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80960SA 
EMBEDDED 32 .. BIT MICROPROCESSOR WITH 16 .. BIT 

BURST DATA BUS 
High-Performance Embedded • Pin Compatible with B0960SB 
Architecture • Built-in Interrupt Controller 
- 20 MIPS· Burst Execution at 20 Ml1z - 4 Direct Interrupt Pins 
-7.5 MIPS Sustained Execution at - 31 Priority Levels, 256 Vectors 

20 MHz 

• 512-Byte On-Chip Instruction Cache • Easy to Use, High Bandwidth 16-Blt Bus 
- 32 Mbytes/s Burst 

- Direct Mapped - Up to 16 Bytes Transferred per Burst 
- Parallel Load/Decode for Uncached 

Instructions • 32-Bit Address Space, 4 Gigabytes 

• Multiple Register Sets • BO-Lead Quad Flat Pack (EtAJ QFP) 
- Sixteen Global 32-Bit Registers • B4-Lead Plastic Leaded Chip Carrier 
- Sixteen Local 32-Bit Registers (PLCC) 
- Four Local Register Sets Stored On- • Software Compatible with Chip 
- Register Scoreboarding B0960KAlKB/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 
RiSe 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. 
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Figure 1. The 80960SA 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). 

December 1994 
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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. fhe 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. 

0000 OOOOH 

, ADDRESS SPACE 

INSTRUCTION 
STREA!j 

INSTRUCTION 
EXECUTION 

All members of the i960 processor family share a 
common core architecture which utilizes RiSe t~h
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. 

frF'F ffFFH 

ijij'''' ,ii.ni. ',("i"" 'h o :::t!: ::::;::';;' ii~u:ir!:' ',::::: /? ~,I 
ARCHITECTURALLY 

DEfiNED 
DATA STRUCTURES 

LOAD STORE 

SIXTEEN 32-BIT
GLOBAL REGISTERS 

CONTROL REGISTERS 

272206-'2 

Figure 2. 80960SA Programming Environment 
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intel~ 
1.1 Key Performance Features 

The.S0960SA' 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 S0960SA's excep
tional performance: 

1. Large .Reglster 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 exeoution speed. For maximum flexibili
ty, the S0960SA provides thirty-two 32·bit regis
ters. (See Figure 2.), 

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 
shift~xecute in one to, two cycles. (Table 1 
contains a list of instructions.) 

3. 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 , 
b.ased on RiSe technology, the S0960SA 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. ' 

4. Simple Instruction Formats. All instructions in 
the S0960SA 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.) 

I 
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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 S0960SA 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. ' 

6. '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. 

7. Bandwidth Optimizations. The S0960SA 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 S0960SA 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 S0960SA 
is relatively insensitive to memory wait states. 
The benefit is that the S0960SA delivers out
standing performance even with a low cost mem
ory system. 

S. 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. 

1-5 
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Table 1.80960SA Instruction Set 

Data Movement. Arithmetic Logical Bit an~ Bit Field 

Load Add And Set Bit 
Store Subtract Not And Clear Bit 
Move Multiply And Not Not Bit 
Load Address DiviQe Or Check Bit 

Remainder Exclusive Or AlterBit 
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 I 
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Control 

Compare and 
Branch 

Register to 
Register 

Memory Access
Short 

Memory Access
Long 

I Opcode I 

I Opcode I Reg/Lit I Reg 

I Opcode I Reg Base 

I Opcode I· Reg Base 

80960SA 

Displacement 

M Displacement 

M x Offset 

Mode Offset 

I 
. 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 

• 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 

I 

1.1.2 DATA TYPES 

The 80960SA recognizes. the following data types: 

Numeric: 

• 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 (gO though g15). These regis
ters perform the same function as the general-

1-7 
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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 80960SA 
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 
register frames, which means that up to three proce
dure callsean be made without having to access the 
procedure stack resident in memory. 

ONE OF FOUR 
LOCAL 

REGISTER SETS 

REGISTER 
CACHE 

--== 

Although program~ 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-Ianguage 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 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. 

LOCAL REGISTER SET 

31 

rO 

r15 
o 

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. :rhe 
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 instruptions can 
be fetched at one time. An efficient prefetcn 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 cqntinues. 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: 

I 

ld data_2, r4 
ld data_2, r5 
Unrelated instruction 
Unrelated instruction 
add r4, r5, r6 

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/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 

• 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 intern,lpt lines. 

1;1.8 INTERRUPT HANDLING 

The 80960SA can be interrupted in one of two ways: 
by the aqtivation of one of four interrupt pins or by 
sending a message on the prqcessor's data bus. 

The 80960SA is unusual in that it automatically han
dles interrupts ona 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. 

1.1.9 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 c~m· 
mand, can be set to any value. When the instructIon 
pointer matches either breakpoint register value, the 
breakpoint /'Jandling routine is automatically 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. c.ach trace 
type may be enabled separately by a spedlal debug 
Instruction. In each case, the 80960SA executes the 
instruction fitst 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, implem~nted completely in hardware, greatly 
simplify the task of software test and debug. 

1.1.10 FAULT DETECTION 

The 80960SA has an automatic mechanism to han· 
die faults. Fault types include trace and ~rithmeti.c 
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 me~t the needs 
of specific applications and are often Included as 
part of the operating system or kernel. 
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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 !ilUILT·IN TESTABILIT~' 

Upon res~t; the .80960SAa~toma~lcally conducts ~n 
'exhaustive internal test of Its maJor blocks of logIC. 
Then, before executing Its first instruction, it does a 
zero c~eck 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 duro 
ing the self·test, the 80960SA asserts Its ~ pin 
and will not begin program execution. Self test takes 
app~~ximately 24,OQO 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) propess. The 80960SA 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. BOHOSA Pin Description: Bus Signals 

Name Type Description 

CLK2 I 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 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, DO I/O 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 0 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 a cycle and deasserted before the beginning of the T d state. It is 

active high and floats to a high impedance state duriOg a hold cycle (T h). 

AS 0 ADDRESS STATUS indicates an address state. AS is asserted every T a state and 
T.S. deasserted during the following T d state. AS is driven HIGH during reset. 

W/R' 0 WRITE/READ specifies, during a T a cycle, whether the operation is a write or read. It 
T.S. is latched on-chip and remains valid during T d cycles. 

DEN 0 DATA ENABLE is asserted during T d 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 HI~H during reset. 

DT/R 0 DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
T.S. bus. It is low during T a and T d cycles for a read or interrupt acknowledgment; it is high 

duri~ T a and T d cycles for a write.' DT IR' never changes state when DEN is asserted. 
DT IR is driven HIGH during reset. 

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

LOCK 1/0 BUS LOCK prevents bus masters from gaining control of the bus during Readl 
0.0. 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 a cycle of the read transaction. 
The processor deasserts LOCK in the T a 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. 0 = Output. I = Input. 0.0. = Open Drain, T.S. = Three-state 
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Table 3. 80960SA Pin Description: Bus Signals (Continued) 

Name Type Description 

BE1:0 0 BYTE ENABLE LINES specify which data bytes (up to two) on the bus take part in 
T.S. the current bus cycle. BE1 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 13LAST 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 I 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 h state. When HOLD is 
deasserted, the processor deasserts HLDA and enters the Tj or T a state. 

HLDA 0 HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
T.S. relinquished control of the bus. This signal is always driven. At reset it is driven LOW. 

BLAST/FAIL 0 BURST LAST indicates the last data cycle (T d) of a burst access. It is asserted low 
T.S. during the last T d and associated with T w cycles in a burst access. I 

INITIALIZATIOKFAILURE 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. 

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

Name Type Description 

RESET I 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 lA", 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. 
Opti~nally, for a synchronous reset, the lOW and HIGH transition of ~ 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: 

iJffii INT1 iN'f3 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 I 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 
I reset to determine if the self-test sequence is to be executed. 

INT2/1NTR I INTERRUPT2/1NTERRUPT 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. 

INT3/1NTA 1/0 INTERRUPT3/1NTERRUPT 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 T d 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. 

I/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-state 

I 
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2.0 ELECTRICAL SPECIFICATIONS 

2.1 Power and Grounding 

The S0960SA is implemented in CHMOS IV technol- . 
ogy and therefore has modest power requirements. 
Its l:1igh 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, Vee and Vss pins 
separately feed the device's functional units. Power 
and ground connections must be made to all 
S0960SA power and ground pins. On the circuit 
board, all Vee pins must be strapped closely togeth
er, preferably on a power plane; all Vss pins should 
be strapped together, preferably on a ground plane. 

2.2 Power Decoupling 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the S0960SA. 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 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. 

1-14 

Do not connect external logic to pins marked NC. 

OPEN·DRAIN 
OUTPUT 

272206-4 

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 (Vee) of 5V. Figure 7 shows 
the typical power supply current (Ieel that the 
S0960SA requires at various operating frequencies 
when measured at three input voltage (Veellevels. 

For a given output current (loll the curve in Figure S 
shows the worst case output low voltage (Vall. Fig
ure 9 shows the typical capacitive derating curve for 
the S0960SA measured from 1.5V on the system 
clock (ClK) to O.SV 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. ' 

I 

80960SA 

THREE-STATE OUTPUT 

o G.1 

* 272206-10 
CL = 50 pF for all, signals 

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

1-17 



80960SA 

2.6 Absolute Maximum Ratings· 

Operating Temperature (PLCC) \ COC to + 85·C Case 
Operating Temperature (QFP) . O·C to + 1 OO·C Case 
Storage Temperature .......... - 65·C to + 15COC 

Voltage on Any Pin (PLCC) ... -0.5V to Vee + 0.5V 
Voltage on Any Pin (QFP) .. -0.25V to VCC +0.25V 
Power Dissipation ................. 1.9W (20 MHz) 

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

. • WARNING: Stressing the device beyond the "Abso!fJte 
Maximum Ratings" may cause pern1anent 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. 

2.7 DC Characteristics 

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

TCASE = O·Cto +10COC, VCC = 5V ±5% 
TCASE = COC to + 85·C, Vee = 5V ±10% 
TCASE = O·C to + 85·C, Vee = 5V ±5% 

Table 5. DC Characteristics 

Symbol Parameter Min Max Units Notes 

VIL Input Low Voltage -0.3 +0.8 V 

VIH Input High Voltage 2.0 Vee +0.3 V 

Vcl CLK2 Input Low Voltage -0.3 +0.8 V 

VCH CLK2 Input High Voltage 0.7 Vee Vee +0.3 V 

VOL Output Low Voltage 0.45 V IOL = 4.0mA 
0.45 V IOL = 6 rnA, I:'Orn< Pin 
0.60 V IOL = 20 rnA, ~ Pin 

VOH Output High Voltage 2.4 V All TS, -2.5 rnA (1) 

lee Power Supply C~rrent: 
rnA 

I 

10 MHz-QFP 240 TCASE'= O·C 
10 MHz-PLCC 240 mA TCASE = O·C 
16 MHz-PLCC 300 rnA TCASE = O·C 
20 MHz~PLCC 340 mA TCASE = q"C 

ILl1 Input Leakage Current, ±15 p.A o s: VIN s: VCC 
Except INTO, ~ 

ILI2 Input Leakage Current, -300 p.A VIN = 0.45V(2) 
INTO,~ , 

IOL Output Leakage Current ±15 p.A 

CIN Input Capacitance 10 pF fc = 1 MHz(3) 

Co Output Capacitance 12 pF fc = 1 MHz(3) 

CCLK Clock Capacitance 10 pF fc = 1 MHz(3) 

NOTES: 
1. Not measured for open-drain output. 
2. iNTO and rnrn< have internal pullup 'devices. 
3. Input, output and clock capacitance are not tested. 
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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· 
~s 1.5V (for output delay and input setup). All AC 

EDGE 

CLK2 

OUTPUTS: 
ADI5:1,A3:1,DO 
A31: 16, Bfi:jj 
w{R. DEN, BLAST 
HLDA, LOCK,INTA 

ALE 

DT!R 

INPUTS: 
ADI5:1,DO 
INTO. INTI 
INT2,INT3 

HOLD 
LOCK 
READY 

A C 

80960SA 

testing should be done with input voltages of O.4V 
and 2.4V, except for the clock (CLK2) which should 
be tested with input voltages of 0.45V and 0.7 x Vee. 
See Figure 11 and Tables 6, 7 and 8 for timing rela· 
tionships for the 80960SA signals. 

D A C 

272206-12 

F,lgure 11. Drive Levels and Timing Relationships for 80960SA Signals 
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2.8.1 AC SPECIFICATION TABLES 

Table 6, 80960SA AC Characteristics (10 MHz) 

Symbol Parameter Min Max Units Notes 

Input Clock 

T1 Processor Clock 50 125 ns VIN = 1.5V 
Period (CLK2) 

T2 Processor Clock 8 ns VT = 10% Point 
Low Time (CLK2) = VCl + (VCH - Vcu x O.1 

T3 Processor Clock 8 ns VT = 90% Point 
High Time (CLK2) = VCl + (VCH - Vcu x 0.9 

T4 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 

Ts Output Valid Delay 2 31 ns 

TS,AS AS Output Valid Delay 2 25 ns 

T7 ALE Width T1-11 ns 

Te ALE Output Valid Delay 4 33 ns· 

T9 Output Float belay 2 20 ns' (2) 

Synchronous Inputs 

T10 Input Setup 1 10 ns 

T11 Input Hold 2 ns 

T12 Input Setl.\p 2 13 ns 

T13 Setup to ALE Inactive 10 ns 

T14 Hold After ALE Inactive 8 ns 

T15 RESET Hold 3 ns '(3) 

T1S RESET Setup 5 ·ns (3) 

Tn 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 curr~nt 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 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'7. 80960SA AC Characteristics (16 MHz) 

Symbol Parameter Min Max Units Notes 

Input Clock 

T1 Processor Clock 31.25 125 ns VIN = 1.5V 
Period (CLK2) 

T2 Processor Clock 8 ns VT = 10% Point 
Low Time (CLK2) = VCl + (VCH - Vcu xO.1 

T3 Processor Clock 8 ns VT = 90% Point 
High Time (CLK2) = VCl + (VCH .- Vcu x 0.9 

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

T5 Processor Clock 10 ns VT = 10% to 90% Point (t) 
Rise Time (CLK2) 

Synchronous Outputs 

Ts Output Valid Delay - 2 25 ns 

TSAS AS Output Valid Delay 2 21 ns 

T7 ALE Width T1-11 ns . 
Ta ALE Output Valid Delay 2 22 ns 

Tg Output Float Delay 2 20 ns (2) 

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 

T15 RESET Hold 3 ns (3) 

T1S RESET Setup 5 ns (3) 

T17 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 ILO. Float delay is not tested, but should be 

no longer than the valid delay. , 
3. Meeting ~ 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 S. S0960SA AC eharacterlstlcs (20 MHz) 

Symbol Parameter Min Max Units Notes 

Input Clock 

T1 Processor Clock 25 125 ns VIN = 1.5V 
Period (CLK2) 

T2 Processor Clock 6 ns VT = 10% Point 
Low Time (CLK2) = VCl + (VOH - VcLlxO.1 

13 Processor Clock 6 ns VT = 90% Point 
High Time (CLK2) = VCl + (VCH - VcLl x 0.9 

, , 

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

T5 Processor Clock 10 ns VT = 10% to 90% Point (1) 
Rise Time (CLK2) 

Synchronous Outputs 

Ts Output Valid Delay 2 20 ns 

TSAS AS OiJtput Valid Delay 2 20 ns 

17 ALE Width T1-11 ns 

Ta ALE Output Valid Delay 2 18 ns 

Tg Output Float Delay 2 17 ns (2) 

Synchronous Inputs 

T10 Input Setup 1 7 ns I 

Tt1 Input Hold 2 ns 

T12 Input Setup 2 13 ns 

T13 Setup to ALE Inactive 10 ns 

T14 Hold After ALE Inactive 8 ns 

T15 RESET Hold 3 , ns (3) 

T1S RESET Setup 5 ns (3) 

T17 RESET Width 1025 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 Il(). 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 ~. 
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Figure 12. Processor Clock Pulse (CLK2) 
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NOTE: Initialization parameters must be set up at least four ClK2 periods before the first ClK2 "A" edge. 
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Figure 13. RESET Signal Timing 

Figure 14. HOLD Timing 
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272206-15 
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3.0 MECHANICAL DATA 3.2 Pin Assignment 

3.1 Packaging, 
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. 

The 80960SA is available in two package types: 

• SO-lead quad flat pack (EIAJ QFP). Shown in Fig
ure 15. 

• S4-lead plastic leaded cllip carrier (PLCq. 
Shown in Figure 16. Vee and GND connections must be made to multi

ple Vee and GND pins. Each Vee 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. 

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

Pins identified as N.C. (No Connect) should never be 
connected. . 
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Figure 15. 80-Lead EIAJ Quad Flat Pack (QFP) Package 
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A20 12 • 74 VSS 
A19 13 73 Vee 
A18 14 7.2 Vss 
A17 15 71 Vee 
A16 16 70 LOCK 

Vee 17 69 BLAST 

Vss 18 68 DT/R 

AD15 19 67 DEN 

AD14 20 • N80960SA - 20 66 W/R 

Vee 21 

I 
65 NC 

Vss 22 XXXXXXXX 64 HOLD 

NC 23 XXXXXX 63 Vss 
AD13 24 XXXXXX 62 Vee 
AD12 25 61 HLDA 

ADll 26 60 INT3/INTA 

AD10 27 59 INT2/INTR 

AD9 28 58 INTl 

AD8 29 57 INTO 

AD7 30 56 RESET 

Vee 31 55 CLK2 

Vss 32 54 Vss 

272206-17 

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 41 BEO 61 Vee 
2 A21 22 Vss 42 V.ee 62 Vss 
3 A20 23 Vee 43 Vss 63 N.C. 

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 INT2/1NTR 68 A31 

9 Vss 29 AD2 49 INT3/1NTA 69 A30 

10 AD15 30 AD1 50 HLDA 70 A29 

11 AD14 31 DO 51 Vee 71 A28 

12 Vee 32 Vss 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 A1 58 LOCK 78 Vss 
19 AD8 39 N.C. 59 Vee 79 A24 

20 AD7 40 BE1 60 Vss 80 A23 

NOTE: 
Do not connect any external logic to any pins marked N.e. 
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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 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 Vee 73 

AD2 29 A22 1 HOLD 53 Vee 77 

AD3 28 A23 80 INTO 46 Vee 8 

AD4 27 A24 79 INT1 47 Vss 13 

AD5 26 A25 76 INT2/1NTR 48 Vss 22 

AD6 25 A26 75 INT3/1NTA 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 BE1 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 Vee 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 Vee 68 DT/R 

6 ' Vee 27 AD10 48 Vss 69 BLAST 

7 Vss 28 AD9 49 A1 70 lOCK 

8 A24 29 AD8 50 N.C. 71 Vee 
9 A23 30 AD7 51 BE1 72 Vss 
10 A22 31 Vee 52 BEO 73 Vee 
11 A21 32 Vss 53 Vee 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 Vss 
15 A17 36 AD5 57 INTO 78 ALE 

16 A16 37 AD4 58 INT1 79 READY 

17 Vee 38 AD3 59 INT211NTR 80 A31 

18 Vss 39 D2 60 INT3/1NTA 81 A30 

19 AD15 40 D1 61 HLDA 82 A29 

20 AD14 41 DO 62 Vee 83 A28 

21 Vee 42 N.C. 63 Vss 84 Vss 

NOTE: 
Do not connect any external logic to any pins marked N.e. 
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Table 12. 80960SA 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 INT2/1NTR 59 Vee 71 

AD3 38 A24 8 INT3/1NTA 60 Vee 73 

AD4 37 A25 5 LOCK 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 Vee 21 Vss 77 

AD16 16 CLK2 55 Vee 31 Vss 84 

A17 15 DEN 67 Vee 33 W/R 66 

NOTE: 
Do not connect any external logic to any pins marked N.e. 
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3.4 Package Thermal Specification 

The·80960SA is specifiep for operation when case 
temperature is within the range O·C to + 85·C 
(PLCC) or O·C to + 100·C (OFP). Measure case 
temperature at the top center of the package. Ambi
ent temperature can be calculated from: 

intel~ 
compute P by multiplying the maximum voltage by 
tlie typical current at maximum tempera,ture. Values 
for 8JA and 8JC for various airflows are given in 
Table 13 for the OFP package and in Table 14 for 
the PLCC package. Icc at maximum temperature is 
typically 80 percent of specified Icc maximum (cold). 

Table 13_ 80960SA QFP Package Thermal Characteristics 

Thermal Resistance-·C/Watt 

Parameter 
Alrflow-ft.lmin (m/sec) 

0 50 100 200 400 600 800 

8 Junction-to-Ambient (Case 
measured in the middle of the 

59 57 54 50 44 40 38 top of the package) 
(No heatsink) 

8 Junction-to-Case 11 11 11 11 11 11 11 

NOTE: 
This table applies to 80960SA OFP soldered directly to board. 

Table 14. 80960SA PLCC Package Thermal Characteristics 

Thermal Resistance-·C/Watt 

Parameter 
Airflow-ft.lmln (m/sec) 

0 50 100 200 400 600 800 1000 

e Junction-to-Ambient 
34 32 29.5 28 25 23 21 20.5 

(No heatsink) 

e Junction-to-Case 12 12 12 12 12 12 12 12 

NOTE: 
This table applies to 80960SA OFP soldered directly to board. 

3.5 Stepping Register Information Table 15. Die Stepping Cross Reference 

Upon reset, register gO contains die stepping infor
mation. Table 15 shows the relationship between 
the number in gO and the current die stepping. 

Register gO Die Stepping 

01010101H C-1 

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

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. . 

A3:1 [ :x VALID XINVALIDX VALID x::: 
BE1:0 [ \ / \ r: 
BLAST [ , , \ '/ \ r: 

W/R [ =" '/ 
DT/R [ l' / 

DEN [ , , \ '/ \ r: 
READY[~4: ~4 :-

272206-18 

Figure 17. Non-Burst Read and Write Transactions Without Walt States 
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~--------.. ------____________ " ____ .. __________________ .. r-: 
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272206-19 

Figure 18. Quad Word Burst Read Transaction with 1,. 0, 0, 0, 0, 0, 0, ° Walt States 
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ClK2 [ 

ClK [, 
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ALE [J"\: , , 
AS [T\..3 

, 
A31:16 [)( VALID 

A15:4, [~ DATA X DATA X DATA X DATA ~ 015:0 , 
A3:1 [)( VALID X VALID X VALID X VALID >C 

BE1:0 [ ~ Ox ~ , 00 '00 :/ xO I 
BLAST [ :\ :r: 

, , 
W/R [] 

, 
DT/R [~: 

DEN [ \ r: 
[f?%{@:W:~ 

, I . I I 

~ READY M:'i(!A M:'i(!A l!1:m 
272206-20 

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 W9rd Read Bus Request, 
Misaligned One Byte from Quad Word Boundary (1, 0, 0, 0, 0, 0, 0, 0) Wait States 
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ClK2 [ 

elK C, I 
ALE [i!\: I I 

AS [:LiJ U 
I 

A31:16 [J 
A1S:4'[~ 
01S-:0 I IS ~ 
A3:1[)( 110 x: 

BE1:0 [ I 0 1\ 10 I 

TNTA[;\ I' , In 
BLAST [ 8 , Ir: 

W/R [) I 
OT/R [~: 

OEN [ \..iJ ' ....... _ .... I,.,r: 
lOCK [;\ ------------------------, I-

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: 

Section Last Description 
Rev. 

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 91 on pullup 
resistor. 

2.5 Test Load Circuit (pg.13) -001 Obsolete figure (Test Load Circ~it for Open-Drain 
Output Pins) removed to reflect current test conditions. 

2.7 DC Characteristics (pg. 14) -001 IOL value at 0.45V improved. 
WAS: 2.5 mA IS: 4.0mA 

LOCK pin IOL value at 0.45V relaxed. 
WAS: 12 mA IS: 6mA 

LOCK pin IOL value at 0.60V deleted. 
B0960SA 16 MHz QFP added to product list. 

3.5 Stepping Register Information (pg. 27) -001 New section added. 

This data sheet supersedes data sheet 270917-004, which applied to both the B0960SA and the B0960S8. 
The B0960S8 is now documented in 272207-002. Specification changes in the B0960SA data sheet are a 
result of design changes. The sections significantly changed since the previous revision are: 

Section Last 
Description 

Rev. 

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 B. Typical 
Current vs. Frequency (Hot Temp) (p. 7) 

Table 5. DC Characteristics (p. 19) -004 Input Leakage Current (1L12) specification 
added to accurately describe leakage of 
INTO and LOCK as inputs. 
Icc max reduced: 
Power Supply Current: Was: Is: 
10MHz 2BO 240 
16MHz 350 300 

Table 6. B0960SA AC Characteristics (10 MHz) (p. 21) -004 T 7 minimum specification improved: 
and Table 7. B0960SA AC Characteristics (16 MHz) Power Supply Current: Was: Is: 
(p.22) 10 MHz 24 ns T1-11 ns 

16MHz 15 ns T1-11 ns 

Table B. B0960SA AC Characteristics (20 MHz) (p. 23) -004 New 20 MHz specification table added for 
B0960SA C-step. 

Table 13. B0960SA QFP Package Thermal -004 o JA increased to reflect smaller die size 
Characteristics (p. 32) and lower Icc. 

Table 14. B0960SA PLCC Package Thermal -004 o JA and 0 JC increased to reflect smaller 
Characteristics (p. 32) die size and lower Icc. 

NOTE: 
Page numbers refer to 80960SA data sheet number 272206-001. 
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The sections significantly changed between revisions -003 and -004 of the 80960SAlS8 data $heet were: 

Section Last Description 
Rev. 

DC Characteristics (p. 19) -003 Operating temperature for PLCC package changed: 
Was: T CASE = O·C to + 100·C 
Is: T CASE = O·C to + 85·C 
The test program has not changed. 

Table 9. 80960SA and 80960S8 -003 Signal A 12 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. 
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80960SB 
EMBEDDED 32-BIT MICROPROCESSOR WITH '16-BIT 

BURST DATA BUS 
, , 

High-Performance Embedded • Built-In Interrupt Controller 
Architecture - 4 Direct Interrupt Pins ' 
-16 MIPS· Burst Execution at 16 MHz - 31 Priority Levels, 256 Vectors 
- 5 MIPS Sustained Execution at • Built-In Floating Point Unit 

16 MHz - Fully IEEE 754 Compatible 
512-Byte On-Chip Instruction Cache • Easy to Use, High Bandwidth 16-Blt Bus 
- Direct Mapped , - 25.6 Mbytes/s Burst 
- Parallel Load/Decode for Uncached - Up to 16 Bytes Transferred per Burst 

Instructions 

Multiple Register Sets • 32-Blt Address Space, 4 Gigabytes 

- Sixteen Global 32-Blt Registers • aO-Lead Quad Flat Pack (EIAJ QFP) 
- Sixteen Local 32-Blt Registers • a4-Lead Plastic Leaded Chip Carrier 
- Four Local Register Sets Stored On- (PLCC) 

Chip • Software Compatible with - Register Scoreboardlng 
a0960KA/KB/CA/CF Pro,cessors 

Pin Compatible with a0960SA 

The 8096088 is a member of Intel's i960~ 32-bit processor family, which is designed especially for low ~ost 
embedded applications. It includes a 512-byte instruction cache, an integrated floating-point unit and a built-in 
interrupt controller. The 8096088 has a large register set, multiple parallel execution units and a 16-bit burst 
bus. Using advanced RI8e technology, this high performance processor is capable of execution rates in 
excess of 5 million instructions per second·. The 8096088 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 
eO-BIT fP 32-BIT GLOBAL LOCAL INSTRUCTION 
REGISTERS REGISTERS REGISTER EXECUTION 

CACHE UNIT 

eO-BIT f f f .III 

"" fPU 

,oil to.. 
to.. ,. 

"'I ~! ! I "'II 
,. f 32-81T 

L ~ BUS 512-BYTE MICRO- MtCRO- I INSTRUCTION 
INSTRUCTION M INSTRUCTION I INSTRUCTION INSTRUCTION CONTROL 

'j2-B: fETCH UNIT DECODER 
ROM LOGIC CACHE SEQUENCER ADDRESS 

~ ~I t 16-BIT 

to.. BURST 
BUS ,. 
272207-1 

Figure 1. The 8096088 Processor's Highly Parallel Architecture 

·Relative to Digital Equipment Corporation's V AX·11 1780 at 1 MIPS (V AX·11 is a trademark of Digital Eql!ipment Corporation). 

January 1994 
Order Number: 272207-()02 
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Embedded 32-Bi. Microprocessor with 

16-Bit Burst Data Bus 
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1.0 THE i960® PROCESSOR 

The 8096058 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. 

0000 OOOOH 

ADDRESS SPACE 

FETCH 

INSTRUCTION 
STREAM 

INSTRUCTION 
EXECUTION 

All members of the i960 processor family share a 
common core architecture which utilizes RiSe 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. . 

ARCHITECTURALLY 
DEFINED 

DATA STRUCTURES 

LOAD STORE 

SIXTEEN 32-81T 
.GL08AL> REGISTERS 

::::::::::::::::'$'I)(rmr:3~:;~ft::::::::::::r!H:::': . 
:::::::::::;::LOCAL REGISTERS:::::;::::i,l}:' 
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FLOA TlNG POINT REGISTERS 

CONTROL REGISTERS 
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Figure 2. 80960S8 Programming Environment 
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1.1 Key Performance Features 

The 8096088 architecture is based on the most reo 
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 8096088'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 80960S8 provides thirty·two 32-bit regis
ters and four 80-bit floating point registers. (See 
Figure 2.) 

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.) 

3. 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 80960S8 has a 
Load/Store architecture. As such, only the LOAD 
and 8TORE instructions reference memory; all 
other instructions operate on registers. This type 
of architecture simplifies instruction dec9ding 
and is used in combination with other techniques 
to increase parallelism. 

4. Simple Instruction Formats. All instructions in 
the 80960S8 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.) 
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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 80960S8 manages· this 
process transparently to software through the 
use of a register scoreboard. COl)ditional instruc
tions also make use of a scoreboard so that sub
sequent unrelated instructions may be executed 
while the conditional instruction is pending. 

6. 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. 

7. Bandwidth Optimizations. The 80960S8 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 80960S8 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 80960S8 
is relatively insensitive to memory wait states. 
The benefit is that the 80960S8 delivers out
standing performance even with a low cost mem
ory system. 

8. 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. 80960SB Instruction Set . 

Data Movement . Arithmetic Logical Bit and Bit Field 

Load Add And Set Bit· 
Store Subtract Not And Clear Bit 
Move ty1ultiply 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 .CaJl/Return Fault 

Compare . Unconditional ~ranch 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 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 

i 
. Cosine 
Tangent 
Arctangent 
Log 
Log Binary 
Log Natu~al 
Exponent 
Classify 
Copy Real Extended 
Compare 

Synchronous Conversion 

Synchronous Load Convert Real to Integer 
Synchronous Move Convert Integer to Real 
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Control 

Compare and 
Branch 

Register to 
Register 

Memory Access-
Short 

Memory Acccess-
Long 

I Opcode I 

I Opcode I Reg/Lit I Reg 

1 ~pcode I Reg Base 

.1 Opcode I Reg Base 

80960SB 

Displacement 

M Displacement 

M X Offset 

Mode I Scale I xx I Offset 

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, B or 16 

I 

1.1.2 DATA TYPES 

The 80960SB recognizes the following data types: 

Numeric: 

• 8-, 16-, 32-'and 64-bit ordinals 

• B-, 16-, 32- and 64-bit integers 

• 32-, 64- and BO-bit real numbers 

Non-Numeric: 

• Bit 
• Bit Field 
• Triple Word (96 bits) 

• Quad-Word (128 bits) 

1.1.3 LARGE REGISTER SET 
. . 

The B0960SB 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 (gO though 915) and four BO-bit 
registers (FPO through FP3). These registers per-
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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 8096058 
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 
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-Ianguage 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 8096058 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 8096058 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on th~ concept of locality 
of reference; most programs are not usually execut
edina 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: 

ld data_2, r4 
ld 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" (Le., 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. 8y 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 FLOATING·POINT ARITHMETIC 

In the S0960S8, 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 I/O. Second, the cost of 
using floating-point operations is reduced because a 
separate coprocessor chip is not required. 

The S0960S8 floating-point (real-number) data 
types include single-precision (32-bit), double
precision (64-bit) and extended precision (SO-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 S0960S8 CPU· resides on a high-bandwidth 
address/data bus. The bus provides a direct com
munication path between the processor and the 

I 

Table 3. Sample Floating·Point Execution Times 
(/los) at 16.MHz 

Function 

Add 
Subtract 
Multiply 
Divide 

Square Root 
Arctangent 
Exponent 
Sine 
Cosine 

32·Blt 

0.6 
0.6 
1.1 
2.0 

5.S 
15.S 
17.7 
23.S 
23.S 

64·Blt 

0.8 
O.S 
2.0 
4.5 

6.1 
20.5 
19.5 
25.9 
25.9 

memory and I/O subsystem interfaces. The proces
sor uses the bus to fetch instructions, manipulate 
memory and respond to interrupts. 8us features 
include: 

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

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

• 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 8096058 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 8096058 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 8096058 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. 8y setting bits in these control 
words, a software debug monitor can closely control 
how the processor responds during program execu
tion. 

The 8096058 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 8096058 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 8096058 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 8096058'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 8096058 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. 

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 8096058 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 8096058 asserts its FAIL pin 
and will not begin program execution. Self test takes 
approximately 47,000 cycles to complete. 

5ystem manufacturers can use the 8096058'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 8096058 is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semicon
ductor) process; The 80960S8 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' I SYSTEM CLOCK provides the fundamental timing for 80960S8 systems. It is divided 
by two inside the 80960S8 to generate the internal processor clock. 

A31:16 a 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/O ADDRESS/DATA BUS carries the low order 32-bit addresses and 1S-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 a 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 a ADDRESS I..ATCH ENABLE indicates the transfer of a physical address. ALE is 
T.S. asserted during aT a cycle and deasserted before the beginning of the T d state. It is 

active HIGH and floats to a high impedance state during.a hold cycle (T h)' 

AS a ADDRESS STATUS indicates an address state. AS is asserted every T a state and 
T.S. deasserted during the following T d state. AS is driven HIGH during reset. 

W/R a WRITE/READ specifies, during aT a cycle, whether the operation is a write or read. It 
T.S. is latched on-chip and remains valid during T d cycles. 

DEN a DATA ENABLE is asserted during T d cycles and indicates transfer of data on the AD 
T.$. lines. The AD lines should not be driven by an external source unless DEN is 

asserted. When DEN is asserted, Qutputs 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 a DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
T.S. bus. It is low during T a and T d cycles for a read or interrupt acknowledgment; it is high 

during T a and T d cycles for a write. DT /R never changes state when DEN is asserted. 
DT /R is driven high during reset. 

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

LOCK I/O BUS LOCK prevents bus masters from gaining control of the bus during Read/ 
O.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 a cycle of the read transaction. 
The processor deasserts LOCK in the T a 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. 

I/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.8. = Three-state 
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Table 4. 809608B Pin Description: Bus Signals (Continued) 

Name Type Description 

BE1:0 0 BYTE ENABLE LINES specify which data bytes (up to two) on the bus take part in 
T.S. the current bus cycle. BE1 corresponds to AD15:8; BED corresponds to AD7:1, DO. 

The byte enable lines are asserted apprqpriately 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 deas.serted. The processQr 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 I 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 h state. When HOLD is 
deasserted, the processor deasserts HLDA and enters the Tj or T a state. 

HLDA 0 HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
T.S. relinquished control of the bus. This signal is always driven. At reset it is driven LOW. 

BLAST/FAIL 0 BURST LAST indicates the last data cycle (T d) of a burst access. It is asserted low 
T.S. during the last T d and associated with T wcycles in a burst access. 

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. 

110 = Input/Output,O = Output, I = Input, 0.0. = Open Drain, T.S. = Three-state 
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Table 5. 8096058 Pin Description; Support Signals 

Name Type Description 

RESET I RESET: Clears the processor's internal logic and causes it to reiriitialize. 
During ~ assertion, the input pins.are ignored (except for TfiifO.INT1, iJ\IT3, 
a5a<), the three·state output pins are placed in a HIGH impedance state (except for 
DT lA, DEN, and AS) and other output pins are placed in their non·asserted states. 
J!iE'SET 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 sholJld 
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 ,iNTi 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 a5a< pin) 

INTO I INTERRUPT 0: Indicates a pending interrupt. To signal an interrupt in asynchronous 
system, this pin-as well as the other interrupt pins-must be en.abled 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 
interrup-t 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, provide$ direct interrupt signaling. INT1 is sampled during 
reset to determine if the self·test sequence is to be executed. 

INT2/1NTR I 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. 

INT37INTA 1/0 INTERRUPT3/INTERRUPT ACKNOWLEDGE: The interrupt control register 
T.S. determines how this pin is interpreted. If INT3, it has the sallie interpretation as the 

INTO and INT1 pins. If INTA, it is used as an output to control interrupt·acknowledge 
transactions. The iNiA output is latched on·chip and remains valid during T d 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. 

I/O = Input/Output. 0 = Output. I = Input. 0.0. = Open Drain. T.S. = Three-state 

I 1-51 

----_._- _. _."----



8096088 

2.0 ELECTRICAL SPECIFICATIONS' 

2.1 Pow.r and Grounding 

The S0960S8 is imp!ementedilJ CHMOS IV technol
ogy and theref.ore has, modest power requirements. 
Its high clock f.reql,Jency and numer0l;lS output buff
ers (address/data, control, error and 'arbitration sig
nals) can cause powersur'ges as multiple output 
buffers' simultaneously drive new signal levels. For 
clean on-chip power distribution, Vee and Vss pins 
separately f.eed the device's f.unctional units. Power 
and ground connections must be made to all 
S0960S8 power and ground pins. On the circuit 
board, all Vee pins must be strapped closely togeth
er, preferably on a power plane;' all Vss pins should 
be strapped together, preferably on a ground plane. 

2.2 Power Decoupllng 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the S0960S8. When driving the bus the proces
sor can cause transient power surges, particularly 
when connected to a large capacitive !oad. 

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. N«;I inputs should ever be le(t floating. ' 

The LOCK open drain pin requires 8: pui"up resistor 
whether or not the pin is use,d as an outpu~. Figure S 
shows the recommended resister value. ' " 
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"Do not connect external logic to pins marked NC. 

, , OPEN·DRAIN 
OUTPU:r ' 

272207-4 

Figure 5. Connection Recommendation 
, forLOCK 

2.4 Characteristic Curves 

Figure 6 shows typical supply current requirements 
over the operating temperature range of the proces
sor at supply voltage (Vec> of SV. Figure 7 shows 
the typical power supply current (ICC> that the 
S0960SB requires at various. operating frequencies 
when measured at three input voltage (VeC> levels. 

'For a given output current (Iou the curve in Figure S 
shows the worst case output low voltage (Vou. Fig
ure 9 shows the typical capacitive derating curve for 
the S0960S8. measured from 1.SV on the system 
clock (ClK) to O.SV on the falling edge and 2.0V on 
the rising edge of the bus address/ data (AD) 
signals •. 
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Figure 8. Typical Current vs Frequency (Hot Temp) 
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2.5 Test Load Circuit 

Figure 10 illustrates the load circuit used to test the 
80960S6's output pins. 

I 

8096058 

THREE-STATE OUTPUT 

~ 
~ 

272207-10 
CL ~ 50 pF for all signals 

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

Operating Temperature (PLCP) O·C to + 8S·C Case 

Operating Temperature (QFP) . O·C to + 1 OO·C Case 

Storage Temperature .......... -6S·C to + 1S0·C 

Voltage on Any Pin (PLCC) ... -O.SV to VCC + 0.5V 

Voltage on Any Pin (QFP) " -0.2SV to VCC +0.2SV 

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

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

• WARNING: Stressing the device bey(md 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. 

2.7 DC Characteristics 
80960S8 (10 MHz QFP) 

B0960S8 (10 and 16 MHz PLCC) 

TCASE = O·Cto +100·C, Vcc = SV ±S% 

TCASE = 09C to + 8S·C, Vcc = SV ± 10% 

Table 6 DC Characteristics 

Symbol Parameter Min Max Units Notes 

Vil Input Low Voltage -0.3 +O.B V 

VIH Input High Voltage 2.0 VCC +0.3 V 

VCl CLK2 Input Low Voltage -0.3 +O.B V 

VCH CLK2 Input High Voltage 0.7Vcc VCC +0.3 . V 

Val Output Lowyoltage 0.45 V IOL = 4.0mA 
{l.4S V IOl = 6 mA, LOCK Pin 

VOH Output High Voltage 2.4 V All TS, -2.5 mA (1) 

Icc Power Supply Current: 
, 

10 MHz-QFP 280 mA TCASE = O·C 
10 MHz-PLCC 2BO mA TCASE = O·C 
16 MH~-PLCC 3S0 mA TCASE =,O·C 

ILl1 Input Leakage Current, ±15 IJ-A Os VIN s VCC 
Except INTO, LOCK 

ILl2 Input Leakage Current, -300 IJ-A VIN = 0.4SV(2) 
INTO, LOCK 

IlO Output Leakage Current ±1S IJ-A 

CIN Input Capacitance 10 pF fc = 1 MHz(3) 

CO' Output Capacitance 12 pF fc = 1 MHz(3) 

CCLK Clock Capacitance 10 pF fc = 1 MHz(3) 

NOTES: 
1. Not measured for open-drain output. 
2. INTO and lOCK have internal pull up devices. 
3. Input, output and clock capacitance are not tested. 
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2.8 AC Specifications 

This section describes the AC specifications for the 
8096058 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 

EDGE 

CLK2 

OUTPUTS: 
AD15:1,A3:1,DO 
A31:16,BE1:0 
W/R, DEN, BLAST 
HLDA, LOCK,INTA 

ALE 

DT/R 

INPUTS: 
AD1 5: 1, DO 
INTO,INT1 
INT2,INT3 

HOLD 
LOCK 
READY 

A C 

80960SB 

testing should be done with input voltages of O.4V 
and 2.4V, except for the clock (CLK2) which should 
be tested with input voltages of 0.45V and 0.7 x Vee. 
See Figure 11 and Tables 7 and 8 for timing relation
ships for the 80960S8 signals. 

A 

272207-12 

Figure 11. Drive Levels and Timing Relationships for 80960SB Signals 
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2.8.1 AC SPECIFICATION TABLES 
, \ 

Table 7 80960SB AC Characteristics (10 MHz) 

Symbol Parameter Min Max Units Notes 

Input Clock \ 

T1 Processor Clock 50 125 ns VIN = 1.5V 
Period (CLK2) 

T2 Processor Clock 8 'ns VT = 10% Point \ 

Low Time (CLK2) = VCl + (VCH - VcL> xO.1 

T3 Processor Clock 8 ns VT = 90% Point 
High Time (CLK2) = VCl + (VCH - VcL> x 0.9 

T4 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 

T6 Output Valid Delay 2 31 ns 

T6AS AS Output Valid Delay 2 25 ns 

T7 ALE Width T1- 11 ns 

Ta ALE Output Valid Delay 4 33:' ns 

Tg Output Float Delay 2 20 ns (2) 

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 Ir:lactive 8 ns 

T1S R'EmHold 3 ~, ns (3) 

T16 REm Setup 5 Ins (3) 

T17 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 mi!Ximum output current becomes less than ILO. Float delay is not tested, but should be 

no longer than the valid delay. " 
3. Meeting ~ 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. 80960S8 AC Characteristics (16 MHz) 

Symbol Parameter Min Max Units Notes 

Input Clock 

T1 Processor Clock 31.25 125 ns VIN = 1.5V 
Period (CLK2) 

T2 Processor Clock 8 ns VT = 10% Point 
Low Time (CLK2) = VCl + (VCH - Vcu xO.1 

T3 Processor Clock 8 ns VT = 90% Point 
High Time (CLK2) = VCl + (VCH - Vcu x 0.9 

T4 
. 

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 

T6 Output Valid Delay 2 25 ns 

T6AS AS Output Valid Delay 2 21 ns 

T7 . ALE Width T1- 11 ns 

Te ALE Ol,ltput Valid Delay 2 22 ns 

Ts Output Float Delay 2 20 ns (2) 

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 

T1S RESET Hold 3 ns (3) 

T16 RESET Setup 5 ns (3) 

T17 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 thim 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 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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, . Tl 

HIGH LEVEL (MIN) 0.7VCC 

LOW LEVEL (MAX) O.BV 

: T5 .-, 
272207-13 

Figure 12. Processor Clock Pulse (CLK2) 

CLK2 [t\J.\.l" 
I I I 

CLK[ ~ ~ l \...-...l 
I I 

OUTPUTS [--"'x::::!: 
RESET [K ; I Ii-I _______ Tl_7 _____ ~--.1\ T

16 
I 

I I I I I T15 -, 

INTO.~ [~W»! INITIALIZATION PARAMETERS ~ INT3, LOCK ~I'~""''-I,;.g, ________________ ... _"""""",,,,,,,,,,,,,,,,,,,, 

NOTE: Initialization paramotors must bo' sot up at loast four CLK2 poriods boforo tho first CLK2 "A" 'odgo. 

272207-14 

Figure 13. RESET Signal Timing 

1\ 

272207-15 

Figure 14. HOLD Timing 
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3.0 MECHANICAL DATA 

3.1 Packaging 

The S0960S8 is available in two package types: 

• SO-lead quad flat pack (EIAJ QFP). Shown in Fig
ure 15. 

• S4-lead plastic leaded chip carrier (PLCC). 
Shown in Figure 16. 

Dimensions for both package types are given in the 
Intel Packaging handbook (Order, # 240S00). 

Vss 
ALE 66 

READY 67 

A31 68 

A30 69 

A29 70 

8096088 

3.2 Pin Assignment 

The QFP and PLCC have different pin assignments. 
The QFP pins are numbered in order from 1 to SO 
around the package perimeter. The PLCC pins are 
numbered in order from 1 to S4 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. 

Vee and GND connections must be made to multi
ple Vee and GND pins. Each Vee 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. 

40 BEl 

39 NC 
38 Al 

37 Vss 
36 Vee 
35 A2 

A28 71 • 58096058 -16 34 A3 

Vss 

Vee 
A27 

A26 

A25 

Vee 

Vss 
A24 

A23 

72 

73 

74 

75 

76 

77 

78 

79 

80. 

'" 0 '" '" '" '" « c( -< -< 

I XXXXXXXX 
XXXXXX 
XXXXXX 

Figure 15. SO-Lead EIAJ Quad Flat Pack (QFP) Package 

33 Vee 
32 Vss 
31 DO 

30 ADl 

29 AD2 

28 AD3 

27 AD4 

26 AD5 

25 AD6 

272207-16 
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I> ;::; N '" "" Vl U '" '" .... U(/)cocnO .... ~~ ill 

N N '" Vl U '" '" '" U U (/) N N I't) ttl La.I ...J III IVJ u .. .. .. .. > > .. .. .. Z > > 4 < < < ~ < > < z 

A20 12 • 74 VSS 
A19 13 73 Vee 
A18 14 72 Vss 
A17 15 71 Vee 
A16 16 70 LOCK 

Vee 17 69 BLAST 

Vss 18 68 DT/R 

AD15 19 67 DEN 

AD 14 20 • N80960SB -16 66 W/R 

Vee 21 

I 
65 NC 

Vss 22 XXXXXXXX 64 HOLD 

NC 23 XXXXXX 63 Vss 
AD13 24 XXXXXX 62 Vee 
AD12 25 61 HLDA 

ADll 26 60 INT3/INTA 

AD10 27 59 INT2/INTR 

AD9 28 58 INTl 

AD8 29 57 INTO 

AD7 30 56 RESET 

Vee 31 55 CLK2 

Vss 32 54 Vss 

272207-17 

Figure 16. 84-Lead Plastic Leaded Chip Carrier (PLCC) Package 
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3.3 Pinout 

Table 9. 80960S8 QFP Pinout-In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal 

1 A22 21 Vee 41 BEO 61 Vee 
2 A21 22 Vss 42 Vee 62 Vss 
3 A20 23 Vee 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 INT2/1NTR 68 A31 

9 Vss 29 AD2 49 INT3/1NTA 69 A30 

10 AD15 30 AD1 50 HLDA 70 A29 

11 AD14 31 DO 51 Vee 71 A28 

12 Vee 32 Vss 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 A1 58 LOCK 78 Vss 
19 AD8 39 NC 59 Vee 79 A24 

20 AD7 40 BE1 60 Vss 80 A23 

NOTE: 
Do not connect any external logiC to any pins marked Ne. 
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Table 10. 80960S8 QFP Pinout-In Signal Order 

Signal Pin Signal Pin Signal Pin Signal Pin 

A1 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 Vee 73 

\ AD2 29 A22 1 HOLD 53 Vee 77 

AD3 28 A23 80 INTO 46 Vee 8 

AD4 27 A24 79 INT1 47 Vss 13 

AD5 26 A25 76 INT2/1NTR 48 Vss 22 

AD6 25 A26 75 INT3/1NTA 49 Vss 24 

AD7 20 A27 74 LOCK 58 Vss 32 

AD8 19 A28 71 NC 39 Vss 37 

AD9 18 A29 70 NC 6~ 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 BE1 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 Ne. 
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Table 11.8096058 PLCC Pinout-In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal 

1 Vee 22 Vss 43 Vss 64 HOLD 

2 NC 23 NC 44 Vee 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 

II 7 Vss 28 AD9 49 A1 70 I.O'Ci< 
8 A24 29 AD8 50 NC 71 Vee 
9 A23 30 AD7 51 BE1 72 Vss 
10 A22 31 Vee 52 BEO 73 Vee 
11 A21 32 Vss 53 Vee 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 A17 36 AD5 57 INTO 78 ALE 

16 A16 37 AD4 58 INT1 79 READY 

17 Vee 38 AD3 59 INT211NTR 80 A31 

18 Vss 39 02 60 INT3/1NTA 81 A30 

19 AD15 40 01 61 HLDA 82 A29 

20 AD14 41 DO 62 Vee 83 A28 

21 Vee 42 NC 63 Vss 84 Vss 

NOTE: 
Do not connect any external logic to any pins marked Ne. 
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Table 12.80960SB PLCC Pinout-In Signal Order 

Signal Pin Signal Pin Signal Pin Signal Pin 

A1 49 A18 14 DTlR 68 Vee 44 

A2 46 A19 13 HlDA: 61 Vee ' ,47 

A3 45 A20 12 HOll;> 64 Vee 53 

DO 41 A21 11 Tm'O 57 Vee 6 

AD1 40 A22 10 INT1 58 Vee 62 
AD2 39 A23 9 INT2/1NTR 59 Vee 71 

AD3 38' A24 8 1N'i'3/if'J'fA 60 Vee 73 

AD4 37 A25 5 rom< 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 REAi5'( 79 Vss 63 

AD12 25 AS 76 J!iEm 56 Vss 7 

AD13 24 f3"EO 52 Vee 1 Vss 72 
AD14 20- BE1 51 Vee 17 Vss 74 

AD15 19 BI:AS'f 69 Vee 21 Vss 77 

AD16 16 ClK2 55 Vee 31 Vss 84 

A17 15 1)§\i 67 Vee 33 W/R 66 

NOTE: 
Do not connect any external logic to any pins marked NC. 
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3.4 Package Thermal Specification 

The 80960S8 is specified for operation when case 
temperature is within the range DoC to + 85°C 
(PLCC) or DoC to + 100°C (QFP). Measure case 
temperature at the top center of the package. Ambi
ent temperature can be calculated from: 

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

Table 13.8096058 QFP Package Thermal Characteristics 

Thermal Reslstance-°C/WaH 

Parameter 
Alrflow-ft.lmin (m/sec) 

0 50 100 200 400 600 800 

8 Junction-to-Ambient (Case 
measured in the middle of the 

54 52 49 45 39 35 33 
top of the package) 
(No heatsink) 

8 Junction-to-Case 11 11 11 11 11 11 11 

NOTE: 
This table applies to 8096058 QFP soldered directly to board. 

Table 14.8096058 PLCC Package Thermal Characteristics 

Thermal Reslstance-°C/Watt 

Parameter 
Airflow-ft.lmln (m/sec) 

0 50 100 200 400 600 800 1000 

8 Junction-to-Ambient 
33 31 28.5 27 24 22 20 19.5 

(No heatsink) 

8 Junction-to-Case 11 11 11 11 11 11 11 11 

NOTE: 
This table applies to 8096058 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 8096058's bus. Figure 22 
shows a cold reset functional waveform. 
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ClK [ 

ALE [ :;J\~I~_ ........ __ ........ I.,Jn,-______ ....... 
AS [ :'-__ ,...,1 \ __ ,...,1 

, I 

I 

A31: 16 [ :>< __ --V-A-l_ID-----'X""-_--V-A-l ... ~D---_ 
A15:4, 
D15:0 [7-{ ADDR >-0 ....... -~( ADD~ X DAT~ »)---

I 

A3:1 [ :>< __ VA_l_ID __ ,..,XINVALI:DX~ __ : V_Al_ID __ , .,.,,: X~ __ 

BE1:0 [ \ 
BLAST [ \ \_~I 

DT/R [ ___ ~\ ________ --..J/' 

DEN [ \_~I 

READy[~:~I_ 
272207-18 

Figure 17. Non-Burst Read and Write Transactions Without Wait States 
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Cl.K2 [ 

ClK [ 1 

1 

AlE[~~: ____ ~ __ ~ ____ ~ ____ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ __ ~ 
1 1 

AS[~ 

A31:16 [:J( ____________ ~--__ ----__ V-A_Ll_O ________________ ----__ --__. 

A15:4, 
015:0 

A3: 1 [ 

BE1:0 [ 

BLAST [ 

I· 

AOOR 

000 

\-___________________________ 1,_: 
1\....3:

1 
1 1 1 

1 1 

1 1 1 

W/R [ ...... Ja...-______________ : 
[~II DT/R ---1 

DEN [ \_-----------------~~---------~,-: 
READY [fP/f/}/@ \%\ 1 @. 1 ffA 1 @. 1 fA 1 ~ 1 f». ~ 

272207-19 

Figure 18. Quad Word B~rst Read Transaction with 1,0,0,0,0,0,0, ° Wait States 
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~,~,~,~,~,~,~,~,~,~,~,~,~,~, ~, 

ClK2 [ 

ClK [ 
I 

I I 

AlEcr': ~----.. ---------.----~----~----.. ----~---.----.. ----~:~~~~:--.. ~----.. ----~ 
As [:\.3 :'--iJ 

I I 

A31:16 ex --------------------------V-A-l-�-o----------------------------~}(~ _________ V_A_l_IO ______ ~ 

I 

A15:4. [ I 

015:0 I 

I 

A3:1 [X 000 
____________ .~ ______ o_oo ______ >e::: 

jjfi[~ 

BEO [ : :\ :/ \ r: 
BLAST [ : :LJ \ r: 

I I 

W/R[) 

OT/R [:--1: 

OEN[~ 
I I I I I I 

READY[~:~:~:~:~:~:~:~:&:~:m:~ 

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) Walt States 
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CLK2 [ 

I 

:f\: ALE[~~: ____ ~ __ ~ __ ~ __ ~ ____ ~ __ ~ __ ~ 
; 

I. 

XS[:LJ ;\.....JJ 
A31:16 [7 
A15:4, [' 
015:0 I 

I 

I, 

110 x: A3:1 [X'--_____________ _ 

BE1:0 [ : \..D ,I 

I' ~ 10 I 
I 

INTA [T\ :, :\ II: 
I 

BLAST [ I 
. I L!J \ 'I: 

I 

W/R [ ..... )L-.. _______________ _ 

OT!R [:=;\: 
I I I 

DEN [:----:Li/ \~ .. ' _____ '.JI: 
LOCK[T\~._ ______ ~--______ --________ :JI 

I I I I I I I 

REAOY[~:_:%:.w 

Figure 21. Interrupt Acknowledge Cycle 
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CLK[~V\J\J\J\rVWVWVWVWW 
, 

, 'rc ISr--' 51 iJ j . , Orr 51 , ----------------:'J») , 
[ 

.- , ,II 'L Veo -""'", , , 'II ,II " 
' .51 , , AS,DT/R, [ ~: I ' , 

__ DEN. -----ll. " :I'J'I-..... --LOCK (0) ~I \ ' 1", lSI I , 

-I - ISS '»)'" '5 ~_ ... __ HLOA [ ----51 , ,...-----:--7:51 :51: Ls~ 
,/'"""'"II 1 · : , . . : . 

BLAST/FAIL [-----ll ~I . . :~II::>C 
~I HI .11 :'-;:1 :1. [ 
L..-..s 1 , , '5 '"5 -r---~I. . ,I,::. 
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ALE, A31: 16 
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015:0, 
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Initialization parameters 
set up to first A edge 
minimum 4 CLK2 periods 

Internal self-test, 
approximately 48,000 CLK2 
periods (if selected) 

VCC and CLK2 stable to RESET high, minimum 41 CLK2 periods 

I--------
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5.0 REVISION HISTORY 

This data sheet supersedes data sheet 272207-001. The sections significantly changed since the previous 
revision are: ' 

Section 
Last 

Description 
Rev. 

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 9tOO 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 IOL value improved. 
WAS: 2.5mA IS: 4.0mA 

LOCK pin IOL value at 0.45V relaxed. 
, 

WAS: 12mA IS: 6mA 
LOCK pin IOL value at 0.60V deleted. 

This dat~ sheet supersedes data sheet 270917·004, which applied to both the 80960SA and the 80960S6. 
The 80960SA is now documented in 272206-002. 

The sections significantly changed since the previous revision are: 

Section 
Last 

Description 
Rev. 

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 (lL12) specification 
added to accurately describe leakage of INTO 
and LOCK as inputs. 

Table 7. 8096058 AC Characteristics (10 MHz) -004 T 7 minimum specification improved: 
(pg. 21) and Table 8. 8096058 AC Characteristics Power Supply Current: Was: Is: 
(16 MHz) (pg. 22) 10 MHz 24 ns T 1 -11 ns 

16 MHz 15 ns T 1 -11 ns 
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The sections significantly changed between revisions -003 and -004 of the 80960SA/S8 data sheet were: 

Section Last Description Rev_ 

DC Characteristics (pg. 15). -003 Operating temperature for PLCC package changed: 
Was: T CASE = O°C to + 100°C 
Is: TCASE = O°C to + 8SoC 

The test program has not changed. 

Table 7. OFP Package, Thermal -003 Corrected OFP Package Thermal Resistance values: 
Resistance-°C/Watt (pg. 21) for (}JA at 0 ft/min airflow: for (}JC at 0 ltfmin airflow: 

Was: 4S.7°/W Was: 4°/W 
Is: S4°/W Is: 11°/W 

Table 8. PLCC Package, Thermal -003 Corrected PLCC Package Thermal Resistance values.: 
Resistance-°C/Watt (pg. 22) for (}JA: • at SO ft/min airflow at 100 ftlmin airflow 

Was: NA Was: NA 
Is: 31 Is: 28.5 

for (}Jc: 
at 0 ft/min airflow at 50 ft-1000 ft/min airflow 

Was: 13 Was: NA 
Is: 11 Is: 11 

Table 9. 8096SA and 80960S8 -003 Signal A 12 incorrectly shown as Pin 28; is now correctly 
OFP Pinout -In Pin Order (pg. 23) shown as Pin 38. Note added to clarify No Connect Pins. 

I 1-75 



intel· 
i960 KA/KB PROCESSOR 

P·RODUCT OVERVIEW 

INTRODUCTION 

This chapter provides an overview of the Intel i960 KB 
processor (which is part of the i960 K series of embed
ded-processor products). 

All of the processors in the i960 K series of products 
are based on the Intel i960 architecture. Most of the 
information in this overview also applies to the i960 
KA processor. The only difference between the i960 
KB and i960 KA processors is that the i960 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 i960 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 i960 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 i960 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 

• a 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 
I/O 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 i960 processor op
erating at 20 MHz. 

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

i960 KB Processor and the L·Bus 

The i960 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), WritelRead Command 
(W/R), Data Transmit/Receive (DT/R) and Data En
able (DEN), are provided by the i960 KB processor. 
The i960 processor also generates byte enable signals 
that specify which bytes on the 32-bit 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 i960 KB processor uses the two low
order address lines to indicate how many words are to 
be transferred. The i960 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 i960 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 
Order Number: 272030-001 



i960 KA/KB PROCESSOR PRODUCT OVERVIEW 

272030-1 

Figure 1. Basic 1960 KB System Configuration 

The i960 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 (lAC) where a processor can interrupt another 
processor by sending an lAC 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 
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can be designed to accommodate the burst transaction 
of the i960 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 i960 KB proces
sor. 

The i960 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 i960 KB processor. Chapter 5 provides 
design guidelines for the memory controller. 

1/0 Module 

The I/O module consists of the I/O components and 
the interface circuit. I/O components can be used to 
allow the i960 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/O 
read or I/O 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 i960 KB processor uses memory-mapped addresses 
to access I/O 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 i960 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. 

Thfs 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 pperands. The only 
difference is that global registers retain their contents 
aCf,?ss 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 
chjp: an instruction oache 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 
i960 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 implem~ntation. The i960 KB 
processor provides four sets of local registers. 

Overlapped Instruction Execution 

The i960 architecture also enchances program execu
tion speed by overlapping the execution of some in
structions. In the i960 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 i960 architecture is designed to let a processor exe
cute com,monly 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 concentrating on 

, register-to-register operations. ' 

In addition, all of the instructions in the i960 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 i960 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 i960 architecture provides an efficient mechanism 
for servicing interrupts from external sources. To han
dle intemipts, the processor maintains an interrupt ta
ble of 248 interrupt vecto~s, 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 proCecIure. III 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 Efflcler:'lt 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
~t set of local registers is deallocated and the local 
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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 a~ailability of 32 ad,dressing lines allows some ad
dress hnes 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 i960 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 sjgnal 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 I/O 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 i960 K series of processors provides a complete 
implementation of the i960 arc~tecture, plus several 
extensions to that architecture. These extensions fall 
into two categories: floating-point processing and inter
agent communication. ' 

On-Chip Floating Point 
The i960 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 
floa~g-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 i960 K series provide an 
inter-agent communication (lAC) 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 lAC mes
sages are passed through dedicated sections of memory. 
The sort o~ tasks handled with lAC messages are proc
essor reinitialization, stopping the processor, purging 
the instruction cache and forcing the processor to check 
pending interrupts. 
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EMBEDDED 32-BIT MICROPROCESSOR 

• High·Performance Embedded 
Architecture 
- 25 MIPS Burst Execution at 25 MHz 
- 9.4 MIPS· Sustained Execution at 

25 MHz 

• 512·Byte On·Chlp Instruction Cache 
- Direct Mapped 
- Parallel'Load/Decode for Uncached 

Instructions 

• Multiple Register Sets 
- Sixteen Global 32·Blt Registers 
- Sixteen LoCal 32·Blt Registers 
- Four Local Register Sets Stored 

On·Chip . 
- Register Scoreboarding 

• 4 Gigabyte, Linear Address Space 

• Pin Compatible with 80960KB 

• Bullt·ln Interrupt Controller 
- 31 Priority Levels, 256 Vectors 
- 3.4 p,s Latency @ 25 MHz 

• Easy to Use, High Bandwidth 32·Blt Bus 
-66.7 Mbytes/s Burst 
- Up to 16 Bytes Transferred per Burst 

• 132·Lead Packages 
- Pin Grid Array (PGA) 
- Plastic Quad Flat·Pack (PQFP) 

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 RiSe 
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/O 
control and specialty instrumentation. 

SIXTEEN 
32-BIT GLOBAL 

REGISTERS 

32-BII 
BUS 

CONTROL 
LOGIC 32-81T 

Figure 1. The 80960KA Processor's Highly Parallel Architect\Jre 

BURST 
BUS 

270775-1 

"Relative to Digital Equipment Corporation's VAX-11 1780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation.) 
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1.0 THE i960® PROCESSOR . 

The S0960KA 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 proqessing, 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. 

0000 OOOOH 

ADDRESS SPACE 

1 
INSTR UCTION CACHE I 

INS 
xm. T~'~~TION 

STREAM 

INSTRUCTION 
EXECUTION 

PROCESSOR STATE 
REGISTERS 

~I INSTRUCTION' I~ POINTER 

I ARITHMETIC I CONTROLS 

I PROCESS 1 CONTROLS 

I TRACE I CONTROLS 

. 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. 
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Software written for the S0960KA will run without 
modification on any other member of the S0960 
Family. It is also pin-compatible with the S0960KB 
which includes an integrated floating-point unit and 
the S0960MC which is a military-grade version that 
supports multitasking, memory management, multi
processing and fault tolerance. 

I 

I 
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REGISTER CACHE 
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Figure 2. 80960KA 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 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.) 

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.) 

3. 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 RiSe 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. 

4. 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 
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, 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. 

6. 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. 

7. 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. 

S. 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 

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 Cail Conditional Fault 
Conditional Compare Conditional Branch call Extended Synchronize Faults 
Compare and Increment' Compare and Br~nch Call System 
Compare and Decre'ment 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 
Sqan Byte for Equal 
Test Condition Code 
Modify Process Controls \ 

Synchronous 

Synchronous Load 
Synchronous Move 
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Compare and 
Branch 

Register to 
Register 
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Memory Access-
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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 

• 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 80960KA recognizes the following data types: 

Numeric: 

• 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 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 G 15). These regis
ters perform the same function as the general-

1-85 



80960KA 

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-Ianguage 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 prooedure 
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. 

1-86 

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 score boarding 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: 

ld data_2, r4 
ld 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" (Le., 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 S0960KA 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/O 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 

• 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 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 S0960KA 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 

I 

interrupt 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 S0960KA 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 

1-S7 

II 



80960KA 

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, grj3at
Iy 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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1.1.11 BUILT-IN TESTABILITY 

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. 

System manufacturers can use the 80960KA's self
test feature during incoming parts inspection. No 
special diagnostic programs neeq 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 available 
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. 

LA031:0 1/0 LOCAL ADDRESS/DATA BUS carries 32-bit physical addresses and data to and 
T.S. from memory. During an address (Ta) cycle, bits 2-31 contain a physical word 

address (bits 0-1 indicate SIZE; see below). During a ,data (T d) 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 aT a cycle. SIZE specifies burst transfer size in words: 

LAD 1 LADO 
0 0 1 Word 
0 1 2 Words 
1 0 3 Words 
1 1 4 Words 

ALE a ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is 
1.S. asserted during a T a cycle and deasserted before the beginning of the T d state. It is 

active LOW and floats to a high impedance state during a hold cycle (T h)' 

ADS a ADDRESS/DATA STATUS indicates an address state. ADS is asserted every T a 
0.0. state and deasserted during the following T d state. For a burst transaction, ADS is 

asserted again every T d state where READY was asserted in the previous cycle. 

WIR a WRITE/READ specifies, during a T a cycle, whether the operation is a write or read. It 
0.0. is latched on-chip and remains valid during T d cycles. 

OT/R a DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
0.0. L-Bus. It is low during T a and T d cycles for a read or interrupt acknowledgment; it is 

high during T a and T d cycles for a write. OT /R" never changes state when DEN is 
asserted. 

READY I READY indicates that data on LAD lines can be sampled or removed. If READY 
is not asserted during a T d cycle, the T d cycle is extended to the next cycle by 
inserting a wait state (T w) 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 Readl 
0.0. 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 a cycle of the read transaction. The 
processor deasserts LOCK in the T a 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, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 
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Table 3. 80960KA Pin Description: L-Bus Signals (Continued) 

Name Type Description 

BE3:0 0 BYTE ENABLE LlNE~ecify the data bytes (up to four) on the bus wHich are used in 
0.0. 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 a specify the bytes of the first data word. 
• Byte enables asserted during T d specify the bytes of the next data word, if any (the 

word tolbe transmitted following the next assertion of READY). 
Byte enables that occur during T d cycles that precede the last assertion of READY are 
undefined. Byte enables are latched on-chip and remain constant from one T d 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 
~nts 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 
Ao and A1 can be decoded externally from the byte enables. 

HOLD I 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 T h state. When HOLD 
deasserts, the processor deasserts HLDA and enters the Ti or T a state. 

HLDA 0 HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
T.S. relinquished control of the bus. 

CACHE 0 CACHE indicates when an access is cacheable during a T a cycle. It is not asserted 
T.S. during any synchronous access, such as a synchronous load or move instruction used 

for sending an lAC message. The CACHE signal floats to a high impedance state 
, when the processor is idle. 

I/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 

Table 4. 80960KA Pin Description: Support Signals 

Name Type Description 

BADAC I 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 I RESET clears the processor's intemallogic and causes it to reinitialize. 
During RESET assertion, the input pins are ignored (except for BADAC and fA"C/iNT 0), 
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 as.serted for at least 41 CLK2 cycles for a predictable RESET. The 
HIGH to LOW transition of RESET should occur after the rising edge of both CLK2 and 

/ the external bus clock and before the next rising edge of CLK2. 
1/0 = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 
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Table 4. 80960KA Pin Description: Support Signals (Continued) 

Name Type Description 

FAILURE a INITIALIZATION FAILURE indicates that the processor did no1 initialize correctly. 
0.0. 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. 

lAC/INTo I INTERAGENT COMMUNICATION REQUEST/INTERRUPT 0 indicates an lAC 
message or an interrupt is pending. The bus interrupt control register determines 
how the signal is interpreted. To signal an interrupt or lAC request in a synchronous 
system, this pin-as well as the other interrupt pin~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. 

INTj I INTERRUPT 1, like INTo, provides direct interrupt signaling. 

INT2/INTR I INTERRUPT 2/INTERRUPT REQUEST: The interrupt control register determines 
how this pin is interpreted. If INT 2, it has the same interpretation as the INTo and 
INTj pinS. If INTR, it is used to receive an interrupt request from an external 
interrupt controller. 

INT3/INTA I/O INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register 
0.0. determines how this pin is interpreted. If INT 3, it has the same interpretation as the 

INTo, INTj and INT 2 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 T d 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/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 

2.0 ELECTRICAL SPECIFICATIONS 2.2 Power Decoupling 
Recommendations 

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, Vee and VSS 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 Vee pins must be strapped closely togeth
er, preferably on a power plane; all Vss pins should 
be strapped together, preferably on a ground plane. 

I 

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 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 VIH (>3.0V) and terminated in th,e 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 100n. 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 

220n 

330n 

Low Drive Network: 
VOH = 3.0V 
IOL = 20.7 rnA 

270775-5 

Figure 5. Connection Recommendations for 
Low Current Drive Network 
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Open-Drain Output 
vee 

High Drive Network: 
VOH = 3.4V 
IOL = 25.3 rnA 

l80n 

~' 390n 

270775-6 

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 SV. 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 
(VcC> levels and two temperatures. \ 

For a given output current (loL> the curve in Figure 
10 shows the worst case output low voltage (VoL>. 
Figure 11 shows the typical capacitive derating 
curve for the 80960KA measured from 1.SV on the 
system clock (CLK) to 1.SV on the falling edge and 
1.5V on the rising edge of the L-Bus address/data 
(LAD) signals. 
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Figure 9. Typical Current vs. Frequency (Hot Temp) 
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Figure 10. Worst-Case Voltage vs. Output 
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 IOL legs of the bridge are 
necessary and the IOH legs are not used. When the 
80960KA driver under test is turned off, the output 
pin is pulled up to VREF (Le., VOH). Diode 01 is 
turned off and the IOL current source flows through 
diode 02. 

When the 80960KA open-drain driver under test is 
on, diode 01 is also on and the voltage on the pin 
being tested drops to VOL. Diode 02 turns off and 
IOL flows through diode D1. 

I 

80960KA 

Three-State Output 

O---c;,-l-' 

~ 270775-12 

NOTE: 
CL = 50 pF for all signals 

0 

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

Open-Drain Output 

D1 f D2 

I 1l1li .1 

CL~ 

0 

270776-13 

NOTES: 
IOL Tested at 25 mA 
VREF = Vee 
D1 and D2 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 

Operating Temperature 
PGA ...................... O°C to + 85°C Case 
PQFP .................... O°C to + 100°C Case 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin .......... - 0.5V to Vcc + 0.5V 

Power Dissipation ................. 2.5W (25 MHz) 

, 
2.7 DC Characteristics 

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 reI/ability. 

PGA: 80960KA (16 MHz) TCASE = O°C to + 85°C, VCC = 5V ±10% 

80960KA (20 and 25 MHz) TCASE = O°C to + 85°C, VCC = 5V ±5% 

PQFP: 80960KA (16 MHz) T CASE = O°C to + 100°C, VCC = 5V ± 10% 

80960KA (20 and 25 MHz) TCASE = O°C to + 100°C, VCC = 5V ± 5% 

Table 5. DC Characteristics 

Symbol Parameter Min Max Units Notes 

Vil Input Low Voltage -0.3 +0.8 V 

VIH Input High Voltage 2.0 VCC + 0.3 V 

VCl CLK2 Input Low Voltage -0.3 +0.8 V 

VCH CLK2 Input High Voltage 0.55 VCC Vcc + 0.3 V 

Val Output Low Voltage 0.45 V (1, 2) 

VOH Output High Voltage 2.4 V (3,4) 

Icc Power Supply Current: . 
16 MHz 315 mA (5) 
20 MHz 360 mA (5) 
25 MHz 420 mA (5) 

III Input Leakage Current ±15 ,..,A 0,,; VIN ,,; VCC 

ILO Output Leakage Current ±15 ,..,A 0.45 ,,; Va ,,; VCC 

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(6) 

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

Addresss/Data ......................................................................................... 4.0 mA 
Controls ............................................................................................... 5.0 mA 

2. For open-drain outputs ... , ............................................................................... 25 mA 
3. This parameter is measured at: 

Address/Data .. ' .................. , . , .... , .. , . ' .................................. , .................... -1.0 mA 
Controls ..................................... , .................... , .................. , ........... , ... -0.9 mA 
ALE .. , .......................................... , .......................... , ...................... , - 5.0 mA 

4. Not measured on open-drain outputs, , 
5. Measured at worst case frequency, Vee 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 capacitahce are not tested. 
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2.8 AC Specifications 

This section describes the AC specifications for the 
S0960KA 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. 

EDGE 

CLK2 

OUTPUTS: 
LAD3l :0 

ADS 
W/R. DEN 
8E3:0 
HLDA 
CACHE 
LOCK. INTA 

ALE 

DT/Ii 

INPUTS: 
LAD3l :0 

BADAC 
IAC/iNfO. INTl 
INT2/INTR. INT3 

HOLD 
LOCK 
READY 

A 

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 (O.SV) 
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 
of0.45V and 0.55. Vee. . 

o 

270775-14 

Figure 14. Drive Levels and Timing Relationships for 80960KA Signals 
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2.8.1 AC SPECIFICATION TABLES 

Table 6. 80960KA AC Characteristics (16 MHz) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

T1 Processor Clock Period (CLK2) 31.25 125 ns VIN = 1.5V 

T2 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 VCC 

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

T5 Processor Clock Rise Time (CLK2) 10 ns VIN = 10% POint to 90% Point(1) 

SYNCHRONOUS OUTPUTS 

T6 Output Valid Delay 2 25 ns 

T6H HLDA Output Valid Delay 4 28 ns 

T7 ALE Width 15 ns 

Te ALE Output Valid Delay 2 18 ns 

Tg Output Float Delay 2 20 ns (2) 

T9H 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) 

T12 Input Setup 2 8 ns (3) 

T13 Setup to ALE Inactive 10 ns 

T14 Hold after ALE Inactive 8 ns 

T15 Reset Hold 3 ns (3) 

T16 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 ILQ. Float delay is not tested; however, it 

should not be longer than the valid delay. 
3. LAD31 :0, BADAC, HOLD, IT5CK and READY are synchronous inputs. IAC/INT 0, INT 1, INT 2/1NT Rand INT 3 may be 

synchronous or asynchronous. 

1-98 

I 



intel~ 80960KA 

Table 7. 80960KA AC Characteristics (20 MHz) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

T1 Processor Clock Period (CLK2) 25 125 ns VIN = 1.5V 

T2 Processor Clock Low Time (CLK2) 6 ns VIL = 10% Point = 1.2V 

T3 Processor Clock High Time (CLK2) 6 ns VIH = 90% Point = O.W + 0.5 VCC 

T4 Processor Clock. Fall Time (CLK2) 10 ns VIN = 90% Pointto 10% Point(1) 

T5 Processor Clock Rise Time (CLK2) 10 ns VIN = 10% Point to 90% Point(1) 

SYNCHRONOUS OUTPUTS 

Ts Output Valid Delay 2 20 ns 

TSH HLDA Output Valid Delay 4 23 ns 

T7 ALE Width 12 ns 

Ta ALE Output Valid Delay 2 18 ns 

T9 Output Float Delay 2 20 ns (2) 

T9H 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) 

T12 Input Setup 2 7 n!l (3) 

T13 Setup to ill Inactive 10 ns 

T14 Hold after ALE Inactive 8 ns 

T15 Reset Hold 3 ns 

T15 Reset Setup 5 ns 

T17 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 ILO. Float delay is not tested; however, it 

should not be IOeger than the valid del~ 
3. LAD31:0, BADA , HOLD, iJ5CK and READY are synchronous inputs. IAC/TJii'i"o, INT1, INT2/1NTR and fiiiia may be 

synchronous or asynchronous. 
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Table S. S0960KA AC Characteristics (25 MHz) 

Symbol Parameter Min Max Units Notes 

IN~UTCLOCK 

T1 Processor Clock Period (CLK2) 20 125 ns Y,N = 1.5V 

T2 Processor Clock Low Time (CLK2) 5 ns V,L = 10% Point =- 1.2V 

T3 Processor Clock High Time (CLK2) 5 ns V,H = 90% Point = 0.1V + 0.5 Vee 

T4 Processor Clock Fall Time (CLK2) 10 ns Y,N = 90% POintto 10% Point(1) 

T5 Processor Clock Rise Time (CLK2) 10 ns Y,N = 10% Pointto 90% Point(1) 

SYNCHRONOUS OUTPUTS 

Ts Output Valid Delay 2 18 ns 

TSH HLDA Output Valid Delay 4 23 ns 

T7 ALE Width 12 ns 

Ta m Output Valid Delay 2 18 ns 

Tg Output Float Delay 2 1~ ns (2) 

T9H 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 

T12 Il'Jput Setup 2 7 ns 

T13 Setup to ALE Inactive 8 ns 

T14 Hold after ALE Inactive 8 ns 

T15 Reset Hold 3 ns 

T1S Reset Setup 5 ns 

T17 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 ILO. Float delay is not tested; however, it 

should not be longer than the valid delay. 
3. LAD31:0, BADAC, I-:IOLD, LOCK and READY are synchronous inputs. ~/iNTo, INTj, INT211NTR and iNTa may be 

synchronous or asynchronous. ' 
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T1 

HIGH LEVEL (MIN) 0.55VCC 90% 

LOW LEVEL (MAX) O.BV 10% 

NOTES: 

___ I 

CLK2 

CLK 

RESET 

OUTPUTS 

I 
I 
T5~ 

1""1 ,1--------'. I T2 
T4~ I 

Figure 15. Processor Clock Pulse (CLK2) 

FIRST 

ABC 0 A 

••• 

••• 

1+---+- ••• --1'_ 

~--+- ••• -~I--~I--~I---I--~I-

INIT PARAMETERS (BADAC, 
INTo/lAC) MUST BE SET UP B CLOCKS ------' 
PRIOR TO THIS CLK2 EDGE 

INIT PARAMETERS MUST BE HELD ------------' 
BEYOND THIS CLK2 EDGE 

T15 = RESET HOLD 
T16 = RESET SETUP 
T17 = RESET WIDTH 

Figure 16. RESET Signal Timing 

80960KA 
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3.0 MECHANICAL DATA 3.1.1 PIN ASSIGNMENT 

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). 

• 132-lead plastic quad flat pack (PQFP). This / 
package uses fine-pitch gull wing leads arranged 

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. 

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). 
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Figure 17. 132-Lead Pin-Grid Array (PGA) Package 
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2 3 5 6 7 8 9 10 11 12 13 14 

p a a a a a a a a a a a a a a p 

Vee N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. Vss Vee 

N a a a a a a a a 0 a a a a a N 

Vss N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. 

a a a a a a a a a a a a a a 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N~ 

L a a a a a a L 

OEN ItC. Vee Vss N.C. N.C. 

K a a a a a 0 K 

BE3 FAIL Vss Vee N.C. N.C. 

a a a a a a 
DT/R BE2 Vss N.C. N.C. N.C. 

H a a a a a a H 

W/R BEa LOCK N.C. N.C. N.C. 

G a a a a a a G 

LAD30 READY BE; N.C. N.C. N.C. 

a a a a a a 
LAD29 LAD31 CACHE N.C. N.C. N.C. 

a a a a a a E 
LAD28 LAD26 LAD27 N.C. Vss N.C. 

° a a a a a a D 
ALE ADS HLDA Vee N.C. N.C. 

C a a a a a a a a a a a a a a C 

HOLD LAD2S BADAC ' Vee Vss LAD20 LAI13 LAD8 LAD3 Vee Vss INT3' INT1 INTo 

B a a a a a a a a a a a a a a B 

LAD23 LAD24 LAD22 LAD21 LAI18 LAl1s LAI12 LAl10 LAD6 LAD2 CLK2 LADo RESET Vss 

A a a a a a a a a a a a a a a A 

Vee Vss LAl1g LAI17 LAI16 LAD14 LAI11 LADg LAo., LADs LAD4 LAI1 INT2 Vee 

2 3 4 5 6 7 8 9 10 11 12 13 14 
270775-18 

Figure 18. 80960KA PGA Pinout-View from Bottom (Pins Facing Up) 
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14 13 12 11 10 8 7 4, 3 2 

o 0 0 ,0 0 ,0 0 0 0 0 0 0 0 0 P 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~, ~ ~ 

N o 0 0 0 0 0 0 0 0 0 0 000 
N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C: N.C. VSS 

o 0 0 0 0 000 0 0 0 0 0 0 
N.C. 'N.C. N.C. Vee; VSS N.C. N.C. N.C. N.C. Vee Vss Vss Vee N.C. 

000 000 
N.C. N.C. Vss Vee N.C. DEN 

K 000 000 K 
N.C. N.C. Vee Vss rAIL BE3 

000 000 
N.C. N.C. N.C. Vss BE2 DT/R 

o '0 0 o o o H 

N.C. N.C. N.C. LOCK BEa W/R 

G 000 o o o G 
N.C. N.C. N.C. BE; READY LAD30 

000 o o o 
N.C. N.C. N.C. CACHE LAD31 LAD29 

000 000 
N.C. Vss N.C. LAD27 LAD26 LAD28 

° 000 000 ° N.C. N.C. Vee HLDA ADS ALE 

C o 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
INTO INT, INT3 Vss Vee LA~ LADs LAO, 3 LA~o Vss Vee BADAC LAD25 HOLD 

000 000 o 0 0 0 000 0 B 
Vss RESET LADo CLK2 LAD2 LADs LAO, 0 LAO, 2 LAo,s LAO, 6 LA~ 1 LAD22 LAD24 LAD23 

A o 0 0 0 0 0 o 0 0 0 0 0 0 0 A 

Vee ,INT2 LAD, LAD4 LADs LA~ LAD9 LAO, 1 LAo,4 LAo,6 LAo,7 LAo,9 Vss Vee 

14 13 12 11 10 8 4 
270775-19 

Figure 19. 80960KA PGA Pinout-View from Top (Pins Facing Down) 

270775-20 

Figure 20. 80960KA 132·Lead Plastic Quad Flat·Pack (PQFP) Package 

1-104 

I 



intel~ 

LAOO 

LAOI 

LA02 

VSS 

LA03 

LA04 

LAOS 

LA06 

LA07 

LAD8, 

LAD9 

LA010 

LAOI I 

LA012 

VSS 

LA013 

LAD14 

LA015 

LA016 

LA017 

LA018 

LAD19 

LAD20 

LA021 

LAD22 

VSS 

, LA023 

LAD24 

LA025 

BADAC 

I 

HOLD 

NC 

ADS 

104 

lOS 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

LO 
C\I 
I 

« 
~ 
o 
CO X 
(J) X o X X X 
CO X X X 

(!) ~~~ 
Z ~ ~ ~ 

• 

'" '" '" "''' > > z 

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 ~In 
) Signal 

A1 Vee C6 LAD"ao H1 W/R M10 Vss 
A2 Vss C7 LAD13 H2 BEo M11 Vee 
A3 LAD19 C8 LADe H3 ~ M12 N.C. 
A4 LAD17 C9 LADa H12 N.C. M13 N.C. 
A5 LADle C10 Vee H13 N.C. M14 N.C. 
A6 LAD14 C11 Vss H14 N.C. N1 Vss 
A7 LADll C12 INTa/lNTA J1 DT/R N2 N.C. 
A8 LAD9· C13 INTl J2 BE2 N3 N.C. 
A9 LAD7 C14 iAe/iNTo J3 Vss N4 N.C. 
A10 LADs D1 ACE J12 ,N.C. N5 N.C. 
A11 LAD4 D2 Pm J13 N.C. N6 N.C. 
A12· LADl D3 HLDA J14 N.C. N7 N.C. 
A13 INT211NTR D12 Vee K1 8Ea N8 N.C. 
A14 Vee D13 N.C. K2 ~AI[ORE N9 N.C .. 
81 LAD2a D14 N.C. K3 Vss N10 N.C. 
82 LAD24 E1 LAD2e K12 Vee N11 N.C. 
83 . LAD22 E2 LAD26 K13 N.C. N12 N.C. 
94 LAD2l E3 LAD27 K14 N.C. N13 N.C. " 
85 LADle E12 N.C. L1 DEN N14 N.C. 
86 LAD15 E13 ,Vss L2 N.C. P1 Vee 
87 LAD12 E14 N.C. L3 Vee P2 N.C. 
88 LAD10 F1 LAD29 L12 Vss P3 N.C. 
89 LADe F2 LADal L13 N.C. P4 N.C. ' 
810 LAD2 F3 CACHE l14 N.C. P5 N.C. 
811 CLK2 F12 N.C. M1 N.C. P6 N.C. 
812 LADo F13 N.C. M2 Vee P7 N.C. 
813 RESET F14 N.C. M3 Vss P8 N.C. 
814 Vss G1 LADao M4 Vss P9 N.C. 
C1 HOLD G2 READY M5 Vee P10 N.C. 
C2 LAD25 G3 BEl M6 N.C. P11 N.C .. 

C3 BA"DAO 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.e. 
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Table 10. 80960KA PGA Pinout-In Signal Order 
Signal Pin Signal Pin $Ignal Pin Signal Pin 

ADS 02 LAD15 B6 N.C. J14 N.C. P9 
ALE 01 LAD16 A5 N.C. K13 N.C. P10 
BADAC C3 LAD17 A4 N.C. K14 N.C. P11 

BEo H2 LADle B5 N.C. L13 N.C. P12 

BEl G3 LAD19 A3 N.C. L14 N.C. L2 

BE2 J2 LAD20 C6 N.C. M1 READY G2 

BE3 K1 LAD2l B4 N.C. M6 RESET B13 
CACHE F3 LAD22 B3 N.C. M7 Vee A1 

CLK2 B11 LAD23 B1 N.C. M8 Vee A14 
DEN L1 LAD24 B2 N.C. M9 Vee C4 
DT/R J1 LAD25 C2 N.C. M12 Vee C10 
FAILURE K2 LAD26 E2 N.C. M13 Vee 012 

HLDA 03 LAD27 E3 N.C. M14 Vee K12 
HOLD C1 LAD2e E1 N.C. N2 Vee L3 

lAC/INTo C14 LAD29 F1 N.C. N3 Vee M2 

INTl C13 LAD30 G1 N.C. N4 Vee M5 

INT2/INTR A13 LAD3l F2 N.C. N5 Vee M11 

INT3/INTA C12 IT5CK H3 N.C. N6 Vee P1 

LADo B12 N.C. 013 N.C. N7 Vee P14 

LADl A12 N.C. 014 N.C. N8 Vss A2 

LAD2 B10 N.C. E12 N.C. N9 Vss B14 

LAD3 C9 N.C. E14 N.C. N10 Vss C5 

LAD4 A11 N.C. F12 N.C. N11 Vss C11 

LAD5 A10 N.C. F13 N.C. N12 Vss E11 

LAD6 B9 N.C. F14 N.C. N13 Vss J3 

LAD7 A9 N.C. G12 N.C. N14 Vss K3 

LADe C8 N.C. G13 N.C. P2 Vss L12 

LAD9 A8 N.C. G14 N.C. P3 Vss M3 

LAD 10 B8 N.C. H12 N.C. P4 Vss M4 

LADll . A7 N.C. H13 N.C. P5 Vss M10 

LAD12 B7 N.C. H14 N.C. P6 Vss N1 

LAD13 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.e. 
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Table 11. 80960KA PQFP Pinout-In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal 

1 HLDA 34 N.O." 67 VSS 100 LADO 

2 ALE 35 Vee 68 VSS 101 LADl 

3 LAD26 36 Vee 69 N.C. 102 LAD2 

4 LAD27 37 N.C. 70 Vee 103 VSS 
5 LAD2S 38 N.C. 71 Vee 104 LAD3 

6 LAD29 39 N.C. ·72 N.C. 105 LAD4 

7 LAD30 40 N.C. 73 VSS 106 LAD5 

8 LAD3l 41 Vee 74 Vee 107 LAD6 

9 VSS 42 VSS 75 N.C. 108 LAD7 

10 CACHE 43 N.C. 76 N.C. 109 LADs 

11 W/R 44 N.C. 71 N.C. 110 LAD9 

12 READY 45 N.C. 78 N.C. 111 LAD10 

13 DT/R 46 N.C. 79 VSS 112 LAD1l 

14 BEo 47 N.C. 80 VSS 113 LAD12 

15 BEl 48 N.C. 81 • N.C. 114 VSS 
16 BE2 49 N.C. 82 Vee 115 LAD13 

17 BE3 50 N.C. 83 Vee 116 LAD14 

18 FAILURE 51 N.C. 84 VSS 117 LAD15 

19 VSS 52 VSS 85 lAC/INTo 118 LAD16 

20 LOCK 53 VSS 86 INT1 119 LAD17 

21 DEN 54 N.C. 87 INT2/INTR 120 LAD1S 

22 VSS 55 Vee 88 INT3/INTA 121 LAD19 

23 VSS 56 Vee 89 N.C. 122 LAD~o 
24 N.C. 57 VSS 90 VSS 123 LAD21 

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 LAD23 

28 N.C. 61 N.C. 94 N.C. 127 LAD24 

29 Vee 62 N.C. 95 N.C. 128 LAD25 

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.e. 
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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 LAD1S 118 N.C. 50 Vee 55 

BADAC 129 LAD17 119 N.C. 51 Vee 56 

BEo 14 LAD1S 120 N.C. 54 Vee 70 

BE1 15 LAD19 121 N.C. 58 Vee 71 

BE2 16 LAD20 122 N.C. 59 Vee 74 

BE3 17 LAD21 123 N.C. 60 Vee 82 

CACHE 10 LAD22 124 N.C. 61 Vee 83 

CLK2 91 LAD23 126 N.C. 62 Vee 92 

DEN 21 LAD24 127 N.C. 63 Vss 9 

DT/R 13 LAD25 128 N.C. 64 Vss 19 

FAILURE 18 LAD2S 3 N.C, 65 Vss 22 

HLDA 1 LAD27· 4 N.C. 66 Vss 23 

HOLD 130 LAD2S 5 N.C. 69 Vss 26 

lAC/INTo 85 LAD29 6 N.C. 72 Vss 27 

INT1 86 LAD30 7 N.C. 75 Vss 32 

INT2/INTR 87 LAD31 8 N.C. 76 Vss 33 

INT3/INTA 88 LOCK 20 N.C. 77 Vss 42 

LADo 100 N.C. 24 N.C. 78 Vss 52 

LAD1 101 N.C. 25 N.C. 81 Vss 53 

LAD2 102 N.C. 28 N.C. 89 Vss 57 

LAD3 104 N.C. 31 N.C. 94 Vss 67 

LAD4 105 N.C. 34 N.C. 95 Vss 68 

LAD5 106 N.C. 37 N.C. 96 Vss 73 

LADs 107 N.C. 38 N.C.·. 97 Vss 79 

LAD7 108 N.C. 39 N.C. 98 Vss 80 

LADs 109 N.C. .. 40 N.C. 131 Vss 84 

LAD9 110 N.C. 43 READY 12 Vss 90 

LAD10 111 N.C. 44 RESET 93 . Vss 99 . 
LAD11 112 N.C. 45 Vee 29 Vss 103 

LAD12 113 N.C. 46 Vee 30 Vss 114 

LAD13 115 N.C. 47 Vee 35 Vss 125 

LAD14 116 N.C. 48 Vee 36 W/R 11 
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3.3 Package Thermal Specification 

The S0960KA is specified for operation when case 
temperatures within the range O°C to S5°C (PGA) or 
O°C to 100°C (PQFP). Measure case temperature at 
the top center of the package. Ambient temperature 
can be Calculated from: 

TJ = Tc + P' IIJC 

TA = TJ + P • IIJA 

Tc = TA + P' [IIJA - IIJcl 

Values for 8JA and 8JC for various airflows are given 
in Table 13 for the PGA package and in Table 14 for 
the PQFP package. The PGA's 8JA 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. 

Maximum· allowable ambient temperature (T A) per
mitted without exceeding T C is shown by the graphs 
in Figures 23, 24, 25 and 26. The curves assume the 
maximum permitted supply current (Icd at each 
speed, VCC of +5.0Vand a TCASE of +S5°C (PGA) 
or + 100°C (PQFP). 

If the S0960KA 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 ptefix "T A" 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 
T AS0960KA at various airflows. The curve assumes 
an Icc of 420 mA, Vcc of 5.0V and a T CASE of 
+ 125°C. 

Table 13. 80960KA PGA Package Thermal Characteristics 

Thermal Reslstance-°C/Watt 

Airflow-ft.!min (m/sec) 

Parame.ter 0 50 100 200 400 600 800 
{OJ (O.25) (O.50) (1.01) (2.03) (3.04) (4.06) 

6 Junction-to-Cas.e 2 2 2 2 2 2 

6 Case-to-Ambient 19 18 17 15 12 10 
(No Heatsink) 

6 Case-to-Ambient 16 15 14 12 9 7 
(Omnidirectional 
Heatsink) 

6 Case-to-Ambient 15 14 13 11 8 6 
(Unidirectional 
Heatsink) 

NOTES: 
1. This table applies to 80960KA PGA plugged into socket or soldered 

directly to board. 
2. IIJA = IIJC + IICA 
3. IIJ-CAP = 4°C/Wapprox.) 

IIJ-PIN = 4'C/W (inner pins) (approx.) 
IIJ-PIN = 8'C/W (outer pins) (approx.) 
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CLK2 

ClK 

HOLD 

Table 14. 80960KA PQFP Package Thermal Characteristics 

'Thermal Resistance-'C/Watt 

Alrflow-ft.lmln (m/sec) 
Parameter 0 50 100 200 

(0) (0.25) (0.50) (1.01) 

9 Junction-to-Case 9 9 9 9 

9 Case-to-Ambient 22 19 18 16 
(No Heatsink) 

NOTES: 
1, This table applies to 80960KA PQFP soldered directly to board, 
2, 6JA = 6JC + 6CA 
3, 6 JL = 18'C/W (approx.) 

6JB = 18'C/W (approx.) 
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Figure 22. HOLD Timing 
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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. 

T, 

CLK2 [ 

LAD31:0 [ 

ALE[:L.J 
, 

ADS [: 

, 
W!R [:'\,, _____ :,.,1 

DT!R C:\"' ___ ...J1 
, 

,DEN [:----" 

, , 

270775-29 

Figure 27. N~n·Burst Read and Write Transactions without Walt States 
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Figure 28. Burst Read and Write Transaction without Walt States 
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Figure 29. Burst Write Transaction with 2, 1, 1, 1 Walt 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 Walt States) 
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INTR can go low no sooner than the input hold time following the beginning of interrupt acknowledgment cycle 1. For a 
~econd 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 

No revision history was maintained in .earlier revi
sions of this data sheet. All errata that has been 

Section 
Last 
Rev. 

Table 3. 80960KA Pin Description: L-Bus -004 
Signals (pg. 9) 

2.3. Connection Recommendations -004 
(pg. 12) 

Figure 9. Typical Current vs. Frequency -004 
(Hot Temp) (pg. 14) 

Figure 12. Test load Circuit for Three- -004 
State Output Pins (pg. 15) 

Figure 13. Test load Circuit for Operi7 
Drain Output Pins (pg. 15) 

2.7. DC Characteristics (pg. 16) -004 

2.8. AC Specifications (pg. 17) -004 

Functional Waveforms -004 

Various -004 
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identified to date is incorporated into this revision. 
The sections significantly changed since the previ
ous revision are: 

Description 

lOCK pin description rewritten for clarity. 

Changed suggested open-drain termination networks 
to reflect more realistic operating conditions with 
reduction in DC power consumption. 

Added figure for typical power supply current at hot 
temperature to aid thermal analysis. 

All outputs now specified with standard 50 pF test 
loads to agree with actual test methodology. 

Icc max specification reduced: 

WAS: IS: AT: 
375mA 315mA 16 MHz 
420mA 360mA 20 MHz 
480mA 420mA 25 MHz 

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

25 MHz operation extended to product in PQFP 
package. T B min. improved at all frequencies from 
o ns to 2 ns and T B max. improved from 20 ns to 
18 ns. 

T BH max improvement: 

WAS: IS: AT: 
31 ns 28 ns 16 MHz 
26 ns 23 ns 20 MHz 
24 ns 23 ns 25 MHz 

Redrawn for clarity. ClK signal drawn with more likely 
phase relationship to ClK2. Open-drain output 
signals drawn to show correct inactive states. 

Deleted all references to 10 MHz. Intel no longer 
offers a 10 MHz 80960KA device. 

'1-117 



• High-Performance Embedded • Built-In Interrupt Controller 
Architecture - 31 Priority LevelS, 256 Vectors 
- 25 MIPS Burst Execution at 25 MHz - 3.4 ,..,s Latency @ 25 MHz 
- 9.4 MIPS· Sustained Execution at • Easy to Use, High Bandwidth 32-Blt Bus 

25 MHz - 66.7 Mbytes/s Burst 

• 512-Byte On-Chip Instruction Cache - Up to 16 Bytes Transferred per Burst 
- Direct Mapped • 132~Lead Packages: 
- Parallel Load/Decode Jor Uncached - Pin Grid Array (PGA) 

Instructions - Plastic Quad Flat-Pack (PQFP) 

• Multiple Register Sets • On-Chip Floating Point Unit 
- Sixteen Global 32-Blt Registers - Supports IEEE 754 Floating Point 
- Sixteen Local 32-Blt Registers Standard 
- Four Local Register Sets Stored - Four 80-Blt Registers 

On-Chip -13.6 MIllion Whetstones/s (Single 
- Register Scoreboardlng Precision) at 25 MHz 

• 4 Gigabyte, Linear Address Space 

• 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 RiSe 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, I/O control and specialty instrumentation. 

32-BIT 
BUS 

CONTROL 
LOGIC 32-BIT 

Figure 1. The 80960KB Processor's Highly Parallel Architecture 

BURST 
BUS 

270565-1 

"Relative to Digital Equipment Corporation's YAX-11 /780 at 1 MIPS (VAX-11 is a trademark of Digital Equipment Corporation.) 
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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 automa
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. 

0000 OOOOH 

ADDRESS SPACE 

FETCH 

INSTRUCTION CACHE 

INSTRUCTION 
STREAM 

INSTRUCTION 
EXECUTION 

PROCESSOR STATE 
REGISTERS 

INSTRUCTION 
POINTER 

ARITHMETIC 
CONTROLS 

PROCESS 
CONTROLS 

TRACE 
CONTROLS 

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. 

LOAD 

ARCHITECTURALL Y 
DEFINED 

DATA STRUCTURES 

STORE 

SIXTEEN 32-BIT GLOBAL REGISTERS 

fFFF fTFFH 

REGISTER CACHE ---..., 

SIXTEEN 32-BIT LOCAL REGISTERS 

FOUR 80-BIT FLOATING POINT REGISTERS 

CONTROL REGISTERS 

270565-2 

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.) 

Control 

Compare and 
Branch 

Register to 
Register 

Memory Access-
Short 

Memory Access-
Long 

Opcode 

Opcode Reg/Lit Reg 

Opcode Reg 8ase 

Opcode Reg 8ase 

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.) 

3. 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 RiSe 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. 

Dis~lacement 

M 01 splacement 

Modes Ext'd Op 

M Offset 

Mode Scale xx Offset 

Displacement 

270565-3 

Figure 3. Instruction Formats 
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Table 1. 80960KB Instruction Set 

Data Movement Arithmetic Logical Bit Ilnd 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 Atomic Add Decimal Move Move Real 
Mark Atomic Modify Decimal Add with Carry Add 
Force Mark Flush Local Registers Decimal Subtract with Subtract 

Modify Arithmetic Controls Carry Multiply 
Scan Byte for Equal Divide 
Test Condition Code Remainder 
Modify Process Controls Scale 

Round 
Square Root 
Sine 
Cosine 
Tangent 
Arctangent 
Log 
Log Binary 
Log Natural 
Exponent 
Classify 
Copy Real Extended 
Compare 

Synchronous Conversion 

Synchronous Load Convert Real to Integer 
Synchronous Move Convert Integer to Real 
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4. Simple Instruction Formats. All instructions in 
the a0960KB 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.) 

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 a0960KB 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. 

6. Integer Execution Optimization. When the reo 
suit 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. 

7. Bandwidth Optimizations. The a0960KB 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 a0960KB 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 a0960KB 
is relatively insensitive to memory wait states. 
The benefit is that the a0960KB delivers out· 
standing performance even with a low cost memo 
ory system. 

8. 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 a0960KB 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 a0960KB 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. 

I 
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Table 2. Memory Addressing Modes 

• 12-Bit Offset 

• 32-Bit Offset 
• Register·lndirect 

• 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, a or 16 

1.1.2 DATA TYPES 

The a0960KB recognizes the following data types: 

Numeric: 

• a·, 16-, 32- and 64-bit ordinals 

• a·, 16-, 32- and 64-bit integers 
,. 32-, 64-, and aO·bit real numbers 

Non·Numeric: 

• Bit 
• Bit Field 
• Triple Word (96 bits) 

• Quad·Word (12a bits) 

1.1.3 LARGE REGISTER SET 

The a0960KB 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 G 15) and four aO·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-Ianguage 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. 

ONE OF FOUR 
LOCAL 

REGISTER SETS 

REGISTER 
CACHE 

Global and, floating point registers' 'are not ex
changed on '!l 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 80'96qKB 
includeS a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of Ibcality 
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. 

CO,de 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 procequre is likely to remain in the cache so it 
will be there on the procedu're's retuJTI. 

LOCAL REGISTER SET 

__ -4~--------------------'% 

~----------------------~~5 
31 o 

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 
nee9 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: 

ld data_2, r4 
ld 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 I/O. 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. 
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The processor provides hardware support for both 
mandatory and recommended portions of IEEE 
Standard 754 for floating point arithmetic, including 
all arithmetic, exponential, logarithmic and other 
transcendental functions. Table 3 shows execution 
times for some representative instructions. 

Table 3. Sample Floating Point 
Execution Times (/hs) at 25 MHz 

Function 32·Blt 64·Bit 

Add 0.4 0.5 
Subtract 0.4 0.5 
Multiply 0.7 1.3 
Divide 1.3 2.9 

Square Root 3.7 3.9 
Arctangent 10.1 13.1 
Exponent 11.3 , 12.5 
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 commllnication path be
tween the processor and the memory and I/O 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 

• 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 O1le 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 confI
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 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 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 re~umes 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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1.1.11 FAULT DETECTION 

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. 

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 
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 80960KB asserts it$ 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 caus~s. 

1.1.13 CHMOS 

The 80960KB is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semi con

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

Name Type Description 

CLK2 I 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 I/O LOCAL ADDRESS/DATA BUS carries 32·bit physical addresses and data to and· 
T.S. from memory. During an address (T a) cycle, bits 2-31 contain a physical word 

address (bits 0-1 indicate SIZE; see below). During a data (Td) 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 a 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 

ACE 0 ADDRESS LATCH ENABLE indicates the transfer of a physical address. ArE is 
T.S. asserted during a T a cycle and deasserted before the beginning of the T d state. It is 

active LOW and floats to a high impedance state during a hold cycle (T h). 

ADS 0 ADDRESS/DATA STATUS indicates an address state. ADS is asserted ev~ a 
0.0. state and deasserted during the fOIiOWiEgri~ state. For a burst transaction, is 

asserted again every T d state where R A was asserted in the previous cycle. 

W/R 0 WRITE/READ specifies, during a T a cycle, whether the operation is a write or read. It 
0.0. is latched on-chip and remains valid during T d cycles. 

DT/R 0 DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
0.0. L-Bus. It is low during T a and T d cycles for a read or interrupt acknowledgment; it is 

high during T a and T d cycles for a write. DT IA never changes state when DEfii is 
asserted. 

READY I READY indicates that data on LAD lines can be sampled or removed. If READY 
is not asserted during a T d cycle, the T d cycle is extended to the next cycle by 
inserting a wait state(T w) 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 goadl 
0.0. Modify/Write (RMW) cycles. The processor or any bus agent may assert L K. 

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 a cycle of the read transaction. The 
processor deasserts LOCK in the T a 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,unconnacted. It must be pulled high for the processor to function 
properly. 

1/0 = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 
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Table 4. 80960KB Pin Description: L-Bus Signals (Continued) 

Name Type Description 

BE3:D a BYTE ENABLE LINE~ecify the data bytes (up'to four) on the QUs which are used in 
0.0. the current bus cycle. BE3 corresponds to LA031 :24; BED corresponds to LA07:D. 

The byte enables are provided in advance of data: 

• Byte enables asserted during T a specify the bytes of the first data word. 
• Byte enables asserted during T d specify the bytes of the next data word, if any (the 

word to be tr~nsmitted following the next assertion of READY). 
Byte enables that occur during T d cycles that prlilcede the last assertion of READY are 
undefined. Byte enables are latched on-chip and remain constant from one T d 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 
~nts are required to assert only adjacent byte enables (e.g., asserting just BED and 
BE2 is not permitted) and are required to assert at least one byte enable. Address bits 
Ao and A1 can be decoded externally from the byte enables. 

HOLD I HOLD: A request from an external bus master to acquire the bus. When the processor 
receives HOLD and gra:nts bus control to another master, it floats its three- state bus 
lines and open-drain control lines, asserts H LDA and enters the T h state. When HOLD 
deasserts, the processor deasserts HLDA and enters the Ti or T a state. 

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

CACHE a CACHE indicates when an access is cacheable during a T a cycle. It is not asserted 
T.S. during any synchronous access, such a:s a synchronous load or move instruction used 

for sending an lAC message. The CACHE signal floats to a high impedance ,state 
when the processor is idle. 

I/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 

Table 5. 80960KB Pin Description: Support Signals 

Name Type Description 

BADAC I 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 loadlstore 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 I RESET clears the processor's intemallogic and causes it to reinitialize. 

During RESET assertion, the input pins are ignored (except for BADAC and lAC/INTo), 
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 CLK2cycies 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. 

I/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three-State 
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Table 5. 80960KB Pin Description: Support Signals (Continued) 

Name Type De$crlptlon 

FAILURE 0 INITIALIZATION FAILURE indicates that the processor did not initialize correctly. 
0.0. 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. Wit fails, FAILURE asserts for a 
second time and remains asserted. If it passes, system initialization continues and 
FAILURE remains deasserted. 

lAC/INTo I INTERAGENT COMMUNICATION REQUEST/INTERRUPT 0 indicates an lAC 
message or an interrupt is pending. The bus interrupt control register determines 
how the signal is interpreted. To signal an interrupt or lAC 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. 

INT1 I INTERRUPT 1, like INTo, provides direct interrupt signaling. 

INT2/INTR I INTERRUPT 2IINTERRUPT REQUEST: The interrupt control register determines 
how this pin is interpreted. If INT 2, 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 I/O INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register 
0.0. determines how this pin is interpreted. If INT 3, it has the same interpretation as the 

INTo INT 1 and INT 2 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 T d 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/O = Input/Output, 0 = Output, I = Input, 0.0. = Open Drain, T.S. = Three·State 

2.0 ELECTRICAL SPECIFICATIONS board, all Vee pins must be strapped closely togeth
er, preferably on a power plane; all Vss pins should 
be strapped together, preferably on a ground plane. 

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, Vee and Vss 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 

I 

2.2 Power Decoupling 
Recommendations 

Place a liberal. amount of decoup!ing 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 pull up resistor is adequate, a 
network of pullup and pulldown resistors biased to a 
valid VIH (>3.0V) and terminated in the characteris
tic impedance of the circuit board is r~com":lended 
to limit noise and AC power consumption. Figure S 
and Figure 6 show recommended values for the re
sistor network for low and high current drive, assum
ing a characteristic impedance of 1000. 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 
« 

220n 

~ 330n . 
V 

270565-5 

Low Drive Network: 
VOH = 3.0V 
IOL = 20.7 rnA 

Figure 5. Connection Recommendations for 
Low Current Drive Network 
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Open-Drain Output . 
vee 

High Drive Network: 
VOH = 3.4V 
IOL = 25.3 rnA 

c 

.~ l80n 

~ 390n 

270565-6 

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 vpltage (Veel of SV. Figure 8 and Fig
ure 9 show the typical power supply current (Ieel 
that the 80960KB requires at various operating fre
quencies when measured at three input voltage 
(Veellevels and two temperatures. 

For a given output current (Iou the curve in Figure 
10 shows the worst case output low voltage (Vou. 
Figure . 11 shows the typical capacitive derating 
curve for the 80960KB measured from 1.SV on the 
system clock (CLK) to 1.SV on the falling edge and 
1.SV 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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Figure 9. Typical Current vs Frequency (Hot Temp) 
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Figure 10. Worst-Case Voltage vs Output Current 
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 cl,lrrent, only the IOL legs of the bridge are 
necessary and the IOH legs are not used. When the 
80960KB driver under test is turned off, the output 
pin is pulled-up to VREF (i.e., VOH). Diode D1 is 
turned off and the IOL current source flows through 
diode D2. 

When the 80960KB open-drain driver under test is 
on, diode D1 is also on and the voltage on the pin 
being tested drops to VOL. Diode D2 turns off and 
IOL flows through diode D1. 

I 

80960KB 

Three-State Output 0----.1 
~ ~ 270565-12 

NOTE: 
CL = 50 pF for all signals 

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

r--------, 

Open-Drain Output 

D, f D2 

0 I 1l1li ~I 0 

CL~ 

270565-13 

NOTES: 
IOL Tested at 25 mA 
VREF = Vee 
D1 and D2 are matched 
CL = 50 pF for all signals 

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

Operating Temperature 
PGA ...................... O·C to + B5·C Case 
PQFP .................... O·C to + 1 OO·C Case 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin .......... -0.5V to Vcc + 0.5V 

Power Dissipation ................. 2.5W (25 MHz) 

3.1 DC Characteristics 

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

• WARNING: Stressing the qevice beyond tile "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. 

PGA: B0960KB (16 MHz) TCASE = O·C to +B5·C, Vcc = 5V ± 10% 

B0960KB (20 and 25 MHz) TCASE = O·C to +B5·C, VCC = 5V ±5% 

PQFP: B0960KB (16 MHz) T CASE = O·C to + 100·C, V CC =; 5V ± 10% 

80960KB (20 and 25 MHz) T CASE = O·C to + 100·C, VCC = 5V ± 5% 

Table 6. DC Characteristics 

Symbol Parameter Min Max Units Notes 

V,l Input Low Voltage -0.3 +0.8 V 

V,H Input High Voltage 2.0 VCC + 0.3 V 

VCl CLK2 Input Low Voltage -0.3 +O.B V 

VCH CLK2 Input High Voltage 0.55 VCC VCC + 0.3 V 

VOL Output Low Voltage 0.45 V (1,2) 

VOH Output High Voltage 2.4 V (3,4) 

Icc Power Supply Current: 
16 MHz 315 mA (5) 
20 MHz 360 mA (5) 
25 MHz 420 mA (5) 

III Input Leakage Current ±15 /J-A O:S; V,N:S; VCC 

ILO Output Leakage Current ±15 /J-A 0.45 :s; Vo :s; VCC 

C'N 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(6) 

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

Addresss/Data ............................................... , .......................................... 4.0 mA 
Controls ............................................................................................... 5.0 mA 

2. For open-drain outputs .................................................................................. 25 mA 
3. This parameter is measured at: 

Address/Data ........................................................................ ' ................ -1.0 mA 
Controls ............................................................................................. -0.9 mA 
ALE ................................................................................................. -5.0 mA 

4. Not measured on open-drain outputs. 
5. Measured at worst case frequency, Vee 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 c:apacitance are not tested. 
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3.2 AC Specifications 

This section describes the AC specifications for the 
S0960KB 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.SV. . 

EDGE 

CLK2 

OUTPUTS: 
LAD31 :0 

ADS 
W/R, DEN 
BE3:0 
HLDA 
CACHE 
LOCK, INTA 

DT/R 

INPUTS: 
LAD31 :0 

BADAC 
iAC/INTO, INT 1 
INT2/INTR, INn 

HOLD 
LOcK 
READY 

A 

80960KB 

For input timings the specifications refer to the time 
at which the signal reaches (for input setup) or 
leaves (for hold time) the TIL levels of LOW (O.SV) 
or HIGH (2.0V). All AC testing should be done with 
input voltages of O.4V and 2.4V. except for the clock 
(CLK2). which should be tested with input voltages 
of 0.45V and 0.55 Vee. 

A 

270565-14 

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

T1 Processor Clock Period (CLK2) 31.25 125 ns VIN = 1.5V 

T2 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 VCC 

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

Ts Processor Clock Rise Time (CLK2) 10 ns VIN = 10% Pointto 90% Point(1) 

SYNCHRONOUS OUTPUTS 

T6 Output Valid Delay 2 25 ns 

T6H HLDA Output Valid Delay 4 28 ns 

T7 ALE Width 15 ns 

Ta ALE Output Valid Delay 2 18 ns 

Tg Output Float Delay 2 20 ns (2) 

T9H 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) 

T12 Input Setup 2 8 ns (3) 

T13 Setup to ALE Inactive 10 ns 

T14 Hold after ALE Inactive 8 ns 

T15 Reset Hold 3 ns (3) 

T16 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 ILQ. 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. lAC/INTo, INT1, INT2/INTR and INT3 may be 

synchronous or asynchronous. 
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Table 8. 80960KB AC Characteristics (20 MHz) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

T1 Processor Clock Period (CLK2) 25 125 ns VIN = 1.5V 

T2 Processor Clock Low Time (CLK2) 6 ns VIL = 10% Point = 1 :2V 

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

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

T5 Processor Clock Rise Time (CLK2) 10 ns VIN = 10% Point to 90% Point(1) 

SYNCHRONOUS OUTPUTS 

Ts Output Valid Delay 2 20 ns 

TSH HLDA Output Valid Delay 4 23 ns 

T7 ALE Width 12 ns 

Ts ALE Output Valid Delay 2 18 ns 

T9 Output Float Delay 2 20 ns (2) 

T9H 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) 

T12 Input Setup 2 7 ns (3) 

T13 Setup to ALE Inactive 10 ns 

T14 Hold after ALE Inactive 8 ns 

T15 Reset Hold 3 ns 

T15 Reset Setup 5 ns 

T17 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 ILQ. 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/TNf 0, INT 1, INT 2/1NT A and INT 3 may be 

synchronous or asynchroncous. 
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Table 9. 80960KB AC Characterlstlcs,(25 MHz) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK 

Tl Processor Clock Period (CLK2) 20 125 ns VIN = 1.5V 

T2 Processor Clock Low Time (CLK2) 5 ns VIL = 10% Point = 1.2V 

T3 Processor Clock High Time (CLK2) 5 ns VIH = 90% Point = 0.1 V + 0.5 Vee 

T4 Processor Clock Fall Time (CLK2) 10 ns VIN = 90% Point to 10% POint(l) 

Ts Processor Clock Rise Time (CLK2) 10 ns VIN = 10% Point to 90% Point(l) 

SYNCHRONOUS OUTPUTS 

Ts Output Valid Delay 2 18 ns 

TSH HLDA Output Valid Delay 4 23 ns 

T7 ACE Width 12 ns 

Ts ACE Output Valid Delay 2 18 ns 

Te Output Float Delay 2 18 ns (2) 

TeH HLDA Output Float Delay 4 20 ns (2) 

SYNCHRONOUS INPUTS 

Tl0 Input Setup 1 3 ns (3) 

Tll Input Hold 5 ns (3) 

TllH HOLD Input Hold 4 ns 

T12 Input Setup 2 7 ns 

T13 Setup to ALE Inactive 8 ns 

T14 Hold after ACE Inactive 8 ns 

T1S Reset Hold 3 ns 

T16 Reset Setup 5 ns 

T17 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 ILQ, 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/1NTo. INT1.INT2/INTR and INT3 may be 

synchronous or asynchronous, 
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T, 

HIGH LEVEL (MIN) 0.55VCC 90% 

I 
I 
I 

lOW lEVEL (MAX) 0.8V I 10% 
I 

NOTES: 

I 
I 

I I 
TS I-l 

t"'1 .>-------.~: T2 
T4 I-l I 

I I I 

Figure 15. Processor Clock Pulse (CLK2) 
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INIT PARAMETERS (BADAC. 1 
INTo/lAC) MUST BE SET UP 8 CLOCKS ' 
PRIOR TO THIS ClK2 EDGE 

INIT PARAMETERS MUST BE HELD -----------' 
BEYOND THIS ClK2 EDGE 

T15 = RESET HOLD 
T16 = RESET SETUP 
T17 = RESET WIDTH 

Figure 16. RESET Signal Timing 
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3.3 Mechanical Data 3.3.2 PIN ASSIGNMENT 

3.3.1 PACKAGING 
The PGA and PQFP have different pin assignments. 
'Figure 18 shows the view from the PGA bottom (pins 

The 80960KB 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). 

• 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). 

. 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. 

Dimensions for both package types are given in the 
Intel Packaging handbook (Order #240800). 
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Figure 17_ 132-Lead Pin-Grid Array (PGA) Package 
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2 3 5 6 7 s 9 10 11 12 13 14 

p o 0 0 0 0 0 0 0 0 0 0 0 0 0 p 

Vee N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. Vss Vee 

N o 0 0 0 0 0 0 0 0 0 0 0 0 0 N 

Vss N.C.' N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 
N.C. N.C. Vss Vss Vee N.C. N,-C. N.C. N.C. Vss Vee N.C. Vee N.C. 

000 000 L 
DEN N.C. Vee Vss N.C. N.C. 

K 000 000 K 

BE3 FAIL Vss Vee N.C. N.C. 

000 000 
DT/R BE2 Vss N.C. N.C. N.C. 

H o 0 o 000 H 

W/R BEa LOCK N.C. N.C. N.C. 

G o o o 000 G 
LAD30 READY BE, N.C. N.C. N.C. 

o o o 000 F 

LAD29 LAD31 CACHE N.C. N.C. N.C. 

000 000 E 
LAD28 LAD26 LAD27 N.C. Vss N.C. 

° 000 000 ° ALE ADS HLDA Vee N.C. N.C. 

C o 0 0 0 0 0 0 0 0 .0 0 0 0 0 C 

HOLD LAD25 BADAC Vee Vss LAD20 LAo,3 LAD8 LAD3 Vee Vss INT3 INT1 INTo 

B o 0 0 0 0 0 0 0 0 boo 0 0 B 

LAD23 LAD24 LAD22 LAD21 LAO, 8 LAO, 5 LAO, 2 LAO, 0 LAD6 LAD2 CLK2 LADo RESET Vss 

A 000 0 0 0 0 0 000 0 0 0 A 

~ ~ ~9~7~6~4~1~ ~ ~ ~ ~ I~ ~ 

2 3 5 6 7 s 9 10 11 12 13 14 
270565-18 

Figure 18. 80960KB PGA Pinout-View from Bottom (Pins Facing Up) 
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14 13 12 11 10 8 7 , 5 3 2 

o 0 0 0 0 0 0 0 0 00 0 0 0 p 

Vee, Vss N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. Vee 

N o 0 0 0 0 0 0 0 000 0 0 0 N 
N.C. N.C. ,N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. N.C. Vss 

o 0 0 0 0 0 0 0 d 0 0 0 0 0 
N.t. N.C. N.C. Vee Vss N.C. N.C. N.C. N.C. Vee Vss Vss Vee N.C. 

000 000 
N.C. N.C. Vss Vee N.C. DEN 

K 000 000 K 
N.C. N.C. Vee Vss FAIL B~3 

000 000 
N.C. N.C. N.C. Vss BE2 DT/R 

H 000 o o o H 
N.C. N.C. N.C. LOCK BEa W/R 

G 000 o o o G 
N.C. N.C. N.C. BE, READY LAD30 

000 o o o 
N.C. N.C. N.C. CACHE LAD31 LAD29 

o 0,0 000 
N.C. Vss N.C. LAD27 LAD26 LAD28 

D 000 000 ° N.C. N.C. Vee HLDA ADS ALE 

C' o 0 0 0 0 0 o 0 0 0 0 0 0 0 C 

INTo INTI INT3 Vss Vee LAD3 LADs LAO, 3 LAD20 Vss Vee BADAC LAD25 HOLD 

000 000 o 0 0 0 0 0 0 0 B 
Vss RESET LADo CLK2 LAD2 ,LADe LAO, 0 LAO, 2 LAO, 5 LAO, 8 LAD21 LAD22 LAD24 LAD23 

A o 0 0 0 0 0 o 0 boo 0 0 0 A 

14 13 12 11 10 8 7 5 3 2 
270565-19 

Figure 19. 80960KB PGA Plnout:-Vlew from Top (Pins Facing Qown) 

270565-20 

Figure 20. 80960KB 132-Lead Plastic Quad Flat-Pack (PQFP) Package 
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1< .. .... .... 

-~ 
% Z 

~ N ,.:::::, 
>~ ~ ~ >8 d en I"'" N ;~~~;;~~~~~;~~~~;; <.> !i <.> <.> >VI tJ !Z !Z !i I~ z % % .. Z _ _ 

LADO NC 

LADI NC 

LAD2 NC 

vss NC 

LAD3 NC 

LAD4 NC 

• LADS 108 80 NC 

LAD8 107 59 NC 

LAD7 108 NC 

LAD8 109' VSS 
LAD9 110 Lt) Vee 

LAD10 111 C\I 
Vee 

LADll I NC 

LAD12 m Vss 

Vss :::.::: Vss 0 
LAD13 CO NC 

X 
LAD14 0) X NC 

LAD15 0 X X X NC 
ex) X X X 

LAD18 X X X NC C!) X X X 
LAD17 119 X X X NC 

LAD18 120 
Z X X X 

NC 

LAD19 121 • NC 

LAD20 122 NC 

LAD21 123 NC 

LAD22 124 Vss 

Vss Vee 
LAD23 NC 

LAD24 NC 

LA025 NC 

BADAC NC 

HOLD Vee 
NC Vee 

ADS NC 

9 I~ '" .... ., .. '" ;;; '" '" ~ 1>- ~ I'" 1- IN I'" I'" '" I" 1% ~ '" <.> <.> ~ '" <.> !l "<'> '" '" N N N N '" ~~ ~ ~~~~§~g~>~zz>~z>~z~~ Q Q Q Q Q Q 
% .:1 < :I :I :I :I ~. b ~ ~ ... o ~ ~ ... 

270565-21 

Figure 21. POFP Pinout-View from Top 
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3.4 Pinout 

Table 10. 80960KB PGA Pinout-In Pin Order 
Pin Signal Pin Signal Pin Signal Pin Signal 
A1 Vee C6 LAD20 H1 W/R M10 Vss 
A2 Vss C7 LAD13 H2 BEo M11 Vee 
AS LAD19 C8 LAD8 H3 LOCK M12 N.C. 
A4 LAD17 C9 LAD3 H12 N.C. M13 N.C. 
A5 LAD16 C10 Vee H13 N.C. M14 N.C. 
A6 LAD14 C11 Vss H14 N.C. N1 Vss 
A7 LADl1 C12 INT311NTA J1 DT/R N2 N.C. 
A8 LAD9 C13 INTl J2 BE2 N3 N.C. 
A9 LAD7 C14 lAC/INTo J3 Vss N4 N.C. 
A10 LAD5 D1 ALE J12 N.C. N5 N.C. 
A11 LAD4 D2 ADS J13 N.C. N6 N.C. 
A12 LADl D3 HLDA J14 N.C. N7 N.C. 
A13 INT211NTR D12 Vee K1 BE3 N8 N.C. 
A14 Vee D13 N.C. K2 FAILURE N9 N.C. 
B1 LAD23 D14 N.C. K3 Vss N10 N.C. 
B2 LAD24 E1 LAD28 K12 Vee N11 N.C. 
B3 LAD22 E2 LAD26 K13 N.C. N12 N.C. 
B4 LAD2l E3 LAD27 K14 N.C. N13 N.C. 
B5 LAD18 E12 N.C. L1 DEN N14 N.C. 
B6 LAD15 E13 Vss L2 N.C. P1 Vee 
B7 LAD12 E14 N.C. L3 Vee P2 N.C. 
B8 LAD 10 F1 LAD29 L12 Vss P3 N.C. 
B9 LAD6 F2 LAD3l L13 N.C. P4 N.C. 
B10 LAD2 F3 CACHE L14 N.C. P5 N.C. 

