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CONTENTS OVERVIEW

Historically, Integrated Device Technology has presented our product offerings entirely under
one cover. For ease of use for our customers, we have divided the products into four separate
data books — Logic, Specialized Memory, RISC and Static RAM.

IDT's 1990 Logic Data Book is comprised of new and revised data sheets and application notes
for both the Complex Logic and Standard Logic product lines. Also included is a current, complete
packaging section for all product groups. This section will be updated in each subsequent data
book with the latest available packages.

The Logic Data Book's Table of Contents is a listing of the products contained in the 1990 Logic
Data Book, as well as those products which we believe will be in the remaining three data books,
to be published later in the year. The numbering scheme is slightly different from the past. The
number in 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 leaderin high-speed CMOS technology, produces
a broad line of products, enabling us to provide a complete CMOS solution to designers of high-
performance digital systems. Our products include industry standard devices, as well as products
with speed, lower power, package and/or architectural benefits that allow the designer to achieve
significantly improved system performance.

Use this book to find ordering information: Start with the Ordering Information chart at the
back of each data sheet, or for the Complex Logic product line, the Cross Reference Guide (page
1.6), then reference the Package Outline Index (page 4.2), to compose the complete IDT part
number. Reference data on our Technology Capabilities and Quality Commitments are included
in separate sections (2 and 3, respectively).

Use this book to find product data: Start with the Table of Contents, organized by product
line (page 1.3), or with the Numeric Table of Contents across all product lines (page 1.4). These
indices will direct you to the page on which the complete technical data sheet can be found. Data
sheets may be of the following type:

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

PRELIMINARY — contain descriptions for products soon to be released or recently released
to production, including features, pinouts and block diagrams. Timing data are basedon imulation
or initial characterization and are subject to change upon full characterization.

FINAL — contain minimum and maximum limits specified over the complete supply and tem-
perature range for full production devices.

New products, product performance enhancements, additional package types and new product
families are being introduced frequently. Please contact yourlocal IDT sales representative to de-
termine 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 criticai components in life support devices
or systems unless a specific written agreement pertaining to such intended use is executed between the manufac-
turer and an officer of IDT.

1. Life support devices 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 component is any component of a life support device or system whose failure to perform can be rea-
sonably 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.
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SPECIALIZED MEMORY DATA BOOK

The following is a list of data sheets expected to be included In the Specialized Memory Data Book due for
publication 4Q90. Until its release, please refer to your 1989 Data Book Supplement.

ECL PRODUCTS
IDT10484
IDT100484
IDT101484
IDT10490
IDT100490
IDT101490
IDT10494
IDT100494
IDT101494
IDT10496LL
IDT100496LL
IDT101496LL
IDT10496RL
IDT100496RL
IDT101496RL
IDT10497
IDT100497
IDT101497
1DT10498
IDT100498
IDT101498
IDT10504
IDT100504
IDT101504
IDT10506LL
IDT100506LL
IDT101506LL
IDT10506RLA
IDT100506RLA
IDT101506RLA
IDT10507
IDT100507
IDT101507
IDT10508
IDT100508
IDT101508
IDT10509
IDT100509
IDT101509

FIFO PRODUCTS
IDT7200

IDT7201

IDT7202

IDT7203

IDT7204

IDT7205

IDT7206

IDT72021

IDT72031

4K x 4 ECL 10K SRAM

4K x 4 ECL 100K SRAM

4K x 4 ECL 101K SRAM

64K x 1 ECL 10K SRAM

64K x 1 ECL 100K SRAM

64K x 1 ECL 101K SRAM

16K x 4 ECL 10K SRAM

16K x 4 ECL 100K SRAM

16K x 4 ECL 101K SRAM

16K x 4 Self-Timed Latch Input, Latch Output
16K x 4 Self-Timed Latch Input, Latch Output
16K x 4 Self-Timed Latch Input, Latch Output
16K x 4 Self-Timed Reg Input, Latch Output
16K x 4 Self-Timed Reg Input, Latch Output
16K x 4 Self-Timed Reg Input, Latch Output
16K x 4 Synchronous Write, Latch Output
16K x 4 Synchronous Write, Latch Output
16K x 4 Synchronous Write, Latch Output
16K x 4 Conditional Write, Latch Output

16K x 4 Conditional Write, Latch Output

16K x 4 Conditional Write, Latch Qutput

64K x 4 ECL 10K SRAM

64K x 4 ECL 100K SRAM

64K x 4 ECL 100K SRAM

64K x 4 Self-Timed Latch Input, Latch Output
64K x 4 Self-Timed Latch Input, Latch Output
64K x 4 Self-Timed Latch Input, Latch Output
64K x 4 Self-Timed Reg Input, Latch Output
64K x 4 Self-Timed Reg Input, Latch Output
64K x 4 Self-Timed Reg Input, Latch Output
64K x 4 Synchronous Write, Latch Output
16K x 4 Synchronous Write, Latch Output
16K x 4 Synchronous Write, Latch Output
64K x 4 Conditional Write, Latch Qutput

64K x 4 Conditional Write, Latch Output

64K x 4 Conditional Write, Latch Output

32K x 9 ECL 10K SRAM

32K x 9 ECL 100K SRAM

32K x 9 ECL 101K SRAM

256 x 9-Bit Parallel FIFO

512 x 9-Bit Parallel FIFO

1024 x 9-Bit Parallel FIFO

2K x 9-Bit Parallel FIFO

4K x 9-Bit Parallel FIFO

8K x 9-Bit Parallel FIFO

16K x 9-Bit Parallel FIFO .
1K x 9-Bit Parallel FIFO w/ Flags and OE
2K x 9-Bit Parallel FIFO w/Flags and OE
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SPECIALIZED MEMORY DATA BOOK (CONTINUED)

FIFO PRODUCTS (CONTINUED)

IDT72041
IDT72103
IDT72104
IDT72105
IDT72115
IDT72125
IDT72131
IDT72141
IDT72132
IDT72142
IDT72200
IDT72210
IDT72420
IDT72201
IDT72211
IDT72421
IDT72215A
IDT72225A
IDT72220
IDT72230
IDT72240
IDT72221
IDT72231
IDT72241
IDT72235
IDT72245
IDT72401
IDT72402
IDT72408
IDT72404
IDT72413
IDT7251
IDT7252
IDT72510
IDT72520
IDT72511
IDT72521
IDT72605
IDT72615

4K x 9-Bit Parallel FIFO w/Flags and OE

2K x 9-Bit Configurable Parallel-Serial FIFO

4K x 9-Bit Configurable Parallel-Serial FIFO

256 x 16-Bit Parailel-to-Serial FIFO

512 x 16-Bit Parallel-to-Serial FIFO

1024 x 16-Bit Parallel-to-Serial FIFO

2048 x 9-Bit Parallel-to-Serial FIFO

4096 x 9-Bit Parallel-to-Serial FIFO

2048 x 9-Bit Serial-to-Parallel FIFO

2048 x 9-Bit Serial-to-Parallel FIFO

256 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)
512 x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)
64 x 8-Bit Parallel SyncFIFO™ (Clocked FIFQ)
256 x 9-Bit Paralle! SyncFIFO™ (Clocked FIFO)
512 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)
64 x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)
512 x 18-Bit Parallel SyncFIFO™ (Clocked FIFO)
1024 x 18-Bit Parallel SyncFiIFO™ (Clocked FiFO)
1K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)
2K x 8-Bit Parallel SyncFIFO™ (Clocked FIFQ)
4K x 8-Bit Parallel SyncFIFO™ (Clocked FIFO)
1K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)
2K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)
4K x 9-Bit Parallel SyncFIFO™ (Clocked FIFO)
2K x 18-Bit Parallel SyncFIFO™ (Clocked FIFQ)
4K x 18-Bit Parallel SyncFIFO™ (Clocked FIFQ)
64 x 4 FIFO

64 x 5 FIFO

64 x 4 FIFO w/OE

64 x 5 FIFO w/OE

64 x 5 FIFO (w/Flags)

512 x 18-Bit — 1K x 9-Bit BiFIFO

1K x 18-Bit — 2K x 9-Bit BiFIFO

512 x 18-Bit — 1K x 9-Bit BiFIFO

1K x 18-Bit — 2K x 9-Bit BiFIFO

512 x 18-Bit BiFIFO

1K x 18-Bit BiFIFO

256 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™)
512 x 18-Bit Synchronous BiFIFO (SyncBiFIFO™)

SPECIALTY MEMORY PRODUCTS

IDT7130
IDT7140
IDT7030
IDT7040
IDT7010
IDT70104
IDT70101
IDT70105
IDT7132
IDT7142
IDT7032
IDT7042
IDT71321

8K (1K x 8) Dual-Port RAM (MASTER)

8K (1K x 8) Dual-Port RAM (SLAVE)

8K (1K x 8) Dual-Port RAM (MASTER)

8K (1K x 8) Dual-Port RAM (SLAVE)

9K (1K x 9) Dual-Port RAM (MASTER)

9K (1K x 9) Dual-Port RAM (SLAVE)

9K (1K x 9) Dual-Port RAM (MASTER w/lInterrupts)
9K (1K x 9) Dual-Port RAM (SLAVE w/Interrupts)
16K (2K x 8) Dual-Port RAM (MASTER)

16K (2K x 8) Dual-Port RAM (SLAVE)

16K (2K x 8) Dual-Port RAM (MASTER)

16K (2K x 8) Dual-Port RAM (SLAVE)

16K (2K x 8) Dual-Port RAM (MASTER w/Interrupts)
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SPECIALIZED MEMORY DATA BOOK (CONTINUED)

SPECIALTY MEMORY PRODUCTS (CONTINUED)

IDT71421 16K (2K x 8) Dual-Port RAM (SLAVE w/Interrupts)
IDT71322 16K (2K x 8) Dual-Port RAM (w/Semaphores)
IDT7012 18K (2K x 9) Dual-Port RAM

IDT70121 18K (2K x 9) Dual-Port RAM (MASTER w/interrupts)
IDT70125 18K (2K x 9) Dual-Port RAM (SLAVE w/Interrupts)
IDT7133 32K (2K x 16) Dual-Port RAM (MASTER)

IDT7143 32K (2K x 16) Dual-Port RAM (SLAVE)

IDT7134 32K (4K x 8) Dual-Port RAM

IDT71342 32K (4K x 8) Dual-Port RAM (w/Semaphores)
IDT7014 32K (4K x 9) Dual-Port RAM

IDT7024 64K (4K x 16 Dual-Port RAM

IDT7005 64K (8K x 8) Dual-Port RAM

IDT7025 128K (8K x 16) Dual-Port RAM

IDT7006 128K (16K x 8) Dual-Port RAM

IDT7044 144K (4K x 36) Dual-Port RAM

IDT7050 8K (1K x 8) FourPort™ RAM

IDT7052 16K (2K x 8) FourPort™ RAM

SUBSYSTEMS PRODUCTS

MULTI-PORT MODULES

IDT7M134 8K x 8 Master Dual-Port SRAM Module

IDT7M144 8K x 8 Slave Dual-Port SRAM Module

IDT7M135 16K x 8 Master Dual-Port SRAM Module

IDT7M145 16K x 8 Slave Dual-Port SRAM Module

IDT7M137 32K x 8 Master Dual-Port SRAM Module
IDT7M1003 64K x 8 Dual-Port SRAM Module

IDT7M1001 128K x 8 Dual-Port SRAM Module

IDT7M1004 8K x 8 Dual-Port SRAM Module

IDT7M1005 16K x 9 Dual-Port SRAM Module

IDT7MB6056 32K x 16 Dual-Port (Shared Memory) SRAM Module
IDT7MB1008 32K x 16 Dual-Port SRAM Module

IDT7MB1006 64K x 16 Dual-Port SRAM Module

IDT7MB6046 64K x 16 Dual-Port (Shared Memory) SRAM Module
IDT7MB6036 128K x 16 Dual-Port (Shared Memory) SRAM Module
IDT7MB6156 32K x 18 Dual-Port (Shared Memory) SRAM Module
IDT7MB6146 64K x 18 Dual-Port (Shared Memory) SRAM Module
IDT7MB6136 128K x 18 Dual-Port (Shared Memory) SRAM Module
IDT7M1002 16K x 32 Dual-Port SRAM Module

IDT7M1041 8K x 8 FourPort™ SRAM Module

IDT7M1042 4K x 8 FourPort™ SRAM Module

IDT7M1043 4K x 16 FourPort™ SRAM Module

IDT7M1044 2K x 16 FourPort™ SRAM Module

FIFO MODULES

IDT7M205 8K x 9-Bit CMOS FIFO Module

IDT7MP2005 8K x 9-Bit FIFO Module

IDT7M206 16K x 9-Bit CMOS FIFO Module

IDT7MP2011 16K x 9 Bit FIFO Module

IDT7M207 32K x 9-Bit CMOS FIFO Module

IDT7MP2010 16K x 18-Bit FIFO Module

IDT7MP2009 32K x 18-Bit FIFO Module
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SPECIALIZED MEMORY DATA BOOK (CONTINUED)

- SRAM MODULES
IDT7MC4001
IDT7M4042
IDT7M812
IDT8M824
IDT8MP824
IDT7MP4034
IDT7M4048
IDT7MP4008
IDT7M912
IDT7MC4005
IDT7MB4009
IDT8M612
IDT8MP612
IDT7M624
IDT8M624
IDT8MP624
IDT7M4016
IDT7MP4047
IDT7MC4032
IDT7MP4031
IDT7M4003
IDT7M4017
IDT7MP4036
IDT7MP4045

CACHE MODULES
IDT7MB6064
IDT7MB6044
IDT7MB6043
IDT7MB6051
IDT7MB6039
IDT7MB6049
IDT7MB6040
IDT7MB6061

1M x 1 CMOS Static RAM Module
256K x 4 CMOS Static RAM Module
64K x 8 CMOS Static RAM Module
128K x 8 CMOS Static RAM Module
128K x 8 CMOS Static RAM Module
256K x 8 CMOS Static RAM Module
512K x 8 CMOS Static RAM Module
512K x 8 CMOS Static RAM Module
64K x 9 CMOS Static RAM Module

16K x 16 CMOS Static RAM Module
2(16K x 16) CMOS Static RAM Module -
32K x 16 CMOS Static RAM Module
32K x 16 CMOS Static RAM Module
64K x 16 CMOS Static RAM Module
64K x 16 CMOS Static RAM Module
64K x 16 CMOS Static RAM Module
256K x 16 CMOS Static RAM Module -
512K x 16 CMOS Static RAM Module
16K x 32 CMOS Static RAM Module w/Separate Data I/0
16K x 32 CMOS Static RAM Module
32K x 32 CMOS Static RAM Module
64K x 32 CMOS Static RAM Module
64K x 32 CMOS Static RAM Module
256K x 32 CMOS Static RAM Module -

Dual (4K x 60) Data/Instruction Cache Module for IDT79R3000 CPU

Dual (4K x 64) Data/Instruction Cache Module for IDT79R3000 CPU

Dual (8K x 64) Data/Instruction Cache Module for IDT79R3000 CPU

Dual (8K x 64) Data/Instruction Cache Module for IDT79R3000 CPU (Multlprocessor)
Dual (16K x 60) Data/Instruction'Cache Module for IDT79R3000 CPU )
Dual (16K x 60) Data/Instruction Cache Module for {DT79R3000 CPU (Multiprocessor)
Dual (16K x 64) Data/Instruction Cache Module for General CPUs

Dual (16K x 60) Data/Instruction w/Resettable Instruction Tag

WRITABLE CONTROL STORE MODULES

IDT7M86032
IDT7MB6042

16K x 32 Writable Control Store Statlc RAM Module
8K x 112 Writable Control Store Static RAM Module

Flexi-Pak Module Family Various Combinations of Four SRAMs, EPROMs and EEPROMSs Packaged in 32-

Lead JEDEC LCCs Mounted on PGA-Type Substrate
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RISC DATA BOOK

The following is a list of data sheets expected to be included in the RISC Data Book due for publication 4Q90.
Until its release, please refer to your 1980 Data Book Supplement.

RISC MICROPROCESSOR PRODUCTS

RISC COMPONENTS

IDT79R3000 RISC CPU Processor

IDT79R3001 32-Bit RISController™

IDT78R3010 RISC Floating-Point Accelerator
IDT79R3020 RISC CPU Write Buffer

IDT79R4000 Third Generation RISC Processor
RISC DEVELOPMENT SYSTEMS

RS1210 RISComputer™ Development System
RC2030 RISComputer™ Development System
RC3240 RISComputer™ Development System
RC3260 RISComputer™ Development System

M/2000 RISComputer™ Development System

RISC DEVELOPMENT SOFTWARE

3106 Ada Ada Compiler
3120C-SRC (SPP) System Programmer’s Package
3123C-SRC (SPP/e) System Programmer’s Package/e

3178C-SRC (ASAPP) Ada Stand-alone Programmer's Package

RISC SUBSYSTEM PRODUCTS

RISC CPU MODULES
IDT7RS101 R3000 Module w/64K I-Cache, 64K D-Cache,

4 Word Read Butfer and 1 Word Write Buffer
IDT7RS101F R3000, R3010 Module w/64K I-Cache, 64K D-Cache,

4 Word Read Buffer and 1 Word Write Buffer
IDT7RS102 R3000 Module w/16K I-Cache, 16K D-Cache,

1 Word Read Buffer and 1 Word Write Buffer
IDT7RS102F R3000, R3010 Module w/16K I-Cache, 16K D-Cache,

1 Word Read Buffer and 1 Word Write Buffer
IDT7RS103 ‘ R3000 Module w/16K I-Cache and 16K D-Cache
IDT7RS103F R3000, R3010 Module w/16K I-Cache and16K D-Cache
IDT7RS104 R3001 Module w/ 128K I-Cache, 128K D-Cache,

1 Word Read Buffer and 1 Word Write Buffer
IDT7RS104F R3001, R3010 Module w/128K I-Cache, 128K D-Cache,

1 Word Read Buffer and 1 Word Write Buffer
IDT7RS105 R3000 Module w/32K 1-Cache, 16K D-Cache,

1 Word Read Buffer, 1 Word Write Buffer and IDT Bus
IDT7RS105F R3000, R3010 Module w/32K I-Cache, 16K D-Cache,

1 Word Read Buffer, 1 Word Write Buffer and IDT Bus
IDT7RS107F R3000, R3010 Module w/64K I-Cache, 64K D-Cache,

0R3020 and 1 Word Read Buffer

RISC TargetSystems

IDT7RS301 TargetSystem™ for IDT7RS101
IDT7RS302 TargetSystem™ for IDT7RS102
IDT7RS303 TargetSystem™ for IDT7RS103
IDT7RS304 TargetSystem™ for IDT7RS104
IDT7RS305 TargetSystem™ for IDT7RS105
IDT7RS307 TargetSystem™ for IDT7RS107
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RISC DATA BOOK (CONTINUED)

RISC SUBSYSTEM PRODUCTS (CONTINUED)

- SUPPORT PRODUCTS

IDT7RS201
IDT7RS202
IDT7RS203
IDT7RS340
IDT7RS341
IDT7RS342
IDT7RS343
IDT7RS347
IDT7RS353-B
IDT7RS353-MB
IDT7RS353-S
IDT7RS353-MS
IDT7RS355-B
IDT7RS355-MB
IDT7RS355-S
IDT7RS355-MS
IDT7RS356-2B

IDT7RS356-3B
IDT7RS356-3MB
IDT7RS357-1B
IDT7RS357-1MB
IDT7RS357-2B
IDT7RS357-2MB
IDT7RS357-3B
IDT7RS357-3MB
IDT7RS361-B
IDT7RS361-MB
IDT7RS361-E
IDT7RS361-S
IDT7RS361-MS
IDT7RS363-1
IDT7RS363-2

IDT7RS364

IDT7RS365
IDT7RS366
IDT7RS382
IDT7RS383

Nubus Board

Nubus Board, Supports Nubus Memory

Nubus Board, Supports Onboard Memory

System Board

Personality Board for IDT7RS101

Personality Board for IDT7RS102

Personality Board for IDT7RS103

Personality Board for IDT7RS107

JMI C-Executive™ Binary Code

JMI C-Executive™ Maintenance for Binary Code

JMI C-Executive™ SourceCode

JMI C-Executive™ Maintenance for Source Code

Floating Point Library Binary Code

Floating Point Library Maintenance for Binary Code

Floating Point Library Source Code

Floating Point Library Maintenance for Source Code

R3000 C-Compiler Binary Code for 80286, 80386 IDT7RS356-2MB R3000
C-Compiler Maintenance for Binary Code for 80286, 80386 PC-DOS

R3000 C-Compiler Binary Code for PC SCO XENIX

R3000 C-Compiler Maintenance for Binary Code SCO XENIX

R3000 Macro Assembler Binary Code for 8086, 8088 PC-DOS

R3000 Macro Assembler Maintenance for Binary Code 8086, 8088

R3000 Macro Assembler Binary Code for 80286, 80386 PC-DOS

R3000 Macro Assembler Maintenance for Binary Code 80286, 80386

R3000 Macro Assembler Binary Code for PC SCO XENIX

R3000 Macro Assembler Maintenance for Binary Code SCO XENIX

IDT PROM Monitor Binary Code

IDT PROM Monitor Maintenance for Binary Code

IDT PROM Monitor Binary Code — in 4 EPROMs

IDT PROM Monitor Source Code

IDT PROM Monitor Maintenance for Source Code

R3000 PGA Breakout Board and HP 16500A Logic Analyzer Set-up Software

R3000 PGA Breakout Board and HP 16500A Logic Analyzer Set-up Software
and 5 HP Adapters

HP 16500A Logic Analyzer Disassembler Software for 7RS300 Series
TargetSystems™

R3000 Flatpack Version

R3001 PGA Version

R3000 Evaluation Board

R3001 Evaluation Board

MacStation™ DEVELOPMENT SYSTEM

IDT7RS501-1
IDT7RS501-1D
IDT7RS501-1M
IDT7RS501-2

IDT7RS501-3

IDT7RS501-4
IDT7RS501-5

MacStation™ Development System w/IDT7RS201 Nubus Board, IDT/ux and C-Compiler

MacStation™ Development System Documentation
MacStation™ Development System Maintenance

MacStation™ Development System w/150MB External Hard Disk, 40MB External

Tape Drive, IDT7RS201 Nubus Board, IDT/ux and C-Compiler

Complete IDT7RS501 MacStation™ Development System w/MAC Il Computer, 8MB

RAM, 150MB Hard Disk, 40MB External Tape Drive, IDT7RS201 Nubus
Board, IDT/ux and C-Compiler
4MB SIMM Module for MAC Il

IDT7RS501 MacStation™ Development System w/150MB External Hard Disk, IDT7RS201

Nubus Board, IDT/ux and C-Compiler

13



RISC DATA BOOK (CONTINUED)

RISC SUBSYSTEM PRODUCTS (CONTINUED)
MacStation™ DEVELOPMENT SYSTEM (CONTINUED)

IDT7RS501-6
IDT7RS502-1

IDT7RS502-1D
IDT7RS502-1M
IDT7RS502-2

IDT7RS502-3

IDT7RS502-4
IDT7RS502-5

IDT7RS502-6

IDT7RS503-1
IDT7RS503-1D
IDT7RS503-1M
IDT7RS551-1B
IDT7RS571-1S
IDT7RS572-1S
IDT7RS573-1B
IDT7RS573-1MB

IDT7RS501 MacStation™ Development System w/40MB External Tape Drive,
IDT7RS201 Nubus Board, IDT/ux and C-Compiler

MacStation™ Development System w/IDT7RS202 Nubus Board, 8MB Nubus RAM
Board, IDT/ux and C-Compiler

MacStation™ Development System Documentation

MacStation™ Development System Maintenance

IDT7RS502 MacStation™ Development System w/150MB External Hard Disk, 40MB
External Tape Drive, IDT7RS202 Nubus Board, IDT/ux and C-Compiler

Complete IDT7RS502 MacStation™ Development System w/MAC Il Computer, 8MB
RAM, 150MB Hard Disk, 40MB External Tape Drive, IDT7RS202 Nubus
Board, IDT/ux and C-Compiler

4MB SIMM Module for MAC 1|

IDT7RS502 MacStation™ Development System w/150MB External Hard Disk,
IDT7RS202 Nubus Board, IDT/ux and C-Compiler

IDT7RS502 MacStation™ Development System w/40MB External Tape Drive,
IDT7RS202 Nubus Board, IDT/ux and C-Compiler

MacStation™ Development System w/16MB RAM, IDT/ux and C-Compiler

MacStation™ Development System Documentation

MacStation™ Development System Maintenance

IDT/ux — UNIX Operating System for MacStations™

MIPS SPP for the MAC

MIPS SPP/e for the MAC

MIPS Fortran for the MAC

Maintenance for MIPS Fortran for the MAC
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STATIC RAM DATA BOOK

The following is a list of data sheets expected to be included in the Static RAM Data Book due for publication
1Q91. Until its release, please refer to your 1980 Data Book Supplement.

STATIC RAM PRODUCTS

IDT6167 16K x 1 w/Power-Down

IDT6168 4K x 4 w/Power-Down

IDT6177 4K x 4 Cache-Tag w/Open Drain and Power-Down
IDT6178 4K x 4 Cache-Tag w/Power-Down

IDT61970 4K x 4 w/Output Enable and Power-Down
IDT71681. 4K x 4 w/Separate /O and Power-Down
IDT71682 4K x 4 w/Separate /0 and Power-Down

IDT6116 2K x 8 w/Power-Down

IDT7187 64K x 1 w/Power-Down

IDT6198 16K x 4 w/QOutput Enable and Power-Down
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512 x 9-Bit Parallel Synchronous FIFO
512 x 18-Bit Parallel Synchronous FIFO..........cccccoviinivniiiiiicie
1K x 8-Bit Parallel Synchronous FIFO .....

1K x 9-Bit Parallel Synchronous FIFO ........
1024 x 18-Bit Parallel Synchronous FIFO...
2K x 8-Bit Parallel Synchronous FIFO ........cc.cccceeee
2K x 9-Bit Parallel Synchronous FIFO ..........cccceeenin.
2K x 18-Bit Parallel Synchronous FIFO ... .
4K x 8-Bit Parallel Synchronous FIFO ..........cccuevviniiiiiiiecnenesianns
4K x 9-Bit Parallel Synchronous FIFO ........ccoeeveviiiiiiiiiinicnceeiecinne,
4K x 18-Bit Parallel Synchronous FIFO ... -
B4 X 4 FIFO W/OE ....cvvrerinrenreseceseienssssseesierseeesessesssestse s sessssesesse s asseenans
B4 X 5 FIFO W/OE .....voeeeiereiieeeeeessisesese sttt sens et et sees e senss s st ennesseens
64 x 4 FIFO w/OE .....
64 x5 FIFOW/OE ........
64 x 5 FIFO (W/FIags) ..c.cocvveemrucerurcnnee
64 x 8-Bit Parallel Synchronous FIFO ..................

64 x 9-Bit Parallel Synchronous FIFO ..................

512 x 18-Bit — 1K x 9-Bit BiFIFO ......... -
512 x 18-Bit — 1K X 9-Bit BiIFIFO ...
512 X 18-Bit BIFIFO ...ttt
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79R3020 RISC CPU WIIt BUEI ...oeuveveeeceieieteteeteeeret e eiee et sresaest e eenaneseanes RISC
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7M1004 8K x 8 Dual-Port SRAM Module .......... eeereresreestereneeeaaseeaeetreesbreeraneeeeaneeas
7M1005 16K x 9 Dual-Port SRAM ModUIe.........cooiiiieeeereer et e e SMP
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7M624 64K x 16 CMOS Static RAM Module .........coocoeiirieeeiieeeneee s SMP
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Buffer and 1 Word Write BUffer ...........cccoeoiieee e RISC -
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IDT PACKAGE MARKING DESCRIPTION

PART NUMBER DESCRIPTION 4.
IDT's part number identifies the basic product, speed,

power, package(s) available, operating temperature and

processinggrade. Eachdata sheet has adetailed description,

using the part number, for ordering the proper product forthe 5.

user's application. The part number is comprised of a series

of alpha-numeric characters:

1. An “IDT" corporate identifier for Integrated Device 6
Technology, Inc.

2. A basic device part number composed of alpha-numeric
characters.

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

“S" or “SA” is used for the standard product’s power. 7.
“L” or “LA” is used for lower power than the standard
product.

Example:

IDT XXX...XXX X.X X..X X XX

XX
T

L

* Field Identifier Applicable To All Products

ASSEMBLY LOCATION DESIGNATOR

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

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

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

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

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

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

Special Process
Process/Temperature*
Package*

Speed

Power

Device Type*

2507 drw 01

MIL-STD-883C COMPLIANT DESIGNATOR

IDT ships military products which are compliant tothe latest
revision of MIL-STD-883C. Such products are identified by a
“C"designationonthe package. The location of this designator
is specified by internal documentation at IDT.

1.5



Integrated Device Technology, Inc.

DIGITAL SIGNAL PROCESSING
CROSS REFERENCE GUIDE

ANALOG DEVICES| IDT CYPRESS (Cont) | IDT :&?g DEVICES | 10T
ADSP-1009 7209 7C517-45GC 7217145G LMA1010DMB-65 | 7210L65CB
ADSP-1012 7212 7C517-45LC 72170451 LMA1010GMB-65 | 7210L65GB
ADSP-1010 7210 7C517-45PC 7217L45P LMA2010 7210
ADSP-1016 7216 7C517-55DC 7217155D LMA2010JC-45 | 7210L45J
7C517-55DMB 7217L55DB LMA2010KC-45 | 7210L45L
CYPRESS DT 7C517-55GC 7217155G LMA2010JC-55 | 7210L55
7C517-55GMB 7217L55GB LMA2010KC-55 | 7210L55L
~es10 210 7C517-55LC 7217Ls5L LMA2010KMB-55 | 7210L55L8
710 w5 7o 45D 7C517-55LMB 7217L55LB LMA2010JC-65 | 7210L65
7C517-55PC 7217L55P LMA2010KC-65 | 7210L65L
7C510-45GC 7210L45G 7C517-65DC 7217L65D LMA2010KMB-65 | 7210L65LB
7C510-45LC 7210L45L 7C517-65DMB 7217L65DB LMU12 7212
7C510-45PC 7210L45P
7es10-4sre 3ot 7C517-65GC 7217L65G LMU12DC-45 7212L45C
7s10550C TS 7C517-65GMB 7217L65GB LMU12DMB-55 | 7212L55CB
Test0 S Lo 7C517-65L.C 72170651 LMU12DC-65 7212045C
i gas LS 7C517-65LMB 721706508 LMU12DMB-75 | 7212L55CB
7C517-65PC 7217L65P LMU12DC 7212L70C
7C510-55LC 7210L55L LMU12DMB 7212L90CB
7C510-55LMB 7210L55LB MU 1216
7C510-55PC 7210L55P LOGICDEVICES | 10T LMU16PC-45 7216L45P
7C510-65DC 7210L65D LMU16DC-45 7216L45C
7C510-65DMB 7210L65DB LMA1009 7209 [MU16G0.45 72161450
7C510-65GC 7210L65G LMA1009DC-45 | 7209L45C (MU16PO.52 7216L5P
7C510-65GMB 7210L65GB LMA1009GC-45 | 7209L45G MU16D0-25 7216L55C
7C510-65L.C 7210L65L LMA1009DMB-55 | 7209L55CB LMU1eGo 22 7216155
7C510-65LMB 7210L65LB LMA100SGMB-55 | 7209L55GB MU1eDMBEs | 721615208
7C510-65PC 7210L65P LMA1009DC-75 | 7209L65C MU{6GMB.os | 721615508
7C516 7216 LMA1009GC-75 | 7209L65G LMU16PC.65 7216168
7C516-38DC 7216L35D LMA1009DC-90 | 7209L65C LMU16DG-62 7216L65G
7C516-38GC 7216L35G LMA1009GC-90 | 7209L65G MU16GO-65 7216L65G
7C516-38LC 7216L35L LMA1009DMB-95 | 7209L75CB IMU1eDMB.65 | 721615508
7C516-38PC 7216L.35P LMA1009GMB-95 | 7209L75GB IMUeoMB6s | 71615508
7C516-42DMB 7216L40DB LMA1009DMB-115 | 7209L75CB LMU16PC 7216L6P
7C516-42GMB 7216L40GB LMA1009GMB-115 | 7209L75GB LMU16DG 7216L65G
7C516-42LMB 7216L40LB LMA2009 7209 LMU16GO 7916650
7C516-45DC 7216L45D LMA2009KC-45 | 7209L45L LMU216 7216
7C516-45GC 7216L45G LMA2009KMB-55 | 7209L55LB LMU216JC-45 7216145,
7C516-45LC 7216L45L LMA2009KC-55 | 7209L45L MU2{eKo 45 To16L45L
7C516-45PC 7216L45P LMA2009KMB-65 | 7209L55LB MU246.C.55 72161550
7C516-55DC 7216L55D LMA2009KC-75 | 7209L65L | [MU1eKes 72161550
7C516-55DMB 7216L55D8 LMA2009KC-90 | 7209L65L MU2{6KMB55 | 721615518
7C516-55GC 7216L55G LMA2009KMB-95 | 7209L75LB MU216J0-65 216L85.
7C516-55GMB 7216L55GB LMA2009KMB-115 | 7209L75LB MU216KG-65 72161651
7C516-55LC 7216L55L LMA1010 7210 [MU216KMB.65 | 7216L65LB
7C516-55LMB 7216L55LB LMA1010PC-45 | 7210L45P LMUT7 7917
7C516-55PC 7216L55P LMA1010DC-45 | 7210L45C LMU17PC45 7217L45P
7C516-65DC 7216L65D LMA1010GC-45 | 7210L45G LMU17DO-48 7917145C
7C516-65DMB 7216L65DB LMA1010PC-55 | 7210L55P (MU{7G o2 79171456
7C516-65GC 7216L65G LMA1010DC55 | 7210L55C (MU17P0.55 7217158
7C516-65GMB 7216L65GB LMA1010GC-55 | 7210L55G LMU17D0-58 7217185
7C516-65L.C 7216L65L LMA1010DBM-55 | 7210L55CB LMU17GG 22 2171550
7C516-65LMB 7216L65LB LMA1010GMB-65 | 7210L55GB IMU17DMB.Ss | 721715508
7C516-65PC 7216L65P LMAT010PC-65 | 7210L65P IMU17GMB.82 | 72171508
7C517 7217 LMA1010DC-65 | 7210L65C LMU17PO-65 To17Le8P
7C517-45DC 7217145D LMA1010GC-65 | 7210L65G LMU17D0-68 72171650
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DIGITAL SIGNAL PROCESSING CROSS REFERENCE GUIDE

CYPRESS (Con't) | IDT

LMU17GC-65 7217L65G
LMU17DMB-65 7217L55CB
LMU17GMB-65 7217L55GB
LMU17PC 7217L65P
LMU17DC 7217L65C
LMU17GC 7217L65G
LMU217 7217
LMU217JC-45 7217L45J
LMU217KC-45 7217L45L
LMU217JC-55 7217L55J
LMU217KC-55 7217165L
LMU217KMB-55 7217L.55LB
LMU217JC-65 7217L65J
LMU217KC-65 7217L65L

LMU217KMB-65 7217L65LB

TRW IDT
MPYO012 7212
MPY016 7216
MPYO16KJ1A 7216L45CB
MPYO016KJ1A1 7216L45CB
MPY016KJ1C 7216L45C
MPYO016KJ1C1 7216L35C
MPY016KJ1G 7216L45C
MPY016KJ1G1 7216L35C
TMC216H 7216
TDC1009 7209
TDC1010 7210
TMC2009 7209
TMC2010 7210
TMC2110 7210
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IDT...LEADING THE CMOS FUTURE

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

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

From inception, ID"'s product strategy has been to apply
the advantages of it's extremely fast CEMOS technology to
produce the integrated circuit elements required to implement
high-performance digital systems. IDT’s goalis to provide the
circuits necessary to create systems which are far superior to
previous generations in performance, reliability, cost weight
and size. Many of the company’s innovative product designs
offer higher levels of integration, advanced architectures,
higher density packaging and system enhancement features
that are establishing tomorrow’s industry standards. The
company is committed to providing its customers with anever-
expanding series ofthese high-speed, lower-power [C 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.
Producing products to exacting quality standards that provide
excellent, long-term reliability is given the same level of
importance and priority as device performance. DT is also
dedicated to delivering these high-quality advanced products
ontime. The company would like to be known not only for its
technological capabilities, but also for providing its customers
with quick, responsive and courteous service.

IDT's product families are available in both commercial and
military grades. As abonus, commercial customers obtainthe
benefits of military processingdisciplines, 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 family, high-density modules, FIFOs, complex logic
products, specialty memories, ECLI/O BICEMOS™ memories,
RISC subsystems, and the 32-bit RISC microprocessor family
complement eachotherto provide high-speed CMOS solutions
to 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 lines will
be introduced. Contact your DT field representative orfactory
marketing engineer to determine the latest product offerings.
If you're building state-of-the-art equipment, IDT wants to help
you solve some of your design problems.
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IDT MILITARY AND DESC-SMD PROGRAM

IDT is a leading supplier of military, high-speed CMOS
circuits. The company'’s high-performance Static RAMs, FCT
Logic Family, Complex Logic (CLP), FIFOs, Specialty
Memories (SMP), ECL /O BiCMOS Memories, 32-bit RISC
Microprocessor, RISC Subsystems and high-density
Subsystems Modules product lines complement each otherto
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), aswell 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. 1DT plans to have
SMDs for many of its product offerings. Presently, IDT has 88
devices which are listed or pending listing. The devices are
from IDT's SRAM, FCT Logic family, Complex Logic (CLP),
FIFOs and Specialty Memories (SMP) product families. IDT
expects to add another 20 devices to the SMD program in the
near future. Users should contact either IDT or DESC for
current status of products in the SMD program.

SMD SMD SMD

SRAM IDT LOGIC IDT CLP IDT
84036/D 6116 5962-87630/B 54FCT244/A 5962-87708/A 39C10B& C
5962-88740 6116LA 5962-87629/C 54FCT245/A 5962-88535 39C01
84132/B 6167 5962-86862/A 54FCT299/A 5962-88533/A 49C460A
5962-86015/A 7187 5962-87644/A S54FCT373/A 5962-88613 39C60A
5962-86859 6198/7198/7188 5962-87628/C 54FCT374/A 5962-88643 49C410
5962-86705/A 6168 5962-87627 54FCT377/A 5962-88743 75C48S
5962-85525/A 7164 5962-87654/A 54FCT138/A 5962-XXXXX 75C58
5962-88552 71256L 5962-87655 54FCT240/A 5962-XXXXX 75C458S
5962-88662 712568 5962-87656/A 54FCT273/A 5962-89517 49C402/A
5962-88611 71682L 5962-89533 54FCT861A/B 5962-86893 7216L
5962-88681/A 71258S 5962-89506 54FCT827A/B 5962-87686 7217L
5962-88545 71258L 5962-88575 54FCT841A/B 5962-88733 7210
5962-88544 71257L 5962-88608 S54FCT821A/B 5962-XXXXX 49C402L
5962-88725/A 71257S 5962-88543/A 54FCT521/A 5962-XXXXX 7320L
5962-89690 6116 5962-88640 54FCT161/A 5962-XXXXX 7321L
5962-89691 7164 5962-88639 S54FCT573/A 5962-XXXXX 7383L
5962-89692 7188 5962-88656 54FCT823A/B 5962-XXXXX 7209L
5962-89712 71982 5962-88657 54FCT163/A

5962-88674 54FCT825A/B
SMP IDT 5962-88661 54FCT863A/B

5962-88736 54FCT520A/B
5962-86875/A 7130/7140 5962-88775 54FCT646A/B
5962-87002/A 7132/7142 5962-89508 54FCT139/A
5962-88610/A 71335/7143S 5962-89665 54FCT824A/B
5962-88665/A 7133L/7143L 5962-88651 54FCT533/A

5962-88652 54FCT182/A
FIFO IDT 5962-88653 54FCT645A/B

5962-88654 54FCT640A/B
5962-87531 7201LA 5962-88655 54FCTS34/A
5962-86846/A 72404 5962-89767 54FCT540/A
5962-88669 7203S 5962-89766 54FCT541/A
5962-89568 7204L 5962-89733 54FCT191/A
5962-89536 7202L 5962-89732 54FCT241/A
5962-89863 72018 5962-89652 54FCT399/A
5962-89523 72403L 5962-89513 54FCT574/A
5962-89666 7200L 5962-89731 54FCT833A/B
5962-89942 72103L 5962-88675 54FCT845A/B
5962-89943 72104L 5962-89730 54FCTS543/A
5962-89567 7203L
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RADIATION HARDENED TECHNOLOGY

IDT manufactures and supplies radiation hardened products
for military/aerospace applications. Utilizing special processing
and starting materials, IDT’s radiation hardened devices are
able to survive in hostile radiation environments. Intotaldose,
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 allits products on
these processes. Total Dose radiation testing is performed in-

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

HIGH-PERFORMANCE CEMOS -

From IDT’s beginnings in 1980, it has had a beliefinand a
commitment to CMOS. The company developed a high-
performance version of CMOS, called enhanced CMOS
(CEMOS), that allows the design and manufacture of leading-
edge components. It incorporates the best characteristics of
traditional CMOS, including low power, high noise immunity

andwide operating temperature range; it also achieves speed
and output drive equa! or superior to bipolar Schottky TTL.
The lastdecade has seen development and production of four
“generations” of IDT's CEMOS technology with process
improvements which have reduced IDT’s electrical effective
(Left) gate lengths by more than 50 percent from 1.3 microns
(millionths of a meter) in 1981 to 0.6 microns in 1989.

CEMOS il

CEMOS | CEMOS I CEMOS V CEMOS VI
A (o4

Calendar Year 1981 1983 1985 1987 1989 1990

Drawn 2.5u 1.7u 1.3p 1.2p 1.0p 0.8u

Feature Size

Leff 1.3p 1.1p 0.9u 0.8p 0.6p 0.45p

Basic Dual-well, Dry Etch, Shrink, Silicide, BiCEMOS I BiCEMOS il

Proces Wet Etch, Stepper Spacer BPSG,

Enhancements Projection BiCEMOS |

Aligned
2514 drw 01
CEMOS |V = CEMOS |1l - scaled process optimized for high-speed logic.
Figure 1.
Continual advancement of CEMOS technology allows IDT "
to implement progressively higher levels of integration and o N ! E ‘ ‘
achieve increasingly faster speeds maintainingthe company's ‘AL ’
established position as the leader in high-speed CMOS
integrated circuits. In addition, the fundamental process : :
technology has been extended to add bipolar elements to the ' )
CEMOS platform. IDT's BICEMOS process combines the ' A 2
ultra-high speeds of bipolar devices with the lower power and N ‘A )
cost of CMOS, allowing us to build even faster components g ® ) ) 1}
than straight CMOS at a slightly higher cost. CEMOS | CEMOS It CEMOS IIl CEMOS V
1981 1983 1987 1989
SEM photos (miniaturization) 2514 drw 02

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

ALPHA PARTICLES

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

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

LATCHUP IMMUNITY

A combination of careful design layout, selective use of
guard rings and proprietary techniques have resulted invirtual
elimination of latchup problems often associated with older
CMOS processes (Figure 5). The use of NPN and N-channel
11O devices eliminates hole injection latchup. Double guard
ring structures are utilized on all input and output circuits to
absorbinjected electrons. These effectively cut off the current
pathsinto the internal circuits to essentially isolate I/0O circuits.
Compared to older CMOS processes which exhibit latchup
characteristics with trigger currents from 10-20mA, IDT
products inhibit latchup at trigger currents substantially greater
than this.

Potential

y!
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0
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|
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o

+5V CEMOS™
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Figure 4. IDT CEMOS Buiit-In High Alpha Particle Immunity
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Figure 5. IDT CEMOS Latchup Suppression
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SURFACE MOUNT TECHNOLOGY

To take full advantage of the low-power aspect of CMOS,
and obtain two to three times the space savings, CMOS
products should be used as SMDs (surface mount devices).
However, mostintegratedcircuits soldtoday are stillpackaged
in the traditional DIP (dual in-line package) configuration
because there is a tremendous support industry to handle
thru-board assembly.

Determined to utilize CMOS advantages, IDT re-invented
the DIP. This was accomplished by developing multilayered
substrates (either co-fired ceramics or glass filled epoxy FR-
4) with dual in-line (DIP) or single in-line (SIP) pins. An
advanced IR (InfraRed) reflow and vaporphase reflow surface
mount technology was also developed to produce the most
reliable solder connections available.

Products that are to be interconnected to form larger
electronic elements are electrically tested, environmentally
screened, performance selected and then thermally matched
to the appropriate ceramic or glass filled epoxy substrates.
After modular assembly, the finished product is 100% re-
tested to ensure thatit completely performs to the specifications
required.

As a result, IDT produces extraordinarily dense, high-
speed combinations of monolithic ICs as complex subsystem
modular assemblies. These modules convert SMDs to user-
friendly DIPs/SIPs providing customers with the density
advantages of surface mount in a format compatible with their
extensive, thru-board, assembly expertise.
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STATE-OF-THE-ART FACILITIES AND CAPABILITIES

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

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

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

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

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

The RISC Subsystems and Subsystems Modules Divisions
are located behind the two-building complex in a 54,000
square foot facility. Also located at this facility are Quality
Assurance and wafer fabrication services.

Directly across the street from the two-building complex is
a newly acquired 50,000 square foot facility that houses

administrative services, Northwest Area Sales, Human
Resources, International Planning and Shipping and Receiving
functions.

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

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

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

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

Maintaining the highest standards of quality in the industry
on ail 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 andelectricaltest, 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-M-38510, as défined 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
revisionand notice of MIL-STD-883. State-of-the-artproduction
techniques and computer-based test procedures are coupled
with tight controls and inspections to ensure that products
meet the requirements for 100% screening. Routine quality
conformance lot testing is performed as defined in MIL-STD-
883, Methods 5004 and 5005.

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

SPECIAL PROGRAMS

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

Radiation Hardened. IDT has developed and supplied
several levels of radiation hardened products for military/
aerospace applications to perform at various levels of dose
rate, total dose, single event upset (SEU), upset and latchup.
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
ourcustomers. IDT’s quality commitment is embodied in its all
pervasive Constant Quality Improvement (CQl) program.
Everyone who influences the quality of the product-from the
designer to the shipping clerk—is committed to constantly
improving the product quality.

LOGIC PRODUCTS DIVISION’S FOCUS

“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 Logic Products Division has dedicated its efforts to
constant quantitative improvements in quality. The result, a
supply of leadership products that conformto the requirements
of our customers.

LOGIC PRODUCTS DIVISION’S PRODUCT

ASSURANCE STRATEGY FOR CQl

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

DEVELOPMENT
l
FAB
| PRODUCT FLOW
ASSEMBLY
|
TEST

|
SHIP

Ourcustomers receive the benefitof 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 logic products and services.

ORDER ENTRY
|
PRODUCTION CONTROL
SERVICE FLOW |
SHIPPING

I
CUSTOMER SUPPORT

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

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

Standardization
Implementing policies, procedures and measurement
techniquesthat are 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 CQI program into the IDT Corporate
Culture.

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

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

PRODUCT FLOW

Product quality starts here. IDT has mechanisms and
procedures in place that monitor and control the quality of our
development activities. 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 partsthat willimprove the prototype product.

Atthe pre-production stage once againin-house qualification
tests assure the quality and reliability of the product. All
specifications and manufacturing flows are established and
personneltrained before the productis placed into production.
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Manufacturing :

To make CQlduringthe manufacturing stage, controlitems
are determined for major manufacturing conditions. Data is
gathered and statisticaltechniques are usedto contro! specific
manufacturing processes that affect the quality of the product.

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
improved.

Order Procedures

Checks are made at the order entry stage to ensure the
correct processing ofthe Customer’s product. Afterverification
and data entry the Acknowledgements (sent to Customers)
are again checked to ensure details are correct. As part of the
CQl program, 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, IDT as a supplieralso 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 aworldwide network of sales offices and Technical
Development Centers. These provide local customer support
on business transactions, and in addition, support customers
onapplicationsinformation, technical services, benchmarking
of hardware solutions, and demonstration of various
Development Workstations.

The key to CQlI is the timely resolution of defects and
implementation of the corrective actions. This is no more
important than when product failures are found by a
customer.When failures are found at the customer’s incoming
inspection, in the production line, or the field application, the
Logic Products 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 CQI full circle—full support of our
customers and their designs with high-quality products.

SUMMARY

In1990, IDT made the commitmentto “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 CQlI strategy within the Logic Products
Division, we will satisfy our goal...

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

A COMMITMENT TO QUALITY

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

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

Product flow and test procedures for all plastic and
commercial hermetic products are in accordance withindustry
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, DT
ensures that our products consistently meet customer
requirements for quality, reliability and performance.

SUMMARY

Monolithic Hermetic Package Processing Flow"

Referto 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. Allcriticalworkstations are maintained
at Class 100 levels or better.

Wafersfromeachwaferfabrication area are subjected
to Scanning Electron Microscope analysison aperiodic
basis.

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

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

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

NOTE:

10.

11.

12.

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

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

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

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

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

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

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

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

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

1. Forquality requirements beyond Class Blevels such as SEM analysis, X-Ray inspection, Particle Impact Noise Reduction (PIND) test, Class S screening
or other customer specified screening flows, please contact your Integrated Device Technology sales representative.
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Monolithic Hermetic Package Processing Flow

(SEE NOTE 1)

WAFER FAB

INCOMING ¢_@
PREFORM
(SAMPLE)

INCOMING
PACKAGE @—’

(SAMPLE)

|| WAFER PREP FOR ASSEMBLY

DIE-SORT VISUAL INSPECTION

DIE OPTICAL
INSPECTION SAMPLE

[ JoeatTacH

INCOMING ‘_@

WIRE (SAMPLE)

DIE ATTACH
PUSH TEST
SAMPLE

[ ] wire BonD

—©

LEAD BOND PULL
TEST SAMPLE

[ ] Pre-cap visuaL

._@

INCOMING
LiDS (SAMPLE)

PRE-CAP VISUAL
SAMPLE

SEAL

BACK MARK

TEMP CYCLE

CENTRIFUGE

FINE

AS
REQUIRED

] TRIM

LEAK TEST

GROSS LEAK TEST

ATTACH AS
BUMPER REQUIRED
[
‘_@ HERMETICITY SAMPLE:
(SEE NOTE 3)
EXTERNAL VISUAL
PRE BURN-IN
ELECTRICAL TEST

MIL-STD-883

TEST METHOD AND CONDITIONS

IDT SPEC

2019 (>2.5kg)

IDT SPEC

20|11 (>3.0grams)
20|10 COND. B

2010 COND.B

IDT S|PEC

IDT SPEC PROVIDES LOT
TRACEABILITY
1010 COND. C, 10 cycles
| -65°C TO +150°C
2001 COND. E, Y1 Direction
>30kg (PKG < 5g)
>20kg (PKG 2 5g)

1014 COND. AorB,
| <5.0X 10 ATM/CC/SEC.
1014 COND.C

IDT SPEC

FINE LEAK:  GROSS LEAK:

COND.AorB COND.C
1014 50X 107
ATM/CC/SEC.
IDT SPEC

5004 DC, AC, FUNCTIONAL @ +25°C
L (SEE NOTE 2)

SEE FINAL PROCESSING FLOW FOR REMAINDER OF OPERATIONS AND NOTES
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SUMMARY

Monolithic Plastic Package Processing Flow

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

1. Wafer Fabrication: Humidity, temperature and
particulate contamination levels are controlied and
maintained accordingto criteria patterned after Federal
Standard 209, Clean Room and Workstation
Requirements. Allcriticalworkstations are maintained
at Class 100 levels or better.

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

Wafersfromeachwaferfabrication area are subjected
to Scanning Electron Microscope analysison aperiodic
basis.

2. Die-Sort 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.

4. Wire Bond Monitor: Product samples are routinely
subjected to wire bond puliteststo ensure the integrity
of the lead bond process.

5. Pre-Cap Visual: Before the package is moided,
100% of the product is visually inspected to criteria
patternedafter MIL-STD-883, Method 2010, Condition
B.

10.

11.

Post Mold Cure: Plastic encapsulated devices are
baked to ensure an optimum plastic seal so as to
enhance moisture barrier characteristics.

Pre-Burn-In Electrical: Each product is 100%
electrically tested at an ambienttemperature of +25°C
to IDT data sheet or the customer specification.

Burn-In: Except for MSI Logic family devices where
it may be obtained as an option, all Commercial
Grade plastic package products are burned-in 16
hours at +125°C (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: Allproduct is marked with product type and lot
code identifiers.

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.
Whereindicated, the test methods are patterned after
MIL-STD-883 criteria.
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Monolithic Plastic Package Processing Flow

INCOMING LEAD FRAME VIS/DIW :

SAMPLE

INCOMING DIE ATTACH EPOXY @_,
FRAME LOAD
EPOXY DIE ATTACH AND CURE

INCOMING GOLD WIRE
SAMPLE @—v

SAMPLE

!
-
INCOMING MOLDING COMPOUND @

SAMPLE

BURN-IN BIASED/DYNAMIC AT +125°C,
160 HRS. MAXIMUM TO 16 HRS.
MINIMUM (OR EQUIVALENT) ON ALL
PRODUCTS EXCEPT MSI LOGIC
FAMILY DEVICES (FCT, FCT-T and FBT),
ON WHICH IT MAY BE OBTAINED AS
AN OPTION.

NOTE:

WAFER FABRICATION

[ ] WAFER PREP FOR ASSEMBLY

(SEE NOTE 1)

[ ] DIE-SORT VISUAL

DIE OPTICAL INSPECTION
4—@ OPTICAL INSPECTION SAMPLE

‘—@ DIE ATTACH PUSH TEST SAMPLE

"] THERMOSONIC WIRE BOND

4—@ LEAD BOND PULL TEST SAMPLE

"] PRE-CAP OPTICAL INSPECTION
+—(Q) PRE-CAP OPTICAL SAMPLE INSPECTION

ENCAPSULATION/MOLD

CHEMICAL DEFLASH

POST MOLD CURE

MECHANICAL DEFLASH AND TRIM

SOLDER PLATE

LEAD FORM/SINGULATION

OPEN/SHORT TEST SAMPLE

EXTERNAL VISUAL

PRE-BURN-IN ELECTRICAL TEST +25°C (SEE NOTE 2)

BURN-IN

POST BURN-IN ELECTRICAL TEST +70°C (SEE NOTE 2)
<10%

‘—@ ELECTRICAL TEST QUALITY SAMPLE +70°C (SEE NOTE 2)

TOPSIDE MARK

LEAD STRAIGHTEN

[ ] 100% ELECTRICAL TEST +25°C (SEE NOTE 2)

<5% (SEE NOTE 2)
SHIPPING INSPECTION GATE

1. All screens are 100% unless otherwise noted.
2. All electrical test programs are per the applicable IDT test specification.
3. IDT performs a 100% electrical test at +25°C with a 5% PDA limit at this point.

4. @ = Quality sample inspection.
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Monolithic Hermetic Package Final Processing Flow

Commercial
Military
MIL-STD-883 Compiliant Military Commercial

Operation Test Method Class B Temp. Range | Temp. Range

Burn-In 1015/D at +125°C 100% 100% 100%
Min. or Equivalent 160 Hours 16 to 160 Hours| 16to160 Hours
Post Burn-In Electrical: Static (DC), Functional and IDT Spec. 100% 100% 100%
Switching (AC)®@ +25, -55 and +125°C +70°C
+125°C

Percent Defective Allowed (PDA)® 5004 or IDT Spec. 5% 10% 10%
Group A Electrical: Static (DC), Functional and 5005 and IDT Spec. Sample Sample Sample
Switching (AC)®@ -55 and +125°C +125°C +70°C
Mark/Lead Straighten IDT Spec. 100% 100% 100%
+25°C Electrical® IDT Spec. 100%® 100% 100%
Final Visual/Pack IDT Spec. 100% 100% 100%
Quality Conformance Inspection 5005 (Group B, C,D) | Yes — —
Quality Shipping Inspection IDT Spec. Sample Sample Sample
(Visual/Plant Clearance)

NOTES:

AW =

o

¥e|

. All screens are 100% unless otherwise noted.
. All electrical test programs are per the applicable IDT test specification.

. This hermeticity sample is performed after all lead finish operations.
. Ifalot fails the 5% PDA butis <10%, the lot may be resubmitted to burn-in one time only to the same time and temperature conditions as first submission.

The subsequent post burn-in electrical test at +25°C will be performed to a PDA of 3%.

2505 10l 01

. IDT performs a 100% electrical test at +25°C with a 2% PDA limit at this point to satisfy group A requirements, and considers this to be equivalent to the
group A requirement of an LTPD of 2, with an accept number of 0. If a lot fails the 2% PDA limit, it may be rescreened one time only to a tightened PDA

limit of 1.5%.
= Quality sample inspection.
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RADIATION TOLERANT/ENHANCED/HARDENED PRODUCTS FOR
RADIATION ENVIRONMENTS

INTRODUCTION

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

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

THE RADIATION ENVIRONMENT

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

Total Dose Accumulation refers to the total amount of
accumulated gamma rays experienced by the devices in the
system, and is measured in RADS (Sl) for radiation units
experienced at the silicon level. The physical effect of gamma
rays on semiconductor devices is to cause threshold shifts (Vt
shifts) of both the active transistors aswell 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. Inmemory circuits, however, functionalfailures
due to memory cell failure often occur first.

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

Single Event Upset (SEU) is a transient logic state change
caused by high-energy ions, such as energetic cosmic rays,
striking the integrated circuits. As the ion passes through the
silicon, charge is either created through ionization or direct
nuclear collision. If collected by a circuit node, this excess
charge can cause a change in logic state of the circuit.
Dynamic nodes that are not actively held at a particular logic
state (dynamic RAM cells forexample) 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
siliconlattice whichmay lead to device leakage and, ultimately,
functional failure.

Primary

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

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

Enhancements to IDT’s standard process are used to
create radiation enhanced and tolerant processes. Field and
gate oxides are “hardened”to make the device less susceptible
to radiation damage by modifying the process architecture to
allow lowertemperature 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.
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RADIATION HARDNESS CATEGORIES

Radiation Enhanced (‘RE) or Radiation Tolerant (‘RT)
versions of IDT products follow IDT's military product data
sheets whenever possible (consult factory). IDT’s Total Dose
Test plan exposes a sample of die on a wafer to a particular
Total Dose level via ARACOR X-Ray radiation. This Total
Dose Test plan qualifies each ‘RE or ‘RT waferto a Total Dose
level. Only wafers with sampled die that pass Total Dose level
tests are assembled and used for orders (consult factory for
more details on Total Dose sample testing). With regard to
Total Dose testing, clariications/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 Logic devices that can be Total Dose qualified to
10K RADs (Si) or greater by IDT's ARACOR X-Ray Total
Dose sample die test plan (Total Dose levels require
negotiation, consult factory for more details).

Radiation Tolerant Logic product uses standard wafer/
process material that is qualified to 10K RADs (Si) Total
Dose by IDT’s ARACOR X-Ray Total Dose sample die test
plan.

Integrated Device Technology can provide Radiation
Tolerant/Enhanced versions of all Logic product types (some
speed grades may not be available as ‘RE).

Please contact your IDT sales representative or factory
marketing to determine availability and price of any IDT
product processed in accordance with one of these levels of
radiation hardness.

CONCLUSION

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

Since most of the electrical energy consumed by
microelectronic devices eventuaily appears as heat, poor
thermat 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 declineswithincreasesinjunctiontemperature
(TY), it becomes increasingly important to maintain a low (TJ).

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

ta=toexp | Ea (1 -1
k To T
where
ta = lifetime at elevated junction (TJ) temperature
to = normai lifetime at normal junction (To) temperature
Ea = activation energy (ev)
k = Boltzmann’s constant (8.617 x 10-5ev/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 coolerrunning 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 toensure
maximum heat transfer between die and packaging
materials.

Thefollowing figures graphically illustrate the thermal values
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 cavity
size and die attach integrity. The following range of values are
to be used as a comprehensive characterization of the major
variables rather than single point of reference.

When calculating junctiontemperature (TJ), it is necessary
to know the thermal resistance of the package (6JA) 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.

0JA = [TJ - TAJP
TJ = TA + P[8JA] = TA + P[6JC + 6CA]

where
0ic=TJ-TC 6caA=Tc-Ta
P P

0 = 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

6CcA = Case to Ambient, thermal resistance—usually a
measure of the heat dissipation due to natural or
forced convection, radiation and mounting
techniques.

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

6JA = Junction to Ambient, thermal resistance—usually

measured with respect to the temperature of a
specified volume of still air. (Dependent on 6JC +
0Ja which includes the influence of area and
environmental condition.)
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PKG.
P16-1
P18-1
P20-1
P22-1
P24-1
P24-2
P28-1
P28-2
P32-1
P32-2
P40-1
P48-1
P64-1

D16-1
D18-1
D20-1
D22-1
D24-1
D24-2
D28-1
D28-2
D28-3
D32-1
D40-1
D40-2

C20-1
ca2-1
C24-1
C24-2
Cca8-1
Cc28-2
C28-3
C32-1
C32-2
C32-3
C40-1
C48-1
C48-2
Cé4-1
C64-2
Ces-1

PG68-2
PG84-2
PG208-2

G68-1
G68-2
G84-1
G84-2
G84-3

PACKAGE DIAGRAM OUTLINE INDEX

DESCRIPTION

16-Pin Plastic DIP (300 mil)
18-Pin Plastic DIP (300 mil) ...
20-Pin Plastic DIP (300 mil) ...
22-Pin Plastic DIP (300 mil) ...
24-Pin Plastic DIP (300 mil) ...
24-Pin Plastic DIP (600 mil) ...
28-Pin Plastic DIP (600 mil) ...
28-Pin Plastic DIP (300 mil) ...
32-Pin Plastic DIP (600 mil)
32-Pin Plastic DIP (300 mil)
40-Pin Plastic DIP (600 mil) ...
48-Pin Plastic DIP (600 mil) ...
64-Pin Plastic DIP (300 mil)

16-Pin CERDIP (300 MIl) .viiiieiiierieieseeierees e stere st et te s ese s e s e seesssesaesbessessesesasssnesssssessnssennsenns
18-Pin CERDIP (300 mil) ....
20-Pin CERDIP {300, MII) .oueeviirirreirieteiieiressesteseeraeseseeesaesesseesessssssassansessessassssssssessassasssesesressanas
22-Pin CERDIP (300 MIl) ....oiiiiieeicicteinceririe st cesre st sresse e s seeresaes e sere s seasasas e assaesesnssasaesas
24-Pin CERDIP (300 mil) ... .
24-Pin CERDIP (600 mi) ....
28-Pin CERDIP (800 M) ...eeitirteiereereeeertesieseesteeseretesteeseesaasesseessasssesessasssessessasmnsesssasssssessesesssenseas
28-Pin CERDIP (Wide DOY) ....ecceviieeetesieie e st ettt ee e eeen e se v ee e s saen st eaeeseenseseseenns 2
28-Pin CERDIP (300 mil) ........ .
32-Pin CERDIP (wide body)
40-Pin CERDIP (800 MIl) ....viiiiiieieieeiee et st et seeeeet e e et e ste et e e svaeseaasresneenseasseeseassaesseean
40-Pin CERDIP (WId€ DOAY) .....eviuiieeeieieesietesecieite st tee v e ste e eseessesens s eaeessenaennesesnean 2

20-Pin Sidebraze DIP (300 mil)
22-Pin Sidebraze DIP (300 mil) ....
24-Pin Sidebraze DIP (300 mil) ....
24-Pin Sidebraze DIP (600 mil) ....
28-Pin Sidebraze DIP (300 mil) ....
28-Pin Sidebraze DIP (400 mil) ....
28-Pin Sidebraze DIP (600 mil) ....
32-Pin Sidebraze DIP (600 mil) ....
32-Pin Sidebraze DIP (400 mil)
32-Pin Sidebraze DIP (300 mil)
40-Pin Sidebraze DIP (600 mil) ....
48-Pin Sidebraze DIP (400 mil) ....
48-Pin Sidebraze DIP (600 mil)
64-Pin Sidebraze DIP (900 mil)
64-Pin Topbraze DIP (900 mil)
68-Pin Sidebraze DIP (600 mil)

68-Lead Plastic Pin Grid Array (CAVItY UP) ....cocevieerrrieertereeeesieseeeseesee et e sseeesesse e anreee e seesmeens
84-Lead Plastic Pin Grid Array (cavity up) ......
208-Lead Plastic Pin Grid Array (cavity up)

68-Lead Pin Grid Array (CAVItY UD) .....cceeeieiireeeieiieie e eteeeete e e eeee e st e e e ss e e e sseesseasseesanessasans
68-Lead Pin Grid Array (cavity down) ........ccoceeueeneee .
84-Lead Pin Grid Array (cavity up — 12 x 12 grid)
84-Lead Pin Grid Array (cavity down) .........cccoeecce.
84-Lead Pin Grip Array (cavity up — 11 x 11 grid)
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DESCRIPTION PAGE
84-Lead Pin Grid Array (cavity down — MIPS) ...t 27
108-Lead Pin Grid Array (cavity up)..........cceeeeee .
144-Lead Pin Grid Array (cavity down) .
144-Lead Pin Grid Array (cavity up)...... et .
208-Lead Pin Grid Array (CaVIty UP) .....c.eeererieirie e certent e snes st st ss s srs s ens

16-Pin Small Outling IC (QUIN WIMG) ....ocoveeieiieeeiii ettt sae e e e eb e s se st neae e 32
16-Pin Small Outling 1C (J-DEN) ..cveeririiririiririreniercerreress e s crese e e s saesns 35
16-Pin Small Outline IC (EIAJ — .0315 pitch) ....
16-Pin Small Outline IC (EIAJ — .050 pitch) ......
18-Pin Small Outline IC (gull Wing) .......coeceeveee. .32
18-Pin Small Outline IC (EIAJ — .050 pitch) .. .
20-Pin Small Outling IC (J-DENA) ....ooviviriiiriiririieiee i 35
20-Pin Small Outling 1C (QUITWING) c..eeveeirrieiienerir ettt sr et sre et ses e s sasans 32
20-Pin Small Outline IC (EIAJ — .0315 pitch) ....
20-Pin Small Outline IC (EIAJ — .050 pitch) ..... .
24-Pin Small Outline IC (gull wing) .....c..ccovevvenenee .32
24-Pin Small Outline IC (gull wing) ...
24-Pin Small Outline IC (J-bend) ........ccccevevvrncene
24-Pin Small Qutline IC (EIAJ — .0315 pitch) ....
24-Pin Small Outline IC (EIAJ — .050 pitch) ...... .
28-Pin Small Outline IC (GUITWING) ......eovirveeriieieeir e ettt et se e cre e neeens
28-Pin Small Outling IC (QUIEWING) ..ccveoviiieieieiere ettt sttt s e s e
28-Pin Small Qutline IC (J-bend — 350 mil) ... .
28-Pin Small Outline IC (J-bend — 300 mil) .......

28-Pin Small Outline IC (EIAJ — .050 pitch) ..
32-Pin Small Qutline IC (J-bend) .......ccccueune.
48-Pin Small Outline IC (SSOP — gull wing).......
56-Pin Small Outline IC (SSOP — QUI WING) ...coverireieiriiiree et

18-Pin Plastic Leaded Chip Carrier (rectangular) .............ccovviroeniiiiiniinniiiniici e 42
20-Pin Plastic Leaded Chip Carrier (square) ...... .4
28-Pin Plastic Leaded Chip Carrier (square) ......... 3

32-Pin Plastic Leaded Chip Carrier (rectangular) ..

44-Pin Plastic Leaded Chip Carrier (square) ......... .41
52-Pin Plastic Leaded Chip Carrier (square) ..... .41
68-Pin Plastic Leaded Chip Carrier (square) ...... .41
84-Pin Plastic Leaded Chip Carrier (SQUATE) ......c..ccvviiriermiimiiniiiiiiinis e 141
20-Pin Leadless Chip Carrier (reCtangular) ............ccceeeivirrcemminniiniene et seasssse e 18
20-Pin Leadless Chip Carrfier (SQUATE) ........ccccerrerieerieniirieitcsie sttt s st s 16

22-Pin Leadless Chip Carrier (rectangular) ....
24-Pin Leadless Chip Carrier (rectangular) ....
28-Pin Leadless Chip Carrier (square) ...........
28-Pin Leadless Chip Carrier (rectangular) ....

32-Pin Leadless Chip Carrier (rectangular) .... .18
44-Pin Leadless Chip Carrier (square) ........ .16
48-Pin Leadless Chip Carrier (square) .... .16
52-Pin Leadless Chip Carrier (SQUAare) ..........coocvevieiviniiiinieeseseeseeseene e .17
52-Pin Leadless Chip Carrier (SQUAIE) ........occecerererirereeeiirenenent st s sesssssneeres .17
68-Pin Leadless Chip Carrier (square) .... .17
68-Pin Leadless Chip Carrier (SQUANE) «.......eieeecrereereresierteeee st et e sesee s sresse s sremseseassss s s ens 17
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PKG.
E16-1
E20-1
E24-1
£28-1
E28-2

CQ68-1
CcQ84-1

F20-1
F20-2
F24-1
F28-1
F28-2
F48-1
F64-1
F68-1
F84-1
F172-1

PQ80-2

PQ100-1
PQ100-2
PQ120-2
PQ128-2
PQ132-1
PQ144-2
PQ160-2
PQ184-2
PQ208-2

DESCRIPTION

16-Lead CERPACK

20-Lead CERPACK

24-l.ead CERPACK

28-Lead CERPACK

28-Lead CERPACK

68-Lead CERQUAD (straight 1eads) ............ccceeiiiiiinicriniiniiiee et 14
84-1.ead CERQUAD (J-DENA) ...couvieiireieiienieeeceeiectei st st st sa s 15
20-L0ad FIAIPACK ..o ciiiiiirieee ettt st e st e e s st er e e ea e st et e s b s e nan e b e e s aan 8
20-Lead Flatpack (.295 body) ...8
24-Lead Flatpack ........ccccu..... ...8
28-Lead Flatpack .. ...8
28-Lead Flatpack ......... ...8
48-Lead Quad Flatpack ... .9
64-Lead QUAd FIAtPACK .....ccueriiiiiiiiieceee et er e e .9
68-Lead Quad FIAtPACK ......coceeeiiiiiieiterere e e .10
84-Lead Quad Flatpack (cavity down) . -1
172-Lead Quad FIatpack (MIPS) ..c..cvoiiiiiiieert et 12
80-Lead Plastic Quad Flatpack (JEAH) ..o ireicierri ettt 39
100-Lead Plastic Quad Flatpack (JEDEC).. .28
100-Lead Plastic Quad Flatpack (EIAJ) ...... .39
120-Lead Plastic Quad FIAtPACK {EIAJ) ..cc.oiuiriiiieetieie ettt et st 39
128-Lead Plastic Quad FIAtPack (EIAJ) .cuvrevieieiceirreriniee et et smire e s srs e 39
132-Lead Plastic Quad Flatpack (JEDEC).. .38
144-Lead Plastic Quad Flatpack (EIAJ) ...... .40
160-Lead Plastic Quad Flatpack (EIAJ) .c.cueeveviiirnircice st s e 40
184-Lead Plastic Quad FIatpack (EIAJ) .....c.cooverieiniiriiinie it 40
208-Lead Plastic Quad FIatpack (EIAJ) .....cc.coviiierieieieeecteieerite s e 40
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Integrated Device Technology, Inc.

PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES

A
SEATING PLANEjJ‘
L

NOTES:

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

Jfe——— 0

T [w

E
4ol

——

el | o1

T

s1——'
|

T,

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

-,

3. THE MINIMUM LIMIT FOR DIMENSION b1 MAY BE .023 FOR CORNER LEADS.

16—28 LEAD CERDIP (300 MIL)

DWG # D16-1 D18-1 D20-1 D22-1 ~ D24—1 D28-3
# OF LDS (N) 16 18 20 22 24 _ 28

SYMBOL MIN | MAX MIN | MAX] MIN | MAX] MIN | MAX] MIN | MAX] MIN | MAX
A .105] 1751 .105] 175} .105] .175] .105[ .175] .105 [ .175] .105 [ .175
b L0161 .021] .015| .021] .015( .021] .015{ .021} .015} .021] .015 ] .021
b1 .038].060] .038] .060) .038 ] .060] .038| .060] .045| .065] .045] .065
c .009] .012] .009( .012| .009| .012] .009] .012| .009( .014 ] .009| .014
D .750| .830] .880 | .930] .935]1.060]1.050]1.080]1.240( 1.280] 1.440} 1.490
E .285] .310] .285) .310] .285] .310] .285] .310] .285( .310] .285] .310
El .290] .320] .290] .320] .290] .320} .290] .320} .300| .320] .300| .320
[ .100 BSC | .100 BSC | .100 BSC | .100 BSC | .100 BSC | .100 BSC
L 1251 .175) .125| .175) .125| .175] .126] .175} .125| .175] 125} .175
L1 1501 - 1150 - 1.150] - 1.150] - J.180f — 1.180] -
Q .025] .055] .025) .055] .025] .060) .015] .060} .015 | .060] .015| .060
S .045] .080] .045] .080] .045] .080] .020] .080] .030( .080] .030| .080
Si .0065{ — §.005f — .005] — 1.005] — J.005f — J.005] -
o 0 15° 0 | 15° 0* 15° 0 15° 0 [ 15° 0 | 15
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—40 LEAD CERDIP (600 MIL)

DWG D24-2 D281 D40—-1
# OF LDS (N) 24 28 40

SYMBOL MIN | MAX MIN | MAX | MIN | MAX
A .080 |.190 ].090 | .200}] .160] .220
b .014 [.023 | .014 | .023 ] .014] .023
b1 .038 |.060 |].038 | .065 ] .038]| .065
c .008 [.012 ].008 | .014 ] .008| .014
D 1.230 |1.290 |1.440 | 1.490} 2.020} 2.070
E .500 |{.610 ] .510 | .545 ] .510( .545
E1 .590 |.620 | .590 | .620 ) .590] .620
e .100 BSC .100 BSC .100 BSC
L 125 1.200 | .125 | .200 ] .125]{ .200
L1 .150 - .150 - 150 -
Q .015 |.060 |].020 | .060 } .020]} .060
S .030 |.080 }.030 | .080 ] .030]| .080
St 005 | - .005 - .005| -
0. 0* 15° 0* 15° 0 15°

28—40 LEAD CERDIP (WIDE BODY)

DWG _# D28=2 D321 D40-2
# OF DS (N) 28 32 40

SYMBOL MIN TMAX | MIN | MAX | MIN | MAX

.020 |.060 ] .020 | .060 ] .020| .060
.030 |.080 1.030 | .080}1 .030| .080
.005 | - .005 = 005 -
0* 15° 0 15 0 15°

A .090 [.200 | .120 | .210 ] .160[ .220
b .014 1.023 | .014 | .023] .014 ] .023
b1 .038 |.065 | .038 | .065 ) .038]| .065
c .008 |.014 ].008 | .014 ] .o08| .014
D 1.440 [1.490 ]1.625 | 1.675] 2.020] 2.070
E .570 |.600 | .570 | .600 |} .570| .600
E1 .590 |.620 | .590 | .620 ] .580( .620
) .100 BSC .100 BSC .100 BSC

L 125 |.200 | .125 | .200 ] .125] .200
L1 JA50 [ -~ 150 .150

Q

S

S1

o
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

20—32 LEAD SIDE BRAZE (300 MIL)

i D
o e r

N

1

LI JLIJLJLLJ LJuUd L]

T
E )
1

f—

s—

S2 ——1 [e— b1

A
-—‘—’—-SEATING PLANE
|_ e

NOTES:

=
|

SN

i

entt—

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

— &1 -

DWGC # C20-1 C22-1 C24-1 C28—1 C32—3
[FoF os () 20 22 24 28 32|
SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
A ,090 | .200 | .100 | .200 | .090 | .200 | .090 | .200 | .090 | .200
b .014 | .023 | .014 | .023 | .015 | .023 | .014 | .023 | .014 | .023
b1 ,040 | .060 | .040 | .060 | .040 | .060 | .040 | .060 | .040 | .060
C .008 | .015 | .008 | .015 | .008 | .015 | .008 | .015 | .008 | .014
D .970 [ 1.060 | 1.040 | 1.120 | 1.180 | 1.230 | 1.380 | 1.420 | 1.580 | 1.640
E 1220 | .310 | .260 | .310 | .220 | .310 | .220 | .310 | .280 | .310
E1 .290 | .320 | .290 | .320 | .290 | .320 | .290 | .320 | .290 | .320
e 100 BSC | .100 BSC | .100 BSC | .100 BSC | .100 BSC
L 125 | .200 | 125 | .200 | .125 | .200 | 125 | .200 | .100 | 175
] 150 [ — |50 - |50 — |50 — [ .50 | -
Q .015 | .060 | .015 | .060 | .015 | .060 | .015 | .060 | .030 | .060
s .030 | .065 | .030 | .065 | .030 | .065 | .030 | .065 | .030 | .065
st 005 - J.005] — J.005] — [.005[ - J.005] —
S2 005 — Joos] — |oos| — J.005] — J.005] —
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

28—48 LEAD SIDE BRAZE (400 MIL)

D

T [ﬁll_lﬁl_l["“\l_!l—:ll_\nl_l:l_ﬁf_!

E D)

_L 1 48 LEAD OPTION

S—e= |-

e | R | _
Q — - _J A
l ‘*_ 1 ] SEATING PLANE i

- i a
e b S1—= |=— »

NOTES:

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

DWG # C28—2 Ca32—2 C48—1
|# OF LDS (N) 28 32 48
[ SymBOL MIN | MAX | MIN | MAX | MIN | MAX
A .090 | .200 | .090 | .200 | .085 | .190
b .014 [ .023] .014 [ .023 ] .014 | .023
b1 .040 [ .060 | .040 [ .060 | .040 | .060
c .008 | .014 | .008 | .014 | .008 | .014
D 1.380 [ 1.420 ] 1.580 [ 1.640 ] 1.690] 1.730
E .380 | .420 | .380 | .410 | .380 [ .410
E1 .390 | .420 | .390 [ .420 | .3%0 | .420
e .100 BSC .100 BSC .070 BSC
L 100 [ 475 [ 100 [ 475 ] 125 [ 475
L1 150 [ - T.s0 - f.so ] -
Q .030 [ .060 | .030 [ .060 | .020 | .070
S .030 | .065 | .030 [ .065 [ .030 | .065
S1 005 - JT.005] — T.005] -
S2 005 — J.o05s] - ].005]| —
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

24—68 LEAD SIDE BRAZE (600 MIL)

D

[
o
N

—

| s T oo Y v T s O o O e Y e 9 e O s T s O e O e 15 o |

S

S ~o=f

NOTES:

T

[ap—

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

68 LEAD OPTION

E1

[_OWG # C24-2 C28=3 C32-1 C40-1 C48-2 C68-1
£ OF (DS (N) 24 28 32 40 48 68
symBoL | MIN [ MAX | MIN | MAX I MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX
A .080 | 190 | .085 | .190 | .100 | .190 | .085 | .190 | .100 | .190 | .085 | .190
b 015} 0231 .015].022 | .015 | .023 | .015 | .023 | .015 | .023 | .015 | .023
b1 .040 | .060 | .038 [ .060 [ .040 | .060 | .038 | .060 | .040 [ .060 | .040 | .060
c .008 | .012 | .008 | .012 | .008 | .012 [ .008 [ .012 | .008 | .012 | .008 | .012
D 1.180 | 1.220]1.380 {1.430] 1.580 ] 1.640 | 1.980 | 2.030] 2.370 2.430] 2.380 | 2.440
E 575 ] 610 | .580 | .610 | .680 | .610 | .580 | .610 | .550 | .610 | .580 | .610
E1 595 ] 6201 .595 | 620 | .590 | .620 | .595 [ .620 | .590 [ .620 | .590 | .620
e JooBsC | .1ooesc | .1ooBSC | .1ooBsc | .100 Bsc | .070 BscC
L 1251175 [ 125 [ 175 | 126 [ 175 [ 125 [ 475 | 125 | 176 | .125 | .175
&] 450 ] - J.a50] - Fas0] - Taso] - faaso] — T.i50 ] -
Q .020 | .060 | .020 | .065 | .020 | .060 | .020 | .060 | .020 | .060 | .020 | .070
s .030 | .065 ] .030 [ .065 | .030 | .065 | .030 | .065 | .030 | .065 | .030 | .065
S1 005] - J.005] - Joo5] — Joo5|] - J.005[ — J.005] -
S2 ol - lowol - Jo005] - Jot0] - Joos| - J.005] -

4.3




PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

64 LEAD SIDE BRAZE (900 MIL)

|-

-

| e B B o B e W e O s |

D

oo carrarrm

i

f?

| S R SN ) Wiw gy SHD py Sum gy See §

SN [y WA Ry W g WD gy smn gy Gum gy e |

NOTES:

||

S

f%;‘:__

SEATING PLANE

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

[ DWe # C64—1
[ #£ OF LDS (N) 64
SYMBOL MIN | MAX
A 110 | .190
b .014 | .023
b1 .040 | .060
[ .008 | .015
D 3.160 |3.240
E .884 | .915
E1 .80 | .920
e .100 BSC
L 125 [ .200
L1 .150 -
_Q .015 | .070
S .030 | .065
st .005 -
52 005 1 _—

E1
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PACKAGE DIAGRAM OUTLINES

DUAL IN-LINE PACKAGES (Continued)

84 LEAD TOP BRAZE (900 MIL)

D A -
o0 n 0 n n n n.nnnnno
N
E )
1 .
OO U 0O U 0 o U o oo o oo E1
T2

; Lsz -l "*b1 S—

[o)

|
&
- o

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

B

[ DWW # C64—2

['# oF (DS TN) 64

j—sYMBOL MIN_LMAX
A 120 | .180
b .015_| .021
b1 .040_[ .060
C .009 | .012
D 3.170 | 3.240
E .790 | 810
El .880 | .815
E2 .640 | .660
e 100 BSC
L 125 | .160
L1 150 | -
Q .020 [ 100
S .030_| .065
St 005 | —
S2 005 | _—
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PACKAGE DIAGRAM OUTLINES

FLATPACKS

20—28 LEAD FLATPACK

I
L
rECﬂ
N Pl
E E2 .
1 | [ Jtf®
T !
L
R P
NOTES:

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

DWC & F20-1 F20—7 F24—1 F28—1 #1
OF LDS (N 20 20 (.295 BODY) 24 28 28
Lf‘a?é'zm TMIN | MAX | _MIN | MAX | MIN | MAX | MIN MIN | MAX

MAX
045 | .092 | .045 | .092 | .045 | .090 | .045 | .090 | .045 | .115

A
b .015 | .019 | .015 .019 ]1.015 | .019 ] .015 | .019 | .015 | .019
c .003 | .006 | .003 .006 | .003 | .006 ] .004 | .007 | .003 [ .007
D = .540 - .540 - .640 | .710 | .740 | .710 | .740
E .340 | .360 | .245 .303 | .360 | .420 | .480 | .520 | .460 | .520
E2 130 = 130 - .180 - .180 - .180 =
E3 .030 — .030 — .030 — .040 - .040 —
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
K .008 [ .015 | .008 .015 1.008 | .o15 J .008 { .015 | .008 | .015
L .250 | .370 | .250 .370 ].250 | .370 | .250 | .370 | .250 | .370
Q .010 | .040 | .010 .040 | .010 | .040 ] .010 | .045 | .010 | .045
S - .045 - .045 - .045 - .045 - .045
S1 .005 — .005 — .005 — .005 — .005 —
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

48-64 LEAD QUAD FLATPACK

E

E2

DJ PIN 1 1D

NOTES:

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

2. BSC - BASIC LEAD SPACING BETWEEN CENTERS.

DWG F48—1 F64—1
OF LDS (N 48 64
SYMBOL __| MIN_| MAX_| MIN_| MAX
A .089 | .108 | .070 | .090
Al 079 | .096 | .060 | .07/8
A2 058 | .073 | .030 | .045
b 018 | .022 | .016 | .020
C .008 | .010 | .009 | .012
D/E - 750 | .885 | .815
D1 /E1 100 REF .075 REF
D2/E2 .550 BSC .750 BSC
e .050 BSC 050 BSC
L .350 | .450 | .350 | .450
ND /NE 12 16

‘——IA

Al

IENIEEE

-

A2
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PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

68 LEAD QUAD FLATPACK

i
=

NOTES:

D

D1

D2

_~PIN 1
///) PIN 1 INDEX MARK

€

L

-

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

DWG F68—1
OF LDS 68
SYMBOL | MIN ] MAX
A .080 | .14
Al .070 | .090
b 014 | .021
C .008 | .012
D/E 1.640 | 1.870
D1/E1 .926 | .970
D2 /E2 800 BSC
) ~050 BSC
L .350 | .450
ND /NE 17

Al f=—

10




PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

84 LEAD QUAD FLATPACK (CAVITY DOWN)

lt—— D3 —e

PIN 1 INDEX MARK ‘

LI

..

,

E2 E1

|

—
[— ]
[—
[—————
. ]
E_ "o

)

E

]

DET. "A"—\

I

— |

.018 MAX

T

— ]

e 0
7 L ) o NOTES:
_ 1. ALL DIMENSIONS ARE IN INCHES,
SYMBOL MIN [ MAX UNLESS OTHERWISE SPECIFIED.
A - 140 | 2. BSC — BASIC LEAD SPACING
Al - 105 BETWEEN CENTERS.
b 014 | .020 | 3. CROSS HATCHED AREA INDICATES
C 007 | .013 INTEGRAL METALLIC HEAT SINK.
D/E 1.485 | 1.615
D1 /E1 7130 | 1.170
D2/E2 1.000 BSC
D3/E3 500 BSC
€ -050 BSC
L 350 | .450
ND /NE 21

C

.012 MAX
AT BRAZE PADS

DETAIL A

11



PACKAGE DIAGRAM OUTLINES

FLATPACKS (Continued)

172 LEAD QUAD FLATPACK (MIPS)

D} ————— =]
D2 — =] ] A —
—— D3 —= f PIN 1 INDEX MARK
]
,,,,, - , —
_‘: [ J
= [ NES 2o ¢
E3 i =:’ ;=
‘ b enm—— 1— DET‘ A \
- * —] A [
[ OWGC £ F172—1
# OF LDSLN) 172 NOTES:
SYMBOL MN | MAX I 1. ALL DIMENSIONS ARE IN INCHES,
A - 130 UNLESS OTHERWISE SPECIFIED.
Al = 105 | 2. BSC — BASIC LEAD SPACING
b 006 | .010 BETWEEN CENTERS. *
C 004 | .008
D/E 1.580 | 1.620 ] 018 MAX
D1/E1 1.135 | 1.165 }
D2/E2 1.050 BSC
D3/E3 525 BSC . c
f 2’%‘5 BSZ%O | [ .008+.006
: : AT BRAZE PADS
ND /NE 43
DETAIL A

4.3 12



PACKAGE DIAGRAM OUTLINES

CERPACKS

16—28 LEAD CERPACK

e

——1

il

UYL

|

K —] fa— _.Je<_ — S f—

NOTES:

C —oi|a—

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

[ DwWe # E16—1 __E20-1 E24-1 E28—1 E28-2
OF_LDS (N) 16 20 2% 28 28
SYMBOL _| MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

A .055 | .085 | .045 | .092 | .045 | .090 | .045 | 115 | .045 | .090
b .015 | .019 | .015 | .019 | .015 | .019 | .015 | .019 | .015 | .019
C .0045| .006 |.0045] .006 |.0045] .006 |.0045| .009 |.0045] .006
D 370 | 430 | — | 540 - [ 640 — | 740 — | .740
E .245 | 285 | .245 | .300 | .300 | .420 | .460 | .520 | .340 | .380
ET — | 305] — [305] — | 440 — | 550 — | .400
€ .050 BSC | .050 BSC | .050 BSC | .050 BSC | .050 BSC
K .008 ] .015 | .008 | .015 | .008 | .015 | .008 | .015 | .008 | .015
L .250 | .370 | .250 | .370 | .250 | .370 | .250 | .370 | .250 | .370
Q .026 | .040 | .026 | .040 | .026 | .040 | .026 | .045 | .026 | .045
S — | .045] - [.045] - [.045] ~ [.05] — | .045
St 005| - |.005] - J.005] — J.0056] - [.0056] =

4.3
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PACKAGE DIAGRAM OUTLINES

CERQUADS

68 LEAD CERQUAD (STRAIGHT LEADS)

|

[ =
[———
f ———
[——m——
[——
[——
]
[—
—

|7 =

f— —:F ) ] - ————
1 ———
|  PIN 11D =
—————
3

[——

i
R

>

——

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

DWG CQ68—1
—#'(Tg OF LDS (N\)|__ 68 |
|”—symBOL MIN | MAX

A 115 | .165
b .008 | .013
C .0045 | .008
D/E .860 | 1.100
D1 /E1 460 | .500
D3/E3 400 REF
e .025 BSC
L .200 | .300
ND/NE 17
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PACKAGE DIAGRAM OUTLINES

CERQUADS (Continued)

84 LEAD CERQUAD (J—BEND)

040 X 45°
4
e _ _E_
[
i
i
[
i
i
i
D D1 D3 4
: -+ E
i
i
i
E
- E3 .
E1 1
E 1
I
( i i
c NI
' b—efl=— !
l D2/E2 —
£ OF_LDS (N 84 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SYMBOL MIN_|_WAX ey
A 155 | .200 )
= LR B 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
b1 022 | .032
b 013 | .023
c 006 | .013
D/E 1.170 | 1.190
D1/E] 1138 ] 1.162
D2/E2 1100 | 1,150
D3/E3 1,000 BSC
e 050 BSC
ND/NE 7]
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS

h X 45°
3 PL

1

e

EE

NOTES:

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

2 -

_|_e1
PN

__[81
—f_

LL

20—48 LEAD LCC (SQUARE)

| A

%_[LS

o -1

DWG 3 [20-2 281 C44-1 481
OF_LDS 20 28 44 3
SYMBOL _ | MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX
A .064 | 100 | .064 | .100 |.064 | .120 | .055 | .120 |
Al .054 | .066 | .050 |.088 | .054 | .088 | .045 | .090
B1 .022 | 028 |.022 |.028 | .022 | .028 | .017 |.023
B2 072 REF_| .072 REF_| 072 REF_| .072 REF
B3 .006 [.022 | .006 ].022 | .006 |.022 |.006 |.022
D/E 342 | .358 | .442 | .460 | .640 | 660 | .554 | .572
D1/Ei .200 BSC | .300 BSC | .500 BSC | .440 BSC
DZ/E2 100 BSC | 150 BSC | .250 BSC | .220 BSC
D3/E3 — [.358 | — [.460 [ — ].560 |.500 [.535
e .050 BSC | .050 BSC | .050 BSC | .040 BS
el 05 — JT015] — J.0I6] = J.015] -
h .040 REF | 040 REF [ .040 REF | .012 RADIUS
J 020 REF | 020 REF | .020 REF | .020 REF
L .045 | .055 |.045 [.055 | .045 | .055 |.033 |.047
K] .045 | .055 | .045 [ .055 | .045 |.055 | .033 [.047
2 .077 |.083 | 077 |.093 | .077 |.083 |.077 |.093
3 .003 015 | .003 | .015 |.003 | .015 | .003 |.015
ND/NE 5 7 12

4.3
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

52—68 LEAD LCC (SQUARE)

DWG [ L52=1 [52-2 [66=2 [668-1
OF DS (N)]___ 52 — 52 68 68
SYMBOL _| MIN_| MAX | MIN | MAX | MIN_| MAX_| MIN | MAX
A .061 | .087 [.082 | .120 | .082 | .120 |.065 | .120
AT 051 |.077 | .072 |.088 | .072 | .088 | .055 |.075
B .022 | .028 |.022 |.028 |.022 |.028 | .008 | .014
B2 072 REF_| .072 REF_| .072 REF | .072 REF
B3 .006 [ .022 | .006 |.022 | .006 |.022 | .006 |.022
D/E 739 | .761 | .739 | .761 | .938 | .962 | .554 | .566
D1/ET 600 BSC | .600 BSC | .800 BSC | .400 BSC
D2/E2 300 BSC | .300 BSC | .400 BSC | .200 BSC
D3/E3 — [ 661 | - [.661 | — [.862 | — ].535
e .050 BSC | .050 BSC | .050 BSC | .025 BSC
el 05 [ = |05 = [.016] = |.0156] =
h 040 REF | .040 REF | .040 REF | .040 REF
J 020 REF_| .020 REF | .020 REF | .020 REF
L .045 [.055 [.045 |.055 | .045 |.055 | .045 |.055
L1 .045 |.055 | .045 | .055 | .045 |.055 | .045 |.055
2 .077 | .093 |.075 |.083 | .077 |.093 | .077 |.093
L3 .003 | .05 | .003 [.015 |.003 | .015 |.003 |.015
ND/NE 13 13 17 17
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PACKAGE DIAGRAM OUTLINES

LEADLESS CHIP CARRIERS (Continued)

NOTES:

h X 45°

3PL4_IA1|._

L2

in

—~| A

—-]

D2

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

20—32 LEAD LCC (RECTANGULAR)

[ DWG T L20-1 (221 1241 128—2 [39-1
OF DS (N)] 20 22 4 28 32
SYMBOL MIN_| MAX | MIN_[ MAX_| MIN_ [ MAX_| MIN_| MAX AX

A .060 | .075 |.064 |.100 |.064 |.120 |.060 |.120 |.060 |.120
Al 050 | .065 | .054 | .063 | .054 |.066 | .050 |.088 | .050 | .088
B1 1022 |.028 | .022 |.028 |.022 |.028 | .022 | .028 |.022 |.028
B2 072 REF 072 REF 072 REF .072 REF 072 REF
B3 006 | .022 | .006 |.022 | .008 |.022 | .006 |.022 | .006 |.022
D 284 | .296 | .284 |.296 | .292 |.308 | .342 | .358 | .442 | .458
D1 .150 BSC 150 BSC .200 BSC .200 BSC .300 BSC
D2 .075 BSC .075 BSC 100 BSC 100 BSC .150 BSC
D3 — [.280 | - |.280 | — [.308 | — ].358 | - |.458
E 420 | .435 | .480 | .496 | .392 |.408 | .540 | .560 | .540 | .560
El .250 BSC .300 BSC .300 BSC 400 BSC .400 BSC
E2 125 BSC 150 BSC 150 BSC .200 BSC .200 BSC
Es — J].410 )] — |].480| — J.408 ] — |.558 | — ].558
e .050 BSC .050 BSC .050 BSC .050 BSC 050 BSC
el 05] - |.006] — |.016  — 015 ] - [.015 ] =

h .040 REF | .012 RADIUS| .025 REF 040 REF 040 REF
J 020 REF | .012 RADIUS| .015 REF ,020 REF .020 REF
L 045 |.055 | .039 [ .051 | .040 |.050 | .045 |.055 |.045 |.055
K] 045 | .055 | .039 | .051 | .040 |.050 | .045 |.055 | .045 | .055
2 080 |.095 | .083 |.097 |.077 |.093 |.077 |.093 [.077 |.093
3 003 | .015 | .003 | .015 | .003 | .015 | .003 |.0i15 [.003 | .015
ND 4 4 5 5 7

NE 3 7 7 9 9

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS

68 PIN PGA (CAVITY UP)

Q

TOP VIEW

i

L )

l
PIN 1 ID

1

2/l

@

7!

el

!

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN CENTERS.
SYMBOL "M® REPRESENTS THE PGA MATRIX SIZE.
SYMBOL "N" REPRESENTS THE NUMBER OF PINS

CHAMFERED CORNERS ARE IDT'S OPTION.

BOTTOM VIEW — #B1
123 4567 8/9 101
[ @REEAEEE® 1
KI@E@EOEO®EEEEE
IOE (O]O]
HEE @O
4[O]0] 0]0,
OO— + —OOr © ¢
E|@OO @
0|@® O]O]
c|@@ O]O)]
Bl OOEPEOEOAOEEE®
A\@@®@‘®@@@,
° -
| P
SEATING PLANE
L
DWG G68—1
OF PINS | 68 NOTES:
SYMBOL MIN_[ MAX 1.
A .070 | .145
%8 016 | .020 2.
#B1 - .080 3.
982 040 | .060 4.
D/E 1.140 | 1.180 S.
D1 /E1 1.000 BSC
e 100 BSC
L 120 | .140
M 11
Q .040 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 12 X 12 GRID)

BOTTOM VIEW #B1 TOP VIEW
123 456,78 910A112 .
MEEEEEEEEEEE®
LEEEEECEEEEEE
KI@@E @EeE
HOIO, O]O]
HE@E @@
3010 _I_ @E| & £ | 4’
FIO@ [0]O)
310]0, @@
0|@® @@
4(0]O]0] @O
:(0]0]0]0]010,0]0]0]0]0]0)
OOOOOOEEOOO® A
b1 PIN 1 1D
° 1
{° | A
SEATING PLANE—Y 1
Lt .l |
I *”-— B —-| e |-
[ DWG # GB84—1
F OF_PINS (N) B4
SYMBOL | WIN_| WAX |
A 077 | 145
9B 016 | .020 | NOTES:
281 040 [ 080 ] 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
#B2 .040 | .060 SPECIFIED.
5/t 180 [5.235] 2 BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/ TR 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
£ e 4. SYMBOL "N REPRESENTS THE NUMBER OF PINS
5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 120 | .140
M 12
Q 2040 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY UP — 11 X 11 GRID)

BOTTOM VIEW — ¢B1 TOP VIEW
1234567 8/9101 . .
LEEEEEO®EEEE®
KIO@EOE®EEEEE |
IOE OO®OO @O
HEE 00,
4(0]0J0,; 0]0]0; _
IOOO— + —OOO & ¢
El@EOE (0]0]0,

[O]0)] 0]0,
J[O]0)] OQ®E 0]0)
:1{0]0]0]0]1010]0]0I0]0I0;
ADOEEEOCEEED A
T |
D1 PIN 1 1D
D
r Q
SEATING PLANE ‘
L J L |
| #B2 -—“——as —ef—
[_DWwG # G84—3
OF PINS (N)| 84
SYMBOL _ | MIN | MAX |
A 070 | .145 NOTES:
2B .016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE
981 — | .080 SPECIFIED.
982 .040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D/E 1.080 | 1.120 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
D1 /E1 1.000 BSC 4, SYMBOL "N" REPRESENTS THE NUMBER OF PINS
e 100 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
L 120 | .140
M 11
Q .040 | .060

4.3
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PACKAGE DIAGRAM OULTINES

PIN GRID ARRAYS (Continued)

108 PIN PGA (CAVITY UP)

BOTTOM VIEW #B1 TOP VIEW
5 6,7 8 9 101112

CREEEE®

0]0100l0] =

01010

0]0]0]0]0,0

00]0]0]0,
OREEEEREEEEE

> W OO MMTMOIcXrX
F
_I_
@
©
i

RN O]10]0

0]0]0]0]0]0;0]0l00l00]8

000
000

S (0]0]O)
0100000

000
@O
0100000

»

D
%

PIN 1 ID

L

SEATING PLANE

s
=

= LUl

DWG G108—1
3§ OF P'I'N"SL('NT' 108

SYMBOL MIN | MAX NOTES:
A 070 | 145 | 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE
¢B 016 | .020 SPECIFIED.

