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OVERVIEW

The VL82C325 Memory Cache
Controller is a high performance, highly
integrated cache controller for systems
based on the VLSI Technology, Inc.’s
TOPCAT 386SX or SCAMP-LT chip
sets. To implement a 32KB two-way
set associative cache subsystem, all
that is required is the VL82C325 and
two 8K x 16 cache data RAMs. The

VL82C325 has been designed to be an
integral part of the TOPCAT386SX chip
set. This feature improves the overall
system performance by reducing the
number of wait states during non-cache
cycles when compared to cache
controllers which must pipeline all
cycles which can not be serviced by
reading from the cache data RAM. The

VL82C320A TOPCAT System Control-
ler or the VLB2C310 SCAMP Controller,
and the VL82C325 operate in parallel to
decode 386SX requests. The controller
starts decoding the 386SX cycle
simultaneously with the VL82C325 and
is therefore able to actually start a
memory cycle before a miss indication
is generated by the V1.82C325.
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The VL82C325 is a read allocate, write-
thru cache. It maintains cache coher-
ency during non-386SX cycles by
monitoring the VL82C320A/VL82C331
interface or VL82C310 SCAMP-LT
interface and the system address bus.
Any HLDA cycle which writes to a
memory location which is also cached
will invalidate the line. HLDA read
cycles which result in a hit within the
cache data have no effect. Read data
for these cycles is not supplied by the
cache data RAM.

The VL82C325 supports 16KB or 32KB
two-way set associative caches. On-
chip high speed SRAM is used for the
cache directory which is organized as

two 1024 entry directories. The line
size is two bytes. Each cache directory
entry defines the storage allocation for
a block which is set to be four lines for
16KB cache configurations or eight
lines for 32KB caches. Each line or
sub-block has its own valid bit within the
cache directory entry.

System memory can be declared as
cacheable or non-cacheable by setting
or clearing entries in the Non-Cache
Table (NCT). The NCT has 504 entries
which cover all of system memory
(memory controlled by the system
controller). In the area 512KB to 1MB,
system memory is divided into 2KB
regions. Each individual region can be

declared cacheable or non-cacheable.
In the remaining areas of system
memory, each 64KB region of memory
can be individually selected as cach-
eable or non-cacheable.

System memory can be declared as
write-protected (e.g., ROM space) by
setting entries in the Write-Protect
Table (WPT). The WPT has 256
entries which cover the area of system
memory from 512KB to 1MB. Each
individual 2KB region in this area can
be declared write-protected. Writes to a
write-protected region which result in a
cache-hit will not update the contents of
cache data RAM.
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PIN DIAGRAM
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SIGNAL DESCRIPTIONS

Signal Pin Signal Signal
Name Number Type Description
CPU AND TIMING INTERFACE PINS
A23-A1 2,4-9, I-TTL Address bus bits 23 through 1 - These signals are tied to the processor’s
10, 12-17 address bus bits 23-1.
19-26, 100
-BHE 28 10-TTL Byte High Enable - This signal is tied to the processor's byte high enable
(8 mA) output. 1t is used to select the upper byte of a 16-bit wide memory or YO
location.
-BLE 29 10-TTL Byte Low Enable - This signal is tied to the processor’s byte low enable
(8 mA) output. It is used to select the lower byte of a 16-bit wide memory or I/O
location.
-ADS 37 I-TTL Address Status - This signal is tied to the processor's —ADS output.
W/-R 33 -TTL Write and not Read - This signal is tied to the processor's W/—-R output.
M/-I0 36 I-TTL Memory and not I/0O Cycle - This signal is tied to the processor's M/~IO
output.
D/-C 34 I-TTL Data and not Code - This signal is tied to the processor's D/~C output.
HLDA 32 I-TTL Hold Acknowledge - This input is generated by the 386SX CPU, and

indicates that the current hold acknowledge cycle is for the DMA controller
or other Bus Master. When active, the VL82C325 ignores the CPU’s
status signals and monitors -MEMW to determine if the cycle will invalidate
any cached item.

—BLKA20 42 I-TTL Address Bit 20 Enable - This active low input is tied to the —-BLKA20 output
of the VL82C320A System Controller and is used to deactivate A20. itis a
decode of the A20GATE signal from the keyboard controller and Port A bit
1. Port A bit 1 may be written directly or set by a dummy read of VO port
EEh. Refer to the VL82C320A specification for more details.

-NCCYC 46 I-TPU Non-Cache Cycle - This active low input may be driven by external circuitry
during access to regions of memory which should not be cached. It is
ignored during memory write, /O, and halt/shutdown cycles.

-WPCYC 47 I-TPU Write-Protect Cycle - This active low input may be driven by external
circuitry during access to regions of memory for which cache data RAM
should be write-protected. It is ignored during memory read, /O, and haly
shutdown cycles.

~-RDYOUT 71 10-TTL VL82C325 Ready - This output is driven active for all cache read-hits and
(8 mA) diagnostic operations. It is an input in the In-Circuit Test (ICT) Mode.
~RDYIN 45 I-TTL Processor's Ready - This input is tied directly to the processor's READY
input pin.

-FLUSH 30 I-TPU Flush - This input is used to generate hardware-flush requests. When this
input is driven active while the VL82C325 is enabled, the cache directory is
flushed.

HRQ 51 I-TTL Hold Request - This input is tied to the processor's HOLD input.

CACHE DATA RAM INTERFACE PINS

—CWEA 57 10-TTL Cache RAM Write Enable A - This output is active low and is tied to the

(8 mA) write enable(s) of the first set {(A) of cache data RAMs. It is an input in the
In-Circuit Test (ICT) Mode.
—-CWEB 58 I0-TTL Cache RAM Wirite Enable B - This output is active low and is tied to the
(8 mA) write enable(s) of the second set (B) of cache data RAMs. It is an input in

the In-Circuit Test (ICT) Mode.

5
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal
Name Number Type Description
-COEA 60 IO-TTL Cache RAM Output Enable A - An active low signal which is tied to the
(8 mA) output enable(s) of the first set (A) of cache data RAMs. ltis an input in
the In-Circuit Test (ICT) Mode.
—-COEB 61 IO-TTL Cache RAM Output Enable B - This active low signal which is tied to the
(8 mA) output enable(s) of the second set (B) of cache data RAMs. L is an input
in the In-Circuit Test (ICT) Mode.
CALEN 63 IO-TTL Cache RAM Address Latch Enable - An active high signal which opens the
(8 mA) input address latches on all of the cache data RAMSs. It is an input in the
In-Circuit Test (ICT) Mode.
—-CCEO 64 0] Cache RAM Chip Enable 0 - An active low signal which is tied to the chip
(8 mA) enable(s) of the least significant 16KB of cache data memory.
—CCE1 66 O Cache RAM Chip Enable 1 - An active low signal which is tied to the chip
(8 mA) enable(s) of the most significant 16KB of cache memory. This pin is not
connected in the 16KB configuration.
-CBEO 55 O Cache RAM Byte Enable 0 - An active low signal which is tied to the chip
(8 mA) select(s) of the cache data RAMs corresponding to data bits 0-8.
—CBE1 54 0] Cache RAM Byte Enable 1 - An active low signal which is tied to the chip
(8 mA) select(s) of the cache data RAMs corresponding to data bits 8-15.
SYSTEM AND BUS CONTROLLER INTERFACE PINS
XD7- XDo 72,74, 10-TTL X Data Bus - These signals are tied to the XD bus in TOPCAT systems
75,77, (12/24 mA) and the SD bus in SCAMP systems. This bus is used to read and write
78, 82-84 the VL82C325's internal configuration registers.
-MISS 69 IO-TTL Miss - This active low output indicates that the current memory cycle
(8 mA) request can not be serviced by the VL82C325. ltis an input in the In-
Circuit-Test (ICT) Mode.
—-EALE 67 O Bus ALE - This output is tied to the —~EALE input of the VL82C331 Bus
(8 mA) Controller. it is used to strobe the byte enables into the bus controller.
RSTDRV 40 I-TTL Power-on Reset Input - This active high input is driven by the VL82C331

Bus Controller's RSTDRV output. It indicates that a hardware reset signal
has been activated. This is the same signal which is output to the ISA bus.
This signal is used as the power-on reset source and is used to reset all
internal logic.

RESCPU 41 -TTL Reset CPU - This input signal is tied directly to the processor's RESET
input. 1t is used by the VL82C325 to synchronize its internal clock to the
processor's clock. The internal configuration registers are not intialized
from RESCPU.

CLK2 86 I-CMOS Clock - This signal is tied to the processor’s clock input.

-TRI 38 I-TPU Three-state - This input is used to put all of the VL82C325's outputs and
bidirectional pins into the three-state mode for testing.

-MEMW 44 I-TTL Memory Write - This input is driven by the -MEMW signal from the

VL82C331 Bus Controller. When it is active during hold acknowledge, it
indicates that a write operation is taking place to system memory during
DMA or Bus Master operations.

-IOR 49 I-TTL I’0 Read - This input is driven by the —IOR signal from the bus controller.
It indicates that an I/O read operation is taking place. The VL82C325's
internal configuration registers are accessed via I/O reads and writes.
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SIGNAL DESCRIPTIONS (cont.)

Signal Pin Signal Signal
Name Number Type Description
-lIoW 50 I-TTL /O Write - This input is driven by the —IOW signal from the bus controlier.

It indicates that an /O write operation is taking place. The VL82C325's
internal configuration registers are accessed via I/0 reads and writes.

—HIDRIVE 81 I-TPU High Drive - This input is a wire-strap option. When low, the XD7-XD0
outputs will sink the full 24 mA. When high, they sink 12 mA. Note that all
AC specifications are specified at 24 mA drive. —~HIDRIVE has an internal
pull-up and can be left open if 12 mA drive is desired.

