

Miscellaneous 

18,52 

1,19 
35,53 

82A303 

VCC 

VSS 

Pin 
Type 

1/0 
1/0 

o 

Description 

System Address Bus. These outputs have 24mA drive. 

Active low SBUS Address High Enable. It enables bits 
26:24 from the SA bus. A pullup is provided so that the 
input can be left open if only 24 bits are sourced 
externally. 

Memory Address Bus Latched on the trailing edge of 
MALE. 

Power 

Ground 
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82A303 Absolu1le rJJSltimanM Ratings 

iParameil:er Slfmbol Min. Max. Units 

Supply Voltage Vee 7.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Ts1g -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82£303 Cperrallill"l$l Condiltioll1s 

I?arame~er Symbol Min. Max. Units 

Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82£303 ~C Clhlarrscilell'isillcs 

i?arremeiell' Symbol Min. Max. Units 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage VOL1 0.5 V 
IOL=10mA (Note 1) 

Output Low Voltage VOL2 0.5 V 
10L =24mA (Note 2) 

Output High Voltage 
VOH 2.4 V 

low3.3mA (Note 3) 

Input Low Current 
IlL -200 /lA 

VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 /lA 

VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 /lA 

VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 

II = -18mA, Vee = 4.75V 

Power Supply Current lee 200 mA 

Output HI-Z Leak Current 
IOZ1 -100 100 /lA 3-State Output Pins 

Output HI-Z Leak Current 
10Z2 -300 120 /lA Bidirectional Pins 

NOTES 
1. All bus outputs other than SA<20:12> and XA<26:21>. 
2. All SA<20:12> and XA<26:21> have IOL = 24mA. 
3. All outputs and bidirectional pins. 
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82C303 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee -0.5 6.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C303 Operating Conditions 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82C303 DC Characteristics 

Parameter Symbol Min. Max. Units 
Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage VOL1 Vss 0.4 V 10L =3.2mA (Note 1) 

Output Low Voltage VOL2 Vss 0.4 V 10L =12mA (Note 2) 

Output High Voltage VOH1 4.2 Vee V IOH=-0.2mA 

Output High Voltage VOH2 4.2 Vee V 10H=-0.4mA 

Input Low Current 
IlL -200 f..IA VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 f..IA VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 f..IA VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 11 = -18mA, Vee = 4.75V 

Power Supply Current lee 100 mA 

Output HI-Z Leak Current 
loz1 -100 100 f..IA 3-State Output Pins 

Output HI-Z Leak Current 
loz2 -300 120 f..IA Bidirectional Pins 

NOTES 
1. All bus outputs other than SA<20:12> and XA<26:21>. 
2. All SA<20:12> and XA<26:21> have 10L = 12mA. 
3. All outputs and bidirectional pins. 
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82A303 AC Characteristics 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t301 A to MA input set-up time to MALE! 

t302 A to MA input hold time from MALE! 

t303 MA output valid delay from MALE! 

t304 A to SA, XA input set-up time to MALE! 

t305 A to SA,XA input hold time from MALE! 

t306 SA output valid delay from ATEN active 

t307 SA tri-state delay from ATEN inactive 

t308 XA output valid delay from ATEN active 

t309 XA tri-state delay from ATEN inactive 

t310 HIROM decode active from A<32:26> valid 

t311 
HIROM decode inactive 
from A<32:26> invalid 

t312 L64MEG decode active from A<32:26> valid 

t313 
L64MEG decode inactive 
from A<32:26> invalid 

t314 LlOCS decode active from MALE active 

t315 LlOCS decode inactive from MALE active 

t316 LMEGCS decode active from MALE active 

t317 LMEGCS decode inactive from MALE active 

t318 A data valid delay from SA data valid 

t319 XA data valid delay from SA data valid 

t320 MA data valid delay from SA data valid 

t321 LlOCS decode active from SA data valid 

t322 LlOCS decode inactive from SA data invalid 

t323 L64MEG decode active from SA data valid 

t324 
L64MEG decode inactive from 
SA data invalid 

t325 LMEGCS decode active from SA data valid 

t326 
LMEGCS decode active from 
SA data invalid 

t327 A data valid delay from XA data valid 

t328 SA data valid delay from XA data valid 

Test Load = 65pF unless otherwise specified. 

79 

82A303 
82C303 

Min 'U'yp Mal{ Unitt Notes 

5 ns 

10 ns 

5 27 ns 

5 ns 

5 ns 

8 28 ns 

6 25 ns 

11 35 ns 

9 35 ns 

4 15 ns 

2 16 ns 

4 19 ns 

2 15 ns 

6 26 ns 

4 23 ns 

6 26 ns 

4 23 ns 

4 23 ns 

7 30 ns 

9 40 ns 

13 50 ns 

10 39 ns 

12 47 ns 

9 35 ns 

14 53 ns 

10 40 ns 

4 27 ns 

6 30 ns 
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82A303 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t329 MA data valid delay from XA data valid 

t330 LlOCS decode active from XA data valid 

t331 LlOCS decode inactive from XA data valid 

t332 L64MEG decode active from XA data valid 

t333 L64MEG decode inactive from XA data valid 

t334 LMEGCS decode active from XA data valid 

t335 
LMEGCS decode inactive from 
XA data valid 

t336 SA valid delay from REF active 

t337 SA tri-state delay from REF inactive 

Test Load = 65pF unless otherwise specified. 
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82A303 
82C303 

Min Typ Max Unit Notes 

9 40 ns 

13 50 ns 

9 38 ns 

12 47 ns 

9 35 ns 

14 53 ns 

10 40 ns 

18 64 ns 

8 33 ns 
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82A303 TIMING DIAGRAMS 

LA12 ~ X LA<31:26> ~ C 1-'301-t-11302 
__ 113101- --1 13111-V ~\\ IIJJL 

MALE 
HIROM 

~1303--1>1 

-I 1312 I- ~1313~ 
MA12 C L64MEG ~~) iU 

LA<26:12> ~ C LA12-15 ~ X 30-31 
j<t--1304 1>1" I> 1 1305 

U MALE 
MALE 

1314--1 1- 131S--l>-j 1-
\ / \\\ Lf! 

ATEN 
LlOCS 

1306~ 1---11307 
1316+\ I-- --j r-1317 ( }---

\\\ !II LMEGCS 

SA<26:12> 

~1308~ 1 __ 1309--1 

XA<26:12> ( )-
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82A303 TIMING DIAGRAMS 

SA X X XA X X 
1318~1 r- I -I 1327 \- I 

LA X X LA X 'C 
1319H 1328~ 

XA X C SA X C 
r-1320~1 I ~1329-.j I 

MA X L MA X 'C 
1321~ HI322 1330~ \--1331--l 

LlOCS ~ fff LIOCS \\ /I 
1323t--1 HI324 1332~ \--13334 

L64MEG ~\\ iff L::64MEG \\ /I 
1325~ ~1326 1334 -l----I r-1335~1 

LMEGCS \\\\ u; LMEGCS \\ /I 

REF \ / 

1336 -l---I 1-41337 

------------------------_. 
SA ---, 
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82A304/821C304 
Low Address Buffers 

[J Buffer for bits 11 :00 of the Local, X and 
System address buses. 

E!J Peripheral device decode 

III Direct interface to AT Bus 

III Refresh Address Generation 

1:1 Advanced Schottky TTL technology 

Functional DesclI'iption 

Address Decode 

The signals 102XCS, 8042CS, PORTBCS, 
NMICS, 287CS, and AS provides the lower 
address decodes for the corresponding de
vices after being qualified by the LlOCS 
generated by the high address buffer decoder. 
The resulting decode is as defined by the IBM 
PC AT 10 addresses and is as shown in table 
4-1. For applications where these devices are 
required to be relocated, the EXDEC can be 
tied LOW to ignore the LlOCS qualification 
and the MA<11:10> address bits. 

-- --
HLDA1 ATEN REF MASTER Cycle Type 

0 1 1 1 CPU, non-AT 

0 0 1 1 CPU AT 

0 1 0 1 CPU Refresh 

1 1 1 0 Master 

1 1 0 0 Master Refresh 

1 1 1 1 DMA 

SigneD 

102XCS 
8042CS 
PORTBCS 
NMICS 
287CS 

Addresses Decoded 

022H, 023H 
060H,064H 
061H 
070H 
OEOH to OFFH 

Table 4-1. Low Address Decode Definition 

Address Bus Interfaces 

The 82A304 interfaces between the bits 00 to 
11 of A, SA, XA, and MA address buses. The 
buffers and multiplexers are controlled by the 
HLDA1, MASTER, REF, and ATEN to drive 
the sig nals from the source to the target 
buses as defined by'~ble 4-2 for each signal 
when active. When REF is asserted, the refresh 
counter is gated to the SA bus as refresh row 
address and is incremented. When none of 
the listed signals are active, the default buffer 
configuration is that the A bus drives the MA 
bus for memory accesses by CPU. 

The SA<11 :00> are 24mA address buffers for 
direct interface to the AT bus. 

A Bus S Bus X Bus 
Source Output Source Output Source Output 

- Disable - Disable - Disable 

- Disable A Bus Enable A Bus Enable 

- Disable REFCTR Enable - Disable 

S Bus Enable - Disable S Bus Enable 

X Bus Enable X Bus Enable - Disable 

X Bus Enable X Bus Enable - Disable 

Table 4-2. Bus Control Definition 
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~ 

~I 
10 A07 NMICS 60 

11 A08 PORTBCS 59 

12 A09 
I02XCS 58 

13 A10 
XDIR 57 

14 A11 ACK 56 

15 HLDA1 
XI OW 55 

16 ATEN XIOR 54 

17 MASTER 
82A304 VSS 53 

18 vce LOW ADDRESS vce 52 

19 VSS BUFFERS XA11 51 
20 MALE 

XA10 50 
21 REF 

XA09 49 
22 NC 

XA08 48 

23 TEST 
XA07 47 

24 INTA 
XA06 46 

25 LlOCS 
XA05 45 

26 EXDEC 
XA04 44 

In C/) 
< 

C/) C/) C/) >< >< >< » » » ~ ~ » » » g 0 C/) 0 0 g 0 

'" C/) to 0 0 Co> 

... 
Co> 
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A02 - All 

~ 
"'~/ 

REFRESH I 
COUNTER 

RFAOO - AFA11 

! \; I~ 
t + t 

A BUS 
MUX 

& 
BUFFERS 

LA02X 
- LA11X 

'--__ --II--
LATCH 

--
MALE 

+ 
LA02D 
- LA11D 

> FF => 

I U,"O 

XABOl 

SABOO - SAB11 

LAB02 - LASl1 

XABOO - XAB11 

LA04XD - LA11XD 

HLDAl 

t 
v 

SA BUS 
MUX 

& 
BUFFERS 

XA BUS 
MUX 

& 
BUFFERS 

MA BUS 

<:=> SADO - SAll 

<:::::> XAOO - XA 11 

MUX => & MA04 - MAll 
BUFFERS 

MUX -
-

LA02XD 
- LA11XD 

LlOCS --.. DECODER 
EXDEC __ 

XIOW--' 

r-- NM2CS 

r-- PQRTBCS r--- a042CS r--- IQ2XCS 

r--- 2a7CS 

r--- AS 
XIOR ---.. _ r--- ACK 

INTA --'-___ ..J~ XDIR 

Figure 4-1. 82A304 Functional Block Diagram 
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82A304 

MALE 

ATEN 

LA<11:2> 

HLDA1 

SA<2:11> 

MASTER 

HLDA1 

ATEN 

SA<1:0> 

REFEN 

2XF373 

.-----------1[>1--------, 

2XF245 SA<11:2> 

'----------I <l 

82A304 LA to SA TTL Equivalent Address Buffer Architecture 

2XF245 

XA<2:11> 

F245 

XA<1:0> 

CE 

DIR 

82A304 SA to XA TTL Equivalent Address Buffer Architecture 
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LS393 LS244 

MR 00 

01 

REF CP 02 
1-___ -lA y 4 SA<0:3> 

03 

LS393 LS244 

MR 00 

01 

CP 02 ~-~~~A y~~4~---< 
03 

LS393 LS244 

MR 00 

01 

CP 02 1---__ +---1 A Y 1-...::4'1-_S::.:A.:...<.:.:8.:.::11.:.:>< 

03 

REFEN I>--------------l 

82A304 AT Bus Refresh Address Generation Circuitry 

DECODE 

SA<2:11> 1>-------------1 ~-------. NMICS 
~------~~PORTBCS 

~------~~ 8042CS 
1----------·I02XCS 
1----------. 287CS 

XA<0:1> 

LA<12:1S> 

HLDA1 ~>-41----!>o>-------... ACK 
MASTER~ 

82A304 TTL Equivalent Chip Select Generation Logic 

LA<12:1S> 

XA11 

XA10 

XA9 
XA8 

287CS 

XIOR r"'>-4>------r 
INTA 

XDIR 

82A304 TTL Equivalent XDIR Generation Logic 
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CHIPS 
82A304 Pin Description 

Pin 
Pin No. Symbol Type Description 

Control 

17 MASTER Active low. BUS MASTER is generated by a device 
active on the expansion bus. 

15 HLDA1 Hold Acknowledge is an active high input from the 
82C301 used for address and data direction control 
during DMA cycles. 

20 MALE Active low. MEMORY ADDRESS LATCH ENABLE 
clocks addresses into the address registers on the 
rising (trailing) edge. 

21 REF REFRESH is an active low input. This signal controls 
the address buffer direction. When REF is active, the 
contents of the refresh address counter on the 82A304 
is gated to the SA address bus. 

16 ATEN Active low. AT BUS ENABLE is active when the CPU 
makes an AT bus access. 

25 LlOCS Active low. LOW 10 ADDRESS CHIP SELECT 

54 XI OR Active low. X BUS 10 Read. 

55 XIOW Active low. X BUS 10 Write 

57 XDIR 0 X BUS DIRECTION is used to control the drivers 
between the X bus and S bus. The drivers should be 
used such that S bus signals are driven toward X bus 
when XDIR is low and in the other direction when high. 

26 EXDEC Active high. EXTENDED 10 DECODE. A str~ 
option that when low ignores A<11:10> and LlOCS 
(which is decoded based on A<15:12» for decoding 
the system board 10 ports. An internal pullup is pro-
vided. 

58 102XCS 0 Active low. 10 2x SELECT is decode of 10 address 
022H or 023H. 

63 8042CS 0 Active low. 8042 SELECT is decode of 8042 address 
at 060H or 064H. 

59 PORTBCS 0 Active low. PORTB SELECT is decode of Port B 
address at 061H 

60 NMICS 0 Active low. NMI SELECT is decode of NMI address at 
070H. 

61 287CS 0 Active low. 80287 SELECT is decode of 287 address 
at OEO-OFFH. 

56 ACK 0 Active low. ACKNOWLEDGE indicates that AEN1 or 
AEN2 has been asserted. This signal is used to gener-
ate the AEN signal on the AT I/O channel. 
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82A304 Pin Description (Continued) 

Pin No. Symbol 

62 AS 

24 INTA 

Processor/Bus Interface 

14-5 A<11:02> 

51-40 XA<11:00> 

39-36 SA<11:08> 
34-27 SA<07:00> 

4-2 MA<11:09> 
68-64 MA<08:04> 

23 TEST 

Miscellaneous 

18,52 

1,19,22 
35,53 

VCC 

VSS 
VSS 

Pin 
Type Description 

o Active high. Address Strobe for the RTC. 10 address 
7xH is conditioned with XIOW. 

I/O 

I/O 

I/O 
I/O 

o 
o 

Active low. INTERRUPT ACKNOWLEDGE bus cycle 
indication. 

Local address 

X bus address 

System address. These outputs have 24m A drive. 

Memory address 

Active low. TEST when active resets the refresh counter 
to zero. A pullup is provided. 

Power 

Ground 
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CHiPS 
82A304 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 7.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Ts1g -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. . 

82A304 Operating Condiiions 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82A304 DC Characteristics 

Parameter Symbol Min. Max. Units 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage 
VOL1 0.5 V 

IOL=10mA (Note 1) 

Output Low Voltage VOL2 0.5 V 
IOL =24mA (Note 2) 

Output High Voltage 
VOH 2.4 V 

low3.3mA (Note 3) 

Input Low Current 
IlL -200 pA 

VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 pA 

VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 pA 

VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 

11 = -18mA, Vee = 4.75V 

Power Supply Current lee 140 230 mA 

Output HI-Z Leak Current 
loz1 -100 100 pA 

3-State Output Pins 

Output HI-Z Leak Current 
loz2 -300 120 pA 

Bidirectional Pins 

NOTES 
1. All bus outputs other than SA<20:12>' 
2. All SA<20:12> have 10L = 24mA. 
3. All outputs and bidirectional pins. 
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82C304 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee -0.5 6.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Va -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C304 Operating Conditions 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82C304 DC Characteristics 

Parameter Symbol Min. Max. Units 
Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage VOl1 Vss 0.4 V IOL =3.2mA (Note 1) 

Output Low Voltage VOL2 Vss 0.4 V IOL =12mA (Note 2) 

Output High Voltage VOH1 4.2 Vee V IOH=-0.2mA (Note 3) 

Output High Voltage VOH2 4.2 Vee V 
IOH=-O.4mA 

Input Low Current 
IlL -200 JiA VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 JiA VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 JiA VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
VIC -1.5 V II = -18mA, Vee = 4.75V 

Power Supply Current Icc 100 mA 

Output HI-Z Leak Current 
loz1 -100 100 JiA 3-State Output Pins 

Output HI-Z Leak Current 
10Z2 -300 120 JiA Bidirectional Pins 

NOTES 
1. All bus outputs other than SA<ll :00>. 
2. All SA<ll :00> have 10l = 12mA. 
3. All outputs and bidirectional pins. 
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82A304 AC Characteristics 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t401 A to MA input set-up time to MALE! 

t402 A to MA input hold time from MALE! 

t403 MA output valid delay from MALE! 

t404 A to SA, XA input set-up time to MALE! 

t405 A to SA, XA input hold time from MALE! 

t406 SA output valid delay from ATEN active 

t407 SA tri-state delay from ATEN inactive 

t408 XA output valid delay from ATEN active 

t409 XA tri-state delay from AT EN inactive 

t410 NMICS decode active from MALE! 

t411 NMICS decode inactive from MALE! 

t412 PORTBCS decode active from MALE! 

t413 PORTBCS decode inactive from MALE! 

t414 8042CS decode active from MALE! 

t415 8042CS decode inactive from MALE! 

t416 I02XCS decode active from MALE! 

t417 I02XCS decode inactive from MALE! 

t418 287CS decode active from MALE! 

t419 287CS decode inactive from MALE! 

t420 A data valid delay from SA data valid 

t421 XA data valid delay from SA data valid 

t422 MA data valid delay from SA data valid 

t423 NMICS decode active from SA data valid 

t424 
NMICS decode inactive delay from 
SA data invalid 

t425 PORTBCS decode active from SA data valid 

t426 PORTBCS decode inactive from SA data 

t427 8042CS decode active from SA data valid 

t428 8042CS decode inactive from SA data invalid 

t429 I02XCS decode active from SA data valid 

Test Load = 65 F unless otherwise s ecified. p p 
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82C304 
82A304 

Min Typ Max Unit Notes 

5 ns 

5 ns 

5 30 ns 

5 ns 

5 ns 

8 30 ns 

6 24 ns 

10 37 ns 

9 33 ns 

11 44 ns 

10 40 ns 

11 44 ns 

10 40 ns 

11 44 ns 

10 40 ns 

11 44 ns 

10 40 ns 

11 44 ns 

10 40 ns 

4 26 ns 

3 27 ns 

9 37 ns 

14 58 ns 

11 46 ns 

15 59 ns 

11 46 ns 

15 59 ns 

11 46 ns 

12 59 ns 
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82A304 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t430 I02XCS decode inactive from SA data invalid 

t431 287CS decode active from SA data valid 

t432 287CS decode inactive from SA data invalid 

t433 XDIR decode active from SA data valid 

t434 XDIR decode inactive from SA data invalid 

t435 A data valid delay from XA data valid 

t436 SA data valid delay from XA data valid 

t437 MA data valid delay from XA data valid 

t438 NMICS decode active from XA data valid 

t439 NMICS decode inactive from XA data invalid 

t440 PORTBCS decode active from XA data valid 

t441 
PORTBCS decode inactive 
from XA data invalid 

t442 
8042CS decode active delay 
from XA data valid 

t443 
8042CS decode inactive delay 
from XA data invalid 

t444 I02XCS decode active from XA data valid 

t445 I02XCS decode inactive from XA data invalid 

t446 287CS decode active from XA data valid 

t447 287CS decode inactive from XA data invalid 

t448 XDIR decode active from XA data valid 

t449 XDIR decode inactive from XA data invalid 

t450 NMICS decode active from LlOCS active 

t451 NMICS decode inactive from LlOCS inactive 

t452 PORTBCS decode active from LlOCS active 

t453 
PORTBCS decode inactive 
from LlOCS inactive 

t454 8042CS decode active from LlOCS active 

t455 8042CS decode inactive from LlOCS inactive 

t456 I02XCS decode active from LlOCS active 

Test Load = 65pF unless otherwise specified. 

