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80960SA

EMBEDDED 32-BIT MICROPROCESSOR WITH 16-BIT
BURST DATA BUS

m Pin Compatible with 80960SB

| Built-in Interrupt Controller
— 4 Direct Interrupt Pins
— 31 Priority Levels, 256 Vectors

m Easy to Use, High Bandwidth 16-Bit Bus g :
— 32 Mbytes/s Burst

m High-Performance Embedded
Architecture
— 20 MIPS* Burst Execution at 20 MHz
— 7.5 MIPS Sustained Execution at
20 MHz

m 512-Byte On-Chip Instructlon Cache
— Direct Mapped

" — Parallel Load/Decode for Uncached —Up to 16 Bytes Transferred per Burst

Instructions m 32-Bit Address Space, 4 Gigabytes
m Multiple Register Sets m 80-Lead Quad Flat Pack (EIAJ QFP)
— Sixteen Global 32-Bit Registers m 84-Lead Plastic Leaded Chip Carrier

— Sixteen Local 32-Bit Registers

— Four Local Register Sets Stored On-
Chip

— Register Scoreboarding

(PLCC)

m Software Compatible with
80960KA/KB/CA/CF Processors

The 80960SA is a member of Intel's i960® 32-bit processor family, which is designed especially for low cost
embedded applications. It includes a 512-byte instruction cache and a built-in interrupt controller. The
80960SA has a large register set, multiple parallel execution units and a 16-bit burst bus. Using advanced
RISC technology, this high performance processor is capable of execution rates in excess of 7.5 million
instructions per second*. The 80960SA is well-suited for a wide range of cost sensitive embedded applications
including non-impact printers, network adapters and 1/0 controllers.

SIXTEEN 64~ BY 32-BIT 32-BIT
32-BIT GLOBAL LOCAL INSTRUCTION
REGISTERS REGISTER - EXECUTION

CACHE UNIT

il

T

!

f

32-BIT

Figure 1. The 80960SA Processor’s Highly Parallel Architecture

512-BYTE MICRO- MICRO- BUS H
e | |nstruction N esin | [ msTRucTIoNfe—{ insTRucTION | |, CONTROL |
CACHE SEQUENCER ROM LoGic  f ohReSS |
¥ 16-BIT
BURST
BUS
272206-1

*Relative to Digital Equipment Corporation’s VAX-11/780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation).

December 1994

Order Number: 272206-002
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- 80960SA i

1.0 THE i960© PROCESSOR

The 80960SA is a member of the 32-bit architecture
from Intel known as the i960 processor family.
These microprocessors were especially designed to
serve the needs of embedded applications. The em-
bedded market includes applications as diverse as
industrial automation, avionics, image processing,
graphics and networking. 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.

' »

intel.
All members of the i960 processor family share a
common core architecture which utilizes RISC tech-
nology so that, except for special functions, the.fam-
ily members are object-code compatible. Each new
processor in the family adds its own special set of
functions to the core to satisfy the needs of a specif-

ic application or range of applications in the embed-
ded market.

0000 0000H

' ADDRESS SPACE

FFFF FFFFH

=

ARCHITECTURALLY
DEFINED
DATA STRUCTURES

PROCESSOR STATE
REGISTERS

INSTRUCTION
POINTER
ARITHMETIC
CONTROLS
PROCESS
CONTROLS
TRACE
CONTROLS

FETCH LOAD STORE
INSTRUCTION
CACHE
INSTRUCTION
STREAM
‘ INSTRUCTION —
EXECUTION SIXTEEN 32-BIT~ ~ g0
GLOBAL REGISTERS  g15

=)

"SIXTEEN 32-BIT . ‘roézu_:

"' LOCAL REGISTERS - r15%]

l CONTROL REGISTERS | I

272206-2

Figure 2. 80960SA Programming Environment
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1.1 Key Performance Features

The B0960SA architecture is based on the most re-
cent advances in microprocessor technology and is
grounded in Intel’s long experience in the design
and manufacture of embedded microprocessors.
Many features contribute to the 80960SA’s excep-
tional performance:

1.

Large Register Set. Having a large number of
registers reduces the number of times that a
processor needs to access memory. Modem
compilers can take advantage of this feature to
optimize execution speed. For maximum flexibili-
ty, the 80960SA provides thirty-two 32-bit regis-
ters. (See Figure 2.),

. Fast Instruction Execution. Simple functions

make up the bulk of instructions in most pro-
grams so that execution speed can be improved
by ensuring that these core instructions are exe-
cuted as quickly as possible. The most frequently
executed instructions—such as register-register
moves, add/subtract, logical operations and
shifts—execute in one to two cycles. (Table 1
contains a list of instructions.)

. Load/Store Architecture. One way to improve

execution speed is to reduce the number of times
that the processor must access memory to per-

form an operation. As with other processors .

based on RISC technology, the 80960SA has a
Load/Store architecture. As such, only the LOAD
and STORE instructions reference memory; all
other instructions operate on registers. This type
of architecture simplifies instruction decoding
and is used in combination with other techniques
to increase paralielism. ‘

. Simple Instruction Formats. All instructions in

the 80960SA are 32 bits long and must be
aligned on word boundaries. This alignment
makes it possible to eliminate the instruction
alignment stage in the pipeline. To simplify the
instruction decoder, there are only five instruction
formats; each instruction uses only one format.
(See Figure 3.)

80960SA

5. Overlapped Instruction Execution. Load oper-

ations allow execution of subsequent instructions
to continue before the data has been returned
from memory, so that these instructions can
overlap the load. The 80960SA manages this
process transparently to software through the
use of a register scoreboard. Conditional instruc-
tions also make use of a scoreboard so that sub-
sequent unrelated instructions may be executed
while the conditional instruction is pending.

. ‘Integer Execution Optimization. When the re-

sult of an arithmetic execution is used as an oper-
and in a subsequent calculation, the value is sent
immediately to its destination register. At the
same time, the value is put on a bypass path to
the ALU, thereby saving the time that otherwise
would be required to retrieve the value for the
next operation.

. Bandwidth Optimizations. The 80960SA gets

optimal use of its memory bus bandwidth be-
cause the bus is tuned for use with the on-chip
instruction cache: instruction cache line size
matches the maximum burst size for instruction
fetches. The 80960SA automatically 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 need-
ed instructions in the program flow, the 80960SA
is relatively insensitive to memory wait states.
The benefit is that the 80960SA delivers out-
standing performance even with a low cost mem-
ory system.

. Cache Bypass. If a cache miss occurs, the proc-

essor fetches the needed instruction then sends
it on to the instruction decoder at the same time it
updates the cache. Thus, no extra time is spent
to load and read the cache.

1
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Table 1. 80960SA Instruction Set
Data Movement. " Arithmetic Logical Bit and Bit Field
Load Add And Set Bit
Store Subtract Not And - Clear Bit
Move Multiply And Not NotBit
Load Address Divide Or Check Bit
Remainder Exclusive Or Alter Bit
Modulo Not Or Scan For Bit
Shift Or Not Scan Over Bit
Extended Multiply Nor . Extract
Extended Divide Exclusive Nor Modify
Not
Nand
Rotate
Comparison Branch Call/Return Fault
Compare Unconditional Branch Call Conditional Fault
Conditional Compare Conditional Branch Call Extended Synchronize Faults
Compare and Increment Compare and Branch Call System
Compare and Decrement Return

Branch and Link

Debug Miscellaneous Decimal

Modify Trace Controls Atomic Add Move

Mark Atomic Modify Add and Carry

Force Mark - Flush'Local Registers Subtract with Carry
Modify Arithmetic Controls
Scan Byte for Equal
Test Condition Code

" Synchronous '
Synchronous Load
Synchronous Move
1-6



a
"F“l'el® 80960SA
Control Opcode Displacement
Compare and Opcode | Reg/Lit| Reg M Displacement
Branch
Register to Opcode | Reg | Reg/Lit| Modes Ext'd Op | Reg/Lit
Register .
Memory Access— | Opcode | Reg Base M X Offset
Short
Memory Access— | Opcode [ Reg Base | Mode Scale | xx | Offset
Long A
_ Displacement

Figure 3. Instruction Formats

1.1.1 MEMORY SPACE AND ADDRESSING
MODES

The 80960SA offers a linear programming environ-
ment so that all programs running on the processor
are contained in a single address space. Maximum
address space size is 4 Gigabytes (232 bytes).

For ease of use the 80960SA has a small number of

addressing modes, but includes all those necessary

to ensure efficient execution of high-level languages

such as C. Table 2 lists the memory addressing

modes. ‘
Table 2. Memory Addressing Modes

e 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 '

Scale-Factoris 1, 2, 4, 8 or 16

1.1.2 DATA TYPES
The 80960SA recognizes the following data types:

Numeric:
e 8-, 16-, 32- and 64-bit ordinals
® 8-, 16-, 32- and 64-bit integers

Non-Numeric:

* Bit

* Bit Field

* Triple Word (96 bits)*
® Quad-Word (128 bits)

1.1.3 LARGE REGISTER SET

The 80960SA programming environment includes a
large number of registers. In fact, 32 registers are
available at any time. The availability of this many
registers greatly reduces the number of memory ac-
cesses required to perform algorithms, which leads
to greater instruction processing speed.

There are two types of general-purpose register:
local and global. The global registers consist of six-
teen 32-bit registers (g0 though g15). These regis-
ters perform the same function as the general-

1-7



80960SA

purpose registers provided in other popular micro-
processors. The term global refers to the fact that
these registers retain their contents across proce-
dure calls.

The local registers, on the other hand, are proce-
dure specific. For each procedure call, the 80960SA
allocates 16 local registers (r0 through r15). Each
local reglster is 32 bits wide.

114 MULTIPLE REGISTER SETS

To further increase the efficiency of the register set,
multiple sets of local registers are stored on-chip
(See Figure 4). This cache holds up to four local
register frames, which means that up to three proce-
dure calls can be made without having to access the
procedure stack resident in memory.

intal.

Although prografns may have procedure calls nest-
ed many calls deep, a program typically oscillates
back and forth between only two to three levels. As

" a result, with four stack frames in the cache, the

probability of having a free frame available on the
cache when a call is made is very high. In fact, runs
of representative C-language programs show that
80% of the calls are handled without needmg to
access memory. ,

If four or more procedures are active and a new pro-
cedure is called, the 80960SA moves the oldest
local register set in the stack-frame cache to a pro-
cedure stack in memory to make room for a new set
of registers. Global register g15 is the frame pointer
(FP) to the procedure stack. :

Global registers are not exchanged on a procedure
call, but retain their contents, making them available
to all procedures for fast parameter passing.

REGISTER
CACHE

ONE OF FOUR
LOCAL
REGISTER SETS

LOCAL REGISTER SET

- ro

r15

31 0
: ’ 272206-3

Figure 4. Multiple Register Sets Are Stored On-Chip
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1.1.5 INSTRUCTION CACHE

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

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

Code for small loops often fits 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 on the procedure’s return.

1.1.6 REGISTER SCOREBOARDING

‘The instruction decoder is optimized in several ways.
One optimization method is the ability to overlap
instructions by using register scoreboarding.

Register scoreboarding occurs when a LOAD moves

_ a variable from memory into a register. When the
instruction initiates, a scoreboard bit on the target
register is set. Once the register is loaded, the bit is
reset. In between, any reference to the register con-
tents is accompanied by a test of the scoreboard bit
to ensure that the load has completed before pro-
cessing continues. Since the processor does not
need to wait for the LOAD to complete, it can exe-
cute additional instructions placed between the
LOAD and the instruction that uses the register con-
tents, as shown in the following example:

1d data.2, r4

14 data_2, rb
Unrelated instruction
Unrelated instruction
add r4, r5, ré

80960SA

In essence, the two unrelated instructions between
LOAD and ADD are executed “for free” (i.e., take no
apparent time to execute) because they are execut-
ed while the register is being loaded. Up to three
load instructions can be pending at one time with
three corresponding scoreboard bits set. By exploit-
ing this feature, system programmers and compiler
writers have a useful tool for optimizing execution
speed. :

1.1.7 HIGH BANDWIDTH BUS

The 80960SA CPU resides on a high-bandwidth
address/data bus. The bus provides a direct com-
munication path between the processor and the
memory and I/0 subsystem interfaces. The proces-
sor uses the bus to fetch instructions, manipulate
memory and respond to interrupts. Bus features
include: '

* 16-bit data path muitiplexed onto the lower bits of
the 32-bit address path

e Eight 16-bit half-word burst capability which
allows transfers from 1 to 16 bytes at a time

¢ High bandwidth reads and writes with 32 Mbytes/s
burst (at 20 MHz)

Table 3 defines bus signal names and functions; Ta-
ble 4 defines other component-support signals such
as interrupt lines. '

1:1.8 INTERRUPT HANDLING

The 80960SA 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 80960SA is unusual in that it automatically han-
dles interrupts on a priority basis and can keep track
of pending interrupts through its on-chip interrupt
controller. Two of the interrupt pins can be config-
ured to provide 8259A-style handshaking for expan-
sion beyond four interrupt lines.

i.1.9 DEBUG FEATURES

The 80960SA has built-in debug capabilities. There
are two types of breakpoints and six trace modes.
Debug features are controlled by two 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 execu-
tion. :
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The 80960SA. provides two hardware breakpoint
registers’ on-chip which, by using a special com-
mand, can be set to any value. When the instruction
pointer matches either breakpoint register value, the
breakpoint handling routine is automatucally called.

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

Tracing is available for instructions (single step exe-
cution), calls and returns and branching. Each trace
type may be enabled separately by a special debug
instruction. In each case, the 80960SA executes the
instruction first and then calls a trace handling rou-
tine (usually part of a software debug monitor). Fur-
ther program execution is halted until the routine
completes, at which time execution resumes at the
next instruction. The 80960SA’s tracing mecha-
nisms, implemented completely in hardware, greatly
simplify the task of software test and debug.

1.1.10 FAULT DETECTION
The BOQGOSA has an automatic mechanism to han-

- die faults. Fault types include trace and arithmetic
faults. When the processor detects a fault, it auto-

matically calls the appropriate fault handling routine

and saves the current instruction pointer and neces-
sary state information to make efficient recovery
possible. Like interrupt handling routines, fault han-
dling routines are usually written to meet the needs
of specific applications and are often included as
part of the operating system or kernel.

intal.

For each of the fault types, there are numerous sub-
types that provide specific information about a fault.
The fault handler can use this specific information to
respond correctly to the fault.

1.1.11 BUILT-IN TESTABILITY
Upon reset, the 80960SA 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 memory image was programmed
correctly If a problem is discovered at any point dur-
ing the self-test, the 80960SA asserts its FAIL pin
and will not begin program execution. Self test takes
apprpxumately 24,000 cycles to'complete.

System manufacturers can use the 80960SA’s self-
test feature during incoming parts inspection. No
special diagnostic programs need to be written. The
test is both thorough and fast. The self-test capabili-
ty helps ensure that defective parts are discovered
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
resulting from other causes.

1.1.12 CHMOS

The 80960SA is fabricated using Intel's CHMOS IV
(Complementary High Speed Metal Oxide Semicon-
ductor) process. The 809608A is available at 10 and
16 MHz in the QFP package and at 10, 16 and 20
MHz in the PLCC package.
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Table 3. 80960SA Pin Description: Bus Signals

Name Type Description
CLK2 | SYSTEM CLOCK provides the fundamental timing for 80960SA systems. It is divided
by two inside the 80960SA to generate the internal processor clock.
A31:16 O | ADDRESS BUS carries the upper 16 bits of the 32-bit physical address to memory. it

T.S. | is valid throughout the burst cycle; no latch is required.

AD15:1, DO I/0 | ADDRESS/DATA BUS carries the low order 32-bit addresses and 16-bit data to and
T.S. | from memory. AD15:4 must be latched since the cycle following the address cycle
carries data on the bus.

A3:1 O | ADDRESS BUS carries the word addresses of the 32-bit address to memory. These '
1 T.S. | three bits are incremented during a burst access indicating the next word address of
the burst access. Note that A3:1 are duplicated with AD3:1 during the address cycle.

ALE O | ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is
T.S. | asserted during a T, cycle and deasserted before the beginning of the Ty state. Itis
active high and floats to a high impedance state during a hold cycle (Tp).

AS O | ADDRESS STATUS indicates an address state. AS is asserted every T, state and
‘ T.S. | deasserted during the following Ty state. AS is driven HIGH during reset.

W/R O | WRITE/READ specifies, during ‘a T, cycle, whether the operation is a wnte or read. It
' T.S. | is latched on-chip and remains valid during T4 cycles.
DEN O | DATA ENABLE is asserted during Tq cycles and indicates transfer of data on the AD

T.S. | lines. The AD lines should not be driven by an external source unless DEN is
asserted. When DEN is asserted, outputs from the previous cycle are guaranteed to
be three-stated. In addition, m deasserted indicates inputs have been captured and
therefore input hold times can be disregarded. DEN is driven HIGH during reset.

DT/R O | DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the
T.S. | bus. Itis low during T4 and T4 cycles for a read or interrupt acknowledgment; it is high
during T, and T4 cycles for a write. DT/R never changes state when DEN is asserted.
DT/Ris driven HIGH during reset.

READY | READY indicates that data on AD lines can be sampled or removed. If READY is not
asserted during a T4 cycle, the T4 cycle is extended to the next cycle by inserting a
wait state (Ty).

LOCK 1/0 | BUS LOCK prevents bus masters from gaining control of the bus during Read/

0.D. | Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK.

At the start of a RMW operation, the processor examines the LOCK pin. If the pin is
already asserted, the processor waits until it is not asserted. If the pin is not asserted,
the processor asserts LOCK during the T, cycle of the read transaction.

The processor deasserts LOCK in the T, cycle of the write transaction. During the
time LOCK is asserted, a bus agent can perform a normal read or write but not a RMW
operation. The processor also asserts LOCK during interrupt-acknowledge
transactions.

Do not leave LOCK unconnected. It must be pulled HIGH for the processor to function
properly. A
ONCE MODE: The LOCK pin is sampled during reset. If it is asserted LOW at the end
of reset, all outputs will be three-stated until the part is reset again. ONCE mode is
used in conjunction with an in-circuit emulator.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-state
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Table 3. 80960SA Pin Description: Bus Signals (Continued)

Type

Description

@©
m|
vy
o

T.S.

BYTE ENABLE LINES S specify which data bytes (up to t two) on the bus take part in
the current bus: cycle BET corresponds to AD15:8; BEO corresponds to AD7:1, DO.
The byte enable lines are asserted appropriately during each data cycle.
INITIALIZATION FAILURE indicates that the processor has failed to initialize
correctly. The failure state is indicated by a combination of BLAST asserted and
BE1:0 not asserted. This condition occurs after RESET is deasserted and before the
first bus transaction begins. FAIL is asserted while the processor performs a self-
test. If the self-test completes successfully, FAIL is deasserted. The processor then
performs a zero checksum on the first eight words of memory. If it fails, FAIL is
asserted for a second time and remains asserted; if it passes, system initialization
continues and FAIL remains deasserted.

HOLD

HOLD: A request from an external bus master to acquire the bus. When the
processor receives HOLD and grants bus control to another master, it floats its
three-state bus lines, then asserts HLDA and enters the T}, state. When HOLD is
deasserted, the processor deasserts HLDA and enters the T; or T, state.

TS.

HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has
relinquished control of the bus. This signal is always driven. At reset it is driven LOW.

T.S.

BURST LAST indicates the last data cycle (Tq) of a burst access. It is asserted low
during the last T4 and associated with Ty, cycles in a burst access.

INITIALIZATION FAILURE indicates that the processor has failed to |n|t|allze
correctly. The failure state is indicated by a combination of BLAST asserted and
BE1:0 not asserted. This condition occurs after RESET is deasserted and before the
first bus transaction begins. FAIL is asserted while the processor performs a self-
test. If the self-test completes successfully, FAIL is deasserted. The processor then
performs a zero checksum on the first eight words of memory. If it fails, FAIL is
asserted for a second time and remains asserted; if it passes, system initialization
continues and FAIL remains deasserted.

1/0 = Input/Output, O = Output, | = Input, 0.D. = Open Drain, T.S. = Three-state
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Table 4. 80960SA Pin Description: Support Signals
Name | Type Description

RESET | RESET clears the processor’s internal logic and causes it to reinitialize.

During RESET assertion, the input pins are ignored (except for INTO, INT1, INT3,
LOCK), the three-state output pins are placed in a HIGH impedance state (except for
DT/R, DEN, and AS) and other output pins are placed in their non-asserted states.
RESET must be asserted for at least 41 CLK2 cycles for a predictable reset.
Optionally, for a synchronous reset, the LOW and HIGH 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. ' .

The interrupt pins indicate the initialization sequence executed. Typical initialization
requires driving only INTO and INT3 to a HIGH state. The reset conditions follow:

INTO INT1 INT3 LOCK Action Taken
1 X 1 1 Run-self-test (core initialization)
0 0 1 1 Disable self-test
0 1 X X Reserved
X X 0 X Reserved
X X X 0 ONCE mode (see LOCK pin)
INTO | INTERRUPT 0 indicates a pending interrupt. To signal an interrupt 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
system clock cycles and then asserted for at least two more system clock cycles. The.
interrupt control register must be programmed with an interrupt vector before using

this pin. : .
INTO is sampled during reset to determine if the self-test sequence is to be executed.
INT1 I INTERRUPT 1, like INTO, provides direct interrupt signaling. INT1 is sampled during
' reset to determine if the self-test sequence is to be executed.
INT2/INTR | INTERRUPT2/INTERRUPT REQUEST: The interrupt control register determines how

this pin is interpreted. If INT2, it has the same interpretation as the INTO and INT1
pins. If INTR, it is used to receive an interrupt request from an external interrupt
controller.

INT3/INT 1/0 | INTERRUPT3/INTERRUPT ACKNOWLEDGE: The interrupt control register

T.S. | determines how this pin is interpreted. If INT3, it has the same interpretation as the
INTO and INT1 pins. If INTA, it is used as an output to control interrupt-acknowledge
transactions. The INTA output is latched on-chip and remains valid during T4 cycles;
as an output, it is open-drain. INT3 must be pulled HIGH during reset.

NC N/A | NOT CONNECTED indicates pins.should not be connected. Never connect any pin
marked NC; these pins may be reserved for factory use.
1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-state
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2.0 ELECTRICAL SPECIFICATIONS

2.1 Power and Grounding

The 80960SA is implemented in CHMOS IV technol-

ogy and therefore has modest power requirements.
Its high clock frequency and numerous output buff-
ers (address/data, control, error and arbitration sig-
nals) can cause power surges as multiple output
buffers simultaneously drive new signal levels. For
clean on-chip power distribution, Vgc and Vgg pins
separately feed the device’s functional units. Power
and ground connections must be made to all
80960SA power and. ground pins. On the circuit
board, all Vg pins must be strapped closely togeth-
er, preferably on a power plane; all Vgg pins should
be strapped together, preferably on a ground plane.

2.2 Power Decoupling
Recommendations

Place a liberal amount of decoupling capacitance
near the 80960SA. When driving the bus the proces-
sor can cause transient power surges, particularly
when connected t6 a large capacitive load.

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

2.3 Connection Recommendations

For reliable operation, always connect unused in-
puts to an appropriate signal level. In particular, if
one or more interrupt lines are not used, they should
be pulled up. No inputs should ever be left floating.

The LOCK open drain pin requires a pullup resistor
whether or not the pin is used as an output. Figure 5
shows the recommended resistor value.

intgl.

Do not connect external logic to pins marked NC.

OPEN-DRAIN Vee
OUTPUT

9100

272206-4

Figure 5. Connection Recommendation
for LOCK

24 Characteristic Curves

Figure 6 shows typical supply current requirements
over the operating temperature range of the proces-
sor at supply voltage (Vgc) of 5V. Figure 7 shows
the typical power supply current (Icc) that the
80960SA requires at various operating frequencies
when measured at three input voltage (Vcc) levels.

For a given output current (Ig) the curve in Figure 8
shows the worst case output low voltage (Vo). Fig-
ure 9 shows the typical capacitive derating curve for
the 80960SA 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 bus address/data (AD)
signals.
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2.5 Test Load Circuit -

Figure 10 illustrates the load circuit used to test the
80960SA’s output pins. .

THREE-STATE QUTPUT

7
Cp = 50 pF for all‘ signals

Figure 10. Test Load Circuit for
Three-State Output Pins

272206-10

'
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2.6 Absolute Maximum Ratings*

Operating Temperature (PLCC)'O°C to +85°C Case
Operating Temperature (QFP) .0°C to +100°C Case
Storage Temperature .......... —65°Cto +150°C
Voltage-on Any Pin (PLCC) ...—0.5V to Vgg +0.5V
Voltage on Any Pin (QFP) .. —0.25V to Vgg +0.25V
Power Dissipation ............... ..1.9W (20 MHz)

2.7 DC Characteristics

80960SA (10 and 16 MHz QFP)
80960SA (10 and 16 MHz PLCC)
80960SA (20 MHz PLCC)

intel.

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” 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.

Tcase = 0°C to +100°C, Vg = 5V 5%
Tcase = 0°C to +85°C, Vo = 5V £10%
Tcase = 0°Cto +85°C, Vgc = 5V 5%

Table 5. DC Characteristics

Symbol Parameter Min Max Units Notes
ViL Input Low Voltage -0.3 +0.8 \"
ViH Input High Voltage 2.0 Vce +0.3 \
Ve CLK2 Input Low Voltage -0.3 +0.8 \
VcH CLK2 Input High Voltage 0.7 Vge Vce +0.3 \
VoL Output.Low Voltage 0.45 \ loL =4.0mA
0.45 \' loL = 6 mA, LOCK Pin
0.60 v loL = 20 mA, LOCK Pin
VoH Output High Voltage 24 \" AIITS, —25mA (1)
Icc Power Supply Current:
© 10 MHz-QFP 240 mA Teasg = 0°C

10 MHz-PLCC 240 mA Tcasg = 0°C

16 MHz-PLCC 300 mA Tcase = 0°C

20 MHz-PLCC 340 mA Tcasg = 0°C
L Input Leakage Current, +15 HA 0<V|N<Vcc

Except INTO, LOCK -
IL2 Input Leakage Current, —300 pA ViN = 0.45V(2
INTO, LOCK
loL Output Leakage Current +15 MA
CiN Input Capacitance 10 pF fc = 1 MHz()
Co Output Capacitance 12 pF fc = 1 MHz(®)
CcLk Clock Capacitance 10 pF fc = 1 MHz(®)
NOTES:

1. Not measured for open-drain output.
2. INTO and LOCK have internal pullup devices.
3. Input, output and clock capacitance are not tested.



intal.

2.8 AC Specifications

This section describes the AC specifications for the
80960SA pins. All input and output timings are spec-
ified relative to the 1.5V level of the rising edge of
CLK2 and refer to the time at which the signal cross-
es 1.5V (for output delay and input setup). All AC

80960SA

testing should be done with input voltages of 0.4V
and 2.4V, except for the clock (CLK2) which should
be tested with input voltages of 0.45V and 0.7 x V¢c.
See Figure 11 and Tables 6, 7 and 8 for timing rela-
tionships for the 80960SA signals.

EDGE A B c

CLK2 1.5v

\

OUTPUTS:
AD15:1,A3:1,D0
A31:16,BE1:0

1.5V 1.5v l

Tg — e

:@A%ﬁ% \W§145v VALID OUTPUT 1.5v ‘§

| V/

. Toas
AS

Toas =1 ;—
I

INPUTS:

Tio | Tii |

e OO v oo

HOLD
LOCK
READY

y

T

12 | ™ VALID INPUT
2.0 2.0V &
0.8V 0.8V

272206-12

Figure 11. Drive Levels and Timiﬁg Relationships for 80960SA Signals
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2.8.1 AC SPECIFICATION TABLES
Table 6. 80960SA AC Characteristics (10 MHz2)

Symbol Parameter ] Min [ Max | Units l *Notes
Input Clock A K
T Processor Clock 50 125 ns ViN = 1.5V
Period (CLK2)
Ts Processor Clock 8 ns V1 = 10% Point
Low Time (CLK2) = VgL + (Vo — Vo) x0.1
T3 Processor Clock 8 ns VT = 90% Point
, High Time (CLK2) = VoL + (Vcu — Vo) x0.9
Ta Processor Clock 10 ns VT = 90% to 10% Point (1)
Fall Time (CLK2) .
Ts Processor Clock 10 ns VT = 10% to 90% Point (1)
Rise Time (CLK2)
Synchronous Outputs
Te Output Valid Delay 2 31 ns
TeAS AS Output Valid Delay 2 25 ns
Ty ALE Width T-11 ns
Ts ALE Output Valid Delay 4 33 ns .
Ty Output Float Delay 2 . 20 ns: ()
Synchronous Inputs ‘
T10 Input Setup 1 10 ns
T14 Input Hold 2 ns ‘
T12 Input Setup 2 13 ns
Tiz | Setup to ALE Inactive 10 ns
T14 Hold After ALE Inactive 8 ns
Tis RESET Hold 3 ns (3)
T RESET Setup 5 ‘ns ® .
Ti7 RESET Width 2050 ns 41 CLK2 Periods Minimum
NOTES:

1. Processor clock (CLK2) rise time and fall time are not tested.
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. Meeting RESET setup and hold times is an optional method of synchromzmg your clocks. If you decide to use an asyn-
chronous reset, synchronizing the clock can be accomplished by. using AS.

1-20
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Table 7. 80960SA AC Characteristics (16 MHz)

Symbol | Parameter Min l Max | Units | ' Notes
Input Clock
T4 Processor Clock 31.25 125 ns ViN = 1.5V
Period (CLK2)
To Processor Clock 8 ns V1 = 10% Point
Low Time (CLK2) = VgL + (Vo — Vo) x 0.1
T3 Processor Clock 8 ns V1 = 90% Point
High Time (CLK2) = VoL + (Vcx — Vo) x0.9
T4 Processor Clock 10 ns V1 = 90% to 10% Point (1)
Fall Time (CLK2) :
Ts Processor Clock 10 ns V1 = 10% to 90% Point (1)
Rise Time (CLK2)
Synchronous Outputs
T Output Valid Delay .2 25 ns
TeAs AS Output Valid Delay 2 21 ns
T7 ALE Width T1-11 ns .
‘Tg ALE Output Valid Delay 2 22 ns
Tg Output Float Delay 2 20 ns )
Synchronous Inputs
T1o Input Setup 1 10 ns
T4 .| Input Hold 2 ns
T2 Input Setup 2 13 ns
T3 Setup to ALE Inactive 10 ns
T4 Hold After ALE Inactive 8 ns
T1s RESET Hold 3 ns 3
T1e RESET Setup 5 ns )
Ti7 RESET Width 1281 ns 41 CLK2 Periods Minimum
NOTES:

1. Processor clock (CLK2) rise time and fall time are not tested.
2. A float condition occurs when the maximum output current becomes less than I o. Float delay is not tested, but should be

no longer than the valid delay.

3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks If you decide to use an asyn-
chronous reset, synchronizing the clock can be accomplished by using A AS.
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Table 8. 80960SA AC Characteristics (20 MHz)

Symbol | Parameter o Min | Max | Units | . Notes
Input Clock ‘
Ty Processor Clock 25 . 125 ns ViN = 1.5V
Period (CLK2)
T2 Processor Clock 6 ns V1 = 10% Point
Low Time (CLK2) ‘ = VgL + (VcH — Vo) x 0.1
T3 Processor Clock : 6 ns V1 = 90% Point
High Time (CLK2) = VgL + (VoH — Ve) x 0.9
Ts Processor Clock 10 ns | Vr=90% to10% Point (1)
Fall Time (CLK2)
Ts - Processor Clock ) 10 ns V= 10% to 90% Point (1)
Rise Time (CLK2)
Synchronous Outputs
Te Output Valid Delay 2 20 ns
TeAS AS Output Valid Delay 2 20 ns
¥, ~ ALE Width 4 Ti-11 ns
Ts ALE Output Valid Delay 2 18 ns
To Output Float Delay 2 17 ns @
Synchronous Inputs
T10 Input Setup 1 7 . ns '
T11 Input Hold 2 ns
Ti2 Input Setup 2 13 ns
Ti3 Setup to ALE Inactive 10 ns
T1a Hold After ALE Inactive 8 ns
T1s RESET Hold 3 ns 3)
Ti6 RESET Setup 5 ns (3)
T17 RESET Width ' 11025 | ns 41 CLK2 Periods Minimum
NOTES:

1. Processor clock (CLK2) rise time and fall time are not tested. '

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

3. Meeting RESET setup and hold times is an optuonal method of synchronizing your clocks. If you decide to use an asyn-
chronous reset, synchronizing the clock can be accomplished by using AS.