-BUSBEO 88 I0-TTL Bus Byte Enable 0 - An active low output which drives the -BE0/AO input
(8 mA) of the VL82C331 Bus Controller. It indicates that the low byte of the
processor’s data bus (D7-D0) is to be used in this cycle.
-BUSBEH1 89 10-TTL Bus Byte Enable 1 - An active low output which drives the -BE1/~BHE
(8 mA) input of the VL.82C331 Bus Controller. It indicates that the high byte of the
processor's data bus (D15-D8) is to be used in this cycle.
-MASTER 80 I-TPU Master - This input is tied to the bus controller's -MASTER input. It

permits Master Mode DMA access to the VL82C325's internal configura-
tion registers. If Master Mode access is not desired, then this pin can be
left unconnected or pulled up.

POWER SUPPLIES AND “NO CONNECT” PINS

VDDR 3, 35, 59, PWR 1/0O Ring Power Supply inputs, nominally +5 V.
76, 87
VSSR 27, 48, 56, GND 10 Ring Ground returns, nominally O V.
62, 68, 73,
79, 85
VDDl 18, 43, 95 PWR Internal Power Supply inputs, nominally +5 V.
VSSI 1,11, 39 GND Internal Ground returns, nominally O V.
65, 92
NC 31, 52, 53, No Connects - All “no connects” must be left unconnected. Never
70, 90, 91, connect these pins to signal nets or to power nets.
93, 94, 96
97, 99
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SIGNAL LEGEND

Signal Signal
Type Description Type Description
I-TTL TTL level input 0O-0D Open drain
|I-TPD Input with 30k ohm pull-down resistor (0] CMOS and TTL level compatible output
I-TPU Input with 30k ohm puill-up resistor O-TTL TTL level output
I-TSPU | Schmitt-trigger input with 30k ohm pull-up resistor O-TS Three-state level output
I-CMOS| CMOS level input " Input used for testing
10-TTL | TTL level input/output GND Ground
IT-OD TTL level input/open drain output PWR Power
10-OD Input/open drain, slow turn-on

DEFINITION OF TERMS
For the sake of consistency, a set of
definitions is included here. These
terms are organized in a top-down

share the same values in
the upper bit of their ad-
dresses. Typically there

not be updated with the
contents of the write.

manner as they are typically used to is one tag RAM entry for Read- An update policy which
. : allocate allows cache blocks to be
describe the hierarchy of the each block, and there are allocated only on read-
VL82C325's internal tag storage. multiple sub-blocks/block. miss cycles. Write-miss
Associativity The number of entries in a Sub-block  This is the third level cycles do not allocate
cache to which one ad- (fowest) of the hierarchy. space in the cache
dress could possibly be It is the smallest amount directory.
mapped, e.g., in a one- of memory which is up- Look-aside This policy enables a
way controller each ad- dated at once. In single- cycle to be started in the
dress maps to one loca- chip cache controllers this system controller, in
tion only, while in a two- is the same as a line, parallel with the !
way controller, each ad- since there can be fewer VL82C325. even before
dress could be in one of bits of total tag storage cache hit-r;1iss has been
two locations. required with this third determined. This can
Set The set of tags is the level of hierarchy. reduce average cache-
highest level of the cache Line Same as sub-block for in- miss cycle times.
memory organization hier- tegrated caches (three LRU Leat Recently Used refers
archy. There is one set levels of hierarchy), for to the algorithm which is
for each degree of asso- direct mapped caches used to replace items in
ciativity, so a two-way set with external tag storage the cache. In a two-way
associative cache has two (two levels), it is the same set associ‘ative cache
sets of tags which are all as a block. A line may be there are two candidates
accessed in parallel in the longer than the data bus for replacement (one in
controller. Each setis width of the processor. each set). That candidate
made of a number of Write-thru  This policy forces a write which least recently

blocks and sub-blocks.

This is the second level of
hierarchy, it consists of a
number of items (sub-
biocks or lines) which all

Block

cycle to external memory
(DRAM) for each write
performed by the proces-
sor. The cache data RAM
(SRAM) might or might

generated a cache-hit
(read or write) will be
chosen for replacement.

8
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FUNCTIONAL DESCRIPTION
RESPONSE TO CYCLE TYPES

The VL82C325 will cache only the
memory which exists in the main
memory controlled by the VL82C320A
System Controller and VL82C310
SCAMP Controller. This includes all
memory segments which have been
shadowed as well as memory (ROM or
RAM) which exists on the ISA bus.

The VL82C325 is a look-aside cache
controller. It operates in conjunction
with the system controller. The system
controller is able to begin a cycle in
main memory while the VL.82C325
simultaneously determines whether the
cycle hit or missed in the cache data
memory.

If a cache-miss occurs and the cycle is
cacheable, then the VL82C325 disables
the cache data RAMs ocutputs, and
allows the system controller to complete
the cycle. This is accomplished by
asserting the ~MISS signal to the
system controller. The system control-
ler is responsible for terminating miss
cycles with READY.

If the cycle was a read, then the
VL82C325 allocates a block for the new
data in the cache directory. At the end
of the cycle, the VL82C325 writes the
new data into the cache data RAMs.

If the cycle was a write, then the
VL82C325 does nothing, because
directory space is only allocated on
read-miss cycles (read-allocate).

If a cache-hit occurs, then the
VL82C325 must complete the cycle in
the cache data RAMs, i.e., it reads from
or writes to cache data memory.

If the cycle was a read, then the cycle in
the system controller must be aborted.
This is accomplished by negating the
—MISS signal to the system controller
(indicating a hit). In this case, the
VL82C325 must terminate the cycle
with READY because the aborted cycle
in the system controller will not provide
a READY.

If the cycle was a write, then the cycle
in the system controller is allowed to
complete as normal (write-thru), and the

data is simultaneously written into the
cache data RAMs. This maintains
coherency between main memory and
cache data memory. In this case, the
state of the —MISS signal is ignored by
the system controller. The system
controller provides the READY.

The VL82C325 will assert —MISS during
non-cacheable read cycles. All such
cycles must complete in the system
controller. Data is not read from cache
data RAMs, and the cache directory is
unaltered. Write cycles are always
considered to be cacheable.

The VL82C325 never allocates cache
space for HLDA cycles. However, if a
HLDA write hits in the cache, then
some action must be taken to prevent
the cache data memory from becoming
stale. Therefore, the cache directory
valid bit for that line is invalidated. The
remaining valid bits for the other lines in
the same block are unaltered.

Tables 1 and 2 summarize the
VL82C325's and system controller's
responses to all cycle types.
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TABLE 1. RESPONSE TO CPU CYCLES
Bus Cycle Type Cache Response
Cnfig Data Direc
MW-O} D/-C | W/-R | 386 Cycle Conditions | -MISS| Reg RAM RAM VL82C320A Response
0 0 0 INTA 0 INTA to '33%
0 0 1 Undefined 0 Halt/Shutdown
0 1 0 /O Read ‘325 Reg 0 Read /O Read to '331
Other 0
0 1 1 VO Write ‘325 Reg 0 Write /0 Write to "331
Other 0
1 0 0 Memory Hit 1 Read Aborted Memory Read
Code Read Miss 0 Write Update | Memory Read (16, 2x8)
Non-cache 0
1 0 1 Halt/Shutdown 0 Halt/Shutdown
1 1 o] Memory Hit 1 Read Aborted Memory read
Data Read Miss 0 Write Update Memory Read (16, 2x8)
Non-cache 0 Memory Read (8, 16, 2x8)
1 1 1 Memory Hit/writeable 0 Write Memory Write (8, 16, 2x8)
Data Write Hit/write-prot 0
Miss 0
TABLE 2. RESPONSE TO HLDA CYCLES
Bus Cycle Type Cache Response
Cnfig Data Direc
386 Cycle Conditions | -MISS| Reg RAM RAM
Memory Read 0
Memory Write Hit 0 Invalidate
Miss 0
/O Read 0
/O Write 0

10
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CACHE ORGANIZATION

The VL82C325 is a two-way set
associative cache controller. It sup-
ports cache sizes of either 16KB or
32KB, arranged as 2 x 4K x 16-bit or 4
x 4K x 18-bit respectively (refer to
Figure 4). Table 3 gives a summary of
the cache directory structure in each
mode.

Figure 1 depicts the manner in which
main memory maps to the cache data
memory. Main memory is divided into
pages, each page being the size of one
set of cache data memory. Pages are
further divided into 1024 blocks each.
A block of main memory at offset X in
page W always maps to a block at
offset X in either of set A or set B of

cache data memory. Because there
are two sets, two such block Xs (each
from a different page) may reside in
cache data memory simultaneously.
However, if a third access is made to
yet another block having offset X in a
third and different page, then one of the
original blocks is discarded to make
space for the new one. A least recently
used (LRU) algorithm is used to
determine whether it will map to set A
or to set B.

The page number associated with each
cached block is retained in the cache
directory. The directory contains one
entry per block. Thus, there are two
directories (one for each set) each
containing 1024 entries.

Blocks are further divided into sub-
blocks or lines. Each directory entry
also contains a valid bit per sub-block.
The sub-block valid bits reduce the
number of accesses to main store by
allowing the VL82C325 to fetch only
those lines which have been requested
by the processor.

Hit/miss is determined as follows:

The block number of the memory
address is used to extract an entry from
each of the set directories. The
memory address is then compared to
each entry in parallel. If either entry
compares true, then a hit has occurred.
It is not possible for both entries to com-
pare true. The look-up function is
depicted in Figures 2 and 3.

TABLE 3. CACHE DIRECTORY CONFIGURATIONS

Cache Block | Sub-Block Page # of
Size # of Size Size Size # of Directory
(KB) Sets (B) (Line) (B) (KB) Pages | Entries per Set
16 2 8 2 8 2048 1024
32 2 16 2 16 1024 1024

11
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FIGURE 1. TWO-WAY SET ASSOCIATIVE CACHE ORGANIZATION
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FIGURE 2. 16KB CACHE LOOK-UP
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FIGURE 3. 32KB CACHE LOOK-UP
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NON-CACHEABLE & WRITE- Prior to setting up the NCT/WPT, the of the CCTRL, should be set to enable
PROTECT REGIONS NCTPGM bit in the Cache Control the NCT/WPT comparators. Table 4
Sometimes it is undesirable to cache Register (CCTRL) must be setto a 1 to shows how the NCT/WPT tables
certain areas of memory, e.g., areas enable programming of the tables. interact with the W/-R, -NCCYC, and
who’s contents may change invisibly to After all non-cache areas and write- ~WPCYC pins and with the NCTENA
the processors local bus. Examples are protect areas are defined, NCTPGM bit in the CCTRL Register.

