











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Glossary

Glossary (Continued)
Bit—An abbreviation of “binary digit”. It is a unit of information represented by either a one or a zero.

Bit Field—A group of bits addressable as a single entity. A bit field is fully specified by the location of its least significant bit and
its length in bits. In Series 32000 systems, bit fields may be from one to 32 bits in length.

Branch—A nonsequential flow in a software instruction stream.

Breakpoint—A place in a routine specified by an instruction, instruction digit, or other condition, where the software program
flow will be interrupted by external intervention or by a monitor routine.

Buffer—An isolating circuit used to avoid reaction of a driven circuit on the corresponding driver circuit. Buffers also supply
increased current drive capacity.

Bus—A group of conductors used for transmitting signals or power.

Bus Cycle—The time necessary to complete one transfer of information requiring the use of external address, data and control
buses.

Byte—Eight bits.

Byte Enable—BEO to BE3. CPU control signals which activate memory banks, each bank providing one byte of data per
address.

C—A highly structured high level language developed by Bell Laboratories to optimize the size and efficiency of the program.
This language has gained much popularity because it allows the programmer to get close to the hardware (low level) as well as
being a high level language. Before C, the programmer who had to address the hardware had to use assembly language or
machine code.

Cache—See Associative Cache.

Cache Hit—In the MMU, logical-to-physical address translation takes place via the associative cache. For this to happen, the
addressed page must be resident in physical memory such that a logical address tag is present in the MMU’s translation cache.

Cache Miss—When a logical address is presented to the MMU, and no physical address translation entry is found in the MMU’s
associative cache.

Cascaded—Stringing together of units to expand the operation of the unit. Interrupt Control Units present in a Series 32000
system which are in addition the Master ICU are referred to as “cascaded” ICUs; i.e., interrupts cascade from a second-level
ICU through the master ICU to the CPU.

Clock—A device that generates a periodic signal used for synchronization.

Clock Cycle—After making a low-to-high transition, the clock will have completed one cycle when it is about to make another
low-to-high transition. This time is equal to 1/f where f = the clock frequency.

COBOL—This acronym stands for “Common Business Oriented Language”. It is a language especially good for bookkeeping
and accounting.

COFF-COMMON OBJECT FILE FORMAT is a standard way of constructing files developed by AT&T for the express purpose of
making all files similar. This will help reduce the situation where large files developed by one organization won’t run on another
organization’s equipment simply because the software interfaces are different. It provides a great potential for savings in both
time and money.

Compile—To take a program written in a High-Level Language such as C, Pascal, or FORTRAN and convert it into an object-
code format which can be loaded into a computer’s main memory. During compilation, symbolic HLL statements, called source
code, are converted into one or more machine instructions which the CPU “understands”. A compiler also calls the assemble
function.

Compiler—The program that converts from Source to Machine Code. The conversion is from a particular high level language to
machine code. For example, the C compiler will convert a C source program written by a programmer to machine code. This
machine code output is in the same format as that of the assembler and is also called an OBJECT file.

CPU—Central Processing Unit. The portion of a computer system that contains the arithmetic logic unit, register file, and other
control oriented subsystems. It performs arithmetic operations, controls instruction processing, and provides timing signals and
other housekeeping operations.

Cross Support—The alternative to using a “Native” development like SYS32 to develop your programs is to use Cross Support
software. “Native” means that the CPU in the development system is the same as the CPU in the system being developed.
Cross support software is all of the necessary programs for development that operate on one CPU, but generate code for
another CPU. Use of the VAX to generate Series 32000 code is a good example of cross support.

Demand-Paged Virtual Memory—A virtual memory method in which memory is divided into blocks of equal size which are
referred to as pages. These pages are then moved back and forth between main memory and secondary storage as required by
the CPU. Demand paging reduces the problem of memory fragmentation which results in unused memory space.

Dispatch Table—In Series 32000 systems, this is an area of memory which contains interrupt descriptors for all possible
hardware interrupts and software traps. The interrupt descriptor directs the CPU to the module descriptor for the procedure
which is designed to handle that particular interrupt.

Displacement—A numerical offset from a known point of reference. Displacements are used in programming to facilitate
position independent code, such that a given program can be loaded anywhere in memory. In Series 32000 processors, a
displacement is contained in the instruction itself.
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Glossary (Continued)

DMA—Direct Memory Access. A method that uses a small processor (DMA Controller) whose sole task is that of controlling
input-output or data movement. With DMA, data is moved into or out of the system without CPU intervention once the DMA
controller has been initialized by the CPU and activated.

Double-Precision—With reference to 32000 floating-point arithmetic, a double-precision number has a 52-bit fraction field, 11-
bit exponent field and a sign bit (64-bits total).

Double Word—Two words, i.e., 32 bits.

Editor—A program which allows a person to write and modify text. This program can be as complicated as the situation
requires, from the very simple line editor to the most complicated word processor. Letters, numbers and unprintable control
characters are stored in memory so that they can be recalled for modification or printing. The programmer uses this device to
enter the program into the computer. At this stage, the program is recognizable to both the programmer and the computer as
lines of English text. This English version of the program is known as the SOURCE.

Emulate—To imitate one system with another, such that the imitating system accepts the same data, executes the same
programs, and achieves the same results as the imitated system.

Exception—An occurrence which must be resolved through CPU intervention. An exception results in the suspension of normal
program flow. In Series 32000 systems, exceptions occur as a result of a hardware reset, interrupt or software traps. Execution
of floating-point instructions may also result in occurrences which must be resolved through CPU intervention.

Exponent—In scientific notation, a numeral that indicates the power to which the base is raised.

EXEC2—NSC'’s Real Time Executive for Series 32000.

FIFO—First-in first-out. A FIFO device is one from which data can be read out only in the same order as it was entered, but not
necessarily at the same rate.

Floating-Point—A method by which computers deal with numbers having a fractional component. In general, it pertains to a
system in which the location of the decimal/binary point does not remain fixed with respect to one end of numerical expressions,
but is regularly recalculated. The location of the point is usually given by expressing a power of the base.

FORTRAN—A high level language written for the scientific community. It makes heavy use of algebraic expressions and
arithmetic statements.

FP—Frame Pointer. CPU register which points to a dynamically allocated data area created at the beginning of a procedure by
the ENTER instruction.

FPU—Floating-Point Unit is a slave processor in Series 32000 systems which implements in hardware all calculations needed to
support floating-point arithmetic, which otherwise would have to be implemented in software. The NS32081 FPU provides high-
speed floating point instructions for single (32-bit) and double (64-bit) precision. Supports IEEE standard for binary floating point
arithmetic. Compatible with NS32032, NS32C032, NS32016, NS32C016 and NS32008 CPUs.

Fragmented—The term used to describe the presence of small, unused blocks of memory. The problem is especially common
in segmented memory systems, and results in inefficient use of memory storage.

Frame—A block of memory on the stack that provides local storage for parameters in the current procedure.

GENIX—The NSC version of the UNIX operating system, ported to work with the Series 32000. It also has all of the necessary
utilities added so that program development can be accomplished.

Hardware—Physical equipment, e.g., mechanical, magnetic, electrical, or electronic devices, as opposed to the software
programs or method in which the hardware is used.

High Level Languages—These are languages which are not dependent on the type of computer on which they run. A program
written in a high level language will generally run on any computer for which there is a compiler for that language. This feature
makes high level languages “Portable”, i.e., the same program will run on many different types of computers. A HLL requires a
compiler or interpreter that translates each HLL statement into a series of machine language instructions for a particular
machine.

ICU—Interrupt Control Unit. A memory-mapped microprocessor support chip in Series 32000 systems which handles external
interrupts as well as additional software traps. The ICU provides a vector to the CPU to identify the servicing software procedure.
Indexing—In computers, a method of address modification that is by means of index registers.

Index Register—A register whose contents may be added to or subtracted from the operand address.

Indirect Addressing—Programming method where the initial address is the storage location of a word which is the actual
address. This indirect address is the location of the data to be operated upon.

Instruction—A statement that specifies an operation and the values or locations of its operands, i.e., it tells the CPU what to do
and to what.

Instruction Cycle—The period of time during which a programmed system executes a particular instruction.

Instruction Fetch—The action of accessing the next instruction from memory, often overlapped by its partial execution.
Instruction Queue—With Series 32000 CPUs, this is a small area of RAM organized as a FIFO buffer which stores prefetched
instructions until the CPU is ready to execute them.

Interpreter—A program which translates HLL statements into machine instructions at run time, i.e., while the program is
executing, and is co-resident with the user program.
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Glossary (Continued)

Interrupt—To signal the CPU to stop a software program in such a way that it can be resumed and branch to another section of
code. Interrupts can be caused by events external or internal to the CPU, and by either software or hardware.
INTBASE—Interrupt Base Register. In the Series 32000, a 32-bit CPU register which holds the address of the dispatch table
containing addresses for interrupts and traps.

ISE—In-System Emulator. A computer system which imitates the operation of another in terms of software execution. In
microprocessor system development, the ISE takes the place of the microprocessor by means of a connector at the end of an
umbilical cable. Not only does the ISE perform all the functions of the microprocessor, but it also allows the engineer to debug
his system by setting breakpoints on various conditions, permits tracing of program flow, and provides substitution memory
which may be used in place of actual target system memory.

ISV—Independent Software Vendor. A vendor, independent from National Semiconductor, who ports or develops software for
Series 32000 components. They in turn sell this software to our customers who are designing Series 32000 based products.
Kernel—This is the name given to the core of the operating system. Other programs are added to the kernel to provide the
features of the operating system. The kernel provides control and synchronization.

Language—A set of characters and symbols and the rules for using them. In our context, it is the “English like” format of the
instructions which are understood by both the programmer and the computer.

Library—High level languages as well as assembly language contain many routines which are used over and over again. To
prevent the programmer from having to write the routine every time it is needed, these routines are stored in libraries to be
referenced each time they are needed. These libraries are also OBJECT files.

Linear Address Space—An address space where addresses start at location zero and proceed in a linear fashion (i.e., with no
holes or breaks) to the upper limit imposed by the total number of bits in a logical address.

Link Base—In the Series 32000, Module Descriptor entry which points to a table in memory containing entries which reference
variables or entry points in Modules external to the one presently executing.

Linker—Large programs are generally broken down to component parts and farmed out to several programmers. Each one of
these parts is called a MODULE. Each programmer will develop the module using either high level or assembly language, then
“assemble” assembly language modules or “compile” high level language modules. A programmer tells the linker how to
connect these modules to make the program run. The linker makes these connections, resolves all questions about data
needed by one module, but contained in another, finds all library routines, and cleans up any other loose ends. The output from
the linker is called BINARY file and is the file that will run on the computer.

Logical Address Space—The range of addresses which a programmer can assign in a software program. This range is
determined by the length of the computer’s address registers.

LSB—Least Significant Bit. The bit in a string of bits representing the lowest value.

Machine Code—The code that a computer recognizes. Specifies internal register files and operations that directly control the
computer’s internal hardware.

Machine Language—The ones and zeros which are “understood” by the machine. This is often called “Binary Code.” The
programmer must be able to understand the bit patterns to be able to decipher the language. Each machine has a unique
machine language.

Main Memory—The program and data storage area in a computer system which is physically addressed by the microprocessor
or MMU address lines.

Mantissa—In a floating-point number, this is the fractional component.

Mapping—The process whereby the operating system assigns physical addresses in main memory to the logical addresses
assigned by the software.

Memory-Mapped—Referring to peripheral hardware devices which are addressed as if they were part of the computer’s
memory space. They are accessed in the same manner as main memory, i.e., through memory read/write operations.
Microcode—A sequence of primitive instructions that control the internal hardware of a computer. Their execution is initiated by
the decoding of a software instruction. Microcode is maintained in special storage and often used in place of hardwired logic.
Microcomputer—A computer system whose Central Processing Unit is a Microprocessor. Generally refers to a board-level
product.

Minicomputer—A “box-level” computer with system capabilities generally between that of a microcomputer and a mainframe.
MMU—Memory Management Unit. This is a slave processor in Series 32000 which aids in the implementation of demand-paged
virtual memory. It provides logical to physical address translation and initiates an instruction abort to the CPU when a desired
memory location is not in main memory.

MOD—Mod Register. In the Series 32000, a 16-bit CPU register which holds the address of the Module Descriptor of the
currently executing software module.

Module—An independent subprogram that performs a specific function and is usually part of a task, i.e., part of a larger
program.

Module Descriptor—In the Series 32000, a set of four 32-bit entries found in main memory. Three are currently defined and
point to the static data area, link table, and first instruction of the module it describes. The fourth is reserved.
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Glossary (Continued)

Modularity—A software concept which provides a means of overcoming natural human limitations for dealing with programming
complexity by specifying the subdivision of large and complex programming tasks into smaller and simpler subprograms, or
modules, each of which performs some well-defined portion of the complete processing task.

MSB—Most Significant Bit. The bit in a string of bits representing the highest value.

NET—Short for NETWORK and describes a number of computers connected to each other via phone or high speed links. A net
is convenient for exchanging common information in the form of “mail” as well as for data exchange.

NMI—Nonmaskable Interrupt. A hardware interrupt which cannot be disabled by software. It is generally the highest priority
interrupt.

Object Code—Output from a compiler or assembler which is itself executable machine code (or is suitable for processing to
produce executable machine code).

Operand—In a computer, a datum which is processed by the CPU. It is referenced by the address part of an instruction.
Operating System—A collection of integrated service routines used by the computer to control the sequence of programs. The
operating system consists of software which controls the execution of computer programs and which may provide storage
assignment, input/output control, scheduling, data management, accounting, debugging, editing, and related services. Their
sophistication varies from small monitor systems, like those used on boards, to the large, complex systems used on main
frames.

Operating System Mode—In this mode, the CPU can execute all instructions in the instruction set, access all bits in the
Processor Status Register, and access any memory location available to the processor.

Operator—In the description of an instruction, it is the action to be performed on operands.

Page Fault—A hardware generated trap used to tell the operating system to bring the missing page in from secondary storage.
Page Swap—The exchange of a page of software in secondary storage with another page located in main memory. The
operating system supervises this operation, which is executed by the CPU and involves external devices such as disk and DMA
controllers.

Page Table—A 1K-byte area in main memory containing 256 entries which describe the location and attributes of all pointer
tables, i.e., a list of pointer table addresses.

Peripheral—A device which is part of the computer system and operates under the supervision of the CPU. Peripheral devices
are often physically separated from the CPU.

Pascal—A high level language designed originally to teach structured programming. It has become popular in the software
community and has been expanded to be a versatile language in industry.

Physical Address—The address presented to main memory, either by the CPU or MMU.

Pointer Table—A 512-byte page located either in main memory or secondary storage containing 128 entries. Each entry
describes an individual page of the software program. Each page of the software program may reside in main memory or in
secondary storage.

Pop—To read a datum from the top of a stack.

PORT—To port an operating system is to cause that particular operating system to operate with a defined hardware package.
GENIX is the NSC version of UNIX which has been ported to SYS32. The operating system for other Series 32000 based
systems will differ in some degree from SYS32 and the NSC GENIX binary will not operate. It is now necessary to modify GENIX
to fit the situation caused by the new hardware. The GENIX SOURCE is used because this is the program that is most readily
understood by the programmer. The source is changed, compiled, and linked to get a new binary for that particular machine.
Primitive Data Type—A data type which can be directly manipulated by the hardware. With Series 32000, these are integers,
floating-point numbers, Booleans, BCD digits, and bit fields.

Procedure—A subprogram which performs a particular function required by a module, i.e., by a larger program; an ordered set
of instructions that have a general or frequent use.

Process—A task.

Program Base—Module Descriptor entry which points to the first instruction in the module being described.

Program Counter—CPU register which specifies the logical address of the currently executing instruction.

Protection—The process of restricting a software program’s access to certain portions of memory using hardware mecha-
nisms. Typically done at the operating system and page level.

PSR—Processor Status Register. A 16-bit register on Series 32000 CPU’s which contains bits used by the software to make
decisions and determine program flow.

Push—to write a datum to the top of a stack.

Quad word—Four words, i.e., 64 bits.

Queue—A First-In-First-Out data storage area, in which the data may be removed at a rate different from that at which it was
stored.

Real Time—The actual time in human terms, related to a process. In a UNIX system, real time is total elapsed time, CPU time is
the percent of time a process is actually in the CPU. Sys time is the time spent in system mode, and user time is the time spent in
user mode.
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Glossary (Continued)

Real Time Operating Systems—An operating system which operates with a known and predictable response time limit, so that
it can control a physital event.

Record—A structured data type with multiple elements, each of which may be of a different data type, e.g., strings, arrays,
bytes, etc.

Register—A temporary storage location, usually in the CPU, which holds digital data.

Relative Address—The number that specifies the difference between the base address and the absolute address.
Relocatable—In reference to software programs, this is code which can be loaded into any location in main memory without
affecting the operation of the program.

Return Address—The address to which a subroutine call, interrupt or trap subroutine will return after it is finished executing.
Routine—A procedure.

Royalty—Royalty is money paid to the inventor for each item of product sold. A good analogy to use is the music business. Any
time a song is used, the songwriter is paid a royalty. Think of UNIX as a song and GENIX or SYSTEM V as special arrangements.
For each shipment of GENIX or SYSTEM V, the customer pays a royalty to NSC who, in turn, pays a royalty to AT&T.

SB—In the Series 32000 Static Base Register. Points to the start of the static data area for the currently executing module.
Secondary Storage—This is generally slow-access, nonvolatile memory such as a hard-disk which is used to store the pages
of software programs not currently needed by the CPU.

Segmented Address Space—Term used to describe the division of allocatable memory space into blocks of segments of
variable size.

Setup Time—The minimum amount of time that data must be present at an input to ensure data acceptance when the device is
clocked.

Slave Processor—A processor which cooperates with the main microprocessor in executing certain instructions from the
instruction stream. A slave processor generally accelerates certain functions which increases overall system throughput. Exam-
ples of slave processors are the FPU and MMU of Series 32000.

Software—Programs or data structures that execute instructions or cause instructions to be executed and that will cause the
computer to do work.

Software License—NSC does not sell software. Rather, we license the right to use our software. A software license is required
for all Series 32000 software. We use the license to protect NSC'’s interests and to assist in honoring our commitment to AT&T.
The license is also the vehicle which we use to track customers so that updates can be issued in a timely manner.

Software Q/A—lt is the charter of the Quality Assurance people to ensure that when a software product reaches the customer
that it is “bug” free. In the real world, it is impossible to test every combination of functions, so some bugs do get through. The
Q/A engineer develops test programs which rigorously test the product prior to its introduction to the market place.

SP1—In the Series 32000, User Stack Pointer. Points to the top of the User Stack and is selected for all stack operations while
in User Mode.

SP0—In the Series 32000, Interrupt Stack Pointer. Points to the top of the interrupt stack. It is used by the operating system
whenever an interrupt or trap occurs.

Stack—A one-dimensional data structure in which values are entered and removed one datum at a time from a location called
the Top-of-Stack. To the programmer, it appears as a block of memory and a variable called the Stack Pointer (which points to
the top of the stack).

Stack Pointer—CPU register which points to the top of a stack.

Static Base Register—A 32-bit CPU register which points to the beginning of the static data area for the currently executing
module.

String—An array of integers, all of the same length. The integers may be bytes, words, or double words. The integers may be
interpreted in various ways (see ASCII).

Subroutine—A self-contained program which is part of a procedure.

Symmetry—A computer architecture is said to be symmetrical when any instruction can specify any operand length (byte, word
or double word) and make use of any address-data register or memory location while using any addressing mode.

Synchronous—Refers to two or more things made to happen in a system at the same time, by means of a common clock
signal.

Tag—A label appended to some data entry used in a look-up process whereby the desired datum can be identified by its tag.
Task—The highest-level subdivision of a user software program. The largest program entity that a computer’s hardware directly
deals with.

TCU—Timing Control Unit. A device used to provide system clocks, bus control signals and bus cycle extension capability for
Series 32000. :

Trap—An internally generated interrupt request caused as a direct and immediate result of the encounter of an event.
T-State—One clock period. If the system clock frequency is 10 MHz, one T-State will take 100 ns to complete. Operations
internal and external to the CPU are synchronized to the beginning and middle of the T-States. There are four T-States in a
normal Series 32000 CPU bus cycle.
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Glossary (Continued)

UNIXTM—An operating system developed at Bell Laboratories in the early 1970s. Software programs that run under UNIX are
written in the high-level language C, making them highly portable. UNIX systems do not distinguish user programs from operat-
ing system programs in either capability or usage, and they allow users to route the output of one program directly into the input
of another. This operating is unique and is becoming very popular in the microcomputer world.

USENET—A net to which UNIX systems in the United States connect. Some systems in Europe and Australia also use this net
for the purpose of passing information.

User—A software program. The total set of tasks (instructions) that accomplish a desired result. Tasks are managed by the
operating system.

User Mode—Machine state in which the executing procedure has limited use of the instruction set and limited access to
memory and the PSR.

uucp—Software which allows UNIX computers to pass information to other UNIX systems.

Variable—A parameter that can assume any of a given set of values.

Vector—Byte provided by the ICU (Interrupt Control Unit) which tells the CPU where within the Descriptor table the descriptor is
located for the interrupt it has just requested.

Virtual Address—Address generated by the user to the available address space which is translated by the computer and
operating system to a physical address of available memory.

Virtual Memory—The storage space that may be regarded as addressable main storage by the system. The operating system
maps Virtual addresses into physical (main memory) addresses. The size of virtual memory is limited by the method of memory
management employed and by the amount of secondary storage available, not by the actual number of main storage locations,
so that the user does not have to worry about real memory size or allocation.