1-22 - I
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HIGH LEVEL (MIN) 0.7V¢c

LOW LEVEL (MAX) 0.8V

1
'
'
s Ts T2

272206-13

- g 11 . :
OUTPUTS [ ). Gl X
. . — Ty — »—Tig ! ' '
1 1 1 1 1 1 1
RESET[ A W ! v I ! ! ! ] ] | |
! \ { § v | 1 | |
1 ' | 5=t | ' ' '

%:% [mfm . IrflTIALIZATION PAR:\METERS. » . ////////A

NOTE: Initialization parameters must be set up at least four CLK2 periods before the first CLK2 "A" edge.
272206-14

Figure 13. RESET Signal Timing
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3.0 MECHANICAL DATA

3.1 Packaging.

The 80960SA is available in two package types:

e 80-lead quad flat pack (EIAJ QFP). Shown in Fig-
ure 15.

® 84-lead plastic leaded chip carrier (PLCC).
Shown in Figure 16. ,

Dimensions for both package types are given in the
Intel Packaging handbook (Order #240800).

intel.

The QFP and PLCC have different pin assignments.
The QFP pins are numbered in order from 1 to 80
around the package perimeter. The PLCC pins are
numbered in order from 1 to 84 around the package
perimeter. Table 9 and Table 10 list the function of
each QFP pin; Table 11 and Table 12 list the func-
tion of each PLCC pin.

3.2 Pin Assignment

Vce and GND connections must be made to muilti-
ple Vcc and GND pins. Each Vg and GND pin must
be connected to the appropriate voltage or ground
and externally strapped close to the package. It is
recommended that you include separate power and
ground planes in your circuit board for power distri-
bution.

Pins identified as N.C. (No Connect) should never be
connected.
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Figure 16. 84-Lead Plastic Leaded Chip Carrier (PLCC) Package
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3.3 Pinout
. Table 9. 80960SA QFP Pinout—In Pin Order
Pin Signal Pin _Signal Pin Signal Pin Signal
1 A22 . 21 Vee M BEO 61 Vce
2 A21 22 Vss 42 Vce 62 Vss
3 A20 23 Voo 43 Vss 63 N.C.
4 A19 24 Vss 44 | CLK2 64 AS
5 A18 25 AD6 45 RESET 65 Vss
6 A17 26 ADS 46 INTO 66 ALE
7 A16 27 AD4 47 INT1 67 READY
8 Vee 28 AD3 | 48 | INT2/INTR 68 A31
9 Vss 29 AD2 49 INT3/INTA 69 A30
10 AD15 30 AD1 50 HLDA 70 A29
11 AD14 31 DO 51 Vee 7 A28
12 Vee 32 -~ Vgg 52 Vss 72 Vss
13 Vss 33 Vee 53 HOLD 73 Vee
14 AD13 34 A3 54 W/R 74 A27
15 AD12 35 A2 55 DEN 75 A26
16 AD11 36 Vee 56 DT/R 76 A25
17 AD10 37 Vss 57 BLAST 77 Vee
18 AD9 38 Al 58 L[OCK 78 Vss
19 AD8 39 N.C. . 59 Voo 79 A24
20 AD7 40 BET 60 Vss 80 A23
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 10. 80960SA QFP Pinout—In Signal Order

Signal Pin - Signal . Pin Signal Pin Signal Pin
A1 38 A18 5 DO 31 Veo 51
A2 35 A19 4 DEN 55 Veo 59
A3 34 A20 3 DT/R 56 Vee 61
AD1 30 A21 2 HLDA 50 Veo 73
AD2 29 A22 1 HOLD 53 Veo 77
AD3 28 A23 80 INTO 48 Veo 8
AD4 27 A24 79 INT1 47 Vss 13
AD5 26 A25 76 INT2/INTR 48 Vss 22
AD6 25 A26 75 INT3/INTA 49 Vss 24
AD7 20 A27 74 LOCK 58 Vss 32
AD8 19 A28 71 N.C. 39 Vss 37
AD9 18 A29 70 N.C. 63 Vss 43
AD10 17 A30 69 READY 67 Vss 52
AD11 16 A31 68 RESET 45 Vss 60
AD12 15 ALE 66 Vee 12 Vss 62
AD13 14 AS 64 Vee 21 Vss 72
AD14 11 BEO 41 Vee 23 Vss 78
AD15 10 BET 40 Vee 33 Vss 9
A16 7 BLAST | 57 Vee 36 Vss 65
A17 6 CLK2 44 Vee 42 W/R 54
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 11. 80960SA PLCC Pinout—In Pin Order
Pin Signal Pin Signal Pin Signal Pin Signal
1 Vee. 22 Vss 43 Vss 64 HOLD
2 N.C. 23 N.C. 44 Voo 65 N.C.
3 A27 24 AD13 45 A3 66 W/R
4 A26 25 AD12 46 A2 67 DEN.
5 A25 26 AD11 47 Voo 68 DT/R
6 "Veo 27 AD10 48 Vss 69 BLAST
7 Vss 28 AD9 49 A1 70 LOCK
8 A24 29 AD8 50 N.C. 71 Voo
9 A23" 30 AD7 51 BET 72 Vss
10 A22 31 Voe 52 BEO 73 Vee
1 A21 32 Vss 53 Voo ‘74 Vss
12 A20 33 Vee 54 Vss 75 N.C.
13 A19 34 Vss 55 CLK2 76 AS
14 A18 35 AD6 56 RESET 77 " Vgs
15 A17 36 AD5 57 INTO 78 ALE
16 A16 37 AD4 58 INT1 79 READY
17 Vee. 38 AD3 59 INT2/INTR 80 A31
18 Vss 39 D2 60 INT3/INTA 81 A30
19 AD15 40 D1 61 HLDA 82 A29
20 AD14 41 DO 62 Vco 83 A28
21 Ve 42 N.C. 63 Vss 84 Vss
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 12. 80960SA PLCC Pinout—In Signal Order

: Slgnél Pin - Signal Pin Signal Pin Signal Pin .
Al | 49 A18 14 DT/R 68 Voo 44
A2 46 A19 13 HLDA 61 Ve 47
A3 45 A20 12 HOLD 64 Vee 53
DO 3| A21 11 INTO 57 Vee 6
AD1 40 A22 10 INT1 58 Vee 62
AD2 39 A23 9 INT2/INTR 59 Vee 71
AD3 38 A24 8 INT3/INTA 60 Voc 73
AD4 37 A25 5 [OCK 70 Vss 18
AD5 36 A26 4 N.C. 2 Vss 22
AD6 35 A27 3 N.C. 23 Vss 32
AD7 30 A28 83 N.C. 42 Vss 34
AD8 29 A29 82 N.C. 50 Vss 43
AD9 28 A30 81 N.C. 65 Vss 48
AD10 27 A31 80 "N.C. 75 Vss 54
AD11 26 ALE 78 READY 79 Vss 63
AD12 25 AS 76 RESET 56 Vss 7
AD13 | 24 BEO 52 Vee 1 Vss 72
AD14 20 BE1 51 Vee 17 Vss 74
AD15 19 BLAST 69 Voe 21 Vss 77
AD16 16 CLK2 . 55 Vee 31 Vss 84
A17 15 DEN 67 " Veo 33 W/R 66

NOTE: '

Do not connect any external logic to any pins marked N.C.
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3.4 Package Thermal Specification

The 80960SA is specified for operation when case
temperature is within the range 0°C to +85°C
(PLCC) or 0°C to +100°C (QFP). Measure case
temperature at the top center of the package. Ambi-
ent temperature can be calculated from:

Ty = Tg + P*6yc
Ta=Ty - P*ya

intgl.

Compute P by multiplying the maximum voltage by
the typical current at maximum temperature. Values
for 644 and 8, for various airflows are given in
Table 13 for the QFP package and in Table 14 for
the PLCC package. Icc at maximum temperature is
typically 80 percent of specified Icc maximum (cold).

Tc = Ta + P*[04a—0yc]
Table 13. 80960SA QFP Package Thermal Characteristics
Thermal Resistance—°C/Watt
Parameter Airflow—ft./min (m/sec)
0 100 200 400 600 800
6 Junction-to-Ambient (Case ‘
measured in the middle of the 59 54 50 44 40 a8
top of the package)
(No heatsink)
6 Junction-to-Case 11 1 11 | 11 1 11
NOTE:

This table applies to 80960SA QFP soldered directly to board.

Table 14. 80960SA PLCC Package Thermal Characteristics

Thermal Resistance—°C/Watt

Parameter Airflow—ft./min (m/sec)
0 50 100 200 400 600 800 1000
6 Junction-to-Ambient ‘ .
(No heatsink) 34 32 29.5 28 25 23 21 20.5
6 Junction-to-Case 12 12 12 12 12 12 12 12

NOTE:

This table applies to 80960SA QFP soldered directly to board.

3.5 Stepping Register Information
Upon reset, register g0 contains die stepping infor-

mation. Table 15 shows the relationship between
the number in g0 and the current die stepping.

1-30

Table 15. Die Stepping Cross Reference
Register g0 Die Stepping
01010101H CA1

The current numbering pattern in g0 may not be con-
sistent with past or future steppings of this product.
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4.0 WAVEFORMS

80960SA

Figures 17, 18, 19, 20 and 21 show waveforms for various transactions on the 80960SA’s bus. Figure 22

shows a cold reset functional waveform.

ADI155:40 [ —m—-.———( ADDR X DATA )—-—-
A3:1 [ X vALD )(INVALID)( VALID X

o | 7272 L7727

272206-18

Figure 17. Non-Burst Read and Write Transactions Without Wait States
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A31:16 [:X VALID
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A31|::X 600 Xoo1Xo1oXo11X1ooX1o1X11oX111X

BET:0 [_"\ Vo : : : o : : /—‘
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reaov [ | DA\ 7

' _ ' ' ' 27220618

Figure 18. Quad Word Burst Read Transaction with 1,0,0,0,0,0,0,0 Wait States
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Figure 19. Burst Write Transaction with 2, 1, 1, 1 Wait States (6-8 Bytes Transferred)
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Figure 20. Accesses Generated by Quad Word Read Bus Request,'
Misaligned One Byte from Quad Word Boundary (1, 0, 0, 0, 0, 0, 0, 0) Wait States
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272206-22

Figure 21. Interrupt Acknowledge Cycle
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5.0 REVISION HISTORY

This data sheet supersedes data sheet 272206-001 and applies only to those devices identified as the current
stepping in Section 3.5. The section significantly changed since the previous revision are:

Last
Rev.

—001

Section Description

Remove two LOCK pin Corinection Recommendation
figures and added Firgure 5 to reflect the new LOCK
pin connection recommodation of a single 9100 pullup
resistor.

Obsolete figure (Test Load Circuit for Open-Drain
Output Pins) removed to reflect current test conditions.

2.3 Connection Recommendations (pg.11)

2.5 Test Load Circuit (pg.13) —001

—001 | lop value at 0.45V improved.
WAS: 25mA IS:
LOCK pin oy value at 0.45V relaxed.
WAS: 12mA IS:
LOCK pin gL value at 0.60V deleted.

80960SA 16 MHz QFP added to product list.
New section added.

2.7 DC Characteristics (pg. 14)
‘ 4.0 mA

6 mA

3.5 Stepping Register Information (pg. 27) | —001

This data sheet supersedes data sheet 270917-004, which applied to both the 80960SA and the 80960SB.
The 80960SB is now documented in 272207-002. Specification changes in the 80960SA data sheet are a
result of design changes. The sections significantly changed since the previous revision are:

NOTE:

Last i
Section Rev. Description
2.3 Connection Recommendations —004 | Deleted corresponding graph of Open
(p- 15) Drain Voltage vs. Output Current.
Figure 6. Typical Supply Current vs. Case —004 | Regraphed new data in three graphs
Temperature (p. 16), Figure 7. Typical Current vs. instead of two.
Frequency (Room Temp) (p. 6) and Figure 8. Typical
Current vs. Frequency (Hot Temp) (p. 7)
Table 5. DC Characteristics (p. 19) —004 | Input Leakage Current (I 12) specification
added to accurately describe leakage of
INTO and LOCK as inputs.
Icc max reduced:
Power Supply Current: Was: Is:
10 MHz 280 240
16 MHz 350 300
Table 6. 80960SA AC Characteristics (10 MHz) (p. 21) | —004 | T7 minimum specification improved:
and Table 7. 80960SA AC Characteristics (16 MHz) Power Supply Current: Was: Is:
(p- 22) 10 MHz 24ns Ty-11ns
) 16 MHz 15ns Tq-11ns
Table 8. 80960SA AC Characteristics (20 MHz) (p. 23) | —004 | New 20 MHz specification table added for
80960SA C-step.
Table 13. 80960SA QFP Package Thermal —004 | 6,5 increased to reflect smaller die size '
Characteristics (p. 32) and lower Icc.
Table 14. 80960SA PLCC Package Thermal —004 | 04 and 6¢ increased to reflect smaller
Characteristics (p. 32) die sizé and lower Icc.

Page numbers refer to 80960SA data sheet number 272206-001.
1-37
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The sections significantly changed between revisions -003 and -004 of the 80960SA/SB data sheet were:

Last
Section Rev. Description
DC Characteristics (p. 19) —003 | Operating temperature for PLCC package changed:
Was: Tgasg = 0°Cto +100°C
Is: Tcasg = 0°Cto +85°C
‘ A The test program has not changed.
Table 9. 80960SA and 80960SB —003 | Signal A12 incorrectly shown as Pin 28; is now correctly
QFP Pinout—In Pin Order (p. 23) shown as Pin 38. Note added to clarify No Connect Pins.

138 \ I
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80960SB
EMBEDDED 32-BIT MICROPROCESSOR WITH 16-BIT
‘ BURST DATA BUS

m High-Performance Embedded
Architecture
— 16 MIPS* Burst Execution at 16 MHz
— 5 MIPS Sustained Execution at
16 MHz

512-Byte On-Chip Instruction Cache

— Direct Mapped 4

— Parallel Load/Decode for Uncached
Instructions

Muitiple Register Sets

— Sixteen Global 32-Bit Registers

. — Sixteen Local 32-Bit Registers

— Four Local Register Sets Stored On-
Chip ‘

— Register Scoreboarding

m Pin Compatible with 80960SA

,—25.6 Mbytes/s Burst

Built-In Interrupt Controller
— 4 Direct Interrupt Pins -
— 31 Priority Levels, 256 Vectors

Built-In Floating Point Unit
— Fully IEEE 754 Compatible

Easy to Use, High Bandwidth 16-Bit Bus

— Up to 16 Bytes Transferred per Burst
32-Bit Address Space, 4 Gigabytes
80-Lead Quad Flat Pack (EIAJ QFP)

84-Lead Plastic Leaded Chip Carrier
(PLCC)

Software Compatible with
80960KA/KB/CA/CF Processors

The 80960SB is a member of Intel’s i960® 32-bit processor family, which is designed especially for low cost
embedded applications. It includes a 512-byte instruction cache, an integrated floating-point unit and a built-in
interrupt controller. The 80960SB has a large register set, multiple parallel execution units and a 16-bit burst
bus. Using advanced RISC technology, this high performance processor is capable of execution rates in
excess of 5 million instructions per second*. The 80960SB is well-suited for a wide range of cost sensitive

embedded applications including non-impact printers, network adapters and 1/0 controllers.

FOUR SIXTEEN 64- BY 32-BIT 32-BIT
80-BIT FP 32-BIT GLOBAL LOCAL INSTRUCTION
REGISTERS REGISTERS REGISTER EXECUTION

T CACHE UNIT
80-BIT

FPU t T

! {

512-BYTE
INSTRUCTION
CACHE

INSTRUCTION
FETCH UNIT

INSTRUCTION
DECODER

T

. 32-8IT
MICRO~ MICRO- BUs |l
INSTRUCTION fl¢—{ INSTRUCTION c%g’fg‘- 32-BIT
SEQUENCER ROM ADDRESS
T 16-BIT
BURST
BUS
2722071

Figure 1. The 80960SB Processor’s Highly Parallel Architecture

*Relative to Digital Equipment Corporation’s VAX-11/780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation).

January 1994
Order Number: 272207-002
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16-Bit Burst Data Bus
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1.0 THE i960® PROCESSOR . :

The 80960SB is a member of the 32-bit architecture
from Intel known as the i960 processor family.
These microprocessors were especially designed to
serve the needs of embedded applications. The em-
bedded market includes applications as diverse as
industrial automation, avionics, image processing,
graphics and networking. 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.

-

intal.
All members of the i960 processor family share a
common core architecture which utilizes RISC tech-
nology so that, except for special functions, the fam-
ily members are object-code compatible. Each new
processor in the family adds its own special set of
functions to the core to satisfy the needs of a specif-
ic application or range of applications in the embed-
ded market. ‘

0000 0000H

ADDRESS SPACE

FFFF FFFFH

ARCHITECTURALLY
DEFINED
DATA STRUCTURES

PROCESSOR STATE
REGISTERS

INSTRUCTION
POINTER
ARITHMETIC
CONTROLS
PROCESS
CONTROLS
TRACE
CONTROLS

FETCH LOAD STORE

INSTRUCTION

CACHE
INSTRUCTION

STREAM

5 INSTRUCTION
EXECUTION SIXTEEN 32-BIT 90
GLOBAL REGISTERS 915

FOUR 80-BIT :
FLOATING POINT REGISTERS

I " CONTROL REGISTERS J

272207-2

Figure 2. 80960SB Programming Environment
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1.1 Key Performance Features

' The 80960SB architecture is based on the most re-
cent advances in microprocessor technology and is
grounded in Intel's long experience in the design
and manufacture of embedded microprocessors.
Many features contribute to the 80960SB’s excep-
tional performance:

1.

Large Register Set. Having a large number of
registers reduces the number of times that a
processor needs to access memory. Modem
compilers can take advantage of this feature to
optimize execution speed. For maximum flexibili-
ty, the 80960SB provides thirty-two 32-bit regis-
ters and four 80-bit floating point registers. (See
Figure 2.)

. Fast Instruction Execution. Simple functions

make up the bulk of instructions in most pro-
grams so that execution speed can be improved
by ensuring that these core instructions are exe-
cuted as quickly as possible. The most frequently
executed instructions—such as register-register
moves, add/subtract, logical operations and
shifts—execute in one to two-cycles. (Table 1
contains a list of instructions.)

. Load/Store Architecture. One way to improve

execution speed is to reduce the number of times
that the processor must access memory to per-
form an operation. As with other processors
based on RISC technology, the 80960SB has a
Load/Store architecture. As such, only the LOAD
and STORE instructions reference memory; all
other instructions operate on registers. This type
of architecture simplifies instruction decoding
and is used in combination with other techniques
to increase parallelism.

. Simple Instruction Formats. All instructions in

the 80960SB are 32 bits long and must be
aligned on word boundaries. This alignment
makes it possible to eliminate the instruction
alignment stage in the pipeline. To simplify the
instruction decoder, there are only five instruction
formats; each instruction uses only one format.
(See Figure 3.)

80960SB

5. Overlapped Instruction Execution. Load oper-

ations allow execution of subsequent instructions
to continue before the data has been returned
from memory, so that these instructions can
overlap the load. The 80960SB manages this
process transparently to software through the
use of a register scoreboard. Conditional instruc-
tions also make use of a scoreboard so that sub-
sequent unrelated instructions may be executed
while the conditional instruction is pending.

. Integer Execution Optimization. When the re-

sult of an arithmetic execution is used as an oper-
and in a subsequent calculation, the value is sent
immediately to its destination register. At the
same time, the value is put on a bypass path to
the ALU, thereby saving the time that otherwise
would be required to retrieve the value for the
next operation.

. Bandwidth Optimizations. The 80960SB gets

optimal use of its memory bus bandwidth be-
cause the bus is tuned for use with the on-chip
instruction cache: instruction cache line size
matches the maximum burst size for instruction
fetches. The 80960SB automatically 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 need-
ed instructions in the program flow, the 80960SB
is relatively insensitive to memory wait states.
The benefit is that the 80960SB delivers out-
standing performance even with a low cost mem-
ory system.

. Cache Bypass. If a cache miss occurs, the proc-

essor fetches the needed instruction then sends
it on to the instruction decoder at the same time it
updates the cache. Thus, no extra time is spent
to load and read the cache. :

1
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" Table 1. 80960SB Instruction Set ;
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. Data Movement .. Arithmetic . Logical Bit and Bit Field
Load" ' Add And .| SetBit -
Store Subtract Not And " Clear Bit
Move Multiply ‘And Not " Not Bit
Load Address Divide Or Check Bit
Remainder Exclusive Or Alter Bit
Modulo Not Or Scan For Bit
Shift Or Not Scan Over Bit
Extended Multiply Nor Extract
Extended Divide Exclusive Nor Modify
. Not
Nand
Rotate
Comparison Branch Call/Return Fault
Compare . Unconditional Branch Call Conditional Fault
Conditional Compare Conditional Branch Call Extended Synchronize Faults
. Compare and Increment Compare and Branch Call System
Compare and Decrement Return
: i Branch and Link )
Debug Miscellaneous Decimal Floating Point
Modify Trace Controls Atomic Add Move Move Real |
Mark Atomic Modify Add and Carry Scale
Force Mark Flush Local Registers Subtract with Carry Round
Modify Arithmetic Controls Square Root
Scan Byte for Equal Sine
Test Condition Code " Cosine
Tangent
Arctangent
Log
Log Binary
Log Natural
- Exponent
Classify .
Copy Real Extended
Compare
Synchronous Conversion

Synchronous Load
Synchronous Move

Convert Real to Integer
Convert Integer to Real
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Control Opcode Displacement
Compare and '| Opcode | Reg/Lit| Reg M Displacement
Branch
Register to Opcode| Reg |Reg/Lit| Modes Ext'd Op | Reg/Lit
Register
Memory Access— | Opcode| Reg Base M X Offset
Short .
Memory Acccess— | Opcode | Reg Base | Mode Scale | xx | Offset
Long ’
Displacement

Figure 3. Instruction Formats

1.1.1 MEMORY SPACE AND ADDRESSING
MODES

The 80960SB offers a linear programming environ-
ment so that all programs running on the processor
are contained in a single address space. Maximum
address space size is 4 Gigabytes (232 bytes).

For ease of use the 80960SB has a small number of
addressing modes, but includes all those necessary
to ensure efficient execution of high-level languages
such as C. Table 2 lists the memory addressing
modes. ‘

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

Scale-Factor is 1, 2, 4, 8 or 16

1.1.2 DATA TYPES
The 80960SB recognizes the following data types:

Numeric:

e 8-, 16-, 32-"and 64-bit ordinals -
e 8- 16-, 32- and 64-bit integers

® 32-, 64- and 80-bit real numbers

Non-Numeric:
® Bit

' e Bit Field

‘e Triple Word (96 bits)
e Quad-Word (128 bits)

1.1.3 LARGE REGISTER SET'

The 80960SB programming environment includes a
large number of registers. In fact, 32 registers are
available at any time. The availability of this many
registers greatly reduces the number of memory ac-
cesses required to perform algonthms, which leads
to greater instruction processing speed.

There are two types of general-purpose register:
local and global. The global registers consist of six-
teen 32-bit registers (g0 though g15) and four 80-bit
registers (FPO through FP3). These registers per-

1-45




80960SB

\

form the same function as the general-purpose reg-
isters provided in other popular microprocessors.
The term global refers to the fact that these regis-
ters retain their contents across procedure calls.

The local registers, on the other hand, are proce-
dure specific. For each procedure call, the 80960SB
allocates 16 local registers (r0 through r15). Each
local register is 32 bits wide. Any register can also
be used for single or double-precision floating-point
operations; the 80-bit floating-point registers are pro-
vided for extended precision.

1.1.4 MULTIPLE REGISTER SETS

To further increase the efficiency of the register set,
multiple sets of local registers are stored on-chip
(See Figure 4). This cache holds up to four local
register frames, which means that up to three proce-
dure calls can be made without having to access the
procedure stack resident in memory.

Although programs may have procedure calls nest-
ed many calls deep, a program typically oscillates
back and forth between only two to three levels. As
a result, with four stack frames in the cache, the
probability of having a free frame available on the
cache when a call is made is very high. In fact, runs
of representative C-language programs show that
80% of the calls are handled without needing to
access memory.

If four or more procedures are active and a new pro-
cedure is called, the 80960SB moves the oldest
local register set in the stack-frame cache to a pro-
cedure stack in memory to make room for a new set
of registers. Global register g15 is the frame pointer
(FP) to the procedure stack.

Global and floating point registers are: not ‘ex-
changed on a procedure call, but retain their con-
tents, making them available to all procedures for
fast parameter passing. ‘

'1.1.5 INSTRUCTION CACHE

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

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

Code for small loops often fits 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 on the procedure’s return.

1.1.6 REGISTER SCOREBOARDING

The instruction decoder is optimized in several ways.
One optimization method is the ability to overlap
instructions by using register scoreboarding.

Register scoreboarding occurs when a LOAD moves
a variable from memory into a register. When the
instruction initiates, a scoreboard bit on the target
register is set. Once the register is loaded, the bit is
reset. In between, any reference to the register con-
tents is accompanied by a test of the scoreboard bit
to ensure that the load has completed before pro-
cessing continues. Since the processor does not
need to wait for the LOAD to complete, it can exe-
cute additional instructions placed between the
LOAD and the instruction that uses the register con-
tents, as shown in the following example:

14 data.2, r4
14 data.2, r5
Unrelated instruction
Unrelated instruction
add r4, r5, ré

In essence, the two unrelated instructions between
LOAD and ADD are executed ‘“for free” (i.e., take no
apparent time to execute) because they are execut-
ed while the register is being loaded. Up to three
load instructions can be pending at one time with
three corresponding scoreboard bits set. By exploit-
ing this feature, system programmers and compiler
writers have a useful tool for optimizing execution
speed.

o
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REGISTER
CACHE
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LOCAL
REGISTER SETS

S

LOCAL REGISTER SET
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Figure 4. Multiple Register Sets Are Stored On-Chip

1.1.7 FLOATING-POINT ARITHMETIC

In the 80960SB, 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 ad-
ditional 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 80960SB floating-point (real-number) data
types include single-precision (32-bit), double-
precision (64-bit) and extended precision (80-bit)
floating-point numbers. Any registers may be used to
execute floating-point operations.

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.

1.1.8 HIGH BANDWIDTH BUS

The 80960SB CPU: resides on a high-bandwidth
~ address/data bus. The bus provides a direct com-
munication path between the processor and the

Table 3. Sample Floating-Point Executionv Times

(n8) at 16 MHz
Function 32-Bit 64-Bit
Add : 0.6 0.8
Subtract 0.6 0.8
Multiply 1.1 2.0
Divide 2.0 4.5
Square H.oot 5.8 6.1
Arctangent 16.8 20.5
Exponent 17.7 19.5
Sine 23.8 25.9
Cosine 23.8 25.9

memory and |/O subsystem interfaces. The proces-
sor uses the bus to fetch instructions, manipulate
memory and respond to interrupts. Bus features
include:

® 16-bit data path multiplexed onto the lower bits of
the 32-bit address path

e Eight 16-bit half-word burst capability which
allows transfers from 1 to 16 bytes at a time

e High bandwidth reads and writes with
25.6 Mbytes/s burst (at 16 MHz)

Table 4 defines bus signal names and functions;
Table 5 defines other component-support signals
such as interrupt lines.
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1.1.9 INTERRUPT HANDLING -

The 80960SB 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 80960SB is unusual in that it automatically han-

dles interrupts on a priority basis and can keep track

of pending interrupts 'through its on-chip interrupt

controller. Two of the interrupt pins can be config-

ured to provide 8259A-style handshaking for expan-
.sion beyond four interrupt lines.

1.1.10 DEBUG FEATURES

The 80960SB has built-in debug capabilities. There
are two types of breakpoints and six trace modes.
Debug features are controlled by two internal 32-bit
registers, the Process-Controls Word and the Trace-
Controls Word. By sétting bits in these control
words, a software debug monitor can closely control
how the processor responds during program execu-
tion.

The 80960SB provides two hardware breakpoint’
registers on-chip which, by using a special com-
mand, can be set to any value. When the instruction
pointer matches either breakpoint register value, the
‘breakpoint handling routine is automatically called.

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

Tracing is available for instructions (single step exe-
cution), calls and returns and branching. Each trace
type may be enabled separately by a special debug
instruction. In each case, the 80960SB executes the
instruction first and then calls a trace handling rou-
tine (usually part of a software debug monitor). Fur-
ther program execution is halted until the routine
completes, at which time execution resumes at the
next instruction. The 80960SB’s tracing mecha-
nisms, implemented completely in hardware, greatly.
simplify the task of software test and debug.
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1.1.11 FAULT DETECTION

The 80960SB has an automatic mechanism to han-
dle faults. Fault types include floating point, trace
and arithmetic faults. When the processor detects a
fault, it automatically calls the approprlate fault han-
dling routine and saves the current instruction point-
er and necessary state information to make efficient
recovery possible. Like interrupt handling routines,
fault handling routines are usually written to meet
the needs of specific applications and are often in-
cluded as part of the operating system or kernel.

For each of the fault types, there are numerous sub-
types that provide specific information about a fault.
For example, a floating point fault may have the sub-
type set to an Overflow or Zero-Divide fault. The
fault handler can use this specific information to re-
spond correctly to the fault. '

1.1.12 BUILT-IN TESTABILITY

Upon reset, the 80960SB 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 memory image was programmed
correctly. If a problem is discovered at any point dur-
Ing the self-test, the 80960SB asserts its FAIL pin
and will not begin program execution. Self test takes
approximately 47,000 cycles to complete.

System manufacturers can use the 80960SB’s self-
test feature during incoming parts inspection. No
special diagnostic programs need to be written. The
test is both thorough and fast. The self-test capabili-
ty helps ensure that defective parts are discovered
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

resulting from other causes.

1.1.13 CHMOS

The 80960SB is fabricated using Intel’s CHMOS IV
(Complementary High Speed Metal Oxide Semicon-
ductor) process. The 80960SB is available at 10
MHz in the QFP package and at 10 and 16 MHz in
the PLCC package.
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Table 4. 80960SB Pin Description: Bus Signals

Name Type Description

CLK2 | ' SYSTEM CLOCK provides the fundamental timing for 80960SB systems. It is divided
by two inside the 80960SB to generate the internal processor clock.

A31:16 (0] ADDRESS BUS carries the upper 16 bits of the 32-bit physical address to memory. It

T.S. | is valid throughout the burst cycle; no latch is required.
AD15:1,00 | 1/0 | ADDRESS/DATA BUS carries the low order 32-bit addresses and 16-bit data to and
T.S. | from memory. AD15:4 must be latched since the cycle following the address cycle
) carries data on the bus. )
A3:1 O | ADDRESS BUS carries the word addresses of the 32-bit address to memory. These
T.S. | three bits are incremented during a burst access indicating the next word address of
the burst access. Note that A3:1 are duplicated with AD3:1 during the address cycle.

ALE (0] ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is

T.S. | asserted during a T, cycle and deasserted before the beginning of the T4 state. Itis
active HIGH and floats to a high impedance state during.a hold cycle (Tp).

AS O | ADDRESS STATUS indicates an address state. AS is asserted every T, state and

T.S. | deasserted during the following T4 state. AS is driven HIGH during reset.
W/R (0] WRITE/READ specifies, during a T, cycle, whether the operation is a write or read. It
T.S. | is latched on-chip and remains valid during T4 cycles.
DEN O | DATA ENABLE is asserted during T4 cycles and indicates transfer of data on the AD
T.S. | lines. The AD lines should not be driven by an external source unless DEN is
asserted. When DEN is asserted, outputs from the previous cycle are guaranteed to
be three-stated. In addition, DEN deasserted indicates inputs have been captured and
therefore input hold times can be disregarded. DEN is driven high during reset.

DT/R O DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the

T.S. | bus. Itis low during Ty and Ty cycles for a read or interrupt acknowledgment; it is high
during T, and Ty cycles for a write. DT/R never changes state when DEN is asserted.
DT/R is driven high during reset.

READY | READY indicates that data on AD lines can be sampled or removed. If READY is not
asserted during a T4 cycle, the T cycle is extended to the next cycle by inserting a
wait state (Ty).

LOCK I/0 | BUS LOCK prevents bus masters from gaining control of the bus during Read/

0.D. | Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK.

At the start of a RMW operation, the processor examines the LOCK pin. If the pin is
already asserted, the processor waits until it is not asserted. If the pin is not asserted,
the processor asserts LOCK during the T cycle of the read transaction.

The processor deasserts LOCK in the T, cycle of the write transaction. During the
time LOCK is asserted, a bus agent can perform a normal read or write but not a RMW
operation. The processor also asserts LOCK during interrupt-acknowledge
transactions.

Do not leave LOCK unconnected. It must be pulled high for the processor to function
properly.

ONCE MODE: The LOCK pin is sampled during reset. If it is asserted LOW at the end
of reset, all outputs will be three-stated until the part is reset again. ONCE mode is
used in conjunction with an in-circuit emulator.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-state
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Table 4. 80960SB Pin Description: Bus Signals (Continued)

Type

Description

T.S.

BYTE ENABLE LINES specify which data bytes (up to two) on the bus take partin
the current bus cycle. BET corresponds to AD15:8; BEO corresponds to AD7:1, DO.
The byte enable lines are asserted appropriately during each data cycle.
INITIALIZATION FAILURE indicates that the processor has failed to initialize
correctly. The failure state is indicated by a combination of BLAST asserted and
‘BE1:0 not asserted. This condition occurs after RESET is deasserted and before the
first bus transaction begins. FAIL is asserted while the processor performs a self-
test. If the self-test completes successfully, FAIL is deasserted. The processor then
performs a zero checksum on the first sight words of memory. If it fails, FAIL is
asserted for a second time and remains asserted; if it passes, system initialization
continues and FAIL remains deasserted.