I/O controllers or dual ported memories should be cleared and the NCTENA, bit
in multi-processor systems. Two
mechanisms are provided for the

definition of non-cacheable regions. TABLE 4. NCT/WPT INTERACTION WITH OTHER SIGNALS
The first is a dedicated input signal to

the controller. The user may decode —NC |-NeT Cacheable | [-WP |NCT Writeable
non-cacheable addresses outside the wi-R | cyclena | NeT (?) cyc | ENal weT ?)

controller, and provided that the

~NCCYC signal is asserted with the
correct timing, then the cycle will be 1 X X X Y 0 X X N
treated as non-cacheable.

In addition, non-cacheable regions can 0 0 X X N 1 0 X Y
be user-defined in a look-up table within
the VL82C325. Non-cacheable regions 0 1 0 X Y 1 1 0 Y

can be established in 2KB increments
in area A (between 512KB and 1MB),
and in 64KB increments in area B
(below 512KB or above 1MB). Immedi-
ately following power-on reset, all of 0 1 1 1 N
memory is configured to be cacheable.

It may also be necessary to declare

certain areas of memory write-pro- TABLE 5. NCT/WPT (AREA A) DEFINITION

tected. For example, when caching
ROM. Two mechanisms are provided 512KB < MAIN MEMORY ADDRESS < 1M

for the definition of write-protected

regions. Offset Non-Cache Region Starting Address in hex, A23-A0

(hex) D7 D6 D5 D4 D3 D2 D1 Do
The first is a dedicated input signal to
the controller. The user may decode
write-protected addresses outside the 00 081800 081000 080800 080000
controller, and provided that the
-WPCYC signal is asserted with the 01 083800 083000 082800 082000

correct timing, then the cycle will be
treated as write-protected.

In addition, write-protected regions can
be user-defined in a look-up table within
the cache controller. Write-protect
regions can be established in 2KB
increments in area A (between 512KB . . . . .
and 1MB). Write-protect regions cannot
be established in area B of system

memory. Immediately following power- SE OFD8o0 OFDo0O OFC800 OFC000

on reset, all of memory is configured to

be non-write-protected. 3F OFF800 OFF000 OFE800 OFE000
Prior to enabling the VL82C325 by

setting the CENA bit, in the Cache WPT | NCT
Configuration Register the bits corre-

sponding to the non-cacheable regions
and to write-protect regions should be
set, as desired, in the Non-Cache Table
(NCT) and in the Write-Protect Table
(WPT) respectively.
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TABLE 6. NCT (AREA B) DEFINITION
MAIN MEMORY ADDRESS < 512KB or > 1M

Offset Non-Cache Region Starting Address in hex, A-23-A16

(hex) D7 D6 D5 D4 D3 D2 D1 Do
00 07 06 05 04 03 02 01 00
01 Not Used (see Area A)
02 17 16 15 14 13 12 11 10
03 1F 1E 1D 1C 18 1A 19 18
1E F7 F6 FS F4 F3 F2 F1 Fo
1F FF FE FD FC FB FA F9 F8
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CPU AND TOPCAT INTERFACES

386SX PROCESSOR INTERFACE
The VL82C325 monitors the 386SX bus
cycle definition signals to determine
which cycles it can service totally
(memory reads from cache data RAM)
or must participate in (cache-miss, etc.).
Figure 4 illustrates the interconnect
between the processor and the
VL82C325. The processor and the
VL82C325 share the same CLK2
signal.

The VL82C325 has two reset input sig-
nals. RSTDRV is used as the global
power-on reset signal within the
VL82C325 and when it is asserted, it
causes all the internal registers and
state machines to assume their
initialization state. Any data stored in
an internal register, directory, or NCT
will be lost and must be restored after
RSTDRV has been negated. RSTCPU
is used to synchronize the VL82C325's
internal processor state machines to
CLK2 and the 386SX processor.
Asserting RSTCPU with RSTDRV not
asserted does not initialize the
VL82C325’s Configuration/Control
Registers, directory or NCT.

The 386SX processor's Next Address
Request (—NA) input may be driven ac-
cording to the rules of the 386SX CPU.
The VL82C325 does not control —NA,
but it will operate both in pipelined and
in non-pipelined modes.

When one of the VL82C325’s internal
registers is referenced by the 386SX,
the peripheral data bus is used for the
data transfer (XD bus). 1/O read and
write cycles are used for these trans-
fers; all of which execute with slot bus
type cycle timing.

VL82C320A SYSTEM CONTROLLER
INTERFACE

The system controller is responsible for
executing all on-board cycles (DRAM).
When a cycle misses in the cache, the
system contoller may have to complete
the cycle. In order to minimize the
average wait states of miss cycles, the
VL82C320A System Controller starts to
decode the cycle even before the
VL82C325 indicates a miss. The
VL82C325 issues the —MISS signal to
the system controller which then aborts
the cycle on a cache-hit or allows the
system controller to continue on miss
and write cycles.

During a read-hit, the VL82C325 will
provide the READY to terminate the
cycle. However, for cycles which
complete in the system controller, the
system controller must terminate the
cycle. The CPU's READY input signal
indicates to the VL82C325 that the
cycle is complete and that the data is
available on the data bus (read cycles).
The VL82C325 can then negate the
write strobe to the cache data memo-
ries to update the cache during cach-
eable read-misses. '

The VL82C325’s internal configuration
registers are accessed via /O reads
and writes. During these cycles, the
data is transferred to/from the CPU by
means of the peripheral data bus (XD7-
XDO bus). The VL82C325's Configura-
tion Registers are not accessible during
DMA cycles, but may be made access-
able in Master Mode DMA cycles by
connecting the -MASTER input signal.

VL82C331 BUS CONTROLLER
INTERFACE

The bus controller is responsible for
executing all off-board cycles (includes
ROM and /O cycles which are consid-
ered off-board). When a cycle misses
in the cache, the bus controller may
have to complete the cycle. The bus
controller is not connected to the
VL82C325's —-MISS signal, so it can not
tell whether the cycle was a hit or a
miss. However, it is "slaved" to the
system controller, and so the system
controller will not command the bus
controller on cache-hit cycles.

During read-miss cycles the VL82C325
requires that a full 16-bit line be
fetched, even if the CPU asked only for
a single byte. The bus controller’s byte
enable inputs are generated by the
VL82C325 (-BUSBE1 and —-BUSBED).
The VL82C325 converts 8-bit read-
misses to 16-bit reads by manipulating
the bus controller’s byte enables. The
cycle is converted to 16-bit only if the
address of the cycle is determined to be
in a cacheable region. Tables 7 and 8
summarizes the conversions for various
cycle types.

The VL82C325 also supplies the
—EALE signal to the bus controller.
This ensures that the bus controller
samples the VL82C325 generated byte
enables with the correct timing.

During HLDA cycles, the bus controller
must control the CPU's byte enables.
Therefore, the VL82C325 reverses the
direction on its -BHE, —BLE, -BUSBE1,
and -BUSBEO pins; allowing the bus
controller to drive the byte enables
through the VL82C325.

HLDA writes which hit into the cache in-
validate the cached line. The
VL82C325 uses the ~-MEMW signal
from the bus controller to detect these
cycles. On the rising edge of -MEMW
(when HLDA true), if the memory
address hits in the cache, the cached
line is invalidated.
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FIGURE 4. CPU AND TOPCAT INTERFACES
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TABLE 8. 8-BIT TO 16-BIT CONVERSION - HLDA CYCLES

Bus Cycle Type

386 Cycle

Conditions

Size

Memory Read

Memory Write

/O Read

/O Write

TABLE 7. 8-BIT TO 16-BIT CONVERSION - CPU CYCLES
Bus Cycle Type
M/-0( D/-C | W/-R | 386 Cycle Conditions Size
0 0 0 INTA
0 0 1 Undefined
0 1 0 /O Read
0 1 1 /O Write
0 0 Memory Code Fetchis | 16
Code Read Always 16-bit
0 1 Halt/Shutdown
1 1 0 Memory Non-Cache
Data Read
Cache Convert to16-bit
1 1 1 Memory
Data Write
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CACHE DATA RAM INTERFACE

The VL82C325 directly controls the
cache data RAMs with no external logic
required. The interface is optimized for
use with dual 4K x 16 cache data
RAMs. Each RAM is capable of
operating in a two-way set associative
mode, with each set being 4K x 16-bit.
Therefore, a 16KB cache can be imple-
mented using only one RAM chip, or
two chips for a 32KB cache.

The VL82C325 produces two chip
enable signals, -CCE1 and —CCEQ9,
one each for the least significant and
most significant 16KB of RAM. —CCE1
is not used in the 16KB configuration.

Two byte enables, -CBE1 and —CBEO,
allow the cache data RAMs to perform
byte write operations. —CBEO is
connected to the chip select inputs
corresponding to the least significant
byte of each cache data RAM (bits 0-7).
—~CBE1 enables the most significant
byte (bits 8-15).

A read- or write-hit into set A causes set
A to be read or written with ~-COEA or
—CWEA respectively. Similarly for set B
using —~COEB or -CWEB.

The cache data RAMs have on-chip
address latches which must be strobed.
The processor’'s ~ADS signal is unsuit-
able for this due to the pipelined mode
of the 386SX. The VL82C325 produces
the signal CALEN which is used to latch
the cache data RAM addresses.

The data input/outputs of the RAMs are
tied directly to the processor's data bus.
This provides for the fastest possible
access time to the data RAMs. Only
during a read-hit are the data outputs
enabled. The remainder of the time
they are disabled, thus allowing normal
operation of the processor data bus.

FIGURES5. CACHE DATA RAM INTERFACE
16KB/32KB TWO-WAY SET ASSOCIATIVE
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EMS/MEMORY MANAGEMENT WITH
CACHE

Hardware EMS or other memory
management schemes are commonly
used to extend the physical memory
capacity of computing systems. The
VL82C320A System Controller and the
VL82C310 SCAMP Controller include
such an EMS capability. It is important
to note the impact of hardware EMS
upon a cached system.