93 

82C304 
82A304 

Min Typ Max Unit Notes 

12 46 ns 

16 59 ns 

13 46 ns 

15 59 ns 

15 60 ns 

4 23 ns 

7 30 ns 

9 43 ns 

14 58 ns 

11 46 ns 

15 59 ns 

11 46 ns 

15 50 ns 

11 46 ns 

12 59 ns 

12 46 ns 

16 59 ns 

13 46 ns 

15 55 ns 

15 55 ns 

7 31 ns 

5 24 ns 

7 31 ns 

5 24 ns 

7 30 ns 

5 24 ns 

7 30 ns 
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82A304 AC Characteristics (Continued) 
(TA = O°C to 70°C. Vee = 5V ± 5%) 

Sym Description 

t457 I02XCS decode inactive from LlOCS inactive 

t458 287CS decode active from LlOCS active 

t459 287CS decode inactive from LlOCS inactive 

t460 XDIR decode active from LlOCS active 

t461 XDIR decode inactive from LlOCS inactive 

t462 XDIR decode active from INTA active 

t463 XDIR decode inactive from INTA inactive 

t464 XDIR decode active from XIOR active 

t465 XDIR decode inactive from XIOR inactive 

t466 ACK decode active from HLDA1 active 

t467 ACK decode inactive from HLDA1 inactive 

t468 ACK decode active from MASTER active 

t469 ACK decode inactive from MASTER inactive 

t470 SA data valid delay from REF active 

t471 SA tri-state delay from REF 

Test Load = 65pF unless otherwise specified. 

82A304 94 

82C304 
82A304 

Min Typ Max Unit Notes 

5 24 ns 

7 30 ns 

5 24 ns 

8 32 ns 

5 26 ns 

4 23 ns 

2 17 ns 

6 27 ns 

4 20 ns 

9 37 ns 

7 32 ns 

8 33 ns 

6 26 ns 

18 64 ns 

8 33 ns 
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82A304 TIMING DIAGRAMS 

LA<ll:2> X X ATEN \ / 
1-14!11--j !.-1402 1406 --"1 I- -I 1407 1--

MALE U SA<11:0> ( ) 
1--1403-1 14081--1 1-- 1409 __ 1 

MA<11:4> L XA<ll:2> ( t-
LA<ll:2> X 

LA<ll:2> X X 
1--1404-1 1--1405 MALE 

MALE U 1410-1 rr- ~I 1'-1411 

NMICS \\\\ 110 
1412-"1 ~ -I ~1413 

PORTBCS \\\\ 110 
1414~1 r-4 1-1415 

8042CS \\\ Uft 
1416~ ~~ ~1417 

I02XCS \\\\ 1(0 
1418--1 rr-~ 1-1419 

287CS \\\\ OJ 
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82A304 TIMING DIAGRAMS 

SA<11:0> J X'-___ _ 
r-1 1420 1 

LA<11:2> -"":"'---'X C 
XA<11:0> J X'-___ _ 

HI435 1 

LA<11:2> -""":""---'X C 
~1421~,........:... __ 

XA<11:0> X 'C... 
r- 1436-1,.........:... __ 

SA<11:0> X 'C... 
1-1422_11 

MA<11:4> X~----
1-1437_1,:-1 __ _ 

MA<11:4> X'-___ _ 
--I r- 1423 --I I--1424 

NMICS ~ 0 
--I r- 1438 --l I-- 1439 

NMICS ~ n 
-1 r- 1425 -1 ~ 1426 

PORTBCS ~ #1 
--l r- 1440 -1 r- 1441 

PORTBCS ~ 0 
---I r-1427 --I I--1428 

8042CS ~ D 
--I r- 1429 ---I I-- 1430 

I02XCS ~ If 
--I r- 1431 ~ \.- 1432 

287CS ~ #! 

---I r- 1442 --I I-- 1443 

8042CS ~ Iff 
__ I 1-1444 --I I-- 1445 

I02XCS ~ 0 
--l r- 1446 ~ \-- 1447 

287CS ~ #1 
__ I 1--1433 --I j.- 1434 

XDIR ~ Iff 
__ I 1-- 1448 --I I-- 1449 

XDIR ~ n 
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82A304 TIMING DIAGRAMS 

LIOCS ~ X INTA ~ X 
1450-1 ~ -1 1 __ 1451 1462-.J ~ -1 ~1463 

NMICS ~ Pf XIOR ~ X 
1452_1 1- -I 1-- 1453 1464-1 f-- --1 ~1465 

PORTBCS \\\ Pff XDIR \S~ III 
1454_1 ~ ~ 1_1455 

8042CS \\\\ Pff 
14564 1- -I 1:1457 HLDA1 ~ X 

I02XCS \\\ IIJI 1466_[ f-- ~ 1-1467 

1458_1 ~ ~ ~1459 MASTER ~ X 
287CS \\ @ 1468-1 r- -I 1 __ 1469 

1460-1 ~ --l>[ r- 1461 ACK \S~ m 
XDIR \~ 0 

REF \ / 
1470H H14.71 

SA<11:0> ( }---

97 82A304 





.................... CnIFS _______________ _ 

82A305/82B305/82C305 
Data Buffer 

• Nibble Slice of Memory and AT Data Bus 
Interface 

• Data Size Conversion 

II Advanced Schottky technology 

Functional Description 
The 82A305 interfaces between the Local, 
Memory and System (AT 10 channel) data 
busses and provides data alignment and size 
conversion for AT 10 channel operations. It is 
designed as a nibble slice to reduce pin count 
and simplify system design. Two parts are 
used to interface all data buses. 

Bus Controls 

The 82A305 controls the bus buffers according 
to the~als HLDA1, ATEN, CS, LDEN, 
SDIR, MRD, and AC<3:0>' The first group of 
signals HLDA1, ATEN, CS, and LDEN 
determines which buses are connected, and 
the second group of signals SDIR, MRD, and 
AC<3:0> determines the direction of the 
buffers drivers. Table 5-1 shows the bus con
nections for different bus cycles. 

All drivers are active for the active buses, and 
external bus controls are required if selective 
data bits need to be controlled. For the DRAM 
interface, the LBE<3:0> must be used to 
ensure that only the valid data bytes are 
written into the DRAM's during a write cycle. 

-- ~ --

Data Conversion 

The 82A305 provides the data bus connections 
so that data conversions are done correctly 
for CPU accesses to the AT bus. The action 
codes AC<3:0> are used to control how bus 
bits are connected between the 10 channel 
SO bus and the CPU local bus 0 or the 
system memory MD bus. The action codes 
are provided by the 82C301 bus controller for 
CPU to AT bus access cycles and is qualified 
by the ACEN. The meaning of the action 
codes are: 

AC<3:0> FROM 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
o 
E 
F 

AB 
B 
CD 
o 
ABeD 
E 
E 
E 
E 
EF 
EF 

EFGH 

TO 

EF 
EF 
EF 
EF 
EFGH 
A 
B 
C 
o 
AB 
CD 

ABCD 

Table 5-2. Action Code Definition 

D Bus S Bus M Bus 
HLDA ATEN SDIR MDEN MRD LDEN Cycle Type Source Qutpul Source Qutput Source Qutput 

0 1 X 0 0 X CPU, non-AT Read M Bus Enable - Disable - Disable 

0 1 X 0 1 X CPU non-AT Write - Disable - Disable o Bus Enable 

0 0 0 X X X CPU AT Read S Bus Enable - Disable - Disable 

0 0 1 X X X CPU AT Write - Disable o Bus Enable - Disable 

1 1 1 X 0 X MASTER/DMA MemRd - Disable M Bus Enable - Disable 

1 1 1 X 1 0 MASTER/DMA locRd - Disable o Bus Enable - Disable 

1 1 0 X 1 X MASTER/DMA locWR S Bus Enable - Disable S Bus Enable 

Table 5-1. Bus Control Definitions 
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~ 

0 
0 .. 

V55 60 
10 V55 

5015 59 
11 031 

12 ACO 
NC 58 

13 ACl 
5014 57 

5013 56 
14 AC2 

15 AC3 
5012 55 

16 ACEN 
5007 54 

5006 53 
17 50lR 

18 VCC 
VCC 52 

82A305 
19 LOEN DATA BUFFER 

5005 51 

20 MOEN 
5004 50 

21 MRO 
PP3 49 

22 OLE 
PP2 48 

23 HLOAl 
PPl 47 

24 NC PPO 46 

25 ATEN 
M031 45 

26 V55 V55 44 

:;: :;: :;: :;: :;: :;: :;: :;: :;: :;: :;: :;: :;: :;: :;: 
0 0 0 0 ~ ~ ~ ~ < 0 0 0 0 0 Z 0 0 
0 0 0 0 rn '" ~ '" '" '" '" OJ .. '" '" .." '" OJ .. '" rn 0 '" OJ co (") <0 0 
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CPU Read from a-Bit Devices 

AC<3:0> = 5,6,7,8 

CPU Read from 16-Bit Devices 

~ 
~ 

Write to a-Bit Device 

AC<3:0> 9,A 

101 

CPU Read from 32-Bit Device 

Write to 32-Bit Device 

AC<3:0> = 4H 

Write to 16-Bit Device 

AC<3:0> = C 

ENABLE A,B,C,D 
ENABLE E,F,G,H 

ENABLE SWAP 
ENABLE B,E,F 
AC<3:0> = 1 
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0<04:07> 
0<12:15> 
0<20:23> 
0<28:31> 

C 

82A305 

HLOA1_ 

ATEN_ 

SOIR_ 

MOEN_ 

LOEN_ 

MRD-+ 

[> 

<J k= 

ACEN_ 

AC<3:0> =:> 

~ 

BUS k:-DIRECTION LATCH 
CONTROL 

L- <J '--

~ p 
-" 

MUX I-- IV'" 
[> 

MUX T 
k= LATCH 

I---- PPOO 

I f---. PP01 PARTIAL 

,/ PARITY 
GENERATOR I---- PP02 

MUX'S 

I I CONTROL MUX f---. PP03 

D 
I \l 6 I o SO<04:07> 

SO<12:15> 

Figure 5-1. 82A305 Functional Block Diagram 
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MO<04:07> 
MO<12~5> 
MD<20:23> 
M0<28:31> 
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L0<24:27> 
(L0<28:31» 

5WPOE 
5WPOIR 

OELB1 
G2 

LO<19:16> 
(LO<23:20» 

XOIR 

ACK 

OELBO 
G1 

LO<11:8> 
(LO<15:12» 

OE1 

OELBO 
GO 

LO<3:0> 
(LO<7:4» 

OED 

F373 

Q 0 

F244 

A Y 

F373 

Q 0 

F244 

A Y 

F373 

Q 0 

F244 

F373 

Q 0 

F244 

A Y 

50<8:11> 
(50<12:15» 

50<0:3> 
(50<4:7» 

50<8:11> 
(50<12:15» 

50<0:3> 
(50<4:7» 

ACO 
AC1 
AC2 
AC3 

ACEN 
50lR 
ATEN 

HLOA1 

F245 

A BI----< 

2X16L8 -

-

82A305 TTL Equivalent Data Buffer Architecture 
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50<8:11> 
(50<12:15» 

X 0<0:3> 
(X 0<4:7» 

50<3:0> 
(50<7:4» 

OELB1 
OELBO 
GO 
G1 
G2 
G3 
OED 
OE1 
OE2 
OE3 
5WPOIR 
5WPOE 
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OLE 

MOEN 

MRO 

PGEN 
MP1 

(MP3) 
MPO 

(MP2) 

82A305 

LO<1S:B> 
(LO<31:24» 

PGEN = 1 GENERATE PARITY 

LO<7:0> 
(LO<23:16» 

82A305 TTL Equivalent Data Buffer Architecture 
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LPAR 

MO<O:7> 
(MO<16:23» 

MO<8:1S> 
(MO<24:31» 



(HIPS 
82A305 Pin Description 

Pin 
Pin No. Symbol Type Description 

Control 

15-12 AC<3:0> ACTION CODES input from the 82C301 are used for 
data bus sizing and byte assembly operations. 

16 ACEN Active low. Action Code Enable when active validates 
the action codes. 

17 SDIR System bus DIRection. A low enables data transfers 
from the System to Local bus and in the other direction 
when high. 

25 ATEN Active low. AT Bus Enable. 

23 HLDA1 Active high. HoLD Acknowledge. 

20 MDEN Active low. MEMORY DATA BUFFER ENABLE. When 
low enables the memory data buffers for transfer bet-
ween the processor and memory subsystem. When 
high disables these bus buffers. Should be connected 
to MDEN on the 82C302. 

19 LDEN Active low. $elects LD as a source for the SD bus 
during MASTER or DMA reads. When HI selects MD. 
Asserting MRD overrides LDEN and gates MD to the 
SD bus. A pullup is provided. 

21 MRD Active low. Memory Bus DIRection. When low enables 
data movement for a processor read from the memory 
to local bus. MRD when Hi enables drivers from local 
to memory bus. 

22 DLE DATA LATCH ENABLE is an active low signal used to 
latch the data in the 82A305 data buffers. This is 
normally connected to the CAS output (pin 71) of the 
82C302. 

11, 9 D<31:30> 1/0 
8,6 D<29:28> 1/0 
5-2 D<23:20> 1/0 Local Data Bus 
68-65 D<15:12> 1/0 
64-61 D<07:04> 1/0 

45,43 MD<31:30> 1/0 
42,40 MD<29:28> 1/0 
39-36 MD<23:20> 1/0 Memory Data Bus 
34-31 MD<15:12> 1/0 
30-27 MD<07:04> 1/0 

49-46 PP<03:00> 0 Memory Partial Parity 
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82A305 Pin Description (Continued) 

Pin 
Pin No. Symbol Type Description 

59,57 SO<15:14> 1/0 
56,55 SO<13:12> 1/0 

10 Channel Oata Bus 54-53 SO<07:06> 1/0 
51-50 SO<05:04> 1/0 

7,24 NC 
Reserved. 41,58 NC 

Power Supplies 

18,52 VCC Power 

1,10 VSS 
26,35 VSS Ground 
44,60 VSS 
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CHiFS 
82A305 Absolute Maximum iRatings 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 7.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82A305 Operating Conditions 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82A305 DC Characteristics 

Parameter Symbol Min. Max. Units 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage 
VOL 0.5 V 

IOL=10mA 

Output High Voltage VOH 2.4 V 
10H= .3.3mA 

Input Low Current 
IlL -200 /JA VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 /JA VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 /JA VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 

II = -18mA, Vec = 4.75V 

Power Supply Current A305 140 230 mA B305 100 

Output HI-Z Leak Current 
IOZ1 -100 100 /JA 3-State Output Pins 

Output HI-Z Leak Current 
IOZ2 -300 120 /JA Bidirectional Pins 
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82C30S Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee -0.5 6.0 V 

Input Voltage V, -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C30S Operating Conditions 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature o 70 C 

82C30S DC Characteristics 

Parameter Symbol Min. Max. Units 
Input Low Voltage V,L 0.8 V 

Input High Voltage V,H 2.0 V 

Output Low Voltage VOL1 Vss 0.4 V IOL=3.2mA 

Output Low Voltage VOL2 Vss 0.4 V IOL=12mA 

Output High Voltage VOH1 4.2 V IOH=-0.2mA (Note 2) 

Output High Voltage VOH2 4.2 V 10H=-0.4mA 

Input Low Current 
I'L -200 JiA V, = 0.5V, Vee = 5.25V 

Input High Current 
I'H 20 JiA V, = 2.4V, Vee = 5.25V 

Input High Current 
I, 200 JiA V, = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA Vo=OV 

Input Clamp Voltage 
Vie -1.5 V I, = -18mA, Vee = 4.75V 

Power Supply Current lee 60 mA 

Output HI-Z Leak Current 
loz1 -100 100 JiA 3-State Output Pins 

Output HI-Z Leak Current 
loz2 -300 120 JiA Bidirectional Pins 

NOTES 
1. All bus outputs and PP<3:0> have 10L = 3.2mA. 
2. All outputs and bidirectional pins. 
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82A305 AC Characteristics 
(TA = DOC to 70°C, Vee = 5V ± 5%) 

82A305-16 
82C305-16 828305-20 

Sym Description Min Typ Max Min Typ Max Unit Notes 

t501 MO data valid from LO data valid 4 15 4 13 ns CL=35pF 

t502 
SO data valid delay from LO 

4 27 4 23 ns data valid 

t503 
PP data valid delay from LO 

5 29 5 25 ns data valid 

t504 
LD data valid delay from MO 

4 17 15 4 13 13 ns CL=35pF data valid 

t505 
SO data valid delay from MO 

4 28 4 25 ns data valid 

t506 
PP data valid delay from MO 

5 30 5 25 ns data· valid 

t507 MO data set-up time to OLE 4 1 ns 

t508 MO data hold time from OLE 5 5 ns 

t509 
LO data valid delay from SO 

8 38 8 36 ns data valid 

t510 
MO data valid delay from SO 

4 27 4 25 ns data valid 

t511 
PP data valid delay from SO 

5 33 5 30 ns data valid 

t512 SO data set-up time to ACEN 10 10 ns 

t513 SO data hold time from ACEN 0 5 0 5 ns 

t514 MO data valid delay from MOEN 7 29 7 25 ns 

t515 MO tri-state delay from MOEN 7 15 7 15 ns 

t516 LO data valid delay from MOEN 7 30 7 30 ns 

t517 LO tri-state delay from MOEN 5 23 5 23 ns 

Test Load = 65pF unless otherwise specified. 
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82A305 TIMING DIAGRAMS 
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1_1516 ..... ~ "\ 1517 
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OLE V 
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82A306/82C306 Control Buffer 

• 14.318MHz oscillator and divide by 12 
counter 

• Byte enable latch 

• Parity Checking 

• Direct interface to AT Bus 

• Advanced Schottky TTL technology 

Functional Description 

14MHz Oscillator and Divider 

The color reference oscillator is provided 
eliminating the 8224 normally used in AT 
compatible systems. A divide by 12 counter is 
also included to generate the OSC/12 
(1.19MHz) signal used on the system board. 

AF32 Generation 

The AF32 is used in the CS 8230 system to 
indicate that the current bus cycle is a CPU 
local bus cycle. 

8yte Enable Latch 

The register that holds the byte enables valid 
during a memory cycle is located on the 
82A306. A LBOP input is provided to indicate 
the edge that is used to latch the BE<3:0>. If 
LBOP = 0, then MALEI is used to latch the 
BE<3:0>. If LBOP = 1, then SCLKI is used to 
latch the BE<3:0>. An additional input FBE 
is provided to force all byte enables active 
during certain memory operations. A pullup 
resistor is provided on the FBE input for 
implementations not requiring this feature. 

111 

Parity Checking and Generation 

The 82A306 provides the necessary exclusive 
OR'ing to generate full (byte) write and read 
parity from the partial parity bits PPH<3:0> 
and PPL<3:0> generated on the two (nibble 
wide) data buffers 82A305. 

For a memory read access, read parity 
PPH<3:0> and PPL<3:0> are checked against 
the parity bits MP<3:0> read from memory. 
These parity bits are latched by CAS and 
PCHK so that they are kept valid during parity 
checking. The results of the byte-wise com
parison are further gated by byte enables to 
ignore errors for bytes which are not valid. 
The OR'ed byte-wise ~y error is then 
latched as the output LPAR if PEN input is 
asserted. 

During a memory write access, write parity 
for each byte is generated from PPH<3:0> 
and PPL<3:0> and can be gated onto the 
memory parity bus MP<3:0> if enabled by 
WPE controlling the tri-state drivers. If an 
external parity generation circuit is used, an 
internal pullup resistor is provided for WPE to 
disable the write parity output buffers if left 
unconnected. 

Bus Drivers 

24mA drivers are provided for some of the 
control signals on the 10 channel. These in
clude SYSCLK, OSC, OSC/12, RDRV, SBHE, 
BALE, TOR, lOW, MEMR, MEMW, SMEMR, 
and SMEMW. 
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:II 
C 

10 
~ 60 

MIlO til BALE 

11 AF32 
SYSCLK 59 

12 BE3 
OUT1 58 

13 BE2 OSC/12 57 

14 BE1 OSC 56 

15 BEO CX2 55 

16 HLDA1 CX1 54 

17 MALE 
VSS 53 

18 VCC 82A306 VCC 52 

19 VSS CONTROL BUFFER SMEMR 51 

20 PCHK SMEMW 50 

21 CAS MEMR 49 

22 SCLK MEMW 48 

23 WPE lOR 47 

24 FBE lOW 46 

25 LPAR SBHE 45 

26 PEN XMEMR 44 

"0 "0 "0 "0 "0 "0 II "0 "0 "0 "0 "0 "0 
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'" 
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MilO 

D/C 
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CX1~ 

CX2 
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AF32 AF32 
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L-__ ..... iOR L-_____ iOW 

L-____ ~ SiHE 
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A Y 
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COUNTER 
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<l 
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Figure 6-1. 82A306 Functional Block Diagram 
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CHIPS 
82A306 Pin Description 

Pin 
Pin No. Symbol Type Description 

64 ATSCLK I AT 10 channel SYSCLK input. 

59 SYSCLK 0 Buffered 24mA SYSCLK to AT 10 channel. Nominally 
one half of the bus state machine clock frequency. 

Control 

54 CX1 14.318MHz oscillator input from crystal. 

55 CX2 0 14.318MHz oscillator output to crystal. 

56 OSC 0 System 14.318MHz output. This output has 24mA drive 
capability. 

57 OSC/12 0 14.318MHz/12 = 1.19MHz output. This output has 24mA 
drive capability. 

17 MALE Active low. Address Latch Enable for on board access. 

12-15 BE<3:0> I Active low. BYTE ENABLES. 

