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w NSNS S

STPCLK# |

ADDR X Stop Grant Bus Cycle

BRDY# \ /

PP0207

Figure 30-2. Entering Stop Grant State

30.5.4. Pin State during Stop Grant

During the Stop Grant state, most output and input/output signals of the microprocessor will
be held at their previous states (the level they held when entering the Stop Grant state).
However, the data bus and data parity pins will be floated. In response to HOLD being
driven active during the Stop Grant state (when the CLK input is running), the CPU will
generate HLDA and tri-state all output and input/output signals that are tri-stated during the
HOLD/HLDA state. After HOLD is de-asserted, all signals will return to their states prior to
the HOLD/HLDA sequence.
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Table 30-1. Pin State During Stop Grant Bus State

Signal Type State
A31-A3 lle} Previous State
D63-DO0 1/0 Floated
BE7# - BEO# (0] Previous State
DP7 - DPO I} Floated
W/R#, D/C#, M/IO# o} Previous State
ADS#, ADSC# (0] Inactive
LOCK# o Inactive
BREQ o} Previous State
HLDA (o} As per HOLD
FERR# 0O Previous State
PCHK# (0] Previous State
PWT, PCD (o] Previous State
SMIACT# (0] Previous State

In order to achieve the lowest possible power consumption during the Stop Grant state, the
system designer must ensure the input signals with pull-up resistors are not driven LOW and
the input signals with pull-down resistors are not driven HIGH. (Refer to Chapter 17, tables
17-3 to 17-6 in this document for signals with internal pull-up and pull-down resistors).

All inputs, except data bus pins, must be driven to the power supply rails to ensure the lowest
possible current consumption during Stop Grant or Stop Clock modes. Data pins should be
driven low to achieve the lowest power consumption. Pull down resistors or bus keepers are
needed to minimize the leakage current.

30.5.4.1. CLOCK CONTROL STATE DIAGRAM

The following state descriptions and diagram show the state transitions for the clock control
architecture.

I 30-9
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Startup Latency
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Internal Powerdown
CLK Stopped
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Figure 30-3. Stop Clock State Machine

A Flush State can be entered from states 1, 2 and 3 by asserting the FLUSH# input signal.
The flush state is exited (e.g., the CPU returns to the state from which it came) when the
Flush Acknowlege Special Bus Cycle is issued by the CPU.

A Probe Mode State can be entered from states 1, 2 and 3 by asserting the R/S# input signal.
The Probe Mode State is exited (e.g., the CPU returns to the state from which it came) when
the R/S# signal is deasserted by the system.

30.5.4.2. NORMAL STATE — STATE 1
This is the normal operating state of the CPU.
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30.5.4.3. STOP GRANT STATE — STATE 2

The Stop Grant state (~15% of normal state I..) provides a fast wake-up state that can be
entered by simply asserting the external STPCLK# interrupt pin. Once the Stop Grant bus
cycle has been placed on the bus, and BRDY# is returned, the CPU is in this state. The CPU
returns to the normal execution state in approximately 10 clock periods after STPCLK# has
been deasserted.

For minimum CPU power consumption, all other input pins should be driven to their inactive
level while the CPU is in the Stop Grant state. A RESET will bring the CPU from the Stop
Grant state to the normal state (note: unless STPCLK# is also deasserted, an active RESET
will only bring the CPU out of the Stop Grant state for a few cycles). The CPU will
recognize the inputs required for maintaining cache coherency (e.g., HOLD, AHOLD,
BOFF#, and EADS# for cache invalidations and snoops) as explained later in this section.
The CPU will not recognize any other inputs while in the Stop Grant state. Input signals to
the CPU will not be recognized until 1 CLK after STPCLK# is de-asserted.

While in the Stop Grant state, the CPU will latch transitions on the external interrupt signals
(SMI#, NMI, INTR, FLUSH#, R/S#, and INIT). All of these interrupts are taken after the
deassertion of STPCLK# (e.g. upon re-entering the normal state). The Pentium processor
(610\75, 735\90, 815\100, 1000\120, 1110\133) requires INTR to be held active until the
CPU issues an interrupt acknowledge cycle in order to guarantee recognition.

The CPU will generate a Stop Grant bus cycle only when entering that state from the normal
state. When the CPU enters the Stop Grant state from the Stop Clock Snoop state, the CPU
will not generate a Stop Grant bus cycle.

30.5.4.4. AUTO HALT POWERDOWN STATE — STATE 3

The execution of a HALT instruction will also cause the Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) to automatically enter the Auto HALT Power Down state
where Icc will be ~15% of I in the Normal state. The CPU will issue a normal HALT bus
cycle when entering this state. The CPU will transition to the normal state upon the
occurrence of INTR, NMI, SMI#, RESET, or INIT.

A FLUSH# event during the Auto HALT power down state will be latched and acted upon
while in this state.

STPCLK# is not recognized by the CPU while in the Auto HALT Powerdown state. The
system can generate a STPCLK# while the CPU is in the Auto HALT Powerdown state, but
the Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) will only service this
interrupt if the STPCLK# pin is still asserted when the Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) returns to the normal state.

While in Auto HALT Powerdown state, the CPU will only recognize the inputs required for
maintaining cache coherency (e.g., HOLD, AHOLD, BOFF#, and EADS# for cache
invalidations and snoops) as explained later in this section.

I 30-11
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30.5.4.5. STOP CLOCK SNOOP STATE (CACHE INVALIDATIONS) —
STATE 4

When the CPU is in the Stop Grant state or the Auto HALT Powerdown state, the CPU will
recognize HOLD, AHOLD, BOFF# and EADS# for cache invalidation/writebacks. When
the system asserts HOLD, AHOLD, or BOFF#, the CPU will float the bus accordingly.
When the system then asserts EADS#, the CPU will transparently enter the Stop Clock Snoop
state and perform the required cache snoop cycle. It will then re-freeze the clock to the CPU
core and return to the previous state. The CPU does not generate the Stop Grant bus cycle or
HALT special cycle when it returns to the previous state.

30.5.4.6. STOP CLOCK STATE — STATE 5

Stop Clock state is entered from the Stop Grant state by stopping the CLK input. Note: for
the Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133), the CLK must be held
at a logic low while stopped. This is different than the Intel486 family of processors which
allow the CLK to be held at either logic high or logic low while stopped. None of the CPU
input signals should change state while the CLK input is stopped. Any transition on an input
signal (with the exception of INTR) before the CPU has returned to the Stop Grant state will
result in unpredictable behavior. If INTR is driven active while the CLK input is stopped,
and held active until the CPU issues an interrupt acknowledge bus cycle, it will be serviced
in the normal manner once the clock has been restarted. The system design must ensure the
CPU is in the correct state prior to asserting cache invalidation or interrupt signals to the
CPU.

While the processor is in Stop Clock state, all pins with static pullups or pulldowns must be
driven to their appropriate values as specified in Chapter 17, tables 17-3 to 17-6.

If, while in the Stop Grant state, the CPU clock input frequency is changed, the CPU will not
return to that state until the CLK input has been running at a constant frequency for the time
period necessary for the PLL to stabilize. This constant frequency must be within the
specified operating frequency range of the CPU. When the CLK input is stopped, the
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) requires the CLK input to
be held at a constant frequency for a minimum of 1 ms before deasserting STPCLK#. This
1-ms time period is necessary so that the PLL can stabilize, and it must be met before the
CPU will return to the Stop Grant state. The CLK input can be restarted to any frequency
between the minimum and maximum frequency listed in the A.C. timing specifications.

In order to realize the maximum power reduction while in the Stop Clock state, PICCLK and
TCK should also be stopped. These clock inputs have the same restarting restrictions as
CLK. The local APIC cannot be used while in the Stop Clock state since it also uses the
system clock, CLK.

WARNING

The Stop Clock state feature cannot be used in dual processing mode
because there is no way to re-synchronize the internal clocks of the two
processors.
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CHAPTER 31

PENTIUM® PROCESSOR (610\75, 735\90, 815\100,
1000\120, 1110\133) DEBUGGING

31.1. INTRODUCTION

Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) system designers
intending to use integration tools to debug their prototype systems can interface to the CPU
debug hooks using two methods: (1) insert an emulator probe into the CPU socket, or
(2) include some simple logic on their board that implements a debug port connection.
Inserting an emulator probe into the CPU socket will allow access to all bus signals, but
capacitive loading issues may affect high speed operations. In contrast, the debug port
connection will allow a debugger access to thePentium processor's (610\75, 735\90, 815\100,
1000\120, 1110\133) probe mode interface and a few other signals without affecting any high
speed CPU signals. This will ensure that the system can operate at full speed with the
debugger attached. Intel recommends that all Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133)-based system designs include a debug port .

31.2. TWO LEVELS OF SUPPORT

Two levels of support are defined for the Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) debug port , the second level being a superset of first. The system
designer should choose the level of support that is appropriate for the particular system
design and implement that level. Samples of each level of implementation are given in
section 31.6 of this document.

31.2.1. Level 1 Debug Port (L1)

The Level 1 debug port supports systems with a single Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) CPU. L1 is equivalent to the debug port described for the
Pentium processor (510\60, 567\66) and uses a 20-pin connector to allow a debugger to
access the CPU's boundary scan and probe mode interface.

31.2.2. Level 2 Debug Port (L2)

L2 extends the 20-pin debug port connector to 30 pins. The extra ten pins include a second
set of boundary scan signals as well as additional R/S# and PRDY signals. The additional
R/S# and PRDY signals are added to support the Pentium processor (610\75, 735\90,
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815\100, 1000\120, 1110\133) in the dual-processor configuration. This enables a debugger
to provide separate control over the two CPUs during debug.

Signals on pins 1 through 20 of the L2 debug port are identical to the signals on the L1 debug
port.

31.3. DEBUG PORT CONNECTOR DESCRIPTIONS

A debugger for Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) designs
can have a 30-pin connector on its probe that supports both levels of the debug port (as
described previously, L1 or L2). Two cables can be provided, each cable having a 30-pin
connector at one end (to mate with the debugger's probe connector) and the appropriate size
connector at the other end to mate with the debug port in the system under debug. (For
example, the L1 debug port Cable can be a 20-conductor cable with a 20-pin connector at
one end and a 30-pin connector at the other end, leaving pins 21 to 30 unconnected.)

Intel recommended connectors to mate with debug port Cables are available in either a
vertical or right-angle configuration. Use the one that fits best in your design. The
connectors are manufactured by AMP Incorporated and are in their AMPMODU System 50
line. Following are the AMP part numbers for the various connectors:

Vertical Right-Angle
20-pin shrouded header 104068-1 104069-1
30-pin shrouded header 104068-3 104069-5

NOTE:

These are high density through hole connectors with pins on 0.050" by 0.100" centers. Do not confuse these
with the more common 0.100" by 0.100" center headers.

The following is an example of the pinout of the connector footprint as viewed from the
connector side of the circuit board. This is just an example. Contact your tools
representative to determine the correct implementation for the tool you will use. Note that
the 30-pin connector is a logical extension of the 20-pin connector with the key aligned with
pin 15.

312 I
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PP0065

Figure 31-1. Debug Port Connector

31.4. SIGNAL DESCRIPTIONS

Following are the debug port signals. Direction is given as follows: O = output from the
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) board to a debugger; I =
input to the Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) board from a
debugger. These are 3.3 V signals, compatible with the Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) DC specifications. For the L1 debug port , ignore signals on
pins 21 through 30.

NOTE

Target systems should be sure to provide a way for debugging tools like
emulators, in-target probes and logic analyzers to reset the entire system,
including uprgrade processor, chip sets, etc. For example, if you follow the
debug port implementation described below, the DBRESET signal provides
this functionality. If you are not implementing the debug port , make sure
that your system has a test point connected into the system reset logic to
which a debug tool can connect.
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Table 31-1. Debug Port Signals

Signal Name Dir Pin Description

INIT (0] 1 (Pentium® processor (610\75, 735\90, 815\100, 1000\120, 1110\133)
signal). A debugger may use INIT to support emulating through the
CPU INIT sequence while maintaining breakpoints or breaking on
INIT.

DBRESET | 2 Debugger Reset output. A debugger may assert DBRESET (high)
while performing the "RESET ALL" and "RESET TARGET" debugger
commands. DBRESET should be connected to the system reset
circuitry such that the system and processor(s) are reset when
DBRESET is asserted. This is useful for recovering from conditions
like a "ready hang". This signal is asynchronous.

RESET o 3 (Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133)
signal). A debugger may use RESET to support emulating through
the reset while maintaining breaking on RESET.

GND 4 Signal ground.
NC 5 No connect. Leave this pin unconnected.
Vee 6 V¢ from the Pentium processor (610\75, 735\90, 815\100, 1000\120,

1110\133) system. A debugger uses this signal to sense that system
power is on. Connect this signal to V¢ through a 1 K-ohm (or
smaller) resistor.

R/S# | 7 Connect to the R/S# pin of the Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133).
GND 8 Signal ground.
NC 9 No connect. Leave this pin unconnected.
GND 10 Signal ground.
PRDY (0] 1 From the PRDY pin of the Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133).
TDI | 12 Boundary scan data input (Pentium processor (610\75, 735\90,

815\100, 1000\120, 1110\133) signal). This signal connects to TDI of
the Pentium processor (610\75, 735\90, 815\100, 1000\120,
1110\133). For dual processor operation, TDI of the Dual Pentium
processor (610\75, 735\90, 815\100, 1000\120, 1110\133) would
connect to TDO of the Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133).

TDO (o] 13 Boundary scan data output (Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) signal). This signal connects to TDO
from the Pentium processor (610\75, 735\30, 815\100, 1000\120,
1110\133) for a single processor design, or to TDO from the Dual
Pentium Pentium processor (610\75, 735\90, 815\100, 1000\120,
1110\133) for dual processor operation.

T™MS | 14 Boundary scan mode select (Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) signal).

GND 15 Signal ground.

TCK | 16 Boundary scan clock (Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) signal).

GND 17 Signal ground.
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Table 31-1. Debug Port Signals (Contd.)

Signal Name Dir Pin Description

TRST# | 18 Boundary scan reset (Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) signal).

DBINST# | 19 DBINST# is asserted (connected to GND) while the debugger is
connected to the debug port . DBINST# can be used to control the
isolation of signals while the debugger is installed.

BSEN# | 20 Boundary scan enable. This signal can be used by the Pentium
processor (610\75, 735\90, 815\100, 1000\120, 1110\133) system to
control multiplexing of the boundary scan input pins (TDI, TMS, TCK,
and TRST# signals) between the debugger and other boundary scan
circuitry in the Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) system. The debugger asserts (low) BSEN#
when it is driving the boundary scan input pins. Otherwise, the
debugger drivers are high impedance. If the boundary scan pins are
actively driven by the Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) system, then BSEN# should control the system
drivers/multiplexers on the boundary scan input pins. See example 2
in section 31.6

PRDY2 O 21 From the PRDY pin of the Dual Pentium processor (610\75, 735\90,
815\100, 1000\120, 1110\133) (for dual processor operation).

