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CONTENTS OVERVIEW

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

IDT's 1995 RISC Data Book is comprised of new and revised data sheets for the RISC and RISC
Subsystems product groups. Also included is a current packaging section for the products included in this
book. This section will be updated in each subsequent data book to reflect packages offered for products
included in that book.

The 1995 RISC Data Book's Table of Contents contains a listing of the products contained in that data
book only. In the past we have included products that appeared in other IDT data books. The numbering
scheme for the book is as follows: the numberin 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 of that particular data sheet.

Integrated Device Technology, arecognized leader in high-speed CMOS technology, produces abroad
line of products. This enables us to provide a complete CMOS solution to designers of high-performance
digital systems. Notonly do our productlinesinclude industry standard devices, they also feature products
with faster speed, lower power, and package and/or architectural benefits that allow the designer to
achieve significantly improved system performance.

To find ordering information: Ordering Information for all products in this book appears in Section
1, along with the Package Outline Index, Product Selector Guides, and Cross Reference Guides.
Reference data on our Technology Capabilities and Quality Commitments is included in separate sections
(2 and 3, 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 1.4). 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:

PRODUCT BRIEF — contains initial descriptions, subject to change, for products that are in
development, also includes a features listiing.

ADVANCE INFORMATION — contain initial descriptions, subject to change, for products that are in
development.

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 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.
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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. Lifesupportdevices 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. Acritical componentis 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 not assume 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 patent infringement 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 IDT logois a registered 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, RISController, RISCore, RISCompiler, RISC Windows, RISChipset, SmartLogic, SyncFIFO,
TargetSystem, Orion, R36100, R3041, R3051, R3052, R3071, R3081, R3710, R3715, R3720, R3721, R3740, R4400, R4600, R4650 and R4700 are
trademarks of Integrated Device Technology, Inc.

MIPS and RISCross are registered trademarks of MIPS Computer Systems; Windows is a registered trademark of MicroSoft Corporation; UNIX is a registered
trademark of AT & T; Appletalk is a registered trademark of Apple Computer, Inc.; PostScript is a registered trademark of Adobe Systems; Sun-4, Sparc, and
SunOS are registered trademarks of SUN Microsystems, Inc.; IRIX 5.2 is a registered trademark of Silicon Graphics, Inc.

14 2



1995 RISC DATA BOOK
TABLE OF CONTENTS

PAGE

GENERAL INFORMATION
CONENES OVEIVIEW ...ttt ettt et sttt s et a e b s bR e et b et e as ek et ebebe e s b e e et e sneseeneenn 1.1
Table of Contents ............... e 12
NUMENC Table Of CONENES ...eivieiiiiiiiicente ettt eb et s sa et es b sr bbbt e et s b ansentan 1.3
Ordering INFOMMALION .....coviiriierieeereere et ee et ree e st s re e eeee e e e eanesbesesseaneasaestseseraesrenressasesasesanasnassenss 1.4
IDT Package Marking Description .... v 1.5
RISC Product Selector GUILE ........cuiuieiiieerirriectirtisre st seesee e beneestsse st e e e s ne e en e e b s saesasesssnsennesnnns 1.6
TECHNOLOGY AND CAPABILITIES
IDT...Leading the CIMOS FULUIE ....c..ooiiiet ettt ettt sttt sttt b e s sat e saeen e s bsaa s sa b e e mesn e e saenane 21
IDT Military and DESC-SMD Program e 2.2
Radiation Hardened Technology ............. v 2.3
IDT Leading Edge CMOS Technology ... 24
Superior Quality and Relability .........ccccuvveiiiiiiiiii s 25
QUALITY AND RELIABILITY
Quality, Service and PerfOTMANCE .........ccccuiiiiioieeie i a s st et s rat et e s es b estbesree sneasbsreesreeseeanaesanessses 31
IDT Quality Conformance Program v 3.2
Radiation Tolerant/Enhanced/Hardened Products for Radiation Environments ..........ccovvinivvncennierenninnennens 3.3
PACKAGE DIAGRAM OUTLINES
Thermal Performance Calculations for IDT’S Packages .....cooceeviiiiiinnsiniiinnen et ssrensennae s Cveveerens 4.1
Package Diagram Outline Index ......c..ccccemvivenncricennnnn. . 42
Monolithic Package Diagram Outlines 4.3
RISC PROCESSING COMPONENTS
IDT79R3000A RISC CPU Core Processor ........ccooovevvinniniininnnne 5.1
IDT79R3041 Integrated RISController™ for Low-Cost Systems... 5.2
IDT79R3051/79R3052 IDT79R3051/79R3052 RISControllers™ .......cooouuee v 5.3
IDT79R3071 IDT79R3071 RISCONIOIEI™......coviiireeiiiriee it s sssnebene 5.4
IDT79R3081 IDT79R3081 RISController™ with FPA ..ottt 5.5
IDT79R36100 IDT79R361 Highly Integrated RISController™ ..........c.cccovinennene 5.6
IDT79R4400 Third-Generation 64-Bit Super-Pipelined RISC Microprocessor 5.7
IDT79R4600 Fourth-Generation 64-Bit RISC Microprocessor..... 5.8
IDT79R4650 Embedded 64-Bit RISC Orion™ Microprocessor..... ... 59
IDT79R4700 Enhanced Orion™ 64-Bit RISC MICrOPrOCESSOF ...c..cciivivierrieiitieiieenesessieensnnessssesseses 5.10
RISC SUPPORT COMPONENTS
IDT79R3715 Single-Chip System Controller ...t e, 6.1
IDT79R3710/40 Laser Printer Integrated System Controller for IDT R30xx RISController™ Family

w/Adobe™ Frame Buffer COmpression ... 6.2
IDT79R4761 Orion™ Family Memory and 1/O Controller 6.3
IDT79R4762 Orion™ Family PCI to Orion™ Bridge ........ 6.4

1.2 1



1995 RISC DATA BOOK (Continued)

RISC DEVELOPMENT SUPPORT PRODUCTS
Third Party Development Tools and Applications Software for IDT RISC Processors .......cccovvevevieecveriesneeennnnns 71

Training Class
IDT79S389

IDT79S385A
IDT 795341
IDT79S381
IDT79S5460
IDT795464
IDT7RS901
IDT7RS930
IDT7RS909

Applications Development with IDT RISControllers™ and Orion™ Microprocessors.. 7.2
Laser Printer Controller—3051 Family Reference Platform for Postscript™ Level 2

Software from Adobe™ .............. et s BT OPUUPOPRPRY 4t |
R3051™ Family Evaluation Kit 7.4
R3041™ Evaluation Kit............. .. 7.5
R3081™ Evaluation Kit .........coovvvrmrccinienniiniennnnees .. 7.6
R4600™ Evaluation and Development Platform .........ccocccriniienireiinnnninnnennnnen. 7.7
Orion™ 79R464 Evaluation Kit ........cccccooiiiiniiiiincniiiii e 7.8
IDT/sim™ System Integration Manager ROMable Debugging Kernel. 7.9
IDT/c™ Multihost GNU C-Compiler System ........cocvcenevenienenveerennn .. 7.10
IDT/kit™ Kernel Integration ToolKit ........ccccovvvvnnienninimeiien e 7.11

IDT SALES OFFICE, REPRESENTATIVE AND DISTRIBUTOR LOCATIONS

1.2



NUMERICAL TABLE OF CONTENTS

PART NO. PAGE
IDT79R3000A RISC CPU COre PrOCESSO ....oovviriiririirireseesisieisseiesissesserssssnessessesassisssessosasessesserseses 5.1
IDT79R3041 Integrated RISController™ for Low-Cost SYStEMS......cveeiiierienenrrereneeeernnnieesenenne 5.2
IDT79R3051/79R3052 IDT79R3051/79R3052 RISControllers™ ............... ... 53
IDT79R3071 IDT79R3071 RISController™........ccccconnne. 5.4
IDT79R3081 IDT79R3081 RISController™ with FPA ......... ... 55
IDT79R36100 IDT79R361 Highly Integrated RISController™ ..........ccovvvinvercninccmcneseesenienns 5.6
IDT79R3710/40 Laser Printer Integrated System Controller for IDT R30xx RISController™ Family
w/Adobe™ Frame Buffer Compression 6.2
IDT79R3715 Single-Chip System Controller ........c..ccoovimerinnnncinii. 6.1
IDT79R4400 Third-Generation 64-Bit Super-Pipelined RISC Microprocessor . ... 57
IDT79R4600 Fourth-Generation 64-Bit RISC MiCroproCessor........ccociiiiiierencniinreerese e 5.8
IDT79R4650 Embedded 64-Bit RISC Orion™ MICrOPIOCESSOr ...ccuevrereeieriiieireneeseeeeeseeriesiesaeeniens 5.9
IDT79R4700 Enhanced Orion™ 64-Bit RISC Microprocessor .... ... 5.0
IDT79R4761 Orion™ Family Memory and 1/O Controller ... 6.3
IDT79R4762 Orion™ Family PCl to Orion™ Brdge .......coviiniinieneec e 6.4
IDT79S341 R3041™ Evaluation Kit 7.5
IDT79S381 R3081™ Evaluation Kit 7.6
IDT79S8389 Laser Printer Controller—3051 Family Reference Platform for Postscript™ Level 2
Software from AdODE™ ........coiiii e 7.3
IDT79S385A R3051™ Family Evaluation Kit .........coccovveeecveenne 7.4
IDT79S8460 R4600™ Evaluation and Development Platform.... 7.7
IDT79S464 Orion™ 79R464 Evaluation Kit .......ccccooevciiiiiiinnicin e 7.8
IDT7RS901 IDT/sim™ System Integration Manager ROMable Debugging Kernel. e 7.9
IDT7RS809 IDT/kit™ Kernel Integration TOOIKit ........ccveerrierreniie e e 711
IDT7RS930 IDT/c™ Multihost GNU C-Compiler System .........ccccceeeeeenee . 710
Third Party Development Tools and Applications Software for IDT RISC Processors .........ccccveneenieniciniiecneenas 71
Training Class Applications Development with IDT RISControllers™ and Orion™ Microprocessors .. 7.2




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 price 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 processing 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.

Xe TIOTMMOO®X

ozzr

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

Federal Tax |.D. — 94-2669985

TLX# — 887766

FAX# — 408-727-3468

PART NUMBER DESCRIPTION

IDT 79XX XXXXX 999 A A A
POWER DEVICE TYPE SPEED PACKAGE PROCESS/ _S-PECIAL
TEMPERATURE PROCESS
I_| RT RADIATION TOLERANT
KGD KNOWN GOOD DIE
BLANK COMMERCIAL — 0°C to +70°C
M* INDUSTRIAL — —40°C to +85°C
{Consult Factory)
B MILITARY — -55°C to +125°C
(Fully compliant to MIL-STD-883,
Method5004, Cass B)
Jl SEE PACKAGE DESCRIPTION TABLE
-| speep GUARANTEED MINIMUM PERFORMANCE
MEASURED IN MHz
| pevice e.g. 3041
| TvpE™
| POWER R—5.0V
I SUPPLY RV — 3.3V
VOLTAGE

PACKAGE DESCRIPTION TABLE

J 84-lead PLCC
PF 100-lead TQFP
160-Lead PQFP
208-Lead PQFP
M 84-lead MQUAD
FD 84-lead Cavity-down Flatpak
G 179-pin PGA
447-pin PGA
GL Extended lead 447-pin PGA
MS 208-lead MQUAD
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IDT PACKAGE MARKING DESCRIPTION

PART NUMBER DESCRIPTION

IDT’s part number identifies the basic product, speed,

power, package(s) available, operating temperature and
processing grade. Each data sheethas a detailed description,

4. Adevice speedidentifier, 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.

using the part number, for ordering the proper product forthe 5. A package identifier, composed of one or two characters.
user’s application. The part number is comprised of a series The data sheet should be consulted to determine the
of alpha-numeric characters: packages available and the package identifiers for that
particular product.
1. An “IDT”" corporate identifier for Integrated Device 6. Atemperature/process identifier. The productis available
Technology, Inc. in either the commercial or military temperature range,
2. A basic device part number composed of alpha-numeric processed to a commercial specification, or the product is
characters. available in the military temperature range with full
3. A device power identifier, composed of one or two alpha compliance to MIL-STD-883. Many of IDT’s products
characters, is used to identify the power options. In most have burn-inincluded as part of the standard commercial
cases, the following alpha characters are used: process flow.
“R” is used for 5.0V compliant products. 7. Aspecial processidentifier, composed of alphacharacters,

“RV” is used for 3.3V compliant products.

Example for Monolithic Devices:

IDT

XXX XXX XX XX

L

is used for products which require radiation enhancement
(RE) or radiation tolerance (RT).

Special Process

Process/Temperature®

Package*

Speed

Power

* Field Identifier Applicable To All Products

Device Type®

2507 drw 01

MIL-STD-883C COMPLIANT DESIGNATOR

IDT ships certain military products which are compliant to
the latest revision of MIL-STD-883C. Such products are
identified by a “C” designation on the package. The location
of this designator is specified by internal documentation at
IDT.

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:
Penang, hermetic
Anam, Korea
Hong Kong
USA
USA, hermetic
USA, plastic
Api, Phillipines
Penang, plastic

ITv9Z=Or-HA—<
LI 1 | S | [ T VA 1}
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Integrated Device Technology, Inc.

® HIGH-SPEED CMOS
MICROPROCESSOR FAMILY
PRODUCT SELECTOR GUIDE

High-Speed CMOS Microprocessor Family

* Broadestrange of high-performance to low-cost, code-compat-
ible RISC processors: R3000A, R4000 CPUs, R3041/51/52/81
RISControllers, R4600, R4650, and R4700

* R4400—third-generation high-performance 64-bit CPU and
FPA with on-chip cache

* R3051/52/81/41 RISController Family—designed for lower-
cost embedded systems, all code-compatible with original
R3000

* Support chips designed for RISC systems: R3715 System
Controller, R3740 Laser Printer Controller, R4761 Orion Family
System Controller, and R4762 Orion Family PCl Bridge Chip

* Applications range from real-time control to multiprocessing
systems

¢ Optimizing compilers

¢ Low-cost Evaluation Boards available

Data
Book
Number Description Pkgs. Avail. Page
RISC_CMOS MICROPROCESSORS
IDT79R4400 Very high-performance, highly integrated 64-bit CPU, 447PGA NOwW 5.6
fully binary compatible with the R3000A. Combines 179PGA
CPU, floating-point and 16/32KB of cache, capable of over
50 VAX mips sustained performance
IDT79R3041 RISController, 2.5KB cache, R3000A core, 4-deep read/ 84PLCC NOwW 5.2
write buffers, low-cost packaging, pin-compatible with R3051/52/81  100PF
IDT79R3051/52 RISControllers, 6KB or 10KB on-chip cache, R3000A 84PLCC NOwW 5.2
CPU core, and 4-deep read/write buffers, low-cost 84MJ
84-pin packaging
IDT79R3081 RISController, 20KB on-chip, R300 CPU core, 84MJ NOW 5.3
R3010A Floating Point Accelerator, 4-deep read/write 84FD
buffers, pin-compatible with R3041/51/52 100PQFP
IDT79R4600 Very high-performance, highly integrated 64-bit CPU, 179PGA NOW 5.4
fully binary compatible with the R3000A . Combines CPU, 208 MQUAD
floating-point and 32KB of cache, capable of over 175 mips
sustained performance
IDT79R4650 R4600 derivative capable of 66.7 Million Integer Multiply- 208MQUAD NOW 5.5
Accumulate Operations/sec @ 133MHz and 175 mips sustained
performance. Combines CPU, floating-point and 16KB of cache.
IDT79R4700 Pin-compatible with the R4600, the R4700 is an enhanced 179PGA NOW 5.6
version of the R4600. Combines CPU, floating-point and 32KB of 208MQUAD

cache, capable of over 225 mips sustained performance
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High-Speed CMOS RISC Microprocessor Family (Cont’d)

Data
Book
Part Number Description Avail. Page
R3000 FAMILY EVALUATION KITS
IDT79S341 R3041 Family Evaluation Board. Complete, self-contained system requiring NOW 7.5
only a power supply and simple terminal to be operational. Kit contains
R3041 CPU, 1MB of DRAM, IDT/sim monitor in EPROM, serial I/O ports.
IDT79S385A R305X Family Evaluation Board. Complete, self-contained system requiring NOW 7.4
only a power supply and simple terminal to be operational. Kit contains i
R3052E CPU, 1MB of DRAM, IDT/sim monitor in EPROM, serial /O ports.
Supplied with all schematics, PAL equations and user’s manual. Also includes
DOS version of the IDT/c compiler (see 7RS903) and a sample of the R3081.
IDT79S381 R3081 Family Evaluation Board. Complete, self-contained system requiring NOW 7.6
only a power supply and simple terminal to be operational. Kit contains )
R3081 CPU, 2MB of DRAM, IDT/sim monitor in EPROM, serial /O ports. )
IDT79S460 R4600 Family Evaluation Board. Complete, self-contained system requiring NOW 7.7
only a power supply and simple terminal to be operational. Kit contains
R4600 CPU, 1MB of DRAM, IDT/sim monitor in EPROM, serial /O ports.
R3000 FAMILY SOFTWARE DEVELOPMENT TOOLS
IDT798901 IDT/sim System Integration Manager (see RISC SubSystems for description) NOwW 7.8
IDT79S903 IDT/c C-Compiler (see RISC SubSystems for description) ' NOW 7.9
IDT798909 IDT/kit Kernel Integration Toolkit (see RISC SubSystems for description) NOW 710

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

Development tools such as multi-hosted Cross Compilers
CPU and cache modules

RISC evaluation and prototyping vehicles

Monitors and debuggers
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RISC SubSystems—nRisc without Risk ..... IDT Provides Total RISC System Solutions!

FASTER SYSTEMS: FASTER DESIGN CYCLES

Using RISC technolegy, you can build systems that will run rings
around an old x86 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.

Architectural Expertise

IDT brings together a unique combination of component knowl-
edge, software skills, and board design experience as the foundation
for developing a board-level product that meets your needs. As
experienced system architects, we understand that component
knowledge alone is not enough—that the interface between hard-
ware and software is critical to a successful design. We have spent
years honing our architectural expertise to include an in-depth
understanding of both the hardware and software issues so our
designs produce the performance you expect.

Fast Development Cycle

IDT uses the most advanced engineering tools in our hardware
development lab. We have qualified quick-turn PCB fab houses
and our own fully-equipped advanced manufacturing area, so new
fabs can be assembled and sent into debug in a matter of days. In
addition, IDT has developed the best software diagnostic tools
available for MIPS RISC debug. Spotting behavioral patterns in
malfunctioning systems and quickly identifying and fixing the
hardware or software problem is key to maintaining a time-critical
development cycle—and we want you to be first to market!

Optimized Designs

IDT is a premier supplier of RISC assemblies. Our expertise in
handling layout, termination, and component selection issues is
unmatched, and we use the latest tools for PCB layout, routing and
design simulation. Our design team is fast and experienced,
coordinating component selection with availability of the latest
technology, and using ASICs where appropriate to improve perfor-
mance and reduce space and cost. To date, we have designed and
produced more different MIPS RISC assembliesthan anyone else,
optimizing every design for the highest possible performance per
dollar.

Total Support

On-going support means on-time deliveries. IDT has on-going
vendor TQM programs with suppliers of critical components to
ensure on-time delivery of in-spec material. Our manufacturing
organization is experienced in building very high-speed boards
with tight tolerances and high-pin-count surface-mount compo-
nents. And our design team is on-call to solve problems quickly if
difficulties arise during production. We provide total support—from
board design and software porting through production and test—
because our success depends on your success!

Modules

Our modules contain the RISC CPU, Floating Point Accelerator,
andallthe cache memory. Mostinclude clock control, interruptand
initialization logic, and read and write buffers, as well. All the
components are surface-mounted on small, plug-in PC boards,
burned-in and tested at the rated speed. All the tricky timing, and
high-speed design is done and tested for you. The modules canbe
plugged into motherboards containing main memory, I/0, and the
rest of the system, all of which is relatively low-speed and is easy
to lay out using conventional design techniques.

Custom Subsystems

For custom boards that meet your unique requirements, we can
develop a complete product specification, design the boards,
deliver prototypes, and provide production units in any quantities.
Many customers have found this to be a cost-effective way to
augment their own engineering resources, and to procure material
that exactly meets their needs without all the headaches of
purchasing, material control, and on-going product and manufac-
turing engineering.

Printer Controllers

IDT has designed and produced a number of printer controllers,
using both custom and standard hardware solutions. IDT’s board-
level products have been used to run Adobe PostScript™, PCL5
emulation, and Pipeline Associates’ color PostScript emulation.
IDT is a licensee for Adobe’s CPSl interpreter, and can develop a
flexible true Adobe solution in a variety of hardware and software
environments.

Model Description

Custom Designs

Plotter Controllers

Add-In Cards to EISA/ISA Bus
Add-in Cards for Macintosh
Laser Printer Controllers
Software

UNIX™ Porting, and Driver Development
C-EXECUTIVE™ Real Time OS
Interprocessor Communication between

Adobe CPSI PostScript Application Development

RISC Subsystem and Mac or PC

1.6



Y

g
(™

E

o







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
mulitiple divisions producing a wide range of high-speed
CMOS circuits that are, in almost every case, the fastest
available. These advanced products are produced with IDT’s
proprietary CMOS 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 goal is 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. Asabonus, commercial customers obtainthe
benefits of military processing disciplines, established to meet
or exceed the stringent criteria of the applicable military
specifications.

IDT is the leading U.S. supplier of high-speed CMOS
circuits. The company’s high-performance fast SRAM, FCT
logic, high-density modules, FIFOs, multi-port memories,
BiCMOS ECL I/O memories, RISC SubSystems, and the 32-
and 64-bit RISC microprocessor families complement each
other to provide high-speed CMOS solutions for a wide 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
of the existing product families, and additional product families
are beingintroduced. Contact your IDT field representative or
factory marketing engineer forinformation on the most current
product offerings. If you're building state-of-the-artequipment,
IDT wants to help you solve your design problems.

21




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/O 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 DT 5962-93177 7206L 5962-88654 54FCT640/A
5962-92069 72141L 5062-88655 54FCT534/A
84036 6116 5962-92101 72215LB 5962-89767 54FCT540/A
5962-85740 6116LA 5962-93138 72220L 5962-89766 54FCT541/A
64132 6167 5962-92057 7222508 5962-89733 54FCT191/A
5962-86015 7187 5962-93189 722458 5962-89732 54FCT241/A
et 6198/7198/7188 5962-91757 72200L 5962-89652 54FCT399/A
596286705 6168 5062-89513 54FCTS74/A
5962-85525 7164 oLP T 5962-89731 54FCT833A/8
e aanee 71256L 5962-89730 54FCT543/A
5962-88662 712568 5962-87708 39C10B&C 596290901 20FCT52A/B/C
5962-88611 71682 5962-88533 49C460A/B/C 5062-92205 29FCT520AT/BT/CT
- 5962-89891 7198 5962-88613 39C60/A 5962-02157 49FCTBOS/A/B06/A
5962-89892 6198 5962-88643 49C410 5062-92233 54FCT138T/AT/CT
5962-89690 6116 5962-86873 7216L 5962-92208 54FCT157T/AT/CT
5962-36294 7164 5962-87686 72171 5062-92209 54FCT164T/AT/CT
5962-89692 7188 5062-88733 7210 5062-62210 54FCT163T/AT/CT
5962-89712 71982 5962-92122 49C465/A 5062-90669 54FCT193/A
5962-89790 71682 5062-92213 54FCT240T/AT/CT
LOGIC 10T 5062-92232 54FCT241T/AT/CT
5962-86875 7130/7140 5062-87629 54FCT245/A 5962-92214 54FCT245T/AT/CT
5962-87002 7132/7142 5962-86862 54FCT299/A 5962-92211 S54FCT257T/AT/CT
5962-88610 7133SA/7143SA 5062-87644 54FCT373/A 5962-92215 54FCT273T/AT/CT
5962-88665 7133LA/7143LA 5962-87628 54FCT374/A 5962-92216 54FCT299T/AT/CT
5962-89764 7134 5962-87627 54FCT377/A 5062-92217 54FCT373T/AT/CT
5962-91508 7006 5962-87654 54FCT138/A 5962-92218 54FCT374T/AT/CT
5962-91617 7025 5962-87655 54FCT240/A 5962-92219 54FCT377T/ATICT
5962-91662 7024 5962-87656 54FCT273/A 5962-92212 54FCT399T/AT/CT
5962-93153 7014S 5962-89533 54FCTEE1AB 5962-92234 54FCT521T/AT/BT/CT
5962-89506 54FCT827A/B 5962-92236 54FCT534T/AT/CT
FIFO IDT 5962-88575 54FCT841A/B 5062-92220 54FCT540T/AT/CT
- 5962-88608 54FCT821A/B 5962-92237 54FCT541T/AT/CT
2325_2223; ;g%kf 5062-88543 54FCT521/A 5062-92221 54FCT543T/AT/CT
5962-88640 S4FCTI61/A 5962-92238 54FCT573T/AT/CT
5062-88669 72038
2062.89508 72041 5962-88639 54FCT573/A 5962-92222 54FCT574T/AT/CT
5062-88656 54FCT823A/B 5962-92244 54FCT645T/AT/CT
5062-89536 7202LA
5962-88657 54FCT163/A 5962-92223 54FCTE46T/AT/CT
5962-89863 7201SA
2062-89523 04031 5962-88674 54FCTB25A/8 5962-92246 54FCT652T/AT/CT
5962-89666 7200L 5962-88661 54FCT863A/B 5962-92225 54FCT821AT/BT/CT
: 5962-88736 20FCT520A/B 5962-92229 54FCT823AT/BT/CT
5962-89942 72103L
2062.89943 721041 5962-88775 54FCT646/A 5962-92230 54FCT825AT/BT/CT
- 5062-92247 54FCT827AT/BT/CT
5962-89567 7203L 5962-89508 54FCT139/A
5962-90715 7204S 5962-89665 54FCT824A/B
£060.01677 72051 5962-88651 54FCT533/A RISC IDT
5062-88653 54FCT645/A 5962-94550 79R3081E




SMD LOGIC IDT 5962-92244 54FCT645T/AT/ICT
SRAM IDT 5962-87630 54FCT244/A 5962-92223 54FCT646T/AT/CT
84036 6116 5962-87629 54FCT245/A 5962-92246 54FCT652T/AT/ICT
5962-88740 6116LA 5962-86862 54FCT299/A 5962-92225 54FCT821AT/BT/CT
84132 6167 5962-87644 54FCT373/A 5962-92229 54FCT823AT/BT/CT
5962-86015 7187 5962-87628 54FCT374/A 5962-92230 54FCT825AT/BT/CT
5962-86859 6198/7198/7188 5962-87627 54FCT377/A 5962-92247 54FCT827AT/BT/CT
5962-86705 6168 5962-87654 54FCT138/A i
5962-85525 7164 5962-87655 54FCT240/A RISC IDT
5962-88552 71256L 5962-87656 54FCT273/A 5962-94550 79R3081E
5962-88662 71256S 5962-89533 54FCT861A/B
5962-88611 71682L 5962-89506 54FCT827A/B
5962-89891 7198 5962-88575 54FCT841A/B
5962-89892 6198 5962-88608 54FCT821A/B
5962-89690 6116 5962-88543 54FCT521/A
5962-38294 7164 5962-88640 54FCT161/A
5962-89692 7188 5962-88639 54FCT573/A
5962-89712 71982 5962-88656 54FCT823A/B
5962-89790 71682 5962-88657 54FCT163/A
5962-88674 54FCT825A/B
SMP IDT 5962-88661 54FCT863A/B
5962-86875 7130/7140 5962-88736 29FCT520A/B
5962-87002 7132/7142 5962-88775 54FCT646/A
5962-88610 7133SA/7143SA 5962-89508 54FCT139/A
5962-88665 7133LA/7143LA 5962-89665 54FCT824A/B
5962-89764 7134 5962-88651 54FCT533/A
5962-91508 7006 5962-88653 54FCT645/A
5962-91617 7025 5962-88654 54FCT640/A
5962-91662 7024 5962-88655 54FCT534/A
5962-93153 7014S 5962-89767 54FCT540/A
5962-89766 54FCT541/A
FIFO IDT 5962-89733 54FCT191/A
5962-87531 7201LA 5962-89732 54FCT241/A
5962-86846 72404L 5962-89652 54FCT399/A
5962-88669 7203S 5962-89513 54FCT574/A
5962-89568 7204L 5962-89731 54FCT833A/B
5962-89536 7202LA 5962-89730 54FCT543/A
5962-89863 7201SA 5962-90901 29FCT52A/B/C
5962-89523 72403L 5962-92205 29FCT520AT/BT/CT
5962-89666 7200L 5962-92157 49FCT805/A/806/A
5962-89942 72103L 5962-92233 54FCT138T/AT/CT
5962-89943 72104L 5962-92208 54FCT157T/AT/CT
5962-89567 7203L 5962-92209 54FCT161T/AT/CT
5962-90715 7204S 5962-92210 54FCT163T/AT/CT
5962-91677 7205L 5962-30669 54FCT193/A
5962-93177 7206L 5962-92213 54FCT240T/AT/ICT
5962-92069 7214101 5962-92232 54FCT241T/AT/ICT
5962-92101 72215LB 5962-92203 S54FCT244T/AT/CT
5962-93138 722204 5962-92214 54FCT245T/AT/ICT
5962-92057 722251LB 5962-92211 54FCT257T/AT/ICT
5962-93189 72245LB 5962-92215 B54FCT273T/AT/CT
5962-91757 72200L 5962-92216 54FCT299T/AT/ICT
5962-92217 54FCT373T/AT/ICT
CLP IDT 5962-92218 54FCT374T/AT/CT
5962-87708 39C10B&C 5962-92219 S4FCT377T/ATICT
5962-88533 49C460A/B/C 5962-92212 54FCT399T/AT/ICT
5962-88613 39C60/A 5962-92234 54FCT521T/AT/BT/CT
5962-88643 49C410 5962-92236 54FCT534T/AT/CT
5962-86873 7216L 5962-92220 54FCT540T/AT/CT
5962-87686 7217L 5962-92237 54FCTS541T/AT/ICT
5962-88733 7210 5962-92221 54FCT543T/AT/CT
5962-92122 49C465/A 5962-92238 B54FCT573T/ATICT
5962-92222 54FCT574T/ATICT
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RADIATION HARDENED TECHNOLOGY

On an order by order basis IDT can manufacture and
supply radiation hardened products for military/aerospace
applications. Utilizing special processingand 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 most of its products on these processes. Total

Dose radiation testing is performed in-house on an ARACOR
X-Ray system. External facilities are utilized for device
researchongammacell, 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.

KNOWN GOOD DIE

Emerging high performance electronic systems require
smaller and smaller form-factors. IDT is meeting these design
challenges by offering Known Good Die (KGD}) in addition to
its broad array of small form-factor packages. The IDT KGD
manufacturing process enables IDT to offer die that have
received the same electrical tests, burn-in, and speed sorting
at elevated temperatures as shipped packaged products. Via
IDT KGD, users are able to manufacture cost-efficient and
reliable multi-chip modules (MCMs), hybrids, and other high-

density interconnect products. All IDT KGD, at the completion
of their test flow, receive 100% die visual inspection and are
packed within Gel-Pak™ containers. The Gel-Pak™ containers
are then placed in vacuum sealed ESD wrappers prior to
shipping. Delivered KGD products have superior yield, quality,
and reliability over standard raw die offerings. Most IDT
products can be offered as "KGD", and commercial, industrial
or military temperatures can be considered.
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IDT LEADING EDGE CEMOS TECHNOLOGY

THE PRODUCTIVITY REVOLUTION

New microprocessor-based systems enhance productivity
by improving the accessibility and usability of information. By
connecting systems through a network, data can be transmit-
tedinstantly, anywhere in the world. Using affordable comput-
ing systems, information can be located, retrieved, analyzed,
and displayed as needed.

The systemsthat provide these capabilities are builtaround
the microprocessor, and IDT’s products maximize the poten-
tial of these microprocessor-based systems. As sales of these
productivity-enhancing systems grow, so do the markets for
IDT products.

INNOVATIVE PRODUCTS FOR MORE PRO-
DUCTIVE SYSTEMS

IDT markets products from four product groups: SRAMs,
Specialty Memory Products, Logic products, and RISC Micro-
processors.

Our strategy is to define, develop, and manufacture prod-
ucts that help our customers deliver greater value to their
customers. We develop products in partnership with custom-
ers who are leaders in markets that fuel the productivity
revolution, such as high-performance desktop and server
computing, data communications and networking, and office
automation. These customers use our products to build sys-
tems that are faster, less costly, and more productive.

Our customers are also building systems that are energy-
efficient. Designers are developing 3.3V systems to comply
with the governmental Energy Star requirements. We have a
competitive advantage because our CMOS VIl technology
was specifically designed to maintain higher speeds at this
lower voltage.

Customers using high-performance microprocessors to
build desktop computers and file servers can improve the
performance of their products by incorporating cache memory
systems. Cache memory systems are constructed with high-
speed SRAMs, cache tag memories, and control logic. We are
a recognized technology leader in SRAMs and the world's
leading supplier of cache tag memories. Today, we supply
these products both as discrete components and in the form
of complete high-density cache memory modules used with
PowerPC™, Intel 486™, Pentium™ processor, and our own
RISC microprocessors. We are working with manufacturers of
both the microprocessors and their associated chipsets to
develop new cache memory products that will maximize the
performance of future microprocessor-based systems.

Customers building digital data communications and net-
working equipment use FIFO and dual-port memory products
that are designed for these applications. FIFOs and dual-ports
are uniquely suited to exchanging data between systems that
operate at different speeds or use different protocols, a

R4600 and Orion are trademarks of Integrated Device Technology, Inc.
PowerPC is a trademark of Motorola

Pentium processor and {486 are trademarks of Intel Corporation
Windows NT is a trademark of Microsoft Corporation

UNIX is a registered trademark of AT&T

common requirement in communications systems. We are
the market leader in these SMP product areas, and we have
introduced the industry's largest number of product and tech-
nology innovations over the years. Development work is now
under way to design a family of products for the emerging ATM
(Asynchronous Transfer Mode) market, which is expected to
grow dramatically over the next several years.

Every high-performance system needs high-speed logic
parts to connect memories, microprocessors, communica-
tions circuits, and other system components. We have been
the performance leader in high-speed FCT logic devices since
we pioneered these products in 1985, and we currently offer
more than 150 different logic products. We have also intro-
duced two new ultra-small packaging choices for our logic
products, ideal for use in compact desktop and portable
systems, as well as in PCMCIA cards, which are credit-card
sized modules that add functionality to personal computers.

