






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































n
Intel ® ELECTRICAL SPECIFICATIONS

Table 7-3. Three Specification Classes, Their Purpose and the New Parameters

Specification Class Purpose Parameters

Flight Time -~ Guarantee Timing Maximum Flight Time

Signal Quality Guarantee Reliable Absolute Maximum Signal Overshoot (Undershoot)
Operation

Maximum Group Average Overshoot (Undershoot)
Absolute Maximum Time Beyond the Supply
Maximum Group Average Time Beyond the Supply
Maximum Signal Ring-back

Maximum Settling Time

Buffer Models Completely Specify Cin - Input Capacitance
Flight Time and
Signal Quality Lp - Package Inductance

Cp - Package Capacitance

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

Co - Output Capacitance

7.6.1.1. FLIGHT TIME SPECIFICATION

The first new parameter is flight time. Flight time is the difference in output delay measured
between a loaded and an unloaded output buffer.

The most straight forward definition of flight time is the time difference between the loaded
and unloaded output signals at the 50% Vcc voltage level as illustrated in Figure 7-1 (50% Vcc
is the normal CMOS switching threshold. The loaded delay must be measured at the last
receiver to cross this threshold). This delay is called the 50% delay time.

Unfortunately, it is also necessary to measure delays to the 65% Vcc voltage level (or 35% Vcc
for falling transitions). This is due to differences between waveforms generated in the actual
system and for an unloaded buffer, which are caused by the transmission line nature of the
system environment. Delays measured to the 65% Vcc level must be extrapolated back to the
50% Vcc level using a line with a 1V/ns slope(i.e. subtract 0.75 ns when Vce=5V), as shown in
Figure 7-2. This delay is called the 65% delay time.

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

65% Vee

50% Vce

35% Vee

Vss

Signal Level )
A Driver Pin with 0 pK Load

50% Delay
ight Tirge

At Receiver Pin

Time

CDB70

Figure 7-1 shows determination of flight time based on the 50% Vcc level measurement of a 0
PF load output with reference to the 50% Vcc level of at the receiver pin. The 50% Vcc to 65%

Figure 7-1. Determination of Flight Time

Vccrise time is faster than 1 volt/nsec in this example.
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Figure 7-2. Derating the Flight Time

In a system environment it will not usually be possible to measure the delay of an unloaded
driver. Figure 7-3 shows the method for measuring flight time in a system environment. As
shown, the voltage measured at the pin of the loaded driver will have a ledge near the center of
the transition. According to Transmission Line Theory, the time required to reach half the
voltage level of the ledge is equivalent to the time required for an unloaded driver to reach the
50% Vcc level. The oscillation (if any) seen at the ledge defines the measurement uncertainty
for this technique.

To measure flight time via this technique, first measure the maximum and minimum voltages
of the ledge and take the average of these two values, (Vmax + Vmin) / 2, to arrive at the ledge
voltage. Finally, divide the ledge voltage by two, (Vmax + Vmin) / 4. The result is the voltage
level that approximately corresponds to the point in time at which an unloaded driver's signal
would reach the 50% Vcc level. The flight time is determined by measuring the difference in
time between the (Vmax + Vmin) / 4 point and the extrapolated 50% point on the receiver. The
uncertainty of this technique is the time difference between the Vmin/2 and Vmax/2 points.
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Figure 7-3. In-System Measurement of Flight Time

Table 7-4 describes the maximum flight time and clock skew specifications. Tables 7-5 to
Table 7-16 list the flight time and maximum clock skew specifications for each driver-receiver
network in the optimized interface. For each net, the driver first order output buffer model type
and receiver input buffer model type are also listed. Some signals have two buffer types listed
in the "Driver Buffer Type" column. These are the signals whose buffer type is selected using
BUSCHK# (Pentium processor) and CLDRYV (82496 cache controller) as described in section
4.5. The first entry corresponds to driving these configuration signals HIGH during reset and
the second to driving them LOW. Tables 7-5 to 7-8 list the flight time and clock skew for the
66 MHz 256K byte CPU Cache Chip Set. Tables 7-9 to 7-12 list the flight time and clock skew
for the 60 MHz 256K byte CPU Cache Chip Set. Tables 7-13 to 7-16 list the flight time and
clock skew for the 60 MHz 512K byte CPU Cache Chip Set.

Table 7-4. Description of Maximum Flight Time and Clock Skew

Parameter Description

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

Maximum Clock Skew Maximum clock skew is the difference in time of the clock signal arriving at
different components. It is measured at 0.8V, 1.5V, and 2.0V.
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7.6.1.1.1.

66-MHz 256-Kbyte Flight Times

ELECTRICAL SPECIFICATIONS

Table 7-5. Signal Group: CPU to Cache RAM (CPU-CRAM) (66 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Min Max
CLK Skew | Flight Time | Flight Time Driver Receiver

Driver Receiver (ns) (ns) (ns) Buffer Type | Buffer Type
PP D0-D63 CS CDATAO0-7 0.7 1.0 22 ZD2 ZR10
PP DPO-7 CS CDATAO0-3 0.7 1.0 22 ZD2 ZR10
CS CDATAO-7 | PP D0-D63 0.7 1.0 2.2 ZD10 ZR4
CS CDATA0-3 | PP DPO-7 0.7 1.0 22 ZD10 ZR4
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Table 7-6. Signal Group: CPU to Cache (CPU-Cache) (66 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
PP A3-A4 CC CFAO-1 0.2 2.8 ZD6/ZD6a ZR8
PP A5 CC CFA6 0.2 2.8 ZD6/ZD6a ZR8
PP A6-A16 CC SET0-10 0.2 2.8 ZD6/ZD6a ZR8
PP A3-A16 CS A2-A15 0.7 2.8 ZD6/ZD6a ZR9
CC CFA0-1 PP A3-A4 0.2 9.5 D7 ZR6
CC CFA6 PP A5 0.2 9.5 D7 ZR6
CC SETO0-10 PP AB-A16 0.2 9.5 ZD7 ZR6
CC CFA0-1 CS A2-A3 0.7 9.5 D7 ZR9
CC CFA8 CS A4 0.7 9.5 ZD7 ZR9
CC SETO0-10 CS A5-A15 0.7 9.5 ZD7 ZR9
PP W/R# CC W/R# 0.2 3.0 ZD5/ZD5a ZR7
PP W/R# CS W/R# 0.7 3.3 ZD5/ZD5a ZR9
PP HITM# CC HITM# 0.2 3.0 ZD5/ZD5a ZR7
PP HITM# CS HITM# 0.7 3.2 ZD5/ZD5a ZR9
PP ADS# CS ADS# 0.7 2.7 ZD5/ZD5a ZR9
PP BEO-7# CS BE# 0.7 2.3 ZD1 ZR9
PP BEO-7# CS CDATA4-7 0.7 2.3 ZD1 ZR10
7-10
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(66 MHz 256 Kbyte Version)
Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Table 7-7. Signal Group: CPU to Cache Controller (CPU-CCTL)

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
PP A17-A20 CC TAGO-3 0.2 1.7 ZD6/ZD6a ZR8
PP A21-A28 CC TAG4-11 0.2 1.7 ZD3 ZR8
PP A29-A31 CC CFA2-4 0.2 1.7 ZD3 ZR8
PP BTO-BT3 CC BT0-BT3 0.2 1.7 ZD3 ZR8
CC TAGO-3 PP A17-A20 0.2 3.2 ZD7 ZR6
CC TAG4-11 PP A21-A28 0.2 3.2 ZD7 ZR5
CC AP PP AP 0.2 2.7 ZD7 ZR3
CC CFA2-4 PP A29-A31 0.2 3.2 ZD7 ZR5
CC BT0-BT3 PP BTO-BT3 0.2 3.2 ZD7 ZR5
PP AP CC AP 0.2 1.6 ZD4 ZR8
PP SCYC CCSsCcYC 0.2 1.6 ZD1 ZR7
PP PWT CC PWT 0.2 1.6 ZD1 ZR7
PP PCD CC PCD 0.2 1.6 ZD1 ZR7
PP M/IO# CC M/Io# 0.2 1.6 ZD1 ZR7
PP D/C# CC D/C# 0.2 1.4 ZD1 ZR7
PP LOCK# CC LOCK# 0.2 1.6 ZD1 ZR7
PP CACHE# CC CACHE# 0.2 1.6 ZD1 ZR7
PP ADSC# CC ADS# 0.2 1.5 ZD1 ZR7a
CC AHOLD PP AHOLD 0.2 1.7 ZD8 ZR1
CC EADS# PP EADS# 0.2 1.7 ZD8 ZR1
CC KEN# PP KEN# 0.2 1.7 ZD8 ZR1
CC BRDYC1# PP BRDYC# 0.2 1.6 ZD8 ZR2
CC WBWT# PP WBWT# 0.2 1.7 ZD8' ZR1
CC INV PP INV 0.2 1.7 ZD8 ZR1a
CC NA# PP NA# 0.2 1.7 - ZD8' ZR1
CC EWBE# PP EWBE# 0.2 1.7 ZD8 ZR1
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Table 7-8. Signal Group: Cache Controller to Cache RAM (CCTL-CRAM)
(66 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
CC BOFF# PP BOFF# 0.2 3.0 ZD9/ZD%a ZR1
CC BOFF# CS BOFF# 0.7 3.0 ZD9/ZD9a ZR9
CC BLAST# CS BLAST# 0.7 25 ZD9/ZD%a ZR9
CC WRARR# CS WRARR# 0.7 25 ZD9/ZD9%a ZR9
CC WAY CS WAY 0.7 2.7 ZD9/ZD9%a ZR9
CC MCYC# CS MCYC# 0.7 2.7 ZD9/ZD9a ZR9
CC MAWEA# CS MAWEA# 0.7 2.7 ZD9/ZD9%a ZR9
CC BUS# CS BUS# 0.7 2.7 ZD9/ZD%a ZR9
CC WBA CS WBA 0.7 2.7 ZD9/ZD9%a ZR9
CC WBWE# CS WBWE# 0.7 2.7 ZD9/ZD9%a ZR9
CC WBTYP CS WBTYP 0.7 2.7 ZD9/ZD%a ZR9
CC BRDYC2# CS BRDYC# 0.7 25 ZD9/ZD%a ZR9
CC BLEC# CS BLEC# 0.7 25 ZD9/ZD%a ZR9
7.6.1.1.2. 60-MHz 256-Kbyte Flight Times

Table 7-9. Signal Group: CPU to Cache RAM (CPU-CRAM) (60 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Min Max
CLK Skew | Flight Time | Flight Time Driver Receiver
Driver Receiver (ns) (ns) Buffer Type | Buffer Type
PP D0-D63 CS CDATAO-7 1.0 2.7 ZD2 ZR10
PP DPO0-7 CS CDATAO0-3 1.0 2.7 ZD2 ZR10
CS CDATA0-7 | PP D0-D63 1.0 2.7 ZD10 ZR4
CS CDATA0-3 | PP DPO-7 1.0 2.7 ZD10 ZR4
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Table 7-10. Signal Group: CPU to Cache (CPU-Cache) (60 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
PP A3-A4 CC CFAO-1 0.3 3.3 ZD6/ZD6a ZR8
PP A5 CC CFA6 0.3 3.3 ZD6/ZD6a ZR8
PP A6-A16 CC SETO0-10 0.3 3.3 ZD6/ZD6a ZR8
PP A3-A16 CS A2-A15 0.8 3.3 ZD6/ZD6a ZR9
CC CFA0-1 PP A3-A4 0.3 10 D7 ZR6
CC CFA6 PP A5 0.3 10 ZD7 ZR6
CC SETO0-10 PP A6-A16 0.3 10 ZD7 ZR6
CC CFA0-1 CS A2-A3 0.8 10 ZD7 ZR9
CC CFA6 CS A4 0.8 10 ZD7 ZR9
CC SETO0-10 CS A5-A15 0.8 10 ZD7 ZR9
PP W/R# CC W/R# 0.3 35 ZD5/ZD5a ZR7
PP W/R# CS W/R# 0.8 3.8 ZD5/ZD5a ZR9
PP HITM# CC HITM# 0.3 3.5 ZD5/ZD5a ZR7
PP HITM# CS HITM# 0.8 3.7 ZD5/ZD5a ZR9
PP ADS# CS ADS# 0.8 3.2 ZD5/ZD5a ZR9
PP BEO-7# CS BE# 0.8 2.8 ZD1 ZR9
PP BEO-7# CS CDATA4-7 0.8 2.8 ZD1 ZR10
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Table 7-11. Signal Group: CPU to Cache Controller (CPU-CCTL)

(60 MHz 256 Kbyte Version)
Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM
Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
PP A17-A20 CC TAGO0-3 0.3 2.2 ZD6/ZD6a ZR8
PP A21-A28 CC TAG4-11 0.3 2.2 ZD3 ZR8
PP A29-A31 CC CFA2-4 0.3 2.2 ZD3 ZR8
PP BTO-BT3 CC BT0-BT3 0.3 2.2 ZD3 ZR8
CC TAGO0-3 PP A17-A20 0.3 3.7 ZD7 ZR6
CC TAG4-11 PP A21-A28 0.3 3.7 D7 ZR5
CC AP PP AP 0.3 3.2 ZD7 ZR3
CC CFA2-4 PP A29-A31 0.3 3.7 ZD7 ZR5
CC BT0-BT3 PP BTO-BT3 0.3 3.7 ZD7 ZR5
PP AP CC AP 0.3 241 ZD4 ZR8
PP SCYC CC SCYC 0.3 2.1 ZD1 ZR7
PP PWT CC PWT 0.3 2.1 ZD1 ZR7
PP PCD CC PCD 0.3 2.1 ZD1 ZR7
PP M/IO# CC M/IO# 0.3 21 ZD1 ZR7
PP D/C# CC D/C# 0.3 1.9 ZD1 ZR7
PP LOCK# CC LOCK# 0.3 21 ZD1 ZR7
PP CACHE# CC CACHE# 0.3 21 ZD1 ZR7
PP ADSC# CC ADS# 0.3 2.0 ZD1 ZR7a
CC AHOLD PP AHOLD 0.3 2.2 ZD8 ZR1
CC EADS# PP EADS# 0.3 2.2 ZD8 ZR1
CC KEN# PP KEN# 0.3 22 ZD8 ZR1
CC BRDYC1# PP BRDYC# 0.3 2.1 ZD8 ZR2
CC WBWT# PP WBWT# 0.3 2.2 ZD8' ZR1
CC INV PP INV 0.3 2.2 ZD8 ZR1a
CC NA# PP NA# 0.3 22 ZDg' ZR1
CC EWBE# PP EWBE# 0.3 2.2 ZD8 ZR1
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Table 7-12. Signal Group: Cache Controller to Cache RAM (CCTL-CRAM)
(60 MHz 256 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
CC BOFF# PP BOFF# 0.3 35 ZD9/ZD9a ZR1
CC BOFF# CS BOFF# 0.8 3.5 ZD9/ZD9%a ZR9
CC BLAST# CS BLAST# 0.8 3.0 ZD9/ZD9a ZR9
CC WRARR# CS WRARR# 0.8 3.0 ZD9/ZD9%a ZR9
CC WAY CS WAY 0.8 3.2 ZD9/ZD9%a ZR9
CC MCYC# CS MCYC# 0.8 3.2 ZD9/ZD9%a ZR9
CC MAWEA# CS MAWEA# 0.8 3.2 ZD9/ZD9%a ZR9
CC BUS# CS BUS# 0.8 3.2 ZD9/ZD9%a ZR9
CC WBA CS WBA 0.8 3.2 ZD9/ZD9%a ZR9
CC WBWE# CS WBWE# 0.8 3.2 ZD9/ZD%a ZR9
CC WBTYP CS WBTYP 0.8 3.2 ZD9/ZD9%a ZR9
CC BRDYC2# CS BRDYC# 0.8 3.0 ZD9/ZD9a ZR9
CC BLEC# CS BLEC# 0.8 3.0 ZD9/ZD9a ZR9
7.6.1.1.3. 60-MHz 512-Kbyte Flight Times

Table 7-13 to Table 7-16 list the flight time and clock skew for the 60 MHz 512K byte CPU
Cache Chip Set. Note the maximum frequency of the 512K chip set is 60 MHz. All external
interface specifications remain unchanged except for the maximum frequency.

Table 7-13. Signal Group: CPU to Cache RAM (CPU-CRAM) (60 MHz 512 Kbyte Version)
Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Min Max
CLK Skew | Flight Time | Flight Time Driver Receiver

Driver Receiver (ns) (ns) (ns) Buffer Type | Buffer Type
PP D0-D63 CS CDATAO0-3 0.8 1.0 2.7 ZD2 ZR10
PP DPO-7 CS CDATAO0-3 0.8 1.0 2.7 ZD2 ZR10
CS CDATA0-3 | PP D0-D63 0.8 1.0 27 ZD10 ZR4
CS CDATA0-3 | PP DP0-7 0.8 1.0 2.7 ZD10 ZR4
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Table 7-14. Signal Group: CPU to Cache (CPU-Cache) (60 MHz 512 Kbyte Version)
Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type
PP A3-A4 CC CFAQ-1 0.3 3.3 ZD6/ZD6a ZR8
PP A5-A6 CC CFA5-6 0.3 33 ZD6/ZD6a ZR8
PP A7-A17 CC SET0-10 0.3 3.3 ZD6/ZD6a ZR8
PP A3-A17 CS A1-A15 0.8 3.3 ZD6/ZD6a ZR9
CC CFA0-1 PP A3-A4 0.3 10.6 ZD7 ZR6
CC CFA5-6 PP A5-A6 0.3 10.6 ZD7 ZR6
CC SET0-10 PP A7-A17 0.3 10.6 ZD7 ZR6
CC CFA0-1 CS A1-A2 0.8 10.6 ZD7 ZR9
CC CFA5-6 CS A3-A4 0.8 10.6 zZD7 ZR9
CC SETO0-10 CS A5-A15 0.8 10.6 D7 ZR9
PP W/R# CC W/R# 0.3 3.9 ZD5/ZD5a ZR7
PP W/R# CS W/R# 0.8 4.0 ZD5/ZD5a ZR9
PP HITM# CC HITM# 0.3 3.8 ZD5/ZD5a ZR7
PP HITM# CS HITM# 0.8 3.9 ZD5/ZD5a ZR9
PP ADS# CS ADS# 0.8 3.2 ZD5/ZD5a ZR9
PP BEO-7# CS BE# 0.8 2.8 ZD1 ZR9
PP BEO-7# CS CDATA4-7 0.8 2.8 ZD1 ZR10
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(60 MHz 512 Kbyte Version)
Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Table 7-15. Signal Group: CPU to Cache Controller (CPU-CCTL)

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type

PP A18-A21 CC TAGO0-3 0.3 2.2 ZD6/ZD6a ZR8
PP A22-A29 CC TAG4-11 0.3 2.2 ZD3 ZR8
PP A30-A31 CC CFA2-3 0.3 2.2 ZD3 ZR8
PP BT0-BT3 CC BT0-BT3 0.3 2.2 ZD3 ZR8
CC TAGO-3 PP A18-A21 0.3 3.7 ZD7 ZR6
CC TAG4-11 PP A22-A29 0.3 3.7 ZD7 ZR5

CC AP PP AP 0.3 3.2 ZD7 ZR3

CC CFA2-3 PP A30-A31 0.3 3.7 ZD7 ZR5
CC BT0-BT3 PP BTO-BT3 0.3 3.7 ZD7 ZR5
PP AP CC AP 0.3 2.1 ZD4 ZR8
PP SCYC CC scYC 0.3 2.1 ZD1 ZR7
PP PWT CC PWT 0.3 2.1 ZD1 ZR7
PP PCD CC PCD 0.3 2.1 ZD1 ZR7
PP M/IO# CC M/IO# 0.3 21 ZD1 ZR7
PP D/C# CC D/C# 0.3 1.9 ZD1 ZR7
PP LOCK# CC LOCK# 0.3 2.1 ZD1 ZR7
PP CACHE# CC CACHE# 0.3 21 ZD1 ZR7
PP ADSC# CC ADS# 0.3 2.0 ZD1 ZR7a
CC AHOLD PP AHOLD 0.3 2.2 ZD8 ZR1

CC EADS# PP EADS# 0.3 2.2 ZD8 ZR1

CC KEN# PP KEN# ) 0.3 2.2 ZD8 ZR1

CC BRDYC1# PP BRDYC# 0.3 2.1 ZD8 ZR2
CC WBWT# PP WBWT# 0.3 2.2 ZD8' ZR1

CC INV PP INV 0.3 22 ZD8 ZR1a
CC NA# PP NA# 0.3 2.2 ZDg' ZR1

CC EWBE# PP EWBE# 0.3 2.2 ZD8 ZR1
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Table 7-16. Signal Group: Cache Controller to Cache RAM (CCTL-CRAM)
(60 MHz 512 Kbyte Version)

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Max Max
CLK Skew | Flight Time | Driver Buffer | Receiver
Driver Receiver (ns) (ns) Type Buffer Type

CC BOFF# PP BOFF# 0.3 3.7 ZD9/ZD9%a ZR1

CC BOFF# CS BOFF# 0.8 3.7 ZD9/ZD9%a ZR9

CC BLAST# CS BLAST# 0.8 3.0 ZD9/ZD9%a ZR9

CC WRARR# CS WRARR# 0.8 3.0 ZD9/ZD9%a ZR9

CC WAY CS WAY 0.8 3.2 ZD9/ZD%a ZR9

CC MCYC# CS MCYC# 0.8 3.2 ZD9/ZD%a ZR9

CC MAWEA# CS MAWEA# 0.8 3.2 ZD9/ZD9%a ZR9

CC BUS# CS BUS# 0.8 3.2 ZD9/ZD9%a ZR9

CC WBA CS WBA 0.8 3.2 ZD9/ZD9%a ZR9

CC WBWE# CS WBWE# 0.8 3.2 ZD9/ZD9%a ZR9

CC WBTYP CS WBTYP 0.8 3.2 ZD9/ZD9%a ZR9

CC BRDYC2# CS BRDYC# 0.8 3.0 ZD9/ZD9%a ZR9

CC BLEC# CS BLEC# 0.8 3.0 ZD9/ZD9%a ZR9
7.6.1.2. SIGNAL QUALITY
Acceptable signal quality must be maintained over all operating conditions. Figure 7-4

illustrates the parameters used to verify acceptable signal quality. Table 7-17 describes each of
these parameters.
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Figure 7-4. Driver and Receiver Signal Waveforms Showing Signal Quality Parameters

Beyond the absolute maximum values shown in Figure 7-4, each of the four signal groups
defined by Tables 7-5 to 7-16 in the CPU-Cache Chip Set optimized interface must meet a
maximum group average for Overshoot (Undershoot) and Time Beyond the Supply. Maximum
group average overshoot (undershoot) is the numeric average of the maximum signal
overshoot (undershoot) for each signal within the signal group. Maximum group average Time
Beyond the Supply is the numeric average of the Maximum Time Beyond the Supply for each
signal within the signal group.