GND 22 Signal ground.
R/S#2 | 23 Connect to the R/S# pin of the Dual Pentium processor (610\75,
735\90, 815\100, 1000\120, 1110\133) (for dual processor operation).
NC 24
NC 25
NC 26
NC 27
NC 28
GND 29 Signal ground.
NC 30

31.5. SIGNAL QUALITY NOTES

Since debuggers can connect to the Pentium processor (610\75, 735\90, 815\100, 1000\120,
1110\133) system via cables of significant length (e.g., 18 inches), care must be taken in
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) system design with regard
to the signals going to the debug port . If system outputs to the debug port (i.e. TDO, PRDY,
INIT and RESET) are used elsewhere in the system they should have dedicated drivers to the
debug port . This will isolate them from the reflections from the end of the debugger cable.
Series termination is recommended at the driver output. If the Pentium processor (610\75,
735\90, 815\100, 1000\120, 1110\133) boundary scan signals are used elsewhere in the
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system, then the TDI, TMS, TCK, and TRST# signals from the debug port should be isolated
from the system signals with multiplexers.

31.6. IMPLEMENTATION EXAMPLES

31.6.1. Example 1: Single CPU, Boundary Scan Not Used by

System
TO/FROM SYSTEM
RESET CIRCUIT
Vce
« % DEBUG PORT
S
A\ Vee
CPU 2 | DBRESET
RESET > I3, 3 | Resgr
i > N~ 1L i
7| st
RIS#
21N
191 pBINST#
PRDY 33, 11 proy
SR
101 12] 1p|
™S 141 1ms
TCK 164 1ok
181 RsTy
TRST# 20| ot
D0 33 131 100
4
GND
81 GND
}g GND
GND
174 6no
v

PP0066

Figure 31-2. Single CPU — Boundary Scan Not Used
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Figure 31-2 shows a schematic of a minimal Level 1 debug port implementation for a
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) single processor system in
which the boundary scan pins of the Pentium processor (610\75, 735\90, 815\100, 1000\120,
1110\133) are not used in the system.

31.6.2. Example 2: Single CPU, Boundary Scan Used by System

TO/FROM SYSTEM vee
RESET CIRCUIT Vee
s DEBUG PORT
S 3 X
2 X % ]
> Vce
CPU DBRESET
RESET ——> " 2 ResET
4 33 ]
INIT 1> WW § INIT
RIS# RIS#
9
2ine
33 }% DBINST#
PRDY L1 PRDY
Sinc
TRST# }". 181 rRsT#
TCK ] <1 161 ok
™S — 14 rvs
™I DI
¥ s
TDO TDO
200 psEng
1 o H + anp
EJ /o ! =1 GND
4 4 s1 6B
GND
/ \4 <&
TO/FROM SYSTEM
BOUNDARY SCAN

PP0067

Figure 31-3. Single CPU — Boundary Scan Used

Figure 31-3 shows a schematic of a Level 1 debug port implementation for a Pentium
processor (610\75, 735\90, 815\100, 1000\120, 1110\133) single processor system in which
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the boundary scan pins of the Pentium processor (610\75, 735\90, 815\100, 1000\120,
1110\133) are used in the system. Note that the BSEN# signal controls the multiplexing of
the boundary scan signals. With this implementation, the Pentium processor (610\75,
735\90, 815\100, 1000\120, 1110\133) system could use the boundary scan (through the
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133)) while the debugger is
"emulating”, but could not while the debugger is "halted" (because the chain is broken).

31.6.3. Example 3: Dual CPUs, Boundary Scan Not Used by
System

Vce

To/From System
Reset Circuit 1k L2 Debug Port
Processor Vee

2| DBRESET
RESET ! 51" RESET
INIT 7 INIT
R/S# = L RISt
PRDY A PRDY
—21Nn/e
—194 pBINSTH
TRST# 181 TRST#
TCK 16 1 TCcK
TMS 141 TMs
TDI = }g TDI
TDO [ A TDO
—201 BSEN#
—2{NiC
Processor 5y | R/S#2
PRDY2
RESET "'25'24 m;g
INIT _ 30 N/G
R/St# R —281 niC
PRDY 26
N/C
——21-4 N/C
TRST# g | GND
TCK 70] GND
T™S =] GND
TDI 72 GND
TDO 55 g“g
Upgrade Present 291 GND
v

PP0201

Figure 31-4. Dual CPUs — Boundary Scan Not Used
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Figure 36-4 shows a schematic of a typical Level 2 debug port implementation for a Pentium
processor (610\75, 735\90, 815\100, 1000\120, 1110\133) dual processor system in which the
boundary scan pins of the Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133)
are not used in the system. The multiplexer circuit for use with the "upgrade socket" concept
is shown, but could be replaced with a jumper.

31.6.4. Example 4: Dual CPUs, Boundary Scan Used by System

Vec  Vee
To/From System 10k é 1k
Reset Circuit L2 Debug Port
Processor oo
24 DBRESET
RESET ! gﬁ 3] ReseT
RISH HiNT
PRDY 33 A | RSk
—ANe
o Tl B
TRST# .
TCK g ToR
= kil
0 I P\ 131 1p0
23| pis#2
£ 211 pPRDY2
Processor 3 N
20
Fije
RERNT Gy <+ e
R/S# YA YA JA Vi —& N;g
PRDY =2 nie
—-214 N/C
TRST# 4 gmg
™S 0] GND
o h 151 GND
TBI%I _D_ A 71 GND
221 GND
Upgrade Present Bo::d:ty éta\g 291 GND
To/From System v

PP0202

Figure 31-5. Dual CPUs — Boundary Scan Used

Figure 31-5 shows a schematic of a Level 2 debug port implementation for a Pentium
processor (610\75, 735\90, 815\100, 1000\120, 1110\133) dual processor system that uses
boundary scan. Note that the BSEN# signal controls the multiplexing of the boundary scan
signals. With this implementation, the Pentium processor (610\75, 735\90, 815\100,
1000\120, 1110\133) system could use the boundary scan (through the Pentium processor
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(610\75, 735\90, 815\100, 1000\120, 1110\133)) while the debugger is "emulating”, but could
not while the debugger is "halted" (because the chain is broken).

31.7. IMPLEMENTATION DETAILS

31.7.1. Signal Routing Note

The debugger software communicates with the CPU through the debug port using the
boundary scan signals listed above. Typically, the debugger expects the CPU to be the first
and only component in the scan chain (from the perspective of the debug port). That is, it
expects TDI to go directly from the debug port to the TDI pin of the CPU, and the TDO pin
to go directly from the CPU to the debug port (see Figure 31-6, below). If you have designed
your system so that this is not the case (for instance, see Figure 31-7, below), you will need
to provide the debugger software with the following information: (1) position of the CPU in
the scan chain, (2) the length of the scan chain, (3) instruction register length of each device
in the scan chain. Without this information the debugger will not be able to establish
communication with the CPU.

Debug Port

TDI = -
82492 | |g2492 | W B B igosg 82492

1DO D0

Processor
82492 82492 [ I I | 82492 82492

82497

PP0070

Figure 31-6. Example of CPU Only in Scan Chain
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82492 82492 82492 82492
TDO DI TDO |—+{ DI TDO }—=7- - &—|TDI TDO |~ TDI TDO
Processor
TDI —TDO TDI [+—{TDO TDI |#—---2——TDO TDI [«—{TDO TDI
Debug Port 82492 82492 82492 82492
TDO
1Dl TDI
82497
TDO

Figure 31-7. Example of Multiple Components in Scan Chain

31.7.2. Special Adapter Descriptions

For those designs where board real estate is a concern or where the design is finished and it is
too late to implement the debug port, it may be possible to use a special "debug port adapter”
to replace the on-board debug port described in the previous sections. The purpose of the
adapter is to provide easy access to the boundary scan signals of the CPU(s). For simplicity,
the adapter should make the boundary scan signals accessible to the debug tool while at the
same time preventing the target system from accessing them. Two debug port adapters are
described: (1) for uni-processor debug, (2) for dual processor debug.

31.7.2.1. UNI-PROCESSOR DEBUG

A debug port adapter for use in uni-processor systems, or dual processor systems where only
one processor will be debugged at a time, can be built by reworking two Pentium processor
(610\75, 735\90, 815\100, 1000\120, 1110\133) SPGA sockets as follows (see diagram
below):
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NOTE

This adapter can be used only when the CPU is NOT included in the target
system boundary scan string. In addition, when used in dual processor
systems you will only be able to debug the CPU to which the adapter is
connected.

Connect lines of appropriate 20- or 30-wire cable to the following pins on the top socket:

Cable wire # SPGA Pinit Signal
1 AA33 INIT
2 NC DRESET
3 AK20 RESET
4 AD36(Vsg) GND
5 NC NC
6 us7 Vee
7 AC35 R/S#
8 AB36(Vss) GND
9 NC NC
10 Z36(Vss) GND
11 ACO05 PRDY
12 N35 TDI
13 N33 TDO
14 P34 TMS
15 X36(Vss) GND
16 M34 TCK
17 R36(Vss) GND
18 Q33 TRST#
19 NC DBINST#

20 NC BSEN#
NOTE

You may connect the GND pins to any pin marked Vgg on the SPGA pinout
diagram. The NC pins are no connects. You may simply cut those wires.
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Mount processor here
A
/

Plug into processor
socket on system board

Debug Port Connector
(AMP# 111196-7)

Connect to socket
mounted on debugger board

PP0072

Figure 31-8." Uni-Processor Debug

Connect a double-row receptacle (AMP# 111196-7) to the debug port connector end of the
cable. This is a 30-pin connector, so that it fits into the socket on the debugger buffer board.

Remove the following pins from the bottom socket:

R/S# AC35
PRDY ACO5
TDI N35
TDO N33
TMS P34
TCK M34
TRST# Q33

Connect the two sockets together. Make sure not to crush the wires between the pins.

31.7.2.2. DUAL PROCESSOR DEBUG

A debug port adapter for use in dual processor debugging can be built by reworking four
Pentium processor (610\75, 735\90, 815\100, 1000\120, 1110\133) SPGA sockets. (See
diagram below).

NOTE

This adapter can be used only when the CPUs are NOT included in the
target system boundary scan string.
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You will need to use two SPGA sockets per processor location. For this discussion, assume
that the startup processor is called processor 1 and that the upgrade processor is called
processor 2. Thus, you will use two SPGA sockets to connect to processor 1 and two SPGA
sockets to connect to processor 2. Certain debug port signals must be shared by Processor 1
and Processor 2. These signals must be connected from the debug port connector end of the
cable (on which you will place a double-row receptacle: AMP# 111196-7) to both double
SPGA sockets.

Mount processor 1 here Mount processor 2 here
[~ A
= [
LEERERELS RRERERRRR TYIvTYT
Plug into processor 1 Plug into processor 2
socket on system board socket on system board
Debug Port Connector
(AMP# 111196-7)

Connect to socket
mounted on debugger board
PP0073

Figure 31-9. Dual Processor Debug Port Adapter

Connect lines of 30-wire cable to the pins on the top SPGA sockets for both processor 1 and
2. Following are the signals which should be connected to each processor socket. Make sure
to connect the shared lines to both top sockets.
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TDO » TDI
Processor Upgrade
Processor
™S T™MS
TCK » TCK
— » TRST#
PRDY1# TRST# PRDY2#
»1 R/S1# RESET RESET R/S2#
»{ TDI INIT INIT TDO

\ Yy Y
30-Pin Debug Port

PP0068

Figure 31-10. Shared Pins for Dual Processor Adapter
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Table 31-2. Debug Port Connector Pinout

Cable wire # SPGA Pin# Processor Socket Signal
1 AA33 1,2 INIT
2 NC DBRESET
3 AK20 1,2 RESET
4 Vss 1 GND
5 NC NC
6 Vee 1 Vee
7 AC35 1 R/S1#
8 Vss 1 GND
9 NC NC
10 Vss 1 GND
11 ACO05 1 PRDY1
12 N35 1 TDI
13 N33 2 TDO
14 P34 1,2 T™S
15 Vss 1 GND
16 M34 1,2 TCK
17 Vss 1 GND
18 Q33 1.2 TRST#
19 NC DBINST#

20 NC BSEN#
21 ACO05 2 PRDY2
22 Vss 2 GND
23 AC35 2 R/S2#
24 NC NC
25 NC NC
26 NC NC
27 NC NC
28 NC NC
29 Vss 2 GND
30 NC NC

NOTE: You may connect the V¢ and GND pins to any convenient power or ground pin.
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Connect a double-row receptacle (AMP# 111196-7) to the debug port end of the cable. This
is a 30-pin connector, so that it fits into the socket on the debugger buffer board.

Remove the following pins from the bottom of both double sockets:

R/S# AC35
PRDY ACO05
TDI N35
TDO N33
TMS P34
TCK M34
TRST# Q33

Connect each set of two sockets together. Make sure not to crush the wires between the pins.
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CHAPTER 32

FUTURE OverDrive® PROCESSOR FOR
PENTIUM® PROCESSOR (610\75, 735\90,
815\100, 1000\120, 1110\133)-BASED
SYSTEMS SOCKET SPECIFICATION

32.1. INTRODUCTION

The future OverDrive processors are end-user single-chip CPU upgrade products for Pentium
processor-based systems. The future OverDrive processors will speed up most software
applications by 40% to 70% and are binary compatible with the Pentium processor.

Two upgrade sockets have been defined for the Pentium processor-based as part of the
processor architecture. Socket 5 has been defined for the Pentium processor (610\75, 735\90,
815\100, 1000\120)-based systems. Upgradability can be supported by implementing either a
single socket or a dual socket strategy. A single socket system will include a 320-pin SPGA
Socket 5. When this system configuration is upgraded, the Pentium processor is simply
replaced by the future OverDrive processor. A dual socket system will include a 296-pin
SPGA socket for the Pentium processor and a 320-pin SPGA Socket 5 for the second
processor. In dual socket systems, Socket 5 can be filled with either the Dual processor or the
future OverDrive processors. The rest of this chapter describes the Socket 5 specifications.

Socket 7 has been defined as the upgrade socket for the Pentium processor (1110\133) in
addition to the Pentium processor (610\75, 735\90, 815\100, 1000\120). The flexibility of the
Socket 7 definition makes it backward compatible with Socket 5 and should be used for all
new Pentium processor-based system designs. The Socket 7 support requires key changes
from Socket 5 designs; split voltage planes, voltage regulator module header, 3.3 volt clocks,
BIOS updates, additional decoupling, etc. This information is not provided in this databook.
Contact Intel for further information regarding the Socket 7 specifications.

32.1.1. Upgrade Objectives

Systems using the Pentium processor (610\75, 735\90, 815\100, 1000\120), and equipped with
only one processor socket, must use Socket 5 to accept the future OverDrive processor.
Systems equipped with two processor sockets must use Socket 5 as the second socket to
contain either the Pentium processor Dual processor or the future OverDrive processor.