4-7 LBE<3:0> 0 Active low. LATCHED BYTE ENABLE on the trailing 
edge of MALE. 

24 FBE Active low. FORCE BYTE ENABLE Forces all byte 
enables LBE active independent of MALE and the 
BE<3:0> inputs. 

67 REF Active low. REFRESH. 

8 A<31> Local Add ress Bus bit 31. 

10 MilO 80386 Status used to generate AF32 for the 80387 and 
other 32 bit 10 devices. 

9 D/C 80386 Status used to generate AF32 for the 80387 and 
other 32 bit 10 devices. 

68 LMEGCS LOW MEG CHIP SELECT is an unlatched active low 
output asserted when, the low Meg memory address 
space (0 to 1024Kbytes) is accessed or during refresh 
cycles. 

11 AF32 T Active low. Tri-state output AF32 when active indicates 
a 32 bit local bus memory or an 1/0 access E,Ycle Q!1 
the system board. It is generated from MilO, O/C, 
<31>, and HLDA1. 
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82A306 Pin Description (Continued) 

Pin No. Symbol 

66 MASTER 

3 RESET 

62 RESETB 

61 RDRV 

2 ALE 

40 XBHE 

44 XMEMR 

43 XMEMW 

42 XIOR 

41 XIOW 

60 BALE 

45 SBHE 

51 SMEMR 

50 SMEMW 

49 MEMR 

48 MEMW 

47 lOR 

46 lOW 

16 HLDA1 

22 SCLK 

27-30 PPH<3:0> 

31-34 PPL<3:0> 

36-39 MP<3:0> 

21 CAS 

20 PCHK 

26 PEN 

Pin 
Type Description 

Active low. Bus MASTER input from the AT 10 channel. 

Active high. RESET input. Should be connected to 
RESET4 of 82C301. 

o Active high. Buffered RESET to X bus. 

o Active high. RESET to AT bus. 24mA drive capability. 

Active high. ALE for AT bus. 

1/0 Active low. X Bus BHE. 

1/0 Active low. X Bus Memory Read. 

1/0 Active low. X Bus Memory Write. 

1/0 Active low. X Bus 10 Read. 

1/0 Active low. X Bus 10 Write. 

o Active high. Buffered ALE to AT bus. 24mA drive 
capability. 

1/0 Active low. System bus BHE. 24mA drive capability. 

o Active low. System bus MEMory Read. 24mA drive 
capability. 

o Active low. System bus MEMory Write. 24mA drive 
capability. 

1/0 Active low. Memory Read. 24mA drive capability. 

I/O Active low. Memory Write. 24mA drive capability. 

1/0 Active low. 10 Read. 24mA drive capability. 

1/0 Active low. 10 Write. 24mA drive capability. 

I Active high. HOLD ACKNOWLEDGE from 82C301. 

CLK2/2 clock input. Should be connected to SCLK 
output of 82C302 or 82C307. 

PARTIAL PARITY HIGH computed by 82A305 for the 
high nibble data bits. 

PARTIAL PARITY 10wW computed by 82A305 for the 
low nibble data bits. 

1/0 Data Parity bits for the DRAMs. 

Active low. Read Parity latch enable. 

Active low. PARITY CHECK STROBE for generating 
LPAR from the partial parity and data parity bits. 

Active low. Overall PARITY CHECK ENABLE. 
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82A306 Pin Description (Continued) 

Pin No. Symbol 

23 WPE 

25 LPAR 

65 TEST 

63 LBOP 

58 NC 

Power Supply 

18,52 VCC 

1,19 VSS 
35,53 VSS 

82A306 

Pin 
Type 

0 

Description 

Active low. WRITE PARITY ENABLE. Enables the 
sourcing of write parity onto the MP bus. A pullup is 
provided. 

Active low. LATCHED PARITY ERROR signal. 

Active low. Enables testing of the OSCI12 counter. A 
pullup is provided. 

Latch Byte enable option. A pull up is provided. 

Power 

Ground 
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CHiPS 
82A306 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 7.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratingsareexceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82A306 Operating Conditions 

Parameter Symbol Min. Max. Units 

Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82A306 DC Characteristics 

Parameter Symbol Min. Max. Units 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage 
VOL1 0.5 V 

10L =1 OmA (Note 1) 

Output Low Voltage 
VOL2 0.5 V 

10L =24mA (Note 2) 

Output High Voltage 
VOH 2.4 V 

IOH-3.3mA (Note 3) 

Input Low Current 
IlL -200 JlA VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 JlA 

VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 JlA 

VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 

11 = -18mA, Vee = 4.75V 

Power Supply Current lee 140 230 mA 

Output HI-Z Leak Current 
loz1 -100 100 JlA 3-State Output Pins 

Output HI-Z Leak Current 
loZ2 -300 120 JlA Bidirectional Pins 

NOTES 
1. MP<3:0~IQ'!Y,.XIOR, XBHE, XMEMW, XMEMR, RESTEB, LBE<3:0> all have IOL = 10mA. 
2. SBHE, lOW, lOR, MEMW, MEMR, SMEMW, SMEMR, OSC, OSC/12, OUT1, SYSCLK, BALE, RDRV all 

have 10L = 24mA. 
3. All outputs and bidirectional pins. 
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82C306 Absolute Maximum Ratings 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee -0.5 6.0 V 

Input Voltage VI -0.5 5.5 V 

Output Voltage Vo -0.5 5.5 V 

Operating Temperature Top -25 85 C 

Storage Temperature Tstg -40 125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C306 Operating Conditions 

Parameter Symbol Min. Max. Units 
Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 

82C306 DC Characteristics 

Parameter Symbol Min. Max. Units 
Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage VOL1 Vss 0.4 V 
10L =3.2mA (Note 1) 

Output Low Voltage VOL2 Vss 0.4 V 
10L =12mA (Note 2) 

Output High Voltage VOH1 4.2 V 
IOH=-0.2mA (Note 3) 

Output High Voltage VOH2 4.2 V 
10H=-0.4mA 

Input Low Current 
IlL -200 pA 

VI = 0.5V, Vee = 5.25V 

Input High Current 
IIH 20 pA 

VI = 2.4V, Vee = 5.25V 

Input High Current 
II 200 pA 

VI = 5.5V, Vee = 5.25V 

Output Short Circuit Current 
los -15 -100 mA 

Vo=OV 

Input Clamp Voltage 
Vie -1.5 V 

II = -18mA, Vee = 4.75V 

Power Supply Current lee 60 mA 

Output HI-Z Leak Current 
loz1 -100 100 pA 3-State Output Pins 

Output HI-Z Leak Current 
loz2 -300 120 pA Bidirectional Pins 

NOTES 
1. MP<3:Q61<IOW, XIOR, XBHE, XMEMW, XMEMR, RESETB, LBE<3:0> all have 10L = 3.2mA. 
2. SBHE, lOW, lOR, MEMW, MEMR, SMEMW, SMEMR, OSC, OSC/12, OUT1, SYSCLK, BALE, RDRV all have 

10L = 24mA. 
3. All outputs and bidirectional pins. 
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82A306 AC Characteristics 
(TA = O°C to 70°C. Vee = 5V ± 5%) 

Sym Description 

t601 asc delay from CX1! 

t602 asc delay from CX11 

t603 aSC/12 delay from CX1! 

t604 aSC/12 delay from CX11 

t605 BE<3:0> set-up time to MALE! 

t606 BE<3:0> hold time to MALEt 

t607 LBE<3:0> valid delay from MALE! or SCLKI 

t608 LBE<3:0> valid delay from BE<3:0> valid 

t609 LBE<3:0> La delay from FBEI 

t610 LBE<3:0> de-asserted from FBEt 

t611 PPH<3:0>. PPL<3:0> set-up time to PCHKt 

t612 PPH<3:0>. PPL<3:0> hold time to PCHKt 

t613 
MP<3:0> valid delay from corresponding 
PPH<3:0> and PPL<3:0> 

t614 MP<3:0> set-up time from CASt 

t615 MP<3:0> hold time from CASt 

t616 LPAR delay from SCLKt 

t617 LPAE delay from SCLKt 

t618 LPAR delay from PENt 

t619 LPAR delay from PENI 

t620 
MEMW (or MEMR) delay from 
XMEMW (or XMEMR)I 

t621 
MEMW (or MEMR) delay from 
XMEMW (or XMEMR) 

t622 
XMEMW (or XMEMR) delay from 
MEMW (or MEMR)I 

t623 
XMEMW (or XMEMR) delay from 
MEMW (or MEMR) 

t624 
SMEMW (or SMEMR) delay from 
XMEMW (or XMEMR)I 

t625 
SMEMW (or SMEMR) La to HI-Z 
transition delay from LMEGCSI 

t626 
SMEMW (or SMEMR) La to HI-Z transition 
delay from low to high transition of LMEGCS 

Test Load = 65pF unless otherwise specified. 
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82C306 
82A306 

Min Typ Max Unit Notes 

4 22 ns 

5 26 ns 

9 35 ns 

9 37 ns 

5 ns 

5 ns 

7 22 ns 

3 25 ns 

5 25 ns 

3 19 ns 

5 ns 

5 ns 

2 21 ns 

5 ns 

5 ns 

4 23 ns 

6 24 ns 

1 13 ns 

3 19 ns 

3 19 ns 

1 14 ns 

4 21 ns 

1 14 ns 

5 23 ns 

4 23 ns 

6 28 ns 
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82A306 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

Sym Description 

t627 
SMEMW (or SMEMR) LO to HI-Z transition 
delay from REFI 

t628 
SMEMW (or SMEMR) HI-Z to LO transition 
delay from REF! 

t629 
SMEMW (or SMEMR) delay from 
XMEMW (or XMEMR)! 

t630 
SMEMW (or SMEMR) HI to HI-Z transition 
delay from LMEGCSI 

t631 
SMEMW (or SMEMR) HI-Z to HI transition 
delay from LMEGCS! 

t632 
SMEMW (or SMEMR) HI to HI-Z transition 
delay from REFI 

t633 
SMEMW (or SMEMR) HI-Z to HI transition 
delay from REF! 

t634 
SMEMW (or SMEMR) delay from 
MEMW (or MEMR)I 

t635 
SMEMW (or SMEMR) delay from 
MEMW (or MEMR)! 

t636 lOW (or lOR) delay from XIOW (or XIOR)I 

t637 lOW (or lOR) delay from XIOW (or XIOR)! 

t638 XIOW (or XIOR) delay from lOW (or IOR)1 

t639 XIOW (or XIOR) delay from lOW (or lOR)! 

t640 SBHE delay from XBHEI 

t641 SBHE delay from XBHE! 

t642 XBHE delay from SBHEI 

t643 XBHE delay from SBHE! 

t644 RESETB delay from RESETI 

t645 RESETB delay from RESET! 

t646 RDRV delay from RESETI 

t647 RDRV delay from RESET! 

t648 
BALE delay from ALE! SYSCLK delay from 
ATSCLKI OUT1 delay from IN11 

Test Load = 65pF unless otherwise specified. 
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82A306 

Min Typ Max Unit Notes 

6 28 ns 

8 32 ns 

3 19 ns 

4 23 ns 

6 28 ns 

6 28 ns 

8 32 ns 

5 23 ns 

3 19 ns 

3 18 ns 

1 14 ns 

4 21 ns 

1 14 ns 

3 18 ns 

1 14 ns 

4 21 ns 

1 14 ns 

3 20 ns 

1 14 ns 

3 18 ns 

1 14 ns 

2 17 ns 



Cn.P5 _______________ _ 

82A306 AC Characteristics (Continued) 
(TA = DOC to 7DoC, Vee = 5V ± 5%) 

Sym Description 

t649 
BALE delay from ALE! SYSCLK delay from 
ATSCLK! OUT1 delay from IN1! 

t65D MilO, D/C, A31 set-up time to MALE! 

t651 MilO, D/C, A31 hold time to MALE! 

t652 AF32 HI-Z to LO transition delay from MALE! 

t653 AF32 LO to HI-Z transition delay from MALE I 

t654 AF32 LO to HI-Z transition delay from RESET 

t655 AF32 HI-Z transition delay from HLDA 1 

Test Load = 65pF unless otherwise specified. 
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Min Typ Max Unit Notes 

1 13 ns 

5 ns 

5 ns 

7 32 ns 

6 29 ns 

6 28 ns 

6 29 ns 
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82C307 Cache/DRAM Controller 
Overview 
The Functional Overview outlines the Cache 
architecture and provides an insight into 
the operation of the 82C307/80386 interface. 
The 82C307 performs as an integrated 
cache/memory controller in a 80386 based 
system. By maintaining the most frequently 
accessed code and data in high speed 
memory, it allows the 80386 processor to 
operate at its maximum rated frequency with 
near zero waitstates. 

The 82C307 Cache Controller is designed to 
be a cost effective solution for achieving the 
full performance of the 80386 based system. 
This is accomplished by maintaining the most 
frequently 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 
80386 without waitstates. If the data is not 
present in the cache memory (miss), then it is 
retrieved from the slower main memory with 
waitstates. 

Since the cache controller and the main 
memory controller are both integrated into a 
single device, cache memory access is per
formed in parallel with the main memory 
access. In case of a hit, main memory access 
cycle will be terminated and the data is pro
vided by the cache memory. In case of a miss, 
the main memory cycle will be completed. 
Performing cache access and main memory 
access in parallel will reduce the miss penalty. 

During write operation, the data is held in a 
temporary buffer and the CPU is released so 
that it can start a new cycle before the write 
cycle to main memory is completed. However, 
if another write cycle or a read miss cycle is 
performed, then 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 will result in a 
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high hit rate. Majority of the accesses are to 
cache and are completed without waitstates. 
Very few accesses are to the main memory. 
Consequently, the average access time will 
approach that of the fast cache memory. 

The 82C307 integrates the cache directory 
and the control logic required to support an 
external 16/32 KByte Cache and up to 4 
blocks of 4 banks of DRAMs. The cache 
directory supports two way set-associative 
cache organization and maps 64 Mbytes of 
memory space. The minimum amount of local 
memory is 1 Mbyte if 256K memory devices 
are used (If 1 MBit DRAMs are employed, the 
minimum amount of local memory is 4 
MBytes). A memory enable map is provided 
for memory residing within the 1 MByte 
memory address space. This mechanism can 
be used to prevent contention between the 1 
MByte local memory and memory residing at 
pre-defined addresses on the AT expansion 
bus. For system memory above 1 MByte, it 
can be installed in increments of 1 MByte. 

All DRAM access and refresh control signals 
are presented by the 82C307 with program
mable configuration for 256Kxl, 256Kx4, 1 
MBxl, 1 MBx4 devices. Different blocks can 
have different type/speed of memory devices. 
Parity generation and checking is imple
mented in conjunction with the 82A305 data 
buffers. Optional EDC support is included to 
work with generically available 32-Bit EDC 
circuits like the 74ALS632. 

The on-chip tag RAM directory can be 
accessed through the 8-bit peripheral data 
bus. The entire tag directory RAM can be 
written or read from through I/O instructions 
for initialization or diagnostic purposes. 

Cache Concepts 
Cache memory optimizes processor perform
ance and enhances bus-bandwidth within 
cost, size and power limitations. A Cache 
reduces the average access time if it is 
organized such that it holds the most often 
requested code and data. The effectiveness of 
the Cache is determined by the size, the 
physical organization, cache replacement 
algorithm and the behavior of the program. 
When a cache satisfies the processor access 
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requirements, the overhead resulting from 
accessing the slower main memory is elim
inated. The cache can operate at the speed of 
static memories while maintaining the eco
nomic advantages of a slower main memory 
storage. 

Program Locality 
Almost all programs exhibit some "locality of 
references". Programs usually access memory 
in the neighborhood of locations already 
accessed recently. Program locality makes 
cache systems possible. There are two 
aspects of locality: 

• temporal 

• spatial 

According to temporal locality, information 
that will be used in the future will already be 
in use. This type of program behavior is 
exhibited by program loops, in which the 
code and data are reused. 

According to spatial locality, programs gen
erally consist of fairly small numbers of 
individually contiguous segments of memory. 
A cache memory buffers these contiguous 
segments, thereby increasing the probability 
that the requested code and data can be 
found in the cache. 

Cache Size 
The cache size is one of the most important 
parameter in terms of both cost and per
formance trade-ofts. Cache miss rate reduces 
asymptotically with the size of the cache. 
The increase in performance with an ever 
increasing cache size reaches a saturation 

LINE ADDRESS 

point. Increasing the cache size beyond this 
point only increases the cost of the memory 
sUb-system with minimal improvement in 
performance. 

Cache Organization 
The basic characteristic of a cache is the fast 
access time. Therefore very little or no time 
must be wasted when searching for words in 
the cache. For maximum efficiency, the cache 
is sub-divided into many smaller blocks of 
storage called lines that range in size from a 
single machine word (4 bytes in a 80386) to 
multiple words (32 to 64 bytes) . 

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

If the size of the lines are as small as possible, 
then the cache directory becomes large since 
there is a cache directory entry for each line 
in the cache. Doubling the size of a cache line 
while holding the cache size fixed reduces 
the size of the directory by factor of two 
because two items (sub-lines) in the same line 
share the same directory entry. 

Figure 2.1 shows a typical implementation of 
a line of cache memory. This line is 8-sub-line 
wide where each sub-line is a double word 
(single addressable item of 80386). Address 
lines A2 thru A4 will determine the desired 
sUb-line within the line. 

SUB-LINE 0 

SUB-LINE 1 

SUB-LINE 2 

BYTE 3 I BYTE 2 I BYTE 1 I BYTE 0 

SUB-LINE 4 

SUB-LINE 5 

SUB-LINE 6 

SUB-LINE 7 

Figure 2_1_ 
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By fragmenting the cache into smaller sec
tions of memory that can be separately 
loaded, the chance of a different section of 
memory being requested is lowered and the 
time required to replace a wrong segment of 
memory is minimized. 

The transformation of data from main memory 
to cache is referred to as the mapping 
process. Three mapping schemes are nor
mally used: 

• fully associative 

• set associative 

• direct mapped 

Fully Associative 

Programs constitute of various subroutines, 
stack areas and data variables located at 
different address locations. An efficient cache 
should be capable of holding several non
contiguous blocks of memory. A fully asso
ciative cache includes a tag comparator with 
each entry. A 16 block cache could hold 16 
most often accessed blocks. As there is no 
relationship between the various blocks, it is 
necessary to maintain the entire address of 
the block. When the processor presents the 
address for the next instruction, the cache has 
to compare the addresses with the 16 
addresses maintained in the cache. This 
would require 16 comparisons, to determine if 
a match is found. 

Few caches use this organization due to the 
complex circuitry required and also the 
decrease in the miss rate achieved is very 
small. Additionally, the number of compari
sons required to determine if it is a hit or miss 
is unacceptably slow and expensive. 

Direct Mapped Cache 

In a direct mapped cache every block has 
only one possible location in cache. The lower 
order addresses presented by the processor is 
used as an index to select one of the entries in 
the tag directory. The most significant proc
essor address bits are compared with the 
contents of the tag directory to determine if it 
is a hit or a miss access. Unlike the fully 
associative cache organization, only one 
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address comparison is required to determine 
if the requested data is in the cache. 

Direct mapping while being the simplest to 
realize has certain drawbacks. No two 
addresses with the same index can reside in 
the cache memory at the same time. If the 
code jumps back and forth between two 
address locations that have the same index, 
the cache controller must access the main 
memory frequently, as only one of the 
addressed location can exist in the cache. 

Set Associative Cache 

The set associative cache compromises 
between the direct mapped and the fully asso
ciative cache. In a set associative cache, the 
index selects several entries. In a two way set 
associative cache, two entries can have the 
same index or the same lower order address 
bits. 

The set associative cache is more complex 
than the direct mapped cache. In the two way 
set associative cache, there are two locations 
for each index field. Two comparisons are 
required to determine if the requested data is 
in the cache. Additionally, the tag field is 
wider and requires larger SRAMs to store the 
tag information. 

Now that two locations exist for each index 
field, the controller must decide which block 
to update. When a cache miss occurs and all 
the locations have been used up, the control
ler has to decide which location to over-write. 
The most common replacement algorithms 
used are: Random Replacement, First-in-first
out (FIFO), and the Least Recently Used 
(LRU). With the random replacement policy, 
the cache controller choses one tag data item 
for replacement at random. The FIFO proce
dure replaces the item that has been in the set 
the longest. The LRU algorithm selects for 
replacement the item that has been least 
recently used by the CPU. The LRU algorithm 
is the most efficient and can be implemented 
by adding a few extra bits in each word of the 
cache. 

82C307 
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Cache Illustration 
Consider a 32KB cache memory, with B 
Double-Word wide lines. 

Figure 2.2 shows the implementation of this 
cache in a fully associative manner. Each tag 
entry is 21 bits wide and each validity field is 
B bits. To construct this cache, 32KB of cache 
memory, 1 KX21 bits wide (21 K bits) for cache 
directory, 1 KXB bits wide (8K bits) for validity 
field, and 1024 21-bit comparators are re
quired. When the processor presents the 
address for the next instruction, address lines 
A5 thru A25 are compared with all 1024 
entries of the cache directory to determine a 
match. A2 thru A4 will select a SUb-line within 
the line. 

