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CAM451 Cache Memory

1. General Information

The CAM451 is a cache memory and i80386 microprocessor for insertion in the
80386 PGA socket on the CPU452 system board. Its purpose is to reduce memory
access time thus increasing overall system speed and to increase the available
bandwidth on the CPU452 system board bus.

The CAM451 contains a 8K by 32 bit wide cache memory, a cache controller,
the 180386 CPU, and drivers for bus isolation. A block diagram is shown in figure
1.
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Figure 1. CAM451 Block Diagram

This document describes the CAM451 board in five major sections. The first
one gives a short description and specification for the board. The second one
contains a functional description of the board elements. The third one contains a
description of the testing requirements. The fourth one contains the layout of the
CAM451 printed circuit board. The fifth one contains the logic diagrams. Finally an
appendix containing data on the 182385 cache controller is provided.



CAM451 Cache Memory

1.1 Short Description

The first purpose of CAM451 is to increase the available bus bandwidth on
CPU452. As shown in figure 1 above the CAM451 contains two isolated bus systems
comprising both address, data, and control busses. The upper bus system is called
the 386 bus system. It is used by the i80386 CPU and its primary purpose is
memory transfers with the cache. With a 20MHz system clock its maximum
throughput is 10M Dwords or 40Mbytes per second.

The lower bus system is called the 385 bus system. It is controlled from the
CAM451 by the i82385 cache controller and by DMA or intelligent devices attached
to the CPU452 board. This bus system has a maximum throughput similar to the
386 bus system. Assuming a high isolation between the two bus systems, inserting
CAM451 thus almost doubles the available bus bandwidth.

The second purpose of CAM451 is to reduce the memory access time by
reducing the amount of wait states being inserted into 80386 cycles. When
operating from the CAM451 cache memory (memory read hits), no wait states are
inserted. If the required memory date is unavailable in the cache (memory read
miss), it has to be fetched from system memory. This will require initially two
wait stetes to be inserted, but consecutive memory read miss cycles will alter
between none and one wait state being inserted, because the i80386 CPU will be
put in pipeline mode.

When memory writes are performed, system memory is accessed, but without
passing on system memory wait states to the 80386 CPU. Memory write wait states
will thus only be incurred during consecutive write cycles (e.g. REP STOSW) or if
a memory read miss is incurred during the next state. Most memory write cycles
therefore will proceed without incurring wait states.

As shown in figure 1, CAM451 contains six elements. The 80386 plug is
inserted into the i80386 PGA socket on the CPU452 board. All connections to
CAM451 will normally flow through this socket. The removed i80386 is instead
inserted into the PGA socket on the CAM451. To the CPU452, CAM451 will
therefore appear as the original i80386 CPU but with significantly reduced bus
bandwidth requirements. Its function is transparent to both software and hardware.

The central element in implementing this transparency is the 182385 cache
controller. It monitors the 80386 cycles and decide whether they should be
forwarded to the CPU452 via the 385 bus or should be processed locally by
accessing the cache memory.

The cache memory is a 35nS 8K by 32 bit static RAM. It is controlled by the
82385 controller and feeds data to the 80386 CPU.

The bus separation drivers and latches connect the 386 and 385 bus systems.
Both address, data, and control signals are passed through here. It is controlled by
the 82385 cache controller.
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Finally some random logic is provided for compatiblity purposes:

To disable 1/O write posting and to generate the READY signals for the
i80386 CPU and the i82385 cache controller.

To latch the cache miss signal, whenever data is recorded as not present in
the cache. This flag may be read by software and is used primarily for testing
purposes.

To decode the memory cycles, that are mapped as non-cacheable.

To control the address line 20 signal for the i82385 cache controller in
accordance with the CPU452 scheme.
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1.2 Specifications

1.2.1 Performance
Clock speed
20MHz

Bus bandwidth
The CAM451 provides an isolation between the CPU452 bus system and the
local CAM451 386 bus. This almost doubles the bus bandwidth available,
because few transfers are necessary between the two bus systems. Each bus
system has a maximum capacity of 10M transfers (of one to four bytes) per
second.

Wait state insertion
Insertion of wait states is reduced significantly. During memory write cycles
usually no wait states are incurred. During memory read cycles the cache hit
rate is above 90% in which no wait states need to be inserted.

Bus system sizes
32 bit address bus
32 bit data bus
A control bus

Cache RAM
35nS 8K by 32 bit

Generation of performance evaluation signals

Signals are generated for sampling by an external device to determine system
performance regarding wait state insertion and cache miss cycles.

1.2.2 Environmental

Operating temperature : 0 to 40 degrees CO.
Relative humidity ¢ 20% to 80% (non condensing).

Altitude : 0 to 10,000 feet.

1.2.3 Physical

Width : 100 mm
Length : 150 mm
Heigth : 18 mm
Weight : 100 grams
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1.2.4 Power requirements

Dissipation : 12 W max.

Vee : +5V  +/-5% (2.4A max.)
Note that 2 W come from the i80386 CPU. The CPU452
power dissipation is reduced correspondingly.
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2. Functional Description

This section describes in detail each of the elements that comprises the
CAM451. They are the following:

2.1 180386 CPU

2.2 182385 Cache Controller
2.3 Bus Separation

2.4 Random logic

2,5 Cache Memory

2.6 80386 Plug
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2.1 i80386 CPU

The 180386 CPU is the primary processing unit of the CPU452/CAM451
combination. It formerly occupied the 80386 PGA plug on the CPU452 board now
occupied by the CAM451. For a more detailed description of the i80386 refer to
the CPU452 Hardware Reference Manual or the Intel datasheet on this IC.

i80386 signals are passed to the 80386 Plug in three different ways:

1. Signals connected directly to the plug:

BusSizel6 Used for selecting 16bit bus size. It is strapped inactive on
CPU452.

Reset

Interrupt

NonMaskableInterrupt

CoprocessorRequest (PEREQ)
CoprocessorBusy (BUSY)
CoprocessorError (ERROR)

Clock2 Basic processor clock.

2. Signals passing through the bus separator:
Data 0..31 Data lines. They are fed to the cache memory also.
Address 2..31 Address lines. They are monitored by the cache controller also
and used for addressing the cache memory.
Write/Read, Data/Code, Memory/I0O
Cycle definition signals. They are monitored by the cache
controller and the wait state monitor.

3. Signals fed to the cache controller and regenerated there:
ByteEnable0..3 Enable signals for each of the four byte wide busses
comprising the 32bit data bus.
NextAddress Signal controlling whether the 80386 should enter pipelined
mode or not.
Lock Signal controlling whether the cycle is locked or not.
AddressStrobe Signal used for latching address and cycle definition signals.