EMS hardware resides between the
CPU’s address bus and that of physical
memory. It translates the CPU’s
address before applying it to the
physical memory. The CPU’s address
bus is often referred to as the physical
address bus (particularly in CPU’s such
as the 386SX which have on-chip
memory management). However,
when hardware EMS is employed, the
CPU’s address bus is actually a virtual
address bus.

The VL82C325 caches physical data,
while the cache directory contains CPU
addresses (virtual addresses if EMS
employed). This is not a problem until,
or unless, the virtual to physical
translation algorithm is altered (repro-
gramming EMS Registers). This can
cause the data in the cache data RAMs
to become stale. lt is therefore advised
that either of the following strategies be
used when hardware EMS is employed:

1. Ensure that the cache is flushed
each time that memory is reconfig-
ured. Note that to avoid spurious
effects, it may be necessary to first
disable the cache, then reconfigure
memory, flush the cache, and then
re-enable the cache.

2. Define EMS-controlled virtual
memory regions to be non-
cacheable (using NCT or the
—NCCYC pin).

3. Enable the Auto-EMS Flush feature
by setting the A_EMS bit in the
Cache Configuration Register
(CCR). This feature will cause the
cache directory to automatically
flush any time that a change to
EMS Registers occurs (see the
section titled "Flushing”).

if two or more EMS pages map to the
same physical memory page, then the
cache data may becomae stale because

the VL82C325 will not recognize that
the addresses are equivalent. Data
which is cached at one address may be
written to another address and the
cached data will not be updated. Avoid
multiple mapped pages, or define such
pages as non-cacheable.

If memory is managed using only the
386SX’s on-chip memory management
schemes, then the CPU’s address is
truly a physical bus and the above
precautions are unnecessary.

Other less obvious factors can also
disturb the cache. For example,
changing the DRAM Configuration
Registers RAMMAP and RAMMOV (in
the system controller) will invalidate the
cache contents. In general, never
reconfigure memory without considering
the cache. If in doubt, follow procedure
#1 outlined above.

FLUSHING

A cache flush empties the cache. The
next memory access is therefore guar-
anteed to miss. A flush does not alter
the contents of cache data RAM, but
simply invalidates all of cache data by
clearing all of the VALID bits in the tag
RAMs. A flush can be caused in any of
the following three ways.

1) The —FLUSH input signal is driven
low while the cache is enabled.

2) The software flush bit (FLUSH) in
the Cache Control Register (CCR) is
setto 1.

3) An EMS-update event occurs while
the Auto-EMS-Flush enable bit
(A_EMS) in the CCRis set to 1.

Flushing requires approximately 12
CLK2 cycles to complete. While the
cache is flushing, it is automatically
disabled and will issue a miss for any
cycle which executes during the flush.

If the cache was previously enabled,
then it will automatically re-enable when
the flush is completed.

If the cache is disabled at the time
when the flush request occurs, then the
flush will commence immediately. If,
however, the cache is enabled, then the
request pends until the next end of a T2
state (non-pipelined), the next end of a
T1 state (non-pipelined) or the next end
of a T1P state (pipelined). This ensures
that the cache look-up for the cycle in

progress is not interrupted. An interrup-
tion in the look-up could cause a false
result.

—FLUSH: Hardware Flush Signal
The —FLUSH pin operates only when
the cache is enabled. When the cache
is disabled, the tag RAMs are available
for the various tag RAM diagnostics op-
erations (see the section titled "Test-
ing"). This ensures that the -FLUSH
pin will not interfere with testing.

The —FLUSH pin may be asserted
synchronously or asynchronously. If
asserted synchronously, it must meet
the setup and hold requirements which
are defined in the section titled "AC
Characteristics™. lf asserted asynchro-
nously, then it must meet the minimum
pulse width requirement which is de-
fined in the same section.

If -FLUSH is sampled low by the rising
edge of CLK2 on or before the middle
of state T2, then the flush will com-
mence at the end of that T2 state.
Otherwise, it will pend until the end of
the next T2, T1, or T1P. Similarly for
pipelined cycles, -FLUSH must be
sampled low on or before the middle of
T1P.

Software Flush

A software flush is initiated by setting
the FLUSH bit in the CCRto a 1.
Software flushes can be issued
regardless of whether the cache is
enabled or disabled. However, FLUSH
will be ignored if the tag RAM is busy
executing a diagnostic test. Issuing
software flushes while running diagnos-
tics is not recommended. First wait for
the diagnostics test to complete.

FLUSH is a return-to-zero bit, i.e. when
the flush operation is complete FLUSH
will automatically return to 0.

Auto-EMS Flush

An Auto-EMS Flush will occur if an
EMS-update event occurs while the
Auto-EMS Flush enable bit (A_EMS) in
the CCRis set to 1. This feature can
be disabled by setting A_EMS to 0.

Updates to EMS Registers can require
that the cache be flushed (see the
section titled "EMS / Memory Manage-
ment with Cache"). Hardware accom-
plishes an Auto-EMS Flush by auto-
matically forcing the software FLUSH
bitin CCRto a 1. Therefore, the
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discussion on software flush given TABLE 9. ICT PIN MAP
above applies here also. The following
is a list of the EMS-update events which
can cause an Auto-EMS Flush to occur. Map A Map B Map C ICT Inputs
1) Anl/O r_ead of EQ hex (EMS Active 1 0 0 _NCCYC
Set) register. This operation selects
the standard EMS Register set.
0 1 0 -WPCYC

2) An /O write to E9 hex (EMS Active
Set) register. This operation selects
the alternate EMS Register set. 0 0 1 -FLUSH

3) An /O write to any of the following
registers with Configuration Regis-
ters write-enabled.

ICT Inputs ICT Inputs ICT Inputs ICT Outputs
3.1) EMSEN1, EMS Enable 1 (ED
hex with configuration index of
0B hex). -IOW -M/1O -CWEA ~CBE1
3.2) EMSEN2, EMS Enable 2 (ED
hex with configuration index of —-IoR -ADS —CWEB —CBEO
OC hex).
3.3) EA hex (EMS data port low —-BUSBE1 -HIDRIVE —COEA -BHE
byte).
—BUSBEO -CLK2 -COEB -BLE
3.4) EB hex (EMS Data port high
byte). RESCPU or -MASTER | -BLKA20 CALEN ~CCEO
TESTING
IN-CIRCUIT MODE W/-R -MEMW -MISS —CCEH1
The —TRI input pin is provided to aid in
the in-circuit testing of board-level D/~C —RDYIN —RDYOUT —EALE
designs. This is an active low input,
which when true, causes all of the
VL82C325's outputs to become three- A23 A15 A7 Xb7
stated. The in-circuit tester can then
drive the VL82C325's pins to test other A22 Ald A6 XD6
devices on the board.
In addition, the VL82C325 can be A21 A13 A5 XD5
placed in a special In-Circuit Test (ICT)
Mode. In this mode, input pins are A20 A1D A4 XD4

mapped directly to output pins. This
provides a relatively simple means of
determining whether all pins have been A19 Ald A3 XD3
correctly soldered and whether the

component orientation is correct. There

. A18 A10 A2 XD2
are many more inputs than outputs, so
three maps (A, B, and C) are required
to cover all inputs. The three inputs A17 A9 Al XD1
—NCCYC, -WPCYC, and —-FLUSH
select the map. Table 9 defines the A16 A8 HLDA and HRQ XDO

map selection and the mapping of input
pins to output pins in each map. AllICT
input to ICT output paths invert so, e.g.,
in map A, XDO gets the inverse of A16.
Also RESCPU is ORed with -MASTER
in map A, and HLDA is ANDed with
HRQ in map C.
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The following sequence is used to set
or clear the ICT Mode.

1) Set the —TRI pin low.

2) Set XDO high to set ICT Mode or set
XD iow to clear ICT Mode.

3) Simultaneously pulse —IOR and
—IOW low for a minimum of 100 ns.

A hardware reset (RSTDRV) will also
clear the ICT Mode.

TESTING MAIN MEMORY

Main memory can be tested with the
VL82C325 installed. Simply disable the
VL82C325 with the CENA bit in the
Cache Configuration Register (CCR)
(see the section titled “Summary of Pro-
gramming Model” for more information).
With the VLB2C325 disabled, all
accesses go directly to main memory.

TESTING NCT/WPT RAMS

The non-cacheable region table and
write-protect region table are access-
able through the VL82C325's program-
ming registers NCT_INDX and NCT/
WPT. These are read/write registers,
so the tables may be tested through
these ports. See the section titled
“Summary of Programming Model” for
more details.

TESTING CACHE DIRECTORY RAMS
The VL.82C325 provides hardware to
assist in the in-system testing of the on-
chip cache directory RAMs. Built-in test
logic automatically cycles through the
tag RAMs performing data writes and
read verify operations. The VL.82C325
must be disabled (by clearing the CENA
bit in the CCR Register) before attempt-
ing to run any of the tag RAM diagnos-
tics tests. Six tests are available, of
which four run in the background, i.e.,
once initiated they require no further
user action to complete. Foreground
tests require user action to complete
(user must read RAMDATA). To run
one of the tests, use the following
procedure:

1) Disable the cache by clearing the
CENA bit in CCR.

2) Select from the six tests by pro-
gramming the TR_OPCODE field in
TSR.

3) If required, write 20-bit data pattern
to RAMDATA.

4) Start the test by setting the TRDIAG
bit in CCTRL.

5) For background tests: Pollthe

TRDIAG bit in CCR. When it returns
to 0, the test is complete.

For foreground tests: Read 20-bit
data pattern from RAMDATA, and
repeat until TRDIAG returns to 0.

6) If required, read the test-passed bits
TPA and TPB in CCTRL. Atin
TPA indicates that directory A
passed the test; similarly a 1 in TPB
indicates that directory B passed.

Background tests can be left running
while the system is performing other
tasks such as testing the main system
memory. Table 10 summarizes the six
available tests, and gives approximate
execution times for background tests.

