
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































|nte| FAULT-TOLERANT I/0O CONSIDERATIONS

each transducer may vary just enough to cause an error if the outputs were compared. Other examples
include an Ethernet™ controller, which cannot guarantee identical output 81gnals or an interrupt
controller where the signals are asynchronous to the system clock.

An I/O system that operates asynchronously or that cannot reproduce identical signals when it is
replicated must use a different method to attain fault-tolerant operation. To achieve a fault-tolerant
1I/O module under these conditions, one design approach may interface an FRC pair to a single 1/0
system. The FRC pair forms the boundary for the I/O module confinement area to ensure that the
data entering the I/O module is error-free. The single I/O system eliminates the problem of similar,
but not exact output signals from duplicated peripherals. Thus, the design consists of interfacing two
synchronous L-buses to a single asynchronous I/O system. The next section considers the guidelines
for designing this type of interface.

FAULT TOLERANT I/O SYSTEM

Figure 15-2 shows an example of an asynchronous I/O interface to an 80960 fault-tolerant system.
This system consists of an I/O peripheral, a synchronizer, two passive /O interface circuits, two
comparators, a memory array, two IAC generators, and an FRC master/checker pair. Except for the
IAC generator logic and memory array, each of the logic blocks above are described in separate
sections. See Chapter 9 for details on the IAC generator.

In a typical sequence of events, the I/O device sends data to the local memory and triggers the IJAC
generator to send an “Interrupt” IAC to the 80960MC processor. The 80960MC processor responds
by performing a read operation on the local I/O memory.

FRC Pair

By pairing two BXUs, the FRC detection mechanism can be used to compare AP-bus signals for data
inconsistencies. The FRC pair checks the AD -AD SPEC SPEC MODCHK, and BOUT lines
as the signals flow to and from the AP-bus ensurmg that the s1gnals are correct. The address and data
from the I/O device, however, may not be able to be checked if these signals originate from a single
1/0 device, rather than two identical I/O devices (the data cannot be compared). Consequently, an
1/0 system that is not replicated should not be able to access the AP-bus.

Passive Interface Circuit

To prevent undetected corrupt data flowing from the BXU onto the AP-bus, the passive interface
circuit does not permit the I/O peripheral to access the L-bus and hence, the AP-bus. This statement
does not imply that the I/O module must be polled by the 80960MC processor. It simply means that
any data transmitted to the AP-bus must originate in the synchronous confinement areas of the master
and checker, such as an IAC Generator. Two L-buses are used in order to ensure that logic failures
on the L-bus are detected. Thus, there is a passive interface circuit for each L-bus.
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Figure 15-2: Asynchronous /O Interface

Synchronizer

The synchronizer makes the signal assertions from the I/O device synchronous to the system clock.
All of the synchronizer outputs are connected to both the master and checker. Otherwise, FRC
failures may occur at the AP-bus interface if the signals arrive at the interface at slightly different
times. Synchronizers can be replicated provided that the signal outputs are connected to both the
master and checker.

Figure 15-3 shows an example of a synchronizer for the READY signal. The two stages of the
synchronization circuit reduces the metastable effects. Both synchronous READY signals must be
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connected to both BXUs. TwoREADY signals provide fault detection, more READY signals would
provide fault masking. The FRC interface should provide a time-out capability to guard against
receipt of only one READY signal.

ASYNCHRONOUS READY, —>»1 D Q

~D

— SYNCHRONOUS READY,

\
o
[+]

Y
N

L ]
o
[+]
M
o
)

ASYNCHRONOUS READY, [=— SYNCHRONOUS READY,

CLOCK =@
271079-198B

Figure 15-3: Synchronization Circuit

The outputs of each synchronizer should be connected to both the master and checker because the
logic of each synchronizer can respond to the same clock signal at different times. For example,
consider the synchronizer in Figure 15-4. Each synchronizer requires a setup time of 10 ns. If a signal
arrives in less than 10 ns, one logic circuit may respond, while the other may not, due to variations
in the device response times. If both outputs were not sent to both the master and checker pair, the
master may have received a synchronizing command, while the checker may not have. Conse-
quently, an error report would be generated. By routing both signals to each BXU in the master/
checker pair, an error is not generated because each component receives the same sequence of
signals.

1/0 System

A fault-tolerant I/O system must ensure two actions: it must not corrupt the rest of the system by
sending inaccurate data, and it must perform the intended function (for example, a motor must move
the commanded degrees).

To comply with the first requirement, FRC pairs can be used to detect any failure on the L-bus or by
the BXU in the I/O module. The passive interface and software checks can be used to prevent
addresses and data (passively generated by the I/O module) from corrupting the system. The I/O
module can be active (initiate requests without being commanded by a processor or other device),
if it issues a request from a redundant source. For example, two IAC generators can be located on
each L-bus (one generator per bus). In this manner, the I/O system cannot place data at a random
address in which software cannot check.
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The second requirement is a system design issue that applies fault-tolerant design techniques to the
I/O destination subsystems. Because there is a broad range of I/O systems available, this fault-
tolerant design consideration is beyond the scope of this manual.

1/0 SIGNAL(S) D' Q > D Q >

MASTER
INTERFACE
. > > > CIRCUIT

D? Q > D Q

CHECKER

INTERFACE
T—» > : > CIRCUIT
2 4

\

CLOCK

271079-199B

Figure 15-4: Synchronization Circuit Example
Comparators

The comparators perform clock-by-clock checking on every signal passing across the passive
interface (this also implies that the passive interface must be synchronous). The comparators
themselves need not be fault-tolerant since they are replicated. However, they should have some
fault-tolerant way of reporting errors. For example, if a master comparator detects an error caused
by the master BXU, and then reports the error to the master BXU, the error report may not be
propagated. Errors at the I/O confinement area interface should be reported to both the master and
checker to ensure errors get reported in case of an L-bus failure.

The comparator ensures that output data and the control signals are correct. The comparator checks
signals on a clock-by-clock basis. Under normal operation, the comparators check the information
as it flows to or from the L-bus from or to the I/O-bus. If the I/O system and BXUs place data on
each side of the comparator, potential conflicts may occur. These conflicts are resolved by designing
communication lines between each comparator, similar to the BOUT line between the FRC BXUs.
This connection ensures that when activity on the L-bus and I/O-bus coexist, an error is not generated.

Design Issues
There are several issues that arise when designing a fault-tolerant I/O system. These issues are totally

dependent upon the design goals and implementation. Consequently, the following issues are listed
to serve as a checklist.
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»  The fault-tolerant design should be kept in balance. For example, if the I/O system has a long
mean time between failure (MTBF) compared to the interface circuit, then it makes sense to
implement a fault-tolerant interface circuit. If, however, the MTBF of the I/O system is low, then
it may not be worth the effort to ensure that the interface circuit has a high MTBF.

* A policy should be devised concerning latent errors and diagnostic tests. The design may
incorporate some method to exercise the fault-tolerant circuitry to ensure that it operates
correctly.

«  Anyread or write request to the I/O module must be terminated at the BXU with a valid READY
signal. If the I/O system fails during a read or write operation, the BXU sends aRPYDEF signal
indefinitely because it does not receive a READY signal. This action effectively uses one-third
of the total AP-bus bandwidth.

« Decisions need to be made whether to have one interface circuit drive the I/O-bus at all times
or alternate the passive I/O interface circuits on a clock-by-clock basis.

QMR I/O

The QMR configuration is based upon marrying two identical synchronous FRC pairs by software.
Because asynchronous I/O systems cannot be truly configured as FRC pairs, the QMR configuration
described in Chapters 10 through 13 cannot be used. Alternative methods are needed to construct
a fault-tolerant I/O system using asynchronous peripherals.

Figure 15-5 shows one alternative that implements two FRC pairs each of which interfaces to an I/
O system. For this configuration, the two FRC pairs function as independent I/O systems. Software
is responsible for the comparison of signals, detection of errors, and recovery from the errors.

To illustrate the use of non-married FRC pairs, Figure 15-6 shows an example of a motor controller
with redundant transducers and control switches. The analog shaft position signals from the
transducers are applied to the synchronizers. The outputs of the two synchronizers of each FRC pair
are connected to both passive interface circuits to ensure that the BXUs remain in lockstep. The
passive interface should be designed to be fail-safe (i.e., it automatically opens the switch when a
module failure is detected). The serial/parallel configuration of the switches provides FRC checking
on the I/O passive outputs (the bus switches must be closed to turn on motor). This setup guards
against a failure of a single module because there is a redundant pair of switches to turn off the motor.

The 80960MC processor can either poll the I/O system, or the I/O system can send an “Interrupt” IAC
to the 80960MC processor. Ineither case, the 80960MC canread the data at the I/O system to perform
software voting or averaging. Based upon the results, the 80960MC processor issues a command to
open or close the motor switches.

HANDLING INTERRUPTS IN FAULT-TOLERANT SYSTEMS

Interrupts within a fault-tolerant system can be categorized into two classes: those generated by
devices local to the interrupted processor, such as timers; and those generated by remote devices,
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such as sensors. The former are generally synchronized with the system clock, while the latter are

inherently asynchronous.

170 170
SYNCHRONIZER SYNCHRONIZER

1 1/0-BUS 1 l 1/0-BUS l

PASSIVE PASSIVE PASSIVE PASSIVE
INTERFACE INTERFACE - INTERFACE INTERFACE

CIRCUIT CIRCUIT CIRCUIT CIRCUIT

I L-BUS I L-BUS I L-BUS I L-BUS

MODCHK MODCHK
BXU BXU —
BOUT BXU BOUT BXU
AP-BUS
271079-200B

Figure 15-5: Alternative to a QMR I/O System

The synchronous interrupt sources can be replicated and designed to use the on-chip interrupt
controllers in each of the replicated processors. This method of handling synchronous interrupts
preserves the system’s fault tolerance.

Asynchronous interrupt sources, however, cannot be connected to the interrupt controllers of
replicated processors without compromising the system’s fault tolerance. This is because interrupts
arriving at slightly different times could cause the replicated processors to go out of synchronization.
Moreover, the differences in setup and response times of the duplicated interrupt logic could cause
the processors to go out of synchronization.
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Figure 15-6: 1/0 Example of Soft QMR I/O System
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Consequently, asynchronous interrupts must be isolated from the rest of the fault-tolerant 80960
system. The isolation can be attained by generating the “Interrupt” IAC on the L-bus. This IAC
causes the 80960MC processor to respond to the interrupt assuming that it has a higher priority than
the current process. Thus, an agent on the I/O subsystem L-bus must accept interrupts and generate
their associated IAC messages. This function can be performed by another 80960MC, or by an IAC
Generator if the power of the processor is not required (see Chapter 9, “The IAC Generator” section
for more details on this circuit).

SUMMARY

The fault-tolerant facilities of the BXU are used for synchronous, reproducible I/O systems. For
asynchronous or non-reproducible I/O systems, a fault-tolerant configuration can be built by using
non-married FRC pairs to form a redundant I/O system with data comparisons done by software. The
FRC pairs check the data to the AP-bus and software routines must ensure that no corrupt data leaves
the I/O system. The interface between the I/O system and FRC pair includes a passive circuit and
asynchronizer. Anactive I/O system must guarantee that no corrupt data or addresses are transmitted
to the AP-bus. Two FRC pairs can be used to form a redundant I/O system with software performing
the error detection and recovery.
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APPENDIX A
BXU REGISTERS AND COMMANDS

The BXU has various programmable registers and commands that provide a flexible interface to the
systems software. Table A-1 shows a summary of all the registers and commands in the BXU, and
table A-2 provides a memory-map of all the BXU’s registers. This appendix provides the details of
each register and command, which are listed in alphabetical order (the name of the register or
command is listed on the top of the page).the page).

If a software program needs to modify a single register bit, it normally reads the entire contents of
the register, modifies the appropriate bit, and writes back the entire contents. This process functions
properly as long as hardware does not modify the register bits while software performs this read-
modify-write operation. For those register bits that hardware can modify at any time, the BXU
provides a Write-Enable control bit that protects the specified bit from changing during the read-
modify-write operation. In this way, if hardware changes a bit in the register during a read-modify-
write operation, the software does not rewrite the protected bit.

The Write-Enable is turned on or off by the value of the data word in the write operation.
Consequently, during a read operation, the Write-Enable bitdoes not provide data. The datareturned
in this bit position is equal to the corresponding address bit that was used to access the register request.
Thus, bits designated as “don’t care” bits may have different values when the register is read using
different types of IACrequests. To insure consistent operation, software should mask all bit positions
that are “don’t care” before using the data.

Typically, the BXU registers are written during initialization and system configuration. Registers
can be modified during normal operation, but care must be exercised to maintain correct operation
of the BXU. The following lists specify the restrictions on register write operations. See the register
definitions in this appendix for descriptions of the contents of the registers and for any effects that
occur because of register modifications.

The registers listed below may be written at any time without any restrictions, although the optimum
time to write to the Arbitration-ID register is when there are no outstanding requests.

e Arbitration-ID (write-only)
« COM

o IAC-Message-Buffer

e Processor-Priority

o Test-Detection

e Test-Type
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Table A-1: Summary of BXU Registers and Commands

AP-Bus Interface (2)

L-Bus Interface

Register Address Register Address
PHYSICAL-ID 040, PHYSICAL-ID (LOCAL) 140,
LOGICAL-ID 044, LOGICAL-ID (LOCAL) 144,
COMPONENT-SPECIFIER (1) 048, LBI-CONTROL 148,
ARBITRATION-ID (1) 048, SYSTEM-BUS-ID 14Cy
CcoM 04C,, CACHE-CONFIGURATION 150,
AP-CONTROL 050, CACHE-TEST 154,
FT1 054, LOCAL-BUS-TEST 158,
MAXTIME 058, MATCH, 160,
FRC-SPLITTING-CONTROL 05C, MASK, 164,
TEST-DETECTION 060, MATCH, 168,
FRC 064, MASK, 16Cy
AP-MATCH 068, MATCH, 170,
AP-MASK 06C, MASK; 174,
PRIVATE MEMORY MATCH 178,
NOTES: .
O Aoitration D (wrteconly) are physically two | _ PFIVATE MEMORY MASK 7Gx
separate registers that share a common address.
(2) The AP-Bus interface registers are the only Command Address
registers that can be addressed using access
mode. INVALIDATE-CACHE 15Cy
Memory
Register Address
LOCK 300,
Externally Mapped
Registers (Reserved 340,-37C,

A-2
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Table A-1: Summary of BXU Registers and Commands (cont.)

