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CONTENTS OVERVIEW

For ease of use for our customers, Integrated Device Technology provides four separate data books:
High-Performance Logic, Specialized Memories and Modules, RISC and RISC SubSystems, and Static
RAM.

IDT's 1992/93 RISC Data Book is comprised of new and revised data sheets for the RISC and RISC
Subsystem product lines. Also included is a current packaging section for the products included in this
book.

The 1992 RISC Data Book’s Table of Contents is a listing of the products contained in this data book
only (in the past, we have also included products that appeared in other IDT data books). The numbering
scheme for the book is consistent with the 1990-91 data books. The number at the bottom center of the
page denotes the section number and the sequence of the data sheet within that section, (i.e., 5.5 would
be the fifth data sheet in the fifth section). The number in the lower right-hand corner is the page number
for that particular data sheet.

Integrated Device Technology, Inc. is a recognized leader in high-speed CMOS and BiCMOS
technology and produces a broad line of products. This enables us to provide complete CMOS and
BiCMOS solutions to designers of high-performance digital systems. Not only do our product lines include
industry standard devices, they also feature products with faster speeds, lower power, and package and/
or architectural benefits that allow designers to significantly improve system performance.

To find ordering information: Ordering Information for all products in this book appears in Section
1, along with the Package Marking Description, Product Selector Guide, and Ordering Information.
Reference data on our Technology Capabilities, Quality Commitments, and Package Diagram Outlines
is included in Sections 2, 3, and 4, respectively.

To find product data: Start with the Table of Contents, organized by product line (page 1.2), or with
the Numeric Table of Contents (page 1.3). These indexes will direct you to the page on which the complete
technical data sheet can be found. Data sheets may be of the following type:

ADVANCE INFORMATION—contain initial descriptions (subject to change) for products that are in
development, including features, block diagrams, and target specifications.

PRELIMINARY—contain descriptions for products soon to be, or recently, released to production,
including features, pinouts, and block diagrams. Timing data are based on simulation or initial character-
ization and are subject to change upon full characterization.

FINAL—contain minimum and maximum limits specified over the complete voltage supply and
temperature range for full production devices.

New products, product performance enhancements, additional package types, and new product
families are being introduced frequently. Please contact your local IDT sales representative to determine
the latest device specifications, package types, and product availability.

ABOUT THE COVER

The cover shows IDT's family of RISController™ products, which includes the R3041™  R3051™, and
R3081™ ., These R3000-derivative microprocessors are pin- and software-compatible, and have been
designed to address specific price/performance targets for embedded applications. The background
shows an R3081 wafer at approximately 1.2x magnification.

IDT also offers a variety of RISC-based board-level solutions, evaluation tools, and development
support. IDT's success in the proliferation of application-optimized. microprocessors is the result of
blending the MIPS high-performance RISC architecture with our state-of-the-art process technology and
wide-ranging system expertise.
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LIFE SUPPORT POLICY

Integrated Device Technology's products are not authorized for use as critical components in life support devices or systems

unless a specific written agreement pertaining to such intended use is executed between the manufacturer and an officer of IDT.

1. Life supportdevices or systems are devices or systems which (a) are intended for surgical implant into the body or (b) support
or sustain life and whose failure to perform, when properly used in accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a significant injury to the user.

2. Acriticalcomponentis any component of a life support device or system whose failure to perform can be reasonably expected
to cause the failure of the life support device or system, or to affect its safety or effectiveness.

Note: Integrated Device Technology, Inc. reserves the right to make changes to its products or specifications at any time, without notice, in order to improve
design or performance and to supply the best possible product. IDT does notassume any responsibility for use of any circuitry described other than the circuitry
embodied in an IDT product. The Company makes no representations that circuitry described herein is free from patentinfringement or other rights of third
parties which may result from its use. No license is granted by implication or otherwise under any patent, patent rights or other rights, of integrated Device
Technology, Inc. ,

The IDTlogois aregistered trademark, and BUSMUX, Flexi-pak, BICEMOS, CacheRAM, CEMOS, FASTX, Flow-thruEDC, IDT/c, IDT/envY, IDT/kit, IDT/sae,
IDT/sim, IDT/ux, MacStation, REAL8. RISC SubSystem, RISChipset, RISController, RISCore, SmartLogic, SyncFIFO, SystemController, TargetSystem,
IDT79R3041, IDT79R3051, and IDT79R3081 are trademarks of Integrated Device Technology, Inc.

Adobe, the Adobe logo, PostScript, PixelBurst, and the PostScript logo are trad ks of Adobe Systems Incorporated which may be registered in certain
jurisdictions. All other trademarks are trademarks of their respective companies.
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ORDERING INFORMATION -

When ordering by TWX or Telex, the following format must be used:
Complete Bill To.
Complete Ship To.
Purchase Order Number.
Certificate of Conformance. Y or'N.
Customer Source Inspection. Y or N.
Government Source Inspection. Y or N
Government Contract Number and Rating.
Requested Routing.
IDT Part Number —
Each item ordered must use the complete part number exactly as listed in the prlce book.
SCD Number — Specification Control Document (Internal Traveller).
Customer Part Number/Drawing Number/Revision Level -
Specify whether part number is for reference only, mark only, or if extended processmg to
customer specification is required.
Customer General Specification Numbers/Other Referenced Drawing Numbers/Revision Levels.
Request Date With Exact Quantity.
Unit Price.
Special Instructions, Including Q.A. Clauses, Special Processing.

~IeTMmMUOwWH

Fo i

ozsr

Federal Supply Code Number/Cage Number — 61772
Dun & Bradstreet Number — 03-814-2600

Federal Tax I.D. — 94-2669985

TLX# — 887766

FAX# — 408-727-3468

PART NUMBER DESCRIPTION

A = Alpha Character N = Numeric Character
IDT XXXXX A X 999 A A __A

DEVICETYPE POWER  REVISION SPEED PACKAGE _PROCESS/ SPECIAL
TEMPERATURE PROCESS

' I— RT RADIATION TOLERANT

BLANK  COMMERCIAL — 0°C to +70°C

M* COMMERCIAL —-55°C to +125°C

B MILITARY —-55°C to +125°C éFully compliant
to MIL-STD-883, Method 5004,

SEE PACKAGE DESCRIPTION TABLE

SPEED GUARANTEED MINIMUM PERFORMANCE
A MEASURED IN NANOSECONDS OR MHz
Blank
POWER S — STANDARD POWER
L — LOWPOWER
DEVICE
TYPE* eg. 6116
PACKAGE DESCRIPTION TABLE
C CERAMIC SIDEBRAZE PF  PLASTIC FLATPACK
D CERDIP SO  PLASTIC SMALL OUTLINE IC
F FLATPACK TC  SIDEBRAZE THINDIP (300 MiL)
G PIN GRID ARRAY TP  PLASTIC THIN DUAL IN-LINE
J PLASTIC LEADED CHIP CARRIER QE CERQUAD GULL WING
L LEADLESS CHIP CARRIER XE  CERPACK (F11 CONFIG. ONLY)
P PLASTIC DIP XL  FINE-PITCHLCC
Y SOJ

*Consult Factory
**For Logic, the "54" series (e.g. IDTS4FCT138) — —55°C to +125°C
the "74" series (e.g. IDT74FCT138) — 0°C to +70°C

14 1



IDT PACKAGE MARKING DESCRIPTION

PART NUMBER DESCRIPTION

IDT's part number identifies the basic product, speed,
power, package(s) available, operating temperature and
processinggrade. Each data sheet has a detailed description,
using the part number, for ordering the proper product for the
user's application. The part number is comprised of a series
of alpha-numeric characters:

1. An “IDT" corporate identifier for Integrated Device
Technology, Inc.

2. Abasic device part number composed of alpha-numeric
characters.

3. A device power identifier, composed of one or two alpha
characters, is used to identify the power options. In most
cases, the following alpha characters are used:

“S" or “SA" is used for the standard power product.
“L" or “LA" is used for lower power than the standard
power product.

Example for Monolithic Devices:

DT XXX XXX XX XX XX X XX

4.

5.

6.

7.

A device speed identifier, when applicable, is either alpha
characters, such as “A” or “B", or numbers, such as 20 or
45. The speed units, depending on the product, are in
nanoseconds or megahertz.

A package identifier, composed of one or two characters.
The data sheet should be consulted to determine the
packages available and the package identifiers for that
particular product.

Atemperature/processidentifier. The productis available
in either the commercial or military temperature range,
processed to a commercial specification, or the product is
available in the military temperature range with full
compliance to MIL-STD-883. Many of IDT's products
have burn-in included as part of the standard commercial
process flow.

Aspecial process identifier, composed of alpha characters,
is used for products which require radiation enhancement
(RE) or radiation tolerance (RT).

L Special Process

Process/Temperature®

|
1
—| Speed

Package*

Power

Device Type*

* Field Identifier Applicable To All Products

ASSEMBLY LOCATION DESIGNATOR

IDT uses various. locations for assembly. These are
identified by an alpha character in the last letter of the date
code marked on the package. Presently, the assembly
location alpha character is as follows:

A = Anam, Korea
I = USA
P = Penang, Malaysia

2507 drw 01

MIL-STD-883C COMPLIANT DESIGNATOR

IDT ships military products which are compliantto the latest

revision of MIL-STD-883C. Such products are identified by a

“C" designation onthe package. The location of this designator

is specified by internal documentation at IDT.
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Integrated Device Technology, Inc.

HIGH-SPEED CMOS
MICROPROCESSOR FAMILY
PRODUCT SELECTOR GUIDE

Broadest range of high-performance to low-cost, code-
compatible RISC processors: R3000A, R4000 CPUs, R3001,
R3041, R3051/52, R3081 RISControllers ", R3010A FPA,
R3500 RISCore™

R4000—third-generation high-performance 64-bit CPU and
FPA with on-chip cache

R3001, R3041, R3051/52, and R3081 RISController Family—
designed for lower cost embedded systems, all code-compat-
ible with original R3000

R3500 RISCore—combines CPU and FPA, pin- and SW-
compatible with the R3000A

Support chips designed for RISC systems: R3020 Write

.

.

.
.

Buffer, 73720 Bus Exchanger, R3721 DRAM Controller
Applications range from real-time control to multiprocessing
systems

Optimizing compilers for C, Pascal, FORTRAN, Ada, PL/1 and
Cobol

R3000, R3001, R3041, R3051/52, R3081, and R3500 are
100% code-compatible

R3010A Floating Point Accelerator—conforms with IEEE 754
1985 Standard

R3020 Write Buffer enhances CPU performance by allowing
memory "write-through" during run cycles

Low-cost Evaluation Boards available

Data
Book
Part Number Description Pkgs. Avail. Page
RISC CMOS MICROPROCESSORS
IDT79R4000, Very high-performance, highly integrated 64-bit CPU, 447PGA NOW 5.7
79R4000A fully binary compatible with the R3000A. Combines 179PGA
CPU, floating-point and 16KB of cache (32KB for R4000A)
capable of over 50 VAX mips sustained performance
IDT79R3000A RISC CPU Processor, 20-40MHz, on-chip Cache 144PGA NOwW 5.1
Control, Memory Management Unit, 64-Entry Translation 175PGA
Lookaside Buffer, Thirty-two 32-bit General Purpose 172FP
Registers 160MQUAD
IDT79R3001 RISController, derivative of the R3000 designed for 144PGA NOW 52
lower cost embedded systems. Achieves high 172FP
performance with reduced memory parts count, lower
overall system cost, and includes real-time features
IDT79R3041 RISController, R3000A core, 4-deep read/write buffers, 84PLCC 1Q'93 54
2.5KB on-chip cache
IDT79R3051/52 RISControllers, 6kB or 10kB on-chip cache, R3000A 84PLCC NOW 55
CPU core, and 4-deep read/write buffers, low-cost
84-pin plastic packaging
IDT79R3081™ RISController, 20kB on-chip cache, R3000 CPU core, 84MQUAD NOW 5.6
R3010A Floating Point Accelerator, 4-deep read/write 84PGA
buffers, pin-compatable with 3051/3052
IDT79R3500 RISCore integrates R3000A CPU and R3010A FPA using 161PGA NOW 53
the R3000A pinout. Up to 32 VUPS sustained
performance at 40MHz
IDT79R3010A RISC Floating-Point Accelerator, 20-40MHz 84PGA NOwW 6.1
84FP
RISC SUPPORT DEVICES
IDT73720 16-Bit Tri-Port Bus Exchanger 68PLCC NOW 6.5
80PQFP
IDT79R3721 DRAM Controller, Interfaces to R3051/52 84PLCC NOW 6.4
IDT79R3020 RISC CPU Write Buffer 68PLCC NOW 6.3
IDT79R3730 Integrated System Controlier 208PQFP 1Q'93 6.6
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High-Speed CMOS RISC Microprocessor Family (Cont'd)

Data
Book

Part Number Description Pkgs. Avail. Page
RISC DEVELOPMENT SYSTEMS
IDT7RS503 R3000 NuBus™ add-in card for Macintosh® Il, includes Now 7.11

RISC/os = and C Compiler, code development and

debugging environment
RC3230 Magnum series desktop development host. Entry-level NOW

system for 15-20 users, rated at 17.8 SPECmarks with

25MHz R3000 CPU. 33MHz model now available.
RC3240 Desk-side development host. For medium size projects, NOwW

AT expansion slots, R3000-25 for 16SPECmarks performance
RC3260 Pedestal development host. Higher-end multi-user. NOW
R3000 FAMILY EVALUATION TOOLS (See RISC SubSystems)
IDT7RS382/383/385  R3000 Family Evaluation Boards NOW 7.7
R3000 FAMILY MIPS SOFTWARE
79SFOR-2n-RTU FORTRAN RISCompiler™ NOW
79SPAC-2n-RTU Pascal RISCompiler NOW
79SANC-2n-RTU ANSI C RISCompiler NOW
7985053-n AT&T C++ translator NOW
79SSPP-5-SRC1 SPP (System Programmer's Package) for R3000 NOW
79SSPE-5-SRC1 SPP/e for embedded systems. Excludes simulation NOW

programs Cache 2000 and SABLE for R3000
79SRWN-3n-RTU RISCwindows™ operation environment NOW
79SRCM-2n-RTU DECnet™ communication software NOW
79SSPP41BUI SPP (System Programmer's Package) for R4000 Binary NOW
79SSPE41BUI SPP/e for R4000 Binary NOW
798SPS41BUI Sable simulator for R4000 Binary NOW
79SSPC41BUI Cache simulator for R4000 Binary NOW
798SP55BUI Sable Simulator for R3000 Binary NOW
79SSPC5BU!I Cache Simulator for R3000 Binary NOW

NOTE: All development systems (MacStation and MIPS) come standard with RISC/os (UNIX®) and C-Compiler software. Additional memory, disk peripherals, tape

peripherals and interface options are available from IDT for MIPS development systems.

Integrated RISC Design Solutions

IDT is committed to providing complete integrated RISC solutions by
combining expertise in silicon process technology with leadership
products in development systems and software. Long an industry
leader in producing the fastest static RAMs for cache memory and
high-speed logic for memory interface, IDT offers:

Dedicated RISC support chips

MIPS compilers and cross-software for PC and Sun

CPU and cache modules

RISC evaluation and prototyping vehicles

Monitors and debuggers

Floating Point Library

MIPS development hosts and

Macintosh development system

.

The MacStation™ R3000 development board that is hosted in the
Macintosh Il (P/N IDT7RS503) comes complete with IDT/ux™ (UNIX
operation system), the language compiler and software debugging
tools. IDT complementary components and modules include:

Cache Memories

Part No. Description Frequency - Access Time
IDT71586 4k x 16 (w/Latch) 25MHz 25ns
IDT7164 8kx 8 33MHz 12ns
IDT7198 16k x 4 33MHz 12ns
IDT61298 64k x 4 (W/OE) 33MHz 12ns
IDT6198 16k x 4 33MHz 12ns
IDT71B229 16k x9x2 40MHz 12ns
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High-Speed CMOS RISC Microprocessor Family (Cont'd)

Bus Interface Logic

IDT74FCT373A/C Octal Latch
IDT74FCT374A/C Octal Register
IDT74FCT240A/C Octal Buffer
IDT74FCT244A/C Octal Buffer
IDT29FCT520A/B Multilevel Pipeline Register
IDT49FCT804A Tri-Port Bus Multiplexer

Peripheral Components
73200 Read-write Buffer
73201 Read-write Buffer
73210 Read-write Buffer
73211 Read-write Buffer

Cache Modules
Standard Versions: )
 IDT7MB6139 Dual 64kB
IDT7MB6043 Dual 32kB
IDT7MB6044 Dual 16kB-
IDT7MP6074 R4000 Secondary Cache Modules
Multiprocessing:
IDT7MB6049 Dual 64kB
IDT7MB6051 Dual 32kB
IDT7MB6061 Dual 64kB w/Resettable |-Cache
IDT7MB6064 Dual Resettable 16kB

Reduce Your Development Time with RISC SubSystems

FASTER SYSTEMS: FASTER DESIGN CYCLES
Using RISC technology, you can build systems that will run rings

around an old 386 or 680x0 design. IDT's RISC SubSystems"

Division can help you get your design completed in record time.
IDT has proven RISC design and manufacturing experience that
you can rely on. Exploit our expertise by having IDT design and
manufacture your board. Or integrate one of our pre-built, fully-
tested modules into your design. IDT also offers a full range of
development support including prototyping hardware, software
tools, and the powerful MacStation 3 development system.

CUSTOM DESIGN AND MANUFACTURING

IDT has successfully designed and produced over thirty boards
and modules based on the MIPS RISC architecture. We have
become expertsin quickly bringing quality productsto market. The
IDT advantage has five components: (1) extensive hardware
design experience, (2) internal surface mount manufacturing
capability, (3) complete suite of diagnostic tests, (4)experiencein
hardware/software integration, (5) a detailed understanding of
component characteristics. Take advantage of this experience
by allowingustodesign and manufacture your board. Orwork with
us in a joint development program where we handle the CPU
interface so you can concentrate on product differentiation.

MODULES

Our modules contain the RISC CPU, Floating Point Accelerator,
and all the cache memory. Most include clock control, interrupt
and initialization logic, and read and write buffers, as well. Allthe
components are surface-mounted on small, plug-in PC boards,
burned-in and tested at the rated speed. Alithe tricky timing, and

high-speed design is done and tested for you. The modules can be
plugged into motherboards containing main memory, I/O, and the
rest of the system, all of which is relatively low speed and is easy to
lay out using conventional design techniques.

PROTOTYPING PLATFORMS

To shorten your design time even more, we offer Prototyping
Platforms for the modules. The Prototyping Platform contains main
memory, serial I/O, a powerful debug monitor in EPROM, and a
personality card that interfacesit directly to one of our modules. You
can download your software onto the Prototyping Platform, and/or
design additional hardware and plug it in.

MACSTATION 3—DEVELOPMENT SYSTEM

IDT offers a complete R3000 development system in a Macintosh |1
computer. Click aniconon your Mac and a new window opens under
MultiFinder with the UNIX operating system in it. The UNIX code is
actually running on a fast R3000 system board inside the Mac, and
you can run all the MIPS and IDT development tools, including the
C compiler and the System Programmers' Package. The MacStation
3 is available in 15mips and 25mips versions.

SOFTWARE

IDT's RISC SubSystems Division offers R3000 software that makes
software development faster and easier. You can use our System
Integration Manager to control prototypes, to debug software, and to
manage I/O drivers. You can put our Monitor into your hardware to
control the basic system startup. You can usethe Kernel Integration
Toolkit as a building block to quickly develop software. And our
cross-software for PCs, MIPS and Sunwork-stations makes efficient
C-program compilation possible with readily available equipment.
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RISC Subsystems (Cont'd)

Model Description

Avail.

Data
Book
Page

R3000-BASED CPU MODULES AND PROTOTYPING HARDWARE

IDT7RS109 64KB each of |- and D-cache. Supports Multiprocessor. On-board
parity, clock, reset, interrupt control. Speeds up to 33MHz.

NOw

8.1

IDT7RS110 32KB each of I- and D-cache. Single-word Read and Write buffers.

Small size ideal for embedded applications. Speeds up to 33MHz.

NOw

8.2

IDT7RS409 Prototyping Systems including a 33MHz 7RS109 module. Each
prototyping system includes 1MB of static RAM, Counter/Timer,
IDT/sim™ debug monitor in EPROM, serial and parallel I/O ports.

Quick way to begin development of R3000 hardware and software.

NOw

IDT7RS410 Prototyping Systems including a 33MHz 7RS110 module. Each
prototyping system includes 1MB of static RAM, Counter/Timer,

|DT/sim debug monitor in EPROM, serial and paralle! I/O ports.

NOW

EVALUATION BOARDS

IDT79S385A R3051 Family Evaluation Board. Complete, self-contained system
requiring only a power supply and simple terminal to be operational.
Contains R3052E CPU, 1MB of DRAM, IDT/sim monitor in EPROM,

serial I/O ports, C compiler, R3081 sample. Supplied with all schematics and user's manual.

NOW

7.7

IDT79S389 R3051 Family Laser Printer Controller Reference Platform for

PostScript Level 2 Software from Adobe.

NOwW

7.5

SOFTWARE DEVELOPMENT SYSTEMS

IDT7RS503 MacStation 3 Development System. Complete R3000 CPU on
NuBus card that plugs into a Mac Il. Runs IDT/ux™ (UNIX SVR3) in a
window under MultiFinder. Available in 15mips and 25mips versions.
Supplied with MIPS C/ compiler. Other MIPS software products are
available for the MacStation 3.

NOW

7.1

R3000 HARDWARE AND SOFTWARE DEVELOPMENT TOOLS

IDT7RS901 IDT/sim System Integration Manager. Powerful, flexible debug mon-
itor for R3000-, R3001- and R305x-based systems. Includes trace,
single-step, cache control, many more functions. Easily extensible.
Includes support for source-level debug. Available in source code.

NOW

7.8

IDT7RS903 IDT/c. Multihost optimizing C compiler, available for operation on
386/486 machines (MS-DOS or UNIX), for MIPS or MacStation
under RISC/os, and for Sun SparcStation. Generates efficient R3000

code. Includes floating point libraries for efficient operation without an FPU.

NOW

7.9

IDT7RS909 IDT/kit. Kernal Integration Toolkit. Consists of a set of modules ready

to be linked with user-developed code to provide an operating system
kernal for R3000-based embedded systems. Functions are provided for
initializing systems, memory management, handling interrupts, servicing
floating point exceptions and time support. Libraries are included for fioating
point emulation, transcendental math routines, and ANSI standard C

functions. It also contains IDT's Micromonitor, a very simple monitor for

initial debug of new hardware. The Micromonitor requires only that the CPU,
RAM, and a serial port be operational. All code is supplied in source code (C

and assembly), to allow easy access for any modifications needed to tailor

the system to the specific application. Code is also supplied in standard archive

library format (compiled with IDT/c and MIPS tool chains) for Big and Little
Endian targets and for hardware floating point and software FP emulation.

NOW

7.10
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IDT...LEADING THE CMOS FUTURE

A major revolution is taking place in the semiconductor
industry today. A new technology is rapidly displacing older
NMOS and bipolar technologies as the workhorse of the '80s
andbeyond. Thattechnology is high-speed CMOS. Integrated
Device Technology, a company totally predicated on and
dedicated toimplementing high-performance CMOS products,
is on the leading edge of this dramatic change.

Beginning with the introduction of the industry’s fastest
CMOS 2K x 8 static RAM, IDT has grown into a company with
multiple divisions producing a wide range of high-speed
CMOS and BiCMOS circuits that are, in almost every case, the
fastest available. These advanced products are produced
with IDT's proprietary technology, a twin-well, dry-etched,
stepper-aligned process utilizing progressively smaller
dimensions.

From inception, IDT's product strategy has been to apply
the advantages of its extremely fast CMOS technology to
produce the integrated circuit elements required to implement
high-performance digital systems. IDT's goalis to provide the
circuits necessary to create systems which are far superior to
previous generations in performance, reliability, cost, weight,
and size. Many of the company’s innovative product designs
offer higher levels of integration, advanced architectures,
higher density packaging and system enhancement features
that are establishing tomorrow's industry standards. The
company is committed to providing its customers with an ever-
expanding series of these high-speed, lower-power IC solutions
to system design needs.

IDT's commitment, however, extends beyond state-of-the-
arttechnology and advanced products to providing the highest

level of customer service and satisfaction in the industry.
Manufacturing products to exacting quality standards that
provide excellent, long-term reliability is given the same level
of importance and priority as device performance. IDT is also
dedicated to delivering these high-quality advanced products
on time. The company would like to be known not only for its
technological capabilities, but also for providing its customers
with quick, responsive, and courteous service.

IDT's product families are available in both commercial and
military grades. As abonus, commercial customers obtain the
benefits of military processing disciplines, established to meet
or exceed the stringent criteria of the applicable military
specifications.

IDT is a leading U.S. supplier of high-speed CMOS and
BiCMOS circuits. The company’s high-performance fast
SRAM , FCT logic, high-density modules, FIFOs, multi-port
memories, BICMOS ECL 1/0 memories, RISC SubSystems,
and the 32- and 64-bit RISC microprocessor families
complement each other to provide high-speed CMOS and
BiCMOS solutions for awide range of applications and systems.

Dedicated to maintaining its leadership position as a state-
of-the-art IC manufacturer, IDT will continue to focus on
maintaining its technology edge as well as developing a
broader range of innovative products. New products and
speed enhancements are continuously being added to each
ofthe existing product families, and additional product families
arebeingintroduced. Contactyour IDT field representative or
factory marketing engineer for information on the most current
productofferings. Ifyou're building state-of-the-art equipment,
IDT wants to help you solve your design problems.
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IDT MILITARY AND DESC-SMD PROGRAM

IDT is a leading supplier of military, high-speed CMOS
circuits. The company's high-performance Static RAMs, FCT
Logic Family, Complex Logic (CLP), FIFOs, Specialty
Memories (SMP), ECL I/0 BiCMOS Memories, 32-bit RISC
Microprocessor, RISC Subsystems and high-density
Subsystems Modules product lines complement each other to
provide high-speed CMOS solutions to a wide range of
military applications and systems. Most of these product lines
offer Class B products which are fully compliant to the latest
revision of MIL-STD-883, Paragraph 1.2.1. In addition, IDT
offers Radiation Tolerant (RT), as well as Radiation Enhanced
(RE), products.

IDT has an active program with the Defense Electronic
Supply Center (DESC) to list all of IDT's military compliant

devices on Standard Military Drawings (SMD). The SMD
program allows standardization of militarized products and
reduction of the proliferation of non-standard source control
drawings. This program will go far toward reducing the need
for each defense contractor to make separate specification
control drawings for purchased parts. IDT plans to have
SMDs for many of its product offerings. Presently, IDT has 88
devices which are listed or pending listing. The devices are
from IDT's SRAM, FCT Logic family, Complex Logic (CLP),
FIFOs and Specialty Memories (SMP) product families. IDT
expects to add another 20 devices to the SMD program.in the
near future. Users should contact either IDT or DESC for
current status of products in the SMD program.

SMD SMD SMD
SRAM IDT LOGIC IDT CLP IDT
84036 6116 5962-87630 54FCT244/A 5962-87708 39C10B&C
5962-88740 6116LA 5962-87629 54FCT245/A 5962-88533 49C460A/B/C
84132 6167 5962-86862 54FCT299/A 5962-88613 39C60A
5962-86015 7187 5962-87644 54FCT373/A 5962-88643 49C410
5962-86859 6198/7198/7188 5962-87628 54FCT374/A 5962-86873 - 7216L
5962-86705 6168 5962-87627 54FCT377/A 5962-87686 7217L
5962-85525 7164 5962-87654 54FCT138/A 5962-88733 7210L
5962-88552 71256L 5962-87655 54FCT240/A 5962-89758 54FCT843A/B/C
5962-88662 712568 5962-87656 54FCT273/A 5962-90669 54FCT193/A
5962-88611 71682L 5962-89533 54FCT861A/B 5962-90901 29FCT52A/B/C
' 5962-88681 712588 5962-89506 54FCT827A/B
5962-88545 71258L 5962-88575 54FCT841A/B
5962-89891 7198 5962-88608 54FCT821A/B
5962-89892 6198 5962-88543 54FCT521/A
5962-89690 6116SA 5962-88640 54FCT161/A
5962-38294 7164 5962-88639 54FCT573/A
5962-89692 7188 5962-88656 54FCT823A/B
5962-89712 71982 5962-88657 54FCT163/A
5962-88674 54FCT825A/B
SMP IDT 5962-88661 54FCT863A/B
5962-88736 29FCT520A/B
5962-86875 7130/7140 5962-88775 54FCT646/A
5962-87002 7132/7142 5962-89508 54FCT139/A
5962-88610 71335/7143S8 5962-89665 54FCT824A/B
5962-88665 7133L/7143L 5962-88651 54FCT533/A
5962-88652 54FCT182/A
FIFO IDT 5962-88653 54FCT645A/B
5962-88654 54FCT640A/B
5962-87531 7201LA 5962-88655 54FCT534/A
5962-86846 72404L 5962-89767 54FCT540/A
5962-88669 72038 5962-89766 54FCT541/A
5962-89568 7204L 5962-89733 54FCT191/A
5962-89536 7202L 5962-89732 54FCT241/A
5962-89863 72018 5962-89652 54FCT399/A
5962-89523 72403L 5962-89513 54FCT574/A
5962-89666 7200L 5962-89731 54FCT833A/B
5962-89942 72103L 5962-88675 54FCT845A/B
5962-89943 72104L 5962-89730 54FCT543/A
5962-89567 7203L
5962-90715 72048

2509 tbl 01
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RADIATION HARDENED TECHNOLOGY

IDT manufactures and supplies radiationhardenedproducts
for military/aerospace applications. Utilizing special processing
and starting materials, IDT's radiation hardened devices survive
in hostile radiation environments. In Total Dose, Dose Rate,
and environments where single event upset is of concern, IDT
products are designed to continue functioning without loss of
performance. IDT can supply all its products on these

processes. Total Dose radiation testingis performed in-house
on an ARACOR X-Ray system. External facilities are utilized
for device research on gamma cell, LINAC and other radiation
equipment. IDT has an on-going research and development
program for improving radiation handling capabilities (See
“IDT Radiation Tolerant/Enhanced Products for Radiation
Environments” in Section 3) of IDT products/processes.
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IDT LEADING EDGE CMOS TECHNOLOGY

HIGH-PERFORMANCE CMOS

From IDT’s beginnings in 1980, it has had a belief in and a
commitment to CMOS. The company developed a high-
performance version of CMOS that allows the design and
manufacture of leading-edge components. Itincorporates the
best characteristics of traditional CMOS, including low power,
high noise immunity and wide operating temperature range; it

also achieves speed and output drive equal or superior to
bipolar Schottky TTL. The last decade has seen development
and production of four “generations” of IDT's CMOS technology
with process improvementswhich havereduced IDT's electrical
effective (Leff) gate lengths by more than 60 percent from 1.3
microns (millionths of a meter) in 1981 to 0.45 micronsin 1990.

CMOS | CMOS Il CMOS il CMOSV CMOS VI
A Cc

Calendar Year 1981 1983 1985 1987 1989 1990
Drawn 2.5n 1.7p 1.3p 1.2p 1.0p 0.8
Feature Size
Leff 1.3p 1.1p 0.9u 0.8u 0.6p 0.45n
Basic Dual-well, Dry Etch, Shrink, Silicide, BiCMOS 11 BiCMOS 1l
Proces Wet Etch, Stepper Spacer BPSG,
Enhancements Projection BiCMOS |

Aligned

2514 drw 01
CMOS IV = CMOS il - scaled process optimized for high-speed logic.
Figure 1.

Continual advancement of CMOS technology allows IDT to
implement progressively higher levels of integration and
achieve increasingly faster speeds maintaining the company's
established position as the leader in high-speed CMOS
integrated circuits. In addition, the fundamental process
technology has been extended to add bipolar elements to the
CMOS platform. IDT’'s BICMOS process combines the ultra-
high speeds of bipolar devices with the lower power and cost
of CMOS, allowing us to build even faster components than
straight CMOS at a slightly higher cost.

CEMOSII CEMOSV

CEMOSI| CEMOS Il
1981 1983 1987 1989
SEM photos (miniaturization) 2514 drw 02

Figure 2. Fifteen-Hundred-Power Maghnification Scanning Electron
Microscope (SEM) Photos of the Five Generations of IDT's CMOS
Technology
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Figure 3. IDT CMOS Device Cross Section

ALPHA PARTICLES

Random alpha particles can cause memory cells to
temporarily lose their contents or suffer a “soft error.” Traveling
with high energy levels, alpha particles penetrate deep into an
integrated chip. As they burrow into the silicon, they leave a
trail of free electron-hole pairs in their wake.

The cause of alpha particles is well documented and
understood in the industry. IDT has considered various
techniquesto protect the cells from this hazardous occurrence.
These techniques include dual-well structures (Figures 3 and
4) and a polymeric compound for die coating. Presently, a
polymeric compoundis usedinmany of IDT's SRAMs; however,
the specific techniques used may vary and change from one
device generation to the next as the industry and IDT improve
the alpha particle protection technology.

LATCHUP IMMUNITY

A combination of careful design layout, selective use of
guardrings and proprietary techniques have resulted in virtual
elimination of latchup problems often associated with older
CMOS processes (Figure 5). The use of NPN and N-channel
I/0 devices eliminates hole injection latchup. Double guard
ring structures are utilized on all input and output circuits to
absorb injected electrons. These effectively cut off the current
paths into the internal circuits to essentially isolate I/O circuits.
Compared to older CMOS processes which exhibit latchup
characteristics with trigger currents from 10-20mA, IDT
products inhibitlatchup at trigger currents substantially greater
than this.
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Figure 4. IDT CMOS Built-In High Alpha Particle Inmunity
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Figure 5. IDT CMOS Latchup Suppression
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SURFACE MOUNT TECHNOLOGY
AND :
IDT’S MODULE PRODUCTS

Requirements for circuit area reduction, utilizing the most
efficient and compact component placement possible and the
needs of production manufacturing for electronics assemblies
- arethe drivingforces behind the advancement of circuit-board
assembly technologies. These needs are closely associated
with the advances being made in surface mount devices
(SMD) and surface mount technology (SMT) itself. Yet, there
are two major issues with SMT in production manufacturing of
electronic assemblies: high capital expenditures and com-
plexity of testing.

The capital expenditure required to convert to efficient
production using SMT s still too high for the majority of
electronics companies, regardless of the 20-60% increase in
the board densities which SMT can bring. Because of this high
barrier to entry, we will continue to see alarge market segment
[large even compared to the exploding SMT market] using
traditional through-hole packages (i.e. DIPs, PGAs, etc) and
assembly techniques. How can these types of companies
take advantage of SMD and SMT? Let someone else, such
as IDT, do it for them by investing time and money in SMT and
then in return offer through-hole products utilizing SMT proc-
esses. Products which fit this description are multi-chip
modules, consisting of SMT assembled SMDs on a through-
hole type substrate. Modules enable companies to enjoy SMT
density advantages and traditional package options without
the expensive startup costs required to do SMT in-house.

Although subcontracting this type of work to an assembly
house is an alternative, there still is the other issue of testing,
an area where many contract assembly operations fall short
of IDT's capability and experience. Prerequisites for ade-
quate module testing sophisticated high-performance par-
ametric testers, customized test fixtures, and most impor-
tantly the experience to tests today's complex electronic
devices. Companies can therefore take advantage of IDT's
experience in testing and manufacturing high-performance
CMOS multi-chip modules.

At IDT, SMD components are electrically tested, environ-
mentally screened, and performance selected for each IDT
module. Allmodules are 100% tested as if they are a separate
functional component and are guaranteed to meet all speci-
fied parameters at the module output without the customer
having to understand the modules’ internal workings.

Other added benefits companies get by using IDT's CMOS
module products are:

1) awide variety of high-performance, through-hole prod-
ucts utilizing SMD packaged components,

2) fast speeds compared with NMOS based products,

3) low power consumption compared with bipolar tech-
nologies, and

4) lowcost manufacturability compared wuth GaAs-based
products.

IDT has recognized the problems of SMT and began
offering CMOS modules as part of its standard product port-
folio. IDT modules combine the advantages of:

1) the low power characteristics of IDT's CMOS and

BiCMOS products,

2) thedensity advantages of first class SMD components

including those from IDT's components divisions, and

3) experience insystem level design, manufacturing, and

testing with its own in-house SMT operation.

IDT currently has two divisions (Subsystems and RISC
Subsystems) dedicated to the development of module prod-
ucts ranging from simple memory modules to complex VME
sized application specific modules to full system-level CPU
boards. . These modules have surface mount devices as-
sembled on both sides of either a multi-layer glass filled epoxy
(FR-4) or amulti-layer co-fired ceramic substrate. Assembled
modules come available in industry standard through-hole
packages and other space-saving module packages. Indus-
try proven vapor-phase or IR reflow techniques are used to
solder the SMDs to the substrate during the assembly proc-
ess. Because of our affiliation with IDT's experienced semi-
conductor manufacturing divisions, we thoroughly under-
stand and therefore test all modules to the applicable da-
tasheet specifications and customer requirements.

Thus, IDT is able to offer today’s electronic design engi-
neers a unique solution for their “need-more-for-less”
problem.modules. These high speed, high performance
products offer the density advantages of SMD and SMT, the
added benefit of low power CMOS technology, and through-
hole packaged electronics: wnhout the high cost of doing it in-
house.




STATE-OF-THE-ART FACILITIES AND CAPABILITIES

“Integrated Device Technology is headquartered in Santa
Clara, California—the heart of “Silicon Valley.” The company’s
operations are housed in six facilities totaling over 500,000
square feet. These facilities house all aspects of business
from research and development to design, wafer fabrication,
assembly, environmental screening, test, and administration.
In-house capabilities include scanning electron microscope
(SEM) evaluation, particle impact noise detection (PIND),
plastic and hermetic packaging, military and commercial
testing, burn-in, life test, and a full complement of environmental
screening equipment.