Customers who build high-performance office automation
and communications systems are taking advantage of our
family of 32-bit and 64-bit software-compatible RISC micro-
processors, based on the extendable architecture developed
by MIPS Technologies. The 20+ different microprocessors in
our RISC family offer customers a wider range of price/
performance choices than competing microprocessor fami-
lies. Software compatibility allows designers to choose one
microprocessor for a particular product and then easily up-
grade to a higher-performing version, in many cases simply by
removing one device and pluggingin another. Our 32-bit RISC
microprocessor products are winning acceptance in a variety
of embedded applications, including laser printers, network
routers, and graphics display terminals.

In fiscal 1994, we introduced our 64-bit R4600™ Orion™
processor. This microprocessor provides leading-edge per-
formance for embedded applications, such as laser printers
and networking systems, and is also used in file servers and
workstations that run UNIX® and Microsoft's new Windows
NT™ operating systems.

ADVANCING OUR OWN PRODUCTIVITY

We participate in the productivity revolution both as a
technology enabler and as a beneficiary. While our products
enhance the productivity of our customers’ microprocessor-
based systems, we improve our own internal productivity by
developing new manufacturing technologies, re-engineering
workflows, and by adopting new electronic systems.

One of the primary ways we increase internal productivity
is by developing and implementing advanced technologies.
New process technologies result in smaller die, and new
production equipment allows the use of larger wafers. The
combination of smaller die and larger wafers allows us to
generate significantly more devices per wafer. Migrating to an
advanced 0.6-micron CMOS fabrication process in fiscal
1994 not only resulted in smaller die, it also improved product
performance, increased yields, and lowered unit costs. Our
new CMOS VIl 0.5-micron process is expected to extend our
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process technology momentum.

Because we have our own fabrication facilities, we control
critical manufacturing operations, giving us a competitive
advantage as we continue to improve our productivity. IDT
has two sub-micron 6" wafer fabrication facilities, located in
San José and Salinas, California, and a high-volume assem-
bly and test facility in Penang, Malaysia. To support future
growth, we have built a new sub-micron 8" wafer fabrication
facility in Hillsboro, Oregon that will be fully operationalinfiscal
1997, and an additional 40,000-square-foot building for test
and assembly in Penang.

Manufacturing productivity is also improved by adjusting
work schedules to increase the output from equipment al-
ready in place and improving product development cycles.
Updated computer-aided design tools shorten product design
times and improve the functionality of new product prototypes.
For example, the R4600 Orion processor was designed by
Quantum Effect Design, Inc., an IDT affiliate operating on-site,
in just 21 months, which is a remarkably short development
cycle for such a complex product.

Improvements in quality are the direct result of improve-
ments in productivity. Our manufacturing quality levels have

been improving for several years. In fiscal 1993, IDT was one
of the first semiconductor companies to achieve ISO 9000
registration for wafer fabrication activities. 1SO 9000 is a
worldwide quality systems standard, and certification pro-
vides an important competitive advantage in both domestic
and international markets. All of our manufacturing facilities
are now I1SO 9000 certified.

Customer service and support have been directly en-
hanced by many of our productivity improvements. New
planning and scheduling systems allow us to improve our
efficiency and predictability for meeting delivery commitments
to customers. Expanded computer systems allow the migra-
tion of order services to field sales offices, bringing support
closerto the customer. Increased use of EDI (Electronic Data
Interchange) allows customers to directly enter orders and
check order status, resulting in more timely information with
less paperwork.

Improving productivity continues to be a key issue for
technology companies. By continuing to improve internal
productivity and manufacture quality products that support the
productivity revolution, we expect to enhance the value of our
company to our shareholders, our employees, and our cus-
tomers.




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 and electrical test, create inherently reliable products.
Incoming materials are subjectedto carefulinspections. 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-I-38535, 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 andnotice of MIL-STD-883. State-of-the-art production
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
ensuresthatcommerecial, industrial and military grade products
consistently meet customer requirements for quality, reliability
and performance.

SPECIAL PROGRAMS

Class S. IDT also has manufacturing, screening and test
capabilities in-house (except X-ray and some Group D tests)
to perform Class S processing per MIL-STD-883 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.
IDT 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 continue research 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 commitmentis embodiedinitsall
pervasive Total Quality Commitment (TQC) 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 TQC

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

DEVELOPMENT
Fas
ASSEIMBLY
TEIST
SI-||IP

PRODUCT FLOW

Ourcustomers 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
|
PRODUCTION CONTROL
SERVICE FLOW |
SHIPPING
I
CUSTOMER SUPPORT

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

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

Standardization
Implementing policies, procedures and measurement
techniquesthatare 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 TQC 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
through training, 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. Fromthe 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 again in-house qualification
tests assure the quality and reliability of the product. All
specifications and manufacturing flows are established and
personneltrained before the product is placed into production.

Manufacturing

To accomplish continuous improvement during the
manufacturing stage, control items are determined for major
manufacturing conditions. Data is 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. Services is also constantly
monitored for improvement.

Order Procedures )

Checks are made at the order entry stage to ensure the
correct processing of the Customer’s product. Afterverification
and data entry the Acknowledgements (sent to Customers)
are again checked to ensure details are correct. As partof the
TQC 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
impinges on the quality of service the customer receives.
Because many of our customers have implemented Just-in-
Time (JIT) manufacturing practices, |DT as a supplier also has
to adopt 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
on applicationsinformation, technical services, benchmarking
of hardware solutions, and demonstration of various
Development Workstations.

The key to continuous improvementis the timely resolution
of defects and implementation of the corrective actions. This
is no more important than when product failures are found by
acustomer.Whenfailures are found atthe customer’'sincoming
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 that have detected a product failure. Providing the
customer with an analysis of the failure, including corrective
actions and the statistical analysis of defects, brings CQlI 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 that credo IDT and our cusotmers
will be successful in the coming decade.With the
implementation of the TQC strategy within the company, we
will satisfy our goal...

“Leadership through Quality, Service and Performance
Products’.

3.1



'IDT QUALITY CONFORMANCE PROGRAM

A COMMITMENT TO QUALITY

Integrated Device Technology’s monolithic assembly
products are designed, manufactured andtestedinaccordance
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 definedin 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 criteria patterned after Federal
Standard 209, Clean Room and Workstation
Requirements. All critical workstations are maintained
at Class 100 levels or better.

Wafers from eachwaferfabrication area are subjected
to Scanning Electron Microscope analysis ona periodic
basis.

2. DieVisuallnspection: Wafers are cutand 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
subjectedtoastrengthtestper 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 ambienttemperature 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 productis 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.

3.2




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 accordingto criteria patterned after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcritical workstations are maintained
at Class 100 levels or better.

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

Watersfrom each wafer fabrication area are subjected
toScanning Electron Microscope analysis ona periodic
basis.

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

3. Die Push Test: To ensure die attach integrity,
product samples are routinely subjected to die push
tests, patterned after MIL-STD-883, Method 2019.

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

5. 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 product is 100%
electrically tested atan ambient temperature 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 testmethods 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”
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 device specification
equivalent min. or equivalent
PORT BURN-IN Per applicable 100% | Per applicable 100% | Per applicable @ 100%
ELECTRICAL: device specification device specification device specification
Static (DC), Functional +25, =55 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 5005 Group B, C, D Sample | 5005 Group B, C, D Sample { IDT Spec Sample
CONFORMANCE
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
3.2 3




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 Dose 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 atthe 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 radiation accumulation levels, functional
failures occur. Inmemorycircuits, 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 cellsforexample) 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.

DEVICE ENHANCEMENTS

Of the four radiation environments above, IDT has taken
considerable data on Total Dose Accumulation. IDT has
developed a process that significantly improves the radiation

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
2510w U1
Figure 1.

tolerance of its devices within these environments. Prevention
of SEU failures is usually accomplished by system-level
considerations, such as Error Detection and 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. Device implants 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 can qualify wafers to a Total Dose level. Only
wafers with sampled die that pass Total Dose level tests are
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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,

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 (if
desired) 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 most product types (some

speed grades may not be available).

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.
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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 CEMOS™ 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 withincreasesinjunctiontemperature
(TV), 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.
Theaccelerated aging of anintegrated circuit canbe expressed
as an exponential function of the junction temperature as:

th=toexp | Ea (-1
k To TJ

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 105ev/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 CEMOS
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
exceedthe stringentcriteriaof MIL-STD-883_to ensure
maximum heat transfer between die and packaging
materials.

Thefollowingfigures graphicallyillustrate the thermalvalues
of IDT’s current package families. Each envelop (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 tobe used as a comprehensive characterization of
the major variables rather than single point of reference.

When calculating junction temperature (TJ), it is necessary
to know the thermal resistance of the package (8JA) as
measuredin “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 - TAYP

TJ = TA + P[8JA] = TA + P[BJC + 6CA]

where

gic=T)-Tc 6cA=Tc-TA

P P

8 = Thermal resistance

J = Junction

P = Operational power of device (dissipated)

TA = Ambient temperature in degree celsius

T4 = Temperature of the junction

Tc = Temperature of case/package

6cA = 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.)

8JA = Junction to Ambient, thermal resistance—usually

measured with respect to the temperature of a
specified volume of still air. (Dependent on 8Jc +
8JA which includes the influence of area and
environmental condition.)
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PACKAGE DIAGRAM OUTLINE INDEX

SECTION PAGE

MONOLITHIC PACKAGE DIAGRAM OUTLINES........cccreninnertiismcerressemsnesessssensnens 4.3

PKG. DESCRIPTION

F84-1 84-Lead Quad Flatpack (cavity dOWn) ... e 1
G179-1 179-Lead Pin Grid Array (cavity dOWN) .........c.ccrviiiiiiiiinic e 2
G447-1 447-Lead Pin Grid Array (Cavity dOWN) ...c.oocviicroninienieinnnsnsereseseesssormsersesenssenses 3
PN100-1 100-Lead Thin Quad FIatPack .......cceriveieiieiniiiiie e ecnee e sreie s ree e sssenensesssenss 4
M84-1 84-Lead MQUAD (J-bend, cavity down) ........ccceceiiiiiiiniiiiini e, 6
M208-1 208-Lead MQUAD (Cavity QOWN) ...c.coeeceiiieiiieiiiiiictiie et senne e s esseeeene 7
J84-1 84-Pin Plastic Leaded Chip Carrier (SQUAre) .....c..cocremimmimiiisiisininsnresrosssseessisonisnns 8

MODULE PACKAGE DIAGRAM OUTLINES

Module package diagrams are located at the back of each Subsystems data sheet.
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MONOLITHIC PACKAGE DIAGRAMS

FLATPACKS

84 LEAD QUAD FLATPACK (CAVITY DOWN)

~————————— D1

INDEX MARK
PIN 1

/r-UD

Al

7 O[F)WLGDS# N Fggt, : NOTES:
1. ALL DIMENSIONS ARE IN INCHES,
S YMBOL MIN | MAX UNLESS OTHERWISE SPECIFIED.
A - 135 | 2. BSC - BASIC LEAD SPACING
Al - 105 BETWEEN CENTERS.
b 014 | .020 | 3. CROSS HATCHED AREA INDICATES
c 007 | .01 INTEGRAL METALLIC HEAT SINK.
D/E 1.940 | 1.960
D1 /E1 1140 | 1.160
D2/E2 7.000 BSC
D3/E3 500 BSC
e 050 BSC
L 390 [ .410
ND /NE 21




MONOLITHIC PACKAGE DIAGRAMS

PIN GRID ARRAYS

179 PIN PGA (CAVITY DOWN)

BOTTOM VIEW TOP_ VIEW
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N EcIc)ololcYolokolfofcYoloJoYoJoYeRea
D1 ————— [}/’ PIN 11D
D
Q1 *
SEATING PLANE _l 5 ] A
TPy
T — ] | —— QBZ
DWG # 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.
2B 016 020 4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS.
B 060 | 080 5. CHAMFERRED CORNERS ARE IDT'S OPTION.
PEp 040 | 060 | [6] CROSS HATCHED AREA INDICATES INTEGRAL METALLIC
D/E 1.840 | 1.880 HEAT SINK..
D1/E1 1.700 BSC
e .100 BSC
L 120 ] 140
M 18
Q1 .025 | .060
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MONOLITHIC PACKAGE DIAGRAMS

PIN GRID ARRAYS (Continued)
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IDT RISC PROCESSING COMPONENTS

THE COMPLETE RISC SOLUTION

Integrated Device Technology, Inc. is dedicated to provid-
ingcomplete 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 a semiconductor 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
R3041, R3051/52, R3071, R3081 and R36100
RISControllers™. The R3000 processor is a derivative of the
R2000A, the first commercially-available RISC processor

CPO
(System Control Coprocessor)

CONTROL

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 work-
stations. 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 stan-
dard for the 1990s.

THE IDT79R3000 CPU

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

The first processoris 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:

e Full 32-bit operation

» Three instruction formats

« Efficient 5-stage pipeline

¢ On-chip cache control

¢ On-chip Memory Management Unit
¢ Multiprocessor capability

CPU

| Master Pipeline/Bus Control

-

iz it T
Exception/Control General Registers
Registers (32x32)
Memory ALU
Management Local -
Unit Registers Control Shifter
Transiation Logic Multiplier/Divider
Lookaside Address Adder
Buifer
(64 entries) PC Increment/Mux
Virtual Page Number/ I I
Virtual Address l
JL -
TAG (20+4) L U ] Data (32+4)
2860 drw 01

ADDRESS (18)

Figure 1. 1DT79R3000 Processor




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-
able with the R3051 family, by dramatically lowering the cost
of usingthe 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 designers to 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 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 R3051
RISController family.

This third generation processor maintains full binary com-
patibility with applications executing on the R2000/R3000 and
IDT's RISControllerfamily, 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 |- and D-
cache, along with multiprocessing support such as direct
control of optional secondary caches. To achieve perfor-
mance levels capable of over 50 VAX MIPS sustained perfor-
mance, the R4000 utilizes technology such as super-pipelining
to exploit 2-level instruction parallelism with no issue restric-
tions. The R4000 presents a balanced architectural approach
to achieve a wide range of price/performance goals.
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Integrated Device Technology, Inc.

RISC CPU CORE

R3000A
Core for
RISController Devices

FEATURES:

Enhanced instruction set compatible R3000A Core for
integrated RISControllers

Integrates well with R3010A Core Hardware Floating Point
Accelerator

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.

Integrated Cache Control for On-Chip Caches—The CPU
core contains a high-bandwidth memory interface that
handlesseparate Instructionand Data Caches. Bothcaches
are accessed during a single CPU cycle. All cache control
is integrated into the core, allowing high-speed execution.
“E” versions feature Memory Management Unit, including
afully-associative, 64-entry Translation Look-aside Buffer

(TLB). This provides fast address translation for virtual-to-
physical memory mapping of the 4GB virtual address
space.

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

Software compatible with all R3000 devices. This insures
awide range of development support, including compilers,
operating systems, libraries, and applications software.
High-speed 0.6p CMOS technology.

50MHz clock rates yield up to 40VUPS sustained through-
put.

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

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

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

R3000A CORE BLOCK DIAGRAM
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R3000A RISC CPU PROCESSOR CORE

DESCRIPTION

The R3000A RISC Microprocessor Core consists of two
tightly-coupled processors. The first processor is a full 32-bit
CPU based on RISC (Reduced Instruction Set Computer)
principles to achieve a new standard of microprocessor price/
performance. The second processor is a system control
coprocessor, called CPO, containing an optional fully-associa-
tive 64-entry TLB (Translation Look-aside Buffer), MMU
(Memory Management Unit) and control registers, supporting
a 4GB virtual memory subsystem, and a Harvard Architecture
Cache Controller achieving a bandwidth of 400MB/second
using integrated cache memory.

This data sheet provides an overview of the features
and architecture of the R3000A core. This core is inte-
grated into various members of the IDT RISController
family, such as the R3041, R3051, and R3081. Detail on
those specific devices is found in separate data sheets
and user's manuals.

R3000A CPU Registers

The R3000A CPU provides 32 general-purpose 32-bit
registers, a 32-bit Program Counter, and two 32-bit registers
which hold the results of integer multiply and divide opera-

decoding, thus minimizing instruction execution time. The
R3000A core 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. Note, however, 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.

The R3000A instruction set can be divided into the follow-
ing 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.

I-Type (Immediate)

tions. Only two of the 32 general registers have a special 31 26 25 21 20 16 15 o
purpose: register r0 is hard-wired to the value “0”, which is a r°" I rs I it | immediate |
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  J"1YP€ (Jump)
is no Program Status Word (PSW) register shown in this 31 26 25 o
figure: the functions traditionally provided by a PSW register | op | target |
are instead provided in the Status and Cause registers incor-
porated within the System Control Coprocessor (CPO). R-Type (Register)
Instruction Set Overview 31 26 25 21 20 16 15 11 10 6 5 0
AllR3000A instructions are 32 bits long, and there are only | op s it | rd | re l funct |

three instruction formats. This approach simplifies instruction

General Purpose Registers

31 0 Multiply/Divide Registers
0 31 0
n L HI J
2 31 0
. L Lo I
Program Counter
r29 39 0
r30 L PC
r31
2860 drw 02

Figure 2. R3000A CPU Registers
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Figure 3. R3000A Instruction Formats

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 non-aligned 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 |-type (one operand is a 16-bit immediate) formats.
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
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operands. This means that operands need not be 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
areturnaddressin Register 31. The R3000A 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.
Coprocessorcomputationalinstructions 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.

5.1
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R3000A INSTRUCTION SUMMARY

oP Description OoP 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 HIGH
LWL Load Word Left MTHI Move To HIGH
LWR Load Word Right MFLO Move From LOW
SB Store Byte MTLO Move To LOW
SH Store Halfword
sSw 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
SLTIV 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
LUl 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
SuB Subtract LWCz 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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Table 1 lists the instruction set of the R3000A processor
core.

R3000A System Control Coprocessor (CP0)

The R3000A core can operate with up to four tightly-
coupled coprocessors (designated CPO through CP3). The
System Control Coprocessor (or CP0), is incorporated on the
R3000A core and supports the virtual memory system and
exception handling functions of the processor. The virtual
memory system is implemented using a Translation Look-
aside Buffer and a group of programmabile registers as shown
in Figure 3.

SYSTEM CONTROL COPROCESSOR (CPO0)
REGISTERS

The CPO registers shown in Figure 3 are used to control
the memory management and exception handling capabilities
of the R3000A. Table 2 provides a brief description of the
registers common to most devices using the core. Note,

SYSTEM CONTROL COPROCESSOR (CPO)
REGISTERS

Register Description

EntryHIGH HIGH half of a TLB entry

EntryLOW 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 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)

2860 tbl 02
however, that certain devices (e.g. non-E versions, the R3081,
and R3041) implement slightly different sets of these regis-
ters, as described in their user's manuals.
ENTRYHIGH [ENTRYLOW INDEX
63
y / RANDOM
TLB - —
N [
8
7| NOT ACCESSED
BY RANDOM
0 :
I:] 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 R3000A has an addressing range of 4gB. However,
since most R3000A systems implement a physical memory
smaller than 4gB, theR3000A provides for the logical expan-
sion 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 actual virtual to physical translation mechanism is
either through an on-chip translation lookaside buffer (TLB),
or through a fixed translation mechanism, depending on the
device ("E" vs. non-"E" devices). These mechanisms are
explained in the data sheets and user's manuals for those
devices.

R3000A Operating Modes

TheR3000A has two operating modes: User mode and
Kernel/mode. The R3000A 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 R3000A, and whether the device
implements an on-chip TLB.

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. The actual virtual to physical address
mapping is either done via a fixed translation, or through the
TLB, depending on the device.

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 optional TLB.
Instead, they always map to the first 0.5gB of physical
address space, whether or not the device contains an on-
chip TLB.

* 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 either mapped
through the TLB (with use of the cache determined by bit
settings within the TLB entries) or through a predetermined
mapping (non-E versions; all references go through the
cache).

R3000A Pipeline Architecture

The execution of a single R3000A instruction consists 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 4 (parts of some operations overlap
into another cycle while other operations require only 1/2
cycle).

IF | RD ALU MEM | wB
| I-CAHCE | RF OP D-CACHE | wB
|
H_J
One Cycle 2860 drw 05

Figure 5. R3000A Instruction Pipeline

INSTRUCTION EXECUTION

The R3000A uses a 5-stage pipeline to achieve an in-
struction execution rate approaching one instruction per CPU
cycle. Thus, execution of five instructions at a time are
overlapped as shown in Figure 5.

(5-Deep)

| IF |RD |ALU|MEM WB

|IF|RDIALU WBI
| IFlRD MEM|WB|
<‘l:I | IF ALU IMEMI wB |
Instruction
Flow
RD IALU |MEM| wB I
Current CPU

Cycle 2860 drw 06

Figure 6. R3000A 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.
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Memory System Hierarchy

A primary goal of systems 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. :

Figure 6 illustrates a memory system that supports the
significantly greater memory bandwidth required to take full
advantage of the R3000A's performance capabilities. The key
features of this system are:

¢ On-chip Cache Memory—Local, high-speed memory
(called cache memory)is usedto hold instructions 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
memory.

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 R3000A supports separate caches
forinstructions 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.
Write Buffer—in orderto 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
R3000A 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 R3000A supports an
interface to an on-chip write buffer. Thus, the R3000A core
continues execution at high-speed, while the store data is
retired at the slower memory rate.

Read Buffer—The IDT RISController family typically in-
corporates an on-chip read buffer. This enables the system
interface to match the speed of the high-speed execution
core with the slower speed of a low-cost memory system,
while still optimizing performance. This small on-chip FIFO
enables the CPU to refill the cache and execute instruc-
tions even while additional instructions are being read from
memory. This process is called instruction streaming.

r-———-- - - - =-=-=-=-=-= |
I R3000A |
| Core |
Data Address
I 7 I
I |
Instruction
| Cache I
I |
I Data I
Cache
I 1
I |
Write / Read
! Buffer / Buffer I
! | | |
el ey u
N ANV
Data Address
Main Memory

2860 drw 07

Figure 7. An R3000A System with a High-Performance Memory
System

ADVANCED FEATURES

The R3000A offers a number of additional features such
as the ability to swap the instruction and data caches, facilitat-
ing diagnostics and cache flushing. Another feature isolates
the caches, which forces cache hits to occur regardless of the
contents of the tag fields. The R3000A allows the processor
toexecute usertasks 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 foundinthe
various devices' Hardware User’s Manuals.

Further features of the R3000A are configured by the user,
inadevice dependentfashion. These functions include whether
byte ordering follows “Big-Endian” or “Little-Endian” proto-
cols, particulars of the memory interface, etc.
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FEATURES: * Single, double-frequency clock input

» Instruction set compatible with IDT79R3000A and R3051™ * 16.67MHz, 20MHz, 25MHz and 33MHz operation
Family MIPS RISC CPUs ¢ 20MIPS at 25MHz .

+ High level of integration minimizes system cost * Low cost 84-pin PLCC packaging
— RISC CPU » On-chip 4-deep write buffer eliminates memory write stalls
— Multiply/divide unit * On-chip 4-word read buffer supports burst or simple block
— Instruction Cache reads .
— Data Cache On-chip DMA arbiter

On-chip 24-bit timer
Boot from 8-bit, 16-bit, or 32-bit wide PROMs
Pin-and software-compatible family includes R3041, R3051,

— Programmable bus interface
— Programmable port width support
On-chip instruction and data caches
— 2KB of Instruction Cache R3052™, and R3081™
— 512B of Data Cache Complete software support
Flexible bus interface allows simple, low-cost designs — Optimizing compilers
— Superset pin-compatible with R3051 — Real-time operating systems
— Adds programmable port width interface — Monitors/debuggers
(8-, 16-, and 32-bit memory sub-regions) — Floating Poi‘nt .emulation software
— Adds programmable bus interface timing support — Page Description Languages
(Extended address hold, Bus turn around time,
Read/write masks)

]
o o o o

Ckin Clock Master Pipeline Control | SBrCond(3:2)
———— Generator
Unit
System Control Integer
Coprocessor  y CPU Core
Int(5:3), SInt2:0) | ™ Exception/Control General Registers
Registers (32 x 32)
Bus Interface ALU
Registers Shifter
';Zﬂiiéi Mult/Div Unit
TC Cogmer Address Adder
Registers PC Control
' l Virtual Address |
32|
Physical Address Bus
Y 32
Instruction Data /
Cache Cache
2kB 5128
# Data Bus ‘
R3051 Superset
Bus Interface Unit
4-deep | 4-dee DMA BIU

Write Real Arbiter

Buffer Buffer Control

Data Data _—
Timing/ Interface
Unpack Pack
Unit Unit Control
Address/ DMA Rd/Wr SysCk 2905 drw 01
Data Ctri Ctrl

Figure 1. R3041 Block Diagram
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INTRODUCTION

The IDT R3051 family is a series of high-performance 32-
bit microprocessors featuring a high-level of integration, and
targeted to high-performance but cost sensitive embedded
processing applications. The R3051 family is designed to
bring the high-performance inherent in the MIPS RISC archi-
tecture into low-cost, simplified, power sensitive applications.

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

Further, the R3051 family brings dramatic power reduction
to these embedded applications, allowing the use of low-cost
packaging. Thus, the R3051 family allows customer applica-
tions to bring maximum performance at minimum cost.

The R3041 extends the range of price/performance achiev-
able with the R3051 family, by dramatically lowering the cost

of using the MIPS architecture. The R3041 is 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 R3051 family offers a variety of price/performance
features in a pin-compatible, software compatible family.
Table 1 provides an overview of the current members of the
R3051 family. Note that the R3051, R3052, and R3081 are
also available in pin-compatible versions that include a full-
function memory management unit, including 64-entry TLB.
The R3051/2 and R3081 are described in separate manuals
and data sheets.

Figure 1 shows a block level representation of the func-
tional units within the R3041. The R3041 can be viewed as the
embodiment of a discrete solution built around the R3000A.
By integrating this functionality on a single chip, dramatic cost
and power reductions are achieved.

An overview of these blocks is presented here, followed
with detailed information on each block.

Device Instruction Data Floating Bus
Name Cache Cache Point Options
R3051 4kB 2kB Software Emulation Mux'ed A/D
R3052 8kB 2kB Software Emulation Mux'ed A/D
R3071 16kB 4kB On-chip Hardware 1/2 frequency bus option
R3081 or 8kB or 8kB
R3041 2kB 512B Software Emulation 8-, 16-, and 32-bit port width support
Programmable timing support
2905 tb! 01
Table 1. Pin compatible R3051 Family
CPU Core

The CPU core is a full 32-bit RISC integer execution
engine, capable of sustaining close to a single cycle execution
rate. The CPU core contains a five stage pipeline, and 32
orthogonal 32-bit registers. The R3051 family implements the
MIPS-I Instruction Set Architecture (ISA). In fact, the execu-
tion engine of the R3041 is the same as the execution engine
of the R3000A. Thus, the R3041 is binary compatible with
those CPU engines, as well as compatible with other mem-
bers of the R3051 family.

1#1 [ IF [ RD [ ALU |MEM

The execution engine of the R3051 family uses a five-stage
pipeline to achieve close to single cycle execution. A new
instruction can be started in every clock cycle; the execution
engine actually processes five instructions concurrently (in
various pipeline stages). The five parts of the pipeline are the
Instruction Fetch, Read register, ALU execution, Memory,
and Write Back stages. Figure 2 shows the concurrency
achieved by the R3051 family pipeline.

#2 [ IF [ RD JALU

wB |

3 | IF [ RD

MEM[ WB |

#a [ IF

| RD | ALU [MEM[ WB |

1#5

RD | ALU [MEM] WB |

Current
CPU
Cycle

2905 drw 02

Figure 2. R3051 Family 5-Stage Pipeline

5.2



IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

System Control Co-Processor

The R3041 also integrates on-chip a System Control Co-
processor, CP0. CP0 manages the exception handling capa-
bility of the R3041, the virtual to physical address mapping of
the R3041, and the programmable bus interface capabilities
of the R3041. These topics are discussed in subsequent
sections.

The R3041 does notinclude the optional TLB found in other
members of the R3051 family, but instead performs the same
virtual to physical address mapping of the base version of the
R3051 family. These devices still support distinct kernel and
user mode operation, but do not require page management
software or an on-chip TLB, leading to a simpler software
model and a lower-cost processor.

The memory mapping used by these devices is illustrated
in Figure 3. Note that the reserved address spaces shown are
for compatibility with future family members; in the current
family members, references to these addresses are trans-
lated in the same fashion as their respective segments, with
no traps or exceptions taken.

When using the base versions of the architecture, the
system designer can implement a distinction between the
user tasks and the kernel tasks, without having to execute
page management software. This distinction can take the
form of physical memory protection, accomplished by ad-

dress decoding, or in other system specific forms. In systems
which do not wish to implement memory protection, and wish
to have the kernel and user tasks operate out of a single
unified memory space, upper address lines can be ignored by
the address decoder, and thus all references will be seen in
the lower gigabyte of the physical address space.

The R3041 adds additional resources into the on-chip CPO.
These resources are detailed in the R3041 User's Manual.
They allow kernel! software to directly control activity of the
processor internal resources and bus interface, and include:
* Cache Configuration Register: This register controls the
data cache block size and miss refill algorithm.

Bus Control Register: This register controls the behavior
of the various bus interface signals.

Count and Compare Registers: Together, these two
registers implement a programmable 24-bit timer, which
can be used for DRAM refresh or as a general purpose
timer.

Port Size Control Register: This register allows the kernel
to indicate the port width of reads and writes to various sub-
regions of the physical address space. Thus, the R3041 can
interface directly with 8-, 16-, and 32-bit memory ports,
including a mix of sizes, for both instruction and data
references, without requiring additional external logic.

VIRTUAL PHYSICAL
OxfEEEEEEE OxfEEEEEEE
0x£££00000 0x£££00000
OxffefffE£E Oxffefffff
Kernel Cached
Kernel Cached - Tasks
1023 MB
(kseg2)
0xc0000000 0xc0000000
OxXbEEEEEEE
*pEEEE Kernel Uncached OxbEEELLEE
0xb££00000
(kseg1) Oxbfefffff
0xa0000000
Ox9fELEEEES
Kernel Cached
Kernel/User
0x80000000 (kseg0) Cached
OXTEEEEEEE Tasks
7E£E
0x7££00000 2047 MB
Ox7fefffff
Kernel/User 0x40000000
Cached
| Inaccessible Ox3ELEELELLL
(kuseg)
0x20000000
Kernel Boot OxX1EEEEEEE
and I/O
0x00000000 512 MB 0x00000000
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Figure 3. Virtual to Physical Mapping of Base Architecture Versions
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Clock Generation Unit

The R3041 is driven from a single 2x frequency input clock,
capable of operating in a range of 40%-60% duty cycle. On-
chip, the clock generator unit is responsible for managing the
interaction of the CPU core, caches, and bus interface. The
clock generator unit replaces the external delay line required
in R3000A based applications.

Instruction Cache

The R3041 integrates 2kB of on-chip Instruction Cache,
organized with a line size of 16 bytes (four 32-bit entries) a nd
is direct mapped. This relatively large cache substantially
contributes to the performance inherent in the R3041, and
allows systems based on the R3041 to achieve high-perfor-
mance even from low-cost memory systems. The cache is
implemented as a direct mapped cache, and is capable of
caching instructions from anywhere within the 4GB physical
address space. The cache is implemented using physical
addresses and physical tags (rather than virtual addresses or
tags), and thus does not require flushing on context switch.

Data Cache

The R3041 incorporates an on-chip data cache of 512B,
organized as a line size of 4 bytes (one word) and is direct
mapped. This relatively large data cache contributes substan-
tially to the performance inherent in the R3051 family. As with
the instruction cache, the data cache is implemented as a
direct mapped physical address cache. The cache is capable
of mapping any word within the 4GB physical address space.

The data cache is implemented as a write through cache,
to insure that main memory is always consistent with the
internal cache. In order to minimize processor stalls due to
data write operations, the bus interface unit incorporates a 4-
deep write buffer which captures address and data at the
processor execution rate, allowing it to be retired to main
memory at a much slower rate without impacting system
performance.

Bus Interface Unit

The R3051 family uses its large internal caches to provide
the majority of the bandwidth requirements of the execution
engine, and thus can utilize a simple bus interface connected
to slow memory devices.

The R3051 family bus interface utilizes a 32-bit address
and data bus multiplexed onto a single set of pins. The bus
interface unit also provides an ALE (Address Latch Enable)
output signal to de-multiplex the A/D bus, and simple hand-
shake signals to process CPU read and write requests. In
addition to the read and write interface, the R3041 incorpo-
rates a DMA arbiter, to allow an external master to control the
external bus.

The R3041 augments the basic R3051 bus interface capa-
bility by adding the ability to directly interface with varying
memory port widths, for instructions or data. For example, the
R3041 can be used in a system with an 8-bit boot PROM, 16-
bit font/program cartridges, and 32-bit main memory, trans-
parently to software, and without requiring external data
packing, rotation, and unpacking.

In addition, the R3041 incorporates the ability to change
some of the interface timing of the bus. These features can be
used to eliminate external data buffers and take advantage of
lower speed and lower cost interface components.

One of the bus interface options is the Extended Address
Hold mode which adds 1/2 clock of extra address hold time
from ALE falling. This allows easier interfacing to FPGAs and
ASICs.

The R3041 incorporates a 4-deep write buffer to decouple
the speed of the execution engine from the speed of the
memory system. The write buffers capture and FIFO proces-
sor address and data information in store operations, and
present it to the bus interface as write transactions at the rate
the memory system can accommodate. During main memory
writes, the R3041 can break a large datum (e.g. 32-bit word)
into a series of smaller transactions (e.g. bytes), according to
the width of the memory port being written. This operation is
transparent to the software which initiated the store, insuring
thatthe same software can run in true 32-bit memory systems.

The R3051 family read interface performs both single word
reads and quad word reads. Single word reads work with a
simple handshake, and quad word reads can either utilize the
simple handshake (in lower performance, simple systems) or
utilize a tighter timing mode when the memory system can
burst data at the processor clock rate. Thus, the system
designer can choose to use page or static column mode
DRAMs (and possibly use interleaving, if desired, in high-
performance systems), or even to use simpler SRAM tech-
niques to reduce complexity.

In order to accommodate slower quad word reads, the
R3051 family incorporates a 4-deep read buffer FIFO, so that
the external interface can queue up data within the processor
before releasing it to perform a burst fill of the internal caches.