IAC Message Support Prefetch
Register Address Register Address
PROCESSOR-PRIORITY, 000, PREFETCH-CONTROL 240,
PROCESSOR-MESSAGE, 010,-01C,
PROCESSOR-PRIORITY, 020,
PROCESSOR-MESSAGE, 030,,-03C,,
Fault Tolerance
Prefetch Buffer Registers
Register Address
Channel | - Buffer Word Address
TEST-TYPE 0CO0,
0 0 0 3C0,
SPOUSE-ID 0C4,
0 0 1 3C4,
QMR 0EQ,
0 0 2 3C8,
MODULE-ERROR-ID 0E4,
0 0 3 3CCy
BUS-ERROR-ID OES8,,
0 1 0 3D0,
ERROR-LOG 0EC,
0 1 1 3D4,
ERROR-RECORD 0FO0,
0 1 2 3D8,,
FT2 OF4,,
0 1 3 3DCy
Command Address
1 0 0 3EO,
TEST-REPORT 104,
1 0 1 3E4,,
PRIMARY-CATASTROPHE 108,
1 0 2 3E8,
SHADOW-CATASTROPHE 10C,
1 0 3 3EC,
TERMINATE-PERMANENT 110
1 1 0 3F0, ERROR-WINDOW "
1 1 1 3F4, ATTACH-BUS 114,
1 1 2 3F8, DETACH-BUS 118,
1 1 3 3FCy SYNC-REFRESH 11C,
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Table A-2: M80960MC/M82965 Register Map

Register Contents
Internal
Register Function Dest Addr (H)
(10BitField) | 3 212 111 ofo 0
1 4 3 6 5 8 7 (o]

Processor Priority 0 000 PPPP PWVF
* 004
* 008
* 0oC
Processor Message 0 010
Processor Message 0 014
Processor Message 0 018
Processor Message 0 01C
Processor Priority 1 020 PPPP PWVF
* 024
* 028
* 02C
Processor Message 1 030
Processor Message 1 034
Processor Message 1 038
Processor Message 1 03C
Physical-ID 040 kccccce
Logical-ID 044 uuuuuy
Read = Component-Specifier 048 Read TTT TTTSSSSS
Write = Arbitration ID 048 Write ppcccc
Com 04C cceececcec cceececcce cceececcec ccecececece
AP-Control 050 WADRRS
FT1 054 WACIEB
Maxtime 058 WTMMMM
FRC-Splitting Control 05C WMWPSF
Test Detection 060 WTFFRR
FRC 064 WRMCTHM
AP-Match 068 BBBBBBBB BBEBBBB 11 E
AP-Mask 06C MMMMMMMNM MMMMMM NN
* 070
* 0BC
Test Type 0Co TTTT TTTTTTTT TTTTTTTIT
Spouse ID 0Cc4 $55555SS
* 0cs
* oDC
QMR OEO PSWSTWME
Module Error ID OE4 ccececcece SSSSSSSP
Bus Error ID OE8 000000BB §SSSSSSP
Error Log 0EC EC CVTTTTTP ccececcce S555SSSP
Error Record OF0 VITTTTP ccececcecceccc §555SSSP
FT2 OF4 S WFCWBR
* OF8
* 100
Test-Report Command 104
Primary-Catastrophe Command 108
Shadow-Catastrophe Command 10C
Term-Perm Err Wind Command 110 Data Word Ignored
Attach-Bus Command 114
Detach-Bus Command 118
Synch-Refresh Command 11C
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Table A-2: M80960MC/M82965 Register Map (cont.)

Register Contents

Internal
Register Function Dest Addr (H)
(10 Bit Field) | 3 2|2 111 ° o
1 4 3 6 5 7 [s]
. 120
. 13C
Physical-ID (Local) 140 Keccece
Logical-ID (Local) 144 yuuuuu
LBI-Control 148 EODBIINN
System-Bus-ID (Read-only) 14C SS
Cache-Configuration 150 ETTYIL
Cache-Test 154 WHMHM
Local-Bus-Test 158 MPIARNTC
Invalidate-Cache Command 15C ﬁ ata Word Ignore;
Match 0 160 BBBBBBBB BBBBBB CSFF
Mask 0 164 MMMMMMMM MMMMMM
Match 1 168 BBBBBBBB BBBBBB CSFF
Mask 1 16C MMMMMMMM MMMMMM
Match 2 170 BBBBBBBB BBBBBB CSFF
Mask 2 174 MMMMMMMM MMMMMM
Private Memory Match 178 BBBBBBBB BBBBBB 3
Private Memory Mask 17C MMMMMMMM MMMMMM
. 180
. 23C
Prefetch-Control 240 EAA
* 244
* 2FC
Lock 300 FTWLLLL
* 304
: 33C
340
Externally Mapped :
Registers Reserved .
Memory Controller .
37C
* 380
. 3BC
Channel Buffer Word
3C0 0 0 0
3C4 0 0 1
3C8 0 0 2
3CC 0 0 3
3D0 0 1 0
3D4 0 1 1
308 0 1 2
Prefetch Buffer 3DC 0 1 3
Registers 3E0 1 0 0
3E4 1 0 1
3E8 1 0 2
3EC 1 0 3
3F0 1 1 0
3F4 1 1 1
3F8 1 1 2
3FC 1 1 3

-

Indicates address not used
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The following registers cannot be written during normal operation. Those registers that are not read-
only can only be written when there is an IAC request pending to this BXU. Violating this restriction
may cause incorrect or unexpected BXU operations to occur.

e AP-Match

e AP-Mask

e Bus-Error-ID

»  Cache-Configuration

e Component-Specifier (read-only)
e Error-Log

e Error-Record

e FRC-Split-Control

« FTI

e LBI-Control

»  Local-Match

e Local-Mask

e Logical-ID

e Module-Error-ID

e Physical-ID

e Prefetch-Control

e System-Bus-ID (read-only)

The final set of registers consists of special cases. Most of these registers contain bits that may be
modified and other bits that may not be changed during normal operation. The bits that cannot be
written during normal operation are either protected with Write-Enable control bits or not writable
by software (except for the Bus-Switch-Disable bit in the AP-Control register which is not protected
by the Write-Enable control bit). The parentheses below enclose the control bits or fields that can
be changed during normal operation.

e AP-Control (only the COM-Altered bit)

*  FRC (only the Toggle-M/C and Access-Master/Checker bits)
e FT2 (only the Force-Correct bit)

e Lock (only the Lock-Timed-Out bit)

e Maxtime (only the Maxtime bits for on-line repair)

e OMR (only the Toggle-P/S and Access-P/S bits)

e Spouse-ID (only Spouse-ID field when not married)
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The access mode of a Logical Address IAC can only be used to address the AP-bus registers.

The address notation utilized throughout this appendix is the hexidecimal representation of the
Internal Destination field (bits 0-9) of a Register Request IAC.
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Descriptions of the Registers and Commands

AP-Control Register (Address 050,)

This register is the general control and status register of the BXU’s AP-bus interface. This register
may be written during normal operation of the BXU. Figure A-1 describes the contents of the register
bits.

A, JAJD}JR]JR]S CONTROL BITS

=10]JO0]=1-=1]0] RESETDEFAULT VALUES

A A t
BUS-SWITCH-DISABLE
RESERVED FOR FUTURE PRODUCT PROLIFERATIONS

RESERVED FOR FUTURE PRODUCT PROLIFERATIONS

DRIVE-COM

COM-REGISTER-ALTERED

WRITE ENABLE FOR COM-REGISTER-ALTERED BIT

271079-202

Figure A-1: AP-Control Register Contents

Bit Descriptions

Bus-Switch-Disable 1 = Setting this bit to a value of one disables the bus switching
function. The RPYDEF signal resets the bus time-out and
places the request currently at the front of the bus pipeline at the
end of the pipeline.

0 = Setting this bit to a value of zero enables the bus switching
function. The RPYDEEF signal is used only to disable the bus
time-out. No reordering of the bus pipeline occurs.

Drive-Com 1 = Software may set this bit to force the COM pin to be asserted.

0 = The COM pinis notasserted (if the Faultybitin the FT2 register
is set, the BXU drives the COM pin low regardless of this
setting).

This bit defaults to a value of zero.
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COM-Register-Altered 1 = This setting indicates that the contents of the COM register has
changed from the time the COM-Register-Altered bit was last
cleared.

0 = This setting indicates that the COM register has not changed.
This bit defaults to a value of zero.

Write Enable for .
COM-Register-Altered Bit 1 = This setting allows a write operation to the COM-Register-
Altered bit.

0 = This setting does not allow a write operation to alter the COM-
Register-Altered bit.
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AP-Mask and AP-Match Registers
(Address 06C, and 068,)

The bits in the AP-Match register are compared against the corresponding bits in the AP-bus address
cycle, and determine which partition of the address space is recognized by an individual BXU. The

AP-Match register is also used with the AP-Mask register to control the interleave factor. The AP-

Mask and AP-Mask registers create an AP-bus address recognizer.

If a bit in the AP-Mask register is cleared, it causes the corresponding bit position in the AP-Match

register to be ignored during comparisons.

The AP-Mask register should always be setup before the AP-Maich register is
enabled. The AP-Mask register defaults to a register value of zero. If the AP-Mask register is not

changed before the AP-Match register is enabled, then the BXU matches on all AP-bus requests

(memory and IAC requests).

Figure A-2 describes the contents of the register fields and bits.

31 18
MIMIMIm[mMIMIM[M[MMIM[M MM
[e]s[8]B[B[B[B[B|B[B[B[B][B]BE:

] MASK REGISTER FIELDS

T e] MATCH REGISTER FIELDS AND
- CONTROL BIT

[oJoJofo[o[o[o[ofo]o[o[0]0]0f RESET DEFAULT VALUES
L ]
|
ENABLE
INTERLEAVE-CONTROL
RECOGNIZE
271079-203

Figure A-2: AP-Mask and AP-Match Register Contents

Field and Control Bit Descriptions

Recognize For the AP-Mask register, each bit(M) in this field that is set causes

the AP-bus address bit to be compared against the corresponding
AP-Match register bit. If a bit is cleared, then that bit position is a
“don’t care” during address recognition.

For the AP-Match register, each bit(B) that is set in this field is
compared against the corresponding bits in AP-bus address cycles.
Thus, these bits provide an address for the partition of memory that
is recognized by this address recognizer.

Interleave-Control These two bits(N) determine the interleaving factor and matching

for recognizer in the AP-bus Interface. Table A-3 shows the impact
of the different configurations of these bits.

A-10



intal

APPENDIX A

Table A-3: Interleave-Control Bit Settings for Different Configurations

Mask Bits Match Bits® AD,, AD, Required for Match’

00 XX xx (no interleaving)

01 x0 x0 (2 way interleaving)

01 x1 x1 (2 way interleaving)

10t XX XX

11 00 00 (4 way interleaving)

11 01 01 (4 way interleaving)

11 10 10 (4 way interleaving)

11 11 11 (4 way interleaving)
NOTES:
*  “x” designates a ‘‘don’t care” value.
1 illegal
Enable Bit 1 = Both the AP-Mask and AP-Match registers are enabled if the
(Match Register Only) AP-Inactive bit in the FT1 register and the Faulty bitin the FT2

register are both zero. If either of these bits is aone, then the AP-
Mask and AP-Match registers are disabled independent of the
state of this enable bit.

0 = This address recognizer is disabled.

This bit can also be set by the fault tolerance logic as a result of
receiving a Sync-Refresh error report.
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Arbitration-ID Register (Address 048,)

‘When the BXU needs to issue arequest on the AP-bus, it must actively arbitrate for the bus. The way
in which it arbitrates is determined by the contents of this register.

The 80960MC processor can only write to this register (a read operation to this address reads the
contents of the Component-Specifier register). Since only write operations are performed to this
register, configuration software should establish a relationship between the contents of the Arbitra-
tion-ID register and some other readable register (for example, the Logical-ID register). Figure
A-3 describes the contents of the register fields.

bjpjcjcjicjc FIELDS

ojojojojojo RESET DEFAULT VALUES

DRIVE 271079-204
Figure A-3: Arbitration-ID Register Contents
Field Descriptions
Count The Count field determines how many time-step intervals ARB, is

asserted during arbitration. The Count field also determines the
time-step interval in which the BXU asserts the arbitration line
specified by the Drive field (see Drive field description below). The
default value for the Count field is fixed in each component. The
Count field is loaded by an Identify Device Order with bits O through
3 of the second data word. The Count field defaults to a value of zero
at RESET.

Drive The Drive field determines which arbitration line (ARB,, ARB , or
ARB)) to assert during the time-step interval specified by the Count
field. The Drive field indicates the agent’s priority in that time-step
interval: the ARB, line has the highest priority, followed by ARB ,
then ARB,. The mapping of the arbitration lines is shown in Table
A-4. The Drive field defaults to a value of zero at RESET.

The default value for the Drive field is set for each component. This
field is loaded by an Identify Device command with bits 4 and 5 of
the second data word.
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Table A-4: Mapping of ARB,-ARB, to the Drive Bits

Drive Field Arbitration Line
0 ARB,
0 ARB,
1 ARB,
1 ARB

n
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Attach-Bus Command (Address 114,)

This command causes the identified bus to be attached to the system and become active. A write
operation to this register location causes the BXU to generate an Atfach-Bus error report, using its
Bus-Error-ID register for the Location-ID field. The data word sent with the write request is ignored.
Before sending this command, software should set the Sequence bits in the Match registers of the
BXU and disable the prefetch function.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this
command. Before setting the Testing-Enable bit, there should be a single bit with the value of one
in the COM register.
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Bus-Error-ID Register (Address OES8,)

This register provides the Location-1D field for error reports that originate in an AP-bus confinement
area. The Location-ID field is comprised of the Source-ID and the Confinement-ID fields of this
register. Figure A-4 describes the data fields and the control bits of this register. The Confinement-
ID field is used for the error report message when the error occurs on the bus of this BXU. The
Confinement-ID field, however, cannot be read or written by means of this register. The Confine-
ment-ID may be changed by modifying the System-Bus-ID register.

FIELDS AND CONTROL BIT
RESET DEFAULT VALUES

7 1
S|S|S[S|S[S]|S
0j0j0|0j0|Of0O

J

|—>°'Uo

N\ N
Y e ID-PARITY
[ £t SOURCE-ID }
LOCATION-ID
CONFINEMENT-ID
* LOADED FROM THE SYSTEM-BUS-ID REGISTER 271079-2058
Figure A-4: Bus-Error-ID Register Contents
Field and Control Bit Descriptions
ID-Parity Bit This bit provides even parity for the Source-ID and Confine-

ment-ID fields in this register. When software loads new values
into these fields, it must also load the ID-Parity bit to ensure that
there are an even number of bits with the value of one in this 16-
bit register.

Source-ID This 7-bit field uniquely identifies a BXU within a confinement
area. Software must assign a value to this field. Software uses
the Source-ID field in the Error-Log register to specifically
identify which BXU (or Master/Checker pair) had issued the
erTor report message.

Confinement-1D This 8-bit field is not directly a part of the Bus-Error-1D register
because the field cannot be read or written using this register
address. The Confinement-ID field uniquely identifies a con-
finement area within the system. The BXUs use this value in the
error report messages to determine which recovery actions to
take. This register is used when the BXU reports an error in its
bus confinement area.
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Bits 8 and 9 of this register are loaded from the AP-Bus-ID field
in the System-Bus-ID register at RESET. Thus, this field has
the correct identification value at all times. The ID-Parity bit,
however, may not be correct at RESET time. This means that
the BXUs should not send any error reports until the parity bit
is set correctly by software (the BXUs are able to respond
correctly to error report messages). This is important software
consideration for the initialization processor that boots the rest
of the system.)
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Cache-Configuration Register (Address 150,)

The control bits in this register together with the control bits of the LBI-Control register determine
the cache configuration. The Cache-Configuration register specifies the directory organization and
timing options; the LBI-Control register specifies the interleaving factor. Figure A-5 describes the
contents of the register fields and control bits.

FIELD AND CONTROL BITS

RESET DEFAULT VALUES

o

I'—>°l—o

LINE-CONFIGURATION
IGNORE-INTERLEAVE-CONTROL

WAY,-OUTPUT

TIMING-OPTIONS

ENABLE-CACHE

RESERVED FOR FUTURE PRODUCT PROLIFERATIONS
271079-206

Figure A-5: Cache-Configuration Register Contents
Field and Control Bit Descriptions
Line-Configuration Bit
0 = This setting specifies four lines per address block.

1 = This setting specifies eight lines per address block.

Ignore-Interleave-Control Bit

0 = This setting indicates that the interleave control bits from the
LBI-Control register are used.

1 = This setting indicates that the LBI-Control register interleaving
bits are ignored. The cache operates in the non-interleaved
configuration.
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WAY,-Output Bit

Timing-Options

If this bitis set, then the Line-Configuration bit must also be set. This
restriction is required because the only non-interleaved cache con-
figuration requires eight lines per address block.