Write

Writes RAMDATA to every location of
each directory. This test in conjunction
with the following (read-verify) is used
to test the cache flush mechanism.
"Write" is used to preload the directory
RAMs with RAMDATA, then a software
flush should be executed by setting the
FLUSH bit in CCR.

A flush invalidates every line in the
cache by clearing all of the VALID bits
(four or eight depending on the mode).

TABLE 10. CACHE DIRECTORY TESTS

Time (us)
TR_OPCODE . 20 25
(Bin) Description MHz | MHz

00100 Write: Writes RAMDATA to every location. 77 62

00010 Read-verify: Read every location and verify that the contents are equal to RAMDATA 77 62
with the MS 10 bits "flushed".

00110 Writes and Read-verify: Writes and verifies RAMDATA and the inverse of RAMDATA 410 330
to every location.

00111 Write Checkerboard and Read-verify: Similar to previous test but alternates the 410 330
pattern at adjacent addresses.

01000 Dump Tag Directory A: A diagnostic dump of the contents of tag directory RAM A,

01000 Dump Tag Directory B: A diagnostic dump of the contents of tag directory RAM B.
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The VALID bits are active low so they
are flushed to high. In fact, the most
significant (MS) 10 bits of each location
in each directory are flushed.

Then a "read-verify” test should be
executed. That test will read every
location of each directory and verify that
the MS 10 bits were flushed and that
the LS (least significant) 10 bits are still
equal to the LS 10 bits of RAMDATA.

Read-Verify

This test will read every location of each
directory and verify that the MS 10 bits
were flushed and that the LS 10 bits are
equal to the LS 10 bits of RAMDATA.
This test, in conjunction with the
previous, (write) is used to test the
cache flush mechanism.

Write and Read-Verify

Writes and verifies RAMDATA and the
inverse of RAMDATA to every location
of each directory according to the flow
diagram in Figure 6.

Write Checkerboard and Read-Verify
Writes and verifies RAMDATA and the

inverse of RAMDATA to every location
of each directory according to the flow

diagram in Figure 7.

Directory Dump (A or B)

Dumps the contents of one directory
RAM. This is a foreground test, i.e., it
does not operate totally automatically
like the background tests do. The user
is required to read the directory data
from the RAMDATA Register. Three
reads are required to obtain all 20 bits
of a single RAM location (see the
section titled "Summary of Program-
ming Model"). 1024 locations must be
dumped (3072 reads). ALL 3072 reads
must be performed or the test will not
complete.

FIGURE 6. WRITE & READ-VERIFY, FLOW DIAGRAM
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FIGURE 7. WRITE CHECKERBOARD & VERIFY, FLOW DIAGRAM
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TESTING CACHE DATA RAMS
Before testing the cache data RAMs,
first flush the cache with the FLUSH bit
in the CCR. This ensures that all of the
VALID bits are cleared and that the
LRU table is cleared. This enables the
test to determine whether the failure
occurred in set A or in set B. Blocks will
first be allocated to set A, and then to
set B, and then to the least recently
used. Diagnosing to set A or B, is of
course, only necessary if the cache
data memory was created using

PAGE X + 1
different physical RAMs for each set. *

It is important that the code which is
executing the test of the cache data
RAMs not interfere with the allocation of
space in the RAMs. This code should
therefore be located in a non-cacheable
region. Similarly, any stack or variable
space should be non-cacheable. A
contiguous region of system memory
space equal to or greater than the total
cache data size should be set aside for
the testing of the cache data RAMs.
This region should be defined as
cacheable.

PAGE X

Having flushed the cache, if the test
routine then sequentially reads every
location in the cacheable region,
starting at offset 0 and ending at offset
Cache Data Size-1, then an image of
the cacheable region will be copied
directly into the cache. If the test now
makes no further references to cach-
eable memory outside this region, then
the VL82C325 will not re-allocate any of
the cache data RAM space (because
space can be allocated only on read-
misses to cacheable regions). If this
rule is obeyed, then the cache data
RAM can be tested just like any normal
static RAM. Figure 8 depicts the
mapping of main memory to cache data
RAM (for 16KB configuration) when the
above rules are followed. Figure 9
depicts the mapping for the 32KB con-
figuration.

MAIN MEMORY SPACE

A = 000000

FIGURE 8. TESTING CACHE DATA RAMS (16KB)

BLOCK 1023 3
SETB
BLOCK 0
BLOCK 1023
SETA
BLOCK 0 Emm—

CACHE DATA MEMORY

BLOCK 1023

BLOCK 0

BLOCK 1023

BLOCK 0
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FIGURE 9. TESTING CACHE DATA RAMS (32KB)

MAIN MEMORY SPACE

A = FFFFFF
§\ \\§)§‘\\\\\\§§¥\\\‘t§ CACHE DATA MEMORY
/ BLOCK 1023 ———— / BLOCK 1023
MS16KB CHIP
BLOCK 512 1
PAGE X + 1 < SETB < BLOCK 512
BLOCK 511 BLOCK 511
LS 16KB CHIP
N\ BLOCK 0 N\ BLOCK 0
BLOCK 1023
/ / BLOCK 1023
MS16KB CHIP
BLOCK 512 1
PAGE X < SETA < BLOCK 512
BLOCK 511 BLOCK 511
LS 16KB CHIP
N\ BLOCKO  |——— = BLOCK 0
T 3 .
N \ \ N
R R
A = 000000
DUMPING CACHE DATA RAMS BLOCK_CWE bit in the TSR Register. tory map. The cache data RAMs can
The current contents of the cache data This blocks the cache write-enable now be read using one of the memory
RAMs can be dumped for diagnostic outputs, preventing further writes to maps depicted in Figures 8 and 9. A
purposes. First, disable the cache by cache data RAM. Next re-enable the cache data RAM dump is most useful
clearing the CENA bit in the CCR cache, then beginning with a cache when preceded by a cache directory
Register. No further allocation of cache flush, follow the directions in the RAM dump. See the section titled
can occur, so the cache data memory is section titled "Testing Cache Data "Testing Cache Directory RAMs".
now "frozen”. Then set the RAMs" to re-allocate the cache direc-
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SUMMARY OF PROGRAMMING MODEL

The VL82C325 is configured via ten 8-
bit /O registers. Four other 8-bit I1/0
ports (Access Control Registers) are
required to control the access to the
Configuration Registers. Finally, three
other TOPCAT/SCAMP Registers are
monitored for the Auto-EMS Flush
feature, but no data is retained in the
VL82C325 for these registers.

Except where otherwise noted, all
accesses to these registers must be 8-
bit accesses. Cycles complete with slot
bus timing. A register indexing scheme
allows many Configuration Registers to
occupy only a very small region of /O
space. It is the same mechanism which
is employed in the VL.82C320A System
Controller, VL82C310 SCAMP Control-
ler, and VL82C331 Bus Controller and
is an extension of their register spaces.

Table 11 is a summary of the Access
Control Registers. Eight Configuration
Registers are mapped to the TOPCAT/
SCAMP Indexed Configuration Register
Table and two (NCT_INDX, NCT/WPT)
are mapped to the TOPCAT/SCAMP
Indexed EMS Register Table. The
Access Control Registers allow the user
to select the appropriate indices into
these two register tables. They also
permit the write-protection of the
VL82C325°’s Configuration Registers.
They are all write-only registers.

Note that before accessing any
VL82C325 register in indexed EMS
space, the correct index value (24 hex)
must be written into EMS_INDX.
Similarly, before accessing any
VL82C325 register in indexed configu-
ration space, the correct index value

(06, 14, 28-2F hex) must be written into
CFG_INDX.

When the configuration is complete, it is
recommended that the registers be
write-protected by writing to CFG_DIS.
This helps to prevent inadvertent
changes to the VL82C325’s setup
parameters. Write-protection can be
removed by writing to CFG_EN.

Table 12 lists those VL82C325 registers
which reside in indexed EMS space,
and Table 13 lists those which reside in
indexed configuration space. Table 14
lists the additional Auto-EMS Fiush
Registers (no data is retained in these
registers; see the section titled ("Auto-
EMS Flush").

TABLE 11. ACCESS CONTROL REGISTER MAP

/O Addr

(hex) RW Name Description

E8* w EMS_INDX EMS Index Register - 24 (hex) to access registers NCT_INDX and NCTWPT. Other
values access other TOPCAT/SCAMP EMS Registers.

EC* w CFG_INDX Configuration Index Register - 06, 14, 28-2F (hex) to access VL82C325 registers.
Other values access other TOPCAT/SCAMP Configuration Registers.

F9* w CFG_DIS Configuration Disable - If special features are enabled, then any write will write-protect
the registers in indexed configuration space and those in indexed EMS space.

FB* w CFG_EN Configuration Enable - If special features are enabled, then any write will write-enable
the registers in indexed configuration space and those in indexed EMS space.

*Shadow (local copy) of identical register in system controller.

TABLE 12. INDEXED EMS REGISTER MAP

EMS_INDX VO Addr
(hex) RW Name (hex) Description
24 RW NCT_INDX EA NCT Index Register

RW NCTWPT EB

Non-Cache and Write-Protect Tables
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TABLE 13. INDEXED CONFIGURATION REGISTER MAP
EMS_INDX VO Addr
(hex) RW Name (hex) Description
06" w REFCTL ED Refresh Control Register
14* w MISCSET Miscellaneous Set Register
28 RW CCR Cache Configuration Register
29 RW CCTRL Cache Control Register
2A RW TSR Test Status Register
2B RW RAMDATA Tag RAM Data Register
2C R EMS_IMG EMS_INDX Image Register
2F R VER Version Register

*Shadow (local copy) of identical register in system controller.

