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Table 6-13. Special Bus Cycles Encoding

BE7# BEG6# BE5# BE4# BE3# BE2# BE1# BEO# Special Bus Cycle

1 1 1 1 1 1 1 0 Shutdown

1 1 1 1 1 1 0 1 Flush
(INVD,WBINVD instr)

1 1 1 1 1 0 1 1 Halt

1 1 1 1 0 1 1 1 Write Back
(WBINVD instruction)

1 1 1 0 1 1 1 1 Flush Acknowledge
(FLUSH# assertion)

1 1 0 1 1 1 1 1 Branch Trace Message

Shutdown can be generated due to the following reasons: 1) if any other exception occurs
while the Pentium processor is attempting to invoke the double-fault handler, or 2) an internal
parity error is detected. Prior to going into shutdown, the Pentium processor will not write
back the M-state lines. During shutdown, the internal caches remain in the same state unless an
inquire cycle is run or the cache is flushed. The FLUSH#, SMI#, and R/S# pins are recognized
while the Pentium processor is in a shutdown state. The Pentium processor will remain in
shutdown until NMI, INIT, or RESET is asserted.

The Flush Special Cycle is driven after the INVD (invalidate cache) or WBINVD (write back
invalidate cache) instructions are executed. The Flush Special Cycle is driven to indicate to the
external system that the internal caches were invalidated and that external caches should also
be invalidated. Note that the Flush Special Cycle does not imply that the modified lines in the
data cache were written back.

The Halt Special Cycle is driven when a HLT instruction is executed. Externally, halt differs
from shutdown in only two ways: 1) in the resulting byte enables that are asserted, and 2) the
Pentium processor will exit the HLT state if INTR is asserted and maskable interrupts are
enabled in addition to the assertion of NMI, INIT or RESET.

The Write Back Special Cycle is driven after the WBINVD instruction is executed. It indicates
that modified lines in the Pentium processor data cache were written back to memory or a
second level cache. The Write Back Special Cycle also indicates that modified lines in external
caches should be written back. After the WBINVD instruction is executed, writeback special
cycle is generated, followed by the flush special cycle. Note that INTR is not recognized while
the WBINVD instruction is being executed.

When the FLUSH# pin is asserted to the Pentium processor, all modified lines in the data
cache are written back and all lines in the code and data caches are invalidated. The Flush
Acknowledge Special Cycle is driven after the write back and invalidations are complete. The
Flush Acknowledge special cycle is driven only in response to the FLUSH# pin being
activated. Note that the Flush Acknowledge special cycle indicates that all modified lines were
written back and all cache lines were invalidated while the Flush special cycle only indicates
that all cache lines were invalidated.

The Branch Trace Message Special Cycle is part of the Pentium processor execution tracing
protocol. If the execution tracing enable bit (bit 1) in TR12 is set to 1, a Branch Trace message
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special cycle will be driven each time IBT is asserted, i.e. whenever a branch is taken. The
Branch Trace message special cycle is the only special cycle that does not drive "0's" on the
address bus, however like the other special cycles, the data bus is undefined. When the branch
trace message is driven, the following is driven on the address bus:

A31-A3: Bits 31-3 of the branch target linear address

BT2-BTO:  Bits 2-0 of the branch target linear address
(the byte enables should not be decoded for A2-A0)

BT3: High if the default operand size is 32-bits,
Low if the default operand size is 16-bits

6.3.9. Bus Error Support

Pentium processor provides basic support for bus error handling through data and address
parity check. Even data parity will be generated by the processor for every enabled byte in
write cycles and will be checked for all valid bytes in read cycles. The PCHK# output signals
if a data parity error is encountered for reads.

Even address parity will be generated for A31-A5 during write and read cycles, and checked
during inquire cycles. The APCHK# output signals if an address parity error is encountered
during inquire cycles.

External hardware is free to take whatever actions are appropriate after a parity error. For
example, external hardware may signal an interrupt if PCHK# or APCHK# is asserted. Please
refer to the Error Detection chapter for the details.

6.3.10. Pipelined Cycles

The NA# input indicates to the Pentium processor that it may drive another cycle before the
current one is completed. Cacheability (KEN#) and cache policy (WB/WT#) indicators for the
current cycle are sampled in the same clock NA# is sampled active (or the first BRDY# for
that cycle, whichever comes first). Note that the WB/WT#, and KEN# inputs are sampled with
the first of BRDY# or NA# even if NA# does not cause a pipelined cycle to be driven because
there was no pending cycle internally or two cycles are already outstanding.

The NA# input is latched internally, so even if a cycle is not pending internally in the clock
that NA# is sampled active, but becomes pending before the current cycle is complete, the
pending cycle will be driven to the bus even if NA# was subsequently deasserted.

LOCK# and writeback cycles are not pipelined into other cycles and other cycles are not
pipelined into them (regardless of the state of NA#). Special cycles and I/O cycles may be
pipelined.

An example of burst pipelined back to back reads is shown in Figure 6-17. The assertion of
NA# causes a pending cycle to be driven 2 clocks later. Note KEN# timing.
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Figure 6-17. Two Pipelined Cache Line Fills

Write cycles can be pipelined into read cycles and read cycles can be pipelined into write
cycles, but one dead clock will be inserted between read and write cycles to allow bus turnover
(see the bus state diagram in the Bus State Definition section of this chapter). Pipelined back to
back read/write cycles are shown in Figure 6-18.
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Figure 6-18. Pipelined Back-to-Back Read/Write Cycles

6.3.10.1. KEN# AND WB/WT# SAMPLING FOR PIPELINED CYCLES

KEN# and WB/WT# are sampled with NA# or BRDY# for that cycle, whichever comes first.
Figure 6-19 and Figure 6-20 clarify this specification.
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Figure 6-19. KEN# and WB/WT# Sampling with NA#

Figure 6-19 shows that even though 2 cycles have been driven, the NA# for the second cycle
still causes KEN# and WB/WTH# to be sampled for the second cycle. A third ADS# will not be
driven until all the BRDY#s for cycle 1 have been returned to the Pentium processor.
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Figure 6-20. KEN# and WB/WT# Sampling with BRDY#

Figure 6-20 shows that two cycles are outstanding on the Pentium processor bus. The assertion
of NA# caused the sampling of KEN# and WB/WT# for the first cycle. The assertion of the
four BRDY#s for the first cycle DO NOT cause the KEN# and WB/WT# for the second cycle
to be sampled. KEN# and WB/WT# for the second cycle are sampled with the first BRDY# for
the second cycle (in this example).

