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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 i80386 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 i82385 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

CAMA451 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

CAMA451 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 incurréd 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 i82385 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 I/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 c?,

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.

Vec : +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 i80386 CPU

2.2 i82385 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 i80386 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.

180386 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/IO

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

182385 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. I.e. I/O 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 180386, 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.

ll
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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 | A14 -A5 [A4 -A2]

17bit E 4 10bit 3 bit

FEE ad -

Cache Directory |» [Setect]
17bit Address Tag Ba

Comparator 
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 CAM451.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/O 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/IO

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 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.

AddressStrobe Signal used for latching address and cycle definition signals.

NextAddress Signal controlling whether the i80386 should enter pipelined

mode or not.

The i80386 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/O 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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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, BusAddressOutputEnable

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

A31 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, ChipSelect0o..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

15
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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 Ø2 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.

DataOQutputEnable 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. I.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 I/O write posting and to generate the READY signals for the

180386 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 I/O 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/O 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 I/O

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 i80386 until the i82385 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/O 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/O 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

17
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writing to I/O 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.

lpar 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.

A0000..BFFFF XXXX Videobuffer area. Always non-cacheable.

C0000-C7FFF 1x0x EGA BIOS area. Non-cacheable.

1xl1x 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.

1xxl 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 ;Disable cache (flush its directory)

JMP ENABLE CACHE ;Wait for cache to be correctly flushed

ENABLE CACHE:

MOV AL,0Fh

OUT 2Ch,AL sEnable 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/O access to

CAM451, for monitoring wait state insertion, for disabling posted I/O write cycles,

and for latching cache miss cycles.

1/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 GateaA20 signal is supplied through an unused

pin in the 386 plug and is used for gating the i82385 A20 signal.
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2.4.5 PAL Listings and Description

CAM451 contains three PAL's.

PAT259 decodes the address lines A15..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 D0..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/O 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.
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Reset Sequence:

Å

Different BUS cycles:

cux VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVATAVAN

-RDY386 ASTÆRET ERE! AETÆRDEJ ÆRES S

-rova TÆER RS 4

-rove 1 Us,

-CSEL i ll

"LBA LT
1: non pipelined MEM- or IO-read

Buscycles:

2: pipelined MEM- or IO-read

3: MEN write (posting alloved)

4: IO write (posting overr idden)

S: Cache control register Read

&: do. Write

PAT262 timing

2]
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CAM451 Non Cacheable Address Decoder

Albert Jensen, Regnecentralen 130888

Equations for Module PAT259

Device PAT259tx

eguations

enable !WINH= (1);

enable RAM CACHE= (0):

enable !EGA READ ALLOW=(0);

enable !BIOS2 READ ALLOW=(0);

enable A24= (0

enable A25= (0

enable !NCA= (1);

NCA =(0C0000 > Address) & (Address >= 0A0000)

S$(0C8000 > Address) & (Address >= 0C0000) & !EGA READ ALLOW

S$(0D0000 > Address) & (Address >= 0C8000) & I BIOS2 READ ALLOW

$(0E0000 > Address) & (Address >= 0D0000)

S(0F0000 > Address) & (Address >= 0E0000) & RAM CACHE;

WINH=((0C8000 > Address) & (Address >= 0C0000)

$(0D0000 > Address) & (Address >= 0C8000)

$(100000 > Address) & (Address >= 0F0000)

$(1000000 > Address) & (Address >= OFCOO000)) & !RD;

z Reduced Equations:

enable !WINH = (1);

enable RAM CACHE = (0); er

enable !EGA READ ALLOW = (0);

enable !BIOS2 READ ALLOW = (0);

enable A24 = (0):

enable A25 = (0);

enable !NCA = (1);

INCA = !(A17 & !A18 & A19 & !A20 & !A21 & !A22 & !A23 & !A24 & !A25

S A16 & !A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 & !A24 &

18425

S !1A16 & A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 & !A24 &

1425 & !RAM CACHE

S 1A15 & !A16 & !A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 &

1424 & !A25 & !EGA READ ALLOW

S A15 & !A16 & !A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 &

!A24 & !A25 & !BIOSZ READ ALLOW);

IWINH = !1(A18 & A19 & A20 & A21 & A22 & A23 & !A24 & !A25 & !IRD

S A16 & A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 & !A24 &

1425 & !IRD

S !A15 & !A16 & !A17 & A18 & A19 & !A20 & !A21 & !A22 & k 4 &

1424 & !A25 & !IRD

S$ A15 & !A16 & !A17 & A18 & A19 & !A20 & !A21 & !A22 & !A23 &

1424 & !A25 & !RD);