VMS—This is the operating system designed by Digital Equipment Corporation for their VAX series of computers. The original
Series 32000 software was developed on a VAX which was being controlled by the VMS Operating System.

Wait-State—An additional clock period added to a CPU memory cycle which gives an external memory device additional time to
provide the CPU with data. Also used by bus arbitration circuitry to hold the CPU in an idle state until access to a shared
resource is gained.

Winchester—Small, hard-disk media commonly found in personal computers.

Word—A character string or bit string considered as the primary data entity. For historical reasons, a word is a group of 16 bits
in Series 32000 systems.
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Series 32000 family of microprocessors were carefully designed and optimized to operate in environments which demand large
scale computing capabilities but microprocessor size and price.

This section does not explicitly describe the use of the NS32008 CPU. It is instruction set compatible with the CPUs described in
these sections. The only differences relate to the external data bus width, the instruction execution timing and the fact that the
NS32008 will not function with NS32082 MMU.

NS32332 Central Processing Unit NS32032/NS32016 Central Proc-
Programming Model essing Unit Programming Model
GENERAL GENERAL
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- 32 — - 32
r PROGRAM COUNTER | PC | 0 l PROGRAM COUNTER J PC
[ STATIC BASEJ sB u l STATIC BASEJ sB
I FRAME POINTER ] FP r 0 I FRAME POINTERJ FP
[ USER STACK PTR. l sm} I 0 l USER STACK pm.J sm}
sP sP
[ INTERRUPT STACK PTR,I sPoO u IINTERRUPT STACK PTR.I SPO
| INTERRUPT BASE | INTBASE [ o |  intermuPT BASE | rease
PSR MOD PSR MOD
r STATUS l MODULE ] Lsuws I MODULE I
STATUS REGISTER STATUS REGISTER
16 8,7 16 8,7 0
W,
DR DO [elslofwfz]e DX e}
TL/PD/1K17-1 TL/PD/1K17-2
USER FLAG USER FLAG
C: Carry Flag C: Carry Flag
T: Trace Flag T: Trace Flag
L: Low Flag L: Low Flag
F: General Condition Flag F: General Condition Flag
Z: Zero Flag Z: Zero Flag
N: Negative Flag N: Negative Flag
SUPERVISOR FLAGS SUPERVISOR FLAGS
U: User Mode Flag U: User Mode Flag
S: Stack Flag S: Stack Flag
P: Trace Trap Pending Flag P: Trace Trap Pending Flag
I: Interrupt Enable Flag I Interrupt Enable Flag
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NS32081 Floating Point Unit

Programming Model

GENERAL
32
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DEDICATED
32
[ STATUS | Fsm

STATUS REGISTER

[Reserveo | _swn T[]

Trap Type

000 No Trap Request

001 Underflow

010 Overflow

011 Division by Zero

100 lllegal Instruction

101 Invalid Operation

110 Inexact Result

111 (Reserved for future use.)
Underflow Trap Enable

UF: Underflow Flag

IEN: Inexact Result Trap Enable

IF: Inexact Result Flag

RM: Rounding Mode

00 Round to nearest value

01 Round toward zero

10 Round toward positive infinity
11 Round toward negative infinity

UEN:

TL/PD/1K17-3

NS32082 Memory Management Unit
Programming Model

DEDICATED
32

| eacevasLesase |  PpTBo.PTBI
| paGeTABLEENTRY |  PTE
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[ ERROR ] ea
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STATUS REGISTER
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LT

ERC:

TET:
BN:
ED:
BD:

EST:
BST:

TU:
TS:
DS:
AO:

BEN:

uB:
Al:

[T
L

TL/PD/1K17-4
Error Class Flag
Translation Error Trace Flag
Breakpoint Number Bit
Error Data Direction Bit
Breakpoint Direction Bit
Error Status Flag
Breakpoint Status Flag
Translate User Flag
Translate Supervisor Flag
Dual Space Bit
Access Override Bit
Breakpoint Enable Bit
User Break Bit
Abort or Interrupt Bit
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Series 32000 Programming Reference Guide

Memory Management Instructions

Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format Field
LMR mmureg, src Load MMU Register — UND* 14 0010
short read.D ILL**
mmureg mmureg: = src
SMR mmureg, dest Store MMU Register — UND* 14 0011
short write.D ILL**
mmureg dest: = mmureg
RDVAL sre Validate Address for Reading § F UND* 14 0000
addr ILL**
If ADDRESS(src) in User mode ABT***
may be read,
F:=0
else
F.=1
WRVAL dest Validate Address for Writing § F UND* 14 0001
addr ILL**
If ADDRESS(dest) in User mode ABT***
may be written to,
thenF: = 0
elseF: =1
MOVSU/ sre, dest Move Value from Supervisor - UND* 8 110
addr addr to User Space § ILL** reg = 001
dest: = src
(srcis in supervisor space;
dest in user space)
MOVUS/ sre, dest Move Value from User to — UND* 8 110
addr addr Supervisor Space § ILL** reg = 011

dest: = src
(srcis in user space;
dest in supervisor space)

* TRAP (UND) if M bit in CFG is 0.
** TRAP (ILL) if U flag in PSR is 1.
***TRAP (ABT) if level 1 page table address invalid.
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Floating-Point Instructions

. Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
MOVf src, dest Move Floating-Point —_ UND* 11 0001
read.f write.f
dest: = src
MOVLF src, dest Move Long Floating to Floating — UND* 9 010
read.L write.F FPU
destF: = src.L FSR:TT
UF
IF
MOVFL sre, dest Move Floating to Long Floating — UND* 9 011
read.F write.L FPU
dest.L: = src.F FSR:TT
MOVif sre, dest Move Integer to Floating-Point — UND* 9 000
read./ write. f FSR:TT FPU
desti = src.f IF
ROUND{/i src, dest Round Floating-Point to Integer — UND* 9 100
read.f write./ (round to even) FSR:TT FPU
IF
dest.i: = src.f
If overflow, then TRAP(FPU)
(src.f rounded to nearest integer, or
to nearest even integer if a tie)
TRUNC/i sre, dest Truncate Floating-Point to Integer — UND* 9 101
read./ write./ FSR:TT FPU
desti: = src.f IF
If overflow, then TRAP(FPU)
(sre. f rounded to zero)
FLOORfi sre, dest Floor Floating-Point to Integer — UND* 9 111
read.f write./ FSR:TT FPU
desti: = src.f IF
If overflow, then TRAP(FPU)
(rounded src. f toward negative infinity)
ADDf src, dest Add Floating-Point — UND* 1 0000
read.f rmw. f FSR:TT FPU
dest: = dest + src UF
IF
SuBf src, dest Subtract Floating-Point — UND* 1 0100
read.f rmw. f FSR:TT FPU
dest: = dest — src UF
IF
MULS sre, dest Multiply Floating-Point — UND* 11 1100
read.f mw. f FSR:TT FPU
dest: = dest * src UF
IF
DIVf src, dest Divide Floating-Point — UND* 11 1000
read.f rmw. f FSR:TT FPU
if src = 0, then TRAP(FPU) UF
else dest: = dest / src IF
CMPf sret, src2 Compare Floating-Point 4 UND* 11 0010
read.f read.f N FPU
Z: = 1ifsrc2 = srct; elseZ: = 0 L
N: = 1ifsrc2 < srct; elseN: = 0 FSR:TT
L:

= 0 (always)
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Series 32000 Programming Reference Guide

Floating-Point Instructions (continued)

Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
NEGS sre, dest Negate Floating-Point — UND* 11 0101
read.f write.f FSR:TT FPU
dest: = 0 — src
(src sign bit complemented)
ABSf sre, dest Absolute Value of Floating-Point — UND* 11 1101
read.f rmw.f FSR:TT FPU
if src <0,
dest: = 0 — src
ifsre> 0
dest: = src
LFSR src Load FSR — UND* 9 001
read.D FSR:all
FSR: = src )
SFSR dest Store FSR — UND* 9 110
write.D
dest: = FSR
*TRAP (UND) if f bit in CFG is 0.
Quick Integer Instructions
Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
MOVQ/ sre, dest Move Quick Integer — —_ 2 101
quick write./
quick dest: = src
(src sign-extended to dest length)
CMPQ/ srel, src2 Compare Quick Integer 4 — 2 001
quick read./ N
quick Z: = 1if src2 = src1; Z: = 0 otherwise L
N: = 1if sre2 < sre1; N: = 0 otherwise
(signed operands)
L: = 1if sre2 < sret1; L: = 0 otherwise
(unsigned operands)
(src1 sign-extended to src2 length)
ADDQ/ sre, dest Add Quick Integer C — 2 000
quick rmw./
quick dest: = dest + src
C: = 1 oncarry; C: = 0 on no carry
F: = 1 on overflow;
F: = 0 on no overflow;
(src sign-extended to dest length)
Extended Integer Instructions
. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
MEI/ src dest Multiply Extended Integer — — 7 1001
read./ rmw.2/
(dest: = src * (dest mod 2**/)
(unsigned operands)
(low-order half of dest)
DEl/ sre, dest Divide Extended Integer - Dvz 7 1011
read./ rmw.2/
dest: = (dest div src)* 2**/ + dest
mod src (unsigned operands)
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Boolean Instructions

. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
NOT/ src dest NOT — — 6 1001
read./ write./
dest: src XOR 1
S(cond)i dest Save Condition Code as a Boolean — — 2 011
write./
if cond, then
dest: = 1
Block Instructions
. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
MOVM/ block1, block2, length Move Multiple — — 7 0000
addr addr disp
cons4 block2: = block1
CMPM/ block1, block2, length Compare Multiple z — 7 0001
addr addr disp N
cons4 Z: = 1if block1 = block2; L
elseZ: =0
N: = 1if block1 > block2;
elseN: =0
(signed integers)
L: = 1if block1 > block2;
elseL: =0
(unsigned integers)
Packed Decimal Instructions
. Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
ADDP/ sre, dest Add Packed Decimal C — 6 1111
read./ rmw./ F
dest: = dest + src + C
: = 1oncarry;
C: = 0onno carry
F:=0
SUBP/ sre, dest Subtract Packed Decimal C — 6 1011
read./ rmw./ F
dest: = dest — src — C
: = 1 on borrow;
C: = 0 on no borrow
F:=0
Array Instructions
. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
INDEX/ accum, length, index Calculate Array Index — — 8 100
reg read./ read./
reg accum: = (length + 1)
*accum + index
CHECK/ dest, bounds, src Check Array Index F - 8 011
reg addr read./
reg if bounds(upper) > = src

> = bounds(lower) then,

dest: = src — bounds
lower)

F-=0

else;

dest: = undefined

F: =1
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Bit Instructions

. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
TBIT/ offset, base Test Bit F — 4 1101
read./ regaddr
F: = BIT(base, offset)
sBIT|Ili | offset, base Set Bit F — 6 0110
read./ regaddr lo111]
F: = BIT(base, offset)
BlT(base, offset): = 0
IBIT/ offset, base Invert Bit F — 6 0010
read./ regaddr |oo11]
F: = BIT(base, offset)
BIT(base, offset): = 1
CBIT|Ili | offset, base Clear Bit F - 6 1110
read./ regaddr
F: = BIT(base, offset)
BiT(base, offset)
: = NOT|BIT(base, offset) |
CVTP offset, base,dest Convert to Bit Pointer — — 8 001
reg addr write.D
reg dest: = (8* ADDR(base) + offset)
mod 2**32
FFS/ base, offset Find First Set Bit F — 8 101
read./ mw.B
If (offset < 0 or offset > length
in bits of base),
then operation is undefined
else
|- = offset
while (j < length of base and
BIT(base,) = 0
doj:=j+1
if j = length of base then
F: = 1; offset: = 0, else
F: = O; offset: = j
Bit Field Instructions
Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
EXT/ offset, base, dest, length Extract Field —_ — 8 000
reg regaddr write./ disp
reg dest: = FIELD
(base, offset,
length)
EXTS/ base, dest, offset, length Extract Field Short — — 7 0011
regaddr write./ imm
cons3, cons5 dest: = FIELD
(base, offset,
length)
INS/ offset, src, base, length Insert Field —_ —_ 8 010
reg read./ regaddr disp
reg disp FIELD(base,
offset, length)
1= src
INSS/ sre, bass, offset, length Insert Field Short —_ - 7 0010
read./ regaddr imm
cons3, cons5 FIELD (base
offset length)
1= src
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String Instructions

. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format Field
MOVSi [BLIIUIWI Move String F — 5 0000
string2 = string?
F: = 1 if until/while condition is met;
F: = 0 otherwise
MOVST [BLI1IU|W] Move String with Translation F — 5 0000
i=00
string2 = translate-string
F: = 1 if until/while condition is met;
F: = 0 otherwise
CMPS/ [BLIUIW] Compare String z — 5 0001
F: = 1 if until/while condition is met; N
F: = 0 otherwise L
Z: = 1ifstring? = string2and F: = 0; F
elseZ: =0
N: = 1if string2 < string? and F: = 0;
elseN: =0
L: = 1if string2 < string? and F: = 0;
elsel: =0
CMPST [BLIIUIW] Compare String with Translation Z — 5 0001
F: = 1 if until/while condition is met; N i=00
F: = 0 otherwise L
Z: = 0if translate-string # string2 and F
F: = 0; Z: = 0 otherwise
N: = 1 if translate-string > string2 and
F: = 0; N: = 0 otherwise
L: = 1if translate-string > string2 and
F: = 0; L: = 0 otherwise
SKPS/ [BLII{UIW] Skip String F - 5 0011
F: = 1 if until/while condition is met;
F: = 0 otherwise
SKPST [BLIUW] Skip String with Translation F — 5 0011
i=00

F: = 1 if until/while condition is met;
F: = 0 otherwise

Note: B, W, and U are optional. U and W are mutually exclusive. The comma is required whenever B and either U or W are specified.
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Processor Control Instructions

. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
DIRECT AND CONDITIONAL JUMPING
JUMP dest Jump — — 3 0100
addr
PC: = ADDR(des?)
B(cond) disp disp Conditional Branch —_ — 0 1010
short disp
label if cond, then PC: =
PC + disp
BR disp Unconditional Branch — — 0 1110
disp 1010
label PC: = PC + disp
CASE/ index Case Branch — - 3 1110
read./
PC: = PC + index
(signed index)
ACB/ inc, index, disp Add, Compare, and Branch — — 2 100
quick rmw./ disp
quick label index: = index + inc
if index < > 0, then
PC: = PC + disp
SUBROUTINE AND PROCEDURES
JSR dest Jump to Subroutine — — 3 1100
addr
PUSHD(return address)
PC: = ADDR(dest)
BSR disp Branch to Subroutine —_ — 1 0000
disp
label PUSHD(return address)
PC: = PC + (disp)
RET constant Return from Subroutine — — 1 0001
disp
disp POPD(PC)
SP: = SP + constant
CXP constant Call External Procedure — — 1 0010
disp
external SP: = SP -2
PUSHW(MOD)
PUSHD(return address)

temp: = DOUBLEWORD
(DOUBLEWORD(MOD + 4)
+ 4* constant)

MOD: = WORD(temp)

SB: = DOUBLEWORD
(MOD + 0)

PC: = DOUBLEWORD
(MOD + 8)
+ WORD(temp + 2)
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Processor Control Jumping Block Instructions (continued)

Syntax

Operations

Flags
Affected

Traps
Taken

Instr.
Format

Op
Field

JBROUTINE AND PROCEDURES (Continued)

CXPD desc
addr

Call External Procedure
with Descriptor

SP: =8P —2
PUSHW(MOD)
PUSHD(return address)
MOD: = WORDydescriptor)
SB: = DOUBLEWORD
(MOD + 0)
PC: = DOUBLEWORD
(MOD + 8)
+ WORD(descriptor + 2)

0000

RXP constant
disp
disp

Return from External
Procedure

POPD(PC)

POPW(MOD)

SB: = DOUBLEWORD
(MOD + 0)

SP: = SP + constant + 2

0011

ERVICE RETURN

RETT constant
disp

Return from Trap §

if U = 1, then TRAP(ILL)

else
POPD(PC)
POPW(MOD)
POPW(PSR)

SB: = DOUBLEWORD
(MOD)

SP: = SP + constant

all

ILL

0100

RETI

Return from Interrupt §

if U = 1, then TRAP(ILL)
else
POPD(PC)
POPW(MOQOD)
POPW(PSR)
SB: = DOUBLEWORD
(MOD)

all

ILL

0101
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Integer Instructions

Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
ARITHMETIC INSTRUCTIONS
ADD/ src, dest Add C — 4 0000
read.i mw.i F
dest: = dest + src
C: = 1 oncarry;
C: = 0 onno carry
F: = 1 on overflow;
F: = 0 on no overflow
ADDC/ src, dest Add with Carry C — 4 0100
read./ rmw./ F
dest: = dest + src + C
C: = 1oncarry;
C: = 0 onno carry
F: = 1 on overflow;
F: = 0 on no overflow
CMP/ srel, sre2 Compare z — 4 0001
read./ read./ N
Z: = 1ifsrcl = src2; L
Z: = 0 otherwise
N: = 1if src?1 > sre2;
N: = 0 otherwise
(signed operands)
L: = 1ifsrc? > src2;
L: = 0 otherwise
(unsigned operands)
SuUB/ sre, dest Subtract C — 4 1000
read./ rmw./ F
dest: = dest — src
C: = 1 on borrow;
C: = 0 on no borrow
: = 1 0n overflow;
F: = 0 on no overflow
SUBC/ sre, dest Subtract with Borrow C — 4 1100
read./ rmw./ F
dest: = dest — (src + C)
C: = 1 on borrow;
C: = 0 on no borrow
F: = 1 on overflow;
F: = 0 on no overflow
NEG/ sre, dest Negate (o} — 6 1000
read./ write./ F
dest: = 0 — src
C: = 1oncarry;
C: = 0 onno carry
F: = 1 on overflow;
F: = 0 on no overflow
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Integer Instructions (continued)

Flags Traps Instr. (o]
Syntax Operations Affezted Taken Format Fie'l)d
RITHMETIC INSTRUCTIONS (Continued)
ABS/ sre, dest Absolute Value F — 6 1100
read./ write./
if src < 0, then
dest: = 0 — src;
F: = 1 on overflow
F: = 0 on no overflow
else
dest: = src; F: = 0
MUL/ src, dest Multiply — — 7 1000
read./ rmw./
dest: = src* dest
DIVi src, dest Divide — Dvz 7 1111
read./ rmw./
if src = 0, then TRAP(DVZ)
else
dest: = dest DIV src
(signed division; dest DIV src
rounded toward negative infinity)
MOD/ src, dest Modulus — bvz 7 1110
read./ rmw./
if src = 0, then TRAP(DVZ)
else
dest: = dest — src*
(dest DIV src)
(signed division; dest DIV src
rounded toward negative infinity)
QUO/ src, dest Quotient — Dvz 7 1100
read./ rmw./
if src = 0, then TRAP(DVZ)
else dest: = dest/src
(signed division; dest/src
round toward zero)
REM/ src, dest Remainder —_ DvZz 7 1101
read./ rmw./
if src = 0, then TRAP(DVZ)
else dest: = dest — src*
(dest/src)
(signed division; dest/src
rounded toward zero)
MOVE INSTRUCTIONS
MOV/ sre, dest Move —_ — 4 0101
read./ write./
dest: = src
MOVXBW sre, dest Move Sign-Extending Byte to Word — —_ 7 0100
read.B write. W

dest (low-order byte): = src
dest (high-order byte): = SiGN(src)
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Integer Instructions (continued)

Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
MOVE INSTRUCTIONS (Continued)
MOVXBD sre, dest Move Sign-Extending Byte to — — 7 0111
read.B write.D Double-Word
dest (low-order byte): = src
dest (high-order byte): = SIGN(src)
MOVXWD SrC, dest Move Sign-Extending Word to —_ —_ 7 0111
read.W write.D Double-Word
dest (low-order byte): = src
dest (high-order byte): = SIGN(src)
MOVZBW sre, dest Move Zero-Extending Byte to Word —_ — 7 0101
read.B write. W
dest (low-order byte): = src
dest (high-order bits): = 0
MOVZBD sre, dest Move Zero-Extending Byte to —_ —_ 7 0110
read.B write.D Double-Word
dest (low-order byte): = src
dest (high-order bits): = 0
MOVZWD sre, dest Move Zero-Extending Word to — — 7 0110
read. W write.D Double-Word
dest (low-order word): = src
dest (high-order bits): = 0
ADDR sre, dest Compute Effective Address — — 4 1001
addr write.D
dest: = ADDR(src)
LXPD EXT(n) dest Load External Procedure Descriptor — — 4 1001
addr write.D i=l
external dest: = Double-Word (Double-Word
(mod + 4) + 4*n)
SHIFT INSTRUCTIONS
ASH/ count, dest Arithmetic Shift (Left or Right) — — 6 0001
read.B rmw./
if count < 0, then
dest: = dest shifted right by | count |
bits, emptied bit positions filled
from original sign bit.
else
dest: = dest shifted left by | count |
bits, emptied bit positions filled
with zero.
LSH/ count, dest Logical Shift (Left or Right) — — 6 0101
read.B/ rmw./

if count < 0, then
dest: = dest shifted right by | count |
bits, emptied bit positions filled
with zero.

else
dest: = dest shifted left by | count |
bits, emptied bit positions filled
with zero.
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Integer Instructions (continued)

. Flags Traps Instr. Op
Syntax Operations Affected | Taken | Format | Field
SHIFT INSTRUCTIONS (Continued)
ROT/ count, dest Rotate (Left or Right) — — 6 0000
read.B/ rmw./
if count < 0, then
dest: = dest shifted right by | count |
bits, end-around.
else
dest: = dest shifted left by | count |
bits, end around.
LOGICAL INSTRUCTIONS
AND/ sre, dest Logical AND — — 4 1010
read./ rmw./
dest: = dest AND src
OR/ sre, dest Logical OR — — 4 0110
read./ rmw./
dest: = dest OR src
BIC/ sre, dest Bit Clear — — 4 0010
read./ rmw./
dest: = dest AND NOT(src)
XOR/ Ssrc, dest Exclusive Or — — 4 1110
read.i rmw./
dest: = dest XOR src
COM/ Ssre, dest Complement — — 6 1101
read./ write./
dest: = NOT(src)
Processor Service Instructions
' . Flags Traps Instr. Op
Syntax Operations Affected Taken Format Field
IEGISTER/STACK MANIPULATION
ADJSP/ src Adjust Stack Pointer — — 3 1010
read./
SP: = SP — src (srcis signed)
S bit specifies current SP
BICPSR(B]W) src Bit Clear in PSR if § W length all ILL 3 0010
read.(B|W)
if BICPSRW and U = 1, then
TRAP(ILL)
else,
PSR: = PSR AND NOT (src)
BISPSR(B|W) src Bit Setin PSR § if W length all ILL 3 0110
read.(B|W)/
if BISPSRWand U = 1,
then TRAP(ILL)
else,
PSR: = PSR OR src
SAVE reglist Save General Purpose Registers — — 1 0110
imm
reglist for each register An in reglist,
PUSHD (Rn) in reverse
numerical order.
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Processor Service Instructions (continued)

Syntax

Operations

Flags
Affected

Traps
Taken

Instr.
Format

Op
Field

REGISTER/STACK MANIPULATION (Continued)

RESTORE

reglist
imm
reglist

Restore General Purpose Registers

for each register An in reglist,
POPD(Rn) in reverse numerical
order.