Figure 2.3 shows the implementation of the 
same cache in a direct mapped manner. Each 
tag entry is 11 bits wide and each validity field 
is 8 bits. To construct this cache, 32KB of 
cache memory, 1 KX11 bits wide (11 K bits) for 
cache directory, 1 KX8 bits wide (8K bits) for 
validity field, and one 11-bit comparator is 
required. When the processor presents the 
address for the next instruction, address lines 
A5 thru A 14 are used as an index to select 
one entry from the cache directory. The value 
contained in the tag directory is compared 
with A 15 thru A25. If there is a match, then 
the data is fetched from the cache memory. If 
a miss is detected, then the data is obtained 
from the main memory. 

DIRECTORY ORGANIZATION 

82C307 

1024 COMPARATORS 

TAGS 

CACHE DIRECTORY ADDRESS ASSIGNMENT 

CACHE SIZE = 32KB 
CACHE LINE = 32 BYTES (8 OW) 

~:~I~ s~~~s == ~ :\~~ (1 BIT PER OW) 

FULLY ASSOCIATIVE 
DIRECTORY SIZE = 1K x 29 BITS (29K BITS TOTAL) 
NUMBER OF COMPARATORS = 1024 21-BIT COMPARATORS 
MAX SIZE OF DRAM = 64 MEG 

A 
25 

28 

Figure 2.2. Fully Associative Cache Organization 
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CACHE DIRECTORY ADDRESS ASSIGNMENT 

CACHE SIZE" 32KB 
CACHE LINE" 32 BYTES (8 OW) 
VALID BITS" 8 BITS (1 BIT PER OW) 
TAGS SIZE" 11 BITS 
DIRECT MAPPED 
DIRECTORY SIZE" 1 x 19 BITS x 1K (19K BITS TOTAL) 
NUMBER OF COMPARATORS" 1 11-BIT COMPARATOR 
MAX SIZE OF DRAM" 64 MEG 

Figure 2.3. Direct Mapped Cache Organization 

Figure 2.4 shows the implementation of the 
same cache in a two-way set associative 
manner. Each tag entry is 12 bits wide and 
each validity field is 8 bits. To construct this 
cache, 32KB of cache memory, 2X512X12 bits 
wide (12K bits) for cache directory, 2X512X8 
bits wide (8K bits) for validity field, and two 
12-bits comparators are required. When the 
processor presents the address for the next 
instruction, address lines A5 thru A13 are 
used as an index to select one line form the 
cache directory which points to two entries. 
The values contained in the tag directory are 
compared with A 14 thru A25 to determine 
a match. 
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Figure 2.5 shows the hardware required to 
implement the cache in three different man
ners. Amount of hardware required to imple
ment the two-way set associative cache is 
very close to the direct mapped cache, 
however, there is a significant difference 
between the two-way set and fully associative 
cache. The additional hardware required to 
implement the fully associative cache does 
not compensate for the percentile gain in its 
hit rate. 
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82C307 

DIRECTORY ORGANIZATION 

14 

TAGS 

CACHE DIRECTORY ADDRESS ASSIGNMENT 

CACHE SIZE = 32KB 
CACHE LINE = 32 BYTES (8 OW) 
VALID BITS = 8 BITS (1 BIT PER OW) 
TAGS SIZE = 12 BITS 
TWO-WAY SET ASSOCIATIVE 
DIRECTORY SIZE = 2 x 20 BITS x 512 (20K BITS TOTAL) 
NUMBER OF COMPARATORS = 2 12-BIT COMPARATORS 
MAX SIZE OF DRAM = 64 MEG 

Figure 2.4. Two-Way Set Associative Cache Organization 

NUMBER OF TOTAL TAG DIRECTORY 
COMPARATORS MEMORY (IN BITS) 

FULLY ASSOCIATIVE 102421-BIT 29K 

TWO-WAY SET 212-BIT 20K 

DIRECT MAPPED 1 11-BIT 19K 

Figure 2.5. 
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82C307 Cache Organization 
The 82C307 supports 16K/32K two way set 
associative cache organizations. The 82C307, 
depending upon the size of the cache, uses a 
configuration of two sets of 256 lines or 512 
lines. This allows two addresses with the same 
index to be resident in the cache concur
rently. For a given cache size, the two way set 
associative organization will yield a signifi
cantly better cache hit rate as compared to 
direct mapped cache. The increase in hit rate 
for a four way set associative is not sub
stantial to justify the additional complexity. 

Two way set associative Cache architecture 

Each entry in the 82C307 tag directory corre
sponds to 32 bytes and is further sub-divided 
into eight sub-lines of four bytes each. This 
reduces the number of tag directory entries 
and correspondingly the tag directory size. 
For 16 K two way set associative organization, 
the number of tag directory entries are 256 

Bits Address Field 

A31:A26 Highest order address bits. 

while for 32K organization it is 512 entries. 

Figure 3.1. illustrates the relationship between 
the cache and the main memory. In a two way 
set associative organization, there are two 
banks of cache SRAMs and tag directory. For 
the 16K organization, each SRAM bank is 2K 
double words and the tag directory comprise 
of 256 entries. For the 32K organization, each 
SRAM bank is 4K double words, and the tag 
directory consist of 512 entries. Each entry in 
the tag di rectory represents 32 bytes of data. 

Physical Address Field Assignment 

The 80386 supports 32 address bits (30 
address bits and four byte enables). While the 
82C307 monitors all the 30 bits, it supports a 
maximum of 64 Mbytes of physical memory 
(AO thru A25). 

The physical address assignments for the 
16KB cache memory are as follows: 

These bits have to be zero, as the system memory has to be located 
below 64 Mbytes. 

A25:A13 

A12:A05 

A04:A02 

A01:AOO 

Address Tag 

These are the most significant 13 bits of address stored in the tag direc
tory. This address is compared against the tag selected by the line index 
to determine if the correct line is available in the cache. 

The size of the address tag field varies with the size of the cache 
data RAM. 

Line Index 

Selects the correct line within the cache directory. The line index varies 
with the size of the cache RAM. For 16 KB, there are 8 address bits 
corresponding to 256 entries in the directory RAM. 

Sub-line Index 

Selects the sub-line within a line. There are 8 sub-lines in a line and 
each subline can be individually validated/invalidated. 

Byte Address 

Selects the desired byte with in a double word. The byte address is 
decoded into four byte enables from the 80386. The 82C307 does not 
monitor these 4 bytes enable lines. 
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The physical address assignments for the 32KB cache memory are as follows: 

Bits 

A31:A26 

A25:A14 

A13:A05 

A04:A02 

A01:AOO 

Address Field 

Highest order address bits. 

These bits have to be zero, as the system memory has to be located 
below 64 Mbytes. 

Address Tag 

These are the most significant 12 bits of address stored in the tag direc
tory. This address is compared against the tag selected by the line index 
to determine if the correct line is available in the cache. 

The size of the address tag field varies with the size of the cache 
data RAM. 

Line Index 

Selects the correct line within the cache directory. The line index varies 
with the size of the cache RAM. For 32 KB, there are 9 address bits 
corresponding to 512 entries in the directory RAM. 

Sub-line Index 

Selects the sUb-line within a line. There are 8 sub-lines in a line and 
each subline can be individually validated/in-validated. 

Byte Address 

Selects the desired byte within a double word. The byte address is 
decoded into four byte enables from the 80386. The 82C307 does not 
monitor these 4 bytes enable lines. 

Figures 3.2 and 3.3 illustrates the cache directory assignment for 16KB and 32KB. 

T TAGS T 
2 31 

INDEX 

Figure 3.2. Cache Address Assignment for 16KB Data SRAM 

31 

TAGS T INDEX 

2 

Figure 3.3. Cache Address Assignment for 32KB Data SRAM 
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Directory Organization 
There are 43 bits per entry in the cache directory. The various fields within the entry are defined 
as follows: 

Cache Directory Organization 

Bits 

42:30 

29:22 

21:9 

8:1 

o 

Entry Field 

TagO 

Bits A25:A 13 of the address line selected by the line index in set O. 

VDO 

Valid bits for set 0, sUb-block 7:0 

Tag1 

Bits A25:A13 of the address line selected by the line index in set 1 

VD1 

Valid bits for set 1, sub-block 7:0 

LRU 

Indicates which set was most recently used 

The valid bits are used to determine if the data in SRAM's are valid 
(either have been copied from the DRAM or have been initialized). 

In the event of a read miss, the LRU bit determines which one of the 
two banks receive the data. The LRU points to the block that was least 
recently used, thereby ensuring that the least likely to be used data is 
being overwritten. 

Figure 3.4 and 3.5 illustrates the cache directory organization for 16KB and 32KB cache memory 
respectively. 

NOTE: Address bit A 13 in the tag field is not used for comparison purpose in the 32KB cache memory, it is 
part of the line index. 

A25 

o 

VO 0 TAG 1 

42 30 29 22 21 o 

Figure 3.4. Cache Directory Orgnization for 16KB Cache Memory 
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A25 

VD 0 TAG 1 VD 1 

42 30 29 22 21 9 8 o 

Figure 3.5. Cache Directory Organization for 32KB Cache Memory 

Cache Organization 

16KB Cache 

The cache data array is configured as two 
sets of 2048 double words each. It can be 
implemented using 8 generically available 2K 
by 8 fast SRAMs. The SRAMs selected must 
have fast output enable of chipselect access 
times. Separate byte write control is provided 
to allow partial byte writes into a double word. 

8 SUB·LINES PER LINE 
1 DOUBLE WORD PER SUB·LINE 

The two read select lines should be con
nected to all the four chips in a set. The two 
write enables provided must be gated with 
latched byte enables to enable partial writes. 

Figu~e 3.6 and 3.7 ill~st~ate the logical and 
physical cache organization for 16KB cache\ 
memory. 

Figure 3.6. Cache Logical Organization for 16KB Cache Memory 

I :l]2 
2K x 8 

A12 

DATA 3~YTE /4 

UUU 
23 16 15 8 7 0 1----' 
BYTE 2 BYTE 1 BYTE 0 BLOCK 0 

BLOCK 1 

Figure 3.7. Cache Physical Configuration for 16KB Cache Using 2K x 8 SRAMs 
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32KB Cache 

The cache data array for this size cache is 
configured as two sets of 4096 double words. 
A simple design could use 16 off the shelf 4K 
by 4 fast SRAMs, with 8 chips for each set. 
Certain versions of SRAMs do not have a 
separate output enables control input. The 
82C307 supports a programmable feature that 
allow the generation of chip select instead of 
output enable signal. Special byte oriented 
functions should be provided to allow partial 
writes into a double word. 

8 SUB-LINES PER LINE 
1 DOUBLE WORD PER SUB-LINE 

When operating in the pipelined mode, the 
addresses from the CPU change before the 
completion of the cycle. To ensure proper 
operation, the 82C307 generates CALE 
(Cache Address Latch Enable), signal to 
latch SRAM addresses. 

Figure 3.8 and 3.9 illustrate the logical and 
physical cache organization for 32KB cache 
memory. 

Figure 3.8. Cache Logical Organization for 32KB Cache Memory 

I 

:LJEJEJEJEJEJ 
31 28 '0 24 23 20 19 16 15 12 11 8 
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BLOCK 1 

7 43 0-
DATA BYTE 3 BYTE 2 BYTE 1 BYTE 0 BLOCK 0 

Figure 3.9. Cache Physical Configuration for 32KB Cache Using 4K x 4 SRAMs 

82C307 140 



CH.PS ______________ _ 
Cache Updating 
Cache maintains a copy of the most often 
used code of the main memory. The data in 
the cache should be identical to the main 
memory. When the cache memory is modi
fied, the data in the main memory has to be 
updated as well. To meet this end, there are 
two basic approaches: write through and 
write back. 

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

Using a buffered write through algorithm, 
alleviates the problem. During the write oper
ation, data is written into a temporary buffer. 
The CPU is released to begin a new cycle 
before the write cycle to the main memory is 
completed. If a write access is followed by a 
read hit cycle, the cache access is performed 
while the main memory is being updated. 
However, if a write cycle is followed by 
another write cycle or a read miss cycle, the 
processor has to wait for the completion of 
the previous cycle. The buffered write through 
is by far the most popular implementation. 

In a write back system, the memory updates 
are not performed immediately. This method 
of implementation adds another bit called the 
altered bit. This bit is set if the cache is being 
written to with new data. This bit indicates 
that the cache data and the main memory 
data are different and that the cache contains 
the most up to date information. When the 
cache is fully occupied and a new data has to 
be brought into the cache, the altered bit is 
checked to see if the cache and the main 
memory contain the same data. If this bit is 
set, then the main memory is updated with the 
old data present in the cache, before over
writing its contents. 
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This policy is more efficient as the number of 
accesses to main memory is minimized (main 
memory is not always updated). But the cir
cuit complexity required to implement this 
policy defeats the minimal performance 
improvement. 

Cache Coherency 
The buffered write through and the write back 
schemes ensure 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 mod
ify the contents. The cache controllers that 
have built in mechanism to update the corres
ponding cache contents are said to maintain 
coherency. Many schemes are used to main
tain cache coherency, the easiest being to 
invalidate/flush the cache during DMA oper
ation. This though convenient, degrades the 
performance, as all subsequent memory 
accesses will be misses until the cache is 
filled with new data. The most popular 
method of maintaining cache coherency is by 
ensuring all accesses to the main memory 
through the cache controller. 

Cache Operation 

Processor Interface 
This section will illustrate the 80386/82C301/ 
82C307 hardware interface and discusses the 
interactions of these devices. Figure 4.1 
shows a diagram of a 80386/82C301l82C307 
based system. 
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Figure 4.1. 80386/82C301/82C307 System Implementation 
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Read Hit Operation 

When a physical address is presented to the 
82C307, it uses the line index field (A5 thru 
A13 in 32KB cache memory) to select a line 
from the cache directory. A line of a cache 
directory points to two tag entries, one from 
each set. The tags stored in these locations 
are simultaneously compared against the 
processor address A 14 thru A25. If a tag hit is 
detected and the corresponding valid bit for 
the selected sub-line is valid, then a hit is 
indicated and the the corresponding data in 
the cache is forwarded to the processor. 

However, if the current address matches the 
tag of both sets and both sets are valid, a 
cache error occurs. An error flag is set and 
no memory accesses are performed. This 
will force a READY time: out and generate an 
interrupt to the 82C301. The interrupt service 
routine should check the error flag bit of 
REG28 <06>' 

When a hit occurs, the 32C307 drives the 
READY signal low to terminate the read 
cycle. Figures 4.2 A thru C show the timing 
diagrams for the read hit cycle in pipeline 
and non-pipeline mode. 

NON-PIPELINE MODE 

Figure 4.2A. Read Hit Cycle, 0 WS SRAM, Non-Pipeline Mode 
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SYSCLK 

CLK2 

ADS 

ADDR C 

CRD<1:0> C 

READY c::: 

CALE c::: NON-PIPELINE MODE 

AF32 C 

Figure 4.2B_ Read Hit Cycle, 1 WS SRAM, Non-Pipeline Mode 
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SYSCLK 

CLK2 

ADS 

AD DR c::: 

CRD<1:0> c::: 

READY c::: 

CALE c::: 

c::: 
Z 

AF32 
z 

Figure 4.2C. Read Hit Cycle, 0 WS/1 WS SRAM, Pipeline Mode 

Read Miss Operation 

When a cache read miss occurs, the main 
DRAM memory will provide the data for CPU 
and it will also present the same data to cache 
memory. A replacement algorithm which has 
the least amount of potential performance 
penalty is used. The least-recently-used (LRU) 
bit is an indication of which set should be 
replaced-the set which is not recently used, 
therefore less likely to be used in the near 
future is the set that should be replaced. 

Figures 4.3 A thru E show the timing diagrams 
for the cache read miss cycle 

Write Hit Operation 

If a CPU initiated write cycle starts, a DRAM 
cycle will also start immediately independent 
of cache hit or miss result. If a cache hit 
happens in a write cycle, a SRAM and DRAM 
write cycle will be initiated simultaneously. 
Since SRAM cycle is much faster than DRAM 
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cycle, different number of wait states are 
required. Instead of having the CPU wait for 
the completion of the DRAM cycle, a tempor
ary register between CPU and the main 
memory will temporarily hold the data for 
DRAM so that the processor can continue. 

If a cache miss occurs in a write cycle, no 
cache write operation will be done, only data 
in the main memory will be updated. Figures 
4.5 A thru E show the timing diagrams for the 
cache write miss cycle. 

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 will be asserted until the DRAM has 
completed the previous operation. Figures 
4.4G and 4.4H show the timing diagrams for 
write cycle followed by another write cycle 
and a write cycle followed by a read miss 
cycle respectively. 
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Direct DRAM Access 
The CPU can bypass the cache to access the 
data in the DRAM directly. This feature is 
necessary during initial boot up to check the 
integrity of the DRAM subsystem. In this 

SYSCLK C 
Tl T2 

I- .--

mode, no SRAM cycle will be done. Every 
memory cycle will be a single RAS followed 
by CAS access with an user's option of 2 to 4 
wait states. 

T2W T2W 

.-CLK2 C ~ t-L-n- j-L.rL. ~.-I-- t-- t--

82C307 

ADS C ~ 1 2 

ADDR C 1 2 

OE MODE 
CRD<1:0> C 1,\ CS MODE 

READY C ~ MISS r 

RAS<3:0> C r I--

XDA<7:0> C RAS ADD CAS ADDRESS oooooc 
DA<9:8> 

CAS C '\ rr 

DWE C 
"H" 

DRD C 

FBE C 
CWE<1:0> C '\ / 

MDEN C "L" 

"H" 
WDLE C 

CALE C J 

AF32 C - z 

BLK<3:0> C l ll-

Figure 4.3A. Read Miss Cycle, 2 WS DRAM, 0 WS SRAM, 
Non-Pipeline Mode 
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Figure 4.38. Read Miss Cycle, 2 WS DRAM, 1 WS SRAM, 
Non-Pipeline Mode 
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Figure 4.3C. Read Miss Cycle, 3 WS DRAM, 0 WS SRAM, 
Non-Pipeline Mode 
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SYSCLK 
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Figure 4.30. Read Miss Cycle, 3 WS DRAM, 0/1 WS SRAM, 
Pipeline Mode 
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Figure 4.3E. Read Miss Cycle, 2 WS DRAM, 0/1 WS SRAM, 
Pipeline Mode 
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Figure 4.4A. Write Hit/Miss Cycle, 2 WS DRAM, 0 WS SRAM, 
Non-Pipeline Mode 
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Figure 4.4B. Write Hit/Miss Cycle, 2 WS DRAM, 1 WS SRAM, 
Non-Pipeline Mode 
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Figure 4.4C. Write Hit/Miss Cycle, 2 WS DRAM, 0/1 WS SRAM, 
Pipeline Mode 
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Figure 4.40. Write Hit/Miss Cycle, 3 WS DRAM, 0 WS SRAM, 
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Figure 4.4E. Write Hit/Miss Cycle, 3 WS DRAM, 0/1 WS SRAM, 
Pipeline Mode 
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DMA Operation 

For local memory read cycles initiated by 
DMA or other masters on the bus, regardless 
of cache hit or miss, no SRAM will be 
accessed. All memory read cycles will be 
directed to main memory and the data buffer 
(82C305) will receive data from the MD bus 
and drive the LD and SO buses. 

SCLK C 

CLK2 C 

HLOA1 C 

XMEMR C 

RAS C 

XOA C 

CAS C 

10CHROV C 

ORO C 

AF32 C \ 

ROW 

For a local memory write cycle, the buffer's 
direction is from SO bus toward MD and LD 
buses. Therefore a cache miss will cause the 
data to be written into the DRAM only and a 
cache hit will write the data into the DRAM 
and SRAM to maintain the coherency. 

Figures 4.6 and 4.7 show the timing diagrams 
for the DMA read and DMA write cycles. 

COLUMN 

\ r-
r-

Figure 4.6. DMA Read Cycle 
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Figure 4.7. DMA Write Hit Cycle 
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Figure 4.8 shows the timing diagrams for the Refresh Cycle. 

CLK2 C rL.rL rLJ"""L --u-L ~ rLrL 

SCLK C ~ l.-.r-l.-.r-~ ~ 

HLDA1 C 

REF C ~ 

XMEMR C 

'\ J ~ RASO C 
~ 

RAS1 C 

RAS2 C 

RAS3 C 

XDA BUS C Jl VALID REFRESH ROW ADDRESS 

I I 
J IOCHRDY C 

CI) 
N 
0 
W 
C 
-.j Figure 4.8. Refresh Cycle 

[1...JI.-~ 

~ L-...J-: 

, 

r-L-

X 

r::· 
:t 
_::: 
-.::: 

U~; 



CHiPS -----------------------------------
Figure 4-9 shows the timing for ROM Read Cycle. 

T2P T1P Tw Tw Tw Tw Tw 

CLK2 C 

SCLK C 

ASTCLK C 

ALE C 

XMEMR C 

Figure 4.9. ROM Read Cycle 

Functions Supported by BIOS Extension 

Line Invalidation 

Any line in the cache directory can be 
selectively validated/invalidated through the 
configuration registers. The registers involved 
are REG21-23. 

