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eeeQ DATA BOOK

Welcome to SEEQ's 1990 Data Book.

Featured in this Data Book are the latest specifications on our renowned full featured
EEPROMs and Flash EEPROMS. As you will see, SEEQ continues to lead the industry in
reprogrammable non-volatile memory density, speed, and low cost. We have also included
information on a new development board for SEEQ's powerful Ethernet data communica-
tions components.

SEEQ products are available in standard plastic or ceramic DIP and PGA packages. In
surface mount packages, SEEQ offers LCC, PLCC, flatpack, SOIC. SEEQ also offers un-
encapsulated die.

For pricing and delivery information call your nearest SEEQ sales office, representative, or
distributor --listedin the back of this book. A postage paid business reply cardis alsoincluded

for your convenience.

Thank you for your interest in SEEQ,

J. Daniel McCranie
Chairman and President

seeQ Technology, Incorporated
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Product Previews contain information on products under development. These specifica-
tions may be changed at any time, without notice.

Advanced Data Sheets contain target product specifications which are subject to change
upon device characterization over the full specified temperature range. These specifications
may be changed at any time, without notice.

Preliminary Data Sheets contain minimum and maximum limits specified over the fuII
temperature range based upon initial production device characterization. These specifica-
tions may be changed at any time, without notice.

Additional copies of this manual or other SEEQ literature may be obtained from:
SEEQ Technology Incorporated
Literature Department
1849 Fortune Drive
San Jose, CA 95131

The following are trademarks of SEEQ Technology and may only be used to identify SEEQ
products:

SEEQ®

Silicon Signature®

EDLC®

DiTrace®

MCC™

Q Cell™

SEEQ-LAN™

Assembly location: Military products are assembled at SEEQ's offshore (Korea, Hong Kong) and stateside assembly plants. The assembly plants are identified
by backside marking. The markings used are: Korea, Hong Kong, U.S.A.

Applications for any integrated circuits contained in this publication are for illustration purposes only and SEEQ makes no representation or warranty that such
applications will be suitable for the use specified.

Circuitdiagrams are included as a means of illustrating typical applications, and complete information for construction purposes is not necessarily given. The
information presented here has been carefully checked, and is believed to be entirely reliable, but no responsibility is assumed for inaccuracies. Furthermore,
no responsibility is assumed by SEEQ Technology, Inc., for use; not for any infringements of patents or other rights of third parties, which may result from its
use. No license is granted by implication, or otherwise, under any patent or patent rights of SEEQ Technology, Inc.

Products of SEEQ may notbe usedas critical components in Life Support Systems without the express written authorization of the Presidentand Vice-President
of Quality/Reliability of SEEQ Technology, Inc.

A critical component is any component whose failure to perform its intended function, could possibly lead to loss of life, or bodily harm.

Life Support Systems that may include but are not necessarily limited to:
1) Surgical implants in a human body,

2) Equipment used to sustain human life, or

3) Equipment used to monitor and/or measure human body conditions.

Product war ies, lot P warranty periods and limitation of obligation under those warranties and guarantees for all products
f; d by SEEQ Tech Incnrporated are defined In SEEQ specification DG100020 “Warranty Procedure”.

SEEQ Technology makes no waranty for the use of its products and assumes no responsibility for any errors which may appear in this document nor does
it make a commitment to updata the information contained herein.

SEEQ retains the right to make changes to these specifications at any time, without notice.
Contact your local sales office to obtain the latest specifications before placing your order.

A “For Reference Only” specification on a purchase order denotes the designated specifications is for reference by the customer and is not invoked on the
manufacturer.