0111

ENTER

reglist,
imm
reglist

constant
disp
disp

Enter New Context

PUSHD(FP)

FP: = SP

SP: = SP — constant
for each register Anin
reglist, PUSHD(An) in
numerical order.

1000

EXIT

reglist

imm
reglist

Exit Context

for each register Anin
reglist, POPD(Rn) in
reverse numerical order.
SP: = FP

POPD(FP)

1001

LPR/

procreg.
short
procreg

src
read./

Load Processor Register § If PSR
or INTBASE

If U = 1 and ((procreg = PSR)
or (procreg = INTBASE))

then TRAP(ILL)

else procreg: = src

(S bit specifies current SP)

(all flags affect if procreg =
PSR or UPSR)

all

ILL

110

SPR/

procreg.
short
procreg

dest
write./

Store Processor Register § If
PSR or INTBASE/

If U = 1 and ((procreg = PSR) or
(procreg = INTBASE))

then TRAP(ILL)

else dest: = procreg

(S bit specifies current SP)

ILL

010

SETCFG

cfglist
short

procreg

Set Configuration Register §

If U = 1, then TRAP(ILL)
else CFG: = short

0010
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Processor Service Instructions Gontinued)

. Flags Traps Instr. Op
Syntax Operations Affected | Taken Format | Field
:XCEPTIONS
BPT Breakpoint Trap — BPT 1 1111
TRAP(BPT)
SvC Supervisor Call Trap — SvC 1 1110
TRAP(SVC)
FLAG Flag Trap — FLG — — 1 1101
If F = 1, then TRAP (FLG)
AISCELLANEOUS
NOP No Operation — — 1 1010
PC: = PC + 1
WAIT Wait for Interrupt — — 1 1011
PC: = PC + 1
Wait until next interrupt
Traps
Trap Name Operand Classes
DVZ = Divide by Zero Trap The general operand access classes are:

ILL

UND

FPU

SVC

FLG

BPT

ABT

a zero divisor in a Divide, Modulus, Quotient, Re- read
mainder, or Divide Extended Integer instruction. write
lilegal Instruction Trap mw
a Privileged instruction when U = 1 addr
Undefined Instruction Trap
a Memory Management instruction when CFG
M = 0, or a Floating-Point instruction when CFG
F = 0, or any undefined operation codes. regaddr
Floating-Point Error Trap
a Floating-Point instruction on:

quick

Underflow, Overflow, Invalid Division, lllegal In-
struction, Reserved Operand, Inexact Result reg

Supervisor Trap short
a Supervisor Call instruction. imm
Flag Trap

a Flag instruction when F = 1. :
Breakpoint Trap disp

a Breakpoint instruction.
Instruction Abort Trap
a Page fault.

- the operand is read
- the operand is written
- the operand is read, modified, and written

- the address of the memory location designated
by the operand, is calculated. Whether or not the
addressed is accessed depands upon the in-
struction.

- the operand designates either a memory loca-
tion or a general register which is in turn used as
a base for a bit address calculation.

- 4-bit constant is read

- double-word from register is read
- 4-bit condition code is read

- a) 8-bit register mask is read

b) concatenated 5-bit and 3-bit constants are
read

- 1-, 2-, 4-byte displacement is read
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NS32082 Memory Management

Virtual to Physical Address Translation

VIRTUAL ADDRESS
16 15 98 0

2
rmnen INDEX 2 l OFFSET F

1 INDEX 1 PAGE TABLE

INDEX 1 PTE

e e [l e e e e oy

rPTBx I INDEX 1 Ionl-4-—
23 z1 0

109
(1) SELECT 1ST PTE 256
IF DS=0 THEN PTES

000000000

LSE
X=1 FOR USER MODE

X=0 FOR SUPV MODE INDEX 2 PAGE TABLE

PFN
vieuat °5=0  puvsicaL KR
¥ INDEX 2 PTE
r PEN 1 INDEX 2 ‘oo}
3 98 21 0 128
(2) SELECT 2ND PTE PTES
USER 08=1 SUPY.
(SPACE 0) . PHYSICAL (SPACE 1)
VMx ——— M —_
SUPY KERNEL &
SR | ———> paa STAGK PHYSICAL ADDRESS m OFFSET

23 98 0
(3) GENERATE PHYSICAL
ADDRESS

TL/PD/1K17-5

Series 32000 Central Processing Units

Interrupt Dispatch and Cascade Tables

~ ~ ~
1 wewon | T El 0
MOR NVI NON-VECTORED INTERRUPT
CASCADE ADDR 0 NMI NON-MASKABLE INTERRUPT
L]
CASCADETABLE A o ~ ABT ABORT
L
CASCADE ADDR 14 FPU FPU TRAP
It ILLEGAL OPERATION TRAP
INTERRUPT BASE CASCADE ADDR 15
sve SUPERVISOR CALL TRAP
REGISTER L FIXEDINTERRUPTS )
> AND TRAPS
OISPATCH TABLE 6| ovz DIVIDE BY ZERO TRAP
A VECTORED p pps
- INTERRUPTS »> 7| FU FLAG TRAP
L A 8| epr BREAKPOINT TRAP
9| TRC TRACE TRAP
10| uno UNDEFINED INSTRUCTION TRAP
11-15 5 RESERVED -
16|  VECTORED
INTERRUPTS
~A

TL/PD/1K17-6
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Series 32000 Addressing Modes

Encoding | Mode [ Assembler Etfective Address
REGISTER
00000 Register 0 RO or FO None: Operand is in the specified
00001 Register 1 R1 or F1 register
00010 Register 2 R2or F2
00011 Register 3 R3 or F3
00100 Register 4 R4 or F4
00101 Register 5 R5 or F5
00110 Register 6 R6 or F6
00111 Register 7 R7 or F7
REGISTER RELATIVE
01000 Register 0 Relative disp(R0) Disp + Register
01001 Register 1 Relative disp(R1)
01010 Register 2 Relative disp(R2)
01011 Register 3 Relative disp(R3)
01100 Register 4 Relative disp(R4)
01101 Register 5 Relative disp(R5)
01110 Register 6 Relative disp(R6)
01111 Register 7 Relative disp(R7)
MEMORY RELATIVE
10000 Frame memory relative disp2(disp1(FP)) Disp2 + Pointer; Pointer found at
10001 Stack memory relative disp2(disp1(SP)) address Disp1 + Register. “SP”
10010 Static memory relative disp2(disp1(SB)) is either SPO or SP1, as selected
in PSR.
RESERVED
10011 (Reserved for Future Use)
IMMEDIATE
10100 Immediate value None: Operand is input from
instruction queus.
ABSOLUTE
10101 Absolute ] @disp Disp.
EXTERNAL
10110 External EXT(disp1) + disp2 Disp2 + Pointer; Pointer is found
at Link Table Entry number Disp 1.
TOP OF STACK
10111 Top of stack TOS Top of current stack, using either
User or interrupt Stack Pointer,
as selected in PSR. Automatic
Push/Pop included.
MEMORY SPACE
11000 Frame memory disp(FP) Disp + Register; “SP" is either
11001 Stack memory disp(SP) SPO or SP1, as selected in PSR.
11010 Static memory disp(SB)
11011 Program memory *+ disp
SCALED INDEX
11100 Index, bytes mode[Rn:B] EA(mode) + Rn
11101 Index, words mode[Rn:W] EA(mode) + 2 X Rn
11110 Index, double words mode[Rn:D] EA(mode) + 4 X Rn
11111 Index, quad words mode[Rn:Q] EA(mode) + 8 X Rn
‘Mode’ and ‘n’ are contained
within the Index Byte.
EA (mode) denotes the effective
address generated using mode.
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Series 32000 Programming Reference Guide

Instruction Formats

NOTATIONS
i = Integer Type Field
B = 00 (Byte)
W = 01 (Word)
D = 11 (Double Word)
f = Floating Point Type Field
F = 1 (Std. Floating: 32 bits)
L = 0 (Long Floating: 64 bits)
¢ = Custom Type Field
D = 1 (Double Word)
Q = 0 (Quad Word)
op = Operation Code
Valid encodings shown with each format.
gen, gen 1, gen 2 = General Addressing Mode Field

reglist = General Purpose Register Number
cond = Condition Code Field
0000 = EQual: Z = 1
0001 = Not Equal: Z = 0
0010 = Carry Set: C = 1
0011 = Carry Clear: C = 0
0100 = Higher: L = 1
0101 = Lower or Same: L = 0
0110 = Greater Than: N = 1
0111 = Less or Equal: N = 0
1000 = Flag Set: F = 1

procreg: CPU Dedicated Register, in LPR, SPR.

0000 = US
0001 — 0111 = (Reserved)
1000 = FP
1001 = SP
1010 = SB

1011 = (Reserved)
1100 = (Reserved)

1101 = PSR
1110 = INTBASE
1111 = MOD

Options: in String Instructions

T = Translated
B = Backward
U/W = 00: None
01: While Match
11: Until Match
Configuration bits, in cfglist (SETCFG):

BEn
mmureg: MMU Register number, in LMR, SMR
0000 =BPRO
0001 =BPR1
0010 =(Reserved)
0011 =(Reserved)

1001 = Flag Clear: F = 0 0100 =PFO
1010 = LOwer: L = 0andZ = 0 0101 =PF1
1011 = Higher or Same: L = 1orZ = 1 0110 =(Reserved)
1100 = Less Than:N'=0andZ = 0 0111 =(Reserved)
1101 = Greater or Equal: N = 1orZ = 1 1000 =SC
1110 = (Unconditionally True) 1001 =(Reserved)
1111 = (Unconditionally False) 1010 =MSR
short = Short Immediate value. May contain quick: Signed 1011 =BCNT

4-bit value, in MOVQ, ADDQ, CMPQ, ACB. 1100 =PTBO
cond: Condition Code (above), in Scond. 1101 =PTB1

1110 = (Reserved)

1111 =EIA

General Instruction Format
OPTIONAL BASIC
EXTENSIONS INSTRUCTION
N AN
- NV ™
msvzlmsm[msn]msm
IMPLIED INDEX INDEX GEN AGD%':! 00E
&m) DISP oisp BYTE BYTE MO‘DE MO.DE oPC
('] IMM
| —
.

TL/PD/1K17-7
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General Instruction Format (continued)

Format0 7 0 Format1 7 0
Format2 15 8|7 0
— T
[_rgen I short t opJ11 il
Format3 15 8|7 0
—r—T— Tt T T T T
I gen Lop |11111I i]
Format4 15 8|7 0
T T
[t [Loomz | oo [i]
Formats 23 18] 15 8|7
T T
000 00| short M op ijooo01110
Formaté 23 16L15 8|7 0
L B o e e e LA e e
gen 1 I gen 2 op Ii 01001110
Format7 23 16]15 8|7 0
L e LA B B i o e o o
gen 1 I gen 2 op li 11001110
Formats 23 16]15 8|7 0
T T T T T T
Igen1 I gen2 raglIi |1o111o
Wop S
Format9 23 15’15 8|7
T T
gen 1 gen2 |oprTi 00111110
Format1o 7 [
lo11111 10
Format 11 23 18]15 8|7 0
T T
gen 1 gen2 I op I0|f 10111110
Format12 7 0  Format13 7 o

oottt

TL/PD/1K17-8

Format 14
3 18] 15 8|7 0
LML A B R B B | T T rriyrrrrrrr
lgen!Tshort ol op ]i00011110
Format 15
23 16]15 8l7 0
T T T T T
L nnnt10110
Operation Word ID Byte
(Custom Slave)
Format 15.0 23 18] 15
t

LI o e
[ gen 1 [shon

8
T
L o | 1]

Format 15.1 23 16)15 8
LN B I | LI B B T T T

l gen1 gen 2 op lcTi l

Format 15.5 23 16] 15 8

—

T 1 1 1 T r T T T
gen1 [ gen 2 ] op ]x—[cl

Format 16 7

o

Format 17 7 0

Format 18 7

Format 19 7

(-

o

xxx00110

Implied Immediate Encodings:

T T T T T

7 B 5 4
I N T I T

-
N

] rOI

Register Mark, appended to SAVE, ENTER

7
1] 1
Ll'l'zn'sl"‘l

Register Mark, appended to RESTORE, EXIT

7

T T T T
l offset
i 1 | |

length - 1 ]
| |

Offset/Length Modifier appended

to INSS, EXTS
TL/PD/1K17-9
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Series 32000 Instruction

Execution Times
ASSUMPTIONS

The entire instruction, with all displacements and immediate
operands, is assumed to be present in the instruction queue
when needed.

Interference from instruction prefetches, which is very de-
pendent upon the preceding instruction(s), is ignored. This
assumption will tend to affect the timing estimate in an opti-
mistic direction.

It is assumed that all memory operand transfers are com-
pleted before the next instruction begins execution. In the
case of an operand of access class rmw in memory, this is
pessimistic, as the Write transfer occurs in parallel with the
execution of the next instruction.

It is assumed that there is no overlap between the fetch of
an operand and the following sequences of microcode. This
is pessimistic, as the fetch of Operand A will generally occur
in parallel with the effective address calculation of Operand
B, and the fetch of Operand B will occur in parallel with the
execution phase of the instruction.

Where possible, the values of operands are taken into con-
sideration when they affect instruction timing, and a range
of times is given. Where this is not done, the worst case is
assumed.
DEFINITIONS
TEA — The time required to calculate an operand’s Ef-
fective Address. For a Register or Immediate op-
erand, this includes the fetch of that operand.
TMMU — The extra clock cycle required for translation of
memory addresses if a NS32082 MMU is pres-
ent.
TOPB — The time needed to read or write a memory byte.

TOPW — The time needed to read or write a memory
word.

TOPD — The time needed to read or write a memory dou-
ble-word.

TOPi — The time needed to read or write a memory oper-
and, where the operand size is given by the oper-
ation length of the instruction. It is always equiva-
lent to either TOPB, TOPW or TOPD.

TCY — Internal processing overhead, in clock cycles.

L — Internal processing whose duration depends on
the operation length. The number of clock cycles
is derived by multiplying this value by the number
of bytes in the operation length.

EQUATIONS
TMMU — If a NS32082 MMU is present then TMMU = 1
else TMMU = 0
TOPB — If operand is in a register or is immediate then
TOPB = 0

else TOPB = 3 + TMMU
TOPW — If operand is in a register or is immediate then
TOPW = 0
else if word-aligned (even address) then TOPW
=3 + TMMU
else TOPW = 7 + 2 * TMMU (for NS32016)
or TOPW = 3 + TMMU (for NS32032 and
NS32332)
TOPD — If operand is in a register or is immediate then
TOPD = 0

else if word-aligned (even address) then TODP
=7 + 2 * TMMU (for NS32016) or TOPD = 3
+ TMMU (for NS32032 and NS32332)

else TOPD = 11 + 3 * TMMU (for NS32016)

or TOPD = 7 + 2 * TMMU (for NS32032 and
NS32332)

TOPi — If operand is in a register or is immediate then
TOPi = 0
else if i = byte then TOPi = TOPB
else if i = word then TOPi = TOPW
else (i = double-word) then TOPi = TOPD
TCY —TCY =1
L —If i (operation length) = byte then L = 1
else if i = word then L = 2
else (i = double-word) L = 4
TEA — If REGISTER addressing then TEA = 2
if IMMEDIATE or ABSOLUTE addressing then
TEA = 4
if REGISTER RELATIVE or MEMORY SPACE
addressing then TEA = 5

if MEMORY RELATIVE addressing then TEA =
7 + TOPD

if TOP OF STACK addressing then
if access class = write then TEA = 4
if access class = read then TEA = 2
else TEA = 3

if EXTERNAL addressing then TEA = 11 + 2 *
TOPD (for NS32016) or TEA = 11 + TOPD (for
NS32032 and NS32332)

if SCALED INDEXED addressing then TEA =
T + TI2

where TI1 depends on scale factor:
if byte indexing TI1 = 5
if word indexing TI1 = 7
if double-word indexing TI1 = 8
if quad-word indexing TI1 = 10
and TI2 = TEA of the basemode except:
if basemode is REGISTER then TI2 = §
if basemode is TOP OF STACK then
TI2=4

CALCULATION OF TOTAL EXECUTION TIME (TEX)

TEX is obtained by performing the following steps:

1. Find the desired instruction in the table.

2. Calculate the values of TEA, TOPB, etc. using the num-
bers in the table and the equations given on the preced-
ing page.

3. The result derived by adding together these values is the
execution time (TEX) in clock cycles.

NOTES ON TABLE USE

Values in the TEA column indicate the number of effective
addresses to be calculated. If the value in this column is
less than the number of general operands in the instruction,
this is because one or both operands are in registers and
that instruction has an optimized form which eliminates TEA
for such operands.
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In the L column, multiply the entry by the operation length in

bytes (1, 2 or 4).

In the TCY column, special notations sometimes appear:
n1-n2 means n1 minimum, n2 maximum

n1%n2 means that the instruction flushes the instruction
queue after n1 clock cycles and nonsequentially fetches
the next instruction. The value n2, indicating the total
number of clock cycles in internally executing the instruc-
tion (including n1), is not generally useful. The most ac-
curate technique for determining such timing depends on
the size and alignment of the Basic Instruction portion of
the next instruction, plus Index Bytes. If this portion can
be read in one memory cycle, then the execution time is
n1+10 (including the memory cycle). If more memory
cycles are required, the value is n1+5+4*m, where m is
the number of memory cycles required.

In the Notes column, notations held within angle brackets
<> indicate alternatives in the form of the instruction which
affect the execution time. A table entry which is affected by
the form of the instruction may have multiple values, sepa-
rated by slashes, corresponding to the alternatives. The no-
tations are:

Operand A is in a register; Operand B is in memory. This
means that we must use the table values corresponding to
the <xM> case as given in the Notes column (<xM>
meaning “anything to memory”).
Only the TEA, TOPi and TCY columns have values assigned
for the CMPi instruction. Therefore, they are the only ones
that need to be calculated to find TEX. The blank columns
are irrelevant to this instruction.
The TEA column contains 2 for the <xM> case. This
means that effective address times have to be calculated
for both operands. (For the <MR> case, the Register oper-
and would have required no TEA time, therefore only the
Memory operand TEA would have been necessary.) From
the equations:

TEA (Register mode) = 2,

TEA (Top of Stack mode, read access class) = 2,

Total TEA =2 + 2 = 4.
The TOPi column represents potential operand transfers to
or from memory. For a Compare instruction, each operand
is read once, for a total of two operand transfers.