In addition to these two other groups exist. Hold and HoldAcknowledge are
unconnected because the connection to the CPU452 bus is managed by the cache
controller. Therefore it is also this controller that generates the bus arbitration
signals. Finally the i80386 Ready signal is generated by random logic gating 385
bus ready signals with the cache controller ready signal. See section 2.4.

10
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2.2 i82385 Cache Controller

The bus separation and control of the cache memory is performed by the
i82385 cache controller designed specifically for use with the i80386 CPU. It
allows data residing in the cache to be accessed without involving the CPU452.

The i82385 operates only on memory accesses. l.e. 1/0 transfers, Halt, and
Interrupt Acknowledge cycles are forwarded to the system bus.

Memory reads operate in one of two ways:

1. If the data requested already reside in the cache {Cache Read Hit), it is
forwarded to the i80386 without interference with the system bus and without
inserting wait states.

2. If the data requested does not reside in the cache (Cache Read Miss), it has

to be read from system memory. In this case the address is put on the 385
bus one CLK cycle after the i80386 request. System memory is accessed and
returns the data. It also controls the insertion of wait states. The first Cache
Read Miss requires at least two wait states to be inserted - one from the
cache controller and one from the system memory. During this cycle the cache
controller puts the i80386 in pipelined mode to hide subsequent wait states.
Consecutive Cache Read Miss cycles therefore will alter between none and and
at least one wait state inserted. System memory should be set up to always
insert at least one wait state.
When data arrive on the 386 bus, it is supplied to the i80386 and written in
the cache. The cache directory is also updated. Even if the i80386 requests
only a byte or a word, the whole DWORD send by system memory is written
in the cache.

Memory writes are posted through, signifying that data is written to both the
cache and to the system memory. This requires a system bus transfer. This transfer
however is managed by the i82385 and the i80386 therefore may proceed before
this write cycle terminates. Only with consecutive write cycles or a Cache Read
Miss immediately after the write cycle, wait states may have to be inserted to
slow down the i80386. In most cases however, the write cycle will be performed
without the insertion of i80386 wait states even though system memory may
require the insertion of several wait states.

Memory writes also proceed in two ways:

1. If the data to be written already reside in the cache (Cache Write Hit), the
address is forwarded to the system memory and to the cache and the bytes
indicated by the i80386 are written in both memories.

2. If the data to be written does not reside in the cache (Cache Write Miss),
the cycle proceeds as indicated above except for that data is not written in
the cache.

To maintain cache consistency with the transfers taking place at the 385 bus,
the i82385 monitors this bus. Whenever a match is found, i.e. whenever an external
device performs an write to system memory data that also reside in the cache, the
cache data is invalidated. This means that the next time this data is requested by
the i80386, it has to be fetched from system memory. System bus monitoring by
the i82385 is performed interleaved with i80386 requests and thus does not slow
down i80386 cycles.

11
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The cache controller address monitoring is based on an internal cache
directory. This directory has 1024 entries. Each entry consists of a 17 bit tag
field (the upper 17 address bits), a tag valid bit, and 8 DWORD valid bits.
Comparison works as shown in figure 2 below.

30 Address Bits
A31-A15 i A14-A5 ;A4"A21
[ 7o < 10bit 3bit
Cache Directory |>(Se|ectr
17bit Address Tag | git
Comparator o Tag Valid Flag
Addresses Equal Flag DWORD Valid Flag

DWORD Present
Figure 2. Cache Controller address monitoring.

The cache regards the system memory as 217 pages of 8K DWORD's each.
Each page is composed of 1024 sets and each set of 8 consecutive DWORD's. The
cache controller allows addressing of up to 1024 different sets and within each set
up to 8 consecutive DWORD's. A change of the directory tag will therefore
change the validity of not 1 but 8 DWORD's.

The cache controller signals are put into 9 groups:

1. Interface with the i80386 CPU:

Clock2 The master clock.

Reset

ByteEnable0..3 Enable signals for each of the four byte wide busses
comprising the 32bit data bus.

Address 2..30  Address lines. They are monitored by the cache controller to
determine if the data is cached. A20 is gated for compatibility
with the CPU452.

Address 31 In most 386 cache systems, the i80387 FPA would reside on
the 386 local bus, thus not requiring any 385 bus accesses,
when it is used. With the CAM451 however, the i80387 resides
on the system board - i.e. outside the CAMA451.This is done
for mechanical reasons. This however signifies that i80387
utilization requires 385 bus accesses, because data have to be
transferred to it.

The cache controller intercepts i80387 data transfers by

monitoring A31 during I/0 transfers. A31 on i82385 is

therefore tied low, so that i80387 data transfers are always
12 led to the 385 bus.
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Write/Read, Data/Code, Memory/I10
Cycle definition signals. They are monitored by the cache
controller and the wait state monitor.

Lock Signal controlling whether the cycle is locked or not. When
the 180386 signals that a cycle is locked, all memory requests
are forwarded to the 385 bus - i.e. are handled as if they
were Cache Miss cycles.

AddressStrobe Signal used for latching address and cycle definition signals.

NextAddress Signal controlling whether the i80386 should enter pipelined
mode or not.

The 180386 CPU contains an instruction pipeline allowing it to
prefetch instructions. This facility is used by the cache
controller whenever Cache Miss cycles occur. The i80386 is
forced into pipelined mode to allow overlapping of memory
access cycles. This reduces the number of wait states to be
inserted, because the i82385 can decode the next cycle and
its address in advance.

ReadyInput, ReadyOutput, BusReadyEnable
These signals are fed to the Ready decoding logic described in
section 2.4 below.

Access decoding:

BusSizel6 Used for selecting 16bit bus size. It is strapped inactive on
CPU452.

LocalBusAccess This signal is used to indicate that the cycle is to performed
locally. It is activated only during I/0O access to port 2Ch.

NonCacheableAccess
This signal is used as an indication that the present cycle is
non-cacheable - i.e. that it should be forwarded to the 385
bus without cache interference. This signal is activated
whenever a memory access is decoded as non-cacheable. (See
section 2.4 below).

385 bus signals. These signals are the processed equivalents of the

corresponding i80386 signals:

BusAddressStrobe
Signal used for latching address and cycle definition signals.
It is issued only when the cache controller requires 385 bus
cycles to be performed.

BusByteEnable0..3
Enable signals for each of the four byte wide busses
comprising the 32bit data bus. They are activated when the
cache controller requires 385 bus cycles to be performed. In
this case they are replicas of the i80386 ByteEnable0..3
signals exept during Cache Read Miss cycles in which the
cache controller requires all four bytes for updating the cache
memory.