seeQ Technology, Incorporated






SEEQ Technology
Product Selection Guide

4K EEPROMs
PART |ORGANIZATION | ACCESS | ICC MAX. (mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |[P|D|N|L|F|C|T PAGE#
2804A 512x 8 250 80 40 CEM |o|e 1-19
2804A 512x 8 300 80 40 CEM |ele 1-19
2804A 512x8 350 80 40 CEM |efe 1-19
16K EEPROMs
PART |ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
52B13 2Kx 8 200 80 30 C oo 1-3
52B13 2K x 8 250 80 30 CEM |eje 1-3, 6-7
52B13 2Kx 8 300 80 30 M ele 6-7
52B13 2Kx8 350 80 30 CE ole 1-3,6-7
2816A 2Kx 8 200 110 40 Cc L4 A L 1-25
2816A 2Kx8 250 110 40 CEM |e|e]e 1-25, 6-21
2816A 2Kx8 300 110 40 CEM (oje]e 1-25, 6-21
2816A 2Kx 8 350 110 40 C ef{ele 1-25
5516A 2Kx 8 200 110 40 Cc ® 1-25
5516A 2Kx8 250 110 40 Cc L] 1-25
5516A 2Kx 8 300 110 40 C o 1-25
2817A 2Kx 8 200 110 40 c oo (e 1-31
2817A 2Kx 8 250 110 40 CEM |e[e]e 1-31, 6-27
2817A 2Kx 8 300 110 40 CEM |e]e|e 1-31, 6-27
2817A 2K x 8 350 110 40 Cc ofe|e 1-31
5517A 2Kx8 250 110 40 C L4 1-31
5§517A 2Kx 8 300 110 40 o] L4 1-31
TEMPERATURE RANGE PACKAGE

C = Commercial 0°C to +70°C
E = Extended -40°C to +85°C
M = Military -55°C to +125°C
TBD = To Be Determined

*Commercial Temperature Range

P = Plastic Dip (PDip)

D = Ceramic Dip (Cerdip)

N = Plastic Leaded Chip Carrier (PLCC)
L = Ceramic Leadless Chip Carrier (LCC)
F = Flat Pack

M = Module

C = Sidebraze

T = Pin Grid Array

Xi




64K EEPROMs

PART | ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|CIT PAGE#
52B33 8Kx8 200 110 40 (o} ole 1-11

52B33 8Kx8 250 110 40 C,EM ole 1-11, 6-15
52B33 8Kx 8 300 110 40 C,EM ole [} 1-11, 6-15
52B33 8Kx8 350 110 40 (o} ole 1-11
2864 8Kx8 250 110 40 C,EM olelee 1-37, 6-33
2864 8Kx 8 300 110 40 C.EM olo|ofe 1-37, 6-33
2864 8Kx8 350 110 40 C,EM eolejoje|e 1-37, 6-33
28C64 8Kx8 200 50 150 CEM |el|e|eje 1-43, 6-39
28C64 8Kx 8 250 50 .150 CEM |ejeje]e 1-43, 6-39
28C64 8Kx8 300 50 150 CEM |eoloje|e 1-43, 6-39
28C64 8Kx 8 350 50 150 C,EM eolejeo|e 1-43, 6-39
28C65 8Kx8 200 50 150 CEM (AL 1-51, 6-47
28C65 8Kx8 250 50 150 C,E.M eojoleje 1-51, 6-47
28C65 8Kx8 300 50 .150 C,EM eleje|e 1-51, 6-47
28C65 8Kx8 350 50 .150 C,EM LARAL AL 1-51, 6-47
256K EEPROMs
PART | ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|{D|N|L|F|C|T PAGE#
28C256 32Kx 8 200 60 .200 CEM |e|ele(e|o|e]e 1-59, 6-55
28C256 32Kx 8 250 60 .200 CEM |e|ejo(e|e|o]e 1-59, 6-55
28C256 32Kx 8 300 60 .200 CEM |o|e|oje|e|o|e 1-59, 6-55
28C256 32K x 8 350 60 .200 CEM |ejoje|e]|e|e]e 1-59, 6-55
1024K EEPROMs
PART | ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE [M|P|D|N|L|F|C|T PAGE#
M28C010 128K x 8 250 70 2 CEM e 1-89, 6-95
M28Co10 128K x 8 300 70 2 CEM |eo 1-89, 6-95
M28Co10 128K x 8 350 70 2 CEM |e 1-89, 6-95
TEMPERATURE RANGE PACKAGE

C = Commercial 0°C to +70°C
E = Extended -40°C to +85°C
M = Military -55°C to +125°C

TBD = To Be Determined

*Commercial Temperature Range

P = Plastic Dip (PDip)

D = Ceramic Dip (Cerdip)

N = Plastic Leaded Chip Carrier (PLCC)
L = Ceramic Leadless Chip Carrier (LCC)
F = Flat Pack

M = Module

C = Sidebraze

T = Pin Grid Array

Xii




FLASH EPROMs

PART |ORGANIZATION | ACCESS | ICC MAX. (mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|{D|N|L|F|C|T PAGE#
47F512 64K x 8 200 40 400 Cc ole]e 2-3
47F512 64K x 8 250 40 .400 CEM |o|efo|e 2-3, 6-141
47F512 64K x 8 300 40 400 CEM (e|o]e 2-3, 6-141
47F010 128K x 8 200 40 .400 o] oleje 2-25
47F010 128K x 8 250 40 .400 CEM [eojo|e 2-25, 6-163
47F010 128K x 8 300 40 .400 CEM (o|e|e 2-25, 6-163

