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Figure 1. The 80960XA’s Highly Parallel Microarchitecture

THE 960 SERIES

The BO960XA is an enhanced military member of the
family of 32-bit microprocessors from Intel known as
the 1960 Processor Series. This series was especial-
ly designed to serve the needs of embedded appli-
cations. The embedded market includes applica-
tions as diverse as industrial automation, avionics,
image processing, graphics, robotics, telecommuni-
cations, and automobiles. These types of applica-
tions require high integration, low power consump-
tion, quick interrupt response times, and high per-
formance. Since time to market is critical, embedded
microprocessors need to be easy to use in both
hardware and software designs.

All members of the 80960 series share a common
core architecture which utilizes RISC technology so
that, except for special functions, the family mem-
bers are object code compatible. Each new proces-
sor in the series will add its own special set of func-
tions to the core to satisfy the needs of a specific
application or range of applications in the embedded
market.

The present generation of the 960 family features
four distinct architectures. Figure 2 depicts the four
architectures in a ring structure to indicate upward
binary compatibility. Thus, the inner ring architec-
tures are fully binary compatible to the outer ring
architectures. Future implementations of these 1960
architectures will maintain this binary compatibility.
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There are currently five i960 microprocessor prod-
ucts representing the four architectures of the fami-
ly. The Core architecture is featured in Intel's com-
mercial product line by the 80960KA and 80960CA
products. The Core architecture contains the basic
i960 processor instruction set. The Numerics archi-
tecture is featured in Intel’s commercial product line
by the 80960KB. This architecture contains the Core
architecture plus an on-chip |EEE 754 Standard
Floating Point Unit (FPU).

The Protected architecture is represented in Intel’s
military product line by the 80960MC. This architec-
ture contains the Numerics architecture plus an on-
chip Memory Management Unit (MMU) and muiti-
tasking capabilities to support the Ada programming
language.

The Extended architecture, implemented by the
80960XA, was defined to support object addressing
and protection in response to the increasing popu-
larity of object-oriented computing. A superset of the
Protected architecture, the Extended architecture
features a 33rd tag bit on the data bus. This 33rd tag
bit allows a 32-bit word to be defined as either a data
word or a pointer to an object in memory, thus sup-
porting object addressing. In addition, the tag bit pro-
vides a high tevel of data security by making it im-
possibie to forge pointers to protected objects within
memory.

The Extended architecture was chosen by the Joint
Integrated Avionics Working Group (JJAWG) as a
32-bit Instruction Set Architecture (ISA) standard for
use in Military avionics applications. Thus, the
80960XA is an ideal fit in applications for which
JIAWG ISA compliance is required.
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Figure 2. i960® Product Family
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KEY PERFORMANCE FEATURES

The 80960XA’s architecture is based on the most
recent advances in RISC technology and is ground-
ed in intel’s long experience in designing embedded
controllers. Many features contribute to the
80960XA’s exceptional performance: -

1. Large Register Set. Having a large number of
registers reduces the number of times that a proces-
sor needs to access memory. Modern compilers can
take advantage of this feature to optimize execution
speed. For maximum flexibility, the BO960XA pro-
vides thirty-two 32-bit registers (sixteen local and
sixteen global) and four 80-bit floating-point giobal
registers. (See Figure 3.)

2. Fast Instruction Execution. Simple functions
make up the bulk of instructions in most programs,
s0 that execution speed can be greatly improved by
ensuring that these core instructions execute in as
short a time as possible. The most-frequently exe-
cuted instructions such as register-register moves,
add/subtract, logical operations, and shifts execute
in one to two cycles (Table 1 contains a list of in-
structions.)
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3. Load/Store Architecture. Like other processors
based on RISC technology, the 80960XA has a
Load/Store architecture. Only the LOAD and
STORE instructions reference memory; all other in-
structions operate on registers. This type of archi-
tecture simplifies instruction decoding and is used in
combination with other techniques to increase paral-
lelism.

4, Simple Instruction Formats. All instructions in
the 80960XA are 32-bits long and must be aligned
on word boundaries. This alignment makes it possi-
ble to eliminate the instruction-alignment stage in
the pipeline. To simplity the instruction decoder fur-
ther, there are only five instruction formats and each
instruction uses only one format. (See Figure 4.)

5. Overlapped Instruction Execution. A load oper-
ation allows execution of subsequent instructions to
continue before the data has been returned from
memory, so that these instructions can overlap the
load. The BO960XA manages this process transpar-
ently to software through the use of a register score-
board. Conditional instructions also make use of a
scoreboard so that subsequent unrelated instruc-
tions can be executed while the conditional instruc-
tion is pending.

Control | Opcode | Displacement |
aggrgf:rzgh [ opcode | Reg/tit [ Reg [ M ] Displacement |
mﬁﬂeg;ﬁ; | Opcode | Reg | Reg/Lit |  Modes | Extaop | Regsiit |

Accr:snfrsyhon [Opcode | Reg [ Base | M [ x | Offset |
Acc“ﬁis"f?ong [opcode | Reg | Base | Mode | scate | xx [ ingex ]
| Displacement |

Figure 4. Instruction Formats

10-104

B 4826175 0137579 130 mm

ADVANCE INFORMATION I




"
"‘ﬂ'el 80960XA
®
Table 1. 80960XA Instruction Set
Data Movement Arithmetic Floating Logical
Load Add Add And
Store Subtract Subtract Not And
Move Muitiply Multiply And Not
Load Address Divide Divide Or
Load Physical Remainder Remainder Exclusive Or
Address Modulo Scale Not Or
Load Virtual Shift Round Or Not
Load Mixed Square Root Nor
Load Virtual Sine Exclusive Nor
Mixed Cosine Not
Stora Virtual Tangent Nand
Store Mixed Arctangent Rotate
Store Virtual Log
Mixed Log Binary
Move Mixed Log Natural
Load TDO Exponent
Load Controt Classify
Stack Pointer Copy Real
Load from Process Extended
Globals Compare
Comparison Branch Bit qnd String
Bit Field
Compare Unconditional Set Bit Move String
Conditional »  Branch Clear Bit Move Quick String
Compare Conditional Branch Not Bit Fill String
Compare and Compare and Check Bit Compare String
Increment Branch Alter Bit Scan Byte for
Compare and Scan for Bit Equal
" Decrement Scan aver Bit
Compare Mixed Extract
Modify
Process
Conversion Decimal Call/Return Management
Convert Real to Move Call Schedule Process
integer Add with Carry Cait Extended Saves Process
Convert Integer to Subtract with Carry Call System Resume Process
Real Return Load Process Time
Convert Address Branch and Link Modify Process
Call Domain Controls
Wait
Conditional Wait
Signal
Receive
Conditional
Receive
Send
Send Service
Atomic Add
Atomic Modify
Atomic Repiace
Mixed
Fault Debug Miscellaneous AD Manipulation
Conditional Fault . Modify Trace Flush Local Amplify Rights
Synchronize Fauits Controls Registers Restrict Rights
Mark Inspect Access Create AD
Farce Mark Modify Arithmetic Check Tag
Controls
Test Condition
Code
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6. Integer Execution Optimization. When the re-
sult of an operation is used as an operand in a sub-
sequent calculation, the value is sent immediately to
its destination register. Yet at the same time, the
value is put back on a bypass path to the ALU,
thereby saving the time that otherwise would be re-
quired to retrieve the value for the next operation.

7. Bandwidth Optimizations. The 80960XA gets
optimal use of its memory bus bandwidth because
the bus is tuned for use with the cache: the line size
of the instruction cache matches the maximum burst
size for instruction fetches. The 80960XA automati-
cally fetches four words in a burst and stores them
directly in the cache. Due to the size of the cache
and the fact that it is continually filled in anticipation
of needed instructions in the program flow, the
80960XA is exceptionally insensitive to memory wait
states. The benefit is that the 80960XA will deliver
outstanding performance even with a low cost mem-
ory system.

8. Cache Bypass. If there is a cache miss, the proc-
essor fetches the needed instruction, then senas it
on to the instruction decoder at the same time it
updates the cache. Thus, no extra time is taken to
load and read the cache.

Memory Space and Addressing Modes

The 80960XA allows each process to address a lin-
ear memory space of up to 4 Gbytes. This address
space is divided into four 1-Gbyte regions. Each of
these regions can be mapped to physical addresses
by zero, one or two levels of page tables. The region
with the highest addresses (Region 3) is common to
all processes.

By utilizing object addressing, the linear address
space of the BO98OXA for a single process is ex-
tended to a virtual address space of 258 bytes. In
addition, the number of distinct address spaces with-
in a running process is effectively unlimited so that
each software module can be placed in its own ad-
dress space.

The processor provides two address-interpretation
modes: physical-addressing mode and virtual-
addressing mode. When operating in physical-ad-
dressing mode, the processor interprets each ad-
dress operand in an instruction as a physical
address and sends the address out to the bus un-
changed.

In virtual-addressing mode, the processor interprets
each address operand as a virtual address. The on-
chip memory management unit (MMU) translates the
virtual address into a physical address, which the
processor sends out to the bus. The physical ad-
dresses of the most recently accessed pages in
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memory are stored on-chip within the translation
lookaside buffer (TLB).

The BO9B0XA provides a rich set of addressing
modes to support efficient execution of the Ada pro-
gamming language. Table 2 lists these memory ad-
dressing modes.

Data Types
The 80960XA recognizes the following data types:

Numeric:

* 8-, 18-, 32- and 64-bit ordinals

® 8-, 16, 32- and 64-bit integers

® 32-, 84- and 80-bit real numbers

Non-Numeric:

* Bit

* Bit Field

¢ Triple-Word (96 bits)
¢ Quad-Word {128 bits)
+ Mixed (33 bits)

Large Register Set

The programming environment of the 80960XA in-
cludes a large number of registers. In fact, 36 regis-
ters are available at any time. The availability of this
many registers greatly reduces the number of mem-
ory accesses required to execute most programs,
which leads to greater instruction processing speed.

There are two types of general-purpose registers:
local and global. The 20 gliobal registers consist of
sixteen 32-bit registers (GO through G15) and four
80-bit registers (FPO through FP3). These registers
perform the same function as the general-purpose
registers provided in other popular microprocessors.
The term global refers to the fact that these regis-
ters retain their contents across procedure calls.