0= When a cache hit occurs, the WY, pin is not asserted while the
BXU does the cache operation.

1 = When a cache hit occurs, the WY, pin is asserted while the BXU
does the cache operation.

If the SRAM is being used for both private memory and cache data
storage, this bit must be zero.

These two bits select the timing options for cache read and write
operations. Bit, controls write timing and bit, controls read timing.
In one mode, data is transferred on every clock cycle, while the other
mode transfers data every other cycle. The slower mode allows the
cache memory to use slower SRAMs. Table A-5 shows the timing
selections.

Table A-5: Timing Selections

Timing-Option Bits

Speed Selection

Bit, Bit,
1 1 3/6 write timing, 3/6 read timing (fast/fast)
1 0 3/6 write timing, 4/10 read timing (fast/slow)
0 1 4/10 write timing, 3/6 read timing (slow/fast)
0 0 4/10 write timing, 4/10 read timing (slow/slow)

Enable-Cache Bit

1 = This setting enables the cache for operation. Other devices on
the L-bus must now insert at least one wait state in their replies.
With one wait state the BXU is guaranteed to keep up with the
worst case coherency traffic on the AP-bus and L-bus.

0 = This setting disables the cache for operation.
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Table A-6 shows the possible cache configurations based upon the Cache-Configuration and LBI-
Control registers.

Table A-6: BXU Cache Configurations

Cache
LBI Control
Lines Configuration
Configuration " BXU " Register
Number Size Per Ways Sets Interleave Register
Block
1 L N N
1 64K 8 2 64 4 0 1 1 1
2 32K 8 2 64 2 0 1 0 1
0 1 X 0
3 16K 8 2 64 1
1 1 X X
4 32K 4 2 64 4 0 0 1 1
5 16K 4 2 64 2 0 0 0 1

Table A-7 shows the address line mapping in the different configurations. The BXU directory logic
uses the tag, set, and /ine bits as part of its directory lookup operation. The interleave bits are not
used. Thus, configurations without interleaving are restricted to operation in single AP-bus systems,
or dual AP-bus systems where the BXUs on the different buses have the WY bit set to different

values. The fag field is 20 bits long (bit,, through bit,,).

Table A-7: Address Mapping for Different Configurations

Configuration Tag Set Line
1 LAD,,-LAD,, LAD, ,-LAD, LAD,-LAD,
2 LAD,,-LAD,, LAD,,-LAD, LAD,-LAD,
3 LAD,,-LAD,, LAD,,-LAD, LAD,-LAD,
4 LAD,,-LAD,, LAD,,-LAD, LAD,-LAD,
5 LAD,,-LAD,, LAD,,-LAD, LAD,-LAD,
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Table A-8 shows the SRAM address lines. The WY,-WY and WD,-WD, address bits are provided
by the BXU. All other address bits are from the L-bus signals.

Table A-8: SRAM Address Lines

CONFIGURATION ADDRESS LINE
NUMBER 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

1
24
35
2,4 +PM
3,5+PM

»l»l>»|>»|>

>I>|>|>|> |
> >|>|>|>|®
> >l>»|>|>» |~
>»I>|>|>}]>|>
»l2l>»|>»]|> |0
>I>]I>|>|>|>
D || D | |w

Notes:

A — L-Bus Address
R — Word Bits

Y — WayBits

— No Connection

PM — Private Memory
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Cache-Test Register (Address 154,)

This register facilitates the testing of the cache directory and control logic of the BXU. Figure
A-6 describes the contents of the control bits.

E-Y
W
N
-
o

RH IRM J|WH|WM] CONTROL BITS

of=
o
o
o
o

RESET DEFAULT VALUES

—
>

WRITE-MISS
WRITE-HIT

READ-MISS

READ-HIT

WAY 271079-207

Figure A-6: Cache-Test Register Contents

Bit Descriptions

Write-Miss 0 = This setting indicates that the last cacheable request to this
BXU was not a write request that missed the cache.

1 = This setting indicates that the last cacheable request to this
BXU was a write request that missed the cache.

Write-Hit 0 = This setting indicates that the last cacheable request to this
BXU was not a write request that hit the cache.

1 = This setting indicates that the last cacheable request to this
BXU was a write request that hit the cache.

Read-Miss 0 = This setting indicates that the last cacheable request to this
BXU was not a read request that missed the cache.

1 = This setting indicates that the last cacheable request to this
BXU was a read request that missed the cache.
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Read-Hit 0 = This setting indicates that the last cacheable request to this
BXU was not a read request that hit the cache.

1 = This setting indicates that the last cacheable request to this
BXU was a read request that hit the cache.

Way 0 = This setting indicates that the last cacheable request was to
WAY, of the BXU’s cache directory.

1 = This setting indicates that the last cacheable request was to
WAY, of the BXU’s cache directory.
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COM Register (Address 04C,)

This register is used for loading external information, such as the type of board the BXU resides on.
The register is useful for both initialization and diagnostics.

The COM register is actually 38 bits wide. Thirty-two bits are visible and 6 bits are hidden. Write
operations to this register clear the hidden bits. The hidden bits are part of a shift chain used for testing
the FRC logic in the AP-bus interface. The serial protocol is discussed in Chapter 14. Figure A-7
describes the contents of the register fields.

W
a

FIELD
RESET DEFAULT VALUES

o0
o0
o0
o|O
ol|0
[=3(]
o0
ol0
o0
o0
[=3{s]
o0
o0
o|0
o0
o0
o|0
o0
o0
o0
o0
o0
o0
o0
o0
[=11¢]
o0
o0
o|0
o|0
o|0
ol0jo

SYSTEM-DATA

271079-208

Figure A-7: COM Register Contents

Field Descriptions
System-Data This register is used for various testing and parameterization

functions, as defined in Chapter 14. The default for this register
is a value of zero.
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Component-Specifier Register (Address ,48,)

The contents of this read-only register are fixed at manufacturing and specify the type and stepping
of the component. A write operation to this register modifies the Arbitration-ID register. Figure
A-8 describes the contents of the register fields.

10 9 8 7 6 5 4 3 0
TIT|T(T|T|T|S|S S|S FIELDS
T|T|T|T|(T|(T|S|S|S|S]|S RESET DEFAULT VALUES
A J
Y Y
T L—— STEPPING
COMPONENT-TYPE
271079-209

Figure A-8: Component-Specifier Register Contents

Field Descriptions

Stepping This 5-bit field identifies the stepping number of the compo-
nent, which is set during manufacturing.

Component-Type This 6-bit field is set during manufacturing and each BXU is
assigned the same value. This field will be used to distinguish
a BXU from other future AP-bus components.

A-24



intal APPENDIX A

Detach-Bus Command (Address 118,)

This command causes the identified bus to be detached from the system and become inactive. A write
operation to this register location causes the BXU to generate Detach-Bus error report on the serial
error reporting network. The data sent in the data word of the write request is ignored.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this

command. Before setting the Testing-Enable bit, there should be a single bit with the value of one
in the COM register.
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Error-Log Register(Address OEC,)

This register records the type of the most recent error report received and the number of errors that
have occurred since the last Terminate-Permanent-Error-Window command. This register is the
primary form of communications between the hardware fault handling logic and the software.
Because hardware reads and writes to this register, software should not write to it during normal
system operation. If software does write to this register with the Valid bit not set, then recovery
mechanism 1 is invoked (see Chapter 12 for information on the recovery mechanism 1). This means
that a subsequent error results in an error reporting error since recovery mechanism 1 splits the
BERL -BERL lines.

Figure A-9 describes the contents of the register fields and control bits.

31 26 2524 232221 1615 8 7 0
e e dElclc|VI[T]T]TIT[T|PIclc|c|c|c|C|C|C[S|S]S[S[S[S|S|P] FIELDS AND CONTROL BITS
0 [0/ 0]0/0]0]0]0]0/0[0]0]0[0]0]0][0[0[0[0]0[0[0[0]0]0| RESET DEFAULT VALUES
[
|—l_J T I T I T—ID-PARITY
T A LOCATION-ID
-ERROR-TYPE
vaLID
——ERROR-COUNT
PERMANENT-ERROR
. 2mo79-210
Figure A-9: Error Log Register Contents
Field and Control Bit Descriptions
ID-Parity Bit This field is identical to the ID-Parity field in the error report
message.
Location-ID This field is identical to the Confinement-ID and Source-ID fields in
the error report message.
Error-Type This field is identical to the error type field in the error report

message. The parity bit, which is generated by the BXU, provides
odd parity over the Error-Type field.

Valid Bit 0= This setting indicates that the other fields in this register are
invalid and should be ignored. This bit is set to zero if all error
messages received in the last error report were invalid. Recov-
ery does not proceed on error reports that do not have the Valid
bit set.

1 = This setting indicates that the other fields in this register are
valid.
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Error-Count

If the Error-Log register is written by software, the Valid bit should
be set or recovery mechanism 1 is invoked (see Chapter 12).

This field shows how many errors have occurred since the last time
the Terminate-Permanent-Error-Window error report was received.
This 2-bit field is incremented each time an error is reported. The
counter does not wrap around; if it reaches a value of three, it stops
until explicitly cleared by the Terminate-Permanent-Error-Window
error report. This field identifies an overflow condition for the
software system, as shown in Table A-9.

This field defaults to a value of 00, during RESET.

Table A-9: interpretation of Error-Count Value

Error Count

Definition

00 No error information

01 A single error report has occurred

10 2 error reports have occurred

11 3 or more error reports have occurred

Permanent-Error Bit

1 = This setting indicates that the error is permanent. Some error

0=

types are classified as permanent immediately. Others are
classified as permanent if the same error from the same confine-
ment area occurs twice in a row within the permanent error
window. This bit is set by the recovery procedures operating in
the BXU.

This setting indicates that the error is not permanent.
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Error-Record Register (Address 0F0,)

This register holds the contents of the previous error report to provide additional information to
software about the error events in the system. Whenever a new error report message is receive the
contents of the Error-Log register is loaded into the Error-Record register. This register should not
be written during normal operation because the hardware reads and writes to it.

The contents of this register are not modified during RESET. In a FRC configuration, this register
must be written after a cold RESET before being read. Otherwise, the master and checker will
disagree about the contents of the register since it is not modified during RESET. This register
contains information about the state of the system before a warm RESET has occurred.

Figure A-10 describes the contents of the register fields and control bits.

31 23 2221 1615 8 7 0
et v [T [T T[T [T[P[c[c]c]c]c]c[c[C[s[S[S[S[S[S[S|P] FIELDS AND CONTROL BITS
e L [ [ [ (W [ ¥ F [* [ [ ¥ [ ¥ [*[* [* [*[* [ * [ * [* | ¥ ] RESET DEFAULT VALUES
IL : | t
| ID-PARITY
t  locaTionD
ERROR-TYPE
VALID
+ THESE BITS DO NOT CHANGE DURING RESET. 271079-211

Figure A-10: Error-Record Register Contents

Field and Control Bit Descriptions
ID-Parity Bit This bit is identical to the /D-Parity bit in the error report message.

Location-ID This field is identical to the Confinement-ID and Source-ID fields in
the error report message.

Error-Type This field is identical to the error type field in the error report
message.
Valid Bit 0 = This setting indicates that the other fields in this register are

invalid and should be ignored.

1 = This setting indicates that the other fields in this register are
valid.
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FRC Register (Address 064,)

The contents of this register determine whether a BXU is part of a master/checker pair and how the
component responds if it is part of a QMR module. Figure A-11 describes the contents of the register
control bits.

0
Wg| R [AM[AC|TM| M| coNTROL BITS

- |-]19]0]0|*]| ReserperFauLT vALUES

) t
MASTER
TOGGLE-MASTER/CHECKER

ACCESS-CHECKER

ACCESS-MASTER

RESERVED FOR FUTURE PRODUCT PROLIFERATIONS

WRITE ENABLE FOR RESERVED BIT

* THIS BIT IS SET TO 1 IF THE COM LINE IS HIGH AT RESET. 271079-212B

Figure A-11: FRC Register Contents

Bit Descriptions

Master 1 = This setting indicates either that the agent is the Master of a
Master/Checker pair, or that there is no Master/Checker pair.

0 = This setting indicates that the agent is the Checker.

If the COM pin is high at RESET, then this bit is set (this part is a
master). This read-only bit is not changed by the hardware.

Toggle-Master/Checker 1 = This setting makes the masters and checkers alternate driving
the bus on cycle boundaries.

0 = This setting makes the masters always drive the bus.
Access-Checker and Access-Master

See the QMR register for the usage model for these bits.
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FRC-Splitting-Control Register (Address 05C,)

Writing to this register allows a master/checker pair of BXUs to be split into separate functioning
components. These register bits are cleared on a cold RESET. They are not modified on a warm
RESET (except as a result of the FRC Splitting algorithm). Figure A-12 describes the contents of

the register bits.

(3]

=

olzls

0
F | CONTROL BITS
0

RESET DEFAULT VALUES FOR A COLD START

’ L— FRC-SPLITTING-DISABLE
SEPARATED-MIC

PASSIVE
WARM

MY-PERMANENT-ERROR

WRITE ENABLE FOR MY-PERMANENT-ERROR BIT
271079-213B

Bit Descriptions

FRC-Splitting-Disable

Separated-M/C

Figure A-12:

1=

FRC-Splitting-Control Register Contents

This setting disables FRC splitting logic.

This setting instructs the BXU to pursue FRC splitting sequence
on the next RESET following a permanent error in this module.

As aresult of FRC splitting or an earlier write to this register,
the BXU sets the Separated-Master/Checker bit to make the
master/checker pair operate as two independent components.
Both components act as a master even though one of the
components does not have the Master bit set. FRC checking on
the BOUT pin and MODCHK pin is disabled. FRC checking
remains enabled on all other pins (provides a check on the
output buffers).

The BXU clears this bit to allow checking on all pins used for
FRC. This master/checker pair does not perform an FRC split.
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Passive

Warm

My-Permanent-Error

The purpose of this bit is to allow software to configure a board as
either a pair of components or a single master/checker unit. The
board layout connects the BOUT signal and MODCHK signal
between the two sets of components.

This bit is manipulated by the fault tolerance logic in the BXU. See
Chapter 13 for details of splitting algorithms that modify this bit.

1=

0=

This setting indicates that the BXU is passive. It cannot drive
the AP-bus or the BERL -BERL, lines. It can track and perform
IACrequests sent to its addresses. Normally, acomponent with
Passive bit set is the passive component in an FRC split pair of
components.

This setting indicates that the component is active and function-
ing in normal operation.

The user controls the Warm bit. By having software set the
Warm bit, this bit can be used to indicate that the last RESET
was a warm RESET. The V. pin is used to distinguish
between a warm and cold RESET.

This bit is cleared after every cold RESET.

This bit is set if the fault tolerance logic is in the process of
setting the Faulty bitin the FT2 register and the Married bit in
the QMR register is not set. This bit is set on permanent module
errors when the module is not part of a QMR unit. This bitis an
input to the hardware that determines if the module should be
split on a warm RESET.

This setting indicates that the module has not reported a
permanent module error.

Write Enable for the My-Permanent-Error Bit

1=

0=

This setting allows a write operation to the My-Permanent-
Error bit.

This setting does not allow a write operation to alter the My-
Permanent-Error bit.
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FT1 Register (Address 054,)

This register in combination with the Fault-Tolerant 2 (FT2) register control the BXU’s fault-
tolerant capabilities. Figure A-13 describes the contents of the register bits.