Chip diagram for Module PAT259

Device PAT259tx

P16L8

mr Øl frem

ø ø / ø

ø —...—... ø
IRDø 1 20 ø vec

ø ø

A15ø 2 19 ø !INCA

ø ø

A16ø 3 18 ø !BIOS2 READ ALLO

ø ø

A17 ø 4 17 gø lEGA READ ALLOW

ø ø

A18ø 5 16 ø RAM CACHE

ø ø

A19 ø 6 15 ø !WINH

22 ; ;
A20 ø 7 14 ø A25

ø ø

A2lø 8 13 ø A24 —

ø ø

A22 ø 9 12 ø

ø ø

GND ø 10 11 ø A23

ø ø

ø ø
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CAM451 Non-Cacheable-Address Register

Albert Jensen, Regnecentralen 150288

Equations for Module PAT261

Device PAT261ltx

equations

enable BIOS2 READ = (1):

enable Q3 = CSEL & WWR;

enable RAM CACHE = (1);

enable EGA READ = (1);

Q0:= Q0 & !sel

S sel & DO;

Ql:= Q1 & !sel

& sel & Dl;

Q2:= Q2 & !sel

S sel & D2;

Q3 = !FLUSH;

Q4:= Q4 & !(CSEL & WWR & RDY386)

$ MISS;

BIOS2 READ= Q0;

EGA READ = Q1;

RAM CACHE = Q2;

- Reduced Equations:

enable !BIOS2 READ = (1);

enable Q3 = (CSEL & WWR);

enable RAM CACHE = (1);

enable !EGA READ = (1);

Q0 := !(!CSEL & !Q0

S 1DO & !Q0

5 190 & !IRDY386

s

s

190 & WWR

CSEL & !DO & RDY386 & !WWR);

ICSEL & !Q1

IDl1 & !Q1

191 & !RDY386

191 & WWR

CSEL & !DI1 & RDY386 & !WWR);unumnmn—
W92 ICSEL & !92

1D2 & 192

192 & !RDY386

192 & WWR

CSEL & !D2 & RDY386 & !WWR);nuann=
Q3 = !(FLUSH);

Q4 := !(!MISS & !Q94 & CSEL & !MISS & RDY386 & WWR):

1BIOS2 READ = !(Q0);

!EGA READ = !(Q1);

RAM CACHE = 1(192);

CAM451 Cache Memory

25-Aug-88 01:43 PM

"Set when MISS

Chip diagram for Module PAT261

Device PAT26ltx

P16R4

—...—mmeeeee ø fører

ø ø / ø

Ø ocoocoococ oo ø

CLKø 1 20 ø Vee

ø ø

DO ø 2 19 ø tEGA READ

ø ø

Dlø 3 18 ø RAM CACHE

ø ø

D2 øf 4 17 ø Q0

ø ø

FLUSH ø 5 16 øQ1

ø ø

ICSEL ø 6 15 ø Q2

ø ø

IWWR ø 7 14 ø Q4

ø ø

IMISS Ø 8 13 ø Q3

ø ø

IRDY386 ø 9 12 ø !BIOS2 READ

ø ø

GND ø 10 11 ø IRSEL

ø ø

ø ø
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ABEL(tm) Version 2.10a - Document Generator
Local Ready-
Albert Jensen,
Equations for Module PAT26

Device PAT262tx

equations
7 SERte machine

"FLUSH latching

SCLK: =

CYCLE: =

RDYM: =

CSEL

RDYA: =

RDYB:=

IFLUSH: =

24-Aug-88 01:19 PMand FLUSH- generation and Suppression of posted IOwrite.
Begnesentralen 240888

ISCLK & !RESET "Phase tracking.& ! (CYCLE & RDYM & CSEL) "SCLK=0 just alter RESETRESET & !RD ”
RESET & RD & !SCLK; " test initialization.

READY & !IOW & SCLK & !ADS & !RESET "Indicates an activeRDYM & !WBS & SCLK & !RESET ” bus cycle.
CSEL & !IRDYA & SCLK & !RESET " CYCLE is set at ADS
!CYCLE & !ADS & !RESET ” and cleared at ready
ICYCLE & !SCLK & !RESET " if no pipelining.
CSEL & RDYM & !RESET; "

1IOW & (!ADS "Is set when an IOwrite
&S (!READY & CYCLE & IRDYA) " is initiated.
S RD &$ !IO & !SCLK) "Inhibits RDYO to 386

S IOW & READY & SCLK "Held until IOwrite is& RESET; I posted.

READY & IOW & SCLK & !CSEL "Set when 385 has posted
RDYM & !ICSEL & WBS & !IOW " the IOwrite.
RDYM & CSEL & CYCLE "Held until the IOwrite
RDYM & !SCLK ”" is done then assures
RESET; " that RDYA is set.

LBA & ADS & SCLK & READY & !IOW "Selection of Local Bus
LBA & ADS & SCLK & !CYCLE " register
CSEL & !RDYM & !RDYB " hl
CSEL & RDYM & CYCLE "CSEL and RDYM are
CSEL & !SCLK " coincident after RESETRESET; ” only.