Group average is calculated assuming one component is driving the line. For example the
CPU-CRAM group includes the data bus between the Pentium processor and 82491 cache
SRAM. The averages should be calculated assuming the Pentium processor is driving the data
bus. A second average is calculated assuming the 82491 cache SRAM is driving. Both must be
less than the specified limit.

Since the maximum value for signal overshoot and undershoot will be limited by the
component's ESD diodes, both the absolute and group average specifications for overshoot and
undershoot must be met under the simulation conditions described by Tables 7-5 to 7-17.
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Table 7-17. Specifications for Signal Quality

Parameter Description Group Specification
Absolute Absolute value of the maximum voltage at the re- | NA 3.0 Volts
Maximum Signal | ceiving pin above Vcc (or below Vss) relative to
Overshoot Vcce (or Vss) level. (Assumes input diodes are not
(Undershoot) present.)

Absolute Maximum time a signal may exceed Vcc (or Vss). | NA 6ns
Maximum Time Time beyond supply can be ignored if the over-
Beyond the shoot is less than 0.5 volts.
Supply
Maximum Signal | Absolute value of the maximum voltage at the re- | NA 65% Vcc Volts
Ring-back ceiving pin below Vcc (or above Vss) relative to (low to high)
Vcee (or Vss) level after the signal has reached its o
maximum voltage level. 35% Ve Volts
(high to low)
Maximum Settling | Total time required for a signal to settle within 10% | NA 12.5 nsec
Time of its final value referenced from the unloaded
driver's initial crossing of the 50% level.
Maximum Group | The maximum numeric average of the CPU-CRAM | 1.5 Volt
Average signal overshoot (undershoot) for all CPU-Cache | 2.5 Volt
Overshoot signals within a signal group. CPU-CCTL 1.5 Volt
(Undershoot) CCTL-CRAM | 2.5 Volt
Maximum Group | The maximum numeric average of the CPU-CRAM | 3.0ns
Average Time time a signal may exceed Vcc (or Vss) CPU-Cache | 4.5ns
Beyond Supply for all signals within a signal group. CPU-CCTL 3.0ns

(Signals whose overshoot is less than 0.5V should | CCTL-CRAM | 4.5ns
be ignored in calculating this average.)

7.6.2. External Interface

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

Tables 7-18 to 7-21 list the 66 MHz A.C. specifications and Tables 7-22 to 7-25 list the 60
MHz A.C. specifications associated with the chip set's external interface signals.

All timings are referenced to 1.5 volts for both "0" and "1" logic levels unless otherwise
specified. Within the sampling window, a synchronous input must be stable for correct
Pentium processor, 82496 cache controller, and 82491 cache SRAM operation.

Care should be taken to read all notes associated with a particular timing parameter. In
addition, the following list of notes apply to the timing specification tables in general and are
not associated with any one timing. They are 6, 13, 14, 15, 37, 47, 48, and 50.
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7.6.21. 66 MHz A.C. SPECIFICATIONS
Table 7-18. 66 MHz CPU Cache Chip Set Common Timings
Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

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

t2 CLK Period 15 30 ns 75

13 CLK High Time 4 ns 75 (2)

t4 CLK Low Time 4 ns 7.5 (3)

t5 CLK Rise Time 0.15 {15 ns 7.5 (4)

t6 CLK Fall Time 0.15 |15 ns 75 (4)

17 CLK Stability +- pS (18), (19), (20), (21)

250

t8 RESET, INIT Setup Time 6 ns 7.9 To guarantee rec-
ognition on a given
CLK edge. (16),
(17)

19 RESET, INIT Hold Time 15 ns 7.9 To guarantee rec-
ognition on a given
CLK edge.

t10 RESET Pulse Width, CLK and Vcc Stable | 15 CLKs | 7.9 (11), (17)

11 INIT Pulse Width, Async. 2 CLKs To guarantee asyn-
chronous recogni-
tion.

t12 INIT Pulse Width, CLK and Vcc Stable 1 CLKs

t13 RESET Active After CLK and Vcc Stable | 1 ms 7.9 Power Up (11), (12)

t20 TCK Frequency - 16 MHz

t21 TCK Period 62.5 ns 75

t22 TCK High Time 25 ns 7.5 2

t23 TCK Low Time 25 ns 7.5 (3)

t24 TCK Rise Time 5 ns 75 9), (4)

t25 TCK Fall Time 5 ns 75 9), (4)
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Table 7-18. 66 MHz CPU Cache Chip Set Common Timings (Contd.)

Vee =5V +/- 5%, Tcase = 0 0 85 °C, C| =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
{28 TRST# Pulse Width 40 ns 7.15 | (46), Asynchronous
t29 TDI, TMS Setup Time 5 ns 714 | (7)

130 TDI, TMS Hold Time 13 ns  |7.14 |(7)

131 TDO Valid Delay 3 20 |ns |74 |(®)

132 TDO Float Delay 25 ns 7.14 | (8), (46)

33 All Non-Test Outputs Valid Delay 3 20 ns 7.14 [ (8), (10)

t34 All Non-Test Outputs Float Delay 25 ns 7.14 | (8), (10), (46)
35 All Non-Test Inputs Setup Time 5 ns 714 | (7),(8)

t36 All Non-Test Inputs Hold Time 13 ns 714 | (7),(8)
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Table 7-19. 66 MHz Pentium™ Processor Memory Bus Interface Timings

ELECTRICAL SPECIFICATIONS

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C| = 0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

140 PP reset configurations Setup Time 5 ns 7.9

141 PP reset configurations Hold Time 1.5 ns 7.9

t42 PP reset configurations Setup Time 4 CLKs |7.9
Referenced to Falling Edge of RESET

t43 PP reset configurations Hold Time 0 CLKs | 7.9
Reference to Falling Edge of RESET

t50 HLDA Valid Delay 1.5 8 ns 7.6 (5)

t51 BREQ Valid Delay 1.5 8 ns 7.6

t52 PCHK#, APCHK#, FERR#, IERR# Valid |1.5 8.3 ns 7.6 (5)
Delay

53 1U, IV, IBT Valid Delay 1.5 10 ns 7.6

t54 BPO0-3, PMO-1 Valid Delay 1.5 10 ns 7.6

t55 A20M#, FLUSH#, IGNNE#, NMI, INTR, 5 ns 7.7 (16), (17)
Setup Time

t56 A20M#, FLUSH#, IGNNE#, NMI, INTR, 1.5 ns 7.7
Hold Time

t57 A20M#, FLUSH#, IGNNE#, NMI, INTR, (2 CLKs (17)
Pulse Width, Async

t58 PEN#, BUSCHK# Setup Time 5 ns 7.7

t59 PEN#, BUSCHK# Hold Time 1.5 ns 7.7

t60 HOLD Setup Time 5 ns 7.7

t61 HOLD Hold Time 1.5 ns 7.7

t62 BRDY# Setup Time 5 ns 7.7

163 BRDY# Hold Time 1.5 ns 7.7

t64 R/S#, SMI# Setup Time 5 ns 7.7 (16), (17)

t65 R/S#, SMI# Hold Time 1.5 ns 7.7

t66 R/S#, SMI# Pulse Width, Async 2 CLKs (17)

67 PRDY, SMIACT# Valid Delay 1.5 8 ns 7.6
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Table 7-20. 66 MHz 82496 Cache Controller Memory Bus Interface Timings

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C_ =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
70 CFGO0-2, CLDRV, HIGHZ#, MALDRYV, 6 ns 7.9 (12), (22), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Setup Time
t71 CFGO0-2, CLDRV, HIGHZ#, MALDRYV, 1 ns 7.9 (12), (23), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Hold Time
t72 CFGO0-2, CLDRV, HIGHZ#, MALDRV, = |10 CLKs | 7.9 (12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Setup Time Referenced to
Falling Edge of RESET
t73 CFGO0-2, CLDRV, HIGHZ#, MALDRY, 0 CLKs {7.9 (12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#{Vcc] Hold Time Referenced to
Falling Edge of RESET
t75 FLUSH#, SYNC# Setup Time 6 ns 7.7 (34)
t76 FLUSH#, SYNC#, Hold Time 1 ns 7.7 (34)
t77 FLUSH#, SYNC#, Pulse Width, Async 2 CLKs
80 CADS#, CDTS# Valid Delay 1.5 8.2 ns 7.6 Glitch Free
t81 KLOCK#, MCACHE#, RDYSRC Valid 1.5 8.2 ns 7.6 KLOCK# is Glitch
Delay Free
182 CWY/R#, CD/C#, CMI/O# Valid Delay 15 8.2 ns 7.6
83 CPWT, CPCD, CCACHE#, CSCYC Valid |1.5 8.2 ns 7.6
Delay
t84 CAHOLD, CWAY, PALLC# Valid Delay 1.5 8.2 ns 7.6
85 FSIOUT# Valid Delay 1.5 8.2 ns 7.6
t86 NENE#, SMLN# Valid Delay 1.5 12 ns 7.6
87 APERR#, IPERR#, MAPERR# Valid 1.5 8.2 ns 76 Glitch Free
Delay
t88 APIC# Valid Delay 1.5 12 ns 7.6
89 BLE# Valid Delay 1.5 8.2 ns 7.6 (35)
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Table 7-20. 66 MHz 82496 Cache Controller Memory Bus Interface Timings (Contd.)

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; =0 pF

MBTO0-3 Setup Time

Symbol Parameter Min | Max | Unit | Fig. Notes

t90 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, [1.5 11 ns 7.6 (25), (43)
MBTO-3 Valid Delay

t91 MCFAO0-6, MSET0-10, MTAGO-11, MAP, [1.5 11 ns 7.10 |[(26), (43)
MBTO0-3 Valid Delay

192 MCFAO0-6, MSET0-10, MTAGO-11, MAP, [1.5 10 ns 7.10 | (27), (43)
MBTO0-3 Valid Delay

193 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, 11 ns 7.10 |(28), (46)
MBTO0-3 Float Delay

t95 BRDY#, CRDY# Setup Time 6.5 ns 7.7

196 BRDY#, CRDY# Hold Time 1 ns 7.7

t97 BGT#, CNA#, KWEND#, SWEND# Setup | 6 ns 7.7
Time

t98 BGT#, CNA#, KWEND#, SWEND# Hold | 1 ns 7.7
Time

t100 DRCTM#, MRO#, MWB/WT# Setup Time | 6 ns 7.7 (24)

t100a MKEN# Setup Time 6.5 ns 7.7 (24)

t101 DRCTM#, MKEN#, MRO#, MWB/WT# 1 ns 7.7 (24)
Hold Time

t110 SNPCLK Frequency 8.3 66.66 | MHz 1X clock

t111 SNPCLK Period 15 120 |ns 75

t112 SNPCLK High Time 4 ns 7.5

t113 SNPCLK Low Time 4 ns 75

t114 SNPCLK Rise Time 1.5 ns 7.5 (38)

t115 SNPCLK Fall Time 1.5 ns 7.5 (38)

1118 SNPADS#, SNPCYC# Valid Delay 1.5 8.2 ns 7.6 Glitch Free.

t120 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, |6 ns 7.7 (29)
MBTO0-3 Setup Time

t121 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, |1 ns 7.7 (29)
MBTO0-3 Hold Time

t122 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, |6 ns 7.7 (30)
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Table 7-20. 66 MHz 82496 Cache Controller Memory Bus Interface Timings (Contd.)

Vec =5V +/- 5%, Tcase = 0 to 85 °C, C| =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

1123 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |1 ns 7.7 (30)
MBTO0-3 Hold Time

t124 MCFAOQ-6, MSET0-10, MTAGO-11, MAP, |1 ns 7.8 (31)
MBTO-3 Setup Time

t125 MCFA0-6, MSET0-10, MTAGO-11, MAP, |6 ns 7.8 (31)
MBTO0-3 Hold Time

1130 MAOE#, MBAOE#, SNPINV, SNPNCA 6 ns 7.7 (29)
Setup Time

t131 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.7 (29)
Hold Time

1132 MAOE#, MBAOE#, SNPINV, SNPNCA 6 ns 7.7 (30)
Setup Time

1133 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.7 (30)
Hold Time

1134 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.8 (31)
Setup Time

1135 MAOE#, MBAOE#, SNPINV, SNPNCA 6 ns 7.8 (31)
Hold Time

t140 SNPSTB# Setup Time 6 ns 7.7 (29)

141 SNPSTB# Hold Time 1 ns 7.7 (29)

1142 SNPSTB# Setup Time 6 ns 7.7 (30)

1143 SNPSTB# Hold Time 1 ns 7.7 (30)

t144 SNPSTB# Active Time 6 ns 7.16 | (32)

1145 SNPSTB# Inactive Time 6 ns 716 |(32)

1148 MHITM#, MTHIT#, SNPBSY# Valid Delay | 1.5 10 ns 7.6
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Table 7-21. 66 MHz 82491 Cache SRAM Memory Bus Interface Timings

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C| =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

t150 MDLDRV, MSTBM, MTR4/8#, MX4/8%#, 5 ns 7.9 (22), (42)
PAR# Setup Time

1151 MDLDRYV, MSTBM, MTR4/8#, MX4/8#, 1 ns 7.9 (23), (42)
PAR# Hold Time

1152 MDLDRYV, MSTBM, MTR4/8#, MX4/8#, 4 CLKs |7.9 (41), (42)
PAR# Setup Time Refernced to Falling
Edge of RESET

1153 MDLDRV, MSTBM, MTR4/8#, MX4/8#, 0 CLKs |7.9 (41), (42)
PAR# Hold Time Referenced to Falling
Edge of RESET

t155 BRDY#, CRDY# Setup Time 5 ns 7.7

1156 BRDY#, CRDY# Hold Time 1 ns 7.7

1160 MDATA Setup to CLK 5 ns 7.7 (44)
(CLK before BRDY# Active)

t161 MDATA Valid Delay From CLK 13 ns 7.6 (49)
(CLK from CDTS# Valid, MDOE# Active)

t162 MDATA Valid Delay From MDOE# Active 8 ns 7.10

t163 MDATA Float Delay From MDOE# 10 ns 7.10
Inactive

t165 MBE# Valid Delay 1.5 8 ns 7.6 (39)

Clocked Mode

t170 MCLK, MOCLK Frequency 66.66 | MHz 1X clocf(, (49)

1171 MCLK, MOCLK Period 15 ns 7.5

1172 MOCLK High Time 4 ns 7.5

t173 MOCLK Low Time 4 ns 7.5

174 MCLK High Time 5 ns 75 | (40)

1175 MCLK Low Time 5 ns 7.5 (40)

t176 MCLK, MOCLK Rise Time 1.5 ns 7.5

177 MCLK, MOCLK Fall Time 1.5 ns 7.5
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Table 7-21. 66 MHz 82491 Cache SRAM Memory Bus Interface Timings (Contd.)

Vee =5V +/- 5%, Tease = 0 to 85 °C, C_ = 0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
Clocked Mode
1180 MOCLK Falling Edge To MCLK Rising 2 ns
Edge

1181 MFRZ#, MZBT# Setup Time 5 ns 7.7 Referenced to
MCLK

1182 MFRZ#, MZBT# Hold Time 1 ns 7.7 Referenced to
MCLK

1183 MBRDY#, MSEL#, MEOC# Setup Time |5 ns 7.7 Referenced to
MCLK

1184 MBRDY#, MSEL#, MEOC# Hold Time 1 ns 7.7 Referenced to
MCLK

1185 MDATA Setup Time 5 ns 7.7 Referenced to
MCLK

1186 MDATA Hold Time 1 ns 7.7 Referenced to
MCLK

1187 MDATA Valid Delay From 2 12 ns 7.6

MCLKeMBRDY#

1188 MDATA Valid Delay From MCLKeMEOC# | 2 20 ns 7.6

1189 MDATA Valid Delay From MCLKeMSEL# | 2 18 ns 7.6 (45)

t190 MDATA Valid Delay From MOCLK 1.5 10 ns 7.6

Strobed Mode

1195 MEOC# High Time 8 ns 7.16 | (49)

1196 MEOC# Low Time 8 ns 7.16

1197 MISTB, MOSTB High Time 12 ns 7.16 | (49)

1198 MISTB, MOSTB Low Time 12 ns 7.16

1199 MEOC#, MISTB, MOSTB Rise Time 2 ns
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Table 7-21. 66 MHz 82491 Cache SRAM Memory Bus Interface Timings (Contd.)

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C| =0 pF
Symbol Parameter Min | Max | Unit | Fig. Notes
Strobed Mode
1200 MEOC#, MISTB, MOSTB Fall Time 2 ns
t201 MSEL# High Time for Restart 8 ns 7.16
t202 MSEL# Setup Before Transition on 5 ns 7.12 | (49)
MISTB or MOSTB
t203 MSEL# Hold After Transition on MISTB or | 10 ns 712
MOSTB
t204 MSEL# Setup Before Transition on 5 ns 712
MEOC#
t205 MSEL# Hold After Transition on MEOC# | 1 ns 7.12
t206 MISTB, MOSTB Transition to/from 10 ns
MEOC# Falling Transition
1207 MZBT# Setup To MSEL# or MEOC# 5 ns 7.11
Falling Edge
1208 MZBT# Hold From MSEL# or MEOC# 1 ns 7.11
Falling Edge
t209 MFRZ# Setup To MEOC# Falling Edge 5 ns 7.1
t210 MFRZ# Hold From MEOC# Falling Edge | 1 ns 7.11
t211 MDATA Setup To MISTB transition or 5 ns 7.11
MEOC# Falling Edge
t212 MDATA Hold From MISTB transition or 1 ns 7.1
MEOC# Falling Edge
1213 MDATA Valid Delay From Transitionon |2 12 ns 7.13
MOSTB
214 MDATA Valid Delay From MEOC# Falling | 2 20 ns 7.13
Transition or MSEL# Deactivation
NOTES:

1. Below 66 MHz only functionality is guaranteed, the following equations provide the change in A.C.
specifications required to operate at lower frequencies:

Pentium™ processor: no effect

82496 cache controller:

82491 cache SRAM: no effect

o pr 0D

transition without false transitions (i.e. glitches).

24

High times are measured between 2.0 V crossing points.
Low times are measured between 0.8 V crossing points.
Rise and Fall times are measured between 0.8 Vand 2.0 V.
APCHK#, FERR#, HLDA, IERR#, and PCHK# are glitch free outputs. Glitch free signals monotonically

(signals: SET0-10, ADS#, CFA2-6, and TAGO-11)
A setup = 0.57 (A cycle time) +/- 0.5ns

TTL input test waveforms are assumed to be 0 to 3 Volt transitions with 1Volt/ns rise and fall times.
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10.

11.

12.

13.

14.
15.
16.
17.

18.
19.
20.

21

39.
40.
41.
42.
43.

Referenced to TCK rising edge.
Referenced to TCK falling edge.

1ns can be added to the maximum TCK rise and fall times for every 10 MHz of frequency below 16
MHz. 1ns must be added to t30 and 36 for every 10 MHz of frequency below 16 MHz.

Non-Test Outputs and Inputs are the normal output or input signals (besides TCK, TRST#, TDI, TDO,
and TMS). These timings correspond to the response of these signals due to boundary scan opera-
tions.

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

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

CLK skew between Pentium processor and 82496 cache controller assumed to be less than 0.2ns.
CLK skew is measured at 0.8V, 1.5V, and 2.0V of the rising edge of CLK.

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

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

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

To ensure a 1:1 relationship between the amplitude of the input jitter and the internal and external
clocks, the jitter frequency spectrum should not have any power spectrum peaking between 500 KHz
and 1/3 of the CLK operating frequency.

. The amount of jitter present must be accounted for as a component of CLK skew between devices.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
34.
35.
36.
37.
38.

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

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

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

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

Float delay from MAOE#, MBAOE# going inactive.

In Synchronous mode, referenced to CLK.

In Clocked mode, referenced to SNPCLK.

In Strobed mode, referenced to SNPSTB# falling edge.

In Strobed mode, must meet active/inactive times.

To guarantee recognition on a given CLK edge.

This signal is not used when using the 82496 cache controller with the 82491 cache SRAM.
For proper configuration, t70, t71, t72, and t 73 must all be met.

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

1ns can be added to maximum SNPCLK rise/fall time for every 10 MHz of frequency below 66 MHz.
1ns must be added to 1123 and 133 for every 10 MHz of frequency below 66 MHz.

From CLK in which BLEC# sampled active.

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

Timing is referenced to falling edge of RESET.