TABLE 14. MONITORED AUTO-EMS REGISTERS

EMS_INDX 1/0 Addr
(hex) R/W Name (hex) Description
EMS_SET E9 " EMS Active Set Register
0B ™ EMSENT ED EMS Enable1 Register
oc* EMSEN2 EMS Enable2 Register

**System controller registers (see the section titled "Auto-EMS Flush*).
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The following sections describe the
individual registers and bit functions. In
the tables, the "RSTDRV/INTRST"
column indicates how that bit or field is

affected by a hardware reset (RSTDRV either operation, while 1/- indicates that
pin) and a software reset (INTRST bit in the bit is set to 1 by hardware resets but
the CCTRL Register) operation. That is unaffected by software resets.

is, 0/0 indicates that the bit is set to 0 by

TABLE 15. EMS INDEX REGISTER (EMS_INDX) (1/0 Address E8 (hex))

RSTDRV/
Bit R'W INTRST Name Description
5-0 w 0/- INDEX-EMS| Index into Indexed-EMS Register table. Must be 24 (hex) to access the
(5-0) VL82C325's registers NCT_INDX or NCT/WPT.

6 w 0/- A_INC-EMS | Auto-increment INDEX-EMS (5-0). When 1, each access {read or write) to /O
address EB (hex) (the EMS data port) will increment INDEX-EMS (5-0) at the
end of the cycle. Since the VL82C325 occupies only one index in the
Indexed-EMS Register Table, this bit will usually be set to a 0 when accessing
the VL82C325.

7 W Reserved Unused.

TABLE 16. CONFIGURATION INDEX REGISTER (CFG_INDX) (/0 Address EC (hex))

RSTDRV/
Bit RW INTRST Name Description
7-0 w 0/- INDEX-CF Index into Indexed Configuration Register Table. Must be 06, 14, 28-2F
(7-0) (hex) to access the VL82C325's registers.
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INDEXED-EMS REGISTERS

The non-cacheable region and write-
protect region tables are accessed
through a single Indexed EMS Register.
Indexed EMS Registers are 16-bit reg-
isters. They may be accessed as 16-bit
word-aligned registers or as two
separate 8-bit registers. The

providing both the index and the data
simultaneously. This latter mechanism
is most useful when only a few scat-
tered entries in NCT/WPT need to be
programmed.

A hardware reset (RSTDRV pin) will
reset all of NCT/WPT to 0. A software
reset (INTRST bit in the CCTRL) will do

Warning! The VL82C325 must be
disabled (by setting CENA to 0 in the
CCR) before attempting to write or read
the NCT. Accessing the NCT with the
cache enabled may produce unpredict-
able results.

VL82C325's Indexed EMS Register is
comprised of the two 8-bit registers
NCT_INDX (EA hex) and NCT/WPT
(EB hex). These two registers are used
to implement a second level of indexing
within the VL82C325.

the same.

TABLE 17. INDEXED NCT/WPT MAP

NCT_INDX Offset
When accessing the NCT through these (hex) Which Table (hex)
registers, the value in the Index
Register (NCT_INDX) determines the
offset within the tables (see Table 17), 00 NCT/WPT 00
while the register NCT/WPT represents Area A
the value of the table entry at that

512KB - 1MB

offset. NCT_INDX should be pro-
grammed with the desired index value 3F 3F
prior to accessing NCT/WPT.

NCT_INDX can be configured to auto-
increment on each access to the NCT/ 40 NCT 00
WPT Register (by setting the

A_INC_EMS bit in the CCR). This Area B

speeds-up operations which read or < 512KB or

write contiguous regions of the tables. > 1MB

(Note that writes will not auto-increment SF 1F
NCT_INDX if the Configuration Regis-

ters have been write-protected.) 60 Not used N/A

Alternately, it is possible to perform a
single 16-bit /O write to EA/EB while

FF
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INDEXED CONFIGURATION REGISTERS

TABLE 18. REFRESH CONTROL REGISTERS (REFCTL) (Configuration Index 06 (hex))

RSTDRV/

Bit R/W | INTRST Name Description

2-0 W Not used in VL82C325. See system controller specification.

3 w 0/0 TENBIT 10/16-bit I/O address. When 1, only the ieast ten I/O address bits are decoded
(A9-AQ). When 0, A15-A0 are decoded.
This bit shadows the identical bit in the REFCTL Register of the system
controller.

7-4 W Not used in VL82C325. See system controller specification.

TABLE 19. MISCELLANEOUS SET (MISCET) (Configuration Index 14 (hex))

RSTDRV/
Bit R/W INTRST Name Description
6-0 W Not used in VL82C325. See system controller specification.
7 w 0/0 FX_EN Special features enable. When 1, special features are enabled. Special

features must be enabled in order to utilize the Access Control Registers
CFG_DIS and CFG_EN (configuration write-protect and configuration
write-enable, respectively).

This bit shadows the identical bit in the MISCSET Register of the system
controller.
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TABLE 20. CACHE CONFIGURATION REGISTER (CCR) (Configuration Index 28 (hex))

Bit

RW

RSTDRV/
INTRST

Name

Description

1-0

R/W

0/0

Cs1,CSs0

Cache Size 1, Cache Size 0. These two bits select the cache size.
0,0=16 KB; 0,1 =32 KB; 1,0 = reserved; 1,1 =reserved.

Warning: Never reconfigure cache size with cache enabled. Always disable
the cache by setting CENA to 0.

R/W

11

FLUSH

Cache Flush. This bit, when set, clears all the VALID and LRU bits in the
cache directories. This effectively empties the cache. Setting this bitto a 1
initiates the flush operation. Once the cache directories are cleared, this bit is
returned to 0.

R/W

0/0

CENA

Cache Enable. The VL82C325 is enabled by setting this bitto a1 and is
disabled by writing this bit with a 0.

Warning: If the cache is not empty, or if tag RAM diagnostic tests have been
run, then the cache should be flushed before re-enabling.

R/WwW

0/0

A_INC_NCT

Auto-increment NCT_INDX. When 1, an access to the NCT/WPT Register
(includes reads and writes) will auto-increment the Index Register NCT_INDX
at the end of the access. Note that writes will not auto-increment NCT_INDX if
Configuration Registers have been write-protected. Reads will auto-increment
NCT_INDX regardless of write-protection.

R/W

0/0

A_EMS

Auto-EMS Flush. When 1, the Auto-EMS flush feature is enabled. (See the
section titled "Auto-EMS Flush™.)

TENBIT

10-Bit ¥O. A read-only bit returning the state of the TENBIT bit in the REFCTL
Register.

FX_EN

Special Features, A read-only bit returning the state of the FX_EN bit in the
MISCSET Register.
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TABLE 21. CACHE CONTROL REGISTER (CCTRL) (Configuration index 29 (hex))

RSTDRV/
Bit R/W | INTRST Name Description

0 R/W 0/0 NCTPGM Non-Cacheable Table Program Enable. Setting this bit to a 1 enables the
NCT/WPT Registers to be written into. Clearing this bit, locks the NCT/WPT
Registers. NCT/WPT can be read regardless of the state of bit NCTPGM.

Warning: The VL82C325 must be disabled (by setting CENA to 0 in the CCR)
before attempting to write or read the NCT. Accessing the NCT with the cache
enabled may produce unpredictable results.

1 R/W 0/0 NCTENA Non-Cache Table Enable. Setting this bit to a 1 enables the NCT/WPT to be
used to exclude regions of memory from the cacheable memory space or to
write-protect regions of memory. When this bit is cleared, and the CENA bit in
the CCR is set, all system memory is cached and no memory is
write-protected.

Warning: The VL82C325 must be disabled (by setting CENA to 0 in the CCR)
before attempting to write this bit. Changing the state of NCTENA with the
cache enabled may produce unpredictable results.

2 RW 1/- INTRST Internal Reset. This bit is used to reset the VLB2C325. The reset operation
commences when INTRST is set a 1. When the reset operation is completed,
this bit is automatically returned to 0. Notice that INTRST causes a cache
flush to occur (by setting the FLUSH bit in the CCR to 1).

INTRST should not reset the EMS STD/Alternate-Set circuit. This circuit
mimics TOPCAT/SCAMP and so should not be reset when a software reset is
applied to only the cache. Always select the STD EMS-Set before software
resetting the cache.

3 RW 0/0 TRDIAG Cache Internal Tag RAM Diagnostic Enable. If the cache is disabled, then the
cache internal tag RAM diagnostic mode is entered when TRDIAG is set to a
1. As long as this bit remains a 1, then the diagnostic test is running. When
the test completes, this bit is automatically returned to 0. Upon completion of
the test, pass/fail results can be obtained from the TPA/TPB bits of this
register. TRDIAG is ignored while the cache is enabled.

INTRST does not terminate tag RAM diagnostics.

4 R TPB Test Passed B. This is a read-only bit. TPB returns the result of the tag RAM
diagnostic test for set B. A 1 indicates that the test passed, a 0 indicates a
fail. TPB is not valid until TRDIAG has returned to 0 (indicating that the test
has completed.

5 R TPA Test Passed A. TPA returns the result of the tag RAM diagnostic test for set A.
See TPB.

6 R Reserved Always returns 0 on read.

7 R Reserved Always returns 0 on read.
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TABLE 22. TEST STATUS REGISTER (TSR) (Configuration Index 2A (hex))

RSTDRV/
Bit INTRST Name Description
4-0 0/0 TR_OPCODE| Tag RAM Diagnostic Opcode. The value in this field selects from one of
the six tag directory RAM diagnostics test available.
Opcode (Bin) Test
00100 Write
00010 Read-verify
00110 Write and read-verify
00111 Wirite checkerboard and read-verify
01000 Dump tag RAM, set A
10000 Dump tag RAM, set B
Must be set to 00000 for normal cache operation. See the section titled
"Testing Cache Directory RAMs” for more information.

5 0/0 BLOCK_CWE | Block CWE. When 1, the cache data RAM write-enables -CWEA and
—CWEB are inhibited (forced high). This mode is used when generating a
diagnostic dump of the cache data RAMs (see the section titled "Dumping
Cache Data RAMs"). Must be 0 for normal cache operation.

6 0/0 Reserved Must always write 0.

7 0/0 Reserved Must always write 0.

TABLE 23. TAG RAM DATA REGISTER (RAMDATA) (Configuration Index 2B (hex))

Bit

RSTDRV/
INTRST

Name

Description

7-0

-/-

TAGDATA

An 8-bit slice of the tag directory RAM data port. The data which is written
to this port is written to the tag RAMs during the tag RAM diagnostics tests.
Data is read from this port during tag RAM dump operarations.

