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I nu ® Functionality

covered. For a detailed description of 82498 Cache Controller/82493 Cache SRAM line state
changes, refer to Tables 22-1 to 22-6.

Table 22-7. MESI State Changes for UNLOCKED READ Cycles: CPU to 82498 Cache
Controller/ 82493 Cache SRAM

To To
Cache CPU
C w
A B N
C Initial / | K| Final o
Initial (P [D/|H | Final CPU State | Read |W |E | State | Memory t
Cycle | State (W|C |E | State Bus of Only: [T |N of Bus e
Type |of CPU| T | # | # | of CPU | Activity | Cache | Cache | # | # | Cache | Activity s
Not MES [ x| x| x| Same None M NO X | x M None
Locked 1 x| x| 1 | Read M NO x| x M None 4
I 1(x]0 ) LFIL M NO 10 M None 2,4
l 0|1]0 E LFIL M NO 10 M None 2
I 0|0|O S LFIL M NO x| 0 M None 34
S X[ x| X S None E NO X | x E None
| x| x| 1 1 Read E NO X | x E None
1 x| x|O0 ) LFIL E NO 0|0 E None 2
S X| x| X S None S X X | x S None
1 x| x| 1 1 Read S X X | x S None
1 x|{1]0 1 Read S YES | x| 1 S None 1
1 x| 1|0 S LFIL S NO ofo S None 2
I x|0]|O0 S LFIL S x| 0 S None
1 1 x| 1 1 Read 1 X [ x S LFIL
| 0| x| 1 1 Read | X x| x| MES LFIL
I 1{x|0 S LFIL | NO 0|0 S LFIL
| 0fx|O0 ) LFIL | NO 0|0| MES LFIL
1 x| 0|0 ) LFIL 1 YES [ x| 0 S LFIL 5
| x| 1|0 I Read | YES | x| 1 S LFIL 5
NOTES:

CPU refers to Pentium® processor (735\90, 815\100, 1000\120, 1110\133).
Cache refers to 82498 Cache Controller/82493 Cache SRAM.
LFIL = Line Fill
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Refer to Table 22-1 for 82498 Cache Controller state transition decisions.
1. The 82498 Cache Controller does not return KEN# for data hits to Read-Only lines.

2. The 82498 Cache Controller only returns WB/WT# high on unlocked or non-split lock hits to [M] for which
it also returns KEN# active.

3. The Pentium processor (735\90, 815\100, 1000\120, 1110\133) instruction cache never contains [M] state

lines and does not distinguish between [S] and [E). Refer to the Pentium ™ Processor Data Book for more
details.

4. WB/WT# is not used for the state transition decision.
5. MKEN# and MRO# sampled active.

Table 22-8. MESI State Changes for LOCKed'! READ Cycles:
CPU to 82498 Cache Controller/ 82493 Cache SRAM

CPU to 82498 82498 to MBC to
MBC 82498
M
(o] (o] K M|D
A A|C|L |{M|W|R
Initial C|S| Final [C|S|O|K|B/|C|M
State |T (P |P |D/|H [C | State |H|C |C |E ([W|T |R | Memory Bus Activity
Cycle of R|W|C|C|E|Y of E|Y|KIN[T|M|O
Type 82498 |O | T|D|# | #]|C| 82498 | # |C | # | # | # | #| #
SP2 lock ‘X' x| x|{x|{x|1[1] Same | 1[1[0]| x| x| x| X RTHR
NS? lock 1 x|x|1{x|1]0 [ 1{oflo|1]x|x]|x RTHR
| x|x|0|x|1[O0 I 0fO0]O|1|x|x]|x RTHR
1 x|1[0[x|1]0 S 0|0|O0[0|x|x]|X LFIL
1 x| x|[O0|x]|1]O0 S 0{0|O0|O0{x|x]|O LFIL
I X|x|0|lx|1]|O0 S ofojofofofx]|1 LFIL
1 x{0l0|x|1(0 E ojojofo]t1]1]1 LFIL
| x|{0|O|x(1f0 M ojojofo}j1fo]1 LFIL
S x| x{0fx|1|0 S 11010 x|x|x|x RTHR
E,M |[N]J]O|O|x|1]| 0| Same None
NOTES:

1. Alocked hit to a line in the Pentium® processor (735\90, 815\100, 1000\120, 1110\133) cache will cause
that line to transition to [I] independent of its original state. If the line was [M], it will be written back.

2. SP lock cycle refers to split (SCYC=1) locked cycle. NS is non-split locked cycle.
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Table 22-9. MESI State Changes for UNLOCKED WRITE Cycles:
CPU to 82498 Cache Controller/ 82493 Cache SRAM

To To
Cache CPU
C
A w N
C Initial B/| K | Final o
Initial (P (D/|H | Final CPU State Read |W|E | State | Memory t
Cycle | State (W |C [E | State Bus of Only: |T [N of Bus e
Type |of CPU| T | # | # | of CPU | Activity | Cache | Cache | # | # | Cache | Activity s
Not M X | x| X M None M X X | X M None
Locked E x| x| x M None M X x| x M None
S 0| x| x E WT M X 1 x M None 1
S 1] x| x S WT M X 1] x M None
| X| x| X 1 WT M X X | X M None 2
S 0| x| x E WT E X 1] x M None
S 1 x| x S WT E X 11x M None
| X| x| X I WT E X x| X M None 2
S 1| x| x S WT S X 0| x S WT
S 0] x| x S WT S X x| x| MES WT
| 1(x]|x | WT S X x| X S WT
| 0f x| x 1 WT S X x| x| MES WT 23
! 1] x| X I WT 1 X x| x I WT
1 0| x| x | WT | X x| x| MES,|I WT 3
NOTES:

CPU refers to Pentium® processor (735\90, 815\100, 1000\120, 1110\133).
Cache refers to 82498 Cache Controller/82493 Cache SRAM.

WT = Write-Through

Refer to Table 22-2 for 82498 Cache Controller state transition decisions.

1. The 82498 Cache Controller only returns WB/WT# high on unlocked and non-split lock write hits to [M]
and [E).

2. The Pentium processor (735\90, 815\100, 1000\120, 1110\133) will not perform allocations on write
cycles.

3. The Pentium processor (735\90, 815\100, 1000\120, 1110\133) cache state will not change. The 82498
Cache Controller cache line state will go to [E] if MWB/WT#=1 and DRCTM#=1. The 82498 Cache
Controller cache line state will go to [M] if MWB/WT#=1 and DRCTM#=0. The 82498 Cache Controller
cache line state will remain in [S] if MWB/WT#=0.
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Table 22-10. MESI State Changes for LOCKED' Write Cycles:
CPU to 82498 Cache Controller/ 82493 Cache SRAM

CPU to 82498 82498 to MBC to
MBC 82498
M
C C K M|D
A A|C|(LIM|W|R
Initial C|S| Final [C|S|O|K|B/|C|M
State |T |P (D/|H|C | State |H|C [C |E |W|T (R
Cycle of R|W|CIE|Y of E|Y|K|NIT[M]O
Type 82498 O T | #|#|C| 82498 | # |C | # | # | # | # | #| Memory Bus Activity
SP2lock | ‘X' x| x|x|1]1]| Same | 1[1]0] x|x]|x|x WT
NS? lock 1 x| x|x|1]0 [ 1100 x| x|x]|x WT
S Y{x|{x|1]O0 S 1100 x| x| x]|x WT
S x{1]x|1]0 S 1{0]0) x| x| x]|Xx WT
S NjO|x{|{1(0O S 1({0]0]x|x|x]|O WT
S N|O|x|1]0 S 11010 x|0]|x]|1 WT
S N[{Ofx]|1]0 E 110(0(0] 1] 1] WT
S Nfo|x|1|0 M 1]0(0{0}]1]0{H1 WT
E,M [NjJOfx|1]0 M None
NOTES:

1. The locked write cycle always begins and ends with the Pentium® processor (735\90, 815\100, 1000\120,
1110\133) cache line in state [l].

2. SP lock cycle refers to split (SCYC=1) locked cycle. NS is non-split locked cycle.
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Table 22-11. MESI State Changes for UNLOCKED SNOOP Cycles:

Functionality

82498 Cache Controller/82493 Cache SRAM to CPU's

To From Mem
CPU Bus
S S
N N N
P P o
Initial 1 Initial N 1 Memory | t
State of N Final State CPU Bus State of Cc N | Final State| Bus e
CPU v of CPU Activity Cache A v of Cache | Activity | s
M 0 S INQR,WB M 0 0 S SWB
M 1 | INQR,BINV,WB M X 1 1 SWB
M 0 S INQR,WB M 1 0 E SWB
E 0 S INQR M 0 0 S swB
E 1 I INQR,BINV M X 1 1 SWB
E 0 S INQR M 1 0 E SWB
S 0 S INQR M 0 0 S SWB
S 1 i INQR,BINV M X 1 I SWB
S 0 S INQR M 1 0 E SWB
1 1 1 INQR,BINV M X 1 1 SWB
| 0 1 INQR M 0 0 S SwB
1 0 I INQR M 1 0 E SWB
S 0 S None E 0 0 S None
S 1 I BINV E X 1 1 None
S 0 S None E 1 0 E None
I 1 1 BINV E X 1 I None
| 0 1 None E 0 0 S None
1 0 1 None E 1 0 E None
S 0 S None S X 0 S None
S 1 1 BINV S X 1 I None
1 1 1 BINV S X 1 1 None
| 0 1 None S X 0 S None
| X I None 1 X X 1 None
NOTES:
There is no difference in functionality (for this Table) between the 82498 and previous cache products.
CPU refers to Pentium® processor (735\90, 815\100, 1000\120, 1110\133). Cache refers to 82498
Controller/82493 SRAM.
SWB = Snoop Write Back. INQR = Inquire (82498 Cache Controller snoops the Pentium processor)
BINV = Back Invalidate
Refer to Table 22-3 and Table 22-4 for 82498 Cache Controller state transition decisions.
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Table 22-12. MESI State Changes for LOCKED' Snoop Cycles which hit LAR:
CPU to 82498 Cache Controller/ 82493 Cache SRAM Caches

8249 8249 MBC
8to 8to
CPU MBC 82498
K S S
L N N
Initial Final (o} P P
State 1 CPU State (o N I
Cycle of N bus of K C N Memory Bus
Type 82498 V | activity | 82498 # A A Activity Note
NS lock M 0 INQR S 1 0 0 SWB 2,3
M 1 INQR, | 1 X 1 SWB 2,3
BINV
M 0 INQR E 1 1 0 SWB 2,3
NOTES:

1. "LOCKed SNOORP cycle" - A snoop cycle which was invoked during the time which the 82498 handles a

locked hit cycle.

2. The SWB is delayed until LAR deactivation (until then: SNPBSY# is activated and SNPCYC# is delayed.)

3. The Inquire cycle due to the snoop which hit the locked line is delayed until LAR deactivation. The locked
line is Invalid in the CPU cache, so no possible WB can be as a result of the 82498 Inquire process.
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22.2. LOCKED CYCLES

LOCKed cycles are composed of "read-modify-write" cycles. The LOCK# signal is driven by
the CPU to indicate that the requested cycle should lock the memory location for an atomic
memory access. The 82498 Cache Controller offers optional enhanced lock functionality. In
earlier generations of cache controllers (i.e. the 82497) all locked cycles from the CPU were
driven onto the memory bus.

In order to decrease memory bus utilization and increase system performance, the 82498
Cache Controller differentiates between types of locked cycles, caches appropriate locked
cycles in the 82493 Cache SRAM, and will satisfy most locked read and write cycles locally
without creating system memory bus accesses. Note that locked cycles are never cached
internally in the Pentium processor (735\90, 815\100, 1000\120, 1110\133).

22.2.1. LOCKed Cycle Categories

The 82498 Cache Controller classifies locked cycles into two categories: split and non-split.
The SCYC (Split Cycle) designates whether a given locked cycle is split or non-split.
Basically, non-split locked cycles are allowed to be cached in the 82498 Cache
Controller/82493 Cache SRAM, while split locked cycles are non-cacheable.

Split locked cycles are non-cacheable by the CPU and by the 82498 Cache Controller/82493
Cache SRAM. For this reason they are treated just like non-cacheable read misses and write
misses.

The CSCYC output is only active during locked sequences in which the access is split over
two addresses (LOCK# and SCYC active).

The 82498 Cache Controller asserts the KLOCK# signal to echo the CPU LOCK# output for
cycles which appear on the system memory bus. Cycles to split locked address(es) must run
contiguously on the memory bus. Snoops to any address other than the locked address(es) are
allowed to interrupt the RMW sequence. The Pentium processor (735\90, 815\100, 1000\120,
1110\133) automatically inserts one idle CLK between back to back LOCKed sequences.
Therefore, KLOCK# is guaranteed to go inactive for at least one CLK.

Writeback cycles due to a dirty replacement are guaranteed to perform with KLOCK# active
ONLY in the case of a line fill with a final state of S. In the case of a line fill to the E or M
states, KLOCK# can be either active or inactive for the write-back. The MBC can ensure
that the first write-back will also not be issued with KLOCK# active for this case by not
pipe-lining the write-back cycle into the line-fill (CNA# not active). The second write-back
(if occurring) will be performed with KLOCK# inactive.

The enhanced LOCK# functionality is optional, and must be configured at RESET to operate
in either enhanced (Cache Lock) Mode or standard LOCK# mode (same functionality as the
82497). The ADDLOCK pin is used for this purpose.
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22.2.1.1. NON-SPLIT LOCKED CYCLES

Non-split locked read cycles which hit the 82498/82493 will be satisfied locally if the line is
in either the E or M state. Read hits to an S state will generate a read-through from the
memory bus. In either case, the state of the line in the 82498/82493 will not change due to
the read.

Non-split locked read cycles which miss the 82498/82493 will generate reads on the system
memory bus. In addition, a line fill may be generated in order to fill a cache line in the
82493 Cache SRAM. This line will be placed in either the S, E, or M state, depending upon
system inputs.

Non-split write cycles which hit E or M states will be satisfied locally, resulting in the line
being placed in the M state. Non-split writes which hit an S state in the 82498/82493 cache
will generate write-throughs. Non-split locked writes to [S] will be driven to the memory bus
with KLOCK# active. In addition, the state may be upgraded to either the E or M state,
depending upon system inputs. The PUPGR# (potential upgrade) signal will be active to
inform the MBC that this line can be potentially upgraded.

Non-split writes which miss the 82498/82493 cache will generate write-throughs. Non-split
locked write misses will appear on the memory bus with KLOCK# active exactly like the
split lock cycles. These cycle will not be cacheable (MCACHE# and PALLC# inactive).

22.2.1.2.  SPLIT LOCKED CYCLES

The 82498 Cache Controller/82493 Cache SRAM will drive all split locked reads and writes
to the memory bus even when the read or write is a hit. If the split locked read is a hit to a
modified line, the 82498 Cache Controller/82493 Cache SRAM will ignore the data that it
receives from the memory bus and supply the data to the CPU from the 82493 Cache SRAM
array (in accordance with the BRDY#’s supplied by the MBC). Split locked writes are posted
like any other write. Split locked cycles, both reads and writes, never change the 82498
Cache Controller tag state (except that the LRU bits may be updated).

During split locked read cycles, the 82498 Cache Controller/82493 Cache SRAM follows the
cache miss procedure: it initiates a memory read cycle. If the line resides in the 82498 Cache
Controller/82493 Cache SRAM, the MESI state of the line remains unchanged. If the data
resides in the 82498 Cache Controller/82493 Cache SRAM in the [M] state when the
memory bus returns data, the 82498 Cache Controller/82493 Cache SRAM uses the data
from the 82493 Cache SRAM and ignores the data on the memory bus.

During split locked write cycles, the 82498 Cache Controller/82493 Cache SRAM treats
accesses as write-through cycles. The 82498 Cache Controller/82493 Cache SRAM sends
data to the memory bus, updates memory, and invalidates other cached copies. Data that is
also present in the 82498 Cache Controller/82493 Cache SRAM is updated, but its MESI
state remains unchanged.

Split locked read and write cycles that miss the 82498 Cache Controller/82493 Cache SRAM
are non-cacheable in the 82498 Cache Controller/82493 Cache SRAM and the CPU.
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22.2.2. LOCKed Cycle Examples

The 82498 Cache Controller provides a facility to allow atomic accesses (requested by the
CPU, i.e. LOCK# is activated) through the KLOCK# signal. KLOCK# activation indicates to
the MBC that the memory bus should not be released between the KLOCKed cycles.
KLOCK# will remain active from the beginning of the first cycle (with CADS#) until
CADS# is issued for the last cycle, or until two clocks following SWEND# activation during
a locked line fill which enters the E or M state. This KLOCK# behavior allows the MBC to
distinguish between back to back locked operations.

The 82498/82493 distinguishes between two types of locked cycles: split and non-split. The
SCYC (Split Cycle) signal from the CPU is used to distinguish these two types. Split locked
cycles are not cacheable by the 82498/82493, while non-split locked read cycles may be
cached.

The following Figures and text show various examples of non-split locked cycles and the
response of the 82498/82493, when the 82498 is configured in Cache Lock mode of
operation

I 22-17
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22.2.2.1. NON-SPLIT LOCKED SEQUENCE - HIT TO E/M STATE

Figure 22-1 shows a non-split locked sequence that hits an E or M state in the 82498. In this
case the locked cycles will not be driven out to the system bus, but will be served by the
82498 and 82493. Since the cycle is served internally the 82498 is responsible for blocking
any snoops to the locked address. The mechanism that performs this blocking is the
LOCKed Address Register (LAR). The LAR keeps the locked address, and its address is
compared with the snoop address in the windows when the LAR is valid.

The LAR is valid from the lookup of the non-split locked read cycle until LOCK# is driven
inactive (after the Last BRDY# of the non-split locked write cycle). In this example the
lookup is done immediately with ADS#, so the LAR becomes valid in clock 2. The LOCK#
signal is sampled inactive in clock 6 causing the LAR to become invalid in clock 7.

SN\
st \_rs_/ A/ /T
—\
T\

CLK

W/R#

/ / \
sroves JTTTTTITTTITITIA TN T

LOCK# /
we 77N vald NI
82498 lgﬁ:ﬁ):& array updated (worst case) i ==

FIG22-1

Figure 22-1. Non-Split LOCKed Sequence - Hit to E/M State

22,2.2.2. NON-SPLIT LOCKED READ HIT TO S - WRITE THROUGH

Figure 22-2 shows the case when the LOCK sequence hits a line in the S state, and the write
cycle also leaves this line in S state.

In clock 1 the ADS# of the non-split locked read is driven. Since this is a locked cycle to an
S state this cycle must be driven to the system. This is done by activating CADS# (in clock
3) together with KLOCK# to inform the system this is a locked sequence. The 82498 will
perform a Read Through cycle (read the data from the memory bus, while leaving the line in
S state).
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In clock 10 the ADS# of the write cycle is active. This non-split locked write cycle is also to
an S state, hence this write cycle should also be driven to the system bus. To inform the
system that a lock sequence is still executing, both CADS# and KLOCK# are active in clock
12. Although this write cycle is locked, it is upgradeable (meaning the line can transition to E
or M depending on the Bus Controller response during SWEND# activation) since it is not a
split cycle. In this example SWEND# is active in clock 17, and with this SWEND# the
MWB/WT# is low (indicating write through), so the line's status will not be upgraded
(remains in the S state).

In clock 13 the KLOCK# on the system bus becomes inactive, since the CADS# of the last
lock cycle already appeared on the system bus and the LOCK# signal is deactivated in clock
12.

NOTE: the option to upgrade a non-split locked write to S exists in the 82498 and differs
from the way the 82497 executed locked writes to S cycles.
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Figure 22-2. Non-Split LOCKed Read Hit to S - Write Through

22.2.2.3. NON-SPLIT LOCKED READ MISS WITH CLEAN REPLACEMENT

Figure 22-3 shows a sequence of non-split locked read miss cycles that differs from the
LOCKed cycles in the 82497 Cache Controller/82492 Cache SRAM system.

In this case the non-split locked read cycle is a miss in the 82498 cache controller. Since it is
a miss cycle the 82498 will drive this cycle to the system bus by activating CADS# with
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KLOCK# on clock 3. Since it is a non-split cycle the 82498 allowed the Bus Controller to
perform a Line Fill, depending on the MBC response during KWEND# (this is a change in
respect to the 82497/82492 that didn't allow any line fills during LOCKed cycles).

In clock 5 the MBC responds with KWEND# and MKEN# active to inform the 82498 that
this address can be cached in the 82498. To do the line fill, the 82498 is performing a
replacement (clean in this example) and is invalidating those lines in the CPU in clocks 6 and
8 (in this example the Line Ratio =2). With the SWEND# of the line fill the MWB/WT#
parameter is driven low to show that this line will enter into the S state.

The non-split locked write cycle hits a S state in the 82498 cache controller and so must be
driven to the system bus. In clock 19 the CADS# of the write is active along with KLOCK#
to inform the MBC this is still a locked access. The PUPGR# signal will be also active in
this clock (not shown in the figure) to inform the MBC that this cycle can be potentially
upgraded. Since it was a non-split write to S the 82498 cache controller allows the system
bus to do a line status upgrade. In clock 22 when the SWEND# of the write cycle is active
the MWB/WT# is driven high to show this line can be in E or M state depending on the
DRCTM# parameter (DRCTM# is not shown in this Figure). The KLOCK# signal is
deactivated after both the CADS# of the write cycle was active and the LOCK# signal on the
CPU bus was deactivated.

NOTE: This example shows two main changes from the 82497 Cache Controller/82492
Cache SRAM lock cycles.

Here the non-split locked read can be converted to a line fill depending on the MBC
responses.

This means for the MBC that all MBC parameters should be valid in the non-split lock cycle
as for any other read cycle that could become a line fill.