281 — 080 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
%82 540 1060 3. SYMBOL "M REPRESENTS THE PGA MATRIX SIZE.
o —Titerize] O S e e e
D1 /E1 1.100 BSC ) :

e .100 BSC

L 120 | .140

M 12

Q 040 | .060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY UP)

BOTTOM VIEW #B1
5 6 7 89 10[12131415

TOP VIEW

1 2 3 4
Jlolololololololololool0l00%)
PIOOOOOOOOOEEEEEE
NOE@EEEEE®EEEEEEOE
MEOEE OO
LIOEE 0]0]0]
K|@OE 0]0]0]
JOOE QOO
HEO® | 01010, +
4[0]O]0] (0]0]0]
F EXTRA PIN i
E[@E@E @/ 0]0]0]
p[@E@E 0]0]0)
clPEOEEEEEFAEOEEEEEE
:1{0]0]0]0]0101010I0I01010]0l0]0)
Aclololelolololalolotolololol: A
D1 PIN 1 ID
D
L |
SEATING PLANE * f i lﬁ' “ u
l *I L --H- %8 —~ el
__DWC Z C144-2
'Lms:—mp_ggl_ i WIN e MAX
A .082 125 NOTES:
#B 016 | .020 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE
81 060 | .080 SPECIFIED.
982 7040 | .060 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
DJE 1.550 | 1.500 ] 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
D1 /E] 1.400 BSC 4. SYMBOL "N REPRESENTS THE NUMBER OF PINS
S 00 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
3 120 | .40 6. EXTRA PIN (D—4) ELECTRICALLY CONNECTED TO D—3.
M 15
Q .040 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

208 PIN PGA (CAVITY UP)
281

BOTTOM VIEW TOP VIEW
1 23 45678 91011121314151617
1[070/0,0/0,0,0,0,0,0,0,0,0000 | ==
3[0,0/0/00/0/0/0/0/0{0/0/0/0/0{0/0:
310 210100,0,00,00,99,9,9,0,00
1[9/0/0/00)0/0/0/0’0'0/0'0’0l0/0'0!
N| XX 0,000
eese -
50,0« 3 0,0K
Nolololo 0,000
NS SSS + XKD E1 £ —+
e e
G
F | XX 0{00'0,
E%%%%ooooooooog%%%
D b
| SRSBEEEEEOREEEE0
B 5
\[:10/0%0/0/0/0'0/0'0'0/0'0/0/0/0 '] N
!- ?;1 4 , PIN 1 ID
_LI’Q
Ay L |
same e T M
moj L —~{ e s
DWG # G208-1
£ OF PINS (N) 208
SYMBOLL MI_L MAX
A .070 145
#B .016 ,020 NOTES:
?B1 — .080 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE
#B2 .040 | .060 SPECIFIED.
b/ =35 17980 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
D‘ME1 1.600 BSC 3. SYMBOL .M_ REPRESENTS THE PGA MATRIX SIZE.
4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
f -100 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
125 ] 140
M 17
Q .040 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

68 PIN PGA (CAVITY DOWN)

%

A

f

BOTTOM VIEW — ¢B1 TOP VIEW
1 2 3 456 7 8/9101 .
| OEEEOCEE®
KOO@EEO®EOEEO®
@O 0]0,
HE@E O |
6|@® 0]0, ] _ N
OO— + —oor u e
E[O® 0]O)]
0|@® 0]0)
c|®O ©0]0,
GHOIOIOI0I0I0I0I0I0I0IC)
Al OOEOEOE® A
| |
b1 PIN 1 ID
D
Q1
SEATING PLANE = = |
L f FL j |
- 982 —4 L— 48 —~f e}
DWG GU68—2
£ OF PINS (N 68 NOTES:
SYMBOL MIN [ MAX 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A .0/77 | .095 SPECIFIED.
9B .016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 .060 | .080 3. SYMBOL "M"” REPRESENTS THE PGA MATRIX SIZE.
282 040 | .060 4, SYMBOL "N” REPRESENTS THE NUMBER OF PINS
D/E 1008 [ 1.122 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E1 1.000 BSC
e .100 BSC
L 120 | 140
M 1
Q1 .025 | .060

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN)

BOTTOM VIEW

¢B1

5 6,7 8 9 1011 12

TOP_VIEW

OO

110]0]0]0]0010L010/0/0]
0]010]0]0]00J0J0I00I0] &

0l0l0)
0]0]
@O
O]O)
©OO

> OO Mm™TMOEO X« Xr XX

4

PEOEEEEE®
OOOEEEEOE
@O

1

©
0]0]0]
0]0]0)]

9]0
010
0]0]

PO
PO

A

o
=

o

SEATING PLANE ‘
!

DWG G84—2
_L(Tf OF_PINS (N 84
SYMBOL MIN_]| MAX |
A 2077 | 145
98 016 | .020
9B1 .060_| .080
982 .040_| .060
D/E 1.180 | 1.235
D1/E1 1.100 BSC
e 100 BSC
L 100 | .120
M 12
a1 .025 | 060

— Q1

PIN 1 ID

&

A

TT

NOTES:
ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWSE

1.

o

SPECIFIED.

L

@

[TTTTT

e

ik

ek

BSC — BASIC LEAD SPACING BETWEEN CENTERS.
SYMBOL "M® REPRESENTS THE PGA MATRIX SIZE.
SYMBOL “"N" REPRESENTS THE NUMBER OF PINS
CHAMFERED CORNERS ARE IDT'S OPTION.

4.3
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

84 PIN PGA (CAVITY DOWN — MIPS)

BOTTOM VIEW @B1 TOP VIEW
1 2 3 45 6,7 8 910A112
MEEEEEEEEEEE®
L@EOOEEEEPEOEEO®
K|I@@E® 0]0]0]
@O 0]O]
HOEE 0]0;
4(0]O] 1 @E]| & E
FIOO 0]O)]
E[®OO 0]O;
[O]0)] 0]O)
JI0]0]0] 0]O]0;
B@@@@@@@@@@@@
ADREEEEEEEE®D A
o NOTE 6 / PIN 11D
D Q1 .
| \
SEATING PLANE * = 5T !
s el
DWG # GB4—4
# OF PINS (N) 84 NOTES:
L_SwBoL MIN_| MAX I 1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
A 077 | .145 SPECIFIED.
B 016 | .020 2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.
#B1 060 | .080 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
982 040 | 060 4. SYMBOL "N" REPRESENTS THE NUMBER OF PINS
D/E 1.180 | 1.235 5. CHAMFERED CORNERS ARE IDT'S OPTION.
D1 /E1 1,100 BSC 6. CROSS HATCHED AREA INDICATES INTEGRALL METALLIC
£ 00 BSC HEAT SINK.
L 120 | .140
M 12
Qi .025_| 060
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PACKAGE DIAGRAM OUTLINES

PIN GRID ARRAYS (Continued)

144 PIN PGA (CAVITY DOWN)

BOTTOM VIEW — g8 TOP_VIEW
1 2345675910/1_12131415
RIOEEEEEEOAEOEEEEEO®
4[0]0]0]0]0101010I0I0100]0l0]0)
N@OEEREEEAEOEEEEEE
MEOEE 0]0]0)]
LIEEE 0]0]0]
K|@E@E 0]OJO)]
JOOE QOO ¢
HOOO—— + —OO0r -+
6| 0]0]0]
FIOE@E (0]0]0]
El@O® (0]O]0]
[O]O]0] 0]0]0)]
ClPEEEEEEEEPEEEEO®E
:1{01010]0]01010]0I0I010]0l0l0]0]
APECEEEEECOEEEEEO® A
‘ DI1 PIN 1 ID—/
= D
o
‘ A l - i ] i i j
SEATING PLANE "
i thJHHl“"IIHWU
T e el
DWG # G144—1
7 OF PINS (N) Ta4
SYMBOL MIN_|_MAX
A 082 | .100
R 016 | 020 NOTES:
281 060 | 080 1. ALIECIID}I%%NSIONS ARE IN INCHES, UNLESS OTHERWISE
SE}E : 1‘%45% 1'%%% 2. sE;Psc — BASIC LEAD SPACING BETWEEN CENTERS.
Di/ET 450 Bor 3. SYMBOL "M" REPRESENTS THE PGA MATRIX SIZE.
4. SYMBOL "N" REPRESENTS THE NUMBER OF PINS
ﬁ 1'2180 BSC 5. CHAMFERED CORNERS ARE IDT'S OPTION.
. | 140
M 7
Qi 025 E.oeo
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES

16—32 LEAD PLASTIC DIP (300 MIL)

-‘—-————D

Lo o o S Ny oy oMy N

D

E1

L

-+

T

E

U"'-\.r"-\.r"-\.r"-Lr'ﬂ.r'ﬁr"-u—*L
1

—] |-m— b

SEATING PLANE

i
o
Al
|
~>‘ e ’-cv —>“-——b ——] eA
NOTES:
1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
DWG_# P16—1 P22-1 28—2 P32—-2
# OF LDS (N) 16 22 28 32
SYMBOLS MIN MAX MIN MAX ! MIE AX
A .140 165 145 165 .14 .180 A4 .180
Al .015 .035 .015 .035 :015 .030 015 030
b .015 .022 .015 .022 .015 .022 .016 .022
1 .050 .070 .050 .065 .045 .065 .045 060
C .008 .012 .008 .012 .008 .015 .008 015
.745 .760 1.050 | 1.060 | 1.345 | 1.375 | 1.545 | 1.585
E .300 .325 300 320 .300 325 200 | .325
El .247 .260 .240 .270 .270 .295 275 | .295
[ .090 .110 .090 110 .090 110 .090 110
eA .310 .370 .310 .370 .310 .400 .310 400
L .120 150 120 150 120 150 120 150
] 0 15° 0° 15° 0 15° [} 15°
S .015 .035 .020 .040 .020 .042 .020 | .060
Q1 .050 .070 .055 .075 .055 .065 .055 065
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

D —

AAAAAAAA_—TF

D E1 E

HJ“\J“'U‘VHJ"HJ"HJ"HJ"HJ"——J_

A

N
e

T —] D1 '
%1J_IL _Lji
| —K—*—SEATING PLANE n
- A1 ﬁc
[N - LN
NOTES:

1. ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. D & E1 DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

18—24 LEAD PLASTIC DIP (300 MIL — FULL LEAD)

DWG & P18—1 P20—1 —P24—1
# OF IDS_(N) 18 20 24
YMB MIN AX MIN MAX MIN MAX
J_Agé 140 165 5 165 1'6?_
Al .015 035 015 .035 015__| .035
b .015 020 015 .020 01 020
b1 .050 070 050 .070 050 065
C .008 012 008 012 008 012 |
D .885 910 1.022 | 1.040] 1.240 [ 1.255
.300 325 300 325 300 320
E1 247 260 240 280 250 275
€ .090 110 090 110 090 110
eA 310 370|310 370 | 310 | .370
L .120 150 .120 150 | .120 | _.150
o 0 15° 0 15 0 15°
S 040 060 | .025 070 055 | .075
Q1 050 070 | 055 075 055 070
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PACKAGE DIAGRAM OUTLINES

PLASTIC DUAL IN-LINE PACKAGES (Continued)

24—48 LEAD PLASTIC DIP (600 MIL)

pP24—2 P28—1 P32—1 P40—1 P48—1.
24 28 32 40 48

SYMBOLS MIN | MAX | _MIN | MAX | MIN | MAX MIN | MAX | MIN MAX
16 185 | 160 1 .185 1 .170 [ .190 1 .16 85 | .170_ 1 .200

Al .015_ | .035 | .015 | .035 | .015_ | .050 | .015 | .035 | .015 | .035
b .015_1.020 | .015 | .020 | .016 | .020 | .015_| .020 1.0 ,020
b1 .050_| .065 | .050 | .065 | .045 | .055 | .050 | .065 | .050 | .065
c .008 | .012 | .008 | .012_|.008 | .012 | .008 | .012 | .008 | .012
D 1.240 | 1.260 | 1.420 | 1.460 | 1.645 | 1.655 | 2.050 | 2.070 | 2.420 | 2.450
E 600 |.620 | .600 | .620 | .600 | .625 | .600 | .620 | .600 | .620
E1 530 | .550 | .530 | .550 | .530 | .550 | .530 | .550 | .530 | .560
e .090 | 110 | 090 | .110_|.090 | .110 | .090 | .110 | .090 | .110
eA 610 | .670 | 610 | 670 | .610 | 670 | 610 | .670 | .610_| .670
L 120 | .150 [ 120 | .150 | 125 | 135 [ .120 | 150 | .120 | .150
« 0 15° 0° . 0’ 15° 0’ 15° ¥ 15°
S .060_| .080 | .055 | .080 |} .070 | .080 | .070 | .085 | .060 [ .075
Q1 060 1,080 1,060 1.0 065 | .075 1,060 | 080 1,060 | 08B0

64 LEAD PLASTIC DIP (900 MIL)

DWG Pod—1
# OF LEADS (N) - 64

SYMBOLS MIN MAX
A 180 230 |
1 015 .040
b 015 .020
b1 .050 .065
C .008 012
D 3.200 | 3.220
E .900 .925
El 790 .810
e 090 110
eA .910 1.000
L 120 150
a 0° 5°
S 045 065
Q1 08 ,090
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC

ﬁﬁﬂﬁﬁﬁﬁﬁﬁ

PIN 1:%_&{!4 L

D

NOTES:

1. ALL DIMENSIONS ARE IN INCHES, ULESS OTHERWISE
SPECIFIED.

2. BSC — BASIC LEAD SPACING BETWEEN CENTERS.

3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF PKG.

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

e

SEATING PLAN

A1]
E

16—24 LEAD SMALL OUTLINE (GULL WING)

DWG # S016—1 S018—1 S020—2 S024—2 S024—3
# oF Lbs (N)] 16 (.300) | 18 (.300) | 20 (.300") | 24 (.300™) | 24 (.300")
SYMBOL | MIN | MAX | MIN | MAX [ MIN | MAX | MIN | MAX | MIN | MAX

A .095 |.1043 | .095 |.1043 | .095 |.1043 | .095 [.1043 | .110 | .120

A1 .005 |.0118 | .005 |.0118 | .005 [.0118 | .005 [.0118 | .005 | .0118

B 014 |.020 | .014 |.020 | .014 |.020 | .014 |.020 | .014 | .020

c .0091 |.0125 | .0091{.0125 |.0091 |0125 | .0091{.0125 | .007 | .011

D 403 | .413 | 447 |.462 [.497 | .511 | .600|.614 | .620 ] .630

e .050 BSC | .050 BSC .050 BSC | .050 BSC .050 BSC

E 292 [.2992 | .292 |.2992 |.292 |.2992 | .292 |.2992| .295 | .305

h .010 [.020 | .010 [.020 | .010 {.020 | .010(.020 | .012 | .020

H 400 | .419 | .400 | .419 | .400 [.419 | .400] .419 | .408 | .419

L 018 |.045 | .018 [.045 | .018 |.045 | .018].045 | .028 | .045

o 0’ 8’ o | & o | 8 o | & 0 8

S 023 |.035 | .023 |.035 |.023 [.035 | .023|.035 | .032 | .043
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

—ul——S

HAAAAAAAA

N

PIN 1ﬂeﬁHHHHHH

NOTES:

1.

2.
3.
4

4

e

_LA
il

SEATING PLANE

ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE
SPECIFIED.

BSC — BASIC LEAD SPACING BETWEEN CENTERS.

D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS
AND TO BE MEASURED FROM THE BOTTOM OF THE PKG.
FORMED LEADS SHALL BE PLANAR WITH RESPECT TO
ONE ANOTHER WITHIN .004” AT THE SEATING PLANE.

|—-—

rc
/| P—
Sl i

o

. H |

28 LEAD SMALL OUTLINE (GULL WING)

DWG # S028-2 S028-3
|#_OF LDS (N)] 28 (.300™) 28 (.3307)
SYMBOL MIN MAX | MIN | MAX
A .095 | .1043 | .10 | .120
Al .005 | .0118 ] .005 | .014
B .014 | .020 | .014 | .019
C .0091 | .0125 | .006 | .010
D .700 | .712 | .718 |.728
e .050 BSC .050 BSC
E .292 1.2992] .340 | .350
h .010 | .020 | .012 | .020
H .400 | .419 | .462 | .478
L .018 | .045 | .028 | .045
a 0 8° 0* 8°
S .023 | .035 ] .023 | .035
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

16—24 LEAD SMALL OUTLINE (EIAJ — .0315 PITCH)

DWG # S016—~5 S020-5 S024-5
4 OF LDS (N) 16 20 24
SYMBOLS MIN | MAX I MIN | MAX | MIN | MAX
.057 | .071 ] .069 | .083 | .069 | .083
Al .002 TYP .002 TYP .002 TYP
B .012 |1 .020 | .012 [ .020 | .012 | .020
C .006 | .010 | .006 | .010 | .006 | .010
D .248 | .271 | .331 | .354 | .382 | .405
E 165 | 180 | .205 | .220 { .205 | .220
e .0315 BSC | .0315 BSC | .0315 BSC
H 232 | .256 | .295 | .319 | .295 | .319
L .010 - .010 - .010 -
o 0 8 | o 8 0° 8
16—28 LEAD SMALL OUTLINE (EIAJ — .050 PITCH)
DWG # S016—6 S018—6 S020-6 S024—6 S028-6
# OF LDS (N) 16 18 20 24 28
SYMBOLS MIN | MAX | MIN | MAX T MIN [ MAX T MIN [ MAX] MIN [ MAX
A .057] .071 ] .069 | .083 ] .069 | .083 | .069 | .083] .083 | .098
Al .002 TYP .002 TYP .002 TYP .002 TYP .002 TYP
B .012] .020 | .012 | .020 ] .012 [ .020 | .012 [ .020] .012 | .020
C .006 | .010 | .006 [ .010 | .006 [ .010 ] .006 | .010] .006 | .010
D .382 | .406 | .437 | .453 | .480 | .504 | .580 | .603] .720 | .740
E .165 | .180 | .205 | .220 ] .205 | .220 | .205 | .220] .290 | .300
e .050 BSC .050 BSC .050 BSC .050 BSC .050 BSC
H 2321 .256 | .295 [ .319 | .295 | .319 | .295 | .319] .378 | .402
L .010] - .010 - .010 - .010 - ] .010 -
a o & o & o & o & o &
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

—— ‘<— S
nnononnonanao NOTES:
N 1. ALL DIMENSIONS ARE IN INCHES,
UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.
E1 3. D1 & E1 DO NOT INCLUDE MOLD FLASH
OR PROTRUSION AND TO BE MEASURED
FROM THE BOTTOM OF THE PKG.
4. FORMED LEADS SHALL BE PLANAR WITH
L] RESPECT TO ONE ANOTHER WITHIN .004"
OO0 00w oToog AT THE SEATING PLANE
PIN 1 e
et D1 -
—= =—B (OPTIONAL) h X 45°
14 [
TR | Ea—
j_ SEATING PLANE 4 N c
——H—-—m 025 MIN €2 —]
16—24 LEAD SMALL OUTLINE (J—BEND)
DWG # S016—2 S020-1 $024—-4
# OF LDS (N) |16 LD (.300") |20 LD (.300") [ 24 LD (.300")
SYMBOLS MIN MAX MIN MAX MIN MAX
A .120 140 120 .140 .130 148
Al .078 | .095 | .078 | .095 .082 | .095
B .020 | .024 [ .020 | .024 | .026 | .032
B1 .014 | .020 .014 .020 .015 .020
C .008 | 013 | .008 | .013 | .007 | .011
D1 .400 412 .500 512 .620 | .630
E 335 | .347 | 335 [ .347 | .335 | .345
El .292 | 300 | .292 | .300 | .295 | .305
E2 262 | 272 | .262 | .272 .260 | .280
e .050 BSC .050 BSC .050 BSC
h .010 .020 .010 .020 .010 | .020
S .023 | .035 | .023 | .035 032 | .043
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

5—=f

N

ﬂﬂﬂﬂﬂﬂﬂﬂl’lﬂﬂﬂﬂm'

E1

NOT
1.
2.

E 3.

ottt gyguooogdd

PIN 1

—

lt—B (OPTIONAL)

Dl ——— =

!

S
ﬂ—i SEATING PLANE

o

.025 MIN

28—32 LEAD SMALL OUTLINE (J-BEND)

:

ES:

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

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

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

?h X 45°
C

I\

y ]

-2 —]

Vil

DWG # $028—5 S028—4 S032—2
# OF LDS (N) | 28 LD (.3007)| 28 LD (.350") 32 LD (.3007)
SYMBOLS MIN | MAX | MIN | MAX | MIN | MAX
A 120 | 140 | 130 | 148 | .130 | .148
Al .078 | .095 | .082 | .095 | .082 | .095
B 020 | .024 | .026 | .032 | .026 | .032
B 014 | .020 | .016 | .020 | .016 | .020
C .008 | .013 | .007 | .011 | .008 | .013
D1 700 | .712 | .720 | .730 | .820 | .830
E 335 | .347 | .380 | .390 | .330 | .340
£l 292 | .300 | .345 | .355 | .295 | .305
E2 262 | .272 | .310 | .330 | .260 | .275
e -050 BSC .050 BSC .050 BSC
h 012 | .020 | .012 | .020 | .012 | .020
S 023 | .035 | .023 | .035 | .032 | .043
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PACKAGE DIAGRAM OUTLINES

SMALL OUTLINE IC (Continued)

48 & 56 LEAD SMAILL OUTLINE (SSOP — GULL WING)

HHHHEHHHME i

I
O

NOTES:

1.

ALL DIMENSIONS ARE IN INCHES, UNLESS

OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.
3. D & E DO NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.
4, FORMED LEADS SHALL BE PLANAR WITH
RESPECT TO ONE ANOTHER WITHIN .004"
AT THE SEATING PLANE.
N
H
E
D
Lh X 45°
+ | S
tlalalatatatslatstalalalatululalalalali A ' ‘
LU S e | £
f ] L «
SEATING PLANE — L
DWG # S048—1 S056—1
# OF LDS (N) 48 (.300") 56 (.3007)
SYMBOL MIN MAX MIN MAX
A .095 110 .095 110
Al .008 .016 .008 .016
b .008 .012 .008 012
c .005 .009 .005 . .009
D .620 .630 .720 730
E .291 .299 .291 -.299
e .025 BSC . .025 BSC
H .395 .420 .395 .420
h .015 .025 .015 .025°
L .020 .040. .020 .040
o o 8 o 8

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS

100—132 LEAD PLASTIC QUAD FLATPACK (JEDEC)
D2

NOTES:

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

2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.

3. PIN 1 IDENTIFIER CAN BE POSITIONED AT

4

EITHER ONE OF THESE TWO LOCATIONS.
DIMENSIONS D1, D2, E1, AND E2 DO NOT
INCLUDE MOLD PROTRUSIONS. ALLOWABLE
MOLD PROTRUSIONS ARE AS FOLLOWS:
D1 & E1 = .010 MAX.

D2 & E2 = .007 MAX.
5. ND & NE REPRESENT NUMBERS OF LEADS

IN D & E DIRECTIONS -RESPECTIVELY.

——l |—— B (OPTIONAL)
l

/
_LM \)) C a A
025 MIN _-IL_Me_J L——— ‘L-___HTLSEATING PLANE

(OPTIONAL)

PQ100—-1 PQ132—1
# OF_LDS (N) 100 132
_SYMBOLS 1 MIN | MAX ] MIN | MAX}
A 160 | .180] .160 | .180
Al .020 | .040] .020 | .040
B .008 | .016 ] .008 [ .016
b1 .008 | .012] .008 | .012
C .0055| .008].0055| .008
D .875 | .885]11.075] 1.085
D1 747 | .753] .947 | .953
D2 .897 | .903)1.097 1 1.103
D3 .600 REF .800 REF
e .025 BSC .025 BSC
E .875 | .885]1.075] 1.085
E1l 747 | 753} .947 | .953
E2 .897 | .803]1.097] 1.103
E3 .600 REF .800 REF
L .020 | .030] .020 | .030
a 0 8 0 8
ND /NE 25/25 33/33
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)

80—128 LEAD PLASTIC QUAD FLATPACK (EIAJ)

NOTES:

- ﬁnnuni{uauaﬂ |
E -%%%-——- —+ ————§§§-Es E1
T

/\

td

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

2. BSC — BASIC LEAD SPACING BETWEEN
CENTERS.

3. D1 & E1 DO NOT INCLUDE MOLD PROTRUSION.

- ALLOWABLE PROTRUSION IS .010 PER SIDE.

4. ND & NE REPRESENT NUMBERS OF LEADS IN

D & E DIRECTIONS RESPECTIVELY.

A Az% 1
07 0-9 I\T
I o
DWG # PQBO—2 PQ100—2 PQ120—2 PQ128—2
[# OF 1DS (N) 80 100 120 128

SYMBOLS MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX
A M0 [ 124 [ 110 | 124 ] 136 | .156 | .136 | .156
Al 00| — oo - Jow|[ - T.o0] -
A2 100 | 4208 100 | a20 | 425 [ 144 | 125 | 144
C .005 | .0o08 | .005 | .008 | .005 | .008 | .005 | .008
D 909 [ 017 | .909 | .917 [ 1.224[1.232]1.224 [ 1.232
D1 783 | 791} .783 | .791 ] 1.098] 1.106 ] 1.098] 1.106
D3 .724 REF .742 REF .913 REF .976 REF
E .673 ] .681) .673 | .681 | 1.224[1.232]1.224]1.232
E1 .547 | 555 ] .547 | .555 | 1.098] 1.106 ] 1.098 ] 1.106
E3 .472 REF .486_REF .913 REF .976 REF
L .026 | .037 ] .026 | .037 ]| .026 | .037.] .026 | .037

ND /NE 16/24 20/30 30/30 32/32
P .0315 BSC | .026 BSC .026 BSC | .0315 BSC
W .010] .0181.012] .0181 .012] .018] .012 ] .018
ZD .032 .023 .094 .063
ZE .039 032 094 .063

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC QUAD FLATPACKS (Continued)

144—208 LEAD PLASTIC QUAD FLATPACK (EIAJ)

[ DOWG # PQ144—2 PQ160-2 PQ184—2 PQ208—2
# OF DS (N) 144 160 184 208
SYMBOLS MN | MAX T MIN | MAX ] MIN [ MAX | MIN | MAX
A 136 | 156 | .136 | .156 | .136 | .156 | .136 | .156
Al .00 — [0l - T.o10] - T.oio] =
A2 125 | 144 | 125 | 144 | 125 144 | 125 | 144
C .005 | .008 | .005 | .008 | .005 | .008 ] .005 [ .008
D 1.224[1.232]1.224 [ 1.232] 1.224 [ 1.232[ 1.224 [ 1.232
D1 1.098] 1.106 ] 1.098] 1.106 ] 1.098] 1.106 | 1.098] 1.106
D3 .896 RF .998 REF .886 REF 1.004 REF
E 1.224[1.232]1.224 [ 1.232] 1.224[ 1.232] 1.224 [ 1.232
E1 1.098 [ 1.106 ]| 1.098 ] 1.106 | 1.098] 1.106 | 1.098] 1.106
E3 .896 REF .998 REF .886_REF 1.004 REF
L .026 [ .037 | .026 | .037 [ .026 [ .037 | .026 | .037
ND/NE 36/36 40/40 46 /46 52/52
P .026 BSC .026_BSC .020 BSC .020 BSC
W .009 [ .014 ] .009 ] .014 ] .009] .014 | .009 [ .014
ZD .103 .052 .108 .049
ZE .103 .052 .108 .049
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS

20—84 LEAD PLCC (SQUARE)

D
45° x .045 N
T \ AN Od NN

q
O ]
C ]
0 0 £
4 |+ —35
O ]
O ]
[ ]

\ ‘ J
o o gy O ————
jel

B

41
=

/)

c1—

=

NOTES:
1.  ALL DIMENSIONS ARE IN INCHES, UNLESS OTHERWISE SPECIFIED.
2. BSC — BASIC LEAD SPACING BETWEEN CENTERS
3. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
4. FORMED LEADS SHALL BE PLANAR WITH RESPECT TO ONE
ANOTHER WITHIN .004" AT THE SEATING PLANE.
5. ND & NE REPRESENT NUMBER OF LEADS IN D & E DIRECTIONS
RESPECTIVELY.
6. D1 & E1 SHOULD BE MEASURED FROM THE BOTTOM OF THE PKG.
DWG # J20—1 | J28=1 | J44—1 | J52—-1 | J68—1 J84—1
# OF LDS 20 28 17 52 68 | 84 |
SYMBOL | MIN | MAX| MIN | MAX] MIN | MAX]| MIN | MAX] MIN | MAX] MIN | MAX
A .165].180(.165[.180].165.180].165[.180[.165[.180].165 | .180
A1 .095].115].095].115].095].115].095(.115].095].115 ] .095 | .115
B .0261.032].026].032]|.026[.032]|.026].032].026|.032] .026 |.032
b1 .013].021].013].021].013].021}.013].021].013].021].013 [ .021
C .020[.040].020].040].020].040].020}.040}.020].040} .020 | .040
c1 .008].012].008[.012].008].012].008].012].008].012].008 | .012
D .385(.395].485(.495|.685[.695|.785(.795].985|.995]1.185[ 1.195
D1 .350|.356{.450(.456].650|.656[.750].756].950(.956|1.150 1.156
D2/E2 ].290].330].390].430].590(.630}.690[.730].890].930{1.090] 1.130
D3/E3 |.200 REF|.300 REF|.500 REF|.600 REF|.800 REF| 1.000 REF
E .385(.395|.485[.495].685].695].785].795].985[.995}1.185] 1.195
E1 .350|.356].450[.456].650].656].750[.756 | .950].956]1.150[1.156
e .050 BSC|.050 BSC|.050 BSC[.050 BSC}.050 BSC|.050 BSC
ND /NE 5 7 1 13 17 21

“—SEATING PLANE

4.3
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PACKAGE DIAGRAM OUTLINES

PLASTIC LEADED CHIP CARRIERS (Continued)

18—32 LEAD PLCC (RECTANGULAR)

PIN 1
nnnr%r:n—— ,

45" X .045

l

E
(N

_+_

m W
N
nmnnn

OO oo oo OO
m
N
m

guguud
»T D3 (ND)

1

D1
D
SEATING PLANEM
] 1
i E2 i

DWG # J18—1 J32-1

# OF_LD3 18 32 TOTE\SLL DIMENSIONS ARE iN INCHES, UNLESS
A 120 | 140 ] 120 .140 2. BSC — BASIC LEAD SPACING BETWEEN

CENTERS.
Al :075| .0951 .075| .095| 5 [ & E DO NOT INCLUDE MOLD FLASH OR
B .026 | .032| .026 | .032 ‘ PROTRUSIONS. ‘
4. FORMED LEADS SHALL BE PLANAR WITH
b1 013} 0211 015 .021 RESPECT TO ONE ANOTHER WITHIN .004"
C .015| .040| .015| .040 - AT THE SEATING PLANE.
C1 .008]| .012 | .0o08] .012 5. ND & NE REPRESENT NUMBERS OF LEADS IN
"D & E DIRECTIONS RESPECTIVELY. ‘

D -320 | .335 | .485 | .495 6. D1 & E1 SHOULD BE MEASURED MEASURED
D1 2891 .293 | .449 | .453 FROM THE BOTTOM OF THE PACKAGE.
D2 2251 .265 | .390| .430
D3 .150 REF .300 REF
E .520 | .535 | .585 | .595
E1 .489 | .493 | .549 | .553
E2 422 1 .465 | .490| .530
E3 .200 REF .400 REF
e .050 BSC .050 BSC

ND/NE 4 /5 7/09
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PACKAGE DIAGRAM OUTLINES

PLASTIC PIN GRID ARRAYS

68—208 PIN PGA (CAVITY UP)

SEATING PLANE

»————————r
+
+

1

FHt Attt
+++
+ + + +
+ + + +
+ + + +
++ E1 E
+ + + +
+ + + +
+ + + +
+H++
\| +++++++++
D1
D
i
A

{
L

f

!

T
e sl

!

NOTES:

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

2. BSC — BASIC PIN SPACING BETWEEN CENTERS.

3. SYMBOL "M” REPRESENTS THE PGA MATRIX SIZE.

4. SYMBOL "N” REPRESENTS THE NUMBER OF PINS.

5. DIM. "A" INCLUDES BOTH THE PKG BODY & THE LID.

OTHER ATTACHED FEATURES.

6. PIN DIAMETER "C" EXCLUDES SOLDER DIP OR OTHER LEAD FINISH.

7. PIN TIPS MAY HAVE RADIUS OR CHAMFER.

| DWG No. PG 68—2 PG 84—2 PG 208-2

# OF PINS (N) 68 PIN 84 PIN 208 PIN

SYMBOLS MIN | MAX MIN | MAX MIN | MAX

A 115 | 160 115 | .160 115 | 160
C .016 | .020 .016 | .020 .016 | .020
D 1.140 | 1.180 1.140 | 1.180 1.740 | 1.780
D1 1.000 BSC 1.000 BSC 1.600 BSC
E 1.140 | 1.180 1.140 | 1.180 1.740 | 1.780
E1 1.000 BSC 1.000 BSC 1.600 BSC
e .100 BSC .100 BSC .100 BSC
L 100 | .160 100 | .160 100 | .160
M
Q .040 | .070 .040 | .070 .040 | .070

IT DOES NOT INCLUDE HEATSINK OR

4.3
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COMPLEX LOGIC PRODUCTS

The need for high performance building blocks of ever
increasing complexity is the basis for many of today's innova-
tive design solutions. IDT's Complex Logic product line ad-
dresses this need by combining IDT’s sub-micron CEMOS
process with highly sophisticated design tools to produce
VLSI building blocks that satisfy the most demanding system
requirements. IDT's Complex Logic products are divided into
four functional areas:

Error Detection and Correction
Graphics

Read-Write Buffers

DSP and Microslice

Error Detection and Correction (EDC)

Today’s high performance systems are becoming increas-
ingly DRAM intensive. IDT has developed a range of high
performance CEMOS EDC devices that eliminate the per-
formance penalties once associated with these circuits while
assuring the designer of the continuous, error free operation
necessary in such systems. IDT’s family of EDC products
offers the designer a choice of 16, 32, or 64 bit devices with
either single bus or flow through operation. These devices are
capable of detecting and correcting errors in as little as 20ns.

Graphics

The demandfor performance intensive graphics in applica-
tions like 3D modelling, high performance workstations, X-
Windows terminals, and multimedia screens requires designs
using high performance graphics building blocks. IDT offers a
range of products inthis area from PaletteDAC'’s running atup
to 165 MHz for true and pseudo-color displays to video speed
flash A/D converters. IDT intends to release future building
blocks that will enable a designer to easily implement all the
functions necessary to gain a competitive edge in graphics
systems.

Read-Write Buffers _

The current generation of RISC and CISC microprocessors
depend on secondary cache memory for their best perform-
ance. IDT's newly released 73200 family of write buffers
provide the designerwith a flexible approachto meetingthese
requirements in his system.

DSP and Microslice Processors

Digital signal processing applications have always de-
manded extremely high performance building blocks. IDT
continues to offer a selection of the world’s fastest fixed point
DSP elements including multipliers, multiplier/accumulators,
ALU’s and microslice processors. These components enable
the construction of customized, high performance architec-
tures and instruction sets.

Quality

All IDT Complex Logic products are manufactured on a
MIL-STD-883, Class B compliant manufacturing line. 1DT
military products offer: a number of DESC qualified product
options; radiation tolerant and radiation enhanced versions;
package options including hermetic DIP, LCC and flatpack.

All IDT commercial products are manufactured using the
same military qualified production line and adhere to strict
quality requirements developed during IDT’s long history of
supply to military customers. IDT commercial products are
available in a variety of packages including through hole and
surface mount contigurations.

The Future

IDT's Complex Logic product line will continue to upgrade
the performance of existing products while at the same time
developing the products and architectural enhancements that
will facilitate the design of the systems of the future. Our goal
is to provide the designer with components of the highest
performance, integration level, and functionality possible.

5.0




TABLE OF CONTENTS

COMPLEX LOGIC PRODUCTS PAGE
DSP AND MICROSLICE™ PRODUCTS

IDT39C01 4-Bit MIiCTOPrOCESSOT SHCE .....eeveeuveieeiereectererree st et etesaeteseesee s arare e ssessessanerassessensessenne 5.1
IDT39C10 12-Bit Sequencer........c.ceceeeeune ...5.2
IDT49C402 16-Bit Microprocessor Slice........ ....5.3
IDT49C410 16-Bit SEQUENCET ...ttt e e s sens e sbes e e e st semnesaasbe s e ansasses 5.4
IDT7210L 16 x 16 Parallel Multiplier-Accumulator ... ....5.5
IDT7216L 16 x 16 Parallel Multiplier ..........cc.ccooevvvenen. ...5.6
IDT7217L 16 x 16 Parallel Multiplier (32 Bit OUIPUL) .......cvimeueerceeriieriiiiiiiecr e 5.6
IDT7381L 16-Bit CMOS Cascadable ALU ..ottt ss s e 57
IDT7383L 16-Bit CMOS Cascadable ALU ..o sttt 5.7
READ/WRITE BUFFER PRODUCTS

IDT73200L 16-Bit CMOS Multilevel Pipeline Register .....

IDT73201L 16-Bit CMOS Multilevel Pipeline Register ...

IDT73210 Fast Octal Register Transceiver w/Parity ...

IDT73211 Fast Octal Register Transceiver w/Parity

ERROR DETECTION AND CORRECTION PRODUCTS

iDT39C60 16-Bit Cascadable EDC ...t csereseestssesess e seesesneseseeneses 5.10
IDT49C460 32-Bit Cascadable EDC ............... ..5.11

IDT49C465 32-Bit CMOS Flow-ThruEDC Unit ....
IDT49C466 64-BIT CMOS Flow-ThruEDC Unit..........cccocevvniinincnene ...5.13

GRAPHICS PRODUCTS
IDT75C457

IDT75C458

IDT75C48

IDT75C58 8-Bit Flash ADC with Overflow Output ............occiviiiiiniiiin s 5.17

5.0



4-BIT CMOS IDT39C01C
IDT39C01D
MICROPROCESSOR IDT39G01E
SLICE
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
« Low-power CEMOS™ The IDT39C01s are high-speed, cascadable ALUs which
- lcc (max.) can be used to implement CPUs, peripheral controllers and
Military: 35mA programmable microprocessors. The IDT39C01's
Commercial: 30mA microinstruction flexibility allows for easy emulation of most
Fast digital computers.
—IDT39C01C — meets 2301C speeds This extremely low-power yet high-speed ALU consists of
- IDT39C01D — 20% speed upgrade a 16-word-by-4-bit dual-port RAM, a high-speed ALU and the
- IDT39C01E — 40% speed upgrade required shifting, decoding and multiplexing logic. It is
« Eight-function ALU expandable in 4-bit increments, contains a flag output along
-~ Performs addition, two subtraction operations and five  withthree-state data outputs, andcan easily use eitheraripple
logic functions on two source operands carry or full lookahead carry. The nine-bit microinstruction
+ Expandable word is organized into three groups of three bits each and
- Longer word lengths achieved through cascading any  selects the ALU destination register, ALU source operands
number of IDT33C01s and the ALU function.
« Four status flags The IDT39C01 is fabricated using CEMOS™, a CMOS
- Carry, overflow, negative and zero technology designed for high-performance and high-
+ Pin-compatible and functionally equivalent to all versions reliability. It is a pin-compatible, performance-enhanced,
of the 2901 functional replacement for ail versions of the 2901.
. Available in 40-pin DIP and 44-pin LCC Military grade product is manufactured in compliance with

= Military product available compliant to MIL-STD-883 and the latest version of MIL-STD-883, Class B.
DESC Standard Military Drawing (SMD) 5962-88535
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IDT39C01C/D/E

4-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES
PIN CONFIGURATION | Sl o
GURATIO R ‘ Segz ezl osses
A3 1 40 [o]]
A2 = 2 39 Y3
A1 L 3 38 Ye -
Ao O 4 37 Y1 ls go 39[:f NC
e 5 36 Yo o 17 321 8 sl P
:8 E 3 gi ZVR RAMs 3.1 9 : a7 [2; OVR
4 - z
RAM: T8 33 Cnra RAMo 3:1 10 36 [:1, %”“
RAMo T 9 pyoq 32[3 G vec 321 1 3s -
ve o Ty a2 F-0 31 12 L44—1 2 [:s Fa
F=0 11 D40-1 30 GND - =
o = 12 2 c lo :] 13 a3 [:f GND
11 13 281 14 11 821 14 32 [ZX cn
12 IE:: 14 27%1 Is 2 321 15 31 [25 l4
cP 15 26 Is : -] o[-
a 16 251 Do CP gz te % -3 s
Bo 17 241 b NC g1 17 29 [ZX 15
B T 18 231 D2
B2 [T 19 2 D3
Bs T} 20 - 211 Qo
. 2590 drw 02 8 L% & S 8 8 8 8 s 8 g 2590 drw 03
TOP VIEW Lcc
B TOP VIEW
PIN DESCRIPTIONS
Pin Name| IO Description
Ao - A3 | Four address inputs to the register file which select one register and displays its contents through the A port.
Bo-Bs3 | Four address inputs to the register file which select one of the registers in the file, the contents of which is
displayed through the B port. They also select the location into which new data can be written when the clock
goes LOW.
lo-ls | Nine instruction control lines which determine what data source will be applied to the ALU l(o, 1, 2), what functlon
’ the ALU will perform [(3, 4, 5) and what data is to be deposited in the Q Register or the register file |(s, 7, 8).
Do - D3 | Four-bit direct data inputs which are the data source for entering external data into the device. Do is the LSB.
Yo - Y3 O | Four three-state output lines which, when enabled, display either the four outputs of the ALU or the data on the A
port of the register stack. This is determined by the destination code I(s,7, 8).
F3 O | Most significant ALU output bit (sign-bit).
F=0 O | Open drain output which goes HIGH if the Fo - F3 ALU outputs are all LOW. This indicates that the result of an
ALU operation is zero (positive logic).
Cn | | Carry-in to the internal ALU.
Cns4 O | Carry-out of the internal ALU.
Qs 110 | Bidirectional lines controlled by I, 7, 8). Both are three-state output drivers connected to the TTL-compatible
RAM3 CMOS inputs. When the destination code on l(s, 7, 8) indicates an up shift, the three-state outputs are enabled, the
MSB of the Q Register is available on the Q3 pin and the MSB of the ALU output is available on the RAM3 pin.
When the destination code indicates a down shift, the pins are the data inputs to the MSB of the Q Register and
the MSB of the RAM.
Qo 1/0 | Both bidirectional lines function identically to Q3 and RAM3 lines except they are the LSB of the Q Register and
RAM. - : i
RAMo
OE | | Output enable on which, when pulled HIGH, the Y outputs are OFF (high impedance). When pulled LOW the Y
outputs are enabled.
G, P O | Carry generate and carry propagate output of the ALU. These are used to perform a carry lookahead operation.
OVR O | Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most
significant end of the word, this pin indicates that the result of an arithmetic two's complement operation has
overflowed into the sign-bit.
CcP 1 [ Clock input. LOW-to-HIGH clock transitions will change the Q Register and the register file outputs. Clock LOW
time is internally the write enable time for the 16 x 4 RAM which comprises the master latches of the register file.
While the clock is LOW, the slave latches on the RAM outputs are closed, storing the data previously on the RAM
outputs. Synchronous MASTER-SLAVE operation of the register file is achieved by this.

2590l 0
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IDT33C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ALU SOURCE OPERAND CONTROL

ALU FUNCTION CONTROL

ALU Source Microcode
Microcode Operands Octal ALU

Octal Mnemonic | 1s la I3 | Code Function Symbol

Mnemonic I2 I lo Code R S ADD L L L 0 RPlus S R+S

AQ o B 0 A Q suBR [L|L|H| 1 | sMnsr | s-R

AB L L|H ! A B SUBS L |H L 2 R Minus S R-S

zq LM . 2 0 a OR LIH|H 3 RORS RV S

ZB L|HI|H 3 0 B

ZA H L L 4 0 A AND H L L 4 ﬁ AND S 5 AS

DA H L|H 5 D A NOTRS H L|H 5 RANDS RAS

DQ HIlH L 6 D Q EXOR H|H L 6 REX-ORS | R? S

Dz HlH]H 7 D 0 EXNOR |H | H | H 7 |REX-NORS| RV S
2590 1! 02 2590 tl 03

DEVICE ARCHITECTURE:

The IDT39C01 CMOS bit-slice microprocessor is
configured four bits wide and is cascadable to any number of
bits (4, 8, 12, 16, etc.). Key elements which make up this four-
bit microprocessor slice are: 1) the register file (16 x 4 dual-
port RAM) with shifter; 2) ALU and 3) Q Register and shifter.

REGISTER FILE — RAM data is read from the A port as
controlled by the 4-bit A address field input. Data, as defined
by the B address field input, can be simultaneously read from
the B port of the RAM. This same code can be applied to the
A select and B select field with the identical data appearing at
boththe RAM A port and B port outputs, simultaneously. New
data is writteninto the file (word) defined by the B address field
of the RAM when activated by the RAM write enable. The
RAM data input field is driven by a 3-input multiplexer that is
used to shift the ALU output data (F). It is capable of shifting
the data up one position, down one position or not shifting at
all. The otherinputs to the multiplexer are fromthe RAM3 and
RAMo 1/O pins. For a shift up operation, the RAM3 output
butfer is enabled and the RAMo multiplexer input is enabled.
During a shift down operation, the RAMo output buffer is
enabled and the RAM3 multiplexer input is enabled. Four-bit
latches hold the RAM data while the clock is LOW, with the A
port output and B port output each driving separate latches.
The data to be written into the RAM is applied fromthe ALU F
output.

ALU — The ALU can perform three binary arithmetic and
five logic operations onthe two 4-bit input words Sand R. The
Sinputfieldis driven froma 3-input multiplexer and the R input
field is driven from a 2-input multiplexer, with both having an
inhibit capability. Both multiplexers are controlled by the lo, I1,
I2 inputs. This multiplexer configuration enables the user to
select various pairs of the A, B, D, Q and “0” inputs as source
operands to the ALU. Microinstruction inputs (I3, 14, Is) are

used to select the ALU function. This high-speed ALU also
incorporates a carry-in (Cn) input, carry propagate (P) output,
carry generate (G) output and carry-out (Cn+4) all aimed at
accelerating arithmetic operations by the use of carry look
ahead logic. The overflow output pin (OVR) will be HIGH
when arithmetic operations exceed the two’'s complement
number range. The ALU data outputs (Fo, F1, F2, F3) are
routed to the RAM, Q Register inputs and the Y outputs under
control of the Is, 17, I8 control signal inputs. The MSB of the
ALU is output as F3 so the user can examine the sign-bit
without enabling the three-state outputs. An open drain
output, F = 0, is HIGH when Fo = F1 = F2 = F3 = 0 so the user
can determine when the ALU output is zero by wire-ORing
these outputs together.

Q REGISTER — The Q Register is a separate 4-bit file
intended for multiplication and division routines and can also
be used as an accumulator or holding register for other types
of applications. It is driven from a 3-input multiplexer. in the
no-shift mode, the multiplexer enters the ALU data into the Q
Register. In either the shift-up or shift-down mode, the
multiplexer selects the Q Register data appropriately shifted
up or down. The Q shifter has two ports, Qo and Q3, which
operate comparably to the RAM shifter. They are controlled
by the ls, 17, I8 inputs. ‘

The clock input of the IDT33C01 controls the RAM, Q
Register and A and B data latches. When enabled, the data
is clocked into the Q Register on the LOW-to-HIGH transition.
When the clock is HIGH, the A and B latches are open and
pass data that is present at the RAM outputs. When the clock
is LOW, the latches are closed and retain the last data
entered. Whenthe clockis LOW and RAM EN is enabled, new
data will be written into the RAM file defined by the B address
field.
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IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ALU DESTINATION CONTROL("

RAM Q Register RAM Q
Microcode Function Function Shifter Shifter
Octal Y
Mnemonic| s | Iz | Is | Code | Shift Load Shift Load Output RAMo RAM3 Qo Q3
QREG L L L 0 X NONE | NONE | FsaQ F X X X
NOP L L H 1 X NONE X NONE F X X X
RAMA L H L 2 NONE FoB X NONE A X X X
RAMF L H H 3 NONE | F,B X NONE F X X X
RAMQD H L L 4 DOWN | F2 5B | DOWN |ar »Q F Fo IN3 Qo IN3
RAMD H L H 5 DOWN | F2 s B X NONE F Fo IN3 Qo X
RAMQU H| H L 6 UpP oF »B upP 2Q - Q F INo F3 INo Q3
RAMU H| H H 7 upP 2F 5B X NONE F INo Fa X Qs
NOTE: 2590 tbl 04
1. X =Don't care. Electrically, the shift pinis a TTL input internally connected to a three-state output which is in the high-impedance state.
B = Register Addressed by B inputs.
UP is toward MSB; DOWN is toward LSB.
SOURCE OPERAND AND ALU FUNCTION MATRIX("
I2,1,0 Octal
o | 1+ | 2 | 3 4 5 6 7
Octal ALU ALU Source
I5,4,3 Function A, Q AB 0,Q 0,B 0,A DA D, Q D,0
0 Cn=L A+Q A+B Q B A D+A D+Q D
RPlus S
Cn=H A+Q+1 A+B+1 Q+1 B+1 A+1 D+A+1 D+Q+1 D+1
1 Cn=L Q-A-1 B-A-1 Q-1 B-1 A-1 A-D-1 Q-D-1 -D~1
S Minus R
Cn=H Q-A B-A Q B A A-D Q-D -D
2 Cn=L A-Q-1 A-B-1 -Q-1 -B-1 -A-1 D-A-1 D-Q-1 D-1
R Minus S
Cn=H A-~-Q A-B -Q -B -A D-A D-Q D
3 RORS AV AQ AV B Q B A DV A Dva D
4 RAND S AANQ AAB 0 0 0 DAA DAQ 0
5 RAND S AAQ AAB Q B A DAA DAQ 0
6 REX-ORS | AV Q AV B Q B A DV A DV Q D
7 REX-NORS| AV Q AV B Q B A DV A DV Q D
NOTE: 2590 1ol 05

1. + =Plus; —=Minus; A =AND; 7V =EX-OR;V =OR.
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IDT39C01C/D/E

4-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES
ALU LOGIC MODE FUNCTIONS ALU ARITHMETIC MODE FUNCTIONS
Octal Octal Cn=L Cn=H
I5,4,3 12,1,0 Group Function I5,4,3 | 12,1,0 Group | Function | Group | Function
4 0 AANQ 0 0 A+Q A+Q+1
4 1 AND AANB 0 1 ADD A+B ADD A+B+1
4 5 DAA 0 5 D+A plusone | D+ A+ 1
4 6 DAQ 0 6 D+Q D+Q+1
3 0 AV Q 0 2 Q Q+1
3 1 OR AV B 0 3 PASS B Increment B+1
0 4 A A+1
8 5 DV A 0 7 D D+1
3 6 DvQ
1 2 Q-1 Q
6 0 A7 Q —
5 1 EX—OR A7 B 1 3 Decrement| B - 1 PASS B
1 4 A-1 A
6 5 DV A 2 7 D-1 D
6
§ bva 2 2 -Q-1 -Q
7 0 AV Q 2 3 |1sComp.[ -B-1 [2's Comp. -B
7 1 EX-NOR AV B 2 4 -A-1 (Negate) -A
7 5 DV A 1 7 -D-~1 -D
7 6 bva 1 0 Q-A-1 Q-A
7 2 Q 1 1 B-A-1 B-A
7 3 INVERT B 1 5 A-D-1 A-D
7 4 A 1 6 Subtract | Q-D-1} Subtract Q-D
7 7 5) 2 0 J(1'sComp)] A—Q-1 |(2's Comp)] A-Q
2 1 A-B-1 A-B
6 2 Q 2 5 D-A-1 D-A
6 3 PASS B 2 6 D-Q-1 D-Q
6 4 A 2590 tbl 07
6 7 D
DEFINITIONS(")
3 2 Q
3 3 PASS B Po=PRo+ So
3 4 A " P1=Ri1+$1
3 7 D P2=R2+ S2
4 2 0 Pa=Ra+ S3
4 3 “ZERO” 0 Go = RoSo
4 4 0 G1 = R1S1
4 7 _0 G2 =R2S2
5 0 AANQ Ga = RaS3
g ; MASK % ’/t i Ca= Ga + PaG2 + PaP2G1 + PaP2P1Go + P3P2P1PoCn
5 6 DAQ C3 = G2 + P2G1 + P2P1Go + P2P1PoCn
NOTE: 2590 tbl 08
2590 tbi 06 1. +=OR
LOGIC FUNCTIONS FOR G, P, Cn +4 AND OVR ()
I5,4,3 | Function P G Cn+a OVR
0 R+S P3P2P1Po G3 + P3Gz + P3P2G1 + P3P2P1Go Ca C3V Ca
1 S~R Same as R + S equations, but substitute Ri for Ri in definitions
2 R-S Same as R + S equations, but substitute Si for Si in definitions
3 RvVS LOW P3P2P1Po " P3aP2P1Po+ Cn P3P2P1Po + Cn
4 RAS LOW Gi+G2+Gi1+Go G3+G2+G1+Go+Cn|G3+G2+G1+Go+Cn
5 RAS LOW Same as RV S equations, but substitute Ri for Ri in definitions
6 RV S Same as RV S equations, but substitute Ri for Ri in definitions
7 VS |G3+G2+G1+Go | Ga+P3aG2+ P3P2G1 + PaP2P1Po G3 + P3Gz + PaP2Gi @
+ P3P2P1Po (Go + Cn)
NOTES: 2590 tbl 09
1. +=0R.

2. [Pz + G2P1 + G2G1Po + G2G1GoCn] ¥ [P3 + GaP2 + GaGzP1 + GaG2G1Po + GaG2G1Cn]
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IDT39CO1C/D/E
4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (Ta = +25°C, f = 1.0MHz)

Symbol Rating Com’l. Mil. Unit Symbol Parameter'") Conditions | Typ. | Unit
Vce Power Supply -0.5t0+7.0| -0.5t0 +7.0| V CIN Input Capacitance VIN = 0V 5 pF
Voltage Cout QOutput Capacitance | Vout = 0V 7 pF
VTERM | Terminal Voltage -0.5to -0.5to v NOTE: 2590 thl 26
with Respect Vcec +0.5 vcec +0.5 1. This parameter is sampled and not 100% tested.
to Ground
TA Operating 0Oto+70 [-55t0 +125( °C
Temperature
Teias | Temperature -5510 +125|-65t0 +135| °C
Under Bias
Ts1G Storage -551t0 +125|-65to +150| °C
Temperature
PT Power Dissipation 1.0 1.0 w
lout DC Output Current 30 30 mA
NOTE: 2590 tl 10
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
DC ELECTRICAL CHARACTERISTICS ‘ ,
Commercial: TA = 0°C to +70°C, Vcc = 5.0V £ 5%,; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
Symbol Parameter Test Conditions Min. | Typ® | Max. | Unit
(N} Input HIGH Current vee = Max. - 0.1 5 RA
(All Inputs) VIN = Vcc
i Input LOW Current vce = Max. - -0.1 -5 pA
(All Inputs) VIN = GND
VOH Output High Voltage Vce = Min, IoH = —1.0mA (MIL.) 24 4.3 - \
VIN = VIH or VIL IoH = —1.6mA (COM'L.) 24 4.3 -
VoL Output Low Voltage vee = Min. loL = 16mA (MIL.) - 0.3 0.5 \
VIN=ViHor ViL loL = 20mA (COM'L.) - 0.3 0.5
VIH Input HIGH Level Guaranteed Logic HIGH Level(™ 2,0 - - v
ViL Input LOW Level Guaranteed Logic LOW Level(") - - 0.8 v
loz Output Leakage Current vce = Max. "VouT = 0V - -0.1 -10 pA
Vourt = Vce (Max.) - 0.1 10
los Output Short Circuit Current | Vce = Max. -30 - - mA
Vourt = 0V
NOTES: 2590 bl 11
1. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.
2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
3. Vec = 5.0V at Ta +25°C. :
5.1 6



IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE - MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS (Cont’d.)
Commercial: TA = 0°C to +70°C, Vcc = 5.0V * 5%; Military: TA = -55°C to +125°C, VCc = 5.0V + 10%
VLe = 0.2V; VHC = VCC -0.2V

Symbol Parameter . Test Conditions(? : Min. | Typ. ¥ | Max. | Unit
lccaH Quiescent Power Supply Current | Vcc = Max. - 0.5 5.0 | mA
.]CP = H (CMOS Inputs) VHC £ VIH, VIL< VLC -
fcP=0,CP=H
lccat Quiescent Power Supply Current | Vce = Max. . - 0.5 50 | mA
CP =L (CMOS Inputs) VHC € VIH, VILS VLC
fcP=0,CP =L
lccT Quiescent Input Power Supply(®) [ Vce = Max., VIH = 3.4V - 0.3 0.5 | mA/
Current (per Input @ TTL High) fcp=0 Input
lcecp Dynamic Power Supply Current vce = Max. MIL. - 1.5 25 |mA/
VHC < VIH, VIL < VLC COML.f - 1.0 2.0 |MHz
Outputs Open, OE = L .
lcc Total Power Supply Current(5) vee = Max.. . IDT39C01C | MIL. - - 30 | mA
Outputs Open, OE = L fcp = 10MHz - |COM'L.{ - - 25
CP =50 % Duty cycle IDT39C01D MIL. - - 35
VHC < VIH, VILE VLG - fcp = 15MHz |COML.| - - - | 30
' 150% Data Duty Cycle IDT39CO1E MIL. - - 40
' fcP = 17.5MHz |COM'L.| - - 35
vce = Max.. - 1IDT38CO1C  [MIL. - - 35
Outputs Open, OE = L fcP=10MHz |COML.[ - - 30 .
CP =50 % Duty Cycle - IDT39C01D | MIL. - - 40
VIH = 3.4V, VIL= 0.4V fcp = 15MHz |COM'L.| - - 35 -
50% Data Duty Cycle IDT39CO1E MIL. - - 45
. ~ |tcp=17.5MHz [comL.| - - |4 |
NOTES S 2590 tol 12

. These input fevels should only be static tested in a noise-free environment.
. Notmore than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
Vee = 5.0V at Ta +25°C.
. lecT is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out lccaH, then dividing by the total number of inputs.
. Total Supply Currentis the sum of the Quiescentcurrent and the Dynamic current (at either CMOS or TTL input levels). For all conditions, the Total Supply
Current can be calculated by using the following equation:
lce = lecaH (CDH) +lecal (1 — CDH) + leeT (NT x D) + fecb (fep)
CDH = Clock duty cycle high period
DH = Data duty cycle TTL high period (VIN = 3.4V)
NT= Number of dynamic inputs driven at TTL levels
fcp = Clock input frequency

CMOS TESTING CONSIDERATIONS 3) Definition of input levels is very important. Since many
There are certain testing considerations which must be inputs may change coincidentally, significant noise at the
takeninto accountwhentesting high-speed CMOS devices device pins may cause the ViL and VIH levels not to be met
in an automatic environment. These are: until the noise has settled. To allow for this testing/board
1) Proper decoupling at the test head is necessary. induced noise, IDT recommends using VIL< 0V and VIH >
Placement of the capacitor set and the value of capacitors 3V for AC tests. ' .
used is critical in reducing the potential erroneous failures  4) Device grounding is extremely important for proper device
resulting from large Vcce current changes. Capacitor lead testing. The use of multi-layer performance boards with
length must be short and as close to the DUT power pins radial decoupling between power and ground planes is
as possible. required. The ground plane must be sustained from the
2) Allinput pins should be connected to a voltage potential performance board to the DUT interface board. Aliunused
during testing. If left floating, the device may begin to interconnect pins must be properly connectedto the ground
oscillate causing improper device operation and possible pin. Heavy gauge stranded wire should be used for power
latchup. wiring and twisted pairs are recommended to minimize
inductance.




IDT39C01C/D/E

4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS

IDT39C01C

(Military and Commercial Temperature Ranges)
The tables below specify the guaranteed performance of

CYCLE TIME AND CLOCK

CHARACTERISTICS

the IDT39C01C over the -55°C to +125°C and 0°C to +70°C Mil._ 1 Com'L. | Unit
temperature ranges. VCC is specified at 5V + 10% for military - - .
temperature range and 5V + 5% for commercial temperature g;zg{i"::‘gff)xv‘g"; (i:é’é'fs(:; o 32 31 | ns
range. Alltimes are in nanoseconds and are measured atthe of cycle) ' 9
1.5V signal level. The inputs switch between 0V and 3V with M Clock F ; a1 w» | vh
signaltransition rates of 1V per nanosecond. Alloutputs have sh?f’:'g‘goo/o%%w L‘;g};emy ° z
maximum DC current loads. I = 432 or 632) ’
Minimum Clock LOW Time 15 15 ns
Minimum Clock HIGH Time 15 15 ns
Minimum Clock Period 32 31 ns
- 2590 bl 13
COMBINATIONAL PROPAGATION DELAYS(") cL - 50pF
To Output
RAMo Qo
Y F3 Cns+a G P F=0 OVR RAM3 Q3
From Input Mil. |Com'l.| Mil. [Com'L| Mil. |Com’L| Mil. |Com'L.| Mil. [Com’L| Mil. |Com’l.| Mil. |Com'L| Mil. |Com'L] Unit
A, B Address 48 | 40 [ 48 | 40 | 48 | 40 [ 44| 37 | 48| 40 | 48| 40 | 48| 40 | - ~ | ns
D 37| 30 [37] 30 | 37| 30 | 34| 30 40| 38 |37} 30 |37 30 | - -~ | ns
Cn 25 | 22 [25 ] 22 {21 ] 20 | - - | 28| 25 25| 22 {28 | 25 | - - | ns
lo.1,2 40| 35 (40| 35 | 40| 35 |44 | 37 |44 ] 37 | 40| 35 [40]| 35 | —- - | ns
13,45 40| 35 (40 35 | 40| 35 | 40| 35 [40| 38 |40} 35 |40 | 35 | - - | ns
16,7, 8 29 | 25 - - - - - - - - - - 29 26 | 29} 26 | ns
A Bypass 40| 35 - - - - - - - - - - - - - - ns
ALU (I = 2XX)
Clock / 40| 35 | 40) 35 | 40| 35 | 40| 35 | 40| 35 | 40| 35 |40 | 35 |33 ] 28 | ns
2590 tl 14
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IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

cp-: \r\ tPwL ;i(
Set-up Time Hold Time Set-up Time Hold Time
BeforeH —» L After H > L Before L > H After L > H
Input MiL Com'l. Mil. Com'l. Mil. I Com’'l. Mil. Com'l. Unit
A, B Source Address 15 15 2 10 30,15 + tPwL (4) 2 1 ns
B Destination Address 15 15 Do not change (2 2 1 ns
D - - - - 25 25 0 0 ns
Cn - - - - 20 20 0 0 ns
lo,1,2 - - - - 30 30 0 0 ns
13,4,8 - - - - 30 30 0 0 ns
l6,7.8 10 10 Do not change @ 0 0 ns
RAMo3, Qo3 - - - | - 12 12 0 0 ns
NOTES: 2590 tbl 15
1. Adash indicates a propagation delay or set-up time constraint does not exist.

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation.

3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address may then
be changed. The Baddress could be changed ifitis nota destination; i.e., if data is not being written back into the RAM. Normally A and B are notchanged
during the clock LOW time.

4. The set-up time prior to the clock L — H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. Itincludes
all the time from stable A and B addresses to the clock L — H transition, regardiess of when the H — L transition occurs.

OUTPUT ENABLE/DISABLE TIMES
(CL = 5pF, measured to 0.5V
change of VOUT in nanoseconds)

Enable Disable
Input Output Mil. Com'l. Mil. Com'L.
OE Y 25 23 25 23
2590 thl 16
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IDT33CO1C/D/E

4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS

IDT39C01D

(Military and Commercial Temperature Ranges)
The tables below specify the guaranteed performance of
the IDT39C01D over the -55°C to +125°C and 0°C to +70°C

CYCLE TIME AND CLOCK
CHARACTERISTICS

Mil. | Com'l.| Unit
temperature ranges. VCC is specified at 5V + 10% for milita
temgeraturg range and 5V = sp%for commercialtemperatug Sﬁig{s?:(fffy&fﬂgi’;;syﬂiqé°$ 4 a7 23 | ns
"5V signalovel. The inputs swih beween OV and av with |-2-22%)
signaltransition rates of 1V per nanosecond. All outputs have Z%ig”gog?&; ggr:'ncy to 37 43 | MHz
maximum DC current loads. I = 432 or 632)
Minimum Clock LOW Time 13 11 ns
Minimum Clock HIGH Time 13 11 ns
Minimum Clock Period 27 23 ns
2590 bl 17
COMBINATIONAL PROPAGATION DELAYS!") ¢ = 50pF
' To Output
RAMo Qo
Y Fa Cnsa G,P F=0 OVR RAM3 Q3
From Input Mil. {Com'L| Mil. {Com'lL| Mil. [Com’l.| Mil. |Com'L| Mil. {Com’L| Mil. [Com’l| Mil. [Com’L| Mil. |Com'L] Unit
A, B Address 33| 30 | 33| 30 |33 3 {33 3 |[33] 30 |33| 30 [33] 30 | - - | ns
D 24 21 23 20 23 20 21 20 25 24 24 21 25 22 - - ns
Cn 18| 17 |17 | 16 [ 14| 14 | - - 19| 18 [ 17| 16 {19 | 18 | - - | ns
lo, 1,2 28 26 27 25 26 24 28 24 29 25 27 24 27 25 - - ns
13,4,5 27 26 27 24 26 24 26 24 27 26 26 24 27 26 - - ns
l6,7.8 18 16 - - - - - - - - - - 21 21 21 21 ns
A Bypass 26 | 24 - - - - - - - - - - - - - _ ns
ALU (1 = 2XX)
Clock S/ 27 24 26 23 26 23 25 23 27 24 26| 24 27 24 20 19 ns
2590l 18
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IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

CP: { tPwL ?
Set-up Time Hold Time Set-up Time Hold Time
Before H - L After H-> L BeforeL - H AfterL > H
Input Mil. Com'l. Mil. Com'l. Mil. Com’l. Mil. Com'l. Unit
A, B Source Address 1 10 0 0@ 24,11+ | 21,10+ 2 1 ns
tew () | tewL (4
B Destination Address 1 10 Do not change (2 2 1 ns
D - - - - 16 16 0 0 ns
Cn - - - - 13 13 0 0 ns
lo, 1,2 - - - - 19 19 0 0 ns
13, 4,5 - - - - 19 19 0 0 ns
ls, 7,8 7 7 Do not change @ 0 0 ns
RAMo3, Qo3 - - - - 9 | 9 0 0 ns
NOTES: 2590 tbl 19
1. Adash indicates a propagation delay or set-up time constraint does not exist.

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation.

3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address may then
be changed. The Baddress could be changedifitis nota destination; i.e., if data is notbeing written back into the RAM. Normally A and Bare notchanged
during the clock LOW time.

4. The set-up time prior to the clock L — H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. Itincludes
all the time from stable A and B addresses to the clock L — H transition, regardless of when the H — L transition occurs.

OUTPUT ENABLE/DISABLE TIMES
(CL = 5pF, measured to 0.5V
change of VOUT in nanoseconds)

Enable Disable
Input Output Mil. Com'l. Mil. Com'l.
OE Y . 18 14 18 16
2590 thl 20
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IDT39C01C/D/E

4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS

IDT39CO1E

(Military and Commercial Temperature Ranges)
The tables below specify the guaranteed performance of

the IDT39C01E over the —-55°C to +125°C and 0°C to +70°C

CYCLE TIME AND CLOCK

CHARACTERISTICS

Mil. | Com'l.| Unit
temperature ranges. VCC is specified at 5V + 10% for military - -
temperature range and 5V + 5% for commercial temperature | Fe2d-Modify-Write Cycle (from 21 20 ns
. A selection of A, B registers to end
range. Alltimes are in nanoseconds and are measured atthe | o1 cycle)
1.5V signal level. The inputs switch between OV and 3V with -~ -
signaltransition rates of 1V per nanosecond. Alloutputs have m,’:'glzg"os:%ﬁﬂ;gfncy to 46 S0 | MHz
maximum DC current loads. I = 432 or 632) '
Minimum Clock LOW Time 10 8 ns
Minimum Clock HIGH Time 10 8 ns
Minimum Clock Period 21 20 ns
2530 bl 21
COMBINATIONAL PROPAGATION DELAYS (") cL - 50pF
To Output
RAMo Qo
Y F3 Cn+4 G,P F=0 OVR RAM3 Q3
From Input Mil. |Com'l.| Mil. |Com'L| Mil. |Com'L| Mil. |Com'l] Mil. [Com'l| Mil. |Com'L| Mil. |[Com'l.| Mil. |Com'L| Unit
A, B Address 26 22 26 22 26 22 26 21 29 25 26 22 26 22 - - ns
D 18 16 17 15 17 15 16 15 22 20 18 16 19 16 - - ns
Cn 13 13 13 12 10 10 - - 16 15 13 12 14 13 - = ns
lo,1,2 21 20 20 19 19 18 21 18 25 21 20 18 20 19 - - ns
13,4,5 20{ 20 |20 18 (19| 18 |19 | 18 |23 | 23 (19| 18 20| 20 | - - | ns
ls.7,8 13 12 - - - - - - - - - - 16 16 16 16 ns
A Bypass 26 | 24 - - - - - - - - - - - - - - ns
ALU (1 = 2XX)
Clock ./ 20| 18 |19} 17 {19 | 17 19| 17 | 25| 22 | 19] 18 20| 18 | 15| 15 | ns
2590 bl 22
5.1 12



IDT39C01C/D/E '
4-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

e »
< tPWL »>
CP: * F
Set-up Time Hold Time Set-up Time Hold Time
Before H > L After H - L Before L - H AfterL - H
Input Mil. Com'l. Mil. Com'l. Mil. Com'l. Mil. Com'l. Unit
A, B Source Address 8 7 0 o® 18, 8 + 15,7+ 2 1 ns
tewL @) | tewL
B Destination Address 8 7 Do not change (2 2 1 ns
D - - - - 12 12 0 0 ns
Cn - - - - 10 10 0 0 ns
lo, 1,2 - - - - 14 " 14 0 0 ns
13,4,5 - - - - 14 14 0 0 ns
le.7.8 5 5 Do not change 0 0 ns
RAMo.3, Qo.3 - - - [ - ] 9 9 0 0 ns
NOTES: 2690 tbi 23
1. Adash indicates a propagation delay or set-up time constraint does not exist.
2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation.
3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address
may then be changed. The B address could be changed if itis not a destination; i.e., if data is not being written back into the RAM. Normally
A and B are not changed during the clock LOW time.
4. The set-up time prior to the clock L —» H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM.
Itincludes all the time from stable A and B addresses to the clock L —» H transition, regardless of when the H — L transition occurs.
OUTPUT ENABLE/DISABLE TIMES
(CL = 5pF, measured to 0.5V
change of VOUT in nanoseconds)
Enable Disable
Input Output Mil. Com'l. Mil. Com'l.
OE Y 14 10 12 12
2590 tol 24
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V Test Switch
Input Rise/Fall Times 1V/ns ¢
X Open Drain Closed
Input Timing Reference Levels 1.5V P
Disable Low
Output Reference Levels 1.5V
Output Load See Figure 4 Enable Low
£ g All other Tests Open
2590 bl 25
2590 thl 27
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IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE .

MILITARY AND COMMERCIAL TEMPERATURE RANGES

INPUT/QUTPUT INTERFACE CIRCUIT

_ESD
PROTECTION
. —
| - .
INPUTs O—— AN >0—
‘ : <« R o
: It
A

2590 drw 04

Figure 1. Input Structure (All Inputs)

2590 drw 06

"Figure 3. Output Structure (F=0 Only)

TEST CIRCUIT LOAD
Vce
VIN Vout
Pulse
Generator DUT.

OUTPUTS

Vee

OUTPUTS

2590 dw 05

Figure 2. Outputs Structure (All Outputs Except F=0)

+7.0V

— 0 0—e

500Q

500Q

DEFINITIONS:

CL = Load capacitance: includes jig and probe capacitance .

Rt = Termination resistance: should be equal to Zout of the Pulse
Generator ' ) -

Figure 4. Switching Test Circuits

5.1

14



IDT39C01C/D/E
4-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION
DT XXXXX X X X
Device Type Speed Package Process/
Temperature
Range

BLANK

oo

moo

39Co1

Commercial (0°C to + 70°C)
Military (— 55°C to + 125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP
CERDIP
LCC

Four-Bit Microprocessor Slice
High-Speed Four-Bit Microprocessor Slice
Ultra-High-Speed Four-Bit CMOS Microprocessor Slice

2590 drw 08

51
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AEPN\° 12-BIT CMOS IDT39C10B
= A MICROPROGRAM IDT39C10C
‘ SEQUENCER
Integrated Device Technology, Inc.

FEATURES:

Low-power CEMOS™

— lcc (max.)

Military: 90mA

Commercial: 75mA

Fast

— IDT39C10B matches 2910A speeds

— 1IDT39C10C 30% speed upgrade

33-Deep stack

— Accommodates highly nested loops and subroutines
12-bit address width

12-bit internal loop counter

16 powerful microinstructions

Three output enables control 3-way branch

Available in 40-pin DIP and 44-pin LCC/PLCC

Military product compliant to MIL-STD-883, Class B
Standard Military Drawing# 5962-87708 is listed on this
function. Refer to Section 2/page 2-4.

DESCRIPTION:
The IDT39C 10 microprogram sequencers are designed for
use in high-performance microprogram state machines. These

microprogram sequencers are intended for use in controlling
the sequence of microinstructions executed in the
microprogram memory. The IDT39C10s provide several
conditional branch instructions that allow branching to any
microinstruction within the 4K microword address space. A
33-deep last-inffirst-out stack provides for a very powerful
microprogram subroutine returnlinkage and looping capability.
With this depth of a microprogram return stack, the
microprogrammer has maximum flexibility in nesting
subroutines and loops. The counter contained in the
IDT39C10s provides for microinstruction loop counts of up to
4096, in terms of total count length.

The IDT39C10s provide a 12-bit address to the
microprogram memory. This microprogram sequencer selects
one of four sources for the address. These are (1) the
microprogram address register, (2) external direct input, (3)
internal register counter and (4) the 33-deep LIFO stack. The
microprogram counter usually contains an address that is one
greater than the microinstruction currently being executed in
the microprogram pipeline register.

The IDT39C10s are fabricated using CEMOS, a CMOS
technology designed for high-performance and high-reliability.
The devices are pin-compatible, performance-enhanced,
functional replacements for the 2910A.

FUNCTIONAL BLOCK DIAGRAM

D

cp
12 y)
R o— |
REGISTER/ STACK FOLT
| »] DECREMENTER L. PoNTER [T
ZERO
g 33 WORD
1} 128ITS
| STACK
DECREMENT/ ouT
HOLD/LOAD ‘ IN
R=0 5 s
o D R FuPC »| REGISTER
m MULTIPLEXER
ECSN: g.‘j)— [PUSH/POP/ | |
. | msTRucTion] HOLDICLEAR INCREMENTER|~ ¢
I Dt PLA CLEAR/COUNT
0 >

CEMOS and MICROSLICE are of | Device Te

i

Y1 2589 orw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES
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IDT39C10B/C
12-BIT CMOS MICROPRGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
OE wn ~ G N =
ve 1 ~— Da 2B 823288824 Dot Indicates pin 1 for PLCC
Dsa ] 2 39 Y3
vs [ 3 381 D2
Ds ] 4 373 Y2
VECT [ 5 31 D PL
PL 6 35 7 MAP
MAF ] 7 341 Do I3
13 (8 333 Yo
iz CJ 9 pgoq 323 C l2
vee T 10 & 311 cP vee
11 : 11 D40-1 30 : GND 11
1o ] 12 29 :Dj [¢] 1o
TCEN [ 13 28 Y11
TC ] 14 27 [ Dnt CCEN
RLD T 15 26 1 Yo [¢9]
FOIL ] 16 25 [1 D1 RO
Ds T3 17 24 Ys
vs [ 18 23 De NC
Dz CH 19 221 Vs
vz B 20 211 Ds
2589 drw 02 ESﬁS;BﬁBﬁS
DIP PLCC/LCC
- TOP VIEW TOP VIEW
PIN DESCRIPTIONS
Pin Name | I/O Description
Di 1 Direct input to register/counter and
multiplexer Do is LSB.
] 1 Selects one-of-sixteen instructions.
cc | | Used as test criterion. Past test is a LOW
on CC.
CCEN 1 [Wheneverthe signal is HIGH, CC is ignored
and the operates as though CC were true
(LOW).
Ci | | Low order carry input to incrementer for
microprogram counter.
RLD I |When LOW forces loading of register/
counter regardless of instruction or
condition.
OE I | Three-state control of Y1 outputs.
cpP I | Triggers all internal state changes at LOW-
to-HIGH edge.
Yi O | Address to microprogram memory. Yo is
LSB, Y11 is MSB.
FULL O | Indicates that 33 items are on the stack.
PL O |Can select #1 source (usually Pipeline
Register) as direct input source.
MAP O [Can select #2 source (usually Mapping
PROM or PLA) as direct input source.
VECT O | Can select #3 source (for example, Interrupt
Starting Address) as direct input source.

2589 tbl 01
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IDT39C10B/C
12-BIT CMOS MICROPRGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PRODUCT DESCRIPTION

The IDT39C10s are high-performance CMOS microprogram
sequencers that are intended for use in very high-speed
microprogrammable microprocessor applications. The
sequencers allow for direct control of up to 4K words of
microprogram.

The heart of the microprogram sequencers is a 4-input
multiplexer that is used to select one of four address sources
to select the next microprogram address. These address
sources include the register/counter, the direct input, the
microprogram counter or the stack as the source for the
address of the next microinstruction.

The register/counter consists of twelve D-type flip-flops
which can contain either an address or a count. These edge-
triggered flip-flops are under the control of a common clock
enable, as well as the four microinstruction control inputs.
When the load control (RLD) is LOW, the data at the D inputs
is loaded into this register on the LOW-to-HIGH transition of
the clock. The output of the register/counter is available at the
multiplexer as a possible next address source for the micro-
code. Also, the terminal count output associated with the
register/counter is available at the internal instruction PLA to
be used as condition code input for some of the microin-
structions. The IDT33C10s contain a microprogram counter
that usually contains the address of the next microinstruction
compared to that currently being executed. The micropro-
gram counter actually consists of a 12-bit incrementer fol-
lowed by a 12-bit register. The microprogram counter will
increment the address coming out of the sequencer going to
the microprogram memory if the carry-in input to this counter
is HIGH; otherwise, this address will be loaded into the
microprogram counter. Normally, this carry-in input is set to
the logic HIGH state so that the incrementer will be active.
Should the carry-in input be set LOW, the same address is
loadedinto the microprogramcounter. Thisis atechnique that
can be used to allow execution of the same microinstruction
several times.

There are twelve D-inputs on the IDT39C10s that go
directly to the address multiplexer. These inputs are used to
provide a branch address that can come directly from the
microcode or some other external source. The fourth input
available to the multiplexer for next address control is the 33-
deep, 12-bit wide LIFO stack. The LIFO stack provides return
address linkage for subroutines and loops. The IDT39C10s
contain a built-in stack pointer that always points to the last
stack location written. This allows for stack reference opera-
tions, usually called loops, to be performed without popping
the stack.

The stack pointer internal to the IDT39C10s is actually an
up/down counter. During the execution of microinstructions
one, four and five, the PUSH operation may occur depending
onthe state of the condition code input. This causes the stack
pointer to be incremented by one and the stack to be written
with the required return linkage (the value contained in the
microprogram counter). Onthe microprogram cycle following
the PUSH, this new return linkage data that was in the
microprogram counter is now at the new location pointed to by

the stack pointer. Thus, any time the multiplexer looks at the
stack, it will see this data on the top of the stack.

During five different microinstructions, a pop operation
associated with the stack may occur. If the pop occurs, the
stack pointer is decremented at the next LOW-to-HIGH
transition of the clock. A pop decrements the stack pointer
which is the equivalent of removing the old information from
the top of the stack.

The IDT39C10s are designed so that the stack pointer
linkage allows any sequence of pushes, pops or stack refer-
ences to be used. The depth of the stack can grow to afull 33
locations. Afteradepthof33is reached,the FULL outputgoes
LOW. If further PUSHes are attempted when the stack is full,
the stack information at the top of the stack will be destroyed
but the stack pointer will not end around. It is necessary to
initialize the stack pointer when power is first turned on. This
is performed by executing a RESET instruction (Instruction 0).
This sets the stack pointer to the stack empty position — the
equivalent depth of zero. Similarly, a pop froman empty stack
may place unknown data on the Y outputs, but the stack
pointer is designed notto end around. Thus, the stack pointer
will remain atthe 0 or stack empty locationif a pop is executed
while the stack is already empty.

The IDT39C10s’ internal 12-bit register/counter is used
during microinstructions eight, nine and fifteen. During these
instructions, the 12-bit counter acts as adowncounterandthe
terminal count (count = 0} is used by the internal instruction
PLA as an input to control the microinstruction branch test
capability. The design of the internal counter is such that, if it
is preloaded with a number N and then this counter is used in
a microprogram loop, the actual sequence in the loop will be
executed N + 1 times. Thus, it is possible to load the counter
with a count of 0 and this will result in the microcode being
executed one time. The 3-way branch microinstruction,
Instruction 15, uses both the loop counter and the external
condition code input to control the final source address from
the Y outputs of the microprogram sequencer. This 3-way
branch may result in the next address coming from the D
inputs, the stack or the microprogram counter.

The IDT39C10s provide a 12-bit address at the Y outputs
that are under control of the OE input. Thus, the outputs can
be put in the three-state mode, allowing the writable control
store to be loaded or centain types of external diagnostics to
be executed.

In summary, the IDT39C10s are the most powerful micro-
program sequencers currently available. They provide the
deepest stack, the highest performance andthe lowest power
dissipation for today’s microprogrammed machine design.

IDT39C10 OPERATION

The .IDT39C10s are CMOS pin-compatible implemen-
tations of the Am2910 and 2910A microprogram sequencers.
The IDT39C 10’s microprogramis functionally identical except
that it provides a 33-deep stack to give the microprogrammer
more capability in-terms of microprogram subroutines and
microprogram loops. The definition of each microprogram
instruction is shown in the table of instructions. This table
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shows the results of each instruction interms of controlling the
multiplexer, which determines the Y outputs, andin controlling
the signals that can be usedto enable various branch address
sources (PL, MAP, VECT). The operation of the register/
counter and the 33-deep stack after the next LOW-to-HIGH
transition of the clock. The internal multiplexer is used to
select which of the internal sources is used to drive the Y
outputs. The actual value loaded into the microprogram
counter is either identical to the Y output or the Y output value
is incremented by 1 and placed in the microprogram counter.
This function is under the control of the carry inputs. For each
of the microinstruction inputs, only one of the three outputs
(PL, MAP, or VECT) will be LOW. Note that this function is not
determined by any of the possible condition code inputs.
These outputs can be usedto control the three-state selection
of one of the sources for the microprogram branches.

Two inputs, CC and CCEN, can be used to control the
conditionalinstructions. These are fully defined in the table of
instructions. The RLD input can be used to load the internal
register/counter at any time. When this input is LOW, the data
at the D inputs will be loaded into this register/counter on the
LOW-to-HIGH transition of the clock. Thus, the RLD input
overrides the internal hold or decrement operations specified
by the various microinstructions. The OE input is normally
LOW and is used as the three-state enable for the Y outputs.
The internal stack in the IDT39C10s is a last-inffirst-out
memory that is 12-bits in width and 33 words deep. Ithas a
stack pointerthat addresses the stack and always pointstothe
value currently on the top of the stack. When instruction 0
(RESET) is executed, the stack pointer is initialized to the top
of the stack which is, by definition, the stack empty condition.
Thus, the contents of the top of the stack are undefined until
the forced PUSH occurs. A pop performed while the stack is
empty will not change the stack pointer in any way; however,
it will result in unknown data at the Y outputs.

By definition, the stack is full any time 33 more pushes than
pops have occurred since the stack was last empty. Whenthis
happens, the Full Flag willgo LOW. This signalfirstgoes LOW
onthe microcycle afterthe 33 pushes occur. Whenthis signal
is LOW, no additional pushes should be attempted or the
information on the top of the stack will be lost.

THE IDT39C10 INSTRUCTION SET

This data sheet contains a block diagram of the IDT39C10
microprogram sequencers. As can be seen, the devices are
controlled by a 4-bit microinstruction word (13 - lo). Normally,
thisword is supplied from one 4-bit field of the microinstruction
word associated with the entire state machine system. These
four bits provide forthe selection of one of the sixteen powerful
instructions associated with selecting the address of the next
microinstruction. Unused Y outputs can be left open; how-
ever, the corresponding most significant D inputs should be
tied to ground for smaller microwords. -This'is necessary to
make sure the internal operation of the counter is proper
should less than 4K of microcode be implemented. As shown
inthe block diagram, the internal instruction PLA uses the four
instruction inputs as well as the CC, CCEN and the internal
counter = 0 line for controlling the sequencer. This internal

instruction PLA provides all of the necessary internal control
signals to control each particular part of the microprogram
sequencer. The nextaddress atthe Y outputsof the IDT39C10s
can be from one of four sources. These include the internal
microprogram counter, the last-inflirst-out stack, the register/
counter and the direct inputs.

The following paragraphs will describe each instruction
associated with the IDT39C10s. As a part of the discussion,
an example of each instruction is shown in Figure 1. The
purpose of the examples is to show microprogramflow. Thus,
in each example the microinstruction currently being exe-
cuted has a circle around it. That is, this microinstruction is
assumed to be the contents of the pipeline register at the
output of the microprogram memory. Inthese drawings, each
of the dots refers to the time that the contents of the micro-
program memory word would be inthe pipeline register and is
currently being executed. )

INSTRUCTION O -
JUMP 0 (J2)

This instruction is used at power up time or at any restart
sequence whenthe needisto resetthe stack pointer and jump
to the very first address in microprogram memory. The Jump
0 instruction does not change the contents of the register/
counter.

INSTRUCTION 1 -
CONDITIONAL JUMP TO SUBROUTINE (CJS)

The Conditional Jump to Subroutine Instruction is the one
used to call microprogram subroutines. The subroutine
addresswillbe contained inthe pipeline registerand presented
at the D inputs. If the condition code test is passed, a
branch is taken to the subroutine. Referring to the flow
diagramfor the IDT39C10s shownin Figure 1, we see that the
content of the microprogram counter is 68. This value is
pushed onto the stack and the top of stack pointer is
incremented. If the test is failed, this Conditional Jump to
Subroutine instruction behaves as a simple continue. Thatis,
the content of microinstruction address 68 is executed next.

INSTRUCTION 2 -
JUMP MAP (JMAP)

This sequencer instruction can be used to start different
microprogram routines based on the machine instruction
opcode. This is typically accomplished by using a mapping
PROM as an input to the D inputs on the microprogram
sequencer. The JMAP instruction branches to the address
appearing on the D inputs. In the flow diagram shown in
Figure 1, we see that the branch actually will be the contents
of microinstruction 85 and this instruction will be executed
next.

INSTRUCTION 3 -
CONDITIONAL JUMP PIPELINE (CJP)

The simplest branching control available in the IDT39C10
microprogram sequencers is that of conditional jump to
address. In this instruction, the jump address is usually
contained in the microinstruction pipeline register and
presented to the D inputs. If the test is passed, the jump is
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taken. If the test fails, this instruction executes as a simple
continue. Inthe example shown in the flow diagram of Figure
1, we see that if the test is passed, the next microinstruction
to be executed is the content of address 25. If thetestisfailed,
the microcode simply continues to the contents of the next
instruction.

INSTRUCTION 4 -
PUSH/CONDITIONAL LOAD COUNTER (PUSH)

With this instruction, the counter can be conditionally
loaded during the same instruction that pushes the current
value of the microprogram counteron to the stack. Under any
condition independent of the conditional testing, the
microprogram counter is pushed on to the stack. If the
conditional test is passed, the counter will be loaded with the
value on the D inputs to the sequencer. If the test fails, the
contents ofthe counterwillnotchange. The PUSH/Conditional
Load Counter instruction is used in conjunction with the loop
instruction(instruction 13), the repeat file based on the counter
instruction (Instruction 9) or the 3-way branch instruction
(Instruction 15).

INSTRUCTION 5 —
CONDITIONAL JUMP TO SUBROUTINE
R/PL (JSRP)

Subroutines may be called by a Conditional Jump Subroutine
fromthe internal register or from the external pipeline register.
In this instruction, the contents of the microprogram counter
are pushed on the stack and the branch address for the
subroutine call will taken from either the internal register/
counter or the external pipeline register presented to the D
inputs. If the conditional test is passed, the subroutine
address will be taken from the pipeline register. If the
conditional test fails, the branch address is taken from the
internal register/counter. An example of this is shown in the
flow diagram of Figure 1.

INSTRUCTION 6 -
CONDITIONAL JUMP VECTOR (CJV)

The Conditiona! Jump Vector instruction is similar to the
Jump Map instruction in that it allows a branch operationto a
microinstruction as defined from some external source, ex-
cept that it is conditional. The Jump Map instruction is
unconditional. If the conditional test is passed, the branch is
takentothe new addressonthe D inputs. Ifthe conditionaltest
is failed, no branch is taken but rather the microcode simply
continues to the next sequential microinstruction. When this
instructionis executed, the VECT output is LOW uncondition-
ally. Thus, an external 12-bit field can be enabled on to the D
inputs of the microprogram sequencer.

INSTRUCTION 7 —
CONDITIONAL JUMP R/PL (JRP)

The Conditional Jump register/counter or external pipeline
register always causes a branch in microcode. This jump will
be to one of two different locations in the microcode address
space. If the test is passed, the jump will be to the address
presented on the D inputs to the microprogram sequencer. If
the conditional test fails, the branch will be to the address
contained in the internal register/counter.

INSTRUCTION 8 -
REPEAT LOOP COUNTER NOT EQUAL TO 0 (RFCT)
This instruction utilizes the loop counter and the stack to
implement microprogrammed loops. The start address forthe
loop would be initialized by using the PUSH/Conditional Load
Counter instruction. Then, when the repeat loop instruction is
executed, if the counter is not equal to 0, the next microword
address will be taken from the stack. This will cause a loop to
be executed as showninthe Figure 1 flow diagram. Eachtime
the microcode sequence goes around the loop, the counter is
decremented. When the counter reaches 0, the stack will be
popped and the microinstruction address will be taken from
the microprogram counter. This instruction performs atimed
wait or allows a single sequence to be executed the desired
number of times. Remember, the actual number of loops
performed is equal to the value in the counter plus 1.

INSTRUCTION 9 —
REPEAT PIPELINE COUNTER NOT EQUAL TO 0
(RPCT) '

This instruction is another technique for implementing a
loop using the counter. Here, the branch address for the loop
is contained in the pipeline register. This instruction does not
use the stack in any way as a part of its implementation. As
long as the counter is not equal to 0, the next microword
address will be taken from the D inputs of the microprogram
sequencer. When the counter reaches 0, the internal multi-
plexer will select the address source from the microprogram
counter, thus causing the microcode to continue on and leave
the loop.

INSTRUCTION 10 ~
CONDITIONAL RETURN (CRTN)

The Conditional Return instruction is used for terminating
subroutines. The fact that it is conditional allows the sub-
routine eitherto be ended or to continue. Ifthe conditional test
is passed, the address of the next microinstruction will be
taken from the stack and it will be popped. If the conditional
test fails, the next microinstruction address will come fromthe
internal microprogram counter. ‘This is depicted in the flow
diagram of Figure 1. It is important to remember that every
subroutine call must somewhere be followed by a return from
subroutine call in order to have an equal number of pushes
and pops on the stack.

INSTRUCTION 11 -
CONDITIONAL JUMP PIPELINE AND POP (CJPP)

The Conditional Jump Pipeline and Pop instruction is a
technique for exiting a loop from within the middle of the loop.
This is depicted fully in the flow diagramfor the IDT39C 10s as
shown in Figure 1. The conditional test input for this instruc-
tion results in a branch being taken if the test is passed. The
address selected will be that on the D inputs to the micro-
program sequencer and, since the loop is being terminated,
the stack will be popped. Should the test be failed on the
conditional test inputs, the microprogram will simply continue
to the next address as taken from the microprogram counter.
The stack will not be affected if the conditional test input is
failed. .
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INSTRUCTION 12 -
LOAD COUNTER AND CONTINUE (LDCT)

The Load Counter and Continue instruction isusedto place
avalue on the D inputs in the register/counter and continue to
the next microinstruction.

INSTRUCTION 13 -
TEST END OF LOOP (LOOP)

The Test End of Loop instructionis used as alastinstruction
in a loop associated with the stack. During this instruction, if
the conditional test input is failed, the loop branch address will
be that on the stack. Since we may go around the loop a
number of times, the stack is not popped. If the conditionaltest
input is passed, then the loop is terminated and the stack is
popped. Notice that the loop instruction requires a PUSH to
be performed at the instruction immediately prior to the loop
return address. This is necessary so as to have the correct
address on the stack before the loop operation. It is for this
reason that the stack pointer always points to the last thing
written on the stack.

INSTRUCTION 14 -
CONTINUE (CONT)

Continue is a simple instruction where the address for the
microinstruction is takenfromthe microprogramcounter. This
instruction simply causes sequential program flow to the next
microinstruction in microcode memory.

INSTRUCTION 15 —
THREE WAY BRANCH (TWB)

The Three-Way Branch instruction is used forlooping while
waiting for a conditional event to come true. If the event does
not come true after some number of microinstructions, then a
branch is taken to another microprogram sequence. This is

depicted in Figure 1 showing the IDT39C10's flow diagram
andis alsodescribed infulldetailinthe IDT39C10’s instruction
operational summary. Operation of the instruction is such that
any time the external conditional test input is passed, the next
microinstruction will be that associated with the program
counter and the loop will be left. The stack is also popped.
Thus, the external test input overrides the other possibilities.
Should the external conditional test input not be true, the rest
of the operation is controlled by the intemal counter. If the
counter is not equal to 0, the loop is taken by selecting the
address on the top of the stack as the address out of the Y
outputs of the IDT39C10s. In addiion, the counter is decre-
mented. Should the external conditional test input be failed
and the counter also have countedto 0, this instruction “times
out”. The result is that the stack is popped and a branch is
takentothe addresspresentedto the D inputsofthe IDT39C10
microprogram sequencers. This address is usually provided
by the external pipeline register.