HOLD

HOLD: A request from an external bus master to acquire the bus. When the
processor receives HOLD and grants bus control to another master, it floats its
three-state bus lines, then asserts HLDA and enters the Tj, state. When HOLD is
deasserted, the processor deasserts HLDA and enters the T; or T, state.

HLDA

T.S.

HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has
relinquished control of the bus. This signal is always driven. At reset it is driven LOW.

BLAST/FAIL

T.S.

_INITIALIZATION FAILURE indicates that the processor has failed to initialize

BURST LAST indicates the last data cycle (Tq) of a burst access. It is asserted low
during the last Tq4 and associated with Ty.cycles in a burst access.

correctly. The failure state is indicated by a combination of BLAST asserted and
BET:0 not asserted. This condition occurs after RESET is deasserted and before the
first bus transaction begins. FAIL is asserted while the processor performs a self-
test. If the self-test completes successfully, FAIL is deasserted. The processor then
performs a zero checksum on the first eight words of memory. If it fails, FAIL is
asserted for a second time and remains asserted; if it passes, system initialization
continues and FAIL remains deasserted.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-state
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Table 5. 80960SB Pin Description: Support Signals
Name Type Description

RESET | RESET: Clears the processor’s internal logic and causes it to reinitialize.

During RESET assertion, the input pins are ignored (except for INTO, INT1, INT3,
LOCK), the three-state output pins are placed in a HIGH impedance state (except for
DT/R, DEN, and AS) and other output pins are placed in their non-asserted states.
RESET must be asserted for at least 41 CLK2 cycles for a predictable reset.
Optionally, for a synchronous reset, the LOW and HIGH 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. '

The interrupt pins indicate the initialization sequence executed. Typical initialization
requires driving only INTO and INT3 to a HIGH state. The reset conditions follow:

INTO INT1 INT3 LOCK Action Taken

1 X ) 1 Run-self-test (core initialization)
0 0 1 Disable self-test
0 1 Reserved
X Reserved

X x X 0 ONCE mode (see LOCK pin)

INTERRUPT 0: Indicates a pending interrupt. To signal an interrupt 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
system clock cycles and then asserted for at least two more system clock cycles. The
interrupt control register must be programmed with an interrupt vector before using
this pin.

TNTO is sampled during RESET to determine if the self-test sequence is to be
executed. :

INT1 | INTERRUPT 1: Like INTO, provides direct interrupt signaling. INT1 is sampled during
reset to determine if the self-test sequence is to be executed.

INT2/INTR | INTERRUPT2/INTERRUPT REQUEST: The interrupt control register determines how
this pin is interpreted. If INT2, it has the same interpretation as the INTO and INT1
pins. If INTR, it is used to receive an interrupt request from an external interrupt -
controller.

INT3/INTA | 1/0 | INTERRUPT3/INTERRUPT ACKNOWLEDGE: The interrupt control register

T.S. | determines how this pin is interpreted. If INT3, it has the same interpretation as the
TNTO and INT1 pins. If INTA, it is used as an output to control interrupt-acknowledge
transactions. The INTA output is latched on-chip and remains valid during T4 cycles;
as an output, it is open drain. INT3 must be pulled HIGH during reset.

NC N/A | NOT CONNECTED: Indicates pins should not be connected. Never connect any pin
marked NC; these pins may be reserved for factory use.

1/0 = Input/Output, O = Output, | = Input, 0.D. = Open Drain, T.S. = Three-state

x
o x
X X = =

—
(=]
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2.0 ELECTRICAL SPECIFICATIONS

2.1 Power and Grounding

‘The 80960SB is implemented in CHMOS IV technol-
ogy and therefore has modest power requirements.
Its high clock frequency and numerous output buff-
ers (address/data, control, error and arbitration sig-
nals) can cause power surges as multiple output
buffers’ simultaneously drive new signal levels. For

clean on-chip power distribution, Vcc and Vsg pins -

separately feed the device’s functional units. Power
and ground connections must be made to all
80960SB power and ground pins. On the circuit
board, all Vg pins must be strapped closely togeth-
er, preferably on a power plane; all Vgg pins should
be strapped together, preferably on a ground plane.

2.2 Power Decoupling
Recommendations

Place a liberal amount of decoupling capacitance
near the 80960SB. When driving the bus the proces-
sor can cause transient power surges, particularly
when connected to a large capacitive load.

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

2.3 Connection Recommendations

For reliable operatioh, always connect unused in-
puts to an appropriate signal level. In particular, if
one or more interrupt lines are not used, they should

be pulled up. No inputs should ever be left floating. -

The LOCK open drain pin requires‘a puilup resistor
whether or not the pin is used as an output. Figure 5
shows the recommended resistor value.
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- Do not connect external logic to pins marked NC.

 OPEN-DRAIN =~ Vee
OUTPUT . iy

9100

272207-4

Figure 5. Connection Recommendation
' for LOCK

2.4 Characteristic Curves

Figure 6 shows typical supply current requirements
over the operating temperature range of the proces-
sor at supply voltage (Vcg) of 5V. Figure 7 shows
the typical power supply current (Icc) that the
80960SB requires at various operating frequencies
when measured at three input voltage (Vcc) levels.

‘For a given output current (IgL) the curve in Figure 8

shows the worst case output low voltage (Vo). Fig-
ure 9 shows the typical capacitive derating curve for
the 80960SB: 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 bus address/data (AD)
signals. -
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25 Test Load Circuit

Figure 10 illustrates the load circuit used to test the
80960SB’s output pins.

THREE-STATE OUTPUT

3

Cy = 50 pF for all signals

272207-10

Figure 10. Test Load Circuit
for Three-State Output Pins
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2.6 ABSOLUTE MAXIMUM RATINGS*

Operating Temperature (PLCC) O°C to +85°C Case
Operating Temperature (QFP) .0°C to + 100°C Case
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin (PLCC) ...—0.5V to Vgg +0.5V
Voltage on Any Pin (QFP) .. —0.25V to Vg¢ +0.25V

Power Dissipation................. 1.9W (16 MHz)

2.7 DC Characteristics
80960SB (10 MHz QFP)

80960SB (10 and 16 MHz PLCC)

Tcase =
Tcase

. .

intal.
NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute .
Maximum Ratings” 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.

0°C to +100°C, Vg = 5V +5%
0°C to +85°C, Vg = 5V +10%

Table 6. DC Characteristics

Symbol Parameter Min Max Units Notes

ViL Input Low Voltage -0.3 +0.8 \

ViH Input High Voltage 2.0 Vce +0.3 \"

VoL . CLK2 Input Low Voltage -0.3 +0.8 \"

VcH CLK2 Input High Voltage 0.7 Vee Vcc +0.3° \"

VoL Output Low Voltage 0.45 v loL = 4.0 mA

: , 0.45 \' loL = 6 mA, LOCK Pin .

VoH Output High Voltage 24 \ AIITS, —2.5mA (1)

lcc Power Supply Current:
10 MHz-QFP 280 mA Tcase = 0°C
10 MHz-PLCC 280 mA Tcase = 0°C
16 MHz-PLCC 350 mA Tcase = 0°C

I Input Leakage Current, +15 pA 0 <V|N<Vco

Except INTO, LOCK :
ILi2 Input Leakage Current, " —300 pA ViN = 0.45V()
INTO, LOCK

ho Output Leakage Current +15 [T,

CiN Input Capacitance 10 pF fc = 1 MHz(®)

Co Output Capacitance 12 pF fc = 1 MHz(®)

Ccik Clock Capacitance 10 pF fc = 1 MHz®)

NOTES:

1. Not measured for open-drain output.
2. INTO and LOCK have internal pullup devices.
3. Input, output and clock capacitance are not tested.

'
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2.8 AC Specifications testing should be done with input voltages of 0.4V
P and 2.4V, except for the clock (CLK2) which should

This section describes the AC specifications for the be tested with input voltages of 0.45V and 0.7 x Vcc.

80960SB pins. All input and output timings are spec- See Figure 11 and Tables 7 and 8 for timing relation-

ified relative to the 1.5V level of the rising edge of ships for the 80960SB signals.

CLK2 and refer to the time at which the signal cross-
es 1.5V (for output delay and input setup). All AC

EDGE A B c D

CLK2 1.5v-7 1.5V 1.5V

OUTPUTS:
AD15:1,A3:1,D0
A31:16,BE1:0

:L/&.DL_T(:‘C_";LI_%TA §§\\\\\\§§st VALID OUTPUTT —.t.sv} ;\‘§

V,

Ce—Ts Tis Tia
ALE 1.5V 1.5\1\
| W S
I T7

<—T9——

le— Tg —]

BN\

272207-12

Figure 11. Drive Levels and Timing Relationships for 80960SB Signals
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2.8.1 AC SPECIFICATION TABLEQ
‘ Table 7. 80960SB AC Characteristics (10 MHz)

Notes

Symbol l Parameter Min l Max ] Units |
Input Clock .
T4 Processor Clock 50 125 ns ViN = 1.5V
‘ Period (CLK2)
T2 Processor Clock 8 ns V1 = 10% Point
Low Time (CLK2) = VgL + (VoH — Vo) x0.1
T3 Processor Clock 8 ns V1 = 90% Point
- High Time (CLK2) = VgL + (VcH — Vo) x0.9
Ta Processor Clock 10 ns VT = 90% to 10% Point (1)
Fall Time (CLK2) ,
Ts Processor Clock 10 ns V1 = 10% to 90% Point (1)
Rise Time (CLK2)
Synchronous Outputs
Te Output Valid Delay 2 31 ns
Teas AS Output Valid Delay 2 25 ns
T7 ALE Width T-11 ns
Ts ALE Output Valid Delay 4 33 ns
To Output Float Delay 2 20 ns | @
Synchronous Inputs
T10 Input Setup 1 10 ns
T11 Input Hold 2 ns
T12 Input Setup 2 - 13 ns
T13 Setup to ALE Inactive 10 ns
T14 Hold After ALE Inactive 8 ns
Tis RESET Hold 3 - ns (3).
T RESET Setup 5 ns ®
Ty7 RESET Width 2050 ns 41 CLK2 Periods Minimum
NOTES:

1. Processor clock (CLK2) rise time and fall time are not tested.
2. A float condition occurs when the maximum output current becomes Iess than I o. Float delay is not tested but should be
no longer than the valid delay.
3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks. If you decide to use an asyn-
chronous reset, synchronizing the clock can be accomplished by using AS.
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Table 8. 80960SB AC Characteristics (16 MHz)

Symbol | Parameter Min | Max ] Units | Notes
Input Clock
T4 Processor Clock 31.25 125 ns Vin = 1.5V
Period (CLK2)
To Processor Clock ) 8 ns V1 = 10% Point
Low Time (CLK2) = VoL + (Vo — VL) x0.1
T3 Processor Clock 8 ns V1 = 90% Point
High Time (CLK2) = VgL + (VcH — Vo) x0.9
T4 * Processor Clock 10 ns V1 = 90% to 10% Point (1)
Fall Time (CLK2)
Ts Processor Clock 10 ns V1 = 10% to 90% Point (1)
Rise Time (CLK2)
Synchronous Outputs
Te Output Valid Delay 2 25 ns
TeAs AS Output Valid Delay 2 21 ns
T7 . ALE Width T-11 ns
Tg ALE Output Valid Delay 2 22 ns
To Output Float Delay 2 20 ns 2)
Synchronous Inputs
T10 Input Setup 1 10 ns
T4 Input Hold 2 ns
T12 Input Setup 2 13 ns
T13 Setup to ALE Inactive 10 ns -
T4 Hold After ALE Inactive 8 ns
Tis RESET Hold 3. ns )
T RESET Setup 5 ns @)
Ty7 RESET Width 1281 ns 41 CLK2 Periods Minimum
NOTES:

1. Processor clock (CLK2) rise time and fall time are not tested.

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

3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks. If you decide to use an asyn-
chronous reset, synchronizing the clock can be accomplished by using AS. !
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HIGH LEVEL (MIN) 0.7V

LOW LEVEL (MAX) 0.8V

272207-13

‘C f
OUTPUTS I: ). G ‘ X
17
) . , . Ty N . »—Tig ' \
—_— I l l | | 1
RESET [ | \ 1 | ' ] ] | | ' | 1 | [
! L § ' 1 | '
' 1 1 1 Mg = '

7
I | 1
— [4
INTO, INT1,
INT3, LOCK WW

NOTE: Initialization parameters must be 'set up at least four CLK2 periods before the first CLK2 "A" edge.
272207-14

IrflTIALIZA"HON PARA.AMETERS V///////ﬂ

Figure 13. RESET Signal Timing

= . . Th . Th . Th . . .
1 1 I 1 ] I 1
1 I ! 1 1 ' 1
CLK2 [ 1 \ ( ( ( ( (] d
| | ) | 1 | 1 |
1 ' ' I 1 1 1 1
1 | | I . 1l ] 1
CLK ) i ) 1 ) 1
1 | d f A \ / \. /I
1 ' 1 I I | I
| e = | |
1 T T T I 1 I
oo [ | | | | | :
I i 1 T T T
I ‘ ~
| e | e |
1 ] I 1
I 1 1 ' I 1
HLDA [ 1 ] I i I 1
I 1
1 1 1 1

272207-15

Figure 14. HOLD Timing
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3.0 MECHANICAL DATA

3.1 Packaging

The 80960SB is available in two package types:

e 80-lead quad flat pack (EIAJ QFP). Shown in Fig-
ure 15.

® 84-lead plastic leaded chip carrier (PLCC).
Shown in Figure 16.

Dimensions for both package types are given in the
Intel Packaging handbook (Order # 240800).

80960SB

3.2 Pin Assignment

The QFP and PLCC have different pin assignments.
The QFP pins are numbered in order from 1 to 80
around the package perimeter. The PLCC pins are
numbered in order from 1 to 84 around the package
perimeter. Table 9 and Table 10 list the function of
each QFP pin; Table 11 and Table 12 list the func-
tion of each PLCC pin.

Vcc and GND connections must be made to multi-
ple Vcc and GND pins. Each Vg and GND pin must
be connected to the appropriate voltage or ground
and externally strapped close to the package. It is
recommended that you include separate power and
ground planes in your circuit board for power distri-
bution.

Pins identified as NC (No Connect) should never be
connected.

< @
= =
£ £
¥ |\ 1x (=] << o N
v o ol N1ZE 3 o oo ¥Rl ¥ v e
m%yfffhﬁskégyfékzzkkayfg
| N I 1 T T O O T N T N T I T T I O M |
64 63 62 61 60 5958 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41
Vss —] 65 40 |- BET
ALE =] 66 39 = NC
READY = 67 38 b a1
A31 =68 37 b= vss
A30 = 69 36 |- Ve
A29 =470 35 = A2
a2s = 71 B S80960SB-16 34 b= a3
Ves = 72 33
ss XXXXXXXX cc
Vee =73 32 b Vg
a2z =74 XXXXXX 31} oo
A26 =475 XXXXXX 30 b= AD1
a25 =76 29 = AD2
Vee =77 28 |— AD3
Vss — 78 27 = apa
A24 =79 26 b= aps
A23 —180@ 25 |~ AD6
1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24
rrrrorrrrrrroeorrrrrrirnribrTd
§582°2te ggny gunac-ozan 848y
S92y YgaF¥Y 55205392 FFFS
< < < < < <
272207-16

Figure 15. 80-Lead EIAJ Quad Flat Pack (QFP) Package
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a
5 E' 5 5 >$ >8 5 § E g >8 >$ § g E E é ; >3 12 ¢
| NN 1 T [ I Y T Y Y O I I T T Ay A |
1110 9 8 7 6 4 3 2 1 8483828180797877 7675
A20 12 74 = Vg
A19 13 73 = Ve
A18 14 2= Vs
A17 15 Al
A16 16 70 b= LOCK
Vee 17 69 |- BLAST
Vss 18 68 |~ DT/R
AD15 19 67 |~ DEN
AD14 20 B N80960SB —-16 66 |- W/R
Vee 21 65— NC
Vss 22 XXXXXXXX 64 - HoLD
NC 23 XXXXXX 63 | Vss
AD13 24 ' XXXXXX 62 = Vcc
AD12 25 61— HLDA
AD11 26 60 |~ INT3/INTA
AD10 27 59 = INT2/INTR
ADS 28 58 |~ INT1
AD8 29 57 b= 1NTO
AD7 30 56 b= RESET
VCC 31 55 = CLK2
Vss 32 54 = Vs
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
rrrrrrrrrrrrirrirrTr ol
$PE5333388 882 $AT2ER 8

272207-17
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Figure 16. 84-Lead Plastic Leaded Chip Carrier (PLCC) Package
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3.3 Pinout
Table 9. 80960SB QFP Pinout—In Pin Order

Pin Signal Pin Signal Pin Signal Pin Signal

1 A2 21 Veo 41 BEO 61 Vec

2 A21 22 Vss 42 Veco 62 Vss

3 A20 23 Voo 43 Vss 63 NC

4 A19 24 Vss 44 CLK2 64 AS

5 A18 25 AD6 45 RESET " 65 Vss

6 A17 26 AD5 46 INTO 66 ALE

7 A16 27 AD4 47 INT1 67 READY

8 Vee 28 AD3 48 INT2/INTR 68 A31

9 Vss 29 AD2 49 INT3/INTA 69 A30

10 AD15 30 AD1 50 HLDA 70 A29

1 AD14 31 Do 51 Vee 71 A28

12 Veo 32 Vss 52 Vss 72 Vss

13 Vss 33 Vee 53 HOLD 73 Vco

14 AD13 34 A3 54 W/R 74 A27

15 AD12 35 A2 55 DEN 75 A26

16 AD11 36 Vee 56 DT/R 76 A25

17 AD10 37 Vss 57 BLAST 77 Vee

18 AD9 38 A1 58 LOCK 78 Vss

19 ADS8 39 NC 59 Vee 79 A24

20 AD7 40 BET 60 Vss 80 A23
NOTE:

Do not connect any external logic to any pins marked NC.
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Table 10. 80960SB QFP Pinout—In Signal Order
Signal Pin Signal Pin Signal Pin Signal Pin
Al 38 A18 5 DO 31 Vee 51
A2 35 A19 4 DEN 55 Vee 59
A3 34 A20 3 DT/R 56 Vee 61
AD1 30 A21 2 _ HLDA 50 Voo 73
. AD2 29 A22 1 HOLD 53 Voo 77
AD3 28 A23 80 INTO 46 Voo 8
AD4 27 A24 79 INTA 47 Vss 13
ADS5 . 26 A25 76 INT2/INTR 48 Vss 22
ADG 25 A26 75 INT3/INTA 49 Vss 24
AD7 20 A27 - 74 LOCK 58 Vss 32
ADS 19 A28 71 NC 39 Vss 37
AD9 18 A29 70 NC 63 Vss 43
AD10 17 A30 69 READY 67 Vss 52
AD11 16 A31 68 RESET 45 Vss 60
AD12 15 ALE 66 Voo 12 Vss 62
- AD13 14 AS 64 Vee 21 Vss 72
AD14 1 BEO 41 Vee 23 Vss 78
AD15 10 BET 40 Vee 33 Vss 9
A16 7 ' BLAST 57 Vee 36 Vss 65
A17 6 CLK2 44 Vco 42 W/R 54
NOTE: \

Do not connect any external logic to any pins marked NC.
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Table 11. 80960SB PLCC Pinout—in Pin Order
Pin - Signal Pin Signal Pin signal Pin Signal
1 Vce 22 Vss 43 Vss 64 HOLD
2 NC 23 NC 44 Ve 65 NC
3 A27 24 AD13 45 A3 66 W/R
4 A26 25 AD12 46 A2 67 DEN
5 A25 26 AD11 47 Vee 68 DT/R
6 Vee 27 AD10 48 Vss 69 BLAST
7 Vss 28 AD9 49 At 70 L[OCK
8 A24 29 AD8 50 NC 71 Vce
9 A23 30 AD7 51 BET 72 Vss
10 A22 31 Vec 52 BEO 73 Vee
11 A21 32 Vss ‘ 53 Voo 74 Vss
12 A20 33 Vee 54 Vss 75 NC
13 A19 . 34 Vss 55 CLK2 76 AS
14 A18 35 AD6 56 RESET 77 Vss
15 A7 36 AD5 57 INTO 78 ALE
16 A16 37 AD4 58 INT1 79 READY
17 Vee 38 AD3 59 INT2/INTR 80 A31
18 Vss 39 D2 60 INT3/INTA 81 A30
19 AD15 - 40 D1 61 . HLDA 82 A29
20 AD14 41 DO 62 Veo 83 A28
21 ~ Vece 42 NC 63 Vss 84 Vss
NOTE:
Do not connect any external logic to any pins marked NC.
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Table 12..80960SB PLCC Pinout—In Signal Order
Signal Pin Signal Pin Signal Pin Signal Pin
A1 49 A18 14 DT/R 68 Vee 44
A2 46 A19 13 HLDA 61 Vee 47
A3 45 A20 12 HOLD 64 Vee 53
DO 41 A21 11 INTO 57 Vee 6
AD1 40 A22 10 INT1 58 Vee 62
AD2 39 A23 9 INT2/INTR 59 Vee 71
AD3 38 A24 8 INT3/INTA 60 Vee 73
AD4 37 A25 5 LOCK 70 Vss 18
AD5 36 A26 4 NC 2 Vss 22
AD6 35 A27 3 NC 23 Vss 32
AD7 30 A28 83 NC 42 Vss 34
AD8 29 A29 82 NC 50 Vss 43
AD9 28 A30 81 NC 65 Vss 48
AD10 27 A31 80 NC 75 Vss 54
. AD11 26 ALE 78 READY 79 Vss 63
AD12 25 AS 76 RESET - 56 Vss 7
AD13 24 BEO 52 Vee 1 Vss 72
AD14 20" BET 51 Vee 17 Vss 74
AD15 19 BLAST 69 Vee 21 Vss 77
AD16 16 CLK2 55 Vee 31 Vss 84
A17 15 DEN 67 Vee 33 W/R 66
NOTE: 4

Do not connect any external logic to any pins marked NC.
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3.4 Package Thermal Specification Compute P by multiplying the maximum voltage by
the typical current at maximum temperature. Values

The 80960SB is specified for operation when case  for 64 and 8¢ for various airflows are given in Ta-
temperature is within the range 0°C to +85°C ble 13 for the QFP package and in Table 14 for the
(PLCC) or 0°C to +100°C (QFP). Measure case PLCC package. lcc at maximum temperature is typi-
temperature at the top center of the package. Ambi- cally 80 percent of specified Icc maximum (cold).
ent temperature can be calculated from: .

Ty = Tc + P*0,c
Ta =Ty — P*Oya
Tc = Ta + P*[04a—04c]

Table 13. 80960SB QFP Package Thermal Characteristics
Thermal Resistance—°"C/Watt

Airflow—ft./min (m/sec)

0O | 50 | 100 | 200 | 400 | 600 | 800

Parameter

6 Junction-to-Ambient (Case
measured in the middle of the
top of the package)

(No heatsink)

6 Junction-to-Case 11 11 1 11 11 | M 11

54 52 49 45 39 35 33

NOTE:
This table applies to 80960SB QFP soldered directly to board.

Table 14. 80960SB PLCC Package Thermal Characteristics

Thermal Resistance—"C/Watt
Airflow—ft./min (m/sec)
0 50 100 200 400 600 800 1000

Parameter

6 Junction-to-Ambient
(No heatsink)

0 Junction-to-Case 11 11 11 11 11 11 11 11

33 31 28.5 27 24 22 20 19.5

NOTE:
This table applies to 80960SB PLCC soldered directly to board.
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4.0 WAVEFORMS

Figures 17, 18, 19, 20, and 21 show waveforms for various transactions on the 80960SB’s bus. Figure 22
shows a cold reset functional waveform.

[ NS\ S S\
[\ |

A31:16 : X VALID X VALID

e - — oo ) ortn y—r
. I

Az:1] X vaLD XinvaupX vaLo X

BE1:0

W/R _\ ‘
DT/E__\: : : / : .

N

272207-18

Figure 17. Non-Burst Read and Write Transactions Without Wait States
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T Tw Ta Ta, Ta, Ta, Te, Te, Te Ta T
o [ANANANANANNNANVIY

1 1 1
l | l | 1 | 1 | 1 | 1 1
| | |
N7avaVaVaVlaVlaVaWalalalaV
{ { N | | I [ { (I | [ {
1 1 | 1 l | [ 1 1 | 1 1
alll [ | 1 I | | | 1 1 | |
ALE [.J-\l | 1 1 | 1 | l 1 | |
| 1 | 1 1 1 1 1 | 1 1

_ [

AS [I \ | ’ [ 1 | | 1 | 1
| l | l 1 1 | 1 1
| | l | 1 | | | 1 | 1 l

[} ]
A31:16[ x VALID

Ao115540[ ADDR 0 0 0 0 0 0 0 0
A3:1[:X 000 )@o1Xo1oXo11X1ooX1o1X110X111X

o e U A A U N AR N N Y
e N
A\ DL
T
—
READY[I ‘ : : E E l E l E ‘ 1

272207-19

Figure 18. Quad Word Burst Read Transaction with 1, 0, 0, 0, 0, 0, 0, 0 Wait States

I 1-69



8096088 ‘ intel .

CTe L T Ty Ty Ty Tg Ty Ty Ty Tg T
s [AANANMANANMMNMNN
i { 1 | -l
] ] 1 1 1 ] 1 | 1 ] ] ]
|/ [/ [/ )
CLK [
1 ] I 1 [} ] 1 } ] 1 1 1
1 I I I ] ] ] ] I 1 1 ]
1 I ] ] ] | i ] 1 1 I 1
ALE I:-:j_\ 1 1 1 1 1 | | 1 1 1 |
| J | | | | " ' | | . I
!
AS |: | 1 I 1 1 | I ] 1 1 | I
1 I 1 ] ] ] 1 1 1 ] ]
1 I I ] ] | 1 ] I ] 1 ]
A31:16 [:X VALID
[ 1 ] ] ] ] I ] I ] ] I
A15:4, . , !
1ot |:-I-(éDDRX DATA X oata X pata X DATA )——I-
I} 1 ] ] ] 1 [} I ] 1 1 ]
A3:1 [:X VALID X vaup X vaup X vaup X
I I ] I ] [} [} ] 1 1 I 1
] 1 1 1
BE1:0 [ | | 0x 100 100 x0 |
A \ / /[
I 1 1 1 ] I [} [} ] ] 1 1
1 1
BLAST [ | I I 1 1 I | 1 1 | 1 |
1 ] . I ] [} [} ] ] ] ]
I ] I ] ] ] ] 1 I 1 ] ]
2';2207-20 '

Figure 19. Burst Write Transaction with 2, 1, 1, 1 Wait States (6-8 Bytes Transferred)
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A31:16 [ x . VALID X VALID

A01155:‘c>|: ADDR 0 0 0 0 0 0 0 0
“’[ “@mm‘mmmm-“

272207-21

Figure 20. Accesses Generated by Quad Word Read Bus Request,
Misaligned One Byte from Quad Word Boundary (1, 0, 0, 0, 0, 0, 0, 0) Wait States
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Figure 21. Interrupt Acknowledge Cycle
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5.0 REVISION HISTORY

This data sheet supersedes data sheet 272207-001.
revision are:

in-telé

The sections significantly changed since the previous

Last

Section Rev.

Description

2.3 Connection Recommendations (pg.11) | —001

Remove two LOCK pin Connection Recommendation
figures and added Firgure 5 to reflect the new LOCK
pin connection recommodation of a single 9109 pullup
resistor. :

2.5 Test Load Circuit (pg. 13) —001

Obsolute figure (Test Load Curcuit for Open-Drain
output Pins) removed to relflect current test
conditions.

2.7 DC Characteristics (pg. 14) —001

loL value improved.
WAS: 25mA IS: 4.0 mA
LOCK pin lo,_ value at 0.45V relaxed. e
WAS: 12mA IS:. 6 mA

LOCK pin lo,_ value at 0.60V deleted.

This data sheet supersedes data sheet 270917-004,
The 80960SA is now documented in 272206-002.

which applied to both the 80960SA and the 80960SB.

The sections significantly changed since the previous revision are:

" Last .
Section Rev. Descrjptlon‘ ‘
2.3 Connection Recommendations (pg. 15) —004 | Deleted corresponding graph of Open Drain
. Voltage vs. Output Current.
Figure 7. Typical Supply Current vs. Case —004 | Regraphed data in three graphs instead of
Temperature (pg. 16), Figure 8. Typical Current vs. two.
.| Frequency (Room Temp) (pg. 16) and Figure 9.
Typical Current vs. Frequency (Hot Temp) (pg. 17) ‘
Table 6. DC Characteristics (pg. 19) —004 | Input Leakage Current (I_12) specification
added to accurately describe leakage of INTO
] and LOCK as inputs.
Table 7. 80960SB AC Characteristics (10 MHz) —004 | T7 minimum specification improved:
(pg. 21) and Table 8. 80960SB AC Characteristics Power Supply Current: Was:ls:
(16 MH2) (pg. 22) 10 MHz 24nsTy-11ns
16 MHz 15nsT1-11ns
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The sections significantly changed between revisions -003 and -004 of the 80960SA/SB data sheet were:

QFP Pinout — In Pin Order (pg. 23)

Last
Section Rev. Description
DC Characteristics (pg. 15). —003 | Operating temperature for PLCC package changed:
Was: Tcase = 0°Cto +100°C
Is: Tcase = 0°Cto +85°C
The test program has not changed.
Table 7. QFP Package, Thermal —003 | Corrected QFP Package Thermal Resistance values:
Resistance—°C/Watt (pg. 21) ‘ for 8 at 0 ft/min airflow: for 8¢ at O ft/min airflow:
Was: 45.7°/W Was: 4°/W
Is: 54°/W Is: 11°/W
Table 8. PLCC Package, Thermal —003 | Corrected PLCC Package Thermal Resistance values:
Resistance—°C/Watt (pg. 22) | for ya:
at 50 ft/min airflow at 100 ft/min airflow
Was: . NA Was: NA
Is: 31 Is: 28.5
for 6yc:
at O ft/min airflow at 50 ft-1000 ft/min airflow
Was: 13 Was: NA
Is: 11 Is: 1
Table 9. 8096SA and 80960SB —003 | Signal A12 incorrectly shown as Pin 28; is now correctly

shown as Pin 38. Note added to clarify No Connect Pins.
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i960 KA/KB PROCESSOR
" PRODUCT OVERVIEW

-

INTRODUCTION

This chapter provides an overview of the Intel 19960 KB
processor (which is part of the 1960 K series of embed-
ded-processor products).

All of the processors in the 1960 K series of. products
are based on the Intel i960 architecture. Most of the
information in this overview also applies to the 1960
KA processor. The only difference between the 1960
KB and 1960 KA processors is that the 19960 KA proc-
essor does not provide on-chip support for floating-
point operations or operations on decimal numbers.

OVERVIEW OF THE i960 KB
ARCHITECTURE

The 1960 KB processor introduced the i960 architec-
ture—a new 32-bit architecture from Intel. This archi-
tecture has been designed to meet the needs of embed-
ded applications such as machine control, robotics,
process control, avionics and instrumentation.

The 1960 architecture can best be characterized as a
high-performance computing engine. It features high-
speed instruction execution and ease of programming.
It is also easily extensible, allowing processors and con-
trollers based on this architecture to be conveniently
customized to meet the needs of specific processing and
control applications.

The following are some of the important attributes of
the 1960 architecture:

® full 32-bit registers
® high-speed, pipelined instruction execution

® a convenient program execution environment with
32 general-purpose registers and a versatile set of
special-function registers

® 3 highly optimized procedure call mechanism that
features on-chip caching of local variables and pa-
rameters

® extensive facilities for handling interrupts and faults

® extensive tracing facilities to support efficient pro-
gram debugging and monitoring

® register scoreboarding and write buffering to permit
efficient operation when used with lower perform-
ance memory subsystems
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OVERVIEW OF THE SINGLE
PROCESSOR SYSTEM
ARCHITECTURE

The central processing module, memory module and
1/0 module form the natural boundaries for the hard-
ware system architecture. The modules are connected
together by the high bandwidth 32-bit multiplexed
L-bus, which can transfer data at a maximum sustained
rate of 53 Mbytes per second for an 1960 processor op-
erating at 20 MHz.

Figure 1 shows a simplified block diagram of one possi-
ble system configuration. The heart of this system is the
1960 KB processor, which fetches instructions, executes
code, manipulates stored information and interacts
with I/0 devices. The high bandwidth L-bus connects
the 1960 KB processor to memory and I/0 modules.
The 1960 KB processor stores system data, instructions
and programs in the memory module. By accessing var-
ious peripheral devices in the I/0 module, the i960 KB
processor supports communication to terminals, mo-
dems, printers, disks and other I/0O devices.

i960 KB Processor and the L-Bus

The 1960 KB processor performs bus operations using
multiplexed address and data signals, and provides all
the necessary control signals. For example standard
control signals, such as_Address Latch Enable (ALE),
Address/Data Status (ADS), Write/Read Command
(W/R), Data Transmit/Receive (DT/R) and Data En-
able (DEN), are provided by the 19960 KB processor.
The 1960 processor also generates byte enable signals
that specify which bytes on the 32- b1t data lines are
valid for the transfer.