The focal registers, on the other hand, are proce-
dure specific. For each procedure call, the 80960XA
allocates 16 local registers (RO through R15). Each
local register is 32 bits wide. Any register can also
be used for floating-point operations; the 80-bit float-
ing-point registers are provided for extended preci-
sion.

Muitiple Register Sets

To further increase the efficiency of the register set,
multiple sets of local registers are stored on-chip.
This cache holds up to four local register frames,
which means that up to three procedure calls can be
made without having to access the procedure stack
resident in memory.

ADVANCE INFORMATION I
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Table 2. Memory Addressing Modes

12-Bit Offset

32-Bit Offset
Register-indirect
Register + 12-Bit Offset
Register + 32-Bit Offset
Register + (Index-Register X Scale-Factor)

Register X Scale Factor + 32-Bit Displacement

Register + {Index-Register X Scale-Factor) + 32-Bit Displacement
Object Pointer + 12-Bit Offset '
Object Pointer + 32-Bit Offset

Object Pointer + (index-Register x Scale-Factor)

Object Pointer X Scale Factor + 32-Bit Displacement

Scale-Factoris 1,2, 4,8 0r 16

Although programs may have procedure calls nest- procedure stack in memory to make room for a new

ed many calls deep, a program typically oscillates set of registers. Global register G15 is used by the

back and forth between only two or three levels. As processor as the frame pointer (FP) for the proce-

a resuit, with four stack frames in the cache, the dure stack.

probability of there being a free frame on the cache

when a call is made is very high. Note that the global and floating-point registers are
not exchanged on a procedure call, but retain their

if there are four or more active procedures and a contents, making them available to all procedures

new procedure is called, the processor moves the for fast parameter passing. An illustration of the reg-

oldest set of local registers in the register cache to a ister cache is shown in Figure 5.
REGISTER
CACHE
ONE OF FOUR
LOCAL
REGISTER SETS
BN LOCAL REGISTER SET
™~ \
Ro
~
Ris
3 ]
271159-3
Figure 5. Multiple Register Sets Are Stored On-Chip
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instruction Cache

To further reduce memory accesses, the 80960XA
includes a 512-byte on-chip instruction cache. The
instruction cache is based on the concept of locality
of reference; that is, most programs are not usually
executed in a steady stream but consist of many
branches and loops that lead to jumping back and
forth within the same small section of code. Thus, by
maintaining a block of instructions in a cache, the
number of memory references required to read in-
structions into the processor can be greatly reduced.

To load the instruction cache, instructions are
fetched in 16-byte blocks, so that up to four instruc-
tions can be fetched at one time. An efficient
prefetch algorithm increases the probability that an
instruction will already be in the cache when it is
needed.

Code for small loops will often fit entirely within the
cache, leading to a great increase in processing
speed since further memory references might not be
necessary until the program exits the loop. Similarly,
when calling short procedures, the code for the call-
ing procedure is likely to remain in the cache, so it
will be there upon the procedure’s return.

Register Scoreboarding

The instruction decoder has been optimized in sev-
eral ways. One of these optimizations is the ability to
do instruction overlapping by means of register
scoreboarding.

Register scoreboarding occurs when a LOAD in-
struction is executed to move a variable from memo-
ry into a register. When the instruction is initiated, a
scoreboard bit on the target register is set. When the
register is actually loaded, the bit is reset. In be-
tween, any reference to the register contents is ac-
companied by a test of the scoreboard bit to insure
that the load has completed before processing con-
tinues. Since the processor does not have to wait for
the LOAD to be completed, it can go on to execute
additional instructions placed in between the LOAD
instruction and the instruction that uses the register
contents, as shown in the following example:

LOAD R4, address 1
LOAD RS, address 2
Unrelated instruction
Unrelated instruction
ADD R4, R5, Ré
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In essence, the two unrelated instructions between
the LOAD and ADD instructions are executed for
free (i.e., take no apparent time to execute) because
they are executed while the register is being loaded.
Up to three LOAD instructions can be pending at
one time with three corresponding scoreboard bits
set. By exploiting this feature, system programmers

and compilers have a useful tool for optimizing exe-
cution speed.

Memory Management, Object
Addressing and Protection

The B096OXA is especially useful for multitasking
applications that require software protection and a
very large address space. To ensure a high level of
integration, the memory management unit and the
translation look-aside buffer are contained on-chip.

The 80960XA supports a conventional form of de-
mand-paged linear memory in which each process is
designated its own address space of up to 4 Gbytes.
This address space is divided into 4 Kbyte pages.
Studies have shown that a 4 Kbyte page is the opti-
mum size for a broad range of applications.

The memory locations of the pages are kept within a
page table. Each page table entry includes a 2-bit
page rights field that specifies whether the page is a
no-access, read-only, or read-write page. This field
is interpreted differently depending on whether the
current process is executing in user or supervisor
mode, as shown below:

Rights User Supervisor
00 No Access Read-Only
01 No Access Read-Write
10 Read-Only Read-Write
11 Read-Write Read-Write

In addition, the 80960XA supports an object-orient-
ed form of addressing and protection. With object-
oriented programming, the 232 byte linear address
space can be expanded to a 258 byte virtual address
space. This virtual space is divided into typed, pro-
tected segments of memory known as objects. An
object ranges in size from 64 bytes to 232 bytes. Up
to 228 objects can be addressed, thus resulting in
the 258 byte virtual address space.
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The objects are addressed with a 33-bit memory
pointer called an access descriptor (see Figure 6).
In a 33-bit memory word, the 33rd bit, called the tag
bit, identifies the contents of the word as either data
or an access descriptor. The creation and modifica-
tion techniques of access descriptors are carefully
controlled. Any unauthorized attempts to modify a
data word into an access descriptor will turn the tag
bit off, thus making it impossible to forge a pointer to
memory.

Because the access descriptors are unforgeable, an
added level of data security is introduced with this
architecture. The protection provided by the tag bit
isolates the individual address spaces and ensures
that an error introduced in one software task cannot
corrupt the reliability and security of other tasks.

80960XA

Floating-Point Arithmetic

In the 80960XA, floating-point arithmetic has been
made an integral part of the architecture. Having the
floating-point unit integrated on-chip provides two
advantages. First, it improves the performance of
the chip for floating-point applications, since no
additional bus overhead is associated with floating-
point calculations, thereby leaving more time for oth-
er bus operations such as 1/0. Second, the cost of
using floating-point operations is reduced because a
separate coprocessor chip is not required.

The 80960XA floating-point {real number) data types
include single-precision (32-bit), double-precision
(64-bit), and extended precision (80-bit) floating-
point numbers. Any register may be used to execute
floating-point operations.

Virtual Address

m [(‘ibjact Index

Rights | | offset ]

Tag bit
oo TTTTEes H
Object 0' ‘l
""""" Object
&_,; bass address Joc
T Entry) SiZe 1 Object) I cm“:Q
! Typet ! Type @ 64 bytes~
4 G- -1 4 Gbytes
'

..........

Object Table

271159~4

Figure 6. Virtual Addressing
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The processor provides hardware support for both
mandatory and recommended portions of IEEE
Standard 754 for floating-point arithmetic, including
all arithmetic, exponential, logarithmic, and other
transcendental functions. Table 3 shows execution
times for some representative instructions.

Table 3. Sample Floating-Point Execution

Times (us) at 25 MHz
32-Bit 64-Bit
Add 0.4 0.5
Subtract 0.4 0.5
Multiply 0.7 1.3
Divide 1.3 29
Square Root 37 3.9
Arctangent 101 13.1
Exponent 11.3 125
Sine 15.2 16.6
Cosine 15.2 16.6
Multitasking Support

Multitasking programs commonly involve the moni-
toring and control of an external operation, such as
the activities of a process controller or the move-
ments of a machine tool. These programs generally
consist of a number of processes that run indepen-
dently of one another, but share a common data-
base or pass data among themselves.

The 80960XA offers several hardware functions de-
signed to support multitasking systems. One unique
teature, called self-dispatching, allows a processor
to switch itself automatically among scheduled
tasks. When self-dispatching is used, all the operat-
ing system is required to do is place the task in the
scheduling queue.

When the processor becomes available, it dis-
patches the task from the beginning of the queue
and then executes it until it becomes blocked, inter-
rupted, or until its time-slice expires. It then returns
the task to the end of the queue (i.e., automatically
reschedules it) and dispatches the next ready task.

10-110

M 482L175 0137545 434 W

n

intgl.
During these operations, no communication be-
tween the processor and the operating system is

necessary until the running task is complete or an
interrupt is issued.

Synchronization and Communication

The B0960XA also offers instructions to set up and
test semaphores to ensure that concurrent tasks
remain synchronized and no data inconsistency
results. Special data structures, known as communi-
cation ports, provide the means for exchanging
parameters and data structures. Transmission of in-
formation by means of communication ports is asyn-
chronous and automatically buffered by the proces-
sor.

Communication between tasks by means of ports
can be carried out independently of the operating
system. Once the ports have been set up by the
programmer, the processor handles the message
passing automatically.

High Bandwidth Local Bus

An 80960XA CPU resides on a high-bandwidth ad-
dress/data bus known as the local bus (L-Bus). The
L-Bus provides a direct communication path be-
tween the processor and the memory and 1/0 sub-
system interfaces. The processor uses the local bus
to fetch instructions, manipulate memory, and re-
spond to interrupts. its features include:

* 32-bit multiplexed address/data path

¢ Four-word burst capability, which allows transfers
from 1 to 16 bytes at a time

¢ High bandwidth reads and writes at 66.7 MBytes
per second

® Special signal to indicate whether a memory
transaction can be cached

Figure 7 identifies the groups of signals which con-
stitute the L-Bus. Table 4 lists the function of the L-
Bus and other processor-support signals, such as
the interrupt lines.
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< LOCAL BUS

LOCAL BUS SIGNAL GROUPS

ADDRESS/DATA (32 LINES)

CONTROL (ADDRESS, DATA, and OPERATION SIGNALS = 15 LINES)

G

ARBITRATION (2 LINES)

Y

271159-5

Figure 7. Local Bus Signal Groups

Multiple Processor Support

One means of increasing the processing power of a
system is to run two or more processors in parallel.
Since microprocessors are not generally designed to
run in tandem with other processors, designing such
a system is usually difficult and costly.