For proper configuration, t150, t151, 152, and t153 must all be met.

A.C. timings assume MALDRV=low on reset. If MALDRV=high on reset, add .7ns to t90, 191, and t92.
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44.

45.

46.
47.

48.

49.

50.

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

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

Not 100% Tested. Guaranteed by design/characterization.

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

CLK Skew between 82491 cache SRAM and other devices (Pentium processor, 82496 cache
controller, and other C8Cs) assumed to be less than 0.7 ns.

Signal Restrictions
a. For proper operation the following signals must have monotonic transitions:

- CLK,
- MCLK in clocked mode,
- MISTB, MOSTB, and MEOC# in strobed mode.

b. For proper operation the following signals must remain stable (must not glitch) throughout a cycle.

- MDOE#,
- MSEL#, when active during strobed mode.

All TTL timings are referenced from 1.5 V.
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7.6.2.2. 60 MHz A.C. SPECIFICATIONS
Table 7-22. 60 MHz CPU Cache Chip Set Common Timings
Vee =5V +/- 5%, Tcase = 0 to 85 °C, C_= 0 pF
Symbol Parameter Min | Max | Unit | Fig. Notes
t1 CLK Frequency 33.33 |60 MHz 1X clock, (1), (49)
t2 CLK Period 16.67 | 30 ns 75
13 CLK High Time 4 ns 7.5 @
t4 CLK Low Time 4 ns 7.5 (3)
t5 CLK Rise Time 0.15 |15 ns 7.5 4)
16 CLK Fall Time 0.15 (15 ns 7.5 4)
t7 CLK Stability +- |pS (18), (19), (20), (21)
250
t8 RESET, INIT Setup Time 6 ns 7.9 To guarantee rec-
ognition on a given
CLK edge. (16),
(17)
19 RESET, INIT Hold Time 1.5 ns 7.9 To guarantee rec-
ognition on a given
CLK edge.
t10 RESET Pulse Width, CLK and Vcc Stable | 15 ClKs | 7.9 (11), (17)
ti1 INIT Pulse Width, Async. 2 CLKs To guarantee asyn-
chronous recogni-
tion.
t12 INIT Pulse Width, CLK and Vcc Stable 1 CLKs
113 RESET Active After CLK and Vcc Stable | 1 ms 7.9 Power Up (11), (12)
t20 TCK Frequency - 16 MHz
21 TCK Period 62.5 ns 75
t22 TCK High Time 25 ns 7.5 2)
23 TCK Low Time 25 ns 7.5 (3)
t24 TCK Rise Time 5 ns 7.5 9), (4)
t25 TCK Fall Time 5 ns 7.5 9), (4)
t28 TRST# Pulse Width 40 ns 7.15 | (46), Asynchronous
t29 TDI, TMS Setup Time 5 ns 714 | (7)
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Table 7-22 60 MHz CPU Cache Chip Set Common Timings (Contd.)

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
30 TDI, TMS Hold Time 13 ns 714 | (7)

31 TDO Valid Delay 3 20 ns 7.14 | (8)

132 TDO Float Delay 25 ns 7.14 | (8), (46)

133 All Non-Test Outputs Valid Delay 3 20 ns 7.14 | (8), (10)

t34 All Non-Test Outputs Float Delay 25 ns 7.14 {(8), (10), (46)
35 All Non-Test Inputs Setup Time 5 ns 7.14 (7). {8)

136 All Non-Test Inputs Hold Time 13 ns 714 | (7), (8)
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Table 7-23. 60 MHz Pentium™ Processor Memory Bus Interface Timings

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C|_=0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
t40 PP reset configurations Setup Time 5.5 ns 7.9
t41 PP reset configurations Hold Time 1.5 ns 7.9
t42 PP reset configurations Setup Time 4 CLKs | 7.9
Referenced to Falling Edge of RESET
143 PP reset configurations Hold Time 0 CLKs | 7.9
Reference to Falling Edge of RESET
150 HLDA Valid Delay 1.5 9 ns 7.6 (5)
51 BREQ Valid Delay 1.5 9 ns 7.6
152 PCHK#, APCHK#, FERR#, IERR# Valid |[1.5 9.3 ns 7.6 (5)
Delay
153 1U, IV, IBT Valid Delay 15 |11 ns 7.6
t54 BPO-3, PMO-1 Valid Delay 1.5 11 ns 7.6
155 A20M#, FLUSH#, IGNNE#, NMI, INTR, | 5.5 ns |77 |(16),(17)
Setup Time
156 A20M#, FLUSH#, IGNNE#, NMI, INTR, 1.5 ns 7.7
Hold Time
157 A20M#, FLUSH#, IGNNE#, NMI, INTR, 2 CLKs (17)
Pulse Width, Async
t58 PEN#, BUSCHK# Setup Time 5.5 ns 7.7
159 PEN#, BUSCHK# Hold Time 1.5 ns 7.7
160 HOLD Setup Time 5.5 ns 7.7
t61 HOLD Hold Time 1.5 ns 7.7
162 BRDY# Setup Time 55 ns 7.7
t63 BRDY# Hold Time 1.5 ns 7.7
t64 R/S#, SMI# Setup Time 55 ns |77 |(16), (17)
165 R/S#, SMI# Hold Time 1.5 ns 7.7
66 R/S#, SMI# Pulse Width, Async 2 CLKs (17)
t67 PRDY, SMIACT# Valid Delay 1.5 9 ns 7.6
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Table 7-24. 60 MHz 82496 Cache Controller Memory Bus Interface Timings

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tease = 0 to 85 °C, Cy = 0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

t70 CFGO0-2, CLDRV, HIGHZ#, MALDRYV, 6.5 ns 7.9 (12), (22), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Setup Time

t71 CFGO0-2, CLDRV, HIGHZ#, MALDRV, 1 ns 7.9 (12), (23), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Hold Time

t72 CFGO0-2, CLDRV, HIGHZ#, MALDRY, 10 CLKs |7.9 (12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Setup Time Referenced to
Falling Edge of RESET

t73 CFGO0-2, CLDRV, HIGHZ#, MALDRV, 0 CLKs | 7.9 (12), (36)
SLFTST#, SNPMD, WWOR#,
FLUSH#[Vcc] Hold Time Referenced to
Falling Edge of RESET

t75 FLUSH#, SYNC# Setup Time 6.5 ns 7.7 (34)

t76 FLUSH#, SYNC#, Hold Time 1 ns 7.7 (34)

t77 FLUSH#, SYNC#, Pulse Width, Async 2 CLKs

t80 CADS#, CDTS# Valid Delay 1.5 9.2 ns 7.6 Glitch Free

t81 KLOCK#, MCACHE#, RDYSRC Valid 1.5 9.2 ns 7.6 KLOCK# is Glitch
Delay Free

182 CWI/R#, CD/C#, CMI/O# Valid Delay 1.5 9.2 ns 7.6

83 CPWT, CPCD, CCACHE#, CSCYC Valid | 1.5 9.2 ns 7.6
Delay

84 CAHOLD, CWAY, PALLC# Valid Delay 1.5 9.2 ns 7.6

t85 FSIOUT# Valid Delay 1.5 9.2 ns 7.6

t86 NENE#, SMLN# Valid Delay 1.5 13 ns 7.6

87 APERR#, IPERR#, MAPERR# Valid 1.5 9.2 ns 7.6 Glitch Free
Delay

88 APIC# Valid Delay 1.5 13 ns 7.6

189 BLE# Valid Delay 15 9.2 ns 7.6 (35)
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Table 7-24. 60 MHz 82496 Cache Controller Memory Bus Interface Timings (Contd.)

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; = 0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

90 MCFAO0-6, MSET0-10, MTAGO-11, MAP, | 1.5 12 ns 7.6 (25), (43)
MBTO-3 Valid Delay

191 MCFAO0-6, MSETO-10, MTAGO-11, MAP, |1.5 12 ns 7.10 | (26), (43)
MBTO-3 Valid Delay

192 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, [1.5 11 ns 7.10 |(27), (43)
MBTO-3 Valid Delay

t93 MCFAO-6, MSET0-10, MTAGO-11, MAP, 12 ns 7.10 | (28), (46)
MBTO-3 Float Delay

195 BRDY# Setup Time 6.75 ns 7.7

t95a CRDY# Setup Time 7.5 ns 7.7

196 BRDY#, CRDY# Hold Time 1 ns 7.7

197 BGT#, CNA#, KWEND#, SWEND# Setup | 6.5 ns 7.7
Time

198 BGT#, CNA#, KWEND#, SWEND# Hold | 1 ns 7.7
Time

1100 DRCTM#, MRO#, MWB/WT# Setup Time | 6.5 ns 7.7 (24)

t100a MKEN# Setup Time 6.75 ns 7.7 (24)

t101 DRCTM#, MKEN#, MRO#, MWB/WT# 1 ns 7.7 (24)
Hold Time

t110 SNPCLK Frequency 8.3 60 MHz 1X clock

111 SNPCLK Period 16.67 | 120 ns 7.5

t112 SNPCLK High Time 4 ns 75

113 SNPCLK Low Time 4 ns 75

114 SNPCLK Rise Time 1.5 ns 7.5 (38)

1115 SNPCLK Fall Time 1.5 ns 7.5 (38)

1118 SNPADS#, SNPCYC# Valid Delay 1.5 9.2 ns 7.6 Glitch Free.
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Table 7-24. 60 MHz 82496 Cache Controller Memory Bus Interface Timings (Contd.)

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

t120 MCFAO0-6, MSETO0-10, MTAGO-11, MAP, |6.5 ns 7.7 (29)
MBTO0-3 Setup Time

t121 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |1 ns 7.7 (29)
MBTO-3 Hold Time

t122 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |6.5 ns 7.7 (30)
MBTO-3 Setup Time

t123 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |1 ns 7.7 (30)
MBTO0-3 Hold Time

t124 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |1 ns 7.8 (31)
MBTO-3 Setup Time

t125 MCFAO0-6, MSET0-10, MTAGO-11, MAP, |6.5 ns 7.8 (31)
MBTO-3 Hold Time

t130 MAOE#, MBAOE#, SNPINV, SNPNCA 6.5 ns 7.7 (29)
Setup Time

131 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.7 (29)
Hold Time

1132 MAOE#, MBAOE#, SNPINV, SNPNCA 6.5 ns 7.7 (30)
Setup Time

1133 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.7 (30)
Hold Time

1134 MAOE#, MBAOE#, SNPINV, SNPNCA 1 ns 7.8 (31)
Setup Time

1135 MAOE#, MBAOE#, SNPINV, SNPNCA 6.5 ns 7.8 (31)
Hold Time

t140 SNPSTB# Setup Time 6.5 ns 7.7 (29)

t141 SNPSTB# Hold Time 1 ns 7.7 (29)

t142 SNPSTB# Setup Time 6.5 ns 7.7 (30)

t143 SNPSTB# Hold Time 1 ns 7.7 (30)

t144 SNPSTB# Active Time 6.5 ns 7.16 |(32)

1145 SNPSTB# Inactive Time 6.5 ns 7.16 |(32)

t148 MHITM#, MTHIT#, SNPBSY# Valid Delay | 1.5 11 ns 7.6
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Table 7-25. 60 MHz 82491 Cache SRAM Memory Bus Interface Timings

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C| =0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes

1150 MDLDRV, MSTBM, MTR4/8#, MX4/8#, 5.5 ns 7.9 (22), (42)
PAR# Setup Time

t151 MDLDRV, MSTBM, MTR4/8#, MX4/8#, 1 ns 7.9 (23), (42)
PAR# Hold Time

1152 MDLDRV, MSTBM, MTR4/8#, MX4/8#, 4 CLKs {7.9 (41), (42)
PAR# Setup Time Refernced to Falling
Edge of RESET

t153 MDLDRV, MSTBM, MTR4/8#, MX4/8#, 0 CLKs | 7.9 (41), (42)
PAR# Hold Time Referenced to Falling
Edge of RESET

t155 BRDY#, CRDY# Setup Time 55 ns 7.7

t156 BRDY#, CRDY# Hold Time 1 ns 7.7

t160 MDATA Setup to CLK (CLK before 55 ns 7.7 (44)
BRDY# Active)

t161 MDATA Valid Delay From CLK (CLK from 13 ns 7.6 (49)
CDTS# Valid, MDOE# Active)

t162 MDATA Valid Delay From MDOE# Active 8 ns 7.10

t163 MDATA Float Delay From MDOE# 11 ns 7.10
Inactive

t165 MBE# Valid Delay 1.5 9 ns 7.6 (39)

Clocked Mode

t170 MCLK, MOCLK Frequency 60 MHz 1X clock, (49)

t171 MCLK, MOCLK Period 16.67 ns 75

t172 MOCLK High Time 4 ns 75

t173 MOCLK Low Time 4 ns 75 )

t174 MCLK High Time 5 ns 75 (40)

t175 MCLK Low Time 5 ns 7.5 (40)

t176 MCLK, MOCLK Rise Time 15 ns 7.5

1177 MCLK, MOCLK Fall Time 1.5 ns 7.5
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Table 7-25. 60 MHz 82491 Cache SRAM Memory Bus Interface Timings (Contd.)

ELECTRICAL SPECIFICATIONS

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C; = 0 pF
Symbol Parameter Min | Max | Unit | Fig. Notes
Clocked Mode
1180 MOCLK Falling Edge To MCLK Rising 2 ns
Edge

1181 MFRZ#, MZBT# Setup Time 5 ns 7.7 Referenced to
MCLK

1182 MFRZ#, MZBT# Hold Time 1 ns 7.7 Referenced to
MCLK

1183 MBRDY#, MSEL#, MEOC# Setup Time |5 ns 7.7 Referenced to
MCLK

t184 MBRDY#, MSEL#, MEOC# Hold Time 1 ns 7.7 Referenced to
MCLK

t185 MDATA Setup Time 5 ns 7.7 Referenced to
MCLK

t186 MDATA Hold Time 1 ns 7.7 Referenced to
MCLK

t187 MDATA Valid Delay From 2 13 ns 7.6

MCLKeMBRDY#

t188 MDATA Valid Delay From MCLKeMEOC# | 2 20 ns 7.6

1189 MDATA Valid Delay From MCLKeMSEL# | 2 18 ns 7.6 (45)

t190 MDATA Valid Delay From MOCLK 1.5 10 ns 7.6
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Table 7-25. 60 MHz 82491 Cache SRAM Memory Bus Interface Timings (Contd.)

Vee =5V +/- 5%, Tcase = 0 to 85 °C, C|_= 0 pF

Symbol Parameter Min | Max | Unit | Fig. Notes
Strobed Mode

1195 MEOC# High Time 8 ns 7.16 | (49)

1196 MEOC# Low Time 8 ns 7.16

1197 MISTB, MOSTB High Time 12 ns 7.16 | (49)

1198 MISTB, MOSTB Low Time ' 12 ns 7.16

1199 MEOC#, MISTB, MOSTB Rise Time 2 ns

200 MEOC#, MISTB, MOSTB Fall Time 2 ns

1201 MSEL# High Time for Restart 8 ns 7.16

1202 MSEL# Setup Before Transition on 5 ns 712 | (49)
MISTB or MOSTB

1203 MSEL# Hold After Transition on MISTB or | 10 ns 712
MOSTB

1204 MSEL# Setup Before Transition on 5 ns 712
MEOC#

t205 MSEL# Hold After Transition on MEOC# | 1 ns 712

t206 MISTB, MOSTB Transition to/from 10 ns
MEOC# Falling Transition

t207 MZBT# Setup To MSEL# or MEOC# 5 ns 7.1
Falling Edge

t208 MZBT# Hold From MSEL# or MEOC# 1 ns 7.1
Falling Edge

1209 MFRZ# Setup To MEOCH# Falling Edge 5 ns 7.1

t210 MFRZ# Hold From MEOC# Falling Edge |1 ns 7.11

t211 MDATA Setup To MISTB transition or 5 ns 7.1
MEOC# Falling Edge

t212 MDATA Hold From MISTB transition or 1 ns 7.11
MEOC# Falling Edge

1213 MDATA Valid Delay From Transition on 2 12 ns 7.13
MOSTB

t214 MDATA Valid Delay From MEOC# Falling | 2 20 ns 7.13
Transition or MSEL# Deactivation
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NOTES:

1.

o r0OD

©®NoO

10.

11.

12

13.

14.
15.
16.
17.

18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
34.

Below 60 MHz only functionality is guaranteed, the following equations provide the change in A.C.
specifications required to operate at lower frequencies:

Pentium™ processor: no effect

82496 cache controller:  (signals: SET0-10, ADS#, CFA2-6, and TAGO-11)
A setup = 0.57 (A cycle time) +/- 0.5ns

82491 cache SRAM: no effect

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

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

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

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

Non-Test Outputs and Inputs are the normal output or input signals (besides TCK, TRST#, TDI, TDO,
and TMS). These timings correspond to the response of these signals due to boundary scan opera-
tions.

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

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

CLK skew between Pentium processor and 82496 cache controller assumed to be less than 0.2ns.
CLK skew is measured at 0.8V, 1.5V, and 2.0V of the rising edge of CLK.

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

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

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

To ensure a 1:1 relationship between the amplitude of the input jitter and the internal and external
clocks, the jitter frequency spectrum should not have any power spectrum peaking between 500 KHz
and 1/3 of the CLK operating frequency.

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

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

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

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

Float delay from MAOE#, MBAOE# going inactive.

In Synchronous mode, referenced to CLK.

In Clocked mode, referenced to SNPCLK.

In Strobed mode, referenced to SNPSTB# falling edge.

In Strobed mode, must meet active/inactive times.

To guarantee recognition on a given CLK edge.
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35.
36.
37.
38.

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

45,

46.
47.

48.

49.

50.

This signal is not used when using the 82496 cache controller with the 82491 cache SRAM.
For proper configuration, t70, t71, 72, and t 73 must all be met.
Glitch free signals monotonically transition without false transitions (i.e. glitches).

1ns can be added to maximum SNPCLK rise/fall time for every 10 MHz of frequency below 60 MHz.
1ns must be added to t123 and 1133 for every 10 MHz of frequency below 60 MHz.

From CLK in which BLEC# sampled active.

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

Timing is referenced to falling edge of RESET.

For proper configuration, t150, t151, t152, and t153 must all be met.

A.C. timings assume MALDRV=low on reset. If MALDRV=high on reset, add .7ns to 190, t91, and t92.

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

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

Not 100% Tested. Guaranteed by design/characterization.

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

CLK Skew between 82491 cache SRAM and other devices (Pentium processor, 82496 cache
controller, and other C8Cs) assumed to be less than 0.7 ns.

Signal Restrictions
a. For proper operation the following signals must have monotonic transitions:

- CLK,
- MCLK in clocked mode,
- MISTB, MOSTB, and MEOC# in strobed mode.

b. For proper operation the following signals must remain stable (must not glitch) throughout a
cycle.

- MDOE#,

- MSEL#, when active during strobed mode.

All TTL timings are referenced from 1.5 V.

CDB74

Tv =15, 124, 1114, 1174
Tw =16, t25, 1115, 1175
Tx =14,123, 1113, 1173
Ty =12, 120, t111, t171

Tz

=13, 122, 1112, 1172

Figure 7-5. Clock Waveform
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Tx min.

sigal / /[ / /] K15V VALID

CDB75

Tx = téO-t54, 166, t80-90, 1118, 1148, t161, 1165, 1187-190

Figure 7-6. Valid Delay Timings

CLK/MCLK
SNPCLK

Signal

CDB76

Tx = t55, 158, 160, 162, t64, t75, t95, 197, t100, t120,. t122, t130, t132, t140, t155, t160, t181, 183, 1185
Ty =56, t59, 161, 163, t65, t75, t96, 198, t101, t121, 123, t131, 1133, t141, 1143, 1156, 1182, 1184, 1186

Figure 7-7. Setup and Hold Timings

SNPSTB# / 1'5VNP / \
iw X
signal _\ N\ N NS vaiD XN\

CDB77

Tw =1124, 1134
Tx =1125, 1135

Figure 7-8. Setup and Hold Timings in Strobed Snooping Mode
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CLK 15V - 1.5v--/—\_/-_

L X X J
€Tz [<Tv>
RESET 14 T QN 15V
y
Tt Tu
Config VALID
€ WwW———— WX

CDB78

Tt = 140, t70, t150

Tu =41, t71, t151

Tv=19

Tw =142, 172, 1152
Tx =143, 173, 1153

Ty =110, t13
Tz =18
Figure 7-9. Reset and Configuration Timings
MAOE#,
MBAOE#
MDOE# Tz
MoFAx _ WZ__|
MDATAX
T:
MALE, 4
MBALE I(l
CFAx )I(
CDB79
Tw =192, 1162
Tx =191
Ty =
Tz =193, 1163

Figure 7-10. Memory Interface Timings
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STB
\ sy _/__

i *
Signal X 15V 4

CDB8o

Ty = 1207, 1209, t211
Tz = 1208, 1210, t212

Figure 7-11. Setup and Hold Timings to Strobes

_-_“ -- 15V '
,_

Signal -—‘\1_5 v

Ty Tz CDB93

Ty = 1202, 204
Tz = 1203, 1205

Figure 7-12. Setup and Hold Timings MyST

STB

X
signa \ \ \ \ \ \ \X  VAwD

N\~
N oS
b
<

CDB82

Tx = 1213, 214

Figure 7-13. Valid Delay Timings from Strobes
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TCK
TDI
™S
Tx> T
™0 TYTIVLINYLYX ERD—
Ty > Tz
[o]
Signals \\\\\\\\}\x , — i(
PALSOAN LN
Sig:::lust m ) ANNANNNY

CDB83

Tr=135

Ts =136
Tu =132
Tv =129
Tw =130
Tx =131

Ty =133
Tz =134

Figure 7-14. Test Timings

Tx
15V - F /

CDB84

Tx =128

Figure 7-15. Test Reset Timings
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Signal

CDB85

Ty = 1145, 1195, 1197, 1201
Tz = 1144, 1196, 1198

Figure 7-16. Active/Inactive Timings

Each valid delay is specified for a O pF load. The system designer should use I/O buffer
modeling to account for signal flight time delays. Table 7-26 lists the buffer type to be used for
each signal in the external interface.
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Table 7-26. External Interface Signal Buffer Assignment

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

intal.