" 

B11 CLK2 F12 N.C. M1 N.C. P6 N.C. 
B12 LADo F13 N.C. M2 Vee P7 N.C. 
B13 RESET F14 N.C. M3 Vss P8 N.C. 
B14 Vss G1 LADao M4 Vss P9 N.C. 
C1 HOLD G2 READY M5 Vee P10 N.C. 
C2 LAD25 G3 BEl 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.e. 
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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 LAD16 A5 N.C. K13 N.C. P10 
BADAC C3 LAD 17 A4 N.C. K14 N.C. P11 

BEo H2 LAD1B B5 N.C. l13 N.C. P12 

BEl G3 LAD19 A3 N.C. l14 N.C. L2 

BE2 J2 LAD20 C6 N.C. M1 READY G2 

BE3 -1<1 LAD2l B4 N.C. M6 RESET B13 
CACHE F3 LAD22 B3 N.C. M7 Vee A1 
CLK2 B11 LAD23 B1 N.C. M8 Vee A14 
DEN L1 LAD24 B2 N.C. M9 Vee C4 
DT/R J1 LAD25 C2 N.C. M12 Vee C10 
FAILURE K2 LAD26 E2 N.C. M13 Vee D12 
HLDA D3 LAD27 E3 N.C. M14 Vee K12 
HOLD C1 LAD2S E1 N.C. N2 Vee L3 

lAC/INTo C14 LAD29 F1 N.C. N3 Vee M2 

INTl C13 LAD30 G1 N.C. N4 Vee M5 

INT2/1NTR A13 LAD3l F2 N.C. N5 Vee M11 
INT3/INTA C12 LOCK H3 N.C. N6 Vee P1 

LADo B12 N.C. D13 N.C. N7 Vee P14 

LAD1· A12 N.C. D14 N.C. N8 Vss A2 

LAD2 B10 N.C. E12 N.C. N9 Vss B14 

LAD3 C9 N.C. E14 N.C. N10 Vss C5 

LAD4 A11 N.C. F12 N.C. N11 Vss C11 

LADs A10 N.C. F13 N.C. N12 Vss E11 

LAD6 B9 N.C. F14 N.C. N13 Vss J3 

LAD7 A9 N.C. G12 N.C. N14 Vss K3 

LADs· C8 N.C. G13 N.C. P2 Vss L12 

LADg A8 N.C. . G14 N.C. P3 Vss M3 

LAD10 B8 N.C. H12 N.y. P4 Vss M4 

LADll A7 N.C. H13 N.C. P5 Vss M10 

LAD12 B7 N.C. H14 N.C. P6 Vss N1 

LAD13 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.e. 
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Table 12. 80960KB PQfP·Pinout-ln Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal 

1 HLDA 34 N.C. 67 VSS 100 LADO 

2 ALE 35 Vee 68 VSS 101 LAD1 

3 LAD26 36 Vee 69 N.C. 102 LAD2 

4 LAD27 37 N.C. 70 Vee 103 VSS 
5 LAD28 38 N.C. 71 Vee 104 LAD3 

6 LAD29 39 N.C. 72 N.C. 105 LAD4 

7 LAD30 40 N.C. 73 Vss 106 LAD5 

8 LAD31 41 Vee 74 Vee 107 LAD6 

9 VSS 42 Vss 75 N.C. 108 LAD7 

10 CACHE 43 N.C. 76 N.C. 109 LAD8 

11 W/R 44 N.C. 77 N.C. 110 LAD9 

12 READY 45 N.C. 78 N.C. 111 LAD10 

13 DT/R 46 N.C. 79 VSS 112 LAD11 

14 BEo 47 N.C. 80 VSS 113 LAD12 

15 BE1 48 N.C. 81 N.C. 114 VSS 
16 BE2 49 N.C. 82 Vee 115 LAD13 

17 BE3 50 N.C. 83 Vee 116 LAD14 

18 FAILORE 51 N.C. 84 VSS 117 LAD15 

19 VSS 52 Vss 85 IACIINTO 118 LAD16 

20 LOCK 53 Vss 86 INT1 119 LAD17 

21 DEN 54 N.C. 87 INT2/1NTR 120 LAD18 

22 VSS 55 Vee 88 INT3/1NTA 121 LAD19 

23 Vss 56 Vee 89 N.C. 122 LAD20 

24 N.C. 57 Vss 90 VSS 123 LAD21 

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 LAD23 

28 N.C. 61 N.C. 94 N.C. 127 LAD24 

29 Vee 62 N.C. 95 N.C. 128 LAD25 

30 Vee 63 N.C. 96 N.C. 129 BAi5AC 
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.e. 
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Table 13. 80960KB PQFP Pinout-In Signal Order 

Signal Pin Signal Pin Signal Pin Signal Pin 

ADS 132 LAD15 117 N.C. 49 Vee 41 

ALE 2 LAD16 118 N.C. 50 Vee 55 

BADAC 129 LAD17 119 N.C. 51 Vee 56 

BEo 14 LAD1S 120 N.C. 54 Vee 70 

BE1 15 LAD19 121 N.C. 58 Vee 71 

BE2 16 LAD20 122 N.C. 59 Vee 74 

SES 17 LAD21 123 N.C. 60 Vee 82 

CACHE 10 LAD22 124 N.C. 61 Vee 83 

CLK2 91 LAD2S 126 N.C. 62 Vee 92 

DEN 21 LAD24 127 N.C. 63 VSS 9 

DT/R 13 LAD25 128 N.C. 64 VSS 19 

FAILURE 18 LAD26 3 N.C, 65 VSS 22 

HLDA 1 LAD27 4 N.C. 66 VSS 23 

HOLD 130 LAD2S 5 N.C. 69 VSS 26 

iAC/TNTo 85 LAD29 6 N.C. 72 VSS 27 

INT1 86 LAD30 7 N.C. 75 VSS 32 

INT2/1NTR 87 LADs 1 8 N.C. 76 VSS 33 

INTs/lNTA 88 LOCK 20 N.C. 77 VSS 42 

LADo 100 N.C. 24 N.C. 78 VSS 52 

LAD1 101 N.C. 25 N.C. 81 VSS 53 

LAD2 102 N.C. 28 N.C. 89 VSS 57 

LADs 104 N.C. 31 N.C. 94 VSS 67 

LAD4 105 N.C. 34 N.C. 95 VSS 68 

LAD5 106 N.C. 37 N.C. 96 VSS 73 

LAD6 107 N.C. 38 N.C. 97 VSS 79 

LAD7 108 N.C. 39 N.C. 98 . VSS 80 

LADs 109 N.C. 40 N.C. 131 VSS 84 

LAD9 110 N.C. 43 READY 12 VSS 90 

LAD10 111 N.C. 44 RESET 93 VSS 99 

LAD11 112 N.C. 45 Vee 29 VSS 103 

LAD12 113 N.C. 46 Vee 30 VSS 114 

LAD13 115 N.C. 47 Vee 35 VSS 125 

. LAD14 116 N.C . 48 Vee 36 W/R 11 

NOTE: 
Do not connect any external logiC to any pins marked N.e. 
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3.4.1 PACKAGE THERMAL SPECIFICATION 

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

TJ = Tc + P • 8JC 

TA = TJ + P .' 8JA 
Tc = TA + P' [8JA - 8Jcl 

Values for (JJA and (JJC for various airflows are given 
in Table 14 for the PGA package and in Table 15 for 
the PQFP package. The PGA's (JJA 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. 

Maximum allowable ambient temperature (TAl per
mitted without exceeding T C is shown by the gf,aphs 
in Figures 23, 24, 25 and 26. The curves assume the 
maximum permitted supply current (Icc) at each, 
speed, Vce of + 5.0V and a T CASE 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 "TAn 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 
TA80960KB at various airflows. The curve assumes; 
an Icc of 420 mA, Vcc of 5.0V and a TCASE of 
+ 125·C. 

Table 14. 80960KB PGA Package Thermal Characteristics 

Thermal Reslstance-·C/Watt 

Alrflow-ft./mln (m/sec) 
Parameter 0 50 ' 100 200 400 600 800 

(0) (G.25) (0.50) (1.01) (2.03) (3.04) (4.06) 

8 Junction-to-Case 2 2 2 2 2 2 2 

8 Case-to-Ambient 19 18 17 15 12 10 9, 
(No Heatsink) 

8 Cal!e-to-Ambient 16 15 14 12 9 7 6 
(Omnidirectional 
Heatsink) 

8 Case-to-Ambient 15 14 13 11 8 6 5 
(Unidirectional 
Heatsink) 

NOTES: 
1. Thi,s table applies to 80960KB PGA plugged into socket or soldered direct

ly to board. 
2.8JA = 8JC + 8CA 
3.8J-CAP = 4°C/W (approx.) 

8J-PIN = 4·C/W (inner pins) (approx.) 
8J-PIN = 8*C/W (outer pins) (approx.) 
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Table 15. 80960KB PQFP Package Thermal Characteristics 

I 

Thermal Reslstance-'C/Watt 

Alrflow-ft.lmin (m/sec) 
Parameter 0 50 100 200 400 

(0) (0.25) (0.50) (1.01) (2.03) 

9 Junction-to-Case 9 9 9 9 9 

9 Case-to-Ambient 22 19 18 16 11 
(No Heatsink) 

NOTES: 
1. This table applies to 80960KB PQFP soldered directly to board. 
2. 9JA = 9JC + 9CA 
3. 9JL = 18'C/W (approx.) 

9JB = 18'C/W (approx.) 

600 
(3.04) 

9 

9 

80960KB 

800 
. (4.06) 

9 

8 
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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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3.5 Waveforms 

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

Tr 

ClK2 [ 

ClK [ 

lAD31:0 [ 

AlE[:LJ u 

W/R [:\\. __ - __ :J' 
, 

DT/R [:'''--___ ... ' , 
DEN [ :---"'"''--_..JJ 

270565-29 

Figure 27. Non·Burst Read and Write Transactions without Walt States 
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CLK2 [ 

LAD31:0 [ 

, , 
ALE [~~:----------.. ----.:~~: 

, , , 

w/il [ ;\"" ______ ..,: I 

DT!R [;-\\00'-____ -'1. 
, , , 

DEN [ ~ :J : \,, _______ .... __ ..,: f: 
, 

IS;,§\; ~: m 
270565-30 

Figure 28. Burst Read and Write Transaction without Walt States 
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CLK2 ( 

CLK [ I 

LAD31:0 [oc::)( ..... ____ X'"' ___ X'"' ___ X""-__ ~ 

ALE [:\.1: 
ADS [: 

W/R [: 

DT!R [ : 

I I 

DEN[~~ ______________ ~ ______________ ~ __________ ~ ____ '-,,---: 

270565-31 

Figure 29. Burst Write Transaction with 2, 1, 1, 1 Walt States 
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~o ~o ~o ~o ~o ~o ~ 0 ~o ~o ~o ~ 0 

CLK2 [ 

LAD31:0 

I 

ALE [ : 

I I 

ADS [U,...----:.,\,, _______ : r:\..iJ 
I I I I 

BE3:2[~~ __ ----------~~~~~~~~~~ ~~~ 
I I I 

BE1:0[n ~~ '~~~ 

Wfi[~~ __ --------------~' r-;\ r-: I 

DTfi [~~.' ______________ .. ___________ _'~~.: ____ .. __ ~ __ _'J"; 
I I I I 

~ I~: 
DEN [ : : ' ; I : \,,_ .. _ .... .I! : 

I I I I 

m;s~~;~W~ 

Figure 30. Accesses Generated by Quad Word Read Bus Request, 
Misaligned Two Bytes from Quad Word Boundary (1, 0, 0, ° Wait States) 
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270565-32 

1-155 



80960KB intel® 

NOTE: 

ClK2 [ 

ClK [ , 

PREVIOUS 
CYCLE 

, , 

INTERRUPT 
ACKNOWLEDGEMENT 

CYCLE 

IDLE 
(5 SUS STATES) 

INTERRUPT 
ACK~OWlEDGEMENT 

CYCLE 2 

INTR [1-/"': -'-~~.~~0::~~~~~~~~~~~~~~~~~~~~~~~0::~~~~~~~~~~~~~~~~~0::~~~~~~~~~~~ 

ALE [ : IVI , , IV' , , 
, , , 

ADS [ : :'--iJ :L.i.I , , , 
INTA [ : :\ :/ :\ :/: 

DT/R [ : \: I, \: r: 
DEN [ : \....J 1\ :/: 

lOCK [ : :\ :/ 

270565-33 

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: 

Section 
Last 

Description 
Rev. 

Table 4. 80960KB Pin Description: L-Bus -006 LOCK pin description rewritten for clarity. 
Signals (pg. 10) 

2.3. Connection Recommendations -006 Changed suggested open-drain termination networks 
(pg. 13) to reflect more realistic operating conditions with 

reduction in DC power consumption. 

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 Icc max specification reduced: 

WAS: IS: AT: 
375mA 315mA 16MHz 
420mA 360mA' 20 MHz 
480.mA 420mA 25 MHz 

3.2. AC Specifications (pg. 18) -006 25 MHz operation extended to product in PQFP 
package. T 8 min. improved at all frequencies from 
o ns to 2 ns and T 8 max. improved from 20 ns to 
18 ns. 

T 8H 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 -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 
8096OCA, a product built around this architecture. The 
80960CA Product Overview provides a programmer or 
a system desiper ~ith a quick, global view of software 
and hardware design considerations for the 8096OCA. 
For further information,' refer to the following refer
ence documents: 
-', The 80960cA User's Manual contains detailed tech

nical information and examples for designing em
bedded systems using the 8096OCA. 

- 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 sy~tem 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 8096OCA, 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 produpts, while application-specific ex
tensions optimize a particul,ar 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 parall~l 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, interna1 bus widths, register set porting, de
grees of parallelism, and cache parameterization (two-
way, four-way, etc.). ' , . 

A principal objective of the 80960 architecture is to 
provide the framework to aIlow microarchitectural ad
vances to translate directly into increased performance 
without architectural limitations. 

270669-2 

Figure 2-1. 80960CA 

2.1 80960 Architecture 

Embedded applications are cost sensitive, require a dif
ferent mix of instructicms 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 required in embedded 
proceljsor applications. 



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 ex_ecute in a single clock cycl~. 

Multiple independent 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. 

I Kbyte Static Data RAM is integrated on-chip. 

These factors combine to make the 80960CA an ultra
high performance computing engine. 

NOTE: 
I. 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. 

B0960CA PRODUCT OVERVIEW 

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'(2) 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 II 
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 8096OCA. 
The interrupt latency for the 80960CA is typically less 
,than 1 ,..,s. 

, , , 

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 
o 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 S0960's call and return 
mechanism is explained in Section 3.S. 

The 80960CA supplies 16, 32-bit global registers desig
nated gO through glS. Registers gO through gl4 are 
general purpose global registers. Register glS 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. S. 
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The S0960CA supplies 16, 32-bit Local Registers desig
nated rO through rlS. Registers r3 through rlS are gen
eral purpose local registers. Registers rO, rl, and r2 are 
reserved for special functions as follows: rO contains the 
Previous Frame Pointer, rl contains the Stack Pointer, 
and r2 is reserved for the Return Instruction Pointer. 
These registers are available in assembly lang~ge 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. S. 

3.1.2 SPECIAL FUNCTION REGISTERS AND 
CONTROL REGISTERS 

Th~ S0960CA uses 3 Special Function Registers (SFRs) 
for communicating with on-chip peripherals. These 
SFR's are an architectural extension specific to the 
S0960CA. The SFRs on the S0960CA are designated as 
sro, sfi, and sf2. SFRs are accessed as source operands 
by most of the S0960CA's instructions. The registers 
serve as part of the programmer's interface to the 
DMA and interrupt controller. 



Control registers, li~e 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 (Iyactl) instruction. The sysctl in· 
struction is used to load the internal control register 
from a table in external memory called the control tao 
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 0 to 31 (S 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. . 

ADDRESS 

DDDO 0000 H 
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3.2 Addreaa Space and Me.mory 
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) ill- size. This 
address space is linear (unsegmented); therefore, code, 
data, and peripherals may be pla,cecl anywhere in the 
usable space. Fot the 8096OCA, 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, 

o 
Interrupt Vectors (optional) 

00000031' 
00000040 

OOOOOOBI' 
OOOOOOCO 

H 
H 

H 
H 

H 0000001'1' 
00000100 H 

H 0000031'1' 
00000400 H 

"C~ 

H I'EI'I' 1'1'1'1' 
1'1'000000 H 

H 1'1'1'1' I'EI'I' 
1'1'1'1' 1'1'00 

1'1'1'1' 1'1'2C 
1'1'1'1' 1'1'20 

H 

H 
H 

1'1'1'1'1'1'1'1' H 

~ 

(Internal SRAM) 

64 
DMA Registers (optional) 

(Internal SRAM) 

Data RAM (Internal SRAM. 
192 

User Write Protected) 

256 
Data RAM (Internal SRAM, 

Programmable ,User 
Write Protection) 

1024 

Code/Data 
Architecturally :.. Defined Data 

Structure. 
(External Memory) 

Re •• rved "C:.. 

Initialization Boot Record 
(External Memory) 

Reserved 
232 -1(4 Gbytes) 
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Figure 3·2. Address Space 
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execute in a single clock cycle when directed to:internal 
data RAM. The data R~M is located at address'OOH 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 theDMA 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 (FFOOOOOOH
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:· 

Interrupt Table 

System-Procedure 
Table 

Fault Table 

User Stack 

Interrupt Stack 

Supervisor Stack 

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 

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 0 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 O. 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 0 to 2048. For 
the MEMB format, the offset is an integer (called a 
displacement) ranging from - 231 -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 I, 
2, 4, 8, or 16. 

Theindex-with-displacement addressing mode uses a 
scaled index plus an integer displacement. No ,address 
base is used in this address calculation. 

, The IP-with-displaceme~t 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 

Registe~ Indirect with Abase + (Index'Scale) 
Index 

Register Indirect with Abase + (Index' Scale) 
Index and Displacement + Displacement 

Index with Displacement (Index' Scale) + 
Displacement 

Register Indirect with Abase + Displacement 
Displacement 

IP with Displacement IP + Displacement + 8 



80960CA PRODUCT OVERVIEW 

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) 

31 L......I 0 

LENGTH (1 TO 32 BITS) ---1 

BI~S I BYTE I 
7 0 

B11;S I SHORT I 

15 0 

WORDI ~~~I------------~ 
31 0 

LONG I B~¢S � ..... __________________________ "" 

~~~I ____________ ~ ____________ ~~ _____ T_RI_PL_E_W_.O_R~DI 

128 1 1 BITS ~ ____________ ~ ______________ i..o-____________ "__ ______ Q_U_A_D _W_OR ..... D 
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Class Data Type Length Range 

Numeric Byte Integer 8 bits -27 to 27 - 1 
(Integer) Short Integer 16 bits -215 to215 - 1 

Integer 32 bits -231 to 231 - 1 
Long Integer 64 bits -263 to 263 - 1 

Numeric Byte Ordinal 8 bits o to 28 - 1 
(Ordinal) Short Ordinal 16 bits Oto216 -1 

Ordinal 32 bits Oto232 - 1 
Long Ordinal 64 bits Oto264 - 1 

Non-Numeric Bit 1-bit 
Bit Field 1-32 bits 

N/A 
Triple Word 96 bits 
Quad Worr$ 128 bits 

Figure 3-3_ Data Types 
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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 RISe 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 
-Idob 
-Idos 
-Idlb 
-Idls 
-Idl 
-Idt 
-Idq 

load word 
load ordinal byte 
load ordinal short 
load integer byte 
load integer short 
load long 
load triple 
load quad 

Store Instructions 

- st store wo[d 
- stob store ordinal byte 
- stos store ordinal short 
- stlb store integer byte 
- stis store integer short 
- stl store long 
- stt store triple 
- stq store quad 

Move Instructions 

-mov 
-movl 
-movt 
-movq 

move word 
move long 
move triple 
move quad 

3.5.1.2 Address Computation Instructions 

The load address (Ida) 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 Ida instruction when 
calculating a source or destination address. The Ida 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 
Arithmetic Logical 

Bit and 
Movement 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 

Comparison Branch 
Calland 

Fault 
Return 

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 

Debug 
Processor AddreSS 

Atomic 
Management Computation 

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 
- notand 
-andnot 
-or 
- riotor 
-ornot 
-xor 
-xnor 
- nor 
-nand 
- not 

src1 and src2, 
src1 and (not src2) 
(not src1) and src2 
src1 or src2 
src1 or (not src2) 
(not src1) or src2 
src1 xor src2 
src1 xnor src2 
not (src1 or src2) 
not (src1 and src2) 
not (src1) 

, Arithmetic instructions perform add, subtract, multi
ply, divide, and shift operations on integer or ordinal 
operand~ in registers. ' 

Arlthmetl,c Instructions 
- addl add integer 
- addo add ordinal 
-subl 
-subo 
-mull 
-mulo 
-divl 
- dhio 
.reml 
-remo 
-modi 
- rotate 
-shli 
-shlo 
-shrl 
-shro 
- shrdl 

subtract integer 
subtract ordinal 
multiply integer 
multiply ordinal 
divide integer 
divide ordinal 

, remainder integer 
remainder ordinal 
modulo integer 
rotate bit left 
shift left integer 
shift left ordinal 
shift right integer 
shift right ordinal . 
shift right dividing integer 

Extended arithmetic instructions facilitate computation 
on ordinals and integers which are longer than 32 bits. 
In add with Catry 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 ~perands pro
ducin~ a long ordinal result (64 bits). The extended 
divide instruction divides a long ordi~al 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. 
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Extended ArIthmetIc Instructions 
-addc 
-subc 
-emul 
-ediv 
- eshro 

add ordinal with carry 
subtract ordinal with carry 
extended multiply 
extended divide 
shift right extended ordinal 

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 
- clrblt clear bit 
- notbit not bit 
- alterblt alter bit 
- scanbit scan for bit 
- span bIt span over bit 

Bit field instructions operate on a specified contiguous 
group of bits in Ii register. This group of bits can be 
from 0 to 32 bits in length. 

Bit Field Instructions 
~ extract 
-modify 
-scanbyte 

extract field 
modify field 
scan for byte 

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 (JP). 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 RIse branch-and-link instructions automatically 
save a Return Instruction Pointer (RIP) before the 



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 . t or ./ 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 branch if 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 

- cmplbe.p compare integer 
and branch if 
equal 

- cmplbne.p compare integer 
and branch if 
not equal 
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-cmplbl.p compare integer 
and branch if less 

-cmplble,p compare integer 
and branch if less 
or equal 

-cmplbg.p compare integer 
and branch if 
greater 

-cmpibge.p compare integer 
and branch if 
greater or equal 

-cmplbo.p compare integer 
and branch if 
ordered 

-cmpibno.p compare integer 
and branch if 
unordered 

-cmpobe.p compare ordinal 
and branch if 
equal 

-cmpobne.p compare ordinal 
and branch if 
110tequal 

-cmpobl.p compare ordinal 
and branch if less 

-cmpoble.p compare ordinal 
and branch 'if less 
or equal 

-cmpobg.p compare ordinal 
and branch if 
greater 

-cmpobge.p compare ordinal 
and branch if, 
greater 9r equal 

- bbs.p check bit 
and branch 
if set 

- bbc.p check bit 
and branch 
if clear 

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 
- chkblt check bit 

Conditional compare' instructions test the existing 
status'df 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 

conditional compare ordinal -concmpo 

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. 

-cmplncl compare and increment integer 
compare and increment ordinal 
compare and decrement integer 
compare and decrement ordinal 

-cmplnco 
-cmpdecl 
-cmpdeco 

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 test if not equal 
- testl.p test if less 
- testle.p test if less or equal 
- testg.p test if greater 
- testge.p test if greater or equal 

, - testo.p test if ordered ' 
- testno.p test if not ordered 

3.5.1.7 Call and Return Instructions 

The B0960CA 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.B. 
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Call and Return Instructions 
- call call 
- calix call extended 
- calls call system 
- ret return 

3.5.1.8 Fault Instructions 

The 80960CA will fault automatically as the result of 
certain errant operations which may occur when exe
cutingcode. 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 
~hen the state of the condition code flags are guessed 
correctly. 

Conditional Fault Instructions 
- faulte.p , fault If equal 
- faultne.p fault if not equal 
- faultl.p fault if less 
- faultle.p fault if less or equal 
- faultg.p fault if greater 
- faultge.p fault if g'reater or equal 
- faulto.p fault if 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 s~tup DMA 
- flushreg flush local registers 
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3.6 Arithmetic Controls 

The Arithmetic Control (A C) 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 faultillg 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 th,e 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 
Condition 

Code 

001 Greater Than 
010 Equal 
100 Less Than 
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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. 

31 15 12 8 2 0 

I I I J I II II I II I II II I I I I I I I I I II II I I I 

t t t ~ Condition Code 
_ Integer Overflow flag 

Reserved (Initialize to 0) ..... ---------- Integer Overflow Mask 
1..-_____________ No Impreclso Faults 
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Figure 3-4. Arithmetic Control Register 
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3.7.1 PROC,ESS CONTROL REGISTER 

The Process Control (PC) Register (Figure 3·5) provides 
access to process state information. The function for 
the PC register is described below. 

Execution Mode Flag-This flag indicates that the 
processor is executing in user mode (0) or supervisor 
mode (1). 

Priority Field-This 5·bit field indicates the current ex· 
ecuting priority of the " processor. Priority values range 
from 0 to 31 ,with 0 as the lowest and 31 as the highest 
priority. 

State Flag-This flag determines the executing 8tate of 
the processor. The processor state is either executing 
state (0) or interrupted state (1). 

Trace Enable Bit and Trace Fault Pending· 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 defmesa 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· 
terru ption. 

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· 

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 m~nism." 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 struct\lred 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 10 1 0 

IIIIIIIIIIIHIIIIIIIIIIIIJIIIIIII 

270669-17 

! l' ! 1 1 t t Troe. Enobl. L.: Execution Mode 

r-I Reserved '-------- Troce Fault Pending 
L--...J (Inltloll •• to 0) Stot. 

L... _____________ Priority 

Figure 3·5. Process Control Register 

1·172 



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 str,ucture 
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 

Call Nesting : 

call procedurel 
call procedure2 

call procedure3 

• • • 
Executing call procedure(n-l) 

Here ---+ call procedure(n) 
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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. 

STACK 

Stack Growth 
(towards 

higher 
addresses) 

+ 
Stack 

Pointer 

~ = Saved Registers 

c::::J = Current Registers 

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 rO 
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. 

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 ori 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 associateq with the oldest stack frame are moved to 
the area reserved for those registers on the physical 
stack (Figure 3-7). 

STACK 

• 
• 
• 

S 
(toward 

tack Growth 
higher addresses) 

Previous Frame Pointer rO j Previous Stack Pointer rl -
Local 

Return Instruction Pointer r2 Register Set 

• . 
gO • 

""" • r15 

1 6 Global Registers Optional Stack Variables 
on Chip 

Padding Area 

Frame Pointer g15 
Previous Frame Pointer rO 

Current 'Stack Pointer rl 
Local Reserved for RIP r2 Register Set 

• 
• - • r15 

, 
Optional Stack Variables 

Unused Stack 

I I Reserved 
for Local Registers 
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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 caUs. Local and sys
tem calls differ in their operation and use in an applica
tion. 

Procedure Entry 2 
Procedure Entry 3 
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The local caU instructions initiate a procedure caU us
ing the call and return mechanism described earlier. 
The stack frames for these procedure caUs are allocated 
on the local procedure stack. A local caU is made using 
either of two local call instructions: call or calix. The 
caU instruction specifies the address of the caUed 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 
8096O's addressing modes. 

A system caU is made using the calls instruction. This 
caU is similar to a local call except that the processor 
gets the IP for the called procedure from a data struc
ture caUed 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 caU mechanism supports two types of pro
cedure caUs: system-local calls and system-supervisor 
caUs (also referred to as supervisor caUs). The system-

o 

(

Procedure Entry 259 '084 

. '"3-,--p-r-oc-e-d-u-re-E-n-t-rY---2-'-0'" 

. 1~--~A~dd~~-•• ~---T.lx~x~1 

c:::J Reserved (Initialize to 0) 

~ Preserved 

~ OO-Local. 
'O.,Supervlsor 

Figure 3·8. System Procedure Table 
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local call perfonns 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: 

I) 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 brimching 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 8096OCA. 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 PRIORITV 

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 I to 
31, which is detennined by the 5 most significant bits of 
the interrupt vector number. Priority I is the lowest 
priority and 31 is the highest. Priority 0 interrupts are 
not defined. 

The 80960CA executes with a unique priority ranging 
from 0 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 detennine 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 0 will nev· 
er be serviced. For this reason, vectors numbered O'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 infonnation 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 proces"sor 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 handler procedure and the processor 
switches to supervisor execution mode. In addition to 
the local registers, the current value of the AC and PC 
registers are saved as an interrupt record on the inter
rupt stack. 

3.9.5 PENDING INTERRUPTS 

Any of the 248 interrupts can be requested by software. 
The system control instruction (sysctl) is provided to 
support this feature. When the system control instruc
tion requests an interrupt, one of two actions may oc
cur depending on the priority of the requested interrupt 
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and the current process priority. 1) The interrupt is 
serviced immediately, or 2) the interrupt is posted (the 
pending priorities field and the pending interrupts field 
are modified to reflect a pending interrupt). 

Interrupts may also be requested by hardware sources 
internal and external to the 80960CA. Managing the 
hardware sources and posting these interrupts is han
dled by the interrupt controller. Interrupts requested by 
hardware are posted in an internal register, not in the 
interrupt table. A mask register enables or disables in
terrupts from each hardware source. Requesting and 
posting hardware interrupts is described in Section 4.4 
Interrupt Controller. 

3.9.6 INTERRUPT LATENCY 

The time required to perform an interrupt task switch 
is referred to as the interrupt latency. The latency is the 
time measured between the activation of an interrupt 
source and the execution of the first instruction for the 
interrupt-handling procedure for the source. 

Interrupt latency for the 80960CA varies depending on 
conditions such as: 

Complex instructions are executing when the inter
rupt occurs (e.g. sysctl, call, ret, etc.). 

Outstanding loads to a local register are pending, 
delaying the interrupt context switch. 

Division, multiplication, or other multi-cycle in
structions with a local register as destination are 
executing. 

The 80960CA has been designed to optimize latency 
and throughput for interrupts. Two processor features 
are designed for this purpose: 

First, in the interrupt table, all interrupt vectors with 
an index whose least significant four bits are 00102 can 
be cached in internal data RAM. The processor will 
automatically read these vectors from data RAM when 
the interrupt is serviced. This feature reduces the added 
latency due to an external access of the interrupt table 
for that vector. The NMI vector is always cached in 
data RAM. 

Second, an instruction cache locking mechanism allows 
interrupt procedures or segments of interrupt proce
dures to be stored in the instruction cache. These rou
tines are always executed from the internal cache, elim
inating external code fetches and reducing latency and 
increasing th(oughput for the interrupt. 
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3.10 Fault Handling -and Instruction 
Tracing .. 

The 80960CA is able to detect various conditions in 
code or in its internal state that could cause the proces
sorto deliver incorrect or inappropriate results or that 
could cause it to head down an undesirable control 
path. 'These conditions are referred to as faults. The 
80960 architecture provides fault handling mechanisms 
to detect and, in most cases, fully recover from a fault. 

The 80960CA provides on-chip debug support by trig
gering trace events and servicing the trace fault. A trace 
event is activated when a particular instruction or type 
of instruction is encountered in an instruction stream. 
The trace event optionally signals a fault. A fault han
dling procedure for the trace fault can act as a debug 
monitor and analyze the state of the processor when the 
trace event occurred. 

3.10.1 FAULT TYPES AND SUBTYPES 

All of the faults that the processor detects are pre
defined. These faults are divided into types and sub
types, each of which is given a number. Table 3-4 lists 
the faults that the processor detects arranged by type 
and subtype. 

Parallel I'ault Entry 

Trace I'ault Entry 
Operation I'ault Entry 
Arithmetic I'ault Entry 

Constraint I'ault Entrv 

Protection I'ault Entry 
\ 

Type I'ault Entry 

0 

1 
2 

8 
6 

4 

4 o 

5 6 

8 o 

~ 

.~ 
2 52 

Reserved 
(initialize to 0) 

Table 3-4. Fault Types and Subtypes 

Fault Type Fault Subtype Fault Record 

Parallel XXOOOOXX 

Trace Instruction Type XX010002 
Branch Trace XX010004 
Call Trace XX010008 
Return Trace XX010010 
Prereturn Trace XX010020 
Supervisor Trace XX010040 
Breakpoint Trace XX010080 

Operation Invalid Opcode XX020001 
Unimplemented ~0020002 
Invalid Operand XX020004 

Arithmetic Integer Overflow XX030001 
Arithmetic Zero-Divide XX030002 

Constraint Range XX050001 
Privileged XX050002 

Protection Length XX070001 

Type Mismatch XXOAOO01 

NOTE: X refers to preserved locations in the fault record. 

Local Procedure Fault Table Entry 
31 1 0 I Address 10101 

System Procedure Table Fault Table Entry 
31 1 0 

Index 1 0 
Set to 00000271' 16 
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Figure 3-10. Fault Table 
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31 o 
Process Controls o 

4 

8 

2 

Arithmetic Control 

Fault Flags I Fault Type I I Fault Subtype 

Addre •• of Faulting Instruction 1 

D Reserved 
270669-14 

Figure 3-11. Fault Record 

3.10.2 FAULT TABLE 

The fault table (Figure 3-10) provides the processor 
with a pathway to fault handling procedures. The fault 
table is an architecture-defined data structure, which 
may be located anywhere in the processor's address 
space. The location of the fault table is specified at ini
tialization. When a fault occurs, an entry in the table is 
selected based on the type of fault that occurs. The 
entry in the fault table contains a pointer to a specific 
fault handler. 

The fault table can contain two types of entries (Figure 
3-10). The first type of entry is simply a pointer to the 
address of the fault-handling procedure. The second 
type of entry is an index into the system-procedure ta
ble. Fault-handling procedures accessed through the 
system-procedure table may be executed in user or su
pervisor execution mode. 

3.10.3 FAULT HANDLING ACTION 

When a fault occurs, the processor performs an implicit 
call operation to the procedure specified in the fault 
table. In addition to performing the implicit call opera
tion, the processor creates a fault record in its newly 
allocated stack frame. This fault record contains infor
mation on the state of the processor when the fault 
occurred and the fault type and subtype (Figure 3-11). 

Some faults can be recovered from easily. When recov
ery from a fault is possible, the processor's fault han
dling mechanism allows the processor to automatically 
resume work where the fault was signalled. The re
sumption action is initiated with the ret instruction. If 
simple recovery from a fault is not possible, then the 
fault handling procedure may call a debug monitor, ini
tiate a reset, or take other actions to recOVer from the 
fault. 

3.10_4 TRACING AND DEBUG 

The 80960CA provides a facility for monitoring the ac
tivity of the processor by traciI).g the instruction stream. 
A trace event occurs at points in a program where cer
tain types of instructions are encountered or a certain 

IP or data address is encountered. When a trace event 
occurs, a trace fault can be generated and a trace-fault 
handler called which displays or analyzes the state of 
the processor. 

3.10.4.1 Trace Events 

The Trace Control (TC) Register (Figure 3-12) is used 
to specify the types of instructions which cause trace 
events. When a mode bit in the TC register is set, spe
cific instructions will generate trace events. For exam
ple, if the branch trace mode bit is enabled and a 
branch instruction is executed, a branch trace event will 
be signalled. An event flag is used to record trace 
events. A single event flag is provided for each mode 
bit. Any trace event generates a trace fault when the 
trace enable bit in the process control register is set. 

The 80960CA recognizes 7 trace events. These events 
are described below. 

Instruction Trace Event-Signalled each time an in
struction is executed. This trace event can be used with 
a debug monitor to single step the processor. 

Branch Trace Event-Signalled each time a branch in
struction is executed. For conditional branch instruc
tions, this event is only signalled. when the branch is 
taken. Branch-and-link, call, and return instructions do 
not signal this trace event. 

Call Trace Event-Signalled each time a branch-and
link or call instruction is executed. Implicit calls, such 
as those used in interrupt or fault handling, signal this 
event. When a call trace event occurs, the prereturn 
trace flag (bit 3 in local register rO) is set by the proces
sor to indicate a prereturn trace pending. 

Pre-Return Trace Event-Signalled just prior to any ret 
instruction. This event is only signalled if the pre-return 
trace flag in register rO is set. Since the pre-return trace 
flag is set when a call trace event occurs, the call trace 
mode must be enabled before a pre-return trace event 
can be signalled. 

Return Trace Event-Signalled each time a ret instruc
tion is executed. 
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31 2726252423222120191817 76 5 43 2 1 

111'111111111111111111111111111111 

'~'~l L Instruction Trace Mode L.::= Branch Trace Mode 

Call Trace Mode 
Return Trace Mode 
Prereturn Trace Mode 

~----- Supervisor Trace Mode 

'-------- Breakpoint Trace Mode 

Trace Event Flags: 
L... _______________ Instruction Trace 

L... ________________ Branch Trace 
L... _________________ Call Trace 

L... __________________ Return Trace 

..... ------------------ Prereturn Trace 
~------------------- Supervisor Trace 

..... ---------------------- Breakpoint Trace L... _____________________ Data Address Breakpoint 0 
L... ______________________ Data Addres. Breakpoint 1 

..... ----------------------- Instruction Address Breakpoint 0 
..... ------------------------ In.tructlon Addres. Breakpoint 1 

Reserved 
(Initialized to 0) 
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Figure 3-12. Trace Control Register 

Supervisor Trace Event-,-Signalled each time a calls in
struction is executed where the selected entry type is 
supervisor, or when a ret from supervisor mode is exe
cuted. 

Breakpoint Trace Events-Signalled each time a mark 
instruction, fmark instruction, or specified address, is 
encountered in the instruction stream. The mark in
struction signals an. event when the breakpoint trace 
mode is enabled; the fmark (force mark) instruction 
will generate a breakpoint trace event regardless of the 
value of the breakpoint trace mode bit. 

Two IP breakpoint registers and two internal data ad
dress breakpoint registers are provided on the 
80960CA. These breakpoints are loaded with an in
struction or data address using the system control 
(sysctl) instruction .. When the address is encount~red 
and the breakpoint trace mode bit is set, a breakpoint 
trace event occurs. A corresponding instruction or data 
address event flag is set ,in the TC register when the 
address is encountered. 
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3.10.5 PROCESSOR INITIALIZATION 

The Initial Memory Image (IMI) are the data struc~ 
tures needed to initialize the 80960CA (Figure 3-13). 
The initialization boot record, in reserved memory be
ginning at FFFFFFOOH, contains a pointer to the Proc
essor Control.Block (PRCB). The PRCB in turn holds 
pointers to the data structures which are necessary to 
execute code on the 80960CA. The PRCB also holds 
several fields which contain information to initially 
configure the 80960CA. 

Processor initialization begins by asserting the REsET 
pin. At initialization the processor optionally performs 
an internal self-test. A bus confidence test is also per
formed by calculating a checksum of 8 words read from 
external memory. If either of these self-tests fails, the 
FAIL pin indicates the failure and the processor aborts 
initialization. If the self-test passes, the 80960CA con" 
tinues with initialization and branches to the first ad
dress of the user's code. ' 



Address 

FFFFFFOOH 

FFFFFFlOH 

FFFFFFl4H 

FFFFFF1BH 

FFFFFF2CH 

Fixed Dota Structures 

Initialization Boot Record: 

Bus 
Configuration 

(Least Significant Byte) 

First Instruction Pointer 

PRCB Pointer 

6 Check Words 
(for bus confidence self-test) 

~ 
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Relocatable Data Structures 

User Code: 

1 + 
Process Control Block (PRCB): 

B~te Offset 

Fault Table Base Address OH 

r- Control Table Base Address 4H 

AC Register Initial Image BH 

Fault Configuration Word CH 

I-- Interrupt Table Base Address 10H 

I--
System Procedure Table 

14H Base Address 

Reserved lBH 

I-- Interrupt Stack Pointer 1CH 

Instruction Cache 
20H Configuration Word 

Register Cache 
24H Configuration Word 

r---
Control Table 

~> ~:> 

r---t 
Interrupt Table 

~:> ~:> 

I""-' 
System Procedure Table 

~:> ~:> - Other Architecturally Defined 
Dota Structures 

(not required as part of IMI) 
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Figure 3-13. Initial Memory Image 
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4.0 80960CA SYSTEM 
IMPLEMENTATION 

This section is an overview of the peripherals integrated 
with the 80960CA core. The features and operation of 
the Bus Controller, DMA Controller; Interrupt Con
troller, and the interfaces between these peripherals and 
the core are described. 

4.1 Peripheral Interface 

A program communicates with the on-chip peripherals 
by reading or modifying the special function registers 
(SFRs) or by loading control registers. The SFRs gen
erally serve to transfer status information and data be
tween a peripheral and the core, and the control regis
ters serve to configure the peripherals. SFRs are ac
cessed directly as instruction operands. The control 
registers are loaded by using the system control (sysctl) 
instruction. 

4.2 Bus Controller Unit 

The Bus Controller Unit (BCU) manages 'the data and 
instruction path between the 80960CA and external 
memory. Data operations and instruction fetches share 
a 32-bit data bus. Memory addresses are output on a 
separate 32-bit address bus. The BCU incorporates sev
eral advanced features to simplify the bus interface to 
external memory. A programmable memory region con
figuration table allows the characteristics of the exter
nal bus to be programmed differently for 16 separate 
regions in memory. The attributes of the external bus 
which are programmable include wait states and exter
nal ready cqntrol, data bus width (8, 16, or 32 bits), 
burst mode, address pipelining, and byte ordering. The 
region programmable bus options are described in this 
section. 

4.2.1 BUS TRANSFERS, ACCESSES, AND 
REQUESTS 

The distinction between transfer, bus access, and bus 
request, as these terms apply to the 80960CA, must be 
presented before beginning a discussion of the BCU. 

Transfer-A bus transfer is defined simply as· a move
ment of code or data between a memory system and the 
80960CA. A write transfer occurs when the memory 
system is the destination of a data movement. A read 
transfer occurs when the 80960CA is the destination 
for a data or a code fetch from memory. 

Bus Access-A bus access is defined as an address cycle 
and one or more transfers. In burst mode, an access can 
consist of a single address cycle and I to 4 transfers. 
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Bus Request-A bui request is issued by the core and 
directed to the Bus Controller. A bus request is sent to 
the BCU when a load, store, or an atomic instruction is 
executed, or when an instruction fetch is needed. Bus 
requests are also issued by the core to perform DMA 
transfers. A bus request can consist of one or more bus 
accesses. For example, an aligned word (32-bit) request 
to an 8-bit memory region will result in four byte
length accesses. 

4.2.2 BUS CONTROL COPROCESSOR 

The 8096OCA's peripherals are often referred to as co
processors, since their operation is decoupled from the 
execution of the instruction stream. As an integrated 
coprocessor, the BCU receives bus requests and inde
pendently carries out the action of moving data or code 
between the processor and external memory. The BCU 
uses a three deep queue to store pending bus requests. 
The queue decouples the core from- the BCU, since a 
series of adjacent requests may be issued faster than the 
BCU can service each request. Two of the three queue 
entries store requests from a user's program (loads, 
stores, fetches, etc.). The third queue entry is used by 
requests originating from a DMA operation. This 
queue entry takes user requests when the DMA is 
turned off. The 80960CA alternates service of requests 
issued by the user program and requests issued by a 
DMA operation. 

4.2.3 SIGNAL DESCRIPTIONS 

The external bus signals consist of 30 address signals, 4 
byte enables, 32 data lines, and various control signals. 

D31-DO' 32-bit Data Bus (bi-directional)-32-, 16-, 
and 8-bit values are transmitted and re
ceived on these lines. The 8- and l6-bit 
quantities are transferred on the low order 
data lines when a memory region is config
ured respectively for an 8- or l6-bit bus. 

A31-A2 30-bit Address (outputs)-The 30-bit ad
dress bus identifies all external addresses to 
word (4-byte) boundaries. The byte enable 
lines indicate the selected byte in each 
word. 

BE3-BEO Byte Enables (outputs)-The byte enables 
select which of 4 addressed bytes are active 
in a memory access. When a memory re
~ is co~ured for an 8-bit bus width, 
BEl and BEO act as the lower two bits of 
the address. For a l6-bit memory region, 
BEl, BE3, and BEO are encoded to provide 
AI, BHE, and BLE respectively. 

W;R Write or Read (output)-This signal is low 
for read accesses and high for write access-
es. 

ADS Address Strobe (output)-Indicates valid 
address and the start of a new bus access. 



DT/R 

Die 

Data Transmit or Receive (output)
Direction control for data transceivers; 
similar to W /R. 
Data Enable (output)-Low during a 
bus request after the first address cy
cle. This signal is used to control data 
transceivers and to indicate'the end of 
a bus request. 

Wait (output)-Indicates that wait 
states are being inserted by the internal 
wait state generator. 

Ready (input)-Signals that data is 
valid for a read transfer or ends data 
hold for a write transfer. This function 
can be disabled for a memory region. 
Burst Terminate (input)-Terminates 
a burst access. Another address is gen
erated to complete the request when 
the signal is deasserted. This function 
can be disabled for a memory region. . 

Data or Code (output)-Indicates a 
data transfer or a code fetch. 

DMA Access (output)-Indicates that 
a bus request was initiated by either 
the user program or the DMA. 

Supervisor Access (output)-Indicates 
that a bus access originated from a bus 
request issued in supervisor mode. 
This signal can be used to protect sys
tem data structures, or peripherals 
from errant modification by the user 
code. 

PCL~ [ 

ABS[ 

HOLD 

HOLDA 

BREQ 
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Lock (output)-Indicates that an 
atomic memory operation is in prog
ress. This signal can be used to inhibit 
external agents from modifying memo
ry which is atomically accessed. 
Burst Last (output)-Indicates the last 
transfer in a burst access. 

Hold (input)-HOLD 'can be used by 
a bus requester to request access to the 
bus. The processor asserts HLDA af
ter the current bus request or locked 
requests have completed. 

Hold Acknowledge (output)-Indi
cates to a bus requester that the proc
essor has relinquished control of the 
bus. 

Bus Request (output)-Indicates that 
requests are queued in the bus control
ler and are waiting to be serviced. 
BREQ can be used for external bus ar
bitration logic in conjunction with 
HOLD and HLDA to regain bus mas
tership. 

Figure 4-1 shows the timing for a simple, non-burst, 
non-pipelined read and write access. The timing rela
tions for the key control signals are shown in this fig
ure. 

A31:4.SUP [....:...-....:._....:._....:._....:._...:._...:...-_ 
OMA~ 

BE3:0 

BLAST [ 

A3:2 [-r ..... -r--r--r..:: .. :::IId"-T-....,..-....,.. ...... -

031:0[--

270669-20 
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4.2.4 MEMORY REGION CONFIGURATION 
TABLE 

The BCU can be configured differently for 16 separate 
sections (referred to as regions) of the address space. 
The four most significant bits of a memory address de
fine the location of each region in memory. The bus 
characteristics in a, region are specified in the mem,Ory 
region cOnfiguration table. When a bus request is Serv
iced, the BCU accesses the configuration table entry for 
the region addressed and services the request based on 
the bus characteristics programmed for that region. 
'The characteristics programmed for each region are 
listed below: 

- Burst Mode (on/oft) 

- Wait States 
(5 parameters) 

- Bus Width 
(8-, 16-, or 32-bh) 

- Ready Inputs (on/oft) 

- Address Pipelining 
(on/oft) 

- Byte Ordering 
(Big/Little Endian) 

The flexibility of region programming simplifies the bus 
interface in applications where a ~emory system is 
made up of a variety 'of sub-systems, such as SRAM, 
DRAM, ROM, and memory mapped peripherals. Each 

, memory sub-system can be mapped into a different re-
gion in memory, and that region can be configured spe
cifically for the requirements of the particular memory 
sub-systCVI· ' 

MEMORY REGION 

Region CONFIGURATION TABLE 

o 

The configuration table is made up of 16 on-chip con
trol registers (Figure 4-2). Each register is programmed 
with the configuration information for a single region. 
Since the region table is located on-chip, access to re
gion information does not affect the performance of the 
bus. 

4.2.4.1 Burst Accesses 

The 80960CA BCU is capable of burst accesses to 
memory systems which are designed to support this fea
ture. Burst mode is intended to get the most perform
ance from low cost memory systems. A burst access is a 
single address cycle followed by successive data or !n
struction transfers. The transfers reference data or m
structions at sequential addresses starting at the address 
which began the burst access (Figure 4-3). In a burst 
memory system, the upper 28 bits of an address remain 
fixed while the lower two bits A2 and A3 increment to 
access subsequent locations. 

Wait state timing for the first access of a burst request 
is controlled independently from the timing for subse
quent accesses. A memory sub-system using static col
umn mode or page mode DRAMs, for example, can 
take advantage of the short column access times for 
these devices by using burst mode. Interleaved ROM or 
EPROM systems can also be constructed which simul
taneously access several words and then use burst mode 
to multiplex the multi-word array onto the data bus. 

G TABLE ENTRY RE ION 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
,12 
13 

31 2120191817161514131211109 8 7 6 5 4 3 2 1 0 

1-+1 I I I 1111 I I I I J Illli II I I~ 

c::::J Reserved 
(InRlall •• To 0) 

14 
15 

Figure 4-2. Memory Region Configuration Table 
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BURST ENABLE 
READY ENABLE 
PIPELINE ENABLE 

NRAO 
NROO 

NXDA 

"wAD 
NWOO 
BUS WIDTH 

BYTE ORDER 
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Read Request: 

Clock • • • • • • • • • • • • • • • • • • 
Addre •• m I I I IXXXXXXXXI 
Data .------------<::>-----<::>-----<:>----~<::>--------------. 
Data Transfer 

Bus Access 

Read Request: 

Walt State 
Counter 

Clock 

Address 

Data 

Data Transfer 

Bus Access 

Write Request: 

Walt State 
Counter 

Clock 

Address 

Dota 

Data Transfer 

Bus Access 

Figure 4-3. Burst Memory Request 

o 3 2 o 2 10 0 2 o 2 o 3 2 o 3 2 

~ X X X XXXlOOOOO(I 

._-----------<::}-----<::}----<::}-----<::}-------------_. 
Cl Cl Cl Cl 

I NWAO = 3 I NwOO = 2 I Nwoo = 21 Nwoo = 21 NXOA = 3 

0320202021032032 

X X X ~ 
X X X xxxxxxxooxxc: 

~~-----------------~-----~ 
~-------~-----~-----~---., c:: 

Figure 4-4. Programmable Walt States 

270669-21 

270669-23 

270669-24 
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4.2.4.2 Programmable Walt State Generation 

The 80960CA may be interfaced with a variety of mem
ory sub-systems and peripherals with a minimum sys
tem cost and complexity. To achieve this interface flexi
bility, the 80960CA implements an internal program
mable wait state generator. Internally generated wait 
states eliminate the potential system delays which come 
from generating wait states with external logic. 

Wait states are programmed for each' region in the 
memory region configuration table. The number of wait 
states is programmable over a range which allows effi
cient control of memory devices ranging from ultra-fast 
SRAMs to slow peripherals. An external ready signal is' 
also provided for external wait state control. 

The wait states which can be, generated by the 
80960CA are shown in Figure 4-4. In this table N is the 
number of wait states inserted. The wait states for read 
accesses and for write accesses are described by three 
parameters each. For read accesses, NRAD is the num
ber of states between the address cycle and the first 
data cycle and NRDD is the niunber of states between 
consecutive data cycles in a burst access. For writes, 
Nw AD is the number of states that data is held after an 
address cycle, and NWDD is the number of states that 
data is held for consecutive data cycles in a burst write. 
For both reads and writes, NXDA is the number of 
dead cycles after the last data CY!lle,and before the next 
address. ' 

4.2.4.3 READY Control 

The memory region configuration table allows the 
ready input (READY) to be enabled or disabled for 
each region. If the ready input is disabled, the external 
input has no effect on the wait states 'generated for a 
memory access; all wait sta~ are generated internally. ' 
If the ready input is 'enabled, it works in conjunction 
,with the programmable wait state generator. In this 

case, the ready input h,as no effect until the number of 
programmed wait states has expired. When the wait 
state counier reaches 0, the ready input is sampled, and 
wait states continue or are terminated based on the val
ue of the ready input. In order to gain complete exter
nal control over wait states, all wait state parameters 
for a region can be set to O. ' ' 

4.2.4.4 Plpelined Reads 

The 8096OCA, BCU provides an address pipelining 
mode (Figure 4-5) to optimize the performance of in
struction and data fetches from external memory. 
When the pipelined read mode is enabled, an address 
cycle overlaps with the last data cycle in each access, 
effectively reducing the total time needed for each ac
cess. Pipelining mode is selected in each region by pro
gramming the memory region configuration table. 

4.2.4.5 Byte Ordering 

One of two configurations for byte ordering, often re
ferred to as little endian or big endian, is selected for 
each region by programming the memory region con
'figuration table. The byte ordering options make the 
80960CA capable of sharing memory with a processor 
which uses either ,byte ordering scheme. Byte ordering 
refers to the way that the 80960CA relates internal data 
to the way that data is stored or fetched from memory. 
The little endian configuration orders the bytes in a 
short-word or word so that the least significant byte of 
the quantity is positioned at the lowest address and the 
most significant byte at the highest address in memory. 
Conversely, for the big endian configuration, the least 
significant byte is positioned at the highest address, and 
the most significant byte at the lowest address. For ex
ample, for little endian ordering, byte 0 for word data 
would be found in memory at an address of the form 
XXXX XXXOH and, for big endian, at address XXXX 
XX~3H. 

NIIAD = 1 
Walt Stat. 
Count.r o o o o 

Clock • • • • • • • • • • • 
Addr ••• mx I I I IXXXXXXXXX 

Data --------------<::::}-----<::::}----<::::}-----<::::}-.-
Data Transfer 

Bus Ace ... 
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, Figure 4-5. Plpellned Read Request 
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4.2.4.6 Data Alignment 

The 80960CA can service any aligned or non-aligned 
bus request. Aligned requests are directed to their natu
ral boundary in memory. In other words, the addresses 
for aligned requests are even multiples of the length of 
the data transferred. Non-aligned requests are not serv
iced directly by the BCU but are assisted by microcode. 
Microcode automatically breaks non-aligned requests 
into multiple aligned requests which are then reissued 
to the BCU. Depending on the degree of non-alignment 
and the length of the original request, the resulting re
quests by microcode will consist of a combination of 
byte, short-word, and double-word requests. The BCU 
is able to generate an operation-unaligned fault when a 
non-aligned bus request is first received. This fault can 
be selectively masked at initialization. 

4.3 DMA Controller 

The DMA controller is a high-performance, full-func
tioned integrated peripheral. The DMA controller can 
manage 4 channels of DMA transfer concurrent with 
program execution. Separate external control for each 
channel is provided. Each channel supports high-per
formance memory to memory transfers where the 
source and destination can be any combination of inter
nal data RAM or external memory. The DMA Con
troller supports various types of transfers such as high
speed fly-by transfers and data chaining with the use of 
linked descriptor lists in memory. 

The 80960CA's DMA controller is implemented using 
dedicated hardware and microcode. Because of the effi
ciency of the core, it is possible for the microcode to 
execute DMA transfers at high speeds. DMA transfers 
are performed by the core concurrently with execution 
of the user's program. Internal DMA logic is used for 
sampling requests, synchronizing transfers with exter
nal devices, and handling the service of multiple active 
channels. 

4.3.1 SIGNAL DESCRIPTIONS 

Twelve pins are dedicated to the DMA controller. 
Three pins are associated with each DMA channel. 
These pins are described below. In this description, the 
pin number corresponds to the channel number. For 
example, the DREQO pin is the request pin for 
channel O. 

DMA Request (input)-This input in
dicates that an external device is re
questing a DMA transfer. A DMA 
transfer refers to the complete transfer 
of one byte, short-word, word, or quad
word, depending on the transfer data 
width selected for the channel. 

EOP3/TC3-
EOPO/TCO 
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DMA Acknowledge (output)-This 
output becomes active when the re
questing deviee is accessed. 

End of Process (input) or Terminal 
Count (output)-This pin functions ei
ther as an input (EOPx) or as an output 
(TCx). When programmed as an out
put, the pin is driven active for one 
clock after byte count reaches zero and 
a DMA terminates. When programmed 
as an input, an external device can 
cause the DMA operation to terminate. 

4.3.2 DMA TRANSFERS 

The 80960CA DMA controller supports a variety of 
transfer modes and variations of these modes, allowing 
the DMA to adapt to a number of hardware systems 
and the performance requirements of these systems. 

4.3.2.1 Standard Block and Demand Mode 
Transfers 

A standard DMA transfer is made up of multiple bus 
requests. Loads from a source address are followed by 
stores to a destination address. The DMA controller 
issues the proper combination of these bus requests to 
execute the DMA transfer. For example, a typical 
DMA transfer between memory and an 8-bit peripheral 

. could appear as a single byte load request directed to 
the source memory, followed by a single byte store re
quest directed to the 8-bit peripheral. 

The DMA controller has two basic transfer modes: 
block mode (unsynchronized) and demand mode (syn
chronized). Any DMA transfer will be serviced by one 
of these basic transfer modes. . 

A block mode DMA is initiated by software. Block 
mode DMAs are generally between memory. Block 
mode DMA transfers are not synchronized with any 
type of request from an external device. Once the DMA 
begins, it will continue until the entire block is com
plete or until it is suspended. The source and destina
tion addresses for block mode transfers can be incre
mented or held constant for a DMA. 

A demand mode DMA is controlled by an external 
device. Demand mode DMAs are generally between an 
external device and memory. In demand mode, each 
individual DMA transfer can be synchronized with a 
request. The request is signalled when an external de
vice activates a DMA channel request pin (DREQ3-
DREQO). The DMA controller ackI10wledges this re
quest with the DMA acknowledge pin (DACK3-
DACKO) when the requesting device is accessed. A de
mand mode transfer may be synchronized with either 
the source or the destination device. 
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4.3.2.2 Fly-by Transfers 

A fly-by transfer mode is provided for the most per· 
formance-critical DMA applications. Fly-by mode also 
makes very efficient use of the. external bus during a 
DMA. Standard DMA transfers involve multiple bus 
requests:. load requests directed to the source and a 
store request directed to the destination. Fly-by trans
fers only require a single bus request. For a fly-by trans
fer, memory sees a load or a store on the bus while the 
requesting device is selected by the DMA acknowledge 
pin. The data is never actually read from or written to 
the 80960CA. For memory to device transfers, the 
processor issues a load, and, while reading the memory, 
accesses the external device with the DMA acknowl
edge pin. The data is then written directly to the desti
nation device with a single bus request. For a device to 
memory transfer, the reverse operation is performed. 
The DMA issues a store, and, while writing the memo
ry, accesses the source device with the DMA acknowl
edge pin. In this case, the processor floats the data bus 
and the device's data is written directly into memory. 

4.3.2.3 Data Chaining 

Each DMA channel can be programmed in a data 
chaining mode. In this mode, all transfer information is 
taken from a linked-list descriptor in memory (Figure 
4-6). Data chaining is started by specifying a pointer to 
a descriptor in memory. The transfer continues until 

Internal Register 

BC = Byte Count 
SA = Source Address 
DA = Destination Address 
NPTR = Next Pointer 

Not Used For Source Chaining 

Descriptors 

Terminate 

the number of bytes in the byte count field in the de
scriptor is transferred. At this time, another linked-list 
descriptor may be executed. The next descriptor is 
specified by the next-pointer field in the current de
scription. Data chaining continues until a null pointer 
is encountered in the next-pointer field. Data chaining 
can be designated as source chaining, destination chain
ing, or b0th. 

In data chaining mode, an option exists which allows 
chaining descriptors to be updated while the DMA is 
running. When this option is enabled, the DMA sets a 
bit in the DMA's special fUnction register after loading 
a descriptor and then checks this bit before loading the 
next descriptor. If the bit has been cleared by the user, 
the DMA continues; otherwise, the DMA waits for the 
next descriptor to be set up and for the user to clear the 
bit. An interrupt can be generated when each buffer is 
complete or when the DMA is terminated with a null 
pointer or the EOP pin. 

4.3.3 TRANSFER CHARACTERISTICS 

The DMA controller provides the programmer with a 
number of options for configuring the characteristics of 
a DMA transfer. Intelligent selection of transfer char
acteristics works to balance DMA performance and 
functionality with performance of the user program 
when the DMA is in progress. 

Source Buffers 

Destination Buffer 

270669-26 

Figure 4-6, Source Data Chaining 
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The DMA controller provides features to optimize 
transfers by moving a maximum amount of data for 
each bus request issued. This is controlled by specifying 
the width of the source and destination directed bus 
requests for a DMA transfer, and by on-chip assembly 
or disassembly of the transfer when source and destina
tion are not of equal widths. 

Data alignment is performed automatically by the 
DMA controller when the source and destination of a 
transfer are not aligned. The alignment algorithm is 
optimized for many transfers, providing a performance 
comparable to the aligned transfer cases. 

4.3.3.1 Transfer Data Length 

The transfer data length specifies the length of bus re
quests directed to the source and destination in a stan
dard DMA transfer. Byte, short, word, or quad-word 
loads and stores are selected for either source or desti
nation when a DMA channel is set up. Assembly and 
disassembly of data is automatically performed when 
the source and destination widths are different. This 
feature provides the most efficient use of the bus when 
DMA transfers occui between a source and a destina
tion with different external bus widths. 

LS. -+-------<--, 
MS. 

Source 
Memory 
Region 

Destination 
Memory 
RegIon 
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The DMA controller provides the option of using quad 
word transfers to enhance DMA performance. When 
quad transfers are specified, the DMA will request a 
four-word load request and four-word store request for 
each DMA transfer. The trade-otT for the added DMA 
performance is latency on the external bus, preventing 
requests by the core, or by another DMA channel from 
being immediately serviced. 

4.3.3.2 Data Alignment , 
The DMA controller supports transfer of source and 
destination data aligned to different byte boundaries in 
memory. The DMA implements microcode algorithms 
to transfer some non-aligned data with a performance 
level approaching that for aligned transfers. The DMA 
accomplishes this by attempting to issue the maximum 
number of aligned bus requests during a DMA (Figure 
4-7). As shown, most of the overhead due to non
aligned DMAs is incurred at the beginning and end of 
the DMA. DMAs with low byte counts, therefore, do 
not benefit as much from the data alignment features of 
the DMA. The alignment feature is optimized for 8-bit 
to 8-bit, 32-bit to 32-bit and for 8-bit and 32-bit combi
nations of source and destination lengths. 

Bus Operation 

0000 0200H 

Access 
Operation Address 

Number 

1 load_word 00000200H 
0000 0204H 2 store_byte 00000303H 

3 load_word 00000204H 
000002aSH 4 store_word 00000304H 

5 load_word 00000208H 
0000020CH 6 store_word 00000308H 

7 load_word 0000020CH 
8 store_short 0000030CH 
9 store_byte 0000030EH 

0000 0300H ~~ .. -" 0000 0304H 270669-28 

00000308H 

0000 Q3QCH 

270669-27 

Figure 4"7. DMA Data Alignment 
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4.3.3.3 Channel Priority 

The DMA controller arbitrates the priority of the 4 
DMA channels. If multiple DMA channels are en
abled, the DMA controller will determine in which or
der. each channel is serviced. 

The DMA controller can be configured in one of two 
priority modes, fixed mode or rotating mode. The fixed 
mode assumes a fixed priority for each channel with 
channel 0 having the highest priority, followed by chan
nels I, 2, and 3, with channel 3 having the lowest prior
ity. The rotating mode updates a channel's priority to 
the lowest priority after that channel's DMA is made. 
This insures that a single channel is never locked out by 
other active channels. The priority sequence is always 
in the same order, with priority rotating from the low 
channel numbers to the high channel numbers. 

4.3.3.4 Performance and Latency 
ConSiderations 

DMA operations and the user progrant share the re
sources of the core and of the external bus. DMA per
formance and the performance of the user program are 
coupled directly to the balance of load sharing between 
these two processes. The core resources necessary to 
perform a DMA transfer vary depending on the way a 
channel has been configured. For example, byte assem
bly and disassembly requires more processor overhead 
per byte of transfer than does a transfer in which the 
source and destination transfer lengths are equal. The 
performance of a DMA is also tightly coupled to the 
user program's use of the external bus. If the user pro
gram does not make frequent bus requests, the requests 
by the DMA controller will be serviced with little or no 
delay. . 

The user can enhance performance of the DMA with 
trade-offs in system complexity and flexibility. Aligned 
transfers eliminate the microcode overhead needed to 
perform the internal alignments. DMAs between re
gions of equal transfer widths eliminate overhead for 

assembly and disassembly. Source or destination mem
ory configured as burst memory will provide the most 
efficient use of the DMA controller when the quad
transfer feature is enabled. Using the fly-by mode re
duces the number of bus requests needed for a DMA 
since fly-by mode uses only a single load or a single 
store request for each transfer. 

4.3.4 DMA CONTROL AND CONFIGURATION 

The DMA Controller uses an SFR register, the DMA 
command (DMAC) register, and the setup DMA 
(sdma) instruction for configuration and control of a 
DMA. The sdma instruction is used to configure each 
DMA channel. Transfer widths, byte count, source and 
destination addresses for a DMA are specified in this 
instruction. 

The DMAC register (Figure 4-8) is described below. 

The channel enable field enables a DMA once the 
channel is set up. Clearing these bits will also cause a 
DMA transfer to be suspended. 

The terminal count field signals that byte count has 
reached zero and a DMA has ended. 

The channel active field indicates that a channel is idle 
or active. If set, this bit indicates that the channel is 
active. This implies that the channel is servicing a 
transfer or has a request pending. The active bits are 
status information only. 

The channel done field indicates that a DMA operation 
is complete. The done bits are status information only. 

The channel wait field is used for handshaking with a 
user program in data chaining mode. The DMA sets 
these bits when a new linked-list descriptor is read. The 
DMA will riot read the next descriptor until this bit is 
cleared by the user. The user can set up the next de
scriptor and then clear the channel wait bits to dynami
cally change descriptors. 

Reserved 
(Initlollz. To 0) 

L Chonn.1 Enobl. (3-0) 
'------T.rmlnol Count (3-0) 

'--------....,..-Chonn.1 Actlv. (3-0) 
L...-----------Chonn.1 Don. (3-0) 

'-----------------Chonn.1 Wolt (3-0) 
L...-----------------Priorlty Mod. Bit 

L...------------------Throttl. Bit 
270669-29 

Figure 4-8. DMA Command Register 
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A priority mode bit selects rotating or fixed priority 
mode. 

The throttle bit selects the maximum amount of core 
resources that the DMA microcode will receive in rela
tion to the execution of the user program. 

4.3.5 DMA INTERRUPTS 

The DMA controller is the source of 4 hardware inter
rupts in the 8096OCA. The DMA Controller can be 
programmed to request an interrupt when a DMA is 
complete, or when a buffer transfer is completed in 
chaining mode. Each channel requests a different inter
rupt. 

4.4 Interrupt Controller 

The 80960CA Interrupt Controller manages interrupts 
which are requested by external agents or by the DMA 
Controller. The interrupt controller manages 4 internal 
DMA interrupt sources, a single NMI (Non-Maskable 
Interrupt) pin, and 8 external interrupt pins. Up to 248 
external interrupt sources can be supported by the in
terrupt controller. The interrupt controller handles the 
prioritization of software interrupts, harliware inter
rupts, and the process priority, and signals the core 
when interrupts are to be serviced. The interrupt con
troller provides the low-latency interrupt service fea
tured on the 8096OCA. 

4.4.1 EXTERNAL INTERRUPTS 

The 80960CA provides 8 interrupt pins and one NMI 
pin for detecting external requests. The interrupt con-

Dedicated Node 

NWI Source 

Extemal Source 7 
Externol Source 6 
External Source 5 

External Source 0 

hlllUld Mode 
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troller allows the 8 interrupt pins to be configured as 
dedicated inputs capable of requesting 8 interrupts, or 
as a vectored input capable of requesting up to 248 
interrupts. The NMI pin is always a dedicated input. 
The interrupt controller pins are described below. 

XINT7- External Interrupts (inputs)-These pins 
XINTO can be used as dedicated inputs, or acting 

together as an 8-bit number, request any in
terrupt. The inputs are edge or level detect
ed, and are optionally debounced interna1ly. 

NMI Non-Maskable Interrupt (input)-NMI re-
quests the highest priority interrupt. NMI .. 
is always taken and is not maskable (as the 
name implies), and not interruptable. 

4.4.2 INTERRUPT MODES, 

The 8 external interrupt pins can be configured in one 
of three modes: dedicated 'mode, expanded mode, or 
mixed mode (Figure 4-9). 

4.4.2.1 Dedicated Mode Interrupts 

In dedicated mode, each of the 8 interrupt pins acts as a 
dedicated input. When an external event is detected on 
an interrupt pin, a unique interrupt is requested for that 
pin. It is possible to map each dedicated pin to one of a 
number of possible interrupt vectors. This is accom
plished by programming the interrupt map (IMAP) 
control registers with an interrupt vector number for 
each pin. (Recall that interrupt vector numbers are 
8-bit values which reference the 248 vectors in the in
terrupt table.) 

Expanded hlod.' 

r--~N;;;",l+------ NYI Source 

80960CA 

Priority 2"8 
Encoding Extemol 
Logic 248 Source. 

tOO I+------NMI Source 

B0960CA 

~~~~~~=Ext.rnal Source 2 External Source 1 
External Source 0 

•• External 
Sourc •• 

Figure 4·9. Interrupt Modes 
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Only the upper four bits of the vector number can be 
programmed for a dedicated mode interrupt. The lower 
four bits are fixed at the value 001~. With four pro
grammable bits, one of IS interrupt vectors is available 
for each dedicated pin. These interrupt vectors span the 
even priority levels from priority 2 to 30" The vector at 
priority 0 Is not defined. 

The IS interrupt vectors available to dedicated sources 
can be cached. in internal data RAM. If this interrupt 
vector caching feature is selected, the processor will au
tomatically fetch the vector from data RAM, eliminat
ing the latency caused by a bus request for a vector in 
external memory. 

The DMA Controller can request four interrupts to sig
nal the end of-a DMA for each of four channels. The 
four interrupt signals from the DMA are handled by 
the interrupt controller in the same way as an interrupt 
pin configured as a dedicated input. Each of the four 
DMA sources may request one of IS interrupts by pro
gramming the IMAP for that source. 

4.4.2.2 Expanded Mode Interrupts' 

In expanded mode, external hardware considers the in
terrupt pins (XINTD-XINT7) as an 8-bit binary num
ber. This number is used directly as the interrupt vector 
number. Each of the 248 possible interrupt vectors can 
be referenced in this way, allowing a separate external 
source for each vector. External hardware is responsi
ble for recognizing individual hardware sources and 
then driving the interrupt vector number corresponding 

, to that source onto the interrupt pins. 

4.4.2.3 Mixed Mode Interrupts 

In mixed mode, the 8 interrupt pins are divided into 
two functional sets. One set functions in dedicated 
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intel~ 
mode, the other in expanded mode. In mixed mode, 
three pins are dedicated interrupt pins (XiN'i'7-
XINTS). A programmable vector number is associated 
with each of these pins. The remaining five interrupt 
pins (XINT4-XINTO) are treated as the most signifi
cant five bits of the expanded mode vector number. The 
lower order bits are internally forced to 01~ to form 
the full 8-bit value for the vector number. 

4.4.3 INTERRUPT CONTROLLER SETUP 

The interrupt controller uses two special function regis
ters to manage interrupt requests by hardware sources. 
The hardware interrupt pending register (IPND) and 
the hardware interrupt mask register (IMSK) are ad
dressed as sID and sfl respectiv~ly. A single bit in each 
register corresponds to each of the 8 possible external 
sources and 4 DMA sources for hardware interrupts. 
The IMSK register performs the function of masking 
hardware interrupts and the IPND register implements 
posting of interrupts requested by hardware. When 
configured for expanded or mixed mode interrupts, bit 
o of the IMSK register globally masks the expanded 
mode interrupts. 

4.4.4. NON·MASKA~LE INTERRUPT 

In addition to the maskable hardware interrupts, a sin
gle Non-Maskable Interrupt (NMI) is provided. A dedi· 
cated NMI pin is used to request this interrupt. NMI is 
defined as a higher priority than any hardware inter
rupt, software interrupt, or process priority. The NMI 
procedure, therefore, can never be interrupted and 
must execute the return instruction before other proce
dures can execute. The NMI procedure is entered 
through vector 248. This vector is cached in internal 
data RAM at initialization to reduce latency for the 
NMI. 
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APPENDIX A 
80960CA CORE IMPLEMENTATION 

The 80960CA Core is a high-performance implementa
tion of the 80960 Core Architecture. This section brief
ly describes the microarchitecture of the 80960CA core 
and the key constructs used to achieve parallel instruc
tion execution. 

The 80960CA core can be divided into the 6 main sub
units listed below. 

Instruction Sequencer 

Register File 

Execution Unit 

Multiply and Divide Unit 

Address Generation Unit 

Static Data RAM and Local Register Cache 

Figure A-I is a simple block diagram of the 80960CA. 
The nucleus of the processor is the Instruction Se
quencer and. Register File. The other subunits of the 
core, referred to as coprocessors, radiate from these 
units, connecting to either the register (REG) side or 
the memory (MEM) side of the processor. The Instruc
tion Sequencer issues directives, via the REG and 
MEM interfaces, which target a specific coprocessor. 
That coprocessor then executes an express function vir
tually decoupled from the IS and the other coproces-

Other I 

sors. The REG and MEM data busses shown in Figure 
A-I are used to transfer data between the common 
Register File and -the coprocessors. 

A.1 Instruction Sequencer 

The Instruction Sequencer (IS) decodes the instruction 
stream and drives the decoded instruction stream onto 
the coprocessor interfaces. In a single clock, the IS de
codes up to 4 instruction and issues up to three of these 
instructions to the on-chip coprocessors or to the IS 
itself. One register (REG) format, one memory (MEM) 
format, and one control or control and branch (CTRL 
or COBR) format instruction can be issued at one time. 
These instructions are directed respectively to the REG 
coprocessors, the MEM coprocessors, or to the IS. The 
ability to issue multiple instructions in parallel can re
sult in the simultaneous eXecution of many instructions 
at once. An optimizing compiler or hand optimization 
of assembly code can easily produce an instruction 
stream which takes full advantage of the parallel execu
tion of the core. 

A technique known as resource scoreboarding is used to 
manage the parallel execution of instructions and the 
common resources of the processor. A coprocessor, for 
example, can scoreboard itself, indicating that it cannot 
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act on another instruction until an instruction currently 
executing on that coprocessor is completed. A specific 
form of resource scoreboarding is referred to as register 
scoreboarding. When the computation stage of an in
struction takes more than one clock. the destination 
register or registers for the result are scoreboarded as 
busy. A subsequent operation needing that particular 
register will be delayed until the multi-clock operation 
is completed. Instructions which do not use the score
boarded registers can be executed in parallel. 

The IS manages a three stage parallel instruction pipe
line (Figur~ A-2). In the first stage of the pipeline (pipe 
0), the address of the next instruction is calculated. 
This address may be the next sequential instruction, the 
target of a branch. or a location in microcode. In the 
second stage of the pipeline (pipe 1), the instructions 
are issued to the rest of the machine. In the third stage 
(pipe 2), the instruction computation is started, and for 
single cycle instructions, a result is returned. 

Several microarchitectural features of the core are de
signed to minimize performance loss due to pipeline 
breaks. 

Branch Prediction-To minimize pipeline breaks due to 
branching, the user can specify the direction that a con
ditional branch instruction will usually follow. The 
processor will execute along the specified instruction 
path with no pipeline break. If the branch direction 
specified was the direction actually selected by execu
tion of the conditional branch. no pipeline break oc
curs. The direction of the branch guess is determined 
by a bit value in the CTRL format instructions. 

Register Bypassing-Register bypassing is a feature 
which forwards the result of an instruction for immedi
ate use as the source of another instruction. This for
warding occurs at the same time that the value is writ-

State 

Pipe 0 decode 

Pipe 1 xxxxx 

Pipe 2 xxxxx 

ten to its destination register. Bypassing the register file 
saves the one clock cycle break which would otherwise 
occur while waiting for the value to be written to the 
register file and the register scoreboard to be clear~. 

On-chip Cache-The on-chip instruction cache and lo
cal register cache eliminate many pipeline breaks which 
will occur if the IS is forced to wait for code or data to 
be moved between the 80960CA and external memory. 

Register File Access-The Register File allows multiple 
instructions to gain access to the register set simulta
neously. This eliminates pipeline breaks which would 
be caused by a loss of access to the register set by any 
coprocessor. 

A.1.1 INSTRUCTION CACHE 

The IS includes.a 1 Kbyte two-way set associative in
struction cache capable of delivering up to four instruc
tions each clock to the Instruction Sequencer. The 
cache allows inner loops of code to execute with no 
external instruction fetches. 

A.1.2 MICROCODE ROM 

The 80960CA uses microcode ROM to implement com
plex instructions and functions. This includes calls, re
turns, DMA transfers. and initialization sequences. Mi
crocode provides an inexpensive and simple method for 
implementing complex instructions in the mostly RISC 
environment of the 80960CA. When the IS encounters 
a microcoded instruction, it automatically branches to 
the microcode routine. The 80960CA performs this mi
crocode branch in 0 clocks. 

2 

decode 

issue 

xxxxx 

3 

decode 

issue 

execute & 
return 

Figure A-2. Instruction Pipeline 
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A.2 Register File 
The Register File (RF) contains the 16 local and 16 
global registers. The register file has six ports (Figure 
A·3), allowing parallel access of the register set by sev· 
eral 80960CA coprocessors. This parallel access results 
in an ability to execute one 'simple logic or arithmetic 
instruction, one memory operation (load/store), and 
one address calculation per clock. ' 

MEM coprocessors interface to the RF with a 128-bit 
wide load bus and a 128·bit wide store bus. These bus
ses enable movement of up to 4 words per clock to and 
from the RF. These busses also allow LOAD data from 
a previous read access and STORE data 'from a CUfrent 
write access to be processed in the register file simulta
neously. An additional 32·bit port allows an address or 
address reduction operand to be simultaneously fetched 
by the Address Generation Unit~ 

REG coprocessors interface to the RF with two 64-bit 
source busses and a single M-bit destination bus. With 
this bus structure, two source operands are simulta
neo~ly issued to a REG coprocessor when an instruc
tion is issued. 'A 64-bit destination bus allows the result 
from the previous operation to be written to the RF at 
the same time that the current operation's source oper
ands are issued. 

A.3 Execution Unit 
The Execution Unit is the 32-bit Arithmetic and Logic 
Unit of the 80960CA Core. The EU can be viewed as a 
self-contained REG coprocessor with its own instruc
tion set. As such; the EU is responsible for executing or 
supporting the execution of all the integer and ordinal 
arithmetic instructions, the logic and shift instructions, 
the move instructions, the bit and bit field instructions, 
and the compare operations. The EU performs any 
arithmetic or logical instructions in a single clock. 
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A.4 Multiply Divide Unit 
The Multiply and Divide Unit' (MDU) is a REG coproc· 
essor which performs integer and ordinal multiply, di
vide, remainder, and modulo operations. The MDU de
tects integer overflow and divide by zero errors. The 
MDU is optimized for multiplication, performing 32-
bit multiplies in 4 clocks. The MDU performs multi
plies and divides in parallel with the main execution 
unit. 

A.5 Address Generation Unit 
The AddreSs Generation Unit (AGU) is a MEM coproc
essor which computes the effective addresses for memo
ry operations. It directly executes the load address in
struction (Ida) and calculates addresses for loads and 
stores based on the addressing mode specified in these 
instructions. The address calculations are performed in 
parallel with the main execution unit (EU). 

A.6 Data ~AM and Local Register 
Cache 

The Data RAM and Local Register Cache is part of a 
1.5 Kbyte block of on-chip Static RAM (SRAM). 
I Kbyte of this SRAM is mapped into the 80960CA's 
address space from location OOOOOOOOH to 
000003FFH. A portion of the remaining'512 bytes is 
dedicated to the Local Register Cache. This part of 
internal SRAM is not directly visible to the user. Loads 
and Stores, including quad-word accesses, to the inter
nal SRAM are typically performed in only one clock. 

- The complete local register set, therefore, can be moved 
to the local regist~r cache in only four clocks. 

~///'//'///'////"///~ 128 
~/;~~;;/~~/~~~~~~/;J~ ~ . 

64 

Load 

SRCI 

SRC2 

DEST 

REG DATA 
BUSSES 
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32-BIT HIGH-:PERFORMANCE EMBEDDED PROCESSOR 

• Two InstructionsiCloc/(Sustained Execution 
• Four 59 Mbytesls DMA Channels with Data Chaining 

• Demultiplexed 32-bit Burst Sus with Pipelining 

• 32-bit Parallel Architecture 
TlNo Instructions/clock Execution 
Load/Store Architecture , 
Sixteen 32-bit Global Registers 
Sixteen 32-bit Local Registers 
Manipulates 64-blt Bit Fields 
11 Addressing Modes 
Full Parallel Fault Model 

- Supervisor Protection Model 
• Fast Procedure CalVReturn Model 

- Full Procedure Call In 4 Clocks 

• On-Chip Register Cache 
- Caches Registers on Call/Ret 
- Minimum of 6 Frames Provided 

, - Up to 15 Programmable Frames 

• On-Chip Instruction Cache 
1 Kbyte TlNo-Way Set Associative 

- 128-bit Path to Instruction Sequencer 
- Cache-Lock Modes 
- Cache-Off Mode 

• High Bandwidth On-Chip Data RAM 
1 Kbyte On-Chip Data RAM 

- Sustains 128 bits per Clock Access 
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• Four On-Chip DMA Channels 
- 59 Mbytes/s Fly-by Transfers 
- 32 Mbytes/sTINo-Cycle Transfers 
- Data Chaining 
- Data PackinglUnpacking , 
- Programmable Priority Method 

• 32-Blt Demultiplexed Burst Bus 
- 128-blt Internal Data Paths to and 

from Registers 
- Burst Bus for DRAM Interfacing 
- Address Plpelinlng Option 
- Fully Programmable Walt States 
- Supports 8-, 16- or 32-bit Bus Widths 
- Supports Unaligned Accesses 
- Supervisor Protection Pin 

• Selectable Big or Little Endian Byte 
Ordering 

• High-Speed Interrupt Controller 
- Up to 248 External Interrupts 
- 32 Fully Programmable Priorities 

Multi-mode 8-blt Interrupt Port 
Four Internal DMA Interrupts 
Separate, Non-maskable Interrupt Pin 
Context Switch in 750 ns Typical 

January 1994 
Order Number: ~70727 -006 
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1.0 PURPOSE 

This document provides electrical characteristics for 
the 33, 25 and 16 MHz versions of the 80960CA. For 
a detailed description of any 80960CA functional 
topic-other than parametric performance~onsult 
the B0960CA Product Overview (Order No. 270669) 
or the i96rP CA Microprocessor User's Manual 
(Order No. 270710). To obtain data sheet updates 
and errata, please call Intel's FaxBACK® data-on
demand system (1-800-628-2283 or 916-356-3105). 
Other information can be obtained from Intel's tech
nical BBS (916-356-3600). 

2.0 80960CA OVERVIEW 

The 80960CA is the second-generation member of 
the 80960 family of embedded processors. The 
80960CA is object code compatible with the 32-bit 
80960 Core Architecture while including Special 
Function Register extensions to control .on-chip 
peripherals and instruction set extensions to shift 64-
bit operands and configure on-chip hardware. 
Multiple 128-bit intemal buses, on-chip instruction 
caching and a sophisticated instruction scheduler 
allow the processor to sustain execution of two 
Instructions every clock and peak at execution of 
three instructions per clock. 

A 32-bit demultiplexed and pipelined burst bus 
provides a 132 Mbyte/s bandwidth to a system's 
high-speed extemal memory sub-system. In 
addition, the 80960CA's on-chip caching of instruc
tions, procedure context and critical program data 
substantially decouple system performance from the 
wait states associated with accesses to the system's 
slower, cost sensitive, main memory subsystem. 

The 80960CA bus controller integrates full wait state 
and bus width control for highest system perfor
mance with minimal system design complexity. 
Unaligned access and Big Endian byte order sup.port 
reduces the. cost of porting existing applications to 
the 80960CA. 

The processor also integrates four complete data
chaining DMA channels and a high-speed interrupt 
controller on-chip. DMA channels perform: single
cycle or two-cycle transfers, data packing and 
unpacking and data chaining. Block transfers-in 
addition to source or destination synchronized trans
fers-are provided. 

The interrupt controller provides full programmability 
of 248 interrupt sources into 32 priority levels with a 
typical interrupt task switch C'latency") time of 
750 ns. 

Six-pon 
Register File 

64-B~ 32-B~ 
SRel BU$ Base Bus 1----1 

... ____ .....:: __ -1 64-Bit 
DSTBus 

Figure 1_ 80960CA Block Diagram 
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2.1 The C-Series Core 

The C-Series core is a very high performance 
microarchitecturallmplementation of the 80960 Core 
Architecture. The C-Series core can sustain execu
tion of two instructions per clock (66 MiPs at 
33 MHz). To achieve this level of performance, Intel 
has incorporated state-of-the-art silicon technology 
and innovative microarchitectural constructs into the 
implementation of the C-Series core. Factors that 
contribute to the core's performance include: 

• Parallel instruction decoding allows issuance of 
up to three instructions per clock 

• Single-clock execution,of most instructions 

• Parallel instruction decode allows sustained, 
simultaneous execution of two single-clock 
instructions every clock cycle 

• Efficient instruction pipeline minimizes pipeline 
break losses 

• Register and resource scoreboarding allow simul
taneous multi-clock instruction execution 

• Branch look-ahead and prediction allows many 
branches to execute with no pipeline break 

• Local Register Cache integrated on-chip caches 
CalVRetum context 

• Two-way set associative, 1 Kbyte integrated 
instruction cache 

• 1 Kbyte integrated Data RAM sustains a four
word (128-bit) access every clock cycle 

2.2 Pip~lined, Burst Bus 

A 32-bit high performance bus controller interfaces 
the 809qQCA to external memory and peripherals. 
The Bus Control Unit features a maximum transfer 
rate of 132 Mbytes per second (at 33 MHz). Inter
nally programmable wait states and 16 separately 
configurable memory regions allow the processor to 
interface with a variety of memory subsystems with a 
minimum of system complexity and a maximum of 
performance. The Bus Controller's main features 
include: 

a0960CA-33, -25, -16 

.' Demultiplexed, Burst Bus to exploit most efficient 
DRAM access modes 

• Address Pipelining to reduce memory cost while 
maintaining Performance 

• 32-, 16- and 8-bit modes for 1/0 interfacing ease 

• Full intemal wait state generation to reduce 
system cost 

• Little and Big Endian support to ease application 
development 

• Unaligned access support for code portability 

• Three-deep request queue to decouple the bus 
from the core 

2.3 Flexible DMA Controller 

A four-channel DMA controller provides high speed 
DMA control for data transfers involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disas
sembly and a high performance fly-by mode capable 
of transfer speeds of up to 59 Mbytes per second at 

, 33 MHz. The DMA controller features a performance 
and flexibility which is only possible by integrating 
the DMA controller and the 80960CA core. 

2.4 Priority Interrupt Controller 

A programmable-priority interrupt controller 
manages up to 248 extemal sources through the 8-
bit extemal interrupt port. The Interrupt Unit also 
handles the four intemal sources from the DMA 
controller and a single non-maskable interrupt input. 
The 8-bit interrupt port can also be configured to 
provide individual interrupt sources that are level or 
edge triggered. 

Interrupts in the 80960CA are prioritized and 
signaled within 270 ns of the request. If the interrupt 
is of higher priority than the processor priority, the 
context switch to the interrupt routine typically is 
complete in another 480 ns. The interrupt unit 
provides the mechanism for the low latency and high 
throughput"interrupt ,service which is essential for 
embedded applications. 
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2.5 Instruction Set Summary 

Table 1 summarizes Ihe 80960CA instruction set by logical groupings. See the i96cP CA Microprocessor 
User's Manual for a complete description of the instruction set. 

Table 1. 80960CA Instruction Set 

Data Arithmetic Logical 
Bit and Bit Field 

Movement and Byte 

Load Add And Set Bit 

Store Subtract Not And Ctear Bit 

Move Multiply And Not Not Bit 

Load Address Divide Or Alter Bit 

Remainder Exclusive Or Scan For Bit 

Modulo Not Or Span Over Bit 

Shift Or Not Extract 

"Exte nd ed Sh 1ft Nor Modify 

Extended Multiply Exclusive Nor Scan Byte for Equal 

Extended Divide Not 

Add with Carry Nand 

Subtract with Carry 

Rotate 

Comparison Branch Call/Return Fault 

Compare Unconditional Branch Call Conditional Fault 

Conditional Compare Conditional Branch Call Extended Synchronize Faults 

Compare and Compare and Branch Call System 
Increment Return 
Compare and 
Decrement 

Branch and Link 

Test Condition Code 

Check Bit 

Debug Processor Atomic Management 

Modify Trace Controls Flush Local Registers Atomic Add 

Mark Modify Arithmetic Atomic Modify 

Force Mark Controls 

. Modify Process 
Controls 

"System Control 

"DMA Control 

NOTES: 
Instructions marked by (") are 80960CA extensions to the 80960 instruction set. 
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3.0 PACKAGE INFORMATION 

3.1 Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CA in the 168·pin 
Ceramic Pin Grid Array (PGA) package and the 196· 
pin Plastic Quad Flat Package (PQFP). For complete 
package specifications and information, see the 
Packaging Handbook (Order No. 240800). 

3.2 Pin Descriptions 

The 80960CA pins are described in this section. 
Table 2 presents the legend for interpreting the pin 
descriptions in the following tables. Pins associated 
with the 32·bit demultiplexed processor bus are 
described in Table 3. Pins associated with basic 
processor configuration and control are described in 
Table 4. Pins associated with the 80960CA DMA 
Controller and Interrupt Unit are described in Table 5. 

All pins float while the processor is in the ONCE 
mode. 

80960CA-33, -25, -16 

Table 2. Pin Description Nomenclature 

Symbol Description 

I Input only pin 

0 Output only pin 

VO Pin can be either an input or output 

- Pins "must bewconnected as described 

S( ... ) Synchronous. Inputs must meet setup 
and hold times relative to PCLK2:1 for 
proper operation. All outputs are 
synchronous to PCLK2:1. 

S(E) Edge sensitive input 
S(L) Level sensitive input 

A( ... ) Asynchronous. Inputs may be 
asynchronous to PCLK2:1. 

A(E) Edge sensitive input 
A(L) Level sensitive input 

H( ... ) While the processor's bus is in the 
Hold Acknowledge or Bus Backoff state, 
the pin: 

H(1 ) is driven to Vee 
H(O) is driven to V ss 
H(Z) floats 
H(Q) continues to be a valid input 

R( ... ) While the processor's RESET pin is low, 
the pin: 

R(1) is driven to Vee 
R(O) is driven to Vss 
R(Z) floats 
R(Q) continues to be a valid output 
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Table 3.· 80960CA Pin Description - External Bus Signals 

Name Type Description 

A31:2 0 ADDRESS BUS carries the physical address' upper 30 bits. A31 is the most 
S significant address bJt; A2 is the least significant. Ouring a bus access, A31 :2 identify 

H(Z) all external addresses to word (4-byte) boundaries. The byte enable signals indicate 
R(Z) the selected byte il) each' word. During burst accesses, A3:2lncremenl to indicate 

successive,d~ta,cycles. 

031:0 110 DATA BUS carries 32-,16- or a-bit data quantities depending on bus width configu-
S(l) ration. The least significant bit of the data is carried on 00 and the most significant on 
H(Z) 031,. When the bus is configured for a-bit data, the lower a data lines, 07:0 are used. 
R(Z) For 16-bit data bus widths, 015:0 are used. For 32-bit bus widths the full data bus is 

used. 

BE3:0 0 BYTE ENABLES select which of the four bytes addressed by A31:2 are active during 
S an access to a memory region c<mfulured for a 32-bit data-bus width. BE3 applies to 

H(Z) 031 :24; BE2 applies to 023:16; BE1 applies to 015:8 BEO applies to 07:0: 
R(1) 32-bit bus: BE3 -Byte Enable 3 -enable 031 :24 

BE2 -Byte Enable 2 -enable 023:16 

BE1 -Byte Enable 1 -enable 015:8 

BEO -Byte Enable 0 -enable 07:0 

For accesses to a ~r::i.@9ion configured for a 16-bit data-bus width, the 
processor uses the BE3, BE1 and BEO pins as BHE, A1 and BlE respectively. 

16-bit bus: SE3 -Byte High Enable (BHE) -enable 015:8 

BE2 -Not used (dri:-,en high or low) 

BE1 -Address Bit 1 (A 1) 

BEO -Byte low Enable (BlE) -enable 07:0 

For accesses to a mJilll.ory re.llliill configured for an a·bit data-bus width, the 
processor uses the BE1 and BEO pins as A1 and AO respectively. 

a-bit bus: BE3 -Not used (driven high or low) 

BE2 -Not used (driven high or low) 

BE1 -Address Bit 1 (A 1) 

BEo -Address Bit 0 (AO) 

W/R 0 W~TElREAD is asserted for read requests and deasserted for write requests. The 
S W/R signal changes in the same clock cycle as AOS. It rlLmains valid for the entire 

H(Z) access in non-pipelined regions. In pipelined regions, W/R is not guaranteed to be 
R(O) valid in the last cycle of a read access. 

ADS 0 ADDRESS STROBE indicates a valid address and the start of a new bus access. 
S AOS is asserted for the first clock of a bus access. 

H(Z) 
R(1) 
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Table 3. 80960CA .Pin Description - External Bus Signals (Continued) 

Name Type Description 

READY I READY is an input which signals the termination of a data transfer. READY is used to 
S(L) indicate that read data on the bus is valid or that a write·data transfer has completed. 
H(Z) The READY signal works in conjunction with the internally pro.grammed wait-state 
R(Z) generator. If READY is enabled in a region, the pin is sampled aiter Ihe programmed 

number of wait-states. has expired. If the READY pin is deasserted, wait states 
continue to be inserted until READY becomes asserted. This is true for the NRAO, 
NRDD, NWAD and NWDD wait states. The NXDA wait states cannot be extended. 

BTERM I BURST TERMINATE is an input which breaks up a bu~st access and cause~ another 
S(L) address cycle to occu~. The BTERM signal works in conjunction with the intemally 
H(Z) programmed walt-state generator. If READY and BTERM are enabled in a region, the 
R(Z) BTERMlll!l..!§..sampled aiter the programmed number of wait states has expired. 

When BTERM is asserted, a new ADS signal is generated and the access is 
completed. The READY input is ignored when BTERM is asserted. BTERM must be 

, externally synchronized to satisfy BTERM setup and hold times. 

WAIT 0 WAIT indicates internal wait state generator status. WAIT is asserted when wait. 
S states are being caused by the internal wait state generator and not by the READY or 

H(Z) BTERM inputs: WAIT can be used to derive a write-data strobe. WAIT can also be 
R(1) thought of as a READY output that the processor provides when it is inserting wait 

states. 

BLAST 0 BURST LAST indicates the last transfer In a bus access. BLAST is asserted in the 
S last data transfer of burst and non,burst accesses aiter the wait state counter reaches 

H(Z) zero. BLAST remains asserted until the clock following the las! cycle of the last data 
R(O) transfer of a bus access. If the READY orJU§lli1 input is used to extend wait states, 

the BLAST Signal remains asserted until READY or BTERM terminates the access. 

DTtR 0 DATA TRANSMITIRECEIVE indicates dIrection for data transceivers. DT/R is used in 
S conjunction witt!,.DEN to provide control for data transceivers attached to the external 

H(Z) bus. When DT/R is asserted, the signal indicates that the proQ!lssor receives data. 
R(O) Conversely, when deasserted, the processor sends data. DT/R changes only while 

DEN is high. 

DEN 0 DATA ENABLE indicates data cycles in a bus request. DEN is asserted at the start of 
S ~us request first data cycle and !§. deasserted at the end of the last data cycle. 

H(Z) DEN is used in conjunction with DT/R to provide control for data transceivers 
R(1) attached to the external bus. DEN remains asserted for ~equential reads from 

pipelined memory regions. DEN is de asserted when DT/R changes. 

LOCK 0 BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK 
S may be used to prevent external agents from accessing memory which is currently 

H(Z) involved in an atomic operation. LOCK is asserted in the first clock of an atomic' 
R(1) operation and deasserted in the clock cycle following the last bus access for the 

atomic operation. To allow the most flexibility for memory system enforce.!!.!§.!!!..of 
locked accesses, the processor acknowledges a bus hold request when LOCK is 

, asserted. The proce~sor performs DMA transfers while LOCK is active. 

HOLD I HOLD REQUEST signals that an external agent requests access to the externlll bus. 
S(L) The processor asserts HOLDA after completing the current bus request. HOLD, 
H(Z) HOLDA and BREQ are used together to arbitrate access to the processor's external 
R(Z) bus by external bus agents. 
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Table 3. 80960CA Pin Description - External Bus Signals (Continued) 

Name TYpe Description 

BOFF I BUS BACKOFF, wt!!.!l!!lserted, suspends I!!!.£.urrent access and causes the bus 
S(L) pins to, float. When BOFF is deasserted. the ADS signal Is asSerted on the next clock 
H(Z) c~le ~nd the access is resumed. -
R(Z) 

HOLDA 0 HOLD ACKNOWLEDGE Indicates to a bus requestor that the processor has relln-
S qulshed control of the extemal bus. When HOLDA Is asseged. the external !!ddress 

H(1) bus, data bus t;lnd bus control signals are floated. HOLD, OFF, HOLDA and BREQ 
R(Q) are used together to arbitrate access to the processor's external bus by external bus 

agents. Since the processor grants HOLD requests and enters the Hold Acknowledge 
~~n while RESET is asserted, the state of the HOLDA pin Is Independent of the 
RESET pin. 

BREQ 0 BUS RE'QUEST is asserted when the bus controller has a request pending. BREQ 
S can be used by external bus arbitration logic in conjunction with HOLD and HOLDA to 

H(Q) determine when to return mastership of the external bus to the processor. 
R(O) , 

DIC 0 DATA OR CQDE is asserted for a data re,guest and deasserted for Instruction 
S requests. DIC has the same timing as W/R. 

H(Z) 
R(Z) 

DMA 0 DMA ACCESS Indicates whether the bus reguest was initiated by the DMA controller. 
S i5MA is asserted for any DMA request. DMA Is deasserted for all other requests. 

H(Z) 
R(Z) 

SUP 0 SUPERVISOR ACCESS indicates whether the bus request Is Issued while in 
S supervisor mode. SUP Is asserted when the request has supervisor privileges and is 

H(Z) deasserted otherwise. SUP can be used to isolate supervisor code and data 
R(Z) structures from non-supervisor requests. 
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Table 4. 80960CA Pin Description - Processor Control Signals 

Name Type Description 

RESET I RESET causes the chip to reset. When RESET is a'sserted, all external signals 
A(L) return to the reset state. When RESET is deasserted, initialization begins. When 
H(Z) the 2·x clock mode is selected, RESET must remain asserted for 32 CLKIN cycles 
R(Z) before being de asserted to guarantee correct processor initialization. When the 1-x 

clock mode is selected, RESET must remain asserted for 10,000 CLKIN cycles 
before being de asserted to guarantee correct processor initialization. The 
CLKMODE pin selects 1-x or 2-x input clock division of the CLKIN pin. 

The processor's Hold Acknowledge bus state functions while the chip is reset. If the 
processor's bus is in the Hold Acknowledge state when RESET is asserted, the 
processor will internally reset, but maintains the Hold Acknowledge state on 
external pins until the Hold request is removed. If a Hold request is made while the 
processor is in the reset state, the processor bus will grant HOLDA and enter the 
Hold Acknowledge state. 

FAIL 0 FAIL indicates failure of the processor's self-test performed at initialization. When 
S RESET is deasserted and the processor begins initialization, the FAIL pin is 

H(Q) asserted. An internal self-test is performed as part of the initialization process. If 
R(O) this self-test passes, the FAIL pin is deasserted; otherwise it remains asserted. The 

FAIL pin is reasserted while the processor performs an eX.!2!!lal bus self-confidence 
test. If this self-test passes, the processor de asserts the FAIL pin and branches to 
the user's initialization routine; otherwise the FAIL pin remains asserted. Internal 
self-test and the use of the FAIL pin can be disabled with the STEST pin. 

STEST I SELF TEST causes the processor's internal self-test feature to be enabled or 
S(L) disabled at initialization. STEST is read on the rising edge of RESET. When 
H(Z) asserted, the processor's internal self-test and external bus confidence tests are 
R(Z) performed during processor initialization. When deasserted, only the bus 

confidence tests are performed during initialization. 

ONCE I ON CIRCUIT EMULATION, when asserted, causes all outputs to be floated. ONCE 
A(L) is continuously sampled while RESET is low and is latched on the rising edge of 
H(Z) RESET. To place the processor in the ONCE state: 
R(Z) (1 ) assert RES'ET and C5'NCE (order does not matter) 

(2) wait for at least 16 CLKIN periods in 2-x mode~r 10,000 CLKIN periods in 
1-x mode-after Vee and CLKIN are within operating specifications 

(3) deassert RESET 

(4) wait at least 32 CLKIN periods 

(The processor will now be latched in the ONCE state as long as RESET is high.) 

To exit the ONCE state, bring Vee and CLKIN to operating conditions, then assert 
RESET and bring ONCE high prior to deasserting RESET. 

CLKIN must operate within the specified operating conditions of the processor until 
Step 4 above has been completed. CLKIN may then be changed to DC to achieve 
the lowest possible ONCE mode leakage current. 

ONCE can be used by emulator products or for board testers to effectively make an 
installed processor transparent in the board. 
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Table 4. 80960CA Pin Description - Processor Control Signals (Continued) 

Name Type Description' 

elKIN I CLOCK INPUT is an input 'for the extemal ciock needed to run the processor. The 
A(E) external clock Is Internally divided as prescribed by the ClKMODE pin to produce 
H(Z) PCLK2:1· 
R(Z) 

ClKMODE I CLOCK MODE selects the division factor applied to the external clock Input 
A(L) (ClKIN). When CLKMODE is high, CLKIN Is divided by one to create PCLK2:1 and 
H(Z) the processor's intemal clock. When ClKMODE Is low, CLKIN is divided by two to 
R(Z) create PClK2:1 and the processor's intemal clock. ClKMODE should be tied high 

or IQW in a system as the clock mode Is not latched by the processor. If left 
unconnected, the processor will internally pull the CLKMODE pin low, enabling the 

. 2-x clock mode. 

PClK2:1 0 PROCESSOR OUTPUT CLOCKS provide a timing reference for all processor 
S inputs and outputs. All Input and output timings are speCified in relation to PCLK2 

H(O) and PCLK1. PClK2 and PCLK1 are Identical signals. Two output pins are provided 
R(O) to allow flexibility in the system's allocation of capacitive ioadlng on the clock. 

PClK2:1 may also be connected at the processor to form a single clock signal. 

Vss - GROUND connections mOst be connected externally to a Vss board plane. 

Vcc - POWER connections must be connected externally to a Vcc bo.ard plane. 

VCCPLL - VCCPLL Is a separate Vcc supply pin for the phase lock loop used in 1-xclock mode. 
Connecting a simple lowpass filter to V CCPLL may help reduce clock jitter (T cp) in 
noisy environments. Otherwise, V CCPLL should be connected to Vee. This pin is 
implemented starting with the D-stepping. See Table 13 for die stepping 
information. 

NC - NO CONNECT pins must not be connected in a system. 

1-208 I 



80960CA-33, -25, -16 

Table 5. 80960CA Pin Description - DMA and Interrupt Unit Control Signals 

Name Type Description 

DREQ3:0 I DMA REQUEST causes a DMA transfer to be requested. Each of the four signals 
A(L) requests a transfer on a single channel. DREaO requests channel 0, OREal 
H(Z) requests channell, etc. When two or more channels are requested simulta-
R(Z) neously, the channel with the highest priority is serviced first. The channel priority 

mode is programmable. 

DACK3:0 0 DMA ACKNOWLEDGE indicates that a DMA transfer is being executed. Each of 
S the four signals acknowledges a transfer for a single channel. DACKO acknowl-

H(l) edges channel 0, DACKl acknowledges channell, etc. DACK3:0 are asserted 
R(1 ) when the requesting device of a DMA is accessed. 

EOPITC3:0 1/0 END OF PROCESSITERMINAL COUNT can be programmed as either an input 
A(L) (EOP3:0) or as an output (TC3:0), but not both. Each pin is individually program-

H(Z/a) mabie. When programmed as an input, EOPx causes the termination of a current 
R(Z) DMA transfer for the channel corresponding to the EOPx pin. EOPO corresponds 

to channel 0, EOPl corresponds to channell, etc. When a channel is configured 
for source and destination chaining, the EOP pin for that channel causes 
termination of only the current buffer transferred and causes the nex1 buffer to be 
transferred. EOP3:0 are asynchronous inputs. 

When programmed as an output, the channel's TCx pin indicates that the channel 
by1e coun~ached 0 and a DMA has terminated. TCx is driven with the same 
timing as DACKx during the last DMA transfer for a buffer. If the last bus request is 
executed as multiple bus accesses, TCx will stay asserted for the entire bus 
request. 

XINT7:0 I EXTERNAL INTERRUPT PINS cause interrupts to be requested. These pins can 
A(ElL) be configured in three modes: 
H(Z) Dedicated Mode: each pin is a dedicated ex1ernal interrupt source. Dedicated 
R(Z) inputs can be individually programmed to be level (low) or 

edge (falling) activated. 

Expanded Mode: the eight pins act together as an 8-bit vectored interrupt 
source. The interrupt pins in this mode are level activat-
ed.Since the interrupt pins are active low, the vector number 
req\lested is the one's complement of the positive logic 
value place on the port. This eliminates glue logic to 
interface to combinational priority encoders which output 
negative logic. 

Mixed Mode: XiNffi are dedicated sources and XiNi'4:O act as the five 
most significant bits of an expanded mode vector. The least 
significant bits are set to 010 internally. 

NMI I NON·MASKABLE INTERRUPT causes a non-~kable interrupt event to occur. 
A(E) NMI is the highest priority interrupt recognized. NMI is an edge (falling) activated 
H(Z) source. 
R(Z) 
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3.3 80960CA Mechanical Data ' 80960CA PGA pinout as viewed from the top side of 
the component (Le., pins facing down). Figure 3 
shows the complete 80960CA PGA pinout as \/jewed 

3.3.1 80geOCA PGA Pinout from the pin-side of the package (Le., pins facing 
up). See Section 4.0, ELECTRICAL SPECIFICA· 

Tables 6 and 7 list the 80960CA pin names with TIONS for specifications and recommended connec-
packaQe location. FiQure 2 depicts the complete tions. ' 

Table e. 80960CA PGA Pinout - In Signal Order 

Address Bus Data Bus Bus Control Processor Control 1/0 

Signal Pin Signal Pin Signal Pin 'Sianal 'Pin Signal Pin 

A31 S15 031 R3 8E3 S5 RESET A16 ORE03 A7 

A30 013 030 05 8E2· S6 ORE02 86 

A29 R14 029 S2 8E1 S7 FAIL A2 ORE01 A6 
A28 014 028 04 8EO R9 OREOO 85 

A27 S16 027 R2 STEST 82 

A26 R15' 026 03 W/R S10 'OACK3 A10 

A25 S17 025 S1 ONCE C3 OACK2 A9 

A24 015 024 R1 ADS R6 OACK1 A8 

A23 R16 023 02 CLKIN C13 OACKO 88 

A22 R17 022 P3 READY S3 CLKMOOE C14 

A21 016 021 01 8TERM R4 PLCK1 814 EOPITC3 A14 

A20 P15 020 P2 PLCK2 813 EOPITC2 A13 
A19 P16 019 P1 WAIT S12 EOPITC1 A12 

A18 ,017 018 N2 8LAST S8 Vss EOPITCO A11 

A17 P17 017 N1 LOcation 
A16 N16 016 M1 OT/R S11 C7, C8, C9, C10, XINT7 C17 

A15 N17 015 L1 DEN S9 C11, C12, F15, G3, XINT6 C16 
A14 M17 014 L2 

G15, H3, H15, J3, 
XINT5 817 J15, K3, K15, L3, 

A13 L16 013 K1 LOCK S14 L15, M3, M15, 07, XINT4 C15 
A12 L17 012 J1 ,08,09,010,011 XINT3 816 

A11 K17 011 H1 Vr-r- XINT2 A17 

A10 J17 010 H2 HOLD R5 Location XINT1 A15 

A9 H17 09 G1 HOLDA S4 87,89,811,812, XINTO 815 

A8 G17 08 F1 8REO R13 C6, E15, F3, F16, 

A7 G16 07 E1 
G2, H16,J2, J16, K2, 

NMI 015 K16, M2, 1v116, N3, 
A6 F17 06 F2 O/C S13 ' N15, Oe, R7, R8, 

A5 E17 05 01 OMA R12 R10, R11 

A4 E16 04 E2 SUP 012 VCCP1 810 

A3 017 03 C1 No Connect 

A2 016 02 02 80FF 81 Location 
01 C2 A1, A3, A4, A5, 83, 

DO E3 84,C4,C5,03 
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Table 7. 80960CA PGA Pinout -In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal 
A1 NC C1 03 G1 09 M1 016 R1 024 
A2 FAIL C2 01 G2 Vee M2 Vee R2 027 
A3 NC C3 ONCE G3 Vss M3 Vss R3 031 
A4 NC C4 NC G15 Vss M15 Vss R4 BTERM 
AS NC C5 NC G16 A7 M16 Vee R5 HOLD 
A6 ORE01 C6 Vee G17 AB M17 A14 R6 A08 
A7 ORE03 C7 Vss R7 Vee 
AB OACK1 CB Vss H1 011 N1 017 RB Vee 
A9 OACK2 C9 Vss H2 010 N2 01B R9 BEO 
A10 OACK3 C10 Vss H3 Vss N3 Vee R10 Vee 
A11 EOPfTCO C11 Vss H15 Vss N15 Vee R11 Vee 
A12 EOPfTC1 C12 Vss H16 Vee N16 A16 R12 OMA 
A13 EOPfTC2 C13 CLKIN H17 A9 N17 A15 R13 BREO 
A14 EOPfTC3 C14 CLKMOOE R14 A29 
A15 XINT1 C15 XiNT4 J1 012 P1 019 R15 A26 
A16 RE8ET C16 XINT6 J2 Vee P2 020 R16 A23 
A17 XINT2 C17 XINT7 J3 Vss P3 022 R17 A22 

J15 Vss P15 A20 
B1 BOt:=F 01 05 J16 Vee P16 A19 81 025 
B2 STE8T 02 02 J17 A10 P17 A17 82 029 
B3 NC 03 NC 83 READY 
B4 NC 015 NMI K1 013 01 021 84 HOLDA 
B5 OREOO 016 A2 K2 Vee 02 023 ' 85 BE3 
B6 ORE02 017 A3 K3 Vp,p, 03 026 86 BE2 
B7 Vee K15 Vas 04 02B 87 BE1 
BB OACKO E1 07 K16 Vee 05 030 8B BLA8T 
B9 Vee E2 04 K17 A11 06 Vee 89 DEN 
B10 VeePLL E3 DO 07 Vp,p, 810 W/R 

B11 Vee E15 V('.c L1 015 OB Vp,p, 811 OT/R 
B12 Vee E16 A4 L2 014 09 VsP, 812 WAIT 
B13 PCLK2 E17 AS L3 V~ 010 Vp,p, 813 O/C 

B14 PCLK1 L15 Vss 011 Vss 814 LOCK 
B15 XINTO F1 DB L16 A13 012 . 8UP 815 A31 
B16 XINT3 F2 06 L17 A12 Q13 A30 816 A27 
B17 XINT5 F3 Vee 014 A2B 817 A25 

F15 Vss 015 A24 
F16 Vee 016 A21 
F17 A6 017 A1B 
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S R Q P N M L K J H G F E D C B A 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0.25 02' 021 01. 017 016 D15 013 012 011 D. OS 07 05 03 B5FF NC 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
02. 027 D23 020 D1S Vee 01. Vee Vee 010 Vee D6 D. 02 01 STEST FAiL 

3 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 3 
READY 031 D26 022 Vee V •• V •• V •• V •• V •• V •• Vee DO NC ONCe NC NC 

4 0 0 0 0 0 0 4 
HOLDA~ D2S NC NC NC 

5 0 0 0 0 0 0 5 
Be3 HOLD 030 NC iiREOo NC 

6 0 0 0 0 0 0 6 
BE2 ADs Vee Vee 5RECi2 iiREii1 

7 0 0 0 0 0 0 7 
iiEi vee Vss Vss V cc ' '5'RE03 

8 0 0 0 0 0 0 8 
BLAST Vee Vss Vss iiACKii DACK1 

9 0 0 0 0 0 0 9 
DEN ill Vss vss Vee iiiiCii2 

10 0 0 0 0 0 0 10 
wiR Vee Vss Vss VCCPLL i5A'Ci(j' 

11 0 0 0 0 0 0 11 
oriR () () vss () EciPITCo 

12 0 0 0 12 
WAiT i5MA SuP Vss Vee EciPifCi" 

13 0 0 0 0 0 0 13 
ole BREa A30 CLKIN PCLK2 EOP!TC2 

14 0 0 0 0 0 0 14 
i:'OCi( A2. A2a CLK MODE PCLK1 EciPlfCs 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
A31 A26 A2' A20 Vee Vss Vss Vss V.a Vas Vss Vss Vee NMi XiNT4 X'iNTo XiNT1 

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 
A27 A23 A21 A19 A16 Vee A13 Vee Vee Vee A7 Vee A4 A2 XiNTs XiNr3 Re'SeT 

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
A2S A22 A1S A17 A1S A1' A12 A11 A10 A9 AS A6 AS A3 XiNi7 X'iNTs XINT2 

S R Q P N M L K J H G F E D C B A 

F_CAOO2A 

Figure 2. 80960CA PGA Pinout - View from Top (Pins Facing Down) 
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A B C D E F G H J K L M N P Q R 5 

0 0 0 0 0 q 0 0 0 0 0 0 0 0 0 0 0 
NC BoF'F 03 05 07 08 09 011 012 013 015 016 017 019 021 024 025 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
FAiL STEST 01 02 04 06 Vee 010 Vee Vee 014 Vee 018 020 023 027 029 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
NC NC ONCe NC DO Vee V,. V" V., 'VSS V,. V., Vee 022 02. 031 FiEA'6Y 

4 0 0 0 0 0 0 4 
NC NC NC 028 BTERMHOlDA 

5 0 0 0 0 0 0 5 
NC 0R'EQ0 NC, 030 HOLD iE3 

6 0 0 0 0 0 0 6 
'i5'ReQ1 DReQ2 Vee Vee ADs Be2 

7 0 0 0 0 0 0 7 
iiReQ3 vee v •• v •• vee Be1 

8 o 0 0 0 0 0 8 
liACK1 iiAcKo v •• 

~tal Lid v •• Vee BLAsi' 
9 0 0 0 0 0 0 9 

'OACKi vee v •• v •• BEo 0Eii 

10 o 0 0 0 0 0 10 
i5AC'K3 VCCPLL v •• v •• Vee wifi 

11 0 0 0 0 0 0 11 
E05CO () ~ ~ () DTifi 

12 0 12 
EOP/TC1 Vee V •• S'G'P ow: WAiT 

13 o 0 0 0 0 0 13 
'EOP!Tc2 PClK2 ClKIN A30 BREQ 0/0 

14 0 0 0 0 0 0 14 
'EOPii'Ca PCLK 1 CLK MODE A28 A29 IOcK 

15 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
iiiNi'1 XiNTo X'iNT4 NMi Vee v •• Vss v •• v •• v •• v •• v •• Vee A20 A24 A26 A31 

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 
. Affii' Xiiffi XiNi'6 A2 A4 vee A7 Vee vee vee A13 vee A1. A19 A21 A23 A27 

17 0 0 0 0 0 O. 0 0 0 0 0 0 0 0 0 0 Q 17 
XiNi'2 XiNTs XiNi'7 A3 AS A. A8 A9 A10 A11 A12 A14 A15 A17 A18 A22 A2 

A B C D E F G H J K L M N P Q R 5 

F_CAOO3A 

Figure 3. 80960CA PGA Pinout - View from Bottom (Pins Facing Up) 
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3.3.2 S0960CA 'PQFP Pinout 

Tables 8 and 9 list the 80960CA pin names with 
package location. Figure 4 shows the 80960CA 
PQFP pinout as viewed from the top side. 

See Section 4.0, ELECTRICAL SPECIFICATIONS 
for specifications and recommended connections. 

Table S. S0960CA PQFP Pinout - In Signal Order 

Address Bus Data Bus Bus Control Processor Control I/O 
Signal Pin Sianal Pin Signal Pin Signal Pin Signal Pin 

A31 153 031 186 BE3 176 RESET 91 OREQ3 60 

A30 152 030 187 BE2 175 FAil 45 OREQ2 59 

A29 151 029 188 BE1, 172 STEST 46 OREQ1 58 

A28 145 028 189 BEO 170 ONCE 43 OREQO 57 

A27 144 027 191 ClKIN 87 

A26 .143 026 192 WIR 164 ClKMOOE 85 OACK3 65 

A25 142 025 194 PClK2 74 OACK2 64 

A24 141 024 195 AOS 178 PClK1 78 OACK1 63 

A23 139 023 3 Vss OACKO 62 

A22 138 022 4 REAOY 182 Location 

A21 137 021 5 BTERM 184 2,7,16,24,30,38, EOPITC3 69 
A20 136 020 6 39,49, 56,70,75, 'EOPITC2 68 

A19 134 019 8 WAIT 162 
77,81,83,88,89, 

EOPITC1 67 92,98,105,109, 
A18 133 018 9 BLAST 169 110,121,125,131, 'EOPITCO 66 
A17 132 017 10 1-35,147,150,161, 

A16 130 016 11 OT/R 163 
165,173,174,185, 

XINT7 107 196 

A15 129 015 13 DEN 167 Vee XINT6 106 

A14 128 014 14 Location XINT5 102 

A13 124 013 15 lOCK 156 1,12,20,28,32,37, XINT4 101 

A12 123 012 17 44,50, 6',71,79, XINT3 100 

A11 122 011 18 HOLD 181 
82,96,99,103,115, 

XINT2 95 127,140,148,154, 
A10 120 010 19 HOLDA 179 168, 171, 180, 190 XINT1 94 

A9 119 09 21 BREQ 155 XINTO 93 
A8 118 08 22 VCCPLL 72 

A7 117 07 23 O/C 159 No Connect NMI 108 

A6 116 06 25 OMA 160 Location 

A5 114 05 26 SUP 158 29,31,41,42,47, 

A4 113 04 27 48,51,52,53,54, 

A3 112 03 33 BOFF 40 
55,73, 76,80,84, 
86,90,97, 104'1126, 

A2 111 02 34. 146,149, 157, 66, 

01 35 177, 183, 193 

00 36' 
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Table 9. 80960CA PQFP Pinout -In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal Pin. Signal Pin Signal 

1 Vee 34 02 67 EOPfTC1 100 XINT3 133 A18 166 NC 

2 Vss 35 01 68 EOPfTC2 101 XINT4 134 A19 167 OEN 

3 023 36 00 69 EOPfTC3 102 XINT5 135 Vss 168 Vee 
4 022 37 Vee 70 Vss 103 Vee 136 A20 169 BLAST 

5 021 38 Vss 71 Vee 104 NC 137 A21 170 BEO 

6 020 39 Vss 72 VeePLL 105 Vss 138 A22 171 Vee 
7 Vss 40 BOFF 73 NC 106 XINT6 139 A23 172 BE1 

8 019 41 NC 74 PClK2 107 XINT7 140 Vee 173 Vss 
9 018 42 NC 75 Vss 108 NMI 141 A24 174 Vss 
10 017 43 ONCE 76 NC 109 Vss 142 A25 175 BE2 

11 016 44 Vee 77 Vss 110 Vss 143 A26 176 BE3 

12 Vee 45 FAil 78 PClK1 111 A2 144 A27 177 NC 

13 015 46 STEST 79 Vee 112 A3 145 A28 178 AOS 
14 014 47 NC 80 NC 113 A4 146 NC 179 HOlOA 

15 013 48 NC 81 Vss 114 A5 147 Vss 180 Vee 
16 Vss 49 Vss 82 Vee 115 Vee 148 Vee 181 HOlO 

17 012 50 Vee 83 Vss 116 A6 149 NC 182 REAOY 
18 011 51 NC 84 NC 117 A7 150 Vss 183 NC 

19 010 52 NC 85 ClKMOOE 118 A8 151 A29 184 BTERM 

20 Vee 53 NC 86 NC 119 A9 152 A30 185 Vss 
21 09 54 NC 87 ClKIN 120 A10 153 A31 186 031 

22 08 55 NC 88 Vss 121 Vss 154 Vee 187 030 
23 07 56 Vss 89 Vss 122 A11 155 BREQ 188 029 

24 Vss 57 OREQO 90 NC 123 A12 156 lOCK 189 028 

25 06 58 OREQ1 91 RESET 124 A13 157 NC 190 Vee 
26 05 59 OREQ2 92 Vss 125 Vss 158 SUP 191 027 
27 04 60 OREQ3 93 XINTO 126 NC 159 D/C 192 026 
28 Vee 61 Vee 94 XINT1 127 Vee 160 OMA 193 NC 

29 NC 62 OACKO 95 XINT2 128 A14 161 Vss 194 025 

30 Vss 63 OACK1 96 Vee 129 A15 162 WAIT 195 024 
31 NC 64 OACK2 97 NC 130 A16 163 DTiFi 196 Vss 
32 Vee 65 OACK3 98 Vss 131 Vss 164 W/R 

33 03 66 EOPfTCO 99 Vee 132 A17 165 Vss 
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99 49 

147 Pin 1 

148 196 
F_CAO04A 

Figure 4. 80960CA PQFP Pinout (View from Top Side) 
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3.4 Package Thermal Specifications 

The 80960CA Is specified for operation when T c 
(case temperature) is within the range of O°e-
100°C. T c may be measured In any environment to 
determine whether the 80960CA Is within specified 
operating range. case temperature should be 
measured at the center of the top surface, opposite 
the pins. Refer to Figure 5. 

T A (ambient temperature) can be calculated from SCA 
(thermal resistance from case to ambient) using the 
follOwing equation: 

Measure PGA tempereture at 
center of top surface 

168-Pin PGA 

80960CA-33, -25, -16 

TA = Tc- P"SCA 

Table 10 shows the maximum TA allowable (without 
exceeding T d at various airflows and operating 
frequencies (fpcu<l. 

Note that T A Is greatly Improved by attaching fins or a 
heatsink to the package. P (maximum power 
consumption) Is calculated by using the typical Icc 
as tabulated In Section 4.4, DC Specifications and 
Vee of 5V. 

Measure PQFP case tempereture 
at center of top surface. 

Pin 196-.1 '-Pin 1 

Figure 5. Measuring 80960CA PGA and PQFP Casa Tamperature 

Table 10. Maximum TA at Various Airflows In °C (PGA Package Only) 

Alrflow-ftlmln (m/sec) 

fPCLK 0 200 400 600 800 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.08) (5.07) 

33 51 66 79 81 85 87 
TA with 25 61 73 83 85 88 89 Heatsink" 

16 74 82 89 ,90 92 93 

33 36 47 59 66 73 75 
TA without 25 49 58 67 73 78 80 Heatsink" 

16 66 72 78 82 86 87 

NOTES: 
"0.285" high unidirectional heatsink (AI alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing). 
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Table 11. 80960CA PGA Package Thermal Characteristics 

Thermal Resistance - ·ClWa\t 

Airflow - ftJmln (m/sec) 

Parameter 0 200 400 600 800 1000 

(0) (1.01) (2.03) (3.07) (4.06) (5.07) 

9 Junction-to-Case 9JA 
(Case measured as 1.5 1.5 1.5 1.5 1.5 1.5 
shown in Figure 5) 

9 Case-to-Ambient 
17 14 11 9 7.1 6.6 I (No Heatslnk) 

9 Case-lo-Ambienl 
13 9 5.5 5 3.9 3.4 

UUU 
(With Healslnk)' 

NOTES: 
1. This table applies to 80960CA PGA plugged into socket or soldered directly to board. 

2. 9JA = 9JC + 9CA 

'0.285" high unidirectional heetsink (AI alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing) . 

. Table 12. 80960CA PQFP Package Thermal Characteristics 

Thermal Resistance - °CiWatt 

Airflow - ftJmln (m/sec) 

Parameter 0 SO 100 200. 400 

(0) (0.2S) (0.50) (1.01) (2.03) 

5 5 9 Junctlon-to-Case (Case Measured 
5 5 as shown In Figure 5) 5 

9 Case-lo-Amblent (No Heatsink) 19 18 17 15 12 

NOTES: 
1. This table applies to 80960CA PQFP soldered directly to board. 

2. 9JA = 9JC + 9CA 
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3.5 Stepping Register Information 

Upon reset, register gO contains die stepping infor
matiOn. Figure 6 shows how gO is configured. The 
most significant byte contains an ASCII O. The upper 
middle byte contains an ASCII C. The lower middle 
byte contains an ASCII A. The least significant byte 
contains the stepping number In ASCII. gO retains 
this Information until It Is overwritten by the user 
program. 

ASCII Stepping Number 
r---;-~r--r~~~~-; 

DECIMAL A Stepping Number 
~M-S-B~--~~-L-SB--~--~ 

Figure 6. Register gO 

Table 13 contains a cross reference of the number In 
the least significant byte of register gO to the die 
stepping number. 

Table 13. Ole Stepping Cross Reference 

gO Least Significant 
Byt8 , Ole Stepping 

01 B 

02 C-1 

03 C-2,C-3 

04 D 

80960CA-33, -25, -16 

3.6 Suggested Sources for 80960CA 
Accessories 

The following Is a list of suggested sources for 
80960CA accessories. This Is not an endorsement of 
any kind, nor is it a warranty of the performance of 
any of the listed products and/or companies. 

Sockets 

1. 3M Textool Test and Interconnection 
Products Department 
P.O. Box 2963 
Austin, TX 78769-2963 

2. Augat, Inc. 
Interconnection Products Group 
33 Perry Avenue 
P.O. box 779 
AtUeboro, MA 02703 
(508) 699-7646 

3. Concept Manufacturing, Inc. 
(Decoupling Sockets) 
41484 Christy Street 
Fremont, CA 94538 
(415) 651-3804 

HeatslnksIFlns 

1. ThElrmailoy, Inc. 
2021 West Valley View Lane 
Dallas, TX 75234-8993 
(214) 243-4321 
FAX: (214) 241-4656 

2. E G & G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617) 245-5900 
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4.0 . ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 
Parameter I Maximum Rating 

Storage Temperature ................................ -650C to + 150°C 

Case Temperature Under Bias ................. -650C to +110oC 

Supply Voltage wrt. VSS ............................. ..().5V to + 6.5V 

Voltage on Other Pins wrt. Vss ........... -O.5V to Vee + O.5V 

4.2 Operating Conditions 

NOTICE: This is a production data sheet. The 
~pecifi98tions are subject to change without notice. 

·WARNINq: Stressing the. device beyond the 
: "Absolute Maximum Ratings· may cause perma
nent damage. These are stress ratings only. Opera
tion beyond the "Operating Conditions· is not 
recommended and extended exposure beyond the 
"Operating Conditions· may affect device reliability. 