The BO9B0OXA solves this problem by offering a num-
ber of functions to coordinate the actions of multiple
processors. First, messages can be passed be-
tween processors to initiate actions such as flushing
a cache, stopping or starting another processor, or
preempting a task. The messages are passed on the
bus and allow multiple processors to run together
smoothly, with rare need to lock the bus or memory.

Second, a set of synchronization instructions help
maintain the coherency of memory. These instruc-
tions permit several processors to modify memory at
the same time without inserting inaccuracies or am-
biguities into shared data structures.

The self-dispatching mechanism, in addition to being
used in single-processor systems, provides the
means to increase the performance of a system
merely by adding processors. Each processor can
either work on the same pool of tasks (sharing the
same queue with other processors) or can be re-
stricted to its own queue.

When processors perform system operations, they
synchronize themselves by using atomic operations

and sending special messages between each other.
And changing the number of processors in a system
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never requires a software change. Software will exe-
cute correctly regardless of the number of proces-
sors in the system; systems with more processors
simply execute faster.

Interrupt Handling

The BOS60XA can be interrupted in one of two ways:
by the activation of one of four interrupt pins or by
sending a message on the processor’s data bus.

The B0960XA is unusual in that it automatically han-
dles interrupts on a priority basis and tracks pending
interrupts through its on-chip interrupt controller.
Two of the interrupt pins can be configured to pro-
vide M8259A handshaking for expansion beyond
four interrupt lines.

An interrupt message is made up of a vector number
and an interrupt priority. If the interrupt priority is
greater than that of the currently running task, the
processor accepts the interrupt and uses the vector
as an index into the interrupt table. if the priority of
the interrupt message is below that of the current
task, the processor saves the information in a sec-
tion of the interrupt table reserved for pending inter-
rupts.

Debug Features

The B0O960XA has built-in debug capabilities. There
are two types of breakpoints and six different trace
modes. The debug features are controlled by two
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internal 32-bit registers, the Process-Controls Word
and the Trace-Controls Word. By setting bits in
these control words, a software debug monitor can
closely control how the processor responds during
program execution.

The 80960XA has both hardware and software
breakpoints. It provides two hardware breakpoint
registers on-chip which can be set by a special com-
mand to any value. When the instruction pointer
matches the value in one of the breakpoint registers,
the breakpoint will fire, and a breakpoint handling
routine is called automatically.

The 80960XA also provides software breakpoints
through the use of two instructions, MARK and
FMARK. These instructions can be placed at any
point in a program and will cause the processor to
halt execution at that point and call the breakpoint
handling routine. The breakpoint mechanism is easy
to use and provides a powerful debugging tool.

Tracing is available for instructions (single-step exe-
cution), calls and returns, and branching. Each dif-
ferent type of trace may be enabled separately by a
special debug instruction. In each case, the
80960XA executes the instruction first and then calls
a trace handling routine (usually part of a software
debug monitor). Further program execution is halted
until the trace routine is completed. When the trace
event handling routine is completed, instruction exe-
cution resumes at the next instruction. The
B0960XA’s tracing mechanisms, which are imple-
mented completely in hardware, greatly simplify the
task of testing and debugging software.

FAULT DETECTION

The 80960XA has an automatic mechanism to
handle faults. There are fourteen fault types includ-
ing trace, arithmetic, and floating-point faults. When
the processor detects a fault, it automatically calls
the appropriate fault handling routine and saves the
current instruction pointer and necessary state infor-
mation to make efficient recovery possible. The
processor posts diagnostic information on the type
of fault to a Fault Record. Like interrupt handling
routines, fault handling routines are usually written to
meet the needs of a specific application and are of-
ten included as part of the operating system or ker-
nel.

For each of the fourteen fault types, there are nu-

merous subtypes that provide specific information
about a fault. For example, a floating-point fault may
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have its subtype set to an Overflow or Zero-Divide

fauft. The fault handler can use this specific informa-
tion to respond correctly to the fault,

Interagent Communications (IAC)

In order to coordinate their actions, processors in a
multiple processor system need a means for com-
municating with each other. The 80960XA does this
through a mechanism known as Interagent Commu-
nication messages or IACs.

IAC messages cause a variety of actions including
starting and stopping processors, flushing instruc-
tion caches and TLBs, and sending interrupts to oth-
er processors in the system. The upper 16 Mbytes of
the processor’s physical memory space is reserved
for sending and receiving IAG messages.

BUILT-IN TESTABILITY

Upon reset, the 80960XA automatically conducts an
exhaustive internal test of its major blocks of logic.

Then, before executing its first instruction, it does a
zero check sum on the first eight words in memory
to ensure that the system has been loaded correctly.
If a problem is discovered at any point during the
self-test, the 80960XA will assert its FAILURE pin
and will not begin program execution. The self-test
takes approximately 47,000 cycles to complete.

System manufacturers can use the 80960XA's self-
test feature during incoming parts inspection. No
special diagnostic programs need to be written, and
the test is both thorough and fast. The self-test ca-
pability helps ensure that defective parts will be dis-
covered before systems are shipped, and once in
the field, the self-test makes it easier to distinguish
between problems caused by processor failure and
problems resuiting from other causes.

COMPATIBILITY WITH OTHER i960®
PROCESSOR PRODUCTS

Application programs written for the 80960K-Series
and the 80960MC microprocessors can be run on
the 80960XA without modification. The 80960K-Ser-
ries and 80960MC instruction sets form a subset of
the B0960XA's instructions, so binary compatibility is
assured.
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CHMOS . GMOS processes and opens a new era in micro-

processor performance. it combines the high per-
The BOY6OXA is fabricated using Intel's CHMOS IV formance capabilities of Intel's industry-leading
(Complementary High Speed Metal Oxide Semicon- HMOS Il technology with the high density and low
ductor) process. This advanced technology elimi- power characteristics of CMOS. The 80960XA is
nates the frequency and reliability limitations of older available at 16, 20 and 25 MHz versions.

Table 4a. 80960XA Pin Description: L-Bus Signals

Symbol Type Name and Function

CLK2 | SYSTEM CLOCK provides the fundamental timing for 80960XA systems. It is
divided by two inside the 80960XA to generate the internal processor clock. CLK2
is shown in Figure 11.

LAD34 170 LOCAL ADDRESS/DATA BUS carries 32-bit physical addresses and data to and
-LADq T.S. from memory. During an address (T} cycle, bits 2—-31 contain a physical word
address (bits 0-1 indicate SIZE; see below). During a data (Ty) cycle, bits 0-31
contain read or write data. The LAD lines are active HIGH and float to a high
impedance state when not active.

SIZE, which is comprised of bits 0-1 of the LAD lines during a Ta cycle, specifies
the size of a transfer in words for a burst transaction.
LAD 4 LAD g

0 0 1 Word

9] 1 2 Words
1 0 3 Words
1 1 4 Words

ADDRESS-LATCH ENABLE indicates the transfer of a physical address. ALE is
T.S. asserted during a T, cycte and deasserted before the beginning of the T state. It
is active LOW and floats to a high impedance state when the processor is idle or
is at the end of any bus access.

ADDRESS STATUS indicates an address state. ADS is asserted every T, state
O.D. and deasserted during the the following Tq state. For a burst transaction, ADS is
asserted again every Ty state where READY was asserted in the previous cycle.

>
Z
m
O

|

>
O
7
O

wW/R 0] WRITE/READ specifies, during a T, cycle, whether the operation is a write or
0.D. read. It is latched on-chip and remains valid during T4 and T, states.

DT/R 0] DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from
0.D. the L-Bus. Itis low during T, Ty and T4 cycles for a read or interrupt

acknowledgement; it is high during T, T and T4 cycles for a write. DT/R never
changes state when DEN is asserted (see Timing Diagrams).

DEN (0] DATA ENABLE is asserted during T4 and Ty, cycles and indicates transfer of data
0.D. on the LAD bus lines. »
READY | READY indicates that data on LAD lines can be sampled or removed. If READY is

not asserted during a Ty cycle, the Ty cycle is extended to the next cycle by
inserting wait states (T,,), and ADS is not asserted in the next cycle.

LOCK 170 BUS LOCK prevents other bus masters from gaining control of the L-Bus

0.D. following the current cycle {if they would assert LOCK to do so). LOCK is used by
the processor or any bus agent when it performs indivisible Read/Modify/Write
(RMW) operations.

For a read that is designated as a RMW-read, LOCK is examined. if asserted, the
processor waits until it is not asserted; if not asserted, the processor asserts
LOCK during the T, cycle and leaves it asserted.

A write that is designated as an RMW-write deasserts LOCK in the Tacycle.
1/0 = Input/Qutput, O = Qutput, | = Input, O.D. = Open-Drain, T.S. = three state

Ta = Taddress: Td = Toatas Tw = Twait, Tr = TRecovery: Ti = Tidles Th = THold
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Table 4a. 80960XA Pin Description: L-Bus Signals (Continued)

Symbol Type Name and Function
BE3-BE, 0 BYTE ENABLE LINES specify which data bytes (up to four) on the bus take part
O.D. | inthe current bus cycle. BE3 corresponds to LAD3¢ -LAD24 and BEg corresponds
to LAD;- LADQ.

The byte enables are provided in advance of data. The byte enables asserted
during T, specify the bytes of the first data word. The byte enables asserted
during Ty specify the bytes of the next data word (if any), that is, the word to be
transmitted following the next assertion of READY. The byte enables during the
Tq cycles preceding the last assertion of READY are undefined. The byte enables
are latched on-chip and remain constant from one Tq cycle to the next when
READY is not asserted.

For reads, the byte enables specify the byte(s) that the processor will actually use.
80960XA’s will assert only adjacent byte enables (e.g., asserting just BEg and BE;
is not permitted), and are required to assert at least one byte enable. Accesses
must also be naturally aligned (e.g., asserting BE; and BE; is not allowed even
though they are adjacent). To produce address bits Ag and Ay externally, they can
be decoded from the byte enables.