Inclusion of Socket 5 in Pentium processor systems provides the end-user with an easy and
cost-effective way to increase system performance. The majority of upgrade installations
which take advantage of Socket 5 will be performed by end users and resellers. Therefore, it
is important that the design be "end-user easy," and that the amount of training and technical
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expertise required to install the upgrade processors be minimized. Upgrade installation
instructions should be clearly described in the system user's manual. In addition, by making
installation simple and foolproof, PC manufacturers can reduce the risk of system damage,
warranty claims and service calls. Three main characteristics of end user easy designs are:

® Accessible socket location

® (lear indication of upgrade component orientation
® Minimization of insertion force

The future OverDrive processor will support all Intel chip sets that are supported by the
Pentium processor, including 82430NX PClset and 82430FX PClset.

32.1.2. Intel Platform Support Labs

The Intel Platform Support Labs ensures that Pentium processor (610\75, 735\90, 815\100,
1000\120) and Pentium processor (1110\133)-based personal computers meet design criteria
for reliable and straightforward CPU upgradability with the future OverDrive processor.
Evaluation performed at the Intel Platforms Support Labs confirms that Pentium processor
and future OverDrive processor specifications for mechanical, thermal, electrical, functional,
and end-user installation attributes have been met.

The OEM submits motherboard and system designs to one of Intel's worldwide Platform
Support Labs for evaluation. The OEM benefits from engineering feedback on Pentium
processor and future OverDrive processor support. Contact your local Intel representative for
more information on the Intel Platform Support Labs.

32.2. FUTURE OverDrive® PROCESSOR (SOCKET 5) PINOUT

This section contains pinouts of the future OverDrive processor socket (Socket 5) when used
as a single-socket turbo upgrade.

32.2.1. Pin Diagrams

32.2.1.1.  SOCKET 5 PINOUT

For systems with a single socket for the Pentium processor (610\75, 735\90, 815\100,
1000\120) and future OverDrive processor, the following pinout must be followed for the
single socket location. The socket footprint contains Vce, V5, and Vgg pins that are
internal no connects on the Pentium processor. These pins must be connected to the
appropriate PCB power and ground layers to ensure future OverDrive processor compatibility.

OEMs should contact Intel for the most current list of Intel-qualified socket vendors.
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Figure 32-1. Socket 5 Pinout — Top Side View

NOTE:

The "Socket 5 PINOUT TOP SIDE VIEW" text orientation on the top side view drawing in this section
represents the orientation of the ink mark on the actual packages. (Note that the text shown in this section is
not the actual text which will be marked on the packages).
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32.2.2. Socket 5 Pin Cross Reference Table

Note that the shaded signals in the following tables have different pin definitions for the
Pentium processor (610\75, 735\90, 815\100, 1000\120) as compared to the future OverDrive
processor (refer to Table 32-1 for details):

Table 32-1. Socket 5 Pin Cross Reference by Pin Name

Address
A3 AL35 A9 AK30 A15 AK26 A21 AF34 A27 AG33
A4 AM34 A10 AN31 A16 AL25 A22 AH36 A28 AK36
A5 AK32 A1l AL31 A17 AK24 A23 AE33 A29 AK34
A6 AN33 A12 AL29 A18 AL23 A24 AG35 A30 AM36
A7 AL33 A13 AK28 A19 AK22 A25 AJ35 A31 AJ33
A8 AM32 Al4 AL27 A20 AL21 A26 AH34

Data

DO K34 D13 B34 D26 D24 D39 D10 D52 E03
D1 G35 D14 C33 D27 Cc21 D40 Do8 D53 GO05
D2 J35 D15 A35 D28 D22 D41 AO5 D54 EO1
D3 G33 D16 B32 D29 C19 D42 E09 D55 GO03
D4 F36 D17 C31 D30 D20 D43 B04 D56 HOo4
D5 F34 D18 A33 D31 C17 D44 D06 D57 Jo3
D6 E35 D19 D28 D32 C15 D45 CO05 D58 Jo5
D7 E33 D20 B30 D33 D16 D46 EO07 D59 K04
D8 D34 D21 Cc29 D34 C13 D47 Co03 D60 LO5
D9 C37 D22 A31 D35 D14 D48 D04 D61 LO3
D10 C35 D23 D26 D36 C11 D49 EO5 D62 M04
D11 B36 D24 c27 D37 D12 D50 D02 D63 NO3
D12 D32 D25 Cc23 D38 Co09 D51 FO4
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Table 32-1. Socket 5 Pin Cross Reference by Pin Name (Contd.)

Control
A20M# AKO8 BRDYC# Y03 FRCMC# Y35 PMO0/BPO Qo3
ADS# AJO5 BREQ AJO1 HIT# AKO06 PM1/BP1 R04
ADSC# AMO2 BUSCHK# ALO7 HITM# ALO5 PRDY ACO05
AHOLD V04 CACHE# uo3 HLDA AJO3 PWT ALO3
AP AKO02 CPUTYP Q35 HOLD ABO4 R/S# AC35
APCHK# AEO5 D/C# AKO04 IERR# P04 RESET AK20
BEO# ALO9 DPO D36 IGNNE# AA35 SCYC AL17
BE1# AK10 DP1 D30 INIT AA33 SMi# AB34
BE2# AL11 DP2 C25 INTR/LINTO AD34 SMIACT# AGO3
BE3# AK12 DP3 D18 INV uos5 TCK M34
BE4# AL13 DP4 co7 KEN# W05 TDI N35
BES5# AK14 DPs F06 LOCK# AHO4 TDO N33
BE6# AL15 DP6 Fo2 M/10# TOo4 TMS P34
BE7# AK16 DP7 NO5 NA# Y05 TRST# Q33
BOFF# 204 EADS# AMO04 NMI/LINT1 AC33 W/R# AMO6
BP2 S03 EWBE# Wo3 PCD AGO5 WB/WT# AA05
BP3 S05 FERR# Qo5 PCHK# AF04
BRDY# X04 FLUSH# ANO7 PEN# Z34
Dual Processor

APIC Clock Control Private Interface
PICCLK H34 CLK AK18 PBGNT# ADO4
PICDO J33 BF Y33 PBREQ# AEO03
[DPEN#] STPCLK# V34 PHIT# AA03
PICD1 L35 PHITM# ACO03
[APICEN]
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Table 32-1. Socket 5 Pin Cross Reference by Pin Name (Contd.)

Vee
A07 A19 G37 NO1 T34 Y01 AEO1 AN19
A09 A21 Jo1 N37 uo1 Y37 AE37 ANO09 AN21
Al1 A23 J37 Qo1 u33 AAO1 AGO1 AN11 AN23
A13 A25 LO1 Q37 u37 AA37 AG37 AN13 AN25 .
A15 A27 E37 L33 S01 WO01 ACO1 | AN15 AN27
A17 A29 GO1 L37 S37 W37 AC37 AN17 AN29
Vss
M36 Vo2 AM10 AM26
P02 V36 AM12 AM28
P36 X02 AM14 AM30
R02 X36 AM16 AN37
R36 202 AM18
TO2 Z36 AM20
T36 ABO02 AM22
uss AB36 AM24
NC/INC
W33 X34 ANO5 COo1
W35 ALO1

NOTE:
*This is the D/P# signal in the Pentium® processor (610\75, 735\30, 815\100, 1000\120)
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Table 32-2. Pentium® Processor (610\75, 735\90, 815\100, 1000\120) vs. Socket 5 Pins

Pentium® Processor Pentium® Processor
(610\75, 735\90, (610\75, 735\90,
815\100, 1000\120) Socket 5 815\100, 1000\120) Socket 5 Pin

Signal Signal Pin Number Signal Signal Number
INC Vech ANO1 D/P# NC AE35
INC V5 ANO3 NO PIN Vss AJO7
INC Vee B02 NO PIN Vss AJO9

NO PIN Vss E11 NO PIN Ve A1

NO PIN Vss E13 NO PIN Vss AJ13

NO PIN Vee E15 NO PIN NC AJ15

NO PIN NC E17 NO PIN Vss AJ17

NO PIN Vss E19 NO PIN Ve AJ19

NO PIN Vee E21 NO PIN Ves AJ21

NO PIN Vgs E23 NO PIN NC AJ23

NO PIN NC E25 NO PIN Vss AJ25

NO PIN Vee E27 NO PIN Vss AJ27

NO PIN Vss E29 NO PIN Vee AJ29

NO PIN Vgs E31 NO PIN Vss AJ31
INC Vss A03

NOTES:

See highlighted cells in previous table.

All INCs are internal no connects. These signals are guaranteed to remain internally not connected in the
Pentium processor processor.

32.3. SYSTEM DESIGN CONSIDERATIONS

32.3.1. CPU Type Pin Definition

The CPUTYP pin is a new configuration signal which, when sampled by the Pentium
processor at the falling edge of RESET, indicates the type of OEM processor which will be
placed in each socket site. Refer to Table 32-3 for a detailed description of the CPUTYP
signal.
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Table 32-3. CPUTYP Definition

Symbol Type Function

CPUTYP Input The Processor Type input signal is used to configure the Pentium processor
for a single or dual processor system. The Pentium processor and the future
OverDrive® processors will be configured as standalone processors when
CPUTYP is connected to Vss. The Pentium processor will be configured as a
Dual processor when CPUTYP is connected to Vcc.

In a two socket system, CPUTYP is connected to Vss in the 296 pin SPGA
site, and to Vcc in the 320 pin SPGA site.

In a single socket system, CPUTYP is connected to Vss.

For the future OverDrive processor, CPUTYP will be used to determine
whether the bootup handshake protocol will be used (in a dual socket system)
or not (in a single socket system).

32.3.2. Single Socket System Considerations

32.3.2.1.  SINGLE SOCKET PIN CONNECTIONS

Use the 320-pin SPGA Socket 5 pinout for single-socket systems. The following table shows
how to connect the dual processing signals which remain unused in a single-socket system
design.

Table 32-4. Dual Processing Signal Connections in a Single Socket System

Private Interface Signal Connection
CPUTYP Vss
PBGNT# NC
PBREQ# NC

PHIT# NC
PHITM# NC
D/P# NC

32.4. DUAL SOCKET SYSTEM CONSIDERATIONS

32.4.1. Dual Socket Power Considerations

In a dual socket system, the Pentium processor (610\75, 735\90, 815\100, 1000\120) will have
a nominal power dissipation when non-operational due to the presence of a future OverDrive
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processor in Socket 5. This power should not exceed 1Watt (this value is preliminary and an
approximation only).

There will also be a period of time in which BOTH the Pentium processor (610\75, 735\90,
815\100, 1000\120) and the future OverDrive processor may be operating simultaneously.
This is during RESET, and for a brief period of time following the falling edge of RESET due
to the bootup handshake protocol between the two processors. The power dissipation during
this time will not exceed the maximum power of a dual processing system. Therefore, dual
socket Pentium processor (610\75, 735\90, 815\100, 1000\120) systems must be able to handle
the full power of a Primary and Dual processor operating simultaneously.

32.4.1.1. DUAL SOCKET PIN CONNECTIONS

In dual socket systems, the 296 pin SPGA Pentium processor pinout should be used for the
primary OEM processor site. The second processor site should be occupied by the 320-pin
SPGA Socket 5 pinout.

Table 32-5 lists all Pentium processor future OverDrive processor signals which should be
connected together in order to operate in either dual processing mode with the Dual processor
present, or upgraded with the future OverDrive processor.

Table 32-5. Signal Connections in a Dual Socket System

CONNECT TOGETHER

A[31:3] A20M# ADS# ADSC# AHOLD
AP BE[7:0}# BF BOFF# BRDY#
BRDYC# BREQ BUSCHK# CACHE# CLK
DIC# D[63:0] DP[7:0] EADS# EWBE#
FERR# FLUSH# HIT# HITM#
HLDA HOLD IGNNE# INIT INV
KEN# LOCK# M/IO# NA# PBGNT#
PBREQ# PCD PEN# PHIT# PHITM#
PICCLK PICD[1:0] PWT RESET SCYC

Vce Vss W/R# WB/WT#

Table 32-6 lists the signals which must not be connected together in a dual socket Pentium
processor system. These functions, if used in the system, must be handled by the system
design individually for each socket. If any of these features are used in uni-processing mode
with only the OEM processor present, then they MUST be handled for the case of a future
OverDrive processor in the second socket.
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NOTES

CPUTYP should be strapped to Vgg in the 296 pin SPGA Pentium processor
(610\75, 735\90, 815\100, 1000\120) site. CPUTYP should be strapped to
Vcc in the 320 pin SPGA Socket 5 (future OverDrive processor) site.

D/P# is only a Pentium processor signal, and is defined as a no connect in
Socket 5.

If boundary scan is used in the design, TDO of one socket is connected to
TDI of the other to make a serial chain with other boundary scan
components in the system. If boundary scan is not used in the design, TDI
and TDO should remain disconnected.

Table 32-6. Signal Connections in a Dual Socket System

DO NOT CONNECT TOGETHER
APCHK# BP[3:0] CPUTYP D/P# IERR#
PM/BP[1:0] PRDY R/S# DI TDO

Table 32-7 lists the signals which may be connected together or not. It is the system
designer's choice as to whether they want to handle these signals individually for each socket,
or connect them together. Intel recommends that they be connected together for ease of using
both the Dual processor and the future OverDrive processor in the same second socket. If any
of these signals are not connected together, and their functions are used in uni-processing
mode with only the OEM processor present, then they MUST be handled for the case of a
future OverDrive processor in the second socket. Refer to earlier chapters in this document
for additional details on the functionality of these signals.

Table 32-7. Signal Connections in a Dual Socket System

MAY BE CONNECTED TOGETHER

FRCMC# INTR/LINTO NMI/LINT1 PCHK# SMi#

SMIACT# STPCLK# TCK T™™S TRST#

NOTE

NC signals should not be connected to anything. V¢S5 signals can be
connected together since pins ANO1 and ANO3 are Internal No Connects
(INC) on the Pentium processor (610\75, 735\90, 815\100, 1000\120).
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32.5. ELECTRICAL SPECIFICATIONS

The future OverDrive processor will have the same power and ground specifications,
decoupling recommendations, and connection specifications as the Pentium processor.

32.5.1. V¢cs5 Pin Definition

The future OverDrive processor pinout contains two SV Vcc pins (Vcc5) used to provide
power to the fan/heatsink. These pins should be connected to +5 volts 5% regardless of the
system design. Failure to connect Vcc5 to 5V may cause the component to shut down.

32.5.2. Absolute Maximum Ratings of Upgrade

The on-chip Voltage Regulation and fan/heatsink devices included on the future OverDrive
processor require different stress ratings than the Pentium processor (610\75, 735\90,
815\100, 1000\120). The voltage regulator is surface mounted on the future OverDrive
processor and is, therefore, an integral part of the assembly. The future OverDrive processor
storage temperature ratings are tightened as a result. The fan is a detachable unit, and the
storage temperature is stated separately in the table below. Functional operation of the future
OverDrive processor remains 0°C to 70°C.