The over-200,000-square-foot corporate headquarters
campus is composed of three buildings. The largest facility on
this site is a 100,000 square foot, two-building complex. The
first building, a 60,000-square-foot facility, is dedicated to the
Standard Logic and RISC Microprocessor product lines, as
well as hermetic and plastic package assembly, logic products’
test, burn-in, mark, QA, and a reliability/failure analysis lab.

IDT's Packaging and Assembly Process Development
teams are located here. To keep pace with the development
of new products and to enhance the IDT philosophy of
“innovation,” these teams have ultra-modern, integrated and
correspondingly sophisticated equipment and environments
attheir disposal. Allmanufacturing is completed in dedicated
clean room areas (Class 10K minimum), with all preseal
operations accomplished under Class 100 laminar flow hoods.

Development of assembly materials, processes and
equipment is accomplished under a fully operational production
environment to ensure reliability and repeatable product. The
Hermetic Manufacturing and Process Development team is
currently producing custom products to the strictrequirements
of MIL-STD-883. The fully automated plastic facility is currently
producing high volumes of USA-manufactured product, while
developing state-of-the-art surface-mount technology
patterned after MIL-STD-883.

The second building of the complex houses sales, marketing,
finance, MIS, and Northwest Area Sales.

The RISC Subsystems Division is located across from the
two-building complex in a 50,000-square-foot facility. Also
located at this facility are Quality Assurance and wafer
fabrication services. Administrative services, Human
Resources, International Planning, Shipping and Receiving
departments are also housed in this facility.

IDT’s largest and newest facility, opened in 1990 in San
Jose, California, is amulti-purpose 150,000-square-foot, ultra-
modern technology development center. This facility houses
a 25,000 square foot, combined Class 1 (a maximum of one
particle-per-cubic-foot of 0.2 micron or larger), sub-half-micron
R&D fabrication facility and a wafer fabrication area. This fab
supports both production volumes of IDT products, including
some next-generation SRAMs, and the R&D efforts of the
technology developmentstaff. Technology developmentefforts
targeted for the center include advanced silicon processing
and wafer fabrication techniques. A test area to support both
production and research is located on-site. The building is
also the home of the FIFO, ECL, and Subsystems product
lines.

IDT's second largestfacility islocatedin Salinas, California,
about an hour south of Santa Clara. This 95,000-square-foot
facility, located on 14 acres, houses the Static RAM Division
and Specialty Memory product line. Constructed in 1985, this
facility contains an ultra-modern 25,000-square-foot high-
volume wafer fabrication area measured at Class 2-to-3 (a
maximum of 2 to 3 particles-per-cubic-foot of 0.2 micron or
larger) clean room conditions. Careful design and construction
of this fabrication area created a clean room environment far
beyond the 1985 average for U.S. fab areas. This made
possible the production of large volumes of high-density
submicron geometry, fast static RAMs. This facility also houses
shipping areas for IDT's leadership family of CMOS and
BiCMOS static RAMs. This site can expand to accommodate
a 250,000-square-foot complex.

To extend our capabilities while maintaining strict control of
our processes, IDT has an operational Assembly and Test
facility located in Penang, Malaysia. This facility assembles
product to U.S. standards, with all assemblies done under
laminar flow conditions (Class 100) until the siliconis encased
in its final packaging. All products in this facility are
manufactured to the quality control requirements of MIL-STD-
883.

All of IDT's facilities are aimed at increasing our
manufacturing productivity to supply ever-larger volumes of
high-performance, cost-effective, leadership CMOS products.
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SUPERIOR QUALITY AND RELIABILITY

- Maintaining the highest standards of quality in the industry
on all products is the basis of Integrated Device Technology's
manufacturing systems and procedures. From inception,
quality and reliability are builtinto all of IDT's products. Quality
is “designed in" at every stage of manufacturing —as opposed
to being “tested-in” later — in order to ensure impeccable
performance.

Dedicated commitment to fine workmanship, along with
development of rigid controls throughout wafer fab, device
assembly andelectrical test, create inherently reliable products.
Incoming materials are subjected to careful inspections. Quality
monitors, or inspections, are performed throughout the
manufacturing flow.

IDT military grade monolithic hermetic products are designed
to meet or exceed the demanding Class B reliability levels of
MIL-STD-883 and MIL-M-38510, as defined by Paragraph
1.2.1 of MIL-STD-883.

Product flow and test procedures for all monolithic hermetic
military grade products are in accordance with the latest
revision and notice of MIL-STD-883. State-of-the-artproduction
techniques and computer-based test procedures are coupled
with tight controls” and inspections to ensure that products
meet the requirements for 100% screening. Routine quality
conformance lot testing is performed as defined in MIL-STD-
883, Methods 5004 and 5005.

* For IDT module products, screening of the fully assembled
substrates is performed, in addition to the monolithic level
screening, to assure package integrity and mechanical

reliability. ~ All modules receive 100% electrical tests (DC,
functional and dynamic switching) to ensure compliance with
the "subsystem" specifications.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensures thatcommercial, industrial and military grade products
consistently meet customer requuremems for quality, reliability
and performance.

SPECIAL PROGRAMS

Class S. IDT also has all manufacturing, screening and
test capabilities in-house (except X-ray and some Group D
tests) to perform complete Class S processing per MIL-STD-
883 onall IDT products and has supplied Class S products on
several programs.

Radiation Hardened. IDT has developed and supplied
several levels of radiation hardened products for military/
aerospace applications to perform at various levels of dose
rate, total dose, single event upset (SEU), upset and latchup.
DT products maintain nearly their same high-performance
levels built to these special process requirements. . The
company has in-house radiation testing capability used both
in process development and testing of deliverable product.
IDT also has a separate group within the company dedicated
to supplying products for radiation hardened applications and
to continueresearch and development of process and products
to further improve radiation hardening capabilities.
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QSP-QUALITY, SERVICE AND PERFORMANCE

Quality from the beginning, is the foundation for IDT's
commitment to supply consistently high-quality products to
our customers. IDT's quality commitment is embodiedinitsall
pervasive Continuous Quality Improvement (CQl) process.
Everyone who influences the quality of the product—from the
designer to the shipping clerk—is committed to constantly
improving the quality of their actions.

IDT QUALITY PHILOSOPHY

“To make quantitative constant improvement in the quality
of our actions that result in the supply of leadership products
in conformance to the requirements of our customers.”

IDT's ASSURANCE STRATEGY FOR CaQl

Measurable standards are essential to the success of CQI.
Allthe processes contributing to the final quality of the product
need to be monitored, measured and improved upon through
the use of statistical tools.

DEVELOPMENT

|
FAB

I
ASSEMBLY
I
TEST

I
SHIP

PRODUCT FLOW

Our customers receive the benefit of our optimized systems.
Installed to enhance quality and reliability, these systems
provide accurate and timely reporting on the effectiveness of
manufacturing controls and the reliability and quality
performance of IDT products and services.

ORDER ENTRY

I
PRODUCTION CONTROL
SERVICE FLOW |
SHIPPING

I
CUSTOMER SUPPORT

These systems and controls concentrate on CQlby focusing
on the following key elements:

Statistical Techniques
Using statistical techniques, including Statistical Process
Control (SPC) to determine whether the product/
processes are under control.

Standardization
Implementing policies, procedures and measurement
techniques thatare common across different operational
areas.

Documentation
Documenting and training in policies, procedures,
measurement techniques and updating through
characterization/ capability studies.

Productivity Improvement
Using constant improvement teams made up from
employees at all levels of the organization.

Leadership
Focusing on quality as a key business parameter and
strategic strength.

Total Employee Participation
Incorporating the CQl process into the IDT Corporate
Culture.

Customer Service
Supporting the customer, as a partner, through
performance review and pro-active problem solving.

People Excellence
Committing to growing, motivating and retaining people
throughtraining, goal setting, performance measurement
and review.

PRODUCT FLOW

Product quality starts here. IDT has mechanisms and
procedures in place that monitor and control the quality of our
development activities. From the calibration of design capture
libraries through process technology and product
characterization that establish whether the performance,
ratings and reliability criteria have been met. This includes
failure analysis of parts that willimprove the prototype product.

Atthe pre-production stage once againin-house qualification
tests assure the quality and reliability of the product. All
specifications and manufacturing flows are established and
personnel trained before the product s placed into production.

Manufacturing

Toaccomplish CQl during the manufacturing stage, control
items are determined for major manufacturing conditions.
Datais gathered and statistical techniques are used to control
specific manufacturing processes that affect the quality of the
product.
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In-process and final inspections are fed back to earlier
processes to improve product quality. All product is burned-
in (where applicable) before 100% inspection of electrical
characteristics takes place.

Products which pass final inspection are then subject to
Quality Assurance and Reliability Tests. This data is used to
improve manufacturing processes and provide reliability
predictions of field applications.

Inventory and Shipping

Controls in shipping focus on ensuring parts are identified
and packaged correctly. Care is also taken to see that the
correct paperwork is present and the product being shipped
was processed correctly.

SERVICE FLOW

Quality not only applies to the product but to the quality-of-
service we give our customers. Service is also constantly
monitored for improvement.

Order Procedures

Checks are made at the order entry stage to ensure the
correctprocessing ofthe Customer's product. After verification
and data entry the Acknowledgements (sent to Customers)
are again checked to ensure details are correct. As partof the
CQl process, the results of these verifications are analyzed
using statistical techniques and corrective actions are taken.

Production Control
Production Control (P.C.) is responsible for the flow and

logistics of material as it moves through the manufacturing
processes. The quality of the actions taken by P.C. greatly
influences the quality of service the customer receives.
Because many of our customers have implemented Just-in-
Time (JIT) manufacturing practices, IDT as a supplier has
adopted these same disciplines. As a result, employees
receive extensive training and the performance level of key
actions are kept under constant review. These key actions
include:

Quotation response and accuracy.

Scheduling response and accuracy.

Response and accuracy of Expedites.

Inventory, management, and effectiveness.

On-time delivery.

Customer Support

IDT has a worldwide network of sales offices and Technical
Development Centers. These provide local customer support
on business transactions, and in addition, support customers
onapplications information, technical services, benchmarking
of hardware solutions, and demonstration of various
Development Workstations.

The key to CQlI is the timely resolution of defects and
implementation of the corrective actions. This is no more
important than when product failures are found by a customer.
Whenfailures are found atthe customer's incoming inspection,
in the production line, or the field application, the Division
Quality Assurance group is the focal point for the investigation
of the cause of failure and implementation of the corrective
action. IDT constantly improves the level of support we give
our customers by monitoring the response time to customers
who have detected a product failure. Providing the customer
with an analysis of the failure, including corrective actions and
the statistical analysis of defects, brings CQI full circle—full
support of our customers and their designs with high-quality
products.

SUMMARY

In 1990, IDT made the commitment to “Leadership through
Quality, Service, and Performance Products”.

We believe by following this credo IDT and our customers
will be successful in the coming decade. With the
implementation of the CQl strategy within the company, we
will satisfy our goal...

“Leadership through Quality, Service and Performance
Products”.
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IDT QUALITY CONFORMANCE PROGRAM

A COMMITMENT TO QUALITY

Integrated Device Technology's monolithic assembly
products are designed, manufactured and tested in accordance
with the strict controls and procedures required by Military
Standards. The documentation, design and manufacturing
criteria of the Quality and Reliability Assurance Program were
developed and are being maintained to the most current
revisions of MIL-38510 as defined by paragraph 1.2.1 of MIL-
STD-883 and MIL-STD-883 requirements.

Product flow and test procedures for all Class B monolithic
hermetic Military Grade microcircuits are in full compliance
with paragraph 1.2.1 of MIL-STD-883. State-of-the-art
production techniques and computer-based test procedures
are coupled with stringent controls and inspections to ensure
that products meet the requirements for 100% screening and
quality conformance tests as defined in MIL-STD-883, Methods
5004 and 5005.

Product flow and test procedures for all plastic and
commercial hermeticproducts are in accordance with industry
practices for producing highly reliable microcircuits to ensure
that products meet the IDT requirements for 100% screening
and quality conformance tests.

By maintaining these high standards and rigid controls
throughout every step of the manufacturing process, IDT
ensures that our products consistently meet customer
requirements for quality, reliability and performance.

SUMMARY

Monolithic Hermetic Package Processing Flow!"

Refer to the Monolithic Hermetic Package Processing Flow
diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

1. Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained accordingto criteriapatterned after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcritical workstations are maintained
at Class 100 levels or better.

Wafers from eachwafer fabrication area are subjected
to Scanning Electron Microscope analysis on a periodic
basis.

2. Die Visual Inspection: Wafers are cut and
separated and the individual die are 100% visually
inspected to strict IDT-defined internal criteria.

3. Die Shear Monitor: To ensure die attach integrity,

product samples are routinely subjected to a shear
strength test per Method 2019.

NOTE:

4.

10.

11.

12,

Wire Bond Monitor: Product samples are routinely
subjectedtoa strengthtestper Method 2011, Condition
D, to ensure the integrity of the lead bond process.

Pre-Cap Visual: Before the completed package is
sealed, 100% of the product is visually inspected to
Method 2010, Condition B criteria.

Environmental Conditioning: 100% of the sealed
product is subjected to environmental stress tests.
These thermal and mechanical tests are designed to
eliminate units with marginal seal, die attach or lead
bond integrity.

Hermetic Testing: 100% of the hermetic packages
are subjected to fine and gross leak seal tests to
eliminate marginally sealed units or units whose
seals may have become defective as a result of
environmental conditioning tests.

Pre-Burn-In Electrical Test: Each productis 100%
electrically tested atan ambient temperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: 100% of the Military Grade product is
burned-in under dynamic electrical conditions to the
time and temperature requirements of Method 1015,
Condition D. Except for the time, Commercial Grade
product is burned-in as applicable to the same
conditions as Military Grade devices.

Post-Burn-In Electrical: After burn-in, 100% of the
Class B Military Grade product is electrically tested to
IDT data sheet or customer specifications over the —
55°C to +125°C temperature range. Commercial
Grade products are sample tested to the applicable
temperature extremes.

Mark: All product is marked with product type and lot
code identifiers. MIL-STD-883 compliant Military
Grade products are identified with the required
compliant code letter.

Quality Conformance Tests: Samples of the
Military Grade product which have been processed to
the 100% screening tests of Method 5004 are routinely
subjected to the quality conformance requirements of
Method 5005.

1. For quality requirements beyond Class B levels such as SEM analysis, X-Ray inspection, Particle Impact Noise Reduction (PIND) test, Class S screening
or other customer specified screening flows, please contact your integrated Device Technology sales representative.
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SUMMARY

Monolithic Plastic Package Processing Flow

Refer to the Monolithic Plastic Package:Processing Flow
diagram. All test methods refer to MIL-STD-883 unless
otherwise stated.

-1

Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlled and
maintained according to criteria patterned after Federal
Standard 209, Clean Room and Workstation
Requirements. All critical workstations are maintained
at Class 100 levels or better.

Topside silicon nitride passivation is all applied to all
wafers for better moisture barrier characteristics.

Wafers from eachwafer fabrication area are subjected
to Scanning Electron Microscope analysis on a periodic
basis.

Die Visual Inspection: Wafers are 100% visually
inspected to strict IDT defined internal criteria.

Die Push Test: Toensuredie attach integrity, product

samples are routinely subjected to die push tests,
patterned after MIL-STD-883, Method 2019.

Wire Bond Monitor: Product samples are routinely
subjected to wire bond pull and ball shear tests to
ensure the integrity of the wire bondprocess, patterned
after MIL-STD-883, Method 2011, Condition D.

Pre-Cap Visual: Before encapsulation, all product
lots are visually inspected (using LTPD 5 sampling
plan) to criteria patterned after MIL-STD-883, Method

2010, Condition B. *

10.

11.

Post Mold Cure: Plastic encapsulated devices are

_.-baked to ensure an optimum' polymerization of the

epoxy mold compound so as to enhance moisture ..
resistance characteristics.

Pre-Burn-In. Electrical: Each p'roduct is 100%
electrically tested atan ambienttemperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: Except for MSI Logic family. devices where
it may be obtained as an option, all Commercial
Grade plastic package products are burned-in for 16
hours at +125°C minimum (or equivalent), utilizing
the same burn-in conditions. as the Military Grade
product.

Post-Burn-in Electrical: After burn-in, 100% of the
plastic product is electrically tested to IDT data sheet
or customer specifications at the maximum
temperature extreme. The minimum temperature
extreme is tested periodically on an audit basis.

Mark: All product is marked with product type and lot
code identifiers. ~ Products are identified with the
assembly and test locations.

Quality Conformance Inspection: Samples of the
plastic product which have been processed to the
100% screening requirements are subjected to the
Periodic Quality Conformance Inspection Program.
Where indicated, the test methods are patterned after
MIL-STD-883 criteria.
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TABLE 1

This table defines the device class screening procedures for IDT's high reliability products in conformance with MIL-STD-883C.

Monolithic Hermetic Package Final Processing Flow

CLASS-S CLASS-B cLass-c M
OPERATION TEST METHOD RQMT TEST METHOD RQMT TEST METHOD |RQMT
BURN-IN 1015 Cond. D, 100% | 1015 Cond. D, 100% | Per applicable 100%
240 Hrs @ 125°C or 160 Hrs. @ 125°C min device specification
equivalent or equivalent
POST BURN-IN Per applicable 100% | Per applicable 100% | Per applicable @ 100%
ELECTRICAL: device specification device specification device specification
Static (DC), Functional +25, -565 and 125°C +25, -55 and 125°C
and Switching (AC)
Group A ELECTRICAL: Per applicable Sample | - Per applicable Sample | Per applicable @ Sample
Static (DC), Functional device specification device specification device specification
and Switching (AC) and 5005 and 5005
MARK/LEAD IDT Spec 100% | IDT Spec 100% | IDT Spec 100%
STRAIGHTENING
FINAL ELECTRICAL Per applicable 100% | Per applicable 100% | Per applicable 100%
TEST device specification device specification device specification
+25°C +25°C +25°C
FINAL VISUAL/PACK " IDT Spec 100% | IDT Spec 100% | IDT Spec 100%
QUALITY CONFORMANCE 5005 Group B, C,D.  [Sample | 5005 Group B,C,D. Sample | IDT Spec Sample
INSPECTION "
QUALITY SHIPPING IDT Spec 100% | IDT Spec 100% | IDT Spec 100%
INSPECTION
(Visual/Plant Clearance)
NOTES:
1. Class-C = IDT commercial spec. for hermetic and plastic packages
2. Typical 0°C, 70°C, Extended -55°C +125°C
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RADIATION TOLERANT/ENHANCED/HARDENED PRODUCTS FOR
RADIATION ENVIRONMENTS

INTRODUCTION

The need for high-performance CMOS integrated circuits
in military and space systems is more critical today than ever
before. The low power dissipation that is achieved using
CMOS technology, along with the high complexity and density
levels, makes CMOS the nearly ideal component for all types
of applications.

Systems designed for military or space applications are
intended for environments where high levels of radiation may
be encountered. The implication of a device failure within a
military or space system clearly is critical. IDT has made a
significant contribution toward providing reliable radiation-
tolerant systems by offering integrated circuits with enhanced
radiation tolerance. Radiation environments, IDT process
enhancements and device tolerance levels achieved are
described below.

THE RADIATION ENVIRONMENT

There are four different types of radiation environments
that are of concern to builders of military and space systems.
These environments and their effects on the device operation,
summarized in Figure 1, are as follows:

Total Dase Accumulation refers to the total amount of
accumulated gamma rays experienced by the devices in the

system, and is measured in RADS (SI) for radiation units .

experienced at the silicon level. The physical effect of gamma
rays on semiconductor devices is to cause threshold shifts (Vt
shifts) of both the active transistors as well as the parasitic field
transistors. Threshold voltages decrease as total dose is
accumulated; at some point, the device will begin to exhibit
parametric failures as the input/output and supply currents
increase. At higher radiaticn accumulation levels, functional
failures occur. Inmemory circuits, however, functional failures
due to memory cell failure often occur first.

Burst Radiation or Dose Rate refers to the amount of
radiation, usually photons or electrons, experienced by the
devices in the system due to a pulse event, and is measured
in RADS (Si) per second. The effect of a high dose rate or
burst of radiation on CMOS integrated circuits is to cause
temporary upset of logic states and/or CMOS latch-up. Latch-
up can cause permanent damage to the device.

Single Event Upset (SEU)is a transient logic state change
caused by high-energy ions, such as energetic cosmic rays,
striking the integrated circuits. As the ion passes through the
silicon, charge is either created through ionization or direct
nuclear collision. If collected by a circuit node, this excess
charge can cause a change in logic state of the circuit.
Dynamic nodes that are not actively held at a particular logic
state (dynamic RAM cells for example) are the most susceptible.
These upsets are transient, but can cause system failures
known as “soft errors.”

Neutron Irradiation will cause structural damage to the
silicon lattice which may lead to device leakage and, ultimately,
functional failure.

Radiation Primary
Category Particle Source Effect
Total Dose Gamma Space or Permanent
Nuclear
Event
Dose Rate Photons Nuclear Temporary
Event Upset of Logic
State or
Latch-up
SEU Cosmic Space Temporary
Rays Upset of
Logic State
Neutron Neutrons Nuclear Device Leakage
Event Due to Silicon
Lattice Damage
2510 drw 01
Figure 1.

DEVICE ENHANCEMENTS

Of the four radiation environments above, IDT has taken
considerable data on the first two, Total Dose Accumulation
and Dose Rate. IDT has developed a process thatsignificantly
improves the radiation tolerance of its devices within these
environments. Prevention of SEU failures is usually
accomplished by system-level considerations, such as Error
Detectionand Correction (EDC) circuitry, since the occurrence
of SEUs is not particularly dependent on process technology.
Through IDT's customer contracts, SEU has been gathered
on some devices. Little is yet known about the effects of
neutron-induced damage. For more information on SEU
testing, contact IDT's Radiation Hardened Product Group.

Enhancements to IDT's standard process are used to
create radiation enhanced and tolerant processes. Field and
gate oxides are “hardened” to make the device less susceptible
to radiation damage by modifying the process architecture to
allow lower temperature processing. Deviceimplants and Vts
adjustments allow more Vt margin:  In addition to process
changes, IDT's radiation enhanced process utilizes epitaxial
substrate material. The use of epi substrate material provides
a lower substrate resistance environment to create latch-up
free CMOS structures.

RADIATION HARDNESS CATEGORIES
Radiation Enhanced (RE) or Radiation Tolerant (‘RT)
versions of IDT products follow IDT's military product data
sheets whenever possible (consult factory). IDT's Total Dose
Test plan exposes a sample of die on a wafer to a particular
Total Dose level via ARACOR X-Ray radiation. This Total
Dose Test plan qualifies each ‘RE or ‘RT wafer to a Total Dose
level. Only wafers with sampled die that pass Total Dose level
tests are assembled and used for orders (consult factory for
more details on Total Dose sample testing). With regard to
Total Dose testing, clarifications/exceptions to MIL-STD-883,
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Methods 5005 and 1019 are required. Consult factory for

more details.

The ‘RE and ‘RT process enhancements enable IDT to
offer integrated circuits with varying grades of radiation
tolerance or radiation “hardness”.

+ Radiation Enhanced process uses Epi wafers and is able
to provide devices that can be Total Dose qualified to 10K
RADs (Si) or greater by IDT's ARACOR X-Ray Total Dose
sample die test plan (Total Dose levels require negotiation,
consult factory for more details).

+ Radiation Tolerant product uses standard wafer/process
material that is qualified to 10K RADs (Si) Total Dose by
IDT's ARACOR X-Ray Total Dose sample die test plan.
Integrated Device Technology can provide Radiation

Tolerant/Enhanced versions of all product types (some speed

grades may not be available as ‘RE).

Please contact your IDT sales representative or factory
marketing to determine availability and price of any IDT

product processed in accordance with one of these levels of
radiation hardness.

CONCLUSION

There has been widespread interest within the military and
space community in IDT's CMOS product line for its radiation
hardness levels, as well as its high-performance and low
power dissipation. To serve this growing need for CMOS
circuits that must operate in a radiation environment, IDT has
created a separate group within the company to concentrate
on supplying products for these applications.Continuing
research and development of process and products, including
the use of in-house radiation testing capability, will allow
Integrated Device Technology to offer continuously increasing
levels of radiation-tolerant solutions.
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THERMAL PERFORMANCE CALCULATIONS FOR IDT’S PACKAGES

Since most of the electrical energy consumed by
microelectronic devices eventually appears as heat, poor
thermal performance of the device or lack of management of
this thermal energy can cause a variety of deleterious effects.
This device temperature increase can exhibit itself as one of
the key variables in establishing device performance and long
term reliability; on the other hand, effective dissipation of
internally generated thermal energy can, if properly managed,
reduce the deleterious effects and improve component
reliability.

A few key benefits of IDT's enhanced CMOS process are:
low power dissipation, high speed, increased levels of
integration, wider operating temperature ranges and lower
quiescent power dissipation. Because the reliability of an
integrated circuit is largely dependent on the maximum
temperature the device attains during operation, and as the
junction stability declines withincreasesin junctiontemperature
(TJ), it becomes increasingly important to maintain a low (TJ).

CMOS devices stabilize more quickly and at greatly lower
temperature than bipolar devices under normal operation.
The accelerated aging of anintegrated circuit canbe expressed
as an exponential function of the junction temperature as:

w=toop | Ea (1 -1
k To T4

where
tA = lifetime at elevated junction (TJ) temperature
to = normal lifetime at normal junction (To) temperature
Ea = activation energy (ev)
k = Boltzmann's constant (8.617 x 10-%ev/k)

i.e. the lifetime of a device could be decreased by a factor of
2 for every 10°C increase temperature.

To minimize the deleterious effects associated with this
potential increase, IDT has:
1. Optimized our proprietary low-power CMOS fabrication
process to ensure the active junction temperature rise
is minimal.

2. Selected only packaging materials that optimize heat
dissipation, which encourages a cooler running device.
3. Physically designed all package components to

enhance the inherent material properties and to take
full advantage of heat transfer and radiation due to
case geometries.

Ref. MIL-STD-883C, Method 1012.1
JEDEC ENG. Bulletin No. 20, January 1975
1986 Semi. Std., Vol. 4, Test Methods G30-86, G32-86.

4. Tightly controlled the assembly procedures to meet or
exceed the stringent criteria of MIL-STD-883 to ensure
maximum heat transfer between die and packaging
materials.

The following figures graphically illustrate the thermal values
of IDT's current package families. Each envelope (shaded
area) depicts a typical spread of values due to the influence of
a number of factors which include: circuit size, package
materials and package geometry. The following range of
values are to be used as a comprehensive characterization of
the major variables rather than single point of reference.

When calculating junction temperature (TJ), itis necessary
to know the thermal resistance of the package (8JA) as
measured in “degree celsius perwatt’. Withthe accompanying
data, the following equation can be used to establish thermal
performance, enhance device reliability and ultimately provide
you, the user, with a continuing series of high-speed, low-
power CMOS solutions to your system design needs.

6JA = [Ty — TA)/P
TJ = TA + P[6JA] = TA + P[BJC + 6CA]

where

Je=TJ-Tc 6CA =Tc—TA
P P

6 = Thermal resistance

J = Junction

P = Operational power of device (dissipated)

TA = Ambient temperature in degree celsius

TJ = Temperature of the junction

Tc = Temperature of case/package

o6ca = Case to Ambient, thermal resistance—usually a
measure of the heat dissipation due to natural or
forced convection, radiation and mounting
techniques.

6Jc = Junction to Case, thermal resistance—usually
measured with reference to the temperature at a
specific point on the package (case) surface.
(Dependent on the package material properties
and package geometry.)

6JA = Junction to Ambient, thermal resistance—usually

measured with respect to the temperature of a
specified velume of still air. (Dependent on 8JC +
6JA which includes the influence of area and
environmental condition.)
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Theta JA vs. Airflow
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GD 208 THETA JA VS. AIRFLOW
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PACKAGE DIAGRAM OUTLINE INDEX

SECTION PAGE

MONOLITHIC PACKAGE DIAGRAM OUTLINES. .........cccoocrirmmmicnnsnsrcnsssnssesnnsssenssns 4.3
PKG. DESCRIPTION

G84-2 84-Lead Pin Grid Array (Cavity OWN) ......cccoirireerriineeiee ettt
G84-4 84-Lead Pin Grid Array (cavity down—R3010A) .

G144-1 144-Lead Pin Grip Array (cavity down) ........c.......

G144-2 144-Lead Pin Grip Array (cavity up — R3001) .......

G144-3 144-Lead Pin Grip Array (cavity down — R3000A) .

G161-1 161-Lead Pin Grid Array (cavity down) ........cccecevuvuene.

G175-1 175-Lead Pin Grid Array (cavity down—R3000A) ...

G179-1 179-Lead Pin Grid Array (cavity down) ..........c......... .
G447-1 447-Lead Pin Grid AITAY ....cc.oeeieiieieeieiseee et ettt sttt sttt e s e ste e e sae et s
J20-1 20-Pin Plastic Leaded Chip Carrier (square)

J28-1 28-Pin Plastic Leaded Chip Carrier (square) ....

J44-1 44-Pin Plastic Leaded Chip Carrier (square) ....

J52-1 52-Pin Plastic Leaded Chip Carrier (square) ...

J68-1 68-Pin Plastic Leaded Chip Carrier (square)....

J84-1 84-Pin Plastic Leaded Chip Carrier (square)

L20-2 20-Pin Leadless Chip Carrier (square)

L28-1 28-Pin Leadless Chip Carrier (square)

L44-1 44-Pin Leadless Chip Carrier (square)

L48-1 48-Pin Leadless Chip Carrier (square)

L52-1 52-Pin Leadless Chip Carrier (square)

L52-2 52-Pin Leadless Chip Carrier (square)

L68-1 68-Pin Leadless Chip Carrier (square)

L68-2 68-Pin Leadless Chip Carrier (square)

S020-1 20-Pin Small Outline IC (J Bend — 300 Mil) .c.cvevrreeriririierieriineneeet et
S024-4 20-Pin Small Outline IC (J Bend — 300 mil)

S024-8 20-Pin Small Outline IC (J Bend — 300 mil)

SUe8-5 20-Pin Small Outline IC (J Bend — 300 mil) ....

S028-6 28-Pin Small Outline IC (J Bend — 400 mil) ....

S032-2 32-Pin Small Outline IC (J Bend — 300 mil) ....

S032-2 32-Pin Small Outline IC (J Bend — 400 mil)

F84-1 84-Lead Quad Flatpack (Cavity dOWN) .......cccooiieriiiren et
F84-2 84-Lead Quad Flatpack (cavity up) ......c.ceceoenene

F172-1 172-Lead Quad Flatpack (cavity up—R3001) .........

F172-2 172-Lead Quad Flatpack (cavity down—R3000A) ..

M84-1 84-Lead MQUAD™ (J-bend, Cavity QOWN) ....c.ouereeirirerierierinenerieecre s er e st cnre st e
M160-1 160-Lead MQUAD™ (cavity dOWN) ......ccccveriiiiriiiinceniscie it srs s s
CQ84-1 84-Lead CERQUAD ..ottt sttt bbb st s sbe s enesenene
PQ80-2 80-Lead Rectangular Plastic Quad Flatpack (EIAJ) .....cococoeiiininc i
PQ100-2 100-Lead Rectangular Plastic Quad Flatpack (EIAJ) ......coeveeviciiiiiiiiicncicicecee

MODULE PACKAGE DIAGRAM OUTLINES
Module package diagrams are located at the back of each Subsystems data sheet.
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PACKAGE DIAGR

AM OUTLINES

FLATPACKS

84 LEAD QUAD FLATPACK (CAVITY DOWN)

D1
fp————————— D2 ————— — A fem—
e t— D3 —= /— PIN 1 INDEX MARK
“”H”“”M MM“”M" //_pIN1
r LB B LA B B B B & & & y 4 —]
—————— | ;=
[ ———] 1
[—— ] ==
ey [ ————]
— [ ——
———— | [ —]
[—— ] —_
] | ="
| [— ] [ == ]
3 4 !
E3 [———— ] -
T=l [-
[ ——— ] [ —————] =
l p =—= =" DET. "A”
[——] === _\
[——]
L
A |
fm D - * —e e Al
o e S
Jt_WJ_L_m. 1. ALL DIMENSIONS ARE IN INCHES,
SYMBOL N_| MAX UNLESS OTHERWISE SPECIFIED.
A - 140 | 2. BSC — BASIC LEAD SPACING
Al = 105 BETWEEN CENTERS. 018 MAX
b .014 .020 3. CROSS HATCHED AREA INDICATES 1 -
C .007 .013 INTEGRAL METALLIC HEAT SINK. ?
b/E 1.940 | 1.960
D1 /E7 1,140 | 1.160 _,l c
D2/E2 1.000 BSC
— .012 MAX
D3/E3 :500 BSC AT BRAZE PADS
e .050 BSC
L .350 | .450 DETAIL A
ND/NE 21

43



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)
84 LEAD QUAD FLATPACK (CAVITY UP)

- D1 — A
D2
{ )
| B |
OO U U TS T O U U R S RS S [ ]
———5) (e
e—— (Cmem—
} ——5 PIN 1 | PIN 1 INDEXE
—————5 ———
s——— [G——
—h] C————
——5 E———
———5] ———
] E——
9 ————
= R — = E2 E1 E
—3 C————
] ———
] C——
——5] [omm———
E3 c—— —
——3| ———
— [——
— & | e —
] [C—————
3] ==
r\‘lﬂﬁﬂﬂﬁﬂﬁﬁﬁf?f?ﬁﬁﬁmﬁﬁﬁﬂﬂ A’-‘*
|
e
- D3 + Al
° ) N
DWG # FB4—2 f
Z OF LDS (N) 84 _..l
SYMBOL | _MIN_| WAX ¢ ' T 012 MAX
:1 = 'lgg AT BRAZE PADS
b 074 | .020 DETAIL "A”
C 007 | 013 | noTES:
D/E 1.940 | 1.960 | 1, ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
D1/E1 1.130 | 1.170 SPECIFIED.
D2/E2 1.000 BSC 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D3/E3 500 BSC
e 050 BSC
L 350 | .450
ND /NE 21
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY UP — R3001)

R - — gy —————— E—
REV DCN DESCRIPTION DATE APPROVED
00 23329 . . INITAL RELEASE VT /At‘ dos
: ! --I lat— A
T LD —\ ]
t E2 E1 E
£3 _i_
! DET. "A \
— =
PIN 1 L
PIN 1 INDEX MARK
' e D3. - f .
I D2 - —a|  =—Al
r D1
I D
NOTES: (UNLESS OTHERWISE SPECIFIED)
1. ALL DIMENSIONS ARE IN INCHES.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS. B
3. SYMBOL "N” REPRESENTS THE NUMBER OF LEADS. )
4. PIN NUMBERING IS CLOCKWSE. .018 MAX
JEDEC IN PROGRESS . - ‘ —C
SYMBOLS MIN MAX | EXCEPTIONS L = .250 MIN |a— .008+.006
A - 130 |MIL-M—38510 |NOT LISTED " AT BRAZE PADS
Al - 105 | EXCEPTIONS DETALL A
b .006 .010
Q%Lgvﬁ'g ;é’é‘.h‘é? Integrated Device Technology, Inc,
C .004 .008 |FRAC DEC ANGLES : :
D/E 1580 1620 |5- 2 *- 3236 Scott Biwd., Santa Clara, CA 95051
: d (408) 727-6116  FAX: (408) 727-2328 |
D1/E1 . 1.135 | 1.165 | APPROVALS | DATE T T L
ORAWN 44 [11/9 !
b2/E2 1050 BSe | A /%21 4172 LD QUAD FLAT PACK
BLE nen Bue A CAVITY UP — MARKETING DWG |
e .025 BSC ‘ :
L 220 L 230 SCALE SIZE | DRAWING NO. : REV
N 172 N/A A| PSC=2111" | 00
ND /NE 43 DO NOT SCALE DRAWING [ sweer 1 o 1

43



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (CAVITY DOWN — R3000A)

- D1 -
jt—————— D2 ————— — A |m—
e——”<— D3 —= /—PIN 1 INDEX MARK
NoTE 3_\ """"""WH“EI HMHW“ mm" / PIN
N | —r— —
‘t—_—: — ;88%% — ‘__ E2 E1 E
E3 ‘ =  —
= — DET. A" i
l b ==3 — A '\
Cmer— e ’ —
L
A |
[ D - ’ — Al [-—
DWG # F172—-2
# OF DS _(N) 172 NOTES:
SYMBOL MIN | MAX | 1, ALL DIMENSIONS ARE IN INCHES,
A - 140 UNLESS OTHERWISE SPECIFIED.
A1l - 105 2. BSC — BASIC LEAD SPACING
b .006 .010 BETWEEN CENTERS.
C .004 .008 3. CROSS HATCHED AREA INDICATES
D/E 1.580 | 1.620 METALLIC HEAT SINK. | .018 MAX
D1/E1 1.135 | 1.165 }
D2/E2 1.050 BSC
D3/E3 525 BSC | c
e .025 BSC 008+.006
L .220 .230 | : '
ND /NE 23 AT BRAZE PADS

DETAIL A
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PACKAGE DIAGRAM OUTLINES

CERQUADS

84 LEAD CERQUAD (J—BEND)

; \/—.040 X 45°
4 :
- & i
L )
i i
i ]
i i
i ]
i ]
i i
D D1 D3 ! -+ :
i i
i ]
i ]
i i
i
i i
i
i
] i
&3 — .
E1
E |
R
| T
o4 (U A A A A L
b—sffe— |
» D2/E2 -
DWG # CQ84—1 NOTES:
OF LDS (N)J 84 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SYMBOL MIN_| _WAX i
A 155 | .200 ‘
- T 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
bl 022 | .032
b 013 | .023
C 006 | 013
D/E [ 1470 1.190
D1 /E1 1138 | 1.162
D2 /E2 1.100 | .1.150
D3/E3 1.000 BSC
e 1050 BSC.
ND/NE 21
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS

h X 45°
3 PL

1

€

2 | -

L2

FI

NOTES:

_1_e1
AN

_[81

-
LL —~| A

O

——

m
(&)

-
E
E

-

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

20—48 LEAD LCC (SQUARE)

DWG # [20—2 1281 T44—1 T48—1
OF DS (N) 20 28 44 48
SYMBOL | MIN | MAX | MIN ] MAX | MIN | MAX | MIN ]| MAX
A 7064 | .100 | .064 | .100 | .064 | .120 | .055 | .120
Al .054 | .066 | .050 |.088 | .054 |.088 | .045 |.090
Bi .022 |.028 | .022 |.028 | .022 |.028 | .017 |.023
B2 072 REF_| .072 REF | .072 REF_| .072 REF
B3 -006 | .022 | .006 [.022 | .006 [.022 |.006 |.022
D/E 342 | .358 | .442 | .460 | .640 | .660 | .554 | .572
D1 /E1 200 BSC | .300 BSC | .500 BSC | .440 BSC
D2/E2 100 BSC | .150 BSC | .250 BSC | .220 BSC
D3/E3 — [.358 | — [.460 | — [.560 |.500 |.535
e 050 BSC | .050 BSC | .050 BSC | .040 BSC
el 05 — [.06] — [.06] — |.0156] =
h 040 REF | .040 REF | .040 REF | .012 RADIUS
J 020 REF_| .020 REF | .020 REF | .020 REF
C .045 | .055 | .045 [.055 | .045 [.055 | .033 [.047
K] .045 |.055 | .045 | .055 | .045 | .055 | .033 |.047
2 077 |.093 |.077 |.093 |.077 |.093 |.077 |.093
3 .003 | .015 | .003 | .015 | .003 | .015 | .003 |.015
ND /NE 5 7 11 12

N\

[e— D3 —»

N WL

o3 | ]!
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

52-68 LEAD LCC (SQUARE)

DWG # [52—1 150-2 1682 T68—1
Z OF _LDS (N) 52 52 68 68
SYMBOL | MIN_ | MAX | MIN ] MAX | MIN | MAX | MIN | MAX
A .061 | .087 |.082 |.120 | .082 |.120 |.065 | .120
Al 051 |.077 | .072 |.088 |.072 |.088 | .055 | .075
B 022 |.028 | .022 |.028 |.022 |.028 |.008 | .014
B2 .072 REF | .072 REF | .072 REF | .072 REF
B3 .006 |.022 | .006 |.022 |.006 |.022 | .006 |.022
D/E 739 | .761 | .739 | .761 | .938 |.962 | .554 | .566
D1 /E1 600 BSC | .600 BSC | .800 BSC | .400 BSC
D2/E2 .300 BSC | .300 BSC | .400 BSC | .200 BSC
D3/E3 — [ 661 | — [.661 ] — [.862 | — [.535
e 050 BSC | .050 BSC | .050 BSC | .025 BSC
el 015 - |.06] — J.006] — |.0156] —.
h .040 REF | .040 REF | .040 REF | .040 REF
J .020 REF | .020 REF | .020 REF | .020 REF
L .045 |.055 | .045 |.055 |.045 [.055 |.045 |.055
K] 045 | .055 | .045 |.055 | .045 |.055 | .045 |.055
2 077 |.093 |.075 |.093 | .075 |.095 | .077 | .093
L3 .003 | .015 | .003 | .015 |.003 |.015 | .003 | .015
ND /NE 13 13 17 17
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS

84 PIN PGA (CAVITY DOWN)

BOTTOM VIEW #B1 TOP VIEW

1.2 3 45 6,7 8 9 104112 .
MEEEEEEEPEEEE®
LI@O@OEOEEOOEEE®
KIOO@E @O
J@O 0]0;
ot 56
G E1 E
FlOE + 0]0) -+
El@OQ® O]0;
O]O; ©0]0)
cl@E@® OO
BlOO@OEOOEOEO®O®E®®
APOEOEEOPEEE®P A
D1 PIN 11D
D — Q1 {
SEATING PLANE { Z A =1 !
Lt J,l t 1
| 982 —|le-em —] e
DWG # G84—2
# OF PINS (N) 84 NOTES:
SYMBOL MIN_| MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
9B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 060 | .080 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
982 040 | 080 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1180 [ 1.2385 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E1 7100 BSC
) 100 BSC
L 100 | .120
M 12
Q1 025 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN — R3010A)

BOTTOM VIEW @B1 TOP VIEW
1 2 3 45 6,7 8 9104112
MEEEEEEEEEEE®
LIOOEOOEOOEEEEO
KIQO@E 0]0JO;
OIO) 0]0;
H©@® ®@E
¢|@@ -I— @@| @&
FIOO 0O
E®OE ©0]0,
OO ®O
cl@O®E OEO
B|OOO@OOOOO®O®EO®E |
APOOOEEOEPEEE®D A
D1 | s/ PIN 1 10—/
D — Q1
seATNG PLANE—L = =l
o ,l L |
' e o]~ s —~lele
DWG # CB4—4 ‘
# OF PINS (N) 84 NOTES: : ‘ o
SYMBOL MIN | MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
9B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 060 | .080 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
982 040 | 080 4. SYMBOL "N" REPRESENTS THE NUMBER OF PINS
D/E 1180 11,235 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E7 1100 BSC 6. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
Z %00 B0 HEAT SINK.
L 120 | .140
M 12
Ql ~025 | .060

43



PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY UP — R3001)

BOTTOM VIEW 981 TOP VIEW
1 2 3 45 6 7 8 9101112131415
RI@EOOOOEOOEOEOEEEE®
41010]10]0]0J0]0I0I0I0I0IOI0I0]0;
NEOEEEEEEOOEEEEOE®
MO@OOO 0]0]0]
L OO 0]O]0]
KI@OO® OOO
lllololo, PO, .
HEEE | 01010) -+
4[0]0J0; (0]O]0]
F EXTRA PIN O@OT
E@@@@/ (0]0]0]
M(O]O]0) 0]0JO;
cl@EEEEEEO®EOEEEEEE
BlOOOOEOOOOOEEOEOOE
Jilolelofolelolvlelofolelololk A
D1 PIN 1 ID
D
LI
&
SEATING PLANE
G PLA ! 7 ’lﬁl’ “ M
T_— w el
DWG # G144—2
OF PINS (N) 145
SYMBOL MIN | MAX
A .082 125 NOTES:
48 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
981 .060 | .080 SPECIFIED.
982 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.400 BSC 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
e 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
T 720 [ 140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D-3.
M 15
Q .040 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN)

TOP_VIEW

> W OOM™TO®Fc XX ZTVTA

BOTTOM VIEW o8t
1.2 3 45 6 7 9 1011 12 13 14 15
PEEEEEEPECREEE®
0]0]0]00]0]0I0I0I0I0I010l0]0]
0]0]0]0]0]0]0l0]0]0]0l0l0]0]0]
0]0]0] @O
0]O]0] ©]0JO;]
@O 0100,
0]0JO; @OO|, ¢
OO + —OO0r -+
0]OJO; ’ 0]0]0]
0]0JO; 00]0]
0]0JO; 0]O]0]
0]0]0] OO
0]0]0]00]0]0I0I0l0I0]0I0]0]0]
QOOOEOEOOEOEEOEEE A
PEEEEEEDEEEEEEH | A
k 001 PN 1D
e
Pt Ly =
SEATING PLANE
Ve s ek
[ DWG ¢ G144—1
# OF PINS (N) 144
SYMBOL MIN_| MAX
A 082 _|_.100
98 .016_| .020 NOTES: ,
9B1 060 | .080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
282 a0 580 2. BSC - BASIC LEAD SPACNG BETWEEN CENTERS
D%E 1‘;'554%0 é'ggo' 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
A — 00 BSC 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
= 550 T 140 5. CHAMFERED CORNERS ARE IDT'S OPTION.
2 55 [ 560
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN — R30004)

BOTTOM VIEW ¢B1 TOP VIEW
1 2 3 45 6 7 8 9101112131415
Jlolololololololvlolofolololok:
PIOO@OEEEEOO®EOEEEEEE
NEOEOEEEE®EEEEEEE
MOEE 0]0J0;
LI@OE 0]O]0]
K@@ 0]0]0;
fllololo; PG|, .
HSH{H—— -l—- CACAC, S
6| @O @OO
FIO@® gxra PIN ©OOE
E@@@@/ @O
OIOIO0) OO
cl@EOOEEEEEAEEEOEOEEE
HOJ0J0]0]0]0]010I0]0]0010]0]0;
APPEEEEEOEEEPEEE® -~
D1 NOTE 7—/ PIN 1 1D
D
i —
SEATING PLANE ’ * " “ M
l —JL- . Bp —~fel
DWG # GCl144—3
# OF PINS (N) 145
SYMBOL MIN | MAX
A .082 130 NOTES:
28 :016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
9B1 060 | .080 SPECIFIED.
982 040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.400 BSC 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS
6 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
T 7120 | 140 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D—3.
v 15 7. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
Qi 025 | .060 HEAT SINK.

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

161 PIN PGA (CAVITY DOWN)

BOTTOM VIEW
#B1

12345678 9101112131415
R(©0000000000000¢
P| ©00000000000000
N| 0000000000000
M 0000000900000
L| 000 000
k| 000 000
J| 000 000

HO06— |- —006+ E1 E
¢| 000 000
Fl 000 000
E| 000 000
b| ©0000000OOOO000
¢| 0000000000000
B| 900000000000000
A| [©000000000060@-
’-4————— D] ——=
D — =

SEATING PLANE

DWG # G161—1 NOTES:
[# OF PINS (N 161
SYMBOL MIN | MAX
A 082 | .145
0B 016 | .020
2B1 060 | .080
982
D/E 1.559 | 1.590
D1 /E1 1.400 BSC
e .100 BSC
L 120 | 140
M 15
Q1 025 | .060

TOP VIEW

NV

PIN 1 ID—/

-

(UNLESS OTHERWISE SPECIFIED)"
ALL DIMENSIONS ARE IN INCHES.
BSC — BASIC LEAD SPACING BETWEEN CENTERS.
SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
SYMBOL "N” REPRESENTS THE NUMBER OF PINS.
CHAMFERRED CORNERS ARE IDT'S OPTION.

[T

‘_;l

— > |-

-

1
2
3
4
5.
040 T 0601 [6] CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
HEAT SINK..

43
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

175 PIN PGA (CAVITY DOWN — R30004)

BOTTOM VIEW #B1 TOP VIEW
1 2 3 45 6 7 8 9101112131415
ROEEEEEEOOCEEEE®
PIOE@OEEOOOO®OEOEOEEEE
NEOE@OEOEEE®EEEEEEE
MOOEOEEEE®EEEEEEE
LIEEOO 0]0]0J0;
KI@O@O@E 0]00]0,
lllolololo; POV, .
HOOOO— + —OOOOr
6|QO@OE 0]0]0]0;
FIOOOO 0]0]0]0]
E@OOO 0]O]0]0]
D[PEPEEEEE®EOEEEEEE
cl@EEEEEEOEOEEOEEEE
Bl®@@OOOOOO®OOOEEEE
difclolololololololololelolol -~
D1 PIN 1 ID
D NOTE 6 /
N | —
SEATING PLANE
s il ]
s ] o=
DWG # G175—1
% OF PINS (N) 175
SYMBOL MIN | MAX
A .082 145 NOTES:
28 .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
9B1 .060 | .080 SPECIFIED.
982 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.559 | 1.590 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.400 BSC 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
e 700 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
3 720 | .140 6. CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
Vi 3 HEAT SINK.
Q1 .025 | .060

43
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

179 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP_VIEW
#B1 '
12 3 48 ‘/._' 10 11 12 13 1418 16 17 18
+[9ooodooecPeoroo0ad]
IR T R G e R L)
°|@EEEOOOOOPEEOOOOOO
000 000
(000 000
rl006 000
‘|eo0 000
" ©OO 000
x| 00 000
|eoe 0006
“W 006 000
W 006 000
reoe 000
v 006 0006
T g@@@@@@@@@@@@@@@@@ ’
| #80000000000000009 : /,
V|| 0006000000060000004;
~— DI ——— | @/ PN 1 10—
D — ]
Q1 ‘
SEATING PLANE _‘ ! &
Jf‘_ RERRRRRRRRARIA f
let— € ?B2
—-—— ¢
DWC # G179—1 NOTES: (UNLESS OTHERWISE SPECIFIED)
# OF_PINS_(N) 179 1. ALL DIMENSIONS ARE IN INCHES.
SYMBOL MIN | MAX 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
A 082 145 3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.
75 016 T 020 4 SYMBOL "N” REPRESENTS THE NUMBER OF PINS.
o5 560 T o801 5. CHAMFERRED CORNERS ARE IDT'S OPTION.
982 — 540 10601 [6] CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
D/E 1.840 | 1.880 HEAT SINK..
D1 /E1 1.700 BSC :
e 100 BSC
L 1320 T 140
M 18
Q1 025 | _.060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

447 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP VIEW
D
D1
w[0000000000000000606000
Jvé¥%%%%9699 é&&%ﬁ%ﬁgﬁ%
sl egedecersiededee alesioce sledeceie’
W Eox R xR CRCRERERERE (CROKCRERERS @g@@%@
M 6% %% 6%
B 0%
] Sotae? RO
266 o)
w0l 0307 qﬂﬁ?
1 %% %%
Méd%%% %_ EXORERCE
N [ox0x0x OXOKOX
» 1l ceceees 060
vl 0% 6% 6%
ul %% SRR
L e%eete erere
s o7 080
¢ " 66%0 ©.0.0.0.0.6l0 0.0 6.0 0 B
s‘&§QQﬂ%9é¢%@%%%%%%%%
b
1 P %707 %% % % 10 e 6 6 6 e 6 e e
2 4 6 8 10 12 14 16 18 2D 22 24 26 28 30 32 34 36 38
1 3 57 9 1113151719 21 23 25 27 290 31 33 35 37 39
SEATING PLANE
DWG # G447-1 NOTES:
# OF PINS (N) 447 1. ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE
SYMBOL MIN MAX SPECIFIED.
A .070 145 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
8 016 0561 3. SYMBOL "M REPRESENTS THE PGA MATRIX SIZE.
e 556 T0s5| 4 SYMBOL "N" REPRESENTS THE NUMBER OF PINS.
982 045 055 5. CHAMFERRED CORNERS ARE IDT'S OPTION.
5k 504050801 (6] CROSS HATCHED. AREA INDICATES INTEGRAL METALLIC
D1 /KT 1,900 BSC HEAT SINK..
e .100 BSC
L 120 | 140
M 39
Q1 .025 | .060
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC

f=—s
QN N0000N000

N

—/)_ILIUUTUUUUU
PIN 1 o |—

——

lt———————— D ——————— ]

-i—B(

OPTIONAL)

NOTES:
1. ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.

3. D1 & E1 DO NOT INCLUDE MOLD FLASH
OR PROTRUSION AND TO BE MEASURED
FROM THE BOTTOM OF THE .PKG.

4. FORMED LEADS SHALL BE PLANAR WITH

RESPECT TO ONE ANOTHER WITHIN .004"
AT THE SEATING PLANE

h X 45°

YHNARAAARAM »
]—’—-'» SEATING PLANE
.025 MIN

-

A

(e

20-32 LEAD SMALL OUTLINE (J—BEND, 300 MIL)

DWG # S020—1 S024—4 S024—8 S028—5 S032—2
# OF LDS (N) 20 24 24 28 32
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

A 120 | 140 | 130 | .148 | 120 | .140 | .120 | .140 | .130 | .148
Al 078 | .095 | .082 | .095 | .078 | .091 | .078 | .095 | .082 | .095
B - — | .026 | .02 | = = — — | .026 | .032
B1 014 | .020 | .015 | .020 | .014 | .019 | .014 | .020 | .016 | .020
C 008 | .013 | .007 | .011 | .0091 | .0125 | .008 | .013 | .008 | .013
D1 500 | .512 | .620 | .630 | .602 | .612 | .700 | .712 | .820 | .830
E 335 | 347 | .335 | .345 | .335 | .347 | .335 | .347 | .330 | .340
£l 292 | .300 | .295 | .305 | .292 | .299 | .292 | .300 | .295 | .305
E2 262 | .272 | .260 | .280 | .262 | .272 | .262 | .272 | .260 | .275
) .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
h 010 | .020 | .010 | .020 | .010 | .016 | .012 | .020 | .012 | .020
S 023 | .035 | .032 | .043 | .032 | .043 | .023 | .035 | .032 | .043

43
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

NOTES:
. ALL DIMENSIONS ARE IN INCHES,

D1 UNLESS OTHERWISE SPECIFIED.

1
2. BSC — BASIC LEAD SPACING

e PIN 1
nnnoonnnonnoonnnn BETWEEN CENTERS.
3. D1 & E1 DO NOT INCLUDE MOLD
FLASH OR PROTRUSION AND TO
BE MEASURED FROM THE BOTTOM
E1 E

OF THE PKG.

4. FORMED LEADS SHALL BE PLANAR
WITH RESPECT TO ONE ANOTHER
WITHIN .004" AT THE SEATING

N PLANE. u
oo OO OO OO O™
\
’ I\ J
T .

28—32 LEAD SMALL OUTLINE (J-BEND, 400 MIL)

DWG # S028-6 S032-3
# OF DS (N) 28 32
SYMBOLS MN | MAX | MIN | MAX
A 31 | 145 | 431 | 145
Al 045 | .055 | .045 | .055
A2 .086 | .090 | .086 | .090
B 026 | .032 | .026 | .032
B1 015 | .020 | .0156 | .020
C 007 | .0125 | .007 | .0125
D1 720 | .730 | .820 | .830
E 435 | .445 | .435 | .445
El 395 | .405 | .395 | .405
E2 360 380 | .360  .380
e .050 BSC .050 BSC
S 032 | .043 | .032 | .043
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS

80 & 100 LEAD RECTANGULAR PLASTIC QUAD FLATPACK (EIAJ)

o1
ZD f= D3
.
E %&— —|— E E3 E1
=lo =
I illili *
|

w

||

e

-7 0'-
[ DWG § PQBO—2 PQ100—2
# OF LDS (N) 80 100
SYMBOLS MIN | MAX | MIN [ MAX
A 2.80 | 3.40 | 2.80 | 3.40
Al .25 — .25 -
A2 2.54 | 3.05 | 2.54 | 3.05
C 13 | 20 | a3 | .20
D 23.65] 24.15] 23.65] 24.15
D1 19.90] 20.10]19.90] 20.10
D3 18.40 REF_| 18.85 REF
E 17.65] 18.15] 17.65] 18.15
E1 13.90] 14.10] 13.90] 14.10
E3 12.00 REF | 12.35 REF
L 65 | 95| .65 | .95
ND/NE 16/24 20/30
P .80 BSC .65 BSC
W .30 | .25 |
ZD .80 .575
ZE 1.00 .825

NOTES:

1.

2
3.
4

ALL DIMENSIONS ARE IN MILLIMETERS, UNLESS
OTHERWISE SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN
CENTERS.

D1 & E1 DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE PROTRUSION IS .254 PER SIDE.
ND & NE REPRESENT NUMBERS OF LEADS IN
D & E DIRECTIONS RESPECTIVELY.

43
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PACKAGE DIAGRAM OUTLINES

MQUADS ®

84 LEAD MQUAD (J—BEND, CAVITY DOWN)

SEATING PLANE -

c
D2/E2
5 b1

1=

Tl=Tt
guouuoOuOuoT Oo0O0O00000OuUn -
= E(JNE)————--‘ L ar

| s
E

DWG # M84—1
# OF LDS (N) 84
SYMBOL MIN_[ MAX
A 165 | .180
Al 094 | .14
b .026 | .032
b1 013 | .021
C .008 | .012
D/E 1.185 | 1.195
D1/E1 1.140 | 1.150
D2/E2 1.090 | 1.130
D3/.E3 1.000 BSC
€ .050 BSC
h .045 REF
J .015 REF
ND /NE 21

NOTES:

1.

2.
3.

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN CENTERS.

FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
ONE ANOTHER WITHIN .004" AT THE SEATING PLANE.

D1 & E1 SHOULD BE MEASURED FROM THE BOTTOM
OF THE PACKAGE.

ND & NE REPRESENT NUMBER OF LEADS IN D & E
DIRECTIONS RESPECTIVELY.
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PACKAGE DIAGRAM OUTLINES

MQUADS ® (Continued)

160 LEAD MQUAD (CAVITY DOWN)

h X 45°
1 e
= O\PIN 11D
i
=
D3 =
3 PL
J X 45°
I
DWG # M160—1
# OF LDS (N) 160
SYMBOL MIN | MAX
A 3.50 | 3.86
Al .25 .51
A2 317 | 3.43
b 22 | .35
C 13 .20
D/E 31.70 | 32.10
_D1/E1 27.56 | 27.72]
D3/.E3 25.35 BSC
€ .65 BSC
h .89 REF
J_ .20 REF
L 67 | .93
ND/NE 40

NOTES:

1.

2.
3.

ALL DIMENSIONS ARE IN MILLIMETERS, UNLESS
OTHERWISE SPECIFIED. -

BSC — BASIC LEAD SPACING BETWEEN CENTERS.

D1 & E1 SHOULD BE MEASURED FORM THE BOTTOM -
OF THE PACKAGE. ‘

ND & NE REPRESENT NUMBER OF LEADS IN D & E
DIRECTIONS RESPECTIVELY.

4.3 21



PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS

20—84 LEAD PLCC (SQUARE)

I D la— A
D1 — A1
45" x .045 PIN 1 —{ ~—C
aomMmMan MM
q N /_ J—
O il —
0 0
0
: 1 E T _t p3/es
E 41 T D2/E2
O 1 - b1
0 0 B]
0 ‘\ 0
K | N O B J _..)__.___ -
. et\ 01_.| SEATING PLANE
NOTES: HEATSINK OPTIONAL ON J84—1

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
BSC — BASIC LEAD SPACING BETWEEN CENTERS

D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE
ANOTHER WITHIN .004” AT THE SEATING PLANE.

ND & NE REPRESENT NUMBER OF LEADS IN D & E DIRECTIONS
RESPECTIVELY.

D1 & E1 SHOULD BE MEASURED FROM THE BOTTOM OF THE PKG.

o o pups

DWG # J20-1 J28—1 J44—1 J52—1 J68—1 J84—1

# OF LDS 20 28 44 52 68 84
SYMBOL | MIN [ MAX] MIN | MAX]. MIN [ MAX] MIN [ MAX] MIN | MAXT MIN | MAX
A .165.180}.165|.180].1651.180].165|.180].165|.180].165 | .180
Al .095].115].095(.115}.095/.115).095|.115 |.095|.115}.095 | .115
B .0261.032].026|.032].026].032).0261.032].026|.032].026 |.032
b1 .013].021].0131.021].013|.021].013].021].013{.021].013 | .021
C .020|.040].020|.040{.020{.040}.020|.040].020|.040].020 [.040
C1 .008|.0124.008|.012}.008{.012].008|.012].008|.012.008 | .012
D .385|.395].485(.495].685|.695].785(.795].985|.995]1.185| 1.195
D1 .350/.356].450|.456].650{.656].750|.756].950|.956]1.150 | 1.156
D2/E2 .290(.330}.390|.430].590{.630].690(.730}.890|.930}1.090| 1.130
D3/E3 .200 REF].300 REF].500 REF].600 REF}.800 REF| 1.000 REF
E .385.395].485|.495].685{.695].785.795].985|.995]1.185| 1.195
E1 .350|.356].450|.456].650{.656].750{.756].950|.956]1.150{1.156
e .050 BSC].050 BSC].050 BSC|.050 BSC}.050 BSC}.050 BSC
ND/NE 5 7 11 13 17 21

43 22
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IDT RISC PROCESSING COMPONENTS

THE COMPLETE RISC SOLUTION

Integrated Device Technology, Inc. is dedicated to provid-
ing complete RISC design solutions by combining expertise in
silicon processes with leadership products in development
systems and software. Long an industry leader in the fastest
static RAMs and high-speed logic, IDT now offers RISC
system building blocks comprised of components and board-
level subsystems.

As asemiconductor partner with MIPS Computer Systems,
IDT has established a leadership position in the RISC mar-
ketplace by supplying the fastest CPUs at 40MHz, pioneering
RISC CPU Subsystem™ modules, and offering cost-effective
development tools and software.

The MIPS architecture has become an industry standard
and has been adopted by over 100 leading OEM manufactur-
ers including DEC, Sony, Tandem, NEC, CDC, Adobe, Si-
emens, Nixdorf, Honeywell Bull and Silicon Graphics. The
MIPS ISA (Instruction Set Architecture) has been selected by
JIAWG as the 32-bit microprocessor standard for military
avionics.

RISComponent™ FAMILY OVERVIEW

The R3000 Family consists of the R3000 RISC CPU, the
R3001, R3041, R3051/52, and R3081 RISControllers™, the
R3010A Floating-Point Accelerator, the R3500 RISCore™
and the R3020 Write Buffer. The R3000 processor is a

CPO
(System Control Coprocessor)

CON | ROL

derivative of the R2000A, the first commercially-available
RISC processor introduced in 1985. The R3001 RISController
and the R3051 family, including the R3041 and R3081, are
versions of the processor tailored for embedded control and
low-cost workstations. The R3500 integrates floating-point
capability onto the R3000 pinout. The R4000 is the third
generation of the MIPS RISC architecture that sets a new
performance standard for the 1990s.

THE IDT79R3000 CPU

The R3000 processor consists of two tightly-coupled pro-
cessors implemented on a single chip.

Thefirst processor is a full 32-bit Harvard Architecture CPU
consisting of 32 registers, an integer ALU, a single-cycle
shifter, and a multiplier/divider. The second processor is a
system control coprocessor containing a Translation Look-
aside Buffer (TLB) and control registers to support a virtual
memory space of 4GB and separate instruction and Data
caches.

The R3000 CPU features:

+ Full 32-bit operation

+ Three instruction formats

« Efficient 5-stage pipeline

+ On-chip cache control

+ On-chip Memory Management Unit
» Multiprocessor capability

CPU

I Master Pipeline/Bus Control

-

Exception/Control General Registers
egisters (32x32)
Memory ALU
Management Local -
Unit Registers Control Shifter
Translation Logic Muttiplier/Divider
Lookaside Address Adder
Buffer
(64 entries) PC Increment/Mux
Virtual Page Number/ ! |
Virtual Address
]
J L g

TAG (20+4)

| Data (32+4}

~~

ADDRESS (18)

2860 drw 01

Figure 1. IDT79R3000 Processor




THE IDT79R3010A FLOATING-POINT
ACCELERATOR

The R3010A Floating-Point Accelerator (FPA) supports full
conformance with the IEEE 754 floating-point specification. It
acts as a coprocessor to the R3000 CPU, providing a seam-
less integration of fixed and floating-point instructions. All
floating-point operations are transparent to the programmer.

The R3010A FPA features:

+ Full 64-bit operation

« Single-cycle load/store instructions

- Seamless interface to the R3000 or R3001 CPU

+ Three operation units (add/subtract, multiply and divide)
can operate in parallel

+ Six-level pipeline

THE IDT79R3001 RISController™

The R3001 RISControiler optimizes the high-performance
MIPS architecture for embedded control systems. Capable of
28 MIPS performance at 33MHz, the R3001 incorporates new
features for real-time control. The controller extends the
performance range of the current R3000 processor, saves
valuable real estate for space-critical designs and lowers
system memory costs.

The MIPS performance range is extended by the increase
inthe R3000 in the synchronous memory space from 512KB,
maximum, to a full 32MB. This allows the system to perform
with a guaranteed "cache" hit rate of 100%. The on-chip
memory controller allows the designer to use standard SRAMs,
DRAMSs, or even VRAMs, representing a significant cost
savings over other solutions. The processor supports pre-
dictable interrupt response times for real-time control appli-
cations, and system chip count is lowered by substantially
reducing the number of devices needed to implement local
memory.

THE R3051 FAMILY OF RISControllers™

The IDT79R3051 Family is a derivative of the R3000,
featuring a high level of integration and targeted to high-
performance but cost-sensitive embedded processing appli-
cations. The R3051 family is designed to bring the high-
performance inherent in the MIPS RISC architecture into low-
cost, simplified, power-sensitive applications.

Functional units were integrated onto the CPU core in order
to reduce the total system. cost rather than to increase the
inherent performance of the integer engine. Thus, the R3051
family is able to offer 35 MIPS of integer performance at
40MHz without requiring external SRAM or caches.

The R3041 extends the range of price/performance achiev-

of using the MIPS architecture. The R3041 has been designed
to achieve minimal system and components cost, yet maintain
the high performance inherent in the MIPS architecture. The
R3041 also maintains pin and software compatibility with the
R3051 and R3081.

The R3081 extends the capabilities of the R3051 family by
integrating the additional resources into the same pinout. The
R3081 thus extends the range of applications addressed by
the R3051 family and allows designersto implement a single,
base system and software set capable of accepting a wide
variety of CPUs according to the price/performance goals of
the end system.

THE R3500 RISCore™ CPU/FPA

The R3500 is a single chip thatintegrates the R3000A CPU
and the R3010A FPA execution units using the R3000A
packaging and pinout. This high-integration device is com-
pletely binary software, compatible with the R3000, R2000
CPUs and R3010A FPA to facilitate the migration path to
higher performance and lower chip count systems that utilize
both the CPU and the floating point units.

IDT has also made several enhancements to the R3000
architecture such as faster multiply and divide instructions and
added a programmable tag bus width allowing reduced cache
cost. The power consumption is lower by 33% when com-
pared to the standard R3000 and R3010A.

THE IDT79R4000 CPU

The R4000is the third generation of MIPS RISC technology
and establishes a new performance standard for RISC pro-
cessors for the 1990s. The R4000 extends the performance
range served by the MIPS architecture and, thereby, provides
a migration path to applications served by the R3000, R3001,
and the R3051.

This third generation processor maintains full binary com-
patibility with applications executing on the R2000/R3000 and
IDT's RISController family, while achieving substantially higher
performance. The key to this performance is both the archi-
tecture/implementation of the processor and the high level of
integration achieved in a single chip. The R4000 contains the
RISC integer unit, floating-point unit, MMU, 8K of I- and D-
cache, along with multiprocessing support such as direct
control of optional secondary caches. To achieve performance
levels capable of over 50 VAX MIPS sustained performance,
the R4000 utilizes technology such as super-pipelining to
exploit2-level instruction parallelism with noissue restrictions.
The R4000 presents a balanced architectural approach to
achieve a wide range of price/performance goals.

able with the R3051 family, by dramatically lowering the cost
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Integrated Device Technology, Inc.

RISC CPU PROCESSOR

IDT79R3000A
IDT79R3000AE

FEATURES:

Enhanced instruction set compatible version of the
IDT79R2000, IDT79R3000 RISC CPUs.

Upwardly pin-compatible with IDT73R3000 RISC CPU.
IDT79R3000A “E" version relaxes system memory timing
requirements in a high-speed systems.

Full 32-bit Operation—Thirty-two 32-bit registers and all
instructions and addresses are 32-bit.

Efficient Pipelining—The CPU's 5-stage pipeline design
assists in obtaining an execution rate approaching one
instruction per cycle. Pipeline stalls and exceptions are
handled precisely and efficiently.

On-Chip Cache Control—The IDT79R3000A provides a
high-bandwidth memory interface that handles separate
external Instruction and Data Caches ranging in size from
4t0256kB each. Both caches are accessed during a single
CPU cycle. All cache control is on-chip.

On-Chip Memory Management Unit—A fully-associative,
64-entry Translation Look-aside Buffer (TLB) provides fast
address translation for virtual-to-physical memory map-
ping of the 4gB virtual address space.

Dynamically able to switch between Big- and Little-Endian
byte ordering conventions.

Coprocessor Interface—The IDT79R3000A generates all
addresses and handles memory interface control for up to
three additional tightly coupled external processors.
Optimizing Compilers are available for C, Fortran, Pascal,
COBOL, Ada, PL/1, and C++.

UNIX™ System V.4 and BSD 4.3 operating systems sup-
ported.

High-speed CMOS technology.

16.7 through 40MHz clock rates yield up to 32VUPS sus-
tained throughput.

Supports independent multi-word block refill of both the
instruction and data caches with variable block sizes.
Supports concurrent refill and execution of instructions.
Partial word stores executed as read-modify-write opera-
tions.

6 externalinterrupt inputs, 2 software interrupts, with single
cycle latency to exception handler routine.

Flexible multiprocessing support on chip with no impact on
uniprocessor designs.

IDT79R3000A PROCESSOR BLOCK DIAGRAM

CPO CONTROL
(System Control Coprocessor)

CpPU

| Master Pipeline/Bus Control

-

g2 T T
Exception/Control General Registers
Registers (32x32)
Memory ALU
Management Local -
Unit Registers Control Shifter
Translation Logic Muttiplier/Divider
Lookaside Address Adder
Buffer
(64 entries) PC Increment/Mux
Virtual Page Number/ ’
Virtual Address i L
]
J L N
TAG (20+4) L ] Data (32+4)
ADDRESS (18) 2860 drw 01
CEMOS is a trad rk of | Device Technok Inc.
UNIX is a Trademark of AT&T .
COMMERCIAL TEMPERATURE RANGE JUNE 1992
DSC-9038/3

@© 1992 Integrated Device Technology, Inc.
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

N . ¥ 2
DESCRIPTION-

The IDT79R3000A RISC Microprocessor consists of two
tightly-coupled processors integrated on a single chip. The
first processor is a full-32-bit CPU based on RISC (Reduced
Instruction Set Computer) principles to achieve a new star-
dard of microprocessor performance. The second processor
is a system control coprocessor, called CPQ, containing a
fully-associative 64-entry TLB (Translation Look-aside Buffer),
MMU (Memory Management Unit) and control registers, sup-
porting a 4gB virtual memory subsystem; and a Harvard
Architecture Cache Controller achieving a bandwidth of 320mB/.
second using industry standard static RAMs.

_ This data-sheet provides an overview of the features and
architecture of the IDT79R3000A CPU, Revision 3.0. A more
detailed description of the operation of the device is incorpo-
ratedinthe IDT79R3000A Family Hardware User Manual, and
amore detailed architectural overview is provided in the MIPS
RISC Architecture book, both available from IDT. Documen-
tation providing details of the software and development
environments supporting this processor are also available
from IDT.

IDT79R3000A CPU Registers
" The IDT79R3000A CPU provides 32 general-purpose 32-
bit registers, a 32-bit Program Counter, and two 32-bit regis-
ters that hold the results of integer multiply and divide opera-
tions. Only two of the 32 general registers have a special
purpose: register r0 is hard-wired to the value “0”, which is a
useful constant, and register r31 is used as the link register in
* jump-and-linkinstructions (return address for subroutine calls).
The CPU registers are shown in Figure 2. Note that there
is no Program Status Word (PSW) register shown in this
figure: the functions traditionally provided by a PSW register
are instead provided in the Status and Cause registers incor-
porated within the System Control Coprocessor (CPO0).

Instruction Set Overview

General Purpose Registers

31 0 Multiply/Divide Registers
0 31 0
r | HI |
2 31 0
: I
‘Program Counter

29 31 0

130 | PC |

r31

2850 drw 02
Figure 2. IDT79R3000A CPU Registers

AII IDT79R3000A mstructlons are 32 bits long, and there
are only three instruction formats. This approach simplifies
instruction decoding, thus minimizing instruction execution
time. The IDT79R3000A processor initiates a new:instruction

-on every run cycle, and is able to.complete an instruction on

almost every clock cycle. The only exceptions are the Load
instructions and Branchinstructions, which each have asingle
cycle of latency associated with their execution. Note, how-
ever, that in the majority of cases the compilers are able to fill
these latency cycles with useful instructions which do not
require the result of the previous-instruction. ThIS effectively
eliminates these latency effects.

" The actualinstruction set of the CPU was determmed after
extensive simulations to determine which instructions should
be implemented in hardware, and which operations are best
synthesized in  software from other basic instructions. This
methodology resulted in the IDT79R3000A having the highest
performance of any available microprocessor.

The IDT79R3000A instruction set can be divided into the
I-Type (Immediate)

31 26 25 21 20 16 15 0

| op rs n immediate J

J-Type (Jump)

31 26 25 0
op target J

- R-Type (Regiéter) ,
31 26 25 21 20 16 15 11 10 6 5 0
| op rs I rd I re I funct I

. 2860 drw 03
“ Figure 3. IDT79R3000A Instruction Formats

following groups:

Load/Store mstructlons move data between memory and
general registers. They are all |-type instructions, since the
only addressing mode supported is base register plus 16-
bit, signed immediate offset.

The Load instruction has a single cycle of latency, which
means that the data being loaded is not available to the
instruction immediately after the load instruction. The com-
piler will fill this delay slot with either an instruction which is
not dependent on the loaded data, or with a NOP instruc-
tion. There is no latency associated with the store instruc-
tion.

Loads and Stores can be performed on byte half-word
word, or unaligned word data (32-bit data not aligned on a
modulo-4 address). The CPU cache is constructed as a
write-through cache.

Computational instructions perform arithmetic, logical
and shift operations on values in registers. They occur in
both R-type (both operands and the result are registers)
and I-type (one operand is a 16-bit immediate) formats.
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Note that computational instructions are three operand
instructions; that is, the result of the operation can be
stored into a different register than either of the two
operands. This means that operands need notbe overwrit-
ten by arithmetic operations. This results in a more efficient
use of the large register set.

Jump and Branch instructions change the control flow of
aprogram. Jumps are always to a paged absolute address
formed by combining a 26-bit target with four bits of the
Program counter (J-type format, for subroutine calls), or
32-bit register byte addresses (R-type, for returns and
dispatches). Branches have 16-bit offsets relative to the
program counter (I-type). Jump and Link instructions save
a return address in Register 31. The IDT79R3000A in-
struction set features a number of branch conditions.
Included is the ability to compare a register to zero and
branch, and also the ability to branch based on a compari-
son between two registers. Thus, net performance is

increased since software does not have to perform arith-
metic instructions prior to the branch to set up the branch-
conditions.