In addition, the R3041 can perform on-chip data packing
when performing large datum reads (e.g., quad words) from
narrower memory systems (e.g., 16-bits). Once again, this
operation is transparent to the actual software, simplifying
migration of software to higher performance (true 32-bit)
systems, and simplifying field upgrades to wider memory.
Since this capability works for either instruction or data reads,
using 8-, 16-, or 32-bit boot PROMs is easily supported by the
R3041.
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SYSTEM USAGE

The IDT R3051 family is specifically designed to easily
connectto low-costmemory systems. Typical low-costmemory
systems use inexpensive EPROMs, DRAMSs, and application
specific peripherals.

Figure 4 shows some of the flexibility inherent in the R3041.
Inthis example system, which is typical of a laser printer, a 32-
bit PROM interface is used due to the size of the PDL
interpreter. An embedded system can optionally use an 8-bit
boot PROM instead. A 16-bit font/program cartridge interface
is provided for add-in cards. A 16-bit DRAM interface is used

for a low-cost page frame buffer. In this system example, a
field or manufacturing upgrade to a 32-bit page frame buffer
is supported by the boot software and DRAM controller.
Embedded systems may optionally substitute SRAMs for the
DRAMs. Finally various 8/16/32-bit1/O ports such as RS-232/
422, SCSI, and LAN as well as the laser printer engine
interface are supported. Such a system features a very low
entry price, with a range of field upgrade options including the
ability to upgrade to a more powerful member of the R3051
family.

———| ClkIn

IDT R3041
RISController

b Address/ \ Control
Data
|
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EPROM and DRAM
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Figure 4. Typical R3041-Based Application
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DEVELOPMENT SUPPORT

The IDT R3051 family is supported by a rich set of devel-
opment tools, ranging from system simulation tools through
PROM monitor and debug support, applications software and
utility libraries, logic analysis tools, and sub-system modules.

Figure 5is an overview of the system development process .

typically used when developing R3041 applications. The

R3051 family is supported in all phases of project develop-

ment. These tools allow timely, parallel development of hard-

ware and software for R3051 family based applications, and

include tools such as:

» Optimizing compilers from MIPS Technology, the acknowl-
edged leader in optimizing compiler technology.

* Cross development tools, available in a variety of develop-
ment environments.

The high-performance IDT floating point emulation library
software.

The IDT Evaluation Board, which includes RAM, EPROM,
1/0, and the IDT PROM Monitor.

IDT Laser Printer System boards, which directly drive a low-
cost print engine, and runs Adobe PostScript™ Page De-
scription Language

Adobe PostScript Page Description Language running on
the IDT R3051 family.

The IDT/sim™ PROM Monitor, which implements a full
PROM monitor (diagnostics, remote debug support, peek/
poke, etc.).

IDT/it™ (Kernel Integration Toolkit), providing library sup-
port and a frame work for the system run time environment.

System System System
Architecture Development Integration
Evaluation Phase and Verfification
Software

DBG Debugger
PIXIE Profiler
MIPS Compiler Suite
Stand-Alone Libraries
Floating Point Library
Cross Development Tools
Adobe PostScript PDL
MicroSoft Truelmage PDL

PeerlessPage BIOS
: IDT/kit
» Logic Analysis
gsr?:heggﬁ:s Diagnostics
Evaluation Board IDT/sim PROM Monitor
Hardware Remote Debug

Laser Printer System

Real-Time OS

Hardware Models
General CAD Tools
RISC Sub-systems

'341 Evaluation Board
Laser Printer System
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Figure 5. R3041 Development Environment
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PERFORMANCE OVERVIEW

The R3051 family achieves a very high-level of perfor-
mance. This performance is based on:
An efficient execution engine: The CPU performs ALU
operations and store operations in a single cycle, and has
an effective load time of 1.3 cycles, and branch execution
rate of 1.5 cycles (based on the ability of the compilers to
avoid software interlocks). Thus, the R3041 achieves over
16 MIPS performance when operating out of cache.
Large on-chip caches: The R3051 family contains caches
which are substantially larger than those on the majority of
embedded microprocessors. These large caches minimize
the number of bus transactions required, and allow the
R3051 family to achieve actual sustained performance very
close toits peak execution rate, even with low-cost memory
systems.
Autonomous multiply and divide operations: The R3051
family features an on-chip integer muitiplier/divide unit
which is separate from the other ALU. This allows the R3041
to perform multiply or divide operations in parallel with other
integer operations, using a single multiply or divide instruc-
tion rather than using “step” operations.
Integrated write buffer: The R3041 features a four deep
write buffer, which captures store targetaddresses and data
at the processor execution rate and retires it to main
memory at the slower main memory access rate. Use of on-
chip write buffers eliminates the need for the processor to
stall when performing store operations.
Burst read support: The R3041 enables the system
designer to utilize page mode, static column, or nibble mode
RAMs when performing read operations to minimize the
main memory read penalty and increase the effective cache
hit rates.

The performance differences among the various R3051
family members depends on the application software and the
design of the memory system. Different family members
feature different cache sizes, and the R3081 features a
hardware floating point accelerator. Since all these devices
can be used in a pin and software compatible fashion, the
system designer has maximum freedom in trading between
performance and cost. The memory simulation tools (e.g.
Cache3041) allows the system designers to analyze and
understand the performance differences among these de-
vices in their application.

SELECTABLE FEATURES

The R3051 family uses two methods to allow the system
designer to configure bus interface operation options.

The first set of options are established via the Reset
Configuration Mode inputs, sampled during the device reset.
After reset, the Reset Mode inputs become regular input or
output signals.

The second set of configuration options are contained in
the System Control Co-Processor registers. These Co-pro-
cessor registers configuration options are typically initialized
with the boot PROM and can also be changed dynamically by
the kernel software.

Selectable features include:

* Big Endian vs. Little Endian operation: The part can be
configured to operate with either byte ordering convention,
and in fact may also be dynamically switched between the
two conventions. This facilitates the porting of applications
from other processor architectures, and also permits inter-
communication between various types of processors and
databases.

Data Cache Refill of one or four words: The memory
system must be capable of performing 4 word transfers to
satisfy instruction cache misses and 1 word transfers to
satisfy uncached references. The data cache refill size
option allows the system designers to choose between one
and four word refill on data cache misses, depending on the
performance each option brings to their application.

Bus Turn Around speed: The R3041 allows the kernel to
increase the amount of time between bus transactions
when changes in direction of the A/D bus occur (e.g., atthe
end of reads followed by writes). This allows transceivers
and buffers to be eliminated from the system.

Extended Address Hold Time: The R3041 allows the
system designer to increase the amount of hold time avail-
able for address latching, thus allowing slower speed (low
cost) address latches, FPGAs and ASICs to be used.
Programmable control signals: The R3041 allows the
system designer to optimally configure various memory
control signals to be active on reads only, writes only, or on
both reads and writes. This allows the simplification of
external logic, thus reducing system cost.

Programmable memory Port Widths: The R3041 allows
the kernel to partition the physical memory space into
various sub-regions, and to individually indicate the port
width of these sub-regions. Thus, the bus interface unit can
perform data packing and unpacking when communicating
with narrow memory sub-regions. For example, these fea-
tures, can be used to allow the R3041 to interface with
narrow 8-bit boot PROMs, or to implement 16-bit only
memory systems.
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THERMAL CONSIDERATIONS

The R3051 family utilizes special packaging techniques to
improve the thermal properties of high-speed processors.
Thus, all versions of the R3051 family are packaged in cavity
down packaging.

The lowest cost members of the family use a standard
cavity down, injection molded PLCC package (the “J” pack-
age). This package is used for all speeds of the R3041 family.

Higher speed and higher performance members of the
R3051 family utilize more advanced packaging techniques to
dissipate power while remaining both low-cost and pin- and
socket- compatible with the PLCC package. Thus, these
members of the R3051 family are available in the MQUAD
package (the “MJ” package), which is an all aluminum pack-
age with the die attached to a normal copper lead-frame
mounted to the aluminum casing. The MQUAD package is pin
and form compatible with the PLCC package. Thus, designers
can choose to utilize this package without changing their PCB.

The members of the R3051 family are guaranteed ina case
temperature range of 0°C to +85°C. The type of package,
speed (power) of the device, and airflow conditions, affect the
equivalent ambient conditions which meet this specification.

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

TA=Tc-P*@ca
where P is the maximum power consumption at hot tempera-
ture, calculated by using the maximum Icc specification for the
device.

Typical values for @cA at various airflows are shown in
Table 2 for the PLCC package.

Airflow (ft/min
@CA 0 200 | 400 | 600 | 800 | 1000
"J" Package 29 26 21 18 16 15
TQFP 55 40 35 33 31 30

2905 tbl 02
Table 2. Thermal Resistance (@ca) at Various Airflows

NOTES ON SYSTEM DESIGN

The R3041 has been designed to simplify the task of high-
speed system design. Thus, set-up and hold-time require-
ments have been kept to a minimum, allowing a wide variety
of system interface strategies.

To minimize these AC parameters, the R3041 employs
feedback from its SysClk output to the internal bus interface
unit. This allows the R3041 to reference input signals to the
reference clock seen by the external system. The SysClk
output is designed to provide relatively large AC drive to
minimize skew due to slow rise or fall times. A typical part will
have less than 2ns rise or fall (10% to 90% signal times) when
driving the test load.

Therefore, the system designer should use care when
designing for direct SysClIk use. Total loading (due to devices
connected on the signal net and the routing of the net itself)
should be minimized to ensure the SysClk output has a
smooth and rapid transition. Long rise and/or fall times may
cause a degradation in the speed capability of an individual
device.

Similarly, the R3041 employs feedback on its ALE output to
ensure adequate address hold time to ALE. The system
designer should be careful when designing the ALE net to
minimize total loading and to minimize skew between ALE and
the A/D bus, which will ensure adequate address access latch
time.

IDT's field and factory applications groups can provide the
system designer with assistance for these and other design
issues.

5.2
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PIN CONFIGURATIONS
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PIN CONFIGURATIONS
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PIN DESCRIPTION
PIN NAME /o DESCRIPTION

A/D(31:0) r{e] Address/Data: A 32-bit time multiplexed bus which indicates the desired address for a bus transaction
in one phase, and which is used to transmit data between the CPU and external memory resources during
the rest of the transfer.

Bus transactions on this bus are logically separated into two phases: during the first phase, information
about the transfer is presented to the memory system to be captured using the ALE output. This
information consists of:

Address(31:4): The high-order address for the transfer is presented on A/D(31:4).
BE(3:0): These strobes indicate which bytes of the 32-bit bus will be involved in

the transfer, and are presented on A/D(3:0). BE(3) indicates that
A/D(31:24) will be used, and BE(0) corresponds to A/D(7:0). These
strobes are only valid for accesses to 32-bit wide memory ports. Note
that BE(3:0) can be held in-active during reads by setting the appropriate
bit of CPO; thus when latched, these signals can be directly used as Write

Enable strobes.

During the second phase, these signals are the data bus for the transaction.

Data(31:0): During write cycles, the bus contains the data to be stored and is driven
from the internal write buffer.
On read cycles, the bus receives the data from the external resource, in
either a single data transaction or in a burst of four words, and places it
into the on-chip read buffer.

The byte lanes used during the transfer are a function of the datum size,
the memory port width, and the system byte-ordering.

Addr(3:0) (¢] Low Address (3:0) A 4-bit bus which indicates which word/halfword/byte is currently expected by the
processor. For 32-bit port widths, only Addr(3:2) is valid during the transfer; for 16-bit port widths, only
Addr(3:1) are valid; for 8-bit port widths, all of Addr(3:0) are valid. These address lines always contain
the address of the current datumto be transferred. Inwrites and single datumreads, the addressesinitially
output the specific target address, and will increment if the size of the datum is wider than the target
memory port. For quad word reads, these outputs function as a counter starting at ‘0000, and
incrementing according to the width of the memory port.

1 During Reset, the Addr(3:0) pins act as Reset Configuration Mode bit inputs for the BootProm186,
BootProm8, ReservedHigh, and ExtAddrHold options.

The R3041 Addr(1:0) output pins are designated as the unconnected Rsvd(1:0) pins in the R3051 and
R3081.

Diag (0] Diagnostic Pin. This output indicates whether the current bus read transaction is due to an on-
chip cache miss and whether the read is an instruction or data. It istime multiplexed as described below:

Cached/Uncached: During the phase in which the A/D bus presents address information, this
pin is an active high output which indicates whether or not the current |
read is a result of a cache miss. The value of this pin at this time other
than in read cycles is undefined.

ID: A high at this time indicates an instruction reference, and a low indicates
a data reference. The value of this pin at this time other than in read
cycles is undefined.

The R3041 Diag output pin is designated as the Diag(1) output pin in the R3051 and R3081.

ALE o Address Latch Enable: Used to indicate that the A/D bus contains valid address information for
the bus transaction. This signalis used by external logic to capture the address for the transfer, typically
by using transparent latches.

DataEn (e] Data Enable: This signal indicates that the A/D bus is no longer being driven by the processor
during read cycles, and thus the external memory system may enable the drivers of the memory
system onto this bus without having a bus conflict cccur. During write cycles, or when no bus
transaction is occurring, this signal is negated, thus disabling the external memory drivers.
NOTE: - 2905 tb! 03
1. Reset Configuration Mode bitinput when Reset is asserted, normal signal

function when Reset is de-asserted.

5.2 1
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PIN DESCRIPTION (Continued):

PIN NAME 1[o] DESCRIPTION
Burst/ (0] Burst Transfer/Write Near: On read transactions, the Burst signal indicates that the current bus read
WrNear is requesting a block of four contiguous words from memory. This signal is asserted only in read cycles

due to cache misses; it is asserted for all I-Cache miss read cycles, and for D-Cache miss read cycles
if the 4-word data block refill option is selected in the CP0 Cache Config Register.

On write transactions, the WrNear output tells the external memory system that the bus interface unit
is performing back-to-back write transactions to an address within the same 256 byte page as the prior
write transaction. This signal is useful in memory systems which employ page mode or static column
DRAMSs, and allows nearby writes to be retired quickly.

Rd . (0] Read: An output which indicates that the current bus transaction is a read.
Wr o} Write: ‘An output which indicates that the current bus transaction is a write.
Ack | Acknowledge: An input which indicates to the device that the memory system has sufficiently

processed the bus transaction. On write transactions, this signal indicates that the CPU may either
progress to the next data item (for mini-burst writes of wide datums to narrow memories), or terminate
the write cycle. On read transactions, this signal indicates that the memory system has sufficiently
processed the read, and that the processor core may begin processing the data from this read transfer.

RdCEn | Read Buffer Clock Enable: An input which indicates to the device that the memory system has
placed valid data on the A/D bus, and that the processor may move the data into the on-chip Read
Buffer.

SysClk (0] System Reference Clock: An output from the CPU which reflects the timing of the internal

processor "System" clock. This clock is used to control state transitions in the read buffer, write buffer,
memory controller, and bus interface unit.

BusReq | DMA Arbiter Bus Request: An input to the device which requests that the CPU tri-state its bus
interface signals so that they may be driven by an external master. The negation of this input relinquishes
mastership back to the CPU.

BusGnt o DMA Arbiter Bus Grant. An output from the CPU used to acknowledge that a BusReq has been
detected, and that the bus is relinquished to the external master.

The R3041 adds an additional DMA protocol, under the control of CPO. If the DMA Protocol is enabled,
the R3041 can request that the external master relinquish bus mastership back to the processor by
negating the BusGnt output early, and waiting for the BusReq input to be negated.

SBrCond(3)/ /0 Branch Condition Port/IO Strobe: The use of this signal depends on the setting of various bits of the
10Strobe CPO Bus Control register. If BrCond mode is selected, this input is logically connected to CpCond(3),
and can be used by the branch on co-processor condition instructions as an input port. The SBrCond(3)
input has special internal logic to synchronize the input, and thus may be driven by asynchronous
agents. '

If this pin is selected to function as I0Strobe, it may be asserted as an output on reads, writes, or both,
as programmed into CP0. This strobe asserts in the second clock cycle of a transfer, and thus can be
used to strobe various control signals on the bus interface.

SBrCond(2)/ /0 Branch Condition Pert/Extended Data Enable: The use of this signal depends on the settings in the
ExtDataEn CPO0 Bus Control register. If BrCond mode is selected, this input is logically connected to CpCond(2),
and can be used by the branch on co-processor condition instructions as an input port. The SBrCond(2)
input has special internal logic to synchronize the input, and thus may be driven by asynchronous
agents.

If this pin is selected to function as Extended Data Enable, it may be asserted as an output on reads,
writes, or both, as programmed into CPO. This strobe can be used as an extended data enable strobe,
inthat itis held asserted for one-half clock cycle after the negation of Rd or Wr. This signal may typically
be used as a write enable control line for transceivers, as a write line for /O, or as an address mux select
for DRAMs.

MemStrobe o Memory Strobe: This active low output pulses low for each data read or written, as configured in the
CPO0 Bus Control register. Thus, it can be used as a read strobe, write strobe, or both, for SRAM type
memories or for I/O devices.

The R3041 MemStrobe output pin is designated as the BrCond(0) input pin in the R3051 and R3081.
2905 tol 04
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PIN DESCRIPTION (Continued):

PIN NAME

1o}

DESCRIPTION

BE16(1:0)

0

o

Byte Enable Strobes for 16-bit Memory Port: These active low outputs are the byte lane strobes for
accesses to 16-bit wide memory ports; they are not necessarily valid for 8- or 32-bit wide ports. 1fBE16(1)
is asserted, then the most significant byte (either D(31:24) or D(15:8), depending on system endianness)
is going to be used in this transfer. If BE16(0) is asserted, the least significant byte (D(23:16) or D(7:0))
will be used.

BE16{1:0) can be held inactive (masked) during read transfers, according to the programming of the CP0
Bus Control register.

During Reset, the BE16(1:0) act as Reset Configuration Mode bit inputs for two ReservedHigh options.
The BE16(1:0) output pins are designated as the unconnected Rsvd(3:2) pins in the R3051 and R3081.

Last

Last Datum in Mini-Burst: This active low outputindicates that this is the last datum transfer in a given
transaction. Itis asserted after the next to last RACEn (reads) or Ack (writes), and is negated when Rd
or Wr is negated.

The Last output pin is designated in the R3051 and R3081 as the Diag(0) output pin.

Terminal Count: This is an active low output from the processor which indicates that the on-chip timer
has reached its terminal count. It will remain low for either 1.5 clock cycles, or until software resets the
timer, depending on the mode selected in the CP0 Bus Control register. Thus, the on-chip timer can
function either as a free running timer for system functions such as DRAM refresh, or can operate as a
software controlled time-slice timer, or real-time clock.

The TC output pin is designated in the R3051 as the BrCond(1) input pin, and in the R3081 as the Run
pin output.

BusError

Bus Error: Input to the bus interface unit to terminate a bus transaction due to an external bus error.
This signal is only sampled during read and write operations. [f the bus transaction is a read operation,
then the CPU will take a bus error exception.

Int(5:3)
Sint(Z:0)

o

Processor Interrupt: During normal operation, these signals are logically the same as the Int(5:0)
signals of the R3000A. During processor reset, these signals perform mode initialization of the CPU, but
in a different (simpler) fashion than the interrupt signals on the original R3000A.

During Reset, Int(3) and SInt(0) act as Reset Configuration Mode bit inputs for the
AddrDisplayAndForceCacheMiss and BigEndian options.

There are two types of interrupt inputs: the Sint inputs are internally synchronized by the processor,
and may be driven by an asynchronous external agent. The direct interrupt inputs are not internally
synchronized, and thus must be externally synchronized to the CPU. The direct interrupt inputs have
one cycle lower latency than the synchronized interrupts.

Clkln

Master Clock Input: This is a double frequency input used to control the timing of the CPU.

Reset

Master Processor Reset: This signal initializes the CPU. Reset initialization mode selection is
performed during the last cycle of Reset.

TriState

Tri-State: Thisinput to the R3041 requests that the R3041 tri-state all of its outputs. In addition tothose
outputs tri-stated during DMA, tri-state will cause SysClk, TC, and BusGnt to tri-state. This signal is
intended for use during board testing and emulation during debug and board manufacture.

The TriState input pin is designated as the unconnected Rsvd(4)pin in the R3051 and R3081.

Vce

Power: These inputs must be supplied with the rated supply voltage (VCC). All Vce inputs must be
connected to insure proper operation.

Vss

Ground: These inputs must be connected to ground (GND). All Vss inputs must be connected toinsure
proper operation.

NOTE:
Reset Configuration Mode bitinput when Reset is asserted, normal signal
function when Reset is de-asserted.

1.

2905 tbt 05
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ABSOLUTE MAXIMUM RATINGS(">*) R3041 RECOMMENDED OPERATING
Symbol Rating Commercial | Unit | TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage with -0.5t0 +7.0 \ Grade Temperature GND Vce
Respect to GND Commercial | 0°C to +85°C ov 5.0 £5%
Tc Operating Case Temperature| 0 to +85 °C (Case)
Teias | Temperature Under Bias —55t0+125 | °C 200516107

TsTG Storage Temperature -55to +125 °C

VIN Input Voltage -0.5t0 +7.0 v

NOTES: 2905 tbl 06

1. Stresses greaterthanthoselisted 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
abovethoseindicatedinthe operational sections of this specificationis 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 output should be shorted atatime. Duration ofthe short
should not exceed 30 seconds.

AC TEST CONDITIONS R3041

OUTPUT LOADING FOR AC TESTING

To Device
Under Test

:|:CLD

2905 drw 07

Symbol Parameter Min. Max. Unit

VIH Input HIGH Voltage 3.0 —_ \

viL Input LOW Voltage - 0 v SiS’"a' cid

ViHs Input HIGH Voltage | 35 — v All Signals 25 p:m —

ViLs Input LOW Voltage — 0 v

2905 tbl 08
DC ELECTRICAL CHARACTERISTICS R3041 — (Tc = 0°C to +85°C, VcC = +5.0V +5%)
16.67MHz 20MHz 25MHz 33MHz

Symbol Parameter Test Conditions Min. Max.[ Min. Max. [ Min. Max. | Min. Max. |Unit
VoH Output HIGH Voltage Vee = Min., IoH = —4mA 3.5 —_ 3.5 - 3.5 —_
VoL Output LOW Voltage Vce = Min,, loL = 4mA — 04| — 04 | — 0.4
ViH Input HIGH Voltage(® — 20 —} 20 — j20 —
Vi Input LOW Voltage(" — — 08| — 08| — 08
VIHS Input HIGH Voltage@® | — 30 — |30 — |30 —
ViLs Input LOW Voltage(1® | — — 04| — 04| — 04
CiN Input Capacitance(# — — 10 | — 10 | — 10
Cour Output Capacitance(® — — 10 | — 10 | — 10

Icc Operating Current Vee =5V, Tc=25°C — 225 — 250 —_ 300 0 | mA
IH Input HIGH Leakage Vit = VCC — 10| — 100]| — 100 '

. Input LOW Leakage ViL=GND -100 — |-100 — |-100 — -

loz Output Tri-state Leakage | VoH = 2.4V, VoL = 0.5V -100 100 | —100 100 {-100 100 |-1 0 | pA

NOTES:

2905 tbl 10

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

2. ViHs and Vis apply to Clkin and Reset.
3. Vi should not be held above Vce + 0.5 volts.
4. Guaranteed by design.

5.2
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS R3041 (1% 3— (7¢ = 0°C to +85°C, Ve = +5.0V 5%)

16.67MHz 20MHz 25MHz 33MHz
ymbol Signals Description Min.  Max. Min. Max. | Min. Max. | Min. Max. | Unit
t1 BusReq, Ack, BusError, RACEn | Set-up to SysCik rising 8 — 6 — 5 — ns
tla AD Set-up to SysClk falling 9 — 7 — 6 — ns
t2 BusReq, Ack, BusError, RACEn | Hold from SysCIk rising 4 — 3 — 25 — ns
t2a AD Hold from SysClk falling 2 — 2 — 1.5 — ns
t3 A/D, Addr, Diag, ALE, Wr Tri-state from SysClk rising — 13 — 10 — 10 ns
Burst/WrNear, Rd, DataEn (after driven condition)
t4 A/D, Addr, Diag, ALE, Wr Driven from SysCIk falling — 13 — 10 — 10 ns
Burst/WrNear, Rd, DataEn (after tri-state condition)
t5 BusGnt Asserted from SysCIk rising — 10 — 8 — 7 ns
16 BusGnt Negated from SysCIk falling — 10 — 8 — 7 ns
t7 Wr, Rd, Burst/WrNear, TC Valid from SysCIK rising — . 8 — 6 — 5 ns
t7a A/D Valid from SysCIk rising — 15 — 12 — 10 ns
17b Last Valid from SysCIk rising — 8 — 5 — 5 ns
18 ALE Asserted from SysCI rising — 5 — 4 — 4 ns
19 ALE Negated from SysCk falling — 5 — 4 — 4 ns
110 A/D Held from ALE negated 2 — 2 — 2 — ns
11 DataEn Asserted from SysCIk — 19 — 15 — 15 ns
2 DataEn Asserted from A/D tri-state() 0 — 0 — 0 — ns
t14 AD Driven from SysCIK rising) 0 — 0 — 0 — ns
15 Wr, Rd, DataEn, BurstWiNear, | Negated from SysCik falling — 9 — 7 — 6 ns
Last, TC
116 Addr(3:0), BE 16(1:0) Valid from SysCIk — 8 — 6 — 6 ns
t17 Diag Valid from SysCik — 15 — 12 — 11 ns
118 AD Tri-state from SysClk — 13 — 10 — 10 ns
119 A/D SysCIk to data out — 16 — 13 — 12 ns
120 Clkin Pulse Width High 12 — 10 — 8 — ns
t21 Clkin Pulse Width Low 12 —_ 10 — 8 — ns
122 Clkin Clock Period 30 250 25 250 20 250 ns
t23 Reset Pulse Width from Vcc valid 200 — | 200 — 200 — us
124 Resel Minimum Pulse Width 32 — 32 — 32 — sys
t25 Reset Set-up to SysCik falling 8 — — 5 — ns
126 Int Mode set-up to Reset rising 8 — 6 — 5 — ns
127 Int Mode hold from Reset rising 2.5 — 2.5 — 2.5 — ns
28 Sint, SBrCond Set-up to SysCIk falling 8 — 6 — 5 — ns
t29 Sint, SBrCond Hold from SysCIk falling 4 — 3 — 3 — ns
130 Int, BrCond Set-up to SysClk falling 8 — 6 — 5 — ns
131 int, BrCond Hold from SysCIk falling 4 — 3 — 3 — ns
tsys SysCik Pulse Width 222 222 | 2122 2122 |2tz 2M22 ns
132 SysCik Clock High Time 122-2 122+2|122-2 122+2|122-2 12242 ns
133 m Clock Low Time 122-2 122 +2(t22-2 t22+2|t22-2 122 +2|122-2 t22.+2]| ns
2905 tol 11
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS R3041 (CONT.)

16.67MHz 20MHz 25MHz
Symbol Signals Description Min. Max. | Min. Max. | Min. Max Unit
145 ExtDatakn Tri-state from SysClk rising —_ 13 — 10 —_ 10 ns
(after driven condition)
t46 ExtDataEn Driven from SysClk falling — 13 — 10 — 10 ns
(after driven condition)
147 10Strobe Valid from SysCIk falling — 10 — 8 — 7 ns
148 ExtDatakEn, DataEn | Asserted from SysCIk rising — 15 — 12 — 9 ns
149 ExtDataEn Negated from SysCIk rising — 9 — 7 — 6 ns
150 MemStrobe Asserted from SysClk rising — 19 — 15 — 13 ns
151 MemStrobe Negated from SysClk falling - 19 — 15 — 13 ns
152 MemStrobe Asserted from Addr(3:0) valid®) 0 — 0 — 0 — ns
tderate All outputs Timing deration for loading - 0.5 — 0.5 —_— 0.5 ns/
over 25pF4. 5 25pF
NOTES: 2905 thl 12
1. All timings referenced to 1.5 Volts, with a rise and fall time of less than 2.5ns.
2. All outputs tested with 25pF loading.
3. The AC values listed here reference timing diagrams contained in the R3041 Hardware User's Manual.
4. Guaranteed by design.
5. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.
6. Timings t34 - 144 are reserved for other R3051 family members.

ABSOLUTE MAXIMUM RATINGS!"> 3 Rv3041

RECOMMENDED OPERATING

Symbol Rating Commercial | unit | TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage with —0.5t0+7.0 \ Grade Temperature GND vee
Respect to GND Commercial | 0°C to +85°C Y 3.315%
Tc Operating Case Temperature 0to +85 °C RV3041 (Case)
Teias | Temperature Under Bias -55t0+125 | °C 2905 10107
TsTG Storage Temperature -55to +125 °C
VIN Input Voltage -0.5t0 +7.0 \Y )
OUTPUT LOADING FOR AC TESTING
NOTES: 2905 1bl 06
1. Stressesgreaterthanthoselisted under ABSOLUTE MAXIMUMRATINGS
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
abovethoseindicatedinthe operational sections of this specificationis 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. Y
VIN should not exceed Vcc +0.5 Volts. REF To Device
3. Notmorethan one outputshould be shorted atatime. Durationoftheshort 1 5y Under Test
should not exceed 30 seconds.
j I : CLp
AC TEST CONDITIONS RV3041 205 cmor
Symbol Parameter Min. Max. Unit
VIH Input HIGH Voltage 3.0 - Y
Signal Cid
ViL Input LOW Voltage — 0 A |gn.
All Signals 25 pF
VIHS Input HIGH Voltage 3.0 — Vv 1
ViLs Input LOW Voltage —_ 0 \%
2905 thl 08

5.2
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

DC ELECTRICAL CHARACTERISTICS RV3041 — (Tc = 0°C to +85°C, VCC = +3.3V +5%)

16.67MHz 20MHz 25MHz
Symbol Parameter Test Conditions Min. Max.| Min. Max. ] Min. Max.
VoH Output HIGH Voltage Vece = Min,, IoH = —4mA 2.4 —_ 2.4 — 2.4 —_
VoL Output LOW Voltage Vce = Min., loL = 4mA — 0.4 — 0.4 — 0.4
ViH Input HIGH Voltage® — 20 — |20 — |20 —
ViL Input LOW Voltage(" — — 08| — 08| — 08
ViHs Input HIGH Voltage(@3) — 25 — | 25 — | 25 —
ViLs Input LOW Voltage(1:2) — — 04} — 04| — 04
CIN Input Capacitance® — — 10 | — 10 | — 10
Cout | Output Capacitance® — — 10 | — 10 | — 10
Icc Operating Current Vee = 3.3V, Tc =25°C — 130 | — 150 — 180
IH Input HIGH Leakage VIH=VCC — 100 — 100 | — 100
liL Input LOW Leakage ViL=GND -100 — |-100 — |-100 —
loz Output Tri-state Leakage | VoH = 2.4V, VoL = 0.5V -100 100 | =100 100 [-100 100
NOTES: 2905 tb) 10

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

2. Vins and ViLs apply to Clkln and Reset.

3. ViH should not be held above Vcc + 0.5 volts.
4. Guaranteed by design.

AC ELECTRICAL CHARACTERISTICS RV3041 (23— (1¢ = 0°C to +85°C, Ve = +3.3V 45%)

16.67MHz 20MHz 25MHz 33MHz
Symbol Signals Description Min._ Max.| Min. _Max. | Min._Max.[Min. Max. | Unit
t1 BusReq, Ack, BusError, Set-up to SysCIk rising 1 — | 8 — |55 — 1|55 —|ns
RACEn
tla A/D Set-up to SysCIk falling 12 — 9 — 7 ns
t2 BusReq, Ack, BusError, Hold from SysCIk rising 4 — 3 — | 25 ns
RACEn
t2a A/D . Hold from SysCik falling 2 — | 2 — 1 ns
3 A/D, Addr, Diag,_ALE, Wr Tri-state from SysClIk rising — 13 — 10 — ns
Burst/WrNear, Rd, DataEn (after driven condition)
t4 AD, Addr, Diag, ALE, Wr Driven from SysCik falling — 13| — 10| — ns
Burst/WrNear, Rd, DataEn (after tri-state condition)
t5 BusGnt Asserted from SysCIk rising — 10 | — 8 — ns
16 BusGnt Negated from SysClk falling — 10 | — 8 | — ns
{7 Wr, Rd, Burst/WrNear, TC Valid from SysCIk rising — 8 | — 6 | — ns
t7a A/D Valid from SysClk rising — 12 — 9 — ns
t7b Last Valid from SysCIK rising — 12 | — 9 — ns
18 ALE Asserted from SysClIk rising — 5 — 4 — ns
19 ALE Negated from SysClk falling — 5 — 4 — ns
t10 A/D Hold from ALE negated 2 — 2 — 2 ns
t11 DatakEn Asserted from SysClk — 19 — 15 — ns
t12 DataEn Asserted from A/D tri-state 0 — 1 0 0 ns
t14 A/D Driven from SysCIk rising®® 0 — 0 — 0 ns
t15 Wr, Rd, DataEn, Negated from SysClk falling — 9 | — 7 — ns
Burst/WrNear, Last, TC
t16 Addr(3:0), BE 16(1:0) Valid from SysClk — 11 — 8 — ns
t17 Diag Valid from SysClk — 15 | — 12 | — ns

2905 bl 11
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS RV3041 (CONT.)