HOLD l HOLD indicates a request from a secondary bus master to acquire the bus. If the
(HLDAR) processor is initialized as the primary bus master this input will be interpreted as
HOLD. When the processor receives HOLD and grants another master control of
the bus, it floats its three-state bus lines, asserts HOLD ACKNOWLEDGE, and
enters the Ty, state. When HOLD is deasserted, the processor will deassert HOLD
ACKNOWLEDGE and go to either the T; or Ta state.

HOLD ACKNOWLEDGE RECEIVED indicates that the processor has acquired
the bus. if the processor is initialized as the secondary bus master this input is
interpreted as HLDAR.

HOLD timing is shown in Figure 13.

HLDA o] HOLD ACKNOWLEDGE relinquishes control of the bus to another bus master. If
(HOLDRY) T.S. | the processor is initialized as the primary bus master this output will be interpreted
as HLDA. When HOLD is deasserted, the processor will deassert HLDA and go to
either the T; or T, state.

HOLD REQUEST indicates a request to acquire the bus. If the processor is
initialized as the secondary bus master this output will be interpreted as HOLDR.

HOLD timing is shown in Figure 13.

CACHE/TAG | I/O | CACHE is an output signal that indicates if an access is cacheable duringa T,
T.8. | cycle. The CACHE signal floats to a high impedance state when the processor is
idle. TAG is an input/output signal that during T4 and T, cycles identifies the
contents of a 32-bit word as sither data (TAG = 0) or an access descriptor
(TAG = 1).

I/0 = Input/Output, O = Qutput, | = Input, O.D. = Open-Drain, T.S. = three state

Ta = Taddress: Td = Tpatas Tw = Twait, Tr = TRecovery: Ti = Tidies Th = Thog
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Table 4b. 80960XA Pin Description: Module Support Signals

Symbol

Type

Name and Function

BADAC

BAD ACCESS, if asserted in the cycle following the one in which the last READY
of a transaction is asserted, indicates that an unrecoverable error has occurred on
the current bus transaction, or that a synchronous load/ store instruction has not
been acknowledged. :

STARTUP: During system reset, the BADAC signal is interpreted differently. If the
signal is high, it indicates that this processor will perform system initialization. If it
is low, another processor in the system will perform system initialization instead.

RESET

RESET clears the internal logic of the processor and causes it to re-initialize,

During RESET assertion, the input pins are ignored (except for BADAC and
TAT/INT), the tri-state output pins are placed in a high impedance state, and
other output pins are placed in their non-asserted state.

RESET must be asserted for at least 41 CLK2 cycles for a predictable RESET.
The HIGH to LOW transition of RESET should occur after the rising edge of both
CLK2 and the external bus CLK, and before the next rising edge of CLK2.

RESET timing is shown in Figure 12.

FAILURE

INITIALIZATION FAILURE indicates that the processor has failed to initialize
correctly. After RESET is deasserted and before the first bus transaction begins,
FAILURE is asserted while the processor performs a self-test. If the self-test
completes successfully, then FAILURE is deasserted. Next, the processor
performs a zero checksum on the first eight words of memory. If it fails, FAILURE
is asserted for a second time and remains asserted; if it passes, system
initialization continues and FAILURE remains deasserted.

N/A

NOT CONNECTED indicates pins should not be connected. Never connect any
pin marked N.C.

l

>
Ol

|

Z
&

INTERAGENT COMMUNICATION REQUEST/INTERRUPT 0 indicates either
that there is a pending IAC message for the processor or an interrupt. The bus
interrupt control register determines in which way the signal should be interpreted.
To signal an interrupt or IAC request in a synchronous system, this pin (as well as
the other interrupt pins) must be enabled by being deasserted for at least one bus
cycle and then asserted for at least one additional bus cycle; in an asynchronous
system, the pin must remain deasserted for at least two bus cycles and then be
asserted for at least two more bus cycles.

LOCAL PROCESSOR NUMBER: This signal is interpreted differently during
system reset. If the signal is at a high voltage leve!, it indicates that this processor
is a primary bus master (Local Processor Number = 0); ifitis at a low voltage
level, it indicates that this processor is a secondary bus master (Local Processor
Number = 1).

INTERRUPT 1, like INT, provides direct interrupt signaling.

INTERRUPT 2/INTERRUPT REQUEST: The bus control registers determines
how this pin is interpreted. If INT, it has the same interpretation as the INTg and
INT1 pins. If INTR, it is used to receive an interrupt request from an external
interrupt controller.

110
Q.D.

INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register
determines how this pin is interpreted. If TNT3, it has the same interpretation as
the INT, INT4, and INT2 pins. If INTA, it is used as an output to control interrupt-
acknowledge bus transactions. The INTA output is latched on-chip and remains
valid during T4 cycles; as an output, it is open-drain.

1/0 = Input/Output, O = Qutput, | = Input, 0.D. = Open-Drain, T.S. = three state
Ta = Taddress: Td = Toata, Tw = Twait: Tr = Trecovery: Ti = Tidie: Th = THold
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ELECTRICAL SPECIFICATIONS
Power and Grounding

The 80960XA is implemented in CHMOS 1V technol-
ogy and has modest power requirements. lts high
clock frequency and numerous output buffers (ad-
dress/data, control, error and arbitration signals)
can cause power surges as multiple output buffers
drive new signal levels simultaneously. For clean on-
chip power distribution at high frequency, 12 V¢o
and 13 Vgg pins separately feed functional units of
the 80960XA.

Power and ground connections must be made to all
power and ground pins of the 80960XA. On the cir-
cuit board, all Vge pins must be strapped closely
together, preferably on a power plane. Likewise, all
Vss pins should be strapped together, preferably on
a ground plane.

Power Decoupling Recommendations

Liberal decoupling capacitance should be placed
near the BO9BOXA. The processor can cause tran-
sient power surges when driving the L-Bus, particu-
larly when it is connected to a large capacitive load.

Low inductance capacitors and interconnects are
recommended for best high frequency electrical per-
formance. Inductance can be reduced by shortening
the board traces between the processor and decou-
pling capacitors as much as possible.

Connection Recommendations

For reliable operation, always connect unused in-
puts to an appropriate signal level. In particular, if

intgl.

one or more interrupt lines are not used, they should
be pulled up or down to their respective deasserted
states. No inputs should ever be left floating.

All open-drain outputs require a pullup device. While
in some cases a simple pullup resistor will be ade-
quate, we recommend a network of pullup and pull-
down resistors biased to a valid Vi (= 3.4V) and
terminated in the characteristic impedance of the cir-
cuit board. Figure B shows our recommendations for
the resistor values for both a low and high current
drive network, which assumes that the circuit board
has a characteristic impedance of 100§). The advan-
tage of terminating the output signals in this fashion
is that it limits signal swing and reduces AC power
consumption.

Characteristic Curves

Figure 9 shows the typical supply current require-
ments over the operating temperature range of the
processor at supply voltage (Vcg) of 5V. Figure 10
shows the typical power supply current (icc) re-
quired by the B0960XA at various operating frequen-
cies when measured at three input voltage (Vcg)
levels.

Figure 11 shows the typical capacitive derating
curve for the 80960XA measured from 1.5V on the
system clock (CLK) to 0.8V on the falling edge and
2.0V on the rising edge of the L-Bus address/data
(LAD) signals.

Vee
1800
80960XA
OPEN-DRAIN
OUTPUT
3900

271159-6

Low Drive Network:
® Vou = 3.42V

eloL = 253 mA

Vee
1300
BO960XA
OPEN~DRAIN
OUTPUT
2800

271159-7

High Drive Network:
* Vou = 341V
®loL = 33.8 mA

Figure 8. Connection Recommendations for Low and High Current Drive Networks

10-116

B 4526175 0137591 7384 MR-

ADVYANCE INFORMATION I




=
"Ttel o 80960XA
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§ ::: — 25 WHz € ::g . Y
3 > 250 /‘,; :/
~ 300 C\'“‘\O-\H a
% ::: \\‘_-—' 20 MHz % ‘2:: ;g/{"j’/
5 20 16 MHz 3‘ 100 &
o 220 g s0
200 T T T T T— Q
~60 -40 -20 O 20 40 60 80 100 120 140 L) s 10 15 20 25
CASE TEMPERATURE (°C) OPERATING FREQUENCY (MHz)
(DATA POINTS TAKEN @ =80, =5, 25, 95, 130°¢) L. 045V 0050V +055Y ]
2711598 271159-9
Figure 9. Typical Supply Current (icc) Figure 10. Typical Current vs Frequency
Test Load Circuit
30
Figure 12 illustrates the load circuit used to test the £ FALLING
B0960XA’s tristate pins, and Figure 13 shows the > Y L
load circuit used to test the open drain outputs. The = >//,.—-
open drain test uses an active load circuit in the form g 0 /’/’ 5
of a matched diode bridge. Since the open-drain out- S "1 ™~ RISING
puts sink current, only the I legs of the bridge are - 15
necessary and the Ioy legs are not used. When the 2 10
80960XA driver under test is turned off, the output )
pin is pulled up to Vger (i.e., Vo). Diode Dy is £ 5
turned off and the I current source flows through b
diode Dy. = o
0 20 40 60 80 100
When the 80960XA open-drain driver under test is Capacttive Load (pF)
on, diode Dy is also on, and the voltage on the pin 271159-10
being tested drops to Vg . Diode Dj turns off and
loL flows through diode Dy. Figure 11. Capacitive Derating Curve
B09BOXA loy
TRISTATE OUTPUT l
| BO9EOXA 0 b
¢ OPEN-DRAIN QUTPUT 1 2
3 L T e
271159-11 G g
271159-12

Figure 12. Test Load Circuit for
Tri-State Output Pins

Figure 13. Test Load Circuit for Open-Drain Output Pins
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ABSOLUTE MAXIMUM RATINGS*

Case Temperature

underBias® . ............... —55°Cto +125°C
Storage Temperature .......... —65°Cto +150°C
Voltageon Any Pin.......... —-0.5Vto Vg + 0.5V

Power Dissipation ........ e 2.6W (25 MHz)

DC CHARACTERISTICS
B09B0XA: Toase(® = —55°C to +125°C, Voo = 5V £ 5%

intel.