BusLock Signal controlling whether the cycle is locked or not. When
the i80386 signals that a cycle is locked, all memory requests
are forwarded to the 385 bus - i.e. are handled as if they
were Cache Miss cycles.

13
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14

BusNextAddress Signal controlling whether the i80386 should enter pipelined
mode or not. It is strapped active on the CPU452 to allow
entering pipelined mode whenever the cache controller decides
so.

BusReady Ready signal from the 385 bus. It is sampled by the cache
controller only when it itself did start a 385 bus cycle. It is
used by CPU452 devices to insert wait states and to signal
completion of the 385 bus cycle.

Bus separation control:

LoadStrobe, DataOutEnable, BusTransmit/Receive
These signals are used to control the separation of the 386
and 385 data busses. This is described in more detail in
section 2.3 below.

BusAddressClockPulse, BusAddressQutputEnable
These signals are used to latch and enable the address and
cycle defintion signals coming from the 386 bus. This bus
separation is described in more detail in section 2.3 below.

385 address bus monitoring:

SystemAddress2..31
These lines are connected to the 385 address bus lines to
allow monitoring of CPU452 activity. This is done to insure
cache coherency as described above. SA31 is tied low just like
A3l is.

SnoopAddressStrobe, SnoopAddressEnable
These lines are used to signal, that a valid address is
available on the 385 address bus. This is the case when the
385 bus is put into a HOLD cycle (by another bus master) and
the DataWriteEnable signal from CPU452 indicates that a
memory write is in progress.

385 bus arbitration:

BusHold, BusHoldAcknowledge
These lines have the equivalent function as did the i80386
Hold and HoldAcknowledge have before. They are used for
arbitration on the 385 bus.

Cache control signals:
CacheAddressLatchEnable, CacheTransmit/Receive, ChipSelect0..3,
CacheOutputEnable, CacheWriteEnable
These signals are used for controlling the cache memory. For
more details see section 2.5 below.

Status and control:

Miss This may be understood as an additional cycle definition
signal. When active, it indicates that the cache memory access
was a miss - i.e. that a system memory access had to be
performed. It is latched. For more details see section 2.4
below.
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WriteBufferStatus

Flush

This signal indicates that the bus separator contains write
data, that has not been written to the system memory. This
signal is used for preventing posting of I/O writes.

This signal is used to flush the cache directory. I.e. to
invalidate all directory entries. It is used for disabling the
cache through connection to bit 3 of the NCA register.

Cache controller configuration:

2Way/Direct

Master/Slave

This signal is used to select one of two operating cache
modes - two way associative or direct mapped cache. It is
strapped for direct mode operation.

The cache controller may be used in a multiprocessor system
in which several cache controllers exist. Hovwever since only
one controller is used, it is strapped into the master
configuration.

For more details on the operation of the i82385 cache controller see appendix

5
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2.3 Bus Separation

The bus separator is used to separate the 386 and the 385 bus systems. It is
controlled by the cache controller and consist of a data bus separator, a address
bus separator, and a cycle definition signal separator.

Address and cycle definition separation is performed with 74F374 registers,
that are controlled by the BusAddressClockPulse and the BusAddressOutputEnable
signals from the cache controller.

The 386 address bus and the cycle definition signals are loaded one CLK after
AddressStrobe goes active or later if required so by a 385 access cycle already in
progress. This operation is performed independently of if the cycle requires a 385
bus transfer. Not until that is determined and the BusAddressStrobe goes active
are the drivers enabled. This is done with a timing so that this information
becomes available at the same time it would from the i80386 CPU.

Data separation is performed with 74F646 bus transceivers, that are controlled
by the cache controller.

During write cycles, data is latched with LoadDataStrobe to allow write
termination without i80386 intervention. The i80386 data is latched at @2 of
BusAddressStrobe. After BusAddressStrobe data will therefore be available 1 CLK2
+ 26nS + 13nS = 64nS later. Valid delay timing for i80386 is 63nS.

BusTransmit/Receive controls the transceiver direction. The transmit direction
is set when BusAddressStrobe goes active and is removed 1 CLK2 after BusReady is
sampled.

DataOutputEnable controls the output. During Cache Read Miss cycles, the
drivers are opened 1 CLK2 after BusAddressStrobe termination. Valid delay is
therefore 1 CLK2 + 12.5nS + 17nS = 54.5nS. Data setup requirements for the
i80386 is 11nS and for the cache memory it is 41nS. A wait state therefore has to
be inserted by the system memory.

During memory write cycles, the drivers are opened 1 CLK2 after
BusAddressStrobe activation. Data will therefore be available 1 CLK2 + 12.5nS +
17nS = 54.5nS after BusAddressStrobe activation. The corresponding i80386 data
valid delay is 63nS. l.e. memory write cycles could be performed without wait
state insertion. However a wait state will always be inserted by system memory
because this is a Cache Read Miss requirement as described above.

16
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2.4 Random Logic

The random logic has the following functions:

1. To disable 1/O write posting and to generate the READY signals for the
i80386 CPU and the i82385 cache controller.

2. To latch the cache miss signal, whenever data is recorded as not present in
the cache. This flag may be read by software and is used primarily for testing
purposes.

3. To decode the memory cycles, that are mapped as non-cacheable and possibly
prevent write-updates of the cache RAM.

4. To control the address line 20 signal for the i82385 cache controller in
accordance with the CPU452 scheme.

2.4.1 Ready Generation and Disabling 1/0O Write Posting

The local 386 bus Ready signal is isolated from the Ready signal available on
the 385 bus. The latter signal is usually disabled by the cache controller, and the
cache controller instead provides its own Ready signal to terminate Cache Read
Hit cycles. However during cycles involving the 385 bus - I/0O transfers, memory
write, and Cache Read Miss cycles - the 385 bus Ready signal is enabled, and the
cycle is terminated when the CPU452 device indicates so.

The i82385 cache controller posts not only memory writes, but also 1/0
writes. This may give I/O recovery or timing problems in some programs and this
facility is therefore disabled. This is done with a PAL that upholds the Ready
signal for the iB80386 until the 182385 write buffer is empty during 1/0 write
cycles. The performance penalty is neglectible because of the few number of 1/0
writes.

BusReady setup requirements are changed. The Ready decoding introduces a

11.8nS delay, so that the total setup time is 23.8nS. This however is fulfilled by
all BusReady sources on the CPU452 board.