Table 14. 0lleratlng Conditions (80960CA-33, ·25, ·16) 

Symbol Parameter Min Max Units Notes 

Vce Supply Voltage 80960CA-33 4.75 5.25 V 
80960CA-25 4.50 5.50 V 
80960CA-16 4.50 5.50 V 

feLK2x Input Clock Frequency (2-x Mode) 80960CA-33 0 66.66 MHz 
80960CA-25 0 50 MHz 
80960CA-16 0 32 MHz 

fCLKlx Input Clock Frequency (l-x Mode) 8096OCA-33 8 33.33 MHz 
80960CA-25 8 25 MHz (1 ) 
80960CA-16 8 16 MHz 

Te Case Temperature Under Bias PGA Package 0 100 DC 
80960CA-33, -25, -16 196-Pin PQFP 0 100 0(; 

NOTES: 
1. When in the l-x input clock mode, ClKIN is an input to an intemal phase-locked loop and must maintain a minimum fre

quency of 8 MHz for proper processor operation. However, in the l-x mode, ClKIN may still be stopped when the pro
cessoreither is in a reset condition or is reset. If ClKIN is stopped, the specified RESET low time must be provided once 
ClKIN restarts and has stabilized. • 

4.3 Recommended Connections 

Power and ground connections must be made to 
multiple Vee and Vss (GND) pins. Every 80960CA
based circuit board should include power (Vee) and 
ground (Vss) planes for power distribution. Every 
Vee pin must be connected to the power plane, and 
every Vss pin must be connected to the ground 

. plane. Pins identified as "NC· must not be 
connected in the system. 

Liberal decoupllng capacitance should be placed 
near the 80960CA. The processor can cause tran
sient power surges when its numerous output buffers 
transition, particularly when connected to large 
capacitive loads. 
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Low inductance capacitors and interconnects are 
recommended for best high frequency eleCtrical 
performance. Inductance can be reduced by short
ening the board traces between the processor and 
decoupling capaCitors as much as possible. Capaci
tors specifically designed for PGA packages will offer 
the lowest possible induqtance. 

For reliable operation, always connect unused inputs 
to an appropriat~n!!!..J.evel. In ~rticular, any 
unused interrupt (XINT, NMI) or DMA (DREQ) input 
should be connected to Vee through a pull-up 
reSistor, as should BTERM if not used. Pull-up. resis
tors should be in the in the range of 20 K.Q for each 
pin tied high. If READY or HOLD are not used, the 
unused input should be connected to ground. N.C. 
pins must always remain unconnected. Refer to 
the i96rP CA Microprocessor User's Manual (Order 
Number 270710) for more information. 
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4.4 DC Specifications 

Table 15. DC Characteristics 

(S0960CA-33, -25, -16 under the conditions described in Section 4.2, Operating Conditions.) 
Svmbol Parameter Min Max Units Notes 

V,L Input Low Voltage for all pins except RESET -0.3 +O.S V 

V,H Input High Voltage for all pins except RESET 2.0 Vec+ 0.3 V 

VOL Output Low Voltage 0.45 V IOL'" 5 rnA 

VOH Output High Voltage IOH=-1 mA 2.4 V 
IOH '" - 200 I1A Vcc - 0.5 V 

V,LR Input low Voltage for RESET -0.3 1.5 V 

V,HR Input High Voltage for RESET 3.5 Vec + 0.3 V 
II 

ILI1 Input Leakage Current for each pin except. 
BTERM, ONCE..Q8E03:0, STEST, __ 
EOP3:0rrC3:0, NMI, XINT7:0, BOFF, READY, 
HOLD, ClKMODE ±15 (JA OSV,NSVee(1) 

ILI2 Input Leakage Current for: 
BTERM, ONCE..Q8E03:0, STEST, 
EOP3:0rrC3:0, NMI, XINTI:O, BOFF 0 -300 (JA Y,N = 0,45V (2) 

ILl3 Input leakage Current for: 
READY, HOLD, ClKMODE 0 500 (JA Y,N '" 2,4V (3,7) 

ILO Output leakage Current ±15 (JA 0.45 S VOUT S Vcc 

Icc Supply Current (S0960CA-33): 
Icc Max 900 mA (4) 

lecTyp 750 rnA (5) 

Icc Supply Current (S0960CA-25): 
Icc Max 750 mA (4) 
IccTyp 600 mA (5) 

Icc Supply Current (S0960CA-16): 
Icc Max 550 mA (4) 
IccTyp 400 mA (5) 

IONCE ONCE-mode Supply Current 100 mA 

C'N Input Capacitance for: 
ClKIN, RESET, ONCE, 
READY, HOLD, DRE03:0, BOFF, 
XINT7:0, NMI, BTERM, ClKMODE 0 12 pF Fc '" 1 MHz 

COUT Output Capacitance of each output pin 12 pF Fc '" 1 MHz (6) 

CliO I/O Pin Capacitance 12 pF Fe = 1 MHz 
NOTES: 
1. No pullup or pulldown. 
2. These pins have inlemal pullup resislors. 
3. These pins have intemal pulldown resIStors. 
4. Measured at worst case frequency. V cc and temperature. with deVICe operating and outputs loaded to the test conditions descnbed in Sec-

tion 4.5.1, AC Test Conditions. 
5. Icc TYPical is not tested. 
6. Output eapac~ance IS the capac~ive load of a floating output. 
7. eLKMODE pin has a pulldown resistor only when ONCE pin is deasserted. 
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4.5 AC Specifications 
Table 16. 80960CA AC Characteristics (33 MHz) 

(80960CA-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions) 

Symbol I Parameter I Min I Max I Units J Not" 
Input Clock (1,9) 

TF ClKIN Frequency 0 66.66 MHz 

TC ClKIN Period In I-x Mode (I ClK1x) 30 125 ns (11) 
In 2-x Mode (I CLK2xl 15 co ns 

TcS ClKIN Period Stability In I-x Mode (ICLK1xl :1:0.1% A (12) 

TCH ClKIN High Time In I-x Mode (I ClK1 x) 6 62.5 ns (11) . 
In 2-x Mode (I CLK2x) 6 co ns 

TCl ClKIN low Time In l-x Mode (I ClK1xl 6 62.5 ns (11 ) 
In 2-x Mode (I CLK2x) 6 co ns 

TCA ClKIN Rise Time 0 6 ns 

TCF ClKIN Fall Time 0 6 ns 

Output Clocks (1.8) 

Tcp ClKIN to PClK2:1 Delay In I-x Mode (I ClK1 x) -2 2 ns (3.12) 
In 2-x Mode (I ClK2x) 2 25 ns (3) 

T PClK2:1 Period In l-x Mode (I CLK1x) Tc ns (12) 
In 2-x Mode (I ClK2x) 2Tc ns (3) 

TpH PClK2: 1 High Time (T/2) - 2 T/2 ns (12) 

Tpl PClK2: 1 low Time (T/2) - 2 T/2 ns (12) 

TpR PClK2:1 RiseTime 1 4 ns (3) 

TpF PClK2:1 Fall Time 1 4 ns (3) 

Synchronous Outputs (8) 

TOH Output Valid Delay. Output Hold (6.10) 
Tov TOH1. TOV1 A31:2 3 14 ns 

TOH2. TOV2 'BE3:O 3 16 ns 
TOH3. TOV3 ADS 6 18 ns 
TOH4. TOV4 W/A 3 18 ns 
TOH5. TOV5 ole. SUP. DMA 4 16 ns 
TOH6• Tovs BLA~T. \:YMr 5 16 ns 
TOH7. TOV7 DEN 3 16 ns 
TOHS. Tovs HOlDA.BREQ 4 16 ns 
TOH9. TOV9 lOCK 4 16 ns 
TOH10. TOV10 DACK3:0 4 18 ns 
TOH11. TOV11 031:0 3 16 ns 
TOH12. TOV12 DT/A T/2 +3 T/2 + 14 ns 
TOH13. TOV13 FAil 2 14 ns 
TOH14. TOV14 EOP3:0ITC3:0 3 18 ns (6.10) 

TOF Output Float lor all outputs 3 22 ns (6) 

Synchronous Inputs (1.9.10) 

TIS Input Setup 
TIS1 031:0 3 ns 
TIS2 BC5'FF 17 ns 
TIS3 B'i'E'RMiR"EAi5Y 7 ns 
TIS4 HOLD 7 ns 

TIH Input Hold 
TIH1 031:0 5 ns 
TIH2 BC5'FF 5 ns 
TIH3 B'i'E'RM/REAi5Y 2 ns 
TIH4 HOLD 3 ns 
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Table 16, 80960CA AC Characteristics (33 MHz) (Continued) 
(80960CA-33 only, under the conditions described In Section 4_2, Operating Conditions and Section 4.5.1, AC Test 
Conditions) 

Symbol I Parameter Min I Max I Units Notes 

Relative Output Timings (1 ,2,3,8) 

TAVSH1 A31:2 Valid to ADS Rising T-4 T+4 ns 

TAVSH2 BE3:0, WIR, SUP, DIC, _ 
DMA, DACK3:0 Valid to ADS Rising T-6 T+6 ns 

TAVEl1 A31:2 Valid to DEN Failing T-4 T+4 ns 

TAVEL2 ~O, WIR, SUP, INST,_ 
DMA, DACK3:0 Valid to DEN Falling T-6 T+6 ns 

TNlOV WAIT Falling to Output Data Valid ±4 ns 

TDVNH Output Data Valid to WAIT Rising WT-4 N'T +4 ns (4) 

TNLNH WAIT Falling to WAIT Rising N'T± 4 ns (4) 

TNHOX Output Data Hold after WAIT Rising {N+1)"T-8 (N+1)"T +6 ns (5) 

TEHTV DT/R Hold after DEN High T/2 -7 ~ ns (6) 

TTVEl DT/R Valid to DEN Falling T/2 -4 ns 

Relative Input Timings (1,2,3) 

TIS5 RESET Input Setup (2-x Clock Mode) 6 ns (13) 

TIH5 RESET Input Hold (2-x Clock Mode) 5 ns (13) 

TIS6 DREQ3:0 Input Setup 12 ns (7) 

TIH6 DREQ3:0 Input Hold 7 ns (7) 

TIS7 XINT7:0, NMllnput Setup 7 ns (15) 

TIH7 XINT7:0, NMllnput Hold 3 ns (15) 

TISs RESET Input Setup (1-x Clock Mode) 3 ns (14) 

TIHS RESET Input Hold (1-x Clock Mode) T/4 + 1 ns (14) 

NOTES: 
1. See Section 4.5.2, AC TIming Waveforms lor waveforms and definitIOns. 
2. See Figure 16 for capacitive derating Information for output delays and hold times. 
3. See Figure 17 for capacitive derating information for rise and fall times. 
4 Where N is the number of NRAD• NRDD . NWAD or NWDD walt states that are programmed In the Bus Controller Region Table. WAiT never goes 

active when there are no walt states In an access. 
5 N = Number of wa~ states Inserted with READY. 
6. Output Data and/or DT/R may be driven indefinrtely following a cycle ff there IS no subsequent bus actlVrty 
7 Since asynchronous Inputs are synchronized Internally by the S0960CA. they have no reqUired setup or hold times to be reoog",zed and for 

proper operatIOn However. to guarantee recog"'tKln of the Input at a particular edge of PClK2 1, the setup times shown must be met Asyn
chronous Inputs must be active for at least two consecutive PClK2 1 rising edges to be seen by tne processor 

S. These specfflcatlons are guaranteed by the processor 
9 These specfficatlons must be met by the system for proper operation of the processor. 
10 ThIS t,mng IS dependent upon the loading of PClK2'1 Use the derating curves of Section 4.5.a, Derating CUNes to adlust the timing for 

PClK2.1 loading 
11 In the 1-x nput clock mode, the maximum Input clock period IS limited to 125 ns while the processor IS operating When the processor IS In 

reset, the input clock may stop even In 1-x mode 
12. When In the 1-x Input clock mode, these specrtlcations assume a stable Input clock wrth a period varlallon of less than ± 0 f% between adla

cent cycles 
13. In 2-x clock mode, RESET is an asynchronous input whICh has no reqUired setup and hold time for proper operation However, to guarantee 

the device exrts reset synchronIZed to a particular clock edge, the RESET pin must meet setup and hold times to the failing edge of the 
ClKIN. (See Figure 22.) 

14 In 1-x clock mode, RESET IS an asynchronous Input whICh has no reqUired setup and hold time for proper operatIOn However, to guarantee 
the deVICe eXits reset synchrOnized to a particular clock edge, the RESET pin must meet setup and hold times to the rising edge of the ClKIN 
(See Figure 23 ) 

15. The Interrupt pins are synchronIZed Internally by the 8096OCA. They have no reqUIred setup or hold times for proper operation These pins 
are sampled by the Interrupt oontroller every'other clock and must be active for at least three consecutive PClK2:1 rising edges when assert
Ing them asynchronously To guarantee recognltKln at a partICular clock edge, the setup and hold times shown must be met for two consecu- ., 
tlve PClK2 1 rising edges . 
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Table 17. 80960CA AC Characteristics (25 MHz) 
(80960CA-25 only. under conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions) 

Symbol I Parameter I Min Max I Units j Notes 

Input Clock (1.9) 

TF ClKIN Frequency 0 50 MHz 

TC ClKIN Period In l-xMode(fClKlx) 40 125 ns (11) 
In 2-x Mode (f ClK2x) 20 ~ ns 

,Tcs ClKIN Period Stability In I-x Mode (f ClK1X) ±0.1% t. (12) 

TCH ClKIN High Time In I-x Mode (f ClKlx) 8 62.5 ns (11) 
in 2-x Mode (I ClK2x) 8 ~ ns 

TCl ClKIN low lime In I-x Mode (f ClKl xl 8 62.5 ns (11) 
In 2-x Mode (f ClK2x) 8 ~ ns 

TCR ClKIN Rise lime 0 6 ns 

TCF ClKIN Fall Time 0 6 ns 

Output Clocks (1.8) I 

Tep ClKIN to PClK2:1 Delay In I-x Mode (f ClKlx) -2 2 ns (3.12) 
In 2-x Mode (f ClK2x) 2 25 ns (3) 

T PClK2:1 Period' In I-x Mode (f ClKlx) Tc -ns (12) 
in 2-x Mode (f CLK2x) 2Tr. ns (3) 

TpH PClK2'1 High lime (T/2) - 3 T/2 ns (12) 

TpL PClK2:1 low Time (T/2)-3 T/2 ns (12) 

TpR PClK2:1 Rise lime 1 4, ns (3) 

TPF PClK2:1 Fall Time 1 4 ns (3) 

Synchronous Outputs (8) 

TOH Output Valid Delay. Output Hold (6.10) 
Tov TOHI. TOVI A31:2 3 16 ns 

TOH2. TOV2 BE3:O 3 18 ns 
TOH3. TOV3 ADS 6 20 ns 
TOH4• TOV4 Wip. 3 20 ns 
TOHS. Tovs D/G. SUP. DMA 4 18 ns 
TOH6• Tovs BLAST. WAIT 5 18 ns 
TOH? TOV? DEN 3 1'8 ns 
TOHS. Tovs HOLDA. BREQ 4 18 ns 
TOH9. TOV9 LOCK 4 18 ns 
TOH10. TOV10 DACK3:0 4 20 ns 
TOHll. TOVll D31:0 3 18 ns 
TOHI2. TOV12 DTip. T/2 + 3 T/2 + 16 ns 
TOHI3• TOV13 FAil 2 16 ns 
TOHI4. TOV14 EOP3:0ITC3:0 3 20 ns (6.10) 

TOF Output Float for all outputs 3 22 ns - (6) 

Synchronous Ihputs (.1.9.10) 

TIS Input Setup 
TIS1 D31:0 5 ns 

TI82 BOFF 19 ns 
TIS3 BTERM/READY 9 ns 
TIS4 HOLD 9 ns 

TIH Input Hold 
TIHI 031:0 5 ns 
TIH2 BOFF 7 ns 
TIH3 BTERM/READY 2 ns 
TIH4 HOLD 5 ns 
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Table 17. 80960CA AC Characteristics (25 MHz) (Continued) 
(S0960CA-25 only, under conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions) 

Symbol I Parameter I Min I Max I Units I 
Relative Output Timings (1 ,2,3,S) 

TAVSHI A31:2 Valid to ADS Rising T-4 T+4 ns 

TAVSH2 ~O, WIR, SUP, DIC, __ 
DMA, DACK3:0 Valid to ADS Rising T-6 T+6 ns 

TAVEL1 A31:2 Valid to DEN Falling T-4 T+4 ns 

TAVEL2 BE3:0, WIR, SUP, INST,_ 
DMA, DACK3:0 Valid to DEN Falling T-6 T+6 ns 

TNlOV WAIT Falling to Output Data Valid ±4 ns 

TDVNH Output Data Valid to WAIT Rising WT-4 N'T + 4 ns 

TNlNH WAIT Falling to WAIT Rising N'T± 4 ns 

TNHOX Output Data Hold after WAIT Rlsmg (N+l)'T-S (N+l)'T+6 ns 

TEHTV DT/R Hold after DEN High T/2 -7 ~ ns 

TTVEl DT/R Valid to DEN Failing T/2-4 ns 

Relative Input Timings (1,2,3) 

TIS5 RESET Input Setup (2-x Clock Mode) 8 ns 

T IH5 RESET Input Hold (2-x Clock Mode) 7 ns 

TIS6 DRE03:0 Input Setup I 14 ns 

T IH6 DRE03:0 Input Hold 9 ns 

T IS7 XINT7:0, NMllnput S!ltup 9 ns 

TIH7 XINT7:0, NMllnput Hold 5 ns 

TIS8 RESET Input Setup (l-x Clock Mode) 3 ns 

TIH8 RESET Input Hold (l-x Clock Mode) T/4 + 1 ns 

NOTES: 
1 See Section 4.5.2, AC TIming waveforms for waveforms and definltKlns. 
2 See Figure 16 for capacitive daratlng Information for output delays and hold times. 

See Figure 17 for capacitive daratlng ",formation for nse and fall times 

Notes 

(4) 

(4) 

(5) 

(6) 

(13) 

(13) 

(7) 

(7) 

(15) 

(15) 

(14) 

(14) 

4. Where N IS the number of NRAD. NRDD, NWAD or NWDD wait states that are programmed in the Bus Controller Region Table. WAIT never 
goes actIVe when there are no walt states In an access. 
N = Number of waR states Inserted With READY. 

6 Output Data andlor DTiA' may be dnven Indeflnrtely follOWing a cycle d there IS no subsequent bus actlvdy 
7 Since asyncl1ronous Inputs are synchronized Internally by the 80960CA, they have no required setup or hold times to be recognized and for 

proper operation However, to guarantee recognitIOn of the Input at a particular edge of PCLK2 1, the setup times shown must be met Asyn~ 
chronous Inputs must be active for at least two consecutive PCLK2 1 rising edges to be seen by the processor 

8 These specdlcatlons are guaranteed by the processor 
9 These specdlcatlons must be met by the system for proper operation of the processor. 
10 ThiS timing IS dependent upon the Idadlng of PClK2 1. Use the derating curves of Section 4.5.3, Derating Curves to adlust the timing for 

PClK2 1 loading 
11 In the I-x Input clock mode, the maximum Input clock penod IS limited to 125 ns while the processor IS operating When the processor IS In 

reset, the ",put clock may stop even In I-x mode. 
12 When In the I-x Input clock mode, these specdlcatlons assume a stable Input clock wdh a penod vanatlonof less than ± 01% between adJa

cent cycles. 
13 In 2-x clock moda, RESET IS an asyncl1ronous Input whICh has no reqUired setup and hold time for proper operation However, to guarantee 

the deVlce exds reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the failing edge of the 
ClKIN (See Figure 22 ) 

14 tn I-x clock moda, RESET IS an asyncl1ronous Input whICh has no reqUired setup and hold time for proper operation. However. to guarantee 
the deVlI:e exds reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the rising edge of the 
ClKIN (See Figure 23.) 

15. The Interrupt pins are syncl1ronlzed Internally by the 8096OCA. They have no reqUIred setup or hold times for proper operation. These pins 
are sampled by the Interrupt control.,r every other clock and must be active for at least three consecutIVe PClK2 1 nSlng edges when assert
Ing them asynchronously To guarantee recognltKln at a partICular clock edge, the setup and hold times shown must be met for two consecu
tive PClK2'1 rising edges 
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Table 18. 80960CA AC Characteristics (16 MHz) 
80960CA-16 only, under conditions described in Section 4,2, Operating Conditions and Section 4.5.1, AC Test Conditions. 

Symbol' Parameter I Min Max I Units Notes 

Input Clock (1,9) 

TF ClKIN Frequency 0 32 MHz 

Tc ClKIN Period In 1-x Mode (I ClKlx) 62.5 125 ns (11) 
In 2-x Mode (I ClK2x) 31.25 ~ ns 

Tcs ClKIN Period Stability In 1-x Mode (I ClKlx) ±0.1% !; (12) 

TCH ClKIN High Time In 1-x Mode (I ClKlx) 10 62.5 ns (11) 
In 2-x Mode (I ClK2x) 10 ~ ns 

TCl ClKIN low Time In 1-x Mode (I ClKlx) 10 62.S ns (11) 
In 2-x Mode (I ClK2x) 10 ~ ns 

TCR ClKIN Rise Time 0 6 ns 

TCF ClKIN Fall Time 0 6 ns 

Output Clocks (1,8) 

Tcp ClKIN to PClK2:1 Delay In 1-x Mode (I ClKlx) -2 2 ns (3,12) 
In2-x Mode (I ClK2x) 2 25 ns (3) 

T PClK2:1 Period In 1-x Mode (I ClKlx) Tc ns (12) 
In 2-x Mode (I ClK2x) 2TC ns (3) 

TpH PClK2:1 High Time (TI2)- 4 TI2 ns (12) 

Tpl PClK2:1 low Time (T/2) - 4 T/2 ns (12) 

TpR PClK2:1 Rise Time 1 4 ns (3) 

TpF PClK2:1 Fall Time 1 4 ns (3) 

Synchronous Outputs (8) 

TOH Output Valid Delay, Output Hold (6,10) 
Tov' TOH1, TOVl A31:2 3 , 18 ns 

TOH2, TOV2 BE3:O 3 20 ns 

TOH3' TOV3 ADS 6 22 ns 
TOH4, TOV4 wifS. 3 22 ns 
TOHS ' Tovs D/G, SUP, DMA 4 20 ns 

TOH6' TOV6 BLAST, WAIT 5 20 ns 
TOH?, TOV? DEN 3 20 ns 
TOHS' Tovs HOLDA, BREQ 4 20 ns 
TOH9, TOV9 lOCK 4 20 ns 
TOH10' TOVlO DAc'K3:'6 4 22 ns 
TOH11 ' TOVll D31:0 3 20 ns· 
TOH12, TOV12 DTiR T/2 + 3 TI2 + 18 ns 
TOH13' TOV13 FAil 2 18 ns 
TOH14' TOV14 EOP3:0ITC3:0 3 22 ns (6,10) 

TOF Output Float lor all outputs 3 22 ns (6) 

Synchronous Inputs (1,9,10) 

TIS Input Setup 
TISl D31:0 5 ns 
TIS2 BOFF 21 ns 
TIS3 BTERM/READY 9 ns 
TIS4 HOLD 9 ns 

TIH Input Hold 
TIHl 031:0 5 ns 
TIH2 BOFF 7 ns 
TIH3 BTERM/READY 2 ns 
TIH4 HOLD 5 ns 
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Table 18. 80960CA AC Characteristics (16 MHz) (Continued) 
80960CA-16 only, under conditions described In Section 4.2 Operating Condltlona and Section 4.5.1 AC Test Conditions. 

Svmbol Paremeter I Min I Max I Units I Note. 

Relative OUtput Timings (1,2,3,8) 

"TAVSHI A31:2 Valid to ADS Rising T-4 T+4 ns 

TAVSH2 ~O, W/R, SUP, D/C, _ 
DMA, DACK3:0 Valid to ADS Rising T-6 T+6 ns 

TAVELI A31:2 Valid to DEN Falling T:"'6 T+6 ns 

TAVEL2 ~O. W/R. SUP, INST,_ 
DMA, DACK3:0 Valid to DEN Falling T-6 T+6 ns 

TNLOV WAIT Falling to Output Data Valid :1:4 ns 

TDVNH Output Data Valid to WAIT Rising N.,. -4 N*T+4 ns (4) 

TNLNH WAIT Falling to WAIT Rising N*T:l:4 ns (4) 

TNHOX Output Data Hold after WAIT Rising (N+l)*T-8 (N+l)*T+6 ns (5) 

TEHTV DT/R Hold after DEN High T/2-7 ~ ns (6) 

TTVEL DT/R Valid to DEN Falling T/2-4 ns 

Relative Input Timings (1,2,3) 

Tlss RESET Input Setup (2-x Clock Mode) 10 ns (13) 

TIHfi RESET Input Hold (2-x Clock Mode) 9 ns (13) 

Tlse DREQ3:0 Input Setup 16 ns (7) 

TIH6 DREQ3:0 Input Hold 11 ns (7) 

TIS7 XINT7:0, NMllnput Setup 9 ns (15) 

TIH7 XINT7:0, NMllnput Hold 5 ns (15) 

Tlse RESET Input Setup (l-x Clock Mode) 3 ns (14) 

TIH8 RESET Input Hold (l-x Clock Mode) T/4+ 1 ns (14) 

NOTES: 
1. See Section 4.5.2, AC Timing Wav.forml for waveforms and definitions. 
2. See Figure 16 for capacitive derating information for output delays and hold times. 
3. See Figure 17 for capacitive derating information for rise end fall times. 
4. Where N is the number of NRAO. NROO. NWAO or Nwoo wait states that are programmed in the Bus Controller Region Table. WAiT never goes 

active when there are no wa~ states in an acoess. 
5. N = Number of wa. states inserted with READY. 
6. Output Data and/or DTiFi may be driven indefinMely following a cycle W there is no subsequent bus aclivMy. 
7. Sinoe asynchronous inputs are synchronized internally by the B0960CA, they have no required setup or hold times to be recognized and for 

proper operation. However, to guarantee recognition of the input at a particular edge of PCLK2:1, the setup times shown must be met. Asyn
chronous inputs must be active for at least two consecutive PCLK2:1 rising edges to be seen by the prooessor. 

B. These spacWications are guaranteed by the processor. 
9. These specWications must be met by the system for proper operation of the processor. 
10. This timing is depandent upon the loading of PCLK2:1. Use the derating curves of Section 4.5.3, Derailng Curvello adjust the timing for 

PCLK2: 1 loading. 
11. In the I-x input clocl< mode, the maximum input clocl< period IS limited to 125 ns while the prooessor is operating. When the processor is in 

reset, the input clocl< may stop even in I-x mode. 
12. When in the I-X input clock mode, these specWications assume a stable input clocl< w~h a period variation ofless than:l: 0.1% between adja

cent cycles. 
13. In 2-x clock mode, RESET is an asynchronous input which has no required setup and hold time for proper operation. However, to guarantee 

the devioe eds reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the falling edge of the 
CLKIN. (See Figure 22.) 

14. In I-X clocl< mode, RESET is an asynchronous input which has no required setup and hold time for propar oparation. However, 10 guarantee 
the device exits reset synchronized to a particular clocl< edge, the RESET pin must meet setup and hold times to the nsng edge of the CLKIN. 
(See Figure 23.) 

15. The interrupt pins are synchronized internally by the B0960CA. They have no required setup or hold times for propar operation. These pins are 
sampled by the interrupt controller every other clock and must be active for at least three consecutive PCLK2: 1 rising edges when asserting 
them asynchronously. To guarantee recogn~ion at a particular clock edge, the setup and hold times shown must be met for two consecutive 
PCLK2:1 rising edges. 
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4.5.1 AC Test Conditions 

The AC Specifications in Section 4.5 are tested ,with 
the 50 pF load shown in Figure 7. Figure 16 shows 
how timings vary with load capacitance. 

Specifications are measured at the 1.5V crossing 
point, unless otherwise ,indicated. Input waveforms 
are assumed to have a rise and fall time of ~ 2 ns 
from O.BV to 2.0V. See Section 4.5.2, AC Timing 
Waveforms for AC spec definitions, test pOints and 
illustrations. 

4.5.2 , AC Timing Waveforms 

ClKIN [ 

PClK2:1 [ 

Output Pin 
o 

CL = 50 pF for all signals 

Figure 7. 'AC Test load 

T 

2.4V 
1.5V .......,H---~,.......--+ 
0.45 

Figure 8. Input and Output Clocks Waveform 

TCA -

-------- ----- 2.0V 

1.5V 

------ O.BV 

TCH 

~----------TC----------~ 

Figure 9. ClKIN Waveform 
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PCLK2:1 

TOH 
;------tTov 

Outputs [ 1.5V 

~~------~~--~-------

1.5V 

I 

Outputs [ 

Max I 
..1:§lL 1-- - --

I 
Figure 10. Output Delay and Float Waveform 

PCLK2:1 [ 

__ Inputs: [ 
(READY, HOLD, BTERM, 

BOFF, DREQ3:0, 
031 :0 on reads) 

Figure 11. Input Setup and Hold Waveform 

Tov TOH' OUTPUT DELAY - The maximum output delay is referred to 
as the Output Valid Delay (Tov). The minimum output delay is 
referred to as the Output Hold (T OHIo 

- OUTPUT FLOAT DELAY· The output float condition occurs 

1.5V 

when the maximum outputpurrent becomes less that ILO in magnitude. , 
- INPUT SETUP AND HOLD - The input setup and hold requirements 
specify the sampling window during which synchronous inputs must be 
stable for borrect processor operation. 

1-229 



80960CA~33, ·25, ·16 

PCLK2:1 [ 1.5V 

NMi, XiNT7:O [ 

Figure 12. NMI, XINT7:0 Input Setup and Hold Waveform 

PCLK2:1 [ 

Outputs: 

Valid 
A31:2,D31:0,"BE3:0, [ 

Al5S, BlA§T~IT, W/R, 
OTIR, DEN, LOCK, _______ .... * ........ -r 1.5V Valid 

1·230 

DIC, SUP, DMA 

HOLD [ -+---'L.!--" 

HOLDA [ ~ _____ ~~ __ -' 

T ov ToH • OUTPUt DELAY· The maxim~m output delay is refe~ed to 
as the Output Valid Delay (T ov). The minimum output delay is 
referred to as the Output Hold (TOH)' 

TOF • OUTPUT FLOAT DELAY· The output float condition occurs 
when the maximum output current becomes less that ILO in magnitude. 

T,S T'H • INPUT SETUP AND HOLD, The input setup and hold requirements 
specify the sampling window during which synchronous inputs must be 
stable for correct processor operation. 

Figure 13. Hold Acknowledge Timings 

I 
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PCLK2:1 [ 

Outputs: 

A31 :2, 031 :O,1i'E3:'5, [ 
ADS, 'Bi:A'ST, WAiT, WiA, 

OT/A, DEN, LOCK, _______ --'+ __ --.-1 

Valid I.SV Valid 

DIG, SUP, OMA 

BOFF [ 
I 

1.5V 

Figure 14. Bus Backoff (BOFF) Timings 
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4.5.3 

PCLK2,1 [ 

ADS [ 1.5V 

A31 g, BE3:0, [-';"'" 
WfA, LOCK, 

SUP, Die, DMA 

D31:0 [7-------

WAiT [ I 

DTiFi [ 

[ 
D31:0 

i I', ~ 
[ ...:. - - - - - - - - - - - - '- - - - In , I i 

\ ! ; 

Derating Curves 

nom + 10 

nom + 5 

Figure 15. Relative Timings Waveforms 

All oulpulS except: LOCK, 
- - - - - DMA, SUP, BAEQ, DACK3:0, 

EOP3:0fTC3:0. FAIL 

___ LOCK, DMA, SUP, BAEQ, 

DACK3'0, EOP3:0fTC3:0, FAIL 
nom ~~ ________ ~ __________ ~ __ ___ 

50 100 150 

Note: PCLK Load = 50p~ 
Figure 16. Output Delay or Hold vs. Load Capacitance 
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10 0.8Vto 2.0V 10 

8 8 

"iii 
6 .s6 

~ 
4 F 4 

2 2 

50 100 150 50 100 150 

CL(pF) CL(pF) 

a) All outputs except: LOCK, DMA, SOP, HOLDA, BREa 
'6ACK3:O, EOP3:OITC3:0, FAiL 

b) LOCK, DMA, SOP, HOLDA, BREa, DACK3:O, 
EOP3:0ITC3:0, FAiL 

Figure 17. Rise and Fall Time Derating at Highest Operating Temperature and Minimum Vcc 

900 

O~ ________________ ~ 

a fPCLK (MHz) 33 

Icc - Icc under test conditions 

Figure 18, Icc va. Frequency and Temperature 

----------
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5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

Table 19 lists the condition of each processor output 
pin while RESET is asserted (low). 

Table 19. Reset Conditions 

Pins 
State During Reset 

(HOLDA Inactive)1 

A31:2 Floating 

031:0 Floating 

BE3:0 Driven high (Inactive) 

wif5. Driven low (Read) 

ADS Driven high (Inactive) 

WAIT Driven high (Inactive) 

BLAST Driven low (Active) 

DT/R Driven low (Receive) 

DEN Driven high (Inactive) 

LOCK Driven high (Inactive) 

BREQ Driven low (Inactive) 

DIC. Floating 

DMA Floating 

SUP Floating 

FAIL Driven low (Active) 

DACK3:0 Driven high (Inactive) 

EOP3:0ITC3:0 Floating (Set to input mode) 

NOTES: 
1. With regard to bus output pin state only, the Hold 

Acknowledge state takes pr~e over the reset 
state. Although asserting the RESET pin will internally 
reset the processor, the processor's bus output pins 
will not enter the reset state if ~ has granted Hold 
Acknowledge to a previous HOLD request (HOLDA is 
active). Furthermore, the processor will grant new 
HOLD requests and enter the Hold Acknowledge state 
even while in reset. 

1-234 

For example, if HOLDA is inactive and the processor is 
in the reset state, then HOLD is asserted, the proces
sor's bus pins enter the Hold Acknowledge state and 
HOLDA is granted. The processor will not be able to 
perform memoryacc~ntil the HOLD request is 
removed, even if the RESET pin is brought high. This 
operation is provided to simplify boot-up synchroniza
tion among multiple processors sharing the same bus. 

Table 20 lists the condition of each processor output . 
pin while HOLDA is asserted (lOW). . 

Table 20. Hold Acknowledge 
and Backoff Conditions 

Pins State During HOLDA 

A31:2 Floating 

031:0 Floating 

BE3:0 Floating 

wif5. Floating 

ADS Floating 

WAIT Floating 

BLAST Floating 

DTIR Floating 

DEN Floating 

LoCK Floating 

BREQ Driven (High or low) 

D/C Floating 

DMA Floating 

SUP Floating 

FAIL Driven high (Inactive) 

DACK3:0 Driven high (Inactive) 

EOP3:0ITC3:0 Driven (If output) 

I 
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ClKIN [ 

RESET [ --r-_ ....... .,... 

PClK2:1 [ 
(Case 1) 

PClK2:1 [ 
(Case 2) 

--'--....... ...,... ... 1 

Note: Case 1 and Case 2 show two possible polarities of PClK2:1 

Max 
Min 

Figure 22. Clock Synchronization In the 2-x Clock Mode 

2xClK [ 

ClKIN [ 

RESET [ 

: ' 

Note: In 1 x clock mode, the RESET pin is actually sampled o~ the falling edge of 2xClK, 2xClK is an intemal signal 
generated by the Pl~ not available on an external pin. Therefore, RESET is specified relative to the rising 
edge of ClKIN. The RESET pin is sampled when PClK is high. 

Figure 23. Clock Synchronization In the 1-x Clock Mode 
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PCLK [ 
ADS [ 

A31 :4, '§'O'P, [ DMA,D/C, Valid Valid Valid 
BEFo, 'COc'K 

wi'R [ 
BLAST [ 

DT/R [ 
DEN [ 
A3:2 [ Valid Valid Valid 

WAIT [ 
[ I 

031:0 ----+ ---+---
F_CX026A 

Figure 24. Non-Burst, Non-Plpellned Requests Without Walt States 
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Function 

Bit 

Value 

A 3 2 0 A 

PCLK [ 
ADS [ 

A31:2, BE3:0 [ 
wifi. [ 

Bi:A'S'f [ 
OTtR [ 
DEN [ 

OMA,O/C, [ SUP,LOcK 

WAiT [ 
031:0 [ -1- _1- -8- ..J 

Figure 25. Non-Burst, Non-Plpellned Read Request With Wait States 
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A 3 2 o A 

PCLK [ 

AoS[ 
A31:2, [ 
Be3:O 

W/A [ 

BLAST [ 

OT/A [ 

5EN[ 
SuP,BMA, [ 
Ole, LOCK 

WAIT [ 

031:0 [ -,-{~_out_~}-

Figure 26. Non-Surst, Non-Pipelined Write Request With Wait States 
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Function 

Bit 

Value 

PCLK 

A31:4, SUP, 
DMA, Ole, 

BE3:0, LOCK 

WiR 

DT/R 

A3:2 

031:0 

[ 
[ 
[ 
[ 
[ 

[~~--:---~ 
[ 
[ 
[ 
[ ---~---'G--G-G 

Figure '0: Burat, Non-Plpellned Reed Request Without Walt statu, S2-_lt Bus 
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Function 

Value 

PCLK [ 

ADS [ 

A31 :4, SliP, 

[ DMA, Die, 
BEFo, I:'OCK 

w/fS. [ 
BLAST [ 

DTiR [ 
i5Ejij [ 
A3:2 [ 

WAIT [ 

D31:0 [ 

80960CA-33, -25, -16 

2 D D D D 

I 

I I I I I I 

, I '8 '-G-' 8' -'T"--"'f---~ InO -,. In1 ..,- In2 "'f-

I I I : : I 

Figure 28. Burst, Non·Pipelined Read Request With Wait States, 32·Bit Bus 
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Function 

Bit 

Value 

POLK [ 
ADS [ 

A31 :4, sup, [ DMA, Ole, 
BE3:0, LOCK 

wiFi [ 
BLAST [ 

DT/R [ 
DEN [ 
A3:2 [ 
WAIT [ 

031:0 [ ----_. 

F_CX031A 

Figure 29. Burst, Non·Pipelined Write Request Without Walt States, 32·Blt Bus 
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Function 

PCLK [ 

ADS [ 

A31:4, sup, [ 
DMA, DtC, . 

BEFo, toC'i< 

wffi [ 

BLAST [ 

BEN [ 

A3:2 [ 

WAIT [ 

031:0 [ 

Figure 30. Burst, Nori~ lpellned Write Request With Walt States, 32~Blt Bus 
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PClK [ 

A6S[ 
S!,!P,DMA, [ 
D~OCK, 

A31:4, B~J:!E. 
BEOIBlE 

WIR [ 

BLAST [ 

DT/R [ 

BEN [ 

A3:2 [ 

BE1/A1 [ 

WAIT [ 

D~1:0 [ 

2 o 

A3:2 = 00 or 10 

1-~_...I.._-,-..(015:0 
Al=O 

o 

, 
I 

o o 

A3:2 = 01 or 11 

_~ 015:0 ..J_{015:0r.J_ 015:0 '§"'@ ; Al.l , Al=O I Al,,1 

Figure 31. Bursl, Non·Plpelined Read Requesl With ",all States, 16-BII Bus 
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Function 

Bit 

Value 

PCLK [ 

ADs~ 
S~P,OMA, [ 

OIC, LOCK, 
A31:4 

WiR [ 

BLAST [ 

A 

80960CA-33, -25, -16 

2 o o o o 

Valid 

OUR ~ ~~ .. __ ~ ______________ ~ ________________ ~~~ 

DEN [ 

A3:2 [ 

BE1/A1, [ 
BEOIAO 

WAIT [ 

031:0 [ 

A3:2 = 00, 01,10 or 11 

1 

1 

._.1. __ "' ___ L... 07:0 _'- 07:0 ...l_~..J._ 07:0 I I I@'-@I . 1@ 
I I I Byte 0 , Byte 1 1 ~ I Byte 3 

I 

Figure 32. Burst, Non·Plpelined Read Request With Walt States, 8·Blt Bus 

tCX034A 
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Function NWAD NXDA NRDD NRAD 

Bit 16-12 11-10 9-8 7-3 

Value 
X X X 0 

xxxxx xx 

A AIIII 0 1111 

PCLK [ 
ADs [ 

A31:4, SOP, [ OMA, Die, 
I:OCK 

WtA [ 
A3:2 [ BE3] 

031:0 [ 
WAIT [ 

BLAST [ 
OTtA [ 
DEN [ 

F_CX035A 

Figure 33_ Non-Burst, Pipelined Read Request Without Wait States, 32-Bit Bus 
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Functiori 

Bit 31-23 22 21 

0 X 0 
Value 0 .. 0 x 0 

A 0' 

PCLK [ 
II ADs [ 

A31:4,SUP, [ DMA,DtC, 
LOCi( 

wiR [ 
A3:2 [ BE3:ii 

031:0 [ 
WAiT [ 

BLASi' [ 
DTiR [ 
DEN [ 

F_CX036A 

Figure 34. Non-Burst, PlpeUned Read Request With Walt States, 32-Blt Bus 
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Function 

Bit 

Value 

A D D D D' D' 

PCLK [ 

ADS [ 

A31 :4, sop, [ 
DMA, DIe, 

BE3:0, i:'OCK 

W/R[ 

A3:2 [ 

D31:0 [ 

WAIT [ 

BLAST [ 

DT/R[ 

BEN [ 

Figure 35. Burst, Plpellned Read Request Without Walt States, 32·Blt Bus 
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Function Byte 
Ordlt 

Bit 22 

Value x 
x 

A 

PCLK [ 

A6S[ 
A31:4;SOP, 

[ OMA, Ole, 
BE3:0, LOCK 

wiR [ 
A3:2 [ 

031:0 [ 
WAiT [ 

BLAST [ 

OTiR[ 

BEN [ 

I Bua 
Width 

21 20-19 

0 32-bk 
0 10 

2 0 o 

, ! 

Non-pipelined request concludes, 
pipelined reads begln_ 

80960CA-33, -25, -16 

o 2 

Pipelined reads conclude, 
Non-pipelined requests begin_ 

0' 

Figure 36. Burst, Plpellned Read Request With Walt States, 32-Blt Bus 
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Function 

Bit 
~~+-~~~-r~~~~~~+-~~~~~-+~~~~~~ 

Value 

PCLK [ 

AO;[ 

A31:4,SUP, 

OMA,O/C, [ 
BEOIBLE, 
BE~E, 

L W/~ [ 

A3:2 [ 

BEi/A1 [ 

031:0 [ 

WAIT [ 

BLAST [ 

OT/R[ 

ilEN[ 

I 

,I 

A3;2 = 00 or 10 

on-pipelined request concludes 
pipelined reads begin. 

A3:2 = 01 or 11 

I, 

Pipelined reads conclude, 
Non-plpelined requests begih 

Figure 37. Burst, Plpellned Read RequeSt WllhWait States,16-Blt Bus 



Function 

Bit 

Value 

PCLK [ 

Ai5S[ 
A31:4, SUP, [ OMA, Die, 

LoCK 

WIR[ 
A3:2 [ 

BElIAl, [ 
BEOIAO 

031:0 [ 

WAIT [ 

BLAST [ 

OT/R[ 

DEN [ 

I 

A 2 0 0 

Valid 

A3:2 = 00, 01,10, or 11 

Non·pipeli~ed request concludes 
pipelined reads begin. 

80960CA-33, -25, -16 

Pipe- Externa 
NRAD Lining ~=I 
7·3 2 1 

2 ON Disab 
00010 

0 2 

Pipelined reads conclude, 
Non-pipelined requests begin 

Buret 

0 

Enabled 
1 

0' 

Figure 38. Burst, Plpellned Read Request With Walt States, 8-Blt Bus 
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PCLK [ 

ADS [ 

A31:4, SiJP, 
DMA,INST, [ 
Ole, BE3:0, 

i:CiC'K 

W/R[ 

BLAsi'[ 

DT/A [ 

DEN [ 

READY [ 

BTERM [ 

A3:2 [ 

WAiT [ 

031:0 [ 

Quad·Word Write Request 
NWAO= 1, Nwoo=O, NWOA = 0 

Read Enabled 

Valid 

~ __ oo __ ..... Xr~ __ D_1~!X~ ____ D2 ___ ~ 

Figure 39. Using External READY 

I 



I 

PCLK [ 

ros[ 
A31:4, sup, [ 
OMA,INST, 
OIC, BE3:6, 

LOCK 

WtA[ 

BLAST [ 

OTtA [ 

i5EN[ 

BTeRM [ 

A3:2 [ 

WAiT [ 

031:0 [ 

80960CA-33, -25, -18 

Quad·Word Write Request 
NWAO = 0, Nwoo = 0, NWOA = 0 

Read Enabled 

: :@-':: - - - - - - DO -. - - 7 I I .. 
, I I I 

I 

: : I I I 

-Q... - - - LfOl._! -0- 11 0 1 
: ! I I I 

I 

Note: READY adds memory access time to data transfers, whether or not the 
bus access is a burst Eccess~ BTeRM interrupts a bus access, whether or not 
the bus access has more data transfers pending. Either the READY signal or 
the BTERM signal wililerminate a bus access if the signal is asserted during 
the last (or only) data transfer of the bus access. 

Figure 40. Terminating a Burst with BTERM 
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BOFF 

A31:2. SUP. 

'BMA.DiC. 

BE3:0. WAIT, 

i5EN'.DT/R 

031:0. 
(WRITES) 

Regenerate ADS 

[~ :,-n~: : :/~l: : : 
I I I ~ I ; I --;-1 h-- -'-\.!...J Ii' I 

[ I:,. I : I I \:~~>: ':""'i'-t=S1 : I: : : I _.i_~ ~!" ___ J._ ! ' (: I" 
I NON-BURST" ~ I 
1~I~ill 

[ 
__ jr-+-#I l i 'l-r-) I rr 

- ! l!..1 ' 
, I I 

[: 
I 

~ ! l r ! ! 

~ RESUME REQUEST 
: ! I I l~:' I 
, I II I 
" SUSPENO REQUEST : '--1-_--1 . ...1. 
j 'r----- ! I .. 

I 

[ !~;I;I"le·l~jl' X I I , 

__ ----I ~_..,..; -II -i----i---~-

[: 
I 

Ie' :J' 1 : : :e' , ::Y:-' I : ,......,..-"'-.....,1-4 -., •••• ,. ••• ~. < 

I" 1 . I I, ,I 

I 

~Requestl 
BOFF may not 

be asserted 

'BOFF May be asserted to suspend request 
I End Request. 

BOFFmaynot 
be asserted 

Note: REAi5'Y/Bi'E'RM must be enabled; NRAD. NRDO. NWAD' NWDO= 0 

Figure 41. BOFF Functional Timing 
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PCLK2:1 [ 
I 

ADS [ ~ : ~--~----__ ~__ : r:\ _~ _____ ~ __ 
:~; ; ; -, i LJ; '-, I 

A~~~. ~~~: [J' Valid } __ L ____ ~ ~ ____ ~ _____ ~ __ . 
BE3:0.WAI:!!, .' ,~ , 1 

DEN. DT/R' ' , 1 1 , 1 

HOLD 

~::::I::%::~ ---------_. -------- --
I I , , I , , I I i I 

! Ii! I : ! I ! I 

[ 
[j I \'--'---o...J: I 

I 

HOLDA [ I I 
Figure 42. HOLD Functional Timing 
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PClK2:1 rtJ' 1 1 

1 1 

System 
Clock 

~' I I 1-1-..,..-----..,..-----.,...--... , Stert DMA 
! : I· 1 Bus Request 
1 1 

~ 1 I "-'"l""'--":""""--~ End of DMA I (BLAS I -r---'"""l'---rii/ 1)--"""'--"""'\, II I Bus Request 
& REAi5Y \........).J 
& 1WAi'i') 

i5ACKX 
(All Modes) 

DREOx 
(Case 1) 

DREOx 
(Case 2) 

Note: 

,...-i--""""'i--~ DMA 
Acknowledge 

I ]DMA 
_ ..... __ ..... Request 

1. Case 1: i5REQ must deassert before i5ACK deasserts. Applications are Fly·Byand some packing and 
unpacking modes in which loads are followed by loads or stores are followed by stores. 

2. Case 2: DREO must be deasserted by the second clock (rising edge) after DACK is driven high. 
Applications are non Fly·By transfers and adjacent load·stores or store·loads. 

3. DACKx is asserted for the duration of a DMA bus request. The request may consist of multiple bus 
accesses (defined by Ai5S and Bi:AST. Refer to i96(/J CA Microprocessor User's Manual for "access', 
"requ.est" definitions. 

Figure 43. DREQ and BACK Functional Timing 

I 

PCLK2:1 [\J\J\.J 
I I I I I 

EoP \1:,,: ___ ...!... ___ ... t ...... "-' ... : ._; _. _"" ... //;..I:~_. ,· ... ·,.·,_f/'_.:_· _,.~_:' ... ,~ ... ,,~,-~:-~"-t:: i~·;E~i~·!pji~~~f;,,~~~f 
I. 1 1 I 1 1 

1 2 ClKs Min 
I 

i • 

15 ClKs Max 

I 

Note: EoP has the same AC Timing Requirements as i5RECi to prevent unwanted DMA requests. EOP is NOT edge 
triggered. EoP must be held for a minimum of 2 clock cycles then deasserted w~hin 15 clock cycles. 

Figure 44. EOP Functional Timing 
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PCLK2 [ 

DREa[ '/ 
A5S[ l I 

DACK[ l , 
/ , 

, 

TE[ l , / 
Note: Terminal Count becomes active during the last bus request of a buller transfer. If the 
last LOAD/STORE bus request is executed as multiple bus accesses, the TC will be active 
for the entire bus request. Refer to the i96cf1P CA Microprocessor User's Manual for 
further information. 

Figure 45. Terminal Count Functional TIming 

II n [ 
(Intemal Self-Test) (Bus Test) 

Pass Pass 

[ I I I .. Fail ._ n - • Fail - - 11 
-65,000 Cycles I 5 Cyces I 102 Cycles I 

F_CX047A 

Figure 46. FAIL Functional Timing 
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Byte Offset 0 4 8 12 16 20 

I I I I I I 
Word Offset 0 2 3 4 5 

0 
I I I 

Short Request (Aligned) , , 

Short-Word 
Load/Store 

Word 
Load/Store 

Double-Word 
Load/Store 

r 

[[]: ~yte, Byte ReqU~sts 
, I'\. I 

I' "Y' ,,: " , Short Request (Aligned) 
, , I 

E[J Byte, Byte Requests 

I 
Word Request (Aligned) 

I 'f l! j'~' 8., e, Requests 
{,.... r 

" I I 
, : ,J' i">, ~" ;)-, Short, Short Requests 

I I 
Byte, Short, Byte Requests 

I ! 

Short, Word, Short Requests 

BYte, Word, Short, Byte Requests 

One Double-Word 
Lo.....;;...;....;~;;;;"'O..:.;.;..;...;~:iI Request (Aligned) 

I 

24 

I 
6 

Figure 47. A Summary of Aligned and Unaligned Transfers for Little Endian Regions 
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o 4 8 12 16 20 24 

Byte, Word, Word, 

1OiiOit::==~~~:::::;~=;:;=:!.~Sh,ort, Byte Requests , I 

Word, Word, 
Word Requests 

'''f~(,,p.~~ ~" '1-~:J>,,.,.{+p.,~ -i~, .:' '0. 0 , j' *0!5 t ~ ,J '''1 'I W rd W rd 
-' "': , ,: "'!:fr' .,." , ' '-,', . _ Word Requests 

A Word, _~ .:/ {, ~ Word, 
:. " Word 

Requests 
I 

I 

Figure 48. A Summary of Aligned and Unaligned Transfers for Little Endlan Regions (Continued) 
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PCLK [ 
A5S[ 

~4'SuP'[ DMA,INST, 
Ole, BE3:O 

LOCK [ 
wip. [ 

Bi:As'i' [ 
DTip. [ 
DEN [ 
A3:2 [ 

WAiT [ 
031:0 [ 
READY, [ 
BTERM 

Figure 49. Idle Bus Operation 
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7.0 REVISION HISTORY 

This data sheet supersedee data sheet 270727-005. Spectflcatlon changes In the 80960CA data sheet are a 
result of design changes. The sections slgnlflcanUy changed since the previous revision are: 

Section .... t Description Rev. 

Table 11. 80960CA PGA Package Thennal -005 Removed references and notes pertaining to 
Characteristics 9J.CAP and 9J.PIN. 

"nible 12. 80960CA PQFP package Thennal -005 Removed references and notes pertaining to 9JL 
Characteristics and9JB. 

3.3 80960CA Mechanical Data -005 Removed S8CUon containing Infonnatlon on 
Package Dimensions. Moved section header to 
encompass Pinout tables and diagrams. 

3.7 SUggested Sources for 80980CA -005 Removed entire section containing Infonnatlon 
Accessories about 80980CA accessories. 

"nib/es 16, 17 and18 80960CA AC Charac- -005 T TVEL maximum deleted. 
terlstlcs (33-, 25- and 16MHz, respectively) T NHQX and T EHTV minimums changed: 

WAS: IS: 
TNHOX (N+1 ).,.-6 (N+1)"'-8 
TEHTV TI2 - 6 TI2 -7 

All -005 All timing diagrams and wavefonns have bean 
redrawn to conform to consistent fonnat. 
Data sheet fonnattlng has been changed to 
confonn to corporate standards. Specific 
fonnatting changes are not Itemized In this 
revision history. 
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32-BIT HIGH PERFORMANCE SUPERSCALAR 

PROCESSOR 
• Socket and Object Code Compatible with 80960CA 

• Two Instructions/Clock Sustained Execution 
• Four 59 Mbytes/s DMA Channels with Data Chaining 

• Demultiplexed 32-bit Burst Bus with Pipelining 

_ 32-bit Parallel Architecture _ High Bandwidth On-Chip Data RAM 
...:.. Two Instructions/clock Execution -1 Kbytes On-Chip RAM for. Data 
- Load/Store Architecture - Sustain 128 bits per clock access 
- Sixteen 32-bit Global Registers _ Four On-Chip DMA Channels 
- Sixteen 32-bit Local Registers _ 59 Mbytes/s Fly-by Transfers 
- Manipulate 64-bit Bit Fields _ 32 Mbytes/s Two-Cycle Tran.sfers 
- 11 Addressing Modes _ Data Chaining 
- Full Parallel Fault Model _ Data Packing/Unpacking 
- Supervisor Protection Model _ Programmable Priority Method 

_ Fast Procedure Call/Return Model 
- Full Procedure Call in 4 clocks 

.. On-Chip Register Cache 
- Caches Registers on Call/Ret 
- Minimum of 6 Frames provided 
- Up to 15 Programmable Frames 

_ On-Chip Instruction Cache 
- 4 Kbyte Two-Way Set Associative 
-128-bit Path to Instruction Sequencer 
- Cache-Lock Modes 
- Cache-Off Mode 

_ On-Chip Data Cache 
- 1 Kbyte Direct-Mapped, 

Write Through 
- 128 bits per Clock Access on 

Cache Hit 

_ 32-Bit Demultiplexed Burst Bus 
-128-blt Internal Data Paths to and 

from Registers 
- Burst Bus for DRAM Interfacing 
- Address Pipelining Option 
- Fully Programmable Wait States 
- Supports 8, 16 or 32-bit Bus Widths 
- Supports Unaligned Accesses 
- Supervisor Protection Pin 

_ Selectable Big or Little Endian Byte 
Ordering 

_ High-Speed Interrupt Controller 
- Up to 248 External Interrupts 
- 32 Fully Programmable Priorities 
- Multi-mode 8-bit Interrupt Port 
- Four Internal DMA Interrupts 
- Separate, Non-maskable Interrupt Pin 
- Context Switch In 750 ns Typical 

272187-59 

Figure 1. 80960CF Ole Photo 
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1.0 PURPOSE 

This document previews electrical characterizations 
of Intel's i960 CF embedded microprocessor (avail
able in 33, 25 and 16 MHz). For a detailed descrip
tion of any i960 CF processor functional topic-oth
er than parametric performance-refer to the latest 
i960 CA Microprocessor Reference Manual (Order 
No. 270710) and the ;960 CF Reference Manual Ad
dendum (Order No. 272188). 

2.0 1960 CF PROCESSOR OVERVIEW 

Intel's i960 CF microprocessor is the performance 
follow-on product to the i960 CA processor. The 
i960 CF product is socket- and object code-compati
ble with the CA; this makes CA-to-CF design up
grades straightforward. The i960 CF processor's in
struction cache is 4 Kbytes (CA device has 1 Kbyte); 
CF data cache is 1 Kbyte (CA device has no data 
cache). This extra cache on the CF product adds a 
significant performance boost over the CA. The 
80960CF is object code compatible with the 32-bit 
80960 Core Architecture while including Special 
Function Register extensions to control on-chip pe
ripherals, and instruction set extensions to shift 64-
bit operands and configure on-chip hardware. Multi
ple 128-bit internal busses, on-chip instruction cach
ing and a sophisticated instruction scheduler allow 
the proce~sor to sustain execution of two instruc-

PROGRAMMABLE 
INTERRUPT CONTROLLER 

MULTIPLY/DIVIDE 
UNIT 

80960CF-33, -25, -16 

tions every clock, and peak at execution of three 
instructions per clock. 

A 32-bit demultiplexed and pipelined burst bus pro
vides a 132 Mbyte/s bandwidth to a system's high
speed external memory sub-system. In addition, the 
80960CF's on-chip caching of instructions, proce
dure context and critical program data substantially 
decouples system performance from the wait states 
associated with accesses to the system's slower, 
cost sensitive, main memory sub-system. 

The 80960CF bus controller also integrates full wait 
state and bus width control for highest system per
formance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960CF. 

The processor also integrates four complete data
chaining DMA channels and a high-speed interrupt 
controller on-Chip. The DMA channels perform: sin
gle-cycle or two-cycle transfers, data packing and 
unpacking, and data chaining. Block transfers. in ad
dition to SQurce or destination synchronized trans
fers, are provided. 

The interrupt controller provides full programmability 
of 248 interrupt sources into 32 priority levels with a 
typical interrupt task switch ("latency") time of 
750 ns. 

FOUR-CHANNEL 
DMA CONTROLLER 

SIX-PORT 
REGISTER FILE 

272187-1 

Figure 2_ 80960CF Block Diagram 
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2.1. The C-Series Core 

The C-Series core is a very high performance micro
architectural implementation of the 80960 Core Ar
chitecture. The C-Series core can sustain execution 
of two instructions per clock (66 MIPs at 33 MHz). 
To achieve this level of performance, Intel has incor
porated state-of-the-art silicon technology and inno
vative microarchitectural constructs into the imple
mentation of the C-Series core. Factors that contrib
ute to the core's performance include: 

- Parallel instruction decoding allows issue of up 
to three instructions per clock. 

- Most instructions execute in a single clock. 

- Parallel instruction decode allows sustained, 
simultaneous execution of two single-clock in
structions every clock cycle. 

- Efficient instruction pipeline minimizes pipeline 
break losses. 

- Register and resource scoreboarding allow 
simultaneous multi-clock instruction execution. 

- Branch look-ahead and prediction allows many 
branches to execute with no pipeline break. 

- Local Register Cache integrated on-chip caches 
Call/Return context. 

- Two-way set associative, 4 Kbyte integrated in
struction cache. 

- Direct mapped, 1 Kbyte data cache, write 
through, write allocate. 

- 1 Kbyte integrated Data RAM sustains a four
word (128-bit) access every clock cycle. 

2.2. Pipelined, Burst Bus 

A 32-bit high performance bus controller interfaces 
the 80960CF to external memory and peripherals. 
The Bus Control Unit features a maximum transfer 
rate of 132 Mbytes per second (at 33 MHz). Internal
ly programmable wait states and 16 separately c~n
figurable memory regions allow the processor t~ In
terface with a variety of memory subsystems with a 
minimum of system complexity and a maximum of 
performance. The Bus Controller's main features in
clude: 

1-268 

- Demultiplexed, Burst Bus to exploit most'efficient 
DRAM access modes. 

- Address Pipelining to reduce memory cost while 
maintaining performance. 

-32-,16- and 8-bit modes for I/O interfacing ease. 

- Full internal wait state generation to reduce sys-
tem cost. 

- Little and Big Endian support to ease application 
development. 

- Unaligned access support for code portability. 

- Three-deep request queue to decouple the bus 
from the core. 

2.3. Flexible DMA Controller 

A four channel DMA controller provides high speed 
DMA control for data transfers involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disassem
bly, and a high performance fly-by mode capable of 
transfer speed of up to 59 Mbytes per second at 
33 MHz. The DMAcontrolier features a performance 
and flexibility which is only possible by integrating 
the DMA controller and the 80960CF core. 

2.4. Priority Interrupt Controller 

A programmable-priority interrupt controller man
ages up to 248 external sources throu~h the 8-bit 
external interrupt port. The Interrupt Unrt also han
dles the four internal sources from the DMA control
ler, and a single non-maskable interrupt input. The 
8-bit interrupt port can also be configured to provide 
individual interrupt sources that are level or edge 
triggered. 

Interrupts in the 80960CF are prioritized and sig
naled within 270 ns of the request. If the interrupt is 
of higher priority than the processor priority, the con
text switch to the interrupt routine typicaJly is com
plete in another 480 ns. :rhe interrupt unit provides 
the mechanism for the low latency and high through
put interrupt service which is essential for embedded 
applications. 
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2.5. Instruction Set Summary 

The following table summarizes the 80960CF instruction set by logical groupings. See the ;960 CA Microproc
essor Reference Manual for a complete description of the instruction set. 

Data Arithmetic Logical Bit, Bit Field 
Movement , and Byte 

Load Add And Set Bit 
Store Subtract Not And Clear Bit 
Move Multiply And Not Not Bit 
Load Address Divide Or Alter Bit 

Remainder Exclusive Or Scan for Bit 
Modulo Not Or Span over Bit 
Shift Or Not Extract 
"Extended Nor Modify 

Shift Exclusive Nor Scan Byte for Equal 
Extended Not 

Multiply Nand 
Extended 

Divide 
Add with 

Carry 
Subtract with 

Carry 
Rotate 

Comparison Branch Call and Return Fault 

Compare Unconditional Call Conditional 
Conditional Branch Call Extended Fault 

Compare Conditional Call System Synchronize 
Compare and Branch Return Faults 

Increment Compare and Branch and Link 
Compare and Branch 

Decrement 
Test Condition Code 
Check Bit 

Debug Processor Atomic 
Management 

Modify Trace Modify Atomic Add 
Controls Process Atomic Modify 

Mark Controls 
Force Mark Modify 

Arithmetic 
Controls 

'System Control 
• DMA Control 
Flush Local 

Registers ~ 

NOTE: 
Instructions marked by (*) are 80960CF extensions to the 80960 instruction set. 
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3.0 PACKAGE INFORMATION 

3.1. Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CF in ~ the 168-pin Ce
ramic Pin Grid Array (PGA) package and the 196 pin 
Plastic Quad Flat Package (PQFP). For complete 
package specifications and information, see the Intel 
Packaging Outlines and Dimensions Guide (Order 
No. 231369). 

3.2. Pin Descriptions 

The 80960CF pins are described in this section. Ta
ble 1 presents the legend for interpreting the pin de
scriptions in the following tables. 

Pins associated with the 32-bit demultiplexed proc~ 
essor bus are described in Table 2. Pins associated 
with basic processor configuration and control are 
described in Table 3. Pins associated with the 
80960CF DMA Controller and Interrupt Unit are de
scribed in Table 4. 

Figure 3 provides an example pin description table 
entry. "1/0" signifies that data pins are input-output. 
"5" indicates pins are synchronous to PCLK2: 1. 
"H(Z)" indicates that these pins float while the proc
essor bus is in a Hold Acknowledge state. "R(Z)" 
indicates that the pins also float while RESET is low. 

All pins float while the processor is in the ONCE 
mode. 

Name Type 

Table 1. Pin Description Nomenclature 

Symbol Description 

I Input only pin 

0 Output only pin 

1/0 Pin can be either an input or output 

- Pins "must be" connected as 
described 

S( ... ) Synchronous. Inputs must meet setup 
and hold times relative to PCLK2:1 for 
proper operation. All outputs are 
synchronous to PCLK2:1. 
S(E) Edge senlilitive input 
S(L) Level sensitive input 

A( ... ) Asynchronous. Inputs may be 
asynchronous to PCLK2: 1. 
A(E) Edge sensitive input 
A(L) Level sensitive input 

H( ... ) While the processor's bus is in the 
Hold Acknowledge or Bus Backoff 
state, the pin: 

H(1) is driven to Vee 
H(O) is driven to Vss 
H(Z) floats 
H(Q) continues to be a valid output 

R( ... ) While the processor's RESET pin is 
low, the pin 

R(1) is driven to Vee 
R(O) is driven to Vss 
R(Z) floats 
R(Q) continues to be a valid output 

Description 

031:0 I/O DATA BUS carries 32-,16- or 8-bit data quantities depending on bus width configuration. 
S(L) The least significant bit of the data is carried on 00 and the most significant on 031. When 
H(Z) the bus is configured for S-bit data, the lower S data lines, 07:0 are used. For 16-bit bus 

R(Z) widths, 015:0 are used. For 32-M bus widths the full data bus is used. 

Figure 3. Example Pin Description Entry 
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Table 2. 80960CF Pin Description-External Bus Signals 

Name Type Description 

A31:2 0 ADDRESS BUS carries the physical address upper 30 bits. A31 is the most 
S significant address bit and A2 is the least significant. During a bus access, A31:2 

H(Z) identify all external addresses to word (4-byte) boundaries. The byte enable 

R(Z) signals indicate the selected byte in each word. During burst accesses, A3 and A2 
increment to indicate successive data cycles. 

D31:0 I/O DATA BUS carries,32-, 16- or 8-bit data quantities depending on bus width 
S(L) configuration. The least significant bit of the data is carried on DO and the most 
H(Z) significant on 031. When the bus is configured for 8-bit data, the lower 8 data 

R(Z) lines, 07:0 are used. For 16-bit bus widths, 015:0 are used. For 32-bit bus widths 
the full data bus is used. 

BE3 0 BYTE ENABLES select which of the four bytes addressed by A31:2 are active 
BE2 S during an access to a memory region confi~d for a 32-bit data-bus width. BE3 
BE1 H(Z) applies to 031 :24; BE2 applies to 023:16; BE1 applies to D15:8; and BEO applies 

BEO R(1) to D7:0. 
32-bit bus: BE3 -Byte Enable 3 -enable D31 :24 

BE2 -Byte Enable 2 -enable D23:16 
BET -Byte Enable 1 -enable D15:8 
BED -Byte Enable 0 -enable 07:0 

For accesses to a memory r~n configured for a 16-bit data-bus width, the 
processor directly encodes BE3, BET and BEO to provided BHE, A 1 and BLE 
respectively. 

16-bit bus: ~ -Byte High Enable (BHE) , -enable D15:8 
BE2 -Not used (is driven high or low) 
BET -Address Bit 1 (A1) 
BED -Byte Low Enable (BLE) -enable D7:0 

For accesses to a memory r~n co~red for an 8-bit data bus width, the 
processor directly encodes BE1 and BEO to provide A 1 and AO respectively. 

8-bit bus: BE3 -Not used (is driven high or low) 
BE2 -Not used (is driven high or low) 
BE1 -Address Bit 1 (A 1) 
BEO -Address Bit 0 (AO) 

W/R 0 WRITE~EAD is asserted for read requests and deasserted for write requests. 
S The WfR Signal changes in the same clock cycle as ADS. It remains valid for the 

H(Z) entire access in non-pipelined regions. In pipelined regions, W fR is not 

R(O) guaranteed valid in the last cycle of a read access. 

ADS 0 ADDRESS STROBE indicates valid address and the start of a new bus access. 
S ADS is asserted for the first clock of a bus access. 

H(Z) 
R(1) 

READY I READY is an input which signals the termination of a data transfer. READY is 
S(L) used to indicate that read data on the bus is valid, or that a write-data transfer has 
H(Z) completed. The READY signal works in conjunction with the internally 

R(Z) programmed wait-state generator. If READY is enabled in a region, the pin is 
sampled after the programmed number of wait-states has expired. If the READY 
pin is deasserted, wait states continue to be inserted until READY becomes 
asserted. This is true for the NRAD, NRDD, NWAD, and NWDD wait states. The 
NXDA wait states cannot be extended. 
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Table 2. 80960CF Pin De8crlptlon-External BU8 Signal8 (Continued) 

Name Type' Description 

BTERM I· BURST TERMINATE-The burst terminate si~~al teakS up a burst access and 
S(L) causes another address cycle to occur. The B A Sign:1 works in c0E'wnction 

, H(Z) with the internally programmed wait-state generator. If A ADY and BT Mare 
A(Z) enabled in a region, the §'i'EFiM pin is sampled after the prosgammed number of 

wait states has expired. When BTEAM is asserted, a new AD siglal iSJenerated 
and the access is completed. The 'FiEAl5'( input is ignored when B EA is 
asserted. BTEAM must be externally synchronized to satisfy the BiE'FfM setup 
and hold times. 

WAIT 0 WAIT indicates internal wait state generator status. WAfT is asserted when wait 
S states are ~~ngRMused by the internal wait state generator and not by the 

H(Z) ~ or E inputs. WAif can be used to derive a write-data strobe. WAIT 
R(1) can also be thought of as'a ~ output that the processor provides when it is 

inserting wait states. . 

BLAST 0 BURST LAST indicates the last transfer in a bus access. 'BLAST is asserted in the 
S last data transfer of burst and non-burst accesses after the wait state counter 

H(Z) reaches zero. BI:AST remains asserted until the clock fB~o~ng the last cycle of 
R(O) the last data transfer of a bus access. If the ~ or E ~ input is used to 

extend wait states, the 'BI:AST signal remains asserted until A ADY or B'fE'AM 
terminates the access. 

DT/R 0 DATA TRANSMIT IRECEIVE indicates direction for data transceivers. DT IFf is 
S used in conjunction with DEN to provide control for data transceivers attached to 

H(Z), the external bus. When DT IFf is asserted, the signal indicates that the proce~or 
R(O) receives data. Conversely, when c:leasserted, the processor sends data. DT IA 

changes only while DEN is high. 

DEN 0 DATA ENABLE indicates data cycles in a bus request. DEN is asserted at the 
S start of the bus request first data cycle and is deasserted at the end of the last 

H(Z) data cycle. DEN is used in conjunction with DT IFf to provide control for data 
R(1) transceivers attached to the external bus. DEN remains asserted for sequential 

reads frOm pipelined memory regions. DEN is deasserted when DT IFf changes. 
'LOCi( 0 BUS LOCK indicates that an atomic read-modify-write 9peration is in progress. 

S LOCK may be used to prevent external agents from accessing memory which is 
H(Z) currently involved in an atomic operation. 'COCK is asserted in the first clock of an 
A(1) atomic operation, and deasserted in the clock cycle following the last bus access 

for the atomic,operation. To allow the most flexibility for a memory system 
enforcement of locked accesses, the processor acknowledges a bus hold request 
when LOCK is asserted. The processor performs DMA transfers while LOCK is 
active. 

HOLD I HOLD REQUEST signals that an external agent requests access to the external 
S(L) bus. The processor asserts HOLDA after completing the current bus request. 
H(Z) HOLD, HOLDA and BREQ are used together to arbitrate access to the 
A(Z) processor's external bus by external bus agents. 

BOFF I BUS BACK OFF -The backoff pin, when asserted, suspends the current access 
S(L) and causes the bus pins to float. When deasserted, the ADS signal is asserted on 
H(Z) the next clock cycle and the access is resumed. 
R(Z) 
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Table 2. 80960CF Pin Description-External Bus Signals (Continued) 

Name Type Description 

HOLDA 0 HOLD ACKNOWLEDGE indicates to a bus requestor that the processor has 
S relinquished control of the external bus. When HOLDA is asserted; the external 

H(1) address bus, data bus and bus control signal!\ are floated. HOLD, BOFF, HOLDA 

R(Q) and BREQ are used together to arbitrate access to the processor's external bus 
by external bus agents. Since the processor grants HOLD requests and enters the 
Hold Acknowledge state even while RESET is asserted, HOLDA pin state is 
independent of the RESET pin. 

BREQ 0 BUS REQUEST is asserted when the bus controller has a request pending. BREQ 
S can be used by external bus arbitration logic in conjunction with HOLD and 

H(Q) HOLDA to determine when to return mastership of the external bus to the 

R(O) processor. 

DIC 0 OAT A OR CQDE is asserted for a data re9..uest and deasserted for instruction 
S requests. D/C has the same timing as W/R. 

H(Z) 
R(Z) 

DMA 0 DMA ACCESS indicates whether the bus request was initiated by the DMA 
S controller. DMA is asserted for any DMA request. DMA is deasserted for all other 

H(Z) requests. 

R(Z) 

SUP 0 SUPERVISOR ACCESS indicates whether the bus request is issued while in 
S supervisor mode. SUP is asserted when the request has supervisor privileges, and 

H(Z) is deasserted otherwise. SUP can be used to isolate supervisor code and data 

R(Z) structures from non-supervisor requests. 

Table 3. 80960CF Pin Description-Processor Control Signals 

Name Type Description 

RESET I RESET causes the chip to reset. When RESET is asserted, all external signals return 
A(L) to the reset state. When RESET is deasserted, initialization begins. When the 2-x clock 
H(Z) mode is selected, RESET must remain asserted for 16 PCLK2:1 cycles before being 

R(Z) deasserted in order to guarantee correct processor initialization. When the 1-x clock 

N(Z) mode is selected, RESET must remain asserted for 10,000 PCLK2:1 cycles before 
being deasserted in order to guarantee correct initialization. The CLKMODE pin 
selects 1-x or 2-x input clock division of the CLKIN pin. 

The processor's Hold Acknowledge bus state functions while the chip is reset. If the 
processor's bus is in the Hold Acknowledge state when RESET is asserted, the 
processor will internally reset, but maintains the Hold Acknowledge state on external 
pins until the Hold request is removed. If a hold request is made while the processor is 
in the reset state, the processor bus grants HOLDA and enters the Hold Acknowledge 
state. 

FAIL 0 FAIL indicates failure of the processor's self-test performed at initialization. When 
S RESET is deasserted and the processor qegins initialization, the FAIL pin is asserted. 

H(Q) An internal self-test is performed as part of the initialization process. If this self-test 

R(O) passes, the FAIL pin is deasserted otherwise it remains asserted. The FAIL pin is 
reasserted while the processor performs an external bus self-confidence test. If this 
self-test passes, the processor deasserts the FAIL pin and branches to the user's 
initialization routine; otherwise the FAIL pin remains asserted. Internal self-test and the 
use of the FAIL pin can be disabled with the STEST pin. 
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Table 3. 80960CF Pin Description-Processor Controi Signals (Continued) 

Name Type Description 

STEST I SELF TEST causes the processor's internal self-test fe~ture to be enabled or 
S(l) disabled at initialization. STEST is read on the rising edge of RESET. When asserted, 
H(Z) the processor's internal self-test and external bus confidence tests are performed 
R(Z) during processor initialization. When deasserted, only the external bus confidence 

tests are performed during initialization. 

ONCE I ON CIRCUIT EMULATION causes all outputs to be floated when asserted. ONCE is 
A(l) continuously sampled while RESET is low, and is latched on the rising edge of 
H(Z) RESET. To place the processor in the ONCE state: 
R(Z) (1 ) assert RESET and ONCE (order does not matter) 

(2) wait for at least 16 ClKIN periods in 2-x mode, or 10,000 ClKIN periods in 1-x 
mode, after Vee and ClKIN are within operating specifications 

(3) deassert. RESET 
(4) wait at least 32 ClKIN periods 

(The processor is now latched in the ONCE state as long as RESET is high.) 

To exit the ONCE state, bring Vee and ClKIN to o~erS~fg conditions, then assert 
REm and bring Q1iJCE high prior to deasserting E . 

ClKIN must operate within the specified operating conditions of the processor until 
step 4 above is completed. The ClKIN may then be changed to DC to .achieve the 
lowest possible ONCE mode leakage current. 

Q1iJCE can be used by emulator products or for board testers to effectively make an 
installed processor ~ransparent in the board. 

ClKIN I CLOCK INPUT is an input for the external clock needed to run the processor. The 
A(E) external clock is internally divided as prescribed by the ClKMODE pin to produce 
H(Z) PCLK2:1. 
R(Z) 

ClKMODE I CLOCK MODE selects the division factor applied to the external clock input (ClKIN). 
A(l) When ClKMODE is high, ClKIN is divided by one to create PClK2:1 and the 
H(Z) processor's internal clock. When CLKMODE is low, ClKIN is divided by two to create 
R(Z) PClK2:1 and the processor's internal clock. ClKMODE should be tied high or low in 

a system, as the clock mode is not latched by the processor. If left unconnected, the 
processor internally pulls the ClKMODE pin low, enabling the 2-x clock mode. 

PClK2 0 PROCESSOR OUTPUT CLOCKS provide a timing' reference for all inputs and 
PClK1 S outputs of the processor. All inputs and output timings are specified in relation to 

H(Q) PClK2 and PClK1. PClK2 and PClK1 are identical signals. Two output pins are 
R(Q) provided to allow flexibility in the system's allocation of capacitive loading on the 

clock. PClK2:1 may also be connected at the processor to form a single clock Signal. 

Vss - GROUND connections consist of 24 pins which must be connected externally to a 
Vss board plane. 

Vee - POWER connections consist of 24 pins which must be connected externally to a Vee 
board plane. 

VecPLL - VeePLL is a separate Vee supply pin for the phase lock loop used in 1 x block mode. 
Connecting a simple low pass filter to VeePLL may help reduce clock jitter (T ep) in 
noisy environments. Otherwise, VeePLL should be connected to Vee. 

N/C - NO CONNECT pins must not be connected in a system. 
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Table 4. 80960CF Pin Descrlptlon-DMA and Interrupt Unit Control Signals 

Name Type Description 

DREQ3 I DMA REQUEST causes a DMA transfer to be requested. Each of the four signals 
t:mEQ2 ' A(L) request a transfer on a single channel. 'i5REQO requests channel 0, DREQ1 requests 
'DR'EQ1 H(Z) channel 1, etc. When two or more channels are requested simultaneously, the 
DREQO R(Z) channel with the highest priority is serviced first. Channel priority mode is 

programmable. 

DACK3 0 DMA ACKNOWLEDGE indicates thata DMA transfer is bein8 executed. Each of the 
DACK2 S four signals acknowledge a transfer for a single channel. DA KO acknowledges 
DACK1 H(1) channel 0, ~ acknowledges channel 1, etc. DACK3:0 are asserted when the 
DACKO R(1) requesting device of a DMA is accessed. 

Eoli3/TC3 I/O END OF PROCESS/TERMINAL COUNT can be programmed as either an input 
EOP2/TC2 A(L) (EOP3:0) or as an output (TC3:0), but not both. EOh pin is individually 
EOPlITC1 H(Z/Q) programmable. When programmed as an input, E Px causes the termination of a 
EOPO/TCO R(Z) current DMA transfer for the channel corresponding to the EOPx pin. EOPO 

corresponds to channel 0, EOP1 corresponds to channel 1, etc. When a channel is 
configured for source and destination chaining, the EOP pin for that channel causes 
termination of3nlY the current buffer transferred and causes the next buffer to be 
transferred. E P3:0 are asynchronous inputs. , 

When programmed as an output, the channel's TCx pin indicates that the channel 
byte count has reached 0 and a DMA has terminated. TCx is driven with the same 
timing as DACKx during the last DMA transfer for a buffer. If the last bus request is 
executed as' multiple bus accesses, TCi remains asserted for the entire bus request. 

XINT7 I EXTERNAL INTERRUPT PINS cause interrupts to be requested. These pins can be 
XINT6 A(E/L) configured in three modes. 
XINT5 H(Z) In Dedicated Mode, each pin is a dedicated external interrupt source. Dedicated 
XINT4 R(Z) inputs can be individually programmed to be level (low) or edge (falling) activated. 
XINT3 In Expanded Mode, the 8 pins act together as an 8-bit vectored interrupt source. The 
XINT2 interrupt pins in this mode are level activated. Since the interrupt pins are active low, 

XINT1 the vector number requested is the one's complement of the positive logiC value 

XINTO 
place on the port. This eliminates glue logic to interface to combinational priority 
encoders which output negative logic. 
In Mixed Mode, XINT7:5 are dedicated sources and XINT4:0 act as the 5 most 
significant bits of an expanded mode vector. The least significant bits are set to 010 
internally. 

NMI I NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. 
A(E) NMI is the highest priority interrupt recognized. NMI is an edge (falling) activated 
H(Z) source. 
R(Z) 
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3.3. 80960CF Pinout 

3.3.1 80960CF PGA PINOUT 

Tables 5 and 6 list the 80~60CF pin names with 
package location. Figure 4-a depicts the complete 

80960CF pinout as viewed from the top side of the 
component (Le., pins facing down). Figure 4b shows 
the complete 80960CF pinout as viewed from the 
pin-side of the package (Le., pins facing up). See 
Section 4.0, Electrical Specifications for speoifica
tions and recommended connections. 

Table 5. PGA Pin Name with Package Location (Signal Order) 

Address Bus Data Bus Bus Control Processor Control 1/0 

Name . . Location Name . . Location Name . . Location Name .... Location Name . . Location 

A31 ........ S15 031 ........ A03 8E3 ........ S05 AESET ....... A16 DAEQ3 ..... A07. 

A30 ........ 013 030 ........ 005 8E2 ........ S06 OAEQ2 .... ;806 

A29· ........ A14 029 ........ S02 8E1 ........ S07 FAIL .......... A02 OAE01 : ....•. A06 

A28 ........ 014 028 ........ 004 BEO ........ A09 OREQO .. ~ .. 805 

A27 ........ S16 027 ........ A02 STEST ......... 802 

A26 ........ A15 026 ........ 003 W/A ....... S10 OACK3 ..... A10 

A25 ........ S17 025 ........ S01 ONCE ........ C03 OACK2 ..... A09 

A24 ........ 015 024 ........ A01 AOS ....... A06 DAOO ..... A08 

A23 ........ R16 023 ........ 002 CKLIN ........ C13 OACKO ..... 808 

A22 ........ R17 022 ........ P03 AEAOY ..... S03 CLKMOOE .... C14 

A21 ........ 016 021 ........ 001 BTEAM ..... A04 PCLK1 ........ 814 EOP/TCO ... A11 

A20 ........ P15 020 ........ P02 PCLK2 ........ 813 EOP/TC1 ... A12 

A19 ........ P16 019 ........ P01 WAIT ., ...... S12 EOP/TC2 ... A13 

A1B ........ 017 018 ........ N02 8LAST ..... S08 Vss EOP/TC3 ... A14 

A17 ........ P17 017 ........ N01 Location 

A16 ........ N16 016 ......•. M01 OT/A ....... S11 C07, C08, C09, XINT7 ...... C17 

A15 ........ N17 015 ........ L01 OEN ....... S09 C10, C11, C12, 
F15, G03, G1'5, XINT6 ...... C16 

A14 ........ M17 014 ........ L02 H03, H15, J03, XINT5 ...... 817 

A13 ........ L16 013 ........ K01 LOCK ...... S14 J15, K03, K15, XINT4 ...... C15 
L03, L 15, M03, 

A12 ........ L17 012 ........ J01 M15, 007, 008, XINT3 .... ' .. 816 

A11 ........ K17 011 ........ H01 HOLO ...... A05 009, 010, 011 XINT2 ...... A17 

A10 ........ J17 010 ........ H02 HOLOA ..... S04 Vee XINT1 ...... A15 

A9 ......... H17 09 ......... G01 8AEO ...... A13 Location XINTO ...... 815 

A8 ......... G17 08 ......... F01 807,809, 

A7 ......... G16 07 ......... E01 O/C ....... . S13 811,812, C06, NMI ........ 015 E15, F03, F16, 
A6 ......... F17 06 ......... F02 OMA ....... A12 G02, H16, J02, 

A5 ......... E17 05 ......... 001 SUP ....... 012 J16, K02, K16, M02, 
M16, N03, N15, 

A4 ......... E16 04 ......... E02 006, R07, AOB, 
A10, A11 

VCCPLL •...••• 810 

A3 ......... 017 03 ......... C01 80FF ...... 801 No Connect 

A2 ......... 016 02 ......... 002 Location 

01 ......... C02 A01, A03, A04, A05, 
803, 804, C04, C05, 
003 

00 ......... E03 

1-276 



80960CF-33, -25, -16 

Table 6. PGA Pin Name with Package Location (Pin Order) 
Address Bus Data Bus Bus Control Processor Control I/O 

Location .. Name Location .. Name Location . . Name Location . ... Name Location .. Name 
A01 ......... NC C01 ......... 03 G01 ......... 09 M01 ......... 016 R01 ........ 024 

A02 ....... FAIL C02 ......... 01 G02 ........ Vee M02 ......... Vee R02 ........ 027 
A03 ......... NC C03 ...... ONCE G03 ........ Vss M03 .......... Vss R03 ........ 031 
A04 ......... NC C04 ......... NC G15 ........ Vss M15 .......... Vss R04 ..... BTERM 
A05 ......... NC C05 ......... NC G16 ......... A7 M16 ......... Vee R05 ...... HOLO 
A06 ..... OREQ1 C06 ........ Vee G17 ......... AB M17 .......... A14 R06 ....... AOS 

A07 ..... OREQ3 C07 ........ Vss R07 ........ Vee 
AOB ..... OACK1 COB ........ Vss H01 ........ 011 N01 .......... 017 R08 ........ Vee 
A09 ..... OACK2 C09 ........ Vss H02 ........ 010 N02 .......... 018 R09 ........ BEO 

A10 ..... OACK3 C10 ........ Vss H03 ........ Vss N03 .......... Vee R10 ........ Vee 
A 11 ... Eoj57TCO C11 ........ Vss H15 ........ Vss N15 .......... Vee R11 ........ Vee 
A12 ... EOP/TC1 C12 ........ Vss H16 ........ Vee N16 .......... A16 R12 ....... OMA 

A13 ... EOP/TC2 C13 ...... CLKIN H17 ......... A9 N17 .......... A15 R13 ...... BREO 

A14 ... EOP/TC3 C14 .. CLKMOOE R14 ........ A29 

A15 ...... XINT1 C15 ...... XINT4 J01 ........ 012 P01 .......... 019 R15 ........ A26 
A16 ..... RE5ET C16 ...... XINT6 J02 ........ Vee P02 .......... 020 R16 ........ A23 

A17 ...... XINT2 C17 ...... XINT7 J03 ........ Vss P03 ....•..... 022 R17 ........ A22 

J15 ........ Vss P15 .......... A20 

B01 ...... BOFF 001 ......... 05 J16 ........ Vee P16 .......... A19 501 ........ 025 

B02 ..... 5TE5T 002 ......... 02 J17 ........ A10 P17 .......... A17 502 ........ 029 

B03 ......... NC 003 ......... NC 503 ..... REAOY· 

B04 ......... NC 015 ........ NMI K01 ........ 013 001 .......... 021 504 ..... HOL.DA 

B05 ..... OREQO 016 ......... A2 K02 ........ Vee 002 .......... 023 505 ........ BE3 

B06 ..... ORE02 017 ........• A3 K03 ........ Vss 003 .......... 026 506 ........ BE2 

B07 ........ Vee K15 ........ Vss 004 .......... 028 507 ........ BE1 

B08 ..... OACKO E01 ......... 07 K16 ........ Vee 005 .......... 030 508 ..... BLA5T 

B09 ........ Vee E02 ......... 04 K17 ........ A11 006 .......... Vee 509 ....... OEN 

B10 ..... VeePLL E03 ......... 00 007 .......... Vss 510 ....... WIR 

B11 ........ Vee E15 ........ Vee L01 ........ 015 008 .......... Vss 511 ....... OT/R 

B12 ........ Vee E16 ......... A4 L02 ........ 014 009 .......... Vss 512 ....... WAIT 

B13 ..... PCLK2 E17 ......... A5 L03 ........ Vss 010 .......... Vss 513 ........ 0/C 

B14 ..... PCLK1 L15 ........ Vss 011 .......... Vss 514 ...... LOCK 

B15 ...... XINTO F01 ......... 08 L16 ........ A13 012 ......... 5UP 515 ........ A31 

B16 ...... XINT3 F02 ......... 06 L17 ........ A12 013 .......... A30 516 ........ A27 

B17 ...... XINT5 F03 ........ Vee 014 .......... A28 517 ........ A25 

F15 ........ Vss 015 .......... A24 

F16 ........ Vee 016 .......... A21 

F17 ......... A6 017 .......... A18 
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Figure 4a. 80960CF PGA Pinout (View from Top Side) 
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A B C 0 E F G H J K L M N P Q R S 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
NC !!OFF 03 05 07 DB 09 011 012 013 015 016 017 019 021 024 025 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 FAir STEST 01 02 ' 04 06 Vee 010 Vee Vee 014 Vee 01B 020 023 027 029 

3 0 0 O~E 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 3 NC NC NC DO Vee VSS Vss Vss VSS Vss VSS Vee 022 026 031 

4 0 0 0 0 e& 0 4 NC NC NC 028 HOLDA 

5 0 0 0 0 0 0 5 NC ~ NC 030 HOLD m 

6 ~ 0 0 METAL LID 0 A~S 0 6 5l'iml! vcc vee 1m! 

7 ~ 0 0 0 0 0 7 
vee Vss vss vee m 

8 ~ 0&0 0 0 0 0 8 
Vss vss vee l!lJIST 

9 ~ 0 0 0 £ 0 9 
vee Vss Vss DEN 

10 d 0 0 0 0 0_ 10 
veePll vss vss vee WIR 

11 0 0 0 0 0 0_ 11 mP~ vee Vss vss vee DTIR 

12 mP,f6, 0 0 d £ ~AIT 12 
vee vss 

13 mP£ 0 0 0 0 0_ 13 pelK2 elKIN A30 BREa ole 

14 mP£ 0 0 0 0 
PoeK 14 PClKl elKMOOE A28 A29 

15 ~ ~ 000 0 0 0 0 0 0 '0 0 0 0 0 0 15 XINTl XlNTO )(lllf4 mr vee vss vss vss vss vss Vss vss vee A20 A24 A26 A31 

16 ~ o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 RESET XINT3 XiIiI'I'6 A2 A4 Vee A7 Vee Vee Vee A13 Vee AlB A19 A21 A23 A27 

17 ~ 0 0 0 0 0: 0 0 0 0 0 0 0 0 0 0 0 17 l/IRT5 JrnilT7 A3 AS AB A8 A9 Al0 All A12 A14 A15 A17 AlB A22 A25 

... J 

A B C D E F G H J K L M N P Q R S 
272187-3 

Figure 4b. 80960CF PGA Pinout (VieW from Bottom Side) 
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3.3.2 80960CF PQFP Pinout See Section 4.0, Electrical Specifications for 
specifications and recommended connections. 

Tables 7 and 8 list the 80960CF pin names with 
package location. ' 

Table 7. PQFP Pin Name with Package LocatiOn (Signal Order) 

Add.ress BU8 DataBu8 Bus Control Processor Control I/O 
Name ' .. Location Name . . Location Name . . Location Name . ....... Location Name . . Location 

A31 ........ 153 031 ........ 186 BE3 ........ 176 RESET ........... 091 OREQ3 ..... 060 
A30 ......... 152 030 ........ 187 BE2 ........ 175 1)REQ2 ..... 059 

A29 ........ 151 029 ........ 188 BE1 ........ 172 FAil ............. 045 DREQT ..... 058 

A28 ........ 145 028 ........ 189 BEO ........ 170 OREQO ..... 057 

A27 ....•... 144 027 ........ 191 STEST ........... 046 

A26 ......... 143 026 ........ 192 W/R ........ 164 DACK3 ..... 065 

A25 ........ 142 025 ........ 194 ONCE ............ 043 DACK2 ..... 064 

A24 ........ 141 024 ........ 195 ADS ........ 178 DACI(1 ..... 063 

A23 ........ 139 023 ........ 003 ClKIN ............ 087 OACKO ..... 062 

A22 .; ...... 138 022 ........ 004 READ? ..... 182 ClKMOOE ........ 085 

A21 ........ 137 021 ........ 005 BTERM ..... 184 PClK1 ........... 078 EOP/'fC3 " .069 

A20 ........ 136 020 ........ 006 PClK2 ........... 074 EOP/TC2 ... 068 

A19 ........ 134 019 ........ 008 WAIT ....... 162 EOP/TC1 ... 067 

A18 ........ 133 018 ........ 009 BLAST ...... 169 VSS EOP/TCO ... 066 

A17 ........ 132 017 ........ 010 Location 

A16 ........ 130 016 ........ 011 OT/J:{ ....... 163 2,7,16,24,30,38, XINT7 ...... 107 

A15 ........ 129 015 ........ 013 DEN ........ 167 39, 49, 56, 70, 75, XINT6 ...... 106 

A14 ........ 128 014 ........ 014 
77,81,83,88,89, 

XINT5 ...... 102 92,98,105,109,110, 
A13 ........ 124 013 ........ 015 lOCK ...... 156 121,125,131,135, XINT4 ...... 101 

A12 ........ 123 012 ........ 017 147,150,161,165, XINT3 ...... 100 

A11 011 ........ 018 HOLO ...... 181 
173,174,185,196 

XJm2 ...... 095 ........ 122 
A10 ........ 120 010 ........ 019 HOlOA ..... 179 Vee XINT1 ...... 094 

A9 ......... 119 09 ......... 021 BREQ ...... 155 Location XINTO ...... 093 

A8 ......... 118 08 ......... 022 1,12,20,28,32,37,44, 

A7 ......... 117 07 ......... 023 ole ........ 159 50,61,71,79,82,96, NMI ........ 108 

A6 ......... 116 06 ......... 025 OMA ....... 160 
99,103,115,127,140, 
148,154,168,171,180, 

A5 ......... 114 05 ......... 026 SOP ........ 158 190 

A4 ......... 113 04 ......... 027 VCCPLL ............ 72 
A3 ......... 112 03 ......... 033 iIDFl= ....... 040 No Connect 

A2 ......... 111 02 ......... 034 . LOcation 

01 ......... 035 29,31,41,42,47, 
48, 51, 52, 53, 
54, 55, 73, 76, 
80, 84, 86, 90, 97, 
104,126,146,149,157, 
166,177,183,193 

00 ...... : .. 036 
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Table 8. PQFP Pin Name with Package Location (Pin Order) 
Pin Signal Pin Signal Pin Signal Pin Signal 
1 Vee 50 Vee 99 Vee . 148 Vee 
2 Vss 51 NC 100 XINT3 149 NC 
3 023 52 NC 101 XINT4 150 Vss 
4 022 53 NC 102 XINT5 151 A29 
5 021 54 NC 103 Vee 152 A30 
6 020 55 NC 104 NC 153 A31 
7 Vss 56 Vss 105 Vss 154 Vee 
8 019 57 OREOO 106 XINT6 155 BREO 
9 018 
10 017 
11 016 

58 DRE01 
59 ORE02 
60 DREQ3 

107 XINT7 
108 NMI 
109 Vss 

156 lOCK 
151 NC 
158 SUP • .12 Vee 61 Vee 110 Vss 159 . O/C 

13 015 62 OACKO 111 A2 160 OMA 
14 014 63 OACK1 112 A3 161 Vss 
15 013 64 OACK2 113 A4 162 WAIT 
16 Vss 65 OACK3 114 A5 163 OT/R 
17 012 66 EOPO/TCO 115 Vee 164 W/R 
18 011 67 EOP1/TC1 116 A6 165 Vss 
19 010 68 EOP2/TC2 117 A7 166 NC 
20 Vee 69 EOP3/TC3 118 A8 167 DEN , 
21 09 70 Vss 119 A9 168 Vee 
22 08 71 Vee 120 A10 169 BLAST 
23 07 72 VeePLL 121 Vss 170 BEO 
24 Vss 73 NC 122 A11 171 Vee 
25 06 74 PClK2 123 A12 172 BE1 
26 05 75 Vss 124 A13 173 Vss 
27. 04 76 NC 125 Vss 174 Vss 
28 Vee 77 Vss 126 NC 175 BE2 
29 NC 78 PClK1 127 Vee 176 BE3 
30 Vss 79 Vee 128 A14 177 NC 
31 NC 80 NC 129 A15 178 ADS 
32 Vee 81 Vss 130 A16 179 HOLDA 
33 03 82 Vee 131 Vss 180 Vee 
34 02 83 Vss 132 A17 181 HOLD 
35 01 84 NC 133 A18 182 READY 
36 DO 85 ClKMOOE 134 A19 183 NC 
37 Vee 86 NC 135 Vss 184 BTERM 
38 Vss 87 ClKIN 136 A20 185 Vss 
39 Vss 88 Vss 137 A21 186 031 
40 BOFF 89 Vss 138 A22 187 030 
41 NC 90 NC 139 A23 188 029 
42 NC 91 RESET 140 Vee 189 028 
43 ONCE 92 Vss 141 A24 190 Vee 
44 Vee 93 XINTO 142 A25 191 027 
45 FAil 94 XINT1 143 A26 192 026 
46 STEST 95 XINT2 144 A27 193 NC 
47 NC 96 Vee 145 A2.8 194 025 
48 NC 97 NC 146 NC 195 024 
49 Vss 98 Vss 147 Vss 196 Vss 
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98 50 

99 49 

147 PIN 1 

148 196 
272187-4 

Figure 4c. 80960CF PQFP Pinout (View from Top Side) 
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3.4. Mechanical Data 

3.4.1 CERAMIC PGA PACKAGE 

,1.65 @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ 

R~@@@@@@@@@@@@@@@@@ 

r @@O@@@@@@@@@@@O@@ 
@@@ @@@ 
@@@ @@@ 

@@@ -- @@@ 
@@@ \ @@@ 
@@@ ( @@@ 
@@@ @@@ 0 

@@@ @@@ 

PIN C3"""" @ @ @ "./ @@@ 
~@@@ @@@ mO@@@@ 

@ @ . @@@ 

@@@@@@@@@@@@@*,o:@ 
@@@@@@@@@@@@@@@o@ 

L-@@@@@@@@@@@@@@@o@ 

! \ 
kllRE~ SWAGGED 
1.52 ,. PIN 

450 CHAMFER (4 PL) 
(INDEX CORNER) 

~ ---------------

80960CF-33, -25, -16 

SEATlNG_ 
PLANE -

,B (ALL PINS) 

LC:==llt..a r IJ' 

SWAGGED 
PIN 

DETAIL 

, -L -',- ~ 
BASE - A2 

PLANE-

272187-5 

Family: Ceramic Pin Grid Array Package 

Symbol 
Millimeters Inches 

Min Max Note. Min Max Note. 

A 3.56 4.57 0.140 0.180 

A1 0.64 1.14 50LIOLI0 0.025 0.045 50LIOLIO 

A2 23 0.30 50LIOLI0 0.110 0.140 SOLlOLlO 

As 1.14 1.40 0.045 0.055 

B 0.43 0.51 0.017 0.020 

0 44.07 44.83 1.735 1.765 

01 40.51 40.77 1.595 1.605 

61 2.29 2.79 0.090 0.110 

L 2.54 3.30 0.100 0.130 

N 168 168 

51 1.52 2.54 0.060 0.100 ' 

ISSUE, IW5 REV X 7/15/88 

Figure 5. 168-Lead Ceramic PGA Package Dimensions 
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Table 9. Ceramic PGA Package Dimension Symbols 

Letter or , Description of Dimensions 
Symbol 

A Distance from seating plane to highest point of body 

A1 'Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

A3 Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

D ' Largest overall package dimension of length 

D1 A body length dimension, outer lead cent~r to outer lead center 

e1 Linear,spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

81 Other body dimensi,on, outer lead center to edge of body 

NOTES: 
1. ContrOlling dimension: millimeter. 
2. Dimension "e1" ("e") Is non-cumulative. 
3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch. 
4. Dimensions "B", "B1" and "C" are nominal. 
5. Details of Pin 1 identifier are optional. 
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3.4.2 PLASTIC QUAD FLAT PACKAGE 

mm (inch) 

mm (inch) 

mm (inch) 

cAS -B® O® 

,BASE PLANE 

I-- Al 

c- SEA liNG PLANE 
£:::\ 11.111 <'11114) 

Figure 6. Principal Dimensions and Data 

-$ 11.25 <.lllll)@ C A®-B® o® 
..L .11112 MM/MM (IN/IN) A-B 

3.81 ('151!) MAX TYP 

Figure 7. Molded Details 

t 
1.32 <'1!52) 
1.22 (.1!48) j' 

1!.91! ('1!35) MIN. 

2.113 (.1!811) 
1.93 ('1!7b) 

----02---1 

Figure 8. Detail M 

272187-8 

272187-6 

272187-7 
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mm (inch) 

mm (inch) 

"11'0,8.635 (1.825)1 

II I 
y 

" 
[ ,-::J' 

f\-sEE CETAIL L 

SEE CETAIL J 

DIE 

Figure 9. Terminal Details 

$::~ :::::: {,jlI:;i!!:l....,;r=.===**=l=l 

8.31 (.812) --i 1+ 
8.28 ('BBS) -D41E4 

1'"'$""1r.8 "",. 2"'"8 -;-(.""'88""S"') @...-r.:1 c"-I A:">W"'"-""'a"'W"'1 o"W""1& 

DetallJ ,Detail L 

Figure 10. Typical Lead 

272187-9 

S CEG. 
B CEG. 

272187-10 

Table 10. PQFP Package Dimension Symbols 

Symbol Description Min Max Min Max 

N Leadcount 196 196 

A Package Height 0.1&0 0.170 4.06 4.32 

A1 Standoff 0.020 0.030 0.51 0.76 

D,E Terminal Dimension 1.475 1.~85 37.47 37.72 

01, E1 Package Body 1.347 1.353 34.21 34.37 

D2,E2 Bumper Distance 1.497 1.503 38.02 38.18 

D3,E3 Lead Dimension 1.200 REF 30.48 REF 

D4,E4 Foot Radius Location 1.423 1.437 36.14 36.49 

1,,1 Foot Length 0.020 0.030 0.51 0.76 

Dimension INCH mm 

NOTES: 
1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

intel· 

2. Datum plane -H- located at the mold parting line and coincident with the bottom of the lead where lead exits plastic body. 
3. Datums A-B and -0- to be determined where center leads exit plastic body at datum plane -H-. 
4. Controlling Dimension, Inch. 
5. Dimensions 01, 02, E1 and E2 are measured at the mold parting line. 01 and E1 do not include an allowable mold 
protrusion of 0.18 mm (0.007 in) per side. 02 and E2 do 'not include a total allowable mold protrusion of 0.18 mm (0.007 in) 
at maximum package size. ' 
6. Pin 1 identifier is located within one of the two zones indicated. 
7. Measured at datum plane -H-. 
8. Measured at seating plane datum -Co. 
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3.5. Package Thermal Specifications 

The 80960CF is specified for operation when T C 
(the case temperature) Is within the range of O"C" 
1 OO°C. T C may be measured In any environment to 
determine whether the 80960CF is within specified 
operating range. The case temperature Is measured 
at the center of the top surface, opposite the pins. 
Refer to Figure 13. 

T A (the ambient temperature) can be calculated 
from BCA (thermal resistance from case to ambient) 
with the following equation: 

80960CF-33, -25, -16 

Table 11 shows the maximum TA allowable (without 
exceeding T c) at various airflows and 'operating fre-
quencies (fPCLK)' ' 

Note that T A is greatly improved by attaching fins or 
a heat sink to the package. P (the'maxlmum power 
con!lumptlon) Is 'c.alculated by using the typical Icc 
as tabulated In Section 4.4, DC Specifications, and 
Vee of 5V. 

Table 11. Maximum T A at Various Airflows In ·C (PGA Package Only) 

Alrflow-ft/mln (m/aec) 

fpCLK 0 200 400 600 800 1000 
(MHz) (0) (1.01) , (2.03) (3_04) (4.06) (5.07) 

TA 33 38 57 74 76 81 84 
with 25 50 65 79 81 85 87_ 
Heat Sink" 16 63 74 84 86, 89 90 

TA 33 18 33 47 57 66 67 
without 25 34 46 57 65 72 74 
Heat Sink 16 51 60 68 74 80 81 

.. ·0.285" high Unidirectional heat Sink (AI alloy 6061, 50 mil fin width, 150 mil center-ta-center fin spacing). 

PGA Thermal Reslstance-°C/Watt 

Alrflow-ft.lmln (m/sec) 

Pa~ameter 0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.07) (4.06) (5.07) eJ• 

B Junction-to-Case 'JPI"~ 
e ... 

(Case Measured 1.5 1.5 1.5 1.5 1.5 1.5 

I 8Jeap 1.' as shown in Figure 13) 

B Case-to-Ambient 
17 14 11 9 7.1 ~.6 UUlJ UUU (No Heatsink) 

272187-11 
B Case-to-Ambient 
(with Unidirectional) 13 9 5.5 5.0 3.9 3.4 
Heatsink)* 

NOTES: 
1. This table applies to 80960CF PGA plugged into socket or soldered directly 
into board. 
2. 8JA = 8JC + 8CA· 
3. 8J.CAP = 4°C/W (approx.) 

8J.PIN = 4°C/W (inner pins) (approx.) 
.-

8J.PIN = 8°C/W (outer pins) (approx.) 
·0.285" high unidirectional heat sink (AI alloy 6061,50 mil fin width, 150 mil 

center-to-center fin spacing). 

Figure 11. 80960CF PGA Package Thermal Characteristics 

1-287 

------ ,------- -----



80960CF-33, -25,-16 

PQFP Thermal ~eslstanc~·C/Watt 
Alrflow-ft.lmln (m/sec) 

; , 

,0 Parameter 50 100 200 400 600 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) 

8 Junction-to-Case 
(Case Measured) 5 5 5 5 5 5 
as shown in Figure 13) 

8 Case-to-Ambient 
19 18 17 15 12 10 (No Heatsink) 

NOTES: 
1. This table applies to S0960CF PQFP soldered directly into board. 
2. (JJA = (JJC + (JCA· 
3. //JL = 1SoC/Watt 

(J JB = 1SoC/Watt 

800 
(4.06) 

5 

9 

272187-12 

Figure 12. 80960CF PQFP Package Thermal Characteristics 
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MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURF ACE 

272187-13 

MEASURE PQFP TEMPERATURE AT 
CENTER OF TOP SURFACE 

272187-14 

Figure 13. Measuring 80960CF PGA and PQFP Case Temperature 



3.6 Stepping Register Information 

Upon Reset, Register GO contains die stepping in
formation. The following figure shows how GO· is 
configured. The most significant byte contains an 
ASCII O. The upper middle byte contains an ASCII C. 
The lower· middle byte contains an ASCII F. The 
least significant byte contains the stepping number 
in ASCII. GO retains this information until it is written 
over by the user program. 

Table 12 contains a cross reference of the number 
in the least significant byte of register GO to the die 
stepping number. 

ASCII I 00 I 43 I 46 I Stepping Number I 
DECIMAL I 0 I elF I Stepping Number I 

MSB LSB 

Figure 14. Register GO 

Table 12. Ole Stepping Cross Reference 

GO Least 
Die Stepping 

Significant Byte 

01 A 

02 B 

03 C 

80960CF-33, -25, -16 

3.7 Suggested Sources for 80960CF 
Accessories 

The following are some suggested sources of ac
cessories for the 80960CF. They are neither an 
endorsement of any kind, nor a warranty of the 
performance of any of the listed products and/or 
companies. 

Sockets 

1. 3M Textool Test and Interconnection Products 
Department 
P.O. Box 2963 
Austin, TX 78769-2963 

2. Augat, Inc. 
Interconnection Products Group 
33 Perry Avenue 
P.O. Box 779 
Attleboro, MA 02703 
(508) 222-2202 

3. Concept Manufacturing Inc. 
(Decoupling Sockets) 
43024 Christy Street 
Fremont, CA 94538 
(415) 651-3804 

Heat Sinks/Fins 

1. Thermalloy, Inc. 
2021 West Valley View Lane 
Dallas, TX 75381-0839 
(214) 243-4321 

2. E G & G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617) 245-5900 
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4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 
Parameter Maximum Rating 

Storage Temperature -65·C to + 150·C 
Case Temperature Under Bias -65·C to + 110·C 
Supply Voltage wrt. Vss -0.5Vto +6.5V 
Voltage on Other pinswrt Vss -0.5Vto Vcc +0.5V 

4.2. Operating Conditions 

NOTICE: This d\lla sheet contains information on 
products in the sampling and initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications 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. 

Operating Conditions (80960CF-33, -25, -16)' 

Symbol Parameter Min Max Units Notes 

Vec Supply Voltage 80960CF-33 4.75 5.25 
80960CF-25 4.50 5.50 V 
80960CF-16 4.50 5.50 

fCLK2x Input Clock Frequency (2-x Mode) 80960CF-33 0 66.66 MHz 
80960CF-25 0 50 MHz 
80960CF-16 0 32 MHz 

fCLK1x Input Clock Frequency (1-x Mode) 80960CF-33 8 33.33, MHz 
80960CF-25 8 25 MHz (1) 
80960CF-16 8 16 MHz 

Tc Case Temperature Under Bias PGA Package 0 100 ·C 
80960CF-33, -25, -16 196-Pin PQFP 0 100 

NOTE: 
(1) When in the 1-x input clock mode, CLKIN is an input to an internal phase·locked loop and must maintain a minimum 
frequency of 8 MHz for proper processor operation. However, in the 1-x Mode, CLKIN may still be stopped when the 
processor either is in a reset condition or is reset. If CLKIN is stopped, the specified F\ESET low time must be provided once 
CLKIN restarts and has stabilized. 

4.3 Re.commended Connections 

Power and ground connections must be made to 
multiple Vce and Vss (GND) pins. Every 80960CF· 
based circuit board should include power (Vce> and 
ground (Vss) planes for power distribution. Every 
Vec pin must be connected to the power plane, and 
every Vss pin must be connected to the ground 
plane. Pins identified as "N.C." must not be con· 
nected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960CF. The processor can cause tran· 
sient power surges when its numerous output buff· 
ers transition, particularly when connected to large 
capacitive loads. 
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Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per· 
formance. Inductance can be reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. Capacitors specifi· 
cally designed for PGA packages will offer the low· 
est possible inductance. 

For reliable operation, always connect unused in
puts toan appropriate s~ level. In particular, any 
unused interrupt (XI NT, NMI) or DMA (DREQ) input 
should be connected to Vee through a pull·up resis· 
tor, as should BTERM if not used. Pull·up resistors 
should be in the range of 20 KO for each pin tied 
high. If READY or HOLD are not used, the unused 
input should be connected to ground. N.C. pins 
must always remain unconnected. Refer to the 
i960 CA Microprocessor Reference Manual for more 
information. 
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4.4. DC Specifications 
DC Characteristics 

(S0960CF-33, -25, -16 under the conditions described in Section 4.2, Operating Conditions.) 

Symbol Parameter 

VIL Input Low Voltage for all pins except RESET 

VIH Input High Voltage for all pins except RESET 

VOL Output Low Voltage 

VOH Output High Voltage IOH = -1mA 
IOH = -200/-LA 

VILR Input Low Voltage for RESET 

VIHR Input High Voltage for Fi"ESE'i' 

lUI Input Leakage Current for each pin except. 
BTERM, ONCE, DREQ3:0, STEST, 
EOP3:0/TC3:0, NMI, XINT7:0, 
READY, HOLD, BC5FF, CLKMODE 

IU2 Input Leakage Current for: 
BTERM, ONCE, DREQ3:0, STEST, 
EOP3:0/TC3:0, NMI, XINT7:0, BOFF 

IU3 Input Leakage Current for: 
READY, HOLD, CLKMODE 

ILO Output Leakage Current 

Icc Supply Current (S0960CF-33) 
ICC Max 
IccTyp 

Icc Supply Current (S0960CF-25) 
ICC Max 
IccTyp 

Icc Supply Current (S0960CF-16) 
Icc Max 
IccTyp 

IONCE ONCE-mode Supply Current 

CIN Input Capacitance for: 
CLKIN, RESET, ONCE, 
READY, HOLD, DREQ3:0, BOFF 
XINT7:0, NMI, BTERM, CLKMODE 

COUT Output Capacitance of each output pin 

CliO I/O Pin Capacitance 

NOTES: 
(1) No Pull-up or pull-down. 
(2) These pins have internal pullup resistors. 
(3) These pins have internal pulldown resistors. 

Min Max Units Notes 

-0.3 O.S V 

2.0 Vcc + 0.3 V 

0.45 V IOL = 5mA 

2.4 V 
Vcc - 0.5 V 

- 0.3 1.5 V 

3.5 Vcc + 0.3 V 

±15 /-LA OV~VIN~VcC(1) 

0 -300 /-LA VIN = 0.45\1 (2) 

0 500 /-LA VIN = 2.4V (3) 

±15 /J-A 0.45V~VOUT~VCC 

1150 mA (4) 
960 (5) 

950 mA (4) 
775 (5) 

750 mA (4) 
575 (5) 

150 mA 

0 12 pF Fc = 1 MHz 

12 pF Fc = 1 MHz, (6) 

12 pF Fc = 1 MHz 

(4) Measured at worst case frequency, Vcc and temperature, with device operating and outputs loaded to the test conditions 
described in Section 4.5.1, AC Test Conditions. 
(5) Icc Typical is not tested. 
(6) Output Capacitance is the capacitive load of a floating output. 
(7) CLKMODE pin has a pulldown resistor only when ONCE pin is deasserted. 
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4.5 AC Specifications 
AC Characteristics - 80960CF-33 

(80960CF-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) 

Symbol Parameter Min Max Units Notes 
INPUT CLOCK(10) 

TF ClKIN Frequency 0 66.66 MHz (1) 

Tc ClKIN Period In 1cx Mode (fCLK1X> 30 125 ns (1,12) 
In 2-x Mode (fClK2X> 15 <Xl ns (1) 

Tcs ClKIN Period Stability In 1-x Mode (fClK1X> ±0.1% Il (1,13) 

TCH ClKIN High Time In 1-x Mode (fCLK1X> 6 62.5 ns (1,12) 
In 2-x Mode (fCLK20 6 <Xl ns (1) 

TCl ClKIN low Time In 1-x Mode (fClK1X> 6 62.5 ns (1,.12) 
In 2-x Mode (fClK2X> 6 <Xl ns (1) 

TCR ClKIN Rise Time 0 6 ns (1) 

TCF ClKIN Fall Time 0 6 ns (1) 

OUTPUT CLOCKS(9) 

Tcp ClKIN to PClK2:1 Delay In 1-x Mode (fCLK1X> -2 2 ns (1,3,13,14) 
In 2-x Mode (fCLK2X> 2 25 ns (1,3) 

T flClK2:1 Period In 1-x Mode (fCLKlx) Tc ns (1,13) 
In 2-x Mode (fCLK2X> , 2Tc ns (1,3) 

TpH /PClK2: 1 High Time (T/2) - 2 T/2 ns (1,13) 

Tpl II PClK2:1 low Time (T/2) - 2 T/2 ns (1,13) 

TpR PClK2:1 Rise Time 1 4 ns (1,3) 

TpF ! PClK2:1 Fall Time 1 4 ns (1,3) 

SYNCHRONOUS OUTPUTS(10) 

Tov Output Valid Delay, Output Hold (6,11) 
TOH TOV1' TOHl A31:2 3 14 ns 

TOV2' TOH2 BE3:0 3 16 ns 
TOV3, TOH3 ADS 6 18 ns 
TOV4, TOH4 W/A 3 18 ns 
Tovs, TOHS D/G, SUP, DMA 4 16 ns 
TOV6, TOH6 BLAST, WAIT 5 16 ns 
TOV7' TOH7 DEN 3 16 ns 
TOV8, TOH8 HOLDA,BREQ 4 16 ns 
TQV9, TOH9 lOCK 4 16 ns 
TOVlO, TOH10 DACK3:0 4 18 ns 
TOVll , TOHll 031:0 3 16 ns 
TOV12. TOH12 DT/A T/2 + 3 T/2 + 14 ns 
TOV13, TOH13 FAil 2 14 ns (6,11) 
TOV14' TOH14 EOP3:0/TG3:0 3 18 ns 

TOF Output Float for all outputs 3 22 ns (6) 

SYNCHRONOUS INPUTS(10) 

TIS Input Setup 
TI81 031:0 3 ns (1,11) 
TI82 BOFF 17 ns (1,11) 
TI83 BTERM/READY 7 ns (1,11) 
TI84 HOLD 7 ns (1,11) 

TIH Input Hold 
TIHl 031:0 5 ns (1,11) 
TIH2 BOFF 5 ns (1,11) 
TIH3 BTERM/READY 2 ns (1,11) 
TIH4 HOLD 3 ns (1,11) 
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AC Characteristics - 80960CF-33 
80960CF-33 only, under the conditions described in Section 4_2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 

Symbol Parameter Min Max 

RELATIVE OUTPUT TIMINGS(9,7) 

TAVSHl A31:2 Valid to ADS Rising T-4 T+4 

TAVSH2 BE3:0, WIR, sop, Ole, 
DMA, DAeK3:0 Valid to ADS Rising T-6 T+6 

TAVELl . A31:2 Valid to DEN Falling T-4 T+4 

TAVEL2 BE3:0, W/R, SOP,INST, 
DMA, DACK3:0 Valid to DEN Falling T-6 T+6 

TNLOV WAIT Falling to Output Data Valid ±6 

TOVNH Output Data Valid to WAIT Rising N°T - 6 N'T+6 

TNLNH WAIT Falling to WAIT Rising N°T ± 4 

TNHOX Output Data Hold after WAIT Rising (N + 1) ° T - 6 (N + 1) ° T + 6 

TEHrv DT IR Hold after DEN High T/2 - 6 

TrvEL DT IR Valid to DEN Falling T/2 -'- 4 

RELATIVE INPUT TIMINGS(7) 

TIS5 RESET Input Setup (2x Clock Mode) 6 

TIH5 RESET'lnput Hold (2x Clock Mode) 5 

TIS6 DREQ3:0 Input Setup 12 

TIH6 DREQ3:0 Input Hold 7 

TIS7 XINT7:0, NMI Input Setup 7 

TIH7 XINT7:0, NMllnput Hold 3 

TISB RESET Input Setup (1x Clock Mode) 3 

TIHB RESET Input Hold (1x Clock Mode) T/4 + 1 

NOTES: 
(1) See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 
(2) See Figure 22 for capacitive derating information for output delays and hold times. 
(3) See Figure 23 for capacitive derating infol:jTlation for rise and fall times. 

00 

T/2 + 4 

Units Note. 

ns 

ns 

ns 

ns 

ns 

ns (4) 

ns (4) 

ns (5) 

ns (6) 

ns (7) 

ns (14) 

ns (14) 

ns (8) 

ns (8) 

ns (8) 

ns (8) 

ns (15) 

ns (15) 

(4) Where N is the number of NRAD, NRDD, NWAD, or NWDD wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states in an access, WAIT never goes active. 
(5) N = Number of wait states inserted with READY. 
(6) Output Data and/or DT /R may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2 and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CF they have no required setup or hold times in 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PClK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PClK2:1 
rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PClK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PClK2:1 loading. 
(12) In the 1-x input clock mode, the maximum input clOCk period is limited to 125 ns while the processor is operating. When 
the processor is in reset, the input clock may stop even in 1-x mode. 
(13) When in the 1-x input clock mode, these specifications assume a stable input clock with a period variation of less than 
± 0.1 % between adjacent cycles. 
(14) In2x clock mode, RESET is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and 
hold times to the falling edge of the ClKIN. (See Figure 28a.) 
(15) In 1x clock mode, RESET is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guari:1ntee the device exits reset synchronized to a particular clock edge, the RESET pin must be deasserted 
while ClKIN is high and meet setup and hold times to the rising edge of the ClKIN. (See Figure 28b.) 
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AC Characteristics - 80960CF-25 
(80960CF·25 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) . 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK(10) 

TF ClKIN Frequency 0 50 MHz (1 ) 

Tc ClKIN Period In l·x Mode (fCLKlx) 40 125 ns (1,12) 
In 2·x Mode (fCLK2x) 20 00 ns (1 ) 

Tcs ClKIN Period Stability In 1-x Mode (fCLKlxl ±0.1% A (1,13) 

TCH ClKIN High Time In 1-x Mode (fCLKlxl 8 62.5 ns (1,12) 
In 2-x Mode (fCLK2x) 8 00 ns (1) 

TCl ClKIN low Time In 1-x Mode (fCLKl xl 8 62.5 ns (1,12) 
In 2-x Mode (fCLK2x) 8 00 ns (1 ) 

TCR. ClKIN Rise Time 0 6 ns (1 ) 

TCF ClKIN Fall Time 0 6 ns (1) 

OUTPUT CLOCKS(9) 

Tcp ClKIN to PClK2:1 Delay In 1-x Mode (fCLKlxl -2 2 ns (1.3.13.14) 
In 2-x Mode (fCLK2xl 2 25 ns (1.3) 

T PClK2:1 Period In 1-x Mode (fCLKlxl Tc ns (1.13) 
In 2·x Mode (fCLK2x) 2Tc ns (1.3) 

TpH PClK2:1 High Time (T/2) - 3 T/2 ns (1,13) 

TpL PClK2: 1 low Time (T/2) - 3 T/2 ns (1.13) 

TpR PClK2:1 Rise Time 1 4 ns (1.3) 

TpF PClK2:1 Fall Time 1 4 ns (1.3) 

SYNCHRONOUS OUTPUTS(10) 

Tov Output Valid Delay. Output Hold (6. 11) 
TOH TOV1. TOHl A31:2 3 16 ns 

TOV2. TOH2 BE3:0 3 18 ns 
TOV3. TOH3 ADS 6 20 ns 
TOV4. TOH4 W/R 3 20 ns 
TOV5. TOH5 D/C:.SUP.DMA 4 18 ns 
TOV6. TOH6 BLAST. WAIT 5 / 18 ns 
Tov? TOH? DEN 3 18 ns 
TOV8. TOH8 HOLDA. BREQ 4 18 ns 
TOV9. TOH9 i::OeK 4 18 ns 
ToVlO. TOH10 DACK3:0 4 20 ns 
TOVll. TOHll 031:0 3 18 ns 
TOV12. TOH12 DT/R T/2 + 3 T/2 + 16 ns 
TOV13. TOH13 FAil 2 16 ns 
TOV14. TOH14 EOP3:0/TC3:0 3 20 ns (6. 11) 

TOF Output Float for all outputs 3 22 ns (6) 

SYNCHRONOUS INPUTS(10) 

TIS Input Setup 
TISl 031:0 5 ns (1.11 ) 
TIS2 BOFF 19 ns (1.11 ) 
TIS3 BTERM/READY 9 ns (1.11 ) 
TIS4 HOLD 9 ns (1.11 ) 

TIH Input Hold 
TIHl 031:0 5 ns (1.11 ) 
TIH2 BOFF 7 ns (1.11 ) 
TIH3 B'fERM'/FiEAD'7 2 ns (1.11 ) 
TIH4 HOLD 5 ns (1.11 ) 
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AC Characteristics - 80960CF·25 
(B0960CF-25 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 

Symbol Parameter Min Max 

RELATIVE OUTPUT TIMINGS(9,7) 

TAVSH1 A31:2 Valid to At5S Rising T-4 T+4 

TAVSH2 eE3:O, WfR", sup, Df~, 
~, 15~1<3:0 Valid to AI5S Rising T-6 T+6 

TAVEL1 A31:2 Valid to 'I5a'i Falling T-4 T+4 

TAVEL2 SE3:O, W fR", sup, lfiIST, 
~,15~1<3:0 Valid toI5Eiil Falling T-6 T+6 

TNLOV WAfT Falling to Output Data Valid ±6 

TDVNH Output Data Valid to WAfT Rising N*T - 6 N*T + 6 

TNLNH WAIT Falling to WAIT Rising N*T ± 4 

TNHOX Output Data Hold after WAiT Rising (N + 1) * T - 6 (N + 1) * T + 6 

TEHTV DT fR Hold after I5E1ii High Tf2 - 6 00 

TTVEL DT fR Valid to I5E1ii Falling Tf2 - 4 Tf2 + 4 

RELATIVE INPUT TIMINGS(7) 

TIS5 RESE'f Input Setup (2x Clock Mode 8 

TIH5 RESET Input Hold (2x Clock Mode) 7 

TIS6 DREG'i3:0 Input Setup 14 

TIH6 DREG'i3:0 Input Hold 9 

TIS7 XINT7:0, NMllnput Setup 9 

TIH7 XINT7:0, NMllnput Hold 5 

TISB RESET Input Setup (1 x Clock Mode) 3 

TIHB RESET Input Hold (1x Clock Mode) Tf4 + 1 

NOTES: 
(1) See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 
(2) See Figure 22 for capacitive derating information for output delays and hold times. 
(3) See Figure 23 for capacitive derating information for rise and fall times. 

Unit. Note. 

ns 

ns 

ns 

ns 

ns 

ns (4) 

ns (4) 

ns (5) 

ns (6) 

ns (7) 

ns (14) 

ns (14) 

ns (8) 

ns (8) 

ns (8) 

ns (8) 

ns (15) 

ns (15) 

(4) Where N is the number of NRAO, NROO, NWAO, or Nwoo wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states in an access, WAIT never goes active. 
(5) N = Number of wait states inserted with READY. 
(6) Output Data andlor DT IF! may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2 and 3. 
(8) Since asynchronous inputs are synchronized internally by the 80960CF they have no required setup or hold times in 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PClK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PCLK2:1 
rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) These specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PClK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PClK2:1 loading. 
(12) In the I-x input clock mode, the maximum. input clock period is limited to 125 ns while the processor is operating. When 
the processor is in reset, the input clock may stop even in I-x mode. 
(13) When in the I-x input clock mode, these specifications assume a stable input clock with a period variation of less than 
± 0.1 % between adjacent cycles. 
(14) In 2x clock mode, RESET is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and 
hold times to the falling edge of the ClKIN. (See Figure 28a.) 
(15) In 1 x clock mode, RESET is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must be deasserted . 
while ClKIN is high and meet setup and hold times to the rising edge of the CLKIN. (See Figure 28b.) 
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AC Characteristics - 80960CF-16 
(80960CF-16 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 

Symbol Parameter Min Max Units Notes 

INPUT CLOCK(10) . 