5 4 3 2 1
W,|A|C|I|E|B CONTROL BITS
-]10)]0j0}j0}0 RESET DEFAULT VALUES
A A t
WAIT-FOR-BERL
ERROR-REPORTING-ENABLE
IDENTIFY-DEVICE-ENABLE
COM-REPORTING
AP-INACTIVE
WRITE ENABLE FOR AP-INACTIVE BIT 710782148
Figure A-13: FT1 Register Contents
Bit Descriptions
Wait-For-BERL 1 = Setting this bit to one commands the BXU to wait until the

BERL, and BERL lines can be checked to guarantee valid data
from the AP-bus. Datais notused until 0.5 AP-bus clock cycles
after the next sampling of data. This action adds 1.5 cycles
delay per request.

0 = This setting indicates that data is used without delay.

Error-Reporting-Enable
1 = This setting enables the drivers of the BERL, and BERL, pins.

0 = This setting does not allow the BXU to send the error message
on the BERL -BERL, lines.
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Identify-Device-Disable
1 = This setting ensures proper fault tolerance operation and mini-
mum latency through the BXU for accesses. This bit must be
set during normal operation.
0 = This setting enables the “Identify Device” IAC.
This bit must be set to one if fault-tolerant operation is expected.
COM-Reporting

1 = This setting instructs the BXU to send an error report on the
error reporting network when the COM pin is asserted (the
COM pinis asserted when the COM register is altered using the
COM register protocol, see Chapter 14). In addition, the COM-
Register-Altered bit in the AP-Control register must not be set.

AP-Inactive
1 = This setting disables the AP-bus drivers.

0= This setting allows the AP-bus drivers to be enabled. This
component is functional.

Write Enable for the AP-Inactive Bit
1 = This setting allows a write operation to the AP-Inactive bit.

0 = This setting does not allow a write operation to alter the AP-
Inactive bit.
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FT2 Register (Address OF4,)

This register holds additional fault-tolerant control parameters that are not contained in the Fault-
Tolerant 1 (FT1) register. Figure A-14 describes the contents of the register bits.

Ol mj] »

3
C|wg|B|R| controLBITS
0

- {1 0| 0] RESET DEFAULT vALUES

RESERVED FOR FUTURE PRODUCT PROLIFERATIONS

BACKUP-BUS-INACTIVE

WRITE ENABLE FOR BACKUP-BUS-INACTIVE BIT

FORCE-CORRECT

FAULTY

WRITE ENABLE FOR FAULTY BIT

SILENT-ENABLE

271079-215

Figure A-14: FT2 Register Contents

Bit Descriptions

Backup-Bus-Inactive 1 = The BXU sets this bit when there is not an active backup AP-
bus.

0 = The BXU clears this bit when there is a backup AP-bus for the
AP-bus connected to this BXU.

Write Enable for the Backup-Bus-Inactive Bit
1 = This setting allows a write operation to the Backup-Bus-

Inactive bit.

0 = This setting does not allow a write operation to alter the
Backup-Bus-Inactive bit.
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Force-Correct 1 = If the BXU is in Memory mode, then the Correct pin (COR) is
always asserted.

0 = The COR pin is under the control of the BXU (see Chapter 13
for details on the COR signal and ECC errors).

Faulty 1 = The BXU sets this bit when the module detects a permanent
error in its operation and stops operation.

0 = The BXU clears this bit when it is in operation.

Write Enable for the Faulty Bit
1 = This setting allows a write operation to the Faulty bit.

0 = This setting does not allow a write operation to alter the Faulty
bit.

Silent-Enable This bit is set before the primary or shadow units of a QMR pair are
actually married. When the Married bit in the QMR register is
set, the Silent bit in the QMR register is also set (in both
modules), but only one module has the Silent-Enable bit set.
Thus, only one module is silent.

1 = This setting does not allow the BXU torespond to requests if the
Silent bit in the QMR register is set.

0 = This setting allows the BXU to respond normally.
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Invalidate-Cache Command (Address 15C,)

A write operation to this register location immediately invalidates all /ines in the cache directory in
the BXU. The data word sent with the write request is ignored. This command can only be executed
safely when the cache is disabled.
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LBI-Control Register (Address 148,)

This is the major control register for the BXU functions on the L-bus. Itis used to set the interleaving
factor for the cache, to determine whether the BXU should act as an arbitration master on the L-bus,
and to determine whether the BXU should function in Memory or Processor mode. Figure A-15
describes the contents of the register fields and bits.

6 5 4 3 2 1 0
O|D{BJ|I |1 ]|N|N| FIELDS AND CONTROL BITS
ofo({xjofojo|o0 RESET DEFAULT VALUES
A A W
| L__ INTERLEAVE-MASK
. INTERLEAVE-MATCH
BXU-MODE
DISABLE-INIT-RAM
ARBITRATION-PRIMARY-BUS-MASTER
ABITRATION-ENABLE
*THIS BIT IS LOADED FROM THE LERL, LINE DURING RESET. 2710792168

Figure A-15: LBI-Control Register Contents

Before writing to this register, the Cache-Enable bit in the Cache-Configuration register should be
cleared and an Invalidate-Cache command sent. This is done because the cache uses the interleaving
information in this register to control its operation.

Field and Control Bit Descriptions

Interleave Mask and Match ~ These two fields determine the interleaving factor and matching for
the cache control logic and for the memory address recognizers in
the L-bus interface that have interleaving enabled. Table A-10
shows the impact of the different configurations of these bits.

BXU-Mode Bit This bit selects the mode of operation of the BXU, as shown in Table
A-11 This read-only bit is loaded during RESET from the LERL,
pin. The mode of operation of a BXU can only be set during initiali-
zation.
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Table A-10: Interleave-Control Bit Settings for Different Configurations

Mask Bits Match Bits* AD;, AD, Required for Match®
00 XX XX
01 x0 x0
01 x1 x1
10t 0x 0x
10t 1x N 1x
11 00 00
11 01 01
11 10 10
1 11 11

NOTES: _

* “x" designates a ‘‘don’t care” value; 1 = AD line asserted.

1 The mask bit combination 10 is reached as a result of a bus switch in a four-bus system. Software should
not use this as a starting configuration. The cache logic handles the 10 combination as a special case

that is used only under bus switching conditions. This combination is not seen by reading the register.
Rather, the original setting is read. ‘

Table A-11: BXU-Mode Settings

BXU-Mode Bit Mode LERL, at Reset
0 Memory Asserted (Low)
1 Processor Deasserted (High)
Disable-INIT-RAM Bit 0 = This setting enables the INIT-RAM memory recognizer.

1 = This setting disables the INIT-RAM memory recognizer.
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Arbitration-PBM/SBM Bit This bit controls the BXU’s use of the HOLD/HLDA and HOLDR/
HLDAR lines.

1 = The BXU acts as the primary bus master of the L-bus. This
provides faster access to the bus when the BXU is operating as
the primary bus master.

0 = The BXU acts as a secondary bus master of the L-bus.

Arbitration-Enable Bit 1 = The BXU drives and monitors the arbitration lines in the
manner selected by the Arbitration-PBM/SBM bit.

0 = The BXU ignores the arbitration lines. If the BXU acts as a
primary bus master, it assumes that it has full control of the bus.
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Local-Bus-Test Register (Address 158,)

The BXU utilities the Local-Bus-Test register to allow system diagnostics to check on the type of
recognition that was done on the previous L-bus request. This register is loaded at the end of each
L-bus transaction. A read request to this register provides information about the previous request on
the L-bus. Figure A-16 describes the contents of the register fields and control bits.

CONTROL BITS

ol
olv]e
o]l»|-»
o]l=|«
P-4
-

0] 0] 0| RESET DEFAULT vALUES

P
>
P
~—»
>
= o
.
>
P
>

CACHEABLE
PARTNER-INTERLEAVE

MY-INTERLEAVE

PARTNER-AP-IAC

MY-AP-IAC

MY-IAC

PARTNER’S

MINE
271079-217

Figure A-16: Local-Bus-Test Register Contents
Bit Descriptions

Cacheable 0 = This setting indicates that the previous request was not cach-
eable.

1 = This setting indicates that the previous request was cacheable.
This means that the CACHE line on the L-bus was asserted, the
Cache-Inhibit bit was not set in the Match register, the Enable-
Cache bit was set in the Cache-Configuration register, and the
request was not a RMW or an I/O prefetch.
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Partner-Interleave

My-Interleave

Partner-AP-IAC

My-AP-IAC

My-IAC

Partner’s

Mine

PR T)

This setting indicates that “my-partner’s” bus was not active or
that the previous request did not have AD, and AD, set such that
their value matched the interleaving value for “my-partner’s”
bus.

This setting indicates that “my-partner’s” bus was active at the
time of the request and that the previous request did have AD;
and AD, set such that their value matched the interleaving value

PR T

for “my-partner’s” bus.

This setting indicates that this bus WAS NOT ACTIVE or that
the previous request did not have AD, and AD, set such that
their value matched the interleaving value for this BXU.

This setting indicates that this bus WAS ACTIVE at the time of
the request and that the previous request did have AD, and AD,
set such that they matched the interleaving value for this BXU.

The previous request WAS NOT AN IAC that flowed onto the
AP-bus of “my-partner’s” BXU.

The previous request WAS AN IAC that flowed onto the AP-
bus of my-partner BXU.

The previous request WAS NOT AN IAC that flowed through
this BXU onto the AP-bus.

The previous request WAS AN IAC that flowed through this
BXU onto the AP-bus.

The previous request WAS NOT AN IAC that was handled
internally by this BXU.

The previous request WAS AN IAC that was handled internally
by this BXU.

The previous request WAS NOT DIRECTED TO this partner’s
AP-bus.

The previous request WAS DIRECTED TO this partner’s AP-
bus.

The previous request WAS NOT DIRECTED TO this BXU’s
AP-bus.

The previous request WAS DIRECTED TO this BXU’s AP-
bus.
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Lock Register (Address 300,,)

The Lock register contains the status of the locks used for RMW operations. Figure A-17 describes
the contents of the register fields and control bits.

4 3 2 0
F WL LILIL]L FIELD AND CONTROL BITS
-] 0] 0] 0| 0| RESETDEFAULT VALUES

A A A LY—/
L— RMW-LOCKBITS

WRITE ENABLE FOR RMW-LOCK BITS

LOCK-TIMED-OUT
FAST-REPLY 271079-2188
Figure A-17: Lock Register Contents
Field and Control Bit Descriptions
RMW-Lock-Bits Each of these bits is an RMW Lock for a segment of memory

recognized by this BXU. Table A-12 shows the mapping of AD, and
AD, to the RMW-Lock bits in this field.

Table A-12: RMW Lock Mapping

Address Bit
RMW-Lock Bit
AD, AD,
0 0 0
1 0 1
2 1 0
3 1 1

NOTE: 1 = AD line asserted.
A RMW-Lock bit is set whenever an incoming RMW-Read request

is accepted by the module, and AD; and AD, match its address
segment. '
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A RMW-Lock bit is cleared whenever an incoming RMW-Write
request is accepted into the module, and AD6 and AD4 match its
address segment. If alock time-out occurs, the RMW-Lock bit is also
be reset. Each lock times out independently. The duration of the
time-out is between 4096 and 8192 clock cycles.

Whenever an error report is received, all RMW-Lock bits are auto-
matically set. The timer starts at the beginning of retry (after the end
of the transient waiting period). This approach allows the locks to
be set and cleared immediately instead of waiting for the request to
clear the AP-bus (no possibility of retry). This also provides a way
to synchronize the timers for primary-shadow operation.

Write Enable for the RMW-Lock Bits

Lock-Timed-Out Bit

Fast-Reply Bit

1 = This setting allows a write operation to the RMW-Lock bit.

0 = This setting does not allow a write operation to alter the RMW-
Lock bits.

These bits are protected with a write enable because the BXU
hardware modifies these bits as a part of normal operation.

1 = This setting indicates that at least one of the four RMW-Lock bits
was reset by a time-out.

0 = This setting indicates that none of the RMW-Lock bits have been
reset by a time-out.

These settings for the RMW-Lock bits indicate a possible corruption
of the integrity of the memory data.

1 = The external memory controller is operating with fast memory
components. When data begins to flow back to the BXU, a data
word is available on every cycle. The BXU does not assert the
Reply Deferral signal (RPYDEF) on the AP-bus. The data
flows directly through the BXU from the L-bus to the AP-bus.

0 = The external memory controller is operating with slow memory
components. Data is not delivered on every clock cycle. The
BXU asserts RPYDEF on the AP-bus. As data flows back from
the L-bus, the entire packet is buffered before any data is
returned on the AP-bus.

NOTE:

Ifthe Correct signal (COR) is asserted (either because the Force-Correct bit in the FT2 register is set, or because
the fault tolerance logic asserted it), data is always fully buffered in the BXU, independent of the state of the
Fast-Reply bit. This allows for the slower timing required by the external ECC circuit when it is performing

single bit corrections.
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Logical-ID Register (Address 044,)
Logical-ID Register (local) - (Address 144,)

This register holds the logical identification for the BXU. Inevery case, all BXUs in the same module
share the same logical identification value.

The register address accesses two registers: the Logical-ID register located in the AP-bus interface
and the Logical-ID(local) register located in the L-bus interface. All write operations to register
address 044, (including the Identify Device Order) modify both registers. Read operations to register
address 044, read the register in the AP-bus interface. Read and write operations to register address
144, use only the Logical-ID(local) register in the L-bus interface. Access to the Logical-ID(local)
register using register address 144, is primarily made available for test purposes. There is no need
to access this register during normal operations. Figure A-18 describes the contents of the register
fields.

3 24 23 18 17 0

1
B e e e e [ W V] Y O e B e O e e e R e I D
B o [oJo o [ofo FEENE e b ] RESET DEFAULT VALUES
[

4 UNIT-ID

271079-219

Figure A-18: Logical-ID Register Contents

Field Descriptions

Unit-ID This field holds the logical identification for the BXU.
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Mask and Match Registers (Addresses 160, through 174,)

The contents of the Match register determine the value of the L-bus address that is recognized by the
BXU. This register provides a base address for a partition of memory recognized by the BXU. The
contents of the Mask register determine whether certain bits should be ignored during the address
recognition.

The Mask register should always be setup before the Match register. This avoids matching  on
incorrect address patterns.

Before writing to these registers, the Enable-Cache bit in the Cache-Configuration register should
be cleared and an Invalidate-Cache command sent. This is performed because the cache uses the
information in this register to control its operation.

This description describes the three sets of identical Mask and Match registers shown in Table A-13.

Table A-13: Address for Match and Mask Registers

Register Address Register
160, Match,
164, Mask,
168, Match,
16C, Mask,
170, Match,
174, Mask,

Figure A-19 describes the contents of the register fields and control bits.

8 17 4 3210

31 1

[MIMIMIMIM[M][M{M[M]M]|M] MMM EEESRSERRR AR R bt MASK REGISTER FIELD
Eleleelele[ele[ee el [e E T e e[S [P TF] T SonteoL s -
[oJoJoToJo o ofoJoJo o o ooz

SE b p R e B 0 0] 0] 0] RESET DEFAULT VALUES

L
T | L_|__J
L FUNCTION
SEQUENCE

CACHE-INHIBIT
RECOGNIZE 271079-220

Figure A-19: L-Bus Mask and Match Register Contents
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Field Descriptions

Function

Sequence

00 = This setting disables the Mask and Match registers.

01 = This setting enables the bus recovery of the Mask and Match
registers. The Mask and Match registers use the interleave
configuration bits in the LBI-Control register (which has the
option of no interleaving). The cache control logic also uses the
interleaving bits to control its operation.

10 = This setting disables interleaving. LAD,and LAD, are ignored
during address matching. If the cache is being used, the/gnore-
Interleave-Control bit in the Cache-Configuration register
must be set.