2.4.2 Cache Miss Latch

CAM451 also contains circuitry to latch the precense of Cache Miss cycles.
This flag is available at bit 4 during an input from the I/0O port 2Ch. It will be
set if a miss occured since the last read to this address. The miss flag is set 1
CLK after BusAddressStrobe goes active if the cycle definition signals indicate that
a memory access is in progress and that Miss is active. The flag is reset again
when the access to I/0 address 2Ch terminates.

2.4.3 Non-Cacheable Area Control

Some areas of the system memory are non-cacheable for different reasons.
However in order to maximize performance some of these areas may be made fully
or partially cacheable. This definition of non-cacheable access is controlled by

7
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writing to I/0 port 2Ch. Four bits are used and they may also be read. The
functionality is as follows:

Memory Area Bit:3210 Description
All memory Oxxx All memory non-cacheable. This will be the

situation at system startup. After BIOS-POST
bit 3 is set to 1 making the system memory
cacheable by removing the FLUSH signal for

82385.

1pqr System memory cacheable in the following
areas:
0..9FFFFh (0..640KDb)
100000..FBFFFF (1M..15.75Mb)

The remaining areas depend on bits 0..2 (pqr)
and are defined below.

A0000..BFFFF XXXX Videobuffer area. Always non-cacheable.
C0000-C7FFF 1x0x EGA BIOS area. Non-cacheable.
1x1x EGA BIOS read cycles cached. This will be

the normal setting since the EGA BIOS may
be read but not written.

After BIOS-POST, bit 1 is 1 if the POST
determined that the EGA controller in use is
the native one. Otherwise it will be 0.

C8000-CFFFF 1xx0 Adapter BIOS area. Non-cacheable. This will
be the setting also after BIOS-POST.
1xx1 Adapter BIOS read cycles cached. This will be

a possible setting with adapters residing in
ROM that do not use bank switching

techniques.

D0000-DFFFF XXXX Adapter BIOS or device area. Always non-
cacheable.

E0000-EFFFF 10xx System memory (or device area). Non-
cacheable. (Default).

11xx System memory cacheable. If page E is used

as system memory, this will be the normal
setting.

F0000-FFFFF and
FC0000-FFFFFF 1xxx BIOS area. Read cycles cached. This will be
the normal setting.

After RESET, only bit 3 is defined (0) indicating that the cache is disabled. A
typical setting after BIOS-POST would be 1010 indicating that the Adapter BIOS
area C8000..CFFFFh is non-cacheable, the EGA BIOS is read cached, page E is not
cached, and the rest of the memory (except for D0000..DFFFFh) is cacheable.
Making the BIOS areas read cacheable means that they will not be written during
accidential writes.

18
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Note that whenever bit 0, 1, or 2 are changed with the cache enabled (bit 3
set to 1), the cache should first be disabled. This is very important because
memory that is made cacheable could reside in the cache though changed in system
memory creating cache incoherence. An example of a valid NCA register access
sequence is shown below.

MOV AL,0

OuT 2Ch,AL sDisable cache (flush its directory)

JMP ENABLE_CACHE ;Wait for cache to be correctly flushed
ENABLE_CACHE:

MOV AL,0Fh

OUT 2Ch,AL ;:Enable cache with new value.

Also note that interference problems may occur between the cache and speed
switching. This is caused by incapability of the cache controller to operate below
12MHz. When the CPU is slowed down to e.g. 6.6MHz this should be done through
the SPEEDSWITCH hook in the BIOS. This code will disable the cache before the
CPU is slowed down and will not enable it again before the CPU again is running
at 20MHz. If the hook is not used for slowing down, the same operation should be
performed with great care. Otherwise the system may crash!

In PAT259, the address lines A15..A25 are decoded and gated with bit 0..3
from the register included in PAT261. It provides a NonCacheableAccess
signal for the cache controller. This signal is sampled in the cache controller 1
CLK after AddressStrobe goes active.

If the accessed memory area is read-enabled but write-disabled as could be
the case with the BIOS area, the write-update is prevented by generating a
CacheWriteInhibit signal. This signal is latched together with the address for the
cache RAM's and is used to disable these thus preventing the update.

PAT261 may put the four bits back on the data bus if selected by the -CSEL
signal from PAT262 and the -WW/R being low. Its register is loaded as directed by
the PAT262 signals -CSEL and -WW/R.

PAT262 contains the state machine used for decoding an I/0 access to
CAM451, for monitoring wait state insertion, for disabling posted 1/0 write cycles,
and for latching cache miss cycles.

I/O address 2Ch is decoded and generates the LocalBusAccess signal for the
cache controller and used by the PAT262 state machine for generating the -CSEL
signal. This signal is used as an indication of an access to CAM451 and for
terminating the cycle by activating READY.

The LocalBusAccess signal indicates to the cache controller, that the input

cycle is a local 386 bus access. It is sampled by the controller 1 CLK after the
address and cycle definition signals become available.

2.4.4 A20 Gating

For PC compability reasons address line 20 is gated on CPU452. The same has
to be done on CAM451. The CPU452 GateA20 signal is supplied through an unused
pin in the 386 plug and is used for gating the 182385 A20 signal.
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2.4.5 PAL Listings and Description

CAMA451 contains three PAL's.

PAT259 decodes the address lines Al15..A25, the -W/R signal, and 4 signals
latched in a register in PAT261. It generates the -NCA signal for the cache
controller to indicate an area as non-cacheable and the -CWINH signal used for
inhibiting cache-updates in write-disabled memory areas.

PAT261 contains a four bit register, that captures DO0..D3 from the 80386 data
bus during output to I/O port 2Ch. Data is captured as indicated at the timing
diagrams at page 23. The register content is put on the data bus during input from
I/O port 2Ch. This is controlled by the -CSEL and -WW/R signals generated by the
PAT262 state machine.

PAT261 also latches the MISS signal when a cache miss cycle occurs. It is
put on the 80386 data bus bit 4, when -CSEL goes active and -WW/R is low
indicating an input from I/O port 2Ch. The MISS_FLAG is reset after any access
to this I/0 port.

After RESET, bits 0, 1, 2, and 4 are undefined. Only bit 3 passed from
PAT262 is defined as 0.

PAT262 is the state machine running in parallel with the state machines
contained in 80386 and 82385. It generates various signals identifying the present
state:

-SCLK the system clock running synchronously with the internal 80386 and
82385 SCLK.

RDYM

-RDYA used for supplying a 386 READY signal.

-RDYB used for supplying a 385 READY signal.

-WW/R is a latched copy of -W/R.

PAT262 also generates the CAM451 select signal -CSEL and the -FLUSH signal
which is a copy of Q3 in PAT261.

The next page shows PAT262 signal interdependence during normal 80386

cycles and during pipelined cycles. The subsequent three pages are the definitions
for PAT259..262.