Directory/Cache Purge 

The directory purge can be done in the same 
way as line invalidation by I/O cycles through 
REG21-23. The I/O read cycles will read the 
current values in the directory RAM and the 
10 write cycles will load the desired values 
into the directory. The advantage of this mode 
of purging is that a program can non
destructively examine the contents of cache 
directory RAM. 
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To purge the cache data RAM, the cache has 
to be disabled REG20<7> and the SRAM 
direct access bit REG20<4> should be turned 
on. Then the cache data RAM will appear as 
part of the main memory in a 32KS block 
specified by REG24<4:0> in the first 1 MS. 

Another way to flush the directory RAM is by 
using REG20<2>' If this bit is set to 0, then 
all following memory access will act differ
ently. The valid field of both sets of the 
particular line selected by the index field will 
be reset to invalid (all 8 sub-lines/8 valid bits). 
To flush the entire TAG RAM, one pass 
through the entire line index field is required. 
The LRU field in this case is ignored. 
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Cache Enable/Disable Sequence 

After power-on reset, the cache is disabled. 
Valid data can be loaded into DRAM without 
effecting the cache. All valid bits in cache 
directory should be disabled by executing I/O 
cycles. Then the cache can be enabled. As 
soon as the cache is enabled, the hit rate will 
be zero since all valid bits are set to be invalid 
and the cache data RAM is empty. As the 
program is executed, the cache data RAM will 
be filled up gradually and the hit rate will 
increase until and equilibrium point is 
reached. 

To disable the cache, REG20<7> can be 
turned off again to become direct DRAM 
access mode only. Since the consistence 
between cache memory and main memory is 
always maintained, the program can continue 
execution from main memory without 
intrusion. 

110 ADDRESS 7 6 5 4 3 

22H INDEX 

23H DATA 

82C307 Internal Regis1lers 
The 82C307 has 24 bytes of internal registers 
used for system configurations and diagnos
tics. These registers are accessed through I/O 
ports 22H and 23H normally found in the 
interrupt controller. An indexing scheme is 
used to reduce the number of I/O addresses 
required to access all registers needed to 
configure and control cache controller. Port 
22H is used as an index value for the required 
data accessed through port 23H. Each access 
to an internal register is done by first writing 
its index into the port 22H. This index then 
controls the multiplexers gating the appro
priate register data accessible on port 23H. 
Every access to port 23H must be preceded 
by writing the index value to port 22H even if 
the same data port is being accessed again. 

Memory Configuration Registers 

There are 9 bytes of memory configuration 
registers which are used to control and map 
the address space as shown in figure 5.2. The 
definitions for these registers are given in 
table 5.1. 

2 0 I W'O 00'"0,_,0, ,"0", 

RIW DATA ACCESS 

Figure 5.1. Configuration Register Access Porls 

INDEX 7 6 5 4 3 2 o 

08H 1 VERS MW MR HM SM NA IDENTIFICATION 

09H R3 R2 1 Rl RO D3 D2 Dl DO ROM CONFIGURATION 

2AH 0 MEMORY ENABLE (1 BlK OF 256KB) 

OAH 368K 256K MEMORY ENABLE (16KB PER BIT) 

OBH 496K 384K 

OCH 624K 512K 

ODH 752K 640K MEMORY ENABLE (16KB PER BIT) 

OEH 880K 768K 

OFH 1008K 896K 

Figure 5.2. Control and Address Space-Map Register Summary 
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Index 

08H 

82C307 

Bits 

7 

Definition 

Identification 
Field definition 

Controller Type 

Value 
1 

Semantics 
Cache controller (82C307) 

6:5 Version 

4 

3 

2 

Value 
o 

Semantics 
Initial 

Middle Boot Space Write Protect. This bit is used in conjunction with the 
bit 3 to allow BIOS code to be copied into RAM and write protected at 
this location as well as the below 1 MB. It should be used if there is RAM 
present at this address (16 MB installed). Executing out of RAM will 
result in better performance than out of narrower (8 or 16 bit) EPROMS. 
The middle boot space starts at 16128K (OOFCOOOOH) which is 256KB 
below the 16MB boundary. 
Value Semantics 
o Enable RIW. Default 
1 Disable Write, Read Only. 

MR-Middle Boot ROM Disable 

Value 
o 

Semantics 
The boot/BIOS ROM located just below 16 MB is 
disabled. This bit should be set when physical 
memory greater than 16 MB is installed to allow a 
contiguous RAM address space and if no boot/BIOS 
ROM is located at this address range. 

Just below 16 MB is enabled (with ROMCS output) 
being active. This is necessary for 286 compatibility. 
Default. 

HM-16MB I/O Channel Memory Limit. Controls the assertion of AF32 for 
addresses greater than 16 MB. Since I/O channel memory cannot 
normally be configured above 16 MB, accessing above 16MB will cause 
a ready time out if that feature is enabled. This is necessary during setup 
because memory address above 16 MB that are not enabled for local 
memory could wrap into a valid I/O channel memory location. The 
maximum amount of memory for 82C307 based memory system is 
64MB. This bit should be used in conjunction with the physical memory. 
If physical memory is installed above 16 MB and is enabled, this feature 
will be ignored until the upper limit of physical memory is reached 
(between 16MB and 64MB). 

164 



CH.fi5 ______________ _ 

Index 

08H 
Bits 

o 

Definition (continued) 

Identification 
Field definition 

Value 
o 

Value 
o 

Semantics 
AF32 will not be asserted. Should only be used if 
external logic can recognize addresses above 16 MB. 
Default. 

AF32 will be asserted. Unless real physical memory 
is installed for that address range. no memory cycle 
will start and no READY signal will be given to 
the CPU. 

SM-Small memory configuration after reset. Used 
during initialization. 

Semantics 
Only 256K enabled. Default. Ignore memory address 
configuration registers OAH thru OFH. When this bit is 
0, only lower 256KB of memory is available. Together 
with bit 0 of register 2AH, all memory on local 
memory subsystem can be disabled for system 
debugging/development purposes. 

Normal configuration controlled by registers OAH 
thru OFH. 

NA-Next Address Mode 
This address controls the NA output. It is used to request the 80386 
into pipelined/non-pipelined mode. 

Value 
o 

Semantics 
Request to 80386 into pipelined mode. 

Request to 80386 into non-pipelined mode. Default. 
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Index 

09H 

82C307 

Bits 

7 
6 
5 
4 

3 
2 
1 
o 

Definition 

RAM/ROM Configuration in low memory boot area. 

Field Definition 

64KB of RAM at 768K COOOO-CFFFFH (EGA) 
64KB of RAM at 832K DOOOO-DFFFFH 
64KB of RAM at 896K EOOOO-EFFFFH 
64KB of RAM at 960K FOOOO-FFFFFH (BIOS) 
Bits 7:4 disable writing to RAM located in the BIOS area in 64KB blocks. 

Value 
o 
1 

Semantics 
Read/Write. Default. 
Read/Only. 

64KB of ROM at 768K COOOO-CFFFFH (EGA) 
64KB of ROM at 832K DOOOO-DFFFFH 
64KB of ROM at 896K EOOOO-EFFFFH 
64KB of ROM at 960K FOOOO-FFFFFH (BIOS) 
Bit 3:0 enable substitution of the BIOS RAM located below 1 MB with 
RAM at the same location in 64KB blocks. This should be done after the 
BIOS code is copied from the ROM and the RAM locations have been 
write protected using bits 7:4. 

Value 
o 
1 

Semantics 
Disabled 
Enabled 
The default values are 0001 for these 4 bits. (Only 
BIOS ROM at 960K is enabled.) 

Sequence of turning on the shadow RAM for 
BIOS ROM: 
1. Enable the ROM space in register 09H. 

Make the RAM read/write-able. (The default 
states). 

2 Turn on the corresponding memory enable 
bit in register OFH. 

3 Read the contents of ROM into a temporary 
register inside the CPU. 

4. Write data from temporary register into 
memory. (Since a memory write cycle will 
not generate ROMCS, the data will be 
stored in DRAM.) 

5. Go back to step 2/3 until all data are trans
ferred from ROM into DRAM. Then program 
register 09H to disable the ROM and make 
the DRAM read only. 
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Index 

2AH 

OAH 
OBH 
OCH 
ODH 
OEH 
OFH 

Bits 

o 

Bits 

7:0 

Definition (continued) 

Sequence of turning on the shadow RAM for 
EGA ROM: 
1. Enable the ROM space in register 09H. 

Make the RAM read/write-able. (The default 
states.) 

2. Disable the DRAM from address 768K to 
832K. (register OEH bits 7-4). 

3. Read the contents of ROM into a temporary 
register inside the CPU. 

4. Turn on the corresponding memory enable 
bit register OEH. 

5. Write data from temporary register into 
memory. (Since the memory enable bits in 
register OEH are turned on, the memory 
write cycles will go to the local memory 
system instead of the EGA memory.) 

6. Go back to step 2 until all data are trans
ferred from ROM into DRAM. Then program 
register 09H to disable the ROM and to 
make the DRAM read only. 

Memory Enable Map OK 000000-03FFFH (256K Resolution) 

Field Definition 

Enable the lowest 256K block. 

Semantics Value 
o Lowest 256K memory is disabled on local memory 

bus (AF32 is 1). . 
Lowest 256K is enabled on local memory bus (AF32 
is 0). Default. 

Memory Enable Map 256K 040000-05FFFFH (16K Resolution) 
Memory Enable Map 384K 060000-07FFFFH 
Memory Enable Map 512K .. 080000-09FFFFH 
Memory Enable Map 640K .. OAOOOO-OBFFFFH 
Memory Enable Map 768K OCOOOO-ODFFFFH 
Memory Enable Map 896K OEOOOO-OFFFFFH (16K Resolution) 

Field Definition 

Enable 16K block. Bit 0 enables the lowest, bit 7 the highest 16K block. 
For Example, register OFH, bit 7 will control the 16KB block from 1008K 
to 1024K. 

This permits 16K blocks (between 256K and 1 M) of memory to be dis
abled allowing ROMs, memory expansion schemes (EMS, EEMS or 
XMA) or memory mapped 10 devices to reside within the lower 1 MB 
address space. 
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Index 

Bits 

Definition (continued) 

Field Definition 

Value 
o 
1 

INDEX 7 

10H 

11H 

12H 

13H 

14H 

15H 

16H 

17H 

6 5 

TYPE I 
TIMING 

TYPE I 
TIMING 

TYPE I 
TIMING 

TYPE I 
TIMING 

Semantics 
Address is on or controlled by the system board. 
Address is on the 10 channel. 

For those 48 bits, there will be no default values at 
reset. Before moving the Small Memory limitation (bit 
1 of register 08H), these bits should be set properly 
according to a particular system configuration by 
POST/BIOS. 

4 3 2 o 

START ADDRESS 

START ADDRESS 

START ADDRESS 

START ADDRESS 

Figure 5.3. DRAM ConfigurationlTiming Register Summary 

DRAM Array Configuration and Timing 

Index 

10H 
12H 
14H 
16H 

Definition 

Block 0 Type/Start Address/Banks Exist 
Block 1 Type/Start Address/Banks Exist 
Block 2 Type/Start Address/Banks Exist 
Block 3 Type/Start Address/Banks Exist 

Except register 10H (with a default starting address at OOOOOOOOH), the 
starting address of these registers are not initialized after power-up. The 
device type of register 10H will be defaulted to 256K DRAM, and registers 
12H, 14H, 16H will be disabled. The POST/BIOS should use DRAM config
uration data stored in the CMOS RAM in the RTC to set the correct values. 

Bits Field definition 

7:6 DRAM Type 

Value 
o 
1 
2 
3 

Semantics 
none or bank disabled 
256K x 1 or 256K x 4 
1M x 1 or 1M x 4 
Reserved 
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Index 

11H 
13H 
15H 
17H 

5:2 

Definition (continued) 

Starting address 25:22 the DRAM type determines which address bits are 
valid in the address recognition process. 
Type Address bits compared 
none 
256K 
1M 

none 
25:22 (4MB per block) 
25:24 (16MB per block) 

1:0 Number of banks populated in the block 

Bits 

7:6 

Value 
o 
1 
2 
3 

Block 0 Timing 
Block 1 Timing 
Block 2 Timing 
Block 3 Timing 

Field Definition 

DRAM wait state 

Semantics 
1 bank exists (bank 0) 
2 banks exist (banks 0 & 1) 
3 banks exist (banks 0, 1, 2) 
4 banks exist (banks 0, 1, 2, 3) 

The total number of DRAM access time will be 2 plus the number of 
wait states (in SCLK cycles). 

Value 
o 
1 
2 
3 

5 Reserved. 

Semantics 
2 Wait states 
3 Wait states 
4 Wait states. Default. 
Not Used 

4:3 RAS precharge time 

Value 
o 
1 
2 
3 

Semantics 
2 CLK2 cycles. (min) 
3 CLK2 cycles. (min) 
4 CLK2 cycles. (min) 
5 CLK2 cycles. Default. (min) 

2:1 RAS pulse width during refresh (Register 11 only) 

Value 
o 
1 
2 
3 

o Reserved. 

Semantics 
4 CLK2 
4 CLK2 
5 CLK2 
6 CLK2 (default) 

Note: bits 2:0 are reserved ir:t Register 13, 15, and 17. 
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INDEX 7 6 5 4 3 2 o 

20H CE EC EF SR CR FH 1W -- CACHE CONTROL 

21H DA T8 S2 Sl SO V1 VO LU TAG RAM CONTROL 

22H DIRECTORY ADDRESS POINTER 

23H (RESERVED BY CHIPS) 

24H -- OE CM SAD4 THRU SADO SRAM DIRECT ADDRESS 

25H 

26H 

Diagnostic Access 

Index 

20H 

Bits 

7 

6 

5 

82C307 

EP CE PADDR 

PARITY ERROR ADDRESS 

Figure 5.4. Diagnostic Access Register Summary 

Definition 

Cache Control 

Field Definition 

Cache Enable 

Value 
o 
1 

EDC Mode Enable 

Value 
o 
1 

Semantics 
Disable Cache access. Default 
Enable Cache access 

Semantics 
Disable EDC mode. Default 
Enable EDC mode. 

Enable Freeze cache directory. 

Value 
o 
1 

Semantics 
Normal cache operation. Default. 
Freeze cache directory. A cache read miss will not 
cause a tag RAM update and change of data in cache 
data RAM. Instead a normal DRAM read operation 
will be performed. A cache write hit will update the 
cache data RAM. 
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Index 

20H 

Bits 

4 

3 

2 

o 

Definition (continued) 

Cache Control 

Field Definition 

Enable Direct SRAM access 

Value 
o 
1 

Classical Refresh 

Value 
o 

Semantics 
Normal cache operation. Default 
Access SRAM directly. 
For 16 KB cache, Set 0 at 00000-01 FFFH, Set 1 at 
02000-03FFFH, Plus the offset value specified by 
register REG24<4:0>' Only the first 16KB block of 
the 32KB space is used. Any access to the second 
16KB block will result in DRAM cycles. 
For 32KB cache,· Set 0 at 00000-03FFH 
Set 1 at 04000-07FFH, Plus the offset value specified 
by register REG24<4:0>. 

Semantics 
Enable the classic refresh mode. A DRAM refresh 
cycle will be performed as soon as there is no other 
request to DRAM pending. In this mode, the REF 
input should be connected to the Refresh-Request 
output from the timer circuit. 
AT-type refresh scheme is used in the system (with 
CPU being in HOLD state). Default. 

Flush cache directory. 

Value 
o 

Semantics 
Enable cache directory flush. When this bit is 
enabled, any access to cache directory RAM will 
cause the particular valid field (of both sets) pointed 
to by the index address field to become invalid. 
Normal cache operation. Default. 

One Wait state for cache memory non-pipelined accesses 

Value 
o 

IOCHRDY delay 

Value 
o 
1 

Semantics 
One wait state SRAM access for non-pipelined cycles. 
Default (To force the 80386 cpu into the pipeline 
mode). 
Zero wait states for non-pipelined cycles. For pipe
lined cycles, it is always zero wait states. 

Semantics 
No delay 
CLK2 delay. Default. 

171 82C307 



CHiPS ______________ _ 

Index 

21H 

82C307 

Bits 

7 

6 

5 
4 
3 

2 

o 

Definition 

Directory RAM control 

Field Definition 

Enable Directory Access. 

Value 
o 
1 

Semantics 
Disable. Default. 
Enable Cache directory to be accessed through S bit 
peripheral data bus. 

TS-Highest pointer bit to directory RAM. 

Value 
o 
1 

Semantics 
The 1st 256 entries of directory RAM. 
The 2nd 256 entries of directory RAM. 

S2-Bit 2 of pointer to tag field. 
S1-Bit 1 of pointer to tag field. 
SO-Bit 0 of pointer to tag field. 

Value 
000 
100 
101 
110 
111 

Semantics 
Disable access to tag field. Default. 
Enable access to the high byte of tag field, set O. 
Enable access to the low byte of tag field, set o. 
Enable access to the high byte of tag field, set 1. 
Enable access to the low byte of tag field, set 1. 
The 13-bit tag field is divided into two bytes. The high 
byte consists of A25-A21 (5 bits only), and the low 
byte consists of A20-A 13. 

V1-Enable access to Valid field of set 1. 

Value 
o 
1 

Semantics 
Disable access to Valid field of set 1. Default. 
Enable access to Valid field of set 1. 
The highest data bit (XD7) corresponds to the line of 
A<04:02> = 111. 

VO-Enable access to Valid field of set O. 

Value 
o 
1 

Semantics 
Disable access to Valid field of set O. Default. 
Enable access to Valid field of set O. 

LU-Enable access to LRU field. 

Value 
o 
1 

Semantics 
Disable access to LRU field. Default. 
Enable access to LRU field. To access the LRU field, 
use XDO bit. XD7 through XD1 will be unspecified. 
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Index 

22H 

23H 

24H 

25H 
26H 
27H 

Bits 

7:0 

Bits 

7 

6 

5 

4:0 

Definition 

Low Bits of Directory Address pointer. Together with REG21 <6>, they 
form a 9-bit address for 512 entries. 

Field Definition 

Low order address bits for on-chip directory RAM. 

Reserved. Used as a reference location to directory RAM itself. 
In order to access the cache directory, following 1023 cycle sequences 
should be used (each 1023 cycle will be proceeded by an 1022 write cycle 
to load the correct index): 

1. Program register 21H bit 7 to 1. Also setup proper selection for other 
bits in register 21 H. 
2. Load register 22H with the intended line number. 
3. Then the following 10 write to register 23H will load the value into 
the directory RAM, or the 10 read from register 23H will read the 
contents of the directory RAM. 

SRAM configuration and direct access address. 

Field Definition 

Not used. 

SRAM Output Enable control. 

Value 
o 

Semantics 
Both CRDO and CRD1 will function as Output 
Enables for SRAM's. Default. 
Both CRDO and CRD1 will function as Chip Selects 
for SRAM's. This is necessary for SRAM's without 
dedicated Output Enable pin. 

Cache Memory configuration bit. 

Value 
o 
1 

Semantics 
To support 16KB cache data RAM. Default. 
To support 32KB cache data RAM. 

The highest 5 address bits for SRAM direct access. This 5 address bits 
specify a 32KB block in the first 1 MB memory space for direct SRAM 
access. If bit 4 of CREG20 is 1, then all the mem.Q.I:Lcycles to these 
32KB block will access SRAM instead of DRAM. RAS and CAS will not 
be issued. The same number of wait states in non-pipelined mode as 
specified by CREG20 <1> will be used. 

Reserved. 
Reserved. 
Reserved. 
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Index 

28H 

Bits 

7 

6 

5:2 

1:0 

29H 

Bits 

7:0 

Definition 

Error Source/Address (MSBs) 

Field Definition 

Parity check enable 

Value 
o 
1 

Semantics 
Enabled. 
Disabled. Default. 

Cache Operation Error, both sets matched current tag address 

Value 
o 
1 

Semantics 
No error. 
Cache error 
No default value will be determined for this bit. The 
POST should clear this bit before enabling the cache. 

Not used, returns unpredictable value. 

Error address bits A25:24 

Error Address (LSBs) 

Field Definition 

Error address bits A23:16 

CREG30H-CREG38H: Non-Cacheable 
Memory Control Registers 
These registers allow system designer to set 
aside up to 4 blocks of variable size of main 
memory as non-cacheable, which can be used 

in systems that have memory-mapped 1/0 or 
have multiple masters access dual-ported 
memory via different busses. 

Index 

Bits 

30H 

7:0 

31H 

7:4 
3:0 

82C307 

Definition 

Field definition 

Non-Cacheable memory of block 0, address bits 23-16. 

Address bits 23-16 of non-cacheable memory block O. 

Non-Cacheable memory of block 0, address bits 15-12/Size. 

Address bits 15-12 of non-cacheable memory of block O. 
Size of the non-cacheable memory of block O. 
Value Semantics 
0000 Disabled. Default. 
0001 4KB memory is non-cacheable. 
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Index 

32H 

33H 

34H 

35H 

7:0 

7:4 
3:0 

Bits 

7:0 

7:4 
3:0 

Definition (Continued) 

0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
11XX 

8KB memory is non-cacheable. 
16KB memory is non-cacheable. 
32KB memory is non-cacheable. 
64KB memory is non-cacheable. 
128KB memory is non-cacheable. 
256KB memory is non-cacheable. 
512KB memory is non-cacheable. 
1024KB memory is non-cacheable. 
2M memory is non-cacheable. 
4M memory is non-cacheable. 
Reserved. 