<M> Memory form TOPi (Word, Register) = 0,
<R> Register form TOPi (Word, TOS) = TOPW = 3 (assuming aligned, no
<MM> Memory-to-Memory form MMU)
<RM> Register-to-Memory form Total TOPi = 3
<MR> Memory-to-Register form TCY is the time required for internal operation within the
<RR> Register-to-Register form CPU. The TCY value for this case is 3.
X either Register to Memory TEX = TEA + TOPi + TCY = 4 + 3 + 3 = 10 machine
EXAMPLE OF TABLE USAGE cycles. ,
Caloulate TEX for the instruction: Cycle s 100 ns, Tharefore, tisinsnacion would nave 10 X
CMPW Ro, TOS 100 ns, or 1.0 microseconds, to execute.
Basic and Memory Management Instructions NS32016 and NS32032 CPUs
Mnemonic TEA TOPB TOPW TOPD TOPi TCY L Notes
ABSi 2 — — — 2 9/8 — src<0/src>=0
ACBi 1 — — — 2 16/15%20 — <M>, no branch / branch
ACBi — — — — — 18/17%22 — <R>, no branch / branch
ADDi 2/1/0 — — — 3/1/0 3/4/4 — <xM>/<MR>/<RR>
ADDCi 2/1/0 — — — 3/1/0 3/4/4 — <xM>/<MR>/<RR>
ADDPI 2 — — — 3 16/18 — no carry / carry
ADDQiI 1/0 — — — 2/0 6/4 — <M>/<R>
ADDR 2/1 —_ — 1/0 — 2/3 — <xM>/<xR>
ADJSPi 1 —_ — — 1 6 —
ANDi 2/1/0 — — — 3/1/0 3/4/4 — <xM>/<MR>/<RR>
ASHi 2 1 — — 2 14-45 —
Bcond — — — — — 7/6%10 — no branch / branch
BICi 2/1/0 — — — 3/1/0 3/4/4 — <xM>/<MR>/<RR>
BICPSRB 1 1 — — — 18%22 —
BICPSRW 1 — 1 — — 30%34 —
BISPSRB 1 1 — — — 18%22 —
BISPSRW 1 — 1 — — 30%34 —
BPT — — 4 3 — 40 —
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Basic and Memory Management Instructions NS32016 and NS32032 CPUs (Continued)

Mnemonic TEA TOPB TOPW TOPD TOPi TCY L Notes

BR 1 — — — 1 4%9 —

BSR — — — 1 —_ 6%16 —

CASEi 1 — — — 1 4%9 —

CBITi 2/1 2/0 — —_ 1 15/7 — <xM>/<xR>

CBITIi 2/1 2/0 — — 1 15/7 — <xM>/<xR>

CHECKi 2 — — — 3 7/10/11 — high / low / ok

CMPi 2/1/0 — — — 2/1/0 3 — <xM>/<MR>/<RR>

CMPMi 2 — — — 2°n | o*n+24 | — | D= *#ofelements
in block

CMPQi 1/0 — — — 1/0 3 — <M>/<R>

CMPSi - - - — 2*n | 35°n+5 | — EOTTfa’f;i';’;‘ems'

CMPST — n — — 2*n 38 *n + 53 — Translated

COMi 2 — — — 2 7 —

CVTP 2 —_ —_ 1 — 7 —

CXP — — 3 4 — 16%21 —

CXPD 1 —_ 3 3 — 13%18 —

DEli 2/1 — — — 5/1 38/31 16 <xM>/<xR>

DIA — — — — — 3%7 —

DIvi 2 — — — 3 58-68 16

ENTER - - — n+1 — 4*n+18 | — :‘e;s;’;r‘;fsii';‘:‘;'a'

EXT i D e A i L I S

EXTi 2 — — 1 1 19-29 — field in memory

EXTi 2 — — — 1 17-51 — field in register

EXTSi 2 — — 1 1 26-36 —

FFSi 2 2 — — 1 24-28 24

FLAG — — 0/4 0/3 — 6/44 — no trap / trap

IBITi 2/1 2/0 — — 1 17/9 — <xM>/<xR>

INDEXi 2 — — — 2 25 16

INSi 2 — — 2 1 29-39 — field in memory

INSi 1 — — — 1 28-96 — field in register

INSSi 2 — — 2 1 39-49 —

JSR 1 — — 1 1 5%15 —_

JUMP 1 — — — — 2%6 —

LMR 1 — —_ — 1 30%34 —

LPRi 1 — — — 1 19-33 —

LSHi 2 1 — —_ 2 14-45 —

MEIi 2 — — — 4 23 16

MODi 2 — —_ — 3 54-73 16

MOVi 2/1/0 — — — 2/1/0 1/3/3 — <xM>/<MR>/<RR>

MOVMi 2 - - - 2'n | atn+20 | — | [ *ofclements

MOVQi 1/0 — —_ — 1/0 2/3 — <M>/<R>
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Baslc and Memory Management Instructions NS32016 and NS32032 CPUs (Continued)

Mnemonic | TEA | TOPB | TOPW | TOPD | TOPI TCY L Notes
MOVSi - - - - 2°n | 13*n+18 | — 2:();;:;:'9“‘9“‘5
MOVSi — - — — 2*n | 24*n+54 | — E;»XY):?:; ?f;gt
MOVST — n — —_ 2*n 27*n + 54 — Translated
MOVSUi 2 _ — — 2 33%37 —

MOVUSI 2 — — _ 2 33%37 —

MOVXBD 2 1 — 1 — 6 —

MOVXBW 2 1 1 — — 6 —

MOVXWD 2 — 1 1 — 6 —

MOVZBD 2 1 — 1 — 5 —

MOVZBW 2 1 1 — — 5 —

MOVZWD 2 — 1 1 — 5 —

MUL 2 — — — 3 15 16

NEGi 2 — — — 2 5 —

NOP — — — — — 3 —

NOTi 2 — — — 2 5 —

ORI 2/1/0 — — — 3/1/0 3/4/4 — | <xM>/<MR>/<RR>
Quoi 2 — — — 3 49-55 16

RDVAL 1 1 — — — 21 —

REMi 2 — — — 3 57-62 16

RESTORE — — — n — 5*n+12 | — :‘e;stt r‘;frgg‘;j‘c"
RET — — — 1 — 2%8 _

RETI — 1 3 3 — 39%45 —

RETT _ — 2 2 — 35%41 —

ROTi 2 1 — — 2 14-45 —

RXP — — 1 2 — 2%6 —

Scondi 1 — — —_ 1 9/10 —_ False / True

SAVE - - - n - 4*n+13 | — r"e;st*; r‘;';f/’;’*"
SBITi 2/1 2/0 — — 1 15/7 — | <xM>/<xR>
SBITI 2/1 2/0 — — 1 15/7 — | <xm>/<xR>
SETCFG — — — — — 15 —

SKPSi - - - - n 27*n+51 | — | N ofgements,
SKPST —_ n — — n 30*n + 51 —_ Translated

SMR 1 — — — 1 25 —

SPRi 1 — — — 1 21-27 —

SUBi 2/1/0 _ — — 3/1/0 3/4/4 — [ <xM>/<MR>/<RR>
SUBCi 2/1/0 — — —_ 3/1/0 3/4/4 — | <xM>/<MR>/<RR>
SUBPi 2 — —_ — 3 16/18 — no carry / carry
svC — — 4 3 — 40 —

TBITI 2/1 170 — _ 1 14/4 — | <M>/<xR>
WAIT - - - - - 6-? - 1*:::::[/?:59*
WRVAL 1 1 — — — 21 —

XORi 2/1/0 — — — 3/1/0 3/4/4 — | <xM>/<MR>/<RR>
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NS32081 FLOATING-POINT EXECUTION TIMES Tf - The time required to transfer 32 bits of a floating-point
The following section gives execution timing information for value to or from the NS32081 Floating-Point Unit.
Floating-Point instructions. Some additional timing defini- Tf = 4 always.
tions are used, as given below. Ti - The time required to transfer an integer value to or from
f - The floating-point operation length. the NS32081 Floating-Point Unit.
Standard Floating (32 bits): f = 1 Byte: Ti=2
Long Floating (64 bits): f = 2 Word: Ti=2
Double-Word: T =4
Floating-Point Instruction Execution Times
Instruction Case TEA TOPD TOPi Ti Tf TCY
MOVf <MM> 2 2f — — 2f 23
<RR> — — — — — 27
<MR> 1 f — — f 23
<RM> —_ f — —_ f 27
ADDf, SUBf <MM> 2 3f — — 3f 70
<RR> - — — — - 74
<MR> 1 f —_ —_ f 70
<RM> 1 2f — — 2f 70
MULf <MM> 2 3f — — 3f 30 + 14f
<RR> —_ — — — — 34 + 14f
<MR> 1 f _ _ f 30 + 14f
<RM> 1 2f — — 2f 30 + 14f
DIVt <MM> 2 3f —_ —_ 3f 55 + 30f
<RR> —_ — — — — 59 + 30f
<MR> 1 f — — f 55 + 30f
<RM> 1 2f — — 2f 55 + 30f
ABSf, NEGf <MM> 1 2f — — 2f 20
<RR> — — — — — 24
<MR> 1 f — — f 20
<RM> —_ f — — f 24
CMPf <MM> 2 2f — — 2f 45
<RR> — — — — — 49
<MR> 1 f — — f 45
<RM> 1 f — — f 45
MOVLF <MM> 1 3 — — 3 23
<RR> — —_ — — — 27
<MR> 1 2 — —_ 2 23
<RM> — 1 — — 1 27
MOVFL <MM> 1 3 — — 3 22
<RR> — — — — — 26
<MR> 1 1 — — 1 22
<RM> — 2 — — 2 26
MOVif <MM> 1 f 1 1 f 53
<MR> 1 — 1 1 — 53
ROUNDfi, TRUNCHi, <MM> 1 1 1 f 53
FLOORfi <RM> — - 1 1 — 66
SFSR <M> — 1 — — 1 13
LFSR <M> 1 1 — — 1 18
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Basic and Memory Management Instructions NS32332 CPU
TEA Table

Mnemonic TEA TGET TOPB TOPW TOPD TOPi

TCY

TEA:
Absolute

TEA:
External

TEA:
Memory —_— —_ —_ - 1 - 4
relative

TEA: — — — — — — 0

Register — — — — — —_ 2, Class Address or

mode is Index.

TEA:
Register
relative/ — — —_ — — —_ 2
Memory
space

TEA:
TOS push

TEA:

TOS address
/Modify
/Index

TEA:
Index — — — — 1 —_ 2
(B,W, D, Q)

TGET Table

Mnemonic TEA TGET TOPB TOPW TOPD TOPi

TCY

TGET:
Absolute

TGET:
External

TGET:
Memory — — — — 1 1
relative

TGET:
Register

TGET:
Register
relative/ — — — — — 1
Memory
space

TGET:
TOS pop

TGET:

TOS address
/Modify
/Index

TGET:
Index — — — — — 1
(B,W, D, Q)

TGET: — — — — — —
Immediate — — — — — —

3, First operand.
2, 2nd operand.
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NS32332 Instruction Execution Times Table

Mnemonic TEA TGET TOPB TOPW TOPD TOPI TCY
1 1 - - - 1 6 <M>
ABSI 1 1 - — — 1 9 Src <0 <R>
1 1 — — —_ 1 8 Src > 0 <R>
— 1 — _— — 1 7 No branch <M>
— 1 —_ —_ _— 1 7%8 Branch <M>
ACB1 —_ 1 — — — 1 9 No branch <R>
—_ 1 — — — 1 7%10 Branch <R>
_ — 2 —_ — — 1 3 <XM>
ADDi — 1 — — —_ — 4 <XR>
! — 2 — — — 1 3 <XM>
ADDCi - 1 — — — — 4 <XR>
- 2 —_ — — 1 21 No carry
ADDPI — 2 — — — 1 20 Carry
: - 1 — - - 1 3 <M>
ADDQi — — — —_ — _ 4 <R>
2 —_ — —_ — 1 1 <M>
ADDR 2 _ _ _ _ - 3 <R>
ADJSPi - 1 - - — - 8
’ — 2 —_ —_— —_ 1 3 <XM>
ANDiI _ 1 — - — —_ 4 <XR>
N = Number of shifts
— 2 — — — 1 7 No Shift <M>
—_— 1 — — — — 8 No Shift <R>
. — 2 —_ — — 1 11 +N Count <0 <M>
ASHi - 2 - — — — 12+N  Count<0 <R>
_— 2 —_ — — 1 12+ N Count > 0 <M>
—_ 2 - —_ —_ — 13 + N Count > 0 <R>
— —_ - —_ —_ —_ 7 No branch
Beond _ — — — —_ _— 5%8 branch
—_ 2 — - —_ 1 3 <XM>
BICi _ 1 _ _ _ _ 4 <XR>
— 1 — —_ —_ _— 14 No PSR (U)
BICPSRB _ 1 — — — — 13%16 PSR (V)
— 1 —_ — —_ —_ 14 No PSR (U)
BICPSRW — 1 - - — — 13%16 PSR (U)
— 1 —_ — — — 14 No PSR (U)
BISPSRB _ 1 —_ — _ — 13%16 PSR (U)
— 1 — —_ — —_ 14 No PSR (U)
BISPSRW — 1 - - — — 13%16 PSR (U)
BPT — — —_ 4 3 — 31
BR —_— — —_ — — — 2%7
BSR — — — — 1 — 5%7
CASEi — — — — — — 6%9
) 1 1 2 — — — 17 <XM>
CBITi _ 3 _ - _ —_ 7 <XR>
) 1 1 3 - — - 18 <XM>
CBITIi _ 1 _ _ _ —_ 7 <XR>
1 1 - - — 1 10 High
CHECK:i 1 1 — — — 2 19 Low
1 1 _ —_ — 2 20 O.K.
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NS32332 Instruction Execution Times Table (Continued)

Mnemonic | TEA | TGET | TOPB | TOPW | TOPD | TOPI TCY
) — 2 — — — —_ 3 <XM>, <XR>
CMPi _ 2 _ _ - - 5 <XI>
2 — — — — 2n 8*n+19 i=B8B
. n = number of compares
CMPMi 2 - — — - 2n 8*n+22 i=W
2 — — — — 2n 8*n+23 i=D
CMPQi — 1 — — — — 3
— — — — — 2n 37*n + (69-71)
CMPSi n = number of elements
— — — — — — 13, no elements
— — n — — 2n 42*n + (70-72)
CMPST n = number of elements
—_ — — —_— _— — 13, no elements
" 1 1 — — — 1 6 <XM>
CoMi — 1 — — — — 8 <XR>
2 — —_ —- 1 — 4 <M>
CVTP 2 _ _ _ _ _ 6 <R>
(Till flush Queue
CXP — — — 3 4 — 16 9cyc. + 2 TOPW
+ 2 TOPD).
(Till flush Queue
CXPD 1 —_ — 3 3 —_ 14 7 cyc. + 2 TOPW
+ 1 TOPD).
16 *i + (27-28), <XM>
. i=1,B
DEli — 2 — — — 3 i—2.wW
i=4,D
DEli — 1 — — —_ — 16 *i + (36-37), <XR>
DIA — — — — — — 2%5
) —_ 2 — — — 1 49-56 <XM>
Dvi - 1 — - - — | 50-57 <XR>
, no operand
ENTER — — — — 1 - 9 n = number of register saved
— — — — n+1 - n+14n>0
, no operand
EXIT — — — — 1 — 5 n = number of register saved
— — — — n+1 _ 3n+6;n>0
Field in memory:
18,
EXTi 2 — — — 1 1 (offset MOD 8) = 0
20 + (offset MOD 8),
(offset MOD 8) > 0
Field in register:
13,
EXTi 1 — — — — 1 (offset MOD 32) = 0

15 & loHsst MOD 32
10 T \OUS8t miLVw vej,

(offset MOD 32) > 0
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Series 32000 Programming Reference Guide

NS32332 Instruction Execution Times Table (Continued)

Mnemonic

TEA

TGET

TOPB

TOPW

TOPD

TOPi

TCY

EXTSi

1

21

(offset MOD 8) = 0
23 + (offset MOD 8),
(offset MOD 8) > 0

FFSi

FFSi

“1” not found

17, offset = 0;
20 + offset,
offset > 0;
“1” found

i = operand size (1-4)
24 —

24 + i* 8, offset = 0
27 + offset —

24 + i* 8, offset > 0

“1” not found

18, offset = 0;
21 + offset,
offset > 0;
“1” found

25 —>

25 +i* 8, offset = 0
28 + offset —

28 + i* 8, offset> 0

<XM>

<XR>

FLAG

6, no trap.
35, trap.

IBITi

19
9

<XM>
<XR>

INDEXi

83

INSI

Field in memory,
29,
(offset MOD 8) = 0
35 + 2 * (offset MOD 8),
(offset MOD 8) > 0

INSi

Field in register,
23,
(offset MOD 32) = 0
29 + 2 * (offset MOD 32),
(offset MOD 32) > 0

INSSI

Field in memory,
29,
(offset MOD 8) = 0
35 + 2 * (offset MOD 8),
(offset MOD 8) > 0
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NS32332 Instruction Execution Times Table (Continued)

Mnemonic | TEA | TGET | TOPB | TOPW | TOPD | TOPi TCY L
Field in register,
31,
INSSi — 1 — — — — (offset MOD 8) = 0
37 + 2 * (offset MOD 8),
(offset MOD 8) > 0
JSR 1 — — — 1 — 4%6
JUMP 1 — — — — — 1%4
LMR — 1 — — — — 5%9
10 ,UPSR
LPRi — 1 — — — — 17%20 ,PSR
18 ,no PSR
N = Number of shifts
— 2 — — — 1 7 No Shift <M>
— 1 — — — — 8 No Shift <R>
LSHi — 2 — — — 1 11 + N Count <0 <M>
I — 2 — —_ — | = 12+ N Count < 0 <R>
— 2 — — — 1 12+ N Count > 0 <M>
— 2 — — — — 13+ N Count > 0 <R>
. — 2 — — — 2 17, <XM> 16
MEli S - — — | = 20, <XR> 16
<XM>
MODi — 2 — — — 1 45-49, remainder = 0;
57-63, remainder< >0; 16
<XR>
MODi — 1 — — — —_ 46-50, remainder = 0;
58-64, remainder<>0; 16
, 1 1 — — — 1 1, <XM>
MOVi _ 1 _ _ _ _ 3, <XR>
n = number of elements
in block.
MOVMi 2 — — — —_ 2n 19 + 2* n,i = Byte.
22 + 2*n,i = Word.
23+ 2*n,i=D.W.
. 1 —_ — — — 1 1, <M>
MOVQi _ _ _ . . _ 3, <R>
13 * n + 49, no option
— — — — — 2n
n = number of elements
MOVSi 19 *n + (84-86)
— — — — — 2n B, W and/or U option
in effect.
24*n + 85-87)
MOVST — — n — — 2n B, W and/or U option
in effect.
MOVSUi 2 — — — — 2 19
MOVUSI 2 — — — — 2 19
MovxsD | ! - - ! B ! <xm>
— i — -_ —_ —_ B <AR>
1 1 — 1 — — 7 <XM>
MOVXBW _ 1 _ _ _ _ 5 <XR>
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Series 32000 Programming Reference Guide

NS32332 Instruction Execution Times Table (Continued)

Mnemonic | TEA | TGET | TOPB | TOPW | TOPD | TOPI TCY L
1 1 — — 1 - 7 <XM>
MOVXWD _ 1 _ _ _ _ 5 <XR>
1 1 - - 1 - 6 <XM>
MOVZBD _ 1 _ _ _ - 4 <XR>
1 1 —_— 1 —_ — 6 <XM>
MOVZBW | 1 _ _ _ _ 4 <XR>
1 1 - - 1 - 6 <XM>
MOVZWD | 1 _ _ A 4 <XR>
) - 2 - - — 1 1 <XM> 16
MULi _ ] _ _ — | — 12 <XR> 16
. 1 1 - — - 1 4 <XM>
NEGi _ 9 _ - _ — 6 <XR>
NOP - | = — - - - 3
) 1 1 —_ —_ —_ 1 4 <XM>
NOTi _ 1 _ _ _ _ 6 <XR>
. — 2 — —_ —_ 1 3 <XM>
ORi _ 1 - - - | = 4 <XR>
| — 2 — — — 1 41-46 <XM> 16
Quoi — | 1 — — - | = 42-47 <XR> 16
RDVAL 1 — 1 — —_ — 9
. — | 2 - = =] 46-51 <XM> 16
REMi — | 1 — — - | - 47-52 <XR> 16
5 , no operand
RESTORE | — —_ — — — —_ n = number of register
restored.
—_ —_ —_ —_ n - 3*n+6;,n>0
RET - | = - — 1 —_ 5%5
32, no slave
(Till flush Queue
RETI -1 - | e N 24 cyc. + 1 TOPB
+ 2TOPW + 1 TOPD)
32, with slave
(Till flush Queue
RETI - 2 2 8 | — 24 cyc. + 2 TOPB
+ 2 TOPW + 2 TOPD)
22
(Till flush Queue
RETT - = | - 2 2 | - 14 cyc. + 2 TOPW
+ 1 TOPD)
N = Number of shifts
— 2 — — —_ 1 7 No Shift <M>
— 1 —_ — - — 8 No Shift <R>
. — 2 —_ —_ —_ 1 11+ N Count <0 <M>
ROT -l 2| = =1 =1= 12+ N Count < 0 <R>
—_ 2 —_ — —_ 1 12+ N Count > 0 <M>
- 2 —_ —_ - — 13+ N Count > 0 <R>
6
RXP —_ —_ — 1 2 - (Till flush Queue
5 cyc.)
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NS32332 Instruction Execution Times Table (Continued)

Mnemonic | TEA | TGET | TOPB | TOPW | TOPD | TOPI TCY
1 — —_ — — 1 4 <M>
Scondi — — — — — — 7 , true <R>
6 , false <R>
5 , no operand
SAVE — —_ — —_ — —_ n = number of register
saved.
— —_ —_— —_ n f— n+6n>0
) 1 1 2 —_ — — 17 <XM>
SBITi _ 1 _ _ _ _ 7 <XR>
) 1 1 3 — — — 18 <XM>
SBITIi _ 1 _ _ _ _ 7 <XR>
SETCFG — — — — — — 5
29*n + (66-68)
SKPSi — —_ — — — n B, W and/or U option
in effect.
34*n + (67-69)
SKPST — — n — — n B, W and/or U option
in effect.
1 — — — — 1 7 <M>
SMR _ _ _ B _ _ 9 <R>
1 — — - —_— 1 7 , no UPSR; <M>
. 1 — — — — 1 10 , UPSR; <M>
SPRI S R R e 9 , no UPSR; <R>
— — — — — — 12 , UPSR; <R>
) — 2 - - - 1 3 <XM>
SUBI _ 1 _ _ _ _ 4 <XR>
) - 2 - — - 1 3 <XM>
SUBCi _ 1 _ _ _ _ 4 <XR>
’ — 2 — — — 1 21 No carry
SUBPi — 2 —_ —_ —_ 1 20 Carry
SVC — — — 4 3 — 31
TBITI 1 1 1 —_ —_ — 14 <M>
—_ — — —_ —_ —_ 4 <R>
? = untilon
WAIT — — — — — — )
4 interrupt/Reset
WRVAL 1 — 1 —_ — — [}
) — 2 — — — 1 3 <XM>
XORi _ 1 _ _ _ _ 4 <XR>

11-41

apiny) asualajoy Buiwwesboid 000zZE SIS



Series 32000 Quick Reference Timing

Series 32000® Quick Reference Timing

Listed below are the most frequently used timing specifica-
tions for the Series 32000 components. This listing is in-
tended for quick reference only, and is not all-inclusive. De-
tailed timing specifications and diagrams are located in the
“AC Electrical Characteristics” section of each datasheet in

this volume.