Driver | Receiver
Buffer Buffer
Device Signals Type | Type Type
PP A20M#, FLUSH#, FRCMC#, HOLD, IGNNE#, INIT, INTR, NMI, | N/A ER1
PEN#, R/S#, RESET, SMI#, TDI, TMS,
BRDY#, BUSCHK#, TRST# | N/A ER2
CLK | N/A ER3
TCK | N/A ER4
APCHK#, BP3-0#, PM1, PM0O, FERR#, HLDA, IBT, IERR#, IU, IV, (0] ED1 N/A
PCHK#, PRDY, SMIACT#, TDO
CcC BRDY#, CNA#, FLUSH#, MALE, MAOE#, MBALE, MBAOE#, | N/A ER5
MKEN#, RESET, SNPCLK, SNPINV, SNPNCA, SNPSTB#,
SWEND#, SYNC#, TCK, TDI, TMS, TRST#
BGT#, CRDY#, KWEND# | N/A ER6
DRCTM#, MRO#, MWB/WT# | N/A ER7
CLK | N/A ER8
MAP (IN: MAOE#=1, OUT: MAOE#=0) /0
MCFA6:0, MSET10:0, MTAG11:0 , MBT3:0
(IN:MAOE#/MBAOE#=1, OUT: MAOE#/MBAOE#=0)
For MALDRYV =1 ED2 ER9
For MALDRV =0 ED3 ER9
APERR#, APIC#, BLE#, CADS#, CAHOLD, CCACHE#, CD/C#, (0} ED4 N/A
CM/IO#, CPCD, CPWT, CSCYC, CW/R#, FSIOUT#, IPERR#,
KLOCK#, MAPERR#, MCACHE#, PALLC#, RDYSRC,
SNPADS#,SNPCYC#,TDO
CWAY (0] ED4' N/A
CDTS#, MHITM#, MTHIT#, NENE#, SMLN#, SNPBSY# (0] ED5 N/A
CSs BRDY#, CRDY#, MBRDY#(MISTB), MCLK, MDOE#, MEOC#, | N/A ER10
MFRZ#, MOCLK(MOSTB), MSEL#, MZBT#, RESET, TCK, TDI,
T™S
MBE# le} ED6 ER10'
MDATA7-0(IN: READ CYCLE, OUT: WRITE CYCLE) /0
For MDLDRV = 1 ED7 ER12
For MDLDRV =0 ED8 ER12
TDO (0] ED6 N/A
CLK 1 N/A ER11
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7.7. OVERSHOOT/UNDERSHOOT GUIDELINES

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

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

Maximum Overshoot/Undershoot on Inputs = 1.6 Volts
(without diodes)

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

Maximum Ringback on Inputs = 0.8 Volts
(with diodes)

Maximum
Overshoot

Vee +-----f---- XS A VEC -

Maximum
Ringback

Maximum
Ringback m
P
/S ~
Y Maximum
Undershoot

CDB86

Figure 7-17. Overshoot/Undershoot and Ringback Guidelines
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CHAPTER 8
/0 BUFFER MODELS

The first order I/O buffer model is a simplified representation of the complex input and output
buffers used in the Pentium processor, 82496 cache controller, and 82491 cache SRAM.
Figure 8-1 shows the structure of the input buffer model and Figure 8-2 shows the output
buffer model. Tables 8-1 and 8-2 shows the parameters used to specify these models.

Lp

LT,
v v

CDB65

Figure 8-1. First Order Input Buffer

Table 8-1. Parameters Used in the Specification of the First Order Input Buffer Model

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

CDB66

Figure 8-2. First Order Output Buffer
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Table 8-2. Parameters Used in the Specification of the First Order Output Buffer Model

Parameter

Description

dv/dt

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

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

Lp Minimum and Maximum value of the package inductance.

Cp Minimum and Maximum value of the package capacitance.

8.1. OPTIMIZED INTERFACE BUFFERS

Tables 8-3 and 8-4 lists the minimum and maximum parameters for each buffer type of the
optimized interfaces. These parameters supply the information to use in the circuits shown in
Figures 8-1 and 8-2 to model the chip sets behavior in a given environment.

Table 8-3. Specification of Input Optimized Interface Buffer Model Parameters

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Buffer Device Cp Lp Cin

Type (pF) (nH) (pF)
min max min max min max
ZR1 PP 1.1 1.8 6.2 11.3 2.6 3.5
ZR1a PP 7.3 9.9 14.9 201 2.6 3.5
ZR2 PP 2.2 2.9 7.0 9.4 1.4 1.8
ZR3 PP 0.5 6.6 5.3 15.2 3.6 4.8
ZR4 PP 0.7 7.8 5.4 17.0 3.4 4.7
ZR5 PP 0.5 6.6 5.3 15.2 4.2 5.6
ZR6 PP 1.3 5.6 6.5 13.5 12.7 171
ZR7 CC 1.2 6.9 6.4 16.0 1.4 2.3
ZR7a CC 3.9 5.3 6.4 16.0 3.6 4.8
ZR8 cC 0.5 6.5 53 16.0 6.0 8.0
ZR9 CS 0.5 1.5 8.0 10.0 1.3 2.4
ZR10 CS 0.5 1.5 8.0 10.0 3.3 4.5
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Table 8-4. Specification of Output Optimized Interface Buffer Model Parameters

I/0 BUFFER MODELS

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM
Buffer | Transition Device dV/dt Ro Co Lp Cp
Type (V/nsec) (Ohms) (pF) (nH) (pF)
min max | min | max | min | max | min | max | min | max
ZD1 Rising PP 4536|5511 | 21 | 59 | 36 | 48 | 6.8 [189] 1.4 | 9.1
Falling PP 4526|5511 | 18 | 54 | 36 | 48 | 6.8 |189| 1.4 | 9.1
ZD2 Rising PP 45/3.6 | 5.5/1.1 | 21 59 | 34 (47|54 170 0.7 | 7.8
Falling PP 45/26 | 551.1 | 18 54 | 34 |47 |54 1170( 0.7 | 7.8
ZD3 Rising PP 4.5/36|551.1 | 21 59 | 42 | 56|53 |152| 05| 6.6
Falling PP 4526 |5511| 18 | 54 | 42 | 56 | 53 [|152| 0.5 | 6.6
ZD4 Rising PP 45/3.6 5511 | 21 59 | 36 |48 |53]152] 05| 6.6
Falling PP 45/26 | 5511 18 | 54 [ 36 | 48 | 53 {1562 05 | 6.6
ZD5 Rising PP 4.5/3.3 | 5.5/0.7 | 11.8|26.7|12.1|16.3| 6.3 [10.2| 1.4 | 2.6
Falling PP 45/26 | 55/0.7 | 94 |255|121)16.3| 6.3 |10.2] 1.4 | 2.6
ZD5a | Rising PP 45/29 | 55/06 | 64| 14 |121]116.3| 6.3 |10.2] 1.4 | 2.6
Falling PP 45/26 | 5506 | 5 [13.2(121]|16.3| 6.3 |102]| 1.4 | 2.6
ZD6 Rising PP 45/3.3 | 5.5/0.7 ({11.8|26.7 (127 |171| 65 |135]| 1.3 | 5.6
Falling PP 45/26 | 55/0.7 | 94 |255]12.7|171| 65 |135| 1.3 | 5.6
ZD6a | Rising PP 4529 | 55/06 | 64 | 14 |12.7|171)| 6.5 |135| 1.3 | 5.6
Falling PP 45/26 | 5506 | 5 |13.2(|12.7|171( 6.5 |135| 1.3 | 5.6
ZD7 Rising CC 4.5/3.6 | 5.5/1.1 | 21 59 | 60|80 |53(|16.0] 0.5 | 6.5
Falling CC 45265511 | 18 | 54 | 6.0 | 80 | 53 |16.0| 0.5 | 6.5
ZD8 Rising CcC 4.5/3.6 | 5.5/1.1 | 21 59 | 3244|168 |173]| 15| 73
Falling CcC 4526|5511 | 18 | 54 | 32 | 44 {68 |173] 15 | 7.3
zZDg' Rising CC 4.5/3.6 | 5.5/1.1 | 21 59 | 37| 51|66 |11.3 13| 4.1
Falling CcC 45/26|551.1| 18 | 54 | 3.7 | 51 | 6.6 [11.3]| 1.3 | 4.1
ZD9 Rising CcC 4.5/3.3 | 5.5/0.7 {11.8]26.7 {11.7]15.9| 5.0 {146 0.9 | 6.2
Falling CcC 45/26 | 55/0.7 | 9.4 |255|11.7|159| 5.0 |{146| 09 | 6.2
ZD9a | Rising CcC 4.5/29 | 5506 | 6.4 | 14 |11.7|159| 5.0 |146| 09 | 6.2
Falling CcC 45/26 | 5506 | 5 [13.2(11.7|159] 5.0 [146| 09 | 6.2
ZD10 | Rising CS 45/36 | 55111 21 59 {33 |45 | 80100 05| 15
Falling CS 45/26 | 5511 18 | 54 [ 33 | 45| 8.0 {10.0| 0.5 | 1.5

When simulating the optimized interface for either Flight Time or Signal Quality, it is critical
to use the appropriate buffer model specification. Table 8-5 shows the correct specifications to
use in the Flight Time or Signal Quality simulations.
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Table 8-5. Specifications to be Used for Simulation of Flight Time or Signal Quality

Flight Time . Signal Quality
Driver: dV/dt min max
Co max min
Ro max min
Cp max min
Lp max min
Receiver: Cin max min
Cp max min
Lp max min
Other: Temp. max min
Vce min max
Board Zo min max
tpd max min
Via Capacitance max min
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8.2.

EXTERNAL INTERFACE BUFFERS

/0 BUFFER MODELS

Tables 8-6 and 8-7 lists the minimum and maximum parameters for each buffer type of the
external interfaces. These parameters supply the information to use in the circuits shown in

Figures 8-1 and 8-2 to model the chip sets behavior in a given environment.

Table 8-6. Specification of Input External Interface Buffer Model Parameters

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM

Buffer Device Cp Lp Cin
Type (pF) (nH) (pF)
min max min max min max
ER1 PP 0.8 10.2 5.2 20.6 1.1 15
ER2 PP 1.4 6.8 6.7 16.5 1.7 2.3
ER3 PP 1.6 2.2 6.2 8.4 1.7 2.3
ER4 PP 22 2.9 7.2 9.7 1.9 25
ERS5 CC 1.5 6.0 6.8 14.8 1.4 2.3
ER6 CC 1.7 3.5 6.2 115 2.6 3.5
ER7 CcC 1.6 4.7 6.2 134 3.6 53
ER8 CC 1.4 1.9 5.8 7.9 2.4 3.3
ER9 CC 0.7 8.5 5.1 18.0 6.0 8.1
ER10 CSs 0.5 1.5 8.0 10.0 1.3 2.4
ER10’ CSs 0.5 1.5 8.0 10.0 1.3 2.4
ER11 CS 0.5 1.5 6.9 9.3 2.9 3.9
ER12 Cs 0.5 1.5 8.0 10.0 5.6 7.6
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Table 8-7. Specification of Output External Interface Buffer Model Parameters

Legend: PP=Pentium™ Processor, CC=82496 Cache Controller, CS=82491 Cache SRAM
Buffer | Transition Device dv/dt Ro Co . Lp Cp
Type (V/nsec) (Ohms) (pF) (nH) (pF)
min max | min | max | min | max | min | max | min | max
ED1 Rising PP 4.5/3.6 |551.1 (21 59 |36 |48 [56 |199]0.7 |9.7
Falling PP 4526 |55/1.1 |18 |54 |36 |48 |56 |19.9]0.7 9.7
ED2 Rising CC 4.5/3.6 |551.1 (21 59 |6.0 {81 |51 |18.0]0.7 |85
Falling CC 4.5/2.6 (5.5/1.1 |18 54 6.0 |81 |51 |18.0|0.7 |85
ED3 Rising CC 45/3.3 [55/0.7 {11.8]26.7 (6.0 |81 (51 |18.0|/0.7 |85
Falling CC 45/26 {55/0.7 |94 [255|6.0 [81 |51 |18.0]/0.7 |85
ED4 Rising CC 4.5/3.6 {5.5/1.1 |21 59 |32 |44 |54 118708 |82
Falling CcC 4526 |55/1.1 (18 |54 |32 |44 [54 [187]08 |82
ED4" | Rising CC 4.5/36 |551.1 (21 59 (39 |53 |72 |98 [1.7 |23
Falling CC 4526 |551.1 |18 |54 |39 |53 |72 |98 |17 |23
ED5 Rising CC 45/3.3 {5.5/0.7 |11.8(26.7|54 (7.4 |49 [16.1]08 |7.2
Falling CC 45/26 [55/0.7 |94 |255|54 |74 {49 |16.1]08 [7.2
ED6 Rising CS 4.5/36 (551.1 |21 59 (32 (44 |80 |10.0]05 |15
Falling CS 4526 {5511 |18 |54 |32 |44 |80 ]10.0(05 |1.5
ED7 Rising CS 45/36 |551.1 |21 59 |56 |76 {80 |10.0|05 |15
Falling CS 4526 |55/1.1 |18 |54 |56 |76 [8.0 }10.0{05 |1.5
ED8 Rising CS 45/3.3 [55/0.7 |{11.8(26.7|56 |76 180 |10.0]05 [15
Falling CS 45/26 |55/0.7 {94 |255|56 |76 |80 |10.0|05 [1.5
8.3. INPUT DIODE MODELS

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

Figure 8-3 shows the components of the diode model. It consists of two diodes, one connected
to Vce, D2, and one to Vss, D1. Each diode is modeled by the combination of an ideal diode in
series with a resistance.
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Figure 8-3. Input Diode Model

The diode model should be added to the input model for both inputs and I/O signals when
desired. Figure 8-4 shows the complete input model with the diodes added.

Vee
Rs
D2
Lp
Cp 1 Cin
Rs

= Vss

Figure 8-4. Complete Input Model Iincluding Diode
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The specific parameters associated with each diode are listed below. Table 8-8 lists the buffer
types with their corresponding diode I-V curve and series resistance. Table 8-9 provides the
diode I-V curve data for both D1 and D2 for each buffer type.

Table 8-8. Diode Parameter List

Input Model Type Buffer Type | DriverMode Diode C?Jlr?lgeT:/\;e Rs (Ohms)

ER10' 1} std D1 V1 6.5

D2 V2 6.5
ER9, ER12 /0 Ig D1 IvV3 6.5

D2 V4 6.5
ER1, ER2, ER3, ER4, | N/A D1 V5 6.5
ERS5, ER6, ER7, ERS,
ER10, ER11

D2 V6 6.5
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Table 8-9. Data for Diode I-V Curves

/0 BUFFER MODELS

Curve Type Curve Type
V1 V2 v1 Iv2

vd Id vd Id vd Id vd Id
Ov Oa Oov Oa 0.674v 10.26ua | 0.674v 16.79ua
25mv .0053pa | 25mv .0037pa 0.699v 24.81ua |0.698v 46.58ua
50mv .0062pa | 50mv .0038pa 0.722v 58.06ua |0.719v 0.12ma
75mv .0083pa 75mv .0039pa 0.744v 0.13ma 0.737v 0.26ma
100mv .0134pa 100mv .0041pa 0.762v 0.25ma 0.751v 0.47ma
0.125v .0260pa 0.125v .0046pa 0.778v 0.44ma 0.762v 0.76ma
0.15v .0572pa | 0.15v .0062pa 0.79v 0.69ma 0.772v 0.76ma
0.175v 0.13pa 0.175v .0107pa 0.8v 1ma 0.779v 1.07ma
0.2v 0.33pa 0.2v .0237pa 0.809v 0.99ma 0.784v 1.49ma
0.225v 0.8pa 0.225v .0621pa 0.817v 1.32ma 0.788v 1.91ma
0.25v 1.98pa 0.25v 0.18pa 0.822v 1.73ma 0.792v 2.3ma
0.275v 4.91pa 0.275v 0.51pa 0.826v 2.13ma 0.795v 2.7ma
0.3v 12.18pa | 0.3v 1.49pa 0.83v 2.52ma 0.798v 3.13ma
0.325v 30.22pa | 0.325v 4.4pa 0.834v 2.93ma 0.801v 3.57ma
0.35v 74.98pa |0.35v 12.96pa 0.837v 3.35ma 0.803v 4.01ma
0.375v 0.19na 0.375v 38.22pa 0.84v 3.79ma 0.806v 4.46ma
0.4v 0.46na 0.4v 0.11na 0.843v 4.22ma 0.808v 4.91ma
0.425v 1.15na 0.425v 0.33na 0.845v 4.67ma 0.809v 5.37ma
0.45v 2.84na 0.45v 0.98na 0.848v 5.11ma 0.811v 5.83ma
0.475v 7.26na 0.475v 2.89%na 0.85v 5.57ma 0.813v 6.3ma
0.5v 18.02na | 0.5v 8.95na 0.852v 6.02ma 0.814v 6.76ma
0.525v 44.72na | 0.525v 26.4na 0.854v 6.48ma 0.816v 7.23ma
0.55v 0.11ua 0.55v 77.85na 0.856v 6.94ma 0.817v 7.7ma
0.575v 0.28ua 0.575v 0.23ua 0.857v 7.4ma 0.819v 8.17ma
0.6v 0.68ua 0.6v 0.68ua 0.859v 7.87ma 0.82v 8.64ma
0.625v 1.69ua 0.625v 1.99ua 0.86v 8.34ma 0.821v 9.12ma
0.65v 4.18ua 0.65v 5.82ua 0.862v 8.81ma 0.822v 9.59ma
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Table 8-9. Data for Diode I-V Curves (Contd.)
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Curve Type
1 V2
vd Id vd Id

0.867v 10.7ma 0.826v 11.51ma
0.868v 11.17ma |0.827v 11.99ma
0.869v 11.65ma | 0.828v 12.47ma
0.87v 12.13ma |0.829v 12.95ma
0.871v 12.61ma |0.83v 13.43ma
0.872v 13.09ma | 0.83v 13.92ma
0.873v 13.56ma |0.831v 14.4ma

0.874v 14.05ma |0.832v 14.89ma
0.875v 14.53ma |0.833v 15.37ma
0.876v 15.01ma |0.833v 15.86ma
0.877v 15.49ma | 0.834v 16.34ma
0.878v 15.97ma |0.835v 16.83ma
0.878v 16.46ma | 0.835v 17.32ma
0.879v 16.94ma | 0.836v 17.8ma

0.88v 17.43ma | 0.836v 18.29ma
0.881v 17.91ma |[0.837v 18.78ma
0.881v 18.39ma | 0.838v 19.27ma
0.882v 18.88ma | 0.838v 19.75ma
0.883v 19.37ma |0.839v 20.24ma
0.883v 19.85ma | 0.839v 20.73ma
0.884v 20.34ma | 0.84v 21.22ma
0.885v 20.83ma | 0.84v 21.71ma
0.885v 21.31ma |0.841v 22.2ma

0.886v 21.8ma 0.841v 22.69ma
0.886v 22.29ma | 0.842v 23.18ma
0.887v 22.78ma | 0.842v 23.67ma
0.888v 23.26ma | 0.843v 24.16ma

8-10

Curve Type
v1 Iv2
vd id vd Id

0.888v 23.75ma | 0.843v 24.65ma
0.889v 24.24ma | 0.844v 25.14ma
0.889v 24.73ma | 0.844v 25.63ma
0.89v 25.22ma | 0.845v 26.12ma
0.89v 25.71ma | 0.845v 26.61ma
0.891v 26.2ma 0.845v 27.11ma
0.891v 26.69ma | 0.846v 27.6ma
0.892v 27.18ma | 0.846v 28.09ma
0.892v 27.67ma | 0.847v 28.58ma
0.893v 28.16ma | 0.847v 29.07ma
0.893v 28.65ma |0.847v 29.57ma
0.894v 29.14ma | 0.848v 30.06ma
0.894v 29.63ma | 0.848v 30.55ma
0.895v 30.12ma | 0.848v 31.04ma
0.895v 30.61ma | 0.849v 31.53ma
0.895v 31.1ma 0.849v 32.03ma
0.896v 31.59ma | 0.849v 32.52ma
0.896v 32.09ma | 0.85v 33.01ma
0.897v 32.58ma | 0.85v 33.51ma
0.897v 33.07ma | 0.85v 34ma
0.898v 33.56ma | 0.851v 34.49ma
0.898v 34.05ma |0.851v 34.99ma
0.898v 34.54ma | 0.851v 35.48ma
0.899v 35.04ma | 0.852v 35.97ma
0.899v 35.53ma | 0.852v 36.47ma
0.899v 36.02ma | 0.852v 36.96ma
0.9v 36.51ma | 0.853v 37.45ma
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Table 8-9. Data for Diode I-V Curves (Contd.)