RDYM & !CSEL & !WBS & SCLK "RDY386
CSEL & !IRDYM & SCLK & !RDYA " generated after a
RDYA & !ISCLK & !IRDYM " Local Bus Access and
RDYA & !SCLK & !CSEL " at the completion ofRESET; n a posted IOwrite.

CSEL & !RDYM & SCLK & !RDYB & !RESET "RDY385
$ RDYB & !SCLK & !RESET; " generated after a

”" Local Bus Access.

RESET "FLUSH is set after
RESET at coincidence

of CSEL and RDYM.

CYCLE & RDYM & CSEL
!FLUSH & !SCLK
!FLUSH & !CSEL
!FLUSH & !RDYA & !IRDYM Then altered according
IFLUSH & !IOW & !RDYM " to D3 on LBA-writes
D3 & SCLK & CSEL & IOW & RDYA; " only.

z Reduced Equations:

24

ISCLK :=

IOW:= |!

IRDYA :=

RD & RESET
ICSEL & !RESET & !SCLK
ICYCLE & !RESET & !SCLK
RD & RESET & !SCLK
IRDYM & IRESET & !SCLK);

!ADS & !CYCLE & !RESET
CSEL & RDYM & !RESET
ICYCLE & !RESET & !SCLK
CSEL & !RDYA & !RESET & SCLK
RDYM & !RESET & SCLK & !WBS
!ADS & !IOW & READY & !RESET & SCLK):

ET Chip diagram for Module
DS & !IOW

O & !I0OW Device PAT262tx
OW & RD

OW & !SCLK

W & READY & SCLK
YCLE & !IOW & IRDYA & !READY);

øRESET 
ø

RDYM & !SCLK CIKø 1
CSEL & CYCLE & RDYM 

øICSEL & !IOW & RDYM & WBS IREADY ø 2
ICSEL & IOW & READY & SCLK); ø

1I0ø 3
RESET 

ø
CSEL & !SCLK IRD ø 4
CSEL & CYCLE & RDYM 

øCSEL & IRDYB & !RDYM WBS ø 5
ADS & !ICYCLE & LBA & SCLK ø
ADS & !IOW & LBA & READY & SCLK); D3 Z 6

RESET 
ILBA ø 7

ICSEL & RDYA & !SCLK ø
RDYA & IRDYM & !SCLK RESET ø 8
CSEL & IRDYA & !RDYM & SCLK øICSEL & RDYM & SCLK & !WBS); 1ADS 2 9

RDYB & RESET & !SCLK GND ø 10
CSEL & !IRDYB & !IRDYM & IRESET & SCLK); g BOSE DEE 1!L:2 3 3 SEEDEERRRRREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEN.
ICSEL & !FLUSH

IFLUSH & !SCLK
CSEL & CYCLE & RDYM
IFLUSH & !IOW & !RDYM
IFLUSH & !IRDYA & IRDYM
CSEL & D3 & IOW & RDYA & SCLK);

1s«

IR

FL!

OE
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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.

25
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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/O port 2Ch. It is reset after each access to this port.
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4. Using CAM451

Software interface with CAM451 goes through I/O 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.

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

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.

2

3

Memory Area Bit:3210 Description

All memory Oxxx All memory non-cacheable. This will be the ter

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.

lpqr 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.

A0000..BFFFF XXXKX Videobuffer area. Always non-cacheable.

C0000-C7FFF 1x0x EGA BIOS area. Non-cacheable.

1xlx 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 lø

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.

1xxl 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.
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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, 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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6. Logic Diagrams

This section contains the logic diagrams for the CAM451. 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.

eg) G

Address

i82385

Cache Control i80386
Controller CPU

8K + 32bit

Cache

Memory

Control Snoop (€2) Control Ready
ress Data ;

generation

386 bus (ODO)
system |
KaSoSESSEDE SEE SRERREE Bus Separation -———...... | Non-Cache-
385 bus able area

system decoding !

19
386 PGA plug

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

82385

HIGH PERFORMANCE
32-BIT CACHE CONTROLLER

= iImproves 80386 System Performance Mm 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 m Maps Full 80386 Address Space
— Allows Other Masters to Access the (4 Gigabytes)

System Bus More Readily m Flexible Cache Mapping Policies
. 

— Direct Mapped or 2-Way Set

m Hit Rates up to 99% Assoclative Cache Organization
—H 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 III Technology

mM 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.
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BUS CONTROL PROCESSOR CACHE CACHE80386 LOCAL INTERFACE CONTROL rr 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
licensesfare implied. Information contained herein supersedes previously published specifications on these devices from Intel. July 1987(0 Intelggorporation, 1987 . Order Number: 290143-001



2umanns sng WB2JSÅS SBEZ8/98£08 "Z-1-380614 gsnjonays sng WejsSÅS 98£08 "4-1 23N 614E-ErL06z