20
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Reset Sequence:

;

Different BUS cyucles:

. VAV AV AV aVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVak
D% /2 3/ s/ s/ \Lef
s S\ o/ W VY a—
s I\ O\ W\
e _J T\

-RDYA e/ 3/ e
-RDYB s/ e/
-CSEL f
-LBA L—«—»—»——/_ﬁ__ﬁ—_—

1: pon pipelined MEM- or I0-read

Buscuk les:

2: pirelined MEM- or 10-read

3: MEM write (posting allowed)
4: 10 write (posting overridden)
5t Cache control register Read

&2 do. Hrite

PAT262 timing

)
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ABEL(tm) Version 2.10a - Document Generator 14-Aug-88 03:48 pPM
CRM451 Non_Cacheable ARddress Decoder

Albert Jensen, Regnecentralen 130888

Equations for Module PAT259

Device PAT259tx

equations
enable !WINH= (1):
enable RAM_CACHE= (0):

enable !EGA_READ_ALLOW=(0):
enable !BIOS2_READ_ALLOW=(0):
enable AZ4= (0);

enable A25= (0):

enable INCA= (1):

NCA =(0C0000 » Address) & (Address >= OA0000)
§(0CBO00 » Address) & (Address >= 0C0000) & !EGA_READ_ALLOW
§(0D0000 > Address) & (Address »>= 0C8000) & 1BIOS2_READ_ALLOW
§(0E0000 » Address) & (Address »>= 0D0O00O)
§ (OFO000 » Address) & (Address »>= OEQ000) & !RAM_CACHE;

WINH=((0CBOOO » Address) & (Address >= 0C0000)
§(0DO0O0O0 > Address) & (Address >= QCB000)
§(100000 > Address) & (Address >= OF0000)
§(1000000 » Address) & (Address >= OFC0000)) & !RD;

- Reduced Equations:

enable !WINH = (1);

enable RAM_CACHE = (0): —
enable {EGA_READ_ALLOW = (0):

enable !BIOS2_READ_ALLOW = (0):

enable A24 = (0):

enable R25 = (0);

enable !{NCA = (1):

INCA = !(Al7 & !Al1B & Al9 & !A20 & !R21 & !A22 & !A23 & !RA24 & !'A25

§ Al6 & !Al7 & Al8 & Al9 & !A20 & !A21 & !A22 & !A23 & !A24 &
1A25

§ !A16 & R17 & R18 & R19 & !A20 & !AR21 & !A22 & !A23 & !A24 &
!A25 & !RAM_CACHE

§ !'Al5 & !Al6 & !Al7 & R18 & R19 & !A20 & !A21 & !A22 & !A23 &
!A24 & !A25 & !EGA_READ_ALLOW

§ AR15 & !Al6 & !Al7 & Al8 & Al9 & !R20 & !AZ21 & !A22 & !A23 &
!A24 & !A25 & !BIOS2_READ_ALLOW);

IWINH = !(Al18 & R19 & A20 & A21 & A22 & A23 & !A24 & !A25 & !RD
§ Al6 & Al17 & R18 & Al9 & !A20 & !'RA21 & 'A22 & !A23 & !A24 &
1A25 & !RD
§ !Al5 & !Al6 & !R17 & A18 & Al9 & !A20 & !A21 & !A22 & !\ &
'A24 & !A25 & !RD
§ Al5 & !Al6 & !Al7 & A1B & Al9 & !A20 & !A21 & !A22 & !A23 &
1A24 & !A25 & !RD):

Chip diagram for Module PAT259
Device PAT259tx

P16LB
.......... @ [ ———
-] ] / [
g ==ee- ¢
‘RD ¢ 1 20 ¢ Vee
2 ]
Al5 ¢ 2 19 @ INCA
[ ]
Al6 ¢ 3 18 ¢ !BIOS2_READ_ALLO
] ]
Rl7 ¢ 4 17 ¢ !EGA_READ_ALLOW
@ [
AlB8 ¢ 5 16 ¢ RAM_CACHE
[J @
Al9 ¢ 6 15 @ !WINH
2 : :
R20 ¢ 7 14 ¢ RA25
L] @
A2l ¢ 8 13 ¢ R24 —
] [
A22 ¢ 9 12 ¢
[ [
GND ¢ 10 11 ¢ A23
@ L]
(] -]
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Document Generator

CAM451 Non-Cacheable-Address Register
Albert Jensen, Regnecentralen 150288

Equations for Module

Device PAT261tx

equations

enable BIOS2_READ =

enable Q3

enable RAM_CACHE =
enable EGA_RERD =

PAT261

(1):
= CSEL & WWR:
(1):
(1):

Q0:= Q0 & !sel

§ sel &

DO;

Ql:= Q1 & !sel

§ sel &

D1l;

Q2:= Q2 & !sel
§ sel & D2;

Q3 = IFLUSH:

Q4:= Q4 & ! (CSEL & WWR & RDY38B6)

§ MISSs:
BIOS2_REARD=
EGA_READ =
RAM_CACHE =

- Reduced Egquations:

QO0;
Q1:
Q2:

enable !BIOS2_READ = (1):

enable Q3 =
enable RAM_CACHE
enable !EGA_READ

Q0 := CSEL &

(CSEL & WWR):

= (1):

= (1);

1Q0

1DO & 1QO

!Q0 & WWR

CSEL &

{CSEL &

wmun W o~

CSEL &

Q2 := !(!CSEL &

1!
§
§ 100 & !RDY386
§
§

!DO & RDY386 & !WWR):

101

!ID1 & !Q1

'Q1 & !RDY386

Q1 & WWR

!D1 & RDY386 & !WWR):

1Q2

D2 & 1Q2

1Q2 & WWR

CSEL &
Q3 = ! (FLUSH):;
Q4 := 1 (!MISS &

{BIOS2_READ =

(
§
§ 102 & !RDY386
§
§

1D2 & RDY386 & !WWR):

104 § CSEL & !MISS & RDY386 & WWR):

t(QO0):

tEGA_READ = !(Q1);

RAM_CACHE = 1(1Q2):

CAM451 Cache Memory

25-Rug-88 01:43 PM

"Set when MISS

Chip diagram for Module PATZ61

Device PAT261tx

P16R4
.......... ] fmmm e
@ 4 / @
e ====- ]
CLK ¢ 1 20 ¢ Vcc
@ @
DO ¢ 2 19 ¢ !EGA_READ
[ ]
D1 ¢ 3 18 "] RRM_CACHE
@ ]
D2 ¢ 4 17 ¢ QO
@ @
FLUSH ¢ &5 16 ¢ Q1
@ [
ICSEL ¢ &6 15 ¢ Q2
[} [
IWWR ¢ 7 14 ¢ 04
[ [-]
IMISS ¢ B8 13 ¢ Q3
[ []
IRDY386 ¢ 9 12 @ !Blosz_READ
[ []
GND ¢ 10 11 ¢ !RSEL
[ [
"] [
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ABEL(tm) Version 2.10a -
and FLUSH-