Also for the non-split locked write to S, the 82498 regards this cycle as a write through
potential upgradeable. Also in this case the MBC parameters should be driven valid also for
the LOCKed cycle as if it was any write through cycle (not the case for the 82497).
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Figure 22-3. Non-Split LOCKed Read Miss with Clean Replacement
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22.2.2.4. NON-SPLIT LOCKED READ MISS - LINE FILL TO E/M

Figure 22-4 shows a non-split locked read cycle that starts as a MISS in the 82498, is cached
with the MBC response and then the LOCKed Write of the sequence will HIT an E or M
state.

In clock 1 the non-split locked read begins. Since it is a miss the cycle is driven to the MBC
in clock 3 with CADS# and KLOCK# active to inform the MBC this is a locked access.
Since this locked access is NOT a split access the 82498 will perform a line fill based on the
MBC responses for this cycle. In clock 5 MKEN# is active while KWEND# for this cycle is
also active. So, the 82498 will cache this line in the L2 cache. In clock 8 while SWEND# of
the cycle was active the MWB/WT# parameter was high indicating to the 82498 that this line
can be either E or M state.

Since the line is in E/M state the Write cycle of this non-split lock sequence will NOT be
driven to the system bus. In clock 10 (two clocks after SWEND#) the KLOCK# signal
becomes inactive. From this point the 82498 is responsible for blocking snoops to the locked
address. In the Figure this is shown by activating the LAR valid signal in clock 9. The non-
split locked write cycle will HIT an E/M state and as such will NOT be driven to the system
bus and will be served internally by the 82498 cache controller (this is a change from the
82497 Cache Controller/82492 Cache SRAM where all locked cycles were driven to the
system bus).

NOTE: In this case the responsibility for NOT snooping the LOCKed address is divided
between the MBC and the 82498. As long as the KLOCK# signal appears on the system bus
it is the MBC's responsibility NOT to allow any snoops to the locked address. When the
KLOCK# is NOT active anymore, but there are still LOCK# cycles on the CPU bus, it is the
responsibility of the 82498 to block any snoops to the locked address, and serve those snoops
ONLY after the lock sequence is finished. In this example it is the MBC's responsibility in
clocks: 4 to 9 inclusive, and it is the 82498's responsibility in clocks: 10 to 19 inclusive.
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Figure 22-4. Non-Split LOCKed Read Miss - Line Fill to E/M
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22.2.25. NON-SPLIT LOCKED READ MISS WITH REPLACEMENT OF
MODIFIED LINE

The example in Figure 22-5 shows a case when the read cycle is a MISS but replaces a
modified line.

In clock 1 the ADS# of a non-split locked read cycle is active. This read cycle is a MISS in
the 82498, so it will be driven to the system bus.

This appears in the Figure in clock 3 when CADS# and KLOCK# for the read cycle are
active. Since this is a non-split lock cycle the 82498 allow the MBC to do a line fill. On
clock 5 when the KWEND# of the cycle is active MKEN# is also active to show the 82498
this line will be cached. Since this line should replace a modified line the 82498 starts
executing the Inquire sequence to the CPU, in clock 6 the EADS# of the first inquire is
active. In clock 7 the CADS# of the replacement writeback is active on the system bus, note
that KLOCK# is still active since the locked read cycle is unfinished. Clock 8 when the
SWEND# of the cycle is active with MWB/WT# high is showing that the line will go to E'M
state. This causes the KLOCK# signal to become inactive in clock 10. From clock 10 the
82498 is responsible for blocking any snoops to the locked address; this can be also seen by
the fact that LAR becomes active.

Since this example uses a configuration of Line Ratio = 1 and Lines/Sector = 2 we can sec
two replacement write back cycles in clocks 6 and 22. The cycle beginning in clock 22 has
KLOCK# inactive since it is during the period when 82498 is responsible for blocking the
snoops to the locked address. In clock 22 the second inquire is driven to the CPU, with a
miss response for this inquire (clock 24 HITM# is not active). In clock 26 the non-split
locked write starts. This write is a HIT to E/M state so there will be NO cycle driven on the
system bus for this locked write cycle. The cycle will be served internally by the 82498. The
locked sequence is ended in clock 27 (LOCK# becomes INACTIVE), and so in clock 28 the
LAR is NOT valid anymore. From this point any snoops will be responded to normally.

NOTE: Since the 82498 allows line fills for non-split locked read cycles, it might happen that
a modified line will be replaced. In this case the 82498 will execute the Write Back cycles
before continuing the lock sequence. The Write Back cycles can appear on the system bus as
either locked or unlocked cycles, depending on the MBC parameters for the original locked
read cycle.

In any case the 82498 assumes responsibility for blocking snoops to the lock address from the
point the KLOCK# is inactive until the LOCK sequence is ended. The 82498 assumes the
MBC is responsible for blocking snoops to the locked address as long as the KLOCK# signal
is active.
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22.3. SNOOPING

22.3.1. Snoop Operation

A snoop operation consists of two phases: 1) the initiation phase and 2) the response phase.
See Figure 22-6. During the initiation phase, the MBC provides the 82498 Cache Controller
with the snoop address information. During the response phase, the 82498 Cache Controller
provides the snoop status information.

< INITIATION >

< RESPONSE >

CDB49

Figure 22-6. 82498 Cache Controller Snooping Operations

To initiate a snoop, the MBC asserts SNPSTB#, which latches snoop information into the
82498 Cache Controller. The 82498 Cache Controller synchronizes this information, if
necessary, and generates the snoop cycle signal (SNPCYC#) to indicate that snooping is
taking place. SNPCYC# may be delayed by synchronization and/or snoop blocking.
SNPCYC# indicates to the MBC that it may read the 82498 Cache Controller's snoop
responses on the next CLK.

If the 82498 Cache Controller/82493 Cache SRAM needs to write back a modified line or is
already performing a back-invalidation or the snoop hits a locked address, the Snoop Busy
signal (SNPBSY#) is asserted. SNPBSY# indicates that the 82498 Cache Controller can
accept another snoop request (once SNPCYC# is asserted), but will not service that snoop
until after SNPBSY# goes inactive.

Once SNPCYC# is asserted, the 82498 Cache Controller's snoop latch can accept another
snoop request. As a result, snoops may be pipelined. Figures 22-7 and 22-8 show the fastest
synchronous and asynchronous snooping possible. Note that the MBC must not assert
SNPSTB# for a new snoop operation until it has sampled SNPCYC# active for the first snoop
operation. Note that, during asynchronous snooping, the SNPSTB# for the following snoop
can only occur after the falling edge of the SNPCYC# of the previous snoop.

The 82498 Cache Controller responds after a snoop look up by driving the MHITM# and
MTHITH# signals after the clock in which SNPCYC# is asserted. MHITM# is asserted for
snoop hits to an [M] state line. MTHIT# is asserted for snoop hits to [M],[E], and [S] state
lines. These signals indicate the state of the 82498 Cache Controller line just prior to the
snoop operation.

The MBC can predict the final state of the 82498 Cache Controller line by knowing the
initial state and the values of the SNPINV and SNPNCA signals during the snoop operation.
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Figures 22-9 and 22-10 show the 82498 Cache Controller response to snoops without and
with invalidation, respectively.

MHITM#, MTHIT#, SNPCYC#, and SNPBSY# are all synchronous to CLK.

o NSNS\ AAYAYAY S
SNPSTBY T\ 4| / O\ Mol /T
SNPCYCH \SN9OP - SNGOP \siéop
MTHIT# XX
MHITM# o
SNPBSY# o/

CDB36

Figure 22-7. Fastest Synchronous Snooping
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Figure 22-8. Fastest Asynchronous Snooping
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Figure 22-9. Snoops without Invalidation
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NOTE: For E,S states, SNPBSY# is activated because back-invalidation is needed and one is already In
progress.

Figure 22-10. Snoops with Invalidation

22.3.2. Snoop Blocking

When the MBC asserts SNPSTB#, the 82498 Cache Controller synchronizes the information
as necessary, and snoops if the tagRAM is not blocked. Snoop cycles take priority in 82498
Cache Controller/82493 Cache SRAM, so if a snoop request is concurrent with a read request
from the CPU, the snoop request is serviced first. However, snoops may be blocked if the
82498 Cache Controller is in the middle of a cycle or servicing another snoop or if the snoop
is to a locked address currently being serviced by the 82498.

If the 82498 Cache Controller is in the middle of executing a cycle, the outcome of a snoop
request varies depending on when SNPSTB# is asserted.
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CRDY# CADS# BGT# SWEND# CRDY# CADS#
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Figure 22-11. Snoop Blocking Snoop Response During Cycles

Figure 22-11 shows the regions into which a snoop cycle occurring during unlocked cycles
can be partitioned.

Region 1 is after one memory cycle ends (after CRDY#) and before a new cycle begins
(before CADS#). A snoop occurring in this region is looked up and serviced immediately.

Region 2 is after a memory cycle has started (CADS#) but before the cycle has been
guaranteed to complete (the MBC asserts BGT#). A snoop in this region is looked up and
serviced immediately. If a memory cycle was aborted because the snoop hit a modified line,
in some cases CADS# is re-issued after the snoop write-back completes.

Region 3 is after the memory cycle has been guaranteed to complete and before the snoop
window (SWEND#) has completed. A snoop request occurring in this region is blocked until
SWEND# is asserted. After SWEND# is asserted, the look-up will occur 2 CLKs later, the
snoop response will be given 1 CLK later, but the write-back (if neccssary) will not be
initiated until after CRDY#.

Region 4 is after SWEND# is asserted and before CRDY# is asserted. A snoop in this region
is looked up immediately but the snoop write-back, if necessary, is delayed until CRDY# is
asserted. Here, a snoop write-back is treated as if it had occurred after CRDY# (i.e. snoop
hits to modified cache data schedule a write-back that will be executed in the next memory
bus cycle). Note that MTHIT# and MHITM# will be available one CLK after the look-up.

The 82498 Cache Controller uses two interlock mechanisms to ensure that snoops are aligned
within the proper region. The first interlock ensures that once BGT# is asserted, snoops are
blocked until after SWEND#. The second interlock ensures that once a snoop is initiated,
BGT# cannot be asserted until after the snoop has been serviced.

Figure 22-12 shows that when the 82498 Cache Controller recognizes the BGT# signal, it
blocks all snoops until after SWEND#. If SNPCYC# has not been issued before BGT# is
asserted, the snoop is blocked.
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Figure 22-12. Snoop Response Blocking Using BGT#

Figure 22-13 shows a snoop occurring before BGT# is asserted. Once the 82498 Cache
Controller acknowledges a snoop, the 82498 Cache Controller may, depending on the result
of the snoop, ignore BGT# while the snoop is being serviced. The 82498 Cache Controller
always ignores BGT# when SNPCYC# is active. If the snoop results in a hit to a modified
cache line (MHITM# active), the 82498 Cache Controller ignores BGT# as long as both
SNPBSY# and MHITM# remain active. If the snoop result is not a hit to a modified cache
line (MHITM# inactive), the 82498 Cache Controller may accept BGT# even while
SNPBSY# is active. This contingency allows the memory bus controller to proceed with a
memory bus cycle by asserting BGT# while the 82498 Cache Controller is performing
inquires or back-invalidations.

ak MNSN\S NN\

SNPCYC# SNQOP

MHITM#

SNPBSY#

X BGT# IGNORED X

cDB39

Figure 22-13. Snoop Executing before BGT# Is Asserted

The two interlock mechanisms described above provide a flexible method of ensuring
overlapped snoop handling.
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For snoop cycles that are requested during locked cycles that are not driven to the memory
bus (while KLOCK# is inactive) the lookup of this snoop may be delayed. The snoop
address is compared to the locked address in progress. If the address comparison is a match
then the SNPBSY# signal is activated and snoop lookup is delayed until the lock sequence is
ended. The SNPCYC# signal will be activated only when this snoop lookup is resumed.

If the address comparison is not a match, then the lookup is performed (SNPCYC# activated)
and the snoop cycle continues normally.

NOTE

Even when snoops are delayed, address and snoop attribute latching is
performed through activation of SNPSTB#. Note that the MBC must not
assert SNPSTB# for a new snoop operation until it has sampled SNPCYC#
active for the first snoop operation.

22.3.3. When Snooping is Not Allowed

The previous section described the conditions under which snoops would be blocked by the
82498 Cache Controller. There are some cases in which snoops are not blocked by the 82498
Cache Controller, and yet the MBC must not allow snoops to occur. This section describes
these cases.

The 82498 Cache Controller allows the memory bus controller to pipeline snoop operations.
A second snoop request and snoop address can be supplied to the 82498 Cache Controller
prior to the completion of the current snoop operation. Once SNPSTB# has been sampled
active, a new SNPSTB# (for a pipe-lined snoop) will be ignored by the 82498 Cache
Controller until it has issued SNPCYC# for the original snoop operation. Figure 22-14 shows
the window in which the MBC must not assert an additional SNPSTB# to the 82498 Cache
Controller. After SNPCYC# has been asserted, a new snoop address will be latched by the
82498 Cache Controller (with SNPSTB#).

NOTE

For each snoop mode, the MBC must not request a second snoop operation
between SNPSTB# and SNPCYC#. For strobed snoop mode, the second
falling edge of SNPSTB# must not be until after the falling edge of
SNPCYC#. For clocked snoop mode, the second SNPSTB# sampled by
SNPCLK must not be until after the falling edge of SNPCYC#. For
synchronous snoop mode, the second SNPSTB# sampled by CLK must not
be until the CLK following SNPCYC# active.
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Figure 22-14. New SNPSTB# Not Allowed

During read-for-ownership cycles, the MBC must not allow snoops between the BGT# of the
write-through and the BGT# of the allocation. This is to ensure that the snoop data is not
stale. Between the BGT# of the write-through and the BGT# of the allocation, the line is
invalid in the cache doing read-for-ownership (cache 1). Cache 2 (the cache from which data
is being transferred) has only a partially updated line. When the write-back is completed, the
64-bits of recently modified data in cache 1 is surrounded by the modified data from cache 2.
The resulting line is the most recently modified line. Note that the line in cache 2 is
invalidated before the cache-to-cache transfer. Also, once the transfer is complete, the line
exists in cache 1 in the modified state.

22.3.4. Snooping During LOCKed Cycles

LOCKed cycles are used to guarantee atomic Read-Modify-Write operation. The system
assumes that a data item will not be accessed by another device until the read and write have
been completed. There is a situation using the 82498 Cache Controller/82493 Cache SRAM
where this lock protocol may be violated unless certain restrictions are met.

A snoop write-back cycle takes priority over all other cycles in the 82498 Cache Controller.
If the CPU is performing a Read-Modify-Write (i.e., locked) cycle and the data is Modified
in the 82498 Cache Controller/82493 Cache SRAM, the data could be written back on a
snoop between the Read and Write parts of the intended atomic cycle. This violates the lock
protocol and could cause unintended system operation.

To provide maximum performance in Pentium processor (735\90, 815\100, 1000\120,
1110\133) Chip Set systems, the 82498 Cache Controller allows snooping during locked
cycles, however, the following condition must be met: the address being snooped must not
be in the same cache line as that of the locked operation.

For the parts of the lock sequence that are driven to the MBC it is the responsibility of the
MBC NOT to activate SNPSTB#. For the locked cycles served by the 82498/82493
internally the 82498 will block any snoop request that will hit the locked address.

LOCKed operations on the 82498 memory bus consist of a sequence of 1 or more read cycles
followed by 0 or more write cycles with KLOCK# activated. In some cases a writeback (due
to replacement or snoop) may occur in the middle of such a sequence. During locked
operations, the MBC is responsible for ensuring that the 82498 does not see a snoop to the
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same cache line address as any of the reads or writes that are part of the sequence. The
specific window for which snooping is not allowed to the locked address(es) is defined as
follows:

KLOCK Window Definition
Start:  The BGT# of the first read for which KLOCK# is active with CADS#

End:  Once KLOCK# goes inactive, as long as BGT# was given for the last cycle for
which KLOCK# was active with CADS# (not including the CADS# of a Replacement Write
Back cycle).

WARNING

Proper operation cannot be guaranteed if this restriction is not met!

In order to insure that the above condition is met, system designers must compare the snoop
address to the locked address. If those addresses are in the same cache line, the snoop must
be blocked by the MBC. If the snoop and locked addresses are not in the same cache line, the
MBC can allow the snoop to complete.

22.3.4.1.  SNOOPING DURING SPLIT LOCKED CYCLES

If CSCYC is high with CADS#, the cycle is split. Split cycles have adjacent virtual
addresses, but the physical addresses seen on the address bus are not necessarily adjacent. It
is possible that the physical addresses might be split across a page boundary. Obviously, split
locked cycles add another level of complexity to determining if the locked and snoop
addresses are in the same cache line.

The system designer can ensure that all locked data is aligned within a single cache line (in
this case CSCYC=0 and there will never be split cycles!). If system software is not under the
complete control of the system designer, this may not be an option.

Before allowing snoops to occur during split locked cycles, system hardware designers must
be able to determine both of the physical addresses which the locked sequence will read and
write. If both addresses are known, snoops may be allowed to any other address. Snoops are
not allowed to the second address of a split locked sequence during accesses to the first
address and vice versa. BOTH addresses must be barred from snoops during the entire
sequence!

22.3.5. Snoop Write Back Cycles

Snoop write back cycles are generated by the 82498 Cache Controller in response to a snoop
from the MBC which hits a modified line in the 82498 Cache Controller / 82493 Cache
SRAM. Snoop write back cycles are requested by the 82498 Cache Controller by activation
of SNPADS# instead of CADS#. For these cycles, the 82498 Cache Controller only samples
the CRDY# MBC response. The 82498 Cache Controller assumes that the memory bus
controller owns the bus to perform the intervening write back and that no other agents will
snoop this cycle. This is called "Restricted Back-Off Protocol" because a snoop write back
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cycle cannot be aborted by the CPU or the MBC. Also, the 82498 Cache Controller will
ignore CNA# during snoop write backs (no subsequent cycle can be pipe-lined into a snoop
write back cycle). Figure 22-15 shows the 82498 Cache Controller cycle progress signals
required to request and complete a snoop write back cycle.

C55 OUTPUT SIGNALS

SNPADS#  CDTS#
N\

AW ‘\\.

v

TIME
CRDY#

C55 INPUT SIGNALS

CDBS0a

Figure 22-15. Cycle Progress for Snoop Write Back Cycles

In response to the snoop hit, the 82498 Cache Controller asserts the MHITM# signal and then
drives the SNPADS# signal. SNPADS# is provided because the MBC must receive indication
that a snoop write back must be serviced immediately, because some other device is waiting
for the data.

The 82498 Cache Controller places the snoop information in the snoop buffer and then drives
CDTS#. While the information is being placed in the buffer, the 82498 Cache Controller
performs inquires and back-invalidations to the Pentium processor (735\90, 815\100,
1000\120, 1110\133) cache to maintain inclusion. The 82498 Cache Controller will not drive
CDTS# active until all inquire cycles have completed on the CPU bus.

The MBC handles this cycle like a replacement write back cycle, providing four or eight
transfers to the 82493 Cache SRAM and no transfers to the CPU.

Snoop write back cycles are not pipe-lined into a preceding memory bus cycle, and no
memory bus cycle is pipe-lined into a preceding snoop write back cycle. Snoop writeback
cycles (not for the locked address but might be within a locked sequence) are treated much
the same as replacement write-back cycles (regarding KLOCK#). Any snoop write-back
cycle which is issued after the SWEND# of a locked line fill to the E or M states will not
have KLLOCK# active with the SNPADS#.
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22.3.6. Snoop Hit to [M] State
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NOTE:
1. In strobed mode, MOSTB instead of MBRDY indicates data transfer from the memory bus.

Figure 22-16. Snoop Hit to [M] State - Synchronous Snoop Mode

Figure 22-16 illustrates a snoop hit to the [M] state, using synchronous snooping mode; i.e.
requests for snoop are done via SNPSTB# which is sampled by the 82498 Cache Controller's
clock (not SNPCLK). Note that functionality of the 82498 and 82497 Cache Controllers is
the same in this case.
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In clock 1, SNPSTB# is activated indicating the 82498 Cache Controller has a request for
snooping. The 82498 Cache Controller checks that MAOE# is inactive in order to recognize
the snoop request. MAOE# is latched together with the snoop address (MSET[12:0],
MTAG]I11:0], MCFA[2:0], MCSL[1:0], MAP), SNPINV and SNPNCA. These signals are
latched by the 82498 Cache Controller's clock (not SNPCLK) rising edge, during SNPSTB#
assertion. The look-up is done immediately after SNPSTB# (clocks 2-3) since snoops have
the highest priority in the cache directory arbiter (tagRAM arbitration). SNPCYCH#, in clock
2, indicates that snoop look-up is in progress. The results of the look-up are driven to the
memory bus via MTHIT# and MHITM# signals. Since the snoop hits a modified line, both
signals are activated (clock 3). SNPBSY# is also driven active indicating the 82498 Cache
Controller is busy with CPU bus inquires or the 82493 Cache SRAM snoop buffer is full. The
82498 Cache Controller will accept snoops only when SNPBSY# is inactive.

Concurrently with the memory bus activity (snoop request), the CPU issues an ADS# of a
read miss cycle (clock 1). The 82498 Cache Controller issues CADS#, CDTS# and cycle
control signals to the MBC (clock 3). Note that the CPU request look-up is done with ADS#
(clocks 1-2), while the snoop request look-up is done one clock after SNPSTB# (clocks 2-3).
The MBC samples CADS# active and waits for the memory bus to execute the pending
cycle.

In clock 5, the 82498 Cache Controller issues SNPADS# and cycle control signals to the
MBC indicating a request to flush a modified line out of the cache. SNPADS# activation
causes the MBC to abort the pending cycle. It is the 82498 Cache Controller's responsibility
to re-issue the aborted cycle after the completion of the write back, since BGT# had not yet
been activated on the CLK when SNPSTB# was sampled active.

The 82498 Cache Controller issues AHOLD (clock 5) causing the CPU to float its address
lines. The 82498 Cache Controller issues WBWE#, WBTYP and WBA. WBTYP and WBA
would be active (high) indicating to the 82493 Cache SRAM that a snoop hit to the ARRAY
occurred. The 82493 Cache SRAM performs an ARRAY read cycle in clock 6 and thus
requires stable address and WAY at that time. Data is loaded into the 82493 Cache SRAM
snoop buffer one clock after the ARRAY read cycle.