Table 32-8. Absolute Maximum Ratings

Future Pentium® OverDrive® Processor and Voltage Regulator Assembly:
Parameter Min | Max | Unit Notes
Storage Temperature -30 100 |°C
Case Temperature Under Bias -30 100 ([°C
Fan:
Parameter Min | Max | Unit Notes
Storage Temperature -30 75 °C
Case Temperature Under Bias -30 75 °C
WARNING

Stressing the devices beyond the "Absolute Maximum Ratings" may cause
permanent damage. These are stress ratings only. Operation beyond the
"Operating Conditions" is not recommended and extended exposure beyond
the "Operating Conditions" may affect device reliability.
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32.5.3. DC Specifications

The future OverDrive processor will have compatible DC specifications to the Pentium
processor, except that Icc (Power Supply Current), IccS (Fan/Heatsink Current), and Ve are
the following:

Table 32-9. |, Specification

Symbol Parameter Min Max Unit

lcc Power Supply Current 4330 mA

lech Fan/Heatsink Current 200 mA
NOTE:

Vee =3.135V to 3.6V, Vg5 =5V £5%

Refer to Chapter 23 for a listing of the remaining DC Specifications.

32.5.3.1. AC SPECIFICATIONS

The future OverDrive processor will have the same AC specifications as the Pentium
processor. Refer to Chapter 23 for a listing of the remaining AC Specifications.
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32.6. MECHANICAL SPECIFICATIONS

The future OverDrive Processor will be packaged in a 320-pin ceramic staggered pin grid
array (SPGA). The pins will be arranged in a 37 x 37 matrix and the package dimensions will

be 1.95” x 1.95” (4.95cm x 4.95cm).

Table 32-10. Future Pentium® OverDrive® Processor Package Summary

Package
Type Total Pins Pin Array Package Size
Future Pentium® OverDrive® SPGA 320 37 x37 1.95"x 1.95"
Processor
4.95cm x 4.95cm

Table 32-11. Future Pentium® OverDrive® Processor Package Dimensions

Family: Ceramic Staggered Pin Grid Array Package
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A* 33.88 Solid Lid 1.334 Solid Lid
Al 0.33 0.43 Solid Lid 0.013 0.017 Solid Lid
A2 2.62 297 0.103 0.117
Ad 20.32 0.800
A5 10.16 Air Space 0.400 Air Space
0.43 0.51 0.017 0.020
D 49.28 49.91 1.940 1.965
D1 45.47 45.97 1.790 1.810
E1 241 2.67 0.095 0.105
E2 1.14 1.40 0.045 0.055
3.05 3.30 0.120 0.130
N 320 SPGA pins 320 SPGA pins
S1 1.52 2.54 0.060 0.100
NOTES:

*

Assumes the minimum air space above the fan/heatsink

A 0.2” clearance around three of four sides of the package is also required to allow free airflow through the

fan/heatsink.
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Figure 32-3. Future OverDrive® Processor Package Dimensions

32.6.1. Socket 5 Mechanical Specifications

Mechanical specifications for Socket 5 may vary among socket vendors. OEMs should
contact Intel for the most current list of Intel-qualified socket vendors and should directly
contact the socket vendors for the most current socket information. For a complete list of
qualified sockets and vendor order numbers, contact Intel or call the Intel Faxback number for
your geographical area and have document number 7209 automatically faxed to you.

32.7. THERMAL SPECIFICATIONS

Section 32.7.1 outlines the thermal specifications for the future OverDrive processor. Section
32.7.2 follows with information specific to the future OverDrive processor cooling solution.
Section 32.7.3 contains information regarding thermal failure protection
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32.7.1. Thermal Information

32.7.1.1.  THERMAL SPECIFICATIONS

The future OverDrive processor will be cooled with a fan/heatsink cooling solution. The
future OverDrive processor with a fan/heatsink is specified for proper operation when T, (air
temperature entering the fan/heatsink) is a maximum of 45°C. When the T,(max) < 45°C
specification is met, the fan/heatsink will keep Tcase Within the specified range of 0°C to 70°
C provided airflow through the fan/heatsink is unimpeded.

32.7.1.2. THERMAL EQUATIONS AND DATA

The future OverDrive processor fan/heatsink cooling solution requires that the T4 does not
exceed 45°C. To calculate T values, the following equations may be used:

Ta=Tc- (P *Oca)
where, Ty and T¢ = ambient and case temperature, respectively (°C)
Ocp = case-to-ambient thermal resistance (°C/Watt)

P = maximum power consumption (Watt)

32.7.2. Upgrade Processor Cooling Requirements

32.7.2.1. THERMAL AND PHYSICAL SPACE REQUIREMENTS

Figure 32-4 illustrates the thermal and physical space requirements for the future OverDrive
Processor.

Airflow Airflow

Free Space

Fan

Heat Sink
Ceramic PGA

* For the Future Pentium® OverDrive® processor with a fan/heatsink, the specification is T <= 45°C with T,
measured where the air enters the fan/heatsink unit. The air will enter the fan/heatsink from the top, and exit
from the sides.

Figure 32-4. Thermal and Physical Space Requirements
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® Physical Requirements

— 1.4" vertical clearance above the surface (opposite pin side) of Socket 5. Note that
the actual total space is slightly less than this value (1.334"). This requirement is
rounded in order to remain consistent over other upgrade processor products.

— 0.2" clearance around three of four sides of the package. The one side exempt from
the 0.2" is determined by the OEMs custom layout. This is to add flexibility into
board layouts.

® Thermal Requirements

— For the future OverDrive processor, a maximum air temperature entering the
fan/heatsink of 45°C is specified. Tp is measured where the air enters the
fan/heatsink unit. The air will enter the fan/heatsink from the top, and exit from the
sides.

@  Other Important Considerations
— Adequate airflow for the future OverDrive processor with a fan/heatsink.
— Two external 5V power connections via package pins.

32.7.2.2.  FAN/HEATSINK COOLING SOLUTION

The future OverDrive processor will utilize a fan/heatsink cooling solution. Intel's
fan/heatsink cooling solution requires that the air temperature entering the fan/heatsink (Tx)
does not exceed 45°C under worst case conditions. When the air temperature requirement is
met, the fan/heatsink will keep the case temperature, Tc, within the specified range, provided
airflow through the fan/heatsink is unimpeded. The 45°C maximum air temperature entering
the fan/heatsink was chosen to provide a reliable and acceptable fan life, and adequately cool
the future OverDrive processor.

Although the thermal performance of fan/heatsink cooling solutions does not significantly
increase with increased airflow over the processor, adequate airflow through the PC chassis is
required in order to prevent localized heating around the processor. A clear air path from the
PC vents to the power supply fan, as shown in the system on the left in Figure 32-5, will
enable the warm air from the future OverDrive processor to be pulled out of the system by the
power supply fan. If no air path exists across the processors, as shown in the system on the
right in Figure 32-5, the warm air from the future OverDrive processor will not be removed
from the system, possibly resulting in localized heating ("hot spots") around the processor.
Figure 32-5 shows examples of air exchange through a PC chassis.
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Fan

Power
Supply
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Good CPU Airflow

Drive Bays
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Fan
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Power
Supply

Poor CPU Airflow

Drive Bays

Poor venting =

poor air exchange

PP0079

Figure 32-5. Examples of Air Exchange Through PC Chassis

A height of 0.4" airspace is REQUIRED above the fan/heatsink unit to ensure that the airflow
through the fan/heatsink is not blocked. Blocking the airflow to or from the fan/heatsink
reduces the cooling efficiency and decreases the fan lifetime. Figure 32-6 shows unacceptable

blocking of the airflow.
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Minimum Air Space from Fan/Heatsink

NOT ACCEPTABLE

PP0080

Figure 32-6. Fan/Heatsink Unacceptable Airflow Blockage

The fan/heatsink will reside within the boundaries of the surface of the chip (1.95" x 1.95").
However, there are also free airspace clearance requirements around the ceramic package to
ensure that the airflow is not blocked to or from the fan/heatsink. Figure 32-7 details the
minimum space needed around the chip package to ensure proper airflow through the
fan/heatsink.

Surface Mount Fan/Heatsink Unit

Component

!lll

ZIF Socket

Motherboard

A = Space from package (0.2")
B = Height from motherboard (Socket Dependent)
PPO081

Figure 32-7. Required Free Space from Sides of Chip Package

As shown in Figure 32-7, it is acceptable to allow any device (i.e. add-in cards, surface mount
device, chassis etc.) to enter within the free space distance of 0.2" from the chip package if it
is not taller than the level of the heat sink base. In other words, if a component is taller than
height "B", it cannot be closer to the chip package than distance "A". The 0.2” clearance "A"
must be maintained on three of four sides of the chip package.
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32.7.3. Thermal Failure Protection

The future OverDrive processor includes a fan/heatsink cooling solution. In order to protect
the end-user from thermal failures due to a failure of the fan/heatsink device, Intel has
incorporated a protection mechanism into the upgrade product which will prevent overheating
in the event of a fan failure.

32.7.3.1. FAN FAILURE

The fan/heatsink connection to the future OverDrive processor includes a FANFAIL signal as
an input to the processor. This signal is generated by the circuitry of the fan/heatsink device
to indicate the status of the fan RPM (Rotations Per Minute). The FANFAIL signal goes
active to indicate that the fan RPM has degraded, and will not sufficiently cool the upgrade
component. While the signal remains inactive, it indicates that the fan RPM (and hence, the
heatsink temperature) is acceptable. The FANFAIL signal to the upgrade processor, once
active, will not return to an inactive state until the fan returns to an acceptable operating RPM
range and the fan has been powered down and then restarted. If the system power is turned
off and then turned on again, the FANFAIL signal will be reset to its inactive state, and will
not be re-asserted until the fan has had an opportunity to return to the normal operating RPM
range but has failed to do so.

The FANFAIL signal is a direct connection from the fan to the future OverDrive processor
core. This signal is not bonded to a processor pin for system use. The next section describes
how the system can use the fan failure indication via an internal register for thermal
protection.

The future OverDrive processor has an internal pull-up resistor to simulate a fan failure if the
fan is not present.

32.7.3.2. THERMAL ERROR RECOGNITION BY THE PROCESSOR

The Machine Check Type Register (MCT) in the future OverDrive processor can be used by
the system to monitor the value of the FANFAIL input. A new bit, THermal ERRor (THERR,
bit 5) has been defined in the MCT register to indicate that a thermal failure has occurred.
Following RESET, the THERR bit is cleared to a value of 0.

If the FANFAIL signal goes active or fails to clear after reset, the future OverDrive processor
will set the THERR bit (5) in the MCT register to a 1. Note that the Check bit (0) of the
MCT register will not be set, nor will an Interrupt 18 be generated from the setting of the
THERR bit if Machine Check Interrupts are enabled. The future OverDrive processor will
have no mechanism to automatically inform the system that a thermal error has occurred. In
order for the system to detect that a thermal failure has occurred, software must poll the
THERR bit in the MCT register. Once the THERR bit in the MCT register has been set, it
will be cleared only by RESET.
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32.7.3.3. DETECTION OF A THERMAL ERROR VIA SOFTWARE

Two instructions, RDMSR (Read from Model Specific Register) and WRMSR (Write to
Model Specific Register), may be used by software to poll the value of the THERR bit in the
MCT register. Note that RDMSR clears bit 0 of the MCT register; therefore, steps must be
taken to preserve the integrity of the contents of the register following a RDMSR instruction.

Intel plans to ship a diagnostic utility diskette with the future OverDrive processor which can
be used by end-users to detect a thermal failure. This utility will include error detection
software as well as instructions to the end-user on how to replace the fan.

32.8. TESTABILITY

32.8.1. Boundary Scan

The future OverDrive processor supports the IEEE Standard 1149.1 boundary scan using the
Test Access Port (TAP) and TAP Controller as described in Chapter 11. The boundary scan
register for the future OverDrive processor contains a cell for each pin. The turbo upgrade
component will have a different bit order than the Pentium processor. If the TAP port on
your system will be used by an end user following installation of the future OverDrive
processor, please contact Intel for the bit order of the OverDrive processor boundary scan
register.
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CHAPTER 33

MODEL SPECIFIC REGISTERS AND FUNCTIONS

This chapter introduces the model specific registers (MSR’s) as they are implemented on the
Pentium processor. Model specific registers are used to provide access to features that are
generally tied to implementation dependent aspects of a particular processor. For example,
testability features that provide test access to physical structures such as caches, and branch
target buffers are inherently model specific. Features to measure the performance of the
processor or particular components within the processor are also model specific.

The features provided by the model specific registers are expected to change from processor
generation to processor generation and may even change from model to model within the
same generation. Because these features are implementation dependent, they are not
recommended for use in portable software. Specifically, software developers should not
expect that the features implemented within the MSR’s will be supported in an upward
compatible manner across generations or even across different models within the same
generation.

33.1. MODEL SPECIFIC REGISTERS

The Pentium processor implements two new instructions and several model specific registers.
The RDMSR and WRMSR instructions are used to read and write the MSR’s respectively. A
feature bit in EDX (bit 5), reported by the CPUID instruction, indicates that the processor
supports the RDMSR and WRMSR instructions.

33.1.1. Model Specific Register Usage Restrictions

Proper use of the features described in this chapter requires that the CPUID instruction
be used to validate not only that the FAMILY and MODEL reported in EAX are equal
to “5” and “1” or ‘“2” respectively. Note that this requirement is significantly more
restrictive than is required for new architectural features where it is sufficient to
validate that the FAMILY is equal to or greater than that of the first family to
implement the new feature. For more information regarding the use of the CPUID
instruction, refer to Chapter 25 of Volume 3 of the Pentium® Processor Family
Developer’s Manual.

33.1.2. Model Specific Registers

Access to the model specific registers is provided through the RDMSR and WRMSR
instructions. Table 33-1 lists the model specific registers that are implemented on the
Pentium processor and the values to place in ECX during RDMSR and WRMSR instructions
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in order to access each register. For more information regarding the use of these instructions,
refer to Chapter 25 of Volume 3 of the Pentium® Processor Family Developer’s Manual.