CONDITIONAL TEST

Throughout this discussion we have talked about microc-
ode passing the conditionaltest. There are actually two inputs
associated with the conditional test input. These include the
CCEN andthe CCinputs. The CCEN inputis a condition code
enable. Whenever the CCEN input is HIGH, the CC input is
ignored and the device operates as though the CC input were
true (LOW). Thus, a fail of the external test condition can
defined as CCEN equals LOW and CC equals HIGH. Apass
condition is defined as a CCEN equal to HIGH or a CC equal
to LOW. It is important to recognize the full function of the
condition code enable and the condition code inputs in order
to understand when the test is passed or failed.
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IDT39C10 INSTRUCTION OPERATIONAL SUMMARY

Counter Address Register/ Enable
Ia-1lo Mnemonic cC Test Stack Source Counter Select
0 Jz X X CLEAR 0 NC PL
1 cJs PASS X . PUSH D NC PL
FAIL X NC PC NC PL
2 JMAP X X NC D NC MAP
3 cJP PASS X NC D NC PL
FAIL X NC PC NC PL
4 PUSH PASS X PUSH PC LOAD PL
FAIL X PUSH PC NC PL
[ JSRP PASS X PUSH D NC PL
FAIL X PUSH R NC PL
6 CJV- PASS X NC D NC VECT
FAIL X NC PC NC VECT
7 JRP PASS X NC D NC PL
FAIL X NC R NC PL
8 RFCT X =0 POP PC NC PL
X NOT =0 NC STACK DEC PL
9 RPCT X =0 NC PC NC PL
X NOT =0 NC D DEC PL
10 CRTN PASS X POP STACK NC PL
FAIL X NC PC NC PL
1 © CJPP PASS X POP ‘D NC PL
FAIL X NC PC NC PL .
12 LDCT X X NC PC LOAD PL
13 LOOP PASS X POP PC NC PL
FAIL X NC STACK NC PL
14 CONT X X NC PC NC PL
15 TWB PASS =0 POP PC NC PL
PASS NOT =0 POP PC DEC PL
FAIL =0 POP D NC PL
FAIL NOT =0 NC STACK DEC PL

NC = No Charge; DEC = Decrement

2589 thl 02
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65

0 Jump Zero (J2) 1 Cond JSB PL (CJS) 2 Jump Map (JMAP)
STACK
6 (e2) .
0 66
66
1 N 67 (® 40 7
2 68 41 68 g5
69 42 86
70 43
3 Cond Jump PL (CJP) 4 Push/Cond LD CNTR (PUSH) 5 Cond JSB R/PL (JSRP)

65 STACK
66 66
67 67 (@)
68 25 68
69 { 26 REGISTER/
COUNTER
6 Cond Jump Vector (CJV) 7 Cond JUMP R/PL (JRP)
65
65 66
66 67
67 68 .
68 35 20 30
69 } 36 21 31
8 Repeat Loop, CNTR = 0 (RFCT) 9 Repeat PL, CNTR + 0 (RPCT) 10 Cond Return (CRTN)
PN COUNTER
(PUSH)
LDC
gz = _@ REGISTERY f;z g@ (Locn . STACK
COUNTER
67 67 66 30
68 68 67 31
69 68 32
70 69 33
70 34

11 Cond Jump PL & POP (CJPP)

12 LD CNTR & Continue (LDCT)

STACK
(PUSH)
COUNTER
40 65
41 66
42 67
68
14 Continue (CONT) 15 Three-Way Branch (TWB)
STACK
65 65 (PUSH)
& &6 REGISTER/
67 67 COUNTER
- : e
73

13 Test End Loop (LOOP)

STACK
65 (PUSH)
66

67
68
69
70
Al
72

Figure 1. IDT39C10B Flow Diagrams
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IDT39C10 INSTRUCTIONS
Reg/
Cntr
Con- FAIL PASS Reg/
la—k | Mnemonic Name tents | TCEN=LOWandTC=HIGH | TTEN=HIGHandTT=1OW | Cntr | Enable
Y Stack Y Stack
0 Jz Jump Zero X 0 CLEAR 0 CLEAR HoD| PL
1 CJS Cond JSP PL X PC HOLD D PUSH HoD| PL
2 JMAP Jump Map X D HOLD D HOLD HoLD | MAP
3 CJP Cond Jump PL X PC HOLD D HOLD HOLD PL
4 PUSH PUSH/Cond Ld Cntr X PC PUSH PC PUSH a PL
5 JSRP Cond JSB R/PL X R PUSH D PUSH HOLD PL
6 cav Cond Jump Vector X PC HOLD D HOLD HoLD | VECT
7 JRP Cond Jump R/PL X R HOLD D HOLD DEC PL
8 RFCT Repeat Loop, CNTR#0| =20 F HOLD F HOLD DEC PL
=0 PC POP PC POP HOLD PL
9 RPCT Repeat PL, CNTR#0 20 D HOLD D HOLD DEC PL
=0 PC HOLD PC HOLD HoD [ PL
10 CRTN Cond RTN X PC HOLD F POP HOLD PL
1 CJPP Cond Jump PL & POP X PC HOLD D POP HOLD PL
12 LDCT LD Contr & Continue X PC HOLD PC HOLD LOAD PL
13 LOOP Test End Loop X F HOLD PC POP HOLD PL
14 CONT Continue X PC HOLD PC HOLD HOLD PL
15 T™WB Three-Way Branch #0 F HOLD PC POP DEC PL
=0 D POP PC POP HoLD| P
NOTE: _ 2589 bl 03
1. If CCEN = LOW and CC = HIGH, hold; else load. X = Don’t Care.
ABSOLUTE MAXIMUM RATINGS" CAPACITANCE (TA = +25°C, f = 1.0MHz)
Symbol Rating Com'l. Mil. Unit Symbol Parameter (V) Conditions | Typ. | Unit
Vce Power Supply -0.5t0+7.0 |-05t047.0| V CIN Input Capacitance VIN = 0V 5 pF
V°"a?° Court Output Capacitance Vour = 0V 7 pF
VTerm [Terminal Voltage -0.5t0 -0.5to \ NOTE: 2589 05
ith Respect to Vec+05 | Vec+0.5 - ;
g'lt‘lD 1. This parameter is sampled and not 100% tested.
TA Operating 0to+70 |-55to+125| °C
Temperature
Teias | Temperature -551t0+125 [-651t0+135| °C
Under Bias
TsTc  |Storage -55t0+125 |-6510+150| °C
Temperature
PT Power Dissipation 1.0 1.0 w
lout DC Output Current 30 30 mA
NOTE: 2589 tbl 04
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
5.2 9
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DC ELECTRICAL CHARACTERISTICS
Commercial: TA = 0°C to +70°C, Vcc = 5.0V * 5%,; Military: TA = -55°C to +125°C, VcC = 5.0V £ 10%
VLe = 0.2V, VHCc = Vce - 0.2V

Symbol Parameter Test Conditions(! Min. | Typfd | Max. | Unit
VIH Input HIGH Level Guaranteed Logic HIGH Level* 2.0 - - \Y
ViL Input LOW Level Guaranteed Logic LOW Level(® - - 0.8 \
I'H Input HIGH Current Vce = Max., VIN = Vee - 0.1 5 A
I Input LOW Current Vee = Max., VIN = GND - -0.1 -5 A
VoH Output HIGH Voltage Vce = Min. lIoH = -300pA VHC Vee - \

VIN = VIH or ViL IoH = —12mA Mil. 24 4.3 -
IoH = ~15mA Com’'l. 2.4 4.3 -
VoL Output LOW Voltage vee = Min. loL = 300pA - GND Ve \
' VIN = ViH or ViL loL = 20mA Mil. - 0.3 0.5
loL = 24mA Com'l. - 0.3 0.5
loz Off State (High Impedance) vce = Max. Vo = 0V - -0.1 -10 A
Output Current Vo = Vce (max.) - 0.1 10
los Output Short Circuit Current Vce = Max., Vout = oV (3 -30 - - mA
IccaH  |Quiescent Power Supply Current | Vcc = Max. - 35 50 mA
CP=H ) VHC £ VIH, VIL < VLc
fcp=0,CP=H
lccat  |Quiescent Power Supply Current | Vcc = Max. - 35 50 mA
CP=L VHC < VIH, VIL < Vic
fcp=0,CP =L
lcct Quiescent Input Power Supply!® | Vcc = Max., VIH = 3.4V, fcP =0 - 03 05 | maA/
Current (per Input @ TTL High) ’ Input
leen Dynamic Power Supply Current | Vcc = Max. . MIL. - 1.0 3.0 mA/
VHC < VIH, VIL < ViIc COM'L. - 1.0 1.5 MHz
Outputs Open, OE = L
lcc Total Power Supply Current(6) vce = Max., fcP = 10MHz MIL. - 45 80 mA
Qutputs Open, OE = L COML. - 45 65
CP =50 % Duty cycle
VHC £ VIH, VIL< VL
vce = Max., fcp = 10MHz MIL. - 50 90
Outputs Open, OE = L COM'L. - 50 75
CP = 50 % Duty cycle
ViH = 3.4V, VIL = 0.4V

2569 tl 06
NOTES:
1. For conditions shown as Max. or Min. use appropriate value specified under Electrical Characteristics.
2. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading, not production tested.
3. Notmore than one output should be shorted at one time. Duration of the circuit test should not exceed one second.
4. These input levels should only be static tested in a noise-free environment.
5. lcctis derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out lccan, then dividing by the total number of inputs.
6. Total Supply Currentis the sum of the Quiescent current and the Dynamic current (ateither CMOS or TT L.input levels). For all conditions, the Total Supply
Current can be calculated by using the following equation:

Icc = lccaH (CDH) +iccat (1 — CDH) + lceT (NT x DH) + lceD (fcp)

CDH = Clock duty cycle high period

DH = Data duty cycle TTL high period (VIN = 3.4V)
NT = Number of dynamic inputs driven at TTL levels
fcp = Clock input frequency

5.2 10
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CMOS TESTING CONSIDERATIONS

There are certain testing considerations which must be
takeninto account when testing high-speed CMOS devices in
an automatic environment. These are:

1) Proper decoupling at the test head is necessary. Place-
ment of the capacitor set and the value of capacitors used
is criticalin reducing the potential erroneous failures result-
ing from large Vcc current changes. Capacitor lead length
must be short and as close to the DUT power pins as
possible.

All input pins should be connected to a voltage potential
during testing. |If left floating, the device may begin to
oscillate causing improper device operation and possible
latchup.

N
-

IDT39C10C AC ELECTRICAL

3

4

) Definition of input levels is very important. Since many
inputs may change coincidentally, significant noise at the
device pins may cause the VIL and VIH levels not to be met
until the noise has settled. To allow for this testing/board
induced noise, IDT recommends using VIL<0V and VIH >
3V for AC tests.

Device grounding is extremely important for proper device
testing. The use of multi-layer performance boards with
radial decoupling between power and ground planes is
required. The ground plane must be sustained from the
performance board to the DUT interface board. Allunused
interconnect pins must be properly connectedto the ground
pin. Heavy gauge stranded wire should be used for power
wiring and twisted pairs are recommended to minimize
inductance.

=

IDT39C10B AC ELECTRICAL

CHARACTERISTICS CHARACTERISTICS
. MINIMUM SET-UP AND HOLD TIMES I.. MINIMUM SET-UP AND HOLD TIMES

' t(s) t(H) t(s) t(H)

Inputs Com'l. Mil. Com'l. Mil. Unit Inputs Com'l. Mil. Com'l. Mil. Unit
Di»> R 6 7 0 0 ns DI—> R 16 16 0 0 ns
Di— PC 13 15 0 0 ns Di— PC 30 30 "0 0 ns
lo-3 23 25 0 0 ns lo-3 35 38 0 0 ns
CcC 15 18 0 0 ns cC 24 35 0 0 ns
CCEN 15 18 0 0 ns CCEN 24 35 0 0 ns
o] 6 7 0 0 ns Cl 18 .. 18 0 0 ns
RLD 11 12 0 0 ns RLD 19 20 0 0 ns

2589 bl 07 2589l 10
Il. MAXIMUM COMBINATIONAL DELAYS Il. MAXIMUM COMBINATIONAL DELAYS
Y PL, VECT, MAP| FULL Y PL, VECT, MAP| FULL

Inputs | Com'l. [ Mil. | Com'l. | Mil. | Com’l. | Mil. | Unit Inputs | Com'l. | Mil. | Com’l. | Mil. | Com'L. | Mil. | Unit
Do-11 12 15 - - - - ns Do-11 20 25 - - - - ns
lo-3 20 25 13 15 - - ns lo-3 35 40 30 35 - - ns
cC 16 | 20 - - - - | ns cC 30 | 36 - - - - | ns
CCEN 16 | 20 - - - - | ns CCEN 30 | 36 - - - - | ns
CP 28 33 - - 22 25 ns CcP 40 46 - -] 31 35 ns
OE® 10710 |13113 - - - | = | ns OEM 25/27 [25/30f - -l - - | ns

NOTE: 2s83blo8  NOTE: " 2583 Bl 11

1. Enable/Disable. Disable times measure to 0.5V change on output voltage
level with CL = 5pF. Tested at CL = 50pF, correlated to 5pF.

lll. CLOCK REQUIREMENTS

1. Enable/Disable. Disable times measure to 0.5V change on output voltage

level with CL = 5pF. Tested at CL = 50pF, correlated to SpF.

lll. CLOCK REQUIREMENTS

Com'l. | Mil. Unit Com'l.| Mil. Unit
Minimum Clock LOW Time 18 20 ns Minimum Clock LOW Time 20 25 ns
Minimum Clock HIGH Time 17 20 ns Minimum Clock HIGH Time 20 25 ns
Minimum Clock Period 35 40 ns Minimum Clock Period 50 51 ns
2583 thl 09 2589 ol 12
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IDT39C10B INPUT/OUTPUT INTERFACE CIRCUIT

ESD
PROTECTION

I+

-
INPUTS O——AAA——]>0—

]

o

2589 drw 05

Figure 2. Input Structure

TEST LOAD CIRCUIT

Vce

Pulse

Generator

D.U.T

Rr

Figure 4. Switching Test Circuits

AC TEST CONDITIONS

+ 7.0V

2589 drw 07

Vce

OUTPUTS

2589 drw 06

Figure 3. Output Structure

Test Switch
Open Drain Closed
Disable Low
Enable Low

All other Tests Open

DEFINITIONS

2589 tbl 14

Input Pulse Levels

Input Rise/Fall Times

Input Timing Reference Levels
Output Reference Levels
Output Load

GND to 3.0V
1V/ns
1.5V
1.5V

See Figure 4

CL= Load capacitance: includes jig and probe capacitance
RT = Termination resistance: should be equal to ZouT of the Pulse
Generator

25891l 13
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ORDERING INFORMATION

DT 39C10 X X X
Device Type  Speed  Package Process/
Temperature
Range

BLANK  Commercial (0°C to + 70°C)
B Military (- 565°C to + 125°C)
Compliant to MIL-STD-883, Class B

40-Pin Plastic DIP
40-Pin CERDIP
40-Pin PLCC
40-Pin LCC

OW rr<~gDo

Fast 12-Bit Microprogram Sequencer
Ultra-Fast 12-Bit Microprogram Sequencer

2589 drw 08
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Integrated Device Technology, Inc.

{ 16-BIT CMOS
MICROPROCESSOR SLICE

IDT49C402
IDT49C402A
IDT49C402B

FEATURES:

» Functionally equivalent to four 2901s and one 2902

» IDT49C402B is 60% faster than four 2301Cs and one
2902A

» Expanded two-address architecture with independent,
simultaneous access to two 64 x 16 register files

» Expanded destination functions with 8 new operations
allowing Direct Data to be loaded directly into the dual-port
RAM and Q Register

+ Clamp diodes on all inputs provide noise suppression

= Fully cascadable

+ 68-pin ceramic PGA, Plastic Leaded Chip Carrier (PLCC),
and Ceramic Flatpack (25 mil centers)

» Military product compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT43C402s are high-speed, fully cascadable 16-bit
CMOS microprocessor slice units which combine the
standard functions of four 2901s and a 2902 with additional
control features aimed at enhancing the performance of bit-
slice microprocessor designs.

The IDT49C402s include all of the normal functions
associated with standard 2901 bit-slice operation: a) a 3-bit
instruction field (lo, 11, I12) which controls the source operand
selection for the ALU; b) a 3-bit microinstruction field (13,14, 15)
used to control the eight possible functions of the ALU; c) eight
destination control functions which are selected by the
microcode inputs (ls, 17, I8); and d) a tenth microinstruction
input, 9, offering eight additional destination control functions.
This lg input, in conjunction with ls, 17 and Is, allows for shifting
the Q Register up and down, loading the RAM or Q Register
directly from the D inputs without going through the ALU, and
having the RAM A data output port available at the Y output
pins of the device.

Also featured is an on-chip dual-port RAM that contains
64-words-by-16 bits — four times the number of working
registers in a 2901.

The IDT49C402s are fabricated using CEMOS™ ,a CMOS
technology designed for high performance and high reliability.
These performance-enhanced devices feature both bipolar
speed and bipolar output drive capabilities, while maintaining
exceptional microinstruction speeds at greatly reduced CMOS
power levels.

FUNCTIONAL BLOCK DIAGRAM

1
RAM o BS——— RAM SHIFT K= RAM1s
A B VA V4 '
o ALU > BDATA N, cpd -
1
= o| source 2 64 ADDRESSABLE
S 3 S u REGISTERS Qs
T-h9Y 4 ALU E §| “READ ADDRESS AADDRESS A B CP  QREGISTER |
L-B22 FUNCTION | & o
£ 5 28 DATA DATA
tg 6 8 a READ/WRITE ADDRESS B ADDRESS OouT ouT
= 7| DESTINATION | & oo
8| CONTROL |3 | o I
9 DIRECT DATA IN I 5
D A B Q

ALU DATA SOURCE SELECTOR
R S

N7 N7

|—» G/Fis
CARRYIN — [ R s | FoVvR
8-FUNCTION ALU — Cn+ 16
MSS — —= F=0
T
—
OUTPUT ENABLE ——»r QUTPUT DATA SELECTOR ] 2524 dew 01
CEMOS is atrademark of Integrated Device Technology Inc. DATAout
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
5.3 DSC-9011/2

©1990 Integrated Device Technology. Inc.
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PIN CONFIGURATIONS
o
- 0 0 - N O g w0~ &9 E w <
OO>>>>>>>>>000cCc <<
8 76 54 2 Pin 1 indicator
for PLCC
D2 60 A3
D3 59 A2
Das 58 A1
Ds 57 Ao
De 5 I3
D7 55 la
GND 54 Is
Ds 53 lo
Do 52 |1
D 1o 51 12
Dn 50 Vcc
D 12 49 OE
D13 48 Bo
D14 47 B
D1s 46 B2
Y15 45 Bs
Y4 44 B

2728 2930 3132 3334 3536 3738 3940 4142 43

2524 drw 02
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A3
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Aa
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RAMo
CP
Cn
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Y3
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Y2
Yo

A2

B2

B4
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE ) MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Pin Name /0 Description

Ao - As | Six address inputs to the register file which selects one register and displays its contents through the A port.

Bo - Bs | Six address inputs to the register file which selects one of the registers in the file, the contents of which is
displayed through the B port. It also selects the location into which new data can be written when the clock
goes LOW.

lo-lg | Ten instruction control lines which determine what data source will be applied tothe ALU I, 1, 2), what function

the ALU will perform |3, 4, 5) and what data is to be deposited in the Q Register or the register file ks, 7, 8, 9).
Original 2901 destinations are selected if i3 is disconnected in this mode, proper lo bias is controlled by an
internal pullup resistor to Vcc.

Do - D1s | Sixteen-bit direct data inputs which are the data source for entering external data into the device ALU, Q
Register or RAM. Do is the LSB.

Yo - Y15 O | Sixteen three-state output lines which, when enabled, display either the sixteen outputs of the ALU or the data
on the A port of the register stack. This is determined by the destination code ks, 7, 8, 9).

GIF1s5 O | A multipurpose pin which indicates the carry generate (G) function at the least significant and intermediate

slices or as F1s, the most significant ALU output (sign bit). G/F15 selection is controlled by the MSS pin. If MSS
= HIGH, F15 is enabled. If MSS = LOW, G is enabled.

F=0 O | Open drain output which goes HIGH if the Fo - F15 ALU outputs are all LOW. This indicates that the result of an
ALU operation is zero (positive logic).

Cn | Carry-in to the internal ALU.

Cn+16 O |Carry-out of the ALU.

Q1s /O | Bidirectional fines controlled by ks, 7,8,9). Both are three-state output drivers connected to the TTL-compatible

RAM1s inputs. When the destination code on I, 7, 8, 9) indicates an up shift, the three-state outputs are enabled, the

MSB of the Q Register is available on the Q1s, pin and the MSB of the ALU output is available on the RAM15
pin. When the destination code indicates a down shift, the pins are the data inputs to the MSB of the Q Register

and the MSB of the RAM.
Qo /0 | Both bidirectional lines function identically to Q15 and RAM15 lines except they are the LSB of the Q Register
RAMo and RAM.
OE I |Output enable. When pulled HIGH, the Y outputs are OFF (high impedance). When pulled LOW, the Y outputs
are enabled.
F/OVR O |A multipurpose pin which indicates the carry propagate (P) output for performing a carry lookahead operation or

overflow (OVR) the Exclusive-OR of the carry-in and carry-out of the ALU MSB. OVR, at the most significant
end of the word, indicates that the result of an arithmetic two's complement operation has overflowed into_the
sign bit. P/OVR selection is controlled by the MSS pin. If MSS = HIGH, OVR is enabled. If MSS = LOW, P is
enabled.
cP | The clock input LOW-to-HIGH clock transitions will change the Q Register and the register file outputs. Clock
LOW time is internally the write enable time for the 64 x 16 RAM. While the clock is LOW, the slave latches on
the RAM outputs are closed, storing the data previously on the RAM outputs. Synchronous MASTER-SLAVE
operation of the register file is achieved by this.
MSS I |When HIGH, enables OVR and F15 on the P/OVR and G/F1s pins. When LOW, enables G and P on these pins.
If left open, internal pullup resistor to Vcc provides declaration that the device is the most significant slice.

2524 11 01
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DEVICE ARCHITECTURE

The IDT49C402 CMOS bit-slice microprocessor is config-
ured sixteen bits wide and is cascadable to any number of bits
(16, 32, 48, 64). Key elements which make up this 16-bit
microprocessor slice are the 1) register file (64 x 16 dual-port
RAM) with shifter; 2) ALU and 3) Q Register and shifter.

REGISTER FILE — A 16-bit data word from one of the 64
RAM registers can read from the A port as selected by the
6-bit A address field. Simultaneously, the same dataword, or
any other word from the 64 RAM registers, can be read from
the B port as selected by the 6-bit B address tield. New data
is written into the RAM register location selected by the B
address field during the clock (CP) LOW time. Two sixteen-
bit latches hold the RAM A port and B port during the clock
(CP) LOW time, eliminating any data races. During clock
HIGH, these latches are transparent, reading the data
selected by the A and B addresses. The RAM data input field
is driven from a four-input multiplexer that selects the ALU
output or the D inputs. The ALU output can be shifted up one
position, down one position or not shifted. Shifting data
operations involves the RAM15 and RAMo I/0 pins. For a shift
up operation, the RAM shifter MSB is connected to an enabled
RAM 15 1/0 output, while the RAMo I/Q input is selected as the
input to the LSB. During a shift down operation, the RAM
shifter LSB is connected to an enabled RAMo I/0 output, while
the RAM15 I/O input is selected as the input to the MSB.

ALU — The ALU can perform three binary arithmetic and
five logic operations on the two 16-bit input words S and R.
The Sinputfieldis driven from a 3-input multiplexer and the R
inputfieldis drivenfrom a 2-input multiplexer, with both having
a zero source operand. Both multiplexers are controlled by
the 10, 1, 2) inputs. This multiplexer configuration enables the
user to select the various pairs of the A, B, D, Q and “0” inputs
as source operands to the ALU. Microinstruction inputs (3, 4,
5) are used to select the ALU function. This high-speed ALU
cascadesto any word length, providing carry-in (Cn), carry-out
(Cn+16) and an open-drain (F = 0) output. When all bits of the

ALU are zero, the pull-down device of F = 0 is off, allowing a
wire-OR of this pin over all cascaded devices. Multipurpose
pins G/F15 and P/OVR are aimed at accelerating arithmetic
operations. For intermediate and least significant slices, the
MSS pin is programmed LOW, selecting the carry-generate
(G) and carry propagate (P) output functions to be used by
carry lookahead logic. For the most significant slice, MSS is
programmed HIGH, selecting the sign-bit (F15) and the two’s
complement overflow (OVR) output functions. The sign bit
(F15) allows the ALU sign bit to be monitored without enabling
the three-state ALU outputs. The overflow (OVR) output is
high when the two’s complement arithmetic operation has
overflowed into the sign bit, as logically determined from the
Exclusive -OR of the carry-in and carry-out of the most
significant bit of the ALU. The ALU data outputs are available
at the three-state outputs Y(0-15) or as inputs to the RAM
register file and Q register under control of the Is, 7, 8, 9)
instruction inputs.

Q REGISTER — The Q Register is a separate 16-bit file
intended for multiplication and division routines and can also
be used as an accumulator or holding register for other types
of applications. It is driven from a 4-input multiplexer. Inthe
no-shift mode, the multiplexer enters the ALU F output or
Direct Data into the Q Register. In either the shift up or shift
down mode, the multiplexer selects the Q Register data
appropriately shifted up or down. The Q shifter has two ports,
Qo and Qi1s, which operate comparably to the RAM shifter.
They are controlled by the I(s, 7, 8, 9) inputs.

The clock input of the IDT49C402 controls the RAM, Q
Register and A and B data latches. When enabled, the data
isclocked into the Q Register onthe LOW- to-HIGH transition.
When the clock is HIGH, the A and B latches are open and
pass data that is present at the RAM outputs. Whenthe clock
is LOW, the latches are closed and retain the last data
entered. Whenthe clockis LOW and (s, 7,8,9) define the RAM
as the destination, new data will be written into the RAM file
defined by the B address field.
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ALU SOURCE OPERAND CONTROL ALU FUNCTION CONTROL
ALU Source Microcode
Microcode Operands Octal ALU
Octal Mnemonlc| 12 I lo | Code Function Symbol
Mnemonic I2 h lo Code R S ADD L L L 0 R Plus S R+S
ﬁg t t ; ? : g sBR [L|L|{H]| 1 | sminusrR | s-R
S L H L 2 R Minus S R-S
za L H L 2 0 Q C)ll;BS L H H 3 R (l)nFL;sS RvV S
ZB L H H 3 0 B
ZA H L L 4 0 A AND H L L 4 E AND S E AS
DA H L H 5 D A NOTRS H L H 5 RAND S RAS
DQ H H L 6 D Q EXOR H H L 3] REX-ORS | RV S
DZ H H H 7 D 0 EXNOR H H H 7 REX-NORS | RV S
2524 11 02 2524 1ol 04
ALU ARITHMETIC MODE FUNCTIONS ALU LOGIC MODE FUNCTIONS
Octal Cn=L Cn=H Octal
Is,4,3 I2,1,0 { Group Function Group Function Is, 4,3 I2,1,0 Group Function
0 0 A+Q A+Q+1 4 0 AANQ
0 1 ADD A+B ADD 3+§+1 4 1 AND AAB
0 5 D+A plus one 1
0 6 D+Q D+Qs1 4 5 DAA
0 2 Q Q+1 4 5 DrQ
0 3 PASS B Increment B+1 3 0 AV Q
0 4 A A+t 3 1 OR AV B
[o] 7 D D+1 3 5 DV A
1 2 Q-1 Q 3" 6 DvQ
1 3 Decrement B-1 PASS B
1 4 A-1 A 6 0 AV Q
2 7 D-1 D 6 1 EX-OR AV B
2 2 Q-1 -Q 6 5 DV A
2 3 1's Comp. -B-1 2's Comp. -B 6 6 DV Q
H 7 o1 | Nesaap A 7 0 Ava
7 1 EX-NOR AV B
1 0 Q-A-1 Q-A 7 5 DV A
1 1 B-A-1 B-A e A
1 5 A-D-1 A-D 7 6 bva
1 6 Subtract Q-D-1 Subtract Q-D 7 2 o)
g (1) (1's Comp) /[\\:g:l (2's Comp) 2:3 7 3 INVERT E
2 5 D-A-1 D-A 7 4 A
2 8 D-Q-1 D-Q 7 7 D
2524 51 03 ) 2 Q
6 3 PASS B
6 4 A
6 7 D
3 2 Q
3 3 PASS B
3 4 A
3 7 D
4 2 0
4 3 "ZERO” 0
4 4 0
4 7 0
5 0 AANQ
5 1 MASK AAB
5 5 DAA
5 6 DAQ
2524 Bl 05
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16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SOURCE OPERAND AND ALU FUNCTION MATRIX("

I2,1,0 Octal
0 1 | 2 3 | a 5 | e | 7
Octal ALU ALU Source
Is, 4,3 Function A Q A, B 0,Q 0,B 0,A DA D, Q D, 0
0 Cn=L A+Q A+B Q B A D+A D+Q D
RPlus S
Cn=H A+Q+1 | A+B+1 Q+1 B+1 A+ 1 D+A+1 | D+Q+1 D+1
1 Cn=1L Q-A-1 B-A-1 Q-1 B-1 A-1 A~D-1 Q-D-1 ~-D-1
S Minus R
Cn=H Q-A B-A Q B A A-D Q-D -D
2 Cn=L A-Q-1 A-B-1 Q-1 -B-1 -A-1 D-A-1 D-Q-1 D-1
R Minus S
Cn=H A-Q A-B -Q -B —A D-A D~-Q D
3 RORS AV Q AV B Q B A DVA DV Q D
4 RAND S AANQ AANB 0 0 0 DAA DAQ 0
5 RANDS AAQ AAB Q B A DAA DArQ 0
6 REX-OR S AV Q AV B Q B A DV A DV Q D
7 REX-NORS| Av Q AVB Q B A Dy A bva D
NOTE: 2524 b 06
1. +=Plus; - = Minus;A = AND; Y =EX-OR;V = OR.
ALU DESTINATION CONTROL
RAM Q Register RAM Q
Microcode Function Function Shifter Shifter
Hex Y
Mnemonic | Is | Is | I7 | I6 | Code | Shift Load Shift Load Output RAMo | RAM1s | Qo | Qis
OREG HiL|L|L]| 8 X NONE | NONE | F_,q F X X X | X | Existing 2901
NOP HiL|L|H 9 X NONE X NONE F X X X X Functions
RAMA HIL]IH]|L A NONE | F B X NONE A X X X X
RAMF HIL|H]H| B | NONE| EsB X NONE F X X X | x
RAMQD HIH]TLIL Cc DOWN | 2 ,B| DOWN |2 5 Q F Fo IN1s Qo | IN1s
RAMD H|IH]|]L|H D DOWN | 12 B X NONE F Fo IN1s Qo X
RAMQU H|IH|H]|L E upP 2F 5B UP |2a-Q F INo Fis INo | Qis
RAMU H{H|H]|H]| F uw |orLB| X NONE F INo Fis X | as
DFF [ I O O I 0 NONE | p_,B | NONE | F 5 F X X X X | New Added
DFA LiL|L]|H] 1t | NONE| DB | NONE | F5q A X X X | X | IDT49c402
FDF LILJH}L 2 NONE | B | NONE | p F X X X X | Functions
FDA L{L]H{H]| 3 | NoNE| g | NONE| D A X X x | x
XQDF L|H}jL}IL 4 X NONE | DOWN |az - Q F X X Qo | IN1s
DXF LIH{L}{H 5 NONE | poB X NONE F X X Qo X
XQUF LIH]JH|L 6 X NONE UP |2a-0Q F X X INo | Qis
XDF LI|H|H|H 7 X NONE | NONE | p 5Q F X X X | Qs
NOTE: 2524 1l 07

1. X =Don'tcare. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the impedance state.
B = Register Addressed by B inputs.

UP is toward MSB; DOWN is toward LSB.
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ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com'l. MiL. Unit Symbol Parameter (! Conditions | Typ. | Unit
vee Power Supply -0.510+7.0] -0.5t0+7.0| V CIN Input Capacitance VIN = OV 5 pF
Voltage Cout | Output Capacitance | Vour = 0V 7 pF
VTERM | Terminal Voltage -0.5to -0.5t0 v NOTE: 2524 15109
with Respect Vcc+05 | VCC+05 1. This parameter is sampled and not 100% tested.
to Ground
TA Operating 0to+70 |-55t0 +125| °C
Temperature
Teias | Temperature -5510 +125] 6510 +135| °C
Under Bias
TsT1G Storage 55 to +125) —65to +150] °C
Temperature
PT Power Dissipation 1.5 15 w
lout DC Output Current 50 50 mA
NOTE: 2524 1l 08
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
DC ELECTRICAL CHARACTERISTICS
Commercial: TA = 0°C to +70°C, Vcc = 5.0V £ 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
Symbol Parameter Test Conditions (1) Min. | Typ.®? | Max. | Unit
VIH Input HIGH Level Guaranteed Logic High Leve! (4 2.0 - - \'
ViL Input LOW Level Guaranteed Logic Low Leve! (4 - - 0.8 \
IIH Input HIGH Current vee = Max., VIN = Vce - 0.1 5 pA
liL Input LOW Current vce = Max., VIN=GND - -0.1 -5 pA
VoH Output HIGH Voltage vee = Min. IOH = -300pA () - - - Y
VIN = VIH or ViL loH = —-6mA MIL. 24 4.3 -
loH = -8mA COM'L. 24 4.3 -
VoL Output LOW Voltage vee = Min. loL = 300pA - - - v
VIN=ViHor VIL lot = 8mA MIL. - 0.3 0.5
loL = 10mA COM'L. - 0.3 0.5
loz Off State (High Impedance) | Vcc = Max. Vo =0V - -0.1 -10 pA
Output Current Vo = Vcc (Max.) - 0.1 10
los Output Short Circuit Current | Vcc = Max., Vour = oV () -15 -30 - mA
NOTES: 2524 bl 10
1. For conditions shown as Max. or Min., use appropriate value specified under Electrical Characteristics.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
3. Not more than one output should be shorted at one time. Duration of the circuit test should not exceed one second.
4. These input levels should only be static tested in a noise-free environment.
5. Guaranteed by design, not production tested.
53 9




IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE . MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS (IDT49C402 STANDARD'POWER) VERSION (Cont’d)
Commercial: TA = 0°C to +70°C, Vcc =5.0V + 5%, Military: TA =-55°C to +125°C, VcC = 5.0V + 10%
Ve =0.2V; VHC =VCC - 0.2V

Symbol Parameter : Test Conditions(" Min. Typ.(z) Max. | Unit
lccaH | Quiescent Power Supply Current | Vcc = Max. ‘ MIL. - 150 265 | mA
CP = H (CMOS Inputs) VHC £ VH, VIL < VLC COM'L. - 150 215
fcP=0,CP=H )
lccal | Quiescent Power Supply Current | Vee = Max. MIL. - 80 135 | mA
CP = L (CMOS Inputs) VHC < VM, VIL £ ViC comL | - 80 110
fce=0,CP=L ' '
Icct Quiescent Input Power Supply® | Vcc = Max., ViH = 3.4V, fcp = 0 MIL. - 0.3 05 | mA/
Current (per Input @ TTL High) ‘COM'L. - 0.3 0.5 | Input
lcco | Dynamic Power Supply Current | Vec = Max. . MIL. - 20..] 30 | mA
VHC < VIH, ViL s VLC COM'L. — 2.0 25 MHz
Outputs Open, OE = L
Icc Total Power Supply Current(?) Vce = Max., fcp = 10MHz MIL, - 135 255 | mA
Outputs Open, OE = L ) COM'L. - 135 | 190
CP =50 % Duty cycle
VHC < VIH, ViL< VIC .
Vee = Max., fcp = 10MHz MIL. - 145 265
Outputs Open, OE = L - | coML. - 145 200
CP =50 % Duty cycle S
VH ='3.4V, VIL = 0.4V

NOTES: 2524 ol 11
. For conditions shown as Max. or Min., use appropriate value specified under Electrical Characteristics.
. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
. Not more than one output should be shorted at one time. Duration of the circuit test should not exceed one second.
These input levels provide zero noise immunity and should only be static tested in a noise-free environment.
. Guaranteed by design, not production tested.
. lccT is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccan, then dividing by the total number of inputs.
. Total Supply Currentis the sum of the Quiescent current and the Dynamic current (at elther CMOS or TTLinput levels). For all conditions, the Total Supply
Current can be calculated by using the following equation:
lce = lccaH (CDH) +Iccat (1 — CDH) + IecT (NT x DH) + Icco (fcp)
CD+ = Clock duty cycle high period
DH = Data duty cycle TTL high period (ViN = 3.4V) -
NT = Number of dynamic inputs driven at TTL levels
fcp = Clock input frequency

NoOO A WD
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DC ELECTRICAL CHARACTERISTICS (IDT49C402 LOW POWER) VERSION (Cont’d)
Commercial: TA = 0°C to +70°C, VcC = 5.0V x 5%,; Military: TA = -55°C to +125°C, VcC = 5.0V + 10%
VLC =0.2V; VHC = VCC - 0.2V

Symbol Parameter Test Conditions(1) . Min. | Typ.@ | Max. | Unit
lccaH | Quiescent Power Supply Current |Vcc = Max. MIL. - - 10 mA
CP = H (CMOS Inputs) VHC £ VIH, ViL < VIC COM'L. - - 10

fcP=0,CP=H
lccaL  |Quiescent Power Supply Current |Vce = Max. MIL. - - 10 mA
CP =L (CMOS Inputs) VHC < VIH, ViL < ViIc COM'L. - - 10
fcP=0,CP=L )
lcct Quiescent Input Power Supply® | Vce = Max., VIH = 3.4V, fcP = 0 MIL. - - 12 | mA/
Current (per Input @ TTL High) COM'L. - - 0.85 | Input
lccp Dynamic Power Supply Current [ Vcc = Max. MIL. - - 75 mA/
VHC € VIH, VIL< VLC COM'L. - - 45 | MHz
. Outputs Open, OE = L
lcc Total Power Supply Current(”) vce = Max.., fcp = 10MHz MIL. - - 85 mA
Outputs Open, OE = L COM'L. - - 55
CP =50 % Duty cycle
VHC € VIH, VILE VIc
vee = Max.., fcp = 10MHz MIL. - - 130
Outputs Open, OE = L COM'L. - - 95
CP =50 % Duty cycle
VHH = 3.4V, VIL = 0.4V

NOTES: 2524 bl 12

. For conditions shown as max. or min., use appropriate value specified under Electrical Characteristics.

. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.

. Not more than one output should be shorted at one time. Duration of the circuit test should not exceed one second.

. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.

. Guaranteed by design, not production tested.

IccT is derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Iccan, then dividing by the total number of inputs.
. Total Supply Currentis the sum of the Quiescent current and the Dynamic current (at either CMOS or TTL inputlevels). For all conditions, the Total Supply
Current can be calculated by using the following equation:

lec = lccaH (CDH) +lccat (1 — CDH) + leeT (NT x DH) + Iccp (fep)

CDH = Clock duty cycle high period

DH = Data duty cycle TTL high period (VIN = 3.4V)

Nt = Number of dynamic inputs driven at TTL levels

fep = Clock input frequency

CMOS TESTING CONSIDERATIONS

Special test board considerations must be taken into ac- 3) Device grounding is extremely critical for proper device

count when applying high-speed CMOS products to the testing. The use of multi-layer performance boards with
automatic testing environment. Large output currents are radial decoupling between power and ground planes is
being switched in very short periods and proper testing necessary. The ground plane must be sustained fromthe
demands that test set-ups have minimized inductance and performance board to the DUT interface board and wiring
guaranteed zero voltage grounds. The techniques listed unused interconnect pins to the ground plane is recom-
below will assist the user in obtaining accurate testing results: mended. Heavy gauge stranded wire should be used for
1) Allinput pins should be connected to a voltage potential power wiring, with twisted pairs being recommended for
during testing. If left floating, the device may oscillate, minimized inductance.
causing improper device operation and possible latchup. 4) To guarantee data sheet compliance, the input thresholds
2) Placement and value of decoupling capacitors is critical. should be tested per input pin in a static environment. To
Each physical set-up has different electrical characteris- allow fortesting and hardware-induced noise, IDT recom-
tics and it is recommended that various decoupling mends using VIL < 0V and VIH 2 3V for AC tests.

capacitor sizes be experimented with. Capacitors should
be positioned using the minimum lead lengths. They
should also be distributed to decouple power supply lines
and be placed as close as possible to the DUT power pins.
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16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS CYCLE TIME AND CLOCK
IDT49C402 STANDARD AND LOW POWER CHARACTERISTICS
VERSION Mil.® | Com'l. | Unit
(Military and Commercial Temperature Ranges) Read-Modify-Write Cycle (from 50 48 ns
The tables below specify the guaranteed performance of selection of A, B registers to end
the IDT49C402 over the —55°C to +125°C and 0°C to +70°C | of cycle)
temperature ranges. Vcc is specified at 5V + 10% for military [ Maximum Clock Frequency to 20 21 MHz
temperature range and 5V + 5% for commercial temperature shift Q (50% duty cycle,
range. Alltimes are in nanoseconds and are measured atthe | | = C32or E32)
1.5V signal level. The inputs switch between 0V and 3V with Minimum Clock LOW Time 30 30 ns
signaltransition rates of 1V per nanosecond. All outputs have Minimum Clock HIGH Time 20 20 ns
maximum DG currenit loads. Minimum Clock Period 50 48 ns
2524 bl 13
MAXIMUM COMBINATIONAL PROPAGATION DELAYS") ct - s0pF
To Output
(MSS=1L) (MSS = H) RAMo Qo
From Input Y G,P Fis OVR Cn+16 F=0 RAM15 Qis
Mil. |Com’L| Mil. |Com'L] Mil. |Com'l| Mil. {Com'l.| Mil. |Com'l.| Mil. |Com'l.| Mil. |Com'l.| Mil. [Com'l.| Unit
A, B Address 52 | 47 | 47| 42 |52 | 47 | 47| 42 | 38| 34 | 52| 47 | 44 | 40 - - | ns
D 35 32 34 31 35 32 34 31 27 25 35 32 28 26 - - ns
Cn 29 | 26 - — |29 | 26 | 27| 25 |20} 18 | 29| 26 | 23 | 21 - - | ns
lo, 1,2 41 37 30 27 41 37 38 35 29 26 41 37 30 27 - - ns
13,4,5 40 36 28 26 40 36 37 34 27 25 40 36 28 26 - - ns
I6.7,8,9 26 24 - - - - - - - - - - 20 18 20 18 ns
A Bypass 30 | 27 - - - - - - - - - - - - - -
ALU (1 = AXX, ns
1XX, 3XX)
Clock £ 42 38 41 37 42 38 41 37 30 27 42 38 41 37 25 23 ns
2524 tl 14
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

MINIMUM SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

CP: N\ /
Set-up Time Hold Time Set-up Time Hold Time
BeforeH > L AfterH > L BeforeL - H After L H
Input Mil Com'l. Mil. Com'l. Mil. Com’l. Mil. Com'l. Unit
A, B Source Address 20 18 20 103 50 50 2 1 ns
B Destination Address 20 18 Do not change @ 2 1 ns
D - - - - 30/40 ¢ | 26/36 (5 2 1 ns
Cn - - - - 35 32 0 0 ns
lo, 1,2 - - - - 45 41 0 0 ns
13,4,5 - - - - 45 41 0 0 ns
l6,7.8,9 12 11 Do not change 2 ] 0 ns
RAMo,15, Qo,15 - - - - 12 11 0 0 ns
NOTES: 2524 1l 15

1. Adash indicates a propagation delay or set-up time constraint does not exist.

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation.

3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address may then
bechanged. The B address could be changedif itis not adestination: i.e., ifdata is not being written back into the RAM. Normally A and B are not changed
during the clock LOW time.

4. The set-up time prior to the clock L — H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. ltincludes
all the time from stable A and B addresses to the clock L — H transition, regardless of when the H — L transition occurs.

5. Firstvalue is direct path (DATAIN — RAM/Q Register). Second value is indirect path (DATAIN —» ALU — RAM/Q Register).

6. Guaranteed by design, not production tested.

53 13



IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
IDT49C402A STANDARD AND LOW POWER

* CYCLE TIME AND CLOCK
CHARACTERISTICS

VERSION Mil.®) | Com'l. | Unit
(Military and Commercial Temperature Ranges) Read-Modify-Write Cycle (from 23 22 ns
The tables below specify the guaranteed performance of | selection of A, B registers to end
the IDT49C402A over the —=55°C to +125°C and 0°Ct0 +70°C | of cyclef®
temperature ranges. Vcc is specified at 5V + 10% for military Maximum Clock Frequency to 35 41 MHz
temperature range and 5V + 5% for commercial temperature shift Q (50% dutg cycle,
range. Alltimes are in nanoseconds and are measured atthe | | = C32 or E32)®
1.5V signal level. The inputs switch between 0V and 3V with Minimum Clock LOW Time 13 11 ns
signaltransition rates of 1V per nanosecond. Alloutputs have Minimum Clock HIGH Time 13 1 ns
maximum DC current loads.
Minimum Clock Period® 36 31 ns
2524 ©l 16
MAXIMUM COMBINATIONAL PROPAGATION DELAYS(") ci - 50pF
To Output
MSS=1L) (MSS = H) RAMo Qo
From Input Y G,P F1s OVR Cn+16 F=0 RAM15 Qis
Mil. |Com'L| Mil. |Com'l.| Mil. |Com’lL| Mil. |Com'L| Mil. |Com'l.| Mil. [Com'l.| Mil. |Com'l.| Mil. |Com'l.| Unit
{ A, B Address 41 37 39 35 41 37 41 37 37 34 41 37 40 36 - - ns
D 32 29 29 26 29 26 31 28 27 25 32 29 28 26 - - ns
Cn 28 25 - - 26 24 25 23 20 18 29 26 23 21 - - ns
lo, 1,2 35 32 30 27 35 32 34 31 29 26 35 32 30 27 - - ns
13,4,5 35 32 28 26 34 31 34 31 27 25 35 32 28 26 . - ns
ls,7.8,9 25 23 - - - - - - - - - - 20 18 20 18 ns
A Bypass 30 27 - - - - - - - - - - - - - -
ALU (I = AXX, ns
1XX, 3XX)
Clock / 34 31 31 28 33 30 34 31 30 27 34 31 34 31 25 23 ns
2524 1l 17

5.
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

MINIMUM SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

CP: N\ /
Set-up Time - Hold Time Set-up Time Hold Time
BeforeH » L " AfterH- L BeforeL - H After L> H
Input Mil. Com'l. MilL Com'l. Mil. Com'l. Mil. Com'l. Unit
A, B Source Address 11 10 23 10 25 21 2 1 ns
B Destination Address 11 10 Do not change (2. . 2 1 ns
D - - - - 127225 | 10720 ) 2 1 ns
Cn - - - - 17 15 0 0 ns
lo, 1,2 - - - - 28 25 0 0 ns
13, 4,5 - - - - 28 25 0 0 ns
l6,7.8,9 11 10 Do not change (@ 0 0 ns
RAMo,15, Q0,15 - - - | -] 2 ] on 0 0 ns

NOTES: . 25241 18

1. Adash indicates a propagation delay or set-up time constraint does not exist. :

2. Certain signals must be. stable during the entire clock LOW time to avoid erroneous operation.

3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address may then
bechanged. The B address couldbe changedifitis not adestination:i.e., if data is not being written back into the RAM. Normally Aand B are not changed
during the clock LOW time.

4. The set-up time prior to the clock L — H transition is to allow tlme for data to be accessed, passed through the ALU and returned to the RAM. ltincludes

all the time from stable A and B addresses to the clock L — H transition, regardless of when the H — L transition occurs.

. First value is direct path (DATAIN —» RAM/Q Register). Second value is indirect path (DATAIN — ALU — RAM/Q Register).

. Guaranteed by design, not production tested.

o ;
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IDT49C402/A/B

16-BIT CMOS MICROPROCESSOR SLICE

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
IDT49C402B LOW POWER VERSION

CYCLE TIME AND CLOCK

CHARACTERISTICS

(Military and Commercial Temperature Ranges) MiL.® | com'l.| Unit
The tables below specify the guaranteed performance of TYITIRYYY
the IDT49C402B overthe —55°C10 +125°C and 0°C10470°C | coraion of A B regioiare 1o and 22 |19 s
temperature ranges. Vcc is specified at 5V + 10% for military of cycle}®
temperaturg range qnd 5V + 5% for commercial temperature Maximum Clock Frequency to 52 60 MHz
range. Alltimes are in nanoseconds and are measured atthe | shift @ (50% dut! cycle,
1.5V signal level. The inputs switch between 0V and 3V with | = C32 or E32)6)
signaltransition rates of 1V per nanosecond. Alloutputshave [ pinimum Glock LOW Time 11 9 ns
maximum DC current loads. Minimum Clock HIGH Time 1| o | ns
Minimum Clock Period® 24 20 ns
2524 ol 19
MAXIMUM COMBINATIONAL PROPAGATION DELAYS" cL - 50pF
To Output
(MSS =L) (MSS = H) RAMo Qo
From Input Y G,P F1s .OVR Cn+16 F=0 RAM15 Qis
Mil. [Com'L| Mil. |Com'l.| Mil. |Com’L| Mil. [Com'l.| Mil. |Com'l.] Mil. {Com'L| Mil. |Com'l.| Mil. ]Com'l| Unit
A, B Address 33 28 31 26 31 28 31 28 28 26 31 28 32 29 . - ns
D 26 23 23 21 23 21 25 22 22 20 26 23 24 23 - - ns
Cn 22 20 - - 20 18 19 17 15 14 22 20 18 17 - - ns
lo,1,2 28 26 24 22 28 26 27 25 23 21 28 26 26 24 - - ns
13,4,5 28 26 22 21 27 25 27 25 22 20 28 26 25 23 - - ns
l6.7.8.9 20| 18 { - - - - - - - - - - |16] 14 16| 14 | ns
A Bypass 24 | 22 - - - - - - - - - - - - - -
ALU (I = AXX, ns
1XX, 3XX)
Clock A/ 27 25 25 22 26 24 27 25 - - 27 25 27 25 - - ns
2524 bl 20
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

MINIMUM SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP INPUT)

CP: N\ /
Set-up Time Hold Time Set-up Time Hold Time
BeforeH » L AfterH- L BeforeL - H AfterL—>H
Input Mil. Com'l. Mil. Com'L. Mil. Com'l. Mil, Com'l. Unit
A, B Source Address 10 9 2(3) 1(3) 20 18 2 1 ns
B Destination Address 10 9 Do not change(? 2 1 ns
D - - - - 122205 | 1072019 2 1 ns
Cn - - - - 16 14 0 0 ns
lo,1,2 - - - - 26 24 0 0 ns
13,4,5 - - - — 26 24 0 0 ns
l6, 7,89 10 9 Do not change(® 0 0 ns
RAMo,15, Q0,15 - - - - | 12 ] 10 0 0 ns

NOTES: 2524 Bl 21

1. Adashindicates a propagation delay or set-up time constraint does not exist.

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation.

3. Source addresses must be stable prior to the H — L transition to allow time to access the source data before the latches close. The A address may then
be changed. The B address couldbe changedif itis not a destination: i.e., if data is notbeing written back into the RAM. Normally A and B are not changed
during the clock LOW time.

. The set-up time prior to the clock L — H transition is to allow time for data to be accessed, passed through the ALU and returned to the RAM. Itincludes
all the time from stable A and B addresses to the clock L — H transition, regardless of when the H — L transition occurs.

o

5. Firstvalue is direct path (DATAIN —» RAM/Q Register). Second value is indirect path (DATAIN — ALU — RAM/Q Register).
6. Guaranteed by design, not production tested.
IDT49C402B IDT49C402A
MAX. OUTPUT ENABLE/DISABLE TIMES MAX. OUTPUT ENABLE/DISABLE TIMES
(CL=5pF, measuredto 0.5V change of VouTin nanoseconds) (CL=5pF, measuredto 0.5V change of VOUT in nanoseconds)
Tested at CL = 50pF, correlated to 5pF Tested at CL = 50pF, correlated to 5pF
Enable Disable Enable Disable
Input Output Mil. Com'l. Mil. Com'l. Input Output Mil. Com'l. Mil. Com’'l.
OE Y 18 16 15 13 OE Y 22 20 20 18
2524 ol 22 2524 bl 23
1DT49C402 AC TEST CONDITIONS
MAX. OUTPUT ENABLE/DISABLE TIMES Input Pulse Levels GND to 3.0V
(CL=5pF, measuredto 0.5V change of VouT in nanoseconds) | Input Rise/Fall Times 1V/ns
Tested at CL = 50pF, correlated to 5pF Input Timing Reference Levels 1.5V
Enable Disable Output Reference Levels 1.5V
Output Load See Figure 1
Input Output Mil. Com'l. Mil. Com'l. 2504 B) 25
OE Y 25 23 25 23
2524 bl 24
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

CRITICAL SPEED PATH ANALYSIS

Critical speed paths are for the IDT49C402B versus the
equivalent bipolar circuit implementation using four 2801Cs
and one 2902A is shown below.

The IDT49C402B operates faster than the theoretically
achievable values of the discrete bipolar implementation.
Actual speed values for the discrete bipolar circuit will
increase due to on-chip/off-chip circuit board delays.

TIMING COMPARISION: IDT49C402B vs 2901C w/2902A

Data Path Data Path
16-Bit (Com'L) (Mil)
1P System AB ADDR > F=0 | AB ADDR — RAMo,15 | AB ADDR ->F=0 | AB ADDR —» RAMo, 15 Unit
Four 2901Cs + 2902A 271 >71 >83.5 >83.5 ns
IDT49C4028 28 23 31 25 ns
Speed Savings 43 48 52 55 ns
- 2524 ) 26
TIMING COMPARISION: IDT49C402A vs 2901C w/2902A
Data Path Data Path
16-Bit (Com'i.) (Mil.)
uP System AB ADDR - F=0 | AB ADDR — RAMo,15 | AB ADDR —F=0 | AB ADDR — RAMo, 15 Unit
Four 2901Cs + 2902A 271 >71 >83.5 >83.5 ns
IDT49C402A 37 36 41 25 ns
Speed Savings 34 35 425 435 ns
2524 bl 27
TIMING COMPARISION: IDT49C402 vs 2901C w/2902A
' Data Path Data Path
16-Bit (Com'i.) (MiL)
HP System AB ADDR - F=0 | AB ADDR —» RAMo,15 | AB ADDR - F =0 | AB ADDR — RAMo, 15 Unit
Four 2901Cs + 2902A >71 >71 >83.5 >835 ns
IDT49C402A 47 40 52 44 ns
Speed Savings 24 31 31.5 39.5 ns

2524 i 28
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IDT49C402/A/B
16-BIT CMOS MICROPROCESSOR SLICE .

MILITARY AND COMMERCIAL TEMPERATURE RANGES
TEST CIRCUIT LOAD
Vce + 7.0V
0—o
) § 500Q
VIN Vout
Pulse
Generator D.UT |
50pF
RT CL § 5000
- = — —= — —  2s26awes
DEFINITIONS:

CL= Load capacitance: includes jig and probe capacitance
RL= Termination resistance: should be equal to ZouT of the Pulse Generator

Figure 1. Switching Test Circult (All Outputs)

INPUT/OUTPUT INTERFACE CIRCUIT

ESD Vee
PROTECTION
I+ Ioh
INPUTS —>0— (.
4—l- R OUTPUTS
1L
A [x-ox.
— = 2524 drw 06
— 2524 drw 07
Figure 2. Input Structure (All Inputs)

Figure 3. Outputs Structure (All Outputs Except F = 0)

OUTPUTS

o[ (=

_— 2524 drw 08

Figure 4. Outputs Structure (F = 0)
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IDT49C402/A/8
16-BIT CMOS MICROPROCESSOR SLICE MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT XXXX X XX X X
Device Type Power Speed Package Process/
Temperature
Range

’ Blank  Commercial (0°C to + 70°C)
| B Military (- 55°C to + 125°C)
Compliant to MIL-STD-883, Class B

Plastic Leaded Chip Carrier
Pin Grid Array
Ceramic Flatpack (25mil centers)

MG S

Blank  Standard Speed
A

High-Speed
B Very High-Speed (Low Power Version Only)
L Low Power Version

Blank  Standard Power Version

49C402 16-Bit Microprocessor Slice

11

2524 drw 09
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16-BIT CMOS IDT49C410

MICROPROGRAM IDT49C410A
SEQUENCER
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
+ 16-bit wide address path The IDT49C410s are architecture and function code
— Address up to 65,536 words of microprogram memory compatible to the 2310A with an expanded 16-bit address
+ 16-bit loop counter path, thus allowing for programs up to 65,536 words in length.
— Pre-settable down-counter for counting loop iterations  They are microprogram address sequencers intended for
and repeating instructions controlling the sequence of execution of microinstructions
» Low-power CEMOS™ stored in the microprogram memory. Besides the capability of
— lcc (max.) sequential access, they provide conditional branching to any
Military: 90mA microinstruction within their 65,536 microword range.
Commercial: 75 mA ' The 33-deep stack provides microsubroutine return link-
» Fast age and looping capability. The deep stack can be used for
— IDT49C410 meets 2910A speeds highly nested microcode applications. Microinstruction loop
— IDT49C410A is a 30% speed upgrade count control is provided with a count capability of 65,536.
« 33-deep stack During each microinstruction, the microprogram controller
— Accommodates highly nested microcode : provides a 16-bit address from one of four sources: 1) the
= 16 powerful microinstructions microprogram address register (LPC), which usually contains
« Available in 48-pin, 600 mil plastic and sidebraze DIP,, an address one greater than the previous address; 2) an
52-pin PLCC and 48-pin Flatpack ‘ external (direct) input (D); 3) a register/counter (R) retaining
» Three enables control branch address sources data loaded during a previous microinstruction; or 4) alast-in/
« Four address sources first-out stack (F).
= 2910A instruction compatibility The IDT49C10s are fabricated using CEMQOS, a CMOS
 Military product available compliant to MIL-STD-883, technology designed for high-performance and high- g
Class B reliability.
« Standard Military Drawing #5962-88643 is listed for this The IDT49C410s are pin-compatible, performance-
function enhanced, easily upgradable versions of the 2910A.

The IDT43C410s are available in 48-pin DIP (600 milx 100
mil centers), 52-pin PLCC and 48-pin flatpack.

FUNCTIONAL BLOCK DIAGRAM :D'! (ﬁ
16

o S
RID ™1 REcISTER d STACK FOIT
| .| DECREMENTER L. PONTER |
7ERO
DETEC-
> 33 WORD x
IOR 16-BIT
[ STACK
DECREMENT/ ourt
HOLD/LOAD IN
R=0| A4 ST
g |p R F ppC REGISTER
o MULTIPLEXER
eI g]j)— lPUSH/POP/
INSTRUCTION| HOLD/CLEAR INCREMENTER [<3 Cl
I D2t  PLA  [CLEARCOUNT

of D> —
§ % % .
M Yi 2551 cw 02
CEMOS and MICROSLICE are o Integrated Davice Techology, Inc. !
MILITARY AND COMMERCIAL TEMPERATURE RANGES APRIL 1990

©1990 Integrated Device Technology, Inc. 5.4 1DSC-901412



IDT49C410/A
16-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
ow e e 22 YN 50w
— a>a>a>o>Aa>0o> .
Y13 1 48 1 D2 )
Dia 2 473 Y2 Pin 1 Identifier
Ys-C] 3 461 D3
Ds [ 4 451 vYa
ys C1 5 41 D2 A 4847464544 43424140393837
Ds ] 6 433 Y2 -
VECT [ 7 2 Dt VECT 1 3= D
L s 413 v FC 2 | N\ | ss Y1
MAP [ 9 403 Do WMAP 3 34 Do
. 1a 10 3 v 13 4 33 Yo
l2 ] 11 P48-1 381 ¢l 12 5 32 cl
vee [ 12 & 37 cP Vee 6 31 cP
11 ] 13 ©C48-2 36 [ GND I 7 F48-1 30 GND
lo ] 14 351 OF lo 8 29 OE
CCEN [ 15 34 vn TCEN 9 o8 it
oC ] 16 331 Dn ool 10 27 Dis
RID [ 17 32 Yoo "D 1" 2 Y10
FUC [ 18 31 [ Do O 12| o o5 Do
Ds [ 19 30 Vs ) .
Ye [ 20 293 De
D7 % 21 28 % Ys 1314151617 181920212223 24
Y7 22 27 Ds
Dia g 23 26 [ 1 ‘Y15 .
Yia 24 25 Dis
2551 drw 01 EXE8535838828% 2551 drw 04
DIP
TOP VIEW FLATPACK
TOP VIEW
‘ IDT49C410 PIN DESCRIPTIONS
Cress8 > Segea s Pin Name| /O Description
> sas
ﬂ I-I n n n |-I I-I I—I ﬁ nnnn Di | | Direct input to register/counter and multi-
plexer Do is LSB.
VEST :{7 654 3215251504948 47 . 1 1 Selects one-of-sixteen instructions.
: 46 C ==
o a5 o cC I | Used as test criterion. Past testis a LOWon
MAP [ 10 44 v - ce. —
12 3 11 430 Do CCEN I | Whenever the signal is HIGH, CC is ignored
12 3 12 = and the part operates as though CC were
vee [ 13 41 ¢ true (LOW).
11 = 14 J52-1 a0/ cp Cl | qu order carry input to incrementer for
1o 1 15 39 1 GND microprogram counter.
TCEN [ 16 38 [ OF RLD I | When LOW forces loading of register/
cC [ 17 37 E i counter regardless of instruction or
BD 18 363 bn _ condition.
FULT ] 19 35 Yo OE | | Three-state control of Yi outputs.
Ne T 20 34 Do cp | | Triggers all internal state changes at LOW-
21 22 23 24 25 26 27 28 29 30 31 32 33 to-HIGH edge.
|_| U L| |_| U U U U |_] |_| U UU Yi . O | Address to microprogram memory. Yo is
8 © 5 & g ;_ évg >£. 8 e 3 2 % = LSB, Y15‘IS MSB
) 2551 drw 03 O | Indicates that 33 items are on the stack.
pLCC PC O | Can select #1 source (usually Pipeline
TOP VIEW Register) as direct input source.
AP O | Can select #2 source (usually Mapping
* | PROM or PLA) as direct input source.
VECT O | Can select #3 source (for example, Interrupt
Starting Address) as direct input source.
2551 tl 01
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IDT49C410/A
16-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PRODUCT DESCRIPTION

The IDT49C410s are high-performance CMOS micropro-
gram sequencers that are intended for use in very high-speed
microprogrammable microprocessor applications. The
sequencers allow for direct control of up to 64K words of
microprogram.

The heart of the microprogram sequencers is a 4-input
multiplexer that is used to select one of four address sources
to select the next microprogram address. These address
sources include the register/counter, the direct input, the
microprogram counter or the stack as the source for the
address of the next microinstruction.

The register/counter consists of sixteen D-type flip-flops
which can contain either an address or a count. These edge-
triggered flip-flops are under the control of a common clock
enable, as well as the four microinstruction control inputs.
Whenthe load control (RDL) is LOW, the data at the D inputs
is loaded into this register on the LOW-to-HIGH transition of
the clock. The output of the register/counter is available atthe
multiplexer as a possible next address source for the
microcode. Also, the terminal count output associated with
the register/counter is available at the internal instruction PLA
to be used as condition code input for some of the
microinstructions. The IDT49C410s contain a microprogram
counter that usually contains the address of the next micro-
instruction compared to that currently being executed. The
microprogram counter actually consists of a 16-bit incremen-
ter followed by a 16-bit register. The microprogram counter
willincrement the address coming out of the sequencer going
to the microprogram memory if the carry-in input to this
counteris HIGH; otherwise, this address willbe loadedinto the
microprogram counter. Normally, this carry-in input is set to
the logic HIGH state so that the incrementer will be active.
Should the carry-in input be set LOW, the same address is
loaded into the microprogramcounter. This is atechnique that
can be used to allow execution of the same microinstruction
several times.

There are sixteen D-inputs on the IDT49C410s that go
directly to the address multiplexer. These inputs are used to
provide a branch address that can come directly from the
microcode or some other external source. The fourth input
available to the multiplexer for next address control is the 33-
deep, 16-bitwide LIFO stack. The LIFO stack provides return
address linkage for subroutines and loops. The {DT49C410s
contain a built-in stack pointer that always points to the last
stack location written. This allows for stack reference opera-
tions, usually called loops, to be performed without popping
the stack.

The stack pointer internal to the IDT49C410s is actually an
up/down counter. During the execution of microinstructions
one, four and five, the PUSH operation may occur depending
on the state of the condition code input. This causes the stack
pointer to be incremented by one and the stack to be written

with the required return linkage (the value contained in the
microprogram counter). Onthe microprogram cycle following
the PUSH, this new return linkage data that was in the
microprogram counter is now atthe new location pointed to by
the stack pointer. Thus, any time the multiplexer looks at the
stack, it will see this data on the top of the stack.

During five different microinstructions, a pop operation
associated with the stack may occur. If the pop occurs, the
stack pointer is decremented at the next LOW-to-HIGH
transition of the clock. A pop decrements the stack pointer
which is the equivalent of removing the old information from
the top of the stack.

The IDT49C410s are designed so that the stack pointer
linkage allows any sequence of pushes, pops or stack
references to be used. The depth of the stack can growto a
full 33 locations. After a depth of 33 is reached, the FULL
output goes LOW. If further PUSHes are attempted when the
stack is full, the stack information at the top of the stack will be
destroyed but the stack pointer will not end around. It is
necessary to initialize the stack pointer when power is first
turned on. This is performed by executing a RESET instruc-
tion (Instruction 0). This sets the stack pointer to the stack
empty position — the equivalent depth of zero. Similarly, a
pop from an empty stack may place unknown data on the Y
outputs, but the stack pointer is designed not to end around.
Thus, the stack pointer will remain at the 0 or stack empty
location if a pop is executed while the stack is already empty.

The IDT49C410’s internal 16-bit register/counter is used
during microinstructions eight, nine and fifteen. During these
instructions, the 16-bit counter acts as adowncounterand the
terminal count (count = 0) is used by the internal instruction
PLA as an input to control the microinstruction branch test
capability. The design of the internal counter is such that, if it
is preloaded with a number N and then this counter is used in
a microprogram loop, the actual sequence in the loop will be
executed N + 1 times. Thus, itis possible to load the counter
with a count of 0 and this will result in the microcode being
executed one time. The 3-way branch microinstruction,
instruction 15, uses both the loop counter and the external
condition code input to control the final source address from
the Y outputs of the microprogram sequencer. This 3-way
branch may result in the next address coming from the D
inputs, the stack or the microprogram counter.

The IDT49C410s provide a 16-bit address at the Y outputs
that are under control of the OE input. Thus, the outputs can
be put in the three-state mode, allowing the writable contro!
store to be loaded or certain types of external diagnostics to
be executed.

In summary, the IDT49C410s are the most powerful
microprogram sequencers currently available. They provide
the deepest stack, the highest performance and lowest power
dissipation for today’s microprogrammed machine design.
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IDT49C410/A
16-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

0 Jump Zero (JZ)

-
-4

1 Cond JSB PL (CJS)

5 STACK
66

67 (@® 40

68 4

69 42

70 43

2 Jump Map (JMAP)

66

33

3 Cond Jump PL (CJP)

4 Push/Cond LD CNTR (PUSH)

5 Cond JSB R/PL (JSRP)

68

65 65 STACK
66 66
67 67 (®)
68 25 68
69 } 26 REGISTER/
COUNTER
6 Cond Jump Vector (CJV) 7 Cond JUMP R/PL (JRP)
65
65 66
66 67
67 68
68 35 20 30
69 } 36 21 31
8 Repeat Loop, CNTR = 0 (RFCT) 9 Repeat PL, CNTR # 0 (RPCT) 10 Cond Return (CRTN)
STk COUNTER
(PUSH)
LDC
gz — REGISTER/ gz g@ (Loen . STACK
COUNTER
67 67 66 30
68 68 67 31
69 68 32
70 69 33
70 34
11 Cond Jump PL & POP (CJPP) 12 LD CNTR & Continue (LDCT) 35
STACK 36
(PUSH) 37
COUNTER
40 65
41 66 13 Test End Loop (LOOP)
42 67

14 Continue (CONT)

65
66
67
68

15 Three-Way Branch (TWB)

STACK
65 (PUSH)
M REGISTER/
67 COUNTER
68
" 72
73

STACK
65 (PUSH)
66

Figure 1. IDT49C410 Flow Diagrams

2551 drw 05

5.4



IDT49C410/A
16-BIT CMOS MICROPROGRAM SEQUENCER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C410 OPERATION

The IDT49C410s are CMOS pin-compatible implementa-
tions of the Am23910 and 2910A microprogram sequencers.
The IDT49C410 sequencers are functionally identical except
that they are 16 bits wide and provide a 33-deep stack to give
the microprogrammer more capability in terms of micropro-
gram subroutines and microprogram loops. The definition of
each microprogram instruction is shown in the table of
instructions. This table shows the results of each instruction
interms of controlling the multiplexer, which determines the Y
outputs, and in controlling the signals that can be used to
enable various branch address sources (PL, MAP, VECT).
The operation of the register/counter and the 33-deep stack
after the next LOW-to-HIGH transition of the clock are also
shown. The internal multiplexer is used to select which of the
internal sources is used to drive the Y outputs. The actual
value loaded into the microprogram counter is either identical
to the Y output or the Y output value is incremented by 1 and
placed inthe microprogramcounter. This functionis underthe
control of the carry inputs. For each of the microinstruction
inputs, only one of the three outputs (PL, MAP or VECT) will
be LOW. Note that this function is not determined by any of
the possible condition code inputs. These outputs can be
used to control the three-state selection of one of the sources
for the microprogram branches.

Two inputs, CC and CCEN, can be used to control the
conditionalinstructions. These are fully defined in the table of
instructions. The RLD input can be used to load the internal
register/counter at any time. When this input is LOW, the data
at the D inputs will be loaded into this register/counter on the
LOW-to-HIGH transition of the clock. Thus, the RLD input
overrides the internal hold or decrement operations specified
by the various microinstructions. The OE input is normally
LOW and is used as the three-state enable for the Y outputs.
The internal stack in the |DT49C410s is a last-infirst-out
memory that is 16-bits in width and 33 words deep. It has a
stack pointerthat addresses the stack and always points to the
value currently on the top of the stack. When instruction 0
(RESET) is executed, the stack pointer is initialized to the top
of the stack which is, by definition, the stack empty condition.
Thus, the contents of the top of the stack are undefined until
the forced PUSH occurs. A pop performed while the stack is
empty will not change the stack pointer in any way; however,
it will result in unknown data at the Y outputs.

By definition, the stack is full any time 33 more PUSHes
than pops have occurred since the stack was last empty.
When this happens, the FULL Flag will go LOW. This signal
first goes LOW on the microcycle after the 33 pushes occur.
When this signal is LOW, no additional pushes should be
attempted orthe informationon the top of the stack will be lost.

THE IDT49C410 INSTRUCTION SET

This data sheet contains a block diagram of the IDT49C410
microprogram sequencers. As can be seen, the devices are
controlled by a 4-bit microinstruction word (13 - lo). Normally,
thisword is supplied from one 4-bit field of the microinstruction
word associated with the entire state machine system. These
fourbits provide for the selectionof one of the sixteen powerful

instructions associated with selecting the address of the next
microinstruction. UnusedY outputscanbe leftopen; however,
the corresponding most significant D inputs should be tied to
ground for smaller microwords. This is necessary to make
sure the internal operation of the counter is proper should less
than 64K of microcode be implemented. As showninthe block
diagram, the internal instruction PLA uses the four instruction
inputs as well as the CC, CCEN and the internal counter = 0
line for controlling the sequencer. This internal instruction
PLA provides all of the necessary internal control signals to
control each particular part of the microprogram sequencer.
The next address at the Y outputs of the IDT43C410s can be
fromone of four sources. These include the internalmicropro-
gram counter, the last-in/first-out stack, the register/counter
and the direct inputs.

The following paragraphs will describe each instruction
associated with the IDT49C410s. As a part of the discussion,
an example of each instruction is shown in Figure 1. The
purpose of the examplesis to show microprogramflow. Thus,
in each example the microinstruction currently being
executed has a circle around it. That is, this microinstruction
is assumed to be the contents of the pipeline register at the
output of the microprogram memory. Inthese drawings, each
of the dots refers to the time that the contents of the micropro-
gram memory word would be in the pipeline register and is
currently being executed.

INSTRUCTION O ~
JUMP 0 (J2)

This Conditional Jump is used at power-up time or at any
restart sequence when the need is to reset the stack pointer
and jump to the very first address in microprogram memory.
The Jump 0 instruction does not change the contents of the
register/counter.

INSTRUCTION 1 -
CONDITIONAL JUMP TO SUBROUTINE (CJS)

The Conditional Jump to Subroutine instruction is the one
used to call microprogram subroutines. The subroutine
address will be contained in the pipeline register and
presented atthe Dinputs. If the condition code testis passed,
a branch is taken to the subroutine. Referring to the flow
diagram for the IDT49C410s shown in Figure 1, we see that
the content of the microprogram counter is 68. This value is
pushed onto the stack and the top of stack pointer is
incremented. If the test is failed, this Conditional Jump to
Subroutine instruction behaves as a simple continue. Thatiis,
the content of microinstruction address 68 is executed next.

INSTRUCTION 2 -
JUMP MAP (JMAP)

This sequencer instruction can be used to start different
microprogram routines based on the machine instruction
opcode. This is typically accomplished by using a mapping
PROM as an input to the D inputs on the microprogram
sequencer. The JMAP instruction branches to the address
appearingonthe Dinputs. Inthe flowdiagram shownin Figure
1, we see that the branch actually will be the contents of
microinstruction 85 and this instruction will be executed next.
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IDT49C410 INSTRUCTION OPERATIONAL SUMMARY

Counter Address Reglster Enable

la=1lo. Mnemonic CcC Test Stack Source Counter Select
0 Jz X X CLEAR 0 NC PL
1 cJs PASS X PUSH D NC PL
FAIL X NC PC NC PL

JMAP X X NC D NC MAP
cJP PASS X NC D NC PL
FAIL X NG PC NC PL
4 PUSH PASS X PUSH PC LOAD PL
FAIL X PUSH PC NC PL
5 JSRP PASS X PUSH D NC PL
FAIL X PUSH R NC PL

6 CwV PASS X NC D NC VECT
FAIL X NC PC NC VEC
7 JRP PASS X NC D NC PL
_FAIL X NC R NC PL
8 RFCT X -0 POP PC - NC PL
X NOT =0 NC STACK DEC E
9 RPCT X = NC PC NC PL
X NOT =0 NC D DEC EI_-
10 CRTN PASS X POP STACK NC PL
FAIL X NC PC NC i
11 CJPP PASS X POP D . NC PL
FAIL X NC PC NC E
12 LbcT X X NC PC LOAD PL
13 LooOP PASS X POP PC NC PL
FAIL X NC STACK NC ﬂ
14 CONT X X NC PC NC PL
15 Twa PASS =0 POP PC NC PL
PASS NOT =0 POP PC DEC PL
FAIL =0 POP D NG %

FAIL NOT =0 NC STACK DEC
2551 Tbl 0;

NC = No Charge; DEC = Decrement

INSTRUCTION 3 -
CONDITIONAL JUMP PIPELINE (CJP)

The simplest branching control available inthe IDT49C410
microprogram sequencers is that of conditional jump to
address. In this instruction, the jump address is usually
contained in the microinstruction pipeline register and
presented to the D inputs. If the test is passed, the jump is
taken while, if the test fails, this instruction executes as a
simple continue. Inthe example shown inthe flow diagram of
Figure 1, we see that if the test is passed, the next
microinstruction to be executed is the content of address 25.
If the test is failed, the microcode simply continues to the
contents of the next instruction.

INSTRUCTION 4 —
PUSH/CONDITIONAL LOAD COUNTER (PUSH)

With this instruction, the counter can be conditionally
loaded during the same instruction that pushes the current
value of the microprogram counter on to the stack. Under any
conditionindependent of the conditionaltesting, the micropro-
gram counter is pushed on to the stack. If the conditional test
is passed, the counter will be loaded with the value on the D
inputs to the sequencer. If the test fails, the contents of the
counterwillnot change. The PUSH/ConditionalLoad Counter

instruction is used in conjunction with the loop instruction
(Instruction 13), the repeat file based on the counter
instruction (Instruction 9) or the 3-way branch instruction
(Instruction 15).

INSTRUCTION 5 —
CONDITIONAL JUMP TO SUBROUTINE R/PL (JSRP)
Subroutines may be called by a Conditional Jump Subroutine
fromthe internal register or from the external pipeline register.
In this instruction the contents of the microprogram counter
are pushed on the stack and the branch address for the
subroutine call will be taken from either the internal register/
counter or the external pipeline register presented to the D
inputs. If the conditional test is passed, the subroutine
address will be taken from the pipeline register. If the
conditional test fails, the branch address is taken from the
internal register/counter. An example of this is shown in the
flow diagram of Figure 1. '

INSTRUCTION 6 —
CONDITIONAL JUMP VECTOR (CJV)

The Conditional Jump Vector instruction is similar to the
Jump Map instruction in that it allows a branch operationto a
microinstruction as defined from some external source,
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except that it is conditional. The Jump Map instruction is un-
conditional. If the conditional test is passed, the branch is
takentothe new address onthe Dinputs. Ifthe conditionaltest
is tailed, no branch is taken but rather the microcode simply
continues to the next sequential microinstruction. When this
instruction is executed, the VECT output is LOW uncondition-
ally. Thus, an external 12-bit field can be enabled onto the D
inputs of the microprogram sequencer.

INSTRUCTION 7 ~
CONDITIONAL JUMP R/PL (JRP)

The Conditional Jump register/counter or external pipeline
register always causes a branch in microcode. This jump will
be to one of two different locations in the microcode address
space. If the test is passed, the jump will be to the address
presented on the D inputs to the microprogram sequencer. If
the conditional test fails, the branch will be to the address
contained in the internal register/counter.

INSTRUCTION 8 —
REPEAT LOOP COUNTER NOT EQUAL TO 0 (RFCT)
This instruction utilizes the loop counter and the stack to
implement microprogrammed loops. The start address forthe
loop would be initialized by using the PUSH/Conditional Load
Counter instruction. Then, when the repeat loop instruction is
executed, if the counter is not equal to 0, the next microword
address will be taken from the stack. This will cause a loop to
be executed as showninthe Figure 1 flow diagram. Eachtime
the microcode sequence goes around the loop, the counter is
decremented. When the counter reaches 0, the stack will be
popped and the microinstruction address will be taken from
the microprogram counter. This instruction performs a timed
wait or allows a single sequence to be executed the desired
number of times. Remember, the actual number of loops
performed is equal to the value in the counter plus 1.

INSTRUCTION 9 -
REPEAT PIPELINE, COUNTER NOT EQUAL TO 0
(RPCT)

This instruction is another technique for implementing a
loop using the counter. Here, the branch address for the loop
is contained in the pipeline register. This instruction does not
use the stack in any way as a part of its implementation. As
long as the counter is not equal to 0, the next microword
address will be taken from the D inputs of the microprogram
sequencer. When the counter reaches 0, the internal multi-
plexer will select the address source from the microprogram
counter, thus causing the microcode to continue on and leave
the loop.

INSTRUCTION 10 -
CONDITIONAL RETURN (CRTN)

The Conditional Return instruction is used for terminating
subroutines. The fact that it is conditional allows the subrou-
tine either to be ended or to continue. If the conditional test is
passed, the address of the next microinstruction will be taken
fromthe stack and it will be popped. Ifthe conditionaltest fails,
the next microinstruction address will come from the internal
microprogram counter. This is depicted in the flow diagram of
Figure 1. Itis important to remember that every subroutine
call must somewhere be followed by a return from subroutine

callin order to have an equal number of pushes and pops on
the stack.

INSTRUCTION 11 -
CONDITIONAL JUMP PIPELINE AND POP (CJPP)

The Conditional Jump Pipeline and Pop instruction is a
technique for exiting a loop from within the middle of the loop.
This is depicted fully in the flow diagram for the IDT49C410s,
as shown in Figure 1. The conditional test input for this
instruction results in abranch being taken if the test is passed.
The address selected will be that on the D inputs to the
microprogram sequencer and, since the loop is being termi-
nated, the stack will popped. Should the test be failed on the
conditional test inputs, the microprogram will simply continue
to the next address as taken fromthe microprogram counter.
The stack will not be affected if the conditional test input is
failed.

INSTRUCTION 12 -
LOAD COUNTER AND CONTINUE (LDCT)

The Load Counter and Continue instruction is used to place
avalue on the D inputs in the register/counter and continue to
the next microinstruction. ' '

INSTRUCTION 13 -
TEST END OF LOOP (LOOP)

The Test End of Loop instruction is used as alastinstruction
in a loop associated with the stack. During this instruction, if
the conditional test input is failed, the loop branch address will
be that on the stack. Since we may go around the loop a
number of times, the stack is not popped. Ifthe conditionaltest
input is passed, then the loop is terminated and the stack is
popped. Notice that the loop instruction requires a PUSH to
be performed at the instruction immediately prior to the loop
return address. This is necessary so as to have the correct
address on the stack before the loop operation. It is for this
reason that the stack pointer always points to the last thing
written on the stack.

INSTRUCTION 14 -
CONTINUE (CONT)

The Continue instruction is a simple instruction whereby
the address for the microinstruction is taken from the micro-
program counter. This instruction simply causes sequential
programflowto the next microinstructionin microcode memory.

INSTRUCTION 15 -
THREE WAY BRANCH (TWB)

The Three Way Branch instruction is used for looping while
waiting for a conditional event to come true. If the event does
not come true after some number of microinstructions, a
branch is taken to another microprogram sequence. This is
depicted in Figure 1 showing the IDT49C410 flow diagrams
and is also described in full detait in the IDT49C410’s instruc-
tion operational summary. Operation of the instructionis such
that any time the external conditional test input is passed, the
next microinstruction will be that associated with the program
counter and the loop will be left. The stack is also popped.
Thus, the external test input overrides the other possibilities.
Should the external test input not be true, the rest of the
operation is controlled by the internal counter. If the counter
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is not equalto 0, the loop is taken by selecting the address on
the top of the stack as the address out of the Y outputs of the
IDT49C410. In addition, the counteris decremented. Should
the external conditional test input be failed and the counter
also have counted to 0, this instruction “times out". The result
isthatthe stackis popped and abranchistakento the address
presented to the D inputs of the IDT49C410 microprogram
sequencer. This address is usually provided by the external
pipeline register.

ABSOLUTE MAXIMUM RATINGS(

CONDITIONAL TEST

Throughout this discussion we have talked about microc-
ode passing the conditionaltest. There are actually two inputs
associated with the conditional test input. These include the
CCENandtheCC inputs. The CCEN inputis a condition code
enable. Whenever the CCEN input is HIGH, the CC input is
ignored and the device operates as though the CC input were
true (LOW). Thus, a fail of the external test condition can be
defined as CCEN equals LOW and CC equals HIGH. Apass
condition is defined as a CCEN equal to HIGH or a CC equal
to LOW. It is important to recognize the full function of the
condition code enable and the condition code inputs in order
to understand when the test is passed or failed.

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com’l. Mil. Unit Symbol Parameter(" Conditlons | Typ. | Unit
vee Power Supply -051t0+7.0[-05t0+7.0| Vv CiN Input Capacitance VIN = OV 5 | pF
Voltage Cout | Output Capacitance | Vour =0V 7 pF
VTERM | Terminal Voltage -0.5t0 -0.5to \ NOTE: 25511l 04
with Respect Vec+0.5 | Vec+ 05 1. This parameter is sampled and not 100% tested.
to Ground
TA Operating 0to+70 |-55t0+125 °C
Temperature
TelAS | Temperature -5510 +125|1-651t0 +135 | °C
Under Bias
TstG Storage -551t0 +125|-65t0 +150 | °C
Temperature
PT Power Dissipation 1.0 1.0 w
lout DC Output Current 30 30 mA
NOTE: 2551 1! 03
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
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DC ELECTRICAL CHARACTERISTICS
Commercial: TA = 0°C to + 70°C, VcC = 5.0V + 5%,; Military: TA =—55°C to + 125°C, VcC = 5.0V = 10%
VLe =0.2V; VHC = Vcc - 0.2V

Symbol Parameter Test Conditions (V) Min. | Typ. @ | Max. | Unit
VIH Input HIGH Level Guaranteed Logic HIGH Level ) 2.0 - - v
ViL Input LOW Level Guaranteed Logic LOW Level (4 - - 0.8 v
1 H Input HIGH Current Vce = Max., VIN = Ve - 0.1 5 A
I Input LOW Current Vce = Max., VIN = GND - -0.1 -5 LA
VoH Output HIGH Voltage Vee = Min. lIoH = -300pA VHC VHC - v

VIN = ViHor VIL 10H = -12 mA MIL 2.4 4.3 -
IoH = —15 mA COM'L. 2.4 43 -
VoL Output LOW Voltage Vee = Min. loL = 300pA - GND Ve \Y

VIN = VIHor ViL loL = 20 mA MIL - 0.3 0.5
loL = 24 mA COM'L - 0.3 0.5

loz Off State (High Impedance) | Vcc = Max. Vo =0V - -0.1 -10 pA
Output Current Vo = Vce (Max.) - 0.1 10

los Output Short Circuit Current | Voc = Max., Vour = 0V (3 -30 - - mA

NOTES: 2551 tbl 05

1. For conditions shown as max. or min. use appropriate value specified under Electrical Characteristics.

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading.

3. Not more than one output should be shorted at one time. Duration of the circuit test should not exceed one second.
4. These input levels should only be static tested in a noise-free environment.
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DC ELECTRICAL CHARACTERISTICS (Cont’d.)
Commercial: TA = 0°C to + 70°C, Vcc = 5.0V £ 5%; Military: TA =—55°C to + 125°C, Vcc =5.0V £ 10%

VLe = 0.2V; VHC = Vce — 0.2V

Symbol Parameter Test Conditions (1) Min. | Typ. @ | Max. | Unit
i ccaH Quiescent Power Supply Current | Vcc = Max. - 35 50 mA
CP = H (CMOS Inputs) VHC < ViH, VIL< VI
fcP=0,CP=H
| ccaL Quiescent Power Supply Current | Vce = Max. - 35 50 mA
CP = L (CMOS Inputs) VHC < VIH, ViL < ViIe
fcP=0,CP =L
lcer Quiescent Input Power Supply Vee = Max., VH = 3.4V, fcp=0 - 0.3 0.5 mA/
Current (per Input @ TTL High) Input
I cco Dynamic Power Supply Current Vee = Max. MIL - 1.0 3.0 mA/
VHC £ VIH, ViL< VLC COM'L - 1.0 1.5 MHz
Outputs Open, OE = L
lcc Total Power Supply Current (6) Vce = Max., fcp = 10MHz MIL - 45 80 mA
Outputs Open, OE = L COM'L - 45 65
CP =50 % Duty cycle
VHc < VIH, ViL < Ve
Vee = Max., fcp = 10MHz MIL - 50 90
Outputs Open, OE = L COM'L - 50 75
CP = 50 % Duty cycle
VH = 3.4V, VIL = 0.4V
NOTES: 2551 1bl 06
5. lccartis derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out | ccan, then dividing by the total number of inputs.
6. Total Supply Currentis the sum of the Quiescentcurrent and the Dynamic current (ateither CMOS or TTL inputlevels). For all conditions, the Total Supply

Current can be calculated by using the following equation:
lcc =1ccaH (CDH) + 1 ccat (1~ CDH) + ccT (N Tx D H) + 1 ccp (f cp)

CDH = Clock duty cycle high period

DH = Data duty cycle TTL high period (VIN = 3.4V)
NT = Number of dynamic inputs driven at TTL levels
fce = Clock Input frequency

CMOS TESTING CONSIDERATIONS

There are certain testing considerations which must be
takeninto account whentesting high-speed CMOS devices in
an automatic environment. These are:

1) Properdecoupling atthetestheadis necessary. Placement
of the capacitor set and the value of capacitors used is
criticalinreducingthe potential erroneousfailures resulting
from large Vcc current changes. Capacitor lead length
must be short and as close to the DUT power pins as
possible.

All input pins should be connected to a voltage potential
during testing. If left floating, the device may begin to
oscillate causing improper device operation and possible
latchup.

2

~

3) Definition of input levels is very important. Since many

4

=

inputs may change coincidentally, significant noise at the
device pins may cause the VIL and ViH levels not to be met
until the noise has settled. To allow for this testing/board
induced noise, IDT recommends using VIL< 0V and VIH >
3V for AC tests.

Device grounding is extremely important for proper device
testing. The use of multi-layer performance boards with
radial decoupling between power and ground planes is
required. The ground plane must be sustained from the
performance board to the DUT interface board. Allunused
interconnect pins must be properly connected to the ground
pin. Heavy gauge stranded wire should be used for power
wiring and twisted pairs are recommended to minimize
inductance.

54
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IDT49C410A
AC ELECTRICAL CHARACTERISTICS
. SET-UP AND HOLD TIMES

IDT49C410
AC ELECTRICAL CHARACTERISTICS
. SET-UP AND HOLD TIMES

t(s) t(r) t(s) t(H)

Inputs | Com'l. | Mil. | Com'. | MilL Unit Inputs | Com'l. | Mil. Com'l. | Mil Unit
DI—»R 6 7 0 0 ns DI—=R 16 16 0 0 ns
DI— PC 13 15 0 0 ns Di—= PC 30 30 0 0 ns
103 23 25 0 0 ns lo3 35 38 0 0 ns
cC 15 18 0 0 ns cC 24 35 0 0 ns
TCEN 15 18 0 0 ns | CCEN 24 35 ) ) ns
Cl 6 7 0 0 ns Cl 18 18 0 o] ns
RLD 11 12 0 0 ns RLD 19 20 0 0 ns

2551 tbl 07 2551 tbl 10
II. COMBINATIONAL DELAYS 1. COMBINATIONAL DELAYS
Y PL, VECT, MAP| FULL Y PL, VECT, MAP| FULL
Inputs | Com'l. | Mil. | Com'l. | Mil. | Com'l. | Mil. | Unit Inputs | Com'l. | Mil. | Com’l. | Mil. | Com'L | Mil. | Unit
Do-11 12 15 - - - - ns Do-11 20 25 - - - - ns
lo-3 20 25 13 15 - - ns lo-3 35 40 30 35 - - ns
cC 16 | 20 - -~ - - | ns cC 30 | 36 - - - - | ns
CCEN 16 20 - - - - | ns CCEN 30 | 36 - - - - | ns
CcP 28 33 - - 22 25 ns CcP 40 46 - - 31 35 ns
OEM 1010 1313 - - - - | ns OE(" 25/27 [25/30] - - - - | ns
NOTE: 2ss1wios  NOTE: 2551 tol 11

1. Enable/Disable. Disable times measure to 0.5V change on output voltage
level with CL = 5pF. Tested at CL = 50pF, correlated to 5pF.

lll. CLOCK REQUIREMENTS

1. Enable/Disable. Disable times measure to 0.5V change on output voltage
level with CL = 5pF. Tested at CL = 50pF, correlated to 5pF.

lil. CLOCK REQUIREMENTS

Com'l. | Mil. Unit Com'l.{ Mil. Unit
Minimum Clock LOW Time 18 20 ns Minimum Clock LOW Time 20 25 ns
Minimum Clock HIGH Time 17 20 ns Minimum Clock HIGH Time 20 25 ns
Minimum Clock Period 35 40 ns Minimum Clock Period 50 51 ns
2551 tbl 09 2551 tbl 12
SWITCHING WAVEFORMS
3.0v CTCTTTS T
INPUTS * © KL QL
——ts tH
CLOCK Sg\\ll N\ 1.5V
INPUT TO
OUTPUT
CLOCK TO
OUTPUT DELAY DELAY
OUTPUTS R
2551 drw 06
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IDT49C410 INPUT/OUTPUT

INTERFACE CIRCUITRY
Vee
ESD
PROTECTION ,
OH
IiH \,
OUTPUTS
INPUTS O———/\/\/\;j—Do—
< I
i + loL .

Figure 2. Input St

TEST LOAD CIRCUIT

Vee

om VIN
ulse
Generator D.U.T,
RT
Figure 4. Switching Test Ci
AC TEST CONDITIONS

ructure Figure 3. Output Structure

2551 drw 07 2561 drw 08

+ 7.0V
o0—o
Test Switch
Open Drain Closed
Disable Output from Low
Enable Output to Low
All other Outputs Open

DEFINITIONS: 25511b! 13

CL = Load capacitance: includes jig and probe capacitance
Rt = Termination resistance: should be equal to Zour of the Pulse
Generator

reuits

2551 drw 09

Input Pulse Levels

Input Rise/Fall Times

Input Timing Reference Levels
Output Reference Levels
Output Load

GND to 3.0V
1V/ns
1.5V
1.5V

See Figure 3

25511l 14
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ORDERING INFORMATION

49C410 X X X
IDT Device Type Speed Package Process/
Temperature
Range

BLANK Commercial (0°C to + 70°C)
B Military (- 55°C to + 125°C)
Compliant to MIL-STD-883, Class B

P Plastic DIP

c Sidebraze DIP

J PLCC

F Flatpack
| Blank 16-Bit Microprogram Sequencer
| A Fast 16-Bit Microprogram Sequencer
1 ascat0

2551 drw 10
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Integrated Device Technology, Inc.

16 x 16 PARALLEL CMOS
MULTIPLIER-ACCUMULATOR

IDT7210L

FEATURES: v

+ 16 x 16 parallel multiplier-accumulator with selectable
accumulation and subtraction

+ High-speed: 25ns multiply-accumulate time

« IDT7210 features selectable accumulation, subtraction,
rounding and preloading with 25-bit result

« IDT7210 is pin and functionally compatible with the TRW
TDC1010J

» Performs subtraction and double precision addition and
multiplication )

« Produced using advanced CEMOS™ high-performance
technology :

¢ TTL-compatible

+ Available in plastic and topbraze DIP, PLCC, Flatpack
and Pin Grid Array

+ Military product compliant to MIL-STD-883, Class B

« Standard Military Drawing #5962-88733 is listed on this
function

DESCRIPTION:

The IDT7210is ahigh-speed, low-power 16 x 16-bit parallel
multiplier-accumulatorthat is ideally suited for real-time digital
signal processing applications. Fabricated using CEMOS
silicon gate technology, this device offers a very low-power
alternative to existing bipolar and NMOS counterparts, with
only 1/7 to 1/10 the power dissipation and exceptiona! speed
(25ns maximum) performance.

A pinandfunctional replacement for TRW's TDC1010J the
1DT7210operatesfromasingle 5 volt supply and is compatible
withstandard TTL logiclevels. The architecture ofthe IDT7210
is fairly straightforward, featuring individual input and output
registers with clocked D-type flip-flop, a preload capability
which enables input data to be preloaded into the output
registers, individual three-state output ports for the Extended
Product (XTP) and Most Significant Product (MSP) and a
Least Significant Product output (LSP) which is multiplexed
with the Y input.

The XIN and YIN data input registers may be specified
through the use of the Two’s Complement input (TC) as either
atwo’s complement or an unsigned magnitude, yielding a full-
precision 32-bit result that may be accumulated to a full 35-bit
result. The three output registers — Extended Product (XTP),
Most Most Significant Product (MSP) and Least Significant
Product (LSP) — are controlled by the respective TSX, TSM
and TSLinput lines. The LSP output can be routed through YIN
ports.

FUNCTIONAL BLOCK DIAGRAM

XIN ACC, SUB, YiN
CLKX (X15-X0) RND, TC CLKY  (Y15-Yo'P15-Po)
1 416 A tw
hd | 1
CONTROL
REGISTER REGISTER REGISTER
L 1
1 L
MULTIPLIER ARRAY
" A2 + TSL—\ %
- ACCUMULATOR < PREL
36 ’hs
CLKP XTP REGISTER | MSP REGISTER | LSP REGISTER
TSX TSM *
3
XTPout MSPout
(Pa4-P32) (P31-P16)
2577 drw 01
CEMOS is atrademark of Integrated Device Technology, Inc. IDT7210
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
DSC-2018/2

©1990 Integrated Device Technology, Inc.
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IDT7210L
16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Continued)

The Accumulate input (ACC) enables the device to perform
either a multiply or a multiply-accumulate function. In the
multiply-accumulate mode, output data can be added to or
subtracted from subsequent results. When the Subtraction
(SUB) input is active simultaneously with an active ACC, a
subtraction can be performed. The double precision
accumulated resultis rounded down to either a single precision
or single precision plus 3-bit extended result. In the multiply

mode, the Extended Product output (XTP) is sign extended in
the two’s complement mode or set to zero in the unsigned
mode. The Round (RND) control rounds up the Most Significant
Product (MSP) and the 3-bit Extended Product (XTP) outputs.
When Preload input (PREL) is active, all the output buffers are
forced into a high-impedance state (see Preload truth table)
and external data can be loaded into the output register by

using the TSX, TSL and TSM signals as input controls.