TF ClKIN Frequency 0 32 MHz (1 ) 

Tc ClKIN Period In 1-x Mode (fCLK1,j 62.5 125 ns (1,12) 
In 2-x Mode (fCLK2,j 31.25 00 ns (1 ) 

Tcs ClKIN Period Stability In 1-x Mode (fCLK1x) ±0.1% 1:1 (1,13) 

TCH ClKIN High Time In 1-x Mode (fCLK1x) 10 62.5 ns (1,12) 
In 2-x Mode (fCLK2x) 10 00 ns (1 ) 

TCL ClKIN low Time In 1-x Mode (fCLK1,j 10 62.5 ns (1,12) 
In 2-x Mode (fCLK2,j 10 00 ns (1 ) 

TCR ClKIN Rise Time 0 6 ns (1 ) 

TCF ClKIN Fall Time 0 6 ns (1 ) 

OUTPUT CLOCKS(9) 

Tcp ClKIN to PClK2:1 Delay In 1-x Mode (fCLK1,j -2 2 ns (1,3,13,14) 
In 2-x Mode (fCLK2,j 2 25 ns (1,3) 

T PClK2:1 Period In 1-x Mode (fCLK1x) Tc ns (1,13) 
In 2-x Mode (fCLK2x) 2Tc ns (1,3) 

TpH PClK2:1 High Time (T/2) - 4 T/2 ns (1,13) 

TpL PClK2:1 low Time (T/2) - 4 T/2 ns (1,13) 

TpR PClK2:1 Rise Time 1 4 ns (1,3) 

TpF PClK2:1 Fall Time 1 4 ns (1,3) 

SYNCHRONOUS OUTPUTS(10) 

Tov Output Valid Delay, Output Hold (6, 11) 
TOH TOV1' TOH1 A31:2 3 18 ns 

TOV2' TOH2 BE3:0 3 20 ns 
TOV3, TOH3 ADS 6 22 ns 
TOV4' TOH4 W/R 3 22 ns 
TOV5, TOH5 DIG, SUP, DMA 4 20 ns 
TOV6, TOH6 BLAST, WAIT 5 20 ns 
TOV7' TOH7 DEN 3 20 ns 
TOVs. TOH8 HOLDA, BREQ 4 20 ns 
TOV9, TOH9 lOCK 4 20 ns 
Tov1Q, TOH10 DACK3:0 4 22 ns 
TOV11' TOH11 031:0 3 20 ns 
TOV12' TOH12 DT/R T/2 + 3 T/2 + 18 ns 
TOV13, TOH13 FAil 2 18 ns 
TOV14' TOH14 EOP3:0/TC3:0 3 22 ns (6, 11) 

TOF Output Float for all outputs 3 22 ns (6) 

SYNCHRONOUS INPUTS(10) 

TIS Input Setup 
TIS1 031:0 5 ns (1,11 ) 
TIS2 BOFF 21 ns (1,11 ) 
TIS3 BTERM/READY 9 ns (1,11 ) 
TIS4 HOLD 9 ns (1,11 ) 

TIH Input Hold 
TIH1 031:0 5 ns (1,11 ) 
TIH2 BOFF 7 ns (1,11 ) 
TIH3 STERM/READY 2 ns (1,11 ) 
TIH4 HOLD 5 ns (1,11 ) 
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intel· 80960CF-33, -25, -16 

AC Characteristics - 8096OCF·16 
(80960CF-16 only, under the conditions described in Section 4.2, Operating COndltlo!,18 and Section 4.5.1, 
AC Test COnditions.) (Continued) 

SYmbol Parameter Min Max 

RELATIVE OUTPUT TIMINGS(9,7) 

TAVSH1 A31:2 Valid to A'I5S Rising T-4 T+4 

TAVSH2 . 'SE3:ij, W lR .. sup, D/~, 
DMA, DA0K3:0 Valid to A'I5S Rising T-6 T+6 

TAVEl1 A31:2 Valid to i5EJil Falling T-6 T+6 

TAVEL2 BE3:O, W/R, sup, lfmT, 
NitA, DACR3:0 Valid to l5Efil Falling T-6 T+6 

TNLQV WAii Falling to Output Data Valid ±6 

TOVNH Output Data Valid to WAFf Rising N°T - 6 N°T + 6 

TNlNH WAiT Falling to WAiT Rising N°T ± 4 

TNHQX Output Data Hold after WAfT Rising (N + 1)· T - 6 (N + 1) ° T + 6 

TEHlV DT lR Hold after l5EFJ High T/2 - 6 

TlVEl DT IR Valid to 15Efil Falling T/2 - 4 

RELATIVE INPUT TIMINGS(7) 

TIS5 RESET Input Setup (2x Clock Mode) 10 

TIH5 ~ Input Hold (2x Clock Mode) 9 

TIS6 DFii:<:i3:0 Input Setup 16 

TIH6 oRE<:i3:0 Input Hold 11 

TIS7 ~, mJT Input Setup 9 

TIH7 ~, mJT Input Hold 5 

TIS8 ~ Input Setup (1 x Clock Mode) 3 

TIH8 ~ Input Hold (1x Clock Mode) T/4 + 1 

NOTES: 
. (1) See Section 4.5.2, AC Timing Waveforma for waveforms and definitions. 
(2) See Figure 22 for capacitive derating information for output delays and hold times. 
(3) See Figure 23 for capacitive derating information for rise and fall times. 

00 
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Units Notes 

ns 

ns 

ns 

ns 

ns 

ns (4) 

ns (4) 

ns (5) 

ns (6) 

ns (7) 

ns (14) 

ns (14) 

ns (8) 

ns (8) 

ns (8) 

ns (8) 

ns (15) 

ns (15) 

(4) Where N is the number of NRAD, NRDD, NWAD, ?WttfDD wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states in an access, never goes active. 
(5) N = Number of walt state inserted with ~. , 
(6) Output Data andlor OTIA may be driven indefinitely following a cycle if there is no subsequent bus activity. 
(7) See Notes 1, 2 and 3. 
(8) Since asynchronous inputs are synchronized. internally by the 80980CF they have no required setup or hold times in 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PClK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PCLK2:1 
rising edges to be seen by the processor. 
(9) These specifications are guaranteed by the processor. 
(10) TheSe specifications must be met by the system for proper operation of the processor. 
(11) This timing is dependent upon the loading of PClK2:1. Use the derating curves of Figure 22 to adjust the timing for 
PClK2:1 loading. . 
(12) In the 1-x input clock mode, the maximum input clock period is limited to 125 ns while the processor is operating. When 
the processor is in reset, the input clock may stop even in 1-x mode. 
(13) When in the 1-x input clock mode, these speCifications assume a stable input clOCk with a period variation of less than 
±0.10/0 between adjaceRt ~cles. 
(14) In 2x clock mode, E ET Is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RE'SEi pin must meet setup and 
hold times to the falling r~e of the ClKIN. (See Figure 28a.) 
(15) In 1x clock mode, E ET is an asynchronous input which has no required setup and hold time for proper operation. 
However, to guarantee the device exits reset synphronized to a particular clock edge, the ~ pin must be deasserted 
while ClKIN is high and meet setup and hold times to the rising edge of the ClKIN. (See Figure 28b.) 
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4.5.1. AC TEST CONDITIONS 

OU~~UJ------'l 

r 
CL = 50 pf for all signals 

Figure 15. AC Test load 

4.5.2. AC TIMING WAVEFORMS 

CLKIN 

PCLK2:1 

272187-15 

The AC Specifications in Section 4.5 are tested with 
the 50 pf load shown in Figure 15. See Figure 22 to 
see how timings vary with load capacitance. 

Specifications are measured at the 1.5V crossing 
point, unless otherwise indicated. Input waveforms 
are assumed to have a rise·and·fall time of ::;; 2 ns 
from O.8V to 2.0V. See Section 4.5.2, AC Timing 
Waveforms for AC spec definitions, test paints and 
illustrations. 

272187-16 

Figure 16a. Input and Output Clocks Waveform 

--2.0V 

---O.BV 

~----~~r-----~ 
,272187-17 

Figure 16b. ClKIN Waveform 

1·298 



•-n· + _I 80960CF-33,-25,-16 
'e-~ 

PCLK2:1 

INPUTS 

PCLK2:1 ~ 

OUTPUTS 

OUTPUTS 

, , , , 

@' 

, , 

., , , , , 

.5V VALID 

, 
'9:~=:----~ MAX 

15V : 
0000 or _. 

, 

272187-18 

Figure 17. Output Delay and Float Waveform 

(READY, HOLD, BffiiM, BOFr 
5REQ3:ii, 031:0 on reads) 

Figure 18a. Input Setl.lp and HOld Waveform 

@@ - OUTPUT DELAY - The maximum output delay is referred 10 

as the 0u1put Valid Delay (T OV), The minimum output delay is 

referred 10 as the Output Hold (TOH )' 

- OUTPUT FLOAT DELAY - The output float condition occurs 

when the maximum output current becomes less than I LO In magnitude 

- INPUT SETUP AND HOLD - The input setup and hold requirements 

specify the sampling WindOW during which synchronous inputs must be 

stable for correct processor operation. 

PCLK2: 1 

272187-19 

272187-20 

272187-21 

Figure 18b. NMI, XINT7:0 Input Setup and Hold Waveform 
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1-300 

PCLK2:1 

OUTPUTS 
~3~'&.!E3·0._ 
ADS. BLASI. WAfT. WIR. 
__ DTI!!. QIili._ 
LOCK. DIC. SUP. DMA) 

HOLD 

HOLDA 

PCLK2: 1 f l.SV 

I 

OUTPUTS 
431:2.031:0. iiE'3:O. Ai5S 
iii:AST. WAiT. w/R. OT/R. 

DEN. LOcK. O/C. SuP. i5iiiA 

I 
, I 

I 
I 

\ 151. \ ,.51 
, , , , , 

- OUTPUT DELAY - The maximum output delay is referred to 

as the Output Valid Delay (T OV). The minimum output delay is 

referred to as the Output Hold (T OH). 

- OUTPUT FLOAT DELAY - The output float condition occurs 

when the maximum output current becomes less than I LO in magn~ude. 

- INPUT SETUP AND HOLD - The input setup and hold requirements 

specify the sampling window during which synchronous inputs must be 

stable for correct processor operation. 

Figure 19. Hold Acknowledge Timings 

272187-22 

\ l.SV f l.SV \ l.SV f l.SV \ ... _1._sv ___ ,.,f l.SV 
I '"----"'I -

VALID VALID 

l.SV 

272187-23 

Figure 20. Bus Back-Off (BOFF) Timings 
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4.5.3 DERATING CURVES 
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Figure 21_ Relative Timings Waveforms 

100 

--All output ..... pt: lOCK DIIA ~ 
BREQ, DACK3:0, EOP3:0/~C3:0, FAil 

---lOCK,D~A.SUP~Q,DACK3:0, 
EOP3:0 TC3:D, FAil 

150 

272187-24 

G. (pF), 
272187-25 

NOTE: 
PCLK Load = 50 pF 

Figure 22. Output Delay or Hold vs Load capacitance 
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1-302 

10 

O.BY to 2.0V 

50 100 150 50 100 150 

CL (pr) 

(a) All oulpuls except: a50R, m.ti:, S(fF5, HOLDA, BREQ, 
DACi<'3:li, EOl53:O/~, FAir: 

(b) a50R, m.ti:, S(fF5, HOLDA, BREQ, 15A'Cl<3:O, 
EC5l53:(j/~, FA![ 

272187-26 

Figure 23. Rise and Fall Time Derating at Highest Operating Temperature and Minimum Vee 

1200 r------------~ 

°0~-------------~33· 
IPCLK (WHz) 

Icc-Icc under leSI condilions 
272187-27 

Figure 24. lee vs Frequency and Temperature 



5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

The following table lists the condition of each proc
essor output pin while RESET is asserted (low). 

Table 13. Reset Conditions 

Pins State During Reset 
(HOLDA Inactlve)1 

A31:A2 Floating 

031:00 Floating 

m:3:O Driven high (Inactive) 

WlR Driven low (Read) 

ADS Driven high (Inactive) 

WAii Driven high (Inactive) 

BLAST Driven low {Active) 

DT/R Driven low (Receive) 

l5EN Driven high (Inactive) 

~ Driven high (Inactive) 

BREQ Driven low (Inactive) 

D/C Floating 

l5MA Floating 

SOP Floating 

FAT[ Driven low (Active) 

~ Driven high (Inactive) 

l5ACR2 Driven high (Inactive) 

~ Driven high (Inactive) 

15AC1<O Driven high (Inactive) 

EOi5/TC3 Floating (set to input mode) 

EOFi/TC2 Floating (set to input mode) 

mi5/'i'Cl Floating (set to input mode) 

EOP/TCO Floating (set to input mode) 

NOTE: _ 
(1) With regard to bus output pin state only, the Hold Ac
knowledge state takes &EsEl!ence over the reset state. Al
though asserting the pin wlll intemally reset the 
processor, the processor's bus output pins will not enter 
the reset state if It has granted Hold Acknowledge to a pre
,vious HOLD request (HOLDA Is active). Furthermore, the 
processor will grant new HOLD requests and enter the 
Hold Acknowledge state even while In reset. 
For example, If HOLDA Is not active and the processor is 
in the reset state, then HOLD Is asserted, the processor's 
bus pins wlll enter the Hold Acknowledge state and 
HOLDA wlll be granted. The processor wlll not be able to 
perform memory accesses until the HOLD request is re
moved, even if the J!tES"ET pin Is brought high. This opera- • 
tion, Is provided to simplify boot-up synchronization among 
multiple processors sharing the same bus. I t6.\m>Wt6.\OO©1! OOOfF@~IMl£'jj'O@OO 

The following table lists the condition of each proc
essor output pin while HOLDA is asserted (low). 

Table 14. Hold Acknowledge 
and Backoff Conditions 

Pins State During HOLDA 

A31:A2 Floating 

031:00 Floating 

BE3:0 Floating 

W/R Floating 

ADS Floating 

WAIT Floating 

BLAST Floating 

DT/R Floating 

DEN Floating 

I.C5eK Floating 

BREQ Driven (high or low) 

D/C Floating 

DMA' Floating 

"SUP Floating 

FA![ Driven high (Inactive) 

DACK3 Driven high (Inactive) 

DACK2 Driven high (Inactive) 

~ Driven high (Inactive) 

DACKO Driven high (Inactive) 

EOP/'i'C3 Driven if output 

mi5/TC2 Driven if output 

mP/'i'Cl Driven if output 

rnFi/TeO Driven if output 
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NOTE: 

ClKIN 

PClK2:1 
(Ca •• I) 

PClK2:1 
(Ca •• 2) 

t SYNC 

Case 1 and Case 2 show two possible polarities of PCLK2: 1. 

Figure 288. Clock Synchronization In the 2x Clock Mode 

2XClK 

ClKIN 

NOTE: 
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In 1x clock mode, the ~ pin is actually sampled on the falli~Sd~ of 2XCLK. 2XCLK is an internal signal generat
ed by the PLL and is not available on an external pit\. Therefore, is specified relative to the rising edge of CLKIN. 
The RESET pin is sampled when PCLK is high. 

Figure 28b. Clock Synchronization In the 1x Clock Mode 
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Figure 29. Non-Burst, Non-Plpelined Requests without Walt States 
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Figure 30. Non-Burst, Non-Pipellned Read Request with Walt StatBs 
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Figure 32. Burst, Non-Plpellned Read Request without Wait States, 32·Bit Bus 
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Figure 33. Burst, Non-Pipellned Read Request with Wait States, 32-Blt Bus 
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Figure 34. Burst, Non-Plpellned Write Request without Walt States, 32-Blt Bus 
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Figure 35. Burst, Non-Pipelined Write Request with Wait States, 32-Bit Bus 
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Figure 36. Burst, Non-Plpellned Read Request with Walt States, 16-Blt Bus 
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Figure 37. Burst, Non-Pipellned Read Request with Wait States, 8-BitBus 
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Figure 38. Non-Borst, Pipellned Read Request without Walt States, 32-81t Bus 

1-317 



80960CF·33, ·25, ·16 

Region Table Entry 

I Iyl. I lUI Nwdd NWld Nxdl Nrdd Nrld Pip.· Ixt.rnll 
lur.t Order J Width lining R.ady 

I Control 

1:i1113t·23 bit 22 "'". bltt20·te bitt 18-.7 1IIII1B·12 bitt 11-10 bltto.B 1>11& 7·3 bdl2 1>111 . bitO 

0 / X 0 X X X X X 1 On X DI •• bltd 

0 ... 0 . 0 "" xx . .... xx .. 0000' • . 0 

A A' D' 
D 

PCLK [ 

ADS [ 

A31:4.!I1JIi. [ 
15iiA~ 

WIA [ 

~[ BE3:0 

031:0 [ 

WAiT [ 

BLAST [ 

DTIA [ 

DEN [ 

272187-42 

Figure 39. Non-Burst, Pipelined Read Request with Wait States, 32-Bit Bus 
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Figure 40. Burst, Plpelined Read Request without Walt States, 32·Blt Bus 
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FIgure 42. Burst, Plpellned Read Requests wIth Walt States, 16-Blt Bus 
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Figure 43. Burst, Plpellned Read Requests with Walt States, 8-Blt Bus 
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Figure 44. Using External READY 

I 1-323 



80960CF-33, -25, -16 intel® 

PClK 

I 
I I , I I I I I I I 

0310 --!- .. -~.:-~--!---~-- ~---!-- .. ~---¢- .... ~--
I I~I I~I ,'"'\:.I, 

I I I I I I I I I 

272187-48 

NOTE: 
READY adds memory access time to data transfers, whether or not the bus access is a burst access. BTERM interrupts 
a bus access, whether or not the bus access has more data transfilrs pending. Either the READY signal or the BTERM 
signal will terminate a bus access if the signal is asserted during the last (or only) data transfer of the bus access. 

Figure 45. Terminating a Burst with BTERM 
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~, -"oSl---_J."~· 
I I I I I I I 

I I I I 
I I I I I I I 

-+--+--+---i-7-+-S~o~-BUr$t ~ ~ , Non-Burst, 

i/ I ~i:i~~ , , 

Suspend Request 
: J : 2: ! 15 

~~--.. oS~ I I I 

I I I Resume Request 
I 1 I t I I I 

---+--ooo!"" I'-i---+' ~' , , " ' 
j ! X : :n-~-Sl-~--+< i :: ix::t 

I I I I I I I I I '-+--+, ~I-O!---!-, , 

-j---i---i---ictb-~-Sl-~--~< i :b-~-
: : : ~ I I I : :: • 'I I 

I I I Begin Request I I I I I End Request 

I • ! : Borr ~ay be I assert~d to su~pend request 
BOrr may not ' 
be asserted 

, Borr may no 
be asserted 

NOTE: READY IBTERt.t must be enabled; NRAO ' NROO ' NWAO' NWOO = 0 
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PCLK2:1 

A31:2, SUP, 
Dt.tA, ole, 

BE3:0, WAIT, 
DEN, DTjR 

HOLD 

HOLDA 

Figure 46. BOFF Functional Timing 

Word Read 
NRAO=I, NXOA =1 

HOLD STATE Word Read 
~AO=O, NxOA=O 

Figure 47. HOLD Functional Timing 

HOLD STATE 
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NOTES: 

PClK2:1~ System 
clock , , , 

ADS ~r! ---'---"'----'----!---+----!-- Start D~A 
I I I I 'bus request 

!(BlAST 
'" READY) 

DACKx 
(All mode.) 

DREQx 
(Case 1) 
(Note 1) 

DREQx 
(Ca.e 2) 
(Note 2) 

I I I I 

~------~----~Sr!---+----~:~\ ~ J,.---~-----+----~---EndofD~A 
I I '----t-' bus request 

(5 •• Note) " ,. __ !-__ + __ -lo __ D"A 
:, M "+--...... ----..,;.-Ir! _--' ___ "'-__ ...1.1,' acknowledge 

High to prevent 
I I next OUA cycle 

~~~~+ 
, '~S5,~H5 

I High to prevent 
I I I next OMA cycle 

} 
D~A 
reque.t 

~~~~~~~ 
, , , '~S5 ' ~H5 , 
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1. Case 1: DREQ must deassert before DACK deasserts. Applications are Fly-by and some packing and unpacking 
modes, in which loads are followed by loads, or stores are followed by stores. 
2. Case 2: DREQ must be deasserted by the second clock (rising edge) after DACK is driven high. Applications are non 
fly-by transfers and adjacent load-stores or store-loads. 
3. DACKx is asserted for the duration of a DMA bus request. The request may consist of multiple bus accesses (defined 
by ADS and BLAST. Refer to User's Manual for "access", "request" definition. 

NOTE: 

Figure 48. DREQ and DACK Functional Timing 

PClK2:1 ~ 
, , , 

Eep,: ~~ 
:- 2 CLI<S MIN -.; 

.. "o------!---+_ 15 ClKS MAX -<>-----+---... , , , 
272187-52 

EC)P has the same AC Timin~quirements as DREQ to prevent unwanted DMA requests. 
EC)P is NOT edge triggered. l:ITP must be held for a minimum of 2 clock cycles then E5P must be deasserted 
within 15 clock cycles. 

Figure 49. EOP Functional Timing 
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PCLK2 

_ ---l ~""I 
ADS :\" __ -J'( 

--X I 

- ~II DACK : \, ________________ --1'( 
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_ ---l ~""I _-o!--
TC :\,, ________________ --''( 
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Terminal Count becomes active during the last bus request of a buffer transfer. If the last LOAD/STORE bus request is 
executed as multiple bus accesses, the TC will be active for the entire bus request. Refer to the User's Manual for 
further information. 

Figure 50. Terminal Count Functional Timing 

RESET ..-J 

----------~S~!------~ 
- 280,000 CYCLES 

INTERNAL SELf TEST 
PASS 

5 CYCLES 

Figure 51. FAIL Functional Timing 

102 CYCLES 

I 

I BUS TEST 
I PASS 
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BYTE OffSET 

WORD OffSET 

SHORT-WORD 
LOAD/STORE 

WORD 
LOAD/STORE 

DOUBLE-WORD 
LOAD/STORE 

o 4. 8 12 16 20 24 

I I 
o 2 3 4 5 6 

0~0~ I I 
)n:~: .~.~ORTI REQUEST (ALlrD) 

k&d BYTE, BYTE REQUESTS 

.... ~ ............ I 
~{{N~ SHORT REQUEST (ALIGNED) ........... I 
n 0 BYTE, BYTf REQUESTS 

I 
:;;;~";';';~;;;;;;';';;~;;;';;;i: WORD REQ UEST (ALIGNED) 

I 
BYTE, SHORT, BYTE REQUESTS 

I I .. SH ORT, SHORT REQUESTS 

I;':;';,;; ,;.;.:;.;.:;. .;;.;.J I I 
BYTE, SHORT, BYTE REQUESTS 

I I 

I I 
:;.;.;;.;.:;. ONE DOUBLE-WORD REQUEST ( ALIGNED) 

I;·;·;;·:.J·;,;;,;,;;,;, I I 

.' BYTE, SHORT, WORD, BYTE REQUESTS 

.' I I 
r·;··;·;··;·, · . :.';,1 SHORT, WORD, SHORT · . I I 

REQUESTS 

t,;,,:;· ;;';') BYTE, WORD, SHOR 

:'{\;;;;;;;;. · . ?{NF? 
. I 

WORD, WORD R 

T, BYTE REQUESTS 

EQUESTS 

t;·;i) ;:): ONE DOUBLE-WORD REQUEST (ALIGNED) 

I I 
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Figure 52. A Summary of Aligned and Unaligned Transfers for Little Endian Regions 
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BYTE OFFSET 

WORD OFFSET . 

TRIPLE-WORD 
LOAD/STORE 

QUAD-WORD 
LOAD/STORE 

80960CF-33. ~25. -16 

0 " 8 12 16 20 2" 

I 
0 2 3 5 6 

~~~~~ ~~~~~~~~I ONE THREE-WORD REQUEST (ALIGNED) 

I I 
~~~~~~~~~~_~ BYTE, SHORT, WORD, WORD, BYTE REQUESTS 

I I I 

., .... 

~~~~~~[]~S~llij SHORT, WORD, WORD, SHORT REQUESTS 

I I I 
[]~~~~qj]j]j]~p~[i~ BYTE, WORD, WOR,: SHORT, BYT, REQUESTS 

~~~~~~~~~_fj~~~ WORD, WORD, WORD REQUESTS 

I ~?ili?ili?ili~~~~j]~~~~~.WORD' WORI), WORD REQUESTS 

I 

~ ~ 

I I 
ONE FOUR-WORD REQUEST (AL IGNED) 

I I 
BYTE, SHORT, WORD, WORD , WORD, 
BYTE REQUESTS I I 

SHORT, WQRD, WORD, WORD, 
SHORT REQUESTS I I 

,;·g·;;·;,;;·;·;.r·;;·;·;;i BYTE, WORD, WClRD , WORD, SHORT, 
BYTE REQUESTS I 

WORD, WORI), WORD, 
S WORD REQUEST 

DOUBLE -WORD, 
DOUBLE -WORD 
REQUESTS 
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Figure 53. A Summary of Aligned and Unaligned Transfers for Little Endlan Regions (Continued) 
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32-81T HIGH-PERFORMANCE SUPERSCALAR 

PROCESSOR 
• Socket and Object Code Compatible with 80960CA 

• Two Instructions/Clock Sustained Execution 
• Four 71 Mbytes/s DMA Channels with Data Chaining 

• Demultiplexed 32-Bit Burst Bus with Plpelining 
• 32-Blt Parallel Architecture 

- Two Instructions/clock Execution 
- Load/Store Architecture 
- Sixteen 32-Blt Global Registers 
- Sixteen 32-Blt Local Registers 
- Manipulates 64-Blt Bit Fields 
- 11 Addressing Modes 
- Full Parallel Fault Model 
- Supervisor Protection Model 

• Fast Procedure Call/Return Model 
- Full Procedure Call In 4 Clocks 

• On-Chip Register Cache 
- Caches Registers on Call/Ret 
- Minimum of 6 Frames Provided 
- Up to 15 Programmable Frame. 

• On-Chlp Instruction Cache 
- 4 Kbyte Two-Way Set Associative 
- 128-Blt Path to Instruction Sequencer 
- Cache-Lock Modes 
- Cache-Off Mode 

• High Bandwidth On-Chip Data RAM 
- 1 Kbyte On-Chip Data RAM 
- Su.talns 128 bit. per Clock Access 

• Four On-Chip DMA Channels 
- 71 Mbytes/s Fly-by Transfers 
- 40 Mbytes/s Two-Cycle Transfers 
- Data Chalnlna._ 
- Data Packing/Unpacking 
- Programmable Priority Method 

• 32-Blt Demultlplexed Burst Bus 
- 128-Blt Internal Data Paths to andfrom 

Registers 
- Burst Bus for DRAM Interfacing 
- Address Plpelinlng Option 
- Fully Programmable Wait States 
- Supports 8-,16- or 32-Bil Bus Widths 
- Supports Unaligned Accesses 
- Supervisor Protection Pin 

• High-Speed Interrupt Controller 
- Up to 248 External Interrupts 
- 32 Fully Programmable Priorities 
- Multi-mode 8-Bit Interrupt Port 
- Four Internal DMA Interrupts 
- Separate, Non-maskable Interrupt Pin 
- Context Switch in 625 ns Typical 

• On-Chip Data Cache 

• Selectable Big or Little Endlan Byte Ordering 
1 Kbyte Direct-Mapped, Write Through 
128 bits per Clock Access on Cache Hit 

272493-1 

December 1994 
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1.0 PURPOSE 

This document provides electrical characteristlcs of 
Intel's 19eo4D CF embedded 40 MHz microprocessor 
(also available In 33, 25 and 18 MHz). For descrlp· 
tlons of any 80980CF functional topic - other than 
parametric performance - consult the 19611' ex 
Microprocessor User's Msnusl (#270710). To obtain 
data sheet updetes and errata, call Intel's FaxBack 
deta-on-demand system (1-800-828-2283 or 916-
358-3105). Other information can be obtained from 
Intel's technical BBS (918-358-3800). 

2.0 80960CF OVERVIEW 

Intel's 80980CF Is the performance follow-on product 
to the 8098OCA. The 80980CF Is socket· and object 
code-compallble With the CA; this makes CA·to·CF 
design upgrades straightforward, 

As shown In Figure 1, the 80980CF's Instruction 
cache Is 4 Kbytes; data cache Is 1 Kbyte (8098OCA 
Instruction cache Is 1 Kbyte; It does not have a data 
cache.) This extra cache on the CF adds a slgnlfl· 
cant performance boost over the CA. 

Instruction 
Pre/etch Queue 

Interrupt ,..------, 
Port 

Six·Port 
Register File 

128-Bit t--
Store Bus 

Figure 1. 80980CF Block Diagram 

272493-5 
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The 80960CF Is object code compatible with the 32-
bit 80960 Core Architecture while Including Special 
Function Register extensions to control on-chip 
peripherals and InstrUCUof) set extensiOns to shift 64-
bit operandS and conllgure on-chlp hardware. Multi
ple 128-bit Intemal buses, on-9hlp Instru\lllon cach
Ing and a sophisticated instruction scheduler allow 
the processor to sustain execution of two Instructions 
every clock and peak at execution of three Instruc
tions per clock. 

A 32-blt demultlplexed and plpellned burst bus pro
vides a 180 Mbyte/s bandwidth to a system's hlgh
speed external memory subsystem. Also, the 
80960CPs on-chlp caching of Instructions, proce
dure context and critical program data substantially 
decouple system performance from the walt states 
associated with accesses to the system's slower, 
cost sensitive, main memory subsystem. 

The 80960CF bus controller Integrates full walt state 
and bus width control for highest system perfor
mance with minimal system deSign complexity. 
Unaligned access and Big Endlan byte order support 
reduces the cost of portlng ,existing applications to 
the 8096OCF. 

The processor also Integrates four complete data
chaining DMA channels and a high-speed Interrupt 
controller on-chip. DMA channels perform slngle
cycle or two-cycle transfers, data packing and 
unpacking and data chaining. Block transfers - In 
addition to source or destination synchronlzedJrans
fe~ - are provided. 

The Interrupt controller provides full programmability 
of 248 Interrupt sources Into ~ priority levels with a 
typical Interrupttask switch Qatency) time cif 825 ns. 

2.1 The C·Serles Core 

The C-Serles core Is a' very high performance 
mlcroarchltecturallmplementatlon of the 80960 Core 
Architecture. This core can sustain execution of two 
Instructions per clock (80 MIPS at 40 MHz). To 
achieve this level of performance, Intel has Incorpo
rated state-of-the-art silicon technology and Innova
tive mlcroarchltectural constructs Into the C-Serles 
core Implementation. Factors that contribute to the 
core's performance Include: 
• Parallel Instruction decoding allows Issuance of 

up to three Instructions per clock 

1-336 

• Single-clock executton of most Instructions 
• Parallel Instruction decode allows su~alned, 

simultaneous execution of two elngle-clock 
Instructlone every clock cycle 

• Efficient Instruction pipeline minimizes pipeline 
braaklosses 

• Reglstar and resource scoreboardlng allow simul
taneoUs multi-clock Instruction execution 

• Branch look-ahead and prediction allows many 
branches to execute with no pipeline br~k 

• Local Register Cache integrated on-chip caches 
CaIVRetum context 

• Two-way set associative, 4 Kbyte Intagrated 
Instruction cache 

• 1 Kbyte Integrated Data RAM sustains a four
word (128-blt) access every clock cycle 

• Direct mapped, 1 Kbyte data cache, write 
through, write allocate 

2.2 Plpellned, Burst Bus 

A 32-blt high performance bus controller Interfaces 
the 80980CF to extemal memory and, peripherals. 
The Bus Control Unit featuree a maximum transfer 
rate of 180 Mbytes per second (at 40 MHz). Inter
nally programmable walt states and 16 separately 
conflgurable memory regions allow the processor to 
Interface WIth a variety of memory subsystems with a 
minimum of system' complexity and a maximum of 
performance. The Bus 'Controller's main features 
Include: 
• Damultlplexed, Burst Bus to exploit most efficient 

DRAM access modes 
• Address Plpellnlng to reduce meniory cost while 

maintaining performance 
• 32-, 18; and 8-bIt modes for 1/O,lnterfacing ease 
• Full Internal walt state generation to reduce 

system cost 
• Little and BIg Endlan support to ease application 

development 
• Unaligned access support for code portability 
• Three-cleep raquest queue to decouple the bus 

from the core 

272493-6 
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2.3 Instruction Set Summary 

Table 1 summarizes the 80960CF Instruction set by. ' 
logical groupings. See the 196(#) ex Microprocessor 
User's Manual (#270710) for a complete description 
of the Instruction set. ' 

2.4 Flexible DMA Controller 

A four-channel DMA controller provides high speed 
DMA control for data transfers Involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disassem
bly and a high performance fly-by, mode capable of 
transfer speeds of up to 71 Mbyt8s per second at 
40 MHz. The DMA controHer features a performance 
and fteXlblllty Which Is only possible by Integrating 
the DMA controller and the 80960CF core. 

80960CF·40 

2.5 Priority Interrupt Controller 

A programmable-priority interrupt controller man
ages up to 248 extemal sources through the a-bit 
externa~ interrupt port. The Interrupt Unit also han
dles the four Internal sources from the DMA control
ler and a single non-m,askable Interrupt Input. The 8-
bit Interrupt port can also bill configured to provide 
individual Interrupt sources that are, level or edge 
triggered. 

80960CF interrupts are prioritized and signaled 
within 225 ns of the request. If the Interrupt Is of 
higher priority than the processor priority, the context 
switch to the interrupt routine typically completes In 
another 400 ns. The ,nterruptunlt provides the 
mechanism for the low latency and high throughput 
interrupt servlca which is essential for embedded 
applications. 

Tabte 1. 80960CF Instruction Set 

Data Movemenl Arithmetic Logical Bill Bit Field I Byte 
Load Add And SetB~ 

Store SUbtract Not And ClearBH 
Move Multiply And Not Not Bit 
Load Address Divide Or AlterBH 

Remsinder Exclusive Or Scan For Bit 
Modulo Not Or Span Over Bit 
Shift Or Not Extract 
'Extended Shift Nor Modify 
Extended Multiply Exclusive Nor Scan Byte for Equal 
Extended Divide Not 
Add with Carry Nand 
SUbtract wHh Carry 
Rotate 

Comparison Branch Call1Relurn Faull 
Compare Unconditional Branch Call Conditional Fault 
Con!litlonal Compare Conditional Branch Call Extendad Synchronize Faults 
Compare and Increment Compare and Brench Call System 
Compare and Dacrement Retum 
Test Condition Code Branch and Unk 
Check Bit 

Dabug Processor Mgrnt Atomic 
Modify Trace Controls Flush Local Registers Atomic Add 
Mark Modify Arithmetic Controls Atomic Modify 
,Force Mark Modify Process Controls 

·System Control 
·DMA Control 

NOTES: InstructIOns msrked by rl are 80960Cx extensions to the 80960 Instruction sel 
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3.0 PACKAGE. INFORMATION 

3.1 Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CF In the 168·pln 
Ceramic Pin Grid Array (PGA) package. For com
plete package speclflcallons and Information, see 
the Packaging Handbook (# 240800). 

3.2 Pin Descriptions 

This section defines \he 80960CF pins. Table 2 pre
sents the legend for Interpreting the pin descriptions 
In the following tables. Pins aSSOciated with the 32-
bit demuillplexed proceseor bus are described In 
Table 3. Pins associated with basic processor config
uration and control are described In Table 4. Pins 
associated with the 80960CF DMA Controller and 
Interrupt Unit are described In Table 5. 

All pins float while the processor Is In the ONCE 
mode. 
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Table 2. Pin Dalcrlptlon Nomenclature 

Symbol Description 

I Input Only pin 

0 Output only pin 

110 Pin can be either an Input or output 

- Pins "must be" connected as described 

S( ... ) Synchronous. Inputs must meet setup 
and hold times relative to PClK2:1 for. 
proper operallon. Outputs are synchro-
nous to PCLK2:l. 

SeE) Edge sensilive Input 
Sell level sensitive Input 

A( •.. ) Aeynchronous. Inputs may be asynchro-
nous to PClK2:1. 

A(E) Edge sensitive Input 
A(l) Level sensitive Input 

H( ... ) WhIle the bus Is In the Hold Acknowledge 
or Bus Backoff state, the pin: 

H(l) Is driven to V co 
H(O) Is driven to V ss 
H(Z) floats 
H(a) conllnues to be a valid Input 

R( •.. ) While \he processor's RESET pin Is low, 
the pin: 

R(l) Is driven to Vee 
R(O) Is driven to Vss 
R(Z) floats 
R(a) conllnues to be a valid output 
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Table 3. 80960CF Pin Description - External Bua Signaia (Sheet 1 of 3) 

Name ~pa Deecrlptlon 

A31:2 0 ADDRESS BUS carries the physical address' upper 30 bits. A31 Is the most significant 
S bit; A2. Is least significant. During a bus access, A31:2 Identify allexlemal addresses to 

H(Z) word (4-byte) boundaries. Byte enable signals Indicate the selected byte In esch word. 
R(Z) During burst accesses, A3:2Increment to Indicate successive data cycles. 

D31:0 110 DATA BUS carries 32-, 18- or ~-blt data quantities depending on bus width conflgura-
S(L) tlon. The least Significant bit Is carried on DO'and the most significant on 031. When the 
H(Z) bus Is configured for 8-blt data, the lower 8 data lines, 07:0 are used. For 16·blt data 
R(Z) bus widths, 015:0 are used. For 32-b1t bus widths the full data bus Is used. 

BE3:0 0 BYTE ENABLES select which of the four bytes addressed by A31:2 a.!!..., active during 
S an acc8l!!..!!? a memory region co..!!!!LIured for a 32-blt d.!!!:'bus width. BE3 applies to 

H(Z) 031:24; BE2 applies to 023:18; BE1 applies to 015:8 BEO applies to 07:0. 
R(1) 

32-blt bus: BE3 -Byte Enable 3 -enable 031:24 
iiE2 -Byte Enable 2 -enable 023:16 
BE1 -Byte Enable 1 -enable 015:8 
BEo -Byte Enable 0 -enable 07:0 

For acce!!!! t~mem~eglon CO~red for a !!:.,bIt data-bus width, the processor 
uses the BE3, BE1 and BEO pins as BHE, A1 and BLE respectively. 

18-bltbus: BEs -Byte High Enable (BHE) -enable 015:8 
iiE2 -Not used (driven high or low) 
BE1 -Address Bit 1 (A 1)_ 
BEo -Byte Low Enable (BLE) -enable 07:0 

For acce!!!! to a !!!!!!lory raglon configured for an 8-bit data-bus width, the processor 
uses the BE1 and BEO pins as A1 and AO respectively. 

8-bit bus: BEs -Not used (driven high or low) 
iiE2 -Not used (driven high or low) 
BE1 -Address Bit 1 (A 1) 
BEO -Address Bit 0 (AO) 

wiR 0 WRITEIREAD Is asserted for read requests and daassSrted for write requests. The 
S wiR signal changes In the same clock cycle as ADS. It r.!,rnalns vald for the entire 

H(Z) access In non-plp!llined regions. In plpallned regions, W/R Is not guaranteed to be valid 
R(O) In the last cycle of a read access. 

ADS 0 ADDRESS STROBE Indicates a valid address and the start of a new bus access. ADS 
S Is asserted for the first clock of a bus access. 

I H(Z) 
R(1) 

READY I READY Is an Input which signals the termination of a data transfer. READY Is used to 
S(L) Ind~ read data on the bus Is valid or that a wrlte-dala transfer has col1)pleted. 
H(Z) The READY .!!i!!!!.. works In conjunction with the Internally programmed weit-state 
R(Z) generator. If READY I~ enabled In a region, the pin Is sampled after the programmed 

number of walt-stal!!.!!!!.!lxplred. If the READY pin is deasserted, wait states continue 
to be Inserted until READY becomes asserted. This Is true for the NRAD, NRDO, NWAD 
and Nwoo walt stales. The NXDA wait states cannot be extended. 
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Table 3. 80960CF Pin Description - External Bus Signals (Sheet 2 of 3) 

Name Type Description 

BTERM I BURST TERMINATE Is an Input which breaks up a burst access and causes another 
SILl address cycle to occur. The BTERM signal works In COnjunction with the Intemally 
H(Z) programmed walt-state generator. If READY and BTERM a~ enabl~ in a region, the 
R(Z) BTERM pin Is sampled after the programmed number of walt states has expired. When 

BTERM is asserted, ~ new ADS slgnalls.generated and the access Is completed. The 
READY input Is ignored when BTERM is asserted. BTERM must be extemally synchro· 
nlzed to satisfy BTERM setup and hold times. 

WAIT 0 WAIT indicates Intemal walt state generator status. WAIT Is asserte~ war..!.!!!!!!. 
S are being caused by the Intemal walt state generator a~ by the READY ~r BTERM 

H(Z) Inputs. WAIT can be used to der1Ve a wrlte-data strobe. WAIT can also be thought ot.as 
R(1) a READY output that the processor provides when It is Inserting walt states. 

BLAST 0 BURST LAST Indicates the last transfer In a bus access. BLAST Is asserted In the last 
S ~sfer of burst and non-burst accesses alter the walt sIIlte counter reaches zero. 

H(Z) BLAST remains asserted until the clock following the last cycle of the last data transfer 
R(O) ~ access. If the REA6Y or BTERM Input I~o extend walt states, the 

BLAST signal remains asserted until READY or BTERM tennlnates the access. 

DTiii 0 DATA TRANSMrrlRECEIVE Indicates direction for data transceivers. DTiii is used in 
S conjunction with DEN to provide control for data transceivers attached to the extemal 

H(Z) bus. When DTtR Is asserted, 'the signal Indicates that the processor receives data. 
R(O) ~ersely, when deasserted, the processor sends dsta. DTtA changes only while 

DEN Is high. 

DEN 0 DATA ENABLE indicates data cycles In a bus request. DEN is asserted at the sta~ 
S the bus requast first data cycle.,!nd Is deasserted at the end of the last data cycle. DEN 

H(Z) is used in con~lon with DTIR to provide control for data transceivers attached to the 
R(1) external bus. DEN remains asserted for sequential reeds from plpelined memory 

regions. DEN is deasserted when DTtR changes. 

LOCK 0 BUS LOCK indicates that an atomic reed-rnodlfy-wrlte operation Is In progress. LOCK 
S may ,be used to prevent extemal agents from accessing memory which Is currently 

H(Z) involved in an atomiC operation. LOCK Is asserted In the first clock of an atomic opera-
R(1) lion and deasserted In the clock cycle following the last bus accass for the atomic oper-

ation. To allow the most tlexlbility for memory system e~ment of locked accesses, 
the processor acknowledges a bus hold f!9!!!!I when LOCK Is asse~ed. The 
processor perfonns DMA transfers while LOCK Is active. 

HOLD I HOLD REQUEST signals that an external agent requests access to the external bus. 
SILl The processor asserts HOLDA after completing the current bus request. HOLD, 
H(Z) HOLDA and BREQ are used together to arbitrate access to the processor's external 
R(Z) bus byextemal bus agents. 

BOFF I BUS B4'CKO~n aSserted, suspe~e current ac:cess and causes the bus pins 
SILl to float. When BOFF Is deasserted, the ADS Signal is asserted on the IlfIxt clock cycle 
H(Z) and the access is resumed. 
R(Z) 
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Table 3. 80960CF Pin Description - External Bus Signals (Sheel3 of 3) 

Name lYpe Description 

HOLDA 0 HOLD ACKNOWLEDGE Indicates to a bus requestor that the processor has relln-
S qulshed control of the external bus. When HOLDA Is asserted, the external address 

H(1) bus. data bus and bus control signals are floated. HOLD, BOFF, HOLDA and BREO are 
R(O) used together to arbitrate access to the processor's external bus by external bus 

agents. Since the processor grants HOLD requests and enters the Hold Acknowledge 
~en while RESET Is asserted, the state of the HOLDA pin Is Independent of the 
RESET pin. 

BREQ 0 BUS REQUEST Is asserted when the bus controller has a request pending. BREO can 
S be used by external bus arbitration logic In conjunction with HOLD and HOLDA to 

H(O) determine when to return mastership of the external bus to the processor. 
R(O) 

DiS 0 D~A OR CODE Is asserted foUl data requast and deasserted for Instruction requests. 
S ole has the same timing as W/R. 

H(Z) 
R(Z) 

DMA 0 ~ ACCESS Indicates whether the bus r~uest was Initiated by the DMA controller. 
S DMA Is asserted for any DMA request. DMA Is deasserted for all other requests. 

H(Z) 
R(Z) 

SUP 0 SUPERVISOR ACCESS Indicates whether the bus request Is Issued while in super-
S visor mode. SUP ~erted when llie request has supervisor privileges and Is deas-

H(Z) serted otherwise. SUP can be used to Isolate supervisor code and data structures from 
R(Z) non-supervisor requests. 
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Table 4. 80960CF Pin Description - Processor Control Signals (Sheet 1 of 2) 

Name Type Description 

RESET I RESET causes the chip t~ When RESET is asserted, all extemal signals return 
A(l) to the reset state. When ~ is deasserted, Initialization begins. When the 2-x 
H(Z) . clock mode Is selected, RESET must remain asserted for 32 ClKIN cycles before 
R(Z) being deasserted to guarantee correct processor Initialization. When the 1-x clock 

mode Is selected, RESET must remain asserted for 10,000 ClKIN cycles before 
being deasserted to guarantee correct processor Initialization. The ClKMODE pin 
selects 1-x or 2-x input clock division of the ClKIN pin. 

The Hold Acknowledge bus sta~lons while the chip Is reset. If the bus Is In the 
Hold Acknowledge state when RESET is asserted, the processor Intemally resets, 
but maintains the Hold Acknowledge state on extemal pins until the Hold request Is 
removed. If a Hold request Is made while the processor Is In the reset state, the 
processor bus grants HOLDA and enters the Hold Acknowledge state. 

FAIL 0 FAIL Indicates failure of the self-test pe~ed at initialization. When RESET Is 
S deasserted and Initialization begins, the FAil pin Is asserted. An Intemal ~est Is 

H(Q) performed as part of the Initialization process. If..!!!!!. self-test passes, the FAI l pin Is 
R(O) deasserted; otherwise It remains asserted. The FAil pin Is reasserted while the 

processor pel'forms an e~nal bus self-confidence test. If this self-test passes, the 
processor de~rts the FAil pin and branches to the user's initialization routine; 
otherwise the FAil pin remains asserted. Intemal self-test and the use of the FAil pin 
can be disabled with the STEST pin. 

STEST I SELF TEST enables or disables the Intemal self-test feature at Initialization. STeST 
SILl Is read on the rising edgE! of RESET. When asserted, Intemal self-test and external 
H(Z) bus confidence tests are performed during processor Initialization. When deasserted, 
R(Z) only the bus confidence tests are performed during Initialization. 

ONCE I ON CIRCUIT EMULATION, w~erted, causes ali outputs to be floated. ONCE 
A(l) is continuously sampled while RESET is low and Is latched on the rising edge of 
H(Z) RESET. To place the processor In the ONCE state: 
R(Z) 

(1 ) assert RESET and ONCE (order does not matter) 

(2) wait for at least 16 ClKIN periods In 2-x modEr-Or 10,000 ClKIN periods In 
1-x mode-after Vee and ClKIN are within operating specifications 

(3) deassert RESET 

(4) wait at least 32 ClKIN periods 

(The processor will now be latched in the ONCE state while RESEr Is high.) 

~he ONCE state, bring Vee and ClKIN to operating conditions, then assert 
RESET and bring ONCE high prior to deassertlng RESET. 

ClKIN must operate within the specified operating conditions until Step 4 completes. 
ClKIN may then be changed to DC to achieve the lowest possible ONCE mode 
leakage current. 

ONCE can be used by emulator products or board testers to effectively make an 
installed processor transparent in the board. 
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Table 4. 80960CF Pin Deecrlptlon - Proceaaor Control Signals (Sheat 2 of 2) 

Name Type Description 

CLltiN I CLOCK INPUT Is an Input for the external clock needed to run the processor. The 
A(E) extemal clock Is Intemally divided as prescribed by the CLKMODE pin to produce 
H(Z) PCLK2:1. 
R(Z) 

CLKMODE I CLOCK MODE selects the division factor applied to the extemal clock Input (CLKIN). 
A(L) When CLKMODE Is high, CLKIN Is divided by one to create PCLK2:1 and the 
H(Z) processor's Internal clock. When CLKMODE Is low, CLKIN Is divided by two to create 
R(Z) PCLK2:1 and the processor's Intemal clock. CLKMODE should be tied high or low In 

a system as the clock mode Is not latched by the processor. If left unconnected,the 
processor Intem.lly pulls the CLKMODE pin low, enabling the 2-x clock mode. 

PCLK2:1 0 PROCESSOR OUTPUT CLOCKS provide a timing reference for all Inputs and 
S outputs. All Input and output timings are spaclfled In relation to PCLK2 and PCLK1. 

H(a) PCLK2 and PCLK1 are Idsntlcal signals. Two output pins are provided to allow flexl-
R(a) bility In the system's allocation of capacitive loading on the cloc.k. PCLK2:1 may also 

be connected at the processor to form a single clock signal. 

Vss - GROUND connections must be connected extemally to a Vss board plane. 

Vee - POW~R connections must be connected extemally to a Vee board plane. 

VeePLL - VeePLL Is a separate Vee supply pin for the phase lock loop used In 1-x clock mode. 
Connecting a simple lowpass filter to VeePLL may help reduce clock jitter (T cp) In 
noisy environments. Otherwise, VecPLL should be conn acted to Vee. 

NC - NO CONNECT pins must not be connected In a system. 
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Table 5. 80960CF Pin Description - DMA and Interrupt Unit Control Signals 

Name Type Description 

DREQ3:0 I DMA REQUEST Is used to request a D~fer. Each of the four signals 
A(L) requests a transfer on a single channel. DRi;:OO requests channel 0, DRE01 
H(Z) requests channel 1, etc. When two or more channels are requested simultaneously, 
R(Z) the channel with the highest prlorlty Is serviced first. .Channel priority mode Is 

programmable. 

DACK3:0 0 DMA ACKNOWLEDGE indicates that a DMA transfer Is being executed. Each of 
S the four signals a~ges a transfer for a single cha~CKO acknowl-

H(1) edges channelO, DACK1 acknowledges channel 1, etc. DACK3:0 are asserted 
R(1) when the requesting device of a DMA Is accessed. 

EOPITC3:0 110 ~ PROCES~INAL COUNT can be programmed as either an Input 
A(L) (EOP3:0) or output (TC3:0), but~th. Each pin Is individually programmable. 

H(z/O) When programmed as an Input, EOPx causes termination of a current DMA transfer 
R(Z) for the channel that corresponds to the EOPX pin. Ec5Po corresponds to channel 0, 

EOP1 corresponds to channel 1, etc. When a channel is configured for source and 
destination chaining, the EOP pin for that channel causes termination of only the 
current buffer transferred and causes the next buffer to be transferred. EOP3:0 are 
asynchronous Inputs. 

When programmed as an output, the channel's TCx. pl!!.!!!licates that the channel 
byte coun~ached 0 and a DMA has terminated. TCx is driven with the same 
timing as DACKx during the last DM~nsfer for a buffer. If the last bus request Is 
executed as multiple bus accesses, TCx stays asserted for the entire bus request. 

XINT7:0 I EXTERNAL INTERRUPT PINS cause Interrupts to be requested. These pins can 
A(E/L) be configured in three modes: 
H(Z) 

Dedicated Mode: each pin Is a dedicated extemallnterrupt source. Dedicated R(Z) 
Inputs can be Individually programmed to be level (low) or edge (falling) activated. 

Expanded Mode: the eight pins act together as an 8-bit vectored interrupt source. 
The interrupt pins In this mode are level activated. Since the interrupt pins are 
active low, the vectQr number requested is the 1's complement of the positive logic 
value place on the port. This eliminates glue logic to Interface to combinational 
priority encoders which output negative logic. 

Mixed Mode: XINT7:5 are dedicated sources and Xiiii'i'4:O act as the five most 
significant bits of an expanded mode vector. The least significant bits are set to 010 
Intemally. 

NMI I ~·MASKABLE INTERRUPT causes a non-~kable interrupt event to occur. 
A(E) NMlls the highest priority interrupt recognized. NMlls an edge (failing) activated 
H(Z) source. 
R(Z) 

272493-14 

1·344 



intel® 80960CF·40 

3.3 80960CF Mechanical Data 

3.3.1 80960CF PGA PINOUT 

Figure 2 depicts the complete 80960CF PGA pinout Table 6 lists the 80960CF pin names and package 
as viewed from the top side of the component O.e., location In signal order, Table 7 lists the pin names 
pins facing down). Agure 3 shows the complete and package location In pin order. See Section 4.0, 
80960CF PGA pinout as viewed from the pin-side of ELECTRICAL SPECIFlCAnONS for specifications 
the package (I.e., pins facing up). and recommended connections. 

S R Q P N M L K J H G F E 0 C B A 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 
DO. D .. DO' DlI D,7 D.e D.5 D •• D'O D" D. DO D7 D5 D. Ne 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .Q. 2 
D20 D07 02. DO. D'. Vee D" Vee Vee D •• Vee DO D4 DO D. sreST FAIL 

3 ..Q.O 0 0 0 0 0 0 0 0 0 0 0 0 ...Q.. 0 0 3 
READY 031 DO. DOO Vee V •• V •• V •• V .. V •• V •• Vee DO NC ONCE NC NC 

4 0 0 0 0 0 0 4 
HOLDA iiiFiii 028 NC NC NC 

5 Q 0 0 ~ D£>ao 
0 5 

BE' HOLD COO NC 

6 0 0 0 o ..Q...Q. 6 
m Alii Vee vee DREQ2 OREQl 

7 0 0 0 0 0 £. 7 
iEi vee V .. V •• Vee 

8 0 0 2 0 0 0 8 
BLAsT Vee V •• DACKO DACK1 

9 0 0 2 0 0 ..Q.. 9 
DeN iEo V •• Vee OACK2 

10 0 0 0 0 0 0 10 
wlR Vee V •• V •• V CCPLL '6AcKi 

11 0 0 0 0 0..-9_ 11 
OTIA Vee v •• V •• Vee eOPlTco 

12 w9rr Q Q. 0 o 0 12 
DMA SUP V •• Vee EOPITC1 

13 Q 0 0 0 0 ..-9_ 13 
DIC B""Q ... elKIN PCLK2 EOPfTC2 

14 .Q...O 0 0 0 0 14 
LOCK A29 A2e CLKMODE PCLK. ECiP1TC3 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 Q....Q.....Q.....Q.. 15 
A3. A2e A .. A20 Vee V .. V •• V .. v •• V •• V •• V •• Vee NMI XINT4 XINTO XINT1 

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ...0.....0.. ...Q... 16 
A27 A2. A2. A •• A •• Vee A •• Vee Vee Vee A7 Vee A4 AO XINT6 XINT3 RESET 

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
A2. A20 A •• A17 A •• A •• A'O A" A •• A. AS A. A5 A. XiNi7 iiNTs XiNii 

S R Q P N M L K J H G F E 0 C B A 

F_CAOO2A 

Figure 2. 80960CF PGA Pinout - View from Top (Pins Facing Down) 
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A B C 0 E F G H J K L M N P Q R S 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ne iOFF os 05 07 08 De 011 012 DIS 015 018 017 01. 02. 024 025 

2 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 2 
FAiL STEST 01 02 D. oe Vee 010 Vee Vee 01. Vee 018 020 023 027 02. 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Ne Ne ONCE Ne 00 vee V .. v •• V,, V" v,, v" vee 022 028 03. READY 

4 0 0 0 0 o 0 4 
Ne Ne Ne 028 i'i'ERM HOLDA 

5 0 0 0 0 0 0 5 
Ne 1I1!iRiO Ne 030 HOI.o m 

6 o 0 0 0 0 0 6 
DRiQ'1 DREQi Vee Vee ADa m 

7 0 0 0 0 0 0 7 
5IIRii Vee V .. V .. Vee m 

8 o 0 0 0 0 0 8 
iiACKi iiAcKo v" Metal Lid v .. Vee iiAai' 

9 0 0 0 0 0 0 9 
i5Al5Ki vee V .. v .. m m 

10 o 0 0 0 0 0 10 
6ACK3 VeePLL V .. V .. Vee wiA 

11 0 0 0 0 0 0 11 
mrmro ~ C5 C5 ~ 

oTIi! 

12 
o . 0 12 

iOPii'Ci Vee v .. SuP iiMA WAiT 
13 0 0 0 0 0 .0 13 mrll'Ci pew eLKIN A30 BREQ DiE 

14 o 0 0 0 0 0 14 
Eoii,rca PCLKI eLK MODI AU A2e i:Oc'K 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
mr. X11l!'O lIII'm WI Vee v .. VI. V .. V .. V .. V .. V .. Vee A2C Al4 A •• AS. 

16 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 
AEiii' XiNTi XiNTi AI M Vee A7 Vee veo Vee AIS Vee A .. A18 A21 A2S A27 

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
XiN'fi XiNft XiIm AS AS AS AS Ae Al0 All A'2 AI. AU A17 A18 A22 

A B C 0 E F G H K L M N P Q R S 
F_CAOO3A 

Figure 3. 80960CF PGA Pinout - VIew from Bottom (Pins Facing Up) 
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Table 6. 80960CF PGA Pinout -In Signal Order 

Address Bus Data Bus Bus Control Processor Control I/O 
Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin 

A31 S15 031 R3 BE3 S5 RESET A16 ORE03 A7 

A30 013 030 05 BE2 S6 ORE02 B6 

A29 R14 029 S2 BE1 S7 FAIL A2 DRE01 A6 

A28 014 028 Q4 BEO R9 DREOO 65 

A27 S16 027 R2 STEST B2 

A26 R15 026 03 WiR S10 OACK3 A10 

A25 S17 025 S1 ONCE C3 OACK2 A9 

A24 015 024 R1 ADS R6 DACK1 A8 

A23 R16 D23 Q2 CLKIN C13 OACKO 68 

A22 R17 D22 P3 READY S3 CLKMODE C14 

A21 016 D21 01 6TERM R4 PLCK1 614 EOPITC3 A14 

A20 P15 D20 P2 PLCK2 B13 EOPITC2 A13 

A19 P16 019 P1 WAIT S12 EOPITC1 A12 

A18 017 018 N2 6LAST S8 Vss EOPITCO A11 

A17 P17 017 N1 Location 
A16 N16 016 M1 OT/R S11 C7, C8, C9, C10, XINT7 C17 

A15 N17 015 L1 DEN S9 C11,C12, F15, G3, XINT6 C16 

A14 M17 014 L2 G15, H3, H15, J3, XINT5 -617 

A13 L16 013 K1 LOCK S14 
J15, K3, K15, L3, 

XINT4 C15 L15, M3, M15, 07, 
A12 L17 D12 J1 08, 09, 010, 011 XINT3 616 

A11 K17 D11 H1 Vee XINT2 A17 

A10 J17 D10 H2 HOLD R5 Location XINT1 A15 

A9 H17 D9 G1 HOLDA S4 67,69, B11, B12, XINTO 615 

A8 G17 D8 F1 6REO R13 C6, E15, F3, F16, 

A7 G16 D7 E1 G2, H16,J2, J16, K2, NMI 015 

A6 F17 D6 F2 D/C S13 
K16, M2, M16, N3, 
N15, 06, R7, RB, 

A5 E17 05 01 OMA R12 R10, R11 

A4 E16 04 E2 SUP 012 VCCPli 610 

A3 017 03 C1 No Connect 

A2 D16 02 02 60FF 61 Location 
01 C2 A 1, A3, A4, A5, 63, 

DO E3 B4,C4,C5,D3 
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Table 7. 80960CF PGA Pinout -In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal 
Al NC Cl 03 Gl 09 Ml 016 Rl 024 
A2 FAIL C2 01 G2 Vee M2 Vee R2 027 
A3 NC C3 ONCE G3 Vss M3 Vss R3 031 
A4 NC C4 NC G15 Vss M15 Vss R4 BTERM 
A5 NC C5 NC G16 A7 M16 Vee R5 HOLD 
A6 OREOl C6 Vee G17 A8 M17 A14 R6 ADS 
A7 ORE03 C7 Vss R7 Vcr: 
A8 OACKl C8 Vss Hl 011 Nl 017 R8 Vr:r: 
A9 OACK2 C9 Vss H2 010 N2 018 R9 BEO 
Al0 OACK3 Cl0 Vsr:. H3 Vss N3 Vr:r: Rl0 Vr-.r: 
All EOprrCO Cll V",,,, H15 V",,,, N15 Vr-.r-. Rl1 Vee 
A12 EOprrCl C12 Vss H16 Vee N16 A16 R12 OMA 
A13 EOprrC2 C13 CLKIN H17 A9 N17 A15 R13 BREO 
A14 EOprrC3 C14 CLKMOOE R14 A29 
A15 XINTl C15 XINT4 Jl 012 Pl 019 R15 A26 
A16 RESET C16 XINT6 J2 Vee P2 020 R16 A23 
A17 XINT2 C17 XINT7 J3 Vss P3 022 R17 A22 

J15 VSf'. P15 A20 
Bl BOFF 01 05 J16 Vrf'; P16 A19 Sl 025 
B2 STEST 02 02 J17 Al0 P17 A17 S2 029 
B3 NC 03 NC S3 READY 
B4 NC 015 NMI Kl 013 01 021 S4 HOLDA 
B5 OREOO 016 A2 K2 Vee 02 023 S5 BE3. 
B6 ORE02 017 A3 K3 Vss 03 026 S6 BE2 
B7 Vee K15 Vss 04 028 S7 ~El 

B8 OACKO El 07 K16 Vee 05 030 S8 BLAST 
B9 Vee E2 04 K17 All 06 Vee S9 DEN 
Bl0 VeePLL E3 DO 07 Vss $10 W/R 

Bl1 Vee E15 Vee Ll 015 08 Vss Sll OT/R 
B12 Vee E16 A4 L2 014 09 Vss S12 WAIT 
B13 PCLK2 E17 A5 L3 Vss 010 Vss S13 ole 
B14 PCLKl L15 Vss 011 Vss S14 LOCK 
B15 XINTO Fl 08 L16 A13 012 SUP S15 A31 
B16 XINT3 F2 06 L17 A12 013 A30 S16 A27 
817 XINT5 F3 Vee 014 A28 S17 A25 

F15 Vss 015 A24 
F16 Vee 016 A2l 
F17 A6 017 A18 
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3.4 Package Thermal Specifications 

The- 80960CF Is specified for operation when T c 
(case temperature) Is within the range of O°c-8SoC. 
T c may be measured In any environment to deter
mine whether the 80960CF Is within specified oper
ating range. Case temperature should be measured 
at the center of the top surface, opposite the pins. 
Refer to' Figure 4. 

T A (ambient temperature) Is calculated from eCA 
(thermal resistance from case to ambient) using the 
equation: 

Measure PGA temperature at 
center of top surface 

168- Pin PGA 

TA = Tc - p"eCA 

Table 8 shows the maximum T A allowable (without 
exceeding T cl at various airflows and operating fre
q\lencles (fPCLK)' 

Note that T A Is greatly Improved by attaching fins or a 
heatsink to the package. P (maximum power con
sumption) Is calculated by using the typical Icc as 
tabulated In Section 4.4, DC Specifications and 
Vcc of5V. 

Figure 4. Measuring 80960CF PGA Case Temperature 

Table B. Maximum TA at Various Airflows In °C (PGA Package Only) 

Alrflow·ftlmln (m/sec) 

fPCLK 0 200 400 600 BOO 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

TAWith 40 20 40 58 60 66 68 
Heatslnk" 

TA without 40 0 15 30 40 50 52 
Heatslnk" 

NOTES: 
"0.285' high unidirectional heatsink (AI alloy 6061,50 mil fin width, 150 mil center-to-center fin spacing). 
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Table 9. 80960CF PGA Package Thermal Characteristics 

Thermal Resistance - °ClWatt 

Airflow - ftJmln (m/sec) 
Parameter 0 200 400 600 800 1000 

(0) (1.01) (2.03) (3.07) (4.06) (5.07) 

9 Junctlon-to-Case 9JAt 
(Case measured as 1.5 1.5 1.5 1.5 1.5 1.5 I t 9JC shown in Figure 4) 

9 Case-to-Ambient 17 14 11 9 7.1 6.6 I I (No Heatslnk) 
UUU 'UUU 9 Case-to-Amblent 

13 9 5.5 5 3.9 3.4 
(With Heatslnkj* 

NOTES: 
1. This table applies to 80960CF PGA plugged Into socket or soldered directly to board. 

'0.285" high unidirectional heatsink (AI alloy 6061. 50 mil fin, width. 150 mil center·to·center fin spacing). 

3.5 Stepping Register Information 

Upon reset. register gO contains die stepping Infor
mation (Figure 5). The most significant byte contains 
ASCII 0; the upper middle byte contains an ASCII C; 
the lower middle byte contains an ASCII F. The least 
significant byte contains the stepping number in 
ASCII. gO retains this Information until It Is overwrit
ten by the user program. Table 10 contains a cross 
reference of the number In the least sigr;.lflcant byte 
of register gO to the die stepping number. . 

ASCII 

DECIMAL 

Figure 5. Register gO 

Table 10. Ole Stepping Cross Reference 

gO Least Significant Byte Ole Stepping 
01 A 
02 B 

03 C 
04 D 
05 E 
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3.6 Sources for Accessories 

The following Is a list of suggested sources for 
80960CF accessories. This Is neither an endorse
ment or a warranty of the performance of any of the 
listed products and/or companies. 

Sockets 
1. 3M Textool Test and Interconnection Products 

P.O. Box 2963 
Austin, TX 78769-2963 

2. Augat, Inc. Interconnection Products Group 
33 Perry Avenue, P.O. box n9 
Attleboro, MA 02703 
(508) 699-7646 

3. Concept Mfg. Inc. DecoupJlng Sockets) 
41484 Christy Street 
Fremont. CA 94538 
(415) 651-3804 

HestslnkslFlns . 
1. Thermalloy, Inc. 

2021 West Valley View Lane 
Dallas, TX 75234-8993 
(214) 243-4321 FAX: (214) 241-4656 

2. E G & G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617) 245-5900 
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4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 
Para",",r Maximum RatIng 

Storage Temperature ................................ -650C to + 1500C 
Case Temperature Under Bias ................. -650C to+ll0oC 
Supply Voltage wrt. Vss ............................. -D.5V to + 6.6V 

Voltage on Other Pins wrt. Vss ........... -D.5V to Vee + O.5V 

4.2 Operating Conditions 

NOTICE: This data sheet contains Information on 
products In the ssmpllng and Initial production 
phesss of development. It Is valid for the devices 
Indicated In the revision history. The specifications 
are subject to change withOut notice. 

"WARNING: Stressing the device beyond the 
"Absolute Maximum Rallngs" may cause perma
nent damage. These are stress rellngs only. Opera
tion beyond the "Opera ling Conditions" Is not 
recommended and extended exposure beyond the 
"Opera ling Conditions" may affect device reliability. 

Table 11. Operating Conditions (80960CF-40) 

Sym~ol Parameter Min Max Units Notes 

Vcc Supply Voltage B0960CF-40 4.75 5.25 V 

fCLK2X Input Clock Frequency (2-x Mode) B0960CF-40 0 80 MHz 

fCLKlx Input Clock Frequency (I-X Mode) B0960CF-40 8 40 MHz (1) 

Tc Case Temp Under Bias, PGA Pkg. 80960CF-40 0 85 DC 

NOTES: 
1. When In the 1-x Input clock mode, CLKIN Is an Input to an intemal phase-locked loop and must maintain 

a minimum frequency of 8 MHz for proper processor operation. However, In the 1-x mode, eLKIN may 
stili be stopped when the processor Is In a reset condition. I! CLKIN Is stopped, the specified RESET low 
time must be provided once CLKIN restarts and has stabilized. 

4.3 Recommended Connections 

Power and ground connections must be made to 
multiple Vcc and Vss (GND) pins. Every B0960CF
based circuit board should Include power (Vcel and 
ground (Vss) planes for power distribution. Every 
Vee pin must be connected to the power plane, and 
every Vss pin must be connected to the ground 
plane. Pins identified as "NC" must not be con
nected In the system. 

Liberal decoupllng capaCitance .should be placed 
near the B096OCF. The processor can cause tran
sient power surges when Its numerous output buffers 
transition, particularly when connected to large 
capacitive loads. 

Low Inductance capaCitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance can be reduced by shortening 
the board traces between the processor and decou-

piing capaCitors as much as possible. Capacitors 
specifically designed for PGA packages will offer the 
lowest possible Inductance. 

For reliable operatiOn. always connect unused inputs 
to an approprlatt..§!gn!!..l.evel. In Pl!rticular, any 
unused interrupt (XINT. NMI) or DMA (OREQ) input 
stiould be connected to V cc through a pull-up resis
tor, as should BTERM if not used. Pull-up resistors 
should be in !!!!..i!!..!...he range of 20 Kn for each pin 
tied high. I! READY or HOLD are not used. the 
unused input should be connected to ground. N.C. 
pins must always remain unconnected. For addi
tional Information refer to the i96cf1P Cx Microproces
sor User's Guide (#270710). 
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4.4 DC Specifications 

Table 12. DC Characteristics 
S0960CF·40 under the conditions described In Section 4.2, Operstlng Conditions.) 
Symbol Parametar Min Max Unlta Notes 

\IlL Input Low Voltage for all pins except RESET -0.3 +O.S V 

VIH Input High Voltage for all pins except RESET 2.0 Vee + 0.3 V 

VOL OUtput Low Voltage 0.45 V IOL=5mA 
VOH Output High Voltage IOH=-1 rnA 2.4 V 

IOH = - 200 jJA Vcc- 0.5 V 

VILR Input Low Voltage for RESET -0.3 1.5 V 

VIHR Input High Voltage for RESET 3.5 Vcc + 0.3 V 

1li1 Input Leakage C~each pin except 
BTERM, ONCE, DRE03:0, STEST, 
EOP3:0rrC3:0, NMi, XiNi'7:O, BOFF, 'FiEAi5Y, 

:1:15 IlA HOLD, CLKMODE OS VIN SVee (1) 

ILI2 Input Leakage C~ 
BTERM, ONCE, DRE03:0, STEST, 
EOP3:"orrC3:i5, NMI, XiN'i7:O, Bl5'FF 0 -300 IlA VIN = 0.45V (2) 

ILl3 Input Leakage Current for: 
READY, HOLD, CLKMODE 0 500 IlA VIN =2.4V (3,7) 

ILO OUtput Le~age Current :1:15 IlA 0.45 SVourS Vee 

Icc Supply Current (S0960CF-40): 
Icc Max 1150 rnA (4) 
IccTyp 1000 rnA (5) , 

laNcE ONCE·mode Supply Current 200 rnA 

CIN Input capacltan~ 
CLKIN, RESET, ONCE, 
READY, IjQhD, DRE03:0, BOFF, 

0 12 pF XINT7:0, NMI, BTERM, CLKMODE Fc= 1 MHz 

Cour OUtput capacitance of each output pin 12 pF Fc= 1 MHz (6) 

Cvo 110 Pin Capacitance 12 pF Fe= 1 MHz 
NOTES: 
1. No pullup or pulldown. 
2. These pins have internal pull up resistors. 
3. These pins have !ntemal pulldown resistors. 
4. Measured at worst case frequency, Vcc and temperature, with device operating and outputs loaded to 

the test conditions described In Section 4.5.1, AC TEST CONDITIONS. 
5. icc Typical is not tested. 
6. Output Capacitance Is the capacitive load of a floating output. 
7. CLKMODE pin has a pulldown resistor only when 0iiiCE pin is deasserted. 

272493-22 
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4.5 AC Specifications 
Table 13. 80860CF AC Characterlatlcl (40 MHz) (Sheet 1 of 2) 

80960CF-4O only, per the conditions In 4.2 Operating Condltlona and 4.5.1 AC TEST CONDITIONS.) 
Symbol P_meter Min Mu: Unitt Notee 

Input Clock (1.9) 

TF CLKIN Frequency 0 80 MHz 

Tc CLKIN Period In l-x Mode (I ClKlxl 25 125 ns (11) 
In 2-x Mode (I CLK2xl 12.5 - ns 

TCS CLKIN Period StablHty In l-x Mode (I CLKlxl .. 0.1% A (12) 

TCH CLKlN High TIme In l-x Mode (I CLKlxl 5 62.5 ns (11) 
In 2-x Mode (I CLI(2x) 5 - ns 

TCl CLKIN Low TIme In l-x Mode (I CLKlxl 5 62.5 ns (11) 
In 2-x Mode (I CLK2xl 5 - ns 

TCR CLKlN Rise TIme 0 6 ns 

TCF CLKIN Fall Time 0 6 ns 
Output Clocks (1.6) 

Tcp CLKIN to PCLK2:1 Delay In l-x Mode (I eLKlxl -2 2 ns (3,12) 
In 2-x Mode (I CLK2xl 2 25 ns (3) 

T PClK2:1 Period In l-x Mode (I CLKlxl Tc ns (12) 
In 2-x Mode (f CLK2xl 2Tc ns (3) 

TPH PClK2:1 High Time (T/2)-2 TI2 ns (12) 

TPL PClK2:1 Low Tune (T12)-2 TI2 ns (12) 

TPR PClK2:~ Rise Time 1 4 ns (3) 

TPF PClK2:1 Fail Tune 1 4 ns (3) 

Synchronous Outputs (6) 

TOH Output Valid Delay. Output Hold (6,10) 
Tov TOH1, TOVI A31:2 3 14 ns 

TOH2, TOV2 BE3:0 3 , 16 ns 
TQH3. TOV3 ADS 6 16 ns 
TOH4. TOY4 wlR 3 16 ns 
TOH5. Tovs Die. SUP.DMA 4 16 ns 
TQH6. TOV6 m::ASi; WAiT 5 16 ns 
TOH7. TOV7 DEN 3 16 ns 
TOH8. TOV8 HOLDA.BREQ 4 16 ns 
TOH9. TOV9 iJ5CK 4 16 ns 
TOH10. TOV10 i5ACK3:ii 4 16 ns 
TOHII. TOVl1 031:0 3 16 ns 
TOHI2. TOV12 DTIR TI2+3 TI2 + 14 ns 
TOHI3. TOV13 FAiL 2 14 ns 
TOHI4. TOV14 EOP3:0ITC3:0 3 16 ns (6.10) 

TOF Output Float for ail outputs 3 22 ns (6) 

NOTES: 
See Table 14 (following this table) for all notes related to AC specifications. 
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Table 13. 80960CF AC Characterlatlca (40 MHz) (Sheet 2 of 2) 
80960CF·4O only, ~r the conditions In 4.a_Operatlns,Conciltiona and 4.5.1 AC TEST CONDITIONS.) 
Symbol Pnme18r Min j Max Unite Nota 

Sync/lronclu8 Inputs (1.9,10) 

TIS Input Setup 
TIS1 031:0 3 ns 
TIS2 m5i!F 15 ns 
TIS3 Bi'ERMIREADY 7 ns 
TIS4 HOLD 5 ns 

TIH Input Hold 
TIH1 D31:O 5 ns 
TIH2 BOFF 5 ns 
TIH3 'BffiiMIR""EADY 2 ns 
TIH4 HOLD 3 ns 

RelIIIIve OUtput Tlmlngl (1,2,3,8) 

TAVSH1 A31:2 Vald to Ai5§ Rising T-4 T+4 ns 

TAVSH2 m:o, wfrI., D, 01(5', i5JM,15A<3'Ki:1i Valid to Ai5§ RIsing T-6 T+6 ns 

TAVEL1 AS1:2 VaUd to DEN Failing T-4 T+4 ns 
TAVEL2 BE3:O, wlR, n INST,i5JM, DACK3:0 valid to i5EN Faling T-6 T+6 ns 

TNLQV WAIT Falling to Output Data Valid :1:6 ns 

TOVNH Output Data Vand to WArt Rising N*T-6 N*T+6 ns (4) 

TNLNH WAif Falling to WAIT Rising N*T:l:4 ns (4) 

TNHQX Output DI!Ia Hold after WAlT Rising (N+1)*T-8 (N+1)*T+6 ns (5) 

TEHTV DTIR Hold after i5EN High TI2-7 .. ns (8) 

TTVEL DTfrI. Valid to DEN Falling TI2-4 ns 
Rllatlve Input Tlmlngl (1.2,3) 

TIS5 RESET Input Setup (2·x Clock Mode) 8 ns (13) 

TIHS RESET Input Hold (2·x Clock Mode) 5 ns (13) 

TIS8 DREQ3:O Input Setup 12 ns (7) 

TIHS DREQ3:0 Input Hold 7 ns (7) 

TIS7 XINT7:0. iiiMi Input Setup 7 ns (15) 

TIH7 XINT7:0, NMllnput Hold 3 ns (15) 

TIS8 RESET Input Setup (1·x Clock Mode) 3 ns (14) 

TIHS RESET Input Hold (1·xClockMode) T/4+ 1 ns (14) 

NOTES: 
See Table 14 (following this table) for all notes related to AC specifications; 
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Table 14. AC Characteristics Notes 

NOTES: 
1. See Section 4.5.2, AC TIMING WAVEFORMS for wavefonns and definitions. 
2. See Figure 15 for capacitive derating Infonnatlon for output delays and hold times. 
3. See Figure 16 for capacitive derating Infonnatlon for rise and fall times. 
4. Where N Is the number of NRAD, NRDD, NWAD or NWDD walt states that are programmed In the Bus Control· 

ler Region Table. WAIT never goes active when there are no walt states In an access. 
5. N = Number of ,walt states Inserted with READY. 
6. Output Data andlor DT/R may be driven Indefinitely following a cyde If there Is no subsequent bus activity. 
7. Since asynchronous Inputs are synchronized Internally by the 80960CF, they have no required setup or 

hold times to be recognized and for proper operation. However, to guarantee recognition of the Input at a 
particular edge of PClK2:1 , the setup times shown must be met. Asynchronous Inputs must be active for 
at leest two consecutive PCLK2:1 rising edges to be seen by the processor. 

8. These specifications are guaranteed by the processor. 
9. These specifications must be met by the system for proper operation of the processor. 
10. This timing Is dependent upon the loading of PClK2:1. Use the derating curves of Section 4.5.3, DERAT-

ING CURVES to adjust the timing for PClK2:1 loading. . 
11. In the l·x Input clock mode, the maximum Input clock period is limited to 125 ns while the processor is 

operating. When the processor Is in reset, the Input clock may stop even in l·x mode. 
12. When In the l·x Input clock mode, these specifications assume a stable input clock with a period variation 

of less than :t 0.1 % between adjacent cydes. 
13. In 2-x dock mode, RESET Is an asynchronous Input which has no required setup and hold time for proper 

operation. However, to guarantee the device exits reset synchronized to a particular clock edge, the 
RESET pin must meet setup and hold times to the failing edge of the ClKIN. (See Figure 21.) 

14. In l-x dock mode, RESET Is an asynchronous Input which has no required setup and hold time for proper 
operation. However, to guarantee the device exits raset synchronized to a particular clock edge, the 
RESET pin must meet setup and hold times to the rising edge of the ClKIN. (See Figure 22.) 

15. The Interl1Jpt pins are synchronized internally by the 80960CF. They have no required setup or hold times 
for proper operation. These pins are sampled by the interrupt controller every other clock and must be 
active for at least three consecutive PClK2:1 periods when asserting them asynchronously. To guarantee 
recognition at a particular clock edge, the setup and hold times shown must be met for two consecutive 
PClK2:1 failing edges. 
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4.5.1 AC TEST CONDITIONS 

The AC Specifications in Section 4.5 are tested with 
the 50 pF load shown In Figure 6. Figure 15 shows 
how timings vary with load capacitance. 

Specifications are measured at the 1.5V crossing 
point. unless otherwise i~icated. Input waveforms 
are assumed to have a rise and fall time of S 2 ns 
from O.BV to 2.0V. See Section 4.5.2, AC TIMING 
WAVEFORMS for AC specification definitions. test 
pOints and illustrations. . 

4.5.2 AC TIMING WAVEFORMS 

ClKIN [ 
PClK2:1 [ 

OutputPftJ 
o 

CL = 50 pF for all signals 

Figure 6. AC Test load 

T 

Figure 7. Input and Output Clocks Waveform 

----- 2.0V 

1.5V 

------ O.BV 

~---------TC----------~ 

Figure 8. ClKlN Waveform 
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2.4V 
I.SV 
O.45V 
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PCLK2:1 

Outputs [ 

NOTES: 
1. Tov TOH - OUTPUT DELAY - Maximum output delay Is referred to as OUtput vaHd Delay (Tov); mini

mum output delay Is referred to as Output Hold (ToW. 
2. T OF - OUTPUT FLOAT DELAY - OUtput ftoat condHion occurs when the maximum output current 

becomes less that ILO In magnitude. 

NOTES: 

FIgure 9. Output Delay and Float Waveform 

PClK2:1 [ 

__ Inputs: [ 
(READY, HOLD. BTERM, 

BOFF, DREQ3:0, 
031:0 on reads) 

1. 'rIS TIH - INPUT SETUP AND HOLD - The Input setup and hold requirements specify the sampling win
dow during which synchronous Inpuls must be stable for correct processor operaUon. 

F 

10. Input Setup and Hold Waveform 
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PCLK2:1 [ 

NMI, Xi'N'i'7:li [ 1.5V 

Figure 11. NMI, XiNT7:ii Input Setup and Hold Waveform 

PCLK2:1 [ 

Outputs: 
A31:2,D31:0,BE3:0, [ 

ADS, BLA.§T~IT, WiR, 
DT/R, DEN, LOCK, --------

Die, SUP, DMA 

HOLD [ 

HOLDA ["'-_______ .. 

NOTES: 

1.5V 

1. T OV T OH - OUTPUT DELAY - Maximum oUlput delay is referred to as Output Valid Delay (T OV); minimum 
output delay is referred to as Output Hold (T oHIo 

2. T OF - OUTPUT FLOAT DELAY - Output float condition occurs when the maximum output current 
becomes less that ILO In magnitude. . 

3. TIS TIH - INPUT SETUP AND HOLD - The Input setup and hold fequlrements speclfy the sampling win
dow during which synchronous Inputs must be stable for correct processor operation. 

Figure 12. Hold Acknowledge Timings 
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PCLK2:1 [ 

OUtpU1S: 
A31:2, D31:0,BE3:ii, [ 

~, ~~IT,'C!, 
DTIR, DEN, L K, -------

D~,SUP,DMA 

~[ II 
Figure 13. Bus Beeko" (BOFF) Timings 

PCLK2:1 [ 

Ai5S[ 

WAiT [ 

DTiR' [ ~ __ -' '-~.,-________ _ 

031:0 

Figure 14. Relstlve TimIngs Waveforms 
272493-29 
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4.5.3 DERAnNG CURVES 

nom + 10 

nom +5 

nom ~~ ______ -+ __________ +-__ ___ 
50 100 

CL (pF) 
150 

All outputs except: IO'CK, 
- - - - -DMA, '§ijj5, BREQ, DACK3:0" 

EOP3:OITC3:0, FAIL 

_____ i1iCi(, DMA, '§ijj5, BREQ, 

DACK3:0, EOP3:0ITC3:0, FAi[ 

Note: PCLK Load; 50pF 

Figure 15. Output Delay or Hold va. Load Capacltence 

10 10 

8 8 

(iI (iI 
.£ 6 .£6 

~ 
., 
E r= 4 r= 4 

2 2 

CL (pF) 50 100 150 CL(pF) 50 100 150 

a) All outpu~ except: LOCK, DMA, SUP, HOLDA, BREQ 
15AC'K3:Q, 'Ec5P3:otfC3:Q, FAi[ 

b) LOCK, DMA, SUP, HOLDA, BREQ, i5ACK3:0, 
EOP3:0ITC3:0, FAIL 

Figure 16. Rise and Fall Time Derating at Highest Operating Temperature and Minimum Vcc 

1100 

ICC • Icc under test conditions 

OL-________ ~--~~----------~ o fpCLK (MHz) 40 

Figure 17. Icc vs. Frequency and Temperature 
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5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

Table 15 !!!l!.!!! condition of each processor output 
pin while RESET Is asserted (low). Table 16 lists the 
condlUon of each processor output pin while HOLDA 
Is asserted (high). 

In Table 15, with regard to bus output pin state only, 
the Hold Acknowledge state takes pl'8C8.!!!!:!a..over 
the reset state. Although asserting the RESET pin 
Intemally resets the processor, the processor's bus 
output pins do not enter the reset state If Hold 
Acknowledge has been granted to a previous HOLD 
request (HOLDA Is active). Furthennore, the proces· 
sor grants new HOLD requests and enters the Hold 
Acknowledge state even while In reset. 

For example, If HOLD Is asserted while HOLDA Is 
Inactive and the processor Is In the reset state, the 
processor's bus pins enter the Hold Acknowledge 
state and HOLDA Is granted. The processor Is not 
able to perfonn memory aC08sses \!.!!!!!..I!:!! HOLD 
request Is removed, even If the RESET pin Is 
brought high. this operation Is provided to simplify 
boot·up synchronlzallon among mulUpie processors 
sharing the same bus. 

Table15. Re .. t Conditions (Sheet 1 of 2) 

Pins State During ~at 
(HOLDA InllCtlve) 

A31:2 Floating 

031:0 Floating 

BE3:0 Driven high (Inactive) 

wiP. Driven low (Read) 

ADS Driven high (Inactive) 

WAIT Driven high (Inactive) 

BLAST Driven low (Active) 

DTiP. Driven low (Receive) 

DEN DrIven high (Inactive) 

LOCK Driven high (Inactive) 

BREQ Driven low (Inactive) 

DIC Floating 

DMA Floating 

Table 15. R .. at CondltlOllll (Sheet 2 of 2) 

Pins 
State During He .. t 
(HOLDA Inactive) 

SUP Floating 

FAIL Driven low (ActIve) 

DACK3:0 Driven high (Inactive) 

EOP3:0ITC3:0 Floating (Set to Input mode) 

Table 18. Hold Acknowledge 
and Backoff Conditions 

Pins State During HOLDA 

A31:2 Floaling 

031:0 Floaling 

BE3:0 Floaling 

wiP. Floating 

ADS Floaling 

WAIT Floaling 

BLAST Floallng 

DTiP. Floallng 

DEN Floaling 

LOCK Floaling 

BREQ Driven (High or low) 

Die Floating 

DMA Floating 

SUP Floating 

FAIL Driven high (Inactive) 

DACK3:0 Driven high (Inactive) 

EOP3:01TC3:0 Driven (If output) 

80960CF·40 
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6.0 BUS WAVEFORMS 

T T T T T T 
L.....I L.....I L.....I L.....I L.....I L.....I L.....I L.....I L.....I L.....I 

Z 

I~ g Il~t 
13 ~'l~ ~l~ ti ltu ~ I-'~ Ul-W Sg ~ ~ ,0 o. t-"~ID 

~ le@ 1~1<'1i I@ ~ 3::!fi -~o 

Reset Waveform 
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PCLK2:1 

__ ADS. 

..J...OCK. WAIT. 
DEN. DACK3:0 

wiR. D.rffi.. 
BREa. FAil 

BlAST 

SUp, 
D~A31:2, 

D/C,BE3:0 

031:0, 
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STEST 

REsET 
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ClKIN may no! float. H must be 
, ~rIven high or /ow or ccnlnue II> run 1" •••••• 1 •••••• 

vcc[ -I.~I-----~ I VeeandCLKlN-Stabfe- ,---,-----..,-----, -~,~~--'" 
to Outputs Valid. maxin~ , , , , (----i-;h 

-I~rt.r'lr\f\' ,I ; 
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PClK2:1 [ 

ADS. BE3:O. ~ 
D31:0.!..~~ 

= I 1('"1 
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, 
I I I • 

_. __ !..._..L._~ 
B~WIR. DIC. DEN. 

m -.Q!!R....!:!9Y2.....HOLDA.[ a BLA§L£AlL SUP,~ 
! DMA. ~M'C3:0. 
i S~NT7:0. NMI. 

~ I, .i ,I'" , I I I , 
!f DA~D~ 
• READY, BTEAM 
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i 
RESET [ 

-II II 

-~--------------------lltl--------:_ ~ CiNCE[ -II 
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~ Vee Stabfe and RESET /ow and ONCE /ow 101 
RESET high. mnmum 32 ClKIN Periods in 2x Mode. 
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ClKIN [ 

RESET [ ...,._ ....... 

PClK2:1 [ 
(Case 1) 

PClK2:1 [ 
(Case 2) 

---I. __ --U 

Note: Case 1 and Case 2 show two possible polarities of PCLK2:1 

LSYNC 

Figure 21. Clock Synchronization In the 2-x Clock Mode 

2XClK[ 

ClKIN[ 

Note: In 1x clock mode, the RESET pin is actually sampled on the falling edge of 2xCLK. 2xClK is an intemal signal 
generated by the Pll and Is not available on an external pin. Therefore, RESET is specified relative to the rising 
edge of ClKIN. The RESET pin is sampled when PClK is high. 

Figure 22. Clock Synchronization In the 1-x Clock Mode 
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80960CF-40 il1fe1:® 

I Byte I BUI Pipe- ElIIemal 
Function OAler WIdIh Nwoo NwA!) NICDA NmlD ~D Lining Reedy Burst 

Control 

Bit 31'2:1 22 21 l!().19 18-17 18-12 11·10 9-8 7·3 2 0 

Value 
0 x 0 x x 0 0 OFF Dlaablecl Dlaablad 

0 .. 0 x 0 xx 00000 00000 0 

A 0 

PCLJ( [ 
ADS [ 

A31:4.SOP. [ OMA.OtC. 
BE3:0. LOCK 

wi'R [ 
BLAsi' [ 

OT/R [ 
DEN [ 
A3:2 [ 
WAiT [ 

031:0 [ 
F_CX02BA 
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intel· 80960CF-40 

I Byte I Bus Pipe- External 
FunCllon Order Wldih Nwco NwAD Nl(OA NADD NMD Lining Raaely BuM 

Conlrol 

Bft 31·23 22 21 20-19 18-17 18-12 11·10 IJ.8 7·3 2 0 

Value 
0 x 0 x x x X 3 OFF Disabled DIsabled 

0 .. 0 0 xx xx 00011 0 

A 3 2 0 A 

PCLK [ 
Al)S [ 

A31:2,EO [ 
W~ [ 

BLXST [ 
OTRi [ 
'6lN [ 

'i5MA, 01(;, [ !UP,~ 

WArt [ 
1 

[ -8- 1 

031:0 
-1- _ J. -1-

l- _ .J 

I 
F_CX027A 

Figure 24. Non-Burat, Non-Plpellnld Read ~aqu .. t WIth Walt States 
272493-37 
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80960CF-40 

Bua 
NWDD Width 

20-19 18-17 18-12 0 

X X 3 Diaalilad Disabled 
xx 00011 0 

A 3 2 0 A 

PCLK [ 
ADS [ 

A31:2, .[ 
BE3:0 

WiR [ 
BLASi' [ 

OTIR [ 
DEN [ 

'SliP,OMA, [ 
Ole, LOCK 

WAiT [ 
031:0 [ -:- ( Out )~ -' 

I , I 

figure 25. Non-Burst, Non-Plpellned Write Request With WaltSta ... 
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intel® 80960CF-40 

Function 
Byte I 
Order I 

Bus 
NWDD Width NWAD NXDA NRDD 

Bit 31-23 22 21 20-19 18-17 18-12 11-10 9-8 

Value 
0 X 0 32-Bk X X 0 0 

0.,0 x 0 10 xx xxxxx 00 00 

A 0 

PCLK [ 
ADS [ 

A31:4, SUP, [ 'VaUd i5MA, Ole, 
BE3:0, LOCK 

WiR [ 
BIAsi' [ 

OTIR [ 
DEN [ 
A3:2 [ 00 

WAiT [ 
I 

031:0 [ ---~---'B--G-G 
Figure 26. Burst, Non-Plpellned Read Request Without Walt States, 32-Blt Bus 
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80960CF-40 

Function 

Value 

PCLK [ 

A6S[ 
A31:4,SUP, [ 
l5W:,o/C, 

B50,~ 

wm[ 
BLASt [ 

oT/R [ 

BEN [ 

A3:2 [ 

WAit [ 

031:0 [ 

, 
I I t I I I I ! I 

, , 'G'0 '8 ' -T--"l---r- InO -,.. Inl .,- In2 "I-
I I I I I I 

Figure 27. Buret, Non·Plpelined Reed Request With Wslt Stetes, 32·Blt Bus 
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intel~ 80960CF-40 

I Byte I BUI Pipe- Eldernal 
FunClion Older Width NWDD NWAD NXDA NADD NAAD Lhlng Ready BII'II 

Conlrol 
en 31-23 22 21 20-19 1.17 16-12 11-10 9-8 7-3 2 1 0 

Value 0 x 0 32-bII 0 0 0 x X OFF Oloablad Enabled 
0 .. 0 x 0 10 00 00 xx xxxxx 1 

A 0 0 0 0 A 

PCLK [ 
ADS [ 

A31:4,SUP, [ OMA, Die, 
BE3:0, LOCK 

wiR [ 
BLAST [ 

OT/R [ 
DEN [ 
A3:2 [ 
WAiT [ 

031:0 [ 
Figure 28. Buret, Non-Plpellned Write Request Without Wan s ....... 32·Blt Bu. 

272493-41 
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80960CF·40 

Function J 
Bit 

Value 

POLK [ 

AOS[ 
A31:4, sup, [ 

DMA, Die, 

BE3:0, i:CiCK 

W~[ 

BLAST [ 

DT/R[ 

BEN [ 

A3:2 [ 

WAIT [ 

031:0 [ 

Byte 
Order 

Bus 
Width' Nwoo NWAD NXDA NRDD NRAD 

20-19 18-17 16-12 11·10, 

Figure 29, Burst, Non·Plpelined Write Request With Walt States, 32·Blt Bus 
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intel~ 80960CF-40 

I Byte I aus PIpe. Extemal 
Function Order I Width Nwoo NwAO NXOA NROO NRAO lining Reedy Burlll 

ContrOl 

B~ 31-23 22 21 20-19 ,18-17 18-12 11-10 9-8 7-3 ~ 1 0 

Value 
0 X 0 X X 1 1 2 OFF Disabled Enabled 

0,,0 • 0 xx ..... 01 01 00010 0 0 1 

A 2 0 0 0 0 A, 

PCLK [ 

A5S[ 
SUP,DMA, [ 
O@J..ggs. Valid 

A31 :4, B.§MI& 
BEOIBLE 

W/R[ 

BLAST [ 

OTtR [ 

6EN[ 
A3~ [ A3:2 = 00 or 10 A3:2=0Iorll 

BEi/Al [ 

WAIT [ 
I 

031:0 [ 
015:0 _~§~_@)-~_{Dl'5:0)- ___ I. 

Al.o I Al=1 I Al=O I Al=1 ' I 

1 1 I 1 "_CX033A 

FIgure 30. Burst, Non-Plpellned Read Request With Walt States,16-BIt Bus 
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80960CF-40 

Function I Byte I 
Ortler ' 

Bua 
Width 

7-3 2 BH 3'-23 

Value 

H , 
Of cJ,o 0\LFF~,,---~_.J 

1-374 

PCLK [ 

A5S[ 
SUP'~A, [ 
O,c, L K, 

A31:4 

DEN [ 

A3:2 [ 

~/A1'[ 
BEOIAO 

WArf[ 
031:0 [ 

A3:2 = 00, 01, 10 or 1 1 

I I I@I-@I@I@ __ .1.. __ ...1 ___ 1..' 07:0 _~ 07:0 ...1_ 07:0 -'_ 07:0 

I I I Byte 0 I Byte' I Byte 2 I Byte 3 

I I I I' I, 

Figure 31. Burat, Nqn-Pipellned Read RequeBt With Walt States, 8-Blt Bus 

___ I. 
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intel® 80960CF·40 

Function 

Bit 

Value 

A 0'"' 

PCLK [ 
ADS [ 

A31:4. SUp, [ DMA.oic. 
LOCK 

wiA [ 
A3:2 [ Bffii 

031:0 [ 
WAIT [ 

BLAST [ 
OT/R [ 
DEN [ 

F_CX035A 

Figure 32. Non-Burst, Plpellned Reed Request Without Walt.Stetee, 32-Blt BUI 
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Figure 33. Non-Burst, Plpellned Read Reque$t With Walt States, 32-Blt Bus 
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infel· 
Function 

8ft 

value 

A31:4, SuP. [ 
DM'A.0.6, 

Bmi,i15CK 

W/R[ 

031:0 [ 

voo[ 
erm[ 

OTIR[ 

5EN[ 

Bu. 
NwoD WIdIh 

20-19 1&-17 

32-bt X 
xx 

A o 

NwAD NmA NAilD ~ 

1&-12 11-10 9-8 7-3 

X X 0 0 
00 00000 

o o 0' 

FIgure 34. Buret, Plpellned Read Request Without walt States, 32-B1t Bus 

-- --- --_._- ._----
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80960CF-40 

A 

~SU!'[ DMA, DIC, 
BE3:O,WCK 

WIlli [ 

031:0 [ 

WAiT [ 

BlAST [ 

DTIfi[ 
i5ER[ 

2 D 

NwDD NwAD 

18-17 18-12 

X X 
XX XXXXX 

1 • D 

" 
" 

NDn-plpailnad requ881 CDIIClud .. , 
plpelined reads begin. 

NXDA 

11·10 

X 
xx 

D 

NRDD 

N 
1 

01 

NAA£) 

7-3 

~10 

A' 
D 

Pipe-
unng 

2 

ON 
1 

2 

I I I 

Extemal = 
Dioabilld 

0 

Plpellnad reads conclude, 
non-plpeBnad requests begin. 

figure 35. Buret, Plpellned Reac:I Request With Welt States, aZ-Blt Bus 

1·378 

ihfel~ 

Burst 

0 

Enabilld 
1 

D' 
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Function 

Bit 

Value 

PCLK [ 

Ai5S[ 
A31:4,SUP, 

DMA,O/C, [ 
BE~ 

BE3IBHE. 

LOC~ [ 
WIR 

A3:2 [ 
BET/A1 [ 

031:0 [ 

WAIT [ 

BLAST [ 

OT/R[ 

DEN [ 

A 2 

A3:2 = 00 or 10 

onrpipelined request concludes 
plpelinad reads begin. 

A3:2=010r11 

Pipelinad reads conclude, 
non-pipelinad requests begin 

Figure 36. Burst, Plpellned Read Request With Walt States, 16·Blt Bus 

80960CF·40 

Burst 

o 
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80960CF·40 

Function 

Bh 31-23 

Value 0 
0 .. 0 

PCLK [ 

ADS [ 

A31:4,SUP, [ OMA, Die, 
Lc5CK 

WIR[ 
A3:2 [ 

BElIA1, [ 
BEOIAO 

031:0 [ 

WAiT [ 

BLAsT [ 

OT/A[ 

DEN [ 

1-380 

Byte 
Order 

22 

x 
x 

A 

I 
21 

o 
o 

2 

Bus 
Width 

20-19 

8-bh 
00 

0 

NWOD NWAD NXDA 

18-17 18-12 11-10 

X X X 
xx xxxxx xx 

0 

Valid 

A3:2 = 00, 01, 10, or 11 

on-plpelined request concludes 
pipelined reads begin. 

NADD 

9-8 

1 
01 

0 2 

Pipelined reads conclude, 
non-pipelined requests begin 

Figure 37. Burst, Plpellned Read Request With Walt States, 8-Blt Bus 

Burst 

0 

0' 
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PCLK [ 

ros[ 
A31:4, sup, 
0W-,INST, [ 
Ole, BE3:0, 

LOCK 

WtA[ 

BLAsi'[ 

DTtA [ 

BEN [ 

READY [ 

Bi'ERM [ 

A3:2 [ 

WAFf[ 

031:0 [ 

80960CF-40 

Figure 38. USing External iiEAi5Y 
272493-51 

1-381 



80960CF·40 

1-382 

PCLK [ 

Al5S[ 
~,SUP, [ 
DMA,INST, 
D/C,BE3:0, 

Lc5CK 

wiR[ 

BLAST [ 

DTiA[ 

DEN [ 

READY [ 

Bi'ERM [ 

A3:2 [ 

WAiT [ 

031:0 [ . -: --~ -§- -: --~ -§- -: --1-§ -; -
, I I I ! I I I I I 

I I I 

Note: READY adds memory access time to data transfers, whether or not the 
bus access is a burst access. B'i"ERM interrupts a bus access, whether or not 
the bus access has more data transfers pending. Either the READY signal or 
the BTERM signal will terminate a bus access if the signal is asserted during 
the last (or only) data transfer of the bus access. 

Figure 39, Terminating a Burst with ii'i'ERM 
272493-52 



Regenerate W 
I I I I I I I I I (,.1 I I I 

W [ ~~_~_~~~ ___ ~_~l: : : 
: : : I I~BUA5BT I : ~UASTi"-..ttl I~: : I 

MA§T [I I I I: _l_~ ~I,. ___ L_ I I I I I 

I I -:. l,..!.w I 
I I I I NON·BURST I I I I 

[ /
1 III !hI Ihl I rr 

READY .' MAY CHiF.f I l!..J I 
I I I I I I I I I 

........ [111 : I I :I~ III/:~IIII I I 
DU.... I SUSPEND ~UEST ~ \ I .. I I RESUME REQUEST 

~,:: [ _I __ ..IXL-_~t~-~----~---~-,-J--Y ~ 
BE3:0, WAi't; - i r--f ~ ~ 

DEN'DTfl!i[:, :c:l ~I I : : :el I :y'-I I : 
031:0, I I • ., •••• ,. ••• ,.,~ 

(WRITES) I I I I I . I 

~egin Request I 
BOFFmaynot 

be asserted 

"ii"OFF may be asserted to suspend request 

Note: READYIBTERM must be enabled; NRAO, NROO, NWAO, Nwoo= 0 

Figure 40. BOFF Functional Timing 

I End Request 

"ii"OFF may n~ 
be asserted 

80960CF-40 
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80960CF-40 i"teI ® 

1-384 

PCLK2:1 [ 

A5S[ 
~SU!-.[ DMA,D/C, 

BE3:0, WAiT, 
i5EN,DT/R 

-;-\ : ~-.~ ...... ~.. : r;\ .~ ... __ ~ .. 
;~;; ;-1 ,LJ;'"I I 

) Val~ }--~-----~rv:~-~\.-.-~-----~--. I ...... -:--...,..-__ ~-r 1 I-L.:;:--/ 1 1 