VÆ

Se masAsS

sne 1901Sorte

E

serrg

'sn8 7Y53019grog ÆX= 8sg sf =SI 4 3u y 29grog[em |

"(€-1 eun6i4) snq [250 SgE28BWEBS By] UO apISeJ 0] SWØJSASGNS G8E28/98£08 ejdMu smojje sy 1104409 snq pojug.sb useq Apuenb-øsgns puB pejsenbes sey W UeyYMm Åjuo snq J890jSBE2g ey] senup epow ea8js uj pewweJbod sge2guv 'pajuesb usaq sey Jsenbes 8 Jey] Bugedipui Indu:UB S! YONTHE pue 'snq sy] [0409 0] jsenbes 8 Bunea"pui Indjno ue MOU SI QTOHE !epous enes ul GgE28UB J0) PosJ0Ae) 9Je YOTHE PUB Q70OHg JO sejos ouCuondo deys esempiey 8 BA euop si Bunuwesbolg)"uonejedo eopoWw ,,9ABIS,, JO) S8E28 ey eunfyuodHGASMOY 'UBI Jøsn eyj "UONBJedo apoWw ,,J91S8N,,10; peuwesbojd si Ggg7g SY] UsYM Ajuo en3 An oiysSI UOISSNOSIP UONEJyIqJe snq [290] Gggzg eAoge ey,uonesadQ 2A8JS/431S2EN €'Z'L”snq [890] GBEZ8 SY SUMO J9j
”SBW JAUyJOUEB ejIyYM Snq [830] 98608 ey uo BunesedoBNUHUOD 0) 903j aSJN09 JO SI 98808 YUL "YOTHG Blajsenbes sy) a6pejmouyJe pue snq je30| G8£28 eulOSBOjB)s |IIM GgEØ8 eU] '2/949 snq |890] Sggzg luessnaey] JO pue au) je 1jedidÅ 1 "JTOHE Bla S8EZ8 eUy0] jsenbas sy] sanssi y 'snq je90] SgE2g al sjsenb701 J0jsEWw JOyIOUB USYM ('Z'g UONdES UI pequdsepae sjeubis esey |) ”suid vyg97Hg pue CTOH8 SU einWsiueydaw Juojeainbe uge sepiaosd GgE28 eu! 'suidVOTH Pue QTOH SU etA Wsiueydew uoneJiqe snq

86pejmouydy PjoH/1SENbey PIOH & sepiaoid 98608By] SBBJBUM ”Snq |B90j SBEZ8 SU Peljed SI YOIyYMBoeju! ,,9%11-98£08,, ey) sjuesejd G8EZ8 eyuLuoneJyqy sneg '7'L "QYDED Sy JO |NO søjejedo g8E08 9U] aJlym S2QJNnoseswejsås ofeuew 0] 8034 eje snq WejsÅs J0 snq je)-0| GBEZ8 Ul] Jeune UuO Burpisej sJejsew JeyIQ 'snq98£08 OY] Yum jojjejed U! øjesedo 0) ejqe pue 'WwoyJouysip S| Jeyjes ]nq "SNG 98£E08 SU] JO UOISJeA peje-unq 8 Åjduis Jou s! snq |890| G8EZ8 eu Jeyy 9JON"oq 0] jussedsue3) st WejsÅsqns eyJe ey | 'sjuow-eunbes yIpimpueq snq MmOj YIIM pue Juoy 9gg0g ueS80s WØJSÅS sy] pue 'snq WeJSÅS JsØj & Søes Ajdwis98£08 SUL "98£08 jemde UB 0] PiNOM y se sn pusWUOJ ,,9%1-9BEOB,, SIUI 0) SON WOJSÅS sy ”sjeubis98£08 ejeudojdde je 0] Sjuejeainbe snq [890] G8E28Buipiaoid Aq 98£0g8 UB jo pue Ju03 eu] eyi| 400; 0)peubisep st snq (890; S8EZ8 OY (2-4 eun6i4) ,,sng18907 G8E28., ey pue snq [290] 98808 (em de eyy:Søssnq JOUNSIP OM) OJul sq 98£08 ey] JO uonesedesE SØSNED JØjJORUOD SYDBD-G8E28 Ue JO uomppe sy,”SPUBWUIOI 9JUM pue p8o) snqWej]SÅS SNOLBA ou) BjeJeue6 0) 9160; jonu09 snq A4qPepodep s! snq J04U09 1290; ey] "sassnq ejep puessesppe ,W9jSÅS,, Oyj 8W0deq 0) p2y9)ej 10/puepeJojnq øse sessng ejep pue sseJppe je90] sy "ses7snq J0U09 puB 'ejEp 'sseJppe 98£08 jedisAyd eyJO S]SISU09 ,,SNg [8907 98£608,, Sy. "WøejsÅs 985.08ledidj 8 JO esmjangys snq ou1 syoidep 1-1 eJn6i4sng WajsÅs/sng12307 S8€278/sng [8907 98608 1'T'L
z-eriose al)MOMSNG MILSASÆ ÆA3s3ng Yang TOUINODSS380av viva sne