PIN CONFIGURATIONS
eraoze
TS S oo s8It
Xs ]2 63 1 Xs Sy $E GG idadana
§; E i 212 g %?0 6059 58 5756 5554 53 5251 504948 47 46 4544
§f E S gg g %:; P1, Y1 61 43 P17
07 58 (3 X13 Po, Yo 62 42 Pig
Po, Yo s 57 [ X14 Xo 63 41 P19
P, Y1 (39 56 [ X1s X164 40 P20
P2 Y2 j10 55 3 TSL X265 39 P21
P3 Y3 11 54 .9 RND §866 38 P22
P4 Y4 12 53 5 SUB 467 37 P23
Ps Ys 313 52 5 ACC Xs 68 35 Pos
Il;a M= 51 3 CLKX X P
7, Y7 115 4 50 [ CLKY
GND 16 P84T 49 5 Vee Xe 3 % P27
PaYs (17 & 48M/TC X9 4 32 Pzs
Pa Yo (418 C64-2 47 [ TSX X10 5 31 P2o
P10, Y10 19 46 7 PREL X118 30 Pao
P11, Y11 /20 45 5 TsM X12 7 29 P31
P12 Yi2 21 44 3 CLKP X13 8 28 P32
P13 Y13 (22 43 [ Pas X14 9 27 Pa3
P14, Y14 23 42 [ Pas
P1s, ;:: — gg 13 ] ng 1011121314 1516171819 20212223242526  p577gmo0
Pi7 28 39 (5 Pao 22293 8888 OB HFLE
Pis 27 38 5 P29 XPEIQXGSS>S R R Se
Pis (] 28 .37 3 P2s o ; o’ ©
8 2o
21 [ 1 P26
;22 = g; gg Ezs TOP VIEW
23 ] 24 SoNpY e
SR T REE, 28> FF
DIP 2577 drw 02 &&&n:c‘fd_"d‘% S8 &S da &
TOP VIEW A000AAA84000A0 0T
Po, Y 1 48— P16
Xg 52 473 P17
X1 =3 46 Pis
X2 —a 455 P19
X5 443 P2o
X4 =6 433 P21
¢ E; =
8 3
X7 59 F64-1 403 P24
2 =10 395 ll:zs
11 38 26
§:? c12 373 par
Xi2 E:i ggg Eng
X13 =15 345 P30
X14 =16 33— Pat
UuULUUUULDUUUUUUL  2577dw04
w10 @My >.80><_J§m oo
SR,
FLATPACK
TOP VIEW
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IDT7210L

16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR

MIUTARY AND COMMERCIAL TEMPERATURE RANGES

11 NC | X15 | RND| ACC|CLKY| TC |[PREL|CLKP| P33
10 X13 | X14 | TSL | SUB|CLKx| Vcc | TSX | TSM| P3sa | paa | NC
09 X1 | X2 P30 | P31
08 Xa | X0 P2g | P29
07 X7 Xs P2s | P27
06 Xs X6 G68-2 P24 | P2s
05 X3 | X4 P2 | P2
04 X1 | X2 P20 | P21
Yo,
03 Po Xo P18 | P19
Y1, | Ya ] Ys, | Y7 | Ys, | Y10, | Y12, | Y14,
02 NG P1 P3 Ps Pz | Ps | P10 | P12 | P14 Pis | P17
Y2, | Y4, | Ve Yo, | Y11, | Y13, | Y15
01 ' : . ’ . '
/. P2 | Ps | Ps GND Po | P11 [ P13 | P15 NC
Pin 1
Designator A B [o] D E F G H J K L
2577 drw 05
PGA
TOP VIEW
ABSOLUTE MAXIMUM RATINGS(" CAPACITANCE (TA = +25°C, t = 1.0MHz)
Symbol Rating Commercial Military | Unit Symbol Parameter(!) Conditions | Max. | Unit
Vee Power Supply -05t0+7.0 | -05t0+7.0 | V CIN Input Capacitance VIN =0V 10 | pF
Voltage i Coutr  |Output Capacitance Vour = 0V 12 | pF
VTERM | Terminal Voltage -05t0 -05to v NOTE: RS
g[t\lhDRespect to Vee +0.5V | Vee +0.5V 1. This parameter is measured at characterization and not 100%tested.
TA Operating 0to +70 -55t0 4125 | °C
Temperature
TBias Temperature -55to +125 | -65t0 +135 | °C
Under Bias
TsTG Storage -55t0 +125 | -65t0 +150 | °C
Temperature
lout DC Output 50 50 mA
Current
NOTE: 2577 101

1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is notimplied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.
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IDT7210L

16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
(Commercial: VCC = 5.0V = 10%, TA = 0°C to +70°C; Military: Vcc=5V + 10%, TA = -55°C TO +125°C)

Commercial Military
Symbol Parameter Test Conditions Min. [Typ("| Max. | Min. |Typ"| Max. [ Unit
ViH Input High Voltage 2.0 — — 20 — — \
ViL Input Low Voltage —_ — 0.8 —_ — 0.8 \'
[LIN]] Input Leakage Current vee = Max., VIN= 0V to vce — — 10 -_ — 10 pRA
|lLo| Output Leakage Current Hi Z, vcc = Max., — — 10 — — 10 RA
Vour = 0 to Vcc
icc® | Operating Power Supply Current | Outputs Open Measured at — 45 90 — 45 110 | mA
10MHZ?
lccat Quiescent Power Supply Current | VIN 2 ViH, VIN < VIL — 20 50 —_ 20 50 mA
lccaz | Quiescent Power Supply Current | VIN 2 Vcc—0.2V, V IN< 0.2V — 4 10 — 4 12 mA
iccA23)f Increase in Power Supply Vce = Max., f > 10 MHz — — 6 — — 8 mA/
Current/MHz MHz
VoH Output HIGH Voltage Vee = Min,, IoH = -2.0mA 2.4 — — 24 — — v
VoL | Output LOW Voltage vce = Min,, loL = 4mA — — 0.4 — — 0.4 v
los Qutput Short Circuit Current Vce = Max., VoGND -20 — — -20 — — mA
NOTES: 25771103

1. Typical implies Vcc = 5V and TA = +25°C.
2. lccis measured at 10MHz and VIN = 0 to 3V. For frequencies greater than 10MHz, the following equation is used for the commercial range:
lcc = 90+ 6(f ~10)mA, where f = operating frequency in MHz. For the military range, lcc = 110 + 8(f —10). f = operating frequency in MHz, f = 1/tmMA.

3.
4

For frequencies greater than 10MHz, guaranteed by design, not production tested.
. loL = 8mA for tMa = 20ns to 55ns.

AC ELECTRICAL CHARACTERISTICS COMMERCIAL (Vcc = 5V + 10%, Ta = 0° to +70°C)

7210L25 | 7210L35 | 7210L45 | 7210L55 | 7210L65
Symbol Parameter Min. | Max.] Min. | Max.| Min. | Max.| Min. | Max.| Min. | Max.| Unit
tMA Multiply-Accumulate Time - |25 - |3 | - |4 | -5 - |65] ns
tD Output Delay -l20 | - {25 | - |[25| - |3 }| - |85 ns
1ENA 3-State Enable Time - 120 -125 - | 25 - | 30 - | 30 ns
toIs 3-State Disable Time(!) -J20) - ]25] - {25 - |3 | - [3 | ns
ts Input Register Set-up Time 12| -112( -[|15] - {20 - |25 | - ns
tH Input Register Hold Time 3 - 3 - 3 - 3 - 3 - ns
tPw Clock Pulse Width ol - |10} ~-]15| -2 -]25]| - ns
NOTES: 257710104
1. Transition is measured +500mV from steady state voltage.
AC ELECTRICAL CHARACTERISTICS MILITARY (Vcc =5V + 10%, Ta = —55° to +125°C)
7210L30 | 7210L40 | 7210L55 | 7210L65 | 7210L75 :
Symbol Parameter Min. | Max.| Min. | Max.| Min. | Max.| Min. | Max.| Min. [ Max.| Unit
tMA Multiply-Accumulate Time - | 30 - | 40 - | 55 - | 65 - |75 ns
o Output Delay - ]2} -]|]25| - ]3| - ]3| - ]3] ns
tENA 3-State Enable Time - |20 - |25 - | 30 - | 30 - {35 ns
tois 3-State Disable Time(?) - l20 -}25 - [3 (| -[3 | - ]3| ns
ts Input Register Set-up Time 12| -]15]| -|20f - |25 | - |25 | - ns
tH Input Register Hold Time 3 - 3 - 3 - 3 - 3 - ns
tPw Clock Pulse Width 10| ~-[15] -|20| - |25 | -~ {25} - ns
NOTES: 2577 bl 05
1. Transition is measured +500mV from steady state voltage.
5.5 4



IDT7210L
16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SIGNAL DESCRIPTION

INPUTS
XIN {X15 through Xo) — Multiplicand Data Inputs
YN (Y15 through Yo) — Multiplier Data Inputs.

INPUT CLOCKS
CLKX, CLKY — Input data is loaded on the rising edge of
these clocks.

CONTROLS

ACC (Accumulate) — When ACC is high, the contents of
the XTP, MSP and LSP registers are added to or subtracted
from the multiplier output. When ACC is low, the device acts
as a simple multiplier with no accumulation being performed
and the next product generated will be stored directly into the
output registers. The ACC signal is loaded on the rising edge
of the CLKX or CLKY and must be valid for the duration of the
data input.

SUB (Subtract) — When the ACC and SUB signals are
both high, the contents of the output register are subtracted
from the next product generated and the difference is stored
back into the output registers at the rising edge of the next
CLKP.When ACC is high and SUB is low, an addition instead
of a subtraction is performed. Like the ACC signal, the SUB
signal is loaded into the SUB register at the rising edge of
either CLKX or CLKY and must be valid over the same period
as the input data is valid. When the ACC is low, SUB acts as
a "don't care” input.

TC (Two’s Complement) — When the TC control is high,
it makes both the X and Y input two’s complement inputs.
When the TC control is low, it makes both inputs, X and Y,
unsigned magnitude inputs.

RND (Round)—A high level at this input adds a “1” to the
most significant bit of the LSP to round up the XTP and MSP
data. RND, like ACC and SUB, is loaded on the rising edge of
either CLKX or CLKY and must be valid for the duration of the
input data.

PREL (Preload) — When the PREL input is high, the
output is driven to a high impedance state. When the TSX,
TSL and TSM inputs are also high, the contents of the output
register can be presetto the preload data applied to the output
pins at the rising edge of CLKP. The PREL, TSM, TSL and
TSX inputs must be valid over the same period that the
preload input is valid.

Yin/LSP Output — Shares functions between 16-bit data
input (YIN) and the least significant product output (LSP).

TSX, TSL, TSM (Three-State Output Controls) — The
XTP, MSP and LSP registers are controlled by direct
non-registered control signals. These output drivers are at
high impedance (disabled) when control signals TSX, TSM
and TSL are high and are enabled when TSX, TSM and TSL
are low.

OUTPUT CLOCK
CLKP — Output data is loaded into the output register on
the rising edge of this clock.

OUTPUTS ,
XTP (Paa — P32) — Extended Product Output (3-bits)

MSP (P31 - P1s) — Most Significant Product

LSP (P15s— Po) — Least Significant Product shared with YiN
input .

NOTES ON TWO’S COMPLEMENT FORMATS

1. In two’s complement notation, the location of the binary
point that signifies the separation of the fractional and
integer fields is just after the sign, betweenthe sign bit (-2°%)
and the next significant bit for the multiplier inputs. This
same formatis carried overto the output format, except that
the extended significance of the integer field is provided to
extend the utility of the accumulator. In the case of the
output notation, the output binary point is located between
the 2° and 2" bit positions. The location of the binary point
is arbitrary, as long as there is consistency with both the
input and output formats. The number field can be consid-
ered entirely integer with the binary point just to the right of
the least significant bit for the input, product and the
accumulated sum.

. When in the non-accumulating mode, the first four bits
(P** to P®') will all indicate the sign of the product.
Additionally, the P*° termwill also indicate the signwithone
exception, when multiplying—1x-1. Withthe additional bits
that are available in this multiplier, the —1 x —1 is a valid
operation that yields a +1 product.

. In operations that require the accumulation of single prod-
ucts or sum of products, there is no change in format. To
allow for a valid summation beyond that available for a
single multiplication product, three additional significant
bits (guard bits) are provided. This is the same as if the
product was accumulated off-chip in a separate 35-bit wide
adder. Taking the sign at the most significant bit position will
guarantee that the largest number field will be used. When
the accumulated sum only occupies the right hand portion
of the accumulator, the signwill be extended into the lesser
significant bit positions.
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IDT7210L :
16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TEST CONDITIONS PRELOAD TRUTH TABLE
Input Pulse Levels GND to 3.0V PREL | TSX TSM TSL XTP MSP LSP
Input Rise/Fall Times Sns 0 0 0 0 Q Q Q
Input Timing Reference Levels 1.5V 0 0 0 1 Q Q HiZ
Output Reference Levels " 1.5V 0 [¢] 1 0 Q HiZ Q
Output Load See Figure 1 0 0 1 1 Q HiZ HiZ
257716106 0 1 0 0 HiZ Q Q
0 1 0 1 HiZ Q HiZ
0 1 1 0 HiZ HiZ Q
0 1 1 1 HiZ HiZ HiZ
1 0 0 0 HiZ HiZ HiZ
1 0 0 1 HiZ HiZ PL
1 0 1 0 HiZ PL HiZ
1 0 1 1 HiZ PL PL
1 1 0 0 PL HiZ HiZ
1 1 0 1 PL HiZ PL
1 1 1 0 PL PL HiZ
1 1 1 1 PL PL PL

NOTES: : 2577 11 08
Hi Z = Output buffers at high impedance (output disabled)
Q = Outputbuffers atlow impedance. Contents of output register will be
transferred to output pins.
PL = Output buffers at high impedance or output disabled. Preload data
supplied externally at output pins will be loaded into the output reg-
ister at the rising edge of CLKP.




IDT7210L

16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR MILITARY AND COMMERCIAL TEMPERATURE RANGES

Ve SWITCH POSITION
T Test Switch
Vi Open Drain
Pulse N Disable Low Closed
Gonarator | D.UT. Enable Low
All Other Outputs Open
RT DEFINITIONS: 2577108
CL = Load capacitance: includes jig and probe capacitance.

RT = Termination resistance: should be equal to Zour of the Pulse
Generator,

Figure 1. AC Test Load Circult

ESD
PROTECTION
o
IH —»

QOUTPUTS
INPUTS 0——'\/\r——<~—D¢>—
h <« R (‘
= loL

Figure 2. Input Interface Circuit Figure 3. Output interface Circult
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BINARY POINT
]
X15 | X14 | X13[X12 [X11 [X10|X9 {X8 {X7 | X6 [X5 [X4 [X2 |X2 [X1 {Xo | SIGNAL
o0 ot |22 |23 {4 |25 |28 | o7 | 28 | 279 | 10| o11| 12| 513 o1 515 ej\(f.llEE
Yis|Yta{Ys3|Y12|Y11|Yio|Ye |Y8 |Y7 {Ye |Y5 |Y4 [¥Y3 |Y2 |Y1 |Yo | SIGNAL
X
o0 | |22 |73 [ o4 |25 |28 277 278 [ 278 | o-10] o1 | 212 5-13] o-14f 015 \[l’ﬁlJE
P34 P33 |P32(P31|P30|P29|P2s|P27|P2s|P2s|P24|P23|P22|{P21|P20|P19|P18|P17 P16 |P15s{P14[P13|P12|(P11|P10|P9 [P8s [P7 |P6s |P5 |P4 [P3 {P2 |P1 [Po | SIGNAL
24128 122 {2t [20 |2t {22 |23 |24 {275 |28 |27 |28 | 278 | 2710| o-11| 212[ 5713| o=14] 5715| 18| 5=17| o18] 519 20| 521 | 5-22| 5-23| 524 5-25| 26| 5-27| 28| 5-29] 530 \eﬁ'LTJE
XTP MSP LSp
2577drw 10
Figure 4. Franctional Two’s Complement Notation.
BINARY POINT
®
X15 [ X14{X13 | X12|X11|X10[X9 |X8 [X7 |X6 [X5 [X4 [X3 |X2 |X1 [Xo | SIGNAL
ot |22 (o3 o | 5 | 08 |27 | 8|09 | 10| 11] 12| 13 ot 15 | -6 \[;E;LILTJE
Y15|Y14|Y13|Y12]Y11|Y10|Y9o |Ys |Y7 |Ye [YS |Y4 [Y3 [Y2 |Y1 [Yo | SIGNAL
X
ot |22 |23 [ |25 [ 26 |27 | 8|20 | 210] 11| 52| 13| po14| o8| 16 \D/;IxGLllEE
P34 | P33 |P32|Pat |Pao| P29 |P2s| P27 |P2s (P25 | P24 |P2a3|P2z| P21 |P2o[P19[P18 | P17 P16 |P15|P1a|P13|P12|P11|P10|Ps |P8 [P7 [Pe [P5 {P4 |P3 [P2 [P1 [Po | SIGNAL
22 21 20 2—1 2—2 2—3 2—4 2-5 2—6 2—7 2-6 2—9 2—10 2—11 2—|2 2—13 2—1‘ 2-15 2—16 2—17 2—18 2-19 2-20 2—21 2-22 2—23 2—24 2-25 2—26 2—27 2—28 2—29 2—30 2—31 2—32 \[/)}\GLEE
XTP MSP LSP
2577 drw 11

Figure 5. Fractional Unsigned Magnitude Notation
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BINARY POINT
®
X15 | X14 | X13 | X912 | X11 | X10 | X9 |Xs |X7 [Xe |X5 | X4 [X3 |X2 |X1 |[Xo | SIGNAL
DIGIT
215|214 | 213 | 212 | o1 | 210 | 29 [28 [27 |28 |25 |2¢ |2 |22 |2' |2° | vaALuE
Yis|Yi4|Y13tYs2| Y11 {Yio|Yo |Ys [Y7 [Ye |Y5 {Y4 [Y3 |Y2 |Y1 |Yo | SIGNAL
X
_o15[ 214 [ 213 [ 512 [ 211 [ 510 | 59 108 157 108 |55 |ob 153 [02 | o1 |00 \E;IA?_EE
P34 |P33|P32|Pat [P30| P29 | P28 | P27 | P26 |P2s| P24 | P23 P22 | P21 |P20 | P19 |P1s| P17 |P1s|P15|P1a| P13 P12{P11|P10|P9 |Ps [P7 |Ps |Ps |P4 [P3 |[P2 |P1 |Po | SIGNAL
DIGIT
2% 233 | 2% | 31 | %0 | 529 | 528 | 27 | 526 [ 025 | 24 [ 523 {522 | 521 | 520 [ 19 f H18 (17 516 | 515 | p14 | 513 | p12 | 511 | 510 [ 59 [ 98 |57 158 25 o8 [33 |2 (o1 50 | gatie
XTP MSP Lsp
2577drw 12
_ Figure 6. Integer Two’s Complement Notation
BINARY POINT
®
X15 | X14 [ X13 | X12] X11 [ X10[ X9 |X8 [X7 | X6 |Xs |X4 |X3 [X2 {X1 [Xo | SIGNAL
DIGIT
25| 214 | 213 | 212 911 ] 210 (29 |28 27 |28 |25 |24 |23 |22 [2' |2° | vatue
Yis|Y14|Y1a|Y12[Y11|Yro[Yo [Y8 [Y7 [Ye [Ys [Ya {¥Y3 [Y2 |Y1 |[Yo | SIGNAL
X
15 | 014 [ 013 | 212 | 211 1 210 | 29 |28 |27 |28 |25 |28 [23 |22 [ot |0 | DIGIT
2|2 |2F | 2e1 2t 1291 2% [2° |2 2> | 2% j2% |2¢ 12! |2 VALUE
P34 |Pa3|Pa2| P31 | P30 | P29 | P28 | P27 | P26 | P2s | P24 | P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 | P1s | P14 | P13 | P12] P11 {P10|Ps |Ps [P7 |Ps [Ps |P4 |[P3 |P2 |P1 |Po | SIGNAL
DIGIT
23| 03| 932 | 931 | 90| 929 [ 528 | 527 | 526 [ 525 | p28 | 523 | 522 | 521 | 20| 219 | 218 | 217 | 916 | 515 | 914 | 213 | 212 | 11 | 210 | 29 |28 |7 |28 |25 2% {22 {22 |2 |20 | valuE
XTP MSP LSP
2577drw 13

Figure 7. Integer Unsigned Magnitude Notation
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IDT7210L
16 x 16 PARALLEL CMOS MULTIPLIER-ACCUMULATOR

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT _ XXXX A 999 A

X

Device Type Power Speed  Package

Process/
Temperature
Range

| Blank Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP
Topbraze DIP

Flatpack

P
C
J Plastic Leaded Chip Carrier
F
G Pin Grid Array

Com'l. Mil.

Speed in Nanoseconds

{ L Low Power

{7210 16 x 16 Parallel
2577dw 14
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AN 16 x 16 PARALLEL IDT7216L
) ' CMOS MULTIPLIERS IDT7217L
Integrated Device Technology, Inc.
FEATURES DESCRIPTION:

16 x 16 parallel multiplier with double precision product
20ns clocked multiply time

Low power consumption: 120mA

Produced with advanced submicron CEMOS™ high
performance technology

IDT7216L is pin- and functionally-compatilble with TRW
MPY016H/K and AMD Am29516

IDT7217L requires only single clock with register en-
ables making it pin- and functionally-compatible with
AMD Am29517

Configured for easy array expansion

User-controlled option for transparent output register
mode

Round contro! for rounding the MSP

Input and output directly TTL-compatible

Three-state output

Available in plastic and Top Braze, DIP, PLCC, Flatpack
and Pin Grid Array

Military product compliant to MIL-STD-883, Class B
Standard Military Drawing # 5962-86873 is listed on this
function for iDT7216 and Standard Military Drawing
#5962-87686 is listed for this function for IDT7217.

The IDT7216/IDT7217 are high-speed, low-power
16 x 16-bit muitipliers ideal for fast, real time digital signal
processing applications. Utilization of a modified Booths
algorithm and IDT’s high-performance, submicron CEMOS
technology, has achieved speeds comparable to bipolar (20ns
max.), at 1/10 the power consumption.

The IDT7216/IDT7217 are ideal for applications requiring
high-speed multiplication such as fast Fourier transform
analysis, digital filtering, graphic display systems, speed
synthesis and recognition and in any system requirement
where multiplication speeds of a mini/microcomputer are
inadequate.

All input registers, as well as LSP and MSP output regis-
ters, use the same positive edge-triggered D-type flip-flop. In
the IDT7216, there are independent clocks (CLKX, CLKY,
CLKM, CLKL) associated with each of these registers. The
IDT7217 has only a single clock input (CLK) and three register
enables. ENX and ENY control the two input registers, while
ENP controls the entire product.

The IDT7216/IDT7217 offer additionalflexibility withthe FA
control and MSPSEL functions. The FA control formats the
output for two’s complement by shifting the MSP up one bit
and then repeating the sign bit in the MSB of the LSP. The

FUNCTIONAL BLOCK DIAGRAMS

IDT7216
XM X150  RND Y™ Y15-glP15-o

1
16 )
REGISTER REGISTER REGISTER

{ |
ou/

CLKY
CLKX

— >

MULTIPLIER
ARRAY
FA FORMAT ADJUST
Fl————— REGISTE—[REGISTER
CLKMe—0 80— T 416 l pa3
CLKL
MSPSEL MULTIPLEXER

OEP

IDT7217
XM Xis0  RND Y™ Y15€/P154)
16 ! ,
REGISTER REGISTER REGISTER
CLKY | [ ]
A N
ENY
MULTIPLIER
ARRAY
1
FA FORMAT ADJUST
FT HtGlSTERlREG\STER
T XS] T 1%
ENP
MSPSEL MULTIPLEXER
OEP

PRODUCT PRODUCT
MSPoUT (P31 - P1g)  2580dmw o1 MSPouT (P31 - P1g) 2580dw 02
CEMOS is atr. of Device Tt , Inc,
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
©1990 Integrated Device Technology, Inc. 5.6 DSC-2023/1
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IDT7216L, IDT7217L

16 x 16 PARALLEL CMOS MULTIPLIERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DESCRIPTION (Cont'd.)

MSPSEL low selects the MSP to be available at the product
output port, while a high selects the LSP to be available.
Keeping this pin low will ensure compatibility with the TRW

MPYO016H.
PIN CONFIGURATIONS
IDT7216
Xa 1 64 (1 Xs
X3 2 63 [ Xe
X2 3 62 X7
X1 4 61 X8
Xo =} 5 60 (1 Xo
OEL 6 59 X10
gb(lglr 7 58 X11
8 57 X12
Pag, Yo 9 56 X13
P1, Y1 10 55 X14
P2 Y2 (] 11 54 /1 Xi1s
Pa Ya ] 12 53 (3 CLKX
P4, Ya 13 . 52 RND
YRSl L, bR
6 Y6 M
PrY? 16 P641 49 B vee
PaYs(—J17 & 483 Vce
Ps Yo =118 C64-1 47 (5 GND
P10, Y10 19 46 GND
P11, Y11 20 45 MSPSEL
P12, Y12 21 4 0 FT
P13, Y13 ] 22 43 [JFA
P14, Y14 23 42 OEP
P15, Y15 (= 24 41 (3 CLKM
Pa, P16 25 40 P1s, P31
P1, P17 26 - 39 P14, P3o
P2, P18 27 38 P13, P29
P3 P19 28 37 P12, P2s
P4, P20 29 36 P11, P27
Ps, P21 30 35 (3 P10, P26
Pg, P22 31 34 Ps, P25
P7, P23 32 33 Ps, P24
2580 drw 03
64-PIN DIP
TOP VIEW

The IDT7216/IDT7217 multipliers are manufactured in
compliance with the latest revision of MIL-STD-883, Class B,
making them ideally suited to applications demanding the
highest level of performance and reliability.

IDT7217
X4 11 64 Xs
X3[]2 63 X6
X213 62 X7
X1[]4 61 Xs
Xo 5 60 [ X9
OEL 6 59 £ X10
CLK 7 58 33 Xn1
ENY ] 8 57 (3 X2
Bo' Yo ]9 56 [ X13
Y1 410 55 [ X14
P2, Y2 ] 11 54 X15
P3 Y3 [ 12 53 8§ ENX
P4, Y4 T4 13 52 /1 BND
Ps, Ys ] 14 51 B3 Xm
Ps, Y6 ] 15 P64-1 50 3 Ym
Pz, Y7 []16 49 [ Vece
PsYs[J17 & 48] Vce
P Yo 18 C64-1 47 GND
P10, Y10 . 19 46 GND
P11, Y11 . 20 45 E MSPSEL
P12, Y12 [ 21 44 FT
P13 Y13 (] 22 43 % FA
P14, Y14 ] 23 42 OEP
P1s, Y1s (< 24 41 3 ENP
Po P16 [ 25 40 [ P15, Pas
P1, P17 £ 26 39 B3 P14, P30
P2, P18 [ 27 38 [ P13, P29
P3 P1s ] 28 37 [ P12, P2s
P4, P20 ] 29 36 [ Py, P27
Ps P21 [ 30 35 [ P10, P2s
Ps, P22 ] 31 34 [ Pq P2s
P7, P23 . 32 33 [ Pg P24
2580 drw 04
64-PIN DIP
TOP VIEW
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IDT7216L, IDT7217L .
16 x 16 PARALLEL CMOS MULTIPLIERS : MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS (Cont’d.)

! ' IDT7216/IDT7217
11 NC | X13 | X15 [RND| Ym | Vcc |GND| FT | OEP
CLKX CLKM
10 | %1 { Xi2 | x1a {5 | ¥m | vec |GND|MSP- Fa | "o | NG
ENX* SEL ENP*
) Pao, | P31,
09 Xe | Xio Pia | P1s
P2s, | P29
08 X " '
7| X8 P12 | P13
P2s, | P27
07 ' '
Xs Xs Pio | P11
P24, | Pzs,
06 X3 X4 . G68-2 Ps Po
P22, | P23,
05 X1 | X2 1pe | pr
== v "1 P20, | P21,
04 | OEL} Xo ps | ps
W A | Pis. | Ps,
BNV | CLK* | P2 P3
02 NC Yo, | Y2, | Ya | Ys, | Y8 |Yi0, |Y12, | Y14, | P16, | P17,
Po | P2 | P4+ | Pe | P8 |P1o P12 |P1a | Po | Pt
o1 ° Y1, | Ys, | Ys | Y7, | Yo, |Y11, | Y13, |Yis, NC

. / P1 P3 | Ps | Pz | Pa |P11 | P13 | P15

Pin 1
 Designator A B (¢ D E F G H J K L
*Pin designation for IDT7217

PGA 2580 drw 05
TOP VIEW o
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IDT7216L, IDT7217L
16 x 16 PARALLEL CMOS MULTIPLIERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS (Cont’d.)

IDT7216 IDT7217
— =4
3 3
S lifala al Q. [ ¥aYal o,%x
X, n=z=98 w N== o
DO |=CESSEIFIRRE Elg&t 25638325223
nonnnoonnonnnn annnononnnonnnn
64636261 605958575655 545352 515049 64636261 605958575655 545352515049
P15, P31 =1 48 X12 P15, Pat =1 483 X12
P14, Po =2 473 X1 P14, P30 =2 472 X1t
P13, P2g =3 4621 X10 P13 P29 =3 463 X10
P12, P2g =4 453 X9 P12, P28 =4 453 X9
P11, P27 =5 4433 Xa P11, P27 =5 4473 Xg
P1o, P2s =6 433 X7 Pig P26 =6 439 X7
Pe, Pos =7 423 Xe g: Eii’ =7 420 ﬁ
Ps, P24 =8 4123 X5 g =8 412
Pz, P23 =9 F64-1 403 X4 P7,P23 =g F64-1 400 X4
Ps, P22 £=10 393 X3 Pes, P22 r=10; 393 X3
Ps, P21 =11 383 X2 Ps, P21 =11 380 X2
Ps, P20 =1 373 X1 Ps, P20 =1 373 X1
P3, Pia =13 363 Xo P3, P19 =13 363 Xo__
P2, P18 14 352 OFL P2, P18 =14 350 OEL
P1, P17 =15 340 CLKL P1, P17 =1s; 343 CLK
Po, P1s =16 j_:xs:: Po, P16 =16: :I_:za:: ENY
17181920 212223242526 272629303132 17181920 212223242526 272829 30313
yuuburuuluduUULL AT TRV AT TR TR
[ - ~ — ) mN -0 -
e Attt EIgEpgssssessess
v ST T IO T O ',f_‘":fs_f?_":‘g"”“"‘ '3 o~
EEEEEE ffdaddddda figaggooataadsaan
2580 drw 06 2580 drw 07
64-LEAD FLATPACK 64-LEAD FLATPACK
TOP VIEW TOP VIEW
IDT7216 > IDT7217
O8- 80 ot s N=O Ef N o o x
Z 30X XX X XX XX XX XOD0 Q IR RLRIR R2A00
60 5958 57565554 535251504948 47464544 605058 57565554 535251 504948 4745 45 44
X13 61 43 NC
X14 62 42 Po, Yo %13 - 4 NC
X1563 41 P1, Y1 14 62 42 Po, Yo
CLKX e4 w0 Pz: Ya X1563 41 Py, ¥1
Ao BRIV RRY o BaY:
XMe6 38 Pa, Ya X it Pa v
YM 67 37 Ps Ys YM 2‘; p4' Y4
vcces 36 Pg, Y ver 37 05 5
vee J68-1 3 P7 Y7 vesss 3 Ps Y6
GND 2 34 Pg Y8 ec 1 J68-1 35 P7,Y7
GND 3 33 Pg, Yo GND 2 34 Pg Y8
WMSPSEL 4 32 P1o, Y10 GND 3 33 Po Yo
FT 5 a1 P11, Y11 MSPSEL 4 32 P10, Y10
FA ¢ 30 P12 Y12 FT 5 31 P11, Y11
OEP 7 29 P13 Y13 FA 6 30 P12, Y12
CLKM g 28 gm, Y14 EP ; 298 g& m
NC o 27 P15 Y15 ENE o 27 P15, Yis

1011121314 1516 171819 20 212223 242526
10111213141516 17 181920212223 242526

S8 QRN IRV FR 2 2re0
afannogonnogaoddaz SO RRNERINASR 22 200
g fg:"gg:&mg&{gf{g g_ﬂ-_n_n.n_n.n_n.n.n.n_n.n.n_g_n_z
44 dadal e 2580 drw 08 ¥ gV Sgoiad NG S = 2580 drw 09
w figngaaonnanads
PLCC PLCC
TOP VIEW TOP VIEW
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IDT7216L,

IDT7217L

16 x 16 PARALLEL CMOS MULTIPLIERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS"

CAPACITANCE (Ta = +25°C, = 1.0 MHz)

Symbol Rating Commercial | Military | Unit| | Symbol Parameter() Conditions | Max. | Unit
Vee Power Supply -05t0+47.0 | -0.5t0+7.0 | V CiN Input Capacitance VIN =0V 10 | pF
Voltag;e Cout  |Output Capacitance Vour = 0V 12 | pF
VTERM T.etrhménal Voltt?ge Vce + .05 vce + .05 \ NOTE: 2580 0108
glN H espect to 1. This parameter is measured at characterization and not tested.
TA Operating Oto +70 -55t0 +125 | °C
Temperature
TBiAs | Temperature -55t0 +125 | -65t0 +135 | °C RECOMMENDED DC OPERATING
Under Blas CONDITIONS
TsTa Storage ~-5510 +125 | ~651t0 +155 | °C Symbol Parameter(!) Min. | Typ. | Max. | Unit
Temperature VceM | Military Supply Voltage 45 [ 50 | 55 [ V
lout DC Output 50 50 mA | [Vee Commercial Supply 45 | 50 | 55 | V
— Current Voltage
: 25801bl 01
1. Stresses greater than those listed under ABSOLUTE MAXIMUM GND Supply Voltage 0 0 0 v
RATINGS may cause permanent damage to the device. This is astress | VIH Input High Voltage 2.0 — — \
rating only and functional operation of the device at these or any other
condiions above those indicated in the operational sections of this | VIt Input Low Voltage/7216 - — |08V
specification is not implied. Exposure to absolute maximum rating | v Input Low Voltage/7217 — — 0.4 Vv
conditions for extended periods may affect reliability.
258010102
DC ELECTRICAL CHARACTERISTICS
(Commercial: Vcc = 5.0V £ 10%, TA = 0°C to +70°C; Military: Vcc= 5V + 10%, TA = -55°C to +125°C) for
Commercial clocked muitiply times of 20, 25, 35, 45, 55, 65ns or Military, 25, 30, 40, 55, 65, 75ns
Commercial Military
Symbol Parameter Test Conditions{" Min. |TypV| Max. | Min. |Typ.| Max. | Unit
VH Input High Voltage 2.0 — — 2.0 — — \
ViL Input Loow Voltage — — 0.8 — — 0.8 \
[N} Input Leakage Current vee = Max., VIN=0 to Vce - — 10 — — 20 pA
|iLo) Output Leakage Current Hi Z, vce = Max., — — 10 — — 20 pA
Vour = 0 to Vcc
Icc® | Operating Power Supply Current | Outputs Open Measured at — 40 80 — 40 100 | mA
10MHZ?)
lccat Quiescent Power Supply Current | VIN2 VIH, VINS VIL — 20 40 — 20 50 mA
lccaz | Quiescent Power Supply Current | VIN2Vcc—0.2V, VIN< 0.2V —_ 4 20 —_ 4 25 mA
lccA@3)] Increase in Power Supply vce = Max., f> 10 MHz — —_ 4 — — 6 mA/
Current MHz MHz
VoH Output HIGH Voltage vce = Min., [oH=-2.0mA 2.4 — — 2.4 —_ — \
vou® | Output LOW Voltage vee = Min., loL = 4mA — — 0.4 — — 0.4 Y
los Output Short Circuit Current Vce = Max., Vo= GND -20 — —_ -20 — — mA
NOTES: 2580 tbl 03

1. Typical implies Vcc = 5V and Ta = +25°C.

2.

lcc is measured at 10MHz and ViN = 0 to 3V. For frequencies greater than 10MHz, the following equation is used for the commercial range:

lcc = 80+ 4(f ~10)mA; for the military range, Icc = 100 + 6(f —10). f = operating frequency in MHz, f = 1/tvuc for IDT7216 and f = 1/tmc for IDT7217.

3.
4

For frequencies greater than 10MHz, guaranteed by design, not production tested.
. loL = 8mA for tue = 20 to 55ns

5.6



IDT7216L, IDT7217L

16 x 16 PARALLEL CMOS MULTIPLIERS MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Vce Input Rise/Fall Times 3ns
T Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
VIN Output Load See Figure 1
Ggwl:el?:tor ID.U.T. 2580 1 08
SWITCH POSITION
RT Test Switch
Open Drain
= = = Disable Low Closed
Enable Low
Figure 1. AC Test Load Circuit All Other Outputs Open
DEFINITIONS: 2580 tbl 09
CL = Load capacitance: includes jig and probe capacitance.
Rt = Termination resistance: should be equal to Zour of the Pulse
Generator.
Vce
ESD
PROTECTION
o
IH — OUTPUTS
INPUTS o—m—_[>°__
L« R (
= loL
Figure 2. Input Interface Circuit Figure 3. Output Interface Circuit




IDT7216L, IDT7217L
16 x 16 PARALLEL CMOS MULTIPLIERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS COMMERCIAL (vcc =5V + 10%, TA = 0° to +70°C)

7216L.20/25 72161.35/45 7216L.55/65
: 7217L20/25 7217L35/45 7217L.55/65
Symbol ) Parameter Min. Max. | Min. Max. | Min. Max. ] Unit
tMuC Unclocked Multiply Time — 30/38 — 55/65 — 75/85 | ns
tMC Clocked Multiply Time — 20/25 — 35/45 — 55/65 | ns
ts X, Y, RND Set-up Time —_ 20 —_ ns
tH X, Y, BRND Hold Time —_ 3 — ns
tPWH Clock Pulse Width High — 15 — ns
tPwL - Clock Pulse Width Low — 20 — ns
tPDSEL MSPSEL to Product Out 25 —_ 2530 | ns
troOP Output Clock to P 25 — 30 ns
tPDY Output Clock to Y 25 — 30 ns
1ENA 3-State Enable Time 25 —_ 30/35 § ns
tois 3-State Enable Time(? 22 — 25 ns
ts Clock Enable Set-up Time (IDT7217 only) — 10 — ns
tH Clock Enable Hold Time (IDT7217 only) —_ 3 - ns
tHCL Clock Low Hold Time CLKXY Relative to CLKML — 0 — ns
(IDT7216 only){13
NOTES: 258011 06

1. To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been

clocked.
2. Transition is measured £500mV from steady state voltage.
3. Guaranteed by design, not production tested.

AC ELECTRICAL CHARACTERISTICS MILITARY (Vcc = 5V + 10%, TA = =55° to +125°C)

7216L25/30 7216L40/55 7216L65/75
7217L25/30 7217L40/55 7217L65/75
Symbol Parameter Min. | Max. | Min. Max. | Min. | Max. | Unit
tMuC Unclocked Multiply Time — 38/43 — 60/75 — 85/95 | ‘ns
tMC Clocked Multiply Time — 25/30 — 40/55 — 65/75 | ns
ts X, Y, RND Set-up Time ; 15/20 — 25 — ns
tH X, Y, RND Hold Time 3 — 3 — ns
1PWH Clock Pulse Width High 15 — 15 — ns
tPwWL Clock Pulse Width Low 15 — 15 — ns
tPDSEL MSPSEL to Product Out — 25/30 — 35 ns
tPDP Output Clock to P — 25/30 — 30/35 | ns
tPDY Output Clock to Y — 25/30 — 30/35 ns
1ENA 3-State Enable Time — 25 — 35/40 | ns
tDIS 3-State Enable Time(? — 25 — 25 ns
ts Clock Enable Set-up Time (IDT7217 only) 12/15 — 15 — ns
tH Clock Enable Hold Time (IDT7217 only) 3 — 3 — ns
tHCL Clock Low Hold Time CLKXY Relative to CLKML o] —_ 0 - 0 —_ ns
(IDT7216 only)\'3
NOTES: 25801107
1. To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been

clocked.
. Transition is measured +500mV from steady state voltage.
. Guaranteed by design, not production tested.

w
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IDT7216L, IDT7217L
16x 16 PARALLEL CMOS MULTIPLIERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

|.__ tPWH __.‘ tHCL
CLKX | I
CLKY

ts — tH | ¢———tPWL —
INPUT X1, Y1,
RND '

éll_i

v tMe
CLKM )
CLKL . |
' : . b trov__,| ¢
outeut - Y XOOOOOPOOOOOOKXXXK
CLKM :
CLKL I

—tPDSEL

s TNLLLALULLANLLNTNY |

- Muc

2580 drw 13

_Flgure 4. IDT7216 Timing Diagram
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IDT7216L, IDT7217L

16 x 16 PARALLEL CMOS MULTIPLIERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

. l._ tPWH___.'
LK l——————l I

-EN_X I‘_ ts _>‘_.| tH F—_tPWL——V
W \N___| 777777777777 /7777777777
4y X | KKK
',_ 1s _,‘_.i H

= W\ | 17777777

PDY

outPuTy X XXXXXXXXXXAXXXXX XXXX

+ tPDSEL —»

worser. TURUUUUVL IR

le—tPDP—»

outPuTe X XXXXXXAXXXXKXXKXXXXX X

tmMuc

Figure 5. IDT7217 Timing Diagram
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IDT7216L, IDT7217L
16 x 16 PARALLEL CMOS MULTIPLIERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SIGNAL DESCRIPTION:
INPUTS:

XIN (X15 through Xo)
Sixteen multiplicand data inputs

YIN (Y15 through Yo0)
Sixteen multiplier data inputs. (This is also an output port
for P15-0)

INPUT CLOCKS (IDT7216 ONLY)

CLKX

The rising edge of this clock loads the X15-0 data input
register along with the X mode and round registers.
CLKY

The rising edge of this clock loads the Y15-0 data input
register along with the Y mode and round registers.
CLKM

The rising edge of this clock loads the Most Significant
Product (MSP) register.
CLKL

The rising edge of this clock loads the Least Significant
Product (LSP) register.

INPUT CLOCKS (IDT7217 ONLY)

CLK

The rising edge of this clock loads all registers.
ENX

Register enable for the X15-0 data input register along with
the X mode and round registers.
ENY

Register enable for the Y15-0 data input register along with
the Y mode and round registers.

ENP
Register enable for the Most Significant Product (MSP)
and Least Significant Product (LSP).

CONTROLS

XM, YM (TCX, TCY)")

Mode control inputs for each data word. A LOW input des-
ignates unsigned data input and a HIGH input designates
two's complement.

FA (RS)V

Whenthe format adjust controlis HIGH, a full 32-bit product
is selected. When this control is LOW, a left-shifted 31-bit
product is selected with the sign bit replicated in the Least
Significant Product (LSP). This control is normally HIGH
except for certain fractional two’s complement applications
(see Multiplier Input/Output Formats).

FT

When this control is HIGH, both the Most Significant
Product (MSP) and Least Significant Product (LSP) registers
are transparent.

OEL
Three-state enable for routing LSP through YIN/LSPout
port.

OEP
Three-state enable for the product output port.

RND

Round control for the rounding of the Most Significant
Product (MSP). When this control is HIGH, a one is added to
the Most Significant Bit (MSB) of the Least Significant Product
(LSP). Note that this bit depends on the state of the format
adjust (FA) control. If FAisLOWwhen RND is HIGH, a one will
be added to the 27'® bit (P14). If FA is HIGH when RND is
HIGH, a one will be added to the 27 bit (P15). In either case,
the LSP output will reflect this addition when RND is HIGH.
Note also that rounding always occurs in the positive direction
which may introduce a systematic bias. The RND input is
registered and clocked in at the rising edge of the logical OR
of both CLKX and CLKY.

MSPSEL

When the MSPSEL is LOW, the Most Signiticant Product
(MSP) is selected. When HIGH, the Least Significant Product
(LSP) is available at the product output port.

OUTPUTS

MSP (P31 through P1s)
Most Significant Product output.

LSP (P15 through Po)
Least Significant Product output.

Y15-0 /LSPOUT (Y15 through Yo or P15 through Po)
Least Significant Product (LSP) output available when
OEL is LOW. This is also an output port for Y15-0.

5.6
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33

BINARY POINT
X1s [X14 |X13 |Xs2 P&t Ixio [Xo fXs | X7 [Xs |Xs |Xs [Xa }Xe |x1 |x0 | SIGNAL
Lt |2 et 28] 2 27| 20 | 2° 2| 2" |2 22 2|2 ™| DIGITAL VALUE
w [ v fve [y [V [vio |¥o [ve [Y7 Yo |vs [ve fvs [Y2 ]y Yo SIGNAL
Ll |t |22t |27 |20 | 2% o0 2" |22 24| 2| DIGITAL VALUE
. |P2 |Po|P2|Pzs |Par |P2s | Pas | Pos [ P2 | Pz [ Pat | Poo Pio |Pis [Py [Pis |P1s [Pia |Pra [Pz [P [P0 |Ps |Ps | pr [ Ps | Ps [ pe [ P2 | P2 fP1 | o | SIGNAL
= Ll |22 22528 [ 22| 22 o] o1 |orelo 2| 21| 205] -2 {8 [ o 2o | o] 22| 22| 2 22| 52 b2 | 52 22 b2 foee | 2| DIGITAL VALUE
MSP LSP [FA=0{
_ |Pat |Px | P2o|Pas §P2r [Pos | Pas | P2a | P2s |P2z [Pt [P2o |P19 |P1a P17 |Pis | P15 |P1a | Pas |Piz [P11 [Pro [Pg | Ps R P7 JPs | Ps | P4 JPa | P2 §P1 | Po SIGNAL
_2| B Eal P Pal Pl Bl Pad Bl Pl Bad Paid Pall PRl 7Rt Pall PRt PRl PR Pt 2—19 > 2—21 2-22 o2 2—24 2—25 2—26 P ?—28 o2 | | DIGITAL VALUE
MSP LsP [FA=1]
Figure 6. Fractional Two’s Complement Notation 2580 drw 16
BINARY POINT
[
15 |X14 | X3 [Xy2 IX11 PXio IXe | Xe X7 IXe [Xs [Xe |Xs IX2 | X [Xo | SIGNAL
2—1 2—2 2\’! 2—4 2—5 2—6 27 2—8 2-9 2-10 z“l 2—12 2—13 2—14 2-15 2—16 D]GlTALVALUE
X Y15 |Y1a [Y13 [yiz [yis V1o |ye | Ys Y7 ]Ye bYs |Ya|Ya]ya]y:]|Yo| SIGNAL
2 o2 |20 [ 25 o |27 [0 [0 e b 2 e e [20s |29 DIGITAL VALUE
P31 | Pao | P2 |P2s | P27 | P26 [ Pos | P24 | P23 | P22 IP21 [ P20 | Pyg |P18 {P17 JP16 | P1s |P1a |P1a | P12l Pyt |P1o} Ps |Ps {P7 | Ps | Ps {Ps | P2 |P2 | P1 |Po SIGNAL
_2.1 2-2 2-3 ad Vsl 2-5 o7 58 [0 10 |11 (12|13 | 514 2-15 2—16 2-17 18 {219 [o-20 [ 521 2-22 o3 2-24 725 2—26 2—27 b-28 2—29 240 >3t |32 DIGITAL VALUE
= s [FA=T]
MANDATORY
Figure 7. Fractional Unsigned Magnitude Notation 2530 caowt?

SHINGILTNWN SOND 1371IVUVd 91 X 9L

SIONVH FHNLVYHIdWIL TVIOHIWWOD ANV AHVLMIN

2124101 19122101



9's

4}

BINARY POINT
[ ]
Xis X140 Ixra [Xi2 Pt [0 [ e Ixe 17 Ixe IXs Ixe [Xs |Xe |x: |Xo | SIGNAL
PR PR Y RO ) " (TWO'S COMPLEMENT)
202t |2 o ot [25 [2f |27 |2 |20 |2V |2 PR 2R "| DIGITAL VALUE
is [Yre [Yoo Y2 [yar yio {Ye |Ye |z | Ye [vs [Ya |¥a |Y2 [Ys [Yo | SIGNAL
X (UNSIGNED MAGNITUDE)
2-1 2-2 2-3 2-4 2—5 2—6 2—7 2-8 2—9 2—10 2—1‘ 2—12 2-13 2—14 2—-‘5 2-!6 DlGITALVALUE
Par |Po | P |Ps [P [Ps {Bos {Poa |Poa [Pz [Pt [P0 [Prs [P |y | Pie | Pis [Pe |Rs [Pz [Pt o |Po |Pe [ P7 I Ps | Ps |pe| Ps|p.|Pi |Po | SIGNAL
= oot o222 [ |25 |28 [ o7 [oe | o0 oo |2t |om2 o -13] o 14 218 210 o7 ?_-ta 2-18 520021 ?—22 528|528 2-25 526 |o-27|,-28 |29 |,~0 91| DIGITAL VALUE
MSP LSP
Figure 8. Fractional Mixed Mode Notation MANDATORY
2580 drw 18
BINARY POINT
®
Xis | X4 | X3 X2 [%1 [Xo | Xo [ Xe [ X7 | Xs [ Xs | Xe [ Xa | Xe | X1 | Xo | SIGNAL
25|22 [22 |2 |20 |2 |2° |27 |2 |2° |2t |2 |22 |2 |2° | DIGITAL VALUE
X Vs | Yia | Yia {Yiz {¥ae [Yoo | Yo | Yo | Y7 ) Ye |Ys {Ya]Ya|Yz]Y: |Ye | SIGNAL
~gs| 24| 2% 22|t |20 2 | o7 |2 [2° |2 | 2 |22 ]| 2 |2° | DIGITAL VALUE
. |P2 [P0 |Peo|Pas |Par | Pos | Pes | Pas | Pas |Pez |Pat | P2o P1s |Pis [P17 |Pss | P15 [Pis IP1s |P1z |P1s |Pio [Pe |Po I P {Pe | Ps | Pa |P2 | P2 | Pt | Po | SIGNAL
- W Pl PR P2 Pl Pl Poll Pl Pl P PAll U PLN P P Pl L_zw ol o2t L |2 |2 12 |2 12 |2 |2 |2 DIGITAL VALUE
MSP Lsp
Pat |Pao |P2s |P2s | P2z |Pas | Pos | P24 | P2a [P22 [Pt [Pao |P1s |Pis [Pz | Pos | P15 |Pra |Prs [Prz |Po2 [P1o |Ps |Pe | Pz | Ps | Ps | P4 | P2 | P2 | Pr | Po | SIGNAL
2|20 |20 20 |7 [ |20 |22 |20 |2 |8 |20 [o [0 for |20 |25 o |2 |22 v |20 |2 |2 |2 |2 J2 |2 |2 |2 |2 |2 | DIGITAL VALUE
MSP Lsp [FA=T]

Figure 9. Integer Two’s Complement Notation

* In this format an overflow occurs in the attempted multiplication of the two's complement number 1,000 .. . . 0 with 1,000.0 yielding an erroneous
product of -1 in the fraction case and -2~ in the integer case.

2580 drw 19

SH3MNdILTNW SOWD 13T1TvHvd 94 X 91

SIONVH FHNLVYHIdWIAL TVIOHIWWNOOD ANV AHVLIMIW

qL1z21al ekeLLal
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BINARY POINT
<
Xis [X1e [X13 |Xi2 X110 [xio Xo |Xs | X7 |Xs |Xs [Xa |Xa [ X2 |X1 fxo | SIGNAL
25 M |2 |2 |2 |20 |2 |2° |27 |2 [2° |2 |2 |22 |2' |2° | DIGITAL VALUE
X Y15 IY1e Y1z Y12 [Y11 Yo |Yo |vs | Y7 }Ys bys Iyse |Ys QY2 |Y1 BYo SIGNAL
25 [a1 )22 212 511 | 210 |29 |28 |27 f28 |25 |24 | 2° o2 |2' J2° | DIGITAL VALUE
Pt | Pao | pao |Pas | P27 [P2s |pas {Pas | P2s | P22 [Pt [P0 | Pag [Pis [P1z [Pis | Pis |Pia [Pus |Prz [Pvi bpio [ Ps |ps | P7 [Ps | ps [Pa | s [Pz [Py [P0 | SIGNAL
o0 |2 |2 |2 |25 (2 |2 [ 2|2 17 |20 |20 e 27 206 [0 |2 f23 [22 |2t [oo |22 |28 |27 |28 |28 |2 |2 |0 |20 |2 | DIGITAL VALUE
MSB LSP
i MANDATORY
Figure 10. Integer Unsigned Magnitude Notation
2580 drw 20
BINARY POINT
SIGNAL
Xz |X Xi X7 | Xs Xz | X1
X1s | X1a | Xaa | K12 [ X11 X190 | X9 | Xa Xs | X« | X3 Xo (TWO'S COMPLEMENT)
2s|a etz [ |2 |20 f20 |27 |20 |28 [2¢ |22 |22 |2 |2° | pieiTAL vaLUE
Yiz [V Y Y7 [ Y Y2 [v1 Jvo | SIGNAL
X Yis |Yia [ Yra| Y1z [Y1s Fyio | Yo Y | Y7 [ Y6 |Ys |Ya |Ya 1Yo (UNSIGNED MAGNITUDE)
B2z |2 |20 |12 |22 |27 |2 |2 |2 |2 |2 |2 |2 | DIGITAL VALUE
Pat |Pao [Pes [Pos [Per P25 fPas [Poa [Pas [P22 [Pt [Pao i PPia JPi7 Pis [pus [Pua [Pas [Pr2 Jpus JPuo |Ps JPe |P7 |Ps fps |Ps [P |P2 |ps |Po | SIGNAL
| 531|230 ] 029 | 028} 277 |228 |27 [224 [ 022 | 222 |21 |20 |27 |28 |27 [ore |t |21 |22 | 212 fort |20 | 22 |2 |27 |28 | 2% |2* |22 |22 [2' |2° | DIGITAL VALUE
Figure 11. Integer Mixed Mode Notation MANDATORY
2580 orw 21

SHIMdWINW SOWD 1371vHVvd 91 X 91

SIONVH FHUNLVHIdNIL TVIOHINWNOO ANV AHVLMIW

L1211 9izLial



IDT7216L, IDT7217L
16 x 16 PARALLEL CMOS MULTIPLIERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT  XXXX X X X X
Device Type Power Speed  Package Process/
Temperature
Range
‘ Blank
B
P
C
J
F
G
20
25
35
45
55
65
|
L
|7216
17217

Commercial (0°Cto +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP
Topbraze DIP

Plastic Leaded Chip Carrier

Flatpack
Pin Grid Array

Commercial (tMC)

Low Power

16 x 16 Multiplier

Military (tmc)

2580 drw 22
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®
V: 16-BIT CMOS IDT7381
dt CASCADABLE ALU IDT7383
Integrated Device Technology, Inc.
FEATURES: two input registers, ultra-fast 16-bit ALUs and 16-bit output

registers. With IDT’s high-performance CEMOS technology,
. the IDT7381/7383 can do arithmetic or logic operations in

20ns to 55ns clocked ALU operations .

Ideal for radar, sonar or image processing applications 20ns.' The lE.)T7381 f_unchonally replaces four 54/74S381

. four-bit ALUs in a 68-pin package.

IDT7381: The two input operands, A and B, can be clocked or fed

— 4/74S381 instruction set (8 functions) through 100r ;Iepl'jblzp int I'nir,1 Th F,out tcar? also be set

— Replaces Gould S614381 or Logic Devices 1.4C381 oug xio'e pipetining. the pu

_ . ) : into clocked or flow-through mode. An output enable is
ID%%%c;dable with or without carry look-ahead provided for three-state control of the output port on a bus.

— 32 advanced ALU functions 'J]he II.DT7|381. has tt;.r er? ﬂfrnrf h?n ;::;ns (tjossselleztﬁ; Of.ng
— Cascadable without carry look-ahead aritnmetic or logic operations. The two F an eectionpl
- determine whether A, B, F or 0 are fed into the ALU. This ALU
Pipeline or flow-through modes h r t, propagate and generate outputs for cascadin
Internal feedback path for accumulation as carry-oul, propagate generate ouputs o cading

] using carry look-ahead.
Three-state outputs The IDT7383 has five function pins to select 1 of 32

High-performance 16-bit Arithmetic Logic Unit (ALU)

TTL-compatible arithmetic or logi tions and the R, S input selections to
Produced with advanced submicron CEMOS™ high- tr:' A”CU'C;’h g'”g%’ifu?a X en;a ;\”B ;eo r°"1s
performance technology e - Jnekran inputs can be A, B, 7, D or all 1s.

This ALU has a carry-out pin for cascading.
The IDT7381 and IDT7383 are available in 68-pin PLCC or
PGA packages. Military grade product is manufactured in

Available in 68-lead PGA and 68-pin surface mount PLCC
Military product compliant to MIL-STD-883, Class B

DESCRIPTION: compliantwiththe latest revision of MIL-STD-883, Class B, for

The IDT7381 and IDT7383 are high-speed cascadable high reliability systems.

Arithmetic Logic Unit (ALUs). Both three-bus devices have

FUNCTIONAL BLOCK DIAGRAM

Ao-15 Bo-1s
Ao-1s IDT7381 Bo-15 X IDT7383 4
Y16 {16 16 ) 16
L
Y |
ENA —=[ AREG > BREG Jwe—— cLK
Sy @_I -[EREd— o ?«I [ [BRESday— ok
AR y y Y Y
[AmUX [(BMUX fo— FTae Lﬂ‘ﬂ‘_}‘j I_BMEXJ‘—T— FTAB
0000M 0000 FFFFH _FFEFH
v (A A v vy L. A
[rRmux |4—L [ s™MUX ] > RSo-1 [ Rmux [ SMUX ]«
I 2
} \ L !
g A N lo-2 N B U JA - lo-4
Cis 16-BIT ALU / 3 ovE 1B AL Z >
OVF o Co
z
ERF FREG ENF [FREG
! ] T
FTF > FTF =] F MUX 2
Fa POWER [*—— GND POWER [%—x— GND
ae SUPPLY Voo OF > SUPPLY le—— vcc
. 16
Fo1s Fo-1s 2525 drw 02
CEMOS is a trademark of Integrated Device Technology Inc. 2525 drw 01
MILITARY AND COMMERCIAL TEMPERATURE RANGES APRIL 1990

©1990 Integrated Device Technology, Inc. 5.7 DSC-2033/
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IDT7381,1DT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

IDT7381
~ < o 2 ¥ 0o N -2
2z Iiadadnanda
O0000n0oo0nonoooonnn
/9 8 7 6 5 4 3 2 16867666564 6362 61
As 10 . 60{] B
A 111 Pin 1 59[] Bs
At Cliz2 Designator s8] Bs
A1z 13 57[1 Ba
Az 14 56[] B3
A4 15 557 B2
A1s 16 54 B
CLK 7 53F| Bo
vee 1 s2[7] ENA
GND 19 Jeg -1 51 ENB
Cis 20 50[] FTAB
PO 491 RSt
G ™22 48[ RSo
Z o3 4717 12
OVF 24 461 I
ENF es 45 1o
FTF s 44 Co
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
ouuuvuotdoooutuouadd
W L ¥ 2 N T 9 9 o M © 0 g O q ~ O 2525 drw 03
[ou':u‘:u':iu.u’:“-'#“-“-“-“-“-u-“-u-
PLCC
TOPVIEW
11 B7 | Bs | Ba | B2 | Bo |[ENB|RS1| I2 lo
10| Ba | Bs | Bs | B3 | B1 [ENA[FTAHRSo| I1 | Co | Fo
09| B11 | B1o Fo | F
08 Bi13 ]| B2 Fa | B3
07| B15 | B1a Fe | Fs
06| A1 | Ao G68 -~ 1 Fs | F7
05| A3 | A2 Fio| P
04| As | A4 F12 | F11
03| A7 | As Fis | F13
02| As | As | A1t | A1a | A1s |Vec | Cis| G |OVF| OE | Fis
01 o ®| Aw|Anz|A]ck|onD| P | z |ERE|FTF
A B C D E F G H J K L
PGA
. TOPVIEW
Pin 1 2525 drw 04
Designator




IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT7383

© N o~

P o
22223 ananonadd A

/9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 |

As 1o o 601 B7
A10 :11 Pin 1 591 Bs
An T2 Designator 581 Bs
A2 13 571 Bs
A 14 561 B3
A4 15 551 B2
A5 e 541 B4
CLK 17 531 Bo
vee 18 s2{] ENA
GND 19 J68 -1 51 ENB
cie 20 50{1 FTAB
GND * 21 497 14
N 22 48[ 13
Z [J23 4711 2
OVF [Cos 46 11
ENF 25 451 lo
FTF Cos 44 Co
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
bbbt gtgood
W e © o T o o I~ 10 -
|8 II i & Lw LE vt lf = II ‘2 Lﬁ = Llc.’ 2525 drw 05
PLCC
TOPVIEW
11 B7 | Bs | Ba | B2 | Bo |ENB|RS1| I2 lo
10| Ba | Bs | Bs | B3a | B4 NA[FTAB RSo| I+ | Co | Fo
09 | B11 | B1o F2 | F
08 | B13 | Bi2 Fa | F3
07 | Bis | B1a Fs | Fs
06| A1 | Ao G68 -1 Fs | F7
05| A3 | A2 Fio | Fo
04| As | As Fi2 | Fis
03| A7 | As Fia | F13
02| As | A9 | A11 |A13 |Ais[Vcc|Cis| N |OVF| OE | Fis
01 ¢ *| A0 | Az | A |CLK |GND|GND| z |ENE|FTF

>
@
(¢}
lw)
m
m
9]
I
[
x
-

2525 drw 06
Pin 1 TOPVIEW

Designator
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS
IDT7381 AND IDT7383 PINS

Pin Name /0 Description
Ao - A15 | Sixteen-bit data input port.
Bo - B1s | Sixteen-bit data input port.
ENA I Register enable for the A input port; active low pin.
ENB | Register enable for the B input port; active low pin.
FTAB | Flow-through control pin. When this pin is high, both register A and B are transparent.
Fo-Fi5 o Sixteen—bit data output port.
ENF | Register enable for the F output port; active low pin.
FTF | Flow-through control pin. When this pin is high, the F register is transparent.
CLK | Clock input.
OE ! Output enable control pin. When this pin is high, the output port F is in a high impedance state. When low, the output
port F is active.
Co | Carry input. This pin receives arithmetic carries from less significant ALU components in a cascade
configuration.
Cie o} Carry output. This pin produces arithmetic carries to more significant ALU components in a cascaded
configuration.
OVF (o) This pin indicates a two's complement arithmetic overflow, when high.
Z (0] This pin indicates a zero output result, when high.
Vece Power supply pin, 5V.
GND Ground pin, OV. There are two ground pins on the IDT7383.
2525 thl 01
IDT7381 PINS
Pin Name o Description
RSo- RS1s I Two control pins used to select input operands for the R and S multiplexers.
lo- 12 | Three control pins to select the ALU function performed.
P e} Indicates the carry propagate output state to the ALU.
G o Indicates the carry generate output state to the ALU.
2525 tbl 02
IDT7381 R AND S MUX TABLE IDT7381 ALU FUNCTION TABLE
RSo RS1 R Mux S Mux I2 h lo Function
0 0 A F 0 0 0 F=0
0 1 A 0 0 0 1 F=R+S+Co
1 0 0 B 0 1 0 F=R+S+Co
1 1 A B 0 1 1 F=R+S+Co
25251103 1 0 0 F=RxorS
1 0 1 F=RorS
1 1 0 F=Rand$S
1 1 1 F=all1s
2525 1ol 04
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IDT7381, 1DT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS (Continued)

1DT7383 PINS

Pin Name Vo Description
lo—14 | Five control pins to select the ALU function performed.
N (0] The sign bit of an ALU operation.

IDT7383 ALU FUNCTION TABLE

l4 I3 I2 h lo Function

0 0 0 0 0 F=A+B+Co

0 0 0 0 1 F=AorB

0 0 0 1 0 F=A-B

0 0 0 1 1 F=A+B+Co

0 0 1 0 0 F=A+Co

0 0 1 0 1 F=AorF

0 0 1 1 0 F=A-14+Co

0 0 1 1 1 F=A4+Co

0 1 0 0 0 F=A+F+Co

0 1 0 0 1 F=AorF

0 1 0 1 0 F=A+F+Co

0 1 0 1 1 F=A+F+Co

0 1 1 0 0 F=F+B+Co

0 1 1 0 1 F=AorB

0 1 1 1 0 F=F+B+Co

0 1 1 1 1 F=F+B+Co

1 0 0 0 0 F=AxorB

1 0 0 0 1 F=AandB

1 0 0 1 0 F=AandB

1 0 0 1 1 F=AxnorB

1 0 1 0 0 F=AxorF

1 0 1 0 1 F=AandF

1 0 1 1 0 F=AandF

1 0 1 1 1 F=all1's + Co

1 1 0 0 0 F=B+Co

1 1 0 0 1 F=AandB

1 1 0 1 0 F=B+Co

1 1 0 1 1 F=B-1+Co

1 1 1 0 0 F=F+Co

1 1 1 0 1 F=AorB

1 1 1 1 0 F=F-14+Co

1 1 1 1 1 F=F+Co
2525 i 06

2525 1bl 05

57



IDT7381,1DT7383
16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com’l. Mil. | Unit Symbol Parameter(") Conditions | Typ. | Unit
VTERM | Terminal Voltage -0.5t0 -05t0 v CN Input Capacitance VIN = 0V 10 | pF
with Respect Vec+0.5 | Vec+05 Cout | Output Capacitance | VouT = OV 12 | pF
to Ground - NOTE: 25251l 09
Vee Power Supply —0.5t0+7.0(-05t0+7.0 [ V 1. This parameter is sampled atinitial characterization and is not production
Voltage ' tested.
Ta Operating Oto+70 [-55t0+125| °C
Temperature
Teias Temperature -5510 +125]-651t0 +135 | °C
Under Bias
Tsta Storage -551t0 +125|-6510 +150 | °C
Temperature
PT Power Dissipation 1.0 1.0 W
lout DC Output Current 50 50 mA
NOTE: 2525 1bl 07
1. Stresses greater than those listed under ABSOLUTE MAXIMUM

RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect reliability.

Under no

circumstances should an input of an /O Pin be greater than Vcc + 0.5V.

DC ELECTRICAL CHARACTERISTICS
Commercial: TA = 0°C to +70°C, VCC = 5.0V + 5%; Military: TA = -55°C to +125°C, VcC = 5.0V + 10%

Symbol Parameter Test Conditions!" Min. | Typ.® | Max. | Unit
ViH Input HIGH Level Guaranteed Logic HIGH Level 2.0 — — \"
ViL Input LOW Level Guaranteed Logic LOW Level — — 0.8 \
[[13] Input HIGH Current vece = Max., VIN = 2.7V — — 10 pA
I Input LOW Current vee = Max., VIN= 0.5V — — -10 A
los® Shont Circuit Current Vce = Max., Vout = GND -20 — -100 mA
loz Off State (High Impedance)| Vcc = Max. Vo= 0.5V — -0.1 -20 pA
Output Current Vo=27V — -0.1 20
VoH Output HIGH Voltage Vce = Min, IoH =—4mA 2.4 — — \Y
VIN = VIH or VIL
VoL Output LOW Voltage Vce = Min. loL = 4mA MIL. — — 0.5 \
VIN = ViHor VIL loL = 8mA COM'L.
NOTES: 2525 thl 08
1. For conditions shown as Max. or Min., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading.
3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second.
5.7 6




IDT7381,1DT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

POWER SUPPLY CHARACTERISTICS
Commercial: TA = 0°C to +70°C, VccC = 5.0V + 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
VLe = 0.2V; VHC = Vce = -0.2V

Symbol Parameter Test Conditions(" Min. | Typ.? | Max. Unit
lccac Quiescent Power Supply Current Vee = Max. COM'L. —_— 2 10 mA
TTL Inputs HIGH VIN = VLC or VHC MIL. — 2 15
lecat® | Quiescent Power Supply Current Vce = Max. COM'L. — 15 45 mA
TTL Inputs HIGH VN = 3.4V MIL. — 15 55
lccot Dynamic Power Supply Current Vce = Max. COM'L. — 10 35 mA

Outputs Disabled
OE = HIGH
fcp = 10MHz MIL. — 10 585
50% Duty Cycle
VIN 2 VHC; VIN < VILC
lcco2 Dynamic Power Supply Current Vee = Max. COM'L. — 30 60 mA

Outputs Disabled
OE = HIGH
fcp = 20MHz MIL. — 30 80
50% Duty Cycle
VIN 2 VHe; VIN < VIC

NOTES: 25251b1 10

. For conditions shown as Max. or Min., use appropriate value specified under Electrical Characteristics for the applicable device type.
. Typical values are at Vcc = 5.0V, +25°C ambient.

Per TTL driven input (VIN = 3.4V); all other inputs at Vcc or GND.

. This parameter is not directly testable, but is derived for use in Total Power Supply calculations.

. Values for these conditions are examples of the Icc formula. These limits are guaranteed but not tested.
. Ic = IQUIESCENT + IINPUTS + IDYNAMIC

lc = lcc + Alce DHNT + [cep (fep/2 + fiNi)

Icc = Quiescent Current

Alcc = Power Supply Current for a TTL High Input (Vin = 3.4V)

DH = Duty Cycle for TTL Inputs High

Nt = Number of TTL Inputs at DH

Icco = Dynamic Current Caused by an Output Transition Pair (HLH or LHL)

fcp = Clock Frequency for Register Devices (Zero for Non-Register Devices)

fi = Input Frequency

Ni = Number of Inputs at fi

All currents are in milliamps and all frequencies are in megahertz.
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IDT7381, IDT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS — COMMERCIAL (vcc =5V + 5%, Ta = 0°C to +70°C)

Maximum Combinational Propagation Delays

IDT7381L20 IDT7381L25 IDT7381L30
IDT7383L20 IDT7383L25 IDT7383L30
From Input Fo-15]B,G,N| ZOVF| Cis | Fo15[P, G, N[ ZOVF| Cis [Fo15| P, & N| Z,oVF | Cis | unit

FTAB=0,FTF=0

CLK 11 20 20 2 | 13 22 26 22 | 20 28 30 28 | ns
Co — — 14 14 | — — 16 16 | — — 20 20 | ns
lo—+, RSo, RS1 — 18 | — 22 22 2 | — 28 28 28 | ns
FTAB=0,FTF =1

CLK 20 2 | 27 22 26 22 | 33 28 30 28 | ns
Co 18 14 | 22 — 16 16 | 28 - 20 20 | ns
lo—4, RSo, RS1 (1) 18 | 22 22 22 22 | 28 28 28 28 | ns
FTAB=1,FTF =0

Ao-A1s, Bo-B1s 17 | — 18 25 2 | — 24 30 28 | ns
CLK — 13 — — —_ 19 — — —_ ns
Co 14 | — — 16 16 | — — 20 20 | ns
lo-4, RSo, RS1 (" 18 | — 22 22 2 | — 28 28 28 | ns
FTAB=1,FTF=1

Ao—A1s, Bo-B1s 17 | 26 18 25 22 | 32 24 30 28 | ns
Co 14 | 22 — 16 16 | 28 — 20 20 | ns
lo4, RSo, RS1 (1) 18 | 22 22 22 22 28 28 28 28 ns

25251 11
Maximum Combinational Propagation Delays
IDT7381L40 IDT7381L55
IDT7383L40 IDT7383L55
From Input Fo1s | B,GN|[ZOVF]| Cis Fois | B,GN|[ZOVF] cis | unit

FTAB=0,FTF =0

CLK 26 30 44 32 32 38 53 36 ns
Co — —_— 28 20 — — 34 22 ns
lo-4, RSo, RS1 — 32 34 35 - 42 42 42 ns
FTAB=0,FTF =1

CLK 46 30 44 32 56 38 53 36 ns
Co 30 — 28 20 37 —_ 34 22 ns
lo4, RSo, RS1 {1 40 32 34 35 55 42 42 42 ns
FTAB=1,FTF=0

Ao-A1s, Bo—B1s - 30 40 32 — 36 46 37 ns
CLK 26 — — — 32 — — — ns
Co —_ — 28 20 — — 34 22 ns
lo-4, RSo, RS1 () - 32 34 35 — 42 42 42 ns
FTAB=1,FTF =1

Ao-A1s, Bo-B1s 40 30 40 32 55 36 46 37 ns
Co 30 — 28 20 37 —_— 34 22 ns
lo-4, RS0, RS1 (1 40 32 34 35 55 42 42 42 ns

2525 bl 12
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IDT7381, IDT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS — COMMERCIAL (vcc = 5V + 5%, Ta = 0°C to +70°C) - (Cont'd.)

Minimum Set-up and Hold Times Relative to Clock (CLK)

IDT7381L40

IDT7381L20 IDT7381L25 IDT7381L30 IDT7381L55
IDT7383L20 IDT7383L25 IDT7383L30 IDT7383L40 IDT7383L55
, Input Set-up | Hold | Set-up | Hold | Set-up | Hold | Setup | Hold | set-up [ Hod | unit
FTAB =0, FTF = X
Ao—A15, Bo-B1s 6 0 6 0 6 0 8 0 ns
Co @ 16 0 16 0 16 0 21 0 ns
lo—4, RS0, RS1 (1 ) 24 0 29 0 32 0 44 0 ns
ENA, ENB, ENF 6 0 6 0 6 0 8 0 ns
FTAB=1,FTF =0
Ao-A1s, Bo-B1s 16 0 25 0 28 0 35 0 ns
Co 16 0 16 (o] 16 0 21 0. ns
lo-4, RSo, RS1 (1) 24 0 29 0 32 s} 44 0 ns
ENF 6 0 6 0 6 0 8 0 ns
2525 bl 13
Minimum Clock Cycle Times and Pulse Widths
IDT7381L20 IDT7381L25 IDT7381L30 1DT7381L40 IDT7381L55
Parameter IDT7383L20 IDT7383L25 IDT7383L30 IDT7383L40 IDT7383L55 Unit
Clock LOW Time 5 6 8 10 14 ns
Clock HIGH Time 6 8 10 14 ns
Clock Period 20 25 34 43 ns
. 2525l 14
IDT7381L25 IDT7381L30 IDT7381L40 IDT7381L55
Parameter IDT7383L25 IDT7383L30 IDT7383L40 1DT7383L55 Unit
Enable Time 10 15 18 20 ns
Disable Time 10 15 18 20 ns
NOTES: 252511 15

1. For IDT7381, pins lo — I2, RSo, RS1 apply. For IDT7383, pins lo - Is apply.

2. Only for FTF = 0.
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS — MILITARY (vcc = 5V + 10%, TA = -55°C to. +125°C)

Maximum Combinational Propagation Delays

IDT7381L25 IDT7381L30 IDT7381L35
IDT7383L25 IDT7383L30 - IDT7383L35
From Input Fo-15| P, G, N| ZOVF | Cis [Fo15]{P, G N] ZOVF| cis | Fo1s [P, G N[z,0vF] cis | unit

FTAB =0, FTF = 0

CLK 14 | 24 [ 24 [ 24 [ 26| 28 | 34 [ 28 ] 27 | 32 | 45 [ 32 | ns
Co — | — | 84d18] -] — ] 2 [2] — | —[3]23]n
lo—4, RSo, RS1 (1) — | 22 | 242 | — | 28 | 28 [ 28 | — | 3¢ | 34| 34| ns
FTAB=0,FTF =1 i ‘

CLK 25 | 24 24 [ 34 ] 28 | 34 [ 28] 45 [ 32 | 40 [ 32 ] ns
Co 21 | — 18 | 26| — | 22 [ 22| 30 | — |30 [238] ns
los, RS, RS+ (1) 22 22 [ 30| 28 | 28 [ 28 | 40 | 3¢ | 34 | 34 | s
FTAB=1,FTF =0

Ao-A1s, Bo-B1s 2 | — | 28 [ 28 [28] — ] 30 [as ]3] ns
CLK — 26 — = — 27 — — — ns
Co 18 | — | — [ 22 Jaa] — ] — |3 [23]ns
los, RS0, RS1 (1) 22 | — | 28 | 28 [ 28 | — | 3¢ [ 34 ]| 34| ns
FTAB=1,FTF =1

Ao-Ats, Bo-Bis 22 | 30| 28 | 28 [ 28| 40 [ 30 [ 30 [ 32| ns
Co 18 | 182 f — | 22 |22 ] 30| — |3 23] ns
lo4, RSo, RS1 (1) 25 | 22 | 24 | 22 | 30| 28 | 28 | 28 | 40 | 34 [ 34 [ 34| ns

2525 1l 16

Maximum Comblinational Propagation Delays

IDT7381L45 IDT7381L65
IDT7383L45 IDT7383L65

From Input Fo-15 [ B,G N [ Z, OVF Cis Fo-15 [ PG N | Z, OVF I Cis Unit
FTAB=0,FTF=0
CLK 28 34 50 34 37 44 63 45 ns
Co —_ — 32 23 —_ — 42 25 ns
lo—, RSo, RS1 (1 — 38 38 38 — 48 48 48 ns
FTAB =0, FTF =1
CLK 56 34 50 34 68 44 63 45 ns
Co 32 — 32 23 42 — 42 25 ns
lo—, RSo, RS1 (1 46 38 38 38 66 48 48 48 ns
FTAB=1,FTF=0
Ao—A15, Bo—-B1s — 32 46 36 _ 44 56 44 ns
CLK 28 — _ — 37 — — — ns
Co — — 32 23 — — 42 25 ns
lo—, RSo, RS1 (1 — 38 38 38 — 48 48 48 ns
FTAB=1,FTF =1
Ao—-A15, Bo-B15 45 32 46 36 65 44 56 44 ns
Co 32 — 32 23 42 — 42 25 ns
lo-4, RSo, RS1 (1) 46 38 38 38 66 48 48 48 ns

2525 bt 17
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IDT7381, IDT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS — MILITARY (Vcc =5V £ 10%, TA = -55°C to +125°C) - (Cont'd)

Minimum Set-up and Hold Times Relative to Clock (CLK)

IDT7381L25 IDT7381L30 IDT7381L35 IDT7381L45 IDT7381L65
IDT7383L25 IDT7383L30 IDT7383L35 IDT7383L45 IDT7383L65
Input Set-up | Hold | Set-up [ Hold | Set-up | Hold | Set-up | Hold [ Set-up | Hold | unit
FTAB=0,FTF =X
Ao-A1s, Bo-Bts 8 0 8 0 8 0 10 0 ns
Co (@ 18 0 19 0 20 0 25 0 ns
lo4, RSo, RS1 (12 30 0 32 0 36 0 50 0 ns
ENA, ENB, ENF 8 0 8 0 8 0 10 0 ns
FTAB=1,FTF=0
Ao-A1s, Bo-Bis 27 0 30 0 33 0 43 0 ns
‘Co 18 0 19 0 20 0 25 0 ns
lo-4, RSo, RS1 (1) 30 0 34 0 36 0 50 0 ns
’—E_NF 8 0 8 0 8 0 10 0 ns
2525l 18
Minimum Clock Cycle Times and Pulse Widths
IDT7381L25 IDT7381L30 IDT7381L35 IDT7381L45 IDT7381L65
Parameter IDT7383L25 IDT7383L30 IDT7383L35 IDT7383L45 IDT7383L65 Unit
Clock LOW Time 12 13 15 20 ns
Clock HIGH Time 12 13 15 20 ns
Clock Period 26 30 38 52 ns
2525 bl 19
Maximum Output Enable/Dis
| IDT7381L30 IDT7381L35 IDT7381L45 IDT7381L65
Parameter 1DT7383L30 IDT7383L35 IDT7383L45 IDT7383L65 Unit
Enable Time 18 19 20 22 ns
Disable Time 18 19 20 22 ns
NOTES: 25251120

1. For IDT7381, pins lo— l2, RSo, RS1 apply. For IDT7383, pins lo - 14 apply.

2. Only for FTF = 0.
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

WAVEFORMS FOR FTAB =0, FTF = X

T T2

(o]
r
x

Set-up | Hold

b ot X b S 4
Set-up Hold |

Co i DATAt ; paraz i X/ /K oatas i 3
‘ L Set-up Vi‘ Hold

o DATA1>k DATA 2 )( DATA3 X

oE V\ // \\
' : Prop. 1 Disable '
: » Enableg '
TR0 Result
E Prop. 2 Prop. 3 : :
g‘PmpJ - Enable; Disable
(FTFFZ-g C Result
Prop. 2 :
- Prop. 1 :
e LA K Resun X
5 Prop. 2 Prop. 3 :
i o Prop. 1 + > :
zove L LA A K  Rosur X
Prop. 2 Prop. 3
' Prop. 1 4 :
o LLIL LA A K rosu | X

2525 drw 07

Prop. 1: Propagation delay with respect to the CLK.
Prop. 2: Propagation delay with respect to lo-4, RSo-2.
Prop. 3: Propagation delay with respect to Co.
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

WAVEFORMS FOR FTAB =1, FTF = X

E: T1 ; T2 E:
CLK —/w
(FTF =0) : : :
. Set-up‘g Hold .
po-is o X ommi XX ormd X
. Set-up E Hold '
o i oaar X oamzi X/ XK oaasi X
; Set-up é Hold §
. si(: %DATAD( DATA 2 j( DATA3 X
2 1 Set-up i Hold g
B oras | >qu oane + X/ Kommst X
oE N yd N
' Prop. 1, Disable :
_Enable
oy — C e D=
§ Prop.45 o
E Prop. 2 Prop. 3 E i
‘ Prop. 1 Enableg - Disable
T : : | e :
. Prop. 2 ,
f‘ Prop. 1 '
pE AN K X
_ Prop. 1 Prop.2 7 Pmp.s; >
wov AN K | s X
;‘ on Prop. 2 Prop. 3: ;
o LA K e X

2525 drw 08

Prop. 1: Propagation delay with respect to the CLK.
Prop. 2: Propagation delay with respect to lo—4, RS0-2.
Prop. 3: Propagation delay with respect to Co.

Prop. 4: Propagation delay with respect to A, B.
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

PROPAGATION DELAY CALCULATIONS FOR TWO IDT7381/7383s

To Output : To Set PUT Time

From Input Fo-15 Flags (2 Relative to Clock (CLK)
FTAB=0,FTF=0
CLK As in 16-bit case (Clk = C18) + (Co — flag) .
Co ceen (Co— C16) + (Co — flag) {Co— C16) + (Co set-up time)
lo-4,RSo-1() |.... (lo-¢, RS0-1 = C16) + (Co = flag) | (lo-a, RSo-1 — C16) + (Co set-up time)
Ao-15, Bo-15 As in 16-bit case
ENA, ENB,ENF R Ceae As in 16-bit case
FTAB=0,FTF=1
CLK (Clk — C16) + (Co — Fo-15) (Clk — C16) + (Co — flag) ceen
Co (Co—> C1s) + (Co — Fo-15) (Co— C16) + (Co— flag) (Co— C16) + (Co set-up time)

lo-4,RSo-1M (1o 4 RSo-1— C16)+ (Co—> Fo-15) |(lo—4, RS0-1 = C16) + (Co —>flag) | {lo-4, RSo-1 = C16) + (Co set—up time)

Ao-15,Bo-15 . As in 16-bit case

ENA, ENB,ENF e R As in 16-bit case

FTAB=1,FTF=0

CLK As in 16-bit case R e

Co e (Co— C16) + (Co— flag) (Co—> Ci6) + (Co set-up time)
lo-4,RSo-1M ... (lo-4, RSo-1—> C16) + (Co = flag) | (lo-4, RSo-1—> C16) + (Co set—up time)
Ao-15Bo-15 (Ao-15, Bo-15 — C16) + (Co — flag) | As in 16-bit case

ENA, ENB,ENF e e As in 16-bit case

FTAB=0,FTF =1

CLK Don't care condition Don' care condition

Co (Co—> Ci6) + (Co — Fo-15) (Co— Ci6) + (Co— flag)

lo-4,RS0-1M (154 RSo-1->C16) + (Co—> Fo-15) |(lo-4, RSo-1 — C16) + (Co — flag)

Ao-15,Bo-1s (Ac-15, Bo-15 = C16) + (Co — Fo-15) | (Ao-15, Bo-15 — C16) + (Co — flag)

ENA, ENB,ENF . e

NOTES: . 2525 tbl 22

1. For IDT7381, pins lo-2, RSo-2apply. For IDT7383, pins lo-4 apply.
2. Flags are P, G, OVF, Z, C1e for IDT7381. Fiags are N, OVF, Z C1s for IDT7383.
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

CASCADING THE IDT7381/3

Some applications require 32-bit or wider input operands.
Cascadingis the hardware solution. It provides a high speed
alternative in handling more than 16-bit wide operands.

This section is divided in three parts:

1. Cascading the IDT7381

2. Cascading the IDT7383

3. Time delay considerations

1. Cascading the IDT7381

Cascadingto 32-bit wide operands takes only two IDT7381s
and no externalhardware. However, cascadingto datawidths
greaterthan 32-bit can be done intwo ways: without external
hardware (slow method) or by using a carry look ahead
generator like the IDT39C02A or the FCT182 (fast method).

a) Cascading the IDT7381 without a carry-look-ahead

generator: (Figures 2 and 3)

1. Connect the C16 output of the least significant device
into the Co input of the next most significant device.

2. Common lines to all devices are: RSo-1, lo-2, CIk,
FTF, FTAB, ENA, ENB, ENF,

3. Take OVF, C1s, P, G of the most significant device as
valid.

4. The system'’s zero flag (Z) is obtained by ANDing all
zero flag results.

b) Cascading three or more IDT7381s with carry-look-
ahead (CLA) generator: (Figure 4)

1. Connect the P and G outputs of each device to the
CLA generator’s corresponding inputs.

2. Take the CLA generator outputs into the Co inputs of
each device (except for the least significant one).

3. Common lines to all devices are: RSo-1, lo-2, CIk,
FTF, FTAB, ENA, ENB, ENF.

4. Take OVF, C1s, P, G of the most significant device as
valid.

5. Carry-in to the system should be connected to the Co
input of the least significant device and also to the
CLA generator.

2. Cascading the IDT7383
(Figures 5 and 6)

1. Connect the C16 output of the least significant device
into the Co input of the next most significant device.

2. Common lines to all devices are: lo-4, Clk, FTF,
FTAB, ENA, ENB, ENF.

3. Take OVF, C1s, N of the most significant device as
valid.

4. The system’s zero flag (Z) is obtained by ANDing all
zero flag results.

3. Time Delay Considerations

Once cascading has taken place, time delays may become
critical in high performance systems. Our main interest here
is focused on “propagation delays”, i.e. calculating the time
required for an input signal to propagate through several
cascaded devices up to a specific output in another device
within the cascaded system.

Propagation Delay
The propagation delay for two devices between the input
and output of interest (input to output delay) is done as follows:
1. Calculate delay between the input and C1s in the first
device.
2. Calculate delay between Co and the output in the
second device.
3. Add both results. :

The following table is an example on how to build a
propagation delay table for all inputs in a 32-bit IDT7381/3
cascaded system.

Propagation delay calculations can be extended to
n—cascaded devices as the sum of the delays in all devices
between the input and output of interest. That is:

(input)1 — (C16)1 = t1

(Co)i > (C1e)i=ti
(Co)i+1 > (Cr6)i+1=ti+1

(Co)n —(Output)n = tn
Where the subscript i denotes the device number and the
arrow (—) represents the delay in between. Notice thati + 1
is the immediate upper device from device i. Adding the
delays ti we get:
Propagation delay = t1+ t2+ ... +ti+ti+ 1+ ... +tn

Total Delay

As seen from Figure 11, the propagation delay is within the
IDT7381/3 devices only. A complete analysis should also
include the delay associated with the transmission line Li
(which depends on the line length and its impedance). This
line delay should then be added to the propagation delay to
obtain the total delay for the cascaded system:

Total delay = Propagation delay + Transmission line delay
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

CMOS TESTING CONSIDERATIONS
There are certain testing considerations which must be 3) Definition of input levels is very important. Since many

takeninto account when testing high-speed CMOS devices in inputs may change coincidentally, significant noise at the
an automatic environment. These are: device pins may cause the Vit and VIH levels not to be met
1) Proper decoupling at the test head is necessary. until the noise has settled. To allow for this testing/board

Placement of the capacitor set and the value of capacitors induced noise, IDT recommends using VIL< 0V and VIH 2

used is critical in reducing the potential erroneous failures 3V for AC tests.
resulting from large V.. current changes. Capacitor lead 4) Device grounding is extremely important for proper device
length must be short and as close to the DUT power pins as testing. The use of multi-layer performance boards with

possible. radial decoupling between power and ground planes is
2) All input pins should be connected to a voltage potential required. The ground plane must be sustained from the
during testing. If left floating, the device may begin to performance board to the DUT interface board. Allunused
oscillate causing improper device operation and possible interconnect pins must be properly connectedto the ground
latchup. pin. Heavy gauge stranded wire should be used for power
wiring and twisted pairs are recommended to minimize

inductance.

TEST LOAD CIRCUIT

Vce

VIN

Pulse
Generator

RT

DEFINITIONS:
CL= Load capacitance: includes jig and probe capacitance
RL = Termination resistance: should be equal to Zout of the Pulse Generator

Figure 1. AC Test Load Circuit

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V Test Switch
Input Rise/Fall Times 1Vins Open Drain Closed
Input Timing Reference Levels 1.5V Disable Low

Output Reference Levels 1.5V Enable Low

Output Load See Figure 1 All other Qutputs Open

2525 bl 21 2525 tht 23
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IDT7381, IDT7383

16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES
Ate-31  Bi16-31 Ao-15s  Bo-15
G -——«— 11 RSo-1
5 IDT7381 : IDT7381 <J1 :/ Clk, I o-2, ENA, ENB
Cig | ENF, FTF, FTAB
OVF I ea—— | Co |+ Cie f¢———— CNN
2 ‘_Q_—‘J Z MSD —lz_tso co
]
F16-31 Fo-15
2525 drw 10
Figure 2. Cascading Two IDT7381s to 32 Bits
As2-47 B3zz A16-31  Bi16-31 Ao-15 Bo-15
b P P RSo-
s 11 CIK, lo-2,
= | IDT7381 | IDT7381 | IDT7381 / Elﬂ, ENB
a— (— | (— (— 2 e
C16 FTAB
OVF ‘—’—‘Z 1sD Cof= C1s Co Cis ]
Z Z
2 (R — [
F32-47 F1e-31 Fo-15 2525 drw 11
Figure 3. Cascading Three IDT7381s to 48 Bits Wide
without a Carry-lookahead Generator
A32-47  B32—47 A16-31  Bie-31 Ao-15 Bo-15 '
P P b RSo-
64_.___‘ 11 Clk, | 0-2,
B - | IDT7381 IDT7381 | IDT7381 ‘ ENA, ENB
D— (— (— (— 2w
Cis FTAB

OVF ‘

P P
z S 15
Co z Co J= z Co CIN
Z  MsD LSD
. ]
Fao-47 F16-31 Fo-15
4 \ L
Cn+y P1 Gi Cn+x Po Go 2525 drw 12
IDT39C02A Lookahead Generator Cn

Figure 4. Cascading Three IDT7381s to 48 Bits Wide
with a Carry-lookahead Generator
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IDT7381,1DT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

A16-31

!

B16-31

{

Ao-15

!

Bo-15

!

11
N<—H | IDT7383 | IDT7383 Ck 10 ENA ENB
Cip 4] ] ENF, FTF, FTAB
OVF —v—— Co C1e Co L— CIN
z ‘_G_L— Z MsD Vi
1 I
* 2525 drw 13
F16-31
Figure 5. Cascading Two IDT7383s to 32 Bits
As2-47  Baz47 Atg-31  B16-31 Ao-15 . Bo-15

] 11 Clk, | 04,
N | IDT7383 IDT7383 | IDT7383 | ENA, ENB
pE— K — (— (— 7 o,

C16 FTAB

OVF 4—q Co Cie Co Cie Co[f¢— CN
Z «CH— Z MSsD | Z |z LsSD
. [ , [
Fa2-47 F16-31 Fo-15 2525 drw 14
Figure 6. Cascading Three IDT7383s to 48 Bits
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IDT7381, IDT7383

16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

A16-31 Bie-a1 Ao-15 Bo-15
116 T 16 116 L 16
Y
A Reg B Reg CLK
A Mx] [B Mux]
R Mux %Mux
16-Bit ALU
Co Z
V16 Y16
F16-31 Foo15 2525drw 15
Figure 7. 32-Bit Configuration for FTAB = 0, FTF = 0
B16-31 A(Hs Bo-15
w16 416 416
. Y
B Reg<}« AR B Reg<}* CLK
A Mux B Mux
[S Mux] B Mux S Mux
16BitALU  / \ _ 16BitALU
Cc C
MSD =/ \""® LsD
[Fizd [Fhi]

§r16
F16-31

y16
Fo-15

Figure 8. 32-Bit Configuration for FTAB = 0, FTF =1

2525 drw 16
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IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU

MILITARY AND COMMERCIAL TEMPERATURE RANGES

At6-31 B16-31 Ao-15 Bo-15
116 V116 Y16 Y+ 16
CLK
A \ Y
IA Muxl B Mux |A Mux B Mux
[R Mux] [S Mux R Mux
16-Bit ALU 16-Bit ALU
Co, [ \ C16
MSD
‘~16 ‘?16 2525drw 17
F1e-31 Fo-15
Figure 9. 32-Bit Configuration for FTAB=1, FTF =0
At16-31 Bi1s-31 A0-15 Bo-15
116 16 {16 116
4 Y
| A Mux | | B Mux lf; Mux I—Eﬂﬂx]
y
ljRM x] [S Mux [RMux] @‘Mux|
16-Bit ALU . Z \ _ 16BitALU
0 Cie
MSD / \ LSD
[Fhiz] o
y16 V16
\ 2525 drw 18
F16-31 Fo-15
Figure 10. 32-Bit Configuration for FTAB =1, FTF = 1
5.7 20




IDT7381, IDT7383
16-BIT CMOS CASCADABLE ALU MILITARY AND COMMERCIAL TEMPERATURE RANGES

Do l——— INPUT

L1
3]

)Lz/
Dn In
OUTPUT <€—— / —t—

—t—

—tn— 2525 drw 19

Figure 11. Propagation Delay = t1 +12 +... + tn N-Cascaded Devices

ORDERING INFORMATION

IDT XXXX X XX X X
Device Type Power Speed Package Process/
Temperature
Range

Blank Commercial (0°C to + 70°C)
B Military (—~ 55°C to + 125°C)
Compliant to MIL-STD—-883, Class B

| J Plastic Leaded Chip Carrier
1 G Pin Grid Array

20 25
25 30
30 Commercial 35 Military
40 45
55 65

{ L Low Power

| 7381 16-Bit ALU
] 7383 16-Bit ALU With 32 Instructions

2525 Drw 20
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Integrated Device Technology, Inc.

16-BIT CMOS
MULTILEVEL

PIPELINE REGISTERS

1DT73200
IDT73201

FEATURES:

« IDT73200: Eight 16-bit high-speed pipeline registers
IDT73201: Seven 16-bit high-speed pipeline registers
plus a direct feed-through path

12ns to 20ns access time

Programmable multilevel register configurations
Powerful instruction set: transter, hold, load directly
Functionally replaces four Am29520s

Read/Write buffer for 32-bit RISC/CISC microprocessors
= Applications as temporary address storage or
programmable pipeline registers for DSP products
Coefficient storage for FIR filters

Three-state outputs

TTL-compatible

Produced with advanced submicron CEMOS™
high-performance technology

« Available in 48-pin plastic and ceramic DIP and 52-pin
surface mount PLCC and LCC

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:
The IDT73200 and IDT73201 are mutilevel pipeline
registers. With IDT's high-performance CEMOS™

technology, the IDT73200 and IDT73201 have access times
of 12ns.

The IDT73200 contains eight 16-bit registers which can be
configured as one 8-level, two 4-level , four 2-level or eight
1-level pipeline registers.

The IDT73201 contains seven 16-bit registers and a direct
feed-through path. The seven registers can be configured as
one 7-level, a 4-level plus a 3-level, three 2-level or seven
1-level pipeline registers.

An eight-to-one output multiplexer allows data to be read
from any one of the registers or from the feed-through path on
the IDT73201. Three input control pins (SELo-SEL2) select
which of the multiplexer inputs are directed to the output
(Yo-Y1s).

These pipeline registers are ideal for high throughput,
vector-oriented operations such as those in digital signal
processing (DSP). The IDT73200 and IDT73201 can also be
used as quick access scratch pad registers for general
purpose computing.