Curve Type Curve Type
V1 V2 v1 Iv2
vd Id vd Id vd Id vd Id

0.9v 37.01ma | 0.853v 37.95ma 0.909v 50.34ma | 0.86v 51.31ma
0.901v 37.5ma 0.853v 38.44ma 0.909v 50.83ma | 0.86v 51.8ma

0.901v 37.99ma | 0.854v 38.94ma 0.909v 51.33ma | 0.86v 52.3ma

0.901v 38.49ma | 0.854v 39.43ma 0.909v 51.82ma |0.861v 52.79ma
0.902v 38.98ma | 0.854v 39.92ma 0.91v 52.32ma |0.861v 53.29ma
0.902v 39.47ma | 0.854v 40.42ma 0.91v 52.81ma |0.861v 53.79ma
0.902v 39.96ma | 0.855v 40.91ma 0.91v 53.3ma 0.861v 54.28ma
0.903v 40.46ma | 0.855v 41.41ma 0.91v 53.8ma 0.861v 54.78ma
0.903v 40.95ma | 0.855v 41.9ma 0.911v 54.29ma | 0.862v 55.27ma
0.903v 41.44ma | 0.856v 42.4ma 0.911v 54.79ma | 0.862v 55.77ma
0.904v 41.94ma | 0.856v 42.89ma 0.911v 55.28ma |0.862v 56.27ma
0.904v 42.43ma | 0.856v 43.39ma 0.911v 55.78ma | 0.862v 56.76ma
0.904v 42.92ma | 0.856v 43.88ma 0.912v 56.27ma | 0.862v 57.26ma
0.904v 43.42ma | 0.857v 44.38ma 0.912v 56.77ma | 0.863v 57.75ma
0.905v 43.91ma |0.857v 44.87ma 0.912v 57.27ma |0.863v 58.25ma
0.905v 4441ma |0.857v 45.37ma 0.912v 57.76ma | 0.863v 58.74ma
0.905v 44.9ma 0.857v 45.86ma 0.913v 58.26ma | 0.863v 59.24ma
0.906v 45.39ma | 0.858v 46.36ma 0.913v 58.75ma | 0.863v 59.74ma
0.906v 45.89ma | 0.858v 46.85ma 0.913v 59.25ma | 0.864v 60.23ma
0.906v 46.38ma | 0.858v 47.35ma 0.913v 59.74ma | 0.864v 60.73ma
0.907v 46.88ma | 0.858v 47.84ma 0.913v 60.24ma | 0.864v 61.23ma
0.907v 47.37ma | 0.859v 48.34ma 0.914v 60.73ma | 0.864v 61.72ma
0.907v 47.86ma | 0.859v 48.83ma 0.914v 61.23ma | 0.864v 62.22ma
0.907v 48.36ma | 0.859v 49.33ma 0.914v 61.72ma | 0.864v 62.71ma
0.908v 48.85ma | 0.859v 49.82ma 0.914v 62.22ma | 0.865v 63.21ma
0.908v 49.35ma | 0.859v 50.32ma 0.915v 62.71ma | 0.865v 63.71ma
0.908v 49.84ma | 0.86v 50.81ma 0.915v 63.21ma | 0.865v 64.2ma
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Table 8-9. Data for Diode |-V Curves (Contd.)

Curve Type Curve Type
V1 V2 v1 Iv2
vd Id vd Id vd Id vd Id
0.915v 63.71ma | 0.865v 64.7ma 0.919v 72.63ma | 0.868v 73.64ma
0.915v 64.2ma 0.865v 65.2ma 0.919v 73.13ma | 0.868v 74.14ma
0.915v 64.7ma 0.866v 65.69ma 0.919v 73.63ma | 0.868v 74.63ma
0.916v 65.19ma | 0.866v 66.19ma 0.919v 74.12ma | 0.869v 75.13ma
0.916v 65.69ma | 0.866v 66.69ma 0.919v 74.62ma | 0.869v 75.63ma
0.916v 66.18ma | 0.866v 67.18ma 0.919v 75.11ma | 0.869v 76.12ma
0.916v 66.68ma | 0.866v 67.68ma 0.92v 75.61ma | 0.869v 76.62ma
0.916v 67.18ma | 0.866v 68.18ma 0.92v 76.11ma | 0.869v 77.12ma
0.917v 67.67ma |0.867v 68.67ma 0.92v 76.6ma 0.869v 77.62ma
0.917v 68.17ma | 0.867v 69.17ma 0.92v 77.1ma 0.87v 78.11ma
0.917v 68.66ma | 0.867v 69.67ma 0.92v 77.6ma 0.87v 78.61ma
0.917v 69.16ma | 0.867v 70.16ma 0.921v 78.09ma | 0.87v 79.11ma
0.917v 69.66ma | 0.867v 70.66ma 0.921v 78.59ma | 0.87v 79.6ma
0.918v 70.15ma | 0.867v 71.16ma 0.921v 79.09ma | 0.87v 80.1ma
0.918v 70.65ma | 0.868v 71.65ma 0.921v 79.58ma | 0.87v 80.6ma
0.918v 71.14ma |0.868v 72.15ma 0.921v 80.08ma |0.87v 81.09ma
0.918v 71.64ma | 0.868v 72.65ma 0.921v 80.58ma | 0.871v 81.59ma
0.918v 72.14ma | 0.868v 73.14ma 0.922v 81.07ma |0.871v 82.09ma
8-12




intgl.

Table 8-9. Data for Diode I-V Curves (Contd.)

/0 BUFFER MODELS

Curve Type Curve Type
V3 v4 Iv3 Iv4

vd Id vd Id vd Id vd Id
|ov Oa Ov 0a 0.65v 7.2ua 0.649v 10.24ua
25mv .0098pa | 25mv .0066pa 0.674v 17.55ua | 0.674v 29.06ua
50mv .0113pa | 50mv .0067pa 0.698v 41.74ua | 0.696v 77 53ua
75mv .0149%pa | 75mv .0069pa 0.72v 94.34ua |0.716v 0.18ma
100mv .0238pa | 100mv .0073pa 0.74v 0.2ma 0.732v 0.36ma
0.125v .0456pa | 0.125v .0083pa 0.757v 0.36ma 0.744v 0.62ma
0.15v .0997pa | 0.15v .011pa 0.771v 0.59ma 0.754v 0.93ma
0.175v 0.23pa 0.175v .0189pa 0.782v 0.87ma 0.762v 0.93ma
0.2v 0.57pa 0.2v .0421pa 0.791v 0.87ma 0.769v 1.26ma
0.225v 1.39pa 0.225v 0.11pa 0.799v 1.18ma 0.773v 1.69ma
0.25v 3.44pa 0.25v 0.31pa 0.805v 1.58ma 0.777v 2.11ma
0.275v 8.51pa 0.275v 0.9pa 0.809v 1.98ma 0.781v 2.51ma
0.3v 21.11pa [ 0.3v 2.65pa 0.814v 2.37ma 0.784v 2.93ma
0.325v 52.38pa 0.325v 7.81pa 0.817v 2.77ma 0.786v 3.36ma

0.35v 0.13na 0.35v 23.01pa 0.821v 3.19ma 0.789v 3.8ma
0.375v 0.32na 0.375v 67.84pa 0.824v 3.62ma 0.791v 4.25ma

0.4v 0.8na 0.4v 0.2na 0.827v 4.05ma 0.793v 4.7ma
0.425v 1.99na 0.425v 0.59na 0.829v 4.49ma 0.795v 5.16ma
0.45v 5.07na 0.45v 1.74na 0.832v 4.94ma 0.797v 5.62ma
0.475v 12.59na | 0.475v 5.39na 0.834v 5.39ma 0.799v 6.08ma
0.5v 31.24na | 0.5v 15.89na 0.836v 5.84ma 0.8v 6.54ma
0.525v 77.52na | 0.525v 46.85na 0.838v 6.3ma 0.802v 7.01ma
0.55v 0.19ua 0.55v 0.14ua 0.84v 6.76ma 0.803v 7.48ma
0.575v 0.48ua 0.575v 0.41ua 0.841v 7.22ma 0.805v 7.95ma
0.6v 1.18ua 0.6v 1.2ua 0.843v 7.69ma 0.806v 8.42ma

0.625v 2.92ua 0.625v 3.52ua 0.845v 8.15ma 0.807v 8.9ma
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Table 8-9. Data for Diode |-V Curves (Contd.)
Curve Type Curve Type
V3 v4 Iv3 va
vd Id vd Id vd Id vd Id

0.846v 8.62ma 0.808v 9.37ma 0.87v 21.12ma |0.827v 21.97ma
0.847v 9.09ma 0.809v 9.85ma 0.87v 21.61ma |0.828v 22.46ma
0.849v 9.56ma 0.81v 10.32ma 0.871v 22.1ma 0.828v 22.95ma
0.85v 10.04ma | 0.811v 10.8ma 0.872v 22.58ma | 0.829v 23.44ma
0.851v 10.51ma |0.812v 11.28ma 0.872v 23.07ma |0.829v 23.98ma
0.852v 10.99ma | 0.813v 11.76ma 0.873v 23.56ma | 0.83v 24.42ma
0.854v 11.46ma |0.814v 12.24ma 0.873v 24.05ma |0.83v 24.91ma
0.855v 11.94ma | 0.815v 12.73ma 0.874v 24.54ma |0.831v 25.4ma

0.856v 12.42ma |0.816v 13.21ma 0.874v 25.08ma | 0.831v 25.89ma
0.857v 12.9ma 0.817v 13.69ma 0.875v 25.52ma | 0.831v 26.38ma
0.858v 13.38ma |[0.817v 14.17ma 0.875v 26.01ma |0.832v 26.87ma
0.859v 13.86ma |0.818v 14.66ma 0.876v 26.49ma | 0.832v 27.37ma
0.86v 14.34ma | 0.819v 15.14ma 0.876v 26.98ma | 0.833v 27.86ma
0.86v 14.82ma |0.82v 15.63ma 0.877v 27.47ma |0.833v 28.35ma
0.861v 15.3ma 0.82v 16.11ma 0.877v 27.96ma |0.833v 28.84ma
0.862v 15.78ma | 0.821v 16.6ma 0.878v 28.46ma | 0.834v 29.33ma
0.863v 16.27ma | 0.822v 17.09ma 0.878v 28.95ma | 0.834v 29.83ma
0.864v 16.75ma | 0.822v 17.57ma 0.879v 29.44ma |0.835v 30.32ma
0.864v 17.23ma | 0.823v 18.06ma 0.879v 29.93ma |0.835v 30.81ma
0.865v 17.72ma | 0.823v 18.55ma 0.88v 30.42ma | 0.835v 31.3ma

0.866v 18.2ma 0.824v 19.04ma 0.88v 30.91ma | 0.836v 31.8ma

0.867v 18.69ma | 0.825v 19.52ma 0.881v 31.4ma 0.836v 32.29ma
0.867v 19.177ma |0.825v 20.01ma 0.881v 31.89ma | 0.836v 32.78ma
0.868v 19.66ma | 0.826v 20.5ma 0.881v 32.38ma | 0.837v 33.28ma
0.869v 20.15ma | 0.826v 20.99ma 0.882v 32.88ma | 0.837v 33.77ma
0.869v 20.63ma | 0.827v 21.48ma 0.882v 33.37ma | 0.837v 34.26ma
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Table 8-9. Data for Diode I-V Curves (Contd.)

/0 BUFFER MODELS

Curve Type Curve Type
V3 V4 Iv3 v4
vd Id vd Id vd Id vd Id
0.883v 33.86ma | 0.838v 34.75ma 0.891v 46.68ma | 0.845v 47.61ma
0.883v 34.35ma | 0.838v 35.25ma 0.892v 47.17ma | 0.845v 48.1ma
0.883v 34.84ma | 0.838v 35.74ma 0.892v 47.67ma | 0.845v 48.6ma
0.884v 35.33ma | 0.839v 36.24ma 0.892v 48.16ma | 0.846v 49.09ma
0.884v 35.83ma | 0.839v 36.73ma 0.892v 48.66ma | 0.846v 49.59ma
0.885v 36.32ma | 0.839v 37.22ma 0.893v 49.15ma | 0.846v 50.08ma
0.885v 36.81ma |0.84v 37.72ma 0.893v 49.65ma | 0.846v 50.58ma
0.885v 37.3ma 0.84v 38.21ma 0.893v 50.14ma | 0.847v 51.08ma
0.886v 37.8ma 0.84v 38.7ma 0.894v 50.64ma | 0.847v 51.57ma
0.886v 38.29ma | 0.84v 39.2ma 0.894v 51.13ma |[0.847v 52.07ma
0.886v 38.78ma | 0.841v 39.69ma 0.894v 51.63ma | 0.847v 52.56ma
0.887v 39.28ma | 0.841v 40.19ma 0.894v 52.12ma | 0.847v 53.06ma
0.887v 39.77ma | 0.841v 40.68ma 0.895v 52.61ma |0.848v 53.55ma
0.887v 40.26ma | 0.842v 41.18ma 0.895v 53.11ma |0.848v 54.05ma
0.888v 40.76ma | 0.842v 41.67ma 0.895v 53.6ma 0.848v 54.54ma
0.888v 41.25ma | 0.842v 42.16ma 0.895v 54.1ma 0.848v 55.04ma
0.888v 41.74ma | 0.842v 42.66ma 0.896v 54.59ma |0.848v 55.54ma
0.889v 42.24ma | 0.843v 43.15ma 0.896v 55.09ma |0.849v 56.03ma
0.889v 42.73ma | 0.843v 43.65ma 0.896v 55.58ma | 0.849v 56.53ma
0.889v 43.22ma | 0.843v 44.14ma 0.896v 56.08ma | 0.849v 57.02ma
0.89v 43.72ma | 0.843v | 44.64ma 0.897v 56.57ma | 0.849v 57.52ma
0.89v 44.21ma | 0.844v 45.13ma 0.897v 57.07ma | 0.849v 58.02ma
0.89v 44.7ma 0.844v 45.63ma 0.897v 57.56ma | 0.85v 58.51ma
0.89v 45.2ma 0.844v 46.12ma 0.897v 58.06ma | 0.85v 59.01ma
0.891v 45.69ma | 0.844v 46.62ma 0.898v 58.56ma | 0.85v 59.5ma
0.891v 46.19ma | 0.845v 47.11ma 0.898v 59.05ma |{0.85v 60ma
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Table 8-9. Data for Diode |-V Curves (Contd.)

Curve Type Curve Type
Iv3 Iv4 V3 Iv4
vd Id vd Id vd Id vd Id
0.898v 59.55ma | 0.85v 60.5ma 0.903v 70.95ma | 0.854v 71.92ma
0.898v 60.04ma | 0.851v 60.99ma 0.903v 71.45ma | 0.855v 72.41ma
0.898v 60.54ma | 0.851v 61.49ma 0.903v 71.94ma | 0.855v 72.91ma
0.899v 61.03ma |0.851v 61.99ma 0.903v 72.44ma | 0.855v 73.41ma
0.899v 61.53ma | 0.851v 62.48ma 0.904v 72.93ma | 0.855v 73.9ma
0.899v 62.02ma | 0.851v 62.98ma 0.904v 73.43ma | 0.855v 74.4ma
0.899v 62.52ma | 0.852v 63.47ma 0.904v 73.93ma | 0.855v 74.9ma
0.9v 63.01lma | 0.852v 63.97ma 0.904v 74.42ma | 0.855v 75.39ma
0.9v 63.51ma | 0.852v 64.47ma 0.904v 74.92ma | 0.856v 75.89ma
0.9v 64.01ma | 0.852v 64.96ma 0.904v 75.42ma | 0.856v 76.39ma
0.9v 64.5ma 0.852v 65.46ma 0.905v 75.91ma | 0.856v 76.88ma
0.9v 65ma 0.852v 65.96ma 0.905v 76.41ma | 0.856v 77.38ma
0.901v 65.49ma | 0.853v 66.45ma 0.905v 76.9ma 0.856v 77.88ma
0.901v 65.99ma | 0.853v 66.95ma 0.905v 77.4ma 0.856v 78.38ma
0.901v 66.49ma | 0.853v 67.45ma 0.905v 77.9ma 0.856v 78.87ma
0.901v 66.98ma | 0.853v 67.94ma 0.905v 78.39ma | 0.857v 79.37ma
0.901v 67.48ma | 0.853v 68.44ma 0.906v 78.89ma | 0.857v 79.87ma
0.902v 67.97ma | 0.853v 68.94ma 0.906v 79.39ma | 0.857v 80.36ma
0.902v 68.47ma | 0.854v 69.43ma 0.906v 79.88ma | 0.857v 80.86ma
0.902v 68.96ma | 0.854v 69.93ma 0.906v 80.38ma | 0.857v 81.36ma
0.902v 69.46ma | 0.854v 70.43ma 0.906v 80.88ma | 0.857v 81.86ma
0.902v 69.96ma | 0.854v 70.92ma 0.907v 81.37ma | 0.857v 82.35ma
0.903v 70.45ma | 0.854v 71.42ma
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1/0 BUFFER MODELS
Table 8-9. Data for Diode I-V Curves (Contd.)
Curve Type Curve Type
V5 - V6 IV5 IVé
vd Id vd Id vd Id vd Id
Oov Oa Ov Oa 0.675v 4.63ua 0.675v 3.43ua
25mv .0009pa | 25mv .0008pa 0.699v 11.35ua |0.7v 9.97ua
50mv .0012pa | 50mv .0008pa 0.724v 27.37ua |[0.724v 28.32ua
75mv .0022pa | 75mv .0008pa 0.747v 63.69ua | 0.746v 75.71ua
100mv .0044pa | 100mv .0009pa 0.768v 0.14ma 0.766v 0.18ma
0.125v .0100pa |{0.125v .001pa 0.787v 0.27ma 0.782v 0.36ma
0.15v .0239pa | 0.15v .0013pa 0.802v 0.47ma 0.795v 0.61ma
0.175v .0584pa |0.175v .0022pa 0.814v 0.73ma 0.804v 0.92ma
0.2v 0.14pa 0.2v .0047pa 0.823v 1.03ma 0.812v 0.92ma
0.225v 0.36pa 0.225v .0124pa 0.832v 1.03ma 0.819v 1.25ma
0.25v 0.88pa 0.25v .0348pa 0.839v 1.36ma 0.824v 1.68ma
0.275v 2.19pa 0.275v 0.1pa 0.845v 1.77ma 0.828v 2.1ma
0.3v 5.44pa 0.3v 0.3pa 0.849v 2.18ma 0.831v 2.5ma
0.325v 13.49pa |0.325v 0.87pa 0.853v 2.57ma 0.834v 2.92ma
0.35v 33.48pa |0.35v 2.57pa 0.857v 2.98ma 0.837v 3.35ma
0.375v 83.09pa | 0.375v 7.59pa 0.86v 3.4ma 0.84v 3.79ma
0.4v 0.21na 0.4v 22.37pa 0.863v 3.84ma 0.842v 4.24ma
0.425v 0.51na 0.425v 65.99pa 0.865v 4.27ma 0.844v 4.69ma
0.45v 1.27na 0.45v 0.19na 0.868v 4.72ma 0.846v 5.14ma
0.475v 3.15na 0.475v 0.57na 0.87v 5.17ma 0.848v 5.6ma
0.5v 8.05na 0.5v 1.69na 0.872v_  |5.62ma 0.849v 6.07ma
0.525v 19.97na | 0.525v 5.24na 0.874v 6.07ma 0.851v 6.53ma
0.55v 49.56na | 0.55v 15.46na 0.876v 6.53ma 0.853v 7ma
0.575v 0.12ua 0.575v 45.58na 0.878v 6.99ma 0.854v 7.47ma
0.6v 0.31ua 0.6v 0.13ua 0.88v 7.46ma 0.855v 7.94ma
0.625v 0.76ua 0.625v 0.4ua 0.881v 7.92ma 0.857v 8.41ma
0.65v 1.87ua 0.65v 1.17ua 0.883v 8.39ma 0.858v 8.88ma
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1/0 BUFFER MODELS
Table 8-9. Data for Diode I-V Curves (Contd.)
Curve Type Curve Type
IV5 IVé IV5 V6
vd Id vd Id vd Id vd Id

0.884v 8.86ma 0.859v 9.36ma 0.907v 21.37ma |0.878v 21.96ma
0.885v 9.33ma 0.86v 9.83ma 0.908v 21.86ma |0.878v 22.45ma
0.887v 9.8ma 0.861v 10.31ma 0.909v 22.34ma | 0.879v 22.94ma
0.888v 10.28ma | 0.862v 10.79ma 0.909v 22.83ma |0.879v 23.43ma
0.889v 10.75ma | 0.863v 11.27ma 0.91v 23.32ma |0.88v 23.92ma
0.89v 11.23ma | 0.864v 11.75ma 0.91v 23.81ma |0.88v 24.41ma
0.891v 11.7ma 0.865v 12.23ma 0.911v 24.3ma 0.881v 24.9ma

0.892v 12.18ma | 0.866v 12.71ma 0.911v 24.79ma | 0.881v 25.39ma
0.894v 12.66ma |0.867v 13.2ma 0.912v 25.27ma |0.882v 25.88ma
0.894v 13.14ma | 0.867v 13.68ma 0.913v 25.76ma | 0.882v 26.37ma
0.895v 13.62ma | 0.868v 14.16ma 0.913v 26.25ma | 0.883v 26.86ma
0.896v 14.1ma 0.869v 14.65ma 0.914v 26.74ma | 0.883v 27.35ma
0.897v 14.58ma |0.87v 15.13ma 0.914v 27.23ma | 0.883v 27.85ma
0.898v 15.06ma | 0.87v 15.62ma 0.915v 27.72ma | 0.884v 28.34ma
0.899v 156.55ma |0.871v 16.1ma 0.915v 28.21ma | 0.884v 28.83ma
0.9v 16.03ma | 0.872v 16.59ma 0.915v 28.7ma 0.885v 29.32ma
0.901v 16.51ma |0.872v 17.07ma 0.916v 29.19ma | 0.885v 29.81ma
0.901v 17ma 0.873v 17.56ma 0.916v 29.69ma | 0.885v 30.31ma
0.902v 17.48ma | 0.874v 18.05ma 0.917v 30.18ma | 0.886v 30.8ma

0.903v 17.96ma | 0.874v 18.54ma 0.917v 30.67ma | 0.886v 31.29ma
0.904v 18.45ma | 0.875v 19.02ma 0.918v 31.16ma | 0.886v 31.78ma
0.904v 18.94ma | 0.875v 19.51ma 0.918v 31.65ma |0.887v 32.28ma
0.905v 19.42ma | 0.876v 20ma 0.919v 32.14ma | 0.887v 32.77ma
0.906v 19.91ma |0.876v 20.49ma 0.919v 32.63ma |0.887v 33.26ma
0.906v 20.39ma | 0.877v 20.98ma 0.919v 33.12ma | 0.888v 33.76ma
0.907v 20.88ma | 0.877v 21.47ma 0.92v 33.62ma | 0.888v 34.25ma
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Table 8-9. Data for Diode |-V Curves (Contd.)