FLASH EEPROMs

PART | ORGANIZATION | ACCESS | ICC MAX. (mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
48F512 64K x 8 200 60 .100 o] ofo|e 2-13
48F512 64K x 8 250 60 .100 CEM |ojeje 2-13, 6-151
48F512 64K x 8 300 60 .100 CEM (ele]e 2-13, 6-151
48F010 128K x 8 200 60 .100 o] oflele 2-35
48F010 128K x 8 250 60 .100 CEM (e|e]e 2-35, 6-173
48F010 128K x 8 300 60 .100 CEM [e|e e efe 2-35, 6-173

KT48 FLASH 2-47

PROGRAMMING
KIT
HIGH SPEED 16K EEPROMs

PART | ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#

36C16 2Kx8 35 80 - c eole 1-77

36C16 2K x 8 40 80 - c ole 1-77

36C16 2Kx 8 45 80 - CEM |eje| |o 1-77,6-83

36C16 2Kx 8 55 80 - CEM |e|e]| |o 1-77,6-83

36C16 2Kx 8 70 80 - EM ole| [o 6-83

38C16 2Kx 8 35 80 40 Cc olo|e 1-83

38C16 2Kx 8 40 80 40 Cc oleje 1-83

38C16 2Kx8 45 80 40 CEM le|e|e]|e 1-83, 6-89

38C16 2Kx 8 55 80 40 CEM |e|ele 1-83, 6-89

38C16 2Kx 8 70 80 40 EM . 6-89

TEMPERATURE RANGE PACKAGE

C = Commercial 0°C to +70°C
E = Extended -40°C to +85°C
M = Military -55°C to +125°C
TBD = To Be Determined

*Commercial Temperature Range

P = Plastic Dip (PDip)

D = Ceramic Dip (Cerdip)

N = Plastic Leaded Chip Carrier (PLCC)
L = Ceramic Leadless Chip Carrier (LCC)
F = Flat Pack

M = Module

C = Sidebraze

T = Pin Grid Array

xiii




HIGH SPEED 32K EEPROMs

PART |ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
36C32 4K x 8 35 80 - C bl hd 1-77
36C32 4K x 8 40 80 - C b 1-77
36C32 4K x 8 45 80 - CEM |®|® 1-77,6-83
36C32 4K x 8 55 80 - CEM |¢®]e 1-77,6-83
36C32 4K x 8 70 80 - EM b 6-83
38C32 4K x 8 35 80 40 C o|¢|e 1-83
38C32 4K x 8 40 80 40 o] ool 1-83
38C32 4K x 8 45 80 40 CEM |®(|e|e|e 1-83, 6-89
38C32 4K x 8 55 80 40 CEM |e(e]e 1-83, 6-89
38C32 4K x 8 70 80 40 EM |®]|®]e 6-89
HIGH SPEED 256K EEPROMs
PART |ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
28HC256 32K x 8 70 80 .300 CEM |elejeoiefooje 6-73
28HC256 32K x 8 90 80 .300 CEM |e|e|e 00 0|0 6-73
28HC256 32K x 8 120 80 .300 CEM |e|e(e 0 /0]0|0 6-73
28C256A 32K x 8 150 60 .300 CEM |oj|e(e|eiole]e 6-63
28C256A 32K x 8 200 60 .300 CEM |e|e(e]ejojeie 6-63
28C256A 32K x 8 250 60 .300 CEM |e[ejeje|oefe 6-63
HIGH SPEED 1024K EEPROMs
PART |ORGANIZATION | ACCESS | ICC MAX.(mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY [ RANGE |P|D|N|L|F{CIT PAGE#
28C010 128K x 8 120 120 .350 C,EM elote 6-103
28C010 128K x 8 150 120 .350 C.EM didid 6-103
28C010 128K x 8 200 120 .350 CEM o|eje 6-103
28C010 128K x 8 250 120 .350 C.EM eleie 6-103
TEMPERATURE RANGE PACKAGE

C = Commercial 0°C to +70°C
E = Extended -40°C to +85°C
M = Military -55°C to +125°C

TBD = To Be Determined

*Commercial Temperature Range

P = Plastic Dip (PDip)

D = Ceramic Dip (Cerdip)
N = Plastic Leaded Chip Carrier (PLCC)
L = Ceramic Leadless Chip Carrier (LCC)
F = Flat Pack