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to
change without notice. Verify with your local Intel
Sales office that you have the latest data sheet be-
fore finalizing a design.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ralings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -03 +08 Vv
ViH Input High Voltage 2.0 Voo + 0.3 v
VoL CLK2 Input Low Voltage -03 +0.8 v
Ver CLK2 Input High Voltage 0.55 Ve Vee + 0.3 v
VoL Output Low Voltage 0.45 v (1,5)
Vou Output High Voltage 2.4 v 2,4)
lec Power Supply Current:
16 MHz 375 mA
20 MHz 420 mA
25 MHz 480 mA
Iy Input Leakage Current +15 pA 0<Vp <V
Lo Qutput Leakage Current +15 pA 0.45 < Vg < Ve
CiN Input Capacitance 10 pF fc = 1 MHz(3)
Co 1/0 or Output Capacitance 12 pF fc = 1 MHz(®
CeLk Clock Capacitance 10 pF fo = 1 MHz(®)
(A7 Thermal Resistance
{Junction-to-Ambient)
Pin Grid Array 21 °C/W
Ceramic Quad Flatpack 29 °C/W
8c Thermal Resistance
(Junction-to-Case)
Pin Grid Array 4 °C/W
Ceramic Quad Flatpack 8 °C/W
NOTES:
1. For three-state outputs, this parameter is measured at:
ADArESS/ DA . . . ..ot e 4.0 mA
CORIIOIS . . .. e e 5.0 mA
2. This parameter is measured at:
AdArESS/DAMA . . . ..ot e +—1.0mA
CONtOlS . . o
AL e —5.0mA
3. Input, output, and clock capacitance are not tested
4, Not measured on open-drain outputs.
5. For open-arain QUIDULS ... ... . ettt 25 mA
6.
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AC SPECIFICATIONS

This section describes the AC specifications for the
80960XA pins. All input and output timings are speci-
fied relative to the 1.5V level of the rising edge of
CLK2, and refer to the time at which the signal

80960XA

reaches (for output delay and input setup) or leaves
(for hold time) the TTL levels of LOW (0.8V) or HIGH
(2.0V). All AC testing should be done with input volt-
ages of 0.4V and 2.4V, except for the clock (CLK2),
which should be tested with input voltages of 0.45V
and 0.55 V.

cLk2 1.5V -7 1.5v

OUTPUTS:
LADs, ~LADG, Tg
ADS,

1.5v 1.5v l

Tg I F—

HLDA/HOLOR,

W/R.DEN, %’ SEE )
BE,BE,, [ oty Vo ouuT 7&

CACHE
LOCK,INTA

r———— Ta

Tys

_.'

Tia

ALE

LT

-—Ts—-—

<——T9—>

OT/R

N
Q— 1.5v VALID OUTPUT
\ 0.8v A

INPUTS:

Lﬁo Th
|

UD},‘uDo,
BADAC,

TAC/INTQ,INT,

20V 2.0v 3
0.8y \o.sv k

INT, /INTR,INT;,
Tag

Tz | T VALID INPUT

-

HOLD,HLDAR,
[OCK,
READY

//
f 20v { 2.0
0.8V 0.8V

NOTE 1:
For three-state pins, Tg and Tg are measured at 1.5V.
For Open-Drain pins, Tg is measured at 1.5V, Tg at 0.8V.

T T T
271159-13

Figure 14. Drive Levels and Timing Relationships for 80960XA Signals
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_l ‘77"
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e .
O NN ¢ N N & N
T Tie — TK T3 Tia — Ty
Z NN\ I N .
= - . o
DT/R NN V “
— Tg Te
Tz Ty l‘r‘ 2—-T”-| iy
READY \ A A
271159-14
Figure 15. Timing Relationship of L-Bus Signals
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AC Specification Tables
80960XA AC Characteristics (16 MHz)
Tease® = —55°Cto +125°C, Voo = 5V +5%

Symbol Parameter Min Max Units Test Conditions
Ty Processor Clock 31.25 125 ns ViN = 1.5V
Period (CLK2)
T Processor Clock 8 ns VL = 10% Point
Low Time (CLK2) = 1.2V
T3 Processor Clock 8 ns Vin = 90% Point
High Time (CLK2) = 0.1V + 0.5 V¢
Ty Processor Clock 10 ns VIN = 90% Point to 10%
Fall Time (CLK2) Point
Ts Processor Clock 10 ns Vin = 10% Point to 90%
Rise Time (CLK2) Point
Te Output Valid 2 25 ns Cp = 100 pF (LAD)
Delay CL = 75 pF {Controls)
TeH HOLDA Output 4 31 ns CL = 75pF
Valid Delay
T7 ALE Width 15 ns CL =75pF
Ts ALE Invalid Delay 0 20 ns CL = 75 pF(2}
To Output Float 2 20 ns CL = 100 pF (LAD)
Delay CL = 75 pF (Controls)(?)
ToH HOLDA Qutput 4 20 ns CL=75pF
Float Delay
Tio Input Setup 1 3 ns (Note 1)
T14 Input Hold 5 ns (Note 1)
Ty1H HOLD Input Hold 4 ns
Tq2 Input Setup 2 8 ns
T3 Setup to ALE 10 ns CL = 100 pF (LAD)
Inactive CL = 75 pF (Controls)
T1a Hold after ALE 8 ns CL = 100 pF (LAD)
Inactive CL = 75 pF (Controls)
Tis Reset Hold 3 ns
RET Reset Setup 5 ns
Ti7 Reset Width 1281 ns 41 CLK2 Periods Minimum
NOTES:

1. IAC/INTg, INT4, INT2/INTR, INT3 can be asynchronous.

2. A float condition occurs when the maximum output current becomes less than iLo- Float defay is not tested, but shouid be
no longer than the valid delay.

3. Case temperatures are “instant on’.
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AC Specification Tables (Continued)
80960XA AC Characteristics (20 MHz)

Tcase® = —55°C to +125°C, Vec = 5V £5%

Symbol Parameter Min Max Units Test Conditions

T4 Processor Clock 25 125 ns ViN =15V
Period (CLK2)

T2 Processor Clock <] ns ViL = 10% Point
Low Time (CLK2) = 1.2V

Ts Processor Clock 6 ns Vi4 = 90% Point
High Time (CLK2) = 0.1V + 0.5 Vg

Ty Processor Clock 10 ns VIN = 90% Point to 10%
Fall Time (CLK2) Point

Ts Processor Clock 10 ns ViN = 10% Point to 90%
Rise Time {CLK2) Point

Te Output Valid 2 20 ns CL = 60 pF (LAD)
Delay CL = 50 pF (Controls)

Ten HOLDA Qutput 4 26 ns CL = 50 pF
Valid Delay

T7 ALE Width 12 ns Cy = 50 pF

Tg ALE Invalid Delay 0 20 ns- CL = 50 pF(®

Te Output Float 2 20 ns CL = 60 pF (LAD)
Delay CL = 50 pF (Controis)(2)

Ton HOLDA Output 4 20 ns CL = 50pF
Float Delay

T10 Input Setup 1 3 ns {Note 1)

T11 Input Hold 5 ns {Note 1)

Ti1H HOLD Input Hold 4 ns

T2 Input Setup 2 7 ns

T13 Setup to ALE 10 ns CL = 60 pF (LAD)
Inactive Ci = 50 pF (Controls)

T4 Hold after ALE 8 ns C. = 60 pF (LAD)
Inactive CL = 50 pF (Controls)

Tis Resst Hold 3 ns

T8 Reset Setup 5 ns

Ty7 Reset Width 1025 ns 41 CLK2 Periods Minimum

NOTES:

1. 1AC/INTg, INT4, INT2/INTR, INT3 can be asynchronous.

2. A float condition occurs when the maximum output current becomes less than ILo- Float delay is not tested, but should be
no longer than the valid delay. ’

3. Case temperatures are “instant on”.
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AC Specification Tables (Continued)
80960XA AC Characteristics (25 MHz)
Tcaset® = —55°C to +125°C, Vog = 5V £5%

Symbol Parameter Min Max Units Test Conditions
Ty Processor Clock 20 125 ns Vin = 1.5V
Period (CLK2)
T2 Processor Clock 5 ns ViL = 10% Point
Low Time (CLK2) =12V
Ta Processor Clock 5 ns ViH = 90% Point
High Time (CLK2) = 0.1V + 0.5 Vg
Ta Processor Clock 10 ns Vin = 90% Point to
Fall Time (CLK2) 10% Point
Ts Processor Clock 10 ns VIN = 10% Point to
Rise Time (CLK2) 80% Point
Ts Output Valid 2 19 ns CL = 60 pF (LAD)
Delay CL = 50 pF (Controls)
TeH HOLDA Output 4 24 ns CL = 50pF
Valid Delay
T7 ALE Width 12 ns CpL = 50pF
Ts ALE Invalid 0 20 ns C_ = 50 pF@
Delay
Tg Output Float 2 19 ns CL = 60 pF (LAD)
Delay CL = 50 pF (Controls)(@)
TaH HOLDA Output 4 20 ns C_L = 50pF
Float Delay
T0 input Setup 1 3 ns {Note 1)
T4 input Hold 5 ns (Note 1)
Ty1H HOLD Input Hold 4 ns
T2 Input Setup 2 7 ns
T3 Setup to ALE 8 ns C_ = 60 pF (LAD)
Inactive CL = 50 pF (Controls)
T4 Hold after ALE 8 ns C_ = 60 pF (LAD)
Inactive Cy = 50 pF (Controls)
T1is Reset Hold 3 ns
Tig Reset Setup 5 ns
Ty7 Reset Width 820 ns 41 CLK2 Periods Minimum
NOTES:

1. 1AC/INTp, INTy, INT2/INTR, INT3 can be asynchronous.

2. A float condition occurs when the maximum output current becomes less than ILo- Float delay is not tested, but should be
no longer than the valid deiay.