11 = This setting disables the interleaving. LAD; and LAD, are
ignored during address matching. This recognizer is a backup.
Requests that use this recognizer are placed in the BXU’s
internal partner queue to enable tracking of the active bus (i.e.,
the bus where the BXUs have the Function bits set to 10). It
only becomes active upon the permanent failure of its partner’s
bus. If the cache is being used, the Ignore-Interleave-Control
bit in the Cache-Configuration register must be set.

The Mask and Match registers operation is also conditional on the
Faultybitin the FT2 register and the Inactive bitin the FTI register.
If the Faulty bit is set, all of the Mask and Match registers of the L-
bus interface are disabled. If the Inactive bit is set in the BXU on
this bus, then all requests go to the backup bus. If the Inactive bit is
set in the BXU on the backup bus, then all requests go to this bus.

1 = Any write request thatis processed by this recognizer causes the
BXU to insert additional wait cycles on the L-bus until the
request is completed on the AP-bus. Internal prefetch requests
are also held back until the access is completed. This is required
to maintain access ordering between multiple requests to loca-
tions that may deadlock, and thus, force the receiver to send a
reissue reply back to the sender. Any address range that could
encounter this deadlock condition must set the Sequence bit.
See “System Configurations” section of Chapter 8 for more
information.

0 = No additional wait states are added to L-bus write requests.
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This bit is for use during cache diagnostics. During normal operation
it should always be a zero. For more information on the use of this
bit see the “Diagnostic Support Functions” section of Chapter 8.

1 = Requests that are processed by this recognizer are not cached
(even if the Cacheable bit is asserted). This bit overrides all
other cache control bits.

0 = Requests that are processed by this recognizer may go to the
cache if the Function bits (see below) and other cache control
bits are set correctly.

In the Mask registers, each bit in this field thatis set causes the L-bus
address bit to be compared against the corresponding Match register
bit. If abitis cleared, then that bit position is considered “don’t care”
during address recognition.

In the Match registers, each bit in this field is compared against the
corresponding bits in the L-bus address cycle. Thus, these bits
provide a base address for the partition of memory that is recognized
by this address recognizer.
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Maxtime Register (Address 058,)

The value in this register determines the length of time that the BXUs remain quiescent following
the beginning of an error report. Figure A-20 describes the contents of the register bits.

5 3 2 1 0
Wo| T [Mg{M,|m,|M,| coNTROLBITS
- 0| o0]o]|o]| ReESETDEFAULT vALUES

A A
I L— MAX-TIME,
MAX-TIME ,

MAXIMUM TIME

MAX-TIME,

MAX-TIME

MAX-TIME-TEST ENABLE

WRITE ENABLE FOR MAX-TIME-TEST ENABLE BIT

271079-221B
Figure A-20: Maxtime Register Contents

Field and Control Bit Descriptions
Max-Time These four bits adjust the transient waiting period from 16 microsec-

onds to 0.5 seconds with a 16 MHz Bus Cycle (CLK2 = 32 Mhz).
The following formula shows how to increase the time period as a
function of the clock frequency:

Number of cycles =3 + 2% + M *2'2 + M *¥2!° + M, *2%0 + M, *2*

Maxtime-Test-Enable 1 = This setting allows testing of the Maxtime counter.

0 = This setting inhibits the testing of the Maxtime counter (normal
setting for system operation).

Write Enable for the Maxtime-Test-Enable Bit

1 = This setting allows a write operation to the Maxtime-Test-
Enable bit.

0= This setting does not allow a write operation to alter the
Maxtime-Test-Enable bit.
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Module-Error-ID Register (Address 0E4,)

This register provides the Location-ID field for error reports that originate in a module confinement
area. The Location-ID field consists of the Source-ID and the Confinement-ID fields of this register.
Figure A-21 describes the data fields and the control bits of this register.

15 8 7 1 0
c|c|c CIS[S|S[S|S|S|S|P| FIELDS AND CONTROL BIT
1(1]1 110 0{0]0|0[0]O0| RESET DEFAULT VALUES
g A J
Y L ID-PARITY
L——— SOURCE-ID >
LOCATION-ID
CONFINEMENT-ID
271079-222

Figure A-21: Module-Error-ID Register Contents

Field and Control Bit Descriptions

ID-Parity Bit

Source-ID

Confinement-ID

This bit provides even parity for the Source-ID and Confine-
ment-ID fields in this register. When software loads new values
into these fields, it must also load the ID-Paritybit to ensure that
there is an even number of bits with the value of one in this 16-
bit register.

This 7-bit field uniquely identifies a BXU within a confinement
area. Software must assign a value to this field. Software uses
the Source-ID field in the Error-Log register to specifically
identify which BXU (or Master/Checker pair) had issued the
€ITOr Teport message.

This 8-bit field uniquely identifies a confinement area within the

system. All Confinement-ID values in the system must be in the
range 4 to 255 (the values of zero to three are reserved for the
bus confinement areas). The BXUs use this value in the error
report messages to determine which recovery actions to take.
Software must assign a value to this field. The Confinement-ID
field is used when the BXU reports an error in its module
confinement area.
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Physical-ID Register (Address 040,)
Physical-ID Register(local) - (Address 140,)

This register contains a unique identifier for a specific BXU on an AP-bus. The register address
accesses two registers: the Physical-ID register located in the AP-bus interface and the Physical-
ID(local) register located in the L-bus interface. All write operations to register address 040,
(including the Identify Device Order) modify both registers. Read operations to register address
040,, read the register in the AP-bus interface. Read and write operations to register address 140,
use only the Physical-ID (local) register in the L-bus interface. Access to Physical-1D(local) using
register address 140, is primarily made available for test purposes. There is no need to access this
register during normal operations. Figure A-22 describes the contents of the register fields and bits.

31 24 23 22 18 17

b b ke[ [e[e et e ﬁﬁﬂﬁﬁ% FIELD AND CONTROL BIT
ﬁﬁﬁ aprE k(o o]o]o o FEERES TR R P ] meseT oEFAULT VALUES
I_r__l
L t COMPONENT-ID
CLASS-ID 271079-223
Figure A-22: Physical-ID Register Contents
Field and Control Bit Descriptions
Cofnponent-ID The Component-ID field allows unique identification of com-

ponents with the same Class-ID field (see following field dis-
cussion) on the same bus. The default value of this field is 00,,.
This register can be loaded with a unique value by the Identify
Device Order, or by performing a write operation.

Class-ID Bit This bit must be set to a value of zero during the initialization
routine. The value of one is reserved for future product prolif-
erations.
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Prefetch-Control Register (Address 240,)

The prefetch unit of the BXU uses the Prefeich-Control register for control. Figure A-23 describes

the contents of the control bits.

E |a1|A0] conTROL BITS

0 | 0 | RESET DEFAULT VALUES

!
| L 1/0-CHANNEL,-ACTIVE
1/0-CHANNEL,-ACTIVE
ENABLE 271079-224

Figure A-23: Prefetch-Control Register Contents

Control Bit Descriptions

I/0-Channel -Active

1/O-Channel ’ -Active

This read-only bit is automatically set whenever a Start-Channel,
command is performed after the Enable bit is set. This bit is
automatically cleared whenever a bus switch (attach or detach)
occurs that involves this BXU (either its bus or its partner’s bus).

1 = This setting indicates that Channel, of the prefetch unit is active.
The channel actively monitors L-bus traffic for address matches
to perform the associated prefetch work.

0 = This setting indicates that Channel,, is inactive.

This read-only bit is automatically set whenever a Start-Channel,
command is performed after the Enable bit is set. This bit is
automatically cleared whenever a bus switch (attach or detach)
occurs that involves this BXU (either its bus or its partner’s bus).

1 = This setting indicates that Channel, is active. The channel
actively monitors the L-bus traffic for address matches to
perform the associated prefetch work.

0 = This setting indicates that Channel, is inactive.
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Enable

The Enable bit is automatically cleared whenever a bus switch
(attach or detach) occurs that involves this BXU (either its bus or its
partner’s bus). This means thatrecovery software needs to explicitly
turn the prefetch function back on after the bus switch, if appropri-
ate.

0 = This setting disables the prefetch unit.

1 = This setting makes both prefetch channels available for use in
transferring sequential 1/O data streams.

A-52



intel APPENDIX A

Primary-Catastrophe Command (Address 108,)

A write operation to this register location causes the BXU to generate a Primary-Catastrophe error
report on the serial error reporting network. The data word sent with the write request is ignored.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this

command. Before setting the Testing-Enable bit, there should be a single bit with the value of one
in the COM register.
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Private Memory Match and Mask Registers (Add. 178, 17C,)

The private memory Mask and Match registers provide the ability to support SRAM on the L-bus as
anormal memory, instead of cache. The Mask register should always be setup before the Match
register. This is required to avoid matching on incorrect address patterns.

When a match occurs on the private memory recognizer, the V_V_Y1 pin is asserted and the address bit
from the LAD , pin is driven on the WY pin. If the address range of the private memory recognizer
overlaps the range of an AP-bus recognizer (160,-174,)), then the request is considered to be to the
private memory.

Figure A-24 describes the contents of the register fields and control bits.

31 15 14

10
T N T 5] MASK REGISTER FIELD
T T T e MATCH RECISTER FIELD AND
[cToToToTo o oToToTo 000 o]0 oo g Lk 11 o] RESET DEFAULT VALUES
L ]

L ENABLE

RECOGNIZE 271079-225

Figure A-24: Private Memory Mask and Match Register Contents

Field and Control Bit Descriptions

Recognize In the Mask registers, each bit in this field that is set causes the
corresponding L-bus address bit to be compared against the
corresponding Match register bit. If a bit is cleared, then that bit
position is considered a “don’t care” during address recognition.

In the Match registers, each bit in this field is compared against the
corresponding bits in L-bus address cycles. Thus, these bits provide
a base address for the partition of memory that is recognized by this
address recognizer.

Enable 0 = This setting disables the Mask and Match registers.

1 = This setting enables the Mask and Match registers. The opera-
tion of the Mask and Match registers is also conditional on the
Faulty bit in the FT2 register (module failure). If the Faulty bit
is set, then the private memory Mask and Match registers are
disabled.
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Processor-Priority Registers (Addréss 000,, and 020,)

The register with address 000,, (Processor-Priority ) holds the priority of the task (process) which
processor, on the BXU’s L-bus is currently executing. Similarly, the register with address 020,

0

(Processor-Priority ) holds the priority of the task (process) which processor, on the BXU’s L-bus
is currently executing. Figure A-25 describes the contents of the register fields and bits.

2120

31
FoE e P[PPI TP R T
i o foJofo [o FERERIR I

. t— MESSAGE-BUFFER-FULL

16 15
FIELD AND CONTROL BITS
RESET DEFAULT VALUES

43210
ididPu VL V[ F]
figfolofo]o]

MESSAGE-DATA-VALID

WRITE ENABLE FOR
MESSAGE-DATA-VALID BIT

WRITE ENABLE FOR PRIORITY BIT

PRIORITY 271079-226

Figure A-25: Processor-Priority Register Contents

Field and Control Bit Descriptions

Message-Buffer-Full Bit

Message-Data-Valid Bit

This read-only bit shows the state of the TAC pin for processor, or
processor,. The state of the IAC pin may be changed by changing
the value of the Message-Data-Valid bit.

1=

1=

This setting indicates that an IAC message is waiting for the
80960MC processor. Any subsequent IAC message requests
received for this processor are sent the No Acknowledgement
reply. The TAC pin is asserted (low).

T ais setting indicates that the IAC buffer is empty. The IAC pin
is not asserted (high).

This setting indicates that the BXU, which set the Message-
Buffer-Full bit, has the IAC message data. TAC pin for proces-
sor, or processor, is asserted. This bit is only set after the reply
to the message is sent on the AP-bus. When the Message-Data-
Valid bit is set, the Message-Buffer-Full bit is also set. The
Message-Buffer-Fullbitis setinall BXUs in the module, but the
Message-Data-Valid bit is only set in a single BXU.

This setting indicates that the message buffer does not hold
valid data.
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Priority These five bits show the priority of the activity that the processor is
currently executing. Priority O is the lowest priority and 31 is the

highest.

Write Enable for Message-Data-Valid Bit
1 = This setting allows a write operation to the Message-Data-
Valid bit.

0 = This setting does not allow a write operation to alter the
Message-Data-Valid bit.

Write Enable for the Priority Bit
1 = This setting allows a write operation to the Priority bits.

0 = This setting does not allow a write operation to alter the Priority
bits.
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QMR Register (Address 0EQ,)

The contents of this register determine whether a module is part of a QMR pair, and whether it should
function as the primary or shadow unit. Figure A-26 describes the contents of the register fields.

7 6 5 4 3 2 1 0
AP |AS W, [S | T |W,IM|E | CONTROLBITS
0{0 |- 0 |- |0 |0 | RESET DEFAULT VALUES

]

A

SILENT
MARRIED
WRITE ENABLE FOR MARRIED BIT

TOGGLE-PRIMARY/SHADOW
SHADOW

WRITE ENABLE FOR SHADOW BIT

ACCESS-SHADOW

ACCESS-PRIMARY 271079-227B

Control Bit Descriptions

Silent

Married

Figure A-26: QMR Register Contents

1=

This setting does not allow the BXU to reply to bus requests if
the Silent-Enable bit in the FT2 register is set. In other words,
the Silent bit selects which module does not drive the AP-bus.
This bit is automatically set by a Sync-Refresh command that
may be issued to this BXU or its partner. When the Silent bit is
set, the Toggle-Primary/Shadow bit must be cleared. The
Silent bit has the same value in both the primary and shadow
units. The Silent bit is also used to control the precise time at
which silent operation begins.

Normal operation.

This setting indicates that the FRC pair is married to another
FRC pair.

This setting indicates that the FRC pair is not married.
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Write Enable for the Married bit
1 = This setting allows a write operation to the Married bit.

0 = This setting does not allow a write operation to alter the Married
bit.

Toggle-Primary/Shadow 1 = This setting forces the primary and shadow units to alternate
driving the bus every other bus cycle.

0 = This setting allows only the primary unit to drive the bus.

If Toggle-Primary/Shadow bit is set, the bus drive sequence is
Primary-Master, Primary-Checker, Shadow-Master, Shadow-
Checker (see Table A-15 for more specific information). The
Toggle-Master/Checker bit in the FRC register must not be set if
Toggle-Primary/Shadow is set. Conversely, The Toggle-Primary/
Shadow must not be set if Toggle-Master/Checker bit in the FRC
register is set.

Shadow 1 = This setting indicates that this BXU is part of a shadow
module.

0 = This setting indicates that this BXU is part of a primary module,
or that module shadowing is not used.

This information determines whether this BXU drives the AP-bus
and responds to an IAC request that has the Access bit set in the IAC
address.

Write Enable for the Shadow Bit
1 = This setting allows a write operation to the Shadow bit.

0 = This setting does not allow a write operation to alter the Shadow
bit.

Access-Shadow and Access-Primary

The value of these bits determines which BXU in a QMR configu-
ration responds to an IAC request using a logical address (IAC
access type 0010,) when the Access bit is set. In addition, this bit
determines which BXU drives the AP-bus in the QMR module.

The Married, the Shadow, the Access-Shadow, the Access-Primary,
the Access-Master and the Access-Checker bits are used to deter-
mine which BXU responds to an IAC request type 0010, when the
Access bit is set, as shown in Table A-14. Note that requests using
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the Access bit must originate from the AP-bus. The registers that are
not part of the AP-bus interface logic ignore the Access bit, and all
BXUs where the appropriate portion of the address matches the
Unit-ID field in the Logical-ID register perform the request.