>( 20
0.8 TEST POINTS

20 X
TEST POINTS 0.8

FIGURE 1

B11K20-1

All the timing specifications given in this section refer to
0.8V or 2.0V on the input and output signals as illustrated in
Figure 1, unless specifically stated otherwise.
ABBREVIATIONS:
L.E. — leading edge
T.E. — trailing edge

R.E. — rising edge
F.E. — falling edge

NS32032 Output Signals: internal Propagation Delays

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32032-6 NS32032-8 NS32032-10 Units
Min Max Min Max Min Max

taLy Address Bits 0-23 Valid | after R.E., PHI1 T1 65 55 40 ns

tALh Address Bits 0-23 Hold | after R.E., PHI1 Tmmu or T2 5 5 5 ns

tpv Data Valid (Write Cycle) after R.E., PHI1 T2 70 60 50 ns

tbh Data Hold (Write Cycle) after R.E., PHI1 next T1 or Ti 0 0 0 ns

taLaDss | Address Bits 0-23 Setup | before ADS T.E. 25 25 25 ns

taLADSh | Address Bits 0-23 Hold | after ADS T.E. 25 20 15 ns

tALf Address Bits 0-23 after R.E., PHI1 T2 25 25 25 ns
Floating (No MMU)

tADf Data Bits D24~-D31 after R.E., PHI1 T2 25 25 25 ns
Floating (No MMU)

tALME Address Bits 0-23 after R.E., PHI1 Tmmu 25 25 25 ns
Floating (with MMU)

tADMF Data Bits 21-31 after R.E., PHI1 Tmmu 25 25 25 ns
Floating (with MMU)

tBEV BEn Signals Valid after R.E., PHI2 T4 70 60 45 ns

tBER BEn Signals Hold after R.E., PHI2 T4 or Ti 0 0 0 ns

tsTv Status (STO-ST3) Valid | after R.E., PHI1 T4 65 55 45 ns

(before T1, see note)

tsTh Status (STO-ST3) Hold after R.E., PHI1 T4 (after T1) 0 0 0 ns

topinv | DDIN Signal Valid after R.E., PHI1 T1 83 62 50 ns

tDDINK DDIN Signal Hold after R.E., PHI1 next T1 or Ti 0 0 0 ns

taDSa ADS Signal Active (Low) | after R.E., PHI1 T1 55 45 35 ns

tapsia | ADS Signal Inactive after R.E., PHI2 T1 60 55 45 ns

taADSw ADS Pulse Width at 0.8V (both edges) 50 40 30 ns

tpsa DS Signal Active (Low) after R.E., PHI1 T2 70 60 45 ns

tbsia DS Signal Inactive after R.E., PHI1 T4 50 50 40 ns

taLf ADO-ADstng after R.E., PHI1 T1 100 65 25 ns
(Caused by HOLD)
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NS32032 Output Signals: Internal Propagation Delays (continued)

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32032-6 NS32032-8 NS32032-10 Units
Min Max Min Max Min Max
taDf D24-D31 Floating after R.E., PHI1 T1 100 65 25 ns
(Caused by HOLD)
tpst DS Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
taDSt ADS Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
tES BEn Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
tDDINE DDIN Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
tHLpAa | HLDA Signal Active (Low) after R.E., PHI1 Ti 100 90 75 ns
t4LDAia | HLDA Signal Inactive after R.E., PHI1 Ti 100 90 75 ns
tosr DS Signal Returns from after R.E., PHI1 Ti 100 80 55 ns
Floating (Caused by HOLD)
tADSr ADS Signal Returns from after R.E., PHI1 Ti 100 80 55 ns
Floating (Caused by HOLD)
tBEr BEn Signals Return from after R.E., PHI1 Ti 100 80 55 ns
Floating (Caused by HOLD)
ADDINF DDIN Signal Returns from after R.E., PHI1 Ti 100 80 55 ns
| Floating (Caused by HOLD)
'toping | DDIN Signal Floating after FLT F.E. 80 65 50 ns
(Caused by FLT)
topine | DDIN Signal Returns from after FLT R.E. 75 65 50 ns
Floating (Caused by FLT)
tspca SPC Output Active (Low) after R.E., PHI1 T1 50 45 35 ns
tspcia | SPC Output Inactive after R.E., PHI1 T4 50 45 35 ns
tspcni | SPC Output Nonforcing after R.E., PHI2 T4 40 25 10 ns
tov Data Valid (Slave Processor | after R.E., PHI1 T1 80 65 50 ns
Write)
ton Data Hold (Slave Processor | after R.E., PHI1 0 0 0 ns
Write) next T1orTi
tprsw | PFS Pulse Width at 0.8V (both edges) 70 70 70 ns
tprsa | PFS Pulse Active (Low) after R.E., PHI2 70 60 50 ns
tprsia | PFS Pulse Inactive after R.E., PHI2 70 60 50 ns
tLos TLO Signal Setup before R.E., PHI1 T1 30 30 30 ns
of first interlocked
read cycle
tiLon ILO Signal Hold after R.E., PHI1 T3 10 10 10 ns
of last interlocked
write cycle
tL.0a ILO Signal Active (Low) after R.E., PHI1 70 70 70 ns
tioia | ILO Signal Inactive after R.E., PHI1 70 70 70 ns
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Series 32000 Quick Reference Timing

NS32032 Output Signals: Internal Propagation Delays (continued)

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32032-6 NS32032-8 NS32032-10 | ynits
Min Max Min Max Min Max
tusv U/S Signal Valid after R.E., PHI1 T4 70 60 45 ns
tush U/S Signal Hold after R.E., PHI1 T4 10 10 10 ns
tNSPF Nonsequential Fetch to after R.E., PHI1 T1 4 4 4 tcp
next PFS Clock Cycle
tpens | PFS Clock Cycle to next | before R.E., PHI1 T1 4 4 4 tcp
Non-Sequential Fetch
tLxpF Last Operand Transfer before R.E., PHI1 T1 of first 0 0 0 tcp
of an Instruction to next of first bus
PFS Clock Cycle cycle of transfer
Note: Every memory cycle starts with T4, during which Cycle Status is applied. If the CPU was idling, the sequence will be: . . . Ti, T4, T1. . .". If the CPU was
not idling, the sequence will be: “. . . T4, T1. . .".
NS32032 Input Signal Requirements
Name Description Reference/Conditions NS32032-6 NS32032-8 NS32032-10 Units
Min Max Min Max Min Max
trwr | Power Stable to after Vgg reaches 4.5V 50 50 50 us
RSTR.E.
tois Data in Setup before F.E., PHI2 T3 20 15 10 ns
(Read Cycle)
toih Data in Hold after R.E., PHI1 T4 10 10 10 ns
(Read Cycle)
tHLpa | HOLD Active (Low) Setup | before F.E., PHI2 TX1 25 25 25 ns
Time (See Note)
tHLDia | HOLD Inactive Setup before F.E., PHI2 Ti 25 25 25 ns
Time
t4Lon | HOLD Hold Time after R.E., PHI1 TX2 0 0 0 ns
trLTa | FLT Active (Low) before F.E., PHI2 Tmmu 25 25 25 ns
Setup Time
teLTia | FLT Inactive Setup before F.E., PHI2 T2 25 25 25 ns
Time
trRpys | RDY Setup Time before F.E., PHI2 T2 or T3 25 20 15 ns
troyn | RDY Hold Time after F.E., PHI1 T3 0 0 0 ns
tasTs | ABT Setup Time before F.E., PHI2 Tmmu 30 25 20 ns
(FLT Inactive)
tagTs | ABT Setup Time before F.E., PHI2 T¢ 30 25 20 ns
(FLT Active)
tasth | ABT Hold Time after R.E., PHI1 0 0 0 ns
trsTs | RST Setup Time before F.E., PHI1 20 20 15 ns
trsTw | RST Pulse Width at 0.8V (both edges) 64 64 64 top
tinTs | INT Setup Time before F.E., PHI 25 25 25 ns
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NS32032 Input Signal Requirements (Continued)

- - NS32032-
Name Description Reference/Conditions NS32032-6 NS32032-8 $32032-10 Units
Min Max Min Max Min Max
tamiw | NMI Pulse Width at 0.8V (both edges) 70 70 70 ns
tois Data Setup (Slave before F.E., PHI2 T1 30 25 20 ns
Read Cycle)
tDih Data Hold (Slave after R.E., PHI1 T4 10 10 10 ns
Read Cycle)
tspcd | SPC Pulse Delay from Slave | after R.E., PHI2 T4 40 35 25 ns
tspcs | SPC Setup Time before F.E., PHI1 35 30 25 ns
tspcw | SPC Pulse Width from at 0.8V (both edges) 30 25 20 ns
Slave Processor
(Async Input)
tATs AT/SPC Setup for Ad- before R.E., PHI1 of cycle 1 1 1 tcp
dress Translation Strap during which RST
Pulse Is Removed
tath | AT/SPC Hold for Ad- after F.E., PHI1 of cycle 2 2 2 tcp
dress Translation Strap during which RST
pulse is removed

Note: This setup time is necessary to ensure prompt acknowledgement via HLDA and the ensuing floating of CPU off the buses. Note that the time from the receipt

of the HOLD signal until the CPU floats is a function of the time HOLD signal goes low, the state of the RDY input (in MMU systems), and the length of the current

MMU cycl

le.

NS32032 Clocking Requirements

Name Description Reference/Conditions NS32032-6 NS32032-8 NS32032-10 Units
Min Max Min Max Min Max
toLr PHI1, PHI2 Rise Time 0.8Vto Vg — 0.9V 9 8 7 ns
on R.E., PHI1, PHI2
toLf PHI1, PHI2 Fall Time Vec — 0.9Vto 0.8V 9 8 7 ns
on F.E.,, PHI1, PHI2
tcp Clock Period R.E., PHI1, PHI2 to next 170 5000 130 5000 100 5000 ns
R.E., PHI1, PHI2
toLw(1,2) | PHIT, PHI2 At 2.0V on PHI1, 0.5tcp 0.5tcp 0.5tcp ns
Pulse Width PHI2 (both edges) —14ns —12ns —10ns
torh(t,2) | PHI, PHI2 High Time AtVce — 0.8Von 0.5tcp 0.5tcp 0.5tcp ns
PHI1, PHI2 (both edges) —18ns —17ns —15ns
thoVL(1,2) Non-Overlap Time 0.8VonF.E., PHI1, PHI2 to 0 7 0 7 0 7 ns
0.8V on R.E., PHI2, PHI1
thOVLas Non-Overlap Asymmetry | at 0.8V on PHI1, PHI2 —4 4 -4 4 —4 4 ns
(thovL(1) —thovL(2))
tcLwas PHI1, PHI2 Asymmetry at 2.0V on PHI1, PHI2 -5 5 -5 5 -5 5 ns
(toLw(1) —toLw(@)
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Series 32000 Quick Reference Timing

NS32016 Output Signals: Internal Propagation Delays

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32016-6 | NS32016-8 | NS32016-10 Units
Min [ Max | Min | Max Min Max
taLy Address Bits 0-15 Valid after R.E., PHI1 T1 65 55 40 ns
tALh Address Bits 0-15 Hold after R.E., PHI1 Tmmu or T2 5 5 5 ns
tov Data Valid (Write Cycle) after R.E., PHI1 T2 70 60 50 ns
toh Data Hold (Write Cycle) after R.E,PHI1 nextT1orTi| O 0 0 ns
tAHY Address Bits 16-23 Valid after R.E., PHI1 T1 65 55 40 ns
taHh Address Bits 16-23 Hold after R.E., PHI1 next T1 or Ti 0 0 0 ns
taLADSs | Address Bits 0-15 Setup before ADS T.E. 25 25 25 ns
tAHADSs | Address Bits 16-23 Set Up before ADS T.E. 25 25 25 ns
taLADsh | Address Bits 0-15 Hold after ADS T.E. 20 20 15 ns
tAHADSh | Address Bits 16-23 Hold after ADS T.E. 20 20 15 ns
taLf Address Bits 0-15 Floating after R.E., PHI1 T2 25 25 25 ns
(no MMU)
tALMf Address Bits 0-15 Floating after R.E., PHI1 Tmmu 25 25 25 ns
(with MMU)
tAHMF Address Bits 16-23 Floating after R.E., PHI1 Tmmu 25 25 25 ns
(with MMU)
tHBEV HBE Signal Valid after R.E., PHI1 T1 70 60 50 ns
tHBER HBE Signal Hold after R.E.,PHI1 nextT1orTi| O 0 0 ns
tsTv Status (ST0-ST3) Valid after R.E., PHI1 T4 65 55 45 ns
(before T1, see note)
tsTh Status (ST0O-ST3) Hold after R.E., PHI1 T4 (after T1)| 0 0 0 ns
tooiny | DDIN Signal Valid after R.E., PHI1 T1 83 62 50 ns
tioia | ILO Signal Inactive after R.E., PHI1 55 45 35 ns
tusv U/S Signal Valid after R.E., PHI1 T4 55 45 35 ns
tush U/S Signal Hold after R.E., PHI1 T4 10 10 10 ns
tnspe | Nonsequential Fetch to next PFS after R.E., PHI1 T1 4 tcp
Clock Cycle
tPENS PFS Clock Cycle to next Non- before R.E., PHI1 T1 4 4 4 top
Sequential Fetch
tLxpF Last Operand Transfer of an Instruc- | before R.E., PHI1 T1 of first 0 0 0 top
tion to next PFS Clock Cycle bus cycle of transfer
Note: Every memory cycle starts with T4, during which Cycle Status is applied. If the CPU was idling, the sequence will be: “. . . Ti, T4, T1. . .”. If the CPU was
not idling, the sequence will be: “. . . T4, T1. . ..
NS32016 Input Signal Requirements
Name Description Reference/Conditions NS32016-6 NS32016-8 NS32016-10 Units
Min Max Min Max Min Max
tpwr | Power Stable to RST R.E. after Vg reaches 4.5V 50 50 50 us
tois Data in Setup (Read Cycle) before F.E., PHI2 T3 25 20 15 ns
toih Data in Hold (Read Cycle) after R.E., PHI1 T4 10 10 10 ns
tHLpa | HOLD Active (Low) Setup Time | before F.E., PHI2 TX1 25 25 25 ns
(See Note)

11-46



NS32016 Input Signal Requirements (continued)

Name Description Reference/Conditions NS32016-6 | NS32016-8 | NS32016-10 |06
Min | Max | Min | Max | Min Max
tHLDia | HOLD Inactive Setup Time before F.E., PHI2 Ti 25 25 25 ns
tyLpn | HOLD Hold Time after R.E., PHI1 TX2 0 0 0 ns
teLTa | FLT Active (Low) Setup Time | before F.E., PHI2 Tmmu 25 25 25 ns
trLTia | FLT Inactive Setup Time before F.E., PHI2 T2 25 25 25 ns
trpYs | RDY Setup Time before F.E., PHI2 T2 or T3 25 20 15 ns
trpyn | RDY Hold Time after F.E., PHI1 T3 0 0 0 ns
tagTs | ABT Setup Time (FLT inactive) | before F.E., PHI2 Tmmu 30 25 20 ns
tagTs | ABT Setup Time (FLT active) | before F.E., PHI2 T¢ 30 25 20 ns
tagTh | ABT Hold Time after R.E., PHI1 0 0 0 ns
trsTs | RST Setup Time before F.E., PHI1 20 20 15 ns
trsTw | RST Pulse Width at 0.8V (both edges) 64 64 64 tcp
tints | INT Setup Time before F.E., PH!1 25 25 25 ns
tamiw | NMI Pulse Width at 0.8V (both edges) 80 75 70 ns
tois Data Setup (Slave Read Cycle) | before F.E., PHI2 T1 30 25 20 ns
toin Data Hold (Slave Read Cycle) | after R.E., PHI1 T4 10 10 10 ns
tspcg | SPC Pulse Delay from Slave after R.E., PHI2 T4 40 35 25 ns
tspcs | SPC Setup Time before F.E., PHI1 35 30 25 ns
tspcw | SPC Pulse Width from Slave | at 0.8V (both edges) 30 25 20 ns
Processor (Async. Input)
tath | AT/SPC Hold for Address after F.E., PHI1 of cycle during 2 2 2 top
Translation Strap which RST pulse is removed
taTs | AT/SPC Setup for Address before R.E., PHI1 of Cycle During | 1 1 1 tcp
Translation Strap which RST pulse is removed

Note: This setup time is necessary to ensure prompt acknowledgement via HLDA and the ensuing floating of CPU off the buses. Note that the time from the receipt
of the HOLD signal until the CPU floats is a function of the time HOLD signal goes low, the state of the RDY input (in MMU systems), and the length of the current
MMU cycle.

NS32016 Clocking Requirements

N Descrit Reference/ NS32016-6 NS32016-8 NS32016-10 Uit
ame escription o nits
P Conditions Min | Max | Min | Max | Min | Max
toLr PHI1, PHI2 Rise Time 0.8V to Vg — 0.9V 9 8 7 ns
on R.E., PHI1, PHI2
toLs PHI1, PHI2 Fall Time Vce — 0.9V t0 0.8V 9 8 7 ns
on F.E., PHI1, PHI2
tep Clock period R.E., PHI1, PHI2 to Next 170 5000 130 5000 100 5000 ns
R.E., PHI1, PHI2
toLwt,2) | PHI1, PHI2 At 2.0V on PHI1, PHI2 051tcp 0.51tcp 0.5tcp ns
Pulse Width (both edges) — 14 ns —12ns —10ns
tcLh(1,2) | PHI, PHI2 High Time atVgc — 0.9Von 0.51cp 0.5tcp 0.5tcp ns
PHI1, PHI2 (both edges) —18ns —17ns —15ns
thovL(1,2) | Non-Overlap Time 0.8VonF.E., PHI1, PHI2 to 0 7 0 7 0 7 ns
0.8V on R.E., PHI2, PHI1
thovLas Non-Overlap Asymmetry | At 0.8V on PHI1, PHI2 -4 4 —4 4 —4 4 ns
(thovL(1) —thovL(2))
tCLwas PHI1, PHI2 Asymmetry At 2.0V on PHI1, PHI2 -5 5 -5 5 -5 5 ns
(toLw(1) —toLw@)
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Series 32000 Quick Reference Timing

NS32008 Output Signals: Internal Propagation Delays

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions | -\oo2008-6 | NS32008-8 | NS32008-10 |, e
Min | Max | Min | Max | Min | Max
tALv Address Bits 0-7 Valid after R.E., PHI1 T1 80 65 50 ns
taLh Address Bits 0~7 Hold after R.E., PHI1 T2 5 5 5 ns
tov Data Valid (Write Cycle) after R.E., PHI1 T2 80 65 50 ns
toh Data Hold (Write Cycle) after R.E.,, PHI1 nextT1orTi| O 0 0 ns
tAHV Address Bits 8-23 Valid after R.E., PHI1 T1 95 75 50 ns
tAHh Address Bits 8~23 Hold after R.E.,PHI1 nextT1orTi| O 0 0 ns
taLADSs | Address Bits 0-7 Set Up before ADS reaches 2.0V 25 25 25 ns
o ADS T.E.
tAHADSs | Address Bits 8~-23 Set Up before ADS reaches 2.0V 25 25 25 ns
10 ADST.E.
taLADSh | Address Bits 0~7 Hold after ADS reaches 2.0V 15 15 15 ns
from ADS T.E.
taLt Address Bits 0-7 Floating after R.E., PHI1 T2 25 25 25 ns
tsTv Status (ST0-ST3) Valid after R.E., PHI1 T4 90 70 45 ns
(before T1, see note)
tsth Status (STO-ST3) Hold after R.E., PHI1 T4 (after T1) | 0 0 0 ns
topinv | DDIN Signal Valid after R.E., PHI1 T1 83 62 50 | ns
topinn | DDIN Signal Hold after R.E.,,PHI1 nextT1orTi| 0 0 0 ns
tapsa | ADS Signal Active (Low) after R.E., PHI1 T1 55 45 35 | ns
_w_ggig ADS Signal Inactive after R.E., PHI2 T1 60 55 45 ns
tapsw | ADS Pulse Width at 0.8V (both edges) 50 40 30 ns
tbsa DS Signal Active (Low) after R.E., PHI1 T2 70 60 45 ns
_to_s_E DS Signal Inactive after R.E., PHI1 T4 10 60 10 50 10 40 ns
tALS ADO-AD? Floating (Caused by HOLD) | after R.E., PHI1 T1 100 65 25 ns
tAHt AB-A23 Floating (Caused by HOLD) | after R.E., PHI1 T1 100 65 25 | ns
tapst | ADS Floating (Caused by HOLD) after R.E., PHI1 Ti 100 80 55 | ns
toping | DDIN Floating (Caused by HOLD) after R.E., PHI1 Ti 100 80 55 | ns
tHLpAa | HLDA Signal Active (Low) after R.E., PHI1 Ti 100 90 75 | ns
tHLDAia | FLDA Signal Inactive after R.E., PHI1 Ti 100 90 75 | ns
tADSr ADS Signal Returns from Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
topine | DDIN Signal Returns from Floating after R.E., PHI1 Ti 100 80 55 ns
(Caused by HOLD)
tspCa SPC Output Active (Low) after R.E., PHI1 T1 50 45 35 ns
tspcia | SPC Output Inactive after R.E., PHI1 T4 50 45 35 ns
tspont | SPC Output Nonforcing after R.E., PHI2 T4 40 25 10 ns
tov Data Valid (Slave Processor Write) after R.E., PHI1 T1 80 65 50 ns
ton Data Hold (Slave Processor Write) after R.E.,,PHI1 nextT1orTi| O 0 0 ns
tprsw | PFS Pulse Width at 0.8V (both edges) 70 70 70 ns
tprsa | PFS Pulse Active (Low) after R.E., PHI2 70 60 50 | ns
tprsia | PFS Pulse Inactive after R.E., PHI2 70 60 50 | ns
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NS32008 Output Signals: Internal Propagation Delays (continued)

Maximum times assume capacitive loading of 100 pF

- Reference/ NS32008-6 NS32008-8 NS32008-10 .
Name Description Conditi Units
onditions Min | Max | Min | Max | Min | Max
tiLos ILO Signal Setup before R.E., PHI1 T1 30 30 30 ns
of first interlocked
read cycle
ton | ICO Signal Hold after R.E., PHI1 T3 10 10 10 ns
of last interlocked
write cycle
titoa | TLO Signal Active (Low) after R.E., PHI1 70 65 55 ns
tiLoia | IO Signal Inactive after R.E., PHI1 70 65 55 ns
tusv U/S Signal Valid after R.E., PHI1 T4 70 60 45 ns
tush U/S Signal Hold after R.E., PHI1 T1 10 10 10 ns
tnsPF | Nonsequential Fetch to Next PFS | after R.E., PHI1 T1 top
Clock Cycle
tpens | PFS Clock Cycle to Next Non- before R.E., PHI1 T1 4 4 4 tcp
Sequential Fetch
tuxpr | Last Operand Transfer of an before R.E., PHI1 T1 0 0 0 tep
Instruction to Next PFS Clock of first bus
Cycle cycle of transfer

Note 1: Timing parameters for components with an “S” suffix are not guaranteed compatible with an NS32081 Slave Processor at a clock rate greater than 4 MHz.