| ÆÅ Æ3 8'sna 1Y901 g g zserog ri 5 EJin tj gserog

"eJNJDNAS slyj JO UOndUdSEep 8 syBuimojo) sy "We]SÅS 98EO8 UB UI! 90) Sy PUB S8EZ8By y1oq BuipuejsJepun U! [8uesse sj We]SÅS SgEZ8198608 uB jo emangs snq ey jo dsesé poob yJHNLINHLSSMAd "I MIIAHIAO WILSAS FL"160; jeusejxe ou Åjje-NUIA YUM 98£08 PU] 0] AN desp Sen GgEZ8g ey] "Aj ed-ISÅyYd ”eJUBuuoyned WøjsÅs UO Joedwi ou koue

-19409 BY4DB samsesed Wsiueydew ,,BUI4DJem snq,,S.G8E28 BY] PUB 'SOJEJS WEM OJOZ YIIM UNI O) "SOJUM

O/ pue ejqeeyagd-uou Buipnjau: 'sejum g9g£g08gjo Auolew ey smoje Aiqeded ,,9um pojsod,,sS,G8£28 ey ubisap WweøjsÅs jo esee pug 'ÅJueJey0aay9Rd Jo uogeAsesesd 'SØJUM 98EO8 JO Buijpuey au)

0) J0je) sanpijod eseyl 'senod juawebeuew aydedpunos ae |enUesse SB ISNp "UOHEJEPISUOO eJuBWJ0J

sød JOj 10198j AjUO eUJ JOU S! ÅJUSNiye "enemoHjep pue e&poa pajsenbes Afuenboy 1s0W eyj joAdoad e Buiurejujew ur! SI 84989 B Jue/d4e Moy Jo ensPaw ey] S! 9JP) JiH "uonejuewajdun 34929 Inyssea

-ans B JO juoipesbur fenuesse ue sy! ojes Hy poob y"98£08 PU] 0] AJOWou

OJeJs WEM OJEZ "sej 8 &%l| 400 ABB ÅJOUIOW UBmojs Åjonnejes 'objej & eyew 0) Åesseoeu søjeshy yGiy au) epiaosd yjog "eANBIoOSSsE Jes ÅEM-3 pue
peddew esp :suondo uoneziuebso eyded Om seyJesn ey "9jqEsyJeI-U0U 8 spise Jes aq 0; ÅAjOWewJO SseeJe MOJje 0] opew Si UOISIAOJJ "eYIEBI Sy] Ojul
peddew si (seAqebia) +) 98608 eYI JO aug ssap-pe [edisAyd amue su) Jey] Yans s) esmonys Å10)90s -IP eyDB9 ey] "ey4IBI SJAqy ZE |eusejxe UB uoddns0) peinbes 960; juowebeuew syo83 je pue (01203mp 94089 & SøjEJbejuj 301 O1UOJ SYIBD S8EZ8 eyuL"SJOJSBW Snq 19410 0] øjqel ea UIpIm-pueq ejow Bujyew 'sjueweunbe) uipimpueq snqMWeJSÅS SEOINPEJ YDIYM ,UONEZNAN snq,, JeMOj YONUSB SBy 94989 [890| Sy jo jno Bunesedo Josseo0osd&E "AiJ8d0| PeOIJOS eJØ SHY SYDBI BOUIS "SS0008sed S9j8js NEM OJez "Jesu jo ebeseane ug u! Buninses'S0SS8998 JO Jeqwunu abe] 8 JeA0 pebeseae eJ8 SsIwJuenbesu) Ajeanejes 8 Uj PeuNnou; SØJeJs WEM eu) Jeu]S| Jo0NO Jeu SyL ”S9J8js WEM OJeZ UIM podes oeS8SS8998 JO Ajuofew sy] Jey] Yans '(Sass8008 g9g508Jej0) 0) Syy eyoed jo Ones 84) 9783 Wy,, YBiy & PjoiÅMm eyoed Jusiye uy "oWow uew Wo paAeu)701 BJep eu] puB We)jsSÅS Bu 0) popsemuoj si sus-30jeJ SU "(SSW 8) PIYIBI JOU s! Bjep eu] Jj 'sojejsWEM BUUsNOU! INOYUM 98£08 OY] 0] Peusnjøs sty "(nyEB) SyDBI ou] U! SEPISEJ BJep Bu] || "ay4ORO ey] UI Sepis-øJ ejep pejjnbes euJ J1 ses 0) S80U0J0jas AiOWwow98608 Sjdedseju! WajsÅs syded sy] "ejep pue ap09pesseooe Aquenbey 30; e6eJojs je90; 1s8j epiaoid0) S| WBJSÅS ÅIOWIBW SYDBI B JO UONDUN; ure eyANJIAHIAO SB8EZ8 L'L"WejsÅs S8E28/98£0g UB jo uoesedo pue eJmDejy de diseq eu] jopue 'GBETB aU] JO Melueno ue sepia0id Jejdeya sy"I0SS0901dOJOU G8EOR8 S,J9juJ 104 jejeydued 1iq-2geouguuoued ybiy & St J9JjOHUOJ BYE S8EZ8 SYLM3IIAHJIAO TVYNOILONNJ S8EZ8 O'LNOWVWIOJINI FTINVAGV sgeegPw NOILVWHOJINI FINVATY