M = Module

C = Sidebraze

T = Pin Grid Array

XIV




64K/128K/256K UVEPROMs

PART | ORGANIZATION | ACCESS | ICC MAX. (mA*) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
2764 8Kx8 160 100 30 Cc ° 3-3
2764 8Kx8 200 100 30 CEM . 3-3,6-113
2764 8Kx8 250 100 30 C.EM . 3-3,6-113
2764 8Kx8 300 100 30 Cc ] 33
2764 8Kx8 350 100 30 EM [ 6-113
2764 8Kx8 450 100 30 C,EM (] 3-3,6-113
27128 16Kx 8 200 100 30 CEM e |o 3-3,6-113
27128 16K x 8 250 100 30 CEM ] 3-3,6-113
27128 16K x 8 300 100 30 C ] 3-3
27128 16K x 8 350 100 30 EM o |o 6-113
27128 16K x 8 450 100 30 C,E.M L] [} 3-3,6-113
27C256 32K x 8 200 50 .150 C,E.M [ [ 3-11, 6-121
27C256 32Kx 8 250 50 150 C,EM ° [} 3-11, 6-121
27G256 32K x 8 300 50 .150 C,EM ° ° 3-11, 6-121
27C256 32Kx8 450 50 150 c (] 3-11
DESC - COMPLIANT UVEPROMs
PART [ORGANIZATION | ACCESS [ ICC MAX.(mAY) TEMP PACKAGE DATA SHEET
NUMBER TIME(ns) | ACTIVE | STANDBY | RANGE |P|D|N|L|F|C|T PAGE#
82005 8Kx 8 200 100 30 M 4 6-129
82005 8K x 8 250 100 30 M L4 6-129
82005 8Kx8 450 100 30 M 4 6-129
82025 16K x 8 200 100 30 M o (o 6-133
82025 16K x 8 250 100 30 M o |o 6-133
82025 16K x 8 300 100 30 M o |0 6-133
82025 16K x 8 450 100 30 M e |o 6-133
86063 32Kx 8 200 50 150 M o | 6-137
86063 32Kx 8 250 50 .150 M e |o 6-137
86063 32K x 8 300 50 .150 M o [o 6-137
TEMPERATURE RANGE PACKAGE
C = Commercial 0°C to +70°C P = Plastic Dip
E = Extended -40°C to +85°C D = Ceramic Dip

M = Military -55°C to +125°C
TBD = To Be Determined
*Commercial Temperature Range

**f = 1 MHz; 5mA/Additional MHz
***Commercial 0°C to 75°C

N = Plastic Leaded Chip Carrier

L = Ceramic Leadless Chip Carrier
F = Flat Pack

M = Module

C = Sidebraze

T =PinGrid Array

XV




CMOS EEPLDs

PART DESCRIPTION | PINS | SPEED | ICC MAX. (mA*) TEMP PACKAGE DATA SHEE
NUMBER t,,(ns) | ACTIVE|STANDBY | RANGE |P|D|N|L{F|C|T PAGE#
20RA10Z-35| Asynchronous | 24 35 25 150 C** |eleje|e 5-3
20RA10Z-40 | Asynchronous 24 40 25* 150 C'EM |e]e|e]e 5-3
20RA10Z-45| Asynchronous | 24 45 25 150 C'EM|o|o|o]e 5-3
26V12H-20 Versatile 28 20 105 — C ole|e 5-21
26V12H-25 Veratile 28 25 105 — C elele 5-21
COMMUNICATION PRODUCTS
PART ICC MAX. (mA*) TEMP PACKAGE FUNCTION DATA SHEET
NUMBER ACTIVE RANGE P| D|N|L|FiC|T PAGE#
8003 200 C oo Ethernet Data Link 4-1
Controller
8020 75 (o} olo|e 10 MHz Manchester 4-13
Encoder/Decoder
8023A 75 (o} ole|e 10MHz Manchester 4-27
Encoder/Decoder
8005 350 (o} [ Advanced Ethernet 4-43
Data Link Controller
TEMPERATURE RANGE PACKAGE
C = Commercial 0°C to +70°C P = Plastic Dip
E = Extended -40°C to +85°C D = Ceramic Dip

M = Military -55°C to +125°C
TBD = To Be Determined
*Commercial Temperature Range