I1/0 BUFFER MODELS

Curve Type Curve Type
IV5 Ivé V5 V6

vd Id vd Id vd Id vd Id
0.92v 34.11ma |0.888v 34.74ma 0.929v 46.93ma | 0.896v 47.6ma
0.921v 34.6ma 0.889v 35.24ma 0.929v 47.43ma | 0.896v 48.09ma
0.921v 35.09ma | 0.889v 35.73ma 0.929v 47.92ma | 0.896v 48.59ma
0.921v 35.58ma | 0.889v 36.22ma 0.93v 48.41ma | 0.896v 49.08ma
0.922v 36.08ma | 0.89v 36.72ma 0.93v 48.91ma | 0.896v 49.58ma
0.922v 36.57ma | 0.89v 37.21ma 0.93v 49.4ma 0.897v 50.07ma
0.922v 37.06ma | 0.89v 37.7ma 0.93v 49.9ma 0.897v 50.57ma
0.923v 37.56ma | 0.891v 38.2ma 0.931v 50.39ma | 0.897v 51.06ma
0.923v 38.05ma | 0.891v 38.69ma 0.931v 50.89ma |0.897v 51.56ma
0.923v 38.54ma | 0.891v 39.19ma 0.931v 51.38ma | 0.898v 52.05ma
0.924v 39.08ma | 0.891v 39.68ma 0.932v 51.88ma |0.898v 52.55ma
0.924v 39.58ma | 0.892v 40.17ma 0.932v 52.37ma |0.898v 53.04ma
0.924v 40.02ma | 0.892v 40.67ma 0.932v 52.87ma |0.898v 53.54ma
0.925v 40.51ma | 0.892v 41.16ma 0.932v 53.36ma | 0.898v 54.04ma
0.925v 41.01ma |0.893v 41.66ma 0.933v 53.86ma | 0.899v 54.53ma
0.925v 41.5ma 0.893v 42.15ma 0.933v 54.35ma | 0.899v 55.03ma
0.926v 41.99ma | 0.893v 42.65ma 0.933v 54.85ma | 0.899v 55.52ma
0.926v 42.49ma | 0.893v 43.14ma 0.933v 55.34ma | 0.899v 56.02ma
0.926v 42.98ma | 0.894v 43.64ma 0.934v 55.84ma | 0.899v 56.52ma
0.927v 43.47ma | 0.894v 44.13ma 0.934v 56.33ma | 0.9v 57.01ma
0.927v 43.97ma | 0.894v 44.63ma 0.934v 56.83ma | 0.9v 57.51ma
0.927v 44.46ma | 0.894v 45.12ma 0.934v 57.32ma | 0.9v 58ma
0.928v 44.96ma | 0.895v 45.62ma 0.934v 57.82ma |0.9v 58.5ma
0.928v 45.45ma | 0.895v 46.11ma 0.935v 58.31ma | 0.9v 59ma
0.928v 45.94ma | 0.895v 46.61ma 0.935v 58.81ma |[0.901v 59.49ma
0.929v 46.44ma | 0.895v 47.1ma 0.935v 59.3ma 0.901v 59.99ma
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Table 8-9. Data for Diode I-V Curves (Contd.)

Curve Type Curve Type
IV5 V6 V5 V6
vd Id vd Id vd Id vd Id
0.935v 59.8ma 0.901v 60.48ma 0.94v 70.7ma 0.905v 71.41ma
0.936v 60.29ma | 0.901v 60.98ma 0.94v 71.2ma 0.905v 71.9ma
0.936v 60.79ma | 0.901v 61.48ma 0.94v 71.7ma 0.905v 72.4ma
0.936v 61.28ma | 0.902v 61.97ma 0.941v 72.19ma | 0.905v 72.9ma
0.936v 61.78ma | 0.902v 62.47ma 0.941v 72.69ma | 0.905v 73.39ma
0.937v 62.28ma | 0.902v 62.97ma 0.941v 73.19ma | 0.906v 73.89ma
0.937v 62.77ma | 0.902v 63.46ma 0.941v 73.68ma | 0.906v 74.39ma
0.937v 63.27ma | 0.902v 63.96ma 0.941v 74.18ma | 0.906v 74.88ma
0.937v 63.76ma | 0.902v 64.45ma 0.941v 74.67ma | 0.906v 75.38ma
0.937v 64.26ma | 0.903v 64.95ma 0.942v 75.17ma | 0.906v 75.88ma
0.938v 64.75ma | 0.903v 65.45ma 0.942v 75.67ma | 0.906v 76.38ma
0.938v 65.25ma | 0.903v 65.94ma 0.942v 76.16ma | 0.907v 76.87ma
0.938v 65.75ma | 0.903v 66.44ma 0.942v 76.66ma | 0.907v 77.37ma
0.938v 66.24ma | 0.903v 66.94ma 0.942v 77.16ma | 0.907v 77.87ma
0.938v 66.74ma | 0.904v 67.43ma 0.943v 77.65ma | 0.907v 78.36ma
0.939v 67.23ma | 0.904v 67.93ma 0.943v 78.15ma | 0.907v 78.86ma
0.939v 67.73ma | 0.904v 68.43ma 0.943v 78.65ma | 0.907v 79.36ma
0.939v 68.22ma | 0.904v 68.92ma 0.943v 79.14ma | 0.907v 79.85ma
0.939v 68.72ma | 0.904v 69.42ma 0.943v 79.64ma | 0.908v 80.35ma
0.939v 69.22ma | 0.904v 69.92ma 0.943v 80.14ma | 0.908v 80.85ma
0.94v 69.71ma | 0.905v 70.41ma 0.944v 80.63ma | 0.908v 81.35ma
0.94v 70.21ma | 0.905v 70.91ma
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CHAPTER 9
MECHANICAL SPECIFICATIONS

The Pentium processor is packaged in a 273 pin ceramic pin grid array (PGA). The pins are
arranged in a 21 by 21 matrix and the package dimensions are 2.16" X 2.16" (5.49cm X
5.49cm). The 82496 Cache Controller is packaged in a 280 pin ceramic pin grid array (PGA).
The pins are arranged in a 19 by 19 matrix and the package dimensions are 1.95" X 1.95"
(4.95cm X 4.95cm). The 82491 Cache SRAM is packaged in a 84 pin plastic quad flat pack
(PQFP). The package dimensions are 0.8" X 0.8" (2.03cm X 2.03cm).

Table 9-1. CPU Cache Chip Set Package Information Summary

Package ‘| Estimated Wattage
Type Total Pins Pin Array Package Size (66Mhz)
Pentium™ PGA 273 21x 21 2.16"x2.16" 16
Processor 5.49cm X 5.49¢m
82496 PGA 280 19x19 1.95"x1.95" 4.5
4.95cm X 4.95cm
82491 PQFP 84 N/A 0.80"x0.80" 2.0
2.03cm X 2.03cm 1.3 (typ)

NOTE: See D.C. Specifications for more detailed power specifications.



MECHANICAL SPECIFICATIONS

Table 9-2. Pentium™ Processor Mechanical Specificatons

intal.

Family: Ceramic Pin Grid Array Package

Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 2.84 3.51 Solid Lid 0.112 0.138 Solid Lid
Al 0.33 0.43 Solid Lid 0.013 0.017 Solid Lid
A2 2.51 3.07 0.099 0.121
0.43 0.51 0.017 0.020
54.61 55.11 2.150 2.170
D1 50.67 50.93 1.995 2.005
el 2.29 2.79 0.090 0.110
L 3.05 3.30 0.120 0.130
273 273

s1 165 2.16 0065 | 0.085
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I 9-3




MECHANICAL SPECIFICATIONS

Table 9-3. 82496 Cache Controller Mechanical Specificatons

intal.

Family: Ceramic Pin Grid Array Package

Symbol Millimeters Inches
Min Max Notes Min Max Notes
A 2.84 3.51 Solid Lid 0.112 0.138 Solid Lid
Al 0.33 0.43 Solid Lid 0.013 0.017 Solid Lid
A2 2.51 3.07 0.099 0.121
B 0.43 0.51 0.017 0.020
49.53 50.17 1.940 1.975
D1 45.59 45.85 1.795 1.805
el 2.29 2.79 0.090 0.110
3.05 3.30 0.120 0.130
N 280 280
S1 1.65 2.16 0.065 0.085
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MECHANICAL SPECIFICATIONS

Table 9-4. 82491 Cache SRAM Mechanical Specificatons

intgl.

Family: Plastic Quad Flatpack (PQFP) 0.025 in (0.635 mm) Pitch
Symbol Description Millimeters Inches
' Min Max Min Max
N Leadcount 84 84
Package Height 4.06 4.57 0.160 0.180
Al Standoff 0.51 1.02 0.020 0.040
D, E Terminal Dimension 19.56 20.07 0.770 0.790
D1, E1 Package Body 16.43 16.59 0.647 0.653
D2, E2 Bumper Distance 20.24 20.39 0.797 0.803
D3, E3 Lead Dimension 12.70 REF 0.500 REF
D4, E4 Foot Radius Location | 18.36 18.71 0.723 0.737
L1 Foot Length 0.51 0.76 0.020 0.030
¢ D2
D
> D1
Al
: b«
E
>ale
CDB69
Figure 9-3. 82491 Cache SRAM Mechanical Specifications
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CHAPTER 10
THERMAL SPECIFICATIONS

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

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

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

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

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

The measurement is made in the same way with or without a heatsink attached as shown in
Figure 10-1.

SR RRRRLARRRRLRRRRRRRRNRS

CSJ23A

Figure 10-1. Technique For Measuring Tcase

An ambient temperature T4 is not specified directly. The only restriction is that T is met. To
determine the allowable T A values, the following equations may be used:

Ty=Tc + (P e O)0)
TA=Ty-(PeOjpa)
Tc=TA + (P e (A - ©]0))

I 10-1
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OCcA =0jA-9jC
TA=Tc-(PeOCA).

Table 10-1 lists the ©jC and OCA values for the Pentium processor.

Table 10-1. Junction-to-Case and Case-to-Ambient Thermal Resistances for the
Pentium™ Processor (With and Without a Heat Sink)

@ ic @c A Vs Airflow (ft/min)
0 200 400 600 800 1000
With 0.25" Heat Sink 0.6 8.3 5.8 3.9 3.0 2.5 2.2
With 0.35" Heat Sink 0.6 7.9 5.0 3.4 2.6 2.2 2.0
With 0.65" Heat Sink 0.6 6.4 3.4 23 1.8 1.5 1.3
Without Heat Sink 1.2 11.6 9.4 6.7 5.4 4.6 4.2

Heat Sink: 2.05 sq. in. omni-directional fin Aluminum heat sink with 0.050 in. pin width, 0.143 in pin-to-pin
center spacing and 0.150 in. base thickness.

Table 10-2 lists the ©yCc and ©CA values for the 82496 cache controller.

Table 10-2. Junction-to-Case and Case-to-Ambient Thermal Resistances for the 82496
Cache Controller (With and Without a Heat Sink)

0O, O, vs Airflow (ft/min)
0 200 400 600 800 1000
With 0.35" Heat Sink 1.1 9.1 6.1 4.1 3.1 26 23
Without Heat Sink 1.1 14.7 11.9 9.2 7.6 6.7 6.1

Heat Sink: 1.91 sq. in. omni-directional fin Aluminum heat sink with 0.050 in. pin width, 0.143 in pin-to-pin
center spacing and 0.150 in. base thickness.

Table 10-3 lists the OjC and OCA values for the 82491 cache SRAM.

Table 10-3. Junction-to-Case and Caes-to-Ambient Thermal Resistances for the 82491
Cache SRAM (With and Without a Heat Sink)

®JC @CA vs Airflow (ft/min)
0 200 400 600 800 1000
With 0.35" Heat Sink 8.5 271 16.0 125 10.7 9.4 8.5
Without Heat Sink 8.5 345 26.7 22.6 19.1 16.0 14.2

Heat Sink: 0.62 sq. in. omni-directional fin Aluminum heat sink with 0.050 in. pin width, 0.143 in pin-to-pin
center spacing and 0.100 in. base thickness.

10-2 ; l
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NOTE

Additional heat sink and thermal information will be added as it becomes
available. Contact your local Intel Sales Office for the latest information.
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CHAPTER 11
TESTABILITY

Two special testability features are offered in Pentium processor CPU-Cache Chip Set: Built-In
Self Test (BIST) and Boundary Scan. BIST will test the Pentium processor CPU, micro-code
ROM, TLB, and 82496 Cache Controller. Boundary scan test will test the interfaces among
components of the Pentium processor CPU-Cache Chip Set. Normal functional testing of CPU
core, 82496 Cache Controller controller logic, and 82491 Cache SRAMs can be performed by
using the test data registers within the Pentium processor CPU-Cache Chip Set and external
connections. The 82491 cache SRAMs can be tested using standard cache memory testing
techniques to flush, write, and read the 82491 cache Controller.

The 'IEEE Standard 1149.1 Test Access Port (TAP) and Boundary Scan Architecture' is
implemented to access the Pentium processor CPU-Cache Chip Set testability features, e.g.
BIST and boundary scan interconnect test. There are more testability features designed around
TAP and boundary scan architecture in each component. For a tutorial or details about bound-
ary scan architecture, the user may also refer to the IEEE 1149.1 standard.

11.1. BUILT-IN SELT TEST (BIST)

The BIST tests the internal functionality of the chip set components: approximately 70% of the
Pentium microprocessor, 80% of the 82496 Cache Controller cache controller, and 98% of the
82491 Cache Controller Memory devices (100% of the SRAM Array). BIST will test the
Pentium processor CPU, micro code ROM, cache controller, TLB, and 82496 Cache
Controller/82491 caches.

There are two ways to activate BIST of the Pentium processor and 82496 Cache Controller.
The first, or conventional method, is to initialize and perform BIST is as follows:

1. Drive CRDY#[SLFTST#] LOW and MBALE[HIGHZ#] HIGH at least 10 CLKs before
RESET goes inactive to initiate 82496 Cache Controller BIST.

2. Drive INIT HIGH during reset to initiate Pentium processor CPU BIST (refer to the
Pentium processor CPU EDS for details).

3. Clock at least 512K cycles at normal operating frequency for Pentium processor and 90K
CLKs for 82496 Cache Controller to finish the BIST. The results of Pentium processor
CPU and 82496 Cache Controller BIST are indicated by the Pentium processor EAX
register contents and the 82496 Cache Controller CAHOLD signal, respectively. If the
BIST was successful, the Pentium processor CPU EAX register contains "0". If the 82496
Cache Controller BIST passed, CAHOLD is HIGH and can be sampled 1 CLK after
FSIOUT# goes inactive.

The second way to perform Pentium processor or 82496 Cache Controller BIST, and the only
way to perform 82491 Cache Controller BIST, is to activate BIST through TAP controllers and
boundary scan architecture. The user needs to refer to the next section of this section and IEEE
1149.1 standard for the test mode and instruction to activate Pentium processor BIST. The
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procedure is as follows:

1. Set up and initiate Pentium processor, 82496 Cache Controller, or 82491 Cache SRAM
BIST mode

a. Ensure that all cycles are complete prior to entering BIST.
b. Put Pentium processor, 82496 Cache Controller, or 89491 Cache SRAM TAP
controllers in SHIFT-IR state (by shifting in test mode data through TMS pin).
c. Shift in RUNBIST instructions into Pentium processor, 82496 Cache Controller, and
82491 Cache SRAM TAP controllers instruction registers.
2. Start RUNBIST test
a. Put Pentium processor, 82496 Cache Controller, or 82491 Cache SRAM TAP

controllers and test circuits in RUN-TEST-IDLE state (by shifting in test mode data
through TMS pin).

b. Clock CLK at least 512K cycles at normal operating frequency for Pentium processor,
90K cycles for the 82496 cache controller, and 250K cycles for the 82491 cache
SRAM to complete the BIST.

c. JTAG must remain in the RUN-TEST-IDLE state until BIST completion.

d. RESET may not be asserted to the 82496 Cache Controller during execution of the
RUNBIST instruction.

3. Examination of the RUNBIST results

a. Set Pentium processor, 82496 Cache Controller, or 82491 Cache SRAM component
TAP controllers and test circuits in SHIFT-DR state (by shifting in test mode data
through TMS pin).

b. Shift out and examine the data of Pentium processor, 82496 Cache Controller or
82491 Cache SRAM RUNBIST registers. If BIST is successful, the contents of the
Pentium processor, 82496 Cache Controller, or 82491 Cache SRAM RUNBIST regis-
ters are "0".

c. Results must be observed via the TDO output prior to system reset or the pass/fail
value will be lost.
4. If the BIST is passed, perform CPU or cache reset and then begin normal operation.

On the Pentium processor, 82496 Cache Controller, or 82491 Cache SRAM, BIST only
indicates that a failure did or did not occur. BIST cannot indicate where a failure occurred.

11.2. BOUNDARY SCAN

The 'TEEE Standard 1149.1 Test Access Port (TAP) and Boundary Scan Architecture' has been
implemented in the Pentium processor CPU-Cache Chip Set to test the connections between
components. By implementing this feature, 100% of the Pentium processor CPU-Cache Chip
Set interconnectivity can be tested. This is one method of ensuring product integrity.

The boundary scan architecture in Pentium processor CPU-Cache Chip Set is a fully boundary-
scannable type design. Each component of Pentium processor CPU-Cache Chip Set has its
own TAP controller, boundary scan register, bypass register, etc. The boundary scan chain
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may be connected from one of the Pentium processor CPU-Cache Chip Set components' TDI
signal pin to the 82496 Cache Controller, Pentium processor, eight (or more) 82961 Cache
SRAMs, and then back to the original components TDO signal pin. This approach is a single-
chain design. There are 403 scan cells in the Pentium processor CPU-Cache Chip Set boundary
scan chain (eg. the Pentium processor contains 175 cells, the 82496 Cache Controller contains
160 cells, and the 82491 Cache SRAM contains 68 cells). System designers may add other
components which have boundary scan capability to the scan chain.

11.2.1. Boundary Scan Architecture

The Pentium processor CPU-Cache Chip Set boundary scan test logic contains the following
elements and features:

1. TAP - Five dedicated signal pins consisting of TMS, TCK, TDI, and TRST# input pins
and TDO output pin. (Note: the 82491 Cache SRAM does not utilize the TRST# input
signal.)

TAP controllers - All TAP circuitry is IEEE 1149.1 standard compatible.

3. Test Data Registers - There are at least four test data registers in each Pentium processor
CPU-Cache Chip Set component. These are: Bypass Register, Device Identification
Register, RUNBIST register, and Boundary Scan Register.

4. Instructions and Instruction Registers - Every 82496 Cache Controller and 82491 Cache
SRAM component has a 4-bit instruction register which supports all public instructions.
The Pentium processor has a 13-bit instruction register. The public instructions supported
by the Pentium processor CPU-Cache Chip Set are: BYPASS, SAMPLE/PRELOAD,
RUNBIST, and EXTEST; and optional IDCODE instruction.

5. The maximum operating frequency of boundary scan test CLK is 16 MHz.

11.2.2. Test Data Registers

The two required test data registers, Bypass and Boundary scan registers, a Device
Identification register, and a RUNBIST register are provided in Pentium processor CPU-Cache
Chip Set boundary scan design. The test data registers can be selected by shifting the
appropriate instruction into the TAP controllers instruction registers. Table 11-1 lists the
lengths of Pentium processor CPU-Cache Chip Set boundary scan test data registers.
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Table 11-1. 82496 Cache Controller/82491 Cache SRAM Boundary Scan Test Data

Register Length
Pentium™ CPU Cache Controller Cache SRAM
Boundary scan Register | 175 bits 160 bits 68 bits
BYPASS Register 1 bit 1 bit 1 bit
1D Register 32 bits 32 bits 32 bits
RUNBIST Register 1 bit 1 bit 1 bit

11.2.2.1. BYPASS REGISTER

The Bypass Register is a one-bit shift register that can be selected to reduce the length of the
scan path selected within Pentium processor CPU-Cache Chip Set. This path can be selected
when no test operation is being performed to allow rapid movement of test data to and from
other components on the board.