16.67 MHz 20 MHz 25MHz 33MHz
Symbol Signals Description Min. Max. | Min. Max. | Min. Max. Unit
118 A/D Tri-state from SysClk — 13 — 10 — 10 ns
t19 A/D SysClk to data out — 16 — 13 — 12 ns
t20 Clkin Pulse Width High 12 - 10 — 8 — ns
21 Clkin Pulse Width Low 12 — 10 — 8 — ns
122 Clkin Clock Period 30 250 25 250 20 250 ns
123 Reset Pulse Width from Vcc valid 200 — 200 - 200 — us
t24 Reset Minimum Pulse Width 32 — 32 — 32 — Sys
125 Reset Set-up to SysCIk falling 8 — 6 — 5 — ns
126 Int Mode set-up to Reset rising 8 — 6 — 5 — ns
t27 Int Mode hold from Reset rising 2.5 — 2.5 — 2.5 — ns
t28 Sint, SBrCond Set-up to SysCik falling 8 — 6 — 5 —_ ns
t29 Sint, SBrCond Hold from SysCik falling 4 — 3 — 3 — ns
130 Int, BrCond Set-up to SysCIk falling 8 — 6 — 5 — ns
131 Int, BrCond Hold from SysCIk falling 4 — 3 — 3 — ns
tsys SysClk Pulse Width 222 2't22 | 2722 2*22 |2%22 2't22 ns
132 SysClk Clock High Time t22-2 t22+2 |122-2 t22 +2|t22-2 122 +2 ns
133 SysClk Clock Low Time 122-2 22 +2 [t22-2 122 +2(t22 -2 t22 + 2 ns
t45 ExtDataEn Tri-state from SysCik rising —_ 13 — 10 — 10 ns
(after driven condition)
t46 ExtDataEn Driven from SysClIk falling — 13 — 10 — 10 ns
(after driven condition)
147 10Strobe Valid from SysCIk falling — 10 — 8 — 7 ns
148 ExtDataEn, Asserted from SysCIk rising — 15 . — 12 = 9 ns
t49 ExtDataEn Negated from SysCIk rising _ 9 — 7 —_ 6 ns
DataEn
150 MemStrobe Asserted from SysCIK rising — 19 — 15 — 15 ns
t51 MemStrobe Negated from SysCIk falling — 19 — 15 — 15 ns
152 MemStrobe Asserted from Addr(3:0) valid®)| 0 — 0 — 0 — ns
tderate | All outputs Timing deration for loading - 0.5 — 0.5 — 0.5 ns/
over 25pF.5) 25pF
NOTES: 2905 tbl 12
1. Alltimings referenced to 1.5 Volts, with a rise and fall time of less than 2.5ns.
2. All outputs tested with 25pF loading.
3. The AC values listed here reference timing diagrams contained in the R3041 Hardware User's Manual.
4. Guaranteed by design.
5. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.
6. Timings t34 - 144 are reserved for other R3051 family members.

5.2
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS COMMERCIAL TEMPERATURE RANGE

t22

ckn K ™ tet < m

t2o0

0K y 2 \I\ t3s }/

tsys 2905 drw 08
Figure 8. R3051 Family Clocking

I

77
Vce
Reset t23 o
Reset rr

77

2905 drw 09
Figure 9. Power-On Reset Sequence

Cikin

Reset - t,24
J 7

Figure 10(a). Warm Reset Sequence

{

2905dw 10

Clkin

Bt _ﬁl te3
Reset 7
77

Figure 10(b). Warm Reset Sequence (Internal Pull-Ups Used)

{

2905 drw 11

Sysck / \ / X /X

Reset JLtZS
Mode Vector Inputs: o6 [
SInt(2:0), Tnt(5:3) 7£
Mode Vector Inputs:
Addl’(3'.0), 16(1:0 External Device Drives Signals 7( \F CFU Drives
<l 127 -
2905 drw 12

Figure 11. Mode Selection and Negation of Reset
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS COMMERCIAL TEMPERATURE RANGE

Address Turn Sample
Memory Bus Data?
SysClk 7‘ >< 74 ><
—1 {7
Rd
- Sl
AD(31:0) ———————K K Adr
—| ti6 ]—»l t10 |
Addr(3:2)
— i
ALE
t12
e
DataEn ti1

- t17 —l {17
Diag Cached? I/D

l I l l 2905drw 13

Figure 12(a). Start of Read Timing with Non-Extended Address Hold Option
Address Extend Sample
Memory Address Data?
SysClk 7‘ * 7‘ 5<
- {7
ﬁ {
t14 —_:1 S e LN
AD(31:0) —————E-( Addr
—»! t16 r
Addr(3:2) >E—
— 15 - {9
ALE
— t12
DataEn ~— {48 —=
—| 117 - 117
Diag Cached? /D
| 1 ! | 2005 drw 14

Figure 12(b). Start of Read Timing with Extended Address Hold Option
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS

COMMERCIAL TEMPERATURE RANGE

Address Data End
Memory Phase Write?
SysClk 7‘ 5< 7‘ 5<
- t7
Wr {
» t7a
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A/ID(31:0) ———-—————E{ o B
tie l 1 tio
Addr(3:2) >E
» i t9
ALE }P
- t48
ExtDataEn \E
- 7 [‘
WrNear \.\
2905 drw 15
Figure 12(c). Start of Write Timing with Non-Extended Address Hold Option
Address Extended End
Memory Address Write?
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=~ 116 i 4 L
Addr(3:2) )l"(
>J tsa |- = tg
ALE ;4 xl:
- tas
ExtDataEn \l:
- t7 '4
WrNear \!\

Figure 12(d). Start of Write Timing with Extended Address Hold Option
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IDT79R3041 INTEGRATED RiSController FOR LOW COST SYSTEMS COMMERCIAL TEMPERATURE RANGE
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Figure 13. Single Datum Read
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS COMMERCIAL TEMPERATURE RANGE
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Figure 14. Mini-burst read of 32-bit datum from 8-bit wide memory port
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Figure 15. R3041 Quad Word Read
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COMMERCIAL TEMPERATURE RANGE
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Figure 16(a). Quad Word Read to 16-bit wide Memory Port
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IDT79R3041 INTEGRATED RISController FOR LOW COST SYSTEMS COMMERCIAL TEMPERATURE RANGE
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Figure 16(b). End of Quad Word read from 16-bit Wide Memory Port
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Figure 17. Basic Write to 32-bit Memory Port
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Figure 18. Tri-Byte Mini-burst Write to 8-bit Port
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Figure 19. Request and Relinquish of R3041 Bus to External Master
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Figure 20. R3041 Regaining Bus Mastership
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Figure 25. TC Output
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NOTES:
DWG # J8a-1 1. All dimensions are in inches, unless otherwise noted.
# of Leads 84 2. BSC—Basic lead Spacing between Centers.
Symbol Mi M 3. D & E do not include mold flash or protutions.
ymbo in. ax. 4. Formed leads shall be planar with respect to one another and within .004”
A 165 180 at the seating plane.
Al 095 115 5. tl;lvzliNE represent the number of leads in the D & E directions respec-
B 026 032 6. D1 & E1 should be measured from the bottom of the package.
7. PLCCispin &form compatible with MQUAD; the MQUAD package is used
b1 013 021 in other R3051 family members.
Cc .020 .040
C1 .008 .012
D 1.185 1.195
D1 1.150 1.156
D2/E2 1.090 1.130
D3/E3 1.000 REF
E 1.185 1.195
E1 1.150 1.156
e .050 BSC
ND/NE 21
2905 tol 13
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ORDERING INFORMATION

DT XXXXX — XX X X
Device Type  Speed Package Process/
Temp. Range
Blank Commercial Temperature Range
| 84-Pin PLCC
| 'PF 100-Pin TQFP

'16' 16.67MHz

'20' 20.00MHz

'25' 25.00MHz

79R3041 5.0V Integrated RISController

for Low-Cost Systems
79RV3041 3.3V Integrated RISController 2905 drw 32
for Low-Cost Systems ™
VALID COMBINATIONS
IDT 79R3041 - 16 TQFP, PLCC Package

79R3041 - 20 TQFP, PLCC Package
79R3041 - 25 TQFP, PLCC Package
79RV3041 - 16 TQFP, PLCC Package
79RV3041 - 20 TQFP, PLCC Package
79RV3041 - 25 TQFP, PLCC Package
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FEATURES: — On-chip DMA arbiter

* Instruction set compatible with IDT79R3000A and  — Bus Interface minimizes design complexity
IDT79R3001 MIPS RISC CPUs Single clock input with 40%-60% duty cycle

« High level of integration minimizes system cost, power * 35 MIPS, over 64,000 Dhrystones at 40MHz
consumption Low-cost 84-pin PLCC packaging that's pin-/package-
— IDT79R3000A /IDT79R3001 RISC Integer CPU compatible with thermally enhanced 84-pin MQUAD.
— R3051 features 4KB of Instruction Cache Flexible bus interface allows simple, low-cost designs
— R3052 features 8KB of Instruction Cache 20, 25, 33, and 40MHz operation
— All devices feature 2kB of Data Cache Complete software support

3

— “E” Versions (Extended Architecture) feature full — Optimizing compilers
function Memory Management Unit, including 64- — Real-time operating systems
entry Translation Lookaside Buffer (TLB) — Monitors/debuggers

— 4-deep write buffer eliminates memory write stalls — Floating Point Software
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Figure 1. R3051 Family Block Diagram
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INTRODUCTION

The IDT IDT79R3051 family is a series of high-perfor-
mance 32-bit microprocessors featuring a high level of inte-
gration which are targeted to high-performance, but cost-
sensitive embedded processing applications. The IDT79R3051
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
toreducethe total system cost, without significantly degrading
system performance. Thus, the IDT79R3051 family is able to
offer 35MIPS of integer performance at 40MHz without requir-
ing external SRAM or caches.

Furthermore, the IDT79R3051 family brings dramatic power
reductionto these embedded applications, allowing the use of
low-costpackagingfordevices up to25MHz. The IDT79R3051
family allows customer applications to bring maximum per-
formance at minimum cost.

Figure 1 shows a block-level representation of the func-
tional units within the IDT79R3051 family. The IDT79R3051
family could be viewed as the embodiment of a discrete
solution built around the IDT79R3000A or IDT79R3001.
However, by integrating this functionality on a single chip,
dramatic cost and power reductions are achieved.

Currently, there are four members of the IDT79R3051
family. All devices are pin- and software-compatible: the
differences lie in the amount of instruction cache, and in the
memory management capabilities of the processor:

* ThelDT79R3052"E” incorporates 8kB of instruction Cache,
and features a full-function Memory Management Unit
(MMU), including a 64-entry fully-associative Translation
Lookaside Buffer (TLB). Thisis the same MMU incorporated
into the IDT79R3000A and IDT79R3001.

The IDT79R3052alsoincorporates 8kB of Instruction Cache.
However, the MMU is a much simpler subset of the capabili-
ties of the enhanced versions of the architecture, and in fact
does not use a TLB.

The IDT79R3051"E” incorporates 4KB of Instruction Cache.
Additionally, this device features the same full-function
MMU (including TLB file) as the IDT79R3052"E”, and
IDT79R3000A.

The IDT79R3051 incorporates 4KB of Instruction Cache,
and uses the simpler memory management model of the
IDT79R3052.

An overview of the functional blocks incorporated in these
devices follows.

CPU Core

The CPU core is a full 32-bit RISC integer execution
engine, capable of sustaining close-to single cycle execution
rate. The CPU core contains a five stage pipeline and 32
orthogonal 32-bit registers. The IDT79R3051 family imple-
ments the MIPS ISA. In fact, the execution engine of the
IDT79R3051 family is the same as the execution engine of the
IDT79R3000A (and IDT79R3001). Thus the IDT79R3051
family is binary-compatible with those CPU engines.

The execution engine of the IDT79R3051 family uses a
five-stage pipeline to achieve close-to single cycle execution.
A new instruction can be started in every clock cycle; the
execution engine actually processes five instructions con-
currently (in various pipeline stages). Figure 2 shows the
concurrency achieved by the IDT79R3051 family pipeline.

1 [ 1IF T RD TALU [MEM

i#2 | IF | RD | ALU [MEM] wB |

3] IF { RD MEM] wB |

ALU

1#4 | IF ALU |MEM| WB |

1#5 RD [ALU MEM] wB |

2874 drw 02

Figure 2. R3051 Family 5-Stage Pipeline

System Control Co-Processor

The R3051 family also integrates on-chip the System
Control Co-processor, CP0. CP0 manages both the excep-
tion handling capability of the IDT79R3051 family, as well as
the virtual to physical mapping of the IDT79R3051 family.

There are two versions of the IDT79R3051 family architec-
ture: the Extended Architecture Versions (the IDT79R3051E
and IDT79R3052E) contain a fully associative 64-entry TLB
which maps 4KB virtual pages into the physical address
space. The virtual to physical mapping thus includes kernel
segments which are hard mapped to physical addresses, and
kernel and user segments which are mapped on a page basis
by the TLB into anywhere within the 4GB physical address
space. Inthis TLB, 8-page translations can be “locked” by the
kernel to insure deterministic response in real-time applica-
tions. These versions thus use the same MMU structure as
that found in the IDT79R3000A and IDT79R3001. Figure 3
shows the virtual-to-physical address mapping found in the
Extended Architecture versions of the processor family.

The Extended Architecture devices allow the system
designertoimplementkernel software to dynamically manage
User task utilization of memory resources, and also allow the
Kernel to effectively “protect” certain resources from user
tasks. These capabilities are important in a number of
embedded applications, from process control (where resource
protection may be extremely important) to X-Window display
systems (where virtual memory management is extremely
important),and canalsobe used to simplify system debugging.
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Figure 3. Virtual-to-Physical Mapping of Extended Architecture Versions

The base versions of the architecture (the IDT79R3051 When using the base versions of the architecture, the
and IDT79R3052) remove the TLB and institute a fixed system designer can implement a distinction between the
address mapping for the various segments of the virtual user tasks and the kernel tasks, without having to execute
address space. The base processors support distinct kernel page management software. This distinction can take the
and user mode operation without requiring page management  form of physical memory protection, accomplished by ad-
software, leading to a simpler software model. The memory dress decoding, or in other forms. In systems which do not
mapping used by these devices is illustrated in Figure 4. Note  wish to implement memory protection, and wish to have the
that the reserved address spaces shown are for compatibility ~kernel and user tasks operate out of a single unified memory
with future family members; in the current family members, space, upper address lines can be ignored by the address
references to these addresses are translated in the same decoder, and thus all references will be seen in the lower
fashion as their respective segments, with no traps orexcep- gigabyte of the physical address space.

tions taken.
VIRTUAL PHYSICAL
OXEEEEEEEE
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Kernel Cached Tasks 1024MB
(kseg2)
0xc0000000
Kernel Uncached
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0xa0000000
Kernel/User
Kernel Cached Cacheable 2048MB
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0x80000000
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Cached L_ 512MB
(kuseg) L, Kernel Boot
0%00000000 - and /O 512MB 2674 drw 04

Figure 4. Virtual-to-Physical Mapping of Base Architecture Versions
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Clock Generation Unit

The IDT79R3051 family is driven from a single input clock,
capable of operating in a range of 40%-60% duty cycle. On
chip, the clock generator unit is responsible for managing the
interaction of the CPU core, caches, and bus interface. The
clock generator unit replaces the external delay line required
in IDT79R3000A and IDT79R3001 based applications.

Instruction Cache

The current family includes two different instruction cache
sizes: the IDT79R3051 family (the IDT79R3051 and
IDT79R3051E) feature 4KB of instruction cache, and the
IDT79R3052 and IDT79R3052E each incorporate 8KB of
Instruction Cache. For all four devices, the instruction cache
is organized as a line size of 16 bytes (four words). This
relatively large cache achieves a hit rate well in excess of 95%
in most applications, and substantially contributes to the
performance inherentinthe IDT79R3051 family. The cacheis
implemented as a direct mapped cache, and is capable of
caching instructions from anywhere within the 4GB physical
address space. The cache is implemented using physical
addresses (rather than virtual addresses), and thus does not
require flushing on context switch.

Data Cache

All four devices incorporate an on-chip data cache of 2KB,
organized as a line size of 4 bytes (one word). This relatively
large data cache achieves hit rates well in excess of 90% in
most applications, and contributes substantially to the perfor-
mance inherentinthe IDT79R3051 family. As with the instruc-
tion cache, the data cache is implemented as a direct mapped
physicaladdress cache. The cache is capable of mapping any
word within the 4GB physical address space.

The data cache is implemented as a write through cache,
to insure that main memory is always consistent with the
internal cache. In order to minimize processor stalls due to
data write operations, the bus interface unit incorporates a 4-
deep write buffer which captures address and data at the
processor execution rate, allowing it to be retired to main
memory at a much slower rate without impacting system
performance.

Bus Interface Unit

The IDT79R3051 family uses its large internal caches to
provide the majority of the bandwidth requirements of the
execution engine, and thus can utilize a simple bus interface
connected to slow memory devices.

The IDT79R3051 family bus interface utilizes a 32-bit
address and data bus multiplexed onto a single set of pins.
The bus interface unit also provides an ALE signal to de-
multiplex the A/D bus, and simple handshake signals to
process processor read and write requests. In addition to the
read and write interface, the IDT79R3051 family incorporates
a DMA arbiter, to allow an external master to control the
external bus.

The IDT79R3051 family incorporates a 4-deep write buffer
to decouple the speed of the execution engine from the speed

of the memory system. The write buffers capture and FIFO
processor address and data information in store operations,
and presents it to the bus interface as write transactions at the
rate the memory system can accommodate.

The IDT79R3051/52 read interface performs both single
word reads and quad word reads. Single word reads work with
a simple handshake, and quad word reads can either utilize
the simple handshake (in lower performance, simple sys-
tems)or utilize atighter timing mode when the memory system
can burst data at the processor clock rate. Thus, the system
designer can choose to utilize page or nibble mode DRAMs
(and possibly use interleaving), if desired, in high-perfor-
mance systems, or use simpler techniques to reduce com-
plexity.

In order to accommodate slower quad-word reads, the
IDT79R3051 family incorporates a 4-deep read buffer FIFO,
so that the external interface can queue up data within the
processor before releasing it to perform a burst fill of the
internal caches. Depending on the cost vs. performance
tradeoffs appropriate toa given application, the system design
engineer could include true burst support from the DRAM to
provide for high-performance cache miss processing, or uti-
lize the read buffer to process quad word reads from slower
memory systems.

SYSTEM USAGE

The IDT79R3051 family has been specifically designed to
easily connect to low-cost memory systems. Typical low-cost
memory systems utilize slow EPROMs, DRAMs, and applica-
tion-specific peripherals. These systems may also typically
contain large, slow Static RAMs, although the IDT79R3051
family has been designed to not specifically require the use of
external SRAMs.

Figure 5 shows a typical system block diagram. Transpar-
ent latches are used to de-multiplex the IDT79R3051/52
address and data busses from the A/D bus. The data paths
between the memory system elements and the R3051 family
A/D bus is managed by simple octal devices. A small set of
simple PALs can be used to control the various data path
elements, and to control the handshake between the memory
devices and the CPU.

DEVELOPMENT SUPPORT

The IDT79R3051 family is supported by a rich set of
development tools, ranging from system simulation tools
through prom monitor support, logic analysis tools, and sub-
system modules.

Figure 7 is an overview of the system development process
typically used when developing IDT79R3051 family-based
applications. The IDT79R3051 family is supported by power-
ful tools through all phases of project development. These
tools allow timely, parallel development of hardware and
software for IDT79R3051/52 based applications, and include
tools such as:

* A program, Cache-3051, which allows the performance of
an IDT79R3051 family based system to be modeled and
understood without requiring actual hardware.
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* Sable, an instruction set simulator. * The IDT Laser Printer System board, which directly drives

« Optimizing compilers from MIPS, the acknowledged leader @ low-cost print engine, and runs Microsoft Truelmage™
in optimizing compiler technology. Page Description Language on top of PeerlessPage™ Ad-

. : : vanced Printer Controller BIOS.
« IDT Cross development tools, available in a variety of ) -
development environments. * Adobe PostScript™ Page Description Language, ported to

« The high-performance IDT floating point library software, the R3000 instruction set, runs on the IDT79R3051 family.

which has been integrated into the compiler toolchain to * The IDT Prom Monitor, which implements a full prom
allow software floating point to replace hardware floating ~ menitor (diagnostics, remote debug support, peek/poke,

point without modifying the original source code. etc.).
« The IDT Evaluation Board, which includes RAM, EPROM, * An In-Circuit Emulator, developed and sold by Embedded
1/0, and the IDT Prom Monitor. Performance, Inc.
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Figure 5. Typical R3051 Family Based System
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Figure 6. R3051 Family Chip Set Based System
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PERFORMANCE OVERVIEW

The IDT79R3051 family achieves a very high level of
performance. This performance is based on:

* An efficient execution engine. The CPU performs ALU
operations and store operations at a single cycle rate, and
has an effective load time of 1.3 cycles, and a branch
execution rate of 1.5 cycles (based on the ability of the
compilers to avoid software interlocks). Thus, the execution
engine achieves over 35MIPS performance when operating
out of cache.

* Large on-chip caches. The IDT79R3051 family contains
caches which are substantially larger than those on the
majority of today’s embedded microprocessors. These large
caches minimize the number of bus transactions required,
and allow the R3051 family to achieve actual sustained
performance, very close to its peak execution rate.

* Autonomous multiply and divide operations. The
IDT79R3051 family features an on-chip integer multiplier/
divide unit which is separate fromthe other ALU. This allows
the IDT79R3051 family to perform multiply or divide opera-
tions in parallel with other integer operations, using a single
multiply or divide instruction rather than “step” operations.

¢ Integrated write buffer. The IDT79R3051 family features a
four-deep write buffer, which captures store target ad-
dresses anddata atthe processorexecution rate andretires
it to main memory at the slower main memory access rate.
Use of on-chip write buffers eliminates the need for the
processor to stall when performing store operations.

e Burst read support. The IDT78R3051 family enables the
system designer to utilize page mode or nibble mode RAMs
when performing read operations to minimize the main
memory read penalty and increase the effective cache hit
rates.

Thesetechniques combinetoallowthe processorto achieve
35MIPS integer performance, and over 64,000 dhrystones at
40MHz without the use of external caches or zero wait-state
memory devices.

SELECTABLE FEATURES
The IDT79R3051 family allows the system designer to

configure some aspects of operation. These aspects are

established when the device is reset and include:

* Big Endian vs. Little Endian operation: The part can be
configured to operate with either byte ordering convention,
and in fact may also be dynamically switched between the
two conventions. This facilitates the porting of applications
from other processor architectures, and also permits inter-
communications between various types of processors and
databases.

* Data cache refill of one or four words: The memory
system must be capable of performing 4-word transfers to
satisfy cache misses. This option allows the system de-
signer to choose between one- and four-word refill on data
cache misses, depending on the performance each option
brings to his application.

THERMAL CONSIDERATIONS

The IDT79R3051 family utilizes special packaging tech-
niques to improve the thermal properties of high-speed pro-
cessors. Thus, all versions of the IDT79R3051 family are
packaged in cavity-down packaging.

The lowest cost members of the family use a standard
cavity-down, injection molded PLCC package (the "J" pack-
age). This package, coupled with the power reduction tech-
niques employed in the design of the IDT79R3051 family,
allows operation at speeds to 25MHz. However, at higher
speeds, additional thermal care must be taken.

For this reason, the IDT79R3051 family is also available in
the MQUAD package (the "MJ" package), which is an all-
aluminum package with the die attached to a normal copper
lead-frame, mounted to the aluminum casing. The MQUAD
allows for more efficient thermal transfer between the die and
the case of the part due to the heat-spreading effect of the
aluminum. The aluminum offers less internal resistance from
one end of the package to the other, which reduces the
temperature gradient across the package, and, therefore,
presents a greater area for convection and conduction to the
PCB for a given temperature. Even nominal amounts of
airflow will dramatically reduce the junction temperature of the
die, resulting in cooler operation. The MQUAD package is
available at all frequencies, and is pin- and form-compatible
withthe PLCC package. Thus, designers can choose to utilize
this package without changing their PCB.

The members of the IDT79R3051 family are guaranteed in
a case temperature range of 0°C to +85°C. The type of
package, speed (power) of the device, and airflow conditions
affect the equivalent ambient conditions which meet this
specification.

The equivalent allowable ambient temperature, TA, can be
calculated using the thermal resistance from case to ambient
(9ca) of the given package. The following equation relates
ambient and case temperature:

TA=Tc-P*dca
where P is the maximum power consumption at hot tempera-
ture, calculated by using the maximum lcc specification for
the device.

Typical values for @ca at various airflows are shown in
Table 1 for the various packages.

Airflow (ft/min)
GCA 0 200 400 | 600 800 | 1000
"J" Package 29 26 21 18 16 15
"MJ" Package* 22 14 12 11 9 8

2874 1bl 01

Table 1. Thermal Resistance (@ca) at Various Airflows
(*estimated: final values tbd)




IDT79R3051/79R3052INTEGRATED RISControllers COMMERCIAL TEMPERATURE RANGE

PIN DESCRIPTION
PIN NAME 1o DESCRIPTION

A/D(31:0) 11O Address/Data: A 32-bit time multiplexed bus which indicates the desired address for a bus transaction
in one phase, and whichis used to transmit data between the CPU and external memory resources during
the rest of the transfer.

Bus transactions on this bus are logically separated into two phases: during the first phase, information
about the transfer is presented to the memory system to be captured using the ALE output. This
information consists of:

Address(31:4): The high-order address for the transfer is presented on A/D(31:4).

BE(3:0): These strobes indicate which bytes of the 32-bit bus will be involved in
the transfer, and are represented on A/D(3:0).

During write cycles, the bus contains the data to be stored and is driven from the internal write buffer.
Onread cycles, the bus receives the data from the external resource, in either a single data transaction
or in a burst of four words, and places it into the on-chip read buffer.

Addr(3:2) o} Low Address (3:2) A 2-bit bus which indicates which word is currently expected by the processor.
Specifically, this two bit bus presents either the address bits for the single word to be transferred (writes
or single datum reads) or functions as a two bit counter starting at ‘00’ for burst read operations.

Diag(1) (o} Diagnostic Pin 1. This output indicates whether the current bus read transaction is due to an on-
chip cache miss, and also presents part of the miss address. The value output on this pin is time
multiplexed:

Cached: During the phase in which the A/D bus presents address information, this

pin is an active high output which indicates whether the current read is
a result of a cache miss. The value of this pin at this time in other than
read cycles is undefined.

Miss Address (3): During the remainder of the read operation, this output presents address
bit(3) ofthe address the processor was attempting toreference when the
cache miss occurred. Regardless of whether a cache miss is being
processed, this pin reports the transfer address during this time.

Diag(0) (o} Diagnostic Pin 0. This output distinguishes cache misses due to instruction references from those due
to data references, and presents the remaining bit of the miss address. The value output on this pin is
also time multiplexed:

D: 1f the “Cached” Pin indicates a cache miss, then a high on this pin at this
time indicates an instruction reference, and a low indicates a data
reference. If the read is not due to a cache miss but rather an uncached
reference, then this pin is undefined during this phase.

Miss Address (2): During the remainder of the read operation, this output presents address
bit (2) ofthe address the processor was attempting to reference whenthe
cache miss occurred. Regardless of whether a cache miss is being
processed, this pin reports the transfer address during this time.

ALE (o] Address Latch Enable: Used to indicate that the A/D bus contains valid address information for the bus
transaction. This signal is used by external logic to capture the address for the transfer, typically using
transparent latches. .

DataEn o External Data Enable: This signal indicates that the A/D bus is no longer being driven by the processor
during read cycles, and thus the external memory system may enable the drivers of the memory system
onto this bus without having a bus conflict occur. During write cycles, or when no bus transaction is
occurring, this signal is negated, thus disabling the external memory drivers.

2874 tbl 02
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IDT79R3051/79R3052 INTEGRATED RISControllers COMMERCIAL TEMPERATURE RANGE

PIN DESCRIPTION (Continued):

PIN NAME /0 DESCRIPTION
Burst/ o Burst Transfer/Write Near: On read transactions, the Burst signal indicates that the current bus read
WrNear is requesting a block of four contiguous words from memory. This signal is asserted only in read cycles

due to cache misses; it is asserted for all I-Cache miss read cycles, and for D-Cache miss read cycles
if selected at device reset time.

On write transactions, the WrNear output tells the external memory system that the bus interface unit
is performing back-to-back write transactions to an address within the same 256 word page as the prior
write transaction. This signal is useful in memory systems which employ page mode or static column
DRAMSs, and allows near writes to be retired quickly.

Rd (e} Read: An output which indicates that the current bus transaction is a read.
Wr (o] Write: An output which indicates that the current bus transaction is a write.
Ack | Acknowledge: An input which indicates to the device that the memory system has sufficiently

processed the bustransaction, andthatthe CPU may either terminate the write cycle or process the read
data from this read transfer.

RdCEn I Read Buffer Clock Enable: Aninputwhichindicates to the device that the memory system has placed
valid data on the A/D bus, and that the processor may move the data into the on-chip Read Buffer.

SysClk (0] System Reference Clock: An output from the CPU which reflects the timing of the internal processor
"Sys" clock. This clock is used to control state transitions in the read buffer, write buffer, memory
controller, and bus interface unit.

BusReq | DMA Arbiter Bus Request: Aninputtothe device whichrequeststhatthe CPU tri-state its businterface
signals so that they may be driven by an external master.

BusGnt (o] DMA Arbiter Bus Grant. An output from the CPU used to acknowledge that a BusReq has been
detected, and that the bus is relinquished to the external master.

SBrCond(3:2) 1 Branch Condition Port: These external signals are internally connected to the CPU signals

BrCond(1:0) CpCond(3:0). These signals can be used by the branch on co-processor condition instructions as input

ports. There are two types of Branch Condition inputs: the SBrCond inputs have special internal logic
tosynchronize the inputs, and thus may be driven by asynchronous agents. The direct Branch Condition
inputs must be driven synchronously.

BErr I Bus Error: Input to the bus interface unit to terminate a bus transaction due to an external bus error.
This signal is only sampled during read and write operations. If the bus transaction is a read operation,
then the CPU will take a bus error exception.

nt(5:3) I Processor Interrupt: During normal operation, these signals are logically the same as the Int(5:0)
SInt(2:0) signals of the R3000. During processor reset, these signals perform mode initialization of the CPU, but
in a different (simpler) fashion than the interrupt signals of the R3000.

There are two types of interrupt inputs: the Sintinputs are internally synchronized by the processor, and
may be driven by an asynchronous external agent. The direct interrupt inputs are not internally
synchronized, and thus must be externally synchronized to the CPU. The direct interrupt inputs have
one cycle lower latency than the synchronized interrupts.

Clk2xIn I Master Clock Input: This is a double frequency input used to contro! the timing of the CPU.

Reset | Master Processor Reset: This signalinitializes the CPU. Mode selection is performed during the last
cycle of Reset.

Rsvd(4:0) 1{e] Reserved: These five signal pins are reserved for testing and for future revisions of this device. Users
: must not connect these pins.

2874 tbl 03
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IDT79R3051/79R3052 INTEGRATED RiSControllers

COMMERCIAL TEMPERATURE RANGE

ABSOLUTE MAXIMUM RATINGS"3) RECOMMENDED OPERATING
Symbol Rating Commercial 1 _umt | TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage -0.5t0 +7.0 \ Grade Temperature GND vce
with Respect Commercial 0°C to +85°C ov 5.0+5%
to GND (Case)
Tc Operating Case 0to +85 °C 2874 tbl 06
Temperature
Teias | Temperature -55to +125 °C
Under Bias
Tsta | Storage -551t0 +125 °C OUTPUT LOADING FOR AC TESTING
Temperature
VIN Input Voltage —0.5t0 +7.0 vV +4mA
NOTES: 2874 tbl 04
1. Stressesgreaterthan those listedunder 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 indicatedinthe operational sections of this specificationisnot ~ VREF To Device
implied. Exposure to absolute maximum rating conditions for extended  4+1.5V Under Test
periods may affect reliability.
2. VIN minimum = -3.0V for pulse width less than 15ns. 25pF
VIN should not exceed Vce +0.5V.
3. Notmorethan one outputshould be shorted atatime. Duration ofthe short
should not exceed 30 seconds. =
—4mA
2874 drw 08
AC TEST CONDITIONS
Symbol Parameter Min. Max. Unit
VIH Input HIGH Voltage 3.0 — \
ViL Input LOW Voltage — 0 \
VIHS Input HIGH Voltage 35 — \"
ViLs Input LOW Voltage — 0 Vv
2874 tbt 05
DC ELECTRICAL CHARACTERISTICS (Tc = 0°C to +85°C, VCC = +5.0V £5%)
20MHz 25MHz 33.33MHz 40MHz
Symbol | Parameter Test Conditions Min. Max.| Min. Max. [ Min. Max. | Min. Max. |Unit
VoH Output HIGH Voltage Vee = Min., 10H = -4mA 3.5 — 3.5 — 35 — 3.5 —_ \Y%
VoL Output LOW Voltage Vee = Min, loL =4mA — 04| — 0.4 — 0.4 — 0.4 \
VIH input HIGH Voltage® — 2.0 — 2.0 — 20 — 2.0 — Vv
ViL Input LOW Voltage(! — — 08| — 08| — 08| — 08|V
VIHS Input HIGH Voltage(23) —_ 30 — {30 — 30 —]383 —]V
ViLs Input LOW Voitage(!:2) — — 04| — 04 ) — 04| — 04|V
CIN Input Capacitance® — —_ 10| — 10 | — 10 | — 10 | pF
Cout | Output Capacitance(® — — 10 | — 10 | — 10 | — 10 | pF
lcc Operating Current Vee =5V, Tc=25°C —_ 350 | — 400 | — 450 | — 500 | mA
I+ Input HIGH Leakage ViH =Vce — 100 | — 100 | — 100 | — 100 | pA
I[N Input LOW Leakage 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: 2874 tbl 07

1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below —0.5V for larger periods.
2. ViHs and ViLs apply to Clk2xIn and Reset.
3. Vid should not be held above Vcc + 0.5V.
4. Guaranteed by design.