3. Case temperatures are “instant on”.

I ADVANGCE INFORMATION 10-123

B 432L175 01375498 092 WA




80960X A , intel R

HIGH LEVEL (MIN) 0.55V¢¢

LOW LEVEL (MAX) 0.8V

Ts —m Te 1—n !
271159~15
Figure 16. Processor Clock Pulse (CLK2)
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¢ Tz >
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OUTPUTS §y see
A
INIT PARAMETERS (BADAC, I
iACp) MUST BE SETUP 8 CLOCKS -
PRIGR TO THIS CLK2 EDGE ;:: z Eggg gg,ﬁ?,,
INIT PARAMETERS MUST BE HELD T17 = RESET WIDTH
BEYOND THIS CLK2 EDGE 27115916
Figure 17. RESET Signal Timing
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271159-17

SECONDARY

HoLD f——LD }—— HoLoR
HLDA J———{ 0 }——»] HoLOAR

DELAY OF 5ns MINIMUM
IS REQUIRED

271159-18

Figure 18. Hold Timing

Design Considerations

Input hold times can be disregarded by the designer
whenever the input is removed because a subse-
quent output from the processor is deasserted (e.g.,
DEN becomes deasserted).

In other words, whenever the processor generates
an output that indicates a transition into a subse-
quent state, the processor must have sampled any
inputs for the previous state.

Simitarly, whenever the processor generates an out-
put that indicates a transition into a subsequent
state, any outputs that are specified to be three stat-
ed in this new state are guaranteed to be three stat-
ed.

MECHANICAL DATA

Pin Assignment

The 80960XA is packaged in a 132-lead ceramic pin
grid array and a 164-lead ceramic quad flatpack. The

I ADVANCE INFORMATION

80960XA pin grid array pinout as viewed from the
substrate side of the component is shown in Figure
19 and from the pin side in Figure 20. The 80960XA
ceramic quad flatpack pinout as viewed from the top
of the package is shown in Figure 21.

Ve and GND connections must be made to multi-
ple Ve and GND pins. Each Ve and GND pin must
be connected to the appropriate voltage or ground
and externally strapped close to the package. Pref-
erably, the circuit board should include power and
ground planes for power distribution. Tables 5, 6, 7
and 8 list the function of each pin.

NOTE:
Pins identified as N.C., “No Connect,” should never
be connected under any circumstances.

Package Dimensions and Mounting
Pins in the pin grid array package are arranged

0.100 inch (2.54mm) center-to-center, in a 14 by 14
matrix, three rows around. (See Figure 22.)

10-125

M 442L175 0137L00 570 WA




80960XA

A wide variety of available sockets allow low-inser-
tion or zero-insertion force mountings, and a choice
of terminals such as soldertail, surface mount, or
wire wrap. Several applicable sockets are shown in
Figure 23.

Package Thermal Specification

The 80960XA is specified for operation when its
case temperature is within the range of —55°C to
+125°C. The PGA case temperature should be

[ ]

intgl.
measured at the center of the top surface opposite
the pins as shown in Figure 24. The ceramic quad
flatpack case temperature should be measured at

the center of the lid on the top surface of the pack-
age. :

WAVEFORMS

Figures 25 through 31 show the waveforms for vari-
ous transactions on the 80960XA’s local bus.

14 13 12 11 10 9 8 7 6 5 4 3 2 1
P O O O O O O O O P
Vec VYss NC. NC. NC. NC. NC NC NC NC NC NC NC Vg
N O O O O O O O N
N.C. NC. NC  NC. NC. NC NC NC NC NC NC NC NC Vg
M O O O O O O O O M
NC. NC. NC. Ve Vss NG NC. NC. NG Voo Vggs Vsg Voo MG
L (@] O L
NC. NC. Vgg Ye¢ N.C. DEN
K o O o O K
MC. N.C. Ve Vgg FAIL BEy
J O OO O O J
N.C. NC. NC Vss BE, OT/R
H o O O O H
N.C. NC. NC. 809 LOCK BE;, W/R
MGBO960XA
6 O O o O O ¢
N.C. NC. N.C. BE, READY LAD3q
F O O O F
NC. NC. NC. CACHE/ LAD3; LADy,
E O E
NC. Vgg N.C. LAD,; LAD,g LAD,g
D O O o 0 0
NC. NC. Ve : HLDA ADS ALE
c O O 0 0 O O O O ¢
iNTo INT; INT; Vg5 Vec LAD; LADg LADy3 LADyy Vss Vo BADAC LAD,s HOLD
B O O O O O O O ]
Vss RESET LADy CLK2 LAD, LADg LAD;q LAD;y LAD;g LAD g LAD,y LAD,, LAD,, LAD,s
A O O O O O o O A
Vec NTz LADy LAD, LADs LAD; LADy LAD;y LAD;, LAD;g LAD;; LAD;q Vsg Vee
1413 12 11 10 9 8 7 6 5 4 3 2 1
271159-19
Figure 19. MG80960XA Pinout—View from Top (Pins Facing Down)
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1 2 3 4 5 6 7 8 9 10 1t 12 13 14
P O O O O O O O O O P
Ye¢ NC. NC. NC. NC. NC. NC NC NC NC NC NC. Vss  Vec
N o O O 0O O O O O N
Vss N.C. NC. NC. NC. NC NC NC NC NC NC NC NC NC.
M O O O O O M
NC. Ve Vss Vss Yoo NG NG NG NC. Vg5 Ve NG NC. NC.
L O O O O O L
DEN N.C. Vo Ves N.C. NC.
K o O O O K
BEy FAIL Vgg Ve NC. NC.
J O O (@) J
DT/R BE, Vss NC. NC. NC.

H o O o] H
W/R BE, LOCK NC. NC. NC.
MGB0IE0XA
6 O O O O 6
LAD3o READY BE, NC. NG NC.

F o o) O F
LAD,q LADy, CACHE/ NC. NC. NC.
£ O O O O O E
LADpg LAD,g LAD,; NC. Vgg NC.

0} O 0 D
ALE ADS HLDA Ve N NC.
¢ O O O O O 000 O 0O (] ¢
HOLD LADys BADAC Vec Vss LADyg LAD;3 LADg LADy Voo Ves iNT3 INT, iNT,

8 O O O O OO O OO0 O O B
LADy3 LADy4 LADy; LAD;( LADyg LAD 5 LAD); LAD;, LADs LAD, CLK2 LADg RESET Vgg
A O O 00O OO 0O O0OO0OO0OO 0 A
Voc  Vss LAD;g LADy; LAD;g LAD;, LAD;; LADy LAD; LADs LAD, LAD, INTy  Vee
1 2 3 4 5 6 7 8 9 10 11 12 13 14

271159-20
Figure 20. MG80960XA Pinout—View from Bottom (Pins Facing Up)
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(Staggered pin arrangement is shown for clarity only. Actual package has pins of equal length.)

LN N T
~ N I (=}
8 N 1w O g Qo o )=t "
S8 BRI Eeeefegey
Seromc ,,, 8385885359
<|| S &l 8 w
all vl[a{lalielia’le €l - oz IS
SIS IS | s il 15 L Al [ Fe e llelle
-+ Nijlollo|jofist]allo]lollv
83.‘91.‘!—”@'«3.“32'{31‘22‘2931
v 144 NC
vcc 143 X a2 ne
vcc 26 141 M 140 Ne
__« 139 NC
BADAC 2 =138 NC
LAD,, 136 NC
135 NC
LAD,, 134 NC
133 NC
LADyg 132 NC
131 NC
LAD, y 130 NC
129 NC
LAD; g 128 NC
LAD 127 NC 126 v,
I 125 Vgg &
LAD;, MQBO9E0XA 124 NC
LAD, 123 XC_ 122 ne
9 121 NC v
120
Lo, 18 Vgg ce
LADg 118 NC
117 NC
LAD, 116 NC
; U8 X 14 Ne
cLK2
113 NC
LAD; 112 NC
111 NC
LAD, 110 NC
o 109 NC
iNT3 108 NC
v, 197 NC_ 106 Ne
ss 105 NC
Vss 104 NC
o (lolloliNleiw|lo|l|loHan|e||le[lo]lic||~ |0 ][00 O |fd
ﬁf%%%%‘z"z’%%ﬁ‘z’%‘z"i"z’%%)‘d‘z’
3£B°§2£225325333382§8
[3) L2
>8>8>82z‘z’|’z-°‘z’2‘z’§°>3§§g§§§‘i’;’
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Figure 21. MQ80960XA Pinout—View from Top of Package
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Table 5. MG80960XA (PGA) Pinout—!n Pin Order

Pin Signal Pin Signal Pin Signal Pin Signal
Al Vee Cé LAD2g H1 W/R M10 Vss
A2 Vss c7 LADy3 H2 BEg M11 Vee
A3 LAD4g cs LADg H3 LOCK M12 N.C.
A4 LAD;7 Cg LAD3 H12 N.C M13 N.C.
A5 LAD1g Ct0 Vee H13 N.C. M14 N.C.
Ab LADq4 Ci Vgs H14 N.C. N1 Vss
A7 LAD4 c12 INTo/INTA J1 DT/R N2 N.C.
A8 LADg C13 INT J2 BE, N3 N.C.
A9 LADy C14 IAC/INTg J3 Vss N4 N.C.
A10 LAD5 D1 ALE J12 N.C N5 N.C.
A1 LAD, D2 ADS J13 N.C. N6 N.C.
At2 LAD4 D3 HLDA/HLDR J14 N.C. N7 N.C.
A13 INT2/INTR D12 Vee K1 BE, N8 N.C.
Al4 Veo D13 N.C. K2 FAILURE N9 N.C.
B1 LAD23 D14 N.C. K3 Vss N10 N.C.
B2 LAD24 E1 LADog K12 Vee N11 N.C.
83 LAD2z E2 LAD2g K13 N.C. N1i2 N.C.
B4 | LAD, E3 LAD,; Ki4 | NC. N13 | NC.
B85 LAD+g E12 N.C. L1 DEN N14 N.C.
B6 LAD45 E13 Vss L2 N.C. P1 Vee
B7 LAD12 E14 N.C. L3 Vee P2 N.C.
B8 LAD1g F1 LADog L12 Vss P3 N.C.
B9 LADg F2 LAD34 L13 N.C. P4 N.C.
B10 LAD, F3 CACHE/TAG L14 N.C. Ps N.C.
B11 CLK2 F12 N.C. M1 N.C. Pé N.C.
B12 LADg F13 N.C. M2 Veo P7 N.C.
B13 RESET F14 N.C. M3 Vss P8 N.C.
B14 Vss G1 LAD3g M4 Vss Pa N.C.
Cc1 HOLD/HLDAR G2 READY M5 Vee P10 N.C.
cz LADog G3 BE;, M6 N.C. P11 N.C.
C3 BADAC G12 N.C. M7 N.C. P12 N.C.
Ca Vee G13 N.C. M8 N.C. P13 Vss
C5 Vss G4 N.C. M9 N.C. P14 Vee