The L-bus supports burst transactions, which access up
to four data words at a maximum rate of one word per
clock cycle. The 1960 KB processor uses the two low-
order address lines to indicate how many words are to
be transferred. The 1960 KB processor performs burst
transactions to load the on-chip 512-byte instruction
cache to minimize memory accesses for instruction
fetches. Burst transactions can also be used for data
access.

To transfer control of the bus to an external bus master,
the 1960 KB provides two arbitration signals: hold re-
quest (HOLD) and hold acknowledge (HLDA). After
receiving HOLD, the processor grants control of the
bus to an external master by asserting HLDA.

June 1991
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The 1960 KB processor provides a flexible interrupt
structure by using an on-chip interrupt controller, an
external interrupt controller or both. The type of inter-
rupt structure is specified by an internal interrupt vec-
tor register. For ‘a system with multiple processors,
another method is available, called inter-agent commu-
nication (IAC) where a processor can interrupt another
processor by sending an IAC message.

Memory Module

A memory module can consist of a memory controller,
Erasable Programmable Read Only Memory
(EPROM), and static or dynamic Random Access
Memory (RMA). The memory controller first condi-
tions the L-bus signals for memory operation. It demul-
tiplexes the address and data lines, generates the chip
select signals from the address, detects the start of the
cycle for burst mode operation and latches the byte
enable signals.

The memory controller generates the control signals for
EPROM, SRAM and DRAM. Specifically, it provides
the control signals, multiplexed row/column address
and refresh control for dynamic RAMs. The controller

Figure 1. Basic i960 KB System Configuration

can be designed to accommodate the burst transaction
of the 1960 KB processor by using the static column
mode or nibble mode features of the dynamic RAM. In
addition to supplying the operational signals, the con-
troller generates the READY signal to indicate that
data can be transferred to or from the 1960 KB proces-
SOr.

The 1960 KB processor directly addresses up to
4 Gbytes of physical memory. The processor does not
allow burst accesses to cross a 16-byte boundary, to

~ ease the design of the controller. Each address specifies

a four-byte data word within the block. Individual data
bytes can be accessed by using the four byte-enable sig-
nals from the 1960 KB processor. Chapter 5 provides
design guidelines for the memory controller.

i/0 Module

The I/0O module consists of the 1/0O components and
the interface circuit. I/O components can be used to
allow the 1960 KB processor to use most of its clock
cycles for computational and system management ac-
tivities. Time consuming tasks can be off-loaded to spe-
cialized slave-type components, such as the 8259A Pro-
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grammable Interrupt Controller or the 82530 Serial
Communication Controller. Some tasks may require a
master-type component, such as the 82586 Local Area
Network Control.

The interface circuit performs several functions. It de-
multiplexes the address and data lines, generates the
chip select signals from the address, produces the I/0
read or I/0 write command from the processor’s W/R
signal, latches the byte enable signals and generates the
READY signals. Since some of these functions are
identical ‘to those of the memory controller, the same
logic can be used for both interfaces. For master-type
peripherals that operate on a 16-bit data bus, the inter-
face circuit translates the 32-bit data bus to a 16-bit
data bus.

The 1960 KB processor uses memory-mapped addresses
to access I/0 devices. This allows the CPU to use many
of the same instuctions to exchange information for
both memory and peripheral devices. Thus, the power-
ful memory-type instructions can be used to perform 8-,
16- and 32-bit data transfers.

HIGH PERFORMANCE PROGRAM
EXECUTION

Much of the design of the 1960 architecture has been
aimed at maximizing the processor’s computational
and data processing speed through the use of increased
parallelism. The following paragraphs describe several
of the mechanisms and techniques used to accomplish
this goal.

Load and Store Model

One of the more important features of the i960 archi-
tecture is its performance of most operations on oper-
ands in registers, rather than in memory. For example,
all arithmetic, logic, comparison, branching and bit op-
erations are performed with registers and literals.

This feature provides two benefits. First, it increases
program execution speed by minimizing the number of
memory accesses necessary to execute a program. Sec-
ond, it reduces the memory latency encountered when
using slower, lower-cost memory parts.

To support this concept, the architecture provides a
generous supply of general-purpose registers. For each
procedure, 32 registers are available, 28 of which are
available for general use. These registers are divided
into two types: global and local. Both types of registers
can be used for general storage of operands. The only
difference is that global registers retain their contents
across procedure boundaries, whereas the processor al-
locates a new set of local registers each time a new
procedure is called.
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The architecture also provides a set of fast, versatile
load and store instructions. These instructions allow

burst transfers of 1, 2, 4, 8, 12 or 16 bytes of informa-
tion between memory and the registers.

On-Chip Caching of Code and Data

To further reduce memory accesses, the architecture
offers two mechanisms for caching code and data on
chip: an instruction cache and multiple sets of local
registers. The instruction cache allows prefetching of
blocks of instruction from memory. This helps ensure
that the instruction execution pipeline is supplied with
a steady stream of instructions. It also reduces the
number of memory accesses required when performing
iterative operations such as loops. The architecture al-
lows the size of the instruction cache to vary. For the
1960 KB processor, it is 512 bytes.

To optimize the architecture’s procedure call mehan-
ism, the processor provides multiple sets of local regis-
ters. This allows the processor to perform procedure
calls without having to write the local registers out to
the stack in memory. The number of register sets de-
pends on the processor implementation. The {960 KB
processor provides four sets of local registers.

Overlapped Instruction Execution

The 1960 architecture also enchances program execu-
tion speed by overlapping the execution of some in-

+ structions. In the 1960 K series of processors, this is

accomplished through register scoreboarding.

Register scoreboarding permits instruction execution to
continue while data is being fetched from memory.
When a load instruction is executed, the processor sets
one or more scoreboard bits to indicate the target regis-
ters to be loaded. After the target registers are loaded,
the scoreboard bits are cleared. While the target regis-
ters are being loaded, the processor is allowed to exe-
cute other instructions that do not use these registers.

The processor uses the scoreboard bits to ensure that
the target registers are not used until the load is com-
plete. (Scoreboard bits are checked transparently from
software.) This technique allows code to be executed
such that some instructions can be executed in zero
clock cycles (that is, executed for free).

~ Single-Clock Instructions

The 1960 architecture is designed to let a processor exe-
cute commonly used instructions, such as moves, adds,
subtracts, logical operations and branches, in a mini-

“mum number of clock cycles (preferably one cycle).

The architecture supports this concept in several
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ways. For example, the load and store model described
earlier eliminates the clock cycles required to perform

memory-to-memory operations, by conoentratmg on
_ register-to-register operations.

In addition, all of the instructions in the 1960 architec-
ture are 32 bits long and aligned on 32-bit boundaries.
This lets instructions be decoded in one clock cycle,
and eliminates the need for an instruction-alignment
stage in the pipeline.

The 1960 KB processor takes full advantage of these
features of the architecture, resulting in more than 50
instructions that can be executed in a single clock cycle.

Efficient Interrupt Model

The 1960 architecture provides an efficient mechanism
for servicing interrupts from external sources. To han-
dle interrupts, the processor maintains an interrupt ta-
ble of 248 interrupt vectors, 240 of which are available
for general use.' When an interrupt is signaled, the proc-
essor uses a pointer to the interrupt table to perform an
implicit call to an interrupt handler procedure. In per-
forming this call, the processor automatically saves the
state of the processor prior to receiving the interrupt,
performs the interrupt routine, then restores the state of
the processor. A separate interrupt stack is also provid-
ed to segregate interrupt handling from application
programs.

The interrupt handling facilities also allow interrupts to
be evaluated by priority. The processor is then able to
store interrupt vectors that are lower in priority than
the current processor task in a pending interrupt sec-
tion of the interrupt table. The processor checks and
services the pending interrupts at defined times.

SIMPLIFIED PROGRAMMING
ENVIRONMENT

Because of its streamlined execution environment,

processors based on the i960 architecture are particu-
larly easy to program. The following paragraphs de-
scribe some of the architecture features that simplify
programming.

Highly Efficient Procedure Call
Mechanism

The procedure call mechanism makes procedure calls
and parameter passing between procedures simple and
compact. Each time a call instruction is issued, the
processor automatically saves the current set of local
registers and allocates a new set for the called proce-
dure. Likewise, on a return from a procedure, the cur-
rent set of local registers is deallocated and the local

i960 KA/KB PROCESSOR PRODUCT OVERVIEW

registers for the procedure being returned to are re-

" stored. This means a program never has to explicitly

save and restore those local variables that are stored in
local registers.

Versatile Instruction Set and
Addressing

The selection of instructions and addressing modes also
simplifies programming. A full set of load, store, move,
arithmetic, comparison and branch instructions are
provided, with operations on both integer and ordinal
data types. Operations on bits and bit strings are simpli-
fied by a complete set of Boolean and bit-field instruc-
tions.

The addressing modes are efficient and straightforward,
while at the same time providing the necessary indexing
and scaling modes required to address complex arrays
and record structures. The large 4-gigabyte address
space provides ample room to store programs and data.
The availability of 32 addressing lines allows some ad-
dress lines to be memory-mapped to control hardware
functions.

Extensive Fault Handling Capability

To aid in program development, the i960 architecture
defines a wide range of faults that the processor detects,
including, arithmetic, faults, invalid operations, invalid
operands and machine faults. When a fault is detected,
the processor makes an implicit call to a fault handler
routine, in a way similar to the interrupt mechanism
described previously. The information collected. for
each fault allows program developers to quickly correct
faulting code, and allows automatic recovery from
some faults.

Debugging and Monitoring

To support debugging systems, the i960 architecture
provides a mechanism for monitoring processor activity
by means of trace events. When the processor detects a
trace event, it signals a trace fault and calls a fault han-
dler. Intel provides several tools that use this feature,
including an in-circuit emulator (ICE) device.

SUPPORT FOR ARCHITECTURAL
EXENSIONS

The 1960 architecture provides several features that en-
able processors based on this architecture to be easily
customized to meet the needs of speciﬁc embedded ap-
plications, such as stgnal processing, array processing
or graphics processing. )
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The most important of these features is the set of 32
special function registers. These regisers provide a con-
venient interface to circuitry in the processor or pins
that can be connected to external hardware. They can
be used to control timers, to perform operations on spe-

cial data types or to perform 1/0 functions. The special

function registers are similar to the global registers.
They can be addressed by all of the register access in-
~ structions.

" EXTENSIONS INCLUDED IN THE
i960 K SERIES PROCESSORS

The 1960 K series of processors provides a complete
implementation of the i960 architecture, plus several
extensions to that architecture. These extensions fall
into two categories: floating-point processing and inter-
agent communication.

On-Chip Floating Point

The 1960 KB processor provides a complete implemen-
tation of the IEEE standard for binary floating-point

arithmetic (IEEE 754-185). This implementation in-:

cludes a full set of floating-point operations, includ-
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ing add, subtract, multiply, divide, trigonometric func-,
tions and logarithmic functions. These operations are

performed on single precision (32-bit), double precision
(64-bit) and extended precision (80-bit) real numbers.

One of the benefits of this implementation is that the
floating-point handling facilities are integrated into the
normal instruction execution environment. Single and
double precision floating-point values are stored in the
same registers as non-floating point values. Four 80-bit
floating-point registers are provided to hold extended-
precision values.

Interagent Communication

All of the processors in the 1960 K series provide an
inter-agent communication (IAC) mechanism, allowing
agents connected to the processor’s bus to communi-
cate with one another. This mechanism operates simi-
larly to the interrupt mechanism, except that IAC mes-
sages are passed through dedicated sections of memory.
The sort of tasks handled with IAC messages are proc-
essor reinitialization, stopping the processor, purging
the instruction cache and forcing the processor to check
pending interrupts.



intal.

80960KA
EMBEDDED 32-BIT MICROPROCESSOR
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The 80960KA is a member of Intel's i960® 32-bit processor family, which is designed especially for embedded
applications. It includes a 512-byte instruction cache and a built-in interrupt controller. The 80960KA has a
large register set, multiple parallel execution units and a high-bandwidth burst bus. Using advanced RISC
technology, this high performance processor is capable of execution rates in excess of 9.4 million instructions
per second. The 80960KA is well-suited for a wide range of applications including non-impact printers, I/0
control and specialty instrumentation.
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Figure 1. The 80960KA Processor’s Highly Parallel Arcﬁitecture

*Relative to Digital Equipment Corporation’s VAX-11/780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation.)
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1.0 THE i960® PROCESSOR

The 80960KA is a member of the 32-bit architecture
from Intel known as the i960 processor family.
These were especially designed to serve the needs
of embedded applications. The embedded market
includes applications as diverse as industrial auto-
mation, avionics, image processing, graphics and
networking. These types of applications require high
integration, low power consumption, quick interrupt
response times and high performance. Since time to
market is critical, embedded microprocessors need
to be easy to use in both hardware and software
designs.

intgl.

-All members of the 1960 processor family share a

common core architecture which utilizes RISC tech-
nology so that, except for special functions, the fam-
ily members are object-code compatible. Each new
processor in the family adds its own special set of
functions to the core to satisfy the needs of a specif-
ic application or range of applications'in the embed-
ded market. .

Software written for the 80960KA will run without .
modification on any other member of the 80960
Family. It is also pin-compatible with the 80960KB
which includes an integrated floating-point unit and
the 80960MC which is a military-grade version that
supports multitasking, memory management, multi-
processing and fault tolerance.
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1.1 Key Performance Features

The 80960 architecture is based /on the most recent
advances in microprocessor technology and is
grounded in Intel’s long experience in the design
and manufacture of embedded microprocessors.
Many features contribute to the 80960KA’s excep-
tional performance:

1.

Large Register Set. Having a large number of
registers reduces the number of times that a
processor needs to access memory. Modern
compilers can take advantage of this feature to

- optimize execution speed. For maximum flexibili-

ty, the 80960KA provides thirty-two 32-bit regis-
ters. (See Figure 2.)

. Fast Instruction Execution. Simple functions

make up the bulk of instructions in most pro-
grams so that execution speed can be improved
by ensuring that these core instructions are exe-
cuted as quickly as possible. The most frequently
executed instructions such as register-register
moves, add/subtract, logical operations and
shifts execute in one to two cycles. (Table 1 con-
tains a list of instructions.)

. Load/Store Architecture. One way to improve

execution speed is to reduce the number of times
that the processor must access memory to per-
form an operation. As with other processors
based on RISC technology, the 80960KA has a
Load/Store architecture. As such, only the LOAD
and STORE instructions reference memory; all
other instructions operate on registers. This type
of architecture simplifies instruction decoding
and is used in combination with other techniques
to increase parallelism.

. Simple Instruction Formats. All instructions in

the 80960KA are 32 bits long and must be
aligned on word boundaries. This alignment
makes it possible to eliminate the instruction

- alignment stage in the pipeline. To simplify the

instruction decoder, there are only five instruction
formats; each instruction uses only one format.
(See Figure 3.) .

80960KA

5. Overlapped Instruction Execution. Load oper-

ations allow execution of subsequent instructions
to continue before the data has been retumed
from memory, so that these instructions can
overlap the load. The 80960KA manages this
process transparently to software through the
use of a register scoreboard. Conditional instruc-
tions also make use of a scoreboard so that sub-
sequent unrelated instructions may be executed
while the conditional instruction is pending.

. Integer Execution Optimization. When the re-

sult of an arithmetic execution is used as an oper-
and in a subsequent calculation, the value is sent
immediately to its destination register. Yet at the
same time, the value is put on a bypass path to
the ALU, thereby saving the time that otherwise
would be required to retrieve the value for the
next operation.

. Bandwidth Optimizations. The 80960KA gets

optimal use of its memory bus bandwidth be-
cause the bus is tuned for use with the on-chip
instruction cache: instruction cache line size
matches the maximum burst size for instruction
fetches. The 80960KB automatically 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 need-
ed instructions in the program flow, the 80960KA
is relatively insensitive to memory wait states.
The benefit is that the 80960KA delivers out-
standing performance even with a low cost mem-
ory system.

. Cache Bypass. If a cache miss occurs, the proc-

essor fetches the needed instruction then sends
it on to the instruction decoder at the same time it
updates the cache. Thus, no extra time is spent
to load and read the cache.
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Table 1. 80960KA Instruction Set
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Data Movement Arithmetic Logical Bit and Bit Field ~
Load Add And Set Bit
Store Subtract Not And Clear Bit
Move Multiply And Not Not Bit
Load Address Divide Or . Check Bit
Remainder Exclusive Or Alter Bit
Modulo Not Or Scan For Bit
Shift Or Not Scan Over Bit
Exclusive Nor Extract
Not Modify
Nand
Rotate
Comparison Branch Call/Return Fault
Compare Unconditional Branch Call Conditional Fault
Conditional Compare Conditional Branch Call Extended Synchronize Faults
Compare and Increment: Compare and Branch Call System
Compare and Decreient Return
) Branch and Link
Debug Miscellaneous Decimal
Modify Trace Controls Atomic Add Decimal Move
Mark Atomic Modify Decimal Add with Carry
Force Mark Flush Local Registers Decimal Subtract with
Modify Arithmetic Controls | Carry
Scan Byte for Equal
Test Condition Code
Modify Process Controls .
Synchronous
Synchronous Load
Synchronous Move
1-84
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Figure 3. Instruction Formats

1.1.1 MEMORY SPACE AND ADDRESSING
MODES

The 80960KA offers a linear programming environ-
ment so that all programs running on the processor
are contained in a single address space. Maximum
address space size is 4 Gigabytes (232 bytes).

For ease of use the 80960KA has a small number of
addressing modes, but includes all those necessary
to ensure efficient execution of high-level languages
such as C. Table 2 lists the modes.

Table 2. Memory Addressing Modes

e 12-Bit Offset

e 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

e Scale-Factoris 1, 2, 4, 8 or 16

1.1.2 DATA TYPES

‘The 80960KA recognizes the following data types:

Numeric:
e 8-, 16-, 32- and 64-bit ordinals
e 8-, 16-, 32- and 64-bit integers

Non-Numeric:

e Bit

¢ Bit Field

e Triple Word (96 bits)
e Quad-Word (128 bits)

1.1.3 LARGE REGISTER SET

The 80960KA programming environment includes a
large number of registers. In fact, 32 registers are
available at any time. The availability of this many
registers greatly reduces the number of memory ac-
cesses required to perform algorithms, which leads
to greater instruction processing speed.

There are two types of general-purpose registers:
local and global. The global registers consist of six-
teen 32-bit registers (GO though G15). These regis-
ters perform the same function as the general-
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purpose registers provided in other popular micro-
processors. The term global refers to the fact that
these registers retain their contents across proce-
dure calls.

The local registers, on the other hand, are proce-
dure specific. For each procedure call, the 80960KA
allocates 16 local registers (RO through R15). Each
local register is 32 bits wide.

1.1.4 MULTIPLE REGISTER SETS

To further increase the efficiency of the register set,
multiple sets of local registers are stored on-chip
(see Figure 4). This cache holds up to four local reg-
ister frames, which means that up to three proce-
dure calls can be made without having to access the
procedure stack resident in memory.

Although programs may have procedure calls nest-
ed many calls deep, a program typically oscillates
back and forth between only two to three levels. As
a result, with four stack frames in the cache, the
probability of having a free frame available on the
cache when a call is made is very high. In fact, runs
of representative C-language programs show that
80% of the calls are handled without needing to ac-
cess memory.

If four or more procedures are active and a new pro-
cedure is called, the 80960KA moves the oldest lo-
cal register set in the stack-frame cache to a proce-
dure stack in memory to make room for a new set of
registers. Global register G15 is the frame pointer
(FP) to the procedure stack.

Global registers are not exchanged on a procedure
call, but retain their contents, making them available
to all procedures for fast parameter passing.

1.1.5 INSTRUCTION CACHE

To further reduce memory accesses, the 80960KA
includes a 512-byte on-chip instruction cache. The
instruction cache is based on the concept of locality
of reference; most programs are not usually execut-
ed in a steady stream but consist of many branches,
loops and procedure calls that lead to jumping back
and forth in the same small section of code. Thus,
by maintaining a block of instructions in cache, the
number of memory references required to read in-
structions into the processor is greatly reduced.
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To load the instruction cache, instructions are
fetched in 16-byte blocks; up to four instructions can
be fetched at one time. An efficient prefetch algo-
rithm increases the probability that an instruction will
already be in the cache when it is needed.

Code for small loops often fits 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 on the procedure’s retum.

1.1.6 REGISTER SCOREBOARDING

The instruction decoder is optimized in several ways.
One optimization method is the ability to overlap in-
structions by using register scoreboarding.

Register scoreboarding occurs when a LOAD moves
a variable from memory into a register. When the
instruction initiates, a scoreboard bit on the target
register is set. Once the register is loaded, the bit is
reset. In between, any reference to the register con-
tents is accompanied by a test of the scoreboard bit
to ensure that the load has completed before pro-
cessing continues. Since the processor does not
need to wait for the LOAD to complete, it can exe-
cute additional instructions placed between the
LOAD and the instruction that uses the register con-
tents, as shown in the following example:

14 data.2, r4
14 data_.2, r5
Unrelated instruction
Unrelated instruction
add R4, R5, R6

In essence, the two unrelated instructions between
LOAD and ADD are executed “for free” (i.e., take no
apparent time to execute) because they are execut-
ed while the register is being loaded. Up to three
load instructions can be pending at one time with
three corresponding scoreboard bits set. By exploit-
ing this feature, system programmers and compiler
writers have a useful tool for optimizing execution
speed. -
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Figure 4. Multiple Register Sets Are Stored On-Chip

1.1.7 HIGH BANDWIDTH LOCAL BUS

The 80960KA 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 L-Bus to
fetch instructions, manipulate memory and respond
to interrupts. L-Bus features include:

o 32-bit multiplexed address/data path
® Four-word burst capability which allows transfers
from 1 byte to 16 bytes at a time

e High bandwidth reads and writes with
66.7 Mhytes/s burst (at 25 MHz)

Table 3 defines L-bus signal names and functions;
Table 4 defines other component-support signals
such as interrupt lines.

1.1.8 INTERRUPT HANDLING

The 80960KA can be interrupted in two ways: by the
activation of one of four interrupt pins or by sending
a message on the processor’s data bus.

The 80960KA is unusual in that it automatically han-
dles interrupts on a priority basis and can keep track
of pending interrupts through its on-chip

intérrupt controller. Two of the interrupt pins can be
configured to provide 8259A-style handshaking for
expansion beyond four interrupt lines.

1.1.9 DEBUG FEATURES

The 80960KA has built-in debug capabilities. There
are two types of breakpoints and'six trace modes.
Debug features are controlled by two intemal 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 execu-
tion.

The 80960KA provides two hardware breakpoint
registers on-chip which, by using a special com-
mand, can be set to any value. When the instruction
pointer matches either breakpoint register value, the
breakpoint handling routine is automatically called.

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

Tracing is available for instructions (single step exe-

cution), calls and returns and branching. Each trace
type may be enabled separately by a. special
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debug instruction. In each case, the 80960KA exe-
cutes the instruction first and then calls a trace han-
dling routine (usually part of a software debug moni-
tor). Further program execution is halted until the
routine completes, at which time execution resumes
at the next instruction. The 80960KA’s tracing mech-
anisms, implemented completely in hardware, great-
ly simplify the task of software test and debug.

1.1.10 FAULT DETECTION

The 80960KA has an automatic mechanism to han-
- dle faults. Fault types include trace and arithmetic
faults. When the processor detects a fault, it auto-
matically calls the appropriate fault handling routine
and saves the current instruction pointer and neces-
sary state information to make efficient recovery
possible. Like interrupt handling routines, fault han-
dling routines are usually written to meet the needs
of specific applications and are often included as
part of the operating system or kernel.

For each of the fault types, there are numerous sub-
types that provide specific information about a fault.
The fault handler can use this specific information to
respond correctly to the fault.
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Upon reset, the 80960KA 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 memory image was programmed
correctly. If a problem is discovered at any point dur-
ing the self-test, the 80960KA asserts its FAILURE
pin and will not begin program execution. Self test
takes approximately 47,000 cycles to complete.

1.1.11 BUILT-IN TESTABILITY

System manufacturers can use the 80960KA’s self-
test feature during incoming parts inspection. No
special diagnostic programs need to be written. The
test is both thorough and fast. The self-test capabili-
ty helps ensure that defective parts are discovered
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
resulting from other causes.

1.1.12 CHMOS

The 80960KA is fabricated using Intel's CHMOS IV
(Complementary High Speed Metal Oxide Semicon-
ductor) process. The 80960KA is currently avaulable
in 16 20 and 25 MHz versions.
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Table 3. 80960KA Pin Description: L-Bus Signals

Name Type Description
CLK2 I - | SYSTEM CLOCK provides the fundamental timing for 80960KA systems. It is divided
: by two inside the 80960KA to generate the internal processor clock.
LAD31:0 1/0 LOCAL ADDRESS/DATA BUS carries 32-bit physical addresses and data to and
T.S. from memory. During an address (T3) cycle, bits 2-31 contain a physical word
address (bits 0-1 indicate SIZE; see below). During a data (Tg) cycle, bits 0-31
contain read or write data. These pins float to a high impedance state when not
active. -
Bits 0-1 comprise SIZE during a T, cycle. SIZE specifies burst transfer size in words:
LAD1 LADO
0 0 1 Word
0 1 2 Words
1 0 3 Words
1 1 4 Words ‘
ALE o] ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is
T.S. asserted during a T, cycle and deasserted before the beginning of the Ty state. It is
active LOW and floats to a high impedance state during a hold cycle (Tp).
ADS o ADDRESS/DATA STATUS indicates an address state. ADS is asserted every T,
O.D. | state and deasserted during the following T state. For a burst transaction, ADS is
asserted again every T4 state where READY was asserted in the previous cycle.
W/R (0] WRITE/READ specifies, during a T, cycle, whether the operation is a write or read. It
0O.D. | is latched on-chip and remains valid during T4 cycles.
DT/R (0] DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the
0.D. L-Bus. Itis low during T, and Ty cycles for a read or interrupt acknowledgment; it is
high during T, and T4 cycles for a write. DT/R never changes state when DEN is
asserted.
READY | READY indicates that data on LAD lines can be sampled or removed. If READY
is not asserted during a T4 cycle, the T4 cycle is extended to the next cycle by
inserting a wait state (T,y) and ADS is not asserted in the next cycle.
LOCK 1/0 BUS LOCK prevents bus masters from gaining contro! of the L-Bus during Read/
0.D. | Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK.

At the start of a RMW operation, the processor examines the LOCK pin. If the pin is
already asserted, the processor waits until it is not asserted. If the pin is not asserted,
the processor asserts LOCK during the T cycle of the read transaction. The
processor deasserts LOCK in the T, cycle of the write transaction. During the time
LOCK is asserted, a bus agent can perform a normal read or write but not a RMW
operation. :

The processor also asserts LOCK during interrupt-acknowledge transactions. Do not
leave LOCK unconnected. It must be pulled high for the processor to function
properly. . :

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State
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Table 3. 80960KA Pin Description: L-Bus Signals (Continued)

Type

- ;
Intd ®
Description

Oo.D.

e Byte enables asserted during T4 specify the bytes of the next data word, if any (the

BYTE ENABLE LINES specify the data bytes (up to four) on the bus which are used in
the current bus cycle. BE3 corresponds to LAD31:24; BEO corresponds to LAD7:0.
The byte enables are provided in advance of data:

* Byte enables asserted during T, specify the bytes of the first data word.

word to be transmitted following the next assertion of READY).

Byte enables that occur during Tq cycles that precede the last assertion of READY are
undefined. Byte enables are latched on-chip and remain constant from one T4 cycle to
the next when READY is not asserted.

For reads, byte enables specify the byte(s) that the processor will actually use. L-Bus
agents are required to assert only adjacent byte enables (e.g., asserting just BEO and
BEZ2 is not permitted) and are required to assert at least one byte enable. Address bits
Ap and A4 can be decoded externally from the byte enables.

HOLD

HOLD: A request from an external bus master to acquire the bus. When the processor
receives HOLD and grants bus control to another master, it floats its three- state bus
lines and open-drain control lines, asserts HLDA and enters the Ty, state. When HOLD
deasserts, the processor deasserts HLDA and enters the T; or T state.

HLDA

o)
T.S.

HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has
relinquished control of the bus.

CACHE

o)
T.S.

CACHE indicates when an access is cacheable during a Ty cycle. It is not asserted
during any synchronous access, such as a synchronous load or move instruction used
for sending an IAC message. The CACHE signal floats to a high impedance state -
when the processor is idle.

110 = Input/Output O = Output, | = Input, 0O.D. = Open Drain, T.S. = Three-State

Table 4. 80960KA Pin Description: Support Signals

/

Name | Type Description

BADAC | BAD ACCESS, if asserted in the cycle following the one in which the last READY of a
transaction is asserted, indicates an unrecoverable error occurred on the current bus-
transaction or a synchronous load/store instruction has not been acknowledged.
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 processor’s intemal logic and causes it to reinitialize.

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

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 extemal bus clock and before the next rising edge of CLK2.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State .
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Table 4. 80960KA Pin Description: Support Signals (Continued)

Type

~ Description

FAILURE

0]
O.D.

INITIALIZATION FAILURE indicates that the processor did not initialize correctly.
After RESET deasserts and before the first bus transaction begins, FAILURE
asserts while the processor performs a self-test. If the self-test completes
successfully, then FAILURE deasserts. The processor then performs a zero
checksum on the first eight words of memory. If it fails, FAILURE asserts for a
second time and remains asserted. If it passes, system initialization continues and
FAILURE remains deasserted.

INTERAGENT COMMUNICATION REQUEST/INTERRUPT 0 indicates an IAC
message or an interrupt is pending. The bus interrupt control register determines
how the signal is 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 asserted for at least two more bus cycles.

During system reset, this signal must be in the logic high condition to enable
normal processor operation. The logic low condition is reserved.

INT

INTERRUPT 1, like INT, provides direct interrupt signaling.

INT2/INTR

INTERRUPT 2/INTERRUPT REQUEST: The interrupt control register determines
how this pin is interpreted. If INTy, it has the same interpretation as the INTg and
INT4'pins. If INTR, it is used to receive an interrupt request from an external
interrupt controller. ‘

170
o.D.

INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register
determines how this pin is interpreted. If INT3, it has the same interpretation as the
INTo, INT¢ and INT pins. If INTA, it is used as an output to control interrupt-

acknowledge transactions. The INTA output is latched on-chip and remains valid
during Tq cycles; as an output, it is open-drain.

N.C. N/A

NOT CONNECTED indicates pins should not be connected. Never connect any pin
marked N.C. as these pins may be reserved for factory use.

I/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State

2.0 ELECTRICAL SPECIFICATIONS

2.1 Power and Grounding

The 80960KA is implemented in CHMOS IV technol-
ogy and therefore has modest power requirements.
Its high clock frequency and numerous output buff-

ers (address/data, control, error and arbitration sig- -

nals) can cause power surges as multiple output
buffers simultaneously drive new signal levels. For
clean on-chip power distribution, Voo and Vgg pins
separately feed the device’s functional units. Power
and ground connections must be made to all
80960KA power and ground pins. On the circuit
*board, all Vo pins must be strapped closely togeth-
er, preferably on a power plane; all Vgg pins should
be strapped together, preferably on a ground plane.

2.2 Power Decoupling
Recommendations .

Place a liberal amount of decoupling capacitance
near the 80960KA. When driving the L-bus the proc-
essor can cause transient power surges, particularly
when connected to a large capacitive load.

Low inductance capacitors and interconnects are
recommended for best high frequency electrical per-
formance. Inductance is reduced by shortening
board traces between the processor and decoupling
capacitors as much as possible.
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2.3 Connection Recommendatibns

For reliable operation, always connect unused in-
puts to an appropriate signal level. In particular, if
one or more interrupt lines are not used, they should
be pulled up. No inputs should ever be left floating.

All open-drain outputs require a pullup device. While
in most cases a simple pullup resistor is adequate, a
network of pullup and pulldown resistors biased to a
valid V| (>3.0V) and terminated in the characteris-
tic impedance of the circuit board is recommended
to limit noise and AC power consumption. Figure 5
and Figure 6 show recommended values for the re-
sistor network for low and high current drive, assum-
ing a characteristic impedance of 100Q. Terminating
output signals in this fashion limits signal swing and
reduces AC power consumption.

NOTE:
Do not connect external logic to pins marked N.C.

- )
Open-Drain Output
Vee

2200

3300

270775-5

Low Drive Network:
Vox = 3.0V
loL = 20.7 mA

Figure 5. Connection Recommendations for
Low Current Drive Network

1-92

intel.