Coprocessor instructions perform operations in the
coprocessors. Coprocessor Loads and Stores are I-type.
Coprocessor computational instructions have coprocessor-
dependent formats (see coprocessor manuals).
Coprocessor 0 instructions perform operations on the
System Control Coprocessor (CPO) registers to manipu-
late the memory management and exception handling
facilities of the processor.

Special instructions perform a variety of tasks, including
movement of data between special and general registers,
system calls, and breakpoint. They are always R-type.

Table 1 lists the instruction set of the IDT79R3000A

processor.
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IDT79R3000A INSTRUCTION SUMMARY

OP Description OP . Description
Load/Store Instructions : Multiply/Divide Instructions
LB Load Byte MULT Muitiply
LBU Load Byte Unsigned MULTU Multiply Unsigned
LH Load Halfword DIv Divide )
LHU Load Halfword Unsigned DIVU Divide Unsigned
w Load Word MFHI Move From HI
LWL Load Word Left MTHI Move To HI
LWR Load Word Right MFLO Move From LO
SB Store Byte MTLO Move To LO
SH Store Halfword .
SW Store Word Jump and Branch Instructions
SWL Store Word Left J Jump
SWR Store Word Right JAL Jump and Link
JR Jump to Register
Arithmetlc Instructions JALR Jump and Link Register
(ALU Immediate) BEQ Branch on Equal
ADDI Add Immediate BNE Branch on Not Equal
ADDIU Add Immediate Unsigned BLEZ Branch on Less than or Equal to Zero
SLTI Set on Less Than Immediate BGTZ Branch on Greater Than Zero
SLTIU Set on Less Than Immediate BLTZ Branch on Less Than Zero
Unsigned BGEZ Branch on Greater than or
ANDI AND Immediate Equal to Zero
ORI OR Immediate BLTZAL Branch on Less Than Zero and Link
XORI Exclusive OR Immediate BGEZAL Branch on Greater than or Equal to
LUI Load Upper Immediate Zero and Link
Special Instructions
Arithmetic Instructions SYSCALL System Call
(3-operand, register-type) BREAK Break
ADD Add )
ADDU Add Unsigned Coprocessor Instructions
SuUB Subtract LwcCz Load Word from Coprocessor
SUBU Subtract Unsigned SWCz Store Word to Coprocessor
SLT Set on Less Than MTCz Move To Coprocessor
MFCz Move From Coprocessor
SLTU Set on Less Than Unsigned CTCz Move Control to Coprocessor
AND AND CFCz Move Control From Coprocessor
OR OR COPz Coprocessor Operation
XOR Exclusive OR BCzT Branch on Coprocessor z True
NOR NOR BCzF Branch on Coprocessor z False
Shift Instructions System Control Coprocessor
SLL Shift Left Logical (CPO) Instructions
SRL Shift Right Logical MTCo Move To CPo
SRA Shift Right Arithmetic MFCo Move From CPo
SLLV Shift Left Logical Variable TLBR Read indexed TLB entry
SRLV Shift Right Logical Variable TLBWI Write Indexed TLB entry
SRAV Shift Right Arithmetic Variable TLBWR Write Random TLB entry
TLBP Probe TLB for matching entry
RFE Restore From Exception
2860 tbl 01
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IDT79R3000A System Control Coprocessor (CP0) SYSTEM CONTROL COPROCESSOR (CPO)
The IDT79R3000A can operate with up to four tightly- REGISTERS

coupled coprocessors (designated CPO through CP3). The - —

System Control Coprocessor (or CP0), is incorporated on the E:l?y':}er HiGH Falfofa ?f; z;‘xmn

IDT79R3000 chip and supports the virtual memory system | g1 | LOW half of a TLB entry

and exception handling functions of the IDT79R3000A. The Index Programmable pointer into TLB array

virtual memory system is implemented using a Translation Random | Pseudo-random pointer into TLB array

Look-aside Buffer and a group of programmable registers as

shown in Figure 4. Status Mode, interrupt enables, and diagnostic status info
Cause Indicates nature of last exception
SYSTEM CONTROL COPROCESSOR (CP0) EPC | Exception Program Counter
Context | Pointer into kernel’s virtual Page Table Entry array
REGISTERS BadVA | Most recent bad virtual address

The CPO registers shown in Figure 4 are used to control
the memory management and exception handling capabilities | PRId | Processor revision identification (Read only)
of the IDT79R3000A. Table 2 provides a brief description of 2660 1o 02
each register.

ENTRYHI | ENTRYLO INDEX
63
RANDOM
8
7" NOT ACCESSED
. BY RANDOM

[] Used with Virtual Memory System
Used with Exception Processing

2860 drw 04
Figure 4. The System Coprocessor Registers
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Memory Management System

The IDT79R3000A has an addressing range of 4gB.
However, since most IDT79R3000A systems implement a
physical memory smaller than 4gB, the IDT79R3000A pro-
vides for the logical expansion of memory space by translating
addresses composed in a large virtual address space into
available physical memory address. The 4gB address space
is divided into 2gB which can be accessed by both the users
and the kernel, and 2gB for the kernel only.

The TLB (Translation Lookaside Buffer)

Virtual memory mapping is assisted by the Translation
Lookaside Buffer (TLB). The on-chip TLB provides very fast
virtual memory access and is well-matched to the require-
ments of multi-tasking operating systems. The fully-associa-

tive TLB contains 64 entries, each of which maps a 4kB page,
with controls for read/write access, cacheability, and process
identification. The TLB allows each user to access up to 2gB
of virtual address space.

Figure 5 illustrates the format of each TLB entry. The
Translation operation involves matching the current Process
ID (PID) and upper 20 bits of the address against PID and VPN
(Virtual Page Number) fields in the TLB. When both match (or
the TLB entry is Global), the VPN is replaced with the PFN
(Physical Frame Number) to form the physical address.

TLB misses are handled in software, with the entry to be re-
placed determined by as imple RANDOM function. The rou-
tine to process a TLB miss in the UNIX environment requires
only 10-12 cycles, which compares favorably with many CPUs
which perform the operation in hardware.

63 44 43 38 37 32 31 12 11 10 9 8 7 0
VPN TLBPID o} PFN N|D|V|G 0
N v A ~ J
ENTRYHI ENTRYLO

VPN - Virtual Page Number
TLBPID — Process ID

PFN — Physical Frame Number
N — Non-cacheable flag

D - Dirty flag (Write protect)

V = Valid entry
G - Global flag
0 — Reserved

flag

(ignore PID)

2860 drw 05

Figure 5. TLB Entry Format

IDT79R3000 Operating Modes

The IDT79R3000A has two operating modes: User mode
and Kernel/mode. The IDT79R3000A normally operates in
the User mode until an exception is detected forcing it into the
Kernel mode. It remains in the Kernel mode until a Restore

From Exception (RFE) instruction is executed. The mannerin
which memory addresses are translated or mapped depends
on the operating mode of the IDT79R3000A (Figure 6) shows
the MMU translation performed for each of the operating
modes.
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OxFFFFFFFF KERNEL OXFFFFFFFF )
MAPPED
CACHEABLE ANY
(kseg?2)
0xC0000000
KERNEL
UUI\?ICI\&%FI)-lPEEEDD HYSICAL
PHYSIC
(kseg1) MEMORY - 3584 MB
0xA0000000
KERNEL
UNMAPPED
CACHED
(kseg0)
0x80000000
OX7FFFFFFFF 0x20000000
KERNELUSER O\ || OxIFFFFFFF
ANY
CA(C'(EEQ?LE ‘ MEMORY 512 MB
0 0x00000000

2860 drw 06

Figure 6. IDT79R3000A Virtual Address Mapping

User Mode—in this mode, a single, uniform virtual ad-
dress space (kuseg) of 2gB is available. Each virtual address
is extended with a 6-bit process identifier field to form unique
virtual addresses. All references to this segment are mapped
through the TLB. Use of the cache for up to 64 processes is
determined by bit settings for each page within the TLB
entries.

Kernel Mode—four separate segments are defined in
this mode:

» kuseg—when in the kernel mode, references to this seg-
ment are treated just like user mode references, thus
streamlining kernel access to user data.

» ksegO—references to this 512mB segment use cache
memory butare notmapped through the TLB. Instead, they
always map to the first 0.5gB of physical address space.

+ ksegi—references to this 512mB segment are not mapped
through the TLB and do not use the cache. Instead, they
are hard-mapped into the same 0.5gB segment of physical
address space as kseg0.

» kseg2—references to this 1gB segment are always mapped
through the TLB and use of the cache is determined by bit
settings within the TLB entries.

IDT79R3000 Pipeline Architecture

The execution of a single IDT79R3000A instruction con-

sists of five primary steps:

1) IF — Fetch the instruction (I-Cache).

2) RD — Read any required operands from CPU
registers while decoding the instruction.

3) ALU — Perform the required operation on
instruction operands.

4) MEM— Access memory (D-Cache).

5) WB — Write back results to register file.

Each of these steps requires approximately one CPU
cycle, as shown in Figure 7 (parts of some operations overlap
into another cycle while other operations require only 1/2
cycle).

IF | RD ALU MEM | wa
| I-CAHCE lRF op D-CACHE | WB
[
k__Y_.J
One Cycle

2860 drw 07

Figure 7. IDT79R3000A Instruction Pipeline
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INSTRUCTION EXECUTION

The IDT79R3000A uses a 5-stage pipelineto achieve an
instruction execution rate approaching one instruction per
CPU cycle. Thus, execution of five instructions at a time are
overlapped as shown in Figure 8.

(5-Deep)

I IF | RD |ALU|MEM

| IF |RD|ALU

Instruction
Flow

2860 drw 08

Figure 8. IDT79R3000A Execution Sequence

This pipeline operates efficiently because different CPU
resources (address and data bus accesses, ALU operations,
register accesses, and so on) are utilized on a non-interfering
basis. ' '

Memory System Hierarchy

The high performance capabilities of the IDT79R3000A
processor demand system configurations incorporating tech-
niques frequently employed in large, mainframe computers
but seldom encountered in systems based onmore traditional
microprocessors.

A primary goal of systerns employing RISC techniques is
to minimize the average number of cycles each instruction
requires for execution. In order to achieve this goal, RISC
processors incorporate a number of RISC techniques, includ-
ing a compact and uniform instruction set, a deep instruction
pipeline (as described above), and utilization of optimizing
compilers. Many of the -advantages obtained from these
techniques can, however, be negated by aninefficient memory
system.

Figure 9 illustrates memory in a simple microprocessor
system. In this system, the CPU outputs addresses to memory
and reads instructions and data from memory or writes data to
memory. The address space is completely undifferentiated:
instructions, data, and I/O devices are all treated the same. In
suchasystem, a primary limiting performance factor is memory
bandwidth.

Microprocessor
(CPU)

Data Address

!

Memory
(and I/O)

2860 drw 09

Figure 9. A Simple Microp

Memory Syst

Figure 10 illustrates a memory system that supports the
significantly greater memory bandwidth required to take full
advantage of the IDT79R3000A's performance capabilities.
The key features of this system are:

External Cache Memory—Local, high-speed memory
(called cache memory) is usedto holdinstructions and data
that is repetitively accessed by the CPU (for example,
within a program loop) and thus reduces the number of
references that must be made to the slower-speed main

.

IDT79R3000A
Microprocessor
Data Address
AN
Instruction
Cache
Data
Cache i
Write '
Buffer- -
N2 A4
Data Address

Main Memory

2860 drw 10

Figure 10. An IDT79R3000A System with a
High-Performance Memory System
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memory. Some microprocessors provide a limited amount
of cache memory on the CPU chip itself. The external
caches supported by the IDT79R3000A can be much
larger; while a small cache can improve performance of
some programs, significantimprovements for awide range
of programs require large caches.

Separate Caches for data and Instructions—Even with
high-speed caches, memory speed can still be a limiting
factor because of the fast cycle time of a high-performance
microprocessor. The IDT79R3000A supports separate
caches for instructions and data and alternates accesses
of the two caches during each CPU cycle. Thus, the
processor can obtain data andinstructions at the cycle rate
of the CPU using caches constructed with commercially
available IDT static RAM devices.

In order to maximize bandwidth in the cache while minimiz-
ing the requirement for SRAM access speed, the
IDT79R3000A divides a single-processor clock cycle into
two phases. During one phase, the address for the data
cache accessispresented while data previously addressed
in the instruction cache is read; during the next phase, the
data operation is completed while the instruction cache is
being addressed. Thus, both caches are read in a single
processor cycle using only one set of address and data
pins.

Write Buffer—in order to ensure data consistency, all data
that is written to the data cache must also be written out to
main memory. The cache write model used by the
IDT79R3000A is that of a write-through cache; that is, all
data written by the CPU isimmediately written into the main
memory. Torelieve the CPU of this responsibility (and the
inherent performance burden) the IDT79R3000A supports
aninterface to a write buffer. The IDT79R3020 Write Buffer
captures data (and associated addresses) output by the
CPU and ensures that the data is passed on to main
memory.

IDT79R3000A Processor Subsystem Interfaces

Figure 11 illustrates the three subsystem interfaces pro-

vided by the IDT79R3000A processor:

Cache control interface (on-chip) for separate data and
instruction caches permitsimplementation of off-chipcaches
using standard IDT SRAM devices. The IDT79R3000A
directly controls the cache memory with a minimum of
external components. Both the instruction and data cache
can vary from 0 to 256kB (64K entries). The IDT79R3000A
also includes the TAG control logic which determines
whether or not the entry read from the cache is the desired
data. The IDT79R3000A cache controller implements a
direct mapped cache for high net performance (band-
width). It has the ability to refill multiple words when a cache
miss occurs, thus reducing the effective miss rate to less
than 2% for large caches. When a cache miss occurs, the

IDT79R3000A can support refilling the cachein 1, 4, 8, 16,
or 32-word blocks to minimize the effective penalty of
having to access main memory. The IDT79R3000A also
incorporates the ability to perform instruction streaming;
while the cache is refilling, the processor can resume
execution once the missed word is obtained from main
memory. Inthisway, the processor can continue to execute
concurrently with the cache block refill.

Memory controller interface for system (main) memory.
This interface also includes the logic and signals to allow
operation with a write buffer to further improve memory
bandwidth. In addition to the standard full word access, the
memory controller supports the ability to write bytes and
half-words by using partial word operations. The memory
controller also supports the ability to retry memory ac-
cesses if, for example, the data returned from memory is
invalid and a bus error needs to be signalled.
Coprocessor Interface—The IDT79R3000A features a
tightly coupled co-processor interface in which all co-
processors maintain synchronization with the main pro-
cessor; reside on the same data bus as the main proces-
sor; and participate in bus transactions in an identical
manner to the main processor. The IDT79R3000A gener-
ates all required cache and memory control signals, includ-
ing cache and memory addresses for attached
coprocessors. As a result, only the data bus and a few
control signals need to be connected to a coprocessor.
The interface supports three types of coprocessor instruc-
tions: loads/stores, coprocessor operations, and proces-
sor-coprocessor transfers. Note that coprocessor loads
and stores occur directly between the coprocessor and
memory, without requiring the data to go through the CPU.
Synchronization between the CPU and external
coprocessors is achieved using a Phased-Lock Loopinter-
face to the coprocessor. The coprocessor physical inter-
face also includes coprocessor condition signals
(CpCond(n)), which are used in coprocessor branch in-
structions, and a coprocessor busy signal (CpBusy) which
is used to stall the CPU if the coprocessor needs to hold off
subsequent operations.

Finally, a precise exception interface is defined between

the CPU and coprocessors using the external interrupt
inputs of the CPU. This allows a coprocessor exception,
even if it was the result of a multi-cycle operation, to be
traced to the precise coprocessor operation which caused
it. This is an important feature for languages which can
define specific error handlers for each task.
The interface supports up to four separate coprocessors.
Coprocessor 0 is defined to be the system control
coprocessor, and resides on the same chip as the CPU
unit. Coprocessor 1 is the Floating Point Accelerator,
IDT79R3010A. Coprocessors 2 and 3 are available to
support an interface to application specific functions.
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MULTIPROCESSING SUPPORT -

The IDT79R3000A supports multiprocessing applications
in a simple but effective way. Multiprocessing applications
require cache coherency across the multiple processors. The
IDT79R3000A offers two signals to support cache coherency:
the first, MPStall, stalls the processor within two cycles of
being received and keeps it from accessing the cache. This
allows an external agent to snoop into the processor data
cache. The second signal, MPInvalidate, causes the proces-

sor to write data on the data cache bus which indicates the

externally addressed cache entry is invalid. Thus, a subse-
quent access to that location would resultin a cache miss, and
the data would be obtained from main memory.

The two MP signals would be generated by a external
logic which utilizes a secondary cache to perform bus snoop-
ing functions. The IDT79R3000A does not impose an archi-
tecture for this secondary cache, but rather is flexible enough
to support a variety of application specific architecture stand
still maintain cache coherency. Further, there is no impact on
designs which do not require this feature. The IDT79R3000A
has further improved on the microprocessor support found in
the IDT79R3000, by allowing the use of cache RAMs with
internal address latches in multiprocessor systems.

ADVANCED FEATURES

The IDT79R3000A offers a number of additional features
such as the ability to swap the instruction and data caches,
facilitating diagnostics and cache flushing. Another feature
isolates the caches, which forces cache hits to occur regard-
less of the contents of the tag fields. The IDT79R3000A allows
the processor to execute user tasks of the opposite byte
ordering (endianness) of the operating system, and further
allows parity checking to be disabled. More details on these
features can be found in the IDT79R3000A Family Hardware
User's Manual.

Further features of the IDT79R3000A are configured
during the last four cycles prior to.the negation of the RESET
input. These functions include the ability to select cache sizes
and cache refill block sizes; the ability to utilize the multipro-
cessor interface; whether-or not instruction streaming is
enabled; whether byte ordering follows “Big-Endian” or “Little-
Endian” protocols, etc. Table 3 shows the configuration op-
tions selected at Reset. These are further discussed in the
Hardware User’s Manual.

BACKWARD COMPATIBILITY WITH
IDT79R2000

‘The IDT79R3000A can be used in sockets designed for
the IDT79R3000. The pin-out of the IDT79R3000A has been
selected to ensure this compatibility, with new functions
mapped onto previously unused pins. The instruction set is
compatible with that of the IDT79R2000 at the binary level. As
aresult, code written for the older processor can be executed.
New features can be selectively disabled.

In most IDT79R3000 applications, the IDT79R3000A can
be placed in the socket with-no modification to initialization
settings. Further application assistance on this topic.is avail-
able from IDT.

PACKAGE THERMAL SPECIFICATIONS

The IDT79R3000A utilizes special packaging techniques
to improve both the thermal and electrical charactenstlcs of
the microprocessor.

In order to improve the electrical characteristics of the
device, the package is constructed using multiple signal
planes, including individual power planes and ground planes
to reduce noise associated with high-frequency TTL parts. In
addition, the 175-pin PGA package utilizes extra power and
ground pins to reduce the inductance from the internal power
planes to the power planes of the PC Board.

In order to improve the electrical characteristics of the
microprocessor, the device is housed using cavity down
packaging. In addition, these packages incorporate a copper-
tungsten thermal slug designed to efficiently transfer heat
from the die to the case of the package, and thus effectively
lower the thermal resistance of the package. The use of an
additional external heat sink affixed to the package thermal
slug further decreases the effective thermal resistance of the
package.

The case temperature may be measured in any environ-
ment to determine whether the device is within the specified
operating range. The case temperature should be measured
at the center of the top surface opposite the package cavity
(the package cavity is the side where the package lid is
mounted).

The equivalent allowable ambient temperature, TA, can
be calculated using the thermal resistance from case to
ambient (Oca) for the given package. The following equation
relates ambient and case temperature:

TA =Tc - P*Qca
where P is the maximum power consumption, calculated by
using the maximum lcc from the DC Electncal Characteristics
section.

Typical values for Gca at various airflows are shown in
table 4 for various CPU packages.

R3000A PACKAGE CHARACTERISTICS

Airflow - (ft/min)
0 200 | 400 | 600 | 800 1006
Jca (175-PGA, 21 7 3 21 1 0.5
144-PGA)
@ca (172 Quad 23 9 4 3 25| 15
Flatpack)

2860 tbl 03
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R3000A MODE SELECTABLE FEATURES

Input W Cycle X Cycle Y Cycle Z Cycle
Tnt0 DBIkSize0 DBIkSizel Extend Cache Big Endian
TntT IBIkSize0 IBIkSize1 MPAdrDisable riState
nt2 DispPar/RevEnd IStream IgnoreParity NoCache
nt3 Reserved(!) StorePartial MultiProcessor BusDriveOn
Int4 PhaseDelayOn(? PhaseDelayOn(@ PhaseDelayOn(? PhaseDelayOn(2)
nt5 R3000 Mode(@ R3000 Mode(? R3000 Mode(? R3000 Mode(@
NOTES: 2860 tbl 04
1. Reserved entries must be driven high.
2. These values must be driven stable throughout the enfire RESET period.
Data Bus Data Bus Data Bus
| Tag Bus Tag Bus
— | [ [‘AdrLoBus AdrLo Bus
vl <7
Ta%/ AdrLo Data
Tag DataP
TagP
Trans- Trans-
parent [¢— IClk DCIk [—» parent
Latch Latch
IDT79R3000A Processor
\VAAV4 J\/[ with System Control l L v 7
Data Tag IAdr Coprocessor IAdr Tag Data
Instruction  __ - _ Data
Cache OE [«— IRd DRd —#{ OE Cache
WE (e— Wr DWr |—» WE
AVAVAVS . Clk2xSmp (€~ ocks 1|
< XEn Clk2Rd [«— 21
< Sysout Clk2xPhi [4— 8
< AccTy(2:0) Reset [¢—
< MemRd CpSync
Memory g
Interface < MemWr Run Coprocessors
» RdBusy Exc >
» WrBusy CpBusy [«
#» CpCond(0) CpCond(3:1) |«
#{ BusError Int(5:0) |«
L Hardware [
Interrupts
2860 drw 11
Figure 11. IDT79R3000A Subsy Interfaces E le; 64 KB Caches
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PIN CONFIGURATION
OOANMONOTON v~ [Te] Qo o o v
NN~ bt V000t maANN~—O 00
SRR EE 0008000800000 30005 B EESEEE R RREHS
8888888888886 908599056552°85628888888388882¢2
44 86
Data21 C—] 43 87 3 AdrLo2
Data22 —1 AdrLo3
Data24 = 1 AdrLo4
Data25 —1 AdrLo5
Data26 —1 AdrLo6
Data31 —1 AdrLo7
DataP3 —1 AdrLo8
Data27 £ 1 AdrLo9
Data28 3 AdrLo10
XEn 1 AdrLo11
Data29 —1 AdrLo12
Data30 = —1 AdrLo13
Exc —1 AdrLo14
Clk2xPhi £ —1 VCC
GND = — VCC
GND = — VCC
Clk2xSmp = — GND
vee =3 — GND
vce =3 — vcC
GND — — vCcC
GND = [— GND
GND =] [—1 vCC
vce = —1 VCC
vee = —1 VCC
vce = 1 AdrLo15
GND —1 CpCond0
GND —1 CpCond1
Clk2xSys —1 Resvdi
RdT —1 GND
DRd1 —1 GND
Wr1 1 AdrLo16
DWr1 —1 AdrLo17
vce = —1 Int0
vce = —1 Int{
Clk2xRd = —1 [nt2
SysOut = —1 Int3
DClk = —1 Int4
IClk = —1 Int5
JRd2 ] 1 CpBusy
DRd2 B — WrBusy
Wr2 = — RdBusy
DWr2 = 3 BusError
MemWr = 1 129 3 Reset
172 130
Blo|lS O~ N>r+~NOOONAAQWWVLOIT OO OO0 AN000ON -~ ONOO TN
C|E|2 220000 QANNZZANNONGZZEAONZZZO0O0 0P NN~ == 0 v v v v
tatataliloloNole Yo ke)) ool o jo)] [} DO DD D
52 555 AEESESO0FE>FROOFZ OO0 IETTIIEAEEE o
S0 ¢9%¢o >
<<< &
NOTES:
1. Reserved pins must not be connected.
2. Adrlo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
AdrLo 17: MP Stall, CpCond (3).
172-Pin Flatpack (Top View)
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PIN CONFIGURATION
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

No | AdrLo | AdrLo | AdrLo AdrLo | AdrLo [CpCond| AdrLo | AdrLo | i3y | Tntrs) Wr —
O B R ATl IRl Il el 1 16 |17 | M@ | InME) | g, | Reset VCC

AdrLo | BRgz | Adrlo | AdrLo | Adrlo | 1Rg2 | Adrlo |CpCond| Trir7Y | i@y | C Bus
B ko | DRdZ | Adr A 15° | Rdz | Adn ] nt(1) | Int3) Bugy Ere | DWr2 | Tagi2 | Tag1s

G | Adio| Adilo | vog | Adilo | Adilo | GND | GND | vee | Tni) | Tntd) Bﬂgy GND | Tag13 | TagPo | Tag18

p | Data AdéLo GND | GND | veC | GND | vec | GND | veC | GND | VGG | GND | Tag14 | Tag17 | Tagt9

g |DaaP | Data Ad{L° vee VCC | Tagis | Tag20 | vce
E VCcC D?ta Dgta GND GND | GND | Tag21 | Tag23
G Dita Dgta GND | vce VCC | GND [ Tag22 | TagP1
H Dgta Dgta Dgta GND GND | VCC | Tag25 | Tag24
J D1aéa Da}aP Dgta vce VCC | Tag2s | Tag29 | Tag2e
K D1a§a D1:a1ta GND | GND GND | GND | TagP2| Tag27
L | vee D1a§a D1a;a vce vce T/;%Cz Tag31 | Tag30
M D1a:}’a Dféa Dﬂ;a" GND | vec | GND | vec | GND | vec | GND | vec | GND | GND T@‘;ﬁ ele}

Data | Data | Data Data | DataP Mem [ Mem Ban
N 14 18 19 GND on 3 VCC | VCC | GND | GND | DRd1 Run | TagV

Data | Data | 7wy;5 | Data | Data | Data | g5 | Data | Clk2x | Clk2x Wi Cp Acc
Pl 2a | 20 | W | 2" [ 26 | 27 | | 30 | sys | Ra | PO [ RIT | Wi o0oe | Typ0

Data | Data | Data | Data Data |Excep-| Clk2x | Clk2x |SysOut DWr
Q | vec o1 o5 31 o8 GND 29 s Phi | Smp SysOut| VCC | ICk | DWr1 | vCC

NOTE: 2860 drw 13

1. AdrlLo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
AdrLo 17: MP Stall, CpCond (3).

175-Pin PGA (Top View)

5.1 13



IDT79R3000A/AE RISC CPU PROCESSOR COMMERCIAL TEMPERATURE RANGE

PIN CONFIGURATION :
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

AdrLo | AdrLo | AdrLo AdrLo | AdrLo [CpCond| AdrLo | Adrlo | Tmi3y | Trirs) Wr | BReset
vCcC pA 10 11 VCC 14 15 0 Int(2) | Int(5) Busy Reset | VCC

AdrLo | DRgs | AdrLo | AdrLo | AdrLo | Trg5 | AdrLo |CpCond i3 Cp Bus_ | DWrm ‘
B 3 DRd2 s 9 12 IRd2 13 1 Int(1) | Int(3) Busy | Error DWr2 | Tagi2 | Tag15

c Adé'-O Ad‘;LO elo} AdéLO AdéLO GND | GND | vee | Tty | ni@) | Rd | GND | Tag13 | TagPo | Tagts

Busy
D Dﬁta Adé'-o GND | GND Tag14 | Tag17 | Tagt9
£ Da‘t)aP Dgta Ad1rLo Tag16 | Tag20 | VCC
F \ele; Dgta Dzzata GND | Tag21 | Tag23
I Dita Dgta GND GND | Tag22 | TagP1
H Dgta Dgta Dgta VCC | Tag25 | Tag24
g D1act)a Da}aP Dgta Tag28 | Tag29 | Tag26
« | Data | Data | anp GND | TagP2 | Tag27
L | vee D132ta D1a;a T%Cz Tag31 | Tag30
v | Date | Data Da;aP GND T";%ﬁ vCe
N | Data | Data | Data | aND D;:a DataP voo‘ vee | GND | GND | DRAT V%fﬁ @ Run | TagV
e | g | e | Wz | Ogie | Oate | S | e | Ogie | e | Ohe | ook | T | W | S | Ao

Data | Data | Data | Data Data [Excep- | Clk2x | Ck2x |57s00t DWW
Q | vce 21 o5 31 8 GND 59 fon | Phi | Smp SysOut| VCC [ ICk | DWr1 | VCC

NOTE: 2860 drw 14
1. AdrLo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time

AdrLo 16: MP Invalidate, CpCond (2).

AdrLo 17: MP Stall, CpCond (3).

144-Pin PGA (Top View)

5.1 14



IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

PIN DESCRIPTIONS

Pin Name [{e] Description

Data (0-31) I/O | A 32-bit bus used for all instruction and data transmission among the processor, caches, memory interface,
and coprocessors.

DataP (0-3) [ /O | A 4-bit bus containing even parity over the data bus.

Tag (12-31) | /O | A 20-bit bus used for transferring cache tags and high addresses between the processor, caches, and memory
interface.

TagV /O | The tag validity indicator.

Tag P (0-2) I/O | A 3-bit bus containing even parity over the concatenation of TagV and Tag.

AdrLo (0-17) | O | An 18-bit bus containing byte addresses used for transferring low addresses from the processor to the caches
and memory interface. (AdrLo 16: CpCond (2), AdrLo 17: CpCond (3) set by reset initialization).

TRdT O | Read enabie for the instruction cache.

Wrt O | Write enable for the instructon cache.

TRd2 O | Anidentical copy of TRdT used to split the load.

Wr2 O | Anidentical copy of IWrT used to split the load.

IClk O | Theinstruction cache address latch clock. This clock runs continuously.

| DRA1 O [ The read enable for the data cache.

DWr1 O | The write enable for the data cache.

DRd2 O | Anidentical copy of DRdT used to split the load.

DWr2 O | Anidentical copy of DWr1 used to split the load.

DCIk O | The data cache address latch clock. This clock runs continuously.

XEn O | The read enable for the Read Buffer.

AccTyp(0-2) | O | A 3-bit bus used to indicate the size of data being transferred on the data bus, whether or not a data transfer is
occurring, and the purpose of the transfer.

MemWr O | Signals the occurrence of a main memory write.

MemRd O | Signals the occurrence of a main memory read.

BusError I | Signals the occurrence of a bus error during a main memory read or write.

Run O | Indicates whether the processor is in the run or stall state.

Exception O | Indicates that the instruction about to commit state should be aborted and other exception related information.

SysOut O [ A reflection of the internal processor clock used to generate the system clock.

CpSync O | A clock which is identical to SysOut and used by coprocessors for timing synchronization with the CPU.

RdBusy 1| The main memory read stall termination signal. in most system designs RdBusy is normally asserted and is
deasserted only to indicate the successful completion of a memory read. RdBusy is sampled by the processor
only during memory read stalls.

WrBusy || The main memory write stall initiation/termination signal.

CpBusy I | The coprocessor busy stall initiation/termination signal.

CpCond (0-1)

A 2-bit bus used to transfer conditional branch status from the coprocessors to the main processor.

CpCond (2-3)

Conditional branch status from coprocessors to the processor. Function is provided on AdrLo 16/17 pins and is
selected at reset time.

MPStall | | Multiprocessing Stall. Signals to the processor that it should stall accesses to the caches in a multiprocessing
environment. This is physically the same pin as CpCond3; its use is determined at RESET initialization.

MPInvalidate | | | Multiprocessing Invalidate. Signals to the processor that it should issue invalidate data on the cache data bus.
The address to be invalidated is externally provided. This is the same pin as CpCond2; its use is determined at
RESET initialization.

Int (0-5) || A 6-bit bus used by the memory interface and coprocessors to signal maskable interrupts to the processor. At

reset time, mode select values are read in.

2860 tbl 05
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

PIN DESCRIPTIONS (Continued)

Pin Name o Description

Clk2xSys ‘I | The master double frequency input clock used for generating SysOut.

Clk2xSmp || A double frequency clock input used to determine the sample point for data coming into the processor and
COoprocessors.

Clk2xRd I | A double frequency clock input used to determine the enable time of the cache RAMs.

Clk2xPhi I | Adouble frequency clock input used to determine the position of the internal phases, phase1 and phase2.

Reset || Synchronous initialization input used to force execution starting from the reset memory address. Reset must be
deasseted synchronously but asserted asynchronously. The deassertion of Reset must be synchronized by the
leading edge of SysOut.

ABSOLUTE MAXIMUM RATINGS!":®

Symbol Rating Commercial | Unit
VTERM | Terminal Voltage | —-0.5t0 +7.0 \'
with Respect
to GND
TA, TC Operating 0to+70® | °C
Temperature (Ambient)
0 to +9018
(Case)
TsiAS | Case Temperature| =55 to +125¢)f °C
Under Bias 0 to +906
TsTG Storage -55t0+125| °C
Temperature
IIN Input Voltage -05t0+70| V
NOTE:

2860 tbl 07

1. Stressesgreater thanthose listed under ABSOLUTE MAXIMUM RATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above thoseindicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.

2. -VIN minimum = -3.0V for pulse width less than 15ns.
VN should not exceed Vcc +0.5 Volts.

3. Notmore than one outputshould be shorted ata time. Duration of the short

should not exceed 30 seconds.

4. 16-33 MHz only.
5. 37-40 MHz only.

2860 tbl 06

RECOMMENDED OPERATING
TEMPERATURE AND SUPPLY VOLTAGE
Grade Temperature GND Vce

Commercial 0°C to +70°C ov 5.0 5%

16-33 MHz (Ambient)

Commercial 0°C to +90°C ov 5.0 +5%

40 MHz (Case)

2860 tbl 09‘

OUTPUT LOADING FOR AC TESTING
VREF To Device
+1.5V Under Test

: | :25pF

AC TEST CONDITIONS 2860 drw 16
Symbol Parameter Min. Max. Unit
VIH Input HIGH Voltage 3.0 — \
Vie Input LOW Voltage — 04 \'
Viis | Input HIGH Voltage 35 — v
ViLs Input LOW Voltage . — 0.4 \'
2860 tbl 08
5.1 16



IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS
COMMERCIAL TEMPERATURE RANGE (TA = 0°C to +70°C, Vcc = +5.0V +5%)

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max. |Unit
VoH Output HIGH Voltage Vce = Min., IoH = -4mA 3.5 — | 356 — 3.5 — 3.5 —
VoL Output LOW Voltage Vce = Min,, loL = 4mA — 04| — 0.4 — 0.4 — 0.4 \
VoHc | Output HIGH Voltage(?) | Ve = Min., loH = -4mA 40| — |40 | — Jao| — [40 | — |V
VOHT | Output HIGH Voltage(*®) | vce = Min., IoH = -8mA 24| — |24 | — |24 | — 24| — |V
VoLt Output LOW Voltage(“’e) Vcce = Min., lol. = 8mA — 08| — 0.8 = 0.8 — 0.8 \
ViH Input HIGH Voltage(®) 20| — |20 — |20 — [20 | — |V
viL Input LOW Voltage(1) — o8| — [o8 | — o8| — fos ]|V
ViHs Input HIGH Voltage(2:5) 30| — |80 | — |30 — [30 ]|~ |V
ViLs Input LOW Voltage(?:2) — | oa] — | o4 | — o4 | — Joa]|v
CIN Input Capacitance(s) — 10 — 10 — 10 — 10 pF
Cout Output Capacitance(e) —_ 10 — 10 —_ 10 — 10 pF
Icc Operating Current Vce =5V, TA=70°C — | 450 | — 550 | — | 650 | — [ 750 | mA
IiH Input HIGH Leakage® | vin=vceC — | 100] — | 100 | — | 100 [ — | 100 [ paA
I Input LOW Leakage(®) ViL = GND “100| — [-100| — [-100] — |-100 | — |pua
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100| 100 | =100 | 100 |-100 | 100 |-100 | 100 | uA
2860 tbl 10

NOTES:

1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below ~0.5 Volts for larger periods.

2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VoxTand VoLt apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided

to give the designer further information about these specific signals.
5. VIH should not be held above Vcc + 0.5 volts.
6. Guaranteed by design.

7. VoHc applies to RUN and Exception.

5.1
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, Vce = +5.0V £5%)

1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below —0.5 Volts for larger periods. -

. Viis and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

2

3. These parameters do not apply to'the clock inputs.

4. Voutand VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provuded
to give the designer further information about these specific signals.

NOoO»

. ViH should not be held above Vcc + 0.5 volts.
. Guaranteed by design.
. Voxc applies to RUN and Exception.

79R3000AE
) . 40.0MHz
Symbol " Parameter Test Conditions Min. Max. Unit
VoH Output HIGH Voltage Vce = Min,, loH = -4mA 3.5 — \
VoL Output LOW Voltage Vce = Min,, loL = 4mA —_ 0.4 \'
VoHc | Output HIGH Voltage(?) vce = Min,, IoH = —4mA 4.0 — v
VOHT Output HIGH Voltage(*®) | vcc = Min., loH =—8mA 2.4 — v
VoLt Output LOW Voltage(48) | Vce = Min,, loL = 8mA — 0.8 %
NG Input HIGH Voltage(® 2.0 — v
ViL Input LOW Voltage(") — 0.8 v
ViHs Input HIGH Voltage(25) 3.0 — v
ViLs Input LOW Voltage(!-2) — 0.4 v
CIN Input Capacitance(®) — 10 pF
Cout | Output Capacitance(® — 10 pF
Icc Operating Current Vce =5V, TA=70°C — 850 mA
IH Input HIGH Leakage(® ViH=VCC — 100 pA
i Input LOW Leakage(® ViL = GND -100 — pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 100 HA
2860 lb’ 12
NOTES:

5.1
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IDT79R3000A/AE RISC CPU PROCESSOR COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS(1:2:3)
COMMERCIAL TEMPERATURE RANGE (T = 0°C to +70°C, VcC = +5.0V +5%)

1.
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and CIk2xPhi.