Local Ready-
Albert Jensen,

generation and
Regnecentra%en 240888

Equations for Module PATZ26

Device PAT262tx

equations
gEaEe machine

SCLK: =

!CYCLE: =

tI0W: =

RDYM: =

CSEL:

RDYA: =

"

RDYB:

"FLUSH latching
!FLU

SH:=

ISCLK & !RESET
& ! (CYCLE & RDYM & CSEL)
RESET & !RD
RESET & RD & !SCLK:
READY & !1OW & SCLK & !ADS &
RDYM & !WBS & SCLK & !RESET
§ CSEL & !RDYA & SCLK & !RESET
§!CYCLE & !ADS & !RESET
§!CYCLE & !SCLK & !RESET
§ CSEL & RDYM & !RESET;

1IOW & (!ADS

Document Generator

!RESET

§ (!READY & CYCLE ? !RDYA)
LK

RD § !I0 §
§ IOW & READY & SCLK
§ RESET:

READY & IOW & SCLK & !CSEL
RDYM & !CSEL & WBS &
RDYM & CSEL & CYCLE
RDYM & !SCLK

RESET;

LBA & ADS & SCLK & READY &
LBA & ADS & SCLK & !CYCLE
CSEL &

1sC

CSEL & !RDYM & SCLK &

§ RDYB & !SCLK & !RESET:

RESET
9 CYCLE & RDYM & CSEL
!FLUSH & !SCLK
!FLUSH & !CSEL
tFLUSH & !RDYA &
!FLUSH & !IOW &

!RDYM
IRDYM

- Reduced Equations:

!SCLK := !é

§
§
§
CYCLE := !
I0W := léR
]
§
g
§
!RDYM := !
!CSEL := 1
!RDYR := |
-]
!RDYB := !
FLUSH := 1

24

!RD & RESET

!CSEL & !RESET &
!CYCLE & !RESET &
RD & RESET & !SCLK
! !RESET & !SCLK):

& !CYCLE & !RESET
RDYM & !RESET
CLE & !RESET & !SCLK
!RDYA &
!RESET & SCLK &
!I0OW & READY &

!SCLK
!SCLK

!SCLK
W & READY & SCLK
YCLE & !IOW & !RDYA &

RESET

RDYM & !SCLK

CSEL & CYCLE & RDYM

ICSEL & !IOW & RDYM & WBS

ICSEL & IOW & READY & SCLK):

RESET

CSEL & !SCLK
CSEL & CYCLE & RDYM

CSEL & !RDYB & !RDYM

ADS & I!CYCLE & LBA & SCLK
ADS & !1OW &

RESET
!CSEL & RDYA & !
RDYA & !RDYM & !
CSEL & !RDYA & !
!CSEL & RDYM & S
&

RDYB &
CSEL &

RESET
!CSEL & !FLUSH
!FLUSH & !SCLK
CSEL & CYCLE & RDYM
!FLUSH & !IOW & !RDYM
!FLUSH & !RDYA & !RDYM

CLK &

!SCLK
!RDYM &

!RESET
!RDYB &

1IOW

!RDYB &

!RESET & SCLK
!WBS
!RESET & SCLK):

! READY) ;

DYM & SCLK
!WBS) ;

t1ow

!RESET

D3 & SCLK & CSEL & IOW & RDYA:

LBA & READY & SCLK):

!RESET & SCLK):

CSEL & D3 & IOW & RDYA & SCLK):

24-Rug-88 01:19 PM

Suppression of posted lOwrite.

"Phase tracking.
:SCLK=0 just after RESET

" test initialization.
"Indicates an active

" bus cycle.

" CYCLE is set at ADS

and cleared at ready
if no pipelining.

"Is set when an IOwrite

is initiated.
"Inhibits RDYO to 386
"Held until IOwrite is
" posted.

"Set when 385 has posted
" the IOwrite.

"Held until the IOwrite
" is done then assures

" that RDYA is set.

"Selection of Local Bus
" register .
"CSEL and RDYM are

" coincident after RESET
" only.

"RDY386

generated after a
Local Bus RAccess and
at the ceompletion of
a posted IOwrite.

“"RDY385
" Eenerated after a
" Local Bus Access.

"FLUSH is set after
" RESET at coincidence
" of CSEL and RDYM.

Then altered according

" to D3 on LBA-writes
only.

Chip diagram for Module

Device PAT262tx

CLK
!READY
110
!RD
WBS

D3
!LBA
RESET
IADS
GND

PAT262

20
19
18
17
16
15
14
13
12
11

Ve
IR
10
cy

IC
-1
!'Ri
FL!
OE



CAM451 Cache Memory

2.5 Cache Memory

The cache memory consists of 4 8Kbytes static RAM's with 35nS access time.
They are organized as 8K by 32bit and their data pins are connected to the local
386 data bus.

The cache memory is addressed from the local 386 address bus through 74F373
latches.

To speed up cache read cycles, the cache RAM outputs are usually enabled 1
CLK after memory read cycles start. However if the cycle turns out to be a
Cache Read Miss, the outputs are disabled again after 1 CLK, and 1/2 CLK later
data from the 385 bus is gated to the local 386 data bus through the 74F646
transceivers. This delay related to the switch in bus mastership is removed with
consecutive Cache Read Miss cycles, because the cache controller puts the i80386
into pipelined mode. This allows the bus mastership decision to be made in time,
without having to incur this extra state.

Cache update cycles can be inhibited when the CWINH signal from PAT259 is

active. It will be latched together with the address and will disable all cache
RAM's.

2.6 80386 Plug

The interface between the CPU452 and the CAM451 goes through the 386 PGA
plug. All signals corresponding to the i80386 signals are led through here.

To supply extra signals for CAM451 three unused pins are used. These are B6,
C6, and C7. Through these pins the following signals are fed:
SA20 The gated address line 20 from the 385 address bus.
-DWE The data-write-enable generated by 82C302 during memory writes.
GATEA20 The CPU452 signal used for gating address line 20.
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CAM451 Cache Memory

3. Testing Requirements

Memory testing has to be changed with the insertion of CAM451. The reason
is that the CAM451 functions transparently to software. An appropriate strategy
for testing system memory therefore has to be developed and a strategy for
testing the cache memory and its controller has to be developed.