Open-Drain Output
Vee

1800

3900

270775-6

High Drive Network:
Vo = 3.4V
loL = 25.3 mA

Figure 6. Connection Recommendations for
High Current Drive Network

2.4 Characteristic Curves

Figure 7 shows typical supply current requirements
over the operating temperature range of the proces-
sor at supply voltage (Vcg) of 5V. Figure 8 and Fig-
ure 9 show the typical power supply current (Icc)
that the 80960KA requires at various operating fre-
quencies when measured at three input voltage
(Vco) levels and two temperatures. \

- For a given output current (Igp) the curve in Figure

10 shows the worst case output low voltage (Vo).
Figure 11 shows the typical capacitive derating
curve for the 80960KA measured from 1.5V on the

'system clock (CLK) to 1.5V on the falling edge and

1.5V on the rising edge of the L-Bus address/data
(LAD) signals.
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Figure 8. Typical Current vs. Frequency (Room Temp)
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Temp = +2g°c
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Figure 9. Typical Current vs. Frequency (Hot Temp)
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Current on Open-Drain Pins
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2.5 Test Load Circuit

Figure 12 illustrates the load circuit used to test the
80960KA’s three-state pins; Figure 13 shows the
load circuit used to test the open drain outputs. The
open drain test uses an active load circuit in the form
of a matched diode bridge. Since the open-drain out-
puts sink current, only the g, legs of the bridge are
necessary and the loH legs are not used. When the
80960KA driver under test is turned off, the output
pin is pulled up to VRer (i.e., Vou). Diode D4 is
turned off and the Ig current source flows through
diode Da.

When the 80960KA open-drain driver under test is
on, diode D4 is also on and the voltage on the pin
being tested drops to Vo. Diode Dy turns off and
loL flows through diode Dy.

80960KA
Three-State Output
‘ G 1
270775-12

NOTE:
CL = 50 pF for all signals

Figure 12, Test Load Circuit for
Three-State Output Pins

Open-Drain Output
loL
Dy D,
]
o- 1 {4 p—o
7
270775-13

NOTES:
loL Tested at 25 mA
Vrer = Vcc

D4 and D3 are matched
CL = 50 pF for all signals

Figure 13. Test Load Circuit for
Open-Drain Output Pins
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2.6 Absolute Maximum Ratings NOTICE: This is a production data sheet. The specifi-
o . cations are subject to change without notice.
p:éa;: ng Temperature 0°C to +85°C Case *WARNING: Stressing the device beyond the “Absolute
PQFP‘ """""""""" 6°C to +100°C Case Maximum Ratings” may cause permanent damage.
"""""""""" These are stress ratings only. Operation beyond the
Storage Temperature .......... —65°C to +150°C “Operating Conditions” is not recommended and ex-
Voltage on Any Pin. ......... —0.5Vto Vg + 0.5V tended exposure beyond the ‘“Operating Cond/tlons

L may affect device reliability.
Power Dissipation ................. 2.5W (25 MHz)

2.? DC Characteristics

PGA: 80960KA (16 MHz) Tcase = 0°C to +85°C, Vg = 5V +10%
B80960KA (20 and 25 MHz) Tcase = 0°C to +85°C, Vg = 5V +5%

PQFP: 80960KA (16 MHz) Tcase = 0°C to +100°C, Voo = 5V +10%
80960KA (20 and 25 MHz) Tcase = 0°C to +100°C, Vog = 5V £5%

Table 5. DC Characteristics

Symbol Parameter Min Max Units Notes
ViL Input Low Voltage -0.3 +0.8 \"
VIH Input High Voltage 2.0 Vec + 0.3 \"
VoL CLK2 Input Low Voltage -0.3 +0.8 \"
VcH CLK2 Input High Voltage '0.55 Ve Vee + 0.3 \"
VoL Output Low Voltage 0.45 Vv 1,2)
VoH Output High Voltage 24 \" (3,4)
lcc Power Supply Current: .
" 16 MHz 315 mA (5)

20 MHz 360 mA (5)

25 MHz 420 mA (5)
TR Input Leakage Current +15 pA 0< V< Voo
Lo Output Leakage Current +15 C pA 0.45 < Vo < Voo
CiN Input Capacitance 10 pF _fc = 1 MHz(6)
Co Output Capacitance 12 pF fc = 1 MHz(6)
CcLk Clock Capacitance 10 pF fc = 1 MHz(®)

NOTES:
1. For three-state outputs, this parameter is measured at:

AQArESSS/DALA .+« o v ettt ettt ettt e e e e e e e e e 4.0 mA
Controls . ....covnvennnnn

2. For open-drain outputs
3. This parameter is measured at:

F X o [Ty A - 7 P —-1.0 mA
[0 41 -3 —0.9mA
T\TE .............................................................................................. .—5.0 mA

4. Not measured on open-drain outputs.

5. Measured at worst case frequency, Vcc and temperature, with device operating and outputs loaded to the test conditions
in Figures 12 and 13. Figure 7, Figure 8 and Figure 9 indicate typical values.

6. Input, output and clock capacitance are not tested.
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2.8 AC Specifications

This section describes the AC specifications for the
80960KA pins. All input and output timings are spec-
ified relative to the 1.5V level of the rising edge of
CLK2. For output timings the specifications refer to
the time it takes the signal to reach 1.5V.

80960KA

For input timings the specifications refer to the time
at which the signal reaches (for 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 voltages 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.

EDGE A B c D A B c
CLK2 1.5\/-7 1.5V 1.5V 1.5V Z
0.8V —

OUTPUTS:

LAD31:0 Ty - F—

ADS

W/R, DEN

BE3:0 VALID OUTPUT 1.5V \

HLDA

CACHE

LOCK, INTA Ts

T3 Tia

ALE 1.5v7g

l— Tg —»|

~ T6_> N
DT/R \\\\\ \\\ 1.5V VALID OUTPUT 1.5V \

INPUTS:

LAD31:0
BADAC ‘\\
IAC/INTO, INT1

INT2/INTR, INT3

HOLD 2.0V 2.0V
LOCK VALID INPUT
READY 0. sv 0.8V

270775-14

Figure 14. Drive Levels and Timing Relationships for 80960KA Signals

1-97




80960KA i nté ®

2.8.1 AC SPECIFICATION TABLES
Table 6. 80960KA AC Characteristics (16 MH2)

Symbol Parameter I Min | Max I Units | Notes

INPUT CLOCK

T4 Processor Clock Period (CLK2) 3125|1256 | ns | VN =15V

To Processor Clock Low Time (CLK2) 8 ns | ViL = 10% Point = 1.2V

T3 Processor Clock High Time (CLK2) 8 ns | ViH = 90% Point = 0.1V + 0.5 Vo

T4 Processor Clock Fall Time (CLK2) 10 ns | ViN = 90% Point to 10% Point(1)

Ts Processor Clock Rise Time (CLK2) 10 ns | ViNy = 10% Point to 90% Point(1)

SYNCHRONOUS OUTPUTS

Te Output Valid Delay 2 25 ns

TeH HLDA Output Valid Delay 4 28 ns

T7 ALE Width 15 ns

Ts ALE Output Valid Delay 2 18 ns

Tg Output Float Delay 2 20 ns | (2

ToH HLDA Output Float Delay 4 20 ns | (2

SYNCHRONOUS INPUTS

T10 Input Setup 1 .3 ns | (3)

T11 Input Hold 5 ns | (3)

T11H HOLD Input Hold 4 ns | (3)

T2 Input Setup 2 8 ns | (3)

T3 Setup to ALE Inactive 10 ns

T4 Hold after ALE Inactive 8 ns

T1s Reset Hold 3 ns 3)

Ti6 Reset Setup 5 ns | (3)

T17 Reset Width © 1281 ns | 41 CLK2 Periods Minimum
NOTES:
1. Clock rise and tall times are not tested.

2. A float condition occurs when the maximum output current becomes less than || o. Float delay is not tested; however, it
should not be longer than the valid delay. .

3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous inputs. IAC/INTq, INT4, INT2/INTR and INT3 may be
synchronous or asynchronous.
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Table 7. 80960KA AC Characteristics (20 MHz)

Symbol | Parameter | Min l Max | Units T Notes

INPUT CLOCK

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

To Processor Clock Low Time (CLK2) 6 ns | ViL = 10% Point = 1.2V

T3 Processor Clock High Time (CLK2) 6 ns | Vg = 90% Point = 0.1V + 0.5 Vg

T4 Processor Clock Fall Time (CLK2) 10 ns | Vin = 90% Point to 10% Point(1)

Ts Processor Clock Rise Time (CLK2) 10 ns | Viy = 10% Point to 90% Point(1)

SYNCHRONOUS OUTPUTS

Te Output Valid Delay 2 20 ns

TeH HLDA Output Valid Delay 4 23 ns

T7 ALE Width 12 ns

Tg ALE Output Valid Delay 2 18 ns

To Output Float Delay 2 20 ns | (2

ToH HLDA Output Float Delay 4 20 ns | (2

SYNCHRONOUS INPUTS

T10 Input Setup 1 3 ns | (3)

T11 Input Hold 5 ns | (3)

T11H HOLD Input Hold 4 ns | (3)

T2 Input Setup 2 7 ns | (3)

T3 Setup to ALE Inactive 10 ns

T4 Hold after ALE Inactive 8 ns

T45 Reset Hold 3 ns

T15 Reset Setup 5 ‘ ns

Ty7 Reset Width 1025 ns | 41 CLK2 Periods Minimum
NOTES:

1. Clock rise and fall times are not tested.

2. A float condition occurs when the maximum output current becomes less than I o. Float delay is not tested; however, it
should not be longer than the valid delay.

3. LAD31:0, BADAC, HOLD, LOCK and %EAﬁY are synchronous inputs. TAC/INTp, INT4, INT2/INTg and INT3 may be
synchronous or asynchronous.
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Table 8. 80960KA AC Characteristics (25 MHz)
Symbol Parameter I Min | Max | Units | Notes
INPUT CLOCK
T4 Processor Clock Period (CLK2) 20 | 125 ns ViN = 1.5V
To Processor Clock Low Time (CLK2) ns ViL = 10% Point = 1.2V
T3 Processor Clock High Time (CLK2) ns | Vi = 90% Point = 0.1V + 0.5 Vo
T4 Processor Clock Fall Time (CLK2) 10 ns VIN = 90% Point to 10% Point(1)
Ts Processor Clock Rise Time (CLK2) 10 ns | VN = 10% Point to 90% Point(1)
SYNCHRONOUS OUTPUTS
Te Output Valid Delay 2 18 ns
TeH HLDA Output Valid Delay 23 ns
T7 ALE Width 12 ns
Ts ALE Output Valid Delay 18 ns
Tg Output Float Delay 18 ns 2)
ToH HLDA Output Float Delay 4 20 ns 2)
SYNCHRONOUS INPUTS
T10 Input Setup 1 3 ns 1(3)
T14 Input Hold 5 ns | (3)
T11H HOLD Input Hold 4 ns
Ti2 Input Setup 2 7 ns
T3 Setup to ALE Inactive 8 ns
T4 Hold after ALE Inactive 8 ns
T1s Reset Hold 3 ns
Ti6 Reset Setup 5 ns
Ty7 Reset Width 820 ns | 41 CLK2 Periods Minimum
NOTES:

1. Clock rise and tall times are not tested.

2. A float condition occurs when the maximum output current becomes less than I 0. Float delay is not tested; however, it

should not be longer than the valid delay.
3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous inputs. TAC/INTg, INT4, INT2/INTR and INT3 may be
synchronous or asynchronous. ‘
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HIGH LEVEL (MIN) 0.55Vcc

1.5v

LOW LEVEL (MAX) 0.8V

NOTES:

Ty5 = RESET HOLD
Ti¢ = RESET SETUP
T17 = RESET WIDTH

270775-15
Figure 15. Processor Clock Pulse (CLK2)
FIRST
A B C D A
[ X X}
axe _ AN\ S \_/_\_/_\_/_\_/_\_/-
[ X X ]
CLK \ /. \ / \ / \_
Tis | Tie
[ N N ]
Reser | / N\
f Ti7
OUTPUTS S [ X N ]
,
INIT PARAMETERS (BADAC,
INTy /IAC) MUST BE SET UP 8 CLOCKS
PRIOR TO THIS CLK2 EDGE
INIT PARAMETERS MUST BE HELD
BEYOND THIS CLK2 EDGE

270775-16

Figure 16. RESET Signal Timing
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3.0 MECHANICAL DATA

3.1 Packaging

The 80960KA is available in two package types:

® 132-lead ceramic pin-grid array (PGA). Pins are
arranged 0.100 inch (2.54 mm) center-to-center,
in a 14 by 14 matrix, three rows around (see Fig-
ure 17).

e 132-lead plastic quad flat pack (PQFP). This
package uses fine-pitch gull wing leads arranged
in a single row along the package perimeter with
0.025 inch (0.64 mm) spacing (see Figure 20).

Dimensions for both package types are given in the
Intel Packaging handbook (Order #240800).

intal.

The PGA and PQFP have different pin assignments.
Figure 18 shows the view from the PGA bottom (pins
facing up) and Figure 19 shows a view from the PGA
top (pins facing down). Figure 20 shows the PQFP
package; Figure 21 shows the PQFP pinout with sig-
nal names. Notice that the pins are numbered in or-
der from 1 to 132 around the package perimeter.
Table 9 and Table 10 list the function of each PGA
pin; Table 11 and Table 12 list the function of each
PQFP pin. ‘

3.1.1 PIN ASSIGNMENT
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270775-17

Figure 17. 132-Lead Pin-Grid Array (PGA) Package
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Figure 18. 80960KA PGA Pinout—View from Bottom (Pins Facing Up)
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Figure 20. 80960KA 132-Lead Plastic Quad Flat-Pack (PQFP) Package

12

13

Figure 19. 80960KA PGA Pinout—View from Top (Pins Facing Down)
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LAD24 —{127 39 NC
LaD25s —{128 38 NC
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Figure 21. PQFP Pinout—View from Top
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‘3.2 Pinout
Table 9. 80960KA PGA Pinout—In Pin Order
Pin Signal Pin Signal Pin Signal Pin /| Signal
A1 Vce Cc6 LAD2g H1 W/R M10 Vss
A2 Vss c7 LAD;3 H2 BEg M11 Vee
A3 LADqg c8s LADg H3 LOCK M12 N.C.
A4 LADy7 co LAD3 H12 N.C. M13 N.C.
A5 LADg c10 Vce H13 N.C. M14 N.C. -
A6 LAD;4 C11 | Vss H14 | N.C. N1  Vgg
A7 LAD14 c12 INT3/INTA J1 DT/R N2 N.C.
A8 LADg C13 INT4 J2 BE; N3 N.C.
A9 LAD; Ci4 TAC/INT, J3 Vss N4 N.C.
A10 LADs D1 ALE J12 N.C. N5 N.C.
Al LAD,4 D2 ADS J13 N.C. N6 N.C.
A12 .| LAD; D3 HLDA J14 | N.C. N7 N.C.
A13 INT2/INTR D12 Vee K1 BEs N8 N.C.
A4 Vee D13 N.C. K2 FAILURE N9 N.C. .
B1 LAD23 D14 | N.C. K3 Vss N10 N.C.
B2 LADg4 E1 LAD2g K12 Vce N11 N.C.
B3 LAD22 E2 LAD2g K13 N.C. N12 N.C.
B4 LAD»4 E3 LADy K14 N.C. N13 N.C.~
B5 LAD+g E12 N.C. L1 DEN N14 N.C.
B6 LAD15 E13 Vss L2 N.C. P1 Vee
B7 LAD12 E14 N.C. L3 Vce P2 N.C.
B8 LAD1q F1 LAD2g L12 | Vss P3 N.C.
B9 LADg F2 LAD3; L13 N.C. P4 N.C.
B10 LAD, F3 CACHE L14 N.C. P5 N.C.
B11 CLK2 F12 N.C. M1 N.C. P6 N.C.
B12 | LADg F13 N.C. M2 Vee P7 N.C.
B13 | RESET F14 N.C. M3 Vss ) "N.C.
B14 Vss G1 LAD3q M4 Vss P9 N.C.
C1 HOLD G2 READY M5 Vee P10 N.C.
c2 LAD2s5 G3 BE;, M6 N.C. P11 N.C.
C3 BADAC G12 N.C. M7 N.C. P12 N.C.
C4 Vee G13 N.C. M8 N.C. P13 Vss
C5 Vss G14 N.C. M9 N.C. P14 Vee
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 10. 80960KA PGA Pinout—In Signal Order

Signal Pin Signal Pin Signal Pin Signal Pin
ADS D2 LAD4s B6 N.C. J14 N.C. P9
ALE D1 LADyg A5 N.C. K13 NC. P10
BADAC c3 LAD47 A4 N.C. K14 N.C. P11
BEo H2 LAD;g B5 N.C. . L13 N.C. P12
BE, G3 LAD1g A3 N.C. L14 N.C. L2
BE; J2 LAD5g cé N.C. M1 READY G2
BEs K1 LAD4 B4 N.C. M6 RESET B13
CACHE F3 LAD, B3 N.C. M7 Vee A1
CLK2 B11 LAD3 B1 N.C. (V] Veo A14
DEN L1 LAD, B2 N.C. M9 Voo C4
DT/R J1 LADs5 c2 N.C. M12 Voo c10
FAILURE K2 LADg E2 N.C. M13 Ve D12
HLDA D3 LADo; E3 N.C. M14 Ve K12
HOLD Cc1 LAD2g E1 N.C. N2 Vee L3
TAC/INT, C14 LADog F1 N.C. N3 Voe M2
INT4 1 c13 LADsg G1 N.C. N4 vee M5
INT2/INTR | A13 LADg; F2 N.C. N5 Voo M11
INT3/INTA | Ci12 LOCK H3 N.C. N6 Veo P1
LADg B12 N.C. D13 N.C. N7 e P14
LAD4 A12 N.C. D14 N.C. N8 Vss A2
LAD, B10 N.C. E12 N.C. N9 Vss B14
LAD3 co N.C. E14 N.C. N10 Vss cs
LAD,4 A1 N.C. F12 N.C. N11 Vss c11
LADs A10 N.C. F13 N.C. N12 Vss E11
LADg B9 N.C. F14 N.C. N13 Vss J3
LAD7 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
LAD1o B8 NC. H12 N.C. P4 Vss M4
LAD14 . A7 N.C. H13 N.C. P5 Vss M10
LAD12 B7 N.C. H14 N.C. P6 Vs N1
LAD¢3 Cc7 N.C. J12 N.C. P7 Vss P13
LAD14 A6 N.C. J13 N.C. P8 W/R H1-

NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 11. 80960KA PQFP Pinout—In Pin Order
Pin Signal Pin Signal Pin Signal Pin Signal
1 HLDA 34 N.C. . 67 | Vgs 100 LADy
2 ALE 35 Vee 68 Vss 101 LAD4
3 LAD2g 36 Vee 69 N.C. 102 LAD,
4 LAD,7 37 N.C. 70 Voo 103 Vss
5 LAD2g 38 N.C. 71 Vee 104 LADg
6 LADog 39 N.C. 72 N.C. 105 LAD,4
7 LAD3 40 N.C. 73 Vss 106 LADg
8 LAD3; 41 Vee 74 Vee 107 LADg
9 Vss 42 Vss 75 N.C. 108 LAD7
10 CACHE 43 N.C. 76 | N.C. 109 LADg
1 W/R 44 N.C. 77 N.C. 110 LADg
127 READY 45 N.C. 78 N.C. 111 LAD1g
13 DT/R 46 N.C. 79 Vss 112 LAD;
14 BEp 47 N.C. 80 Vss 113 LADq2
15 BE; 48 N.C. 81 N.C. 114 Vss
16 BE, 49 N.C. 82 | Vco 115 LAD43
17 BE; 50 N.C. 83 Vee 116 LADq4
18 FAILURE 51. N.C. 84 Vss 117 LAD;5
19 Vss 52 Vss 85 TAC/INTq 118 LAD1g
20 LOCK 53 Vss 86 INT; 119 LAD47
21 DEN 54 N.C. 87 INT2/INTR 120 LADqg
22 | Vss 55 Vee 88 INT3/INTA 121 LAD1g
23 Vss 56 Vee 89 N.C. 122 LAD3g
24 N.C. 57 Vss 90 Vss 123 LAD1
25 N.C. 58 N.C. 91 CLK2 124 LAD22
26 Vss 59 N.C. 92 "Vee 125 Vss
27 Vss 60 N.C. 93 RESET 126 LADyg
28 N.C. 61 N.C. 94 N.C. 127 LADo4
29 Vee 62 N.C. 95 N.C. 128 LAD2s
30 Vee 63 N.C. 96 N.C. 129 BADAC
31 N.C. 64 N.C. 97 N.C. 130 HOLD
32 Vss 65 N.C. 98 N.C. 131 N.C.
33 Vss 66 N.C. 99 Vss 132 ADS
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 12. 80960KA PQFP Pinout—In Signal Order

Signal Pin Signal Pin Signal Pin Signal Pin
ADS 132 LAD15 117 N.C. 49 Vee 41
ALE 2 LADsg 118 N.C. 50 Vee 55
BADAC 129 LAD47 119 N.C. 51 Vee 56
BEp 14 LAD4g 120 N.C. 54 Vee 70
BE; 15 LAD4g 121 N.C. 58 Vee 71
BE; 16 LADgg 122 ~N.C. 59 Vee 74
BEj 17 LAD24 123 N.C. 60 Vee 82
CACHE 10 LADgo 124 N.C. 61 Vee 83
CLK2 91 LADog 126 N.C. 62 Vee 92
DEN 21 ~ LADyq4 127 N.C. 63 Vss 9
DT/R 13 LAD2s 128 N.C. 64 Vss 19
FAILURE 18 LADgg 3 N.C, 65 Vss 22
HLDA 1 LAD27" 4 N.C. 66 Vss 23
HOLD 130 LADgg 5 N.C. 69 Vss 26
TAC/INT, 85 LADgg 6 N.C. 72 Vss 27
INT4 86 LAD3g 7 N.C. 75 Vss 32
INT2/INTR 87 LAD31 8 N.C. 76 Vss 33
INTg/INTA 88 LOCK 20 N.C. 77 Vss 42
LADg 100 N.C. 24 N.C. 78 Vss 52
LAD; 101 N.C. 25 N.C. 81 Vss 53
LAD, 102 N.C. 28 N.C. 89 Vss 57
LAD3 104 N.C. 31 N.C. 94 Vss 67
LAD,4 105 N.C. 34 N.C. 95 Vss 68
LADs 106 N.C. 37 N.C. 96 Vss 73
LADg 107 N.C. 38 N.C.. 97 Vss 79
LAD; 108 N.C. 39 N.C. 98 Vss 80
LADg 109 NC. * 40 N.C. 131 Vss 84
LADg 110 N.C. 43 READY 12 Vss 90
LAD1o 11 N.C. 44 RESET 93 ' Vss 99
LAD14 112 NC. * 45 Voo 29 Vss 103
LAD;> 113 N.C. 46 Veo 30 Vss © 114
LAD;3 115 N.C. 47 Voo 35 Vss 125
LAD14 116 N.C. 48 Vee 36 W/R 11
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3.3 Package Thermal Speclfication

The 80960KA is specified for operation when case
temperatures within the range 0°C to 85°C (PGA) or
0°C to 100°C (PQFP). Measure case temperature at
the top center of the package. Ambient temperature
can be calculated from:

:rJ=TC+P’~0JC
TA=Ty+P*0a \
Tc=Ta + P * [8ja — 64c]

Values for 6,4 and 8¢ for various airflows are given
in Table 13 for the PGA package and in Table 14 for
the PQFP package. The PGA’s 65 can be reduced
by adding a heatsink. For the PQFP, however, a
heatsink is not generally used since the dewce is
intended to be surface mounted.

intgl.

Maximum allowable ambient temperature (Tp) per-
mitted without exceeding T¢ is shown by the graphs
in Figures 23, 24, 25 and 26. The curves assume the
maximum permitted supply current (Icc) at each
speed, Vgc of +5.0V and a Tcasg of +85°C (PGA)
or +100°C (PQFP).

If the 80960KA is to be used in a harsh environment
where the ambient temperature may exceed the lim-
its for the normal commercial part, consider using an
extended .temperature’ device. These components
are designated by the prefix “TA” and are available
at 16, 20 and 25 MHz in the ceramic PGA package.
Extended operating temperature range is —40°C to
+125°C (case).

Figure 26 shows the maximum allowable ambient
temperature for the 20 MHz extended temperature
TAB0960KA at various airflows. The curve assumes
an Igc of 420 mA, Vgc of 5.0V and a TCASE of
+125°C.

Table 13. 80960KA PGA Package Thermal Characteristics

Thermal Resistance—°C/Watt
Alrflow—ft.lmin (m/sec)
Parameter 0 50 | 100 | 200 | 400 | 600 | 800
(0) | (0.25) | (0.50) | (1.01) | (2.03) | (3.04) | (4.06)

6 Junction-to-Case | 2 2 2 2 2 2 2
6 Case-to-Ambient | 19| 18 17 15 12 10| 9
(No Heatsink) '
0 Case-to-Ambient | 16 | 15 14 12 9 7 6 L_________.I
(Omnidirectional - l_“_l I_” “ l
Heatsink) 270775-22
6 Case-to-Ambient | 15| 14 13 11 8 6 5
(Unidirectional '
Heatsink)
NOTES:
1. This table applies to 80960KA PGA plugged into socket or soldered ¢

directly to board.
2.04a = 0yc + Oca
3. 8y.cap = 4°C/W approx.)

04.pIN = 4°C/W (inner pins) (approx.)

04.pin = 8°C/W (outer pins) (approx.)
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Table 14. 80960KA PQFP Package Thermal Characteristics

Thermal Resistance—°C/Watt

Airflow—ft./min (m/sec)
Parameter (] 50 100 200 400 600 800
0) | (0.25) | (0.50) | (1.01) | (2.03) | (3.04) | (4.06)
0 Junction-to-Case | 9 9 9 9 9 9 9
8 Case-to-Ambient | 22 19 18 16 11 9 8
(No Heatsink) )
NOTES:

1. This table applies to 80960KA PQFP soldered directly to board.
2.0)a = 0yc + Oca
3. 6y = 18°C/W (approx.)

648 = 18°C/W (approx.)

8¢

AT

9
'8 270775-23

270775-24

Figure 22. HOLD Timing
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Figure 23. 16 MHz Maximum Allowable Ambient Temperature
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Figure 24. 20 MHz Maximum Allowable Ambient Temperature
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Figure 25. 25 MHz Maximum Allowable Ambient Temperature
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Figure 26. Maximum Allowable Ambient Temperature for the
Extended Temperature TA-80960KA 20 MHz in PGA Package
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4.0 WAVEFORMS

Figures 27, 28, 29 and 30 show the waveforms for various transactions on the 80960KA’s local bus.

cm[l'\J'\J\f\.IW\I\I\J'\JW |
M\
wosto [ Qx‘.\\\‘--\\\

/

BE30[ -\\\ \-\\\

wAlT\__ L [ :

270775-29

Figure 27. Non-Burst Read and Write Transactions without Wait States

e
DT/_R[:__\: : . | T !
i e G

270775-30

Figure 28. Burst Read and Write Transaction without Wait States
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270775-31

Figure 29. Burst Write Transaction with 2, 1, 1, 1 Wait States

LAD31:0

LN

270775-32

Figure 30. Accesses Generated by Quad Word Read Bus Request,
Misaligned Two Bytes from Quad Word Boundary (1, 0, 0, 0 Wait States) .
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PREVIOUS ,  INTERRUPT IDLE INTERRUPT
| “cvele | ackNoWLEDGEMENT | (5 BUS STATES) | ACKNOWLEDGEMENT |
‘ CYCLE 1 CYCLE 2
T T

e ARV
iavavavaVaVaVaVaVaVlaVlaVlalaVaV

INTR[___/ -\. \\\\ ‘ \\\ \\\ \\I

LAD31:0 | h \ YXADDR@\ \ WADDRWVKT@@
T W e :\../5 Lo
T VT e W

WR[ \__/::::::’:::
DEN[::

LocK [‘__—-‘-—_\
mvvn\\\ \ \11\\ Y\

270775-33

NOTE:
INTR can go low no sooner than the input hold time following the beginning of interrupt acknowledgment cycle 1. For a
second interrupt to be acknowledged, INTR must be low for at least three cycles before it can be reasserted.

Figure 31. Interrupt Acknowledge Transaction
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5.0 REVISION HISTORY * identified to date is incorporated into this revision.

o The sections significantly changed since the previ-
No revision history was maintained in earlier revi- ous revision are:

sions of this data sheet. All errata that has been:

Last
Rev.

Table 3. 80960KA Pin Description: L-Bus | -004 | LOCK pin description rewritten for clarity.
Signals (pg. 9) :

Section Description

2.3. Connection Recommendations -004 | Changed suggested open-drain termination networks
(pg. 12) to reflect more realistic operating conditions with
reduction in DC power consumption. 1
Figure 9. Typical Current vs. Frequency -004 | Added figure for typical power supply current at hot
(Hot Temp) (pg. 14) temperature to aid thermal analysis.
Figure 12. Test Load Circuit for Three- -004 | All outputs now specified with standard 50 pF test
State Output Pins (pg. 15) loads to agree with actual test methodology.

Figure 13. Test Load Circuit for Open-
Drain Output Pins (pg. 15)

2.7. DC Characteristics (pg. 16) -004 | Icc max specification reduced:
WAS: IS: AT:
375mA 315mA 16 MHz
420mA 360mA 20 MHz
480 mA 420mA 25 MHz

Figures 7, 8, 9, 23, 24, 25 and 26 have also been
changed accordingly.

2.8. AC Specifications (pg. 17) -004 | 25 MHz operation extended to product in PQFP
) package. Tg min. improved at all frequencies from
0 ns to 2 ns and Tg max. improved from 20 ns to

18 ns.
Tgy Max improvement:
WAS: IS: AT:

31 ns 28 ns 16 MHz
26 ns 23 ns 20 MHz
24 ns 23 ns 25 MHz

Functional Waveforms - -004 | Redrawn for clarity. CLK signal drawn with more likely
‘ phase relationship to CLK2. Open-drain output
signals drawn to show correct inactive states.

Various -004 | Deleted all references to 10 MHz. Intel no longer
offers a 10 MHz 80960KA device.

I . 1117



intal.
tel 80960KB
: EMBEDDED 32-BIT MICROPROCESSOR
WITH INTEGRATED FLOATING POINT UNIT

m High-Performance Embedded * W Built-In Interrupt Controller
Architecture — 31 Priority Levels, 256 Vectors
— 25 MIPS Burst Execution at 25 MHz —3.4 us Latency @ 25 MHz
. .
-gg'm’s Sustained Execution at m Easy to Use, High Bandwidth 32-Bit Bus
z — 66.7 Mbytes/s Burst
m 512-Byte On-Chip Instruction Cache " —Up to 16 Bytes Transferred per Burst
— Direct Mapped .
— Parallel Load/Decode for Uncached . Lsill;‘eg;ii: :it:g?gh A)
Instructions ' ; — Plastic Quad Flat-Pack (PQFP)
® Multiple Register Sets m On-Chip Floating Point Unit
— Sixteen Global 32-Bit Registers . Supports IEEE 754 Floating Point
— Sixteen Local 32-Bit Registers Standard
— Four L_ocal Register Sets Stored — Four 80-Bit Registers ‘
On-Chip — 13.6 Million Whetstones/s (Single
— Register Scoreboarding Precision) at 25 MHz .

m 4 Gigabyte, Linear Address Space
m Pin Compatible with 80960KA

The 80960KB is a member of Intel’s i960® 32-bit processor family, which is designed especially for embedded
applications. It includes a 512-byte instruction cache, an integrated floating point unit, and a built-in interrupt
controller. The 80960KB has a large register set, multiple parallel execution units and a high-bandwidth burst
bus. Using advanced RISC technology, this high performance processor is capable of execution rates in
excess of 9.4 million instructions per second*. The 80960KB is well-suited for a wide range of applications
including non-impact printers, 1/0 control and specialty instrumentation.

FOUR SIXTEEN 64~ BY 32-BIT . 32-8IT
80-BIT FP 32-BIT GLOBAL LOCAL INSTRUCTION
REGISTERS " REGISTERS REGISTER EXECUTION

1 CACHE UNIT

80-8IT i A 4 Y

FPU

32-BIT
BUS
t T CONTROL H
512-BYTE LOGIC 32-8IT
INSTRUCTION INSTRUCTIONkea INSTRUCTION MICRO- [ ] MICRO- BURST
FETCH UNIT cache 1€ 7| oecoer INSTRUCTION | INSTRUCTION ‘ BUS
SEQUENCER ROM

T

270565-1

Figure 1. The 80960KB Processor’s Highly Parallel Arg:hitecture

“*Relative to Digital Equipment Corporation’s VAX-11/780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation.)