The 82498 Cache Controller drives the snoop address to the CPU bus (clocks 8-16). EADS#
is activated (clock 8) in order to inquire the CPU. Since SNPINV was sampled inactive while
SNPSTB# (clock 1), the 82498 Cache Controller issues an inactive INV with EADS#. Thus
modified data from the CPU (clocks 14-17) will be written into both the ARRAY and snoop
buffer. HITM# is activated in clock 10 indicating that the line has been modified in the CPU
cache. AHOLD remains active until the inquire sequence completion. Thus AHOLD is
deactivated in clock 18 after BLAST#BRDYC# of the Pentium processor (735\90, 815\100,
1000\120, 1110\133) write-back cycle. If HITM# would be sampled inactive in clock 10
then AHOLD would be deactivated one clock after that, i.e. in clock 11.

Since the CPU waits for the read miss (cycle A) to be completed in order to provide the
modified data, and the MBC waits for the memory bus to execute the pending read miss (i.e.
82498 Cache Controller write-back has to be completed), a deadlock occurs. To avoid this
deadlock, the 82498 Cache Controller issues BOFF# in clock 11, causing the CPU to abort
the read miss cycle. After BOFF# is deactivated (clock 12), the CPU issues a write-back
cycle (ADS# in clock 13) in order to flush the modified data out of the cache. The 82498
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Cache Controller provides BRDY#'s to the CPU in clocks 14-17. Note that WRARR# is
activated, indicating to the 82493 Cache SRAM that it must write the data to the ARRAY.
With the BLAST#/BRDYC# going inactive, the 82498 Cache Controller activates CDTS#
(clock 17) indicating to the MBC that data is available in the snoop buffer.

The CPU does not guarantee that the same cycle which was aborted will be issued after
completing the inquire sequence. Thus, BLEC# is activated together with the BOFF# (clock
11). BLEC# is deactivated again (clock 20) after sampling the re-issued (in this example)
ADS# in clock 19.

After the Pentium processor (735\90, 815\100, 1000\120, 1110\33) write-back has
completed (clock 17), the CPU issues (in this example, re-issues) the read miss cycle (clock
19). In clock 21 the MBC activates CRDY# indicating the 82498 Cache Controller the
completion of the write-back cycle on the memory bus. As a result, the 82498 Cache
Controller deactivates SNPBSY# (clock 22) and issues the pending read miss cycle (activates
CADS#, CDTS# in clock 22).

22.3.7. Snoop Hit to LAR (Synchronous Snoop Mode)
Figure 22-17 shows the case when a snoop request hits the LAR (LOCKed Address Register).

In clock 1 SNPSTB# is activated with the snoop parameters (SNPNCA and SNPINV). On the
clock of SNPSTB# the internal LAR is valid. This valid LAR means that the 82498 is
executing a LOCKed cycle that is served internally by the 82498 and is not driven to the bus.
The snooped address is compared to the LAR, if the result of this comparison is a match the
snoop address hits the LAR.

In this case when the external system requests a snoop to the LOCKed address it is the
82498's responsibility to block this snoop execution. The blocking of the snoop is done by
activating the SNPBSY# signal to the system, as seen in clock 3, and NOT activating the
SNPCYC# signal, since the snoop lookup is NOT performed at this point. When the LAR is
not valid anymore, it means the lock sequence from the CPU is ended and the 82498 can
execute the snoop lookup. In clock 12 SNPCYCH# is active to show the snoop lookup is done
in this clock. In the next clock (13) the MTHIT# and MHITM# are valid and can be sampled
by the system. Since the snoop hits a modified line (since the snoop was a hit to the LAR
the line will be in M state at the end of the lock sequence) the SNPBSY# will stay active
until the snoop write back cycle is executed.

NOTE: In this case SNPCYC# and SNPBSY# will be active in the same clock, as seen in
clock 12, (this is not possible in the 82497/82492).
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CHAPTER 23
Electrical Specifications

23.1. POWER AND GROUND

The 82498 Cache Controller has 65 Vcc (3.3V power), 3 Vece5 (5V power), and 78 Vss
(ground) inputs; the 82493 Cache SRAM has 8 Vcc (3.3V power), 1 Vcc5 input and 9 Vsg
(ground) inputs. Power and ground connections must be made to all external Vcc and Vsg
pins of the Pentium processor (735\90, 815\100, 1000\120, 1110\133), 82498 Cache
Controller, and 82493 Cache SRAM. On the circuit board, all Vcc pins must be connected to
a Vcc plane. For both the 82498 Cache Controller and 82493 Cache SRAM, 5V reference
input pins are required. All Vgs pins must be connected to a Vsg plane.

23.2. DECOUPLING RECOMMENDATIONS

Liberal decoupling capacitance should be placed near the Pentium processor (735\90,
815\100, 1000\120, 1110\133) and 82498 Cache Controller/82493 Cache SRAM second level
cache. The CPU cache chip set driving its address and data buses at high frequencies can
cause transient power surges, particularly when driving large capacitive loads.

Low inductance capacitors (e.g. surface mount capacitors) and interconnects are rec-
ommended for best high frequency electrical performance. Inductance can be reduced by
connecting capacitors directly to the Vcc and Vss planes, with minimal trace length between
the component pads and vias to the plane. Capacitors specifically for PGA packages are also
commercially available.

These capacitors should be evenly distributed among each component. Capacitor values
should be chosen to ensure they eliminate both low and high frequency noise components.

23.3. CONNECTION SPECIFICATIONS
All NC pins must remain unconnected.

For reliable operation, always connect unused inputs to an appropriate signal level. Unused
active low inputs should be connected to Vcc. Unused active high inputs should be
connected to ground.
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Table 23-1 is a stress rating only. Functional operation at the maximum ratings is not
guaranteed. Functional operating conditions are given in the AC and DC specification tables.

Extended exposure to the maximum ratings may affect device reliability. Furthermore,
although the Pentium processor (735\90, 815\100, 1000\120, 1110\133), 82498 Cache
Controller, and 82493 Cache SRAM contain protective circuitry to resist damage from static
electric discharge, always take precautions to avoid high static voltages or electric fields.

Table 23-1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Storage Temperature -65 150 degC
Case Temperature Under Bias -65 110 degC
Vee3 3 V Supply Voltage with -0.5 4.6 \"
respect to Vss
Vec5 5V Supply Voltage with -0.5 6.5 \Y
respect to Vss
Vin3 3V Only Buffer DC Input -0.5 Vee3+0.5 not \Y
Voltage (Internal Interface) to exceed
Vee3-max
VinsB 5V Safe Buffer DC Input -0.5 Vee5+0.3 not \Y
Voltage to exceed
5.55
23-2
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23.5. DC SPECIFICATIONS
Table 23-2. DC Specifications

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

VCC3 =3.135-3.6V, VCCS =5V + 5%, TCASE =0to+85°C
Symbol Parameter Min Max Unit Notes
Vi Input Low Voltage -0.3 +0.8 Vv TTL Level (6) (13)
ViH Input High Voltage 20 Vcc5+0.3 Vv TTL Level (6) (13)
VoL Output Low Voltage 0.4 \Y TTL Level (1) (6)
VoH Output High Voltage 24 \" TTL Level (2) (6)
lec Power Supply Current 730/680 mA CC 66/60 MHz (7), (4)
420/390 CS 66/60 MHz (3), (9)
I Input Leakage Current +15 uA 0<ViN< Vec (8)
Lo Output Leakage Current +15 uA 0 < Vourt < Vee (8)
Tristate

IR Input Leakage Current -400 uA Vin =04V, (5)
I Input Leakage Current 200 uA ViN =24V, (10)
Cin Input Capacitance 15 pF PP, (11) (12)

11 pF CC, (11) (12)

5 pF Cs, (11) (12)
Co Output Capacitance 20 pF PP, (11) (12)

22 pF CC, (11) (12)

- pF CS, (11) (12)
Ci/o I/0 Capacitance 25 pF PP, (11) (12)

17 pF CC, (11) (12)

10 pF Cs, (11) (12)
Cclk CLK Input Capacitance 7 pF PP, (11) (12)

7 pF CC, (11) (12)

7 pF CS, (11) (12)
CTIN Test Input Capacitance 15 pF PP, (11) (12)

9 pF CC, (11) (12)

5 pF CS, (11) (12)
CtouT Test Output Capacitance 15 pF PP, (11) (12)

14 pF CC, (11) (12)

7 pF CS, (11) (12)
CTCK Test Clock Capacitance 7 pF PP, (11) (12)

9 pF CC, (11) (12)

5 pF CS, (11) (12)
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NOTES:
More accurate data about parasitics appears in Table 23-14 & Chapter 24.

V5REF pins must be connected to Vcc 5V power supply, if 5V tolerant I/0 is required. V5REF pins can
alternatively be connected to Vcc power supply, if the system drives the 82498/82493 with 3.3V signals
only.

(1) Parameter measured at 4mA load.

For MCFA2-MCFAO, MSET12-MSET0, MTAG11-MTAGO, and MCSL1-0, this parameter is measured at
12 mA load.

(2) Parameter measured at 1mA .

For MCFA2-MCFAQ, MSET12-MSETO0, MTAG11-MTAGO, and MCSL1-0, this parameter is measured at 2
mA load.

(3) 82493 cache SRAM Icc may be considerably less depending on cycle mix. (For example, idle clocks only
require approximately 75mA)

(4) Typical 82498 cache controller Supply current is 630 mA at 66 MHz and 580 mA at 60 MHz.
(5) This parameter is for input with pull-up.

(6) TTL levels used for external interface signals.

(7) Worst case average Icc for a mix of test patterns.

(8) This parameter is for input without pull-up or pull-down.

(9) Typical 82493 Cache SRAM supply current is 320 mA at 66 MHz and 280 mA at 60 MHz, assuming a
typical cycle mix of: 50% Read Hit - MRU Hit Burst=4, 20% Write Hit Burst=4, 30% Idle.

(10) This parameter is for input with pull-down.

(11) For additional granularity, refer to the 1/O models.

(12) Not 100% tested. Guaranteed by design/characterization.

(13) Vi min and V|4 max are not 100% tested. Guaranteed by design/characterization.
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23.6. AC SPECIFICATIONS

The AC specifications consist of two sections, Optimized and External interface
specifications.

23.6.1. Optimized Interface

The optimized interface is the high-performance interconnect between the Pentium processor
(735\90, 815\100, 1000\120, 1110\133), 82498 Cache Controller and 82493 Cache SRAM.
This interface is tuned for the known configuration options of the chip set and includes
specially designed (non-standard) input and output buffers optimized for the defined
electrical environment of each signal path. The specification of this interface is also non-
standard; this section describes the signal flight times, signal quality and buffer type
parameters used throughout this interface.

The specifications that follow define the requirements of each path in the optimized
interface. As outlined in Table 23-3 there are three classes of specifications: flight time to
guarantee signal timing; signal quality to guarantee reliable operation; and, buffer models to
specify complete flight time and signal quality. Tables 23-3 to 23-8 define the optimized
interface for the 1 Mbyte and 2 Mbyte configurations of the CPU-Cache Chip Set.

Intel provides a reference layouts that are designed to meet maximum frequency operation.
Contact Intel for more information.

Table 23-3. Three Specification Classes, Their Purpose and the New Parameters

Specification Class

Purpose

Parameters

Flight Time and Signal
Quality

Flight Time Guarantee Timing Maximum Flight Time
Signal Quality Guarantee Reliable Absolute Maximum Signal Overshoot (Undershoot)
Operation Maximum Group Average Overshoot (Undershoot)

Absolute Maximum Time Beyond the Supply
Maximum Group Average Time Beyond the Supply
Maximum Signal Ring-back
Maximum Settling Time

Buffer Models Completely Specify Cin - Input Capacitance

Lp - Package Inductance

Cp - Package Capacitance

dV/dt - Voltage source rate of change
Ro - Output impedance

Co - Output Capacitance

23-5




]
Electrical Specifications I ntGI ®

23.6.2. Flight Time Specification

Flight time is the difference in output delay measured between a loaded and an unloaded
output buffer.

The most straight forward definition of flight time is the time difference between the loaded
and unloaded output signals at the 50% Vcc voltage level as illustrated in Figure 23-1 (50%
Vcc is the normal CMOS switching threshold. The loaded delay must be measured at the last
receiver to cross this threshold). This delay is called the 50% delay time.

Unfortunately, it is also necessary to measure delays to the 65% Vcc voltage level (or 35%
Vc for falling transitions). This is due to differences between waveforms generated in the
actual system and for an unloaded buffer, which are caused by the transmission line nature of
the system environment. Delays measured to the 65% Vcc level must be extrapolated back
to the 50% Vcc level using a line with a 1V/nS slope, as shown in Figure 23-2. This delay is
called the 65% delay time.

Flight time is defined as the greater of the 50% delay or that obtained by extrapolation
from the 65% delay.

Signal Level /\

/ \

A / \ —
Driver y‘in with 0\3F Load
Vee |- ""7/' Pz
, N
/
85%Vee |- /- - / R
/ 50% Delay |
/ Flight Time,
50% Ve |-/ S e S
! |
/
{ i
35% Vec / T
| At Receiver Pin
/
/
Vss / >
Time

CDB70

Figure 23-1. Determination of Flight Time

Figure 23-1 shows determination of flight time based on the 50% Vcc level measurement of
a 0 pF load output with reference to the 50% Vcc level of the receiver pin. The 50% Vcc to
65% Vcc rise time is faster than 1 volt/nS in this example.
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Signal Level
A .
Driver Pin with 0 pF @q\/\/\/‘
vee | - /
/ |
%Vee | /- -~ - -
/" 65% Delay
/ Flight Ti
50% Ve | -

1 Volt/nsec
Reference Slope

35%VCCA\ . e

I i At Receiver Pin

Time

CcDB71

Figure 23-2. Derating the Flight Time

In a system environment it will not usually be possible to measure the delay of an unloaded
driver. Figure 23-3 shows the method for measuring flight time in a system environment. As
shown, the voltage measured at the pin of the loaded driver will have a ledge near the center
of the transition. According to transmission line theory, the time required to reach half the
voltage level of the ledge is equivalent to the time required for an unloaded driver to reach
the 50% Vcc level. The oscillation (if any) seen at the ledge defines the measurement
uncertainty for this technique.

To measure flight time via this technique, first measure the maximum and minimum voltages
of the ledge and take the average of these two values, (VMax + VMIN) / 2 to arrive at the
ledge voltage. Finally, divide the ledge voltage by two, (Vmax + VMIN) / 4. The result is the
voltage level that approximately corresponds to the point in time at which an unloaded
driver's signal would reach the 50% Vcc level. The flight time is determined by measuring
the difference in time between the (Vmax + VMIN) / 4 point and the extrapolated 50% point
at the receiver. The uncertainty of this technique is the time difference between the Vyn/2
and VMax/2 points.
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Signal Level

1 Volt/nsec

Reference Slope

VMAX
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(Viax*Va)/4 _|
35% Ve

[ I

/ / At Receiver Pin
H

L >

Time

CDB72

Figure 23-3. In-System Measurement of Flight Time

Table 23-4 describes the maximum flight time and clock skew specifications. Table 23-5 to
Table 23-8 list the flight time and maximum clock skew specifications for each driver-
receiver network in the optimized interface. For each net, the driver first order output buffer

model type and receiver
buffer types listed in the
type is selected using
1110\33)) and CLDRV

input buffer model type are also listed. Some signals have two
"Driver Buffer Type" column. These are the signals whose buffer
BUSCHK# (Pentium processor (735\90, 815\100, 1000\120,
(82498 Cache Controller). The first entry corresponds to driving

these configuration signals HIGH during RESET and the second to driving them LOW.

Table 23-4. Description of Maximum Flight Time and Clock Skew

Parameter

Description

Maximum Flight Time

Maximum time delay for a signal to reach the receiving component referenced
from the driving component's pin, when the driver is unloaded. It includes the
time to traverse the PC board trace and any added output delay on the output
buffer due to the trace and receiving component loading and is dependent on
rise time at the receiving component.

Maximum Clock Skew

Maximum clock skew is the difference in time of the clock signal arriving at dif-
ferent components. It is measured at 0.8V, 1.5V, and 2.0V.
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23.6.2.1. FLIGHT TIMES

Table 23-5 to 23-8 list the flight times and clock skew for the CPU Cache Chip Set. All
external interface specifications remain unchanged.

Note that the flight time specifications listed below are for both 1 and 2 Mbyte configurations
of the CPU Cache Chip Set. In a 2 Mbyte system the large buffer’s mode is recommended
and in a 1 Mbyte system the smaller buffer’s. (See Table 21-1. Pentium processor (735\90,
815\100, 1000\120, 1110\133) Chip Set Initialization Recommendations.)

Please note that the hardware interconnections should be taken from Table 20-12.

Table 23-5. Signal Group: CPU to Cache RAM (CPU-CRAM)

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Max Min

CLK Flight Max Flight

Skew Time | Time 60/66 MHz | Driver Buffer Receiver

Driver Receiver (nS) (nS) (nS) Type Buffer Type

PP D0-D63 CS CDATAO0-7 0.6 0.8 2.0 ZD2 ZR10
PP DPO-7 CS CDATAO-3 0.6 0.8 2.0 ZD2 ZR10
CS CDATA0-7 | PP D0-D63 0.6 0.8 2.3 ZD10 ZR4
CS CDATAO0-3 | PP DP0-7 0.6 0.8 2.3 ZD10 ZR4
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Table 23-6. Signal Group: CPU to Cache (CPU-Cache)

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

intal.

Max Min
CLK Flight Max Flight
Skew Time | Time 60/66 MHz | Driver Buffer Receiver
Driver Receiver (nS) (nS) (nS) Type Buffer Type
PP A3-A4 CC CSLoO-1 0.2 0.8 3.7 ZD6a/ZD6 ZR8
PP A5-A6 CC CFA1-2 0.2 0.8 37 ZD6a/ZD6 ZR8
PP A7-A19 | CC SET0-12 0.2 0.8 37 ZD6a/ZD6 ZR8
PP A3-A19 CS A0O-A16 0.6 0.8 37 ZD6a/ZD6 ZR9
CC CSLO-1 PP A3-A4 0.2 0.8 11.2 D7 ZR6
CC CFA1-2 PP A5-A6 0.2 0.8 11.2 ZD7 ZR6
CC SETO0-12 PP A7-A19 0.2 0.8 11.2 ZD7 ZR6
CC CSLO-1 CS A0-A1 0.6 0.8 115 zD7 ZR9
CC CFA1-2 CS A2-A3 0.6 0.8 11.5 zD7 ZR9
CC SET0-12 CS A4-A16 0.6 0.8 11.5 D7 ZR9
PP W/R# CC W/R# 0.2 0.8 3.6 ZD5a/ZD5 ZR7
PP W/R# CS W/R# 0.6 0.8 3.6 ZD5a/ZD5 ZR9
PP HITM# CC HITM# 0.2 0.8 3.6 ZD5a/ZD5 ZR7
PP HITM# CS HITM# 0.6 0.8 3.6 ZD5a/ZD5 ZR9
PP ADS# CS ADS# 0.6 0.8 3.3 ZD5a/ZD5 ZR9
PP BEO-7# CS BE# 0.6 0.6 2.8 ZD1 ZR9
PP BEO-7# CS CDATA4-7 0.6 0.6 2.8 ZD1 ZR10
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Table 23-7. Signal Group: CPU to Cache Controller (CPU-CCTL)

Electrical Specifications

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Max Min
CLK Flight Max Flight
Skew Time | Time 60/66 MHz | Driver Buffer i
Driver Receiver (nS) (ns) (nS) Type Receiver
Buffer Type
PP A20-A21 CC TAGO-3 0.2 0.6 1.8 ZD6a/ZD6 ZR8
PP A22-A30 CC TAG4-11 0.2 0.6 1.8 ZD3 ZR8
PP A31 CC CFA0 0.2 0.6 1.8 ZD3 ZR8
CC TAGO-3 PP A20-A21 0.2 0.6 3.2 zD7 ZR6
CC TAG4-11 PP A22-A29 0.2 0.6 32 zD7 ZR5
CC AP PP AP 0.2 0.6 32 zD7 ZR3
CC CFAO PP A31 0.2 0.6 3.2 zD7 ZR5
PP AP CC AP 0.2 0.6 1.5 ZD4 ZR8
PP SCYC CC SCYC 0.2 0.6 15 ZD1 ZR7
PP PWT CC PWT 0.2 0.6 1.5 ZD1 ZR7
PP PCD CC PCD 0.2 0.6 1.5 ZD1 ZR7
PP M/IO# CC M/IO# 0.2 0.6 1.5 ZD1 ZR7
PP D/C# CC D/C# 0.2 0.6 15 ZD1 ZR7
PP LOCK# CC LOCK# 0.2 0.6 15 ZDA1 ZR7
PP CACHE# CC CACHE# 0.2 0.6 15 ZDA ZR7
PP ADSC# CC ADSH# 0.2 0.6 1.5 ZD1 ZR7a
CC AHOLD PP AHOLD 0.2 0.6 15 ZD8 ZR1
CC EADS# PP EADS# 0.2 0.6 1.5 ZD8 ZR1
CC KEN# PP KEN# 0.2 0.6 15 ZD8 ZR1
CC BRDYC1# | PP BRDYC# 0.2 0.6 15 ZD8 ZR2
CC WBWT# PP WBWT# 0.2 0.6 15 ZD8 ZR1
CC INV PP INV 0.2 0.6 1.5 ZD8 ZR1a
CC NA# PP NA# 0.2 0.6 15 ZDg' ZR1
CC EWBE# PP EWBE# 0.2 0.6 15 ZD8 ZR1
CC BOFF1# PP BOFF# 0.2 0.8 15 ZD8 ZR1
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Table 23-8. Signal Group: Cache Controller to Cache RAM (CCTL-CRAM)

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Max Min

CLK Flight Max Flight

Skew Time | Time 60/66 MHz | Driver Buffer Receiver

Driver Receiver (nS) (nS) (nS) Type Buffer Type

CC BOFF2# CS BOFF# 0.6 0.8 32 ZD9a/ZD9 ZR9
CC BLAST# CS BLAST# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC WRARR# CS WRARR# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC WAY CS WAY 0.6 0.8 3.2 ZD9%a/ZD9 ZR9
CC MCYC# CS MCYC# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC MAWEA# | CS MAWEA# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC BUS# CS BUS# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC WBA CS WBA 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC WBWE# CS WBWE# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC WBTYP CS WBTYP 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC BRDYC2# |CS BRDYC# 0.6 0.8 3.2 ZD9a/ZD9 ZR9
CC BLEC# CS BLEC# 0.6 0.8 25 ZD9a/ZD9 ZR9

23.6.3. Signal Quality Specifications

All signals in the optimized interface must meet signal quality specifications when the signal
reaches the input of a chip. There are 2 signal quality specifications to meet when simulating
a signal's behavior: Ringback (or Overshoot), and Group Average Overshoot. There is also a
Settling time guideline to make sure the ringing of the signal does not impact the
simulations. Figure 23-4 illustrates the parameters used to verify acceptable signal quality.
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Figure 23-4. Driver and Receiver Signal Waveforms Showing Signal Quality Parameters

23.6.4. Ringback

Ringback is the result of the input overshooting Vcc (or undershooting Vss).