6.4. CACHE CONSISTENCY CYCLES (INQUIRE CYCLES)

The purpose of an inquire cycle is to check whether a particular address is cached in a Pentium
processor internal cache and optionally invalidate it. After an inquire cycle is complete, the
system has information on whether or not a particular address location is cached and what state
it is in.

An inquire cycle is typically performed by first asserting AHOLD to force the Pentium
processor to float its address bus, waiting two clocks, and then driving the inquire address and
INV and asserting EADS#. Inquire cycles may also be executed while the Pentium processor is
forced off the bus due to HLDA, or BOFF#. Because the entire cache line is affected by an in-
quire cycle, only A31-AS5 need to be driven with the valid inquire address. Although the value
of A4-A3 is ignored, these inputs should be driven to a valid logic level during inquire cycles
for circuit reasons. The INV pin is driven along with the inquire address to indicate whether
the line should be invalidated (INV high) or marked as shared (INV low) in the event of an
inquire hit.

After the Pentium processor determines if the inquire cycle hit a line in either internal cache, it
drives the HIT# pin. HIT# is asserted (low) two clocks after EADS# is sampled asserted! if the
inquire cycle hit a line in the code or data cache. HIT# is deasserted (high) two clocks after
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EADS# is sampled asserted if the inquire cycle missed in both internal caches. The HIT#
output changes its value only as a result of an inquire cycle. It retains its value between inquire
cycles. In addition, the HITM# pin is asserted two clocks after EADS# if the inquire cycle hit a
modified line in the data cache. HITM# is asserted to indicate to the external system that the
Pentium processor contains the most current copy of the data and any device needing to read
that data should wait for the Pentium processor to write it back. The HITM# output remains
asserted until two clocks after the last BRDY# of the writeback cycle is asserted.

The external system must inhibit inquire cycles during BIST (initiated by INIT being sampled
high on the falling edge of RESET), and during the Boundary Scan Instruction RUNBIST.
When the model specific registers (test registers) are used to read or write lines directly to or
from the cache it is important that external snoops (inquire cycles) are inhibited to guarantee
predictable results when testing. This can be accomplished by inhibiting the snoops externally
or by putting the processor in SRAM mode (CR0.CD=CR0.NW=1).

The EADS# input is ignored during external snoop writeback cycles (HITM# asserted), or
during the clock after ADS# or EADS# is active. EADS# is also ignored when the processor is
in SRAM mode, or when the processor is driving the address bus.

Note that the Pentium processor may drive the address bus in the clock after AHOLD is
deasserted. It is the responsibility of the system designer to ensure that address bus contention
does not occur. This can be accomplished by not deasserting AHOLD to the Pentium processor
until all other bus masters have stopped driving the address bus.

Figure 6-21 shows an inquire cycle that misses both internal caches. Note that both the HIT#
and HITM# signals are deasserted two clocks after EADS# is sampled asserted.

Figure 6-22 shows an inquire cycle that invalidates a non-modified line. Note that INV is
asserted (high) in the clock that EADS# is returned. Note that two clocks after EADS# is
sampled asserted, HIT# is asserted and HITM# is deasserted.

Figure 6-21 and Figure 6-22 both show that the AP pin is sampled/driven along with the
address bus, and that the APCHK# pin is driven with the address parity status two clocks after
EADS# is sampled asserted.

An inquire cycle that hits a M-state line is shown in Figure 6-23. Both the HIT# and HITM#
outputs are asserted two clocks after EADS# is sampled asserted. ADS# for the writeback
cycle will occur no earlier than two clocks after the assertion of HITM#.
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Figure 6-21. Inquire Cycle that Misses Pentium™ Processor Cache
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Figure 6-22. Inquire Cycle that Invalidates non-M-State Line
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Figure 6-23. Inquire Cycle that Invalidates M-State Line

HITM# is asserted only if an inquire cycle (external snoop) hits a modified line in the Pentium
processor data cache. HITM# is not asserted for internal snoop writeback cycles or cache
relacement writeback cycles. HITM# informs the external system that the inquire cycle hit a
modified line in the data cache and that line will be written back. Any ADS# driven by the
Pentium processor while HITM# is asserted will be the ADS# of the writeback cycle. The
HITM# signal will stay active until last BRDY# is returned for the corresponding inquire
cycle. Writeback cycles start at burst address 0.

Note that ADS# is asserted despite the AHOLD signal being active. This ADS# initiates a
writeback cycle corresponding to the inquire hit. Such a cycle can be initiated while address
lines are floating to support multiple inquires within a single AHOLD session. This
functionality can be used during secondary cache replacement processing if its line is larger
than the Pentium processor cache line (32-bytes). Although the cycle specification is driven
properly by the processor, address pins are not driven because AHOLD forces the Pentium
processor off the address bus. If AHOLD is cleared before Pentium processor drives out the
inquire writeback cycle, the Pentium processor will drive the correct address for inquire write-
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back in the next clock. The ADS# to initiate a writeback cycle as a result of an inquire hit is the
only time ADS# will be asserted while AHOLD is also asserted.

Note that in the event of an address parity error during inquire cycles, the snoop cycle will not
be inhibited. If the inquire hits a modified line in this situation and an active AHOLD prevents
the Pentium processor from driving the addrss bus, the Pentium processor will potentially write
back a line at an address other than the one intended. If the Pentium processor is not driving
the address bus during the writeback cycle, it is possible that memory will be corrupted.

If BOFF# or HLDA were asserted to perform the inquire cycle, the writeback cycle would wait
until BOFF# or HLDA were deasserted.

State machines should not depend on a writeback cycle to follow an assertion of HITM#.
HITM# may be negated without a corresponding writeback cycle being run. This may occur as
a result of the internal caches being invalidated due to the INVD instruction or by testability
accesses. Note as indicated earlier in this section that inquire cycles occurring during testability
accesses will generate unpredictable results. In addition, a second writeback cycle will not be
generated for an inquire cycle which hits a line that is already being written back, see Figure 6-
28. This can happen if an inquire cycle hits a line in one of the Pentium processor writeback
buffers.

6.4.1. Restrictions on Deassertion of AHOLD

To prevent the address and data buses from switching simultaneously, the following
restrictions are placed on the negation of AHOLD: (i) AHOLD must not be negated in the
same clock as the assertion of BRDY# during a write cycle; (ii) AHOLD must not be negated
in the dead clock between write cycles pipelined into read cycles; and (iii) AHOLD must not
be negated in the same clock as the assertion of ADS# while HITM# is asserted. Note that
there are two clocks between EADS# being sampled asserted and HITM# being asserted, and a
further minimum of two clocks between an assertion of HITM# and ADS#.