. ! October 1993
1-118 ' Order Number: 270565-007
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EMBEDDED 32-BIT MICROPROCESSOR
WITH INTEGRATED FLOATING POINT UNIT
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1.0 THE i960® PROCESSOR

The 80960KB is a member of the 32-bit architecture

from Intel known as the i960 processor family These
were especially designed to serve the needs of em-
bedded applications. The embedded market in-
cludes applications as diverse as industrial auioma-
tion, avionics, image processing, graphics and net-
working. These types of applications require high in-
tegration, low power consumption, quick interrupt re-
sponse times and high performance. Since time to
market is critical, embedded microprocessors need
to be easy to use in both hardware and software
designs.

-

intel.
All members of the i960 processor family share a
common core architecture which utilizes RISC tech-
nology so that, except for special functions, the fam-
ily members are object-code compatible. Each new
processor in the family adds its own special set of
functions to the core to satisfy the needs of a specif-
ic application or range of applications in the embed-
ded market.

Software written for the 80960KB will run without
modification on any other member of the 80960
Family. It is also pin-compatible with the 80960KA
and the 80960MC which is a military-grade version
that supports multitasking, memory management,
multiprocessing and fault tolerance.
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Figure 2. 80960KB Programming Environment
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1.1 Key Performance Features

The 80960 architecture is based on the most recent
advances in microprocessor technology and is
grounded in Intel’'s long experience in the design
and manufacture of embedded microprocessors.
Many features contribute to the 80960KB’s excep-
tional performance:

1. Large Register Set. Having a large number of
registers reduces the number of times that a
processor needs to access memory. Modern
compilers can take advantage of this feature to
optimize execution speed. For maximum flexibili-
ty, the 80960KB provides thirty-two 32-bit regis-
ters and four 80-bit floating point registers. (See
Figure 2.)

\

80960KB

2. Fast Instruction Execution. Simple functions

make up the bulk of instructions in.most pro-
grams so that execution speed can be improved
by ensuring that these core instructions are exe-
cuted as quickly as possible. The most frequently
executed instructions such as register-register
moves, add/subtract, logical operations and
shifts execute in one to two cycles. (Table 1 con-
tains a list of instructions.)

. Load/Store Architecture. One way to improve

execution speed is to reduce the number of times
that the processor must access memory to per-
form an operation. As with other processors
based on RISC technology, the 80960KB has a
Load/Store architecture. As such, only the LOAD
and STORE instructions reference memory; all
other instructions operate on registers. This type
of architecture simplifies instruction decoding
and is used in combination with other techniques
to increase parallelism.

Control Opcode Displacement
C°mP°';fa::g Opcode Reg/Lit Reg M Displacement
RegRi:;?;‘;: Opco&e Reg Reg/Lit Modes Ext'd Op Reg/Lit
Memory Acgsi_.s:r: Opcode Reg Base M X Offset
Memory Acclf:rs‘; Opcode Reg Base Mode Scale XX foset

Displacement

270565-3

Figure 3. Instruction Formats
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Table 1. 80960KB Instruction Set
Data Movement Arithmetic Logical Bit and Bit Field
Load Add - And Set Bit
Store Subtract Not And Clear Bit
Move Multiply And Not Not Bit
Load Address Divide Or Check Bit
Remainder Exclusive Or Alter Bit
Modulo Not Or Scan For Bit
Shift Or Not Scan Over Bit
Exclusive Nor Extract
Not Modify
Nand .
Rotate
Comparison Branch Call/Return Fault
Compare Unconditional Branch Call Conditional Fault
Conditional Compare Conditional Branch Call Extended Synchronize Faults
Compare and Increment | Compare and Branch Call System
Compare and Decrement Return

Branch and Link

Debug

Miscellaneous

Decimal

Floating Point

Modify Trace Controls
Mark
Force Mark

Atomic Add

Atomic Modify

Flush Local Registers
Modify Arithmetic Controls
Scan Byte for Equal

Test Condition Code
Modify Process Controls

Decimal Move

Decimal Add with Carry
Decimal Subtract with
Carry

Move Real
Add
Subtract
Multiply
Divide
Remainder
Scale
Round
Square Root
Sine

Cosine
Tangent
Arctangent
Log

Log Binary
Log Natural
Exponent
Classify
Copy Real Extended
Compare

Synchronous

Conversion

Synchronous Load
Synchronous Move

Convert Real to Integer
Convert Integer to Real
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4.

Simple Instruction Formats. All instructions in
the 80960KB are 32 bits long and must be
aligned on word boundaries. This alignment
makes it possible to eliminate the instruction
alignment stage in the pipeline. To simplify the
instruction decoder, there are only five instruction
formats; each instruction uses only one format.
(See Figure 3.)

. Overlapped Instruction Execution. Load oper-

ations allow execution of subsequent instructions
to continue before the data has been retumed
from memory, so that these instructions can
overlap the load. The 80960KB manages this
process transparently to software through the
use of a register scoreboard. Conditional instruc-
tions also make use of a scoreboard so that sub-
sequent unrelated instructions may be executed
while the conditional instruction is pending.

. Integer Execution Optimization. When the re-

sult of an arithmetic execution is used as an oper-
and in a subsequent calculation, the value is sent
immediately to its destination register. Yet at the
same time, the value is put on a bypass path to
the ALU, thereby saving the time that otherwise
would be required to retrieve the value for the
next operation.

. Bandwidth Optimizations. The 80960KB gets

optimal use of its memory bus bandwidth be-
cause the bus is tuned for use with the on-chip
instruction cache: instruction cache line size
matches the maximum burst size for instruction
fetches. The 80960KB automatically 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 need-
ed instructions in the program flow, the 80960KB
is relatively insensitive to memory wait states.
The benefit is that the 80960KB delivers out-
standing performance even with a low cost mem-
ory system.

. Cache Bypass. If a cache miss occurs, the proc-

essor fetches the needed instruction then sends
it on to the instruction decoder at the same time it
updates the cache. Thus, no extra time is spent
to load and read the cache.

1.1.1 MEMORY SPACE AND ADDRESSING

MODES

The 80960KB offers a linear programming environ-
ment so that all programs running on the processor
are contained in a single address space. Maximum
address space size is 4 Gigabytes (232 bytes).

For ease of use the 80960KB has a small number of
addressing modes, but includes all those necessary
to ensure efficient execution of high-level languages
such as C. Table 2 lists the modes.

80960KB

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

® Scale-Factoris 1, 2, 4, 8 or 16

1.1.2 DATA TYPES
The 80960KB recognizes the following data types:

Numeric:

® 8-, 16-, 32- and 64-bit ordinals

® 8-, 16-, 32- and 64-bit integers
. 32-, 64-, and 80-bit real numbers

Non-Numeric:

* Bit

¢ Bit Field

e Triple Word (96 bits)
e Quad-Word (128 bits)

1.1.3 LARGE REGISTER SET

The 80960KB programming environment includes a
large number of registers. In fact, 32 registers are
available at any time. The availability of this many
registers greatly reduces the number of memory ac-
cesses required to perform algorithms, which leads
to greater instruction processing speed.

There are two types of general-purpose registers:
local and global. The global registers consist of six-
teen 32-bit registers (GO though G15) and four 80-bit
registers (FPO through FP3). These registers per-
form the same function as the general-purpose reg-
isters provided in other popular microprocessors.
The term global refers to the fact that these regis-
ters retain their contents across procedure calls.
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The local registers, on the other hand, are proce-
dure specific. For each procedure call, the 80960KB
allocates 16 local registers (RO through R15). Each

" local register is 32 bits wide. Any register can also
be used for single or double precision floating point
operations; the 80-bit floating point registers are pro-
vided for extended precision.

1.1.4 MULTIPLE REGISTER SETS

To further increase the efficiency of the register set,
multiple sets of local registers are stored on-chip
(see Figure 4). This cache holds up to four local reg-
ister frames, which means that up to three proce-
dure calls can be made without having to access the
procedure stack resident in memory.

Although programs may have procedure calls nest-
ed many calls deep, a program typically oscillates
back and forth between only two to three levels. As
a result, with four stack frames in the cache, the
probability of having a free frame available on the
cache when a call is made is very high. In fact, runs
of representative C-language programs show that
80% of the calls are handled without needing to ac-
cess memory.

If four or more procedures are active and a new pro-
cedure is called, the 80960KB moves the oldest lo-
cal register set in the stack-frame cache to a proce-

. dure stack in memory to make room for a new set of
registers. Global register G15 is the frame pointer
(FP) to the procedure stack.

intel.

Global and floating point registers ‘are not ex-
changed on a procedure call, but retain their con-
tents, maklng them available to all procedures for

fast parameter passing.

1.1.5 iNSTRUCTION CACHE

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

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

Code for small loops often fits entirely within the
cache, Ieading 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 on the procedure’s retum.

REGISTER
ONE OF FOUR CACHE
LOCAL

REGISTER SETS

LOCAL REGISTER SET

Ris

31 ’ 0
) 270565-4

Figure 4. Multiple Register Sets Are Stored On-Chip
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1.1.6 REGISTER SCOREBOARDING

The instruction decoder is optimized in several ways.
One optimization method is the ability to overlap in-
structions by using register scoreboarding.

Register scoreboarding occurs when a LOAD moves

a variable from memory into a register. When the -

instruction initiates, a scoreboard bit on the target
register is.set. Once the register is loaded, the bit is
reset. In between, any reference to the register con-
tents is accompanied by a test of the scoreboard bit
to ensure that the load has completed before pro-
cessing continues. Since the processor does not
need to wait for the LOAD to complete, it can exe-
cute additional instructions placed between the
LOAD and the instruction that uses the register con-
tents, as shown in the following example:

1d data_.2, r4

14 data.2, r5
Unrelated instruction
Unrelated instruction
add R4, R5, R6

In essence, the two unrelated instructions between

LOAD and ADD are executed “‘for free” (i.e., take no .

apparent time to execute) because they are execut-
ed while the register is being loaded. Up to three
load instructions can be pending at one time with
three corresponding scoreboard bits set. By exploit-
ing this feature, system programmers and compiler
writers have a useful tool for optimizing execution
speed.

1.1.7 FLOATING POINT ARITHMETIC

In the 80960KB, 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 addi-
tional bus overhead is associated with floating point
calculations, thereby leaving more time for other bus
operations such as 1/0. Second, the cost of using
floating point operations is reduced because a sepa-
rate coprocessor chip is not required.

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

'80960KB

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 (u.s) at 25 MHz b

Function 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 3.7 3.9
Arctangent 10.1 © 134
Exponent 113 125
Sine 15.2 16.6
Cosine 15.2 16.6

1.1.8 HIGH BANDWIDTH LOCAL BUS

The 80960KB 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 I/0 sub-
system interfaces. The processor uses the L-Bus to
fetch instructions, manipulate memory and respond
to interrupts. L-Bus features include:

® 32.bit multiplexed address/data path

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

¢ High bandwidth reads and writes with
66.7 MBytes/s burst (at 25 MHz)

Table 4 defines L-bus signal names and functions;
Table 5 defines other component-support signals
such as interrupt lines.
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1.1.9 INTERRUPT HANDLING

The 80960KB can be interrupted in two ways: by the
activation of one of four interrupt pins or by sending
a message on the processor’s data bus.

The 80960KB is unusual in that it automatically han-
dles interrupts on a priority basis and can keep track
of pending interrupts through its on-chip interrupt
‘controller. Two of the interrupt pins can be confl-
gured to provide 8259A-style handshaking for ex-
pansion beyond four interrupt lines.

1.1.10 DEBUG FEATURES

The 80960KB has built-in debug capabilities. There
are two types of breakpoints and six trace modes.
Debug features are controlled by two intemal 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 execu-
tion.

The 80960KB provides two hardware breakboint
registers on-chip which, by using a special com-

mand, can be set to any value. When the instruction

pointer matches either breakpoint register value, the
breakpoint handling routine is automatically called.

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

Tracing is available for instructions (single step exe-
cution), calls and returns and branching. Each trace
type may be enabled separately by a special debug
instruction, In each case, the 80960KB executes the
instruction first and then calls a trace handling rou-
tine (usually part of a software debug monitor). Fur-
ther program execution is halted until the routine
completes, at which time execution resumes at the
next instruction. The 80960KB’s tracing mecha-
nisms, implemented completely in hardware, greatly
simplify the task of software test and debug.
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The 80960KB has an automatic mechanism to han-
dle faults. Fault types include floating point, trace
and arithmetic faults. When the processor detects a
fault, it automatically calls the appropriate fault han-
dling routine and saves the current instruction point-
er and necessary state information to make efficient
recovery possible. Like interrupt handling routines,
fault handling routines are usually written to meet
the needs of specific applications and are often in-
cluded as part of the operating system or kernel.

~ 1.1.11 FAULT DETECTION

For each of the fault types, there are numerous sub-
types that provide specific information about a fault.
For example, a floating point fault may have the sub-
type set to an Overflow or Zero Divide fault. The
fault handler can use this specific information to re-
spond correctly to the fault.

1.1.12 BUILT-IN TESTABILITY

Upon reset, the 80960KB automatically conducts an
exhaustiveé 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 memory image was programmed
correctly If a problem is discovered at any point dur-

'|ng the self-test, the 80960KB asserts its FAILURE

pin and will not begin program execution. Self test
takes approximately 47,000 cycles to complete.

System manufacturers can use the 80960KB’s self-
test feature during incoming parts inspection. No
special diagnostic programs need to be written. The
test is both thorough and fast. The self-test capabili-
ty helps ensure that defective parts are discovered
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
resulting from other causes.

1.1.13 CHMOS

' Thé 80960KB is fabricated using Intel’'s CHMOS IV
(Complementary High Speed Metal Oxide Semicon-

ductor) process. The 80960KB is currently available
in 16, 20 and 25 MHz versions.
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Table 4. 80960KB Pin dewﬂptlon: L-Bus Signals
Name Type Description

CLK2 | SYSTEM CLOCK provides the fundamental timing for 80960KB systems. It is divided
by two inside the 80960KB and four 80-bit registers (FPO through FP3) to generate
the internal processor clock.

LAD31:0 110 LOCAL ADDRESS/DATA BUS carries 32-bit physical addresses and data to and
T.S. from memory. During an address (Tq) cycle, bits 2-31 contain a physical word
address (bits 0-1 indicate SIZE; see below). During a data (Tq) cycle, bits 0-31
contain read or write data. These pins float to a high impedance state when not

active.
Bits 0-1 comprise SIZE during a T4 cycle. SIZE specifies burst transfer size in words.
LAD1 LADO
0 0 1 Word
0 1 2 Words
1 0 3 Words
1 1 4 Words
ALE 0 ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is

T.S. | asserted during a T cycle and deasserted before the beginning of the Ty state. It is
active LOW and floats to a high impedance state during a hold cycle (Tp).

ADS 0 ADDRESS/DATA STATUS indicates an address state. ADS is asserted every Ty
O.D. | state and deasserted during the following Ty state. For a burst transaction, K%S is
asserted again every Tq state where REA

Y was asserted in the previous cycle.

W/R (0] WRITE/READ specifies, during a T4 cycle, whether the operation is a write or read. It
0O.D. | islatched on-chip and remains valid during T4 cycles.
DT/R (0] DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the

0.D. | L-Bus.Itislow during Tq and Tq cycles for a read or interrupt acknowledgment; it is
high during Tq and T4 cycles for a write. DT/R never changes state when DEN is
asserted.

READY | READY indicates that data on LAD lines can be sampled or removed. If READY
is not asserted during a T4 cycle, the T4 cycle is extended to the next cycle by
inserting a wait state (T,y) and ADS is not asserted in the next cycle.

LOCK . 1/0 BUS LOCK prevents bus masters from gaining control of the L-Bus during Read/
0.D. | Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK.

At the start of a RMW operation, the processor examines the LOCK pin. If the pin is
already asserted, the processor waits until it is not asserted. If the pin is not asserted,
the processor asserts LOCK during the Ty cycle of the read transaction. The
processor deasserts LOCK in the T, cycle of the write transaction. During the time
LOCK is asserted, a bus agent can perform a normal read or write but not a RMW
operation. -

The processor also asserts LOCK during interrupt-acknowledge transactions. Do not
leave LOCK.unconnected. It must be pulled high for the processor to function
properly.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State
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Table 4. 80960KB Pin Description: L-Bus Signals (Continued)

Type

Description

O.D.

_BYTE ENABLE LINES specify the data bytes (up to four) on the bus which are used in

the current bus cycle. BE3 corresponds to LAD31:24; BEO corresponds to LAD7:0.

The byte enables are provided in advance of data:

¢ Byte enables asserted during T, specify the bytes of the first data word.

® Byte enables asserted during Ty specify the bytes of the next data word, if any (the
word to be transmitted following the next assertion of READY).

Byte enables that occur during T4 cycles that precede the last assertion of READY are
undefined. Byte enables are latched on-chip and remain constant from one Ty cycle to
the next when READY is not asserted.

For reads, byte enables specify the byte(s) that the processor will actually use. L-Bus
agents are required to assert only adjacent byte enables (e.g., asserting just BEO and
BE2 is not permitted) and are required to assert at least one byte enable. Address bits
Ag and A4 can be decoded externally from the byte enables.

HOLD

HOLD: A request from an external bus master to acquire the bus. When the processor
receives HOLD and grants bus control to another master, it floats its three- state bus
lines and open-drain control lines, asserts HLDA and enters the Ty, state. When HOLD
deasserts, the processor deasserts HLDA and enters the T; or T, state.

HLDA

o
T.S.

HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has
relinquished control of the bus.

CACHE

(0]
T.S.

CACHE indicates when an access is cacheable during a T cycle. It is not asserted
during any synchronous access, such as a synchronous load or move instruction used
for sending an IAC message. The CACHE signal floats to a high impedance state
when the processor is idle. )

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State

.

Table 5. 80960KB Pin Description: Support Signals

Name Type Description

BADAC | BAD ACCESS, if asserted in the cycle following the one in which the last READY of a
transaction is asserted, indicates an unrecoverable error occurred on the current bus
transaction or a synchronous load/store instruction has not been acknowledged.
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 processor’s‘iniemal logic and causes it to reinitialize.

During RESET assertion, the input pins are ignored (except for BADAC and 1AC/INT),
the three-state output pins are placed in a high impedance state and other output pins
are placed in their non-asserted states.

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 extemal bus clock and before the next rising edge of CLK2.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T. S = Three-State
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Table 5. 80960KB Pin Description: Suppbrt Signals (Continued)

Name

Type

Description

FAILURE

o
0O.D.

INITIALIZATION FAILURE indicates that the processor did not initialize correctly.
After RESET deasserts and before the first bus transaction begins, FAILURE
asserts while the processor performs a self-test. If the self-test completes
successfully, then FAILURE deasserts. The processor then performs a zero
checksum on the first eight words of memory. If it fails, FAILURE asserts for a
second time and remains asserted. If it passes, system initialization continues and
FAILURE remains deasserted.

INTERAGENT COMMUNICATION REQUEST/INTERRUPT 0 indicates an IAC
message or an interrupt is pending. The bus interrupt control register determines
how the signal is 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 asserted for at least two more bus cycles.

During system reset, this signal must be in the logic high condition to enable
normal processor operation. The logic low condition is reserved.

INT4

INTERRUPT 1, like INT, provides direct interrupt signaling.

INTERRUPT 2/INTERRUPT REQUEST: The interrupt control register determines

INT2/INTR

interrupt controller.

how this pin is interpreted. If INT, it has the same interpretation as the INTq and
INT4 pins. If INTR, it is.used to receive an interrupt request from an external

INT4/INTA | 170

INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus mterrupt control register
0.D. | determines how this pin is mterEreted If INT3, it has the same interpretation as the
TNTo INT4 and INT> pins. If INTA, itis used as an output to control |nterrupt-
acknowledge transactions. The INTA output is latched on-chip and remains valid
during Tq cycles; as an output, it is open-drain.

N.C. N/A

NOT CONNECTED indicates pins should not be connected. Never connect any pin
marked N.C. as these pins may be reserved for factory use.

1/0 = Input/Output, O = Output, | = Input, O.D. = Open Drain, T.S. = Three-State

2.0 ELECTRICAL SPECIFICATIONS

2.1 Power and Grounding

The 80960KB is implemented in CHMOS IV technol-
ogy and therefore has modest power requirements.
Its high clock frequency and numerous output buff-
ers (address/data, control, error and arbitration sig-
nals) can cause power surges as multiple output
buffers simultaneously drive new signal levels. For
clean on-chip power distribution, Vgc and Vsg pins
separately feed the device’s functional units. Power
and ground connections must be made to all
80960KB power and ground-pins. On the circuit

board, all Vg pins must‘ be strapped closely togeth-
er, preferably on a power plane; all Vgg pins should
be strapped together, preferably on a ground plane.

2.2 Power Decoupling
Recommendations

Place a liberal amount of decoupling capacitance -
near the 80960KB. When driving the L-bus the proc-
essor can cause transient power surges, particularly
when connected to a large capacitive load.
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Low inductance capacitors and interconnects are
recommended for best high frequency electrical per-
formance. Inductance is reduced by shortening
board traces between the processor and decoupling
capacitors as much as possible.

2.3 Connection Recommendations

For reliable operation, always connect unused in-
puts to an appropriate signal level. In particular, if
one or more interrupt lines are not used, they should
be pulled up. No inputs should ever be left floating.

All open-drain outputs require a pullup device. While
in most cases a simple pullup resistor is adequate, a
network of pullup and pulldown resistors biased to a
valid V|4 (>3.0V) and terminated in the characteris-
tic impedance of the circuit board is recommended
to limit noise and AC power consumption. Figure 5
and Figure 6 show recommended values for the re-
sistor network for low and high current drive, assum-
ing a characteristic impedance of 100Q. Terminating
output signals in this fashion limits signal swing and
reduces AC power consumption. -

NOTE:
Do not connect external logic to pins marked N.C.

intel.

Open-Drain Output
Vee
1800
3900
270565-6
High Drive Network:

VoH = 3.4V
loL = 25.3 mA .

Open Drain Output
Vee

2200

3300

270565-5

Low Drive Network:
VoH = 3.0V
loL = 20.7 mA

Figure 5. Connection Recommendations for
Low Current Drive Network
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Figure 6. Connection Recommendations for
High Current Drive Network

2.4 Characteristic Curves

Figure 7 shows typical supply current requirements
over the operating temperature range of the proces-
sor at supply voltage (Vcc) of 5V. Figure 8 and Fig-
ure 9 show the typical power supply current (Icc)
that the 80960KB requires at various operating fre-
quencies when measured at three input voltage
(Vcc) levels and two temperatures.

For a given output current (Io) the curve in Figure
10 shows the worst case output low voltage (Vor).
Figure -11 shows the typical capacitive derating
curve for the 80960KB measured from 1.5V on the
system clock (CLK) to 1.5V on the falling edge and
1.5V on the rising edge of the L-Bus address/data
(LAD) signals.
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Figure 7. Typical Supply Current vs Case Temperature
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Figure 8. Typical Current vs Frequency (Room Temp)
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Temp = +22°C
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Figure 9. Typical Current vs Frequency (Hot Temp)
(Temp = +85°C, Vgc = 4.5V) . (Temp = +85°C, Vg = 4.5V)
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Figure 10. Worst-Case Voltage vs Output Current Figure 11. Capacitive Derating Curve

on Open-Drain Pins
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2.5 Test Load Circuit

Figure 12 illustrates the load circuit used to test the
80960KB’s three-state pins; Figure 13 shows the
load circuit used to test the open drain outputs. The
open drain test uses an active load circuit in the form
of a matched diode bridge. Since the open-drain out-
puts sink current, only the I legs of the bridge are
necessary and the lpy legs are not used. When the
80960KB driver under test is turned off, the output
pin is pulled-up to VRgr (i.e., Vou). Diode Dy is
turned off and the Ig current source flows through
diode Dj.

When the 80960KB open-drain driver under test is
on, diode D4 is also on and the voltage on the pin
being tested drops to V. Diode Do turns off and
lop flows through diode Dy.

80960KB
Three-State Output
o |
270565-12

NOTE:
CL = 50 pF for all signals

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

Open-Drain Output
. loL

Dy

Pp}——o0

° i<
:
NOTES:

loL Tested at 256 mA
VRer = Voc

D4 and Dy are matched
CL = 50 pF for all signals

270565-13

Figure 13. Test Load Circuit for
Open-Drain Output Pins
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3.0 ABSOLUTE MAXIMUM RATINGS NOTICE: This is a production data sheet. The specifi-
o . cations are subject to change without.notice.
Pefating Temperature Cio +85°CCase ' WARNING: Stressing the device beyond the “Absolute
PQFP .. ... 6°C 1o +100°C Case Maximum Ratings” may cause permanent damage.
"""""""""" These are stress ratings only.. Operation beyond the
Storage Temperature .......... —65°Cto +150°C “Operating Conditions” is not recommended and ex-
T —o. + 0. tended exposure beyond the “Operating Cand/t/ons"
Voltage en Any Pin 0.5Vto Vg + 0.5V may affect device re jabilty.
Power Dissipation ................. 2.5W (25 MHz)

3.1 DC Characteristics

PGA: 80960KB (16 MHz) Tcase = 0°C to +85°C, Voc = 5V £10%
80960KB (20 and 25 MHz) Tcase = 0°C to +85°C, Vg = 5V +5%

PQFP: 80960KB (16 MHz) Tcase = 0°C to +100°C, Vg = 5V £10%
80960KB (20 and 25 MHz) Tcage = 0°C to +100°C, Vog = 5V +5%

Table 6. DC Characteristics

Symbol Parameter Min Max Units ‘ Notes
ViL Input Low Voltage - -0.3 +0.8 \
ViH Input High Voltage 2.0 Vee + 0.3 v
VoL CLK2 Input Low Voltage -0.3 +0.8 '
VeH CLK2 Input High Voltage 0.55 Vgg Ve + 0.3 v
VoL Output Low Voltage . 0.45 v (1,2
Vo Output High Voltage 24 LV (3,4)
lcc Power Supply Current:
16 MHz ) 315 mA (5)
20 MHz 360 mA (5)
25 MHz - 420 mA (5)
I Input Leakage Current +15 HA 0<VpN<Vcc
ILo Output Leakage Current +15 HA 0.45 < Vp < Vo
Cin Input Capacitance 10 pF fc = 1 MHz(6)
. Co Output Capacitance 12 pF fc = 1 MHz(6)
CoLk Clock Capacitance 10 pF - fc = 1 MHz(6)
NOTES:
1. For three-state outputs, this parameter is measured at:
AQArESSS/DALA . . . . ettt e e e 4.0 mA
(040 5.0 mA
2. FOr open-arain OUIPULS . ... ...ttt ittt ettt ettt st et et aae e iinee e ranaeens 25 mA
3. This parameter is measured at:
Address/Data

Controls ..... .. .. ..
7

4. Not measured on open-drain outputs.

5. Measured at worst case frequency, Vgc and temperature with devace operating and outputs loaded to the test conditions
in Figures 12 and 13. Figure 7, Figure 8 and Figure 9 indicate typical values.

6. Input, output and clock capacitance are not tested. \
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3.2 AC Specifications ‘ For input timings the specifications refer to the time

A at which the signal reaches (for input setup) or
This section describes the AC specifications for the  leaves (for hold time) the TTL levels of LOW (0.8V)
80960KB pins. All input and output timings are spec-  or HIGH (2.0V). All AC testing should be done with
ified relative to the 1.5V level of the rising edge of  input voltages of 0.4V and 2.4V, except for the clock
CLK2. For output timings the specifications refer to ~ (CLK2), which should be tested with input voltages

the time it takes the signal to reach 1.5V. of 0.45V and 0.55 Vcc.
EDGE A B ¢ D A B c
CLK2 1.5\/-7 1.5V 1.5V 1.5V Z
0.8V —»> :

OUTPUTS:

LAD31:0 Ts Ty —»

W/R, BEN \s\\\\\\ \

BE3:0 N 1.5V VALID OUTPUT 1.5V \\

HLDA \\\ k

CACHE

TOCK, INTA . e Tg —|

le—Tg T3 Tis
ALE 1.5V 1.5\7z
| K
P TG 4—-79 —]
DT/R \\\\\X\\\ W VALID QUTPUT 1.5V \
| To | ™1

INPUTS: ‘

TAC/INTO, INT1 N - 0.8V \o 8v

INT2/INTR, INT3 T

| Ttz T“ VAL|D INPUT

- AN\ ;::}\\\\

Figure 14. Drive Levels and Timing Relationships for 80960KB Signals

¢

270565-14
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3.2..1 AC SPECIFICATION TABLES
Table 7. 80960KB AC Characteristics (16 MHz)

Symbol Parameter | Min ‘ Max | Units | Notes

INPUT CLOCK ‘ ‘

T4 Processor Clock Period (CLK2) 31.25 | 125 ns | ViN=15V

To Processor Clock Low Time (CLK2) 8 ns | ViL = 10% Point = 1.2V

T3 Processor Clock High Time (CLK2) | 8 ns ViH = 90% Point = 0.1V + 0.5 Vg

Ty Processor Clock Fall Time (CLK2) 10 ns | ViN = 90% Point to 10% Point(1)

Ts Processor Clock Rise Time (CLK2) 10 | ns ViN = 10% Point to 90% Point(1)

SYNCHRONOUS OUTPUTS ‘

Te Output Valid Delay 2 25 ns

TeH HLDA Output Valid Delay 4 28 ns

T7 ALE Width 15 | ns

Tg ALE Output Valid Delay 2 18 ns

To Output Float Delay 2 20 ns | (2

ToH HLDA Output Float Delay 4 20 ns | (2

SYNCHRONOUS INPUTS

Tio Input Setup 1 3 ns | (3)

T1q Input Hold 5 ns | (3)

T1H HOLD Input Hold \ 4. ns | (3)

Ti2 Input Setup 2 ' ‘ 8 ns | (3)

T3 Setup to ALE Inactive 10 ns

Ti4 Hold after ALE Inactive 8 ns

T1s5 Reset Hold ) 3 ns | (3)

Tie Reset Setup : 5 ns | @3

T1i7 Reset Width 1281 ns |41 CLK2 Periods Minimum
NOTES:

1. Clock rise and tall times are not tested.

2. A float condition occurs when the maximum output current becomes less than I o. Float delay is not tested however, it
should not be longer than. the valid delay.

3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous mputs TAC/INTo, INT4, INT2/INTR and 'W'Ta may be
synchronous or asynchronous.
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Table 8. 80960KB AC Characteristics (20 MHz)

Symbol | Parameter ] Min ] Max | Units L Notes

INPUT CLOCK \

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

To Processor Clock Low Time (CLK2) ns | VjL = 10% Point = 1.2V

T3 Processor Clock High Time (CLK2) ns | V)4 = 90% Point = 0.1V + 0.5 Vgc
Ts Processor Clock Fall Time (CLK2) 10 ns | Vin = 90% Pointto 10% Point(1)
Ts Processor Clock Rise Time (CLK2) 10 ns | Viy = 10% Pointto 90% Point(1)

SYNCHRONOUS OUTPUTS

Te Output Valid Delay 20 ns

TeH HLDA Output Valid Delay 23 ns

Ty ALE Width 12 ns

Tg ALE Output Valid Delay 18 ns

Ty Output Float Delay 20 ns | (2

ToH HLDA Output Float Delay 4 20 ns | (2

SYNCHRONOUS INPUTS

T10 Input Setup 1 3 . ns | (3)

T11 Input Hold 5 ns | (3)

T11H HOLD Input Hold 4 ns | (3)

Ti2 Input Setup 2 7 ns 3)

Ti3 Setup to ALE Inactive 10 ns

T4 Hold after ALE Inactive 8 ns

T1is Reset Hold 3 ns

Tis Reset Setup 5 ns

Ti7 Reset Width 1025 ns | 41 CLK2 Periods Minimum
NOTES:

1. Clock rise and fall times are not tested.
2. A float condition occurs when the maximum output current becomes less than | o. Float delay is not tested; however, it
should not be longer than the valid delay.
3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous inputs. TAC/INTg, INT4, |NT2/INTR and INT3 may be
synchronous or asynchroncous.
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Table 9. 80960KB AC Characteristics.(25 MHz)

Symbol Parameter l Min | Max [ Units I ' Notes

INPUT CLOCK

T4 Processor Clock Period (CLK2) 20 | 125 ns | ViN= 1.5V

Ta Processor Clock Low Time (CLK2) 5 ns | ViL = 10% Point = 1.2V

T3 Processor Clock High Time (CLK2) | 5 ns. | V4 = 90% Point = 0.1V + 0.5 Vgc

T4 Processor Clock Fall Time (CLK2) 10 ns | ViN = 90% Point to 10% Point(1)

Ts Processor Clock Rise Time (CLK2) 10 ns | Vi = 10% Point to 90% Point(1)

SYNCHRONOUS OUTPUTS

Te Output Valid Delay 2 18 ns

TeH HLDA Output Valid Delay 4 23 ns

Ty ALE Width 12 ns

Ts ALE Output Valid Delay 2 18 ns

Tg Output Float Delay 2 18 ns @)

ToH HLDA Output Float Delay 4 20 ns 2)

SYNCHRONOUS INPUTS

T10 Input Setup 1 3 ns | (3)

T11 Input Hold 5 ns 3)

T11H HOLD Input Hold 4 ns

T2 Input Setup 2 7 ns

T3 Setup to ALE Inactive 8 ns

T4 Hold after ALE Inactive 8 ns

T15 Reset Hold 3 ns

T16 Reset Setup 5 ns

Tq7 Reset Width - 820 ns | 41 CLK2 Periods Minimum
NOTES:

1. Clock rise and tall times are not tested.

2. A float condition occurs when the maximum output current becomes less than I . Float delay is not tested; however it
should not be longer than the valid delay.