sgez8g

Pi



sejDAJ puB 'ojqesydeJ-u0u se pap0odap s0|JÅ9 seu-068je OM] JO aU0 Ojur |J8j S8j949 9jqesy4JdeI-uoONsaJjJÅJ ajqeay4Je)-UON E'E'L"own sy Buunp (snq [290498608 ayY] UUO) 84989 sy jo Jno bunejedo anunuoa

0] 8034 SI 98EO8 ey. "pebpejmouy Je s| |senbes eyUSYM 9J9ÅA9 eu] Un puB snq suy jsenbes im epow

Bagjs Ul G8EZg UB pue 'snq sy] SØSBO/OJ J0JSBW Jues-In9 ey] SE UOOS SE 9j0Å0 OY] UNJ [IM epoWw Jejseuut S8E2g UB 'eseo siyj U| ”snq [890] G8EZ8 SYI UMOAnueuuna Jou s8op GgEZ8g eu] 1 ueAB pøjsod eq UB)BIUM 98E08 Uy ”snq (890; G8EZ8 ey UO pøjejdu09usaq JeÅ Jou sey aJum poy9]e] ÅjSNOIAasd & USYM SI

BJOÅD SJUM B UI SØJBJS HEM SaGS 98508 PU] en AjuoSUL "98£08 9] ;0 Auspuadapur S8j94J snq J830|
S8E2g un: 0) ojge S! 'eurydew oje]s snq 98E08 SY 01JEONUSPI JSOWE SI YOIYM "eUI4dEBW 9J8]S SMq S,SØEZ8
eu esnedeq ejqissod st ajum pøjsod y "pouejsusage Jou sdeysed JO 'p8Jjajdwoa J9Å JoU Si 9j949 snq

1290; Ggg28 Burpuodsa109 ey] Y46noyj use 'søjelsNEM AUB JNOYIM Pojeuiue) Si 9J949 snq [230] 98608eu pue 'sjeubis uoHuyep 9jo£4a pue 'ejep 'ssejp”PE 98EO8 SyJ SoydJej Sum pejsod 8 'slyj puoLeg"lem sg

pejepdn Si Sy4929 AU] "(Ny SUM 8) BYDBI ou] UI spis-ei 0) sueddey OSje UOHEJO| PeJUB/0jØJ eU] Jj "9;949BJUM AuouJou Åue ul pojepdn SÅBM[B SI ÅJOWeu UurewYeyl seljdur YDIYM 'enbiuyoe) ,,4BNoJy) 9JUM,, oyYdEDjeuompen oyj S! oyum pejsod & ur pojuowejdunkoyod ejepdn Aowuow Åewud oy | "s0oJjejs WEM olez
UUM un 0] S8jOÅAD 9JUM ÅJOWeW 98608 JO Auolewey smoye Ayliqeded um pejsod,, S,G8EZ8 eYL

SIJPÅJ SWIM ÅIOWSN 98508 Z'E'L('snq [890] G8E28 eu) uo uns0] SPaBuU JByl 9j9Å9 AMUM JO Peos AUB JO) ens) SI Stu1)"pebpejmouyde si jsenbes oyj SE UOOS SB 81949 ayluns jim pue "ysenbos pjoy e enssi Jim epow aagjs urS8E2g uy 'snq ey] SØSEOjaJ JØJjSEW JueJund ey JeyeBOA oyj UN) [Im apow Jøjsew uI Ggggg ue %0u jl
”Ssnq Sy SUMO Ånuauna HJ! Åjuo snq jed0; Ggg2g au)UO SS0998 ÅJOWOW UIBU B 8Jndexe UB G8E28 eyYLN€'L'p UON9OS 0) Jej0J) ssIsa ey pUuoAaq 8049 UostedWod ou] ,,SpIU,, Åjean