The tag RAMs are 20 bits wide. Three accesses to this register are
required to access all 20 bits. Following a hardware reset (RSTDRV) or
software reset (INTRST) this port will point to tag RAM data bits 7-0.
Subsequent accesses will rotate through the data bus as follows:

First access 07-00

Second 15-08

Third 23-16 (MS four bits not used)
Fourth 07-00

Etc.

Alway access RAMDATA in triplets and in that way it will remain aligned on
7-0. See the section titled "Testing Cache Directory RAMs" for more
information.
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TABLE 24. EMS_INDX IMAGE REGISTER (EMS_IMG) (Configuration Index 2C (hex))

RSTDRV/
Bit R/'W | INTRST Name Description
5-0 R INDEX-EMS | Index into Indexed-EMS Register Table. A read-only field returing the state
(5-0) of the INDEX-EMS 5-0 field in the EMS_INDX Register.
6 R A_INC-EMS | Auto-increment INDEX-EMS 5-0. A read-only bit returning the state of the
A_INC-EMS bit in the EMS_INDX Register.
7 R Reserved Always returns 0.

TABLE 25. VERSION REGISTER (VER) (Configuration Index 2F (hex))

RSTDRV/
Bit RW INTRST Name Description
7-0 R VER Version is a read-only register, returning the version code for this design
revision. There is presently only one version code (0).
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FUNCTIONAL TIMING DIAGRAMS
FIGURE 10. NON-PIPELINED READ-HIT
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Note: Read-hits complete in zero wait states. ~-BUSBESs are low in cacheable read cycles. VL82C325 generates ~-READYOUT
and one ~COE on read-hits. ~MISS is high (negated) on read-hits. —CBEs are low in all read cycles.
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FIGURE 11. NON-PIPELINED READ-MISS CACHEABLE
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Note: Read-miss requires at least one wait state. ~-BUSBESs are low in cacheable read cycles. -READYOUT and ~COE are
undefined for a period in T2 before settling high. —MISS is low on read-miss. —CBEs are low in all read cycles. One
~CWE is low after T2 (updates cache data RAM).
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FIGURE 12. NON-PIPELINED READ NON-CACHEABLE
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Note: Read non-cacheable may complete in zero wait states. ~BUSBEs follow —BEs in non-cacheable cycles. -READYOUT
and —COE are undefined for a period in T2 before settling high. —~MISS is low in non-cacheable cycles. —CBEs are low in
all read cycles.
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FIGURE 13. NON-PIPELINED WRITE-HIT-WRITEABLE
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Note: Writes may complete in zero wait states. ~BUSBEs follow —BEs in write cycles. —-READYOUT and —COE are not gener-
ated. —MISS is iow in write cycles. —CBEs follow —BEs in write cycles. One —CWE updates cache RAMs.

e
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FIGURE 14. NON-PIPELINED WRITE-ALL-OTHERS
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Note: Writes may complete in zero wait states. ~-BUSBEs follow —BEs in write cycles. —-READYOUT, —-COE, and —CWE are not
generated. —MISS is low in write cycles. —CBEs follow —BEs in write cycles.
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FIGURE 15. PIPELINED READ-HIT
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Note: Read-hits may complete in zero wait states. —-BUSBEs are low in cacheable read cycles. VL82C325 generates
—-READYOUT and one —COE on read-hits. —MISS is high (negated) on read-hits. —CBEs are low in all read cycles.
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FIGURE 16. PIPELINED READ-MISS CACHEABLE
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Note: Read-miss may complete in zero wait states. —~BUSBEs are low in cacheable read cycles. -READYOUT and —COE are
not generated. —MISS is low on read-miss. —CBEs are low in all read cycles. One —CWE is low after T1P {updates cache
data RAM).
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FIGURE 17. PIPELINE READ NON-CACHEABLE
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Note: Read non-cacheable may complete in zero wait states. -BUSBEs follow —BEs in non-cacheable cycles. -READYOQUT
and —COE are not generated. —MISS is low in non-cacheable cycles. —CBEs are low in all read cycles.
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FIGURE 18. PIPELINED WRITE-HIT WRITEABLE
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Note: Writes may complete in zero wait states. —BUSBEs follow —BEs in write cycles. -READYOUT and —COE are not gener-
ated. —MISS is low in write cycles. —CBEs follow ~BEs in write cycles. One —-CWE updates cache RAMs.
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FIGURE 19. PIPELINED WRITE ALL OTHERS
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Note: Writes may complete in zero wait states. ~BUSBEs follow —BEs in write cycles. —-READYOQUT, —COE, and —CWE are not
generated. —MISS is low in write cycles. —CBEs follow —BEs in write cycles.

46



W) VLI Tecrnorooy e ADVANCE INFORMATION
VL82C325

AC CHARACTERISTICS

FIGURE 20. AC TEST LOADS
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FIGURE 22. CLK2 TIMING
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AC CHARACTERISTICS (Cont.): TA =0°Cto +70°C, VDD =5 V +5%, VSS =0 V
Symbol Parameter Min Max Unit Conditions
fclk Operating Frequency 25 MHz
fclk2 CLK2 Frequency 50 MHz
tR CLK2 Rise Time 4 ns
tF CLK2 Fall Time 4 ns
t1 CLK2 Period 20 ns
12 CLK2 Pulse Width High 8 ns
13 CLK2 Pulse Width Low 8 ns
t5 A/-BLKA20 Valid to —-RDYOUT Valid 31 ns Note 10
t6 CLK2 High to —MISS Undefined 3 30 ns
t7 A/-BLKA20 Valid to ~MISS Valid 30 ns
18 CLK2 High to CALEN High 2 14 ns
t9 CLK2 High to CALEN Low 2 14 ns
t10 CLK2 High to —EALE Low 2 15 ns
t11 CLK2 High to —EALE High 2 15 ns
t12 A/-BLKA20 Valid to —-COE Valid 30 ns Notes 1 and 10
114 CLK2 High to ~COE High 3 12 ns
t15 CLK2 High to —-COE Low 0 13 ns
116 CLK2 High to —-CWE High 2 8 ns
117 CLK2 High to -CWE Low 0 10 ns
t18 CLK2 High to —~CBE Invalid 0 15 ns
t19 -BE Valid to —~CBE Valid 15 ns Note 2
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AC CHARACTERISTICS (Cont.): TA =0°Cto +70°C, VDD =5 V 5%, VSS =0V
Symbol Parameter Min Max Unit Conditions
120 W/-R, M/~IO Valid to ~CBE Valid 18 ns
121 -lOR Low to XD Low Impedance 0 ns
t22 —IOR Low to XD Valid 50 ns
124 —IOR High to XD High Impedance 20 ns
125 —ADS Setup to CLK2 High 10 ns
126 ~ADS Hold from CLK2 High 3 ns
127 A/-BLKA20 Setup to CLK2 High 30 ns
128 A/-BLKA20 Hold from CLK2 High 4 ns
29 —BE Setup to CLK2 High 30 ns Note 2
130 —-BE Hold from CLK2 High 4 ns Note 2
131 M/-1O, D/~C, W/-R Setup to CLK2 High 15 ns Note 12
132 M/-10, D/-C, W/-R Hold from CLK2 High 4 ns
t33 —NCCYC Setup to CLK2 high 18 ns
t34 —NCCYC Hold to CLK2 High 3 ns
135 —RDYIN Setup to CLK2 High 7 ns
136 —RDYIN Hold to CLK2 High 3 ns
137 XD Setup to —-IOW High 30 ns Note 6
138 XD Hold to -IOW High 10 ns Note 6
139 CLK2 Low to —-CWE High 2 8 ns Note 3
t40 CALEN Pulse Width (t1 - 4) (16) ns
141 —EALE Pulse Width (Low) (11 — 4) (16) ns
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AC CHARACTERISTICS (Cont.): TA =0°Cto +70°C, VDD =5V 5%, VSS=0V
Symbol Parameter Min Max Unit Conditions
142 —~CWE Pulse Width (Low) (i1 + t2 ~ 3) (25) ns
43 —CWE High to CALEN High Guaranteed Min 0 ns
t44 CLK2 High to —CCE Invalid 0 16 ns
t45 A/-BLKA20 Valid to —~CCE Valid 16 ns
t46 W/~-R, M/-10, D/-C Valid to —-CCE Valid 16 ns
147 A/-BLKA20 to -BUSBE 0 28 ns
148 —-BE to -BUSBE 0 15 ns Note 2
t49 W/-R, M/~IO to -BUSBE 0 20 ns Note 12
150 —-NCCYC to -BUSBE 0 12 ns Notes 1 and 10
151 ~NCCYC Valid to -COE Valid 20 ns Note 10
152 R/~W, M/-IO Valid to -RDYQUT Valid 25 ns Notes 10 and 12
t53 —NCCYC Valid to -RDYOUT Valid 20 ns
t54 -NCCYC Valid to -MISS Valid 20 ns
155 -WPCYC Setup to CLK2 High 13 ns
t56 —-WPCYC Hold to CLK2 High 3 ns
157 A/-BLKA20 Setup to -MEMW Low 35 ns Notes 4 and 12
58 A/-BLKA20 Hold from —MEMW High 12 ns Notes 4 and 12
t60 CLK2 High to -RDYOQUT High 3 15 ns
61 —FLUSH Detup to CLK2 High 6 ns Note 7
162 —FLUSH Hold from CLK2 High 2 ns Note 7
163 ~FLUSH Pulse Width (Low) (t1 + 161 + 162) (28) ns Notes 8 and 12
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AC CHARACTERISTICS (Cont.): TA =0°Cto +70°C, VDD =5V +5%, VSS =0 V

Symbol Parameter Min Max Unit Conditions
164 -BUSBE to -BE 0 10 ns Notes 2 and 4
t65 HLDA High to —BE low impedance 2 15 ns Note 2
167 HLDA low to —-BUSBE low Impedance 15 ns
68 HLDA High to -BUSBE Float 12 ns Note 11
t70 HRQ Low to —BE Float 12 ns Notes 2 and 11
t71 W/-R, M/-1O, D/-C Valid to —MISS Valid 25 ns Notes 12
t72 W/-R, M/—=IO, D/-C Valid to —COE Valid 25 ns Notes 10 and 12
t73 RSTDRYV Setup to CLK2 7 ns Notes 7 and 9
t74 RSTDRYV Hold from CLK2 3 ns Notes 7 and 9
t75 RESCPU Setup to CLK2 5 ns
t76 RESCPU Hold from CLK2 2 ns
t77 CLK2 High to —-RDYOUT low 0 14 ns
Notes: 1. Memory read cycles only. ~COE remains high for all other cycles.