3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous inputs. TAC/INTo, INT4, INT2/INTR and INT3 may be
synchronous or asynchronous.
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HIGH LEVEL (MIN) 0.55Vee

1.5V

LOW LEVEL (MAX) 0.8V

270565-15
Figure 15. Processor Clock Pulse (CLK2)
FIRST
A B [ D A
[ X N ]
CLk2 4_/,_\_/_ \_/_\_/_\_/_\_/_\_/_
[ X X ]
ax ™\ —  — — ,__\-
Tis | Tie
[ N N )
Reser | / N\
I Ty
oUTPUTS N\ eee
INIT PARAMETERS (BADAC,
INT/1AC) MUST BE SET UP 8 CLOCKS
PRIOR TO THIS CLK2 EDGE
INIT PARAMETERS MUST BE HELD
BEYOND THIS CLK2 EDGE - 27056516

NOTES:
Ti5 = RESET HOLD
Tig = RESET SETUP ol
Ti7 = RESET WIDTH

Figure 16. RESET Signal Timing
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3.3 Mechanical Data

3.3.1 PACKAGING

The 80960KB is available in two package types:

e 132-lead ceramic pin-grid array (PGA). Pins are
arranged 0.100 inch (2.54 mm) center-to-center,
in a 14 by 14 matrix, three rows around (see Fig-
ure 17).

132-lead plastic quad flat pack (PQFP). This
package uses fine-pitch gull wing leads arranged
in a single row along the package perimeter with
0.025 inch (0.64 mm) spacing (see Figure 20).

Dimensions for both package types are given in the
Intel Packaging handbook (Order #240800).

3.3.2 PIN ASSIGNMENT

The PGA and PQFP have different pin assignments.
Figure 18 shows the view from the PGA bottom (pins
facing up) and Figure 19 shows a view from the PGA

" top (pins facing down). Figure 20 shows the PQFP

package; Figure 21 shows the PQFP pinout with sig-
nal names. Notice that the pins are numbered in or-
der from 1 to 132 around the package perimeter.
Table 10 and Table 11 list the function of each PGA
pin; Table 12 and Table 13 list the function of each
PQFP pin. ‘

N
46@@@@@@@@@@@@@ %
| PEPPEEPEPEPPEPPO® §
| PEPEPEPEPEPPEPEPPEOE®® §
1 KOJOJIO PO® §
s|@@® PO® \
| eO® PO® §
|e@® PO® §
| @@ ® 0JOIO : ‘§
|lee® 0YoJO §
o|®®® PO® §
1 EE® PO® §
1 FoYoJoJoJoxoJoJoxoJoJoXoIo1o) §
3EEEEPEPEPEPEPEOEOEE®®® §
| PEPPPPPEEPPPOO®® §

A B C D E F G H J K L M N P
270565-17

>—

Figure 17. 132-Lead Pin-Grid Array (PGA) Package
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Figure 18. 80960KB PGA Pinout—View from Bottom (Pins Facing Up)
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Figure 19. 80960KB PGA Pinout—View from Top (Pins Facing Down)

270565-20

Figure 20. 80960KB 132-Lead Plastic Quad Flat-Pack (PQFP) Package
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Figure 21. PQFP Pinout—View from Top
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3.4 Pinout
Table 10. 80960KB PGA Pinout—iIn Pin Order
Pin Signal Pin Signal Pin Signal Pin Signal
Al Vee C6 | LADgy H1 W/R M10 ‘Vss
A2 Vss c7 LAD3 H2 BEp M11 Vee
A3 LADg cs LADg H3 LOCK M12 N.C.
A4 LADy7 C9 LAD3 H12 N.C. M13 N.C.
A5 LAD1g C10 | Ve ~ H13 N.C. M14 N.C.
A6 LAD14 C11 Vss H14 N.C. N1 Vss
A7 LAD14 Ci12 | INT4/INTA J1 DT/R N2 N.C.
A8 LADg C13 | INTy J2 BE» N3 N.C.
A9 LAD; Ci14 | TAC/INTg J3 Vss N4 N.C.
A10 | LADs D1 ALE T J12 N.C. N5 N.C.
A1 LAD,4 D2 ADS J13 | NC. N6 N.C.
A12 | LAD, D3 HLDA J14 N.C. N7 N.C.
A13 | INT2/INTR D12 | Vgo K1 BE3 N8 N.C.
A4 | Vce D13 | NC. K2 FAILURE N9 N.C.
B1 LADg3 D14 | NC. K3 Vss N10 N.C.
B2 LAD24 E1 LAD2g K12 Vee N11 N.C.
B3 LAD, E2 LAD2g K13 N.C. N12 N.C.
B4 LAD», E3 LAD27 K14 N.C. N13 N.C.
B5 LAD;g E12 | NC. L1 DEN N14 N.C.
B6 LAD4s E13 | Vss L2 N.C. P1 Vee
B7 LAD;2 E14 | NC. L3 Vee P2 N.C.
B8 LAD1g F1 LAD2g L12 Vss P3 N.C.
B9 LADg F2 LADg4 L13 | NC. P4 N.C.
B10 | LAD, F3 CACHE L14 N.C. P5 N.C.
B11 | CLK2 F12 | NC. M1 N.C. P6 N.C.
B12 | LADg F13 N.C. M2 Veo P7 N.C.
B13 | RESET F14 | NC. M3 Vss P8 N.C.
B14 Vss G1 LAD3g M4 Vss P9 N.C.
C1 HOLD G2 READY M5 Vee P10 N.C.
C2 LADys G3 BE;, M6 N.C. P11 N.C.
C3 BADAC G12 | NC. M7 N.C. P12 N.C.
C4 Vee G13 N.C. M8 N.C. P13 Vss
C5 Vss G14 | NC. M9 N.C. P14 Vee
NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 11. 80960KB PGA Pinout—In Signal Order !

Signal Pin Signal Pin Signal Pin Signal Pin
ADS D2 LAD15 B6 N.C. J14 N.C. P9
ALE D1 LADg A5 N.C. K13 N.C. P10
BADAC c3 LAD17 A4 N.C. K14 N.C. P11
BE, | m2 LAD;g B5 N.C. L13 N.C. P12
BE, G3 LAD1g A3 N.C. L14 N.C. L2
BE; J2 LAD2g C6 N.C. M1 READY G2
BEs K1 LAD»1 B4 N.C. M6 RESET B13
CACHE F3 | | LADg B3 N.C. M7 Voo A1
CLK2 B11 LADy3 B1 N.C. M8 Vee A4
DEN L1 LADo4 B2 N.C. M9 Vee ca
DT/R ] LAD25 c2 N.C. M12 Vee c10
FAILURE K2 LAD2g E2 N.C. M13 Ve¢ | D12
HLDA D3 LAD,7 E3 N.C. M14 Vee K12
HOLD ct LADog E1 N.C. N2 Vee L3
TAC/INT, c14 LAD2g F1 N.C. N3 Vee M2
INT4 c13 LADs3o G1 N.C. N4 Vee M5
INTo/INTR | A13 LADg; F2 N.C. N5 Vee M11
INTo/INTA | c12 | | TLOCK H3 N.C. N6 Vee P1
LADo B12 N.C. D13 N.C. N7 Voe P14
LAD; - A12 N.C. D14 | N.C. N8 Vss A2 .
LAD, B10 N.C. E12 N.C. N9 Vss B14
LADg3 co N.C. E14 N.C. N10 Vss c5
LAD,4 A11 N.C. F12 N.C. N11 Vss C11
LADs A10 N.C. F13 N.C. N12 Vss E1
LADg B9 N.C. F14 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. G4 N.C. P3 Vss M3
LAD1o B8 N.C. H12 N.C. P4 Vss M4
LAD11 A7 N.C. H13 NC. . | P5 Vss M10
LAD;2 B7 | | NC H14 N.C. P6 Vss N1
LAD;3 c7 N.C. J12 N.C. P7 Vss P13
LAD14 A6 N.C. J13 N.C. P8 W/R H1

NOTE:

Do not connect any external logic to any pins marked N.C.
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Table 12. 80960KB PQFP Pinout—In Pin Order
Pin Signal Pin Signal Pin Signal Pin .Signal
1 HLDA 34 N.C. 67 | Vss 100 LADg
2 ALE 35 Veo 68 Vss 101 LAD¢
3 LAD2g 36 Vee 69 | NC. 102 LAD,
4 LAD7 37 N.C. 70 Vee 103 Vss
5 LAD2g 38 N.C. 7 Vece 104 LAD3
6 LAD2g 39 N.C. - 72 N.C. 105 LAD4
7 LAD30 40 N.C. 73 Vss 106 LADs
8 LAD34 41 Vee 74 Vee 107 LADg
9 Vss 42 Vss 75 N.C. 108 LAD7
10 CACHE 43 N.C. 76 N.C. 109 LADg
1 W/R 44 N.C. 77 N.C. 110 LADg
12 READY 45 N.C. 78 N.C. 111 LAD4q
13 DT/R 46 N.C. 79 | Vss 112 LADy¢
14 BE, 47 N.C. 80 Vss 113 LAD2
15 BE, 48 NC. 81 N.C. 114 Vss
16 BE; 49 N.C. 82 Vee 115 LADq3
17 BE3 _ 50 N.C. 83 Vee 116 LAD14
18 FAILURE 51 NC. - 84 | Vss 117 LAD1s
19 Vss 52 Vss 85 TAC/INTo 118 LADqg
20 [OCK 53 Vss 86 INT4 119 LAD47
21 DEN 54 N.C. 87 INT2/INTR 120 LAD1g
22 Vss 55 Vce 88 INT3/INTA 121 LADqg
23 Vss 56 Vce 89 N.C. 122 LAD2g
24 N.C. 57 Vss 90 Vss 123 LAD24
25 N.C. 58 N.C. 91 CLK2 124 LAD2»
26 Vss 59 N.C. 92 Vee 125 Vss
27 Vss 60 N.C. 93 RESET 126 LAD23
28 N.C. 61 N.C. 94 | NC. 127 LADog4
29 Vee 62 N.C. 95 | NC. 128 LAD2s
30. Veo 63 N.C. 96 N.C. 129 BADAC
31 N.C. 64 N.C. 97 N.C. 130 HOLD:
32 Vss 65 N.C. 98 | NC. 131 N.C.
33 " Vgs 66 N.C. 99 Vss 132 ADS
NOTE:
Do not connect any external logic to any pins marked N.C.
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Table 13. 80960KB PQFP Pinout—In Signal Order

Signal Pin Signal Pin Signal Pin 1 signal Pin
ADS 132 LAD;5 117 N.C. 49 Veo 41
ALE 2 LAD4g 118 NC. - 50 Voo 55
BADAC 129 LAD;7 119 N.C. 51 || Ve 56
BEo 14 LAD4g 120 N.C. 54 Vee 70
BE4 15 LAD4g 121 N.C. 58 Voo 71,
BEs 16 LAD2g 122 N.C. 59 Ve 74
BEs 17 LAD»4 123 N.C. 60 Vee 82
CACHE 10 LAD2o 124 N.C. 61 Veo 83
CLK2 91 LADy3 126 N.C. - 62 Ve 92
DEN 21 LADo4 127 N.C. 63 Vss 9
DT/R 13 LAD2s 128 N.C. 64 Vss 19
FAILURE 18 LAD2g 3 N.C, 65 Vss 22
HLDA 1 LAD; 4 N.C. 66 Vss 23
HOLD 130 LADgg 5 N.C. 69 Vss . 26
JAC/INT, 85 LADgg 6 N.C. 72 Vss 27
INT; 86 LAD3 7 N.C. 75 Vss 32
INT2/INTR | 87 LAD3; 8 N.C. 76 Vss 33
INT3/INTA 88 LOCK 20 N.C. 77 || Vss 42
LADg 100 N.C. 24 N.C. 78 Vss 52
LAD4 101 N.C. 25 N.C. 81 Vss . 53
LAD, 102 N.C. 28 N.C. 89 Vss 57
LADg 104 N.C. 31 N.C. 94 Vss 67
LAD,4 105 N.C. 34 N.C. 95 Vss 68
LADs 106 N.C. 37 N.C. 96 Vss 73
LADg 107 N.C. 38 N.C. 97 Vss 79
LADy7 108 N.C. 39 N.C. 98 Vss 80
LADg 109 N.C. 40 N.C. 131 Vss 84
LADg 110 N.C. 43 READY 12 Vgs 90
LAD1g 11 N.C. 44 RESET 93 Vss 99
LAD; 112 N.C. - 45 Ve 29 Vss 103
LADyp 113 N.C. 46 Vee © 30 Vss 114
LAD43 115 N.C. 47 Voo 35 Vss 125

- LAD14 116 N.C. 48 Vee 36 W/R 1
NOTE:

Do not connect any external logic to any pins marked N.C.
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3.4.1 PACKAGE THERMAL SPECIFICATION -

The 80960KB is specified for operation when case
temperatures within the range 0°C to 85°C (PGA) or
0°C to 100°C (PQFP). Measure case temperature at
the top center of the package. Ambient temperature
can be calculated from:

Ty=Tc +P*0,c
Ta=Ty+P*0ya
Tc=Ta + P*[0ja — 642l

Values for 6,4 and 6,¢ for various airflows are given
in Table 14 for the PGA package and in Table 15 for
the PQFP package. The PGA’s 64 can be reduced
by adding a: heatsink. For the PQFP, however, a
heatsink is not generally used since the device is
intended to be surface mounted.

. L
. intel.
Maximum allowable ambient temperature (Ta) per-
mitted without exceeding T¢ is shown by the graphs
in Figures 23, 24, 25 and 26. The curves assume the
maximum permitted supply current (Icc) at each

speed, Vgc of +5.0V and a Tcasg of +85°C (PGA)
or +100°C (PQFP).

If the 80960KB is to be used in a harsh environment
where the ambient temperature may exceed the lim-
its for the normal commercial part, consider using an
extended temperature device. These components
are designated by the prefix “TA” and are available
at 16, 20 and 25 MHz in the ceramic PGA package.
Extended operating temperature range is —40°C to
+125°C (case).

Figure 26 shows the maximum allowable ambient
temperature for the 20 MHz extended temperature
TAB80960KB at various airflows. The curve assumes,
an Igc of 420 mA, Vgc of 5.0V and a Tgasg of
+125°C.

Table 14. 80960KB PGA Package Thermal Characteristics

Thermal Resistance—°C/Watt

ly to board.

2.0ya = 64c + 6ca

3. 05.cap = 4°C/W (approx.)
04.pINn = 4°C/W (inner pins) (approx.)
0,.pIN = 8°C/W (outer pins) (approx.)

Airflow—ft./min (m/sec)
Parameter 0| 50 |°100 | 200 | 400 | 600 | 800
(0) | (0.25) | (0.50) | (1.01) | (2.03) | (3.04) | (4.06)
6 Junction-to-Case | 2 2 2 2 2 2 2
0 Case-to-Ambient | 19 18 | 17 | 15 | 12 | 10 |. 9
(No Heatsink)
6 Case-to-Ambient | 16 | 15 14 12 9 7 6
(Omnidirectional 8y-pIN
Heatsink)
6 Case-to-Ambient | 15 14 13 11 8 6 5 U U U I_______JU UD
(Unidirectional ‘
Heatsink) 270565-22
NOTES:

1. This table applies to 80960KB PGA plugged into socket or soldered direct-
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Table 15. 80960KB PQFP Package Thermal Characteristics

Thermal Resistance—"C/Watt

Airflow—ft./min (m/sec)
Parameter 0 50 100 | 200 | 400 | 600 | 800
(0) | (0.25) | (0.50) | (1.01) | (2.03) | (3.04) |.(4.06)
6 Junction-to-Case 9 9 9 9 9 9 9
6 Case-to-Ambient | 22 19 18 16 11 9 8
(No Heatsink)
NOTES:
1. This table applies to 80960KB PQFP soldered directly to board.
2. 040 = 0yc + Oca
3. 6y = 18°C/W (approx.)
648 = 18°C/W (approx.)
8¢
/eJL
8 8O N
e 270565-23

270565-24

Figure 22. HOLD Timing
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Figure 23. 16 MHz Maximum Allowable Ambient Temperature
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Figure 24. 20 MHz Maximum Allowable Ambient Temperature
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Figure 25. 25 MHz Maximum Allowable Ambient Temperature
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Figure 26. Maximum Allowable Ambient Temperature for the
Extended Temperature TA-80960KB 20 MHz in PGA Package
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3.5 Waveforms

Figures 27, 28, 29 and 30 show the waveforms for various transactions on the 80960KB’s local bus.

In

[[\J\JW\NWUW\J
[r'\_r\_r\_m_r\_ru
[
s e\—/e
ADS['\_J A -7
Sl -\\\ \\—\\\
w/R[ \ / !
o[ \_____J L
om[w
RERDY [. \\\\\\\\\

' 270565-29

Figure 27. Non-Burst Read and Write Transactions without Wait States
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270565-30

Figure 28. Burst Read and Write Transaction without Wait States
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Figure 29. Burst Write Transaction with 2, 1, 1, 1 Wait States
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Figure 30. Accesses Generated by Quad Word Read Bus Request,
Misaligned Two Bytes from Quad Word Boundary (1, 0, 0, 0 Wait States)
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PREVIOUS INTERRUPT - IDLE INTERRUPT
| “cvele | ACKNOWLEDGEMENT | (5 BUS STATES) | ACKNOWLEDGEMENT |
CYCLE 1 ' ‘ CYCLE 2
TX ' Tr N Tr .

o ANNMRANMAANANMPMANANANA
HiaVaVaVaVaVaVaVlaValaVlaVlaVlaVaV,

.m[__/ AN \\ \\\\ \\\ \1

LAD31:0 |k \\WADDRW \\ \ WADDR )@vscmn@

57 A i N\

NOTE: -
INTR can go low no sooner than the input hold time following the beginning of interrupt acknowledgment cycle 1. For a
second interrupt to be acknowledged, INTR must be low for at least three cycles before it can be reasserted.

Figure 31. Interrupt Acknowledge Transaction
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3.6 Revision History

No revision history was maintained in earlier revisions of this data sheet. All errata that has been ‘identified to
date is incorporated into this revision. The sections significantly changed since the previous revision are:

Last
Rev.

Table 4. 80960KB Pin Description: L-Bus | -006 | LOCK pin description rewritten for clarity.
Signals (pg. 10)

Section Description

2.3. Connection Recommendations -006 | Changed suggested open-drain termination networks
(pg. 13) to reflect more realistic operating conditions wnth
reduction in DC power consumption. 1
Figure 9. Typical Current vs. Frequency -006 | Added figure for typical power supply current at hot
(Hot Temp) (pg. 15) temperature to aid thermal analysis.
Figure 12. Test Load Circuit for Three- -006 | All outputs now specified with standard 50 pF test

State Output Pins (pg. 16) loads to agree with actual test methodology.

Figure 13. Test Load Circuit for Open-
Drain Output.Pins (pg. 16)

3.1. DC Characteristics (pg. 17) -006 | lgcc max specification reduced:

WAS: IS: AT:
375mA 315mA 16 MHz
420mA 360mA° 20 MHz
480mA 420mA 25MHz

3.2. AC Specifications (pg. 18) -006 | 25 MHz operation extended to product in PQFP
package. Tg min. improved at all frequencies from
0 ns to 2 ns and Tg max. |mproved from 20 ns to »
18 ns.
TgH max improvement:
WAS: IS: AT:
31ns 28 ns 16 MHz
26 ns 23 ns 20 MHz
24 ns 23 ns 25 MHz

Functional Waveforms -006 | Redrawn for clarity. CLK signal drawn with more likely
phase relationship to CLK2. Open-drain output
signals drawn to show correct inactive states.

Various -006 | Deleted all references to 10 MHz. Intel no longer
offers a 10 MHz 80960KB device.
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80960CA PRODUCT OVERVIEW

1.0 PURPOSE

The 80960CA Product Overview is a summary of the
features and operation of Intel’s 80960CA Embedded
Processor. The Product Overview is intended for those
who are not familiar with the 80960 architecture or the
80960CA, a product built around this architecture. The
80960CA Product Overview provides a programmer or
a system designer with a quick, global view of software
and hardware design considerations for the 80960CA.
For further information, refer to the following refer-
ence documents:

— The 80960CA User’s Manual contams detailed tech-
nical information and examples for designing em-
bedded systems using the 80960CA.

— The 80960CA Data Sheet provides electrical specifi-
cations for the device, such as the DC and AC pa-
rameters, operating conditions, and packaging spec-
ifications.

2.0 80960CA 32-BIT EMBEDDED
PROCESSOR

The 80960CA (Figure 2-1) is optimized for embedded
processing applications. This product features the high-
performance C-Series core plus built-in system periph-
erals, effectively integrating a high-speed CPU and sys-
tem components onto a single silicon die. The 80960CA
is a member of Intel’s 80960 embedded processor fami-
ly. Each member of the 80960 family is based on a
common architectural definition referred to as the core
architecture.

An 80960 family member, such as the 80960CA, is
made up of an implementation of the core architecture
plus application-specific extensions. These extensions
may consist of integrated peripherals, instruction-set
extensions, or additional registers and caches beyond
those defined by the architecture. The common core
architecture provides a basis for code compatibility for
all 80960 family products, while application-specific ex-
tensions optimize a partlcular product for a class of
applications.

The 80960 architectural target is the execution of mul-
tiple instructions per clock (i.e., fractional clocks per
instruction). By defining an architecture which sup-
ports parallel instruction execution and out-of-order in-
struction execution, performance advances are not con-
strained by the system clock.

The 80960CA is capable of launching and executing
instructions in parallel. This is accomplished by the use
of advanced silicon technology as well as innovative
“microarchitectural” constructs. The term microarchi-
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tecture refers to the implementation of the instruction
set and programming resources. For example, different
microarchitectures may have different pipeline con-
struction, internal bus widths, register set porting, de-
grees of parallelism, and cache parametenzatlon (two-
way, four-way, etc.).

A principal objective of the 80960 architecture is to
provide the framework to allow microarchitectural ad-
vances to translate directly into increased performance
without architectural limitations.

]

i, N

DMA Controller

C=Serles
Core

Bus Control
Unit

Interrupt Unit

270669-2

Figure 2-1. 80960CA

2.1 80960 Architecture

Embedded applications are cost sensitive, require a dif-
ferent mix of instructions than reprogrammable appli-
cations, have demanding interrupt response require-
ments, and often use real-time executives rather than
full-blown operating systems. The 80960 architecture
was developed with these factors in mind. Several key
optimizations which are provided by the architecture
are explained below.

Instruction Set: Powerful Boolean operations are pro-
vided. Frequently executed functions are available as
single instructions for greater code density and per-
formance. Call, Return, Compare-and-Branch, Condi-
tional-Compare, Compare-and-Increment or Decre-
ment, and Bit-Field-Extract are each single instruc-
tions.

Interrupts: A priority interrupt structure simplifies the
management of real-time events. With 31 discrete levels
of priority and 248 possible interrupt-handling proce-
dures, this structure provides the low latency and high
throughput interrupt handling requlred in embedded
processor applications.

ADVANGCE INFORMATION I
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Faults: A generalized fault-handling mechanism simpli-
fies the task of detecting errant arithmetic calculations
or other conditions that typically require a significant
amount of in-line user code.

Application-Specific Extensions: The core architecture
is designed to accept application-specific extensions
such as instruction set extensions (e.g., string functions,
floating point), special purpose registers, larger caches,
on-chip program and data memory, a memory manage-
ment and protection unit, fault-tolerance support, mul-
tiprocessing support, and real-time peripherals (DMA,
serial ports, etc.).

2.2 80960 C-Series Core

The C-series core is an implementation of the 80960
core architecture. The core can execute instructions at
a sustained speed of 66 MIPS 1) with bursts of perform-
ance up to 99 MIPS. To achieve this level of perform-
ance, Intel has incorporated state-of-the-art silicon
technology and innovative microarchitectural ~con-
structs into the C-Series core. Factors which contribute
to the core’s performance are listed below.

— Parallel instruction decoding allows the 80960CA
to start two instructions in every clock, with bursts
of three instructions per clock.

— Most instructions execute in a single clock cycle.

— Multiple independer;i execution units enable over-
lapping instruction execution.

— Advanced silicon technology allows operation with
a 33 MHz internal clock.

— Efficient instruction pipeline is designed to mini-
mize pipeline break losses.

— Register and resource scoreboarding transparently
manage parallel execution.

— Branch look-ahead feature enables branches to exe-
cute in parallel with other instructions.

— Local register cache is integrated on-chip.

— 1 Kbyte two-way set associative instruction cache is
integrated on-chip.

— 1 Kbyte Static Data RAM is integrated on-chip.

These factors combine to make the 80960CA an ultra-
high performance computing engine.

NOTE:
1. Single clock instructions at 33 MHz.

2.3 80960CA System Peripherals

The 80960CA features several extensions to the core
architecture in the form of integrated peripherals.
These peripherals are intended to reduce the external
system requirements needed for embedded applications.
These peripherals are described below.

I ADVANGCE INFORMATION
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Bus Controller Unit: A 32-bit high-performance bus
controller interfaces the 80960CA to external memory -
and peripherals. The bus controller transfers instruc-
tions or data at a maximum rate of 132 Mbytes per
second. () Internally programmable wait states and 16
separately configurable memory regions allow the bus
controller to interface with a variety of memory subys-
tems with minimum system complexity and maximum
performance.

DMA Controller: A four channel DMA controller per-
forms high speed data transfers between peripherals
and memory. The DMA controller provides advanced
features such as data chaining, byte assembly and disas-
sembly, and a fly-by mode capable of transfer speeds of
up to 66 Mbytes per second. The DMA controller fea-
tures a performance and flexibility which is only possi-
ble by integrating the DMA controller and the
80960CA core.

Interrupt Controller: A priority interrupt controller
manages 8 external interrupt inputs, 4 internal inter-
rupt sources from the DMA controller, and a single
non-maskable interrupt input (NMI). A total of 248
external interrupt sources are supported by the inter-
rupt controller by configuring the 8 external interrupt
pins as an 8-bit input port. The interrupt controller pro-
vides the mechanism for the low latency and high
throughput interrupt service featured by the 80960CA.
The interrupt latency for the 80960CA is typically less

than 1 ps.

3.0 EXECUTION ENVIRONMENT

The Execution Environment (Figure 3-1) refers to the
resources which are available for executing code on the
80960CA. The following sections describe the elements
of the execution environment.

3.1 Registers and Literals

The 80960CA provides four types of working data reg-
isters: Global Registers, Local Registers, Special Func-
tion Registers (SFRs), and Control Registers.

Global and local registers are general purpose 32-bit
data registers. The SFRs and the control registers pro-
vide a programmer’s interface to the on-chip peripher-
als (i.e., the DMA controller, interrupt controller, and
bus controller).

NOTE:

2. 33 MHz internal clock, load or instruction fetch on
0 wait state, pipelined burst bus.
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Figure 3-1. Execution Environment

The 80960 architecture is a register-oriented architec-
ture. That is, operands and results of instructions are
placed in working data registers rather than in memory.
Since the architecture is register oriented, an ample
supply of registers is provided. The architecture’s work-
ing register set consists of 16, 32-bit global registers and
16, 32-bit local registers.

3.1.1 GLOBAL AND LOCAL REGISTERS

The procedure call and return mechanism, which is
part of the 80960 architecture, inspires the names given
to the local and global registers. When a procedure call
or return is executed, the contents of global registers
are preserved across procedure boundaries. In other
words, the same set of global registers is, used for each
procedure. A new set of local registers, however, is allo-
cated for each procedure. The 80960’s call and return
mechanism is explained in Section 3.8.

The 80960CA supplies 16, 32-bit global registers desig-
nated g0 through g15. Registers g0 through g14 are
general purpose global registers. Register g15 is re-
served for the current Frame Pointer. This register is
available in assembly language as the fp register. The fp
contains the address of the first byte in the current
stack frame. The fp register and the stack frame are
described in Section 3.8.
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The 80960CA supplies 16, 32-bit Local Registers desig-
nated r0 through r15. Registers r3 through r15 are gen-
eral purpose local registers. Registers r0, r1, and r2 are
reserved for special functions as follows: r0 contains the
Previous Frame Pointer, r1 contains the Stack Pointer,
and r2 is reserved for the Return Instruction Pointer.
These registers are available in assembly language as,
respectively, the pfp, sp, and rip registers. The pfp, sp,

. and rip registers manage stack frame linkage for the

80960’s procedure call and return mechanism. The
function of these registers is decribed in Section 3.8.

3.1.2 SPECIAL FUNCTION REGISTERS AND
CONTROL REGISTERS

The 80960CA uses 3 Special Function Registers (SFRs)
for communicating with on-chip peripherals. These
SFR’s are an architectural extension specific to the
80960CA. The SFRs on the 80960CA are designated as
sf0, sf1, and sf2. SFRs are accessed as source operands
by most of the 80960CA’s instructions. The registers
serve as part of the programmer’s interface to the
DMA and interrupt controller.

ADVANCE INFORMATION I
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Control registers, like SFRs are used to communicate
with the on-chip peripherals. Configuration informa-
tion for the peripherals is generally stored in these reg-
isters. Control registers can only be accessed by using
the system control (sysctl) instruction. The sysctl in-
struction is used to load the internal control register
from a table in external memory called the control ta-
ble. In order to simplify the process of peripheral con-
figuration, the control registers are automatically load-
ed from this table at initialization.

3.1.3 LITERALS

The 80960CA provides literals which may be used in
the place of source register operands in most instruc-
tions. The literals range from O to 31 (5 bits). When a
literal is used as an operand, the processor expands it to
32 bits by adding leading zeros. If the instruction de-
fines an operand larger than 32 bits, the processor zero
extends the literal to the operand size.

 80960CA PRODUCT OVERVIEW

3.2 Address Space and Memory

The address space of the 80960CA (Figure 3-2) is con-
sidered a subset of the execution environment since the
code, data, data structures, and external peripherals for
the processor reside here. The 80960 family has an ad-
dress space which is 232 bytes (4 Gbytes) in size. This
address space is linear (unsegmented); therefore, code,
data, and peripherals may be placed anywhere in the
usable space. For the 80960CA, some memory loca-
tions are reserved or are assigned special functions as
shown in Figure 3-2.

3.2.1 INTERNAL DATA RAM

The 80960CA provides 1 Kbyte of internal static RAM
for fast access of frequently used data. The data RAM
allows time critical data storage and retrieval, with no
dependence on the performance of the external bus.
Any load or store, including quad-word operations,

ADDRESS
0000 0000H 0
Interrupt Vectors (optional)
0000 003FH (Internal SRAM)
0000 0040H 64
DMA Registers (optional)
(Internal SRAM)
0000 O00BFH
0000 00COH 192
Data RAM (Internal SRAM,
User Write Protected)
0000 OOFFH
0000 0100H 256
Data RAM (Internal SRAM,
Programmable User
Write Protection)
0000 O3FFH
0000 0400H 1024
Code/Data
Architecturally
< Defined Data <
Structures
(External Memory)
FEFF FFFFH
FFQO 0000H
Reserved e
FFFF FEFFH
FFFE FFOOH Initialization Boot Record
FFFF FF2CH (External Memory)
FFFF FF2DH
Reserved 32
FFFF FFFFH 2°%4 =1(4 Gbytes)
270669-5

Figure 3-2. Address Space
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execute in a single clock cycle when directed to:internal
data RAM. The data RAM is located at address 00H in
the processor’s address space. When the DMA control-
ler is in use, 32 bytes of data RAM are reserved for
each active DMA channel. Additionally, 64 bytes of
data RAM are reserved for 16 interrupt vectors which
may be cached internally to reduce interrupt latency.
The data RAM reserved for the DMA controller and
the interrupt controller can be used for additional data
storage when these peripherals are not used.

Two execution modes are possible on the 80960CA,
user mode or supervisor mode. These modes are used to
implement a protection model in which system data
structures are isolated from user code. As shown in
Figure 3-2, the first 256 bytes of data RAM are always
write protected when a program is executing in user
mode but may always be written when executing in
supervisor mode. The remainder of the data RAM can
be programmed for this protection feature. The user
and supervisor modes are described further in Section
3.7. .

3.2.2 RESERVED ADDRESS SPACE

The upper 16 Mbytes of memory (FFO0O0O0OH-
FFFFFFFFH) are reserved for specific functions and
extensions to the 80960 architecture. The 12 words in
reserved space (FFFFFFOOH-FFFFFF2CH) are used
to start up the processor when it comes out of reset.
These 12 words are called the initialization boot record.