Ringback specifications may be met with the diodes included or excluded from the input
buffer model. If not included, the Ringback specification may be guaranteed by meeting the
Overshoot specification.

The Overshoot specification is used to guarantee ringback if ringback cannot be simulated
with diodes included in the model. If ringback is simulated, the Overshoot specification may
be ignored. When simulating Overshoot, the diodes (and Rs) must be removed from the
input buffer model.

23.6.5. Settling Time

The settling time is defined as the time a signal at the receiver settles within 10% of Vcc or
Vss.
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Most available simulation tools are unable to simulate settling time so that it accurately
reflects silicon measurements. On a physical board, second order effects and other effects
serve to dampen the signal at the receiver. Because of all these concerns, settling time is a
recommendation or a tool for layout tuning and not a specification.

Settling time is simulated at the slow corner. Settling time may be simulated with the diodes
included or excluded from the input buffer model. If diodes are included, Settling Time
recommendations will be easier to meet.

Although simulated settling time has not shown good correlation with physical measured
settling time, settling time simulations can still be used as a tool to tune layouts.

Use the following procedure to verify board simulation and tuning with concerns for settling
time.

1. Simulate settling time at the slow corner for a particular signal.

2. If settling time violations occur (signal requires more than 12.5 nS to settle to +/- 10% of
its final value), simulate signal trace with DC diodes in place at the receiver pin.

3. If settling time violations still occur, simulate flight times for 5 consecutive cycles for that
particular signal.

4. If flight time values are consistent over the 5 cycles, settling time should not be a concern.
If, however, flight times are not consistent over the 5 cycles, tuning of the layout is
recommended.

5. Note that, for signals that are allocated 2 cycles for flight time, the recommended settling
time is doubled.

Table 23-9. Specifications for Signal Quality

Parameter Description Specification
Maximum Absolute value of the maximum voltage at the 65% Vce3 (low to high)
Signal receiving pin below Vcc (or above Vss) relative o .
Ringback to Vce (or Vsg) level after the signal has 35% Vce3 (high to low)

reached its maximum voltage level.
Absolute Absolute value of the maximum voltage at the 2.6 Volts
Maximum receiving pin above Vcc (or below Vsg) relative
Signal to Ve (or Vss) level. (Assumes input diodes
Overshoot are not present.)
(Undershoot)
Maximum Time Maximum time a signal may exceed Vcc (or 7nS
Beyond Supply Vss). This value is ignored if overshoot does
not exceed 0.5 volts.
Maximum Total time required for a signal to settle within 12.5nS
Settling Time 10% of its final value referenced from the
(guideline) unloaded driver's initial crossing of the 50% Vcc
level.
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23.6.6. EXTERNAL INTERFACE

The external interface is the interface between the chip set components and the memory bus
controller, memory address bus, and memory data bus. Intel supplies buffer models for this
interface to aid system designers in simulating this section of their design. Unlike the
optimized interface, Intel supplies the AC specifications of output valid delay and input setup
and hold times.

Tables 23-10 to 23-13 list the 60 and 66 MHz AC specifications associated with the chip set's
external interface signals.

All timings are referenced to 1.5 volts for both "0" and "1" logic levels unless otherwise
specified. Within the sampling window, a synchronous input must be stable for correct
Pentium processor (735\90, 815\100, 1000\120, 1110\133), 82498 Cache Controller, and
82493 Cache SRAM operation.

Care should be taken to read all notes associated with a particular timing parameter. In
addition, the following list of notes apply to the timing specification tables in general and are
not associated with any one timing. They are 6, 13, 14, 15, 37, 47, 48, and 50.

Also, the cache controller memory address buffers and the cache memory data buffers (and
MBE# & TDO) are 5V tolerant buffers. If these buffers have to discharge voltage over 3.7V,
output impedance is increased. In this case the Simplified Electrical Model (SEM)
characteristics must be taken from Table 24-8 for flight simulations.

I 23-15



Electrical Specifications

23.7. AC SPECIFICATIONS
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Table 23-10. CPU Cache Chip Set Common Timings

Vee3 = 3.135-3.6V, Vg5 =5V +/- 5%, Tcase = 0 to 85 °C, CL = 0 pF
60 MHz 66 MHz
Parameter Min | Max Min | Max | Unit | Fig. Notes

t1 [ CLK Frequency 30.0 [|60.0 |33.33 |66.66 |MHz 1X clock, (1), (49)

2 | CLK Period 16.67 | 33.3 150 [30.0 }nS 5-5

t3 | CLK High Time 4.0 4.0 nS 5-5 | (2), (46)

t4 CLK Low Time 4.0 4.0 nS 5-5 | (3), (46)

t5 | CLK Rise Time 0.15 |15 0.15 |15 nS 5-5 | (4), (46)

t6 | CLK Fall Time 015 (15 015 |15 nS 5-5 | (4), (46)

t7 | CLK Stability +/-250 +/-250 | pS (18), (19), (20), (21),
(46)

t8 | RESET Setup Time 5.0 5.0 nS 5-9 | To guarantee
recognition on a given
CLK edge. (11), (16),
(17), (22)

t9 | RESET Hold Time 1.0 1.0 nS 5-9 | To guarantee
recognition on a given
CLK edge. (11), (23)

t10 | RESET Pulse Width, CLK | 15.0 15.0 CLKs [5-9 |(11),(17)

and Vcc Stable
t11 | INIT Pulse Width, Async. 2.0 20 CLKs (17), (53)
t13 | RESET Active After CLK 1.0 1.0 mS 5-9 [ Power Up (11), (12)
and Vcc Stable

t20 | TCK Period 62.5 62.5 nS 5-5

t21 | TCK Frequency 16.0 16.0 MHz

t22 | TCK High Time 25.0 25.0 nS 5-56 | (2), (46)

23 | TCK Low Time 25.0 25.0 nS 5-5 | (3), (46)

t24 | TCK Rise Time 5.0 5.0 nS 5-5 |(4),(8),(9)

25 | TCK Fall Time 5.0 5.0 nS 5-5 |(4),(8),(9)
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Table 23-10. CPU Cache Chip Set Common Timings (Contd.)

Vce3 =3.135-3.6V, Vee5 =5 V +- 5%, Tcase = 0 to 85 °C, C = 0 pF

60 MHz 66 MHz
Parameter Min | Max | Min | Max | Unit | Fig. Notes

t28 | TRST# Pulse Width 40.0 40.0 nS 5-15 | (46), Asynchronous
t29 [ TDI, TMS Setup Time 5.0 5.0 nS 5-14 | (7)
t30 | TDI, TMS Hold Time 13.0 13.0 nS 5-14 | (7)
t31 | TDO Valid Delay 30 [200 |30 [200 |nS |5-14|(1),(8)
32 | TDO Float Delay 25.0 250 |nS 5-14 | (1), (8), (46)
133 | All Non-Test Outputs Valid 3.0 200 |3.0 200 |nS 5-14 | (8), (10)

Delay
134 | All Non-Test Outputs Float 25.0 250 |nS 5-14 | (8), (10), (46)

Delay
t35 | All Non-Test Inputs Setup Time | 5.0 5.0 nS 5-14 | (7), (8), (51)
t36 | All Non-Test Inputs Hold Time | 13.0 13.0 nS 5-14 | (7), (8), (51)

Table 23-11. Pentium® Processor (735\90, 815\100, 1000\120, 1110\133) Memory Bus
Interface Timings

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

V3 = 3.135-3.6V, Vg5 =5 V +/- 5%, Tcase = 0 to 85 °C, C = 0 pF

60 MHz 66 MHz
Parameter Min | Max | Min | Max | Unit | Fig. Notes
t40 | Reset Configuration Signals 5.0 5.0 nS 5-9 |(16), (17), (22)
(INIT, FLUSH#, FRCMC#) Setup
Time
t41 | Reset Configuration Signals 1.0 1.0 nS 59 |(23)
(INIT, FLUSH#, FRCMC#) Hold
Time
t42 | Reset Configuration Signals 2.0 2.0 CLKs | 5-9 | To RESET falling
(INIT, FLUSH#, FRCMC#) Setup edge, (16)
Time, Async.
t43 | Reset Configuration Signals 20 2.0 CLKs | 5-9 | To RESET falling
(INIT, FLUSH#, FRCMC#, edge, (52)
BRDYC#, BUSCHK#) Hold Time,
Async.
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Table 23-11. Pentium® Processor (735\90, 815\100, 1000\120, 1110\133) Memory Bus
Interface Timings (Contd.)

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Vee3 = 3.135-3.6V, Vec5 =5V +/- 5%, Tcase = 0 to 85 °C, C = 0 pF

60 MHz 66 MHz
Parameter Min | Max | Min | Max | Unit | Fig. Notes
t50 | HLDA Valid Delay 1.0 8.0 1.0 6.8 nS 5-6 | (5)
t51 | BREQ Valid Delay 1.0 8.0 1.0 6.8 nS 5-6
t52a | APCHK#, FERR#, IERR# Valid | 1.0 8.3 1.0 8.3 nS 5-6 |(5)
Delay
t52b | PCHK# Valid Delay 1.0 7.0 1.0 7.0 nS 5-6 |(5)
t54 | PMO-1, BP0-3 Valid Delay 1.0 100 |1.0 100 |nS 5-6
55 | INIT, A20M#, FLUSH#, IGNNE#, | 5.0 5.0 nS |57 |(16),(17), (22)
NMI, INTR, Setup Time
156 | INIT, A20M#, FLUSH#, IGNNE#, | 1.0 1.0 nS 5-7 | (23)
NMI, INTR, Hold Time
157 | INIT, FLUSH#, IGNNE#, NMI, 2.0 2.0 CLKs (17), (53)
Pulse Width, Async
t58 | PEN#, BUSCHK# Setup Time 5.0 4.8 nS 5-7
159 | PEN#, BUSCHK# Hold Time 1.0 1.0 nS 57
t60 | HOLD Setup Time 5.0 4.8 nS 5-7
t61 | HOLD Time 15 1.5 nS 5-7
t62 | BRDY# Setup Time 5.0 5.0 nS 5-7
t63 | BRDY# Hold Time 1.0 1.0 nS 5-7
t64 | R/S#, SMI# Setup Time 5.0 5.0 nS |57 |[(16),(17), (22)
t65 | R/S#, SMI# Hold Time 1.0 1.0 nS 57 |(23)
t66 | R/S#, SMi# Pulse Width, Async | 2.0 2.0 CLKs (17), (53)
t67a | SMIACT# Valid Delay 1.0 7.6 1.0 7.3 nS 5-6
t67b | PRDY Valid Delay 1.0 8.0 1.0 8.0 nS 5-6
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Table 23-12. 82498 Cache Controller Memory Bus Interface Timings

Vce3 =3.135-3.6V, V5 =5V +/- 5%, Tcase =0 to 85 °C, Cp = 0 pF

60 MHz 66 MHz
Parameter Min | Max | Min | Max || Unit | Fig. Notes
t70 | CFG0-2, CLDRV, HIGHZ#, MALDRV, |6.5 6.0 nS 5-9 | (12), (22),
SLFTST#, SNPMD, WWOR#, (36)
FLUSH#[Vcc], ADDLOCK Setup Time
t71 | CFGO0-2, CLDRV, HIGHZ#, MALDRYV, | 1.0 1.0 nS 5-9 | (12), (23),
SLFTST#, SNPMD, WWOR#, (36)
FLUSH#[Vcc], ADDLOCK Hold Time
t72 | CFGO0-2, CLDRV, HIGHZ#, MALDRV, | 10.0 10.0 CLKs |5-9 |(12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc], ADDLOCK Setup Time
Referenced to Falling Edge of RESET
t73 | CFG0-2, CLDRYV, HIGHZ#, MALDRYV, |0.0 0.0 CLKs |5-9 | (12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc), ADDLOCK Hold Time
Referenced to Falling Edge of RESET
t75 | FLUSH#, SYNC# Setup Time 6.5 6.0 nS 5-7 | (34)
t76 | FLUSH#, SYNC#, Hold Time 1.0 1.0 nS 5-7 | (34)
t77 | FLUSH#, SYNC#, Pulse Width, Async | 2.0 2.0 CLKs
t80 | CADS#, CDTS# Valid Delay 1.3 9.2 1.3 8.2 nS 5-6 | Glitch Free
t81 | KLOCK#, MCACHE#, RDYSRC Valid | 1.3 9.2 13 8.2 nS 5-6 | KLOCK# is
Delay Glitch Free
t82 | CW/R#, CD/C#, CMI/O# Valid Delay 1.3 9.2 1.3 8.2 nS 5-6
t83 | CPWT, CPCD, CCACHE#, CSCYC 1.3 9.2 1.3 8.2 nS 5-6
Valid Delay
t84 | CAHOLD, CWAY, PALLC# Valid Delay | 1.3 9.2 1.3 8.2 nS 5-6
t85 | FSIOUT# Valid Delay 13 9.2 1.3 8.2 nS 5-6
t86 | NENE#, SMLN# Valid Delay 13 130 |13 120 | nS 5-6
t87 | APERR#, IPERR#, MAPERR# Valid 1.3 9.2 1.3 8.2 nS 5-6 | Glitch Free
Delay
t88 | APIC# Valid Delay 1.3 130 |13 120 [[nS 5-6
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Table 23-12. 82498 Cache Controller Memory Bus Interface Timings (Contd.)

V3 = 3.135-3.6V, Voe5 =5 V +/- 5%, Tcase = 0 to 85 °C, C = 0 pF

60 MHz 66 MHz
Parameter Min | Max | Min | Max Unit | Fig. Notes

t89 | BLE# Valid Delay 13 9.2 13 |82 nS 5-6 |(35)

190 | MCFA0-2, MSETO0-12, MTAGO- | 1.3 120 |13 |[11.0 |nS 5-6 |(25), (43)
11, MAP Valid Delay

191 | MCFAO0-2, MSETO0-12, MTAGO- | 1.3 120 |13 (110 |nS 5-10 | (26), (43)
11, MAP Valid Delay

t92 | MCFA0-2, MSET0-12, MTAGO- | 1.3 11.0 |13 (100 |nS 5-10 | (27), (43)
11, MAP Valid Delay

t93 | MCFA0-2, MSETO0-12, MTAGO- 12.0 11.0 |nS 5-10 | (28), (46)
11, MAP Float Delay

t95 | BRDY#, CRDY#(66 MHz) 6.75 6.5 nS 5-7
Setup Time

t95a | CRDY# (60 MHz) Setup Time | 7.5 nS 5-7

t96 | BRDY#, CRDY# Hold Time 1.0 1.0 nS 5-7

197 | BGT#, CNA#, KWEND#, 6.5 6.0 nS 5-7
SWEND# Setup Time

198 | BGT#, CNA#, KWEND#, 1.0 1.0 nS 5-7
SWEND# Hold Time

t100 | DRCTM#, MRO#, MWB/WT# | 6.5 6.0 nS 5-7 | (24)
Setup Time

1100 | MKEN# Setup Time 6.75 6.5 nS 5-7 | (24)

a

t101 | DRCTM#, MKEN#, MRO#, 1.0 1.0 nS 5-7 |(24)
MWB/WT# Hold Time

t110 { SNPCLK Frequency 8.3 60.0 |83 66.66 | MHz 1X clock

t111 | SNPCLK Period 16.67 | 120.0 | 15.0 | 120.0 | nS 5-5

t112 | SNPCLK High Time 4.0 4.0 nS 5-5

1113 | SNPCLK Low Time 4.0 4.0 nS 5-5

t114 | SNPCLK Rise Time 15 1.5 nS 5-5 |(38)

t115| SNPCLK Fall Time 15 1.5 nS 5-5 |(38)

t118 | SNPADS#, SNPCYC# Valid 1.3 9.2 1.3 |82 nS 5-6 | Glitch Free.
Delay

t120 | MCFA0-2, MSETO0-12, MTAGO- | 7.5 7.5 nS 5-7 {(1),(29)
11, MAP Setup Time
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Table 23-12. 82498 Cache Controller Memory Bus Interface Timings (Contd.)

V3 =3.135-3.6V, V5 =5V +/- 5%, Tcase = 0 to 85 oc, CL=0pF
60 MHz 66 MHz
Parameter Min | Max | Min | Max | Unit| Fig. Notes
t121 | MCFA0-2, MSET0-12, MTAGO-11, 1.0 1.0 nS |57 |(1),(29)
MAP Hold Time
t122 | MCFA0-2, MSET0-12, MTAGO-11, 6.5 6.0 nS |57 |(1).(30)
MAP Setup Time
t123 | MCFA0-2, MSETO0-12, MTAGO-11, 1.0 1.0 nS |57 |(1),(30)
MAP Hold Time
t124 | MCFA0-2, MSETO0-12, MTAGO-11, 1.0 1.0 nS |58 |(1),(31)
MAP Setup Time
t125 | MCFA0-2, MSET0-12, MTAGO-11, 6.5 6.0 nS |58 [(1),(31)
MAP Hold Time
1130 | MAOE#, MBAOE#, SNPINV, SNPNCA | 6.5 6.0 nS |5-7 (29)
Setup Time
t131 | MAOE#, MBAOE#, SNPINV, SNPNCA | 1.0 1.0 nS |57 (29)
Hold Time
1132 | MAOE#, MBAOE#, SNPINV, SNPNCA | 6.5 6.0 nS |57 |(30)
Setup Time
t133 | MAOE#, MBAOE#, SNPINV, SNPNCA | 1.0 1.0 nS (57 {(30)
Hold Time
t134 | MAOE#, MBAOE#, SNPINV, SNPNCA | 1.0 1.0 nS |58 |[(31)
Setup Time
t135 | MAOE#, MBAOE#, SNPINV, SNPNCA | 6.5 6.0 nS (58 [(31)
Hold Time
1140 | SNPSTB# Setup Time 6.5 6.0 nS |57 (29)
t141 | SNPSTB# Hold Time 1.0 1.0 nS |57 (29)
t142 | SNPSTB# Setup Time 6.5 6.0 nS |57 (30)
t143 | SNPSTB# Hold Time 1.0 1.0 nS |57 (30)
t144 | SNPSTB# Active Time 6.5 6.0 nS |5-16 |(32)
t145 | SNPSTB# Inactive Time 6.5 6.0 nS |5-16 |(32)
t148 | MHITM#, MTHIT#, SNPBSY# Valid 13 11.0 |13 100 |nS |56
Delay
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Table 23-13. 82493 Cache SRAM Memory Bus Interface Timings

Vce3 = 3.135-3.6V, Vb =5V +/- 5%, Tcase =0 to 85 °C, CL = 0 pF
60 MHz 66 MHz
Parameter Min | Max | Min | Max | Unit| Fig. Notes
t150 | MDLDRV, MSTBM, MTR4/8%, 55 5.0 nS |59 (22), (42)
MX4/8#, PAR# Setup Time
t151 | MDLDRV, MSTBM, MTR4/8#, 1.0 1.0 nS |59 (23), (42)
MX4/8#, PAR# Hold Time
t152 | MDLDRV, MSTBM, MTR4/8#, 4.0 4.0 CLKs| 5-9 41), (42)
MX4/8#, PAR# Setup Time
Referenced to Falling Edge of
RESET
t153 | MDLDRV, MSTBM, MTR4/8#, 0.0 0.0 CLKs| 5-9 {41), (42)
MX4/8#, PAR# Hold Time
Referenced to Falling Edge of
RESET
t155 | BRDY#, CRDY# Setup Time 55 5.0 nS |57
t156 | BRDY#, CRDY# Hold Time 1.0 1.0 nS |57
t160 | MDATA Setup to CLK 5.5 5.0 nS |5-7 (1), (44)
(CLK before BRDY# Active)
t161 | MDATA Valid Delay From CLK 13.0 130 |nS |56 (1), (49)
(CLK from CDTS# Valid, MDOE#
Active)
t162 | MDATA Valid Delay From MDOE# 8.0 80 |nS |[5-10 (1)
Active
t163 | MDATA Float Delay From MDOE# 11.0 10.0 | nS 5-10
Inactive
t165 | MBE# Valid Delay 1.3 |10.0 1.3 |10.0 |nS |[5-6 (1), (39)
Clocked Mode
t170 | MCLK, MOCLK Frequency 60.0 66.66 ] MHz 1X clock, (49)
t171 | MCLK, MOCLK Period 16.67 15.0 nS (55
t172 | MOCLK High Time 4.0 4.0 nS 5-5
t173 | MOCLK Low Time 4.0 4.0 nS 5-5
t174 | MCLK High Time 5.0 5.0 nS |55 (40)
t175 | MCLK Low Time 5.0 5.0 nS |55 (40)
t176 | MCLK, MOCLK Rise Time 1.5 15 |nS |55
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Table 23-13. 82493 Cache SRAM Memory Bus Interface Timings (Contd.)