53
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IDT79R3051/79R3052 INTEGRATED RISControllers

COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS ("2 3) (1¢ = 0°C to +85°C, Ve = +5.0V +5%)

20MHz 25MHz 33.33MHz 40MHz
Symbol Signals Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
t1 @, Ack, BusError, Set-up to SysCiK rising 6 - 5 — 4 — 3 — | ns
RdCEn,
tla AD Set-up to SysClk falling 7 — 6 — 5 — 45 — | ns
t2 BusReq, Ack, BusError, Hold from SysCIK rising 4 — 4 — 3 — 3 — | ns
RdCEn,
t2a AD Hold from SysCik falling 2 — 2 - 1 — 1 —
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysCIK rising — 10 — 10 — 10 — 10 | ns
Burst/WrNear, Rd, DataEn
14 A/D, Addr, Diag, ALE, Wr_ Driven from SysCik falling - 10 | — 10 | — 10 | — 10 | ns
Burst/WrNear, Rd, DataEn
15 BusGnt Asserted from SysCIK rising — 8 — 7 — 6 — 5 ns
t6 BusGnt Negated from SysCIk falling — 8 — 7 — 6 — 5 ns
{7 Wr, Rd, Burst/WrNear, A/D Valid from SysCIk rising — 5 — 5 — 4 — 35 | ns
18 ALE Asserted from SysCIK rising — 4 — 4 — 3 — 3 ns
19 ALE Negated from SysCIK falling — 4 — 4 — 3 — 3 ns
t10 AD Hold from ALE negated 2 — 2 — 1.5 — 1.5 — ns
t11 DataEn Asserted from SysCIk falling — 15 — 15 — 13 — 12 ns
12 DataEn Asserted from A/D tri-state() 0 — 0 — 0 — 0 — | ns
t14 AD Driven from SysCIK rising(4) 0 — 0 — 0 — 0 — | ns
t15 Wr, Rd, DataEn, Burst/WrNear | Negated from SysCIk falling — — 6 — 5 — 4 ns
16 Addr(3:2) Valid from SysClk — 6 — 6 — 5 — 45 | ns
7 Diag Valid from SysClk — 12 — 11 — 10 — 9 ns
18 A/D Tri-state from SysCIk falling — 10 — 10 — 9 — 8 ns
t19 A/D SysCk falling to data out — 12 — 11 — 10 — 9 ns
20 Clk2xIn Pulse Width HIGH 10 — 8 — 6.5 = 5.6 . ns
21 Clk2xin Pulse Width LOW 10 — 8 — 6.5 — 5.6 — ns
t22 Cik2xIn Clock Period 25 250 20 250 15 250 12.5 250 ns
123 Reset Pulse Width from Vcc valid 200 — | 200 — | 200 — | 200 — us
124 Reset Minimum Pulse Width 32 — 32 — 32 — 32 — | tsys
125 Reset Set-up to SysCIk falling 6 — 5 — 4 — — ns
126 int Mode set-up to Reset rising 6 — 5 — 4 — 3 — | ns
127 int Mode hold from Reset rising 25 — | 25 — | 25 — | 25 — | ns
128 Sint, SBrCond Set-up to SysCik falling 6 — 5 — 4 — 3 — | ns
129 Sint, SBrCond Hold from SysCIk falling 3 — 3 — 2 — 2 — | ns
130 int, BrCond Set-up to SysCK falling [ — 5 — 4 — 3 — | ns
131 int, BrCond Hold from SysCIk falling 3 — 3 — 2 — 2 — | ns
tsys SysClk Pulse Width 2*t22  2"22 | 222 222 |2f22  2*22 | 222 2't22
t32 SysClk Clock HIGH Time 22 -2 22 +2(t22-2 t22+2|t22-1 t22+1jt22-1 122+1] ns
33 SysClk Clock LOW Time 122 -2 122 +2|t122-2 t22+2t22 -1 122+ 1jt122-1 t22+1] ns
tderate All outputs Timing deration for loading — 0.5 — 0.5 — 0.5 — 0.5 ns/
over 25pf(4 5) 25pF
NOTES: 287416108
1. Alltimings referenced to 1.5V, with a rise and fall time of less than 2.5ns.

. All outputs tested with 25pF ioading.
The AC values listed here reference timing diagrams contained in the R3051 Family Hardware User's Manual.
. Guaranteed by design.
. This parameteris used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified

test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.
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IDT79R3051/79R3052 INTEGRATED RISControllers COMMERCIAL TEMPERATURE RANGE

PIN CONFIGURATIONS
52885 g838qs geggrgEa
S o006 gygooo6o060yygosass8ss
2 2 2 I FTST T III IS T ITIIT I
nononnononponoaonnnonnnaonnada
1 84 [CI
Vvss B4 12 Vss
Vee = — Vce
Clkexin =] = AD(14)
Rsvd(4) = AD(13)
Rsvd(3) = AD(12)
Rsvd(2) =] = AD(11)
Rsvd(1) =3 = A/D(10)
Rsvd(0) =3 = AD(9)
Int(5) = 1 vee
Vss 5 = Vss
Vee =3 =1 AD(8)
Int(4) = ) AD(7)
Int(3) =3 =3 AD(e)
Sint(2) = —1 A/D(5)
Sint(1) = 1 A/D(4)
Sint(0) = — A/D(3)
SBrCond(3) = — vss
SBrCond(2) =4 1 Vce
BrCond(1) T =1 AD(2)
Vss /= AD(1)
Vee 5 54 = A/D(0)
33
guoooooouooroouoooooiodyl
= c R - L co|% w s = 4 S e s
SEBEEEER2EEFRIGSIES
5 |3 |2 0 I |5 (> = -g 3 s © £
Q o 3 o < < §
@ ®
3
m 2874 drw 09

84-Pin PLCC/MQUAD
Top View

NOTE:
Reserved Pins must not be connected.
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B te2 -~

Clk2xIn /‘i t20 EK t21 7
I: >
SysClk 7{ to2 -l t33 ]‘
- : > 2874 drw 11
sys
Figure 8. R3051 Family Clocking
Tl &
a4

Vce

Clkin

Reset tes .
77
2874 drw 12

Figure 9. Power-On Reset Sequence

I |
t24
Reset (r
77 2874 drw 13

Figure 10. Warm Reset Sequence

sysck N yd M-

Reset 7L tos
Sint(n), - o
Int(n) t26 74
- | t27 2874 drw 14

Figure 11. Mode Selection and Negation of Reset
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Run/

Fixup/ Stall Stall Stall Stall Stall Fixup
Stall

VAN VAN Ve an N Ve N WanNiva
A UE . ST S S S S Va

-] _17\ . > t15
Rd K 7IZ-
ta | r_ | 118 - t1a |- - t14
A/D(31:0) ,<_ “g’é’ . Data Input
tie  t1o e t2a
-]
Addr(3:2) Word Address

- t8
ALE ﬁ I
- to
ti2 > t15
DataEn 7F
t1

t

T
Burst
t |
RdCEn
] t2
ACK
117l | 117
Diag(1) Cached? Miss Address(3)
Diag(0) 1D Miss Address(2) ><
Start Turn ACK/  Sample End
Read Bus ACK? ACK? RdCen Data  Read 2674 dw 15

Figure 12. Single Datum Read in R3051 Family
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COMMERCIAL TEMPERATURE RANGE

Refill/ Refill/ Refill/ Refill/
Run/ Stream/ Stream/ S::ream/ Stream/
) A - 2
Fixup/ Stall l Stall l Stall I Fixup ‘ Fixup ' ixup I ixup
Stall Word 0 Word 1 Word 2 Word 3
VARNIVARN VAR VAR VARG VARV
Y A Y A y / \
SysClk _\_/ \\ / \ 4 A N\ ) \ A
> 17 |- »>]
t15 —
-\
Rd N
te | = ha\_, ’Ifha tra ta | o valy 1M
ar
A/D(31:0) N Word 0 t Word 1 t:k Word 2 t:k Word 3 t
t t
e _to |- 12 -12 ->| 2a ->' 2a
Addr(3:2) % oo é 10 i ai X
»t16 > t16 »{t16
»| t8 > -to
ALE 7l /
> t12 1 t15 I
DataEn {
»i 11
Burst
> 1 t1 11 |t 11 |-
RdCEn ¥— 1 ¥_ q( ¥_ q( i
ﬂ t2 i t2 Id- > 2 e ] (2
ACK
Diag(1 ) Miss Address(3) x
Diag(0) Miss Address(2)
| | I ] | [ I I I
Start Turn ACK/ Sample RdCEn Sample RICEn Sample RdCEn Sample New
Read Bus RdCen Data Data Data Data Transaction

Figure 13. R3051 Family Burst Read

2874 drw 16
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Stall l Stall | Stall | Stall
PhiClk N\ _/__\__ / \ _/__L\_
SysClk AN A N / AN A N
Rd
ta | . I ta |
. *I‘ Word 0 Y Word 1
A/D(31:0) IS ,] IS
- t2a — t2a
Addr(3:2) oo >E o )E 1
- t16 1 te
ALE
DataEn
Burst
t1 lt— _>l t | t1 o
RACEn : "‘ _t _7E—
- t - 2 tz
ACK I
RdCEn Sample RdCEn Sample RdCEn Sample
Data Data Data 2874 drw 17

Figure 14 (a). Start of Throttled Quad Read
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Refill/ Refill/ Refill/ Refill/
Stream/ Stream/ Stream/ Streany/
l Stall I Fixup l Fixup | Fixup Fixup
Word 0 Word 1 Word 2 Word 3
SysClk \ /—_\_/ \ / \ % \ %
1 tis
Rd
tia fe— tta e ] tia
A/D(31:0) Word2 ¥ |< Word 3 t
el =
Addr(3:2) 01 RIE ><
-»1ti6
ALE /
=1 tis
DataEn
Burst
. t1 f-— —Dl t I‘— t1 |-
YA AL
) ) t e -] 1 t2 -
S
=12
ACK RdCEn Sample RACEn  Sample New
Data Data Transaction  2874dw 18

Figure 14 (b). End of Throttled Quad Read
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sk \__ £ A 7 A T _f \_/
— =R > tis
— N
Wr \ _4
t14 -l el —»f 119 t4
‘7 Addr Data
A/D(31:0) NN _EBE Out
T t10 J 4[ J I
Addr(3'2) % Word Address
—| t8
ALE ry
e 4 l‘_ 115 jeg—
U
WrNear )Y f
—ﬂ t2
ACK . :I{J
t
Start Data ACK  Negate New
Write Out ACK ACK \gr Transfer 2874 drw 19
Figure 15. R3051 Family Write Cycle
e N g
SysClk g NG g \
BusReq > NG 2
t - ‘ t5
BusGnt ‘—\—|\___
3
A/D(31:0) j——
Addr(3:2) >_
Diag(1:0) >—
Rd / S
Wr / N I
ALE A
Burst/ N
WrNear /
2874 drw 20

Figure 16. Request and Relinquish of R3051 Family Bus to External Master
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COMMERCIAL TEMPERATURE RANGE

SysCik
BusReq
BusGnt
A/D(31:0)
Addr(3:2)
Diag(1:0)

Rd

ALE

Burst/
WrNear

A

-

\¥ 7/ \

t2

4\

2874 drw 21

Figure 17. R3051 Family Regaining Bus Mastership
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Run Cycle Exception Vector

17N 7 N A N A N

Sint(n)

t2s t29 2874 drw 22

Figure 18. Synchronized Interrupt Input Timing

Run Cycle Exception Vector

W \

tao0 t31 2874 drw 23

Figure 19. Direct Interrupt Input Timing

Run Cycle Capture BrCond BCzT/F Instruction

Phi 7 NV N—— VT NV NV N — ]

SysCk N T N | N S

SBrCond(n)

tog  tog 2874 drw 24

Figure 20. Synchronized Branch Condition Input Timing

Run Cycle Capture BrCond BCzT/F Instruction

T N S N 7“7 N Z2e NS

SysCk [ N/ T N ]

BrCond(n)

g

t30 131 2874 drw 25

Figure 21. Direct Branch Condition Input Timing
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84 LEAD PLCC/MQUAD® (SQUARE)

l— A
le
) IE1 le— A1
45° x .04 PIN1
101 Y I I —
P —F
0 —

C ]

O ] D3/E3

= "l— +E! E =¥, | b2z

b1

O 1

C ] B

O | —

\_ Y. ——t
LIty [ P A
—» e A.I
c1 SEATING PLANE
2874 drw 27

NOTES:
1. Alldimensions are in inches, unless otherwise noted.
2. BSC—Basic lead Spacing between Centers.
3. D & E do not include mold flash or protutions.
4. Formed leads shall be planar with respect to one another and within .004” at the seating plane.
5. ND & NE represent the number of leads in the D & E directions respectively.
6. D1 & E1 should be measured from the bottom of the package.
7. MQUAD is pin & form compatible with PLCC.

DWG # J84-1 MJ84-1
# of Leads 84 84
Symbol Min. Max. Min. Max.
A 165 .180 165 .180
Al .095 115 .094 114
B .026 .032 .026 .032
b1 013 .021 .013 .021
o} .020 .040 .020 .040
C1 .008 .012 .008 .012
D 1.185 1.195 1.185 1.195
D1 1.150 1.156 1.140 1.150
D2/E2 1.090 1.130 1.090 1.130
D3/E3 1.000 REF 1.000 REF
E 1.185 1.195 1.185 1.195
E1 1.150 1.156 1.140 1.150
e .050 BSC .050 BSC
ND/NE 21 21
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COMMERCIAL TEMPERATURE RANGE

ORDERING INFORMATION

XXXXX - XX X X
IDT

Device Type  Speed Package Process/

Temp. Range

VALID COMBINATIONS

IDT 79R3051 - 20, 25

79R3051E - 20, 25
79R3052 - 20, 25
79R3052E - 20, 25

79R3051 - 33, 40
79R3051E - 33, 40
79R3052 - 33, 40
79R3052E - 33, 40

J Packages Only
J Packages Only
J Packages Only
J Packages Only

MJ Packages Only
MJ Packages Only
MJ Packages Only
MJ Packages Only

| Blank

lJI
IMJI

1201
125|
|33|
I40l

79R3051
79R3051E
79R3052
79R3052E

Commercial Temperature Range

84-Pin PLCC
84-Pin MQUAD

20.0 MHz
25.0 MHz
33.33 MHz
40.0 MHz

4kB Instruction Cache, No TLB
4kB Instruction Cache, With TLB
8kB Instruction Cache, No TLB
8kB Instruction Cache, With TLB

2874 drw 28
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IDT79R3071™

Adt

Integrated Device Technology, Inc.

RISController™

IDT79R3071
IDT79R3071E

F

EATURES

Instruction set compatible with IDT79R3000A, R3051™,
and R3500 RISC CPUs

High level of integration minimizes system cost

— RB3000A Compatible CPU

— Optional R3000A compatible MMU

— Large Instruction Cache

— Large Data Cache

— Read/Write Buffers

35VUPS at 40MHz

— 320MB/sec on-chip bandwidth

— 160MB/sec bus bandwidth

Flexible bus interface allows simple, low-cost designs
1x clock input

33- through 50MHz operation

50MHz at 1x clock input and 1/2 bus frequency
Superset pin- and software-compatible with R3041™,
R3051, R3052™, and R3081™

Large on-chip caches with user configurability
— 16kB Instruction Cache, 4kB Data Cache
— Dynamically configurable to 8kB Instruction

Cache, 8kB Data Cache
— Parity protection over data and tag fields
Low cost 84-pin packaging
Multiplexed bus interface with support for low-cost, low-
speed memory systems with a high-speed CPU
On-chip 4-deep write buffer eliminates memory write
stalls
On-chip 4-deep read buffer supports burst or simple
block reads
On-chip DMA arbiter
Hardware-based Cache Coherency Support
Programmable power reduction mode
Bus Interface operates only at half-processor frequency

R3071 BLOCK DIAGRAM

BrCond(3:2,0)

Clock | ineli
Cikin | Generator —>|7Master Pipeline Control }————
Unit/
Clock Doubler | System Control Integer
Coprocessor CPU Core
(CPO)
Exception/Control General Registers
Registers (32 x 32)
Memory Management ALU
Reaisters Shifter
Int(5: Translation Mult/Div Unit
nt(5:0) Lookaside Buffer Address Adder
64 entri
(64 entries) PC Control

1
\

I Virtual Address I

Physical Address Bus
22 | configurable Configurable
Instruction Data 36l
Cache Cache 1
(16kB/8kB) (4kB/8KB)
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INTRODUCTION

The IDT R3051 family is a series of high-performance 32-
bitmicroprocessors featuring ahigh-level ofintegration, which
istargeted to high-performance but cost-sensitive processing
applications. The R3051 family is designed to bring the high-
performance inherent in the MIPS RISC architecture into
low-cost, simplified, power-sensitive applications.

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

The R3071 extends the capabilities of the R3051 family, by
integrating additional resources into the same pin-out. The
R3071 thus extends the range of applications addressed by
the R3051 family, and allows designers to implementa single,
base system and software set capable of accepting a wide
variety of CPUs, according to the price/performance goals of
the end system.

An overview of this device, and quantitative electrical
parameters and mechanical data, is found in this data sheet;
consult the R3071 Family Hardware User's Guide for a
complete description of this processor.

DEVICE OVERVIEW

As part of the R3051 family, the R3071 extends the offering
of a wide range of functionality in a compatible interface. The
R3051 family allows the system designer to implement a
single base system, and utilize interface-compatible processors
of various complexity to achieve the price-performance goals
of the particular end system.

Differences among the various family members pertain to
the on-chip resources of the processor. Currentfamily members
are shown in Table 1, below.

Figure 1 shows ablock-levelrepresentation of the functional
units within the R3071E. The R3071E could be viewed as the
embodiment of a discrete solution built around the R3000A
and R3010A. However, by integrating this functionality on a
single chip, dramatic costand power reductions are achieved.

Device Instruction Data MMU FPA Bus
Name Cache Cache Option Options
R3041 2kB 5128 No Software Programmable Options
Variable Port width interface
R3051 4kB 2kB "E" version Software 32-bit mux'ed
R3052 8kB 2kB "E" version Software 32-bit mux'ed
R3071 16kB 4kB "E" version Software 1/2 frequency bus only
or 8kB or 8kB
R3081 16kB 4kB "E" version On-chip 1/2 frequency bus
or 8kB or 8kB hardware
3045 tbl 01
Table 1. R3051 Family Members
CPU Core

The CPU core is a full 32-bit RISC integer execution
engine, capable of sustaining close to single cycle execution.
The CPU core contains afive stage pipeline, and 32 orthogonal
32-bit registers. The R3071 uses the same basic integer
execution core as the entire R3051 family, which is the
R3000A implementation of the MIPS instruction set. Thus, the
R3071 family is binary compatible with the R3051, R3052,
R3000A, R3001, and R3500 CPUs. In addition, the R4000
and Orion representan upwardly software compatible migration
path to still higher levels of performance.

The execution engine in the R3071 uses a five-stage
pipeline to achieve near single-cycle instruction execution
rates. A new instruction can be initiated in each clock cycle;
the execution engine actually processes five instructions
concurrently (in various pipeline stages). Figure 2 shows the
concurrency achieved in the R3071 execution pipeline.

[ F ] RD [ ALU[MEM W5

Current CPU
Cycle

3045 drw 02

Figure 2. R3071 5-Stage Pipeline
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Figure 3. Virtual to Physical Mapping of Extended Architecture Versions

System Control Co-Processor

The R3071 family also integrates the System Control Co-
processor, CP0O, on-chip. CPO manages both the exception
handling capability of the R3071, as well as the virtual-to-
physical address mapping. )

As with the R3051 and R3052, the R3071 offers two
versions of memory management and virtual-to-physical
address mapping: the extended architecture versions, the
R3051E, R3052E, and R3071E, incorporate the same MMU
as the R3000A. These versions contain a fully associative 64-
entry TLB which maps 4kB virtual pages into the physical
address space. The virtual to physical mapping thus includes
kernel segments which are hard-mapped to physical
addresses, and kernel and user segments which are mapped
page by page by the TLB into anywhere in the 4GB physical
address space. In this TLB, 8 pages can be “locked” by the
kerneltoinsure deterministic response inreal-time applications.
Figure 3 illustrates the virtual to physical mapping found inthe
R3071E.

The Extended architecture versions of the R3051 family
(the R3051E, R3052E, and R3071E) allow the system designer
to implement kernel software which dynamically manages
User task utilization of system resources, and also allows the
Kernel to protect certain resources from User tasks. These
capabilities are important in general computing applications
such as ARC computers, and are also important in a variety of
embeddedapplications, from process control (where protection
may be important) to X-Window display systems (where
virtual memory management can be used). The MMU can
also be used to simplify system debug.

R3051 family base versions (the R3051,R3052,and R3071)
remove the TLB and institute a fixed address mapping for the
various segments of the virtual address space. These devices
still support distinct kernel and user mode operation, but do
not require page management software, leading to a simpler
software model. The memory mapping used by these devices
is shown in Figure 4. Note that the reserved spaces are for
compatiblity with future family members, which may map on-

VIRTUAL PHYSICAL
OXEEEEEEEE
Kernel Cached > Kerne_ll_g:sali:sheable 1024 MB
(kseg?2)
0xc0000000
Kernel Uncached
(kseg1)
0xa0000000
Kernel Cached Kermnal/User 2048 MB
(kseg0) Tasks
0x80000000
ngﬁgd a Inaccessible 512 MB
(kuseg) Kernel Boot
0x00000000 ™ and I/0 512 MB 3045 drw 04

Figure 4. Virtual to Physical Mapping of Base Architecture Versions
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chip resources to these addresses. References to these
addresses in the R3071 will be translated in the same fashion
as the rest of their respective segments, with no traps or
exceptions signalled.

When using the base versions of the architecture, the
system designer can implement a distinction between the
user tasks and the kernel tasks, without having to implement
page management software. This distinction can be
implemented by decoding the output physical address. In
systems which do not need memory protection, and wish to
have the kernel and user tasks operate out of the same
memory space, high-order address lines can be ignored by
the address decoder, and thus all references will be seen in
the lower gigabyte of the physical address space.

Clock Generator Unit

The R3071 is driven from a single input clock at the
processor rated speed. On-chip, the clock generator unit is
responsible for managing the interaction of the CPU core,
caches, and bus interface. The R3071 includes an on-chip
clock doubler to provide higher frequency signals to the
internal execution core. The clock generator unit replaces the
external delay line required in R3000A based applications.

Instruction Cache

The R3071 implements a 16kB Instruction Cache. The
system may choose to repartition the on-chip caches, so that
the instruction cache is reduced to 8kB but the data cache is
increased to 8kB. The instruction cache is organized with a
line size of 16 bytes (four entries). This large cache achieves
hitratesin excess of 98% inmost applications, and substantially
contributes to the performance inherent in the R3071. The
cache is implemented as a direct mapped cache, and is
capable of caching instructions from anywhere within the 4GB
physical address space. The cache is implemented using
physical addresses (rather than virtual addresses), and thus
does not require flushing on context switch.

Theinstruction cache is parity protected over the instruction
word and tag fields. Parity is generated by the read buffer
during cache refill; during cache references, the parity is
checked, and in the case of a parity error, a cache miss is
processed.

Data Cache

The R3071 incorporates an on-chip data cache of 4kB,
organized as a line size of 4 bytes (one word). The R3071
allows the system to reconfigure the on-chip cache from the
default 16kB I-Cache/4kB D-Cache to 8kB of Instruction and
8kB of Data caches.

The relatively large data cache achieves hitrates in excess
of 95% in most applications, and contributes substantially to
the performance inherentin the R3071. As with the instruction
cache, the data cache is implemented as a direct mapped
physical address cache. The cacheis capable of mapping any
word within the 4GB physical address space.

The data cache is implemented as a write-through cache,
to insure that main memory is always consistent with the

internal cache. In order to minimize processor stalls due to
data write operations, the bus interface unit incorporates a 4-
deep write buffer which captures address and data at the
processor execution rate, allowing it to be retired to main
memory at a much slower rate without impacting system
performance. Further, support has been provided to allow
hardware based data cache coherency in a multi-master
environment, such as one utilizing DMA from 1/O to memory.

The data cache is parity protected over the data and tag
fields. Parity is generated by the read buffer during cache refill;
during cache references, the parity is checked, andinthe case
of a parity error, a cache miss is processed.

Bus Interface Unit

The R3071 uses its large internal caches to provide the
majority of the bandwidth requirements of the execution
engine, and thus can utilize a simple bus interface connected
to slower memory devices. Alternately, a high-performance,
low-cost secondary cache can be implemented, allowing the
processor to increase performance in systems where bus
bandwidth is a performance limitation.

As partofthe R3051 family, the R3071 bus interface utilizes
a 32-bit address and data bus multiplexed onto a single set of
pins. The bus interface unit also provides an ALE (Address
Latch Enable) output signal to de-multiplex the A/D bus, and
simple handshake signals to process CPU read and write
requests. In addition to the read and write interface, the R3051
family incorporates a DMA arbiter, to allow an external master
to control the external bus.

The R3071 also supports hardware based cache coherency
during DMA writes. The R3071 can invalidate a specified line
of data cache, or in fact can perform burst invalidations during
burst DMA writes.

The R3071 incorporates a 4-deep write buffer to decouple
the speed of the execution engine from the speed of the
memory system. The write buffers capture and FIFO processor
address and data information in store operations, and present
it fo the bus interface as write transactions at the rate the
memory system can accommodate.

The R3071 read interface performs both single datum
reads and quad word reads. Single reads work with a simple
handshake, and quad word reads can either utilize the simple
handshake (in lower performance, simple systems) or utilize
atighter timing mode when the memory system can burst data
at the processor clock rate. Thus, the system designer can
choose to utilize page or nibble mode DRAMs (and possibly
use interleaving, if desired, in high-performance systems), or
use simpler techniques to reduce complexity.

In order to accommodate slower quad word reads, the
R3071 incorporates a 4-deep read buffer FIFO, so that the
external interface can queue up data within the processor
before releasing it to perform a burst fill of the internal caches.

The R3071is R3051 superset compatible inits businterface.
Specifically, the R3071 has additional support to simplify the
design of very high frequency systems. This support includes
the ability to run the bus interface at one-half the processor
execution rate, as well as the ability to slow the transitions
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between reads and writes to provide extra buffer disable time
forthe memory interface. However, itis still possible to design
a system which, with no modification to the PC Board or
software, can accept either an R3051, R3052, or R3071.

SYSTEM USAGE

The IDT R3051 family has been specifically designed to
allow a wide variety of memory systems. Low-cost systems
can use slow speed memories and simple controllers, while
other designers may choose toincorporate higher frequencies,
faster memories, and techniques such as DMA to achieve
maximum performance. The R3071 includes specific support
for high performance systems, including signals necessary to
implement external secondary caches, and the ability to
perform hardware based cache coherency in multi-master
systems.

Figure 5 shows a typical system implementation.
Transparent latches are used to de-multiplex the R3071
address and data busses from the A/D bus. The data paths
between the memory system elements and the A/D bus is
managed by simple octal devices. A small set of simple PALs
is used to control the various data path elements, and to
control the handshake between the memory devices and the
CPU.

Dependingonthe costvs. performance tradeoffs appropriate
to a given application, the system design engineer could
include true burst support from the DRAM to provide for high-
performance cache miss processing, or utilize a simpler,
lower performance memory system to reduce cost and simplify
the design. Similarly, the system designer could choose to
implement techniques, such as external secondary cache, or
DMA, to further improve system performance.
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DEVELOPMENT SUPPORT
The IDT R3051 family is supported by a rich set of
development tools, ranging from system simulation tools
through PROM monitor and debug support, applications
software and utility libraries, logic analysis tools, sub-system
modules, and shrink wrap operating systems. The R3071,
which is pin and software compatible with the R3051, can
directly utilize these existing tools to reduce time to market.
Figure 6 is an overview of the system development process
typically used when developing R3051 family applications.
The R3051 family is supported in all phases of project
development. These tools allow timely, parallel development
of hardware and software for R3051 family applications, and
include tools such as:
¢ Aprogram, Cache-R3051, which allows the performance
of an R3051 family system to be modeled and understood
without requiring actual hardware.

System Architecture
Evaluation

System Development
Phase

Sable, an instruction set simulator.

Optimizing compilers from MIPS, the acknowledged leader
in optimizing compiler technology.

Cross development tools, available in a variety of
development environments.

The high-performance IDT floating point library software,
including transcendental functions and IEEE compliant
exception handlers.

The IDT Evaluation Board, which includes RAM, EPROM,
1/0, and the IDT PROM Monitor.

Adobe PostScript™ Page Description Language, ported to
the IDT 795389 Centaurus reference board.

IDT/sim™, which implements a full prom monitor
(diagnostics, remote debug support, peek/poke, etc.).
IDT/kit™, whichimplements a run-time support package for
R3051 family systems.

System Integration
and Verfification

Software

Cache-3051

SABLE Simulator
DBG Debugger
PIXIE Profiler
MIPS Compiler Suite
Stand-Alone Libraries
Floating Point Library
Cross Development Tools
Adobe PostScript PDL
MicroSoft Truelmage PDL

Logic Analysis

Hardware Models
General CAD Tools
Evaluation Board
Laser Printer System
X-Terminal System

PeerlessPage Printer OS Diagnostics
SPP e et IDT/sim
Benchmarks IDT/kit
LaESvalga_n?n I‘BSoa;d : In-Circuit Emulation
er Printer System Remote Debu
X-Terminal System Hardware Real-Time Og
Cache-3051 -

Support Chips

3045 drw 06

Figure 6. R3051 Family Development Toolchain
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PERFORMANCE OVERVIEW
The R3071 achieves a very high-level of performance. This

performance is based on:

* An efficient execution engine. The CPU performs ALU
operations and store operations in a single cycle, and has
an effective load time of 1.3 cycles, and branch execution
rate of 1.5 cycles (based on the ability of the compilers to
avoid software interlocks). Thus, the execution engine
achieves over 35VUPS performance when operating out of
cache.

¢ Largeon-chip caches.The R3051 family contains caches
which are substantially larger than those on the majority of
today’s microprocessors. These large caches minimize the
number of bus transactions required, and allow the R3051
family to achieve actual sustained performance very close
to its peak execution rate. The R3071 doublés the cache
available on the R3052.

¢ Autonomous multiply and divide operations. The R3051
family features an on-chip integer multiplier/divide unit
which is separate from the other ALU. This allows the CPU
to perform multiply or divide operations in parallel with other
integer operations, using a single multiply or divide
instruction rather than “step” operations.

¢ Integrated write buffer. The R3071 features a four-deep
write buffer, which captures store target addresses and
data at the processor execution rate and retires it to main
memory atthe slower main memory access rate. Use of on-
chip write buffers eliminates the need for the processor to
stall when performing store operations.

* Burstread support. The R3051 family enables the system
designer to utilize page mode or nibble mode RAMs when
performing read operations to minimize the main memory
read penalty and increase the effective cache hit rates.
Thesetechniquescombineto allow the processorto achieve

over 35VUPS integer performance and 64,000 dhrystones

without the use of external caches or zero wait-state memory
devices.

- The performance differences between the various family
members depends on the application software and the design
of the memory system. The impact of the various cache sizes,
and the hardware floating point, can be accurately modeled
using Cache-3051. Since the R3051, R3052, and R3071 are
all pin and software compatible, the system designer has
maximum freedom in trading between performance and cost.
A system can be designed, and later the appropriate CPU
inserted into the board, depending on the desired system
performance.

SELECTABLE FEATURES
The R3071 allows the system designer to configure certain

aspects of operation. Some of these options are established

when the device is reset, while others are enabled via the

Config registers:

* BigEndian vs. LittieEndian Byte Ordering. The part can
be configured to operate with either byte ordering. ACE/
ARC systems typically use Little Endian byte ordering.
However, various embedded applications, written originally
for a Big Endian processor such as the MC680x0, are
easier to port to a Big Endian system.

* Data Cache Refill of one or four words. The memory
system must be capable of performing four word refills of
instruction cache misses. The R3071 allows the system
designer to enable D-Cache refill of one or four words
dynamically. Thus, specialized algorithms can choose one
refill size, while the rest of the system can operate with the
other.

¢ Half-frequency bus mode. The processor can be
configured such that the external bus interface is at one-
half the frequency of the processor core. This simplifies
system design; however, the large on-chip caches mitigate
the performance impact of using a slower system bus clock.

e Slow bus turn-around. The R3071 allows the system
designer to space processor operations, so that more time
is allowed fortransitions between memoryand the processor
on the multiplexed address/data bus.

* Configurable cache. The R3071 allows the system
designer to use software to select either a 16kB Instruction
Cache/4kB Data Cache organization, oran 8kB Instruction/
8kB Data Cache organization.

e Cache Coherent Interface. The R3071 has an optional
hardware based cache coherency interface intended to
support multi-master systems such as those utilizing DMA
between memory and I/O.
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THERMAL CONSIDERATIONS

The R3071 utilizes special packaging techniques toimprove
the thermal properties of high-speed processors. Thus, the
R3071 is packaged using cavity-down packaging, utilizing
techniques to improve thermal transfer to the suurrounding
air.

The R3071 utilizes the 84-pin MQUAD package (the "MJ"
package), which is an all aluminum package with the die
attached to a normal copper lead-frame mounted to the
aluminum casing. The MQUAD package allows for an efficient
thermal transfer between the die and the case due to the heat
spreading effect of the aluminum. The aluminum offers less
internal resistance from one end of the package to the other,
reducing the temperature gradient across the package and
therefore presenting a greater area for convection and
conduction to the PCB for a given temperature. Even nominal
amounts of airflow will dramatically reduce the junction
temperature of the die, resulting in cooler operation. The
MQUAD package is available atall frequencies, andis pin and
form compatible with the PLCC used for the R3051. Thus,
designerscaninter-change R3071s and R3051s inaparticular
design, without changing their PC Board.

@CA

Airflow (ft/min) 0 200 | 400 | 600 | 800 | 1000

"MJ" Package* 22 14 12 11 9 8

3045 drw 02
Table 2. Thermal Resistance (@ca) at Various Airflows

(*estimated: final values tbd)

NOTES ON SYSTEM DESIGN
The R3071 has been designed to simplify the task of high-
speed system design. Thus,set-up and hold-time require-
ments have beenkept to a minimum,allowing a wide variety of
system interface strategies.

To minimize these AC parameters,the R3071 employs
feedback from its SysClk output to the internal bus interface
unit. This allows the R3071 to reference input signals to the
reference clock seen by the external system. The SysClk
output is designed to provide relatively large AC drive to
minimize skew due to slow rise or fall times. A typical part will
have less than 2nsrise or fall ( 10% to 90% signaltimes) when
driving the test load.

Therefore, the system designer should use care when
designing for direct SysClk use. Total loading ( due to devices
connected on the signal net and the routing of the net itself)
should be minimized to ensure the SysClk output has a
smooth and rapid transition. Long rise and/or fall times may
cause a degradation in the speed capability of an individual
device.

Similarly, the R3071 employs feedback on its ALE output
to ensure adequate address hold time to ALE. The system
designer should be careful when designing the ALE net to
minimize total loading and to minimize skew between ALE and
the A/D bus, which will ensure adequate address access latch
time.

IDT's field and factory applications groups can provide the
system designer with assistance for these and other design
issues.

The R3071 is guaranteed in a case temperature range of
0°C to +85°C. The type of package, speed (power) of the
device, and airflow conditions, affect the equivalent ambient
temperature conditions which will meet this specification.

The equivalent allowable ambient temperature, Ta, can be
calculated using the thermal resistance from case to ambient
(Dca) of the given package. The following equation relates
ambient and case temperatures:

Ta=Tc-P *QDca

where P is the maximum power consumption at hot
temperature, calculated by usingthe maximum Icc specification
for the device.

Typical values for @ca at various airflows are shown in
Table 2.