Table 33-1. Model Specific Registers

ECX Value (in Hex) Register Name Description

00 Machine Check Address* ‘Shtores address of cycle causing
the exception

01 Machine Check Type* Stores cycle type of cycle causing
the exception

02 Test Register 1 Parity Reversal Register

03 RESERVED

04 Test Register 2 Instruction Cache End Bit

05 Test Register 3 Cache Test Data

06 Test Register 4 Cache Test Tag

07 Test Register 5 Cache Test Control

08 Test Register 6 TLB Test Linear Address

09 Test Register 7 TLB Test Control & Physical
Address 31-12

0A RESERVED

0B Test Register 9 BTB Test Tag

0C Test Register 10 BTB Test Target

oD Test Register 11 BTB Test Control

0E Test Register 12 New Feature Control

OF RESERVED

10 Time Stamp Counter Performance Monitor

11 Control and Event Select Performance Monitor

12 Counter 0 Performance Monitor

13 Counter 1 Performance Monitor

14+ RESERVED

NOTES:

* CR4.MCE must be 1 in order to utilize the machine check exception feature.
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33.2. TESTABILITY AND TEST REGISTERS

The Pentium processor provides testability access to the on-chip caches, TLB’s, BTB and
internal parity checking features through model specific test registers. On the Intel486
processor, access to the test registers was provided through the dedicated MOV to/from TRx
instructions. As the Pentium processor provides an expanded set of test capabilities, the
functionality of the MOV to/from TRx instructions is superseded by that of the
RDMSR/WRMSR instructions.

33.2.1. Cache, TLB and BTB Test Registers

The Pentium processor contains several test registers. The purpose of the test registers is to
provide direct access to the Pentium processor’s caches, TLBs, and BTB, so test programs
can easily exercise these structures. Because the architecture of the caches, TLBs, and BTB
is different, a different set of test registers (along with a different test mechanism) is required
for each. Most test registers are shared between the code and data caches.

The test registers should be written to for testability purposes only. Writing to the test
registers during normal operation causes unpredictable behavior. Note that when the test
registers are used to read or write lines directly to or from the cache, external inquire cycles
must be inhibited to guarantee predictable results when testing. This is done by setting both
CRO0.CD and CRO.NW to “1”. In addition, the INVD, WBINVD and INVLPG instructions
may be executed before and after but not during testing.

NOTE

If a memory data access occurs during a code cache testability operation
using the test registers, the data chat is checked before the external memory
operation in initiated. If the access is a miss in the data cache, then if the
accessed line is valid in the code cache, it is invalidated through the internal
snooping mechanism.

Similarly, if a code access occurs during a data cache testability operation
using the test registers, the code cache is checked before the external
memory operation is initiated. If the access is a miss in the code cache, then
the accessed line if valid in the data cache in invalidated (or written back
and then invalidated if in the M-state) through the internal snooping
mechanism.

33.2.1.1.  CACHE TEST REGISTERS

The registers in Figure 33-1 provide direct access to the Pentium processor’s code and data
caches.
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Figure 33-1. Cache Test Registers

TR2 is the End Bit Test Register for the code cache. It contains 4 end bits. Each end bit
corresponds to one byte of instruction in TR3 during code cache testability access. Since a
cache line 32 bytes, 8 access are needed to read or write the end bits for the entire cache line.

TR2 is used for accesses to the code cache only.

The End Bits are used to indicate instruction boundaries. The end bit mechanism aids the
decode of two variable length instructions per clock by providing information on where the
boundary between instruction is. If a given byte is the last byte in an instruction, the
corresponding end bit is set to one. When a line is written into the code cache after a miss, all
end bits corresponding to the line are initialized to one. As instructions are decoded, the end
bits are checked for correctness and modified if incorrect. In order for two instructions to be
issued in a single clock, the end bits of the u-pipe instruction must have the correct values,
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otherwise only one instruction will be issued. This does have the effect that instructions are
usually not paired the first time that they are put in the code cache.

TR3 is the Cache Data Test Register. This is where the data is held on its way into or out of
the cache. Prior to a cache testability write, software must load an entire cache line into the
32-byte fill buffer using TR3, 4 bytes at a time. Similarly, during a cache testability read, the
Pentium processor extracts a specified 4-byte data quantity from a cache line and places the
data in TR3. A 32-byte cache line may be written to or read from TR3 as eight 4-byte
accesses.

TR4 is the Cache Status Test Register. It contains the tag, LRU and valid bits to be written to
or read from the cache. Like TR3, TR4 must be loaded with the tag/LRU/valid bits prior to a
testability write, and gets updated with the tag/LRU/valid bits as a result of a testability read.
Note that TR4[31:28] always return a zero as a result of a testability read. The two valid
bits are interpreted differently by the code and data caches, depending on the setting of
TRS5.CD bit. The encodings for TR4.valid are as shown in Table 33-2. The encodings for the
LRU bit are shown in Table 33-3.

Table 33-2. Encoding for Valid Bits in TR4
TR5.CD=1 (Data Cache) valid[1] valid[0] Meaning

0 0 Cache line in 1 state

Cache line in S state

Cache line in E state

Cache line in M state

TR5.CD=0 (Code Cache) valid[1] valid[0] Meaning
X 0 Cache line invalid
X 1 Cache line valid

Table 33-3. Encoding of the LRU Bit in TR4
LRU Points to WAY
0 0

1 1

NOTE

The LRU bits for the instruction cache change state when an entry is read
using the test registers, with CR0.CD=1. The LRU bit for this data cache,
however, do not change their state during testability reads with CR0.CD=1.
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TRS is the Cache Control Test Register. it contains the writeback bit, the CD bit, the cache
entry, the set address, the buffer select, and a two-bit control field, cntl.

The writeback bit determines whether that particular line is configured for writethrough or
allows the possibility of writeback. It is used by the data cache only. The CD bit
distinguishes between the code and data cache. The entry field selects one of the two ways in
the cache. The set address field selects one of 128 sets within the cache to be accessed. The
buffer field selects one of the eight portions of a cache line to be visible through TR3. The
control field selects one of the four possibie operation modes. The encodings for ihe TRS5
fields are shown in Table 33-4, Table 33-5, Table 33-6 and Table 33-7.

Table 33-4. Encoding of the WB Bit in TR5
wB Writeback or Writethrough
0 Writethrough
1 Writeback

Table 33-5. Encoding of the Code/Data Cache Bit in TR5

CcD Cache
0 Code cache
1 Data cache

Table 33-6. Encoding of the Entry Bit in TR5

Entry Way
0 Way 0
1 Way 1

Table 33-7. Encoding of the Control Bits in TR5

Cntit Cntio Command
0 0 Normal operation
0 1 Testability write
1 0 Testability read
1 1 Flush
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33.2.1.1.1. Direct Cache Access

To access the cache for testing, the programmer specifies a set address and entry and requests
a testability read or write. No tag comparison is done; the programmer can directly read/write
a particular entry in a particular set.

To write down an entry into the cache:

® Disable replacements by setting CR0.CD=1.

® For each 4-byte access:
1) Write address into TRS.buffer. Here, TRS.cntl=00.
2) Write data into TR3.
3) Write end bits into TR2 (for instruction cache only).

® Write the desired tag, LRU and valid bits into TR4. Note that the contents of TR4
completely overwrites the previous tag, LRU and valid bits in the cache.

© Perform a testability write by loading TR5 with the appropriate CD, entry, set address,
and cntl fields. Here, TR5.cntl=01.

To read an entry from the cache:

® For each 4-byte access:

1) Write the appropriate CD, entry, set address, buffer and cntl fields into TR5.
Here, TR5.cntl=10.

2) Read data from TR3.
3) Read end bits from TR2[3:0] (for instruction cache only).

4) Read the tag, LRU, and valid bits from TR4. No hit/comparison is performed.
Whatever was in that entry in that set is read into TR4, TR3, and TR2.

To invalidate the cache or invalidate an entry:

® When TRS.cntl=11 (flush), and CD=0 (code cache), the entire code cache is invalidated.
However, if TRS.cntl=11 and CD=1 (data cache), the user can specify through the
TRS5.WB bit whether to invalidate the entire data cache, or invalidate and writeback only
the cache line specified by TR5 (see Table 33-8).

Note that TR2, TR3, and TR4 permit both reads and writes, whereas TRS5 is a write-only
register. The test registers should be written to for testability accesses only. Writing to the
test registers during normal operation may cause unpredictable behavior. For example,
inadvertent cache hits can be created.

During cache testability operations, the internal snooping mechanism functions similar
to that described in section 6.4.3 of the Pentium® Processor Data Book. If a memory data
access occurs during a code cache testability operation using the test registers, the date
cache is checked before the external memory operation is initiated. If the access is a
miss in the data cache, then the accessed line if valid in the code cache is invalidated
through the internal snooping mechanism.
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Similarly, if a code access occurs during a data cache testability operation using the test
registers, the code cache is checked before the external memory operation is initiated. If
the access is a miss in the code cache, then the accessed line if valid in the data cache is
invalidated (or written back and then invalidated if in the M-state) through the internal
snooping mechanism.

Table 33-8. Definition of the WB Bit in TR5

TR5.cntl=11 TR5.WB Meaning
CD=0 X Invalidate the entire code cache.
CD=1 0 Invalidate entire data cache. Modified lines are not

written back.

CD=1 1 Invalidate line. Writeback if modified.

33.2.1.2. TLB TEST REGISTERS

The registers in Figure 33-2 provide access to the code and data cache translation lookaside
buffers (TLBs). Note that the data cache has two TLBs: a 64-entry TLB for 4K-byte data
pages and an 8-entry TLB for 4 MByte data pages. The code cache contains only one
32-entry TLB for both 4 KByte code pages and 4 MByte code pages. The 4 MByte code
pages are cached in 4 KByte increments (the PS bit in TR6 is ignored).

TLB COMMAND TEST REGISTER
6 3332222222%3

21111111111
109876543 0987654321009

TR6 LINEAR ADDRESS V|D{U

TLB DATA TEST REGISTER

6 3332222222222
3 2109876543210

[y

OO0 (==

1111111
98765143

TR7 | PHYSICAL ADDRESS [31:12]

ENTRY

RESERVED

TTESTREG

Figure 33-2. TLB Test Registers

TR6 is the TLB Command Test Register. It contains the linear address, code/data TLB select
(CD), operation (Op) bits and the following status bits: valid (V), dirty (D), user (U),
writeable (W), and page size (PS) bits.
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The status bits are inputs to the TLB entry during testability writes, and outputs from the
TLB entry during testability reads. The V bit indicates whether a TLB entry is valid or
invalid during testability writes. The D bit indicates whether or not a write across was made
to the page. The U bit indicates the privilege level that the Pentium processor must be in to
access the page. The W bit is one of the factors in determining the read/write protection of
the page. The PS (page size) bit specifies the page size for the TLB entry. The CD bit
determines if the code or data TLB is being accessed. The Op bit distinguished between a
read and write cycle.

The W-bit, D-bit, and PS-bit are defined only for the data TLB.

Table 33-9, Table 33-10, Table 33-11, Table 33-12, Table 33-13, Table 33-14 and Table
33-15 list the encodings for the fields in the TR6 register.

Table 33-9. Encoding for the Valid Bit in TR6

Valid Valid/Invalid TLB Entry
0 Invalid
1 Valid

Table 33-10. Encoding for the Dirty Bit in TR6

D-bit

Write access made to page?

0

Write access was not made

1

Write access was made

Table 33-11. Encoding for the User Bit in TR6

U-bit Privilege Level Access Allowed
0 PL=0,1,2,3
1 PL=0

Table 33-12. Encoding for the Writeable Bit in TR6

W-bit

Writes Allowed?

0

No writes, read only

1

Allows writes
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Table 33-13. Encoding for the Page Size Bit in TR6

PS-bit Page Size
0 4 KByte Page
1 4 MByte
NOTE

Normally the user should not allocate a page entry in both the TLBs; during
testability however if a match is found in both, then the processor reports
that it found it for the 4 MByte page size (PS=1).

Table 33-14. Encoding for the Operation Bit TR6

Op Command
0 TLB write
1 TLB read

Table 33-15. Encoding for the Code/Data TLB Bit in TR6

CcD Cache
0 Code TLB
1 Data TLB

TR7 is the TLB Data Test Register. It contains bits 31:12 of the physical address, the hit
indicator H, a two-bit entry pointer, and the status bits. The status bits include the two paging
attribute bits PCD and PWT, and three LRU bits (LO, L1, and L2). PCD is the page level
cache disable bit. PWT is the page level write through bit. The LRU bits determine which
entry is to be replaced according to the pseudo-LRU algorithm. TLB reads which result in
hits and TLB writes can change the LRU bits. The LRU bits reported for a test read are the
value before the TLB read. The LRU bits are then changed according to the pseudo-LRU
replacement algorithm.

The H is the hit indicator. This bit needs to be set to 1 during testability writes. During
testability reads, if the input linear address matches a valid entry in the TLB, the H bit is set
to 1. The two entry bits determine in which one of the four ways to write to the TLB during
testability writes. During testability reads, they indicate the way that resulted in a read bit.

TR6, and TR7 are read/write registers. The test registers should be written to for testability
accesses only. Writing to the test registers during normal operation causes unpredictable
behavior.

When reading from the code cache TLB (TRS.cd = 0), the TR6 register zeros out bits [31:12]
(corresponding to the linear address) at the end of the TLB testability read cycle. This does
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not mean that an incorrect linear address was used. All operations happen normally (with
whatever linear address was written into TR6 before the testability read operation).

33.2.1.21. TLB Access

Unlike the caches, the TLB is structured as a CAM cell and, thus, can only be searched
(rather than directly read). In other words, the programmer can directly read/write a
particular entry in a particular set of the code or data caches, however the TLB only reports a
hit or a miss in the Hit bit in TR7. Dumping the TLB requires the programmer to step
through the entire linear address space one page at a time.

To write an entry into the TLB:

o  Write the physical address bits [31:12], attribute bits, LRU bits and replacement entry
into TR7, setting TR7.H=1.

e  Write the linear address, protection bits, and page size bit into TR6, setting TR6.0p=0.

To read an entry from the TLB:
e  Write the linear address, CD, and OP bits into TR6, setting TR6.0p=1.

e If TR7.H is set to 1, the read resulted in a hit. Read the translated physical address,
attribute bits, and entry from TR7. Read the V, D, U, and W bits from TR6. If TR7.H is
cleared to 0O, the read was a miss and the physical address is undefined.

Note that when reading from the TLB, the PS bit in the TR6 register does not have to be
set; the PS bit is actually written by the processor at the end of the TLB (testability)
lookup. Based on the PS bit the user is supposed to infer whether the linear address
found in the TLB corresponds to the 4 KByte or 4 MByte page size. Normally the user
should not allocate a page entry in both the TLBs; during testability however if a match
is found in both, then the processor reports that it found it for the 4 MByte page size
PS=1).

Also note that when reading from the code cache TLB (TR5.CD=0), the TR6 register
zeros out bits 12-31 (corresponding to the linear address) at the end of the TLB
testability read cycle. This does not mean that an incorrect linear address was used. All
operations happen normally (with whatever linear address was written into TR6 before
the testability read operation).

33.2.1.3. BTB TEST REGISTERS

The test registers in Figure 33-3 provide direct access to the branch target buffer. Note that
the branch prediction mechanism should be disabled through test register 12 before doing any
BTB testability access.