NOTE:

Pins identified as N.C. (“No Connect”) should never be connected under any circumstances.
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Table 6. MG80960XA (PGA) Pinout—In Signal Order

Signal Pin Signal Pin Signal Pin Signal Pin
ADS D2 LADq5 B6 N.C. J14 N.C. P9
ALE D1 LADyg A5 N.C. K13 N.C. P10
BADAC C3 LAD47 A4 N.C. K14 N.C. P11
BEp H2 LAD;g B5 N.C. L13 N.C. P12
BE; G3 LADyg A3 N.C. L14 N.C. L2
BE; J2 LADzg C6 N.C. M1 READY G2
BEs K1 LADo, B4 N.C. M8 RESET B13
CACHE/TAG F3 LADa2» B3 N.C. M7 Vee A1
CLK2 B11 LAD23 B1 N.C. M8 Vee Al4
DEN L1 LAD24 B2 N.C. M9 Voo C4
DT/R J LADz5 c2 N.C. M12 Voo c10
FAILURE K2 LAD2g E2 N.C. M13 Vee Dt2
HLDA/HOLDR D3 LAD,7 E3 N.C. M14 Vee K12
HOLD/HLDAR C1 LADg E1 N.C. N2 Vee L3
TAC/INT, C14 LADag Fi N.C. N3 Voo M2
INT, ci13 LADgg G1 N.C. N4 Vee M5
INTo/INTR A13 LAD34 F2 N.C. NS Vee M11
INT3/INTA c12 LOCK H3 N.C. N6 Vee P1
LADg B12 N.C. D13 N.C. N7 Vee P14
LAD, A12 N.C. D14 N.C. N8 Vss A2
LAD, B10 N.C. E12 N.C. N9 Vss B14
LAD3 C9 N.C. Etl4 N.C. N10 Vss C5
LAD4 A1l N.C. F12 N.C. N11 Vss C11
LADg A10 N.C. F13 N.C. N12 Vss Et3
LADg =] N.C. Fi4 N.C. N13 Vss J3
LAD; A9 N.C. G12 N.C. N14 Vss K3
LADg cs N.C. G13 N.C. P2 Vss L12
LADg A8 N.C. G14 N.C. P3 Vss M3
LAD4g B8 N.C. H12 N.C. P4 Vss M4
LAD14 A7 N.C. H13 N.C. PS Vss M10
LADy2 B7 "N.C. H14 N.C. P6 Vss N1
LAD1q c7 N.C. Ji2 N.C. P7 Vgg P13
LAD14 AB N.C. J13 N.C. P8 W/R H1

NOTE:

Pins identified as N.C. (“No Connect”) should never be connected under any circumstances.

10-130

B 4426175 0137L05 052 M

ADVANGE INFORMATION I




| n o 80960XA
Table 7. MQB0960XA (CQP) Pinout—In Pin Order

Pin Signal Pin Signal Pin Signal Pin Signal
1 BEg 42 LAD¢ 83 N.C. 124 N.C.
2 BE; 43 LAD;, 84 Vee 125 Vsg
3 READY 44 LADg 85 N.C. 126 Vee
4 BEy 45 LAD;q 86 N.C. 127 N.C.
5 CACHE/TAG 46 LAD; 87 Vss 128 N.C.
6" DT/R 47 LADg 88 N.C. 129 N.C.
7 LADg4 48 LADg 89 N.C. 130 N.C.
8 W/R 49 LADg 90 N.C. . 131 N.C.
9 LADag 50 LAD, 91 N.C. 132 N.C.
10 LADgq 51 LAD, 92 N.C. 133 N.C.
11 LAD27 52 CLKz 93 N.C. 134 N.C.
12 LAD,g 53 INT, 94 N.C. 135 N.C.
13 ALE 54 LAD; 95 N.C. 136 N.C.
14 LAD2g 55 LAD, 96 N.C. 137 N.C.
15 ADS 56 LADg 97 N.C. 138 N.C.
16 HLDA 57 RESET 98 N.C. 139 N.C.
17 N.C. 58 INT, 99 N.C. 140 N.C.
18 Vss 59 INT, 100 Vee 141 N.C.
19 Vee 60 Vssg 101 N.C. 142 N.C.
20 Vss 61 Veo 102 N.C. 143 N.C.
21 Vee 62 Vss 103 Vss 144 N.C.
22 Vee 63 Vee 104 N.C. 145 N.C.
23 Vss 64 Vss 105 N.C. 146 N.C.
24 Vee 65 Veo 106 N.C. 147 N.C.
25 Vss 66 Vss 107 N.C. 148 N.C.
26 Vee 67 Vee 108 N.C. 149 N.C.
27 HOLD 68 N.C. 109 N.C. 150 N.C.
28 BADAC 69 N.C. 110 N.C. 151 N.C.
29 LAD35 70 N.C. 111 N.C. 152 N.C.
30 LADp4 71 N.C. 112 N.C. 153 Vss
a1 LADg 72 N.C. 113 N.C. 154 Vee
32 LAD24 73 N.C. 114 N.C. 155 N.C.
33 LAD2, 74 N.C. 115 N.C. 156 N.C.
34 LAD¢g 75 INTg 116 N.C. 157 N.C.
35 LAD2g 76 N.C. 117 N.C. 158 Vss
36 LAD¢7 77 N.C. 118 N.C. 159 .C.
37 LAD;g 78 N.C. 119 Vsg 160 LOCK
38 LADsg 79 N.C. 120 Vee 161 FAIL
39 LAD5 80 N.C. 121 N.C. 162 DEN
40 LADy4 81 N.C. 122 N.C. 163 BE,
41 LADy3 82 N.C. 123 N.C. 164 Vsg

NOTE:

Pins identified as N.C. (“No Connect”) should never be connected under any circumstances.
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Table 8. MQ80960XA (CQP) Pinout—In Signal Order

Signal Pin Signal Pin Signal Pin Signal Pin
ADS 15 LAD,3 31 N.C. 102 N.C. 148
ALE 13 LAD24 30 N.C. 104 N.C. 149
BADAC 28 LADgs 29 N.C. 105 N.C. 150
BE, 1 LAD2g 14 N.C. 106 N.C. 151
BE; 4 LAD,; 11 N.C. 107 N.C. 152
BE, 163 LAD2g 12 N.C. 108 N.C. 155
BE; 2 LADsg 9 N.C. 109 N.C. 156
CACHE/TAG 5 . LADgq 10 N.C. 110 N.C. 157
CLK2 52 LADq4 7 N.C. 111 N.C. 159
DEN 162 LOCK 160 N.C. 112 READY 3
DT/R 6 N.C. 17 N.C. 113 RESET 57
FAILURE 161 N.C. 68 N.C. 114 Vee 19
HLDA/HOLOR 16 N.C. 69 N.C. 115 Vee 21
HOLD/HLDAR 27 N.C. 70 N.C. 116 Vee 22
TAC/INTg 75 N.C. 71 N.C. 117 Vee 24
INT4 59 N.C. 72 N.C. 118 Vee 26
INT2/INTR 53 N.C. 73 N.C. 121 Veo 61
INT3/INTA 58 N.C. 74 N.C. 122 Vee 63
LADp 56 N.C. 76 N.C. 123 Voo 65
LAD4 51 N.C. 77 N.C. 124 Voo 67
LAD; 55 N.C. 78 N.C. 127 Vee 84
LAD; 54 N.C. 79 N.C. 128 Vee 100
LAD,4 50 N.C. 80 N.C. 129 Vce 120
LADs 48 N.C. 81 N.C. 130 Veo 126
LADg 49 N.C. 82 N.C. 131 Vee 154
LAD7 46 N.C. 83 N.C. 132 Vss 18
LADg 47 N.C. 85 N.C. 133 Vss 20
LADg 44 N.C. 86 N.C. 134 Vsg 23
LAD4g 45 N.C. 88 N.C. 135 Vss 25
LAD;4 42 N.C. 89 N.C. 136 Vss 60
LAD2 43 N.C. 90 N.C. 137 Vss 62
LADy3 41 N.C. 91 N.C. 138 Vss 64
LADy4 40 N.C. 82 N.C. 139 Vss 66
LAD4s 39 N.C. 93 N.C. 140 Vss 87
LAD4g 38 N.C. 94 N.C. 141 Vss 103
LAD¢7 36 N.C. 95 N.C. 142 Vss 119
LADg 37 N.C. 96 N.C. 143 Vss 125
LADg 34 N.C. 97 N.C. 144 Vss 153
LAD2g 35 N.C. 98 N.C. 145 Vss 158
LAD24 32 N.C. 99 N.C. 146 Vss 164
LAD, 33 N.C. 101 N.C. 147 W/R 8

NOTE:

Pins identified as N.C. ("No Connect”) should never be connected under any circumstances.
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271159-22

Figure 22. A 132-Lead Pin-Grid Array (PGA) Used to Package the MGB0960XA
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* Low insertion force (LIF) soldertail
552741

* Amp tests indicate 50% reduction in
insertion force compared to
machined sockets

Other socket options

® Zoro insertion force (2IF) soidertail
55583-1

® Zero insertion force (ZIF) Burn-in
version 555673-2

Amp Incorporated
(Harrisburg, PA 17105 U.S.A
Phone 717-564-0100)

Socket Terminal Carriers

* Low insertion force surface
mount C$132-37TG

CS$132-01TG

* Low insertion force wire-wrap
CS132-02TG (two-level)
CS132-03TG (three-level)

¢ Low insertion force press-fit
C8132-05TG

Advanced Interconnections
{5 Division Street
Warwick, R! 02818 U.S.A,
Phone 401-885-0485)

Cam handle focks in low profile position when MGBO960XA is installed
(handle UP for open and DOWN for closed positions).