3.

4. These parameters apply when the IDT79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted

79R3000A 79R3000AE
16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions | Min. | Max. ‘| Min. I Max. | Min. I Max. | Min. l Max. | Unit
Clock
Tekkigh| Input Clock HIGH() Note 7 125 | — |10 ] — [8s0o] — Jeo| — ] ns
TokLow | Input Clock LOW() Note 7 125 | — 10| — 80| — |60 — ns
Tekp | Input Clock Period(@) 30 | 500 | 25 | 500 | 20 | 500 | 15 | 500 | ns
Clk2xSys to CIk2XSm?é;5) 0 fteye/d| 0 Jreye/a| 0 |teyera| 0 |teyera| ns
Clk2xSmp to Clk2xRd 0 tcyc/d | O |tcyc/d| O |tcyc/d| O |tcyc/d| ns
Clk2xSmp to Clk2xPhi(®) 90 |teycia| 7.0 |teye/d | 5.0 |teyera| 3.5 |toyera| ns
Run Operation
Toen | Data Enable®™) — | 20| — |20 —] 5] — [5] ns
Toois | Data Disable(®) — |10 —J|-0] —| 05| — | 05| ns
Toval | Data Valid Load= 25pF - 3.0 —_ 3.0 — 2.0 —_ 2.0 ns
TwrDly | Write Delay Load= 25pF - 5.0 — 4.0 —_ 3.0 — 2.0 ns
TDs Data Set-up 9.0 — 8.0 —_ 6.0 —_ 45 -_— ns
ToH | Data Hold®) 25| — [25] — [-25] — [25] — [ ns
Tces | CpBusy Set-up 13 — 11 — 9.0 — 7.0 — ns
TceH | CpBusy Hold 2.5 — | 25| — |-25|] — |-25| — ns
TAcTy | Access Type (1:0) Load= 25pF —_ 7.0 — 6.0 — 5.0 —_— 3.5 ns
TAT2 | Access Type 2 Load= 25pF . 17 — 14 — 12 — 8.5 ns
Tmwr | Memory Write Load= 25pF — 27 — 23 — 18 —_ 9.5 ns
Texc | Exception Load= 25pF — 7.0 — 7.0 — 5.0 — 3.5 ns
TAval | Address Valid Load= 25pF —_ 2.0 —_ 2.0 -_— 1.5 — 1.0 ns
Tints [ Int(n) Set-up 9.0 — (80| — | 60| — | 45| — ns
TintH | Int(n) Hold 25| — |25| — |-25| — |-25| — ns
Stall Operation
TsAval | Address Valid Load= 25pF — 30 — 23 —_ 20 — 15 ns
TsacTy | Access Type Load= 25pF — 27 — 23 — 18 — | 135 ns
TMRdi | Memory Read Initiate Load= 25pF 1.0 27 1.0 23 1.0 18 1.0 | 135 ns
TMRdt | Memory Read Terminate Load= 25pF — 27 _ 23 — 18 — 10 ns
Tstl Run Terminate Load= 25pF 3.0 17 3.0 15 3.0 10 20| 75 ns
TRun | Run Initiate Load= 25pF - 7.0 — 6.0 - 4.0 — 3.0 ns
Tsmwr | Memory Write Load= 25pF 3.0 27 3.0 23 3.0 18 20 | 95 ns
Tsexc | Exception Valid Load= 25pF — 15 | — 13 — 10 — 7.5 ns
Reset Initialization
TRsT | Reset Pulse Width 6.0 — 6.0 — 6.0 — 6.0 — | Teyc
TrstPLL | Reset timing, Phase-lock on(*°) 3000 — |3000| — 3000 — |3000| — Teye
Trstcp | Reset timing, Phase-lock off(4:5) 128 | — | 128 — [128} — | 128 — | Teye
Capacitive Load Deration
CLD | Load Derate(®) | [o5 [ 20 o5 | 10 [o5] 10] o | 1.0 [ns/25pF
NOTES: 2860 tol 13

All timings are referenced to 1.5V.
This parameter is guaranteed by design.

for the longer of 3000 clock cycies or 200 microseconds.

5. Teyc is one CPU clock cycle (two cycles of a 2x clock).
6.
7. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds.

With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.

5.1 19



IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS(1:2:3)
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, Ve = +5.0V +5%)

NOTES:

1.

2
3.
4

5
6.
7

All timings are referenced to 1.5V.
. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and CIk2xPhi.
This parameter is guaranteed by design.
. These parameters apply when the IDT79R3010 Floating Point Coprocessor is connected to the CPU. With phase lock on, Reset must be asserted

for the longer of 3000 clock cycles or 200 microseconds.

. Teye is one CPU clock cycle (two. cycles of a 2x clock).
With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
. Clock transition time < 2.5ns.

79R3000AE
o 40.0MHz
Symbol Parameter Test Conditions Min. Max. Unit
Clock
TokHigh| Input Clock High(® Note 7 5.0 — ns
TokLow | Input Clock Low(? Note 7 5.0 — ns
Tckp | Input Clock Period(@ 125 500 ns
Clk2xSys to Clk2XSm?é)6) 0 tcyc/4 ns
Clk2xSmp to Clk2xRd 0 tcyc/4 ns
. | cikexsmp to Clk2xPhi(®) 3.0 toyo/d ns
Run Operation
TDEn Data Enable(® — -15 ns
Toois | Data Disable!®) — —05 ns
Toval | Data Valid Load= 25pF — 1.5 ns
TwrDly | Write Delay Load= 25pF — 2.0 ns
Tos Data Set-up 4.0 — ns
ToH | Data Hold(®) 25 — ns
Tces | CpBusy Set-up 6.0 — ns
TceH | CpBusy Hold -2.5 — ns
TAcTy | Access Type (1:0) Load= 25pF — 3.0 ns
TAT2 | Access Type 2 Load= 25pF — 7.5 ns
Tmwr ' | Memory Write Load= 25pF — 9.0 ns
Texc | Exception Load= 25pF — © 3.0 ns
TAval | Address Valid Load= 25pF — 0.5 ns
Tints | Tnt(n) Set-up 4.0 — ns
Tinth | Tnt(n) Hold 25 — ns
Stall Operation
TsAval | Address Valid Load= 25pF — 12,5 ns
TsAcTy | Access Type Load= 25pF — 9.0 ns
TMRdi_| Memory Read Initiate Load= 25pF — 9.0 ns
TMRdt | Memory Read Terminate Load= 25pF — 9.0 ns
Tstl Run Terminate Load= 25pF 2.0 6.0 ns
TRun | Run Initiate Load= 25pF —_ 3.0 ns
Tsmwr | Memory Write Load= 25pF 2.0 9.0 ns
Tskxc | Exception Valid | Load= 25pF — 6.0 ns
Reset Initialization )
TRST | Reset Pulse Width 6.0 — Tcye
TrstPLL | Reset timing, Phase-lock on#5) 3000 — Teye
Trstep | Reset timing, Phase-lock oﬁ(4'5)‘ 128 — Teye
Capacitive Load Deration
CLD [Load Derate(® 0 1.0 ns/25pF
: 2860 tbl 15
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IDT79R3000A/AE RISC CPU PROCESSOR COMMERCIAL TEMPERATURE RANGE

INPUT CLOCK TIMING

TckLow »le TcKP T CKHIGH

Clk2xSys

Clk2xSmd —\_—_/__—x— _\__/
Clk2xRd /——\—__—/—\_ 1
ClkexPhi m /i

Tsmp

2860 drw 17
PROCESSOR REFERENCE CLOCK TIMING
Tcye -
SysOut [ \
/] N
TsmMp  ——f TsMp ——»
SmpOut o /
TRD —» Trp —»f
Rdout /
Tsys { \
Phiout _—\
/ N\
Tsvs 2860 drw 18

NOTE:
1. These signals are not actually output from the processor. They are
drawn to provide a reference for other timing diagrams.
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

SYNCHRONOUS MEMORY (CACHE) TIMING

Phase 1 2 1 2
SysOut
PhiOut 4 S‘ 7Z 5.<
le—TAVAL —» |eTavAL —» |eTavaL - le—TAVAL
AddrLo D Addr > | Addr > D Addr > | Addr ><
TacTy
AccTyp 0:1 Size of Stored Data x Size of Load Data ><
TacTy 2
AccTyp 2 / \
| Bus D Bus | Bus D Bus
Input Output Input Input
—» TDEN
Ton — Tro Tox —» TpH —
Data and
Tag Buses VI /
Tos Tos Tos
Toval
Tsmp Topis—+f Tsmp Tsmp
IClk 7¢ \ /
Tro Tsmp F TR
DCIk 5< \ /
TrD
TRd / \
Tsys
DRd
T
SMP Tsmp Tro Tsys
DwWr
T WRDLY| 2860 drw 19
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

MEMORY WRITE TIMING

Phase
SysOut
PhiOut
AddrLo

Tag
(Address
High)

AccTyp 0:1

AccTyp 2

Data
(Output)

MemWr

WrBusy

Run

RUN STALL STALL FIXUP RUN
1 2 1 2 1 2 - 1 2 1
Tevs Tsys
Tsy Tsy
I )
N %4 \
TsAVAL
O QR AN s ) G
TovaL Toois TovAL l4—| DDIS
V YV
Vi
Toen —f —» TRD ToEN —#] —»f leThp
—» TaCTY TacTY TacTy
Data Size Reserved Data Size
—» TsACTY I I I — TaT 2
TAT 2 TsACTY
Reserved >< >/
TovAL le+»| TDDIS TovaL l4—| Topis
V
ToEN —{ | —» [eTRD TOEN —»] lf —» l&TRD
Tsmp
TwRDLY
TMWR TsmwR TMwr TMWR
Tsmp |¢—» Tsmp
Tos Tos
ToH ToH

‘qi

2860 drw 20
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

MEMORY READ TIMING
RUN STALL STALL FIXUP RUN
Phase 1 2 1 2 1 2 1 2 1
Sysout Tsvs Tsvs Tsys Tsvs
Tsys Tsys ‘ Tsys 5%
PhiOut \< 7‘ 5< 7‘ 5< 7£ 5< 7£ 5< /
TSAVAL ‘
AddrLo ( D Addr>< ! Addr>V/ Read Address >< D Addr>< | Addr>< D Addr>
TovaL | | TovaL — [«Trp
Tag I Read Address
(Address L& > ¥
High) — ToEN ToEN —» E 1> Tobis
—» TacTY TacTy TacTy
AccTyp 0:1 Data Size Data Miss Data Size
— TsAcTyY | | | I —» TaT 2
1 TAT2 TSACTY
AccTyp 2 Cached >/
ToH ToH
Data
(Input)
Tos Tos
']JSMP Tem
DWr
TwroLY
TMRODI TMROT
MemRd
Tsmp
RdBusy | /—
DS T
sYs
TDH TRD
Xen
ToH
r—b
CpCond0 >E X
TsTL Tos | Tsmp TRUN
Run

2860 drw 21
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IDT79R3000A/AE RISC CPU PROCESSOR

COMMERCIAL TEMPERATURE RANGE

COPROCESSOR LOAD/STORE TIMING
L.

Coprocessor Store

Coprocessor Load

Phase

SysOut

PhiOut
| Bus D Bus | Bus D Bus
Input Output Input Input
—» ToEN
Tro
Ton —» ToH —’\Iv Tou --\|~
Data Bus /l /l
Tos Tos
TovaL L
TRUN Temp ToDIS —»f TMP
Tmp
Run S\ /£
—-l le—TcBH
CpBusy /[ /
Tees
Texc ToH 4.] -
Exception Exc1W IntGr2M >< ExctW >< IntGr2M ><
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INTERRUPT TIMING

Phase 1 2 1 2 1

SysOut
PhiOut
Tsmp Tsmp
" NN E ><
TintT H TiNT H
TiNT S TNt S
2860 drw 23
MODE VECTOR INITIALIZATION
Phase | 1 2 1 2 1 2 1 2 1 2 1
SysOut
PhiOut
Mode W Cycle Modes | X Cycle Modes | Y Cycle Modes | Z Cycle Modes |
Tsmp Temp le—Tsmp
Int(n)
TINTS
Reset
—» |¢_TD H
oS 2860 drw 24
NOTES:
1. Reset mustbe negated synchronously; however, it should be asserted asynchronously. Designs must notrely on the proper functioning of SysOut prior
to the assertion of Reset.
2. If Phase-Lock On or R3000 Mode are asserted as mode select options, they should be asserted throughout the Reset period, to insure that the slowest
coprocessor in the system has sufficient time to lock to the CPU clocks.
3. Reset is actually sampled in both Phase 1 and Phase 2. To insure proper initialization, it must be negated relative to the end of Phase 1.
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ORDERING INFORMATION
IDT  _ XXXXX = — XX X X
Device Type Speed Package Process/
Temperature
Range
‘———-{ Blank
G175
G144
F
16
20
25
33
40
| 79R3000A
| 79R3000AE
VALID COMBINATIONS
IDT 79R3000A - 16, 20 All Packages
79R3000AE - 25, 33, 40 All Packages

Commercial (0°C to +70°C)

175-Pin PGA (Cavity Down)
144-Pin PGA (Cavity Down)
172-Pin Flat Pack (Cavity Down)

16.67 MHz
20.0 MHz
25.0 MHz
33.33 MHz
40.0 MHz

RISC CPU Processor
Enhanced Timing Version
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Integrated Device Technology, Inc.

RISController™ II?T79R3001 ~
CPU FOR HIGH-PERFORMANCE
EMBEDDED SYSTEMS

F

EATURES:
Enhanced Instruction Set compatible version of
IDT79R3000 RISC CPU
Achieves high-performance with reduced parts count
and lower overall system cost -
Flexible on-chip cache controller supports various
cache, main memory sizes
Supports optional data parity with parity error output
signal
Works with IDT79R3010A RISC Floating-Point
Coprocessor
DMA interface support
Large synchronous memory space for real-time systems
Full 32-bit operations — 32-bit registers, 32-bit address
and data interface
On-chip memory management unit with 64 fully-associa-
tive TLB entries maps 4GB virtual address space
High-speed interrupt response (6 interrupt input pins)
with precise exception capability
High-speed CMOS technology results in speeds from
12.5 to 40MHz

+ Supports caches from 8kB to 16MB

Independent block refill sizes for the instruction and data
caches

Concurrent cache refill and execution

Works on 8-, 16- and 32-bit data

Supports unaligned 32-bit data

Optimizing compilers for C, Ada, Pascal, Fortran, others
RTOS support for C or Ada environments

e o o o o

DESCRIPTION: ;

The IDT79R3001 brings the high-performance inherent in
the IDT79R3000 RISC Microprocessor to lower cost systems.
It does this while maintaining full (both User and Kernel)
software compatibility with both the IDT79R2000A and
IDT79R3000 RISC Microprocessors.

The IDT79R3001 achieves lower system cost by reducing
the number of components required to construct a synchro-
nous memory (or cache) external to the processor and by
simplifying the asynchronous memory interface. By removing
the requirement for parity and allowing the system designer to
select the cache. organization which best suits the system,

FUNCTIONAL BLOCK DIAGRAM

CPO CONTROL CPU

(System Control Coprocessor)
| Master Pipeline/Bus Control I
Exception/Control General Registers
egisters (32x382%
Memory ALU
Management Local
Unit Registers Control Shifter
Logic o —

Translation Multiplier/Divider

'~°§L'j§§rde Address Adder

(64 entries) PC Increment/Mux

Virtual Page Number/ |
Virtual Address
1
J L A%
TAG (19) [ ] Data (32+4)
ADDRESS (24)

The IDT Logo is a registered trademark and CEMOS and RISController are trademarks of 2873 drw 01
Integrated Device Technology, Inc.
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overall parts count is dramatically reduced while maintaining
high performance.

The IDT79R3001 RISC Microprocessor extends the ability
of the IDT79R3000 family to support embedded and cost
sensitive applications. Its level of integration and flexibility
allows high-performance systems to be constructed at rea-
sonable cost in a straightforward manner, without forcing the
system designer to support features not required in his appli-
cation.

The IDT79R3001 consists of two tightly coupled proces-
sorsintegrated on a single chip. The first processor is a full 32-
bit CPU based on RISC principles to achieve a new standard
of performance in microprocessor based systems. The sec-
ond processor is a system control co-processor, called CPO,
containing a fully associative 64-entry TLB (Translation
Lookaside Buffer), MMU (Memory Management Unit), and
control registers, supporting a 4GB virtual memory subsystem
and a Harvard Architecture Synchronous Memory/Cache
controller which achieves ultra-high bandwidth using industry
standard SRAM devices.

This data sheet provides an overview of the features and
architecture of the IDT79R3001 CPU. A more detailed de-
scription of the operation and timing of this device is incorpo-
rated in the IDT79R3001 Hardware User's Guide, and a de-
tailed architectural overview is provided in the MIPS RISC
Architecture book, both available from IDT. Further literature
describing the hardware, software, and development tools for
the IDT79R3001 is also available from IDT.

HARDWARE OVERVIEW

The IDT79R3001 is a high-performance RISC micropro-
cessor incorporating a fast execution engine and sophisti-
cated yet flexible memory interface designed to support the
processor bandwidth requirements at minimal system cost.

Execution Engine

The IDT79R3001 contains the same basic execution en-
gine as the ultra-high performance IDT79R3000 and thus
achieves over 28 MIPS performance at 33MHz.

The key to the performance of the processor is the instruc-
tion pipeline, illustrated in Figure 2. The execution of a single
IDT79R3001 instruction consists of five primary steps, some
of which may be broken down further into smaller subsets.

The five primary stages of the pipeline, each of which
require approximately one CPU cycle, are:

IF  Instruction Fetch, when the processor fetches the
instruction from the Instruction Synchronous Memory.

RD Readrequired operands from on-chip register file while
decoding the instruction.

ALU Perform the required operation on instruction
operands.

MEM Access data memory (load or store).

WB Write results back to register file.

F | o ALU MEM | wB
II-Memory Fg‘;g Operation | D-Memory ‘g’;gs
—

One Cycle

2873 drw 02
Figure 2. IDT79R3001 Five-Stage Pipeline

Thus, the CPU achieves an average execution rate ap-
proaching one instruction per CPU cycle, since the execution
of five instructions at a time are overlapped within the proces-
sor (Figure 3). Optimizing compiler technology fully compre-
hends the interaction of software with the various pipeline
resources, and serves to both eliminate any potential pipeline
conflicts which might arise and to maximize instruction
throughput.

The IDT79R3001 Memory Interfaces

The key to achieving the inherent performance of the
IDT79R3001 is to design a memory subsystem capable of
providing a new instruction to the processor on almost every
clock cycle.

Like the IDT79R3000, the IDT79R3001 supports a hierar-
chical view of the memory subsystem. However, the
IDT79R3001 allows the system designer to make more trade-
offs in the partitioning and architecture of the various levels in
order to more completely meet the needs of certain types of
applications.

The IDT79R3001 supports two classifications of external
memory: synchronous and asynchronous. The Harvard-
Architecture (separate instruction and data memories) syn-
chronous memory allows the processor to achieve the highest
levels of performance. The processor is able to obtain both an
instruction and data word from the synchronous memory on
every clock cycle, resulting in high instruction and data
throughput.

| IF | RD IALUlMEM :WB

| IF | RD LALU

-

Instruction
Flow

MEM| wB |

| IF | RD ALlJ MEMI WB|

ALU IMEMl wB |

RD lALU|MEM| WB |

Current
CPU
Cycle

2873 drw 03

Figure 3. Instruction Execution in IDT79R3001 Pipeline
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The asynchronous memory space contains larger, slower
memory devices such as EPROM, main memory DRAMSs,
and peripheral devices. Multiple clock cycles are required for
data movement in the asynchronous memory.

Many systems implement a memory hierarchy between
these two memory spaces, whereby the synchronous memory
space is used as processor caches and the asynchronous
memory space is used for main memory. The IDT79R3001
integrates a flexible Direct-Mapped Cache Controller On-
Chip, eliminating external cache control logic and minimizing
cache management overhead. If the synchronous memory
space is used for processor caches, then cache “misses” will
cause the processor to automatically process an asynchro-
nous memory transfer to refill the cache.

The key to achieving the system cost and performance
goals of an IDT79R3001-based system is to partition the
memory system to the needs of the application.

Synchronous Memory System

As with any high-performance processor, the IDT79R3001
requires high-bandwidth to achieve high-performance. Thus,
it is important that the majority of its execution occur in the
synchronous memory space. In applications which require
substantial amounts of main memory, this memory space will
be implemented as instruction and data caches.

The synchronous memory is designed to be able to supply
both an instruction and data word to the processor on each
clock cycle. When the synchronous memory spaces are used
ascaches, then they are used to hold instruction and data that
is repetitively accessed by the CPU (for example, within a
program loop). This reduces the number of slower asynchro-
nous memory cycles and thus achieves higher performance.

Some microprocessors incorporate small amounts of cache
on-chip, which has a very small and unpredictable effect on
the execution of large programs. The IDT79R3001 supports

| | | |

| 1 1 l 1 2 |

I (Instruction ! I (Instruction |

' Read) | (DataRead) | Read) (Data Store) |

) U | 1

AddrLo ( Data Addr X Instr. Addr Data Addr Instr. Addr x
[}

DClk

ICk

\_{ /1

I
DRd m

|

1

DWr :

|
Dataand | [ N\ [\
TAG Buses : \ /: 7/
! Instr. RAM Data RAM i

X
Instr. RAM E CPU Data Pins
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Figure 4. Synchronous Memory Control Timing

caches of from 8kB in size up through 16MB, thus bringing
substantial performance improvements to very large pro-
gramsand also allowing real-time system designers to design
cache-based systems to support deterministic requirements.

ThelDT79R3001 directly controls the synchronous memory
interface (whether it is being used as caches or not) with a
minimum of external components. The IDT79R3001 includes
all control signals and cache TAG control logic (for a direct
mapped cache) forthe synchronous memory interfaces. Parity
over the data portion of each synchronous memory can be
optionally selected at RESET time for applications which
desire to make this cost trade-off.

The synchronous interface works by dividing the basic
CPU cycles into two phases. During one phase, a cache
address is presented by the processor and captured by
external latches (the latch control signals are directly gener-
ated by the CPU). During the next phase, the address for the
other memory space is generated and captured while the data
movement operation or the first cache is completed. The
processor directly generates the SRAM Output Enable and
Write Enable signals and the address latch enable signals,
requiring no external decoding. This is illustrated in Figure 4.

Further, the IDT79R3001 supports the ability to refill mul-
tiple words into the cache from main memory when a cache-
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miss occurs, further reducing system cost and increasing
performance in cache-based systems. The IDT79R3001 can
obtain 1, 4, 8, 16, or 32 words from main memory when
processing a cache-miss, thus amortizing the cache-miss
penalty over a large amount of data.

ThelDT79R3001 also performs instruction streaming, which
is the simultaneous execution of incoming instructions while
the cache is being refilled.

The actual width of the tag bus, and whether or not parity
over the data parts of each synchronous memory is included,
is determined according to how the device is initialized. The
IDT79R3001 can accommodate a TAG bus width of 0-19 bits,
compatible with a variety of cache sizes and cacheable main
memory choices. The IDT79R3001 allows the system de-

signer to scale the synchronous memory system exactly
according to the system needs, thus eliminating extra memory
and logic devices and achieving substantial cost savings with
no loss of performance.

Thus, the synchronous memory interface of the IDT79R3001
allows for high-bandwidth memory systems to be imple-
mented with a minimum of control logic. This is desirable,
since RISC performance tends to be a function of memory
bandwidth. By simplifying the design of the synchronous
memory system (illustrated in Figure 5), it is easier for the
system designer to achieve high performance with minimum
chip count and without requiring ultra-fast or specialty com-
ponents.

IDT79R3001
RISController
N pata TAG
/ (Data Parity) Valid
DWr_IRd__ICk
AddrLo DClk DRd IWr
FCT373A [« FCT373A
I___l | - e l—j
Data Data ‘J L, [Instruction Instruction
Cache Cache WE WE Cache Cache
Tags Data Data Tags
(SRAM) ‘ (SRAM) OE OF (SRAM) (SRAM)
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Figure 5. IDT79R3001 Synchronous interface

The TAG Bus

The TAG bus of the IDT79R3001 has been designed to
allow the system designer to implement the exact cache
configuration that is right for the system. For larger caches,
low-order TAG bits do not need to be supplied for the TAG
comparison. Additionally, the number of high-order TAG bits
supplied is determined by the system designer, according to
the amount of cacheable main memory the system supports.
Since most embedded systems would tend to implement
caches of 16kB and greater, and cacheable memory spaces
of 32MB or smaller, significant cost and area reductions are
achieved by configuring a smaller TAG bus.

The system configures the on-chip TAG comparator at
RESET Initialization time. If a TAG bit is not to be included in
the synchronous memory TAG bit compare, a pull-down
resistor of 4k is connected to-the appropriate IDT79R3001
TAG pin. If a TAG bit is to be included, no resistor is required
(the IDT79R3001 pulls floating inputs to Vcc during RESET
by asmall pull-up, which is disabled when RESET is negated).

If a TAG bit is excluded from the cycle-by-cycle compari-
son, it is still driven out with the appropriate address value
during write cycles or asynchronous memory reads. Thus, the
system designer still has the full 4GB of address space
available for address decoding, without requiring the synchro-
nous memory to be able to cache all such addresses.

5
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Figure 6 illustrates a reduced system, which-implements
16kB of Instruction and 16kB of data cache, and 512MB of
cacheable address space, using just 6 IDT71586 4kx16
Latched CacheRAM™ components and 4 pull-down resis-
tors.

Note that in systems which do not implement the synchro-
nous memory space as cache, then pull-down resistors wouid

be added to all TAG pins. The Valid Pin still needs to be
suppliedoneachcycle, thus allowing various memory schemes
to be implemented (such as static column DRAM). However,
the IDT79R3001 can be initialized to not assert the Valid pin
as an output during Write cycles, simplifying the design of logic
to drive the signal.

IDT79R3001
RISController
TAG 13, 29:31
—— N pata TAG 14:28
— /| (DataParit) valid
DWr IRd ICk
Addilo  DCKk DR Wr 4kQ
< L] < ‘:
Data Data [+ Instruction Instruction
Gache Cache LE LE | “cache [ Cache
ags ata WE WE Data ags
IDT71586 [+ 2xIDT71586] WE WE | 5xDT71586] "] IDT71586
Tt Tt ¢ oF ﬁ
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Figure 6. Small Footprint Cache for IDT79R3001

Cache Update

When the on-chip TAG comparator indicates that the item
read from the cache was not the desired item, a cache-miss
is processed. A main memory (asynchronous) transfer is
automatically processed.

The IDT79R3001 desires to update the cache using a burst
refill of multiple adjacent words from main memory. The
processor is “stalled” until the first word of the block is
available.. The processor is then released, and the block of
words is brought into the cache at the rate of one word per
CPU clock cycle.

Note that if the cache-miss was in the instruction cache, the
processor is capable of simultaneously executing the incom-
ing instruction stream as the cache is updated, thus effectively
making the cache update transparent to the system and
increasing performance.

Write Cycles
The IDT79R3001 utilizes a write through cache. That is,
data written by the processor is both written to the cache and

main memory simultaneously. Thus, main memory always
has a current copy of all data.

Typically, latching devices are used between the cache
subsystem and the slower main memory. These Write Buffers
capture the data simultaneous with the cache update, allow-
ing the processor to continue to the next cycle without actually
waiting for the main memory transfer to complete. The
IDT79R3001 generates parity over the data field on write
cycles, which can be propagated into both the synchronous
and asynchronous memory spaces.

When the processor writes less than a 32-bit quantity (a
“partial” word), the processor can perform a “read-modify-
write" of the cache. That is, the processor will read the 32-bit
word containing the partial address(es) to be updated from the
cache. If a “hit" occurs, then the new data will be merged with
the old and the new 32-bit value will be written both to the
cache andtomainmemory. If a cache “miss” occurs, then only
the partial data is written to main memory and the cache is
unchanged. Partial word capability is selected as a RESET
option.
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THE ASYNCHRONOUS MEMORY INTERFACE

The IDT79R3001 also supports an asynchronous memory
interface, which supports the use of slower memory devices
such as slow DRAM or EPROM and also supports the use of
peripherals and other “non-cacheable” devices.

In general, if a cache-miss (or parity error, if enabled)
occurs, the processor will automatically use the asynchro-
nous memory interface to retrieve the desired data, and will
update the cache accordingly.

Additionally, software can force the use of the asynchro-
nous memory space through the use of the on-chip MMU.
When the processor seeks either instructions or data within a
certain address range (kseg1), the processor knows that this
datais uncacheable andwill perform an asynchronous memory
transfer. Additionally, within cacheable memory, TLB entries
can be used to make certain pages as "uncacheable”. When
an address of an “uncacheable” page is used, the processor
will automatically use the asynchronous memory space.

The asynchronous memory space uses the same data bus
as the synchronous memory space. This facilitates the auto-
matic updating of cache memory when the asynchronous
memory is accessed due to cache-miss activity or memory
writes. The asynchronous address bus is composed from the
synchronous memory AddrLo bus, and the TAG bus. External
logic devices (such as IDT74FCT374A registers) are used to
capture AddrLo and TAG values for the asynchronous trans-

fer address. Note that systems which exclude individual TAG
bits from comparison (to reduce cache width) still have all
TAGs available as outputs.

The data path between the processor and the asynchro-
nous memory space is managed according to the needs of the
application. Write Buffer FIFO devices, such as the
IDT79R3020, are used to capture address and data during
store cycles. These devices are used to capture the data in
one-cycle, and allow the processor to continue to execute
from the synchronous memory while the slower asynchro-
nous memory actual retires the write.

Theread path is also constructed according to the needs of
the system. If block refill is used, then the read path is highly
dependent on the design of the main memory system. Pipe-
line devices such as IDT74FCT540A, or simple latches such
as IDT74FCT374, may be used.

A simple asynchronous memory interface is shown in
Figure 7. In this system, main memory is assumed to be fast
enough to support the block refill requirements of the system,
thus simplifying the read path. In fact, both the read and write
data paths are actually managed through a single set of
IDT29FCT52A bidirectional latching transceivers.

During write cycles (which are typically captured by Write
Buffers), the processor asserts MemWr to indicate that a write
cycle isin progress. The memory system negates WrBusy to
indicate that the processor is done with the write cycle.
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Figure 7. IDT79R3001 Asynchronous Interface
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Figure 8. IDT79R3001 Interface to IDT79R3010 Floating Point Co-Processor

During read cycles, the processor will assert MemRd to
indicate that a main memory read is in progress. The memory
system will hold RdBusy active until the desired data is
available. The processor will activate the XEn signal to allow
data to be passed from the main memory to the processor
databus. If the cache is to be updated with the new data, then
the processor will assert the appropriate cache write signal to
allow the cache RAMs to capture the incoming databus.

The AccTyp bus is used to indicate the size of the data
transfer (8-, 16-, 24-, or 32-bits), and for main memory reads,
whether or notthe data is “cacheable”. This simplifies the main
memory address decoding, since the AccTypindicates whether
the main memory needs to perform a burst read of multiple
words.

Co-Processor Interface

The IDT79R3001 implements a co-processor interface,
which allows the use of the IDT79R3010 high-performance
RISC Floating Point Accelerator without requiring the use of
external interface components.

The co-processor interface has been designed to make
system co-processors appear to the programmer as if they
were on-chip extensions of the core execution engine. Thus,
the IDT79R3010 FPA works.as a true co-processor, rather
than as a peripheral which must be programmed.

In the IDT79R3001 co-processor model, the CPU is re-
sponsible for controlling all data cycles. The co-processor
keeps in synchronization with the CPU (including the pipeline
stages), and uses a Phase-Locked Loop to keep synchro-

nized with the processor bus traffic. The co-processor then
“snoops” the data bus, watching for co-processor instructions.
It also knows when data cycles on the bus are intended for it
(either as a target in co-processor load operations, or as a
source for co-processor restore operations), and performs the
data portion of the operation when appropriate. Thus, co-
processors effectively load and store directly with memory,
without requiring operands to go through the CPU first. This
achieves the highest levels of performance (note that the co-
processor interface also supports move, whereby data can be
moved directly between the CPU and any co-processor).

Figure 8 illustrates the use of the IDT79R3010 in a
IDT79R3001 system. The co-processor interface manages
synchronization between the parts, and is used to communi-
cate status from the co-processor to the CPU. CpBusy, or Co-
processor Busy, stalls the CPU until the busy co-processor
resource (requested by a co-processor instruction) is free,
and CpCond, or Co-processor Condition, is used to report
status on co-processor test instructions. CpSync, is used to
help the co-processor stay “locked” to the CPU, so that the co-
processor knows when data is on the bus to be sampled on
load operations, or when to place data on the bus for store
operations.

Note that the co-processor sits on the same data bus as the
CPU, but has no connection to the address bus. The CPU is
responsible for performing all memory addressing, including
the determination of “cache hit", write-buffer full cycles, and
any processing that might be required for cache misses.
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INTERRUPTS

The IDT79R3001 features 6 separate interrupt input pins.
Interrupts are not vectored, but rather cause the general
exception vector address to be the next execution address.

These pins are not encoded internally; external logic can
choose to implement these interrupt lines as either 6 or 64
interrupt sources; software would then perform the appropri-
ate decoding to get to the specific interrupt handler.

Interrupts are recognized in the ALU stage of the on-chip
pipeline. Instructions less advanced in the pipeline are “flushed”
and will be restarted when the return from exception occurs
(an on-chip register contains the address of the instruction
which was excepted). Instructions further advanced in the
pipeline are allowed to continue. Unlike other RISC proces-
sors, the IDT79R3001 does not require the programmer to
save and restore pipeline status to allow normal execution to
be resumed. Depending on the application and exception, at
most software would need to save/restore the on-chip data
registers, status register, Exception PC and exception “cause”
register.

Note that the co-processor model includes “precise excep-
tions.” Thatis, an exception is signaled to the exact instruction
which generated the exceptional condition. No further state
commitments are made by the IDT79R3001 and, thus, the

exact context at the time of the exception is known to the
programmer. This s true even for multi-cycle operations, such
as those of the FPA.

DMA INTERFACE

The IDT79R3001 features a simple DMA interface which
allows an external master to gain control of the synchronous
memory space. Note thatitis notnecessary to include logic on
the CPU to arbitrate for the asynchronous memory space; the
read/write buffer interface is where such arbitration logic
belongs and it is left to the system designer to implement the
type of asynchronous memory structure that best fits the
application.

When an external master “owns” the synchronous bus, the

CPU will tri-state the following pins and buses:

» AddrLo: The synchronous memory direct address bus.

- Data & Tag: The synchronous memory RAM data lines.

- Cache Control: TRd, IWr, IClk, DRd, DWr and DCIk. This
allows the external master to use the existing control
lines to control the synchronous memory.

« XEn: The read buffer transceiver enable, which will
allow the external master to use the read/write
buffer path for DMA.

« Valid: This enables the DMA interface to be used for
multi-processing applications.

A 4
4 4
A A Sychronous
Tag  Data —>| '373A |—b Data ﬂ
AddrLo [ Memory <+
/ 4
Cache Ctrl y
A\
IDT79R3001
RISController Sychronous  [€-®
—p '373A 1 Instruction
Memory < >
DMAStall
Req. AddrLo Cache
Ctrl
DMA Ta9, N -~
Controller Async V/F 1 Async. I/F
Ctrl
Main Mem Ctrl - Nlﬁr;}%ry

2873 drw 09

Figure 9. IDT79R3001 DMA Interface
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MODE SELECTABLE FEATURES FOR THE IDT79R3001

Input W Cycle X Cycle Y Cycle Z Cycle

int0 Reserved Reserved Reserved Reserved

nt? Reserved Reserved Reserved Reserved

nt2 DBIkSize0 DBIkSizeT Parity On Valid Output
int3 BIkSize0 BlkSizeT StorePartial ControlLow
int4 Pilon Pllon PIlOn PliOn

nt5 Reserved BigEndian Tritate Reserved

NOTE: 2873 bl 01

1. Reserved signals must be "HIGH" during these cycles.

The DMA interface consists of a single input signal,
DMAStall, which causes the processor to stall and to tri-state
the above named lines. The external master is guaranteed
mastership of the bus within a very short number of cycles,
depending on the exact external bus activity of the CPU when
the DMA was requested. The DMA master negates the
DMAStall signal when the DMA operation is completed to
allowthe CPU toresumeprocessing. Consultthe IDT79R3001
Hardware User’s Guide for more details.

Figure 9 illustrates the system connection of an external
DMA master to a IDT79R3001 system.

ADVANCED FEATURES

The IDT79R3001 contains special features which provide
added flexibility across a number of applications, as well as
allow for system diagnostic support.

Insupport of diagnostics, the IDT79R3001 allows for cache
“swapping” (interchange of which memory bank is for instruc-
tion and which is for data), which is useful in system initializa-
tion, cache flushing, and diagnostics. Additionally, the caches
can be “isolated” from main memory, which forces cache “hits”
to occur regardless of the tag comparison, and which is useful
in determining that the synchronous memory space RAMs are
functional.

General Purpose Registers Multiply/Divide Registers

31 0 31 0
0 | HI ]
r 31 0
r2 | Lo |
: Program Counter
. 31 0
r29 | PC |
130
r31
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Figure 10. IDT79R3001 Registers

An additional feature is the ability to enable parity checking
over the data field of each synchronous memory. If parity is
enabled, the processor will check the parity when a synchro-
nous access occurs; if a parity error is detected, it is signaled
to the external world on the Parity Error signal and a cache-
miss cycle is processed. the Parity Error signal will remain low
until the parity error flag in the CPO status register is cleared
by software.

A number of other system selectable features are selected
at reset time. The input reset “vectors” are sampled on the
interrupt input lines during the last four cycles of the reset
period. The input vectors are listed in Table 1. These selec-
tions include the ability to select the block refill sizes for each
of the instruction and data memories, whether Big Endian or
Little Endian order is to be used, whether to use data parity,
and whether or not to accommodate a Phase-Locked Loop for
a co-processor. The initialization of the CPU and meaning of
each input vector is more fully explained in the IDT79R3001
Hardware User's Guide.