Note that the R3071 allows the operational frequency to be
turned down duringidle periods to reduce power consumption.
This operation is described in the R3071 Hardware User's
Guide. Reducingthe operationfrequency dramatically reduces
power consumption.




IDT79R3071 RISController

COMMERCIAL TEMPERATURE RANGE

PIN DESCRIPTION

PIN NAME

/o

DESCRIPTION

A/D(31:0)

le}

Address/Data: A 32-bit time multiplexed bus which indicates the desired address for a bus transaction
inone phase, and which is used to transmit data between the CPU and external memory resources during
the rest of the transfer.

Bus transactions on this bus are logically separated into two phases: during the first phase, information
about the transfer is presented to the memory system to be captured using the ALE output. This
information consists of:

Address(31:4): The high-order address for the transfer is presented on A/D(31:4).

BE(3:0): These strobes indicate which bytes of the 32-bit bus will be involved in
the transfer, and are presented on A/D(3:0).

During write cycles, the bus contains the data to be stored and is driven from the internal write buffer.
On read cycles, the bus receives the data from the external resource, in either a single data
transaction or in a burst of four words, and places it into the on-chip read buffer.

During cache coherency operations, the R3071 monitors the A/D bus at the start of a DMA write to capture
the write target address for potential data cache invalidates.

Addr(3:2)

I}

Low Address (3:2) A 2-bit bus which indicates which word is currently expected by the processor.
Specifically, this two bit bus presents either the address bits for the single word to be transferred (writes
or single datum reads) or functions as a two bit counter starting at ‘00’ for burst read operations.

During cache coherency operations, the R3071 monitors the Addr bus at the start of a DMA write to
capture the write target address for potential data cache invalidates.

Diag(1)

Diagnostic Pin 1. This output indicates whether the current bus read transaction is due to an on-
chip cache miss, and also presents part of the miss address. The value output on this pin is time
multiplexed:

Cached: During the phase in which the A/D bus presents address information, this
pin is an active high output which indicates whether the current read is
a result of a cache miss.

Miss Address (3): During the remainder of the read operation, this output presents
address bit (3) of the address the processor was attempting to
reference when the cache miss occurred. Regardless of whether a
cache miss is being processed, this pin reports the transfer address
during this time.

On write cycles, this output signals whether the data being written as retained in the on-chip data cache.
The value of this pin is time multiplexed during writes:

Cached: During the address phase of write transactions, this signal is an active
high output which indicates that the store data was retained inthe on-chip
data cache.

Reserved: The value of this pin during the data phase of writes is reserved.

Diag(0)

Diagnostic Pin 0. This output distinguishes cache misses due to instruction references from those
due to data references, and presents the remaining bit of the miss address. The value output on this
pin is also time multiplexed:

vD: If the “Cached” Pin indicates a cache miss, then a high on this pin at this
time indicates an instruction reference, and a low indicates a data
reference. Ifthe read is not due to a cache miss but rather an uncached
reference, then this pin is undefined during this phase.

Miss Address (2): During the remainder of the read operation, this output presents
address bit (2) of the address the processor was attempting to
reference when the cache miss occurred. Regardless of whether a
cache miss is being processed, this pin reports the transfer address
during this time.

During write cycles, the value of this pin during both the address and data phases is reserved.

3045 tbl 03
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PIN DESCRIPTION (Continued):
PIN NAME o DESCRIPTION

ALE 1{e] Address Latch Enable: Used to indicate that the A/D bus contains valid address information for
the bus transaction. This signalis used by external logic to capture the address for the transfer, typically
using transparent latches.

During cache coherency operations, the R3071 monitors ALE at the start of a DMA write, to capture the
write target address for potential data cache invalidates.

(e} Read: An output which indicates that the current bus transaction is a read.

=) 3l

l{e} Write: An output which indicates that the current bus transaction is a write.

During coherent DMA, this input indicates that the current transfer is a write.

DataEn o} External Data Enable: This signalindicates thatthe A/D bus s no longer being driven by the processor
during read cycles, and thus the external memory system may enable the drivers of the memory
system onto this bus without having a bus conflict occur. During write cycles, or when no bus
transaction is occurring, this signal is negated, thus disabling the external memory drivers

Burst/ o} Burst Transfer/Write Near: On read transactions, the Burst signal indicates that the current bus read
WrNear is requesting a block of four contiguous words from memory. This signal is asserted only in read cycles
due to cache misses; it is asserted for all I-Cache miss read cycles, and for D-Cache miss read cycles
if quad word refill is currently selected.

On write transactions, the WrNear output tells the external memory system that the bus interface unit
is performing back-to-back write transactions to an address within the same 512 word page as the prior
write transaction. This signal is useful in memory systems which employ page mode or static column
DRAMSs, and allows near writes to be retired quickly.

Ack I Acknowledge: An input which indicates to the device that the memory system has sufficiently
processed the bus transaction, and that the CPU may either terminate the write cycle or
process the read data from this read transfer.

During Coherent DMA, this input indicates that the current write transfer is completed, and that the
internal invalidation address counter should be incremented.

RdCEn | Read Buffer Clock Enable: An input which indicates to the device that the memory system has
placed valid data on the A/D bus, and that the processor may move the data into the on-chip Read
Buffer.

SysClk (o] System Reference Clock: An output from the CPU which reflects the timing of the internal
processor "Sys" clock. This clock is used to control state transitions in the read buffer, write buffer,
memory controller, and bus interface unit. This clock will either be at the same frequency as the CPU
execution rate clock, or at one-half that frequency, as selected during reset.

BusReq | DMA Arbiter Bus Request: An input to the device which requests that the CPU tri-state its bus
interface signals so that they may be driven by an external master.

BusGnt (0] DMA Arbiter Bus Grant. An output from the CPU used to acknowledge that a BusReq has been
detected, and that the bus is relinquished to the external master.

IvdReq | Invalidate Request. Aninputprovided by an external DMA controller to requestthatthe CPU invalidate
the Data Cache line corresponding to the current DMA write target address. This signalis the same pin
as Diag(0)

CohReq | Coherent DMA Request. Aninput used by the external DMA controller to indicate that the requested
DMA operations could involve hardware cache coherency. This signal is the Rsvd(0) of the R3051.

SBrCond(3:2) | Branch Condition Port: These external signals are internally connected to the CPU signals
BrCond(0) CpCond(3:0). These signals can be used by the branch on co-processor condition instructions as input
BrCond(1) ports. There are two types of Branch Condition inputs: the SBrCond inputs have special internal
logic to synchronize the inputs, and thus may be driven by asynchronous agents. The direct Branch
Condition inputs must be driven synchronously. Note that BrCond(1) is reserved for use by the R3081
internal FPA, and must be pulied-up externally.

BusError | Bus Error: Input to the bus interface unit to terminate a bus transaction due to an external bus error.
This signal is only sampled during read and write operations. If the bus transaction is a read operation,
then the CPU will take a bus error exception.

3045 tbl 04
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PIN DESCRIPTION (Continued):

PIN NAME /0 DESCRIPTION

E(_S:S) | Processor Interrupt: During normal operation, these signals are logically the same as the Int(5:0)

SInt(2:0) signals of the R3000. During processor reset, these signals perform mode initialization of the CPU, but
in a different (simpler) fashion than the interrupt signals of the R3000.
There are two types of interrupt inputs: the Sint inputs are internally synchronized by the processor,
and may be driven by an asynchronous external agent. The direct interrupt inputs are not internally
synchronized, and thus must be externally synchronized to the CPU. The direct interrupt inputs have
one cycle lower latency than the synchronized interrupts. Note that one interrupt, reserved for use by
the R3081 on-chip FPA, will not be monitored externally.

Clkin | Master Clock Input: This input clock is provided at the execution frequency of the CPU.

Reset 1 Master Processor Reset: This signal initializes the CPU. Mode selection is performed during
the last cycle of Reset.

Rsvd(4:1) 1/0 Reserved: These four signal pins are reserved for testing and for future revisions of this device.

Users must not connect these pins. Note that Rsvd(0) of the R3051 is now used for the CohReq input
pin.

3045 tbl 05
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ABSOLUTE MAXIMUM RATINGS!" ¥ RECOMMENDED OPERATING
Symbol Rating ST TU TEMPERATURE AND SUPPLY VOLTAGE
VTERM | Terminal Voltage with Respect | ~0.5t0+7.0 | V Grade Temperature GND vee
to GND Commercial 0°C to +85°C oV 5.0 5%
Tc Operating Case Temperature Oto +85 °C (Case)
TBIAS | Temperature Under Bias 55t0+125 | °C | | Commercial 0°Cto +85°C (C(;\s/e) 3.315%
TsTG Storage Temperature -55t0+125 | °C SOETI07
VIN Input Voitage -0.5t0 +7.0 \'J
NOTES: 3045 bl 06
1. Stressesgreaterthanthose listedunder 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 OUTPUT LOADING FOR AC TESTING
abovethoseindicatedinthe operational sections of this specificationis 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 +0.5V.
3. Notmorethan one outputshouldbe shorted atatime. Duration ofthe short
should not exceed 30 seconds.
VREF To Device
+1.5V Under Test
j | t CLp
AC TEST CONDITIONS—R3071 —amA =
m
Symbol Parameter Min. Max. Unit 3045 drw 07
VIH Input HIGH Voltage 3.0 — \)
ViL Input LOW Voltage — 0 v Signal CLb
ViHs Input HIGH Voltage | 3.5 — v SysClk 50 pf
i I N Vol v All Others 25 pf
LS nput LOW Voltage — 0 20910100
3045 10108
DC ELECTRICAL CHARACTERISTICS R3071— (Tc = 0°C to +85°C, VcC = +5.0V #5%)
33.33MHz 40MHz 50MHz
Symbol | Parameter Test Conditions Min. Max. | Min. Max. |} Min. Max. |Unit
VoH Output HIGH Voltage vce = Min,, IoH =—-4mA 3.5 — | 35 —_ 3.5 —_ A
VoL. Output LOW Voltage Vce = Min,, loL = 4mA — 0.4 — 0.4 — 0.4 \
ViH Input HIGH Voltage® — 20 — 20 — 20 — 1]V
ViL Input LOW Voltage(! —_ — 08| — 08| — 08|V
VIHS Input HIGH Voltage(23) —_ 3.0 — |30 — ]380 — ]V
ViLs Input LOW Voltage(!2) — — 04| — 04 — 04|V
CiN Input Capacitance®) — — 10 | — 10 { — 10 | pF
Cout Output Capacitance(®) — — 10 | — 10 | — 10 | pF
Icc Operating Current Vece =5V, Tc=25°C — 625 | — 700 | — 825 | mA
IH Input HIGH Leakage ViH=Vce —_ 100 | — 100 | — 100 | pA
i Input LOW Leakage ViL= GND -100 — [-100 — }|-100 — |upA
loz Output Tri-state Leakage | VOH = 2.4V, VoL = 0.5V -100 100 |-100 100 |-100 -100 | pA
NOTES: 3045 tol 10

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

ViHs and ViLs apply to Clkin and Reset.

2.
3. Vi should not be held above Vcc + 0.5V.
4. Guaranteed by design.

5.4
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AC ELECTRICAL CHARACTERISTICS R3071 ("' 2— (Tc = 0°C to +85°C, Ve = +5.0V +5%)

33.33MHz 40MHz 50MHz
Symbol Signals Description Min. Max. | Min. Max. | Min. Max.| Unit
t1 BusReg, Ack, BusError, Set-up to SysCIk rising 4 — 3 — 5 — | ns
RdCEn, CohReq
t1a AD Set-up to SysCIk falling 5 — | 45 — 6 — | ns
t2 BusReq, Ack, BusError, Hold from SysCik rising 3 — 3 — 4 — ns
RdCEn, CohReq
toa A/D Hold from SysCIk falling 1 — 1 — 2 —
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysCIk rising — 10 — 10 — 10 | ns
Burst/WrNear, Rd, DatakEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysCik falling — 10 - 10 — 10 | ns
Burst/WrNear, Rd, DatakEn
t5 BusGnt Asserted from SysCIK rising — 6 — 5 — 7 ns
16 BusGnt Negated from SysCIk falling — 6 — 5 — 7 ns
t7 Wr, Rd, BurstWrNear, A/D Valid from SysCIk rising — 4 — 35 | — 5 ns
18 ALE Asserted from SysCIK rising — 3 — 3 — 4 ns
t9 ALE Negated from SysCIk falling — 3 — 3 — 4 ns
110 A/D Hold from ALE negated 1.5 — 1.5 — 1.5 — ns
t11 DataEn Asserted from SysCIk falling — 13 — 12 — 15 | ns
t12 DataEn Asserted from A/D tri-state(3) 0 — 0 — 0 — | ns
t14 A/D Driven from SysCIK rising(®) 0 — 0 — 0 — | ns
t15 Wr, Rd, DataEn, BurstWrNear | Negated from SysCIk falling — — 4 — 6 ns
16 Addr(3:2) Valid from SysClk — 5 — 45 | — 6 ns
t17 Diag Valid from SysClk — 10 — 9 — 11 ns
t18 AD Tri-state from SysCIk falling — 9 — 8 — 10 | ns
119 A/D SysCk falling to data out — 11 — 10 — 12 | ns
120 Clkin (2x clock mode) Pulse Width HIGH 6.5 — | 56 — | N/A®  — | ns
21 ClkIn (2x clock mode) Pulse Width LOW 6.5 — 5.6 — | NNA® — ns
122 CIkIn (2x clock mode) Clock Period 15 250 | 125 250 [N/ABT)  — ns
123 Reset Pulse Width from Vce valid 200 — 200 — 200 — us
t24 Reset Minimum Pulse Width 32 — 32 — 32 — | tsys
t25 Reset Set-up to SysClk falling 4 — 3 — 5 — ns
126 int Mode set-up to Reset rising 8 — 7 — 9 — ns
127 int Mode hold from Reset rising 0 — 0 — 0 — | ns
128 Sint, SBrCond Set-up to SysClk falling 4 — 3 — 5 — ns
129 Sint, SBrCond Hold from SysCIK falling 2 — 2 — 3 — | ns
130 Int, BrCond Set-up to SysClk falling 4 — 3 — 5 — | ns
131 Int, BrCond Hold from SysCIK falling 2 — 2 — 3 — ns
NOTES: 3045 thl 11

1. All timings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

2. The AC values listed here reference timing diagrams contained in the R3081Family Hardware User's Manual.

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

No o

. The design guarantees that the input clock rise and fall times can be as long as 5ns, 3ns for 40MHz and 50MHz.
. For the 50MHz version, 1x clock mode and half frequncy bus mode only.
. when using the reduced frequency feature, the minimum allowed internal CPU speed is 0.5MHz.

54
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COMMERCIAL TEMPERATURE RANGE

AC ELECTRICAL CHARACTERISTICS R3071 (continued)!"> 2— (Tc = 0°C 10 +85°C, Ve = +5.0V 5%)

33.33MHz 40MHz 50MHz

Symbol Signals Description Min. Max. jMin. Max. | Min. Max.| Unit
isys SysCIk (full frequency mode) | Pulse Width 222 2te2 | 222 222 | NJAD) N/AD) | ns
132 _SysCIK (full frequency mode) | Clock HIGH time(® t22-1  t22+1] t22-1 122411 NJAD_ NAD | ns
133 SysCIk (full frequency mode) | Clock LOW time(6) t22-1 12241 ] t22-1 2241 N/AD) N/ADY | ns
tsys/2 SysCIk (half frequency mode) | Pulse Width(®) 2'122  2MM22 | 222  2't22 | 2*t44 2't44 | ns
134 SysCIk (half frequency mode) | Clock HIGH Time(®) t22-1 12241 ] 122-1  122+1] t44-1 4441 | ns
135 SysCIk (half frequency mode) | Clock LOW Time(®) 122-1 12241 122-1 12241 t44-1 t44+1 | ns
t36 ALE Set-up to SysCiK failing 7 — 6 — 8 — | ns
137 ALE Hold from SysClk falling 1 — 1 — 2 — ns
138 A/D Set-up to ALE falling 8 — 8 — 9 — ns
139 A/D Hold from ALE falling 1 — 1 — 2 — ns
140 Wr Set-up to SysClk rising 8 — 7 — 6 — | ns
t41 Wr Hold from SysCIk rising 3 — 3 — 3 — | ns
42 ClkIn (1x clock mode) Pulse Width HIGH(®) 13 — | 11 — ] 16  — ns
143 Clkin (1x clock mode) Pulse Width LOW() 13 — {118 — 1 16® — | ns
t44 ClkIn (1x clock mode) Clock Period(®) 30 50 25 50 20 50 ns
tderate All outputs Timing deration for loading —_ 1 _ 1 —_ 1 ns/

over Cuo@ 4 25pF

NOTES: 3045 tbl 12

1. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

. Guaranteed by design.

BN

. The AC values listed here reference timing diagrams contained in the R3081Family Hardware User's Manual.

. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified

test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

NG,

. The design guarantees that the input clock rise and fall times can be as long as 5ns, 3ns for 40MHz and 50MHz.
. In 1x clock mode, 122 is replaced by t44/2.

. For the 50MHz version, 1x clock mode and half frequency bus mode only.

. When using the reduced frequency feature, the minimum allowed internal CPU speed is 0.5MHz.

5.4
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PIN CONFIGURATIONS

528858 gRsgqs ggercen
O 0008 gy aoaoaogaoagyg eaaggaagad
2 2222288 33Tz 2x2<822z22<<22=
nnnnnnonononaoonononaan
1 84 75
Vvss T 12 — Vss
Vee =4 — vce
Clkin = 1 A/D(14)
Rsvd(4) &= — A/D(13)
Rsvd(3) = — A/D(12)
Rsvd(2) = 3 AD(11)
Rsvd(1) = [— A/D(10)
CohReq = — A/D(9)
Int(5) = 3 vee
V'sslj [—1 Vss
Vee = 1 A/D(8)
Int(4) = =1 A/D(7)
Int(3) == — A/D(6)
Sint(2) = — A/D(5)
Sint(1) £ =1 A/D(4)
Sint(0) = — A/D(3)
SBrCond(3) == 1 Vss
SBrCond(2) T 1 vee
BrCond(1) = 1 A/D(2)
vss 1 A/D(1)
Vee B3 54 3 A/D(0)
33
gopoobiriobovvopouruoouoeurodfd
SIS 1% 15 I8 IE X o Q S wlg o o Q@ § & |k
SERREERREEER a5 5E
1] — =
g a 1= 2 @ [a i a < < %
(=] s
~ p=1
= [43]
_“3_‘! 3045 drw 08
84-Pin MQUAD
Top View

NOTE:
1. Reserved Pins must not be connected.
2. BrCond(1)is reserved in the R3071, and must be pulled-up extemally.
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Clkin 4

/A

SysClk A

B t44 -~
N t43
ta2 \ 7
t33
[ . /_—__.
{ t32 }K /]
tsys 3045 drw 09

Figure 7 (a). R3071 Clocking (1x clock input mode, full frequency bus})

ta4
Clkin-_~1 < ta2 \&___“i___j( \—/—\
SysClk 7/ t34 \I\ tas 7[

tsys/2

3045 drw 10

Figure 7 (b). R3071Clocking (1x clock input mode, half-frequency bus)

[(

Pard

Vce
Clkln I | I | I | I !ﬁ ﬁl | I I I I I I
- t23 o
Reset rr
77

3045 drw 11

Figure 8. Power-On Reset Sequence

t24
Reset [r
77 3045 drw 12
Figure 9. Warm Reset Sequence
N
SysClk / \ / N
Reset JL
tes
Int(n te6 VA
(n) -
t27 3045 drw 13

Figure 10. Mode Selection and Negation of Reset
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SysClk \ £ -~ —l_\__;l_\_%ﬁ‘ _z—\—/_
i 17 |- »] 115¥
Rd N
t14 >l 118 - ta e ™ t1a

A/D(31:0) K’ A Data Input
> tie __t10 d t2a

Addr(3:2) Word Address
-l s

ALE | b

= e ™ t15
DataEn

t11

Burst
t |-
RACEn
- t2
Ack
o 17 ]eg {117
Diag(1) Cached? Miss Address(3)
Diag(0) 1D Miss Address(2) X
Start Tumn Ack/  Sample End
Read Bus Ack? Ack? RdCen  Data Read 3045 drw 14

Figure 11. Single Datum Read in R3071
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ssok - \__ A AF T4 Wt )

] {7 |- * 115
N\

]

Rd

t14

t14 l/< »] t18 r t1a | ta | ta |

A/D(31:0) N /?;ér NWordO t:k word 1 t:k Word 2 t
»hs t1oh |- .I t2a .l tea '—I t2a
Addr(3:2) % 00 % o1’ )E 10 %
I P | to »{t16 =116 =16
ALE r

N

t12 L o

t1s
DataEn

-
i {7 > l11£
Burst _{
o t |- H |- t |-
i L e ey
-l 2

to > 12 | =2 [ 7
Ack
] 117 g ] 117]
Diag(1) ached? Miss Address(3) E
oy r ¢ [ 1T [ |
Diag(0) D Miss Address(2)

| | | l [ l I | l [

Start Turn Ack/ Sample RACEn Sample RdCEn Sample RdCEn Sample New
Read Bus RdCen Data Data Data Data Transaction
3045 drw 15

Figure 12. R3071 Burst Read
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SysClk Si 7‘4 3'( ' A N A N

Rd

—>| tla  |ea— ——I ta  |ea—
V4 Word 0 N & WmQ:
tea

A/D(31:0) N /| N

Addr(3:2) '00' % ‘o1’ }E "0
. - 16 —»1 t16

ALE

DataEn

Burst

P
RACEn _7E__
— 2 - 12 —

Ack _"'_

RdCEN- Sample RdCEn Sample RdCEn Sample
Data Data Data 3045 drw 16

Figure 13 (a). Start of Throttled Quad Read

SysClk \__//j_/ \_/_\___/

tis
Rd ' 7|

'»I/LN' t1a —] t4
= -} e ]
Word 2 Word 3
A/D(31:0 N N
( ) *—ﬁ* 1 toa
h?E—

3
1

o1 Hy

Addr(3:2)

N

ALE

¥

tis
DataEn

Burst

o f-—
RdCEn —tt
—E‘i* i
Ack *—i

i

f - qh«-
-—-tzl_‘ *_Et

Ack RdCEn Sample RdCEn  Sample New
Data Data Transaction
3045 drw 17

Figure 13 (b). End of Throttled Quad Read
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sok 1 T o _# F_A£ \__/

—_—e ™ tis
Wi —5(
r
t14 »| t19 > t14
l/‘ Addr Data
A/D(31:0) BE Out
ltoato = = | | [ ]
% Word Address
Addr(3:2)
| 18 -
1
ALE ———— | ts
{117
. Cached Reserved >
e w1 ] T 1
117 |-
Reserved Reserved >
Diag(0)
-1 17 » 115 -

\
WrNear * %

T
X

1 .
Start Data Ack  Negate New
Write Out Ack? Ack? Wr Transfer 3045 drw 18
Figure 14. R3071 Write Cycle
g N e \
SysClk e BN e
XR t2
BusReq
t1 L - ts
BusGnt ‘—ts\—lk—
A/D(31:0) >
Addr(3:2) >
Diag(1:0) >
N

Rd - I
~

Wr
ALE A
Burst/ - I
WrNear /
3045 drw 19

Figure 15. Request and Relinquish of R3071 Bus to External Master
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SysCik // X\ e < \

t2
BusGnt t6 ;|

A/D(31:0)

Addr(3:2)

Diag(1:0) <

Rd

ALE

Burst/
WrNear <

AN /TN I I

3045 drw 20

Figure 16. R3071 Regaining Bus Mastership
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SysClk __\ / /—

Sint(n)

t8 t29 3045 drw 21
Figure 17. Synchronized Interrupt Input Timing

SysClk —\__/_—w

Int(n)
. I
_ tao 131 3045 drw 22
Figure 18. Direct Interrupt Input Timing
SysClk ~— _—
SBrCond(n)
I
t28 t2o 3045 drw 23
Figure 19. Synchronized Branch Condition input Timing
SysClk —\—/_——_;_/
BrCond(n)
| -
tso  t31 3045 drw 24
Figure 20. Direct Branch Condition Input Timing
22
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SysClk

BusReq

CohReq

BusGnt

A/D(31:0)

Addr(3:2)

Diag(1:0)

Rd

Wr

ALE

Burst/
WrNear

SysClk

Wr

ALE

A/D

Addr

Internal
Invalidate
Address

t2

0 7[ \

J7

I/I/\I/ki/

\
|

-

Figure 21, Coherent DMA Request

/

3045 drw 25

\\ ) < \
\ | Tio T4 |
Ta7 | B —— |
7|4.= T3e - \\
Tas T30

>

Figure 22. Beginning of Coherent DMA Write

3045 drw 26
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X

SysClk /1 N Vy ¢ 5& 7‘ 3
Ack T T2 1_/—x /
IvdReq 1 /
Internal
vd
Internal
Invalidate
Address >( X
Figure 23. Cache Word Invalidation 3045 drw 27

SysClk A

TN | S

N— ~N—

Ta0
Wr > F - .
T 3045 drw 28
Figure 24. End of Coherent Write
) rd
SysCik 7{ . Ve \
BusReq t2
BusReq 1 -——
CohReq
BusGnt o _/: I
t4
A/D(31:0) = = (
Addr(3:2) vd <
Diag(1:0) v <
Wr Vs \
ALE /
Burst/
WrNear < \

Figure 25. End of Coherent DMA Request
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84 LEAD MQUAD®™

) D
45° x 045 T g~ PINT
ImEmEmEE Iy g }
(0] [
: : —
O 1
N ] DJE3
= i _
E 0 i_ -—[m DYE2
0 N st |
O | — 1
g A i T
T

SEATING PLANE

3045 drw 30

NOTES:

NooaeN

. Alldimensions are in inches, unless otherwise noted.

BSC—Basic lead Spacing between Centers.

D & E do not include mold flash or protutions.

Formed leads shall be planar with respect to one another and within .004” at the seating plane.
ND & NE represent the number of leads in the D & E directions respectively.

. D1 & E1 should be measured from the bottom of the package.

. 84-pin MQUAD is pin & form compatible with 84-pin PLCC of R3051/2

DWG # MJ84-1
# of Leads 84
Symbol Min. Max.
A 165 .180
Al .094 114
B .026 .032
b1 .013 .021
Cc .020 .040
c1 .008 .012
D 1.185 1.195
D1 1.140 - 1.150
D2/E2 1.090 1.130
D3/E3 1.000 REF
E 1.185 1.195
E1 1.140 1.150
e .050 BSC
ND/NE 21

3045tbl 13
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ORDERING INFORMATION

XXXXX = XX X X
IDT
Device Type  Speed Package Process/
Temp. Range
Blank
1 ‘MJ
J 33
40
| 50
| 79R3071
| 79R3071E
VALID COMBINATIONS

IDT 79R3071 — 33, 40, 50 MJ
79R3071E — 33, 40, 50 MJ

MQUAD Package
MQUAD Package

Commercial Temperature Range

84-Pin MQUAD

33.33MHz
40.0MHz
50.0MHz

No TLB
With TLB

3045 drw 31
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dng® IDT79R3081 IDT 79R3081™, 79R3081E
’r dt RISController™ IDT 79RV3081, 79RV3081E
i with FPA
Integrated Device Technology, Inc.

FEATURES » Large on-chip caches with user configurability
* Instruction set compatible with IDT79R3000A, R3041, — 16kB Instruction Cache, 4kB Data Cache

R3051, and R3071 RISC CPUs — Dynamically configurable to 8kB Instruction Cache,
« High level of integration minimizes system cost 8kB Data Cache

— R3000A Compatible CPU — Parity protection over data and tag fields

— R3010A Compatible Floating Point Accelerator * Low cost 84-pin packaging

Superset pin- and software-compatible with R3051, R3071
Multiplexed bus interface with support for low-cost, low-

— Optional R3000A compatible MMU
— Large Instruction Cache

— Large Data Cache speed memory systems with a high-speed CPU

— Read/Write Buffers * On-chip 4-deep write buffer eliminates memory write stalls
« 43VUPS at 50MHz * On-chip 4-deep read buffer supports burst or simple block

— 13MFlops reads

On-chip DMA arbiter

* Flexible bus interface allows simple, low cost designs °
« Optional 1x or 2x clock input * Hardware-based Cache Coherency Support
* 20 through 50MHz operation * Programmable power reduction mode
* "V"version operates at 3.3V * Bus Interface can operate at half-processor frequency
* 50MHz at 1x clock input and 1/2 bus frequency only
R3081 BLOCK DIAGRAM : BrCond(3:2,0)
‘ P 1
Clkin Clock Generator —>1 Master Pipeline Control |
Unit/Clock Doubler . .
System Control Floating Point
Coprocessor Integer Coprocessor
(CPO) CPU Core (CP1) y
Exception/Control General Registers Register Unit
Registers (32x32) (16 x 64)
Memory Management ALU Exponent Unit
cgisters Shifter
— Add Unit
Translation Mult/Div Unit Divide Unt
Int(5:0) o I e Address Adder vido Ut
PC Control Multiply Unit
1 Virtual Address J Exception/Control
FP Interrupt +
Physical Address Bus | Data Bus
g Configurable Configurable
Instruction Data 361,
Cache Cache “]
(16kB/8kB) (4kB/8kB)
0 Data Bus '
r 1
Gs:éirtgtor R3051 Superset Bus Interface Unit
4-deep 4-deep DMA BIU Coherency
Read Write f ;
Buffer Buffer Arbiter Control Logic
Address/ DMA Rd/Wr  SysClk Invalidate
Data Ctrl Ctrl Control 2889 drw 01

The IDT logo is a registered trademark, and RISController, R3041, R305 1, R3052, R3071, R3081, R3720, R4400, R4600, IDT/kit, and IDT/sim are trademarks of Integrated Device Technology, Inc.
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iDT79R3081 RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

INTRODUCTION

The IDT R3051 family is a series of high-performance 32-
bit microprocessors featuring a high-level of integration, and
targeted to high-performance but cost sensitive processing
applications. The R3051 family is designed to bring the high-
performance inherent in the MIPS RISC architecture into
low-cost, simplified, power sensitive applications.

Thus, functional units have been integrated onto the CPU
core in order to reduce the total system cost, rather than to
increase the inherent performance of the integer engine.
Nevertheless, the R3051 family is able to offer 43VUPS
performance at 50MHz without requiring external SRAM or
caches.

The R3081 extends the capabilities of the R3051 family, by
integrating additional resources into the same pin-out. The
R3081 thus extends the range of applications addressed by
the R3051 family, and allows designers to 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.

In addition to the embedded applications served by the
R3051 family, the R3081 allows low-cost, entry level computer
systems to be constructed. These systems will offer many
times the performance of traditional PC systems, yet cost
approximately the same. The R3081 is able to run any
standard R3000A operation system, including ACE UNIX.
Thus, the R3081 can be used to build a low-cost ARC
compliant system, further widening the range of performance
solutions of the ACE Initiative.

An overview of this device, and quantitative electrical
parameters and mechanical data, is found in this data sheet;
consult the "R3081 Family Hardware User's Guide" for a
complete description of this processor.

DEVICE OVERVIEW
As part of the R3051 family, the R3081 extends the offering

of a wide range of functionality in a compatible interface. The

R3051 family ailows the system designer to implement a

single base system, and utilize interface-compatible processors

of various complexity to achieve the price-performance goals
of the particular end system.

Differences among the various family members pertain to
the on-chip resources of the processor. Current famity members
include:

* The R3052E, whichincorporates an 8kB instruction cache,
a 2kB data cache, and full function memory management
unit (MMU) including 64-entry fully associative Translation
Lookaside Buffer (TLB).

* The R3052, which also incorporates an 8kB instruction
cache and 2kB data cache, but does not include the TLB,
and instead uses a simpler virtual to physical address
mapping.

* The R3051E, which incorporates 4kB of instruction cache
and 2kB of data cache, along with the full function MMU/
TLB of the R3000A.

* The R3051, which incorporates 4kB of instruction cache
and 2kB of data cache, but omits the TLB, and instead uses
a simpler virtual to physical address mapping.

» TheR3081E, whichincorporates a 16kB instruction cache,
a 4kB data cache, and full function memory management
unit (MMU) including 64-entry fully associative Translation
Lookaside Buffer (TLB). The cache on the R3081E is user
configurable to an 8kB Instruction Cache and 8kB Data
Cache.

¢ The R3081, which incorporates a 16kB instruction cache,
a 4kB data cache, but uses the simpler memory mapping
of the R3051/52, and thus omits the TLB. The cache onthe
R3081 is user configurable to an 8kB Instruction Cache and
8kB Data Cache.

Figure 1 shows ablocklevelrepresentation of the functional
units within the R3081E. The R3081E could be viewed as the
embodiment of a discrete solution buiit around the R3000A
and R3010A. However, by integrating this functionality on a
single chip, dramatic costand power reductions are achieved.

CPU Core

The CPU core is a full 32-bit RISC integer execution
engine, capable of sustaining close to single cycle execution.
The CPU core contains afive stage pipeline, and 32 orthogonal
32-bit registers. The R3081 uses the same basic integer
execution core as the entire R3051 family, which is the
R3000A implementation of the MIPS instruction set. Thus, the
R3081 family is binary compatible with the R3051, R3052,
R3000A, R3001, and R3500 CPUs. In addition, the R4000
represents an upwardly software compatible migration path to
still higher levels of performance.

The execution engine in the R3081 uses a five-stage
pipeline to achieve near single-cycle instruction execution
rates. A new instruction can be initiated in each clock cycle;
the execution engine actually processes five instructions
concurrently (in various pipeline stages). Figure 2 shows the
concurrency achieved in the R3081 execution pipeline.

System Control Co-Processor

The R3081 family also integrates on-chip the System
Control Co-processor, CP0. CP0 manages both the exception
handling capability of the R3081, as well as the virtual to
physical address mapping.

As with the R3051 and R3052, the R3081 offers two
versions of memory management and virtual to physical
address mapping: the extended architecture versions, the
R3051E, R3052E, and R3081E, incorporate the same MMU
as the R3000A. These versions contain a fully associative 64-
entry TLB which maps 4kB virtual pages into the physical
address space. The virtual to physical mapping thus includes
kernel segments which are hard-mapped to physical
addresses, and kernel and user segments which are mapped
page by page by the TLB into anywhere in the 4GB physical
address space. In this TLB, 8 pages can be “locked” by the
kerneltoinsure deterministic response inreal-time applications.
Figure 3illustrates the virtual to physical mapping foundin the
R3081E.
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Figure 2. R3081 5-Stage Pipeline
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Figure 3. Virtual to Physical Mapping of Extended Architecture
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The extended architecture versions of the R3051 family
(the R3051E, R3052E, and R3081E) allow the system designer
to implement kernel software which dynamically manages
user task utilization of system resources, and also allows the
Kernel to protect certain resources from user tasks. These
capabilities are important in general computing applications
such as ARC computers, and are also important in a variety of
embeddedapplications, from process control (where protection
may be important) to X-Window display systems (where
virtual memory management can be used). The MMU can
also be used to simplify system debug.