These restrictions on the deassertion of AHOLD are the only considerations the system
designer needs to make to prevent the simultaneous switching of the address and data buses.
All other considerations are handled internally.

Figure 6-23 can be used to illustrate restrictions (i) and (iii). AHOLD may be deasserted in
clock 2, 3, or 4, but not in clock 5, 6,7, 8 or 9.

Figure 6-24 and Figure 6-25 depict restrictions (i) and (ii) respectively. Note that there are no
restrictions on the assertion of AHOLD.
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Figure 6-24 shows a writeback (due to a previous snoop that is not shown). ADS# for the
writeback is asserted even though AHOLD is asserted. Note that AHOLD can be deasserted in
clock 2,4, 7, or 9. AHOLD can not be deasserted in clock 1, 3, 5, 6, or 8.
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Figure 6-25. AHOLD Restriction During TD

Figure 6-25 shows a write cycle being pipelined into a read cycle. Note that if AHOLD is
asserted in clock 5, it can be deasserted in clock 7 before the TD, or in clock 10 after the TD,
but it can not be deasserted in clock 8 (the TD clock). AHOLD can not be deasserted in clock 9
because BRDY# for the write cycle is being returned.
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6.4.2. Rate of Inquire Cycles

Pentium processor can accept inquire cycles at a maximum rate of one every other clock.
However, if an inquire cycle hits an M-state line of the Pentium processor, subsequent inquire
cycles will be ignored until the line is written back and HITM# is deasserted. EADS# is also
ignored the clock after ADS# is asserted.

6.4.3. Internal Snooping

"Internal snoop" is the term used to describe the snooping of the internal code or data caches
that is not initiated by the assertion of EADS# by the external system. Internal snooping occurs
in the three cases described below. Note that neither HIT# nor HITM# are asserted as a result
of an internal snoop.

1. An internal snoop occurs if an access is made to the code cache, and that access is a miss.
In this case, if the accessed line is in the S or E-state in the data cache, the line is
invalidated. If the accessed line is in the M-state in the data cache, the line is written back
then invalidated.

2. An internal snoop occurs if an access is made to the data cache, and that access is a miss
or a writethrough. In this case, if the accessed line is valid in the code cache, the line is
invalidated.

3. An internal snoop occurs if a there is a write to the accessed and/or dirty bits in the page
table/directory entires. In this case, if the accessed line is valid in either the code or data
cache, the line is invalidated. If the accessed line is in the M-state in the data cache, the
line is written back then invalidated.

6.4.4. Snooping Responsibility

In systems with external second level caches allowing concurrent activity of the memory bus
and Pentium processor bus, it is desirable to run invalidate cycles concurrently with other
Pentium processor bus activity. Writes on the memory bus can cause invalidations in the sec-
ondary cache at the same time that the Pentium processor fetches data from the secondary
cache. Such cases can occur at any time relative to each other, and therefore the order in which
the invalidation is requested, and data is returned to the Pentium processor becomes important.

The Pentium processor always snoops the instruction and data caches when it accepts an
inquire cycle. If a snoop comes in during a line fill, the Pentium processor also snoops the line
currently being filled. If more than one cacheable cycle is outstanding (through pipelining), the
addresses of both outstanding cycles are snooped.

For example, during line fills, the Pentium processor starts snooping the address(es) associated
with the line(s) being filled after KEN# has been sampled active for the line(s). Each line is
snooped until it is put in the cache. If a snoop hits a line being currently filled, the Pentium
processor will assert HIT# and the line will end up in the cache in the S or I state depending on
the value of the INV pin sampled during the inquire cycle. The Pentium processor will
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however use the data returned for that line as a memory operand for the instruction that caused
the data cache miss/line fill or execute an instruction contained in a code cache miss/line fill.

Figure 6-26 and Figure 6-27 illustrate the snoop responsibility pickup. Figure 6-26 shows a
non-pipelined cycle, while Figure 6-27 illustrates a pipelined cycle. The figures show the
earliest EADS# assertion that will cause snooping of the line being cached relative to first
BRDY# or NA#.
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Figure 6-26. Snoop Responsibility Pickup — Non-Pipelined Cycles
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Figure 6-27. Snoop Responsibility Pickup — Pipelined Cycle

The Pentium processor also snoops M state lines in the writeback buffers until the writeback of
the M state lines are complete. If a snoop hits an M state line in a writeback buffer, both HIT#
and HITM# are asserted. Figure 6-28 illustrates snooping (snoop responsibility drop) of an M
state line that is being written back because it has been replaced with a "new" line in the data
cache. It shows the latest EADS# assertion, relative to the last BRDY# of the writeback cycle
that will result in a snoop hit to the line being written back. HITM# stays asserted until the
writeback is complete. Note that no additional ADS# is asserted during the writeback cycle.

The HIT# signal is a super set of the HITM# signal; it is always asserted with HITM#.
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Figure 6-28. Latest Snooping of Writeback Buffer

6.5. BUS DIFFERENCES BETWEEN THE Intel486
MICROPROCESSOR AND THE PENTIUM PROCESSOR
The Pentium processor bus is designed to be similar to the Intel486 CPU bus for ease of use. In

addition, enhancements have been made to achieve higher performance and provide better
support for multi-processing systems.

This section is provided as a quick reference for those designers familiar with the Intel486
microprocessor.

The following are differences between the Pentium processor and Intel486 CPU buses:
® The Pentium processor has 64-bit data bus, while the Intel486 CPU supports 32-bit data

bus. The Pentium processor has more byte enables (BE7#-BEO#) and more data parity pins
(DP7-0) than the Intel486 CPU to support this larger data bus size.

® The Pentium processor supports address pipelining through the NA# input to provide the
capability of driving up to two cycles to the bus concurrently.
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The Pentium processor samples the cacheability input KEN# with the earlier of NA# or the
first BRDY#. KEN# is sampled only once. The Intel486 CPU samples KEN# twice, the
clock before the first and last RDY#/BRDY# of the cache line fill cycle.

Burst length information is driven by the Pentium processor via the CACHE# pin together
with the address. The Intel486 CPU controls burst length with the BLAST# pin.

The Pentium processor generates 8 byte writes as one bus cycle, and therefore does not
have PLOCK# pin.