PROCESSOR ARCHITECTURE

The IDT79R3001 is a full implementation of the
IDT79R2000A/IDT79R3000 Instruction Set Architecture (the
MIPS-I ISA). This architecture is discussed in great detail in
MIPS RISC Architecture, available from IDT.

IDT79R3001 CPU Registers

The IDT79R3001 CPU provides 32 general purpose (or-
thogonal) 32-bit registers, a 32-bit Program Counter and two
32-bit registers used to hold the results of the CPU integer
multiply and divide operations.

Two of the 32 general registers have special purposes
designed to increase processor performance: register r0 is
hardwired to the value “0", a useful constant; and register r31
is used as the link register in jump-and-link instructions (the
return address for subroutine calls). Otherwise, there is no
requirement that a particular register be used as a stack or
frame pointer, etc., although there is a register convention as
part of the “mips ABI” (Applications Binary Interface standard)
which the compiler suite uses.

The CPU registers are illustrated in Figure 10. Note that
there is no Program Status Word register shown in this figure.
The functions traditionally provided by a PSW register are
instead provided in the Status and Cause Registers incorpo-
rated within the on-chip System Control Co-Processor (CP0).
The instruction set does not use condition codes.

5.2
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Instruction Set Overview

All IDT79R3001 instructions are 32 bits long and there are
only three instruction formats (see Figure 11). This approach
simplifies decoding, thus minimizing instruction execution
time. The IDT79R3001 processor initiates a new instruction
on every RUN cycle, and is able to complete an instruction on
almost every clock cycle. The only exceptions are the LOAD
instructions and BRANCH instructions, which each have a
single cycle of latency associated with their execution (that s,
the instruction immediately after the branch is always ex-
ecuted regardless of the branch condition; similarly, the data
loaded by a LOAD instruction is notavailable to the subsequent
instruction). However, in the majority of cases the compilers
(and even the MIPS assembler) are able to reorder instruc-
tions to fill these latency cycles with useful instructions which
do not require the results of the previous instruction (in the
worst case, a NOP instruction is inserted). This effectively
eliminates these latency effects and does not require the
applications programmer to be aware of the pipeline structure.

The actual instruction set of the CPU was determined after
extensive simulations to determine which instructions should
be implemented in hardware and which operations are best
synthesized in software from other basic operations. This
methodology has resulted in the highest performance proces-
sor available.

The IDT79R3001 instruction set can be divided into the
following groups:

+ Load/Store Instructions move data between memory and
the general registers. These are all “I-Type"” instructions.
The only addressing mode supported is base register plus
signed, immediate 16-bit offset. This effectively allows three
addressing modes: register plus offset, register (using zero
offset), and immediate (using r0,the zero register).

The Load instruction has a single cycle of latency, as
described above. That is, the instruction immediately after
the load instruction cannot rely on the new data; however,
the assembler and compilers automatically handle this,
reordering code to insure that no conflicts occur. Note that
the store operation has no latency in its effect.

Loads and stores can be performed on byte, half-word,
word, or unaligned word data (32-bit data not aligned on a
modulo-4 address).

Computational Instructions perform arithmetic, logical,
and shift operations on values in registers. They occur in
both “R-Type” (both operands and the result are general
registers), and “I-Type" (one operand is a 16-bit inmediate
value) formats.

Note that computational instructions are three operand
instructions: that is, the result register can be different from
both source registers. This means that operands need not
be overwritten by arithmetic operations. This results in a
more efficient use of the register set, and further increases
performance.

I-Type (Immediate)

31 26 25 21 20 16 15 0

[ op r rs t L immediate J

J-Type (Jump)

3126 25 0
op target l

R-Type (Register)

31 26 25 21 20 16 15 11 10 6 5 0

l opJ rs | n er l re |funct|
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Figure 11. IDT79R3001 Instruction Formats

+ Jump and Branch Instructions change the flow of control
of a program. Jumps are always to a paged absolute
address formed by combining a 26-bit target with four bits of
the Program Counter (“J-Type” format for subroutine calls),
or 32-bit register byte addresses (“R-Type,” for Returns and
dispatches). Branches have 16-bit offsets relative to the
program counter (“I-Type").

Jump and Link instructions save a return address in
Register 31. The IDT79R3001 instruction set features
numerous branch conditions. Included is the ability tobranch
based on a comparison of two registers, or on the compari-
son of a register to zero. Thus, net performance is in
creased since the processor does not have to precede the
branch instruction with arithmetic operations.
Co-processor Instructions perform operations in the co-
processors (such as the IDT79R3010 FPA). Co-processor
Loads and Stores are “I- Type;” computational instructions
have co-processor dependent formats.

Co-processor 0 Instructions perform operations on the
System Control Co-processor (CPO0) registers to manipu-
late the memory management and exception handling
facilities of the on-chip co-processor.

Special Instructions perform a variety of tasks, including
movement of data between general and special registers,
system calls, and breakpoint operations. These are always
“R-Type."

.

.

IDT79R3001 System Control Co-processor (CP0)

The IDT79R3001 canoperate with up to four tightly coupled
co-processors, designated CP0-CP3. CPO is included on-
chip as co-processor 0, the System Control co-processor.
CPO is responsible for supporting both the virtual memory
system and the exception handling functions of the
IDT79R3001.

5.2
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IDT79R3001 INSTRUCTION SUMMARY

OP Description OP . Description
Load/Store Instructions " Multiply/Divide Instructions
LB Load Byte MULT Multiply
LBU Load Byte Unsigned MULTU Multiply Unsigned
LH Load Halfword DIV Divide
LHU Load Halfword Unsigned DivU Divide Unsigned
Lw Load Word MFHI Move From Hi
LwL Load Word Left MTHI Move To HI
LWR Load Word Right MFLO Move From LO
SB Store Byte MTLO Move To LO
SH Store Halfword' ’ )
SW Store Word Jump and Branch Instructions
SWL Store Word Left J Jump
SWR Store Word Right JAL Jump and Link
JR Jump to Register
Arithmetlic Instructions JALR Jump and Link Register
(ALU Immediate) BEQ Branch on Equal
ADDI Add Immediate BNE Branch on Not Equal
ADDIU Add Immediate Unsigned BLEZ Branch on Less than or Equal to Zero
SLTI Set on Less Than Immediate BGTZ Branch on Greater Than Zero
SLTIU Set on Less Than Immediate BLTZ Branch on Less Than Zero
- Unsigned BGEZ Branch on Greater than or
ANDI AND Immediate Equal to Zero
ORI OR Immediate BLTZAL Branch on Less Than Zero and Link
XORI Exclusive OR Immediate BGEZAL Branch on Greater than or Equal to
LUI Load Upper Immediate Zero and Link. S :
Special Instructions
Arithmetic Instructions SYSCALL System Call
(3-operand, register-type) BREAK . Break
ADD Add :
ADDU Add Unsigned Coprocessor Instructions
SuUB Subtract LWCz Load Word from Coprocessor
SuBU Subtract Unsigned SWcCz Store Word to Coprocessor
SLT Set on Less Than MTCz Move To Coprocessor
MFCz Move From Coprocessor
SLTU Set on Less Than Unsigned CTCz Move Control to Coprocessor
AND AND CFCz Move'Control From Coprocessor
OR OR COPz Coprocessor Operation
XOR Exclusive OR BCzT Branch on Coprocessor z True
NOR NOR BCzF Branch on Coprocessor z False
Shift Instructions System Control Coprocessor
SLL Shift Left Logical (CPO) Instructions
SRL Shift Right Logical MTCO Move To CPO
SRA Shift Right Arithmetic MFCO Move From CPO
SLLV Shift Left Logical Variable TLBR Read indexed TLB entry
SRLV Shift Right Logical Variable TLBWI Write Indexed TLB entry
SRAV Shift Right Arithmetic Variable TLBWR Write Random TLB entry
TLBP Probe TLB for matching entry
RFE Restore From Exception

2673 tbl 02
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CPO Registers

As a co-processor, CP0 has a number of registers which it
uses to perform its control functions. These include 64 fully
associative Translation Lookaside Buffers (TLBs), used to
manage the virtual memory space; registers to manage the
TLB set; and the exception handling registers. Figure 12
illustrates the register set of the System Control Co-processor.
Table 3 provides a brief explanation of the function of each of
these registers. Amore detailed explanation of the use of each
of these registers is included in the MIPS RISC Architecture
manual.

Memory Management System

The IDT79R3001 supports a virtual memory system, so
that each task in a given application can be unaware of the
addressing needs of other tasks. Thisis also useful in systems
with limited physical memory; the IDT79R3001 provides for
the logical expansion of memory by translating addresses
composed in a large virtual space into available physical
memory addresses.

CP0 REGISTERS

Register Description

EntryHi High half of a TLB entry

Entrylo | Low half of a TLB entry

Index Programmable pointer into TLB array

Random | Pseudo-random pointer into TLB array

Status Mode, interrupt enables and diagnostic status
information

Cause Indicates nature of last exception

EPC Exception Program Counter—contains address of
instruction which detected the exception

Context | Pointer into kernel's virtual Page Table Entry array

BadVA Most recent bad virtual address

PriD Processor revision identification (Read only)

2873 tol 03

~

ENTRYHI

ENTRYLO INDEX

/ RANDOM
LB

NOT ACCESSED

BY RANDOM

[] Used with Virtual Memory System
Used with Exception Processing
2873 drw 12

Figure 12. The System Control Co-processor (CP0) Registers
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MMU ADDRESS TRANSLATION

PHYSICAL

VIRTUAL
OxEEEFELEE R
Kernel Mapped
Cacheable ANY
(kseg2)
0%c0000000
Kernel Uncached Physical
kseg1 ysica
0%a0000000 (ksegt) Memory - 3584 MB
Kernel Cached
ksegO,
0x80000000 (kseg0)
User Mapped
Cacheable ANY
(kuseg)
L, Memory 512 MB
0x00000000

IDT79R3001 Operating Modes

The IDT79R3001 has two operating modes: User Mode
and Kernel Mode. The IDT79R3001 normally operates in the
User Mode until an exception is detected, forcing it into the
Kernel Mode. The processor remains in Kernel Mode until the
exceptions are handled and the processor executes an RFE
(Return from Exception) instruction, which will restore it to
User Mode. Kernel Mode allows software to alter machine
state information such as that contained in the CPO registers;
thatis, ifin User Mode an access is attempted to Co-processor
0 and the Kernel has not enabled the User to access the co-
processor, an exception will occur. Similarly, if a User task
attempts to use a Kernel virtual address, an exception will
occur. Thus, system resources are protected from User tasks.

The manner in which memory addresses are translated
(mapped) depends on the operating mode of the IDT79R3001
and on the virtual address desired. Figure 13 illustrates the
virtual address mapping performed by the IDT79R3001:

User Mode — in this mode, a single, uniform virtual ad-
dress space (kuseg) of 2GB is available to each user task
(tasks are further identified by a 6-bit process identifier field in
order to form unique virtual addresses). All references to this

2873 drw 13

segment are mapped using the TLB, which utilizes both the
virtual address and the Process ID field to perform the virtual-
to-physical mapping (note that this allows the cache to be
shared by up to 64 User processes at a time without requiring
time consuming Cache or TLB flushing).

Kernel Mode—Four separate segments are accessible
through this mode: i
» kuseg—When in the Kernel Mode, references to this seg-
ment are treated just like User Mode references, thus
streamlining Kernel accesses to User memory.
kseg0-—References to this 512MB segment may use the
cache memory, but are not translated by the TLB. Instead,
these addresses map directly to the first 512MB of the
physical address space. Note that many dedicated embed-
ded applications will utilize this address space and kseg1only,
rather than any of the TLB mapped segments.
kseg1—Referencestothis 512MB segmentare not mapped
through the TLB. Additionally, this memory is viewed as
uncacheable, which means that references through this
segment will always use the asynchronous memory inter-
face. As with kseg0, references through this segment are
hard-mapped to the first 512MB of physical memory. When

63 44 43 38 37 32 31 12 11 10 9 8 7 0
VPN TLBPID o PFN N|D|V]|G 0
u A J
Y Y
ENTRYHI ENTRYLO
VPN - Virtual Page Number D - Dirty Page/Write Protect
TLBPID — Process ID V —Valid entry flag
PFN — Physical Frame Number G — Global flag (ignore PID)
N — Non-cacheable Physical Page 0 — Reserved

2873 drw 14

Figure 14. TLB Entry Format
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the processor boots, the reset vector is contained in this
segment, so that the processor does not require either the
cache or the TLB to be valid at RESET time.
kseg2—References to this 1GB segment are always
mapped through the TLB. As with kuseg, the ability of
memory pages to be cached is determined by a bit setting
in the TLB entry for that page.

The Translation Lookaside Buffer (TLB)

Thetranslation of virtual addresses in either kuseg or kseg2
(mapped segments) is performed by the on-chip Translation
Lookaside Buffer array. This array consists of 64 fully-asso-
ciative (content addressable) memory elements. Each entry
maps a 4kB virtual page to a 4kB physical page. Each TLB
entry contains other information about the virtual address it
maps (such as which User process it maps) and also about the
physical address (such as whether itis cacheable or writeable).

Figure 14 illustrates the format of each TLB entry. The
translation operation is illustrated in Figure 15. The upper
portion of the desired virtual address is compared against the
VPN field of each TLB entry. Additionally, the current process
ID (contained in the TLBHI register) is matched against the
PID field of the TLB entry (if the TLB entry is marked as Global,
the PID comparisonisignored). If amatchoccurs,andthe TLB
entry is marked as Valid, then the translation is completed by
replacing the VPN of the virtual address with the correspond-
ing PFN (Physical Frame Number).

Note that the use of the TLB does not incur an execution
penalty, since the execution engine pipeline includes stages
to cover for the time required to make the TLB search and
translation.

TLB misses occur when no successful match occurs.
These events are handled in software. The CPO registers give
the software enough information to obtain the appropriate TLB
entry at speeds which exceed those achieved by many CPUs
which use hardware TLB replacement (10-12 cycles under
UNIX).

When a TLB miss occurs, the address of the instruction
which was executing is stored in the EPC register, and the
BadVA register contains the address which was being trans-
lated. The Context register uses the BadVA value to generate
a direct pointer to the kernel Page Table Entry for the desired
virtual address. The Random register suggests the TLB entry
to be replaced by the new entry. Note that the lower eight TLB
entries are not pointed to by Random; the kernel software can
thus insure that it is constantly mapped, and deterministic
response is guaranteed.

BACKWARD COMPATIBILITY WITH
IDT79R2000A AND 79R3000 PROCESSORS

The IDT79R3001 can execute the same binary software
(either kernel or user) that is executed by either the
IDT79R2000A or IDT79R3000. At the system level, some
hardware re-design is necessary to achieve the cost savings
inherent in the IDT79R3001 hardware interface.

Current
Process ID 31 12 11 0
5 0 Virtual
Address
N AL ]
Y
|
v
PID VPN Flags PFN
63 —
62 —_—
61 e
60 —_—
ol . CAM .
e | o (Content Addressable . RAM
ol Memory) e
3 —_
2 —_
1 _—
0 —
) »
A A v
f +— \  Physical
l Address
31 211 Y 2873 drw 15
Figure 15. Virtual to Physical TLB Tr
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PIN DESCRIPTIONS

PinName [1o| Description
Memory Interface .
Data (0:31) IO | A 32-bit bus used for all instruction and data transmission among the processor, synchronous memory space,

asynchronous memory space and CO-processors,

DataP (0:3) /O | A 4-bit bus containing even parity over the data bus. If parity checking is enabled, a parity error will cause the PErr
signal to be asserted and a cache-miss to occur. Regardless of whether parity checking is enabled, the processor
-will always generate parity on writes.

Tag (13:31) /O | A 19-bit bus used for transferring cache tags and high- order address bits between the processor, caches and
asynchronous memory spaces.

Adero (0:23) | O | A 24-bit bus containing low-order byte addresses for both the synchronous (cache) and asynchronous memory
spaces. )

Synchronous Memory Control :
The output enable for the instruction cache. The polarity of this signal is selectable.

IRd (¢}

Wr O | The write enable for the instruction cache. The polarity of this signal is selectable.

IClk O | Theinstruction cache address latch clock. The clock runs continuously.

DRd O | The output enable for the data cache. The polarity of this signal is selectable.

DWr O | The write enable for the data cache. The polarity of this signal is selectable.

DCIk O | The data cache address latch clock. The clock runs continuously.

Valid I/0 | A high on this signal indicates that the Tags just read from the cache are valid. When a cache update occurs, the

processor will generate the appropriate Valid bit.

PEr O | If parity checking is enabled, this signal is an active low output of the internal CPO parity error status bit. It is driven
low when a parity error is detected and remains low until software clears the parity errorflag in the status register. This
pin is physically the same pin as AccTyp2. lts function is selected during device reset.

Asynchronous Memory Interface
| XEn O | The transceiver enable for the read buffer.

AccTyp (0:2) O | A3-bitbususedtoindicate the size of data being transferred on the asynchronous memory bus, whether or not a data
v transfer is occurring and the purpose of the transfer. If parity checkingis enabled, AccTyp2 becomes the PErr signal.

MemWr O | Signals the occurrence of an asynchronous memory write cycle.

MemRd O | Signals the occurrence of an asynchronous memory read cycle.

BusError | | Signals the occurrence of a bus error during an asynchronous memory transfer cycle.

Run O | Indicates whether the processor isin a RUN or STALL state.

Exception O | Indicates the.instruction about to commit processor state should be aborted and other exception related information.

SysOut O | A clock derived from the infernal processor clock used to generate the system clock.

RdBusy I | The asynchronous memory read stall termination signal. In most system designs, RdBusy is normally asserted and
is deasserted only to indicate the successful completion of the memory read. RdBusy is sampled by the processor
only during memory read stalls.

WrBusy | | The asynchronous memory write stall initiation/termination signal. WrBusy is only sampled during write operation.

Co-Processor Interface

CpSync O | Aclock which is identical to SysOut and used by co-processors for timing synchronization with the CPU.

CPBusy | | The co-processor busy stall initiation/termination signal.

CpCond (0:3) I | A4-bitbusused totransferconditional branch status from the co-processors to the CPU. CpCond(0) is used to control
whether or not a cache burst refill occurs; the other signals are used as input port pins for co-processor branch
instructions.

Processor Control Signals

DMAStall || DMA Stall. Signals to the processor that it should stall accesses to the synchronous memories and tri-state the
synchronous memory interface.

Tnt (0:5) I | A6-bit bus used to signal maskable interrupts to the CPU. A reset time, mode values are sampled from this bus to
initialize the processor. During normal operation, these signals are not latched by the processor.and must remain
asserted until the processor acknowledges the interrupt (through software) to the interrupt source.

Clk2xSys | | The master double frequency input clock, used to generate SysOut.

Clk2xSmp/Rd | | | Adouble frequency clock input used to determine the sample point for data coming into the CPU and co-processors
and used to determine the enable time of the synchronous memory RAMs.

Clk2xPhi I | A double frequency clock input used to determine the position of the two internal phases.

Reset | Initialization input used to force execution starting from the reset memory address. Reset should be asserted

asynchronously but must be negated synchronously with the leading edge of SysOut.
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ABSOLUTE MAXIMUM RATINGS(" 3

RECOMMENDED OPERATING

Symbol Rating Commercial unit] TEMPERATURE AND SUPPLY VOLTAGE
VTERM Terminal Voltage -0.51t0 +7.0 Vv Grade Temperature GND Vce
with Respect Commercial 0°C to +70°C oV 5.0 5%
to GND 16-33 MHz (Ambient)
TA, TC Operating 0to +70¢4 °C - - ~ ~
Temperature (Ambient) Conl\'/llraerCIal 0 CéO +90°C ov 5.0 £5%
0to +906) 40 MHz (Case)
(Case) 2873 tbl 07
TBIAS Case Temperature —55to +125(4) °C
Under Bias 0 to +900
TSTG Storage -551t0 +125 °C
Temperature OUTPUT LOADING FOR AC TESTING
IIN Input Voltage -0.5t0 +7.0 \
NOTE: 2673 tbl 05
1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanentdamage to the device. This is a stress rating
only and functional operation of the device atthese or any other conditions
above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended VREF .
periods may affect reliability. aoc?ev_lrce .
2. VIN minimum = 3.0V for pulse width less than 15ns. +1.5V nder fes

VIN should not exceed Vcc +0.5 Volts.
3. Notmore than one outputshould be shorted ata time. Duration of the short
should not exceed 30 seconds.

:l: 25pF

4. 16-25 MHz only. =
5. 40 MHz only. —4mA
2860 drw 16
AC TEST CONDITIONS
Symbol Parameter Min. Max. Unit
VIH Input HIGH Voltage 3.0 - Vv Signal CL
VL Input LOW Voltage — 0.4 \ IRd, IWr, DRd, DWr 50pf
VIHS Input HIGH Voltage 3.5 — v All Others 25pf
VILS Input LOW Voltage — 0.4 \'

2873 tbl 06
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DC ELECTRICAL CHARACTERISTICS:
COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VcC = +5.0V 5%)

: 16.67MHz * 20.0MHz 25.0MHz 33.33MHz"
Symbol Parameter Test Conditions Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max. | Unit
VoH Output HIGH Voltage Vce = Min., IoH = 4mA 3.5 — | 35 — | 85 — | 35 — \'
VoL Output LOW Voltage Vece = Min., loL = 4mA ' — 04 | — 04 | — 0.4 — 04 | V
VoHT | Output HIGH Voltage7) | Ve = Min., loH = -8mA 24 | — | 24| — |24 | — |24 | — |V
VOHC | Output HIGH Voltage® | Vo = Min., lon =—4mA 40 | — |40 | — |40 | — |40 | = |V
VoLt Output LOW Vonage(4'7) Vce = Min, loL = 8mA — 0.8 — 0.8 — 0.8 — 0.8 '
ViH Input HIGH Voltage(®) 20| — 20| — 20| —]20] — |V
ViL Input LOW Voltage — 0.8 — 0.8 — 0.8 _ 0.8 \'
ViHs Input HIGH Voitage(2:5) 30 | — |30 — 30| — 30| =1V
ViLs Input LOW Voltage(?+2) — |o4]| — |oa| —]osa| — |oafv
IReseT | Input HIGH Current(6) 10 [ 100 10 | 100 | 10 | 100 | 10 | 100 | pA
CiN Input Capacitancem — 10 — 10 — 10 — 10 | pF
Cout Output Capacitancem —_ 10 — 10 — 10 — 10 | pF
Icc Operating Current vce = Max. — 575 | — 650 | — 750 | — | 800 | mA
IiH Input HIGH Leakage® - | Vi = Vee — | 100 — | 100]| — | 100 | — | 100 | pA
L Input LOW Leakage(s) ViL=GND -100| — |-100| — |-100| — [-100}| — | pA
loz Output Tri-state Leakage | VoH=2.4V, VoL = 0.5V -100 | 100 | =100 | 100 |-100 | 100 |—100 | 100 | pA
NOTES: 2873 tol 08

1.

2. ViHs and ViLs apply to Clk2xSys; Clk2xSmp/Rd, Clk2xPhi, CpBusy, and Reset.

3.

4. VoHTand VoLTapply to the bidirectional data and tag buses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are supplies as additional
information to help the system designer understand the relationship between current drive and output voltage on these pins..

. ViH should not be held above Vcc + 0.5 volts.

. The IDT79R3001 contains an internal pull-up/current source on the TAG pins to facilitate initialization. This current source is disconnected when Reset

[ 4]

ViL Min. = -3.0V for pulse width less than 15ns. VIL should not fall below —0.5V for larger periods.

These parameters do not apply to the clock inputs.

is inactive.

. Guaranteed by design.
. VoHc applies to RUN and Exception.

5.2
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DC ELECTRICAL CHARACTERISTICS
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, Vce = +5.0V £5%)

40.0MHz
Symbol Parameter Test Conditions Min. Max. Unit
VOH Output HIGH Voltage Vce = Min,, [oH = -4mA 3.5 — \'
VoL Output LOW Voltage Vce = Min., oL = 4mA —_ 0.4 \'
VoHc | Output HIGH Voltage(?) Vce = Min,, IoH = -4mA 4.0 — \%
VOHT Output HIGH Voltage(®) | Vcc = Min., IoH = -8mA 2.4 — %
VoLt Output LOW Voltage*8) | Vce = Min,, loL = 8mA — 0.8 %
VIH Input HIGH Voltage(®) 2.0 — v
ViL Input LOW Voltage(! — 0.8 v
VIHS Input HIGH Voltage(25) 3.0 — v
ViLs Input LOW Voltage(!-2) —_ -0.4 Y
IReseT | Input HIGH Current(®) 10 100 HA
CIN Input Capacitance(®) — 10 pF
Cout Output Capacitance(® —_ 10 pF
lcc Operating Current Vce =5V, TA =70°C —_ 850 mA
IIH Input HIGH Leakage(® ViH=VCC — 100 HA
L Input LOW Leakage(® ViL = GND -100 — pA
loz Output Tri-state Leakage | VoH =VCC, VoL = GND -100 100 HA
NOTES: 2873bl 09

1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below —0.5 Volts for larger periods.

2. Viks and Vis apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VonTand VoLT apply to the bidirectional data and tag buses only. Note that Vi1 and ViLalso apply to these signals. VoHT and VoLT are provided

to give the designer further information about these specific signals.

Guaranteed by design.

5. Vi should not be held above Vcc + 0.5 volts.
6.
7. VoHc applies to RUN and Exception.
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IDT79R3001
RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS(1:4)
COMMERCIAL TEMPERATURE RANGE (TA = 0°C to +70°C, Vcc = +5.0V +5%)

16.67MHz 20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions | Min. [ Max. | Min. | Max. | Min. [ Max. [ Min. [Max.| unit
Clock
TckHigh | Input Clock HIGH(@) Note 7 125 — 10 — | 80 —_— 60 | — ns
Tcklow | Input Clock LOW(? Note 7 126 — [ 10| — |80 — | 60| — ns
Tekp Input Clock Period(® 30 | 500 | 25 | 500 | 20 | 500 | 15 | 500 | ns
Clk2xSys to Clk2xSmp/Rd(5) 0 |Teyc/d4| 0 |Teyc/4| 0.0 |Teyc/df O |[Teyc/d| ns
Clk2xSmp/Rd to Clk2xPhi(5) 9.0 |[Tcyc/4| 7.0 |Tcyc/a| 5.0 |Teyc/d] 3.5 [Toyc/d| ns
Run Operation
ToEn Data Enable(® — | =20 — |20 — | 15| — | 45| ns
Tobis | Data Disable(® — |10 — | 10| — | 05| — [-05]| ns
Toval Data Valid Load= 25pF —_ 3.0 — 3.0 — 2.0 — 2.0 ns
TwrDly | Write Delay Load= 25pF —_ 5.0 — 4.0 — 3.0 — 2.0 ns
Tos Data Set-up 9.0 — 8.0 —_ 6.0 —_ 4.5 — ns
ToH Data Hold -2.5 — | 25| — |25 — | 25| — ns
Tess CpBusy Set-up 13 —_ 1 — 9.0 —_ 7.0 — ns
TceH CpBusy Hold -2.5 — | 25| — | 25| — | 25| — ns
TAcTy Access Type (1:0) Load= 25pF —_ 7.0 —_ 6.0 — 5.0 — 3.5 ns
TAT2 Access Type2 Load= 25pF 17 —_ 14 —_ 12 —_ — 8.5 ns
TMwr Memory Write Load= 25pF 1.0 27 1.0 23 1.0 18 — 95 ns
TExe Exception " | Load= 25pF — 70| — |70 | — | 50| — | 35 ns
TAval Address Valid Load= 25pF — 2.0 — 2.0 —_ 1.5 — | 1.0 ns
Tints Int(n) Set-up 9.0 — | 80| — | 60| — | 45| — ns
TwtH | Int(n) Hold -25 — |25 — |25 — | 25| — ns
Stall Operation
TsAval | Address Valid Load= 25pF — 30 —_ 23 —_ 20 — 15 ns
TsAcTy | Access Type Load= 25pF -_ 27 —_ 23 — 18 — | 135 ns
TMRdi Memory Read Initiate Load= 25pF 1.0 27 1.0 23 1.0 18 1.0 | 135 ns
TMRIT | Memory Read Terminate Load= 25pF 1.0 20 | 1.0 23 1.0 5.0 1.0 | 135 ns
Tst Run Terminate Load= 25pF 3.0 17 3.0 15 3.0 10 20| 75 ns
TRun Run Initiate Load= 25pF — 7.0 — 6.0 — 4.0 — 3.0 ns
Tsmwr | Memory Write Load= 25pF 3.0 27 3.0 23 3.0 18 20| 95 ns
TsEc Exception Valid Load= 25pF — 15 — 13 —_ 10 — 7.5 ns
ToMADis | DMA Drive On Load= 25pF 3.0 15 3.0 15 3.0 15 3.0 15 ns
TomAEn | DMA Drive Off Load= 25pF —_ 10 — 10 — 10 —_ 10 ns
Reset Initialization
TRST Reset Pulse Width 6.0 — 6.0 — 6.0 — 6.0 —_ Teye
TRSTTAG| Reset Pulse Width, Pull-downs 140 — | 140 — 140 — 140 -_— us
on Tag
Capacitive Load Deration
CLo Load Derate(®) [o5 | 10] 05] 10 [o5[ 1.0] 05 10 [ns/25pF
NOTES: 1. All timings are referenced to 1.5V. 5. Teyeis one CPU clock cycle (2 cycles of a 2x clock). ZTETT
2. The clock parameters apply to all three 2xClocks: Clk2xSys, 6. With the exception of Run , no two signals on a given device will
Clk2xSmp/Rd, and Clk2xPhi. derate for a given load by a difference greater than 15%.
3. This parameter is guaranteed by design. 7. Transition time <2.5ns for 33MHz; <5ns for lower speeds.

4. These parameters are illustrated in detail in the /DT79R3001
Hardware Interface Guide.
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RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS(1:4)
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VcG = +5.0V +5%)

40.0MHz
Symbol Parameter Test Conditions Min. . l Max. Unit
Clock
TckHigh | Input Clock HIGH@) Transition < 2.5ns 5.0 — ns
Tcktow | Input Clock LOW(2) Transition < 2.5ns 5.0 — ns
Tckp Input Clock Period(@ 125 500 ns
Clk2xSys to Clk2xSmp/Rd(®) 0 Teyc/4 ns
Clk2xSmp/Rd to Clk2xPhi(5) 3.0 Tcyc/4 ns
Run Operation
TDEn Data Enable(® — -15 ns
Toois | Data Disable(® — -0.5 ns
Toval Data Valid Load= 25pF —_ 15 ns
TwrDly | Write Delay Load= 25pF — 2.0 ns
Tos Data Set-up 4.0 e ns
ToH Data Hold -25 —_ ns
Tces CpBusy Set-up 6.0 — ns
ToBH CpBusy Hold -2.5 — ns
TAcTy Access Type (1:0) Load= 25pF — 3.0 ns
TAT2 Access Type2 Load= 25pF — 7.5 ns
Tmwr Memory Write Load= 25pF — 9.0 ns
TExc Exception Load= 25pF — 3.0 ns
Stall Operation
Tsaval | Address Valid Load= 25pF — 125 ns
TsAcTy | Access Type Load= 25pF — 9.0 ns
TMRdi Memory Read Initiate Load= 25pF — 9.0 ns
TMRJIT | Memory Read Terminate Load= 25pF _ 9.0 ns
Tstl Run Terminate Load= 25pF 2.0 6.0 ns
TRun Run Initiate Load= 25pF . 3.0 ns
Tsmwr | Memory Write Load= 25pF 2.0 9.0 ns
TsExc Exception Valid Load= 25pF —_— 6.0 ns
TomaDis| DMA Drive On Load= 25pF 3.0 15 ns
TDMAEn | DMA Drive Off Load= 25pF — 10 ns
Reset Initialization
TRST Reset Pulse Width —_ —_— Teye
TrSTTAG| Reset Pulse Width, Pull-downs — — us
on Tag
Capacitive Load Deration
CLp Load Derate(®) J — — ns/25pF
NOTES: ' 2873tbl 12
1. Alltimings are referenced to 1.5V.
2. The clock parameters apply to all three 2xClocks: Clk2xSys, Clk2xSmp/Rd, and Clk2xPhi.
3. This parameter is guaranteed by design.
4. These parameters are illustrated in detail in the IDT79R3001 Hardware Interface Guide.
5. Tcycis one CPU clock cycle (2 cycles of a 2x clock).
6. With the exception of Run , no two signals on a given device will derate for a given load by a difference greater than 15%.
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IDT79R3001
RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE RANGE

PIN CONFIGURATIONS
172-Pin Ceramic Flatpack (Cavity Side View)
CONMNONOTON v N _OrAOT-NmgtMIW o o (=
Y nEYnrEnEr a0l E 806000066000 38 88 REENERSS
T I T T TN TETITTZOOTZO00ZZZ00ZZZ0TT T T T T @ @ B @ T G B
[aYalalalalalalalalalalato S 0P SIOICICPSNOIGIl iqalalalalalalalalalalala b0
44 86
Data21 =43 87— AdrLo2
Data22 —1 AdrLo3
Data24 1 AdrLo4
Data25 —1 AdrLo5
Data26 = — AdrLo6
Data31 = — AdrLo7
DataP3 = — AdrLo8
Data27 . —1 AdrLo9
Data28 T 1 AdrLo10
XEn —1 AdrLo11
Data29 —1 AdrLo12
Data30 = —J AdrLo13
Exc = — AdrLo14
Clk2xPhi = 1 VCC15
GND7 = —1 VCC16
GND6 1 VCC17
CpCond2 = — GND16
VCC7 — GND17
VCC6 g g VCC18
gmgi — IDT79R3001 RiSController — \éﬁCD1198
GND3 1 VCC20
VCC5 ] —1 vVCC21
VCC4 — vCC22
vces 1 AdrLo15
GND2 = —1 CpCond0
ClkGND1 E g (RtpCcanm
2xSys esvdil
CpSync = —1 GND19
MemWr ] —1 GND20
AccTy1 B3 1 AdrLo16
Run = 1 Adrl 017
VCC2 1 Int0
vcet = —1 Intl
Clk2xSmp/Rd = 3 Int2
SysOut = 3 Int3
DClk £ 3 Intd4
IClk g Int5
CpCond3 CpBus
MemRd — —1 WrBusy
AccTy0 — RdBusy
Acctly? —1 BusError
DMAStall {1 129 1 Reset
172 130
B B R R s R R N A N R N R N S ST
555555 >i‘—“l22 ZS86882 250,522 200033 SSS STV TITS  ersawir
2338823 CICAE ORGSO TOIO
NOTE:

1. AccTyp2 is redefined to be Parity Error if the parity enable option is selected at device initialization.
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IDT79R3001

RiSController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE RANGE

PIN CONFIGURATIONS (Continued)
144-Pin PGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A |vcci4 AdéLo Ac:r(l).o A<1r1Lo VCC12 Acm_o Atirg.o Cp%ond Ac:g_o A%Lo @) | 5y BYJV_Try Reset | VCC10
B AdéLo %?1_ Ad;Lo AdéLo Ac:rzl.o S_(;_SE A%Lo Cp(iond int() | @) Bﬁgy I?r_tlosr Run | Tag13 | Tag16
c Ad(;LO AdA['-O vCC13 AdS”-O AdéLO GND13|GND12|VCC11| Tni(0) | Tnt(4) BFng GND | Tag14 | Tag17 | Tag20
D D?ta Ad£L0 GNDoO Tag15 | Tag19 | Tag21
E Da(t,aP Dgta Ad1rLo Tag18 | Tag22 | VCC9
F VCCo Dz7ita Dz;ta GND10| Tag23 | Tag25
G Dita Dgta GND1 GND9 | Tag24 | Tag26
H Dgta Dgta Dgta IDT79R3001 RISController VCC8 | Tag2s | Tage7
J D1a[;a Da1taP Dagta Tag31 | Valid | Tag29
K nga D1a1!a GND2 GND8 Ac1’f9L° Tag30
| veor | oz | oz e | Ao | Mg
m | Data | Data | DataP GND7 | Adile | veer
N | Data | Data | Dala | gNpg | Data | DalaP | vces | vec4 | GNDS | GND6 “_ﬂ%ﬁ QA | DRa | Wr | Adio
o | | T e g e | O | B | gt | AR 0 K |G o] T | o
q | veez Dza;a D;éa D;;a D;éa GND4 Dzaéa E>‘£|<c=’_?]P- Cgfix cgfﬁz SysOut| VCC5 | ICk |AccTy2| VCC6
NOTE: peradm 18
1. AccTyp2 is redefined to be Parity Error if the parity enable option is selected at device initialization.
5.2 22




IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE RANGE

Clk2xSys

Clk2xSmpRd M
ClkaxPhi m

Tckiow

Tckp =

Figure 16. Input Clock Timing

le— Tckhigh

[ 4— Tsys -

SysOut 7

Rd/SmpOut "

Phiout™ \\

Teye ”
¢ h *
N
T-Is-:g —» Tsmp —»
P Trd
Tsys
4 N
/| N\
Tsys

Figure 17. Processor Reference Clock Timing
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IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE RANGE

Phase

SysOut

PhiOut

AddrLo

AccTyp 0:1

AccTyp 2

Data and
Tag Buses

IClk

DClk

DRd

DWr

-»> Ig.TavaI -»>

> Taval

e
D Addr )( I Addr ><

D Addr ><

I Addr 3

Size of Load Data

Size of Stored Data
Tacty2
| Bus D Bus
Input Output
-» Tden
Tdh -l < Trd>
- Trdvalr
Tsmp |e¢—p Tddis -pf

_/(_
e

— e

N

D Bus
Input
/1 4
Tds |e
<] Tsmp <«—»| Tsmp
Trd

?& Tsys

Tsmp Tsmp l;-p

Figure 18. Synchronous Memory (Cache) Timing

2873 dw 21

24




IDT79R3001

RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE RANGE

RUN STALL STALL FIXUP RUN
Phase 1 2 1 1 2 1 2 1
Sysom Tsys Tsys Tsys Tsys
Tsys Tsys Tsys Tsys
Prow N ; X N
Tsaval
AddrLo <D Addr>< I Addr /////////////0< D Addr>< | Adar Y D Add>
Tdval le Tddis Tdval (e—p Tddis
S "? 'L/d
High) Tden - »| |eTrd Tden - -»| [&Trd
-»> Tacty Tacty Tacty
AccTyp 0:1 Data Size Reserved Data Size k
Tsacty s Tat2
Tat2 Tsacty
AccTyp 2 :k Regerved Y_K
Tdval |e Tddis Tdval |e—p Tddis
(OutDpaJta) kK K
Tden -p lf »| |eTrd Tden - lf | |¢Trd
Tsmp  |a—»
i g
<——1b Twrdly
AL Tsmwr Tmwr Tmwr
“MemWr
Tsmp Iq-. Tsmp
e SR
'Ilds st
Ij Tdh |< Tdh Trun
Ton Tstl
2873 drw 22
Figure 19. Memory Write Timing
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RISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS COMMERCIAL TEMPERATURE RANGE
RUN STALL STALL FIXUP RUN
Phase 1 | 2 1 | 2 1 | 2 1 I 2 1
“Sysout Tsys Tsys Tsys Tsys
Tsys Isys Tsys Tsys
PhiOut N
~ 1 1 T~ T~a Fr_
Tsaval |
AddrLo <D Addr>< I Addr >@ Read Address X o Addr>< | Add><D Add>
Tdval  f4—bl | | Tdval |a—p] | |eTrd
Tag 7 Read Address )
(Aadress
High) > Tden Tden e} Tddis
> Tacty Tacty Tacty
AccTyp 0:1 Data Size Data Miss Data Size
-» Tsacty | l | | > -Tat2
Tat2 Tsacty
AccTyp 2 Cached >/
Tdh Tdh
Data
(Input)
Tds j¢-pie—b Tsmp
mp| Tds
DWr
Twrdly

Tmrdi Tmrdt
MemRd

Tsmp
RdBusy | /_

'I!ds
Tsys
|< Tdh d

Xen

CpCond0 *
Tstl Tds < Tsmp Trun

e
[e—>re
Run

Figure 20. Memory Read Timing

X
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RiISController FOR HIGH-PERFORMANCE EMBEDDED SYSTEMS

COMMERCIAL TEMPERATURE I-;!ANGE

Pha.se

SysOut

PhiOut

Data Bus

Run

CpBusy

Exception

CpCond(n)

Coprocessor Store

Coprocessor Load

L

| Bus D Bus | Bus D Bus
Input Output Input Input
—»] Tden
Tah ] Trd Tdh — \r Tah ] \I.‘
/| V|
Tds Tds Tds
Tdval Tl
Trun Tsmp Tddis —» Tsmp
Tsmp
N 4
N yd
-»I le~Tcbh
4 /
Tcbs
Texc Tah _.‘ |‘.
ExciW G2 >< ExciW >< G2 ><
Tds Tsmp |

X

X

Condition
Valid

Figure 21. Co-Processor Load/Store Timing
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Phase - 1 2 1 2 ]

SysOut

PhiOut

Tsmp I‘_. Tsmp

- 5 \N\\ED ¢

< Tdh <« Tdh
Tds Tds

2873 drw 25

Figure 22. Interrupt Timing

Phase

SysOut

PhiOut

Mode

int(n)

Reset

»> |4.TdH

Figure 23. Mode Vector Initialization TdS 2873 drw 26

NOTES:

1. Reset must be negated synchronously; however, it can be asserted asynchronously. Designs must not rely on the proper functioning of SysOut prior to
the assertion of Reset.