Table A-14:Determination of Which BXU Performs an IAC Type 0010,

Conditions
BXU* that
Configuration Performs Access-Primary | Access-Shadow | Access-Master | Access-Checker | Married Bit | Shadow Bit
Request Bit in QMR Bit in QMR Bitin FRC Bit in FRC in QMR in QMR
Register Regist: Regist Regist Regist: Regist
QMR Shadow Checker — 1 — 1 1 1
Shadow Master — 1 1 — 1 1
Primary Checker 1 — — 1 1 0
Primary Master 1 — 1 - 1 0
FRC Checker 1 0 0 1 0 0
Master 1 0 1 0 0 0
NOTE:

* The BXU is identified by the Master bit in the FRC register and the Shadow bit in the QMR register. For example, if the Shadow bit and the
Master bit are set, the BXU is a Shadow Master.

The determination of which BXU replies to the requests in a QMR
or FRC configuration is listed in Table A-15. No other bits
determine which BXU replies. Note that Table A-15 applies to all
requests. This means that IAC requests using a physical address are
not allowed while toggling is enabled. Even though multiple
components may perform the request, only one component replies
on the bus.
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Table A-15: Determination of Which BXU Replies to Requests

Conditions
Configuration BXU' that Replies
Silent Bit in Married Bit in Toggle-Primary/Shadow | Toggle-Master/Checker
QMR Regist QMR Regist: Bit in QMR Register Bit in FRC Register
FRC Master (M) 0 0 — 0
Toggle M, C, M, C, etc. 0 0 0 1
QMR Primary Master (PM) 0 1 0 0
Toggle PM, PC?, PM, etc. 0 1 0 1
Toggle PM, PC, SM3, SC, 0 1 1 0
PM, etc.
All No BXU Replies 14 — 0 —
NOTES:

1. The BXU is identified by the Master bit in the FRC register and the Shadow bit in the QMR register. For example, if the Shadow bit and the
Master bit are set, the BXU is a shadow master.

2. PC is an abbreviation for Primary Checker.

3. SM is an abbreviation for Shadow Master; SC is an abbreviation for Shadow Checker.

4. The Silent-Enable bit in the FT2 register is also set.
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Shadow-Catastrophe Command (Address 10C,)

A write operation to this register location causes the BXU to generate a Shadow-Catastrophe error
report on the serial error reporting network. The data word sent with the write request is ignored.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this

command. Before setting the Testing-Enable bit, there should be a single bit with the value of one
in the COM register.
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Spouse-ID Register (Address 0C4,)

This register is used by BXUs in a QMR module configuration. For a married Primary/Shadow
pair, this register holds the identification information of its “mate”. Figure A-27 describes the
contents of the register fields.

31 16 15 8 7 0
L____r__J
A SPOUSE-ID 271079228
Figure A-27: Spouse-ID Register Contents
Field Descriptions
Spouse-ID This 8-bit field corresponds to the Confinement-ID field in the

Module-ID register of the BXUs to which the module is married.
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Synchronize-Refresh Command (Address 11C,)

A write operation to this register location address causes the BXU to generate the Sync-Refresh
error report on the serial error reporting network. The data word sent with the write requestisignored.
The BXUs in Memory mode receiving the Sync-Refresh error report perform the following
actions:

»  Assert the Force Refresh (FRF) pin for one cycle at the beginning of the transient waiting
period.

»  Set the Enable bit in the AP-Match register to turn on AP-bus address recognizer. This is
done by means of an error report because it is the only time that the memory module can be
guaranteed to be idle.

»  Set the Silent bit in the OMR register. This action causes the module that previously had the
Silent-Enable bit set in the FT2 register to become silent (it will not reply to any accesses).

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this
command. Before setting the Testing-Enable bit, there should be a single bit with the value of one
in the COM register.
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System-Bus-ID Register (Address 14C,)

This register uniquely identifies the BXU as attached to one of the four AP-buses. Figure A-28
describes the contents of the register bits.

15 14 13 o
FIELD
RESET DEFAULT
VALUES
AP-BUS-ID
* THIS BIT IS SET TO A VALUE OF ONE IF MODCHK IS ASSERTED,
OTHERWISE IT IS SET TO ZERO.
t THIS BIT IS SET TO A VALUE OF ONE IF BOUT IS ASSERTED,
OTHERWISE IT IS SET TO A VALUE OF ZERO. 271079-229
Figure A-28: System-Bus-ID Register Contents
Field Description
AP-Bus-ID These two bits uniquely identify the BXU as attached to one of up

to four buses. At RESET, if MODCHK and BOUT are pulled high
(not asserted) by external resisters, the AP-Bus-ID field is set at a
value of 00.
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Terminate-Permanent-Error-Window Command (Address 110,)

A write operation to this register causes the BXU to generate a Terminate-Permanent-Error-Window
error report on the serial error reporting network. The data word sent with the write requestis ignored.
This action closes the permanent error window, so that a reoccurrence of a previous error is not
recorded as permanent.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this

command. Before setting the Testing-Enable bit, there should be a single bit with a value of one in
the COM register.
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Test-Detection Register (Address 060,)

Figure A-29 describes the contents of the register fields and bits

4
Tw] T Fi] Fol R| R | FiELDS AND CONTROL BITS
0

0]0] -] -| RESETDEFAULT VALUES

‘ L- RESERVED
PARITY-TEST

TESTING-ENABLE

>
—
P
S

WRITE ENABLE FOR TESTING-ENABLE BIT
271079-230

Figure A-29: Test-Detection Register Contents

Field and Control Bit Descriptions

Parity-Test 1 = This setting instructs the BXU to test the parity checking logic.
Before setting this bit, there must be a single value of one in the
COM register. This must be done to prevent a FRC error from
occurring as a result of an incorrect FRC test. (The FRC test
occurs automatically as soon as the Testing-Enable bit is set.)

0 = This setting causes the BXU not to test the parity checking
logic.

Normal operation checks that the parity tree is working correctly. If
there was a failure in the parity tree, then the BXU signals a parity
error because its computed parity differs from that generated by the
sending component. However, normal operation does not check the
logic that compares the check bit with the result computed from the
internal parity tree. Moreover, neither the inputs nor the output are
checked during normal operation because there normally is parity
agreement. The parity testing bits allow testing of this logic.
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The Parity-Test bits invert the CHK pin(s) sampled from the bus.
This action creates a parity error. The parity comparing logic is
expected to detect the error. The component reports an error if the
Parity-Test bit is set and a parity error is detected. For a particular
parity tree to be tested, the appropriate Parity-Test bit must be set.
Table A-16 shows the mapping of Parity-Test bitto which part of the
tree is corrupted.

Parity testing can be done on-line, but a real parity error (i.e., non-
forced) during the test may go undetected. The success of the test
is noted by checking the Error-Log register after the test.

Table A-16: Parity-Test Bits Versus Parity Tree Corrupted

Parity Test Bits
Function
F1 FO
X 1 CHK, parity error is forced
1 X CHK, parity error is forced
1 1 lllegal

Testing-Enable Bit

1 = This setting enables the BXU to execute the testing commands.

0 = This setting disables the BXU from executing the testing com-
mands.

This bitindicates a test function is enabled. When this bithas a value
of one, then FRC testing is automatically enabled. For correct
operation, the COM register must have a single bit with a value of
one while the Testing-Enable bit is set. This bit is reset by any error
report. The resetting of this bit by the error report at the end of a test
ensures that the testis not retried in the event that another error report
is generated as a result of the test. This eliminates the possibility of
any infinite loops. This bit is also cleared when the COM register is
altered using the COM register protocol (see Chapter 14 for details
on the protocol). This bit defaults to a value of zero.

Write Enable for the Testing-Enable Bit

1 = This setting allows a write operation to the Testing-Enable bit.
Write protection is provided because access to this register is
retried when the test results in an error report.

0 = Thissetting does not allow a write operation to alter the Testing-
Enable bit.
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Test-Report Command (Address 104,)

The Test-Report command forces the BXU to test the error reporting network. The type of error
report generated is determined by the contents of the Test-Type register. A write operation to this
register location causes the BXU to execute a Test-Report command. The data word sent with the
write request is ignored.

WARNING: The Testing-Enable bit in the Test-Detection register must be set before executing this

command. Before setting the Testing-Enable bit, there should be a single bit with a value of one in
the COM register.
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Test-Type Register (Address 0CO0,)

The Test-Type register is used in conjunction with the Test-Report command. The Test-Report
command forces the BXU to test the error reporting network. The Test-Type register determines the
type of error report that is generated. Figure A-30 describes the contents of the register field.

T|T TITI|T T|{T|T|T|T|T| FIELD
00 0|00 0/0]0{0(0|0|] RESET DEFAULT VALUES
N\ J
Y
* TEST-TYPE
nEsenven FOR FUTURE PRODUCT PROLIFERATIONS 271079-231

Field Descriptions

Test-Type

Figure A-30: Test-Type Register

This 20-bit field determines the type of error that is generated. Each
test bit in this register specifies a specific error type, as shown in
Table A-17. Multiple errors may be loaded to test the priority
circuits of the BXU. Note that the contents of this field controls the
test types generated. The actual test occurs as a result of a Test-
Report command. The specified tests are performed if the Testing-
Enable bit in the Test-Detection register is set.

Ifall the bits in the Test-Type field are set to a value of zero and a Test-
Report command is issued, then the result of the command is no
operation and no error report is generated. This action prevents
sending another error report when the Test-Report command is
retried at the end of the reporting and recovery cycle. If the Test-
Detection register is not enabled and the Test-Report command is
issued, then the result of the command is no operation and no error
report is generated. This action also prevents sending another error
report because the error report causes the Test-Detection register to
reset the Testing-Enable bit in all BXUs.

NOTE

In order to insure software compatibility with members of the 960 product family RESERVED error condition
bits must remain at their reset default values of zero.
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Table A-17: Settings for Test-Type Field

Bit Number Type of Error Comment
19 Unsafe-Confinement-Area (Bus) Permanent error on the BERL pins
18 Reserved Reserved for use by future AP-bus
components
17 Unsafe-Confinement-Area Permanent error on the LERL pins
(Module)
16 Unsafe-Confinement-Area FRC error on the MODCHK pins
(Module)
15 Unsafe-Confinement-Area ERR pin asserted
(Module)
14 Primary-Catastrophe
13 Shadow-Catastrophe
12 Error-Reporting-Error (Bus) Transient error on the BERL pins
1" Error-Reporting-Error (Module) Transient error on the LERL pins
10 Bus-Arbitration
9 Bus-Parity
8 Component
7 Reserved Reserved for use by future AP-bus
components
6 Uncorrectable-Array-Error
5 Correctable-ECC
4 Com-Altered
3 Attach-Bus
2 Detach-Bus
1 Terminate-Permanent-Error-
Window
0 Sync-Refresh

NOTE: In order to ensure software compatibility with future members of the 960 product family reserved

error condition bits must remain at their reset default values of zero.
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Memory Controller and BXU .......ccccccereinnneiennieninne st saeesanens 13-13
Memory Interface to the BXU .......ccooevvvienrennenne 9-1
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EIMING QIAZTAIN ...ceeiiiieiieireeeerte ettt sttt seb e st b st s ses e stae bbb ese st s e be st s aseme e sbeneb b essbe et s sbe e sbebsben s s et b aes 3-7
used by the 82586 interface 5-12
used by the M8259A INLEITACE .......ceceriiuiiriireiiiitceterece ettt sib e b bbb n e s 5-7
used by the 82786 interface 5-12, 5-13
used by the BXU and cache 8-21
used DY the DYLe NnabIe LALCH ....c.ecvvieeiireeiecirceniececeetee ettt et st st be st sise e bbb b s b s st nas 4-5
used by the SRAM interface .. 4-7,4-9, 4-10
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used by the timing control logic 4-5,5-4
with AP-bus transactions 8-13
Recovery 13-1
Redundancy 13-6
Register Request from the L-Bus
See IAC Transactions
Register Request Using a Logical Address
See IAC Transactions
Register Request Using a Physical Address
See IAC Transactions
Register, a procedure for initialization 14-2
Registers Listed in Appendix A
AFBDITQLIONID .........ooviriceeninirecieieieitt ettt et s s bbbt st bbb bbb sttt sbe e s A-12
AP-CONITOL ..ottt ettt sttt se e b bbb bbb sa bbb ben e sb et s A-8
AP-Mask ... A-10
AP-Match ..... .A-10
Bus-Error-ID ........ .A-15
CaAChE-CONfIGUIATION ..........ccouvviiieiiiciciiiiceie bbb et a s A-17
Cache-Test
COM ...
COMPONEIE-SPECIFIET ...ttt sttt ettt ae b e ie st ss et st s b et sa bt saen e b ssbsb s et sens A-24
Error-Log ................
Error-Record .

Module-Error-ID ..
Physical-ID .........

PrefetCh-CONITOL ......c.ccoouveeeeeeereerites ettt b ee e sesesenen
Private Memory MasK ...............occcocovvvimevcniiininiiiiininiineeics i
Private Memory MatcCh ...................cccccveicininniiciiiniciinisieieneieeeesesssssi s
ProCeSSOr-PriOFILY y........cooovviieieriiriiiiiiiieisici i

Processor-Priority, ...........conrerinsinsinsinnans
OMR ..ottt
Spouse-ID ......

System-Bus-ID ..

TESE-DELECHION ......c.ccveeveerieieeee ettt aebe s eneaes

TESE-TYPE ...oeeeeeeeieerarieieiere ettt

See also individual registers
Reissue-reply packet
definition
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uSed in RMW OPETALIONS ........cucvmiiiiriiiiiiii s st bbbttt 7-15
REPIY OTAETING ...ttt ettt bbbttt sttt etttk b e bbbt ke ket et ebebes et esenees 7-31
Reply Packet
general definition ..........ccccevveevencreirencecrecniiereenes 7-7
operation on AP-bus 7-11
EYPES OF 1ottt et ettt 7-8
Reporting and RECOVETY ........ccorerriimireneeinineeiiinsneeseceeenes 10-7
CYCIE ottt bbbt bbbttt 10-7
REPOTHNG NEIWOTK ....ovviiiiiiiiciic sttt ettt bbb bbbt 12-1
Request Packet
8ENETAl AEFIMITION ....cviviiiiiiiiiiiiiiietee ettt ettt sttt st s b ase st et es e st ebe sttt sbesaatensesentasssasenssesanensne 7-7
Operation 0N AP-DUS ......cceeereeiriersreireeireseseeeses e eennneas 7-11
EYPES OF 1ottt et sttt 7-7
RESET
clock phase synchronization .. 14-2
during default initialiZAtion PRASE .........c.eueueiiirieiiieiiiieie ettt ettt s ettt ettt 14-1
FROC SPILLNG ...ooveiniieeiiieaeicieieieteteieteie ettt sttt ettt be bbb b b et e s a e esasas s s et sssssetsasssesasssessssasass 13-27
signal on AP-bus. .71-4
timing generation for 80960MU ...........cccciiriiiniiiriiniieeiveeseseees ettt ettt bee e ses e 3-29
used by the IAC ZENETALOT ......ucviuiviviiiiririiric st nee .9-7
REITY ettt ettt te st sttt a e bbb et s s e st st st e s e sase st e s e se s e R e b e s eaeRn b se R e b e te s ea bt et beseeteaet st et etanseran 10-8, 13-3
RMW (Read-Modify-Write) Operation
definition .......c..cccoveenenee. 7-15
use for LOCK signal ...... .8-13
USEd UIING TELIY SEQUEIICE ...covevverierreereereeeieeeserarsesssesesarassssssesssssesesassesessetssssestrsssesessesesesssssas .13-4
RMW-Read Packet 7-15
RMW-Write Packet ........... 7-15
RPYDEF (Reply Deferral) Signal
definition ........oceeeereuene 7-4,7-31
USEA 1N FRC .ttt et st ettt st etk b bbbt bbb bbbttt s a st st nes 11-5
S
SBM (Secondary Bus Master) 3-20
Set ...... 8-17
Shadow-Catastrophe Error Type
defiNiNg @ PETMANENT EITOT ....vvueevereeeererreereeeeseeseseestucsssessssessesssssensssessssssesssssstsssessssssesessssesmessssesossssesessnsssesssens 13-3
defining a transient error 13-1
definition .. 12-11
unsafe error decision 13-3
used during processor module recovery 13-11
Shadow-Catastrophe Command
definition ... A-61
when to use 12-11
Shadow-Elect Unit ..........c.cccvureerirncnnes 13-9, 14-22
SIZE Signals
definition 3-3
USed DY the 82586 INLEITACE .......ccoviviieeeiiicritreeecrerese ettt eac e aeaas s s s b bse s asesesesnsesesasess 5-10
used by the burst logic 4-3
used by the prefetch unit of the BXU .......cccoeiinnveninnnnniineeeeeeeeeeeeenns 8-36
Slots 7-30
Software Considerations for RECONFIGUIALION .....c..cuvueueuiuereniieviiiveisenmeisernesesenseesessesstsesessessessiessesssissscsessesseses 7-28
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SOUICE-ID FIEIA ....cvvvivieiiiiiitiiiiiiii bbb bbb bbb bbb bbb bbb bbb 12-10
SPEC -SPEC, (Operation/Status) Signals 7-8
SPEC,-SPEC, (Cycle Count) Signals ..... 7-8
SPEC, (MUItICYCIE) SIZNAL....ciiierriiririieniiiiiiiesiiis ettt st s bbb bbb st 7-8
SPEC, (REQUEST/REPLY) Signal sersesessatassnsnassesns OO OO 7-8
SPEC,-SPEC, (Specification) Signals