R3051 family base versions (the R3051,R3052,and R3081)
remove the TLB and institute a fixed address mapping for the
various segments of the virtual address space. These devices
still support distinct kernel and user mode operation, but do
not require page management software, leading to a simpler
software model. The memory mapping used by these devices
is shown in Figure 4. Note that the reserved spaces are for
compatiblity with future family members, which may map on-
chip resources to these addresses. References to these
addresses in the R3081 will be translated in the same fashion
as the rest of their respective segments, with no traps or
exceptions signalled.

When using the base versions of the architecture, the
system designer can implement a distinction between the
user tasks and the kernel tasks, without having to implement
page management software. This distinction can be
implemented by decoding the output physical address. In
systems which do not need memory protection, and wish to
have the kernel and user tasks operate out of the same
memory space, high-order address lines can be ignored by
the address decoder, and thus all references will be seen in
the lower gigabyte of the physical address space.

Floating Point Co-Processor

The R3081 also integrates an R3010A compatible floating
point accelerator on-chip. The FPA is a high-performance co-
processor (co-processor 1 to the CPU) providing separate
add, multiply, and divide functional units for single and double
precision floating point arithmetic. The floating point accelerator
features low latency operations, and autonomous functional
units which allow differing types of floating point operations to
function concurrently with integer operations. The R3010A
appears to the software programmer as a simple extension of
the integer execution unit, with 16 dedicated 64-bit floating
pointregisters (software references these as 32 32-bitregisters
when performing loads or stores). Figure 5 illustrates the
functional block diagram of the on-chip FPA.

Clock Generator Unit

The R3081 is driven from a single input clock which can be
eitheratthe processorrated speed, orat twice that speed. On-
chip, the clock generator unit is responsible for managing the
interaction of the CPU core, caches, and bus interface. The
R3081 includes an on-chip clock doubler to provide higher
frequency signals to the internal execution core; if 1x clock
mode is selected, the clock doubler will internally convert it to
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a.double frequency clock. The 2x clock mode is provided for
compatiblity withthe R3051. The clock generator unit replaces
the externaldelay line required in R3000A based applications.

Instruction Cache

The R3081 implements a 16kB Instruction Cache. The
system may choose to repartition the on-chip caches, so that
the instruction cache is reduced to 8kB but the data cache is
increased to 8kB. The instruction cache is organized with a
line size of 16bytes (four entries). This large cache achieves
hitratesin excess of 98% in most applications, and substantially
contributes to the performance inherent in the R3081. The
cache is implemented as a direct mapped cache, and is
capable of caching instructions from anywhere within the 4GB
physical address space. The cache is implemented using
physical addresses (rather than virtual addresses), and thus
does not require flushing on context switch.

Theinstruction cache is parity protected over the instruction
word and tag fields. Parity is generated by the read buffer
during cache refill; during cache references, the parity is
checked, and in the case of a parity error, a cache miss is
processed.

Data Cache

The R3081 incorporates an on-chip data cache of 4kB,
organized as a line size of 4 bytes (one word). The R3081
allows the system to reconfigure the on-chip cache from the
default 16kB 1-Cache/4kB D-Cache to 8kB of Instruction and
8kB of Data caches.

The relatively large data cache achieves hitrates in excess
of 95% in most applications, and contributes substantially to

the performance inherentin the R3081. As withthe instruction
cache, the data cache is implemented as a direct mapped
physicaladdress cache. The cacheis capable of mappingany
word within the 4GB physical address space.

The data cache is implemented as a write-through cache,
to insure that main memory is always consistent with the
internal cache. In order to minimize processor stalls due to
data write operations, the bus interface unit incorporates a 4-
deep write buffer which captures address and data at the
processor execution rate, allowing it to be retired to main
memory at a much slower rate without impacting system
performance. Further, support has been provided to allow
hardware based data cache coherency in a multi-master
environment, such as one utilizing DMA from 1/O to memory.

The data cache is parity protected over the data and tag
fields. Parity is generated by the read buffer during cache refill;
during cache references, the parity is checked, and in the case
of a parity error, a cache miss is processed.

Bus Interface Unit

The R3081 uses its large internal caches to provide the
majority of the bandwidth requirements of the execution
engine, and thus can utilize a simple bus interface connected
to slower memory devices. Alternately, a high-performance,
low-cost secondary cache can be implemented, allowing the
processor to increase performance in systems where bus
bandwidth is a performance limitation.

Aspartofthe R3051 family, the R3081 bus interface utilizes
a 32-bit address and data bus multiplexed onto a single set of
pins. The bus interface unit also provides an ALE (Address
Latch Enable) output signal to de-multiplex the A/D bus, and
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Figure 5. FPA Functional Block Diagram
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simple handshake signals to process CPU read and write
requests. In addition to the read and write interface, the R3051
family incorporates a DMA arbiter, to allow an external master
to control the external bus.

The R3081 also supports hardware based cache coherency
during DMA writes. The R3081 can invalidate a specified line
of data cache, or in fact can perform burst invalidations during
burst DMA writes.

The R3081 incorporates a 4-deep write buffer to decouple
the speed of the execution engine from the speed of the
memory system. The write buffers capture and FIFO processor
address and data information in store operations, and present
it to the bus interface as write transactions at the rate the
memory system can accommodate.

The R3081 read interface performs both single datum
reads and quad word reads. Single reads work with a simple
handshake, and quad word reads can either utilize the simple
handshake (in lower performance, simple systems) or utilize
atightertiming mode when the memory system canburstdata
at the processor clock rate. Thus, the system designer can
choose to utilize page or nibble mode DRAMs (and possibly
use interleaving, if desired, in high-performance systems), or
use simpler techniques to reduce complexity.

In order to accommodate slower quad word reads, the
R3081 incorporates a 4-deep read buffer FIFO, so that the
external interface can queue up data within the processor
before releasing it to perform a burst fill of the internal caches.

The R3081is R3051 supersetcompatible inits businterface.
Specifically, the R3081 has additional support to simplify the
design of very high frequency systems. This support includes
the ability to run the bus interface at one-half the processor
execution rate, as well as the ability to slow the transitions
between reads and writes to provide extra buffer disable time
forthe memory interface. However, it is still possible to design
a system which, with no modification to the PC Board or
software, can accept eitheran R3041, R3051, R3052, R3071,
or R3081.

SYSTEM USAGE

The IDT R3051 family has been specifically designed to
allow a wide variety of memory systems. Low-cost systems
can use slow speed memories and simple controllers, while
other designers may choose toincorporate higher frequencies,
faster memories, and techniques such as DMA to achieve
maximum performance. The R3081 includes specific support
for high perfromance systems, including signals necessary to
implement external secondary caches, and the ability to
perform hardware based cache coherency in multi-master
systems.

Figure 6 shows a typical system implementation.
Transparent latches are used to de-multiplex the R3081
address and data busses from the A/D bus. The data paths
between the memory system elements and the A/D bus is
managed by simple octal devices. A small set of simple PALs
is used to control the various data path elements, and to
control the handshake between the memory devices and the
CPU.

Dependingonthe costvs. performance tradeoffs appropriate

to a given application, the system design engineer could
include true burst support from the DRAM to provide for high-
performance cache miss processing, or utilize a simpler,
lower performance memory system to reduce cost and simplify
the design. Similarly, the system designer could choose to
implement techniques such as external secondary cache, or
DMA, to further improve system performance.

DEVELOPMENT SUPPORT
The IDT R3051 family is supported by a rich set of
development tools, ranging from system simulation tools
through PROM monitor and debug support, applications
software and utility libraries, logic analysis tools, sub-system
modules, and shrink wrap operating systems. The R3081,
which is pin and software compatible with the R3051, can
directly utilize these existing tools to reduce time to market.
Figure 7 is an overview of the system development process
typically used when developing R3051 family applications.
The R3051 family is supported in all phases of project
development. These tools allow timely, parallel development
of hardware and software for R3051 family applications, and
include tools such as:
* Optimizing compilers from MIPS, the acknowledged leader
in optimizing compiler technology.
Cross development tools, available in a variety of
development environments. .
The IDT Evaluation Board, which includes RAM, EPROM,
1/0, and the IDT PROM Monitor.
IDT/sim™, which implements a full prom monitor
(diagnostics, remote debug support, peek/poke, etc.).
IDT/kit™, which implements a run-time support package for
R3051 family systems.

PERFORMANCE OVERVIEW
The R3081 achieves a very high-level of performance. This
performance is based on:

* An efficient execution engine. The CPU performs ALU

operations and store operations in a single cycle, and has
an effective load time of 1.3 cycles, and branch execution
rate of 1.5 cycles (based on the ability of the compilers to
avoid software interlocks). Thus, the execution engine
achieves over 35 VUPS performance when operating out
of cache.

Afullfeatured floating pointaccelerator/co-processor.
The R3081 incorporates an R3010A compatible floating
point accelerator on-chip, withindependent ALUs for floating
pointadd, multiply, and divide. The floating point unitis fully
hardware interlocked, and features overlapped operation
and precise exceptions. The FPA allows floating point
adds, multiplies, and divides to occur concurrently with
each other, as well as concurrently with integer operations.
Large on-chip caches. The R3051 family contains caches
which are substantially larger than those on the majority of
today’s microprocessors. These large caches minimize the
number of bus transactions required, and allow the R3051
family to achieve actual sustained performance very close
to its peak execution rate. The R3081 doubles the cache
available on the R3052, making it a suitable engine for
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many general purpose computing applications, such as
ARC compliant systems.

Autonomous multiply and divide operations. The R3051
family features an on-chip integer multiplier/divide unit
which is separate from the other ALU. This allows the CPU
to perform multiply ordivide operations in parallel with other
integer operations, using a single multiply or divide
instruction rather than “step” operations.

Integrated write buffer. The R3081 features a four deep
write buffer, which captures store target addresses and
data at the processor execution rate and retires it to main
memory atthe slowermain memory access rate. Use of on-
chip write buffers eliminates the need for the processor to
stall when performing store operations.

Burstread support. The R3051 family enables the system
designer to utilize page mode or nibble mode RAMs when
performing read operations to minimize the main memory
read penalty and increase the effective cache hit rates.
These techniquescombineto allow the processorto achieve
over 43 VUPS integer performance, 13MFlops of Linpack
performance, and 70,000 dhrystones withoutthe use of external
caches or zero wait-state memory devices.

The performance differences between the various family
members depends on the application software and the design
of the memory system. The impact of the various cache sizes,
and the hardware floating point, can be accurately modeled
using Cache-3051. Since the R3041, R3051, R3052, R3071,
and R3081 are all pin and software compatible, the system
designer has maximum freedom in trading between
performance and cost. A system can be designed, and later
the appropriate CPU inserted into the board, dependingon the
desired system performance.

SELECTABLE FEATURES

The R3081 allows the system designer to configure certain
aspects of operation. Some of these options are established
when the device is reset, while others are enabled via the
Config registers:
BigEndian vs. LittleEndian Byte Ordering. The partcan
be configured to operate with either byte ordering. ACE/
ARC systems typically use Little Endian byte ordering.
However, various embedded applications, written originally
for a Big Endian processor such as the MC680x0, are
easier to port to a Big Endian system.
Data Cache Refill of one or four words. The memory
system must be capable of performing four word refills of
instruction cache misses. The R3081 allows the system
designer to enable D-Cache refill of one or four words
dynamically. Thus, specialized algorithms can choose one
refill size, while the rest of the system can operate with the
other.
Half-frequency bus mode. The processor can be
configured such that the external bus interface is at one-
half the frequency of the processor core. This simplifies
system design; however, the large on-chip caches mitigate
the performance impact of using a slower system bus clock.
Slow bus turn-around. The R3081 allows the system
designer to space processor operations, so that more time

is allowed fortransitions between memory and the processor
on the multiplexed address/data bus.

Configurable cache. The R3081 allows the system
designer to use software to select either a 16kB Instruction
Cache/4kB Data Cache organization, or an 8kB Instruction/
8kB Data Cache organization.

Cache Coherent Interface. The R3081 has an optional
hardware based cache coherency interface intended to
support multi-master systems such as those utilizing DMA
between memory and /0.

Optional 1x or 2x clock input. The R3081 can be driven
with an R3051 compatible 2x clock input, or a lower
frequency 1x clock input.

THERMAL CONSIDERATIONS

The R3081 utilizes special packaging techniques toimprove
the thermal properties of high-speed processors. Thus, the
R3081 is packaged using cavity down packaging, with an
embedded thermal slug to improve thermal transfer to the
suurrounding air.

The R3081 utilizes the 84-pin MQUAD package (the "MJ"
package), which is an all aluminum package with the die
attached to a normal copper lead-frame mounted to the
aluminum casing. The MQUAD package allows foran efficient
thermal transfer between the die and the case due to the heat
spreading effect of the aluminum. The aluminum offers less
internal resistance from one end of the package to the other,
reducing the temperature gradient across the package and
therefore presenting a greater area for convection and
conduction to the PCB for a given temperature. Even nominal
amounts of airflow will dramatically reduce the junction
temperature of the die, resulting in cooler operation. The
MQUAD package is available atall frequencies, andis pinand
form compatible with the PLCC used for the R3051. Thus,
designers caninter-change R3081s and R3051sin aparticular
design, without changing their PC Board.

The R3081 is guaranteed in a case temperature range of
0°C to +85°C. The type of package, speed (power) of the
device, and airflow conditions, affect the equivalent ambient
temperature conditions which will meet this specification.

The equivalent allowable ambient temperature, Ta, can be
calculated using the thermal resistance from case to ambient
(Dca) of the given package. The following equation relates
ambient and case temperatures:

Ta=Tc-P *dca

where P is the maximum power consumption at hot
temperature, calculated by usingthe maximum lcc specification
for the device.

Typical values for @ca at various airflows are shown in
Table 1.

Note that the R3081 allows the operational frequency to be
turned down duringidle periods to reduce powerconsumption.
This operation is described in the R3081 Hardware User's
Guide. Reducingthe operationfrequency dramatically reduces
power consumption.
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OCA
Airflow (ft/min) | 0 200 | 400 | 600 | 800 {1000
"MJ" Package* 22 14 12 1 9 8

PLCC Package | 29 26 21 18 16 15
2889 tbl 01

Table 1. Thermal Resistance (Jca) at Various Airflows
(*estimated: final values thd)

NOTES ON SYSTEM DESIGN

The R3081 has been designed to simplify the task of high-
speedsystem design. Thus, set-up and hold-time requirements
have been kept to a minimum, allowing a wide variety of
system interface strategies.

To minimize these AC parameters, the R3081 employs
feedback from its SysClk output to the internal bus interface
unit. This allows the R3081 to reference input signals to the
reference clock seen by the external system. The SysClk
output is designed to provide relatively large AC drive to

minimize skew due to slow rise or fall times. A typical part will
have less than 2ns rise or fall (10% to 90% signal times) when
driving the test load. .

Therefore, the system designer should use care when
designing for direct SysClk use. Total loading (due to devices
connected on the signal net and the routing of the net itself)
should be minimized to ensure the SysClk output has a
smooth and rapid transition. Long rise and/or fall times may
cause a degradation in the speed capability of an individual
device.

Similarly, the R3081 employs feedback onits ALE outputto
ensure adequate address hold time to ALE. The system
designer should be careful when designing the ALE net to
minimize total loading and to minimize skew between ALE and
the A/D bus, which will ensure adequate address access latch
time.

IDT's field and factory applications groups can provide the
system designer with assistance for these and other design
issues. :
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PIN DESCRIPTION

PIN NAME

/0

DESCRIPTION

A/D(31:0)

/O

Address/Data: A 32-bit time multiplexed bus which indicates the desired address for a bus transaction
inone phase, and which is used to transmit data betweenthe CPU and external memory resources during
the rest of the transfer.

Bus transactions on this bus are logically separated into two phases: during the first phase, information
about the transfer is presented to the memory system to be captured using the ALE output. This
information consists of:

Address(31:4): The high-order address for the transfer is presented on A/D(31:4).

BE(3:0): These strobes indicate which bytes of the 32-bit bus will be involved in
the transfer, and are presented on A/D(3:0).

During write cycles, the bus contains the data to be stored and is driven from the internal write buffer.
On read cycles, the bus receives the data from the external resource, in either a single data transaction
or in a burst of four words, and places it into the on-chip read buffer.

During cache coherency operations, the R3081 monitors the A/D bus at the start of a DMA write to capture
the write target address for potential data cache invalidates.

Addr(3:2)

Low Address (3:2) A 2-bit bus which indicates which word is currently expected by the processor.
Specifically, this two bit bus presents either the address bits for the single word to be transferred (writes
or single datum reads) or functions as a two bit counter starting at ‘00’ for burst read operations.

During cache coherency operations, the R3081 monitors the Addr bus at the start of a DMA write to
capture the write target address for potential data cache invalidates.

Diag(1)

Diagnostic Pin 1. This output indicates whether the current bus read transaction is due to an on-chip
cache miss, and also presents part of the miss address. The value output on this pin is time multiplexed:

Cached: During the phase in which the A/D bus presents address information, this
pinis an active HIGH output which indicates whether the currentread is
a result of a cache miss.

Miss Address (3): During the remainder of the read operation, this output presents address
bit (3) of the address the processor was attempting to reference whenthe
cache miss occurred. Regardless of whether a cache miss is being
processed, this pin reports the transfer address during this time.

On write cycles, this output signals whether the data being written as retained in the on-chip data cache.
The value of this pin is time multiplexed during writes:

Cached: During the address phase of write transactions, this signal is an active
high output whichindicates that the store data was retained inthe on-chip
data cache.

Reserved: The value of this pin during the data phase of writes is reserved.

Diag(0)

Diagnostic Pin 0. This output distinguishes cache misses due to instruction references from those
due to data references, and presents the remaining bit of the miss address. The value output on this
pin is also time multiplexed:

I/D: If the “Cached” Pin indicates a cache miss, then a high on this pin at this
time indicates an instruction reference, and a low indicates a data
reference. If the read is not due to a cache miss but rather an uncached
reference, then this pin is undefined during this phase.

Miss Address (2): During the remainder of the read operation, this output presents
address bit (2) of the address the processor was attempting to
reference when the cache miss occurred. Regardless of whether a
cache miss is being processed, this pin reports the transfer address
during this time.

During write cycles, the value of this pin during both the address and data phases is reserved.

2889 tbl 02
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PIN DESCRIPTION (Continued):
PIN NAME o DESCRIPTION

ALE /O | Address Latch Enable: Used to indicate that the A/D bus contains valid address information for the bus
transaction. This signal is used by external logic to capture the address for the transfer, typically using
transparent latches.

During cache coherency operations, the R3081 monitors ALE at the start of a DMA write, to capture the write
target address for potential data cache invalidates.

(o] Read: An output which indicates that the current bus transaction is a read.

g3

I/O | Write: An output which indicates that the current bus transaction is a write. During coherent DMA, this input
indicates that the current transfer is a write.

DataEn (o] External Data Enable: This signalindicates that the A/D bus is no longer being driven by the processor during
read cycles, and thus the external memory system may enable the drivers of the memory system onto this bus
without having a bus conflict occur. During write cycles, or when no bus transaction is occurring, this signal is
negated, thus disabling the external memory drivers

Burst/ (¢] Burst Transfer/Write Near: On read transactions, the Burst signal indicates that the current bus read is
WrNear requesting a block of four contiguous words from memory. This signal is asserted only in read cycles due to
cache misses; itis asserted for ali I-Cache miss read cycles, and for D-Cache miss read cycles if quad word refill
is currently selected.

On write transactions, the WrNear output tells the external memory system that the bus interface unitis
performing back-to-back write transactions to an address within the same 512 word page as the prior write
transaction. This signal is useful in memory systems which employ page mode or static column DRAMs, and
allows near writes to be retired quickly.

Ack | Acknowledge: Aninput which indicates to the device that the memory system has sufficiently processed the
' bus transaction, and that the CPU may either terminate the write cycle or process the read data from this read
transfer.

During Coherent DMA, this input indicates that the current write transfer is completed, and that the internal
invalidation address counter should be incremented.

RdCEn | Read Buffer Clock Enable: Aninput which indicates to the device that the memory system has placed valid
data on the A/D bus, and that the processor may move the data into the on-chip Read Buffer.

SysClk (0] System Reference Clock: An output from the CPU which reflects the timing of the internal processor "Sys"
clock. This clock is used to control state transitions in the read buffer, write buffer, memory controller, and bus
interface unit. This clock will either be at the same frequency as the CPU execution rate clock, or at one-half
that frequency, as selected during reset.

BusReq | DMA Arbiter Bus Request: Aninputtothe device whichrequests thatthe CPUtri-state its businterface signals|
so that they may be driven by an external master.

BusGnt o DMA Arbiter Bus Grant. An outputfromthe CPU used to acknowledge thata BusReq has been detected, and
that the bus is relinquished to the external master.

IvdReq | Invalidate Request. An input provided by an externat DMA controller to request that the CPU invalidate the
Data Cache line corresponding to the current DMA write target address. This signal is the same pin as Diag(0)

CohReq | Coherent DMA Request. An input used by the external DMA controller to indicate that the requested DMA
operations could involve hardware cache coherency. This signal is the Rsvd(0) of the R3051.

SBrCond(3:2) I Branch Condition Port: These external signals are internally connected to the CPU signals CpCond(3:0).
BrCond(0) These signals can be used by the branch on co-processor condition instructions as input ports. There are two
types of Branch Condition inputs: the SBrCond inputs have special internal logic to synchronize the inputs, and
thus may be driven by asynchronous agents. The direct Branch Condition inputs must be driven synchronously.
Note that BrCond(1) is used by the internal FPA, and thus is not available on an external pin.

BusError 1 Bus Error: Inputto the businterface unitto terminate a bus transaction due to an external bus error. This signal
is only sampled during read and write operations. If the bus transaction is a read operation, then the CPU will
take a bus error exception.

2889 bl 03
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IDT79R3081 RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTION (Continued):

PIN NAME 7o

DESCRIPTION

nt(5:3)

Processor Interrupt: During normal operation, these signals are logically the same as the Int(5:0) Sint(2:0)
signals of the R3000. During processor reset, these signals perform mode initialization of the CPU, but in a
different (simpler) fashion than the interrupt signals of the R3000.

There are two types of interrupt inputs: the Sint inputs are internally synchronized by the processor, and may
be driven by an asynchronous external agent. The direct interrupt inputs are not internally synchronized, and
thus must be externally synchronized to the CPU. The direct interrupt inputs have one cycle lower latency than
the synchronized interrupts. Note that the interrupt used by the on-chip FPA will not be monitored externally.

CIkIn

Master Clock Input: This input clock can be provided at the execution frequency of the CPU (1x clock mode)
or at twice that frequency (2x clock mode), as selected at reset.

Reset

Master Processor Reset: This signal initializes the CPU. Mode selection is performed during the last cycle
of Reset.

Rsvd(4:1) /0

Reserved: These four signal pins are reserved for testing and for future revisions of this device. Users must not
connect these pins. Note that Rsvd(0) of the R3051 is now used for the CohReq input pin.

2889 tbl 04
ABSOLUTE MAXIMUM RATINGS" ¥ AC TEST CONDITIONS—R3081
Symbol Rating Commercial Military  |Unit Symbol Parameter Min. Max. Unit
VTERM | Terminal Voltage }-0.5t0+7.0 | -0.5t0+7.0 | V
with Respect ViH Input HIGH Voltage 3.0 — \
to GND ViL Input LOW Voltage — 0 Y
Tc Operating Case Oto +85 -55t0+125 | °C
Temperature VIHS Input HIGH Voltage 3.5 — \Y
TBIAS Case Temperature | =55 to +125 | -65to +135 | °C ViLs Input LOW Voltage — 0 \'
Under Bias 2889 (bl 06
TsTG | Storage -55t0+125 | -65t0+155 [ °«c | AC TEST CONDITIONS—RV3081
Temperature Symbol Parameter Min. Max. Unit
VIN Input Voltage -0.5t047.0 [ -0.5t0+7.0 | V
NOTES: prrTr— VIH Input HIGH Voltage 3.0 — v
1. Stressesgreaterthanthose listedunder ABSOLUTE MAXIMUMRATINGS ViL Input LOW Voltage —_ 0 \
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 ViHs Input HIGH Voltage 3.0 — v
above those indicated inthe operational sections of this specificationis not _
implied. Exposure to absolute maximum rating conditions for extended Vs Input LOW Voltage 0 v
periods may affect reliability. 288916106
2. VIN minimum =-3.0V for pulse width less than 15ns.
Vin should not exceed Vo +0.5V. OUTPUT LOADING FOR AC TESTING
3. Notmorethanone outputshould be shortedatatime. Duration ofthe short
should not exceed 30 seconds.
VREF
RECOMMENDED OPERATING A5V To Devies.
TEMPERATURE AND SUPPLY VOLTAGE
Grade Temperature(Case) GND Vce i l i CLb
Military -55°C to +125°C ov 5.0+10% L
—4mA
Commercial | 0°C to +85°C ov 5.0 5% 2869 orw 08
Commercial | 0°C to +85°C ov 3.35% Signal Cuo
2889 tbl 07 SysClk 50 pf
All Others 25 pf
2889 tbl 08
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IDT79R3081 RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS RV3081

COMMERCIAL TEMPERATURE RANGE!" 2— (Tc = 0°C to +85°C, Ve = +3.3V 45%)

20MHz 25MH2z
Symbol Parameter Test Conditions Min. Max. Min. Max. Units
VOH Output HIGH Voltage Vee = Min,, [oH = —4mA 2.4 — 24 — \
VoL Output LOW Voltage Vce = Min,, loL=4mA — 0.4 — 0.4 \
ViH Input HIGH Voltage®) — 2.0 — 2.0 — '
ViL Input LOW Voltage(" — — 0.8 — 0.8 v
ViHs Input HIGH Voltage(23) — 2.8 — 2.8 — v
ViLs Input LOW Voltage(1:2) — — 0.4 — 0.4 v
CIN Input Capacitance®) — — 10 — 10 pF
Cout Output Capacitance(#.5) — — 10 —_ 10 pF
lcc Operating Current Vce = 3.3V, TA=25°C — 375 — 425 mA
IIH Input HIGH Leakage ViH=VCC — 100 — 100 HA
o Input LOW Leakage ViL = GND -100 —_ -100 —_ A
loz Output Tri-state Leakage VOH = 2.4V, VoL = 0.5V -100 100 -100 100 A
NOTES: 288910109
1. ViL Min. = —3.0V for pulse width less than 15ns. ViL should not fall below -0.5V for larger periods.
2. ViHs and ViLs apply to Clkin and Reset.
3. Vi should not be held above Vcc + 0.5V.
4. Guaranteed by design.
5. ALE is 12pF for SysClk values C,  and C,, . for all speeds.
AC ELECTRICAL CHARACTERISTICS RV3081
COMMERCIAL TEMPERATURE RANGE ("' 2— (Tc = 0°C to +85°C, Ve = +3.3V £5%)
20MHz 25MHz
Symbol Signals Description Min. Max. Min. Max. Unit
t BusReq, Ack, BusError, Set-up to SysCIK rising 6 — 5 — ns
RdCEn, CohReq
t1a A/D Set-up to SysCIk falling 7 — 6 — ns
t2 BusReq, Ack, BusError, Hold from SysClk rising 4 — 4 - ns
RdCEn, CohReq
2a A/D Hold from SysClk falling 2 — 2 — ns
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysCIk rising —_ 10 et 10 ns
BurstWrNear, Rd, DataEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysClk falling — 10 —_ 10 ns
Burst/WrNear, Rd, DataEn
15 BusGnt Asserted from SysCIK rising — 8 — 7 ns
6 BusGnt Negated from SysClk falling — 8 — 7 ns
t7 Wr, Rd, Bursi/WrNear, A/D Valid from SysCik rising — 5 — 5 ns
18 ALE Asserted from SysCIK rising — 4 — 4 ns
19 ALE Negated from SysCk falling — 4 — 4 ns
110 AD Hold from ALE negated(®) 2 — 2 — ns
111 DataEn Asserted from SysClk falling — 15 — 15 ns
112 DataEn Asserted from A/D tri-state(®) 0 — 0 — ns
114 AD Driven from SysCIK rising(®) 0 — 0 — ns
15 Wr, Rd, DataEn, BurstWrNear | Negated from SysClk falling — 7 — 6 ns
116 Addr(3:2) Valid from SysClk — 6 — 6 ns
117 Diag Valid from SysClk — 12 — 11 ns

5.5
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IDT79R3081RISController .

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS RV3081 (cont.)

COMMERCIAL TEMPERATURE RANGE("" 2— (Tc = 0°C to +85°C, Ve = +3.3V +5%)

20MHz 25MHz
Symbol | Signals Description Min. Max. Min. Max. Unit
t18 A/D Tri-state from SysClk falling — 10 — 10 ns
19 AD SysCIK falling to data valid — 13 — 12 ns
t20 Clkin (2x clock mode) Pulse Width HIGH 10 — — ns
t21 | Clkin (2x clock mode) _ Pulse Width LOW 10 — — ns
{22 Clkin (2x clock mode) Clock Period 25 250 20 250 ns
123 Reset Pulse Width from Vce valid 200 — 200 — us
124 Reset Minimum Pulse Width 32 — 32 — tsys
125 Reset Set-up to SysCIk falling 6 — 5 — ns
126 int Mode set-up to Reset rising 10 — 9 — ns
27 |int Mode hold from Reset rising 0 — 0 — ns
to8 | Sint, SBrcond Set-up to SysCik falling 6 — 5 — ns
t29 Sint, SBrCond Hold from SysCK falling 3 — 3 — ns
t30 | int, BrCond Set-up to SysCIk falling 6 — 5 — ns
t31 int, BrCond Hold from SysCK falling 3 — 3 — ns
tsys | SysCIk (full frequency mode) | Pulse Width(® 2'122 2122 2122 2'22 ns
132 | §ysCIK (full frequency mode) | Clock High TimefS) t22-2 12242 122-2 12242 ns
133 SysClk (full frequency mode) | Clock LOW Time(®) 122-2 122+2 122-2 122+2 ns
tsys/2 | SysCIk (half frequency mode) | Pulse Width(®)4*122 4122 4122 4122 41122 ns
134 SysCIk (half frequency mode) | Clock HIGH Time(5) 2*122-2 2*2242 2122-2  2'22+42 ns
t35 SysCIk (half frequency mode) | Clock LOW Time(s) 2*122-2 2*12042 2222 22242 ns
136 ALESet-up to SysCik falling 9 — 8 — ns
137 ALEHold from SysCIk falling 2 — 2 — ns
138 A/DSet-up to ALE falling _ 10 — 9 — ns
39 A/DHold from ALE falling 2 — 2 — ns
140 WrSet-up to SysCIK rising 10 — 9 — ns
t41 WrHold from SysCIk rising 3 — 3 — ns
t42 ClkIn (1x clock mode) Pulse Width HIGH(®) 20 — 16 — ns
143 Clkin (1x clock mode) Pulse Width LOW®) 20 — 16 — ns
44 Clkin (1x clock mode) Clock Period(® 50 50 40 50 ns
tderate | All outputs Timing deration for loading — 1 — 1 ns/
qver Gin@G:4) 25pF

NOTES: 2889 thl 11

1. All timings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

2. The AC values listed here reference timing diagrams contained in the R3081 Family Hardware User's Manual.

3. Guaranteed by design. ’

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified

test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

o,

. In 1x clock mode, t22 is replaced by t44/2.
. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns.