HOLD 

[ 
[if 

11%11 ___ L _____ '_ ' I __ L _____ L __ 

1 I I I" I 

I 'I 'I 

1\ 1/ 
I 

I 

HOLDA [ I ;\ 1/ 

Figure 41. HOLD Functional Timing 

F_CX044A 
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I 

PCLK2:1 T---'\: r,t -l. 'L.......l: 
I I I 

System 
Clock 

~
~~~ __ ~ ____ -+ ____ ~ ____ +-____ ~SmrtDMA 

ADS I : I I Bus Request 
I I 

I (BLAST -.--....---.... 1--....---. ..... 
& READY 
&IWAIT) 

DACKx 
(All Modes) 

DREQx 
(Case 1) 

DREQx 
(Case 2) 

Note: 

I E;ndDMA 
,.......,~--I---'I'" Bus Request 

,...~ __ -+ __ ~' DMA 
Acknowledge 

I JDMA 
r--t-"';"_"':' Request 

1. Case 1 : DREQ must deassert before DACK deasserts. This applies to all Fly-8y modes: source synchronized 
packing modes and destination synchronized unpacking modes. 

2. Case 2: iiREci must be deasserted by the second clock (rising edge) after DACi( is driven high. 
This applies to all other DMA transfers. 

80960CF·40 

3. i5ACKx is asserted for the duration of a DMA bus request. The request may consist of multiple bus F_CX018A 
accesses (defined by ADS and BLAST). 

PCLK2:1 

Figure 42. 

2CLKs Min 
I 

I • 

and DACK Functional Timing 

I I I 

J\J\fV 
I I I I 

15CLKsMax 

Note: EOP has the same AC liming Requirements as DREQ to prevent unwanted DMA requests. EOP is NOT edge 
triggered. EOP must be held for a minimum of 2 clock cycles then dea~serted within 15 clock cycles. 

Figure 43. EOP Functional Timing 

272493-55 
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80960CF-40 

PCLK2 [ I 

FiESE'f 

FAiL 

1-38f;! 

~[ 
, 

W[:LJ 
DACK [ :\"--__ ............... , I 

Te [ ~~ ____ ---,-JI , , 

Note: Terminal Count beoomes active during the last bus request of a buffer transfer. If the 
last LOADISTORE bus request Is executed ... multiple bus acceses, the TC wi. be active 
lor the entire bus request. Refer to the 196f1" ex MlctopfOCNsor User's ManUIIllor 
further Information. 

Figure 44. Terminal Count Functional Timing 

II H [ 
(Intemal Self-Test) (BusT.S!) 

Pass Pess 

[ I I I.- Fa.--n --Fail-- II 
-65,000 Cycles 1.5Cydes I 102Cydes I 

F_CX047A 

Figure 45. FAiL Functional Timing 
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Byte OIIset r 4 8 
: I I I ' I I I ' 12 18 

I 
20 

I 
Word 011881 ~ ~ ~ 

_ Sho~ Request (Allg~ed) 

4 
I 

5 
I 

Short-Word 
LoadlSlOnt 

~lOre 

Double-Word 
LoadISlOre 

I II I I Byte. Byte Requests 
I I 

• Short ReqUes; (Aligned) 

• Byte. ~ Requests 

_ Word Requ~ (Aligned) 
I I 

-:

yte. Short,' Byte. Requests 

I I 
Short. Short Requests 

_ II 
B~. Short, Byte .Requests 

One Double-Word Burst (Aligned) 

I I 

BYte. Word. Short. Byte RequeSts 

I: I 

I 

One Double-Word 
Request (Aligned) 

I 

" 
6 
I 

Figure 46. A Summary of Aligned and Unaligned Transfers for Little Endlan Regions 

80960CF .. 40 
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80960CF·40 

Byte Offset 

Word Offset 

Triple-Word 
Load/Store 

Quad-Word 
LoadiStore 

0 

I 
0 

4 8 12 

I I 
2 3 

16 20 24 

I 
4 5 6 

I I I 
One Three-Word 
Request (Aligned) , 

'Wce, Short, Word, 
ord, Byte Requests 

Word, Word; 
Word Requests 

I 

~g~: 
Word 
Requests 

Byte, Short, Word, Word, 
Word; Byte Requests 

I , 

Short, Word, Word, Word, 
Short Requests 

Word, Word, Word, 
Word Requests 

. Double-

~~Ie-
Word, 

I Requests 

F_CX049A 

Figure 47_ A Summary of Aligned and Unaligned Transfers for Little Endlan Regions (Continued) 
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80960CF·40 

PClK [ 

ADS [ 

A31:4, D,[ 
DMA,I~ST, 
0/0, B 3:0 

tOCK[ 

W/R [ 

BLAST [ 

DTtR [ 

DEN [ 

A3:2 [ 

WAiT [ 

031:0 [ 

READY, [ 
BTERM 

7.0 REVISION HISTORY 

Figure 48. Idle Bus Operation 

This is a new data sheet for the 80960CF-40 product. It is derived from the 80960CF-33, -25, -16 data sheet. 
Aside from a few minor edits, only the AC Characteristics differ from the 80960CF-33, -25, -16 data sheet. 

272493-59 
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80960JA/JF 
EM'BEDDED32-BIT MICROPROCESSOR 

• High-Performance Embedded 
Architecture 
- One Instruction/Clock Execution 
- Load/Store Programming Model 
- Sixteen 32-Blt Global Registers 
- Sixteen 32-!illt Local Registers 

(8 sets) 
- Nine Addressing Modes 
- User/Supervisor Protection Model 

• Two-Way Set Associative Instruction 
Cache 
- 80960JA-2 KByte 
- 80960JF--4 KByte 
- Programmable Cache Locking 

Mechanism 

• Direct Mapped Data Cache 
- 80960JA-1 KByte 
- 80960JF-2 KByte 
- Write Through Operation 

• On-Chip Local Register Cache 
-Eight Stack Frames Available 
- Automatic Allocation on Call/Return 
- 0-8 Frames Reserved for Interrupts 

• On-Chip Data RAM 
-1 KByte Critical Variable Storage 
- Single-Cycle Access 

/ 
I 
\ 

()()()()()()O()PC)()()()() , 

() () 0 () () () 0 () () () () 0 () () 

() c () () () 0 () () 0 () 0 0 () () 

() Cl 0 () 0 0 

C) () () () 0 0 

0 0 () 
iA80960JX 

() 0 () 

0 () C) lCXXXXXXX AO () C) (l 

() 0 Cl 8.11xx () 0 0 
() () () () () () 

0 () () C) () 0 
() () 0 () 0 () 

()()()()()()()c) ()()ClOO 

()OOC)()OC)() () C) C) () () 

()()()OC)()()() ()()oe)e 

272504-1 

• High Bandwidth Burst Bus 
- 32-Blt Multiplexed Address/Data 
- Programmable Memory 

Configuration 
- Selectable 8-, 16-, 32-Blt Bus Widths 
- Supports Unaligned Accesses 
- Big or Little Endlan Byte Ordering 

• High-Speed Interrupt Controller 
- 31 Programmable Priorities 
- Eight Malskable Pins plus NMI 
- Up to 240 Vectors in Expanded Mode 

• Two On-Chlp Timers 
-Independent 32-Blt Counting 
- Clock Prescallng by 1, 2, 4 or 8 
-Internal Interrupt Sources 

• HALT Mode for Low Power 
• IEEE 1149.1 (JTAG) Boundary Scan 

Compatibility 

• Packages 
-132-Lead Pin Grid Array (PGA) 
- 132-Lead Plastic Quad Flat-Pack 

(PQFP) 

O.NG8096OJX 
XXXXXXXXAO e., ... 

FIgure 1. 80960JA/JF Microprocessors 

1-390 
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80960JA/JF 
EMBEDDED 32-BIT MICROPROCESSOR 
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80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR intel~ 
1.0 PURPOSE 

This document provides advance information for the 
S0960JA/JF microprocessor, including targeted 
electrical characteristics and package pinout infor
mation. Detailed functional descriptions-other than 
parametric performance-will be published in the 
i960@ Jx Microprocessor User's Guide (2724S3). 

2.0 80960JA/JF OVERVIEW 

The B0960JAlJF, a new member in the family of 
embedded i960@ processors, provides a new set of 
essential enhancements for an emerging class of 
high-performance embedded applications. Th~ 
S0960JAlJF is object code compatible with the 
32-bit S0960 Core Architecture and is capable of 
sustained execution at the rate of one instruction per 
clock. This processor's features include a larger in
struction cache, data cache and increased data 
RAM. It also boasts a fast Interrupt mechanism, dual 
programmable timer units and new instructions. 

Memory subsystems for cost-sensitive embedded 
applications often impose substantial wait state pen
alties. The S0960JAlJF integrates generous storage 
resources on-chip to decouple CPU execution from 
the external bus. 

The S0960JF includes a 4 Kbyte instruction cache 
and a 2 Kbyte data cache. For greater economy, the 
S0960JA includes a 2 Kbyte instruction cache and a 
1 Kbyte data cache. Both processors include a 
1 Kbyte data RAM. 

An eight-set stack frame cache allows the processor 
to rapidly allocate and deallocate local registers dur
ing context switches. 

A 32-bit multiplexed burst bus provides a high-speed 
interface to system memory and I/O. A full comple
ment of control signals simplifies the connection of 
the S0960JA/JF to external components. The user 
programs physical and logical memory attributes 
through memory-mapped control registers 
(MMRs)-an extension not found on the i960 Kx, Sx 
.or Cx processors. Physical and logical configuration 
registers enable the processor to operate. with all 
combinations of bus width and data object align
ment. The processor supports a homogeneous byte 
ordering model. 
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This processor integrates two important peripherals: 
a timer unit and an interrupt controller. These and 
other hardware resources are programmed through 
memory-mapped control registers, a user-friendly ar
chitectural extension. 

The timer unit (TU) contains two independent 32-bit 
timers which are capable of counting at several 
clock rates and generating interrupts. Each is pro
grammed by use of the Timer Unit registers. TheSe 
registers are memory-mapped within the 
80960JAlJF, addressable on 32-bit boundaries. The 
timers have a single-shot mode and auto-reload oa
pabilities for continuous operation. Each timer has 
an independent interrupt request ,to the 80960JAI 
JF's interrupt controller. The TU can generate a fault 
when unauthorized writes from user mode are de
tected. 

The interrupt controller unit (ICU) provides a flexible, 
low-latency means for requesting interrupts. It pro~ 
vides full programmability of up to 240 interrupt 
sources into 31 priority levels. The ICU takes advan
tage of a cached priority table, dedicated local regis
ters and optional routine caching to minimize inter
rupt latency. Acting independently from the core, the 
ICU compares the priorities of posted interrupts with 
the current process priority, off-loading this task 
from the core. The ICU also supports the integrated 
timer interrupts. 

The S0960JAlJF features a Halt mOde deSigned to 
support applications where low power consumption 
is critical. The halt instruction lets you shut down the 
processor, resulting in a power savings of approxi
mately 90 percent. 

The S0960JAiJF's testability features, including 
ONCE (On-Circuit Emulation) and Boundary Scan 
(JTAG), create a powerful environment for design 
debug and fault diagnosis. 

The Solutions960® program features a wide variety 
of development tools that support the i960 proces
sor family. Many of these tools are developed by 
partner companies; some are developed by Intel, 
such as profile-driven optimizing compilers. For 
more information on these products, contact your 
local Intel representative. 
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Figure 2. 80960JA/JF Block Diagram 

2.1 80960 Processor Core 

The S0960JAI JF microprocessor is a new, scalar 
implementation of the S0960 Core Architecture. Intel 

,des,igned it to be a very high performance device 
that is also cost-effective., Factors that contribute to 
the core's performance include: 

• Single-clock execution of most instructions 

• Independ.ent Multiply/Divide Unit 

• EffiCient instruction pipeline minimizes pipeline 
break latency 

• Register and resource scoreboarding allow over
lapped instruction execution ' 

• 12S-bit register bus speeds local register caching 

• Two-way set associative, integrated instruction 
cache (S0960JF is 4 Kbyte; S0960JA is 2 Kbyte) 

• Direct-mapped, integrated data cache (S0960JF 
is 2 Kbyte; S0960JA is 1 Kbyte) 

• 1 Kbyte integrated data RAM delivers zero wait 
state program data ' 

2.2 Burst Bus 

A 32-bit high-performance bus controller interfaces 
the S0960JA/JF to external memory and peripher
als. The Bus Control Unit fetches instructions and 
transfers data at the rate of up to four 32-bit words 
per six clock cycles. The external address/data bus 
is multiplexed. 
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Users may configure the memory space for physical 
and logical characteristics to match an appli~ation's 
requirements. Physical bus width is register pro
grammed for up to eight regions. Byte ordering and 
data caching are programmed through a group of 
logical memory templates and a defaults register. 

The Bus Control Unit's features include: 

• Multiplexed external bus to minimize pin count 

• 32-, 16- and 8-bit bus widths to simplify 1/0 inter
faces 

• External ready control for address-to-data, data
to-data and data-to-next-address (recovery) wait 
states 

• Support for Big or Little Endian byte ordering to 
facilitate the porting of existing program code 

• Unaligned bus accesses performed transparently 

• Three-deep loadlstore queue to decouple the 
bus from the core 

Upon reset, the 80960JAlJF conducts an internal 
·self test. Then, before executing its first instruction, it 
performs an external bus confidence test by per
forming a checksum on the first words of the Initiali
zation Boot Record. 

While the processor is running, the user may exam
ine the contents of the caches by' issuing special 
cache control instructions. 

2.3 Timer Unit 

The timer unit offers two independent 32-bit timers 
for use as real-time system clocks and general pur
pose system timing. These operate in either single
shot or auto-reload mode and can generate inter
rupts to the core. Clock prescaling is supported. 

2.4 Priority Interrupt Controller 

A programmable interrupt controller manages up to 
240 external sources through an 8-bit external inter
rupt port. Alternatively, the interrupt inputs may be 
configured for individual edge- or level-triggered in
puts. The Interrupt Unit also accepts interrupts from 
the two on-chip timer channels and a single Non
Maskable Interrupt (NMI) pin. Interrupts are serviced 
according to their priority levels relative to the cur
rent process priority. 
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Low interrupt latency is critical to many embedded 
applications. As part of its highly flexible interrupt 
mechanism, the 80960JAlJF exploits several tech
niques to minimize latency: 

• Interrupt vectors and interrupt handler routines 
can be cached on-chip 

• Register frames for high-priority interrupt han
dlers can be cached on-chip 

• The interrupt stack can be placed in cacheable 
memory space 

2.5 Instruction Set Summary 

The 80960JAlJF adds several new instructions to 
the i960 core architecture. Table 1 shows all instruc
tions that are available. The new instructions are: 

• Conditional Move 

• Conditional Add 

• Conditional Subtract 

• Byte Swap 

• Halt 
• Cache Control 

• Interrupt Control 

2.6 Faults and Debugging 

The 80960JAI JF employs a comprehensive fault 
model. The processor responds to faults by making 
implicit calls to a fault handling routine. Specific in
formation collected for each fault allows the fault 
handler to diagnose exceptions and recover appro
priately. 

The processor also has built-in debug capabilities. In 
software, the 80960JAI JF may be configured to de
tect as many as seven different trace event types. 
Alternatively, mark and fmark instructions can gen
erate trace events explicitly in the instruction stream. 
Hardware breakpoint registers are also available to 
trap on execution and data addresses .. 

2.7 Low Power Operation 

Intel fabricates the 80960JA/JF using an advanced 
sub-micron manufacturing process. The processor's 
sub-micron topology provides the circuit density for 
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optimal cache size and high operating speeds while 
dissipating modest power. The processor also uses 
dynamic power management to turn off clocks to 
unused circuits. 

Users may program the 80960JAI JF to Halt Mode 
for maximum power savings. In Halt Mode, the proc
essor core stops completely but the integrated pe
ripherals continue to function, reducing overall pow
er requirements by approximately 90 percent. 

Processor execution resumes from internally or ex
ternally generated interrupts. 

2.8 Test Features 

The B0960JAlJF incorporates numerous features 
which enhance the user's ability to test both the 
processor and the system to which it is attached. 
These features include ONCE (On-Circuit Emulation) 
mode and Boundary Scan (JTAG). 

The 80960JAlJF provides testability features com
patible with IEEE Standard Test Access Port and 
Boundary Scan Architecture (IEEE Std. 1149.1). 

One of the boundary scan instructions, HIGHZ, 
forces the processor to float all its output pins 
(ONCE mode). ONCE mode can also be initiated at 
reset without using the boundary scan mechanism. 

ONCE is useful for board-level testing. This feature 
allows a mounted 80960JAlJF to electrically "re
move" itself from a circuit board. This allows for sys
tem-level testing where a remote tester-such as an 
in-circuit emulator (ICE system)-can exercise the 
processor system. 

The provided test logic does not interfere with com
ponent or circuit board behavior and ensures that 
components function correctly, connections be
tween various components are correct, and various 
components interact correctly on the printed circuit 
board. 

The JT AG Boundary Scan feature is an attractive 
alternative to conventional "bed-of-nails" testing. It 
can examine connections which might otherwise be 
inaccessible to a test system. 

2.9 Memory-Mapped Control 
Registers 

The 80960JAlJF, though compliant with i960 series 
processor core, has the added advantage of memo
ry-mapped, internal control registers not found on 
the i960 Kx, Sx or Cx processors. These give soft
ware the interface to easily read and modify internal 
control registers. 

Each of these registers is accessed as a memory
mapped, 32-bit register. Access is accomplished 
through regular memory-format instructions. The 
processor ensures that these accesses do not gen
erate external bus cycles. 

2.10 Data Types and Memory 
Addressing Modes 

The 80960JAI JF instruction set supports several dif
ferent data types and formats: 

• Bit 
• Bit fields 
• Integer (8-, 16-, 32-, 64-bit) 

• Ordinal (8-, 16-, 32-, 64-bit unsigned integers) 

• Triple word (96 bits) 

• Quad word (128 bits) 

The 80960JAlJF provides a full set of addressing 
modes for C and assembly: 

• Two Absolute modes 
• Five Register Indirect modes 

• Index with displacement 

• IP with displacement 
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Table 1. 80960JA/JF Instruction Set 

Data Movement Arithmetic Logical Bit, Bit Field and Byte 

Load Add And Set Bit 
Store Subtract Not And Clear Bit 
Move Multiply And Not Not Bit 
'Conditional Select Divide Or Alter Bit 
Load Address Remainder Exclusive Or Scan For Bit 

Modulo Not Or Span Over Bit 
Shift Or Not Extract 
Extended Shift Nor Modify 
Extended Multiply Exclusive Nor Scan Byte for Equal 
Extended Divide Not • Byte Swap 
Add with Carry Nand 
Subtract with Carry 
'Conditional Add 
'Conditional Subtract 
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 
Test Condition Code , Branch and Link 
Check Bit 

Debug Processor Management Atomic 

Modify Trace Controls . Flush Local Registers Atomic Add 
Mark Modify Arithmetic Controls Atomic Modify 
Force Mark Modify Process Controls 

"Halt 
System Control 
'Cache Control 
• Interrupt Control 

• Denotes new Instructions unavailable on 80960CAlCF, 80960KAlKB and 80960SAlSB Implementations. 
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3.0 PACKAGE INFORMATION 

The 80960JAlJF will be offered in several speed 
and package grades. The following 132·pin Pin Grid 
Array (PGA) devices will be specified for operation at 
Vcc=5.0V±5% over a case temperature range of 
O·C to 100"C: 

• A80960JAlJF·33 (33 MHz) 

• A80960JAlJF·25 (25 MHz) 

• A80960JAlJF·16 (16 MHz) 

The following 132·lead Plastic Quad Flatpack 
(PQFP) devices will be specified for operation at 
Vcc=5.0V±5% over a case temperature range of 
O"C to 100·C: 

• NG80960JAI JF·33 (33 MHz) 

• NG80960JAI JF·25 (25 MHz) 

• NG80960JAlJF·16 (16 MHz) 

For complete package specifications and informa· 
tion, refer to Intel's Packaging Handbook (Order No. 
240800). 

3.1 Pin Descriptions 

This section describes the pins for the 80960JAlJF 
in the 132·pin ceramic Pin Grid Array (PGA) package 
and 132·lead Plastic Quad Flatpack Package 
(PQFP). 

Section 3.1.1, Functional Pin Definitions de· 
scribes pin function; Section 3.1.2, 80960JA/JF 
132-Lead PGA Pinout and Section 3.1.3, 
80960JA/JF PQFP Pinout define the signal and pin 
locations for the supported package types. 

3.1.1 FUNCTIONAL PIN DEFINITIONS 

Table 2 presents the legend for interpreting the pin 
descriptions which follow. Pins associated with the 
bus interface are described in Table 3. Pins associ· 
ated with baSic control and test functions are de· 
scribed in Table 4. Pins associated with the Interrupt 
Unit are described in Table 5. 

Table 2. Pin Description Nomenclature 

Symbol Description 

I Input pin only. 

0 Output pin only. 

110 Pin can be either an input or output. 

- Pin must be connected as described. 

S Synchronous. Inputs must meet 
setup and hold times relative to 
ClKIN for proper operation. 

S(E) Edge sensitive input 
S(l) level sensitive input 

A ( ... ) Asynchronous. Inputs may be 
asynchronous relative ,to ClKIN. 

A(E) Edge sensitive input 
A(l) level sensitive input 

. R ( ... ) While the processor's RESET pin is 
asserted, the pin: 

R(1) is driven to Vee 
R(O) is driven to Vss 
R(Q) is a valid output 
R(X) is driven to unknown state 
R(H) is pulled up to Vee 

H ( ... ) While the processor is in the hold 
state, the pin: 

H(1) is driven to Vee 
H(O) is driven to Vss 
H(Q) Maintains previous state or 

continues to be a v~lid output 
H(Z) Floats 

P ( ... ) While the processor is halted, the 
pin: 

P(1) is driven to Vee 
P(O) is driven to Vss 
P(Q) Maintains previous state or 

continues to be a valid output 
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Table 3. Pin Description-External Bus Signals (Sheet 1 of 3) 

NAME TYPE DESCRIPTION 

AD31:0 I/O ADDRESS/DATA BUS carries 32-bit physical addresses and B-. 16- or 32-bit data to and 
S(l) from memory. During an address (T a) cycle. bits 2-31 contain a physical word address 
R(X) (bits 0-1 indicate SIZE; see below). During a data (T d) cycle. read or write data is present 
H(Z) on one or more contiguous bytes. comprising AD31:24. AD23:16. AD15:7 and AD7:0. 

P(O) During write operations. unused pins are driven to determinate values. . 
SIZE. which comprises bits 0-1 of the AD lines during a T a cycle. specifies the number of 
data transfers during the bus transaction. 

AD1 ADO Bus Transfers 
0 0 1 Transfer 
0 1 2 Transfers 
1 0 3 Transfers 
1 1 4 Transfers 

When the processor enters HAL T mode, if the previous bus operation was a: 
• write-AD31:2 are driven with the last data value on the AD bus . 
• read-AD31:4 are driven with the last address value on the AD bus; AD3:2 are driven 

with the value of A3:2 from the last data cycle. 
Typically. AD1:0 reflect the SIZE information of the last bus transaction (either instruction 
fetch or load/store) that was executed before entering HALT mode. 

ALE 0 ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is asserted 
R(O) during a T a cycle and deasserted before the beginning of the T d state. It is active HIGH 
H(Z) and f.loats to a high impedance state during a hold cycle (T h)' 
P(O) 

All 0 ADDRESS LATCH ENABLE indicates the transfer of a physical address. ACE is the 
R(1) inverted version of ALE. This signal gives the B0960JAlJF a high degree of compatibility 
H(Z) with existing B0960Kx systems. 
P(1) 

ADS 0 ADDRESS STROBE indicates a valid address and the start of a new bus access. The 
R(1) processor asserts ADS for the entire T a cycle. External bus control logic typically samples 
H(Z) ADS at the end of the cycle. 
P(1) 

A3:2 0 ADDRESS3:2 comprise a partial demultiplexed address bus. 
R(X) 32-bit memory accesses: the processor asserts address bits A3:2 during T a. The partial 
H(Z) word address increments with each assertion of RDYRCV during a burst. . 
P(O) 16-bit memory accesses: the processor asserts address bits A3: 1 during T a with A 1 

driven on the BE'f pin. The partial short word address increments with each assertion of 
RDYRCV during a burst. 
B-bit memory accesses: the processor asserts address bits A3:0 during T a. with A 1 :0 
driven on BE1 :0. The partial byte address increments with each assertion of RDYRCV 
during a burst. 
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NAME 

BE3:0 

WIDTH/ 
HLTD1:0 

D/C 

W/R 

DT/R 

TYPE 

o 
R(1) 
H(Z) 
P(1 ) 

o 
R(X) 
H(Z) 
P(1) 

o 
R(X) 
H(Z) 
P(Q) 

o 
R(O) 

, H(Z) 
P(Q) 

o 
R(O) 
H(Z) 
P(Q) 
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Table 3. Pin Description-External Bus Signals (Sheet 2 of 3) 

DESCRIPTION 

BYTE ENABLES select which of up to four data bytes on the bus participate in the 
current bus access. Byte enable encoding is dependent on the bus width of the memory 
region accessed: 
32-bit bus: 

BE3, enables data on AD31 :24 
BE2 enables data on AD23:16 
BE1 enables data on AD15:8 
BEO enables data on AD7:0 

16-bit bus: 
BE3 becomes Byte High Enable (enables data on AD15:8) 
BE2 is not used (state is high) 
BE1 becomes Address Bit 1 (A 1) 
BEO becomes Byte Low Enable (enables data on AD7:0) 

8-bit bus: 
BE3 is not used (state is high) 
BE2 is not used (state is high) 
BE1 becomes Address Bit 1 (A 1) 
BEO becomes Address Bit 0 (AO) 

The processor asserts byte enables, byte high enable and·byte low enable during T a. 
Since unaligned bus requests are split into separate bus transactions, these signals do 
not toggle during a burst. They remain active through the last T d cycle. 
For accesses to 8- and 16-bit memory, the processor asserts the address bits in 
conjunction with A3:2 described above. 

WIDTH/HL TD signals denote the physical memory attributes for a bus transaction: 
WIDTH/HL TD1 WIDTH/HL TOO ' 

o 0 8 Bits Wide 
o 1 16 Bits Wide 
1 0 32 Bits Wide 
1 1 Processor Halted 

The processor floats the WIDTH/HL TO pins whenever it relinquishes the bus in 
response to a HOLD request, regardless of prior operating state. 

DATA/CODE indicates that a bus access is a data access (1) or an instruction access 
(0). DIG has the same timing as W/R. 

WRITE/READ specifies, during a T a cycle, whether the operation is a write (1) or read 
(0). It is latched on-chip and remains valid during T d cycles .. 

DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
addressldata bus. It is low during T a and TwiT d cycles for a read; it is high during T a 
and TwiT d cycles for a write. DT /R never changes state when DEN is asserted. 
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Table 3. Pin Description-External Bus Signals (Sheet 3 of 3) 

NAME TYPE DESCRIPTION 

DEN 0 DATA ENABLE indicates data transfer cycles during a bus access. DEN is asserted at 
R(1) the start of the first data cycle in a bus access and deasserted at the end of the last 
H(Z) data cycle. DEN is used with DT /R to provide control for data transceivers connected 
P(1 ) to the data bus. 

BLAST 0 BURST LAST indicates the last transfer in a bus access: BLAST is asserted in the last 
R(1) data transfer of burst and non-burst accesses. BLAST remains active as long as wait 
H(Z) states are inserted via the RDYRCV pin. BLAST becomes inactive after the final data 
P(1) transfer in a bus cycle. 

RDYRCV I READY/RECOVER indicates that data on AD lines can be sampled or removed. If 
S(L) RDYRCV is not asserted during a T d cycle, the T d cycle is extended to the next cycle by 

inserting a wait state (T w). 
The RDYRCV pin has an alternate function during the recovery (Tr) state. The 
processor continues to insert additional recovery states until it samples the pin HIGH. 
This function allows slow external devices longer to float their buffers before the 
processor begins to drive address again. 

LOCKI I/O BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK is 
ONCE S(L) asserted in the first clock of an atomic operation and deasserted in the last data 

R(H) transfer of the sequence. The processor does not grant HOLDA while LOCK is 
H(Z) asserted. This prevents external agents from accessing memory involved in semaphore 

P(1) operations. 
The processor samples this pin during reset. If it is asserted LOW at the end of reset, 
the processor enters ONCE Mode. In ONCE Mode, the processor stops all clocks and 
floats all output pins. The pin has a weak internal pullup which is active during reset to 
ensure normal operation if the pin is left unconnected. 

HOLD I HOLD: A request from an external bus master to acquire the bus. When the processor 
S(L) receives HOLD and grants bus control to another master, it asserts HOLDA, floats the 

address/data and control lines and enters the T h state. When HOLD is deasserted, the 
processor deasserts HOLDA and enters either the Ti or T a state, resuming control of 
the address/data and control lines. 

HOLDA 0 HOLD ACKNOWLEDGE indicates to an external bus master that the processor has 
R(Q) relinquished control of the bus. The processor can grant HOLD requests and enter the 
H(1) T h state during reset and while halted as well as during regular operation. 
P(Q) 

BSTAT 0 BUS STATUS indicates that the processor may soon stall unless it has sufficient 
R(O) access to the bus; see i96()® Jx Microprocessor User's Guide (272483). Arbitration 
H(Q) logic can examine this signal to determine when an external bus master should 
P(O) acquire/relinquish the bus. 
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Table 4. Pin Description-Processor Control Signals, Test Signals and Power (Sheet 1 of 2) 

NAME TYPE DESCRIPTION 

ClKIN I CLOCK INPUT provides the processor's fundamental time base; both the processor core 
and the external bus run at the ClKIN rate. All input and output timings are specified 
relative to a rising ClKIN edge. 

RESET I RESET initializes the processor and clears its internal logic. During reset, the processor 
A(l) places the address/data bus and control output pins in their idle (inactive) states. 

During reset, the input pins are ignored with the exception of lOCK/ONCE, STEST and 
HOLD. 
The RESET pin has an internal srchronizer. To ensure predictable processor 
initialization during power up, RE ET must be asserted a minimum of 10,000 ClKIN 
cycles with Vee and ClKIN stable. On a warm reset, RESET should be asserted for a 
minimum of 15 cycles. 

STEST I SELF TEST enables or disables the processor's internal self-test feature at initialization. 
S(l) STEST is examined at the end of reset. If STEST is asserted, the processor performs its 

internal self-test and the external bus confidence test. If STEST is deasserted, the 
processor performs only the external bus confidence test. 

FAil 0 FAil indicates a failure of the processor's built-in self-test performed during initialization. 
R(O) FAil is asserted immediately upon reset and toggles during self-test to indicate the status 
H(Q) of individual tests: 

P(1) • If self-test passes, the processor deasserts FAil and commences operation from user 
code . 

• If self-test fails, the processor asserts the FAil pin and then stops executing. 

TCK I TEST CLOCK is a CPU input which provides the clocking function for IEEE 1149.1 
Boundary Scan Testing (JTAG). State information and data are clocked into the 
component on the rising edge; data is clocked out of the component on the falling edge. 

TDI I TEST DATA INPUT is the serial input pin for JTAG. TDI is sampled on the rising edge of 
S(l) TCK, during the SHIFT-IR and SHIFT-DR states of the Test Access Port. 

TOO 0 TEST DATA OUTPUT is the serial output pin for JTAG. TOO is driven on the falling edge 
R(Q) of TCK during the SHIFT-IR and SHIFT·DR states of the Test Access Port. At other times, 
H(Q) TOO floats. TOO does not float during ONCE Mode. 

P(Q) 

TRST I TEST RESET asynchronously resets the Test Access Port (TAP) controller function of 
A(l) IEEE 1149.1 Boundary Scan testing (JTAG). If the Test Access Port will not be used, 

connect this pin to ground. 
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Table 4. Pin Description-Processor Control Signals, Test Signals and Power (Sheet 2 of 2) 

NAME TYPE DESCRIPTION " 

TMS I TEST MODE SELECT is sampled at the rising edge of TCK to select the operation of the 
Sell . test logic for IEEE 1149.1 Boundary Scan testing. 

Vec - POWER leads intended for external connection to a Vee board plane. 

VeCPLL - PLL POWER is a separate Vee supply lead for the phase lock loop clock generator. It is 
intended for external connection to the Vee board plane. In noisy environments, add a 
simple bypass filter circuit to reduce noise-induced clock jitter and its effects on timing 
relationships. 

Vss - GROUND leads intended for external connection to a Vss board plane. 

NC - NO CONNECT leads. Do not make any system connections to these leads. 

Table 5. Pin Description-Interrupt Unit Slgl1als 

NAME TYPE DESCRIPTION 

XINT7:0 I EXTERNAL INTERRUPT pins are used to request interrupt service. The XINT7:0 pins 
A(E/l) can be configured in three modes: 

Dedicated Mode: Each pin is assigned a dedicated interrupt level. Dedicated 
inputs can be programmed to be level (low or high) or edge 
(rising or falling) sensitive. 

Expanded Mode: All eight pins act as a vectored interrupt source. The interrupt 
pins are level sensitive in this mode. 

, 

Mixed Mode: The XINT7:5 pins act as dedicated sources and the XINT4:0 pins 
act as the five most significant bits of a vectored source. The 
least significant bits of the vectored source are set to 010 
internally. 

Unused external interrupt pins should be connected to Vee. 

NMI I NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. NMI is 
A(E) the highest priority interrupt source and is falling edge-triggered. If NMI is unused, it 

should be connected to Vee. 
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3.1.2 80960JA/JF 132-LEAD PGA PINOUT 

p 

N 

M 

l 

K 

H 

G 

F 

E 

D 

C 

B 

A 

2 3 4 6 B 9 10 11 12 13 14 

a a a a a a o a 0 o 000 a 
AD25 A022 AD19 AD18 Vee. Vce Vee. Vee Vee Vee Vee AD13 AD11 ADS 

a a a a a a o a 0 o 000 a 
AD27 AD26 AD24 AD20 Vss Vss Vss Vss Vss Vss Vss AD10 AD7 AD3 

a a a o 0 0 o a 0 o 000 a 
AD30 AD29 NC AD23 AD21 AD17 AD16 AD15 AD14 AD12 AD9 AD8 A04 ADO 

a a a 
BE2 iiE3 AD28 

o a 0 
Vee Vss AD31 

o a 0 
Vee Vss BET 

o a .Q 
Vee Vss BEO 

2 9as 2 
o a a 
Vee Vss BSTAT 

o 0 0 
Vee Vss DEN 

o a a_ 
Vee Vss DTIR 

~a~ 
I.Q!<ISl HOLDA BLAST 

°5E a 0 
WiR ole WIDTH! 

o a HOO 
ADS WIDTHI ALE 

HlT01 

2 3 

o 0 a 0 
A3 A2 FAil NC 

o 0 o 0 
TOO NC Vss Vss 

o 0 o 0 
NC NC Vee Vee 

4 5 6 7 

£,9, a 
Vee 

~S2 a 
Vee 

o 0 o 
NC Vss Vee 

o 0 a 
VCCPLL Vss ClKIN 

o 0 a 
NC Vss Vee 

o a a 
Ri'5YRCV Vss Vee 

~oa 
RESET V ss Vee 

o a a 
TDI Vss Vee 

aO~QQaa 
NC HOLD XINTl XINTO TRST STEST NC 

a 0 ~QQaa 
Vss Vss XINT6 XINT4 XINT3 TCK NC 

a 0 o 0 0 0 a 
Vee Vee NMI XiNi7 XINT5 XINT2 TMS 

8 9 10 11 12 13 14 

Figure 3. 132-Lead Pin Grid Array Bottom View-Pins Facing Up 
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A B C D E F G H K L M N P 

'4 
,. .... ,. .... ,.." ,.." ,.." ,.." ,.." ,.." ,.." ,. .... ,.." ,. .... ,..", ,. .... 

'4 ,,,I ,,,I '"I ,,,I ,,,I ,,,I ,,,I ,,,I ,,,I ,./ ,./ ,,,I ,,,I ,,,I 
TMS NC NC Vee Vee Vee Vee CLKIN Vee Vee Vee ADO A03 AD6 

,.." ,. .... ,.." ,. .... ,. .... ,. .... ,.." ,. .... ,. .... ,. .... ,.." ,.." ,. .... ,. .... 
'3 ..bL \.,,1 ,,,I ,./ ,,,I ,./ \.,,1 \.,,1 ,,,I ,./ ,./ ,,,I ,,,I ,.I '3 

XINT2 TCK STEST Vss Vss Vss Vss Vss Vss Vss AD' AD4 AD7 AD" 

'2 1'''' 1' .... 1' .... ,. .... 1' .... ,.." ,.." ,. .... 1'''' 1' .... ,. .... 1'''' 1'''' ,.." 
'2 '-"I ,.I '-./ .... .1 ,./ .... ./ .... .1 .... .1 ,,,I .... ./ .... ./ ,,,I ,,,I .... .1 

XINTS XINT3 TRST TDI RESET RDYRCV NC VeePLL NC AD2 ADS ADS AD'O AD'3 

" 
1'''' 1'''' ,. .... ,. .... ,. .... ,.." 

" 
,-"I ,,,I '-./ .... ./ \..1 .... ./ 

XiNT7 XiNT4 XINTO AD9 Vss Vee 

'0 
1' .... ,. .... r .... ,. .... ,. .... ,. .... 

'0 ,,,I .... .1 \../ ,./ .... ./ \../ 
NMI XiNi'6 Xiiiifi AD'2 V •• Vee 

9 
,. .... 1'''' ,. .... , .... ,. .... ,. .... 

9 \../ \../ ,,,I \...1 .... ./ .... ./ 
Vee V •• HOLD • A80960Jx 

AD'4 V •• Vee 
r, 1'''' ,.." 

I 
,. .... ,. .... ,. .... 

8 8 \..) ,,,I .... ,,1 \.,,1 \..1 \..1 
Vee Vss NC XXXXXXXXAO AD'S Vss Vee 
,. .... 1' .... 1'''' ,. .... ,. .... ,. .... 

7 .... ..1 ,./ ,,,I @@ 19xx ~6 \../ .... ./ 
Vee Vss NC Vs. Vee 

1'''' ,. .... 1' .... ,. .... ,.." , .... 
\.,,1 \.,,1 ~ \...1 \..1 \...1 6 
Vee Vss FAIL AD17 Vss Vee ,. .... ,. .... ,. .... ,.." , .... ,.." 

S ,,,I ,,,I ,,,I \.,,1 \...1 ,,,I 
NC NC A2 AD2' Vss Vee 

4 
1' .... 1'''' 1'''' ,. .... ,. .... ,. .... 
,,,I ,,,I ,,,I ,,,I \...1 ,,,I 
NC TDO A3 AD23 AD20 AD'8 

,. .... 1'''' ,. .... ,. .... ,. .... ,. .... ,. .... ,. .... ,. .... ,. .... ,.." 1' .... ,. .... ,. .... 
.... .1 ,,,I \...1 ,,,I .... ..1 '-./ .... ,,1 ,-"I .... ./ .... ./ ....,,1 .... ./ .... ./ ,,,I 

ALE WIDTHI BLAST DTtR DEN BSTAT ALE iiEo BE' AD3' AD28 NC AD24 AD'9 
,. .... HLf~O ,. .... 1' .... 1'''' 1'''' 1' .... ,. .... ,. .... , .... ,. ... r .... ,. .... ,. .... 

w'ii{rHi ~t '.I ,,,I ,,,I ,.I ,,,I ,,,I ,,,I .... ,,1 ~ \..1 \.,,1 .... ./ 
HOLDA Vss Vss Vss Vss Vss Vss Vss BE3 AD29 AD26 AD22 

HLTD' 
1' .... 1'''' 1' .... () 1' .... 1' .... ,. .... ,. .... ,. .... ,. .... 1' .... , .... ,. .... ,.." 
~ .... .1 ~ '-< \../ .... ,,1 \.,,1 .... ./ .... ./ ~ ,./ .... ./ ,,,I 
ADS WtR LOCK! Vee Vee Vee Vee Vee Vee Vee BE2 AD30 AD27 AD25 

ONCE 

A B C D E F G H K M N P 

272504-5 

Figure 4. 132·Lead Pin Grid Array Top View-Pins Facing Down 

1-406 



80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR 

Table 6. 132-Lead PGA Pinout-In Signal Order 

Signal Pin Signal Pin Signal Pin Signal Pin 

A2 C5 AD31 K3 TOI 012 Vss B9 
A3 C4 ADS A1 . TOO B4 Vss 02 
ADO M14 ALE G3 TMS A14 Vss 013 
AD1 L13 ALE A3 TRST C12 Vss E2 
AD2 K12 BEO H3 Vee A6 Vss E13 
AD3 N14 BE1 J3 Vee A7 Vss F2 
AD4 M13 BE2 L1 Vee A8 Vss F13 
AD5 L12 BE3 L2 Vee A9 Vss G2 
AD6 P14 BLAST C3 Vee 01 Vss G13 
AD7 N13 BSTAT F3 Vee 014 Vss H2 
AD8 M12 CLKIN H14 Vee E1 Vss H13 
AD9 M11 D/C B2 Vee E14 Vss J2 
AD10 N12 DEN E3 Vee F1 Vss J13 
AD11 P13 DT/R 03 Vee F14 Vss K2 
AD12 M10 FAIL C6 Vee G1 Vss K13 
AD13 P12 HOLD C9 Vee G14 Vss N5 
AD14 M9 HOLDA C2 Vee H1 Vss N6 
AD15 M8 [OCi(;~ C1 Vee J1 Vss N7 
AD16 M7 NC A4 Vee J14 Vss N8 
AD17 M6 NC A5 Vee K1 Vss N9 
AD18 P4 NC B5 Vee K14 Vss N10 
AD19 P3 NC B14 Vcc L14 Vss N11 
AD20 N4 NC C7 Vee P5 W/R B1 
AD21 M5 NC C8 Vee P6 WIDTH/HL TOO B3 
AD22 P2 NC C14 Vee P7 WIDTH/HL T01 A2 
AD23 M4 NC G12 Vee P8 XINTO C11 
AD24 N3 NC J12 Vee P9 XINT1 C10 
AD25 P1 NC M3 Vee P10 XINT2 A13 
AD26 N2 NMI A10 Vec P11 XINT3 B12 
AD27 N1 RDYRCV F12 VeePLL H12 XINT4 B.11 
AD28 L3 RESET E12 Vss B6 XiNf5 A12 
AD29 M2 STEST C13 Vss B7 XINT6 B10 
AD30 M1 TCK B13 Vss B8 XINT7 A11 

NOTE: 
Do not connect any external logic to pins marked Ne (No Connect Pins). 
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Table 7. 132-Lead PGA Pinout-In Pin Order 

Pin Signal Pin Signal Pin Signal Pin Signal 

A1 ADS C6 FAIL H1 Vee I M10 AD12 
A2 WIDTH/HL T01 C7 NC H2 Vss M11 AD9 
A3 ALE C8 NC H3 8EO M12 AD8 
A4 NC C9 HOLD H12 VeePLL M13 AD4 
AS NC C10 XINT1 H13 Vss M14 ADO 
A6 Vee C11 XINTO H14 CLKIN N1 AD27 
A7 Vee C12 TRST J1 Vee N2 AD26 
A8 Vee C13 STEST J2 Vss N3 AD24 
A9 Vee C14 NC J3 8E1 N4 AD20 
A10 NMI D1 Vee J12 NC N5 Vss 
A11 XINT7 D2 Vss J13 Vss N6 Vss 
A12 XINT5 D3 DT/R J14 Vee N7 Vss 
A13 XINT2 D12 TOI K1 Vee N8 Vss 
A14 TMS D13 Vss K2 Vss N9 Vss 
81 W/R D14 Vee K3 AD31 N10 Vss 
82 D/C E1 Vee K12 AD2 N11 Vss 
83 WIDTH/HL TOO E2 Vss K13 Vss N12 AD1()' 
84 TDO E3 DEN K14 Vee N13 AD7 
85 NC E12 RESET L1 8E2 N14 AD3 
86 Vss E13 Vss L2 8E3 P1 AD25 
87 Vss E14 Vee L3 AD28 P2 AD22 
88 Vss F1 Vee L12 AD5 P3 AD19 
89 Vss F2 Vss L13 AD1 P4 AD18 
810 XiN1'6 F3 8STAT L14 Vee P5 Vee 
811 XINT4 F12 RDYRCV M1 AD30 P6 Vee 
812 XINT3 F13 Vss M2 AD29 P7 Vee 
813 TCK F14 Vee M3 NC P8 Vee 
814 NC G1 Vee M4 AD23 P9 Vee 
C1 LOCK/ONCE G2 Vss M5 AD21 P10 Vee 
C2 HOLDA G3 ALE M6 AD17 P11 Vee 
C3 8 LAST G12 NC M7 AD16 P12 AD13 
C4 A3 G13 Vss M8 . AD15 P13 AD11 
C5 A2 G14 Vee M9 AD14 P14 AD6 

NOTE: 
Do not connect any external logic to pins marked Ne (no connect pins). 
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3.1.3 80960JA/JF PQFP PINOUT 

'fflSi' 
TCK 
TMS 

HOLD 
XiNi'ii 
XiIiIfi 
XiiiiT2 
XM3 

Vcc(l/O) 
VS§(I/o) 

XINT4 
XiiiJi'5 
XINT6 
Xiiii'i'7 

NMi 
Vcc(Co,e) 
Vss (Co,e) 

NC 
NC 
NC 
NC 
NC 

FAIL 
ALE 
TOO 

Vcc(l/O) 
Vss(l/O) 

WIDTHlHLTD1 
Vec(Co,e) 
Vss (Co,e) 

WIDTHlHLTDO 
A2 
A3 

17 
18 
19 
20 
21 
22 

intel· 
i960® 
• NG80960Jx 

I XXXXXXXXAO 
@@ 19xx 

79 
78 
n 
76 
75 
74 
73 
72 
71 
70 
69 
68 

~ ~ 
~ ~ ~ ~ W ~ t ~ t c t ~ & ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S ~ = ~ ! ~ i 

Figure 5. 132-Lead PQFP - Top View 

AD9 
Vee (I/O) 
Vss (I/O) 
AD10 
AD11 
Vee (110) 
Vss (I/O) 
Vee (Core) 
Vss (Core) 
AD12 
AD13 
AD14 
AD15 
Vee (I/O) 
Vss(I/O) 
AD16 
AD17 
AD18 
AD19 
Vee (I/O) 
Vss (I/O) 
AD20 
AD21 
AD22 
AD23 
Vee (Core) 
Vss(Co,e) 
Vee (110) 
Vss (1/0) 
AD24 
AD25 
AD26 
NC 
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Table 8. 132-Lead PQFP Pinout-In Signal Order 

Signal Pin Signal Pin Signal Pin Signal Pin 

AD31 60 ACE 24 Voc(Core) 47 Vss (1/0) 10 

AD30 61 At5S 36 Voc (Core) 59 Vss (1/0) 27 

AD29 62 A3 33 Vee (Core) 74 Vss (1/0) _ 40 

Vee (cOre) 
-

AD28 63 A2 32 92. Vss (1/0) 48 

AD27 66 ~ 55 Vee (Core) 113 Vss (1/0) 56 

AD26 68 BE2 54 Vee (Core) 115 Vss (1/0) 64 

AD25 69 'SEf 53 Vee (Core) 123 . Vss (1/0) 71 

AD24 70 BEO 52 Vee (1/0) 9 Vss (1/0) 79 

AD23 75 WIDTH/Hl TD1 28 Vee (1/0) 26 Vss (1/0) 85 

AD22 76 WIDTH/Hl TDO .31 Vee (1/0) 41 Vss (1/0) 93 

AD21 77 Die 35 Vee (1/0) 49' Vss (1/0) 97 

AD20 78 W/R 37 Vee (1/0) 57 Vss (110) 106 

AD19 81 DT/R 42 Vee (1/0) 65 Vss (1/0) 112 

AD18 82 D'EN 43 Vee (1/0) 72 Vss (1/0) 131 

AD17 83 BCAS'i' 34 Vee (1/0) 80 NC 18 

AD16 84 RDYRCV 132 Vee (1/0) 86 NC 19 

AD15 87 D:5CK/~ 50 Vee (1/0) 94 NC 20 

AD14 88 HOLD 4 Vcc(i/O) 98 NC 21 

AD13 89 HOLDA 44 Vee (1/0) 105 NC 22 

AD12 90 BSTAT 51 Vee (1/0) 111 NC 67 

AD11 95 ClKIN 117 Vee (1/0)- 129 NC 121 

AD10 - 96 ~ 125 VeePLL 119 NC 122 

AD9 99 STEST 128 Vss (ClK) 118 NC 126 

, AD8 100 . FAIL 23 Vss (Core) 17 NC 127 

AD7 101 TCK 2 Vss (Core) 30 mT7 14 

AD6 102 TDI 130 Vss (Core) 38 XIm'6 13 

AD5 103 TDO 25 Vss (Core) 46 X1NT5 12 

AD4 104 TFmT 1 Vss (Core) 58 }(fNT4 11 

AD3 107 TMS 3 Vss (Core) 73 ~ 8 

AD2 108 Vee (ClK) 120 Vss (Core) 91 }(iNj2 7 

AD1 109 Vee (Core) 16 Vss (Core) 114 >m'Ji1 6 

ADO 110 . Vee (Core) ,29 Vss (Core) 116 >m'JTO 5 

ALE 45 Vee (Core) 39 Vss (Core) 124 'fiI'fiM 15 

NOTE: -
Do not connect any external logic to pins marked NC (no connect pins). 
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Table 9. 132-Lead PQFP Pinout-In Pin Order 

Pin Signal Pin Signal Pin Signal Pin, Signal 

1 ~ 34 MAST 67 NC 100 AD8 

2 TCK .35 Die ,68 AD26 101 AD7 

3 TMS 36 AD"S 69 AD25 102 AD6 

4 HOLD 37 W/fS. 70 AD24 10~ AD5 

5 XINTO 38 Vss (Core) 71 Vss(l/O) 104 AD4 

6 Xif\JT1 39 Vee (Core) 72 Vee (110) , 105 Vcc(l/O) 

7 Xi'NT2 40 Vss (1/0) 73 Vss (Core) 106 Vss(l/O) 

8 5<1NT3 41 Vee (1/0) 74 Vee (Core) 107 AD3 

9 Vec(I/O) 42 DT/R 75 AD23 108 AD2 

10 Vss (1/0) 43 I5Ef\l 76 AD22 109 AD1 

11 XINT4 44 HOLDA 77 AD21 110 ADO 

12 XINi5 45 ALE 78 AD20 111 Vee (1/0) 

13 XINT6 46 Vss (Core) 79 Vss (110) 112 Vss (1/0) 

14 XINT7 47 Vee (Core) 80 Vce(1I0) 113 Vee (Core) 

15 N'Mi 48 Vss (1/0) 81 AD19 114 Vss (Core) 

16 Vce (Core) 49 Vce (1/0) 82 AD18 115 Vee (Core) 

17 Vss (Core) 50 IDCi</ONOE 83 AD17 116 Vss (Core) 

18 NC 51 BSTAT 84 AD16 117 ClKIN 

19 NC 52 BEO 85 Vss (1/0) 118 VSS(eLK) 

20 NC 53 BET 86 Vee (1/0) 119 VeePLL 

21 NC 54 B'E2 87 AD15 120 VCe(CLK) 

22 NC 55 BE3 88 AD14 121- NC 

23 FAit 56 Vss (1/0) 89 AD13 122 NC 

24 ALE 57 Vee (1/0) 90 AD12 123 Vee (Core) 

25 TDO 58 Vss (Core) 91 Vss (Core) 124 Vss (Core) 

26 Vee (1/0) 59 Vee (Core) 92 'Vce (Core) 125 RESET 

27 Vss (1/0) 60 AD31 93 Vss(I/O) 126 NC 

28 WIDTH/HL TD1 61 AD30 94 Vee (1/0) 127 NC 

29 Vee (Core) 62 AD29 95 AD11 128 STEST 

30 Vss (Core) 63 AD28 96 AD10 129 Vee (1/0) 

31 WIDTH/HL TOO 64 Vss (1/0) 97 Vss (1/0) 130 TOI 

32 A2 66 Vee (1/0) 98 Vee (110) 131 Vss (1/0) 

33 A3 65 AD27 99 AD9 132 RDYRCV 

NOTE: 
Do not connect any extelTJ.al logic to pins marked Ne (no connect pins). 
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3.2 Package Thermal Specifications 

The 80960JAI JF is specified for operation when T C 
(case temperature) is within the range of O'C to 
100'C. Case temperature may be measured in any 
environment to determine whether the 80960JAlJF 
is within specified operating range. The case tem
perature should be measured at the center of the 
top surface, opposite the pins. 

T A (ambient temperature) can be calculated from 
8CA (thermal resistance from case to ambient) using 
the following equation: 

TA = Tc -; P*8CA 

Similarly, TJ Ounction temperature) can be calculat
ed from 8JC (thermal resistance from junction to 
case) using .the following equation: 

Tj = Tc + P'8JC 

Compute P by multiplying Icc (the typical current) 
from Table 13 and a Vcc of 5 V. Values for 8JC and 
eCA are given in Table 10 for the PGA package and 
Table 11 for the PQFP package. Note that the proc
essor's 8JA for the ceramic PGA package may be 
significantly reduced by adding a heatsink. 

Table 10. 132·Lead PGA Package Thermal Characteristics 

Thermal Reslstance-'C/Watt 

Alrflow-ft.!mln (m/sec) 
Parameter 0 200 400 600 800 1000 

(0) (1.01) (2.03) . (3.04) (4.06) (5.08) 

8JC (Junction-to-Case) 3 3 3 3 3 3 

8CA (Case-to-Ambient) 
18 15 . 12 11 11 11 6JA 

(No Heatsink) 
6J-PINr'\ 

8CA (Case-to-Ambient) 
(Omnidirectional Heatsink) 

15 12 9 8 8 8 
I 

8CA (Case-to-Ambient) 
14 11 8 7 7 7 UUl (Unidirectional Heatsink) 

NOTES: 
1. This table applies to a PGA device plugged into a socket or soldered directly into a board. 
2. 8JA = 8JC + 8CA 
3.8J.CAP = 4'C/W (approx.) 
4. 8J.PIN = 4'C/W (inner pins) (approx.) 
5. 8J.PIN = 8'C/W (outer pins) (approx.) 
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Table 11. 132-Lead PQFP Package Thermal Characteristics 

Thermal Reslstance-°C/Watt 

Alrflow-ft./mln (m/sec) 
Parameter 0 50 100 200 400 

(0) (0.25) (0.50) (1.01) (2.03) 

(JJC (Junction-to-Case) 6 7 7 7 7 

(JCA (Case-to-Ambient-No Heatsink) 23 20 18 14 10 

eJC 

I """,~""""~""""",, I eJL 

E,/ 
I 

.2 

t 
eJB 

NOTES: 
1. This table applies to a PQFP device soldered directly into board: 
2.9JA = 9JC + 90A 
3. 9JL = 18°C/W (approx.) 
4.9JB = 18°C/W (approx.) 

I 

600 800 
(3.04) (4.06) 

7 7 

9 8 
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4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 

Parameter I Maximum Rating 

Storage Temperature .......... - 65·C to + 150·C 
Case Temperature Under Bias .. - 65·C to + 11 O·C 
Supply Voltage wrt. Vss ......... -O.5V to + 6.5V 
Voltage on Other Pins 

wrt. Vss ................. -O.5VtoVcc + O.5V 

4.2 Operating Conditions 

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

• WARNING: Stressing the device beyond the "Absolute 
Maximum 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. 

Table 12. Targeted 80960JAlJF Operating Conditions 

Symbol Parameter Min Max Units Notes 

Vee Supply Voltage 
80960JAI JF·33 4.75 5.25 V 
80960JAI JF·25 4.75 5.25 
80960JAlJF·16 4.75 5.25 

feLKIN .Input Clock Frequency 
80960JAI JF·33 16 33.33 MHz 
80960JAI JF·25 1~ 25 
80960JAlJF·16 16 16.67 

Te Operating Case Temperature 
A80960JAI JF·33 (132 PGA) 0 100 ·,C 
NG80960JAlJF·33 (132 PQFP) 0 100 
A80960JAI JF·25 (132 PGA) 0 100 
NG80960JAlJF·25 (132 PQFP) 0 100 
A80960JAlJF·16 (132 PGA) 0 100 
NG80960JAlJF·16 (132 PQFP) 0 100 

4.3 Connection Recommendations 

For clean on·chip power distribution, Vee andVss pins separately feed the device's functional units. Power 
and ground connections must be made to all 80960JAI JF power and ground pins. On the circuit board, every 
Vee pin should connect to a power plane and every Vss pin should connect to a ground plane. Place liberal 
decoupling capacitance near the 80960JAI JF, since the processor can cause transient power surges. Pins 
identified as NC must not be connected in the system. 
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4.4 DC Specifications 
Table 13. Targeted 80960JA/JF DC Characteristics 

Symbol Parameter Min Typ Max Units Notes 

VIL Input Low Voltage -0.3 O.B V 

VIH Input High Voltage 2.0 Vcc + 0.3 V 

VOL Output Low Voltage 0.45 V IOL = 5mA 

VOH Output High Voltage 2.4 V IOH = -1 mA 
Vcc - 0.5 IOH = -200p.A 

ILl Input Leakage Current ±5 p.A o s: VIN s: Vcc 

ILO Output Leakage Current ±5 p.A 0.4 s: VOUT s: Vcc 

Icc Power Supply Current 
(B0960JAI JF·33) 
Icc Operating 320 355 395 mA (1,2,3,4) 
Icc Halt Mode 36 40 (3,4) 
Icc ONCE Mode TBD TBD (3,4) 

NOTES: 
1. Measured with device operating and outputs loaded to the test condition in Figure 6, AC Test Load (pg. 31). 
2. Icc Minimum is measured at minimum Vee and maximum temperature. This parameter is characterized but not tested. 

, 3. Icc Typical is measured at nominal Vcc and T c = 25 ·C. This parameter is characterized but not tested. 
4. IcC Maximum is measured at maximum Vee and minimum temperature. This parameter is fully tested. 
5. Not tested. 
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Table 13. Targeted 80960JA/JF DC Characteristics (Continued) 

Symbol Parameter' Min Typ . Max Units Notes 

Icc Power Supply Current 
(80960JAI JF-25) 
Icc Operating 240 270 300 rnA (1,2,3,4) 
Icc Halt Mode ; 27 30 (3,4) 
Icc ONCE Mode TBD TBD (3,4) 

Icc Power Supply Current 
(80960JAI JF-16) 
Icc Operating 155 175 195 rnA (1,2,3,4) 
Icc Halt Mode 18 20 (3,4) 
Icc ONCE Mode TBD TBO (3,4) 

CIN Input Capacitance 
PGA 12 pF fCLKIN = fMIN(S) 
PQFP .10 

COUT I/O or Output Capacitance 
PGA 12 pF fCLKIN = fMIN(S) 
PQFP 10 

CCLK ClKIN Capacitance 
PGA 12 pF fCLKIN = fMIN(S) 
PQFP 10 

NOTES: 
1. Measured with device operating and outputs loaded to the test condition in Figure 6, AC Test Load (pg. 31). 
2. Icc Minimum is measured at minimum Vee and maximum temperature. This parameter is characterized but not tested. 
3. Icc Typical is measured at nominal Vcc and T e = 2S 'C. This parameter is characterized but not tested. 
4. ICC Maximum is measured at maximum Vec and minimum temperature. This parameter is fully tested. 
S. Not tested. 
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4.5 AC Specifications 

Targeted B0960JAlJF AC timings are based upon design simulation at 33 MHz. Revised information for all 
frequency grades will be published upon the completion of device characterization. Contact your local Intel 
representative before finalizing a design. 

Table 14. Targeted 80960JA/JF Input Clock Timings 

Symbol Parameter Min Max Units Notes 

TF ClKIN Frequency TBD 33.33 MHz 

Tc ClKIN Period 30 62.5 ns 

Tcs ClKIN Period Stability ±0.1 %a Adjacent Clocks(l) 

TCH ClKIN High Time 12 ns Measured at 1.5V(1) 

TCl ClKIN low Time 12 ns Measured at 1.5V(1) 

TCR ClKIN Rise Time 4 ns O.BV to 2.0V(1) 

TCF ClKIN Fall Time 4 ns 2.0V to O.BV(l) 

NOTES: 
1. Not tested 

Table 15. Targeted 80960JAI JF Synchronous Output Timings 

Symbol Parameter Min Max Units Notes 

TOVl Output Valid Delay, Except AlEf ALE 2.5 15 ns 
Inactive and DT fR 

TOV2 Output Valid Delay, DT fR 05Tc +2.5 0.5Tc +15 ns 

TOF Output Float Delay 3 13 ns (1) 

NOTES: 
1. A float condition occurs when the output current becomes less than ILQ. Float delay is not tested. 
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Table 16. Targeted 80960JAlJF Synchronous Input Timings 

Symbol Parameter Min Max Units Notes 

TIS1 Input Setup to CLKIN-AD31:0 6 ns (1 ) 

TIH1 Input Hold from CLKIN-AD31:0 2 ns (1 ) 

TIS2 Input Setup to CLKIN-RDVRO'i7 and HOLD 8 ns (2) 

TIH2 Input Hold from CLKIN-RDYRO'i7 and HOLD 2 ns (2) 

TIS3 Input Setup to CLKIN-RESET 6 ns (3) 

TIH3 Input Hold from CLKIN-RES'Ei 2 ns (3) 

TIS4 Input Setup to CLKIN-Nm, XINT7:0, C5NCE, STEST 7 ns (1) 

TIH4 Input Hold from CLKIN-NMI, XINT7:0, <:5'N'CE, STEST 3 ns (1) 

NOTES: 
1. AD31 :0, 0JiiICE and STEST are synchronous inputs. Setup and hold times must be met for proper processor operation. 
Ji[f:ifI and XIIilT'l:O may be synchronous or ~nchronous. Meeting setup and hold time guarantees recognition at a particular 
clock edge. For asynchronous operation, fiIIiM and XINT7:0 must be asserted for a minimum of two eLKIN periods to guar-

an~DYRC~nition. 
2. and HOLD are synchronous inputs. Setup and hold times must be met for proper processor operation. 
3. "REm may be synchronous or asynchronous. Meeting setup and hold time guarantees recognition at a particular clock 
edge. 

Table 17. Targeted 80960JA/JF Relative Output Timings 

Symbol Parameter Min Max Units Notes 

hXL ALE/ALE Width 0.5Te -3 ns (1) 
I 

hXA Address Hold from ALE/ ALE Inactive 0.5Te -3 Equal Loading(1) ns 

TDXD DT /R Valid to DEN Active 0.5Te -3 ns Equal Loading(1) 

NOTES: 
1. Guaranteed by design. May not be 100% tested. 
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Symbol 

TeSF 

Tesc 

TeSCH 

TeSCL 

TeSCR 

TeSCF 

TeSIS1 

TeSIH1 

Tesov1 

TesoF1 

TesoV2 

TesoF2 

TesIs2 

TeSIH2 

NOTES: 
1.Not tested. 

Table 18. Targeted 80980JA/JF Boundary Scan Test Signal Timings 

Parameter Min Max Units Notes 

TCK Frequency 8 MHz 

TCKPeriod 125 ns 

TCK High Time 40 ns Measured at 1.5V (1) 

TCKLowTime 40 ns Measured at 1.5V (1) 

TCK Rise Time 8 ns 0.8V to 2.0V (1) 

TCKFaliTime 8 ns 2.0V to 0.8V (1) 

Input Setup to TCK-TDI, TMS 8 ns 

Input Hold from TCK-TDI, TMS 10 ns 

TOO Valid Delay 3 30 ns Relative to falling edge of TCK 

TOO Float Delay 3 36 ns Relative to falling edge of TCK 

All Outputs (Non-Test) Valid Delay 3 30 ns Relative to falling edge of TCK 

All Outputs (Non-Test) Float Delay 3 36 ns Relative to falling edge of TCK 

Input Setup to TCK-Allinputs (Non-Test) 8 ns 

Input Hold from TCK-Allinputs (Non-Test) 10 ns 
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4.5.1 AC TEST CONDITIONS AND DERATING CURVES 

The AC Specifications in Section 4.5, AC Specifications are tested with the 50 pF load indicated in Figure 6. 
Figure 9 shows how timings vary with load papacitance; Figure 10 shows how output rise and fall times vary 
with load capacitance. 

1·420 

AC Derating Curves 

nom +10 --

nom+5 --

nom --

nom·5 --

Output Pin 0----..., 1 CL = 50 pF for all signals 

CL 

T 
272504-9 

Figure 6. AC Test Load 

x 

-I 

5~ 

(GRAPH TBD) 

I 
I 

100 

I 
1 

150 

Figure 7. Output Delay or Hold vs. Load Capacitance 
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4.5.2 AC TIMING WAVEFORMS 

TCR_ _ 

(GRAPH TBO) 

I 
I 

100 

Vee = Minimum 

Temp = Maximum 

Figure 8. Rise and Fall Time Derating 

- -TCF 

I 
I 

150 

----- 2.0V 

------ 1.5V 

0.8V 

~---------TC----------~ 

Figure 9. ClKIN Waveform 

272504-11 

272504-1,2 
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1-422 

CLKIN 

Outputs: 
AD31:0, 

ALE (active) 
ALE (active) 
ADS,A3:2, 

BE3:0, 
WIDTH/HLTD1 :0, 

DtC, WiR, DEN, 
BLAST, LOCK, 

HOLDA, FAIL 

1 

~I~_-[ 1.5 _ 

. 1 

I 

Figure 10. Output Delay Waveform for T OV1 

CLKIN 

Outputs: 
AD31:0, 

ALE, ALE [ 
ADS, A3:2, . 

BE3:0, 
WIDTHlHLTD1 :0, 
_ DtC, WiR, DEN, 

DTlR, BLAST, LOCK, 
HOLDA, FAIL 

1 

I· 

!1+-------r-
1 

I 
Figure 11. Output Float Waveform for T OF 
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ClKIN [ 

AD31:0 [ 

Figure 12. Input Setup and Hold Waveform for TI61 and TIH1 

ClKIN [ 

Inputs: [ 
HOLD. 

RDYRCV 

Figure 13. Input Setup and Hold Waveform for TI62 and TIH2 ' 
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272504-16 

1-423 

• 



80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR intel® 

ClKIN ,[ 

RESET [ 

272504·17 

Figure 14. Input Setup and Hold Waveform for TI63 and TIH3 

ClKIN [ 

XINT7:0, ONCE, [ 1.SV 
NMI,STEST' 

272504·18 

Figure 15. Input Setup and Hold Waveform for NMI, XINT7:0, ONCE, STEST 
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elKIN [ 

Outputs: [ 
ALE 
ALE 

Outputs: 
AD31:0 

Ta TwfTd 

TLXl 

1.5V 

Valid 1.5V 

Figure 16. Relative Timings Waveform for T lXl and T lXA 

1.5V 

Valid 

Figure 17. DT/R and DEN Timings Waveform 

272504-19 

272504·20 
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TSSCR_ _ 
- "'BSCF 

TBSCH 

-1----- TBSC 

Figure 18. TCK Waveform 

TCK [ 

Inputs: 
TMS 

TOI [ 
TBSIS1 i TBSIH1 

1.5V 

_ ...... _-- 2.0V 

1.5V 

O.8V 

1.5V 

Figure 19. Input Setup and Hold Waveforms for TSSIS1 and TSSIH1 

iniel~ 
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1.SV 

Figure 20. Output Delay and Output Float for T BSOV1 and T BSOF1 

Non-Test [ 
Outputs 

-i-___ ..J 

272504-23 

272504-24 

Figure 21. Output Delay and Output Float Waveformcfor TBSOV2 and TBSOF2 
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, TCK [ 

Non-Test 

Inputs [ 
I 

1.5V' 

Figure 22. Input Setup and Hold Waveform for TBSIS2 and TBSIH2 

5.0 BUS FUNCTIONAL WAVEFORMS 

272504-25 

Figures 23 through 28 illustrate typical 80960JAI JF bus transactions. Figure 29 depicts the bus arbitration 
sequence. Tables 19 through 22 summarize a/l possible combinations of bus accesses across 8-,16-, and 32-
bit buses according to data alignment. Figures 30 and 31 also show accessEls on, 32-bit buses. Figure 32 
illustrates the processor reset sequence from the time power is applied to the device. 
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-Rea.dod--..... -Idle _. Write •• Idle
I Ta T d T, I TI I T; Ta lTd I T, ; T; ! T; I 

ClKIN [ 

I 

AD31:0 [ ~ I~valid , 8 ...... ,..-_D_A.,l_A_O_u_tr-_r 

ALE [ J\: '(\: 
I TI-~---"'--~-~ ~I-~~--"'--~-~ 

ADS[:Lj '8 
A3:2 [ J_: --..--: --.---.----,.J~~: --.---: ......--...----

BE3:0 [ : \: : I : \: ) 
WIDTH1:0 [) >0 :: >< 

ole [ )--.,.----,----,-----,----,.J! 

W/R [ ~~--'----i---.i--.-""': I 
BLAST [ 

: \ : Ir-...... -~-~-~111 \ : I 
! L-J L-J 

DT/R [ :l ...... : _ ..... _ ..... __ -_,......../ : 
DEN [ 

RDYRCV [ 

~u ' , 
i . 

ILJ 

: : 

272504-26 

Figure 23. Non·Burst Read and Write Transactions Without Wait States, 32-Blt Bus 
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Figure 2~. Burst Read and Write Transactions Without Walt States, 32-Blt Bus 
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CLKIN[ 

AD31:0 [ B ..... __ DO_AJ_t_--J' X,-_D_~_Jf_..IX ... _D_~_Jf_,JX ... __ D_t_~t __ _ 
1 

ALE[ ~~: __ ~ __ ~ __ ~ __ ~~ __ ~ __ ~ __ ~ __ ~ __ ~ 
1 I 

ADS[ U 
I I 

A3:2 [ -:-J ........ -:----:-: 0_0--:-_-:-,:J,---:-0_1~X 
1 I 

BE3:0[ ~ :r-
1 '--~_~_~_~_~_~_~ ___ ~_--J 

WIDTH1:0[ J_r-_,..-_,...-_,..-_.,...-_1_0,...-_,...-_,...-_,...-_.,...-_,.-

D/C[ J 
W/R [ --r-J r----r--T'""---,---,----:--.,...--~__.,__ 

BLAST [ 

DEN[ 
·1 

RDYRCV[ 

272504-28 

Figure 25. Burst Write Transactions With 2,1,1,1 Wait States, 32-Bit Bus 
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I Ta 1 Td I Td Tr I Ta I Td Td i Td I Td Tr I 

CLKIN[ 

AD31:0[ 
DATA 
Out 

I I I 

ALE[ 1\: :r\: 
1 1 1 1 

ADS[ U I I 
1\.1 I 1 

I 1 I 1 

A3:2[ ] 00,01,10 or 11 X 00,01,10 or 11 

I 

BE1/A1 [ :\ 00 or 10 'fjjj :\ 1 00 :F'EJ 11 
BEO/AO 

I I ! 1 

WIDTH1:0[ 1 I 
I 00 00 

I 

D/C[ J 1 
I 

W/R[ ~ :/ 
BLAST [ 1\.1 I i LJ: , I 

I I 

DT/R[ ,: /: 
1 I 1 

DEN[ :\ :/ :\ :/: 
RDYRCV[ 

272504-29 

Figure 26. Burst Read and Write Transactions Without Wait States, 8-Bit Bus 
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ClKIN 

AD31:0 

ALE 

A3:2 

BElIAl 

WIDTH1:0 

ole 

wi'R 

DT/A 

[ 
[ 
[ 
[ 

~:8! ~I-...... --..... IADDR 

n: 1 I : [\"':--""T"---t--,--t----; 

\J 1 I 

I 

[ ~~ __ ~ ___ 00_'0_1_'1~0,_.o_r1_1~ __ ~ __ ~~~~ __ OO_'_01_'1_0'_O_r1_1 __ ~~ 
1 

[l 0 : I 11 : \ 0 :/1 
1 1 1 1 [ :\ : / : \~--,---,----,-,: r 
1 

[~~_01 ___ 0_1 _ 

[ ]'----__ 1/ 

[ .,.....a-..,) ---r---T--~: / 
[ 18 I I 

I I 

1'lJ': I I ; 

I 1 ; 

[ =": /: 1 

I 1 1 1 

[ ::\l.........:.----:....-~: I :\~.l ______ ~:r 
I 

ADYACV [ 

Figure 27. Burst Read and Write Transactions With 1,0 Walt States 
and Extra Tr State on Read, 16-Bit Bus 
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elKIN [ 

AD31:0 [ 

Ta Td Tr Ta Td Tr Ta Td Tr Ta Td Tr 

ALE [j\ I !\""i_--'_.....i..l!\""i_--'_.....i..l!\"",i_....; __ ,--
A5S[ 
A3:2 [ j ,00 I 

~ [ ) 1 1 0 1 /\ 001 1 

WIDTH1:0 [ ] 

D/C[ ) 

I 

OQ 01 

I 

0000 :j 
I 

:1 
7 :\ 

I ,~~------~ 

10 I 

, 
Valid, 

X 10 

:\ 1 1 1 0 7 , 

W/A [ ~J .,..---,--~..-----.---,....--,---~~ 
BiTsT[ 

DT/A 

DEN 

FiDYRCV. 
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Figure 28. Bus Transactions Generated by Double Word Read Bus Request, 
Misaligned One Byte From Quad Word Boundary, 32-Blt Bus, Little Endlan 
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Ti or Tr Th Th Ti or Ta 

,eLKIN [ 

I 
Outputs: iii 
AD31:0, I I i- I 

:~;~~~~: [ , ! Valid I~ 'I~! ---+-I.( Valid 

WIDTHlHLTD1:0, ~--"""":"'", ~Il~ ; 
D&, WifS., I 

DT/R, DEN, II Ii II .. ,,1 

BLAST, LOCK I' 
I I 

HOLD [ m'!II~, 
I i I !. I I I .a~ ____ ~ __ __ 

HOLDA [ 

I I I 
I I 
I i 
I (Note) I 

I 
I 

272504-32 

HOLD is sampled on the rising edge of eLKIN. The processor asserts HOLDA to grant the bus on the same edge in 
which it recognizes HOLD if the last state was Tj or the last Tr of a bus transaction. Similarly, the processor deasserts 
HOLDA on the same edge in which it recognizes the deassertion of HOLD. 

Figure 29. HOLD/HOLDA Waveform For Bus Arbitration 

Table 19. Natural Boundaries for Load and Store Accesses 

Data Width Natural Boundary (Bytes) 

Byte 1 

Short Word 2 

Word 4 

DoubleWbrd 8 

Triple Word 16 

Quad Word 16 
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Table 20. Summary of Byte Load and Store Acces.ses 

Address Offset from 
Accesses on 8-Bit Bus Accesses on 16-Blt Bus Accesses on 32·Blt Bus 

Natural Boundary 
(WIDTH 1:0 = 00) (WIDTH1:0 = 01) (WIDTH1:0 = 10) 

(In Bytes) 

+0 (aligned) • byte access • byte access • byte access 

Table 21. Summary of Short Word Load and Store Accesses 

Address Offset from 
, 

Natural Boundary 
Accesses on 8-Blt Bus Accesses on 16-Blt Bus Accesses on 32·Blt Bus 

(In Bytes) 
(WIDTH1:0 = 00) (WIDTH1:0 = 01) .. (WIDTH1:0 = 10) 

+0 (aligned) • burst of 2 bytes • short-word access • short-word access 

+1 • 2 byte accesses • 2 byte accesses • 2'byte accesses 

Table 22. Summary of n·Word Load and Store Accesses (n = 1,2,3,4) 

Address Offset 
Accesses on 8-Blt Bus Accesses on 16·Blt Bus Accesses on 32 Bit Bus 

from Natural 
(WIDTH1:0 = 00) (WIDTH1:0 = 01) (WIDTH1:0 = 10) 

Boundary (In Bytes) 

+0 (aligned) • n burst(s) of .4 bytes • casen = 1: • burst of 2 short words 
(n = 1, 2, 3, 4) burst of n word(s) 

• casen = 2: 
burst of 4 short words 

• casen = 3: 
burst of 4 short words 
burst of 2 short words 

• casen = 4: 
2 bursts of 4 short words 

+ 1 (n = 1,2,3,4) • byte access • byte access • byte 'access 
+ 5 (n = 2, 3, 4) • burst of 2 bytes • short-word access • short-word access 
+9 (n = 3,4) • n-1 burst(s) of. 4 bytes • n-1 burst(s) of 2 short words • n-1 word 
+ 13 (n = 3,4) • byte access • byte access access(es) 

• byte·access 

+ 2 (n = 1, 2, 3, 4) • burst of 2 bytes • short-word access • short-word access 
+ 6 (n = 2, 3, 4) • n-1 burst(s) of 4 bytes • n-1 burst(s) of 2 short words • n-1 word 
+ 10 (n = 3,4) • burst of 2 bytes • short-word access access(es) 
+ 14 (n = 3,4) • short-word access 

+3 (n =1,2,3,4) • byte access • byte access • byte access 
+ 7 (n = 2,3,4) • n-1 burst(s) of 4 bytes • n-1 burst(s) of 2 short words • n-1 word 
+ 11 (n = 3,4) • burst of 2 bytes • short-word access access(es) 
+ 15 (n = 3,4) • byte access • byte access • short-word access 

• byte access 

+ 4 (n = 2, 3, 4) • n burst(s) of 4 bytes • n burst(s) of 2 short words • n word access(es) 
+8 (n = 3,4) 
+~2(n=3,4) 
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Byte Offset r:-0-r...,....,....,4i-r-or-..-.;8:....,,..... ...... r-.;.:12:...,....,...., ...... 1r:6;....,.....,....,-=;20;:-...... or-.,....::;;;24 

I I I I I I I 
Word Offset ° 2 3 4 5 6 

Short-Word 
Load/Store 

Word 
Load/Store 

Double-Word 
Load/Store 

I I 
Short Access (Aligned) 

• Byte, Byte Accesses 
, , . . 

Short Access (Aligned) 

Byte, Byte Accesses 

Word Access (Aligned) 

. Byte, Short, Byte, Accesses 

Short, Short Accesses 

Byte, Short, Byte Accesses 

One Double-Word Burst (Aligned) 

Short, Word, Short Access'es 

Word, Word Accesses 

One Double-Word 
Burst (Aligned) 

I 

Figure 30. Summary of Aligned and Unaligned Accesses (32-Bit Bus) 

I 
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Byte Offset 

Word Offset 

Triple-Word 
Load/Store 

Quad-Word 
Load/Store 

0 

0 

4 8 12 

2 3 

18 20 24 

I I 
4 5 6 

I 

I 

Short, Word, Word, I 
Short Accesses 

Word, 
Word, 
Word 
Accesses 

Byte, Short, Word, Word, 
'Word, Byte Accesses 

I 
Short, Word, Word, Word, 
Short Accesses 

, , 
Byte, Word, Word, Word, 
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Figure 31. Summary of Aligned and Unaligned AcCesses (32-Blt Bus) (Continued) 
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80960JA/JF EMBEDDED 32-B11 MICROPROCESSOR , intel~ 
6.0 DEVICE IDENTIFICATION 

80960JA/JF processors may be identified electrically according to device type and stepping (see Table 23). 
The 32-bit identifier is accessible in three ways: 

• Upon reset, the identifier is placed into the gO register. 
• The identifier may be accessed from supervisor mode at any time by reading the DEVICEID register at 

address FF008710H. 

• The IEEE Standard 1149.1 Test Access Port may select the DEVICE 10 register through the IDCODE 
instruction. 

The stepping number is also printed on the top side of the product package. 
Table 23. 80960JAlJF Die and Stepping Reference 

Device and Version 
Part Number Manufacturer X 

CompletelD 
Stepping' Number (Hex) 

8096OJAAO 0000 1000100000100001 00000001 001' 1 08821013 

80960JFAO 0000 1000100000100000 00000001 001 1 08820013 

7.0 REVISION HISTORY 

This data sheet supersedes revision 272504-001. Table 24 indicates significant changes since the previous 
revision. 

Table 24. Revision History (Sheet 1 of 2) 

Section Last Description 
Rev. 

Figure 2, 80960JAlJF Block Diagram (pg. 2) -001 Added 80960JA product version, which 
includes 2 Kbyte instruction cache and 
1 Kbyte data cache. 

Tatlle1, 80960JA/JF Instruction Set (pg. 5) -001 Renamed Conditional Move instruction to 
Conditional Select instruction. 

Table 3, Pin Description-External Bus Signals (pg. 7) -001 Clarified description' of unused AD31 :0 
pins during write operations. Corrected 
description of AD31:0 pins during HALT 
mode. Renamed ADS pin from Addressl 
Data Status to Address Strobe (pin 
function unchanged). Corrected 
description of BE3:2 pins to indicate high 
state when pin(s) unused. 

Table 4, Pin Description-Processor Control -001 ' Added note that TOO does not float 
Signals, Test Signals and Power (pg. 10) during ONCE MQde. Added note to 

ground'f'RSi if TAP unused. 

Figure 3, 132-Lead Pin Grid Array Bottom -001 New figures and tables. Pin C8 changed 
View-Pins Facing up (pg. 12) from Vee (previously published 

Figure 4, 132-Lead ,Pin Grid Array Top elsewhere) to NC. Processor operates 

View-Pins Facing down (pg. 13) correctly in a system with either 
connection. 

Table 6, 132-Lead PGA Pinout-In Signal Order (pg. 14) 
Table 7, 132-Lead PGA Pinout-In Pin Order (pg. 15) 
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80960JA/JF EMBEDDED 32·BIT MICROPROCESSOR 

Table 24. Revision History (Sheet 2 of 2) (Continued) 

Section Last Description 
Rev. 

Figure 5, 132-Lead PQFP-Top View (pg. 16) -001 New figure and tables. Lead 19 changed 
Table 8, 132-Lead PQFP Pinout-In Signal Order (pg. 18) from VCC(I/O) (previously published 

Table 9, 132-Lead PQFP Pinout-In Pin Order (pg. 18) 
elsewhere) to NC. Processor operates 
correctly in a system with either 
connection. 

Section 3.2, Package Thermal Specifications (pg. 19) -001 New section with tables of thermal 
characteristics. 

Section 4.0, ELECTRICAL SPECIFICATIONS (pg. 21) -001 New'section with target~d operating 
conditions, targeted DC characteristics, 

, targeted AC specifications and AC timing 
waveforms. 

Figure 29, HOLD/HOLDA Waveform For Bus Improved figure. 
Arbitration (pg. 42) -001 

Table 19, Natural Boundaries for Load and -001 New tables and figures to explain bus 
Store ACgesses (pg. 42) access aligl)ment. 

Table 20, Summary of Byte Load and 
Store Accesses (pg. 43) 
Table 21, Summary of Short Word Load and 
Store Aceesses (pg. 43) 
Table 22, Summary of n-Word Load and 
Store Accesses (n = 1, 2, 3,.4) (pg. 43) 
Figure 30, Summary 'of Aligned and Unaligned 
Accesses (32-Bit Bus) (pg. 44) 

Figure 32, Cold Reset Waveform (pg. 46) -001 New figure. 

Section 6.0, DEVICE IDENTIFICATION (pg. 47) -001 New section. 
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, 80960HA/HD/HT 
32-BIT HIGH-PERFORMANCE SUPERSCALAR 

PROCESSOR 
-Binary Compatible with Other 80960 Processors 

- Two Instructions/Clock Sustained Execution 

32-Blt Parallel Architecture • 32-Blt Demultlplexed Burst Bus 
- load/Store Architecture - Per Byte Parity Generation and 
- Sixteen 32-Bit Global Registers Checking 
- Sixteen 32-Blt local Registers - Address Plpellnlng Option 
- ~.2 Gbyte/second Internal Bandwidth - Fully Programmable Walt State 

(75 MHz) Generator 
- On-Chip Register Cache -Supports 8-, 16- or 32-Bit Bus Widths 
High-Performance On-Chip Storage -160 Mbyte/second External 

- 16 Kbyte Four-Way Set Associative Bandwidth (40 MHz) 

Instruction Cache • High-Speed Interrupt Controller 
- 8 Kbyte Four-Way Set Associative - Up to 240 External Interrupts 

Data Cache - 31 Fully Programmable Priorities 
- 2 Kbyte General Purpose RAM - Separate, Non-maskable Interrupt Pin 
- Separate 128 Bit Internal Paths For • On-Chip 32-Bit Timers 

Instructions/Data - Auto Reload Capability an~ One-shot 
3.3V Supply Voltage - ClKIN Prescaling, :+ 1, 2, 4, or 8 
- 5V Tolerant Inputs • JTAG Support-IEEE 1149.1 Com~lIant 
- TTL Compatible Outputs 

• Guarded Memory·Unit 
• Processor Core Clock 

- 80960HA Is 1x bus clock 
'- Provides Memory Protection - 80960HD is 2x bus clock 
- User/Supervisor Read/Write/ - 80960HT Is 3x bus clock 
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80960HA/HD/HT 

1.0 PURPOSE 

This document provides a descriptive preview of the 
Intel's i960r Hx embedded superscalar microproces
sors, including (see Table 1): 

• B0960HA-executes instructions at the same fre-
quency as the bus (ClKIN) , 

• B0960HD-clock doubled: executes instructions 
at twice the bus frequency 

• B0960HT -clock tripled: executes instructions at 
three times the bus frequency 

Future revisions of this data sheet will provide tar
geted electrical characteristics. Detailed descrip
tions for functional topics-other than parametric 
performance-will be published in the i960® Hx 
Microprocessor User's Guide. 

2.0 80960Hx OVERVIEW 

Intel's B0960Hx is the performance follow-on prod
uct to the B0960CF microprocessor. The B0960Hx is 
binary code-compatible with the B0960CF; this al
lows customers to create CAlCF designs which can 
use the B0960Hx. 

As shown in Figure 1, the B0960Hx instruction cache 
is 16 Kbytes; data cache is B Kbytes and the data 
RAM expanded to 2 Kbytes. 

The B0960Hx is pin and binary code compatible with 
the 32-bit B0960Cx Core Architecture. It includes 
Special Function Register extensions to control on
chip peripherals, and instruction set extensions to 
shift 64-bit operands and configure on-chip hard
ware. Multiple 12B-bit internal buses, on-chip in
struction caching and a sophisticated instructio n 
scheduler allow the processor to sustain execution 
of two instructions every clock and peak, at execu
tion of three instructions per clock. 

A 32-bit demultiplexed and pipelined burst bus inter
face provides a maximum 160 Mbytefs bandwidth to 
the external memory subsystem. Also, the 
B0960Hx's support for on-chip instruction caching, 
procedure context and critical program data sub
stantially decouple system performance from the 
wait states associated with accesses to the sys
tem's s lower, cost sensitive, main memory subsys
tem. 
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The 80960Hx bus controller integrates full wait state 
and bus width control providing, high system per
formance with minimal systam design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the,80960Hx. The Big Endian and unaligned word 
loads and stores are implemented in hardware. 

The interrupt controller provides full programmability 
of 240 interrupt sources into 31 priority levels. 

2.1 The H-Series Core 

The H-Series core is a very high performance micro
architectural implementation of the B0960 Core Ar
chitecture. This core can sustain execution of two 
instructions per core clock (150 MIPS at 25 MHz in 
3x clock mode). To achieve this level of perform
ance, Intel has incorporated state-of-the-art silicon 
technology and innovative microa rchitectural con
structs into the H-Series core implementation. Fac
tors that contribute to the core's performance in
clude: 

• Parallel instruction decoding allows issuance of 
up to three instructions per clock 

• Single-clock execution of most instructions 

• Parallel instruction decode allows sustained, 
simultaneous execution of two instructipns every 
clock cycle 

• Efficient instruction pipeline minimizes pipeline 
break losses 

• , Register and resource scoreboarding allow simul
taneous multi-clock instruction execution 

• Branch look-ahead' and prediction allows many 
branches to execute with no pipeline break 

• local Register Cache integrated on-chip caches 
Calif Return context 

• Four-way set associative, 16 Kbyte integrated in
struction cache 

• B Kbyte data cache, write through, write allocate 

• 2 Kbyteintegrated Data RAM sustains a four
word (12B-bit) access every clock cycle 

• Processor core clock frequency is a multiple of 
the bus clock 

• Unaligned word and short-word accesses are im
plemented in hardware 

• Big Endian byte order implemented in hardware 
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Table 1. 80980Hx Product Description 

Product Core Voltage 

80960HA 1x 3.3V 

80960HD 2x 3.3V 

80960HT 3x 3.3V 

I 2.2 Plpellned, Burst Bus 

A 32-bit high performance bus controller interfaces 
the 80960Hx core to the external memory and pe
ripherals. The Bus Control Unit features a maximum 
transfer rate of 160 Mbytes per second (at 40 MHz). 
Internally programmable wait states and 16 sepa
rately configurable physical memory regions allow 
the processor to interface with a va riety of memory 
subsystems with a minimum of system complexity 
and a maximum of performance. 

The Bus Controller's main features include: 
• Demultiplexed, Burst Bus to exploit most efficient 

DRAM access modes 
• Address Pipelining to reduce memory cost while 

maintaining performance 
• 32-, 16- and 8-bit modes for 1/0 interfacing ease 
• Full internal wait state generation to reduce'sys

tem cost 
• Little and Big Endian support to ease application 

development 
• High performance Unaligned access support for 

code portability 
• Three-deep request queue to decouple the bus 

from the core 
• Decoupled physical (wait state profile, bus width, 

parity) and logical (cacheability, bigllittle endian) 
configurations . 

Operating Frequency (bus/core) 

25/25,33/33,40/40 

16/32,25/50,33/66 

20/60,25/75 

2.3 Priority Interrupt Controller 

A programmable priority interrupt controller man
ages up to 240 external sources through the 8-bit 
external interrupt port. The Interrupt Unit also han
dles the two internal sources from the Timers and a 
single hon-maskable interrupt input. The 8-bit inter
ruptport can also be configured to provide individual 
interrupt sources that are level or edge triggered. 

80960Hx interrupts are prioritized and signaled with
in TBD ns of the request. If the interrupt is of higher 
priority than the processor priOrity, the context 
switch to the interrupt routine typically completes In 
another TBD ns. The interrupt unit provides the 
mechanism for the low latency and high throughput 
interrupt service which is essential for embedded ap
plications. 

2.4 Instruction Set Summary 

Table 2 summarizes the 80960Hx instruction set by 
. logical groupings. 
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Table 2. 80960Hx instruction Set 

Data Movement Arithmetic Logical BltlBlt Field/Byte 

Load Add And Set Bit 
Store SubtraCt Not And Clear Bit 
Move Multiply And Not Not Bit 
Load Address Divide Or Alter. Bit 
Conditional Select2 Remainder Exclusive Or Scan For Bit 

Modulo Not Or Span Over Bit 
Shift Or Not Extract 
Extended Shift Nor Modify 
Extended Multiply Exclusive Nor Scan Byte for Equal 

. Extended Divide Not ByteSwap2 
Add with Carry Nand 
Subtract with Carry 
Rota~ . 
Conditional Add2 
Conditional Subtract2 

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 
Compare byte2 Branch and Link 
Compare short2 
Test Condition.Code 
Check Bit 

Debug Processor Mgmt Atomic Cache Control 

Modify Trace Controls Flush Local Registers Atomic Add Instruction Cache 
Mark Modify Arithmetic Atomic Modify cOntrol1•2 
Force Mark Control Data Cache Control1.2 

Modify Process Controls 
Interrupt Enable/Disable1•2 

. System Control1 
HALT1.2 

NOTES: 
1. 80960Hx extensions to the &0960 core instruction set. 
2. 80960Hx extensions to the 80960Cx instruction set 
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3.0 PACKAGE INFORMATION 

This section describes the pins, pinouts and thermal 
characteristics for the 80960Hx in the 168-pin Ce
ramic Pin Grid Array (PGA) package, 208-pin power 
quad II (SOFP). For complete package specifica
tions and information, see the Intel Packaging Hand
book (Order #240800). 

3.1 Pin Descriptions 

This section defines the 80960Hx pins. Table 3 pres
ents the legend for interpreting the pin descriptions 
in Table 4. All pins float while the processor is in the 
ONCE mode, except TOO. 

80960HA/HD/HT 

Table 3. Pin Description Nomenclature 

Symbol Description 

I Input only pin 0 Output only pin 

1/0 Pin can be input or output 

- Pin must be connected as indicated for 
proper device functionality 

S(E) Synchronous edge sensitive input. This 
input must meet the setup and hold 
times relative to elKIN to ensure 
proper operation of the processor. 

S(l) Synchronous level sensitive input. This 
input must meet the setup and hold II 
times relative to ClKIN to ensure 
proper operation of the processor. 

A(E) Asynchronous edge sensitive input. 

A(l) Asynchronous level sensitive input. 

H( .... ) While the processor bus is in the HOLD 
state (HlOA asserted), the pin: 

H(1) is driven to Vee 
H(O) is driven to Vss 
H(Z) floats 

. H(O) continues to be a valid output 

B( .... ) While the processor is in the bus 
backoff state (BOFF asserted), the pin: 
B(1) is driven to Vee 
B(O) is driven to Vss 
B(Z) floats 

. B(O) continues to be a valid output 

R( .... ) While the processor's RESET pin is 
asserted, the pin: 
R(1) is driven to Vee 
R(O) is driven to Vss 
R(Z) floats 
R(O) continues to be a valid output 

P( .... ) While the processor is in HALT mode: 
P(1) is driven to Vee 
P(O) is driven to Vss 
P(Z) floats 
P(O) continues to be a valid output 
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Table 4. 80960Hx Processor Family Pin Descriptions 

Name Type Description 

A31:2 0 ADDRESS BUS carries the upper 30 bits of the physical· address. A31 is the most 
H(Z) significant address bit and A2 is the least significant. During a bus access, A31:2 identify all 
B(Z) external addresses to word (4-byte) boundaries. The byte enable signals indicate the 
R(Z) selected byte in each word. During burst accesses, A3 and A2 increment to indicate succe 

P(O) ssive addresses. 

031:0 I/O DATA BUS carries 32,16, or 8-bit data quantities depending on bus width configuration. 
S(L) The least significant bit of the data is carried on DO and the most significant on 031. The 
H(Z) lower 8 data lines (07:0) are used when the bus is configured for 8-bit data. When 
B(Z) configured for 16-bit data, 015:0 are used. 

R(Z) 
P(1) 

DP3:0 I/O DATA PARITY carries parity information for the data bus. Each parity bit is assigned a 
S(L) group of 8 data bus pins as follows: 
H(Z) OP3 generates/checks parity for 031 :24 
B(Z) OP2 generates/checks parity for 023: 16 
R(Z) OP1 generates/checks parity for 015:8 
P(1) OPO generates/checks parity for 07:0 

Parity information is generated for a processor write cycle and is checked for a processor 
read cycle. Parity checking and polarity are programmable. Parity generation/checking is 
only performed for the size of the data accessed. 

PCHK 0 PARITY CHECK indicates the result of parity check operation. When i5CR'K is asserted, the 
H(O) previous bus read access resulted in a parity check error. 
B(O) 
R(1) 
P(1) 

BE3:0 0 BYTE ENABLES select which of the four bytes addressed by A31:2 are active during a bus 
H(Z) access. Byte enable encoding is dependent on the bus width of the memory region 
B(Z) accessed: 
R(1) 32-bitbus: 

P(1) BE3 enables 031 :24 
BE2 enables 023:16 
BE1 enables 015:8 
BEO enables 07:0 

16-bitbus: 
BE3 becomes Byte High Enable (enables 015:8) 
BE2 is not used (state is high) 
BE1 becomes Address Bit 1 (A 1) 
BEO becomes Byte Low Enable (enables 07:0) 

8-bitbus: 
BE3 is not used (state is high) 
BE2 is not used (state is high) 
BE1 Address Bit 1 (A 1) 
BEO Address Bit 0 (AO) 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 

Name Type Description 

W/R 0 WRITE/READ is low for read accesses and high for write accesses. W IR becomes valid 
H(Z) during the address phase of a bus cycle and remains valid until the end of the cycle for 
B(Z) non-pipelined accesses. For pipelined accesses, W /Fi changes state when the next 
R(O) address is presented. 

P(O) 

DIC 0 DATA/CODE indicates that a bus access is a data access (1) or an instruction access(O). 
H(Z) DIG has the same timing as W/R. 
B(Z) 
R(O) 
P(O) 

SUP 0 SUPERVISOR ACCESS indicates whether the current bus access originates from a 
H(Z) request issued while in supervisor mode (0) or user mode (1). SUP can be used by the 
B(Z) memory subsystem to isolate supervisor code and data structures from non-supervisor 
R(1) access. 

P(Q) 

ADS 0 ADDRESS STROBE indicates a valid address and the start of a new bus access. ADS is 
H(Z) asserted for the first clock of a bus access. 
B(Z) 
R(1) 
P(1 ) 

READY I READY, when enabled for a memory region, is asserted by the memory subsystem to 
S(L) indicate the completion of a data transfer. READY is used to indicate that read data on 

the bus is valid, or that a write transfer has completed. READY works in conjunction with 
the internal wait state generator to accommodate various memory speeds. READY is 
sampled af ter any programmed wait states: 
{-during each data cycle of a burst access 
-during the data cycle of a rion-burst access 

BTERM I BURST TERMINATE, when enabled for a memory region, is asserted by the memory 
S(L) subsystem to terminate a burst access in progress. When BTERM is asserted, the current 

burst access is terminated and another address cycle occurs. 

WAIT 0 WAIT indicates the status of the internal wait-state generator. WAIT is asserted when the 
H(Z) internal wait state generatorgenerates NWAD, NRAD, NWDD and NRDD wait states. WAIT 
B(Z) can be used to derive a write data strobe. 
R(1) 
P(1) 

BLAST 0 BURST LAST indicates the last transfer in a bus access. BLAST is asserted in the last 
H(Z) data transfer of burst and non-burst accesses after the internal wait-state generator 
B(Z) reaches zero. BlAST remains active as long as wait states are inserted via the READY 
R(1) pin. BLAST becomes inactive after the final data transfer in a bus cycle. 

P(1) 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 

Name Type Description 

DT/R 0 DATA TRANSMIT/RECEIVE indicates direction for data transceivers. DT fR is used with 
H(Z) DEN to provide control for data transceivers connected to the data bus. DT /R' is driven 
B(Z) low to indicate the processor expects data (a read c~le). DT /R' is driven high when the 

R(O) processor is "transmitting" data (a store cycle). DT fR only changes state when DEN is . 

P(O) high. 

DEN 0 DATA ENABLE indicates data transfer cycles during a bus access. DEN is asserted at 
H(Z) the start of the first data cycle in a bus access and d~-asserted at the end of the last data 
B(Z) cycle. DEN is used with DT /R' to provide control for data transceivers connected to the 

R(1) data bus. DEN remains asserted for sequential reads from pipelined memory regions. 

P(1) 

LOCK 0 BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK 
H(Z) may be used by the memory subsystem to prevent external agents from acces~ 
B(Z) memory which is currently involved in an atomic operation (e.g. a semaphore). LOCK is 

R(1) asserted in the first clock of an atomic operation and de-asserted when BLAST is 

P(1 ) deasserted in the las t bus cycle. 

HOLD I HOLD REQUEST signals that an external agent requests access to the processor's 
S(L) address, data and control buses. When HOLD is asserted, the processor: 

-Completes the current bus request. 
-Asserts HOLDA and floats the address, data, and control buses. 
When HOLD is deasserted, the HOLDA pin is deasserted and the processor reassumes 
control of the address, data, and control pins. 

HOLDA 0 HOLD ACKNOWLEDGE indicates to an external master that the processor has 
H(1) relinquished control of the bus. The processor grants HOLD requests and enters the 
B(Z) HOLDA state while the RESET pin is asserted. HOLDA is never granted while LOCK is 

R(O) asserted. 

P(O) 

BOFF I BUS BACK OFF forces the processor to immediately relinquish control of the bus on the 
S(L) next clock cycle. When READY fBTERM is enabled and: 

- When BOFF is asserted, the address, data, and control buses are floated on the next 
clock cycle and the c\Jrrent access is aborted. 
- When BOFF is deasserted, the processor resumes by regenerating the aborted bus 
access. 
See Figure 39, BOFF Functional Timing (pg. 46) for BOFF timing requirements. 

BREQ 0 BUS REQUEST indicates that a bus request is pending in the bus controller, but the 
H(O) processor is not stalled pending the result of the bus operation. BREO can be used with 
B(O) BSTALL to indicate to a an external bus arbiter the processor's bus ownership 

R(O) requirements. 

P(O) 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 

Name Type Description 

BSTALL 0 BUS STALL indicates that the processor has stalled pending the result of a request in 
H(O) the bus controller. When 8ST All is asserted, the processor must regain ownership of 
8(0) the bus in order to continue processing (i.e. it can no longer execute strictly out of on 

R(O) chip cache memory). 

P(O) 

CT3:0 0 CYCLE TYPE indicates the type of bus cycle currently being started or processor state. 
H(Z) CT3:0 Encoding: 
8(Z) Cycle Type ADS CT3:0 
R(Z) Program-initiated access using 8-bit bus 0 0000 
P(7) Program-initiated access using 16-bit bus 0 0001 II 

Prograrn-initiated access using 32-bit bus 0 0010 
Event-initiated access using 8-bit bus 0 0100 
Event-initiated access using 16-bit bus 0 0101 
Event-initiated access using 32-bit bus 0 0110 
Reserved 0 OX11 
Reserved for future products 0 1 XXX 
Processor not halted, otherwise reserved 1 OXOO 
Processor not halted, otherwise reserved 1 OX01 
Processor not halted, otherwise reserved 1 OX10 
Reserved 1 0011 
Processor in HALT mode 1 0111 
Reserved for future products 1 1 XXX 

XINT7:0 I EXTERNAL INTERRUPT pins are used to request interrupt service. These pins can be 
A(E) configured in three modes: 
A(l) Dedicated Mode: Each pin is assigned a dedicated interrupt level. Dedicated inputs can 

be programmed to be level (low or high) or edge (rising or falling) sensitive. 

Expanded Mode: All eight pins act as a vectored interrupt source. The interrupt pins are 
level sensitive in this mode. 

Mixed Mode: The XINT7:5 pins act as dedicated sources and the XINT 4:0 pins act as the 
5 most significant bits of a vectored source. The least significant bits of the vectored 
source are set to "010" internally. 

NMI I NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. NMI is 
A(E) the highest priority interrupt source. NMI is falling edge triggered. 

ClKIN I CLOCK INPUT provides the time base for the 80960Hx. All internal circuitry is 
synchronized to ClKIN. All input and output timings are specified relative to ClKIN. 

For the 80960HD, the 2x internal clock is derived by multiplying the ClKIN frequency by 
2. For the 80960HT, the 3x internal clock is derived by multiplying the ClKIN frequency 
by 3. 

RESET I RESET forces the device into reset. RESET causes all external and internal signals to 
A(l) return to their reset state (if defined). The rising edge of RESET starts the processor boot 

sequence. 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 

Name Type I Description 

STEST I SELF TEST, when asserted during the rising edge ofRESEi, causes the processor to 
S(L) execute its built in self-test. 

FAIL 0 FAIL indicates a failure of the processor's built-in self-test performed during initialization. 
H(O) FAIL is asserted immediately out of reset and toggles during self-test to indicate the 
B(O) status of individual tests. If self-test passes, FAIL is de-asserted and the processor 
R(O) branches to the user's initialization code. Should self-test fail, the FAIL pin is asserted 

P(1) and the processor ceases execution. 

ONCE I On-Circuit Emulation control: the processor samples this pin during reset. If it is asserted 
low at the end of reset, the processor enters ONCE mode. In ONCE Mode, the 

" 
processor stops all clocks and floats all output pins except the TOO pin. 

TCK I TEST CLOCK provides the clocking function for IEEE 1149.1 Boundary Scan testing. 

TDI I TEST DATA INPUT is the serial input pin for IEEE 1149.1 Boundary Scan testing. 

TOO 0 TEST DATA OUTPUT is the serial output pin for IEEE 1149.1 Boundary Scan testing. 
THIS OUTPUT IS ACTIVE DURING ONCE. 

TRST I TEST RESET asynchronously resets the Test Access Port (TAP) controller. 

TMS I TEST MODE SELECT is sampled at the rising edge of TCK. TCK controls the sequence 
of TAP controller state changes for IEEE 1149.1 Boundary Scan testing. 

VCC5 I 5V Reference Voltage input is the reference voltage for the 5V-tolerant I/O buffers. 
This signal should be connected to + 5V ± 5% for use with inputs which exceed 3.3V. If 
all inputs are frQm 3.3V components, this pin shoiJld be connected to 3.3V. 

VCCPLL I PLL Voltage is the + 3.3 VOC analog input for the PLL. 

VOLDET 0 Voltage Detect signal allows'external system logic to distinguish betWeen a 5V 
80960Cx processor and the 3.3V 80960Hx processor. This signal is active low for a 3.3V 
80960Hx (it is high impedance for 5V 80960Cx). This pin is available only on the PGA 
version. 

3.2 80960Hx Mechanical Data 

3.2.1 80960Hx PGA PINOUT 

Figure 2 depicts the complete 80960Hx PGA pinout' as viewed from the top side of the component (i.e., pins 
facing down). Figure 3 shows the complete S0960Hx PGA pinout as viewed from the pin-side of the package 
(i.e" pins facing up). Table 6 lists the S0960Hx pin names with package location. See Section 4.2, Recom
mended Connections (pg. 1S) for sp ecifications and recommended connections. 

1-454 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

80960HA/HD/HT 

S A Q P N M L K J H G FED C B A 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 
D25 024 021 018 017 018 016 013 012 011 De D8 07 05 03 V." 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SRBT Be D28 027 023 DIO 018 Vee 014 Vee Vee 010 Vee D8 D4 02 01 

R2v 0 0 0 0 0 0 0 0 0 0 0 0 0 &e£ 0 
031 OaB 022 Vee Val V .. V .. V" V .. V .. Vee DO NC OPO 

0 0 0 0 0 0 
HOLDA i'I'IJm D28 V., OP3 DPa 

2 H~LD 0 0 0 0 
030 VCC5 TCK VOLOET 

0 0 0 0 0 0 
an Aiii Vee Vee TMB Tlm' 

0 0 0 0 0 0 
iE1 Vee v .. VIa Vee TOI 

0 $2 S? 0 0 0 
mi'I' v •• PCHK TOO 

0 0 S? 0 0 0 
'6rN - Vaa Vee, NC 

0 0 0 o 0 0 
wip, Vee V.a v .. Vccp,," NC 

0 0 0 0 0 0 
DTIR Vee Vaa Ves Vee cro 

w9rr as~LL ~ 0 0 0 
v •• Vee cn 

Q 0 0 0 0 0 
D/C BREQ A30 CLKIN NC CTa 

Q.O 0 0 0 0 
LOCK A29 A2B Vee NC CTa 

0 0 0 0 0 0 0 0 0 0 0 0 0 .Q ...Q.....Q.. ...Q.. 
AS1 A2B A24 A20 Vee V •• V •• V .. Ve. V .. V •• V •• Vee NUl XINT4 XINTO XINT1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 ...0.....0.. ...a... 
A27 A23 A21 A19 A16 Vee A13 Vee Vee Vee A7 Vee A4 A2 XINT6 XINT3 RESET 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A25 A22 A1B A17 A15 A14 A12 "11 A10 A9 Nl A6 AS AS X'iNi7 XiNi'S XiNT2 

S A Q P N M L K J H G FED C B A 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

272495-2 

Figure 2. 80960Hx 168-Pln PGA Pinout-View from Top (Pins Facing Down) 

1·455 



80960HAlHD/HT intet® 
A B C D E F G H J K L' M N P Q A S 

0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 
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8 0 0 0 0 0 0 8 
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9 0 0 0 0 0 0 9 
NC Vee V •• V •• BeO i5EN 

10 0 0 0 0 0 0 10 
NC VccPu V •• V •• Vee wifi. 

11 0 0 0 0 0 0 11 
CTO '() C> C> '() OT/R 

12 0 0 12 
CTl Vee V •• SUP BSTALL WAIT . 

13 0 0 0 0 0 0 13 
CT2 NC CLKIN ASO BREQ Die 

14 0 0 0 0 0 0 14 
CT3 NC Vee A28 A29 LOCK 

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
XINTl XINTO XINT4 NMI Vee V •• V •• V •• V •• V •• V •• V •• Vee A20 A24 A26 ASl 

16 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 
RESET XiNi'3 XlNT6 A2 A4 Vee A7 Vee Vee Vee A13 Vee A16 A19 A21 A23 A27 

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
XiNT2 XINT5 XINT7 AS A5 A6 A8 AS A1D All A12 A14 A15 A17 A18 A22 A25 
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272495-3 

Figure 3. 80960Hx168-Pin PGA Pinout-View from Bottom (Pins Facing Up) 
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Table 5. 80960Hx 168-pln PGA Plnout-Pln Number Order 

PGAPln. Signal Name PGAPln Signal Name PGAPln Signal Name PGAPln Signal Name 

A1 Vss C9 Vss J15 Vss 010 Vss 
A2 FArJ: C10 Vss J16 Vee 011 Vss 
A3 OPO C11 Vss J17 A10 012 SOP 
A4 OP2 C12 Vss K1 013 013 A30 
A5 VOLOET C13 CLKIN K2 Vee 014 A28 
A6 TR5T C14 Vee K3 Vss 015 A24 
A7 TOI C15 ~ K15 Vss 016 A21 
A8 TOO C16 ~ K16 Vee 017 A18 
A9 NC C17 XINT7 K17 A11 R1 024 
A10 NC 01 05 L1 015 R2 027 

A11 CTO 02 02 L2 014 R3 031 
A12 CT1 03 NC L3 Vss R4 §TER'M' 

A13 CT2 015 ~ L15 Vss R5 HOLD 
A14 ' CT3 016 A2 L16 A13 R6 ADS 
A15 'XIm"1 017 A3 L17 A12 R7 Vee 
A16 RE5ET E1 07 M1 016 R8 Vee 
A17 XiFlT2 E2 D4 M2 Vee R9 BEO 
B1 ~ E3 DO M3 Vss R10 Vee 
B2 5TE5T E15 Vee M15 Vss R11 Vee 
B3 OP1 E16 A4 M16 Vee R12 B5TALL 

B4 OP3 E17 A5 M17 A14 R13 BREO 
B5 TCK F1 08 N1 .017 R14 A29 
B6 TM5 F2 06 N2 018 R15 A26 
B7 Vee F3 Vee N3 Vee R16 A23 
B8 ~ F15 Vss N15 Vee R17 A22 

B9 Vee F16 Vee N16 A16 51 025 
B10 VCCPLL F17 A6 N17 A15 52 029 
B11 Vee G1 09 P1 019 53 READY 
B12 Vee G2 Vee P2 020 54 HOLDA 
B13 NC G3 Vss P3 022 55 BE3 

B14 NC G15 Vss P15 A20 56 BE2 
B15 XINTO G16 A7 P16 A19 57 BE1 
B16 XINT3 G17 A8 P17 A17 58 BLAST 
B17 XTm'5 H1 011 01 021 

, 
59 i5Ej\J 

C1 03 H2 010 02 023 510 W/R 

C2 01 H3 Vss 03 026 511 OT/R 
C3 ONCE H15 Vss 04 028 S12 WAIT' 
C4 . Vss H16 Vee 05 030 S13 OIC 
C5 VCC5 H17 A9 06 Vee 514 LOCK 
C6 Vee J1 012 07 Vss 515 A31 

C7 Vss J2 Vee 08 Vss 516 A27 
C8 Vss J3 Vss 09 Vss 517 A25 
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3.3 Stepping Register Information 

I 

:The memory mapped register at FF008710 contains the 80960Hx Device 10. The 10 is identical to the 10 
obtained from a JTAG Query. Figure 4 defines the current 80960Hx Device IDs. The value for device identifica
tion is compliant with the IEEE 1149.1 specification and Intel standards. Table 6 describes the fields of the 
device 10. 

Part Number 

I 

28 24 20 16 12 8 4 o 
272495-5 

Figure 4. 80960Hx Device Identification Register 

Table 6. Fields of 80960Hx Device 10 

Field Value Definition 

Version 0000 = AO Step Indicates major stepping changes. 

Vee 1 = 3 volt part Indicates a device is 3V. 

Product Type 000100 Designates type of product. 
(Indicates i960 CPU) 

Generation 0000 = reserved Indicates the generation (or series) that the product belongs to. 
Type 0010 = H-series 

Model See Table 8 Indicates member within a series and specific model information. 

Manufacturer 10 000 0000 1001 Manufacturer 10 assigned by IEEE. 
(Indicates Intel) 

Table 7. HA Device 10 Model Types 

Device Version Vee Product Gen. Model Manufacturer 10 '1' 

80960HA 0000 1 000100 0010 00000 00000001001 1 

80960HD 0000 1 000100 0010 00010 00000001001 1 

80960HT 0000 1 000100 0010 TSD 00000001001 1 
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3.4 Sources for Accessories 
The following is a list of suggested sources for 
80960Hx accessories. This is neither an endorse· 
ment or a warranty of the performance of any of the 
listed products and/or companies. 

Sockets 
• 3M Textool Test and Interconnection Products 

6801 River Place Blvd. MS 130·3N·29 
Austin, TX 78726·2963 
(800) 328·0411 FAX: (800) 932·9372 

• Augat, Inc. Interconnection Products Group 
452 John Dietsch Blvd. P.O. Box 2510 
Attleboro Falls, MA 02763 
(508) 699·7646 

• Concept Mfg, Inc. (Decoupling Sockets) 
400 Walnut St. Suite 609 
Redwood City, CA 94063 
(415) 365·1162 FAX: (415) 365·1164 

Heatslnks/Flns 

• Thermalloy, Inc. 
2021 West Valley View Lane 
Dallas, TX 75234·8993 
(214) 243·4321 FAX: (214) 241·4656 

• Wakefield Engineering, Inc. 
60 Audubon Road 
Wakefield, MA 01880 
(617) 245·5900 FAX: (617) 246·0874 

80960HA/HD/HT 

II 
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4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 

Parameter 

Storage Temperature 
Case Temperature Under Bias 
Supply Voltage wrt. Vss 
Voltage on VCC5 wrt. Vss 
Voltage on Other Pins wrt. Vss 

Maximum Ratings 

-65'Cto + 150'C 
-65'Cto +110'C 

-O.5Vto +4.6V 
-O.5V to + 6.5V 

-O.5VtoVcc + O.5V 

NOTICE: This document contains information on 
products in the design phase of development. Do not 
finalize a design with this information. Revised infor
mation will be published when the product is avail
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 

• 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. 

4.2 Recommended Connections 

Power and ground connections must be made to 
multiple VCC and Vss (GND) pins. Every 80960Hx
based circuit board should include power (Vce> and 
ground (Vss) planes for power distribution. Every 
Vcc pin must be connected to the power plane; ev
ery Vss pin must be connected to the ground plane. 
Pins identified as "NC"-no connect pins-must not 
be connected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960Hx. The processor can cause tran
sient power surges when its numerous output buff
ers transition, particularly when connected to large 
capacitive loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance can be reduced by shortening 
the board traces between the processor and decou
piing capacitors as much as possible. Capacitors 
specifically designed for PGA packages will offer the 
lowest possible inductance. 
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For reliable operation, always connect unused in
puts to an appropriate si~ level. In particular, any 
unused interrupt (XI NT, NMI) input should be con
nected to Vcc through a pull-up resistor, as should 
BTERM if not used. PUll-Up resistors should be in the 
in the range of 20. KO for each pin, tied high. If 
READY or HOLD are not used, the unused input 
should be connected to ground. N.C_ pins must al
ways remain unconnected. 

4.3 VCC5 Pin Requirements (VOIFF) 

In mixed voltage systems that drive 80960Hx proc
essor inputs in excess of 3.3V, the VCC5 pin must be 
connected to the system's 5V supply. To limit cur
rent flow into the VCC5 pin, there is a limit to the 
voltage differential between the VCC5 pin and the 
other Vcc pins. The voltage differential between the 
80960Hx VCC5 pin and its 3.3V VCC pins should nev
er exceed 2.25V. This limit applies to power up, pow
er down, and steady-state operation. Table 9 out
lines this requirement. 

Meeting this requirement ensures proper operation 
and guarantees that the current draw into the VCC5 
pin does not exceed the ICC5 specification. 

If the voltage difference requirements cannot be met 
due to system design limitations, an alternate solu
tion may be employed. As shown in Figure 5, a mini
mum of 100 ohm series resistor may be used to limit 
the current into the VCC5 pin. This resistor ensures 
that current drawn by the VCC5 pin does not exceed 
the maximum rating for this pin. 

+5V (±0.25V) VCC5 Pin 

Ol---W • 
100n 

(±5%,0.5W) 
272495-6 

Figure 5. VCC5 Current-Limiting Resistor 

This resistor is not necessary in systems that can 
guarantee the VDIFF specification. 

In 3.3V-only systems and systems that drive 
80960Hx inputs and 110's from 3.3V logic, connect 
the VCC5 pin directly to the 3.3V VCC plane. 
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Table 8. VDIFF Specification for Dual Power Supply Requirements (3.3V, 5V) 

Symbol Parameter Min Max Units Note, 

VOIFF VCC5-VCC 2.25 V VCC5 input should not exceed vee by more than 2.25V during 
Difference power-up, power down or during steady-state operation. 
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4.3.1 AC Test Conditions 4.3.2 AC Timing Waveforms. 

AC Values are deriVed using the 50 pF load shown in 
Figure 6. Figure 7 shows how timings vary with load 
capacitance. Specifications are measured at the 
1.5V crossing point, unless otherwise indicated. In· 
put waveforms (except for ClKIN) are assumed to 
have a rise and fall time of s: 2 ns from O.BV to 2.0V. 

TOR - -TeF 

it------T------.j 

Figure 7. ClKIN Waveform 
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Output Pin 
0, 

~+ 
272495-7 

CL = 50 pF for all signals 

Figure 6. AC Test load 

----- 2.0V 

1.5V 

----- o.SV 
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Outputs: 
A31 :2, 031:0 write only, 
DP3:0 write only , 
~, ~, W/ri, D/~, 
D, ADS, l5EN, 

elKIN 

~, HOLDA, BREQ, BSTALL, 
CT3:0, FAJ[, WAiT, SEAS'f 

eLKIN 

1,---
15V* 

I 

[ 

Figure 8. Output Delay Waveform 

1 __ -

15V* 
I 

DT/R [ 

Outputs: 
A31 :2, 031:0 write only, 
DP3:0 write only 
~,~, W/A, D/~, 
ms,~,l5EN, 

elKIN 

Figure 9. Output Delay Waveform 

[ j"v \ 1svj 
I I 

[ 
I I 
I I 

Max I 
' 1.5V , --,-----

rneR', HOLDA, CT3:0, WAIT, MAST, DT IA I 
Figure 10. Output Float Waveform 

80960HA/HD/HT 

272495-9 

272495-10 

272495-11 
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ClKIN [ 

Inpuls: 
[ 

READY, HOLD, BTERM, 
BOFF, 031:0 on reads, 
DP3:0 on reads, RESET 

NOTE: 

Figure 11. Input Setup and Hold Waveform 

T OV1 T OH1 OUTPUT DELAY-The maximum output delay is referred to as the Out
put Valid Delay (TOV1). The minimum output delay is referred to as the 
Output Hold (T OH1). 

TOF OUTPUT FLOAT DELAY-The output float condition cocurs when the 
maximum output current becomes less than ILO in magnitude. 

TIS TIH INPUT SETUP AND HOLD-The input setup and hold requirements 
specify the sampling window during which synchronous inputs must be 
stable for correct processor operation. 

ClKIN [ 1.5V 

NMI, XINT7:0 [ 

A and B edges are established by de-assertion of RESET. See Figure 19, Cold Reset Waveform (pg. 26). 

Figure 12. NMI, XINT7:0 Input Setup and Hold Waveform 
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ClKIN [ 

HOLD [ 

HOLDA [ 

TOVI TOHI OUTPUT DELAY-The maximum output delay is referred to as the Output Valod 
Delay (TOV1). The minimum output delay is referred to as the Output Hold (T OH1'l 

TIS TIH INPUT SETUP AND HOLD-The inPut setup and hold requirements specify the sam· 
piing window during which synchronous inputs must be stable for correct proceSSOl 
operation. 

Figure 13. Hold Acknowledge Timings 

ClKIN [, 

BOFF [ 

Figure 14. Bus Backoff (BOFF) Timings 

272495-14 
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nom + 10 

• 
nom+S 

nom )0100----+0-----+--. 50 100 150 

272495-18 

Figure 15. Output Delay or Hold va. Load capacitance' 
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PMCON 

Function 

Bit 
~~~~~~~~~~~~~-+~-+~-+~-r~~ 

Value 

NOTE: Bits 31-30, 27-25,13, and 5 are reserved. 

A 0 A 

CLKIN [ 
ADS [ 

A31:2, SUP, [ Ole, BE3:O, 
LOCK, CT3:0 

wiFi [ 
BLAST [ 

OTtR [ 
DEN [ 
WAIT [ 

031:0, [ OP3:0 

PCHK [ 
272495-22 

Figure 19. Non-Burst, Non-Pipelined Requests Without Wait States 



intel~ 

PMCON 

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved. 

A 3 2 1 

CLKIN [ 
ADS [ 

A31:2, BE3:0 [ 
wiP- [ 

BLASi' [ 
OT/R [ 
DEN [ 

Ole, SUP, [ LOCK,CT3:0 

WAiT [ 
031:0, [ -l- op -I-

OP3:0 I 

PCHK [ 

o 

I 

I 

t" -8-

80960HA/HD/HT 

A 

I 

.J 

272495-23 

Figure 20. Non·Burst, Non·Pipelined Read Req,-,est With Wait States 
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80960HA/HD/HT 

272495-24 

Figure. 21. Non-Burst, Non-Plpelined Write Request With Walt States 
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infele 80960HA/HD/HT 

PMCON 
ExtemaI 

Function = Bit 4-0 

Value 0 

NOTE: 

A 0 0 0 0 A 

ClKIN [ 
ADS [ 

A31:4. SUP. [ CT3:0.DlC. 
BES:o,lOCK 

wifi. [ 
BLAST ,[ 

OT,;:! [ 
DEN [ 
A3:2 [ 
WAiT [ 

031:0. [ 0P3:0 

·PCHK [ 
272495-25 

Figure 22. Burst, Non-Plpellned Read Request Without Walt Statea, 32-Blt Bus 
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PMCON 

1-474 

Function 

Bit 
~--~---r~~----+---~---+--~~~+-~~---+--~ 

Value 

NOTE: Bits 31-30, 27-25,13, and 5 are reserved. 

2 o o o o 

ClKIN [ 

ADS [ 

A31:4, SUP, 

[ CT3:0, Ole, 
BE3:0, lOCK 

wip. [ 
BLAST [ 

OT/P. [ 
DEN [ 
A3:2 [ 

WAIT [ I 

I 1 I 

031:0, [ OP3:0 
I! '8'BI' I , 'I , I ' 

--------- InO -- In1 --OJ-
III I I~I 
I i I I ! I ! ! I 

PCHK [ 
Figure 23. Burst; Non-Plpelined Read Request With Walt States, 32-Bit Bus 

I 
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PMCON 
Function 

~ 21 ~ 

80960HA/HD/HT 

~--~~-+~~~--+--.-~--~----~~~~-+--~--~ 
Value 3~'glt ~ Ena~led o~oo 

Bits 31·30, 27·25, 13, and 5 are reserved. 

ADD 

ClKIN [ 

ADS [ 

[ A31:4, SUP, 
Valid CT3:0, DIe, 

BE3:0, lOCK 

W/A [ 

BLAST [ 

DT/A [ 

DEN [ 

A3:2 [ 
WAIT [ 

D31:0, [ I 

DP3:0 ---j'-

PCHK [ 
272495-27 

Figure 24. Burst, Non-Pipelined Write Request Without Wait States, 32-Bit Bus 
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PMCON 

NOTE: Bits 31-30, 27-25,13, and 5 are reserved. 

ClKIN [ 

ADS [ 

A31:4, SUP, [ 

1-476 

CT3:0, Ole, 
BE3:0, lOCK 

wifi [ 
BLAST [ 

oTifi [ 
DEN [ 
A3:2 [ 

WAIT [ 

031:0, [ 
OP3:0 

PCHK [ 

Figure 25. Burst, Non-Plpellned Write Request With Wait States, 32-Bit Bus 

I 

I 
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80960HA/HD/HT 

PM CON 
Function 

Bit 
~~~~~~~~~~~~~-+~~~-r~-r~~ 

Value 

NOTE: 

ClKIN [ 

Ai5S[ 
SOP,CT3:0, 
Ole, lOCK, 

A31:4, BE3IBHE, 
BEOIBlE 

wifS. 

[ 
[ 
[ 

DT/R [ 

DEN [ 

A3:2 [ 

BE1/A1 [ 

WAIT [ 

031:0, [ 
DP3:0 

PCHR[ 

A3:2 = 00 or 10 A3:2 = 01 or 11 

272495-29 

Figure 26. aurst, Non-Pipelined Read Request With Wait States, 16-Blt Bus 
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80960HAlHD/HT infele 
PMCON 

Function 

Bit 

Value 

NOTE: 

CLKIN [ 

ADS [ 
" 

sug, CT3:0, [ O/C, LOCK, Valid 
A31:4 

wifi. [ 
BLAST [ 

OT/R [ 
DEN [ 
A3:2 [ A3:2. 00, 01, 10 or 11 

BE1/Al, [ 
BEO/AO A1:0=00 

WAIT [ 

031:0, [ 
OP3:0 

PCHK [ 
F 

272495-30 

Figure 27. Burst, Non·Plpelined Read Request With Walt States, 8·Bit Bus 
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infel~ 80960HA/HD/HT 

PMCON 

Function 
Bit~~~----~~~--~~~~--~~--~--~----~--~--~ 

Value 

NOTE: 

ClKIN [ 
ADS [ 

A31:4, SUP, [ CT3:0,D/C, 
lOCK 

Wip. [ 
A3:2 [ BE'3:5 

031:0, [ DP3:0 

WAIT [ 
Bi:ASr [ 

DTip. [ 
DEN [ 

272495-31 
1. Non-pipelined request concludes, pipelined reads begin. 
1. Pipelined reads conclude, non-pipelined requests begin. 

Figure 28_ Non-Burst, Plpellned Read Request Without Walt States, 32-Blt Bus 
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80960HA/HD/HT 

PMCON 

Function 

Bit 

Value 

ClKIN [ 
ADS [ 

A31:4, SUP, [ CT3:0,O/C, 
lOCK 

WiR [ 
A3:2 [ 

BE3:0 

031:0, [ OP3:0 

WAIT [ 
BLAST [ 

OT/R [ 
DEN [ 

PCHK [ 
272495-32 

1. Non-pipelined request concludes, pipelined reads begin 
2. Pipelined reads conclude, non-pipelined requests begin 

Figure 29. Non-Burst, Plpelined Read Request With Walt States, 32-Blt Bus 
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intet~ 

PMCON 
Function 

Bit 24 19-16 

Value 1 o,N 1 k 
NOTE: Bits 31-30, 27-25,13, and 5 are reserved. 

ClKIN [ 

ADS [ 

A31 :4, SUE, [ 
CT3:0, D/C, 

BE3:0, lOCK 

wiR [ 

A3:2 [ 

D31:0, [ 
DP3:0 

WAIT [ 

BLAST [ 

DT/R [ 

DEN [ 

PCHK [ 

D 

1. Non-pipelined request concludes. pipelined reads begin. 
2. Pipelined reads conclude, non-pipelined requests begin. 

DI D 1 

15-14 

X 
xx 

D' 1 

12-8 

X 
XXlCXX 

80960HA/HD/HT 

7-6 

db 
4-0 

o 

272495-33 

Figure 30. Burst, Plpelined Read Request Without Walt States, 32-Blt Bus 
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80960HA/HD/HT 

PMCON' 

Function 

Bit 
~~~~~~~~~~~~-+~~+-~-+~~+-~~--~;-~~ 

Value 

ClKIN [ 

ADS [ 

A31:4, SUP, [ 
CT3:0, Ole, 

BE3:0, lOCK 

wiR [ 
A3:2 [ 

031:0, [ DP3:0 

WAiT [ 
BLAST [ 

OTiR[ 

DEN [ 

PCHK[ 

1. Non-pipelined request concludes, pipelined reads begin. 
1. Pipenned reads conclude, non-pipelined requests begin. 

Figure 31. Burst, Plpellned Read Request With Walt States, 32-Blt Bus 
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PMCON 