Peal-A-Way* Mylar and Kapton  Peel-A-Way Carrier No. 132:
Kapton Carrier is KS132
Mylar Carrier is MS132

Molded Plastic Body KS132
* Low insertion force soldertail  is shown below:

FOOT PRAINT NO. 132

Wx14xIROWE

271159-24

Courtesy Amp Incorporated

271159-23

o,

PRESS FIT 8

L

E

P
ey s .

in
e

SURFACE MOUNTING -37

271159-25
Courtesy Advanced Interconnections
(Peel-A-Way Terminat Carriers
U.S. Patent No. 4442938)
*Pesl-A-Way is a trademark of Advanced Interconnections.
Figure 23. Several Socket Options for Mounting the MG80960XA
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MEASURE CASE TEMPERATURE
AT CENTER OF TOP SURFACE

BUS __ yl¢— BUS _ —pi¢e—— BUS
STATE STATE STATE

1, e Ty — ple 1,

271159-27

Figure 25. System and Processor
Clock Relationship

132=PIN PGA

271159-26

Figure 24. Measuring MG80960XA PGA
Case Temperature (Te)
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oLk \\__/__\ \
"A:i,'); §& ADDRESS | YO DATA
= XN\ & AN N
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s, TC

v T\ N N
o7/ XX
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READY A S 3
271159-28
Figure 26. Read Transaction
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BEBE, X PN \
w/R SN AN N
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oeR AN & T
READY N AN AR
271159-29
Figure 27. Write Transaction with One Wait State
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Figure 28. Burst Read Transaction
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271159-31
Figure 29. Burst Write Transaction with One Wait State
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PREVIOUS _plq INTERRUPT ¢ IDLE
[+ Tovele ACKNOWLEOGEMENT (5 BUS STATES) ACKNOWLEDGEMENT
CYCLE 1 CYCLE 2
T T T Ty 1, T T T T T To Ty T, T,

« A AAAAAAAAAAAAAA
wr |/ AN

LAE:L; RSN T GO AN Aoo?& IXvecToRGS
aE \/ AN N/ N

)

o \/ \_/

271159-32

Figure 30. Interrupt Acknowledge Transaction
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271159-33

Figure 31. Bus Exchange Transaction (PBM = Primary Bus Master, SBM = Secondary Bus Master)
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INTEL CORP (UF‘/PRPHLS)

31E D WM 482L175 D08LAYL & HM

in e
DOMESTIC SERVICE OFFICES |

ALABAMA

*Inte! Corp,

5015 Bradford Dr., Sulte 2
Huntsville 35805

Tel: (205) 830-4010

ALASKA

Inte! Corp.

cfo TransAlaska Data Systems
300 Old Steese Hwy.
Fairbanks 99701-3120

Tel: (807) 452-4401

Intet Corp.

cfo TransAlaska Data Systems
1651 Lore Roa

Anchorage 99507

Tel: (907) §22-1776

ARIZONA

*Intel Corp.

11225 N. 28th Dr.
Suite D- 214
Phoenix 8

Tek: (602) 869~4980

*Intel Corp.

500 E. Fry Bivd., Suite M-15
Siarra Vista 85635

Tel: (602) 459-5010

CALIFORNIA

tintel Corp.

21515 Vanowen St Ste. 116
Canoga Park 9131

Tel: (818) 704- esoo

*intel Corp.

2250 E. Imperial Hwy., Ste. 218
€] Segundo 80245

Tel: (213) 640-6040

*Intel Corp.
‘1:9?0 Prams Clty Hd

‘olsom 95630-0!
Tel: (916) 351 6143
68-3548

Inte! Corp.

9665 Cheasapeake Or., Suite 325
San Diego 92123-1326

Tel: (619) 202-8086

**Intel Corp.
400 N Tustin Avenue

450
Sanla Ana 92705
Tel: (714) 835-9642

CALIFORNIA

2700 San Tomas Expressway

Santa Clara 95051

Te!: (408) 970-1700
1-800-421-0386

**finte! Corp.

San Tomas 4

2700 San Tomas Exp., 2nd Floor
Santa Clara 95051

Tel: (408) 986-8086

COLORABO

*Intel Corp.
650 S Cherry §t., Suite 915

er 80222
Tel: (303) 321-8086

CONNECTICUT

*Inte| Cor I~P
301 Lee Farm Corporale Park
a3 Woos(er Heights R

Danbury 06810
Tel: (203) 748-3130

FLORIDA

**Intel Corp.

6363 N.W. 6th Way, Ste. 100
Ft. Lauderdale 33309

Tel; (305) 774-0600

*Intel

5850 T G Lee Bivd., Ste. 340
Orlando 32822

Tel: (407) 240-8000

GEORGIA

*Inte! Cotp.

3280 Polnle Pkwy., Ste. 200
Norcross 30092

Tel: {404) 449-0541

HAWAII

*ntel Corp.
U.S.1.5.C. Signat Batt,
Building T-1521
Shafter Plats

after

ILLINOIS

"ﬂnlel arIP

ngala Rd Ste, 400
Schaumburg 60173
Tel: (312) 605-8031

INDIANA

*Inte! Corp.

8777 Purdue Rd., Ste. 125
Indianapolis 46268

Tel: (317) 875-0623

KANSAS

*Intel Corp.

10985 Cody, Suite 140
Overland Park 66210
Tel: (913) 345-2727

MARYLAND

**{intel Corp.

10010 Junction Dr., Sulte 200
Annapolis Junction 20701
Tel: (301} 206-2860

FAX: 301-206-3677

MASSACHUSETTS

**{Intel Corp.

3 Carliste Rd., 2nd Floor
Westford 01886

Tel: (508) 682-1060

MICHIGAN

*tInte! Corp.

7071 Orchard Lake Rd., Ste. 100
West Bloomfield 48322

Tel: (313) 851-8905

MINNESOTA

*tInte! Corp.

3500 W. 80th St., Suite 360
Bloomington 55431

Tel: (612) 835-6722

MISSOURI

*(nte! Co ﬁ
4203 Earl cny Exp Ste. 131

045
Tel (313291 1990

NEW JERSEY

**|ntel Corp.

300 Syivan Avenue
Englevood Clitfs 07632
Tel: (201) 567-0821

*Intel Corp.

Parkway 109 Office Center
328 Newman Springs Road

Red Bank 07701
Tel: (201) 747-2233

*Inte{ Corp.

280 Corporale Center

75 lemgslon Ave., 1st Floor
Roseland 071

Tel: (201) 740-0111

NEW YORK
*fintel Corp.

. 2950 Express;vay Dr. South

Islandla 1172
Tel: (516) 231-3300

*Intel Cor, g

Westage Business Center
Bldg. 300, Route 9
Fishkill 12524

Tel: (914) 897-3860

NORTH CAROLINA

*Intei Corp,

5800 Executive Dr., Ste. 105
Charlotte 28212

Tel: (704) 568-8966

**Intel Corp.

2700 Wycliff Road
Suite 102

Raleigh 27607

Tel; {919) 781-8022

OHIO

"‘I'InleIC é)
01 Park onter Dr., Ste. 220

45414
2 (513) 890-5350

*fintel Carp.

25700 Science Park Dr., Ste. 100
Beachwood 44122

Tel: (216) 464-2736

OREGON

intel Corp.

15254 N.W, Greenbrier Parkway
Building B

Boaverton 97005

Tel: (503) 645-8051

*Inte! Corp.

5200 N.E. Elam Young Parkway
Hillsboro 97123

Tel: (503) 681-8080

PENNSYLVANIA

*$Intel Corp

455 Pennsy'vanla Ave,, Ste. 230
Fort Washington 19034

Tel: (215) 641-1000

tintel Corp.

400 Penn Center Blvd., Ste. 610
Pittsburgh 15235

Tel: (412) 823-4970

CUSTOMER TRAINING CENTERS

ILLINOIS

300 N, Martingale Road
Su1 C]
Schaumburg 60173
Tel: (708) 708-5700
1-800-421-0386

MASSACHUSETTS
3 Carlisle Road, First Floor

Westford 0188
Tel: (301) 220-3380
1-800-328-03686

MARYLAND

10010 Junction Dr.

Suite 200

Annapolis Junction 20701

Tel: (301) 206-2860
1-800-328-0386

Intel Corp.

1513 Cﬁdar Cliff Dr.
ill

Tel 717) 761 0860

PUERTO RICO

Inte! Corp.

Soulh Industrial Park
P.O. Box 910

Las Piedras 00671
Tel: (809) 733-8616

TEXAS

Intel Corp.

8815 Dyer St.,"Suite 225

El Paso 79904

Tel: (915) 751-0186

*Intel Corp.

313 E. Anderson Lane, Suite 314
Austin 78762

Tel: (512) 454-3628

**tIntel Corp.

12000 Ford Rd., Suite 401
Dallas 76234

Tel: (214) 241-8087

*Intel Corp.

7322 S.W. Freeway, Ste. 1490
Houston 77074

Tel: (713) 988-8086

UTAH

Intet Corp.

428 East 6400 South, Ste. 104
Murray 84107

Tel: (801) 263-8051

VlRGINlA

*intel

1504 Santa Rosa Rd., Ste. 108
Richmond 23288

Tel: (804) 282-5668

WASHINGTON

*Intel Corp.

155 108th Avenue N.E., Ste. 386
Bellevue 98004

Tel: (206) 453-8086

CANADA

ONTARIO

Inte! Semiconductor of
Canada, Ltd.

2650 Queensview Or., Ste. 250
Ottawa K2B 8H6

Tel: (613) 8299714

FAX: 613-820-5936

Inte! Sermiconductor of
Canada, Ltd.

190 Attwell Dr., Ste, 102
Rexdale MOW 6H8

Tel: (416) 675-2105
FAX: 416-675-2438

SYSTEMS ENGINEERING MANAGERS OFFICES

MINNESOTA

3500 W, 80th Street
Suite 360

Bloomington 55431
Tel: (612) 835-6722

1System Englneering locations
*Carry-in locations
**Carry-In/mail-in locations

NEW YORK

2950 Expressway Dr., South
Istandia 11722
Tel: (506) 231-3300

D-/0

CG/SALE/101789