TR is the BTB Tab Test Register. Before writing any entry into the BTB, software must
first load TRY with a valid tag address and history information. After reading any entry in the
BTB, the hardware places the retrieved tag and history bits in TR9.
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BTB TAG TEST REGISTER
6 33322222222221111111111
.21 4 321098765432109876543210
TR9 TAG ADDRESS
HISTORY
BTB TARGET TEST REGISTER

6 3332222222222
3210

1111111111
10987654 98765432109876543210

TR10 TARGET ADDRESS

BTB COMMAND TEST REGISTER
6 333222222222211111
7 4 10 7

TR11

CNTL

RESERVED

BTESTREG

Figure 33-3. BTB Test Registers

TR10 is the BTB Target Test Register. Like TR9, TR10 must be loaded with the target
address before a testability write. After a BTB testability read, the target address is placed in

this register.

TR11 is the BTB Command Test Register. This register is used to issue read and write
commands to the BTB. the set address field selects one of 64 sets to access. The entry field
selects one of four ways within the set. A BTB testability cycle is initiated by loading TR11
with TR11.cntl=01 or TR11.cntl=10. The format for the control field is shown in Table 33-16

Table 33-16. Format for TR11 Control Field

Cnti Cnti0o Command
0 0 Normal operation
0 1 Testability write
1 0 Testability read
1 1 Flush
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TR9, TR10 and TR11 are all read/write registers. The test registers should be written to for
testability accesses only. Writing to the test registers during normal operation causes
unpredictable behavior.

33.2.1.3.1. Direct BTB Access

The BTB contents are directly accessible, in a manner similar to the code/data caches. Note
that the branch prediction mechanism should be disabled before doing any BTB testability
access.

To write an entry into the BTB:

e Disable BTB entry allocation by setting TR12.NBP=1 (see next section)
e  Write the tag address and history information in TR9

e  Write the target address in TR10

o Perform a testability write to TR11 with the appropriate set address and entry fields.
TR11.cntl is set to 01.

To read an entry from the BTB:

» Perform a testability read by writing to TR11 with the appropriate set address and entry
fields. TR11.cntl is set to 10.

e Read the tag address and history information from TR9.
e Read the target address from TR10.

33.2.1.4.  TEST PARITY CHECK (TR1)

A model specific register, TR1, the Parity Reversal Register (PRR), allows the parity check
mechanism to be tested. Figure 33-4 shows the format of the PRR.

TEST REGISTER 12
6 33322222222221111111111
9

-
w2

TR12

Figure 33-4. Test Register TR12

Table 33-17 lists each of the bits in the parity reversal register and their function.
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Table 33-17. Parity Reversal Register Bit Definition

Bit Name Description
PES Parity Error Summary, set on any parity error
NS 0 = set PRR.PES, assert IERR#, and shutdown on parity error
1 =set PRR.PES, and assert IERR# on parity error
IT code (instruction) cache tag
DO code cache data even bits 126, 124 ... 2,0
ID1 code cache data odd bits 127, 125 ... 3,1
ID2 code cache data even bits 254, 252 ... 130,128
ID3 code cache data odd bits 255, 253 ... 131, 129
ITT code TLB tag
ITD code TLB data
DT data cache tag
DD data cache data, use byte writes for individual access
DTT data TLB tag
DTD data TLB data
MC microcode, reverse parity on read

Writing a one into bits 2-12 reverses the sense of the parity generation for any write into the
corresponding array. This includes both normal cache replacements as well as testability
writes and data writes. Parity is checked during both normal reads and testability reads.

To test parity error detection, software should write a one into the appropriate bit of the
parity reversal register (PRR), perform a testability write into the array, and then perform a
testability read. Upon successful detection of the parity error, the Pentium processor asserts
the IERR# pin and may shutdown. Alternatively, after writing a one into the appropriate bit
of the PRR, software may perform a normal write and read of the array by creating a cache
miss and doing a read.

As an option, software may mask the shutdown by setting PRR.NS to 1 if the system is
unable to recover from a shutdown. To determine if a parity error has occurred, software may
read the parity error summary bit, PRR.PES. Hardware sets this bit on any parity error, and it
remains set until cleared by software.

For the microcode, bad parity may be forced on a read by setting the PRR.MC bit to 1.

Bit 0 of TR1 is read/write. The remaining bits are write only. The test registers should be
written to for testability accesses only. Writing to the test registers during normal operation
causes unpredictable behavior.
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33.3. NEW FEATURE CONTROL (TR12)

The new features of branch prediction, execution tracing, and instruction pairing in the
Pentium processor can be selectively enabled or disabled through individual bits in test
register TR12 (Figure 33-5). In addition, on chip caching can be disabled without affecting
the PCD output to allow testing of a second level cache.

MODEL SPECIFIC REGISTERS AND FUNCTIONS

Table 33-18. New Feature Controls

Name

Position

Function

NBP

No Branch Prediction controls the allocation of new entries in the BTB.
When TR12.NBP is clear, the code cache allocates entries in the BTB.
When TR12.NBP is set, no new entry is allocated in the BTB, however,
entries already in the BTB may continue to cause a BTB hit and result in
the pipeline being reloaded from the predicted branch target. To
completely disable branch prediction, first set TR12.NBP to 1 and then
flush the entire BTB by loading CR3.

TR

Execution Tracing controls the Branch Trace message Special Cycle.
When the TR12.TR bit is set to 1, a branch trace message special cycle
is generated whenever a taken branch is executed (whenever IBT is
asserted). If the TR12.TR bit is not set, IBT is still asserted, however the
branch trace message special cycle is not driven by the Pentium®
processor.

SE

Single Pipe Execution controls instruction pairing. When TR12.SE is
cleared to zero, instructions are issued to both the u and v pipes
contingent on pairing restrictions. When TR12.SE is set to one, the v pipe
is disabled and instructions are issued only to the u pipe. Microcoded
instructions are designed to utilize both pipes concurrently, independent
of the state of TR12.SE. Note that all instructions requiring microcode are
not pairable. The ability to utilize the v pipe in Probe Mode is also not
affected by the state of TR12.SE.

Ci

Cache Inhibit controls line fill behavior When TR12.Cl is reset to 0, the
on chip data and instruction caches operate normally. When TR12.Cl is
set to 1, all cache line fills are inhibited and all bus cycles due to cache
misses are run as single transfer cycles (CACHE# is not asserted).
Unlike CR0.CD, TR12.Cl does not affect the state of the PCD output pin.
This allows the first level cache to be disabled while the second level
cache is still active and can be tested. Note that the contents of the
instruction and data caches are not affected by the state of TR12.Cl, e.g.,
they are not flushed. The second level cache test sequence should be:
set TR12.Cl to 1; flush the internal caches, run the second level cache
tests.

4-8

Reserved

ITR

10 Trap Restart enables proper interrupt pritoritization to support
restarting 10 accesses trapped by System Management Mode. Please
refer to the “Component Operation” chapter in the Pentium® Processor
Data Book

10-63

Reserved
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TR12.NBP, TR12.TR, TR12.SE, and TR12.CI are initialized to zero on reset. This register is
write only and the reserved bits should be written with zeros.

1111
32109876543210
REESRARARRRANE

TR1 T|T 1|7|D|D|D|D E
Cip|T|P|T|p|T|3|2|1{0|T|S|S

TR1

Figure 33-5. Parity Reversal Register (TR1)

33.4. PERFORMANCE MONITORING

The Pentium processor includes features to measure and monitor various parameters that
contribute to the performance of the processor. This information can be then used for
compiler and memory system tuning. For memory system tuning, it is possible to measure
data and instruction cache hit rates, and time spent waiting for the external bus. The
performance monitor allows compiler writers to gauge the effectiveness of instruction
scheduling algorithms by measuring address generation interlocks and parallelism.

While the performance monitoring features that are provided by the Pentium processor are
generally model specific and available only to privileged software, the Pentium processor
also provides an architectural Time Stamp Counter that is available at the user. With this
notable exception, the performance monitor features and the events they monitor are
otherwise implementation dependent, and consequently, they are not considered part of the
Pentium processor architecture. The performance monitor features are expected to change in
future implementations. It is essential that software abide by the usage restrictions for
accessing model specific registers discussed in section 33.1.1 above.
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33.4.1. Performance Monitoring Feature Overview

Pentium processor performance monitoring features include:

Table 33-19. Architectural Performance Monitoring Features

RDTSC Read Time Stamp Counter - a user level instruction to provide read access to a 64-bit
free-running counter

CPUID Time Stamp Counter Feature Bit - Bit 4 of EDX is set to 1 to indicate that the processor

(EDX.TSC) implements the TSC and RDTSC instruction

CR4.TSD Time Stamp Disable - A method for a supervisor program to disable user access to the

time stamp counter in secure systems. When bit 2 of CR4 is set to 1, an attempt to
execute the RDTSC instruction generates an general protection exception (#GP).

Table 33-20. Model Specific Performance Monitoring Features

CTRO, CTR1 Counter 0, Counter 1 - two programmable counters

CESR Control and Event Select Register - programs CTRO, CTR1

TSC Time Stamp Counter - provides read and write access to the architectural 64-bit counter in
a manner that is model specific.

PMO0/BPO, Event Monitoring Pins - These pins allow external hardware to monitor the activity in

PM1/BP1 CTRO and CTR1.

33.4.2. Time Stamp Counter - TSC

A dedicated, free-running, 64-bit time stamp counter is provided on-chip. Note that on the
Pentium processor, this counter increments on every clock cycle, although it is not
guaranteed that this will be true on future processors. As a time stamp counter, the RDTSC
instruction reports values that are guaranteed to be unique and monotonically increasing.
Portable software should not expect that the counter reports absolute time or clock counts.
The user level RDTSC (Read Time Stamp Counter) instruction is provided to allow a
program of any privilege level to sample its value. A bit in CR4, TSD (Time Stamp Disable)
is provided to disable this instruction in secure environments. Supervisor mode programs
may sample this counter using the RDMSR instruction or reset/preset this counter with a
WRMSR instruction. The counter is cleared after reset.

While the user level RDTSC instruction and a corresponding 64-bit time stamp counter will
be provided in all future Pentium CPU compatible processors, access to this counter via the
RDMSR/WRMSR instructions is dependent upon the particular implementation.
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33.4.3. Programmable Event Counters - CTRO, CTR1

Two programmable 40-bit counters CTRO and CTR1 are provided. Each counter may be
programmed to count any event from a pre-determined list of events. These events, which are
described in the Events section of this chapter, are selected by programming the Control and
Event Select Register (CESR). The counters are not affected by writes to CESR and must be
cleared or pre-set when switching to a new event. The counters are undefined after RESET.

Associated with each counier 1s an eveit pin (EM1/BP1, PMO/BPO) which externally signals

the occurrence of the selected event.

Note that neither the CTRO/CTR1 nor CESR are part of the processor state that is
automatically saved and restored during a context switch. If it is desired to coordinate the use
of the programmable counters in a multiprocessing system, it is the software’s responsibility
to share or restrict the use of these counters through a semaphore or other appropriate
mechanism.

33.4.4. Control and Event Select Register - CESR

A 32-bit Control and Event Select Register (CESR) is used to control operation of the
programmable counters and their associated pins. Figure 33-6 depicts the CESR. For each
counter, the CESR contains a 6-bit Event Select field (ES), a Pin Control bit (PC), and a
three bit control field (CC). It is not possible to selectively write a subset of the CESR. If
only one event needs to be changed, the CESR must first be read, the appropriate bits
modified, and all bits must be written back. At reset, all bits in the Control and Event Select
Register are cleared.

876543210

9
P
g cco ESO

RESERVED

CONEVESR

Figure 33-6. Control and Event Select Register

33.4.4.1. EVENT SELECT - ES0, ES1

Up to two independent events, may be monitored by placing the appropriate event code in
the Event Select field. The events and codes are listed in the Events section of this chapter.
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33.4.4.2. COUNTER CONTROL - CCO, CC1

A three bit field is used to control the operation of the counter. the highest order bit selects
between counting events and counting clocks. The middle bit enables counting when the
CPL=3. The low order bit enables counting when the CPL=0, 1 or 2.

cc Meaning

000 Count Nothing (Disable Counter)

001 Count the selected Event while the CPL=0, 1 or 2
010 Count the selected Event while the CPL=3

011 Count the selected Event regardless of the CPL
100 Count Nothing (Disable Counter)

101 Count Clocks while the CPL=0, 1 or 2

110 Count Clocks while the CPL=3

111 Count Clocks regardless of the CPL

While a counter need not be stopped to sample its contents, it must be stopped and cleared or
pre-set before switching to a new event.

33.4.4.3. PINCONTROL - PCO, PC1

Associated with CTRO and CTRI1 are two pins, PM0O and PM1 (PM0/BPO, PM1/BP1), and
two bits which control their operation, PCO and PC1. These pins may be individually
programmed by the PCO/PC1 bits in the CESR to indicate either that the associated counter
has incremented or that it has overflowed. Note that the external signalling of the event on
the pins will lag the internal event by a “few” clocks as the signals are latched and buffered.

PC PM pin signals when the corresponding counter:
0 has incremented
1 has overflowed

When the pins are configured to signal that a counter has incremented, it should be noted that
although the counters may increment by 1 or 2 in a single clock, the pins can only indicate
that the event occurred. Moreover, since the internal clock frequency may be higher than the
external clock frequency, a single external clock may correspond to multiple internal clocks.

A "count up to" function may be provided when the event pin is programmed to signal an
overflow of the counter. Because the counters are 40 bits, a carry out of bit 39 indicates an
overflow. A counter may be preset to a specific value less than 240 - 1. After the counter has
been enabled and the prescribed number of events has transpired, the counter will overflow.
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Approximately 5 clocks later, the overflow is indicated externally and appropriate action,
such as signaling an interrupt, may then be taken.

When the performance monitor pins are configured to indicate when the performance
monitor counter has incremented and an "occurrence event" is being counted, the associated
PM pin is asserted (high) each time the event occurs. When a "duration event" is being
counted the associated PM pin is asserted for the entire duration of the event. When the
performance monitor pins are configured to indicate when the counter has overflowed, the
associated PM pin is not asserted until the counter has overfiowed.

The PMO/BP0O, PM1/BP1 pins also serve to indicate breakpoint matches during in Circuit
Emulation, during which time the counter increment or overflow function of these pins is not
available. After RESET, the PM0/BPO, PM1/BP1 pins are configured for performance
monitoring, however a hardware debugger may re-configure these pins to indicate breakpoint
matches.

33.4.5. Events

Events may be considered to be of two types: those that count OCCURRENCES, and those
that count DURATION. Each of the events listed below is classified accordingly.

Occurrences events are counted each time the event takes place. If the PMO or PM1 pins are
configured to indicate when a counter increments, they are asserted each clock the counter
increments. Note that if an event can happen twice in one clock the counter increments by 2,
however the PMO/1 pins are asserted only once.

For Duration events, the counter counts the total number of clocks that the condition is true.
When configured to indicate when a counter increments, the PMO and PM1 pins are asserted
for the duration of the event.