The two pipeline registers are packaged in 48-pin plastic
and ceramic DIPs for through-hole designs as well as 52-pin
PLCC and LCC for surface mount designs. Military grade
product is manufactured in compliance with the latest revision
of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAMS

Do-D1s . Do-D1s
MUX
CLK MUX CLK
b EREG 1 AREG > EREG
b FREG b BREG | > F REG
MUX
PG RES
MUX
D HREG
v ]
SELo-SEL2~3 MUX | SELo-SEL2—3s{ MUX ]
©E POWER 1+—GND OE POWER [+—GND
; SUPPLY Je—,
10 —l15 2! CONTROL 16 SUPPLY le—vce lo—l15—~&s] CONTROL 18 cc
CEN— LOGIC Yo-Yis CEN Logic Yo-Yis
2562 drw Ot 2562 drw 02
IDT73200 IDT73201
CEMOS is atrademark of Integrated Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
+ ©1990 Integrated Device Technology, Inc. 5.8

DSC-9036/-
1



IDT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
U/
=g w12 - ol o -
io O 2 o0 B INDEX 2 858l6e-aegs &
I
Do [ 4 4511 Yy D3 [Je b 4[] NC
D1 s 44 Y2 [ 1 3
D4 1]9 45[] GND
D2 [ s 431 Y3 1
Ds [110 4[] Y4
Dagz 421 GND s ]
Ds [111 43[] Ys
D4 s 4[] Ya s ]
D7 [112 42[] Ys
Ds Qo P Ys GND [] 8%
De [ 10 390 Ve 13 J52- 1 s N
vee [114 & 4[] Vee
D701 pgg.q BH V7 L52- 1 ]
GND 12 T a7 a vee Ds [115 . 3o[1 GND
Vee O] 13 c48-2 36 [0 GND Do []116 38[] Ye
Ds [] 14 351 Ys D10 [147 37[] Yo
Ds O 15 347 Yo ]
D1o [ 16 337 Yo 8“ T 35[2 Y10
D 17 3289 v 12 [110 asl] Y1t
D12 [ 18 31 [7 GND NC [120 34[] GND
D13 ] 19 [ Y2 | AEzZRnzsmas ey )
D14 [ 20 211 Y EETTEETITEE
Dis 21 287 Y14 555dmd’d|05>>’2;z
SEL2 5 22 270 Y15 R 2562 drw 03
SEL1 (4 23 26 OE PLCC/LCC
SELo [ 24 25 [1 CLK TOP VIEW
Dip
TOP VIEW
PIN DESCRIPTIONS
Pin Name /0 Description
Do — Dis | Sixteen-bit data input port.
Yo - Y15 o Sixteen-bit data output port.
lo-13 ! Four control pins to select the register operation performed.
SELo - SEL2 | Three control pins to select the register appearing at the output.
CLK | Clock input.
CEN | Clock enable control pin. When this pin is low, the instruction lo—I3 is performed on the registers.
When high, no register operation occurs.
OE I Output enable control pin. When this pin is high, the output port Y is in a high impedance state.
) When low, the output port Y is active.
Vee Power supply pin, 5V.
GND Ground pins, OV.
2562 tbl 01
IDT73200 OUTPUT SELECTION IDT73201 OUTPUT SELECTION
SElL2 SEL1 SELo Y Output SEL2 SEL1 SELo Y Output
0 0 0 A—>Yo-Y15 0 0 0 A-Yo-Yis
0 0 1 B—-Yo-Yis 0 0 1 B Yo-Yis
0 1 0 C—oYo-Yis 0 1 0 C - Yo-Yis
0 1 1 D —Yo-Yis 0 1 1 D - Yo-Yis
1 0 0 E - Yo-Yis 1 0’ 0 E->Yo-Yis
1 0 1 F—Yo-Yis 1 0 1 F—>Yo-Yis
1 1 0 G- Yo-Yis 1 1 0 G- Yo-Yis
1 1 1 H—- Yo-Yis 1 1 1 Do-Di15s— Yo - Y15
2562 tbl 02 2562 tbl 03
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IDT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT73200 INSTRUCTION TABLE

I3 12 I lo Mnemonic Function Pipeline Levels
0 0 0 0 LDA Do-Di1s > A 1

0 0 0 1 LDB Do-Dis —» B 1

0 0 1 0 LDC Do-Dis—>C 1

0 0 1 1 LDD Do-Dis—»D 1

0 1 0 0 LDE Do-Dis—E 1

0 1 0 1 LDF Do-Dis - F 1

0 1 1 0 LDG Do-Di5s -G 1

0 1 1 1 LDH Do-Dis - H 1

1 0] 0 [¢] LSHAH Do-Dis—-A—->B—-Co>D-oE->F->G-oH 8

1 0 0 1 LSHAD Do-Dis—>A—-B—->C—-D 4

1 0 1 0 LSHEH Do-Dis>E—->F—->G—H 4

1 0 1 1 LSHAB Do-Dis—>A—-B 2

1 1 0 0 LSHCD Do-Dis-C-D 2

1 1 0 1 LSHEF Do-Dis>E—>F 2

1 1 1 0 LSHGH Do-Di5s -G —H 2

1 1 1 1 HOLD Hold All Registers —_

2562 bl 04

IDT73201 INSTRUCTION TABLE

I3 I2 h lo Mnemonic Function Pipeline Levels
0 0 0 0 LDA Do-Dis > A 1
0 0 0 1 L.DB Do-Di5s —» B 1
0 0 1 0 LDC Do-Dis - C 1
0 0 1 1 LDD Do-Dis—-D 1
0 1 0 0 LDE Do-Di1s > E 1
0 1 0 1 LDF Do-Dis—»F 1
0 1 1 0 LDG Do-Di5s > G 1
0 1 1 1 HOLD Hold All Registers -
1 o] 0 0 LSHAG Do-Dis5A—->B->C->D-SE->F->G 7
1 0 0 1 LSHAD Do-Dis—»>A->B—->C-oD 4
1 0 1 0 LSHEG Do-Dis>E->F->G 3
1 0 1 1 LSHAB Do-Dis5A—-B 2
1 1 0 o] LSHCD Do-D1is->C—-D 2
1 1 0 1 LSHEF Do-Dis—>E—-F 2
1 1 1 0 LDG Do-Di5s -G 1
1 1 1 1 HOLD Hold All Registers —

2562 1l 05




IDT73200, IDT73201 :
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT73200 PIPELINE CONFIGURATIONS IDT73201 PIPELINE CONFIGURATIONS
Eight 1-Level Four 2-Level Seven 1-Level
§1=0 §1=4 §1=11 §1=13 $1-0
A J[CE ] A E LA ]
yl=1 §1=5 =1
[ B8 J[_F L 8 J[ _F_ 1] B
§1=2 §1=8 yl1=12 g 1=14 -2
L e J1L¢ 1 c G c
y1=3 y1=7 1-3
Lo JjC v ] Lo 1L H |
Two 4-Level One 8-Level One 4-Level, One 3-Level One 7-Level
y1-9 y1-10 y1-8 ¥ yi=9 Yi=10 -8
A I__fi__l LA |l ] Ca [ & ] A
B 11 ] mli ] B ;—;&—7 r—%ﬁ F

O fe—
Oﬁ'ﬂ

L
(I

—

o

}

;—4—04——014—
—

l¢— O le— T |4¢— M

9—;
%‘*
E}—*
%
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ABSOLUTE MAXIMUM RATINGS(" CAPACITANCE (TA = +25°C, F = 1.0MHz)
Symbol Rating Commercial Military | Unit Symbol Parameter‘") Conditions Typ. | Unit
Vee Power Supply -0.5t0+7.0 | -0.5t10+7.0 | V CIN Input Capacitance VIN = OV 10 pF
Voltage Cout | Output Capacitance Vout = 0V 12 pF
VTERM Tgrminal Voltage -05to -0.5to \ NOTE: B 2562 11 07
with Respect Vec + 0.5 vee + 0.5 1. This parameter is sampled at initial characterization and is not 100%
to GND tested. ’
TA Operating 0to +70 -55t0+125 | °C
Temperature
TBIAS Temperature -55t0+125 | —65t0 +135 | °C TEST CIRCUIT -
Under Bias Test Switch
TstG Storage -5510+125 | —65to +155 | °C tPLZ Closed
Temperature tPZL Closed
lout DC Output . 50 50 mA Open Drain Closed
Current
All Other Tests Open
NOTE: 2562 tl 06
1. Stresses greater than those listed under ABSOLUTE MAXIMUM  DEFINITIONS: 2562110

RATINGS may cause permanent damage to the device. Thisis astress L = Load capacitance includes jig and probe capacitance.
rating only and functional operation of the device at these or-any other 1T = Termination should be equal to Zout of the pulse generator.

conditions above those indicated in the operational sections of this (Typically 50$)
specification is not implied. Exposure to absolute maximum rating YN =0V 10 3.0V . N . -
conditions for extended periods of time may affect reliability. INPUT: tr = tf = 2.5ns (10% to 90%) unless otherwise specified

5.8 4



IDT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS
Commercial: 0°C to +70°C, 5V + 5%,; Military: -55°C to +125°C, 5V £ 10%

Symbol Parameter Test Condition Min. Max Unit
ViH High-Level Input Voltage — 2.0 — \
Vit Low-Level Input Voltage — — 0.8 \
IiH High Level Input Current vee = Max. Vi=Vcc — 10 pA
I Low-Leve! Input Current vece = Max. Vi=GND — -10 pA
VoH High-Level Output Voltage | Vcc = Min., 24 —_ v
I0H = -8mA(COM'L.), -6mA(MIL.)
VoL Low-Level Output Voltage vee = Min., — 0.4 \
loL = 16mA(COM'L.), 12mA(MIL.)
VIK Input Clamp Voltage Il=-18mA — -1.2 V.
los Short Circuit Output Vce = Max., Vo = GND -20 — mA
Current!? Vi = Vcc or GND
lozH High Impedance Output Vvce = Max. Vi =Vce — 20 nA
Current
lozL Low Impedance Output Vee = Max. Vi= GND —_ -20 A
Current
NOTES: 2562 tbl 08
1. For conditions shown as Min. or Max., use appropriate value based on temperature range.
2. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed 100 milliseconds.
POWER SUPPLY CHARACTERISTICS
Symbol Parameter Test Conditions(" Min. | Typ.? | Max. | Unit
lccac Quiescent Power Supply Current vece = Max. — 2 10 mA
Vi =VLC or VHC
lccat® | Quiescent Power Supply Current Vee = Max. — 15 45 mA
Inputs HIGH Vi=3.4V
Iccps™® Dynamic Power Supply Current vce = Max. o COM'L. — 10 30 mA
Outputs Disabled, OE = HIGH
fcp = 10MHz, 50% Duty Cycle | MIL. — 10 40
Vi< VHe, Vi2 Vie
lccor Dynamic Power Supply Current vee = Max. o COM'L. — 10 60 mA
Outputs Disabled, OE = HIGH
fcp = 40MHz, 50% Duty Cycle | MIL. — 10 80
Vi< VHc, Vi2 Vie
NOTES: 2562 tbl 09
1. For conditions shown as Min. or Min., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
3. This parameter is not directly testable but is derived for use in the total power supply calculation.
4. Ic = IQUIESCENT + [INPUTS + IDYNAMIC
lc = lccac + (lccar x DH x NT) + lccp
lccac = Quiescent Current
lccat = Power Supply Current for a TTL High Input (VIN = 3.4V)
DH = Duty Cycle for each TTL Input High
NT = Number of TTL Inputs at DH
leco = Dynamic Charge moved by an input transition pair (HLH or LHL)
All currents are in milliamps and all frequencies are in megahertz.
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IDT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS
Commerical: TA = 0°C to +70°C, Ve = 5V +5%; Military: TA = -55°C to +125°C, VCC = 5V +10%

Commercial

Military

73200L12
73201L12

73200L15
73201L15

73200L20
73201L20

73200L15
73201L15

Parameter Max.

Max. Max. Max. Unit

CLK to Yo-Y15 Propagation Delay

15 15 20 ns

SELo-SEL2to Yo-Y15 Propagation Delay

15 15 20 ns

Do-D15 to CLK Set-up Time

ns

Do-D1s to CLK Hold Time

ns

lo-I3 to CLK Set-up Time

ns

lo-I3 to CLK Hold Time

ns

CEN to CLK Set-up Time

ns

CEN to CLK Hold Time

ns

OE Enable Time!"

13 ns

OE Disable Time!"

13 ns

CLK Pulse Width HIGH

ns

CLK Pulse Width LOW

ns

CLK Period 12

15 20 ns

Data In to Data Qut Flowthrough® 12

15 20 ns

NOTES:
Output Enable and Disable times measured to 500mV change of output voltage level.

1.
2,

A

73201 only.

C TEST CONDITIONS

Input Pulse Levels GND to 4.0V

2562 bl 11

tozov

500Q2

Input Rise/Fall Times 4ns

Input Timing Reference Levels 1.5V

Output Reference Levels 1.5V

Output Load See Figure 1

C

ta

2562 tl 12

MOS TESTING CONSIDERATIONS
There are certain testing considerations which must be
keninto account when testing high-speed CMOS devices in

an automatic environment. These are:

1)

2)

Proper decoupling at the test head is necessary. Place-
ment of the capacitor set and the value of capacitors used
is critical in reducing the potential erroneous failures
resulting from large Vcc current changes. Capacitor lead
length must be short and as close to the DUT power pins
as possible.

All input pins should be connected to a voltage potential
during testing. If left floating, the device may begin to
oscilliate causing improper device operation and possible
latchup.

PULSE
GENERATOR

Vout RL

Ty

3)

4)

| Bt CL_l_

SOpF-J-

Figure 1. AC Output Test Circuit

500Q
RL

2562 drw 05

Definition of input levels is very important. Since many
inputs may change coincidentally, significant noise at
the device pins may cause the ViLand ViH levels not to be
met until the noise has settled. To allow for this testing/
boardinduced noise, IDT recommends using ViL<0V and
Vin 2 3V for AC tests.

Device groundingis extremely important forproper device
testing. The use of multi-layer performance boards with
radial decoupling between power and ground planes is
required. The ground plane must be sustained from the
performance board to the DUT interface board. All
unused interconnect pins must be properly connected to
the ground pin. Heavy gauge stranded wire should be
used for powerwiring and twisted pairs are recommended
to minimize inductance.
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IDT73200, IDT73201
16-BIT CMOS MULTILEVEL PIPELINE REGISTERS

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IoT XXXXX XX XX X X
Device Power Speed Package Process/
Type Temperature
Range

Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

P Plastic DIP
c Sidebraze DIP
J Plastic Leaded Chip Carrier
L Leadless Chip Carrier
| 12
| 15
4L Low Power
| 73200 16-Bit 8-Level Pipeline Register
73201 16-Bit 7-Level Pipeline Register

2562 drw 06
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Integrated Device Technology, Inc.

FAST CMOS OCTAL ﬁ PRELIMINARY
REGISTER TRANSCEIVER IDT73210

WITH PARITY

IDT73211

FEATURES » Even parity generation from Port B to Port A
» Two bidirectional interfacing ports - + Parity polarity pontrol N .
« Single-level pipeline register for one port and one-level ~ * High output drive capability: 64/48mA (commercial/
(73211) or two-level (73210) pipeline register for the military)
other port + Auvailable in 32-pin, 300 mil plastic DIP and sidebraze
+ 8-bit wide interface ports plus parity bit D!P, surface mount 32-pin SOJ and LCC packages
« Even parity checking in both directions + High-speed, low-power, CEMOS™ process technology
+ Even/odd parity generation from Port A to Port B « Military product compliant to MIL-STD-883, Class B
FUNCTIONAL BLOCK DIAGRAM
Ao-8 ACE PE‘RRB Vce GND2-o
POWER
SUPPLY
\ 4 |QZo-8
AEN —»
cp . REG X REGZ |
ax A
0-8 9
° MUX o
POLARITY 1 y
9 9
v ———
Even Parity Evsg:noydd Complement | Even Parity —’{ﬁML&-l'—_ Even Parity E;g{;(
Check Generation Parity Check Check Generation
A A
9 9 9
Wo-8 QYo-8
> REG Y
LATCHW IDT73210 BEN
LATCH Y
i IDT73211 LE
Y
y
DX SEL
| !
PERRA BOE Bo-s 2594 drw 3
CEMOS is a trademark of Integrated Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES APRIL 1990

©1990 Integrated Device Technology, Inc.

5.9

DSC-9035/-
1




1DT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

APPLICATIONS

+ Cache memory bus interface

+ Read and write buffers for RISC microprocessor system
+ Registered transceiver with parity

FUNCTIONAL DESCRIPTION

The IDT73210/1 Octal Register Transceivers are high-
speed, low-power data interface with data integrity checking
capability.

They are designed for high-performance systems requiring
bidirectional data transfer between two buses and maintain-
ing error checking via parity.

In any RISC or CISC microprocessor system, the
IDT73210/1 can be usedto interface cache memory with main
memory. Data integrity is ensured through parity checking.
Control features allow dynamic reconfiguration of
check/generate and odd/even parity options.

DETAILED FUNCTIONAL DESCRIPTION

Port A to Port B Path (IDT73210 and IDT73211) is
comprised of a register (X), an even/odd parity generator and
an even parity checker. The input data is on the Ao-g lines.
When AEN is low, Ao-8 is latched into Register X on the low-
to-high CP transition. Even parity of the latched data is
checked. If PERRA goes high, a parity error has occurred. A
new parity bit, Bg, is generated. The output data bus is Bo-8
and is enabled when BOE is low.

Port B to Port A Path (IDT73210) is comprised of a latch
(W), two registers (Y and Z), an even parity generator/checker
and a parity bit latch complementor. The input data bus is on
the Bo-8 lines.

When SEL is high, the incoming data is latched into Latch
W. When LE is high, Latch W is transparent; when LE is low,
Latch W is closed. The parity bit, Bs, can be complemented
by the POLARITY pin. If POLARITY is low, the parity sense

- remains the same. if POLARITY is high, the parity sense is
complemented. Parity is not generated in this path. Even
parity of latched datais checked. If PERRB goes high, a parity
error has occurred. When BEN is low, Wo-g is latched into
Register Z on the low-to-high CP transition. The previous
contents are held in Register Z if BEN is high or if there is no

low-to-high CP transition. The output data bus is Ao-8 and is
enabled when AOE is low. When SEL is high, there is only a
one clock cycle latency.

When SEL is low, the incoming data is latched into Register
Y on the low-to-high CP transition, when BEN is low. Even
parity of the registered data is checked. 1f PERRB goes high,
aparity error has occurred. Evenparity (QY8) is generatedon
the contents in Register Y. When BEN is low, the contents of
register Y are transferred to Register Z on the low-to-high CP
transition. When BOE is low, the content of Register Zis made
available at output Port A. When SEL is low, there is a two
clock cycle latency.

Port B to Port A Path (IDT73211) is comprised of a latch
(W), two registers (Y and Z), an even parity generator/checker
and a parity bit latch complementor. The input data bus is on
the Bo-8 fines.

When SEL is high, the incoming data is latched into Latch
W. When LE is high, Latch Wis transparent; when LE is low,
Latch W is closed. The parity bit, Bs, can be complemented
by the POLARITY pin. If POLARITY is low, the parity sense
remains the same. If POLARITY is high, the parity sense is
complemented. Parity is not generated in this path. Even
parity of latched datais checked. I PERRB goes high, a parity
error has occurred. When BEN is low, Wo-8 is latched into
Register Z on the low-10-high CP transition. The previous
contents are held in Register Z if BEN is high or if there is no
low-to-high CP transition. The output data bus is Ao-8 and is
enabled when AOE is low. When SEL is high, there is only a
one clock cycle latency.

When SEL is low, the incoming data is latched into Latch Y
when LEis high. Latch Yis closed when LE is low. Even parity
of latched data is checked. If PERRB goes high, a parity error
has occurred. Evenparity (QY8) is generated on the contents
in Latch Y. When BEN is low, the contents of Latch Y are
transferred to Register Z on the low-to-high CP transition.
When BOE is low, the content of Register Z is made available
at output Port A. When SEL is low, there is a one clock cycle
latency.

The power pins are Vcc and GNDo-2. GNDois internal quiet
ground, GND1 is Port B ground and GND2 is Port A ground.
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IDT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS(")

Index - o|§]§§|§ o BEN O 1 321 SEL
oy = BOE O 2 310 AOE
Bo O3 301 Ao
A1 B1O4 29[ A1
A2 B25 28 A2
A3 B3 (] 6 270 A3
A4 B4 7 ’(’:%2222 260 As
Vce GNDo [} 8 & 251 Vcc
GND2 GND1 ] 9 §032-2 24 GND2
As Bs ] 10 233 As
As Bs T} 11 220 As
A7 Br 012 210 A7
Bs 4 13 20 As
2594 dw 01 PERRB (] 14 190 PERRA
BUSZEE < LE O} 15 18] AEN
& T cpP 16 17[0 POLARITY
a S a
@] 2594 drw 02
a
DIP/SOJ
Lcc TOP VIEW
TOP VIEW
NOTE:
1. GNDo s internal quiet ground
GND1 is B Port ground
GND2is A Port ground
PIN DESCRIPTIONS
Pin Name 1’0 Description
Ao-8 10 Data Port A.
AEN | Clock enable (active low) for the register X.
ACE | 3-state output enable for Port A.
Bo-8 l{e] Data Port B.
@ | Clock enable (active low) for the registers Y and Z.
BOE | 3-state output enable for Port B.
LE | Latch enable input for Latch Y/Latch W of Port B. The Latch Y/Latch W is open when LE is high. Data is latched
on the high-to-low transition of LE.
SEL | Input selection for Port B.
SEL = 0 Register Y; SEL=1 LatchY
POLARITY 1 Polarity selection input.
Polarity A to B Direction B to A Direction
0 EVEN Pass Parity
1 oDD Complement Parity
PERRA (o] Parity output error for Port A.
PERRB (o] Parity output error for Port B.
CP | Input clock.
Vee +5 volts.
GNDo-2 Ground.
2584 thl 01
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IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES

OPERATING MODES SUMMARY
IDT73210/1 A TO B DIRECTION

Output
Input Reg. X PERRA (Bs) Bo-8
Ao-8 Ao-8 — QXo-8 | Result of even | Even/odd parity bit QXo-8 — Bo-8
(CP = Lo to Hi) | parity check Bs = POLARITY XOR | (BOE = 0)
(AEN = 0) Even parity generate
from QXo-7
2594 bl 02
IDT73210/1 B TO A DIRECTION WHEN SEL =1
Reg. Z Output
Input Latch W PERRB (QZs) QZo-8 (As) Ac-s
Bo-s Bo-8 —» Wo-8 | Result of even | Bit complemented Wo-8 — QZo-8 As = POLARITY XOR QZo-8 — Ao-8
(LE=1) parity check by POLARITY (CP = Lo to Hi) Ws (AOE = 0)
(Even/odd parity (BEN = 0)
translation)
2584 bl 03
IDT73210 B TO A DIRECTION WHEN SEL =0
Reg. Z Output
Input Reg. Y PERRB (QZs) QZo-s (As) Ac-s
Bo-8 Bo-8 —» QYo-8 | Result of even | Even parity generated| QYo-8 — QZo-8 | As = Even parity QZo-8 — Ao-8
(CP = Lo to Hi)| parity check bit (CP = Lo to Hi) generated from QYo-7 (BOE = 0)
(BEN = 0) (BEN = 0)
2594 1l 04
IDT73211 B TO A DIRECTION WHEN SEL =0
Reg. Z Output
Input LatchY PERRB (QZs) QZo-8 (As) Ao-3
Bo-s Bo-8 —» QYo-8 | Result of even | Even parity generated | QYo-8 - QZo-8 | As = Even parity QZo-8 — Ao-8
(LE=1) parity check bit (CP = Lo to Hi) generated from QYo-7 (BOE = 0)
(BEN = 0)

2584 bl 05
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10773210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY . MILITARY AND COMMERCIAL TEMPERATURE RANGES
CACHE
R3000 ‘ “MEMORY"
34 36
4 x (TAFCT823) ] ] 5x (20FCT52) ]

32, 4

y
Address + Acc Type (0, 1) Data

Data Bus Chip Count=9 Pin Count =176

CACHE
R3000 . MEMORY
34 36
4 x (TAFCT823) | l 4x73210 J
32
¥
Address + Acc Type (0, 1) Data

Data Bus Chip Count=4 Pin Count = 128
Saves 10ns in the Critical Data Path

2594 drw 04

Figure 1. R3000 System with No Parity Support in Main Memory




IDT73210, IDT73214

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
CACHE
R3000 MEMORY
34 36
4 x (74FCT823) I I 5 x (29FCT52) I
A
32 4

xtes0) |— £y

36

Address + Acc Type (0, 1)  Data + Parity

Data Bus Chip Count=9" Pin Count =176

CACHE
R3000 MEMORY
34 36
4 X (74FCT823) | I 4x73210 ]—> Parity
36
Address + Acc Type (0, 1) Data + Parity

Data Bus Chip Count=4 Pin Count = 128

2594 drw 05

Figure 2. R3000 System with Parity Support in Main Memory
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IDT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

osc FPU 32+4
@3 le—s]
i 3 | Cache
™ 9 [™ x608its
Q Data N
Reset —» . 5 Addrlo 18
AL | |5 @[z
P " p=) T <
Init Options —» State ® ag 94 D Cache >
Match 1 9 ™ x60Bis
Intr 5-0 ——»{ W
>
20+1+3
(1
y
FCT240A f
(%]
| l e I ! '
(C) Bs-o Bs-o0 Bs-0 Bs-0 Ag-0 As-0 As-0 Ag-0
> CP —[: cP —»CP
! Vee—{LE E 73210 | 73210 | 73210 { 73210
Bu%v Mem Buffered 73210 | 73210 [ 73210 | 73210 AOE PERRA,B
Rd & Wr Rd & Wr Sys Clock As-0 Ag-0 As-0 As-0 Bs-0 Bs-0 Bs-0 Bs-0
PAL State Machine l l l l 1 1 i 1
ACE Address XEn Data + Parity
2594 drw 06
Figure 3. Read and Write Buffers Using Eight IDT73210/1
7
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IDT73210, IDT73211 ’
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS(" CAPACITANCE (TA = +25°C, f = 1.0MHz)
Symbol Rating Com’l. Mil. Unit Symbol | Parameter(” Conditions Typ. | Unit
VTERM | Terminal Voltage | —0.5to -0.5to \Y CN Input VIN =0V 5 pF
with Respect Vcc+0.5 | Vec+ 0.5 Capacitance
to Ground Cout | Output Vour = 0V 7 pF
vce Power Supply -0.5t0+7.0| -05t0+7.0}| V Capacitance
Voltage Cro Input — Output Vour = oV 7 pF
TA Operating Oto+70 |-55t0+125| °C Capacitance
Temperature NOTE: 2504 ol 07
TBIAS Temperature -5510 +125{-651t0 +135| °C 1. This parameter is sampled and not 100% tested.
Under Bias
TsTG Storage ~55t0 +125|-651t0 +150 | °C
Temperature
PT Power Dissipation 1.2 1.5 w
lout Total Output 200 250 mA
Current
NOTE: 2594 tbl 06

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

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE
The following conditions apply unless otherwise specified:
Commercial: TA = 0°C to +70°C, Vcc = 5.0V +5%; Military: TA = -55°C to +125°C, Vcc = 5.0V +10%

Symbol Parameter Test Conditions!" Min. | Typ.? | Max. | Unit
VIH Input HIGH Level Guaranteed Logic HIGH Level 2.0 — —_ \
ViL Input LOW Level Guaranteed Logic LOW Level — — 0.8 \Y%
i+ Input HIGH Current vVee = Max. Except /O — — 10 HA
Vi=27V /0 pins — — 20

I Input LOW Current Vece = Max. Except 110 — —_ -10 RA
Vi= 0.5V /O pins — — -20

VIK Clamp Diode Voltage vce = Min,, IN = —-18mA — -0.7 -1.2 v

los Short Circuit Current vee = Max.®), Vo= GND | PERRA, PERRB -30 — | -150 | mA

Ao-8, Bo-s -20 — -75

VoH Output HIGH Voltage vece = Min. lIoH = —12mA MIL. 24 33 —_ \
VIN = VIH or VIL IoH = -15mA COM'L.

VoL Output LOW Voltage vee = Min. Ao-8 loL = 48mA MIL. — 0.3 0.5 %
VIN=ViHorViL | Bo-8 loL = 64mA COM'L.
Vee = Min. PERRA | loL = 20mA MIL.
VIN=ViHor Vit | PERRB | loL = 24mA COM'L.

VH Input Hysteresis for CP only | Vcc =5V — 200 — mV

NOTES: 2594 1l 09

1. For conditions shown as Min. or Max., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient, not production tested.
3. Notmore than one output should be shorted at one time. Duration of the short circuit test should not exceed 100 millisecond.
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IDT73210, IDT73211
FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY

MILITARY AND COMMERCIAL TEMPERATURE RANGES

POWER SUPPLY CHARACTERISTICS
Commercial: TA = 0°C to +70°C, Vcc = 5.0V £ 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
VLe = 0.2V; VHC = Vce - 0.2V

Symbol Parameter Test Conditions!" Min. | Typ.? | Max. | Unit
lccac Quiescent Power Supply Current | Vcc = Max., VIN = GND or Vcc — 0.001 2.0 mA
lccat Quiescent Power Supply Current | Vcc = Max. COM'L. — 3 10 mA

TTL Inputs HIGH VIN = 3.4 MIL. — 3 15
lccnt Dynamic Power Supply vce = Max. VIN 2 VHC — 6.0 15 mA
Current® Outputs Disabled VIN< ViC
fcp = 10MHz
50% Duty Cycle
fi = 5SMHz
lccp2 Dynamic Power Supply Vee = Max. VIN 2 VHC — 24 60 mA
Current!® Outputs Disabled VIN< VLG
fcp = 40MHz
50% Duty Cycle
fi = 20MHz
NOTES: 2594 11 08
1. For conditions shown as Min. or Max., use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading, not production tested.
3. This parameter is not directly testable but is derived for use in the total power supply calculation.
4. Ic = |QUIESCENT + IINPUTS + IDYNAMIC
lc = lecac + lecat DHNT + Icco
lccac = Quiescent Current
lccar = Power Supply Current for a TTL High Input (VIN = 3.4V)
DH = Duty Cycle for TTL Inputs High
NT = Number of TTL Inputs at DH
lccp = Dynamic Current caused by an Input Transition Pair (HLH or LHL)
All currents are in milliamps and all frequencies are in megahertz.
5.9 9



IDT73210, IDT73211

FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE
TA =0°C to +70°C; VcCc =5V +5%

CL = 50pF; RL =500Q

Min.

Parameter Description ) Typ.“) Max. Unit
tPLH Propagation Delay — — 10.0 ns
tPHL Clock to Ao-8 (AOE = Low)
Clock to Bo-8 (BOE = Low)

tPHL Propagation Delay — — 8.5 ns
CP to PERRA, PERRB

tPHL Propagation Delay —_ — 7.0 ns
POLARITY to Bo-8

tPHL Propagation Delay 8.5 ns
Bo-s to PERRB

ts Set-up Time —_ ns
Ao-8, Bo-8, POLARITY, SEL to CP

tH Hold Time —_ ns
Ao-8, Bo-8, POLARITY, SEL to CP

ts Set-up Time — ns
AEN, BEN to CP Low-to-High

tH Hold Time —_ ns
AEN, BEN to CP Low-to-High

ts Set-up Time 2.0 — — ns
Bo-8 to LE

tH Hold Time 1.5 — — ns
Bo-gto LE

ts Set-up Time 3.0 — —_ ns
Bo-8 to CP to Low-to-High; LE = High

tH Hold Time 1.5 - —_ ns
Bo-8 to CP to Low-to-High; LE = High .

tPzH Output Enable Time — — 7.0 ns

tPzL AOE to Ao-8, BOE to Bo-8

tPHZ Output Disable Time — — 6.5 ns

trLz AOE to Ao-8, BOE to Bo-8

tPWH Clock Pulse Width High 7.0 5.0 — ns

tPwL Clock Pulse Width Low 7.0 5.0 — ns

NOTE: 2594 1l 10
1. Typical values are at Vcc = 5.0V and +25°C ambient, not production tested.
5.9 10
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SWITCHING CHARACTERISTICS OVER MILITARY OPERATING RANGE
TA = -55°C to +125°C; Vcc =5V £ 10%
CL = 50pF; RL=500Q

Parameter Description Min. Typ.(" Max. Unit
tPLH Propagation Delay _ —_ 12.2 ns
tPHL Clock to Ao-8 (AOE = Low)
Clock to Bo-8 (BOE = Low)

tPHL Propagation Delay —_ —_ 10.6 ns
CP to PERRA, PERRB

tPHL Propagation Delay 7.0 ns
POLARITY to Bo-8

tPHL Propagation Delay 10.6 ns
Bo-8 to PERRB
LE = High

1s Set-up Time - ns
Ao-8, Bo-8, POLARITY, SEL to CP

tH Hold Time —_ ns
Ao-8, Bo-s, POLARITY, SEL to CP

1s Set-up Time — ns
AEN, BEN to CP Low-to-High

tH Hold Time ; - ns
AEN, BEN to CP Low-to-High#*

ts Set-up Time i 2.0 — — ns
Bo-s to LE S

tH Hold Time ;1" " 1.5 — — ns
Bo-stoLE %

ts Set-up Time i 3.0 — — ns
Bo-8 to CP to Low-to-High; LE = High

tH Hold Time 1.5 — —_ ns
Bo-8 to CP to Low-to-High; LE = High

tPZH Output Enable Time — — 7.0 ns

trzL AOE to Ao-8, BOE to Bo-8

tPHZ Qutput Disable Time — — 6.5 ns

tPLZ AOE to Ao-8, BOE to Bo-8

tPWH Clock Pulse Width High 8 6 _ ns

tPwL Clock Pulse Width Low 8 6 - ns

NOTE: 2594 bl 11

1. Typical values are at Vcc = 5.0V and +25°C ambient.
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FAST CMOS OCTAL REGISTER TRANSCEIVER WITH PARITY MILITARY AND COMMERCIAL TEMPERATURE RANGES
Vce
ESD
PROTECTION
I|H_> \ loH
INPUTS O——"——DO— OUTPUTS
<
L

A (I-OL

jp— 2594 drw 07
-— 2594 drw 08

Figure 4. Input Interface Circuit
Figure 5. Output Interface Circuit

Vce
o
VIN
Pulse
Generator D.U.T.
RT

—_ = —_— — — —— 2594 drw 09

DEFINITIONS:
CL = Load capacitance: includes jig and probe capacitance
RL= Termination resistance: should be equal to Zour of the Pulse Generator

Figure 6. AC Test Load Circuit

AC TEST CONDITIONS
Input Pulse Levels GND to 3.0V Test Switch
Input Rise/Fall Times 1Vins Open Drain Closed
Input Timing Reference Levels 1.5V Disable Low
Output Reference Levels 1.5V Enable Low
id - All other Tests Open
Output Load See Figure 6 2504 Bl 13

2594 tol 12
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ORDERING INFORMATION

IDT __ XXXX X X
Device Type Package Process/
Temperature

Range

BLANK  Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Y 32-pin Small Outline IC (J-Bend)

TP 32-pin Thin Plastic Dip (300mil wide)
TC 32-pin Thin Sidebraze Dip (300mil wide)
L 32-pin Leadless Chip Carrier

| 73210 8-bit One Single, One Double Pipeline Registers
| 73211 8-bit Two Single Pipeline Registers

2594 drw 10
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Integrated Device Technology, Inc.

16-BIT CMOS
ERROR DETECTION
AND CORRECTION UNIT

IDT39C60

IDT39C60-1
IDT39C60A

IDT39C60B

FEATURES

Low-power CEMOS™
— Military: 100mA (max.)
— Commercial: 85mA (max.)

« Fast

— Data in to Error Detect
IDT39C60B: 16ns (max.), IDT39C60A: 20ns (max.)
IDT39C60-1: 25ns (max.), IDT39C60: 32ns (max.)

— Data in to Corrected Data out
IDT39C60B: 25ns (max.), IDT39CE0A: 30ns (max.)
IDT39C60-1: 52ns (max.), IDT39C60: 65ns (max.)

* Improves system memory reliability

— Corrects all single-bit errors, detects all double and

some triple-bit errors

« Cascadable

— Data words up to 64 bits

+ Built-in diagnostics

— Capable of verifying proper EDC operation via

software control

+ Simplified byte operations
— Fast byte writes possible with separate byte enables

+ Available in 48-pin DIP, 52-pin PLCC and LCC

» Pin-compatible to all versions of the AMD2960

+ Military product available compliant to MIL-STD-883,

Class B

+ Standard Military Drawing #5962-88613 available for this

function

DESCRIPTIONS

The IDT39C60 family are high-speed, low-power, 16-bit
Error Detection and Correction Units which generate check-
bits on a 16-bit data field according to a modified Hamming
Code and correct the data word when checkbits are supplied.
When performing a read operation from memory, the
IDT39C60s will correct 100% of all single bit errors, will detect
all double bit errors and some triple bit errors.

The IDT39C60s are easily cascadable from 16 bits up to 64
bits. Sixteen-bit systems use 6 check bits, 32-bit systems use
7 check bits and 64-bit systems use 8 check bits. For allthree
configurations, the error syndrome is made available.

All parts incorporate 2 built-in diagnostic modes. Both
simplify testing by allowing for diagnostic data to be entered
into the device and to execute system diagnostic functions.

" ThelDT39C60s are pin-compatible, performance-enhanced
functional replacements for all versions of the 2960. They are

fabricated using CEMOS, a CMOS technology designed for

high-performance and high-reliability. The devices are pack-

aged in either 48-pin DIPs and 52-pin PLCC and LCCs.
Military grade productis manufactured in compliance to the

latest revision of MIL-STD-883, Class B.

FUNCTIONAL BLOCK DIAGRAM

LEour OD————
CEBYTEO D—7—

CBo-s [
8 - o—l
DATAo-7 K3} DATA OUT ERROR DECODE MUX
DATAs-15 &S} 8 LATCH 16 & CORRECT 7
OEBYTE1 [ 1
b DATA IN CHECK BIT
] RATAN 5 GENERATE > 77 [T i7 z SCoe
, MUX OEsc
CHECK BIT
IN LATCH 7
LEIN f >
"o wr | ] e G | S worremwon
— om&@g&nc L > 7 ’ e

LEoiG D——j

CODE ID 3

DIAG MODE

PASSTHRU [D>——2—»
GENERATE [O——>

CORRECT [OD————>
CEMOS and MICROSLICE are trademarks of Integrated Device Technology, Inc.

CONTROL
LOGIC

2595 drw 01

MILITARY AND COMMERCIAL TEMPERATURE RANGES

APRIL 1990

©1990 Integrated Device Technology, Inc.
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

CORRECT 1 48 [ PASSTHRU
DATA1s [ 2 47 [ DIAG MODEx
DATA14 [ 3 46 [ DIAG MODEo
DATA13 [ 4 45 CODE ID2
DATA12 15 44 1 CODE ID1

LEN 6 43 CODE Do

_LEDIAG 7 42 GENERATE

OEBYTE1 18 411 CBs
DATA11 [ 9 401 CBo
DATA10 ] 10 39 CBs

DATAs ] 11 381 CB4
DATAs 12 P48-1 37193 cBs
aND 13 . & _ 363 Vee
DATA7 5 14 C48-2 3515 cg2
DATAs {15 343 CBs
DATAs [ 16 33 [ MULT ERROR
__ DATA« 17 32 ERROR
OEBYTEo [ 18 31 [ OEsc
LEouT ] 19 30 [ SCo
DATA3 [ 20 29[ SCs
DATAz2 [ 21 28 [ SCs
DATA1 [ 22 27 [ SC2
DATAo0 ] 23 26[1 SC4
SC1 24 25 SCs
D|P 2595 drw 02
TOP VIEW
(600 mil x 100 mil Centers)
5§ggw_o
sozemgfg88080
SEEEEQuuoBnBs
INDEX sfi<<<<02IZ2000
>S4 00000000000

LEbiac GND
DEBYTE: GENERATE
DATA1 CBs
DATAmw0 J° INDICATOR 1 CBo
DATAS FOR PLCC CBs
DATAs CBs
GND 1 CBs
DATA? J52-1 Vee
DATAs & CB:
DATAs L52-1 B
DATA« MULT ERROR
OE BYTEo ERFOR
Vee OEsc

2595 drw 03

PLCC/LCC
TOP VIEW
(750 mil x 750 mil Centers)
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16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Pin Name

/0

Description

DATAo-15

l[e)

16 bidirectional data lines provide input to the Data Input Latch and receive output from the Data Output Latch.
DATAO is the least significant bit; DATA15 the most significant.

CBo-6

Seven check bit input lines are used to input check bits for error detection. Also used to input syndrome bits
for error correction in 32- and 64-bit configurations.

LEIN

Latch Enable — Data Input Latch. Controls latching of the input data. When HIGH, the Data Input Latch and
Check Bit Input Latch follow the input data and input check bits. When LOW, the Data Input Latch and Check
Bit Input Latch are latched to their previous state.

GENERATE

Generate Check Bits input. Whenthisinputis LOW, the EDC is inthe Check Bit Generate mode. When HIGH,
the EDC is in the Detect mode or Correct mode. In the Generate mode, the circuit generates the check bits
or partial check bits specific to the data in the Data Input Latch. The generated check bits are placed on the
SC outputs. In the Detect or Correct modes the EDC detects single and multiple errors and generates
syndrome bits based upon the contents of the Data Input Latch and Check Bit Input Latch. In Correct mode,
single-bit errors are also automatically corrected — corrected data is placed at the input of the Data Output
Latch. The syndrome result is placed on the SC outputs and indicates, in a coded form, the number of errors
and the bit-in-error.

Syndrome/Check Bit outputs hold the check/partial check bits when the EDC is in Generate mode and will hold
the syndrome/partial syndrome bits when the device is in Detect or Correct modes. These are 3-state outputs,

Output Enable — Syndrome/Check Bits. When LOW, the 3-state output lines SCo-6 are enabled. When HIGH,
the SC outputs are in the high impedance state.

Error Detected output. When the EDC is in Detect or Correct mode, this output will go LOW if one or more
syndrome bits are asserted, meaning there are one or more bit errors in the data or check bits. If no syndrome
bits are asserted, there are no errors detected and the output will be HIGH. In Generate mode, ERROR is
forced HIGH. (In a 64-bit configuration, ERROR must be implemented externally.)

MULT ERROR

Muttiple Errors Detected output. When the EDC is in Detect or Correct mode this output, if LOW, indicates
thatthere are two or more bit errors that have been detected. If HIGH, this indicates that either one or no errors
have been detected. In Generate mode, MULT ERROR is forced HIGH. (In a 64-bit configuration,
MULT ERROR must be implemented externally.)

CORRECT

Correct input. When HIGH, this signal allows the correction network to correct any single-bit error in the Data
Input Latch (by complementing the bit-in-error) before putting it into the Data Output Latch. When LOW, the
EDC will drive data directly from the Data Input Latch to the Data Output Latch without correction.

LEout

Latch Enable — Data Output Latch. Controls the latching of the Data Output Latch. When LOW, the Data
Output Latch is latched to its previous state. When HIGH, the Data Output Latch follows the output of the Data
Input Latch as modified by the correction logic network. In Correct mode, single-bit errors are corrected by
the network before loading into the Data Output Latch. In Detect mode, the contents of the Data Input Latch
are passed through the correction network unchanged into the Data Output Latch. The inputs to the Data
Output Latch are disabled with its contents unchanged if the EDC is in Generate mode.

OE BYTEo
OE BYTE:1

Output Enable — Bytes 0 and 1, Data Output Latch controls the 3-state outputs for each of the two bytes
of the Data Output Latch. When LOW, these lines enable the Data Output Latch and, when HIGH, these lines
force the Data Output Latch into the high impedance state. The two enable lines can be separately activated
to enable only one byte of the Data Output at a time.

PASSTHRU

PASSTHRU input, when HIGH, forces the contents of the Check Bit Input Latch onto the Syndrome/Check
Bit outputs (SCo-6) and the unmodified contents of the Data Input Latch onto the inputs of the Data Output
Latch.

DIAG MODEo-1
CODE IDo-2

Diagnostic Mode Select contrals the initialization and diagnostic cperation of the EDC.
Code Identification inputs identify the size of the total data word to be processed and which 16-bit slice of larger
data words a particular EDC is processing. The three allowable data word sizes are 16, 32, and 64 bits and
their respective modified Hamming Codes are designated 16/22, 32/39 and 64/72. Special CODE ID input
001 (ID2, ID1, IDo) is also used to instruct the EDC that the signals CODE IDo-2, DIAG MODEo-1, CORRECT
and PASSTHRU are to be taken from the diagnostic latch rather than the control lines.

LEDIAG

Latch Enable — Diagnostic Latch. The Diagnostic Latch follows the 16-bit data on the input lines when HIGH.
When LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch
holds diagnostic check bits and internal control signals for CODE 1Do-2, DIAG MODEo-1, CORRECT and
PASSTHRU.

2595 tbl 01
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PRODUCT DESCRIPTION

The {DT39C60 EDC Unit is a powerful 16-bit cascadable
slice used for check bit generation, error detection, error
correction and diagnostics. As showninthe Functional Block
Diagram, the device consists of the following:

— Data Input Latch

— Data Output Latch

— Diagnostic Latch

— Check Bit Input Latch

— Check Bit Generation Logic
— Syndrome Generation Logic
— Error Detection Logic

— Error Correction Logic

— Control Logic

DATA INPUT/OUTPUT/DIAGNOSTIC LATCHES

The LEIN, Latch Enable input, controls the Data Input which
canload 16 bits of data fromthe bidirectional DATAlines. The
input data is used for either check bit generation or error
detection/correction.

The 16 bits of data from the DATA lines can be loaded into
the Diagnostic Latch under control of the Diagnostic Latch
Enable, LEDIAG, giving check bit information in one byte and
control information in the other byte. The Diagnostic Latchis
used when in Internal Control mode or in one of the Diagnos-
. tics modes.

The Data Output Latch is split into two bytes and enabled
onto the DATA lines through separate byte control lines. The
Data Output Latch stores the result of an error correction
operationoris loaded directly fromthe Data Input Latch under
control of the Latch Enable Out (LEoUT). The PASSTHRU
control input determines which data is loaded.

CHECK BIT GENERATION LOGIC

This block of combinational logic generates 7 check bits
using a modified Hamming Code fromthe 16 bits of data input
from the Data Input Latch.

SYNDROME GENERATION LOGIC

This logic compares the check bits generated through the
Check Bit Generator with either the check bits in the Check Bit
Input Latch or 7 bits assigned in the Diagnostic Latch.

Syndrome bits are produced by an exclusive-OR of the two
sets of bits. A match indicates no errors. If errors occur, the
syndrome bits can be decoded to indicate the bit in error,
whether 2 errors were detected or 3 or more errors.

ERROR DETECTION/CORRECTION LOGIC

The syndrome bits generated by the Syndrome Logic are
decoded and used to control the ERROR and
MULTERROR outputs. If one or more errors are detected,

ERROR goes low. If two or more errors are detected, both
ERROR and MULT ERROR go low. Both outputs remain high
when there are no errors detected.

For single bit errors, the correction logic will complement
(correct) the bit in error, which canthenbe loadedinto the Data
Out Latches underthe LEOUT contro!. if check bit errors need
to be corrected, then the device must be operated in the
Generate mode.

CONTROL LOGIC ‘

The control logic determines the specific mode of opera-
tion, usually from external control signals. However, the
Internal Control mode allows these signals to be provided
from the Diagnostic Latch.

DETAILED PRODUCT DESCRIPTION

The IDT39C60 EDC unit contains the logic necessary to
generate check bits on a 16-bit data input according to a
modified Hamming Code. The EDC can compare internally
generated check bits against those read with the 16-bit data
to allow correction of any single bit data error and detection of
all double and some triple bit errors. The IDT39C60 can be
used for 16-bit data words (6 check bits), 32-bit data words
(7 check bits) or 64-bit data words (8 check bits).

CODE AND BYTE SELECTION
The 3 code identification pins, 1Do-2, are used to determine
the data word size from 16, 32 or 64 bits and the byte position
of each 16-bit IDT33C60 EDC device.
Code 16/22 refers to a 16-bit data field with 6 check bits.
Code 32/39 refers to a'32-bit data field with 7 check bits.
Code 64/72 refers to a 64-bit data field with 8 check bits.
The IDo-2 of 001 is used to place the device in the Internal
Control mode as described later in this section.
Table 1'defines all possible identification codes.

CHECK AND SYNDROME BITS

The IDT39C60 provides either check bits or syndrome bits
on the three-state output pins, SCo-6. Check bits are gener-
ated froma combination of the Data Input bits, while syndrome
bits are an Exclusive-OR of the check bits generated from
read data with the read check bits stored with the data.
Syndrome bits can be decoded to determine the single
bit-in-error or that a double error was detected. Some triple bit
errors are also detected. The check bits are labeled:
Co, C1,C2, C3, Ca
Co, C1,C2,C3,C4,Cs
Co, C1,C2, C3, C4,Cs,Cs
Co, C1, C2, C3, C4, Cs, Cs, C7

Syndrome bits are similarly labeled So through S7.

for the 8-bit configuration
for the 16-bit configuration
for the 32-bit configuration
for the 64-bit configuration
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CONTROL MODE SELECTION

Tables 2 and 3 describe the 9 operating modes of the
IDT39C60. The Diagnostic mode pins, DIAG MODEo-1,
define 4 basic areas of operation, with GENERATE, COR-
RECT and PASSTHRU, further dividing operation into 8
functions with the IDo-2 defining the ninth mode as the Internal
mode.

Generate mode is used to display the check bits on the
outputs SCo-6. The Diagnostic Generate mode displays
check bits as stored in the Diagnostic Latch.

Detect mode provides an indication of errors or multiple
errors on the outputs ERROR and MULTERROR. Single bit
errors are not corrected in this mode. The syndrome bits are
provided on the outputs SCo-6. For the Diagnostic Detect
mode, the syndrome bits are generated by comparing the
internally generated check bits from the Data In Latch with
check bits stored in the diagnostic latch rather than with the
check bit latch contents.

Correct mode is similar to the Detect mode except that
single bit errors will be complemented (corrected) and made
available asinputto the Data Out Latch. Again, the Diagnostic
Correct mode will correct single bit errors as determined by
syndrome bits generated from the Data Input and contents of
the Diagnostic Latch.

The Initialize mode provides check bits for all zero bit data.
Data In Latch is set and latched to a logic zero and made
available as input to the Data Out Latch.

The Internal mode disables the external control pins DIAG
MODEo-1, CORRECT, PASSTHRU and CODE ID to be
defined by the Diagnostic Latch. When in the internal control
mode, the data loaded into the diagnostic latch should have
the CODE !D different from 001 as this would represent an
invalid operation.

CODE CODE CODE Hamming Code DIAG DIAG

1D2 D1 1Do and Slice Selected MODE1 MODE2 Diagnostic Mode Selected
0 0 0 Code 16/22 0 0 Non-diagnostic mode. The EDC
0 0 1 Internal Control Mode functions normally in all modes.
0 ! 0 Code 32/39, Byte 0 and 1 0 1 Diagnostic Generate. The contents of
0 1 1 Code 32/39, Byte 2and 3 the Diagnostic Latch are substituted for
1 0 0 Code 64/72, Byte 0 and 1 the normally generated check bits when
1 0 1 Code 64/72, Byte 2 and 3 in the Generate mode. The EDC func-
1 1 0 Code 64/72, Byte 4 and 5 tions normally in the Detect or Correct
1 1 1 Code 64/72, Byte 6 and 7 modes.

2595 1ol 02 N -
1 0 Diagnostic Detect/Correct. Inthe Detect

Table 1. Hamming Code and Slice Identification

or Correct mode, the contents of the
Diagnostic Latch are substituted for the
check bits normally read from the Check
Bit Input Latch. The EDC functions
normally in the Generate mode.

Initialize. The outputs of the Data Input
Latch are forced to zeroes and the check
bits generated correspond to the all zero
data. The latch is not reset, a functional
difference from the Am2960.

2595 bl 03

Table 2. Diagnostic Mode Control
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Operating PASS- DATAouT Latch ___ SCo-s ERROR
Mode DM1 DMo [ GENERATE | CORRECT | THRU (LEout = High) (OEsc = Low) MULT ERROR
Generate 0 0 0 X 0 — Check Bits Generated High
1 from DATAIN Latch
Detect 0 0 1 0 0 DATAIN Latch Syndrome Bits DATAIN/| Error Dep!"
0 1 Check Bit Latch
Correct 0 0 1 1 0 DATAIN Latch with | Syndrome Bits DATAIN/|  Error Dep
0 1 Single Bit Correction| Check Bit Latch
PASSTHRU 0 0 X X 1 DATAIN Latch Check Bit Latch High
0 1
1 0
Diagnostic 0 1 0 X 0 — Check Bits from High
Generate Diagnostic Latch
Diagnostic 1 0 1 0 0 DATAIN Latch Syndrome Bits DATAIN/|  Error Dep
Detect Diagnostic Latch
Diagnostic 1 0 1 1 0 DATAIN Latch with | Syndrome Bits DATAIN/|  Error Dep
Correct Single Bit Correction | Diagnostic Latch
Initialization 1 1 X X X DATAN Latch Check Bits Generated —
Mcde Set to 0000 from DATAIN Latch
(0000)
Internal IDo-2 = 001 (Control Signals IDo-2, DIAG MODEo-1, CORRECT and PASSTHRU are taken from the Diagnostic
Mode Latch)
NOTE: 2595 1bl 04

1. ERROR DEP (Error Dependent): ERROR will be low for single or multiple errors, with MULT ERROR low for double or multiple errors. Both signals are

high for no errors.

Table 3. IDT33C60 Operating Modes

5.10
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16-BIT DATA WORD CONFIGURATION
Figure 1 indicates the 22-bit data format for two bytes of
data and 6 check bits.

DATA

A single IDT39C60 EDC unit, connected as shown in
Figure 2, provides all the logic needed for single bit error
correction and double bit error detection of a 16-bit data field.
The identification code 16/22 indicates 6 check bits are
required. The CBs pin is, therefore, a “Don't Care” and ID2,
ID1, 1Do = 000.

HECK BITS

|BYTE1 | BYTEO‘ Co l Ci I C2

C3|04|05|

15 87 0

2585 drw 04

Uses Modified Hamming Code 16/22
16 Data Bits with 6 Check Bits

Figure 1. 16-Bit Data Format

INPUT CHECK BITS
FOR 16-BIT CONFIGURATION
AL
- TIE TOM
DATAo0-15 Co Ci Cz2 Cs3 Cs4 Cs Vcc
DATAo0-15 CBo CB1 CB2 CBs CBa CBs CBs
<+—— ERROCR
IDT39C60 EDC CODE ID [«—— 000
< MULT
ERROR
SCo SCi1 SC2 SCaz SCs4 SCs SCse
S1/C1 S3/C3 Ss5/Cs
\J
So/Co S2/C2 S4/Ca HIGH
— _/
~

SYNDROME/CHECK BIT QUTPUT

Figure 2. 16-Bit Configuration

Table 3 describes the operating modes available. The
output pin SCs, is forced high for either syndrome or check bits
since only 6 check bits are used for the 16/22 code.

Table 4 indicates the data bits participating in the check bit
generation. For example, check bit Co is the Exclusive-OR
function of the 8 data input bits marked with an X. Check bits
are generated and output in the Generate and Initialization
Mode. Check bits are passed as stored in the PASSTHRU or
Diagnostic Generate Mode.

Syndrome bits are generated by an Exclusive-OR of the
generated check bits with the read check bits. For example,
SX is the XOR of check bits CX from those read with those
generated. Table 5 indicates the decoding of the six

syndrome bits to indicate the bit-in-error for a single bit error,
or whether a double or triple bit error was detected. The all
zero case indicates no errors detected.

Inthe Correct Mode, the syndrome bits are used to comple-
ment (correct) single bit errors in the data bits. For double or
multiple error detection, the data available asinput to the Data
Out Latch is not defined.

Table 6 defines the bit definition for the Diagnostic Latch.
As defined in Table 3, several modes will use the diagnostic
check bits to determine syndrome bits or to pass as check bits
to the SCo-5 outputs. The Internal Mode substitutes the
indicated bit position for the external control signals.
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Generated Participating Data Bits!"

Check Bits Parity 0 2 3 4 5 6 7 8 9 10 | 11 12 |13 |14 |15
Co Even (XOR) X | x X | x X X
C1 Even (XOR) X X X X X X X
c2 Odd (XNOR) | X X | X X X | X X X
C3 Odd (XNOR) X X X X X X X
Ca Even (XOR) X | X | X | x| X ]|x X | X
Cs Even (XOR) X | X | X | X | X | X |[x |x

NOTE: 2595 tbl 05

1. The check bitis generated as either an XOR or XNOR of the eight data bits noted by an “X" in the table.

Table 4. 16-Bit Modified Hamming Code — Check Bit Encode Chart

l Hex 0 1 2 3 Data Bit Internal Function
Syndrome  Ss 0 0 1 1 0 Diagnostic Check Bito
Bits Sa 0 1 0 1 1 Diagnostic Check Bits
Hex | 83 S2 $1 So 2 Diagnostic Check Bitz
0o o o o . ca Cs T 3 Diagnostic Check Bita
1]0 0 o 1 co T T 14 4 Diagnostic Check Bits
2 {0 0 1 o0 c1 T T M 5 Diagnostic Check Bits
3o o 1 1 T 2 8 T 6,7 Don't Care
4 0 1 0 O Cc2 T T 15 8 CODE IDo
5[0 1 0 1 T 3 10 T 9 CODE ID1
6 o 1 1 .0 T 4 9 T 10 CODE D2
7 {0 1 1 1 M T T M 11 DIAG MODEo
8 1 0 0 O C3 T T M 12 DIAG MODE1
9 1 0 0 1 T 5 11 T 13 CORRECT
A1 o 1 o T 6 12 T 14 PASSTHRU
B |1 o 1 1 1 T T M 15 Don't Care
Cc 1 1 0 0 T 7 13 T 2595 bl 07
D 1.1 0 1 M T T M Table 6. Diagnostic Latch Loading — 16-Bit Format
E 11 1 0 0 T T M
Flt1 1+ 1 1 T M M T CHECK
NOTES: 2595 11 06 DATA  BITS

* = No errors detected

Number = The number of the single bit-in-error
T = Two errors detected

M = Three or more errors detected

’ Table 5. Syndrome Decode to Bit-In-Error

(16-Bit Configuration)

y

el *

Vce

OE SIGNAL

Do-7 CBo4 CBss

IDT39C60

MULT ERROR SCo—+

Y

MULT ERROR SYNDROMES/

CHECK BITS

. 8-Bit Configuration

2595 drw 06
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32-BIT DATA WORD CONFIGURATION

Two IDT39C60 EDC units, connected as shown in Figure
5, provide all the logic needed for single bit error correction
and double bit error detection of a 32-bit data field. The
identification code 32/39 indicates 7 check bits are required.
Table 1 gives the ID2, ID1, IDo values needed for distinguish-
ing the byte 0/1 from byte 2/3. Valid syndrome, check bits and
the ERROR and MULTERROR signal come from the byte
2/3 unit. Control signals not indicated are connected to both
unitsin parallel. The OEsc always enables the SCo-6 outputs
of byte 0/1, but must be used to select data check bits or
syndrome bits fed back from the byte 2/3 for data correction
modes.

Data In bits 0 through 15 are connected to the same
numbered inputs of the byte 0/1 EDC unit, while Data In bits
16 through 31 are connected to byte 2/3 Data Inputs 0 to 15,
respectively.

Figure 4 indicates the 39-bit data format for 4 bytes of data
and 7 check bits. Check bits are input to the byte 0/1 unit
through a tri-state buffer unit such as the IDT74FCT244.
Correction of single bit errors of the 32-bit configuration
requires afeedback of sydrome bits from byte 2/3 into the byte
0/1 unit. The MUX shown on the functional block diagram is
used to select the CBo-6 pins as the syndrome bits rather than
internally generated syndrome bits.

Table 3 describes the operating mode available for the
32/39 configuration.

Syndrome bits are generated by an Exclusive-OR of the
generated check bits with the read check bits. For example,
Sn is the XOR of check bits Cn from those read with those
generated. Table 7 indicates the decoding of the seven
syndrome bits to determine the bit-in-error for a single bit error,
or whether a double or triple bit error was detected. The all
zero case indicates no errors detected.

Inthe Correct Mode, the syndrome bits are used to comple-
ment (correct) single bit errors in the data bits. For double or
multiple errordetection, the data available as input to the Data
Qut Latch is not defined. i

Performance data is provided in Table 8 in relating a single
IDT39C60 EDC with the two cascaded units of Figure 5. As
indicated, a summation of propagation delays is required from
the cascading arrangement of EDC units.

Table 9 defines the bit definition for the Diagnostic Latch.
As defined in Table 3, several modes will use the Diagnostic
check bits to determine syndrome bits or to pass as check bits
to the SCo-6 outputs. The Internal Mode substitutes the
indicated bit position for the external control signals.

Table 10indicates the data bits participating in the check bit
generation. For example, check bit Co is the Exclusive-OR
function of the 16 data input bits marked with an X. Check bits
are generated and output in the Generate and Initialization
Mode. Check bits are passed as stored inthe PASSTHRU or
Diagnostic Generate Mode.

Hex| 0 112 3|4 5|6 7
S6 |0 O0jO0 Ot 11 1
Syndrome S50 Oft 1({0 Of1 1
Bits sS4 o 1{0 1|0 10 1
Hex { S3 S2 Si1 SO
0 0 0 0 0 * C4|C5 T|C6 T| T 30
1 0 0 0 1 CO T{T 14|[T M|[M T
2 0 0 1 0 Ct T|T M|T 2|24 T
3 0 0 1 1 T 18| 8 T |M T|T M
4 0 1 0 O C2 T|T 15|T 3|25 T
5 0o 1 0 1 T 1919 T|M T|T 31
6 o1 1 0 T 2010 T|M T} T M
7 0o 1 1 1 M T|T M|T 4126 M
8 1 0 0 O C3 T|T M|T s5j27 T
9 i 0 0 1 T 21|11 T{M T|T M
A 1 0 1 0 T 22|12 Tj1 T|T M
B 1 0 1 1 177 T| T M|T 6|28 T
C 1 1 0 O T 23|13 T|M T|T M
D i1 0 1 T{T M|IT 7129 T
E 11 1 0 16 T{T M|T MM T
F 11 1 1 MIM Tlo T[T M
NOTES: 2595 ] 08

* = No errors detected

Number = The number of the single bit-in-error
T = Two errors detected

M = Three or more errors detected

Table 7. Syndrome Decode to Bit-In-Error
(32-Bit Configuration)

32-Bit Component Delay
Propagation Delay From IDT39C60
From To AC Specifications
DATA | Check Bits Out | (DATAto SC) + (CBto SC, CODE ID 011)
DATA | Corrected (DATA to SC) + (CB to SC, CODE ID 011) +
DATAouT CB to DATA, CODE ID 010)
DATA | Syndromes Out[ (DATA to SC) + (CBto SC, CODE ID 011)
DATA | ERROR for (DATA to SC) + (CB to ERRCR,
32 Bits CODE ID011)
DATA | MULT ERROR | (DATAto SC) + (CB to MULT ERROR,
for 32 Bits CODE ID011)

2595 tbl 09

Table 8. Key AC Calculations for the 32-Bit Configuration
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

CHECK BITS

ATA
l BYTEiLBYTEzI BYTE1 I BYTEo ‘ Co I C1 \ C2

Cs|C4|Cs‘CsJ

31 2423 16 15 87 0
Uses Modified Hamming Code 32/39

2595 drw 07

32 Data Bits with 7 Check Bits

Figure 4. 32-Bit Data Format

INPUT CHECK BITS
A

DATA16-31 DATAo-15 7 © 4BOF
—— Co Ci C2 Ci3 C4 C5 Cs IDTFCT240
| | 1 | ! 1 ! H P
SRR R IS L
IDT74FCT244
DATA CBo CBt CB2 CBas CBa CBs CBs
OEsc [
IDT39C60 EDC =
BYTE 0 AND 1
CODE ID t—
010
SCo SCi1 SC2 SC3 SCa SCs SCs
DATA CBo CB1 CB2 CBs CB4 CBs CBs
OEsc
IDT39C60 EDC
BYTE 2 AND 3
- CODEID |—
MULT ERROR 011
ERROR SCo SC1 SC2 SC3 SCa SCs SCe
ERROR
MULT ERROR
S1/C1 S3/C3 Ss/Cs

So/Co S2/C2 S4/Ca Se/Ce
— J

~ 2595 drw 08
SYNDROME/CHECK BIT QUTPUTS

Figure 5. 32-Bit Configuration
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
Data Bit Interna! Function

0 Diagnostic Check Bito
1 Diagnostic Check Bits
2 Diagnostic Check Bit2
3 Diagnostic Check Bita
4 Diagnostic Check Bits
5 Diagnostic Check Bits
6 Diagnostic Check Bits
7 Don't Care
8 Slice 0/1 — CODE IDo
9 Slice 0/1 — CODE ID1
10 Slice 0/1 — CODE D2
11 Slice 0/1 — DIAG MODEo
12 Slice 0/1 — DIAG MODE1
13 Slice 0/1 — CORRECT
14 Slice 0/1 — PASSTHRU
15 Don't Care

16-23 Don't Care
24 Slice 2/3 — CODE IDo
25 Slice 2/3 — CODE ID1
26 Slice 2/3 — CODE 1D2
27 Slice 2/3 — DIAG MODEo
28 Slice 2/3 — DIAG MODE1
29 Slice 2/3 — CORRECT
30 Slice 2/3 — PASSTHRU
31 Don't Care

2595 tol 10
Table 9. Diagnostic Latch Loading — 32-Bit Format

Generated Participating Data Bits

Check Bits Parity 0 1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15
Co Even (XOR) X X X1 X1 XX X X
C1 Even (XOR) X | X | X X X X X X
C2 Odd (XNOR) X X | X X X | X X X
Cs Odd (XNOR) X | X Xi{ X ] X X | X | X
Ca Even (XOR) X X X X X X X X
Cs Even (XOR) XXX | X | X | X |X[X
Cs Even (XOR) X X X X X X X X

2595 bl 11

Generated Participating Data Bits

Check Bits Parity 16 [17 | 18 [ 19 |20 [ 21 | 22 | 23 | 24 [ 25 | 26 [27 |28 | 29 |30 |31
Co Even (XOR) X | X | X X X X | X X
Ci Even (XOR) X X X X X X X X
C2 0Odd (XNOR) X X | X X X | X X X
Cs Odd (XNOR) X | X X | X | X X [ X | X
Cs Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
Ce Even (XOR) X X X | X X X X | X

2595 tbl 12

Table 10. 32-Bit Moditied Hamming Code — Check Bit Encode Chart
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

64-BIT DATA WORD CONFIGURATION

The IDT39C60 EDC units connected withthe MSl gates, as
shown in Figure 6, provide all the logic needed for single bit
error detection and double bit error detection of a 64-bit data
field. The Identification code 64/72 is used, indicating 8 check
bits are required. Check bits and Syndrome bits are gener-
ated external to the IDT39C60 EDC using Exclusive-OR
gates. For error correction, the syndrome bits must be fed
back to the CBo-6 inputs. Thus, external tri-state buffers are
used to select between the check bits read in from memory
and the syndrome bits being fed back.

The ERROR signal is low for one or more errors detected.
From any of the 4 devices, MULTERROR is low for some
double bit errors and for all three bit errors. Both are high
otherwise. The DOUBLE ERROR signal is high'only when a
double bit error is detected.

Figure 6 indicates the 72-bit data format of 8 bytes of data
and 8 check bits. Check bits are input to the various units
through a tri-state buffer such as the IDT74FCT244. Correc-
tion of single bit errors of the 64-bit configuration requires a
feedback of syndrome bits as generated external to the
IDT39C60 EDC. The MUX shown on the functional block
diagramis used to select the CBo-6 pins asthe syndrome bits
rather than internally generated syndrome bits.

Table 3 describes the operating modes available forthe 64/
72 configuration.

Syndrome bits are generated by an Exclusive-OR of the
generated check bits with the read check bits. For example,
Sn is the XOR of check bits Cn from those read with those
generated. Table 11 indicates the decodingof the 8 syndrome
bitsto determine the bit-in-error for a single bit error orwhether

a double or triple bit error was detected. The all zero case
indicates no errors detected.

Inthe Correct Mode, the syndrome bits are used to comple-
ment (correct) single bit errors in the data bits. For double or
multiple error detection, the data available as input to the Data
Out Latch is not defined.

Performance data is provided in Table 12 in relating a
single IDT39C60 EDC with the four units of Figure 7. Delay
through the Exclusive-OR gates and the 3-state buffer must
be included.

Table 13 indicates the Data Bits participating in the check
bit generation. For example, check bit Cois the Exclusive-OR
function of the 32 data input bits marked with an X. Check bits
are generated and output in the Generate and Initialization
mode. Inthe PASSTHRU mode, the contents of the check bit
latch are passed through the external Exclusive-OR gates
and appear inverted at the outputs Co to C7.

Table 14 defines the bit definition for the Diagnostic Latch.
As defined in Table 3, several modes will use the Diagnostic
Check Bits to determine syndrome bits orto pass as check bits
to the SCo-6 outputs. The Internal Mode substitutes the
indicated bit position for the external contro! signals.

Some multiple errors will cause a data bit to be inverted.
For example, in the 16-bit mode where bits 8 and 13 are in
error, the syndrome 111100 (So, S1, S2, S3, S4, Ss) is
produced. The bit-in-error decoder receives the syndrome
11100 (So, S1, S2, S3, S4) which it decodes as a single error
in data bit 0 and invents that bit. Figure 8 indicates a method
for inhibiting correction when a multiple error occurs.

CHECK BITS

DATA
I BYTE7| BYTESI BYTES‘ BYTE4 ' BYTEs r BYTE2 ‘ BYTE:! | BYTEo l Co ’ C1 I C2 | C3

CAICS’CSIC7|

63 5655 4847 4039 3231 2423 1615

87 0
2595 drw 09

Uses Modified Hamming Code 64/72
32 Data Bits with 8 Check Bits

Figure 6. 64-Bit Data Format
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F

S7 0 0 o] 0 0 0 0 0 1 1 1 1 1 1 1 1

Ss 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

Syndrome Ss o] o] 1 1 0 0 1 1 0 0 1 1 0 0 1 1

Bits Sa 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

Hex | S3 S2 Si1  So
0 0 0 0 0 * C4 | C5 T|C6| T T |62|C7| T T ]| 46 T M M T
1 0 0 0 1 Co| T T 14 T M M T T M M T M T T 30
2 0 0 1 0 C1 T T M T | 34| 56 T T | 50 | 40 T M T T M
3 0 0 1 1 T |18 8 T M T T M M T T M T 2 24 T
4 0 1 0 0 c2 | T T 15 T | 35| 57 T T 51 | 41 T M T T 31
5 0 1 0 1 T {19 9 T M T T {63 M T T 47 T 3 25 T
6 0 1 1 0 T |20 | 10 T M T T M M T T M T 4 26 T
7 0 1 1 1 M T T M T 36| 5| T T 52 | 42| T M T T M
8 1 0 0 0 C3 | T T M T [ 37| 59 T T 53 43| T M T T M
9 1 0 0 1 T [21 | 11 T M T T M M T T M T 5 27 T
A 1 0 1 0 T | 22] 12 T 33 T T M | 49 T T M T 6 28 T
B 1 0 1 1 17 | T T M T | 38| 60 T T | 54| 44 T 1 T T M
C 1 1 0 0 T [ 23] 13 T M T T M M T T M T 7 29 T
D 1 1 0 1 M T T M T ] 39| 61 T T | 55| 45 T M T T M
E 1 1 1 0 16 T T M T M M T T M M T 0 T T M
F 1 1 1 1 T M M T | 32 T T M| 48 T T M T M M T
NOTES: 2595l 13

* = No errors detected

Number = The number of the single bit-in-error
T = Two errors detected

M = Three or more errors detected

Table 11. Syndrome Decode to Bit-In-Error (64-Bit Configuration)

64-Bit ) Component Delay

Propagation Delay From IDT39C60

From To . AC Specifications

DATA| Check Bits Out | (DATA to SC) + (XOR Delay)

DATA| Corrected (DATA to SC) + (XOR Delay) + (Buffer
DATAout Delay) + (CB to DATA, CODE ID 1xx)

DATA| Syndromes (DATA to SC) + (XOR Delay)

DATA| ERROR for (DATA to SC) + (XOR Delay) + (NOR
64 Bits Delay)

DATA| MULT ERROR | (DATA to SC) + (XOR Delay) + (Buffer
for 64 Bits Delay) + (CB to MULT ERROR,

CODE ID 1xx)

DATA| DOUBLE (DATA to SC) + (XOR Delay) +
ERROR for (XOR/NOR Delay)
64 Bits

2585 tol 14

Table 12. Key AC Calculations for the 64-Bit Configuration
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Generated Participating Data Bits!"
Check Bits Parity 0 1 2 3 4 5 6 7 8 9 10 (11 |12 |13 |14 | 15
Co Even (XOR) X X X X X X X X
C1 Even (XOR) X | X | X X X X X X
C2 QOdd (XNOR) X X | X X X1 X X X
C3 Odd (XNOR) X X X X X X X X
Cs4 Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
C7 Even (XOR) X X X X X X X X
2595 ol 15
Generated Participating Data Bits!"
Check Bits Parity 16 (17 [ 18 {19 | 20 | 21 22 123 124 {25 (26 (27 {28 | 29 |30 { 31
Co Even (XOR) X | x | x X X | X X X
C1 Even (XOR) X | X | X X X X X X
C2 Odd (XNOR) X X | X X X | X X X
C3 QOdd (XNOR) X X X X X X X X
C4 Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
C7 Even (XOR) X X X X X X X X
2595 bl 16
Generated Participating Data Bits("
Check Bits Parity 32 133 )34 |35 |36 |37 |38 |39 |40 | 41 42 |43 |44 | 45 |46 | 47
Co Even (XOR) X X X | X X X | X X
C1 Even (XOR) X X X X X X X X
C2 Odd (XNOR) X X X X X X X X
C3 0Odd (XNOR) X X X X X X X X
Ca Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
C7 Even (XOR) X X X X X X X X
2595 tbl 17
Generated Participating Data Bits!"
Check Bits Parity 48 [ 49 | 50 | 51 52 |53 |54 |55 |56 |57 |58 |59 |60 |61 |62 |63
Co Even (XOR) X X X X X X X X
C1 Even (XOR) X | x 1 x X X X X X
C2 Odd (XNOR) X X X X X X X X
Ca Odd (XNOR) X X X X X X X X
Ca4 Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
Cs Even (XOR) X X X X X X X X
C7 Even (XOR) X X X X X X X X
NOTE: 2595 bl 18

1. The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an *X" in the table.

Table 13. 64-Bit Modified Hamming Code — Check Bit Encode Chart

5.10
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Data Bit Internal Function Data Bit Internal Function
0 Diagnostic Check Bito 31 Don't Care
Diagnostic Check Bit1 32-37 Don't Care
2 Diagnostic Check Bit2 38 Diagnostic Check Bits
3 Diagnostic Check Bit3 39 Don't Care
4 Diagnostic Check Bit4 40 Slice 4/5 — CODE Do
5 Diagnostic Check Bits 41 Slice 4/5 — CODE D1
6,7 Don't Care 42 Slice 4/5 — CODE 1D2
8 Slice 0/1 — CODE IDo 43 Slice 4/5 — DIAG MODEo
9 Slice 0/1 — CODE ID1 44 Slice 4/5 — DIAG MODE:H
10 Slice 0/1 — CODE ID2 45 Slice 4/5 — CORRECT
11 Slice 0/1 — DIAG MODEo 46 Slice 4/5 — PASSTHRU
12 Slice 0/1 — DIAG MODE1 47 Don't Care
13 Slice 0/1 — CORRECT 48-54 Don't Care
14 Slice 0/1 — PASSTHRU 55 Diagnostic Check Bitz
15 Don't Care 56 Slice 6/7 — CODE IDo
16-23 Den't Care 57 Slice 6/7 — CODE ID1
24 Slice 2/3 — CODE Do 58 Slice 6/7 — CODE ID2
25 Slice 2/3 — CODE ID 59 Slice 6/7 — DIAG MODEo
26 Slice 2/3 — CODE D2 60 Slice 6/7 -— DIAG MODE1
27 Slice 2/3 — DIAG MODEo 61 Slice 6/7 — CORRECT
28 Slice 2/3 — DIAG MODE!1 62 Slice 6/7 — PASSTHRU
29 Slice 2/3 — CORRECT 63 Don't Care
30 Slice 2/3 — PASSTHRU BN
2595 tol 19
Table 14. Diagnostic Latch Loading — 64-Bit Format
Some multiple errors will cause a data bit to be inverted. DATA  CHECKBITS CORRECT
For example, in the 16-bit mode where bits 8 and 13 are in l l
error, the syndrome 111100 (So, S1, S2, S3, S4, Ss) is
produced. The bit-in-error decoder receives the syndrome
e et cecoces 1 1 3 e orssceo comneot -~
for inhibiting correction when a multiple error occurs. MULT
ERROR ERROR

2595 drw 11

Figure 8. Inhibition of Data Modification
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

FUNCTIONAL EQUATIONS
The following equations and tables describe in detail how function of the value of the inputs and the internal states. Be
the output values of the IDT39C60 EDC are determined as a  sure to carefully read the following definitions of symbols
before examining the tables.
DEFINITIONS 9
D1 < DATAIf LEIN is HIGH or the output of bit | of the Data Input Latch if LEIN is LOW
Ci « CBt if LEIN is HIGH or the output of bit | of the Check Bit Latch if LEIN is LOW
DLI « Output of bit | of the Diagnostic Latch

Sl « Internally generated syndromes (same as outputs of SCi if outputs enabled)
PA«— Do®D1®D2® D4 ® Des ® Ds ® D10 ® D12

PB«Do®D1®D2®D3®Da®Ds ®De ® D7

PC«—Ds@Da®D10@® D11 ®@D12® D13 ® D14

PD«—Do®D3®Da@D7®D9o® D10® D13® D15

PE—Do®D1®D5®Ds ®@D7® D11 ® D12® D13

PF«D2®D3®D4®D5® Ds ®D14® D15

PGi <« D1®D4® Ds ® D7

PG2 < D1®D2®D3® Ds

PG3 « Dg ® D9 @ D11 ® D14

PG4 « D10 ® D12® D13 ® D15

ErrorSignals

ERROR: ¢ (S6 « (ID1 +ID2)) » S5+ S4 + S3+ 52 + S1 + SO + GENERATE + INITIALIZE + PASSTHRU

MULT ERROR:

(16 and 32-Bit Modes) « ((S6 « ID1) ® S5 ® S4 ® S3 ® 52 @ S1 ® S0) (ERROR) + TOME + GENERATE +
PASSTHRU + INITIALIZE

MULT ERROR: (64-Bit Modes) « TOME + GENERATE + PASSTHRU + INITIALIZE

[ Hex 0 1 2 3 4 5 6 7
Ss |o o]o o]o oo of+ 1+ [1 1]+ 1 1
s (o oo o1 1|1 1]o o]Jo of1 1|1 1
Syndrome™® ss 1o o |1 1]o of1 1{0o o1 t|lo of 1 1
Bits $s o 14{0 1|0 1]o0o tfo 1]o0o 1|0 t]o 1
Hex | S2 S1  So

o 8]0 o o 1 1 1 1
1t 9]0 0o 1 1 1 1 1] 1] 1 11
2 Alo 1 o 1 HERE 11
3 B|o 1 1 1 11 |1 1]
4 ¢ 1 o0 o0 1 1|11 1
5 D1 0 1 1|1 1 [ 1] 1

86 E|]1 1 0 1 1 1111 1 1]
7 Fl 1 1 1 1 1 101 |1 |1 1 1] 141

NOTES: 2595 1l 21

1. Se, Ss, ... So are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE 1Dz, ID1, IDo). In these modes, the syndromes are input over the
check bit lines. Se « Cs, S5 - Cs, ... S1 Ct, So « Co.
2. The Ss internal syndrome is always forced to 0 in CODE ID 000.

Table 15. TOME (Three or More Errors)

Generate CODE IDo-2

Mode (Check Bits) 000 010 011 100 101 110 11

SCo PG2@®PG3 | PGi ®PG3s | PG2®PGs | PG2®PG3 | PG2®PG3 | PG1 @ PG4 | PG1 ® PG4
@ CBo

SC1 « PA PA PA @ CB1 PA PA PA PA
SC2 « PD PD PD ® CB2 PD PD PD PD
SC3 « PE PE PE @ CB3 PE PE PE PE
SCa « PF PF PF @ CB4 PF PF PF PF
SCs « PC PC PC ® CBs PC PC PC PC
SCé « 1 PB PC @ CBs PB PB PB PB

2595 thl 22
Table 16. Generate Mode (Check Bits)

5.10 17




IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
Detect and Correct CODE IDo-2
Modes (Syndromes) 000 010 011 100 101 110 1
SCo « PG2®PG3 | PG1®@PGs | PG2®PGs | PG2@®PG3 | PG2®PG3 | PG1 ®PGs | PG1 ® PGs
@ Co @ Co @ CBo ® Co
SC1 PA ® C1 PA @ C1 PA ® CB1 PA @ C1 PA PA PA
SC2 « PD®C2 PD@C2 | PD®CB2 PD®C2 PD PD PD
SC3 « PE®Cs PE®C3 PE ® CB3 PE®Ca PE PE PE
SC4 « PF® Cs4 PF ® C4 PF @ CB4 PF @ Ca PF PF PF
SCs « PC®Cs PC®Cs PC @ CBs PC®Cs PC PC PC
SCs « 1 PB @ Cs PC @ CBs PB PB PB® Cs PB @ Cs
NOTE: 2595 11 23

1. In CODE ID2-0011 the Check Bit Latch is forced transparent; the Data Latch operates normally.
Table 17. Detect and Correct Modes (Syndromes)

Diagnostic Detect CODE IDo-2

and Correct Mode 000 010 011 100 101 110 111
SCo « PG2®PG3 | PG1 ®PG3 | PG2®PGs | PG2®PG3 | PG2®PG3 | PG1 ® PGs | PG1 ® PG4

® DLo @ DLo @ CBo @ DLo
SC1 PA ® DL1 PA®DL1 PA @ CB1 PA @ DL+ PA PA PA
SC2 « PD@DL2 | PD@DL2 | PD®CB2 | PD®DL2 PD PD PD
SC3 « PE ® DL3 PE ® DLs PE®CBs | PE®DLs PE PE PE
SC4 « PF @ DL4 PF @ DL4 PF @ CB4 PF @ DL4 PF PF PF
SCs « PDL @ DLs PC ®DLs PC ® CBs PC @ DLs PC PC PC
SCé « 1 PB @ DLe PC @ CBs PB PB PB ® DLe PB @ DL7
NOTE: 2595 bl 24

1. In CODE ID2-0011 the Check Bit Latch is forced transparent; the Data Latch operates normally.
Table 18. Diagnostic Detect and Correct Mode

Diagnostic CODE 1Do-2
Generate Mode 000 010 011M 100 101 110 111
SCo « DLo DLo CBo Dlo 1 1 1
SC1 « DLs DL1 CB1 DL 1 1 1
SC2 « DL2 DL2 CB2 DL2 1 1 1
SC3 « DL3 DL3 CBs3 DL3 1 1 1
SCs « DlLa DLa CBa DLa 1 1 1
SCs « DLs DLs CBs DLs 1 1 1
SCé « 1 DLs CBs 1 1 Dle DL?
NOTE: 2595 tol 25
1. In CODE ID2-0 011 the Check Bit Latch is forced transparent; the Data Latch operates normally.
Table 19. Diagnostic Generate Mode
PASSTHRU CODE IDo-2
Mode 000 010 o011 100 101 110 111
SCo Co Co CBo Co 1 1 1
SC1 « Ci1 C1 CB1 C1 1 1 1
SC2 « C2 C2 CB2 C2 1 1 1
SC3 ¢ C3 Cs CBs3 C3 1 1 1
SC4 Cs Ca CBa Ca 1 1 1
SCs « Cs Cs CBs Cs 1 1 1
SCs6 « 1 Cs CBe 1 1 Cs Cs
NOTE: 2595 tbl 26

1. In CODE ID2-0 011 the Check Bit Latch is forced transparent; the Data Latch operates normally.

Table 20. PASSTHRU Mode

5.10 18



IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Ss 0 0 0 0 1 1 1 1 Cs 0 0 0 0 1 1 1 1
S4 0 0 1 1 0 0 1 1 Cs 1 1 1 1 0 0 0 0
S2 S1 83 0 1 0 1 0 1 0 1 Ca 0 0 1 1 0 0 1 1
) 0 —1T_—_1_ 5 — |11 14 | — C2 Ci1 C3 0 1 ] 1 0 1 0 1
o] 1 — |1 ]l2]le|ls8ln2]—]— 010 — il —-l—-1—-1-15
1]o —|[=13a]l7]9elm|15] - 011 8 f12)—|—]—1112]6
1 1 _ 0 4 —l10] — | —| — 1 0 9 18|15 | —| — | — 3 7
NOTE: 2595 tol 27 1 L Wl—-]l—1=-]1=10 41 =
1. Unlisted S combinations are no correction. NOTE: 2595 tol 28
Table 21. CODE ID2-0 = 000 1. Unlisted Cn combinations are no correction.
Table 22. CODE ID2-0 = 010
Se (V] 0 0 0 1 1 1 1 Co 0 0 0 0 1 1 1 1
Ss 0 0 0 0 1 1 1 1 Cs o] 0 0 0 1 1 1 1
Sa 0 0 1 1 0 0 1 1 Cs 1 1 1 1 0 0 0 0
S2 S1 S3 | o0 1 0 1 0 1 0 1 Cs| O 0 1 1 0 0 1 1
) 0 _ |1 _ 5 — | 11 14| — Cz2 Ci Cs3 0 1 0 1 0 1 0 1
o 1 — 1l 2]s6ls|n2]-]— 019 — il —-]l—-1-1-15
1] o — | =T alz[{9o[]5]— o 1 el l—|—-]—1112]6
1 1 _ 0 4 1ol —| | — 1 0 1B3j15)— | — | — 3 7
NOTE: 2595 1bl 29 ! ! Vl—l=l=]= 0 4 —
1. Unlisted S combinations are no correction. NOTE: 2595 tbl 30
1. Unlisted Cn combinations are no correction.
Table 23. CODE ID2-0=011
Table 24. CODE ID2-0 = 100
Co (1] 0 0 0 1 1 1 1 Co 0 0 0 0 1 1 1 1
Cs 4] 0 0 0 1 1 1 1 Cs 1 1 1 1 0 0 0 0
Cs 0 0 0 0 1 1 1 1 Cs 0 0 0 0 1 1 1 1
Ca 0 0 1 1 0 0 1 1 C4 0 0 1 1 0 0 1 1
C2 C1 Cs3 0 1 0 1 0 1 0 1 C2 Ci1 Cs 0 1 0 1 0 1 0 1
0 0 — | — | = 5 — | 11 14 | — 0 0 — | — | — 5 — |11} 14] —
0 1 —_ 1 2 6 8 12| — | — 0 1 — 1 2 6 12 — | —
1 0 — | — 3 7 9 13| 15| — 1 0 - | — 3 7 9 13] 15| —
1 1 — 0 4 — |10} —| — | — 1 1 — 0 4 — |10 = =1 —
NOTE: . 25951131 NOTE: 2595 tol 32
1. Unlisted Cn combinations are no correction. 1. Unlisted Cn combinations are no correction.
Table 25. CODE ID2-0 = 101 Table 26. CODE ID2-0 = 110
Co 0 0 0 0 1 1 1 1
Cs 1 1 1 1 0 0 0 ]
Cs 1 1 1 1 0 0 0 0
Ca 0 0 1 1 0 0 1 1
C2 Ci Cs3 0 1 [ 1 0 1 0 1
0 0 — |11t 4|\ -1 —1—1 — 5
0 1 8 12— —1|— 1 2 6
1 0 9 13115 —|—|— 3 7
1 1 M| ——1—=|— 0 4 e
NOTE: 2595 tbl 33

1. Unlisted Cn combinations are no correction.

Table 27. CODE 1D2-0 = 111
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com'l. Mil. Unit Symbol Parameter!!) Conditions | Typ. | Unit
VTERM | Terminal Voltage -0.5t0 -0.510 Vv CIN Input Capacitance VIN = OV 5 pF
with Respect . vee + 05 vee+ 05 Cout | Output Capacitance Vour=oV | 7 | pF
to Ground
NOTE: 2595 tbl 35
vee Power Supply -0510+7.0 [ 0510+7.0 | V 1. This parameter is sampled and not 100% tested.
Voltage ’
TA Operating 0to +70 -55t0 +125 | °C
Temperature )
TBIAS Temperature ~5510 +125 | ~651t0 +135 [ °C
Under Bias
TsTG Storage -55to +125 | ~651t0 +150 | °C
Temperature
lout DC Output 30 30 mA
Current
NOTE: 2595 1l 34 -
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
DC ELECTRICAL CHARACTERISTICS
Commercial: TA =0°C to +70°C, VcC = 5.0V £ 5%; Military: TA = -55°C to +125°C, VcC = 5.0V + 10%
VLe = 0.2V; VHC = Vce - 0.2V
Symbol Parameter Test Conditions!" ‘Min. | Typ.? | Max. | Unit
ViH Input HIGH Leve! Guaranteed Logic HIGH Level™ 2.0 - - v
ViL Input LOW Level Guaranteed Logic LOW Level'® — — 0.8 \
IH Input HIGH Current vce = Max., VIN = Vce — 0.1 10 HA
I Input LOW Current Vee = Max., VIN = GND — -0.1 -10 RA
VoH Output HIGH Voltage Vee = Min. loH = —300pA VHC Vce — \Y
loH = -6mA MIL. 2.4 43 | —
loH = -6mA COM'L. 2.4 4.3 —
Vo Qutput LOW Voltage Vee = Min. loL = 300pA — GND Vie V.
lot = 8mA MIL. — 0.3 0.5
. loL = 8mA COM'L. — 0.3 0.5
loz Off State (High Impedance) | Vcc = Max. Vo =0V — -0.1 -20 RA
QOutput Current Vo = Vce (Max.) — 0.1 20
los Output Short Circuit Current | Vce = Max., Vout = oV -20 — — mA
NOTES: ’ 2595 1bl 36

1. For conditions shown as Max. or Min. use appropriate value specified under DC Electrical Characteristics.

2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading.

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second.
4. These input levels should only be static tested in a noise-free environment. Guaranteed by design.

20



IDT39C60/-1/A/B .
16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS (Cont’'d.)
Commercial: TA=0°C to +70°C, VceC = 5.0V + 5%; Military: TA=-55°C to +125°C, VcCc = 5.0V + 10%
VLC = 2.0V; VHC = VCC - 0.2V

Symbol Parameter Test Conditions!" Min. | Typ.®? | Max. | Unit
lcca Quiescent Power Supply Current | Vcc = Max. — 3.0 5.0 mA
(CMOS) Inputs VHC < VIN, VIN € VLC
for =0
lcct Quiescent Input Power Supply Vce = Max., VIN = 3.4V, for = 0 — 0.3 0.5 mA/
Current (per Input @ TTL High)‘:” Input
leco Dynamic Power Supply Current Vee = Max. MIL. — 5.0 85 mA/
VHC < VIN, VIN< VI MHz
Outputs Open, OE = L COM'L. — 5.0 7.0
Icc Total Power Supply Current® Vee = Max., foP = 10MHz MIL. —_ 53 90 mA
Outputs Open, OE = L
50% Duty Cycle COM'L. —_ 53 75
VHC < VIN, VIN € VLC
Vce = Max., fop = 10MHz MIL. — 60 100
Outputs Open, OE = L
50% Duty Cycle COM'L. — 60 85
VIN = 3.4V, VIN = 0.4V
NOTES: 2595 tol 37

1. For conditions shown as Max. or Min. use appropriate value specified under DC Electrical Characteristics.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading.
3. lccris derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Icca, then dividing by the total number of inputs.
4. Total Supply Currentis the sum of the Quiescent Current and the Dynamic Current (at either CMOS or TTLinputlevels). For alt conditions, the Total Supply
Current can be calculated by using the following equation:
Icc = lcca + leeT (NT x DH) + Icco (for)
DH = Data duty cycle TTL high period (VIN = 3.4V)
NT = Number of dynamic inputs driven at TTL levels
fop = Operating frequency




IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

CMOS TESTING CONSIDERATIONS

Special test board considerations must be taken into
account when applying high-speed CMOS products to the
automatic test environment. Large output currents are being
switched in very shon periods and proper testing demands
that test set-ups have minimized inductance and guaranteed
zero voltage grounds. The techniques listed below will assist
the user in obtaining accurate testing results:

1) Allinput pins should be connected to a voltage potential
during testing. If left floating, the device may oscillate,
causing improper device operation and possible latchup.

Placement and value of decoupling capacitors is critical.
Each physical set-up has different electrical char-
acteristics and it is recommended that various decoupling
capacitor sizes be experimented with. Capacitors should
be positioned using the minimum lead lengths. They
should also be distributed to decouple power supply lines
and be placed as close as possible to the DUT power pins.

2

~

3)

E~Y
=

Device grounding is extremely critical for proper device
testing. The use of multi-layer performance boards with
radial decoupling between power and ground planes is
necessary. The ground plane must be sustained from the
performance board to the DUT interface board and wiring
unused interconnect pins to the ground plane is recom-
mended. Heavy gauge stranded wire should be used for
power wiring, with twisted pairs being recommended for
minimized inductance.

To guarantee data sheet compliance, the input thresholds
should be tested per input pin in a static environment. To
allow for testing and hardware-induced noise, IDT
recommends using Vit < 0V and ViH > 3V for AC tests.

5.10
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT 39C60B AC ELECTRICAL CHARACTERISTICS
Temperature range: —55°C to +125°C; VCC = 5.0V £ 10%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

MAXIMUM PROPAGATION DELAYS CL = 50pF

To Output
From Input SCo7 DATAc-31 ERROR MULT ERROR | Unit
DATAo0-15 22 30(1 22 25 ns
CBo-7 (CODE ID1,0 = 00, 11) 14 26 20 24 ns
CBo-7 (CODE ID1,0 = 10) 14 19 20 24 ns
GENERATE AN 15 — f/ 14 / 19 ns
AN AN
CORRECT — 20 — — ns
Not Internal Control Mode
DIAG MODE and PASSTHRU 24 26 19 21 ns
Not Internal Control Mode
CODEID 1,0 24 29 26 29 ns
LEIN s 34 24 26 ns
From latched to transparent
LEouT s — — ns
From latched to transparent
LEDIAG s 24 26 ns
From latched to transparent
Internal | LEDIAG Vs 29 32 ns
Control | From latched to transparent
Mode DATA0-15 29 32 ns
Via Diagnostic Latch
P i 2595 tbl 38
MINIMUM SET-UP AND HOLD TIMES RELAT) 'E'TO LATCH ENABLES
To Input
From Input (Latching Data) Set-up Time Hold Time Unit
DATA0-15 AN LEIN 6 4 ns
CBo-7 (not applic. to CODE AN 6 4 ns
DATAo-15 AV LEout 29 2 ns
CBo-7 (CODE ID 00, AN 25 0 ns
CBo—7 (CODE 1D 10 AN 25 0 ns
CORRECT [ 7 \ 26 = ns
DIAG MODE AN 26 0 ns
CODE ID1,0 AN 30 0 ns
LEIN [ s AN 34 — ns
DATAo0-15 LEDiaG 6 4 ns
MAXIMUM QUTPUT ENABLE/DISABLE TIMES Zes i3
Output tests specified with CL = 5pF and measured to 0.5V change of output voltage level. Test performed with
CL = 50pF and correlated to CL = 5pF.
Enable Disable
From Input Enable Disable To Output Max. Max. Unit
OE Byteoo-3 N A DATo-15 15 12 ns
OEsc AN s SCo-7 15 12 ns
MINIMUM PULSE WIDTHS Min. 285 l40
l LEIN, LEouT, LEDIAG A\ (Positive-going pulse) 10 ns

2595 thl 41
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60B AC ELECTRICAL

CHARACTERISTICS
(Guaranteed Commerclial Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60B over the commercial operating range of 0°C
to +70°C, with Vcc from 4.75V to 5.25V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION
DELAYS CL=50pF

MINIMUM SET-UP AND HOLD TIMES

RELATIVE TO LATCH ENABLES

To Output To Set-up | Hold
MULT From Input (Latching Data) Time Time

Frominput | SCo-s| DATAo-15 | ERROR | ERROR DATAo-15 LEIN 5 3
DATA0-15 18 25 18 20 CBo-6 LEIN 5 3
CBo-s 12 22 17 20 DATA0-15 LEout 24 2
(CODE ID2-0 CBo-6 : LEouT 21 0
000, 011) (CODE ID 000, 011
CBo-6 12 16 17 20 CBo-s LEouT 21 0
(CODE ID2-0 010, (CODE ID.0
100, 101, 110, 111) 101, 110, 1
GENERATE 13 — — — CORRECT:.. * LEout 22 0
CNORIRECT | — 17 — — DIAG MODE LEout 22 0
(Not Interna — 5
Control Mode) PASSTHRU LEour 22 °
DIAG MODE 20 CODE ID2-0 LEout 25 0
(Not Internal LEIN LEout 28 0
Control Mode) DATA0-15 LEDIAG 5 3
PASSTHRU 20 2595 b 43
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
CODE ID1o 20 Output tests specified with CL = 5pF and measyred to 0.5V
LEm 20 change of output voltage level. Test performed with CL = 50pF
(From latched and correlated to CL = 5pF.
to transparent) Enable Disable
LEout — _lnput Output Max. Max.
(From latched % BYTEo, DATAo0-15 12 10
to transparent) OE BYTE1
LEDIAG 20 28 20 22 OEsc SCo-6 12 10
(From latched to 2505 ol 44
transparent; Not
:G‘eén)al Control MINIMUM PULSE WIDTHS

ode
1A 8
Internal Control 24 33 24 27 I LEW, LEour. LEDe ST
Mode: LEbDIAG
(From latched
to transparent)
Internal Control 24 33 24 27
Mode: DATAo0-15
(Via Diagnostic
Latch)
NOTE: 2595 thl 42
1. DATAN to corrected DATAOUT measurement requires timing as shown
below. .
5.10 24



IDT39CE0/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES:
Device Mode = "Correct”
System Type = "Correct Always"
in. Period = 51ns (fMAX = 19.6MHz)
IDT39C60B COMMERCIAL — DATAIN TO CORRECTED i -
iming Parameter Min./
DATAOUT TIMING (Two cycles shown) From To Max.
OEBYTE /
[—18 +—18 L OEBYTE = High to DATAoUT Disabled | Max.
21 —» 21 OEBYTE = Low to DATAOUT Enabled | Max.
25— 25 DATAIN to Corrected DATAoOUT Max.
DATA Bus DATAour X DATAN X DATAoutr XDATAI DATAoUT
5 ' 5 DATAIN Set-up to LEIN = Low Min.
3 | 3 DATANN Hold to LEW = Low Min.
LEIN _/1 / \—/_
—28 e 28 > LEN = High to DATAoUT Max.
. l * = (Memory/System dependent)
to to to 2595 drw 12




IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60A AC ELECTRICAL

CHARACTERISTICS
(Guaranteed Commercial Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60A over the commercial operating range of 0°C
to +70°C, with Vcc from 4.75V to 5.25V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION  MINIMUM SET-UP AND HOLD TIMES
DELAYS CL =50pF

RELATIVE TO LATCH ENABLES

NOTE:

below.