The Pentium processor does not change lower-order bits of address and byte enables
during the burst.

The Pentium processor requires write-backs and line fills to be run as burst cycles, and the
burst cannot be terminated in the middle (no RDY# or BLAST# pins).

Non-cacheable burst cycles are not supported by the Pentium processor. Non-burst
cacheable cycles are not supported by the Pentium processor. On the Pentium processor,
cacheable implies burst-able.

The Pentium processor supports a write back cache protocol with the following new pins:
CACHE#, HIT#, HITM#, INV and WB/WT#.

The Pentium processor does not support the dynamic bus sizing implemented with BS8#
and BS16#.

The Pentium processor does not allow invalidations every clock, or invalidations while the
Pentium processor is driving the address bus.

The Pentium processor guarantees an idle clock between consecutive LOCKed cycles.

The Pentium processor provides the SCYC pin which indicates a split cycle during locked
operations.

Non-cacheable code prefetches are 8 bytes for the Pentium processor, not 16 bytes.

The Pentium processor has an INIT pin to perform the reset function while maintaining the
state of the internal caches and the floating point machine state.

The Pentium processor supports strong store ordering between the Pentium processor and
the external system through the EWBE# pin.

The Pentium processor supports internal parity error checking, enhanced data parity
checking, and address parity error checking. The following new pins were added to im-
plement these new features: APCHK#, BUSCHK#, PEN#, IERR# and AP.

The Pentium processor includes boundary scan with the following pins: TDI, TDO, TMS,
TRST#, and TCK.

The Pentium processor has IU, IV, and IBT pins and a branch trace message special cycle
to support execution tracing.

The Pentium processor supports Functional Redundancy Checking (FRC) with the
FRCMC# and IERR# pins.

The Pentium processor supports performance monitoring and external breakpoint
indications with the following pins: BP3, BP2, PM1/BP1, and PM0/BPO.

The Pentium processor implements system management mode using the SMI# input and
the SMIACT# output.



-
I nU ® BUS FUNCTIONAL DESCRIPTION

® On the Pentium processor, after a bus cycle is aborted with BOFF#, the bus cycle is
restarted from the beginning. Data returned previous to BOFF# is not saved. The Intel486
CPU stores the data that was returned previous to the BOFF# assertion and restarts the
cycle at the point it was aborted.

® FLUSH# is an edge triggered input. It is recognized once for every falling edge. It is
implemented as an interrupt, and therefore recognized only at instruction boundaries.

6.6. BUS STATE DEFINITION

This section describes the Pentium processor bus states in detail. See Figure 6-29 for the bus
state diagram.

Ti: This is the bus idle state. In this state, no bus cycles are being run. The Pentium processor
may or may not be driving the address and status pins, depending on the state of the HLDA,
AHOLD, and BOFF# inputs. An asserted BOFF# or RESET will always force the state
machine back to this state. HLDA will only be driven in this state.

T1: This is the first clock of a bus cycle. Valid address and status are driven out and ADS# is
asserted. There is one outstanding bus cycle.

T2: This is the second and subsequent clock of the first outstanding bus cycle. In state T2, data
is driven out (if the cycle is a write), or data is expected (if the cycle is a read), and the BRDY#
pin is sampled. There is one outstanding bus cycle.

T12: This state indicates there are two outstanding bus cycles, and that the Pentium processor
is starting the second bus cycle at the same time that data is being transferred for the first. In
T12, the Pentium processor drives the address and status and asserts ADS# for the second
outstanding bus cycle, while data is transferred and BRDY# is sampled for the first outstanding
cycle.

T2P: This state indicates there are two outstanding bus cycles, and that both are in their second
and subsequent clocks. In T2P, data is being transferred and BRDY# is sampled for the first
outstanding cycle. The address, status and ADS# for the second outstanding cycle were driven
sometime in the past (in state T12).

TD: This state indicates there is one outstanding bus cycle, that its address, status and ADS#
have already been driven sometime in the past (in state T12), and that the data and BRDY#
pins are not being sampled because the data bus requires one dead clock to turn around
between consecutive reads and writes, or writes and reads. The Pentium processor enters TD if
in the previous clock there were two outstanding cycles, the last BRDY# was returned, and a
dead clock is needed. The timing diagrams in the next section give examples when a dead
clock is needed.

Table 6-14 gives a brief summary of bus activity during each bus state. Figure 6-29 shows the
Pentium processor bus state diagram.
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Table 6-14. Pentium™ Processor Bus Activity

intgl.

ADS# Asserted BRDY# Sampled
Bus State Cycles Outstanding New Address Driven Data Transferred
Ti 0 No No
T1 1 Yes No
T2 1 No Yes
T12 2 Yes Yes
T2P 2 No Yes
TD 1 No No
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9) (12

(109

*ADS# asserted

** If BOFF# is asserted during any state, a state transition to Ti
occurs in the next clock (not shown)

* |f RESET is sampled asserted in any state, a state transition PDB21
to Ti will occur (not shown)

Figure 6-29. Pentium™ Processor Bus Control State Machine

6.6.1. State Transitions

The state transition equations with descriptions are listed below. In the equations, "&" means
logical AND, "+" means logical OR, and "#" placed after label means active low. The NA#
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used here is actually a delayed version of the external NA# pin (delayed by one clock). The
definition of request pending is:

The Pentium processor has generated a new bus cycle internally & HOLD (delayed by one
clock) negated & BOFF# negated & (AHOLD negated + HITM# asserted);

Note that once NA# is sampled asserted the Pentium processor latches NA# and will pipeline a
cycle when one becomes pending even if NA# is subsequently deasserted.

(0) No Request Pending

(1) Request Pending;

The Pentium processor starts a new bus cycle & ADS# is asserted in the T1 state.
(2) Always;

With BOFF# negated, and a cycle outstanding the Pentium processor always moves to T2 to
process the data transfer.

(3) Not Last BRDY# & (No Request Pending + NA# Negated);

The Pentium processor stays in T2 until the transfer is over if no new request becomes pending
or if NA# is not asserted.

(4) Last BRDY# & Request Pending & NA# Sampled Asserted;

If there is a new request pending when the current cycle is complete, and if NA# was sampled
asserted, the Pentium processor begins from T1.

(5) Last BRDY# & (No Request Pending + NA# Negated);

If no cycle is pending when the Pentium processor finishes the current cycle or NA# is not
asserted, the Pentium processor goes back to the idle state.