2. -BE refers to -BHE, -BLE.

3. Non-pipelined write-hits only.

4. HLDA cycles only.

5. Applies to I/O reads from the cache controller's internal registers.

6. Applies to I/0O writes from the cache controller's internal registers.

7. For synchronous recognition.

8. For asynchronous recognition.

9. For asynchronous recognition: pulse width must exceed 2xt1 + t73 + t74. For synchronous recognition: must be

sampled on two successive CLK2 rising edges.

10. Non-pipelined cycles only.

11. Three-state transition delay by sample measurement.

12. Validated by simulation.
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FIGURE 23. TOPCAT INTERFACE TIMING
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Note: The cycles depicted above are general. The first cycle depicted could have terminated in T2 (if it had been a hit). See
functional timing for details of specific cycle types.
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FIGURE 24. CACHE DATA RAM INTERFACE TIMING
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FIGURE 25. INPUT SU AND HO

l— 11—l Tl TPl T1P— TP —]

Ie1|®2'r31|®2I I@1|

CLK__JI_IIII|_||||

N i’ ane I e o

@1|@2:®1|92:01|92

|
133 —a| ->] 134 | |
]
-NCCYC @

| 131 — ] ] 132 | | [
W/-R, M/=IO, |>€3<
b=c | I I I I

I
~-FLUSH | Iﬁ‘ [
I I - |
| I
|

I
i
61 ->| t36 I
| | | [ 135 |
| t35 >| |
—RDYIN | | N
| | I | | |
RSTDRV 4&(
73— 174

RESCPU ///{ N\S

| |- 175

54



&VLSI TECHNOLOGY, INC. ADVANGCE INFORMATION
VL82C325

FIGURE 26. -IOR & -1OW TIMING
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ABSOLUTE MAXIMUM RATINGS

Ambient Temperature —10°C to +70°C Stresses above those listed may cause indicated in this data sheet is not

Storage Temperature —65°C to +150°C permanent damage _to the device. implied. 'Exposurg to absolute maxi-
These are stress ratings only. Func- mum rating conditions for extended

Supply Voltage to tional operation of this device at these periods may affect device reliability.

Ground —-05Vto7.0V or any other conditions above those

Applied Output

Voltage -05VtoVDD +0.3V

Applied Input

Voltage -0.5VtoVDD +0.3V

Power Dissipation 500 mW

DC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V +5%, VSS =0 V

Symbol Parameter Min Max Unit Conditions

ViL Input Low Voltage 0.8 \

VIH Input High Voltage 2.0 \

VOL1 Output Low Voltage 0.45 \ IOL = 8 mA, Note 1

voL2 Output Low Voitage 0.45 Vv IOL = 12 mA, —HIDRIVE =1

IOL = 24 mA, -HIDRIVE = 0, Note 2

VOH1 Output High Voltage VDD - 0.45 \ IOL -2 mA, Note 1
VOH2 Output High Voltage 2.4 v IOL -6 mA, Note 2
ILI Input Leakage Current -10 10 HA Note 3
liL Input Leakage Current -500 10 pA Notes 4
ILO Output Leakage Current ~100 100 HA
IDDSB Static Supply Current TBD A
IDDOP | Dynamic Supply Current 1.5 mA/MHz
Ci Input or O Capacitance 10 pF
CO Output Capacitance 10 pF
Notes: 1. All outputs except XD7-XDO.
2. Pins: XD7-XD0
3. Allinputs except those listed in Note 4.
4. Pins -NCCYC, -WPCYC, -FLUSH, —TRI, -HIDRIVE, and -MASTER.
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PACKAGE OUTLINE
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® VLSI TECHNOLOGY, INC.

VLS! CORPORATE OFFICES  CORPORATE HEADQUARTERS » COMMUNICATIONS PRODUCTS DIVISION AND SPECIAL PRODUCTS DIVISION
VLSI Technology, Inc. « 1109 McKay Drive = San Jose, CA 95131 « 408-434-3100
PERSONAL COMPUTER PRODUCTS DIVISION, GOVERNMENT PRODUCTS DIVISION AND AUTOMOTIVE OPERATIONS
VLS! Technology, Inc. » 8375 South River Parkway « Tempe, AZ 85284 » 602-752-8574
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1865 Lundy Avenue * San Jose, CA 95131 » 408-433-4880
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ARIZONA Germany Portiand, OR 67223 Calabasas, 818-591-1655 ARROW/SCHWEBER THOMAS NEURGTH
8375 South River Parkway 89-62795-0 503-244-0882 EMERGING TECHNOLOGY except where noted Wien, 222-825645
Tempe, AZ 85284 FAX 89-92795-145 FAX 503-245-0375 San Jose, 408-263-3366 ALABAMA :
602-752-6450 NG KON Cameron _§76-4387 Huntsville, 205-837-6955 BELGIUMAUXEMBURG
HONG KONG TEXAS Park, 916-676-438 MCROTRON
FAX 602-752-6001 Shui On Cantre 1504-07 9600 Great Hills Trail, COLQRADO ARIZONA Mechelen 215-212223
CALIFORNIA 6-8 Harbour Road Ste. 150W Phoenix, 602-431-0030 )
. LUSCOMBE ENGINEERING
2235 Qume Dr Wanchai, Hong Kong Austin, TX 78759 Longmont, 303-772-3342 CALIFORNIA CANADA
San Jose, CA 95131 852-802-7755 512-343-8181 ' A Pacific. 408-432-7171 ARROW/SCHWEBER
408-622-5200 FAX 852-802-7959 FAX 512-343-2750 1DAHO 18 880 Mortreal, 514-421-7411
FAX 408-943-9792 (TALY JAPAN EMERGING TECHNOLOGY Los A”%Lesvé’ Y ey Ottawa 613-226-6903
. i -378- range County, 714-838- '
Mait , Htalia SAL. Shuwa-Kioicho Park Bidg. #503  D0'se: 208-378-4680 San Biego 6195654800 Tororto, 416-670-7760
1109 McKay Drive Centro Direzionale Colleoni Kioicho 3-6, Chiyoda-Ku 1oWA San Francisco, 408-441-9700 Vancouver, 604-421-2333
San Jose, CA 95131 Palazzo Cassiopeia, 3 Tokyo, Japan 102 SELTEC SALES COLORADD SEMAD
6345 Balboa Bivd., 1-20041 Argrate Brianza (M1) 03-3262-0850 Cedar Rapids, 319-364-7660 Denver 303-799-0258 Calgary. 403-252-5664
Building 1, Suite 100 39-6056791 FAX 03-3262-0881 KANSAS ' Markham, 416-475-8500
Encino, CA 91316 FAX 39-6056808 SINGAPORE ELECTRI-REP CONNECTICUT Montreal 514.694.0860
818-608-9981 JAPAN 20 Jalan Afifi #04-01 Overland Park, 913-649-2168 Wallingford, 203-265-7741 Ottawa, 613-727-8325
;AX ;1“09'0535 Shuwa-Kioicho TBR Biig., #101  Cisco Centre MICHIGAN FLORIDA British Columbia, 604-420-8889
0 Corporate Park, Kojimachi §-7, Chiyoda-Ku Singapore 1440 PPLI T T North Fiorida, 407-333-9300
Stes. 100-102 Tokyo, Japan 102 65-742-2314 Cv;hfn% D;f‘, ﬂxiﬁfw‘ South Fiorida, 305-429-8200 35{‘@“;‘“"
Irvine, CA 02714 03-3236-5211 FAX 65-742-1768 : GEORGIA Allerod, 42-277733
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Pompano Beach, FiL 33064 06-243-6041 COLORADO bbd ELECTRONICS INDIANA
305-71-0404 FAX 08-243-6960 SIS MICROELECTRONICS, INC.  Rochester, 716-425-4101 Indianapotis, 317-299-2071 KUCOS-THAME LTD
FAX 305-971-2086 TAWAN Longmon, 303-776-1667 OHIO 1OWA Berks, 734351010
GEORGIA Unit 7, 7th Floor, Lotus Bidg. ILLINOIS APPLIED DATA MANAGEMENT  Gegar Rapids, 319-395-7230 QUARNDON ELECTRONICS
2460 Pleasant Hill Rd, Ste 200 136 Jen-Ai Rd., Section 3 ASIC DESIGNS Cincinnati, 513-579-8108 KANSAS Derby, 332-32651
Duluth, GA 30136 Taipei, Taiwan, R.0.C. Naperville, 708-717-5841 OREGON Kansas City, 913-541-9542 FINLAND
404-476-8574 886-2-325-4422 MAINE ELECTRA TECHNICAL SALES ' COMDAX
FAX 404-476-3790 FAX 886-2-325-4411 QUADIC SYSTEMS. INC. Beaverton, 503-643-5074 QM,BMM;O 467800 Helsinki, 80-670277
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The information contained in this document has been
carefully checked and is believed to be reliable. However,
VLSI Technology, Inc. (VLSI) makes no guarantee or
warranty concerning the accuracy of said information and
shall not be responsible for any loss or damage of whatever
nature resulting from the use of, or reliance upon, it. VLSI
does not guarantee that the use of any information contained
herein wili not infringe upon the patent, trademark, copyright,

mask work right or other rights of third parties, and no patent
or other license is implied hereby. This document does not
in any way extend VLS!'s warranty on any product beyond
that set forth in its standard terms and conditions of sale.
VLSI Technology, Inc. reserves the right to make changes
in the products or specifications, or both, presented in this
pubiication at any time and without notice.

LIFE SUPPORT APPLICATIONS: VLSI's products are

not intended for use as critical components in life support
appliances, devices, or systems in which the failure of a VLSI
product to perform could be expected to result in personal

injury.
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