2595 thl 46
1. DATAN to corrected DATAoUT measurement requires timing as shown

To Output To Set-up | Hold
MULT From Input (Latching Data) Time Time

From Input SCo-6 | DATAo-15 | Error | ERROR DATAo-15 LEIN 5 3
DATAo0-15 20 30" 20 23 CBo-6 LEN 5 3
CBo-s 14 25 20 23 DATA0-15 LEout 24 2
(CODE ID2-0 CBo-6 LEout 21 0
000, 011) (CODE ID 000, 011)
CBo-¢ 14 18 20 23 CBo-6 LEouT 21 0
(CODE ID2-0 010, (CODE 1D 010, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 15 — — - CORRECT LEour 22 0
CORRECT - 20 - - DIAG MODE LEout 22 0
(Not Internal
Control Mode) PASSTHRU LEout 22 0
DIAG MODE 22 25 18 21 CODE 1D2-0 LEour 25 0
(Not Internal LEIN LEout 28 0
Control Mode) DATA0-15 LEDIAG 5 3
PASSTHRU 22 25 18 21 2595 thl 47
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
CODE ID2-0 23 28 25 28 Output tests specified with CL = 5pF and meas'ured to 0.5V
LEm 22 a2 22 25 change of output vgltage level. Test performed with CL=50pF
(From latched and correlated to CL = 5pF.
to transparent) Input Output Enable Disable
LEour — 13 — — OE BYTED, DATAo-15 24 21
(From latched OE BYTE1
to transparent) OEsc SCos 24 21
LEDIAG 22 32 22 25 2595 bl 48
(From latched to
transparent; Not
Internal Control MINIMUM PULSE WIDTHS
Mode) | LEN, LEouT, LEDIAG 12
Internal Control 28 38 28 31 3595 Bl 49
Mode: LEDIAG
(From latched
to transparent)
Internal Control 28 38 28 31
Mode: DATA0-15
(Via Diagnostic
Latch)
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

NOTES:
Device Mode = "Correct”
System Type = "Correct Always"
in. Period = 61ns (fMAX = 16.4MHz)
IDT39C60A COMMERCIAL — DATAIN TO CORRECTED

Timing Parameter Min./

DATAOoUT TIMING (Two cycles shown) From To Max.

OEBYTE

21 le—21 L OEBYTE = High to DATAoUT Disabled | Max.

24 OEBYTE = Low to DATAouT Enabled | Max.

30 DATAIN to Corrected DATAoUT Max.

DATA Bus DATAouT DATAout XDATAI DATAouUT

5 DATAIN Set-up to LEIN = Low Min.

| 3 DATAIN Hold to LEIN = Low Min.

LEIN _/1 1/ N~ 7
< 32 e 32 > LEI = High to DATAoUT Max.
‘-’l | * = (Memory/System dependent)
to to to 2595 drw 13
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1DT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60A AC ELECTRICAL

CHARACTERISTICS
(Guaranteed Military Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60A over the military operating range of -55°C to
+125°C, with Vcc from 4.5V to 5.5V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION
DELAYS CL=50pF

MINIMUM SET-UP AND HOLD TIMES

RELATIVE TO LATCH ENABLES

To Output . To Set-up | Hold
MULT From Input (Latching Data) Time Time
From Input SCo-s | DATA0-15 | ERROR | ERROR DATAo0-15 LEIN 5 3
DATAo0-15 22 35 24 27 CBo-6 LEIN 5 3
CBo-s 17 28 24 27 DATAo0-15 LEout 27 2
(CODE 1D2-0 CBo-s LEour 24 0
000, 011) (CODE ID 000, 011)
CBo-s 17 20 24 27 CBo-s LEout 24 0
(CODE ID2-0 010, (CODE 1D 010, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 20 - - - CORRECT LEout 25 0
CORRECT - 25 - - DIAG MODE LEour 25 0
(Not Internal
Control Mode) PASSTHRU LEout 25 0
DIAG MODE 25 o8 21 24 CODE ID2-0 LEout 28 0
(Not Internal LEN LEour 30 0
Control Mode) DATA0-15 LEDIAG 5 3
PASSTHRU 25 28 21 24 2505 1! 51
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
Output tests specified with CL = 5pF and measured to 0.5V
CODE ID2-0 26 31 28 31 N
E change of output voltage level. Test performed with CL=50pF
IN 24 37 26 29 and correlated to CL = 5pF.
(From latched
to transparent) Input Output Enable Disable
LEouT — 16 — — OE BYTEo, DATAo0-15 28 25
(From latched OE BYTE!
to transparent) OEsc SCo-s 28 25
LEDIAG 24 37 26 29 2595 ] 52
(From latched to
transparent; Not
Internal Contro! MINIMUM PULSE WIDTHS
Mod
ode) [ LEIN, LEouT, LEDIAG l 12 I
Internal Control 30 43 32 35 2585 bl 53
Mode: LEbpIAG
(From latched
to transparent)
Internal Control 30 43 32 35
Mode: DATA0-15
(Via Diagnostic
Latch)
NOTE: 2595 tl 50

1. DATAN to corrected DATAouT measurement requires timing as shown

below.

5.10
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES:
Device Mode = "Correct”
System Type = "Correct Always"
Min. Period = 70ns (fMAX = 14.3MHz)
IDT39C60A MILITARY — DATAIN TO CORRECTED Timing Parameter Mind
DATAoUT TIMING (Two cycles shown) From To Max.
OEBYTE
le—25 L_ le—25 L« OEBYTE = High to DATAOUT Disabled | Max.
28 —» 28 OEBYTE = Low to DATAOUT Enabled Max.
35— 35 DATAN to Corrected DATAoUT Max.
DATA Bus DATAour X DATAIN {_DATAoutr XDATAI DATAoUT
5 ‘ 5 DATAIN Set-up to LEIN = Low Min.
3 | 3 DATAN Hold 1o LEIN = Low Min.
LEIN _/——L_ / N\ /
J« a7 > ke 37 > LEN = High to DATAOUT Max.
[ I * = (Memory/System dependent)

to to to 2595 drw 14
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60-1 AC ELECTRICAL
CHARACTERISTICS
(Guaranteed Commercial Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60-1 over the commercial operating range of 0°C
to +70°C, with Vcc from 4.75V to 5.25V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION
DELAYS CL=50pF

MINIMUM SET-UP AND HOLD TIMES
RELATIVE TO LATCH ENABLES

PASSTHRU 36 44 29 46
(Not Internal
Control Mode)

To Output To Set-up | Hold
MULT From Input (Latching Data) Time Time
From Input SCo-6 | DATAo-15 | ERROR | ERROR DATA0-15 LEIN 6 7
DATAo-15 28 5201 25 50 CBo-s LEIN 5 6
CBo-s 23 50 23 47 DATAo-15 LEout 34 5
(CODE I1D2-0 CBos LEour 35 0
000, 011) (CODE ID 000, 011)
CBo-s 28 34 29 34
CBo-6 LEour 27 0
(CODE ID2-0 010, (CODE ID 019, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 35 - = - CORRECT LEout 26 1
CORRECT - 45 - - DIAG MODE LEout 69 0
(Not Internal
Control Mode) PASSTHRU LEout 26 0
DIAG MODE 50 78 59 75 CODE ID2-0 LEouTt 81 0
(Not Internal LEIN LEour 51 5
Control Mode) DATA0-15 LEDiAG 6 8

CODE ID2-0 61 90 60 80

LEIN 39 72 39 59
(From latched

2595 bl 55

MAXIMUM OUTPUT ENABLE/DISABLE TIMES
Output tests specified with CL = 5pF and measured to 0.5V
change of output voltage level. Test performed with CL=50pF
and correlated to CL = 5pF.

(From latched
to transparent)

Internal Control 67 96 66 86

Mode: DATAo-15
(Via Diagnostic

Latch)

NOTE: 2595 tbl 54
1. DATAN to corrected DATAOUT measurement requires timing as shown
below.

to transparent) Input Output Enable Disable
LEout —_ 31 — — OE BYTEo, DATA0-15 30 30
(From latched OE BYTE1

to transparent) OEsc SCos 30 30
LEDIAG 45 78 45 65 2595 bl 56
(From latched to

transparent; Not

Internal Control MINIMUM PULSE WIDTHS

Mode) r LEN, LEour, LEDIAG J 15
Internal Control 67 96 66 86 3595 BI57
Mode: LEDIAG
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES:
Device Mode = "Correct”
f]stem Type = "Correct Always"
in. Period = 92ns (fMAX = 10.9MHz)
IDT39C60-1 COMMERCIAL — DATAIN TO CORRECTED Timing Paramater i
DATAOUT TIMING (Two cycles shown) From To Max.
QEBYTE
+—30 L_ [+—30 L OEBYTE = High to DATAoUT Disabled | Max.
30—» 30 OEBYTE = Low to DATAOUT Enabled | Max.
52 ———» 52 DATAIN to Corrected DATAouT Max.
DATA Bus DATAouT DATAN K_DATAour XDATAI DATAout
6 | 6 DATAIN Set-up to LEIN = Low Min.
7 | 7 DATAIN Hold to LEIN = Low Min.
LE 2 / N\ /
72 > > 72 > LEN = High to DATAoUT Max.
. | * = (Memory/System dependent)

to to to 2595 drw 15
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60-1 AC ELECTRICAL
CHARACTERISTICS
(Guaranteed Military Range Performance)
. The tables below specify the guaranteed performance of
the IDT39C60-1 over the military operating range of —55°C to
+125°C, with Vcc from 4.5V to 5.5V. All data are in
nanoseconds, with inputs switching between OV and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION
DELAYS CL=50pF

MINIMUM SET-UP AND HOLD TIMES
RELATIVE TO LATCH ENABLES

NOTE:

below.

2595 thl 58
1. DATAN to corrected DATAOUT measurement requires timing as shown

To Output To Set-up Hold
MULT From Input (Latching Data) Time Time

From Input SCo-s | DATAo-15 | ERROR | ERROR DATA0-15 LEN 7 7
DATA0-15 31 59" 28 56 CBo-6 LEN 5 7
CBo-s 25 55 25 50 DATA0-15 LEout 39 5
(CODE ID2-0 CBos LEouT as 0
000, 011) (CODE ID 000, 011)
CBo-s 30 38 31 37 CBo-6 LEouT 30 0
(CODE ID2-0 010, (CODE ID 010, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 38 - — — CORRECT LEout 28 1
CORRECT - 49 - - DIAG MODE LEour 84 0
(Not Internal
Control Mode) PASSTHRU LEour 30 0
DIAG MODE 58 89 65 90 CODE ID2-0 LEout 89 0
(Not Internal LEIN LEout 59 5
Control Mode) DATAo-15 LEDIAG 7 9
PASSTHRU 39 51 34 54 2595 ti 59
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
CODE D20 69 100 68 90 Output tests specified with CL = 5pF and meas'ured to 0.5V
LEm 39 2 23 pos change of output voltage level. Test performed with CL=50pF

y and correlated to CL = 5pF.

(From latched
to transparent) Input Output Enable Disable
LEout — 33 — — OE BYTEy, DATA0-15 35 35
(From latched OE BYTE1
to transparent) OEsc SCo-6 35 35
LEDIAG 50 88 49 72 2595 1! 60
(From latched to
transparent; Not
Internal Contro! MINIMUM PULSE WIDTHS
Mode) r LEN, LEouT, LEDIAG ‘ 15 T
Internal Control 75 106 74 96 P
Mode: LEDIAG
(From latched
to transparent)
Internal Control 75 106 74 96
Mode: DATAo-15
(Via Diagnostic
Latch)

5.10
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES:
Device Mode = "Correct"
System Type = "Correct Always"
IDT39C60-1 MILITARY — DATAIN TO CORRECTED . Period = 104no (A = 9.5MH2)
- —_ IN — -
Timing Parameter Min./
DATAOUT TIMING (Two cycles shown) From To Max.
OEBYTE
le—a5 L_ 35 L_ OEBYTE = High to DATAOUT Disabled | Max.
35— 35 OEBYTE = Low to DATAoUT Enabled Max.
59— 59 DATAIN to Corrected DATAouT Max.
DATA Bus DATAour X DATAN K DATAouT XDATAI DATAOUT
7 * 7 ) DATAIN Set-up to LEIN = Low Min.
7 | 7 DATAIN Hold fo LEIN = Low Min.
ew _ | /7 N TN L~
e 82 ke 82 > LEIN = High to DATAouUT Max.
[ * = (Memory/System dependent)

to to to 2595 drw 16




IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60 AC ELECTRICAL
CHARACTERISTICS

(Guaranteed Commercial Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60 over the commercial operating range of 0°C to
+70°C, with Vcc from 4.75V to 5.25V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION
DELAYS CL=50pF

MINIMUM SET-UP AND HOLD TIMES

RELATIVE TO LATCH ENABLES

To Output To Set-up Hold
MULT From Input (Latching Data) Time Time

From Input SCo-6 | DATAc-15 | ERROR | ERROR DATA0-15 LEIN 6 7
DATAo-15 32 65" 32 50 CBo-s LEN 5 6
CBo-6 28 56 29 47 DATA0-15 LEout 44 5
(CODE ID2-0 CBos LEout as 0
000, 011) (CODE ID 000, 011)
CBo-6 28 45 29 34

CBo-s LEout 27 0
(CODE ID2-0 010, (CODE ID 010, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 35 - — - CORRECT LEout 26 1
CORRECT - 45 - - DIAG MODE LEour 69 0
(Not Internal
Control Mode) PASSTHRU LEout 26 0
DIAG MODE 50 78 59 75 CODE ID2-0 LEout 81 0
(Not Internal LEIN LEout 51 5
Control Mode) DATAG-15 LEDIAG 6 8
PASSTHRU 36 44 29 46 2595 b1 63
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
CODE ID2-0 61 90 60 80 Output tests specified with CL = 5pF and measured to 0.5V
LEN a9 72 a9 59 change of output voltage level. Test performed with CL =50pF
(From latched and correlated to CL = 5pF.
to transparent) Input Output Enable Disable
LEout — 31 — — OE BYTEo, DATA0-15 30 30
(From latched OE BYTE1
to transparent) OEsc SCo-6 30 30
LEDIAG 45 78 45 65 2595 Bl 64
(From latched to
transparent; Not
Internal Control MINIMUM PULSE WIDTHS
Moda) l LEIN, LEouT, LEDIAG 15
Internal Control 67 96 66 86 2595 I 65
Mode: LEDiAG
(From latched
to transparent)
Internal Control 67 96 66 86
Mode: DATAo-15
(Via Diagnostic
Latch)
NOTE: 2595 t! 62
1. DATANN to corrected DATAouT measurement requires timing as shown
below.
5.10 34



IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES:
Device Mode = "Correct”
System Type = "Correct Always”
IDT39C60 COMMERCIAL — DATAIN TO CORRECTED i Period - 1057 (uix - 9 1)
—_ IN — -
Timing Parameter Min./
DATAOUT TIMING (Two cycles shown) From To Max.
OEa8YTE
le—30 L OEBYTE = High to DATAoUT Disabled | Max.
30— 30 OEBYTE = Low to DATAoUT Enabled | Max.
65— 65 DATAN to Corrected DATAOUT Max.
DATA Bus DATAouUT DATAIN X DATAoutr XDATAI DATAoUT
DATAIN Set-up to LEIN = Low Min.
| 7 DATAIN Hold to LEIN = Low Min.
LEIN / N\ /
I<——72 e—72 LEIN = High to DATAoUT Max.
ks = (Memory/System dependent)
to to to 2595 drw 17

5.10 35



IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT39C60 AC ELECTRICAL
CHARACTERISTICS
(Guaranteed Military Range Performance)

The tables below specify the guaranteed performance of
the IDT39C60 over the military operating range of -55°C to
+125°C, with Vcc from 4.5V to 5.5V. All data are in
nanoseconds, with inputs switching between 0V and 3V at 1V
per nanosecond and measurements made at 1.5V.

MAXIMUM COMBINATIONAL PROPAGATION  MINIMUM SET-UP AND HOLD TIMES
DELAYS Ct = 50pF

RELATIVE TO LATCH ENABLES

To Output To Set-up Hold
MULT From Input (Latching Data) Time Time

From Input SCo-6 | DATAc-15 { ERROR | ERROR DATAo0-15 LEIN 7 7
DATAc-15 35 73 36 56 CBo-6 LEN 5 7
CBo-s 30 61 31 50 DATAo0-15 LEout 50 5
(CODE 102-0 CBo-s LEouT 38 0
000, 011) (CODE ID 000, 011)
CBo-s 30 50 31 87 CBo-6 LEout 30 0
(CODE D20 010, (CODE ID 010, 100,
100, 101, 110, 111) 101, 110, 111)
GENERATE 28 - — - CORRECT LEout 28 1
CORRECT - 49 - - DIAG MODE LEour 84 0
(Not Internal
Control Mode) PASSTHRU LEout 30 0
DIAG MODE 58 89 65 90 CODE ID2-0 LEout 89 0
(Not Internal LEN LEout 59 5
Control Mode) DATA0-15 LEDIAG 7 9
PASSTHRU 39 51 34 54 2595 b1 67
(Not Internal
Control Mode) MAXIMUM OUTPUT ENABLE/DISABLE TIMES
CODE ID2-0 69 100 68 90 Output tests specified with CL = 5pF and meas.ured to 0.5V
LEN 24 ) 43 66 chznge oiloutzut vgltagg Ier;/el. Test performed with CL = 50pF
(From latched and correlated to CL = 5pF.
to transparent) Input Output Enable Disable
LEout - 33 — — OE BYTEo, DATAo-15 35 35
(From latched OE BYTE1
to transparent) OEsc SCo6 a5 35
LEpIAG 50 88 49 72 2595 bl 68
(From latched to
transparent; Not
Internal Control MINIMUM PULSE WIDTHS
Mode) | LEIN, LEouT, LEDIAG l 15 I
Internal Control 75 106 74 96 vy
Mode: LEDIAG
(From latched
to transparent)
Internal Control 75 106 74 96
Mode: DATAo-15
(Via Diagnostic
Latch)

NOTE: 2595 tbl 66
1. DATAN to corrected DATAOUT measurement requires timing as shown
below.
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
NOTES: '
Device Mode = "Correct”
S(slem Type = "Correct Always"
in. Period = 118ns (fmax = 8.5MHz)
IDT39C60 MILITARY — DATAIN TO CORRECTED Timing Parameter )
DATAOUT TIMING (Two cycles shown) From To Max.
QEBYTE ]
le—35 L le—35 L OEBYTE = High to DATAOUT Disabled | Max.
35— 35 OEBYTE = Low to DATAcUT Enabled | Max.
73— 73 DATAIN to Corrected DATAoOUT Max.
DATA Bus DATAout DATAIN K DATAout XDATAI DATAouT
7 \ 7 ] DATAIN Set-up to LEIN = Low Min.
7 |7 DATAIN Hold to LEIN = Low Min.
LEIN _/x / N\ /
e—a2 e 82 > LEI = High to DATAouT Max.
al I * = (Memory/System dependent)
to to to 2595 drw 18
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IDT39C60/-1/A/B

16-BIT CMOS DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V Test Switch

Input Rise/Fall Times 1Vins Open Drain Closed

Input Timing Reference Levels 1.5V Disable Low

Enable Low
Output Reference Levels 1.5V Al Other Outputs Open
Output Load See Figure 12 2595 b1 71
2595 tl 70

IDT39C60 INPUT/OUTPUT INTERFACE CIRCUIT

vce
ESD
PROTECTION
IiH |
- \ loH
INPUTS O AN\N I >0—
<« 'R OUTPUTS
L
X { o
— 2505019 2595 drw 20

Figure 10. Input Structure (All Inputs)
Figure 11. Output Structure

TEST CIRCUIT LOAD
Vee +7.0V
o—e
VIN
Pulse
Generator D.UT,
RT l

— — — —_ = = 2595 drw 21

DEFINITIONS:

CL= Load capacitance: includes jig and probe capacitance
RL = Termination resistance: should be equal to ZouT of the Pulse Generator

Figure 12.
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IDT39C60/-1/A/B
16-BIT CMOS DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

IDT __XXXXX X X
Device Type Package Process/
Temperature

Range

I

Commercial (0°C to +70°C)
Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B

Plastic DIP

Sidebraze DIP

Plastic Leaded Chip Carrier
Leadless Chip Carrier

16-Bit EDC Unit

Fast 16-Bit EDC Unit
Very-Fast 16-Bit EDC Unit
Ultra-Fast 16-Bit EDC Unit

2595 drw 22
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- IDT49C460

32-BIT CMOS IDT49C460A

ERROR DETECTION IDT49C460B

IDT49C460C

Integrated Device Technology, Inc. AND CORRECTION UNIT IDT49C460D

FEATURES: DESCRIPTION:

« Fast The IDT49C460s are high-speed, low-power, 32-bit Error
Detect Correct Detection and Correction Units which generate check bits on
— 1DT49C460D 12ns (max.) 18ns (max.) a 32-bit data field according to a modified Hamming Code and
— |DT49C460C 16ns (max.) 24ns (max.) correct the data word when check bits are supplied. The
— IDT49C460B 25ns (max.) 30ns (max.) IDT48C460s are performance-enhanced functional replace-
— |DT49C460A 30ns (max.) 36ns (max.) ments for 32-bit versions of the 2960. When performing aread
— IDT49C460 40ns (max.)  49ns (max.) operation from memory, the IDT43C460s will correct 100% of
¢ Low-power CMOS all single bit errors and will detect all double bit errors and

— Commercial: 95mA (max.)
— Military: 125mA (max.)
Improves system memory reliability

— Corrects all single bit errors, detects all double and some

triple-bit errors
Cascadable

— Data words up to 64-bits

Built-in diagnostics

— Capable of verifying proper EDC operation via software

control

Simplified byte operations

— Fast byte writes possible with separate byte enables
Functional replacement (or32 and 64-bit configurations of

the 2960

Available mv PGA, PLCC and Ceramic Flatpack
Military product compliant to MIL-STD-883, Class B

. Standard Military Drawing #5962-88533

some triple bit errors.

The IDT49C460s are easily cascadable to 64-bits. Thirty-
two-bit systems use 7 check bits and 64-bit systems use 8
check bits. For both configurations, the error syndrome is
made available.

The IDT49C460s incorporate two built-indiagnostic modes.
Both simplify testing by allowing for diagnostic data to be
entered into the device and to execute system diagnostics
functions.

They are fabricated using CEMOS™, a CMOS technology
designed for high-performance and high-reliability. The
devices are packaged in a 68-pin ceramic PGA, PLCC and
Ceramic Flatpack.

Military grade product is manufactured in compliance with
the latest revision of MIL-STD-883, Class B, making it ideally
suited to military temperature applications demanding the
highest level of performance and reliability.

.'FUNCTIONAL BLOCK DIAGRAM

CBo-7 [ 3
DATAo31 B DATA ERROR ERROR MUX ‘—l
LATCH 32 DETECT DECODE 8 le—o
OEBYTEos [ 4 T
L 8
32
DATA CHECK BIT »
327  LATCH GENERATE Py Hi SCo7
Q MUX OFsc
MUX s
»| CHECKBIT ™1
IN LATCH
T ey e SR | S
b DIAGNOSTIC
LATCH T
LEDiAG D—g 5
LEoUT/GENERATE [ I »
CORRECT D——-—-—-—> CONTROL |——
CODE ID1.0 [D>——> LOGIC e
DIAG MODE1.0 [> F———
2584 drw 01
CEMOS is a trademark of Integrated Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
©1990 Integrated Device Technology, Inc. 511 DSC-9017/2
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

- O
==
[CNeN W}
couu
F4 [=] - ~ w 2
5&B8 555888 B88 88843
DESIGNATES
98 76 54 32 16867666564636261 PIN 1 FOR
PLCC ONLY
Vee 60 D2a
D2 59 Da3
D3 58 D22
D4 57 D21
Ds 56 D20
De 55 Dig
D7 54 Dis
Ds 53 D7
GND 52 Vcc
Do 51 Dis
Do 50 OE2
D11 49  LEOUuT/GENERATE
D12 48 CORRECT
D13 47 LEDIAG
D1a 46 ERROR
D15 45 MULTERROR
OE1 44 GND

PLCC
TOPVIEW

2584 drw 02
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IDT49C460/A/B/C/ID

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
— O
wow
00 _ o
[N oN =]
S3=°=
[N O] g g 9 (=)
= g Z< < 5 Q o N o 8
c8locuUs588lc 888 8EE5
\v
98765432 7 6867666564636261
vee —] 10 60— Da2s
D2 —] 11 59— Dz
Ds ] 12 58— D22
pe ] 13 PIN 1 IDENTIFICATION 57— Dz
Ds —— 14 56 f/—— D2
Ds T—] 15 55— D19
D7 ] 16 54— D1s
Ds — 17 53— Dw
oND — 18 CALL FOR PKG DRAWING 52— veo
Do C— 9 (AVAILABLE ONLY FOR MILITARY PRODUCT) 51— D18
Do —] 20 50— O
D11 /] 21 49 [T LEOUT/GENERATE
D12 —] 22 48— CORRECT
D13 ] 23 47— LEDIAG
D14 —] 24 46 |=—— ERROR
Dis ] 25 45 |F— MULTERROR
OEr —] 26 44— GND
2728 2930 31 32 3334 35 36 37 38 39 40 41 42 43
L 2584 drw 03
8888888833888 85a
FLATPACK
TOPVIEW




IDT49C460/A/B/C/D
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32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
5
lod
m]
G = 2
00 kb
= C O i~
<« [=] M N T o P o~ Q o ~ 8 s g T = 2
= N © > =
3388582858818 8kR3
53 51 5.0_' fJ 46 | 44 | 42| 40| 38| 36 a4
D2s T 52 49 47 45 43 41 39 37 35 L— OEsc
D2z . 55 T 54 328 33— SC7
D2s SCs
D29 u 57 T 56 : ‘ 30W 31— SCs
D2s SCa
D31 & 59 T 58 og @ 29— SCs
D3o - SC2
CODE 1Do o 51 T 60 G68 - 1 26 27— SC
OE3 SCo
DIAG MODEo W 63 T 62 24W 25— CBo
CODE ID1 CB1
LEIN G5 T 64 2208 23— CB2
DIAG MODE! CBs3
_Do | 57 W 66 20W 21 m— CBs
OEo CBs
3 5 7 9 11 13 15
D1 | ! It m— CBs
681 21 a6 | 8| 10|12 141617
« [TITITIT I
2584 drw 04
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS
Pin Name
DATA0-31

/O Description

/O | 32 bidirectional data lines provide input to the Data Input Latch and Diagnostic Latch and also receive output from
the Data Output Latch. DATAo is the LSB; DATAS1 is the MSB.

CBo-7 I | Eight check bit input lines input check bits for error detection and also used to input syndrome bits for error
correction in 64-bit applications.

LEIN | | Latch Enable is for the Data Input Latch. Controls latching of the input data. Data Input Latch and Check Bit Input
Latch are latched to their previous state when LOW. When HIGH, the Data Input Latch and Check Bit Input Latch
follow the input data and input check bits.

LEouT/ A multifunction pin which, when LOW, is in the Check Bit Generate Mode. In this mode, the device generates the
GENERATE check bits or GENERATE partial check bits specific to the data in the Data Input Latch. The generated check bits
are placed on the SC outputs. Also, when LOW, the Data Out Latch is latched to its previous state.

When HIGH, the device is in the Detect or Correct Mode. In this mode, the device detects single and multiple
errors and generates syndrome bits based upon the contents of the Data Input Latch and Check Bit Input Latch.
In the Correct Mode, single bit errors are also automatically corrected and the corrected data is placed at the
inputs of the Data Output Latch. The syndrome result is placed on the SC outputs and indicates in a coded form
the number of errors and the specific bit-in-error. When HIGH, the Data Output Latch follows the output of the
Data Input Latch as modified by the correction logic network. In Correct Mode, single bit errors are corrected by
the network before being loaded into the Data Output Latch. In Detect Mode, the contents of the Data Input Latch
are passed through the correction network unchanged into the Data Output Latch. The Data Output Latch is
disabled, with its contents unchanged, if the EDC is in the Generate Mode.

SCo-7 O | Syndrome Check Bit outputs. Eight outputs which hold the check bits and partial check bits when the EDC is in
the Generate Mode and will hold the syndrome/partial syndrome bits when the device is in the Detect or Correct
modes. All are 3-state outputs.

OEsc | | Output Enable—Syndrome Check Bits. In the HIGH condition, the SC outputs are in the high impedance state.
When LOW, all SC output lines are enabled.

ERROR O | In the Detect or.Correct Mode, this output will go LOW if one or more data or check bits contain an error. When
HIGH, no errors have been detected. This pin is forced HIGH in the Generate Mode.

MULT _ O | In the Detect or Correct Mode, this output will go LOW if two or more bit errors have been detected. A HIGH level

ERROR indicates that either one or no errors have been detected. This pin is forced HIGH in the Generate Mode.

CORRECT I | The correct input which, when HIGH, allows the correction network to correct any single-bit error in the Data Input

Latch (by complementing the bit-in-error) before putting it into the Data Output Latch. When LOW, the device will
drive data directly from the Data Input Latch to the Data Output Latch without correction.

OEBYTEo-3[ | |Output Enable—Bytes 0, 1, 2, 3. Data Output Latch. Control the three-state output buffers for each of the four
bytes of the Data Output Latch. When LOW, they enable the output buffer of the Data Qutput Latch. When HIGH,
they force the Data Output Latch buffer into the high impedance mode. One byte of the Data Output Latch is
easily activated by separately selecting the four enable lines.

DIAG | | Select the proper diagnostic mode. They control the initialization, diagnostic and normal operation of the EDC.
MODE1,0
CODE ID1o| 1 | These two code identification inputs identify the size of the total data word to be processed. The two allowable

data word sizes are 32 and 64 bits and their respective modified Hamming Codes are designated 32/39 and
64/72. Special CODE ID1,0, input 01 is also used to instruct the EDC that the signals CODE ID1,0, DIAG MODE1,0
and CORRECT are to be taken from the Diagnostic Latch rather than from the input control lines.

LEDiAG I | This is the Latch Enable for the Diagnostic Latch. When HIGH, the Diagnostic Latch follows the 32-bit data on the
input lines. When LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic
Latch holds diagnostic check bits and internal control signals for CODE 1D1.0, DIAG MODE 1,0 and CORRECT.

2584 tl 01
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

EDC ARCHITECTURE SUMMARY

The IDT49C460s are high-performance cascadable EDCs
used for check bit generation, error detection, error correction
and diagnostics. The function blocks for this 32-bit device
consist of the following: .

« Data Input Latch

» Check Bit Input Latch

+ Check Bit Generation Logic
« Syndrome Generation Logic
» Error Detection Logic

» Error Correction Logic

» Data Output Latch

» Diagnostic Latch

+ Control Logic

DATA INPUT/OUTPUT LATCH

The Latch Enable Input, LEIN, controls the loading of 32 bits
of datato the DataInLatch. The datafromthe DATAlines can
be loaded in the Diagnostic Latch under control of the
Diagnostic Latch Enable, LEDIAG, giving check bit information
in one byte and control information in another byte. The
Diagnostic Latchisusedinthe Internal ControlMode orinone
of the diagnostic modes. The Data Output Latch has buffers
that place data onthe DATA lines. These buffers are split into
four 8-bit buffers, each having their own output enable con-
trols. This feature facilitates byte read and byte modify
operations.

CHECK BIT GENERATION LOGIC

This generates the appropriate check bits for the 32 bits of
data inthe Data Input Latch. The modified Hamming Code is
the basis for generating the proper check bits.

SYNDROME GENERATION LOGIC

In both the Detect and Correct modes, this logic does a
comparison on the check bits read from memory against the
newly generated set of check bits produced for the data read
in from memory. Matching sets of check bits mean no error
was detected. If there is a mismatch, one or more of the data
or check bits is in error. Syndrome bits are produced by an
exclusive-OR of the two sets of check bits. Identical sets of
check bits mean the syndrome bits will be all zeros. If an error
results, the syndrome bits can be decoded to determine the
number of errors and the specific bit-in-error.

ERROR DETECTION LOGIC

This part of the device decodes the syndrome bits
generated by the Syndrome Generation Logic. With no errors
in either the input data or check bits, both the ERROR and
MULTERROR outputs are HIGH. ERROR will go low if one
error is detected. MULTERROR and ERROR will both go low
if two or more errors are detected.

ERROR CORRECTION LOGIC

In single error cases, this logic complements (corrects) the
single data bit-in-error. This corrected data is loaded into the
Data Output Latch, which can then be read onto the bidirec-
tional data lines. If the error is resulting from one of the check
bits, the correction logic does not place corrected check bits
on the syndrome/check bitoutputs. If the corrected check bits
are needed, the EDC must be switched tothe Generate Mode.

DATAOUTPUTLATCHANDOUTPUT BUFFERS

The Data Output Latch is used for storing the result of an
error correction operation. The latch is loaded from the
correction logicundercontrolof the Data Output Latch Enable,
LEouT. The Data Output Latch may also be directly loaded
fromthe Data Input Latch inthe PASSTHRU mode. The Data
Output Latch buffer is split into 4 individual buffers which can
be enabled by OEo0-3 separately for reading onto the
bidirectional data lines.

DIAGNOSTIC LATCH

The diagnostic latch is loadable under control of the
Diagnostic Latch Enable, LEDIAG, from the bidirectional data
lines. Check bit information is contained in one byte while the
other byte contains the control information. The Diagnostic
Latchisusedfordrivingthe device wheninthe Internal Control
Mode, or for supplying check bitswhenin one of the diagnostic
modes.

CONTROL LOGIC

Specities in which mode the device will be operating in.
Normaloperationis whenthe controllogicis driven by external
controlinputs. Inthe Internal ControlMode, the control signals
are read from the Diagnostic Latch. Since LEouT and
GENERATE are controlled by the same pin, the latching
action (LEouT from high to low) of the Data Output Latch
causes the EDC to go into the Generate Mode.
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED PRODUCT DESCRIPTION

Diag | Diag

The IDT49C460 EDC units contain the logic necessary to Correct | Mode1 | Mode2 Diagnostic Mode Selected
generate check bits on 32 bits of data input according to a X 0 0 |Non-diagnostic Mode. Normal
modified Hamming Code. The EDC can compare internally EDC function in this mode.
generated che(;k bits agaipst tho;e read with the 32-bit' data X 0 1 Diagnostic Generate. The con
to allow correction of any single bit data error and detection of tents of the Diagnostic Laich are
all double (and some-triple) bit errors. The IDT43C460s can substituted for the normally
be used for 32-bitdata words (7 check bits) and 64-bit (8 check generated check bits when in the
bits) data words Generate Mode. The EDC

’ functions normally in the Detect or
WORD SIZE SELECTION Correct modes.

The two code identification pins, CODE ID1, 0, are used to X 1 0 |Diagnostic Detect/Correct.  In

determine the data word size that is 32 or 64 bits. They also either mode, the contents of the
. : y . Diagnostic Latch are substituted
sglec_t the !Qterpal Control Mode. Table 5 defines all possible for the check bits normally read
slice identification codes. from the Check Bit Input Latch.
The EDC functions normally in the

CHECK AND SYNDROME BITS Generate Mode.

The IDT49C460s provide either check bits or syndrome 1 1 1 Initialize. The Data Input Latch
bits on the three-state output pins, SCo-7. Check bits are outputs are forced to zeros and
generated from a combination of the Data Input bits, while :a‘cged upon removal of Initialize
syndrome bits are an exclusive-OR of the check bits gener- ode.
ated from read data with the read check bits stored with the 0 1 1 | PASSTHRU.
data. Syndrome bits can be decoded to determine the single 2584 11 02
bit in error or that a double (some triple) error was detected. Table 2. Diagnostic Mode Control
The check bits are labeled:

Co, C1,C2, C3,C4,Cs5,Cs for the 32-bit configuration
Co, C1, C2, C3, C4,Cs5,Cs, C7  for the 64-bit configuration
Syndrome bits are similarly labeled So through S7.
Operating __SCo7 __ERROR __
Mode DM1 | DM2 | Generate | Correct DATAouT Latch (OEsc = LOW) MULT ERROR
Generate 0 0 0 X LEout = LOW (1) Check Bits Generated from High
1 0 DATAIN Latch
Detect 0 0 1 0 DATAIN Latch Syndrome Bits DATAIN/ Error Dep (2
0 1 Check Bit Latch’
Correct 0 0 1 1 DATAIN Latch w/ Syndrome Bits DATAIN/ Error Dep
0 1 Single Bit Correction Check Bit Latch
PASSTHRU 1 1 1 0 DATAIN Latch Check Bit Latch High
Diagnostic 0 1 0 X — Check Bits from Diagnostic Latch High
Generate
Diagnostic Detect 1 0 1 o] DATAIN Latch. ‘Syndrome Bits DATAIN/ Error Dep
Diagnostic Latch
Diagnostic Correct 1 0 1 1 DATAIN Latch w/ Syndrome Bits DATAIN/ Error Dep
Single Bit Correction Diagnostic Latch
Initialization 1 1 1 1 DATAIN Latch _ —
Set to 0000(3)
Internal CODE ID1,0 = 01 (Control Signals CODE ID1,0, DIAG MODE1,0 and CORRECT are taken from Diagnostic Latch.)
NOTES: 2584 1b1 03

1. In Generate Mode, data is read into the EDC unit and the check bits are generated. The same data is written to memory along with the check bits. Since
the DATAouT Latch is not used in the Generate Mode, LEouT (being LOW since itis tied to Generate) does not affect the writing of check bits.
2. Error Dep (Error Dependent): ERROR will be low for single or multiple errors, with MULT ERROR low for double or multiple errors. Both signals are high

for no errors.
3. LENis LOW.

Table 3. IDT49C460 Operating Modes
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

OPERATING MODE SELECTION

Tables 2 and 3 describe the nine operating modes of the
IDT49C460s. The Diagnostic Mode pins — DIAG MODEo,1
— define four basic areas of operation. GENERATE and
CORRECT further divide operation into 8 functions, with
CODE ID1,0 defining the ninth mode as the Internal Mode.

Generate Mode is used to display the check bits on the
outputs SCo-7. The Diagnostic Generate Mode displays
check bits as stored in the Diagnostic Latch.

Detect Mode provides an indication of errors or multiple
errors on the outputs ERROR and MULT ERROR. Single bit
errors are not corrected in this mode. The syndrome bits are
provided on the outputs SCo-7. For the Diagnostic Detect
Mode, the syndrome bits are generated by comparing the
internally generated check bits from the Data In Latch with

Code I1D1 Code IDo Slice Selected
0 0 32-Bit
0 1 Internal Control Mode
1 0 64-Bit, Lower 32-Bit (0-31)
1 1 64-Bit, Upper 32-Bit (32-63)

2584 bl 04
Table 5. Slice Identification
DATAo-3t HIGH Cs Cs Cs4 Cs Cz Ci Co

L L

DATAo-31 CBz CBs CBs CBa CBs CB2 CB1 CBo

IDT49C460 CODE ID1o [«—— 0,0

SC7 SCs SCs SCa SCa SC2 SCi SCo

TTLTETE

Se/Cs

2584 drw 05

Sa/Ca S2/C2 So/Co

Figure 1. 32-Bit Configuration

check bits stored in the diagnostic latch rather than with the
check bit latch contents.

Correct Mode is similar to the Detect Mode except that
single bit errors will be complemented (corrected) and made
available as input to the Data Out Latches. Again, the
Diagnostic Correct Mode will correct single bit errors as
determined by syndrome bits generated from the data input
and contents of the diagnostic latches.

The Initialize Mode provides check bits for all zero bit data.
Data Input Latches are set, latched to a logic zero and made
available as input to the Data Out Latches.

The Intérnal Mode disables the external control pins DIAG
MODEo,1 and CORRECT to be defined by the Diagnostic
Latch. Even CODE 1D1,0, although externally set to the 01
code, can be redefined from the Diagnostic Latch data.

OEsc
CHECK-BIT INPUTS 1/8
DATA INPUT IDT74FCT240

IDT74FCT244
DATA32-63 DATA0-21 3

32 8

DATA CBo-7

OEsc <——L

CODE ID1o[«— 1,0

IDT49C460
32 (LOWER 32 BITS)

SCo-7

8

y
CBo-7 .

DATA

IDT49C460
(UPPER 32 BITS)

2584 drw 06

v
ERROR SYNDRCME/
CHECK BITS

Figure 2. 64-Bit Configuration

CHECK BITS

| BYTE3| BYTE2 I BYTE1 | BYTEO‘ Co ‘ C1 I Cz2 | C3 l Ca

[eTe]

31 2423 1615 87

2584 drw 07

Figure 3. 32-Bit Data Format

CHECK BITS

I BYTE? I BYTEs l BYTEs l BYTE4

TQYTESI BYTEzl BYTE1 ‘ BYTEoI Co I C1 ]Cz l C3 ‘ Ca \ Cs I Cs I C7J

63 5655 4847 4039 3231 2423 1615

87 0
2584 drw 08

Figure 4. 64-Bit Data Format
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

32-BIT DATA WORD CONFIGURATION

A single IDT49C460 EDC unit, connected as shown in
Figure 1, provides all the logic needed for single bit error
correction and double bit error detection of a 32-bit data field.
The identification code indicates 7 check bits are required.
The CB7 pin should be HIGH.

Figure 3 indicates the 39-bit data format for two bytes of
data and 7 check bits. Table 3 describes the operating mode
available. :

Table 6 indicates the data bits participating in the check bit
generation. For example, check bit Co is the exclusive-OR
function of the 16 data input bits marked with an X. Check bits
are generated and output in the Generate and Initialization
Mode. Check bits from the respective latch are passed,
unchanged, inthe PASSTHRU or Diagnostic Generate Mode.

Syndrome bits are generated by an exclusive-OR or the

generated check bits with the read check bits. For example,
Sn is the XOR of check bits Cn from those read with those
generated. Table 7 indicates the decoding of the seven
syndrome bits to identify the bit-in-error for a single bit error,
or whether a double or triple bit error was detected. The all
zero case indicates no errors detected.

In the Correct Mode, the syndrome bits are used to
complement (correct) single bit errors in the data bits. For
double or multiple error detection, the data available as input
to the Data Qut Latch is not defined.

Table 4 defines the bit definition for the Diagnostic Latch.
As defined in Table 3, several modes will use the diagnostic
check bits to determine syndrome bits or to pass as check bits
to the SCo-7 outputs. The Internal Mode substitutes the
indicated bit position for the external control signals.

BITO CBo DIAGNOSTIC
BIT 1 CB1 DIAGNOSTIC
BIT2 CB2 DIAGNOSTIC
BIT 3 CB3 DIAGNOSTIC
BIT 4 CBa DIAGNOSTIC
BITS CBs DIAGNOSTIC
BIT 6 CBs DIAGNOSTIC
BIT7 CB7 DIAGNOSTIC
BIT8 CODE 1Do

BIT9 CODE ID1

BIT 10 DIAG MODEo

BIT 11 DIAG MODE1

BIT 12 CORRECT

BIT 13-31 DON'T CARE

2584 drw 05

Table 4. 32-Bit Diagnostic Latch Coding Format

Generated Participating Data Bits

Check Bits Parity 0 1 2 3 4 5 6 7 8 9 10 | 11 12 113 (14 | 15
Co Even (XOR) X X X X X | X X X
Ci Even (XOR) X X X X X X X X
Cz2 Qdd (XNOR) X X X X X X X X
Cs Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X X X X X X
Cs Even (XOR) X | X X X Xt X X X
Cs Even (XOR) X X X X X | X X X

2584 tbl 06

Generated Participating Data Bits

Check Bits Parity 16 | 17 [ 18 | 19 ] 20 | 21 [ 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Co Even (XOR) X XX X X X | X X
C1 Even (XOR) X X X. X X X X X
C2 Odd (XNOR) X X X X X X X X
C3 Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X | X X X X i X
Cs Even (XOR) X | X X X X | X X X
Ce Even (XOR) X | X X X X{ XX X

2584 thl 07

Table 6. 32-Bit Modified Hamming Code-Check Bit Encode Chart

5.1 9



IDT43C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Hex| 0|1 |2 |3[4]51617
Syndrome Ss{ojJofofjo[1|1}1][1
Bits ss| 01011 1 ojtofl1 1
. Sa| 011 011 o1 o1l1
Hex{ S3 S2 S1 So
0jo o 0 O *|Ca|C5| T|C6| T|T]|30
1{o o o 1 COfT|T|14| T|{MIM]|T
210 0 1 0 Ci|T|T|IM|T|2]|24|T
3(fo o 1 1 T{18[8 | TI(M|T|T|M
4{0 1 0 O Ce|T|(T 151 T3 (25| T
510 1t 0 1 Ti19| 9o} TIM{TITI31
610 1 1 0 Tl|20(10f T|M|[T|T|M
710 1 1 1 MIT]IT{M|T|4(|26]|T
g8l1 0 0 O C3[T|TIM|T|51}27]| T
9(1 0 o0 1 T{(21 || T|IM| T[T |M
Al1 0 1 0 21121 T|1|(T|T|M
B|i1 0 1 1 177 T|T{M|T]|]6]28|T
cl1t 1 o0 o T|23|13[T(M|T|T|M
bl1 1 o0 1 TITIM|Ty7429] T
Ef1 1 1 0 | T|TIMITI[M|M|T
F11 1t 1 1 TIM[M|[T|[O|T|[T|M
NOTES: 2584 1l 08

1. * = No errors detected

2. Number = The number of the single bit-in-error
3. T =Two errors detected

4. M =Three or more errors detected

Table 7. Syndrome Decode to Bit-in-Error (32-Bit)

64-BIT DATA WORD CONFIGURATION

Two IDT49C460 EDC units, connected as shown in Figure
2, provide allthe logic needed for single bit error detection and
double bit error detection of a 64-bit data field. Table 5 gives
the CODE ID1,0 values neededfor distinguishing the upper 32
bits fromthe lower 32 bits. Valid syndrome, check bits and the
ERROR and MULT ERROR signals come fromthe IC with the
CODEID1,0=11. Control signals notindicated are connected
to both units in parallel. The EDC with the CODE ID1,0 = 10
hasthe OEsc grounded. The OESC selects the syndrome bits
from the EDC with CODE ID1,0 = 11 and also controls the
check bit buffers from memory.

Data In bits 0 through 31 are connected to the same
numbered inputs of the EDC unit with CODE 1D1,0 = 10, while
Data In bits 32 through 63 are connected to Data Inputs 0 to
31, respectively, for the EDC unit with CODE ID1,0 = 11.

Figure 4 indicates the 72-bit data format of 8 bytes of data
and 8 check bits. Check bits are input to the EDC unit with
CODE ID1,0 = 10 through a three-state buffer unit such as the
IDT74FCT244. Correction of single bit errors of the 64-bit
configuration requires a feedback of syndrome bits from the
upper EDC unitto the lower EDC unit. The MUX shownonthe
functional block diagram is used to select the CBo-7 pins as
the syndrome bits rather than internally generated syndrome
bits.

Table 3 describes the operatingmodes available forthe 64/

72 contiguration.
Table 11 indicates the data bits participating in the
check bit generation. For example, check bit Co is the
exclusive-OR function of the 32 data input bits marked with an
X. Check bits are generated and output in the Generate and
Initialization modes. Check bits are passed as stored in the
PASSTHRU or Diagnostic Generate modes.

Syndrome bits are generated by an exclusive-OR of the
generated check bits with the read check bits. For example,
Sn is the XOR of check bits Cn from those read with those
generated. Table 9 indicates the decoding of the 8 syndrome
bits to determine the bit in error for a single bit error or whether
a double or triple bit error was detected. The all zero case
indicates no errors detected.

In the Correct Mode, the syndrome bits are used to
complement (correct) single bit errors in the data bits. For
double or multiple error detection, the data available as input
to the Data Out Latch is not defined.

Tables 8A and 8B define the bit definition for the Diagnostic
Latch.” As defined in Table 3, several modes will use the
Diagnostic Check Bits to determine syndrome bits or to pass
as check bits to the SCo-7 outputs. The Internal Mode
substitutes the indicated bit position for the external control
signals.

Performance data is provided in Table 10, relating a single
IDT49C460 EDC with the two cascaded units of Figure 2. As
indicated, a summation of propagation delays is required from
the cascading arrangement of EDC units.

Bit Internal Function
0 CBo DIAGNOSTIC
1 CB1 DIAGNOSTIC
2 CB2 DIAGNOSTIC
3 CB3 DIAGNOSTIC
4 CB4 DIAGNOSTIC
5 CBs DIAGNOSTIC
6 CBs DIAGNOSTIC
7 CB7 DIAGNOSTIC
8 CODE IDo LOWER 32-BIT
9 CODE ID1 LOWER 32-BIT
10 D!AG MODEo LOWER 32-BIT
11 DIAG MODE1 LOWER 32-BIT
12 CORRECT LOWER 32-BIT
13-31 DON'T CARE
32-39 DON'T CARE
40 CODE IDo UPPER 32-BIT
41 CODE ID1 UPPER 32-BIT
42 DIAG MODEo UPPER 32-BIT
43 DIAG MODE1 UPPER 32-BIT
44 CORRECT UPPER 32-BIT
45-63 DON'T CARE

2584 tbl 09

Table 8A. 64-Bit Diagnostic Latch-Coding Format
{Diagnostic and Correct Mode)




IDT49C460/A/B/C/ID

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Bit Internal Function
0-7 DON'T CARE
8 CODE IDo LOWER 32-BIT
9 CODE ID1 LOWER 32-BIT
10 DIAG MODEo LOWER 32-BIT
11 DIAG MODE1 LOWER 32-BIT
12 CORRECT LOWER 32-BIT
13-31 DON'T CARE
32 CBo DIAGNOSTIC
33 CB1 DIAGNOSTIC
34 CB2 DIAGNOSTIC
35 CBa DIAGNOSTIC
36 CB4 DIAGNOSTIC
37 CBs DIAGNOSTIC
38 CBe DIAGNOSTIC
39 CB7 DIAGNOSTIC
40 CODE IDo UPPER 32-BIT
41 CODE ID1 UPPER 32-BIT
42 DIAG MODEc UPPER 32-BIT
43 DIAG MODE+ UPPER 32-BIT
44 CORRECT UPPER 32-BIT
45-63 DON'T CARE

Table 8B.

2584 1 10

64-Bit Diagnostic Latch-Coding Format (Diagnostic and Correct Mode)

[Hex[ o [ 1 J2]alals]sel7][s8]lolalelc]plE]F
strlojojojofoflofo|o]1]1 1] 1 1] 1 1 1
Syndrome Se| ofo o o] 1 1 1 1 ocolo|o]| o 1 1 1 1
Bits ss|lo|lo 1|1 |ofol1]1]o]lo]| 1] o o] 1 1
Sa| 0| 1 o| 1o 1 o| 1} o] 1 of 1 of 1] o] 1
Hex| S3 S2 S1 So
olo o o o *lcales| Tles| T T|e2fc7| T | T|46] T|M|[M|T
110 o o 1 co|l T T4 T M| M| T|T|{M[M|T|M|[T] T]30
2o o 1 0 ci| T|T T|3|s6| T|T|so|l4ao|T|M|T|T|M
3o o 1 1 T|18]| 8 M| TlT|M|IM[T]|TI{M|T]|2|24]|T
4o 1 o o0 c2| T 1)1 T |3s|s7| T|T|st|a1| T |M|T]|T]|3
s o 1 0o 1 Ti19lo |l T{M|T 63| M| T | Tl4a7| T3 |25 T
6o 1 1 0 Tl2o[w|T|M|T|T|{MI{M]T|[T|[M]|T]|4]|2]|T
710 1 1 1 M| T | T|M|T|36|s8|T|T|s2|42|T|[M|T|[T|M
8|1 o o o 3| T T | M| T|37]|59| T | T|s3|[a3|T|M|T|T|M
9 {1 o o 1 Tlat (| T |IM|T|T|{M|I[M[T|[T[M|[T]s|27| T
Al1 o 1 0 Tlea|12| T |33| T | T|M|[a]|T M| T]6 |28 T
B|1 o 1 1 17l T | T{M | T|3|eo| T|T|sa|laa| T| 1| T|]T]|M
c| 1 1 0 o0 T2 || T|M|T|T{M|[M[T|[T|[M|T]|]7]|2]|T
D | 1 10 1 TlT|{M|T |36 | T|T|55|4|T|M|[T|T|M
E | 1 11 0 6l T T M| T|M T| T| M T]lof|T|T|M
Fl 101 1 M|IM|[Tl32|T|T|M]a|T|T|IM[T|M[M]|T
NOTES: 2584 to! 1

* = No errors detected

Number = The number of the single bit-in-error

Table 9. Syndrome Decode to Bit-In-Error (64-Bit Configuration)

T = Two errors detected
M = Three or more errors detected

5.11
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES
64-Blit
Propagation Delay
From To Component Delay for IDT49C460 AC Specifications
DATA Check Bits Qut (DATATO SC) + (CBTO SC, CODEID 11)
DATA Corrected DATAouUT (DATA TO SC) + (CB TO SC, CODE ID 11) + (CB TO DATA, CODE ID 10)
DATA Syndromes Out (DATA TO SC) + (CB TO SC, CODEID 11)
DATA ERROR for 64 Bits (DATA TO SC) + (CB TO ERROR, CODE ID 11)
DATA MULT ERROR for 64 Bits (DATA TO SC) + (CB TO MULT ERROR, CODE ID 11)
2584 ! 12

Table 10. Key Calculations for the 64-Bit Configuration

5.11 12



IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Generated Participating Data Bits
Check Bits Parity 0 1 2 3 4 5 6 7 8 9 110 | 11 | 12| 13 | 14 | 15
Co Even (XOR) X X X X X | X X X
C1 Even (XOR) X X X X X X X X
[03-] Odd (XNOR) X X X X X X X X
Cs Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X | X X X X X
Cs Even (XOR) X 1| X X X X1 X X X
Ce Even (XOR) X X X X X1 X X X
C7 Even (XOR) X X X X X | X X X
2584 11 13
Generated Participating Data Bits
Check Bits Parity 16 | 17 | 18 | 19 20 | 21 22 | 23 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Co Even (XOR) X X X X X | X X X
C1 Even (XOR) X X X X X X X X
C2 QOdd (XNOR) X X X X X X X X
C3 Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X1 X X X X X
Cs Even (XOR) X1 X X X X X X X
Ce Even (XOR) X | X X X X1 X X X
C7 Even (XOR) X1 X X X X X X X
2584 1ol 14
Generated Participating Data Bits
Check Bits Parity 32 (33|34 |35 |36 |37 |38 |39 ]| 40| 41|42 | 43 | 44| 45| 46 | 47
Co Even (XOR) X X X X X X X X
C1 Even (XOR) X X X X X X X X
Cz2 QOdd (XNOR) X X X X X X X X
Cs Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X | X X X X X
Cs Even (XOR) X X X X X | X X X
Cs Even (XOR) X X X X X | X X X
Cz Even (XOR) X [ X X X X[ X X X
2584 15115
Generated Participating Data Bits
Check Bits Parity 48 | 49 [ 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63
Co Even (XOR) X X X X X X | X X
C1 Even (XOR) X |1 X | X X X X X X
C2 Odd (XNOR) X X X X X X X X
Ca Odd (XNOR) X X X X X X X | X
Ca Even (XOR) X X X X X X X X
Cs Even (XOR) X | X X X X | X X X
Cs Even (XOR) X | X X X X | X X X
C7 Even (XOR) X X X X X | X X X
NOTE: 2584 1l 16
1. The check bitis generated as either an XOR or XNOR of the 32 data bits noted by an “X"in the table.
Table 11. 64-Bit Modified Hamming Code-Check Bit Encoding
5.11 13



IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SC OUTPUTS

The tables below indicate how the SCo-7 outputs are
generated ineach controlmode of various CODE IDs (Internal

Control Mode not applicable).

2584 bl 21

CODE ID1,0 Correct/ CODE ID1,0
Generate 00 10 11 Detect 00 10 11
SCo « PHO PH1 PH2 ® CBo SCo « PHO & Co PH1® Co PH2 ® CBo
SC1 « PA PA PA® CB1 SC1 « PA® C1 PA® C1 PA ® CB1
SC2 PB PB PB ® CB2 SC2 & PB® C2 PB ® C2 PB @ CB2
SC3 PC PC PC ®CBs SC3 « PC®C3 PC® Cs PC @ CB3
SC4 PD PD PD @ CB4 SCs « PD® C4 PD® C4 PD @ CBa
SCs « PE PE PE ® CBs SCs PE®Cs PE®Cs PE ® CBs
SCé « PF PF PF @ CBs SCé PF®Cs PF®Cs PF ® CBs
SC7 « — PF PG ® CB7 SC7 « — PF®C7 PG ® CB?
Final PartialB Final Final Partial Final
Check Bits Check Bits Check Bits Syndrome Syndrome Syndrome
2584 bl 17 2584 bl 19
Diagnostic CODE ID1,0 Diagnostic
Correct/ CODE ID1,0
Generate 00 10 1
Detect 00 10 11
SCo « DLO DLO DL32
SCo « PHO® DLO PH1 ® DLO PH2 ® CBo
SC1 « DL1 DL1 DL33
SCi1 « PA ®DL1 PA @ DL1 PA ® CB1
SC2 « DL2 DL2 DL34
SC2 PB®DL2 PB@®DL2 PB @ CB2
SC3 « DL3 DL3 DL35
SC3 « PC ®DL3 PC®DL3 PC ® CBs3
SC4 « DL4 DL4 DL36
SC4 PD @ DL4 PD®DL4 PD @ CB4
SCs « DL5 DL5 DL37
SCs5 « PE ® DLS PE ® DL5 PE ® CBs
SCs « DL6 DL6 DL38
SCs ¢ PF @ DL6 PF®DL6 PF & CBs
SC7 « — DL7 DL39
SC7 « — PF®DL7 PG @ CB7
Final Partial Final - - -
Check Bits Check Bits Check Bits Final Partial Final
Syndrome Syndrome Syndrome
2584 tbl 18
2584 11 20
CODE ID1,0
PASSTHRU 00 10 11
SCo « Co Co CBo
SC1 « C1 C1 CBi
SC2 « c2 c2 CB2
SC3 « C3 C3 CBs3
SC4 & C4 C4 CB4
SCs « C5 Cs CBs
SCs « Cé Cé CBs
SC7 « — c7 CcB?

5.11
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DATA CORRECTION

The tables below indicate which data output bits are
corrected depending upon the syndromes and the CODE
ID1,0 position. The syndromes that determine data correction
are, in some cases, syndromes input externally via the CB
inputs and, in some cases, syndromes input externally by that
EDC (Si are the internal syndromes and are the same as the
value of the SCi output of that EDC if enabled).
SYNDROME DECODE TO BIT CORRECTED

(32-BIT CONFIGURATION) CODE ID1-0 = 00

Hex| 0 [ 1 [2]3]a]s]6]7

Syndrome  Ss| 0|0 oo 11|11

Bits Ss| 0|0 1 1 0011 1

Ss{ 0|1 of1f{o0]1|[0O0]1

E S3 82 S1 So
o0 0 0 O -|{--1-{-1-1-130
10 0 o0 1 - =-{=-114l-1{-1-1-
210 0o 1 o© -]l-1-{-1-12]24]|-
3]0 0 1 1 -(18]|8|--1-1-1|-
410 t+ 0 O -{=-|-115| -3 |25]| -
510 1 0 1 -{19l9-1-1-1-1831
610 1 1 O -j20j10|-|=-|-|-1-
710 1 1 1 -l =-f-1-1-14]26]|-
811 0 0 O -l=-(-1-]1-151}]27} -
911 0 0 1 -yt (M| -] -=-1-1-
Al1 0 1 O —-f22]12| -1 |-{-1}-
Bl1 0 1 1 17 -1 -[-1~-]6]28] -
Cl1 1 0 0 -j28[13|-]-1-1-1-
D1 1 0 1 -l=-|-=-1-17129] -
E|1 1 1 0 6l-1--1-1-1-1-
Fl1 1 1 A -l -|-|-Jo]-1~1-
NOTE: 2584 tbi 22

1. S7=1in CODE ID1,0= 00

FUNCTIONAL EQUATIONS
The equations below describe the IDT49C460 output val-
ues as defined by the value of the inputs and internal states.

DEFINITIONS
PA=Do®D1®D2@®D4®De@®Ds@®D1o®D12® D16 ® D17
@ D18 ® D20 ® D22 ® D24 @ D26 ® D28
PB=Do®D3®D4®D7®Do®D10®D13®D15® D16 ® D19
® D20 ® D23 ® D25 @ D26 ® D29 ® D31
PC=Do®D1®Ds®De®D7®D11®D12®D13® D16 ® D17
® D21 ® D22 ® D23 ® D27 ® D2s @ D29
PD=D2®D3®D4®Ds®Ds @ D7®D14®D15s® D18 ® D19
@ D20 @ D21 ® D22 @ D23 ® D30 @ D31
PE=Ds@®De®Di10®D11®D12® D13 ® D14 ® D15 ® D24
® D25 @ D26 ® D27 ® D2g ® D29 ® D30 & D31
PF=Do®D1®D2® D3® D4 ® D5 ® Ds ® D7 @ D24 @ D25
® D26 @ D27 ® D28 ® D29 ® D30 ® D31
PG=Ds®Do®D10®D11®D12®D13® D14® Di15® Dis
®D17® D18 ® D19 ® D20 ® D21 ® D22 ® D23
PHO=D0®D4®Ds ®D7@De®Do®D11®D14®D17® D18
® D19 @ D21 @ D26 ® D2g ® D29 @ D31
PH1=D1®D2®D3®D5®De®D9®D11®D14®D17® D18
@ D19 @ D21 ® D24 ® D25 ® D27 @ D3o
PH2=Do®D4®@Ds®D7®D10®D12®D13®D15® D16 ®
D20 ® D22 ® D23 ® D26 @ D2s ® D29 @ D31
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

SYNDROME DECODE TO BIT CORRECTED (64—BIT CONFIGURATION)

[Hex| o f 1 |23 |a]ls 6] 7]8]lolalslclplelcF
st{fofof[ofofofo|lofo]|1]1 11 1 1 1 1

Syndrome ss| olo oo t]1 1] 1 olo}Jofjo] 1 1 1 1

Bits Ss| 0] o 1 1 ol o 1 1 olo 1 1 ol o 1 1

Se| 0| 1 o 1 0| 1 o 1 o 1 o 1 ol 1 o] 1

Hex| S3 S2 S1 So

oo o o o *|lcalcs| - |ce| - | ~-|62|C7| -} -4 -] ~-|-]| -
1]lo o o 1 co|-|-11afl-]1-1-1-1=-1-1-1-1-1-1-130
2l o o 1 0 ci| - |- -|-|3]|s6) -] -|s0o)a|-]-|-1]-1-
3/0 o0 1 1 -|l18ls | -}|=-|=-]-|-1-1=-1-1-1-12/] 24/ -
410 1 o0 o0 c2| - -1 -3 |s7| -] -|s1|4}|-|~|-]-]231
5|0 1 0o 1 -1l ] -}t -] -] -|e3|-|-|-}47| -3 |25]| -
60 1 1 0 -l2 |10 ~-|-|-=-]=-]-]-]1-1-1]1-14]2} -
710 1 1 1 - -1-]1-1-]3]|588| - |-|5s2|42|~-|-|-1-1]-
8 | 1 0o o0 o 3| - -] --137|589|-|-]5s3|48|-})-|-]-1-
9 | 1 o 0o 1 -2t {11 -t-1-1=-1-1-1-1~-|-1-151]27] -
Al 0o 1 0 ~l22f12] -3 - -|-Ja|-|-|~-]|-]86]28]} -
B | 1 0o 1 1 17 - -] - -]3|6|-|-|salaa|-|1]-]-]|-
c| 1 1 0 o0 -l2j3|-{-1-|=-|-1-/-1=~]-1-171]2] -
D | 1 1 0 1 - -f{-1-1-13|6|-|-|s5|as|{-|-}|~-]|~-|~
E| 1 1 1 0 6| -|-]1-1-1-1-{-1-1=-1{-1-1o)-=-1-1-
Fl 1 1 1 1 - - -] -2 -}-|-Ja8| -] -|-1=~-]-1-1-

2584 1l 23




IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS(")

CAPACITANCE (TA = + 25°C, f = 1.0MHz)

Symbol Rating Com'l. Mil. Unit Symbol Parameter (V) Conditions | Typ. | Unit
VTERM | Terminal Voltage -0.5to ~051t0 \ CIN Input Capacitance VIN = 0V 5 pF
gnrtthRespect to Vee + 0.5V | Vee + 0.5V CouT  |Output Capacitance | VouT = OV 7 | oF
NOTE: 2584 bl 25
vee Power Supply 0.510+7.0 |-05t0+47.0 | V 1. This parameter is sampled and not 100% tested.
Voltage
TA Operating Oto+70 [-55t0o+125| °C
Temperature
TBIAS Temperature -55t0 +125 |-6510 +135( °C
Under Bias
TsTG Storage -55t0 +125 [-651t0 +150| °C
Temperature )
lout DC Output Current 30 30 mA
NOTE: 2584 1l 24
1. Stresses greater than those listed under ABSOLUTE MAXIMUM.
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specifications is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.
DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE
Following Conditions Apply Unless Otherwise Specified: VLC = 0.2V; VHC = Vcc — 0.2V
Commercial: TA = 0°C to +70°C, VCC = 5.0V * 5%; Military: TA = =55°C to +125°C, VCC = 5.0V + 10%
Symbol Parameter Test Conditions (1} Min. | Typ. @ | Max. | Unit
ViH Input HIGH Level Guaranteed Logic HIGH Level 2.0 — — \
ViL Input LOW Level Guaranteed Logic LOW Level - — 0.8 \%
11 Input HIGH Current Vce = Max., VIN = Vce — 0.1 10.0 pA
I Input LOW Current vce = Max., VIN = GND — -0.1 -10.0 | pA
VoH Output HIGH Voltage vce = Min. 10H = 300pA VHC Vce — )
I0H = =12mA Mil. 2.4 4.3 —
IoH = =15mA Com'l. 2.4 4.3 —
VoL Output LOW Voltage vee = Min. loL = 300pA — GND vic v
loL = 12mA Mil. — 0.3 0.5
loL = 16mA Com'l. — 0.3 0.5
loz Off State (High Impedance) | Vcc = Max. Vo =0V —_ -0.1 ~20.0 { pA
Output Current Vo = Vce (Max.) — 0.1 20.0
los Output Short Circuit Current | Vcc = Max., VouTt = oV ) -30.0 — — mA
NOTES: 2584 th 26
1. For conditions shown as Max. or Min. use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, + 25°C ambient and maximum loading.
3. Not more than one output should be shorted at one time. Duration of the circuit test should not exceed one second.
4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.
5.11 17



1DT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS (Cont’d.)
Commercial: TA = 0°C to +70°C, Vce = 5.0V + 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
Vie = 0.2V; VHC = VCC - 0.2V

Symbol Parameter Test Conditions Min. Typ. Max. | Unit
lcca Quiescent Power Supply Current | Vcc = Max.; All Inputs — 3.0 10 mA
(CMOS Inputs) VHC < VIN, VINS ViIC
fop = 0; Outputs Disabled
lect Quiescent Input Power Supply Vee = Max., VIN = 3.4V, fop = 0 —_ 0.3 075 | mA/
Current (per Input @ TTL High) ¢ Input
lcco Dynamic Power Supply Current Vee = Max. MIL. — 6 10 mA/
VHC S VIN, VINS VIC COM'L. —_ 6 7 MHz
Outputs Open, OE = L
Icc Total Power Supply Current (6) Vce = Max., fop = 10MHz MIL. — 60 110 | mA
Outputs Open, OE = L COM'L. — 60 80
50 % Duty cycle '
VHC < VIN, VINS VLC
Vee = Max., for = 10MHz MIL. - 70 125
Outputs Open, OE = L COM'L. — 70 95
50 % Duty cycle
VIH = 3.4V, VIL = 0.4V

NOTES: 2584 1bl 27
5. lcetis derived by measuring the total current with all the inputs tied together at 3.4V, subtracting out Icca, then dividing by the total number of inputs.
6. Total Supply Currentis the sum of the Quiescent current and the Dynamic current (ateither CMOS or TTLinputlevels). For all conditions, the Total Supply

Current can be calculated by using the following equation:

lcc = {cca + lecT (NT x DH) + lcco (for)

DH = Data duty cycle TTL high period (VIN = 3.4V).

Nt = Number of dynamic inputs driven at TTL levels,

for = Operating frequency in Megahertz.

CMOS TESTING CONSIDERATIONS 3) Device grounding is extremely critical for proper device

Special test board considerations must be taken into testing. The use of multi-layer performance boards with
account when applying high-speed CMOS products to the radial decoupling between power and grou.nd planes is
automatic test environment. Large output currents are being necessary. The ground plane must be sustained from the
switched in very short periods and proper testing demands performance board to the DUT interface board and wiring
that test set-ups have minimized inductance and guaranteed unused interconnect pins to the ground plane’is
zero voltage grounds. The techniques listed below will assist recommended. Heavy gauge stranded wire should be
the user in obtaining accurate testing results: used for power wiring, with twisted pairs being

. . . recommended for minimized inductance.
1) Allinput pins should be connected to a voltage potential ) i
during testing. If left floating, the device may oscillate, 4) To guarantee data sheet compliance, the input thresholds

causing improper device operation and possible latchup. should be tested per input pin in a static environment. To

. . L allow for testing and hardware-induced noise, IDT

2) Placement and value of decoupling capacitors is critical. recommends using VIL < OV and ViH > 3V for AC tests

Each physical set-up has different electrical - N )

characteristics and it is recommended that various

decoupling capacitor sizes be experimented with.

Capacitors should be positioned using the minimum lead

lengths. They should also be distributed to decouple

power supply lines and be placed as close as possible to

the DUT power pins.




IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460D AC ELECTRICAL CHARACTERISTICS
(Guaranteed Commercial Range Performance) Temperature range: 0°C to +70°C, VcC = 5.0V £ 5%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS!
. To Output
From Input SCo-7 DATA0-31 ERROR ULT ERROR | Unit
DATAo0-31 14 18 12 15 ns
CBo-7 (CODE ID1,0 = 00, 11) 11 16 10 12 ns
CBo-7 (CODE ID1,0 = 10) 12 12 —_ —_ ns
LEOUT/GENERATE Vs — 9 N 7 N 8 ns
N\ 14 — A 7 A 8 ns
CORRECT — 12 — — ns
Not Internal Control Mode
DIAG MODE 12 20 10 15 ns
Not Internal Control Mode
CODE ID1,0 14 (6) 18 13 16 ns
LEN 17 21 14 17 ns
From latched to Transparent
LEDbiAG ’ v 12 (8 18 12 14 ns
From latched to Transparent
Internal | LEDIAG e 12 (8) 17 12 14 ns
Control| From latched to Transparent
Mode | DATAc-a1 s 12 19 (2 10 12 ns
Via Diagnostic Latch
2584 1ol 28
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 (4 N\ LEIN 3 3 ns
CBo-7 4 A LEIN 2 3 ns
DATA0-31 (4.6) \ LEOUT/GENERATE 5 (15) 0 ns
CBo-7 (CODE ID 00, 11) (4.6 A LEouT/GENERATE 11 0 ns
CBo-7 (CODE ID 10) (4.6) N LEOUT/GENERATE 6 0 ns
CORRECT (4.6 | /# 1| LEour/GENERATE 6 0 ns
DIAG MODE (4-6) N LEouT/GENERATE 13 0 ns
CODE ID1,0 (4.6) AN LEOUT/GENERATE 8 0 ns
LEN (4.6) | £ 1| LEour/GENERATE 14 0 ns
DATAo-31 (4.6) LEDIAG 3 3 ns
NOTE: (15) above applies to correction path. 5 2584 1 29
OUTPUT ENABLE/DISABLE TIMES®
Enable Disable
From Input Enable Disable To Output Min. Max. Min. Max. Unit
OE Byteo-3 N s DATA0-31 0 -8 0 10 ns
OEsc At s SCo-7 0 8 0 10 ns
2584 tl 30
6 -
MINIMUM PULSE WIDTHS"® Min,
[ LEw, LEoUT/GENERATE, LEDG A\ (Positive—going pulse) 5 [ ns |
NOTES: 2584 tol 31
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. DataIn or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with C| = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460D AC ELECTRICAL CHARACTERISTICS
(Guaranteed Military Range Performance) Temperature range: —55°C to +125°C, VcC = 5.0V + 10%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS(")

To Output
From Input SCo-7 DATA0-31 ERROR MULTERROR | Unit
DATA0-31 17 22 (2) 16 18 ns
CBo-7 (CODE ID1,0 = 00, 11) 13 17 12 14 ns
CBo-7 (CODE ID1,0 = 10) 13 14 — — ns
LEoUT/GENERATE Vs — 10 N 8 AW 8 ns
N\ 15 — a 8 P 9 ns
CORRECT — 13 — — ns
Not Internal Control Mode .
DIAG MODE 14 22 12 17 ns
Not Internal Control Mode
CODE ID1,0 16 (6) 20 15 18 ns
LEIN 18 24 16 19 ns
From latched to Transparent
LEDIAG e 14 (6) 20 13 16 ns
From latched to Transparent
Internal | LEDIAG vl 14 (6) 19 14 16 ns
Control| From latched to Transparent
Mode | DATAo-31 Vs 14 22 (2) 1 14 ns
Via Diagnostic Latch
2584 ol 32
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 4 A LEIN 3 3 ns
CBo7 AN LEIN 2 3 ns
DATAo-31 (4.6) A LEOUT/GENERATE 6 (15) 0 ns
CBo-7 (CODE ID 00, 11) (4.€) A LEOUT/GENERATE 12 0 ns
CBo-7 (CODE ID 10) 4.6 N\ LEouT/GENERATE 8 0 ns
CORRECT /6) | 71 | LEour/GENERATE 7 0 ns
DIAG MODE (4.6) A\ LEouT/GENERATE 14 0 ns
CODE ID1,0 (4.6 A LEouT/GENERATE 9 0 ns
LEN .8 [ # [ | LEoUI/GENERATE 16 0 ns
DATAo-31 (4.6 LEDIAG 3 3 ns
NOTE: (15) above applies to correction path. 2584 bl 33
OUTPUT ENABLE/DISABLE TIMES®
Enable Disable
From Input Enable Disable To Output Min. Max. Min. Max. Unit
OE Byteo-3 A s DATA0-31 0 10 0 12 ns
OEsc N\ s SCo-7 0 10 0 12 ns
2584 1l 34
MINIMUM PULSE WIDTHS® Min.
l LEIN, LEoUT/GENERATE, LEDIAG ./ \ (Positive-going pulse) 5 ] ns l
NOTES: 2584 bl 35
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to C! = 5F.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460C AC ELECTRICAL CHARACTERISTICS
(Guaranteed Commercial Range Performance) Temperature range: 0°C to +70°C, VcC = 5.0V = 5%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS("

To Output
From Input SCo-7 DATAc-31 ERROR MULTERROR | Unit
DATA0-31 19 24 (2) 16 20 ns
CBo-7 (CODE ID1,0 = 00, 11) 14 21 12 16 ns
CBo-7 (CODE ID1,0 = 10) 14 16 — — ns
LEOUT/GENERATE Vs — 12 N 9 AN 11 ns
A\ 18 — v 9 vl 11 ns
CORRECT — 16 — — ns
Not Internal Control Mode
DIAG MODE 16 26 1 20 ns
Not Internal Control Mode
CODE ID1,0 18 (6) 23 17 21 ns
LEIN 22 28 19 22 ns
From latched to Transparent .
LEpiaG v 15 (6) 24 15 19 ns
From latched to Transparent
Internal| LEDIAG ra 16 (6) 22 15 18 ns
Control| From latched to Transparent
Mode [ DATA0-a1 S/ 15 25 (2) 13 16 ns
Via Diagnostic Latch
2584 tl 36
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES _
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 4 A LEIN 3 4 ns
CBo—7 A LEN 2 4 ns
DATA0-31 (4.6) N\ LEouT/GENERATE 6 (18) 0 ns
CBo-7 (CODE ID 00, 11) {4:6) N\ LEOUT/GENERATE 14 0 ns
CBo-7 (CODE ID 10) (4.6) AS LEOUT/GENERATE 8 0 ns
CORRECT (4.6) | £ T | LEour/GENERATE 8 0 ns
DIAG MODE (4.6) A LEOUT/GENERATE 17 0 ns
CODE ID1o (4.9) N\ LEoUT/GENERATE 10 0 ns
LEN (4.6) | £ 1] LEour/GENERATE 19 0 ns
DATAo-31 (4.6 LEDIAG 3 3 ns
NOTE: (16) above applies to correction path. 2584 1l 37
OUTPUT ENABLE/DISABLE TIMES®
Enable Disable
From Input Enable Disable To Output Min. Max. Min. Max. Unit
OE Byteo-3 N\ / DATA0-31 0 10 0 12 ns
OEsc | AN £ SCo-7 0 10 0 12 ns
2584 tl 38
6
MINIMUM PULSE WIDTHS® Min.
[ LEw, LEoUT/GENERATE, LEDIAG /\ (Posttive—going pulse) 6 [ ns |
NOTES: 2584 tl 39
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. DataIn or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460C AC ELECTRICAL CHARACTERISTICS
(Guaranteed Military Range Performance) Temperature range: -55°C to +125°C, Vcc = 5.0V + 10%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS(")

To Output
From Input SCo-7 DATA0-31 ERROR MULTERROR | Unit
DATA0-31 22 29 (2 21 24 ns
CBo-7 (CODE ID1,0 = 00, 11) 17 23 16 18 ns
CBo-7 (CODE ID1,0 = 10) 17 18 — —_ ns
LEoUT/GENERATE Vs — 13 N 10 N 12 ns
N\ 20 — £ 10 £ 12 ns
CORRECT — 17 — — ns
Not Internal Control Mode
DIAG MODE 18 29 12 23 ns
Not Internal Control Mode
CODE ID1,0 21 (6) 26 20 24 ns
LEN 24 32 21 25 ns
From latched to Transparent
LEDIAG Vs 18 (6) 27 17 21 ns
From latched to Transparent
Internal| LEDIAG Vs 19 (6) 25 18 21 ns
Control | From latched to Transparent
Mode | DATAc-a1 s 18 29 (2) 14 18 ns
Via Diagnostic Latch
2584 tbl 40
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATA0-31 (4 N\ LEIN 3 4 ns
CBo-7 (4 N LEIN 2 4 ns
DATAo-31 (4.6) \ LEOUT/GENERATE 7 (19) 3 ns
CBo-7 (CODE ID 00, 11) (4.6) A LEOUT/GENERATE 16 0 ns
CBo—7 (CODE ID 10) 4.8 N\ LEOUT/GENERATE 10 0 ns
CORRECT (4.6) [ £ T ] LEouw/GENERATE 9 0 ns
DIAG MODE (4.6) N\ LEOUT/GENERATE 19 0 ns
CODE ID1,0 (48 N\ LEOUT/GENERATE 12 0 ns
LEN (4.6 [ £ [ [ LEouT/GENERATE 21 0 ns
DATAo-31 (4.6) LEDIAG 3 3 ns
Note: (19) above applies to correction path. 2584 thl 41
OUTPUT ENABLE/DISABLE TIMES®)
Enable Disable
From Input Enable | Disable To Output Min. | Max. | Min. | Max. [ Unit
OF Byteo-3 AN ’a DATA0-31 0 12 0 14 ns
OEsc \ Vs SCo-7 0 12 0 14 ns
2584 bl 42
MINIMUM PULSE WIDTHS©®) Min.
[ LEIN, LEOUT/GENERATE, LEDIAG /\. (Positive—going pulse) 6 [ ns |
NOTES: 2584 1 43
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with C! = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5F.
6. Not production tested, guaranteed by characterization.

5.1
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

1DT49C460B AC ELECTRICAL CHARACTERISTICS
(Guaranteed Commercial Range Performance) Temperature range: 0°C to +70°C, VcC = 5.0V + 5%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS("

To Output
From Input SCo-7 DATA0-31 ERROR MULTERROR | Unit
DATA0-31 25 30 25 27 ns
CBo-7 (CODE ID1,0 = 00, 11) 14 30 17 20 ns
CBo-7 (CODE ID1,0 = 10) 16 18 — — ns
LEOUT/GENERATE V2 — 12 N 23 \ 23 ns
N\ 21 — s 23 / 23 ns
CORRECT — 23 — — ns
Not Internal Control Mode
DIAG MODE 17 26 20 24 ns
Not Internal Control Mode
CODE ID1,0 18 (6) 26 21 26 ns
LEIN 27 38 30 3 ns
From latched to Transparent
LEDIAG ra 15 (6) 29 19 22 ns
From latched to Transparent
Internal| LEDIAG ra 16 (6) 32 19 24 ns
Control | From latched to Transparent
Mode | DATAo-a1 s 16 20 20 25 ns
Via Diagnostic Latch
2584 tbl 44
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAoc-31 ) N\ LEN 4 4 ns
CBo-7 4 S LEN 4 4 ns
DATA0-31 (4.6) N\ LEour/GENERATE 19 0 ns
CBo-7 (CODE ID 00, 11) (4.6 N LEouT/GENERATE 15 0 ns
CBo-7 (CODE ID 10) (4.6 \ LEouT/GENERATE 15 0 ns
CORRECT (.6) | £ 1| LEour/GENERATE 11 0 ns
DIAG MODE (4.6) N\ LEouT/GENERATE 17 0 ns
CODE ID1,0 (4.8) A% LEcuT/GENERATE 17 0 ns
LEN (46) | £ 1| \LEour/GENERATE 20 0 ns
DATAo-31 (4.6) LEDIAG 4 3 ns
2584 bl 45
OUTPUT ENABLE/DISABLE TIMES® ;
Enable Disable
From Input Enable | Disable To Output Min. | Max. | Min. | Max. | Unit
OF Byteo-a AN s DATA0-31 0 12 0 14 ns
OEsc N s SCo-7 0 12 0 14 ns
2584 tl 46
MINIMUM PULSE WIDTHS Min.
[ LEIN, LEoUT/GENERATE, LEDIAG /" \ (Positive—going pulse) 9 l nrl

NOTES:
. Cl =50pF.

DB WD

. Not production tested, guaranteed by characterization.

. These parameters are combinational propagation delay calculations, and are not tested in production.
. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.

. Set-up and Hold times relative to Latch Enables (Latching Data).
. Output tests specified with Cl = SpF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.

2584 i 47
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

1IDT49C460B AC ELECTRICAL CHARACTERISTICS
(Guaranteed Military Range Performance) Temperature range: -55°C to +125°C, Vcc = 5.0V £ 10%

The inputs switch between 0V to 3V with signal
PROPAGATION DELAYS("

measured at the 1.5V level.

To Output
From Input SCo-7 DATAc-31 ERROR MULTERROR | unit
DATA0-31 28 33® 28 30 ns
CBo-7 (CODE ID1,0 = 00, 11) 17 33 20 23 ns
CBo-7 (CODE ID1,0 = 10) 19 23 — — ns
LEOUT/GENERATE s — 15 N\ 26 N\ 26 ns
A\ 24 — S 26 vl 26 ns
CORRECT — 26 — — ns
Not Internal Control Mode
DIAG MODE 20 29 23 27 ns
Not Internal Control Mode
CODE ID1,0 21 29 24 29 ns
LEIN 30 41 33 36 ns
From latched to Transparent
LEpiAG e 18 32 22 25 ns
From latched to Transparent
Internal | LEDIAG e 19 35 22 27 ns
Control| From latched to Transparent
Mode | DATAo-31 s 19 35@ 23 28 ns
Via Diagnostic Latch
2584 tl 56
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 (4 AN LEIN 4 4 ns
CBo-7 4 AN LEN 4 4 ns
DATAo-31 (4.6 A LEOUT/GENERATE 23 0 ns
CBo-7 (CODE ID 00, 11) (4.6) AN LEoUT/GENERATE 18 0 ns
CBo-7 (CODE ID 10) (4.6) A LEouT/GENERATE 18 0 ns
CORRECT .6) [ /| LEour/GENERATE 14 0 ns
DIAG MODE (4.6) AS LEOUT/GENERATE 20 0 ns
CODE ID1, (4.8 A\ LEouT/GENERATE 20 0 ns
LEIN (4.6) | £ 1| LEour/GENERATE 23 0 ns
DATAo-31 (4.6 LEDIAG 4 3 ns
2584 i 57
OUTPUT ENABLE/DISABLE TIMES®)
Enable Disable
From Input Enable | Disable To Output Min. | Max. | Min. | Max. [ Unit
OE Byteo-a \ s DATAo-31 0 12 0 14 ns
OEsc N f SCo-7 0 12 0 14 | ns
2584 tl 58
MINIMUM PULSE WIDTHS Min.
[ LEW, LEouT/GENERATE, LEDiAG # \. (Positive—going pulse) 12 [ ns |
NOTES: 2584 tl 59
1. Cl = 50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = SpF.
6. Not production tested, guaranteed by characterization.

5.1
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460A AC ELECTRICAL CHARACTERISTICS
(Guaranteed Commercial Range Performance) Temperature range: 0°C to 70°C, Vcc = 5.0V + 5%
The inputs switch between 0V to 3V with signal measured at the 1.5V level. .

PROPAGATION DELAYS("

To Output
From Input SCo-7 DATA0-31 ERROR MULTERROR | unit
DATA0-31 27 36” 30 a3 ns
CBo-7 (CODE ID1,0 = 00, 11) 16 34 19 23 ns
CBo-7 (CODE ID1,0 = 10) 16 20 — — ns
LEouT/GENERATE S — 12 N\ 25 N 25 ns
L 21 — s 25 v 25 ns
CORRECT — 23 — — ns
Not Internal Control Mode
DIAG MODE 17 26 20 24 ns
Not Internal Control Mode
CODE ID1,0 18 26 21 26 ns
LEIN 27 38 30 33 ns
From latched to Transparent
LEDIAG A 15 29 19 22 ns
From latched to Transparent
Internal| LEDIAG s 16 32 29 24 ns
Control| From latched to Transparent
Mode | DATAc-31 v 16 32% 20 25 ns
Via Diagnostic Latch
2584 bl 52
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 (4 A LEN 5 4 ns
CBo-7 4 \ LEIN 5 4 ns
DATA0-31 (4.6) \ LEouT/GENERATE 23 0 ns
CBo-7 (CODE ID 00, 11) (4.6) \ LEOUT/GENERATE 15 0 ns
CBo-7 (CODE ID 10) (4.6) AN LEOUT/GENERATE 15 0 ns
CORRECT (4.6) | £ 1| LEour/GENERATE 11 0 ns
DIAG MODE (4.6) \ LEOUT/GENERATE 17 0 ns
CODE ID1,o (4.6) A LLEOUT/GENERATE 17 0 ns
LEN (4.6) | # 1| LEour/GENERATE 25 0 ns
DATAo-31 (4.6) LEDIAG 5 3 ns
2584 thl 53
OUTPUT ENABLE/DISABLE TIMES®
Enable Disable
From Input Enable Disable To Output Min. Max. Min. Max. Unit
OE Bytec-3 N rs DATA0-31 0 12 0 14 ns
OEsc S s SCo-7 0 12 0 14 ns
2584 1ol 54
MINIMUM PULSE WIDTHS Min.
[ LEw, LEoUT/GENERATE, LEDIAG ./ "\ (Pasitive-going pulse) 9 [ ns |
NOTES: 2584 tbl 55
1. Cl=50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with CI = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460A AC ELECTRICAL CHARACTERISTICS
(Guaranteed Military Range Performance) Temperature range: -55°C to +125°C, Vcc = 5.0V + 10%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS(")

To Output
From Input SCo-7 DATAc-31 ERROR MULTERROR | unit
DATA0-31 30 39 } 33 36 ns
CBo-7 (CODE ID1,0 = 00, i1) 19 37 22 26 ns
CBo-7 (CODE ID1,0 = 10) 19 23 — — ns
LEouT/GENERATE A — 15 \ 28 N\ 28 ns
\ 24 — vl 28 A 28 ns
CORRECT — 26 — — ns
Not Internal Control Mode
DIAG MODE 20 29 23 27 ns
Not Internal Control Mode
CODE ID1,0 21 29 24 29 ns
LEIN 30 41 33 36 ns
From latched to Transparent
LEDIAG e 18 32 22 25 ns
From latched to Transparent
Internal | LEDIAG e 19 35 22 27 ns
Control| From latched to Transparent
Mode | pATA0-31 s 19 359 23 28 ns
Via Diagnostic Latch
2584 ol 52
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 ) N\ LEIN 5 4 ns
CBo-7 4 A LEIN 5 4 ns
DATAo-31 (4.6 N\ LEOUT/GENERATE 27 0 ns
CBo-7 (CODE ID 00, 11) (4.6) N\ LEoUT/GENERATE 18 0 ns
CBo-7 (CODE ID 10) (4.6) N\ LEouT/GENERATE 18 0 ns
CORRECT (+.6) [ £ |\ | LEour/GENERATE 14 0 ns
DIAG MODE (4.6) A LEOUT/GENERATE 20 0 ns
CODE ID1,0 4.6 AN LEOUT/GENERATE 20 0 ns
LEw {4.6) [ # [ | LEouT/GENERATE 28 0 ns
DATAo-31 (4.6) LEDIAG 5 3 ns
2584 tl 53
OUTPUT ENABLE/DISABLE TIMES®)
Enable Disable
From Input Enable Disable To Output Min. | Max. | Min. | Max. Unit
OE Byteo-3 N s DATA0-31 0 12 0 14 ns
OFEsc AN s SCo-7 0 12 0 14 ns
2584 tbl 54
MINIMUM PULSE WIDTHS Min.
[ LEIN, LEOUT/GENERATE, LEDIAG /" \(Positive—going pulse) 12 l ns ]
NOTES: 2584 tbl 31
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460 AC ELECTRICAL CHARACTERISTICS
(Guaranteed Commercial Range Performance) Temperature range: 0°C to +70°C, Vcc =5.0V £ 5%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS("

To Output
From Input SCo-7 DATAo-31 ERROR MULTERROR | Unit
DATA0-31 a7 49" 40 45 ns
CBo-7 (CODE ID1,0 = 00, 11) 22 46 26 31 ns
CBo-7 (CODE ID1,0 = 10) 22 30 — — ns
LEouT/GENERATE S — 17 N 30 \ 30 ns
N\ 29 — ’a 30 A 30 ns
CORRECT — 31 — — ns
Not Internal Control Mode
DIAG MODE 23 35 27 33 ns
Not Internal Control Mode
CODE ID1,0 25 35 29 35 ns
LEIN 37 51 M4 45 ns
From latched to Transparent
LEDiAG e 21 38 26 30 ns
From latched to Transparent
Internal| LEDIAG s/ 22 42 26 33 ns
Control] From latched to Transparent
Mode | DATAo-31 s 22 42@ 27 34 ns
Via Diagnostic Latch
2584 bl 60
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 (4 A LEIN 6 4 ns
CBo-7 4 S LEIN 5 4 ns
DATAo-31 (4.6) A LEouT/GENERATE 30 0 ns
CBo-7 (CODE ID 00, 11) (4.6) N LEouT/GENERATE 20 0 ns
CBo-7 (CODE ID 10) (4.6) S LEouT/GENERATE 20 0 ns
CORRECT (4.6) | PR LEOUT/GENERATE 16 0 ns
DIAG MODE 4.6) N\ LEOUT/GENERATE 23 0 ns
CODE ID1,0 (4.6) N\ LEOUuT/GENERATE 23 0 ns
LEN 48 | # 1| LEOUT/GENERATE 31 0 ns
DATA0-31 {48 LEDIAG 6 3 ns
2564 bl 61
OUTPUT ENABLE/DISABLE TIMES®®)
Enable Disable
From Input Enable | Disable To Output Min. | Max. | Min. | Max. | Unit
OF Byteo-3 \ ya DATAo-31 0 15 0 17 ns
OEsc S s SCo-7 0 15 0 17 ns
MINIMUM PULSE WIDTHS Min.
[ LEw, LEcuT/GENERATE, LEpiaG / \ (Positive—going pulse) 12 | ns |
NOTES: 2584 bl 63
1. Cl =50pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to Cl = 5pF.
6. Not production tested, guaranteed by characterization.
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IDT49C460/A/B/C/D

32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

IDT49C460 AC ELECTRICAL CHARACTERISTICS
(Guaranteed Military Range Performance) Temperature range: -55°C to +125°C, Vcc = 5.0V + 10%
The inputs switch between 0V to 3V with signal measured at the 1.5V level.

PROPAGATION DELAYS(®)

To Output
From Input SCo-7 DATAc-31 ERROR MULTERROR | Unit
DATA0-31 40 52@ 44 48 ns
CBo-7 (CODE ID1,0 = 00, 11) 25 49 29 34 ns
CBo-7 (CODE ID1,0 = 10) 25 33 — — ns
LEOUT/GENERATE /S — 20 \ 33 S 33 ns
A\ 32 — s 33 s 33 ns
CORRECT — 34 —_ _ ns
Not Internal Control Mode
DIAG MODE 26 38 30 36 ns
Not Internal Control Mode
CODE ID1,0 28 38 32 38 ns
LEIN 40 - 54 44 48 ns
From latched to Transparent
LEDiG A 24 42 29 33 ns
From latched to Transparent
Internal| LEDIAG s 25 479 29 36 ns
Control| From latched to Transparent
Mode | DATAo-31 s 25 47 30 37 ns
Via Diagnostic Latch
2584 DI 64
SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES
To Input Set-up Time Hold Time
From Input (Latching Data) Min. Min. Unit
DATAo-31 (4 A LEIN 6 4 ns
CBo-7 (4 N LEIN 5 4 ns
DATAo-31 (4.6 A LEOUT/GENERATE 36 0 ns
CBo-7 (CODE ID 00, 11) 4.6 A LEoUT/GENERATE 24 0 ns
CBo-7 (CODE ID 10) 4.8 A\ LEout/GENERATE 24 0 ns
CORRECT (4/6) [ 7 [ | tEcuT/GENERATE 20 0 ns
DIAG MODE (4.6) : AY LEOUT/GENERATE 28 0 ns
CODE ID1,0 (49 N\ LEoUT/GENERATE 28 0 ns
LEIN (4.6) [ 71| Leour/GENERATE a7 0 ns
DATA0-31 (4.6 LEDiAG 6 3 ns
5) 2584 1l 66
OUTPUT ENABLE/DISABLE TIMES
Enable Disable
From Input Enable Disable To Output Min. | Max. | Min. { Max. Unit
OE Byteo-3 N\ s DATA0-31 0 15 0 17 ns
OEsc N v SCo-7 0 15 0 17 ns
MINIMUM PULSE WIDTHS .| Min.
| LEW, LEOUT/GENERATE, LEDIAG ./ \(Positive-going pulse) 15 | ns |
NOTES: 2584 Bl 67
1. Cl=5pF.
2. These parameters are combinational propagation delay calculations, and are not tested in production.
3. Data In or Correct Data Out measurement requires timing as shown in the Switching Waveforms.
4. Set-up and Hold times relative to Latch Enables (Latching Data).
5. Output tests specified with Cl = 5pF and measured to 0.5V change of output level. Testing is performed at Cl = 50pF and correlated to C! = SpF.
6. Not production tested, guaranteed by characterization.

5.1

28




IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETECT OR CORRECTION MODE (FROM GENERATE MODE)

Frgrrr:apagation Del;a_g Min/Max.
OEbyte WA NN
fe—0—] BE byte = High to DATAoUT Disabled Min.
10 ———»1 OE byte = High to DATAout Disabled Max.
"‘_Ij OE byte = Low to DATAouTt Enabled Min.
: 8 OE byte = Low to DATAouT Enabled Max.
pATAbus|  Oupuy X X X XN Vald DATAIN Xour EgoArTreA?Lel? DATA Kﬂggg)ect Mode)
18 DATAIN to DATAouUT Max.
can| XXX Valid Checkbits In
12————¥ CORRECT = High to DATAouT Max.
CORRECT
CODE ID1,0 = 00, 11 16 CBinto DATAouUT Max.
CODEID1,0 - 10 12 CBiN to DATAouT Max.
21 *LEIN = High to DATAouT Max.
LEIN. /
LEoUT/GEN 4/
9 LEouT/GEN = High to DATAout Max.
18 —» LEouT/GEN = High to MERROR = Low Max.
D LEoUT/GEN = High to ERROR = Low Max. .
12 ———» DATAINto ERROR = Low Max.
< B .. CBiNto ERROR = Low Max.
14 > “LEIN = High to ERROR = Low* Max.
ERROR
—— Low = Error
15 M ATAIN to MERROR = Low Max.
N 12 CBin to MERROR = Low Max.
‘ 17 *LEIN = High to MERROR = Low" Max.
MERROR
e (Low = Error)
I > DATAIN to SCout Max.
n > CBIN to SCout Max.
OEsc \\\\*\
<0 OEsc = High to SCouT Disabled Min,
10 OEsc = High to SCout Disabled Max.
0—> OEsc = Low to SCouT Enabled Min.
e OEsc = Low to SCout Enabled Max.
SCout TTTTTTTTTTo (L Vaid (Syndrome Bits Come Out)
NOTES: 2584 drw 10
1. BOLD indicates critical parameters.
* Assumes "CBIN" and/or "DATAIN" are valid at least 4ns before "LEIN" goes high.
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IDT49C460/A/B/C/ID
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

GENERATE MODE (FROM DETECT OR CORRECTION MODE)

Propagation Delay "
Erom To Min./Max.
V, N
oEBye w7 NN
I‘—o—*
l¢— 15— QE byte = High to DATAouT Disabled Min.
1 e o —» OE Byte - High to DATAGUT Disabled Max.
, OE byte = Low to DATAout Enabled Min.
N 8 N OE byte = Low to DATAouT Enabled Max.
DATA Bus (Output) XXXX/< vali¢ DATAIN Xour
CODEID1,0=10 12 " CBINto DATAoUT Max
LEIN //
LE: /—mG (Generate Mode)
ouT 7 - LEoUT/GENERATE = Low to Max
. ERROR = High
1 LEouT/GENERATE = Low to SCout Max.
‘—17'_” ¥ DATAIN to SCout Max.
(CODE ID1,0=10) f———— 12— = High to SCour Max.
ERR/MERR (Forced High)
OFsc \\\N\
ka0 OEsc = High to SCouT Disabled Min.
10— o sc = High to SCout Disabled Max.
> OFsc = Low to SCour Enabled Min.
8——» OEsc = Low to SCour Enabled Max.
SCourt Xm— """"""""" @ (Check Bits Exit)
CORRECT (Don't Care)
NOTES: 2584 drw 09
1. BOLD indicates critical parameters.
2. Valiid "DATA" and valid CBIN" are shown to occur simultaneously, since both buses are latched and opened by the “LEIN" input.
* Assumes DATA bus becomes input 4ns before LEIN goes high.
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IDT49C460/A/8/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

SET-UP AND HOLD TIMES AND MENIMUM PULSE WIDTHS

Set-up/Hold Time
ot With Respect To Min.Max.
CBIN

|42 .
3| CBIN Set-up to LEIN = Low Min.
CBIN Hold to LEIN = Low Min.
LEmN. /| 5 LEIN width Min.
* > *LEN = High to LEOU/GEN = Low" Min.
[+ "1 R DATA Set-up to LEIN = Low Min.
3 DATA Hold to LEIN = Low Min.

patan | XK vt HEOKKKXK

CODE 1D1,0 = 00, 11 I N TEN :
‘0210 < > CBIN Set-up to LEOUT/GEN = Low Min.
CODEDLO =10 6 > CBIN Set-up to LEOUT/GEN = Low Min.
6 DATA Set-up to LEOUT/GEN = Low Min.
LEouUT/GEN / ; 5 "N LEoUT/GENERATE Width Min.
—— 6 ———»| CORRECT Set-up to : Min.