(6) Not Last BRDY# & Request Pending & NA# Sampled Asserted;

While the Pentium processor is processing the current cycle (one outstanding cycle), if another
cycle becomes pending and NA# is asserted, the Pentium processor moves to T12 indicating
that the Pentium processor now has two outstanding cycles. ADS# is asserted for the second
cycle.

(7) Last BRDY# & No dead clock;

When the Pentium processor finishes the current cycle, and no dead clock is needed, it goes to
the T2 state.

(8) Last BRDY# & Need a dead clock;

When the Pentium processor finishes the current cycle, and a dead clock is needed, it goes to
the TD state.

(9) Not Last BRDY#,;

With BOFF# negated, and the current cycle not complete, the Pentium processor always moves
to T2P to process the data transfer.

(10) Not Last BRDY#;

The Pentium processor stays in T2P until the first cycle transfer is over.
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(11) Last BRDY# & No dead clock;

When the Pentium processor finishes the first cycle, and no dead clock is needed, it goes to T2
state.

(12) Last BRDY# & Need a dead clock;

When the first cycle is complete, and a dead clock is needed, it goes to TD state.

(13) Request Pending & NA# sampled asserted;

If NA# was sampled asserted and there is a new request pending , it goes to T12 state.
(14) No Request Pending + NA# Negated;

If there is no new request pending, or NA# was not asserted, it goes to T2 state.

6.6.2. Dead Clock Timing Diagrams

The timing diagrams in Figure 6-30 and Figure 6-31 show bus cycles with and without a dead
clock.

|T1 |T2 |T2 |T1 [T2 |T2 |T12 |T2 |T2 ITi |Ti |

R
ADS# f f ' . .
| //)\t\\'A

i

BRDY# R \?’ | \1! /\\\\
l

PDB22

Figure 6-30. Bus Cycles Without Dead Clock

In Figure 6-30, cycles 1 and 2 can be either read or write cycles and no dead clock would be
needed because only one cycle is outstanding when those cycles are driven. To prevent a dead
clock from being necessary after cycle 3 is driven it must be "opposite” of cycle 2. That is if
cycle 2 is a read cycle, cycle 3 must be a write cycle in order to prevent a dead clock. If cycle 2
is a write cycle, cycles 3 must be a read cycle to prevent a dead clock.
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|T1 |T2 |T2 |T12 |TD |T2 |T12 |T2P |TD |T12 |T2P I

d | wr | | |
ADS# L_\_ . . A !

| | | | |
W/R#-A_\- /J\ . |

\
| | I | | |
R S S -
rd
BRDY# .& I\ | ! \7| A’Q\\;\\ |
<>,
| | | | !d::(d | |

PDB23

Figure 6-31. Bus Cycles with TD Dead Clock

ISince the EADS# input is ignored by the processor in certain clocks, the two clocks reference is from
the clock in which EADS# is asserted and actually sampled by the processor at the end of this clock (i.e.
rising edge of next clock) as shown in Figure 6-22.
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CHAPTER 7
ELECTRICAL SPECIFICATIONS

7.1. POWER AND GROUND

For clean on-chip power distribution, the Pentium processor has 50 Vcc (power) and 49 Vss
(ground) inputs. Power and ground connections must be made to all external Vcc and Vss pins
of the Pentium processor. On the circuit board, all Vcc pins must be connected to a Vcc plane.
All Vss pins must be connected to a Vss plane.

7.2. DECOUPLING RECOMMENDATIONS

Liberal decoupling capacitance should be placed near the Pentium processor. The Pentium
processor driving its large address and data buses at high frequencies can cause transient power
surges, particularly when driving large capacitive loads.

Low inductance capacitors (i.e. surface mount capacitors) and interconnects are recommended
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.

7.3. 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.

7.4. MAXIMUM RATINGS

Table 7-1 is a stress rating only. Functional operation at the maximums is not guaranteed.
Functional operating conditions are given in the A.C. and D.C. specification tables.

Extended exposure to the maximum ratings may affect device reliability. Furthermore,
although the Pentium processor contains protective circuitry to resist damage from static
electric discharge, always take precautions to avoid high static voltages or electric fields.
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Table 7-1. Absolute Maximum Ratings

Case temperature under bias. -659C to 110°C

Storage temperature. -65°C to 150°C

Voltage on any pin with respect to ground -0.5 Vec to Vee + 0.5 (V)
Supply voltage with respect to Vss -0.5V to +6.5V

7.5. D.C. SPECIFICATIONS

Table 7-2 lists the D.C. specifications associated with the Pentium processor.
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Table 7-2. Pentium™ Processor D.C. Specifications

Vee =5V 5%, Tcase =0 to +85 °C
Symbol Parameter Min Max Unit Notes

Vi Input Low Voltage -0.3 +0.8 \ TTL Level

ViH Input High Voltage 2.0 Vee+0.3 |V TTL Level

VoL Output Low Voltage 0.45 \ TTL Level (1)
VoH Output High Voltage 2.4 Vv TTL Level (2)
lec Power Supply Current 3200 mA 66 MHz, (7), (8)

2910 mA 60 MHz, (7), (9)
I Input Leakage Current +15 uA 0<VinNsVee, 4)
Lo Output Leakage Current +15 uA 0<Vour<Vee
Tristate , (4)

e Input Leakage Current -400 uA ViN =045V, (5)
1 Input Leakage Current 200 uA Vin =24V, (6)
Cin Input Capacitance 15 pF

Co Output Capacitance 20 pF

Cio I/O Capacitance 25 pF

CoLk CLK Input Capacitance 8 pF

CTIN Test Input Capacitance 15 pf

CtouT | Test Output Capacitance 20 pf

CTCcK Test Clock Capacitance 8 pf
NOTES:

1) Parameter measured at 4mA load.

2) Parameter measured at 1mA load.

4) This parameter is for input without pullup or pulldown.

5) This parameter is for input with pullup.

6) This parameter is for input with pulldown.

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

8) (16 W max.) Typical Pentium™ processor supply current is 2600 mA (13 W) at 66 MHz.
)

(
(
(
(
(
(
(
(9) (14.6 W max.) Typical Pentium processor supply current is 2370 mA (11.9 W) at 60 MHz.