definition ......ccocovieevinininincincnenenenns 7-3

USEA @S DYLE IMATKS cuvevciiriiriieririciiiniiierceise sttt s e escae bbb bbb s bbb b s bbb st sb s b s b e b e b e b e b b e b s bbb bbb ae 7-13

used during read data transfers et ers e b sre e 7-1

used in FRC ..ot ssisessesesenes 11-4

used with request and reply PACKELS .......ccevurvinirrininieiii e 7-8
Spouse-ID Register

definition....... e A-62

example of use during a processor module marriage 14-30

example of use during identification phase of initialization...... 14-22, 14-23, 14-25, 14-26

example of use during parameterization phase of initialization .........cveceveieercrvircvenncnnens .. 14-19

used for marrying modules by a special aZENt ........cccevvviiiiiiniiiniii . 14-12

used for processor module recovery . erersdsasssensssasssansasasasarsbsntasraiase I RsaS RIS 13-11

used to marry processor modules using another module ettt resenesesasassane 13-9
SRAM Interface

as cache With BXU ..o

cache timing diagrams

interface logic .............

timing considerations et

SSBUSY (Subsystem Busy) Signal
Start Bit e
Start Command for I/O Prefetch Unit.......ccoconeiivnecinienncnnncieceinnnes
Start Channel Command ..........cocovirueeererercrirunnnen
Sync-Refresh Error Type
GEFINITION ..euvvevieerereerirreeeienirtet et esesest st stssereseesese e sesasba st besesesaesesasassssesastssessbesasesbassbebeseatasesentsnesebsssstessstsssserssasten 12-13
memory module ShAAOWING ......ccceviviciemiiiiiiiiiiii bbb 13-15
Sync-Refresh Command
definition .....cceceeeeeinrcrcrcrnninnne
used to issue an error report
used to synchronize memory ..

SYNCAIONIZET ....cvvuiviniiniriiieenciciieiceetsiss et
Synchronous I/O System .........cccoeevvvenicreninnnene
System Propagation Delay ..........cccceiverninnernenininieininesiseeniereesessesessees
System-Bus-ID Register
AEFINITION .ttt ettt bbb b et bbb e b bbb s b b bR e sa b e s b s b e bbb s Rt bbb bbb ene A-64
state after RESET bbbt 14-4
used during IAC requests ........cococveecuereirunnne . 14-3
used during IAC transactions........... . ...8-29, 8-30, 8-31
T
Tag ...... 8-16, 8-17, 8-19
Tag-Valid ....cccovveeeveererenenreerinnenes B OSSO RROTRURPRONt 8-16
Terminate-Permanent-Error-Window Error Type
definition .........coveerieiniiinenen, 12-13
permanent error deCision ..........ciiccieiininininenieeinens s e 13-5
Terminate-Permanent-Error-Window Command
defining a permanent error Window ..........ccveveerineneriennneuerereusnsnseesennnens 10-9

I-16



intel INDEX

EFIMILION ..ottt bbbttt et eb bttt ee s b b st be bbb bbb b b es A-65
PEIMANENE EITOL AECISION ...uvvvieieiieiiritet ettt ettt st bbb bbb bbb bbb b e b b ebse bbb es st ebetbeteanas 13-5
USE 10 ISSUE A EITOT TEPOTL ...vuvueeriveierirereieretteseteteesti s bt sttt se b s s e s e besebe bbb e b e bbb ebebesetaenesebeseusssseanes 12-13
Test-Detection Register
EFIMITION ..ttt ettt bene
used during the parameterization phase of initialization
used for diagnostic teSting .........c.coeveereeuriereererierinennns
used tO ZENETate EITOT TEPOILS ......c.covveiiriririirisicseeeatiesereeessestssaeieseseneaesenesesesenesenene
Test-Report Command
definition ................. et ettt et st b e R e h R RSt et et h s et sea e n b eaeseenen A-68
USE L0 SEIECE AN EITOT LYPE ..cuvuviueniriieriienertteiesiteteneseaesesae e sestestaa s eberese s stss b s et s s st sae b sesnasebesesibesenestmasseneanssnes 12-17
USEA 10 tESt TEETY DUFTETS ....viuiiiiiiiiiiiiieic ettt sttt sttt 13-4
Test-Type Register
definition .....cccceivivireireeiccce e ettt b e s et e a e ees A-69
used to select an eITor tyPe .......ccvevvvereruvereveeereeeresnenenes ettt 12-17
Testing
CaChe v e e e 8-38
CACRE QIIECIOTY ....vviveiuiieeecieteiese ettt ettt ettt et st s et bt sts e s et a b b sa b b s b et e ee bt sttt o ta s s emesebenaanssetnnes 8-39
L-BUS INEITACE ....evvvieiiirtciiietiet ettt ettt ettt s bttt ettt sttt st 8-39
Time-Outs 0N the AP-BUS .....oocuiiiiiiiiiiciiritie ettt sa s s bbb ne s 11-2
THAME-SIICE ..ottt bbb st 7-24,7-25,7-27,7-29, 7-30
THIME SEP INLEIVAIS ....oviiiiiriier ettt bbbttt sttt e bbbt sttt s . 71-25
Timing
arbitration on the L-bus ......... OO 3-18
CACHE TEAA MUISS «..vvviviiitt bbb bbbt s 8-43
T/O PIEfetCh TEAA ... ettt ettt ettt sttt 8-43, 8-44
INEEITUPLS «.vovevviiiiceccce ettt evenenns ettt e b et b ee e n e s bae s b b e s b nenetene 3-27
OF TAC ZEIIETALOT ...ttt ettt ettt b ettt ettt st bbbt et sttt ea et e bbb e et seaba bt aea et es s s encnceen 9-7
read operation on the L-bus .. 3-6
read operation with the BXU ........c.cccccvvmvnnnnnnnicennececens ettt et nea 8-40
RMW operation with the BXU OO 8-41,8-42
write operation on the L-bus
write operation with the BXU .......c.cccoiivniiiiiiniiiniiicerinceceneeeresceseeeeseseesesennes
Timing Logic
1/0O interface
SINAL FIOW ..ouiiiiiiiiiiiiite e
Transient Errors
Transient Wait Period .........
Type-Parity Bit ....cccccoeeireennriinnreercnrecnineneeenene
U
UNC (Uncorrectable ECC) SiZNAl.......cvcvuiuiiiieeiirireseesesessssetessesiesesesesssssesssesesssesesesesssssssesesesssssesiosssssesssssssasesesess 13-14
Uncorrectable-Array-Error Error Type.. 12-12
Unsafe EITOT DECISION ..........c.cuiiiiiiiiriieieieiet ettt ettt ettt eae bbb bbbkt e st s s s et e et esabessesesesehebesebebesesesenes 13-3

Unsafe-Confinement-Area Error Type
defining a permanent error ..
defining a transient error ...
definition

determining Which DUS fAILEd ........couvirieeeiiieirieiiecr ettt ettt sttt es 13-18
failures in partial write operations e et saenes 13-14
unsafe error decision ...... 13-3
Update Policy 8-18
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v
Ve (Voltage Reference)
definition 7-6
used to determine warm or cold start .. 14-9
VALIA DIt .o bbb e s bbb bbb e b n s 8-16
w
W/R (Write/Read) Signal
definition 3-4
timing diagram .. 3-7
used by the 82786 interface ..........co.ceunne 5-13
used by the BXU during prefetch 8-35
used by the DRAM timing CONLIOl I0ZIC .....c.cveveviuiieriuiieiiriiriiriieieeinerereenss e essbesesssesesesessnene 4-12
used by the timing control logic 5-4,4-5
Warm Start . 14-9
WY ottt et e e bbb s bS8 Sttt sttt eae e a e e enen 8-17
WD,-WD, (WORD) Signals...... 8-21
Write Operation
sequence on the AP-bus 7-13
with retry sequence 13-4
Write Operation, timing diagram on the L-bus .. 3-10
Write-Acknowledge Packet
used during IAC transactions 8-14
used in IAC transactions 8-32
used in memory transactions 8-27
used in RMW operations 7-15
Write-Request Packet
general definition .. 7-11
operation on AP-bus 7-14
WY -WY (WAY) Signals 8-20
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Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distribution Group
26677 W. Agoura Rd.
Calabasas 91302

Tel: (818) 880-9000
TWX: 372-0232

COLORADO

Arrow Electronics, Inc.
7060 South Tucson Way
Englewood 80112

Tel: (303) 790-4444

Hamilton/Avnet Electronics
765 E. Orchard Road
Suite 708

Englewood 80111
Tel (303) 740-1017
TWX: 910-935-0787

tWyle Distribution Group
451 E. 124th Avenue
Thornton 80241

Tel: (303) 457-9953
TWX: 910-936-0770

tMicrocomputer System Technical Distributor Center

CONNECTICUT

tArrow Electronics, Inc.
12 Beaumont Road
Wallingford 06492

Tel: (203) 265-7741
TWX: 710-476-0162

Hamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974

TPioneer Electronics

112 Main Street

Norwalk 06851

Tel (203) 853-1515
X: 710-468-3373

FLORIDA

tArrow Electronics, Inc.
400 Fairway Drive
Suite 102

Deerfield Beach 33441
Tel: (305) 429-8200
TWX: 510-955-9456

Arrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407) 323-0252
TWX: 510-959-6337

fHamul\on/Avnet Electronlcs
6801 N.W. 15th Way'
Ft. Lauderdale 33309

Tel: (305) 971-2900

TWX: 510-956-3097

tHamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

‘THamilton/Avnet Electronics
6947 University Boulevard
Winter Park 32792

Tel: (305) 628-3888

TWX: 810-853-0322

tPioneer/T ecgnologles Group, Inc.

337 S. Lake

Alta Monte Springs 32701
Tel: (407) 834-9090
TWX: 810-853-0284

Pioneer/T: echnolog':es Group, Inc.

674 S. Military Tr
Deerfield Beach 33442
Tel: (305) 428-8877
TWX: 510-955-9653

GEORGIA

tArrow Electronics, Inc.
3155 Northwoods Parkway
Suite A

Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439

‘tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer/Technologies Group, Inc.

3100 F Northwoods Place
Norcross 30071

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

Arrow Electronics, Inc.
1140 W. Thorndale
Itasca 60143

Tel: (312) 250-0500
TWX: 312-250-0916

‘tHamilton/Avnet Electronics
1130 Thorndale Avenue

TWX: 910-227-0060

MTI Systems Sales
1100 W. Thorndale
ltasca 60143

Tel: (312) 773-2300

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA

tArrow Electronics, Inc.
2495 Directors Row, Suite H
Indianapolis 46241

Tel: (317) 243-9353

TWX: 810-341-3119

Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel: (317) 844-9333

TWX: 810-260-3966

tPioneer Electronics
6408 Castleplace Drive
indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

I0WA

Hamilton/Avnet Electronics
915 33rd Avenue, S.W.
Cedar Rapids 52404

Tel: (319) 362-4757

KANSAS

Arrow Electronics

8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542

‘tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215

Tel: (913) 888-8900

TWX: 910-743-0005

Pioneer/Tec Gr.
10551 Lockman Rd.
Lenexa 66215

Tel: (913) 492-0500
KENTUCKY

Hamiltan/Avnet Electronics
1051 D. Newton Park
Lexington 40511

Tel: (606) 259-1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, River Center
Columbia 21046

Tel: (301) 995-0003
TWX: 710-236-9005

Hamilton/Avnet Electronics
22 Oak Hall Lane
Columbia 21045

Tel: (301) 995-3500
TWX: 710-862-1861

tMesa Technology Corp.
9720 Patuxent Woods Dr.
Columbia 21046

Tel: (301) 290-8150
TWX: 710-828-9702

tPioneer/Technologies Group, Inc.

9100 Gaither Road

Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

MASSACHUSETTS

Arrow Eleclronics, Inc.
25 Uptt

ermlngmn 01887
Tel: (617) 935-5134

‘tHamilton/Avnet Electronics
10D Centennial Drive

Peabody 01960

Tel: (617) 531-7430

TWX: 710-393-0382

MTI Systems Sales
83 Cambridge St.
Burlington 01813

Pioneer Electronics
44 Hartwell Avenue
Lexington 02173

Tel: (617) 861-9200
TWX: 710-326-6617

MICHIGAN

Arrow Electronics, Inc.
755 Phoenix Drive
Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020

Hamilton/Avnet Electronics
2215 29th Street S.E

pace A5
Grand Rapids 49508
Tel: (616) 243-8805
TWX: 810-274-6921

Pioneer Electronics
4504 Broadmoor S.E.
Grand Rapids 49508
FAX: 616-698-1831

tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-282-8775

tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271

MINNESOTA

tArrow Electronics, Inc.
5230 W. 73rd Street

Edina 55435
Tel: (612) 830-1800

WX: 910-576-3125
‘tHamilton/Avnet Electronics
12400 Whitewater Drive
Minnetonka 55434
Tel: (612) 932-0600

tPioneer Electronics
7625 Golden Triange Dr.
Suite G

Eden Prairi 55343

Tel: (612) 944-3355

MISSOURI

tArrow Electronics, Inc.