LEOUT/GEN = Low
CORRECT
NOTES:

2584 drw 11
1. BOLD indicates critical parameters.

* Enable to enable timing requirement to ensure that the last DATA word applied to "DATAIN" is made available as DATAoOUT"; assumes that “DATAN"
is valid at least 4ns before "LEIN" goes high.




IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

INPUT/OUTPUT INTERFACE CIRCUIT

ESD Voo
PROTECTION
1IH
- \ loH
INPUTS O——————"_| >O
4_| OUTPUTS
iL
A ﬂOL
_:_ 2584 drw 12 p— 2584 drw 13

Figure 5. Input Structure (All Inputs) . o s
igure 6. Out put Structure

TEST LOAD CIRCUIT
VCC +7.0V
—0 e—0
§ 500Q
VIN VOUT
Pulse
Generator DU.T. I
50pF
RT CL § 5000
= = = = = = @ %wumowu

DEFINITIONS:

CL= Load capacitance: includes jig and probe capacitance

RL = Termination resistance: should be equal to ZouTt of the Pulse Generator

Figure 7.

AC TEST CONDITIONS

Input Pulse Levels GND to 3.0V Test Switch

Input Rise/Fall Times 1Vins Open Drain Closed

Input Timing Reference Levels 1.5V Disable Low

Output Reference Levels 1.5V Enable Low

Output Load See Figure 7 All other Outputs Open

2584 b1 69 2584 ol 68
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IDT49C460/A/B/C/D
32-BIT CMOS ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

ORDERING INFORMATION

49C460 X X X
BT Tovice Type Speed Package Process/
Temperature
Range

I BLANK Commercial (0°C to + 70°C)
B Military (- 65°C to + 125°C)
Compliant to MIL-STD-883, Class B
Pin Grid Array

Plastic Leaded Chip Carrier
Ceramic Quad Flatpack (For Military Only)

ne g

Blank Standard Speed

A High-Speed
B Very High-Speed
C Ultra-High-Speed
D Fastest Speed
| 49c460  32-BtE.D.C. 284w 13
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Integrated Device Technology, Inc.

32-BIT FLOW-THRU
i PO ERROR DETECTION
AND CORRECTION UNIT

PRELIMINARY
IDT49C465

F

EATURES

32-bit wide Flow-thruEDC™ unit

Expandable to 64 bits

Single-chip 64-bit Generate Mode

Separate system and memory buses

On-chip pipeline latch with external control

Supports bi-directional and common /O memories
Corrects all single-bit errors

Detects all double-bit errors, some multiple-bit errors
Error Detection Time — 15ns

Error Correction Time — 20ns

Internal syndrome register

Four-bit error counter and error-data register on-chip

DESCRIPTION

The IDT49C465 is a 32-bit, two-data bus, Flow-thruEDC
unit. The chip provides single-error correction and multiple-
error detection of both hard and soft memory errors. Itcanbe
expanded to 64-bit widths by cascading 2 units, without the
need for additional external logic. The Flow-thruEDC has
been optimized for speed and simplicity of control.

The EDC unit has beendesignedto be usedin either of two
configurations in an error correcting memory system. The
bi-directional configuration is most appropriate for systems
using bi-directional memory buses. A second system
configuration utilizes external octal buffers and is particularly
well suited for systems using memory with separate /O

« Parity generation and checking on system data bus buses.
» Low power CMOS — 100mA typical
» 144-pin PGA package
» Military product compliant to MIL-STD 883, Class B
SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM
MDo-31 @——1r———<}—‘
Correct
MD Logic
» Latch
Memol
Checkbit
Generator L
MLE [— 25
g
52 - ERR
) g2 >
omor [————+| TR [ o 5T g, L] e
S O e
PCBlo7 [ T o U
CONTROL
[
SD £5 e
0-31 @-Gb—q %%
& CONTROL
Byt Syst
S ux Chockbit Mux | cBOo-7
ate > Generator >
StE [ >——— T
PEE [ CONTROL CONTROL
2552 drw 01
Flow-thruEDC™ is a trademark of Integrated Device Technology Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES APRIL 1990

©1990 Integrated Device Technology, Inc. 5.12 DSC-9028/1
1




IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

15 |vee | sp2 |peeielpcris|Peai 4 Clg?E C|8%E M°1°E MERR ERR |sYos|syo3|syo1 MD1 | vece
14 | spe | sp4 | sp1 |Pcaizlpesialpcar PCBIOMOODE syoe|syos|svoz| Moo | Mp2]| vec | MDs
13 SsD9|SDs |BEO [ SD3 [SDo |PCBI2] GND| GND |syo 7| GND [SYOO| vcc [ MD3| MD6 | MD9
12 | 5p11| sp7 | vee MD4| MD8 | GND
11 | spiz2| sp1o|spe MD 7 | MD 10[MD 11
10

SD15| BE1 | GND MD 12| MD 13| MD 15
9 | ste | sp1afsoia MOE | MD 14| MLE
8 | soe| 7E | onp G144-1 GND | MD 17{MD 16
7

SD17 | SD19| SD1e MD 20| MD 21{MD 18
6 {spis | Be2 | sp20 GND | MD 23{MD 19
S | sp21 | spez | soes MD 27| MD 25| MD 22
4

GND | sD24 | BE3 vee | Mp2s|MD 24
3 | sp23| sb2s | spes | vec |ceoo|CBOE|cro 7| and | and S%K GND | cBl6 | cBl 7| MD 30|MD 26
2 | spo7| vee | spes| spat | ceod cao4|caoe| pa M%DE g\[}"(‘ caio| caia|cera|mMpai|mMp 29
1 | yec | spao|ceo|ceoalceos| pseL|FERR| P2 | Pt | po FLEAR| cBit]| caiz| cais|vee

A B C D E F G H J K L M N P Q

Reference Square )

2552 drw 02

PGA
TOP VIEW
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

SYSTEM CONFIGURATIONS

The IDT49C465 EDC unit can be used in various
configurations in an EDC system. The basic configurations
are shown below.

Figure 1 illustrates a bi-directional configuration, which is
most appropriate for systems using bi-directional memory
buses. Itisthe simplest configuration to understand and use.
During a correction cycle, the corrected data word can be
simuitaneously output on both the system bus and memory
bus. Logically, no other parts are required for the correction
function. During partial-word-wrile operations, the new bytes
are internally combined with the corrected old bytes for
checkbit generation and writing to memory.

< le——>
CPU <—» sD MD [« MEMORY
110 <—> le——> [l/e]
B e ———>
EDC

CBl je—

CHECKBITS

cBOf—*

2552 drw 05

Figure 1. Bi-Directional Configuration

Figure 2 illustrates a separate I/O configuration. This is
appropriate for systems using separate /O memory buses.
This configuration allows separate input and output memory
busesto beused. Corrected data is output on the SD outputs
for the system and for re-write to memory. Partial word-write
bytes are combined externally for writing and checkbit
generation.

CPU m ”-*
-~ ﬁ -
1w »> MEMORY
) < » INPUTS
i) >
m
s

SD |e—0
MEMORY
MD [ GUTPUTS
DI

EDC
CBl

CHECKBITS
CBO [—*>

2552 drw 06

Figure 2. Separate /O Configuration

Figure 3 illustrates a third configuration which utilizes
external buffers and is also well suited for systems using
memory with separate I/0O buses. Since data from memory
does not need to pass through the part on every cycle, the
EDC system may operate in “bus-watch” mode. As in the
separate I/0 configuration, corrected data is output onthe SD
outputs.

MEMORY MEMORY
NPUTBUS ~ CHECKBIT  ourouraus
Iy 1 l
[ CBO  CBI Je—s
sD MD[T >
J  ec [
[ I I
EXT. BUFFER EXT. BUFFER
CPU BUS

2552 drw 07

Figure 3. Bypassed Separate I/O Configuration

Figure 4 illustrates the single-chip generate-only mode for
very fast 64-bit checkbit generation in systems that use
separate checkbit-generate and detect-correct units. If this is
not desired, 64-bit checkbit generation and correction can be
done with just 2 EDC units. 64-bit correction is also straight-
forward, fast and requires no extra hardware for the
expansion.

CHECK CHECK
BITS OUT BITSIN _ MEMORY
MEMORY MEMORY
INPUT BUS INPUT BUS l 1 l l l l l L
oYYy Yy
CBO s
> SEn, LOWER| UPPER
5] ONLY [{] DATA | DATA
EDC EDC | EDC
TITTTIT]
[BUFFER| BUFFER] [BUFFER|BUFFER|

CPUBUS

2552 drw 08

Figure 4. Separate Generate/Correction Units
with 64-Bit Checkbit Generation




IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

FUNCTIONAL DESCRIPTION
The error detection/correction codes consist of a modified
Hamming code; it is identical to that used on the IDT49C460.

32-BIT MODE (CODE ID 1,0=00)

Vce
8 CHECKBITS-OUT
»{ PCBI CBO Z
CHECKBITSIN | cal
H - CBlo-6 SYO >
7 7 SYNDROME-OUT
EDC 2552 drw 09

Figure 5. 32-Bit Mode

64-BIT MODE (CODE ID 1,0=10 & 11)

The expansion bus topology is shown in Figure 6. This “Partial-Checkbit” data and “Partial-Syndrome” data is simul-
topology allows the syndrome bits used by the correctionlogic  taneously exchanged between the two EDC units in opposite
to be generated simultaneously in both parts used in the directions on dedicated expansionbuses. This resultsinvery
expansion. During a 64-bit detection or correction operation,  short 64-bit detection and correction times.

8 PARTIAL-CHECKBITS-QUT (11)
(CORRECTION ONLY)

» PCBI  CBO » PCBI  CBO —>
8 PARTIAL-CHECKBITS-OUT (10) 8 FINAL
(GENERATE ONLY) CHECKBITS-OUT
> CBI syo > CBI  SYO
CHECKBITS-IN '8 8 PARTIAL-SYNDROME
(DETECT/CORRECT ONLY)
ERR >
LOWER EDC UPPEREDC | (DETECT AND CORRECT)
(CODEID 1,0 = 10) (CODEID 1,0 = 11)

2552dw 10

Figure 6. 64-Bit Mode — 2 Cascaded IDT49C465 Devices

64-BIT GENERATE-ONLY MODE (CODE ID 1,0=01)

Ifthe Identity pins CODEID 1,0 =01, asingle EDCisplaced memory. The resultant generated checkbits are outputonthe
inthe 64-bit “Generate-only” mode. Inthis mode, the lower32 CBOo-7outputs. The generate time is less than that resulting
bits of the 64-bit data word enter the device on the SDo-31 from using a 2-chip cascade.
inputs. This provides the device with the full 64-bit word from

LOWER 32 BITS (0-31) —“——] MDo-31 cBO >
32 8  CHECKBITS-OUT
UPPER 32 BITS (32-63) —7‘3—2——-—> SDo-31
EDC 2552 drw 11

Figure 7. 64-Bit "Generate-Only" Mode (Single Chip)
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32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS

Symbol ll/O l L Name and Function

/0 Buses and Controls

SDo-7 (e}
SDs-15

SD16-23
SD24-31

SLE |

)
—
m

7]
O
mi

[02)
m
P
&

System Data Bus: Data from MDo-31 appears at these pins corrected if MODE 2-0 = x11, or uncor-
rected in the other modes. The BEn inputs must be high and the SOE pin must be low to enable the SD
output buffers during a read cycle. (Also, see diagnostic section.)

Separate I/0 memory systems: In a write or partial-write cycle, the byte not-to-be-modified is output on
SDn to n+7 for re-writing to memory, if BEnis high and SOE is low. The new bytes to be written to memory
are input on the SDn pins, for writing checkbits to memory, if BEn is low.

Bi-directional memory systems: In a write or partial-write cycle, the byte not-to-be-modified is re-directed
to the MD /O pins, if BEnis high, for checkbit generation and rewriting to memory via the MD I/O pins. SOE
must be high to avoid enabling the output drivers to the system bus inthis mode. The new bytes to be written
are input on the SDn pins for checkbit generation and writing to memory. BEn must be low to direct input
data from the System Data bus to the MD I/O pins for checkbit generation and writing to the checkbit memory.

System Latch Enable: SLE is an input used to latch data at the SD inputs. The latch is transparent when
SLE is high; the data is latched when SLE is low.

Pipeline Latch Enable: PLE is an input which controls a pipeline latch, which controls data to be output
on the SD bus and the MD bus during byte merges. Use of this latch is optional. The latch is transparent
when PLE is low; the data is latched when PLE is high.

System Output Enable: When low, enables System output drivers and Parity output drivers if correspond-
ing Byte Enable inputs are high.

Byte Enables: In systems using separate /O memory buses, BEn is used to enable the SD and Parity
outputs forbyte n. The BEn pins also control the “Byte mux”. When BEnis high, the corrected oruncorrected
data from the Memory Data latch is directed to the MD !/O pins and used for checkbit generation for byte
n. This is used in partial-word-write operations or during correction cycles. When BEn is low, the data from
the System Data latch is directed to the MD I/O pins and used for checkbit generation for byte n.

BEo controls SDo-7 BE2 controls SD16-23

BE1 controls SD8-15 BE3 controls SD24-31

MDo-31 170

MLE |

Memory Data Bus: These I/O pins accept a 32-bit data word from main memory for error detection and/
or correction. They also output corrected old data or new data to be written to main memory whenthe EDC
unit is used in a bi-directional configuration.

Memory Latch Enable: MLE is used to latch data from the MD inputs and checkbits from the CBl inputs.
The latch is transparent when MLE is high; data is latched when MLE is low. When identified as the upper
slice in a 64-bit cascade, the checkbit latch is bypassed.

Memory Output Enable: MOE enables Memory Data Bus output drivers when low.

Po-3 110

PSEL |

Parity I/0: The parity I/O pins for Bytes 0 to 3. These pins output the parity of their respective bytes when
that byte is being output on the SD bus. These pins also serve as parity inputs and are used in generating
the Parity ERRor (PERR) signal under certain conditions (see Byte Enable definition). The parity is odd or
even depending on the state of the Parity SELect pin (PSEL).

Parity SELect: If the Parity SELect pin is low, the parity is even.
if the Parity SELect pin is high, the parity is odd.

Inputs

CBlo-7 |

PCBlo-7 |

CODE ID1,0] |

CheckBits-In (00) CheckBits-In-1 (10) Partial-Syndrome-In (11):

In a single EDC system or in the lower slice of a cascaded EDC system, these inputs accept the checkbits
from the checkbit memory. In the upper slice in a cascaded EDC system, these inputs accept the “Partial-
Syndrome” from the lower slice (Detect/Correct path).

Partial-CheckBits-In (10) Partial-CheckBits-In (11):

In a single EDC system, these inputs are unused but should not be allowed to float. In a cascaded EDC
system, the “Partial-Checkbits” used by the lower slice are accepted by these inputs (Correction path only).
Inthe upper slice of a cascaded EDC system, “Partial-Checkbits” generated by the lower slice are accepted
by these inputs (Generate path).

CODE IDentity: Inputs which identify the slice position/ functional mode of the IDT49C465.
(00) Single 32-bit EDC unit (10) Lower slice of a 64-bit cascade
(01) 64-bit “Checkbit-generate-only” unit (11) Upper slice of a 64-bit cascade

2552 l 01

5.12 6



IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTIONS (Con’t.)
Symbol II/OI | Name and Function

Inputs (Con't.)
MODE 20 1 MODE select: Selects one of four operating modes.

(x11) | “Normal” Mode: Normal EDC operation (Flow-thru correction and generation).
(x10) | “Generate-Detect” Mode: In this mode, error correction is disabled. Error generation and detection are
normal.
(000) | “Error-Data-Output” Mode: Allows the uncorrected data captured from an error event by the Error-Data
Register to be read by the system for diagnostic purposes. The Error-Data Register is cleared by toggling
CLEAR low. The Syndrome Register and Error-Data Register record the syndrome and uncorrected data
from the first error that occurs after they are reset by the CLEAR pin. The Syndrome Register and Error-
Data Registerare updated whenthere is a positive edgeon SYNCLK, an error condition is indicated (ERROR
= low), and the Error Counter indicates zero.
All-Zero-Data Source: In Error-Data-Output Mode, clearing the Error-Data Register provides a source of
all-zero-data for hardware initialization of memory, if this desired.
(x01) | Diagnostic-Output Mode: Inthis mode, the contents of the Syndrome Register , Error Counter and Error-
Type Register are output on the SD bus. This allows the syndrome bytes for an indicated error to be read
by the system for error-logging purposes. The Syndrome Register and the Error-Data Register are updated
when there is a positive edge on SYNCLK, an error condition is indicated and the Error Counter indicates
zero errors. Thus, the Syndrome Register saves the syndrome that was present whenthe first error occurred
after the Error Counter was cleared. The Syndrome Register and the Error Counter are cleared by toggling
CLEAR low. The Error Counter lets the system tell if more than one error has occurred since the last time
the Syndrome Register or Error-Data Register was read.
(100) | Checkbit-Injection Mode: In the "Checkbit-injection” Mode, diagnostic checkbits may be input on System
Data Bus bits 0-7 (see Diagnostic Features - Detailed Description).

CLEAR | CLEAR: When the CLEAR pin is taken low, the Error-Data Register, the Syndrome Register, the Error
Counter and the Error-Type Register are cleared.
SYNCLK | SYNdrome CLoc¢K: IfERROR is low, and the Error Counter indicates zero errors, syndrome bits are clocked

into the Syndrome Register and data from the outputs of the Memory Data input latch are clocked into the
Error-Data Register on the low-to-high edge of SYNCLK. If ERROR is low, the Error Counter will increment
on the low-to-high edge of SYNCLK, unless the Error Counter indicates fifteen errors.

SCLKEN | SynCLK ENable: The SCLKEN enables the SYNCLK signal. SYNCLK is ignored if SCLKEN is high.
Outputs and Enables
CBOo-7 (@] CheckBits-Out (00, 01) Partial-CheckBits-Out (10) Checkbits-Out (11):

In asingle EDC system, the checkbits are output to the checkbit memory onthese outputs. Inthe lower slice
in a cascaded EDC system, the “Partial-checkbits” used by the upper slice are output by these outputs
(Generate path only). In the upper slice in a cascade, the “Final-Checkbits” appear at these outputs
(Generate path only).

CBOE | CheckBits Out Enable: Enables CheckBit Output drivers when low.

SYQo-7 O SYndrome-Out (00) Partial-SYndrome-Out (10) Partial-Checkbits-Out (11):

In a 32-bit EDC system, the syndrome bits are output on these pins. In the lower slice in a 64-bit cascaded
system, the "Partial-Syndrome” bits appear at these outputs (Detect/ Correct path). In the upper slice in a
cascaded EDC system, the “Partial-Checkbits” appear at these outputs (Correct path only). In a 64-bit
cascaded system, the “Final-Syndrome” may be accessed in the “Diagnostic-Output” Mode from either the
lower or the upper slice since the final syndrome is contained in both.

ERR (¢] ERROR: Whenin “Normal” and “Detect only” modes, a low on this pin indicates that one or more errors have
been detected. ERR is not gated or latched internally.

MERR (0] Muitiple ERRor: When in “Normal” and “Detect only” modes, a low on this pin indicates that two or more
errors have been detected. MERR is not gated or latched internally.

PERR (¢] Parity ERRor: Alow on this pin indicates a parity error which has resulted from the active bytes defined by
the 4 Byte Enable pins. Parity ERRor (PERR) is not gated or latched internally (see Byte Enable definition).

Power Supply Pins

Vee 1-10 P +5 Volts

GND1-12 P Ground

2552 bl 02
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32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

DIAGNOSTIC DATA FORMAT (SYSTEM BUS)

Latched Data Data Out (Unlatched)
Error | Re- Error
Type [served| Counter Syndrome bits Partial Checkbits Checkbits
Byte 3 Byte 2 " Bytet Byte 0
SIT |- [2[2[2]2] 7] 6] s[ e[ a] 2] ] o[ 7] e[ 5] 4] s]2]1] o 7|6|s|4|s|z|ﬂo
0

28 27 24 23 1615
2552 drw 12

DIAGNOSTIC FEATURES — DETAILED DESCRIPTION

Mode 2-0

x11

x10

“NORMAL” Mode

In this mode, operation is “Normal” or non-diagnostic.

“GENERATE-DETECT” Mode

When the EDC unit is in the “Generate-Detect” Mode, data is not corrected or altered by the error correction network.
(Also referred to as the "Detect-only” Mode.)

000

“ERROR-DATA-OUTPUT" Mode
In this mode, the 32-bit data from the Error-Data Register is output on the SD bus.

Error Data Reglster: The uncorrected data from the Memory Data bus input latch is stored in the Error-Data Register
if the error counter contents indicates “0” and there is a positive transition on the SYNCLK input when the ERROR signal
is low. Thus, the Error-Data Register contains memory data corresponding to the first error to occur since the register was
cleared. This register is cleared by pulling the CLEAR input low. The register is read viathe System Data bus by entering
the “Error-Data-Output” Mode and enabling the System Data bus output drivers.

All-Zero-Data: The Error-Data Register can be used as an “all-zero-data” data source for memory initialization in systems
where the initialization process is to be done entirely by hardware.

x01

"counter is cleared by pulling the CLEAR input low. The counter is read via the System Data bus by entering the

“DIAGNOSTIC-OUTPUT” Mode
In this mode, data from the diagnostic registers, the PCB! bus and the CBI bus is output on the SD bus.

Direct Checkbit Readback: Internal data paths allow both the “Partial-CheckBit-Input” bus and the datain the “CheckBit-
Input” latch to be read directly by the system bus for diagnostic purposes. Both the Checkbit Input Bus and the Partial
Checkbit Input Bus areread viathe System Databus by entering the “Diagnostic-Output” Mode and enabling the System
Data bus output drivers. The checkbits are output on System Data bus bits 0-7; the Partial Checkbits are output on bits
8-15.

Syndrome Register: After an error has been detected, the syndrome bits generated are clocked into the internal
Syndrome Register if the error counter contents indicates “0” and there is a positive transition on the SYNCLK input when
the ERROR signal is low. This register is cleared by pulling the CLEAR input low. The register is read viathe System Data
bus by entering the “Diagnostic-Output” Mode and enabling the System Data bus outputs. This data is output on SD
bits 16-23.

Error Counter: The 4-biton-board error counteris incremented if the error counter contents do notindicate FF HEX, which
corresponds to a count of 15, and there is a positive transition on the SYNCLK input when the ERROR signal is low. This

“Diagnostic-Output” Mode and enabllng the System Data bus output drivers. This data is output on System Data bus
bits 24-27.

Test Register: These 2bits are reserved 1orfactory diagnostics only and must not be used by system software. This data
is output on System Data bus bits 28-29.

Error-Type Register: The Error-Type Register, clocked by the SYNCLK input, saves 2 bits which indicate whether a
recorded error was a single or a multiple-bit error. This register holds only the first error type to occur after the last Clear
operation. This data is output on System Data bus bits 30-31.

100

Direct Read-Path Checkbit Injection: In the “Checkbit-Injection” Mode, bits 0-7 of the System Data input latch are
presented to the inputs of the Checkbit Input latch. If MLE is strobed, the checkbit latch will be loaded with this value in
place of the checkbits from memory. By inserting various checkbit values, operation of the correction function of the EDC
can be verified “on-board”. Except forthe “Checkbit-Injection”function, operation in this mode is identicalto “Normal”Mode |.
operation.
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

OPERATING MODE CHARTS

SLICE IDENTIFICATION
CODEID1 {CODEIDO Slice Definition
0 32-bit Flow-Thru EDC

0
0 1 64-bit GENERATE Only EDC
1 0 64-bit EDC- Lower 32 bits (0-31)
1 1 64-bit EDC- Upper 32 bits (32-63)
2552 bl 04

SLICE POSITION CONTROL

Checkbit Buses
Slice Position/
CODE | Functiona! Operation pcBl CBI CBO sYO P
D SOE| SD Bus [MOE MD Bus Bus Bus Bus Bus Bus | PERR
Width = 32 32 8 8 8 8 4 1
0 0 | Single 32-bit EDC unit
Generatel) 1 |Sys.0-31 | 0 [Sys.Byte Mux — — CBs out — Pin | active
Detect/Correct® | 0 |Pipe. latch | 1 MD 0-31 — CBsin — Syn.out |Pout| —
0 1 | “64-bit Generate-only” 1 |Sys. 32-63| 1 Sys. 0-31 — — CBs out — — —
1 0 | Lower word, 64-bit bus )
Generate!" 1 |Sys.0-31| O MD 0-31 — — PCBsout| — Pin | active
Detect/Correct® | 0 |Pipe. latch | 1 MD 0-31 U-SYOout| CBsin — Par.Synd | Pout| —
1 1 | Upper word, 64-bit bus ’ . .
Generate!” | 1 ISys.32-63 0 | MD32-63 |L-CBOout| — F.CBsout| — Pin | active
Detect/Correct® 0 [Pipe.latch| 1 MD 32-63 — L-SYOout — Par.Cbits | Pout| —
NOTES: 2552 tol 05

1. Checkbits generated from the data in the SD Latch.
2. Corrected data residing in the Pipeline Latch.

FUNCTIONAL MODE CONTROL

Checkbit Buses
Functional Mode
ot SD Bus . pcBl | cBI cBO | svo | P
MODE * |SOE| SDBus |MOE| MDBus Bus Bus Bus Bus Bus |PERR
2{1{o0 Width = 32 32 8 8 8 8 4 1
x|1{1 “Normal”
Generate | 1 CPU Data 0 | Pipe. latch — — CB out — Pin | active
Correct | 0 | Pipe. latch 1 | RAM Data — CBin — — Pout| —
x{1]0 “Generate-Detect”
Generate | 1 CPU Data 0, |Pipe.latch| — — CB out — Pin |active
Detect | 0 | Pipe. latch 1 | RAM Data — CBin — — Pout| —
0{0]0| “Error-Data-Output” | 0 |Em. D.latch | — — — — — — — —
x| 0| 1| “Diagnostic-Output” | 0 | CBinlatch | — —_— PCBlin | CBin — — — —
PCBIin bus
Syn. register
Err. counter
Er. type reg.
1]0[0| “Checkbit-Injection”
Generate | 1 SDin latch 0 | Pipe. latch — — CB out — Pin [ active
Inject Checkbits | 1 SDO0-7 in 0 | Pipe. latch — — — — —_ —_
Correct | 0 | Pipe. latch 1 | RAM Data — CBin — — Pout| —

2552 1l 06




IDT49C465 .
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PRIMARY DATA PATH vs. MEMORY CONFIGURATION

SEPARATE I/0 MEMORIES: COMMON I/0 MEMORIES:
1. Checkbit Generation 1. Checkbit Generation
Write New Word to Memory Write New Word to Memory
CPU o » DIN
c >
m MEMORY MAIN
L . —lp MEMORY
> SD MDj= Dout CBO
P :‘__,CHECKBW
CBO »| CHECKBIT IDT49C465 CBI MEMORY
IDT49C465 CBlr MEMORY
2. Data Correction 2. Data Correction
Read Memory Word Read Memory Word
CPU @ [ — Ow CORRECTED
i CORRECTED MAIN GPU <—1SD  MD |« Vo
% MEMORY MAIN
P MEMORY
SD MDD Dout CBO
P :l.____ CHECKBIT
CBO » CHECKBIT IDT49C465 CBI MEMORY
IDT49C465 CBI MEMORY
3. Memory Generation 3. Memory Generation
Re-write Corrected Word to Memory Re-write Corrected Word to Memory
CPU w [ > Din " | CORRECTED CORRECTED
51 CORRECTED MAIN cPU sD MD )
g MEMORY MAIN
«|P MEMORY
SD MD= Dout cBO
P j_, CHECKBIT|
CcBO > CHECKBIT IDT49C465 cel MEMORY
IDT49C465 CBI MEMORY

2552dw 13
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PARTIAL-WORD-WRITE OPERATIONS

FOR COMMON /0 MEMORIES:

> =
CORRECTION| E
BLOCK >
< o
I
> »lB3 MD BUS
S BUS > T »'82 > < >
3 | BYTE 3
[y NG - -
> = »1.81 - >
BYTE 3 B | BYTE 2 MAIN
< |, g0 P MEMORY
BYTE 2 g |7 T BYTE1
j BYTE N - >
BYTE1 4 MUX | BYTE 0
< <
| BYTEO
> <J \ !
: \
A3 : :
8 g ! )
| ' \
wn \
E 8 » A2 1 \ ‘y ‘L : :
= [' \ :
() ) > CHECKBIT | \
GENERATOR ' '
> - > A0 X '
| CBO
f | iy
B2 -1 _cBl
Bl=1 <
80-0 IDT49C465 2652 0w 14

In order to perform a partial-word-write operation, the
complete word in question must be read from memory. This
must be done in order to correct any error which may have
occurred in the old word. Once the complete, corrected word
is available, with all the bytes verified, the new word may be
assembled in the byte mux and the new checkbits generated.

The example shown above illustrates the case of combin-
ing 3 bytes from an old word with a new lower order byte to
formanewword. The newword, along withthe new checkbits,
may now be written to memory.

In the separate I/O memory configuration, the situation is
similar except that the new word is output on the SD Bus
instead of the MD Bus (refer to previous page).

5.12 1




IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

32-BIT DATA WORD CONFIGURATION

AsingleIDT49C465 EDC unit, connected as shown below,
provides all the logic needed for single-bit error correction,
and double-bit error detection, of a 32-bit data field. The
identification code (00) indicates 7 checkbits are required.
The CBI7 pin should be tied high.

The 39-bitdata format for four bytes of data and 7 checkbits
is indicated below.

32-BIT DATA FORMAT

Syndrome bits are generated by an exclusive-OR of the
generated checkbits with the checkbits read from memory.
Forexample, Snisthe XOR of checkbits fromthose read with
those generated. During Data Correction, the syndrome bits
are used to complement {correct) single-bit errors in the data
bits. :

DATA CHECKBITS
BYTE3 BYTE 2 BYTE 1 BYTE O 6l cslcal cal ezl er| co
EEEEEEE AN NN
31 2423 16 15 87 0 2552drw 15
32-BIT HARDWARE CONFIGURATION
Vee :
8
PCBIlo-7 CBOo-6 >
7 CHECKBITS-OUT
CBl7
—»1 CBlo-6 SYOo-6 >
CHECKBITS~IN 7 7 SYNDROME-OUT
ERR >
< —» Po-3 MERR >
< | SDo-31 MDo-31 [ -
SYSTEM DATA /O 32 32 MEMORY DATA I/0
—_—
CODEID 1,0 =00 IDT49C465 2552drw 16
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

64-BIT DATA WORD CONFIGURATION

Two IDT49C465 EDC units, connected as shown below,
provide allthe logic needed for single-bit error correction, and
double-bit error detection, of a 64-bit data field. The “Slice
Identification” Table gives the CODE 1D1,0 values needed for
distinguishing the upper 32 bits from the lower 32 bits. Final
generated checkbits, ERROR and MULTIPLE ERROR sig-
nals come from the upper slice, the IC with CODE 1D1,0=11.
Control signals not shown are connected to both units in
parallel. :

Data-In bits 0 through 31 are connected to the same
numbered inputs of the EDC with CODE 1D1,0=10, while
Data-Inbits 32through 63 are connectedto data inputs 0to 31,
respectively, for the EDC unit with CODE ID1,0=11.

The 72-bit data format of data and checkbits is indicated
below.

64-BIT DATA FORMAT

Correction of single-bit errors in the 64-bit configuration
requires a simultaneous exchange of partial checkbits and
partial syndrome bits between the upper and lower units.

Syndrome bits are generated by an exclusive-OR of the
generated checkbits with the checkbits read from memory.
For example, Sn is the XOR of checkbits read and checkbits
generated. During data correction, the syndrome bits are
used to complement (correct) single-bit errors in the data bits.
Fordouble or multiple-bit error detection, the data available as
output by the Pipeline Latch is not defined.

Critical AC performance data is provided in the Table “Key
AC Calculations”, which illustrates the delays that are critical
to 64-bit cascaded performance. As indicated, a summation
of propagation delays is required when cascading these units.

DATA CHECKBITS
BYTE 7| BYTE 6| BYTE 5| BYTE 4| BYTE 3| BYTE 2| BYTE 1| BYTE O c7|lcslcs|calca|czict |co
PLET e bbbt e rrtdfll
63 5655 4847 4039 3231 2423 1615 87 0 2562 drw 17
64-BIT HARDWARE CONFIGURATION
8  PARTIAL-CHECKBITS (CORRECT ONLY)
»1 PCBlo-7 CBOo-7 »! PCBlo-7 CBCo-7 >
8  PARTIAL-CHECKBITS ‘8 FINAL CHECKBITS
CHECKBITS-IN (GENERATE ONLY) (GENERATE ONLY)
CBlo-7 SYQo-7 »{ CBlo-7 SYOo-7 —
8 8 PARTIAL-SYNDROME
(DETECT/CORRECT) ERR »
(DETECT AND CORRECT)
| P —_—
Po-3 Po-3 VERL_
SYSTEM DATA 0-31
SDo-31 < - SDo-31 MDo-31
MEMORY DATA 32-63
IDT49C465 IDT49C465
LOWER EDC UPPER EDC
(CODEID 1,0 =10) (CODEID 1,0 = 11)
SYSTEMBATA 32-63
~ MEMORY DATA 0-31
2552 drw 18
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DEFINITIONS OF TERMS:
Do - D31 = System Data and/or Memory Data Inputs
*CBlo — CBI7 = Checkbit Inputs
PCBIlo - PCBI7 = Partial Checkbit Inputs
FSo - FS7 = Final Internal Syndrome bits

FUNCTIONAL EQUATIONS:

The equations below describe the terms used in the
IDT49C465 to determine the values of the partial checkbits,
checkbits, partial syndromes and final internal syndromes.
NOTE: All“®” symbols below represent the “EXCLUSIVE-
OR" function. :

PA=Do®D1®D2®D4®De ®Ds®D10®D12® D16 ® D17
@ D18 ® D20 ® D22 @ D24 ® D26 @ D28

PB=Do®D3®D4®D7®Ds@D10®D13®D15® D16 ® D19
@ D20 @ D23 @ D25 @ D26 ® D29 @ D31

PC=Do®D1®Ds5®De ®D7®@D11®D12®D13® D16 ® D17
@ D21 @ D22 ® D23 ® D27 ® D28 @ D29

PD=D2®D3®D4®Ds5®De ®D7®D14®D15® D18 ® D19
@ D20 ® D21 ® D22 ® D23 ® D30 @ D31

PE=D8s®Dos® D10® D11 ®D12® D13 ® D14 ® D15 ® D24
@ D25 @ D26 @ D27 @ D28 @ D23 @ D3o @ D31

PF=Do®D1®D2®D3® D4 ®D5®Ds ® D7 ® D24 ® D25
@ D26 @ D27 ® D28 @ D29 ® D30 @ D3t

PG=Ds®Ds®D10® D11 ®D12®D13® D14® D15 ® D16
®D17®@ D18 ® D19 ® D20 ® D21 ® D22 ® D23

PHo=Do®D4®Ds®D7®De® Do ®D11®D14@®D17® D18
@ D19® D21 ® D26 @ D28 @ D29 @ D31

PH1=D1®D2®D3®D5®@D8s®Da®D11®D14®D17® D18
® D19 ® D21 ® D24 ® D25 ® D27 @ D3o

PH2=Do®D4@®Ds@®@D7®D10®D12®D13®D15® D16 ®
D20 @ D22 @ D23 ® D26 @ D28 @ D29 @ D31

CMOS TESTING CONSIDERATIONS

Special test board considerations must be taken into
account when applying high-speed CMOS products to the
automatic test environment. Large output currents are being
switched in very short periods and proper testing demands
that test set-ups have minimized inductance and guaranteed
zero voltage grounds. The techniques listed below will assist
the user in obtaining accurate testing results:
1) Allinput pins should be connected to a voltage potential
during testing. If left floating, the device may oscillate,
causing improper device operation and possible latchup.
Placement and value of decoupling capacitors is critical.
Each physical set-up has different electrical
characteristics and it is recommended that various
decoupling capacitor sizes be experimented with.
Capacitors should be positioned using the minimum lead
lengths. They should also be distributed to decouple
power supply lines and be placed as close as possible to
the DUT power pins.
3) Device grounding is extremely critical for proper device
testing. The use of multi-layer performance boards with
radial decoupling between power and ground planes is
necessary. The ground plane must be sustained from the
performance board to the DUT interface board and wiring
unused interconnect pins to the ground plane is recom-
mended. Heavy gauge stranded wire should be used for
power wiring, with twisted pairs being recommended for
minimized inductance.
To guarantee data sheet compliance, the input thresholds
should be tested per input pin in a static environment. To
allow for testing and hardware-induced noise, IDT recom-
mends using ViL < 0V and ViH 2> 3V for AC tests.

2

o
=
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1DT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED DESCRIPTION — CHECKBIT AND

32-BIT SYNDROME DECODE TO BIT-IN-ERROR (V)

SYNDROME GENERATION vs. CODE ID [HExT ol 1] 2]3]4]s]s]7
LOGIC EQUATIONS FOR THE CBO OUTPUTS S6 fojofofoltpytit
CODEID 1,0 Syndrome S5 0|01 110l0] 1|1
Checkbit 00 10 11 Bits S4 0 1 0 1 0 1 0] 1
Generation | Final Chkbits | Partial Checkbits | Final Checkbits HEX | S3 S2 S1 SO
CBOo PHo PH1 PH2 & PCBlo 0 0 0 0 O© *lcalecs] Tlcsl T T30
g*;co)‘ % :_’; ‘;’B‘zzgg:‘ 1 o o o 1 col Tl 1] T{m[m]T
2 2
CBOs o Bc PC @ PCBI 2 0 0 1 0 CI{T|TIM|T|]2]24| T
C80s PD PD PD @ PCBls 310 0 1 1 T|18] 8] TIM|TIT|M
CBOs PE PE PE ®PCB!s 4 0 1 0 O C2| T| T|15] T 3|25 T
CBOs PF PF PF & PCBle 5 0 1 0 1 Tliol ol TIM| T T|31
ceor = PE PG @ e8Iz 6§10 1 1 0 Tl2o[ 0] T{M|T| T]M
2552 tbl 07
7 o 1 1 1 MIT|T|M[T|4]26]| T
LOGIC EQUATIONS FOR THE SYO OUTPUTS 8 i 0 0 O C3) T|T|M|T}5]27| T
Checkbit CODE ID 1,0 9 |1 0o o 1 T2 TIM|T|TIM
Syndrome 00 10 11 A i 0 1 0 Ti22{12| T|1 [T} T| M
Generation | Final Syndrome|Partial Syndrome | Partial Checkbits B i 0 1 1 171 T TIMI Tl elosl T
SYO0 PHO @ CBIO PH1 & CBIO PH2 c 1 1 0 o0 T2l T IMI T TIM
SYO1 PA ® CBI PA @ CBI1 PA
S0z PEoCBlz | PB@CBI2 PB DJjt1 101 MIT|TIMIT)7]29] T
SY03 PCeCBI3 FC @ CBI3 PC E[1 1 1 0 WBIT|TIMITIMIM|T
SYO4 PD & CBl4 PD & CBI4 PD F 1 1 1 1 TIMIM|IT]|O]|T|{T|M
SYOs PE ® CBI5 PE @ CBIS PE NOTES: 2552 61 12
SYO8 PF & CBI6 PF & CBl6 PF 1. The table indicates the decoding of the seven syndrome bits to identify the
SYO7 . PF @ CBI7 PG bit-in-error for a single-bit error, or whether a double or triple-bit error was

2552 tbl 08

LOGIC EQUATIONS FOR THE FINAL SYNDROME (FSn)

detected. The all-zero case indicates no error detected.
* = No errors detected

# = The number of the single bit-in-error

T = Two errors detected

M = Three or more errors detected

Final CODEID 1,0

Syndrome 00 10, 11

Generation Final Syndrome Final Internal Syndrome
FSo PHo & CBlo PH1 (L) @ PH2 (U) ® CBIlo
FS1 PA @ CBl1 PA (L) @ PA (U) ® CBI1
FS2 PB & CBl2 PB (L)@ PB (U)® CBl2
FS3 PC @ CBI3 PC (L) ® PC (U) ® CBI3
FS4 PD & CBl4 PD (L)® PD (U) ® CBls4
FSs PE @ CBIs PE (L)@ PE (U) @ CBIs
FSs PF @ CBls PF (L) @ PF (U)® CBls
FS7 ~— PF (L) ® PG (U)® CBl7

2552 1bl 09
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1DT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED DESCRIPTION — 32-BIT CONFIGURATION
32-BIT MODIFIED HAMMING CODE — CHECKBIT ENCODING CHART("

Generated Participating Data Bits

Checkbits Parity 0 1 2 3 4 5 6 7 8 9 10 | 11 12 |13 | 14 [ 15
CBo ‘ Even (XOR) X X X | X | x|X X X
CB1 Even (XOR) X | X | X X X X X X
cB2 Odd (XNOR) X X | X X X | X X X
CB3 Odd (XNOR) X | X X X | X X | X | X
cB4 Even (XOR) X | x| x| x| x| x X | x
CBs Even (XOR) X [ x| x [ x|x|x|[x]1x
CB6 Even (XOR) XIX | X | X X {X|{ X]X

25521 10

Generated Participating Data Bits

Checkbits Parity 16 | 17 | 18 |19 | 20 [ 21 | 22 | 23 | 24 [ 25 | 26 | 27 | 28 | 29 | 30 | 31
CBo Even (XOR) X | X | X X X X | X X
CB1 Even (XOR) X X X X X X X X
CB2 Odd (XNOR) X X | X X X | X X X
CB3 Odd (XNOR) X | X X | X | X X1 XX
CB4 Even (XOR) X X X X X X X X
CBs Even (XOR) X X X X X X X X
CB6 Even (XOR) X X X X X X X X

NOTE: 2552101 11

1. The table indicates the data bits participating in the checkbit generation. For example, checkbit CO is the Exclusive-OR function of the 16 data input bits
marked with an X.




IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED DESCRIPTION — 64-BIT CONFIGURATION
64-BIT MODIFIED HAMMING CODE - CHECKBIT ENCODING CHART(" 2

Generated Participating Data Bits
Checkbits Parity 0 1 2 3 4 5 6 7 8 9 |10 {11 | 12 | 13 ] 14 | 15
CBo Even (XOR) X| X[ X X X1 X X X
CB1 Even (XOR) X | X[ X X X X X X
cB2 Odd (XNOR) X X | X X X X X
CcB3 Odd (XNOR) X | X X1 X | X X | X | X
CB4 Even (XOR) X[ X | X[ X1 X] X X | X
CB5 Even (XOR) XX [ XX | X]| X| X]X
CB6 Even (XOR) X | X| X | X[ X ]| X] X[ X
CB7 Even (XOR) X | X| X | X[ X[|X] X[ X
2552thl 13
Generated Participating Data Bits
Checkbits Parity 16 |17 | 18 | 19 | 20 | 21 [ 22 | 23 | 24 | 25 [ 26 [ 27 | 28 | 29 | 30 | 31
CBo Even (XOR) X | X | X X X | X X X
CB1 Even (XOR) X | X[ X X X X X X
cB2 Odd (XNOR) X X1 X X X | X X X
CB3 Odd (XNOR) X | X X| X | X XXX
CB4 Even (XOR) X X X {X]|X]| X X | X
CB5 Even (XOR) X X | X ]X X| Xi X | X
CB6 Even (XOR) XX | X | X | X]| X[ X]|X
CB7 Even (XOR) X X | X | X X[ X1 XX
25521l 14
Generated Participating Data Bits
Checkbits Parity 32 | 33134 |35 36 |37]|38)39)] 40| 41 |42 [ 43 |44 | 45| 46 | 47
CBo Even (XOR) X X X | X X X | X X
CB1 Even (XOR) X | X[ X X X X X X
CcB2 Odd (XNOR) X X | X X X | X X X
CB3 Odd (XNOR) X | X X| X | X X | XX
CB4 Even (XOR) X X[ XX X| X ) X | X
CBs Even (XOR) X X | X | X[ X] X]| X]X
CB6 Even (XOR) X | X| X X[ X | X] X[ X
cB7 Even (XOR) X X | X | X | X] X X]X
2552 bl 15
Generated Participating Data Bits
Checkbits Parity 48 | 49 | 50 [ 51 | 52 | 53 | 54| 55| 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63
CBo Even (XOR) X X X | X X X | X X
CB1 Even (XOR) X | X[ X X X X X X
cB2 Odd (XNOR) X X | X X X | X X X
CB3 Odd (XNOR) X | X X{ X | X X { X X
CcB4 Even (XOR) X | X | X | X XX X | X
CB5 Even (XOR) X | X XX | X ] X X|X
CB6 Even (XOR) X X[ X | X[ X]X] X]X
cB7 Even (XOR) X [ X ] X | X X | X X[ X
NOTES: 2552 0l 16

1. The table indicates the data bits participating in the checkbit generation. For example, checkbit CO is the Exclusive-OR function of the 32 data input bits
marked with an X.
2. The checkbitis generated as either an XOR or an XNOR of the 32 data bits noted by an "X"in the table.

5.12 17



IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DETAILED DESCRIPTION — 64-BIT CONFIGURATION (Con't.)
32-BIT SYNDROME DECODE TO BIT-IN-ERROR(")

I HEX 0 1 2 3 4 5 6 7 8 9 A B C D E F
S7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
S6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
Syndrome S5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
Bits S4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
HEX |S3 S2 S1 S0
0 0 0 0 0 * C4a|C5]| T [CB| T T|62]C7| T T[4 | T MM T
1 0 0 0 1 Co| T T4 T M M T T M| M T M T T | 30
2 0 0 1 0 C1 T T M T[34]586]| T T |50f40 | T M T T| M
3 0 [ 1 1 T |18 8 T M T T M M T T M T 2 124 | T
4 0 1 0 0 C2)| T T | 15| T [3 ]| 57| T T [51}1 41 T M T T | 31
5 0 1 0 1 T |19 9 T M T T 63| M T T |47 | T 3 |125| T
6 0 1 1 0 T2 /10| T | M T T M M T T M T 4 126 (T
7 0 1 1 1 M T T M T[36] 58] T T {5242 T M T T[M
8 1 0 0 0 C3| T T M T[37] 59| T T [53[43] T M T T| M
9 1 0 0 1 T2t 1 T M T T M M T T M T 5 |27 T
A 1 0 1 0 T[22 12| T |33 T T M4} T T M T 6 |28 T
B 1 0 1 1 171 T T M T (3860} T T {54 44| T 1 T T| M
C 1 1 0 0 T |23 13| T M T T M M T T M T 7 29| T
D 1 1 0 1 M T T M T [39] 61 T T 1554 | T M T T| M
E 1 1 1 0 16| T T M T M M T T M{ M T 0 T T| M
F 1 1 1 1 T M M T([32] T T M4 T T M T M M T
NOTES: 25521 17

1. The table indicates the decoding of the seven syndrome bits to identify the bit-in-error for a single-bit error, or whether a double cr triple-bit error was

detected. The all-zero case indicates no error detected.

* = No errors detected

# = The number of the single bit-in-error
T = Two errors detected

M = Three or more detected

KEY AC CALCULATIONS — 64-BIT CASCADED CONFIGURATION

64-Bit Propagation Delay Total AC Delay for IDT49C465 in 64-bit Mode
(L) = Lower slice
Mode From’ To (U) = Upper slice
Generate SD Bus Checkbits out SDto CBO(L) + PCBIto CBO(U)
tSC(L) + tPCC)
Detect MD Bus ERROR for 64-bits MD to SYO(L) + CBlto ERR (U)
tMSY(L) + tCE(U)
MD Bus M ERROR for 64-bits MD to SYO(L) + CBIto MERR
tMSY(L) + tCME(U)
Correct MD Bus Corrected data out MD to SYO(L) + CBIlto SD(U)
tMSY(L) + tCS(U)
(or) > MD1to SYO(U) + PCBIlto SD(L)
tMSY(U) + tPCS(L)
NOTE: 2552 bl 18
1. (or) = Whichever is worse.
5.12 18
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32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS(" CAPACITANCE (TA = +25°C, f = 1.0MHz)

Symbol Rating Com’l. Mil. Unit Symbol Parameter(" Conditions Typ. | Unit
Vee Power Supply —0.5t0+7.0|-0.5t0+7.0| °C CiN Input VIN = OV 5 pF
Voltage Capacitance
VTERM | Terminal Voltage | -0.510 -0.5t0 v Cout | Output Vout = oV 7 pF
with Respect Veec + 0.5 | Veec + 0.5 Capacitance
to Ground NOTE: 2552 161 20
TA Operating 0to+70 |-55to+125| °C 1. This parameter is sampled and not 100% tested.
Temperature
TslAs Temperature -5510 +125(-651t0 +135| °C
Under Bias
Tst1G Storage -551t0 +125]|-65to +150 | °C
Temperature
lout DC OQutput 30 30 mA
Current
NOTE: 2552161 19
1. Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only, and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specilication is notimplied. Exposure to Absolute Maximum Ratings for
extended periods of time may affect reliability.
DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE
The following conditions apply unless otherwise specified:
Commercial: TA = 0°C to +70°C, Vcc = 5.0V + 5%, Military: TA = -55°C to +125°C, VcCc = 5.0V + 10%
Symbol Parameter Test Conditions(" Min. | Typ.? | Max. | Unit
VIH Input High Level'¥ Guaranteed Logic High | Normal Inputs 2.0 —_ —_ \
Hysteresis Inputs 3.0 —_ —_
ViL Input Low Level® Guaranteed Logic Low — - 0.8 %
IH Input High Current Vce = Max., VIN = Vce — — 5.0 KA
i Input Low Current Vce = Max., VIN= GND —_ —_ -5.0 HA
loz Off State (Hi-Z) Vce = Max. Vo =0V — — -10 pHA
Vo =3V — — 10
los Short Circuit Current vee = Max.® -20 — | -100 { mA
VoH Output HIGH Voltage vee = Min. IoH = —-BmA COM'L.| 20 - — \'
VIN = VIHor Vit IoH = —4mA MIL. 24 —_ —
VoL Output LOW Voltage Vee = Min. loL = 8mA COML.| — — 0.5 '
VIN = VIHor Vit loL = 6mA MIL. — — 0.5
VH Hysteresis CLEAR, MLE, PLE, SLE, SYNCLK, SCLKEN — 200 — mV
NOTES: 2552 bl 21

1. For conditions shown as min. or max., use appropriate value specified above for the applicable device type.

2. Typical values are at Voc = 5.0V, +25°C ambient temperature and maximum loading.

3. Not more than one output should be shorted at one time. Duration of the short circuit test should not exceed one second.
4. These input levels provide zero noise immunity and should only be static tested in a noise-free environment.

5.12 19



IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Con’t.)
The following conditions apply unless otherwise specified: ‘
Commercial: TA = 0°C to +70°C, Vcc = 5.0V + 5%; Military: TA = -55°C to +125°C, Vcc = 5.0V + 10%
VHC = Vce - 0.2V, VLC = Vce + 0.2V

Symbol Parameter Test Conditionst" Min. | Typ.® | Max. [ Unit
Iccac Quiescent Power Supply Current | VIN = VHC, VIL = VLC — — 5 mA
CMOS Input Levels Vce = Max. All Inputs
Outputs Disabled
lccar Quiescent Power Supply Current | VIH = 3.4V, ViL = OV — — 160 mA
TTL Input Levels vce = Max. All Inputs
Outputs Disabled
lccot Dynamic Power Supply Current fcp = 10MHz, 50% Duty Cycle COM'L. - — 230 mA
f=10MHz VIH = VHC, ViL = VL.C
All Inputs, Outputs Disabled MIL. — — 300
lccp2 Dynamic Power Supply Current fcp = 20MHz, 50% Duty Cycle COM'L. — — 300 mA
f = 20MHz VIH = VHc, VIL = VLC
All Inputs, Outputs Disabled MIL. — — 350
NOTES: 2552 bl 22

1. For conditions shown as Min. or Max., use appropriate value specified above for the applicable device type.

2. Typical values are at Vcc = 5.0V, +25°C ambient temperature, and maximum loading.

3. Total supply current is the sum of the Quiescent current and the dynamic current and is calculated as follows:
lecT = Iecac (Nacy + Iccac x (Noc x Dc) + lecoc x (Noc x for) + lecaT (NaT) + lecaT (Not x D) + Iceoc x (Noc x for)
where:  Noc = Total # of dynamically switching CMOS inputs

NoT = Total # of dynamically switching TTL inputs
Nac = Total # of quiescent CMOS inputs

Nart = Total # of quiescent TTL inputs

Dc = AC Duty cycle — % of time high (CMOS)

DT = AC Duty cycle — % of time high (TTL)

for = Operating frequency

5.12 20



IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC PARAMETERS
PROPAGATION DELAY TIMES (PRELIMINARY)

32-bit 64-bit 64-bit System
System “Generate
Standalone only” Lower Upper
Slice Slice Slice Slice
CODE ID=00 | CODE ID=01| CODE ID=10{ CODE ID=11
Parameter Description Com.| Mil. [Com.[ Mil. {Com.| Mil. | Com.[ MIL Refer to

Parameter From To Timing Diagram

Name Input (edge) Output (edge) | Max. | Max. [ Max.| Max.| Max. | Max.| Max. | Max.| Unit Figure
GENERATE (WRITE) PARAMETERS

tBC BEN CBO 20| 25| — | —| 20 | 25 | 20 | 25 ns —

tem BEN MDout 20| 25} — | — | 20| 25 | 20| 25 ns —

tMc MDIN CBO — — 15 20 — — — — ns 10

tpcc PCel CBO 1 = — | — —_ - — | 15 20 ns 7

tPPE PXIN PERR 151 20| — | — | 15| 20 15 | 20 ns —

tsc CBO 15 | 20 [ 15} 20| 15 | 20 | 15 | 20 ns 7

tsm SDIN MDour 1520 — | — | 15| 20 | 15| 20 ns 7

tSPE PERR 15 20 — — 15 20 15 20 ns —
DETECT (READ) PARAMETERS

tCcE ERROR Low 15 20 — — — — 15 20 ns 8,10

tCME csBl MULTERR=low| 20 | 24 | — | — | — | — | 20 | 24 ns 8,10

tcsy SYO 15 20 — — 10 15 15 20 ns 8,10

tME ERROR 15 20| — | — | — | — 15 | 20 ns 8,10

tMME MDIN MULT ERR 20|24} — | — | — | —]2 |2 ns 8,10

tMsy - | syo 15 20f —| —] 10 |15]15 ]| 2| ns 8,10
CORRECT (READ) PARAMETERS

tcs cBI SDourt 20128 — | — | — — | 20 24 ns 8,11

tmMP . Px 30 36 —_ —_ 30 36 30 36 ns 8,11

tms MDIN SDout 20 5| — -] — | = -1 - ns 8,11

tMsY SYO 15120 | — | — 10 | 15| 15 | 20 ns 8,11

tPCS PCBI SDout — | -] —| =115 }20 ]| — | — ns 11
DIAGNOSTIC PARAMETERS

tcLr CLEAR = Low SDout 20 24 | — — 20 24 20 24 ns 15

tMIS MODE ID SDout 20 | 24 | — | — | 20 | 24| 20 | 24 ns 15
NOTES: 2552 bl 23

1. Where *edge” is not specified, both high and low edges are implied.
2. BOLD indicates critical system parameters.




IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC PARAMETERS
PROPAGATION DELAY TIMES FROM LATCH ENABLES (PRELIMINARY)

Parameter Description Com.’l. Mil. Refer to
Parameter From To Timing Diagram
Name Input  (edge) Output  (edge) Max. Max Unit Figure
tMLC CBO ‘ 20 24 ns 13
tMLE ERROR * 15 20 ns 8,10, 11
tMLME MLE = High MULTERR * 20 24 ns 8
L Px ' 30 36 ns 8, 11
tmLs SDout " 20 24 ns 8,10, 11
tmLsy SYO ' 18 22 ns 8,10
tPLS PLE= Low SDout . 10 12 ns 8, 11
tPLP PLE= Low Px . 20 - 22 ns 8, 11
tsLe SLE = High CBO * 20 24 ns 7.9
tswm SLE = High MDouTt . ‘ 15 20 ns 7,9
NOTE: 25521bi 24
“*” = Both high and low edges are implied.
ENABLE AND DISABLE TIMES (PRELIMINARY)
Parameter Description Com’'l. Mil. Refer to
Parameter | From To Timing Diagram
Name Input  (edge) Output (edge) Min Max. Min. Max. Unit Figure
tBESZx BEN = High SDout ‘ 2 15 1 18 ns 8,10, 11
tBESxZ Low Hi-Z — 15 — 18 ns
tBEPZx BEN = High Pout : 2 15 1 18 ns 8, 11
tBEPxZ Low Hi-Z — 15 — 18 ns
tCECZx CBOE = Low CBO " 2 .15 1 18 ns 7.9
tCECxZ High Hi-Z — 15 — 18 ns
t MEMZx MOE = Low MDout ‘ 2 15 1 18 ns 7.9
t MEMxZ High Hi-Z — 15 — 18 ns 8,10
tSESZx SOE= Low SDout * 2 15 1 18 ns 8,10
tSESxZ High Hi-Z — 15 — 18 ns 7.9
NOTE: 2552 1l 25
“*" = Delay to both edges.
5.12 22
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32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

SET-UP AND HOLD TIMES (PRELIMINARY )

Parameter Description Com.’l. Mil. Refer to
Parameter From To Timing Diagram
Name Input (edge) Output (edge) Min. Min. Unit Figure
tcMmLs CBISet-up * before MLE = Low 4 5 ns 8,10, 11
tCMLH CBI Hold * after MLE=  Low 4 5 ns 8, 10, 11
tMMLS MDIN Set-up * before MLE = Low 4 5 ns 8, 10, 11
tMMLH MDIN Hold  * after MLE = Low 4 5 ns 8,10, 11
tssLs SDIN Set-up * before SLE = Low 4 5 ns 7.9
tSSLH SDIN Hold " after SLE = Low 4 5 ns 7,9
tcpLs CBISet-up * before PLE =  High 18 22 ns —
tCPLH CBI Hold - after PLE = High 0 0 ns —
tMPLS MDIN Set-up * before PLE = High 18 22 ns —
tMPLH MDIN Hold ~ * after PLE=  High 0 0 ns —
tPCPLS PCBI Set-up * before PLE = High 18 22 ns —
tPCPLH PCBlHold  * after PLE=  High 0 0 ns —
DIAGNOSTIC SET-UP AND HOLD TIMES
tcscs CBIl Set-up * 25 30 ns 15
tMscs MDIN Set-up * before SYNCLK=High 25 30 ns 15
tMLSCS MLE Set-up = High 25 30 ns 15
tSESCS SCLKEN Set-up =Low 4 5 ns 15
tSESCH SCLKEN Hold =Low after SYNCLK =High 4 5 ns 15
NOTE: 2552 bl 26

“hn

= Where “edge” is not specitied, both high and low edges are implied.

MINIMUM PULSE WIDTH (PRELIMINARY)

Refer to
Parameter Minimum Pulse Width Com’l.  Mil. Timing Diagram
Name Input Conditions Min. Min. Unit Figure
tCLR Min, CLEAR low time to clear diag. registers | Data = Valid 5 6 ns 14
tMLE Min. M_LE high time to strobe new data - MD, CBI = Valid| 5 6 ns —
tPLE Min. PLE low time to strobe new data SD = Valid 5 6 ns —
tSLE Min. SLE high time to strobe new data SD = Valid 5 6 ns —
tSYNCLK Min. SYNCLK high time to clock in new data SCKEN = Low 5 6 ns 14
2552 bl 27
Input Pulse Levels GND to 3.0V
Input Rise/Fall Times 1V/ins
Input Timing Reference Levels 1.5V
Output Reference Levels 1.5V
Output Load See Figure 18

2552 thl 28

5.12 23
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32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 32-BIT CONFIGURATION

Parameter| Propagation Dela Min./
| to 1 2 3 4 5 Name From pag y To Max.
. | | | | 1 | 1 | | | 1
BEN \ N ,
t BESKZ teesxz min.| BEN = Low to SDourt Disabled min.
re— t BESXZ — o tsesxz max| BEN = Low to SDout Disabled max.
SOE 4 L
: t sesiz tsesxz min.] SOE = Low to SDout Disabled min.
[— t SESxz —] tsesxz max] SOE = Low to SDout Disabled max.
TS BATAR KKK |
t ssis ' t ssis SDIN Set-up to SLEIN = Low min.
Lostn tssu SDIN Hold to SLEN = Low min.
SLE 1 N
t spE t sPe SDiN to PERRouTt max.
t prE > t pPE Px to PERRour max.
N
[ tsm tsm SDiN to MDout max.
) l— tswu ) tsm(n SLE = High to MDout . max.
NOE N
[t Msmn»’ ) t MEMZs OE = Low to MDourt Enabled max.
MDo-a1 || (INPUT) K X M DATAoUT = S DATAN
tse —] ) tsc SDin to CBO max.
tsc!! tsc SLE = High to CB max.
teecax - TBOE = Low to CBO Enable max.
\N
I | f I [ I I
2 3 4
NOTE: 2552 drw 19

1. Assumes that System Data is valid at least 4ns before SLE goes high.

Figure 7. 32-Bit Generate Timing
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32-BIT. FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 32-BIT CONFIGURATION

- Parameter] Propagation Dela Min./
’ to 1 2 3 4 51 Name From pag Y To Max.
| | | ] | ] | ] L | 1
MOE
t MEM:Zﬂ t MEMxZ MOE = High to MDourt Disabled max.
voos [} IIPTIGSOME AT SOOI
t MMLS t MmLs MDiN Set-up to MLE = Low min.
P twws | MDN Hold to MLE = Low min,
o8l [] XXXXKK K amonsorsX KXXK KKK L
t cmis tcms Checkbit Set-up to MLE = Low min.
tomn tomu Checkbit Hold to MLE = Low min.
N
N
4— tmsy — t Msy MDiN to SYOour max.
ra— tcsy — tesy Checkbits in to SYOouTt max.
re—— tmsy (" ———pf tmusy () MLE = High to SYOour - max.
sYo N
—— tne ——— t ME MDin to ERR = Low max.
tce tce Checkbits in to ERR = Low max.
tmeex t miex () MLE = High to ERR = Low max.
N
< t MME t MME MON to MERR = Low max.
- t cME tcme Checkbits in to MERR = Low max.
t MLEmx (1) > tuem M [ MLE = High to MERR = Low( max.
MER N
I T I T I I I I I
to 1 2 3 4
NOTE: 2552 drw 20
1. Assumes that Memory Data and Checkbits are valid at least 4ns before MLE goes high.
Figure 8. 32-Bit Detect Timing
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 32-BIT CONFIGURATION

Parameter Propagation Delay Min./
| to 1 2 3 4 5 Name From To Max.
| | | 1 | | 1 | | 1 1
MOE v,
[ 1 MEMZ —> t MEM:Z OE = High to MDour Disabled max.
MD 0-31 uT) X X X X Valid DATARY
t MMLS t MmLs MDN Set-up to MLE = Low min.
LN t MMLH MDN Hold to MLE = Low min.
cBI K Valid Checkbits I
t CMLS tcmLs Checkbit Set-up to MLE = Low min.
fou, t cmu Checkbit Hold to MLE = Low min.
MLE [ R N
l——— t mis (1) —— tms MLEN = High to Sbour (") max.
PLE N,
e———tpis ) —» testh PLE = Low to SDour M max.
g
4~ 1 BESZX ~P t BESZx BEN = High to SDout Enabled max.
N
- t SESZx — . t seszx SOE = Low to SDout Enabled max.
le— tcs —»] tes CBI to Corrected SDout max.
— tms ——p t ms MDN to Corrected SDout max.
SDo-31 ><><>< Corrected DATAoUT
l-— tmp —» t mp MDNN to Parity Out max.
re——— tMp —— t M MLE = High to Parity Out max.
e——— tPLP ——— ] t e PLE = Low to Parity Out max.
t BEPZ t BEPZX BEN = High to Parity Out max.
tsep t sep SOE = Low to Parity Out max.

pos [] KKK KK KKK oy o

NOTE: 2552 drw 21
1. Assumes that Memory Data and Checkbits are valid at least 4ns before MLE goes high.

Figure 9. 32-Bit Correct Timing
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IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 64-BIT CONFIGURATION

Parameter] Propagation Dela Min./
']° l I1 l |2 Ia ‘|‘ | |5 Name From pag Y To Max.
V.
//
t SESxZ tsessz min.| SOE = High to SDouT Disabled min.
[— ¢ SESxZ —] tsesxz max{ SOE = High to SDout Disabled max.
spesv [ BUTPUISCOK BATAR KIS
t ssLs tssts SDiN Set-up to SLEIN = Low min.
ssun tssum SDin Hold to SLEIN = Low min.
SLE [] e N
Pe [] SO Pariy
t pPE t pPE Px to PERR max.
PERR AN
[ tsm SDIN to MDouT max.
MOE
[t
s, tsimin SLE = High to MDouT max.
et MEM2x t MEMZx MOE = Low to MDouT Enabled max.
4=t BEM t BEM BEN to MDout max.
MD e ] (INPUT)——K XX XX MD DATAOUT = SD DATAN
|-4— tsc —» tsc SD Lower In to CBO max.
- tsict tsic SLEN = High to CBO " max.
t— t cECZx — ] t ceczx CBOE = Low to CBO Enabled max.
LOWER 465
CBO | XX Partial Checkbits Out
3 | «————— Inter-chip delay (Design dependent)
UPPER 465
peat || XX Partial Checkbits In
t pcc t pcc PCBI to CBO max.
CBO XXX Final Checkbits Out
f I I I I T I I ] I I
to 1 2 3 4 5
NOTE: 2552 drw 22
1. Assumes that System Data is valid at least 4ns before SLE goes high.
Figure 10. 64-Bit Generate Timing — (64-Bit Cascading System)
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IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 64-BIT CONFIGURATION

Parameter] Propagation Delay Min./
BOTH to 1 2 3 4 SI M
4653 l I ! | ! I | | | | | i Name From To ax.
MOE
1 MEMxZ — t MEMx2 MOE = High to MDouT Disabled max.
MD ] (OUTPUT) X X XX Valid DATARX XX XX X XXX >
MMLS t MMLS MDN Set-up to MLE = Low min.
AL . MD Hold to MLE = Low min.
8l | Gaonaons X IKIKKS
t cMLS tcms CBI Set-up to MLE = Low min.
L] towin CBI Hold to MLE = Low min.
Mel] | ¥ N
l——— t uis (N —p MLE = High to SDour (" max.
BEN e
[~ t BESZY P t BESZx BEN = High to SDout Enabled max.
SOE N,
[ t SESZx - t seszx SOE = Low to SDouT Enabled max.
LOWER 465
SDo-31 ><><><><><>< Corrected DATAouUT
t Msy MD Lower In to SYOouT max.
tesy CBl to SYO max.
t mLsy MLE = High to SYO max.
SYO Partial Syndrome Out
UPPER 465 3| - Inter-chip delay (Design dependent)
cal ] QXXX Partial Syndrome In
[——— t CME ——p] t cME CBI to MERR max.
t muve () > MLE = High to MERR max.
MERR A
e—— tcE — tce CBl to ERR max.
< tme™ > twe MLE = High to ERR max.
N
N
t ME t me MDi to ERR max.
t MME———— t MME MDin to MERR max.
M0 o [} OUTPUTTR S KTar BATARK S KKK KK
l I I I T T | I I I I
to 1 2 3 4 5
NOTE: 2552 drw 23
1. Assumes that System Data is valid at least 4ns before SLE goes high.
Figure 11. 64-Bit Detect Timing
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IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 64-BIT CONFIGURATION

Min./
Max.

Parameter] Propagation Delay
64-8IT
_ Ut sice | A R S T SRS fl Name | From To
MCE |- A
[— t MEMxZ —P] t MEMx2 MOE = High to MDouT Disabled
MDoa || (OUTPUT) X X X X Valid DATAR
MMLS t MmLs MDiN Set-up to MLE = Low
L tuwr | MDW Hold to MLE = Low
cBl KValid Checkbits 1D e
t cuLs teumes CBI Set-up to MLE = Low
Lo temu CBI Hold to MLE = Low
Me[] | X N
—— t s (N ——> tas M MLEIN = High to SDout "
|
Partial checkbits in from Upper
N
N
le—— tps( —» tes () PLE = Low to SDout (!
V
[ t BESZX - t BESZx BEN = High to SDout Enabled
N
[ t SESZx -3 t sesx SOE = Low to SDour Enabled
e— tcs —p tcs CBl to Corrected SDout
le—— tcsy —» ' tesy CBl to Syndrome
— tus — tus MDN to Corrected SDout
SDo-31 ><><><><>O< Corrected DATAouUT
— tcsy > tesy CB! to Syndrome
=t MSY > t Msy MDN to Syndrome
— tMp ——p t mp MDIN to Parity Out
[e—— tup ——» tmep MLE = High to Parity Out
le— tpip —» tep 'PLE = Low to Parity Out
[ { BEPZx t 8eP2x BEN = High to Parity Out
e———— tsep ———— t sep SOE = Low to Parity Out
po- [ SO Py o
svo [[] XXX K Partial Syndrome Out

max,

min.

min.

min.

min.

max.

max.

max.

max.

NOTE:
1. Assumes that Memory Data and Checkbits are valid at least 4ns before MLE goes high.

Figure 12. 64-Bit Correct Timing (Lower Slice)

2552 drw 24
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IDT49C465

32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 64-BIT CONFIGURATION

64-BIT Parameter Propagation Delay Min./
UL Siice l to 1 2 3 4 5| Name From pag To Max.
| ] 1 ] | I 1 | | | |
MOE yd
[— t MEMxZ — ] t MEMcZ MOE = High to MDour Disabled max.
MDo-31 [i] (OUTPUT) X X X
MDiN Satup to MLE = Low min.
ALLE t MMLH MDIN Hold to MLE = Low min.
cBl K Valid Checkbits Ip)
1 cMLS t cmes CBI Set-up to MLE = Low min.
tom, t e CBI Hold to MLE = Low min.
mel] | Y AN
————t s ) ——— tws MLEN = High to SDout ) max.
PLE {f] N
[——— t ps (V)] trs (1) LE = Low to Sbout " max.
BEN N
[~ t BESZN -3 t BESZX BEN = High to SDout Enabled max.
SOE N
e t sESZK —B t seszx SOE = Low to SDout Enabled max.
— tcs ——p tes CBI to Corrected SDout max.
— tus —> t us MDi to Corrected SDout max.
[—— t MsY —— t msy MDN to Corrected SDout max.
SDo-31 ( Corrected DATAouT
|<— tvp —> twe MDIN to Parity Out max.
e—— tmp —— t e MLE = High to Parity Out max.
[¢——— tPp —— t e PLE = Low to Parity Out max.
t BEPZX > t BEPZX BEN = High to Parity Out max.
l¢—————  tSEP ——————p] t sep SOE = Low to Parity Out max.
pos ] XKKKKKK KKK Pty o
SYO E ><>ZX><><X><><X><><>(PamaI Checkbits/ Syndrome Out ki
T I T I I I I I T I I
to 1 2 3 4 5
NOTE: 2552 drw 25
1. Assumes that Memory Data and Checkbits are valid at least 4ns before MLE goes high.
Figure 13. 64-Bit Correct Timing (Upper Slice)
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IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — 64-BIT CONFIGURATION

SINGLE I to 1 2 3 P 5’ Pa;‘aarrr:%er Fmrl:‘ropagatlon Delay To mg;/
1 ] | | | | | | | | |

SOE (SOE = Tied high)

SDBus | KValid DATA :
t s t ssts SDiN Set-up to SLEIN = Low min.
Lssi t sstH SDin Hold to SLEIN = Low min.
N_
tsie " ——p tsic SLE = High to CBO (" max.

(MOE = Tied high)

2XXXXOXK i DATA

t MMLS t ums MDIN Set-up to MLEIN = Low min.
t MMLH t MMLH MDIN Hold to MLEIN = Low min.

N
— tsc —» tsc Bits 3263 to CBO max.
— t M ——> t mc Bits 0-31 to CBO max.
t mLc®) ——» t mc@ MLEN = High to CBO @ max.
CBOE = Low to CBO Enabled max.

t cecz »1/
i KOO Final Checkbits Out

NOTE: 2552 drw 26
1. Assumes that System Data is valid at least 4ns before SLE goes high.
2. Assumes that Memory Data is valid at least 4ns before MLE goes high.

Figure 14. 64-Bit Single Chip "Generate Only" Timing




IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC TIMING DIAGRAMS — DIAGNOSTIC TIMING

Paramete| Propagation Dela Min./
45 [ to 1 2 3 4 5 Name From pag Y To Max.
- | | I | | | { | | | !
Bl [f] XX XK Checkbits In
le—tescs —-‘ teses CBI Set-up to SYNCLK = High
MD Bus g m Memory DataiN

[e—— t mscs ———— t mscs MDIN Set-up to SYNCLK = High min.

MLE |] y
-/

l¢——— t MLSCS ——p] t MLscs MLE = High Set-up to SYNCLK = High| min.
SCLKEN |i] N

| €——— 1t SESCS ————] . 1 sescs SCLKEN Set-up to SYNCLK = High min.
le———— t sescH t sescH SCLKEN = Hold After SYNCLK = High| min.

SYNCLK Y
l— t SYNCLK t SYNCLK SCLKEN Pulse Width min.
le— tscs —»] tscs SCLKEN = High to SDout max.
t CLEAR—] tcLear CLEAR Pulse Width min.
tctR ———— ter CLEAR = Low to SDout max.

sD Bus [ O XXX ¥ Valid Dataout

I I I I I T I I T T
to 1 2 3 4

Figure 15. 32-Bit Diagnostic Timing

2552 drw 27

5.12 32



IDT49C465
32-BIT FLOW-THRU ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

INPUT/OUTPUT INTERFACE CIRCUITS

( A Vce
ESD
| PROTECTION
|H_’
INPUTS O : So» >o [Ny ton
<
e OUTPUTS
A
\ ) ——DO——{ N yFIOL

2552 drw 28

Figure 16. Input Structure (All Inputs) — 2552 drw 29

Figure 17. Output Structure

AC TEST CIRCUIT

Vee 5.0V

470Q
VIN Vout

D.U.T|

Pulse
Generator

50pF
Rt 200Q

2552drw 30

DEFINITIONS:
CL= Load capacitance: includes jig and probe capacitance
RL = Termination resistance: should be equal to Zour of the Pulse Generator

Figure 18.
ORDERING INFORMATION
IDT _49C465 T XX X
Device Type Package Process/
Temperature
Range
;__| BLANK  Commercial (0°C to +70°C)
B Military (-55°C to +126°C)
| G Pin Grid Array
| 49C465 32-Bit Flow-thru™ EDC

2552 drw 31
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Flow-thruEDC™ ADVANCE
ERROR DETECTION 'NF?gmggg';
AND CORRECTION UNIT
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:

+ 64-bit wide Flow-thruEDC Error Detection and Correction
Unit

+ Separate System and Memory Data Input/Output Buses

+ 64-bit Error Detect Time - 20ns;

Error Correct Time - 25ns

+ Corrects all single bit errors; Detects all double bit errors

» Configurable 16-deep system bus read/write buffer with
flag indicators

» Simultaneous check bit generation and data correction of
memory data

» Supports partial word writes on byte boundaries

= 8mA output drive current to drive small memory arrays
directly

« Sophisticated error diagnostics and error logging

+ Parity generation on system data bus

+ 208 pin Pin Grid Array and Plastic Quad Flatpack
(PQFP)

+ Military product compliant to MIL-STD-883, Class B

Flow-thruEDC is a trademark of Integrated Device Technology Inc.

The IDT49C466 64-bit Flow-thruEDC is a high speed error
detection and correction unit to ensure data integrity in high
reliability memory systems. The flow-thru architecture with
separate system and memory data buses is ideally suited for
pipelined memory systems.

Implementing a Hamming code in the 8-bit wide check bit
bus, the IDT43C466 corrects all single bit hard and soft errors,
and detects all double bit errors. The read/iwrite buffer can
store up to sixteen 64-bit words until the system bus is ready
(during reads) or until the system bus is released (during
writes). Full and empty flags indicate whether additional data
can be written to the EDC.

The simultaneous check bit generation and data correction
of memory data eliminates the separate correction and
generation modes found on other EDC units. Check bit
generation for partial word writes on byte boundaries is
supported on the IDT49C466.

Diagnostics features include a syndrome latch from which
the error bit can be decoded, a four bit error counter which
countsupto 15 errors, and an error data latchwhich stores the
complete error data word. Parity can be generated and
checked on the system bus by the IDT49C466.

Military product is available compliant with the latest revi-
sion of MIL-STD-883, Class B, for those systems operating in
extreme environments.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

JUNE 1990

©1990 Integrated Device Technclogy, Inc.
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MUX

SD 0-63

‘MD

GENERAT

07 M

815 _ CAxeTTRay]| #
e 162 _ | Synd Rag | et
b 2427 | EvCountheg( | |

MUX

SD
LATCH
IN

SCLK>—

SDILE 2>—

/WBENCI>—

/WBREN>>

P07 L

/PERR

LATCH
out

5D
CHKBIT,
LAT

- CLEAR
e L O e i
0.5 SYNDREG [3%— oy
= [| Err data Reg
- bk
.------.I-------------
] R
L} ' '
1 ' 1
1
1 T
] f %1
] . &
El
»
1 L}
- -
- SD
CHECKBIT
E ENERATOR

g
S

CBIO-7

MD 0-63

——<&L] /MOE
—<&XJ /SDOLE

CBSEL

CB_SYN0-7

49C466 64-BIT DUAL BUS EDC

Dash Line: Diagnostic path

EDC IDT®C 464 007

wJ@Iniyl-Mmol4 99yo6v 10l

L1INN NOILOZHHOD ANV NOI10313a HOHHI

SIONVH JHNLVHIdWAL TVIOHIWWOD ANV AHVLIITIN



IDT49C466 Flow-thruEDC™
ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATION

A B (o] D E F G H J K L M N P R T U
17 [ mD_10 | MD_8 MD_2 | MD_1 |MERRORB|CBIN.6 |CBIN_1 [RBENB |[RBSEL | RBHFB | SD_2 | SD_3 BEO S0 9 |SD_10 (SD_12 |sD_15 17
16 | MD_13 | MD.9 | MD_6 | MD_3 |ERRORB[CBIN.3 |cCBIN_2 |RBRENB|ReeFs | merrs | so_1 | sp.4 sD_6 SD.8 |sD_13 |SD_16 |spD_17 16
15 | MD_17 | MD_12 | MD_11 [ MD_5 | MD_4 [CBIN_7 |CBIN.4 {CBIN.O |GND_Q | SD_O PO sD_7 P BE1 SD_t4 {SD_19 |[SD_21 15
14 | MD_18 | MD_13 | MD_15 [ GND_N [ MD_7 | MD0 [CBIN.5S |GND N cc_.Q | GND_N | SD_§ | SD_11 |GND_N |GND_N P2 BE2 SD_20 14
13 | MD_23 | MD_20 | MD_14 | VCC_N sp_18 | sp_22 | sp_24 | sp_2s 13
12 | MD_25 | Mp_22 | MD_21 | MD_16 sp23 | sD 26 | sp28 | sp27 { 12
1 | Mo_27 | Mp_28 | MD_24 | GND_N P3 BE3 sD_30 | sD_29 1"
10 MD_31 | MD_30 | MD_29 | MD_26 SD_31 | SOEB | SDLE | SCLK 10
9 | MOLEB | MCEB MILE | GND_N G208-1 MDOLEB|GND_N | MENB RS_0 9
8 [ MD_33 | MD_32 | MD_34 | MD_35 GND_N | SD 33 | MCLK | Rs_1 8
7 [ MD_37 | MD_36 | MD_39 | MD_40 SD_37 |sSD_34 | SD_32 | PERRB | 7
6 | M0_41| Mp_3s | MD_42 | MD_4s5 sp42 [sp38 | pa |spas | 6
S | MD_43 | MD_44 | MD_46 | MD_s2 GND_N | PS5 BE4 sp36 | §
4 | MD_48 | MD_49 | MD_80 | GND_N | GND_N | MD_61 | ¢804 | vcc_2 | GNDN | s0_61 | GND N | Sp_s4 | SD_49 |vco N | SD43 | sD 39 | sD40 | 4
3 MD_47 | MD_51 | MD_56 | MD_60 | MD-59 | CBO_6 | GND_N | GND_Q | WBENB | sp_62 | SD_59 | SD 57 | SD_53 | sD_51 | SD_45 | sD 44 | so_a1 3
2 | MD_53 | MD_54 | MD_57 | cBO_7 | €BO_5 | CBO_2 [ CBO_O WBRENB |SYNCLK | WBEFB | SD_60 BE7 $D_55 BE6 SD_S0 | SD_47 | BES 2
1 MO_55 | MD_58 | MD_62 | MD_63 | cBO_3 | CBO_1 | WBSEL |SYNSEL |WBFFB | SD_63 P7 SD_58 8;3_56 vPG SD_52 | SD_48 | SD_46 1
A B [} D E F G H J K L M N P R T U
Pin 1 reference
513 3



IDT49C466 Flow-thruEDC™

ERROR DETECTION AND CORRECTION UNIT

MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTION

Pin Name

[

/0

Description

Data Buses

SDo-63

l[e}

System Data Bus is a bidirectional 64-bit bus interfacing to the system or CPU. When System Output
Enable, SCE, is high or Byte Enable, BEo-7, is low, data is input. The data is latched into the system
data (SD) latch when the System Data Input Latch Enable (SDILE) is low. The System Data Bus is
an output of the corrected memory data during a read operation. Corrected data can come from the
memory data (MD) output latch or the content of the read buffer. When the Read Buffer Select
(RDSEL) pin is low, the MD latch is selected. When RDSEL is high, the read buffer contents are
selected. When System Output Enable, SOE, is low and Byte Enable, BEo-7, is high, the SD bus output
drivers are enabled.

MDo-63

l{e]

-Memory Data Bus is a bidirectional 64-bit bus interfacing to the memory. During a read cycle, memory

datais input for error detection and correction. Thedatais latched inthe memory data (MD) input latch
when the Memory Data Input Latch Enable (MDILE) is low. Data from the SD output latch orthe read
buffer is is output on the Memory Data Bus on a memory write cycle. )

CBlo-7

Check Bit Inputs interface to the check bit memory.

CBSYNo-7

- Check Bit or Syndrome Output, when MOE is low, is enabled. When CBSEL is high, the check bits

are selected. When CBSEL is low, the syndrome bits are selected.

Po-7

1o

Parity input/output for bytes 0 to 7. Byte parity is generated from the system data bus data word and
output on the Po-7 pins. These pins are parity inputs when the corresponding Byte Enable (BE) is low, |
and are used to generate the parity error signal (PERR). The parity select bn (PSEL) of the mode
register selects odd or even parity.

Control Inputs

SOE

System Output Enable enables system data output drivers if the corresponding Byte Enable (BEo-7)
is high.

BEo-7

- In systems using common I/O memories, the BEo-7 pins also control the data byte mux. If a particular

Byte Enableis used to enable the System Data outputs for a particular byte in systems using separate
I/l memories. For example, if BE1 is high, the System data outputs for byte 1 (SDs-15) are enabled.

BE is high, data is feed back to the memory data bus and used for check bit generation of that byte.
This is used during partial word write operations and rewriting corrected data to the memory. If a
particular BE is low, data from the system data latch is directed to the memory data bus and used for
check bit generation of that byte, used in writing new data during a partial word write operation. BE
is buffered with the data in the write buffer.

Memory Output Enable, when low, enables the output buffers of the memory data bus (MD) and the
check bit output bus (CBO).

Memory Input Latch Enable on the high to low transition latches data at the MD mputs and the
checkbits at the CBl inputs. The latch is transparent when MILE is high.

Memory Output Latch Enable latches both the data at the output of the byte mux and the output of the
checkbit generator on the low to high transition of MOLE. The latch is transparent when MOLE is low.

WBSEL

Write Buffer Select, when high, the output of the write buffer is selected. The WBSEL is low, the SD
input latch is selected.

SDILE

System Data Input Latch Enable latches data on the system data bus (SD) into the SD input latch on
the low to high transition. When SDILE is high, the SD input latch is transparent.

WBEN

Write Buffer Enable allows system data (SD) input to be written to the write buffer.

WBREN

Write Buffer Read Enable, when low, the output of the write buffer is enabled.

RSo-1

Reset and FIFO Select pins set both read and write buffer FIFOs.
RSo-1  Function
00 Reset 16-deep FIFO or first 8-deep FIFO
10 Reset second 8-deep FIFO
01 Select 16-deep FIFO or first 8-deep FIFO
11 Select second 8-deep FIFO

RBSEL

Read Butfer Select when high the output of the read buffer is selected. When low, the MD latch output
is selected.

2617 bt 01
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IDT49C466 Flow-thruEDC™

ERROR DETECTION AND CORRECTION UNIT MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN DESCRIPTION (Cont.'d)

Pin Name ] Description

RBEN | Read Buffer Enable when low allows data to be written into the read buffer on the low to high transition
of the memory clock. :

RBREN I Read Buffer Enable, when low, the output of the read buffer is selected.

CBSEL | Checkbit Select, when high, selects the checkbits at the CBSYNo-7 output. When CBSEL is low, the
syndrome bits are selected.

Clock Inputs

MCLK ! Mamory Clock. On the low lo high transition of MCLK, data is written to the read butfer when RBEN
is low.

SCLK | System Clock. On the low to hightransition of the system clock, data is read from the read buffer when
RBREN is low. Data on the system databus is written into the write buffer when WBEN is low on the
low to high transition of SCLK.

Status Outputs

WBEF (¢] Write Buffer Empty Flag, when Low, indicates that there is only one more data word at the output of
the write buffer. Further read operations are then inhibited. At reset, the WBEF is set low.

WBFF (0] Write Buffer Full Flag, when low, inhibits further write operations to the buffer and indicates that the
write buffer is full. After a reset, WBFF is high, and remains high until for 16 consecutive write
operations without any read operations inthe 16-deep configuration; or 8 consecutive write operations
in the dual 8-deep configuration.

RBEF (¢] Read Buffer Empty Flag, when low, indicates that there is only one more data word at the output of
the read buffer. Further read operations are then inhibited. At reset, the RBEF is set low.

RBHF (0] Read Buffer Half-full Flag, when low, indicates that there are eight or more data words (in the 16-deep
configuration) or four or more data words (in the dual 8-deep configuration) in the read buffer. The
flag will return high when less than eight (or four) data words are in the buffer.

RBFF -0 Read Buffer Full Flag, when low, inhibits further write operations to the buffer and indicates that the
read buffer is full. After a reset, RBFF is high, and remains high until for 16 consecutive write
operations without any read operations in the 16-deep configuration; or 8 consecutive write operations
in the dual 8-deep configuration.

ERR (o] Error Flag. In normal mode (Mode 3), when ERR is low, a data error is indicated. The ERR is not
latched internally.

MERR (o] Multiple Error. In normal mode (Mode 3), when MERR is low, a multiple data error is indicated. The
MERR is not latched internally.

PERR [¢] Parity Error. Parity error signal, when low, indicates a parity error on the system data bus input.

Power Supply

vee P Power Supply Voltage, +5 volts.

GND P Ground.

2617 tl 01




Integrated Device Technology, Inc.

CMOS SINGLE 8-BIT PaletteDAC™
FOR TRUE COLOR APPLICATIONS

PRELIMINARY
IDT75CA457

FEATURES

165/135/125/110/80 MHz operating speeds

Pin- and function-compatible with Brooktree Bt 457
Fixed pipeline delay: No external circuitry required
50ns read access time

Integral and differential linearity < 1/2 LSB

Single 8-bit DAC

256 x 8 Dual-Ported Color Palette RAM

4 x 8 Dual-Ported Overlay Palette RAM
Multiplexed TTL pixel and overlay inputs

RS-343A compatible output

Single 5 volt power supply

84-pin PGA and PLCC packages

Typical power dissipation: 1000mW

CEMOS™ Monolithic construction

Military product is compliant with MIL-STD-883, Class B

DESCRIPTION

The IDT75C457 is a single channel 8-bit video DAC with
on-chip, dual-ported color paleite memory. This chip is
specifically designedforthe displayoftrue-color, high resolution
graphics. The architecture eliminates the ECL pixelinterface
by providing multiple TTL-compatible pixel ports and by
multiplexing the pixel data on-chip.

Features included on-chip are programmabile blink rates,
bit plane masking and blinking, as well as color overlay
capability. The IDT75C457 generates an RS-343A compatible
video output that is capable of driving a doubly terminated 75
ohm coaxial cable directly. A PLL current output enables
synchronizationofthree IDT75C457s, thus allowing display of
true-color images.

The IDT75C457 military PaletteDACs are manufacturedin
compliance with the latest revision of MIL-STD-883, Class B,
makingthemideally suited to military temperature applications
demanding the highest levels of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM
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PIN CONFIGURATIONS

A B c D E F G H J K L M
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11 | PLL [AcND| VaA | PAE} [ PAC) PoiA} | PeiD} | Peta} | Ps(D} | Ps(A} | Pa(C} [ Paia}
10 | louT |FSADS VREF P4(D} | P4{B} | SYNC
9 fvaal| NC BLANK| 1D
8 | c1t | RW ‘ CIK | ck
7 | vaa | co Vaa | Vaa
G84-2 -

6 | AeND|AGND P3{E} [ AcND
5 | CE | oy P3{C} | Pa{D}
4 D | Ds : o " | P3{A} | Pa(B)
. A ALIGNMENT MARK

3 g | D2 | Do Po{A} | P2{C} [ P2{E}
2 D3 | Dt [OLy{B}|OLo{E}|OL1{B}OLH{E}| PoiB} | Po{D} | P1{A} | P1{D} | P4{E} | P2{D}
1 |OLo{A} OLo{C}OLo{D}OL1{A} |OL1{C}{OL1{D}} PofA} | Po{C} | Po{E} | P1(B} | P1{C} | P2(B}
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P2{A} P4{E}
P1{E} Ps{A}
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GENERAL INFORMATION

The IDT75C457 triple 8-bit Palette DAC is a highly integrated
building block which interfaces a relatively low bandwidth
frame buffer memory to analog RS-343A high bandwidth
output.

The IDT75C457 includes a look-up table for updating color
information and other graphics applications. The basic
functional blocks are the microprocessor bus interface, the
frame buffer memory interface and multiplexer, a dual-port
RAM wilh one R/W port, one high-speed R/O port and one 8-
bit video speed DAC.

MICROPROCESSOR BUS INTERFACE

The IDT75C457 supports a standard microprocessor bus
interface, allowing the MPU direct access to the internal
control registers and color/overlay palettes. The dual-port
color palette RAM and overlay registers allow color updating
without contention with the display refresh process.

The bus interface consists of eight bidirectional data pins,
Do-D7, with two control inputs, CO and C1, a read/write
direction input, R/W, and aclockinput, CE. Alldata and contro!
information are latched on the falling edge of CE, as shown in
Figure 3. All accesses to the chip are controlled by the data
in the address register combined with the control inputs C0,
C1 and R/W, depicted in the Truth Table (Table 1).

An access to a control register requires writing a 4 through
7 into the address register (CO = C1 = 0) and then writing or
reading data to the selected register (CO =0, C1=1). When
accessing the control registers, the address register is not
changed, facilitating read-modify-write operations. If aninvalid
address is loaded into the address register, data written is
ignored or invalid data is read out.

It is also possible to access the color palette information.
The palette is organized as 256 address with 8 bits of red, biue
or green information. Additionally, there are two extra
addresses assigned to overlay information, yielding a total
memory size of 260 x 8.

There are two modes of accessing palette entries on the
IDT75C457, “Normal”, and “RGB".

InNormal mode, writing color data entails the MPU loading
the address register with the address of the color palette
location or the overlay palette location to be modified. The
MPU performs a color write cycle, using C0 and C1 to select
either the color palette or the overlay palette. The address
register then increments to the next address location which
the MPU may modify simply by writing another color. Reading
color data is similar to writing, except the MPU executes read
cycles.

Normal mode is useful if a 24-bit data bus is available, as
24 bits of color information (eight bits each of red, green, and
blue) may be read or written to three IDT75C457s in a single
MPU cycle. In this application the CE inputs of all three
IDT75C457s are connected together. If only an eight-bit data
bus is available, the CE inputs must be individually selected
during the appropriate color read orwrite cycle (red CE during
red write cycle, blue during blue write cycle, etc.). When
accessing the color palette the address register resets to $00

after aread orwrite cycle to location $FF. When accessingthe
overlay palette, the address registerincrements to $04 following
a read or write cycle to overlay color three.

In RGB mode, writing color data entails the MPU loading
the address register with the address of the color palette
location or overlay palette location to be modified. The MPU
performs three successive write cycles (eight bits each of red,
greenorblue), using CO or C1to select eitherthe color palette
or the overlay palette. After the blue write cycle, the address
register then increments to the next location which the MPU
may modify by simply writing another sequence of red, green
orblue data. Reading colordatais similar to writing except the
MPU executes the read cycles.

RGB mode is useful if only an eight-bit data bus is available.
Each IDT75C457 is programmed to be red, green or blue
PaletteDAC, and will respond only to the assigned read or
write cycle. In this application, the IDT75C457s share a
common eight-bit data bus. The CE inputs of all three
IDT75C457s must be asserted simultaneously only during
color read/write cycles and address register write cycles.

Address Register
Data C1 co Access
X 0 0 Address Register
$00-$FF 0 1 Color Palette
$00 1 1 Overlay Color 0
$01 1 1 Overlay Color 1
$02 1 1 Overlay Color 2
$03 1 1 Overlay Color 3
$04 1 0 Read Mask Register
$05 1 0 Blink Mask Register
$06 1 0 Command Register
$07 1 0 Test Register
2523 bl 01

Table 1. Truth Table for MPU Operations

When accessing the color palette, the address register
resets to $00 after a blue read or write cycle to location $FF.
When accessing the overlay palette, the address register
increments to location $04 following a blue read or write cycle
tooverlay colorthree. Tokeep track of the red, greenand blue
read/write cycles, the address register has two additional bits
(ADDRa, ADDRb) that count module three. They are reset to
0 when the MPU reads or writes to the address register. The
MPU does not have access to these bits. The other eight bits
ofthe address register (ADDR 0-7) are accessible to the MPU.

FRAME BUFFER INTERFACE

The frame buffer interface consists of five 8-bit input ports
which correspond to five consecutive pixels. Inaddition, there
are two extra bits per port which may be used for overlay
information. To reduce the bandwidth requirements for the
pixel data, the IDT75C457 latches 4 or 5 pixels (the multiplex
factor is programmable to 4 or 5 by bit 7 of the command
register) on each rising edge of LD. The color and overlay
informationisinternally multiplexed atthe pixel clock frequency,
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CLK, and sequentially output. This arrangement allows pixel
data to be transferred at a rate 4 or 5 times slower than the
pixel clock. Typically, LD is the pixel clock divided by 4 or 5 and
is used to clock data out of the frame buffer memory.

As shown in Figure 2, sync, blank, color and overlay
information are latched on the rising edge of LD. Up to 40 bits
of color information are input through Po-P7 {A-E} andupto 10
bits of overlay information are input through OLo-OL1 {A-E}.
Bothsync and blank have separate inputs, SYNC and BLANK,
respectively. The IDT75C457 outputs color information on
each clock cycle. Four or five pixels are output sequentially,
beginning with the {A} information, then the {B} information,
until the cycle is completed with the {D} or {E} information. In
this configuration, sync and biank are limited to multiples of
four or five clock cycles.