-20yje 0] S8|243 peuijedid ssøjppe g9ggog ubeq HimS8E28 eyl "K(jeanndesuoa 3n990 USYO ]SOW SessIwBOUIS "SASMOH "SSØJ0B ÅJOWI BW Uig]sÅs ou uibeqUB Hi 910jeq SSIW B SI 9JOÅD BY] Jey] euluuejop ISMN
We]SÅS BYDE ey j "(UOISIdAp SSHu/Wy) 9j949 uosued"W09 8y9B9 ayj snyd ejep Yum puodses 0) AuOWeusWejsÅs euJ Åq penbes Jeyl si 98608 ey Aq usesSøJejs WEM JO Jaqwnu oyj 'sstw pe pojejosi ue uj "A10penp eyeey u1 pejepyer puB eyJe) ey) Oju! pajdod s! ejepKowew Ujeu YUM Åq WSsIuBydou Åjuo By] S! SSIwpees ey 'sjeubis j0gUu09 søjesnde pue snq SseJppeBu] SJONUOW ÅJUO YDIYM edAap eaissed 8 Åjjenues-S0 5! GBEZ8 OYL "98EO8 Bu JO Anuepuedopui BjepAsoWweu ureu YDJej Åjennde Jou Saop G8EZ8 eUL"sq [890] S8EZ8 ey) UO pejedydnp eje sejqeue 8/4q98£08 ey JO sjenej 5160; ey 'snq [890] GBEZ8 SUI0] pepJemuo) si yeyl 9;9ÅD 98E08 JO edÅ) 19y10 Aue Uj(usenbes Jou pip W leym sesouby Ajdwis 98508 ey L)"aYJBI SU] OJU! USHUM St Aue uq-2g IN) 8 yey) Sans-US SIyUL "9AN0B eJB søjqeue 814q snq Je90| S8E28Ino) |je 'ssru pees 8 Buung "pomajqnop peubye yq-ZE BUO S| OZIS BUI| SU) "WB]SÅS G8E28 UB U| "0ZIS BUljou] Polje) s| WøjsAsqNS eyJB 8 Ul ÅuOWou eye)pug Asoweus ujew USOmjaq JØjSUBJ] JO Hun diseg Sy.”søje]sHEM OJ0Z UIM 1 UNJel PUB SyIBI oyj U! H PUH jimGBEZB eUI '98EO8 ey] Åq pajsanbes St UONBWIOJU JOeoejd Jejnamæd siyj own jxeu Oy] ey] YINS AJOIDeJIPey98 ou søjepdn SgE28 Oy KueunJuog "eyeBuy OJU! USHUM Oosje PUB 98608 SY 0) peldespSI Y UoWOW ujew W0 Sune Bjep oyJ Sy "(IOWoWure Wo poAeyjes ejep ey) puB snq [290] G8EZ8eu 0) pepsemuoj SI jsenbes sy 'oyoRJ Buy UI Jousy Bjep pajsenbes oyj JEy] SeuIuIOJEp GBEZ8 OU JlSISSIN GVIH TI'E'L"S0JB)S WEM AUBBunJesur INOUUM 9J9A3 Y99EO8 SYI Søjeuruuej G8EZ8oyl "98£08 SU Åq peer S! Hi 918yM 'snq BJEp 98508ey Ojuo ejep pejsenbel ey] eALp 0) eYDBD Uj Jepyey] sjeubis jOHUu09 ejeudojdde ey] senssi y 'eyoe)Syj ur s! ejep pejsenbes eu] Jey] SauiulJejep G8E28Ul J (2 Jøjdeya u; paqudsep st em on3ys 4098 Npey) /U0jo03p diy9-uo sy u! peJojs (s68)) sessasp-pe ejeudosdde ou] Yum snq sseJppe 9gE0g eul Josyq sopso ybty eu) søsedwoa Gggæg eyj '9j9AJ peesBjep 40 8p0J AIOW0uW 8 SØJENIU! 98EO8 SY) UDUMSLIH OVIU VELsajJÅJ PeaH

gjeg pue ap0J) ÅAJoUIa Ny 98608 L'E'L"88589998 [820] puB ajqesyJgI-uou ese pessnasipOsjy "SUMOPINYyS pue 'syjey 'sabpejmouyde IdniajurBuipnjau! 'sej049-98E08 Ile 0) asuodsas S,S8EZ8 SU1epNIpu| PossNIdsip SWIOlj "WBJSÅS S8E28/98E08 UB JOuongJedo dseq Sy] JO MaWUBAO UB SI UOISSNOSIP SULNOILVH3IdODISVG "II M3IIAHJAO WILSAS ELNOLWWYUOJINI TINVATV seeze Pi SaJDÅJ aMIM sng WejsÅs J0yU0ON—BuUly]eM sng G8EZ8 "p-L 2JN BI 4S-€71062VOLVION 31940 HJUM=SAG SSIAOGY MILSAS=Sna dOONS

"Buryayem snq JO WJO) |Bje-ua6 oyl SPidap p-| 8Nn6i+ "UONB90| potipow siyj se-SS909B HI OWN JxeU sy] (OWow urew Wo ejep ep

-0]-dn ey] Y919J Ol 98608 SYI 8930) [JIM YDIUM 'pejep-gau! S! Anue ey4oBI Buipuodse109 eyl "(4 doousB) OS jj ”eyoBJ ou Ul pøjedjdnp si uOnBdO| peaue-309j0s Sy 1 des 0; pesn pue pøjdwes si ssesppewWejsÅs ey] "(doous e) p2120]8p S| Jøjsew Jeyjoue Aq