Table 33-21 lists the events that can be counted, and their encodings for the Control and
Event Select Register.
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MODEL SPECIFIC REGISTERS AND FUNCTIONS

Table 33-21. Performance Monitoring Events

Occurrence or

Encoding Performance Monitoring Event Duration?
000000 Data Read OCCURRENCE
000001 Data Write OCCURRENCE
101000 Data Read or Data Write OCCURRENCE
000010 Data TLB Miss OCCURRENCE
000011 Data Read Miss OCCURRENCE
000100 Data Write Miss OCCURRENCE
101001 Data Read Miss or Data Write Miss OCCURRENCE
000101 Write (hit) to M or E state lines OCCURRENCE
000110 Data Cache Lines Written Back OCCURRENCE
000111 External Snoops OCCURRENCE
001000 Data Cache Snoop Hits OCCURRENCE
001001 Memory Accesses in Both Pipes OCCURRENCE
001010 Bank Conflicts OCCURRENCE
001011 Misaligned Data Memory or I/O References OCCURRENCE
001100 Code Read OCCURRENCE
001101 Code TLB Miss OCCURRENCE
001110 Code Cache Miss OCCURRENCE
001111 Any Segment Register Loaded OCCURRENCE
010010 Branches OCCURRENCE
010011 BTB Hits OCCURRENCE
010100 Taken Branch or BTB Hit OCCURRENCE
010101 Pipeline Flushes OCCURRENCE
010110 Instruction Executed OCCURRENCE
010111 Instructions Executed in the v-pipe e.g., parallelism/pairing OCCURRENCE
011000 Clocks while a bus cycle is in progress (bus utilization) DURATION
011001 Number of clocks stalled due to full write buffers DURATION
011010 Pipeline stalled waiting for data memory read DURATION
011011 Stall on write to an E or M state line DURATION
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Table 33-21. Performance Monitoring Events (Contd)

Occurrence or
Encoding Performance Monitoring Event Duration?
011100 Locked Bus Cycle OCCURRENCE
011101 1/0 Read or Write Cycle OCCURRENCE
011110 Non-cacheable memory reads OCCURRENCE
011111 Pipeline stalled because of an address generation interlock DURATION
100010 FLOPs OCCURRENCE
100011 Breakpoint match on DRO Register OCCURRENCE
100100 Breakpoint match on DR1 Register OCCURRENCE
100101 Breakpoint match on DR2 Register OCCURRENCE
100110 Breakpoint match on DR3 Register OCCURRENCE
100111 Hardware interrupts OCCURRENCE

The following descriptions clarify the events. The event codes are provided in parenthesis.
Data Read (000000), Data Write (000001), Data Read or Data Write (101000):

These are memory data reads and/or writes (internal data cache hit and miss combined),
I/0 is not included. The individual component reads and writes for split cycles are
counted individually. Data Memory Reads that are part of TLB miss processing are not
included. These events may occur at a maximum of two per click.

Data TLB Miss (000010):
This event counts the number of misses to the data cache translation look-aside buffer.

Data Read Miss (000011), Data Write Miss (000100), Data Read Miss or Data Write Miss
(101001):

These are memory read and/or write accesses that miss the internal data cache whether or
not the access is cacheable or non-cacheable. Data accesses that are part of TLB miss
processing are not included. Accesses directed to I/O space are not included.

Write (hit) to M or E state lines (000101):

This measures the number of write hits to exclusive or modified lines in the data cache.
(These are the writes which may be held up if EWBE# is inactive.) This event may occur
at a maximum of two per clock.

Data Cache Lines Written Back (000110):

This counts ALL Dirty lines that are written back, regardless of the cause. Replacements
and internal and external snoops can all cause writeback and are counted.
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External Snoops (000111), Data Cache Snoop Hits (001000):

The first event counts accepted external snoops whether they hit in the code cache or data
cache or neither. Assertions of EADS# outside of the sampling interval are not counted.
No internal snoops are counted. The second event applies to the data cache only. Snoop
hits to a valid line in either the data cache, the data line fill buffer, or one of the write
back buffers are all counted as hits.

Memory Accesses in Both Pipes (001001):

Data memory reads or writes which are paired in the pipeline. Note that these accesses
are not necessarily run in parallel due to cache misses, bank conflicts, etc.

Bank Conflicts (001010):
These are the number of actual bank conflicts.
Misaligned Data Memory or I/O References (001011):

Memory or I/O reads or writes that are misaligned. A two or four byte access is
misaligned when it crosses a four byte boundary; an eight byte access is misaligned when
it crosses an eight byte boundary. Ten byte accesses are treated as two separate accesses
of eight and two bytes each.

Code Read (001100), Code TLB Miss (001101), Code Cache Miss (001110):

Total instruction reads and reads that miss the code TLB or miss the internal code cache
whether or not the read is cacheable or non-cacheable. Individual eight byte non-
cacheable instruction reads are not counted.

Any Segment Register Loaded (001111):

Writes into any segment register in real or protected mode including the LDTR, GDTR,
IDTR, and TR. Segment loads are caused by explicit segment register load instructions,
far control transfers, and task switches. Far control transfers and task switches causing a
privilege level change will signal this event twice. Note that interrupts and exceptions
may initiate a far control transfer.

Branches (010010):

In addition to taken conditional branches, jumps, calls, returns, software interrupts, and
interrupt returns, the Pentium processor treats the following operations as causing taken
branches: serializing instructions, some segment descriptor loads, hardware interrupts
(including FLUSH#), and programmatic exceptions that invoke a trap or fault handler.
Both Taken and Not Taken Branches are counted. The pipe is not necessarily flushed.
The number of branches actually executed is measured, not the number of predicted
branches.

BTB Hits (010011):

Hits are counted only for those instructions that are actually executed.
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Taken Branch or BTB Hit (010100):

This is a logical OR of taken branch and BTB hit. It represents an event that may cause a
hit in the BTB. Specifically, it is either a candidate for a space in the BTB, or it is already
in the BTB.

Pipeline Flushes (010101):

BTB Misses on taken branches, mis-predictions, exceptions, interrupts, and some segment
descriptor loads aii cause pipeiine fiushes.

Instructions Executed (010110):
Up to two per clock. Invocations of a fault handler are considered instructions.
Instructions Executed in the v-pipe e.g. parallelism/pairing (010111):

This event counts the number of instructions actually executed in the v-pipe. It indicates
the number of instructions that were paired.

Clocks while a bus is in progress (bus utilization) (011000):
Including HLDA, AHOLD, BOFF# clocks.
Number of clocks stalled due to full write buffers (011001):

This event counts the number of clocks that the internal pipeline is stalled due to full
write buffers. Full write buffers stall data memory read misses, data memory write
misses, and data memory write hits to S state lines. Stalls on I/O accesses are not
included.

Pipeline stalled waiting for data memory read (011010):

Data TLB Miss processing is also included. The pipeline stalls while a data memory read
is in progress including attempts to read that are not bypassed while a line is being filled.

Locked Bus Cycle (011100):

LOCK prefix or LOCK instruction, Page Table Updates, and Descriptor Table Updates.
Only the Read portion of the Locked Read-Modify-Write is counted. Split Locked cycles
(SCYC active) count as two separate accesses. Cycles restarted due to BOFF# are not re-
counted.

I/0 Read or Write Cycle (011101):

Bus cycles directed to I/O space. Misaligned I/0 accesses will generate two bus cycles.
Bus cycles restarted due to BOFF# are not re-counted.

Non-cacheable memory reads (011110):

Non-cacheable instruction or data memory read bus cycles. Includes read cycles caused
by TLB misses; does not include read cycles to I/O space. Cycles restarted due to BOFF#
are not re-counted.
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Pipeline stalled because of an address generation interlock (011111):

Number of address generation interlocks (AGIs). An AGI occurring in both the U and V
pipelines in the same clock signals this event twice. An AGI occurs when the instruction
in the execute stage of either of U or V pipelines is writing to either the index or base
address register of an instruction in the D2 (address generation) stage of either the U or V
pipelines.

FLOPs (100010);

Number of floating point adds, subtracts, multiplies, divides, remainders, and square
roots. The transcendental instructions consist of multiple adds and multiplies and will
signal this event multiple times. Instructions generating the divide by zero, negative
square root, special operand, or stack exceptions will not be counted. Instructions
generating all other floating point exceptions will be counted. As the integer multiply
instructions share the floating point multiplier, they will signal this counter.

Breakpoint match on DRO Register (100011),
Breakpoint match on DR1 Register (100100),
Breakpoint match on DR2 Register (100101),
Breakpoint match on DR3 Register (100110):

If programmed for one of these breakpoint match events, the performance monitor
counters will be incremented in the event of a breakpoint match whether or not
breakpoints are enabled. These events correspond to the signals driven on the BP[3:0]
pins. Please refer to the Debugging chapter in Volume 3 of the Pentium® Processor
Family Developer’s Manual.

Hardware Interrupts (100111):

Number of taken INTR and NMI only.
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CHAPTER 34
Pentium® Processor (610\75) for Mobile Systems

34.1. INTRODUCTION

Intel is now manufacturing a version of the Pentium processor family that is designed
specifically for mobile systems, with a core frequency of 75 MHz and a bus frequency of 50
MHz. The Pentium processor (610\75) is provided in the TCP (Tape Carrier Package) and
SPGA packages, and has all of the advanced features of the Pentium processor (735\90,
815\100).

The new Pentium processor (610\75) TCP package has several features which allow high-
performance notebooks to be designed with the Pentium processor, including the following:

® TCP package dimensions are ideal for small form-factor designs.

® The TCP package has superior thermal resistance characteristics.

® 3.3V V( reduces power consumption by half (in both the TCP and SPGA packages).

® The SL Enhanced feature set, which was initially implemented in the Intel486™ CPU.
The Pentium processor family consists of the new Pentium processor at iCOMP rating
610\75 MHz, described in this document, the original Pentium processor (510\60, 567\66),
and the New Device. The name "Pentium processor (610\75)" will be used in this document

to refer to the Pentium processor at iCOMP rating 610\75 MHz. "Pentium Processor" will be
used in this document to refer to the entire Pentium processor family in general.

The architecture and internal features of the Pentium processor (610\75) TCP and SPGA
packages are identical to those of the New Device, although several features have been
eliminated for the Pentium processor (610\75) TCP.

34.1.1. Pentium® Processor (610\75) SPGA Specifications and
Differences from the TCP Package
This section provides references to the Pentium processor (610\75) SPGA specifications and

describes the major differences between the Pentium processor (610\75) SPGA and TCP
packages.
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All Pentium processor (610\75) SPGA specifications, with the exception of those listed in
Part III, are identical to the Pentium processor (735\90, 815\100) specifications provided
in the Pentium® Processor Family Developer's Manual, Volume 1: Pentium® Processors.

The following features have been eliminated for the Pentium processor (610\75) TCP: the
Upgrade feature, the Dual Processing (DP) feature, and the Master/Checker functional
redundancy feature. Table 34-1 lists the corresponding pins which exist on the Pentium
processor (610\75) SPGA but have been removed on the Pentium processor (610\75) TCP.

Table 34-1. SPGA Signals Removed in TCP

Signal Function

ADSC# Additional Address Status. This signal is mainly used for large or standalone L2
cache memory subsystem support required for high-performance desktop or
server models.

BRDYC# Additional Burst Ready. This signal is mainly used for large or standalone L2
cache memory subsystem support required for high-performance desktop or
server models.

CPUTYP CPU Type. This signal is used for dual processing systems.

D/P# Dual/Primary processor identification. This signal is only used for an Upgrade
processor.

FRCMC# Functional Redundancy Checking. This signal is only used for error detection
via processor redundancy, and requires two Pentium processors
(master/checker).

PBGNT# Private Bus Grant. This signal is only used for dual processing systems.

PBREQ# Private Bus Request. This signal is used only for dual processing systems.

PHIT# Private Hit. This signal is only used for dual processing systems.

PHITM# Private Modified Hit. This signal is only used for dual processing systems.

The buffer model capacitance (Cp,) and inductance (Lp) parameters differ between the TCP
and SPGA packages. Also, the thermal parameters, Tcasg max and O¢cp, differ between the
TCP and SPGA packages. For Pentium processor (610\75) SPGA values, refer to Chapters
24 and 26 of the Pentium® Processor Family Developer's Manual, Volume 1: Pentium®
Processor.

In addition, the AC specifications for the TCP device are slightly different than those for the
SPGA devices.
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Figure 34-1. Pentium® Processor (610\75) TCP Pinout
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34.21.2. PIN CROSS REFERENCE TABLE FOR PENTIUM® PROCESSOR
(610\75) TCP

Table 34-2. TCP Pin Cross Reference by Pin Name

Address
A3 219 A9 234 A15 251 A21 200 A27 208
A4 222 A10 237 A16 254 A22 201 A28 211
A5 223 A1 238 A17 255 A23 202 A29 212
A6 227 A12 242 A18 259 A24 205 A30 213
A7 228 A13 245 A19 262 A25 206 A31 214
A8 231 Al4 248 A20 265 A26 207

Data

DO 152 D13 132 D26 107 D39 87 D52 62
D1 151 D14 131 D27 106 D40 83 D53 61
D2 150 D15 128 D28 105 D41 82 D54 56
D3 149 D16 126 D29 102 D42 81 D55 55
D4 146 D17 125 D30 101 D43 78 D56 53
D5 145 D18 122 D31 100 D44 77 D57 48
D6 144 D19 121 D32 96 D45 76 D58 47
D7 143 D20 120 D33 95 D46 75 D59 46
D8 139 D21 119 D34 94 D47 72 D60 45
D9 138 D22 116 D35 93 D48 70 D61 40
D10 137 D23 115 D36 90 D49 69 D62 39
D11 134 D24 113 D37 89 D50 64 D63 38
D12 133 D25 108 D38 88 D51 63
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Table 34-2. TCP Pin Cross Reference by Pin Name (Contd.)

Control

A20M# 286 BREQ 312 HITM# 293 PM1/BP1 29
ADS# 296 BUSCHK# 288 HLDA 311 PRDY 318
AHOLD 14 CACHE# 21 HOLD 4 PWT 299
AP 308 D/C# 298 IERR# 34 R/S# 198
APCHK# 315 DPO 140 IGNNE# 193 RESET 270
BEO# 285 DP1 127 INIT 192 SCYC 273
BE1# 284 DP2 114 INTR/LINTO 197 SMI# 196
BE2# 283 DP3 99 INV 15 SMIACT# 319
BE3# 282 DP4 84 KEN# 13 TCK 161
BE4# 279 DP5 71 LOCK# 303 TDI 163
BE5S# 278 DP6 54 M/IO# 22 TDO 162
BE6# 277 DP7 37 NA# 8 T™S 164
BE7# 276 EADS# 297 NMI/LINT1 199 TRST# 167
BOFF# 9 EWBE# 16 PCD 300 W/R# 289
BP2 28 FERR# 31 PCHK# 316 WB/WT# 5
BP3 25 FLUSH# 287 PEN# 191
BRDY# 10 HIT# 292 PMO0/BPO 30

APIC Clock Control
PICCLK 155 PICD1 158 BF 186 STPCLK# 181
PICDO 156 [APICEN] CLK 272
[DPEN#]
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Table 34-2. TCP Pin Cross Reference by Pin Name (Contd.)