Note 2: Every memory cycle starts with T4, during which Cycle Status is applied. If the CPU was idling, the sequence will be: ““. . .Ti, T4, T1. . .". If the CPU was
not idling, the sequence will be: *“. . . T4, T1. . ..

NS32008 Input Signal Requirements

Name Description l;efer?[\ce/ NS32008-6 NS32008-8 NS32008-10 Units
onditions Min Max Min Max Min Max
tPwR Power Stable to RST R.E. after Vgg reaches 4.5V 50 50 50 us
tDIs Data in Setup (Read Cycle) before F.E., PHI2 T3 20 15 10 ns
toih Data in Hold (Read Cycle) after R.E., PHI1 T4 10 10 10 ns
tipa | HOLD Active (Low) Setup Time | before F.E., PHI2 TX1 25 25 25 ns
(See Note)
tiioia | HOLD Inactive Setup Time before F.E., PHI2 Ti 25 25 25 ns
tyoh | HOLD Hold Time after R.E., PHI1 TX2 0 0 0 ns
trpys | RDY Setup Time before F.E., PHI2 25 25 25 ns
T20orT3
troyh | RDY Hold Time after F.E., PHI1 T3 0 0 0 ns
trsTs | RST Setup Time before F.E., PHI1 20 15 10 ns
trsTw | RST Pulse Width at 0.8V (both edges) 64 64 64 top
tnTs | INT Setup Time before T.E., PHI 20 20 20 ns
tnmiw | NMI Pulse Width at 0.8V (both edges) 70 70 70 ns
tpis Data Setup (Slave Read Cycle) | before F.E., PHI2 T1 20 15 10 ns
toih Data Hold (Slave Read Cycle) after R.E., PHI1 T4 10 10 10 ns
tspcq | SPC Pulse Delay from Slave after R.E., PHI2 T4 17 13 10 ns
tspcs | SPC Setup Time Before F.E., PHI1 42 32 25 ns
tspcw | SPC Pulse Width from Slave at 0.8V (both edges) 30 25 20 ns
Processor (Async. Input)

Note: This setup time is necessary to ensure prompt acknowledgement via HLDA and the ensuing floating of CPU off the buses. Note that the time from the receipt

of the HOLD signal until the CPU floats is a function of the time HOLD signal goes low, and the state of the RDY input.
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Series 32000 Quick Reference Timing

NS32008 Clocking Requirements

. Reference/ NS32008-6 NS32008-8 NS32008-10
Name Description Conditio Units
onditions Min Max Min Max Min Max
toLr PHI1, PHI2 Rise Time 0.8Vto Vg — 0.9V 9 8 7 ns
on R.E., PHI1, PHI2
toLs PHI1, PHI2 Fall Time Vcc — 0.9V to 0.8V 9 8 7 ns
on F.E., PHI1, PHI2
tcp Clock Period R.E., PHI1, PHI2 to next 170 5000 130 5000 100 5000 | ns
R.E., PHI1, PHI2
toLw(1,2) | PHI1, PHI2 at 2.0V on PHI1, 0.51cp 0.5tcp 0.5tcp ns
Pulse Width PHI2 (both edges) —14ns —12ns —10ns
tcLh1,2) | PHI, PHI2 High Time atVgc — 0.9Von 0.5tcp 0.5tcp 0.5tcp ns
PHI1, PHI2 (both edges) —18ns —17ns —15ns
thovi(1,2) | Non-Overlap Time 0.8V onF.E., PHI1, PHI2 to 0 7 0 7 0 7 ns
0.8V on R.E., PHI1, PHI2
thOvLas Non-Overlap Asymmetry | at 0.8V on PHI1, PHI2 -4 4 -4 4 —4 4 ns
(thovL(1) — thovL))
tCLwas PHI1, PHI2 Asymmetry | at 2.0V on PHI1, PHI2 -5 5 -5 5 -5 5 ns
(toLw(1) — toLw@)

11-50



NS32201 Clock Signals

Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10f\ynits
Min Max Min Max Min Max
tcp Clock Period PHI1 R.E. to Next PHI1 R.E. 160 120 100 ns
tcLh Clock High Time AtVcc — 0.9VonPHI1,PHI2 | 0.5tcp [ 0.51cp | 0.51cp | 0.51cp | 0.5tcp | 0.5tcp | ns
(Both Edges) —17ns{ —7ns |—16ns| —7ns |—15ns| —7ns
toul Clock Low Time At 0.8V on PHI1, PHI2 0.5tcp | 0.5tcp | 0.5tcp | 0.5t¢cp | 0.5tcp | 0.5tcp | ns
(Both Edges) + 12ns + 11ns + 10ns
toLw(1,2) |Clock Pulse Width At 2.0V on PHI1, PHI2 051tcp [ 0.5tcp | 0.5tcp | 0.51cp | 0.5tcp [ 0.51¢cp | ns
(Both Edges) —14ns| —4ns |—12ns|{ —4ns |—10ns| —4ns
tcLwas | PHI1, PHI2 Asymmetry At2.0V on PHH, PHI2 -5 5 -5 5 -5 5 ns
(toLw1) — toLw)
tCLR Clock Rise Time 0.8V toVgg — 0.9V 9 8 7 ns
on PHI1, PHI2 R.E.
toLF Clock Fall Time Vce — 0.9V t0 0.8V 7 7 7 ns
on PHI, PHI2 F.E.
thoviL(1,2) | Clock Nonoverlap Time |0.8V on PHI1, PHI2 F.E. to 0 5 0 5 0 5 ns
0.8V on PHI2, PHI1 R.E.
thovLas |Non-Overlap Asymmetry [ At 0.8V on PHI1, PHI2 —4 4 —4 4 —4 4 ns
(thovL(1) = thovL(2)
tXIR XIN Rise Time 1.5V to Vg — 1.5V on XIN R.E. 15 11 9 ns
tXIF XIN Fall Time Vee — 1.56Vto 1.5V on XINF.E. 15 11 9 ns
txh XIN High Time 2.5V on XIN R.E. to 25 20 16 ns
(External Input) 2.5V on XINF.E.
NS32201 Timing Tables
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
txi XIN Low Time 2.5V on XIN F.E. to 25 20 16 ns
(External Input) 2.5V on XIN R.E.
txrr | XINto FCLK R.E. Delay | 2.5V on XIN R.E. to FCLK R.E. 15 29 15 28 15 27 ns
txrf | XINto FCLK F.E. Delay | 2.5V on XIN F.E. to FCLK F.E. 15 29 15 28 15 27 ns
txcr |XINto CTTLR.E.Delay |2.5VonXINR.E.to CTTLR.E. 24 40 24 39 24 35 ns
txpr | XIN to PHI1 R.E. Delay | 2.5V on XIN R.E. to PHI1 R.E. 21 40 21 37 21 32 ns
trcr | FCLK Rise Time 0.8V to 2.0V on FCLK R.E. 12 9 7 ns
tece | FCLK Fall Time 2.0V t0 0.8V on FCLK F.E. 12 9 7 ns
trcr | FCLKto CTTL R.E. Delay [ FCLK R.E. to CTTL R.E. 5 17 5 16 5 15 ns
trcf | FCLKto CTTL F.E. Delay | FCLK R.E. to CTTL F.E. 17 5 16 15 ns
trpr | FCLK to PHI1 R.E. Delay | FCLK R.E. to PHI1 R.E. 17 2 13 10 ns
teps - | FCLK to PHI1 F.E. Delay | FCLK R.E. to PHI1 F.E. —4 8 -4 6 —4 4 ns
tFw FCLK High Time At 2.0V on FCLK (Both Edges) | 0.25 t¢p | 0.25 t¢cp | 0.25tcp | 0.26 tcp | 0.25tcp | 0.25tcp | ns
with Crystal —7ns|{ +7ns| —6ns| +6ns| —5ns| +5ns
tpcf | PHI2R.Eto CTTL PHI2 R.E.to CTTLF.E. -8 12 -7 11 -6 10 ns
F.E. Delay )
tctw | CTTL High Time At 2.0V on CTTL (Both Edges) | 0.5t¢cp | 0.5tcp | 0.5tcp | 0.6tcp | 0.5ty | 0.5ty | ns
—8ns|{ +8ns{ —8ns| +8ns| —7ns| +7ns
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Series 32000 Quick Reference Timing

NS32201 CTTL Timing cL=50pF

Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
tper PHI1 to CTTL R.E. Delay | PHI1 R.E.to CTTLR.E. -2 7 -2 6 -2 5 ns
tcTr CTTL Rise Time 0.8Vto0 2.0V on CTTLR.E. 6 6 ns
tcTF CTTL Fall Time 2.0Vt0 0.8V on CTTL F.E. 5 5 4 ns
Note 1: PHI1 and PHI2 are interchangeable for the following parameters: tcp, tcLh, toun tolws toLr: toLF: thovws txpr trpr trpr
NS32201 CTTL Timing cL=100pF
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 | ynits
Min Max Min Max Min Max
tpcr PHI1 to CTTL R.E. Delay | PHI1 R.E.to CTTL R.E. -2 -2 7 -2 6 ns
tcTR CTTL Rise Time 0.8Vto2.0VonCTTLR.E. ns
tcTF CTTL Fall Time 2.0Vt0 0.8V onCTTLF.E. 5 ns
NS32201 Control Inputs RsT7, RSTO, ADS, DDIN) Timing
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
trsTr | RSTOR.E.Delay | After PHI1 R.E. 25 20 15 ns
tRSTs RSTI Setup Time Before PHI1 R.E. 20 20 20 ns
tADs ADS Setup Time Before PHI1 R.E. 30 28 25 ns
taDw ADS Pulse Width | ADS L.E.to ADST.E. 25 25 25 ns
tops DDIN Setup Time | Before PHI1 R.E. 10 10 10 ns
tDDh DDIN Hold Time After PHI1 R.E. 15 15 15 ns
NS32201 Control Outputs (sb, RD, WR, DBE & RWEN/SYNC) Timing
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
trf TSO L.E. Delay After PHI1 R.E. 12 11 10 ns
try TSO T.E. Delay After PHI1 R.E. 20 18 15 ns
trwi(F) | RD/WR L.E. Delay (Fast Cycle) | After PHI1 R.E. 50 40 30 ns
tRW1(S) RD/WR L.E. Delay After PHI1 R.E. 30 23 15 ns
(Peripheral Cycle)
tawr | RD/WR T.E. Delay After PHI1 R.E. 25 23 20 ns
tDBH(W) DBE L.E. Delay (Write Cycle) After PHI1 R.E. 35 30 24 ns
DBI(R) DBE L.E. Delay (Read Cycle) After PHI2 R.E. 30 23 15 ns
tpsr | DBE T.E. Delay After PHI2 R.E. 20 20 20 ns
toLz RD,WR Low Level to TRI-STATE | After RWEN/SYNC R.E. 20 20 20 ns
toHZ RD,WR High Level to TRI-STATE | After RWEN/SYNC R.E. 20 20 20 ns
tozL RD,WR TRI-STATE to Low Level | After RWEN/SYNC F.E. 25 23 20 ns
tozH RD,WR TRI-STATE to High Level | After RWEN/SYNC F.E. 25 23 20 ns
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NS32201 Wait States & Cycle Hold cwaiT, WA, FER & RDY) Timing
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
tows(H) | CWAIT Setup Time (Cycle Hold) | Before PHI1 R.E. 35 30 25 ns
tcwh(H) CWAIT Hold Time (Cycle Hold) After PHI1 R.E. 0 0 0 ns
tcwsw) | CWAIT Setup Time (Wait States) | Before PHI2 R.E. 13 12 10 ns
tcwhw) CWAIT Hold Time (Wait States) | After PHI2 R.E. 20 14 ns
tws WAITh Setup Time Before PHI2 R.E. 5 5 ns
twh WAITnh Hold Time After PHI2 R.E. 25 20 15 ns
tps PER Setup Time Before PHI1 R.E. 0 0 0 ns
tph PER Hold Time After PHI1 R.E. 30 25 20 ns
tRd RDY Delay After PHI2 R.E. 30 26 23 ns
NS32201 Synchronization (sync) Timing
Name Description Reference/Conditions NS32201-6 NS32201-8 NS32201-10 Units
Min Max Min Max Min Max
tsys SYNC Setup Time Before FCLK R.E. 20 19 18 ns
tsyh SYNC Hold Time After FCLK R.E. 3 2 0 ns
tcs CTTL/SYNC Inversion Delay mmaster) to 25 20 15 ns
RWEN/SYNC (slave)
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Series 32000 Quick Reference Ti

NS32081 Output Signal Propagation Delays

Maximum times assume capacitive loading of 100 pF

Reference/ NS32081-6 NS32081-8 NS32081-10
Name Description Units
Conditions Min Max Min Max Min Max
tov Data Valid After SPC L.E. 65 55 45 ns
tos Do-D15 Floating After SPC T.E. 50 50 50 ns
tspcrw | SPC Pulse Width At 0.8V tcLkp — 50 | torkp + 50 | toLkp — 50 | toLkp + 50 | torkp — 50 | toLkp + 501 ns
from FPU (Both Edges)
tspcr | SPC Output Active | After CLK R.E. 90 70 55 ns
tspceh | SPC Output Inactive | After CLK R.E. 90 70 55 ns
tspcrnt | SPC Output After CLK F.E. 75 55 45 ns
Nonforcing
NS32081 Input Signal Requirements
NS32081-6 NS32081-8 NS32081-10
Name Description Reference/ Units
Conditions Min Max Min Max Min Max
tPwR Power Stable to After Voo 50 50 50 s
RSTR.E. Reaches 4.5V
tRSTW RST Pulse Width At0.8V 64 64 64 tcLKp
(Both Edges)
tss Status (STO-ST1) Before SPC L.E. 75 60 50 ns
Setup
tsh Status (STO-ST1) After SPC L.E. 90 70 40 ns
Hold
tps D0-D15 Setup Time Before SPC T.E. 75 55 40 ns
toh DO0-D15 Hold Time After SPC T.E. 80 65 50 ns
tsPCw SPC Pulse Width At0.8V 100 85 70 ns
from CPU (Both Edges)
tspcs SPC Input Active Before CLK R.E. 50 45 40 ns
tspch SPC Input Inactive After CLK R.E. 0 0 0 ns
tRsTs RST Setup Before CLK F.E. 10 10 10 ns
tRsTh RST R.E. Delay After CLK R.E. 0 0 0 ns
NS32081 Clocking Requirements
NS32081-6 NS32081-8 NS32081-10
Name Description Reterence/ Units
Conditions Min Max Min Max Min Max
tcLkh Clock High Time At 2.0V 60 1000 50 1000 42 1000 ns
(Both Edges)
toLk Clock Low Time At 0.8V 60 1000 50 1000 42 1000 ns
(Both Edges)
tcLkp Clock Period CLK R.E. to Next 160 2000 125 2000 100 2000 ns
CLKR.E.
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NS32082 Output Signals: Internal Propagation Delays

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32082-6 NS32082-8 NS32082-10 Units
Min Max Min Max Min | Max

taLy Address Bits 0-15 Valid After R.E., PHI1 Tmmu or T1 60 55 40 ns

taLh Address Bits 0-15 Hold After R.E., PHI1 T2 5 5 5 ns

tAHN Address Bits 16-24 Valid After R.E., PHI1 Tmmu or T1 65 55 40 ns

tAHR Address Bits 16-24 Hold After R.E., PHI1 T2 5 5 5 ns

taLPAVs | Address Bits 0-15 Set Up Before PAV T.E. 25 25 25 ns

tAHPAVs | Address Bits 16-24 Set Up Before PAV T.E. 25 25 25 ns

taLPAVH | Address Bits 0-15 Hold After PAV T.E. 20 20 15 ns

taHPAVh | Address Bits 16-24 Hold After PAVT.E. 20 20 15 ns

tALf ADO-AD15 Floating After R.E., PHI1 T2 25 25 25 ns

tAHf A16-A24 Floating After R.E., PHI1 T2 or T1 25 25 25 ns

tALz ADO-AD15 Floating After R.E., PHI1 Ti 45 35 25 ns
(Caused by HOLD)

tAHZ A16-A24 Floating After R.E., PHI1 Ti 45 35 25 ns
(Caused by HOLD)

taLr ADO-AD15 Return from Floating | After R.E., PHI1 T1 75 65 50 ns
(Caused by HOLD)

tAHr A16-A24 Return from Floating | After R.E., PHI1 T1 80 65 50 ns
(Caused by HOLD)

tov Data Valid After R.E., PHI1 T2 80 65 50 ns
(Memory Write)

ton Data Hold After R.E., PHI1 next T1 or Ti 0 0 0 ns
(Memory Write)

tov Data Valid After R.E., PHI1 T1 80 65 50 ns
(Slave Processor Read)

toh Data Hold After R.E., PHI1 next T1 or Ti 0 0 0 ns
(Slave Processor Read)

tof Data Bits Floating After R.E.,PHH T1orTi 10 10 10 ns
(Slave Processor Read)

topinv | DDIN Signal Valid After R.E., PHI1 T1 or Tmmu 80 65 50 ns

topinh | DDIN Signal Hold After R.E., PHI1 T1 or Ti 0 0 0 ns

tDDINF DDIN Signal Floating After R.E., PHI1 T2 25 ns

topinz | DDIN Signal Floating After R.E., PHI1 Ti 85 70 50 ns
(Caused by HOLD)

topine | DDIN Return from Floating After R.E., PHI1 T1 or Ti 85 70 50 ns
(Caused by HOLD)

topinaf | DDIN Floating after After R.E., PHI2 T2 25 25 25 ns

i Abort (FLT = 0)
tPAVa PAV Signal Active After R.E., PHI1 Tmmu or T1 55 45 35 ns
tPAVia PAV Signal Inactive After R.E., PHI2 Tmmu or T1 60 55 45 ns
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Series 32000 Quick Reference Timing

NS32082 Output Signals: Internal Propagation Delays (Continued)