Function 

Bit 

80960HA/HD/HT 

~~~~~~~~~~~~~+-~;-~~~-+~~~~ 
Value 

NOTE: Bits 31-30, 27-25, 13, and 5 are reserved. 

CLKIN[ 

ADS [ 

A31:4, SUP, [ CT3:0, D/C, 
LOCK 

wiPo [ 
A3:2 [ 

BE1/A1, [ BEO/AO 

031:0, [ DP3:0 

WAIT [ 

BLAST [ 

DT/Po[ 

DEN [ 

PCHK[ 

1A 21 D 1 D 1 D 

Valid 

A3:2 = 00,01,10, or 11 

1. Non-pipelined request concludes, pipe lined reads begin 
2. Pipelined reads conclude, non-pipelined requests begin 

Figure 32. Burst, Pipelined Read Request With Wait States, 8-Bit Bus 

272495-35 
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PMCON 
Function 

NOTE: Bits 31-30,27-25,13, and 5 are reserved. 

CLKIN[ 

'ADs [ 

A31:4,SUP, 
CT3:0, ole, [ 

BEQ/BLC, 
BE3J!lli5. 

LOCK [ 
wiFi ' 

A3:2 [ 

BElIAl [ 

031:0, [ 
OP3:0 

WAIT [ 

BLAST [ 

DTlR[ 
BEN [ 

p(:HK [ 

CD 
AI 

1. Non-pipelined request concludes, pipe lined reads begin 
2. Pipe lined reads conclude, non-pipelined requests begin 

Figure 33. Burst, Pipelined Read Request With Wait States; 16-Bit Bus 
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I 

eLKIN [ 

ADS [ 

A31:4, SUP, [ 
..,m;O.D/C. 
BE3:0, LOCK 

BLASi'[ 

DT/R [ 

DEN [ 

READY [ 

BTERM [ 

A3:2 [ 

WAIT [ 

031:0, [ 
OP3:0 

PcFiK[ 

80960HA/HD/HT 

II 

272495-37 

Figure 34. Using External READY 
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80960HA/HD/HT 

NOTE: 

CLKIN [ 

ADS [ 

A31:4, SUE, [ 
CT3:0,D/C, 

BE3:0, LOCK 

BLAST [ 

DT/R [ 

DEN [ 

READY [ 

BTERM [ 

A3:2 [ 

WAIT [ 

031:0, [ 
DP3:0 

PCHK [ 

I I I I I I t I I I 

, '@-' ,~, '~' -,---.- DO -'--"'-~-'--"T-D -T-
I I I I • I I I 

, 
"1 

272495-38 

READY adds memory access time to data transfers, whether or not the bus access is a burst access. BTERM inter
rupts a bus access, whether or not the bus access has more data transfers pending. Either the READY signal or the 
BTERM Signal will terminate a bus access if the signal is asserted during the last (or only) data transfer of the bus 
access. 

Figure 35. Terminating a Burst with BTERM 
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intel~ B0960HA/HD/HT 

[I 
I I I 

[~I I I: ~::: /~n~rate;s I 

ADS I I I I I .; ; \.'-~h---'-\JJ I I I I 

I I I BURST I I BURST I I II I 

I I I '51 I I'~ll I I 
BlAST [I I I I _ -.1-H-~-- _1_ I I (I I {7"'" 

I NON.BURST ~ I 
~I·~III 

[ -'""'7'""T""'ll ~ 
I I I --- I I I 

I 
'I I l~1 I I 'nl I I 
I I I Ilj"'L........ SUSPEND REQUEST I RESUME REQUEST [: 
I , ,""'---- I.., I 

- I I I I:~I II II Ile
l I~I A31:2.SUP. [ X 

CT3:0, D/C, ___ --' -j-ll-j---j-
BE3:0. WAIT, \-----.~ 

DEN, DTIR I : I I I : : : I I Ii: 

DP3:0 & 031:0. [ : I qvapld -'!-~ l-,.---,,-Waltk-1d . . 
(WRITES). 

I I • I I I , I 

I I I n I I I n I I I nl I 

PCHK[I I I I 

I 

I I 
Begin Request 
~ 

BOFF may not 
be asserted 

BO'FF May be asserted to suspend request 
I End Request. 

BOFF may not 
be asserted 

272495-39 

NOTE: 
REAm /l3'I'i:RM must be enabled: NRAO, NROO. NWAO. Nwoo = 0 

Figure 36. BOFF Functional Timing 
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elKIN [ 
ADS [: 

A31 :2, SUP, [ 
CT3:0, Die. 

BE3:0, WAI!: .. 
DEN, DT/R 

[ 

I 

HOld~tate 
I 

T\ I·~' :. I (1\ I I 
I L.:.J ., I I ---j"-----j--L0 I .. -,-----,--

I ,...-___ ...;.._....; __ .;..' "" I I I I I 

] . Valid I }-.~-----~{ Valid )----~.---"~--. 
I I , I I 

~ I rT\ ___ ~ _____ "I_fI\ I .. __ ~ _____ ~"_ 
i I I ~ I - I ,- I \.....}.J I I 

I I I I I ! I , I I 

HOLD 

[ 
[if 

I I I I I 

HOLDA· [ : \'---'---1....11 
272495-40 

Figure 37. HOLD Functional Timing 



infel· 80960HA/HD/HT 

elKIN [ 
[ ~ 

I I I I 

ADS :/ I \ : / I 

I \ _____ 

I , 
wiR [ :J :/ L.. 

I 

BLAST [ :\ / :\ / : \_----

lOCK [ 
I 

HOLD [ 
. , 

HOLDA [ :1 ., 
272495-41 

Figure 38. Lock Delays HOLDA Timing 

[ n n 
RESET 

(lntemal. Self· Test) (Bus Test) 
Pass Pass 

fA[ [ I I I n - - Fall-- 1I --Fail -. 

80960HA: TBOCycles ·TBOCycles TBOCycies 

8096OHO: TBOCycies . TBDCycles TBOCycies F_CX047A 

8096OHT: TBOCycles TBOCycies TBOCycles 

272495-42 

Figure 39. FAIL Functional Timing 
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80960HA/HD/HT i ntel ~ 
Byte Offset 0 

I 
Word Offset 0 

Short·Word 
loacVStore 

Word 
L08d/Store 

Double-Word 
LoscVSlore 

NOTE: 

, 

4 8 12 18 
I I j I I I, 'j I, 

20 24 

I I 
1 2 3 4 5 6 
I I I I I I 

Short Request (Aligned) I , , 
I I 

Short Requests (Unaligned) 
I 

Short Requ881 (Aligned) 

I 

Byte. Byte Requesls 

Trey. Byte. Requests 

I 
Short. Short Requests 

Byte. Trey. Requests 

I 

'" 
One, Double-Word Bural (Aligned) 

I I 
Trey. Byte. Trey. Byte. Requests 

I I 

Short. Short. Short. Short Requests 

One Double-Word 
Requ881 (Aligned) 

I 

, I 

272495-43 

All requests which are less than a word in size and are cacheablEl'will be promoted to e word to be cached. This 
causes adjacent requests to occur for full words to the same address. ' 

Figure 40. A Summary of Aligned and Unaligned Transfers for 32-Blt Regions 
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o 4 8 12 16 20 24 

Byte Offset L..I __ ...L-_-..-.IL...-_--L.I_'_' _____ ..L.--_---'\ 
Word Offset 

Triple-Word 
LoadlStore 

Quad-Word 
Load/Store 

NOTE: 

o 2 3 4 5 6 

One Three-Word 
Request (Aligned) 

I 
Trey, Byte, Trey, Byte, 
Trey, Byte Requests 

Short, Short, Short, Short 
Short, Short, Short Requests 

Byte, Trey, Byte, Trey, Byte, Trey l1equests 

I 

Word, 
Word, 
Word 
Requests 

Trey, Byte, Trey, Byte, Trey, Byte 
Trey, Byte Requests 

I 
8 Short Requests 

4 Word 
Requests 

272495-44 

All requests which are less than a word in size and are cacheable will be promoted to a word to be cached, This 
causes adjacent requests to occur for full words to the same address. 

Figure 41. A Summary of Aligned and Unaligned Transfers for 32-Bit Regions (Continued) 
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·80960HA/HD/HT 

B~eOffs~ f iIi 
Word Offs~ 0 1 2 

I I I 

[ 

_ shoit I 

Short ! ByteS' horIByte I 
16-Bk Bus 

Byts,B~ 

I Byts, sholl, Byte 
Word (Shori)'2 

12 
I' i I 

3 
I 

I 

I 

16 

I 
4 
I 

20 

I 
5 

18-BM Bus 
[ 

I Two ShOO BU~ 

B~e, Short, Byte I 
Two Short Burst 

Four Short ~urBl I 
• (Byte, Shon, Byte)'2 I 

Double Word 

l&-BM Bus 

Triple Word 
l&-BM Bus 

(s;.ort)'4 I 
I (Byte, Short, ~)'2 

i 
Four ShOO &Urst, ~ shoh Burst 

(Byte, ~n. Byte) "3 I 
(bll) '8 

. '(Byte, Short, ~) '3 

; (Two ShortiBUrst) '3 

24 

(Two Short !iursl) '3 

OuadWord 
l&-B" Bus 

t I I I 

I I (Byte, short, Byte) '4 

I I (Shbn) '8 I r~iI~lIlIlIi~iourSh~OIl~8~rst~)'2~1 
(!'Iyte, Short, Byle)'4 

(Two S~BUrst)'4 I I 4 (Two Sholl Bursl) '4 

272495-45 

Figure 42. A Summary of Aligned and Unaligned Transfers for 16-Bit Bus 
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Byte Offset r f 8 'I' 'I' I 12 16 20 24 

I I 
, 
I I 

Word Offset 0 1 2 3 4 5 B 

Short 
8-Bh Bus 

Word 
8-Bh Bus 

Double Word 
8-Bh Bus 

Trlp'leWord 
e:aRBul 

Quad Word 
18-BItBus 

[ 
_ TwoByteBurst ,I 

,I _ ITwo Byte Bursll 
_ Two Short ~urst 

IIIjII Byte, Bre 

I 

I 

[ Four Byte Bu~ 
Three Byt4 Burst Byte 

(Two ~yte Burst)"2 I 
Bf' Three Byte fursl 

Four Byte Burst 
I I 

(Four Byte durst) '2 
(Three "yte Burst, Bytel'2 
~ Byte Burst) '~ 

Byte, Three BlI'e Burst) '2 I 
(Four Byte Burst) '2 

(Four BytJ Bursl) "2 
I 

(Th"l8 Byte Bursl, E¥&)'3 
~ Byte Burst)j6 I 

i~III!::=:::~:(B:yte~';Th;ree~ Bursl) '3 I Bursl)'3 
I (Four Byte Burst)'3 
I 

(T~ Byte Bursl) " 
, Byte, Three ~e Burst) '4 

(Four Byte,Burst)'4 r-=~~liiiii~IIIIIIIIIIIIIIIIIi{Thi!ree~B~~B~ur~st~'B~ytil~r4 
I I (Four Byte Burst) '4 
I I 

272495-46 
Figure 43. A Summary of Aligned and Unaligned Transfers for 8-Blt Bus 
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80960HA/HD/HT 

CLKIN [ 

ADS [ 

A31:4, SUP, Ole, [ 
BE3:0, CT3:0 

LOCK [ 

wifi. [ 

BLAST [ 

DT/R [ 

DEN [ 

A3:2 [ -+"~--:--~'""T"'-~il-:---:--~--:----:--IIf-:--..,."-----,J'

1-494 

WAIT [ 

031:0 [ 

READY, [ 
BTERM 

PCHK [ 

Figure 44. Idle Bus Operation 

I 

I 
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80960HA/HD/HT 

leSCR_ 

••• ri - ...... -. M_ •••••• , 2.0V 

1.5V 

------ O.SV 

-If------ lesc ------+/ 

272495-48 

Figure 45. TCK Waveform 

TClK [ 1.5V 

Inputs: [ 
TMS 
TOI 

272495-49 

Figure 46. Input Setup and Hold Waveforms for TBSIS1 and TBSIH1 
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80960HA/HD/HT 

1.SV 

TesOV1 ! TeSOF1 

_'5V ~< - ~-+-+--
Figure 47. Output Delay and Output Float for TBSOV1 AND TBSOF1 

Non-Test [ 
Outputs 

-'-----' 

intel~ 

272495-50 

272495-51 

Figure 48. Output Delay and Output Float Waveform for T BSOV2 and T BSOF2 
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TCLK [ 

Non-Test 

Inputs [ 

1.5V 

Figure 49. Input Setup and Hold Waveform for TB5152 and TB51H2 

80960HA/HD/HT 

272495-52 
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272495-53 

NOTE: 

KEY: 
To = ONCE 
Ti .. IDLE 
Th = HOLD 

WojCNT> 1 

Ta = ADDRESS 
Td = DATA 
Tb .BOFF'ecj 
Taw= address to data watt 
Td_ data to data wail 
T~ data to address wail 
REQUEST;= One or more bus 
requesta Is in Ihe bus queue. 
READ= The current access is 
a read. 
WRITE: The current access is 
a write. 

1. When the PMCON for the region has External Ready Control enabled, wait states are inserted as long as READY and 
~ are de-asserted. In the case Read Pipelining is enable!l, the Ta state of the subsequent read access is concur· 
rent with the last data cyCle of the access. Because External Ready Control is disabled for Read Pipelining, the address 
cycle occurs during 'Ei'CASi. 
2.WaCNT is decremented during Ta,w 
3. WdCNT Is decremented during T dw 

,4. WxCNT is decremented during Trw 

Figure SO. Bus States 
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82961KD 
PRINTER COPROCESSOR 

• High Performance Printer • Programmable DRAM Interface 
Coprocessor* - Direct Interface to Four Banks 
- Direct Interface to Intel's 1960@ KA - Expandable to Eight Banks 

or KBn 32-Blt Embedded - Transparent Refresh of DRAM Banks 
Processors - Supports 256 Kblt, 1 Mblt and 4 Mblt 

• Direct Generic Printer Engine Interface DRAMs 

- TEC, Canon, Rlcoh, Okldata and Ink -Individually Programmable Timing 

Jet Printer Engines Parameters for All Banks of DRAM 

• Burst Interface Support for 1960 KAIKB • Programmable 110 Control 

Bus - Chip Select, Access Time, Recovery 
Time 

• Big Endlan or Little Endlan Byte - Walt State Control for Eight External 
Ordering of Font Cartridges Devices 

• DRAM Burst Accesses up to 256 Words • Automatic Data Conversion from 16-Blt 
for Graphics Operations Font Cartridge to 32-Blt 1960 Embedded 

• Bit Map Image Compression Processor Format 

• Compressed Display List Processing • Low-Cost 164-Lead Plastic Quad Flat 

• Programmable EPROM Interface 
Pack (PQFP) 

-Interfaces to Eight Banks of • Provides System Timer Functions 
Interleaved EPROM 

-Individually Programmable Timing 
Parameters 

Intel's 82961 KD Printer Coprocessor provides the Intel i960 KA or i960 KB microprocessors with a powerful 
graphics accelerator and compression processor that dramatically increase system performance and reduce 
printer coprocessor system cost. This single chip device provides all necessary system control for the i960 KA 
or i960 KB microprocessors and a direct interface to most laser printer engines. The 82961 KD coprocessor 
contains complete DRAM, I/O and interleaved ROM controllers, font cartridge support and the associated 
logic required to control most non-impact printer mechanisms, a programmable wait state generator and 
programmable chip select generation logic. 

The 82961 KD Printer Coprocessor performs all graphics functions necessary for complex page description 
language (POL) or printer control language (PCl) controllers. Image compression is achieved using "Scan line 
Tables". Memory requirements for storage of bit mapped images-such as character font cache and graphics 
objects-is significantly reduced using these structures. 

The 82961 KD coprocessor processes a compressed display list to form the bit mapped image of the page to 
be printed. The 82961 KD coprocessor automatically supports "Band buffered" print operations. The chip's 
compressed display list, coupled with its fast graphics operations, allow band buffered printing of very complex 
page description language (POL) pages such as those PostScriptt generates. 

-The 82961 KD i960 Printer Coprocessor is based on the single-chip controller architecture created by Peerless Systems, 
Corp. 
- -Throughout this data sheet, 80960Kx refers to the 80960KA and KB processors. 
tOther brands and names are the property of their respective owners. 
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INTRODUCTION 

The S0960HA/HD/HTI processors, Intel's new super
scalar i9601B> processor, adds new features arid perform
ance to the other well-known products in the i960 proc
essor family. The S0960Hx is designed to satisfy the 
compute-intensive, data throughput performance re
quirements of both today's applications and those of 
the future. 

This document addresses the important hardware con
siderations when designing a "S0960Hx ready" sys
tem2. This is a system which is designed to use an i960 
Cx processor3 and can also use the S0960Hx processor 
(when available). To help simplify this task, pinout for 
the 80960Hx PGA package is similar to pinout for the 
i960 Cx processor PGA package. Although the 
S0960Hx is not drop-in compatible with all Cx designs, 
systems can be built with a CPU socket footprint which 
will accept either processor. 

A summary of the most important hardware design 
considerations are: 

power supply Vee for the Cx is 5V; the Hx uses 
3.3V. An S0960Hx-readY system's 
power supp~y must accommodate 
these voltage requirements. 

DMA controller Cx processors have a built-in 
DMA controller; the Hx does not. 
An S0960Hx-ready system should 
not use the Cx built-in DMA con
troller. Cx pins used for DMA 
control have different function on 
the Hx. 

byte enable signals The Hx's byte enable encodings 
are a superset of the Cx byte en
able encodings. The S0960Hx
ready system should be designed 
to accept all combinations of byte 
enable encodings. 

1 Throughout this document, "Hx" refers to the i960 
HA, HD and HT processors. Information that is spe
cific to each is clearly indicated. 

2 "S0960Hx-ready" refers to a system designed to use a 
CAlCF processor that can also use an S0960Hx. 

3 Throughout this document, "Cx" refers to both the 
i960 CA and CF processors. Information that is spe
cific to each is clearly indicated. 
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bus arbitration The Hx does not grant ~OLD re
quests' during an atomic operation 
(assert HOLDA in response to 
HOLD), but Cx processors will 
grant HOLD requests after any 
bus request, including in the mid
dle of atomic accesses. A 
S0960Hx-ready system must not 
allow HOLD requests when the 
external LOCK pin is asserted if 
semaphore operations are to be 
performed between bus masters. 

The Hx has an additional arbitra
tion signal - BSTALL - which 
can be used by an external arbiter 
to indicate' the processor has 
stalled because the bus controller 
is busy. (The Cx does not have 
BSTALL.) 

eiternallnterrupts Interrupt subsystems must pro
duce asynchronous interrupt in· 
puts. The Hx samples interrupts 
differently than the Cx processors. 

NXDA walt states A system must not rely on NXOA 
wait states . between each access. 
Although both the Hx and Cx 
processors have programmable 
NXDA wait states, behavior in the 
Hx is different. The Hx always in
serts NXDA wait states between 
accesses. The Cx only inserts 
NXOA wait states between bus 
"requests." Each bus request can 
cause multiple bus accesses. 

An 80960Hx-ready system must 
NOT accept data on writes during 
NXDA wait states. During NXOA 
wait states, the Hx processor 
drives the D31:0 bus. Cx proces
sors do not drive valid data during 
NXOA wait states. 

parity The Hx provides built-in byte pari
ty; Cx processors do not. If parity 
is used when the system contains 
an Hx processor, pull-up resistors 
must be provided to ensure that 
inputs sent to either the processor 
or to the external parity system do 
not float. 



boundary scan The Hx has an IEEE 1149.1 
JT AG interface; conversely, the 
Cx does not support JTAG. If 
IT AG is used when the system 
contains a Cx processor, the proc
essor must be externally bypassed 
in the JT AG chain. 

reserved memory Accesses to reserved memory 
(Oxffxxxxxx) do not appear on the 
Hx bus. The Cx uses Oxtmlfxx to 
fetch the Initial Boot Record. Ex
ternal decoders should map this 
memory to two different areas in 
the processor's address space. 

AC timing AC specifications differ for Hx 
and Cx processors. Of course, AC 
timing analysis must be performed 
when designing a 80960Hx-ready 
system. The Cx AC timings are 
referenced to PCLK2:1; on the 
Hx, AC timings are referenced to 
CLKIN. (The Hx does not have 
PCLK2:1 signals.) 

POWER. REQUIREMENTS 

The Hx requires aVec of 3.3V while the Cx operate at 
5V. A system can be designed with a socket that ac
cepts either processor. The Hx processor may be dam
aged if plugged into a socket that supplies 5V Vee. 
Jumpers, switches, programmable power regulators, or 
other Vee switching must be provided to select the 
proper Vee for the processor. The 80960Hx's VOL
DET pin can be used to accommodate automatic volt
age selection circuitry. 

An 80960Hx-ready system requires 5V on the VCC5 
pin to provide 5V tolerant inputs. 
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Providing 3.3 V in a 5 V System 

In most system board designs, the 5 V system power 
supply is routed to the components on the board 
through a dedicated board layer. With the requirement 
of a new 3.3 V supply for the Hx, it is not necessary to 
add a completely new power supply layer to the circuit 
board, as it is possible to create a 3. 3 V "island" around 
the processor in the existing power supply plane. 

Figure 1 shows a recommended "island" layout. The 
Hx processor's· 5 V tolerant input buffers and TTL 
compatible outputs allow the processor to interface 
with existing TTL compatible external logic without 
requiring extra components. Thus, the processor can 
run at 3.3 V while the system logic runs at 5 V. 

Other important considerations are: 

• The "island" needs to be large enough to include the 
processor, the required power supply decoupling ca
pacitance, and the necessary connection to the 3.3 V 
source. 

• To minimize signal degradation, the gap between 
the 3.3 V "island" and the 5 V plane should be kept 
small. A typical gap size is about 0.02 inches. 

• Minimize the number of traces routed across the 
power plane gap, since each crossing introduces sig
nal degradation due to the impedance discontinuity 
that occurs at the gap. For traces that must cross 
the gap, route them on the side of the board next to 
the ground plane to reduce or eliminate the signal 
degradation caused by crossing the gap. If this is not 
possible, route the. trace to cross the gap at a right 
angle (90 degrees). . 

• Use liberal decoupling capaciatnce between the 5V 
plane and the 3.3V island. AO.Ol p,f ceramic capaci
tor every 0.5 to 1.0 inches along the perimeter ofthe 
island will greatly reduce the impedance discontinu
ity. 
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Figure 1. Creating a Power "Island" 
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l .J !·~-~.3 Volt regulator (upright) and heatsink 

3.3 V supply using linear regulator 

3.3 V supply using system power supply 

AP-506 

J 

...... "' .... 

Use a wide trace to p<lwer supply connector 
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Figure 2. Recommended Power Supply Connection Layout 

Choosing a Power Source 

The primary concerns which must be addressed when 
selecting a power source are maximum and minimum 
load current requirements and response time. The proc
essor power supply must be able to maintain correct 
voltage'regulation at current levels below 10 rnA for the 
Hx in the HALT Mode, and up to the maximum cur
rent of 1.5 A. 

Executing a HALT instruction causes the Hx to enter 
the HALT Mode, which causes a significant reduction 
in the current consumption of the processor in as few as 
100 ns. The transition from HALT to the Normal State 
causes current consumption to return to the normal' 
levels in a similarly short period of time. The processor 
power supply must be able to maintain correct voltage 
regulation during these transitions. 

There are basically two options for supplying 3.3 V to 
the processor, either: 

• Add a 3.3 V tap to the primary system power supply 

• Use on-board secondary regulation to derive 3.3 V 
from the 5 V system power supply 

For on-board secondary regulation, a linear voltage 
regulator will perform adequately for most designs. If 
low heat or power dissipation is a design goal, the high
er complexity and cost of a switching regulator may be 
warranted. Switching regulators offer better efficiency, 
thereby lowering regulator power consumption and 
heat. 

Figure 2 shQws recommended layouts for power supply 
or linear regulator connection to the 3.3 V "island." 

Power Supply Selection For Flexible 
Systems 

Using the 80960Hx's voltage detect sense feature, you 
may design a flexible system which will automatically 
provide the proper processor voltage for an 80960Hx or 
Cx processor. It is also possible to make the selection of 
processor voltage an option during system board assem
bly. 

VOLDET Automatic Voltage Select 
Circuit Option 

By sampling the V0LDET pin at powerup, system 
boards can automatically select the processor power 
supply voltage, enabling a design that may use the ~.3V 
Hx or a 5 V Cx processor without jumpers or assembly 
time changes. The VOLDET pin is only present in the 
PGA package version of the Hx. This pin, which is an 
NC (No Connect) on the Cx processor, is connected 
internally to V ss on the Hx. This pin should be left 
unconnected in designs that do not use the voltage de
tect feature. 

Figure 3 shows an example of VOLDET pin usage with 
, , a linear regulator circuit to automatically select the cor

rect power supply voltage. If VOLDET is not connect
ed inside the processor, indicating a 5 V part, the gate 
of MOSFET QI is pulled high, which bypasses the 3.3 
V regulator, supplying 5 V directly to the processor. 
Shorting the regulator'S input to the output in this way 
is harmless for most linear regulators, due to regulator 
feedback circuitry which shuts the regulator off (con-
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tact ,regulator manufacturers for specifics). Note that in 
, this case, most regulators require Q I to handle all the 

processor's current requirements, and so should be a 
high-current, low on-state-resistance MOSFET. If 

+12V 

VOLDET is connected to Vss, indicating a 3.3 V part, 
the Q I transistor is turned off, allowing the regulator to 
function normally. Figure 4 sitows a suggested place
ment and layout for MOSFET Q1. 

+5V ,---------. 
Open Orsini 
Collector 

10K 

VOLOET 
G rei; ........ · .......................... ·· ....................... · ... "1 

01 02**1 S 
Intel 

I 01" L .............................................................. " ........ .. 

+5V 

1960· ex or Hx 
Processor 

V1n LINEAR Vout 3.3V, 5.0V 
~+-~~~REGU~TOR~~----~~~~~--~ 

Vee 

T Vadj~ __ .. 

'01 internal on all MOSFETs 
"02 internal on some MOSFETs 

T 

Figure 3. Example Voltage Auto-Select Circuit Topology4 

4Il1ustration courtesy of Linear Technology Corporation 
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Outline of socket 

~ - - - -, , • • • 
! • •• 

• •• 
• • • • • 

• • • 
• • • • • • • • • , • •• 
• • • , • • 
• • L '. 
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Figure 4. Suggested Placement and Layout for MOSFET 
Used In Optional Voltage Auto-select Circuit 

Other Voltage Selection Options 

It is also possible to design a flexible system board 
where the processor supply voltage is selected by an 
assembly time option. There are several methods to 
achieve this; the key requirement being that the design 
must handle the maximum current of 1.5 A. 

VCC5 Pin Requirement 

For mixed voltage systems where the processor inter
faces with 5 V components, the VCC5 pin must be con
nected to 5 V for proper 5 V tolerant buffer operation. 
The VCC5 input should not exceed Vee by more than 
2.25 V during power-up, power-down or during opera
tion. If this requirement is not met, current flow 
through the pin may exceed 55 rnA which may damage 

the component. To meet thi~ requirement,one of two 
things must be done: 

• The power supply must be designed to turn on and 
off such that the difference between the VCC5 and 
Vee voltages never exceeds 2.25 V, or, 

• A 100 n resistor must be put in series with the 
VCC5 pin to limit the current through this path 
(Figure 5 shows a possible layout for this connec
tion). 

• The loon series resistor is required for power sup
plies which do not meet the voltage difference speci
fication, and also provides protection in the case of a 
power supply failure (where the 5 V supply remains 
on, but the 3.3 V supply goes to zero). 

The VCC5' pin corresponds to a NC (no connect) pin 
on the Cx processor. This pin has no effect on the oper
ation of the Cx, and can be driven. 
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Outline of socket 

3.3 Volt "Island" 

* ' ,,: ... -... _,,-1····.-, .... ' 
·:::'~X ...... . 
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Figure S. Possible Layout For VCCS Pin Connection 

Processor Power Supply Decoupling 

Processor power supply decoupling is critical for reli
able operation. With the 80960Hx-ready system, there 
are two areas of concern, each of which are described in 
the following subsections: 

• High frequency decoupling, necessitated by the 
processor's. high speed operation 

• Low frequency decoupling, necessitated by the proc
essor's power saving features 

High Frequency Power Supply 
Decoupling 

High frequency decoupling is critical on the ex proces
sor. It is especially critical on the Hx processor, because 
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of its high speed external bus, and also because of its 
very fast 66 MHz internal operation. 

A reliable design will include a minimllm of nine 0.1 ""F 
capacitors and nine 0.01 ""F surface mount,capacitors 
between power and ground, evenly distributed, close to 
the processor. The capacitors must be placed as close to 
the processor as possible, attached directly to the pow
er and ground planes, or circuit board inductance will 
significantly reduce their effectiveness. 

A typical failure mode caused by inadequate high fre
quency decoupling is unreliable or inconsistent pro
gram behavior. These failures are often intermittent, 
and are very hard to debug. Figure 6 shows a recom
mended layout for the high frequency capacitors, with 
values as shown. 
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All values in microFarads 

Figure 6. Recommended High-Frequency Capacitor Values and Layout 
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Bulk Power Supply Decoupllng 
Bulk, or low frequency, decoupling is needed on all 
i960 processors, including the ex and Hx processors, 
since the Hx processor may switch between normal and 
low power states very quickly, causing large instanta
neous current changes. To properly handle these in
stantaneous current changes, all designs must have ade
quate bulk decoupling. 

In 5 V only systems, the processor can use the bulk 
decoupling capacitance allover the system board; how
ever - with the processor on a separate power plane 
"island" - it is necessary to place adequate bulk ca
pacitance on the processor "island." For bulk decou- ' 
piing, multiple capacitors each in the range of 10 OF to 
100 OF are typically used in parallel to achieve the 
required capacitance while maintaining a low effective 
series resistance (ESR). You can determine the amount 
of bulk decoupling required with the following formula: 

C ::::: (AI· AT) / AV 

where ~I is the maximum change in current, ~ T is the 
time it takes the power supply to adjust to the current 
change, ~ V is the allowable voltage change to remain 
within specification. 
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The effective series resistance (ESR) must also be taken 
, into account. You can find the ma?dmum allowable 

ESR with this formula: 

where ~ V and ~I are the same as in the first equation:. 

For example, for the Hx processor, the maximum 
change in current is about 1.5A. The response time of a 
linear regulator may be around 15,..,s (contact regulator 
manufacturer for precise value). With no guard band, 
the maximum allowable supply voltage deviation from 
3.3 V is 0.3 V, yielding the following: 

C ::::: (1.5 A • 15 jJ.s) / 0.3 V = 75 jJ.F 

with a maximum allowable ESR: 

ESR ::::: 0.3 V / 1.5 A = 0.2 n 

Placing four -33 ,..,F tantalum surface mount capacitors 
in parallel, directly between the power and ground 
planes, will reduce the ESR below this limit and pro
vide adequate capacitance. Figure 8 shows a recom
mended layout for this example. 
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Figure 7. ,Recommended Bulk Decoupllng Capacitor Values and Locations 
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BYTE E,NABLE SIGNALS 

The i960 Cx processors always perform aligned access
es on, the bus. This means that the byte enable signals 
are limited to the following combinations. 

In addition to the accesses that the Cx performs, the 
Hx issues three unaligned cases when accessing 32-bit 
memory regions. 

80960Hx-ready systems must be designed to support all 
encodings. This is accomplished by ensuring that the 
memory write-enable signals for each byte are depen
dent on that byte's corresponding BE signal - not on a 
certain combination of byte enables. When accessing 
16- or 8-bit regions, the Hx and Cx processors behave 
the same. 

INTERRUPT SAMPLING 

80960Hx-ready systems should be designed to produce 
asynchronous interrupts to the CPU. Synchronous sys
tems such as lock-step multi-processor systems must 
meet input setup and hold times on the rising edges of 

CLKIN for the Hx, and on the falling edges of 
PCLK2:1 for the Cx. Interrupt'pins are sampled on the 
rising edge ofCLKIN for the Hx. Contrarily, on the Cx 
processors these pins are sampled on the falling edge of 
CLKIN. The actual sampling of the interrupt pins oc
curs once every two CLKIN cycles. Improper system 
behavior occurs if these setup and hold times are not 
met in a synchronous system. An example of this is the 
loosing synchronous operation of multiple processors. 

PARITY 

A 80960Hx-ready system can implement parity when a 
Hx is in the CPU socket. Parity is disabled while a Cx 
is in the CPU socket. 

Five parity pins are added to the Hx. Four of these 
pins, labeled OP3:0, provide byte parity for data and 
possess the same timing as 031:0. The fifth pin is an 
output labeled PCHK #. It is asserted if a parity error 
is detected on reads. PCHK # is asserted in the clock, 
following the data cycle which has incorrect parity. The 
Hx OP3:0 pins correspond to the CAlCF's "no con
nect" pins. The Hx PCHK # pin corresponds to the 

Table 1. Byte Enable Signal Combinations 

Access BE3# BE2# BEH BEO# 

WORD 0 0 0 0 

SHORT 1 1 0 0 

SHORT : 0 0 1 1 

BYTE 1 1 1 0 

BYTE 1 1 0 1 

BYTE 1 0 1 1 

BYTE 0 1 1 1 

Table 2. Unaligned Cases When Accessing 32-Blt Memory Regions 

, Access BE3# BE2# BEH BEO# 

Unaligned Three-byte 1 0 0 0 

Unaligned Three-byte 0 0 0 1 

Unaligned SHORT 1 0 0 1 
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Table 3. Bus Access 

Cycle Type 

Program initiated access using 8-bit bus 

Program initiated access using 16-bit bus 

Program initiated access using 32-bit bus 

Event initiated access using 8-bit bus 

Event initiated access using 16-bit bus 

Event initiated access using 32-bit bus 

Reserved 

Reserved 

Processor not halted 

Processor not halted 

Reserved 

Processor in HALT mode 

Reserved for future products 

DACKO# pin on the CA/CF. Pull-up resistors are rec- . 
ommended on DP3:0. These resistors are required if 
parity is not being used to put the Hx parity inputs to a 
known state. They are also required if parity is being 
used when a Cx is in the system, in order to provide 
valid logic levels for the external parity logic. External 
logic will detect PCHK # high when a Cx processor is 
in a system. This disables external parity reporting log
ic. 

Parity is only checked on.bytes which possess a corre
sponding active BE signal. 

CYCLE TYPE 

An 80960Hx-ready system should not use cycle type 
pins, nor should it use DMA. The Hx uses the pins 
which correspond to the Cx EOP#/TC# pins for 
CT3:0. When ADS# is not active, the cycle type is 
driven to indicate whether'it is executing or is in HALT 
mode. When ADS# is active, CT3:0 indicate the type 
of bus access currently being started. 

ADS # CT3:0 

0 0000 

0 0001 

0 0010 

0 0100 

0 0101 

0 0110 

0 OX11 

0 1 XXX 

1 OXOXO 

1 OX10 

1 0011 

1 0111 

1 1 XXX 

BSTALL 

The BSTALL signal becomes active when the Hx proc
essor can not continue execution until a pending bus 
transaction is completed. A load instruction followed 
by an instruction that uses the result of the load, causes 
a stall until the load is completed. A store or a load 
instruction, issued when the bus queues are full, also 
cause a stall. In this case the Hx is stalled until a bus 
queue entry becomes available. One of these becomes 
available as a result of processing a pending bus re
quest. The instruction scheduler can cause BST ALL 
when the processor fetches instructions from external 
memory. The processor must fetch these instructions 
due to instruction cache misses. 

The BSTALL pin can be used to provide "on demand" 
bus arbitration. When a system has an external bus 
master which is given higher priority than the Hx, it 
can maintain ownership of the bus until the Hx needs 
the bus. The Hx will assert BREQ when it has a pend
ing bus request. When BREQ is asserted without 
BST ALL, the processor can continue operation even in 
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the presence of a pending bus request. Some systems 
may choose to ignore this condition. Alternatively, they 
don't give the bus to the Hx, but instead wait until the 
processor is stalled. The assertion of BST ALL informs 
the arbitration logic of this condition. 

The Cx processor does not have a BSTALL pin - the 
corresponding pin on the Cx is the OMA # pin. It will 
be driveri high during normal operation (no OMA). 
This signals a stall condition to the external logic. 

If BST ALL is used for bus arbitration in a 80960Hx
ready system, the recommendation is to logically "and" 
BST ALL and BREQ to indicate when the microproces
sor requires the bus. By ,qualifying BST ALL with 
BREQ, the resulting signal can be used interchangeably 
between the Cx and Hx processors. This resulting sig
nal is equivalent to BST ALL on a 80960Hx system, and 
equivalent to BREQ on a 80960Cx system. 

JTAG 

If boundary scan is used in an 80960Hx-ready system, a 
jumper should be used to connect TOI to the next de
vice in the scan chain when a Cx is installed. The jump
er should isolate the pin corresponding to TOO from 
the scan chain. 

The Hx supports IEEE 1149.1 boundary scan. This in
terface consists of 5 pins: 4 input pins and I output pin. 
The JT AG interface utilizes pins used for OMA on the 
Cx. The Hx JTAG input pins correspond to CA/CF 
OREQ3:0# input pins. The JTAG output pin corre
sponds to a Cx OACKI # output pin. 

RESERVED MEMORY 

The Hx processor is not able to access external memory 
in the range OxfiOOOOOO to Oxffffffff. This area isre
serv,ed for memory mapped registers. Consequently, an 
Hx processor cannot access the IBR of a Cx system 
located at OxffffffOO: The IBR of 'an Hx processor is 
located at Oxfeffif30 through OxfefilT5f. It may be bene
ficial to use a single memory area mapped to two differ
ent areas. 
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For a system to be capable of using memory for either 
Hx or Cx boot up, at either Oxfexxxxxx or Oxffxxxxxx, 
address bit 24 should not be used in the boot area de
code logic. Using this methodology, the Cxprocessor 
accesses this memory using addresses such as OxffffffOO, 
while the Hx processor uses addresses like Oxfetlll'30. 

AC TIMING 

The timing of signals on the Hx differs' from corre
sponding timing on the Cx. In general, the Hx is faster 
than the Cx. This generates some interesting design re
quirements for systems which accept either processor. 
Specifications for both implementations must be con
sidered - the worst-case numbers must be used in the 
design. 

The Hx specifications described in this section are esti
mates, and are subject to change when silicon becomes 
available. 

REFERENCE CLOCK 

The Cx AC timings for input and output signals are 
measured against the transitions of the output 
PCLK2:1 signals. When operati,ng in Ix clock mode, 
the Cx processor input and output clocks are synchro
nized. TCP, the CLKIN to PCLK2:1 delay, is ± 2ns in 
Ix mode. When operating in 2x mode, the output clock 
edges are delayed from the input clocks. In 2x mode, 
Tcp is 2 to 25ns at 33 MHz. 

The ax has no output clocks; Hx AC timings are speci
fied according to the input clock. 

One of two clocking methods are recommended for a 
80960Hx-ready system: 

• External logic can be clocked with PCLK2: I when a 
Cx is plugged into the socket. It can be clocked with 
CLKIN when using a Hx processor. 

• Always use CLKIN to clock external logic for ei
ther a Cx or Hx processor. 



For the first of the above recommendations, a method 
of clock selection must be implemented. Jumpers can 
be used to select either CLKIN or PCLK2:1 (to route 
to the synchronous logic within the system). 

This is a simple methodology because the clocked logic 
performs the same function with either processor. One 
benefit derived from this is that the clocks used by ex
ternallogic are always the processor's reference clocks. 

CLKIN is the reference for the Hx; for the Cx it may 
be away from the reference (pCLK2:1) b~ as much as 
2ns in Ix clock mode, or 25ns in 2x clock mode. This 
offset must be considered when analyzing system tim
ing. Due to the wide range of possible delays, it is not 
practical to use 2x clock mode when using CLKIN for 
the external logic. The Hx does not support a 2x clock 
input. 

INPUT IOUTPUT TIMING 

Input pins specify setup and hold times according to 
the processor reference clock. 

Input signals must be stable between the minimum in
put setup and hold times. This is the time when the 
signals are being latched internally within the proces
sor. For minimum input setup and hold values, use the 
figures with the largest maximum values between the 
two devices. 

AC timing parameters for output signals include both a 
minimum output hold time and a maximum output val
id delay. The minimum output hold time specifies the 
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time after a clock during which a signal continues to be 
valid from the previous state. The maximum output 
valid delay specifies the maximum time necessary 'for a 
signal to switch states. 

Output signals switch between the minimum output 
hold and the maximum outplit valid times. For mini
mum output hold, the smallest minimum value of the' 
different devices should be used. Maximum output val
id delay is the largest maximum yalue of the different 
devices. 

The combined specification for AC timings differs from 
the sole specification of either a Cx or Hx processor. 
An application which accepts either a Cx or Hx must 
operate over this wider range of timing. For example, 
pins D31:0 are bi-directional and require both input 
and output timing analysis. The AC timings used in 
this example are subject to change; refer to current data 
sheet for actual values. 

During a write, cycle: 

• A CF outputs data within a 13 ns window - be
tween 3 and 16 ns after the corresponding clock 
edge. 

• A Hx outputs data within a 7 ns window - between 
1.5 and 8.5 ns. 

The combination of these specifications leads to a 14.5 
ns window - between 1.5 and 16 ns. Minimum output 
hold (TOH) analysis must be performed using 1.5 ns. 
This is the worst case time. Maximum output delay 
(Tov) analysis must be performed using 16 ns, worst 
case. Similar "widening" of specifications also occur on 
input timings. ' 

DO (80960CF) DO (80960Hx) Combined 

Output timing TOH (min) 3 ns 1.5 ns 1.5 ns 

TOV (max) 16 ns 8.5 ns 16 ns 

Input timing TIS (min) 3 ns 5 ns 5 ns 

TIH (min) 5 1.5 5 
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PINOUT 

The following table highlights the differences between the Hx and Cx processors. Differences are indicated with a 
heavier line around the table cell. Table 4 shows the pin differences between the Cx and Hx. The "comments" section 
describes recommended usage in an 80960Hx-ready system. 

PGA Hx Cx PGA Hx Cx PGA Hx Cx PGA Hx Cx 
Pin Signal Signal Pin Signal Signal Pin Signal Signal Pin Signal Signal 

Name Name Name Name Name Name Name Name 

Ai VSS NC C9 VSS VSS J15 VSS VSS 010 VSS VSS 

A2 FAIL# FAIL# Cl0 VSS VSS J16 VCC VCC Oil VSS VSS 

A3 OPO NC Cll VSS VSS J17 Al0 Al0 012 SUP# SUP# 

A4 OP2 NC C12 VSS VSS Kl 013 013 013 A30 A30 

A5 VOLDET NC C13 CLKIN CLKIN K2 VCC VCC 014 A28 A28 

A6 TRST# OREQ1# C14 VCC CLKMOOE K3 VSS VSS 015 A24 A24 

A7 TOI OREQ3# C15 XINT4# XINT4# K15 VSS VSS 016 A21 A21 

A8 TOO OACK1# C16 XINT6# XINT6# K16 vee vee 017 A18 AlB 

A9 NC OACK2# C17 XINT7# XINT7# K17 All All Rl 024 024 

Al0 NC OACK3# 01 05 05 II 015 015 R2 027 027 

All CTO EOP/TCO# 02 02 02 L2 014 014 R3 031 031 

A12 CTl EOP/TCl # 03 NC NC L3 VSS VSS R4 BTERM# BTERM# 

A13 CT2 EOP/TCU 015 NMI# NMI# l15 VSS VSS R5 HOLD HOLD 

A14 CT3 EOP/TC3# 016 A2 A2 l16 A13 A13 R6 AOS# AOS# 

A15 XINTl # XINT1# 017 A3 A3 L17 A12 A12 R7 VCC VCC 

A16 RESET # RESET# El 07 07 Ml 016 016 R8 VCC VCC 

A17 XINTU XINTU E2 04 04 M2 VCC VCC R9 BEO# BEO# 

Bl BOFF# BOFF# E3 DO DO M3 VSS VSS Rl0 VCC vee 
B2 STEST STEST E15 VCC VCC M15 VSS VSS Rll VCC VCC 

B3 OPl NC E16 A4 A4 M16 VCC VCC R12 BSTALL OMA# 

B4 OP3 NC E17 A5 A5 M17 A14 A14 R13 BREQ BREQ 

B5 TCK OREQO# Fl 08 08 Nl 017 017 R14 A29 A29 

B6 TMS OREQU F2 06 D6 N2 018 018 R15 A26 A26 

B7 VCC vec F3 vce VCC N3 VCC. VCC R16 A23 A23 

B8 PCHK# OACKO# F15 VSS VSS N15 VCC VCC R17 A22 A22 

B9 VCC VCC F16 vec vec N16 A16 A16 51 025 025 

Bl0 VCCPLL VCCPLL F17 AS AS N17 A15 A15 52 029 029 

Bll VCC vce Gl 09 09 Pi 019 019 53 REAOY# REAOY# 

B12 VCC VCC G2 VCC VCC P2 020 020 54 HOLDA HOLDA 

B13 NC PCLK2 G3 VSS VSS P3 022 022 55 BE3# BE3# 

B14 NC PCLKl G15 VSS VSS P15 A20 A20 56 BEU BEU 

B15 XINTO# XINTO# G16 A7 A7 P16 A19 A19 57 BE1# BE1# 

B16 XINT3# XINT3# G17. A8 A8 P17 A17- A17 58 BLAST # BLAST # 

B17 XINT5# XINT5# Hi 011 011 01 021 021 59 OEN# OEN# 

Cl 03 03 H2 010 010 02 023 023 510 W/R# W/R# 

C2 01 01 H3 VSS VSS 03 026 026 511 DT/R# DTlR# 

C3 ONCE# ONCE# H15 VSS VSS 04 028 028 512 WAIT# WAIT# 

C4 VSS NC H16 VCC VCC 05 030 030 513 O/C# O/C# 

C5 VCC5 NC H17 A9 A9 06 VCC VCC 514 LOCK# LOCK # 

C6 VCC vee Jl 012 012 07 VSS VSS 515 A31 A31 

C7 VSS VSS J2 VCC VCC 08 VSS VSS 516 A27 A27 

C8 VSS VSS J3 VSS VSS 09 VSS VSS 517 A25 A25 
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Table 4. 80960Cx/80960Hx Pin Differences 

Pin CAICF Hx 80960Hx-ready System 

A1 NC VSS Connect to VSS. 

A3 NC OPO Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to 07:0. 

A4 NC OP2 Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to 023: 16. 

A5 NC VOlOET Can be used to detect which processor is in the socket. High 
impedance - CAlCF. VSS - Hx 

A6 OREQ1# TRST# When active (low), causes TAP controller (IEEE 1149.1) to go to 
TesLlogic_Reset state. This pin should be pulled high when not 
in use. II 

A7 OREQ3# TOI OK to pull-up or drive. If it is driven low, be sure OMA is disabled. If 
JT AG is used with a Cx in the system, this signal should be 
connected to TOI of next device in the chain, via a jumper. 

A8 OACK1# TOO For Cx, this pin will always be high when OMA is not in use. 
Because this pin is an output, use a jumper or external logic to 
disconnect this pin when using the Cx. 

A9 OACKU NC No connection 

A10 OACK3# NC No connection 

A11-A14 EOP/TC#3:0 CT3:0 Use pull-ups. An output of 1111 indicates a Cx processor is in the 
system. Indicates the cycle type if AOS# is active. Indicates when 
the processor is halted if AOS# is not active. 

B3 NC OP1 Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to 015:8. 

B4 NC OP3 Should be pulled up with a resistor. In a system with parity, Connect 
to the parity bit which corresponds to 031 :28. 

B5 OREQO# TCK Connect to Test Clock of 1149.1 interface. This pin should be 
pulled high when not in use. 

B6 OREQU TMS Connect to Test Mode Select of 1149.1 interface. This pin should 
be pulled high when not in use. 

B8 OACKO# PCHK# Connect to external parity error recovery/reporting logic. Cx will not 
generate or check parity. 

B13 PClK2 NC OK to drive Hx with ClKIN for compatibility. 

B14 PClK1 NC OK to drive Hx with ClKIN for compatibility. 

C4 NC Vss . Connect to Vss. 

C5 NC VCC5 Connect to 5V through a 100 Ohm resistor if inputs can be driven 
from 5V logic. Connect directly to 3.3V if inputs are not driven by 5V 
~~ , 

C14 ClKMOOE Vee Connect to processor's Vee. 

R12 OMA# BSTAll Can use for arbitration. 
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DESIGN GUIDELINE SUMMARY 

A system can be designed which accepts either a Hx or 
Cx processor. The following items summarize the 
guidelines discussed in this paper: 

• Don't use the DMA controller on the Cx processor 

• Isolate Vee for the CPU. Hx = 3.3V; Cx = 5V 

• Provide 5V reference voltage for Hx (VCC5) 

• Use CLKIN for system timing 

• Combine AC specifications for timing analysis 

• Accommodate new BE3:0# encodings 

• Use pull-up resistors on parity signals 

• Connect additional V sssignals 
• If using JTAG boundary scan, bypass Cx in the 

JTAG chain 
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82596CA 
HIGH-PERFORMANCE 32-81T LOCAL 

AREA NETWORK COPROCESSOR 

• Performs Complete CSMA/CD Medium 
Access Control (MAC) Functions
Independently of CPU 
- IEEE 802.3 (EOC) Frame Delimiting 
- HDLC Frame Delimiting 

• Supports Industry Standard LANs 
-IEEE TYPE 10BASE-T, 

IEEE TYPE 10BASE5 (Ethernet·), 
IEEE TYPE 10BASE2 (Cheapernet), 
IEEE TYPE 1 BASE5 (StarLAN), 
and the Proposed Standard 
10BASE-F 

- Proprietary CSMA/CD Networks Up 
to 20 Mb/s 

• On-Chip Memory Management 
- Automatic Buffer Chaining 
- Buffer Reclamation after Receipt of 

Bad Frames; Optional Save Bad 
Frames 

- 32-Bit Segmented or Linear (Flat) 
Memory Addressing Formats 

• Network Management and Diagnostics 
- Monitor Mode 
- 32-Bit Statistical Counters 

• 82586 Software Compatible 

• Self-Test Diagnostics 

r---------------------, I Serial 
_I 

~~----, LPBK I 

RTS I 

CTS I Transmit 
Bit 

TxC t.4achine 

TxD I 

ffi Carrier 
Sense 

COT 
Collision 
Detect 
Logic 

RxD 

Subsystem 

Transmit 
Byte 

totachine 

• Optimized CPU Interface 
- Optimized Bus Interface to Intel's 

1486™DX, i486™SX, i487™SX and 
80960CA Processors 

-33 MHz, 25 MHz, 20 MHz and 16 MHz 
Clock Frequencies 

- Supports Big Endian and Little 
Endian Byte Ordering 

• 32-Blt Bus Master Interface 
-106 MB/s Bus Bandwidth 
- Burst Bus Transfers 
- Bus Throttle Timers 
- Transfers Data at 100% of Serial 

Bandwidth 
-128-Byte Receive FIFO, 64-Byte 

Transmit FIFO 

• Configurable Initialization Root for Data 
Structures 

• High-Speed, 5V, CHMOS** IV 
Technology 

• 132-Pin Plastic Quad Flat Pack (PQFP) 
and PGA Package 
(See Packaging Spec Order No. 240600-001, 
Package Type KU and A) 

i466 is a trademark of Intel Corporation. 
'Ethernet is a registered trademark of Xerox Corporation. 

"CHMOS IS a patented process of Intel Corporation. 

1'-- ... ----, ,,-------------, 
FIFO I I Parallel I 

Subsystem I I Subsystem I 
I I I 

I Control I LE/BE 

I I 
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Address 
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Figure 1. 82596CA Block Diagram 
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INTRODUCTION 

The 82596CA is an intelligent, high-performance 
32-bit Local Area Network coprocessor. The 
82596CA implements the CSMAlCD access method 
and can be configured to support all existing IEEE 
802.3 standards-TYPEs 1 OBASE-T, 10BASE5, 
10BASE2, 1 BASE5, and 10BROAD36. It can also be 
used to implement the proposed standard TYPE 
10BASE-F. The 82596CA performs high-level com
mands, command chaining, and interprocessor com
munications via shared memory, thus relieving the 
host CPU of many tasks associated with network 
control. All time-critical functions are performed in
dependently of the CPU, this increases network per
formance and efficiency. The 82596CA bus interface 
,is optimized for Intel's i486™SX, i486TMDX, 
i487™SX, 80960CA, and 80960KB processors. 

The 82596CA implements all IEEE 802.3 Medium 
Access Control and channel interface functions, 
these include framing, preamble generation and 
stripping, source address generation, destination ad
dress checking, short-frame detection, and automat
ic length-field handling. Data rates up to 20 Mb/s are 
supported. 

The 82596CA provides a powerful, host system inter
face. It manages memory structures automatically, 
with command chaining and bidirectional data chain
ing. An on-chip DMA controller manages four chan
nels, this allows autonomous transfer of data blocks 
(buffers and frames) and relieves the CPU of byte 
transfer overhead. Buffers containing errored or col
lided frames can be automatically recovered without 
CPU intervention. The 82596CA provides an up
grade path for existing 82586 software drivers by 
providing an 82586-software-compatible mode that 
supports the current 82586 memory structure. The 
82586CA also has a Flexible memory structure and 
a Simplified memory structure. The 82596CA can 
address up to 4 gigabytes of memory. The 82596CA 
supports Little Endian and Big Endian byte ordering. 

The 82596CA bus interface can achieve a burst 
transfer rate of 106 MB/s at 33 MHz. The bus inter
face employs bus throttle timers to regulate 
82596CA bus use. Two large, independent FIFOs-
128 bytes for Receive and 64 bytes for Transmit
tolerate long bus latencies and provide programma
ble thresholds that allow the user to optimize bus 
overhead for any worst-case bus latency. The high
performance bus is capable of back-to-back trans
mission and reception during the IEEE 802.3 9.6-~s 
Interframe Spacing (IFS) period. 

The 82596CA provides a wide range of diagnostics 
and network management functions, these include 
internal and external loopback, exception condition 
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tallies, channel activity indicators, optional capture 
of all frames regardless of destination address 
(promiscuous mode), optional capture of errored or 
collided frames, and time domain reflectometry for 
locating fault points on the network cable. The sta
tistical counters, in 32-bit segmented and linear 
modes, are 32-bits each and include CRC errors, 
alignment errors, overrun errors, resource errors', 
short frames, and received collisions. The 82596CA 
also features a monitor mode for network analysis. 
In this mode the 82596CA can capture status bytes, 
and update statistical counters, of frames monitored 
on the link without transferring the contents of the 
frames to memory. This can be done concurrently 
while transmitting and receiving frames destined for 
that station. 

The 82596CA can be used in both baseband and • 
broadband networks. It can be configured for maxi-
mum network efficiency (minimum contention over-
head) with networks of any length. Its highly flexible 
CSMAlCD unit supports address field lengths of 
zero through six bytes-configurable to either IEEE 
802.3/Ethernet or HDLC frame delimitation. It also 
supports 16- or 32-bit cyclic redundancy checks. 
The CRC can be transferred directly to memory for 
receive operations, or dynamically inserted for trans-
mit operations. The CSMAlCD unit can also be con-
figured for full duplex operation for high throughput 
in point-to-point connections. 

The 82596 C-step incorporates several new features 
not found in previous steppings. The following is, a 
summary of the 82596 C-step's new features. 

• The 82596 C-step fixes Errata found in the A 1 
and B steppings. 

• The 82596 C-step has improved AC timings over 
both the A and B steppings, 

• The 82596 C-step has a New Enhanced Big Endi
an Mode where in Linear Addressing Mode, true 
32-bit Big Endian functionality is achieved. New 
Enhanced Big Endian Mode is enabled by setting 
bit 7 of the SYSBUS byte. This mode is software 
compatible with the big end ian mode of the 
B-stepwith one exception-no 32-bit addresses 
need to be swapped by software in the C-step. In 
this new mode, the 82596 C-step treats 32-bit ad
dress pointers as true 32-bit entities and the SCB 
absolu,te address and statistical counters are still 
treated as two 16-bit big end ian entities. Not set
ting this mode will configure the 82596 C-step to 
be 100% compatible to the A1-step big endian 
mode. 

• , The 82596 C-step is hardware and software com
patible to both the A1 and B steppings allowing 
for easy "drop-in" to current designs. Pinout and 
control structures remain unchanged. 
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The 82596CA is fabricated with Intel's reliable, 5-V, CHMOS IV (process 648.8) technology. It is available in a 
132-pin PQFP or PGA package. 
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(Top View) 

Figure 2. 82596CA PQFP Pin Configuration 
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A H 

01/0 o o o o o o o o o o o o o 01 

015 013 06 o. 04 Vss VSS Vss DP2 BRDY BS16 PCHK 

02 0 o o o o o o o o o o o o o 02 

018 012 09 08 02 00 Vee DPO PCiiT ii:iST HOLD 

03 0 o o o o o o o o o o o o o 03 

020 016 014 011 010 07 03 01 ClK OP3 OPI REAOY INT/iNf CA 

04 0 0 0 
022 021 017 METAL LID 

05 0 o o 
026 024 019 

06 0 o o 
Vss Vee D23 

07 0 0 0 (82596CA Pin View) 
Vss Vee D25 

06 0 o o 
Vss 027 02B 

09 0 o o 
029 031 030 

10 0 o o 

11 0 o o 
T,D RxC CTS 

o 0 0 04 

LoCi( w Ii BREQ 

o o o 05 

ADs AHOlO BET 

o o o 06 

HlDA ii5ff Vss 

o 0 0 07 

iEo' Vee Vss 

o o 

o o 
A3 A2 

o o 
A4 

o o 
A8 A6 

o 08 

o 09 

BE3 

o 10 

o 11 

A5 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 o 12 

IPBK bD TxC A30 'A28 A25 A23 A21 A18 A15 A12 Al0 A9 A7 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 o 13 

COT RESET Vee A29 Vee A26 Vee Vee Vee AI9 Vee AU AI3 Al1 

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 

CRS lE!BE A31 A27 Vss A24 Vss Vss Vss A22 Vss A20 A17 A15 

A 

290218-3 

Figure 3. 82596CA PGA Pinout 
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82596CA PGA Cross Reference by Pin Name 

Address Data Control 
Serial Vee Vss Interface 

Signal PinNo. Signal PlnNo. Signal PlnNo. Signal PlnNo. Pin No. Pin No. 

A2 N9 00 J2 ADS M5 COT A13 B6 A6 
A3 M9 01 H3 AHOLO N5 CAS A14 B7 A7 
A4 M10 02 132 BEO M7 CTS C11 B10 A8 
A5 P11 03 G3 BEl P5 LPBK A12 C13 A10 
A6 N11 04 G1 BE2 M8 -RTS C10 E2 E1 
A7 P12 05 01 §E3 P9 Axe B11 E13 E14 
A8 M11 06 C1 BLAST N2 RXiJ B12 F2 F1 
A9 N12 07 F3 iIDFF N6 TxC C12 G13 G14 
A10 M12 08 02 BROY M1 TxO A11 H2 H1 
A11 P13 09 C2 BREQ P4 H13 H14 
A12 l12 010 E3 B516 N1 J13 J1 
A13 N13 011 03 CA P3 K2 J14 
A14 M13 012 B2 CLK J3 L13 K1 
A15 P14 013 B1 OPO L2 N7 L14 
A16 K12 014 C3 OP1 L3 N8 P6 
A17 N14 015 A1 OP2 L1 N10 P7 
A18 J12 016 B3 OP3 K3 P8 
A19 K13 017 C4 HLOA M6 P10 
A20 M14 018 A2 HOLO P2 
A21 H12 019 C5 INT7Im N3 
A22 K14 020 A3 LE/BE B14 
A23 G12 021 B4 [QCJ( M4 
A24 F14 022 A4 PCHK P1 
~25 F12 023 C6 PC5i1r . M2 
A26 F13 024 85 REAOY M3 
A27 014 025 C7 RESET B13 
A28 . E12 026 A5 W/R N4 
A29 013 027 B8 
A30 012 028 C8 
A31 C14 029 A9 

030 C9 
031 B9 
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PIN DESCRIPTIONS 

Symbol PQFP Type Name and Function Pin No. 

CLK 9 I CLOCK. The system clock input provides the fundamental timing for 
the 82596. It is a 1 X CLK input used to generat~ the 82596 clock and 
requires TTL levels. All external timing parameters are specified in 
referenqe to the rising edge of CLK. 

00-031 14-53 1/0 DATA BUS. The 32 Data Bus lines are bidirectional, tri-state lines that 
provide the general purpose data path between the 82596 and 
memory. With the 82596 the bus can be either 16 or 32 bits wide; this 
is determined by the B516 signal. The 82596 always drives all 32 data 
lines during Write operations, even with a 16-bit bus. 031- DO are 
floated after a Reset or when the bus is not acquired. 
These lines are inputs during a CPU Port access; in this mode the CPU 
writes the next address to the 82596 through the data lines. During 
'j5Q'R'j' commands (Relocatable SCP, Self-Test, Reset and Dump) the 
address must be aligned to a 16-byte boundary. This frees the 03-00 
lines so they can be used to distinguish the commands. The following • is a summary of the decoding data. 

DO 01 02 03 031-04 Function 

0 0 0 0 0000 Reset 
0 1 0 0 AOOR Relocatable SCP 
1 0 0 0 AD DR Self-Test 
1 1 0 0 AOOR Dump Command 

OPO-OP3 4-7 1/0 DATA PARITY. These are tri-stated data parity pins. There is one 
parity line for each byte of the data bus. The 82596 drives them with 
even-parity information during write operations having the same timing 
as data writes. Likewise, even-parity information, with the same timing 
as read information, must be driven back to the 82596 over these pins 
to ensure that the correct parity check status is indicated by the 
82596. 

J5O'RK 127 0 PARITY CHECK. This pin is driven high one clock after ROY to inform 
Read operations of the parity status of data sampled at the end of the 
previous clock cycle. When driven low it indicates that incorrect parity 
data has been sampled. It only checks the parity status of enabled 
b~ek which are indicated by the Byte Enable and Bus Size signals. 
PHis only valid for one clock time after data read is returned to the 
82596; i.e., it is inactive (high) at all other times. 

A31-A2 70-108 0 ADDRESS LINES. These 30 tri-stated Address lines output the 
address bits required for memory operation. These lines are floated 
after a Reset or when the bus is not acquired. 

B'E3-BEO 109-114 0 BYTE ENABLE. These tri-stated signals are used to indicate which 
bytes are involved with the current memory access. The number of 
Byte Enable signals asserted indicates the physical size of the data 
being transferred (1, 2, 3, or 4 bytes). 
• BEO indicates 07-00 
• BEf indicates 015-08 
• BE2 indicates 023-016 
• B'E3 indicates 031-024 
These lines are floated after a Reset or when the bus is not acquired. 

W/R 120 0 WRITE/READ. This dual function pin is used to distinguish Write and 
Read cycles. This line is floated after a Reset or when the bus is not 
acquired. 
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PIN DESCRIPTIONS (Continued) 

Symbol 
PQFP 

Type- Name and Function Pin No. 

ADS 124 0 ADDRESS STATUS. The 82596 uses this tri-state pin to indicate to 
indicate...!hat a valid bus cycle has begun and that A31-A2, BE3-'BEO, 
and W/R are being driven. It is asserted during t1 bus states. This line 
is floated after a Reset or when the bus is not acquired. 

ROY 130 I READY. Activ~ low. This signal is the acknowledgment from 
addressed memory that the transfer cycle can be completed. When 
high, it causes wait states to be inserted. It is ignored at the end of the 
first clock of the bus cycle's data cycle. This active-low Signal does not 
have an internal pull-up resistor. This Signal must meet the setup and 
hold times to operate correctly. 

BROY 2 I BURST READY. Active low. Burst Ready, like ROY, indicates that the 
external system has presented valid data on the data pins in response 
to a Read, or that the external system has accepted the 82596 data in 
response to a Write request. Also, like ROY, this signal is ignored at 
the end of the first clock in a bus cycle. If the 82596 can still receive 
data from the previous cycle, AOS will not be asserted in the next 
clock cycle; however, Address and Byte Enable will change to reflect 
the next data item expected by the 82596. BRDY will be sampled 
during each succeeding clock and if active, the data on the pins will be 
strobed to the 82596 or to external memory (read/write). BRDY 
operates exactly like READY during the last data cycle of a burst 

. sequence and during nonburstable cycles . 

BLAST 128 0 BURST LAST. A Signal (active low) on this tri-state pin indic;ates that 
the burst cycle is finished and when BRDY is next returned it will be 
treated as a normal ready; i.e., another set of addresses will be driven 
with ADS or the bus will go idle,. BLAST is not asserted if the bus is not 
acquired. 

AHOLD 117 I ADDRESS HOLD. This hold Signal is active high, it allows another bus 
master to access the 82596 address bus. In a system where an 82596 
and an i486 processor share the local bus, AHOLD allows the cache 
controller to make a cache invalidation cycle while the 82596 holds the 
address lines. In response to a signal on this pin, the 82596 
immediately (i.e. during the next clock) stops driving the entire address 
bus (A31-A2); the rest of the bus can remain active. For example, 
data-can be returned for a previously specified bus cycle during 
Address Hold. The 82596 will not begin another bus cycle while 
AHOLD is active. 

BOFF 116 I BACKOFF. This signal is active low, it informs the 82596 that another 
bus master requires access to the bus before the 82596 bus cycle 
completes. The 82596 immediately (i.e. during the next clock)floats its 
bus. Any data returned to the 82596 while BOFF is asserted is ignored. 
BOFF has higher priority than ROY or BRDY; if two such signals are 
returned in the same clock period, BOFF is given preference. The 
82596 remains in Hold until BOFF goes high, then the 82596 resumes 
its bus cycle by driving out the address and status, and asserting ADS. 

LOCK 126 0 LOCK. This tri-state pin is used to distinguish locked and unlocked bus 
cycles. LOCK generates a semaphore handshake to the CPU. LOCK 
can be active for several memory cycles, it goes active during th~ first 
locked memory cycle (t1) and goe!! inactive at the last locked cycle 
(t2). This line is floated after a Reset or when the bus is not acquired. 
LOCK can be disabled via the sysbus byte in software. 
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PIN DESCRIPTIONS (Continued) 

Symbol 
PQFP 

Type Name and Function 
Pin No. 

BS16 129 I BUS SIZE. This signal allows the 82596CA to work with either 16- or 
32-bit bytes. Inserting BS16 low causes the 82596 to perform two 16-
bit memory accesses when transferring 32-bit data. In little end ian 
mOde the 015-00 lines are driven when BS16 is inserted, in Big 
Endian mode the 031-016 lines are driven. 

HOLD 123 0 HOLD. The HOLD signal is active high, the 82596 uses it to request 
local bus mastership. In normal operation HOLD goes inactive before 
HLDA. The 82596 can be forced off the bus by deasserting HLDA or if 
the bus throttle ti'mers expire. 

HLDA 118 I HOLD ACKNOWLEDGE. The HLDA signal is active high, it indicates 
that bus mastership has been given to the 82596. HLDA is internally 
synchronized; after HOLD is detected low, the CPU drives HLDA low. 

NOTE: 
Do not connect HLDA to V c~it will cause a deadlock. A user wanting 
to give the 82596 permanent access to the bus should connect HLDA 
to HOLD. If HLDA goes inactive before HOLD, the 82596 will release 
the bus (by deasserting HOLD) within a maximum of within a specified 
number of bus cycles as specified in the 82596 User's Manual. 

BREQ 115 I BUS REQUEST. This signal, when configured to an externally 
activated mode, is used to trigger the bus throttle timers. 

PORT 3 I PORT. When this signal is received, the 82596 latches the data on the 
data bus into an internal 32-bit register. When the CPU is asserting this 
signal it can write into the 82596 (via the data bus). This pin must be 
activated twice during all CPU Port access commands. 

RESET 69 I RESET. This active high, internally synchronized signal causes the 
82596 to terminate current activity. The signal must be high for at least 
five system clock cycles. After five system clock cycles and four TxC 
clock cycles the 82596 will execute a Reset when it receives a high 
RESET Signal. When RESET returns to low the 82596 waits for the 
first CA signal and then begins the initialization sequence. 

LEI BE 65 I LITTLE ENDIANIBIG ENDIAN. This dual-function pin is used to 
select byte ordering. When LE/BE is high, little end ian byte ordering is 
used; when low, big endian byte ordering is used for data in frames 
(bytes) and for control (SCB, RFD, CBL, etc). 

CA 119 I CHANNEL ATTENTION. The CPU uses this pin to force the 82596 to 
begin executing memory resident Command blocks. The CA signal is 
internally synchronized. The signal must be high for at least one 
system clock. It is latched internally on the high to low edge and then 
detected by the 82596. 
The first CA after a Reset forces .the 82596 into the initialization 
sequence beginning at location 00FFFFF6h or an SCP address written 
to the 82596 using CPU Port access. All subsequent CA signals cause 
the 82596 to begin executing new command sequences from the SCB. 

INT/INT 125 0 INTERRUPT. A high signal on this pin notifies the CPU that the 82596 
is requesting an interrupt. This signal is an edge triggered interrupt 
Signal, and can be configured to be active high or low. 
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PIN DESCRIPTIONS (Continued) 

Symbol 
PQFP 

Type Name and Function 
Pin No. 

Vee 17 Pins POWER. +5 V±10%. 

Vss 17 Pins GROUND.OV. 

TxD 54 0 TRANSMIT DATA. This pin transmits data to the serial link. It is high 
when not transmitting. 

TxC 64 I TRANSMIT C~OCK. This signal provides the fundamental timing for 
the serial subsystem. The clock is also used to transmit data 
synchronously on the TxD pin. For NRZ encoding, data is transferred 
to the TxD pin on the high to low clock transition. For Manchester 
encoding, the transmitted bit center is aligned with the low to high 
transition. Transmit clock must always be running for proper device 
operation. 

lJ5BK 58 0 LOOPBACK. This TTL·level control signal enables the loopback 
mode. In this mode serial data on the TxD input is routed through the 
82C501 internal circuits and back to the RxD output without driving the 
transceiver cable. To enable this signal, both internal and external 
loopback,need to be set with the Configure command. 

RxD 60 I RECEIVE DATA. This pin receives NRZ serial data only. It must be 
high when not receiving. 

RiC 59 I RECEIVE CLOCK. This .ignal provides timing information to the 
internal shifting logic. For NRZ data the state of the RxD pin is 
sampled on the high to low transition of the clock. 

'1m 57 0 REQUEST TO SEND. When this signal is low the 82596 informs the 
external interface that it has data to transmit. It Is forced high after a 
Reset or when transmission is stopped. 

0iS 62 I CLEAR TO SEND. An active· low signal that enables the 82596 to 
send data. It is normally used as an interface handshake to m. 
Asserting rn high stops transmission. rn is inte~y synchronized. 
If rn goes Inactive, meeting the setup time to the x negative edge, 
the transmission will stop and m will go inactive within, at most, two 
IxCcycles. 

~ 63 I CARRIER SENSE. This signal is active low, it is used to notify the 
82596 that traffic Is on the serlalUnk. It is only used if the 82596 is 
configured for external Carrier Sense. In this configuration external 
circuitry is required for detecting traffic on the serillilink. ~ Is 
internally synchronized. To be accepted, the signal must remain active 
for at least two serial clock cycles (for CRSF = 0). 

roT 61 I COLLISION DETECT. This active·low signal informs the 82596 that a 
collision has occurred. It is only used if the 82596 is configured for 
external Collision Detect. External circuitry Is required for collision 
detection. rn5T is Internally synchronized. To be accepted, the Signal 
must remain active for at least two serial clock cycles (for CDTF = 0). 
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82596 AND HOST CPU INTERACTION 

The 82596CA and the host CPU communicate 
through shared memory. Because of its on-chip 
DMA capability, the 82596 can make data block 
transfers (buffers and frames) independently of the 
CPU; this greatly reduces the CPU byte transfer 
overhead. 

The 82596 is a multitasking coprocessor that com
prises two independent logical units-the Command 
Unit (CU) and the Receive Unit (RU). The CU exe
cutes commands from shared memory. The RU han
dles all activities related to frame reception. The in
dependence of the CU and RU enables the 82596 to 
engage in both activities simultaneously-the CU 
can fetch and execute commands from memory 
while the RU is storing received frames in memory. 
The CPU is only involved with this process after the 
CU has executed a sequence of commands or the 
RU has finished storing a sequence of frames. 

The CPU and the 82596 use the hardware signals 
Interrupt (INT) and Channel Attention (CA) to initiate 
communication with the System Control Block 
(SCB), see Figure 4. The 82596 uses INT to alert the 
CPU of a change in the contents of the SCB, the 
CPU uses CA to alert the 82596. 

The 82596 has a CPU Port Access state that allows 
the CPU to execute certain functions without ac
cessing memory. The 82596 PORT pin and data bus 
pins are used to enable this feature. The CPU can 
directly activate four operations when the 82596 is in 
this state. 

• Write an alternative System Configuration Pointer 
(SCP). This can be used when the 82596 cannot 
use the default SCP address space. 

• Write a different Dump Commaild Pointer and ex
ecute Dump. This can be used for troubleshoot
ing No Response problems. 

• The CPU can reset the 82596 via software with
out disturbing the rest of the system. 

• A self-test can be used for board testing; the 
82596 will execute a self-test and write the re
sults to memory. 

82596CA 

82596 BUS INTERFACE 

The 82596CA has bus interface timings and pin defi
nitions that are compatible with Intel's 32-bit 
i486TMSX and i486TMDX microprocessors. This 
eliminates the need for additional bus interface logic. 
Operating at 33 MHz, the 82596's bus bandwidth 
can be as high as 106 MB/s. Since Ethernet only 
requires 1.25 MB/s, this leaves a considerable 
amount of bandwidth for the CPU. The 82596 also 
has a bus throttle to regulate its use of the bus. Two 
timers can be programmed through the SCB: one 
controls the maximum time the 82596 can remain on 
the bus, the other controls the time the 82596 must 
stay off the bus (see Figure 5). The bus throttle can 
be programmed to trigger internally with HLDA or 
externally with BREQ. These timers can restrict the 
82596 HOLD activation time and improve bus utiliza
tion. 

82596 MEMORY ADDRESSING 

The 82596 has a 32-bit memory address range, 
which allows addressing up to four gigabytes of 
memory. The 82596 has three memory addressing 
modes (see Table 1). 

• 82586 Mode. The 82596 has a 24-bit memory 
address range. The System Control Block, Com
mand List, Receive Descriptor List, and Buffer 
Descriptors must reside in one 64-KB memory 
segment. Transmit and Receive buffers can re
side in a 24-bit address space. 

• 32-Blt Segmented Mode. The 82596 has a 32-
bit memory address range. The System Control 
Block, Command List, Receive Descriptor List, 
and Buffer Descriptors must reside in one 64-KB 
memory segment. Transmit and Receive buffers 
can reside in a 32-bit address space. 

• Linear Mode. The 82596 has a 32-bit memory 
address range. Any memory structure can reside 
anywhere within the 32-bit memory address 
range. 
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82596CA 

Pointer or Offset 

ISCP Address 

SGB Address 

CHANNEL ATIENTION I CPU CA I 
INTI INTERRUPT 'I 82596 

;. 

'" 
.. 

SHARED MEMORY 

INITIALIZATION 
ROOT 

'" -----1' SYSTEM CONTROL 1'1...--
BLOCK (SCB). 

v "MAILBOX" ~ 

J 
'" RECEIVE COMMAND FRAME 

AREA LIST 

Figure 4. 82596 and HosfCPU Intervention 

82596 Bus Use 
without Bus 
Throttle Timers' 

82596 Bus Use 
with Bus Throttle 
TImers 

I I 

~t1 .1 
I T-ON IT-OFF rr:oNl 

t1 =t2+t3 

Figure 5. Bus Throttle Timers 

Table 1.82596 Memory Addressing Formats 

Operation Mode 

32-Bit 

r--

82586 
Segmented 

24·Bit Linear 32·Bit Linear 

290218-4 

290218-5 

linear 

32·Bit Linear 

Base (24) + Offset (16) Base (32) + Offset(16) 32·Bit Linear 

Command Block Pointers Base (24) + Offset (16) Base (32) + Offset (16) 32·Bit Linear 

Rx Frame Descriptors Base (24) + Offset (16) Base (32) + Offset (16) 32·Bit Linear 

Tx Frame Descriptors Base (24) + Offset (16) Base (32) + Offset(16) 32·Bit Linear 

Rx Buffer Descriptors Base (24) + Offset (16) Base (32) + Offset(16) 32·Bit Linear 

Tx Buffer Descriptors Base (24) + Offset (16) Base (32) + Offset (16) 32·Bit Linear 

RxBuffers 24·Bit Linear 32·Bit Linear 32·Bit Linear 

Tx Buffers 24·Bit Linear 32·Bit Linear 32·Bit Linear 
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INITIALIZATION ROOT 

SYSTEM CONTROL BLOCK (SCB) 

STATUS 

COMMAND 

CO~~~:T~;IST 1-_""';'-+1 

I 

RECEIVE FRAME 
POINTER 

I BUS 
I THROTTLE 
I I .. -------_ .. 

L---.r----I (1) 

RECEIVE 
BUFrER 

DESCRIPTOR 
(RBD) 

COMMAND LIST (Cl) 

TRANSMIT 
BUFFER 

DESCRIPTOR 
(TBD) 

82596CA 

L-__ --I (N) 

T 

RECEIVE FRAME AREA (RF A) 

El~1 

RECEIVE 
BUFFER 

DESCRIPTOR 

.... ___ .... (N) 

(RBD) 
L-_,.---I (N) 

TI-._ ...... T TI....----IT T T 
290218-6 

Figure 6. 82596 Shared Memory Structure 

82596 SYSTEM MEMORY STRUCTURE 

The Shared Memory structure consists of four parts: 
the Initialization Root, the System Control Block, the 
Command List, and the Receive Frame Area (see 
Figure 6). 

The Initialization Root is in an established location 
known to the host CPU and the 82596 (OOFFFFF6h). 
However, the CPU can establish the Initialization 
Root in another location by using the CPU Port ac
cess. This root is accessed during initialization, and 
points to the System Control Block. 

I 

The System Control Block serves as a bidirectional 
mail drop for the host CPU and the 82596 CU and 
RU. It is the central point through which the CPU and 
the 82596 exchange control and status information. 
The SCB has two areas. The first contains instruc
tions from the CPU to the 82596. These include: 
control of the CU and RU (Start, Abort, Suspend, 
and Resume), a pointer to the list of CU commands, 
a pointer to the Receive Frame Area, a set of Inter
rupt Acknowledge bits, and the T-ON: and T-OFF 
timers for the bus throttle. The second area contains 
status information the 82596 is sending to the CPU. 
Such as, the CU and RU states (Idle, Active 

2-13 

II 



82596CA 

Ready, Suspended, No Receive Resources, etc.), in
terrupt bits (Command Completed, Frame Received, 
CU Not Ready, and RU Not Ready), and statistical 
counters. 

The Command List functions as a program for the 
CU; individual commands are placed in memory 
units called Command Blocks (CBs). These CBs 
contain the parameters and status of specific high- . 
level commands called Action Commands; e.g., 
Transmit or Configure. 

Transmit causes the 82596 to transmit a frame. The 
Transmit CB contains the destination address, the 
length field, and a pointer to a list of linked buffers 
holding the frame that is to be constructed from sev
eral buffers scattered throughout memory. The 
Command Unit operates without CPU intervention; 
the DMA for each buffer, and the prefetching of ref
erences to new buffers, is performed in parallel. The 
CPU is notified only after a transmission is complete. 

The Receive Frame Area is a list of Free Frame De
scriptors (descriptors not yet used) and a list of user
prepared buffers. Frames arrive at the 82596 unso
licited; the 82596 must always be ready to receive 
and store them in the Free Frame Area. The Re
ceive Unit fills the buffers when it receives frames, 
and reformats the Free Buffer List into received
frame structures. The frame structure is, for all prac
tical purposes, identical to the format of the frame to 
be transmitted. The first Frame descriptor is refer
enced by the SCB. Unless the 82596 is configured 
to Save Bad Frames, the frame descriptor, and the 
associated buffer descriptor, which is wasted when 
a bad frame is received, are automatically reclaimed 
and returned to the Free Buffer List. 

Receive buffer chaining (storing incoming frames in 
a linked buffer list) significantly improves memory 
utilization. Without buffer chaining, the user must al
locate consecutive blocks of memory, each capable 
of containing a maximum frame (for Ethernet, 1518 
bytes). Since an average frame is about 200 bytes, 
this is very inefficient. With buffer chaining, the user 
can allocate small buffers and the 82596 will only 
use those that are needed. 

Figure 7 A-D illustrates how the 82596 uses the 
Receive Frame Area. Figure 7 A shows an unused 
Receive Frame Area composed of Free Frame De
scriptors and Free Receive Buffers prepared by the 
user. The SCB points to the first Frame Descriptor of 
the Frame Descriptor List. Figure 7B shows the 
same Receive Frame Area after receiving one 
frame. This first frame occupies two Receive Buffers 
and one Frame Descriptor-a valid received frame 
will only occupy one Frame Descriptor. After receiv-
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ing this frame the 82596 sets the next Free Frame 
Descriptor RBD pointer to the next Free RBD. Figure 
7C shows the RFA after receiving a second frame. 
In this example the second frame occupies only one 
Receive Buffer and one RFD. The 82596 again sets 
the RBD pointer. This process is repeated again in 
Figure 7D, showing the reception of another frame 
using one Receive Buffer; in this example there is an 
extra Frame Descriptor. 

TRANSMIT AND RECEIVE MEMORY 
STRUCTURES 

There are three memory structures for reception and 
transmission. The, 82586 memory structure, the 
Flexible memory structure, and the Simplified memo
ry structure. The 82586 mode is selected by config
uring the 82596 during initialization. In this mode all 
the 82596 memory structures are compatible with 
the 82586 memory structures. 

When the 82596 is not configured to the 82586 
mode, the other two memory structures, Simplified 
and Flexible, are available for transmitting and re
ceiving. These structures are selected by setting the 
S/F bit in the Transmit Command and/or the Re
ceive Frame Descriptor (see Figures 29, 30, 41, and 
42). It is recommended that any linked list of buffers 
be relegated to a single type--either simplified or 
flexible. The Simplified memory structure offers a 
Simple structure for ease of programming (see Fig
ure 8). All information about a frame is contained in 
one structure; for example, during reception the RFD 
and data field are contained in one structure. 

Toe Flexible memory structure (see Figure 9) has a 
control field that allows the programmer to specify 
the amount of receive data the RFD will contain for 
receive operations and the amount of transmit data 
the Transmit Command Block will contain for trans
mit operations. For example, when the control field 
in the RFD is set to 20 bytes during a reception, the 
first 20 bytes of the data field are stored in the RFD 
(6 bytes of destination address, 6 bytes of source 
address, 2 bytes of length field, and 6 bytes of data) 
and the remainder of the data field is stored in the 
Receive Data Buffers. This is useful for capturing 
frame headers when header information is con
tained in the data field. The header information can 
then be automatically stored in the RFD partitioned 
from the Receive Data Buffer. 

The control field can also be used for the Transmit 
Command when the Flexible memory structure is 
used. The quantity of data field bytes to be transmit
ted from the Transmit Command Block is specified 
by the variable control field. 

I 
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Figure 7. Frame'Receptlon In the RFA 
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82596CA intel® 
SCB 

STATUS TO COMMAND LIST 

1'4 RECEIVE FRAME AREA ~I 

FD I FDl FD2 FD3 FD4 
POINTER 

STATUS STATUS Lr STATUS 

~ 
STATUS Lr: STATISTICS I - - -I BUS I 
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FIELD 

RECEIVE 
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DESCRIPTORS 
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Figure 8. Simplified Memory Structure 
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Figure 9. Flexible Memory Structure 
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TRANSMITTING FRAMES 

The 82596 executes high-level Action Commands 
from the Command List in system memory. Action 
Commands are fetched and executed in parallel with 
the host CPU operation, thereby significantly improv
ing system performance. The format of the Action 
Commands is shown in Figure 10. Figure 28 shows 
the 82586 mode, and Figures 29 and 30 show the 
command formats of the Linear and 32-bit Segment
ed modes. 

A single Transmit command contains, as part of the 
command-specific parameters, the destination ad
dress and length field of the transmitted frame and a 
pOinter to buffer area in memory containing the data 
portion of the frame. The data field is contained in a 
memory data structure consisting of a buffer de
scriptor (BO) and a data buffer-or a linked list of 
buffer descriptors and buffers-as shown in Figure 
11. 

Multiple data buffers can be chained together using 
the BOs. Thus, a frame with a long data field can be 
transmitted using several (shorter) data buffers 
chained together. This chaining technique allows the 
system designer to develop efficient buffer manage
ment. 

The 82596 automatically generates the preamble 
(alternating 1 s and Os) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field speci
fied by the Transmit command, and computes and 
appends the CRC to the end of the frame (see Fig
ure 12). In the Linear and 32-bit Segmented mode 
the CRC can be optionally inserted on a frame-by
frame basis by setting the NC bit in the Transmit 
Command Block (see Figures 29 and 30). 

The 82596 can ,be configured to generate two types 
of start and end frame delimiters-End of Carrier 
(EOG) or HOLC. In EOC mode the start frame delimi
ter is 10101011 and the end frame delimiter is indi-

START 
DESTINATION SOURCE 

PREAMBLE FRAME 
ADDRESS ADDRESS 

DELIMITER 
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cated by the lack of a signal after the last bit of the 
frame check sequence field has been transmitted. In 
EOC mode the 82596 can be configured to extend 
short frames by adding pad bytes (7Eh) during trans
miSSion, according to the length field. In HOLC mode 
the 82596 will generate the 01111110 flag for the 
start and end frame delimiters, and do standard bit 
stuffing and stripping. Furthermore, the 82596 can 
be configured to pad frames shorter than the speci
fied minimum frame length by appending the appro
priate number of flags to the end of the frame. 

When a collision· occurs, the 82596 manages the 
jam, random wait, and retry processes, reinitializing 
OMA pointers without CPU intervention. Multiple 
frames can be sent by linking the appropriate num
ber of Transmit commands together. This is particu
larly useful when transmitting a message larger than 
the maximum frame size (1518 bytes for Ethernet). 

CONTROL COMMAND STATUS 
FIELDS COMMAND 

(POINTER ~~KN~~i~MMAND) • 

PARAMETER FIELD 
(COMMAND-SPECIFIC 

PARAMETERS) 

f-+ NEXT 
COMMAND 

290218-10 

Figure 10_ Action Command Format 

TRANSt.lIT BD 

ACTUAL COUNT 
~ NEXT BUFFER DES 

LINK FIELD • 
CRIPTOR 

DB ADDRESS. 
(24 BITS) 1-+ DATA 

BUFFER 
(DB) 
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Figure 11_ Data Buffer Descriptor and 
Data Buffer·Structure 

LENGTH DATA 
FRAME END 

FIELD FIELD 
CHECK FRAME 

SEQUENCE DELIMITER 

Figure 12. Frame Format 
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RECEIVING FRAMES 

To reduce CPU overhead, the 82596 is designed to 
receive frames without CPU supervision. The host 
CPU first sets aside an adequate receive buffer 
space and then enables the 82596 Receive Unit. 
Once enabled, the RU watches for arriving frames 
and automatically stores them in the Receive Frame 
Area (RFA). The RFA contains Receive Frame De
scriptors, Receive Buffer Descriptors, and Data Buff
ers (see Figure 13). The individual Receive Frame 
Descriptors make up a Receive Descriptor List 
(RDL) used by the 82596 to store the destination 
and source addresses, the length field, and the 
status of each frame received (see Figure 14). 

Once enabled, the 82596 checks each passing 
frame for an address match. The 82596 will recog
nize its own unique address, one or more multicast 
addresses, or the broadcast address. If a match is 
found the 82596 stores the destination and source 
addresses and the length field in the next. available 
RFD. It then begins filling the next available Data 
Buffer on the FBL, which is pointed to by the current 
RFD, with the data portion of the incoming frame. As 
one Data Buffer is filled, the 82596 automatically 
fetches the next DB on the FBL until the entire frame 
is received. This buffer chaining technique is particu
larly memory efficient because it allows the system 
designer to set aside buffers to fit frames much 
shorter than the maximum allowable frame length. If 
AL-LOC = 1, or if the flexible memory structure is 
used, the addresses and length field can be placed 
in the Receive Buffer. 

Once the entire frame is received without error, the 
82596 does the following housekeeping tasks. 

• The actual count field of the last Buffer Descrip
tor used to hold the frame just received is updat
ed with the number of bytes stored in the associ-
ated Data Buffer. . 

• The next available Receive Frame Descriptor is 
fetched. 

• The address of the next available Buffer Descrip
tor is written to the next available Receive Frame 
Descriptor. 

• A frame received interrupt status bit is posted in 
the sCB. 

• An interrupt is sent to the CPU. 

If a frame error occurs, for example a CRC error, the 
82596 automatically reinitializes its DMA pointers 
and reclaims any data buffers containing the bad 
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frame. The 82596 will continue to receive frames 
without CPU help as long as Receive Frame De
scriptors and Data Buffers are available. 

82596 NETWORK MANAGEMENT 
AND DIAGNOSTICS 

The behavior of data communication networks is 
normally very complex because of their distributed 
and asynchronous nature. It is particularly difficult to 
pinpoint a failure when it occurs. The 82596 has ex
tensive diagnostic and network management func
tions that help improve reliability and testability. The 
82596 reports on the following events after each 
frame is transmitted. 

• Transmission successful. 

• Transmission unsuccessful. Lost Carrier Sense. 

• Transmission unsuccessful. Lost Clear to Send. 

• Transmission unsuccessful. A DMA underrun oc
curred because the system bus did not keep up 
with the transmission. 

• Transmission unsuccessful. The number of colli
sions exceeded the maximum allowed. 

• Number of Collisions. The number of collisions 
experienced during transmission of the frame. 

• Heartbeat Indicator. This indicates the presence 
of a heartbeat during the last Interframe Spacing 
(IFs) after transmission. 

When configured to Save Bad Frames the 82596 
checks each incoming frame and reports the follow
ing errors. 

• CRC error. Incorrect CRC in a properly aligned 
frame. 

• Alignment error. Incorrect CRC in a misaligned 
frame. 

• Frame too short. The frame is shorter than the 
value configured for minimum frame length. 

• Overrun. Part of the frame was not placed in 
memory because the system bus did not keep up 
with incoming data. 

• Out of buffer. Part of the frame was discarded 
because of insufficient memory storage space. 

• Receive collision. A collision was detected during 
reception and the destination address of the in
coming frame matches the 82596 individual ad
dress. Collisions in the preamble are not counted. 

• Length error. A frame not matching the frame 
length parameter was detected. 

I 
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Figure 13. Receive Frame Area Diagram 
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NETWORK PLANNING AND 
MAINTENANCE 

To properly plan, operate, and maintain a communi
cation network, the network management entity 
must accumulate information on network behavior. 
The 82596 provides a rich set of network-wide diag
nostics that can serve as the basis for a network 
management entity. 

Information on network activity is provided in' the 
status of each frame transmitted. The 82596 reports 
the following activity indicators after each frame. 

• Number of collisions. The number of collisions 
the 82596 experienced while attempting to trans~ 
mit the frame. 

• Deferred transrllission. During the first transmis
, sion attempt the 82596 had to defer to traffic on 

the link. 

The 82596 updates its 32-bit statistical counters af
ter each received frame that both passes address 
filtering and is longer than the Minitnum Frame 
Length configuration parameter. The 82596 reports 
the following statistics. 

• CRC errors. The number of well-aligned frames 
that experienced a CRC error. 

• Alignment errors. The number of misaligned 
frames that experienced a CRC error. 

• No resources. The number of frames that were 
discarded because of Insufficient resources for 
reception. ' 

• Overrun errors. The number of frames that were 
not completely stored in memory because the 
system bus did not keep up with incoming ,data. 

• Receive Collision counter. The number of colli
sions detected during receive. Collisions occur
ring before the minimum frame length will be 
counted as short frames. Collisions in the pream
ble will not be counted at all. 

• Short Frame counter. The number of frames that 
were discarded because they were shorter than 
the configured minimum frame length.' 

Once again, these counters are not updated until the 
82596 decodes a destination address match. 

The 82596 can be configured to Promiscuous mode. 
In this mode it captures all frames transmitted on the 
network without checking the Destination Address. 
This is useful when implementing a monitoring sta
tion to,capture all frames for analysis. 

A useful method of capturing frame headers is to 
use the Simplified memory mode, configure the 
82596 to Save Bad Frames, and configure the 
82596 to Promisc40uS mode with space in the RFD 
allocated for specific number of receive data bytes. 
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The 82596 will receive all frames and put them in the 
- RFD. Frames that exceed the available space in the 

RFD will be truncated, the status will be 'updated, 
and the 82596 will retrieve the next RFD. This allows 
the user to capture the initial data bytes of each 
frame (for instance, the header) and discard the re
mainder of the frame. 

The 82596 also has a monitor mode for network 
analysis. During normjil operation the receive func
tion enables the 82596 to receive frames that pass 
address filtering. These frames must have the Start 
of Frame Delimiter (SFD) field and must be longer 
than the absolute minimum frame length of 5 bytes 
(6 bytes in case of Multicast address filtering). Con
tents and status of the received frames are trans
ferred to memory. The monitor function enables the 
82596 to Simply evaluate the incoming frames. The 
82596 can monitor the frames that pass or do not 
pass the address filtering. It can also monitor frames 
which do not have the SFD fields. The 82596 can be 
configured to only keep statistical information about 
monitor frames. Three options are available in the 
Monitor mode. These options are selected by the 
two monitor mode configuration bits available in the 
configuration command. 

When the first option is selected, the 82596 receives 
good frames .that pass address filtering and trans
fers them to memory while monitoring frames that 
do not pass address, filtering or are shorter than the 
minimum frame size (these frames are not trans
ferred to memory). When this option is used the 
82596 updates six counters: CRC errors, alignment 
errors, no resource errors, overrun errors, short 
frames and total good frames received. 

When the Second option is selected, the receive 
function is completely disabled. The 82596 monitors 
only those frames, that pass address filterings and 
meet the minimum frame length requirement. When 
this option is used the 82596 updates six ,counters: 
CRC errors, alignment errors, total frames (good and 
bad), short frames, collisions detected and total 
good frames. 

When the third option is selected, the receive func
tion is completely disabled. The 82596 monitors all 
frames, including frames that do not have a Start 
Frame Delimiter. When this option is used the 82596 
updates six counters: CRC errors, alignment errors, 
total frames (good and bad), short frames, collisions 
detected and total good frames. , 

I 



STATION DIAGNOSTICS 
AND SELF· TEST 

The 82596 provides a large set of diagnostic and 
network management functions. These include inter
nal and external loopback and time domain reflec
tometry for locating fault points in the network cable. 
The 82596 ensures software reliability by dumping 
the contents of the 82596 internal registers into sys
tem memory. The 82596 has a self-test mode that 
enables it to run an internal self-test and place the 
results in system memory. 

82586 SOFTWARE COMPATIBILITY 

The 82596 has a software-compatible state in which 
all its memory structures are compatible with the 
82586 memory structure. This includes all the Action 
Commands, the Receive Frame Area (including the 
RFD, Buffer Descriptors, and Data Buffers), the Sys
tem Control Block, and the initialization procedures. 
There are two minor differences between the 82596 
in the 82586-Compatible memory structure and the 
82586. 

• When the internal and external loopback bits in 
the Configure command are set to 11 the 82596 
is in external loopback and the LPBK pin is acti
vated; in the 82586 this situation would produce 
internal loopback. 

• During a Dump command both the 82596 and 
82586 dump the same number of bytes; however, 
the data format is different. 
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INITIALIZING THE 82596 

A Reset command is issued to the 82596 to prepare 
it for normal operation. The 82596 is initialized 
through two data structures that are addressed by 
two pointers, the System Configuration Pointer 
(SCP) and the Intermediate System Configuration 
Pointer (ISCP). The initialization procedure begins 
when a Channel Attention signal is asserted after 
RESET. The 82596 uses the address of the double 
word that contains the SCP as a default-
00FFFFF4h. Before the CA signal is asserted this 
default address can be changed to any other avail
able address by asserting the PORT pin and provid-

, ing the desired address over the 031-04 pins of the 
address bus. Pins 03-00 must be 0010; i.e., any 
alternative address must be aligned to 16-byte 
boundaries. All addresses sent to the 82596 must be 
word aligned, which means that all pointers and 
memory structures must start on an even address 
(AO = zero). 

SYSTEM CONFIGURATION POINTER 
(SCP) 

The SCP contains the sysbus byte and the location 
of the next structure of the initialization process, the 
ISCP. The following parameters are selected in the 
SYSBUS. 

• The 82596 operation mode. 

• The Bus Throttle timer triggering method. 

• Lock enabled. 

• Interrupt polarity. 

• Big Endian 32-bit entity mode. 

Byte ordering is determined by the LEIBE pin. 
LE/BE= 1 selects Little Endian byte ordering and 
LEIBE = 0 selects Big Endian byte ordering. 

NOTE: 
In the following, X indicates a bit not checked 
82586 mode. This bit must be set to 0 in all other 
modes. 
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~he following diagram illustrates the format of the SCPo 

31 ODD WORD 16 15 EVEN WORD o 
x x x x X X X X SYSBUS 10 o 0 0 0 0 0 010 
X X X X X X X X X X X X X X X xix X X X X X X xix 
A31 ................ A24 A23 ISCP ADDRESS 

A31 •••••••••••.•••. A24 are not checked in 82586 mode 

0 0 0 0 

X X X X 
0 
X 

o 0 
)( X 

AO 

OFFFFF4h 
OFFFFF8h' 
OFFFFFCh 

X •..........•..••.••. X areas are not checked in 82586 mode; they must be 0 in all other modes. 

23 18 

SYSBUS 1 liNT I LOCK I TRO I ." I MO I x I 
o - Tho 32-bll addr ... polntor. in Lln.ar mod. aro trOOled-1 

ao Iwo 18-bil big end Ian enllli... Thl. I. Idenliool 10 
the 82596 A 1 stepping delh,itlon. 

I - Tho 32-bll addr ... polnler. In Linear modo are Iroolod 
ao 32-bit big endlan enlille.. Thl. made I. only oupported 
In Ihe 82596 B stepping. In thl. modo Iho SCB abioluto 
addr ... and alallallool counlers are allII Irealtd as two 
18-bll big endlan enlill ... 

Inlorrupt polarlly 
o - Inlorrupt pin I. acllvo 

high 
I - Intorrupl pin I. acllve 

, low 

l L.-J L : NOT CHECKED 

L 0 0 : 82586 modo 
o I :/32-BII Segmonled mode 
1 0 : Linoor modo , 
11: Renrved 

o : Inlernal Irlggerlng of the 
Bu. Throltle Ilmer. 

1 : exltrnal triggering <>f Ihe 
Bu. Throltle timer. 

'---- 0 : Look lunotlon onabled 
1 : Look lunotlon dl.ablod 

290218-14 

ISCP ADDRESS- The physical address of the ISCP. In the 82586 mode, bits A31-A24 are considered to 
be zero. ' , 

Figure 15. The System Configuration Pointer 

Writing the Sysbus 

When writing the sysbus byte it is important ,to pay attention to the byte order . 
• When a Little Endian processor is used, the sysbus byte is located at byte address OOFFFFF6h (or address 

n+ 2 if an alternative SCP address n was programmed) . 
• When a processor using Big Endian byte ordering is used, the sysbus, alternative SCP, and ISCP addresses 

will be different. 
• The sysbus byte is located at OOFFFFF5h . 
• If an alternative SCP address is programmed, the sysbus byte should be at byte address n+ 1. 
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INTERMEDIATE SYSTEM CONFIGURATION POINTER (ISCP) 

The ISCP indicates the location of the System Control Block. Often the SCP is In ROM and the ISCP is in RAM. 
The CPU loads the SCB address (or an equivalent data structure) into the ISCP and asserts CA. This Channel 
Attention signal causes the 82596 to begin its initialization procedure and to get the SCB addres~ from the 
ISCP and ,SCP. In 82586 and 32·bit Segmented modes the SCP base address is also the base address of all 
Command Blocks, Frame Descriptors, and Buffer DesCriptors (but not buffers). All these data structures must 
reside in one 64·KB segment; however, in Linear mode no such limitation is Impose,d. 

The following diagram illustrates the ISCP format. 

ODD WORD 
31 16 15 

EVEN WORD 
87 o 

rA~1~5 _________ S~C~B~O~F~F~SE~T~ ________ ~A~0L-____________ ~ ____ ~B~U~S~Y ______ ~ISCP 

L-____________ ~~A2::.:3~ ____________ ...;S::.:C~B;.;B:;;.A;.;:;S.::.E.:..;A.::.DD::.:R:.;.;E::.:SS~ ______________ ~A~O ISCP + 4 

t 
x x x x x x x X -in82586mode 
A31 •••.•••••••..••• A24 - in 32·bit segmented mode. 

BUSY - Indicates that the 82596 is being initialized. The CPU sets the ISCP to 01 h before it gives 
the first CA to the 82596. The ISCP is cleared by the 82596 after the SCB base and offset 
are read. Note that the most significant byte of the first word of the ISCP is not modified 
when BUSY is cleared. 

SCB OFFSET-This 16·bit quantity specifies the offset portion of the address of the SCB. 
SCB BASE - Specifies the base portion of the address of the SCB. The base of SCB is also the base of 

all 82596 Command Blocks, Frame Descriptors and Buffer Descriptors. In the 82586 
mode, bits A31-A24 are considered to be zero. 

Figure 16. The Intermediate System Configuration Polnter-82586 and 32·81t Segmented Modes 

ODD WORD EVEN WORD 
31 16 15 8 7 o 
rO~O~'...;O~.~ .. ~.~ .. ~ . .:..; .. ~.~ .. ~ .. ~ . .:..; .. ~.~ .. ~ .. ~ . .:..; .. ~.~ .. ~.~ .. ~ .. ~ . .:..; .. ~ . .:..; .. ~ .. ~ . .:..; .. ~ . .:..; .. ~.~ .. .:..; .. ~ • .:..;.~n~o~O~ ____ ...;B::.:U::.:S~Y ____ ~ISCP 
~A_3_1 ____________________ ~S~C~B~A~BS~O~L~U~T~E~A~DD~R~E~S~S __________________ ~--A~O ISCP+4 

BUSY - Indicates that the 82596 is being initialized. The ISCP is set to 01 h by the CPU before its 
first CA to the 82596. It is cleared by the 82596 after the SCB address is read. 

SCB ADDRESS- This 32-bit quantity specifies the physical address of the SCB. 

Figure 17. The Intermediate System Configuration Pointer-Linear Mode. 

INITIALIZATION PROCESS 

The CPU sets up the SCP, ISCP, and the SCB structures, and, if desired, an alternative SCP addr~ss. It also 
sets BUSY to 01 h. The 82596 is initialized when a Channel Attention signal follows a Reset Signal, causing the 
82596 to access the System Configuration Pointer. The sysbus byte, the operational mode, the bus throttle 
timer triggering method, the interrupt polarity, and the state of LOCK are reac!. After reset the Bus Throttle 
timers are essentially disabled-the T·ON value is infinite, the T·OFF value is zero. After the SCP is read, the' 
82596 reads the ISCP and saves the SCB address. In 82586 and 32·bit Segmented modes this address is 
represented as a base address plus the offset (this base address is also the base address of all the control 
blocks). In Linear mode the base address is also an absolute address. The 82596 clears BUSY, sets CX and 
CNR to equal 1 in the SCB, clears the SCB command word, sends an interrupt to the CPU, and awaits another 
Channel Attention signal. RESET configures the 82596 to its default state before, CA ,is asserted. 
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CONTROLLING THE 82596CA 

The host CPU controls the 82596 with the commands,' data structures, and methods described in this section. 
The CPU and the 82596 communicate through shared memory structures. The 82596 contains two indepen· 
dent units: the Command Unit and the Receive Unit. The Command Unit executes commands from the CPU, 
and the Receive Unit handles frame reception. These two units are controlled and mqnitored by the CPU 
through a shared memory structure called the System Control Block (SCB). The CPU and the 82596 use the 
CA and INT signals to communicate with the SCB. 

82596 CPU ACCESS INTERFACE (PORT) 

The 82596 has a CPU access interface that allows the host CPU to do four things. 

• Write an alternative System Configuration Pointer address. 

• Write an alternative Dump area pointer and perform Dump. 

• Execute a software reset. 

• Execute a self·test. 

The following events initiate the CPU access state. 

• Presence of an address on the 031-04 data bus pins. 

• The 03-00 pins are used to select one of the four functions. 

• The PORT input pin is asserted, as in a regular write cycle. 

NOTE. 
The SCP Dump and Self·Test addresses must be 16-byte aligned. 

The 82596 requires two 16-bit write cycles for a port command. The first write holds the internal machines and 
reads the first 16 bits; the second activates the PORT command and reads the second 16 bits. 

The PORT Reset is useful when only the 82596 needs to be reset. The CPU must wait for 10·system and 5-se· 
rial clocks before issuing another CA to the 82596; this new CA begins a new initialization process. 

The Dump function is useful for troubleshooting No Response problems. If the chip is in a No Response state, 
the PORT Dump operation can be executed and a PORT Reset c~n be used to reinitialize the 82596 without 
disturbing the rest of the system. 

The Self·Test function can be used for board testing; the 82596 will execute a self·test and write the results to 
memory. 

Table 2 PORT Function Selection 

031 .................................. 04 ............................. 00 

Function Addresses and Results 03 02 01 DO 

Reset A31 Don't Care A4 0 0 0 0 

Self·Test A31 Self·Test Results Address A4 0 0 0 1 

SCP A31 Alternative SCP Address A4 0 0 1 0 

Dump A31 Dump Area Pointer A4 0 0 1 1 

MEMORY ADDRESSING FORMATS 

The 82596 accesses memory by 32-bit address.es. There are two types of 32-bit addresses: linear and seg· 
mented. Th.e type of address used depends on the 82596 operating mode and the type of memory structure it 
is addressing. The 82596 has three operating modes. ' 
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• 82586 Mode 

• A Linear address is a single 24-bit entity. Address pins A31-A24 are always zero. 
• A Segmented address uses a 24-bit base and a 16-bit offset. 

• 32-bit Segmented Mode 
• A Linear address is a single 32-bit entity. 

• A Segmented address uses a 32-bif base and a 16-bit offset. 

NOTE: 
In the previous two memory addressing modes, each command header (CB, TBD, RFD, RBD, and SCB) 
must wholly reside within one segment. If the 82596 encounters a memory structure that does not follow this 
restriction, the 82596 will fetch the next contiguous location in memory (beyond the segment). 

• Linear Mode 
• A Linear address is a single 32-bit entity. 
• There are no Segmented addresses. 

Linear addresses are primarily used to address transmit and receive data buffers. In the 82586 and 32-bit 
Segmented modes, segmented addresses (base plus offset) are used for all Command Blocks, Buffer Descrip· 
tors, Frame Descriptors, and System Control Blocks. When using Segmented addresses, only the offset 
portion of the entity being addressed is specified in the block. The base for all offsets is the same-that of the 
SCB. See Table 1. 

LITTLE ENDIAN AND BIG ENDIAN BYTE ORDERING 

The 82596 supports both Little Endian and Big Endian byte ordering for its memory structures. 

The 82596 A 1 stepping supports Big Eodian byte ordering' for word and byte entities. Dword entities are not 
supported with 82596 A 1 Big Endian byte ordering. This results in slightly different 82596A 1 memory struc· 
tures for Big Endian operation. These structures are defined in the 32-8it LAN Components User's Manual 

The 82596 B stepping supports Big Endian byte ordering for Linear mode only. All 82596 .B 32-bit address 
pointers are treated as 32-bit Big Endian entities, however, the SCB absolute address and statistical counters 
are treated as two 16-bit Big Endian entities. This 32-bit Big Endian entity support is configured through bit 7 in 
the SYSBUS byte. 

The 82596 C-step has a New Enhanced ,Big Endian Mode where in Linear Addressing mode, true 32-bit Big 
Endian functionality is aChieved. New Enhanced Big Endian Mode is enabled exactly the same as the B·step, 
by setting bit 7 of the SYSBUS byte. This mode is software compatible with the big endian mode of the B·step 
with one exception-no 32-bit addresses need to be swapped by software in the C·step. In this new mode, the 
82596 C-step treats 32-bit address pOinters as true 32-bit entities and the SCB absolute address and statistical 
counters are still treated as two 16-bit big endian entities. Not setting this mode will configure the 82596 C·step 
to be 100% compatible to the A1-step big endian mode. 

NOTE: 
All 82596 memory entities must be word or dword aligned, except the .transmit buffers can be byte aligned 
for the 82596 B or C-steppings. 

An example of a dword entity is a frame deSCriptor command/status dwqrd, whereas the raw data of the frame 
are byte entities. Both 32- and 16-bit buses are supported. When a 16-bit bus is used with Big Endian memory 
organization, data lines 015-00 are used. The 82596 has an internal crossover that handles these swap 
operations. 
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COMMAND UNIT (CU) 

The Command Unit is the logical unit that executes Action Commands from a list of commands very similar to 
a CPU program. A Command Block is associated with each Action Command. The CU is modeled as a logical 
machine that takes, at any given time, one of the following states. 

• Idle. The CU is not executing a command and is not associated with a CB on the list. This is the initial state. 

• Suspended. The CU is not executing a command; however, it is associated with a CB on the list. 

• Active. The CU is executing an Action Command and pOinting to its CB. 

The CPU can affect CU operation in two ways: by issuing a CU Control Command or by setting bits in the 
Command word of the Action Command. . 

When programming the 82596 CU, it is important to consider the asynchronous way the 82596 processes 
commands. If a command is issued to the 82596 CU, it may be busy processing other commands. In order to 
avoid asynchronous r~ce conditions, the following guidelines are recommended to the 82596 programmer: 

• If the CU is already in the Active state, and another command needs to be executed, it is unwise to 
immediately issue another CU Start command. If a new command (or list of commands) needs to be 
started, first issue a CU Suspend command, wait for the CU to become Suspended, then issue the new CU 
Start. This will insure that all commands are processed correctly. 

• In general, it is a good idea to make sure any CU command has been accepted and executed before 
issuing a new control command to the CU. 

RECEIVE UNIT (RU) 

The Aeceive Unit is the logical unit that receives frames and stores them in memory. The AU is modeled as a 
logical machine that takes, at any given time, one of the following states. 

• Idle. The AU has no memory resources and is discarding incoming frames. This is the initial state. 

• No Resources. The AU has no memory resources and is discarding incoming frames. This state differs 
from Idle in that the AU accumulates statistics on the number of discarded frames. 

• Suspended. The AU has memory available for storing frames, but is discarding them. The suspend state 
can only be reached if the CPU forces this through the SeBor sets the suspend bit in the AFD. 

• Ready. The AU has memory available and is storing incoming frames. 

The CPU can affect AU operation in three ways: by issuing an AU Control Command, by setting bits in the 
Frame Descriptor Command word of the frame being received, or by setting the EL bit of the current buffer's 
Buffer Descriptor. . 

When programming the 82596 AU,it is important to consider the asynchronous way the 82596 processes 
receive frames. If an AU Start is issued to the 82596 AU, it may be busy processing other incoming packets. In 
order to avoid asynchronous race conditions, the following guidelines are recommended to the 82596 pro
grammer: 

• If the AU is already in the Aeady state, and a new AFA is required to be started, it is unwise to immediately 
issue another AU Start command. If the new AFA needs to be started, first issue an AU Suspend com
mand, wait for the AU to become Suspended, then issue the new AU Start. This will insure that all incoming 
frames are received correctly. . 

• In general, it is a good idea to make sure any AU command has been accepted and executed before 
issuing a new control command to the AU. 
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SYSTEM CONTROL BLOCK (SCB) 

The SCB is a memory block that plays a major role in communications between the CPU and the 82596. Such 
communications include the following. 

• Commands issued by the CPU 

• Status reported by the 82596 

Control commands are sent to the 82596 by writing them into the SCB and then asserting CA. The 82596 
examines the command, performs the required action, and then clears the SCB command word. Control 
commands perform the following types of tasks. 

• Operation of the Command Unit (CU). The SCB controls the CU by specifying the address of the Command 
Block List (CBl) and by starting, suspending, resuming, or aborting execution of CBl commands. 

• Operation of the Bus Throttle. The SCB controls the Bus Throttle timers by providing them with new values 
and sending the load and Start timer commands. The timers can be operated in both the 32-bit Segmented 
and Linear modes. 

• Reception of frames by the Receive Unit (RU). The SCB controls the RU by specifying the address of the fI 
Receive Frame Area and by starting, suspending, resuming, or aborting frame reception. 

• Acknowledgment of events that cause interrupts. 

• Resetting the chip. 

The 82596 sends status reports to the CPU via the System Control Block. The SCB contains four types of 
status reports. 

• The cause of the current interrupts. These interrupts are caused by one or more of the following 82596 
events. 

• The Command Unit completes an Action Command that has its I bit set. 

• The Receive Unit receives a frame. 

• The Command Unit becomes inactive. 

• The Receive Unit becomes not ready. 

• The status of the Command Unit. 

• The status of the Receive Unit. 

• Status reports from the 82596 regarding reception of corrupted frames. 
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Events can be cleared only by CPU acknowledgment. If some events are not acknowledged by the ACK field 
the Interrupt signal (INn will be reissued after Channel Attention (CA) is processed. Furthermore, if a new 
event occurs while an interrupt is set, the interrupt is temporarily, cleared to trigger edge-triggered interrupt 
controllers. 

The CPU uses the Channel Attention line to cause the 82596 to examine the SCB. This signal is trailing-edge 
triggered-the 82596 latches CA on the trailing edge. The latch is cleared by the 82596 before the SCB 
control command is read. 

31 ODD WORD 16 15 / EVEN WORD 0 

ACK I xl cuc I R I RUC I X X X X STAT 10 1 CUS I 0 I RUS I 0 0 0 0 SCB 

RFAOFFSET CBLOFFSET SCB + 4 

ALIGNMENT ERRORS CRCERRORS SCB + 8 

OVERRUN ERRORS RESOURCE ERRORS SCB + 12 

Figure 1~. SCB-82586 Mode 

31 ODD WORD 16 15 EVEN WORD 0 

ACK 101 cuc I R I RUC I 0 o 0 01 STAT 10 1 CUS I RUS ITlo 0 0 SCB 

RFAOFFSET I CBLOFFSET SCB + 4 

CRCERRORS SCB + 8 

ALIGNMENT ERRORS SCB+ 12 

, RESOURCE ERRORS (0) SCB + 16 

OVERRUN ERRORS (*) SCB + 20 

RCVCDT ERRORS (*) SCB + 24 

SHORT FRAME ERRORS SCB + 28 

T-ONTIMER I T-OFFTIMER SCB + 32 

*In monitor mode these ~ounters change function 

Figure 19. SCB-32-Bit Segmented Mode 

31 ODD WORD 16 15 EVEN WORD 0 

ACK I 0 I cuc I R I RUC I 0 0 o 01 STAT 10 1 CUS I RUS ITlo 0 0 SCB 

COMMAND BLOCK ADDRESS SCB + 4 

RECEIVE FRAME AREA ADDRESS SCB + 8 

CRCERRORS SCB + 12 

ALIGNMENT ERRORS SCB + 16 

RESOURCE ERRORS,(O) SCB + 20 

OVERRUN ERRORS (*) SCB + 24 

RCVCDT ERRORS (*) SCB + 28 

SHORT FRAME ERRORS SCB + 32 

T-ONTIMER I T-OFFTIMER SCB + 36 

*In MONITOR mode these counters change function 

Figure 20. SCB-Linear Mode 
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31 

o R : RUC: o o 

82596CA 

16 

o o SCB + 2 

These bits specify the action to be performed as a result of a CA. This word is set by the CPU and cleared by 
the 8259a Defined bits are: 

Bit 31 ACK-CX - Acknowledges that the CU completed an Action Command .. 

Bit 30 ACK-FR 

Bit 29 ACK-CNA 

Bit 28 ACK-RNR 

Bits 24-26 CUC 

Bit 23 RESET 

Bits 20-22 RUC 

I 

- Acknowledges that the RU received a frame. 

- Acknowledges that the Command Unit became not active. 

- AcknowleQges that the Receive Unit became not ready. 

- (3 bits) This field contains the command to the Command Unit. Valid values are: 

o - NOP (does not affect current state of the unit). 

2 

- Start execution of the first command on the CBL. If a command is executing, 
complete it before starting the new CBL. The beginning of the CBl is in CBl 
OFFSET (address). 

- Resume the operation of the Command Unit by executing the next command. 
This operation assumes that the Command Unit has been previously sus-
pended. 

3 - Suspend execution of commands on CBl after current command is complete. 

4 - Abort current command immediately. 

5 - loads the Bus Throttle timers so they will be initialized with their new values 
after the active timer (T-ON or T-OFF) reaches Terminal Count. If no timer is 
active new values will be loaded immediately. This command is not valid in 
82586 mode. 

6 - loads and immediately restarts the Bus Throttle timers with their new values. 
This command is not valid in 82586 mode. 

7 - Reserved. 

- Reset chip (logically the same as hardware RESET). 

- (3 bits) This field contains the command to the Receive Unit. Valid values are: 

o - NOP (does not alter current state of unit). 

- Start reception of frames. The beginning of the RFA is contained in the RFA 
OFFSET (address). If a frame is being received complete reception before 
startil"!g. 

2 - Resume frame reception (only when in suspended state). 

3 - Suspend frame reception. If a frame is being received complete its reception 
before suspending. 

4 - Abort receiver operation immediately. 

5-7 - Reserved. 
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Indicates the status of the 82596. This word is modified only by the 82596. Defined bits are: 

Bit 15 CX - The CU finished executing a command with its I (interrupt) bit set. 

Bit 14 FR - The RU finished receiving a frame. 

Bit 13 CNA - The Command Unit left the Active state. 

Bit 12 RNR - The Receive Unit left the Ready state. 

Bits 8-10 CUS - (3 bits) This field contains the status of the command unit. Valid values are: 

o -Idle 

- Suspended 

2 -Active 

3-7 - Not used , 
Bits 4-7 RUS - This field contains the status of the receive unit. Valid values are: 

Oh (0000) - Idle 

1 h (0001) - Suspended 

2h (Q01 0) - No Resources. This bit indicates both no resources due to lack of 

Bit 3 T 

RFDs in the RDL and no resources due to lack of RBDs in the FBL. 

4h (0100) - Ready 

Ah (1010) - No resources due to no more RBDs (not in the 82586 mode). 

Ch (1100) - No more FlBDs (not in 82586 mode) 

No other combinations are allowed 

- Bus Throttle timers loaded (not in 82586 mode). 

SCB OFFSET ADDRESSES 

CBl Offset (Address) 

In 82586 and 32-bit Segmented modes this 16-bit quantity indicates the offset portion of the address for the 
first Command Block on the CBL. In Linear mode it is a 32-bit linear address for the first Command Block on 
the CBL. It is accessed only if CUC equals Start. 

RFA Offset (Address) 

In 82586 and 32-bit Segmented modes this 16-bit quantity indicates the offset portion of the address for the 
Receive Frame Area. In Linear mode it is a 32-bit linear address for the Receive Frame Area. It is accessed 
only if RUC equals Start. 
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sca STATISTICAL COUNTERS 

Statistical Counter Operation 
• The CPU is responsible for clearing all error counters before initializing the 82596. The 82596 updates 

these counters by reading them, adding 1, and then writing them back to the SCB. 

• . The counters are wraparound counters. After reaching FFFFFFFFh the counters wrap around to zero. 

• The 82596 updates the required counters for each frame. It is possible for more than one counter to be 
updated; multiple errors will result in all affected counters being updated. 

• The 82596 executes the read-counter/incrementlwrite-counter operation without relinquishing the bus 
(locked operation). This is to ensure that no logical contention exists between, the 82596 and the CPU due 
to both attempting to write to the counters simultaneous~bln the dual-port memory configuration the CPU 
should not execute any write operation to a counter if L K is asserted. 

• The counters are 32-bits wide and their behavior is fully compatible with the IEEE 802.3 standard. The 
82596 supports all relevant statistics (mandatory, optional, and desired) through the status of the transmit 
and receive header and directly through SCB statistics. 

CRCERRS 

This 32-bit quantity contains the number of aligned frames discarded because of a CRC error. This counter is 
updated, if needed, regardless of the RU state. 

ALNERRS 

This 32-bit quantity contains the number of frames that both are misaligned (i.e., where CRS deasserts on a 
nonoctet boundary) and contain a CRC error. The counter is updated, if needed, regardless of the RU state. 

SHRTFRM 

This 32-bit quantity contains the number of received frames shorter than the minimum frame length. 

The last three counters change function in monitor mode. 

RSCERRS 

This 32-bit quantity contains the number of good frames discarded because there were no resources to 
contain them. Frames intended for a host whose RU is in the No Receive Resources state, fall into this 
category. This counter is updated only if the RU is in the No Resources state. When in Monitor mode this 
counter counts the total number of frames-good and bad. 
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OVRNERRS 

This 32-bit quantity contains the number of frames known to be lost because the local system bus was not 
available. If the traffic problem lasts longer than the duration of one frame, the frames· that follow the first are 
lost without an indicator, and they are not counted. This counter is updated, if needed, regardless of the RU 
state. 

This 32-bit counter contains the number of collisions detected during frame reception. This counter will only be 
updated if at least 64 bytes of data are received beforE;l the collision occurs. If a collision occurs before 64 
bytes of data are received, the frame is counted as a short frame. If the collision occurs in the preamble, no 
counters are incremented. 

ACTION COMMANDS AND OPERATING MODES 

This section lists all the Action Commands of the Command Unit Command Block List (CBl). Each command 
contains the Command field, the Status and Control fields, the link to the next Action Command, and any 
command-specific parameters. There are three basic types of action commands: 82596 Configuration and 
Setup, Transmission, and Diagnostics. The following is a list of the actual commands. 

• NOP • Transmit 

• Individual Address Setup • TOR 
• Configure • Dump 
• MC Setup • Diagnose 

The 82596 has three addressing modes. In the 82586 mode all the Action Commands look exactly like those 
of the 82586. 

• 82586 Mode. The 82596 software and memory structure is compatible with the 82586. 

• 32-Bit Segmented Mode. The 82596 can access the entire system memory and use the two new memory 
structures-Simplified and Flexible-while still using the segmented approach. This does not require any 
significant changes to existing software. 

• linear Mode. The 82596 operates in a flat, linear, 4 gigabyte memory space without segmentation. It can 
also use the two new memory structures. 

In the 32-bit Segmented mode there are some differences between the 82596 and 82586 action commands, 
mainly in programming and activating new 82596 features. Those bits marked "don't care" in the compatible 
mode are no~. checked; however, we strongly recommend that those bits all be zeroes; this will allow future 
enchancemer'lts and extensions. 

In the Linear mode all of the address offsets become 32-bit address pointers.' All new 82596 features are 
accessible in this mode, and all bits previously marked "don't care" must be zeroes., 

The Action Commands, and all other 82596 memory structures, must begin on even byte boundaries, I.e., they 
must be word aligned. 
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NOP 

This command results in no action by the 82596 except for those performed in the normal command process· 
ing. It is used to manipulate the CBl manipulation. The format of the NOP command is shown in Figure 21.· 

N0P-82586 and 32-Blt Segmented Modes 
ODD WORD EVEN WORD 0 

X X X X X X X X X X 0 o 0 0 0 0 o 0 000 o 0 

x x x x x x x x x X LINK OFFSET AO 4 

NOP-L1near Mode 
ODD WORD EVEN WORD 0 

o 0 0 0 000 0 0 o 0 0 0 o 0 0 0 0 o 0 

LINK ADDRESS AO 4 

Figure 21 

where: 

LINK POINTER -In the 82586 or 32·bit Segmented modes this is a 16·bit offset to the next Command 
Block. In the Linear mode this is the 32·bit address of the next Command Block. 

El - If set, this bit indicates that this command block is the last on the CBL. 

S - If set to· one, suspend the CU upon completion of this CB. 

- If set to one, the 82596 will generate an interrupt after execution of the command is 
complete. If I is not set to one, the CX bit will not be set. 

CMD (bits 16-18) - The NOP command. Value: Oh. 

Bits 19-28 - Reserved (zero in the 32·bit Segmented and Linear modes). 

C - This bit indicates the execution status of the command. The CPU initially resets it to zero 
when the Command Block is placed on the CBL. Following a command Completion, the 
82596 will set it to one. 

- This bit indicates that the 82596 is currently executing the NOP command. It is initially 
reset to zero by the CPU. The 82596 sets it to one when execution begins and to zero 
when execution is completed. This bit is also set when the 82596 prefetches the com· 
mand. 

NOTE: 
The C and B bits are modified in one operation. 

OK - Indicates that the command was executed without error. If set to one no error occurred 
(command executed OK). If zero an error occured. 

Individual Address Setup 
This command is used to load the 82596 with the Individual Address. This address is used by the 82596 for 
inserting the Source Address during transmission and recognizing the Destination Address during reception. 
After RESET, and prior to Individual Address Setup Command execution, the 82596 assumes the Broadcast 
Address is the Individual Address in all aspects, i.e.: 

• This will be the Individual Address Match reference . 

• This will be the Source Address of a transmitted frame (for Al·lOC=O mode only). 
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The format of the Individual Address Setup command is shown in Figure 22. 

IA Setup-82586 and 32·Blt Segmented Modes 
31 ODD WORD 16 15 EVEN WORD 

ELI S II I X x x x x x x x x xlo 0 1 c I B lOKI A 10 0 0 0 0 0 o 0 0 0 

INDIVIDUAL ADDRESS 1st byte A15 LINK OFFSET 

6th byte 5th byte 4th byte 3rd byte 

IA Setup-Linear Mode 
31 ODD WORD 16 15 EVEN WORD 

ELI S II 10 o 0 o 0 0 0 o 0 010 0 1 c I B lOKI A 10 000 o 0 o 000 

A31 LINK ADDRESS 

4th byte 3rd byte INDIVIDUAL ADDRESS 1st byte 

6th byte 5th byte 

Figure 22 

where: 

LINK ADDRESS, 
EL, B, C, I, S 

- As per standard Command Block (see the NOP command for details) 

0 

0 o 0 

AO 4 

8 

0 

0 o 0 

AO 4 

8 

C 

A - Indicates that the command was abnormally terminated due to CU Abort control 
command. If one, then the command was aborted, and if necessary it should be 
repeated. If this bit is zero, the command was not aborted. 

Bits 19-28 - Reserved (zero in the 32-bit Segmented and Linear modes). 

CMD (bits 16-18) - The Address Setup command. Value: 1h. 

INDIVIDUAL ADDRESS - The individual address of the node, Oto 6 bytes long. 

The least significant bit of the Individual Address must be zero for Ethernet (see the Command Structure). 
However, no enforcement of 0 is provided by the 82596. Thus, an Individual Address with 1 as its least 
significant bit is a valid Individual Address in all aspects. 

The default address length is 6 bytes long, as in 802.3. If a different length is used the IA Setup command 
should be executed after the Configure command. 

Configure 
The Configure command loads the 82596 with its operating parameters. It allows changing some of the 
parameters by specifying a byte count less than the maximum number of configuration bytes (11 in the 82586 
mode, 14 in the 32-Bit Segmented and Linear modes). The 82596 configuration depends on its mode of 
operation. When configuring the 12th byte (Byte 11 undefined) in 82586 mode this byte should be all ones. 

• In the 82586 mode the maximum number of configuration bytes is 12. Any number larger than 12 will be 
reduced to 12 and any number less than 4 will be increased to 4. 

• The additional features of the serial side are disabled in the 82586 mode. 

• In both the 32-Bit Segmented and Linear modes there are four additional configuration bytes, which hold 
parameters for additional 82596 features. If these parameters are not accessed, the 82596 will follow their 
default values. 

• For more detailed information refer to the 32-Bit LAN Components User's Manual. 
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The format of the Configure command is shown in Figure 23, 24 and 25. 

31 ODD WORD 1615 EVEN WORD 0 

ELI S III x x x x x x x x x xlo 1 o c I B lOKI A I 0 o 0 000 0 o 0 o 0 o 0 

Byte 1 Byte 0 A15 LINK OFFSET 

Byte 5 Byte 4 Byte 3 Byte 2 

Byte 9 ByteS Byte 7 Byte 6 

X X X X X X X X X X X X X X X X X X X X X X X X Byte 10 

Figure 23. CONFIGURE-82586 Mode 

31 ODD WORD 1615 EVEN WORD 

ELI S II 10 0 o 0 0 0 0 0 0 010 1 o c I B lOKI A I 0 o 0 0 000 o 0 

Byte 1 Byte 0 A15 LINK OFFSET 

Byte 5 Byte 4 Byte 3 Byte 2 

Byte 9 ByteS Byte 7 Byte 6 

Byte 13 Byte 12 Byte 11 Byte 10 

Figure 24. CONFIGURE-32-Bit Segmented Mode 

31 ODD WORD 1615 EVEN WORD 

ELI S II 10 0 0 o 0 0 0 0 o 010 1 o c I B lOKI A I 0 0 0 0 o 0 0 0 0 

A31 LINK ADDRESS 

Byte 3 Byte 2 Byte 1 Byte 0 

Byte 7 Byte 6 Byte 5 Byte 4 

Byte 11 Byte 10 Byte 9 ByteS 

X X X X X X X X X X X X X X X X Byte 13 Byte 12 

Figure 25. CONFIGURE-LInear Mode 

LINK ADDRESS, - As per standard Command Block (see the NOP command for details) 
EL, B,C, I,S 

AO 4 

S 

12 

16 

0 

0 o 0 0 

AO 4 

S 

12 

16 

0 

0 0 o 0 

AO 4 

S 

12 

16 

20 

A - Indicates that the command was abnormally terminated due to a CU Abort control com-
mand. If 1, then the command was aborted and if necessary it should be repeated. If this 
bit is 0, the command was not aborted. 

Bits 19-28 - Reserved (zero in the 32-Bit Segmented and Linear Modes) 

CMD (bits 16-18) - The CONFIGURE command. Value: 2h. 

The interpretation of the fields follows: 

7 6 5 
p X X 

BYTE 0 

BYTE CNT (Bits 0-3) 

PREFETCHED (Bit 7) 

I 

4 3 2 1 o 
X BYTE¢OUNT 

Byte Count. Number of bytes, including this one, that hold pa
rameters to be configured. 

Enable the 82596 to write the prefetched bit in all prefetch 
RBDs. 
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NOTE: 
The P bit is valid only in the new memory structure modes. In 82586 mode this bit is disabled (Le., no 
prefetched mark). 

7 

I MON:ITOR x 
BYTE 1 

FIFO Limit (Bits 0-3) 

MONITOR # (Bits 6-7) 

DEFAULT: C8h 

7 

SAVBF 0 

BYTE 2 

SAY BF (Bit 7) 

DEFAULT: 40h 

RESUME_RD (Bit 1) 

7 

o 
x FIFO:LlMIT 

FIFO limit. 

Receive monitor options. If the Byte Count of the configure 

command is less than 12 bytes then these Monitor bits are ignored. 

o o o 

O-Received bad frames are not saved in the memory. 

1-Received bad frames are saved in the memory. 

o 
o 

o - The 82596 does not reread the next CB on the list when a CU Resume 
Control Command is issued. 

1 - The 82596 will reread the next CB on the list when a CU Resume 
Control Command is issued. This is available only on the 82596B step
ping. 

o 
LOOP BACK 

MODE 
PREAMBLE LENGTH ADDRESS LENGTH 

BYTE 3 

7 

ADR LEN (Bits 0-2) 

NO SCR ADD INS (Bit 3) 

PREAM LEN (Bits 4-5) 

LP BCK MODE (Bits 6-7) 

DEFAULT: 26h 

I BOFMETD I 
BYTE 4 

7 

LIN PRIO (Bits 0-2) 

EXP PRIO (Bits 4-6) 

BOF METD (Bit 7) 

DEFAULT: OOh 

BYTE 5 

INTERFRAME SPACING 

DEFAULT: 60h 

2-36 

Address length (any kind). 

No Sourc!il Address Insertion. 
In the 82586 this bit is called AL LOC. 

Preamble length. 

Loopback mode. 

o 

Linear Priority. 

Exponential Priority. 

Exponential Backoff method. 

: INTER FRA¥E SPACING : 

Interframe spacing. 

o 

o 

I 



7 

BYTE 6 

7 

SLOT TIME (L) 

DEFAULT: OOh 

SLOT TI¥E - LOW 

Slot time, low byte. 

~AXIMUM RE!RY NUMBE~ o 

BYTE 7 
SLOT TIME (H) 
(Bits 0-2) 

RETRY NUM (Bits 4-7) 

DEFAULT: F2h 

BYTE 8 

7 

PRM (Bit 0) 

BC DIS (Bit 1) 

MANCHINRZ (Bit 2) 

TONOCRS (Bit 3) 

NOCRC INS (Bit 4) 

CRC-16/CRC-32 (Bit 5) 

BIT STF (Bit 6) 

PAD (Bit 7) 

DEFAULT: OOh 

Slot time, high part. 

Number of transmission retries on collision. 

Promiscuous mode. 

Broadcast disable. 

Manchester or NRZ encoding. See specific timing require
ments for TXC in Manchester mode. 

Transmit on no CRS. 

No CRC insertion. 

CRC type. 

Bit stuffing. 

Padding. 

I CDTSRC I COLLI~ION DETECT:FILTER CRSSRC 

BYTE 9 

I 

CRSF (Bits 0-2) 

CRS SRC (Bit 3) 

CDTF (Bits 4-6) 

COT SRC (Bit 7) 

DEFAULT: OOh 

Carrier Sense filter (length). 

Carrier Sense source. 

Collision Detect filter (length). 

Collision Detect source. 

82596CA 

o 

o 

I 

o 

2-37 



82596CA 

7 

BYTE 10 

7 

MIN FRAME LEN 

DEFAULT: 40h 

BYTE 11 

7 

PRECRS (Bit 0) 

LNGFLD (Bit 1) 

CRCINM (Bit 2) 

AUTOTX (Bit 3) 

CDBSAC (Bit 4) 

MCJLL (Bit 5) 

MONITOR (Bits 6-7) 

DEFAULT: FFH 

o FOX 

BYTE 12 

7 

FDX (Bit 6) 

DEFAULT: OOh 

BYTE 13 

MUL T _IA (Bit 6) 

DIS_BOF (Bit 7) 

DEFAULT: 3Fh 

2·38 

o 
: MINIMUM FR~ME LENGTH : 

Minimum frame length. 

o 
MCJLL COBSAC AUTOTX CRCINM LNGFLO PRECRS I 

Preamble until Carrier Sense 

Length field. Enables padding at the End·of·Carrier framing (802.3). 

Rx CRC appended to the frame in memory. 

Auto retransmit when a collision occurs during the preamble. 

Collision Detect by source address recognition. 

Enable to receive all MC frames. 

Receive monitor options. 

o o o o o 

Enables Full Duplex operation. 

Multiple individual address. 

. Disable the back off algorithm. 

o 
o 

o 
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A reset (hardware or software) configures the 82596 according to the following defaults. 

Table 4. Configuration Defaults 

Parameter Default Value Units/Meaning 

ADDRESS LENGTH "6 Bytes 
AIL FIELD LOCATION 0 Located in FD , 
AUTO RETRANSMIT Auto Retransmit Enable 
BITSTUFFING/EOC 0 EOC 
BROADCAST DISABLE 0 Broadcast Reception Enabled 

• CDBSAC 1 Disabled 
COT FILTER 0 Bit Times 
CDTSRC 0 External Collision Detection 

• CRC IN MEMORY CRC Not Transferred to Memory 
CRC·16/CRC·32 "0 CRC·32 
CRS FILTER 0 o Bit Times 

II CRSSRC 0 External CRS 
• DISBOF 0 Backoff Enabled 

EXT LOOPBACK 0 Disabled 
EXPONENTIAL PRIORITY "0 802.3 Algorithm 
EXPONENTIAL BACKOFF METHOD "0 802.3 Algorithm 

• FULL DUPLEX (FOX) 0 CSMAlCD Protocol (No FOX) 
FIFO THRESHOLD 8 TX: 32 Bytes, RX: 64 Bytes 
INT LOOPBACK 0 Disabled 
INTERFRAME SPACING "96 Bit Times 
LINEAR PRIORITY '·0 802.3 Algorithm 

• LENGTH FIELD 1 Padding Disabled 
MIN FRAME LENGTH "64 Bytes 

• MCALL 1 Disabled 
• MONITOR 11 Disabled 

MANCHESTERINRZ 0 NRZ , 
MULTI IA 0 Disabled 
NUMBER OF RETRIES "15 Maximum Number of Retries 
NO CRC INSERTION 0 CRC Appended to Frame 
PREFETCH BIT IN RBD 0 Disabled (Valid Only in New Modes) 
PREAMBLE LENGTH "7 ' Bytes 

• Preamble Until CRS 1 Disabled 
PROMISCUOUS MODE 0 Address Filter On 
PADDING 0 No Padding 
SLOT TIME "512 Bit Times 
SAVE BAD FRAME 0 Discards Bad Frames 
TRANSMIT ON NO CRS 0 Disabled 

NOTES: 
1. This configuration setup is compatible with the IEEE 802;3 specification. 
2. The Asterisk " ... signifies a new configuration parameter not available in the 82586. 
3. The default value of the Auto retransmit configuration parameter is enabled(1). 
4. Double Asterisk ...... signifies IEEE 802.3 requirements. 

2·39 



82596CA intel® 
Multicast-Setup 

This command is used to load the 82596 with the Multicast-IDs that should be accepted. As noted previously, 
the filtering done on the Multicast-IDs is not perfect and some unwanted frames may be accepted. This 
command resets the current filter and reloads it with the specified Multicast-IDs. The format of the Multicast
addresses setup command is: 

31 

ELI S II I X x x 

xlxl 

4th byte 

Nth byte 

31 

ELI S II 10 0 

A31 

2nd by1e 

Nth by1e 

where: 

LINK ADDRESS, 
EL, B, C, I, S 

A 

Bits 19-28 

CMD (bits 16-18) 

MC-CNT 

MC LIST 

0 

ODD WORD 1615 EVEN WORD 0 

x x x x x X xlo 1 1 C I B lOKI A 10 0 0 000 o 0 0 o 0 0 

MCCOUNT A15 LINK OFFSET AO 

1st by1e 

MULTICAST AiDRESSES LIST 

Figure 26. MC Setup-82586 and 32-Bit Segmented Modes 

ODD WORD 1615 EVEN WORD 0 

000 0 0 0 010 1 11 C I B lOKI A 10 o 0 0 o 0 0 0 000 0 

LINK ADDRESS AO 

1st by1el X I X I MCCOUNT 

MULTICAST AiDRESSES LIST 

Figure 27. MC Setup-Linear Mode 

- As per standard Command Block (see the NOP command for details) 

- Indicates that the command was abnormally terminated due to a CU Abort control 
command. If one, then the command was aborted and if necessary it should be 
repeated. If this bit is zero, the command was not aborted. 

- Reserved (0 in both the 32-Bit Segmented and Linear Modes). 

- The MC SETUP command value: 3h. 

This 14-bit field indicates the number of bytes in the MC LIST field. The MC CNT 
must be a multiple of the ADDR LEN; otherwise, the 82596 reduces the MC CNT to 
the nearest ADDR LEN multiple. MC CNT = 0 implies resetting the Hash table 
which is equivalent to disabling the Multicast filtering mechanism. 

- A list of Multicast Addresses to be accepted by the 82596. The least significant bit 
of each MC address must be 1. 

NOTE: 
The list is sequential; i.e., the most significant byte of an address is immediately followed by the least signifi· 
cant byte of the next address. 

- When the 82596 is configured to recognize multiple Individual Address (Multi-IA), 
the MC-Setup command is also used to set up the Hash table for the individual 
address. 

The least significant bit in the first byte of each IA address must be O. 
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Transmit 
This command is used to transmit a frame of user data onto the serial link. The format of a Transmit command 
is as follows. 

I 

31 ODD WORD 1615 EVEN WORD 

ELI S II I X x X X X X X X X X 11 0 0 C I BI STATUS BITS I 
A15 TBDOFFSET AO A15 LINK OFFSET 

4th byte DESTINATION ADDRESS 

LENGTH FIELD 6th byte 

Figure 28. TRANSMIT -82586 Mode 

31 ODD WORD 1615 EVEN WORD 

ELI S I I I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 INCIsFI1 0 0 C IBI STATUS BITS I 
A15 TBDOFFSET AO A15 LINK OFFSET 

000 o 0 o 0 0 0 0 0 000 0 o EOFlol TCBCOUNT 

4th byte DESTINATION ADDRESS 

LENGTH FIELD 6th byte 

OPTIONAL DATA 

Figure 29. TRANSMIT -32-Blt Segmented Mode 

31 ODD WORD 1615 EVEN WORD 

ELI S I I I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 INCIsFI1 0 0 C IBI STATUS BITS I 

A31 LINK ADDRESS 

A31 TRANSMIT BUFFER DESCRIPTOR ADDRESS 

o 0 000 o 000 o 0 0 o 0 0 0 EOFlo l 

4th byte DESTINATION ADDRESS 

LENGTH FIELD 6th byte 

OPTIONAL DATA 

Figure 30. TRANSMIT-LInear Mode 

31 COMMAND WORD 16 

IELI S II I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 INCIsFI1 0 0 12 

t t 
0: No CRC Insertion disable; when the 

configure command is configured to 
not insert the CRC during 
transmission the NC bit has no 
effect. 

1: No CRC Insertion enable; when the 
configure command is configured to 
insert the CRC during transmission 
the CRC will not be inserted when 
NC = 1. 

0: Simplified Mode, all the Tx data is in 
the Transmit Command Block. The 
Transmit Buffer Descriptor Address 
field is all 1 s. 

1: Flexible Mode. Data is in the TCB and 
in a linked list of TBDs. 

TCBCOUNT 

0 

MAXCOLL 0 

A04 

1st byte 8 

12 

0 

MAXCOLL 0 

A04 

8 

1st byte 12 

16 

0 

MAXCOLL 0 

AO 4 

AO 8 

12 

1st byte 16 

20 
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where: 

EL, B, C, I, S 

OK (Bit 13) 

A (Bit 12) 

Bits 19-28 

CMD (Bits 16-18) 

Status Bit 11 

Status Bit 10 

Status Bit 9 

Status Bit 8 

Status Bit 7 

Status Bit 6 

Status Bit 5 

Status Bit 4 

MAX-COL 
(Bits 3-0) 

LINK OFFSET 

TBDPOINTER 

DEST ADDRESS 

LENGTH FIELD 

TCBCOUNT 

EOFBit 

2-42 

- As per standard Command Block (see the NOP command for details). 

- Error free completion. 

- Indicates that the command was abnormally terminated due to CU Abort control 
command. If 1, then the command was aborted, and if necessary it should be 
repeated. If this bit is 0, the command was not aborted. 

- Reserved (0 in the 32-bit Segmented and Linear modes). 

~ The transmit command: 4h. 

- Late collision. A late collision (a collision after the slot time is elapsed) is detected. 

- No Carrier Sense Signal during transmission. Carrier Sense Signal is monitored 
from the end of Preamble transmission until the end of the Frame Check Sequence 
for TONOCRS = 1 (Transmit On No Carrier Sense mode) it indicates that transmis
sion has been executed desp,ite a lack of CRS. For TONOCRS = 0 (Ethernet 
mode), this bit also indicates unsuccessful transmission (transmission stopped 
when la,ck of Carrier Sense has been detected). 

- Transmission unsuccessful (stopped) due to Loss of m. 
- Transmission unsuccessful (stopped) due to DMA Underrun; i.e., the system did 

not supply data for transmission. 

- Transmission Deferred, i.e., transmission "'las not 'immediate due to previous link 
activity. 

- Heartbeat Indicator, Indicates that after a previously performed transmission, and 
before the most recently performed transmission, (Irterframe Spacing) the CDT 
signal was monitored as active. This indicates that the Ethernet Transceiver Colli
sion Detect logic is performing' properly. The Heartbeat is monitored during the 
Interframe Spacing period. 

- Transmission attempt was stopped because the number of cQllisions exceeded the 
maximum allowable number of retries. 

- 0 (Reserved). 

- The number of Collisions experienced during this frame. Max Col = 0 plus S5 = 1 
indicates 16 collisions. 

- As per standard Command Block (see the NOP Command for details) 

- In the 82586 and 32-bit Segmented modes this is the offset of the first Tx Buffer 
Descriptor containing the data to be transmitted. In the Linear mode this is the 32-
bit address of the first Tx Buffer Descriptor on the list. If the TBD POINTER is all1s 
it indicates that no TBD is usep. 

- Contains the Destination Address of the frame. The least significant bit (MC) indi
cates the address type. 

MC = 0: Individual Address. 

MC = 1: Multicast or Broadcast Address. 

If the Destination Address bits are all 1 s this is a Broadcast Address. 

- The contents of this 2-byte field are user defined. In 802.3 it contains the length of 
the data field. It is placed in memory in the same order it is transmitted; i.e., most 
significant byte first, least significant byte second. 

- This 14-bit counter indicates the number of bytes that will be transmitted from the 
Transmit Command Block, starting from the third byte after the TCB COUNT field 
(address n + 12 in the 32-bit Segmented mode, N + 16 io the Linear mode). The 
TCB COUNT field can be any number of bytes (including an odd byte), this allows 
the USl;lr to transmit a frame with a header having an odd number of bytes. The 
TCB COUNT field is not used in the 82586 mode. 

- Indicates that the whole frame is kept in the Transmit Command Block. In the 
Simplified memory model it n:tust be always asserted. 
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The interpretation of what is transmitted depends on the No Source Address insertion configuration bit and the 
memory model being used. 

NOTES: 

1. The Destination Address and the Length Field are sequential. The Length Field immediately follows the 
most significant byte of the Destination Address. 

2. In case the 82596 is configured with No Source Address insertion bit equal to 0, the 82596 inserts its 
configured Source Address in the transmitted frame. 

• In the 82586 mode, or when the Simplified memory model is used, the Destination and Length fields of the 
transmitted frame are taken from the Transmit Command Block. 

• If the FLEXIBLE memory model is used, the Destination and Length fields of the transmitted frame can be 
found either in the TCB or TBD, depending on the TCB COUNT. 

3. If the 82596 is configured with the Address/Length Field Location equal to 1, the 82596 does not insert its 
configured Source Address in the transmitted frame. The first (2 X Address Length) + 2 bytes of the 
transmitted frame are interpreted as Destination Address, Source Address, and Length fields respectively. 
The location of the first transmitted byte depends on the operational mode of the 82596: 

• In the 82586 mode, it is always the first byte of the first Tx Buffer. 

• In both the 32·bit Segmented and Linear modes it depends on the SF bit and TCB COUNT: 

- In the Simplified memory mode the first transmitted byte is always the third byte after the TCB COUNT 
field. 

- In the Flexible mode, if the TCB COUNT is gre~ter than 0 then it is the third byte after the TCB COUNT 
field. If TCB COUNT equals 0 then it is first byte of the first Tx Buffer. 

• Transmit frames shorter than six bytes are invalid. The transmission will be aborted (only in 82586 mode) 
because of a DMA Underrun. 

4. Frames which are aborted during transmission are jammed. Such an interruption of transmission can be 
caused by any reason indicated by any of the status bits 8, 9, 10 and 12. 

Jamming Rules 

1. Jamming will not start before completion of preamble transmission. 

2. Collisions detected during transmission of the last 11 bits will not result in jamming. 

The format of a Transmit Buffer Descriptor is: 

82586 Mode 
31 ODD WORD 1615 13 EVEN WORD 0 

I NEXT TBD OFFSET IEOFI xl SIZE (ACT COUNn 0 

Ix x X X X X X xl TRANSMIT BUFFER ADDRESS 4 

32·81t Segmented Mode 
31 ODD WORD 1615 13 EVEN WORD 0 

I NEXT TBD OFFSET I EOFI 0 I SIZE (ACT COUNn 0 

I TRANSMIT BUFFER ADDRESS 4 

Linear Mode 
31 ODD WORD 1615 ' 13 EVEN WORD . 0 

o 0 0 0 0 0 o 010 0 0 000 o 0 IEOFI 0 I SIZE (ACT COUNn 0 

NEXTIJ"BD ADDRESS 4 

TRANSMIT BUFFER ADDRESS 8 

Figure 31 
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where: 

EOF - This bit indicates that this TBD is the last one associated with the frame being 
transmitted. It is set by the CPU before transmit. 

SIZE (ACT COUNT) - This 14-bit quantity specifies the number of bytes that hold information for the 
current buffer. It is set by the CPU before transmission. 

NEXT TBD ADDRESS - In the 82586 and 32-bit Segmented modes, it is the offset of the next TBD on the 
list. In the Linear mode this is the 32~bit address of the next TBD on the list. It is 
meaningless if EOF = 1. 

BUFFER ADDRESS - The starting address of. the memory area that contains the data to be sent. In the 
82586 mode, this is a 24-bit address (A31-A24 are considered to be zero). In the 
32-bit Segmented and Linear modes this is a 32-bit address. This buffer can be 
byte aligned for the 82596 B step. 

TOR 
This operation activates Time Domain Reflectomet, which is a mechanism to detect open or short circuits on 
the link and their distance from the diagnosing station. The TOR command has no parameters. The TOR 
transmit sequence was ohanged, compared to the 82586, to form a regular transmission. The TOR command 
is designed to be used statically. Make sure that both the CU and RU are idle before attempting a TOR 
command. The TOR bit stream is as follows. 

- Preamble 

- Source address 

- Another Source address (the TOR frame is transmitted back to the sending station, 
so DEST ADR = SRC ADR). 

- Data field containing 7Eh patterns. 

- Jam Pattern, which is the inverse CRC of the transmitted frame. 

Maximum length of the TOR frame is 2048 bits. If the 82596 senses collision while transmitting the TOR frame 
it transmits the jam pattern and stops the transmission. The 82596 then triggers an internal timer (STC); the 
timer is reset at the beginning of transmission and reset if CRS is returned. The timer measures the time 
elapsed from the start of transmission until an echo is returned. The echo is indicated by Collision Detect going 
active or a drop in the Carrier Sense signal. The following table lists the possible cases that the 82596 is able 
to analyze. 

Conditions of TOR as Interpreted by the 82596 

Transceiver Type 
Ethernet Non Ethernet 

Condition 

Carrier Sense was inactive for 2048-bit-time Short or Open on the NA 
periods Transceiver Cable 

Carrier Sense signal dropped Short on the Ethernet cable NA 

Collision Detect went active Open on the Ethernet cable Open on the Serial Link 

The Carrier Sense Signal did not drop or the No Problem No Problem 
Collision Detect did not go active within 
2048-bit time period 

An Ethernet transceiver is defined as one that returns transmitted data on the receive pair and activates the 
Carrier Sense Signal while transmitting. A Non-Ethernet Transceiver is defined as one that does not do so. 
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The format of the Time Domain Reflectometer command is: 

82586 and 32-81t Segmented Modes 
31 ODD WORD 1615 EVEN WORD 0 

EL S I X X X X X X X X X X 11 o 1 C I B lOKI 0 0 o 0 000 0 o 0 0 0 0 

LNK XVR ET 
ETrl X I TIME A15 LINK OFFSET AO 

OK PRB OPN SRT (11 bits) 

Linear Mode 
31 ODD WORD 16 15 EVEN WORD 0 

ELI S II 10 0 

A31 

o 0 0 0 0 

where: 

LINK ADDRESS, 
EL, B,C,I,S 

A 

Bits'19-28 

CMD (Bits 16-18) 

TIME 

LNK OK (Bit 15) 

XCVR PRB (Bit 14) 

ET OPN (Bit 13) 

ET SRT (Bit 12) 

I 

0 0 

0 0 

0 o 0 0 0 011 0 1 Ie B lOKI 0 0 o 0 0 0 0 0 000 0 0 

LINK ADDRESS AO 

0 0 0 0 0 o 0 0 0 I LNK I XVR I ET I ET I X I TIME 
OK PRB OPN SRT (11 bits) 

Figure 32. TOR ' 

- As per standard Command Block (see the NOP command for details). 

- Indicates that the command was abnormally terminated due to CU Abort control 
command. If one, then the command was aborted, and if necessary it should be 
repeated. If this bit is zero, the command was not aborted. 

- Reserved (0 in the 32-bit Segmented and Linear Modes). 

- The TDR command. Value: 5h. 

- An 11-bit field that specifies the number of TxC cycles that elapsed before an echo 
was observed. No echo is indicated by a reception consisting of "1s" only. Be
cause the network contains various elements such as transceiver links, transceiv
ers, Ethernet, repeaters etc., the TIME is not exactly proportion~1 to the problems 
distance. 

- No link problem identified. TIME = 7FFh. 

- Indicates a Transceiver problem. Carrier Sense was inactive for 2048-bit time peri-
od. LNK OK=O. TIME=7FFh. 

- The transmission line is not properly terminated. Collision Detect went active and 
LNK OK=O. 

- There is a short circuit on the transmission line. Carrier Sense Signal dropped and 
LNK OK=O. 
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DUMP 

This command causes the contents of various 82596 registers to be placed in a memory area specified by the 
user. It is supplied as a 82596 self-diagnostic tool, and to provide registers of interest to the user. The format 
of the DUMP command is: 

31 

82586 and 32-Blt Segmented Modes 
ODD WORD 16 15 EVEN WORD 0 

XXXXXX OCB 0000000000 

BUFFER OFFSET LINK OFFSET AO 

ODD WORD 
Linear Mode 

16 15 EVEN WORD o 
ELI's II I X x x X X X X X X X 11 1 01 C I B lOKI 0 o 0 0 0 0 0 0 0 o 0 o 0 

A31 

A31 

where: 

LINK ADDRESS, 
EL, 8, C, I, S 
OK 

Bits 19-28 

LINK ADDRESS AO 

BUFFER ADDRESS AO 

Figure 33. Dump 

- As per standard Command Block (see the Nap command for details), 

- Indicates error free completion.' 

- Reserved (0 in the 32-bit Segmented and Linear Modes). 

- The Dump command. Value: 6h. CMD (Bits 16-18) 

BUFFER POINTER - In the 82586 and 32-bit Segmented modes this is the 16-bit-offset portion of the 
dump area address. In the Linear mode this is the 32-bit linear address of the dump 
area. 

Dump Area Information Format 

• The 82596 is not Dump compatible with the 82586 because of the 32-bit internal architecture. In 82586 
mode the 82596 will dump the same number of bytes as the 82586. The compatible data will be marked 
with an asterisk. . 

• In 82586 mode the dump area is 170 bytes. 

• The DUMP area format of the 32-bit Segmented and Linear modes is described in Figure 35. 

• The size of the dump area of the 32-bit Segmented and Linear modes is 304 bytes. 

• When the Dump is executed by the Port command an extra word will be appended to the Dump Area. The 
extra word is a copy of the Dump Area status word (containing the C, B, and OK Bits). The C and OK Bits 
are set when the 82596 has completed the Port Dump command. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

DMA CONTROL REGISTER 00 

CONFIGURE BYTES' 3, 2 02 'The 82596 is not Dump compatible with 

CONFIGURE BYTES' 5, 4 04 the 82586 because of the 32-bit intemal ar-

CONFIGURE BYTES' 7, 6 06 
chitecture. In 82586 mode the 82596 will 
dump the same number of bytes as the 

CONFIGURE BYTES' 9, 8 08 82586. 
CONFIGURE BYTES' 10 OA "These bytes are not user defined, results 

LA. BYTES 1, 0' OC may vary from Dump command to Dump 
command. 

LA. BYTES 3, 2' OE 

LA. BYTES 5, 4' ' 10 

LASTT.X. STATUS' 12 

T.x. CRC BYTES 1, 0' 14 

T.X. CRC BYTES 3, 2' 16 

R.X. CRC BYTES 1, O' 18 

R.X. CRC BYTES 3, 2' 1A 

R.X. TEMP MEMORY 1,0' 1C 

R.X. TEMP MEMORY 3, 2' 1E 

R.X. TEMP MEMORY 5, 4' 20 

LAST RECEIVED STATUS' 22 

HASH REGISTER BYTES 1, 0' 24 

HASH REGISTER BYTES 3, 2' 26 

HASH REGISTER BYTES 5, 4' 28 

HASH REGISTER BYTES 7, 6' 2A 

SLOT TIME COUNTER' 2C 

WAIT TIME COUNTER' 2E 

MICRO MACHINE" 30 

REGISTER FILE 

60 BYTES 6A 

MICRO MACHINE LFSR" 6C 

MICRO MACHINE" 6E 

FLAG ARRAY 

14 BYTES 7A 

QUEUE MEMORY" 7C 

Cl)PORT 
8 BYTES 82 

MICRO MACHINE ALU" 84 

RESERVED" 86 

M.M. TEMP A ROTATE R" 88 

M.M. TEMP A" 8A 

T.X. DMA BYTE COUNT" 8C 

M.M. INPUT PORT ADDRESS" 8E 

T.X. DMA ADDRESS 90 

M.M. OUTPUT PORT" 92 

R.X. DMA BYTE COUNT" 94 

M.M. OUTPUT PORT ADDRESS REGISTER" 96 

R. DMA ADDRESS" 98 

RESERVED" 9A 

BUS THROTILE TIMERS 9C 

DIU CONTROL REGISTER" 9E 

RESERVED" AO 

DMA CONTROL REGISTER" A2 

BIU CONTROL REGISTER" A4 

M.M. DISPATCHER REG." A6 

M.M. STATUS REGISTER" A8 

Figure 34, Dump Area Format-82586 Mode 
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31 0 

CONFIGURE BYTES 5, 4, 3, 2 00 The 82596 is not Dump compatible wtth the 

CONFIGURE BYTES 9, 8, 7, 6 04 
82586 because of the 32-bit internal archi-
tecture. In 82586 mode the 82596 will dump 

CONFIGURE BYTES 13,12,11,10 08 the same number of bytes as the 82586. 
"These bytes are not user defined, results 

I.A. BYTES 1, 0 X X X X X X X X OC may vary frorn Dump command to Dump 

I.A. BYTES 5, 2 10 command. 

TX CRC BYTES 0, 1 LAST T.X. STATUS 14 

RX CRC BYTES 0, 1 TX CRC BYTES 3, 2 18 

RX TEMP MEMORY 1, 0 RX CRC BYTES 3, 2 1C 

R.X. TEMP MEMORY 5, 2 20 

HASH REGISTERS 1, 0 LAST R.X. STATUS 24 

HASH REGISTER BYTES 5, 2 28 

SLOT TIME COUNTER HASH REGISTERS 7, 6 2C 

RECEIVE FRAME LENGTH WAIT-TIME COUNTER 30 

MICRO MACHINE" 34 

REGISTER FILE 

128 BYTES BO 

MICRO MACHINE LFSR" B4 

MICRO MACHINE" B8 

FLAG ARRAY 

28 BYTES DO 

M.M. INPUT PORT" 
04 

16 BYTES 
EO 

MICRO MACHINE ALU" E4 

RESERVED" E8 

M.M. TEMP A ROTATE R." EC 

M.M. TEMP A" FO 

T.X. DMA BYTE COUNT" F4 

M.M. INPUT PORT ADDRESS REGISTER" F8 

T.x. DMA ADDRESS" FC 

M.M. OUTPUT PORT REGISTER" 100 

R.x. DMA BYTE COUNT" 104 

M.M. OUTPUT PORT ADDRESS REGISTER" 108 

R.x. DMA ADDRESS REGISTER" 10C 

RESERVED" 110 

BUS THROTTLE TIMERS 114 

DIU CONTROL REGISTER" 118 

RESERVED" 11C 

DMA CONTROL REGISTER" 120 

BIU CONTROL REGISTER" 124 

M.M. DISPATC;HER REG." 128 

M.M. STATUS REGISTER" 12C 

Figure 35. Dump Area Format-Linear and 32·Bit Segmented Mode 
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Diagnose 
The Diagnose Command triggers an internal self-test procedure that checks internal 82596 hardware, which 
includes: 

• Exponential Sackott Random Number Generator (Linear Feedback Shift Register). 

• Exponential Sackoff Timeout Counter. 

. • Slot Time Period Counter. 

• Collision Number Counter. 

• Exponential Sackott Shift Register. 

• Exponential Sackott Mask Logic. 

• Timer Trigger Logic. 

This procedure checks the operation of the Sackoff block, which resides in the serial side and is not easily 
controlled. The Diagnose command is performed in two phases. 

The format of the 82596 Diagnose command is: II 
,..---------

82586 and 32-81t Segmented Modes 
ODD WORD 16 15 EVEN WORD 0 

x x x x x x x x x x 1CB 0000000000 

x x X X X X X XXX LINK OFFSET AO 

where: 

LINK ADDRESS, 
EL, S, C,I, S 

Sits 19-28 

CMD (bits 16-18) 

OK (bit 13) 

F(bit11) 

I 

ODD WORD 
LinearM6de 

16 15 EVEN WORD o 
o 0 0 0 000 o 0 0 0 0 0 0 0 000 

AO 

Figure 36. Diagnose 

- As per standard Command Siock (see the NOP command for details). 

- Reserved (0 in the 32-bit Segmented and Linear Modes). 

- The Diagnose command. Value: 7h. 

- Indicates error free completion. 

- Indicates that the self-test procedure has failed. 
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RECEIVE FRAME DESCRIPTOR 

Each received frame is described by one Receive Frame Descriptor (see Figure 37). Two new memory 
structures are available for the received frames. The structures are available only in the Linear and 32-bit 
Segmented modes. 

Simplified Memory Structure 

The first is the Simplified memory structure, the data section of the received frame is part of the RFD and is 
located immediately after the Length Field. Receive Buffer Descriptors are n~t used with the Simplified struc
ture, it is primarily used to make programming easier. If the length of the data area described in the Size Field 
is smaller than the incoming frame, the follOWing happens. 

1. The received frame is truncated. 

2. The No Resource error counter is updated. 

3. If the 82596 is configured to Save Bad Frames the RFD is not reused; otherwise, the same RFD is used to 
hold the next received frame, and the only action taken regarding the truncated frame is to update the 
counter. . 

4. The 82596 continues to receive the next frame in the next RFD. 

L SCB RECEIVE FRAME AREA 

r- ... RFD 1 
RFA STATUS STATUS f STATUS U STATUS If POINTER I - - -STATISTICS -r-- -TO 

C OMMAND RECEIVE VALID EMPTY EMPTY EMPTY 
BLOCK FRAME PARAMETERS 

LIST OESCRIPTO~S L RBD1 RBD2 I RBD3 RBD4 RBD5 

o I ACT-cnt lJ 1 I ACT-cnt If 01 ACT-cnt f 01 ACT-ent W- 01 ACT-cnt If 
RECEIVE - - - - -BUFFER 

DESCRIPTORS , , , , , 
J- --L --L J- --L 

RECEIVE VALID VALID 

. BUFFERS DATA DATA 

----- - - ----- -BUFFER 1 BUFFER 2 BUFFER 3 BUFFER 4 BUFFER 5 

I+-- RECEIVE FRAME LIST FREE FRAME LIST 

290218-15 

Figure 37. The Receive Frame Area 
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Note that this sequence is very useful for monitoring. If the 82596 is configured to Save Bad Frames, to 
receive in Promiscuous mode, and to use the Simplified memory structure, any programmed length of received 
data can be saved in memory. . 

The Simplified memory structure is shown in Figure 38. 

SCB 

STATUS Lr TO COMMAND LIST 

CBL I ~ RECEIVE FRAM E AREA • POINTER I 

RFA 
I 

h I FDt FD2 FD3 FD4 
POINTER I 

STATUS 

I 
STATUS Lr STATUS r STATUS J: STATISTICS I 

I - - -I BUS I I 

I I I 
I THROTILE I I ._-----_. I 

I I I I I I I 
I I I I I I I 

RECEIVE 
I 

VARIABLE I I I I I I 
FRAME I DATA I EMP1Y I I EMPTY I I Et.lPTY I 

DESCRIPTORS I FIELD I I I I I I 

I I 
I I I I I I 
I I I I I I 

I I I I I I I I 
I I . _----_. . _----_ . ._----_ . 
I I 

:...- RECEIVE FRAME LIST - ......... :~..------- FREE FRAME LIST --------,-.-I.~, 

290218-16 

Figure 38. RFA Simplified Memory Structure 

Flexible Memory Structure 

The second structure is the Flexible memory structure, the data structure of the received frame is stored in 
both the RFD and in a linked list of Receive Buffers-Receive Buffer Descriptors. The received frame is placed 
in the RFD as configured in the Size field. Any remaining data is placed in a linked list of RBDs. 

The Flexible memory structure is shown in Figure 39. 
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. 
SCB S TO COMMAND LIST 

STATUS • iii RECEIVE FRAME AREA ~ 

CBl 
POINTER FD1 FD2 FD3 FD4 

RFA STATUS STATUS Y STATUS Lr STATUS f: POINTER I - - -STATISTICS 

I BUS I ---- -I THROTTLE : CONTROL I I I I I I I ._-----_ .. FIELD I I I I I I 

VARIABLE 
I I I I I I 

RECEIVE I EMPTY I I EMPTY I I EMPTY I 
FRAME DATA I I I I I I 

DESCRIPTORS FIELD I I I I I I 
I I I I I I 
I I I I I I . _----_. . _----_ . ._----_ . 

L RBD1 RBD2 I RBD3 RBD4 RBDS 

Y lr y Lr J: - - - - -
RECEIVE 
BUFFER 

DESCRIPTORS T T T T T 

~ --L --L ~ --L 
VALID 

EMPTY EMPTY EMPTY 
RECEIVE DATA 

BUFFERS L....-- - - L....-- ---: 
BUFFER 1 BUFFER 2 BUFFER 3 BUFFER 4 BUFFER S 

:+--- RE~EIVE FRAME LIST ~:4 FREE FRAME LIST ~' , 
290218-17 

Figure 39. RFA Flexible Memory Structure 

Buffers on the receive side can be different lengths. The 82596 will not place more bytes into a buffer than 
indicated in the associated RBD. The 82596 will fetch the next RBD before it is needed. The 82596 will 
attempt to receive frames as long as the FBL is not exhausted. If there are no more buffers, the 82596 
Receive Unit will enter the No Resources state. Before starting the RU, the CPU must place the FBL pointer in 
the RBD pointer field of the first RFD. All remaining RBD pointer fields for subsequent RFDs should be "1 s." If 
the Receive Frame Descriptor and the associated Receive Buffers are not reused (e.g., the frame is properly 
received or the 82596 is configured to Save Bad Frames), the 82596 writes the address of the next free RBD 
to the RBD pointer field of the next RFD. 

Receive Buffer Descriptor (RBD) 

The RBDs are used to store received data in a flexible set of linked buffers. The portion of the frame's data 
field that is outside the RFD is placed in a set of buffers chained by a sequence of RBDs. The RFD points to 
the first RBD, and the last RBD is flagged with an EOF bit set to 1. Each buffer in the linked list of buffers 
related to a particular frame can be any size up to 214 bytes but must be word aligned (begin on an even 
numbered byte). This ensures optimum use of the memory resources while maintaining low overhead. All 
buffers in a frame are filled with the received data except for the last, in which the actual count can be smaller 
than the allocated buffer space. 
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31 ODD WORD 1615 EVEN WORD 0 

ELI S I x x x x x x x x x x x x x x C I B lOKI 0 I STATUS BITS 10 0 0 0 0 o 0 

A15 RBDOFFSET AO A15 LINK OFFSET A04 

4th byte DESTINATION ADDRESS 1st byte 8 

SOURCE ADDRESS 1st byte 6th byte 12 

6th byte 4th byte 16 

X X X X X X X X X X X X X X X X LENGTH FIELD 20 

Figure 40. Receive Frame Descrlptor-82586 Mode 

31 ODD WORD 1615 EVEN WORD 0 

ELI S 10 o 0 o 0 0 0 0 o 0 ISFI 0 0 0 C I BloKI STATUS BITS 0 

A15 RBDOFFSET AO A15 LINK OFFSET AO 4 

0101 SIZE EOFI FI ACTUAL COUNT 8 

4th byte DESTINATION ADDRESS 1 st byte 12 

SOURCE ADDRESS 1st byte 6th byte 16 

6th byte 4th byte 20 

LENGTH FIELD 24 

OPTIONAL DATA AREA 

Figure 41. Receive Frame Descrlptor-32-Blt Segmented Mode 

31 ODD WORD 1615 EVEN WORD 0 

ELI S 10 0 o 0 0 o 0 o 0 0 ISFI 0 0 0 c I BloKI STATUS BITS 0 

A31 LINK ADDRESS AO 4 

A31 RECEIVE BUFFER DESCRIPTOR ADDRESS AO 8 

0101 SIZE EOFI FI ACTUAL COUNT 12 

4th byte DESTINATION ADDRESS 1st byte 16 

SOURCE ADDRESS 1st byte 6th byte 20 

6th byte 4th byte 24 

LENGTH FIELD 28 

OPTIONAL DATA AREA 

Figure 42. Receive Frame Descriptor-Linear Mode 
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where: 

EL 

S 
SF 

C 

B 

OK (bit 13) 

STATUS 

LINK ADDRESS 

RBDPOINTER 

EOF 
F 

SIZE 
ACT COUNT 

MC 

DESTINATION 
ADDRESS 

SOURCE ADDRESS 

LENGTH FIELD 
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- When set, this bit indicates that this RFD is the last one on the RDL. 

- When set, this bit suspends the RU after receiving the frame. 

- This bit selects between the Simplified or the Flexible mode. 

0- Simplified mode, all the RX data is in the RFD. RBD ADDRESS field is all 
"18," ' 

1 - Flexible mode. Data is in the RFD and in a linked list of Receive Buffer De
scriptors. 

- This bit indicates the completion of frame reception. It is set by the 82596. 

- This bit indicates that the 82596 is currently receiving this frame, or that the 82596 
is ready to receive the frame. It is initially set to 0 by the CPU. The 82596 sets it to 
1 when reception set up begins, and to 0 upon completion. The C and B bits are 
set during the same operation. 

- Frame received successfully, without errors. RFDs with bit 13 equal to 0 are possi
ble only if the save bad frames, configuration option is selected. Otherwise all 
frames with errors will be discarded, although statistics will be collected on them. 

- The results of the Receive operation. Defined bits are, 

Bit 12: Length error if configured to check length 

Bit 11 : CRC error in an aligned frame 

Bit 10: Alignment error (CRC error in misaligned frame) 

Bit 9: Ran out of buffer space-no resources 

Bit 8: DMA Overrun failure to acquire the system bus. 

Bit 7: Frame too short. 

Bit 6: No EOP flag (for Bit stuffing only) 

Bit 5: When the SF bit equals zero, and the 82596 is configured to save bad 
frames, this bit signals that the receive frame was truncated. Otherwise it 
is zero. 

Bits 2-4: Zeros 

Bit 1 : When it is zero, the destination address of the received frame matches 
the IA address. When it is a 1, the destination address of the received 
frame did not match the individual address. For example, a multicast 
address or broadcast address will set this bit to a 1. 

Bit 0: Receive collision. A collision is detected during reception and the colli
sion occurred after the destination address was received. 

- A 16-bit offset (32-bit address in the Linear mode) to the next Receive Frame 
Descriptor. The Link Address of the last frame can be used to form a cyclical list. 

- The offset (address in the Linear mode) of the first RBD containing the received 
frame data. An RBD pointer of all ones indicates no RBD. 

- These fields are for the Simplified and Flexible memory models. They are exactly 
the same as the respective fields in the Receive Buffer Descriptor. See the next 
section for detailed explanation of their functions. 

- Multicast bit. 

- The contents of the destination address of the receive frame. The field is 0 to 6 
bytes long. 

- The contents of the Source Address field of the received frame. It is 0 to 6 bytes 
long. 

- The contents of this 2-byte field are user defined. In 802.3 it contains the length of 
the data field. It is placed in memory in the same order it is received, i.e., most 
significant byte first, least significant byte second. 
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NOTES 
1. The Destination address, Source address and Length fields are packed, i.e., one field immediately follows 
the next. ' ' 
2. The ,affect of Address/Length Location (No Source Address Insertion) configuration parameter while re
ceiving is as follows: 
- 82586 Mode: The Destination address, Source address and Length fielc:j are not used, they are placed in 

the RX data buffers. 
- 32-Bit Segmented and Linear Modes: when the Simplified memory model is used, the Destination address, 

Source address and Length fields reside in their respective fields in the RFD. When the Flexible memory 
strucrture is used the Destination address, Source address, and Length field locations depend on the SIZE 
field of the RFD. They can be placed in the RFD, in the RX data buffers, or partially in the RFD and the rest 
in the RX data buffers, depending on the SIZE field value. 

82588 Mode 
31 ODD WORD 1615 EVEN WORD 0 

A15 NEXT RBD OFFSET AolEOFI F I ACTUAL COUNT 0 

X X X X X X X X IA23 RECEIVE BUFFER ADDRESS AO 4 

X X X X X X X X X X X X X X X X I El I X I SIZE 8 

32·Blt Segmented Mode 
31 ODD WORD 1615 EVEN WORD 0 

A15 NEXT RBD OFFSET AolEOFI F I ACTUAL COUNT 0 

A31 , RECEIVE BUFFER ADDRESS A04 

o 0 000 o 000 0 0 0 o 0 o OIElipl SIZE 8 

Linear Mode 
31 ODD WORD 1615 EVEN WORD 0 

o 0 0 0 0 0 o 0 0 0 o 0 o 0 o 0 IEOFI F I ACTUAL COUNT 0 

A31 NEXT RBD ADDRESS A04 

A31 RECEIVE BUFFER ADDRESS AO 8 

o 0 o 0 0 0 0 0 0 000 o 0 0 0 I El I pi SIZE 

Figure 43. Receive Buffer Descriptor 
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where: 

EOF 

F 

ACT COUNT 

NEXT BD ADDRESS 

BUFFER ADDRESS 

EL 

P 

SIZE 
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- Indicates that this is the last buffer related to the frame. It is cleared by the CPU 
before starting the RU, and is written by the 82596 at the end of reception of the 
frame. " , I 

- Indicates that this buffer has already been used. The Actual Count has no meaning 
unless the F bit equals one. This bit is cleared'by the CPU before starting the RU, 
and is set by the 82596 after the associated buffer has been. This bit has the same 
meaning as the Complete bit in the RFD and CB. 

- This 14-bit quantity indicates the number of meaningful bytes in the buffer. It is 
cleared by ~he CPU before starting the RU, and is written by the 82596 after the 
associated buffer hat! already been used. In general, after the buffer is full, the 
Actual Count value equals the size field of the same buffer. For the last buffer of 
the frame, Actual Count can be less than the buffer size. 

- The offset (absolute address in the Linear mode) of the next RBD on the list. It is 
meaningless if EL = 1., 

- The starting address of the memory area that contains the received data. In the 
82586 mode, this is a 24-bit address (with pins A24-A31 = 0). In the 32-bit Seg
mented and Linear modes this is a 32·bit address. 

- Indicates tAat the buffer associated with this RBD is last in the FBL. 

- This bit indicates that the 82596 has already prefetched the RBDs and any change 
in the RBD data will be ignored. This bit is valid only in the new 82596 memory 
modes, and if this feature has been enabled during configure command. The 
82596 Prefetches the RBDs' in locked 9ycles; after prefetching the RBD the 82596 
performs a write cycle where the P bit is set to one and the rest of the data remains 
unchanged. The CPU is responsible for resetting it in all RBDs. The 82596 will not 
check this bit before s~tting it. 

- This 14-bit quantity indicates the size, in bytes, of the associated buffer. This quan
tity must be an even number. 
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PGA PACKAGE THERMAL 
SPECIFICATION 

Parameter Thermal Resistance 

8JC 3°C/W 

8JA 24°C/W 

ELECTRICAL AND TIMING 
CHARACTERISTICS 

Absolute Maximum Ratings 

• Storage Temperature ........ - 65°C to + 150°C 

• Case Temperature under Bias - 65°C to + 110°C 

• Supply Voltage 
with Respect to Vss ......... -0.5V to + 6.5V 

• Voltage on Other Pins .... -0.5V to Vcc + 0.5V 

DC Characteristics 

82596CA 

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. 

Tc = 0°C-85°C. vcc = 5V ± 10% LE/BE have MOS levels (see VMll. VMIH). 
All other signals have TTL levels (see Vil. VIH. VOL. VOH). 

Symbol Parameter Min Max Units Notes 

Vil Input Low Voltage (TTL) -0.3 +0.8 V 

VIH Input High Voltage (TTL) 2.0 Vcc + 0.3 V 

VMll Input Low Voltage (MOS) -0.3 +0.8 V 

VMIH Input High Voltage (MOS) 3.7 Vcc + 0.3 V 

VOL Output Low Voltage (TTL) 0.45 V IOl = 4.0 mA 

VCll RXC. TXC Input Low Voltage -0.5 0.6 V 

VCIH RXC. TXC Input High Voltage 3.3 Vcc+ 0.5 V 

VOH Output High Voltage (TTL) 2.4 V IOH = 0.9 mA-1 lilA 

III Input Leakage Current ±15 p.A o ~ VIN ~ Vcc 

IlO Output Leakage Current ±15 p.A 0.45 < VOUT < Vcc 

CIN Capacitance of Input Buffer 10 pF FC = 1 MHz 

COUT Capacitance of Input/Output 12 pF FC =.1 MHz 
Buffer 

CClK CLK Capacitance 20 pF FC = 1 MHz 

Icc Power Supply 200 mA At 25 MHz 
Icc Typical = 100 mA 

Icc Power Supply 300 mA At 33 MHz 
Icc Typical = 150 mA 
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AC Characteristics 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

T C = O·C- + 85·C, Vcc '7 5V ± 10%. These ·timing assume the CL on all outputs is 50 pF unless otherwise 
specified. CL can be 20 pF to 120 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 

16 MHz 
Symbol Parameter 

Min Max 
Notes 

Operating Frequency 12.5 MHz 16MHz lX CLK Input 

Tl CLK Period 62.5 80 

Tla CLK Period Stability 0.1% Adjacent CLK A 

T2 CLK High 20 2.0V 

T3 CLK Low 20 0.8V 

T4 CLK Rise Time 8 0.8Vto 2.0V 

T5 CLK Fall Time 8 2.0VtoO.8V 

T6 BEn, meR, and A2-A31 Valid Delay 3 23 

T6a BLAST, PCRR Valid Delay 3 32 

T7 BEn, LOCK, BLAST, A2-A31 Float Delay 3 39 

T8 WIR and ADS Valid Delay 3 23 

T9 . W IR and ADS Float Delay 3 39 

Tl0 DO-D31, DPn Write Data Valid Delay~ 3 27 

Tl1 DO-D31, DPn Write Data Float Delay 3 39 

T12 HOLD Valid Delay 2 30 

T13 CA and BREQ Setup Time 11 1,2 

T14 CA and BREQ Hold Time 6 1,2 

T15 BS 16 Setup Time 12 2 

116 BS16 Hold Time 5 2 

117 BRDY, RDY Setup Time 12 2 

T18 BRDY, RDY Hold Time 5 2 

119 DO-D31, DPn READ Setup Time 10 2 

T20 DO-D31, DPn READ Hold Time 6 2 

T21 AHOLD and HLDA Setup Time 15 1,2 

T22 AHOLD Hold Time 5 1,2 

T22a HLDA Hold Time 5 1,2 

T23 RESET Setup Time 14 1,2 

T24 RESET Hold Time 5 1,2 

T25 INT liNT Valid Delay 1 23 

T26 CA and BREQ, PORT Pulse Width 2Tl 1,2,3 

T27 DO-D31 CPU PORT Access Setup Time 10 2 

T28 DO-D31 CPU PORT Access Hold Time 6 2 

T29 PORT Setup Time 11 2 

T30 PORT Hold Time 5. 2 

T31 BOFF Setup Time 12 2 

T32 BOFF Hold Time 5 2 

"Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A 1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C·STEP INPUT IOUTPUT SYSTEM TIMINGS 

Tc = O'C- +S5'C, Vcc = 5V ± 10%. These timing assume the CL on all outputs is 50 pF unless otherwis~ 
specified. CL can be 20 pF to 120 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 

20 MHz 
Symbol Parameter 

Min Max 
Notes 

Operating Frequency 12.5 MHz 20 MHz 1X ClK Input 

T1 ClK Period 50 SO 

T1a ClK Period Stability 0.1% Adjacent ClK .1 

T2 ClK High 16 2.0V 

T3 ClKlow 16 O.SV 

T4 ClK Rise Time 6 0.8Vt02.0V 

T5 ClKFaliTime 6 2.0VtoO.8V 

T6 BEn, lOCK, and A2-A31 Valid Delay 3 20 

T6a BLAST, PCHK Valid Delay 3 25 

T7 BEn, lOCK, BLAST, A2-A31 Float Delay 3 34 

TS W/R and ADS Valid Delay 3 20 

T9 W/R and ADS Float Delay 3 34 

T10 00-031, DPn Write Data Valid Delay 3 23 

T11 00-031, DPn Write Data Float Delay 3 34 

T12 HOLD Valid Delay 2 25 

T13 CA and BREQ Setup Time 10 1,2 

T14 CA and BREQ Hold Time 6 1,2 

T15 BS 16 Setup Time 12 2 

T16 BS16 Hold Time 4 2 

T17 BRDY, ROY Setup Time 12 2 

T18 BRDY, ROY Hold Time 4 2 

T19 00-031, DPn READ Setup Time 6 2 

T20 00-031, DPn READ Hold Time 5 2 

T21 AHOlO and HLOA Setup Time 15 1,2 

T22 AHOLO Hold Time 4 1,2 

T22a HlOA Hold Time 5 1,2 

T23 RESET Setup Time 12 1,2 

T24 RESET Hold Time 4 1,2 

T25 INT/INTValid Oelay 1 23 

T26 CA and BREQ, PORT Pulse Width 2T1 1,2,3 

T27 00-031 CPU PORT Access Setup Time 6 2 

T2S 00-031 CPU PORT Access Hold Time 5 2 

T29 PORT Setup Time 10 2 

T30 PORT Hold Time 5 2 

T31 BC5F'F Setup Time 12 2 

T32 BOFF Hold Time 4 2 

"Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A 1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

Tc = O°C_ + 85°C, Vcc = 5V ± 10%. These timing assume the CLon all outputs is 50 pF unless otherwise 
specified. CL can be 20 pF to 120 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 

25 MHz 
Symbol Parameter 

Min Max 
Notes 

Operating Frequency 12.5 MHz 25 MHz 1X ClK Input 

T1 ClK Period 40 80 

T1a ClK Period Stability 0.1% Adjacent ClK !.1 

T2 ClK High ~ 14 2.0V 

T3 ClK low 14 0.8V 

T4 ClK Rise Time 4 0.8Vto 2.0V 

T5 ClKFaliTime 4 2.0Vto 0.8V 

T6 BEn Valid Delay 3 17 

T6a BLAST Valid Delay 3 20 

T6b lOCK Valid Delay 3 18 

T6c A2-A31 Valid Delay 3 18 

T6d PCHKValid Delay, 3 24 

T7 BEn, lOCK, BLAST, A2-A31 Float Delay 3 30 

T8 W/R and ADS Valid Delay 3 19 

T9 W/R and ADS Float Delay 3 30 

T10 00-031, OPn Write Data Valid Delay 3 20 

T11 00-031, OPn Write Data Float Delay 3 30 

T12 HOLD Valid Delay 3 19 

T13 CA and BREQ Setup Time 7 1,2 

T14 CA and BREQ Hold Time 3 1,2 

T15 BS 16 Setup Time 8 2 

T16 BS16 Hold Time 3 2 

T17 BROY Setup Time 9 2 

T17a ROY Setup Time 8 2 

T18 BROY, ROY Hold Time 3 2 

T19 00-031, OPn READ Setup Time 6 2 

T20 00-031, OPn READ Hold Time 4.5 2 

T21 AHOlO and HlOA Setup Time 10 1,2 

T22 AHOlO Hold Time 3 1,2 

T22a HlOA Hold Time 3 1,2 

T23 RESET Setup Time 10 '1,2 

T24 RESET Hold Time 3 1,2 

T25 INTIINTValid Delay 1 20 

'Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A 1 or B-Step, contact 
your local Intel representative, 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT IOUTPUT SYSTEM TIMINGS 

Tc = O·C- + 85·C, VCC = 5V ± 10%. These timing assume the CL on all outputs is 50 pF unless otherwise 
specified. CL can be 20 pF to 120 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 

25 MHz 
Symbol Parameter 

Min Max 
Notes 

T26 CA and BREQ, PORT Pulse Width 2T1 1,2,3 

T27 00-031 CPU PORT Access Setup Time 6 2 

T28 00-031 CPU PORT Access Hold Time 4.5 2 

T29 PORT Setup Time 7 2 

T30 PORT Hold Time 3 2 

T31 BOFF Setup Time 10 2 

T32 BOFF Hold Time 3 2 

"Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A 1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C·STEP INPUT/OUTPUT SYSTEM TIMINGS 

TC = O·C to + 85·C, Vcc = 5V ±5%. These timing assume the CL on all outputs is 50 pF unless otherwise 
specified. CL can be 20 pF to 120 pF, however timings must be derated. All timing requirements are given in 
nanoseconds. 

33 MHz 
Symbol Parameter Notes 

Min Max 

Operating Frequency 12.5 MHz 33 MHz 1X ClK Input 

T1 ClK Period 30 80 

T1a ClK Period Stability 0.1% Adjacent ClK A 

T2 ClK High 11 2.0V 

T3 ClKlow 11 0.8V 

T4 ClK Rise Time 3 0.8Vt02.0V 

T5 ClK Fall Time 3 2.0V to 0.8V 

T6 BEn Valid Delay 3 17 

T6a BLAST Valid Delay 3 20 

T6b lOCK Valid Delay 3 16 

T6c A2-A31 Valid Delay 3 18 

T6d PCHK Valid Delay 3 23 

T7 BEn, LOCK, BLAST, A2-A31 Float Delay 3 20 

T8 W/R and ADS Valid Delay 3 
! 

16 

T9 W/R and ADS Float Delay 3 20 

T10 00-031, DPn Write Data Valid Delay 3 19 

T11 00-031, DPn Write Data Float Delay 3 20 

T12 HOLD Valid Delay 3 19 

T13 CA and BREQ Setup Time 7 1,2 

T14 CA and BREQ Hold Time 3 1,2 

T15 BS16 Setup Time 7 2 

T16 BS16 Hold Time 3 2 

T17 BRDY Setup Time 9 2 

T17a ROY Setup Time 8 2 

T18 BRDY, ROY Hold Time 3 2 

T19 00-031, DPn READ Setup Time 6 2 

T20 00-031, DPn READ Hold Time 4.5 2 

T21 AHOlD Setup Time 10 1,2 

T21a HlDA Setup Time 8 1,2 

T22 AHOlD Hold Time 3 1,2 
.. 

'Timings shown are for the 82596CA C-Stepplng. For Information regarding timings for the 82596CA A 1 or B-Step, contact 
your local Intel representative. 
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82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

CL on all outputs is 50 pF unless otherwise specified. 
All timing requirements are given in nanoseconds. 

Symbol Parameter 

T22a . HLOA Hold Time 

T23 RESET Setup Time 

T24 RESET Hold Time 

T25 INT liNT Valid Delay 

T26 CA and SREQ, PC5Rf Pulse Width 

T27 00-031 CPU PORT Access Setup Time 

T2B 00-031 CPU PORT Access Hold Time 

T29 PORT Setup Time 

T30 PORT Hold Time 

T31 SOFF Setup Time 

T32 SOFF Hold Time 

NOTES: 

82596CA 

33 MHz 

Min Max 
Notes 

3 1,2 

9 1,2 

3 1,2 

1 20 

2T1 1,2,3 

6 2 

4.5 2 

7 2 

3 2 

10 2 

3 2 

'Timings shown are for the 82596CA C-stepping. For information regarding timings for the 82596CA A 1 or B-step, contact 
your local Intel representative. 
1. RESET, HLDA, and CA are internally synchronized. This timing is to guarantee recognition at next clock for RESET, HLDA 
and CA. 
2. All set-up, hold and delay timings are at maximum frequency specification Fmax, and must be derated according to the 

following equation for operation at lower frequencies: 
Tderated = (Fmax/Fopr) x T 
where: 
T derate = Specifies the value to derate the specification. 
Fmax = Maximum operating frequency. 
Fopr = Actual operating frequency. 
T = Specification at maximum frequency. 
This calculation only provides a rough estimate for derating the frequency. For more detailed information, contact your 
Intel Sales Office for the data sheet supplement. 

3. CA pulse width need only be 1 T1 wide if the set up and hold times are met; BREQ must meet setup and hold times and 
need only be 1 T1 wide. 

TRANSMIT/RECEIVE CLOCK PARAMETERS 

Symbol Parameter 20 MHz Notes 
Min Max 

T36 TxCCycie 50 1,3 

T3B TxC Rise Time 5 1 

T39 TxCFaliTime 5 1 

T40 TxC High Time 19 1,3 

T41 TxCLowTime 1B 1,3 

T42 TxO Rise Time 10 4 

T43 TxOFaliTime 10 4 

T44 TxO Transition 20 2,4 

T45 TxC Low to TxO Valid 25 4,6 

T46 TxC Low to TxO Transition 25 2,4 

T47 TxC High to TxO Transition 25 2,4 

T4B TxC Low to TxO High (At End of Transition) 25 4 
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TRANSMIT/RECEIVE CLOCK PARAMETERS (Continued) 

Symbol Parameter 
20 MHz 

Notes 
Min Max 

RTS AND CTS PARAMETERS 

T49 TxC Low to RTS Low, 25 5 
Time to Activate RTS 

T50 CTS Low to TxC Low, CTS Setup Time 20 

T51 TxC Low to CTS Invalid, CTS Hold Time 10 7 

T52 TxC Low to RTS High 25 5 

RECEIVE CLOCK PARAMETERS 

T53 RXCCycle 50 1,3 

T54 RXe Rise Time 5 1 

T55 RXC Fall Time 5 1 

T56 RXC High Time 19 1 

T57 RXCLowTime 18 1 

RECEIVED DATA PARAMETERS 

T58 RXD Setup Time 20 6 

T59 RXD Hold Time 10 6 

T60 RXD Rise Time 10 

T61 RXD Fall Time 10 

CRS AND COT PARAMETERS 

T62 CDT Low to TXC HIGH 20 
External Collision Detect Setup Time 

T63 TXC High to CDT Inactive, CDT Hold Time 10 

T64 CDT Low to Jam Start 10 

T65 CRS Low to TXC High, 20 
Carrier Sense Setup Time 

T66 TXC High to CRS Inactive, CRS Hold Time 10 
(Internal Collision Detect) 

T67 ~ CRS High to Jamming Start, 12 

T68 Jamming Period 11 

T69 CRS High to RXC High, 30 
CRS Inactive Setup Time 

TlO RXC High to CRS High, 10 
CRS Illactive Hold Time 

, 
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TRANSMIT/RECEIVE CLOCK PARAMETERS (Continued) 

Symbol 
I Parameter 

INTER FRAME SPACING PARAMETERS 

T71 I Interirame Delay 

EXTERNAL LOOPBACK-PIN PARAMETERS 

T72 I TXC Low to LPBK Low 

T73 I TXC Low to LPBK High 

NOTES: 
1. Special MOS levels. VCll = 0.9V and VCIH = 3.0V. 
2. Manchester only. ' 
3. Manchester. Needs 50% duty cycle. 
4. 1 TIL load + 50 pF. 
5. 1 TIL load + 100 pF. 
6. NRZ only. 
7. Abnormal end of transmission-CTS expires before RTS. 
8. Normal end to transmission. ' 
9. Programmable value: 

T71 = NIFS. T36 
where: NIFS= the IFS configuration value 
(if NIFS is less than 12 then NIFS is forced to 12). 

10. Programmable value: 
T64 = (NCDF. T36) + x. T36 
(If the collision occurs after the preamble) 
where: 
NCDF = the collision detect filter configuration value, 
and 
x = 12, 13, 14, or 15 

11. T68 = 32.T36 
12. Programmable value: 

T67 = (NCSF. T36) + x. T36 
where: NCSF = the Carrier Sense Filter configuration 
value, and 
x = 12,13,14, or 15 

13. To guarantee recognition on the next clock. 

I 

I 
I 

I 

I 
I 

82596CA 

20 MHz I Notes 
Min I Max I 

I I 9 

I T36 I 4 

I T36 I 4 

II 
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82596CA BUS OPERATION 

The following figures show the 82596CA basic bus cycle and basic burst cycle. 

Please refer to the 32-Bit LAN Component User's Manual 

tlDLE T1 T2 T1 T2 T1 T2 T1 T2 tlDLE 

CLK 

A;~;~ ____ ~~X~~----~-X~·--~--~~X--+_--~-JX~~----~----
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W/R \ J \ J ! 
I I I I I I I I 

ROY 

I I I I I 
I I I I I 

BLAST __ ~CIJ en en· en I C 
~~I--~-+~~~I--~~--~~I~~--~~--~I--~-+~~-

I I I 
I I I 

DATA -----~----~---< I I 
I I 
I I 

Cj] Cj] 
READ WRITE READ WRITE 

Figure 44. Basic 82596CA Bus Cycle 
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I I 

A:~~~ ::::::::=X~---------i--~~~t ____ _ 
I I I I I I 

ROY 

I I I I I I 

I 

BLAST Lb 
-----'....... I 

\ 
I 
I 

DATA -----....... ---..... ---( 

Figure 45. Basic 82596CA Burst Cycle 
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SYSTEM INTERFACE A.C. TIMING CHARACTERISTICS 

The measurements should be done at: 
• Te = O"C to +B5°C, Vee = 5V ± 10%, C = 50 pF unless otherwise specified. 
• A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". 
• Timing measurements are made at 1.5V for both logic "1" and "0". 
• Rise and Fall time of inputs and outputs signals are measured between O.BV and 2.0V respectively unless 

otherwise specified. 
• All timings are relative to ClK crossing the 1.5V level. 
• All A.C. parameters are valid only after 100 ,...s from power up. 

2.4V =::x- I.SV rest Point ~ 
O.45V 

T3 

Figure 46. ClK Timings 

Two types of timing specifications are presented below: 
1. Input Timing-minimum setup and hold times. 
2. Output Timings-output delays and float times from ClK rising edge. 

Figure 47 defines how the measurements should be done: 

LEGEND: 
Ts = Input Setup Time 
Th = Input Hold Time 
Tn = Minimum output delay or Mininum float delay 
Tx = Maximum output delay or Maximum float delay 

290218-18 

290218-19 

I.SV 

290218-20 

Figure 47. Drive levels and Measurements Points for A.C. Specifications 

Ts = T13, T15, T17, T19, 121, T23, T27, T29, T31 
Th = T14, T16, T1B, T20, T22, T22a, T24, T2B, T30, T32 
Tn = T6, T6a, T7, TB, T9, T10, T11, T12, T25 
Tx = T6, T6a, T7, TB, T9, T10, T11, T12, T25 
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INPUT WAVEFORMS 
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elK 

HOLD 

eLK 

BREQ 
CA 

Figure 48. CA and BREQ Input Timing 

Figure 49. INT liNT Output Timing 

290218-21 

290218-22 

---uLJL..rU-U-U-U 
T121 t-'_----+-f-c-T1 ..,.j, 

T21a T22 '\,,-_' __ _ r- T2 l-I-T22a j 
BOFF r:T31-I-T32::J 

AHOlO ---------...X X"'--HlOA _________ .J ... ____ .J .... _--

Figure 50. HOLD/HLDA Timings 

elK 

031-00 
DP3-DPO 

Figure 51. Input Setup and Hold Time 
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CLK 

A31-A2, BEn, 
LOCK (T6) 

PCHK, BLAST (T6a) 

w/R, ADS 

DP3-DPO 
D31-00 

(OUTPUT) 

CLK 

A31-A2, BEn 

LOCK, BLAST 

PCHK 

DP3-DPO 
D31-00 

(OUTPUT) 

CLK 

00-031 

82596CA 

Tl T2 

i~d-t---j 
_.:... __ ",I~I rAAX 

VALID n X)O(XXXj@ n+1 

rTB 
MJ 
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r T10 
MIN MAX 

290218-25 

Figure 52. Output Valid Delay Timing fI 
T7 

MIN MAX 

FLOAT 
VALID n 

T9 

MIN MAX 
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T11 

MIN MAX 

FLOAT 
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290218-26 

Figure 53. Output Float Delay Timing 

290218-27 

Figure 54. PORT Setup and Hold Time 
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RESET 

Figure 55. RESET Input Timing 

SERIAL AC TIMING CHARACTERISTICS 

CTS 

3.0Y 

0.9Y 

~T41 
T57 

i-----T36 
T53 

Figure 56. Serial Input Clock Timing 

--------------------------~ 

.290218-28 

290218-29 

TXD _ •• _ nn~! _ ;1'.- __ T!~ __ :~I-----------T6-7=1 .. -----------------. v v, , 
(NRZ) _." •• - - - - - - - •• " •• -- - - - _.' '.--_______________ _ 

-+jT44r 
TXD _·',,"·',,"·"'v'· - - - - ··v"·',,·· - - - --,:0-------------------

(MANCHESTER) _ •• " ••• /'., •• /' •• ___ _ .,/\ ••• " •• ____ , 

290218-30 

Figure 57. Transmit Data Waveforms 
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T46 

T48 

II 
TXD - - - •• -- - - •• - - - - - +--.;-----------'< v 

(NRZ) T43 ••••• _ .... ----

TXD~H r,---'\ T47 t .. ----.~-------
(MANCHESTER) T~ L '-----I.···-··t~ 

290218-31 

Figure 58. Transmit Data Waveforms 

r- T56--j 

RXD ___ --' 
290218-32 

Figure 59. Receive Data Waveforms (NRZ) 

290218-33 

Figure 60. Receive Data Waveforms (CRS) 
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OUTLINE DIAGRAMS 

132 LEAD CERAMIC PIN GRID ARRAY PACKAGE INTEL TYPE A 

SEATING~ PLANE 

13 B (ALL PINS) 

~~ 
SWAGGED 

PIN 
DETAIL 

mm (inch) 

290218-34 

Family: Ceramic Pin Grid Array Package 

Symbol Millimeters Inches 

Min Max Notes Min Max Notes 

A 3.56 4.57 0.140 0.180 

A1 0.76 1.27 Solid Lid 0.030 0.050 Solid Lid 

A2 2.67 3.43 Solid Lid 0.105 0.135 Solid Lid 

A3 1.14 1.40 0.045 0.055 

B 0.43 0,51 0.017 0.020 

D 36.45 37.21 1.435 1.465 

D1 32.89 33.15 1.295 1.305 

e1 2.29 2.79 0.090 0.110 

L 2.54 3.30 0.100 0.130 

N 132 132 

S1 1.27 2.54 0.050 0.100 

ISSUE IWS 10/12/88 
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Symbol 

N 

A 

Al 

D,E 

Dl, El 

D2,E2 

D3,E3 

D4,E4 

Ll 

Issue 

Symbol 

N 

A 

Al 

D,E 

Dl, El 

D2,E2 

. D3,E3 

D4,E4 

L1 

Issue 

I 

Description 

Leadcount 

Package Height 

Standoff 

Terminal Dimension 

Package Body 

Bumper Distance 

Lead Dimension 

Foot Radius Location 

Foot Length 

Min 

Intel Case Outline Drawings 
Plastic Quad Flat Pack (PQFP) 
, 0.025 Inch (0.635mm) Pitch 

Max Min Max Min Max 

68 84 100 

0.160 0.170 0.160 0.170 0.160 0.170 

0.020 0.030 0:020 0.030 0.020 0.030 

0.675 0.685 0.775 0.785 0.875 0.885 

0.547 0.553 0.647 0.653 0.747 0.753 

0.697 0.703 0.797 0.803 0.897 0.903 

0.400 REF 0.500 REF 0.600 REF 

0.623 0.637 0.723 0.737 0.823 0.837 

0.020 0.030 0.020 0.030 0.020 0.030 

IWS Preliminary 12/12/88 

Description Min Max Min Max Min Max 

Leadcount 68 84 100 

Package Height 4.06 4.32 4.06 4.32 4.06 4.32 

Standoff 0.51 0.76 0.51 0.76 0.51 0.76 

Terminal Dimension 17.15 17.40 19.69 19.94 22.23 22.48 

Package Body 13.89 14.05 16.43 16.59 18.97 19.13 

Bumper Distance 17.70 17.85 20.24 20.39 22.78 22.93 

Lead Dimension 10.16 REF 12.70 REF 15.24 REF 

Foot Radius Location 15.82 16.17 18.36 18.71 21.25 21.25 

Foot Length 0.51 0.76 0.51 '0.76 0.51 0.76 

IWS Preliminary 12/12/88 

82596CA 

Min Max Min Max Min Max 

132 164 196 

0.160 0.170 0.160 0.170 0.160 0.170 

0.020 0.030 0.020 0.030 0.020 0.030 

1.075 1.085 1.275 1.285 1.475 1.485 

0.947 0.953 1.147 1.153 1.347 1.353 

1.097 1.103 1.297 1.303 1.497 1.503 

O.~OO REF 1.000 REF 1.200 REF 

1.023 1.037 1.223 1.237 1.423 1.437 

0.020 0.030 0.020 0.030 0.020 0.030 

INCH II 
Min Max Min Max Min Max 

132 164 196 

4.06 4.32 4.06 4.32 4.06 4.32 

0.51 0.76 0.51 0.76 0.51 0.76 

27.31 27.56 32.39 32.64 37.47 37.72 

24.05 24.21 29.13 29.29 34.21 34.37 

27.86 28,01 32.94 33.09 38.02 ;38.18 

20.32 REF 25.40 REF 30.48 REF 

25.89 26.33 31.06 31.41 36.14 36.49 

0.51 0.76 0.51 0.76 0.51 0.76 

mm 
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mm(inch) 
290218-35 

Figure 61. Principal Dimensions and Datums 

mm (inch) 
290218-36 

Figure 62. Molded Details 
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1110.635 (0.025)1 

SEE DETAIL L 

4---I+-- SEE DETAIL J 

r---- D3/E3 -----i 

1----- D4/E4 ---~ 

I-----D/E ------I 

82596CA 

mm (inch) 290218-37 

Figure 63. Terminal Details • 
,..--------------, 

I 

1$1~.13 (.~~5)@ICIA®-B®ID®~ 

9.41 (.0lb) 
9.29 (.90S) 

9.20 (.90S) 
IL--'-~.14 (.005) 

~.3l (.~12)-I1-
~.2~ (.09S) •• D4/E4---~ 

1$19.29 <'~9S)@ICIA®-B®ID®lt8\ 

mm (inch) 

Detail J 

Figure 64. Typical Lead 

Detail L 

S DEG. 
9 DEG. 

290218-38 
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I 
1.32 (.252) 
1.22 (.248) ~ 

1l.911 (.ll35) MIN. 

. 2.23 (.1l811) 
1.93 <.1l7/,) 

E2 

---D2----I 
290218-39 

mm (inch) 

Figure 65. Detail M 

REVISION SUMMARY 

The following represents the key differences be
tween version 004 and version 005 of the 82596CA 
Data Sheet. 

1.. Timings added for -16 MHz and -20 MHz specfi
cations. 

The following represents the key differences be
tween version 005 and version 006 of the 82596CA 
Data Sheet. ' 

1. A description of the 82596CA C-stepping en
hancements was added and the 82596CA B-step 
information was removed. 

2. Description of BOFF pin changed. BOFF may be 
asserted in T1 in the 82596 C-step. 

2-76 

3. Recommendation to use only one type of buffer 
(either Simplified or Flexible) in any given linked 
list. 

4. Added detailed description regarding operation 
or RCVCDT counter. 

5. Added New Enhanced Big Endian Mode section. 
The New Enhanced Big Endian Mode applies 
only to the 82596 C-stepping. 

6. Added programming recommendations regar~ing 
RU and CU Start commands. These warn against 
Starting the CU while it is Active and Starting the 
RU while it is Ready. 

7. Emphasized that the TOR command is a static 
command and should not be used in an active 
network. 

8. Improved 82596CA C-step timings were added 
for all speeds. 

I 
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28F016XS 
16-MBIT (1-MBIT x 16, 2-MBIT x 8) 
SYNCHRONOUS FLASH MEMORY 

Effective O-Wait-State Performance up • Backward Compatible with 
to 33 MHz 28F016SA/SV, 28F008SA Command-Set 

• SmartVoltage Technology • Revolutionary Architecture 
- User-Selectable 3.3V or 5V V cc - Synchronous Pipelined Reads 
- User-Selectable 5V or 12V Vpp - MLiltiple Command Execution 

• 30.8 MB/sec Burst Write Transfer Rate - Write During Erase 
- Page Buffer Write 

• 0.48 MB/sec Sustainable Write Transfer 
2 ,..,A Typical Deep Power-Down Rate • 

• Conflgurable x8 or x16 Operation • 1 mA Typical Active Icc Current in 
Static Mode 

• 16 Separately-Erasable/Lockable 
1 Million Erase Cycles per Block 128-KByte Blocks • 

• 56-Lead TSOP Type I Package • State-of-the-Art 0.6 ,..,m ETOXTM IV 
Flash Technology 

Intel's 28F016XS 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high-performance products. Combining very high read performance with the intrinsic non
volatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of shadowing 
code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for improved 
system performance. The innovative capabilities of the 28F016XS enable the design of direct-execute code 
and mass storage datalfile flash memory systems. 

The 28F016XS is the highest per:formance high density nonvolatile read/write flash memory solution available 
today. Its synchronous pipelined read interface, flexible Vee and Vpp voltages, extended cycling, fast write and 
read performance, symmetrically blocked architecture, and selective block locking provide a highly flexible 
memory component suitable for resident flash component arrays on the system board or SIMMs. The synchro
nous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface with minimal glue logic 
to a wide range of. processors/buses, providing effective O-wait-state read performance up to 33 MHz. The 
28F016XS's dual read voltage allows the same component to operate at either 3.3V or 5.0V Vee. Program
ming voltage at 5V Vpp minimizes external circuitry in minimal-chip, space critical designs, while the 12V Vpp 
option maximizes write/erase performance. Its high read performance combined with flexible block locking 
enable both storage and execution of operating systems/application software and fast access to large data 
tables. The 28F016XS is manufactured on Intel's 0.6 /Lm ETOXTM IV process technology. 

290532-21 

November 1994 
Order Number: 290532-001 2-77 

• 



28F016XS 
16-MBIT (1-MBIT x 16, 2-MBIT X 8) 
SYNCHRONOUS FLASH MEMORY 
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1.0 INTRODUCTION 

The documentation of the Intel 28F016XS Flash 
memory device includes this datasheet, a detailed 
user's manual, a number of application notes and 
design tools, all of which are referenced at the end 
of this datasheet. 

The datasheet is intended to give an overview of the 
chip feature-set and of the operating AC/DC specifi
cations. The 16-Mbit Flash Product Family User's. 
Manual provides complete descriptions of the user 
modes, system interface examples and detailed de
scriptions of all principles of operation. It also con
tains the full list of software algorithm flowcharts, 
and a brief section on compatibility with the Intel 
28F008SA. 

1.1 Product Overview 

The 28F016XS is a high-performance, 16-Mbit 
(16,777,216-bit) block erasable nonvolatile random 
access memory organized as either 1-MWord x 16 
or 2-MByte x 8, subdivided into even and odd banks. 
Address A1 makes the bank selection. The 
28F016XS includes sixteen 128-KByte (131,072 
byte) blocks or sixteen 64-KWord (65,536 word) 
blocks. Chip memory maps for x8 and x16 modes 
are shown in Figures 3 and 4. 

the implementation of a new architecture, with 
many enhanced features, will improve the device op
erating characteristics and result in greater product 
reliability and ease-of-use as compared to other 
flash memories. Significant features of the 
28F016XS as compared to previous asynchronous 
flash memories include: 

• Synchronous Pipelined Read Interface 

• Significantly Improved Read and Write Perform
ance 

• SmartVoltage Technology 
- User-Selectable 5.0V or 12.0 Vpp 

• Internal 3.3V/5.0V Vee Detection Circuitry 

• Block Write/Erase Protection 

The 28F016XS's synchronous pipelined interface 
dramatically raises read performance far beyond 
previously attainable levels. Addresses are synchro
nously latched and data is read from a 28F016XS 
bank every 30 ns. This capability translates to 0-
wait-state reads at clock rates up to 33 MHz at 5V 
Vee, after an initial address pipeline fill delay and 
assuming even and odd banks within the flash mem-

28F016XS FLASH MEMORY 

ory are alternately accessed. Data is latched and 
driven valid 20 ns (teHQV) after a rising ClK edge. 
The 28F016XS is capable of. operating up to 66 MHz 
(5V Vee), and the programmable SFI Configuration 
enables system design flexibility optimizing the 
28F016XS to a specific system clock frequency. See 
Section 4.9, SFI Configuration Table, for specific SFI 
Configurations for given operating frequencies. 

The SFI Configuration optimizes the 28F016XS for a 
wide range of system operating frequencies. The de
fault SFI Configuration is 4, which allows system 
boot from the 28F016XS at any frequency up to 66 
MHz at 5V Vee. After initiating an access, data is 
latched and will begin driving on the data outputs 
after a ClK count corresponding to the SFI Configu
ration has elapsed. The 28F016XS will hold data val
id until CE # or OE # is deactivated or a ClK count 
corresponding to the SFI Configuration for a subse
quent access has elapsed. 

The CLK and ADV # inputs, new to the 28F016XS in 
comparison to previous flash memories, control ad
dress latching and device synchronization during 
read operations. ClK input controls the device laten
cies, times out the SFI Configuration and synchro
nizes data outputs. ADV # indicates the presence of 
a valid address on the 28FO.16XS address inputs. 
During read operations, addresses are latched and 
accesses are initiated on a rising ClK edge in con
junction with ADV # low. Both ClK and ADV ifF are 
ignored by the 28F01'6XS during write operations. 

The 28F016XS incorporates SmartVoltage technolo
gy, providing Vee operation at both 3.3V and 5.0V 
and program and erase capability at Vpp = 12.0V or 
5.0V. Operating at Vee = 3.3V, the 28F016XS con
sumes less than one half the. power consumption at 
5.0V Vee, while 5.0V Vee provides highest read per
formance capability. Vpp operation at 5.0V elimi
nates the need for a separate 12.0V converter, while 
the Vpp = 12.0V option maximizes write/erase per
formance. In addition to the flexible program and 
erase voltages, the dedicated Vpp gives complete 
code protection with Vpp :5: VpPLK. 

Internal 3.3V or 5.0V Vee detection automatically 
configures the device internally for optimized 3.3V or 
5.0V Read/Write operation. Hence, the 28F016SA's 
3/5# pin is not required and is a no-connect (NC) 
on the 28FO 16XS maintaining backwards-compati
bility between components. 

A Command User Interface (CUI) serves as the sys
tern interface between the microprocessor or micro
controller and the internal memory operation. 
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Internal Algorithm Automation allows BytelWord 
Writes and Block Erase operations to be executed 
using a Two-Write command sequence to the CUI in 
the same way as the 2SFOOSSA S-Mbit FlashFile™ 
memory. 

A super-set of commands has been added to the 
basic 2SFOOSSA command-set to achieve higher 
write performance and provide additional capabili
ties. These new commands and features include: 

• Page Buffer Writes to Flash 

• Command Queuing Capability 
• Automatic Data Writes during Erase 

• Software Locking of Memory Blocks 

• Two-Byte Successive Writes in S-bit Systems 
• Erase All Unlocked Blocks 

Writing of memory data is performed in either byte or 
word increments, typically within 6 JLsec at 12.0V 
Vpp, which is a 33% improvement over the 
2SFOOSSA. A Block Erase operation erases one of 
the 16 blocks in typically 1.2 sec, independent of the 
other blocks. 

Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block Erase Cycles by providing wear-leveling algo
rithms and graceful block retirement. These tech
niques have already been employed in many flash 
file systems and hard disk drive designs. 

The 2SF016XS incorporates two Page Buffers of 
256 bytes (12S words) each to allow page data 
writes. This feature can improve a system write per
formance by up to 4.S times over previous flash 
memory devices, which have no Page Buffers. 

All operations are started by a sequence of Write 
commands to the device. Three Status Registers 
(described in detail later in this datasheet) and a 
RY IBY # output pin provide information on the prog
ress of the requested operation. 

While the 2SFOOSSA requires an operation to com
plete before the next operation can be requested, 
the 2SF016XS allows queuing of the next operation 
while the memory executes the current operation. 
This eliminates system overhead when writing sev
eral bytes in a row to the array or erasing several 
blocks at the same time. The 2SF016XS can also 
perform Write operations to one block of memory 
while performing Erase of another block. 

2-S0 

The 2SF016XS provides selectable block locking to 
protect code or data such as direct-executable oper
ating systems or application code. Each block has 
an associated nonvolatile lock-bit which determines 
the lock status of the block. In addition, the 
2SF016XS has a master Write Protect pin (WP#) 
which prevents any modifications to memory blocks 
whose lock-bits are set. 

The 2SF016XS contains three types of Status Regis
ters to accompliS\h various functions: 

• A Compatible Status Register (CSR) which is 
100% compatible with the 2SFOOSSA FlashFile 
memory Status Register. The CSR, when used 
alone, provides a straightforward upgrade capa
bility to the 2SF016XS from a 2SFOOSSA-based 
design. 

• A Global Status Register (GSR) which informs 
the system of command Queue status, Page 
Buffer status, and overall Write State Machine 
(WSM) status. 

• 16 Block Status Registers (BSRs) which provide 
block-specific status information such as the 
block lock-bit status. 

The GSR and BSR memory maps for Byte-Wide and 
Word-Wide modes are shown in Figures 5 and 6. 

The 2SF016XS incorporates an open drain RY IBY # 
output pin. This feature allows the user to OR-tie 
many RY IBY # pins together in a multiple memory 
configuration such as a Resident Flash Array. The 
RY IBY # output pin employs five distinct configura
tions, which are enabled via special CUI commands 
and are described in detail in the 16-Mbit Flash 
Product Family User's Manual. 

The 2SF016XS also incorporates a dual chip-enable 
function with two input pins, CEo # and CE 1 # . 
These pins have exactly the same functionality/as 
the regular chip-enable pin, CE#, on the 2SFOOSSA. 
For minimum chip designs, CE1 # 'may be tied to 
ground and system logic may use CEo# as the chip 
enable input. The 2SF016XS uses the logical combi
nation of these two Signals to enable or disable the 
entire chip. Both CEo# and CE1 # must be active 
low to enable the device. If either one becomes in
active, the chip will be disabled. This feature, along 
with the open drain RY/BY# pin, allows the system 
designer to reduce the number of control pins used 
in a large array of 16-Mbit devices. 
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The BYTE # pin allows either x8 or x16 read/writes 
to the 28F016XS. BYTE# at logic low selects 8-bit 
mode with address Ao selecting between low byte 
and high byte. On the other hand, BYTE# at logic 

high enables 16-bit operation with address A1 be
coming the lowest order address and address Ao is 
not used (don't care). A device block diagram is 
shown in Figure 1. 

to 
)( 

CLK ~ 
¢: ADVI ~ CSR 

:. 
'5 
~ 
0 

Even Bank 

t ! t 

~ '" '" '" ~ ~ 
0 ;! ~ 

~ g i ~ 
'" iii '" 
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y Y Gating/SensIng 
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Figure 1_ 28F016XS Block Diagram 
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BYTE. 
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CE,. 

r-------.RylBy• 

-4-GND 

290532-1 

Architectural Evolution Includes Synchronous Plpelined Read Interface, SmartVoltage Technology, 
Page Buffers, Queue Registers and Extended Status Registers . 
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The 2BF016XS incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Icc current is 1 mA at 5.0V (3 mA 
at 3.3V). 

A deep power-down mode of operation is invoked 
when the RP# (called PWD# on the 2BFOOBSA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 /LA, typically, and pro
vides additional write protection by acting as a de
vice reset pin during power transitions. A reset time 
of 300 ns is required from RP# switching high be
fore latching an address into the 2BF016XS. In the 
Deep Power-Down state, the WSM is reset (any cur
rent operation will abort) and the CSR, GSR and 
BSR registers are cleared. 

28F016SA 28FO'.S' 

~ NC 
CE,# 

NC NC 

NC 1 0 CE,# 2 
NC 3 

A.o A.o A.o 4 
A,. A,. A,. 5 
A,. A,. A,. 6 
Au Au A'7 7 
A,. A,. A,. 8 
Vee Vee Vee 9 
A15 A,. A,. 10 

A CMOS standby mode of operation is enabled 
when either CEo# or CE1 # transitions high and 
RP# stays high with all input control pins at CMOS 
levels. In this mode, the device typically draws an 
Icc standby current of 70 p.A at 5V Vee. 

The 2BF016XS will be available in a 56-Lead, 1.2mm 
thick, 14mm x 20mm TSOP Type I package. The 
package's form factor and pinout allows for very 
high board layout densities. 

2.0 DEVICE PINOUT 

The 2BF016XS is pinout compatible with the 
2BF016SAlSV 16-Mbit FlashFile™ memory compo
nent, providing an performance upgrade path to the 
2BF016XS. The 2BF016XS 56-Lead TSOP pinout 
configuration is shown in Figure 2. 

28F016S 28F016SA 

WP# WP# WP# 
WEll WEll WEI 
OE# OEII OE# 
RYIBY# RY/BY RY/BY# 
DO,. 
007 
DO,. 
DO. 
GND 

DO,. DO,. 
007 007 
DO,. DO,. 
DO. DO. 
GND GND 

DO" DO" DO" 
A,. A,. A,. 11 E28F016XS DO. DO. DO, 
A" A" 
A,. A,. 

CE o# CEo# 
Vpp Vpp 
RP# RP# 
A" A" 
A,o A,o 
A. A. 
A. A. 

GND GND 
A7 A7 
A. A. 
A. A. 
A. A. 
A, A, 
A. A. 
A, A, 

A" 12 56·lEAD TSOP PINOUT DO,. 
A,. 13 DO. 

CE o# 14 Vee 
Vpp 15 GND 
RP# 16 14mmx20mm DO" 
A" 17 TOP VIEW DO, 
A,o 18 00,0 
A. 19 DO. 
A. 20 Vee 

GND 21 DO. 
A7 22 DO, 
A. 23 DO. 
A. 24 00 0 
A. 25 Ao 
A, 26 BYTEII 
A. 27 ADV# 
A, 28 ClK 

DO,. DO,. 
DO. DO. 
Vee Vee 
GND GND 
DO" DO" 
DO, DO, 
00'0 00'0 
DO. DO. 
Vee Vee 
DO. DO. 
DO, DO, 
DO. DO. 
00 0 00 0 
Ao Ao 

~ ~ -.ci.g ~g 
290532-2 

Figure 2. 28F016XS 56·Lead TSOP Pinout Configuration Shows Compatibility with the 28F016SA/SV, 
Allowing for Easy Performance Upgrades from Existing 16·Mbit Designs 
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2.1 Lead Descriptions 

Symbol Type Name and Function 

Ao Input BYTE·SELECT ADDRESS: Selects between high and low byte when device is in 
x8 mode. This address is latched in x8 Data Writes and ignored in x16 mode (Le., 
the Ao input buffer is turned off when BYTE # is high). 

A1 Input BANK·SELECT ADDRESS: Selects an even or odd bank in a selected block. A 
128-KByte block is subdivided into an even and odd bank. A1 = 0 selects the even 
bank and A1 = 1 selects the odd bank, in both byte-wide mode and word-wide 
mode device configurations. 

A2-A16 Input WORD·SELECT ADDRESSES: Select a word within one 128-KByte block. 
Address A1 and A7-16 select 1 of 2048 rows,and A2-6 selects 16 of 512 columns. 
These addresses are latched during both data reads and writes. 

A17-A20 Input BLOCK·SELECT ADDRESSES: Select 1 of 16 Erase blocks. These addresses are 
latched during Data Writes, Erase and Lock-Block operations. 

000-007 Input LOW·BYTE DATA BUS: Inputs data and commands during CUI write cycles. 
Output Outputs array, buffer, identifier or status data in the appropriate read mode. 

Floated when the chip is de-selected or the outputs are disabled. 

008-0015 Input HIGH·BYTE DATA BUS: Inputs data during x16 Data-Write operations. Outputs 
Output array, buffer or identifier data in the appropriate read mode; not used for Status 

Register reads. Outputs floated when the chip is de-selected, the outputs are 
disabled (OE# = VIH) or BYTE # is driven active. 

CEo#,CE1# Input CHIP ENABLE INPUTS: Activate the device's control logic, input buffers, 
decoders and sense amplifiers. With either CEo#or CE1 # high, the device is 
de-selected and power consumption reduces to standby levels upon completion of 
any current Data-Write or Erase operations. Both CEo# and CE1 # must be low to 
select the device. 

All timing specifications are the same for both signals. Device Selection occurs 
with the latter falling edge of CEo # or CE 1 #. The first rising edge of CEo # or 
CE1 # disables the device. 

RP# Input RESET/POWER·DOWN: RP# low places the device in a Deep Power-Down 
state. All circuits that consume static power, even those circuits enabled in standby 
mode, are turned off. When returning from Deep Power-Down, a recovery time of 
tpHCH is required to allow these circuits to power-up. 

When RP# goes low, any current or pending WSM operation(s) are terminated, 
and the device is reset. All Status Registers return to ready, clearing all status 
flags. Exit from Deep Power-Down places the device in read array mode. 

OE# Input OUTPUT ENABLE: Drives device data through the output buffers when low. The 
outputs float to tri-state off when OE # is high. CEx # overrides OE # , and OE # 
overrides WE # . 

WE# Input WRITE ENABLE: Controls access to the CUI, Page Buffers, Data Oueue Registers 
and Address Oueu'e Latches. WE# is active low, and latches both address and 
data (command or array) on its rising edge. Page Buffer addresses are latched on 
the falling edge of WE # . 
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2.1 Lead Descriptions (Continued) 

Symbol Type Name and Function 

ClK Input CLOCK: Provides the fundamental timing and internal operating frequency. ClK 
latches input addresses in conjunction with ADV #, times out the desired output SFI 

. Configuration as a function of the ClK period, and synchronizes device outputs. ClK 
can be slowed or stopped with no loss of data or synchronization. ClK is ignored 
during write operations. 

ADV# Input ADDRESS VALID: Indicates that a valid address is present on the address inputs. 
ADV # low at the rising edge of ClK latches the address on the address inputs into the 
flash memory and initiates ~ read access to the even or odd bank depending on the 
state of address Al. ADV # is ignored during write operations. 

RY/BY# Open READY/BUSY: Indicates status of the internal WSM. When low, it indicates that the 
Drain WSM is busy performing an operation. RY /BY # high indicates that the WSM is ready 

Output for new operations (or WSM has completed all pending operations), or Erase is 
Suspended, or the device is in deep power-down mode. This output is always active 
(i.e., not floated tq tri-state off when OE # or CEo #, CEl # are high), except if a 
RY /BY # Pin Disable command is issued. 

WP# Input WRITE PROTECT: Erase blocks can be locked by writing a nonvolatile lock-bit for 
each block. When WP # is low, those locked blocks as reflected by the Block-lock 
Status bits (BSR.6), are protected from inadvertent Data Writes or Erases. When WP# 
is high, all blocks can be written or etased regardless of the state of the lock-bits. The 
WP# input buffer is disabled when RP# transitions low (deep power-down mode). 

BYTE # Input BYTE ENABLE: BYTE # low places device in x8 mode. All data is then input or output 
on 000-7, and 008-15 float. Address Aoselects between the high and low byte. 
BYTE # high places the device in x16 mode, and turns off the Ao input buffer. Address 
Al then becomes the lowest order address. 

Vpp Supply WRITE/ERASE POWER SUPPLY (12.0V ± O.6V, 5.0V ± O.5V): For erasing memory 
array blocks or writing words/bytes/pages into the flash array. Vpp = 5.0V ± O.5V 
eliminates the need for a 12V converter, while the 12.0V ± O.6V option maximizes 
Write/Erase Performance. 

Write and Erase attempts are inhibited with Vpp at or below 1.5V. Write and Erase 
attempts with Vpp between 1,5V and 4.5V, between 5.5V and 11.4V, and above 12.6V 
produce spurious results and should not be attempted. 

Vee Supply DEVICE POWER SUPPLY (S.SV ±O.SV, 5.0V ±O.5V): Internal detection configures 
the device for 3.3V or 5.0V operation. To switch 3.3V to 5.0V (or vice versa), first ramp 
Vee down to GND, and then power to the new Vee voltage. Do not leave any power 
pins floating. 

GND Supply GROUND FOR ALL INTERNAL CIRCUITRY: Do not leave any ground pins floating. 

NC NO CONNECT: No internal connection to die, lead may be driven or left floating. 
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3.0 MEMORY MAPS 

x8 Mode 

128-KByte Block 15 

128-KByte Block 14 

128-KByte Block 13 

128-KByte Block 12 

12B-KByte Block 11 

12B-KByte Block 10 

12B-KByte Block 9 

12B-KByte Block B 

12B-KByte Block 7 

12B-KByte Block 6 

128-KByte Block 5 . 
128-KByte Block 4 

12B-KByte Block 3 

12B-KByte Block 2 

12B-KByte Block 1 

12B-KByte Block 0 

A 20-0 

1FFFFF 

1 EOOOO 
1DFFFF 

1COOOO 
1BFFFF 

1 AOOOO 
19FFFF 

180000 
17FFFF 

160000 
15FFFF 

140000 
13FFFF 

120000 
11FFFF 

100000 
OFFFFF 

OEOOOO 
OOFFFF 

OCOOOO 
OBFFFF 

OAOOOO 
09FFFF 

080000 
07FFFF 

060000 
05FFFF 

040000 
03FFFF 

020000 
01FFFF 

000000 

290532-3 

Figure 3. 28F016XS Memory Map 
(Byte-Wide Mode) 

28F016XS FLASH MEMORY 

x16 Mode A 20-1 

FFFFF 
64-KWord Block 15 

FOooo 
EFFFF 

64-KWord Block 14 
EOOOO 
OFFFF 

64-KWord Block 13 
00000 
CFFFF 

64-KWord Block 12 
COOOO 
BFFFF 

64-KWord Block 11 

.~m'I= 
64-KWord Block 10 

AOOOO 
9FFFF 

64-KWord Block 9 

K~?}WF 
64-KWord Block B 

BOOOO 
7FFFF 

64-KWord Block 7 

~n~OF 
64-KWord Block 6 

60000 
5FFFF 

64-KWord Block 5 

~n'j, 
64-KWord Block 4 

40000 
3FFFF 

64-KWord Block 3 
30000 
2FFFF 

64-KWord Block 2 