For example, in a system with 2MB of memory, if memory at 
1024K-1028K (00100000-00100FFFH) need to be specified as non
cacheable, CREG30 and CREG31 need to be loaded with 10H and 01 H 
respectively. 

Non-Cacheable memory of block 1, address bits 23-16. 

Address bits 23-16 of non-cacheable memory of block 1. 

Non-Cacheable memory of block 1, address bits 15-12/Size. 
Address bits 15-12 of non-cacheable memory of block 1. 
Size of the non-cacheable memory of block 1. 
Value 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
11XX 
Field definition 

Semantics 
Disabled. Default. 
4KB memory is non-cacheable. 
8KB memory is non-cacheable. 
16KB memory is non-cacheable. 
32KB memory is non-cacheable. 
64KB memory is non-cacheable. 
128KB memory is non-cacheable. 
256KB memory is non-cacheable. 
512KB memory is non-cacheable. 
1024KB memory is non-cacheable. 
2M memory is non-cacheable. 
4M memory is non-cacheable. 
Reserved. 

Non-Cacheable memory block 2 address bits 23-16. 

Address bits 23-16 of non-cacheable memory block 2. 

Non-Cacheable memory of block 2, address bits 15-12/Size. 

Address bits 15-12 of the rion-cacheable memory of block 2. 
Size of the non-cacheable memory of block 2. 

Value 
0000 

Semantics 
Disabled. Default. 
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Index 

36H 

37H 

38H 

7:0 

Bits 

7:4 
3:0 

7:6 
5:4 
3:2 
1:0 

Definition (Continued) 

0001 4KB memory is non-cacheable. 
0010 8KB memory is non-cacheable. 
0011 16KB memory is non-cacheable. 
0100 32KB memory is non-cacheable. 
0101 64KB memory is non-cacheable. 
0110 128KB memory is non-cacheable. 
0111 256KB memory is non-cacheable. 
1000 512KB memory is non-cacheable. 
1001 1024KB memory is non-cacheable. 
1010 2M memory is non-cacheable. 
1011 4M memory is non-cacheable. 
11XX Reserved. 

Non-Cacheable memory of block 3, address bits 23-16. 

Address bit 23-16 of non-cacheable memory block 3. 

Field definition 

Non-Cacheable memory of block 3, address bits 15-12/Size. 

Address bits 15-12 of the non-cacheable memory of block 3. 
Size of the non-cacheable memory of block 3. 

Value 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
11XX 

Semantics 
Disabled. Default. 
4KB memory is non-cacheable. 
8KB memory is non-cacheable. 
16KB memory is non-cacheable. 
32KB memory is non-cacheable. 
64KB memory is non-cacheable. 
128KB memory is non-cacheable. 
256KB memory is non~cacheable. 
512KB memory is non-cacheable. 
1024KB memory is non-cacheable. 
2M memory is non-cacheable. 
4M memory is non-cacheable. 
Reserved. 

Non-Cacheable address bits 25 and 24. 

Non-Cacheable address bits 25 and 24 of block 3. 
Non-Cacheable address bits 25 and 24 of block 2. 
Non-Cacheable address bits 25 and 24 of block 1. 
Non-Cacheable address bit 25 and 24 of block o. 

Configuration Process 

1. Determine DRAM type for each bank and 
block. 

2. Look for mixed types. 
3. Determine DRAM speed for each bank and 

block. Set speed for slowest devices in 
each block. 
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4. Determine optimum configuration. The 
largest DRAM types should go at the 
lowest address. 

5. Set starting address, timing and types. 
6. Report memory size to low memory. 
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DIESCIRDIPTDON 
Error-Detection-Correction can be performed 
on the DRAMs in an 82C307 based cache 
memory system by adding a small amount of 
additional logic. An external off-the-shelf EDC 
chip such as the 74ALS632 and an external 
section of control logic implemented by the 
system designer referred to as the EDC con
trol logic or EDCC are used in conjunction 
with 82C307 to complete the memory 
subsystem. 

Features 

82C307 can be configured into EDS control 
mode which enables special EDC support 
logic and functions: 
- Simple handshake interface allows exter

nal logic to control off-the-shelf EDC 
chips. 

- External wait input provided to insert 
delays during error checking or check bit 
generation. 

External logic must be implemented by the 
system designer to: 
- Control the sequencing of read-modify

writes for partial writes to the DRAMs and 
the EDC chip. This includes modification 
of the operation of CAS and WE to the 
DRAM array as well as control of the data 
buffers and EDC latches with respect to 
byte enables. 
Generate addition wait delays to be in
serted in the CAS pulse during reads and 
the RAS to CAS delay period during 
writes. 

- Additional wait states can be inserted by 
holding the signal IOCHRDY low until 
proper setup/hold time is satisfied for 
DRAM array during DMA cycles. 
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Additional logic/changes required: 

[] Memory data buffers must have byte 
control of output enables. 

I:l EDC sequence state machine for cache 
read miss cycles and write cycles. 

IJ EDC sequence state machine for CPU to 
DRAM direct accesses. This could be a 
subset of the cache system. 

I:J EDC control and state machine for DMA 
accesses. 

EDC Controller (EDCC) Logic 

Additional optional features can be imple
mented as required by the system designer. 
These could include: 

1. Capability to enable error interrupts on 
single errors for memory diagnostic 
purposes. 

2. Ability to verify functionality of the EDC 
chip by placing it in diagnostic mode. 

3. Ability to correct the single bit error in 
DRAM subsystem after a read cycle error 
has been detected. 

4. Capability to do the scrubbing. 
5. Others. 

82C307 



CHIPS ______________ _ 

Cache Controllerl 
EDC/EDCC Interface 

74ALS632 EDC Interface 

The following 74ALS632 signals must be 
controlled/monitored by EDCC. 

#Pins Name Dir Description 

1 MERR 0 Double bit error. 
1 ERR 0 Single or double bit error 
4 OEB<3:1> I Output enable of EDC data buffer 
1 OECB I Output enable of EDC check bit buffer 
2 S<1:0> Function select to EDC 
1 LEDBO Latch enable of EDC data buffer 

The four encoded select states S<1:0> for 
the 74ALS632 are: 
Value Semantics 
00 Generate check bits 
01 Diagnostic Mode 
10 Read and check data 
11 Latch input 

Besides controlling 74ALS632, the EDCC also 
has to control/modify some of the signals to 
change the timing and/or direction of data 
buffers. Following is the proposed pin list 
for EDCC: 

#Pins Name 

4 LBE<3:0> 
4 DBE<3:0> 
4 XCNTL 

10 STATUS 

82C307 Interface 

Dir 

I 
o 
o 

Description 

Latched byte enables. 
Memory data buffer controls by byte. 
Signals to modify some of DRAM's and buffer control 
signals. These signals include CAS, WE for DRAM's and 
DRD, MBEN for data buffers. 
Status signals from 82C307 and system to indicate what 
kind of memory access is active. The cycles are DMA 
read/write, CPU to DRAM direct access, or Cache memory 
move-in. The signals include, SYSCLK (or CLK2), AF32, 
PEN, CAS, DWE, WDLE, MDEN, HLDA1, XMEMR, XMEMW. 
There may be other signals needed for diagnostics and 
other functions desired by a particular system design. 

The following pin is added to the 82C307 to 
allow external generation of addition delays at 
specified points in a DRAM cycle. It can also 
be used for requirements other than EDC. 
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#Pins Name lDir 

WAIT 

Description 

Causes additional CLK2 period delays to be inserted while 
WAIT is asserted. WAIT is synchrono~ sampled at during 
the CAS pulse to allow extension of RAS, CAS and OWE (if 
asserted). The required setup and hold times must be met 
to guarantee proper operation. 

The following pins on the 82C307 are nor
mally used to control parity generation and 
checking and are redefined in EDC mode to 
interface with the 74ALS632 and EDCC. 

#Pins Name 

1 LPAR 

PEN 

lDir 

o 

lDescription 

Active LO. Causes the address of the last memory access to 
be latched after an error has been detected. It should be 
connected to ERR of the 74ALS632 which is asserted when 
single and double bit errors are detected. Normally used to 
latch the address a memory access after a parity error has 
been detected. 

Active LO. A one SCLK long pulse indicating the start of a 
cache controller initiated DRAM access (either a cache read 
miss case or direct DRAM access). 

Memory control signals generated by the 
CS8231 components that must be connected 
to the EDC or EDC Controller include: 

#lPins Name 

4 LBE<3:0> 

CAS 

OWE 

ORO 

DEN 

WDLE 

lDir liJlescription 

Indicates which bytes are to be written during a CPU or 
DMA initiated DRAM access. Sourced by the 82A306. 
Must be intercepted to modify the timing of write opera
tions. Sourced by the 83C312. 
Must be intercepted to modify the timing of write opera
tions. Sourced by the 82C307. 
Indicates the direction of transfer between the 82B305's and 
DRAM's. This signal must be intercepted to allow buffers 
between 82B305's and DRAM to change direction for Read
Modify-Write operations during memory write cycles. 
Sourced by the 82C307. 
Enables data buffers located between the 82B305's and 
DRAM's. Sourced by the 82C307. 
Write-Data-Latch-Enable. This signal should be used to 
latch LBE<3:1> to generate DBE<3:1> so that the full 
32-bit data can be merged between 74F373 and 74ALS632. 
Sourced by the 82C307. 
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Figure A.1. EDC Implementation with the 82C307 
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Each different type of DRAM cycle must be 
individually examined with regards to EDC. 

Cache Move-in 

A cache move-in is composed if a data trans
fer of one double word in a cache read miss 
situation. After the data has been latched 
inside the 74ALS632, the DRAM output buffer 
will be turned off and the MD bus will be 
driven by the 74ALS632. Additional wait states 
are needed to allow enough time for the error 
checking and correction in the EDC chip. 

If single bit error is detected during this move
in cycle, the error will be corrected and good 
data will be transferred to the local data bus. 
The error address can be latched inside the 
82C307 for later examination. If double bit 
error occurs, 82C301 should generate a NMI 
to the processor to stop any further process
ing. The error address can be also latched 
inside 82C307. However since there is only 
one level of latches in 82C307, it will store the 
first error occurrence. 

Writing Main Memory 

During writing to the DRAM's, read-modify
write operation is necessary if a partial write 
(not all 4 bytes to be written) is initiated by 
the processor. 

DMA Write 

The DMA or alternate bus master transfers 
present special problems to al1 EDC imple
mentation since they can write directly to 
DRAM. If 8, 16, or 24 bit writes occur, a partial 
write operation must be performed, with a 
read-modify-write cycle. Since DRAM's with 
common input and output pins (SIMMs or x1 
parts with an externally connected input and 
output data line) cannot do a late write oper
ation necessary for a single CAS read-modify
write, two CAS pulses must be formed from 
the single CAS pulse that the 82C307 will 
generate. This can easily be done by gating 
CAS at the drivers. This reduces the insertion 
of several additional levels of logic in a critical 
timing path. 

RASx C ----,L ________________ ~ 

WAIT C 

MDxx C IXXXXXXXXXXXXXJL ____ ...JJWXlC.lOOWJ'XXX 

ERR C LJ 

51,50 C ]( ___________ .J\,X ___ ---iXI... __ _ 

Figure A.2. Sequence of Read Data from DRAM to CPu/Cache 
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During the first generated CAS a read is 
performed on all 32 bits by asserting FBE 
(force byte enables) to the A306. The 305's 
output buffers can be disabled by deasserting 
MDEN to allow the DRAM to output read 
data. After the appropriate CAS access time, 
the data is latched in the input latches by 
changing S1,SO to from 2H (read and flag) to 
3H (latch input, read and correction). Cor
rected data is then merged with the new bytes 
as controlled by the inverse of LBE<3:0> and 
changing S1,80 to OH (modify/write). The new 
data and check bits are then written into the 
DRAM with another CAS cycle with WE 
asserted. 

Because of the additional CAS cycle required 
the XMEMW strobe must be extended by 
making IOCHRDY inactive. 

DMA Read 
A normal read and correct cycle can be 
performed since DRAM will always be ac-

PEN C 

RASx C 

CAS C 

WE C 

WAIT C 

CAS ,
(AT DRAM's) L 

WE ,
(AT DRAM's) L 

~ 

----, 

cessed regardless of cache hit or miss. Some 
additional logic would be required to perform 
the correction only if an error was detected. 

CAS is asserted after RA8 causing read data 
to be sourced by the DRAM. S1,SO should be 
set to 2H causing the data word to be input to 
the 74ALS632 and checked. After the appro
priate 74ALS632 data setup time, S1,SO should 
be changed from 2H to 3H latching the data 
and correcting any errors. CAS to the DRAM 
array should be gated off at the CAS drivers 
disabling the DRAM output buffers. The cor
rected data can then be enabled onto the MD 
lines by asserting OBEx. 

DMA read operations should be extended to 
allow enough time for error checking and 
correction. This can be done by holding 
IOCHRDY inactive. 

MDxx C lXXXXXXXX)()()(xxxxxx~)()(X)()()(XXXXXXXXXX! 

Sl,SO C _____ .... X\o.. ______ ).'-_______ l'-___ _ 

Figure A.3. DRAM Write with Read-Modify-Write Sequence 
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CAS r
(FROM 82C307) L 

CAS r
(AT DRAM's) L 

( J 

II 

II 

M Dxx C !O\XXXXXXXXX)()()()()()Q()(XXXXXXXXXX:::::::::===)()()()('jOO(X5(Wm~1'll.i~ 

IOCHRDY C 

51,50 C --<1... _______ ---iX'-____ .....JXI... ___ _ 

Figure A.4. DMA Read Sequence 
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82C307 

CAS I 
(FROM 82C307) L 

CAS I 
(AT DRAM's) L 

OWE I 
(FROM 82C307) L 

WE L 
(AT DRAM's) 

MOEN· L 

CBx L 

IOCHRDY L 

I I 

I I 

II 

I I 

I I 

LJ 

---------------------~~----

51,50 L __________ lCJ.'--__ ...J\1 ___ __ 

Figure A.S. DIIJIA Write Sequence 

184 



CH.PS ____________________________ _ 
Other Considerations 
There are additional design considerations 
that must be taken into account in imple
menting a workable and testable EDC design. 
These relate primarily to initialization of the 
array and some mechanism for removing 
single bit errors. 

Direct CPU Access to DRAM 

The 82C307 supports direct CPU access to 
DRAM (cache disabled) for diagnostic and 
test purposes. In this mode, EDCC could 
operates as the same as regular cache read 
miss or write operation since only one RAS 
cycle and CAS cycle are needed. 

However, write cycles require different con
sideration if additional performance is to be 
achieved for partial writes and full 32-bit 
writes. EDCC should perform read-modify
write cycles for partial writes and it can 
perform straight check bit generation for 
32-bit writes without reading the contents of 
DRAM first. 

Diagnostic Mode of 74ALS632 

The EDC chip 74ALS632 can be put into a 
diagnostic mode by making the status inputs 
S1,SO = 01. To support this diagnostic func
tion, the EDCC design can provide this 
feature. Also to access to the check bits, the 
7-bit check bus can be connected to the XD 
bus in a PC-AT environment through a 
74LS245 transceiver. 

Memory Data Initialization 

A mechanism must be provided to allow for 
rapid initialization of the memory data and 
check bits during the POST. This must be 
performed to prevent any read-modify-writes 
from detecting false errors when the check 
bits have not been initialized. 
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Check Bit Initialization 

It would be highly desirable to allow for init
ialization of the check bits only assuming that 
the actual data in the array is correct. This 
would occur if EDC had been disabled for a 
period during which writes occur. A mode 
must be provided where CPU read accesses 
cause read-modify-writes to be performed 
setting the check bits correctly. 

Single Bit Scrubbing 

In normal operation, a memory with EDC will 
correct single bit errors transparently to the 
system. If these are soft or transient errors a 
subsequent access will return the correct data 
without need for correction. However, if the 
wrong bit value is stored in a DRAM cell (a 
hard error), correction must be performed on 
reads. In addition to the obvious performance 
degradation, there now exists the possibility 
of a double bit error occurring that cannot be 
corrected and will cause the system to fail. 

For these reasons, most EDC memory sys
tems implement a background function called 
scrubbing that periodically reads all memory 
locations and writes them back. If any single 
bit errors are detected, they will be corrected 
and written back. The best time to perform 
the scrubbing function would be during 
refresh at an approximate rate of 64K words/ 
second (one word every 15 microseconds). 

The system designer can use the input 
DSUSY of 82C307 for background scrubbing 
function. If this signal is active, no DRAM 
cycle will be initiated by 82C307. 
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PEiriormance impact 
The addition of EDC to a memory system 
almost always introduces a performance 
penalty. The magnitude of the penalty 
depends largely on method in which EDC is 
implemented, the frequency of errors and in 
a cache system, the frequency of DRAM ac
cesses (assuming EDC is only performed on 
the RAM). For the 82C307 cache based 
memory system the following conclusions 
can be made about performance. 

Memory Read Cycle 

During a cache hit cycle, no DRAM cycle will 
be necessary. Therefore, no ERROR check is 
needed. If a cache miss happens, a DRAM 
read cycle will start. Additional wait states will 
be inserted to allow error-checking/correc
tion. This delay is unavoidable even if no 
error is present in the memory system. Since 
correction will only occur during cache miss 
the correction penalty will be further reduced 
by the miss ratio. 

82C307 186 

If scrubbing is implemented, hard errors 
(uncorrected data remaining in RAM cells) 
would be eventually eliminated and should 
not affect performance. Single hard failures 
(device failures such as bad cells or stuck-at 
outputs in DRAMs or bus driver failures) 
would be corrected as they occurred and 
would impact performance. 

Memory Write Cycle 

Regardless of cache hit or miss, write opera
tion always starts DRAM cycle. For the first 
write cycle, data will be latched into a buffer 
and the CPU can be released immediately 
without wait state. As the result, unless 
another write cycle or a read miss cycle 
occurs, no additional performance penalty 
will be induced. 
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82C307 Cloc!t and Control Signals 

PFP Symbol 

55 CLK2 

53 SCLK 

52 RESET4 

63 REF 

CPIUI Status Dnteriace 

IPFP Symbol 

45 ADS 

46 W/R 

47 D/C 

48 M/IO 

Type 

o 

Type 

iDescription 

CLK2 provides the fundamental timing for the 82C307 state 
machine. It is derived from the 82C301 CLK2 output. The 
82C307 internally divides the CLK2 by two to generate SCLK. 
The normal frequency ranges from 25 to 50 MHz. 

SCLK is derived by dividing the CLK2 by two and is used 
internally to establish the phase indication. It is low during 
phase 1 and high during phase 2. The SCLK is internally 
synchronized on the falling edge of reset4. It is in sync with 
the SYSCCLK output of the 82C30l 

Reset4 is an active high input that initializes the internal state 
machine to the idle state. Following reset, the cache tag 
directory contains no valid information. It is the responsibility 
of the system initialization software to invalidate the entire 
cache contents before enabling memory caching. The falling 
edge of reset is used to synchronize the phase of the internal 
clock. 

Active Low. DRAM refresh control signal. 

Description 

Address Strobe is an active low input which connects directly 
to the ADS output of the 80386. When activated, it signals the 
start of a new cycle and validates the address and the status 
information being presented on the processor status and 
address lines. 

Write/Read is an input which connects directly to the W/R 
output of the 80386. When high, it indicates that the current 
cycle is a write cycle. When low, it indicates a read cycle. 

Data/Code is an input that connects directly to the 80386 
Die output. When high, it indicates a data cycle, and when 
low it indicates a control cycle. 

Memory/IO is an input from the 80386, which when high it 
indicates a memory cycle and when low it indicates a I/O 
cycle. 
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Address 

PFP 

10-13 
15-17 
19-28 
30-40 
42-43 

62 

9 

Symbol 

A<31:28> 
A<27:25> 
A<24:15> 
A<14:04> 
A<03:02> 

XAOO 

MENS 

Type Description 

Address input lines A<31:2> from the CPU local bus. The 
82C307 connects directly to the 80386 address outputs. While 
it monitors all 30 bits, it uses only 26 bits for for tag directory 
comparison to determine if the requested data resides in 
the cache. 

Address input from the X bus. This signal in conjunction with 
102XC is used to differentiate between accesses to port 22 
and port 23. 

Memory enable is an active low input, which when active 
validated the addresses on the local bus. This input can be 
used to disable the 82C307 from responding to pre-defined 
address locations via external decode. When high, the 82C307 
does not generate the AF32 output or activate the cache 
control signals. 

CPU/BUS Controller Interface 

PFP Symbol Type Description 

50 READY I/O This is a bi-directional signal. It is an active low output during 
cache and memory accesses to terminate the current cycle. 
It is an input when the current cycle is an AT bus cycle (AF32 
inactive). 

56 AF32 0 This is an open drain active low output. If asserted, it indicates 
that the current access is to the local memory. It is high for all 
other cycles. 