2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
TWX: 910-764-0882

tHamilton/Avnet Electronics
13743 Shoreline Court
Earth City 63045

Tel: (314) 344-1200

TWX: 910-762-0684

NEW HAMPSHIRE

tArrow Electronics, Inc.
3 Perimeter Road
_nI{Ianchesler 03103

( 8
TWX: 710-220-1684

tHamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03103

Tel: (603) 624-9400
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NEW JERSEY

fArrow Electronics, Inc.
Four East Stow Road
Unit 11

Mariton 08053

Tel: (609) 596-8000
TWX: 710-897-0829

tArrow Electronics
6 Century Drive
Parsipanny 07054
Tel: (201) 538-0900

‘tHamilton/Avnet Electronics
1 Keystone Ave., Bidg. 36
Cherry Hili 08003

Tel: (609) 424-0110

TWX: 710-940-0262

tHamilton/Avnet Electronics
10 Industrial

Fairfield 07006

Tel: (201) §75-5300

TWX: 710-734-4388

1tMTI Systems Sales
37 Kullck Rd
Fairfield 07006

Tel: (201) 227-5552

tPioneer Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 575-3510
TWX: 710-734-4382

NEW MEXICO

Alliance Electronics Inc.
11030 Cochiti S.E.
Albuquerque 87123
Tel: (505) 292-3360
TWX: 910-989-1151

Hamilton/Avnet Electronics
2524 Baylor Drive S.E.
Albuquerque 87106

Tel: (505) 765-1500

TWX: 910-989-0614

NEW YORK

tArrow Electronics, Inc.
3375 Brighton Henrietta
Townline Rd.
Rochester 14623

Tel: (716) 275-0300
TWX: 510-253-4766

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 11788
Tel: (516) 231-1000
TWX: 510-227-6623

Hamilton/Avnet
933 Motor Parkway
Hauppauge 11788
Tel: (516) 231-9800
TWX: 510-224-6166

tHamilton/Avnet Electronics
333 Metro Park

Rochester 14623

Tel: (716) 475-9130

TWX: 510-253-5470

tHamilton/Avnet Electronics
103 Twin Oaks Drive

TWX: 710-541-1560

TMT! Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200

DOMESTIC DISTRIBUTORS (Cont'd.)

tPioneer Electronics
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
TWX: 510-252-0893

Pioneer Electronics
40 Oser Avenue
Hauppau 1787

Tel: (516) 231 -9200

tPioneer Electronics

60 Crossway Park West
Woodbury, Long Island 11797
Tel: (516) 921-8700

TWX: 510-] 221 2184

tPioneer Electronics
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
TWX: 510-253-7001

NORTH CAROLINA

TArrow Electronics, Inc.
5240 Greensdairy Road
Raleigh 27604

Tel: (919) 876-3132
TWX: 510-928-1856

‘tHamilton/Avnet Electronics
3510 Spring Forest Drive
Raleigh 27604

Tel: (919) 878-0819

TWX: 510-928-1836

Pioneer/T schnologles Group, Inc.

9801 A-Southern Pine Bivd.
Charlotte 28210

Tel: (919) 527-8188

TWX: 810-621-0366

OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563
TWX: 810-459-1611

tArrow Electronics, Inc.
6238 Cochran Road
Solon 44139

Tel: (216) 248-3990
TWX: 810-427-9409

tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 439-6733

TWX: 810-450-2531

Hamilton/Avnet Electronics

4588 Emery Industrial Pkwy.
Warrensville Heights 44128
Tel: (216) 349-5700

TWX: 810-427-9452

tHamilton/Avnet Electronics
777 Brooksedge Blvd
Westerville 43081

Tel: (614) 882-7004

tPioneer Electronics
4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622

tPioneer Electronics
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
TWX: 810-422-2211

tMicrocomputer System Technical Distributor Center

OKLAHOMA

Arrow Electronics, Inc.
1211 E. 51st St., Suite 101
Tulsa 74146

Tel: (918) 252-7537

tHamilton/Avnet Electronics
12121 E. 51st St,, Suite 102A
Tulsa 74146

Tel: (918) 252-7297

OREGON

tAimac Electronics Corp.
1885 N.W. 169th Place
Beaverton 97005

Tel: (503) 629-8090
TWX: 910-467-8746

tHamilton/Avnet Electronics
6024 S.W. Jean Road

Bldg. C, Suite 10

Lake Oswego 97034

Tel: (503) 635-7848

TWX: 910-455-8179

Wyle Distribution Group

5250 N.E. Elam Young Parkway
Suite 600

Hillsboro 97124

Tel: (503) 640-6000

TWX: 910-460-2203

PENNSYLVANIA

Arrow Electronics, Inc.
650 Seco Road
Monroeville 15146
Tel: (412) 856-7000

Hamilton/Avnet Electronics
2800 Liberty Ave.
Pittsburgh 15238

Tel: (412) 281-4150

Pioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer/Technologies Group, Inc.

Delaware Valley
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778

TEXAS

tArrow Electronics, Inc.
3220 Commander Drive
Carroliton 75006

Tel: (214) 380-6464
TWX: 910-860-5377

tArrow Electronics, Inc
10899 Kinghurst

Suite 100

Houston 77099

Tel: (713) 530-4700
TWX: 910-880-4439

tArrow Electronics, Inc.
2227 W. Braker Lane
Austin 78758

Tel: (512) 835-4180
TWX: 910-874-1348

tHamilton/Avnet Electronics
1807 W. Braker Lane
Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

‘tHamilton/Avnet Electronics
2111 W. Wainut Hill Lane
Irving 75038

Tel: (214) 550-6111

TWX: 910-860-5929

tHamilton/Avnet Electronics
4850 Wright Rd., Suite 190
Stafford 77477

Tel: (713) 240-7733

TWX: 910-881-5523

tPioneer Electronics
18260 Kramer
Austin 78758
Tel: (512) 835-4000
TWX: 910-874-1323

fPioneer Electronics

13710 Omega Road

Dallas 75234

Tel: (214) 386-7300
TWX: 910-850-5563

tPioneer Electronics
5853 Point West Drive
Houston 77036

Tel: (713) 988-5555
TWX: 910-881-1606

Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

UTAH

Arrow Electronics
1946 Parkway Blvd.
Salt Lake City 84119
Tel: (801) 973-6913

tHamilton/Avnet Electronics

TWX: 910-925-4018

Wyle Distribution Group

1325 West 2200 South
uite E

West Valley 84119

Tel: (801) 974-9953

WASHINGTON

tAlmac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992
TWX: 910-444-2067

Arrow Electronics, Inc.
19540 68th Ave. South
Kent 98032

Tel: (206) 575-4420

tHamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 643-3950

TWX: 910-443-2469

Wyle Distribution Group
15385 N.E. 90th Street
Redmond 98052

Tel: (206) 881-1150

WISCONSIN

Arrow Electronics, Inc.

200 N. Patrick Blvd., Ste. 100
Brookfield 53005

Tel: (414) 767-6600

TWX: 910-262-1193

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin 563151

Tel: (414) 784-4510

TWX: 910-262-1182

CANADA

ALBERTA

Hamilton/Avnet Electronics
2816 21st Street NE
Calgal s T2E 6;

Tel: (4 3) 230 3586

Zentronics

Bay No. 1

3300 14th Avenue N.E.
Calgary T2A 6J4

Tel: (403) 272-1021

BRITISH COLUMBIA
1'Harv1|ltor\/Avne;j Electronics

Tel: (604) 437-6667

Zentronics

108-11400 Bndgepon Road
Richmond VéX 1

Tel: (604) 273- 5575

TWX: 04-5077-89

MANITOBA

Zentronics

60-1313 Border Unit 60
Winnipeg R3H 0X4
Tel: (204) 694-1957

ONTARIO

Arrow Electronics, Inc.
36 Antares Dr.
Nepean K2E 7W5
Tel: (613) 226-6903

Arrow Electronics, Inc.
1093 Meyerside
Mississauga L5T 1M4
Tel: (416) 673-7769
TWX: 06-218213

tHamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432

TWX: 610-492-8867

Hamilton/Avnet Electronics
6845 Rexwood Rd., Unit 6
Mississauga L4T 1R2

Tel: (416) 277-0484

THamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5

Tel: (613) 226-1700

TWX: 05-349-71

tZentronics

8 Tilbury Court
Brampton L6T 3T4
Tel: (416) 451-9600
TWX: 06-976-78

tZentronics

155 Colonnade Road
Unit 17

Nepean K2E 7K1
Tel: (613) 226-8840

Zentronics

60-1313 Border St.
Winnipeg R3H 014

Tel: (204) 694-7957

QUEBEC

tArrow Electronics Inc.
4050 Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511
TWX: 05-25590

Arrow Electronics, Inc.

500 Avenue St-Jean Baptiste
Suite 280

Quebec G2E 5R9

Tel: (418) 871-7500

FAX: 418-871-6816

Hamilton/Avnet Electronics
2795 Halpern

St. Laurent H2E 7K1

Tel: (514) 335-1000

TWX: 610-421-3731
Zentronics

817 McCaffrey

St. Laurent H4T 1M3

Tel: (514) 737-9700

TWX: 05-827-535
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DENMARK

Intel Denmark A/S
Glentevej 61, 3rd Floor
2400 Copenhagen NV
Tel: (45) (31) 1980 33
TLX: 19567

FINLAND

Intel Finland OY
Ruosilantie 2

00390 Helsinki

Tel: (358) 0 544 644
TLX: 123332

FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303

78054 St. Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
TLX: 699016

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Dornacher Strasse 1

8016 Feldkirchen bei Muenchen
Tel: (49) 089/90992-0

TLX: 5-23177

FAX: 904-3948

Intel Semiconductor GmbH
Hohenzollern Strasse 5
3000 Hannover 1

Tel: (49) 051 1/344081
TLX: 9-236:

Intel Semiconductor GmbH
Abraham Lincoln Strasse 16-18
6200 Wiesbaden

Tel: (49) 06121/7605 0

TLX: 4-1861

Intel Semiconductor GmbH
Zenachnng 10A

7000 Stuttgart 8

Tel: (49) 071 1/7257 280
TLX: 7-254

ISRAEL

Intel Semiconductor Ltd.*

Atidim Industrial Park-Neve Sharet
P.O. Box 43202

Tel-Aviv 61430

Tel: (972) 03-498080

TLX: 371215

ITALY

Intel Corporation Italia S.p.A.*
Milanofiori Palazzo E

20090 Assago

Milano

Tel: (39) (02) 89200950

TLX: 341286

NETHERLANDS

Intel Semiconductor B.V.*
Postbus 84130

3099 CC Rotterdam

Tel: (31) 10.407.11.11
TLX: 22283

NORWAY

Intel Norway A/S
Hvamveien 4-PO Box 92
2013 Skjetten

Tel: (47) (6) 842 420
TLX: 78018

SPAIN

Intel Iberia S.A.
Zurbaran, 28
28010 Madrid

Tel: (34) 308.25.52
TLX: 46880

SWEDEN

Intel Sweden A.B.*
Dalvagen 24

171 36 Solna

Tel: (46) 8 734 01 00
TLX: 12261

SWITZERLAND

Intel Semiconductor A.G.

Zuerichstrasse

8185 Winkel-Rueti bel Zuerich
Tel: (41) 01/86 62 6:

TLX: 8:

UNITED KINGDOM

Intel Corporation (U.K)) Ltd.*
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (44) (0793) 696000
TLX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.

Ro(enmuahlgasse 26
1120 Wi
;el (43) (0222) 83 56 46

BELGIUM

Inelco Belgium SA.

Av. des Croix de Guerre 94
1120 Bruxelles
Oorlogskruiseniaan, 94
1120 Brussel

Tel: (32) (02) 216 01 60
TLX: 64475 or 22090

DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostrup

Tel: (45) (0) 2 45 66 45
TLX: 33 355

FINLAND

QY Fintronic AB
Melkonkatu 24A
00210 Helsinki

Tel: (358) (0) 6926022
TLX: 124224

FRANCE

Almex
Zone industrielle d’Antony
48, rue de I'Aubepine

102
92164 Antony cedex
}el (33) (1) 46 66 21 12

Jermyn-Generim

60, rue des Gemeaux
Silic 580

94653 Rungis cedex
Tel: (33) (1) 49784978
TLX: 260967

Metrologie

Tour d'Asnieres

4, av. Laurent-Cely
92606 Asnieres Cedex
Tel: (33) (1) 47 90 62 40
TLX: 611448

*Field Application Location

Tekelec-Airtronic

Cite des Bruyeres

Rue Carle Vernet - BP 2
92310 Sevres

Tel: (33) (1) 4534 75 35
TLX: 204552

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12

000 Muenchen 82
Tel: (49) 089/42001-0
TLX: 522561

ITT Multikomponent GmbH
Postfach 1265
Bahnhofstrasse 44

7141 Moeglingen

Tel: (49) 07141/4879

TLX: 7264472

Jermyn GmbH

Im Dachsstueck 9
6250 Limburg

Tel: (49) 06431/508-0
TLX: 415257-0

Metrologie GmbH
Meglingerstrasse 49
8000 Muenchen 71
Tel: (49) 089/78042-0
TLX: 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3
6072 Dreieicl

Tel: (49) 06103/30434 3
TLX: 41790

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenageary

Co. Dublin

Tel: (21) (353) (01) 85 63 25
TLX: 31584

ISRAEL

Eastronics Ltd.

11 Rozanis Street
P.0.B. 39300
Tel-Aviv 61392

Tel: (972) 03-475151
TLX: 33638

ITALY

Intesi

Divisione ITT Industries GmbH
Viale Milanofiori

Palazzo E/S

20090 Assago (M)

Tel: (39) 02/824701

TLX: 311351

Lasi Elettronica S.p.A.

V. le Fulvio Testi, 126

20092 Cinisello Balsamo (Ml)
Tel: (39) 02/2440012

TLX: 352040

ITT Multicomponents
Viale Milanofiori E/S
20090 Assago (MI)
Tel: (39) 02/824701
TLX: 311351

Silverstar

Via Dei Gracchi 20
20146 Milano

Tel: (39) 02/49961
TLX: 332189

NETHERLANDS
léo\?ing en Hartman Elektrotechniek

Energleweg 1
2627 AP
;el (31) (o) 15/609906

NORWAY

Nordisk Elektronikk (Norge) A/S
Postboks 123

Smedsvmgen 4

1364 Hval

;el (47) (02) 34 62 10

PORTUGAL

ATD Portugal
Rua Dos Lusiadas, 5 Sala B
1300 LISBOA
Tel: 64 80 91

TLX: 61562
FAX: 63 76 55

Ditram

Avenida Miguel Bombarda, 133
1000 Lisboa

Tel: (35) (1) 734 884

TLX: 14182

SPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6
28040 Madrid

Tel: (34) (1) 234 40 00
TLX: 42754

ITT-SESA

Calle N?uel Angel, 21-3
28010

Tel: (34) (1) 419 54 00
TLX: 27461

Metrologia Iberica, S.A.
Ctra. de Fuencarral, n.80
28100 Alcobendas (Madrid)
Tel: (34) (1) 653 86 11

SWEDEN

Nordisk Elektronik AB
Huvudstagatan 1

Box 1409

171 27 Solna

Tel: (46) 08-734 97 70
TLX: 105 47
SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Wallisellen

Tel: (41) (01) 8328111
TLX: 56788

TURKEY

EMPA Electronic
Lindwurmstrasse 95A

8000 Muenchen 2
Tel: (49) 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic C_omponen(s Ltd.

Jubilee House, Jubilee Road
Letchworth, Herts SG6 1TL
Tel: (44) (0462) 686666
TLX: 82629

Bytech-Comway Systems
3 The Western Centre
Western Road

Bracknell RG12 1RW
Tel: (44) (0344) 55333
TLX: 847201

Jermyn

Vestry Estate

Otford Road
Sevenoaks

Kent TN14 5EU

Tel: (44) (0732) 450144
TLX: 9!

MMD

Unit 8 Southview Park
Caversham

Reading

Berkshire RG4

;el (44) (0734) 481666

Rapid Silicon

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 442266
TLX: 837931

Rapid Systems

Rapid House

Denmark Street

High Wycombe
Buckinghamshire HP11 2ER
Tel: (44) (0494) 450244
TLX: 837931

YUGOSLAVIA

H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste. 22(
Santa Clara, CA 95050

Tel: (1) (408) 988-0286
TLX: 387452

Rapido Electronic Components

.p.a.
Via C. Beccaria, 8
34133 Trieste

Tel (39) 040/360555
TLX: 4
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UNITED STATES
Intel Corporation

3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex
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