Vge3 = 3.135-3.6V, Vo5 =5V +/- 5%, Tease = 0 to 85 °C, C = 0 pF

Clocked Mode

60 MHz 66 MHz
Parameter Min | Max| Min | Max| Unit | Fig. Notes
1177 | MCLK, MOCLK Fall Time 1.5 15 |nS 5-5
1180 | MOCLK Falling Edge To MCLK | 2.0 2.0 nS
Rising Edge
1181 | MFRZ#, MZBT# Setup Time 5.0 5.0 nS 5-7 Referenced to MCLK
t182 | MFRZ#, MZBT# Hold Time 1.0 1.0 nS 5-7 Referenced to MCLK
t183 | MBRDY#, MSEL#, MEOC# 5.0 5.0 nS 5-7 Referenced to MCLK
Setup Time
t184 | MBRDY#, MSEL#, MEOC# 1.0 1.0 nS 5-7 Referenced to MCLK
Hold Time
1185 | MDATA Setup Time 5.0 5.0 nS 5-7 Referenced to MCLK
1186 | MDATA Hold Time 1.0 1.0 nS 5-7 Referenced to MCLK
t187 | MDATA Valid Delay From 1.8 |13.0]1.8 120 nS 5-6 1)
MCLKeMBRDY#
1188 | MDATA Valid Delay From 18 [20.0]1.8 20.0 | nS 5-6 (1)
MCLKeMEOCH#
t189 | MDATA Valid Delay From 1.8 |18.0]1.8 18.0 | nS 5-6 (1), (45)
MCLKeMSEL#
t190 | MDATA Valid Delay From 13 [10.0]1.3 10.0 | nS 5-6 m
MOCLK
Strobed Mode
t195 | MEOCH# High Time 8.0 8.0 nS 5-16 | (49)
1196 | MEOC# Low Time 8.0 8.0 nS 5-16
1197 | MISTB, MOSTB High Time 12.0 12.0 nS 5-16 | (49)
1198 | MISTB, MOSTB Low Time 12.0 12.0 nS 5-16
t199 | MEOC#, MISTB, MOSTB Rise 2.0 20 |nS
Time
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Table 23-13. 82493 Cache SRAM Memory Bus Interface Timings (Contd.)

Vcc3 = 3.135-3.6V, Vg5 =5V +/- 5%, Tease = 0 to 85 °C, CL = 0 pF
Strobed Mode
60 MHz 66 MHz
Parameter Min | Max | Min [ Max | Unit | Fig. Notes
t200 | MEOC#, MISTB, MOSTB Fall 2.0 2.0 nS
Time
t201 | MSEL# High Time for Restart | 8.0 8.0 nS 5-16
t202 | MSEL# Setup Before 5.0 5.0 nS 5-12 | (49)
Transition on MISTB or
MOSTB
1203 | MSEL# Hold After Transition 10.0 10.0 nS 5-12
on MISTB or MOSTB
t204 | MSEL# Setup Before 5.0 5.0 nS 5-12
Transition on MEOC#
t205 | MSEL# Hold After Transition 1.0 1.0 nS 5-12
on MEOC#
t206 | MISTB, MOSTB Transition 10.0 10.0 nS
to/from MEOC# Falling
Transition
t207 | MZBT# Setup To MSEL# or 5.0 5.0 nS 5-11
MEOC# Falling Edge
t208 | MZBT# Hold From MSEL#or | 1.0 1.0 nS 5-11
MEOC# Falling Edge
t209 | MFRZ# Setup To MEOC# 5.0 5.0 nS 5-11
Falling Edge
t210 | MFRZ# Hold From MEOC# 1.0 1.0 nS 5-11
Falling Edge
t211 | MDATA Setup To MISTB 5.0 5.0 nS 5-11
transition or MEOC# Falling
Edge
t212 | MDATA Hold From MISTB 1.0 1.0 nS 5-11
transition or MEOC# Falling
Edge
t213 | MDATA Valid Delay From 1.8 120 |1.8 120 |nS 5-13 | (1)
Transition on MOSTB
t214 | MDATA Valid Delay From 1.8 200 |18 20.0 |nS 5-13 | (1)
MEOCH# Falling Transition or
MSEL# Deactivation
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NOTES:

1.

S o S

© o N>

11.

12.

13.

14.
15.
16.
17.

18.
19.
20.

21,
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

When the 5V tolerant output buffers of the Memory data bus or the Memory address bus have to
discharge voltage over 3.7V (3.7V-5.5V) the SEM characteristics must be taken from Table 24-8 for flight
time simulations.

High times are measured between 2.0 V crossing points.
Low times are measured between 0.8 V crossing points.
Rise and fall times are measured between 0.8 V and 2.0 V.

APCHK#, FERR#, HLDA, IERR#, and PCHK# are glitch free outputs. Glitch free signals monotonically
transition without false transitions (i.e. glitches).

TTL input test waveforms are assumed to be 0 to 3V transitions with 1V/nS rise and fall times.
Referenced to TCK rising edge.
Referenced to TCK falling edge.

1nS can be added to the maximum TCK rise and fall times for every 10 MHz of frequency below 33 MHz.
1nS must be added to t30 and t36 for every 10 MHz of frequency below 16 MHz.

. Non-Test Outputs and inputs are the normal output or input signals (besides TCK, TRST#, TDI, TDO, and

TMS). These timings correspond to the response of these signals due to boundary scan operations.

FRCMC# should be tied to Vcc (high) to ensure proper operation of the Pentium® processor (735\90,
815\100, 1000\20, 1110\133) as a master Pentium processor (735\90, 815\100, 1000\120, 1110\133).

If configuration signals with internal pull-up resistors are left floating in the system, RESET pulse width
must be at least 10 microseconds.

CLK skew between Pentium processor (735\90, 815\100, 1000\120, 1110\133) and 82498 cache
controller assumed to be less than 0.2nS. CLK skew is measured at 0.8V, 1.5V, and 2.0V of the rising
edge of CLK.

0.8 V/nS <= CLK input rise/fall time <= 8 V/nS.
0.3 V/nS <= Input riseffall time <= 5 V/nS.
This input may be driven asynchronously.

When driven asynchronously, RESET, NMI, FLUSH#, R/S#, INIT, and SMI must be deasserted (inactive)
for a minimum of 2 clocks before being returned active.

Functionality is guaranteed by design/characterization.
Measured on rising edge of adjacent CLKs at 1.5V.

These signals are measured on the rising edge of adjacent CLKs at 1.5V. To ensure a 1:1 relationship
between the amplitude of the input jitter and the internal and external clocks, the jitter frequency spectrum
should not have any power spectrum peaking between 500 KHz and 1/3 of the CLK operating frequency.
The amount of jitter present must be accounted for as a component of CLK skew between devices.

The amount of jitter present must be accounted for as a component of CLK skew between devices.
Setup time is required to guarantee recognition on a specific clock.

Hold time is required to guarantee recognition on a specific clock.

Only need to meet setup and hold times during the KWEND# and SWEND# sample times.
Valid delay from CLK only if MALE or MBALE, MAOE#, MBAOE# are active.

Valid delay from MALE or MBALE going active, if both MAOE# and MBAOE# are active.
Valid delay from MAOE#, MBAOE# going active.

Float delay from MAOE#, MBAOE# going inactive.

In Synchronous mode, referenced to CLK.

In Clocked mode, referenced to SNPCLK.

In Strobed mode, referenced to SNPSTB# falling edge.

In Strobed mode, must meet active/inactive times.
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34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44,

45.

46.
47.

48.

49.

50.
51.

52.
53.

To guarantee recognition on a given CLK edge.

This signal is not used when using the 82498 Cache Controller with the 82493 Cache SRAM.
For proper configuration, t70, t71, {72, and t 73 must all be met.

Glitch free signals monotonically transition without false transitions (i.e. glitches).

1nS can be added to maximum SNPCLK rise/fall time for every 10 MHz of frequency below 66 MHz. 1nS
must be added to 123 and t133 for every 10 MHz of frequency below 66 MHz.

From CLK in which BLEC# sampled active.

Tighter symmetry required since MCLK input does not use a PLL.

Timing is referenced to falling edge of RESET.

For proper configuration, t150, t151, t152, and 1153 must all be met.

AC timings assume MALDRV=Ilow on reset. If MALDRV=high on reset, add .7nS to t90, t91, and t92.

Must meet MDATA setup to CLK one full CLK before BRDY# active for first transfer on line fills and all
non-cacheable transfers.

MSEL# sampled inactive resets burst counter. Data is re-driven beginning with data corresponding to first
address requested.

Not 100% Tested. Guaranteed by design/characterization.

Float and Enable times measured at Vcc/2 level at gate of output device are guaranteed by design. (Not
100% tested)

CLK Skew between 82493 Cache SRAM and other devices (Pentium processor (735\90, 815\100,
1000\120, 1110\133), 82498 Cache Controller, and other 82493’s) assumed to be less than 0.7 nS.

Signal Restrictions
a. For proper operation the following signals must have monotonic transitions:
- CLK,
- MCLK in clocked mode,
- MISTB, MOSTB, and MEOC# in strobed mode.
b. For proper operation the following signals must remain stable (must not glitch) throughout a cycle.

- MDOEH#,

- MSEL#, when active during strobed mode.
All TTL timings are referenced from 1.5 V.
During JTAG operation, Reset timing specifications differ between SAMP or EXT mode. In SAMP mode
the RESET pin should comply with t35 and t36. However, in EXT mode the reset pulse is used to

terminate the EXT mode itself. For this purpose the Reset signal should be active for 15 TCK (as
opposed to CLK) clocks, (this is needed in order to synchronize the Reset signal).

BRDYC# and BUSCHK# are used as reset configuration signals to select buffer size.

To guarantee proper asynchronous recognition, the signal must have been de-asserted (inactive) for a
minimum of 2 clocks before being returned active and must meet the minimum pulse width.
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2.0v

0.8V

CDB74

Tv =15, 124, 1114, 1174, 1176
Tw =16, 125, 1115, 1175, 1177
Tx =14,123, 1113, 1173
Ty =12, t20, t111, 1171
Tz =13, 122, 1112, 1172

Figure 23-5. Clock Waveform

wsvf [\

Tx m Tx min.

signal / / /// K15V  VALD W

!

CDB75

Tx = t50-t54, 166, 180-90, t118, 1148, t161, 1165, 1187-190

Figure 23-6. Valid Delay Timings

15V /
CLK/MCLK
SNPCLK Ty .

Tx:

signal \ \ \ \ \ VALID N\ \ \

CDB76

Tx =155, 158, 160, 162, 164, 175, 195, 197, 1100, t120,. 1122, t130, 1132, 140, t155, t160, t181, 1183, 1185
Ty = 156, 159, 161, 163, 165, 175, 196, 198, 1101, 1121, 1123, 1131, 1133, 1141, t143, 1156, 1182, 1184, 1186

Figure 23-7. Setup and Hold Timings
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1 * 5 v_ m
SNPSTB#

sagna.m?m ?*3 Y

CDB77

Tw=1124,1134
Tx = 1125, 1135

Figure 23-8. Setup and Hold Timings in Strobed Snooping Mode

anﬂ <>
~
RESET & Ty o\
‘ €T+ Tu
Config * VALID
, w1 Tx

CDB78

Tt = t40, t70, t150
Tu =141, 171, 1151
Tv=t9

Tw =142, 172, 1152
Tx =143, 173, 1153
Ty =110, t13
Tz=18

Figure 23-9. Reset and Configuration Timings
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MCFAx __""_Z_ VALID
MDATAX

CDB79

Tw =192, t162
Tx =191

Ty =

Tz =193, 1163

Figure 23-10. Memory Interface Timings

STB 1
X» 1.5V /
Signal _—\_ 15V (

cDB8o

Ty = 1207, 209, t211
Tz = 1208, 1210, 1212

Figure 23-11. Setup and Hold Timings to Strobes
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Signal —‘\_1:5 v

Ty = 1202, 1204
Tz = 1203, 1205

Tz CDB93

Figure 23-12. Setup and Hold Timings MyST

STB -x 1.5V

K A
signal \ \ \ \ \ { \) VALID

Tx=1213, 1214

CDB81

Figure 23-13. Valid Delay Timings from Strobes
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Tr=135

Ts =136
Tu=132
Tv =129
Tw =t30
Tx = t31

Ty =133
Tz=134

TCK M\_/—_\_/
GO>
SEAN LAY S A\

<> <>
, H
0 TLLLLLRALLY ARLLALY -
<™ ; Tz
Qutput NYVTTVINTNY x—%(

T Ts
Input m
Signals m ; S

i

cbB83

Figure 23-14. Test Timings

Tx =28

cDB84

Figure 23-15. Test Reset Timings
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Signal

cbB8s

Ty = 1145, t195, 1197, 1201
Tz =1144, 1196, t198

Figure 23-16. Active/lnactive Timings

Each valid delay is specified for a O pF load. The system designer should use I/O buffer
modeling to account for signal flight time delays. Table 23-14 lists the buffer type to be used
for each signal in the external interface.
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Table 23-14. External Interface Signal Buffer Assignment

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Receiver
Driver Buffer Buffer

Device Signals Type Type Type
PP A20M#, FLUSH#, FRCMC#, HOLD, IGNNE#, INIT, INTR, I N/A ER1

NMI, PEN#, R/S#, RESET, SMI#, TDI, TMS, STPCLK#, BF

BRDY#, BUSCHK#, TRST# | N/A ER2

CLK 1 N/A ER3

TCK, PICCLK | N/A ER4

APCHK#, BP3-0#, PM1, PMO, FERR#, HLDA, IERR#, (0] ED1 N/A

PCHK#, PRDY, SMIACT#, TDO

PICDO-1, PBREQ#, PBGNT#, PHIT#, PHITM# /0 ED1 ER1
cC BRDY#, CNA#, FLUSH#, MALE, MAOE#, MBALE, MBAOE#, | N/A ER5

MKEN#, RESET, SNPCLK, SNPINV, SNPNCA, SNPSTB#,

SWEND#, SYNC#, TCK, TDI, TMS, TRST#

BGT#, CRDY#, KWEND# | N/A ER6

DRCTM#, MRO#, MWB/WT# | N/A ER7

CLK | N/A ER8

MAP (IN: MAOE#=1, OUT: MAOE#=0) 110

MCFA2:0, MSET12:0, MTAG11:0,

(IN:MAOE#/MBAOE#=1, OUT: MAOE#/MBAOE#=0)

For MALDRV = 1 ED2 or ED2(5VT) ER9

For MALDRV =0

ED3 or ED3(5VT) ER9

APERR#, APIC#, BLE#, CADS#, CAHOLD, CCACHE#, (0] ED4 N/A

CD/C#, CM/IO#, CPCD, CPWT, CSCYC, CW/R#, FSIOUT#,

IPERR#, KLOCK#, MAPERR#, MCACHE#, PALLC#,

RDYSRC, SNPADS#,SNPCYC#

CWAY (o] ED4' N/A

CDTS#, MHITM#, MTHIT#, NENE#, SMLN#, SNPBSY# (0] ED5 N/A

TDO O ED2’ or ED2'(5VT) N/A
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Table 23-14. External Interface Signal Buffer Assignment (Contd.)

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Receiver
Driver Buffer Buffer
Device Signals Type Type Type
CS BRDY#, CRDY#, MBRDY#(MISTB), MCLK, MDOE#, | N/A ER10
MEOC#, MFRZ#, MOCLK(MOSTB), MSEL#, MZBT#,
RESET, TCK, TDI, TMS
MBE# 110 EDS6 or ED6(5VT) ER10'
MDATA7-0(IN: READ CYCLE, OUT: WRITE CYCLE) /0
For MDLDRV =1 ED7 or ED7(5VT) ER12
For MDLDRV =0
ED8 or ED8(5VT) ER12
TDO (e} ED6' or ED6'(5VT) N/A
CLK 1 N/A ER11
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CHAPTER 24
/O Buffer Models

The first order I/O buffer model is a simplified representation of the complex input and
output buffers used in the Pentium processor (735\90, 815\100, 1000\120, 1110\133), 82498
Cache Controller, and 82493 Cache SRAM. Figure 24-1 shows the structure of the input
buffer model and Figure 24-2 shows the output buffer model. Tables 24-1 and 24-2 show the
parameters used to specify these models.

iRk 5/
T

T

CDB65

Figure 24-1. First Order Input Buffer

Table 24-1. Parameters Used in the Specification of the First Order Input Buffer Model

Parameter Description
Cin Minimum and Maximum value of the capacitance of the input buffer model.
Lp Minimum and Maximum value of the package inductance.
Cp Minimum and Maximum value of the package capacitance.
Ro Lp
dv/dt

TS

CDB66

Figure 24-2. First Order Output Buffer
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Table 24-2. Parameters Used in the Specification of the First Order Output Buffer

Model

Parameter

Description

dv/dt

Minimum and maximum value of the rate of change of the open circuit voltage source
used in the output buffer model.

Ro Minimum and maximum value of the output impedance of the output buffer model.
Co Minimum and Maximum value of the capacitance of the output buffer model.

Lp Minimum and Maximum value of the package inductance.

Cp Minimum and Maximum value of the package capacitance.

24.1. OPTIMIZED INTERFACE BUFFERS

Tables 24-3 and 24-4 lists the minimum and maximum parameters for each buffer type of the
optimized interfaces. These parameters supply the information to use in the circuits shown in
Figures 24-1 and 24-2 to model the chip sets behavior in a given environment.

Table 24-3. Specification of Input Optimized Interface Buffer Model Parameters

Legend: PP=Pentium® processor (735\30, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Cp Lp Cin
Buffer (pF) (nH) (pF)
Type Device min max min max min max
ZR1 PP 1.1 1.8 6.2 11.3 2.6 35
ZR1a PP 7.3 9.9 14.9 20.1 2.6 3.5
ZR2 PP 2.2 2.9 7.0 9.4 1.4 1.8
ZR3 PP 0.5 6.6 5.3 15.2 3.6 48
ZR4 PP 0.7 7.8 5.4 17.0 34 47
ZR5 PP 0.5 6.6 53 15.2 42 5.6
ZR6 PP 13 5.6 6.5 13.5 127 1741
ZR7 CcC 1.2 6.9 6.4 16.0 14 23
ZR7a CcC 3.9 53 6.4 16.0 3.6 4.8
ZR8 CcC 0.5 6.5 53 16.0 6.0 8.0
ZR9 Cs 0.5 1.5 8.0 10.0 1.3 2.4
ZR10 CsS 0.5 15 8.0 10.0 3.3 4.5
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Table 24-4. Specification of Output Optimized Interface Buffer Model Parameters

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
(CS=82493 Cache SRAM

dv/dt Ro Co Lp Cp
Buffer (VInS) (Ohms) (pF) (nH) (pF)
Type | Transition Device min max | min [ max| min | max| min [ max [ min | max
ZD1 Rising PP 3.0/3.0 | 3.7/09 | 216| 53 | 36 | 48 | 6.8 [ 189| 1.4 | 9.1
Falling PP 3.0/2.8 | 3.7/0.8 | 1775(50.7| 36 | 48 | 6.8 | 189| 1.4 | 9.1
ZD2 Rising PP 3.0/3.0 | 3709 |216| 53 | 34 | 47| 54 [17.0| 0.7 | 7.8
Falling PP 3.0/2.8 | 3.7/0.8 | 1775|50.7| 3.4 | 47 | 54 | 17.0| 0.7 | 7.8
ZD3 Rising PP 3.0/3.0 | 3.7/09 | 21.6| 53 | 42 | 56 | 53 | 152] 05| 6.6
Falling PP 3.0/2.8 | 3.7/0.8 | 1775|507 42 | 56 | 53 | 152| 05 | 6.6
ZD4 Rising PP 3.0/3.0 | 3.7/09 | 21.6| 53 | 36 | 48 | 53 |152]| 05| 6.6
Falling PP 3.0/2.8 | 3.7/0.8 | 1775|50.7| 3.6 | 48 | 53 | 152 0.5 | 6.6
ZD5 Rising PP 3.0/2.4 | 3.7/0.9 | 10.1]|22.4{12.1| 16.3| 6.3 | 10.2| 14 | 2.6
Falling PP 3.02.4 | 3.7/0.9| 9.0 | 21.2|( 121} 16.3| 6.3 | 10.2| 14 | 2.6
ZD5a | Rising PP 3.0/1.8 | 3.70.7 | 55| 129|12.1|163| 6.3 | 10.2| 14 | 2.6
Falling PP 3.0/1.8 | 3.7/0.7 | 46 | 123[121| 16.3| 6.3 | 10.2| 1.4 | 2.6
ZD6 Rising PP 3.0/24 | 3.7/0.9 [ 10.1|224( 127 (17.1| 65 | 135| 1.3 | 56
Falling PP 3.024(37/09| 9.0 |212]|127|171| 65 | 135| 1.3 | 56
ZD6a | Rising PP 3.01.8 | 8.7/0.7 | 55 | 129|127 171]| 6.5 | 135| 1.3 | 56
Falling PP 3.0/1.8 | 8.70.7 | 46 | 123[ 127|171 6.5 | 135 1.3 | 56
zD7 Rising CC 3/3.0 | 3.70.9 |216|531| 6.0 | 80| 53 |16.0( 0.5 | 6.5
Falling CcC 3/2.8 | 3.7/0.8 {17.5|50.7{ 6.0 | 80 [ 53 | 16.0| 05| 6.5
ZD8 Rising CC 3/3.0 | 3.70.9 | 216|531 32 | 44| 6.8 |173| 1.5 | 7.3
Falling CC 3/28 | 3.708 175|507 32 | 44| 68 |173| 15| 73
ZDg' Rising CcC 3/3.0 | 3709 |216|531| 37 | 51| 6.6 | 11.3| 1.3 | 4.1
Falling CC 3/28 | 3.7/0.8 |175|50.7| 37 | 51| 66 | 11.3| 1.3 | 41
ZD9 Rising CcC 3/24 | 3.7/09 | 10.1]| 22.4| 11.7| 15.9| 5.0 | 14.6| 0.9 [ 6.2
Falling CC 3/24 | 3.70.9| 9.0 |212|11.7| 159| 5.0 | 146| 09 | 6.2
ZD9a | Rising CC 318 | 3.707| 55|129|11.7]| 159| 5.0 | 146| 09 | 6.2
Falling CC 3/1.8 | 3.70.7 | 46 | 123|117 15.9| 5.0 | 146| 09 | 6.2
ZD10 | Rising CS 3/3.0 | 3.7/00 | 21.6|53.1| 33 | 45| 8.0 |10.0| 0.5 | 1.5
Falling CS 3/28 | 3.7/0.8 |17.5|50.7| 33 | 45| 80 | 10.0f 05| 1.5

When simulating the optimized interface for either flight time or signal auality, it is critical
to use the appropriate buffer model specification. Table 24-5 shows the correct specifications
to use in the flight time or signal quality simulations.
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Table 24-5. Specifications to be Used for Simulation of Flight Time or Signal Quality

Flight Time Signal Quality
Driver: dV/dt min max
Co max min
Ro max min
Cp max min
Lp max min
Receiver: Cin max min
Cp max min
Lp max min
Other: Temp. max min
Vce min max
Board Zo min max
tpd max min
Via Capacitance max min
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24.2. EXTERNAL INTERFACE BUFFERS

1/0 Buffer Models

Tables 24-6, 24-7 and 24-8 list the minimum and maximum parameters for each buffer type
of the external interface. These parameters supply the information to use in the circuits
shown in Figures 24-1 and 24-2 to model the chip sets behavior in a given environment.