55
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IDT79R3081 RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS RV3081
COMMERCIAL TEMPERATURE RANGE!" 2— (¢ = 0°C to +85°C, Vce = +3.3V 45%)

33MHz 40MHz
Symbol Parameter Test Conditions Min. Max. Min. Max. Units
VOH Output HIGH Voltage Vece = Min., IoH = —-4mA 24 — 2.4 —
VoL Output LOW Voltage vce = Min,, oL = 4mA — 0.4 —_ 0.4 \
VIH Input HIGH Voltage(®) — 2.0 — 2.0 - v
Vi Input LOW Voltage(® — — 0.8 — 0.8 \Y
ViIHS Input HIGH Voltage(23) — 2.8 - 2.8 — \Y
ViLs Input LOW Voltage(12) — — 0.4 — 0.4 \Y
CiN Input Capacitance(4.5) — — 10 — 10 pF
Cout Output Capacitance(#5) — - 10 — 10 pF
lcc Operating Current Vce =3.3V, TA =25°C — 525 — 600 mA
IH Input HIGH Leakage VIH=VCC —_ 100 —_ 100 pA
1IN Input LOW Leakage ViL= GND -100 —_ -100 — pA
loz Output Tri-state Leakage VOH =24V, VoL = 0.5V ~100 100 -100 100 pA
NOTES: 2889 tbl 09
1. Vit Min. = -3.0V for pulse width less than 15ns. VIL should not fall below -0.5V for larger periods.
2. ViHs and ViLs apply to Clkin and Reset.
3. Vid should not be held above Vce + 0.5V.
4. Guaranteed by design.
5. ALE is 12pF for SysClk values C,; and C for all speeds.
AC ELECTRICAL CHARACTERISTICS RV3081
COMMERCIAL TEMPERATURE RANGE " 2— (7c = 0°C to +85°C, Ve = +3.3V +5%)
33MHz 40MHz
Symbol Signals Description Min. Max. Min. Max. Unit
t1 BusReq, Ack, BusError, Set-up to SysCIk rising 4 — 3 — ns
RACEn, CohReq3
t1a A/D Set-up to SysClk falling 5 — 45 — ns
12 BusReq, Ack, BusError, Hold from SysCIk rising 3 —_ 3 — ns
RdCEn, CohReq
t2a A/D Hold from SysCIk falling 1 —_ 1 — ns
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysCiK rising — 10 — 10 ns
Burst/WrNear, Rd, DataEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysClk falling — 10 — 10 ns
Burst/WrNear, Rd, DataEn
15 BusGnt Asserted from SysCIK rising — 6 — ns
16 BusGnt Negated from SysClk falling | — 6 — ns
t7 Wr, Rd, Burst/WrNear, A/D Valid from SysClk rising — 4 — 3.5 ns
t8 ALE Asserted from SysCIk rising — 3 — 3 ns
19 ALE Negated from SysClk falling — 3 — 3 ns
110 AD Hold from ALE negated(® 1.5 — 1.5 — ns
1 DataEn Asserted from SysClk falling — 13 — 12 ns
t12 DataEn Asserted from A/D tri-state(® 0 — 0 — ns
t14 | AD Driven from SysCIK rising®® 0 — 0 — ns
t15 Wr, Rd, DafaEn, Burst/WrNear | Negated from SysCIk falling — 5 — 4 ns
116 Addr(3:2) Valid from SysClk — 5 — 4.5 ns
17 Diag Valid from SysClk —_ 10 — 9 ns

5.5
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IDT79R3081 R!SController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS RV3081 (cont.)
COMMERCIAL TEMPERATURE RANGE(""2— (Tc = 0°C to +85°C, Voc = +3.3V +5%)

33MHz 40MHz

Symbol | Signals Description Min. Max. Min. Max. Unit
118 A/D Tri-state from SysCIk falling — 9 — 8 ns
119 AD SysCIk falling to data valid — 11 — 10 ns
t20 Clkln {2x clock mode) Pulse Width HIGH 6.5 — 5.6 — ns
121 Clkin (2x clock mode) Pulse Width LOW 6.5 — 5.6 — ns
122 Clkin (2x clock mode) Clock Period 15 250 12.5 250 ns
123 Reset Pulse Width from Vcc valid 200 — 200 — us
t24 | Reset Minimum Pulse Width 32 — 32 — tsys
125 Reset Set-up to SysCIk falling 4 — 3 — ns
126 int Mode set-up to Reset rising 8 — 7 — ns
127 Int Mode hold from Reset rising 0 — 0 — ns
128 Sint, SBrCond Set-up 1o SysCK falling 4 — 3 — ns
t29 | Sint, SBrCond Hold from SysCIk falling 2 — 2 — ns
130 int, BrCond Set-up to SysCik falling 4 — 3 — ns
131 int, BrCond Hold from SysCIk falling 2 — 2 — ns
tsys | SysCIk (full frequency mode) | Pulse Width(®) 2'122 27122 27122 2*22 ns
132 SysCIK (full frequency mode) | Clock High Time(®) t22-1 122+1 122-1 122+1 ns
133 SysCIk (full frequency mode) | Clock LOW Time(S) t22-1 122+1 122-1 122+1 ns
tsys/2 | SysCIk (half frequency mode) | Pulse Width(5)4*t22 422 4122 4*122 41122 ns
134 SysClk (half frequency mode) | Clock HIGH Time(S) 2'122-1 212241 2"22-1  2*122+1 ns
135 SysClk (half frequency mode) | Clock LOW Time(® 2*22-1 2*122+1 2'22-1 22241 ns
136 ALESet-up to SysCik falling 7 — 6 — ns
t37_ | ALEHold from SysCIk falling 1 — 1 — ns
138 A/DSet-up to ALE falling 8 — 8 — ns
139 A/DHold from ALE falling 1 — 1 — ns
t40 WrSet-up to SysCIk rising 8 — 7 — ns
t41 WrHold from SysCKK rising 3 — 3 — ns
t42 Clkin (1x clock mode) Pulse Width HIGH®) 13 — 11(6) — ns
143 ClkIn (1x clock mode) Pulse Width LOW(®) 13 — 11(6) — ns
t44 ClkIn (1x clock mode) Clock Period(® 30 50 25 50 ns
tderate | Alloutputs Timing deration for loading - 1 - 1 ns/

over Cin(3:4) 25nF

NOTES: 2889 thi 11

1. All timings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

. The AC values listed here reference timing diagrams contained in the R3081 Family Hardware User's Manual.

2

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

5.
6

In 1x clock mode, t22 is replaced by t44/2.
. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns

15



IDT79R3081 RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS R3081
COMMERCIAL TEMPERATURE RANGE — (Tc = 0°C to +85°C, Vce = +5.0V £5%)

20MHz 25MHz 33.33MHz 40MHz 50MHZ

Symbol Parameter Test Conditions Min. Max.{ Min. Max.| Min. Max.| Min. Max.| Min. Max.|Unitg
VoOH | Output HIGH Voltage Vce = Min., IoH = -4mA] 3.5 — 135 — 3.5 — 35 — 35 —
VoL | Output LOW Voltage vee =Min, loL=4mA | — 04| — 04 — 04 — 04 — 04 Vv
VIH Input HIGH Voltage® — 2.0 — 120 — 20 — 20 — 20 — \
ViL | Input LOW Voltage(! — — 08| — o08] — 08| — o8| — 08| V
ViHs | Input HIGH Voltage(23) — 30 — |30 — |80 — |30 — {30 —{V
ViLs | Input LOW Voltage(1:2) — — 04| — 04| — 04} — 04| — 04] V
CN | Input Capacitance(®) — —_ 0] — 10 — 10 — 10 — 10| pF
Cout | Output Capacitance(® — — 1) — 10| — 10| — 10| — 10 pF
Icc Operating Current Vee =5V, TA=25°C — 475 — 525 — 625 — 700 — 825] mA
IH Input HIGH Leakage ViH=VCC — 100 — 100 — 100 | — 100 — 100 | pA
I Input LOW Leakage ViL = GND -100 — }-100 — | -100 — |-100 — | -100 — | pA
loz Output Tri-state Leakage |VoH = 2.4V, VoL = 0.5V|-100 100 {-100 100 | -100 100 | =100 100 | =100 100 | pA

NOTES: 2889 tbl 09

1

2
3
4

. Vit Min. = —3.0V for pulse width less than 15ns. ViL should not fall below -0.5V for larger periods.
. ViHs and ViLs apply to ClkIn and Reset.

. VIH should not be held above Vcc + 0.5V.
. Guaranteed by design.

5.5
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IDT79R3081RISController

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS R3081

COMMERCIAL TEMPERATURE RANGE ("2 (20, 25MHz)—(Tc = 0°C to +85°C, VcC = +5.0V +5%)

20MHz 25MHz
Symbol Signals Description Min. Max. Min. Max. Unit
t1 BusReq, Ack, BusError, Set-up to SysCik rising 6 — 5 - ns
RdCEn, CohReq
tla _{AD Set-up to SysCIk falling — 6 — ns
2 BusReq, Ack, BusError, Hold from SysCIk rising — 4 — ns
RACEn, CohReq
t2a | AD Hold from SysCIk falling 2 — 2 — ns
t3 | AID, Addr, Diag, ALE, Wr Tri-state from SysCIK rising - 10 — 10 ns
Burst/WrNear, Rd, DataEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysCIk falling — 10 — 10 ns
Burst/WiNear, Rd, Datakn
15 BusGnt Asserted from SysCKK rising — 8 — 7 ns
t6 BusGnt Negated from SysCIk falling — 8 — 7 ns
t7 Wr, Rd, Burst/WrNear, AD Valid from SysCIk rising — 5 — 5 ns
t8 ALE Asserted from SysCIk rising — 4 — 4 ns
19 ALE Negated trom SysCIk falling — 4 — 4 ns
110 A/D Hold from ALE negated 2 . 2 — ns
t11 DataEn Asserted from SysCIk falling — 15 — 15 ns
t12__ | DafaEn Asserted from A/D tri-state(®) 0 — 0 — ns
t14 | AD Driven from SysCIK rising(®) 0 — 0 — ns
t15 | Wr, Rd, DataEn, Burst/WrNear |Negated from SysCik falling — 7 — 6 ns
t16_ | Addr(3:2) Valid from SysCik — 6 — 6 ns
117 Diag Valid from SysClk — 12 — 11 ns
t18 | AD Tri-state from SysCIk falling — 10 — 10 ns
119 | AD SysCIk falling to data valid — 13 — 12 ns
t20 Clkin (2x clock mode) Pulse Width HIGH 10 — 8 — ns
121 Clkin (2x clock mode) Pulse Width LOW 10 — 8 — ns
t22 CIkIn (2x clock mode) Clock Period 25 250 20 250 ns
t23 | Reset Pulse Width from Vcc valid 200 — 200 — us
124 Reset Minimum Pulse Width 32 — 32 — tsys
t25 | Reset Set-up to SysCik falling 6 — 5 — ns
126 int Mode set-up to Reset rising 10 — 9 — ns
27 lint Mode hold from Reset rising 0 — 0 — ns
t28 | Sini, SBrcond Set-up to SysCIk falling 6 — 5 — ns
29 | Sini, SBrCond Hold from SysCIk falling 3 — 3 — ns
t30 | Int, BrCond Set-up to SysCik falling 6 — 5 — ns
131 Int, BrCond Hold from SysCIk falling 3 — 3 _— ns
tsys | SysCk (full frequency mode)  [Pulse Width(5) 2'22 2'22 2'22 2"22 ns
t32 | SysCIK (full frequency mode) _ {Clock HIGH Time(® 122-2 12242 1222 122+2 ns
NOTES: 2889 1bl 10
1. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.
2. The AC values listed here reference timing diagrams contained in the R3081 Family Hardware User's Manual.
3. Guaranteed by design.
4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.
5. In 1x clock mode, 122 is replaced by t44/2.
6. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns, 3ns for 40MHz and 50MHz.
7. When using the Reduced Frequency feature, the minimum allowed internal CPU speed is 0.5 MHz.
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IDT79R3081 RISController MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS R3081 (cont.)
COMMERCIAL TEMPERATURE RANGE'" 2 (20, 25MHz)— (Tc = 0°C to +85°C, Ve = +5.0V £5%)

20MHz 25MHz

Symbol Signals Description Min. Max. Min. Max. Unit
133 SysCIk (full frequency mode) { Clock LOW Time(S) t22-2 12242 t22-2 12242 ns
tsys/2 | SysCIk (haif frequency mode) ] Pulse Width  (5) 47122 47122 4*122 4*122 ns
134 SysCIk (half frequency mode) | Clock HIGH Time(S) 2'22-2  2'2242 27222 2*122+42 ns
t35 SysCIk (half frequency mode) | Clock LOW Time(S) 2222 2*10242 2*22-2 2*122+2 ns
t36 ALE Set-up to SysCk falling 9 — 8 — ns
t37 - | ALE Hold from SysCIk falling 2 — 2 — ns
138 A/D Set-up to ALE falling 10 — 9 — ns
39 A/D Hold from ALE falling 2 — 2 — ns
10 | Wr Set-up to SysCIK rising 10 — 9 — ns
t41 Wr Hold from SysCIk rising 3 — 3 — ns
142 CIkIn (1x clock mode) Pulse Width HIGH®) - 20 — 16 — ns
143 CIkin (1x clock mode) Pulse Width LOW(6) 20 — 16 — ns
t44 CIkIn (1x clock mode) Clock Period(® 50 50 40 50 ns
tderate | All outputs Timing deration for loading —_ 1 — 1 ns/

over Cto(3:4) 25pF

NOTES: 2889tb! 11

1. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

2. The AC values listed here reference timing diagrams contained in the A3081 Family Hardware User's Manual.

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

5. In 1x clock mode, t22 is replaced by t44/2,

6. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns, 3ns for 40MHz and 50MHz.

7. When using the Reduced Frequency feature, the minimum allowed internal CPU speed is 0.5 MHz.

AC ELECTRICAL CHARACTERISTICS R3081
COMMERCIAL TEMPERATURE RANGE (2 (33, 40MHz)— (Tc = 0°C to +85°C, VCC = +5.0V £5%)

] ) 33MHz 40MHz
Symbol Signals Description Min. Max. Min. Max. Unit
t1 BusReq, Ack, BusError, Set-up to SysCIK rising 4 — 3 — ns
RdCEn, CohReq
tia AD Set-up to SysCIk falling 5 — 4.5 — ns
t2 BusReq, Ack, BusError, Hold from SysCIk rising 3 — 3 — ns
RdCEn, CohReq
t2a AD Hold from SysCIk falling 1 — 1 — ns
t3 A/D, Addr, Diag, ALE, Wr Tri-state from SysClk rising — 10 — 10 ns
Burst/WrNear, Rd, DataEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysCk talling - 10 — 10 ns
Burst/WrNear, Rd, DatakEn
t5 BusGnt Asserted from SysCIK rising — 6 — 5 ns
t6 BusGnt Negated from SysCIk falling — 6 — 5 ns
7 Wr, Rd, Burst/WrNear, A/D | Valid from SysCIk rising — 4 — 3.5 ns
18 ALE Asserted from SysCIK rising — 3 — 3 ns
19 ALE Negated from SysCIk falling — 3 — 3 ns
t10 A/D Hold from ALE negated 1.5 —_ 1.5 — ns
t11 DataEn Asserted from SysCIK falling — 13 — 12 ns
112 DataEn Asserted from A/D tri-state(®) 0 — 0 — ns
t14 A/D Driven from SysCIK rising(3) 0 — 0 — ns
15 Wr, Ad, Datakn, Burst/WrNear| Negated from SysCik fafling — 5 — 4 ns
28891hbl 11
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AC ELECTRICAL CHARACTERISTICS R3081 (cont.)

COMERCIAL TEMPERATURE RANGE (" ? (33, 40MHz)— (Tc = 0°C to +85°C, Ve = +5.0V +5%)

33MHz 40MHz
Symbol Signals Description Min. Max. Min. Max. Unit
16 Addr(3:2) Valid from SysClk — 5 — 45 ns
117 Diag Valid from SysClk — 10 — 9 ns
t18 A/D Tri-state from SysCIk falling — 9 — 8 ns
119 AD SysCIk falling to data valid — 11 — 10 ns
120 Clkin (2x clock mode) Pulse Width HIGH 6.5 — 5.6 — ns
121 ClkIn (2x clock mode) Pulse Width LOW 6.5 — 5.6 — ns
t22 Clkin (2x clock mode) Clock Period 15 250 12.5 250 ns
123 Reset Pulse Width from Vcc valid 200 — 200 — Us
124 Reset Minimum Pulse Width 32 — 32 — tsys
125 Reset Set-up to SysCk falling 4 — 3 ns
126 Int Mode set-up to Reset rising 8 — 7 — ns
127 int Mode hold from Reset rising 0 — 0 — ns
128 Sint, SBrCond Set-up to SysCik falling 4 — 3 — ns
t29 Sint, SBrCond Hold from SysCIk falling 2 — 2 — ns
130 int, BrCond Set-up to SysCIk falling 4 — 3 — ns
131 Int, BrCond Hold from SysCIK falling 2 — 2 — ns
tsys SysCIK (full frequency mode) | Pulse Width(S) 2*122 2"t22 2*t22 2*t22 ns
132 SysCIk (full frequency mode) | Clock HIGH Time(® t22-1 t22+1 t22-1 te2+1 ns
133 SysCIk (full frequency mode) | Clock LOW Time(®) 122-1 122+1 t22-1 12241 ns
tsys/2 | SysCIk (half frequency mode)] Pulse Width(S) 4122 4122 4122 4'122 ns

34 SysCIK (half frequency mode)| Clock HIGH Time(®) 2*22-1 24122+1 2*122-1  2*122+1 ns
t35 SysCIk (half frequency mode)| Clock LOW Time(S) 2't22-1 2*122+1 2*22-1  2*122+1 ns
t36 ALE Set-up to SysClk falling 7 — 6 — ns
137 ALE Hold from SysCIk falling 1 — 1 — ns
t38 AD Set-up to ALE falling 8 — 8 — ns
139 AD Hold from ALE falling 1 — 1 — ns
t40 Wr_- Set-up to SysCIK rising 8 — 7 — ns
t41 Wr Hold from SysCIK rising 3 — 3 — ns
142 ClkIn (1x clock mode) Pulse Width HIGH®) 13 — 11(6) — ns
143 ClkIn (1x clock mode) Pulse Width LOW(S) 13 — 11(6) — ns
t44 ClkIn (1x clock mode) Clock Period(®) 30 50 25 50 ns

tderate | Alloutputs Timing deration for loading over Cio(3 4) — 1 - 1 ns/
) 25pF
NOTES:
1. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time. 2889tbl 11

. The AC values listed here reference timing diagrams contained in the R3087 Family Hardware User's Manual.

2

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

5. In 1x clock mode, t22 is replaced by t44/2.

6. In 1x clock mode, the design guarantees that the input clock rise and fail times can be as fong as 5ns, 3ns for 40 and 50MHz.

7

. When using the Reduced Frequency feature, the minimum allowed internal CPU speed is 0.5 MHz.

5.5
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AC ELECTRICAL CHARACTERISTICS R3081
COMMERCIAL TEMPERATURE RANGE ' 2 (50MHz)— (Tc = 0°C to +85°C, VoG = +5.0V £5%)

50MHz
Symbol Signals Description Min. Max. Unit
1 BusReq, Ack, BusError, Set-up to SysClk rising 5 — ns
RdCEn, CohReg
tla AID Set-up to SysCIk falling 6 — ns
2 BusReq, Ack, BusError, Hold from SysCIK rising 4 — ns
RdCEn, CohReq
t2a AD Hold from SysCIk falling 2 — ns
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysClk rising — 10 ns
Burst/WrNear, Rd, DataEn
14 A/D, Addr, Diag, ALE, Wr Driven from SysClk falling —_ 10 ns
Burst/WrNear, Rd, DataEn
t5 BusGnt Asserted from SysCIK rising — 7 ns
t6 BusGnt Negated from SysCik falling — 7 ns
{7 Wr, Rd, Burst/WrNear, A/D | Valid from SysCIk rising — 5 ns
t8 ALE Asserted from SysCIK rising — 4 ns
t9 ALE Negated from SysCIk failing — 4 ns
t10 A/D Hold from ALE negated 1.5 — ns
t11 DataEn Asserted from SysCIk falling — 15 ns
112 DataEn Asserted from A/D tri-state®) 0 — ns
114 AD Driven from SysCIk rising(3) 0 — ns
t15 Wr, Rd, DataEn, Burst/WrNear | Negated from SysCik falling — 6 ns
116 Addr(3:2) Valid from SysClk — 6 ns
17 Diag Valid from SysCIK : — 11 ns
118 AD Tri-state from SysCIk falling — 10 ns
119 AD SysCik falling to data valid — 12 ns
120 Clkln (2x clock mode) Pulse Width HIGH N/A (8 ns
21 CIkIn (2x clock mode) Pulse Width LOW N/A &) ns
22 ClkIn (2x clock mode) Clock Period N/A(7.8) ns
t23 Reset Puise Width from Ve valid 200 — ps
124 Reset Minimum Pulse Width 32 — tsys
125 Reset Set-up to SysCIk falling 5 ns
126 int Mode set-up to Reset rising 9 — ns
t27 int Mode hold from Reset rising 0 — ns
128 Sint, SBrCond Set-up to SysCIk falling 5 — ns
129 Sint, SBrCond Hold from SysCik falling 3 — ns
130 int, BrCond Set-up to SysCIk falling 5 — ns
131 Int, BrCond Hold from SysCik falling 3 — ns
tsys SysCIk (full frequency mode) | Pulse Width(S) N/A ©8) N/A (8 ns
132 SysCIk (full frequency mode) | Clock HIGH Time(5) N/A (8) N/A (8) ns
133 SysCIK (full frequency mode) | Clock LOW Time(5) N/A (8) N/A (&) ns
NOTES: ZERH T

. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

. The AC values listed here reference timing diagrams contained in the R3087 Family Hardware User's Manual.

. Guaranteed by design.

. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

. In 1x clock mode, t22 is replaced by t44/2.

. In 1x clock mode, the design guarantees that the input clock rise and tall times can be as long as 5ns, 3ns for 40MHz and 50MHz.

. When using the Reduced Frequency feature, the minimum allowed internal CPU speed is 0.5 MHz.

. For the 50MHz version, 1x Clock Mode and half-frequency bus mode only.

SN

o ~NoO;
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AC ELECTRICAL CHARACTERISTICS R3081 (cont.)
COMERCIAL TEMPERATURE RANGE (2 (50MHz)— (Tc = 0°C to +85°C, Ve = +5.0V +5%)

50MHz

Symbol Signals Description Min. Max. Unit
tsys/2 SysCIk (half frequency mode) | Pulse Width(5) 2'144 2144 ns
134 SysCIk (half frequency mode) | Clock HIGH Time(S) 144-1 t44+1 ns
t35 SysCIk (half frequency mode) | Clock LOW Time(S) t44-1 t44+1 ns
t36 ALE Set-up to SysClk falling 8 — ns
t37 ALE Hold from SysCIK falling 2 — ns
138 A/D Set-up to ALE falling 9 — ns
139 A/D Hold from ALE falling 2 — ns
t40 Wr Set-up to SysCIk rising 9 — ns
141 Wr Hold from SysCIk rising 3 — ns
t42 ClkIn (1x clock mode) Pulse Width HIGH®) 16(6) — ns
t43 Clkin (1x clock mode) Pulse Width LOW(®) 16(6) — ns
t44 Clkln (1x clock mode) Clock Period(®) 40 50 ns
tderate | All outputs Timing deration for loading over CLo3.4) — 1 ns/

25pF

NOTES:

1. Alltimings referenced to 1.5V. All timings measured with respect to a 2.5ns rise and fall time.

2. The AC values listed here reference timing diagrams contained in the R3081 Family Hardware User's Manual.

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

5. In 1x clock mode, 122 is replaced by t44/2.

6. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns, 3ns for 40MHz and 50MHz.

7. When using the Reduced Frequency feature, the minimum allowed internal CPU speed is 0.5 MHz.

8. For the 50MHz version, 1x Clock Mode and half-frequencybus mode only.
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DC ELECTRICAL CHARACTERISTICS R3081

MILITARY TEMPERATURE RANGE— (T¢® = -55°C to +125°C, Ve = +5.0V £10%)
20MHz 25MHz
Symbol Parameter Test Conditions Min. Max. Min. Max. Units
VOH Output HIGH Voltage Vce = Min., loH = —4mA 2.4 — 24" — \Y)
VoL Output LOW Voltage Vce = Min,, oL = 4mA —_ 0.4 —_ 0.4 \
VIH Input HIGH Voltage®) — 2.0 — 2.0 — Y
ViL Input LOW Voltage(") — — 0.8 — 0.8 v
VIHS Input HIGH Voltage(3) — 2.8 — 2.8 — v
ViLs Input LOW Voltage(12) — — 0.4 — 0.4 \'
CIN Input Capacitance(¥ — — 12 — 12 pF
Cout Output Capacitance(®) — — 12 — 12 pF
Icc Operating Current Vce = 5.0V, TA=25°C — 550 - 650 mA
IiH Input HIGH Leakage VIH=VCC — 100 — 100 pA
I Input LOW Leakage ViL=GND -100 — -100 — A
loz Output Tri-state Leakage VoH =2.4V, VoL = 0.5V -100 100 -100 100 pA
NOTES: 2889 tb109
1. ViL Min. = -3.0V for pulse width less than 15ns. ViL should not fall below -0.5V for larger periods.
2. ViHs and ViLs apply to Clkln and Reset.
3. ViH should not be held above Vce + 0.5V.
4. Guaranteed by design.
5. Case Temperatures are “instant on."
AC ELECTRICAL CHARACTERISTICS R3081
MILITARY TEMPERATURE RANGE (" ?— (T = -55°C 10 +125°C, VGG = +5.0V +10%)
20MHz 25MHz
Symbol Signals Description Min. Max. Min. Max. Unit
t1 BusReq, Ack, BusError, Set-up to SysCIK rising 6 — 5 — ns
RdCEn, CohReq
t1a AD Set-up to SysCIk falling — 6 — ns
t2 BusReq, Ack, BusError, Hold from SysClk rising — 4 — ns
RdCEn, CohReg
t2a AD Hold from SysCIK falling 2 — 2 — ns
13 A/D, Addr, Diag, ALE, Wr Tri-state from SysCIk rising — 10 — 10 ns
BurstWrNear, Rd, DataEn
t4 A/D, Addr, Diag, ALE, Wr Driven from SysClk falling — 10 — 10 ns
Burst/WrNear, Rd, DatakEn
15 BusGnt Asserted from SysClk rising — 8 — 7 ns
t6 BusGnt Negated from SysClk falling —_ 8 — 7 ns
17 Wr, Rd, Burst/WrNear, A/D Valid from SysCIK rising — 5 — 5 ns
18 ALE Asserted from SysCIk rising — 4.5 — 4.5 ns
19 ALE Negated from SysClk falling _ 4 — 4 ns
10 AD Hold from ALE negated(®) 1.5 — 1.5 — ns
t11 DataEn Asserted from SysCk falling — 15 — 15 ns
ti2_ | DataEn Asserted from A/D tri-state(® 0 — 0 — ns
t14 AD Driven from SysCIk rising(®) 0 — 0 — ns
t15 Wr, Rd, DataEn, BurstWrNear | Negated from SysCik falling — 7 — 6 ns
116 Addr(3:2) Valid from SysClk — 6 — 6 ns
117 Diag Valid from SysClk —_ 12 — 11 ns

5.5
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AC ELECTRICAL CHARACTERISTICS R3081 (cont.)
MILITARY TEMPERATURE RANGE(" 2— (1c® = 55°C to +125°C, Vice = +5.0V +10%)

20MHz 25MHz

Symbol | Signals Description Min. Max. Min. Max. Unit
118 A/D Tri-state from SysClk falling — 10 -—_ 10 ns
119 AD SysCIk falling to data valid — 13 — 12 ns
120 Clkln (2x clock mode) Pulse Width HIGH 10 : — 8 — ns
121 CIkIn (2x clock mode) Pulse Width LOW 10 — 8 . ns
122 Clkin (2x clock mode) Clock Period ' 25 250 20 250 ns
123 Reset Pulse Width from Vcc valid 200 — 200 — _us
t24 Reset Minimum Pulse Width 32 — 32 — tsys
125 Reset Set-up to SysCIK falling 6 — 5 — ns
126 int Mode set-up to Reset rising 10 — 9 — ns
t27 int Mode hold from Reset rising 0 — 0 — ns
108 Sint, SBrCond Set-up to SysCIk falling 6 — 5 — ns
29 Sint, SBrCond Hold from SysCIk falling 35 — 3 — ns
130 Int, BrCond Set-up to SysCIk falling 6 — 5 — ns
131 Int, BrCond Hold from SysCIk falling 3.5 — 3 — ns
tsys SysClk (full frequency mode) | Pulse Width(S) 2102 2'22 2*120 2*22 ns
132 SysCIk (full frequency mode) | Clock High Time(S) 122-2 12242 t22-2 12242 ns
t33 SysCIK (full frequency mode) | Clock LOW Time(®) 122-2 12242 t22-2 12242 ns
tsys/2 | SysCik (half frequency mode) | Pulse Width(S) 4122 4122 4122 4122 ns
134 SysCIk (half frequency mode) | Clock HIGH Time(S) 2*122-2 212242 2122-2 212242 ns
t35 SysCIK (half frequency mode) } Clock LOW Time(® 2*122-2 2712242 27122-2 2*122+2 ns
t36 ALE Set-up to SysCIk falling 9 — 8 — ns
137 ALE Hold from SysCIk falling 2 — 2 — ns
138 AD Set-up to ALE falling 10 — 9 — ns
139 AD Hold from ALE falling 2 — 2 e ns
140 Wr Set-up to SysCIk rising 10 — 9 — ns
t41 Wr Hold from SysCIk rising 3 — 3 — ns
142 Clkin (1x clock mode) Pulse Width HIGH®) 20 — 16 — ns
143 CIkIn (1x clock mode) Pulse Width LOW(®) 20 — 16 — ns
144 ClkIn (1x clock mode) Clock Period(®) 50 50 40 50 ns
tderate Alloutputs Timing deration for loading — 1 — : 1 ns/

over Cuo3 4 25pF

NOTES: 2889 tbl 11

1. Alltimings referenced to 1.5V. All imings measured with respect to a 2.5ns rise and fall time.

2. The AC values listed here reference timing diagrams contained in the R3081 Famnily Hardware User's Manual.

3. Guaranteed by design.

4. This parameter is used to derate the AC timings according to the loading of the system. This parameter provides a deration for loads over the specified
test condition; that is, the deration factor is applied for each 25pF over the specified test load condition.

5. In 1x clock mode, t22 is replaced by t44/2.

6. In 1x clock mode, the design guarantees that the input clock rise and fall times can be as long as 5ns.

7. Case Temperatures are "instant on,"
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PIN CONFIGURATIONS
-5 & & < T e T E T S o o < © @
QL 2 9 oo L T T A A A o X Nz o= = =
S 0000y goco0oo0oaQoo g yg8aoaaoa o
L 2 2 I IL>>FT T I IIIIVL>>T I ITITITI
1 84 75
Vss B 12 [ Vss
Vee = [—1 Vcc
Clkin =3 £ A/D(14)
Revd(4) = 1 AD(13)
Rsvd(3) ] — A/ID(12)
Rsvd(2) T —1 A/D(11)
Rsvd(1) = — A/D(10)
CohReq =3 £ AD(9)
Int(5) = 1 Vce
= 84-Pin MQUAD/PLCC —
Vss Top View Vss
Vee 1 A/D(8)
Int(4) =3 — A/ID(7)
Int(3) =7 == A/D(6)
Sint(2) = —1 A/D(5)
Sint(1) =3 = AD(4)
Sint(0) =3 — A/D(3)
SBrCond(3) = Vss
SBrCond(2) = — Vee
N — 2 AD(2)
Vss = — A/D(1)
Voo =3 54 F1 AD(0)
T IR
SBIEEEBEERE ¢ SEERYIESSE ST S
c o B bl |3 7 © - g 3 3 (£
§ 3 T 2 I (=] f [a) < < %
@ s @
e a
o 2889 drw 08

NOTE:
Reserved Pins must not be connected.
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PIN CONFIGURATIONS

5 288%& SES 8RS geggegresg
$§59558£8§85§¢558858¢8¢§¢§8¢%
1 1 I | O | | R L
Vss T 2221 184 — Vss
Vee ™ I Vce
Clkin = = A/D(14)
Rsvd(4) = = A/D(13)
Rsvd(3) ] 3 A/D(12)
Rsvd(2) = 1 A/D(11)
Rsvd(1) T = A/D(10)
CohReq ™ = A/D(9)
nt(5) = — Vce
Vss T 84-Pin FD = vss
Top View
Voo = =3 A/D(8)
nt(@) = — A/D(7)
Tnt(3) = 1 A/D(6)
Sint2) = — A/D(5)
Sint(1) = 3 A/D(4)
Sint(0) = — A/D(3)
SBrCond(3) = 1 vss
SBrCond(2) = F3 vee
NC = = A/D(2)
Vss = AD(1)
Vee 4243 6 :?4 = A/D(0)
[TUU000 0000000000000
CEBREEREEipaeRaEE s
gl gkl : =0 =< E
@ S 2
2 @
[}

NOTE:
Reserved Pins must not be connected.
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reco58 $9938% 58338
mvvvvvafwovvvvvvo Rl alalalal RS
0855335328 55555558555%%¢8¢
gonoonooonoononooonnnooaonnonon
NC 252423222120191817161514131211109 8 7 6 5 4 3 2 1 NC
26 100
NC 27 99 — NC
Vss & og =1
Vcc Eog 97 B2 Vce
AD(14) = 59 96 [ Clkin
AD(13) 31 95 [ RSVD(4)
A/D(12) T 32 94 [ RSVD(3)
AD(11) 33 93 |23 RSVD(2)
A/D(10) T 34 92 1 RSVD(1)
A/D(9) 35 91 B CohReQ
Vee =936 90 [ Int(5)
Vss 337 RV3081 Y i 89 (1 Vss
A/D(8) 5338 100-Pin 88 |@ Vce
A/D(7) 4 39 TQFP 87 2 Int(4)
A/D(6) 40 (Cavity Up) 86 [ Int(3) E
A/D(5) = 41 Top View 85 (1 Sint(2)
A/D(4) 42 84 =1 Sint(1)
A/D(3) 443 83 =2 Sint(0)
Vss ] 44 82 |33 SBrCond(3)
Vee 0345 81 3 SBrCond(2)
A/D(2) 46 80 FaANC
AD(1) 347 79 |1 Vss
A/D(0) 148 78 |31 Vee
NC 149 77 |3 Vss
NC =339 76 |3 Veo
51525354555657585960616263646566676869707172737475
goooobouogoduoouogououodgogood
QO DN=EH TR @T|gwiols Q wlx|elsls X o5 Q9
S5 SEagE RIS g RIBEIRISSS S
522 olz 8 agmé E§§
g 2 m 2905 drw 06
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taa
143
Clkin ;{ }\ -
ta2
t33
SysClk 7[ taz 5‘; ;[
tsys 2889 drw 12
Figure 8 (a). R3081 Clocking (1x clock input mode, full frequency bus)
taa
ClkIn 7/ taz = 143 - \—/_\
SysClk P ta4 L 135 A
tsys/2 2889 drw 13
Figure 8 (b). R3081Clocking (1x clock input mode, half-frequency bus)
t22
an A X =X N S N\
tto N /]
SysClk £ to4 \k 1o ;{
h tsys/2
2889 drw 14
Figure 8 (c). R3081 Clocking (2x clock input mode, half-frequency bus)
B te2 _
Clkln ;l t0 X\___tzj—_;[ \_—/_—\
SysClk F ta2 S 133 x
- tsys > 2889 drw 15

Figure 8 (d). R3081 Clocking (2x clock input mode, full-frequency bus)
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L[

7 7
Vee
Clkin 'IIIIII'::’IIIIIII

123 l
Reset rr

77

2889 drw 16

Figure 9. Power-On Reset Sequence

|l -l

to4
Reset ff
2889 drw 17

Figure 10. Warm Reset Sequence

SysClk / \ / 3(
Reset V4
1 tes
Int(n) te6 74
> 7 2889 drw 18

Figure 11. Mode Selection and Negation of Reset
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sk N\ # f 4+ v+ ¥ X £ S~
N_t&< ™ tis
Rd N
t14 gt r -l 18 >I tta |l ™ t14
. / 1/ Addr { Data Input
A/D(31:0) BE K
|16 _gl10 5 " t2a
Addr(3:2) { Word Address
»| t8
ALE té’
= ™ tis
DataEn tﬁ)E 7F
L o
L Y
=
Burst
H -
RdCEn
> t2
Ack
| 117 ] 117
Diag(1) ached? Miss Address(3)
Diag(0) UD Miss Address(2) X
Start Turn Ack/  Sample End
Read Bus Ack? Ack? RdCen Data Read 2889 drw 19

Figure 12. Single Datum Read in R3081
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SysClk \ y N 7 ~ ~/ N
= t1s 