2. If Phase-Lock On or is asserted as mode select options, they should be asserted throughout the Reset period, to insure that the slowest coprocessor in
the system has sufficient time to lock to the CPU clocks.

3. Resetis actually sampled in both Phase 1 and Phase 2. To insure proper initialization, it must be negated relative to the end of Phase 1.
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DMA Stall Stall Fixup

Phase 1 2 1

N

tsys

tDH
DMA Stall

tos |g—ple—ptsmp
Run \

DRd 4

|

c

tomapis

¢

EIN AANRANRAARNRARRRRRNRNRRNNNV

[N NANANANRANRNRRRNRRRRNRNNV

L AAANRNRNNRNRNNNRNNRNRNNNYE

ESH AARNAANANRNRNRNRNNRNRNRNNY ¢

L AAAAARRRRRRNRNRRRRRRNRNNY ’—‘\_/_

3 RYA AR AAAARRARRARRRRRNRRNY _/j_

Ao RARNINNNNNNNNNNNNNNNANNANNNNN _<Instruction X Data >
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Figure 24. Entering DMA Stall
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COMMERCIAL TEMPERATURE RANGE

DMA Stall DMA Stall

Phase 1 [ 2 1

I 2

by el

DMA Stall 1
tps »| tsmp

Run \

7 Y

DRd

- |e tomapis

NS
DWr \ /

SOVNNNNNNNNNNNYN

Wr

=7
—

XEn

DCIk w

SOMNNNNNNANNNNNYN

AdrLo < Data >< Instruction >< Data >
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Figure 25. Completing DMA Stall
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COMMERCIAL TEMPERATURE RANGE

ORDERING INFORMATION
IDT XXXXX ’ XX X X
Device Type Speed Package Process/
Temperature
Range
i—{ Blank
| G
| F
16
20
25
| 33
40
| 79R3001
VALID COMBINATIONS
IDT 79R3001- 16,20,25,33 All Packages
79R3001- 40 G

RISController

Commercial (0°C to +70°C)

144-Pin PGA
172-Pin Flat Pack

16.67 MHz
20.0 MHz
25.0 MHz
33.0 MHz
40.0 MHz

2873 drw 29
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RISCore™

Integrated Device Technology, Inc.

RISC CPU PROCESSOR

IDT79R3500

FEATURES:

« Efficient Pipelining—The CPU's 5-stage pipeline design
assists in obtaining an execution rate approaching one
instruction per cycle. Pipeline stalls and exceptions are
handled precisely and efficiently.

On-Chip Cache Control—The IDT79R3500 provides a
high-bandwidth memory interface that handles separate
external Instruction and Data Caches ranging in size from
4 to 256kBs each. Both caches are accessed during a
single CPU cycle. All cache control is on-chip.

On-Chip Memory Management Unit—A fully-associative,
64-entry Translation Lookaside Buffer (TLB) provides fast
address translation for virtual-to-physical memory map-
ping of the 4GB virtual address space.

Dynamically able to switch between Big- and Little- Endian
byte ordering conventions.

Optimizing Compilers are available for C, FORTRAN,
Pascal, COBOL, Ada, PL/1 and C++.

20 through 40MHz clock rates yield up to 32VUPS sus-
tained throughput.

Supports independent multi-word block refill of both the
instruction and data caches with variable block sizes.

Supports concurrent refill and execution of instructions.
Partial word stores executed as read-modify-write.

6 external interrupt inputs, 2 software interrupts, with
single cycle latency to exception handler routine.
Flexible multiprocessing support on chip with no impact on
uniprocessor designs.

A single chip integrating the R3000 CPU and R3010 FPA
execution units, using the R3000A pinout.

Software compatible with R3000, R2000 CPUs and R3010,
R2010 FPAs.

TLB disable feature allowing a simple memory model for
Embedded Applications.

Programmable Tagbus width allowing reduced cost cache.
Hardware Support of Single- and Double-Precision Float-
ing Point Operations that include Add, Subtract, Multiply,
Divide, Comparisons, and Conversions.

Sustained Floating Point Performance of 11 MFlops single
precision LINPACK and 7.3MFLOPS double precision
Supports Full Conformance With IEEE 754-1985 Floating
Point Specification

64-bit FP operation using sixteen 64-bit data registers
Military product compliant to MIL-STD 833, class B

IDT79R3500 PROCESSOR
CONTROL

Master Pipeline/Bus Control |

L
CPO

FPA (System Control Coprocessor)

CPU

& &

&
! T

FPA Registers Exception/Control General Registers
Exponent Add Unit egisters 32x32
ivi i Memory ALU
FPA Divide Unit Management Local .
FPA Multiply Unit Unit Registers Control Shifter
Translation Logic Integer
inlior/Divid
Lookaside Multiplier/Divider
Buffer Address Adder
(64 entries)
PC Increment/Mux

Virtual Page Number/
Virtual Address

i

U

TAG (20+4)

] Data (32+4)

4

ADDRESS (18)
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IDT79R3500 RISC CPU PROCESSOR RISCore

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION:

The IDT79R3500 RISC Microprocessor consists of three
tightly-coupled processors integrated on a single chip. The
first processor is a full 32-bit CPU based on RISC (Reduced
Instruction Set Computer) principles to achieve a new stan-
dard of microprocessor performance. The second processor
is a system control coprocessor, called CPO, containing a
fully-associative 64-entry TLB (Translation Lookaside Buffer),
MMU (Memory Management Unit) and control registers, sup-
porting a 4GB virtual memory subsystem, and a Harvard
Architecture Cache Controller achieving a bandwidth of
320MBs/second using industry standard static RAMs. The
third processor is the Floating Point Accelerator which per-
forms arithmetic operations on values in floating-point repre-
sentations. This processor fully conforms to the requirements
of ANSI/IEEE Standard 754-1985, “IEEE Standard for Binary
Floating-Point Arithmetic.” In addition, the architecture fully
supports the standard's recommendations.

The programmer model of this device will be the same as
the programmer model of a system which uses a discrete
IDT79R3000 with the IDT79R3010: 32 integer registers, 16
floating point registers; co-processor 0 registers; floating point
status and control register; RISC integer ALU; Integer Multiply
and Divide ALU; Floating Point Add/Subtract, Multiply, and
Divide ALUs. The device pipeline will be the same as for the
IDT79R3000, as will the co-processor 0 functionality. No new
instructions have been introduced. Pin compatibility extends
to AC and DC characteristics, software execution and initial-
ization mode vector selection.

This data sheet provides an overview of the features and
architecture of the IDT79R3500 CPU, Revision 3.0. A more
detailed description of the operation of the device is incorpo-
rated inthe R3500 Family Hardware User Manual, and a more
detailed architectural overview is provided in the MIPS RISC
Architecture book, both available from IDT. Documentation
providing details of the software and development environ-
ments supporting this processor are also available from IDT.

IDT79R3500 CPU Registers

The IDT79R3500 CPU provides 32 general purpose 32-
bit registers, a 32-bit Program Counter, and two 32-bit regis-
ters that hold the results of integer multiply and divide opera-
tions. Only two of the 32 general registers have a special
purpose: register r0 is hardwired to the value “0", which is a
useful constant, and register r31 is used as the link register in
jump-and-linkinstructions (return address for subroutine calls).

The CPU registers are shown in Figure 2. Note that there
is no Program Status Word (PSW) register shown in this
figure: the functions traditionally provided by a PSW register
are instead provided in the Status and Cause registers incor-
porated within the System Control Coprocessor (CPO0).

FPA REGISTERS

The IDT79R3010A FPA provides 32 general purpose 32-
bit registers, a Control/Status register, and a Revision Identi-
fication register.

Floating-point coprocessor operationsreference three types
of registers:
+ Floating-Point Control Registers (FCR)
+ Floating-Point General Registers (FGR)
+ Floating-Point Registers (FPR)

General Purpose Registers

31 0 Multiply/Divide Registers
o 31 0
r I HI |
r2 31 0
. [ Lo |
Program Counter
r29 31 0
r30 I PC J
r31
2871 drw 02

Figure 2. IDT79R3500 CPU Registers

Floating-Point General Registers (FGR)

There are 32 Floating-Point General Registers (FGR) on
the FPA. They represent directly-addressable 32-bit regis-
ters, and canbe accessed by Load, Store, or Move Operations.

Floating-Point Registers (FPR)

The 32 FGRs described in the preceding paragraph are
also used to form sixteen 64-bit Floating-Point Registers
(FPR). Pairs of general registers (FGRs), for example FGRO
and FGR1 (Figure 3) are physically combined to form a single
64-bit FPR. The FPRs hold a value in either single- or double-
precision floating-point format. Double-precision format FPRs
are formed from two adjacent FGRs.

Floating-Point Control Registers (FCR)

There are 2 Floating-Point Control Registers (FCR) on the
FPA. They can be accessed only by Move operations and
include the following:

» Control/Status register, used to control and monitor ex-
ceptions, operating modes, and rounding modes;

+ Revision register, containing revision information about
the FPA.
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General Purgose Registers
(FGR/FPR)

63 32 31 0
FGR1 FGRO
FGR3 FGR2
FGRS FGR4
°
[ ]
°
FGR27 FGR26
FGR29 FGR28
FGR31 FGR30

Control/Status Register
31 0

[ Exceptions/Enables/Modes |

Implementation/Revision

31 Register

0
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Figure 3. FPA Registers

Instruction Set Overview

All IDT79R3500 instructions are 32 bits long, and there
are only three instruction formats. This approach simplifies
instruction decoding, thus minimizing instruction execution
time. The IDT79R3500 processor initiates a new instruction
on every run cycle, and is able to complete an instruction on
almost every clock cycle. The only exceptions are the Load
instructions and Branchinstructions, which each have asingle
cycle of latency associated with their execution. Note, how-
ever, that in the majority of cases the compilers are able to fill
these latency cycles with useful instructions which do not
require the result of the previous instruction. This effectively
eliminates these latency effects.

The actual instruction set of the CPU was determined after
extensive simulations to determine which instructions should
be implemented in hardware, and which operations are best
synthesized in software from other basic instructions. This
methodology resulted in the IDT79R3500 having the highest
performance of any available microprocessor.

I-Type (Immediate)
31 26 25 21
‘ op rs

20 16

il

15

immediate

J-Type (Jump)
31 26 25
op

target

R-Type (Register)
31 26 25 21 20 16
op rs n

15 11
rd

10 _6 5 0
re l funct I
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Figure 4. IDT79R3500 Instruction Formats

The IDT79R3500 instruction set can be divided into the
following groups:
Load/Store instructions move data between memory and
general registers. They are all I-type instructions, since the
only addressing mode supported is base register plus 16-
bit, signed immediate offset.
The Load instruction has a single cycle of latency, which
means that the data being loaded is not available to the
instruction immediately after the load instruction. The
compiler will fill this delay slot with either an instruction
which is not dependent on the loaded data, or with a NOP
instruction. There is no latency associated with the store
instruction.
Loads and Stores can be performed on byte, half-word,
word, or unaligned word data (32-bit data not aligned on a
modulo-4 address). The CPU cache is constructed as a
write-through cache.
Computational instructions perform arithmetic, logical
and shift operations on values in registers. They occur in
both R-type (both operands and the result are registers)
and I-type (one operand is a 16-bitimmediate) formats. FP
computational instructions perform arithmetic operations
on floating point values in the FPA registers. Note that
computational instructions are three operand instructions;
that is, the result of the operation can be stored into a
different register than either of the two operands. This
means thatoperands need notbe overwritten by arithmetic
operations. This results in a more efficient use of the large
register set.
Conversion instructions perform conversion operations
on the floating point values in the FPA registers.
Compare intructions perform comparisons of the contents
of FPA registers and set a condition bit based on the
results. The result of the compare operations is tied
directly to Cp Cond (1) for software testing.
Jump and Branch instructions change the control flow of
aprogram. Jumps are always to a paged absolute address
formed by combining a 26-bit target with four bits of the
Program counter (J-type format, for subroutine calls), or
32-bit register byte addresses (R-type, for returns and

.

5.3

3




IDT79R3500 RISC CPU PROCESSOR RISCore

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OoP Description oP Description
Load/Store Instructions
LB Load Byte Shift Instructions (Cont.)
LBy Load Byte Unsigned SRA Shift Right Arithmetic
LH Load Halfword SLLV Shift Left Logical Variable
LHU Load Halfword Unsigned SRLV Shift Right Logical-Variable
Lw Load Word SRAV Shift Right Arithmetic Variable
LWL Load Word Left
LWR Load Word Right FPA Conversion Instructions
SB Store Byte CVT.S.fmt Floating point Convert to Single FP
SH Store Halfword CVT.D.fmt Floating point Convert to Double FP
sSwW Store Word CVT.W.fmt Floating point Convert to fixed point
SWL Store Word Left
SWR Store Word Right Multlply/Divide Instructions
MULT Multiply
FPA Load/Store/Move Instructions MULTU Multiply Unsigned
LWC1 Load Word to FPA DIV Divide
SWCH1 Store Word from FPA DIvU Divide Unsigned
MTC1 Move Word to FPA MFHI Move From HI
MFC1 Move Word from FPA MTHI Move To Hi
CTCt Move Control word to FPA MFLO Move From LO
CFC1 Move Control word from FPA MTLO Move To LO
Arithmetlic Instructions Jump and Branch Instructions
(ALU Immediate) J Jump
ADDI Add Immediate JAL Jump and Link
ADDIU Add Immediate Unsigned JR Jump to Register
SLTI Set on Less Than Immediate JALR Jump and Link Register
SLTIU Set on Less Than Immediate BEQ Branch on Equal
Unsigned BNE Branch on Not Equal
ANDI AND Immediate BLEZ Branch on Less than or Equal to Zero
ORI OR Immediate BGTZ Branch on Greater Than Zero
XORI Exclusive OR Immediate BLTZ Branch on Less Than Zero
LUl Load Upper Immediate BGEZ Branch on Greater than or
Equal to Zero
Arithmetic Instructions BLTZAL Branch on Less Than Zero and Link
(3-operand, register-type) BGEZAL Branch on Greater than or Equal to
ADD Add : Zero and Link
ADDU Add Unsigned
SuB Subtract Special Instructions
SuBU Subtract Unsigned SYSCALL System Call
SLT Set on Less Than BREAK Break
SLTU Set on Less Than Unsigned
AND AND Coprocessor Instructions
OR OR Lwcz Load Word from Coprocessor.
XOR Exclusive OR sSwcz Store Word to Coprocessor
NOR NOR MTCZ Move To Coprocessor
MFCZ Move From Coprocessor
FPA Computational Instructions CTCZ Move Control to Coprocessor
ADD fmt Floating point Add CFCZ Move Control From Coprocessor
SUB.fmt Floating point Subtract COPz Coprocessor Operation
MUL fmt Floating point Multiply BCZT Branch on Coprocessor z True
DIV.fmt Floating point Divide BCZF Branch on Coprocessor z False
ABS fmt Floating-point Absolute value
MOV fmt Floating point Move System Control Coprocessor
NEG fmt Floating point Negate (CPO) Instructions
MTCO Move To CPO
FPA Compare Instructions MFCO Move From CPO
C.cond.fmt Floating-point Compare TLBR Read indexed TLB entry
TLBWI Write Indexed TLB entry
Shift Instructions TLBWR Write Random TLB entry
SLL Shift Left Logical TLBP Probe TLB for matching entry
SRL Shift Right Logical RFE Restore From Exception

IDT79R3500 Instruction Summary 2871 tbl 01
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dispatches). Branches have 16-bit offsets relative to the
program counter (I-type). Jump and Link instructions save
areturn address in Register 31. The R3500 instruction set
features a number of branch conditions. Included is the
ability to compare a register to zero and branch, and also
the ability to branch based on a comparison between two
registers. Thus, net performance is increased since soft-
ware does not have to perform arithmetic instructions prior
to the branch to set up the branch conditions.

» Coprocessor instructions perform operations in the
coprocessors. Coprocessor Loads and Stores are I-type.

- Coprocessor 0 instructions perform operations on the Sys-
tem Control Coprocessor (CPO) registers to manipulate
the memory management and exception handling facilities
of the processor.

« Special instructions perform a variety of tasks, including
movement of data between special and general registers,
system calls, and breakpoint. They are always R-type.

Table 1liststheinstruction set of the IDT79R3500 processor.

IDT79R3500 System Control Coprocessor (CP0)

The IDT79R3500 can operate with up to four tightly-
coupled coprocessors (designated CPO through CP3). The
System Control Coprocessor (or CP0), is incorporated on the
IDT79R3500 chip and supports the virtual memory system
and exception handling functions of the IDT79R3500. The
virtual memory system is implemented using a Translation
Lookaside Buffer and a group of programmable registers as
shown in Figure 5.

System Control Coprocessor (CP0) Registers

The CPO registers shown in Figure 5 are used to control
the memory managementand exception handling capabilities
of the IDT79R3500. Table 2 provides a brief description of
each register.

SYSTEM CONTROL COPROCESSOR (CPO0)

INSTRUCTIONS

Register Description
EntryHi | High half of a TLB entry
EntryLo | Low haif of a TLB entry
Index Programmable pointer into TLB array
Random | Pseudo-random pointer into TLB array
Status Mode, interrupt enables, and diagnostic status info
Cause Indicates nature of last exception
EPC Exception Program Counter
Context | Pointer into kernel's virtual Page Table Entry array
BadVA | Most recent bad virtual address
PRId Processor revision identification (Read only)

2871 tbl 02
ENTRYH!I | ENTRYLO INDEX
63
/ RANDOM
TLB
8
7[" NoT AccESSED
BY RANDOM

0

[] Used with Virtual Memory System
Used with Exception Processing
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Figure 5. The System Coprocessor Registers
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Memory Management System i

The IDT79R3500 has an addressing range of 4GB. How-
ever, since most IDT79R3500 systems implement a physical
memory smaller than 4GBs, the IDT79R3500 provides for the
logical expansion of memory space by translating addresses
composed in a large virtual address space into available
physical memory address. Two TLB modes are supported.
When the TLB is used, the 4GB address space is divided into
2GBs which can be accessed by both the users and the
kernel, and 2GBs for the kernel only. Virtual addresses within
the kernel/user segment are translated to physical addresses
on a 4kB page basis. This mode is typical of UNIX and other
sophisticated operating systems. When the TLB is disabled,
mapping is locked as 2GBs as kernel/user, and 1.5GBs as
kernel only. This mode requires no TLB manipulation, pro-
vides large linear address space, and is typical for embedded
applications.

TLB (Translation Lookaside Buffer)

Virtual memory mapping is assisted by the Translation
Lookaside Buffer (TLB). The on-chip TLB provides very fast
virtual memory access and is well-matched to the require-
ments of multi-tasking operating systems. The fully-associa-
tive TLB contains 64 entries, each of which maps a 4kB page,
with controls for read/write access, cacheability, and process
identification. The TLB allows each user to access up to 2GBs
of virtual address space.

Figure 6 illustrates the format of each TLB entry. The

- Translation operation involves matching the current Process

ID (PID) and upper 20 bits of the address against PID and VPN
(Virtual Page Number) fields in the TLB. When both match (or
the TLB entry is Global), the VPN is replaced with the PFN
(Physical Frame Number) to form the physical address.

TLB misses are handled in software, with the entry to be re-
placed determined by as imple RANDOM function. The rou-
tine to process a TLB miss in the UNIX environment requires
only 10-12 cycles, which compares favorably with many CPUs
which perform the operation in hardware.

TLB Disabled Operation

Many embedded systems do not like the complexnty or
uncertainty associated with the on-chip TLB. However, many
systems still desire the. ability to implement a kernel/user
mode. Therefore, to implement a hierachical task model, the
TLB must be used. The R3500 gives the system designer one
more option, allowing the TLB to be disabled and performing
a fixed mapping of virtual to physical addresses, while main-
taining separation of kernel and user resources.

The user may elect to disable the TLB through the reset
sectors. In this case, the mapping shown in Figure 8. is used,
and device power consumptionis reduced. Note tha “cached"
segments means that there is no mechanism to exclude
addresses.in these regions from the cache.

This mapping means that applications designed to run in
kseg0 and kseg1 (to avoid the TLB) can use the R3500,
disable the TLB to reduce power, and not have to change
software to take advantage of this new feature.

63 44 43 38 37 32 31 12 11 10 9 ' 7 0
VPN TLBPID o] PFN N|D|V ]G o
- A J
Y Y
ENTRYHI ENTRYLO

VPN — Virtual Page Number

TLBPID - Process ID
PFN - Physical Frame

Number

N — Non-cacheable flag
D - Dirty flag (Write protect)

V - Valid entry fla

g
G — Global flag (ignore PID)

O — Reserved

2871 drw 06

Figure 6. TLB Entry Format
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OXFFFFFFFF

0xC0000000

0xA0000000

0x80000000
OX7FFFFFFFF

KERNEL
MAPPED
CACHEABLE
(kseg2)

ANY

KERNEL
UNMAPPED
UNCACHED

(kseg1)

KERNEL
UNMAPPED
CACHED

(kseg0)

KERNEL/USER
MAPPED
CACHEABLE
(kuseg)

OXFFFFFFFF

PHYSICAL
MEMORY

0x20000000

ANY

Ox1FFFFFFF
MEMORY
0x00000000

Figure 7. IDT79R3500 Virtual Address Mapping

MNU Address Translation
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~
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512 MB
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0xa0000000

Kernel Uncached
(ksegt)

> Tasks

Kernel Cacheable

1024 MB

0x80000000

Kernel Uncached
(kseg0)

0x00000000

User Cached
(kseg)

Tasks

Kernel/User
Cacheable

2048 MB

Inaccessible

512 MB

> and /O

Kernel Boot

512 MB
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NOTE: This modei is consistent with the mapping available in the IDT79R3051 family. The identical mapping provides software compatibility to the
lower cost CPUs.

Figure 8. TLB Disabled Mapping
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Operating Modes .

The IDT79R3500 has two operating modes: User mode
and Kernel mode. The IDT79R3500 normally operates in the
User mode until an exception is detected forcing it into the
Kernel mode. It remains in the Kernel mode until a Restore
From Exception (RFE) instruction is executed. The mannerin
which memory addresses are translated or mapped depends
onthe operatingmode of the IDT79R3500. Figure 7 shows the
MMU translation performed for each of the operating modes.

User Mode—in this mode, a single, uniform virtual address
space (kuseg) of 2GB is available. When the TLB is used,
each virtual address is extended with a 6-bit process identifier
field to form unique virtual addresses. All references to this
segment are mapped through the TLB. Use of the cache for
up to 64 processes is determined by bit settings for each page
within the TLB entries. Ifthe TLB is not used, these addresses
are translated to begin at 1GB of the physical address space.

Kernel Mode—four separate segments are defined in this
mode:

» kuseg—when in the kernel mode, references to this seg-
ment are treated just like user mode references, thus
streamlining kernel access to user data.

+ ksegO—references to this 512MB segment use cache
memory but are not mapped through the TLB. Instead,
they always map to the first 0.5GB of physical address
space.

» ksegi1—referencestothis 512MB segmentare not mapped
through the TLB and do not use the cache. Instead, they
are hard-mapped into the same 0.5GB segment of physi-
cal address space as kseg0.

+ kseg2—when the TLB is not used, references to this 1GB
segment directly addresses the upper 1GB of physical
address space. These addresses are defined to be kernel
mode which are cacheable. When the TLB is used, refer-
ences to this 1GB segment are always mapped through
the TLB and use of the cache is determined by bit settings
within the TLB entry.

FPA COPROCESSOR OPERATION (CP1)

The FPA continually monitors the processor instruction
stream. If an instruction does not apply to the coprocessor, it
is ignored; if an instruction does apply to the coprocessor, the
FPA executes that instruction and transfers necessary result
and exception data synchronously to the main processor.

The FPA performs three types of operations:

+ Loads and Stores;
» Moves;
+ Two- and three-register floating-point operations.

Load, Store, and Move Operation

Load, Store, and Move operations data between memory
or the integer registers and the FPA registers. These opera-
tions perform no format conversions and cause no floating-
point exceptions. Load, Store, and Move operations reference
a single 32-bit word of either the Floating-Point General
Registers (FGR) or the Floating-Point Control Registers (FCR).

Floating-Point Operations

The FPA supports the following single- and double-preci-
sion format floating-point operations:
+ Add )

» Subtract

* Multiply

« Divide

« Absolute Value
* Move

» Negate

» Compare

In addition, the FPA supports conversions between single-
and double-precision floating-point formats and fixed-point
formats.

The FPA incorporates separate Add/Subtract, Multiply,
and Divide units, each capable of independent and concurrent
operation. Thus, to achieve very high performance, floating
point divides can be overlapped with floating point multiplies
and floating point additions. These floating point operations
occur independently of the actions of the CPU, allowing
further overlap of integer and floating point operations. Figure
9 illustrates an example of the types of overlap permissible.

Exceptions

The FPA supports all five IEEE standard exceptions:
+ Invalid Operation
* Inexact Operation
» Division by Zero
+ Overflow
» Underflow

The FPA also suppoerts the optional, Unimplemented
Operation exception that allows unimplemented instructions
to trap to software emulation routines.

The FPA provides precise exception capability to the CPU;
that is, the execution of a floating point operation which
generates an exception causes that exception to occur at the
CPU instruction which caused the operation. This precise
exception capability is a requirement in applications and
languages which provide a mechanism for local software
exception handlers within software modules.
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0 2 4 6 8 10 12

DIvV.S

MUL.S

ADD

STORE (SWC1)

NON FPU
MUL.S
Only Load, Store, and Move operations ADD.S
are permitted in FPA during these cycles.
. R . STORE (SWCH1)
Other FPA instructions can proceed during
these cycles. However, two multiply or two
' divide operation cannot be overlapped. LOAD (LWC1)
These cycles are free for integer operations
[ ] ihese gyt STORE (SWC1)
NON FPU
2871 drw 09
Figure 9. Examples of Overlapping Floating Point Operation
IF I RD ALU MEM wB FWB
- - Register file write *
| -Cache | RF oP D-Cache gister ilo w FpWB |
] exceptions
One Cycle * FP ops only
2871 drw 10
Figure 10. Instruction Execution
IF RD ALU MEM WB
IF RD ALU MEM
IF RD ALU MEM WB *FWB
<__—_] IF RD ALU MEM WB *FWB
Instruction
Flow IF RD ALU MEM wa "FWB
IF RD ALU MEM WB *FWB
Current
CPU 2871 drw 11
Cycle

Figure 11. IDT79R3500 Execution Sequence
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IDT79R3500 PIPELINE ARCHITECTURE .
The execution of a single IDT79R3500 integer instruction M'cr‘(’g';;oﬁfssor
consists of five pipe stages while floating point instruction
takes six pipe stages. They are: Data Address
1) IF—lInstruction fetch. The processor calculates the
instruction address required to read from the | cache.
2) RD—The instruction is present on the data bus during <
phase one of this pipe stage. Instruction decode occurs
during phase two. Operands are read from the registers if Memo
required. (and 1/0)
3) ALU—Perform the required operation on instruction
operands. If this is a FPA instruction, instruction execution 2671 drw 12
commences.
4) MEM—Access memory. If the instruction is a load or Figure 12. A Simple Micropr Memory Sy
store, the data is presented or captured during phase 2 of
this pipe stage. , o Figure 13 illustrates a memory system that supports the
5 WB—Write integer results back into register file. In  gignificantly greater memory bandwidth required to take full
FPA cycles this pipe stage is used for exceptions. advantage of the IDT79R3500's performance capabilities.

6) FWB—The FPA uses this stage to write back ALU  Tpq key features of this system are:
results to its register file.
Each of these steps requires approximately one FPA cycle

asshownin Figure 10. (parts of some operations spill overinto
another cycle while other operations require only 1/2 cycle.) &?;Zg'joiiggor

The CPU uses a five stage pipeline while while the FPA Data P Address
uses a 6 stage to achieve an instruction execution rate 7N

approaching one instruction per cycle. Thus, execution of six
instructions at a time are overlapped as shown in Figure 11.

This pipeline operates efficiently because different CPU <:> '"g‘;‘éﬁg’" <:
resources (address and data bus accesses, ALU operations,
register accesses, and so on) are utilized on a non-interfering
basis. Data

o (—

MEMORY SYSTEM HIERARCHY

The high performance capabilities of the IDT79R3500
processor demand system configurations incorporating tech- Write <:
niques frequently employed in large, mainframe computers Buffer
but seldom encountered in systems based on more traditional
microprocessors. c_—_‘l I I I_>

Aprimary goal of systems employing RISC techniquesis to </ <
minimize the average number of cycles each instruction
requires for execution. Techniques to reduce cycles-per- Data Main Memory Address
instruction include a compact and uniform instruction set, a
deep instruction pipeline (as described above), and utilization
of optimizing compilers. Many of the advantages obtained 2871 0w 13
from these techniques can, however, be negated by an Figure 13. An IDT79R3500 System with a
inefficient memory system. High-Performance Memory System

Figure 12 illustrates memory in a simple microprocessor
system. In this system, the CPU outputs addresses to memory
and reads instructions and data from memory or writes data to
memory. The address space is completely undifferentiated:
instructions, data, and I/O devices are all treated the same. In
suchasystem, aprimary limiting performance factoris memory
bandwidth.

53 10
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» External Cache Memory—Local, high-speed memory
(called cache memory) is used to hold instructions and
datathat s repetitively accessed by the CPU (forexample,
within a program loop) and thus reduces the number of
references that must be made to the slower-speed main
memory. Some microprocessors provide a limited amount
of cache memory on the CPU chip itself. The external
caches supported by the IDT79R3500 canbe much larger;
while a small cache can improve performance of some
programs, significant improvements for a wide range of
programs require large caches.

« Separate Caches for data and Instructions—Even with
high-speed caches, memory speed can still be a limiting
factor because of the fast cycle time of a high-performance
microprocessor. The IDT79R3500 supports separate
caches for instructions and data and alternates accesses
of the two caches during each CPU cycle. Thus, the
processor can obtain data and instructions at the cycle rate
of the CPU using caches constructed with commercially
available IDT static RAM devices.

In order to maximize bandwidth in the cache while minimiz-
ing the requirement for SRAM access speed, the
IDT79RR3500 divides a single-processor clock cycle into
two phases. During one phase, the address for the data
cache access is presented while data previously ad-
dressed in the instruction cache is read; during the next
phase, the data operation is completed while the instruc-
tion cacheis being addressed. Thus, both caches are read
in a single processor cycle using only one set of address
and data pins.

- Write Buffer—in order to ensure data consistency, all data

that is written to the data cache must also be written out to

main memory. The cache write model used by the

IDT79R3500 is that of a write-through cache; that is, all

data written by the CPU is immediately written into the

main memory. To relieve the CPU of this responsibility

(and the inherent performance burden) the IDT79R3500

supports an interface to a write buffer. The IDT79R3020

Write Buffer captures data (and associated addresses)

output by the CPU and ensures that the data is passed on

to main memory.

IDT79R3500 Processor Subsystem Interfaces

Figure 14 illustrates the three subsystem interfaces pro-
vided by the IDT79R3500 processor:

+ Cache control interface (on-chip) for separate data and
instruction caches permits implementation of off-chip
caches using standard IDT SRAM devices. The
IDT79R3500 directly controls the cache memory with a
minimum of external components. Both the instruction and
data cache can vary from 0 to 256kB (64K entries). The
IDT79R3500 also includes the TAG control logic which
determines whether or not the entry read from the cache
is the desired data. The IDT79RR3500 implements an
advanced feature that allows certain tag comparisons to

be eliminated, which in turn reduces the number of cache
SRAMs required. The Int(5) reset mode vector contains
two bits which sets the tag comparison options. Table 3
illustrates the tag disable encoding. The first row in the
table implements the standard IDT79R3000A operating
mode where all the tag and tag parity are used. The
second row eliminates the upper 4 tag bits, eliminating
normally required SRAMs and limiting main memory ad-
dressing to 128mB. The third row elimnates the lower 4 tag
bits, which requires the cache to be at least 64kB each.
The fourth row eliminates the upper 4 and lower 4 tag bits,
requiring at least 16K cache entries, and limits main
memory addressingto 128mB. Inall cases, the IDT79R3500
continues to check tag parity which are selected as driven
from the cache. The IDT79R3500 cache controller imple-
ments a direct mapped cache for high net performance
(bandwidth). It has the ability to refill multiple words when
a cache miss occurs, thus reducing the effective miss rate
to less than 2% for large caches. When a cache miss
occurs, the IDT79R3500 can support refilling the cache in
1, 4, 8, 16, or 32 word blocks to minimize the effective
penalty of havingto access mainmemory. The IDT79R3500
also incorporates the ability to perform instruction stream-
ing; while the cache is refilling, the processor can resume
execution once the missed word is obtained from main
memory. Inthisway, the processor can continue to execute
concurrently with the cache block refill.

» Memory controller interface for system (main) memory.

This interface also includes the logic and signals to allow
operation with a write buffer to further improve memory
bandwidth. In addition to the standardfull word access, the
memory controller supports the ability to write bytes and
half-words by using partial word operations. The memory
controller also supports the ability to retry memory ac-
cesses if, for example, the data returned from memory is
invalid and a bus error needs to be signalled.

« Coprocessor Interface—The IDT79R3500 features a set

of on board tightly coupled coprocessors. Coprocessor 0
is defined to be the system control coprocessor and
Coprocessor 1 is the Floating Point Accelerator. They
have direct access to the internal data bus which allows
them direct load and store of data in the same fashion as
accessing the CPU registers. This relieves the typical
bottleneck of having to load data into the CPU register set
and then passing that data off to the co-processors.