~~~~'j, 
64-KWord Block 1 

6~~~'j, 
64-KWord Block 0 

00000 

290532-4 

Figure 4. 28F016XS Memory Map 
(Word-Wide Mode) 
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3.1 Extended Status Register Memory Map 

x8 Mode 

RESERVED 

RESERVED 

GSR 

RESERVED 

BSR15 

RESERVED 

RESERVED 

• 
• 
• 

RESERVED 

RESERVED 

GSR 

RESERVED 

BSRO 

RESERVED 

RESERVED 

A20-o 

1FFFFFH 

1 E0006H 

1 E0005H 

1 E0004H 

1 E0003H 

1 E0002H 
1 E0001H 
1 EOOOOH 

01FFFFH 

000006H 

000005H 

000004H 

000003H 

000002H 

000001H 
OOOOOOH 
290532-5 

Figure 5. Extended Status Register Memory 
Map (Byte·Wlde Mode) 

2·86 

x16 Mode 

RESERVED 

RESERVED - - - - - - - - -
GSR 

RESERVED 
- - - - - - - - -

BSR 15 

RESERVED - - - - - - - - -
RESERVED 

• 
• ., 

RESERVED 

RESERVED - - - - - - - - -
GSR 

RESERVED 
- - - - ". - - - -

BSRO 

RESERVED 
- - - - - - - - -

RESERVED 

- - -

- - -

- - -

- - -

- - -

- - -

-

-

-

-

-

-

intel~ 

A 20.1 

FFFFFH 

F0003H 

F0002H 

F0001H 

FOOOOH 

OFFFFH 

00003H 

00002H 

00001H 

OOOOOH 
290532-6 

Figure 6. Extended Status Register Memory 
Map (Word-Wide Mode) 



intel~ 28F016XS FLASH MEMORY 

4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS 

4.1 Bus Operations for Word-Wide Mode (BYTE:/I = VIH) 

Mode Notes RP# CEO-1# OU WE# AOV# ClK A1 0°0-15 RY/BY# 

Latch Read 1,9,10 VIH VIL X VIH VIL t X X X 
Address 

Inhibit 1,9 . VIH VIL X VIH VIH t .X X X 
Latching 
Read Address 

Read 1,2,7,9 VIH VIL VIL VIH X t X DOUT X 

Output 1,6,7,9 VIH VIL VIH VIH X X X HighZ X 
Disable 

Standby 1,6,7,9 VIH VIL X X X X X HighZ X 

Deep 1,3 VIL X X X X X X HighZ VOH 
Power-Down 

Manufacturer 1,4,9 VIH VIL VIL VIH X t VIL 0089H VOH 
10 

Device 10 1,4,8,9 VIH VIL VIL VII=i X t VIH 66A8H VOH 

Write 1,5,6,9 VIH VIL VIH VIL X X X DIN X 

NOTES: 
1. X can be VIH or VIL for address or control pins except for RY/BY"" which is either VOL or VOH, or High Z or DOUT for 

data pins depending on whether or not OE'" is active. . 
2. RY IBY '" output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode. 

RY/BY# will be at VOH if it is tied to Vee through a resistor. RY/BY# at VOH is independent of OE# while a WSM 
operation is in progress. 

3. RP'" at GND ±0.2V ensures the lowest deep power-down current. 
4. Ao and A1 at VIL provide device manufacturer codes in xS and x16 modes respectively. Ao and A1 at VIH provide device 

ID codes in xS and x16 modes respectively. All other addresses are set to zero. 
5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = VPPH1 or 

Vpp = VPPH2. 
6. While the WSM is running, RY IBY # in level-mode (default) stays at VOL until all operations are complete. RY IBY # goes 

to VOH when the WSM is not busy or in erase suspend mode. 
7. RY/BY# may be at VOL while the WSM is busy performing various operations. For example, a Status Register read 

during a Write operation. 
S. The 2SF016XS shares an identical device identifier with other Intel Flash memories. Reading this identifier In conjunction 

with the unique Device Proliferation Code (read from the Page Buffer after writing the Upload Device Configuration com
mand), the 28F016XS can be identified by system software. 

9. CEO_1 # at VIL is defined as both CEo# and CE1'" low, and CEO_1'" at VIH is defined as either CEo'" or CE1 '" high. 
10. Addresses are latched on the rising edge of CLK in conjunction with ADV# low. Address A1 = 0 selects the even bank 

and A1 = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations. 
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4.2 Bus Operations for Byte-Wide Mode (BYTE # = v.L> 
Mode Notes RP# CEo-1# OU WE# ADV# ClK Ao 000-7 RY/BY'# 

Latch Read 1,9,10 VIH VIL X VIH VIL 
, 

t X X X 
Addr!,!ss 

Inhibit 1,9 VIH VIL X VIH VIH t X X X 
Latchingi 
Read Address i 

Read 1,2,7,9 VIH VIL VIL VIH X t X DOUT X 

Output 1,6,7,9 VIH' VIL VIH VIH X X X HighZ X 
Disable 

Standby 1,6,7,9 VIH VIH X X X X X HighZ X 

Deep 1,3 VIL X X X X X X HighZ VOH 
Power-Down 

Manufacturer 1,4,9 VIH VIL VIL VIH X t VIL 89H VOH 
10 , 

Device 10 1,4,8,9 VIH VIL VIL VIH X t VIH A8H VOH 

Write 1,5,6,9 VIH VIL VIH VIL X X X D,N X 

NOTES: 
1. X can be VIH or VILfor address or control pins except for RYIBY#, wh'ich is either VOL or VOH, or High Z or Dour for 

data pins depending on whether or not OE # is active. 
2. RYIBY# output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode. 

RYIBY# will be at VOH if it is tied to Vee through a resistor. RYIBY# at VOH is independent of OE# while a WSM 
operation is in progress. 

3. RPI at GND ±O.2V ensures the lowest deep power-down current. 
4. Ao and Al at VIL provide device manufacturer codes in xS and x16 modes respectively. Ao and Al at VIH provide device 

10 codes in xS and x16 modes respectively. All other addresses are set to zero. 
5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = VPPHl or 

Vpp = VPPH2. ' 
6. While the WSM is running, RY IBY # in level-mode (default) stays at VOL until all operations are complete. RY IBY # goes 

to VOH when the WSM is not busy or in erase suspend mode. ' 
7. RYIBY# may be at VOL while the WSM is busy performing various operations. For example, a Status Register read 

during a Write operation. 
S. The 2SF016XS shares an identical device identi,fier with other Intel Flash memories. Reading this identifier in conjunction 

with the unique Device Proliferation Code (read fro,m the Page Buffer after writing the Upload Device Configuration com
mand), the 2SF016XS can be identified by system software. 

9. CEo-l # at VIL is defined as both CEo# and CEl # low, and CEo-l # at VIH is'defined as either CEo# or CEl # high. 
10. Addresses are latched on the rising edge of CLK in conjunction with ADV # low. Address Al = 0 selects the even bank 

and Al = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations., 
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4.3 28F008SA-Compatible Mode Command Bus Definitions 

Command Notes 
First Bus Cycle Second Bus Cycle 

Read Array 

Intelligent Identifier 1 

Read Compatible Status Register 2 

Clear Status Register 3 

Word/Byte Write 

Alternate Word/Byte Write 

Block Erase/Confirm 

Erase Suspend/Resume 

NOTES: 

ADDRESS 
AA = Array Address 
BA = Block Address 
IA = Identifier Address 
WA = Write Address 
X = Don't Care 

Oper 

Write 

Write 

Write 

Write 

Write 

Write 

Write 

Write 

Addr Data Oper 

X 

X 

X 

X 

X 

X 

X 

X 

FFH Read 

90H Read 

70H Read 

SOH 

40H Write 

10H Write 

20H Write 

BOH Write 

DATA 
AD = Array Data 
CSRD = CSR Data 
10 = Identifier Data 
WD = Write Data 

Addr Data 

AA AD 

IA 10 

X CSRD 

WA WD 

WA WD 

BA DOH 

X DOH 

1. Following the Intelligent Identifier command, two Read operations access the manufacturer and device signature codes. 
2. The CSR is automatically available after device enters Data Write, Erase, or Suspend operations. 
3. Clears CSR.3. CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5. BSR.4 and BSR.2 bits. See Status Register defini

tions. 
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4.4 28F016XS-Performance Enhancement Command Bus Definitions 

. Command Mode Notes 

Read Extended 1 
Status Register 

Page Buffer Swap 7 

Read Page Buffer 11 

Single Load to 
Page Buffer 

Sequential Load x8 4,6,10 
to Page Buffer 

x16 4,5,6,10 

Page Buffer x8 3,4,9,10 
Write to Flash 

x16 4,5,10 

Two-Byte Write x8 3 

Lock Block/Confirm 

Upload Status 2 
Bits/Confirm 

Upload Device 12 
Information/Confirm 

Erase All Unlocked 
Blocks/Confirm 

Device 8 
Configuration 

Sleep 

Abort 

ADDRESS 
BA = Block Address 
PA = Page Buffer Address 
RA = Extended Register Address 
WA = Write Address 
X = Don't Care 

2-90 

First Bu. Cycle Second Bus Cycle Third Bus Cycle 

Oper Addr Data Oper Addr Data Oper Addr Data 

Write X 71H Read RA GSRD 
BSRD 

Write X 72H 

Write X 75H Read PA PO 

Write X 74H Write PA PO 

Write X EOH Write X BCL Write X BCH 

Write X EOH Write X WCL Write X WCH 

Write X OCH Write Ao BC(L,H) Write WA BC(H,L) 

Write X OCH Write X WCL Write WA WCH 

Write X FBH Write Ao WD(L,H) Write WA WD(H,L) 

Write X 77H Write BA DOH 

Write X 97H Write X DOH 

Write X 99H Write X DOH 

Write X A7H Write X DOH 

Write X 96H Write X DCCD 

Write X FOH 

Write X 80H 

DATA 
AD = Array Data WC (L,H) = Word Count (Low, High) 
PO = Page Buffer Data 
BSRD = BSR Data 
GSRD = GSR Data 

BC (L,H) = Byte Count (Low, High) 
WD (L,H) = Write Data (Low, High) 
DCCD = Device Configuration Code Data 



28F016XS FLASH MEMORY 

NOTES: 
1. RA can be the GSR address or any BSR address. See Figures 5 and 6 for Extend~d Status Register memory maps. 
2. Upon device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect the 

actual lock-bit status. 
3. Ao is automatically complemented to load second byte of data. BYTE# must be at VIL. Ao value determines which 

WD/BC is supplied first: Ao = 0 looks at the WDLlBCl, Ao = 1 looks at the WDH/BCH. 
4. BCH/WCH must be at OOH for this product because of the 256-byte (128-word) Page Buffer size, and to avoid writing the 

Page Buffer contents to more than one 256-byte segment within an array block. They are simply shown for future Page 
Buffer expandability. 

5. In x16 mode, only the lower byte DOO-7 is used for WCl and WCH. The upper byte D08-15 is a don't care. 
6. PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown. 
7. This command allows the user to swap between available Page Buffers (0 or 1). 
8. This command reconfigures RY IBY # output and SFI Configuration. 
9. Write address, WA, is the Destination address in the flash array which must match the Source address in the Page Buffer. 

Refer to the 16-Mbit Flash Product Family User's Manual. 
10. BCl '= OOH corresponds to a byte count of 1. Similarly, WCl = OOH corresponds to a word count of 1. 
11. Page buffer reads are valid at any frequency up to the corresponding SFI Configuration selling of 2. Page buffer reads 

above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration 
frequency settings. 

12. After writing the Upload Device Information command and the Confirm command, the following information is output at 
Page Buffer addresses specified below: 

Address 
06H, 07H (Byte Mode) 
03H (Word Mode) 
1 EH (Byte Mode) 
OFH (DOO_7)(Word Mode) 
1 FH (Byte Mode) 
OFH (D08_15)(Word Mode) 

Information 
Device Revision Number 
Device Revision Number 
Device Configuration Code 
Device Configuration Code 
Device Proliferation Code (03H) 
Device Proliferation Code (03H) 

A page buffer swap followed by a page buffer read sequence is necessary to access this information. The contents of all 
other Page Buffer locations, after the Upload Device Information command is written, are reserved for future implementation 
by Intel Corporation. See Section 4.8 for a description of the Device Configuration Code. This code also corresponds to data 
written to the 28F016XS after writing the Device Configuration command. 
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4.5 Compatible Status Register 

I WSMS lESS I' ES 

7 6 5 

CSR.7 = WRITE STATE MACHINE STATUS 
1 = Ready 
0= Busy 

CSR.6 = ERASE-SUSPEND STATUS 
1 = Erase Suspended 
o = Erase In Progress/Completed 

CSR.5 == ERASE STATUS 
1 = Error In Block Erasure 
o = Successful Block Erase 

CSRA = DATA-WRITE STATUS 
1 = Error in Data Write 
o = Data Write Successful 

CSR.3 = Vpp STATUS 
1 = Vpp Error Detect, Operation 

Abort 
0= VppOK 

intel® 

DWS VPPS R R R 
·4 3 2 o 

NOTES: 
RY /BY # output or WSMS bit must be checked to determine 
completion of an operation (Erase, Erase Suspend, or Data 
Write) before the appropriate Status bit (ESS, ES or DWS) is 
checked for success. 

If DWS and ES are set to "1" during an erase attempt, an 
improper command sequence was entered. Clear the CSR 
and attempt the operation again. 

The VPPS bit, unlike an AID converter, does not provide 
continuous indication of Vpplevel. The WSM interrogates 
Vpp's level only after the Data Write or Erase command 
sequences have been entered, and informs the system if 
Vpp has not been switched on. VPPS is not guaranteed to 
report accurate feedback between VpPLK(max) and 
VpPH1(min), between VpPH1(max) and VpPH2(min), and 
above VpPH2(max). 

CSR.2-0 = RESERVED FOR FUTURE ENHANCEMENTS 
These bits are reserved for future use; mask them out when polling the CSA. 
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4.6 Global Status Register 

I WSMS I OSS I DOS 

7 6 5 

GSR.7 = WRITE STATE MACHINE STATUS 
1 = Ready 
0= Busy 

GSR.6 = OPERATION SUSPEND STATUS 
1 = Operation Suspended 

DSS 

4 

o = Operation in Pro~ress/Completed 

GSR.5 = DEVICE OPERATION STATUS 
1 = Operation Unsuccessful 
o = Operation Successful or Currently 

Running 

GSR.4 = DEVICE SLEEP STATUS 
1 = Device in Sleep 
o = Device Not in Sleep 

MATRIX 5/4 
o 0 = Operation Successful or 

Currently Running 
o 1 = Device in Sleep mode or 

Pending Sleep 
1 0 = Operation Unsuccessful 
1 1 = Operation Unsuccessful or 

Aborted 

GSR.3 = QUEUE STATUS 
1 = Queue Full 
o = Queue Available 

28F016XS FLASH MEMORY 

QS PBAS PBS PBSS 

3 2 o 

NOTES: 
[11 RY I BY # output or WSMS bit must be checked to 
determine completion of an operation (Block Lock, 
Suspend, any RY IBY # reconfiguration, Upload Status 
Bits, Erase or Data Write) before the appropriate Status 
bit (OSS or DOS) is checked for success. 

If operation currently running, then GSR.7 = O. 
If device pending sleep, then GSR.7 = O. 

Operation aborted: Unsuccessful due to Abort 
command. 

GSR.2 = PAGE BUFFER AVAILABLE STATUS The device contains two Page Buffers. 
1 = One or Two Page Buffers 

Available 
o = No Page Buffer Available 

GSR.1 = PAGE BUFFER STATUS 
1 = Selected Page Buffer Ready 
o = Selected Page Buffer Busy 

GSR.O = PAGE BUFFER SELECT STATUS 
1 = Page Buffer 1 Selected 
o = Page Buffer 0 Selected 

NOTE: 

Selected Page Buffer is currently busy with WSM 
operation 

1. When multiple operations are. queued, checking BSR.7 only provides indication of completion for that particular block. 
GSR.7 provides indication when all queued operations are completed .. 
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4.7 Block Status Register 

I BS I BLS I BOS 

7 6 

BSR.7 = BLOCK STATUS 
1 = Ready 
0= Busy 

5 

BSR.6 = BLOCK LOCK STATUS 

BOAS 

4 

1 = Block Unlocked f()r Write/Erase 
o = Block Locked for Write/Erase 

BSR.5 = BLOCK OPERATION STATUS 
1 = Operation Unsuccessful 
O. = Operation Successful or Currently 

Running 

QS VPPS VPPL R 

3 2 o 

NOTES: 
[1] RY IBY # output or BS bit must be checked to 
determine completion of an operation (Block Lock, 
Suspend, Erase or Data Write) before the appropriate 
Status bits (BOS, BLS) is checked for success. 

BSR.4 = BLOCK OPERATION ABORT STATUS The BOAS bit will not be set until BSR.7 = 1. 
1 = Operation Aborted 
o = Operation Not Aborted 

MATRIX 5/4 
o 0 = Operation Successful or 

Currently Running 
o 1 = Not a Valid Combination 
1 0 = Operation Unsuccessful 
1 1 = Operation Aborted 

BSR.3 = QUEUE STATUS 
1 = Queue Full 
o = Queue Available 

BSR.2 = Vpp STATUS 
1 = Vpp Error Detect, Operation Abort 
0= VppOK 

BSR.1 = Vpp LEVEL 
1 = Vpp Detected at 5.0V ± 10% 
0= Vpp Detected at 12.0V ±5% 

Operation halted via Abort command. 

BSR.1 is not guaranteed to report accurate feedback 
between the VPPH1 and VPPH2 voltage ranges. Writes 
and erases with Vpp between VpPLK(max) and VPPH1 
(min), between VpPH1(max) and VpPH2(min), and above 
VpPH2(max) produce spurious results and should not be 
attempted. 

BSR.O = RESERVED FOR FUTURE ENHANCEMENTS 
This bits is reserved for future use; mask it out when polling the BSRs. 

NOTE: 
1. When multiple operations are queued, checking BSA. 7 only provides indication of completion for that particular block. 

GSA.7 provides indication when all queued operations are completed. 
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4.8 Device Configuration Code 

I R I R I SFI2 I SFI1 

7 6 5 

DCC.5-DCC.3 = SFI CONFIGURATION 
(SFI2-SFI0) 

(Default) 

001 = SFI Configuration 1 
010 = SFI Configuration 2 
011 = SFI Configuration 3 
100 = SFI Configuration 4 

4 

DCC.2-DCC.0 = RY/BY# CONFIGURATION 
(RB2-RBO) 
001 = Level Mode (Default) 
010 = Pulse-On-Write 
011 = Pulse-On-Erase 
100 = RY IBY # Disabled 
101 = Pulse-On-Write/Erase 

28F016XS FLASH MEMORY 

SFIO RB2 RB1 RBO 

3 2 o 

NOTES: 
Default SFI Configuration on powerup or return from deep 
powerdown mode is 4, allowing system boot from the 
28F016XS at any frequency up to the device's maximum 
frequency. Undocumented combinations of SFI2-SFI0 are 
reserved by Intel Corporation for future implementations 
and should not be used. 

Undocumented combinations of RB2-RBO are reserved by 
Intel Corporation for future implementations and should not 
be used. 

DCC.7-DCC.6 = RESERVED FOR FUTURE ENHANCEMENTS 
These bits are reserved for future use; mask them out when reading the Device Configuration Code. Set 
these bits to "0" when writing the desired RY IBY # configuration to the device. 

4_9 SFI Configuration Table 

SFI 28F016XS-15 28F016XS-20 28F016XS-25 
Configuration Notes Frequency (MHz) Frequency (MHz) Frequency (MHz) 

4 1,2 66 (and below) 50 (and below) 40 (and below) 

3 2 50 (and below) 37.5 (and below) 30 (and below) 

2 2 33 (and below) 25 (and below) 20 (and below) 

1 2 16.7 (and below) 12.5 (and below) 10 (and below) 

NOTE: 
1. Default SFt Configuration after powerup or return from deep power-down mode via RP# low. 
2. SFI Configuration is retained if put in sleep mode via a Sleep or Abort Command. 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Absolute Maximum Ratlngs* 

Temperature Under Bias ............ O·C to + 80·C 

Storage Temperature ............ 65·C to + 125·C 

Vee '= 3.3V ±0.3V Systems(5) 

Symbol Parameter Notes 

TA Operating Temperature, Commercial 1 

Vee Vee with Respect to GND 2 

Vpp Vpp Supply Voltage with 2,3 
Respect to GND 

V Voltage on any Pin (except Vee, Vpp) 2 
with Filespect to GND 

I Current into any Non-Supply Pin 

lOUT Output Short Circuit Current 4 

Vee = 5.0V ±0.5V Systems(5) 

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

• WARNING: Stressing the device beyond the "Absolute· 
Maximum 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. 

Min Max Units Test Conditions 

0 70 ·C Ambient Temperature 

-0.2 7.0 V 

-0.2 14.0 V 

-0.5 Vee + 0.5 V 

30 mA 

100 mA 

Symbol Parameter Notes Min Max Units Test Conditions 

TA Operating Temperature, Commercial 1 0 70 ·C Ambient Temperature 

Vee Vee with Respect to GND 2 -0.2 7.0 V 

Vpp Vpp Supply Voltage with Respect to GND 2,3 -0.2 14.0 V 

V Voltage on any Pin (except Vee, Vpp) with 2 -2.0 7.0 V 
Respect to GND 

I Current into any Non-Supply Pin 30 mA 

lOUT Output Short Circuit Current 4 100 mA 

NOTES: 
1. Operating temperature is for commercial product defined by this specification. 
2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 

<20 ns. Maximum PC voltage on input/output pins is Vee+ 0.5V which may overshoot to Vee + 2.0V for periods 
<20 ns. 

3. Maximum De voltage on Vpp may overshoot to +14.0V for periods <20 ns. 
4. Output shorted for no. more than one second. No more than one output shorted at a time. 
5. AC specifications are valid at both voltage ranges. See De Characteristics tables for voltage range-specific specifications. 
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5.2 Capacitance 

For a 3.3V ± 0.3V System: 

Symbol Parameter Notes Typ Max Units Test Conditions 

CIN Capacitance Looking into an 1 6 8 pF TA = 25"C, f = 1.0 MHz 
Address/Control Pin 

COUT Capacitance Looking into an 1 8 12 pF TA = 25"C, f = 1.0 MHz 
Output Pin • 

CLOAD Load Capacitance Driven by 1,2 50 pF For the 28F016XS-20 
Outputs for Timing Specifications and 28F016XS-25 

For 5.0V ± 0.5V System: 

Symbol Parameter Notes Typ Max Units . Test Conditions 

CIN Capacitance Looking into 1 6 8 pF TA= 25"C, f = 1.0 MHz 
an Address/Control Pin 

COUT Capacitance Looking into an 1 8 12 pF TA= 25"C, f = 1.0 MHz 
Output Pin 

CLOAD Load Capacita!,!ce Driven by 1,2 100 pF For the 28F016XS-20 
Outputs for Timing Specifications 

30 pF For the 28F016XS-15 

NOTE: 
1. Sampled, not 100% tested. Guaranteed by design. 
2. Intel is currently developing more accurate models for the Transient Equivalent Testing Load Circuits. For more informa

tion or to obtain iBIS models, please contact your local Intel/Distribution Sales Office. 
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5.3 Transient Input/Output Reference Waveforms 

290532-7 

2.4 __ IN_PU_T_JX::: > T!T POINTS <: 
0.45 5 

AC test Inputs are driven at VOH (2.4 VTIL) for a Logic "1" and VOL (0.45 VTIL) for a Logic "0." Input timing begins at 
VIH (2.0 VTIL) and VIL (0.8 VTIL). Output timing ends at VIH and VIL. Input rise and fall times (10% to 90%) <10 ns •. 

Flgurft 7. Transient Input/Output Reference Waveform 
(Vee = 5.0V ± O.5V) for Standard Testing Contlguratlon(1) 

3.0 INPUT X>+--rfT POINTS---+ 1.5 OUTPUT, 

o.o ___ -J , 290632-8 

AC test inputs are driven at 3.0V for a Logic "1" and O.OV for a Logic "0." Input timing begins, and output timing ends, at 
1.5V. Input rise and fall times (10% to 90%) <10 ns. 

NOTES: 

Figure 8. Transient Input/Output Reterence Wavetorm (Vee = 3.3V· ± O.3V) 
,HIgh Speed Reference Waveform(2) (Vee = 5.0V ±O.5V) 

1. Testing characteristics for 28F016XS-20 at 5V Vee. 
2 .. Testing characteristics for 28F016XS-15 at 5V Vee and 28F016XS-20/28F016XS-25 at 3.3V Vee. 
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5.4 DC Characteristics 

vee = 3.3V ±0.3V, TA = O·C to +70·C 

Symbol Parameter Notes Min Typ Max Units Test Conditions 

III Input Load Current 1 ±1 ,...A Vcc = Vcc Max, 
VIN = Vee or GND 

ILO Output Leakage 1 ±10 ,...A Vcc = Vee Max, 
Current VOUT = Vccor GND 

Ices VccStandby 1,5 70 130 ,...A Vcc = VeeMax, 
Current CEo#, CEl #, RP# = Vee ±0.2V 

, BYTE#, WP# = Vee ±0.2V 
orGND ±0.2V 

1 4 rnA Vee = Vee Max, 

• CEo#, CEl #, RP# = VIH 
BYTE#, WP# = VIH orVIL 

ICCD Vee Deep 1 2 5 ,...A RP# = GND ± 0.2V 
Power-Down BYTE# = Vee ±0.2VorGND ±0.2V 
Current 

leeRl Vee Word/Byte 1,4,5 65 85 rnA Vee = Vee Max 
Read Current CMOS:CEo#,CE1# = GND ±0.2V 

BYTE # = GND ±0.2VorVee ±0.2V 
Inputs = GND ±O.2V or Vee ±0.2V 
4-Location Access 

Sequence: 3-101-1 (clocks) 
; f = 25 MHz, lOUT = 0 rnA 

leeR2 Vcc Word/Byte 1,4, 60 75 rnA Vcc = Vee Max 
Read Current 5,6 CMOS:CEo#,CE1# = GND ±0.2V 

BYTE# = GND ±0.2VorVee ±0.2V 
Inputs = GND ± O.2V or Vee ± 0.2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 16 MHz, lOUT = 0 rnA 

leew Vee Write Current 1,6 8 12 rnA Word/Byte Write in Progress 
Vpp = 12.0V ±5% 

8 17 rnA Word/Byte Write in Progress 
Vpp = 5.0V ±10% 

IeeE Vcc Block Erase 1,6 6 12 rnA Block Erase in Progress 
Current Vpp = 12.0V ±5% 

9 17 rnA Block Erase in Progress 
Vpp = 5.0V ± 10% 

leeES Vee Erase 1,2 3 6 rnA CEo#, CEl # = VIH 
Suspend Current Block Erase Suspended 
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5.4 DC Characteristics (Continued) 

Vee = 3.3V ±0.3V, TA = O·C to +70·C 

Symbol Parameter Notes 

IpPS Vpp Standby/Read 1 
IpPR Current 

IpPD Vpp Deep Power- 1 
Down Current 

Ippw Vpp Write Current 1,6 

IpPE Vpp Erase Current 1,6 

IpPES Vpp Erase 1 
Suspend Current 

VIL Input Low Voltage 6 

VIH Input High Vol~age 6 

VOL Output Low 6 
Voltage 

VOH1 Output High 6 
Voltage 

VOH2 

VpPLK Vpp Erase/Write 3,6 
Lock Voltage 

VPPH1 Vpp during Write/Erase 3 
Operations 

VPPH2 Vpp during Write/Erase 3 
Operations 

VLKO Vee Erase/Write 
Lock Voltage 

NOTES: 

Min 

-0.3 

2.0 

2.4 

Vee 
-0.2 

0.0 

4.5 

11.4 

2.0 

Typ Max Units Test Conditions 

±1 ±10 p.A Vpp::;; Vee 

30 50 p.A Vpp> Vee 

0.2 5 p.A RP# = GND ±0.2V 

10 15 rnA Vpp = 12.0V ±5% 
Word/Byte Write in Progress 

15 25 rnA Vpp = 5.0V ± 10% 
Word/Byte Write in Progress 

4 10 rnA Vpp = 12.0V ±5% 
Block Erase in Progress 

14 20 rnA Vpp = 5.0V ± 10% 
Block Erase in Progress 

30 50 p.A Vpp = VPPH1 or VPPH2, 
Block Er~se Suspended 

0.8 V 

Vee V 
+0.3 

0.4 V Vee = Vee Min and 
IOL = 4 rnA 

V IOH = -2.0 rnA 
Vee = Vee Min 

IOH = -100 p.A 
Vee = Vee Min 

1.5 V 

5.0 5.5 V 

12.0 12.6' V 

V 

1. All currents are in RM$ unless otherwise noted. Typical values at Vee = 3.3V, Vpp = 12.0V or 5.0V, T = 25°e. These 
currents are valid for all product versions (package and speeds). 

2. ICCES is specified with the device de-selec~ed. If ,the device is read while in erase suspend mode;'current draw is the sum 
of ICCES and leeR. 

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when VPP \ VpPLK and not guaranteed in the 
ranges between VpPLK(max) and VpPH1(min), between VpPH1(max) and VpPH2(min) and above VpPH2(max). 

4. Automatic Power Savings (APS) reduces ICCR to 3 mA typical in static operation. 
5. eMOS Inputs are either Vee ±0.2V or GND ±0.2V. TTL Inputs are either VIL or VIH. 
6. Sampled, but not 100% tested. Guaranteed by design. 
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5.5 DC Characteristics 

Vee = 5.0V ± 0.5V, T A = O°C to + 70°C 

Symbol Parameter Notes Min Typ Max Units Test Conditions 

III Input Load Current 1 ±1 p.A Vee = Vee Max 
VIN = Vee or GND 

ILO Output Leakage 1 ±10 p.A Vee = Vee Max 
Current VOUT = Vee or GND 

Ices Vee Standby 1,5 70 130 p.A Vee= Vee Max 
Current CEo#, CE1#, RP# = Vee ± 0.2V 

BYTE#, WP# = Vee ±0.2VorGND ±0.2V 

2 4 mA Vee = Vee Max 
CEo#,CE1#,RP# = ~H 
BYTE#, WP# = VIH orVIL 

IceD Vee Deep Power- 1 2 5 p.A RP# = GND ±0.2V 
Down Current BYTE# = Vee ±0.2VorGND ±0.2V fI 

leeRl Vee Read Current 1,4,5 120 175 mA Vee = Vee Max, 
CMOS:CEo# ,CE1# = GND ±0.2V 
BYTE# = GND ±0.2VorVee ±0.2V 
Inputs = GND ±0.2VorVee ±0.2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 33 MHz, lOUT = 0 rnA 

leeR2 Vee Read Current 1,4, 105 150 rnA Vee = Vee Max, 
5,6 CMOS: CEo#, CEl # = GND ± 0.2V 

BYTE# = GND ±0.2V or Vee ±0.2V 
Inputs = GND ± 0.2V or Vee ± 0.2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 20 MHz, lOUT = 0 rnA 

leew Vee Write Current 1,6 25 35 rnA Word/Byte in Progress 
Vpp = 12.0V ±5% 

25 40 rnA Word/Byte in Progress 
Vpp = 5.0V ± 10% 

IeeE Vee Erase 1,6 18 25 rnA Block Erase in Progress 
Suspend Current Vpp = 12.0V ±5% 

20 30 rnA Block Erase in Progress 
Vpp = 5.0V ±10% 

leeES Vee Block Erase 1,2 5 10 rnA 'CEo#,CE1# = VIH 
Current Block Erase Suspended 
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5.5 DC Characteristics (Continued) 

Vee = 5.0V ± 0.5V, T A = O'C to + 70'C 

Symbol Parameter Notes 

IpPS Vpp Standby/Read 1 

IpPR Current 

IpPD Vpp Deep Power- 1 
Down Current 

Ippw Vpp Write Current 1,6 

IpPE Vpp Block Erase 1,6 
Current 

IpPES Vpp Erase 1 
Suspend Current 

VIL Input Low Voltage 6 

VIH Input High Voltage 6 

VOL Output Low 6 
Voltage 

VOH1 Output High 6 
Voltage 

VOH2 

VPPLK Vpp Write/Erase 3,6 
Lock Voltage 

VPPH1 Vpp during Write/Erase 
Operations 

VPPH2 Vpp during Write/Erase 
Operations 

VLKO Vee Write/Erase 
Lock Voltage 

NOTES: 

Min Typ Max Units Test Conditions 

±1 ± 10 p.A Vpp:S: Vee 

30 50 p.A Vpp> Vee 

0.2 5 p.A RP# = GND ±0.2V 

7 12 mA Vpp = 12.0V ±5% 
Word/Byte Write in Progress 

17 22 rnA Vpp = 5.0V ±10% 
Word/Byte Write in Progress 

5 10 rnA Vpp = 12.0V ±5% 
Block Erase in Progress 

16 20 rnA Vpp = 5.0V ± 10% 
Block Erase in Progress 

30 50 p.A Vpp = VPPH1 or VPPH2, 
Block Erase Suspended 

-0.5 0.8 V 

2.0 Vee V 
+0.5 

0.45 V Vee = Vee Min 
IOL = 5.8 rnA 

0.85 V IOH = -2.5 rnA 
Vee Vee = Vee Min 

Vee IOH = -100 p.A 
-0.4 Vee = Vee Min 

0.0 1.5 V 

4.5 5.0 5.5 V 

11.4 12.0 12.6 V 

2.0 V 

1. All currents are in RMS unless otherwise noted. Typical values at Vee = S.OV, Vpp = 12.0V or S.OV, T = 2S'e. These 
currents are valid for all product versions (package and speeds). 

2. leeEs is specified with the device de-selected. If the device is read while in erase .suspend mode, current draw is the sum 
of leeES and leeR. 

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp :;: VPPLK and not guaranteed in the 
ranges between VpPLK(max) and VpPH1(min), between VpPH1(max) and VpPH2(min) and above VpPH2(max). 

4. Automatic Power Saving (APS) reduces leeR to 1 mA tYPical in Static operation. 
5. eMOS Inputs are either Vee ±0.2V or GND ±0.2V. TTL Inputs are either VIL or VIH. 
6. Sampled, but not 100% tested. Guaranteed by design. 
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5.6 Timing Nomenclature 

All 3.3V system timings are measured from where signals cross 1.SV. 

For S.OV systems, use the standard JEDEC cross point definitions (standard testing) or from where signals 
cross 1.SV (high speed testing). 

Each timing parameter consists of S characters. Some common examples are defined below: 

tELCH time(t) from CE# (E) going low (l) to ClK (C) going high (H) 

tAVCH time(t) from address (A) valid (V) to ClK (C) going high (H) 

tWHDX time(t) from WE # (W) going high (H) to when the data (D) can become undefined (X) 

Pin Characters Pin States 

A Address Inputs H High 

C ClK (Clock) l low 

0 Data Inputs V Valid 

Q Data Outputs X Driven, but Not Necessarily Valid 

E CE# (Chip Enable) Z High Impedance 

F BYTE# (Byte Enable) l latched 

G OE# (Output Enable) 

W WE# (Write Enable) 

P RP# (Deep Power-Down Pin) 

R RY IBY # (Ready Busy) 

V ADV # (Address Valid) 

SV VCC at 4.SV Minimum 

3V VCC at 3.0V Minimum 
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5.7 AC Characte~istics-Read Only Operations(1) 

vcc = 3.3V ±0.3V, TA = O°C to +70°C 

Versions(3) 28F016XS-20 

Symbol Parameter Notes Min Max 

fClK ClK Frequency 7 50 

tClK ClK Period 20 

tCH ClK High Time 6 

tCl ClKlowTime 6 

tClCH ClK Rise Time 4 

tCHCl ClK Fall Time 4 

tElCH CEx# Setup to ClK 6 25 

tVlCH ADV # Setup to ClK 20 

tAVCH Address Valid to ClK 20 

tCHAX Address Hold from ClK 0 

tCHVH . ADV # Hold from ClK 0 

tGlCH OE # Setup to ClK 20 

tCHQV ClK to Data Delay 30 

tpHCH RP# High to ClK 480 

tcHQX Output Hold from ClK 2 6 

tElQX CEx # to Output low Z 2,6 0 

tEHQZ CEx"# High to Output High Z 2,6 30 

tGlQX OE # to Output low Z 2 0 

tGHQZ OE# High to Output High Z 2 30 

tOH Output Hold from CEx# or OE# 6 0 
Change, Whichever Occurs First 

2-104 

28F016XS-25 
Units 

Min Max 

40 MHz 

25 ns 

8.5 ns 

8.5 ns 

4 ns 

4 ns 

35 ns 

25 ns 

25 ns 

0 ns 

0 ns 

25 ns 

35 ns 

480 ns 

6 ns 

0 ns 

30 ns 

0 ns 

30 ns 

0 ns 
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5.7 AC Characteristics-Read Only Operations(1) (Continued) 

VCC = 5.0V ± 0.5V, T A = O°C to + 70°C 

Verslons(3) 28F016XS·15(4) 

Symbol Parameter Notes Min Max 

fClK ClK Frequency 7 66 

tClK ClK Period 15 

tCH ClK High Time 3.5 

tCl ClKlowTime 3.5 

tClCH ClK Rise Time 4 

tCHCl ClK Fall Time 4 

tElCH CEx# Setup to ClK 6 25 

tVlCH ADV # Setup to ClK 15 

tAVCH Address Valid to ClK 15 

tCHAX Address Hold from ClK 0 

tCHVH ADV # Hold from ClK 0 

tGlCH OE # Setup to ClK 15 

tCHQV ClK to Data Delay 20 

tpHCH RP# High to ClK 300 

tCHQX Output Hold from ClK 2 5 

tElQX CEx# to Output low Z 2,6 0 

tEHQZ CEx# High to Output High Z 2,6 30 

tGlQX OE # to Output low Z 2 0 

tGHQZ OE# High to Output High Z 2 30 

tOH Output Hold from CEx# or OE# 6 0 
Change, Whichever Occurs First 

NOTES: 
1. See AC Input/Output Reference Waveforms for timing measurements. 
2. Sampled, not 100% tested. Guaranteed by design. 
3. Device speeds are defined as: 

15 ns at Vee = 5.0V equivalent to 
20 ns at Vee = 3.3V 
20 ns at Vee = 5.0V equivalent to 
25 ns at Vee = 3.3V 

4. See the high speed AC Input/Output Reference Waveforms. 
5. See the standard AC Input/Output Reference Waveforms. 

28F016XS-20(5) 

Min Max 

50 

20 

6 

6 

4 

4 

30 

20 

20 

0 

0 

20 

30 

300 

5 

0 

30 

0 

30 

0 

6. CEx# is defined as the latter of CEo# or CE1 # going low, or the first of CEo# or CE1 # gOing high. 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

7. Page buffer reads are valid at any frequency up to the corresponding SFI Configuration setting of 2. Page buffer reads 
above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration 
frequency settings. 
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14---- t CH ----+I 

t ClCH t CHCl 

290532-9 

Figure 9. ClK Waveform 

ClK 

290532-10 

NOTE: 
1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 

access is dictated by the control CPU or bus architecture. 

Figure 10. Read Timing Waveform(l) (SFI Configuration = 1, Alternate-Bank Accesses) 
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CLK 

ADDR 

, , 2 ' , , , 

CEx# 

OE# 

DATA 

, tCHQX 

290532-11 

NOTE: 
1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 

access is dictated by the control CPU or bus architecture. 

Figure 11. Read Timing Waveform(1) (SFI Configuration = 2, Alternate-Bank Accesses) 
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"~ ~m, ~!U • VI • ~!y . ~~ • alU • VI • VI • ~!m!mm!l~m~~ 
_t~ 

CEx# :tCHVH 

OE# 

DATA 
--~----~----~----~ 

NOTES: 

IGHOZ 

290532-12 

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 
access is dictated by the control CPU or bus architecture. . 

2. Depending on the actual operation frequency, a consecutive alternating bank access can be initiated one clock period 
earlier. See AP-398 for further information. 

Figure 12. Read Timing Waveform(1) (SFI Configuration = 3, Alternate-Bank Accesses) 
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CLK~ILILILILILILILILIL·ILILILIL 

OE# 

DATA 
--~--~--~----~--~ 

I<- tpHCH 

290532-13 

NOTE: .. 
1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 

access is dictated by the control CPU or bus architecture. 

Figure 13. Read Timing Waveform(1) (SFI Configuration = 4, Alternating Bank Accesses) 
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5.8 AC Characteristics for WE#-Controlled Write Operations(1) 

vcc = 3.3V ±0.3V, TA = O·C to +70·C 

Versions 28F016XS·20 28F016XS-25 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVAV Write Cycle Time 75 , 75 

tyPWH VPP Setup to WE# 3 100 100 
Going High· 

tpHEL RP# Setup to CEx# 3,7 480 480 
Going Low 

tELWL CEx# Setup to WE# 3,7 0 0 
Going Low 

tAVWH Address Setup to WE # 2,S SO SO 
Going High 

tOVWH Data Setup to WE # 2,S SO SO 
Going High 

tWLWH WE # Pulse Width SO SO 

tWHOX Data Hold from WE # High 2 5 5 

twHAX Address Hold from 2 5 5 
WE# High 

twHEH CEx# hold from WE# High 3,7 5 5 

tWHWL WE # Pulse Width High 15 15 

tGHWL Read Recovery 3 0 0 
before Write 

tWHRL WE# High to RY IBY # 3 100 100 
Going Low 

tRHPL RP# Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR) 
data and RY IBY # High 

tPHWL RP # High Recovery 3 480 480 
to WE # Going Low 

tWHCH Write Recovery 3 20 20 
before Read 

taWL VPP Hold from Valid Status 
Register (CSR, GSA, BSR) 

3 0 0 

Data and RY IBY # High 

tWHOV1 Duration of WordlByte 3,4,5 5 9 TBD 5 9 TBD 
Write Operation 

tWHOV2 Duration of Block 3,4 O.S 1.S 20 O.S 1.S 20 
Erase Operation 

2·110 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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5.8 AC Characteristics for WE#-Controlled Write Operations(1) (Continued) 

VCC = 5.0V ± 0.5V, T A = O·C to + 70·C 

Versions 28F016XS·15 28F016XS-20 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVAV Write Cycle Time 65 65 

tVPWH Vpp Setup to WE# 3 100 100 
Going High 

tpHEL RP# Setup to CEx# Going Low 3,7 300 300 

tELWL CEx# Setup to WE# 3,7 0 0 
Going Low 

tAVWH Address Setup to WE # 2,6 50 50 
Going High 

tDVWH Data Setup to WE # Going High 2,6 50 50 

tWLWH WE # Pulse Width 50 50 

tWHDX Data Hold from WE# High 2 0 0 

tWHAX Address Hold from WE # High 2 5 5 

tWHEH CEx# hold from WE# High 3,7 5 5 

tWHWL WE# Pulse Width High 15 15 

tGHWL Read Recovery 3 0 0 
before Write 

tWHRL WE # High to RY IBY # 3 100 100 
Going Low 

tRHPL RP# Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR.) 
data and RY IBY # High 

tPHWL RP# High Recovery 3 300 300 
to WE # Going Low 

tWHCH Write Recovery 3 20 20 
before Read 

tOVVL Vpp Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR) 
Data and RY IBY # High 

tWHOV1 Duration of Word I Byte 3,4,5 4.5 6 TBD 4.5 6 TBD 
Write Operation 

tWHOV2 Duration of Block 3,4 0.6 1.2 20 0.6 1.2 20 
Erase Operation 

NOTES: 
1. Read timings during Write and Erase are the same as for normal read. 
2. Refer to command definition tables for valid address and data values. 
3. Sampled, but not 100% tested. Guaranteed by design. 
4. Write/Erase durations are, measured to valid Status Register (CSR) Data. 
5. Word/Byte Write operations are typically performed with 1 Programming Pulse. 
6. Address and Data are latched on the rising edge of WE # for all Command Write operations. 
7. CEx# is defined as the latter of CEo# or CEl # gOing low, or the first of CEo# or CEl # going high. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

fJ-s 

fJ-s 

sec 
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DEEP 
POWER-DOWN 

WRITE OATA-WRITE OR 
ERASE SETUP COMMAND 

WRITE VALlO ADDRESS 
& DATA (DATA-WAITE) OR 

ER4.SE CONFIRM COMMAND 

AUTOMATED DATA-WRITE 
OR ERASE DElAY 

tWHAX 

WRITE READ EXTENDED 
REGISTER COMMAND 

I READ EXTENDED 
,STATUS REGISTER DATA 

I R£AD COMPATIBlE 

V'H 
ADDRESSES (A) 

NOTE:! V, --~ 
t AVAV 

AD"" 

NOTEs 

V'H 
CEll" (E) 

V" 

V'H 
OEII-(G) 

VOL 

V'H 
WEltIW) 

VOL 

V'H 
DATA(~J 

V" 

V,," 
FlYIBYlI(R) 

VOL 

V'H 

"""'" VOL 

tVPWH 'OWl 
VPPH2 

Vpp(V) 
VpPH1 

VPPI.K 
I OOTE7 

VOL 

NOTES: 
1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD. 
2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD. 
3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations. 
4. CEx# is defined as the latter of CEo# or CE1 # going low or the first of CEo# or CE1 # going high. 
5. RP# low transition is only to show tRHPL; not valid for above Read and Write cycles. 
6. Data Write/Erase cycles are asynchronous; ClK and ADV # are ignored. 
7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and 5.0V. 
8. Vpp voltage equal to or below VPPLK provides complete flash memory array protection. 
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Figure 14. AC Waveforms for WE#Command Write Operations, Illustrating a 
Two Command Write Sequence Followed by a Extended Status Register Read 
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5.9 AC Characteristics for CEx #-Controlled Write Operatlons(1) 

vcc = 3.3V ±0.3V, TA = O·C to +70·C 

Versions 28F016XS-20 28F016X5-25 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVAV Write Cycle Time 75 75 

tVPEH VPP Setup to CEx# 3,7 100 100 
Going High 

tPHWL RP# Setup to WE# 3 480 480 
Going Low 

tWLEL WE# Setup to CEx# 3,7 0 0 
Going Low 

tAvEH Address Setup to CEx# 2,6,7 60 60 
Going High 

tOVEH Data Setup to CEx# 2,6,7 60 60 
Going High 

tELEH CEx# Pulse Width 7 60 60 

tEHOX Data Hold from CEx# High 2,7 10 10 

tEHAX Address Hold from 2,7 10 10 
CEx# High 

tEHWH WE hold from CEx# High 3,7 5 5 

tEHEL CEx# Pulse Width High 7 15 15 

tGHEL Read Recovery 3 0 0 
before Write 

tEHRL CEx# High to RY IBY # 3,7 100 100 
Going Low 

tRHPL RP# Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR) 
Data and RY IBY # High 

tpHEL RP# High Recovery to 3,7 480 480 
CEx# Going Low 

tEHCH Write Recovery 3 20 20 
before Read 

toWL VPP Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR) : 
Data and RY IBY # High 

tEHOV1 Duration of WordlByte 3,4,5 5 9 TBD 5 9 TBD 
Write Operation 

tEHOV2 Duration of Block 3,4 0.6 1.6 20 0.6 1.6 20 
Erase Operation 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J£s 

J£s 

sec 
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5.9 AC Characteristics for CEx#Controlied Write Operations(1) (Continued) 

Vcc = 5.0V ±0.5V, TA = O·C to +70·C 

Versions 28F016XS-15 28F016XS-20 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVAV Write Cycle Time 60 60 

tPHWL RP# Setup to WE# Going Low 3 300 300 

tVPEH Vpp Setup to CEx# 3,7 100 100 
Going Low Going High 

tWLEL WE # Setup to CEx # 3,7 0 0 
Going Low 

tAVEH Address Setup to CEx# 2,6,7 45 45 
Going High 

tOVEH Data Setup to CEx# Going High 2,6,7 45 45 

tELEH CEx# Pulse Width 7 45 45 

tEHDX Data Hold from 2,7 0 0 
Going HighCEX# High 

tEHAX Address Hold from CEx# High 2,7 5 5 

tEHWH WE hold from CEx# High 3,7 5 5 

tEHEL CEx# Pulse Width High 7 15 15 

tGHEL Read Recovery 3 0 0 
before Write 

tEHRL CEx# High to RY IBY # 3;7 100 100 
Going Low 

tRHPL RP# Hold from Valid Status 3 0 0 
Register (CSR, GSR, BSR) 
Data and RY IBY # High 

tpHEL RP# High Recovery to 3,7 300 300 
CEx# Going Low 

tEHCH Write Recovery 3 20 20 
before Read 

\aWL VPf> Hold from Valid Status 3 0 0 
Register (CSR, GSA, BSR) 

: 
Data and RY IBY # High 

tEHOV1 Duration of WordlByte 3,4,5 4.5 6 TBD 4.5 6 TBD 
, Write Operation 

tEHOV2 Duration of Block 3,4 0.6 1.2 20 0.6 1.2 20 
Erase Operation 

NOTES: 
1. Read timings during Write and Erase are the same as for normal read. 
2. Refer to command definition tables for valid address and data values. 
3. Sampled, but not 100% tested. Guaranteed by design. 
4. Write/Erase durations are measured to valid Status Register (CSR) Data. 
5. Word/Byte Write operations are typically performed with 1 Programming Pulse. 
6. Address and Data are latched on the rising edge of WE# for all Command Write operations. 
7. CEx'" is defined as the latter of CEo'" or CEl '" going low, or the first of CEo'" or CEl '" going high. 
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NOTES: 
1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD. 
2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD. 
3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations. , 
4. CEx# is defined as the latter of CEo'*' or CE1 '*' going low or the first of CEo'*' or CE1 '*' going high. 
5. RP# low transition is only to show tRHPl; not valid for above Read and Write cycles. 
6. Data Write/Erase cycles are asynchronous; ClK and ADV '*' are ignored. 
7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and S.OV. 
8. Vpp voltage equal to, or below VPPlK provides complete flash memory array protection. 