11.2.2.2. BOUNDARY SCAN REGISTER

The Boundary Scan Register is a shift register containing the boundary scan cells that are built
within all input and output buffers of the Pentium processor/82496 Cache Controller/82491
Cache SRAM components. Figure 11-1 shows the logical structure of the boundary scan
register within each component. The data is driven out by output cells and the value of the
signal is captured and compared on the corresponding input cell of a input pin. The boundary
scan register is utilized for the EXTEST and SAMPLE tests. The lists and their sequence of
boundary scan register of Pentium processor CPU-Cache Chip Set components are described
in a later section.
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Figure 11-1. Boundary Scan Register Structure of a Component

11.2.2.3. DEVICE IDENTIFICATION REGISTER -

The Device Identification Register contains the manufacturer's identification code, part number
code, and version code in the format shown in Figure 11-2. The content of the Device
Identification Register changes with the stepping of the 82496 Cache Controller, 82491 Cache
SRAM, or Pentium processor used. Table 11-2 lists the codes for the components (Pentium
processor, 82496 Cache Controller, and 82491 Cache SRAM) used in the Pentium processor
CPU-Cache Chip Set chip set.

MANUFACTURER
IDENTITY

CDB91

Figure 11-2. Device ID Register
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Table 11-2. Pentium™ Processor CPU-Cache Chip Set Component Device
Identification Code

Component Version Part Number Code Manufacturer | LSB Entire ID
Code Identity Code
(4 bits) (7 bits) (9 bits) (11 bits) (1 bit) (32 bits)
Product Type Product
Specific
Family | Model
Pentium™ 0000 0000 001 0101 00001 0000 0001 001 1
Processor
82496 Cache 0000 0000 010 0101 00001 00000001 001 1
Controller
82491 Cache 0000 0000 010 0101 00010 0000 0001 001 1
SRAM

11.2.24. RUNBIST REGISTER

The RUNBIST Registers are one-bit registers used to store and report the results of the
Pentium processor, 82496 Cache Controller, and 82491 Cache SRAM BIST. The Pentium
processor, 82496 Cache Controller and 82491 Cache SRAM RUNBIST registers are loaded
with "0" upon successful completion and "1" upon an unsuccessful completion.

11.2.3. Instruction Register

The instruction registers of Pentium processor CPU-Cache Chip Set components are used to
select the test mode and the test data register to be accessed within each Pentium processor
CPU-Cache Chip Set component for one test task. The instruction registers are four bits wide
for the 82496 Cache Controller and 82491 Cache SRAM. The instruction register is 13 bits
wide in the Pentium processor. The MSB is connected to TDI and the LSB is connected to
TDO. Upon entering the Capture-IR TAP controller state, all instruction registers within the
Pentium processor CPU-Cache Chip Set are loaded with the default "0001" instruction for
SAMPLE/PRELOAD.

11.23.1.  PENTIUM PROCESSOR CPU-CACHE CHIP SET BOUNDARY SCAN
INSTRUCTION SET

The Pentium processor CPU-Cache Chip Set supports all three mandatory boundary scan
instructions (BYPASS, SAMPLE/PRELOAD and EXTEST) as well as two optional
instructions (IDCODE and RUNBIST). Table 11-3 lists the boundary scan instruction codes of
Pentium processor CPU-Cache Chip Set components. Execution of the PRIVATE instructions
may cause hazardous operation and the breakage of the scan chain in the Pentium processor
CPU-Cache Chip Set. Thus, it is not recommended. RESERVED instructions are not used by
Intel.
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Table 11-3. 82496 Cache Controller/82491 Cache SRAM Boundary Scan

Instruction Codes

TESTABILITY

Pentium™ CPU Cache Controller Cache SRAM
0000 | EXTEST EXTEST EXTEST
0001 | SAMPLE/PRELOAD SAMPLE/PRELOAD SAMPLE/PRELOAD
0010 | IDCODE IDCODE IDCODE
0011 | PRIVATE PRIVATE RESERVED
0100 [ PRIVATE PRIVATE PRIVATE
0101 PRIVATE PRIVATE RESERVED
0110 | PRIVATE PRIVATE RESERVED
0111 | RUNBIST RUNBIST RUNBIST
1000 | PRIVATE PRIVATE RESERVED
1001 | PRIVATE RESERVED RESERVED
1010 | PRIVATE RESERVED RESERVED
1011 | PRIVATE RESERVED RESERVED
1100 | PRIVATE RESERVED RESERVED
1101 | PRIVATE RESERVED RESERVED
1110 | PRIVATE RESERVED RESERVED
1111 | BYPASS BYPASS BYPASS

EXTEST

The instruction code is "0000". The EXTEST instruction and test mode is used to test
component board interconnections. Its use is to drive test data, which is loaded into the
boundary scan register output cells, through component output pins. It then allows the test data
to propagate and to be captured on the corresponding boundary scan input cells. I/O pins are
selected according to the types of I/O buffers and boundary scan cells designed in the
boundary scan register. Values shifted into input latches in the boundary scan register should
not be used to drive the internal logic of any component. Thus, when ANY individual chip set
component preforms EXTEST, it must be reset before normal (non-boundary scan) operation.

SAMPLE/PRELOAD

The instruction code is "0001". SAMPLE/PRELOAD performs two functions. The test mode
activated by SAMPLE/PRELOAD instruction will cause the Pentium processor CPU-Cache
Chip Set components to capture a "snap-shot" of the input and output states of the component.
It also allows the loading of scan cells with pre-determined data to set up component input and
output conditions.
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IDCODE

The instruction code is "0010". This IDCODE instruction selects the device identification
register and causes the devices identification code to be loaded into ID register which can be
shifted out of the components for examination. Since the device identification is coded by
hardware, the data being shifted in on TDI while shifting out identification will not alter device
identification.

The IDCODE instruction is forced into the Pentium processor CPU-Cache Chip Set
components to allow the devices identifications to be selected whenever the TAP controller has
been reset or powered-on.

BYPASS

The instruction code is "1111". The BYPASS instruction selects the bypass register for shifting
the data to and from other components rapidly by reducing the shift register length to one bit
when no test operation of that component is required.

RUNBIST

The instruction code is "0111". The RUNBIST instruction selects the one-bit RUNBIST
register and initiates the Pentium processor CPU-Cache Chip Set BIST. The BIST of Pentium
processor 82496 Cache Controller and 82491 Cache SRAM begins on the first rising edge of
TCK after entering the Run-Test/Idle state. It requires at least 512K CLK (CLK) cycles at
normal operating frequency in the Run-Test/Idle state to complete BIST and store the result to
the RUNBIST register. After the BIST has been performed, the value in the RUNBIST register
can be shifted out throngh TDO pin for examination. A value of "0" for Pentium processor,
82496 Cache Controller, and 82491 Cache SRAM indicates that BIST completed successfully.
After executing the RUNBIST instruction, the Pentium processor CPU-Cache Chip Set must
be reset before normal (non-boundary scan) operation. Note that the pass/fail indication must -
be read via the TDO output prior to system reset or the result will be lost. Also note that the
RESET signal may not be active when the RUNBIST instruction is being executed in the
JTAG controller.

11.2.4. Test Access Port (TAP) Controller

The TAP controller is a synchronous, finite state machine. It controls the sequence of
operations of the test logic. The state diagram and some features for the TAP controller is
shown in Figure 11-3 and this section for reference. The user should refer to IEEE 1149.1
standard for more details.
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Figure 11-3. TAP Controller State Diagram

11.2.4.1. TEST-LOGIC-RESET STATE

TRSTH# is a test logic control pin. When asserted, it will force the TAP controller into the Test
Logic Reset State (see the TAP controller state diagram, Figure 11-3).

When in Test-Logic-Reset State, the test logic is disabled so that normal operation of the
device can continue unhindered. During initialization, the Pentium processor or 82496 Cache
Controller initializes the instruction register such that the IDCODE instruction is loaded.

On power up, the TAP controller is automatically initialized to the test logic reset state (test
logic disabled), so normal Pentium processor, 82496 Cache Controller or 82491 Cache SRAM
behavior is the default. The TAP controller can also be reset by holding TMS input pin HIGH
for at least five TCK clock cycles or by asserting the TRST# pin.
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11.24.2. CAPTURE-IR STATE

The fixed binary pattern "0001" is loaded into the instruction register of the 82496 Cache
Controller and 82491 Cache SRAM in Capture-IR state. The fixed binary pattern
"0000000000001" is loaded into the instruction register of the Pentium processor in the
Capture-IR state. This fixed pattern and the device ID can be used to isolate the fault in the
Pentium processor CPU-Cache Chip Set scan chain and control mechanism.

11.2.5. Boundary Scan Register Cell

The boundary scan register for each component contains a cell for each pin, as well as cells for
controlling and enabling bi-directional and tri-state cells/pins.

11.25.1.  PENTIUM PROCESSOR BOUNDARY SCAN REGISTER CELL

The Boundary Scan Register for the Pentium processor contains a cell for each pin. There are a
total of 175 cells. The following is the bit order of the Pentium processor Boundary Scan
Register (left to right, top to bottom):
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TDI >
Reserved,
NMI,
Reserved,
A9,

A16,
A23,
A30,
BE7#,
BEO#,
ADSCH#,
HIT#,
HOLD,
BRDY#,
CACHE#,
FERR#,
D3,

D9,

DP2,
D22,
D28,
D34,
DPS5,
D46,
D52,
D58,

--> TDO

Reserved,
INTR,
A3,
A10,
A17,
A24,
A31,
BE6#,
SCYC,
PRDY,
HITM#,
WB/WT#,
KEN#,
M/IO#,
IERR#,
D4,
D10,
D16,
D23,
D29,
D35,
D40,
D47,
D53,
D59,

Reserved,
IGNNE#,
A4,

Al1,
A18,
A25,
BTO,
BE5#,
D/C#,
AP,
Disbus*,
EWBE#,
NA#,
BP3,
Disfrc*,
D5,

D11,
D17,
DP3,
D30,
D36,
D41,
DPes,
D54,
D60,

RESET,
SMI#,
A5,
A12,
A19,
A26,
Disabus™,
BE4#,
PWT,
LOCK#,
BREQ,
EADS#,
INV,
BP2,
DPO,
De,
D12,
D18,
D24,
D31,
Diswr*,
D42,
D48,
D55,
D61,

FRCMC#,
INIT,

A6,

A13,

A20,

A27,

BT1,
BE3#,
PCD,
HLDA,
SMIACT#,
BUSCHK#,
BOFF#,
PM1/BP1,
Do,

D7,

D13,

D19,

D25,

DP4,

D37,

D43,

D49,

DP7,

D62,

PEN#,
Reserved,
A7,

A14,
A21,
A28,
BT2,
BE2#,
W/R#,
APCHK#,
A20M#,
AHOLD,
U,
PMO0/BPO,
D1,

DP1,
D14,
D20,
D26,
D32,
D38,
D44,
D50,
D56,
D63,

"Reserved" includes the no connect "NC" signals on the Pentium processor.

TESTABILITY

R/S#,
CLK,
A8,
A15,
A22,
A29,
BT3,
BE1#,
ADS#,
PCHK#,
FLUSH#,
BRDYC#,
v,
Dismisc®,
D2,
D8,
D15,
D21,
D27,
D33,
D39,
D45,
D51,
D57,
IBT

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

Disabus:
Disbus:
Dismisc:

Disfrc:
Diswr:

11.2.5.2.

A31-A3, AP, BT3-BT0
ADS#, BE7-0#, CACHE#, SCYC, M/IO#, D/C#, W/R#, PWT, PCD, LOCK#

BREQ, APCHK#, SMIACT#, PRDY, IU, IV, IBT, BP3, BP2, PM1/BP1,
PMO/BPO, FERR#, HITM#, HIT#, PCHK#, HLDA

IERR#

D63-D0, DP7-0

82496 CACHE CONTROLLER BOUNDARY SCAN REGISTER CELL

The following is the listing and sequence of scan cells of the 82496 Cache Controller boundary
scan register (left to right, top to bottom). There are a total of 160 cells.
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TDI --> MKEN#
CRDY#, MAPERR#,
KLOCK#, MWBWT#,
NENE#, EWBE#,
SNPADS#, CADSH#,
CPCD, CDC#,
CFA2, TAG11,
TAGS, TAG4,
SET9, SETS,
SET2, SETH,
CFAS8, CFA7,
SCYC, BLAST#,
KEN#, AHOLD,
HITM#, Reserved,
WBWTH#, WAY,
WBA, WBTYP,
MCFA7, MCFAS,
MSETS, MSET4,
MSET10, MAP,
MTAGS, MTAGS,
MCFA2, MCFA3,
SNPINV, FLUSH#,
jooet#, jcfadoet,
-->TDO

intgl.

KWEND#, SWEND#, BGT#, CNA#, BRDY#,
APERR#, IPERR#, SNPBSY#, MHITM#, MTHITH#,
DRCTM#, MRO#, CWAY, Reserved, SMLN#,
APIC#, SNPCYC#, CAHOLD, FSIOUT#, PALLC#,
CDTS#, CWR#, CSCYC, CCACHE#, CPWT,
CMIO#, RDYSRC, MCACHE#, AP, CFA3,
TAG10, TAG9, TAGS, TAG7?, TAGS,
TAG3, TAG2, TAGH, TAGO, SET10,
SET7, SET6, SETS5, SET4, SETS,
SETO, CLK, CFA8, CFA10, CFA9,
CFA5, CFA4, CFAf1, CFAO, ADS#,
CACHEH#, LOCK#, BLE#, BLEC#, BOFF#,
WR#, MIO#, DC#, PWT, PCD,
EADS#, NA#, INV, BRDYC1#, BRDYC2#,
WRARR#, MCYC#, BUS#, MAWEA#, WBWEH#,
MCFAO, MCFA{1, MCFA4, MCFAS5, MCFAS,
MCFAO9, MCFA10, MSETO, MSET1, MSET2,
MSETS5, MSETS6, MSET7, MSETS, MSET9,
MTAGO, MTAGH1, MTAG2, MTAGS, MTAG4,
MTAG7, MTAGS, MTAGO, MTAG10, MTAG11,
RESET, MAOE#, MBAOE#, SNPCLK, SNPSTB#,
SYNCH#, SNPNCA, MBALE, MALE, jmaoe#,
jcfaboe#, jcaoe#, Reservedoe#, jwbwtoe#, jnaoe#,

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

jnaoet# controls
jwbwtoe# controls
jcaoe# controls
jcfaSoe# controls
jcfadoet# controls
jooe# controls

jmaoe# controls
Reservedoe# controls

1112

NA#

WBWT#

CFA0-CFA3, CFA6-CFA10, SET0-SET10, TAGO-TAG11, AP
CFAS

CFA4

WBTYP, WBA, WBWE#, MAWEA#, BUS#, MCYC#,
WRARR#, WAY, BRDYC2#, BRDYC1#, INV, AHOLD, KEN#,
BOFF#, BLEC#, BLE#, MCACHE#, RDYSRC, CMIO#, CDC#,
CPCD, CPWT, CCACHE#, CSCYC, CWR#, CDTS#, CADS#,
SNPADS#, PALLC#, FSIOUT#, CAHOLD, SNPCYC#, APIC#,
EWBE#, NENE#, SMLN# CWAY, KLOCK#, MTHIT#,
MHITM#, SNPBSY#, IPERR#, APERR#, MAPERR#

MCFA0-MCFA10, MSET0-MSET10, MTAGO-MTAG11,MAP
Reserved (Note: Reservedoe# must be '1")
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11.2.5.3. 82491 CACHE SRAM BOUNDARY SCAN REGISTER CELL

The following is the listing and order of the 82491 Cache SRAM boundary scan register (left
to right, top to bottom). There are a total of 68 cells.

TDI -->

MDATA?, MDATAS, MDATAS, MDATA2, MDATAS, MDATAT1, MDATA4,
MDATAO, mdataoe01, mdatace23, mdataoe47, MDOE#, MZBT#, MBRDY#,
MEOC#, MFRZ#, MSEL#, MCLK, MOCLK, RESET, CLK,
MBE#[PAR#], mbeoe, BLEC#, BOFF#, WBTYP, WBA, WBWEH#,
BUSH#, MAWEA#, MCYCH#, CRDY#, WRARR#, WAY, cdataoe01,
cdataoe23, cdataoe47, CDATA4, CDATAQO, CDATA2, CDATAS5, CDATAS,
CDATAT1, CDATAS, CDATA?, WR#, BLAST#, BRDY#, BRDYC#,
HITM#, ADS#, BE#, A0, A1, A2, A3,

A4, A5, A8, A7, A8, A9, A10,

At1, A12, A13, A4, A15

--> TDO

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

® mdataoe01, mdataoe23, and mdataoe47 control the MDATA[7:0] pins.
® cdataoe01, cdataoe23, and cdataoe47 control the CDATA[7:0] pins.
® mbeoe controls the MBE#[PAR#] pin.

11.2.6.  Boundary Scan Description Language (BSDL)

The VHDL has been used to describe component boundary scan design information by IEEE
as BSDL. However, component BSDL files are not included in this documentation. The user
can refer to the paper "A Language for Describing Boundary-Scan Devices" by Ken Parker,
(pages 222-234 of the Proceeding in 1990 International Test Conference) or contact an Intel
salesperson for more information on writing a BSDL file.

11.2.7. Boundary Scan Signal Descriptions
The functionality of TDI, TMS, TDO, TRST#, and TCK are described in Chapter 5.

11.3. 82491 CACHE SRAM TESTING

The 82491 cache SRAMs of the 82496 Cache Controller/82491 Cache SRAM can be tested
using standard cache memory testing techniques. One example is shown as follows:

1. Flush and reset the Pentium processor CPU-Cache Chip Set cache

I 11-13
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5.
6.

Write 1s to every bit of a block of memory equal to the cache size

Read the block of memory to fill the cache, tagging the data as read only using the MRO#
signal

Write Os to every bit in the block of memory

Read the block, the cache hits should be all 1s

Repeat the process, exchanging O for 1 and 1 for 0

In this example, the code to test the cache must be non-cacheable to the 82496 Cache
Controller. Also, the CPU cache must be on so that the 82496 Cache Controller will perform
line-fills.

11-14 I
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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 User’s Manual once the
appropriate non-disclosure agreements are in place. Please contact Intel Corporation for
details.
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KENTUCKY

Hamilton/Avnet

1847 Mercer Rd , #G
Lexington 40511

Tel (606) 288-4911
FAX (606) 288-4936

MARYLAND

Arrow/Schweber Electronics
9800J Patuxent Woods Dr
Columbia 21046

Tel (301) 596-7800

FAX (301) 596-7821

Arrow Commercial Systems Group

200 Perry Parkway
Garthersburg 20877
Tel (301) 670-1600
FAX (301) 670-0188

Avnet Computer

7172 Columbia Gateway Dr
Columbia 21046

Tel (301) 995-3571

FAX (301) 995-3515

Hamilton/Avnet
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Tel (301) 995-3554

FAX (301) 995-3553

*North Atlantic Industnies
Systems Division

7125 River Wood Dr
Columbia 21046

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

Pioneer Technologies Group
9100 Garther Road
Gaithersburg 20877

Tel (301) 921-0660

FAX (301) 921-4255

MASSACHUSETTS

Arrow Commercial Systems Group

250 Upton Drive
Wilmington 01887
Tel (508) 658-7100
FAX (508) 658-0977

Arrow/Schweber Electronics
Upton Dr

0900
FAX" (508) 694-1754

Avnet Computer

10 D Centennial Drive
Peabody 01960

Tel (505) 532-9822
FAX (508) 532-9887

Hamilton/Avnet

10 D Centennial Drive
Peabody 01960

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

Pioneer-Standard
Hartwell Avenue
Lexun ton 02173
Tel (617) 861-9200
FAX (617) 863-1547

Wyle Laboratories
15 Third Avenue
Burlington 01803
Tel (617) 272-7300
FAX (617) 272-6809

MICHIGAN

Arrow/Schweber Electronics
19880 Haggerty Road
Livonia 48152

Tel (800) 231-7902

FAX (313) 462-2686

Avnet Computer
41650 Garden Brook Rd #120

Novi 48:

Tel (313) 347-4067

FAX (313) 347-1820
Hamilton/Avnet

2876 28th Street, SW , #5
Grandville 49418

Tel (616) 531-0345

FAX (616) 531-0059

Hamilton/Avnet

41650 Garden Brook Rd , #100
Nowvi 48375

Tel (313) 347-4270

FAX (313) 347-4021

Pioneer-Standard
13485 Stamford Ct
Livonia 48150

Tel (313) 525-1800
FAX (313) 427-3720

MINNESOTA

Arrow/Schweber Electronics
10100 Viking Drive, #100
Eden Prairie 55344

Tel (612) 941-5280

FAX' (612) 829-8007

Avnet Computer

9800 Bren Road, East
Minnetonka 55343
Tel (612) 829-0025
FAX (612) 944-0638

Hamilton/Avnet

9800 Bren Road, East, #410
Minnetonka 55343

Tel (612) 932-0600

FAX' (612) 932-0613

Pioneer-Standard

7625 Golden Triange Dr , #G
Eden Praine 55344

Tel (612) 944-3355

FAX (612) 944-3794

MISSOURI

Arrow/Schweber Electronics
2380 Schuetz Road

St Louls 63146

Tel (314) 567-6888

FAX (314) 567-1164

Avnet Computer

741 Goddard Avenue
Chesterfield 63005
Tel (314) 537-2725
FAX (314) 537-4248

Hamilton/Avnet

741 Goddard
Chesterfield 63005
Tel (314) 537-4265
FAX' (314) 537-4248

NEW HAMPSHIRE

Avnet Computer

2 Executive Park Drive
Bedford 03102

Tel (800) 442-8638
FAX' (603) 624-2402

NEW JERSEY

Arrow/Schweber Electronics
4 East Stow Rd , Unit 11
Mariton 08053

Tel (609) 596-8000

FAX' (609) 596-9632

Arrow/Schweber Electronics
43 Route 46 East
Pine Brook 07058
Tel (201) 227-7880
FAX (201) 227-2064

Avnet Computer

1B Keystone Ave , Bldg 36
Cherry Hill 08003

Tel (609) 424-8962

FAX' (609) 751-2502

Hamilton/Avnet

1 Keystone Ave , Bldg 36
Cherry Hill 08003

Tel (609) 424-0110

FAX (609) 751-2611

Hamilton/Avnet

10 Lanidex Plaza West
Parsippany 07054

Tel (201) 515-5300
FAX (201) 515-1600

MT! Systems Sales
43 US'Rt 46
Pinebrook 07058

Tel (201) 882-8780
FAX' (201) 882-8901

*Self Certified Small Business per Federal Acquisition Regulations

Pioneer-Standard
14A Madison Rd
Fairfield 07004

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

NEW MEXICO

Alliance Electronics, Inc
10510 Research Ave , SE
Albuquerque 87123

Tel (505) 292-3360

FAX (505) 275-6392

Avnet Computer

7801 Academy Rd , SE
Bldg 1, Suite 204
Albuquerque 87109
Tel (505) 828-9722
FAX (505) 828-0364

Hamilton/Avnet

7801 Academy F!d NE
Bldg 1, Suite 2
Albuquerque 871 08

Tel (505) 828-1058
FAX' (505) 828-0360

NEW YORK
Arrow/Schweber Electronics

3375 Brighton Henrietta Townline Rd

Rochester 14623
Tel (716) 427-0300
FAX (716) 427-0735

Arrow/Schweber Electronics
20 Oser Avenue
Hauppauge 11788

Tel (516) 231-1000

FAX (516) 231-1072

Avnet Computer

933 Motor Parkway
Hauppauge 11788

Tel (516) 434-7443

FAX (516) 434-7459

Avnet Computer
2060 Townline Rd
Rochester 14623

Tel (716) 272-9110
FAX (716) 272-9685

Hamilton/Avnet

933 Motor Parkway
Hauppauge 11788
Tel (516) 231-9800
FAX (516) 434-7426

Arrow Commercial Systems Group

120 Commerce
Hauppauge 11788
Tel (516) 231-1175
FAX (516) 435-2389

Hamilton/Avnet
2060 Townline Rd
Rochester 14623

Tel (716) 475-9130
FAX (716) 475-9119

Hamilton/Avnet

Tel (315) 453-4000
FAX (315) 453-4010

MTI Systems

1 Penn Plaza

250 W 34th Street
New York 1011

Tel (212) 643-1280
FAX (212) 643-1288
Pioneer-Standard

68 Corporate Drive
Binghamton 13904
Tel (607) 722-9300
FAX (607) 722-9562

Ploneer-Standard
60 Crossway Park
Woodbury, Long Island 11797
Tel (516) 921-8700
FAX (516) 921-2143

Pioneer-Standard
840 Fairport Park
Fairport 14450

Tel (716) 381-7070
FAX (716) 381-8774

H AMERICAN DISTRIBUTORS (Contd.)