Maximum times assume capacitive loading of 100 pF

Name Description Reference/Conditions NS32082-6 | NS32082-8 | NS3208210 | ynits
Min | Max | Min | Max | Min | Max
tpavw | PAV Pulse Width At 0.8V (Both Edges) 50 40 30 ns
tpavdz | PAV Floating Delay After HLDAI F.E. 40 30 25 ns
tpavar | PAV Return from Floating After HLDAI R.E. 40 30 25 ns
tav; |PAVFloating After R.E., PHI2 T4 50 40 30 | ns
(Caused by HOLD)
tPAVY PAV Return from Floating After R.E., PHI2 Ti 50 40 30 ns
(Caused by HOLD)
trLta | FLT Signal Active After R.E., PHI1 Tmmu 90 75 60 | ns
trLTia | FLT Signal Inactive After R.E., PHI1 Tmmu, T or T2 55 45 35 ns
tABTa Abort Signal Active After R.E., PHI1 Tmmu or T1 90 70 55 ns
taBTia | Abort Signal Inactive After R.E., PHI1 T2 80 65 50 ns
tagTw | Abort Pulse Width At 0.8V (Both Edges) 110 90 70 ns
tiNTa INT Signal Active After R.E., PHI1 Tmmu or Tg 55 ns
tiNTia INT Signal Inactive After R.E., PHI1 T2 80 65 50 ns
tINTW INT Pulse Width At 0.8V (Both Edges) 110 90 70 ns
tsPca SPC Signal Active After R.E., PHI1 T1 55 45 35 ns
tspcia | SPC Signal Inactive After R.E., PHI1 T4 55 45 35 ns
tspot SPC Signal Floating After F.E., PHI1 T4 35 30 25 ns
tspow SPC Pulse Width At 0.8V (Both Edges) 110 90 70 ns
tHLDoda | HLDAO Assertion Delay After HLDAI F.E. 60 55 50 ns
tHLDOodia | HLDAO Deassertion Delay | After HLDAI R.E. 60 55 50 ns
tyLpoa | HLDAO Signal Active After R.E., PHI1 Ti 50 40 30 ns
tHLDoia | HLDAO Signal Inactive After R.E, PHI1 Ti 50 40 30 ns
tATa AT/SPC Signal Active After R.E., PHI1 50 40 35 ns
tATia AT/SPC Signal Inactive After R.E., PHI1 50 40 35 ns
taTs AT/SPC Signal Floating After F.E., PHI1 35 30 25 ns
trsToa | RST/ABT Asserted (Low) After R.E. PHI1 40 35 30 ns
trsToia | RST/ABT Deasserted (High) | After R.E. PHI1 Ti 40 35 30 ns
NS32082 Input Signal Requirements
Name Description Reference/Conditions NS32082-6 NS32082-8 NS32082-10 | ynits
Min Max Min Max Min Max
tois Data In Set Up Before F.E., PHI2 T3 25 20 15 ns
(Memory Read)
toih Data In Hold After R.E., PHI1 T4 0 0 0 ns
(Memory Read)
tois Data In Set Up Before F.E., PHI2 T1 30 25 20 ns
(Slave Processor Write)
iDih Data In Hold After R.E., PHI1 T4 0 0 0 ns
(Slave Processor Write)
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NS32082 Input Signal Requirements (continued)

Name Description Reference/Conditions NS32082-6 NS32082-8 NS32082-10 | units
Min Max Min Max Min Max
trpys | RDY Signal Set Up Before F.E., PHI2 T2 or T3 25 20 15 ns
trpyn | RDY Signal Hold After F.E., PHI1 T3 0 0 0 ns
tuss U/S Signal Set Up Before F.E., PHI2 T4 or Ti 45 40 35 ns
tysh | U/S Signal Hold After R.E., PHI1 Next T4 0 0 0 ns
tsTs Status Signals Set Up Before F.E., PHI2 T4 or Ti 70 60 45 ns
tsTh Status Signals Hold After R.E., PHI1 Next T4 0 0 0 ns
tspcs | SPC Input Set Up Before F.E., PHI2 T1 70 55 45 ns
tspch | SPC Input Hold After R.E., PHI1 T4 0 0 0 ns
typs | HOLD Signal Set Up Before F.E., PHI2 T4 or Ti 25 25 25 ns
tyon | HOLD Signal Hold After F.E., PHI2 T4 or Ti 0 0 0 ns
tyLpls | HLDAI Signal Set Up Before F.E., PHI2 Ti 30 25 20 ns
tyLom | HLDAI Signal Hold After F.E., PHI2 Ti 0 0 0 ns
tugrs | A24/HBF Signal Set Up Before F.E., PHI2 20 15 10 ns
tysrn | A24/HBF Signal Hold After F.E., PHI2 0 0 0 ns
trsTls | Reset Input Set Up Before F.E., PHI1 20 20 20 ns
trwr | Power Stable to RSTIR.E. | After Vg Reaches 4.5V 50 50 50 us
trsTiw | RSTI Pulse Width At 0.8V (Both Edges) 64 64 64 tcp
NS32082 Clocking Requirements
Name Description l;if:;;ri\::: NS32082-6 NS32082-8 NS32082-10 Units
Min Max Min Max Min Max
toLr PHI, PHI2 Rise Time 0.8V to Vg — 0.9V 9 8 7 ns
on R.E., PHI1, PHI2
toLs PHI1, PHI2 Fall Time Vce — 0.9V to 0.8V 9 8 7 ns
on F.E., PHI1, PHI2
tcp Clock Period R.E., PHI1, PHI2 to Next 170 5000 130 5000 100 5000 [ ns
R.E., PHI1, PHI2
toLw(,2) | PHI1, PHI2 At 2.0V on PHI1, 05 tcp 0.5tcp 051tc ns
Pulse Width PHI2 (Both Edges) —14ns —12ns —10ns
toLh(t,2) | PHI1, PHI2 High Time AtVgc — 0.9Von 0.5tcp 0.5tcp 05tcp ns
PHI1, PHI2 (Both Edges) —18ns —17ns —15ns
thovL (1,2) | Non-overlap Time 0.8V on F.E. PHI1, PHI2 to 0 7 0 7 0 7 ns
0.8V on R.E., PHI2, PHI1
thovLas Non-overlap Asymmetry | At 0.8V on PHI1, PHI2 —4 4 —4 4 —4 4 ns
(thovL(1) — thovi@)
tcLwas PHI1, PHI2 Asymmetry | At2.0Von -5 5 -5 5 -5 5 ns
(tcLw() — toLw(@) PHI1, PHI2
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Series 32000 Quick Reference Timing

NS32202 Timing Specification Standard

Timing Tables
Symbol Description Reference/Conditions NS32202-6 NS32202-8 NS32202-10 Units
Min | Max | Min | Max| Min Max

READ CYCLE

tanRDia | Address Hold Time After RD T.E. 80 80 80 ns

tasRDa | Address Setup Time Before RD L.E. 50 50 40 ns

toshRpia | CS Hold Time After RD T.E. 80 80 80 ns

tcssRpa | CS Setup Time Before RD L.E. 50 50 30 ns

tphRDia | Data Hold Time After RD T.E. 0 50 0 50 0 50 ns

tRDaDv Data Valid After RD L.E. 200 175 150 ns

tRDW RD Pulse Width At 0.8V (Both Edges) 220 190 160 ns

tssRpa | ST1 Setup Time Before RD L.E. 50 50 50 ns

tshRDia | ST1 Hold Time After RD T.E. —30 -30 —30 ns

WRITE CYCLE

tahwRia | Address Hold Time After WR T.E. 80 80 80 ns

taAswRa | Address Setup Time Before WR L.E. 50 50 50 ns

tcshwhia | CS Hold Time After WR T.E. 80 80 80 ns

tcsswRa | CS Setup Time Before WR L.E. 50 50 50 ns

tohwRria | Data Hold Time After WR T.E. 60 60 50 ns

tpswRia | Data Setup Time Before WR T.E. 150 125 100 ns

twRiaPf Port Output Floating After WR T.E. (To PDIR) 200 200 200 ns

twRiaPv | Port Output Valid After WR T.E. 200 200 200 ns

tWRw WR Pulse Width At 0.8V (Both Edges) 220 190 160 ns

OTHER TIMINGS

tcouT Internal Sampling Clock At 0.8V (Both Edges) 50 50 50 ns
Low Time

tcoutp | Internal Sampling Clock Period 400 400 400 ns

tsciNh External Sampling Clock High Time | At 2.0V (Both Edges) 100 100 100 ns

tscINI External Sampling Clock Low Time | At 0.8V (Both Edges) 100 100 100 ns

tsCINp External Sampling Clock Period 800 800 800 ns

tch External Clock High Time At 2,0V (Both Edges) 160 130 100 ns
(Without Prescaler)

tchp External Clock High Time At 2.0V (Both Edges) 80 65 50 ns
(With Prescaler)

tcl External Clock Low Time At 0.8V (Both Edges) 160 130 100 ns
(Without Prescaler)

toip External Clock Low Time At 0.8V (Both Edges) 80 65 50 ns
(With Prescaler)

toy External Clock Period 650 500 400 ns
(Without Prescaler)

tcyp External Clock Period 160 130 100 ns
(With Prescaler)

tacouT! | Counter Output Transition Delay After CLK F.E. 300 300 300 ns
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NS32202 Timing Specification Standard (continued)
OTHER TIMINGS (Continued)

Symbol Description Reference/Conditions |—o322026 NS32202-8 NS3220210 | ynits
Min Max Min Max Min Max
tcoutw | Counter Output Pulse At 0.8V (Both Edges) 50 50 50 ns
Width in Pulsed Form
tACKIR Interrupt Request Delay | After Previous Interrupt 500 500 500 ns
Acknowledge
tiRId INT Output Delay After Interrupt 800 800 800 ns
Request Active
tiRw Interrupt Request Pulse 50 50 50 ns
Width in Edge Trigger
tRSTW RST Pulse Width At 0.8V (Both Edges) 400 400 400 ns
NS32032 Read and Write Cycle Timing
Write Cycle
T4ORTI m 7 | L] e
PHI1 [ I __I I [
PHI2
[ el U] L L1
AD0-AD23 [ _4 ADDRESS DATA OUT
=-{tpy [
024-031 | DATA OUT|
_ tADSIa
ADS [ tADSW
'ADSa toEh o]
BE0-BE3 [ VALID
= tpey
DOl [ (HIGH)
¢~ STV
sm:[ X VALID tgri=| K| NEXT
55 [ tDSa B
| = 'DSia
RDY [ (HIGH)
! B11K20-2
Read Cycle
T4ORTI T T2 ™ T
PHIt [ I | | [
aampilninigilniBig
AD0-AD23 [ ADDRESS | ). DATA N M.
] [=-toth
024-031 [ ADDAESS |\ ______ -
tapt
aos [
tALADSS
BEO-BE3 [ X VALID )4
] I S
tODINV —=1 tDDINh
sT0-3 [ X VALID )( EETLEZEE
%[ A
RDY (HIGH)
B11K20-3
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Series 32000 Quick Reference Timing

NS32016 Read and Write Cycle Timing

Write Cycle
| T L ] T4
—
PHIN [ I I
PHI2 [ I I I I
T —
ADO1S [ ADDRESS DATA OUT
(‘m' —=tpv tOh |
A16-23 [ K‘ VALID
tADSIa tAHR ~
ADS [ tADSw
taDSa HBEh = =
WBE [ X VALID
i tBEV |
55 [ (HIGH)
tsv
ST0-3 [ VALID tsTh NEXT
— tDSa
5[
= |= tDSia
RDY [ (HIFH) {
B11K20-4
Read Cycle
' T 7 ™ T4
PHIN [ ' I
PHI2 [ | | I | I I
tDIs
ADO-15 [._. ADDRESS DATA IN
1 —] Dih
A1623 [ VALID
a0
w05 [T
ALADSs
HBE )( VALID
-
o [T\ /[
'DOINY TDDING
sT0-3 [ VALID )( Eg!&;gff
— ——
os /
ROY [ (HIGH)
B11K20-5
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NS32008 Read and Write Cycle Timing

Write Cycle
| T T2 7 T
PHI { | I l
PHI2 [ | ] | | |
ATV Q
=1l
ADO-AD [ ADDRESS DATA OUT
AHY —=—1tpy ton]| [
AD8-AD15
A16-23 [ VALID
tADSIa tamn ™ T
AD [ tADSW
taDSa
oW [ (HIGH)
tsTv
l
ST0-3 [ VALID t e K] NEXT
— tosa
=
| |=-!DSia
RDY [ (HIGH) l
i
Read Cycle
T T2 T3 T4
PHI1 [ l l l I
PHI2 [ l I I I l I
tDIs
ADO-AD? [__ ADDRESS |\ 4 DATA IN E
AD8-AD1S  — ALt - Dih
A16-23 [ VALID
n {AHADSS
ms [N
ALADSS
DIN [ \
tDDINV —= tDDINh
sT0-3 [ VALID ) N s
5 ‘
RDY [ (HIGH)

B11K20-6

B11K20-7
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Series 32000 Quick Reference Timing

NS32201 Basic TCU Timing

Basic TCU Cycle (Fast Cycle)

CPU STATES n T2 1t T4
TCU STATES T T2 3 T4
PHIN r
FAW AW AW AW
w S
TS0
ben
™ ;
W \ /
— 1 T
RD \ 1
| W Ep——
- /.__
o [
ROY HIGH

B11K20-8

Note 1: The CPU and TCU view some timing states (T-states) differently. For clarity, references to T-states will sometimes be followed by (TCU) or (CPU). (CPU)

also implies (MMU).

Note 2: Arrows indicate when the TCU samples the input.

Note 3: RWEN is assumed low (RD and WR enabled) unless specified differently.

Note 4: For clarity, T-states for both the TCU and CPU are shown above the diagrams. (See Note 1.)
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National
Semiconductor N . -
: All dimensions are in inches (millimeters
Corporation ( )
1.230
(31.28)
MAX
3] R3] P2l [1) foa} [1s] [is] [17] [i6] [is] [fia] fis]
0.568-0.605
D} (14.43-15.37)
oy
VI — T E DY O DY © W E
0.050 +0.005 0.555 0.165
(Gaozoazn | [ 1810 (@.191)
TYP l MAX SQUARE MAX
————— t . 0.020-0.060
1] U {_ (0.508-1528)
0.005 I
0.008-0.015 | a2 }
{0.203-0.381) MIN
TYP
0005
, 0.590-0.620 rme R 0.100 £0.010 ] ‘ _H__ 0.015-0.023 | 0450
! (18.99-15.75) MIN 2580:0.250) (0.381-0.584) (3.810)
Tvp TYP MIN
LI B 0.125-0.200
{2489 BA75-5.080)
MAX TYP (3.175-5.080)
D24C (REV G)
NS Package D24C
| 2015
21 1.008
max -.___(zs.sn)—-—l
MAX
40] [3s] [3s] [a7] 35) |3a] |33 [32] J31} |30 J29] |2 27) 25] |2 23| |2 Jﬂ
0.580 0510
) 15491
PINND. 1 l
1DENT 1
L (2] (3] Taf [s] Te] To0 Ts] Tol Dol [of T o] D] D [l (] (8] (o] [z«
] 0045 0.050 (‘5’%:,
1431 i zw)*l I*- X
MAX TYP TYP 0.020-0.060
] {0.508-1.524)
) | |
0.008-0.015 ] I
o2n-0381)
1.500-0.620 SEATING 0.100 20,010 0.015-0.023 T o
(14.99-15.75) oA PLANE @ m:ozsa)"l - mm-osu)’“‘_ @
REF SUTWARE TYP ve in
D4OC (REV H)
NS Package D40C

suoisuawiq [eaisAyd
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imensions

Physical D

243
(61.82)
48 41 '4!‘ 'l_i‘ 'l_Q‘ a a2 J‘_l- ﬂl A '3_|. 37 .!‘ 2‘ 'l_l‘ '_31 32 31 30 2 28 21 2% 26
)
0.580 0610
{1a7) {15.48)
MAX MAX
PIN NO. 1 IDENT
/ )
7 2z 3 4 5 6 7 8 8§ T W W W W w9 W B D n BB A
0.110-0.200 0.045
S A MAXTYP ] |
MAX {2.793-5.080) gy MAXTYP
0.030-0.060
L (0.762-1.524) L ) o)
0.008-0.015
— {55 T LEADS
0z03-0381) vERTICAL
0100 :0.010 0.015-0.023 0.590-0620 70 15° MAX
I TYP _—I 2015-0.023 !
10.889-1.387) eA 0250 foamose |7 SEATINGPLANE s T1as0-1575) OUTWARD
e [EXi5) REF
D48A (REV D)
NS Package D48A
2,626 .
(66.70)
MAX
52 51 50 49 48 47 46 45 44 43 42 41 40 39 3B ¥ 3} B 3 B R H 0 B 8 7
P oA LA A A e e e e st Y et e e S =
0.610
{15.49)
MAX
l & P01 06T D
e B I B —aa— e — a— an— — an — a_ ae—e a
T 2 3 4 5 6 7 8 9 10 M 12 1 1 15 16 W 18 19 220 20 2 23 24 25 2
0.540
172
MAX
0.100£0.010 0.035-0.055
1 {2.54020.250) {0.889—1.397)
SEATING PLANE e e
0.015-0.023
{0.381-0.584)
e
0.490
{12.45)
MAX
0.008-0.015  0.040
> 02030381 (1.016)
e MAX TYP 180 MAX
0.590-0.620 ALLOWABLE
“ {14.99-15.75)
D524 (REV A)

NS Package D52A
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PIN NO.1 INDEX

45° CHAMFER 0.025 0.080-0.106
0.040 PN 10.635] ‘ [2.032-2.692)
(1.016) — _
| 1+ 0000000000000000 ) []
” / O E 0.036
5 (0.912)
PIN 68 ] .
o 5 l— YR
g O
[m] 0
0 s
% L 0.950+0.012
= (24.1320.305)
g = S0
a O g
a 0
a O
u| g
a 0
| |8 :
= [ _Y Sppooonooooooooooo
TOP VIEW oos 4 BOTTOM VIEW 0.050 | 0.054 — 0,066
(0.203) [.210) [aT2-1676) ~
v 121
SIDE VIEW
E6BA (REV D)
NS Package E68A
0.950£0.010
41320.258)
)
0.624+0.008 0.050 0.036::0.003 0.069-0.085
{15.85£0.203) 0.040 _’l l'_' tan | [~ (nisazo0m) {1.753-2.159)
s 01 N\ 1Y v
i xage e TTTTTTTTTTT T ¥
0.05040.008
1.270£0.203)
TYP
0.850:£0.008
215950229 ] PIN NO. 1 INDEX
v
1 A0N000a00RAREAANL
TOP VIEW f SIDE
0.085:+0.010 0.008 0.075:+0.010 ViEW
g A @y {1.9050.254)
RAD 68 PLE'S w I
BOTTOM VIEW
NS Package E68B

suolsuawiq jesisAyd
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Physical Dimensions

0.180 _
572
MAX

0.290-0.320
r {7.366—8.128)

]

L_om 0.410

(7.874-10.41)

0985
0.025 - {%5.019)
{0.63) MAX

D o [1s] [16] [+7] [16] [1s] [1a] [1a] [12] il

0.220-0.310
(5.588—7.874)

AU IO EE

0.005-0.020
{0.127-0.508)
RAD TYP 0.037:+0.005
0.940£0.127)
I 0z (1.397£0.127) ™~ o.o0-00m
GLASS SEALANT\ MIN {0.508—1.524)
i
q _1_1__ 0200
\ (5 080)
N
86° 94° 215 0125“0 200
.008-0.012 {@.810) 0.125-0.200
{1.528) {0.457£0.076)

NS Package J24A

MAX
BOTH ENDS 0.100+0.010
{2.540%0.254) J—
NS Package J20A
1290
27660 20
MAX _“5.24“)
[z [ [7] [71] [5] ] [0] 7] ) () [Fe] (7S] feass
")
0.025
{0,635)
RAD\\) 0.514-0.526
(13.06-13.36)
n.m.,,,ﬁ/ﬁ_! I GI T T 8] 7 o] o ] 00 0
0.762-1.397)
RAD TYP
0.180
0.590-0.620 0.005 6LASS 0.055 :0.005 4572)
{14886-15.748) 0127) SEALANT 37z | [ MAX ) 020-0.070
MIN T —_—
1 = A} — {0.508-1.778)
N in {
95" 15 0.008-0.012 T
0585 +0.025 (0.203-0.305) H
= —0.060 0.098 018 +0.003
__ -boe0__ _0.098 - 8" 0.125-0200 0.150
1 ap 0535 {2409 | 0.100 :0.010 .‘ L "“‘(0451 W0 9 Gissen 380
152 MAX {2540 10.254) TYP ’ MIN. m"

J24A (REV H)
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0.025 1.290
0028 iy}
oes) 0 @2.17)
|_[7a] [z3] [72] [o7] [e0] [ie] [aw] [7] [e] [oe] [oa] o]
N
0315 mAX 0.295
0315 —== mAX
(8.001) GLASS (7.483)
.
Dl 2] I (el (s [ef DT [e] [of Toof L] Taz] \ 0.030-0.055
(0.762-1.397)
RAD TYP
GLASS 0.060 +0.005 TV e 0.290-0.320
SEALANT {1528 70.120) 0.020-0.070 7.366-8.128)
(050817781
0.180 AW 0.225
@572) H (5115)
MAX | max
\ ) [ - 0.008-0.012
86° 94 [ {0.203-0.305)
TP TYP
- >\l<— 0.100 zu.mu.] L 0018 0003 | (%%:‘) L 043,0_,,_410.1
22 BOTH—= s —_— X .510-3.410
2413 gyps (25 02 et iR (187a-10.41)
J24F(REV G)
NS Package J24F
2.080
(52.83)
MAX
] [ 5] (5] (5] (5] [5) [5) [ (5] [ () (] [7] (&) (] [ [ e (]
1
0.025
——— RAD 0.530-0.550
o \\) T462-13970)
MAX GLASS
|
(LI M QuiniajolojojoiojojoloiD Do o oo oo
" RADTYP
0.590-0.620 0.005 GLASS m ll_ﬂi
(14.986-15.748) ‘—i .-(IITZHM"‘ SEALANT (;57;) (:z‘l;)
am-m
(0.508-1.524)
q )
o g 20080012 [ ) j
. (0.203-0.305) 10° MAX U—-"/lﬁ" 94° TYP
+0.02! 0.018  0.002
7] (%:—:) H‘ 0056:0005 __| m"““‘ 0100 2 0.010 ‘_l ‘& ‘_‘ o098
T I -