Table 24-6. Specification of Input External Interface Buffer Model Parameters

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

Cp Lp Cin
Buffer (PF) (nH) (PF)
Type Device min max min max min max
ER1 PP 0.7 9.7 5.6 19.9 2.0 4.8
ER2 PP 14 6.8 6.7 16.5 1.1 2.3
ER3 PP 1.6 2.2 6.2 8.4 17 23
ER4 PP 2.2 2.9 7.2 9.7 0.9 25
ERS cC 1.5 6.0 6.8 14.8 1.4 2.3
ER6 CcC 1.7 35 6.2 11.5 2.6 35
ER7 CcC 1.6 4.7 6.2 134 3.6 5.3
ER8 cC 14 1.9 5.8 7.9 24 33
ER9 CcC 0.7 8.5 5.1 18.0 6.0 8.1
ER10 CS 0.5 1.5 8.0 10.0 1.3 24
ER10' CS 0.5 15 8.0 10.0 3.2 53
ER11 CS 0.5 1.5 6.9 9.3 29 3.9
ER12 CS 0.5 15 8.0 10.0 5.6 7.6
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Table 24-7. Specification of Output External Interface Buffer Model Parameters

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

dV/dt Ro Co Lp Cp
Buffer (V/nS) (Ohms) (pF) (nH) (pF)
Type | Transition Device min max | min | max| min | max | min | max | min | max
ED1 |Rising PP 3027 |371.1 |18 |60 |36 |48 |56 |199 |07 |97
Falling PP 3.0/24 |371.1 |166|422(36 |48 |56 [199 |07 |97
ED2 | Rising cc 3/3.0 | 87/09 |216)53.1|60 |81 |51 |180]|07 |85
Falling cc 3/28 | 37/08 | 175507 |60 |81 [51 [18.0|0.7 |85
ED2 | Rising cc 3.0/30| 3.7/0.9 1 216(53.1(32 |53 |51 |18.0|07 |85
Falling cc 3.0/28 | 3.7/0.8 | 175(50.7(32 |53 |51 |18.0 (0.7 |85
ED3 |Rising ccC 3/24 | 37/09 | 10.1|224|60 |81 |51 [18.0(07 |85
Falling cc 3/24 | 37/09| 9.0 |212|60 |81 |51 |[18.0]|07 |85
ED4 |Rising ccC 3/30 | 37/09 (21.6|53.1(32 (44 |54 (187 |08 |82
Falling cc 3/2.8 [ 37/08| 175|507 |32 |44 |54 |187 |08 |82
ED4' | Rising ccC 3/3.0 [37/09(216(531(39 |53 |72 |98 [17 |23
Falling cc 3/2.8 | 37/08 | 175|507 |39 [53 |72 |98 |17 |23
ED5 | Rising cc 3/24 | 37/09 | 10.1) 224154 |74 |49 [16.1]|08 |72
Falling cc 3/24 | 37/09| 9.0 |212|54 (74 |49 |16.1]|08 |72
ED6 | Rising cs 3/30 | 37/09 (21.6|53.1(32 (53 |8.0 (10005 |15
Falling cs 3/28 | 3.7/08 [ 175|50.7(32 (53 |8.0 [100|05 |15
ED7 |Rising cs 3/3.0 | 3.7/0.9 [ 21.6|53.1|56 |76 |8.0 |10.0|05 |15
Falling cs 3/2.8 | 3.7/08 | 175|507 |56 |76 |80 [10.0|05 |15
ED8 | Rising cs 3/24 | 37/09 | 10.1|224|56 |76 [80 [10.0]|05 |15
Falling cs 3/24 | 3.7/09 ] 90 (212|56 |76 |80 [100]|05 |15
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Table 24-8. Specification of 5V Tolerant Output External Interface Buffer Model

Parameters

1/0 Buffer Models

Legend: PP=Pentium® processor (735\90, 815\100, 1000\120, 1110\133), CC=82498 Cache Controller,
CS=82493 Cache SRAM

dV/dt Ro Co Lp Cp
Buffer (V/nS) (Ohms) (pF) (nH) (pF)
Type | Transition Device min max | min | max| min | max| min | max | min | max
ED2 Rising CcC 3.0/3.0 |3.7/09 [21.6 |53.1 |6.0 |8.1 51 |18 [0.7 |85
(5VT) | Falling CcC 5.5/5.2 |5.5M1.2 (175|913 6.0 |8.1 51 |18 |07 |85
ED2' | Rising cC 3.0/3.0 |3.7/09 (216 |53.1 |32 |53 |51 [18.0]/07 |85
(5VT) | Falling cC 5.5/5.2 |55M1.2 |175|913}32 (53 |51 |18.0 0.7 |85
ED3 Rising CcC 3.02.4 |3.7/09 |10.1 224 6.0 |81 51118 |07 |85
(5VT) | Falling CcC 5.5/44 |55/1.3 |[9.0 |382|6.0 |81 51|18 |07 |85
ED6 | Rising CS 3.0/3.0 |3.7/09 |21.6 |53.1 32 |53 |80 (10005 |15
(5VT) | Falling CS 5.5/52 |5512 [175|913|32 |53 |80 |10.0|05 (15
ED7 Rising CS 3.0/3.0 |3.7/09 (216 |53.1|56 |7.6 8 10 {05 |15
(5VT) | Falling CS 5.5/5.2 |5.5/1.2 {175|913 |56 |7.6 8 10 |05 |15
ED8 | Rising CS 3.0/24 | 37/0.9 | 10.1(224|56 |76 | 8 |10 (05 [15
(6VT) | Falling cs 5.5/44 | 5513 | 90 |382|56 (76 | 8 |10 |05 |15
NOTES:

1. These parameters are to be used instead of the normal parameters (ED7, ED8, ED2, ED3) only if the
output node is charged above 3.7V.

2. Pull-up parameters (rising), remain the same as in Table 24-7, due to the fact that at rising edge, the
82498 or 82493 drives 3.0-3.7V only.
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24.3. INPUT DIODE MODELS

In addition to the input and output buffer parameters, input protection diode models are
provided for the external interface I/O buffer models. These diodes have been optimized to
provide ESD protection and provide some level of clamping. Note however, the signal
quality specifications for both the optimized and external interfaces are defined assuming the
diodes are not present in the simulation. It is important that these specifications are met
because there is a limit to the amount of clamping the diode can attain. The diode model is
provided because it may be useful in modeling the behavior of other devices driving
transmission lines with the Pentium processor (735\90, 815\100, 1000\120, 1110\133) as the
receiving device.

Figure 24-3 shows the components of the diode model. It consists of two diodes, one
connected to Vg, D2, and one to Vss, D1. Each diode is modeled by the combination of an
ideal diode in series with a resistance.

vcc
Rs
D2
D1
Ry
Vss =

cbBss

Figure 24-3. Input Diode Model

The diode model should be added to the input model for both inputs and I/O signals when
desired. Figure 24-4 shows the complete optimized interface input model with diodes added.
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cDBas

Figure 24-4. Complete Input Model Including Diode

All external interconnections between 82498/82493 and the MBC, (as described in Table 20-
4 & 20-5), are 5V tolerant signals. Figure 24-5 shows the 5V tolerant model of all the
82498/82493 external interface signals except CLK pin on 82498 and the BRDY# and
CRDY# pins on 82493.

The VS5SREF pins must be connected to VccS (5V) when SV tolerance is required and to
Vece3 (3.3V) when 5V tolerance is not required. Connecting VSREF pins to V3 (3.3V)
makes it easier to meet the signal quality requirements.
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VSREF

CDBsgs

24-10

Figure 24-5. Complete 5V Tolerant Input Model including Diode
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Figure 24-6, with 6 diodes in series, shows the 5V tolerant model for CLK pin on 82498 and
BRDY# and CRDY# pins on 82493.

VSREF

- VSS

CcDB8%a

Figure 24-6. Complete 5V Tolerant input Model Including 6 Diodes

The specific parameters associated with each diode are listed below. Table 24-9 lists the
buffer types.

Table 24-9. Diode Parameter List

Symbol Parameter D1 D2

IS Saturation Current 1.4e-14A 2.78e-16A
N Emission Current 1.19 1.00
RS Series Resistance 6.5 Ohms 6.5 Ohms
T Transit Time 3nS 6nS
A PN Potential 0.983Vv 0.967V
CJo Zero Bias PN Capacitance 0.281pF 0.365pF
M PN Grading Coefficient 0..385 0.376
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CHAPTER 25
Mechanical Specifications

The 82498 Cache Controller is packaged in a 296 pin staggered ceramic pin grid array
(SPGA). The pins are arranged in a 37 by 37 matrix and the package dimensions are 1.95"
(4.95cm) square. The 82493 Cache SRAM is packaged in a 84 pin plastic quad flat pack. The
package dimensions are 0.8" (2.03cm) square.

Table 25-1. CPU Cache Chip Set Package Information Summary

Package Estimated Max.
Type Total Pins Pin Array Package Size Wattage (66MHz)
82498 SPGA 296 37 x 37 1.95"x1.95" 2.4W
(4.95cm x 4.95cm)
82493 PQFP 84 N/A 0.80"x0.80" 1.4W
(2.03cm X 2.03cm)

NOTE: See DC Specifications for more detailed power specifications.
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Table 25-2. 82498 Cache Controller Mechanical Specifications

Family: 296 Pin Ceramic Pin Grid Array Package
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 3.27 3.83 Ceramic Lid 0.129 | 0.151 Ceramic Lid
Al 0.66 0.86 Ceramic Lid 0.026 0.034 Ceramic Lid
A2 2.62 2.97 0.103 0.117
.043 0.51 0.017 0.020
D 49.28 49.78 1.940 1.960
D1 45.59 45.85 1.795 1.805
D3 24.00 24.25 Includes Fillet 0.945 0.955 Includes Fillet
el 2.29 279 0.090 0.110
F 0.127 Flatness of the top of the 0.005 Flatness of the top of the
package, measured package, measured
diagonally diagonally
3.05 3.30 0.120 1.130
N 296 Total Pins 296 Total Pins
S 152 |254 0.060 |0.100
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Figure 25-1. 82498 Cache Controller Mechanical Specifications

25-3



Mechanical Specifications

intal.

Table 25-2. 82493 Cache SRAM Mechanical Specifications

Family: Plastic Quad Flatpack (PQFP) 0.025 in (0.635 mm) Pitch
Millimeters Inches
Symbol Description Min Max Min Max
Leadcount 84 84
Package Height 4.06 4.57 0.160 0.180
Al Standoff 0.51 1.02 0.020 0.040
D, E Terminal Dimension 19.56 20.07 0.770 0.790
D1, E1 Package Body 16.43 16.59 0.647 0.653
D2, E2 Bumper Distance 20.24 20.39 0.797 0.803
D3, E3 Lead Dimension 12.70 REF 0.500 REF
D4, E4 Foot Radius Location 18.36 18.71 0.723 0.737
L1 Foot Length 0.51 0.76 0.020 0.030
A1
HEN
i
1“L4, =W LLLLL L Ll -
!_ e — AN N A N
CDB69
Figure 25-2. 82493 Cache SRAM Mechanical Specifications
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CHAPTER 26
THERMAL SPECIFICATIONS

The 82498 Cache Controller and 82493 Cache SRAM are specified for proper operation
when T (case temperature) is within the specified range of 0°C to 85°C. To verify that the
proper Tc is maintained, it should be measured at the center of the top surface (opposite of
the pins) of the device in question. To ensure accurate and consistent TC measurements, the
following approach is recommended:

® Use 36 gauge or finer diameter k, t, or j type thermocouples. The laboratory testing was
done using a thermocouple made by Omega (part number: STC-TTK-36-36).

® Attach the thermocouple bead or junction to the center of the package top surface using
high thermal conductivity cements. The laboratory testing was done by using Omega
Bond (part number: OB-100).

® The thermocouple should be attached at a 90° angle as shown in the following figure.
When a heat sink is attached a hole should be drilled through the heat sink to allow
probing the center of the package as shown below.

® If the case temperature is measured with a heat sink attached to the package, provide a
shallow grove on the contact surface of the heat sink to route the thermocouple wire out.

The measurement is made in the same way with or without a heatsink attached as shown in
Figure 26-1.

CSJ23A

Figure 26-1. Technique For Measuring Tcase
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An ambient temperature Tx is not specified directly. The only restriction is that Tc is met
To determine the allowable Ta values, the following equations may be used:

Ty=Tc+ (PeB)C)
Ta=Ti-(Pe©Ojp)
Tc=Ta + (P ¢ (O]A - O]C))
OCcA=0JA-0]C
TA=Tc-([Pe0BOcA).

Table 26-1 lists the estimated @JC and OCA values for the 82498 cache controller.

Table 26-1. Junction-to-Case and Case-to-Ambient Thermal Resistances for the 82498
Cache Controller (With and Without a Heat Sink)

O, ©, vs Airflow (ft/min)
0 200 400 600 800 1000
With 0.35" Heat Sink 12 11.1 6.5 45 38 33 3.0
Without Heat Sink 17 155 12.0 9.1 7.7 6.8 63

Table 26-2 lists the estimated @jC and OCA values for the 82493 cache SRAM.

Table 26-2. Junction-to-Case and Case-to-Ambient Thermal Resistances for the 82493
Cache SRAM (With and Without a Heat Sink)

O, ©,, vs Airflow (ft/min)
0 200 400 600 800 1000
With 0.35" Heat Sink 8.4 27.1 16.0 125 107 9.4 85
Without Heat Sink 8.4 303 227 186 15.1 12.0 102

26-2
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CHAPTER 27
Testability

27.1. 82498 CACHE CONTROLLER BOUNDARY SCAN REGISTER
CELL

The following is the listing and sequence of scan cells of the 82498 Cache Controller
boundary scan register (left to right, top to bottom). There are a total of 156 cells.

TDI --> MKEN#, KWEND#, SWEND#, BGT#, CNA#, BRDY#,
CRDY#, MAPERR#, APERR#, IPERR#, SNPBSY#, MHITM#, MTHIT#,
KLOCK#, MWBWT#, DRCTM#, MRO#, CWAY, PUPGR#, SMLN#,
NENE#, APIC#, SNPCYC#, CAHOLD, FSIOUT#, PALLC#, SNPADSH#,
CADS#, CDTSH#, CWR#, CSCYC, CCACHEH#, CPWT, CPCD,
CDC#, CMIO#, RDYSRC, MCACHE#, ADDLOCK, AP, TAG11,
TAG10, TAGS, TAGS, TAG7, TAGS, TAGS, TAG4,
TAG3, TAG2, TAGH1, TAGO, SET12, SET11, SET10,
SET9, SETS, SET7, SETS, SETS5, SET4, SETS3,
SET2, SET1, SETO, CLK, Reserved, CFA2, CFA1,
CFAO, CSLA1, CSLo, Reserved, EWBE#, KEN#, NA#,
WBWT#, BRDYC1#, INV, EADSH#, AHOLD, BOFF1#, BRDYC2#,
BLAST#, BUSH#, WRARR#, MCYC#, WAY, BLECH#, BLE#,
ADSH#, WR#, LOCK#, CACHE#, SCYC, MIO#, DC#,
PWT, PCD, HITM#, WBWE#, MAWEA#, WBA, BOFF2#,
WBTYP, MCSLO, MCSLA1, MCFAO, MCFA1, MCFA2, Reserved,
MSETO, MSET1, MSET2, MSET3, MSET4, MSETS5, MSETS,
MSET7, MSETS, MSET?9, MSET10, MAP, MSET11, MSET12,
MTAGO, MTAG1, MTAG2, MTAGS, MTAG4, MTAGS, MTAGS,
MTAG7, MTAGS, MTAGS, MTAG10, MTAG11, RESET, MAOE#,
MBAOE#, SNPCLK, SNPSTB#, SNPINV, FLUSH#, SYNCH#, SNPNCA,
MBALE, MALE, jmaoe# jooet, jcfaOoe##, jcfaloe#, jcaoet,
Reservedoe#, Reservedoe#, jnaoet#, -->TDO

The following cells are control cells that are used to select the direction of bi-directional pins
or tristate the output pins. If "1" is loaded into the control cell, the associated pin(s) are
tristated or selected as input. The following lists the control cells and their corresponding
pins:

CSL1-CSLO, CFA2, SETO-SET12, TAGO-TAG11, AP
CFAl

jcaoe# controls

jcfaloe# controls

I 27-1
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jcfaOoe# controls

jmaoe#controls

jnaoe# controls

jooe# controls

Reservedoe# controls

intel.

MCSL1-MCSLO, MCFA2-MCFAO, MSET12-MSETO,
MTAGI11-MTAGO, MAP

NA#

WBWT#, WBTYP, WBA, WBWE#, MAWEA#, BUS#, MCYCH#,
WRARR#, WAY, BRDYC2#, BRDYC1#, INV, AHOLD, KEN#,
BOFF1#, BOFF2#, BLEC#, BLE#, MCACHE#, RDYSRC,
CMIO#, CDC#, CPCD, CPWT, CCACHE#, CSCYC, CWR#,
CDTS#, CADS#, SNPADS#, PALLC#, FSIOUT#, CAHOLD,
SNPCYCH#, APIC#, EWBE#, NENE#, SMLN#, CWAY,
KLOCK#, MTHIT#, MHITM#, SNPBSY#, IPERR#, APERR#,
MAPERR#, BLAST#, EADS#, PUPGR#

Reserved (Note: Reservedoe# must be '1')

27.2. 82493 CACHE SRAM BOUNDARY SCAN REGISTER CELL

The following is the listing and order of the 82493 Cache SRAM boundary scan register (left
to right, top to bottom). There are a total of 67 cells.

TDI -->

MDATA?, MDATAS,
MDATAO, MDOE#,
MCLK, MOCLK,
WBTYP, WBA,
WRARR#, WAY,
CDATA1, CDATAS3,
HITM#, ADS#,
A4, A5,

All, A12,

mdataoce47#, mbeoe#,
--> TDO

MDATAS, MDATA2, MDATAS, MDATAT1, MDATA4,
MZBT#, MBRDY#, MEOCH#, MFRZ#, MSEL#,
RESET, CLK, MBE#[PAR#], BLEC#, BOFF#,
WBWE#, BUSH#, MAWEA#, MCYCH#, CRDY#,
CDATA4, CDATAO, CDATAZ2, CDATAS, CDATAS,
CDATA?, WR#, BLAST#, BRDY#, BRDYC#,
BE#, A0, Al, A2, A3,

AS6, A7, A8, A9, A10,

A13, A14, A15, A16 mdataoe03#,

cdataoe03#, cdataoe47#,

The following cells are control cells that are used to select the direction of bi-directional pins
or tristate the output pins. If "1" is loaded into the control cell, the associated pin(s) are
tristated or selected as input. The following lists the control cells and their corresponding

pins:

® mdataoe03# and mdataoe47# control the MDATA[0:3] and MDATA[4:7] pins.
® cdataoe03# and cdataoe47# control the CDATA[0:3] and CDATA[4:7] pins.
® mbeoe# controls the MBE#[PAR#] pin.

27-2
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27.3. 82498 CACHE CONTROLLER TESTING

Self test in 82498 and 82493 will take approximately 490K clocks and 960K clocks,
respectively. For the 82493 Cache SRAM, the RUNBIST instruction mode should be exited
from, prior to beginning normal operation.

27.4. TEST-LOGIC-RESET STATE

TRSTH# is a test logic control pin. When asserted, it will force the TAP controller into the
Test Logic Reset State.

On power up, the TAP controller is automatically initialized to the test logic reset state (test
logic disabled). To assure correct identification of power up, and proper reset of the test
logic, the V¢ voltage at power down must fall below 0.35V. The TAP controller can also
be reset by holding TMS input pin HIGH for at least 5 TCK clock cycles or by asserting the
TRST# pin.
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NORTH AMERICAN SALES OFFICES

ARIZONA

1Intel Corp.
410 North 44th Street

uite
Pho 5008
Tel: (800) 628-8686
FAX: (602) 244-0446

CALIFORNIA

tIntel Corp.

26707 W. Agoura Road
Suite 203

Calabasas, CA 91302
Tel: (800) 628-8686
FAX: (818)-880-1820

Intel Corp.

3550 Watl "Avenue
Suite 140

Sacramento 95821
Tel: (800) 628-8686
FAX: (91 6) 979-7011

tlntel Corp.