NORTH CAROLINA

Arrow/Schweber Electronics
5240 Greensdairy Road
Raleigh 27604

Tel (919) 876-3132

FAX (919) 878-9517

Avnet Computer

2725 Millorook Rd , #123
Raleigh 27604

Tel (919) 790-1735

FAX (919) 872-4972

Hamilton/Avnet

5250-77 Center Dr #350
Charlotte 28217

Tel (704) 527-2485
FAX (704) 527-8058

Hamilton/Avnet

3510 Spring Forest Drive
Raleigh 27604

Tel (919) 878-0819

FAX' (919) 954-0940

Pioneer Technologies Group
9401 L-Southern Pine Blvd
Charlotte 28273

Tel (704) 527-8188

FAX' (704) 522-8564

Pioneer Technologies Group
2810 Meridian Parkway, #148
Durham 27713

Tel (919) 544-5400

FAX (919) 544-5885

OHIO

Arrow Commercial Systems Group

284 Cramer Creek Court
Dublin 43017

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

Arrow/Schweber Electronics
6573 Cochran Road, #E
Solon 44139

Tel (216) 248-3990

FAX (216) 248-1106
Arrow/Schweber Electronics
8200 Washington Village Dr
Centerville 45458

Tel (513) 435-5563

FAX (513) 435-2049

Avnet Computer

7764 Washington Village Dr
Dayton 45459

Tel (513) 439-6756

FAX (513) 439-6719

Avnet Computer
2 Summit Park Dr , #520

FAX (216) 573 7404

Hamilton/Avnet

7760 Washmgton Village Dr
Dayton 45459

Tel (513) 439-6633

FAX (513) 439-6711

Hamilton/Avnet

2 Summit Park Dr , #520
Independence 44131

Tel (216) 573-7400
FAX (216) 573-7404

MTI Systems Sales

23404 Commerce Park Rd
Beachwood 44122

Tel (216) 464-6688

FAX (216) 464-3564

Pioneer-Standard

4433 Interpoint Boulevard
Dayton 45424

Tel (513) 236-9900

FAX (513) 236-8133

Pioneer-Standard

Tel (216) 587-3600
FAX (216) 663-3906
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OKLAHOMA

Arrow/Schweber Electronics
12111 East 51st Street, #101
Tulsa 74146

Tel (918) 252-7537

FAX (918) 254-0917

Hamilton/Avnet

12121 E 51st St, #102A
Tulsa 74146

Tel (918) 252-7297

FAX (918) 250-8763

OREGON

Aimac/Arrow Electronics
1885 N W 169th Place, #106
Beaverton 97006

Tel (503) 629-8090

FAX (503) 645-0611

Arrow Commercial Systems Group

1885 N W 169th Place
Beaverton 97006-7312
Tel (503) 629-8090
FAX (503) 645-0611

Avnet Computer

9150 Southwest Nimbus Ave
Beaverton 9700!

Tel (503) 627- 0900

FAX' (503) 526-6242

Hamilton/Avnet

9409 Southwest Nimbus Ave
Beaverton 97005

Tel (503) 627-0201

FAX (503) 641-4012

Wyle Laboratones
9640 Sunshine Court
Bldg G, Suite 200
Beaverton 97005
Tel (503) 643-7900
FAX (503) 646 5466

PENNSYLVANIA

Avnet Computer

213 Executive Drive, #320
lars 16046

Tel (412) 772-1888

FAX (412) 772-1890

Hamilton/Avnet

213 Executive, #320

Mars 16046

Tel (412) 772-1881

FAX (412) 772-1890

Pioneer-Standard

Tel (412) 782-2300
FAX (412) 963-8255

Pioneer Technologies Group
500 Enterprise Road

Keith Valley Business Center
Horsham 19044

Tel (215) 674-4000

FAX (215) 674-3107

TEXAS

Arrow/Schweber Electronics
3220 Commander Drive
Carroliton 75006

Tel (214) 380-6464

FAX (214) 248-7208

Arrow/Schweber Electronics
10899 Kinghurst Dr , #100
Houston 77099

Tel (713) 530-4700

FAX (713) 568-8518

Avnet Computer

4004 Beltline, Suite 200
Dallas 75244

Tel (214) 308-8168
FAX (214) 308-8129

Avnet Computer

1235 North Loop West, #525
Houston 77

Tel (713) 867-7580

FAX (713) 861-6851

Hamilton/Avnet
1826-F Kramer Lane
Austin 78758

Tel (512) 832-4306
FAX (512) 832-4315

Hamilton/Avnet

4004 Beltline, Suite 200
Dallas 75244

Tel (214) 308-8105
FAX (214) 308-8141

Hamilton/Avnet

1235 North Loop West, #521
Houston 77001

Tel (713) 861-8517

FAX (713) 861-6541

Pioneer-Standard
1826D Kramer Lane
Austin 78758

el (512) 835-4000
FAX (512) 835-9829

Pioneer-Standard
13765 Beta Road
Dallas 75244

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

Pioneer-Standard

10530 Rockley Road, #100
Houston 770!

Tel (713) 495 4700

FAX (713) 495-5642

Wyle Laboratories

1810 Greenville Avenue
Richardson 75081

Tel (214) 235-9953
FAX (214) 644-5064

Wyle Laboratories

4030 West Braker Lane, #420
Austin 78759

Tel (512) 345-8853

FAX' (512) 345-9330

Wyle Laboratories

11001 South Wilcrest, #100
Houston 77099

Tel (713) 879-9953

FAX (713) 879-4069

UTAH

Arrow/Schweber Electronics
1946 W Parkway Blvd

Salt Lake City 84119

Tel (801) 973-6913

FAX (801) 972-0200

Avnet Computer

1100 E 6600 South, #150
Salt Lake City 84121

Tel (801) 266-1115

FAX (801) 266-0362

Hamilton/Avnet

1100 East 6600 South, #120
Salt Lake City 84121

Tel (801) 972-2800

FAX (801) 263-0104

Wyle Laboratories

1325 West 2200 Soulh #E
West Valley 84

Tel (801) 974- 9953

FAX (801) 972-2524

WASHINGTON

Almac/Arrow Electronics
14360 S E Eastgate Way
Bellevue 98007

Tel' (206) 643-9992

FAX (206) 643-9709

Arrow Commercial Systems Group

14360 S E Eastgate Way

9:
FAX (206) 643 9709

Hamilton/Avnet

17761 N E 78th Place, #C
Redmond 98052

Tel (206) 241-8555

FAX (206) 241-5472

Avnet Computer
17761 N E 78th Place
Redmond 98052

Tel (206) 867-0160
FAX (206) 867-0161

Wyle Laboratories
15385 N E_90th Street
Redmond 98052

Tel (206) 881-1150
FAX (206) 881-1567

WISCONSIN

Arrow/Schweber Electronics
200N Palrlck43lvd , #100

FAX (414) 792 0156

Avnet Computer

20875 Crossroads Circle, #400
Waukesha 53186

Tel (414) 784-8205

FAX (414) 784-6006

Hamilton/Avnet

28875 Crossroads Circle, #400
Waukesha 53186

Tel (414) 784-4511

FAX (414) 784-9509

Pioneer-Standard
120 Bishop Way #163
Brookfield 53005

Tel (414) 784-3480
FAX (414) 784-8207

ALASKA

Avnet Computer

1400 West Benson Blvd , #400
Anchorage 99503

Tel (907) 274-9899

FAX (907) 277-2639

CANADA

ALBERTA

Avnet Computer

108 1144 29th Ave , NE
Calgary T2E 7P1

Tel (403) 291-3284
FAX (403) 250-1591

Zentronics

6815 8th Street N E , #100
Calgary T2E 7H7

Tel (403) 295-8838

FAX' (403) 295-8714

BRITISH COLUMBIA

Almac-Arrow Electronics
8544 Baxter Place

aby V5A 478
Tel (604) 421-2333
FAX (604) 421-5030
Hamilton/Avnet
8610 Commerce Court
Burnaby V5A 4N6
Tel (604) 420-4101
FAX' (604) 420-5376

®
NORTH AMERICAN DISTRIBUTORS (Contd.)

Zentronics

11400 Bridgeport Rd , #108
Richmond VéX 172

Tel (604) 273-5575

FAX (604) 273-2413

ONTARIO

Arrow Commercial Systems Group
1093 Meyerside Dr , Unit 2
Mississauga, Ontario

1
Tel (416) 670-7784
FAX (416) 670-7781

Arrow/Schweber Electronics
36 Antares Dr, Unit 100
Nepean K2E 7W5

Tel (613) 226-6903

FAX (613) 723-2018

Arrow/Schweber Electronics
1093 Meyerside, Unit 2
Mississauga L5T 1M4

Tel (416) 670-7769

FAX (416) 670-7781

Avnet Computer

151 Superior Bivd
Mississuaga L5T 2L1
Tel (416) 795-3895
FAX (416) 795-3855

Avnet Computer

190 Colonnade Road
Nepean K2E 7J5

Tel (613) 727-2000
FAX (613) 727-2020

Hamilton/Avnet

151 Superior Blvd
Mississauga L5T 2L1
Tel (416) 795-3835
FAX' (416) 564-6036

Hamilton/Avnet

190 Colonnade Road
Nepean

Tel (613) 226-1700
FAX' (613) 226-1184

Zentronics

1355 Meyerside Drive
Mississauga L5T 1C9
Tel (416) 564-9600
FAX (416) 564-8320

Zentronics

155 Colonnade Rd , South
Unit17/18

Nepean K2E 7K1

Tel (613) 226-8840

FAX (613) 226-6352

QUEBEC

Arrow/Schweber Electronics
1100 St Regis Blvd

Dorval HOP 2T5

Tel (514) 421-7411

FAX (514) 421-7430

Arrow Commercial Systems Group
500 Ave Street Jean Baptiste
Quebec City 2GE 5R9

Tel (418) 871-7500

FAX (418) 871-6816

Avnet Computer

FAX (514) 335 2490

Hamilton/Avnet
2795 Rue Halpern
St Laurent H4S 1P8
Tel (514) 335-1000
FAX (514) 335-2481

Zentronics

520 McCaffrey Street
St Laurent H4T 1N1
Tel (514) 737-9700
FAX (514) 737-5212
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FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

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

FRANCE

Intel Corporation S A R L
1, Rue Edison-BP 3

78054 St Quentin- en Yvellnes

Cedex
Tel (33) (1) 3057 70 00
FAX (33) (1) 30 64 60 32

EUROPEAN SALES OFFICES

GERMANY

Intel GmbH
Dornacher Strasse 1

8016 Feldkirchen bel Muenchen

Tel (49) 089/90992-0
FAX (49) 089/9043948

ISRAEL
Intel Semiconductor Ltd

Atidim Industrial Park-Neve Sharet

P O Box 43202
Tel-Aviv 43

Tel (97 ) 8080
FAX (972) 03\(491870

ITALY

Intel Corporation Itala S p A

Milanofion Palazzo E
20094 Assago

Milano
Tel (39) (2) 575441
FAX' (39) (2) 3498464

NETHERLANDS

Intel Semiconductor B V
Postbus 84130

3009 CC Rotterdam

Tel (31) 10407 11 11
FAX (31) 10 455 4688

RUSSIA

Intel Technologies, Inc
Krementshugskaya 6/7

TLX 612092 smail su

SPAIN

Intel Iberia S A
Zubaran, 28

28010 Madnd

Tel (34) (1) 308 2552
FAX (34) (1) 410 7570

SWEDEN

Intel Sweden A B.
Dalvagen 24

171 36 Solna

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

UNITED KINGDOM

Intel Corporation (U K') Ltd
Pipers Way

Swindon, Wlltshlre SN3 1RJ
Tel (44) (072: 000
FAX (44) (0793) 641 440

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

‘t*Bacher Electronics GmbH

Rotenmuehlgasse 26
A-1120 Wien

Tel (43) 222 81356460
FAX' (43) 222 834276

BELGIUM
1*Inelco Distribution

Avenue des Croix de Guerre 94

1120 Bruxelles
Tel (32) 2244 2811
FAX (32) 2 216 3304

*Diode Belgs

um
Keiberg I, Minervastraat, 14/B2

1930 Zaventem
Tel (32) 2725 46 60
FAX (32) 2725 45 11

DENMARK

*Nortec Electronics AS
Transformervej 17
DK-2730 Herlev

Tel (45) 4284 2000
FAX' (45) 4492 1552

1*ITT Multikomponent AS
Naverland 29

DK-2600 Glostrup

Tel (45) 4245 6645

FAX (45) 4245 7624

1*OY Fintronic AB
Herkkilantie 2a
SF-00210 Helsinki

Tel (358) 0692 6022
FAX (358) 0 682 1251

FRANCE

*Almex
48, Rue de I'Aubepine
BP 102

92164 Antony Cedex
Tel (33) (1) 4096 5400
FAX' (33) (1) 4666 6028

*Arrow Electronique
73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel (33) (1) 4978 4978
FAX (33) (1) 4978 0596

tMetrologie

Tour d'Asnieres

4, Avenue Laurent Cely
92606 Asnieres Cedex
Tel (33) (1) 40 80 90 00
FAX (33) (1) 47 91 05 61

*Tekelec

Cite des Bruyeres

5, Rue Carle Vernet-BP 2
92310 Sevres

Tel (33) (1) 4623 2425
FAX (33) (1) 4507 2191

*Technical Distributor
TVAD -

GERMANY

*Electronic 2000
Bauelemente GmbH
Stahlgruberring 12
8000 Muenchen 82

Tel (49) 89 42110-01
FAX' (49) 89 42110209

*Jermyn GmbH

Im Dachsstueck 9
6250 Limburg

Tel (49) 6431 5080
FAX (49) 6431 508289

tMetrologie GmbH
Steinerstrasse 15

FAX (49) 89 72447111

*Proelectron Vertriebs GmbH
Max-Planck-Strasse 1-3
6072 Dreieich

Tel (49) 6103 304343

FAX' (49) 6103 304425

‘FRein Elektronik GmbH
Loetscher Weg 66
4054 Nettetal 1

Tel (49) 2153 7330
FAX (49) 2153 733513

GREECE

‘tErgodata
Aigiroupoleos 2A

176 76 Kalithea

Tel (30) 19510922
FAX (30) 19593 160

*Poutiadis Associates Corp
Koumbart Street 5
Kolonaki Square

106 74 Athens

Tel (30) 13603 741

FAX (30) 136 07 501

IRELAND

T*Micro Marketing
Taney Hall

Eglinton Terrace
Dundrum

Dublin 14

Tel (353) (1) 298 9400
FAX (353) (1) 298 9828

ISRAEL

1*Eastronics Limited
Rozanis 11

P OB 39300

Tel Baruch

Tel-Aviv

Tel (972) 3 6458 777
FAX (972) 3 6458 666

ITALY

*Intesi Div_Della Deutsche
Dwisione ITT Industries GmbH

P | 06550110156
Milanofion Palazzo e5
20094 Assago (Milano)
Tel (39) 2824701

FAX (39) 2 8242631

*Lasi Elettronica

P | 00839000155

Viale Fulvio Tesll N 280
20126 MI

Tel (39) 2 661431

FAX (39) 266101 385

{Telcom

Via Trombetta

20090 Segrate-Milano
Tel (39) 2216 061
FAX (39)2213 8010

NETHERLANDS

Datelcom
Computerweg 10-16
3600 BD Maarsen

Tel (31) 3465 95222
FAX (39) 3465 71245

*Diode Components
Coltbaan 17

3439 NG Nieuwegein
Tel (31) 340291234
FAX (31) 3402 3 59 24

1*Koning en Hartman
Energleweg 1

2627 AP Delft

Tel (31) 15 609 906
FAX (31) 15619 194

NORWAY

‘tComputer System Integration A/S

Postbox 198

N-2013 Skjetten

Tel (47) 68454 11
FAX (47) 6 84 53 10

*Nortec Electronics A/S
Postboks 123
Smedsvingen 4
N-1364 Hvalstad

Tel (47) 284 6210
FAX (47) 284 6545

PORTUGAL
*ATD Electronica LDA

Rua dr Fana de Vasconcelos, 3a

1900 Lisboa
Tel (351) (1) 847 2200
FAX (351) (1) 847 2197

tMetrologia Ibenca Portugal
Rua Dr Fana de Vasconcelos 3A

1900 Lisboa
Tel (351) (1) 847 2202
FAX (351) (1) 847 2197

SOUTH AFRICA

E
PO Box 912-1222
Silverton 0127
178 Erasmus Street
Meyerspark
Pretoria 0184
Tel (27) 12 803 7680-93
FAX (27) 12 803 8294

SPAIN
*ATD Electronica

Avenue de la Industria, 32, 2B

28100 Alcobendas
Madnid

Tel (34) (1) 661 6551
FAX (34) (1) 661 6300

‘tMetrologia Ibernca
Avda Industna, 32-2
28100 Alcobendas

Madnid
Tel (34) (1) 661 1142
FAX (34) (1) 661 5755

SWEDEN

“ITT Muttikomponent AB
Ankdammsgatan 32
Box 1330

$-171 26 Solna

Tel (46) 8 830020

FAX (46) 827 13 03

'Norlec Elektronics AB
830

S- 171 27 Solna

Tel (46) 8705 %800

FAX (46) 883 6918

tNortelco AB

Box 184

S-123 23 Farsta

Tel (46) 8 705 18 00
FAX (46) 8 735 2373

SWITZERLAND

$IMIC Microcomputer
Zurchstrasse
CH-8185 Winkel-Ruti
Tel (41) (1) 8620055
FAX (41) (1) 8620266

#*Industrade A G
Hertistrasse 31
CH-8304 Wallisellen
Tel (41) (1) 8328111
FAX (41) (1) 8307550

TURKEY
*Empa Electron

ic
34630 Besyol Londra Asfalti
Florya Is Merkez: Sefakoy

Istanbul
Tel (90) (1) 599 3050
FAX (90) (1) 598 5353

UNITED KINGDOM

"Arrow Electronics
St Martins Business Centre

Tel (44) 234 270272
FAX (44) 234 211434

*Avnet EMG Ltd

Jubilee House

Jubilee Road

Letchworth
Hertsfordshire - SGG 1QH
Tel (44) 462 488 51

FAX' (44) 462 488 567

*Bytech Components
12a Cedarwood
Chineham Business Park
Crockford Lane
Basingstoke

Hants RG12 1IRW

Tel (44) 256 707 107
FAX' (44) 256 707 162

1Bytech Systems

5 The Sterling Centre
Eastern Road
Bracknell

Berks - RG12 2PW
Tel (44) 344 55 333
FAX (44) 344 867 270

*Jermyn Electronics
Vestry Estate

Otford Road
Sevenoaks

Kent TN14 5EU

Tel (44) 732743 743
FAX (44) 732 451 251

tMetrologie VA
Rapid House
Oxford Road

2
Tel (44) 494 526 271
FAX (44) 494 452 144

*MMD/Rapid Ltd
Rapid Silicon

3 Bennet Court
Bennet Road

Reading

Berks - RG2 0QX

Tel (44) 734 750 697
FAX (44) 734 313 255
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