7.6. A.C. SPECIFICATIONS

The 66 MHz and 60 MHz A.C. specifications given in Tables 7-3 and 7-4 consist of output
delays, input setup requirements and input hold requirements. All A.C. specifications (with the
exception of those for the TAP signals) are relative to the rising edge of the CLK input.
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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 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 2, 5, 6, and 14.
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Table 7-3. 66 MHz Pentium™ Processor A.C. Specifications

ELECTRICAL SPECIFICATIONS

Veo=5V45%; Tease=0_C to 85°C; Cp = 0 pF
Symbol Parameter Min Max Unit | Figure Notes
Frequency 33.33 |66.66 |MHz 1x CLK
t1 CLK Period 15 nS 71
t1a CLK Period Stability +/-250 | pS (18), (19), (20),
(21)
to CLK High Time 4 nS 7.1 @2V, (1)
t3 CLK Low Time 4 nS 71 @0.8V, (1)
tq CLK Fall Time 0.15 1.5 nS 7.1 (2.0v-0.8V), (1)
t5 CLK Rise Time 0.15 1.5 nS 7.1 (0.8V-2.0V), (1)
tg ADS#, A3-A31, BT0-3, PWT, 1.5 8.0 nS 7.2
PCD,BEO-7#, M/IO#, D/C#, W/R#,
CACHEH#, SCYC, LOCKi# Valid Delay
t6a AP Valid Delay 1.5 9.5 nS 7.2
t7 ADS#, AP, A3-A31, BT0-3, PWT, 10 nS 7.3 (1)
PCD, BEO-7#, M/IO#, D/C#, W/R#,
CACHE#, SCYC, LOCK# Float Delay
tg PCHK#, APCHK#, IERR#, FERR# 1.5 8.3 nS 7.2 4)
Valid Delay
19 BREQ,HLDA, SMIACT# Valid Delay | 1.5 8.0 nS 7.2 (4)
t10 HIT#,HITM# Valid Delay 1.5 8.0 nS 7.2
114 PMo-1, BP0-3, IU, IV, IBT Valid 1.5 10 nS 7.2
Delay
t11a PRDY Valid Delay 1.5 8.0 nS 7.2
t1o D0-D63,DP0-7 Write Data Valid 1.5 ns 7.2
Delay
t13 D0-D63,DP0-7 Write Data Float 10 nS 7.3 1)
Delay
t14 A5-A31 Setup Time 6.5 nS 7.4
t15 A5-A31 Hold Time 1.5 nS 7.4
t16 EADS#, INV, AP Setup Time 5 nS 7.4
t17 EADS#, INV, AP Hold Time 1.5 nS 7.4
t18 KEN#, WB/WT# Setup Time 5 nS 7.4
t18a NA# Setup Time 45" nS 7.4
t19 KEN#, WB/WT#, NA# Hold Time 1.5 nS 74
too BRDYi# Setup Time 5 nS 7.4
toq BRDY# Hold Time 1.5 nS 7.4
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Table 7-3. 66 MHz Pentium™ Processor A.C. Specifications (Contd.)

Vee=5V+5%; Tease=0C to 85°C; CL= 0 pF

Symbol Parameter Min Max Unit | Figure Notes

too AHOLD, BOFF# Setup Time 5.5 nS 7.4

to3 AHOLD, BOFF# Hold Time 1.5 nS 7.4

toq BUSCHK#, EWBE#, HOLD, PEN# 5 nS 7.4
Setup Time

tos BUSCHK#, EWBE#, HOLD, PEN# 1.5 nS 7.4
Hold Time

tos A20M#, INTR, Setup Time 5 nS 7.4 (12), (16)

to7 A20M#, INTR, Hold Time 15 nS 7.4 (13)

tog INIT, FLUSH#, NMI, SMi#, IGNNE# |5 nS 7.4 (16), (17)
Setup Time

tog INIT, FLUSH#, NMI, SMI#, IGNNE# |[1.5 nS 74
Hold Time

t30 INIT, FLUSH#, NMI, SMI#, IGNNE# |2 Clks (15), (17)
Pulse Width, Async

131 R/S# Setup Time 5 nS 74 (12), (16), (17)

t32 R/S# Hold Time 1.5 nS 7.4 (13)

133 R/S# Pulse Width, Async. 2 CLKs (15), (17)

t34 D0-D63 Read Data Setup Time 3.8 nS 7.4

1344 DP0-7 Read Data Setup Time 4.0 nS 7.4

135 D0-D63,DP0-7 Read Data Hold Time |2 nS 7.4

136 RESET Setup Time 5 nS 7.5 (11), (12), (16)

t37 RESET Hold Time 1.5 nS 75 (11), (13)

38 RESET Pulse Width, Veec & CLK 15 Clks 75 (11)
Stable

39 RESET Active After Vcc & CLK 1 mS 7.5 power up, (11)
Stable

t40 Pentium™ processor Reset 5 nS 7.5 (12), (16), (17)
Configuration Signals (INIT, FLUSH#,
FRCMC#) Setup Time

141 Pentium processor Reset 15 nS 7.5 (13)
Configuration Signals (INIT, FLUSH#,
FRCMC#) Hold Time

t42 Pentium processor Reset 2 CLKs |75 (16)
Configuration Signals (INIT, FLUSH#,
FRCMCH#) Setup Time, Async.
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Table 7-3. 66 MHz Pentium™ Processor A.C. Specifications (Contd.)

ELECTRICAL SPECIFICATIONS

(o] o

Symbol Parameter Min Max Unit | Figure Notes
143 Pentium processor Reset 2 CLKs (7.5
Configuration Signals (INIT, FLUSH#,
FRCMC#) Hold Time, Async.

ta4 TCK Frequency - 16 MHz

t45 TCK Period 62.5 nS 7.1

tas TCK High Time 25 nS 71 @2V, (1)

ta7 TCK Low Time 25 nS 7.1 @0.8V, (1)

t48 TCK Fall Time 5 nS 71 (2.0v-0.8V), (1),
(8). (9)

t49 TCK Rise Time 5 nS 71 (0.8V-2.0V), (1),
(8), (9)

ts0 TRST# Pulse Width 40 nS 77 (1),
Asynchronous

t51 TDI, TMS Setup Time 5 nS 7.6 7)

52 TDI, TMS Hold Time 13 nS 7.6 (7)

t53 TDO Valid Delay 3 20 nS 7.6 8)

t54 TDO Float Delay 25 nS 7.6 (1), (8)

t55 All Non-Test Outputs Valid Delay 3 20 nS 7.6 (3), (8), (10)

t56 All Non-Test Outputs Float Delay 25 nS 7.6 (1), (3), (8), (10)

t57 All Non-Test Inputs Setup Time 5 nS 7.6 (3), (7), (10)

tsg All Non-Test Inputs Hold Time 13 nS 7.6 (3), (7), (10)
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NOTES:

1.
2.
3.