NS Package J40A

J4OA (REV K)

1 [eaisAud

suoisuauil
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Physical Dimensions

0.843-0870
0.090
(:;:; awn— - 2141-22.10)
DIA NOM nom _[6] [% [§ (3 [ (7] [i9] [5]
2X) }
0.250 +0.005
PIN NO. 1 IDENT \:.6_) @ Ferr
0.280 1
e 70120~ go30 O L2 [0 (] (5] [e] {24 [ef
MIN 2
03000320 | (0762 0040
{7.620-8.128) 0065  0.060 o 0.130 20,008
‘ (esn @ 524)_.| 'Tvp_.l |¢ (3.302:0.127) j
- ‘. i |y 0.145-0.200
¥ 3.683-5.080)
95°45° ‘/l 0.009-0.015 go°+4° nn‘zn )
{0228-0.381) )
0075 20015 __ _IL 0.018 :0.003 0125 0140 (050
oz ‘004 {1,905 :0.381) {0457 z0075) 13-175-3.556)
—— 0.100 +n 010
(s -o.m) {2,580 20.250)
N16A (REV E)
NS Package N16A
1.013-1.040
0.092 X0.030 (25.73-2642)
2.337 X0.762) 0.032:0005_
MAX DP \ [an] [ (6] Lol [l [ue) Dol [ol [ (0] — {081320.127)
M 0.260 0,005 RAD
PINNO-TIDENTAN @ @ I(G.GM +0.127) PIN NO. 1 IDENT~_ |
0280 { ]
itz OFTIONT ST O T O T O O o '
I
0.090
0.300-0.320 . __m) OPTION 2
620°8.128) 0.040

7.620-8.128)
0060 " iT076) OPTION2 —\ |=— 013020005
0.065 0,130 £0.005
=B (1528) li' TYP (3.302 :0.127)
{i.651) L .
. ' 0.145-0.200
' | Gsss0m0

L oom-ooo] 9&:4" } I

{0.220-0.254) TVt 0.020
l Tve 0.100 :0.010 __I I_ 0.125-0.140  {0.508)
0.060 :0.005 {2540 20.254) 0.0180003 || {3775-3556 MIN
325 *0.040 I (1528 0.027) {0.457 £0.076)
0.325 _g015
+1.016
(uss -o ,m)
NS Package N20A rn e
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1.243-1.270
(31.57-32.26)
24 2] [0}

0082
e 0,540 +0.005
(13.716 0.127)
PIN NO. 1 IDENT
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
73
win O
0.600-0.620 MAX (—,— 0080 (':_-:% 0.180:0.005
S i 11.528) b *‘] [‘“ @088 z0.127) |
T Z-' T 1
0.170-0.210
[ ! I / jia318-5.338)
o 0.008-0.015 P
95°6 s l '5
T r‘(nzzn—u.mn) s W9 ctat Y
| 0015 0.076 10, s T
f (o 053 {1906 20380 - 010020010 mi’{ - G AT 0070) it :::'g .
- 2500 20.254)
IN24A (REV E)
NS Package N24A
1.243-1.270
0.082 {31.57-32.26)
{2.337) MAX
(2PL5)
PIN NO. 1 0.260:£0.005
IDENT ™ {6.6040.127)
OPTION z/
0.062 EJECTOR PINS
0.300-0.320 (1.575) OFTIONAL
{T82-8.128) RAD o
(1.016) 0.130£0.005
e {3.302£0.127) l
= ] 0.020
4 1 0.145-0.200
r (0.508) (3.683—5.080)
0.009-0.015 ¥ T
(0-228—0.381) _0.065
, (1.851) [ 0.125-0.145
- 0.018:£0.003 T {@.175-3.556)
oszs*gg:: ‘ MIN ( 0.075£0.015 | L .‘ {0.457 20, on)vlL MIN
| -] (1.90520.381) ogq0
() im0 w40 e
{2.54£0.250)
v
N24C (REV F)
NS Package N24C
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Physical Dimensions

[ [z oo o] (2] [] [2e] [ o] [vo] [rs] [17] [ie] [
0.062
(1575)

©) ©)

0.510:+0.008
{12.985£0.127)

PIN NO. 1 IDENT \
1.383~1.420

f (35.38-36.07)
0.6% 0.600-0.620 0.145-0.210
- - AL 2080 0.126-0.165
{0.762) {18.24-15.75) (3.683-8.334) “ o) _.l r— BATE=4.18) 099
y 0.020
T—' - ‘ 1 0-508)
e 450 0.009-0.015 -
om0 0.20-0.381) B6° 94° TYP jT
N 0.080:£0.015 0.100:£0.010 0.018::0.003 i
) {dznzosen) (2.54020. mf" I'_ "’l "'(o 45710.076) ———g‘::::';::
0.625 +0.028 @. .683)
-0.015 {
(1!.. ::m N26B (REV E)
NS Package N28B
2.003-20m0
{5189-52.60)
u
“ﬁm\ 0550 :0.005
(13.970 :0.127)
PIN NO. 1 IDENT.
\ N
'®

U 2] 130 () Ls) Te) Lod TeT Tof o o] ozl Toaj [na] Tos] Tosl Toof o8] [ns]  {20]

_0.126-0.165
(‘.270)"1 I-_ (3.175-4.191) l
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0.100 :0.010
™ (2,540 :0264)

NS Package N40A
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0.125-0.140

(3.176-3.566)

NAOA (REV B}
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2.393-2.440

47] [46] Ja5] [44] &

0.550+:0.005
(13.97£0127)  (1.574)
RAD

0.062

PNND.1__ |
1DENT
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&P O

-
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©

ER [ ER

\.

(CJOROXONONOXOXOKOC)

0.0%
05000620 ":;ﬂz) 0.126-0.165 0.145-0.200
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g e j_r_ I ey L
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95° £5° o020 L e
0580 | 0508 005040015 0.100:£0.010 0.018:+0.008 0050
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0825 Ty
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NS Package N48A
1.300 +0.620
(33.02+0.508)
0.73040.015 0.720+0.015
{1854 20.381) {i8.280.381)
0.670+0.015 0.690
{17.01 20.381) 752
/ -~
W Qe
fi) | Jeeeeeerrmejpee

1.200

@ 0O| s

CHIP CAPACITOR 3 PLCS

0.180+0.010

0.020
45° X ———
5° x 0.508) TYP

RADIATOR

MOUNTING
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—

N [CXcJCXCXORORCOXONOXO)

1@ QL

'— ORIENTATION PIN

0.074-0.096
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Physical Dimensions
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AMP Sockets for 32332 Microprocessor

LIF SOCKET

B Low Insertion Force (LIF) Socket 55273-7 AMP tests indicate 50% reduction in insertion force compared to
machined socket.

ZIF PRODUCTION SOCKET

Cam handle locks in low profile position when substrate is installed. (Handle UP for open and DOWN for closed)

I
—

W Zero Insertion Force (ZIF) Production Socket 55283-7
B Zero Insertion Force (ZIF) Production Burn-In Socket 55383-5
B Not pictured but also available: ZIF High Cycle Test Socket 55269-2 (handle up) 55346-4 (handle down)

AMP INCORPORATED Harrisburg, PA 17105 U.S.A. Phone: 717-564-0100
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National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.
This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.
Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.
We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 23-200

2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090
For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation,
please call (408) 749-7378.

DATA CONVERSION/ACQUISITION DATABOOK—1984

Selection Guides e Active Filters ® Amplifiers ® Analog Switches ® Analog-to-Digital Converters
Analog-to-Digital Display (DVM)  Digital-to-Analog Converters ® Sample and Hold ® Sensors/Transducers
Successive Approximation Registers/Comparators ® Voltage References

HYBRID PRODUCTS DATABOOK—1982

Operational Amplifiers ® Buffers ® Instrumentation Amplifiers ¢ Sample & Hold Amplifiers ® Comparators
Non-Linear Functions ® Precision Voltage Regulators and References ® Analog Switches

MOS Clock Drivers  Digital Drivers ® A-D Converters ® D-A Converters @ Fiber-Optic Products

Active Filters & Telecommunication Products ® Precision Networks ® 883/RETS

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC
DATABOOK—1983

Transmission Line Drivers/Receivers ® Bus Transceivers @ Peripheral/Power Drivers

Level Translators/Buffers ® Display Controllers/Drivers ® Memory Support ® Dynamic Memory Support
Microprocessor Support ® Data Communications Support ¢ Disk Support ® Frequency Synthesis
Interface Appendices ® Bipolar PROMs e Bipolar and ECL RAMs ¢ 2900 Family/Bipolar Microprocessor
Programmable Logic

INTUITIVE IC CMOS EVOLUTION—1984

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the
change from germanium to silicon. /ntuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need
to stay abreast of the semiconductor industry.

INTUITIVE IC OP AMPS—1984

Thomas M. Frederiksen’s new book, /ntuitive IC Op Amps, explores the many uses and applications of different IC op amps.
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to
stay abreast of the computer industry.

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail varioue
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each applicaticn nate iniact, arranging them in numerical order, and providing a detailed Subject Index.




LINEAR SUPPLEMENT DATABOOK—1984

Amplifiers ® Comparators ® Voltage Regulators ® Voltage References ® Converters ® Analog Switches
Sample and Hold @ Sensors ¢ Filters ® Building Blocks ® Motor Controllers ® Consumer Circuits
Telecommunications Circuits ® Speech ® Special Analog Functions

LOGIC DATABOOK VOLUME I—1984

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ® MM54HC/MM74HC
MMS54HCT/MM74HCT e CD4XXX ® MM54CXXX/MM74CXXX e LSI/VLSI

LOGIC DATABOOK VOLUME 11—1984

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky ® Low Power Schottky
Schottky ® TTL ® Low Power

MASS STORAGE HANDBOOK—1986

Disk Interface Design Guide and User Manual ® Winchester Disk Support ® Winchester Disk Data Controller
Floppy Disk Support ® Drive Interface Support Circuits

MEMORY SUPPORT HANDBOOK—1986

Dynamic Memory Control ® Error Checking and Correction ® Microprocessor Interface and Applications
Memory Drivers and Support

MOS MEMORY DATABOOK—1984

Standard Terminology ® MOS Memory Cross Reference Guide ® Dynamic RAMs ¢ NMOS Static RAMs
CMOS Static RAMs ¢ EPROMs ¢ EEPROMs ® Military/Aerospace ® Reliability

THE NSC800 MICROPROCESSOR FAMILY DATABOOK—1985

CPU e Peripherals ® Evaluation Board ¢ Logic Devices ® MA2000 Macrocomponent Family

THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985

Introduction to Filters ® National’s Switched-Capacitor Filters ® Designing with Switched-Capacitor Filters
Application Circuits ® Filter Design Program ® Nomographs and Tables

TRANSISTOR DATABOOK—1982

NPN Transistors ® PNP Transistors ® Junction Field Effect Transistors ® Selection Guides ® Pro Electron Series
Consumer Series ® NA/NB/NR Series ® Process Characteristics Double-Diffused Epitaxial Transistors
Process Characteristics Power Transistors ® Process Characteristics JFETs ® JFET Applications Notes

VOLTAGE REGULATOR HANDBOOK—1982

Product Selection Procedures ¢ Heat Flow & Thermal Resistance ® Selection of Commercial Heat Sink
Custom Heat Sink Design ® Applications Circuits and Descriptive Information ® Power Supply Design
Data Sheets

48-SERIES MICROPROCESSOR HANDBOOK—1980

The 48-Series Microcomputers ® The 48-Series Single-Chip System @ The 48-Series Instruction Set
Expanding the 48-Series Microcomputers ® Applications for the 48-Series ® Development Support

Analog /0 Components ® Communications Components @ Digital /O Components ¢ Memory Components
Peripheral Control Components
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ALABAMA

Huntsville
Hall-Mark
(205) 837-8700
Hamilton/Avnet
(205) 837-7210
Pioneer
(205) 837-9300
Schweber
(205) 882-2200

ARIZONA

Phoenix
Schweber
(602) 997-4874

Tempe
Anthem Electronics
(602) 966-6600
Hamilton/Avnet
(602) 231-5100

CALIFORNIA

Canoga Park

Hall-Mark

(818) 716-7300

Schweber

(818) 999-4702
Chatsworth

Anthem Electronics

(818) 700-1000

Avnet Electronics

(818) 700-8668

Hamilton Electro Sales

(818) 700-6050
Citrus Heights

Hall-Mark

(916) 722-8600
Costa Mesa

Avnet Electronics

(714) 754-6050

Hamilton Electro Sales

(714) 641-4159
Culver City

Hamilton Electro Sales

(213) 558-2121
Garden Grove

Bell Industries

(714) 895-7801
Gardena

Bell Industries

(213) 515-1800
irvine

Anthem Electronics

(714) 768-4444

Schweber

(714) 863-0200
Roseville

Bell Industries

(916) 969-3100
Sacramento

Hamilton/Avnet

(916) 925-2216

Schweber

(916) 929-9732
San Diego

Anthem Electronics

(619) 279-5200

Hamilton/Avnet

(619) 571-7510
San Jose

Anthem Electronics

(408) 946-8000

Hall-Mark

(408) 946-0900

Schweber

(408) 946-7171

Sunnyvale
Bell Industries
(408) 734-8570
Hamilton/Avnet
(408) 743-3355
Thousand Oaks
Bell Industries
(805) 499-6821
Tustin
Hall-Mark
(714) 669-4700

COLORADO
Englewood

Anthem Electronics

(303) 790-4500
Hamilton/Avnet
(303) 779-9998
Schweber

(303) 799-0258
Wheatridge

Bell Industries
(303) 424-1985

CONNECTICUT

Danbury

Hamilton/Avnet

(203) 797-2800

Schweber

(203) 748-7080
Meridian

Lionex Inc.

(203) 237-2282
Norwalk

Pioneer Northeast

(203) 853-1515

FLORIDA

Altamonte Springs

Pioneer

(305) 834-9090

Schweber

(305) 331-7555
Clearwater

Hall-Mark

(813) 530-4543
Deerfield

Pioneer

(305) 428-8877
Ft. Lauderdale

Hamilton/Avnet

(305) 971-2900
Hollywood

Schweber

(305) 927-0511
Orlando

Hall-Mark

(305) 855-4020
Pompano Beach

Hall-Mark

(305) 971-9280
Winter Park

Hamilton-Avnet

(305) 628-3888

GEORGIA
Norcross

Hall-Mark

(404) 447-8000
Hamilton-Avnet
(404) 447-7500
Pioneer

(404) 448-1711
Schweber
(404) 449-9170

ILLINOIS
Bensenville
Hamilton/Avnet
(312) 860-7780
Chicago
Bell Industries
(312) 982-9210
Elk Grove Village
Pioneer
(312) 952-8440
Schweber
(312) 364-3750
Wood Dale
Hall-Mark
(312) 860-3800

INDIANA

Carmel
Hamilton/Avnet
(317) 844-9333

Indianapolis
Advent
(317) 872-4910
Pioneer
(317) 849-7300

IOWA
Cedar Rapids
Advent Electronics
(319) 363-0221
Bell Industries
(319) 395-0730
Hamilton/Avnet
(319) 362-4757
Schweber
(319) 873-1417
KANSAS
Lenexa
Hall-Mark
(913) 888-4747
Overland Park
Hamilton/Avnet
(913) 888-8900
Schweber
(913) 492-2921

MARYLAND
Columbia
Hall-Mark
(301) 988-9800
Hamilton/Avnet
(301) 995-3500
Gaithersburg

Pioneer Washington

(301) 921-0660

Schweber

(301) 840-5900

MASSACHUSETTS

Bedford

Schweber

(617) 275-5100
Billerica

Hall-Mark

(617) 935-9777
Lexington

Pioneer Northeast

(617) 861-9200
Wilmington

Lionex
Woburn

Hamilton/Avnet

(617) 273-7500

MICHIGAN

Grand Rapids
Hamilton/Avnet
(616) 243-8805
R-M Michigan
(616) 531-9300

Livonia
Hamilton/Avnet
(313) 522-4700
Pioneer
(313) 525-1800
Schweber
(313) 525-8100

MINNESOTA
Bloomington
Hall-Mark
(612) 854-3223
Edina
Schweber
(612) 941-5280
Minnetonka
Hamilton/Avnet
(612) 932-0600
Pioneer
(612) 935-5444
MISSOURI
Earth City
Hamilton/Avnet
(314) 344-1200
Schweber
(314) 739-0526
Maryland Heights
Hall-Mark
(314) 291-5350
NEW HAMPSHIRE
Manchester
Hamilton/Avnet
(603) 624-9400
Schweber
(603) 625-2250

NEW JERSEY
Cherry Hill
Hall-Mark
(609) 424-7300
Hamilton/Avnet
(609) 424-0100
Fairfield
Hall-Mark
(201) 575-4415
Hamilton/Avnet
(201) 575-3390
Lionex
(201) 227-7960
Schweber
(201) 227-7880
Pine Brook
Pioneer Northeast
(201) 575-3510

NEW MEXICO
Albuquerque

Alliance Electronics
(505) 292-3360
Bell/Century
(505) 292-2700
Hamilton/Avnet
(505) 765-1500
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NEW YORK
Buffalo
Summit Distributors
(716) 887-2800
East Syracuse
Hamilton/Avnet
(315) 437-2642
Fairport
Pioneer
(716) 381-7070
Hauppauge
Hamilton/Avnet
(516) 434-7413
Lionex
(516) 273-1660
Rochester
Hamilton/Avnet
(716) 475-9130
Schweber
(716) 424-2222
Summit Electronics
(716) 334-8110
Ronkonkoma
Hall-Mark
(516) 737-0600
Vestal
Pioneer
(607) 748-8211
Westbury
Hamilton/Avnet
(516) 997-6868
Schweber
(516) 334-7474
Woodbury
Pioneer
(516) 921-8700

NORTH CAROLINA
Charlotte
Pioneer
(704) 527-8188
Raleigh
Hall-Mark
(919) 872-0712
Hamilton/Avnet
(919) 878-0810
Schweber
(919) 876-0000
OHIO
Beechwood
Schweber
(216) 464-2970
Cleveland
Hamilton/Avnet
(216) 831-3500
Pioneer
(216) 587-3600

Dayton
Bell Industries
(513) 435-8660
Hamilton/Avnet
(513) 439-6700
Pioneer
(513) 236-9900
Highland Heights
CAM/OHIO
(216) 461-4700
Solon
Hall-Mark
(216) 349-4632
Westerville
Hall-Mark
(614) 891-4555

OKLAHOMA

Tulsa

Hall-Mark

(918) 665-3200
Quality Components
(918) 664-8812
Radio Inc.

(918) 587-9123
Schweber

(918) 622-8000

OREGON

Beaverton
Almac Electronics
(503) 641-9070
Lake Oswego
Anthem Electronics
(503) 684-2661
Bell Industries
(503) 241-4115
Hamilton/Avnet
(503) 635-7850

PENNSYLVANIA

Horsham
Lionex
(215) 443-5150
Pioneer
(215) 674-4000
Schweber
(215) 441-0600
Pittsburgh
CAM/RPC
(412) 782-3770
Pioneer
(412) 782-2300
Schweber
(412) 782-1600

TEXAS

Addison
Quality Components
(214) 733-4300

Austin
Hall-Mark
(612) 258-8848
Hamilton/Avnet
(512) 837-8911
Pioneer
(512) 835-4000
Quality Components
(512) 835-0220
Schweber
(512) 458-8253
Dallas
Hall-Mark
(214) 553-4300
Pioneer
(214) 386-7300
Schweber
(214) 661-5010
Houston
Hall-Mark
(713) 781-6100
Hamilton/Avnet
(718) 780-1771
Pioneer
(713) 988-5555
Schweber
(713) 784-3600
Irving
Hamilton/Avnet
(214) 659-4151
Sugarland
Quality Components
(713) 491-2255

UTAH

Salt Lake City
Anthem Electronics
(801) 973-8555
Bell Industries
(801) 972-6969
Hamilton/Avnet
(801) 972-4300

WASHINGTON

Bellevue
Hamilton/Avnet
(206) 453-5844

Redmond

" Anthem Electronics
(208) 881-0850

Seattle
Almac Electronics
(206) 643-9992

WISCONSIN

Brookfield
Schweber
(414) 784-9020

Milwaukee
Taylor Electric Co.
(414) 241-4321
New Berlin
Hall-Mark
(414) 761-3000
Hamilton/Avnet
(414) 784-4516
Waukesha
Bell Industries
(414) 547-8879
CANADA
Western Provinces
Calgary
Hamilton/Avnet
(403) 230-3586
Zentronics
(403) 272-1021
Edmonton
Zentronics
(403) 463-3014
Richmond
Zentronics
(604) 273-5575
Winnipeg
Zentronics
(204) 775-8661
Eastern Provinces
Brampton
Zentronics
(416) 451-9600
Doval
Semad
(514) 636-4614
Markham
Semad
(416) 475-8500
Missisauga
Hamilton/Avnet
(416) 677-7432
Nepean
Hamilton/Avnet
(613) 226-1700
Ottawa
Semad
(613) 729-6145
Zentronics
(613) 238-6411
St. Laurent
Zentronics
(514) 735-5361
Waterloo
Zentronics
(519) 884-5700
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