51 10CHRDY 0 This is an active low open drain output. This is normally high. 
When low, it indicates that the current memory access or 
refresh cycle has not been completed and introduces wait-
states to allow the current cycle to complete. A 1 KOhm pull 
up resistor is recommended. 

49 NA 0 This is an active low output to the 80386. This signal controls 
the pipelining of the 80386. This is an open collector output 
and allows other circuits in the system to drive this line. 
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Cache Control Signals 

PFP Symbol 

74,70 CWE<1:0> 

73,71 CRD<1:0> 

75 CALE 

Type 

o 

o 

o 

Description 

CWEO and CWE1 are active low cache write enable signals 
and connect to the write enable inputs of the SRAMs. They 
either enable set 0 or set 1 to receive the write data from the 
80386 data bus during read miss or a write hit cycle. The 
latched byte enables and FBE select the requested bytes 
within the double word. 

CRDO and CRD1 are active low cache read signals and con
nect to either the OE or the CS inputs of the SRAMs. During a 
read hit cycle, either CRDO or CRD1 is enabled to drive the 
requested data on to the data bus. Only one bank is selected 
at any given time. When 82C307 is programmed in the Chip 
Select mode, CRDO and CRD1 will become active during any 
cache memory accesses (read or write). In the output enable 
mode, CRDO or CRD1 are active only during the read cycles. 

Cache address latch enable. This signal is used to latch the 
SRAM addresses. This latch is not required when operating in 
the non-pipelined mode of operation. A 74F373 type trans
parent latch should be used to latch the SRAM addresses. 
When CALE is high, the latch is transparent and allows the 
80386 addresses to flow through to the SRAMs. On the high 
to low transition of CALE, the addresses are latched. When 
CALE is low, the SRAM addresses are the latched version. 

Expansion Channel Memory and I/O Interface 

PFP Symbol 

60 XIOR 

61 XIOW 

Type Description 

This is an active low input connected to the XIOR output of 
the 82C301 bus controller. This input is used to qualify 
I02XCS. XIOR is used in conjunction with the I02XCS to 
direct the 82C307 to place the contents of the selected config
uration registers on the data bus. 

This is an active low input connected to the XIOW output of 
the 82C301. It is used to qualify I02XCS. XIOW is used in 
conjunction with I02XCS directs the selected configuration 
register on the 82C307 to accept the data being presented on 
the data bus. 
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Expansion Channel Memory and I/O Interface (Continued) 

PFP Symbol 

58 XMEMR 

59 XMEMW 

64 HLDA1 

DRAM Interface 

PFP Symbol 

87,88 RAS<3:2> 
90,91 RAS<1:0> 

86 CAS 

85 DWE 

82C307 

Type Description 

Type 

0 

0 

0 

This is an active low input connected to the XMEMR output 
of the 82C301 bus controller. When active, it indicates that a 
DMA or an external bus master requires to read data from 
the memory. 

This is an active low input and is connected to the XMEMW 
output of the 82C301 bus controller. When active, an external 
bus master or a DMA device is requesting to write data to the 
memory. 

Active high hold acknowledge input from the 82C301. When 
high, it indicates that the CPU has relinquished control of the 
system bus in response to a HOLD Request. When HLDA 1 is 
active the cache directory contents are frozen. A cache hit or 
miss will not affect the cache directory. On write hit cycles, 
cache data will be updated to reflect the new data. This is to 
ensure that no I/O transfers corrupt the contents of the 
cache. 

Description 

Row Address Strobes 3 to 0 are active low outputs. These 
outputs are used by DRAMs to latch the row address present 
on the MA<9:0> address lines. RAS3 selects the highest 
bank. RASO selects the lowest bank. These signals should be 
buffered and line terminated with 33 Ohms series resistor. 

Column Address Strobe is an active low output. This has to 
be extern~ated with latched byte enables to generate 
individual CAS for each of the individual bytes. These de-
coded CAS signals are used by DRAMs to latch the column 
address information present on the MA<9:0> lines. These 
decoded signals should be line terminated with 33 Ohms 
series resistors. 

DRAM Write Enable is an active low write enable for the 
DRAMs. This line should be buffered and line terminated with 
33 Ohms series resistors. 
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DRAM Dn~eriace (Continued) 

IPFIP 

76 

95-100 
01-02 

93,94 

3 

82 

Symbol 

FBE 

XDA<7:2> 
XDA<1:0> 

MA<9:8> 

XDEN 

WDLE 

MemOfV IEltpansioll'l 

IPIFIP Symbol 

77,78 BLK<3:2> 
80,81 BLK<1:0> 

8 MOEN 

5 ORO 

o 

I/O 

o 

o 

o 

'iTvpe 

0 
0 

0 

o 

Illiescripltion 

Force Byte Enable is an active low signal. When active, forces 
all the byte enables to be active, during a read miss cycle, to 
ensure that all four bytes of data is fetched from main memory. 

Multiplexed DRAM address lines MA<7:0>. Also used as 
bi-directional lines to read/write to the internal registers of the 
82C307. An external 74LS245 data transceiver is required to 
isolate this path during normal memory operation. These lines 
should be buffered and line terminated with 33 Ohms series 
resistors before driving the DRAM array. 

Remaining DRAM address bits to provide a total of 10 address 
lines to support 256K and 1 Mbit DRAMs. These lines should 
be buffered and line terminated with 33 Ohms series resistor 
before driving the DRAM array. 

X DATA BUFFER Enable is an active low output asserted dur
ing I/O accesses to locations 22H and 23H. These locations 
contain the index and configuration information for the 
82C307 configuration registers. It is used to enable the buffers 
between the XD and the MA busses for accessing the internal 
registers on the 82C307. 

Write Data Latch Enable is an active high output used to latch 
the write data from the CPU into a temporary register for 
delayed write operation to the DRAM array. 

lQ)escrupllaon 

Block 3 to Block 0 are active low signals used to select up to 
4 blocks of DRAMs. These signals should be gated with 
RAS<3:0> to generate RAS signals for the individual banks. 
During refresh, all the blocks are enabled simultaneously. 

Memory Data Enable is an active low signal, which when 
active enables the drivers between the memory data bus and 
the local data bus. This signal is connected to the MOEN 
input of the 82B305 data buffers to enable transfers between 
memory and the processor. 

Data Read controls the data transfer direction between the 
MD to the LD bus. When low, it allows data transfer from the 
memory data bus to the processor data bus. When high, it 
transfers data from the processor data bus to the memory 
data bus. 
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Decodes 

PFP Symbol 

68 

66 102XCS 

Parity/EDC Support 

PFP Symbol 

65 LPAR 

6 PCHK 

7 PEN 

84 WAIT 

83 DBUSY 

82C307 

Type 

o 
Description 

ROM CHIP SELECT is an active low chip select output to the 
BIOS EPROMs. This output will be active when the top 256K 
of the 4 Gigabyte or 1 MB address space is accessed. ROM 
space at the top of 16 MB can be selectively programmed to 
be enabled or disabled. 

This is an active low output and is activated during accesses 
to the 1/0 port addresses 22 and 23H. 

Type Description 

Parity error is an active low input indicating a parity error 
during DRAM read operation. If a system implements parity 
generation and detection scheme, this input should be con
nected to the LPAR output of the 82C306. The failing address 
is latched within the 82C307 for diagnostic purposes. If the 
system implements the error detection and correction scheme, 
then this input should be connected to the ERR output of the 
generi~available 32-bit EDCU chips like the 74ALS632. 
When LPAR is asserted active, it indicates to the 74ALS632 
that either a single or a double bit error has occurred. 

o Parity Check is an active low output which controls whether 
parity is generated or checked. When low, the parity check 
function is enabled, whereby the data is checked for parity 
errors. When high, parity generation logic is enabled, and 
parity bits are generated. 

o Parity enable is an active low output that controls the overall 
parity enable circuitry. This bit is controlled by the configura
tion register. When in EDC mode, PEN indicates the beginning 
of the DRAM cycle by generating a pulse which is one CLK2 
cycle long. 

WAIT is an active low input, which when active causes addi
tional CLK2 periods to be inserted while wait is sampled 
active. This permits stretching of the DRAM timing pulses 
when operating in the EDC mode. This input can also be used 
by other logic to extend the DRAM cycle. WAIT is sampled by 
the CLK2 pulse to allow extension of RAS, RAS and OWE (if 
asserted). The required setup and hold times must be met to 
guarantee proper operation. 

DRAM BUSY is an active low input that indicates that the 
DRAM sUb-system is busy and it cannot accept any new 
memory requests. However, this input does not affect cache 
accesses. 

192 



'H~P5 ____ -~---------
TeslllPin 

IPFP Symbol 

44 TEST 

Power and Ground 

IPFP 

4,18 
29,54 
72,79 
92 

14,41 
67,89 

Symbol 

lReseruettll [Pin 

IPIFI? Symbol 

69,57 

"iI"lfpe Description 

A 10K Ohms pull up resistor is required. 

Type Description 

Vss 
Vss 
Vss 
Vss 

Vee 
Vee 

iDescription 

82C307 AbsolL!lte MSl(umum iFJa1lill'lgs 

Parameter Svmbol Min. 

Supply Voltage Vee 
Input Voltage VI -.5 

Output Voltage Va -0.5 

Operating Temperature Top -25 

Storage Temperature Tstg -40 

Mal(. Units 

7.0 V 

5.5 V 

5.5 V 

85 C 

125 C 

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions described under Operating Conditions. 

82C307 Operalling Conditions 

Parameter 5vmbol Min. Max. Units 

Supply Voltage Vee 4.75 5.25 V 

Ambient Temperature TA 0 70 C 
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82C307 DC Characteristics 

Parameter Symbol Min. Max. Units 

Input Low Voltage VIL 
TTL level (All pins except RESET4) 
SHMT level (RESET4 pin) 

Input High Voltage V1H 
TTL level (All pins except RESET4 and GLK2) 
GLK2 level 
SHMT level (RESET4 pin) 

Output Low Voltage VOL 

Output High Voltage 
All pins except 10GHRDY and NA pins VOH 
10GHRDY and NA pins have open drain driver 

Input LOW curre~!~yo = Vss I 
GLK2, RESET4, MDEN, XDA<7:0>, and MA<1:0> IL 

All input and 1/0 Pins except GLK2, 
RESET4, MDEN, XDA<7:0>, and MA<1:0> 

Input HIGH current @ Va = ~ I 
GLK2, RESET4, XDA<7:0>, MDEN, and MA<1:0> IH 

All input and 1/0 pins except GLK2, 
RESET4, XDA<7:0>, MDEN, and MA<1:0> 

3-State output OFF current LOW 

3-State output OFF current HIGH 

Output leakage current 

Output short circuit current 

Power supply current 

10ZL 

los 

IcC 

.8 
1.0 

2.0 
3.7 
4.0 

.45 

2.4 

-10 

-90 -10 

10 

40 

-10 

10 

TBD 

TBD 

200 

Input capacitance GIN TBD 

Output or 1/0 capacitance GOUT TBD 

NOTES 
1. MDEN, XDEN, DRD, PCHK. SCLK, ROMCS, and PEN pins have 4 mA TTL driver. 
2. IOCHRDY and NA pins have 4 mA open drain driver. _ __ 

V 
V 

V 
V 
V 

V 

V 

JlA 

JlA 

JlA 

JlA 

Jl2A 

JlA 

rnA 

3. READY, AF32, BLK<3:0>, RAS<3:0>, CAS, WDLE, CWE<1:0>, FBE, CALE, and DWE have 8 mA driver. 
4. CRD<1:0> have 12 mA driver. 
5. All timing parameters except t711A are specified under Capacitive load of 65 pF. Timing parameter t711A is 

specified under capacitive load of 35pF. 
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82C307 AC Characteristics 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C30~20 82C30~25 
Sym Description ~'Jil1'l 'liYP ~'Jalf. Min i'lfp Malt Unit Notes 

Memory Cycle 

t701 Operating frequency 8 20 8 25 MHz 

t702 CLK2 period 25 20 ns 

t703 CLK2 high time at 2V 8 8 ns 

t704 CLK2 high time at 3.7V 5 5 ns 

t705 CLK2 low time at 2V 7 7 ns 

t706 CLK2 low time at .8V 5 5 ns 

t707 CLK2 fall time (3.7V to .8V) 4 4 ns 

t708 CLK2 rise time (.8V to 3.7V) 4 4 ns 

t709 RESET4 hold time 3 3 ns 

t710 RESET4 setup time 7 7 ns 

CRD<1:0> delay from 
t711A CLK2 low for OWS non-pipeline 4 12 4 11 ns 

read h it cycles 

t711 B CRD<1:0> active delay from 
8 24 8 22 ns 

CLK2 low for all other cycles 

t712 CRD<1:0> active delay from 
6 20 6 16 ns CLK2 high 

t713 CRD<1:0> inactive delay from 
6 20 7 20 ns 

CLK2 high 

t714 
READY active delay from 

6 20 6 20 ns 
CLK2 low 

t715 READY inactive delay 
6 20 6 18 ns 

from CLK2 high 

t716 CALE high to low delay 
6 22 6 18 ns from CLK2 low 

t717 
CALE high to low delay 

10 22 10 18 ns 
from CLK2 high 

t718 
CALE low to high delay 

10 25 10 25 ns from CLK2 high 

t719 AF32 active delay from 
6 20 6 16 ns CLK2 low 

t720 
AF32 inactive delay 

6 20 6 18 ns from CLK2 low 

t721 RAS active delay from CLK2 low 10 21 10 21 ns 

t722 RAS active delay from CLK2 high 10 25 10 25 ns 

Test Load = 65pF unless otherwise specified. 
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82C307 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C307-20 82C307-25 
5ym Description Min 'UYP Man: Min 'lYP Max Unit Notes 

Memory Cycle (Continued) 

t723 RAS inactive delay 
10 25 10 25 ns from CLK2 high 

t724 RAS inactive delay 
from CLK2 low 10 25 10 25 ns 

t725 Row address set up time from 
20 16 ns CPU address active 

t726 Row address hold time from 
28 25 CLK2 low ns 

t727 Column address valid to 
6 4 CAS active ns 

t728 Column address hold time from 
10 25 10 25 CLK2 high ns 

t729 CAS active delay 
9 21 9 21 ns from CLK2 low 

t730 CAS active delay 
9 21 9 21 ns from CLK2 high 

t731 CAS inactive delay 
6 17 6 17 ns from CLK2 high 

t732 ORO active delay 
10 30 10 25 ns from CLK2 high 

t733 ORO active delay from 
10 30 10 25 ns CLK2 low 

t734 ORO inactive delay from 
10 25 10 25 ns CLK2 low 

t735 FBE active delay from CLK2 low 10 20 10 20 ns 

t736 FBE active delay from CLK2 high 10 20 10 20 ns 

t737 FBE inactive delay from 
8 18 8 18 ns CLK2 low 

t738 CWE active delay from CLK2 low 10 22 10 20 ns 

t739 CWE active delay from 
10 22 10 20 ns CLK2 high 

t740 CWE inactive delay from 
7 18 7 16 ns CLK2 high 

t741 BLK active delay from 
20 20 ns address valid 

Test Load = 65pF unless otherwise specified. 
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82C307 AC Characteristics (Continued) 
(T A = O°C to 70°C, Vee = 5V ± 5%) 

82C307-20 82C307-25 
Sym Description Min Typ Max Min Typ Max Unit Notes 

Memory Cycle (Continued) 

t742 BLK inactive delay from 
20 20 ns CLK2 high 

t743 OWE active delay from 
10 CLK2 low 25 10 23 ns 

t744 OWE active delay from 
5 20 5 18 ns CLK2 high 

t745 MOEN low to high delay from 
10 20 10 20 ns CLK2 high 

t746 MOEN high to low delay from 
10 25 10 25 ns CLK2 high 

t747 WOLE high to low delay from 
10 20 10 20 ns CLK2 high 

t748 WOLE low to high delay from 
6 15 6 15 ns CLK2 high 

t744 OWE active delay from CLK2 high 5 20 5 18 ns 

t745 MOEN low to high delay from 
10 20 10 20 ns CLK2 high 

t746 MOEN high to low delay from 
10 25 10 25 ns CLK2 high 

t747 WOLE high to low delay from 
10 20 10 20 ns CLK2 high 

t748 WOLE low to high delay from 
6 15 6 15 ns CLK2 high 

CPU DMA Cycle 

t749 Command setup time to 
10 10 ns CLK2 high 

--
t750 RAS active delay 

20 20 ns from CLK2 high 
--

t751 
RAS inactive delay 

25 25 ns from commands inactive 

t752 Row address setup time from 
20 20 ns address valid 

t753 Row address hold time from 
10 20 10 20 ns CLK2 high 

t754 Column address setup to 1 1 
CAS active CLK2 CLK2 ns 

Test Load = 65pF unless otherwise specified. 
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82C307 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C307-20 82C307-25 
Sym Description Min '1I'yp Max Min Typ Max Unit Notes 

CPU DMA Cycle (Continued) 

t755 Column address hold time from 
25 25 commands active ns 

t756 CAS active delay from RAS active 2 2 
for DMA memory read cycle CLK2 CLK2 ns 

t757 CAS active delay from RAS active 3 3 
for DMA memory write cycle CLK2 CLK2 ns 

t758 CAS active delay from CLK2 high 8 20 8 18 ns 

t759 CAS inactive delay from 
8 18 8 18 ns commands inactive 

t760 
IOCHRDY high to low delay 

15 15 ns from command active 

t761 
IOCHRDY low to high delay 

20 20 from CLK2 high ns 

t762 DRD active delay from CLK2 high 20 20 ns 

t763 DRD inactive delay from 
25 25 ns commands inactive 

t764 AF32 active delay from 
15 15 ns command active 

t765 AF32 inactive delay from 
13 13 ns command inactive 

t766 DWE active delay from 
17 17 ns AF32 active 

t767 DWE inactive delay from 
commands inactive 17 17 ns 

t768 CRD and CWE active delay from 
20 20 ns CLK2 high 

t769 CRD and CWE inactive delay 
8 20 10 20 ns from CLK2 high 

ROM Cycle 

t770 ROMCS active delay from 
27 27 ns CLK2 high 

t771 ROMCS inactive delay from 
22 22 ns CLK2 high 

t772 READY input setup time 
5 5 ns to CLK2 low 

t773 READY input hold time to 
3 3 ns CLK2 high 

Test Load = 65pF unless otherwise specified. 
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82C307 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C307-20 82C307-25 
Sym iDescription Min Typ Max Min Typ Max Unit Notes 

REFRESH Cycle 

t774 RASi active delay from 
20 17 ns CLK2 high 

t775 RASi inactive delay from 
10 7 ns CLK2 high 

t776 
-- 4 4 RASi pulse width 

CLK2 CLK2 
ns 

t777 
RAS(i+1) active delay 1 1 
from RASi active CLK2 CLK2 

ns 

t778 REFRESH address set-up time 2 2 
to RASO CLK2 CLK2 ns 

t779 REFRESH address hold time 2 2 
from RAS3 CLK2 CLK2 ns 

t780 IOCHRDY going low from 
20 20 ns 

CLK2 high 

t781 IOCHRDY float delay from CLK2 20 20 ns 

1/0 Cycle 

t782 
I02XCS setup time to XIOR 

10 10 ns 
or XIOW 

t783 
I02XCS hold time to XIOR 
or XIOW 

10 10 ns 

t784 
XAO setup time to XI OR 

10 10 ns 
or XIOW 

t785 XAO hold time to XIORor XIOW 10 10 ns 

t786 
XDEN active delay from XIOR 

15 19 15 19 ns 
or XIOW 

t787 
XDEN inactive delay from XIOR 

12 12 ns 
or XIOW 

t788 XDA input setup time to XIOW 10 10 ns 

t789 XDA input hold time to XIOW 8 8 ns 

t790 XDA output valid delay to XIOR 30 30 ns 

t791 XDA output hold time to XIOR 15 15 ns 

Test Load = 65pF unless otherwise specified. 
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82C307 AC Characteristics (Continued) 
(TA = O°C to 70°C, Vee = 5V ± 5%) 

82C307·20 82C307·25 
Sym Description Min Typ Max Min Typ Max Unit Notes 

Mise Timing 

t792 PCHK active delay from CAS 
10 10 ns active during DRAM read cycles 

t793 PCHK inactive delay from CAS 
10 10 ns inactive during DRAM read cycles 

t794 LPAR input setup time to CAS 10 10 ns 

t795 MEMB setup time to CLK2 low for 
13 13 ns CPU cycles 

t796 
MEMB setup time to command 

15 15 ns active for DMA cycles 

Test Load = 65pF unless otherwise spe.cified. 
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1+---t702----I~ 

A.C. Timing Waveforms 

CLK2 

RESET4 

SCLK 

Timing Diagram (RESET Sequence) 
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82C307 

SYSCLK 

CLK2 

ADS 
(FROM 386) 

ADDR 

CRD<1:0> 

.T1 T2 Tl T2 

Read Hit Cycle, 0 WS SRAM, Non-Pipeline Mode 
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SYSCLI< 

Tl T2 T2P(TW) T1P T2P 

Read Hit Cycle, 1WS Non-Pipelined, Followed by a Pipeline Cycle 
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82C307 

SYSCLK 

CLK2 

ADDR 

XDA<7:0> 
DA<9:8> 

WDLE 

CALE 

T1 T2 T2W T2W 

=n.n..n-
~ 1 JXj x: D\\ 2 

~ ~ X 1 -
"H" 17118 • 1-" OE MODE .... ~1--1713 

1Ji.. CS MODE 1-.'1 

- ~ .,. 1711 r 1'-1715 

M~ 

-----II-- f- 1721 1724_ ~r 

1\ 1 II-
1725_ .I~ I-f-.~726 - J .-1728 

* !l- CAS ADDRESS IJ 
RAS ADD - -'

1721 - I~ ot-I731 

l 

"H" ~ -.l72t 

.. J(-\732 - .. ~734 

1\ 

~ :IJ .. JH735 

1-\ + - 1738 - 1;::.1740 

IT 1+ 
"L" 

"P!.' - 1716 - 1!:::718 

1-\ i-
z 

1719_ .... IrO z 

- 1741 - 1~1742 

'\ 1 f 

Read Miss Cycle, 2 WS DRAM, 0 WS SRAM, Non-Pipeline Mode 
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SYSCLK 

I T1 OR T2P I T2 OR T1P ITW OR T2PITW OR T1pITW OR T2PI 

CLK2 LflI Lf1..f1Jl-.-flJ rLJL ~ ~ 

AD DR 

XDA<7:0> 
DA<9:8> 

WDLE 

CALE 

XX 

KXX>.. 1 fY) ~ 2 

.XX 1 XX: 2 

"H" 

1722 --l> ~}- 1723 --l> ~ 
i\ 1 Ilf 

~,.... 