3.1 System Memory Testing

Most systems perform a memory test by writing a data pattern to system
memory and afterwards comparing this pattern with what it should be. This test
however however may give an erroneous result if the cache memory is not taken
into account. If the block written and subsequently compared is smaller than
32Kbytes, the data written will reside in the cache, and therefore the cache and
not the system memory is actually tested.

To circumvent the caching interference, memory testing should work with
blocks greater than 32Kbytes. Preferably 64Kbytes. This will insure the first data
written to be flushed, before it is read again. Patterns in location N and
N+32Kbyte should differ.

It should be noted that this procedure tests not only the system memory but
also partially the cache memory and its directory, since test results are passed
through here. To insure complete testing of the cache, a special test procedure
should be included also as described below.
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3.2 Cache Memory Testing

Two strategies for testing cache memory exist depending on whether the test
routine itself resides in cache memory or not. To enhance testing, the non-cached
test routine strategy is chosen. The steps to be performed are the following:

1. The test routine should be loaded into page E of system memory. This is done
by e.g. a REP MOVSW operation. A branch to the test routine should then be
performed.

2. Next the cache directory for the rest of the cache should be defined by
performing a read to 32Kbytes.

3. An appropriate test pattern should be written into the cache.

4. This test pattern should be compared by reading the same locations. Now only
cache data are used because of read hits. Step 3 and 4 may be repeated with
other test patterns.

5. A branch back to the main POST should be performed to resume testing or
report any errors.

This routine will propably test the cache directory and the cache memory
itself. A possibility however exists that the cache directory functions improperly
and that read accesses that should be hits are signalled as misses - i.e. the
comparison performed in step 4 is done not to the cache but to system memory.
To circumvent this possibility, the -MISS output from 82385 is latched and is
monitored by the test routine. If this latched MISS gets active during step 4 it
would indicate a cache directory malfunction. The MISS flag is available as bit 4
at I/0 port 2Ch. It is reset after each access to this port.
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CAM451 Cache Memory

4. Using CAM451

Software interface with CAM451 goes through I/0O port 2Ch. Bit 0-3 on this
port defines cache function and bit 4 is a cache miss flag set whenever a cache
miss access occurs and reset whenever red. It is primarily used for testing

purposes.

Bit R/W Function

0 R/W Enable read-caching of adapter BIOS area (C8000..CFFFFh) if
cache is enabled.

1 R/W Enable read-caching of EGA BIOS area (C0000..C7FFFh) if cache is
enabled.

2 R/W Enable caching of system memory E0000..EFFFF if cache is enabled.

3 R/W Master cache enable. Cache should be disabled (bit 3 set to 0)
between every change of bit 0..2. This will flush the cache.

4 RO Cache Miss flag. Set on every cache miss access. Reset after red.

Memory Area Bit:3210 Description
All memory Oxxx All memory non-cacheable. This will be the @O

situation at system startup. After BIOS-POST
bit 3 is set to 1 making the system memory
cacheable by removing the FLUSH signal for

82385.

1par System memory cacheable in the following
areas:
0..9FFFFh (0..640Kb)
100000..FBFFFF (1M..15.75Mb)

The remaining areas depend on bits 0..2 (pqr)
and are defined below.

A(0000..BFFFF XXXX Videobuffer area. Always non-cacheable.
C0000-C7FFF 1x0x EGA BIOS area. Non-cacheable.
1x1lx EGA BIOS read cycles cached. This will be

the normal setting since the EGA BIOS may

be read but not written.

After BIOS-POST, bit 1 is 1 if the POST
determined that the EGA controller in use is W
the native one. Otherwise it will be 0.

C8000-CFFFF 1xx0 Adapter BIOS area. Non-cacheable. This will
be the setting also after BIOS-POST.
1xx1 Adapter BIOS read cycles cached. This will be

a possible setting with adapters residing in
ROM that do not use bank switching
techniques.

D0000-DFFFF XXXX Adapter BIOS or device area. Always non-
cacheable.

28



CAM451 Cache Memory

EO000-EFFFF 10xx System memory (or device area). Non-
cacheable. (Default).
11xx System memory cacheable. If page E is used
as system memory, this will be the normal
setting.

F0000-FFFFF and
FCO0000-FFFFFF 1xxx BIOS area. Read cycles cached. This will be
the normal setting.

After RESET, bit 3 is 0. Bits 0-2 are undefined. A typical setting after BIOS-
POST would be 1010 indicating that the Adapter BIOS area C8000..CFFFFh is non-
cacheable, the EGA BIOS is read cached, page E is not cached, and the rest of
the memory (except for D0000..DFFFFh) is cacheable. Making the BIOS areas read
cacheable means that they will not be written during accidential writes.

Note that whenever bit 0, 1, or 2 are changed with the cache enabled (bit 3
set to 1), the cache should first be disabled. This is very important because
memory that is made cacheable could reside in the cache though changed in system
memory creating cache incoherence. An example of a valid NCA register access
sequence is shown below.

MOV AL,0

OUT 2Ch,AL ;Disable cache (flush its directory)

JMP ENABLE CACHE ;Wait for cache to be correctly flushed
ENABLE CACHE:

MOV AL,0Fh

OUT 2Ch,AL ;Enable cache with new value.

Also note that interference problems may occur between the cache and speed
switching. This is caused by incapability of the cache controller to operate below
12MHz. When the CPU is slowed down to e.g. 6.6MHz this should be done through
the SPEEDSWITCH hook in the BIOS. This code will disable the cache before the
CPU is slowed down and will not enable it again before the CPU again is running
at 20MHz, If the hook is not used for slowing down, the same operation should be
performed with great care. Otherwise the system may crash!
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5. Printed Circuit Board Layout

CAM451 Cache Memory
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6. Logic Diagrams

This section contains the logic diagrams for the CAMA451. Each diagram has a
page number in its lower rigth corner. This number is different from the page
numbers in this document. Each signal has numbers associated with it designating
which other diagram pages that use this signal.

Figure 3 below contains the CAM451 block diagram and numbers corresponding
to the relevant diagram pages.