Figure 15. AC Waveforms for CEx*-Controlled Write Operations, illustrating a 
Two Command Write Sequence Followed by a Extended Status Register Read 

290532-15 
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5.10 AC Characteristics for WE#-Controlled Page Buffer Write Operations(1) 

vcc = 3.3V±O.3V, TA = o·e to +70·C 

Versions 28F016XS·20 28F016XS·25 
Unit 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVWL Address Setup to WE # 2 0 0 ns 
GOing Low 

Vcc = 5.0V ± O.5V, T A = O·C to + 70·C 

Versions 28F016XS·15 28F016XS·20 
Unit 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVWL Address Setup to WE # 2 0 0 ns 
Going Low 

NOTES: 
1. All other specifications for WE#Controlied Page Buffer Write Operations see Section 5.8. 
2. Address must be valid during the entire WE # low pulse. 

V,H 

CEx#(E) 
NOTE 1 

V'L 

t ELWL tWHEH 

V,H 
tWHWL WE#(W) 

V'L 

t WLWH 
tWHAX 

V,H 

ADDRESSES (A) VALID 

V'L 

t DVWH J9 ( c V,H 
HIGHZ 

DATA (D/Q) D,N 

V'L 

290532-16 

NOTE: 
1. CEx# is defined as the latter of CEo~ or CEl # going low, or the first of CEo# or CEl # gOing high. 
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Figure 16. WE#-ControliedPage Buffer Write Timing Waveforms 
O_oading Oatato tl)e Page Buffer) 
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5.11 AC Characteristics for CEx #-Controlled Page Buffer Write Operations 

vcc = 3.3V ±O.3V, TA = O·C to +70·C 

Versions 28F016XS·20 28F016XS-25 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAVEL Address Setup to CEx# 2,3 0 0 
Going Low 

VCC = 5.0V ±O.5V, TA = O·C to +70·C 

Versions 28F016XS-15 28F016XS·20 

Symbol Parameter Notes Min Typ Max Min Typ Max 

tAvEL Address Setup to CEx# 2,3 0 0 
Going Low 

NOTES: 
1. All other specifications for CEx#Controlied Page Buffer Write Operations see Section 5.9. 
2. Address must be valid during the entire CE # low' pulse. 
3. CEx# is defined as the latter of CEo# or CEl # going low, or the first 01 CEo# or CEl # going high. 

V1H 

WE#(W) 

V1L 

IWLEL IEHWH 

V1H 

CEx# (E) I EHEL 

NOTE 1 
V1L 

I ELEH IEHAX 

V1H 

AODRESSES (A) VALID 

V1L 

IOVEH J9 ( V1H 
HIGHZ 

DATA (D/Q) DtN 
V1L 

Unit 

ns 

Unit 

ns 

C' 290532-17 

NOTE: 
1. CEx# is defined as the latter of CEo# or CEl # gOing low, or the first of CEc# or eEl # going high. 

Figure 17. CEx#-Controlled Page Buffer Write Timing Waveforms 
(Loading Data to the Page Buffer) 
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5.12 Power-Up and Reset Timings 

Vee POWER-UP 

RPII 

(P) 

___ --I�. ~'-----~/. 
6.0V 

,---~-------------

Vee 
(3V,5V) 

NOTE: 
For read timings following reset see Section 5.7. 

.. 

, 'SVPH ' 

'III ~' , 
~, 

Figure 18. Vee Power-Up and RP# Reset Waveforms 

Symbol Parameter Notes Min 

tpL5V RP# Low to Vee at 4.5V (Minimum) 2 0 

tpL3V RP# Low to Veeat 3.0V (Minimum) 2 0 

t5VPH Vee.at 4.5V Minimum) to RP# High 1 2 

tSVPH . Vee at 3.0V (Minimum) to RP# High 1 2 

NOTES: 

290532-18 

Max Unit 

,..,8 
,..,8 
,..,8. 
,..,8 

1. The t5VPH and/or t3VPH times must be strictly followed to guarantee all other read and write specifications for the 
28F016XS. 

2. The power supply may start to switch concurrently with RP# going low. 
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5.13 Erase and Word/Byte Write Pertormance(3,5) 

vee = 3.3V ±0.3V, Vpp = 5.0V ±0.5V, TA = O·C to +70·C 

Symbol Parameter Notes Min Typ(1) 

Page Buffer Byte Write Time 2 TBD 6.0 

Page Buffer Word Write Time 2 TBD -12.1 

twHRH1A Byte Write Time 2 TBD 16.5 

twHRH1B Word Write Time 2 TBD 24.0 

tWHRH2 Block Write Time 2 TBD 2.2 

tWHRH3 Block Write Time 2 TBD 1.6 

Block Erase Time 2 TBD 2.8 

Full Chip Erase Time 2 TBD 44.8 

Time From Erase 4 TBD 10 
Suspend Command to 
WSM Ready 

Vee = 3.3V ±0.3V, Vpp = 12.0V ±0.6V, TA = O·C to +70·C 

Symbol Parameter Notes Min Typ(1) 

Page Buffer Byte Write Time 2 TBD 2.2 

Page Buffer Word Write Time 2 TBD 4.4 

tWHRH1 WordlByte Write Time 2 5 9 

twHRH2 B40ck Write Time 2 TBD 1.2 

tWHRH3 Block Write Time 2 TBD 0.6 

Block Erase Time 2 0.6 1.6 

Full Chip Erase Time 2 TBD 25.6 

Time From Erase 4 TBD 10 
Suspend Command to 
WSM Ready 

28F016XS FLASH MEMORY 

Max Units Test Conditions 

TBD /A-s 

TBD /A-s 

TBD /A-s 

TBD /A-s 

TBD sec Byte Write Mode 

TBD sec Word Write Mode 

TBD sec 

TBD sec 

TBD /A-s 
, II 
Max Units Test Conditions 

TBD /A-s 

TBD /A-s 

TBD /A-s 

4.2 sec Byte Write Mode 

2.0 sec Word Write Mode 

20 sec 

TBD sec 

TBD /A-s 
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5.13 Erase and Word/Byte Write Performance(3,5) (Continued) 

Vee = 5.0V ±0.5V, Vpp = 5.0V ±0.5V, TA = O°C to +70°C 

Symbol Parameter Notes Min Typ(1) Max 

Page Buffer Byte 2 TBD 6.0 TBD 
Write Time 

Page Buffer Word 2 TBD 12.1 TBD 

tWHRH1A Byte Write Time 2 TBD 11 TBD 

tWHRH1B Word Write Time 2 TBD 16 TBD 

tWHRH2 Block Write Time 2 TBD 1.6 TBD 

tWHRH3 Block Write Time 2 TBD 1.2 TBD 

Block Erase Time 2 TBD 2.0 TBD 

Full Chip Erase Time 2 TBD 32.0 TBD 

Time From Erase 4 TBD 10 TBD 
Suspend Command to 
WSM Ready 

Vee = 5.0V ±0.5V, Vpp = 12.0V ±0.6V, TA = O°C to +70°C 

Symbol Parameter Notes Min Typ(1) Max 

Page Buffer Byte Write Time 2 TBD 2.1 TBD 

Page Buffer Word Write Time 2 TBD 4.1 TBD 

tWHRH1 Word/Byte Write Time 2 4.5 6 TBD 

tWHRH2 Block Write Time 2 TBD 0.8 4.2 

tWHRH3 Block Write Time 2 TBD 0.4 2.0 

Block Erase Time 2 0.6 1.2 20 

Full Chip Erase Time 2 TBD 19.2 TBD 

Time From Erase 4 TBD 10 TBD 
Suspend Command to 
WSM Ready 

NOTES: 
1. 25'e, and nominal voltages. 
2. Excludes system-level overhead. 
3. These performance numbers are valid for all speed versions. 

Units Test Conditions 

I-I-s 

I-I-s 
Write Time 

I-I-s 

I-I-s 

sec Byte Write Mode 

sec Word Write Mode 

sec 

sec 

I-I-s 

Units Test Conditions 

I-I-s 

I-I-s 

I-I-s 

sec Byte Write Mode 

sec Word Write Mode 

sec 

sec 

I-I-s 

4. Specification applies to interrupt latency for Single Block Erase. Suspend latency for Erase All Unlocked Block operation 
typically extends erase suspend latency time to 140 ,..s. 

5. Sampled, but not 100% tested. Guaranteed by design. 
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6.0 MECHANICAL SPECIFICATIONS 

0-1 
SEE DETAIL B 

-+J I+-A2 

E 

~oU 
-----01-----+111.1 

fI 
A~,--______ -----,~SEE DETAIL A 

r--J------------~~ 
DETAIL 8 DETA.ll A 

290532-19 

Figure 19. Mechanical Specifications of the 28F016XS 56-Lead TSOP Type I Package ' 

Family: Thin Small Out-Line Package 

Symbol Millimeters Notes 
Minimum Nominal Maximum 

A 1.20 

A1 0.50 

A2 0.965 0.995 . 1.025 

b 0.100 0.150 0.200 

c 0.115 0.125 0.135 

01 18.20 18.40 18.60 

E 13.80 14.00 14.20 

e 0.50 

0 19.80 20.00 20.20 

L 0.500 0.600 0.700 

N 56 

0 0° 3° 5° 

Y 0.100 

Z 0.150 0.250 0.350 
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DEVICE NOMENCLATURE AND ORDERING INFORMATION 

Option 

1 

2 

2-122 

Product line designator for all Intel Flash products 
r-'--I 

IEI2IaIFloI1Isl>qsl·11Isl 
y UL,-J· Package Period of Maximum elK 

E = TSOP Input Frequency (ns) 

Device Type 
, S = Synchronous Pipelined 

Interface 

Valid Combinations 

Order Code Vee = 3.3V ±0.3V, Vee = S.OV ± 10%, 
SO pF load, 100 pF load 

1.SV I/O Levels(1) TTL I/O Levels(1) 

E28F016XS15 28F016XS-20 

E28F016XS20 28F016XS-25 28F016XS-20 

290532-20 

Vee = S.OV ± 10%, 
30 pF load 

1.SV I/O Levels(1) 

28F016XS-15 



28F016XS FLASH MEMORY 

ADDITIONAL INFORMATION 
Order NLimber Document/Tool 

297372 16-Mbit Flash Product Family User's Manual, 
28F016SA/28F016SV/28F016XS/28F016XD 

292147 AP-398, "Designing with the 28F016XS" 

297500 "Interfacing the 28F016XS to the i960!!) Microprocessor Family" 

297504 "Interfacing the 28F016XS to the Intel486TM Microprocessor Family" 

292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS 
Based System DeSigns" 

297508 FlashBuilder Utility 

Contact Intel/Distribution 28F016XS Benchmark Utility FlashBuilder 
Sales Office 

Contact Intel/Distribution 28F016XS iBISIVHDL Models 
Sales Office • Contact Intel/Distribution 28F016XS OrcadlViewlogic Schematic Symbols 
Sales Office 

292126 AP 377, "16-Mbit Flash Product Family Software Drivers 
26F016SAl28F016SV /~8F016XS/28F016XD" 

294016 ER 33, "ETOXTM Flash Memory Technologylnsight to Intel's 
Fourth Generation Process Innovation" 

DATASHEET REVISION HISTORY 
Description 

Original Version 
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INTERFACING.THE 28F016XS TO THE 
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28F016XS/i960® Interface 

1.0 INTRODUCTION 

This technical paper describes several designs interfac
ing the high-performance 28F016XS Flash memory to 
the i960® microprocessor family. All designs are based 
on preliminary 28F016XS specifications. These designs 
have been fully simulated .but no yet taken to lab proto
type. Please contact your Intel or distribution sales of
fice for up-to-date information. Do not finalize a design 
based on the specifications in this document. 

The 28FOl6XS is a l6-Mbit flash memory with a high
performance synchronous pipelined read interface. The 
28F016XS combines ROM-like non-volatility, DRAM
like read performance and in-system update ability in 
one memory technology. These characteristics enable 
code execution directly from the 28F016XS memory 
space, replacing the costly practice of shadowing code 
from HOD or ROM to DRAM for increased perform
ance. The 28F016XS improves system performance, 
ruggedness and cost of any burst microprocessor, such 
as the i960 microprocessor, base design. The i960 mi
croprocessor family sees widespread use in various ap
plications, including imaging and data communica
tions. 

The 28F016XS performs synchronous pipelined reads. 
Up to three accesses can be initiated before reading 
data output from the initial cycle. This pipelined struc
ture is ideal for use with the i960 microprocessor's 
burst transfer mechanism. The 28F016XS brings signif
icant system performance enhancements to an i960 mi
croprocessor-based environment. This technical paper 
describes processor-to-memory interfaces that exploit 
these capabilities to achieve maximum system perform
ance. Figures 1 and 2 illustrate relative system perform
ance enhancements that the 28F016XS brings to an 
i960 microprocessor-based environment, compared to 
other memory technologies. The benchmark parame
ters are documented in Appendix B. 
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Figure 1. Relative System Performance 
Enhancement of the 28F016XS Compared to 

Other Memory Technologies In an 1960® KB-25 
Microprocessor-Based Design 
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2.0 1960® CA·33 MICROPROCESSOR INTERFACE 
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Figure 3. Minimal Logic Required Interfacing the 28F016XS·15 to the i960 CA·33 Microprocessor 

Using this interface, the 28F016XS-15/i960 CA-33 mi
croprocessor system achieves 3-0-0-0-2-0-0-0 ... wait
state read performance, supporting burst transfers and 
address pipelining. 

2.1 Circuit Description 

This section describes the 28F016XS-15/i960 CA-33 
microprocessor interface block diagram in Figure 3. 

Memory Configuration 

This design uses two 28FOI6XS-15s, in xl6 mode, to 
match the i960 CA microprocessor's 32-bit data bus, 
providing 4 Mbytes of flash memory. Signals A21-4 
from the i960 CA microprocessor and CTR 1-0 from the 
PLD select locations within the 28FOl6XS memory 
space, arranged as I-Meg double words. The two-bit 
counter implemented in the PLD loads addresses A3_2 
at the beginning of each memory cycle and generates 
the lower two bits of the burst addresses on its outputs 

CTRI_O. The counter feeds burst addresses to the 
28F016XS, so that they do not stall waiting for the 
processor to supply the next address. 

Chip Select Logic 

Chip select decode logic may use A3l-22 to generate an 
active low chip select signal, CS#, for the 28FOI6XS-
15 memory space and other system peripherals. The 
chip select drives CEo# on each 28F016XS-15 and a 
control input to the PLD. The 28FOI6XS-15's CEI # 
input is grounded. 

In support of address pipelining, the chip select logic 
latches CS#, holding it active throughout the duration 
of the memory access. This will prevent potential CS # 
problems caused by using combinatorial logic when uti
lizing the address pipelining capability of i960 CA mi
croprocessor. 

If address pipelining functionality is not implemented, 
simple combinatorial logic can be utilized in generating 
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the system CS# for the 28F016XS memory space, and 
the chip select logic shown in Figure 3 does not exam
ine BLAST # and ADS #. For many systems using the 
upper address bits in a linear selection scheme may pro
vide a sufficient number of chip select signals, thus 
eliminating system chip select decode logic. (See 

Figure 4 for an example of using linear selection for 
chip selects.) When using a linear chip select scheme 
however, the software must avoid using addresses that 
may select more than one device, which could result in 
bus contention. 

Separate Address Bus Multiplexed Address I Data Bus 

A 22 f-- Chip Select 1 

1960® A 23 r- Chip Select 2 
Processor 

A 24 r- Chip Select 3 

A22 

LAD 31.0/ 
Octal 

A 23 
1960® 
Processor Latches 

A24 

Chip Select 1 

Chip Select 2 

Chip Select 3 

Chip Select Address Space 

1 01800000-01BFFFFFH 
2 01400000 - 017FFFFF H 
3 ooCOOOOO - OOFFFFFF H 

297500-4 

Figure 4. Example of Using Linear Chip Selection 

Flash 
Memory 
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I 
Voltage Monitor 

MR# 
PWR 

GOOD 
SYSTEM_RESET# RESET# 

MAX705 
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Figure 5. Example RESET Generation Circuitry 

2-128 



intel~ 
CLK Option 

A 33 MHz clock signal drives the i960 CA microproc
essor CLKIN input. Driving CLKMODE to "I" con
figures the i960 CA microprocessor for a xl CLK in
put. The i960 ~A microprocessor outputs an internally
referenced 33 MHz clock on its PCLKI and PCLK2 
pins (the signals on PCLKI and PCLK2 are identical), 
which drives the CLK inputs of the PLD and the 
28FOI6XS-15s. 

Reset 

An active-low reset signal, RESET #, connects to the 
RESET # inputs of the i960 CA microprocessor, and 
the PLD, and to the RP# input of the 28FOI6XS-ISs. 
Figure 5 illustrates a suggested logic configuration for 
generating RESET # . 

Interface Control Signals 

The i960 CA-33 microprocessor external bus signals, 
BLAST #, ADS # and W /R #, serve as inputs to the 
state machine, whicn controls the two-bit counter and 
generates OE#, WE# and ADV#. The counter is 
loaded at the beginning of the memory access, generat
ing the burst addresses to the 28FOI6XS-ISs. ADV# 
indicates that a valid address is available to the 
28FOI6XS-IS. Addresses are latched and a read cycle is 
initiated on a rising CLK edge. WE# controls writes to 
the 28FOI6XS-IS, latching data into the 28FOI6XS-IS 
on its rising edge if the applicable timing requirements 
are satisfied. (Data is latched on the falling edge of 
WE# during page butTer writes.) 

Configuration Signal 

A general purpose input/output (GPIO) generates the 
configuration signal input to the state machine. The 
configuration signal must reset to logic "0" on power
up and system reset to ensure that the operation of the 
state machine matches the initial configurations of the 
28FOI6XS-ISs and the i960 CA microprocessor. After 
optimizing the 28FOI6XS-ISs and i960 CA microproc
essor, the configuration signal must switch to logic "I." 

Additional 28FOl6XS Control Signals 

The BYTE# input to the 28FOI6XS-ISs is tied to S.OV 
to configure the 28FOI6XS-lSs for xl6 mode, and Ao is 
tied to GND (Ao is only used for byte addressing). 
A GPIO controls the write protect input, WP#, 
to the 28FOI6XS-ISs. As shown in Figure 3, the 
28FOI6XS-lS is compatible with either a S.OV or 
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a 12~OV Vpp voltage and is completely write protected 
by switching Vpp to GND. When Vpp voltage drops 
below VPPLK, the 28F016XS-15 will not successfully 
complete Program and Erase operations. Figure 3 also 
illustrates the 28FOI6XS-IS RY/BY# output connect
ed to a system interrupt for background erase opera
tion. RY/BY#, WP#, and Vpp implementation are 
application dependent. See the Additional Information 
section of this technical paper for documentation that 
cover these topics in more detail. 

2.2 Software Interface Considerations 

Boot-up Capability / Configuration 

This interface supports processor boot from the 2 
28FOI6XS memory space after power-up or reset. 
However, the boot code must follow some restrictions 
until it has properly configured the 28FOI6XS-lSs, the 
i960 CA microprocessor and the CFG state machine 
input valve. In the default Configuration state, the i960 
CA microprocessor supports only non-burst reads and 
writes. Program control should jump to an area of 
RAM to execute the configuration sequence. The code 
must configure the 28FOI6XS-lSs and all necessary 
i960 CA microprocessor programmable attributes be-
fore setting the CFG input to logic "I." Table I illus-
trates the required configuration settings for both the 
28F016XS-lSs and the i960 CA-33 microprocessor. 

Table 1. Configuration Settings for the 
28F016XS·15 and 1960 CA·33 Microprocessor 

Employing Address Pipelining at 33 MHz 

Part Parameter Setting 

28F016XS-15 SFI Configuration 2 
(5VVccl 

i960CA-33 Ready Inputs OFF 
Microprocessor 

Byte Ordering LITTLE 
ENDIAN 

Bus Width 32-BIT 

Wait States: 3 
Nrad 

Nrdd 0 

Nwad 2 

Nwdd 2 

Nxda 0 

Address Pipelining ON 

Burst mode ON 
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2.3 Single and Burst Read Cycle 
Description at 33 MHz 

Refer to the read cycle timing diagrams (Figures 7 and 
8) and the state diagram (Figure 6) for the following 
read cycle discussion. 

NOTE: 
DE .. and WE # are clocked on the inverted elK edge 

_---.S9 

BLAST#:1 

BLAST#=O 
• ADS#:1 

297500-6 

Figure 6. Read State Diagram of Single and Address Pipelined Burst Control Interface 
Shown in Figure 3 
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Initial Configuration 

Figure 7 illustrates a read cycle with the 28FOI6XS-ISs 
and i960 CA microprocessor in a reset/power-up con
figuration state. The initial configuration permits only 
non-burst transfers. The i960 CA microprocessor initi
ates a read cycle by asserting ADS # with W /R # = 
''0,'' presenting the valid address and control signals. 
At N = I, the two-bit counter loads the values on 
8ddress bits A3-2. The state machine aSserts ADV # for 
the next clock edge (N = 2), where the 28FOI6XS-IS 
will clock in the address if CS# is asserted. If CS# is 
not asserted, the state machine returns to inactive state 
at N = 2. The state machine asserts ADY # for only 
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one clock edge before entering a hold state to await the 
assertion of BLAST # by the i960 CA microprocessor. 
The state machine asserts OEI (to meet timing re
quirements OE# is falling-edge triggered) on the fall
ing edge between N = 2 and N = 3 to enable the 
28FOI6XS-IS data output buffers. With SFI Configura
tion = 4, the data will be valid at the N = 7. The 
28F016XS-ISs will hold data on the bus until the i960 
CA microprocessor asserts BLAST #. During the clock 
period following N = y, the state machine returns to 
its inactive state, de-asserting OE# to tri-state the 
28FOI6XS-IS data outputs. 

'W 
~--~--~--~--:~~--~ ~ 
~--~--~--~~:~.--~--~ ~ 

~----~----~-------r------~----~~----~:~ ~ 

Figure 7. Example Read Cycle, Initial Configuration, 
Showing Key Specifications Requiring Consideration 

I I 

~ 

297500-7 
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Optimized. Configuration 

Figure 8 illustrates a two double-word burst read fol
lowed by· a four double-word burst read with, the 
28FOI6XS-15s, i960 CA microprocessor and state ma
chine configured for optimum read performance. With 
CFO = I, the counter increments the two lower bits of 
the address at N = 2, N = 3 and N = 4, and ADV # 
remains asserted so that the 28F016XS-15 latches in 
four'successive addresses at N = 2 through 5. With 
SFI Configuration = 2, the first data will be valid at 
N = 5. If a second read cycle follows the current read 
cycle, the i960 CA microprocessor will assert ADS # 
one clock after asserting BLAST #. The state machine 
will respond by immediately re-entering the read 

PCLK 
(33MHz) tSU1 

ADS' -t.Jr:--.---.---..---.~ 
tSU1 

W/R. =t"": 

cycle. After detecting the assertion of BLAST #, the 
state machine will return to its inactive state waiting for 
a new access targeting the 28Fp16XS memdryspace. 

When implementing the i960 CA microprocessor ad
dress pipelining capability, the state machine control
ling CS# monitors the upper address lines, ADS# and 
BLAST #. CS # is held active upon detecting an access 
targeting the flash memory space until BLAST # is as
serted with ADS# de-asserted. When BLAST# and 
ADS# are active at the, same time, a pipelined read 
access is in progress. The CS# state machine examines 
the upper address lines to determine whether or not the 
current pipelined access is aimed at the 28FOl6XS 
memory space. 

BLASU ___ -...:. __ ..:... __ .!-_-..! __ ..:..."""> • .: .. .."SU ___ '_..:... __ .!-_-..! __ ..:... __ .!-_-..!---,. ...... 'SUo-",_..:.... __ 
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.~ j : X k • : 1JJJVJVJJJJJ.. 
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. " 
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es. ----~~~ __ .:~'E_~_H_~_~ ___ _L __ ~_~~ _ _L __ ~_~~ _ _L __ ~ __ L_J~ 
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___ -'--'1 "'-o..ISU' 
.......... tYLCH I _ ___ _L-i'""-c-"-.IVLCH 
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Figure 8; Example Two Double-Word Burst Read Followed by Pipelined Four Double Word Burst Read 
Showing Key Specifications Requiring Consideration 
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Critical Timings 

Table 2 describes the critical timings illustrated in Fig
ures 7 and 8. One particularly critical timing in this 
designs, is the data hold time. The·i960 CA-33 micro
processor requires a 5 ns hold time after the clock edge. 
The 28F016~-15 guarantees .a 5 .ns data hold after 
clock, meeting the processor's hold requirement with 0 
ns of margin. 

This design provides 7 ns of margin in meeting the 3 ns 
setup time of the i960 CA-33 microprocessor data in
puts, outputting data tcHQV after a rising CLK edge. 

Another critical area concerns CS # during pipelined 
read accesses. Since the 28F016XS-15 specifies zero 
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data hold from CE# going high, the chip select state 
machine must hold CS# active for 5 ns to satisfy the 
i960 CA-33 microprocessor data input hoid specifica
tion of 5 ns. Hence, the chip select state machine holds 
CS # active for an additional clock period after detect-
ing BLAST'# active. . 

The i960 CA-33 microprocessor control outputs 
ADS# and W/R# have 3 ns of margin and BLAST# 
has 5 ns of margin to meeting the 85C22VIO-15 input 
setup requirement. 

Consult the appropriate datasheets for full timing infor-
mation. ' 

Table 2. Example Read Cycle Timing Specifications at 5V Vee 

Part Symbol Parameter 
Mi,nimum Specified 

Value (ns) 

85C22V10-15 tsU1 Input Setup Time to ClK 9 

i960 CA-33 Microprocessor TIS1 Input Setup 031,0 3 

TIH1 Input Hold 031-0 5 

28F016XS-15 tELCH CE # Setup to ClK 25 

tvLCH AOV # Setup'to ClK 15 

tAVCH Address Setup to ClK 15 

tGLCH OE # Setup to ClK 15 

NOTE: . 
Consult appropriate datasheets for up-tO-date speCifications. 
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2 • .4 Single Burst Write Cycle 
. Description at 33 MHz . 

Refer to the write cycl~ timing diagrams' and the state 
diagram (Figure 9) for the following write cycle discus
sion. 

297500-9 

Figure 9. Write State Diagram of Control 
Interface Shown In Figure 3 
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Initial Configuration 

Figure 10 illuStrates a write cycle. In the reset/power
up confil\~ration state, the interface supportS only non
burst writes. The i960 CA microprocessor initiates a 
write cycle by asserting ADS III· with W/RIII = "I," 
presenting a valid address and control signals. At N = 
1, the two-bit counter loads the values on address bits 
A3.2. The state machine asserts WEill (to meet timing 
requirements, WE# is falling-edge triggered) on the 
falling edge between N ='1 and N = 2. WE# 1 remains 
asserted for two clock periods, in order to meet the 
28F016XS-15 timing requirements. The state machine 
then enters a holding state until the processor asserts 
BLAST III, after which time the interface state machine 
will return to SO. 

Optimized Configuration 

Figure 11 illustrates a two double-word burst write 
with CFO = "1." When the first data write is complete 
at N = 4, the counter increments the two lower 
address bits, and the state machine asserts WEill on 
the next falling clock edge to begin the next the 
28F016XS-15 data write. The i960 CA microprocessor 
must provide the next data during the cl9Ck period fol" 
lowing N = 4. The data writes continue to the next 
consecutive addresses until the i960 CA microprocessor 
asserts BLAST III, indicating the end of the burst write 
cycle. 
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Critical Timings 

Table 3 describes the critical timings illustrated in Fig
ures 10 and 11. 

Also notice that CTR1_0 must be valid before WE# is 
'asserted. CTR1_0 are guaranteed valid 8 ns after the 
rising clock edge, providing 9 ns of margin. 

One criticar hold time to notice is tWHAX. WE# is 
guaranteed to transition within 8 ns from the falling 
clock edge. Therefore, the tWHAX requirement has 2 ns 
of margin on CTR 1-0, and 5 ns of margin on' A 31-4. 

Consult the appropriate datasheets for full timing infor
mation. 

Table 3. Example Write Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10·15 tSU1 Input Setup Time to ClK 9 

2BF016XS-15 tELWL CE# Setup to WE# Going low 0 

tAVWL Address Setup to WE # Going low 0 

tWLWH WE # Pulse Width 50 

tDVWH Data Setup to WE # Going High 50 

tWHDX Data Hold from WE# High 0 

tWHAX Address Hold from WE# High 5 

tWHEH CE# Hold from WE# High 5 

NOTE: 
Consult appropria\e datasheets for up-to-date specifications. 
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3.0, 1960® JF·33 MICROPROCESSOR INTERFACE 
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Figure 12. Minimal Interface Logic Required In Interfacing the 28F016XS-15 to the 
1960 JF-33 Microprocessor 

Using this interface, the 28FOI6XS-15/i960 JF-33 mi
croprocessor system can achieve 3-0-0-0 wait state read 
performance, supporting burst transfers. 

3.1 Circuit Description 

This design (Figure 12) uses two 28F016XS-15s to 
match the 32-bit data bus of the i960 JF microproces
sor, providing 4 Mbytes of flash memory. Four octal 
latches, enabled by the ALE signal, de-multiplex the 
32-bit address from the AD bus. The latched address 
bits QAD21-4 and the counter outputs CTRl-O from the 
PLD select locations within the 28F016XS memory 
space. The two-bit counter implem~nted in the PLD 
lOads the address bits on A3-2, at the beginning of each 
memory cycle, and generates the lower two bits of the 
burst addresses on its outputs CTRl-O to the 
28FOI6XS-15. 

CLK Option 

A 33 MHz clock signal drives the i960 JF microproces
sor CLKIN input and the PLD and 28F016XS-15s 
CLK input. 

Reset 

An active-low reset signal, RESET #, connects to the 
RESET # inputs of the i960 JF microprocessor and 
PLD and to the RP# input of the 28FOI6XS-15. Fig
ure 5 illustrates a suggested logic configuration for gen
erating RESET # . 

Interface Control Signals 

ADS # and W /R # i960 JF microprocessor signals, just 
as in the i960 CA microprocessor design, serve as in
puts to the state machine, which controls the two-bit 
counter and generates the OE#, WE# and ADV # sig
nals for the 28FOI6XS-15s. The state machine also gen
erates the RDYRCV # signal for the i960 JF micro
processor to control the insertion of wait states during 
data transfers. 
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Configuration Signal 

A general purpose input/output (GPIO) generates the 
configuration signal for input to the state machine. The 
configuration signal must be reset to logic "0" on pow
er-up and system reset to ensure that the operation of 
the state machine matches the 28FOI6XS-15s. After 
optimizing the 28F016XS-15s, the reconfiguration sig
nal must switch to a logic "I" to take advantage of the 
new configuration. 

Additional Control Signals 

For information regarding BYTE#, WP#, RY/BY# 
and Vpp, see Section 2.1. 
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3.2 Software Interface 
Considerations 

Boot-up Capability 

infel~ 

This interface supports processor boot-up from the 
28F016XS-15 memory space after power-up or reset. 
Burst reads and writes may commence with no configu
ration. However, read wait state performance will be 
5-1-1-1 until the SFI Configuration is set to 2 and the 
CFG input is set to logic "I." Program control should 
jump to an area of RAM to execute the configuration 
sequence. A pseudocode flow for this configuration se
quence is shown below. 

Execute Device Configuration command sequence 
Activate CFG signal 
End 

The SFI Configuration must be set to 2 before the CFG 
input is set to logic "I." Thereafter, burst read wait 
state performance will improve to 3-0-0-0. 



3.3 Burst Read Cycle Description at 
33 MHz 

Refer to the read cycle timing diagrams and state dia
gram (Figure 13) for the following discussions of the 
read cycle. 

G 
BLAST#=l 
• CFG=l 

BLAST#=l 
• CFG=O 

28F016XS/i960® Interface 

~---S13 

CS#=O 
• CFG=O 

BLAST#=l 

297500-13 

Figure 13. Read State Diagram of Burst Control Interface Shown in Figure 12 
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Figure 14. Example Four Double-Word Burst Read in Initial Configuration 
Showing Key Specifications Requiring Consideration 

Initial Configuration 

Figure 14 illustrates a four double-word burst read cy
cle with the 28F016XS-15s and the state machine in the 
reset/power-up configuration state. The i960 JF micro
processor initiates a read cycle by asserting ADS# with 
W IR # = "0", presenting a valid address and control 
signals. At N = 1 with ADS# = "0", the two-bit 
counter loads the values on the address bits A3.2. 

The state machine asserts ADV # after clock edge N = 
1 where the 28FO 16XS-15s will clock in the first ad
dress at the next rising clock edge (N = 2), if CS# is 
asserted. If CS # is not asserted, the state machine will 
return to its inactive state at N = 2. 

The state machine deactivates ADV # at N = 2. The 
state machine then asserts ADV # at N = 3 to load the 
next read address into the 28FOI6XS-15s. De-asserting 
ADV # for one clock cycle (at N = 2, 4, 6 and 8) 
between accesses forces the 28F016XS·15s to hold data 
output for two clock cycles (access stretching), which 
allows time for the data to stabilize and meet the timing 
requirements of the i960 JF microprocessor bus. 

2·140 

The counter increments the two lower bits of the ad· 
dress at N = 3, 5 and 7 to provide the four successive 
burst addresses. The state machine asserts OE# (to 
meet timing requirements OE# is falling-edge trig
gered) on the falling edge between N = 4 and N = 5 
to enable the 28F016XS-15 data output buffers. With 
the SFI Configuration = 4, the data will be valid at the 
i960 JF microprocessor data inputs at N = 7. 

The state machine asserts RDYRCV # to inform the 
i960 JF microprocessor that the data is valid. 
RDYRCV# is returned active at N = 7,9, 11 and 12. 
The interface will follow this methodology until the 
processor asserts BLAST#, which identifies the end of 
the burst transaction. BLAST # is examined at N = 7, 
9, 11 and 13. The interface will transition to its inactive 
state, SO, after the assertion of BLAST # . 



Optimized Configuration 

Figure 15 illustrates a four double-word burst read with 
the 28F016XS-15s and state machine configured for op
timum read performance. With the SFI Configuration 
= 2, ADV" is held active and the counter increments 
at N = 2, 3 and 4, supplying the 28F016XS-15s with 
four consecutive accesses. Data from the initial access 

28F016XS/1960@ Interface 

will be valid for transfer at N = 5. Subsequent data 
-will be valid at N = 6, 7 and 8. This interface and 
28F016XS-lS configuration improve read wait-state 
performance to 3'()'()"(). All other signal monitoring 
and generation are identical to the reset/power-up con
figuration read cycle documented in the preceding sec
tion. 

DJ+~ 

,~--~----~--~----~--~----~--~~,---

~~ __ ~ ____ ~ __ ~ ____ ~ ____ ~r--

'r-~----~------r-------r-------ir 

Figure 15. Example Four Double-Word Burst Read illustrating 
Important Timing Parameters Requiring Consideration , 

297500-15 
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Critical Timings 

Table 4 describes the critical timings illustrated in Fig
ures 14 and 15. One particularly critical timing in this 
design is the data hold time, which the 28F016XS-15 
meets with 0 ns margin. The 28F016XS holds data for 
5 ns after a rising clock. 

The 28F016XS-15 will provide data 10 ns before the 
rising edge of the system clock, which satisfies the i960 
JF-33 microprocessor's data input requirement. 

ADV# and CTR,_o are guaranteed valid 8 ns after the 
rising clock edge. Setup times for these inputs to 
28F016XS-15 are each 15 ns. Since the clock period is 
30 ns, this allows 7 ns margin for these timings. 

RDYRCV # is guaranteed valid 8 ns after the rising 
clock edge to met the microprocessor's setup time to 
rising clock edge. 

Consult the appropriate datasheets for full timing infor
mation. 

Table 4. Example Write Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tSUl Input Setup Time to CLK 9 

28F016XS-15 tELCH CE # Setup to CLK 25 

tVLCH ADV # Setup to CLK 15 

tAVCH Address Setup to CLK 15 

tGLCH OE # Setup to CLK 15 

NOTE: 
Consult appropriate datasheets for up-to-date specifications. 
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3.4 Burst Write Cycle Description at 

33 MHz 

297500-16 

Figure 16. Write State Diagram of Burst Control 
Interface Shown In Figure 12 
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Write Configuration 

Figure 17 illustrates a two double-word burst write cy
cle. The i960 JF microprocessor initiates a write cycle 
by asserting ADS # with W /R # = 1 and presenting a 
valid address and control signals. At N = 1 with 
ADS # = 0, the two-bit counter loads the values on the 
address bits A3-2. The' state machine asserts WE# (to 
meet timing requirements, WE# is falling-edge trig
gered) on the falling edge between N = 1 and N = 2. 
WE# remains asserted for four clock periods, in order 
to meet 28F016XS-15 timing requirements. The state 
machine asserts RDYRCV # for N = 4 to inform the 
i960 JF microprocessor to supply the next data. At N 
= 4, the counter increments the two lower address bits, 
and the state machine asserts WE# on the next falling 
clock edge to begin the next data write to the 
28FOI6XS-15s. The data writes continue until the proc
essor asserts BLAST #, noting the end of the current 
write transaction. The SFI Configuration has no effect 
on the write cycle. . 
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Figure 17. Two Double-Word Burst Write 
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Critieal Timings Consult the appropriate datasheets for full timing infor
mation. 

Table ~ describes the critical timings illustrated in Fig. 
'ute 17. 

Notice that CTRl'()' and CSIf! must be valid before 
WEI is asserted. CTRi-O are guaranteed 'valid 8 ns 
after the rising cIock edge, providing 12 ns of margin. 

Table 5. Example Write Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
MInimum SpecIfied 

Value (n8) 

85C22V10·15 tsU1 Input Setup Time to ClK 9 

28F016XS·15 tELWL CE If! Setup to WE # Going low 0 

tAVWL Address Setup to WE # Going low 0 

tWLWH WE# Pulse Width 50 

tOVWH Data Setup to WE If! Going High 50 

tWHOX Data Hold from WE# High 0 

tWHAX Address Hold from WE # High 5 

tWHEH CEIf! Hold from WE If! High 5 

NOTES: 
Consult appropriate datasheets for up-to-date specifications. 
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4.0,1960 KB·25 MICROPROCESSOR INTERFACE 

196Q'IlKB 
Processor Vpp 

Switched 
5Vor 12V 

BYTEII 5V 

WPII GPIO 

Ao OV 

RYIBYII INT 
RPII RESETII 

CLK2 
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Figure 18. Minimal Logic Required In Interfacing 28F016X5-20 to the 
1960 KB-25 Microprocessor 

Using this interface, the 28FOI6XS-20/i960 KB-25 mi
croprocessor system can achieve 3-0-0-0 wait state read 
performance (5-1-1-1 read performance) in terms ofthe 
CPU's internal 25 MHz CLK, supporting burst cycles, 
This design operates the logic and 28F016XS-20s at 
25 MHz, 

4.1 Circuit Description 

This interface uses two 28F016XS-20s to match the 
32-bit data bus of the i960 KB microprocessor, provid
ing access to 4 Mbytes of flash memory, Like the 
28F016XS-20 interface to the i960 JF microprocessor, 
four octal latches de-multiples the 32-bit address from 
the LAO bus, The latches are enabled by an inverted 
ALE# signal from the microprocessor. The latched ad· 
dress and two-bit counter integrated into the PLO se
lect locations with the flash memory space. The two-bit 
counter loads the address bits on LAD,J.2 at the begin
ning of each memory cycle, and generates the lower 
two bits of the burst addresses on its outputs CTR\.o. 

CLK Option 

In this interface, a 50 MHz clock signal drives the i960 
KB microprocessor CLK2 input, and an external 
25 MHz clock signal, synchronized to the j960 KB mi
croprocessor internal 25 MHz clock, drives the CLK 
inputs for the 28F016XS-20s and the PLO. The re
duced clocking frequency places a less stringent de
mand on the PLO to meet setup times, thereby allow
ing the usage of a slower PLO. 

External 25 MHz eLK generation and synchronization 
can be accomplished using simple flip·flop logic. The 
i960 KB microprocessor synchronizes its internal 
25 MHz clock on the falling edge of RESET. 

Two different methods for generating a 25 MHz CLK 
are illustrated in Figure 19, and the PLO equations are 
located in the Appendix A. 
I 
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The two IX clock generation methods in Figure 19 will 
produce a different amount of clock skew between the 
2x and Ix CLK. Clock generation method (A) will have 

a maximum skew ofTcolo while method (B) will have 
little to no clock skew because the 2x and 'Ix CLKs are 
exposed to the same PLD delay (see Figure 20). 

2x CLK---...--_' 2x CLK Input 
to~r 

EPLD 

1xCLK 

RESET 

(A) 

4x CLK-----. 

EPLD 

RESET 

(8) 

2xCLKlnput 
toProCeHor 

1xCLK 

297500-19 

Figure 19. Example 1x ClK Generation and Synchronization Circuitry 
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Figure 20. ClK Skew Produced by the Two Different ClK Generation Methods Illustrated In Figure 19 
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4.2 Software Interface 
Considerations 

Boot·up Capability 

This interface supports processor boot-up from the 
28F016XS-20 memory space after power-up or reset. 
Burst reads and writes may commence with no configu
ration. However, read wait-state performance will be 
5-0-2-0 until the SFI Configuration is set to 2 and the 
CFO input is set to logic "1." Thereafter, burst trans
fers will improve to 3-0-0-0 wait state perform-

28F016XS/1960® Interface 

ance. Program control should jump to an area of RAM 
to execute the configuration sequence. The code must 
set the SFI Configuration to 2 before setting the CFO 
input to logic "1." 

4.3 Read Burst Cycle Description at 
25 MHz 

Refer to the read cycle timing diagrams and the state 
diagram (Figure 21) for the following discussion of the 
read cycle. 

297500-21 

Figure 21. Read State Diagram of Burst Control Interface Logic Shown in Figure 18 
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Figure 22. Example Four Double-Word Burst Read In Initial Configuration Showing Key 
Specifications Requiring Consideration 

Initial Configuration 

Figure 22 illustrates a four double-word burst read cy
cle with the 28FDI6XS-2Ds and state machine in the 
reset/power-up configuration state. The i96D KB mi
croprocessor initiates a read cycle by asserting ADS # 
with W /R # = "D," presenting valid address and con
trol signals. 

At N = I, the two-bit counter loads the values on 
address bits A3-2. The state machine asserts ADV # at 
the next clock edge (N = 2), where 28FDI6XS-2D will 
latch in the address if CS # is asserted. If CS # IS not 
asserted, the state, machine will return to its inactive 
state at N = 2. The counter increments the two lower 
bits of the address at N = 2 and ADV # remains as
serted so that the 28FDI6XS-2D clocks in the first two 
burst addresses at N = 2 and 3. 

With the SFI Configuration = 4, the state machine 
must wait 4 clock periods between loading two even or 
two odd addresses into 28FDI6XS-2Q. Therefore, the 
state machine asserts ADV # at N = 6 and N = 7 to 
latch the third, and fourth addresses, respectively, 
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'into 28FDI6XS-2D. The state machine asserts OE# (to 
meet timing requirements OE# is falling-edge trig
gered) on the falling edge between N = 4 and N = 5 
to enable the 28FDI6XS-2D data output buffers. Data 
will be valid at the i960 KB microprocessor data inputs 
at N = 7. 

The state machine asserts READY # to inform the 
i960 KB microprocessor that the data is valid. To com
pensate for the delayed third and fourth burst address
es, the state machine must de-assert READY# for N 
third and fourth addresses, respectively. N = 9 and 
N= 10 before again asserting READ¥.# for N= 11 
and N= 12, when the third and fourth data, respective
ly, become valid. 

The i96D KB microprocessor encodes the length of the 
burst transfer onto the two lowest bits of the initial 
address. Therefore, the state machine decodes QAD1_O 
to determine the end of the burst transfer. At this point, 
the state machine will return to its inactive state, SD, 
de-asserting OE# to tri-state the 28FDI6XS-2D's data 
outputs. 
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Figure 23. Example Four Double-Word Burst Read lIIustr~tlng 
Key Specifications Requiring Consideration 

Optimized Configuration 

Figure 23 illustrates a four double·word burst read with 
the 28F016XS-20s and state machine configured for op· 
timum read performance. With the SFI Configuration 
= 2, 28F016XS-20 can accept addresses with only two 
clock periods between each even address and two clock 
periods betw.een each odd address. Therefore, the four 
burst addresses flow into SFI on successive rising clock 
edges and the four data become valid for transfer on 
successive rising clock edges with the first data valid by 
N == S. Otherwise, the transaction is similar to the 
reset/power·up configuration read cycle. 

Critical Timings 

Table 6 describes the critical timings illustrated in Fig. 
ures 22 and 23. One particularly critical timing in this 
design is the data hold time. The i960 KB-2S micro· 
processor requires a 5 ns hold time after the clock edge. 
The 28F016XS-20 guarantees a 5 ns data hold after 

clock, meeting the setup requirement with 0 ns of mar· 
gin. This design provides: 

1/25 MHz - tl0 = 7 ns 

of margin to meeting the ,3 ns setup time of the i960 
KB-25 microprocessor data inputs. 

Another critical area concerns CS# and QA21.4 setup 
time to 28FOI6XS-20. This design allows two clock pe. , 
riods (80 ns) for these signals to stabilize and meet the 
28F016XS-20 setup time. Since the i960 KB-25 micro· 
processor guarantees ALE# and LAD31.0 18 ns after 
the rising clock edge and the 28FOI6XS-20 setup time 
is 30 ns, this leaves: 

2·1/25 MHz - t6 - tELCH = 32 ns 

for the propagation delays of the inverter plus the latch 
plus the chip select decode logic (if applicable, for 
CS#). 
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READY # is guaranteed valid 8 ns after the falling 
clock edge, providing 5 ns of margin on the 7 ns setup 
required by the i961;> KB-2S microprocessor. 

OE# is also guaranteed valid 8 ns after the falling 
clock edge, providing 0 ns of margin on the 12 ns setup 
requirement. 

Consult the appropriate datasheets for full timing infor
mation. 

Table 6. Example Read Burst Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tsU1 Input Setup Time to ClK 9 

i960 KB-25 Microprocessor T10 Input,Setup 1 3 

T11 Input Hold I 5 

T12 Input Setup 2 7 

28F016XS-20 tELCH CE # Setup td ClK 30 

tvLCH ADV # Setup to ClK 20 

tAVCH Address Setup to ClK ,20 

tGLCH ' OE # Setup to ClK 20 
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4.4 Write B.urst Cycle Configuration at 25 MHz 

297500-24 

Figure ;24. Write State Diagram of Burst Control Interface Logic In Figure 18 
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Figure 25. Example Two Double-Word Burst Write Showing Key Timing Parameters Requiring 
Consideration 

Write Considerations 

The i960 KB microprocessor initiates a write cycle by 
asserting ADS# with W/R# = I and presenting a 
valid address and control signals. At N = I with 
ADS# = 0, the two-bit counter loads the values on the 
address bits LAD3_2. The state machine asserts WE# 
(to meet timing requirements, WE# is falling-edge trig
gered) on the falling edge between N = I and N = 2. 
WE # remains asserted for two clock periods, in order 
to meet the 28F016XS-20 timing requirements. The 
state machine asserts READY # for N = 4 to inform 
the i960 KB microprocessor to supply the next data. At 
N = 4, the counter increments the two lower address 
bits, and the state machine asserts WE# on the next 
falling clock edge to begin the next data write to the 
28FOI6XS-20s. The data writes continue until the burst 
cycle is complete. The state machine determines the 
length of the burst cycle by decoding QADI_O. The 
28F016XS-20 Configuration has no effect on the write 
cycle. 
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Critical Timings 

Table 7 describes the critical timings illustrate.d in Fig
ure 25. 

One critical hold time to notice is twHAX' WE# is 
guaranteed to transition with 8 ns from the falling clock 
edge. Therefore, the tWHAX requirement has 7 ns of 
margin on CTRI_O and 9 ns of margin on A31-4' 

Also notice that CTRI_o must be valid before WE# is 
asserted. CTRI_o are guaranteed valid 8 ns after the 
rising clock edge, providing 12 ns of margin. 

Consult the appropriate datasheets for full timing infor
mation. 
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Table 7. Example Write Burst Cycle Timing Parameters at 5V Vee 

Part Symbol Parameter 
Minimum Specified 

Value (ns) 

85C22V10-15 tsU1 . Input Setup Time to CLK 9 

i960 KB-25 T11 Input Hold 5 
Microprocessor 

T12 Input Setup 2 ' 7 

28F016XS-20 tELWL CE" Setup to WE" Going Low 0 

tAVWL Address Setup to WE" Going Low 0 

twLWH WE" Pulse Width ·50 

tOVWH Data Setup to WE" Going High 50 

twHOX Data Hold from WE" High 0 

tWHAX Address Hold from WE" High 5 

twHEH CE" Hold from WE# High 5 

5.0 INTERFACING TO OTHER i960 
MICROPROCESSORS 

i960-CF-16, i960-CF-25 and i960.CF-33 
Microprocessors 

The i960 CF microprocessor bus interface is completely 
compatible with the i960 CA microprocessor bus inter
face. Therefore, the 28FOI6XS-IS interfaces described 
above for the i960 CA-33 microprocessor work equally 
well with the i960 CF-2S and 33 MHz microprocessors. 

At 16 MHz, the interface requires a slight modification 
because the SFI Configuration value at 16 MHz equals 
1. The 28FOI6XS-IS will begin driving the data pin 1 
CLK period after initiating a read access. The interface 
returns READY" to the i960 CF-16 microprocessor, 1 
CLK cycle earlier. Therefore, the 28FOI6XS-IS inter
face to the i960 CF-16 microprocessor will deliver 
3-0-0-0 wait-state read' performance. 

1960- SA Microprocessor, 1960. SB MicroprocessOr 

The 28F016XS's interface to the i96O. Sx microproces
sor series will be similar to the i960 KB microprocessor 
interfaces, with the following differences: 

• The i960 Sx microprocessor series has a 16-bit data 
bus multiplexed with the lower 16 of 32 address bits. 
Therefore, a single 28F016XS will match the width 
of the data bus. 

• Two octal latches will de-multiplex the address/data 
bus, and the ALE signal, without inversion, will 
properly enable the latches. 

• The i960 Sx microprocessor series supports eight 
double-word burst transfers. Therefore, the 
28F016XS interface will require a three-bit counter 
to generate the lower three bits of the burst address
es. 

• The interface state machine must use the i960 Sx 
microprocessor BLAST" signal to recognize the 
end of a burst cycle (see the i960 CA microprocessor 
state diagrams). 

6.0 CONCLUSION 

This technical paper has described the interface be
tween the 28F016XS 16-Mbit Flash memory compo
nent and the i960 microprocessor family. This simple 
design has been implemented with a minimal number of 
components and achieves exceptional read perform
ance. The 28FOl6XS provides the microprocessor with 
the non-volatility and update ability of flash memory 
and the performance of DRAM. For further informa
tion about 28FOI6XS, consult reference documentation 
for a more comprehensive understanding of device ca
pabilities and design techniques. Please contact your 
local Intel or distribution sales office for more informa
tion on Intel's flash memory products. 
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ADDITIONAL INFORMATION 
Order Number Document/Tools 

'290532 28F016XS Datasheet 

297500 "Interfacing 28F016XS to the Intel486TM Microprocessor Family" 

292147 AP-398, "Designing with the 28F016XS" 

292146 AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS , 
Based System Designs" 

297372 ,16-Mbit Flash Product Family Us~r's Manual, 
28F016SA/28F016SV/28F016XS/28F016XD 

297508 FlashBuilder Utility 

Contact Intel/Distribution 28F016XS Benchmark Utility 
Sales Office 

Contact Intel/Distribution 28F016XS iBIS Models 
Sales Office 

Contact Intel/Distribution 28F016XS VHDLlVeriiog Models 
Sales Office 

Contact Intel/Distribution 28F016XS Timing Designer Library Files 
Sales Office 

Contact Intel/Distribution ' 28F016XS Oread and ViewLogic Schematic Symbols 
Sales Office 

REVISION HISTORY 
Descitptlon 

Original Version 

\ 
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APPENDIX A 
PLD FILES 

PLD File for the 28F016xs Interface to the i960 CA·33 Microprocessor 

Tide 
Pattem 
Revision 
Authors 
Company 
Date 

28F016XSI i960 CA Microprocessor Interface State Machine 
PDS 
I 
Example 
Intel Corporation· Folsom. California 
1-25-94 

CHIP 

; inputs 
PIN 1 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 25 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

STA TEMACHINE 

CLK . 
ADS_n 
W_R_n 
BLAST_n 
CS_n 
CFG 
A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRl 
!WE 
IOE 
QO 
Ql 
IADV 
Q3 

; burst counter concrol signals 
STRING LD '(/ADS_n)' 
STRING INC '(ADV * IQI * IQO 

+ Q3 * ADV * IQI 
+ Q3 * IQI * IQO)' 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

85C22VIO 

; address status • i960 CA microprocessor 
; W IRtI- i960 CA microprocessor 
; burst last· i960 CA microprocessor 
; chip select· 28FOI6XS 
; 28F016XS/i960 CA microprocessor contig status set input 
; LAD bit 2 
; LAD bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burstcounterout- 28FOI6XS·AI 
; burst counter out· 28F016XS·A2 
; write enable - 28F016XS 
; output enable· 28F016XS 
; state variables 

; state variable and address valid· 28F016XS 

; load 

; increment 

297500-26 
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: state assignments 
SO = IQ3 ·/ADV ·/QI ./0.0 
SI = IQ3· ADV·/QI·/o.o 
S2 = Q3· ADV ·/QI ./0.0 
S3 = Q3· ADV· IQI • 0.0 
S4 = IQ3· ADV ·/QI • 0.0 
SS = IQ3 ·/ADV ·/QI • 0.0 
S6 = IQ3 ·/ADV· QI ./0.0 
S7;: Q3 ·/ADV· QI ./0.0 
S8= Q3 "/ADV·/QI"/o.o 

; stjlte transitions 
SO:= (lADS_n"/W _R_n) -> SI ; READ cycle 

; WRITE cycle 
; else. stay 

+ (I ADS_n " W _R_n) -> S6 
+->SO 

51 := -> S5 : 28FOI6XS selected, initial configurations 
+ 

(lCS_n " ICFG) 
(lCS_n " CFG) ->S2 

+->SO 
; 28FOI6XS selected. 28FOI6XS and i960 CA microprocessor configured 
; else. return to idle state 

VCC ->S3 S2:= 
53 := 
S4:= 

VCC -> S4 ; 28FOl6XS is configured to wait 4 clocks 
(IBLAST _n • ADS_n) -> SO ; I double word read 

+ (IBLAST_n ·/ADS_n) -> SI ; pipelined read 
+-> S5 ; else. continue 

55:= 
+ 

(IBLAST _n • ADS_n) . -> SO ; burst read ·finished 
(IBLA5T _n " I ADS_n) -> S I ;pipelined read 

+-> S5 ; else. continue 
56:= -> S7 : 28FOI6XS selected. continue 

+-> SO ; else. return to idle state . 
57 := 
58:= 

+ 

VCC ->S8 
(BLA5T_n" CFG) -> S6 
(BLAST_n "/CFG) -> S8 

+->SO 

; transition outputs 
50.0UTF := 10E • /WE 
Sl.OUTF := 10E "/WE 
S2.0UTF := OE " /WE 
S3.0UTF := OE • /WE 
S4.0UTF := OE "/WE 
SS.OUTF := OE " /WE 
S6.0UTF := OE • /WE 
S7.0UTF:= IOE· WE 
S8.0UTF := 10E· WE 
S9.0UTF := 10E" /WE 

EQUATIONS 
; implement RESET 

GLOBAL.RSTF = IRESET 

continue burst 
pre-config write 
write is finished 

; implement 2-bit burst cOunter - registered coUnter equations 
eTRI := (LD· A3) + (ILD· INC· CTRO ·/CTRI) 
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+ (ILD· INC ·/CTRO· CTRl) + (ILD • lINe "CTRI) 
CTRO := (LD • A2) + (ILD • INC • tCTRO) + (ILD " lINe " CTRO) 

; flop OE and WE on falling edge 
OE.CLKF = ICLK 
WE.CLKF = ICLK 
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PLD File for the 28F016XS Interface to the i960 JF·33 Microprocessor 

Title 
Pattern 
Revision 
Authors 
Company 
Date 

28F016XSIi960 IF Microprocessor Interface State Machine 
PDS 
I 
Example 
Intel Corporation • Folsom. California 
8·16·94 

CHIP 

; inputs 
PIN I 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 2S 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

STA TEMACHINE 

CLK 
ADS 
W_R 
BLAST 
CS 
CFG 
A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRI 
/WE 
IDE 
/RDYRCV 
QO 
QI 
IADV 
Q3 

; burst counter control signals 

8SC22VIO 

; address stalUS • i960 FJ microprocessor 
; WIR.· i960 FJ microproCessor 
; burst last· i960 IF microprocessor 
; chip setcct 
; 28F016XSIi960 IF microprocessor config status set input 
; Abit2 
; A bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burst counter out· 28FOI6XS·AI 
; burst counter out· 28FOI6XS·A2 
; write enable· 28FOI6XS 
; output enable· 28FOI6XS 
; wait·state control 
; state variables 

; state variable and address vilid· 28FOI6XS 

STRING LD '(lADS), ; load 
STRING INC '(ADV 

+ RDYRCV • Q3 • QI • QO)' ; increment 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

297500-28 
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; state assignments 
SO = /RDYRCV "Q3 "ADV ·'QI .'QO 
SI = /RDYRCV "Q3 • ADV ·IQI "QO 
S2 = /RDYRCV ·'Q3· ADV ·/QI • QO 
S3 = /RDYRCV ·/Q3· ADV' QI '/QO 
S4 = RDYRCV '/Q3' ADV' QI • QO 
SS = RDYRCV ·/Q3 '/ADV ·/QI " QO 
S6 = /RDYRCV "/Q3 • lADY • QI ./QO 
S7 = /RDYRCV • Q3" ADV "/QI "/QO 
S8 = /ROYRCV ·/Q3 "/ADV" QI " QO 
S9 = /RDYRCV· Q3' ADV ·/QI " QO 
S10 = RDYRCV· Q3 • IADV,·IQI '/QO 
SII = /RDYRCV· Q3· ADV' QI .'QO 
SI2 = /RDYRCV· Q3 ·'ADV ·'QI • QO 
SI3 = /RDYRCV· Q3 ·'ADV· QI·'QO 
SI4 = /RDYRCV· Q3 ·'ADV· QI • QO 
SIS = RDYRCV' Q3 ·/ADV· QI • QO 

; state transitions 
SO:= (lADS' !W~R) -> SI 

+ (lADS· W_R) -> SI3 
+-> SO 

SI := (lCS ·/CFG) -> S6 
+ (lCS· CFG) -> S2 

+->SO 
S2;= VCC -> S3 
S3:= VCC -> S4 
S4:= (!BLAST • ADS) -> SO 

+-> SS 
SS := !BLAST -> SO 

+ (BLAST· CFG) -> SS 
+ (BLAST • ICFG) -> S12 

S6:= VCC -> S7 
S7:= VCC ->S8 
S8:= VCC -> S9 
S9:= VCC -> SIO 
SIO:= !BLAST ->SO 

+ BLAST -> Sl1 
SI1:= VCC -> SS 
SI2:= VCC -> SS 
SI3:= CS -> SO 

+ ICS -> SI4 
SI4:= VCC -> SIS 
SI5:= BLAST -> SI3 

+ !BLAST ->SO 

; transition outputs 
SO.OUTF:= fOE • !WE 
SI.OUTF:= IOE· /WE 
S2.0UTF := OE • /WE 
S3.0UTF := OE • /WE 
S4.0UTF := OE • /WE 
SS.OUTF := OE • /WE 
S6.0UTF:= IOE • /WE 
S7.0UTF:= IOE • /WE 
SS.OUTF := OE • /WE 
S9.0UTF := OE • !WE 

2-158 

; READ cycle 
; WRITE cycle 
; else, stay 
; 2SFOI6XS selected, init configurations 
; 2SFOl6XS selected, optimized configured 
; else, return to idle state 

; 2SFOI6XS is configured to wait 4 clocks 
; 1 double word read 
; else, continue 
; burst read finished 
; continue, optinUzed configuration 
; continue. initial configuration 

; BLAST - end of the burst read transaction 

; write cycle control 

; BLAST - end of burst write transaction 
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SlO.OUTF:= 
Sll.OUTF := 
S12.0UTF:= 
S13.0UTF:= 
S14.0UTF:= 
SlS.OUTF:= 

EQUATIONS 

OE*IWE 
OE*IWE 
OE-IWE 
IOE- WE 
IOE- WE 
IOE-IWE 

; implement RESET 
GLOBAL.RSTF .. /RESET 

; implement 2·bit burst counter· registered counter equations 
CTRI := (LO· A3) + (ILO - INC - CTRO -/CTRl) 

+ (ILO - INC -/eTRO - CTRl) + (ILO -/INC * CTRl) 
CTRO := (LD - A2) + (ILO - INC * ICTRO) + (ILD * IINC * CTRO) 

; flop OE and WE on falling edge 
OE.CLKF = ICLK 
WE.CLKF = ICLK 

28F016XS/i960® Interface 
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PLD File for the 28F016XS Interface to the i960 KB-25 Microprocessor 

Title 
Pattern 
Revision 
Authors 
Company 
Date 

CHIP 

; inputs 
PIN 1 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

PIN 
PIN 
PIN 
PIN 25 

; outputs 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 
PIN 

28F016XS/i960 KB Microprocessor Inlerface Stale Machine - 25MHz'Version 
PDS 
1 
Example 
Intel Corporation - Folsom, California 
1-18-94 

STA TEMACHlNE 

CLK 
ADS 
QAO 
QAI 
W_R 
CS 
CFG 

A2 
A3 
RESET 
GLOBAL 

CTRO 
CTRl 
IOE 
/WE 
/READY 
IADV 
QO 
Ql 
Q2 
Q3 

85C22VIO 

; address status - i960 KB microprocessor 
; latched LAD bit 0 

, ; latched LAD bit I 
; W/R. - i960 KB microprocessor 
; chip select· 28FOI6XS 
; 28F016XS config status input 
; CFG=O => 28F016XS config--4 (initial config) 
; CFG=l => 28FOI6XS config=2 
; LAD bit 2 
; LAD bit 3 
; resets all FFs in device 
; virtual pin to implement reset 

; burst counler out· 28FO 16XS· Al 
; burst counler out· 28F016XS·A2 
; output enable· 28FOI6XS 
; wrile enable· 28F016XS 
; i960 KB microprocessor 
; stale regisler and address valid· 28F016XS 
; stale regislers 

; burst counler control signals 
STRING LD '(SO * lADS), ; load 
STRING INC '(S I + S2 + S3 

+ S9 + S13 + SI6 + SI9)' ; increment 

STATE 
MOORE_MACHINE 
DEFAULT_BRANCH SO 

; stale assignments 

2·160 

SO = IADV */Q3 */Q2 */Ql */QO 
SI = ADV */Q3 */Q2 */Ql */QO 
S2 = ADV * IQ3 * IQ2 * IQl * QO 
S3 = ADV */Q3 */Q2 * Ql * QO 
S4 = ADV */Q3 */Q2 * Ql */QO 
SS =/ADV */Q3 */Q2 * Ql */QO 
S6 = ADV * Q3 * IQ2· Ql * IQO 
S7 =/ADV */Q3 *'Q2 */QI· QO 
S8 =/ADV*/Q3* Q2* Ql* QO 

intel® 

297500-31 



S9 = ADV */Q3 * Q2 * QI * QO 
SIO= ADV */Q3 * Q2 * QI */QO 
Sl1 =/ADV * Q3 */Q2 */QI */QO 
SI2=/ADV* Q3*/Q2*/QI* QO 
SI3=/ADV* Q3*/Q2* QI* QO 
SI4=/ADV* Q3*/Q2* QI*/QO 
SIS =/ADV * Q3 * Q2 * QI */QO 
SI6=/ADV* Q3* Q2- Ql* QO 
S17 =/ADV * Q3 * Q2 */QI * QO 
S18= ADV- Q3- Q2*/Ql- QO 
SI9 =/ADV * Q3 * Q2 */Ql */QO 
S20 = IADV -/Q3 * Q2 */QI */QO 
S21 = ADV -/Q3 * Q2 */Ql */QO 
S22 =/ADV */Q3 * Q2 */QI - QO 
S23 =/ADV * /Q3 * Q2 * QI */QO 
S24=/ADV*/Q3*/Q2* QI- QO 
S2S = ADV * Q3 * Q2 * QI - IQO 

28F016XS/1960® Interface 

; state ttansitions 
SO:= (/ ADS * /W _R_n) -> SI ; READ cycle 

+ (lADS - W _R_n) . -> Sl1 ; WRITE cycle 
+->SO ; else. stay 

SI := les -> S2 ; continue if 28F016XS is selected 
+->SO ; else. retum to idle state 

S2:= ICPO ->S24 ; 28FOI6XS is configured to wait 4 clOcks 
+->S3 ; else. continue 

S3:= vee ->S4 ; else. continue 
S4:= (/QAl */QAO) ->SO ; 1 double word read 

+->SS ; else. continue 
SS:= (/QAl *QAO) ->SO ; 2 double word burst read 

+ (QAI */CPO) ->S23 ; SFl Configuration = 4 
+->S6 ; else. continue 

S6:= (QAl */QAO) ->SO ; 3 double word burst read 
+->S7 ; else. continue 

S7:= vee ->SO ; 4 double word burst read 
S8:= vee -> S9 
S9:= vee +->SS ; else. continue 
Sl1 := les -> SI2 ; continue if 28FO 16XS is selected 

+->50 ; else. retum to idle state 
S12 := vee -> SI3 
S13 := (/QAl * IQAO) ->SO ; 1 double word write 

+-> S14 ; else. continue 
SI4:= vee -> SIS 
SIS := vee -> S16 
SI6:= (/QAI * QAO) ->SO ; 2 double word burst write 

+-> 517 ; else. continue 
SI7 := vee ->SI8 
S18 := vee ->SI9 
SI9:= (QAI */QAO) ->SO ; 3 double word burst write 

+->S2O ; else. continue 
S20:= vee -> S21 
S21 := vee ->S22 
S22:= vee -> SO ; 4 double word burst write 
S23:= vee ->S15 
S24:= vee ->S8 
S2S:= vee ->S6 

297500-32 
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; transition outputs 
SO.OUTF:= /WE *'OE * /READY 
Sl.OUTF.- !WE *'OE */READY 
S2.0UTF.- /WE *'OE * /READY 
S3.0UTF.- /WE * OE * /READY 
S4.0UTF.- /WE * OE * READY 
SS.OUTF.- /WE * OE * READY 
S6.0UTF:= /WE * OE * READY 
S7.0UTF:= /WE * OE * READY 
SB.OUTF:= /WE * DE * /READY 
S9.0UTF:= /WE * OE */READY 
SIO.OUTF := /WE * OE * READY 
SII.OUTF := WE * 'OE * /READY 
S12.0UTF := WE ·'OE * /READY 
S13.0UTF := /WE */OE * READY 
SI4.OUTF := WE ·'OE ·/READY 
SIS.OUTF := WE *'OE * /READY 
S16.0UTF := /WE ·/OE * READY 
SI7.0UTF:= WE *'OE */READY 
S18.0UTF := WE ·'OE ·/READY 
S19.0UTF := /WE *IOE * READY 
S20.0UTF := WE ·'OE */READY 
S21.0UTF:= WE ·/OE */READY 
S22.0UTF := /WE */OE * READY 
S23.0UTF := /WE· OE ·/READY 
S24.0UTF := /WE ·'OE • /READY 
S2S.0UTF := /WE. OE * /READY 

EQUATIONS 
; implement RESET 

GLOBAL.RSTF = RESET 

; implement 2-bit burst counter - registered counter equations 
CTRI := (LD * A3) + (ILD * INC * CTRO */CTRI) 

+ (ILD -INC -/CTRO - CTRl) + (ILD *IINC * CTRl) 
CTRO := (LD * A2) + (ILD - INC - ICTRO) + (ILD * IINC * CTRO) 

; flop WE, OE, and READY on faUine edge 
WE.CLKF = ICLK 
OE.CLKF = ICLK 
READY.CLKF = ICLK 
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PLD File for the Ix CLK Generation and Synchronization 

Tide 
Pattern 
Revision 
Author 
Company Name 
Date 

Ix Cloc:k Oenerations & Sychronization 
POS 
I 
Example 
Intel 
5126194 

CHIP Clock..Oeneralion..Circuit 85C220 

; input pins 
PIN CLK ; elk frequency 33MHz 
PIN 

; output pins 
PIN 

EQUATIONS 

RESET 

SYSCLK 

SYSCLK := ISYSCLK -/RESET 
SYSCLK.CLKP = CLK 

PLD File for thl Ix and 2][ CLK Generation and Synchronization 

Tide 
Pattem 
Revision 
Au~or' 
Company Name 
Date 

Ix and 2x Clock Oeneration and Synchronizalion 
PDS 
I 
Example 
Intel 
5126194 

CHIP Cloc:k..OeneraIion..CiR:uit 8SC220 

; input pins 
PIN 
PIN 

; output pins 
PIN 
PIN 

EQUATIONS 

CLK 
RESET 

CLKl 
SYSCLK 

CLKl := ICLKl 
CLKl.CLKP = CLK 

; elk frequency 4x 
; System RESET 

; 2x CLK output 
; Syc:hronized Ix CLK output 

SYSCLK:= CLK2.' SYSCLK -/RESET 
+ ICLKl -/SYSCLK -/RESET 

SYSCLK.CLKP = CLK 

28F016XS/1960@ Interface 
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APPENDIX B 
BENCHMARK PERFORMANCE ANALYSIS 

The following section provides detailed memory technology information used in the performance analysis (UDP /IP 
Networking and Imaging Benchmarks) contained in the introduction. The performance analysis was based on actual 
memory component performance in an i960 processor~based environment. System interface delay between micro
processor and memory was not included in the analysis. The two benchmarks illustrate;: relative system memory· 
performance. 

,1 
A. 28F016XS Flash Memory 

28F016XS is capable of 3-1-1-1-1-1-1-1 ... read performance at 5.0V V cc and 33 MHz or 25 MHz (2-0-0-0-0-0-0-0 
... in terms of wait states). The benchmarking analysis is shown below: 

UDP/IP Networking Benchmark Imaging Benchmark 

Time (SBe) Time (see) 

i960 KB-25 1.30 1.64 
Microprocessor 

i960CA-33 .89 .89 
Microprocessor 

i960 CF-33 .53 .59 
Microprocessor 

B. 16-Mbit DRAM 

16-Mbit DRAMs were. at the time this technical paper was published. only beginning to ramp into production. Only 
advance information for the wider x16. 16-Mbit DRAMs was available for use in the calculations that follow. 

Sequential reads allow use of the DRAM fast page mode.' Assumed DRAM specifications are shown below: 

• 80 ns tRAC. 40 ns tAA (5.0V V cd 
• 256 word (512 byte) page buffer 

Therefore. 16-Mbit DRAMs are capable of 3-2-2-2-2-2-2-2 ... read performance at 33 MHz and 25 MHz (2-1-1-1-1-
1-1-1 in terms of wait states ... ). The benchmarking analysis is shown below: 

UDP/IP Networking Benchmark Imaglngl;Senchmark 

. Time(see) Time (see) 

i960 KB-25 1.88 (89 
Microprocessor 

i960CA-33 1.06 1.03 
Microprocessor 

i960 CF-33 .59 .64 
Microprocessor 

2-164 



28F016XS/i960@ Interface 

c. 4-M,bit EPROM 

Calculations that follow used the x16 version of the 4-Mbit EPROM (Intel 27C400 or equivalent). 

The assumed 5.0V Vee 4-Mbit EPROM random access time is 150 ns. Therefore, 4-Mbit EPROMs are capable of 5-
5-5-5-5-5-5-5 ... read performance at 5.0V Vee and 33 MHz (4-4-4-4-4-4-4-4 ... in terms of wait states). The 
benchmarking analysis is shown below: 

UDP/IP Networking Benchmark Imaging Benchmark 

Time (sec) Time (SfIC) 

i960 KB-25 NA NA 
Microprocessor 

i960CA-33 1.56 1.49 
Microprocessor 

i960 CF-33 .78 .81 
Microprocessor 

D. 16-Mbit PAGED MASK ROM 

Calculations that follow used the xl6 version of the 16-Mbit paged mask ROM, which is not yet widely available 
from mUltiple vendors. The x8, 16-Mbit paged mask ROM is the more conunon version today. 

Sequential reads allow use of the mask ROM page mode. The assumed 5.0V Vee 16-Mbit mask ROM random 
access time is 150 ns, with 75 ns accesses in page mode (4-word page). Therefore, 16-Mbit mask ROMs are capable 
of 5-3-3-3-5-3-3-3 ... read performance at 5.0V Vee and 33 MHz (4-2-2-2-4-2-2-2 ... in terms of wait states). The 
benchmarking analysis is shown below: 

UDPIIP Networking Benchmark Imaging Benchmark 

Time (sec) Time (sec) 

i960 KB-25 NA NA 
Microprocessor 

. i960CA-33 1.35 1.30 
Microprocessor 

i960 CF-33 .71 .73 
Microprocess~r 
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QT960 EVALUATION AND PROTOTYPING 
, BOARD 

270743·1 

LOW COST EVALUATION TOOL 
The QT960 products give you a 32-bit starter kit to begin software evaluation and 
hardware design at a low cost. The boards feature the 20 MHz 80960KB 32-bit embedded 
processor. The 80960KB has integrated floating point, instruction and register caches, 
and an on-chip in~rrupt controller. The 80960K-series are the first in a new 
architectural family of embedded processors from Intel built using Intel's CHMOS IVt 
process. These boards provide you with full access to the features of the 80960KB 
processor. A wire wrap prototyping area offers you easy access to board features to test' 
your designs. Interleaved EPROM means fast execution of your code taking advantage of 
the 80960KB's burst bus. A programmable wait state generator simulates different 
memory environments useful in evaluating the performance of your code. These features 
make the QT960 boards useful'low cost tools for the 32-bit embedded designer. 

Once written, you can debug your program with NINDY, an EPROM resident debug 
monitor. NINDY enables you to 'download code, set seven different trace modes, display 
and modify memory or registers, and disassemble problem code sequences. 

Available separately from Intel are the'ASM-960 (assembly langtlage) and iC-960 (high
level language) products.which provide you with the code development environment for 
the qT960 boards. 

The starter kit comes in two versions: the'QT960F version has fast SRAM, high speed 
EPROM and Flash memory; the QT960E version has lower cost SRAM, Flash memory 
and no high speed EPROM. Each version has NINDY in either EPROM (QT960F) or 
Flash memory (QT960E), power supply cable, and the QT960 User Manual. Both versions 
also include the parts list, source code of the debug monitor, and the board data base 
(schematics) all on diskette. Armed with this starter kit you now have a system to 
evaluate and prototype your product ideas quickly and at low cost. 

November 1990 
Order Number. 270743-002 3-1 
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FEATURES 

QT960 FEATURES 
• 20 MHz Ex~cution Speed 
• 128K Bytes to Zero Wait State EPROM:!: 
• 128K Bytes of Flash Me!l)ory 
• 128K Bytes of Zero Wait State SRAM:!: 
• Programmable Wait State Generator 
• Prototyping Wire Wrap Area 
• Five Instruction Traces 
• Two Hardware Breakpoints 

• Display IModify Memory and Registe,rs 
• Code Disassembly 

, • High Level Language Support 
• RS-232 Communications Link 

, • 'The QT960E Ve~on has 128K Bytes of Two 
Wait State SRA:M and 128K Bytes Four Wait 
State Flash Memory , 

Product O~er Codes: EVQT960F20 and EVQT960~ 
tCHMOS IV i. a patented Intel proceaa. 
tQT960F Version only, 

FAST AND EASY CODE UPDATES 
128K Bytes of Intel's 28F256 Flash memory provides an easy and quick method of changing your 
code in nonvolatile memory. Flash memory may be conveniently reprogrammed without 
'removing it from the board while software is under development. 

FASTEPROM 
Interleaved fast EPROM (Intel's 27C202) on the QT960F version yields one-zero-zero-zero wait 
state code access. It efficiently utilizes the four word burst capabilities of the 80960KB bus 
maximizing pr~am performance. 

PROTOTYPIlVG SUPPORT 
A prototyping wire wrap area is provided on board with access to the system's signals and b1.JSe8. 
This area gives you access to the board's features and allows you to easily test design ideas. A 
system bus connector is also provided for off board prototyping. 

PROGRAMMABLE WAIT STA TE GENERATOR 
A software programmable wait state generator enableS you to quickly model various memory 
speeds. Under software control you can set over 16 different wait state combinations and evaluate 
the performance of your target system. 

DMA 
The board offers you eight DMA channels accessed through a NINDY library function using 
Intel's 82380. In addition, offboard connectors provide DMA 110 capabilities. 

FIVE INSTRUCTION TRACES AND TWO HARDWARE 
BREAKPOINTS 
NINDY utilizes the built-in trace capabilities of the 80960KB to provide you with single step, 
supervisor, call, retul'p, and branch instruction tracing offering you extensive debug capabilities 
for software examination and modification. Two hardware breakpoints enable you to break on 
and examine EPROM resident code. 

3·2 
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, HIGH LEVEL LANGUAGE SUPPORT 
NINDY is capable of downloading absolute object code generated by ASM-960 or iC-960. ASM-960 
and iC-960 may be purchased separately from Intel. 

COMMUNICATION AND SOFTWARE REQUIREMENTS 
The QT960 boards communicate with the host through the RS-232 link using an Intel 82510 
UART provided on board. The boards support five baud rates: 1200,2400,9600,19200, and 38400. 
The default is 9600 baud. To communicate with the QT960 boards you must meet the following 
minimum software requirements: 

• Terminal Emulator 

80960KB 
CPU 

CLOCK 
RESET 

H WAIT STATE I 
GENERATOR 

ADDRESS 

T LATCHES 

J 
EPROM 

~ 

128K BYTES 

I 

• XMODEM Download Capabilities 

82380 
SYSTEM 

SUPPORT r-PERIPHERAL 

I 

I 
f"LASH 

MEMORY 

128K BYTES 

82510 
SERIAL 

CONTROLLER ~ 

,I 

1I~ 
I 

--SRAM 

128K BYTES 

WIRE 
WRAP 
PINS 

Of"f" 
BOARD 
CONNECTOR 

Block Diagram of the QT960 Board 

For information or the numher of your nearest sal .. office ca1l8()()'548-4752 (U.S, and Canada). 
Intel Corporaton, Literature Department, 3065 Bowers Avenue, Santa Clara CA 95051, United Stat ... Tel: 408-987·8080. 
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C PROGRAMMING TOOLS FOR THE i960® 
MICROPROCESSOR FAMILY 

281434-1 

PRODUCT OVERVIEW 
In recent years, embedded designs have grown in sophistication, encompassing many 
years of development and thousands of lines of code. Due to the size, complexity and 
constantly evolving desire to stay competitive, designers have turned to high-level 
languages for productivity and RISC-based processors for performance. 

Advanced processor technology such as RISC and superscalar has promised enhanced 
performance through the use of pipelining, multiple execution units, and generally, more 
efficient code execution. Achievement of this performance, however, has been 
constrained by the lack of compiler technology to take advantage of it. 

Intel's continuous investment in compiler technology allows user applications to deliver 
maximum performance from the i960 processor family. CTOOLS960 exploits the i960 
processor features and implements the most advanced optimization technique--profile 
driven optimizations, where code optimizations are based on application runtime 
behavior, thus achieving superior performance compared with code generated by 
conventional global optimizations. 
i960® is a registered trademark of Intel Corporation. 
"'Other brands and names are property of their respective owners. 

3-4 
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C PROGRAMMING TOOLS FOR THE i960® 
MICROPROCESSOR FAMILY 

PRODUCT HIGHLIGHTS 
• CTOOLS960 consists of a high-performance 

profiling compiler, profiling tools, an 
asseinbler/linker and utility tools 

• Fully conforms to ANSI standard, passes 
Plum Hall" and Perennial' tests 

• Produces superior quality, highly optimized 
code for i960 microprocessor family 

• Tightly integrated with DB960 source-level 
debugger and in-circuit emulators 

• Operates on a variety of host operating 
systems 

• Supports in-line assembly code in C source 
• Big-endian support (i960 CA/i960 CF 

processors) 
• Faster compile time and smaller code with 

Revision 4.0 

PROFILE-DRIVEN COMPILER 
OPTIMIZATIONS 
Profile-driven compiler optimization is a 
technique wherein the compiler reads a 
runtime profile of the source code being 
compiled, and makes code optimization 
decisions based on that profile. The runtime 
profile is gathered by instrumentation code 
inserted by the compiler during a preliminary 
compilation. The instrumented program is 
executed using typical data and the resultant 
program profile is saved. In a subsequent 
compilation, the runtime profile is correlated 
to the source code and an optimized program 
generated. 

Code optimizations based on a program profile 
are more effective than traditional global 
optimizations. Conventional optimization 
strategies are limited by static knowledge of 
the program: the text of the program is 
extrapolated to its runtiIhe behavior. Since the 
compiler has no idea which parts of the 

, program influence execution time, all parts of 
the program receive equal attention. 

In contrast, profile-driven optimizations are 
based on known runtime characteristics of the 
program. They go beyond traditional local and 
global optimizations, to become application
specific. The profile information is used by the 
compiler in a number of Ways: 
• Additional resources (e.g., registers) can be 

allocated to parts of the program that 
execute more often. 

• Loops may be transformed to separate 
frequently executed paths from rarely 
executed ones, reducing interference 
between code segments and opening up more 
code motion opportunities. (Superblock 
Formation) 

• Frequently taken paths through the program 
code may be placed in sequence, increasing 
instruction cache hit rates. (Basic Block 
Rearrangement) 

• Program-level function inlining reduces call 
overhead and creates more optimization 
opportunities. (Inter-module Inlining) 

• Heavily used global variables may be placed 
in faster memory or in on-chip data RAM. 

All of these optimizations have been 
implemented in the Intel CTOOLS960 
compiler tool set. 

i960® ARCHITECTURE
SPECIFIC OPTIMIZATIONS 
These optiInizations are implemented to 
ensure the application can benefit from all 
features of the architecture. 

• Specialized instruction selection. The 
compiler makes use ofthe i960 architecture's 
specialized instructions such as clrbit, setbit, 
nand, and ornot instructions. ' 

• Intelligent register manager. It performs 
the assignment of all register operands to the 
available general purpose and floating point 
registers. 

• Code scheduling. The compiler modifies the 
ordering of instructions to increase the 
amount of parallel execution available on the 
specific i960 processor. 

• Use of on-chip data RAM for spill 
registers. When the i960 processor's 
physical registers are insufficient to meet the 
demands of a function, some registers must 
be "spilled" to some slower storage. For the 
i960 CA/i960 CF processor, you may "spill" 
into the on-chip data RAM instead ofthe 
slower off-chip memory. 

• Complex addressing modes (reducing 
instruction fetches and code space). By 
default, the compiler uses complex ' 
addressing modes that generate denser code, 
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generating fewer instructions and fetches 
from memory. Users can instruct the 
compiler to retain the RISC form of 
addressing when code compaction is not 
desirable. 

• Branch prediction. The compiler uses 
profile data to set the branch prediction bit 
for the i960 CA/i960 CF processors to 
maximize the chances of a correct prediction. 

• Identification of leaf procedures. The 
iC960 compiler identifies procedures that 
contain no further calls. The linker optimizes 
the call to such leaf procedures to use the 
branch-and-link mechanism that does not 
allocate a new stack frame or register frame 
and executes faster than the call mechanism. 

ARCHITECTURE 
INDEPENDENT TRADITIONAL 
OPTIMIZATIONS 
The i960 processor compiler performs the 
following local and global optimizationS. 

• Constant expression evaluation. The 
iC960 compiler directly evaluates simple 
arithmetic expressions containing constants 
and tracks constant values through all the 
computations performed. 

• Collapsing of arithmetic and bitwise 
Boolean identities. The compiler recognizes 
instances of arithmetic and bitwise Boolean 
operations in which one of the operands is an 
identity constant. The unnecessary operation 
is eliminated. 

• Common.subexpression elimination. The 
compiler detects multiple occurrences of the 
same expression and avoids redundant 
computations by using the result left in the 
register. 

• Register sUbsumption or register 
coalescing. The compiler coalesces multiple 
registers containing the same value, thus 
eliminating a large number of register move 
instructions; 

• Local variable promotions. The compiler 
promotes to a register location, a variable of 
automatic or register storage class. 

• Tail-call elimination. When the last 
statement. in a function is a call, execution 
time can be saved by replacing the call with 
an unconditional branch. 

• Automatic procedure inUning. The 
compiler automatically selects functions for 
inlining. Pragmas are also available for user 
control over inlining. 
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• Branch optimiZations. The compiler 
rearranges branch instructions to minimize 
the number of branches executed. 

• Dead code elimination. The compiler 
eliminates code that computes values never 
used and code that cannot be reached. 

• Loop invariant code motion. The compiler 
identifies computations that do not change 
within the body of a loop and moves those 
computations to a pOint before the loop 
entry. 

• Induction variable elimination. FOR loop 
array subscripts can be simplified by the 
compiler thus minimizing address 
calculation overhead. 

ASSEMBLER AND LINKER 
The ASM960 assembler tool is based on the 
Free Software Foundation Tools (Note: 
Applications code generated by ASM960 is not 
subject to copyleft. Copyleft applies to 
application code incorporating ASM960 source 
code.). The assembler processes assembly code 
produced by the compiler. The i960 processor 
linker links together separately compiled 
modules, performing additional optimizations 
such as replacing calls by branch-and-link 
sequences. 

The ASM960 toolset offers other useful 
utilities such as: 

• Debugging aids: COFF dumper and 
mapper. 

• An archiver to build libraries in COFL 
format. 

• A COFF stripper to eliminate debug 
records from the obje9t module. 

• A big-endian to little-endian converter 
(on big'endian hosts). 

• A ROM builder to produce ROMabie code. 
• A COFF to IEEE-695 converter. 

LIBRARY SUPPORT 
There are three types of libraries supported by 
CTOOLS960: 

• Iligh levellibraries-contain over 200 
ANSI conforming and ANSI superset 
functions. 
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• Floating-point support-the Accelerated 
Floating Point library provides highly 
optimized, basic floating-point operations for 
i960 architectures Without a floating-point 
unit (KA, SA, CA, CF). ' 

• Low-level libraries-provide low-level 
support for execution on Intel-supported i960 
processor execution vehicles. 

WORLDWIDE SERVICE AND 
SUPPORT 
To augment its development tools, Intel offers 
field application engineering expertise and 
hotline technical support. 

281434-2 

Intel also offers software support which 
includes technical software information, 
automatic distributions of software and 
documentation updates, iCOMMENTS 
publication, remote diagnostic software, and a 
development tools troubleshooting guide. 

Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 

ORDERING INFORMATION 

CTOOLS960 includes C compiler, assembler (ASM960), linker, utilities, C and floating point 
libraries. Note ASM960 source code is also included. 

Code Description. 

CTOOLS960D Intel386TM or Intel486™ CPU DOS-based i960 processor C programming tools. 
CTOOLS960H HP9000/300 or 700, HP-UX based i960 processor C programming tools. 
CTOOLS960R IBM RS60001 AIX-based i960 processor C programming tools. 
CTOOLS960W Stin-4 based i960 processor programmihg tools. 

For more product information call 1-800-628-8686 (U.S. and Canada). 

For literature call 1-800-548-4725 (U.S. and Canada) 
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GNU/960 Software Toolset 

Intel's GNUl960 crpss-development toolset 
offers a complete C language development 
environment for the entire family of 1960® RISe 
microprocessors. GNUl960 is available in binary 
fonn for ten UNIX· hosts and DOS/X. Source cnde 
lS provided for all tools. allowmg users to easily 
port the toolset to a wide variety of other host 
environments. The GNUi960 tools include gcc960. 
a profile-driven optimizing compiler designed to 
take full advantage of the i960 processor's advanced 
RISC features. as well as an assembler. a linker. 
a symbolic debugger and many other tools to 
improve developer productivity. 

The GNU1960 tools support both COFF 
(Common Object File Fonnat) and b.out (GNU/960 
speCific) object file fonnats. ThIS allows users to 
mix and match tools with Intel's CTOOLS960. 
protecbng their software and hardware investment. 
GNUi960 is bIIsed on the Free Software Foundation 
tools and h", been optimized by Intel for the i960 
architecture. GNU/960 includes run-time Iibranes; 
software developed using the GNU960 tools is fully 
copyrightable. GNU1960 offers users ongoing 
mamtenance. With frequent releases and two 
software support options. 

The GNU/960 Tools: gee960 
GNUl960 features gcc960' an ANSI-Compliant 

C compiler. It emits standard lntei assembly 
language for assembly by either Intel's asm960 
or by the GNU/960 toolset's gas960 assembler. 
gcc960 contams many sophisticated optimizations, 
including a number of Intel additions to the standard 
GNU C compiler. 

Profile.Driven Optimizalion 

, The best optimization decision, reqUIre executIOn 
mfonnation about the whole program. To obtam 
program-wide infonnation. gcc960 employs a 
profile-driven compilation model. Several ofgcc960\ 
optimization techmques are profiJe-driven: 

• global function inlinmg 

• allocating global vanables to on-chip SRAM 

• refining ahas ,"fonnation for global variables 

Other gcc960 opbmlZations include: 

• shadowing memory With registers 

• i960 processor mstruction scheduling 

• constant p,?pag~tlOn 
., adjaCent memory access coale~cmg 

• supports S. K and C-series processors 

gss960, gld96O, gtu960 

The GNU/960 assembler. linker. librarian and 
other tools fonn a complete software development 
toolset. allowing users to get the most out of the 
powerful gcc960 compiler. The GNU/960 tools 
are designed to be interoperable with Intel's 
CTOOLS960. This lets users choose the best 
combination of tools for the" individual i960 
processor development environment. 

gdb960 

The GNU1960 debugger IS a fully symbohc 
debugger. and operates with the MON960 momtor. 

September 1994 
Order Number: 272178·002 
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Debug Monitor 
MON960 monitor b the new debug monitor for 

the i960 processor family. It replaces the NINDY 
monitor. New features are: interrupt-driven capability. 
big Endian and flasb suppon. and a well defined., 
ho>! debugger interface. It is shipped complete with 
source for easy retargeting. can be integrated i!S pan 
of a customer" application. and includes ROM-able 
hex files for all the standard Intel i960 proce~<or 
evaluation boards. . 

Hosts Supported 

Sun 3 
Sun4 
Sun 386i 
i386/i486"' CPU-~ UNIX 'System V R3.2 
i3861i486 cpu-based DOS/X 5.0 PC 
HP9OOOI3OO1700 
IBMRS/6000 
VAXlULTRIX 
DECStation 3100 
Apollo 400 

Ordering Information 

DESCRIPrION 

Software Support 
Intel offers two different annual maintenance 

contracl< for GNUI96O: 

FuU Supporllll Conlracl (GNU96IJ SSC): 

• Unlimited 1-800 technical hotline ~<istance 

• Guaranteed 48 hour bug fix or worl<around to 
all critical problems once they can be duplicated 
at Intel's development facilities 

• Free release upgrades 

• Inter-release fixes 

Software Assislllnc. Conlracl (GNU960 SAC): 

• Unlimited 1-800 technical holline ... ,,,tance 

• Free release upgrades 

OKDERCODE 

GNU960T The coroplete GNU960 toolset, including source, on a QIC-24 format 
UNIX tar canridge tape. 

GNU960H 

GNU960M 

GNU960DT 

GNU960SSC 

GNU960SAC 

The complete GNUI960 tonlset, including soorce. on a HP9000 
16-track UNIX tar format canridge tape. 

The complete GNUI960 toolset for DOSIX 5.0 hosts. on 3.5" 
and 5.25" floppies." 

The complete GNUI960 toolset, including source. for DOS/X 5.0 
hosts, on a QIC-24 format Sytos Plus cartridge tape. 

Annual full software suppan contract for GNUI96O. 

Annual software assistance contract for GNUI96O. 

Contact your nearest Intel Sales Office for information about on-site application development or 
consulting services or call 1-800.628-8686 (U.S. and Canada) for more product information. 
For more literature call 1-800-548-4725 (U.S. and Canada). 

GNU/960 Software Toolset 

.. 
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DB960 SOURCE-LEVEL RETARGETABLE 
DEBUGGER 

281433-1 

PRODUCT OVERVIEW 
DB960 is a soutce-Ievel symbolic debugger supporting all members of the i960® 
microprocessor family. It allows the users to debug application code in their own targets. 
DB960D's new user interface is based on the Microsoft Windows 3.1 environment 
providing greater debug productivity. DB960 shares the same debugger interface as 
Release 4.0 of Intel's i960 KB/SB processor emulators so users can easily transition debug 
work between the different tools. It operates on a DOS-based Microsoft Windows' 3.1 
environment, communicating with the user's target system via a serial port. A 
retargetable monitor, MON960, is included with DB960D. The complete monitor source, 
example code and documentation are shipped so users can easily customize the monitor 
for the target system. There is no incorporation or royalty fee incurred if the monitor is 
shipped with the customers' products. 

FEATURES 
• Supports CTOOL960R4.0 and GNU960 

R2.2 compiler development environment 
• Microsoft Windows 3.1 human interface 

with all the convenience of the windows 
environment, plus source display 
window, register window, watch window, 
memory window and local variable 
window to boost debugging productivity 

'Windows is a trademark of Microsoft Corporation. 
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• Extensive breakpoint modes including 
source breakpoints, passpoints, 
temporary breakpoints and event-action 
breakpoints which trigger actions after 
the breakpoint is reached 

• Breakpoints can be defined interactively, 
in the source window or symbolically 
using module names, procedure names 
and line numbers 

August 1993 
Order Number: 281433.002 
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DB960 Source-Level Retargetable Debugger 

• Single step program executions based on an 
assembler instruction, a C language 
statement or function 

• Memory and registers can be displayed and 
modified 

• Wateh expressions can be defined and 
observed in the watch window as the 
program executes 

• Low level run-time library allows programs 
to access the host file system or to perform 
110 operations 

• Symbols are demand loaded 
• DB960 R4.0 comes with a retargetable 

monitor (MON960) 

DEBUGGING FEATURES 
High-level source or disassembled code can be 
displayed in the source window. Users can 
scroll through the source, browse from module 
to module in a program, scope to any execut
able point in the source, or instantaneously 
relocate from a symbol name to the location 
where it was defined (hyperscope operation). 
Symbol names in the source can be highlighted 
to inspect the current run-time value of 
program variables. Call stacks can be 
examined to trace execution flow. 

A variety of breakpoints can be specified 
includi.ng source breakpoints, watch points, 
passpomts, or event-action breakpoints. 
Breakpoints can be defined symbolically using 
module names, procedure names and line 
numbers. Watch points allow users to observe 
a variable as it changes during program 
execution. Passpoints display a message when 
a specified instruction is executed, giving the 
user a non-realtime way to track execution of 
key code sequences without halting instruction 
flow. The event-action form allows complex 
breakpoint conditions .to be set up, including 
da~ breakpoints (when supported by on-chip 
regIsters). 

Users can step through program execution via 
a single assembly language instruction, a high
level language statemllnt or a high-level 
function, function return statement or branch 
taken. Memory can be displayed or modified as 
common data types and all processor registers 
and system tables can be examined or changed, 
Expressions involving symbol names, memory 
references, or both, can be defined as watch 
expressions whose values are monitored in a 
W ~tch window as a program executes. 

RETARGETABLEMONITOR 
A retargetable monitor, MON960, is shipped 
with DB960 for users to customize and 
incorporate into their target systems. 
Complete source code is provided with 
comprehensive retargeting instructions. 
Example code for porting to Intel evaluation 
boards, Intel 82510 UART serial controller 
chip and the 82C54 counter/timer are 
provided. MON960 has a well defined host 
debugger interface allowing users to develop a 
custom host debugger for their product. It 
supports big Endian, flash and interrupt
driven capabilities. MON960 also supports 
GDB960 R2.2 (debugger shipped with GNU960) 
and is available as a stand-alone product. 

HARDWARE DEBUG 
DB960 takes advantage of on-chip debug 
registers like those found on the i960 CA 
processor to provide hardware execution 
address and data address breakpoints. By 
using the available hardware breakpoint 
registers, the debugger can be used to find 
difficult bugs like stack overruns and invalid 
pointer accesses. Once the monitor has been 
retargeted to the target system, hardware 
designers can download initialization code 
read/~rite to registers, and examine mem~ry 
or register contents. 

HIGH-SPEED SERIAL LINK 
Communications between the debugger host 
and target system is supported via RS-232 and 
RS-422 communication links. RS-232 allows 
access to industry standard serial protocols 
while the RS-422 interface provides higher 
speed communication (up to 115K baud) for 
faster code and data download. PC-AT bus
compatible RS-422 communication boards are 
available from various third party vendors. 

WORLDWIDE SERVICE AND 
SUPPORT 
Intel offers software support which includes 
technical software information, a technical 
hotline, automatic distributions of software 
and documentation updates, iCOMMENTS 
publication, remote diagnostic software, and a 
development tools troubleshooting guide. Intel 
Development Tools also offers a 30-day, money
back guarantee to customers who are not 
satisfied after purchasing any Intel 
development tool. 
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ORDERING INFORMATION 

Order Code Description 

DB960D DOS-based, retargetable software debugger for the 
i960 KA, i960 KB, i960 SA, i960 SB, i960 CA and 
i960 CF microprocessors. Includes host debug 
software, MON960 retargetable monitor, host 110 
libraries and documentation. 

MON960 System debug: monitor, source code product. 

. For more product information calI1.:s00-628-8686 (U.S. and Canada). 

For more literature call 1-800-548-4725 (U.S. and C~ada). 
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Order Number:-272505·001 

EP80960Cx 
Evaluation 
Platform 

Low-Cost Processor Evaluation Toot 
Inlel's EP80960Cx Evalualion Plalfonn provides 

a low-cost hardware environment for code execution 
and software debug. The boaJd fealUles !he i96O' CA 
processor and is easily upgnllleable 10 die i960 CF 
processor: !he newes! and highest performance member 
of Imel's family of 32-bil embedded microprocessors. 

The EPI!096OCx includes a high-perfonnance 
inlerleaved DRAM subsyslem, operating at 2~ 
wail sUlle buBl reads and wo wail state (0-040) 

posled wrile. The 2 MbyIe subsystem, expandable up 
10 16 MByles, employs slandard 70 ns DRAM SIMMs 
and runs al frequencies up 10 33 MHz. The EPI!096OCx 
aiso features an 00 subsystem and an advanced seI of 
peripheral devices for benchmarking and debugging 
application code written for !he i960 CAJCF embedded 
processors. The EPI!096OCx expansioo bus-(X-Bus) 
supports expansion cards and external devices; the 
X-Bus provides dlrecl access 10 !he i960 CA/CF 
processor's bus and coolrol signals. 

I\lpular features such a single line assembler/disas
sembler, single-step program execulioo, and software 
breakpoinlS are slandard on !he EPI!096OCx's on-board 
monilor. Available separately,lnlel offers a complele 
code developmenl environmenl will! lools such as 
Imel's iC-960 or GNUI960 compiler. 

The EP80960Cx Evaluauoo Plalform package fea
lures MON960 Monilar in EPROM, a power supply, 
a 9-pin PC /AT senal (RS-232) ccnnecIor, a 25-pin 
parailel cable for parailel download, !he EPI!096OCx 
User's Manual, and diskelles coollining MON960 host 
software, design and library files and an example ~ 
gnun. The EP80960Cx User' Manual includes board 
schemruics, a parIS list, programmable logic (PLD) 
equations, and slep-by-slep insllUClions on how 10 
compile'. assemble, link, download, and execule !he 
example program. 

EP80900Cx Features 
• 33MHz Execulion Speed 
• 32 Kbyles of EPROM for 80960CA MON960 

Targe! Operaling Finnware 

• 2 MbyIes of Fast Page Mode DRAM' expandable 
1016Mbyles 

• Concwrenllnlerrogalion of Memory and Registers 
• 384 Software BreakpoinlS 

• Code Disassembly 
• High Level Language Support 
• One RS-232 port for HoS! and User 

Communicalion up 10 115.2 Kbaud 

• One Cenlrorucs Parallel Port for Parailel 
Downloads 

• An ExpanSIOn Bus (X-Bus) for Penpheral-Io-CPU 
Inlerlace 

• Memory Wail Sune Conuol for Memory 
Subsystem Simulalion 

• The DRAM subsystem provides zero wail-Sune 
posled wriles (0-040) and (2~) wail-state read. 

Fast Page-Mode DRAM SIMM Modules 
The EP80960Cx Evalualioo Plruform's memory 

design lakes advanrage of!he i960 CA/CF processor's 
bunII mode bus for inlerfacing will! fasl page-mode 
DRAM. The high-performance DRAM design Ulilu"s 
Ihree IeChniques: bank inlerfeaving. wrile posting and 
RAS inlerfeaving. 

Concurrent Interrogation of Memory 
and Registel'S 

The on-board MON960 Monilor allows !he user 10 
read and modify inlema! registers and exlema! memory 

, while running lite user's prognun. 

• 
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High Speed DowIIIoeds 
The 1'11181101 pan on Ihe EP80960Cx is a full imp/e. 

menWion of a CCllIIOIIics-c:ompaIible "","ive Only 
port. This pan allows fast downIoeds of code or data 10 
Ihe EP8096OCx. Inlel's sotIw ... lOOl .. uppon parallel 
downloads. 

Prototype and Expansion Bus 
The X·Bus allows !he user 10 qUICkly proIOIype 

simple appiic8l1OllS., Two rows of header pins on Ihe 
EP80960Cx provide buffered versions of address. data 
and control signals as well as 0Iber signals which ease 
Ihe task of inIerfaoing simple peripherals and I/O 
devices. The header pins also double as logic analyzer 
aa:e55 points. 

Communication Unk 
The EP80960Cx board COI1lIIIIIIIica with Ihe host 

computer via Ihe RS·232 link. ThIS plalform supports 
baud ..... t'ro\n 300 10 IIS200 baud. 

Power Requirements 
The EP80960Cx Evalualion Plalform req~i ... S 

vollS II 2500 mA, which Ihe included power supply 
provides. The EP80960Cx also supports. power 
supply !hal provides +SVDC I +12VDC for FLASH 
programming. 

I Host System Requirements 
The EPtI0960Cx EvalUaIion PIaIfonn interfaces 10 

eidter a UNIX· or DOS-based sysICIII. An InIeI486-
baS!'d PC is recommended. A DOS-based host system 
must meet Ihe following minimum requimnents: 
• PC·DOS 3.2 or Later 
• SI2 Kbytes of Memory 
• One 1.4 MbyIe AQppy Disk Drive 
• Serial PorI (COM I orCOM2) 
• Parallel Port (lPT1) (peraI1e1 port is optional) 

CFUpgrade 
Available for Ihe EP80960CX is a kit designed 10 

quickJy and easily tIJl8I1Ide your plalform 10 take 
advantage oflhe 80960CF micropnlcessorpetfor. 
mance. This kit supplies Ihe 80960CF COJI1IIClIIOIII and 
all documentation needed 10 make !he upple, 
Product Older code EPCF tIJl8I1Ide. 

EPII0960Cx FundIonaI (Block) DiItgnm 

I 



i960 SA/SB EVALUATION BOARD 

272033-1 

i960 SA/SB EVALUATION BOARD 
The EV80960SX board is a general purpose evaluation tool for the i960 SA/SB embedded 
processors; This evaluation board provides a high-performance DRAM subsystem, an 
interleaved EPROM subsystem, and a robust set of peripheral devices for benchmarking 
and debugging application code written for the i960 SA/SB embedded processors. 

The EV80960SX is a great starter kit for your 32-bit application. The EV80960SX, 
NINDY debug environment, along with assembler and C-compiler (not provided) provide 
a seamless environment for developing code and evaluating the i960 SA/SB processors. 
The NINDY monitor provides code download capabilities from a number of popular 
development systems, including DOS-based PC's. Single step, breakpoints, register and 
memory display are among the full set of features provided by NINDY. 

The board is provided with the following 
features: 
• DRAM Subsystem operates at 

1-0-0-0-0-0-0-0 wait states for read and 
write cycles in the burst mode. The 
DRAM subsystem runs at the maximum 
processor frequency of 16 MHz, using 
100 ns fast page mode DRAMs. The 
DRAM subsystem can accommodate 
from 512 Kbytes to 4 Mbytes, using 4 or 8 
ZIP-packaged DRAMs. 

• Interleaved EPROM Subsystem executes 
burst program fetches with a 2-0-1-0-2-0-
1-0 wait state performance. 

The EPROM subsystem accommodates 
four, 32-pin or 28-pin 8-bit wide EPROMs 
with up to 150 ns access times. 
• Flash EPROM Subsystem reads and 

writes two 8-bit wide Flash EPROMS. 
• 8259A Interrupt Controller provides 

expanded interrupt capabilities using 
the i960 SA/SB's interrupt controller 
interface. 

• Parallel Port Input allows fast 
downloads of code or data to the 
EV80960SX board. The parallel port 
provides auto-busy and interrupt 
capabilities, and is a full implementation 
of the Centronics standard. 

ACE51, ICE and MCS. are registered trademarks of Intel Corporation. 
Ethernet is a registered trademark of Xerox Corporation. 

'CHMOS is a patented Intel process. 

June 1991 
Order Number: 272033-001 3-15 



i960 SA/SB EVALUATIQN BOARD 

• Two serial ports provide queued and 
interrupt driven stll'iIU transfer at up to 
128000 baud. ':," ,.' 

• 82C54 Timer/Counter provides a 32·bit 
counter and 16-bitcounter;eoo'b. with 
dedicated interrupts. ' ' 

• Expansion/PrototyPe Bus (XBUS) allows 
expansion cards and prototYPe hardware 
direct access to the i960,SA/SB's.bus and 
control signals. Optionally, a confIgUrable 
wait state scheme provides a no glue 
interface to most peripherals attached to,the 
XBUS. 

• LEOs and Switches are user programmable. 
One 10-segment bar LED, a 7-segment LED 
and an 8-position switch are under program 
control. 

• Local Area Networking (LAN) is 
implemented using an 82596SX LAN 
coprocessor. 

I 1960™ II :!:: I SB·16 
Proce .. or 

• • • • 
I DRAM I I F~SH 

, Bi.trers 
;.;;;; 

-

I Interleaved 
EPROM I I E~=n I 

Connector I 

• Laser Printer Control provides interfaces to 
TEC or Can,on compa:tible'laserengines. 

.' Monitor and Self.tef!t diagnoStiCs are 
provided for the EV80960SX in the EPROMs 
installed in the board. 

The evaluation board comes C(lI11plete with a 
design database included on diskette, the 
,NINDY debug monitor on diskette and in 
EPROM, power arid serial cables, schematics 

, and User's manu8I. 

I 

The EV80960SX is a public domain design. The 
hardware is fully documented and provides 
working examples of popular memory and 
peripheral interfaces to the i960 SA/SB 
processor. The schematic and PLD database 
are provided with each board. The EV80960SX 
designs are easily duplicated and can be used 
directly as the building blocks for custom 
designs. Custom hardware can be prototyped 
using the expansion bus (XBUS) connector. 

82C54 I 8259A 
Tlmerl Interrupt I Counter Controller 

I~PmWI L I 
I ::::. 

LEDa& bl 

~: 
Port 

Port 
DIP RS-232 

Swltchn , SerIal 

~I Parallel 
Port (INPUT)' I 

272033-2 

EV80960SX Evaluation Board 
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By railoring these low 

cost modules to be 

interchangeable, 

designers are freed frolll 

the burdensollle and 

time m/lSllming task of 

supporting multiple 

boards during (Ill 

architectural evaluation. 

October 1994 
Order Number: 272598·001 

I 
i960® Microprocessor 
Evaluation Platform 

CycloneEP 

Flexibility Plus 
JnICJ'~ Cyclone Evaluation Platform I~ dc\'gncd to plO· 

vide the developer with a flexible. low CO ... 1 environment for 
code eXf\.:ution and 'iottware debug. Configured a~ a 'tand
alone bu"ic bo,rrd with mterchangeable module ... , the 
Cyclone EP I~ capable of ~upportmg the entire 1960" 
procc':>sor family: from the low cosll960 SA proce ... !>or 10 
the newe~t and highc\t peli'ormancc member of the ,960 
family. the it.)6() HT proce'l!lor. 

The ... Iandard mterface incorporJled on the Cyclone EP 
allow ... ;! de'iigner to'mterchange appilcatlon "pecitk mod
ulc., rangmg from Ethernet 10 SCSI·j. Puhli'ihcd "ipcdlica
liom for Ihe inlerface allow dClignen; 10 bUild Ihelr own 
module or have Cyclone MICTO\y\tems CUliiom develop it 
torlh,m. 

Processor Modules 
DeMgned ti" Ihe Cyclone EP arc CPU module< lealur

mg a 'ipccilic 1960 proCe~M)r. By tailOring the!<.e four low 
co\l module!<. to be mterchangeable. the de\'gner I~ treed 
from the burden~orne and time con"lummg ta ... k of support-
109 muluple boards during an archileclUml evalualion. The 
CPU module, each eonlam a bool fla,h ROM wnh Ihe 
MON960 momtor. app"'pnale glue logiC and eonligur.llon 
~Wllchc!<l. U"Img the'\f \wltche\ the dCMgner hal, the ability 

10 funhcr lune Ihe deMgn. 

DRAM Memory 
The Cyclone EP" ,hipped Wllh 2 MbylC\ of mlcr

ledved DRAM memory upgmdable 10 8 or 32 Mbyle> The 
DRAM controller aUlomallcally adju~ts the wuit-Matc:-. 
ba",d on proce"or Iype, clock frequency, and memory 
speed. The controller \Upports burst Inmsters uSing the 
Interleaved bank ... to max.imlzc pcrionnancc The dclauh 
memory configuratIon comcIi .. tandard with 7On ... memory. 
For prnccs~or lrequenclcs 01 2~ tlnd 40 MHz. perfonnance 

can be Mgmtieanlly lncrea"d by using 60n, memory The 
board reqUlre~ no ~huntlj or ",wltche'llo adJu~t for memm")' 
changes. The Pre..ence Deleel Signall and Ihe conlroller 
automallcally adju"t" [0 minimum wail··;tate~ for the 
proce .. ~{)r frequency and memory .. peedli. In addition the 
100tmlization code automaucally \17-e .. (he memory .. 0 u~r 
Mlitware can take advantage of larger memory module ... , 

Software Development Support 
The Cyclone EP ,"ppon, many lot\ware developmenl 

tooh. The in ... tallation instructIon .. pre~nted in the manual 
were venfied "Img Inlel\ GNUf')60 and IC960. The" 
advanced C~lunguagc compiler .. lor the 1%0 proce:-:.~or fam
Ily are "vatlable tor DOS-baled 'Yllem, and a vanely ot 
UNIX work"allon hosl'. BOlh produels proVide execution 
profilmg and m"itrucUon scheduling opumlzatlon~ lor tuned 
code gcncmuon. In addl1101110 the Intel tool~, the Cyclone 
EP ha, been validall'<l for usc wllh many 01 Ihe 
SolUliom,960" plogram development tooh. 

Console Serial Port/Parallel Port 
The Cyclone EP ha'l a "lIlgle con. .. ole port With an RS-

232 hne intertace u .. well a.., it Ccntromx PC compatible 
mput pmallel pon ClIblel"are I,upplied tor both commUfll
cation port:-. 

Cyclone Evaluation Platform Features 
• Interchangeable 1960 proce~sor module') 
• DIP 'Witch <electable pr<lC"Ior dock frequency 
• 2 Mbyle< of DRAM. expandable 1032 Mbyle< 
• DRAM controller automatically optimize, Walt- I,tate~ 

to procel,l,or frcquem:y and memory 

• Ralh ROM 'llCkel' 
• Parallel download pon 
,. Three Mxtccn bit counter/timerfl 
• Squall II module 110 expanllon inlertace 
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Squall II Module Interface 
The Cyclone EP ha~ a "mglc e\p.m~ion location 

(Squall 11) J.nd l'onnel1or. While Cyd(me 

Mlcro~y"ilcm .. has milny 011 the ... hell module\ avml M 

able. u .. er ... me ul ... oencoU1uged to huild thelfown lTI(xI· 

ules or contact Cyclone regarding clistom modulc~ and 
ho;~dl. Boa,,!> currently available thmugh both Intel 
and Cyclone Mlcr~Y!ltcm"i ,Ire: 

• Ethel11ct • SCSI-J 

• SCSI-2 • fli~h Speed Serial 

The Cyclone EP Functional Overview , 
I/O ,ub'Y1tcm pnJVl<ics data buffers and simphlicd

l.:onll11l: 

• The Centronics compatible purallel port i.lllow:-, fast 
download of C(xle or data to the Cyclone EP 
The as)nchlOnml> serial IRS-2121 pnrt provides 
Ir;m!-.ter'l up 10 115.2 K bi.\ud. 

• A Z~536 timer/counter provide' three l6-bit coun· 
le!\. with inlcn'Uph. 

3-18 

A ... ingle ex.pan ... jon bu .. (Squall II module) allow>: 
c>..pan:o.lon caN!'> and extemal dcvicc!I din.~1 al."Cc~!I 
to the 1960 pnx:t~~or\ bu~ and control ~ignab. 

Product Ordering Information 
EPS0960BB Ba", Board Without CPU Module 
CPU81~)(i)HX' 

CPU8096I1CX 
CPU81196()SX 
CPU811960KX 
CPU81~)6(lJX 

HX MlCroprocew" CPU Module 
CX MlcmprocclSorCPU Module 
SX MIl·ropnx..'e~~()r CPU Module 
KX MlCloprocellOl CPU Module 
JX MicropfO<."C'~" CPU Module 

110 MODULES 
SQETHERNET 
SQHSS' 

ETHERNET MODULE ' 
HIGH SPEED SERIAL 
SCS/-2 SQSCSI-2' 

SQSCSI-.1' SCSI-3 IFAST AND WIDEI 

I f\,nl.w,ul,\hk 1111 Ihe C'Pl:XII"'(~I"X OR ('PllX(JlX~IS\ 

, !\ul ,wallahk tl!11hc ('Plll«JI)6I1SX 

I 
UNITE!) SWES 
Intel Corporation 
2206 Mis.,ion Co/lege Bou/o .. rd 
eo. Bo. 58119 
Santa Clara, CA 1J54l52-8119 

JAPAN 
Intol Japan K_K_ 
5-61okodai, Tsukuba-shi 
lbaraki. 34N~Z6 

FRANCE 
Intol CorpOration S.A.R.L. 
I. Rue Edison, BP 3413 
711054 Saint-Quentin .. n-V.oines Cedo. 

UNITED KINGDOM 
Intol Corporation (t:.K_I Ltd. 
Pipen.Way 
Swindon 
Wiltshire, England SN3 I RJ 

GERMANY 
IntolGmbH 
Duma.:her St ....... e 1 
8016 Feldkirchon bei Muenchen 

HONG KONG 
Intel Semirond ... 1ur Ltd. 
32IF Two Pa<if'" Place 
88 Qu .. nsway 
Central 

CANADA 
Intel Semiconductor of Canada, Ltd. 
190 Adwell Drivo. Suite 500 
Re.dale, Ontario M9W 6H8 

Cyclone MkroloY"~m\' Inc. 
z.~ Scilom't! Part 
Nf.'W Hln'en. CT 
""' ... , ~lVIIIOl-!5J6 
FAX,~MIt6,~125 
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NORTH AMERICAN SALES OFFICES 

...: 

ALABAMA Intel Corp. ·jlntel Corp. ·jlntel Corp. 
2250 Lucien Way Lincroft Center 

Intel Corp. Suite 100, Room 8 125 HaW Mile Road 
5000 Quorum Drive 

4024 Medford Drive MaRland 32751 Red Ban~ 07701 
Surte 750 

Hunlaville 35802 ~~f~~m~~~EORGIA Tel: (BOO) 628-8688 
Dallas 75240 

~~f~~gtr~tl=~ FA'!: (908) 747·0983NEW YORK 
Tel' (BOO) 828·8688 
FAX: (214) 233·1325 

ARIZONA 
jlntel Corp. ·Intel Corp. ·jlntel Corp 
20 Technology Park 
Suite 150 r.~~'\"4~~ OWice Park '20515 SH 249 

tlntel Corp. Noroross 30092 
Surte 401 

410 North 44th Street Tel. (800) 628·8686 ~800) 628·8688 Houston 77070 
SuRe 470 .510-253·7391 ~l~b.~~'\".~~~ Phoenix 85008 

FAX. (404) 448·0875 FAX: (716) 223·2561 

~~f~gg~f~t~S:6 IDAHO ·jlotel Corp 
FAX: (713) 376·2891 

~~~~ Cr?'r.v,ew Ave, SuRe C 
2960 Expreee Dr. South UTAH 

CALIFORNIA SUite 130 jlntel Corp 
Intel Corp. 

Bol.e83704 Islandia 11722 

~~(~ggLf~~7~~~ • ~~grb.%~.:: 
428 East 6400 South 

3550 Watt Avenue SuRe 135 
SuRe 140 ~~~(l~:~~.8688 Sacramento 95321 ILLINOIS 

FAX: (516) 348-7939 

Tel: (800) 628-9686 ·jlntel Corp. OHIO FAX' (801) 268-1457 
FAX' (916) 488·1473 Woodfield Corp Center '" ;:~,~r'J'br , Sune 205 

Intel Corp. 
jlntel Corp. 300 N. Martingale Road 2581 E Cobbleslone Way 

g:~I~~~H~~r D"ve Surte 400 Hudson 44236 ~:D1Xo\f9::.~~~ 
Schaumburg 60173 Tel: (800) 628·8686 

SanD~92123 FAX' (216) 528·1026 FAX: (801) 942·8815 
Tel' (8 628·8688 Tell (800) 628·8688 
FAX (61 ) 467-2460 FAX' (708) 605·9762 ·jlntel Corp WASHINGTON 

Intel Corp INDIANA 
3401 Park Center Drive jlntel Corp 
SUite 220 

1781 Fox Drive ¥:r~~g~~:.8686 
2800 156th Avenue SE 

San Jose 95131 jlntel Corp. SUite 105 

Tel. (800) 628·9688 8041 Knue Road Bellevue 98007 

FAX (408) 441·9540 Indianapolis 46250 TWX 810-450·2528 Tel (800) 628·8888 

~~~~~g~m~~~ 
FAX' (513) 890·8658 FAX' (208) 746-4495 

·jlntel Corp, OKLAHOMA 
1551 N Tustin Avenue WISCONSIN 
SUite 800 MARYLANO ~~g\ <;:'~'roadWay ~rggl ~"r?x.cutlve Dr Santa Ana 92701 ·jlntel Corp 

+WJ~2~b.~t~~~ 
Surte115 131 National Busln ... Parkway Oklahoma Crty 73162 

SUlle 401 
Surte 200 Brooldleld 53005 

FAX' (714) 541·9157 Annapell. Junction 20701 
Tel. (800) 628·8686 Tel: (800) 628·8688 

jlnlel Corp. Tel. (800) 628·8686 
FAX (405) 840·9819 FAX' (414) 789·2746 

15260 Venlura Boulevard FAX: (301) 206·3678 OREGON 
SUII.360 , MASSACHUSETTS CANADA Sherman oaks 91403 jlntel Corp. 
Tel' (800) 628·8686 

l::~~°3'cirp. Center 

15254 NW Greenbrier Pkwy 
FAX' (818) 995·6624 BUilding B BRtnSH COLUMBIA 

Intel Corp 5 Carlisle Road 
eeaverton 97008 Intel Semiconductor of 

120 Blnnlngham 2nd Floor ~l~b.~~~.~~~ Canada, Lid 
Surtell1H14 Westtord 01888 FAX (503) 645·8181 999 Canada Place 
Cardiff, CA 92007 l{l{l~~b.~~.~~~ Surt. 404, 'II 
Tel: (619) 942·8939 PENNSYLVANIA Vancouver V6C 3E2 
FAX. (619) 942·~849 FAX' (5D8) 692·7867 

·jlnlel Corp 
Tel. (800) 628-6686 

Intel Corp MICHIGAN 925 Harves! Drive 
FAX (604) 844·2813 

300 N Conllnental Blvd jlntel Corp 
Surte 200 ONTARIO 

SUllel00 Blue Bell 19422 

f~FeRI!8~~~~~~ 
7071 Orohard Lake Road Tel. (800) 628·8686 tlntel SemIConductor of 
Surtel00 Canada, Ltd 

FltJ (310) 64()"7133 Weet Bloomfield 48322 
FAX (215) 541-0785 2650 Queensvtew Drive 

Tel, (800) 628·8686 SOUTH CAROLINA Surte 250 

COLORADO FAX (313) 851-8770 
Intel Corp. 

onawa K2B 8H6 

·jlntel Corp Intel Corp 
Tel' (800) 628-8686 

7403 Parkiane Rd , Surte 4 FAX (613) 620·5936 
600 S. Cherry St 32255 N Westem HWV. Columbia 29223 
Surte 700 Surte 212, T" Alrla Tel (BOO) 628·8686 jlntel SamlConductor of 
Denver 80222 Fanmngton Hills 48334 FAX (803) 788-7999 Canada, Ltd 

~~g~6.~~~'.~~: 1:"ll~~3~~~~~~0 190 Attwetl Dnve 
Intel Corp. Su"e 500 

FAX. (303) 322-8670 MINNESOTA 
100 Executrve Center Dnve Rexdale MaW 6H8 
Surtel09, BI83 Tel (800) 628-8686 

CONNECT1CUT jlntel Corp 
GrasnVllle 29615 FAX' (416) 675·2439 

jlntel Corp 3500 W. BOth SI Tel. (800) 628·8668 

40 Old Rldgebury Road Surte 360 
FAX (803) 297-3401 QUEBEC 

Sune 311 Bloomington 55431 TEXAS tlntal SemIConductor of 
Danbury 06811 ~J~g~~~t~~ jlnlel Corp 

Canada, Lid 
Tel. (BOO) 628·8686 1 Rue Holiday, Tour Wast 
FAX: (203) 778·2168 FAX: (612) 831·6497 8911 N Caprtal ofT .... Hwy SUite 320 

Surte 4230 Pt. Claire H9R 5N3 
FLORIDA NEW JERSEY Austin 78759 . ~~(~o:>J.~:::: 
jlntel Corp InlelCorp 

Tel (800) 628-8688 

800 Fairway Drive 2001 Route 46, SuRe 310 FAX. (512) 338·9335 

Surte160 ~:F(Gggr~~l.~rMl315 Deerfield Beach 33441 

~~(~mf~~;~:~ 
FAX. (201) 402-4893 
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NORTH AMERICAN SERVICE OFFICES 

ALABAMA 

Blrmmgham 
Huntsville 

ALASKA 

Anchorage 

ARIZONA 

Phoenix· 
Tucson 

ARKANSAS 

Little Rock 

CALIFORNIA 

Bakersfield 
Brea 
Carson· 
Fresno 
Livermore 
Mar Del Rey 
Ontano· 
Orange 
Sacramento' 
San Diego· 
San FranCISco· 
Santa Clara-
Ventura 
Sunnyvale 
Walnut Creek-
Woodland Hills· 

COLORADO 

Colorado Spnngs 
Denver 
Englewood" 

CONNECTICUT 

Glastonbury· 

DELAWARE 

New Castle 

FLORIDA 

Ft Lauderdale 
Heathrow 
JacksonVille 
Melbourne 
Pensacola 
Tampa 
West Palm Beach 

ARIZONA 

ComputervlslOn Customer 
Education 

PrimeService 
Intel Corporation's North American Preferred Service Provider 

Central Dispatch: 1-800-876-SERV (1-800-876-7378) 

GEORGIA MICHIGAN NORTH DAKOTA UTAH 

Atlanta'" Ann Harbor Bismark Sail Lake Clly' 
Savannah Benton Harbor 
West Aobbl!1s Flint OHIO VIRGINIA 

Grand Rapids· CinCinnati· Charlottesville HAWAII leslie Columbus Glen Allen livonia'" Honolulu SI Joseph Dayton Maclean· 

~~~:~d~~~i;· Nortolk 
ILLINOIS Troy· Virginia Beach 

Buffalo· MINNESOTA ToledO· 
WASHINGTON 

Calumet City Bloomington· OREGON 
Chicago 

Dululh 
Bellevue· 

Lansing Beaverton· OlympJa 
Oak Brook MISSOURI Renton 

PENNSYLVANIA Richland 
INDIANA Springfield 8ala Cynwyd'" Spokane 

St. Louis' NEVADA Verdale Carmel· CampH,U' 
Ft Wayne Minden East Ene WASHINGTON D.C.' 

KANSAS Las Vegas Pittsburgh· 
Reno Wayne· SI. John WEST VIRGINIA 

Overland Park· 
NEW HAMPSHIRE SOUTH CAROLINA SI Albans 

Wichita 

KENTUCKY Manchester" Charleston WISCONSIN 
Charry Point 

LeXington NEW JERSEY Columbia Brookfield" 

LOUISVille Edison· Fountain Inn SOUTH Green Bay 

MadisonVille DAKOTA Madison 
Hamton Town" Wausau 

LOUISIANA Parsippany· SIOUX Falls 
CANADA 

Baton Rouge NEW MEXICO TENNESSEE 
Metane Albuquerque Bartlett 

Calgary" 
Edmonton 

MAINE NEW YORK 
Chattanooga Halifax 
KnOXVille London" 

Brunswick Albany' Nashville Montrea'" 

MARYLAND Amherst· TEXAS 
Ottawa 

Oewltt'* Toronto" 
Frederick Fairport· Austin Vancouver, BC" 
linthicum· Farmingdale· Bay Clly Winnipeg 
Rockville· New York City· Beaumont Regina 

MASSACHUSETTS NORTH CAROLINA 
Canyon 
College Station 
Houston· Boston· Brevard 

Natick· Charlotte Irving· 
Norton· Greensboro San AntOniO 
Springfield Haveluch Tyler 

Raleigh 
Wilmington 

NORTH AMERICAN 
CUSTOMER TRAINING CENTERS 

ILLINOIS 

Computervlslon Customer 
Education 

MASSACHUSETTS 

Computervlslon Customer 
Education 

2401 W Behrend Or , SUite 17 
PhoeniX 85027 

1 Oakbrook Terrace 
SUite 600 

11 Oak Park Drive 
Bedford 01730 

Tal 1·800-234-8806 

MINNESOTA 

3500 W 801h Sireet 
SUite 360 , 
Bloomington 55431 
Tel (612) 835·6722 

·Carry-In locations 

Oakbrook 60181 Tel 1-800-234·8806 
Tel 1-800·234-8806 

SYSTEMS ENGINEERING OFFICES 
NEW YORK 

2950 Expressway Dr , South 
Islandia 11722 
Tal (506) 231·3300 