BJOÅD SJUM B USYM pUEB 'SBjOÅAD Snq WeJSÅS SJONUOUSJøjsew snq AnueJuna Jou st jey) Sgg2g uy "BuiddewLowew s)ouses J0u eduBsWwsoued sjåedun Joyjieuyey enbiuyoe) &e "(Suidoous pejjed osje) ,,Buydyemsna,, BIA ÅdUSJOy0J syDEBJ semesejd G8EZ8 PULL"yogaJuondiye Ayby e eq esmuayjo ÅBW JByM Jo 083 Hy ey] eonpe) [Im Buysny eyJBd eAISS8dxe SB BJUB-woped wejsås epejbep Åjsnoues UB sly Vase-MOH "ÅAJOUIOUI WBJSÅS 0] SØJUM JØJSELW JOyJOUB OUN-ÅUB BYIBD OY YSNyj 0) S) UOHN4OS ejdwis Jeyjouy "1-OWeuI PØJByS eyJBD 0] SWIeJSÅSNS SYIBI Mojje Jou0) St UONNJOS eANOUI SEJ JoyJes BUG ((ejep  ,,9je]S,, UB]-U09 0] pjes S| o4d8J ey |) Jejsew Jeyjoue jo yde1290; eu] UI pojedijdnp  s! yey) UOneJO| AOWow eg Jo'SJUGJUOI SY J0)N8 [IM JOJSEW BUO JBUY] 4SU BE SÅEME'S| 9J0U] YUOWIOU SWBS OU] SS0JIB UBI SJejsew od-IHNUI OJOYM WIBJSÅS B Uf "Å(JOWIOWU UIBW O) [BON UOPp:

st Ådo9 [890] sly Jey) ens oyBw 0) S| ,,ÅQU9J9Y409,,eyoB9 UIsuBw 01 "(owew urew Jo suomuod pesnAjaeoy ISsoWw eu] JO Ådo09 & SUIBJUOI 9yDB9 8 "(BopÅoUB1ayOJ a...YJe) f'Z'LJUSWIUONAUJ BYDE HUN /I SIS N-NINMN "E- 4 21644

v-6r1062SØ MILSAS
d

Ld

NOWMVWUOJIN FINVATY S8ez8



82385

IDLE

IDLE

IDLE

IDLE

IDLE

IDLE

IDLE

IDLE

Directory | Local Bus

Cache

Local Bus Access

82385 Response when

Decoded as an 80386

Cache
82385

INT ACK

UNDEFINED

I/O READ

MEM

CODE

READ

HALT/

SHUTDOWN

MEM

DATA

READ

MEM

DATA

WRITE

I/O WRITE

Cache

Directory | Local Bus

82385 Response

when Decoded

as Non-Cacheable

Cache
82385

Local Bus

INT ACK

UNDEFINED

VOREAD

V/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

READ

CACHE

CACHE

READ

CACHE

CACHE

WRITE

lory are:

CACHE

N/A

N/A

HIT

MISS

N/A

HIT

MISS

HIT

MISS

80386

INT ACK

UNDEFINED | N/A

READ

HALT/

SHUTDOWN

WRITE

Cycle

/OWRITE | N/A

I/O READ

MEM CODE

MEM DATA

MEM DATA

1

(u

1

0

80386 Bus Cycle

Definition

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

2. Snoop Hit—corresponding line valid bit cleared.

M/10£ | D/C+ | W/R+

» A dash (—) indicates that the cache and cache directory are unaffected. This table does not reflect how an access affects the LRU bit.
" An "IDLE” 82385 Local Bus implies that this bus is available to other masters.
+ The 82385's response to 80387 accesses is the same as when decoded as an 80386 Local Bus access.
«+ The only other operations that affect the cache direct
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Appendix B. CAM451 Components List

for CAM4S5l1.

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.

CAM451 Cache Memory

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 SOIC

OCTAL LATCH WITH 3-STATE OUTPUT

OCTAL D-TYPE REG. 3-STATE OUTPUT

8-BIT X-CEIVER TS

CAP 47n 50DO0 SMO1 p10 X7R CER.

ELLYT TANTAL SMD 15u/20V

RES METF SMO1 180E 5% .25W

RES METF SMO1 1K 5% .25W

RES METF SMO1 2K2 5% .25W

RES METF SMO1 20K 5% .25W

Quantity

an ANEDE EREBRRERE REE
mwNwe

Uu30

u29

Uu32

US

Ul

u22

U31

U18

Uu7

Uu6

Uu2

Ull

U3

Uu9

Uu12

c1

C6

C15

c7

R2

R7

R6

R1

CAM451 components list and associated parts numbers.

U8

U17

u20

U4

U13

U21

c2

cC8

c10

R3

R8

R11

RY

Uu24

U14

Uu25

Cc3

cY

C12

R4

R13

R10

Uu27

U15

U28

C4

C11

C13

R5

R12

U16

c5

C14

R15

R14
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