9655 Gramts Ridge Drive
3rd Floor

Suite 4A

San Diego 92123

Tel: (800) 628-8686
FAX: (619) 467-2460

Intel Corp.

1781 Fox Drive

San Jose 95131

Tel: (800) 628-8686
FAX: (408) 441-9540

*fIntel Corp.
1551 Nonh Tustin Avenue

Sama A a 92701

lm

514 \fa e Ia Valle
Suite 208-RCO
Solana Beach 92075

Intel Corp.

300 N. Continental
Boulevard

Suite 100

El Segundo 90245
Tel: (800) 628-8686
FAX: (310) 640-7133

COLORADO

*tintel Corg.

600 South Cherry Street
Suite 700

Denver 80222

Tel: (800) 628-8686
TWX: 910-931-2289
FAX: (303) 322-8670

CONNECTICUT

480 hOld Fllg;ebuvy Road

Danbu
Tel: (800) 628-8686
FAX: (203) 778-2168

FLORIDA

1intel Corp.

600 West Hillsboro Bivd.
Suite 348

Deerfield Beach 33441
Tel: (800) 628-8686
FAX: (305) 421-2444

* Field Application Location
+ Sales and Service Office

Intel Corp.

2250 Lucien Way
Suite 100

Suite 8

Maitland 32751

Tel: (800) 628-8686
FAX: (407) 660-1283

GEORGIA

tintel Corp.
go Technology Park

Norcross 30092
Tel: (800) 628-8686
FAX: (404) 448-0875

IDAHO

Intel Corp.

910 W. Main Street
Suite 236

Boise 83702

Tel: (800) 628-8686
FAX: (208) 331-2295

ILLINOIS

*{Intel Corp.

300 North Martingale Road
Suite 400

Schaumburg 60173

Tell: (800) 628-8686

FAX: (708) 605-9762

INDIANA

{intel Corp.

8041 Knue Road
Indianapolis 46250
Tel: (800) 628-8686
FAX: (317) 577-4939

MARYLAND

*fIntel Corp.
131 National Business

Pal
Suite 24

Annapolus Juncﬁon 20701
Tel: (800) 628-8686

FAX: (301)2oe -3678

MASSACHUSETTS

*tintel Corp.

5 Carlisle E!%ad

2nd Floor

Westford 01886

Tel: (800) 628-8686
: 710-343-6333

FAX: (508) 392-3867

MICHIGAN

Intel Corp.
32255 North Western Hwy.
Suite 212, Tri Atria
Farmmglon Hills 48334
Te 800) 628-8686

: (313) 851-8770

MINNESOTA

tintel Corp.

3500 West 80th Street
Suite 360
Bloomington 55431
Tel: )5300 628-8686

FAX: (612) 831-6497
NEW JERSEY

Intel Corp.

2001 Route 46

Suite 310
Parsippany 07054

Tel: (800) 628-8686
FAX: (201) 402-4893

*tintel Corp.
Lincroft Center

Tel: (800) S26.8688
FAX: (908) 747-0983

NEW YORK

*Intel Corp.
850 Cross Keys Office

Parl

Fairport 14450

Tel: (800) 628-8686

TWX: 510-253-7391

FAX: (716) 223-2561

*tIntel Col

10-;
FAX: (51 6) 348 7939
OHIO

*Intel Corp.
56 Milford Drive
Smte 2 5

Hud
Tel: (suo) o acs
FAX: (216) 528-1026

*fintel C rg

3401 Park Center Drive
Suite 220

Dayton 45414

FAX: (51 3) 890-8658
OKLAHOMA

Intel Corp.

6801 North Broadway
Sulla 15

Oklahoma City 73162
Tel: (800) 628-8686
FAX: (405) 840-9819

OREGON

1In
15254 NV?Greenhner
Pkwy.

B
Beaverton 97006
Tel: (800) 628-8686
: (503) 645-8181
PENNSYLVANIA

*tintel Corp.

925 Harvest Drive
Suite 200

Blue Bell 19422

Tel: (800) 628-8686
FAX: (215) 641-0785

SOUTH CAROLINA

Intel C

7403 Pa lane Road
Suite 4

Columbia 29223

Tel: (800) 628-8686
FAX: (803) 788-7999

Intel Corp.
100 Executive Center

ive
Suite 109, B183
Greenville 29615
Tel: (800) 628-8686
FAX: (803) 297-3401

TEXAS

tintel Corp.

8911 Capital of Texas
Hwy.

Suite 4230

Austin 78759

Tel: (800) 628-8686
FAX: (512) 338-0335

*{Intel Corp.
5000 Quorum Drive
Suite 750
Dallas 75240
Tel: (800) 628-8686
FAX: (214) 233-1325
“tintel COIg.
20515 SH 249
Suite 401
Houston 77070
Tel: (800) 628-8686
TWX: 910-881-2490
FAX: (713) 376-2891

UTAH

tintel Corp.

428 East 6400 South
Suite 135

Murray 84107

Tel: (800) 628-8686
FAX: (801) 268-1457

WASHINGTON

tintel Corp.

2800 156th Avenue SE
Suite 105

Bellevue 98007

Tel: (800) 628-8686
FAX: (206) 746-4495

WISCONSIN

Intel Corp.

400 North Executive Drive
Suite 401

Brookfield 53005

Tel: (800) 628-8686

FAX: (414) 789-2746

CANADA
BRITISH COLUMBIA

Intel of Canada, Ltd.
999 Canada Place
Suite 404

Suite 1

Vanco! V6C 3E2
Tk (@ (800) '628-8686
FAX: (604) 844-2813

ONTARIO

tintel of Canada, Ltd.
2650 Queensview Drive
Suite 250

Ottawa K2B 8H6

Tel: (800) 628-8686
FAX: (613) 820-5936

ﬂntal of Canada, Ltd.
A well Drive

S

Rexda M9W 6H8
Tel: (800) 628-8686
FAX: (416) 675-2438

QUEBEC

tintel of Canada, Ltd.
1 Rue Holiday, Tour West
Suite 320

uite
Pt. Claire HOR 5N3
Tel: (800) 628-8686
FAX: 514-694-0064
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NORTH AMERICAN DISTRIBUTORS

ALABAMA

Anthem Electronics
600 Boulevard South
Suite 104F & H
Huntsville 35802
Tel: (205) 883-3519

ArrowlSchwoher
Electronis
1015 Henderson Road
Hunlswlle 35805

Tel: (205) 837-6955
FAX: (205) 721-1581

Hall-Mark Computer
4890 University Square
Huntsville 35816

Tel: (800) 409-1483

Hamilton Hallmark
4890 University Square

Suite 1
Humsvllle 35816

05) 837-8706
FAX (205) 830-2565

MTI Systems Sales
4950 Corporate Drive
Suite 120

Huntsville 35805

Tel: (205) 830-9526
FAX: (205) 830-9557

Ploneer Technologies
(?nn'.\ulcj

4835 University Square
Suite 5

Huntsville 35805

Tel: (205) 837-9300
FAX: (205) 837-9358

Wyle Laboratories
7800 Governers Drive

est
Tower Building, 2nd
Floor

Huntsville 35807
Tel: (205) 830-1119
FAX: (205) 830-1520

ARIZONA

Alliance Electronics
7550 East Redfield

oal
Scottsdale 85260
Tel: (602) 261-7988

Anthem Electronics
1555 West 10th Place
Suite 101

Tempe 85281

Tel: (602) 966-6600
FAX: (602) 966-4826

elrrowISﬁhwebor
2415 West Erie Drive

Tempe 85282
Tk (soz) 431-0030
FAX: (602) 252-9109

Avnet Computer
1626 South Edwards
Drive

Tempe 85281

Tel: (800) 426-7999
Hall-Mark Computer
4637 South 37th Place
Phoenix 85040

Tel: (800) 409-1483

Pioneer Standard
1438 West Broadway
Suite B-140

Tempe 85282

Tel: (602) 350-9335

Hamilton Hallmark
4637 South 36th Place
Phoenix 85040

Tel: (602) 437-1200
FAX: (602) 437-2348

Wyle Laboratories
4141 East Raymond
Phoenix 85040

Tel: (602) 437-2088
FAX: (602) 437-2124

CALIFORNIA

Anthem Electronics
9131 Oakdale Avenue
Chatsworth 91311
Tel: (818) 775-1333
FAX: (818) 775-1302

Anthem Electronics
1 Oldfield Drive
Irvine 92718-2809
Tel: (714) 768-4444
FAX: (714) 768-6456

Anthem Electronics
580 Menlo Drive
Suite 8

Rocklin 95677

Tel: (916) 624-9744
FAX: (916) 624-9750

Anthem Electronics
9369 Carroll Park Drive
San Diego 92121

Tel: (619) 453-
FAX: (619) 54s 7893

Anthem Electronics
1160 Ridder Park Drive
San Jose 95131

Tel: (408) 453-1200
FAX: (408) 441-4504

Arrow Commercial
System Group

1502 Crocker Avenue
HaP/wa 945

Tel: (510) 489-5371
FAX: (510) 489-9393
Arrow Commercial
System Group
14242 Chambers Road
Tustin 92680

Tel: (714) 544-0200
FAX: (714) 731-8438

Arrow/Schweber
Electronics
267%7 West Agoura

oa

Calabasas 91302
Tel: (818) 880-9686
FAX: (818) 772-8930

Arrow/Schweber
Electronics
48834 Kato Road
Suite 103

Fremont 94538

Tel: (510) 490-9477
Arrow/Schweber
Electronics

6 Cromwell

Suite 100

Irvine 92718

Tel: (714) 838-5422
FAX: (714) 454-4206

Arrow/Schweber
Electronics

9511 Ridgehaven Court
San Diego 92123

Tel: (619) 565-4800
FAX: (619) 279-8062

Arrow/Schweber
Electronics

1180 Murptgy Avenue
San Jose

Tel: (408) 441- 9700
FAX: (408) 453-4810

Avnet Computer

1 Mauchle

Irvine 92718

Tel: (800) 426-7999

Avnet Computer
?_71 Van Ness ¥\Iay
Tel: (800) 42&7999

Avnet Computer
15950 Bernardo Center
Dnv

Suit

San Dle 92127

Tel: (eoo) 426-7999

Avnet Computer
1175 Bordeaux Drive
uite
Sunngvale 94089
Tel: (800) 426-7999
Hall-Mark Computer
21150 Califa Street
Woodland Hills 91367
Tel: (800) 409-1483

Hall-Mark Computer
16950 Bernardo Center
Drive

Suite C

San Diego 92127

Tel: (800) 409-1483

Hall-Mnrk Computer
1175 Bordeaux Drive

Sunn xva 94089

Tel: (800) 409-1483

HaII-Mnrk Computer
1 Mauchly

Irvine 92718

Tel: (800) 409-1483

Hall-Mark Computer
580 Menlo Drive
Suite 2

Rocklin 95765

Tel: (800) 409-1483
Hamilton Hallmark
3170 Pullman Street
Costa Mesa 926. 26
Tel: (714) 641-41

FAX: (714) 641-4122

Hamiiton Hallmark
2105 Lundy Avenue
San Jose 95131

Tel: (408) 435-3500
FAX: (408) 435-3720

Hnmllton Hallmark
ewridge Avenue
ga 9212:

Tel (619) 571-7540

FAX: (619) 277-6136

Hamilton Hallmark
21150 Califa Street
Woodland Hills 91367
Tel: (818) 594-0404
FAX: (818) 594-8234

Hamilton Hallmark
580 Menlo Drive

Suite 2

Rocklin 95762

Tel: (916) 624-9781

FAX: (916) 961-0922

Pioneer Standard
5126 Clareton Drive
Suite 106

Agoura Hills 91301
Tel: (818) 865-5800

Wyle Laboratories
2951 Sunrise
Boulevard

Suite 175

Rancho Cordova 95742

Tel: (916) 638-528
FAX: (916) a2 491

Wyle Laboratories
9525 Chesapeake

D

San Diego 9212
Tel: (613)0 565- 91
FAX: (619) 365- 0512

Wyle Laboratories
451 East 124th Avenue
Thom!on 80241

Tel: (303) 457-9953
FAX: (303) 457-4831

CONNECTICUT

Anthem Electronics
61 Mattatuck Heights

Road
Watetburg 06705

Tol: (203) 5751575
FAX: (203) 596-3232

Wyle Lab .
30%'0 Bowers Avenue Electronics
Santa Clara 95051 12 Beaumont Road

Tel: (408) 727-2500
FAX: (408) 727-5896

Wyle Laboratories
17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
FAX: (714) 263-0473
Wyle Laboratories
26010 Mureau Road
Suite 150

Calabasas 91302
Tel: (818) 880-9000
FAX: (818) 880-5510

Zeous Arrow
Electronics

6276 San Ignacio
Avenue

Suite E

San Jose 95119

Tel: (408) 629-4689
FAX: (408) 629-4792

Zeus Arrow
Electronics

6 Cromwell Street
Suite 1

Irvine 9

Tel: (714) 581-4622
FAX: (714) 454-4355

COLORADO

Anthem Electronics
373 Inverness Drive
South

Englewood 80112
Tel: (303) 790-4500
FAX: (303) 790-4532

Arrow/Schweber
Electronics

61 Inverness Drive
East

Suite 105
Englewood 80112
Tel: (303) 799-0258
FAX: (303) 373-5760

Avnet Computer
Pioneer Standard 9605 Maroon Circle
217 Technology Drive Englewood 80111
ISUJte 19 12(; 18 Tel' (800) 426-7999
rvine

- - Hall-Mark Computer

Tel: (714) 753-5090 9605 Maroon CI’:C|8
Pioneer Tt logit d 80111
%:u D b Tel: (800) 409-1483
Iuathitiea o Hamilton Hallmark

Tel: (408) 954-9100
FAX: (405) 954-9113

12503 East Euclid
Drive
Suite 20

d 80111

Pion
6370 La Jolla Village

San Diego 92
Tel: (619) 546-4906

Wyle Laboratories
15370 Barranca Pkwy
Irvine 92713

Tel: (714) 753-9953
FAX: (714) 753-9877

Wyle Laboratories
15360 Barranca Pkwy
Suite 200

Irvine 92713

Tel: (714) 753-9953
FAX: (714) 753-9877

Tel: (303) 790-1662
FAX: (303) 790-4991

Hamilton Hallmark
710 Wooten Road
Suite 28

Colorado Springs
80915

Tel: (719) 637-0055
FAX: (719) 637-0088
Pioneer Technologies
g?v? Greenwood Plaza

Suite 201
Englewood 80111
Tel: (303) 773-8090

Wallingford 06492
Tel: (203) 265-7741
FAX: (203) 265-7988

Hall-Mark Computer

Still River Corporate
Center

55 Federal Road

Danbury 06810

Tel: (800) 409-1483
Hamilton Hallmark
125 Commerce Court,

Unit 6

Cheshire 06410

Tel: (203) 271-2844
FAX: (203) 272-1704

Pioneer Standard
2 Trap Falls Road
Shelton 06484

Tel: (203) 929-5600

FLORIDA

Anthem Electronics
5200 Northwest 3rd
Avenue
Suite 206

t. Lauderdale 33309
Tel (305) 484-0990

Anthem Electronics

98 South Northlake

Boulevard

Suite 1024

Altamonte Springs
701

Tel: (813) 797-2900
FAX: (813) 796-4880

Arrow/Schweber
Electronics

400 Fairway Drive
Suite 102

Deerfield Beach 33441
Tel: (305) 429-8200
FAX: (305) 428-3991

Arrow/Schweber
Electronics

37 Skyline Drive
Suite 3101

Lake Mary 32746
Tel: (407 ) 333-9300
FAX: (407) 333-9320

Avnet Computer
541 South Orlando
Avenue

Suna 203

Maitla

Tel: (800) 426-7999

Hall-Mark Computer
10491 72nd Street
North

Largo 34647

Tel: (800) 409-1483

Hall-Mark Computer
13700 58th Street

Suite 206
Clearwater 34620
Tel: (800) 409-1483

Hamilton Hallmark
3350 N.West 53rd

Street

Suite 105-107

Ft. Lauderdale 33309

Tel: (305) 484-5482
FAX: (305) 484-2995
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Hamilton Hallmark
10491 72nd Street
North

Largo 34647

Tel: (813) 541-7440
FAX: (813) 544-4394

Hamilton Hallmark
7079 University
Boulevard

Winter Park 32792
Tel: (407) 657-3300
FAX: (407) 678-4414

Plonnr Technologies
337 l\rorlhlake
Boulevard

Suite 1000

Alta Monte Springs

32701

Tel: (407) 834-9090

FAX: (407) 834-0865

Pioneer Technologies
roup

674 South Military Trail

Deerfield Beach 33442

Tel: (305) 428-8877
FAX: (305) 481-2950

WyleL

ILLINOIS

Anthem Electronics
1300 Remington Road
Suite A

Schaumberg 60173
Tel: (708) 884-0200
FAX: (708) 885-0480

Arrow/Schweber
Electronics

1140 West Thorndale
Road

Itasca 60143

Tel: (708) 250-0500

Avnet Computer
1124 Thorndale
Avenue
Bensenville 60106
Tel: (800) 426-7999

Hall-Mark Computer
1124 Thorndale
Avenue

Bensenville 60106
Tel: (800) 409-1483

Avnet Computer
10809 Lakeview
Avenue

Lenexa 66219

Tel: (800) 426-7999

Hamilton Hallmark
10809 Lakeview
Avenue

Lenexa 66215

Tel: (913) 888-4747
FAX: (913) 888-0523

MARYLAND
Anthem Electronics

7168A Columbia
Gateway Drive

Hamilton Hallmark
10 D Centennial Drive
Peabody 01960

Tel: (508) 531-7430
FAX: (508) 532-9802

Pioneer Standard
44 Hartwell Avenue
Lexington 02173
Tel: (617) 861-9200
FAX: (617) 863-1547

Wyle Laboratories

ifor
Tel: (617) 271-9953
FAX: (617) 275-3809

Columbia 21046 MICHIGAN

Tel: (800) 239-6039 Arrow/Schweber
Arrow C El

System Grou 19880 Haggerty Road
200 Perry Parkwa Livonia 48152

Gaithersburg 20877
Tel: (301) 670-1600
FAX: (301) 670-0188

1 130 Thorndale
Avenue

10‘60 112th Clrcle Nonh
Street Petersburg
33716

Suite 800

Tel: (813) 579-1518
FAX: (813) 579-1518

GEORGIA

Anthem Electronics
240?‘ Pleasant Hill

Roa

Suites 9 & 10

Duluth 30136

Tel: (404) 931-3900
FAX: (404) 931-3902

Arrow Commercial

Duluth 30136
Tel: (404) 623-8825
FAX: (404) 623-8802

e{mwﬁtihwebor
4250 East Rivergreen

S e E

Dululh 30136

Tel: (404) 497-1300
FAX: (404) 476-1493

Avnet Computer
3425 (éorporate Way

Suit
Duluth 30136
Tel: (800) 426-7999

Hall-Mark Computer
3425 Corporate Way

Suits
Dululh 30136
Tel: (800) 409-1483

Hamilton Hallmark
3425 Corporate Way
Suite G &

Duluth 30136

Tel: (404) 623-5475
FAX: (404) 623-5490

Pioneer Technologles
roup
4250 C Rlvergreen

Par
Du

Tel: (404) 231 003
FAX: (404) 623-0665

Wyle Laboratories
6025 The Corners

Suite 111

Norcross 30092

Tel: (404) 441-9045
FAX: (404) 441-9086

60106
Tel: (800) 426-7999

MTI Systems Sales
1140 West Thorndale
Avenue

Itasca 60143

Tel: (708) 250-8222
FAX: (708) 250-8275

Electronics

9800J Patuxent Woods

Drive

Columbia 21046

Tel: (301) 596-7800
FAX: (301) 995-6201

Avnet Computer

7172 Columbia

Gateway Drive

uite
Col

Pioneer
2171 Executive Drive
Suite 200

Addison 60101

Tel: (708) 495-3680
FAX: (708) 495-9831
Wyle Laboratories
2055 Army Trail Road
Suite 140

Addison 60101

Tel: (800) 853-9953
FAX: (708) 620-1610

Zeus Arrow
Electronics

1140 West Thorndale
IAvenue

t

Tel: (708) 250 0500

INDIANA

Arrow/Schweber
Electronics

7108 Lakeview
Parkway West Drive
Indianapolis 46268
Tel: (317) 299-2071
FAX: (317) 299-2379

Avnet Computer

655 West Carmel Drive
Carmel 46032

Tel: (800) 426-7999

Hall—Mark Computer
655 West Cam\el Drive
Carmel 460.