© ®NoO o

11.

12.
13.
14.
15.

16.
17.

18.
19.
20.

21.

7-8

Not 100% tested. Guaranteed by design/characterization.
TTL input test waveforms are assumed to be 0 to 3 Volt transitions with 1Volt/ns rise and fall times.

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.

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

0.8 V/ns <= CLK input rise/fall time <= 8 V/ns.
0.3 V/ns <= Input rise/fall time <= 5 V/ns.
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 16
MHz.

. During probe mode operation, use the normal specified timings. Do not use the boundary scan timings

(t55-58)-
FRCMC# should be tied to Ve (high) to ensure proper operation of the Pentium processor as a master
Pentium processor.

Setup time is required to guarantee recognition on a specific clock.
Hold time is required to guarantee recognition on a specific clock.
All TTL timings are referenced from 1.5 V.

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

This input may be driven asynchronously.

When driven asynchronously, 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.

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.



intgl.

Table 7-4. 60 MHz Pentium™ Processor A.C. Specifications

ELECTRICAL SPECIFICATIONS

(¢ (o]
Vee=5V+5%; Teage=0 C 1085 C;Cp=0 pF

Symbol Parameter Min Max Unit | Figure Notes
Frequency 33.33 |60 MHz 1x CLK
tq CLK Period 16.67 nS 71
ta CLK Period Stability +/-250 | pS g ?; (19), (20),
to CLK High Time 4 nS 7.1 @2V, (1)
t3 CLK Low Time 4 nS 7.1 @0.8V, (1)
tq CLK Fall Time 0.15 1.5 nS 71 (2.0v-0.8V), (1)
t5 CLK Rise Time 0.15 1.5 nS 71 (0.8v-2.0V), (1)
ts ADS#, A3-A31, BT0-3, PWT, PCD, 1.5 9.0 nS 7.2
BEO-7#, M/IO#, D/C#, W/R#,
CACHE#, SCYC, LOCKi# Valid Delay
tea AP Valid Delay 1.5 10.5 nS 7.2
t7 ADS#, AP, A3-A31, BT0-3, PWT, 11 nS 7.3 1)
PCD, BEO-7#, M/IO#, D/C#, W/R#,
CACHE#, SCYC, LOCK# Float Delay
tg PCHK#, APCHK#, IERR#, FERR# 1.5 9.3 nS 7.2 (4)
Valid Delay
tg BREQ,HLDA, SMIACT# Valid Delay (1.5 9.0 nS 7.2 4)
t10 HIT#,HITM# Valid Delay 1.5 9.0 nS 7.2
t11 PMo-1, BP0-3, IU, IV, IBT Valid 1.5 11 nS 7.2
| Delay
t11a PRDY Valid Delay 1.5 9.0 nS 7.2
t12 DO0-D63,DP0-7 Write Data Valid 1.5 10 nS 7.2
Delay
t13 D0-D63,DP0-7 Write Data Float 11 nS 73 (1)
Delay
t14 A5-A31 Setup Time 7 nS 7.4
t15 A5-A31 Hold Time 1.5 nS 7.4
t16 EADS#, INV, AP Setup Time 55 nS 7.4
t17 EADS#, INV, AP Hold Time 1.5 nS 74
t1g KEN#, WB/WT# Setup Time 55 nS 7.4
t18a NA# Setup Time 5.0 nS 7.4
t19 KEN#, WB/WT#, NA# Hold Time 1.5 nS 7.4
top BRDY# Setup Time 55. nS 7.4
toq BRDY# Hold Time 1.5 nS 7.4
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Table 7-4. 60 MHz Pentium™ Processor A.C. Specifications (Contd.)

(] o
Vcc=5V15%; Tcase:O Cto85 C; CL= 0 pF

Symbol Parameter Min Max Unit | Figure Notes

too AHOLD, BOFF# Setup Time 6 nS 74

to3 AHOLD, BOFF# Hold Time 1.5 nS 7.4

toq BUSCHK#, EWBE#, HOLD, PEN# 55 nS 7.4
Setup Time

tos BUSCHK#, EWBE#, HOLD, PEN# 1.5 nS 7.4
Hold Time

tog A20M#, INTR, Setup Time 5.5 nS 7.4 (12), (16)

to7 A20M#, INTR, Hold Time 1.5 nS 74 (13)

tog INIT, FLUSH#, NMI, SMI#, IGNNE# |5.5 nS 74 (16), (17)
Setup Time

tog INIT, FLUSH#, NMI, SMI#, IGNNE# |1.5 ' nS 7.4
Hold Time

t30 INIT, FLUSH#, NMI, SMI#, IGNNE# |2 Clks (15), (17)
Pulse Width, Async

131 R/S# Setup Time 55 nS 7.4 (12), (16), (17)

t3o R/S# Hold Time 1.5 nS 7.4 (13)

33 R/S# Pulse Width, Async. 2 CLKs (15), (17)

t34 D0-D63 Read Data Setup Time 4.3 nS 7.4

1343 DPO0-7 Read Data Setup Time 45 nS 74

35 D0-D63, DP0-7 Read Data Hold Time | 2 nS 7.4

136 RESET Setup Time 5.5 nS 7.5 (11),.(12), (16)

ta7 RESET Hold Time 1.5 nS 75 (11), (13)

38 RESET Pulse Width, Vcc & CLK 15 Clks 75 (11)
Stable

139 RESET Active After Vec & CLK 1 mS 7.5 power up, (11)
Stable .

t40 Pentium processor Reset 5.5 nS 75 (12), (16), (17)
Configuration Signals (INIT, FLUSH#,
FRCMC#) Setup Time

t41 Pentium processor Reset 1.5 nS 7.5 (13)
Configuration Signals (INIT, FLUSH#,
FRCMC#) Hold Time

t42 Pentium processor Reset 2 CLKs |75 (16)
Configuration Signals (INIT, FLUSH#,
FRCMC#) Setup Time, Async.
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Table 7-4. 60 MHz Pentium™ Processor A.C. Specifications (Contd.)