The multiplexing factor, 4:1 or 5:1, is programmable from
the command register, bit 7. Inthe 4:1 mode, the {E} colorand
overlay inputs are not used and the LD clock should be
CLOCK divided by 4. The {E} color and overlay inputs must
be connected to a valid logic level.

The overlay inputs (OLo-OL1) have the same timing as the
pixel inputs (Po-P7). Itis possible to use additional bit planes
or external logic to control the overlay selection for cursor
generation.

5.14 5
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INTERNAL MULTIPLEXING

LDistypically CLK divided by fourorfive and it latches color
and overlay information on every rising edge, independent of
CLK. Adigital PLL allows LD to be phase independent of CLK.
The only restrictionis thatonly one rising edge of LD is allowed
to occur per four (4:1 multiplexing) or five (5:1 multiplexing)
CLK cycles.

Color Palette

On the rising edge of each CLK cycle, eight bits of color
information (Po-P7) and two bits of overlay information
(OLo-OL1) for each pixel are processed by the read mask,
blink mask and command registers. This information provides
the address to the dual-port color palette RAM. Note that Po
isthe LSB when addressing the color palette RAM. The value
stored at a selected address determines the displayed color.
Through the use of the control register, individual bit planes
may be enabled or disabled for display and/or blinked at one
of four blink rates and duty cycles.

The blinktiming is based on vertical retrace intervals which
aredefined by at least 256U5cycles sincethelastfalling edge
of BLANK. The color changes during this normally blanked
time.

The processed pixel data is then used to select which color
palette entry or overlay register is used to provide color
information. Table 2 illustrates the truth table used for color
selection.

1ere™ | oL1 | oLe Pz7-Po Palette Entry
1 0 0 $00 Color Palette Entry $00
1 0 0 $01 Color Palette Entry $01
1 0 0 $FF Color Palette Entry $FF
0 0 0 $xx Overlay Color 0
X 0 1 $xx Overlay Color 1
X 1 0 $xx Overlay Color 2
X 1 1 $xx Overlay Color 3
NOTE: 2523 11 02

1. CRe s bit 6 of the Command Register.

Table 2. Palette and Overlay Select

Video Generation, DACs

Onevery CLK cycle, the selected 8 bits of color information
from the Color Palette RAM are presented to the 8-bit D/A
converters. The IDT75C457 uses a5 x 3 segmented approach
where the five MSBs of the input data are decoded into a
parallel‘Thermometer” code which producesthirty two “coarse”
output levels. The remaining three LSBs of input data drive
three binary weighted current switches with a total contribution
of one-thirty second of full scale. The MSB and LSB currents
are summed at the output to produce 256 levels.

The SYNC and BLANK inputs are pipelined to maintain
synchronization with the pixel data. Both inputs drive
appropriately weighted current switches which are summed at
the output of the DACs to produce the specific output levels
required by RS-343, as shown in Figure 3. Table 3 details the
output levels associated with SYNC, BLANK and data.

Monitor Interface

The analog outputs of the IDT75C457 are high-impedance
current sources which are capable of directly driving a doubly
terminated 75Q coaxial cable to standard video levels. A
typical output circuit is shown in Figure 4.

Description 1S B DAC Data lout (MA)
WHITE 1 1 $FF 26.67
DATA 1 1 Data Data + 9.05
DATA and SYNC 0 1 Data Data + 1.44
BLACK 1 1 $0 9.05
BLACK and SYNC| © 1 $0 1.44
BLANK 1 0 X 7.62
SYNC 0 0 X 0

NOTE: 2523101 03

1. Typical values with full scale lout = 26.67mA, RsET = 523,
VREF = 1.235V, S is SYNC, B is BLANK.

Table 3. Video Output Truth Table
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Figure 1. Composite Video Output Waveform
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Figure 2. Pixel Timing
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PIN DESCRIPTIONS

Pin Name I Description
Data Bus

Do-D7 8-bit, bidirectional data bus. Data is input and output over this bus and the flow is controlled by R/W and
CE. Dz is the most significant bit.

CE Chip Enable Input. The chip is enabled when this control pin is LOW. During a write cycle (R/W LOW),
the data present on Do-D7 is internally latched on the LOW-to-HIGH transition of this pin.

R/W Read/Write Control input. The Read/Write input is latched on the HIGH-to-LOW transition of CE and
determines the direction of the bidirectional data bus, Do-D7. If R/W is HIGH during the falling edge of CE,
aread cycle occurs. If R/Wis LOW during the fallmg edge of CE, a write cycle occurs and, additionally,
Do-D7 are latched on the rising edge of CE.

Co, C1 Register Control inputs. CO and C1 determine which register or palette entry is accessed during a read or
write cycle. These inputs are latched on the HIGH-to-LOW transition of CE.

Pixel

CLK, CLK Pixel Clock Inputs. These inputs are differential and may be driven by ECL operating from a +5V supply.
The clock frequency is normally the system pixel clock rate.

LD Load Clock input. The Load Clock is normally CLK divided by 4 or 5 (determined by the Control Register
bit 7). The pixel data, Pc-P7 {A-E} and OLo-OL1 {A-E}, BLANK and SYNC are internally latched on the
LOW-to-HIGH transition of LD.

Po-P7 {A-E} Pixel Input Data. These inputs provide the address input to the color palette RAM. The data stored at a

particular address is the color output by the DAC. Four or five consecutive pixels, as_determined by bit 7
in the Command Register, are internally latched on the LOW-to-HIGH transition of LD. The pixels are
output sequentially, first {A} then {B}. After all four or five pixels have been output, the cycle repeats.
Unused inputs must be connected to a valid logic leve!.

OLo-OL1{A-E)

Pixel Overlay Inputs. The Overlay inputs have the same timing as Po-P7 and select between either the
color palette or the overlay palette. When the overlay palette is selected, the pixel information Po-P7 {A-E}
is ignored. Bit 6 of the command register determines if Overlay = O displays overlay color 0 or the color
palette entry. See Table 2 for details.

BLANK Composite Blank Input. A LOW on this input forces the analog outputs (lout) to the blanking level. The
BLANK input is internally latched on the LOW-to-HIGH transition of LD. This input overrides all other pixel
information.

SYNC Composite Sync Input. A LOW on this input subtracts approximately 7mA from the 10G analog output and
overrides no other pixel information. For the correct SYNC level, this input should be LOW only when
BLANK is also LOW. The SYNC input is internally latched on the LOW-to-HIGH transition of LD.

Analog :

AGND Analog Ground Power Supply, OV.

Vaa Analog Power Supply, 5V.

VREF Voltage Reference Input, 1.235V. This input supplies a reference voltage for the DAC circuitry. Care must
be taken to correctly decouple this voltage because noise on this pin will couple directly to the DAC
outputs.

FS ADJ Full-Scale Adjust Input. The current flowing from this pin to AGND is directly proportional to the full-scale
analog output current. Nermally, a resistor is connected between this pin and AGND. The voltage on this
pin is approximately equal to VREF. The relationship lout (mA) = 11.294 x VRer (V)/RSET (KQ).

lout DAC current output.

COMP Compensation Input. This pin provides the ability to compensate the internal reference operational
amplifier.

PLL Phase Lock Loop Current Qutput. This high impedance current source is used to enable multiple

IDT75C457s to be synchronized with sub-pixel resolution when used with an external PLL. A logic one on
the BLANK input results in no current being output onto this pin, while a logic zero results in the following
current being output:

PLL (mA) = 3227 * Vaer (V)/RSET (ohm).

If sub-pixel synchronization of multiple devices is not required, this output should be connected to GND
(either directly or through a register up to 150 ohms).

2523 1bl 04
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Figure 5. IDT75C457 Register Block Diagram

Command Register

The Command Register is accessed by reading or writing
withthe Address Register = $06, CO=0and C1 =1 (see Table
1). Itinternally ANDs the pixel information with a bit from the
register before the color palette selection, effectively enabling
(HIGH) or disabling (LOW) the entire pixel plane. The Read
Mask Register may be read or written at any time. RMR7
(Read Mask Register bit 7) corresponds to D7 (Data Bus bit 7).

CRO OLo Display Enable. Thisbitis ANDed internally
with the data from OLo prior to the palette
selection. If CRO is LOW, the internal OLo bits
are set LOW, allowing only overlay colors 0 and

2 to be selected.

CR1 OL1 Display Enable. This bitis ANDed internally
with the data from OL1 prior to the palette
selection. If CR1 is LOW, the internal OL1 bits
are set LOW, allowing only overlay colors 0 and

1 to be selected.

OLoBIlink Enable. Ifthisbitis set HIGH, the OLo
bitis internally switched betweenthe value input
and 0 at the rate specified by the CR4 and CR5
bits. CRO must be set HIGH for this function.

OL1Blink Enable. If this bit is set HIGH, the OL1
bitis internally switched between the value input
and 0 at the rate specified by the CR4 and CR5
bits. CR1 must be set HIGH for this function.

CR2

CR3

Blink Rate Select. These bits select blink rates
based on Vertical Sync cycles, defined as more
than 256 LD cycles during BLANK.

Color Palette RAM Enable. This bit specifies
whether to use the Color Palette or the Overlay
Palette when OLo = OL1 = LOW.

CR4, CR5
CRé6

CR7 Multiplex Select. This bit selects between 4:1
(CR7 =0) or 5:1 (CR7 = 1) multiplexing. When
using 4:1 multiplexing the {E} inputs are never
used and must be connected to a valid logic

level.

Read Mask Register

The Read Mask Register is accessed by reading or writing
withthe Address Register=$04,C0=0and C1=1(see Table
1). Itinternally ANDs the pixel information with a bit from the
register before the color palette selection, effectively enabling
(HIGH) or disabling (LOW) the entire pixel plane. The Read
Mask Register may be read or written at any time. RMR7
(Read Mask Register bit 7) corresponds to D7 (Data Bus bit 7).

Blink Mask Register

The Blink Mask Register is accessed by reading or writing
withthe Address Register=$05,C0=0and C1=1(see Table
1). Each register bit causes the corresponding pixel bit (Po-
P7) to internally switch between the input value and 0 at the
blink rate specified in the Command Register. For this
function to work, the corresponding enable bit in the Read
Mask Register must be set HIGH. The Blink Mask Register
may be read or written at any time. BMR7 (Blink Mask
Register bit 7) corresponds to D7 (Data Bus bit 7).

Test/Control Register

The Test/Control Register is accessed by reading orwriting
withthe Address Register=$07,C0=0and C1=1(see Table
1). This register allows the MPU to read the 8 input bits of the
DAC. It may be writtento orread by the MPU at any time, and
is not initialized. The register bits are defined as follows:

D7-D4 DAC input data (one nibble)

Da Upper (LOW) or Lower (HIGH) nibble select
D2 Blue enable

D1 Green enable

Do . Red enable

2523 bl 05

When writing to the register, upper four bits (D4-D7) are
ignored. »

To use the test/control register, the MPU writes to it,
specifyingthe upperorlower nibble of the 8-bit input information
tothe DAC. Whenthe MPU reads the register, the four bits of
color information from the DAC inputs are contained in the
upper four bits of the register, and the lower four bits contain
whatever was previously written to the register. Note that
either the CLOCK must be slowed down to the MPU cycle
time, or the same pixel and overlay data must be presented to
the device during the entire MPU read cycle.

5.14 10



IDT75C457 CMOS Single 8-BIT PaletteDAC ™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

Thered, green andblue enable bits are also used to specify
the mode of writing color data to, and reading color data from,
the IDT75C457. If all three enable bits are a logic zero, each
write cycle to the colorpalette orthe overlay palette loads eight
bits of color data. During each read cycle of the color palette
or the overlay palette, eight bits of color data are output onto
the data bus. If a 24-bit data bus is available, this enables
three IDT75C457 to be accessed simultaneously.

If any of the red, green, blue bits are a logic one, the
IDT75C457 assumes the MPU is reading or writing color
informationusing red, green, blue cycles, such as are usedon
the IDT75C458. Settingthe appropriate enable bit configures

CR7 CR6 CR5 CR4 CR3 CR2

the IDT75C457 to output or input color data only for the color
read/write cycle corresponding to the enabled color. Thus, if
the green enable bitis a logicone, and ared, green, blue write
cycle occurred, the IDT75C457 would input data only during
the greenwrite cycle. Ifared, green, blue read cycle occurred,
the IDT75C457 would output data only during the green read
cycle. Note that CEmustbe a logic zeroduring eachofthe red,
green, blue cycles. One, and only one, of the enable bits must
be alogic one. This mode of operation is usefulwhere only an
8-bit data bus is available and the software drivers are written
for RGB operation.

CR1 CRo

0 disable Olo
enable Olo

disable OL1
enable OLy

- O

blinking of Olodisabled

—- O

|
| 1 blinking of Olo enabled

blinking of OL1 disabled

|0
| 1 blinking of OL1 enabled

00 16 Vsyncon /48 Vsync off
01 16 Vsync on /16 Vsync off

| 10 32 Vsync on /32 Vsync off
11 64 Vsync on /64 Vsync off

| 0 Use overlay color 0

| 1 Use color palette 0

| 0 4:1 Multiplex

1 1 5:1 Multiplex

2523 drw 09

Figure 6. Command Register Designations
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Figure 7. Read Mask Register Designations
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Figure 8. Blink Mask Register Designations

I 0

0 disable Po
1 enable P

disableP1
enablePs

-

0 disable P2
1 cnzble P2

0 disable P3
1 enable P3

disable Pa
enable P4

disable Ps
enable 5

- O

disable Ps
enable Ps

- O

disable Py
enable P7

—- O

disable Po blinking
enable R blinking

disableP1 blinking
enableP1 blinking

disable P2 blinking
enable P2 blinking

disable Ps blinking

1 enable P3 blinking

disable P blinking
enable P blinking

disable Ps blinking
enable P blinking

disable Ps blinking
enable R blinking

disable P7 blinking
enable Pz blinking

2523drw 010

2523 drw 11

5.14

12



IDT75C457 CMOS Single 8-BIT PaletteDAC ™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ABSOLUTE MAXIMUM RATINGS("

Symbol I Rating ] Value I Unit
Power Supplies
VAA ' Measured to AGND | -0.5t0 +7.0 l v
Input Voltage
Applied Voltage @ [ Measuredto Aanp [-0.510 vaa+0.5] v
Output
Applied Voltage (2) Measured to AGND | -0.5to VAA+0.5] V
Applied Current (2.3.4) | Externally forced |-1.0to0 +6.0 mA
Analog Output Short Analog output High Indef s
Circuit Duration to AGND
Temperature
Operating Military -55t0 +125 °C
Ambient Commercial 0to +70 °C
Storage Military —65to0 +150 °C

Commercial -55t0 +125 °C
NOTES: 252311 06

1.

SN

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may
cause permanent damage to the device. This a stress rating only and functional
operation of the device at these or any other conditions above those indicated in
the operational section of this specification is not implied. Exposure to Absolute
Maximum Rating conditions for extended periods may affect reliability. Absolute
Maximum Ratings are limiting values appliedindividually while all other parameters
are within specified operating conditions. Functional operation underany ofthese
conditions is NOT implied.

. Applied voltage must be current limited to specified range.

. Forcing voltage must be limited to specified range.

. Current is specified as conventional current when flowing into the device.

5.14
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IDT75C457 CMOS Single 8-BIT PaletteDAC ™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vaa Power Supply Measured to AGND 4.75 5.0 5.25 \
laa Power Supply Current Vaa = Typ., Static - 120 - mA
ViH (1) Input Voltage HIGH 2.0 - VA + 0.5 \
ViL () Input Voltage LOW AGND - 0.5 - 0.8 \
VcH Clock Input Voltage HIGH Vaa-1.0 - VaA + 0.5 \
Ve Clock Input Voltage LOW Achnp - 05 - /A - 0.6 v
I H Input Current HIGH VIN = 2.4V - - 1 pA
I Input Current LOW VIN = 0.4V - - -1 pA
VoH Output Voltage HIGH Vaa = Min., loH = -800puA 24 - - \
VoL Output Voltage LOW Vaa = Min,, loL = 6.4mA - - 04 )
loz Output 3-State Current ' - - 10 HA
NOTE: 2523 tbl 07
1. All digital inputs except CLK and CLK.
AC ELECTRICAL CHARACTERISTICS
Following conditions apply unless otherwise specified:
TA = 0°C to +70°C (Commercial Temperature Range)
TA =-55°C to +125°C (Military Temperature Range)
VAA = 5.0V 5%
TTL Inputs, VIL = 0V, VIH = 3V, rise/fall time <5ns
CLK Inputs, VIH = VAA - 1.0V, VIL = VAA - 1.8V, rise/fall time <2ns
Timing reference points at 50% of signal swing
'75C457-165'"| '75C457-135"] ‘75C457-125 | '75C457-110 | ‘75C457-80
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. { Max. | Unit
Fewk Clock Frequency - 165 - 135 - 125 - 110 - 80 | MHz
FcLp LD Clock Frequency - 41 - 34 - 32 - 28 - 20 | MHz
tcs Control Set-up Time, CO, C1,RW| 0 - 0] - 0 - 0 - 0 - ns
fcH Control Hold Time, C0, C1, RW 15 - 15 - 15 — 15 - 15 - ns
tCEH CE HIGH Time 20 - 20 - 25 - 25 - 25 - ns
{CEL CE LOW Time 30 - 30 - 50 - 50 - 50 - ns
tcezo CE to Data Bus Driven 10 - 10 - 10 - 10 - 10 - ns
tceD CE to Data Valid - 30 - 30 - 50 - 50 - 75 ns
tceoz CE to Data Bus Hi-Z - 15 - 15 - 15 - 15 - 15 ns
twps Wirite Data Set-Up Time 30 - 30 - 35 - 35 - 50 - ns
tWDH Write Data Hold Time 0 - 0 - 0 - o] - 0 - ns
tctkey | Clock Cycle Time 6 - 7.4 - 8 - 9 - 12 - ns
tcLkPL | Clock Pulse Width LOW 2.8 - 3.0 - 3.2 - 4 - 5 - ns
tctkPH | Clock Pulse Width HIGH 28 - 3.0 - 3.2 - 4 - 5 - ns
tLocy LD Cycle Time 24 . 29 - 31 - 35 - 50 . ns
tLDPH LD Pulse Width HIGH 10 - 12 - 13 - 15 - 20 - ns
tLopPL LD Pulse Width LOW 10 - 12 - 13 - 15 - 20 - ns
trs Pixel Data Set-up Time 2 - 3 - 3 - 3 - 4 - ns
tPH Pixel Data Hold Time 1 - 2 - 2 - 2 - 2 - ns
Iaro g’éﬁ;‘;ﬁ;‘?gﬂgf’"""’ - l2o| - |2s0| - {280 - 20| - | 100 | mA
1AAD Dynamic Supply Current _ _ _ _ _ 260 _ 240 _ 220 | mA
Military Temp.
2523 th! 08
NOTE:
1. 165 and 135 specification over commercial temperature only.
5.14 14



IDT75C457 CMOS Single 8-BIT PaletteDAC ™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

ANALOG OUTPUT DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Res Resolution - 8 - bits
Itss LSB Current Size - 69.1 - RA
Lt | LSB Version - 12 +1 LSB

1/2 LSB Version - 1/4 172 LSB
Lo | LSB Version - 1/2 +1 LsB
1/2 LSB Version - 1/4 +1/2 LSB
Voc Output Compliance Voltage -1.0 - 1.2 \
Raourt (2) Output Impedance 50 kQ
Caour (2) Output Capacitance t = 1MHz, louT = 0OmA 8 12 pF
IREF VREF Input Current 10 pA
Em Matching Error (DAC to DAC) - 2 5 %
PSRR Power Supply Rejection - 50 - dB
Ratio

w (1) White Current Measured to Blank 17.69 19.05 | 20.40 mA
Is{1) Black Current Measured to Blank 0.95 1.44 1.90 mA
IBLANK Blank Current IOR, 108 0 5 50 pA
IBLANK (1) Blank Current 10G 6.29 7.62 8.96 mA
ISYNC Sync Current I0G 0 5 50 pA

NOTES: 252311 09

1. RsET = 523Q, VREF = 1.235V

2. This parameter is guaranteed but not tested in production.

ANALOG OUTPUT AC ELECTRICAL CHARACTERISTICS

Following conditions apply unless otherwise specified:

TA = 0°C to +70°C (Commercial Temperature Range)

TA =-55°C to +125°C (Military Temperature Range)

VAA = 5.0V 5%

TTL Inputs, VIL = 0.8V, VIH = 2.0V, rise/fall time <5ns

CLK Inputs, VIH = VAA - 1.0V, VIL = VAA - 1.6V, rise/fall time <2ns

Timing reference points at 50% of signal swing

'75C457-1650) '75C457-135 @ '75C457-125 '75C457-110 - "75C457-80

Symbol Parameter Min. | Typ. | Max. | Min. | Typ. [ Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Unit
Foik Clock Frequency - - 165 - - 135 - - 125 - - 110 - - 80 | MHz
v Video Output Delay Time - 15 - - 15 - - 15 - - 15 - - 15 - ns
[ \2¢ Video Output Transition Time] - 1.5 - - 1.7 - - 1.8 - - 2 - - 2 - ns
s Video Output Skew - 0 <2 - [} <2 - 10 <2 - 0 <2 - o] <2 ns
s Video Ouput Setting Time - 6 - - 7 - - 8 - - 8 - - 12 - ns
FT Clock and Data Feedthrough | - 50 - - 50 - - 50 - - 50 - - 50 - | pV-s
Ge Glitch Energy - 50 - - 50 - - 50 - - 50 - - 50 - | pV-s
CcT Crosstalk, DAC to DAC - 100 - - 100 - - 100 - - 100 - - 100 - pV-s
tvp Pipeline Delay 9 - 9 9 - 9 9 - 9 9 - 9 9 - 9 clock
tPLL PLL Delay Time - 15 - - 15 - - 15 - - 15 - - 15 - ns

NOTES: 25231l 10

1. CL = 10pF, 10%-90% points.

2. This parameter is guaranteed but not tested in production.

3. 165 and 135 MHz over commercial temperature range only.
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Figure 9. Video I/0 Timing Diagram
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Figure 10. MPU WRITE Timing Diagram
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Figure 11. MPU READ Timing Diagram

ORDERING INFORMATION

IDT XXXX X X X X
Device Type Power  Speed Package Process/
Temperature
Range

BLANK  Commercial (0°C to +70°C)

B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
| G Pin Grid Array
1 J PLCC
COM MIL

80 )80 )
110 | 110

|125 125 \Speed in Megahertz

135
165

: S Standard Power

| 75C457 8-bit PaletteDAC™
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Integrated Device Technology: Inc.

CMOS TRIPLE 8-BIT
PALETTEDAC"

IDT 75C458

FEATURES:

165/135/125/110/80MHz operating speed

Fixed pipeline delay: 9 clock cycles

50ns read access time :

integral and differential linearity < 1/2LSB

Triple 8-bit DACs ' ’

256 x 24 Dual-Ported Color Palette RAM

4 x 24 Dual-Ported Overlay Palette RAM
Multiplexed TTL pixel and overlay inputs

RS-343A compatible RGB outputs

CEMOS ™ monolithic construction

Single 5V power supply

84-pin PGA and PLCC packages

Typical power dissipation: 1000mwW

Pin- and function-compatible with Brooktree BT458
Military product is compliant to MIL-STD-883, Class B

DESCRIPTION:

The IDT75C458 is a triple 8-bit video DAC with on-chip, dual-
ported color palette memory. This chip is specifically designed for
the display of high resolution color graphics. The architecture
eliminates the ECL pixel interface by providing multiple TTL-com-
patible pixel ports and by multiplexing the pixel data on-chip.

The IDT75C458 supports up to 259 simultaneous colors from a
palette of 16.8 million. Other features included on-chip are pro-
grammable blink rates, bit plane masking and blinking as well asa
color overlay capability. The IDT75C458 generates RS-343A com-
patible red, green, and blue video outputs which are capable of di-
rectly driving a doubly terminated 750 coaxial cable.

The IDT75C458 military DACs are manufactured in compliance
with the latest revision of MIL-STD-883, Class B, making them ide-
ally suited to military temperature applications demanding the
highest level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

TIRK CLK VREF  FSADJ
comp
(X5} ——j MUX CONTROL
. —> 10
P,-P, {A-E 40 256 x 24
R {AE} Z:> 8 B &= DUAL-PORT
4 [ pacerte |82 oac
LATCH Mux |, o g 7 10g
10 ’ K10 |2 OVErLAY
:> y
Olo-OLi{A-E} Z 0. ' 7 / 7 PALETTE 8y DAC - 10
. 4 G
2, DELAYED SYNC & BLANK
SYNC 7 :
BUANR BLINK REG
READ REG
TEST REG
ADDR REG Jl DATA/ADDR |
BUS CONTROL J COMM REG
8//
Co Ct R/W CE Do-D7 Vaa Acno

CEMOS and PaletteDAC are trademarks of Integrated Device Technology, Inc.

MILITARY AND COMMERCIAL TEMPERATURE RANGES

JANUARY 1989

© 1989 Integrated Device Tehnology, Inc
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IDT75C458 CMOS TRIPLE 8-BIT PALETTEDAC ™ MILITARY AND COMMERCIAL TEMPERATURE RANGES

PIN CONFIGURATIONS
A B C D E F G H J K L M

12 | COMP| Agnp [ Vaa | P7{D}| P+{B}| Ps{E}| Pg{C}j Ps{B}{ Ps{E}| Ps{C}f Ps{B} P4{E}
" 10g | Aenp | Vaa | P7{E}| P7{C}| P7{A}| Pe{D}| Ps {A}| Ps{D}| Ps {A}| P4 {C}| P4{A}
10 | 10g |FSADY| Vaer P4{D}{ P4 {B}|SYNC
9 Vaa 10g BLAN D
8 C1 R/IW CLK | CLK
7 | Va | CO Vaa | Vaa
G84-2
6 [ Aano| Aanp Py {E}| Aanp
5 | CE | Dy P3{C}H P3{D}
4 Dg Ds P3 {A} P3{B}
A ALIGNMENT MARK
3| Dy | D, | Do P2 {A}} P2{C}| P2{E}
2 | Dy | Di [OLo{BJOLo{EIOL: {BIOL: {EY Po{B}| Po{D}| Py {A}| P1{D}| Py {E}| P2{D}
1 OLo{AJOLo{CIOLo{DIOLs {A}OL {CIOL, {D) Po{A}| Po{C} Po{E} P|‘ {B}{ P1{C}]| P2{B

PGA
TOP VIEW

pPLCC
TOP VIEW
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IDT75C458 CMOS TRIPLE 8-BIT PALETTEDAC ™

MILITARY AND COMMERCIAL TEMPERATURE RANGES

GENERAL INFORMATION:

The IDT75C458 triple 8-bit PaletteDAC is a highly integrated
building block which interfaces a relatively low bandwidth frame
buffer memory to an analog RS-343A, high bandwidth output. To
decrease the frame buffer memory requirements, the IDT75C458
has a color lookup table (dual-port RAM) included on-chip.The ba-
sic functional blocks are the microprocessor bus interface, the
frame buffer memory interface and multiplexer, a dual-port RAM
with one R/W port and one high-speed R/O port and three 8-bit
video speed DACs.

MICROPROCESSOR BUS INTERFACE

The IDT75C458 supports a standard microprocessor bus inter-
face, allowing the MPU direct access to the internal control regis-
ters and color/overlay palettes. The dual-port color palette RAM
and overlay registers allow color updating without contention with
the display refresh process.

The bus interface consists of eight bidirectional data pins,
Do - D7, with two control inputs, CO and C1, a read/write direction
input, R/ W, and a clock input, CE . All data and control information
are latched on the falling edge of CE, as shown in Figure 3. All ac-
cesses to the chip are controlled by the data in the address register
combined with the control inputs C0, C1 and R/ W, depicted inthe
Truth Table (Table 1).

An accessto a control register requires writing a 4 through 7 into
the address register (CO = C1=0) and then writing or reading data
to the selected register (CO =0, C1=1). When accessing the con-
trol registers, the address register is not changed, facilitating read-
modify-write operations. If an invalid address is loaded into the ad-
dress register, data written is ignored or invalid data is read out.

It is also possible to access the color palette information. The
palette is organized as 256 addresses with 8 bits of red, blue and
green information. Additionally, there are four extra addresses as-
signed to overlay information, yielding a total memory size of
260 x 24. .

Access to the palette entries is, again, through the address reg-
ister. The desired palette address is loaded into the address regis-
ter, C0 and C1 are modified to point to the color palette or overlay
and the information is read or written. In this case, however, an in-
ternal counter is used to access the red, green or blue color infor-
mation. The first color palette or overlay access reads or writes red.
The next access is for green, while the thirdaccess is for biue. After
the third access, the address register is incremented, allowing the
reading or writing of the red information of the next palette address.
When writing, red and green information is temporarily stored in
registers and, during the blue cycle, all 24 bits are written.

The internal counter is reset by an access to the address or any
of the control registers. After setting the address register, it is possi-
ble to read or write the entire palette without accessing the address
register again. Some care is needed; only continuous reads or
writes are allowed and it is not possible to switch between the color
palette and overlay.

The color palette RAM and overlay registers are dual-ported
which allows simultaneous access from the MPU port (Do - D7)
and the pixel port (Po - P7 {A-E}). If the pixel port is reading the
same palette entry as the MPU is writing, it is possible that the DAC
output may beinvalid. Itis recommended that the palette and over-
lay entries be updated during the blanking time.

ADDRESS REGISTER c1 co ACCESS
X 0 0 Address Register
$00-$FF 0 1 Color Palette
$00 1 1 Overlay Color 0
$01 1 1 Overiay Color 1
$02 1 1 Overlay Color 2
$03 1 1 Overlay Color 3
$04 1 0 Read Mask Register
$05 1 0 Blink Mask Register
$0! 1 o] Command Register
$07 1 0 Test Register

NOTE:

Control input CO= 1 enables the internal counter which accesses the red,
green and blue colors individually and increments the address counter af-
ter the blue access. CO = 0 disables auto-increment of the address register
allowing read-modify-write operations.

Table 1. Truth Table for MPU Operations

FRAME BUFFER INTERFACE

The frame buffer interface consists of five 8-bit input ports which
correspond to five consecutive pixels. In addition, there are two ex-
tra bits per port which may be used for overlay information. To re-
duce the bandwidth requirements for the pixe! data, the
IDT75C458 latches 4 or 5 pixels (the multiplex factor is program-
mable to 4 or 5 by bit 7 of the command register) on each rising
edge of LD. The color and overlay information is internally multi-
plexed at the pixel clock frequency, CLK, and sequentially output.
This arrangement allows pixel data to be transferred atarate 4 or 5
times slower than the pixel clock. Typically, LD is the pixel clock
divided by 4 or 5 and is used to clock data out of the frame buffer
memory.

As shown in Figure 2, sync, blank, color and overlay information
are latched on the rising edge of LD . Up to 40 bits of color informa-
tion are input through Py - P; {A-E} and up to 10 bits of overlay in-
formation are input through OL o - OL; {A-E}. Both sync and blank
have separate inputs, SYNC and BLANK respectively. The
IDT75CA458 outputs color information on each clock cycle. Four or
five pixels are output sequentially, beginning with the {A} informa-
tion, then the {B} information, until the cycle is completed with the
{D} or {E} information. In this configuration, sync and blank times
are limited to multiples of four or five clock cycles.

The multiplexing factor, 4:1 or 5:1, is programmable from the
command register, bit 7. Inthe 4:1 mode, the {E} color and overlay
inputs are not used and the LD clock should be CLOCK divided by
4. The {E} color and overlay inputs must be connected to a valid
logic level. '

Theoverlay inputs (OLo - OL; ) have the same timing as the pixel
inputs (Po - P7). ltis possible to use additional bit planes or external
logic to control the overlay selection for cursor generation.

INTERNAL MULTIPLEXING

LD is typically CLK divided by four or five and it latches color
and overlay information on every rising edge, independent of CLK.
A digital PLL allows LD to be phase independent of CLK. The only
restriction is that only one rising edge of LD is allowed to occur per
four {4:1 multiplexing) or five (5:1 multiplexing) CLK cycles.
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MILITARY AND COMMERCIAL TEMPERATURE RANGES

Color Palette

Ontherising edge of each CLK cycle, eight bits of color informa-
tion (P - P7) and two bits of overlay information {OLq - OL, ) for
each pixel are processed by the read mask, blink mask and com-
mand registers. This information provides the address to the dual-
port color palette RAM. Note that Py is the LSB when addressing
the color palette RAM. The value stored at a selected address de-
termines the displayed color. In this way, 8 bits of information can
select from a palette of over 16 million with 256 simultaneous dis-
played colors (plus 3 overlay colors). Through the use of the con-
trol register, individual bit planes may be enabled or disabled for
display and/or blinked at one of four blink rates and duty cycles.

The blink timing is based on vertical retrace intervals which are
defined by at least 256 LD cycles since the last falling edge of
BLANK. The color changes during this normally blanked time.

The processed pixel data is then used to select which color pal-
ette entry or overlay register is used to provide color information.
Table 2 illustrates the truth table used for color selection.

CR6 oL, oL, | P-P, PALETTE ENTRY
1 o] 0 $00 Color palette entry $00
1 0 0 $01 Color palette entry $01
1 0 0 $FF Color palette entry $FF
0 0 0 $xx Overlay color 0
X 0 1 $xx Overlay color 1
X 1 0 $xx Overlay color 2
X 1 1 $xx Overlay color 3

NOTE:

CR6 is bit 6 of the Command Register.

Table 2. Palette and Overlay Select

Video Generation, DACs

On every CLK cycle, the selected 24 bits of color information
(8 bits each of red, green and blue) from the Color Palette RAM are
presented to the three 8-bit D/A converters. The IDT75C458 uses a
5 x 3 segmented approach where the five MSBs of the input data
are decoded into a parallel “Thermometer” code which produces
thirty two “course” output levels. The remaining three LSBs of input
data drive three binary weighted current switches with a total con-
tribution of one-thirty second of full scale. The MSB and LSB cur-
rents are summed at the output to produce 256 levels.

The SYNC and BLANK inputs are pipelined to maintained syn-
chronization with the pixe! data. Both inputs drive appropriately
weighted current switches which are summed at the output of the
DACs to produce the specific output levels required by RS-343, as
shown in Figure 3. Note that the sync information is only available
atthe 10 (green) output and that the input data to the DAC sums
with the sync current. Table 3 details the output levels associated
with SYNC, BLANK and data.

Monitor Interface

The analog outputs of the IDT75C458 are high-impedance cur-
rent sources which are capable of directly driving a doubly termi-
nated 750 coaxial cable to standard video levels. A typical output
circuit is shown in Figure 4.

DAC 10g, |0g
Description S B data 10q(mA) (m’A)
WHITE 1 1 $FF 26.67 19.05
DATA 1 1 data | data+9.05 | data+1.44
DATA & SYNC 0 1 data | data+1.44 | data+1.44
BLACK 1 1 $0 9.05 1.44
BLACK & SYNC 0 1 $0 1.44 144
BLANK 1 0 X 7.62 0
SYNC 0 0 X 0 0
NOTE:

Typical values with full scale IOG = 26.67mA. RSET =523Q,
VREF =1.235V. S is SYNC, B is BLANK.

Table 3. Video Output Truth Table

256 “GRAY LEVELS"

NORMAL LOW (BLACK)

10g, 105 10g

mA v mA \"

NORMAL HIGH (WHITE)
19.05 0.714 26.67 1.000

925 IRE
1.44 0.054 9.05 0.340
0.00 0.000 7.62 0.286

0.00 0.000

Figure 1. Composite Video Output Waveform
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Figure 3. Data Bus Timing
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PIN DESCRIPTIONS

PIN NAME | DESCRIPTION
DATA BUS
Do - Dy 8-bit, bidirectional data bus. Data is input and output over this bus and the flow is controlled by R/Wand CE. Dy is the most significant
bit.
CE Chip Enable input. The chip is enabled when this control pin is LOW. During a write cycle (R/W LOW), the data presenton Dy~ D; is
internally latched on the LOW-to-HIGH transition of this pin.
RW Read/Write Control input. The Read/Write input is latched on the HIGH-to-LOW transition of CE and determines the direction of the
bidirectional databus Dg - D. If R/Wis HIGH during the falling edge of CE, a read cycle occurs. It R/Wis LOW during the falling edge of
CE, a write cycle occurs and, additionally, D, - D; are latched on the rising edge of CE.
Co, C1 Register Controlinputs. CO and C1 determine which register or palette entry is accessed during aread or write cycle. These inputs are
latched on the HIGH-to-LOW transition of CE.
PIXEL
CLK, CLK Pixel Clock inputs. These inputs are differential and may be driven by ECL operating from a + 5V supply. The clock frequency is
normally the system pixel clock rate.
[N Load Clock input. The Load Clock is normally CLK divided by 4 or 5 (determined by the Control Register, bit 7). The pixel data, P, - P,
{A-E} and OL, - OL, {A-E}, BLANK and S$NC are internally latched on the LOW-to-HIGH transition of TD.
Py - P, {A-E} Pixel Input Data. These inputs provide the address input to the color palette RAM. The data stored at a particular address is the color

output by the DAC. Four or five consecutive pixels, as determined by bit 7 in the Command Register, are internally latched on the LOW-
to-HIGH transition of LD. The pixels are output sequentially, first {A} then {B}. After all four or five pixels have been output, the cycle
repeats. Unused inputs must be connected to a valid logic level.

OL, - OL,{A-E}

Pixel Overlay Inputs. The Overlay inputs have the same timing as P, - P, and select between either the color palette or the overlay
palette. When the overlay palette is selected, the pixelinformation B - R, {A-E} isignored. Bit6 of the command register determines if
Overlay =0 displays overlay color 0 or the color palette entry. See Table 2 for details.

BLANK Composite Blank {nput. A LOW on this input forces the analog outputs (I0g . 104 , 10g) to the blanking level. The BLANK input is
internally latched on the LOW-to-HIGH transition of LD. This input overrides all other pixel information.

SYNC Composite Sync Input. A LOW on this input subtracts approximately 7mA from the [0g analog output and overrides no other pixel
information. For the correct SYNC level, this input should be LOW only when BLANK is also LOW. The SYNC inputis internally latched
on the LOW-to-HIGH transition of LD.

ANALOG

Agnp Analog Ground Power Supply, OV.

Vaa Analog Power Supply, 5V.

VRer Voltage Reference Input, 1.235V. This input supplies areference voltage for the DAC circuitry. Care mustbe taken to correctly decouple
this voltage because noise on this pin will couple directly to the DAC outputs.

FS ADJ Full-Scale Adjust Input. The current flowing from this pin to Agyp is directly proportional to the full-scale analog output current. Nor-
mally, a resistor is connected between this pin and Agnp - The voltage on this pin is approximately equal to Vgeg . The relationship
between the full-scale output current and RSET is:

10 (MA) = 11.294 X Ve (V)/RSET (KQ)
10g , 10g (MA)=8.067 x Vggr (V)/RSET (KQ)
104,104, 10y Green, Red and Blue DAC current outputs.
COMP Compensation Input. This pin provides the ability to compensate the internal reference operational amplifier.
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INTERNAL REGISTERS

Command Register

The Command Register is accessed by reading or writing with
the Address Register = $06, CO=0and C1=1 (see Table 1). It pro-
vides control over multiplexing and blink rate selection. The Com-
mand Register may be read or written at any time. CR7 (Command
Register bit 7) corresponds to D7 (Data Bus bit 7).

CRO OLdisplay enable. This bit is ANDed internally with
the data from OLprior to the palette selection. If
CRO0is LOW, the internal OL ¢ bits are set LOW atlow-
ing only overiay colors 0 and 2 to be selected.

CR1 OL, display enable. This bit is ANDed internally with
the data from OL, prior to the palette selection. If
CR1isLOW, the internal OL, bits are set LOW allow-
ing only overlay colors 0 and 1 to be selected.

CR2 OL, blink enable. If this bit is set HIGH, the OL bitis
internally switched between the value input and 0 at
the rate specified by the CR4 and CR5 bits. CRO
must be set HIGH for this function.

CR3 OL, blink enable. If this bit is set HIGH, the OL, bitis
internally switched between the value input and 0 at
the rate specified by the CR4 and CR5 bits. CR1
must be set HIGH for this function.

CR4, CR5  Blink Rate Select. These bits select blink rates based
on Vertical Sync cycles, defined as more than 256

LD cycles during BLANK.

CR6 Color Palette RAM enable. This bit specifies whether
’ to use the Color Palette or the Overlay Palette when
OLo =0Ly =LOW.

CR7 Multiplex Select. This bit selects between 4:1
(CR7=0) or 5:1 (CR7 = 1) multiplexing. When using
4:1 multiplexing, the {E} inputs are never used and
must be connected to a valid logic level.

CR7 CR6 CR5 CR4 CR3 CR2
T ] 7]

Read Mask Register

The Read Mask Register is accessed by reading or writing with
the Address Register =$04, CO=0 and C1=1 (see Table 1). It in-
ternally ANDs the pixe! information with a bit from the register be-
fore the color palette selection, effectively enabling (HIGH) or dis-
abling (LOW) the entire pixel plane. The Read Mask Register may
be read or written at any time. RMR7 (Read Mask Register bit 7)
corresponds to D7 (Data Bus bit 7).

Blink Mask Register

The Blink Mask Register is accessed by reading or writing with
the Address Register = $05, CO=0 and C1=1 (see Table 1). Each
register bit causes the corresponding pixel bit (Py - P7) tointernally
switch between the input value and 0 at the blink rate specified in
the Command Register. For this function to work, the correspond-
ing enable bit in the Read Mask Register must be set HIGH. The
Blink Mask Register may be read or written at any time. BMR7
(Blink Mask Register bit 7) corresponds to D7 (Data Bus bit 7).
Test Register

The Test Register is accessed by reading or writing with the Ad-
dress Register =$07, CO=0and C1=1{see Table 1). This register
allows the MPU to read the 24 input bits of the DACs. The register
bits are defined below.

TR7-TR4 Read data (one nibble of red, blue or green)
TR3 Upper {LOW) or Lower (HIGH) nibble select
TR2 Blue enable

TR1 Green enable

TRO Red enable

The desired DAC is selected by setting only one color enable bit
(Do - D,) HIGH and the upper or lower nibble is selected with D;.
After this write operation, a subsequent read yields the DAC data
on D; - D4 and the previously written enable dataon Dy - D3 . Fora
correct read, pixel and overlay data must remain constant for the
entire MPU read cycle. When BLANK is asserted, the Test Register
information D7 - D4 will be forced to zero. TR7 (Test Register bit 7)
corresponds to D; (Data Bus bit 7).

CR1 CRO

0 disable OLg
1 enable OLg

0 disable OL 4
1 enable OL,

| 0 blinking of OL, disabled

| 1 blinking of OL enabled
} 0 blinking of OL, disabled

| 1 blinking of OL, enabled

00 16 Vsync on /48 Vsync off
01 16 Vsync on /16 Vsync off

11 64 Vsync on /64 Vsync off

se overlay color 0

' 10 32 Vsync on /32 Vsync off
|
1

ou
1 Use color palette 0

| 0 4:1 Multiplex
115:

1 Multiplex

COMMAND REGISTER DESIGNATIONS
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RMR7 RBMR6 AMR5 RMR4 RMR3 RMR2 M RMRO
0 disable Pg
1 enable Py

0 disable P,
1 enable P,

| 0 disable P,
1 1 enable P,

| Odisable P4
| 1enable Py

|0 disable P
|1 enable P,

| O disable Pg
] 1 enable Pg

] O disable P,
| 1 enable Py

| O disable P,
| 1 enable P,

READ MASK REGISTER DESIGNATIONS

BMR7 BMR6 MR5 BMR4 BMR3 BM R1 MRO
0 disable Pg blinking
1 enable Py blinking

0 disable P, blinking
1 enable P, blinking

| 0 disable P, blinking
| 1 enable P, blinking

| 0 disable P3 blinking
] 1 enable P blinking

| 0 disable P, blinking
11 enable P, blinking

| 0 disable Py blinking
] 1 enable Py blinking

| O disable Py blinking
"] 1 enable Pg blinking

| O disable P, blinking
] 1 enable P, blinking

BLINK MASK REGISTER DESIGNATIONS
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ABSOLUTE MAXIMUM RATINGS (1)

SYMBOL RATING [ VALUE [ UNIT

POWER SUPPLIES
Vaa Measured to Agyp l -05t0 +7.0 l \
INPUT VOLTAGE
Applied Voltage®® | Measured to Agnp | -0.5Vto Vaa+05{ V
QUTPUT
Applied Voltage (2 Measured to Agnp | -0.5Vto iz +05| V
Applied Current@34)| Extornally torced | -1.0% +6.0 mA
Short Single output L
Circuit Duration High to Agyp Indefinite -
TEMPERATURE
Operating, Military -5510 +125 °C

Ambient Commercial . |0to +70 °c

Military -65to +150 °c
Storage Commercial 5510 +125 °c
NOTES:

1.

n

Stresses greater than those listed under ABSOLUTE MAXIMUM RAT-
INGS may cause permanent damage to the device. This is a stress rat-
ing only and functional operation of the device at these or any other
conditions above those indicated in the operational section of this
specification is not implied. Exposure to Absolute Maximum Rating
conditions for extended periods may affect reliability. Absolute Maxi-
mum Ratings are limiting values applied individually while all other pa-
rameters are within specified operating conditions. Functional opera-
tion under any of these conditions is NOT implied.

. Applied voltage must be current limited to specified range.
. Forcing voltage must be limited to specified range.
. Currentis specified as conventional current when flowing into the de-

vice.

5.15
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DC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
Vaa Power Supply Measured to Agnp 475 5.0 525 v
1aa Power Supply Current " Vaa = Typ., Static - 200 - mA
SV Input Voltage HIGH 2.0 Vaa +0.5 \
AR Input Voltage LOW Agnp 0.5 08 v
Ve Clock Input Voltage HIGH Vaa -1.0 Vaa +05 \
Ve Clock Input Voltage LOW Acno 0.5 Vas-1.6 v
'™ Input Current HIGH Vin = 2.4V - 1 HA
e Input Current LOW Viy = 0.4V - -1 pA
VoH Output Voltage HIGH Vaa = Min,, loy = -800pA 2.4 - v
VoL Output Voltage LOW Vaa = Min, lg, = 6.4mA - 04 v
loz Output 3-State Current - ‘10 MA
NOTE:
1. All digital inputs except CLK and CLK.
AC ELECTRICAL CHARACTERISTICS
. Following conditions apply unless otherwise specified:
Ta=0°Cto +70°C (Commercial Temperature Range)
Ta=-55°C to +125°C (Military Temperature Range)
Vaa =5.0V £5%
TTL Inputs, V| =0V, V|, =3.0V, rise/fall time <5ns
CLK Inputs, V= Van -1.0V, Vi =V -1.6V, rise/fall time <2ns
Timing reference points at 50% of signal swing
Analog Output Load = 10pF
Do - D7 Output Load = 50pF IDT75C458-165!"|IDT75C458-135!") IDT75C458-125 | IDT75C458-110 | IDT75C458-80
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. | UNIT
Fork Clock Frequency - 165 - 125 - 110 - 80 MHz
Fo LD Clock Frequency - 32 - 28 - 20 MHz
tes Control Set-up Time; C0, C1, RW 0 - 0 - 0 - ns
tey Control Hold Time; CO, C1, R/W 15 - 15 - 15 - ns.
teen CE HIGH Time 25 - 25 - 25 - ns
toeL CE LOW Time 50 - 50 - 50 — ns
teezo CE to Data Bus Driven 10 - 10 - 10 - ns
tcen CE to Data Valid - 50 - 50 - 75 ns
tceoz - | CE to Data Bus HI-Z - 15 - 15 - 15 ns
twos Write Data Set-up Time 35 - 35 - 50 - ns
twon Write Data Hold Time 0 - 0 - 0 - ns
towkey | Clock Cycle Time 8 - 9 - 12 - ns
tewkeL | Clock Pulse Width LOW 3.2 - 4 - 5 - ns
teken | Clock Pulse Width HIGH 32 - ‘4 - ‘5 - ns
tiocy | ED Cycle Time 31 - 35 - 50 - ns
tioen | LD Pulse Width HIGH 13 - 15 - 20 - ns .
top. | LD Pulse Width LOW 13 - 15 - 20 - ns
tog Pixel Data Set-up Time 3 - 3 - 4 - ns
toy Pixel Data Hold Time 2 — 2 — - ns
o | DinamicSuppy Curet e[ -] - m
o | e ebPly Current - |40 | - | 40| - | 40| ma
NOTE:
1. 165 and 135 MHz specified over commercial temperature only.
10
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ANALOG OUTPUT DC ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX." | UNIT
Res Resolution - 8 - bits
ILsa LSB Current Size = 69.1 - pA
L : 1LSB VERSION - 1/2 *1 LSB

1/2 LSB VERSION - 1/4 +1/2 LSB
Lp 1 LSB VERSION - 1/2 +1 LsSB

1/2 L.SB VERSION - 1/4 +1/2 LSB
Voc Output Compliance Voltage -1.0 - 12 \
Raout@ | Output Impedance 50 kQ
Caout(@ | Output Capacitance f = 1MHz, lgyr = OmA 8 12 pF
IRer Vger Input Current 10 HA
Em Matching Error (DAC to DAC) - 2 5 %
PSRR Power Supply Rejection Ratio - 50 - dB
twh White Current Measured to Blank 17.69 19.05 20.40 mA
I White Current Measured to Black 16.74 17.62 18.50 mA
lg( Black Current Measured to Blank 0.95 1.44 1.90 mA
IBLaNK Blank Current IOg, 10g 0 5 50 MA
IsLank () | Blank Current 10g ‘ 6.29 7.62 8.96 mA
Isvne Sync Current 10g 0 5 50 pA

NOTE:

1. Rger=5230, Vggp=1.235V
2. This parameter is guaranteed but not tested in production.

ANALOG OUTPUT AC ELECTRICAL CHARACTERISTICS
Following conditions apply unless otherwise specified:

Ta=0°Cto +70°C (Commercial Temperature Range)

Ta=-55°C to +125°C (Military Temperature Range)

Via =5.0V 5%

TTL Inputs, V| =0.8V, V|, =2.0V, rise/fall time <5ns

CLK Inputs, Viy= Vaa -1.0V, V|| =Vy, -1.6V, rise/fall time <2ns

Timing reference points at 50% of signal swing

IDT75C458-165 | IDT75C458-135) IDT75C458-125 | IDT75C458-110 | 1DT75C458-80
SYMBOL PARAMETER MIN.| TYP.| MAX| MIN.| TYP. | MIN.| TYP. [MAX.| MIN. | TYP. | MAX]{ MIN.| TYP.|MAX| UNIT
Fork Clock Frequency - - 1165) - - - = 125 - - |1no| - - | 80 [ MHz
two Video Qutput Delay Time - 15 187 -] - - 15 | - — | 15| — ns
tvr Video Output Transition Time -|18] - | - 2 - - 2 - ns
ts Video Output Skew (1) - 0| <2} - 0 | <2| - 0| <2| ns
tg @ | Video Output Settling Time = 8 - - 8 - - 12 - ns
FT®® | Clock and Data Feedthrough -] 8§~ -1]151]- — | 50| — | pvs
Ge@ | Glitch Energy -1 s | -] =15 ]| -] -] 8] -] pvs
CT@ | Crosstalk, DAC to DAC -]1100)| - | - |100]| - — | 100 -~ | pvs
tve Pipeline Delay 9 - 9 9 - 9 9 - 9 | clock
NOTES:

1. C_ =10pF, 10%-980% points
2. This parameter is guaranteed but not tested in production.
3. 165 and 135 MHz specified over commercial temperature range only.
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ORDERING INFORMATION

DT

XXXX X X X X
Device Type Power Speed Package Process/
Temperature
Range
BLANK Commercial (0°C to +70°C)
B . Military (-55°C to +125°C)

Compliant to MIL-STD-883, Class B

|G Pin Grid Array
1y PLCC
COM ML
80 80
110 110 } Speed in Megahertz
125 125
| 135
165
| s Standard Power
| 75C458 Triple 8-bit PaletteDAC ™

S.15 13



®
CMOS FLASH IDT75C48
dt A/D CONVERTER
Integrated Device Technology, Inc.
FEATURES: DESCRIPTION:
+ 8-bit resolution The IDT75C48 is a 30 MegaSample per Second (MSPS),

30 MSPS conversion rate

Guaranteed no missing codes

Pin- and function-compatible with TRW 1048

Low power consumption: 500mW

Extended analog input range

On-chip EDC (Error Detection and Correction)
Improved output logic HIGH drive, no pull-up needed
No sample and hold required

Differential Phase < 1 Degree

Differential Gain < 2%

Selectable output formats

TTL-compatible

Available in 28-pin CERDIP and LCC

Military product compliant to MIL-STD-883, Class B
Standard Military Drawing #5962-88743 is listed for this
function

fully parallel, 8-bit Flash Analog to Digital Converter. The wide
input analog bandwidth of 10MHz permits the conversion of
analoginput signals with full-power frequency components up

to this limit with no input sample and hold. Low power

consumption due to CEMOS™ processing, virtually eliminates
thermal considerations. The IDT75C48 is available in 28-pin
plastic and hermetic DIPs and a 28-pin LCC.

The IDT75C48 consists of a reference voltage generator,

255 comparators, encoding and EDC (Error Detection and
Correction) logic and an output data register. A single clock
starts the conversion process and controls all internal
operations. Two control inputs allow the output coding format
to be programmed for straight binary or offset two's
complement in either the true or inverted form.

manufactured in compliance with the latest revision of

The IDT75C48 military Flash A/D Converters are

MIL-STD-883, Class B, making them ideally suited to military
temperature applications demanding the highest level of
performance and reliability.

FUNCTIONAL BLOCK DIAGRAM
NMINV
NLINV
VIN
CONV .
RT — |
ri13 -y
<€
R N
{_~
A
L]
R : 127
% ll/
255TO8
R2g ENCODE |—»{ LATCH |—9» Di-Ds
RuM EDC
R/23 128 +
4 rjl N N
R % v
) :
R % 254
RZ NG
l/
R2g
Rs
256 DIFFERENTIAL 2579 drw 01
COMPARATORS
CEMOS is atrademark of Integrated Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990

©1990 Integrated Device Technology, Inc.
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PIN CONFIGURATIONS

D1 (MmsB) []1 N~ 28 NMINV
D22 271Rm
Da[]3 2611 R8s
Da[)4 25["] AGND

DeND 5 241 VIN
Vee []e 23[JVIN
VEE []7 D28-1 22[1VN
EE (|8 21 JViN
VEE []9 20[JVIN
Vee [C]10 19[ ] AGND
DGND 11 18[3Rr
NLINV []12 173 CONV
Ds[]13 16[7] Ds (LSB)
De ]14 151 D7
TOPD{ZEW 2579 drw 02
GENERAL INFORMATION

The IDT75C48 has four functional sections: a comparator
array, areference voltage generator, encoding logic with EDC
and output logic. The comparator array compares the input
signal with 255 reference voltages to produce an N - of - 255
code. Thisis sometimes called a “Thermometer” code because
all of the comparators with their reference voltage less than
the input signal will be “on” while those with their reference
above the input will be “off".

The reference voltage generator consists of a string of
precisely matched resistors which generate the 255 voltages
needed by the comparators. The voltages at the ends of the
resistor string set the maximum and minimum conversion
range and are typically OV and -2V, respectively.

The encoding logic converts the “Thermometer” code into
binary or offset two’s complement numbers and can invert
either code. Includedinthe encodingfunctionis Error Detection
and Correction logic which ensures that a corrupted
Thermometer code is correctly encoded.

The output logic latches and holds the data constant
between samples. The output timing is designed for an easy
interface to external latches or memories using the same
clock as the ADC.

POWER

The IDT75C48 requires two power supply voltages, Vcc
and VEE. Typically, VEE = -5.2V and Vcc = +5.0V. Two
separate grounds are provided, AGND and DGND, the analog
and digital grounds. The difference between AGND and DGND
must not exceed + 0.1V and all power and ground ping must

be connected.

REFERENCE

The IDT75C48 converts analog input signals that are within
the range of the reference (VRB < VIN < VRT) into digital form.
VRB (Reference Bottom) and VRT (Reference Top) are applied
across the reference resistor chain and both must be within

INDEX

DGND AGND
Vce VIN
VEE VIN
VEE ] VIN
VEE VIN
Vce VIN

DGND AGND

2579 drw 03

the range of +2.1V to —2.1V. In addition, the voltage applied
acrossthe reference resistor chain (VRT-VRB) must be between
1.8V and 2.2V, with VRT more positive than VRB. Nominally,
VRT = 0.0V and VRB = -2.0V.

The IDT75C48 provides a midpoint tap, RM, which allows
the converter to be adjusted for optimum linearity or a non-
linear transfer function. Adjustment of RM is not necessary to
meet the linearity specification. Figure 5 shows a circuit which
willprovide approximately 1/2 LSB adjustment of the midpoint.
The characteristic impedance of RM is about 170 and this
node should be driven from a low impedance source. Any
noise introduced at this point will couple directly into the
resistor chain, seriously affecting performance.

Due to the unavoidable coupling with the clock and the
input signal, RT and RB should provide low AC impedance to
ground. For applications with a fixed reference, a bypass
capacitor is recommend.

CONTROL

The IDT75C48 provides two function control pins, NMINV
and NLINV. These controls are for steady state use and are
usually tied to the appropriate voltages. They control the
output coding format in either straight binary or offset two's
complement. In addition, both formats may be either true or
inverted. These pins are active low and perform the functions
shown in Figure 1.

CONVERT

The IDT75C48 begins a conversion with every rising edge
sampled on the rising edge of CONV, while the outputs of the
comparators are encoded on the falling edge. The next rising
edge latches the encoder output which is presented on the
output pins.

The input sample is taken within 15ns of the rising edge of
CONV. This is calléd tsTO or the Sampling Time Offset. This
delay varies by a few nanoseconds from part to part and as a

5.16 2
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function of temperature, but the short term uncenrtainty or jitter
is less than 60ps.

If the maximum CONV pulse width HIGH time (tPwH) is
exceeded, the accuracy of the input sample may be impaired.
The maximum CONV pulse width LOW time (tPwL) may be
exceeded, but the digital output data for the sample taken by
the previous rising edge of CONV will be meaningless. It is
recommended that CONV be held LOW during longer periods
of inactivity.

The digital output data is presented at tD, the Digital Output
Delay Time, after the next rising edge of CONV. Previous
output data is held for the tHo (Output Hold Time) after the
rising edge of CONV to allow for non-critical timing in the

external circuitry. This means that the data for samples N is
acquired while the converter is taking sample N + 2.

ANALOG INPUT

The IDT75C48 uses strobed, auto-zeroing, latching
comparators. All five analog input pins must be connected
together as close to the package as possible.

If the analog input signal is within the reference voltage
range, the output will be a binary number between 0 and 255.
Aninput signal above VRT will yield a full-scale positive output
while an input below VRB will cause a full-scale negative
output.

Step Range Binary Offset Two’s

—2.0000V FS _2.0480V FS “NMINV=1 NMINV=0 NMINV=0 NMINV=1
7.8431mV/Step 8.000mV/Step NLINV=1 NLINV=0 NLINV=1 NLINV=0
000 0.0000V 0.0000V 00000000 11111111 10000000 01111111
001 —0.0078V ~0.0080V 00000001 11111110 10000001 01111110

L4 [ . . 3 . [

L] L] . - L] L]
127 —0.9961V —0.0160V 01111111 10000000 11111111 00000000
128 -1.0039V —1.0240V 10000000 01111111 00000000 11111111
129 ~1.0118V ~1.0320V 10000001 01111110 00000001 11111110

. ] . . . . .
254 -1.9821V —2.0320V 1111110 00000001 01111110 10000001
255 -2.0000V —2.0400V 11111111 00000000 01111111 10000000

*When NMINV and NLINV are both high a 1KQ series resistor must be inserted between NMINV and Vcc.

l¢——nu— 1FS tPWH —p»- tPWL ——
CONV / \ / \ / \

SAMPLE N

ANALOG INPUT

2579 drw 04

SAMPLE N+1
SAMPLE N+2

DIGITAL OUTPUT
vee Figure
To 810Q
OUTPUT
PIN
40pF 1N3062

2579 drw 06

Figure 3. Output Load 1

DATA DATA DATA
N-1 N N+1
2. Timing Diagram 2579 drw 05
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ABSOLUTE MAXIMUM RATINGS("

Symbol | Rating I Commercial | Unit
Power Supply
vee Measured to DGND -0.510 +7.0 Vv
VEE Measured to AGND +0.5t0 -7.0 \
AGND Measured to DGND -0.5t0 +0.5 \
Input Voltage
CONYV, Measured to DGND -0.5to Vec +0.5| V
NMINV, NLINV
VIN, VRT, VRB | Measured to AGND Vccto VEE \
VRT Measured to VRB —4.0to +4.0 \
Output
Applied Measuredto DegND ~ [-0.5to Vcc +0.5| V
Voltage (2
Applied Externally forced "| —20.0t0 +20.0 | mA
Current (2.3, 4)
Short Circuit | Single output High to 1.0 S
Duration DGND
Temperature
Operating Military -55t0 +125 °C
Ambient Commercial 0to +70 °C
Storage Military —65t0 +150 °C
Commercial -55t0 +125 °C
NOTES: 2579 ol 01

1.

Hwn

Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability. Absolute Maximum
Ratings are limiting values applied individually while all other parameters
are within specified operating conditions. Functional operation under any
of these conditions is NOT implied.

. Applied voltage must be current limited to specified range.

. Forcing voltage must be limited to specified range.

. Currentis specified as conventional current when flowing into the device.
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DC ELECTRICAL CHARACTERISTICS

Temperature Range
. Commercial Military

Symbol ' ‘Parameter Test Conditions(" Min. Nom. Max. | Min. Nom. Max. | Unit

Power Supply

Vee Positive Power Supply 475 | 5.0 525 | 45 5.0 5.5 \
VEE Negative Power Supply 49 | 52| -55| 49| 52} -55 \"
VAGND | Analog Ground Voltage (ref DGND) -0.1 0 +0.1 | 0.1 0 +0.1 \"
Icc Positive Supply Current vce = Max., Statict) — 50 70 — 60 80 mA
lee Negative Supply Current VEE = Max., Static(" — -25 | -35 — 25 | -35 | mA
Digital Inputs (CONV, NMINV, NLINV)

ViL Input Voltage, Logic LOW(4 -05 | — 08 | ~05 | — 0.8 v
ViH Input Voltage, Logic HIGH*) 2.0 — [Vec+.1| 20 — |Vec+d1| V
I Input Current, Logic LOW Vvce = Max., ViL = 0.5V — — +10 — — +10 RA
| 1H Input Current, Logic HIGH Vce = Max., VIH = 2.4V — —_ +10 — — +10 A
b Input Current, Max. Input Voltage Vee = Max., Vi=Vee — — 50 — — 50 RA
Ci Digital Input Capacitance(4) TA = +25°C, F = 1MHz — — 15 — — 15 pF
Digital Outputs '

VoL | Output Voltage, Logic LOW vee = Min,, IoL = 4.0mA —_ — 0.5 — —_ 0.5 \
VOH Output Voltage, Logic HIGH Vcce = Min., loH = 4.0mA 24 —_ — 2.4 — — \
los Output Short Circuit Current vce = Max.@ — — | 50 | — — -50 | mA
Reference .

VRT Most Positive Reference Voltage(® -01 | 0 +0.1 | -0.1 0 +0.1 \%
VRB Most Negative Reference Voltage(® -19 | 20 -21 | -19 | -20 | 21 \
VRT- | Reference Voltage Range 1.8 2.0 2.2 1.8 2.0 2.2 \"
VRB

IREF Reference Current (RT to RB) VRT, VRB = Nom. — 5 9 — 6 10 mA
RREF | Reference Current (Rt to R8) VRT, VRB = Nom. 250 400 — 200 330 — Ohm
Analog Input

VIN Input Voltage Range VRB — VRT VRB — VRT v
RN Equiv. Input Resistance() VRT, VRB= Nom., VIN = VR8| 100 — — 100 — — | KOhm
CIN Equiv. Input Capacitance(4 VRT, VRB= Nom., VIN = VRB| — — 50 — — 50 pF
Ice Input Const. Bias Current VEE = Max. 1 — —_ 10 — — 10 HA
TA Ambient Temperature, Still Air 0 — 70 _ — — °C
Tc Case Temperature — — — -55 — +125 °C

NOTES: 25791bl 02

1. Worst case, all digital inputs and outputs LOW.
2. Output HIGH, one pin to ground, one second duration.
3. VRTmust be more positive than VRa and the voltage reference must be within the specified range. Although the device is specified and tested with the

reference equal to OV and -2V, the part will operate with VRT up to +2.1V. Likewise, the reference range may vary from 1.2V to 2.6V.
4. This parameter is guaranteed but not tested in production.
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AC ELECTRICAL CHARACTERISTICS FOR IDT75C48SX20 (20MHz Version)

Specifications over the DC Electrical range unless otherwise stated.

Temperature Range
Commercial Military
Symbol Parameter Test Conditions Min. Typ. Max. | Min. Typ. Max. | Unit
Fs Conversion Rate Vce = Min., VEE = Min. 20 30 —_ 20 30 — | MSPS
trwL | CONV, Pulse Width LOW®) 18 — }100,000| 18 — |100,000| ns
trwH | CONV, Pulse Width HIGH® 22 — |20,000{ 22 — ]20,000| ns
tsTO Sampling Time Oftset Vcce = Min., VEE = Min. o] — 10 0 — 15 ns
EAP Aperture Errorl¥) — — 60 — — 60 ps
tD Digital Output Delay Vce = Min., VEE = Min,, — — 30 — — 35 ns
Load 1
tHO Digital Output Hold Time vce = Min., VEE = Min,, 5 — — 5 — — ns
Load 1
Eu Linearity Error, Integral VRT, 12LSB@ | — — 0.2 — — 0.2 | %FS
) VRB = Nom. 3/4 LSBA — — 0.3 — —_ 0.3 %FS
Ewp Linearity Error, Differential VAT, VRB = Nom. —_ — 0.2 — —_ 0.2 %FS
CS Code Size(") 25 100 175 25 100 175 |%Nom
Eor Offset Error, Top VIN = midpoint code 0 — 10 45 — 10 45 mV
Eos Offset Error, Bottom VIN = midpoint code 255 — -10 -30 — -10 -30 mV
Tco Offset Error, VIN = VRB — —_ +20 —_ — +20 |pVrC
Temperature Coefficient(4)
BW Bandwidth, Full Power Input 7 12 — 5 10 — MHz
TR Transient Response, Fuli Scale(® — — 20 — — 20 nS
SNR Signal to Noise Ratio 20 MSPS Conversion Rate,
10 MHz Bandwidth
Peak Signal/RMS Noise 1.248 MHz Input 54 56 — 53 55 — dB
2.438 MHz Input 53 56 — 52 55 — dB
RMS Signal/RMS Noise 1.248 MHz Input 45 47 —_ 44 46 — dB
2.438 MHz Input 44 47 — 43 46 — dB
NPR | Noise Power Ratio DC to 8 MHz White Noise 36.5 39 — 36.5 39 — dB
Bandwidth 4 Sigma Loading
1.248 MHz Slot
20 MSPS Conversion Rate
bP Differential Phase Error Fs =4 x NTSC — .5 1 — 5 1 |Degree
DG Differential Gain Error Fs =4 x NTSC —_ 1 2 — 1 2 %
NOTES: 25791l03

1.
2
3.
4. This parameter is guaranteed but not tested in production.

Guarantees no missing codes.

. See the ordering information section regarding the part number designation.

No damage to the part will occur if the Max. times are exceeded. See the Convert section for more information about the Conv Max. time limitations.

5.16
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MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT75C48SX30 (30MHz Version)
Specifications over the DC Electrical range unless otherwise stated.

Temperature Range
Commercial Military
Symbol Parameter Test Conditions Min. Typ. Max. | Min. Typ. Max. | Unit
Fs Conversion Rate vee = Min., VEE = Min. 30 40 — 30 40 — | MSPS
tPwL | CONV, Pulse Width LOW 14 — |100,000| 14 — }100,000] ns
tPWH CONV, Pulse Width HIGH 14 — 120,000 14 — |20,000|] ns
tsTO Sampling Time Offset Vee = Min., VEE = Min. 0 — 10 0 —_ 15 ns
EAP Aperture Errort4) — — 60 — — 60 ps
to Digital Output Delay vee = Min., VEE = Min., - — 25 — — 28 ns
Load 1
tHO Digital Output Hold Time vee = Min., VEE = Min., 5 —_ — 5 — — ns
Load 1
ELl Linearity Error, Integral VAT, 3/4LSB@ | — — 0.3 — — 0.3 | %FS
VRB =Nom. |1LSB®@ — - 0.4 — — 0.4 | %FS
ELD Linearity Error, Differential VRT, VBB = Nom. — — 0.2 — — 0.2 %FS
CS Code Size! 25 | 100 | 175 | 25 | 100 [ 175 |%Nom
Eor Offset Error, Top VIN = midpoint code 0 — 10 45 —_ 10 45 mV
Eos Offset Error, Bottom VIN = midpoint code 255 — -10 | -30 — -10 | -30 mV
Tco Oftset Error, VIN = VRB — — +20 — — +20 | pVreC
Temperature Coefficient(4)
BW Bandwidth, Full Power Input 10 13 —_ 8 10 — MHz
TR Transient Response, Full Scalef®) — —_ 20 — — 20 nS
SNR | Signal to Noise Ratio 30 MSPS Conversion Rate,
15 MHz Bandwidth
Peak Signal/RMS Noise 5 MHz Input 44 48 — 44 48 — dB
10 MHz Input 44 48 — 44 48 — dB
RMS Signal/RMS Noise 5 MHz Input 35 39 — 35 39 — dB
10 MHz Input 35 39 — 35 39 — dB
NPR | Noise Power Ratio DC to 15 MHz White Noise | — — — — — - dB
Bandwidth 4 Sigma Loading
5 MHz Slot
30 MSPS Conversion Rate
DP Differential Phase Error Fs =4 x NTSC — 5 1 - 5 1 |Degree
DG Differential Gain Error Fs =4 x NTSC — 1 2 —_ 1 2 %
NOTES: 25791104

1. Guarantees no missing codes.
2. See the ordering information section regarding the part number designation.
4. No damage to the part will occur if the Max. times are exceeded. See the Convert section for more information about the Conv Max. time limitations.
5. This parameter is guaranteed but not tested in production.
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CALIBRATION .

The calibration of the IDT75C58 involves the setting of the
1st and 255th comparator thresholds 1o the desired voltages.
This is done be varying the top and bottom voltages on the
reference resistor chain, VRT and VRB, to compensate for any
internal offsets. Assuming a nominal 0V to -2V reference
range, apply ~0.0039V (1/2 LSB from V) to the analog input,
continuously strobe the device and adjust VRT until the OVFL
outputtoggles between0and 1. To adjust the first comparator,
apply —1.996V (1/2 LSB from -2V) to the analog input and
adjust VRB until the converter output toggles between the
codes 0 and 1.

The offset errors are caused by the parasitic resistance
between the package pins and the actual resistor chain on-
chip and are shown as R1 and R2 in the Functional Block
Diagram. The offset errors, EOT and E0B, are specified in the
AC Electrical Characteristics and indicate 'the degree of
adjustment needed.

- The previously described calibration scheme requires that
both ends of the reference resistor chain be adjustable, i.e. be
driven by operational amplifiers. A simpler method is to
connect the top of the resistor chain, RT, to analog ground or
0V and to adjust this end of the range with the input buffer

offset control. The offset error at the bottom of the resistor -

chain results in a slight gain error which can be compensated
for by varying the voltage applied to RB. This is a preferred
method forgain adjustment since it is not the input signal path.
See Figure 5 for a detailed circuit diagram of this method.

TYPICAL INTERFACE
. Figure 5 shows a typical application example for the

'IDT75C58. The analog input amplifier is a bipolar wideband

operational amplifier whose low impedance output directly
drivesthe A/D Converter. The input buffer amplifieris configured
with a gain of minus two which will convert a standard video
input signal (1V p—p) to the recommended 2V converter input
range. Both VIN pins are connected together as close to the
package as possible and the input buffer feedback loop is
closed at this point. Bipolar inputs, as well as the calibration of
the reference top, are accomplished using the ofiset control.
A band-gap reference is used to provide a stable voltage for
both the offset and gain control. A variable capacitor in the
input buffer feedback loop allows optimization of either the
step or the frequency response and may be replaced by a
fixed value in the final version of the printed circuit board.
To ensure operation to the rated specifications, proper
decoupling is needed. The bypass capacitors should be
located close to the chip with the shortest lead lengths
possible. Massive ground planes are recommended. If separate

~ digital and ground planes are used, they should be connected

together at one point close to the IDT75C58.

The bottom reference voltage, VRB, is supplied by an
inverting amplifierbuffered by a PNP transistor. The transistor
provides a low impedance source andis necessary to provide
the current flowing through the resistor chain. The bottom
reference voltage may be adjusted to cancel the gain error
introduced by the offset voltage, EoB, as discussed in the
calibration section.

5.16
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o PARTS
+ . .
+ ( 1 UST 600
L1 |c1s Ci—= C13 R2 80.70Q
R3 6 {5 R3 1KQ
A Hf’ R4 2KQ
R5 2200
ANALOG R2 RS R4 . R6 2KQ
v A——4 R7 1KQ
INPUT
co 6 |10 R8 2KQ
v—{ 20 R9 2KQ
Re 211 VN vee vee R10 10KQ
R12 $— VN R11 20KQ
R8 = IV R12 270
CjL RO S Gle VIN
L LE cs —I 2lvn C1-C4  10uF
E 6 IDT75C48 C5-C14 0.1pF
T\NV“ A G I ] Ci15 1-6pF Variable
R11 ca— c11 D1(MSB) [-—
C5 T T 19,25 A D2 b— U1 IDT75C48
'_i L2 3 15| AGN s |2 U2 HA-2539-5
R1 R o[ us  uamsic
3>——( at \V4 = U4 LM313
RM Ds. }—
—| o c12_[ o 2N2907
v CONV oy 1
5,11
4 DGND 16 i
CLOCK ZF v[:;(LSB) |2~ L1,L2 Ferrite Bead
7,89
-5.2V { *
C14 ;; c2
Figure 4. Application Example 2679 dw 07
_ RT 1
‘,7 10K
R
2K > + Ml iDT7scas
= 500Q
10K
RB
—2.00V
2579 drw 08
Figure 5. Mid-Point Adjust
NOTE:

1. When NMINV and NLINV are both HIGH a 1KQ series register must be inserted between NMINV and Vcc.
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TEST CIRCUITS AND WAVEFORMS
TEST CIRCUITS FOR ALL OUTPUTS

Vee

VIN
Pulse
Generator

SET-UP, HOLD AND RELEASE TIMES

X—i

DATA
INPUT

TIMING
INPUT

ASYNCHRONOUS CONTROL

PRESET

CLEAR

ETC.

SYNCHRONOQUS CONTROL
PRESET

CLEAR
CLOCK ENABLE
ETC.

e RXXX

tsu—->

PROPAGATION DELAY

SAME PHASE
INPUT TRANSITION

OUTPUT

OPPOSITE PHASE
INPUT TRANSITION

3V
1.5v
ov
3V
ov
v
1.5V
ov
3V
ov

SWITCH POSITION

Test Switch
Open Drain :
Disable Low Closed
Enable Low
All Other Outputs Open

DEFINITIONS:

CL = Load capacitance: includes jig and probe capacitance.

R = Termination resistance: should be equal to Zour of the Pulse
Generator.

25781l 6

PULSE WIDTH

LOW-HIGH-LOW
PULSE 1.5V
HIGH-LOW-HIGH 15V
PULSE
ENABLE AND DISABLE TIMES
ENABLE DISABLE
[_— 3V
CONTROL —— 15V
INPUT ”_/ ov
— tpLz F—
OUTPUT SWITCH 3.5V i_ 3.5V
NORMALLY CLOSED
LOW . 103V vo
tezH tPHZ ¥
+_ voy
OUTPUT gwiTCH 0.3V
NORMALLY opgN §I
HIGH —ov ov
NOTES 2578 drw 12

1. Diagram shown for input Control Enable-LOW and input Control
Disable-HIGH.
2. Pulse Generator for All Pulses: Rate < 1.0 MHz; Zo < 50Q; tr < 2 5ns;

trR < 2.5ns.
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ORDERING INFORMATION

IDT  XXXX X X X X
Device Type Power Speed  Package Process/
Temperature
Range
Blank Commercial (0°C to +70°C)
B Military (-55°C to +125°C)
Compliant to MIL-STD-883, Class B
D CERDIP (600 mif)
L Leadless Chip Carrier
|20 MHz
130 MHz
S Standard Power, 1/2 LSB Integral Linearity*
SB Standard Power, 3/4 LSB Integral Linearity
|SC Standard Power, 1 LSB Integral Linearity**
1'75048 Flash A/D Converter
2579 drw 09
* 20 MHz Version only
** 30 MHz Version only
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CMOS FLASH

Integrated Device Technology, Inc.

A/D CONVERTER

IDT75C58

FEATURES:

8-bit resolution

30 MSPS conversion rate

Overflow output

Low power consumption: 500mwW

Guaranteed no missing codes

Power-Down mode

Extended analog input range -,

On-chip EDC (Error Detection and Correction)
Tri-state outputs

Improved output logic HIGH drive, no pull-up needed
No sample and hold required

Differential Phase = 1 Degree

Differential Gain = 2%

TTL-compatible

Available in 28-pin CERDIP or LCC

Military product compliant to MIL-STD-883, Class B

DESCRIPTION:
The IDT75C58 is a 30 MegaSample per Second (MSPS),
fully parallel, 8-bit Flash Analog to Digital Converter. The wide

e o s o o o e » e s e o s e e o

input analog bandwidth of 10MHz permits the conversion of
analog input signals with full-power frequency components
up to this limit with no input sample and hold. Low power
consumption, due to CEMOS™ processing, virtually elimi-
nates thermal considerations. The IDT75C58 is available in
28-pin plastic and hermetic DIPs and a 28-pin LCC.

The IDT75C58 consists of a reference voltage generator,
256 comparators, encoding and EDC (Error Detection and
Correction) logic and an output data register. A single clock
starts the conversion process and controls all internal
operations. An additional comparator detects an Overflow
condition (VIN more positive than Full-Scale +1LSB) and
activates the OVFL output. This output, together with two
output enable inputs (OE1 and OE2), allow the stacking of two
IDT75C58s for 9-bit resolution with no external components.

The IDT75C58 military Flash A/D Converters are
manufactured in compliance with the latest revision of
MIL-STD-883, Class B, making them ideally suited to
military temperature applications demanding the highest
level of performance and reliability.

FUNCTIONAL BLOCK DIAGRAM

CONV
VIN
Rr
R13
5. {&6 | OVFL
R >
R :: q l/
NS4
RZ —
L[]
R2 :
. NG 256 TO 9
1 » ENCODE [——#1 LATCH }—9» Do- D7, OVFL
3 —
A R22 +EDC
H/2:>
27
RS i
.
ik s
N R
RS )
N .
o R2S —
256 DIFFERENTIAL
P COMPARATORS
OE1 2578 drw 01
OE2
CEMOSis a of Integ Device Technology, Inc.
MILITARY AND COMMERCIAL TEMPERATURE RANGES JUNE 1990
517 DSC-5004/3

©1990 Integrated Device Technology, Inc.

1
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PIN CONFIGURATIONS
D7 (MSB) [T~ 28 0E2 INDEX
Ds []2 27 CE1
Ds []3 26[]1R8
D4 4 25 AGND DGND AGND
Vce 6 23[C1Rm VEE RM
VEE [C]7 D281 22[JVN VEE I~ VIN
VEE []8 21[VIN VEE VIN
VEE []9 20[] AGND Vee 1o AGND
Vce []10 19 RT DaND Rr
DGND 11 18 Vee
OVFL[]12 17 CONV B
D3 13 16(7 Do bz
D2 14 15[ D1 =8
DIP 2578 drw 02 8 2578 drw 03
LcC
TOP VIEW TOP VIEW

GENERAL INFORMATION

The IDT75C58 has four functional sections: a comparator
array, areference voltage generator, encoding logic with EDC
and output logic. The comparator array compares the input
signal with 256 reference voltages to produce an N - of - 256
code. Thisis sometimes calleda“Thermometer” code because
all of the comparators with their reference voltage less than
the input signal will be “on” while those with their reference
above the input will be “off”.

The reference voltage generator consists of a string of
precisely matched resistors which generate the 256 voltages
needed by the comparators. The voltages at the ends of the
resistor string set the maximum and minimum conversion
range and are typically OV and -2V, respectively.

Included in the encoding function is Error Detection and
Correction logic which ensures that a corrupted Thermormeter
code is correctly encoded.

The output logic latches and holds the data constant
between samples. The output timing is designed for an easy
interface to external latches or memories using the same
clock as the ADC.

POWER

The IDT75C58 requires two power supply voltages, Vcc
and VEE. Typically, VEE = —-5.0V and Vcc = +5.0V. Two
separate grounds are provided, AGND and DGND, the analog
and digital grounds. The difference between AGND and DGND
must not exceed + 0.1V and all power and ground pins must
be connected.

REFERENCE

The IDT75C58 converts analoginput signals that are within
the range of the reference (VRB < VIN < VRT) into digital form.
VRB (Reference Bottom) and VRT (Reference Top) are applied
across the reference resistor chain and both must be within
the range of +2.1V to -2.1V. In addition, the voltage applied

across the reference resistor chain (VRT-VRB) must be be-
tween 1.8V and 2.2V, with VRT more positive than VRB.
Nominally, VRT = 0.0V and VRB = -2.0V.

The IDT75C58 provides a midpoint tap, RM, which allows
the converter to be adjusted for optimum linearity or a non-
linear transfer function. Adjustment of RM is not necessary to
meet the linearity specification. Figure 6 shows a circuit which
will provide approximately 1/2 LSB adjustment to the mid-
point. The characteristicimpedance of RM is about 170Q and
this node should be driven from a low impedance source. Any
noise introduced at this point will couple directly into the
resistor chain, seriously affecting performance.

Due to the unavoidable coupling with the clock and the
input signal, RT and RB should provide low AC impedance to
ground. For applications with a fixed reference, a bypass
capacitor is recommended.

CONTROL
Two function control pins, OE1 and OE2, contro! the
outputs with the function shown in Table 1.

IB Adj

Ananalog control pin, 1B Adj, controls the bias currentinthe
comparators. Normally, this pinis connected to analog ground.
To reduce the quiescent current, a “power-down” mode,
1B Adj, may be connected to VEE. For somewhat better analog
performance at higher input frequencies, 1B Adj may be
connected to a voltage between AGND and Vcc.

CONVERT

The IDT75C58 begins a conversion with every rising edge
of the convert signal, CONV. The analog input signal is
sampled on the rising edge of CONV, while the outputs of the
comparators are encoded on the falling edge. The next rising
edge latches the encoder output which is presented on the
output pins.
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The input sample is taken within 15ns of the rising edge of
CONV. This is called tsTo or the Sampling Time Offset. This
delay varies by a few nanoseconds from part to part and as a
function of temperature, but the short term uncertainty or jitter
isless than 60ps. The maximum CONV pulse width LOW time
(tPWL) may be exceeded, but the digital output data for the
sample taken by the previous rising edge of CONV will be
meaningless. It is recommended that CONV be held LOW
during longer periods of inactivity.

The digital output data is presented at tp, the Digital Output
Delay Time, after the next rising edge of CONV. Previous
output data is held for the tHO (Output Hold Time) after the
rising edge of CONV to allow for non-critical timing in the

external circuitry. This means that the data for sample N is
acquired while the converter is taking sample N + 2.

ANALOG INPUT

The IDT75C58 uses strobed, auto-zeroing, latching com-
parators. Both analog input pins must be connected together
as close the package as possible. The input signal must
remain within the range of VCc to VEE to prevent damage to
the device.

If the analog inpul signal is within the reference voltage
range, the output will be a binary number between 0 and 255.
Aninput signal below VRB will yield a full-scale (all outputs low)
output while an input above VRT will cause OVFL output.

Step Range Output OVFL
-2.0000V FS -2.0480V FS
7.8125mV/Step | 8.000mV/Step
256 0.0000V 0.0000V 11111111 1
255 -0.0078V -0.0080V 11111111 0
254 -0.0156V -0.0160V 11111110 0
: : : : :
129 -0.9961V -0.0160V 10000000 0
128 -1.0039V -1.0240V 01111111 0
127 [-1.0118v -1.0320V 01111110 0
001 -1.9621V -2.040V 00000001 6
000 -2.0000V 2.048V 00000000 0

2578 drw 04

Figure 1. Output Coding

SAMPLE N

ANALOG INPUT

|¢——— 1/FS —— | g—tPWH tPWL —
CONV / \ / \ / \

SAMPLE N+1
SAMPLE N+2

DIGITAL OUTPUT

AMARAMAR e ARARARA " MARKE

DATA
N+1

Figure 2.

" 2578 drw 05
Timing Diagram
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_ ABSOLUTE MAXIMUM RATINGS'"
OEt, OE2
Symbol l Rating I Value I Unit
tHZ, tLz tHz, tzL Power Supply
Vee Measured to DGND —0.5t0 +7.0 v
Do, D7 \ VEE Measured to AGND -0.5t0 -7.0 \
OVFL AGND Measured to DGND —05t0+05 | V
Input Voltage
2578 drw 06
CONV, OE1, |Measured to DGND -05toVcc +0.5| V
Figure 3. Output, Enable/Disable Timing OE2
VIN, VRT, VRB | Measured to AGND Vccto VEE \'
VRT Measured to VRB —4.0to +4.0 \
Vce
Output
8100 Applied Measured to DGND -0.5to Vcc +0.5| V
TO Voltage (2)
OUTPUT fo! K Applied Externally forced -3.0to +6.0 mA
PIN Current (2.3, 4)
40pF = 1N3062 Short Circuit | Single output High to 1.0 S
T Duration DGND
Temperature
Operating, Military -55to +125 °C
= 2578 diw 07 Ambient Commercial —0to +70 °C
Figure 4. Output Load 1 Storage Military ~65 to +150 °C
Commercial -55to +125 °C
NOTES: 2578 to! 02
OE1 OE2 Do- D7 OVFL 1. Stresses greater than those listed under ABSOLUTE MAXIMUM
- - RATINGS may cause permanent damage to the device. This is a stress
0 1 Valid Valid rating only and functional operation of the device at these or any other
1 1 High Z Valid conditions above those indicated in the operational sections of this
- specification is not implied. Exposure to absolute maximum rating
X 0 HighZ High Z conditions for extended periods may affect reliability. Absolute Maximum
257810101 Ratings are limiting values applied individually while all other parameters

Table 1. Function Control

FNYAEN)

are within specified operating conditions. Functional operation under any
of these conditions is NOT implied.

. Applied voltage must be current limited to specified range.

. Forcing voltage must be limited to specified range.

Current is specified as conventional current when flowing into the device.
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DC ELECTRICAL CHARACTERISTICS

Temperature Range
Commercial Military

Symbol Parameter Test Conditions(") Min. Nom. Max. | Min. Nom. Max. | Unit
Power Supply
Vce Positive Power Supply 4.75 | 5.0 525 | 45 5.0 55 \
VEE Negative Power Supply -475| -52 | -55 | 45 | -52 | -55 \
VAGND | Analog Ground Voltage (ref DGND) -0.1 0 +0.1 | -0.1 0 40.1 \Y
lcc Positive Supply Current vce = Max., Static(! _— 50 70 — 60 80 mA
Ieg Negative Supply Current VEE = Max., Static(") — -15 | -25 — -15 | =25 | mA
Digital Inputs (CONV, NMINV, NLINV)
ViL Input Voltage, Logic LOW(4) -05 | — 08 | -05 | — 0.8 v
VIH Input Voltage, Logic HIGH® 20 — |vec+.1| 20 — |vec+1| VvV
I Input Current, Logic LOW Vce = Max., Vit = 0.5V — — +10 — — +10 HA
1H Input Current, Logic HIGH Vee = Max., VIH = 2.4V — — +10 — — +10 RA
] Input Current, Max. Input Voltage Vee = Max., Vi= Vee — — 50 — — 50 RA
Ci Digital Input Capacitance(® TA = +25°C, F = 1MHz — — 15 —_— — 15 pF
Digital Outputs
loL Output Current, Logic LOW Vee = Min., Vo= 0.4V — — 4.0 — - 4.0 mA
loH Qutput Current, Logic HIGH " Vee = Min,, Vo = 2.4V — — -2 — — -2 mA
loz Output HIGH Z Current(® Vce = Max. — 5 — — 5 — pA
VoH Output Voltage, Logic HIGH Vce = Min., 1oH = Max. 24 — — 2.4 —_ — \
Vor Output Voltage, Logic Low vce = Min,, oL = Max. — — 0.5 — — 0.5 \"
los Output Short Circuit Current Vee = Max.(2) — — | =50 — — | =50 | mA
Reference
VRT Most Positive Reference Voltage(® -0.1 0 +0.1 | -0.1 0 +0.1 v
VRB Most Negative Reference Voltage!® -19 | 20| 21| -19 | -20 | -21 \Y
VRT- | Reference Voltage Range 1.8 2.0 2.2 1.8 2.0 2.2 \
VRB
IREF Reference Current (RT to Rs) VRT, VRB = Nom. —_— 5 9 — 6 10 mA
RRer | Reference Current (RT to RB) VRT, VRB = Nom. 250 | 400 — 220 | 330 — | Ohm
Analog Input
VIN Input Voltage Range VRB — VRT VRB — VRT "
RIN Equiv. Input Resistance(¥ VAT, VRB= Nom., VIN = VRB| 100 — — 100 — — | KOhm
CIN Equiv. Input Capacitance(® VRT, VRB= Nom., VIN = VRB| — — 50 — — 50 pF
Ics Input Const. Bias Current VEE = Max. — — 10 — —_ 10 pA
TA Ambient Temperature, Still Air 0 — 70 — — —_ °C
Tc Case Temperature — — — -55 — +125 °C

NOTES: 25781103

1. Worst case, all digital inputs and outputs LOW.

2. Output HIGH, one pin to ground, one second duration.

3. VRTmust be more positive than VRB and the voltage reference must be within the specified range. Although the device is specified and tested with the

reference equal to OV and -2V, the part will operate with VRT up to +2.1V. Likewise, the reference range may vary from 1.2V to 2.6V.
4. This parameter is guaranteed but not tested in production.
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AC ELECTRICAL CHARACTERISTICS FOR IDT75C58X20 (20MHz Versmn)
Specifications over the DC Electrical range unless otherwise stated.

Temperature Range
Commercial Military
Symbol Parameter Test Conditions Min. Typ. Max. | Min. Typ. Max. | Unit
Fs Conversion Rate Vce = Min., VEE = Min. 20 30 —_ 20 30 — | MSPS
tPwL | .CONV, Pulse Width LOW(4 18 — |100,000] 18 — (100,000 ns
tPWwH | CONV, Pulse Width HIGH(*) 22 — |20,000| 22 — |20,000| ns
tsTO Sampling Time Offset Vce = Min., VEE = Min. 0 — 10 0 — 15 ns
Eap Aperture Errort5) — — 60 — — 60 ps
tD Digital Output Delay vee = Min., VEE = Min., — — | 30 — — 35 ns
Load 1
tHO Digital Output Hold Time vee = Min., VEE = Min., 5 — — 5 — — ns
Load 1
tHz Output Disable Time from HIGH() Vce = Min., VEE = Min,, — 5 10 — 5 10 ns
Load 1
tLz Output Disable Time from LOWS) vce = Min., VEE = Min., — 5 10 —_ 5 10 ns
Load 1
tzH Output Enable Time to HIGH() vee = Min., VEE = Min., — 12 18 — 12 — ns
Load 1 ~
tzL Output Enable Time to LOW(®) Vee = Min., VEE = Min., —_ 12 18 —_ 12 18 ns
Load 1
Eu Linearity Error, Integral VAT, 12LSB@ | — — 0.2 — — 0.2 | %FS
VRB = Nom. 3/4 LSB(@ — —_ 0.3 _— — 0.3 %FS
ELD Linearity Error, Differential VRT, VRB = Nom. — — 0.2 —_ — 0.2 %FS
CS Code Size() ) 25 100 175 25 100 175 |%Nom
Eor Offset Error, Top VIN = Midpoint Code 255 — 10 20 — 10 20 mV
Eos Offset Error, Bottom VIN = Midpoint Code 0 — -10 -20 _— -10 -20 mV
Eoo | Offset Error, OVFL® VIN = VAT -6 0 6 -6 0 6 mv
Tco Offset Error, VIN = VRB — — | 20 | — — | 20 |pvrc
Temperature Coefficient(5)
BW Bandwidth, Full Power Input 7 12 — 5 10 — MHz
TTR Transient Response, Full Scale!®) — — 20 — — 20 ns
SNR | Signal to Noise Ratio 20 MSPS Conversion Rate, '
10MHz Bandwidth
Peak Signal/RMS Noise 1.248MHz Input 54 56 —_ 53 55 — dB
2.438MHz Input 53 56 — 52 55 — dB
RMS Signal/RMS Noise 1.248MHz Input 45 47 — 44 46 — dB
2.438MHz Input 44 47 — 43 46 — dB
NPR | Noise Power Ratio DC to 10MHz White Noise | 36.5 | 39 — | 35| 39 — dB
Bandwidth 4 Sigma Loading
1.248MHz Slot
20 MSPS Conversion Rate
DP Differential Phase Etror Fs=4xNTSC — 5 1 —_ 5 1 Degree
DG Differential Gain Error Fs =4 xNTSC — 1 2 —_ 1 2 %
NOTES: ' ' 2578 11 04

[, P AN S

. Guarantees no missing codes.
. See the ordering information section regarding the part number designation.
. AOmV offset means 1 LSB above the 255th code threshold.

. No damage to the part will occur if the Max. times are exceeded. See the Convert section for more information about the Conv Max. time limitations.
. This parameter is guaranteed but not tested in production.




IDT75C58

CMOS FLASH A/D CONVERTER

MILITARY AND COMMERCIAL TEMPERATURE RANGES

AC ELECTRICAL CHARACTERISTICS FOR IDT75C58X30 (30MHz Version)
Specifications over the DC Electrical range unless otherwise stated.

Temperature Range
Commercial Military
Symbol Parameter Test Conditions Min. Typ. Max. | Min. Typ. Max. | Unit
Fs Conversion Rate Vcce = Min., VEE = Min. 30 40 — 30 40 — | MSPS
tPwL | CONV, Pulse Width LOW(*) 14 — |100,000] 14 — |100,000] ns
tPWH CONV, Pulse Width HIGH4) 14 — 120,000 14 — 120,000] ns
tsto Sampling Time Offset Vce = Min., VEE = Min. 0 — 10 0 = 15 ns
EAP Aperture Error(S) —_ — 60 — — 60 ps
to Digital Output Delay vee = Min., VEE = Min., — — 25 — — 28 ns
Load 1
tHO Digital Qutput Hold Time vce = Min., VEE = Min., 5 — — 5 — — ns
Load 1
tHz Output Disable Time from HIGH(®) Vee = Min., VEE = Min., — 5 —_— —_ 5 —_ ns
Load 1
Lz Output Disable Time from LOWS) vVce = Min., VEE = Min., — 5 — — 5 — ns
) Load 1
tzH Output Enable Time to HIGH(! Vce = Min., VEE = Min., — 12 — — 12 — ns
Load 1
tzL Output Enable Time to LOW(S) vcce = Min., VEE = Min., — 12 — — 12 — ns
Load 1
Eu Linearity Error, Integral VRT, 3/4 LSB(2) — — 0.3 — — 0.3 | %FS
VRB =Nom. [1LSB@ — — 0.4 — — 0.4 | %FS
ELo Linearity Error, Differential VRT, VRB = Nom. — — 0.2 — — 0.2 %FS
CcS Code Size(! 25 100 175 25 100 175 |%Nom
Eot Offset Error, Top VIN = Midpoint Code 255 — 10 45 — 45 20 mV
Eos Offset Error, Bottom ViN = Midpoint Code 0 — -10 | =30 — -30 -20 mV
Eoo | Offset Error, OVFL® VIN = VAT -6 0 6 -6 0 6 mV
Tco Offset Error, VIN = VRB — — +20 — — +20 | pvrC
Temperature Coefficient(S)
BW Bandwidth, Full Power Input 10 13 — 8 10 — MHz
TTR Transient Response, Full Scale(® —_ - 20 — — 20 ns
SNR Signal to Noise Ratio 30 MSPS Conversion Rate,
15MHz Bandwidth
Peak Signal/RMS Noise 5MHz Input 44 48 — 44 48 — dB
10MHz Input 44 48 — 44 48 — dB
RMS Signal/RMS Noise 5MHz Input 35 39 — 35 39 — dB
10MHz Input '35 39 — 35 39 — dB
NPR Noise Power Ratio DC to 15MHz White Noise — — — — — — dB
Bandwidth 4 Sigma Loading
5MHz Slot
30 MSPS Conversion Rate
DP Differential Phase Error Fs=4x NTSC — 5 1 — 5 1 |Degree
DG Differential Gain Error Fs =4 x NTSC —_ 1 2 — 1 2 %
NOTES: 25781b1 05
1. Guarantees no missing codes.
2. See the ordering information section regarding the part number designation.
3. AOmV offset means 1 LSB above the 255th code threshold.
4. No damage to the part will occur if the Max. times are exceeded. See the Convert section for more information about the Conv Max. time limitations.
5. This parameter is guaranteed but not tested in production
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CMOS FLASH A/D CONVERTER MILITARY AND COMMERCIAL TEMPERATURE RANGES
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