XX )( )( CAS ADDRESS 

RAS;;;n --» 1730 

T. 

"H" 

- fi>.1 1-1733 

I\-
-I-> rl-l736 

I-\-

"L" 

"H" 

NPL" ~ 1717 

PL" 1 -\-
-i> 4-1718 

----t> 1739 

l't 

\ 1 / 

* NPL = Non-Pipeline PL = Pipeline 

\. r-!-

mx 
1731--!> 

1 

1734-

1737-

1740~ 

Read Miss Cycle, 2 WS DRAM, 1 WS SRAM, Non-Pipeline 
o W5 SRAM, Pipeline 
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i~ 

I{ I--

.XX 

I; :r-I--

fl> IF 
fl> If 

1/'2 

Ir=-
I~ 
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SYSCLK 

CLK2 

AD DR 

CRD<1:0> 

XDA<7:0> 
DA<9:8> 

WDLE 

CALE 

AF32 

T1 T2 T1 T2 

1..nrLr~ 

'<>0\. 1 I-W '\X\. 2 In 
X-x x 1 2 -17118-~ r= ~ ("~E ~OIE 1713 

"\.. - (CS MbDl 
1714-I+- -I- ~715 

I~ -¥-

1721-f. .r--r- -tf-1724 

.3k- 1/ 

-,L RAS ADD 

:xxxx IX X CAS ADDRESS X XXXX) -
1729_ .r t-- -I> ~731 

I\: II-
"H" 

"H" 

1738-f. ~~S_ 
\,!lIT 
-~ t-1740 

-.t *-1743 - rc---- 1744 

i-\ -¥-- 1_1745 - 1 __ 1746 

-¥- ~ - 1747 -- 1_1748 

-\- + 
1716-- .- ~718 

1 '---- :l 2 \ 

r'- ""'" ~ 

/ 

NOTE: CRD and CWE signals are not generated during the Write Miss Cycles. CRD is only 
generated for the chip select type of SRAMs during the Write Hit Cycles. 

Write Hit/Miss Cycle, 2 WS DRAM, 0 WS SRAM, Non-Pipeline Mode 
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SCKL 

CLK2 JU1.flJ1..flJ1-rLrLrLfUUl 

-~ L I-
HLDA1 

1749-.; I- 'l"-I-

1750 ...... - 1751-. ~ F-
1 I-..t::: 1752 -

r{ -ABUS 

-.. .1_1753 1755_ . II!::. 
XDA ROW ADDRESS )( COLUMN ADDRESS 'j 

CAS 
(READ) 

CAS 
(WRITE) 

IOCHRDY 

CRD 
CWE 

DWE 

1760-i 

1764-

-'!;: 
I 

t--
~;-

--i7~6-1 
I--J58 -- ~ 

~-- .r""" i758 

I-1--1717 I-\-
-I 

1761_ i I+-
I'-- I -- -- I 

1762_ r 
I 

1768 __ 

f 4i= 
'I 

1766 ~ 
NOTE: CRD and CWE are generated during DMA Write Hit Cycles. 

CRD is generated for chip select type SRAMs. 

175_ 

~ != 

1759. 

~ ~ 

1763_ 

W 
l=-

III-

1765-- r-

1767+ 

t 

AF32 is generated during DMA Cycle for 82C301 to generate the proper Action Code. 

DMA Cycle 
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82C307 

CLK2 

SCLK 

ATSCLK 

ALE 

READY 
(301) 

ROM Read Cycle 
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CLK2 

SCLK -~LIl----n '-~r-L..J~ ~ 
"I" 

HLDAI 

\ / 

\. 

1774_ -"- - ~ 1775 
1n6 

"+ 1--' r-

-,.. ~1774 
"I 

_1776 
<- 1+ 

", 
1777_ ~ 

~ 

~ 
1776 

"+ 

I 
, -, 

1776 1+- tt-

I 
1"- 1778_ 1-1779 i+1 

XDA BUS VALID REFRESH ROW ADDRESS )( 

'I 
1+-1780_ - 1781 -

NOTE: t776 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. 

Refresh Cycle 
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CLK2 

SCLK 

i02X'Cs 

XAO 

lOW 

lOR 

XDA7-0 

1787 

XDEN 

NOTE: No data output and XDEN is inactive if the index set up by the previous 1022 Write doesn't 
point to a valid 1023 register of 82C302. 

I/O Read/Write Cycle 
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Parity Timing 

2 

1792 

________________________ 1~79~4~~1~ __________ _ 

NOTE: LPAR in 82C307 is used to latch the address which caused the parity error, and it has to 
occur prior to the CAS for the next cycle. 

MENBTIMING 

CPU Cycle DMA Cycle 
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CHIPS 
Load Circuit Measurement Conditions 

Parameter Output Type 

Propagation Totem pole 
Delay 3-state 

Time Bidirectional 

Propagation Open drain or 
Delay Time Open Collector 

Disable Time 
3-state 
Bidirectional 

Enable Time 
3-state 
Bidirectional 

INPUT 

OUTPUT 
(DELAY) 

OUTPUT 
(ENABLE/DISABLE) 

Vee 

Symbol 

tpLH 
tpHL 

tpLH 
tpHL 

tpLZ 
tpHZ 

tpZL 
tpZH 

10% 

CdpF) 

50 

50 

5 

50 

~ 3 
.... 
:::l 
o 
> 2 

Ri (0) RL (0) SWi SW 2 

1.0K OFF ON 

0.5K ON OFF 

O.5K 1.0K 
ON 
OFF ON 

0.5K 1.0K 
ON ON 
OFF ON 

r...:;:~------- V,l 

,------VOH 

Reset 1 DC Characteristics 

1 

voo ~ 5V 
Ta = 25°C 
(TVPI 

V IN (V) 

Load Circuit and AC Characteristics Measurement Waveform 
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12 XA01 74 
13 SPKDATA XAOO 73 

AENl MCS32 72 

15 AEN2 IOCS32 71 
16 REFREQ LPAR 70 

17 INTA PFAll 69 
18 HRCl HLDA2 66 
19 HlDAl HACZ 67 
20 XMEMR SClK 66 
21 VDD REF 65 
22 VSS 82C301 VSS 64 

2J XMEMW BUS CONTROLLER VDD 6J 

" XIOR ACO 62 
25 XIOW AC, 61 
26 NC AC2 60 

27 XDO AC3 59 

" XD' ACEN 58 

29 XD2 SOIR 57 
30 XD3 RESET4 56 

31 XD. XBHE 55 
32 XD5 ALE 54 

~ ~ ~ II "fBI z ~I ~I °1 < < ~I ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~~~~~~o~~~~g~~~~e~~~~ 
~ 

,,~ 

A22 vss 74_ A12 60 
A21 DAB 73 10 A2S 

MA12 5S 
A20 DAS 72 11 A30 

A'S CAS 
12 A31 

XA26 58 

A18 RASJ 70 
13 L64MEG XA25 

A17 RAS2 6S 
XA24 56 

A16 RASl 68 14 HIROM 

A15 RASO 67 15 HLDAl XA23 55 

A14 OWE 66 
ATEN 

XA22 54 
RCMes 65 

16 
A1J 

VSS 53 
A12 82C302 XAOO 64 17 MASTER 82A303 
AI1 PAGE/INTERLEAVE LPAR 6J 18 vec HIGH ADDRESS vee 

AIO MEMORY CONTROLLER VDD 62 
19 vss 

BUFFERS XA21 51 
AOS BA' 61 

XA20 so 
AOS BAO 60 20 MALE 

A07 Ne 59 21 REF XA19 'S 

A06 aSC/l2 58 
22 XAHE 

;;tA18 4B 
AOS NC 57 

XA17 47 
A04 CASJ 56 23 SAHE 

A03 CAS2 55 " LMEGCS XA16 46 

A02 VSS 54 
2S uocs XA1S 45 

26 SAl2 XA14 44 
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10 A07 

11 A08 

12 A09 

13 A10 

14 All 

15 HlDAI 

16 ATEN 

17 MASTER 

18 vee 
19 VSS 

20 MALE 

21 REF 

22 Ne 

23 TEST 

24 INTA 

25 LlOCS 

26 EXOEC 

10 MilO 

AF32 

12 BE3 

13 BE2 

14 BEl 

15 BED 

16 HLDAI 

17 MALE 

18 vee 

19 VSS 

20 PCHK 

21 CAS 

22 SClK 

23 WPE 

24 FBE 
25 LPAR 

26 PEN 

82A304 
LOW ADDRESS 

BUFFERS 

82A306 
CONTROL BUFFER 

~I 
'NMICS 60 

PORTBCS 59 

I02XGS 58 

XOIR 57 

ACK 56 

XIOW 55 

XIOR 54 

VSS 53 

vee 52 

XAll 51 

XAIO 50 

XA09 49 

XA08 48 

XA07 47 

XA06 tl6 

XAOS 45 

XA04 

~ 

~ 
BALE 60 

SYSCLK 59 

oun 58 

OSC/12 

esc 56 

CX2 55 

ex! 54 

VSS 53 

vee 52 

SMEMR 51 

SMEMW 50 

MEMR 49 

MEMW 48 

lOR 47 

lOW 46 

SBHE 45 

XMEMR 

"~~I ~ ~ ~I ~I ~I :; 

10 VSS 

11 031 

12 ACO 

13 ACI 

14 ACO! 

15 AC3 

16 ACEN 

17 SOIR 

18 vee 
19 lOEN 

20 MOEN 

21 MRD 

22 OlE 
23 HLDAI 

24 Ne 

25 ATEN 

26 VSS 

XOAO 

XOEN 

~ Vss 
ORO 

MENS 

10 AJI 

11 A3a 

" 13 AlB 

14 Vee 

15 A27 

16 

17 

18 Vss 

19 A24 

20 A23 

21 A22 

22 A21 

23 A20 

24 A19 

26 At7 

27 A16 

28 A15 

29 Vss 

30 A14 
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82A30S 
DATA BUFFER 

82C307 
CACHE CONTROLLER 

o 
g 

V55 60 

5015 59 

NC 58 

5014 57 

5013 56 

5012 55 

5007 54 

5006 53 

vee 52 

500S 51 

5004 50 

PP3 49 

PP2 4S 

PPl 47 

PPO 46 

M031 45 

VS5 44 

BLKl 

Vss 79 

BLK2 7s 
BLK3 77 

CALE 75 

CWEl 74 

CAD1 73 

Vss 72 

CRDO 71 

CWECl 

ROMCS 

Vee 67 

I02XCS 66 

LPAR 65 

HLOAt 64 

REF 

" XIOW 61 

XIOR 60 

XMEMW 59 

XMEMR 58 

RES 

AF32 56 

ClK2 55 

Vss 54 

SCLK 53 
AESET4 52 

IOCHRDV 51 
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S8-LEAD PLASTIC CHIP CARRIER 

.985(25.01 ) 

.995(25.27) 
.950(24.13) 

I ,~ 
CD. ~,.956(24.28) 

Miii ~ 
<D ~ 

...-::"! 

~ "" [ 
~~ [ 

~ ~:£ ~ 
. . ~ 

~ 
@ p '"(g) 

-~ ~ ~ ON 

"'''' NN 

"'"' ~ ~ ~ 
0>0> 

( D ~ 
J 

'-- , ............................. ' ..... u ................ u .... 

DIMENSIONS IN INCHES (MILLIMETERS) S = 3.6/1 

215 



CHiPS ___________________________ _ 

84-PIN PLASTIC LEADED CHIP CARRIER 

Ir--,"'''''I''''''II''''''II"'''I_I 

o 

~ ~ ~ 
[ . ~ 

~ 
~ 
~ 

5.0 MAX 29.2 ± 0.2 

30.23 ± 0.2 

82A303 Absolute Maximum Ratings 

Package Type 
Order Number Note 1 Remarks 

P82C301 PLCC-84 C (Note 2) 

P82C302 PLCC-84 C 

P82C303 PLCC-6B C 

PB2A304 PLCC-6B C 

PB2A305 PLCC-68 C 

PB2A306 PLCC-6B C 

P82C307 PFP C 

CS8230 Standard CHIPSet (Note 3) 

NOTES 
1. PLCC = Plastic Leaded Chip Carrier 84 Pins 
2. C = Commercial Range, 0° to 70°C, VOD = 4.75 to 5.25 V 
3. CS8230 consists of P82C301, P82C302, P82A303, P82A304, P82A305, P82A306. 
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PIN #1 

26.0 (1.024) 

~ k-0.3 (0.012) TYP 

DIMENSIONS: mm (in) 

100-PIN PLASTIC FLAT PACKAGE 
(RECTANGULAR) 
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CHIPS Regional Sales Offices 
California, Irvine 
Chips & Technologies, Inc. 
(714) 852-8721 

California, San Jose 
Chips & Technologies, Inc. 
(408) 437-8877 
Georgia, Norcross 
Chips & Technologies, Inc. 
(404) 662-5098 

Germany, Munich 
Chips & Technologies, Inc. 
498946100530 

Illinois, Itasca 
Chips & Technologies, Inc. 
(312) 250-0075 

Korea, Seoul 
Chips & Technologies, Inc. 
8225512723 
MassachuseHs, Burlington 
Chips & Technologies, Inc. 
(617) 273-3500 

Pennsylvania, Blue Bell 
Chips & Technologies, Inc. 
(215) 540-2214 

CHIPS International Distributors 
CENTRAL AMERICA Singapore 
Central America Singapore 
Mexico, Guadalajara Chartered Telmos Design 
Sonika PTE Ltd. 
5236-474-250 657789331 

FAR EAST Taiwan, R.O.C. 

Australia Taipei 

Victoria, Burwood Union Technology Corp. 

R&D Electronics 886-2-501-8170 

61-808-8911 Taipei 

Hong Kong World Peace 

Kwun Tong, Hong Kong, Industrial Co., Ltd. 

Wong's Kong King Ltd. 886-2-505-6345 

852-345-0121 EUROPE 
India Belgium, Bruxelles 
Santa Clara, CA (USA) Auriema Belgium SA/NY 
Silicon Electronics 32 (02) 523-62-95 
(408) 988-4408 Finland, Helsinki 
Israel OY Fintronic AB 
Tel-Aviv 35806926022 
CVS France, Le Chesnay 
9723-544-7475 A2M 
Japan 331 39.54.91.13 
Tokyo Germany, Nettatal 
ASCII Corporation Rein Elektronik GmbH 
813-479-0486 49 (02153) 733-0 
Korea Italy, Balsamo 
Seoul MoxeIS.r.1. 
Kortronics Enterprises 39 (02) 61 ,29.0521 
82 2 562 90557 Netherlands, Eindhoven 

Auriema Nederland BY 
31 (0) 40-816565 

Texas, Dallas 
Chips & Technologies, Inc. 
(214) 702-9855 

Taiwan, R.O.C. 
Taipei 
Chips & Technologies, Inc. 
8862 717 -5595 

Spain, Madrid 
Campania Electronica 
de Tecnicas 
Aplicadas, SA 
34-1-754-3001 

Spain, Barcelona 
Campania Electronica 
de Tecnicas 
Aplicadas, SA 
34-3-300-7712 
Switzerland, Dietikon 
DataCompAG 
41017405140 
United Kingdom, Berkshire, 
Maidenhead 
Katakana Limited 
Maidenhead 44 628 75641 

NORDIC COUNTRIES 
Denmark, Herlev 
Nordisk Elektronik AlS 
45-284-20-00 

Norway, Hvalstad 
Nordisk Elektronik A/S 
4702846210 

Sweden, Kista 
Nordisk Elektronik A.B. 
4687034630 



C::i-lii=i~ ________________________________________________________________ ___ 

CHIPS Sales Representatives 
UNITED STATES Illinois, Hoffman Estates 
Alabama, Huntsville Micro-Tex, Inc. 
The Novus Group, Inc. (312) 382-3001 
(205) 534-0044 Indiana, Carmel 
Arizona, Scottsdale Giesting & Associates 
AzTECH Component Sales (317) 844-5222 
(602) 991-6300 Maryland, Annapolis 
California, Santa Clara ESS 
Magna Sales (301 ) 269-4234 
(408) 727-8753 Massachusetts, Woburn 
California, San Diego Mill-Bern Associates, Inc. 
S.C. Cubed (617)932-3311 
(619) 481-0757 Michigan, Comstock Park 
California, Thousand Oaks Giesting & Associates 
S.C. Cubed (616) 784-9437 
(805) 496-7307 Michigan, Livonia 
California, Tustin Giesting & Associates 
S.C. Cubed (313) 478-8106 
(714) 731-9206 Minnesota, Eden Prairie 
Colorado, Wheat Ridge High Technology Sales Assoc. 
Wescom Marketing, Inc. (612) 944-7274 
(303) 422-8957 N.ew Jersey, Bellmawr 
Florida,Casselberry T!A.I. 
Dyne-A-Mark Corporation (609) 933-2600 
(407) 831-2822 New York, Commack 
Rorida, Clearwater ERA. Incorporated 
Dyne-A-Mark Corporation (516) 543-0510 
(813) 441-4702 North Carolina, Raleigh 
Florida, Ft. Lauderdale The Novus Group 
Dyne-A-Mark Corporation (919) 833-7771 
(305) 771-6501 Ohio, Cincinnati 
Georgia, Lilburn Giesting & Associates 
The Novus Group, Inc. (513) 385-1105 
(404) 263-0320 Ohio, Cleveland 
Idaho, Boise Giesting & Associates 
Wescom Marketing, Inc. (216) 261-9705 
(208) 335-6654 

Oregon, Beaverton 
L-Squared Limited 
(503) 629-8555 
Pennsylvania, Pittsburgh 
Giesting & Associates 
(412) 963-5832 
Texas, Austin 
OM Sales 
(512)388-1151 
Texas, Houston 
OM Sales 
(713) 789-4426 
Texas, Richardson 
OM Sales 
(214) 690-6746 
Utah, Salt Lake City 
Wescom Marketing, Inc. 
(801) 269-0419 
Washington, Kirkland 
L-Squared Limited 
(206) 827-8555 
Wisconsin, Waukesha 
Micro-Tex, Inc. 
(414) 542-5352 

CANADA 
Ontario, Kanata 
Electro Source, Inc. 
(613) 592-3214 
Ontario, Rexdale 
Electro Source, Inc. 
(416) 675-4490 
Quebec, Pointe Claire 
Electro Source, Inc. 
(514) 630-7846 



Chips and Technologies, Inc. 
3050 Zanker Road, San Jose, CA 95134 408-434-0600 telex 272929 CHIPS UR 

CHIPS, CHIPSet, NEAT, NEATsx, LeAPSet, LeAPSetsx, PEAK, CHIPS/280, CHIPS/250, CHIPS/230, 
CHIPS/450, MICROCHIPS, CHIPSPak, CHIPSPort, CHIPSlink are trademarks of Chips and Tech
nologies, Inc. 

IBM AT, XT, PS/2, Micro Channel, Personal System/2, Enhanced Graphics Adapter, Color Graphics 
Adapter, IBM Color Display, IBM Monochrome Display are trademarks of International Business 
Machines. 

Intel, iAPX 386 are trademarks of Intel Corporation. 

Motorola is a trademark of Motorola. 

Lotus is a trademark of Lotus Corporation. Microsoft is a trademark of Microsoft. 

Copyright 1988, 1989 Chips and Technologies, Inc. 

These data sheets are provided forthe general information ofthe customer. Chips and Technologies, 
Inc. reserves the right to modify these parameters as necessary and customer should ensure that it 
has the most recent revision of the data sheet. Chips makes no warranty for the use of its products 
and bears no responsibility for any errors which may appear in this document. The customer should 
be on notice that the field of personal computers is the subject of many patents held by different 
parties. Customers should ensure that they take appropriate action so that their use of the products 
does not infringe upon any patents. It is the policy of Chips and Technologies, Inc. to respect the 
valid patent rights of third parties and not to infringe upon or assist others to infringe upon such 
rights. 