ELECTRICAL SPECIFICATIONS

(] (o]
Vee=5V+5%; Tease=0 Cto 85 C;Cp=0pF

Symbol Parameter Min Max Unit | Figure Notes
143 Pentium processor Reset 2 CLKs |75
Configuration Signals (INIT, FLUSH#,
FRCMC#) Hold Time, Async.

t44 TCK Frequency - 16 MHz

t45 TCK Period 62.5 nS 71

tag TCK High Time 25 nS 7.1 @2V, (1)

t47 TCK Low Time 25 nS 71 @0.8V, (1)

tag TCK Fall Time 5 nS 7.1 (2.0V-0.8V), (1),
(8).(9)

t49 TCK Rise Time 5 nS 71 (0.8V-2.0V), (1),
(8), (9)

t50 TRST# Pulse Width 40 nS 7.7 (1), Async

t51 TDI, TMS Setup Time 5 nS 7.6 (7)

t5o TDI, TMS Hold Time 13 nS 7.6 @)

t53 TDO Valid Delay 3 20 nS 7.6 (8)

t54 TDO Float Delay 25 nS 7.6 (1), (8)

tss All Non-Test Outputs Valid Delay 3 20 nS 7.6 (3), (8), (10)

ts6 All Non-Test Outputs Float Delay 25 nS 7.6 (1), (3), (8), (10)

ts7 All Non-Test Inputs Setup Time 5 nS 7.6 (3), (7), (10)

tsg All Non-Test Inputs Hold Time 13 nS 7.6 (3), (7), (10)
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NOTES:

1.
2.
3.

©® NGO

11.

12.
13.
14.
15.

16.
17.

18.
19.
20.

21.

Not 100% tested. Guaranteed by design/characterization.
TTL input test waveforms are assumed to be 0 to 3 Volt transitions with 1Volt/ns rise and fall times.

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.

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

0.8 V/ns <= CLK input rise/fall time <= 8 V/ns.
0.3 V/ns <= Input rise/fall time <= 5 V/ns.
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 16
MHz.

. During probe mode operation, use the normal specified timings. Do not use the boundary scan timings

(t55-58)-
FRCMC# should be tied to Vcc (high) to ensure proper operation of the Pentium processor as a master
Pentium processor.

Setup time is required to guarantee recognition on a specific clock.
Hold time is required to guarantee recognition on a specific clock.
All TTL timings are referenced from 1.5 V.

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

This input may be driven asynchronously.

When driven asynchronously, 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.

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.
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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.

PDB64

Tv =15, 149
Tw =14, t48
Tx =13, t47
Ty =11,145
Tz =12, 146

Figure 7-1. Clock Waveform

:

Tx min.

( Tx_max. )
15V

Signal VALID

PDB65

Tx =16, 64, 18, 19, 110, 111, t11a, t12

Figure 7-2. Valid Delay Timings
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15V
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Ty

Signal
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Tx =17, 113
Ty = témin, t12min

Figure 7-3. Float Delay Timings
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Tx =114, 116, t18, 1184, 120, 122, 124, 126, 128, 131, 134, t34a
Ty =115, 117, 119, 121, 123, 125, 127, 129, 132, 135

Figure 7-4. Setup and Hold Timings
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Tt = t40
Tu =141
Tv =137
Tw =t42
Tx =143
Ty = 138, t39
Tz =136

Figure 7-5. Reset and Configuration Timings
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Tr=157
Ts =158
Tu =154
Tv = t51
Tw =152
Tx =153
Ty =155
Tz =156

DI
T™S
TDO

Output
Signals

Input
Signals

NRNRNY

NN | T
TUNNIORLY, X i
RRNRNNY 4 B AAARARNY

PDB69

Figure 7-6. Test Timings
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Figure 7-7. Test Reset Timings
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Each valid delay is specified for a O pF load. The system designer should use I/O buffer
modeling to account for signal delays due to loading. Table 7-5 lists the buffer type to be used
for each signal in the external interface.

ELECTRICAL SPECIFICATIONS

Table 7-5. External Interface Signal Buffer Assignment

IERR#, IU, IV, PCHK#, PRDY, SMIACT#, TDO

Driver Buffer | Receiver
Device Signals Type Type Buffer Type
Pentium™ | A20M#, FLUSH#, FRCMC#, HOLD, IGNNE#, INIT, 1 N/A ER1
processor | INTR, NMI, PEN#, R/S#, RESET, SMi#, TDI, TMS,
AHOLD, BOFF#, EADS#, EWBE#, KEN#, NA#, | N/A ER3
WB/WT#
INV I N/A ER3a
BRDY#, BUSCHK#, TRST# | N/A ER2
CLK | N/A ER8
TCK | N/A ER9
A3-20 /10 ED7 ER7
A21-31, BT0-3 /0 ED4 ER6
D0-63, DP0-7 /0 ED3 ER5
AP /0 ED5 ER4
ADS#, HITM#, W/R# (0] ED6 N/A
BEO-7#, CACHE#, SCYC, LOCK#, PWT, PCD, (¢] ED2 N/A
M/IO#, D/C#, BREQ, HIT#
APCHK#, BP3-0#, PM1, PMO, FERR#, HLDA, IBT, o ED1 N/A

7.7. OVERSHOOT/UNDERSHOOT GUIDELINES

The overshoot/undershoot guideline is provided to limit signals transitioning beyond Vcc or
Vss due to the fast signal switching at these frequencies. Excessive ringback is the dominant
harmful effect resulting from overshoot/undershoot.

Overshoot (Undershoot) is the absolute value of the maximum voltage above Vcc (below Vss).
The guideline assumes the absence of diodes on the input. This guideline should be used in
simulations, without the diodes present, to ensure overshoot (undershoot) is within the
acceptable range.

Maximum Overshoot/Undershoot on Inputs = 1.6 Volts

(without diodes)

7-17
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Ringback is the absolute value of the maximum voltage at the receiving pin below Vcc (or
above Vss) relative to Vce (or Vss) level after the signal has reached its maximum voltage
level. The input diodes are assumed present. This guideline is provided to allow system
designers to verify, in an actual system, the decisions made based on simulation using the
overshoot (undershoot) guideline. Ringback only applies if the signal crossed above Vcc
(below Vss).

Maximum Ringback on Inputs = 0.8 Volts
(with diodes)

Maximum
Overshoot

Vee —--eefemeeee e A XN VEC e

Maximum
Ringback

Maximum

Ringback :: 7 §
P
¥ Maximum

Undershoot

PDB71

Figure 7-8. Overshoot/Undershoot and Ringback Guidelines

7-18 I




intgl.

I/O Buffer Models






L]
Inbl ® 1/0 BUFFER MODELS

CHAPTER 8
/0 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. Figure 8-1 shows the structure of the input buffer model
and Figure 8-2 shows the output buffer model. Table 8-1 and Table