Ve
1" 35 73 123 168* 190 230 257* 295
2 41* 79 129 170 195* 232* 258 301
6* 43 85 135 172 204 236 260* 304*
11* 49* 91 141 174 210 240* 264 306
17 51 97 147 177" 216 241 266 309"
19 57* 103 153* 178 217 243 268" 313
23 59 109 157 180* 221 247 275 317*
27 65 111* 160 183* 225* 249* 281
33 67 117 165* 188* 226 253 291

VSS
3 50 104 166 209 250 302
7 52 110 169 215 252 305
12 58 112 171 218 256 307
18 60 118 173 220 261 310
20 66 124 176 224 263 314
24 68 130 179 229 267 320
26 74 136 182 233 269
32 80 142 187 235 274
36 86 148 189 239 280
42 ) 154 194 244 290
a4 98 159 203 246 294

NC
175 184 185 271

NOTE:

*These V¢ pins are 3.3V supplies for the Pentium processor (610\75) TCP but will be lower voltage pins on
future offerings of this microprocessor family. All other V¢ pins will remain at 3.3V.
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34.2.1.3. POWER DISSIPATION REQUIREMENTS

Table 34-3. Power Dissipation Requirements for Thermal Solution Design

Parameter Typical(1) Max(2) Unit Notes
Active Power Dissipation 3 7.6 Watts @ 75 Mhz
Stop Grant and Auto Halt 1.2 Watts @ 75 MHz(3)
Powerdown Power Dissipation
Stop Clock Power Dissipation | 0.02 <.05 Watts (4) (5)

NOTE:

1. This is the typical power dissipation in a system. This value was the average value measured in a system using a
typical device at Vcc = 3.3V running typical applications. This value is highly dependent upon the specific system
configuration.

2. Systems must be designed to thermally dissipate the maximum active power dissipation. It is determined using a worst-
case instruction mix with Vcc = 3.3V. The use of nominal Vg in this measurement takes into account the thermal time
constant of the package.

3. Stop Grant/Auto Halt Powerdown Power Dissipation is determined by asserting the STPCLK# pin or executing the
HALT instruction.

4. Stop Clock Power Dissipation is determined by asserting the STPCLK# pin and then removing the external CLK input.

5. Complete characterization of the specification was still in process at the time of print. Please contact Intel for the latest
information. The final specification may be less than 50mW.

34.2.1.4. AC TIMING CHANGES

Table 34-4 lists the deviations for AC timing parameters with use of the TCP package. For
all unlisted parameters, the AC timing values associated with SPGA packages should be
used.

Table 34-4. AC Timing Changes for TCP Package

Symbol Parameter Min Max Unit | Figure Notes

ted C/C#, SCYC, LOCKi Valid Delay | 0.9 nS

tee ADS# Valid Delay 0.8 nS

tet A3-A31, BEO-7# Valid Delay 0.7 nS

teq W/R# Valid Delay 0.5 nS

t0p HITM# Valid Delay 0.5 nS

tog BOFF# Hold Time 11 nS

tog SMI# Hold Time 1.1 nS

t4od Reset Configuration Signal 1.0 nS To RESET falling
BRDYC# (BRDY# on TCP) Hold edge (1), (27)
Time, RESET driven synchronously

NOTE:
1. Not 100 percent tested. Guaranteed by design/characterization.
27. BRDYC# and BUSCHK# are used as reset configuration signals to select buffer size.
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34.3. PENTIUM® PROCESSOR (610\75) TCP BUFFER MODEL

PARAMETERS
Table 34-5. Input, Output and Bidirectional Buffer Model Parameters
Buffer dv/dt Ro Cp Lp Co/Cin
Type | Transition (V/nsec) (Ohms) (pF) (nH) (pF)
min I max min l max |min [max |[min [max |[min |max
ER0O |Rising . ' ' . 04 |39 |50 |os8 |12
(input) | Falling 0.4 3.9 5.0 0.8 1.2
ER1 Rising 0.5 3.1 6.0 0.8 1.2
(input) | Falling . 0.5 3.1 6.0 0.8 1.2
ED1 Rising 3/3.0 3.709 (216 |53.1 |03 0.6 37 6.6 2.0 2.6
(output) | Falling 3/2.8 3.7/08 175 |50.7 |03 0.6 3.7 6.6 2.0 2.6
EB1 Rising 3/3.0 3.7/09 {216 |[53.1 0.2 0.5 29 6.1 2.0 2.6
(bidir) Falling 3/2.8 3.7/08 (175 |50.7 |0.2 0.5 2.9 6.1 2.0 2.6
EB2 Rising 3/3.0 3.7/09 |216 |531 |02 0.5 3.1 6.4 9.1 9.7
(bidir) Falling 3/2.8 3.7/08 (175 |50.7 ]0.2 0.5 3.1 6.4 9.1 9.7
EB2A Rising 3/2.4 3.7/0.9 |.10.1 224 102 0.5 3.1 6.4 9.1 97
(bidir) Falling 3/2.4 3.7/09 |9.0 212 |02 0.5 341 6.4 9.1 9.7
EB3 Rising 3/3.0 3.7/09 |216 |53.1 0.2 0.4 3.2 4.1 3.3 3.9
(bidir) Falling 3/2.8 3.7/08 (175 |50.7 (0.2 04 3.2 4.1 3.3 3.9
EB4 Rising 3/3.0 3.7/09 |216 |[531 0.3 0.4 4.0 4.1 5.0 7.0
(bidir) Falling 3/2.8 3.7/08 |175 |50.7 |03 0.4 4.0 4.1 5.0 7.0
Table 34-6. Input Buffer Model Parameters: D (Diodes)
Symbol Parameter D1 D2

1S Saturation Current 1.4e-14A 2.78e-16A
N Emission Coefficient 1.19 1.00
RS Series Resistance 6.5 ohms 6.5 ohms
TT Transit Time 3ns 6éns
\'Al PN Potential 0.983V 0.967V
CJo Zero Bias PN Capacitance 0.281 pF 0.365 pF
M PN Grading Coefficient 0.385 0.376

34-8
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34.4. PENTIUM® PROCESSOR (610\75) TCP MECHANICAL
SPECIFICATIONS

Today's portable computers face the challenge of meeting desktop performance in an
environment that is constrained by thermal, mechanical, and electrical design considerations.
These considerations have driven the development and implementation of Intel’s Tape
Carrier Package (TCP). The Intel TCP package has been designed to offer a high pin count,
low profile, reduced footprint package with uncompromised thermal and electrical
performance. Intel continues to provide packaging solutions that meet our rigorous criteria
for quality and performance, and this new entry into the Intel package portfolio is no
exception.

Key features of the TCP package include: surface mount technology design, lead pitch of
0.25 mm, polyimide body size of 24 mm and polyimide up for pick&place handling. TCP
components are shipped with the leads flat in slide carriers, and are designed to be excised
and lead formed at the customer manufacturing site. Recommendations for the manufacture
of this package are included in the New Device Tape Carrier Package User’s Guide.

Figure 34-2 shows a cross-sectional view of the TCP package as mounted on the Printed
Circuit Board. Figures 34-3 and 34-4 show the TCP as shipped in its slide carrier, and key
dimensions of the carrier and package. Figure 34-5 shows a blow up detail of the package in
cross-section. Figure 34-6 shows an enlarged view of the outer lead bond area of the
package.

Tables 34-7 and 34-8 provide Pentium processor (610\75) Pentium processor (610\75) TCP
package dimensions.

l 34-9
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34.4.1. TCP Package Mechanical Diagrams

Polyimide Polyimide
Support Ring TAB Lead Keeper

Encapsulant (OFC Copper) Bar

Gold Bump

Thermally & Electrically .
Conductive Adhesive Thermal vias
(Silver Filled Thermoplastic) Ground plane

Figure 34-2. Cross-Sectional View of the Mounted TCP Package
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Table 34-7. TCP Key Dimensions

Symbol Description Dimension

N Leadcount 320 leads

w Tape Width 48.18 +/- 0.12

L Site Length (43.94) ref.

el Outer Lead Pitch 0.25 nom,

b Outer Lead Width 0.10 +/- 0.01

D1,E1 Package Body Size 24.0 +/- 0.1

A2 Package Height 0.615 +/- 0.030

DL Die Length 12.614 +/- 0.015

DW Die Width 11.603 +/- 0.015
NOTES:

Be sure to refer to Pentium® Processor Specification Update for any changes.
Dimensions are in millimeters unless otherwise noted.
Dimensions in parentheses are for reference only.

Table 34-8. Mounted TCP Package Dimensions

Description Dimension
Package Height 0.75 max.
Terminal Dimension 29.5 nom.
Package Weight 0.5 g max.
NOTE:

Dimensions are in millimeters unless otherwise noted.
Package terminal dimension (lead tip-to-lead tip) assumes the use of a keeper bar.

34.5. PENTIUM® PROCESSOR (610\75) TCP THERMAL
SPECIFICATIONS

The Pentium processor (610\75) is specified for proper operation when the case temperature,

Tease (Te) is within the specified range of 0 °C to 95 °C.

34.5.1. Measuring Thermal Values

To verify that the proper T (case temperature) is maintained for the Pentium processor
(610\75), it should be measured at the center of the package top surface (encapsulant). To
minimize any measurement errors, the following techniques are recommended:
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® Use 36 gauge or finer diameter K, T, or J type thermocouples. Intel's 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
highly thermally conductive cements. Intel's laboratory testing was done by using Omega
Bond (part number: OB-100).

® The thermocouple should be attached at a 90° angle as shown in Figure 34-7.

Figure 34-7. Technique for Measuring Case Temperature (T¢)

34.5.2. Thermal Equations

For the Pentium processor (610\75), an ambient temperature (T,) is not specified directly.
The only requirement is that the case temperature (T¢) is met. The ambient temperature can
be calculated from the following equations:

Ts=Tc+ P x0ic
Ta=Ti—Px0JA
Ta=Tc—-(Px0ca)
Tc=Ta+ Px [0 —0ic]
6ca =0Ja-0JC

where,

TA and T¢ are ambient and case temperatures (°C)
OCA = Case-to-Ambient thermal resistance (°C/W)
03A = Junction-to-Ambient thermal resistance (°C/W)
0jC = Junction-to-Case thermal resistance (°C/W)

P = maximum power consumption (Watts)

P (maximum power consumption) is specified in section 4.2.
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34.5.3. TCP Thermal Characteristics

The primary heat transfer path from the die of the Tape Carrier Package (TCP) is through the
back side of the die and into the PC board. There are two thermal paths traveling from the
PC board to the ambient air. One is the spread of heat within the board and the dissipation of
heat by the board to the ambient air. The other is the transfer of heat through the board and
to the opposite side where thermal enhancements (e.g., heat sinks, pipes) are attached. To
prevent the possibility of damaging the TCP component, the thermal enhancements should be
attached to the opposite side of the TCP site — not directly mounted to the package surface.

34.5.4. PC Board Enhancements

Copper planes, thermal pads, and vias are design options that can be used to improve heat
transfer from the PC board to the ambient air. Tables 34-9 and 34-10 present thermal
resistance data for copper plane thickness and via effects. It should be noted that although
thicker copper planes will reduce the 8., of a system without any thermal enhancements,
they have less effect on the 6., of a system with thermal enhancements. However, placing
vias under the die will reduce the 6, of a system with and without thermal enhancements.

Table 34-9. Thermal Resistance vs. Copper Plane Thickness
with and without Enhancements

Copper Plane Thickness* 6ca (°C/W) No Enhancements Oca (°C/W) With Heat Pipe
10z.Cu 18 8
30z. Cu 14 8
NOTES:
*225 vias underneath the die
(10z=1.3ml)

Table 34-10. Thermal Resistance vs. Thermal Vias Underneath the Die

No. of Vias Under the Die* 6ca (°C/W) No Enhancements
0 15
144 13

NOTE:
*3 oz. copper planes in test boards

34.5.4.1. STANDARD TEST BOARD CONFIGURATION

All Tape Carrier Package (TCP) thermal measurements provided in the following tables were
taken with the component soldered to a 2" x 2" test board outline. This six-layer board
contains 225 vias (underneath the die) in the die attach pad which are connected to two 3 oz.
copper planes located at layers two and five. For the Pentium processor (610\75) TCP, the
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vias in the die attach pad should be connected without thermal reliefs to the ground plane(s).
The die is attached to the die attach pad using a thermally and electrically conductive
adhesive. This test board was designed to optimize the heat spreading into the board and the
heat transfer through to the opposite side of the board.

NOTE

Thermal resistance values should be used as guidelines only, and are highly
system dependent. Final system verification should always refer to the case
temperature specification.

Table 34-11. Pentium® Processor (610\75) TCP Package Thermal Resistance
without Enhancements

6yc (°C/W) Oca (°C/W)

Thermal Resistance without Enhancements 0.8 13.9

Table 34-12. Pentium® Processor (610\75) TCP Package Thermal Resistance
with Enhancements (Without Airflow)

Thermal Enhancements 6ca (°C/W) Notes
Heat sink 1.7 1.2"%x1.2"x.35"
Al Plate 8.7 4"%x4"%.030"
Al Plate with Heat Pipe 7.8 0.3x1"x4"

Table 34-13. Pentium® Processor (610\75) TCP Package Thermal Resistance
with Enhancements (with Airflow)

Thermal Enhancements 6¢ca (°C/W) Notes
Heat sink with Fan @ 1.7 CFM 5.0 1.2"x1.2"x.35" HS
1"x1"x.4" Fan
Heat sink with Airflow @ 400 LFM 5.1 1.2"%1.2"x.35" HS
Heat sink with Airflow @ 600 LFM 4.3 1.2"%1.2"x.35" HS
HS = heat sink

LFM = Linear Feet/Minute
CFM = Cubic Feet/Minute
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APPENDIX A
SUPPLEMENTAL INFORMATION

Some non-essential information regarding the Pentium processor are considered Intel
confidential and proprietary and have not been documented in this publication. This
information is provided in the Supplement to the Pentium® Processor Family User's Manual
and is available with the appropriate non-disclosure agreements in place. Please contact Intel
Corporation for details.

The Supplement to the Pentium® Processor Family User's Manual contains Intel confidential
information on architecture extensions to the Pentium processor which are non-essential for
standard applications. This includes low-level registers that provide access to such features as
page size extensions, virtual mode extensions, testing and performance monitoring.

This information is specifically targeted at writers of the following types of software:

® operating system kernels

® virtual memory managers

® BIOS and CPU test software

® performance monitoring tools

If you are writing software that does not fall into one of these categories, this information is

non-essential and all required programming details are contained in the publicly available
Pentium® Processor Family Developer's Manual three volume set.
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