3.2.3 ARCHITECTURALLY DEFINED DATA
STRUCTURES

. To execute a program on the 80960CA, data structures
specific to the 80960 architecture must reside in the
processor’s address space. Architecture-defined data
structures include stacks, initialization structures, and
various procedure entry tables. These data structures
may generally be located anywhere in the address
space. Pointers to each data structure are specified
when the 80960CA is initialized. The architecture-de-
fined data structures include: ~

— User Stack

— Interrupt Stack

— Interrupt Table

— System-Procedure
Table

— Fault Table

In addition to the data structure defined by the archi-
tecture, the 80960CA requires several implementation-
specific data structures which are used for configuring

peripherals and initialization. These data structures in-
clude:

— Control Table
— Process Control Block

— Supervisor Stack

— Initialization Boot Record

Each data structure will be explained in more detail
‘later in this product overview.
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3.3 Memory Addressing Modes

The 80960CA offers a variety of modes for memory
addressing. The addressing modes available are summa-
rized in Table 3-1. -

Absolute addressing is used to reference. an address as
an offset from address O of the processor’s address
spaee. At the machine level, absolute addressing may be
implemented in one of two ways depending on the size
of the absolute offset from address 0. Two instruction
formats, MEMA and MEMB, are used to provide abso-
lute addressing modes. For the MEMA format, the off-
set is an ordinal number ranging from O to 2048. For
the MEMB format, the offset is an integer (called a
displacement) ranging from —23!1—1 to 231. An assem- -
bler will choose the MEMA or MEMB format based on
the size of the offset. '

Register-indirect addressing modes use a 32-bit ordinal
value in a register as the base for the address calcula-
tion. Offsets and indexes are added to this address base
depending on the particular addressing mode. The reg-
ister-indirect-with-index addressing mode adds a scaled
index to the address base. The index is specified as a
value in a register. The scale value may be selected as 1,
2,4, 8, or 16.

The -index-with-displacement addressing mode uses a
scaled index plus an integer displacement. No .address
base is used in this address calculation.

The IP-with-dispIacemeﬁt addressing mode is used with
load and store instructions to make them IP relative. In
this mode, an integer displacement plus a constant of 8

. is added to the IP of the instruction to calculate the

next address.

Table 3-1. Memory Addressing Modes

Mode Description
Absolute Offset Offset
Absolute Displacement | Displacement
Register Indirect Abase

Register Indirect with Abase + Offset

Offset

Register Indirect with
Index

Abase + (Index*Scale)

Abase + (Index*Scale)
+ Displacement

Register Indirect with
Index and Displacement

Index with Displacement | (Index*Scale) +
Displacement

Register Indirect with Abase + Displacement

Displacement

IP with Displacement IP + Displacement + 8
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3.4 Data Types

The 80960CA operates on the following data types (Figure 3-3):

— Integer (8, 16, 32, and 64 bits)
— Ordinal (8, 16, 32, and 64 bits)
— Bit

— Bit Field

— Triple Word (96 bits)

— Quad Word (128 bits)

80960CA PRODUCT OVERVIEW

| [ Fiecof | Bis
31 [ 0 7 0
LENGTH (1 TO 32 BITS) 1 BitS
15 0
32
BITS woro)
31 [}
64
BITS LonG|
s B | TRIPLE WORD |
i [ | | .QuaD woro |
270669-6
Class Data Type Length Range
Numeric Byte Integer 8 bits —27t027 — 1
(Integer) Short Integer 16 bits —215t0 215 — 1
Integer 32 bits —231t0 231 — 1
Long Integer 64 bits —263 10263 — 1
Numeric Byte Ordinal 8 bits 0to28 — 1
(Ordinal) _ Short Ordinal 16 bits 0to216 — 1
Ordinal 32 bits 0t0232 — 1
Long Ordinal 64 bits 0to 264 — 1
Non-Numeric Bit , 1-bit
Bit Field 1-32 bits
Triple Word 96 bits N/A
Quad Word 128 bits
Figure 3-3. Data Types
1-165
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The following sections describe the data types support- \

ed by the 80960CA.

3.4.1 NUMERIC DATA TYPES

Integers and ordinals are considered numeric data
types since the processor performs arithmetic opera-
tions with this data. The integer data type is a signed
binary value in standard 2’s complement representa-
tion. The ordinal data type is an unsigned binary value.

3.4.2 NON-NUMERIC DATA TYPES

The remaining data types (bit field, triple word, and
quad word) represent groupings of bits or bytes that the
processor can operate on as a whole, regardless of the
nature of the data contained in the group. These data
types facilitate the moving of blocks of bits or bytes.

3.5 Instruction Set

The 80960CA features a comprehensive instruction set
(Table 3-2). Much of the instruction set is that of a
RISC architecture. Unlike pure RISC machines, how-
ever, the 80960CA provides an extension to the RISC
instruction set with instructions that perform complex
functions such as procedure calls and returns, high-
speed multiplies, and other complex control, arithme-
tic, and logical operations. The instruction set allows
functionally complex yet highly compact code to be

written for embedded control applications where mem-

ory is a valuable commodity.

3.5.1 INSTRUCTION GROUPS
The 80960CA instruction set is most easily described if
grouped by the functions listed below:
— Data Movement

— Address Computation

— Logical and Arithmetic

— Bit and Bit Field

—, Comparison

— Branch

— Call and Return

— Fault

— Debug

— Processor Management

The instructions which make up each of these groups
are described in the following sections.
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3.5.1.1 Data Movement Instructions

The data movement instructions move data from mem-
ory to registers, from registers to memory, and between
registers. The load instructions copy bytes, words, or
multiple words from memory to a selected register or
group of registers. Conversely, the store instructions
copy bytes, words, or groups of words from a selected
register or group of registers to memory. 'The move in-
structions copy data between registers.

Load Instructions
-id load word

-ldob  load ordinal byte
-ldos load ordinal short
- Idib load integer byte
- Idis load integer short

- 1dl load long
- ldt load triple
-ldq load quad

Store Instructions
- st store word

-stob  store ordinal byte
-stos  store ordinal short
- stib store integer byte
- stis store integer short
-stl store long

- stt store triple

-stq store quad

Move Instructions

=mov  move word
-movl move long
-movt move triple
" -=movq move quad

3.5.1.2 Address Computation Instructions

The load address (lda) instruction causes a 32-bit ad-
dress to be computed and placed in a destination regis-
ter. The address is computed based on the addressing
mode selected. The load and store instructions perform
a function identical to that of the lda instruction when
calculating a source or destination address. The lda in-
struction is useful for loading a 32-bit constant into a
register.

3.5.1.3 Logical and Arithmetic Instructions

Logical instructions perform bitwise Boolean opera-
tions on operands in registers. Since this group of in-
structions performs only bitwise manipulations of data,
separate logical instructions for integer and ordinal
data types do not exist. In the table below, srcl and
src2 represent processor registers or literals which are
the operands for these instructions.
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Table 3-2. Instruction Set Summary

Data Bit and
Movement Arithmetic Logical Bit Field
Load Add ) And Set Bit
Store Subtract Not And Clear Bit
Move Multiply And Not Not Bit
Divide Or Check Bit
Remainder Exclusive Or Alter Bit
Modulo Not Or Scan for Bit
Scan for Byte
Shift Or Not Span over Bit
Extended Nor Extract
Shift Exclusive Nor Modify
Extended Not
Multiply Nand
Extended Rotate
Divide
Add with
Carry
Subtract with
Carry
Call and
Comparison Branch Return Fault
Compare Unconditional Call Conditional
Condition Branch ’ Call Extended Fault
Compare Conditional Call System Synchronize
Compare and Branch ‘Return Faults
Increment Branch and
Compare and Link
Decrement Condition
Condition Test Compare
and Conditional
Branch
Processor Address .
Debug Management Computation A‘9m'°
Modify Trace Modify Load Address Atomic Add
Controls Process Atomic Modify
Mark Controls
Force Mark Modify
Arithmetic
Controls
System Control
Update DMA
Setup DMA
Flush Local
Registers
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Logical Instructions
-and src1 and src2
-notand src1 and (not src2)
-andnot (not src1) and src2

-or src1 or src2
-notor  srci or (not src2)
-ornot  (notsrc1) or src2
-xor  srcixorsrc2

- Xnor src1 xnor src2

- nor not (src1 or src2)

- nand not (src1 and src2)
- not not (src1)

" Arithmetic instructions perform add, subtract, multi-
ply, divide, and shift operations on integer or ordinal
operands in registers. ’

Arithmetic Instructions

- addi add integer
-addo add ordinal

- subi subtract integer
-subo  subtract ordinal

- muli multiply integer
=mulo  multiply ordinal

- divi divide integer
-divo  divide ordinal
-remi . remainder integer
-remo remainder ordinal
-modi  modulo integer
-rotate rotate bit left

- shli shift left integer

- shlo shift left ordinal

- shri shift right integer

-shro  shiftright ordinal
-shrdi  shift right dividing integer

Extended arithmetic instructions facilitate computation
on ordinals and integers which are longer than 32 bits.
In add with carry and subtract with carry instructions,
the carry out from the previous arithmetic instruction
is used in the computation. The extended multiply in-
struction multiplies two ordinal source operands pro-
ducing a long ordinal result (64 bits). The extended
divide instruction divides a long ordinal dividend by an
ordinal divisor and produces a 64-bit result. The ex-
tended shift right instruction shifts a 64-bit source val-
ue and produces the lower order 32 bits of the shifted
value.

Extended Arithmetic Instructions

-addc add ordinal with carry
-subc subtract ordinal with carry
-emul extended multiply

-ediv  extended divide

- eshro shift right extended ordinal
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The atomic instructions perform read-modify-write op-

- erations on operands in memory. They allow a system

to insure that when an atomic operation is performed
on a specified memory location, the operation will be
completed before another agent is allowed to perform
an operation on the same memory. These instructions
are required to enable synchronization between inter-
rupt handlers and background tasks in any system.
They are also particularly useful in systems where sev-
eral agents (processors, coprocessors, or external logic)
have access to the same system memory for communi-
cation. '

Atomic Instructions
- atadd atomic add

-atmod  atomic modify
3.5.1.4 Bit and Bit Field Instructions

The bit instructions operate on a specified bit in a regis-
ter.

Bit Instructions
- setbit set bit
- clrbit clear bit
- notbit not bit
- alterbit alter bit
-scanbit  scan for bit
-spanbit  span over bit

Bit field instructions operate on a specified contiguous
group of bits in a register. This group of bits can be
from O to 32 bits in length.

Bit Field Instructions

- extract extract field
- modify modify field
scan for byte

- scanbyte

3.5.1.5 Branch Instructions

The branch instructions allow the direction of program
flow to be changed by explicitly modifying the Instruc-
tion Pointer (IP). The target IP in a branch instruction
is generally specified as a displacement to be added to
the current IP. The extended branch instructions allow
IP calculation using any addressing mode.

The unconditional branch instructions always alter pro-
gram flow when executed.

Unconditional Branch

Instructions

-b branch
- bx branch extended

The RISC branch-and-link instructions automatically
save a Return Instruction Pointer (RIP) before the
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jump is taken. The RIP is the address of the instruction
following the branch and link.

Branch and Link Instructions

- bal branch and link
-balx branch and link extended

Conditional branch instructions alter program flow
only if the condition code flags in the arithmetic control
register match a value specified in the instruction. The
condition code flags indicate conditions of equality or
inequality between two operands in a previously execut-
ed instruction. The arithmetic control register and con-
dition code flags are described in Section 3.6.

Based on a branch prediction flag located in the ma-
chine level instruction, the 80960CA will assume that
an instruction usually takes or does not take a condi-
tional branch. By executing along the predicted path of
program flow, delays due to breaks in the instruction
stream are often avoided. This feature of the 80960CA
is referred to as branch prediction. The 80960CA incor-
porates the branch prediction feature because code us-
ing a conditional branch instruction usually favors a
single direction of program flow.

The branch prediction flag is specified at the assembly
level by appending a .z or .f to a conditional branch
instruction meaning, respectively, “assume branch tak-
en” or “assume branch not taken”. For example, the
assembler mnemonic be.t means that the processor will
assume that this branch-if-equal instruction usually
branches when encountered. In the following table .p
represents the branch prediction flag.

Conditional Branch Instructions

-be.p  branchif equal

-bne.p branch if not equal

-bl.p branch if less

-ble.p branch if less or equal
-bg.p  branch if greater

-bge.p branch if greater or equal
-bo.p  branch if ordered
-bno.p branch if unordered

Compare and conditional branch instructions compare
two operands, then branch according to the immediate
results.

Conditional Compare and
Conditions Branch Instructions

-cmpibe.p  compare integer
and branch if
equal

-cmpibne.p compare integer
and branch if
not equal
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- cmpibl.p compare integer
and branch if less

compare integer
and branch if less
or equal

compare integer
and branch if
greater

compare integer
and branch if
greater or equal

compare integer
and branch if
ordered

compare integer
and branch if
unordered

compare ordinal
and branch if
equal

compare ordinal
and branch if
not equal

compare ordinal
and branch if less

compare ordinal
and branch'if less
or equal

compare ordinal
and branch if
greater

compare ordinal
and branch if
greater or equal

check bit
and branch
if set

check bit
and branch
if clear

- cmpible.p

- cmpibg.p

- cmpibge.p
- cmpibo.p

- cmpibno.p
- cmpobe.p
- cmpobne.p

- cmpobl.p

- cmppble.p
- cmpobg.p
- cmpobge.p
- bbs.p

- bbe.p

3.5.1.6 Compare and Condition Test
Instructions

The 80960CA provides several types of instructions
that are used to compare two operands. The condition
code flags in the arithmetic control register are set to
indicate whether one operand is less than, equal to, or
greater than the other operand.

Compare Instructions

- cmpi compare integer
-cmpo  compare ordinal
- chkbit  check bit

Conditional compare - instructions test the existing
status of the condition code flags before a compare is
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performed. These conditional compare instructions are
provided to optimize two-sided range comparisons (i.e.
to test if a value is less than one number but greater
than another).

Conditional Compare Instructions

- concmpl conditional compare integer
-=concmpo  conditional compare ordinal

The compare and increment and compare and decre-
ment instructions set the condition code flags based on
a comparison of two register sources, decrements or
increments one of the sources, and finally stores this
result in a destination register.

- cmpinci compare and increment integer
-cmpinco  compare and increment ordinal
-cmpdecl compare and decrement integer

-cmpdeco compare and decrement ordinal

The condition test instructions allow the state of the
condition code flags to be tested. Based on the outcome
of the comparison, a true or false code is stored in a
destination register. The branch prediction flag is used
in this instruction to reduce the execution time of the
instruction when the test outcome is predicted correct-
ly. For example teste.t (test if equal) will execute in a
shorter time if the condition code flags test true for the
equal condition. Analogous to the function of the
branch prediction flag in the conditional compare and
branch instructions, the prediction flag in this case
eliminates breaks in the micro-instruction sequence
which is used to implement the condition test instruc-
tions.

Condition Test Instructions

- teste.p test if equal
-testne.p testif not equal

- testl.p testif less

-testle.p testif less or equal

- testg.p test if greater
-testge.p test if greater or equal
-testo.p testif ordered .
-testno.p testif not ordered

3.5.1.7 Call and Return Instructions

The 80960CA features an on-chip call and return

mechanism for making procedure calls to local and sys-

tem procedures. The call instructions and the call and
return mechanism is described in Section 3.8.

Call and Return Instructions
-call call

- callx call extended

- calls call system

-ret return
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3.5.1.8 Fault Instructions

The 80960CA will fault automatically as the result of
certain errant operations which may occur when exe-
cuting code. Fault procedures are then invoked auto-
matically to handle the various types of faults. In addi-
tion, the fault instructions permit a fault to be generat-
ed explicitly based on the value of the condition code
flags. The branch prediction flag in these instructions is
used to reduce the execution time of these instructions
when the state of the condition code flags are guessed
correctly. :

Conditional Fault Instructions

- faulte.p faultif equal

- faultne.p fault if not equal

- faultl.p fault if less

- faultle.p faultif less or equal
-faultg.p faultif greater

- faultge.p fault if greater or equal
- faulto.p  faultif ordered

- faultno.p fault if unordered

The syncf instruction causes the processor to wait for
all faults to be generated which are associated with any
prior uncompleted instructions.

- syncf synchronize faults

3.5.1.9 Debug Instructions

The processor supports debugging and monitoring of
program activity through the use of trace events. The
debug instructions support debugging and monitoring
software.

Debug Instructions

-modtc  modify trace controls
- mark mark
- fmark force mark

3.5.1.10 Processor Management Instructions

The 80960CA provides several instructions for direct
control of processor functions and for configuring the
80960CA’s peripherals. A brief description of the proc-
essor management instructions is given below.

Processor Management Instructions

-modpc modify process controls
-modac modify arithmetic controls
- sysctl system control instruction
-udma update DMA SRAM
-sdma setup DMA

- flushreg flush local registers
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3.6 Arithmetic Controls

The Arithmetic Control (AC) Register is a 32-bit on-chip
register (Figure 3-4). The AC register is used primarily
to monitor and control the execution of 80960CA arith-
metic instructions. The processor reads and modifies
bits in the AC register when performing many arithme-
tic operations. The AC register is also used to control
the faulting conditions for some instructions. The mo-
dac instruction allows the user to directly read or modi-
fy the AC register.

The processor sets the condition code flags (bits 0-2) to
indicate equality or inequality as the result of certain
instructions (such as the compare instructions). Other
instructions, such as the conditional branch instruc-
tions, take action based on the value of the condition
code flags. Table 3-3 shows the functional assignment
for each condition code flag.

Table 3-3. Arithmetic Condition Codes

Condition
Code Condition
001 Greater Than
010 Equal
100 Less Than

80960CA PRODUCT OVERVIEW

The integer overflow flag (bit 8) and the integer over-
flow mask (bit 12) are used in conjunction with the
arithmetic integer overflow fault. The mask bit masks
the integer overflow fault. When the fault is masked,
and an integer overflow occurs, the integer overflow
flag is set but no fault handling action is taken. If the
fault is not masked, and an integer overflow occurs, the
integer overflow fault is taken and the integer overflow
flag is not set.

The no imprecise faults flag (bit 15) determines if im-
precise faults are allowed to occur. Fault handling and
precise and imprecise faults in the 80960CA are dis-
cussed in Section 3.10.

3.7 Process Management

Process management refers to the monitoring and con-
trol of certain properties of an executing process. The
following sections describe the mechanisms available on
the 80960CA to perform this function.

]

Reserved (Initialize to 0)

31 15 12 8
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L

2 0
11
‘T: Condition Code

Integer Overflow Flag

Integer Overflow Mask

No Imprecise Faults
270669-7

Figure 3-4. Arithmetic Control Register
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3.7.1 PROCESS CONTROL REGISTER

The Process Control (PC) Register (Figuré 3-5) provides
access to process state information. The function for
the PC register is described below.

Execution Mode Hag—This flag indicates that the
processor is executing in user mode (0) or supervxsor
mode (1).

Priority Field—This 5-bit field indicates the current ex-
ecuting priority of the processor. Priority values range
from O to 31, with O as the lowest and 31 as the highest
prlomty

State Flag—This flag determines the executing state of
the processor. The processor state is either. executing
state (0) or 1nterrupted state (1).

Trace Enable Bit and Trace Fault Pendmg Flags—

These fields control and monitor trace activity in the"

processor. The Trace Enable Bit enables fault genera-
tion for trace events. The Trace Fault Pending Flag
indicates that a trace event has been detected.

The process controls can be modified by software with
the modify process controls (modpc) instruction. The
modpc instruction may only write the PC register when
the processor is in supervisor mode.

*3.7.2 PRIORITIES

The 80960 architecture defines a means to assign priori-

ties to executing programs and interrupts. The current
priority of the processor is stored in the priority field of
the PC register. This priority is used to determine if an
interrupt will be serviced and in which order multiple
pending interrupts will be serviced. Setting the priority
of an executing program above that of interrupts allows
critical code to be prioritized and executed without in-
terruption.

" The priority field of the PC register can be modified
directly using the modpc instruction. The priority field
is also modified to reflect the priority of serviced inter-
rupts. On a return from an interrupt routine, the priori-
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ty of the processor is restored to its priority before the
interrupt occurred.

3.7.3 PROCESSOR STATES AND MODES

The 80960CA may execute programs in user mode or
supervisor mode. The user-supervisor protection mecha-
nism allows a system to be designed in which kernel
code and data reside in the same address space as user
code and data, but access to the kernel procedures and
data is only allowed through a tightly controlled inter-
face. This interface is the system call table and the in-
terrupt mechanism. The 80960CA provides a supervi-
sor pin (SUP) to implement memory systems which
protect code and data from possible corruption by pro-
grams executing in user mode. Some instructions and
functions of the 80960CA are also insulated from code
executing in user mode.

The processor has two operating states: executing and
interrupted. In executing state, the processor can exe-
cute in user or supervisor mode. In the interrupted
state, the processor always executes in supervisor mode.

| 3.8 Call and Return Mechanism

The 80960 architecture features a built-in call and re-
turn mechanism. This mechanism is designed to make
procedure calls simple and fast, and to provide a flex-
ible method for storing and handling variables that are
local to a procedure. ‘A call automatically allocates a
new set of local registers and a new stack frame. All
linkage information is maintained by the processor,

'making procedure calls and returns virtually transpar-

ent to the user. A system call instruction is provided as
a method for calling privileged procedures such as a
kernel service. The call and return model supports effi-
cient translation of structured high level code (such as
C, or ADA) to 80960 machine language.

The procedure call and return mechanism provides a
number of significant benefits which contribute to the

“performance and ease of use of the 80960CA.

1) The call and return instructions are implemented en-
tirely on-chip, resulting in an extremely high per-
formance implementation of these commonly used

- functions.

31 2019181716 13

Reserved
(Initialize to 0)

10 10

| T— Trace Enable
Execution Mode

Trace Fault Pending

State

Priority

270669-17

' Figure 3-5 Process Control Register
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2) A single instruction to implement each call or return
operation results in code density improvements com-

pared to processors which require multiple instruc-
tions to encode these functions.

3) By implementing the call and return functions as
single instructions, the 80960 architecture is open for
further optimization of these instructions, while
maintaining assembly-level compatibility. °

4) A program does not have to explicitly save or restore
the variables stored in the local registers when a call
or return is executed. The processor does this implic-
itly on procedure calls and on returns.

5) The call and return mechanism provides a structure
for storing a virtually unlimited number of local
variables for each procedure: the on-chip local regis-
ters provide quick access to often used variables and
the stack provides space for additional variables.

3.8.1 LOCAL REGISTERS AND THE STACK
FRAME

At any point in a program, the 80960 has access to a:

local register set and a section of the procedure stack
referred to as a stack frame. When a call is executed, a
new stack frame is allocated for the called procedure.
Additionally, the current local register set is saved by
the processor, freeing these registers for use by the new-
ly called procedure. In this way, every procedure has a
unique stack and unique set of local registers. When a

80960CA PRODUCT OVERVIEW

return is executed, the current local register set and
current stack frame are deallocated. The previous local
register set and previous stack frame are restored. This
call and return mechanism is illustrated in Figure 3-6
where n is procedure depth for the currently executing
procedure.

The procedure stack structure is defined by the 80960
architecture. The procedure stack always grows up-
ward (i.e. towards higher addresses) and the stack
pointer (SP) always points to the next available byte of
the stack frame. The 80960CA requires that each stack
frame begins on a 16-byte boundary. Due to this align-
ment requirement, a padding space of 0 to 15 bytes may
exist between adjacent stack frames in memory. When
a stack frame is allocated, the first 16 words are always
assigned as storage for the local registers; therefore, the
SP initially points to the 17th word in the stack frame.
It should be noted that although each stack frame is
assigned storage space for the local registers, these loca-
tions in the stack are not guaranteed to contain the
values of the saved local registers. This is because sever-
al sets of local registers are cached on-chip rather than
written to the stack in external memory. This caching
mechanism is described in detail later in this section.

3.8.2 PROCEDURE LINKING
The 80960 architecture automatically manages proce-

dure linkage. One global register and three local regis-
ters are reserved for procedure linkage information.

Call Nesting :

call proceduret
call procedure2
call procedure3
.
.

STACK

Stack Frame for
Procedure 1

Local Registers for
Procedure 1

.
Executing call procedure(n=1)
XH?:.en -p call procedure(n)

Stack Growth
(towards
higher
addresses)

Stack
Pointer

—_—

< <

Stack Frame for
Procedure (n=1)

Local Registers for
Procedure (n=1)

Stack Frame for
Procedure (n)

Local Registers for
Procedure (n)

= Sav;d Registers

: = Current Registers

270669-8

Figure 3-6. Call and Return Mechanism
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Figure 3-7 describes the pointer structure used to link
frames and to provide a unique SP for each frame. Reg-
ister g15 is the Frame Pointer (FP). The FP is the ad-
dress of the first byte of the current (topmost) stack
frame. The FP is always updated to point to the current
frame when calls and returns are executed. Register r0
is the Previous Frame Pointer (PFP). The PFP is the
address of the first byte of the stack frame which was
created prior to the frame containing this PFP. Register
rl is the Stack Pointer (SP). The SP points to the next
available byte of the stack frame. Register r2 is reserved
- for the Return Instruction Pointer (RIP). The RIP is
the address of the instruction which follows a call in-
struction, this is also the target address for the return
from that procedure. The RIP is automatically stored
in register r2 of the calling procedure when a call is
executed.

3.8.3 PARAMETER PASSING

Parameters may be passed by value-or passed by refer-
ence between procedures. The global registers, the
stack, or predefined data structures in memory may be
used to pass these parameters.

’
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The global registers provide the fastest method for pass-
ing parameters. The values to be passed into a proce-
dure reside in the global registers of the calling proce-
dure. When a procedure is called, the values in the
global registers are preserved. If more parameters are to
be passed than will fit in the global registers, additional
parameters may be passed in the stack of the calling

procedure, or in a data structure which is referenced by
a pointer passed in the global registers.

3.8.4 LOCAL REGISTER CACHE

The 80960CA provides an on-chip cache for saving and
restoring the local registers on calls and returns. This
cache greatly enhances performance of the call and re-
turn mechanism on the 80960CA. Movement of data
between the local registers and the register cache is typ-
ically accomplished in only 4 processor clocks with no
external bus traffic. When this cache is filled, the regis-
ters associated with the oldest stack frame are moved to
the area reserved for those registers on the physical
stack (Figure 3-7). :
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Figure 3-7: Stack Frame Linkage
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The local register cache is a physical extension of the
internal data RAM. The part of the data RAM used for
this cache is not visible to the user and is large enough
to hold up to 5 sets of local registers. The register cache
may be extended to hold up to 15 sets of local registers.
When extended, each new register set consumes 16
words of the user’s data RAM, beginning at the highest
address and growing downward. The size of the local

register cache is selected when the processor is initial-
ized.

In some cases, the contents of the cached local register
sets may require examination or modification (e.g. for
fault handling). Since the local registers are cached, the
flushreg instruction is provided to flush the local regis-
ter cache to the locations reserved for the registers on
the stack. This insures that the values in external mem-
ory are consistent with the values held in the local reg-
ister cache.

3.8.5 LOCAL AND SYSTEM CALLS

The 80960CA provides two methods for making proce-
dure calls: local calls and system calls. Local and sys-
tem calls differ in their operation and use in an applica-
tion.

80960CA PRODUCT OVERVIEW

The local call instructions initiate a procedure call us-
ing the call and return mechanism described earlier.
The stack frames for these procedure calls are allocated
on the local procedure stack. A local call is made using
either of two local call instructions: call or callx. The
call instruction specifies the address of the called proce-
dure using an IP plus displacement addressing mode
with a range of —223 to 223—4 bytes from the current
IP. The callx (call extended) instruction specifies the
address of the calling procedure using any of the
80960’s addressing modes.

A system call is made using the calls instruction. This
call is similar to a local call except that the processor
gets the IP for the called procedure from a data struc-
ture called the system procedure table. The calls in-
struction requires a procedure number operand. This
procedure number serves as an index into the system
procedure table, which contains IP’s for specific proce-
dures. The system procedure table is shown in Figure
3-8.

The system call mechanism supports two types of pro-
cedure calls: system-local calls and system-supervisor
calls (also referred to as supervisor calls). The system-

0
Supervisor Stack Pointer lolT 12
/ 16
Procedure Entry 1 48
Procedure Entry 2
Procedure Entry 3
N
‘.b . fb
.
Procedure Entry 259 1084
31 Procedure Entry 210
I Address Ix x|
00=Local.
10=Supervisor
D Reserved (Initialize to 0)
1/ /] Preserved
270669-11

Figure 3-8. System Procedure Table
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local. call performs the same action as the local call
instructions with one exception: the IP target for a sys-
tem-local call is fetched from the system-procedure ta-
ble. The supervisor call differs from the local call as
follows:

1) A supervisor call causes the processor to switch to
another stack (called the supervisor stack).

2) A supervisor call causes the processor to switch to
the supervisor execution mode and asserts the
80960CA’s supervisor (SUP) pin for all bus accesses.

The system call mechanism offers several benefits. The
system call promotes the portability of application soft-
ware. System calls are commonly used for kernel serv-
ices. By calling these services with a procedure number
rather than a specific IP, application software does not
have to be changed each time the implementation of the
kernel service is modified. Additionally, the ability to
switch to a different execution mode and stack allows
kernel procedures and data to be insulated from appli-
cation code.

3.8.6 IMPLICIT PROCEDURE CALLS

The call and return mechanism described for procedure
calls applies to several classes of call instructions as
well as to the context switching initiated by interrupts
and faults. When an interrupt or fault condition occurs,
an implicit call is performed that saves the current state
of the processor before branching to the interrupt or
fault handling procedure. When this context switch oc-
curs, the local registers are saved and a new stack frame
is allocated. Additionally, the values of the AC register
and PC register are saved when the implicit call occurs.
These values are restored on the return from the inter-
rupt or fault handler.

3.9 Interrupts

An interrupt is a temporary break in the control stream
of a program so that the processor can handle another
task. Interrupts may be triggered by the instruction
stream or by hardware sources internal and external to
the 80960CA. An interrupt request is associated with a
vector (i.e. an address) of an interrupt handling proce-
dure. The processor will branch to the handling proce-
dure when an interrupt is serviced. When the handling
action is completed, the processor is restored to its state
prior to the interrupt.

3.9.1 INTERRUPT VECTORS AND PRIORITY:
Interrupt vectors are simply instruction pointers (ad-

dresses) to interrupt handling procedures. The 80960
architecture defines 248 interrupt vectors. This means
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" that 248 unique interrupt handling procedures may be

used. An 8-bit interrupt vector number is associated
with each interrupt vector. This number ranges from 8
to 255. Each interrupt vector has a priority from 1 to
31, which is determined by the 5 most significant bits of
the interrupt vector number. Priority 1 is the lowest
priority and 31 is the highest. Priority O interrupts are
not defined.

The 80960CA executes with a unique priority ranging
from O to 31. When an interrupt is serviced, the proces-
sor’s priority switches to the priority corresponding to
that of the interrupt request. When a return from an
interrupt procedure is executed, the process priority is
restored to its value prior to servicing the interrupt.
This priority switching is handled automatically by the
80960CA. ‘

The 80960CA compares its current priority and the pri-
ority of an interrupt request to determine whether to
service an interrupt immediately or to delay service. If a
requested interrupt priority is greater than the proces-
sor’s current priority or equal to 31, the processor serv-
ices the interrupt immediately; otherwise, the processor
saves (posts) ‘the interrupt request as a pending inter-
rupt so that it can be serviced later. When the proces-
sor’s priority falls below the priority of a pending inter-
rupt, the pending interrupt is serviced. With the mecha-
nism described, interrupts with a priority of O will nev-
er be serviced. For this reason, vectors numbered 0'to 7
are not defined.

3.9.2 INTERRUPT TABLE

The interrupt table (Figure 3-9) is an architecturally
defined data structure which holds the interrupt vectors
and information on pending interrupts. ‘The first 36
bytes of the table are used to post interrupts. The 31
most significant bits in the 32-bit pending priorities
field represent a possible priority (1 to 31) of a pending
interrupt. When the processor posts an interrupt in the
interrupt table, the bit corresponding to the interrupt’s
priority is set. For example, if an interrupt with a prior-
ity of 10 is posted in the interrupt table, bit 10 is set in
the pending priorities field. '

The pending interrupts field contains a 256-bit string in
which each bit represents an interrupt vector. When the
processor posts an interrupt in the interrupt table, the
bit corresponding to the vector number of that inter-
rupt is set.

Portions of the interrupt table are cached on-chip in a
non-transparent fashion. This caching is implemented
to minimized interrupt latency by reducing the number
of accesses to the table in external memory when an
interrupt is serviced.
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Figure 3-9. Interrupt Table

3.9.3 INTERRUPT STACK

Stack frames for interrupt handling procedures are allo-
cated on a separate interrupt stack. The interrupt stack
can be located anywhere in the processor’s address
space. The beginning address of the interrupt stack is
specified when the processor is initialized.

3.9.4 INTERRUPT HANDLING ACTION

When an interrupt is serviced, the processor saves the
processor state and calls the interrupt procedure. The
processor state is restored upon return from the inter-
rupt procedure.

This interrupt service mechanism is handled by an im-
plicit call operation. When the interrupt is serviced, the
current local registers are saved. A new local register
set and stack frame are allocated on the interrupt stack
for the interrupt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>