In applications where the FPA was off chip, as in using the
IDT79R3010A, several control pins were used for commu-
nications with the CPU and a Phase Lock Loop was
located on the IDT79R3010A to synchronize the two
together. As they are now integrated into a single chip,
these are no longer needed. The FpCond output, which is
used in coprocessor branch instructions, is now internally
tied to the CpCond(1) input of the CPU leaving the external
CpCond(1) pin available for another function. This signal
is selectable to either output the FpBusy or the Fpint. Cp
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Cond(1) output selection is determined at reset time ac-
cording to the value read on Int(4). Table 4 illustrates the
options that allow the Fpint to be routed to either the
CpCond(1) output, or one of the internal Int pins. If it is
internally routed, that interrupt is dedicated and that input
will no longer affect the IDT79R3500. The selection of
using CpCond(1) allows some external Logic to be added
to the path, which might be required in some applications.
Another method for Fpint handling is also accommodated.
A mode pin, previously Vcc can be programmed to route
the FPU interrupt to a dedicated Fpint output that was

Tag . Tag Check Ignore
Mode 1 Mode 0 Which TAGs Which Tags
0 0 Tag (31:12) None
0 1 Tag (27:12) Tag (31:28)
1 0 Tag (31:16) Tag (15:12)
1 1 Tag (27:16) Tag (31:28;15:12)
2871 thl 03
Table 3. Tag Disable Encoding
w X Y z
Cycle | Cycle | Cycle| Cycle Action
X X X "HIGH" | FPint driven onto CpCond(1)
"Low" | "Low" |"LOw" | “Low" | Use Int(3) for Fpint
"LOW" | "LOW" |"HIGH" | "LOW" | Use Int(1) for Fpint
"LOW" | "HIGH" |"LOW" | "LOW" | Use Int(2) for Fpint
"LOW" | "HIGH" ["HIGH" | "LOW" | Use Int(0) for Fpint
'HIGH" | "LOW" ["LOW" | "LOW" | Use Int(4) for Fpint
'HIGH" | "LOW" ["HIGH" | "LOW" | Use Int(5) for Fpint
'HIGH" | "HIGH" |"LOW" | "LOW" | Reserved, Undefined
'HIGH" | "HIGH" |"HIGH" | "LOW" | Reserved, Undefined

2871 tbl 04
Table 4. Int(4) Encoding for Fpint

previously a GND. If the mode pin.is sampled at reset as
a 0, the dedicated Fpintindicates the FPU interrupt -ifa 1,
then the routing of Table 4 applies.

The internal CPBusy input, which is used to stall the CPU
if the coprocessor needs to-hold off subsequent opera-
tions, has two sources-FPBusy and the external CpBusy
pin which are logically ORed together. Further, Run and
Exception of both the FPA and CPU are internally tied and
brought out with the external CPBusy input to accommo-
date off chip coprocessor 2 and 3. This external interface
is available to support application specific functions.

MULTIPROCESSING SUPPORT

The IDT79R3500 supports multiprocessing applications
in a simple but effective way. Multiprocessing applications
require cache coherency across the multiple processors. The
IDT79R3500 offers two signals to support cache coherency:
the first, MPStall, stalls the processor within two cycles of
being received and keeps it from-accessing the cache. This
allows an external agent to snoop into the processor data
cache. The second signal, MPInvalidate, causes the proces-
sor to write data on the data cache bus which indicates the
externally addressed cache entry is invalid. Thus, a subse-
quentaccess to that location would resultin a cache miss, and
the data would be obtained from main memory.

The two MP signals would be generated by a external logic
which utilizes a secondary cache to perform bus snooping
functions. The IDT79R3500 does not impose an architecture
for this: secondary cache, but rather is flexible enough to
support a variety of application specific architectures.and still
maintain cache coherency. Further, there is noimpact on
designs which do not require this feature. The IDT79R3500
further allows the use of cache RAMs with internal address
latches in multiprocessor systems.

ADVANCED FEATURES
The IDT79R3500 offers a number of additional features
such as the ability to swap the instruction and data caches,
facilitating diagnostics and cache flushing. Another feature
isolates the, caches, which forces cache hits to occur regard-
less of the contents of the tag fields. The IDT79R3500 allows
the processor to execute user tasks of the opposite byte
ordering (endianness) of the operating system, has a pro-
grammable Tag width bus, and further allows certain parity
checking tobe disabled. More details on these features canbe
found in the IDT79R3000A Family Hardware User’s Manual.
“ Further features of the IDT79R3500 are configured during
the last four cycles prior to the negation of the RESET input.
These functions include the ability to select cache sizes and
cache refill block sizes; the ability to utilize the multiprocessor
interface; whether or not instruction streaming is enabled;
whether byte ordering follows “Big-Endian” or “Little-Endian”
protocols, etc. Additionally, the IDT79R3500 mode must be
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true to enable any of the new features that the XY, and Z
cycles define. Table 6 shows the configuration options
selected at Reset. These are further discussed in the
IDT79R3000A Family Hardware User's Manual.

BACKWARD COMPATIBILITY

Theprimary goal of the IDT79R3500 is the ability toreplace
the IDT79R3000A and IDT79R3010A with a single chip solu-
tion. The pinout of the IDT79R3500 has been selected to
ensure this compatibility, with new functions mapped onto
previously used pins. The instruction set is compatible with
that of the R2000 at the binary level. As a result, code written
for the older processor can be executed.

In most IDT79R3000A applications, the IDT79R3500 can
be placed in the socket with no modification to initialization
settings. Additionally, the IDT79R3500 can be used in sys-
tems that did not include the IDT79R3010 in the original
design. Further application assistance on these topics are
available from IDT.

PACKAGE THERMAL SPECIFICATIONS

The IDT79R3500 utilizes special packaging techniques to
improve both the thermal and electrical characteristics of the
microprocessor.

In order to improve the electrical characteristics of the

packaging. In addition, these packages incorporate a copper-
tungsten thermal slug designed to efficiently transfer heat
from the die to the case of the package, and thus effectively
lower the thermal resistance of the package. The use of an
additional external heat sink affixed to the package thermal
slug further decreases the effective thermal resistance of the
package.

The case temperature may be measured in any environ-
ment to determine whether the device is within the specified
operating range. The case temperature shouid be measured
at the center of the top surface opposite the package cavity
(the package cavity is the side where the package lid is
mounted). )

The equivalent allowable ambient temperature, TA, can be
calculated using the thermal resistance from case to ambient
(ca) for the given package. The following equation relates
ambient and case temperature:

TA=Tc-P*QTca
where P is the maximum power consumption, calculated by
using the maximum Icc from the DC Electrical Characteristics
section.

Typical values for Jca at various airflows are shown in
Table 5 for the various CPU packages.

device, the package is constructed using multiple signal
planes, including individual power planes and ground planes Airflow - (fYmin)
to reduce noise associated with high-frequency TTL parts. In
addition, the 161-pin PGA package utilizes extra power and 0 | 200 [ 400 | 600 | 800 | 1000
ground pins to reduce the inductance from the internal power Oca (161-PGA) 21 7 3 | 2 1 05
planes to the power planes of the PC Board.
In order to improve the thermal characteristics of the | @ca (160 MQUAD) | 17 | 11 9 8 7 | 65

microprocessor, the device is housed using cavity down Table 5. R3500 Package Characteristics 2871 tbl 05

Input W Cycle X Cycle Y Cycle Z Cycle

Tnt0 DBIkSize0 DBIkSizel Extend Cache Big Endian

Tnt? 1BIkSize0 kSizel MPAdrDisable TriState

nt2 DispPar/RevEnd IStream IgnoreParity NoCache

nt3 Reserved(" StorePartial MultiProcessor BusDriveOn

Tnt4 FPINT decode FPINT decode FPINT decode FPINT onto CpCond

Tnts 7R3500 mode TLB disable Tag Mode 1 Tag Mode 0
NOTES: 2871 tbl 06
1. Reserved entries must be driven high.
2. These values must be driven stable throughout the enfire RESET period.

Table 6. R3500 Mode Selectable Features
53 13
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Data Bus Data Bus Data Bus_
[ Tag Bus Tag Bus
— | [] [[AdrioBus AdrLo Bus
A4 l l \Z
Tag AdrLo Data
TagV DataP
AV TagP N2
Trans- Trans-
parent .| IClk DClk F—d parent
Latch Latch
IDT79R3500A Processor
AVAAV AV 4 with System Control NZN\Z 7
Data Tag IAdr Coprocessor DAdr Tag Data
[15:2] [15:2]
Instruction - _— — Data
Cache OE fe— IRd DRd |— OE Cache
WE — wWr DWr [— WE
Clk2xSys fe— N
NN/ \/ - Clk2xSmp [¢—1  cjocks 2|+
XEn Clk2Rd je— 3
SysOut Clk2xPhi fe—
AccTy(2:0) Reset je—
MemRd CpSync
Memory e
Interface MemWr Run Coprocessors
RdBusy Exc
WrBusy CpBusy
CpCond(0) CpCond([2:3]
BusError Int[5:0]
| I
Hardware
Interrupts 26871 drw 14

Figure 14. IDT79R3500 Subsystem Interfaces Example; 64 KB Caches
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PIN CONFIGURATION

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
No | AdrLo | AdrLo | AdrLo AdrLo | AdrLo |CpCond Adrlo | AdrLo | Tmiy | ThirBy | Wr | Beset
S " dio | vee [ AdL diko 1CpC 1 150 | A%F° | @) | W) | it | Reset | vec
AdrLo | 555 | AdrLo | AdrLo | AdrLo | 7Rg5 | Adrlo |CpCond 77 | 77 | Cp | Bus | sws
B 3 DRd2 7 9 12 IRd2 13 1 Int(1) | Int(3) Busy | Eror DWr2 | Tag12 | Tag15

c | A% | A%0 | Mode | Adto | Ao | GND | GND | vee | THO) | Ti@) | g | GND | Tag13 | TagPo | Tagts

p | Data | Adlo| it | GND | VCC | GND | VCC | GND | VCC | GND | VCC | GND | Tagt4 | Tagi7 | Tagio

£ Da(tJaP Dgta Ad1rLo Tag16 | Tag20 | VCC
F vcC Dgta Dgta GND | Tag21 | Tag23
G Dita Dgta GND GND | Tag22 | TagP1
H Dgta Dgta Dgta VCC | Tag25 | Tag24
J D1aéa Da1taP Dgta Tag28 | Tag29 | Tag26
K D1aéa D1a1ta GND GND | TagP2 | Tag27
L | vee D1aéa D1a;a ‘IAy%Cz Tag31 | Tag30
M D1aat)a D1aéa DaéaP GND | VCC | GND | VCC | GND | VCC | GND | VCC | GND | GND .6‘;)"1 vCC
14 18 19 24 b

N Data Data Data GND Data DaéaP VCC VCC GND GND _1_ Mwi:“ l\%m m Tagv

Data | Data | w75 | Data | Data | Data | yE= | Data | Clk2x | Clk2x w7 | Cp Acc
Pl 23 | 20 | W2 | 52" | 26 | 27 | X" | 30 | sys | Ra | DOk | TRt [ W 55 | Typo

Data | Data | Data | Data Data | Excep-| Clk2x | Ck2x | Sveruil BWrT
a | vce o1 o5 51 o8 GND 20 oo Phi Smp SysOut| VCC | IClk | DWri| vCC

NOTE: 2871 drw 16
1. AdrLo 16 and 17 are multifunction pins which are controlled by mode select programming on interrupt pins at reset time

AdrLo 16: MP Invalidate, CpCond (2).

AdrLo 17: MP Stall, CpCond (3).
2. This package is pin-compatible with the 175-pin PGA for the R3000A.
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PIN CONFIGURATION
’ : : (XSS
) ‘@“@‘ "f o o :@E@’&;‘S TN T IO © Tomood T ggoo
9552555252555 5500005252000l 58935 (528
CPRGR5 6 6 S ERC SRR S5 BRGEGEREIRCOR LS 8la5¢
aoononnonaananannonAnannnnaonnaonnnonnnonnn
80 41
GND g4 40 3 CpSync
GND 1 MemBRd
Reset ] [ MemWr
Bus Error = DWr(1)
RdBusy 1 DWr(2)
WrBusy [ 3 IWr(1
CpBusy ] 1 IWr(2)
Int(5) ] - |22 DRA(1
Int(4) ] 1 DRd(2)
Int(3) .5 1 |Rd(1
Int(2) = —1 TRd(2)
Int(1) . 1 GND
Int (0) 3 ICk
VCC [ GND
AdrLo(17) —
vce 1 SysOut
AdrLo(16) (] 1 Clk2xRd
oG \G(()S E [ Clk2xSys
pLon ; 1 VCC
CpCond(0) A 51 clkexsmp
AdrLo(15) (Cavity Down) 1 Exception
{ ) Mode 1 GND
b AdrLo(14) - 1 Data(30)
‘- CC [ GND
AdrLo(13) [ Data(29)
vee = GND
vcc O — XEn
AdrLo(12) 1 VCC
GND = (3 Data(28)
AdrLo(11) ] RS
GND E Data(27)
AdrLo(10) VCC
GND 5 = DpataP(3)
AdrLo(9) =] Data(31)
AdrLo(8) (5 Data(26)
Aero§7g = i Data(25)
AdrLo(6) Data(24)
Adrlo(s) . Data(22)
veec Data(21)
oY BN e o EEB T0B0EEEo0 ST o V0T 0oragisug
G fPcRRR0EER>R0ROERRTTRESESTEoETEsTs=0
222800 0Fo o o 0aojfaES8 8 584 38888488 2860 gw 14a
NOTE

. AdrLo 16 and 17 are multifunction pins which are controlled by mode select programming on |merrupt pins at reset time
AdrLo 16: MP Invalidate, CpCond (2).
AdrLo 17: MP Stall, CpCond (3).

2. This package is pin-compatible with the 175-pin PGA for the R3000A.
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PIN CONFIGURATION
Eﬁ%‘ﬁ e FE%'{‘-’ RN S oot Mo
BW333, 4 x4y s 39032888 QG ooo 9999990990808 ¢c7g
00 DODHOTONT-QOE S 2Q0LQQQO0O0000OIddddJdIddSd I
RNA0AAIAAAACAAANGAA AIOANOAARRIAARRAA AL
44 86
Tag12 43 87 F3 AdrLo1
Tag13 [ = AdrLoo
Tag14 3 Data0
Tag1s ] 1 Datatl
TagP0 T 1 Data2
Tag16 T 1 Data7
Tag17 B —1 DataPo
Tag18 T 1 Data3
Tag19 =] 1 Data4
Tag20 1 Data5
Tag21 1 Data6
Tag22 — Data8
vce = — Datag
vee 1 Data10
vce — Resvd0
GND I — GND
GND = 1 GND
GND S 1 GND
Tag23 = — vce
vce = [ vce
TagP1 5 IDT79R3500 —1 GND
GND 172-Pin Flatpack —1 GND
GND Top View — GND
Resvd2 ] (Cavity Up) — vee
Tag24 = — vce
vee 5 —1 vce
Tag25 —1 GND
Tag26 ] Data15
GND = —1 vce
GND 5 [— vCC
Tag27 = — GND
Tag28 4 [ DataP1
Tag29 1 Datatt
Tag30 —] [ Data12
TagP2 — [ Datai3
Tag31 5 [ Datal4
TagV 1 Datal6
AccTyp2 5 [ Datal7
AccTyp1 EH 1 Data18
AccTypo Data23
Run* DataP2
CpSync* =5 — Datai9
MemRd* 1 129 =3 Data20
172 130
L AEEEREQL TR L 20000000008800 0 8L ENOES LT AN
SEE2EO8C8SOE s 055500556950 66 50 aus Bz EEEd
§5°5% "g877a%5%g §°°8 8- 855858558
= 28} 5 ¥ O o
&) 3 o 2871 drw 17
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PIN DESCRIPTIONS
Pin Name Vo Description
Data (0-31) /O | A 32-bit bus used for all instruction and data transmission among the processor, caches, memory interface, and

COprocessors.

DataP (0-3) /O | A 4-bit bus containing even parity over the data bus.

Tag (12-31) /O | A20-bitbus used fortransferring cache tags and high addresses between the processor, caches, and memory interface.

TagV /O | The tag validity indicator.

Tag P (0-2) | /O | A 3-bit bus containing even parity over the concatenation of TagV and Tag.

AdrLo (0-17) O | An18-bitbuscontainingbyte addresses used fortransferring low addresses from the processorto the caches and memory
interface. (AdrLo 16: CpCond (2), AdrLo 17: CpCond (3) set by reset initialization).

IRd1 O | Read enable for the instruction cache.

Wri O | Write enable for the instructon cache.

TRd2 O | Anidentical copy of TRdT used to spiit the load.

Wr2 O | Anidentical copy of IWr1 used to split the load.

IClk O | Theinstruction cache address latch clock. This clock runs continuously.

DRd1 O | The read enable for the data cache.

DWr1 O | The write enable for the data cache.

DRd2 O | Anidentical copy of DRdT used to split the load.

DWr2 O | Anidentical copy of DWrT used to split the load.

DClk O | The data cache address latch clock. This clock runs continuously.

XEn O | The read enable for the Read Buffer.

AccTyp(0-2) O | A3-bitbus used to indicate the size of data being transferred on the data bus, whether or not a data transfer is occurring,
and the purpose of the transfer.

MemWr O | Signals the occurrence of a main memory write.

MemRd O | Signals the occurrence of a main memory read.

BusError || Signals the occurrence of a bus error during a main memory read or write.

Run O | Indicates whetherthe processorisin the RUN or STALL state. In the discrete design, the R3000 Run output is tied directly
to the R3010 Run input. In thelDT79 R3500, this is done internally, but the Run signal is also brought out for application
specific coprocessors. .

Exception O | Indicates that the instruction that is about to commit to a state change should be aborted; also indicates other exception
related information. In the discrete design, the R3000 Exception output is tied to the IDT79R3010 Exception input. Inthe
IDT79R3500 this is done internally, but the Exception signal is also brought out for application specific coprocessors.

CpSync O | Aclock which is identical to SysOut and used by external coprocessors for timing synchronization with the IDT79R3500.
Inthe discrete design, CpSync output from the IDT79R3000is tied to the IDT79R3010 FPSyncinput. Inthe IDT79R3500,
this is done internally, but the CpSync signal is also brought out for application specific coprocessors.

RdBusy I | The main memory read stall termination signal. In most system designs RdBusy is normally asserted and is deasserted
only to indicate the successful completion of a memory read. RdBusy is sampled by the processor only during memory
read stalls.

WiBusy | | The main memory write stall initiation/termination signal.

CpBusy | Input used to indicate that the requested coprocessor resource is unavailable, or used to preserve the precise exception
model. Inthedescrete design, Cp%usy isdriven directly by the R3010 FpBusy output. Inthe IDT79R3500the CpBusy input
of the CPU is the logical OR of both the internal FPA ingusy and the external CpBusy pin. This input is provided for
external application specific coprocessors. An internal pull down resistor is provided if this input is left open.

CpCond(1) O | Signal used by the branch on Coprocessor 1 trueffalse instruction. In discrete systems using a IDT79R3010 FPA, thisis
normally tied to the FpCond output. In the IDT79R3500, the internal FpCond is directly tied to the internal CpCond(1) input
leaving this pin available for other functions. This pin defaults to output the FpBusy internal signal or, (via the Resetvectors),
output the FPInt—in the latter case, external hardware must route this signal to the appropriate Int pin.

CpCond (0,2-3)] | | Conditional branch status from coprocessors to the processor. Function is provided on AdrLo 16/17 pins and is selected
at reset time.

MPStall I | Multiprocessing Stall. Signals to the processor thatit should stall accesses to the caches in a multiprocessing environment.
This is physically the same pin as CpCond3; its use is determined at RESET initialization.

MPInvalidate I | Multiprocessing Invalidate. Signals to the processor that it should issue invalidate data on the cache data bus. The address
to be invalidated is externally provided. This is the same pin as CpCond2; its use is determined at RESET initialization.

nt (0-5) I | A6-bitbus used by the memory interface and coprocessors to signal maskable interrupts to the IDT79R3500. This bus

is also used at reset time to select among the mode-selectable features of the IDT79R3500. The FPA FPIntoutput signal
istypically connected to one of these interrupt lines; the choice is programmable through the reset vectors with the default
being Int(3).
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PIN DESCRIPTIONS (Continued)

Pin Name /0 Description

Clk2xSys || The master double frequency input clock used for generating SysOut.

Clk2xSmp || A double frequency clock input used to determine the sample point for data coming into the processor and
COProcessors.

Clk2xRd | | A double frequency clock input used to determine the enable time of the cache RAMs.

Clk2xPhi || A double frequency clock input used to determine the position of the internal phases, phase1 and phase2.

Reset || Synchronous initialization input used to force execution starting from the reset memory address. Reset must be
deasseted synchronously but asserted asynchronously. The deassertion of Reset must be synchronized by the
leading edge of SysOut.

Mode | Ifthe modeinputis sampled as a'1' at the rising edge of reset, the connection between Fpint and the CPU interrrupt
bus will be established via the interrept reset vector. Vcc should be used to establish this option.
If mode is sampled as a 0 at the rising edge of reset, the FpInt will be an output, and must be externally connected
back to a CPU interrupt input pin. Ground should be used to select this option.

FPINT O | Ifthe mode pin is sampled as a 0 at the rising edge of reset, this signal will be the FPInt output from the FPA core
of the IDT79R3500, and must be externally connected back to a CPU interrupt pin. If the mode pinis sampled as
a 1 at the rising edge of reset, this pin should be grounded.

2871 tbl 07
ABSOLUTE MAXIMUM RATINGS'": %) RECOMMENDED OPERATING
Symbol Rating Commercial Military | Unit TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage | -0.5t0+7.0 | -0.5t0 +7.0| V Grade Temperature GND Vce
with Respect Military 55°C 10 +125°C | OV 50+10%
to GND 20-25 MHZ (Case)
TA, Tc | Operating 0to+70® | -55t0+125( °C
Temperature (Ambient) (Case) Commercial 0°C to +70°C ov 5.0 5%
0 to +90 20-33 MHz (Ambient)
(Case) Commercial 0°C to +90°C ov 5.045%
TslAs Case Temperature|-55to +125@ | —-65to +135 | °C 40 MHz (Case)
Under Bias 0 to +900 2871 & 10
TsTG Storage -55t0 +125 | -65t0 +155 | °C
Temperature
liN Input Voltage -05t0+7.0 | -05t0+7.0| V
NOTES: 2871 tol 08
1. Stressesgreaterthanthose listed under ABSOLUTE MAXIMUM RATINGS
may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect reliability.
2. VIN minimum = —3.0V for pulse width less than 15ns.
ViN should not exceed Vce +0.5 Volts.
3. Notmore than one outputshould be shorted atatime. Duration of the short
should not exceed 30 seconds.
4. 16-33 MHz only.
5. 37-40 MHz only.
53 19



IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OUTPUT LOADING FOR AC TESTING

AC TEST CONDITIONS
Symbol Parameter Min. | Max. Unit
VIH Input HIGH Voltage 3.0 — Vv
ViL Input LOW Voltage — 0.4 Vv
VIHS Input HIGH Voltage 35 — v VREF To Device
+1.5V Under Test
ViLs Input LOW Voltage — 04 Vv
2871 tol 09 I 25pF
-4mA -
2871 drw 16
DC ELECTRICAL CHARACTERISTICS
COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VcC = +5.0V +5%)
79R3500
20.0MHz 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. | Max. | Min. | Max.| Min. | Max. | Unit
VoH Output HIGH Voltage Vce = Min., IoH = —4mA 3.5 — 3.5 — 3.5 — Vv
VoL Output LOW Voltage Vce = Min,, loL = 4mA — 0.4 — 0.4 — 0.4 \"
VoHe Output HIGH Voltage(?) Vee = Min,, IoH = -4mA 4.0 — 40 | — 4.0 — v
VOHT Output HIGH Voitage(8) | Vcc = Min., loH = -8mA 24 — 2.4 — 2.4 — '
VoLt Output LOW Voltage(48) | Vcc = Min,, loL = 8mA — 0.8 — | 08 — 0.8 v
VIH Input HIGH Voltage(® 2.0 — 20 | — 2.0 — v
ViL Input LOW Voltage(") —_ 0.8 — | o8 —_ 0.8 %
ViHs Input HIGH Voltage(2) 3.0 — 30 | — 3.0 — \%
Vits Input LOW Voltage(1-2) — 0.4 — | o4 — 0.4 v
CiIN Input Capacitance(® —_ 10 — 10 — 10 pF
Cout Output Capacitance(®) — 10 — 10 — 10 pF
Icc Operating Current Veec =5V, TA=70°C — 550 — | 650 _ 750 mA
IiH Input HIGH Leakage(® ViH = VCC — 100 | — | 100 — | 100 HA
I Input LOW Leakage(® ViL = GND -100 — | -100| — -100 | — HA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 100 | =100 | 100 -100 | 100 HA
NOTES: 2871 ol 11

1.

2
3.
4

5
6.
7

to give the designer further information about these specific signals.

. ViH should not be held above Vcc + 0.5 volts.
Guaranteed by design.
. VoHc applies to RUN and Exception.

ViL Min. = —3.0V for pulse width less than 15ns. ViL should not fall below —0.5 Volts for larger periods.
. Viks and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.
These parameters do not apply to the clock inputs.
. VoHTand VoLT apply to the bidirectional data and tag busses only. Note that Vi and ViL also apply to these signals. VoHT and VoLT are provided

53
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MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, Vcc = +5.0V +10%)

MILITARY AND COMMERCIAL TEMPERATURE RANGES

79R3500
20.0MHz 25.0MHz

Symbol Parameter Test Conditions Min. Max. Min. Max. Unit
VOH Output HIGH Voltage Vce = Min,, [oH = <4mA 3.5 — 35 — Vv
VoL Output LOW Voltage Vce = Min,, loL = 4mA — 0.4 — 0.4 v
VoHe Output HIGH Voltage(” Vcc = Min., IoH = —4mA 4.0 — 4.0 —
VOHT Output HIGH Voltage(4®) | Vcc = Min,, loH = -8mA 2.4 — 2.4
VoLt Output LOW Voltage(*®) | Vce = Min,, loL = 8mA — 0.8 — v
ViH Input HIGH Voltage(5) 2.0 — 2.0 v
ViL Input LOW Voltage(! — 0.8 v
ViHs Input HIGH Voltage(25) — v
ViLs Input LOW Voltage(!2) 0.4 v
CiN Input Capacitance(®) 10 pF
Cout | Output Capacitance(®) 10 pF
lcc Operating Current Voce =5V, TA = 70°C 800 — 875 mA
IIH Input HIGH Leakage(® VIH = VCC 100 — 100 HA
I Input LOW Leakage(® ViL = GND -100 — -100 - pA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 100 -100 100 pA

NOTES: 2871 tbl 12

1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below —0.5 Volts for larger periods.

2. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

3. These parameters do not apply to the clock inputs.

4. VouTtand VoLT apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLt are provided

to give the designer further information about these specific signals.

5. Vir should not be held above Vcc + 0.5 volts.

6. Tested only initially, and after design changes which may affect capacitance.

7. Vorc applies to RUN and Exception.

5.3
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IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to+90°C, Vce = +5.0V £5%)

79R3500

40.0MHz
Symbol Parameter Test Conditions Min. Max. Unit
VoH Output HIGH Voltage Vce = Min., IoH = 4mA 3.5 —_ v
VoL Output LOW Voltage Vee = Min,, loL = 4mA — 0.4 v
VoHc - | Output HIGH Voltage(”) vce = Min,, IoH = —4mA 4.0 — vl
VOHT Output HIGH Voltage(48) | Vce = Min., lIoH = —8mA 2.4 — v
VoLt Output LOW Voltage(8) | Vce = Min., loL = 8mA — 0.8 v
ViH Input HIGH Voltage(5) 2.0 — v
ViL Input LOW Voltage(") — 0.8 v
VIHS Input HIGH Voltage(25) 3.0 — v
ViLs Input LOW Voltage(1:2) — 0.4 %
CIN Input Capacitance(®) — 10 pF
CouT | Output Capacitance(® — 10 pF
lcc Operating Current Vcec =5V, TA=70°C —_ 850 mA
IIH Input HIGH Leakage®) ViH=VCC — 100 pA
L Input LOW Leakage(® ViL=GND -100 — LA
loz Output Tri-state Leakage | VoH = VCC, VoL = GND -100 100 HA

NOTES: 2871 tol 13

1. ViL Min. = =3.0V for pulse width less than 15ns. ViL should not fall below —0.5 Volts for larger periods.
. ViHs and ViLs apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, CpBusy, and Reset.

2
3. These parameters do not apply to the clock inputs.
4. VoHtand VoLt apply to the bidirectional data and tag busses only. Note that ViH and ViL also apply to these signals. VoHT and VoLT are provided
to give the designer further information about these specific signals.
. VIH should not be held above Vcc + 0.5 volts.

5
6. Guaranteed by design.
7

. VoHc applies to RUN and Exception.
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IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:23)
COMMERCIAL TEMPERATURE RANGE (Ta = 0°C to +70°C, VcC = +5.0V £5%)

79R3500
r4 25.0MHz 33.33MHz
Symbol Parameter Test Conditions Min. Max. Min. Max. Min. Max. Unit
Clock
TckHigh| Input Clock HIGH(@ Note 6 10 — 8.0 — 6.0 — ns
TckLow | Input Clock LOW(@ Note 6 10 — 8.0 — 6.0 — ns
Tckp | Input Clock Period(®) 25 500 20 500 15 500 ns
Clk2xSys to Clk2xSmp!(5) 0 teyc/4 0 teyc/a 0 teyc/a | ns
Clk2xSmp to Clk2xRd(®) 0 teyc/4 0 teyc/4 0 teyc/d | ns
Clk2xSmp to Clk2xPhi(%) 7.0 | teycia 5.0 teyc/4 35 | teye/d | ns
Run Operation
Toen | Data Enable® — 2.0 — -1.5 — -1.5 ns
Toois | Data Disable(®) — -1.0 - -0.5 — -05 ns
Toval | Data Valid Load= 25pF — 3.0 — 2.0 — 2.0 ns
Twroly | Write Delay Load= 25pF — 4.0 — 3.0 — 2.0 ns
Tos Data Set-up 8.0 - 6.0 e 4.5 — ns
ToH | Data Hold® 25 — 25 — 2.5 — ns
Tces | CpBusy Set-up 11 — 9.0 — 7.0 — ns
TceH | CpBusy Hold —2.5 — —2.5 — —2.5 — ns
TAcTy | Access Type (1:0) Load= 25pF — 6.0 — 5.0 — 3.5 ns
TAT2 | Access Type (@ Load= 25pF — 14 — 12 — 8.5 ns
Tmwr | Memory Write Load= 25pF — 23 —_ 18 —_ 9.5 ns
Texc | Exception Load= 25pF — 7.0 — 5.0 — 3.5 ns
TAval | Address Valid Load= 25pF — 2.0 — 1.5 — 1.0 ns
Tints | Tnt(n) Set-up 8.0 — 6.0 — 4.5 — ns
Tintd | Tnt(n) Hold 2.5 — 2.5 — -2.5 — ns
TFpbusy — 13 _ 10 e 7.0 ns
Tipint — 35 — 25 — 18
Stall Operation
TsAval | Address Valid Load= 25pF — 23 — 20 — 15 ns
TsAcTy| Access Type Load= 25pF — 23 — 18 — 13.5 ns
TMRdi | Memory Read Initiate Load= 25pF 1.0 23 1.0 18 1.0 13.5 ns
TMRdt | Memory Read Terminate Load= 25pF — 23 —_ 18 — 10 ns
Tst Run Terminate Load= 25pF 3.0 15 3.0 10 2.0 7.5 ns
TRun | Run Initiate Load= 25pF — 6.0 — 4.0 — 3.0 ns
Tsmwr | Memory Write Load= 25pF 3.0 23 3.0 18 2.0 9.5 ns
Tsexc | Exception Valid Load= 25pF — 13 — 10 — 7.5 ns
Reset Initialization
TrsST | Reset Pulse Width 6.0 — 6.0 — 6.0 — Teye
Tprwon| Power on (4) 3000 — 3000 — 3000 — Teyc
Capacitive Load Deration
CLD | Load Derate® l 0.5 ] 1.0 l 0.5 ] 1.0 | 0 L 1.0 |ns/25pF
NOTES: 2871 tbl 14
1. Alltimings are referenced to 1.5V.
2. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.
3. This parameter is guaranteed by design.
4. Teycis one CPU clock cycle (two cycles of a 2x clock).
5. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
6. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns tfor other speeds.
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IDT79R3500 RISC CPU PROCESSOR RISCore™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:23)
MILITARY TEMPERATURE RANGE (Tc = -55°C to +125°C, Vcc = +5.0V +10%)

79R3500
20.0MHz 25.0MHz
Symbol Parameter Test Conditions Min. L Max. Min. I Max. Unit
Clock
TckHigh| Input Clock HIGH(@) Note 6 10 _ 8.0 — ns
TckLow | Input Clock LOW(2) Note 6 10 — 8.0 — ns
Tckp | Input Clock Period(?) 25 500 20 500 ns
Clk2xSys to Clk2xSmp(5) ] teyc/4 0 teyc/4 ns
Clk2xSmp to Cik2xRd(5) 0 teyc/4 0 tcyc/4 ns
Clk2xSmp to Clk2xPhi(5) 7.0 teyc/4 5.0 tcyc/4 ns

Run Operation

Toen | Data Enable(®
Toois | Data Disable(®
Toval | Data Valid Load= 25pF
TwrDly | Write Delay Load= 25pF
Tos Data Set-up
ToH | Data Hold®
Tces | CpBusy Set-up
TceH | CpBusy Hold

TAcTy [Access Type (1:0) Load= 25pF

TaT2 | Access Type (2) Load= 25pF

Tuwr | Memory Write Load= 25pF

Texc | Exception Load= 25pF

Taval | Address Valid Load= 25pF

Tits | Int(n) Set-up

TintH | Tnt(n) Hold

Stall Operation

TsAval | Address Valid Load= 25pF — 20 ns

TsAcTy| Access Type Load= 25pF — 18 ns

TMRdi_| Memory Read Initiate Load= 25pF — 18 ns

TMRdt | Memory Read Terminate Load= 25pF —_ 18 ns

Tstl Run Terminate Load= 25pF 0.0 10 ns

TrRun | Run Initiate Load= 25pF _— 4.0 ns

Tsmwr | Memory Write Load= 25pF 0.0 18 ns

Tsexc | Exception Valid Load= 25pF — 10 ns

Reset Initialization

TRST | Reset Pulse Width 6.0 — 6.0 — Tcyc

Tpwron| Power On (4) 3000 — 3000 — Teyc

Capacitive Load Deration

CLD | Load Derate(® 0.5 1.0 05 1.0 |ns/25pF
NOTES: 2871 tbl 15

. All timings are referenced to 1.5V.

B. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

. This parameter is guaranteed by design.

. Teye is one CPU clock cycle (two cycles of a 2x clock).

With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
. Clock transition time < 2.5ns for 33.33MHz; clock transition time < 5ns for other speeds.

o0 s W
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IDT79R3500 RISC CPU PROCESSOR RISCore™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS(1:23)
COMMERCIAL TEMPERATURE RANGE (Tc = 0°C to +90°C, VGe = +5.0V £5%)

79R3500
40.0MHz
Symbol Parameter Test Conditions Min. I Max. Unit

Clock
TckHigh| Input Clock HIGH? Note 6 5.0 — ns
TckLow | Input Clock LOW(@) Note 6 5.0 — ns
Tckp | Input Clock Period(@) 12.5 500 ns

Clk2xSys to Clk2xSmp(5) 0 teyc/d ns

Clk2xSmp to Clk2xRd(%) 0 tcyc/a ns

Clk2xSmp to Clk2xPhi(5) 3.0 tcyc/4 ns
Run Operation

TDEn Data Enable(®) — -15 ns
Tobis | Data Disable(®) e 05 ns
Toval | Data Valid Load= 25pF — 1.5 ns
TwrDly | Write Delay Load= 25pF — 2.0 ns
Tos Data Set-up 4.0 — ns
ToH | Data Hold® 2.5 — ns
Tces | CpBusy Set-up 6.0 — ns
TceH | CpBusy Hold —2.5 — ns
TAcTy | Access Type (1:0) Load= 25pF — 3.0 ns
TAT2 | Access Type (2) Load= 25pF — 7.5 ns
Tmwr | Memory Write Load= 25pF — 9.0 ns
Texc | Exception Load= 25pF — 3.0 ns
Taval | Address Valid Load= 25pF — 0.5 ns
Tints | Int(n) Set-up 4.0 — ns
Tint4 | Int(n) Hold -25 —_ ns
Tipbusy — 6.0 ns
Tipint —_ 17 ns
Stall Operation
Tsaval | Address Valid Load= 25pF — 12.5 ns
TsAcTy | Access Type Load= 25pF ) — 9.0 ns
TMRdi | Memory Read Initiate Load= 25pF — 9.0 ns
TMRdt | Memory Read Terminate Load= 25pF — 9.0 ns
Tst Run Terminate Load= 25pF 2.0 6.0 ns
Trun | Run Initiate Load= 25pF — 3.0 ns
Tsmwr | Memory Write Load= 25pF 2.0 9.0 ns
Tsexc | Exception Valid Load= 25pF — 6.0 ns
Reset Initialization
TrsT | Reset Pulse Width 6.0 — Teye
Tpwron | Power On(4) 3000 — Teyc
Capacitive Load Deration
CLD |Load Derate(® 0 1.0 ns/25pF

NOTES: 2871 thl 16

. All timings are referenced to 1.5V.

. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd, and Clk2xPhi.

. This parameter is guaranteed by design.

. Teyc is one CPU clock cycle (two cycles of a 2x clock).

. With the exception of the Run signal, no two signals on a given device will derate for a given load by a difference greater than 15%.
. Clock transition time < 2.5ns.

O hs WM =
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IDT79R3500 RISC CPU PROCESSOR RISCore™ MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 13. Floating Point Interrupt
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IDT79R3500 RISC CPU PROCESSOR RISCore™ MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 15. Input Clock Timing
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Figure 16. Processor Reference Clock Timing

* These signals are not actually output from the processor.
They are drawn to provide a reference for other timing diagrams.




IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 18. Memory Write Timing
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IDT79R3500 RISC CPU PROCESSOR RISCore™ MILITARY AND COMMERCIAL TEMPERATURE RANGES
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IDT79R3500 RISC CPU PROCESSOR RISCore™

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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IDT79R3500 RISC CPU PROCESSOR RISCore™ . MILITARY AND COMMERCIAL TEMPERATURE RANGES
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Figure 21. Interrupt Timing
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