Tel: (800) 409-1483

Hamilto

ia 21045
Tel: (800) 426-7999
Hall-Mark Computer
7172 Columbia
Gateway Drive
Suite G
Columbia 21046
Tel: (800) 409-1483

Hamilton Hallmark
;‘ 0240 Old Columbia

oad
Columbia 21046
Tel: (800) 409-1483

North Atlantic
Industries

Systems Division

7125 River Wood Drive
Columbia 21046

Tel: (301) 312-5800
FAX: (301) 312-5850

Pioneer Technologies
Group

15810 Gaither Road
Gaithersburg 20877
Tel: (301) 921-0660
FAX: (301) 670-6746

Wyle Laboratories
9101 Guilford Road
Suite 120

Columbia 21046

Tel: (301) 490-2170
FAX: (301) 490-2190

MASSACHUSETTS

Tel: (800) 231-7902
FAX: (313) 462-2686

Avnet Computer
41650 Garden Brook
Road

Suite 120

Novi 4

Tel: (300) 426~7999

Hall-Mark Computer
41650 Garden Brook
Road

Suite 120

Novi 48375

Tel: (800) 409-1483
Hamilton Hallmark
44191 Plymouth Oaks

vd.
Suite 1300

Tel: (313) 416-5806
FAX: (313) 416-5811

Hamilton Hallmark
41650 Garden Brook
Road

Suite 100

Novi 49418

Tel: (313) 347-4271
FAX: (313) 347-4021

Pionee d

Hamilton Hallmark
9401 James Avenue
South

Suite 140
Bloomington 55431
Tel: (612) 881-2600
FAX: (612) 881-9461

Ploneer Standard
7625 Golden Triangle
Drive

Suite G

Eden Prairie 55344
Tel: (612) 944-3355
FAX: (612) 944-3794

Wyle Laboratories
1325 East 79th Street
Suite 1

Bloomington 55425
Tel: (612) 853-2280
FAX: (612) 853-2298

MISSOURI

Arrow/Schweber
Electronics

2380 Schuetz Road
Street Louis 63141
Tel: (314) 567-6888
FAX: (314) 567-1164

Avnet Computer
3783 Rider Train South
Earth City 63045

Tel: (800) 426-7999

Hall-Mark Computer
3783 Rider Trail South
Earth City 63045

Tel: (eoo{ 409-1483

Hamilton Hallmark
3783 Rider Trail South
Earth City 63045

Tel: (314) 291-5350
FAX: (314) 291-0362

NEW HAMPSHIRE
Avnet Computer

2 Executive Park Drive
Bedford 03102

Tel: (800) 426-7999

NEW JERSEY

Anth: :

r
4505 Broadmoor
SouthE.
Grand Rapids 49512
Tel: (616) 698-1800
FAX: (616) 698-1831

Pion d

26 Chapin Road, Unit K
Pine Brook 07058

Tel: (201) 227-7960
FAX: (201) 227-9246

Arrow/Schweber

441 90 Plymoum Oaks
Blvd.

Plymouth 48170
Tel: (313) 525-1800
FAX: (313) 427-3720

MINNESOTA

Anthem Electronics
7646 Golden Triangle
Drive

Eden Prairie 55344
Tel: (612) 944-5454
FAX: (612) 944-3045

4 East Stow Road, Unit

Mariton 08053

Tel: (609) 596-8000
FAX: (609) 596-9632
Arrow/Schweber
Electronics

43 Route 46 East
Pine Brook 07058
Tel: (201) 227-7880
FAX: (201) 538-4962

Avnet Computer
1-B Keyslone Avenue

Anthem El
200 Research Drive

655 West Carrnel Dnve

Suite 160
o (317) 575-3500
FAX: (317) 575-3535

n 01887
Tel: (508) 657-5170
FAX: (508) 657-6008

lE\lrrowISehweber

Pioneer dard
9350 Priority Way West
Drive

Indianapolis 46250
Tel: (317) 573-0880
FAX: (317) 573-0979

KANSAS

Arrow/Schweber
Electronics

9801 Legler Road
Lenexa 66219

Tel: (913) 541-9542
FAX: (913) 541-0328

25 Upton Drive
Wilmington 01887
Tel: (508) 658-0900
FAX: (508) 694-1754

Avnet Computer

10 D Centennial Drive
Peabody 01960

Tel: (800) 426-7999

Hall-Mark Computer
10 D Centennial Drive
Peabody 01960

Tel: (800) 409-1483

Electronics

10100 Viking Drive
Suite 100

Eden Prairie 55344
Tel: (612) 941-5280
FAX: (612) 942-7803

Avnet Computer
9800 Bren Roaqd East
Suite 410
Minnetonka 5

Tel: (800) 426-7999

Hall-Mark Computer
9800 Bren Road East
Suite 410
Minnetonka 55343
Tel: (800) 4039-1483

Chenafhlll 08003
Tel: (800) 426-7999

Hall-Mark Computer
1 B Keyslone Avenue

Buildi %‘
Cherry ill 08003
el: (800) 409-1483

Hall-Mark Computer
10 Lanidex Plaza West
Parsippany 07054

Tel: (800) 409-1483

Hamilton Hallmark
1 Keystone Avenue
Building 36

FAX (609) 751 -2552
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Hamiiton Hallmark

10 Lanidex Plaza West
Parsippany 07054

Tel: (201) 515-5300
FAX: (201) 515-1601

MTI Systoms Sales
43 Route 46 East
Pinebrook 0705

Tel: (201) 882-8780
FAX: (201) 539-6430

PloneerStandard
14-A Madlson Road
Fairfield 0700¢

Tel: (201) 575 3510
FAX: (201) 575-3454

Wyle Laboratories
’1__15 Route 46, Building

Mountain Lakes 07046
Tel: (201) 402-4970

NEW MEXICO
Alliance Electronics,

Inc.

3411 Bryn Mawr

Nonheasl
uc!_’uerque 87101

Tel: (505) 292-3360

FAX: (505) 275-6392

Avnet Computer
7801 Academy Road
Building 1, Suite 204
Albuquevque 87109
Tel: (800) 426-7999

NEW YORK

Anthem Electronics
47 Mall Dnve
Commack 11725
Tel: (516) 864-6600
FAX: (516) 493-2244
Arrow/Schweber
Electronics

3375 Brighton Henrietta
Townline Road
Rochester 14623
Tel: (716) 427-0300
FAX: (716) 427-0735

Arrow/Schweber
Electronics

20 Oser Avenue
Hauppauge 11788
Tel: (516) 231-1000
FAX: (516) 231-1072

Avnet Computer

2 Penn Plaza

Suite 1245

New York 10121
Tel: (800) 426-7999

Avnet Computer

1057 E. Henrietta Road
Rochester 14623

Tel: (800) 426-7999

Hall-Mark Computer
2 Penn Plaza

New York 10121

Tel: (800) 409-1483

Hall-Mark Computer
1057 East Henrietta
Road

Rochester 14623
Tel: (800) 409-1483

Hamilton Hallmark
933 Motor Parkway
Haup) Eauge 11788
Tel: (516) 434-7470
FAX: (51 6) 434-7491

Hamilton Hallmark
}i 05{j East Henrietta

Rochester 14623
Tel: (716) 475-9130
FAX: (716) 475-9119

Hamiiton Anthi |
3075 Veterans Electronics 9090 Southwest Gemini Electronics
Memorial Hwy. 8200 Washington Drive 3220 Commander Drive
Ronkonkoma 11779 Village Drive Beaverton 97005 Carroliton 75006
Tel: (516) 737-0600 Centerville 45458 Tel: (503) 643-1114 Tel: (214) 380-6464
FAX: (516) 737-0838 Tel: (513) 435-5563 FAX: (503) 626-7928 FAX: (214) 248-7208
MTI Systems Sales FAX: (513) 435-2049 Avnet Comp
1 Penn Plaza Avnet Computer 9750 Southwest Electronics
250 West 34th Street 7764 Washington Nimbus Ave 19416 Park Row
New 11 Vlllage Dnve Beaverton 97005 Suite 190
;i'x( (21)2) 35 1288 Te ?‘ (300) 425-7999 Tet: (B00) 426-7999 L‘°“s€°" ;;8993
- el: ouston
Hall-Mark Computer N -
Ploneer Standard Avnet Computer 9750 Southwes! Tel: (713) 530-4700
68 Corporate Drive 2 Summit Park Drive Nimbus Ave Avnet Computer
Bmghamlon 13904 Suite 520 Beavert 4004 Beltline
Tel: (60 ; 9300 Independence 44131 Tel: (800) 409~1 483 Suite 200
FAX: (607) 722-9562 Tel: (800) 426-7999 Hamilton Hallmark %r (soo) 426_7999
Pioneer Standard Hall-Mark Computer 9750 Southwest )
60 Crossway Park 5821 Harper Road Nimbus Ave. Avnet Computer
Wi Solon 44139 Beaverton 97005 1235 North Loop West

est
\1Nc;odbury, Long Island

Tel: (516) 921-8700
FAX: (516) 921-2143

Pioneer Standard
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
FAX: (716) 381-5955

Zeus Arrow
Electronics

100 Midland Avenue
Port Chester 10573
Tel: (914) 937-7400
FAX: (914) 937-2553

NORTH CAROLINA

Arrow/Schweber
Electronics

5240 Greensdairy
Road

Raleigh 27604
Tel: (919) 876-3132
FAX: (919) 878-9517

Avnet Computer
4421 Stuart Andrew
Boulevard

Suite 600

Charlotte 28217
Tel: (800) 426-7999

Hall-Mark Computer
3510 Spring Forest
Road

Suite B

Raleigh 27604

Tel: (800) 409-1483

Hamilton Hallmark
3510 Spring Forest
Road

Suite B
Tel: (800) 409-1483
Pioneer Technologies

Group

2200 Gateway Ctr.
Boulevard

Suite 215
Morrisville 27560
Tel: (919) 460-1530

OHIO

Arrow Commercial
System Group
284 Cramer CVeek

Court

Bublin 43017

Tel: (614) 889-9347
FAX: (614) 889-9680

Arrow/Schweber
Electronics

6573 Cochran Road
Suite E

Solon 44139

Tel: (216) 248-3990
FAX: (216) 248-1106

Tel: (800) 409-1483

Hall-Mark Computer
777 Dearborn Park
Lane

Suite L

Worthington 43085
Tel: (800) 409-1483

Hamllton Hallmark
5821 Harper Road

Solon 44139

Tel: (216) 498-1100

FAX: (216) 248-4803

Hamilton Hallmark
777 Dearbomn Park
Lane

Suite L

Worthington 43085
Tel: (614) 888-3313
FAX: (614) 888-0767

MTI Systems Sales
23404 Commerce Park

Road

Beachwood 44122
Tel: (216) 464-6688
FAX: (216) 464-3564

Tel: (503) 526-6200
FAX: (503) 641-5939

Ploneer Technologies
8905 Southwest
Numbus Ave.

Suite 160

Beaverton 97005

Tel: (503) 626-7300
FAX: (503) 626-5300

Wyle Laboratories
9640 Sunshine Court
Bu::dlng G

97005
o (503) 643-7900
FAX: (503) 646-5466

PENNSYLVANIA

Anthem Electronics
355 Business Center

VB
S04
Tol (215) 5150
FAX: (215) 675-9875

Avnet Computer
213 Executive Drive

Ploneer Standard Suite 320

4433 Interpoint Mars 16046

Boulevard Tel: (800) 426-7999

Dayton 45424

Tel: (513) 236-9900 Plr%"“r Technologles

FAX: (513) 236-8133 250 I&ppa Drive

Ploneer B

4800 East 131st Street Tel: 3] ) 2300

Cleveland 44105 FAX: (412) 963 8255

Tel: (216) 587-3600

FAX: (216) 663-1004 Plor:’eor Technologies

OKLAHOMA 500 é:ﬂerprlse Road
Keith Valley Business

Arrow/Schweber Center

Elect Horsham 19044

ronics
12101 East 51st Street
Suite 106
Tulsa 74146
Tel: (918) 252-7537
FAX: (918) 254-0917

Hamilton Hallmark
5411 South 125th East
Avenue

Suite 305

Tulsa 74146

Tel: (918) 254-6110
FAX: (918) 254-6207
Ploneer Standard
9717 East 42nd Street
?une 105

Tel: (919) 665-7840
FAX: (918) 665-1891

OREGON

Almac Arrow
Electronics

1885 N.West 169th
Place

Beaverton 97006
Tel: (503) 629-8090
FAX: (503) 645-0611

Tel: (713) 530-4700

W e Laboratories
ves Drive

S ite 111

Marlton 08053-3185

Tel: (609) 985-7953

FAX: (609) 985-8757

TEXAS

Anthem Electronics
651 N. Plano Road
Suite 401
Richardson 75081
Tel: (214) 238-7100
FAX: (214) 238-0237

Anthem Electronics
14050 Summit Drive
Suite 119

Tel: (512) 388-0049
FAX: (512) 388-0271

Arrow/Schweber
Electronics
1 1500 h‘fgtnc Boulevard

stin 7.
Tel (512) 3354180
FAX: (512) 832-5921

Suite 52
Houston 77008
Tel: (eo0) 426-7999

Hall-Mark Computer
12211 Technology
Boulevard

Austin 78727

Tel: (800) 409-1483

Hall-Mark Computer
gO?'t Beltline Road

Dallas
Tel: (800) 409~1483

Hall-Mark Computer
1235 North Loop West
Houston 77008

Tel: (800) 409-1483

Hamilton Hallmark
12211 Technology
Boulevard

Austin 78727

Tel: (512) 258-8848
FAX: (512) 258-3777

Hamilton Hallmark
11420 Page Mill Road
Dallas 75243

Tel: (214) 553-4300
FAX: (214) 553-4395

Hamilton Hallmark
8000 Westglen
Houston 77063

Tel: (713) 781-6100
FAX: (713) 953-8420

Pioneer Standard
1826D Kramer Lane
Austin 78758

Tel: (5 2) 835-4000
FAX: (512) 835-9829
Pioneer Standard
13765 Beta Road
Dallas 75244

Tel: (214) 263-3168
FAX: (214) 490-6419

Ploneer Standard
10530 Rockley Road
Suite 100

Houston 77099

Tel: (713) 495-4700
FAX: (713) 495-5642

Wyle Laboratories
1810 Greenville
Avenue

Richardson 75081
Tel: (214) 235-9953
FAX: (214) 644-5064

Wyle Laboratories
4030 West Braker Lane
Suite 420

Austin 78758

Tel: (512) 345-8853
FAX: (512) 345-9330

Wyle Laboratories
11001 South Wilcrest
Suite 100

Houston 77099

Tel: (713) 879-9953
FAX: (713) 879-6540
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UTAH

Anth,

Avnet Computer
8630 154th Avenue

1279 West 2200 South
Salt Lake City 84119
Tel: (801) 973-8555
FAX: (801) 973-8909

F 98052

Tel: (800) 426-7999
Hamilton Halimark
8630 1541h Avenue

ond 98052
Tel (206) 881-6697

‘Wyle Laboratories
150 North Patrick
Building 7, Suite 150
Brookfield 53045
Tel: (414) 879-0434
FAX: (414) 879-0474

ALASKA

Arrow/Schweber
Electronics FAX: (206) 867-0159 Avnet Computer
IB ?)ﬁ;ﬁ'}gl Parkway Pioneer Technologi 1400 West Benson
Salt Lake City 84119 2800 156th Avenue. Suite 400
Tel: (801) 973-6913 s ite 100 Anchorage 99503
Avnet C llovus 98007 Tel: (800) 426-7999
1100 East 6600 South Tel: (205) 644-7500
Sl Laks City 84121 Wyle Laboratories CANADA
Tel: (800) 426-7999 15382 Northeast 90th ALBERTA
Hall-Mark Computer Redmond 98052
1100 East 6600 South Tel: (206) 881-1150 Avnat Computar
Suite 1 FAX: (206) 881-1567 Moo
SaltLa Suite 31?)53
Tel: (aoo) 409 1483 WISCONSIN Calgary T2E 7P1
l:‘non‘;lléon‘%%lggastkum é;or:tw&ihwebor Tel: (800) 387-3406
asl Ol ronics

Suite 120 200 N. Patrick Plonest/Zentronics
Salt Lake City 84121 Suite 100 Nofheats g
Tel: (801) 266-2022 Brookfield 53005 CoalgatoE 788
FAX: (801) 263-0104 Tel: (414) 792-0150 o

FAX: (414) 762-0156 el: (403) 295-8838
%g; Labor;élgg;z N Moot . FAX: (403) 295-8714

West wvnet Computer
SueE- 2440 |soump17gth BRITISH COLUMBIA
lest Valley 841 ree!

Tel: (801) 974-9953 New Berlin 53416 Almac Arrow
FAX: (801) 972-2524 Tel: (800) 426-7999 BBSM a‘f,"\‘, o Pﬂ%e

Hall-Mark Computer urnaby
WASHINGTON 2440 South 173t Tel: (604) 421-2333
Almac Arrow Street FAX: (604) 421-5030
El New Berlin 53146

lectronics
14360 S.E. Eastgate

Bah

Bellevue 98007

Tel: (206) 643-9992
FAX: (206) 643-9709

Anthem Electronics
'1q 921 7 120th Avenue

Suite 102

Bothell 98011

Tel: (206) 483-1700
FAX: (206) 486-0571

FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
FAX: (358) 0 544 030

FRANCE

Intel Corx.
SouthA.R.L.

1, Rue Edison-BP 303
78054 Street Quentin-
en-Yvelines Cedex
ggl: (33) (1) 305770

FAX: (33) (1) 30 64 60
32

Tel: (800) 409-1483

Hamilton Hallmark

2440 South 179th
treet

New Berlin 53146

Tel: (414) 797-7844

FAX: (414) 797-9259

Pioneer Standard
W226 N555 Eastmound
Drive

Waukesha 53186

Tel: (414) 521-9333
FAX: (414) 521-9498

Hamilton Hallmark
8610 Commerce Court
Burmaby V5A 4N6

Tel: (604) 420-4101
FAX: (604) 420-5376

Pioneer/Zentronics

Tel: (604) 273-5575
FAX: (604) 273-2413

MANITOBA QUEBEC

340 Marjorie Street Electronics

Winnipeg R3H 0S9 1100 Street Regis
Boulevard

oo DT

Arrow/Schweber A "

Electronics FAX: (514) 421-7430

36 Antares Drive, Unit
100

Nerean K2E 7W5

Tel: (613) 226-6903
FAX: (613) 723-2018
Arrow/Schweber
Electronics

1093 Meyerside, Unit 2
Mississauga L5T 1M4
Tel: (416) 670-7769
FAX: (416) 670-7781

Avnet Computer
190 Colonade Road
Nepean K2E 7J5
Tel: (800) 387-3406

Canada System
Engineering Group
151 Superior Boulevard
Mississuaga L5T 2L1
Tel: (800) 387-3406

Hamilton Hallmark
::')61 Superior Blvd., Unit

Mississauga L5T 2L1
Tel: (416) 564-6060
FAX: (416) 564-6033

Hamiiton Hallmark
190 Colonade Road
Nepean K2E 7J5
Tel: (613) 226-1700
FAX: (613) 226-1184
Ploneer/Zentronics

Tel: (416) 507-2600
FAX: (416) 507-2831

Ploneer/Zentronics
155 Colonnade Rd.,
South

Suite 17

Nepean K2E 7K3
Tel: (613) 226-8840
FAX: (613) 226-6352

EUROPEAN SALES OFFICES

GERMANY

Intel GmbH
Dornacher Strasse 1
85622

Feldkirchen/Muenchen
Tel: (49) 089/90992-0
FAX: (49) 089/9043948

ISRAEL
lntdol Semiconductor

Atidim Industrial Park-
Neve Sharet

P.O. Box 43202
Tel-Aviv 61430

Tel: (972) 03 498080
FAX: (972) 03 491870

ITALY
Intol Com Italia

Mllanohori Palazzo E
Assago

Milano

Tel: (39) (2) 575441

FAX: (39) (2) 3498464

NETHERLANDS

Intel Semiconductor

Postbus 84130

3009 CC Rotterdam
Tel: (31) 10407 11 11
FAX: (31) 10 455 4688

RUSSIA

Intel Technologies,

:?c' tshugskaya 6/7
rementshu

121357 M wya

FAX:

TLX: 612092 smail su.

SPAIN

Intel Iberia SouthA.
Zubaran, 28
280 nd

Tel: (34)( 2552
FAX (34) (1) 410 7570

Arrow Schweber
Electronics

500 Boul. Street-Jean-
Baptiste Avenue
Quebec H2E 5R9

Tel: (418) 871-7500
FAX: (418) 871-6816

Avnet Computer
7575 Trans Canada
Suite 60

St. Laurenl H4T 1V6
Tel: (800) 265-1135

Hamiiton Hallmark
7575 Transcanada
Highway

Suite 600

Street Laurent H4T 2V6
Tel: (514) 335-1000
FAX: (514) 335-2481

Ploneer/Zentronics
520 McCaffrey

Street Laurent H4T 1N1
Tel: (514) 737-9700
FAX: (514) 737-5212

SWEDEN

Intel Sweden A.B.
Dalvagen 24

171 36 Solna

Tel: (46) 8 705 5600
FAX: (46) 8 278085

UNITED KINGDOM
Intel Corp. (U.K.) Ltd.
Pipers Wa‘xl

Swindon, Wiltshire SN3
1

Tel: (44) (01793)

FAX: (44) (01793)
641440
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ARGENTINA
DAFSYS Consulting
Chacabuco, 90- -6 Piso

FAX: 54 1 334 1871
Reycom Electronica

Bernardo de Irigoyen

1304 Buenos Aires
Tel: 54 1 31
FAX: 54 1 304 2018

AUSTRALIA

Hardie Technologies
205 Middleborough Road
Box Hill, Victoria 3128

BRAZIL

Hitech

Av. Eng. Luiz Carlos
Berrini

801-12 andar

Sao Paulo/SP

Cep: 04571 901

Tel: 55 11 536 0355
FAX: 55 11 240 2650

Itaucom

Av. Wilheim Winter, 301
Jundai/SP

Cep: 13213 000

Tel: 55 11 735 3184
FAXL 55 11 735 3004

CHILE

DTS

Rosas 1444
Santiago

Tel: 562 697 0991
FAX: 562 699 3316

CHINA

Novel Precision
Machinery Co., Ltd.
Room 728 Trade Square
g&wheung Sha Wan

0
Kowloon, Hong Kong
Tel: 852 360 8999

Cable: NVTNCINDHK
HK.

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

COLOMBIA

Dimser Ingenieria Ltda
Avemda El'Dorado No.
84A-55 Loc. 1

Dorado Plaza

Santa Fe de Bogota D.C.
Tel: 571 295 364

FAX: 571 295 5998

HONG KONG

Com onents Agent Ltd.
etroplaza, Tower 1

ng Fong Road

Kwai Chung

New Territories

Tel: 852 487 8826
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This book provides technical information pertaining to the 82496/82497/82498
cache controller and the 82491/82492/82493 cache SRAM chip sets. The
82498/82493 second-level cache chip set is new to this edition and its interface
to the Pentium® processors at iCOMP® index 1110\133MHz, 1000\120 MHz,
815\100 MHz and 735\90 MHz are discussed in detail. Other information

covered in this manual includes: cache architecture, cache consistency protocol,

electrical, mechanical and thermal specifications.
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