® @

 Address
i82385 o o
Cache -~ Control 80386
Controller : i CPU
8K * 32bit
Cache
Memory
Control - Snoop @ ~ Control " d®®
Address ‘Data ceady
_ generation
386 bus @
system I
—————————————————————————————— Bus Separation -e-=w-—= | Non-Cache-
385 bus l able area
system decoding |

1@

386 PGA plug

Figure 3. CAM451 Block Diagram with logic diagram references.
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i l r ADVANCE INFORMATION

82385
HIGH PERFORMANCE
32-BIT CACHE CONTROLLER

® Improves 80386 System Performance W Synchronous Dual Bus Architecture
— Reduces Average CPU Wait States to — Bus Watching Maintains Cache
Nearly Zero Coherency

— Zero Wait State Read Hit
—Zero Wait State Posted Writes
— Allows Other Masters to Access the

m Maps Full 80386 Address Space
(4 Gigabytes)

System Bus More Readily m Flexible Cache Mapping Policies
. — Direct Mapped or 2-Way Set
® Hit Rates up to 99% Assoclative Cache Organization
~ = Optimized as 80386 Companion — Supports Non-Cacheable Memory
— Simple 80386 Interface Space
— Part of 386-Based Compute Engine — Unified Cache for Code and Data

Including 80387 Numerics ;
Coprocessor and 82380 Integrated m Integrates Cache Directory and Cache

. Management Logic
System Peripheral _
— 16 MHz and 20 MHz Operation m High Speed CHMOS |l Technology

m Software Transparent m 132-Pin PGA Package

The 82385 Cache Controller is a high performance 32-bit peripheral for Intel's 80386 Microprocessor. It stores
a copy of frequently accessed code and data from main memory in a zero wait state local cache memory. The
82385 enables the 80386 to run at its full potential by reducing the average number of CPU wait states to
nearly zero. The dual bus architecture of the 82385 allows other masters to access system resources while the
80386 operates locally out of its cache. In this situation, the 82385’s “bus watching’ mechanism preserves
cache coherency by monitoring the system bus address lines at no cost to system or local throughput.

The 82385 is completely software transparent, protecting the integrity of system software. High performance
and board savings are achieved because the 82385 integrates a cache directory and all cache management
logic on one chip.

—

82385 LOCAL 80386
BUS CONTROL 82385 CACHE ADDRESS BUS
LOCAL BUS
BUS INTERFACE DIRECTORY SNOOP BUS
ARBITRATION n
43
35
x Qo
W o
==
£3
80386 LOCAL ©
BUS CONTROL PROCESSOR CACHE CACHE
80386 LOCAL INTERFACE CONTROL T’ CONTROL BUS
BUS DECODES .
82385 CONFIGURATION
290143-1
82385 Internal Block Diagram

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenseg®are implied. Information contained herein supersedes previously published specifications on these devices from Intel, July 1987
® Imej‘:orporation, 1987 ) Order Number: 290143-001.
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82385
Directory | Local Bus
IDLE
IDLE
IDLE
IDLE
IDLE
IDLE
IDLE
IDLE

Cache

Local Bus Access

82385 Response when
Decoded as an 80386

Cache

82385
INT ACK
UNDEFINED
I/O READ
I/O WRITE
MEM
CODE
READ
HALT/
SHUTDOWN
MEM
DATA
READ
MEM
DATA
WRITE

Cache
Directory | Local Bus

82385 Response
when Decoded

as Non-Cacheable

Cache

82385
Local Bus
INT ACK
UNDEFINED
1/0O READ
I/OWRITE
IDLE
MEM CODE
READ
HALT/
SHUTDOWN
IDLE
MEM DATA
READ
MEM DATA
WRITE
MEM DATA
WRITE

Cache
DATA
DATA

when Decoded
Directory

82385 Response
as Cacheable

Table 1-1. 82385 Response to 80386 Cycles

WRITE | VALIDATION
WRITE | VALIDATION

Cache
CACHE
READ
CACHE
CACHE
READ
CACHE
CACHE
WRITE
ory are:

HIT
N/A
HIT
HIT

N/A
N/A
MISS
MISS
MISS

80386
Cycle
READ
HALT/
SHUTDOWN
WRITE

INT ACK
UNDEFINED | N/A

I/O READ
I/OWRITE | N/A
MEM CODE
MEM DATA
MEM DATA

0

1
0
1

80386 Bus Cycle
Definition

1. RESET or Cache Flush—all tag valid bits cleared.

2. Snoop Hit—corresponding line valid bit cleared.

M/IO# |D/C# | W/R#

* A dash (—) indicates that the cache and cache directory are unaHected. This table does not reflect how an access afects the LRU bit.

* An "IDLE" 82385 Local Bus implies that this bus is available to other masters.
* The B238B5's response to BO3B7 accesses is the same as when decoded as an 80386 Local Bus access.

* The only other operations that affect the cache direct

NOTES:
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Appendix B. CAM451 Components List

for CAMA451.
Item Code no
1 116141
2 116142
3 1319086
4 5132046
5 5132050
6 5132054
7 5152004
8 5152011
9 5152027
10 5152030
11 5152032
12 5154015
14 5172373
15 5172374
16 5172646
17 5878052
18 6001016
19 6104071
20 6104089
21 6104097
22 6104120
Table 1.

Table 1 below shows the components list and their associated parts numbers

Description

32-BIT CACHE CONTROLLER 20MHz
32-BIT MICROPROCESSOR 20MHz

PGA SOCKET-ADAPTER 132.14

PAL OCTAL 16-INPUT AND-OR PLCC

PAL QUAD 16-INPUT REG. AND-OR PLC
PAL OCTAL 16-INPUT REG. AND-OR PLC
HEX INVERTER SOIC

TRIPLE 3 INPUT POSITIVE AND GATESOI
TRIPLE 3 INPUT POSITIVE NOR GATESOI
8 INPUT NAND GATE SOIC

QUAD 2 INPUT POSITIVE OR GATES SOI
STATIC RAM 8K * 8BIT 35ns SOQIC

OCTAL LATCH WITH 3-STATE OUTPUT

OCTAL D-TYPE REG. 3-STATE OUTPUT
8-BIT X-CEIVER TS

CAP 47n 50D0O SMO1l pl0 X7R CER.

ELLYT TANTAL SMD 15u/20V

RES METF SMOl1 180E 5% .25W
RES METF SMOl1 1K 5% .25W
RES METF SMOl1 2K2 5% .25W
RES METF SMO1 20K 5% .25W

Quantity

L N R L T T T = T S S Sy S apy S

[F1 0 8

11

oW N,

CAM451 Cache Memory

u3o
u29
U3z
us
U1
uz22
U3l
Uls
u7
ué
U2
Ull

u3
us
U1z
C1
Cé
C15
c7
R2
R7
R6
R1

CAM451 components list and associated parts numbers.

us

u17
u20

U4
ul3
u21
cz
cs

C10
R3
R8
R11
R9

uz4

ul4
u2s
c3
c9

Ciz2
R4

R13
R10

uz7

u1s
u2s
C4

Cl1

C13
R5

R12

uUleé

C5

Cl4

R15

R14
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