**f = 1 MHz; 5mA/Additional MHz
***Commercial 0°C to 75°C

N = Plastic Leaded Chip Carrier
L = Ceramic Leadless Chip Carrier

F = Flat Pack

M = Module

C = Sidebraze

T = Pin Grid Array
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SEEQ TECHNOLOGY

EEPROM CROSS REFERENCE
Alternate EEPROM
Manufacturer Part # Configuration SEEQ Part #
AMD 2817A 2KX8 2817A
AMD 2864 8K X8 2864
AMD 2864B 8KX8 28C64
Atmel AT28HC16 2K X8 38C16
Atmel AT28C64 8K X8 28C65
Atmel AT28C64E 8K X8 55C65
Atmel AT28C64X 8K X8 28C64
Atmel AT28HC64 8K X8 28C64A
Atmel AT28PC64 8K X8 28C64
Atmel AT28C64F 8K X8 28C64A
Atmel AT28C256 32K X 8 28C256
Atmel AT28C256F 32K X 8 28C256A
Atmel AT28HC256 32K X8 28HC256
Atmel AT28HC256F 32K X8 28HC256H
Atmel AT28MC010 128K X 8 M28Co10
Atmel AT28HC191 2K X8 36C16
Atmel AT28HC291 2K X8 36C16*
Cypress CY7292 2K X8 36C16
Cypress cY7291 2K X8 36C16*
Cypress CY8C291 2K X8 36C16*
Exel 2804A 512X8 2804A
Exel 2816A 2K X8 2816A
Exel 2864 8K X8 2864
Exel 2865 8K X8 28C65
Intel 2816 2K X8 52B13
Intel 2816A 2K X8 52B13
Intel 2817A 2KX8 2817A
Intel 2864 8KX8 52B33
Microchip 28HC16 2KX8 38C16
Microchip 28C291 2K X8 36C16*
Microchip 28C191 2K X8 36C16
Microchip 28C64 8K X8 28C65
Microchip 28CP64 8K X8 28C64A
Microchip 28C256 32K X 8 28C256
Tl TMS27C291 2K X8 36C16*
Tl TMS27C191 2K X8 36C16
Xicor X2804A 512X8 2804A
Xicor X2816A 2K X8 2816A
Xicor X2864A 8K X8 28C64
Xicor X2864AT 8K X8 28C64
Xicor X2864AB 8KX8 28C64
Xicor X2864H 8K X8 28C64A
Xicor X28256 32K X 8 28C256
Xicor X28C256 32K X 8 28C256
Xicor XM28Co10 128K X 8 M28Co10
Xicor X28Co10 128K X 8 28C010

* Indicates 300 mil wide package (Skinny DIP)

T seeQ Technology, Incorporated
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SEEQ TECHNOLOGY

PROM REPLACEMENT CHART

Alternate
Manufacturer Part # Description SEEQ Part #

AMD AM27PS291DC 2K X 8 PROM 36C16-45
AMD AM27PS291DM 2K X 8 PROM 36C16-55
AMD AM27PS291ADM 2K X 8 PROM 36C16-55
AMD AM27S291ADC 2K X 8 PROM 36C16-35
CYPRESS CY7C291-35 2K X 8 PROM 36C16-35
CYPRESS CY7C291-50 2K X 8 PROM 36C16-45
FUJITSU MB7138Y-SKZ 2K X 8 PROM 36C16-35
FUJITSU MB7138H-SKZ 2K X 8 PROM 36C16-45
FUJITSU MB7138E-WZ 2K X 8 PROM 36C16-45
HARRIS 6-76161 2K X 8 PROM 36C16-45
MMI 63S1681NS 2K X 8 PROM 36C16-45
MMI 6351681ANS 2K X 8 PROM 36C16-35
NATIONAL DM775291 2K X 8 PROM 36C16-55
NATIONAL DM875291 2K X 8 PROM 36C16-55
RAYTHEON 29681ASM 2K X 8 PROM 36C16-55
RAYTHEON 29681ASC 2K X 8 PROM 36C16-55
RAYTHEON 29681SC 2K X 8 PROM 36C16-55
RAYTHEON 29683ASC 2K X 8 PROM 36C16-45
RAYTHEON 29683ASM 2K X 8 PROM 36C16-55
SIGNETICS 825201 2K X 8 PROM 36C16-45
T 27C291-35 2K X 8 PROM 36C16-45
T 27C291-50 2K X 8 PROM 36C16-45
T TBP28S166N 2K X 8 PROM 36C16-45
WAFRSCAL 57C€291-40 2K X 8 PROM 36C16-35
WAFRSCAL 57C291-55 2K X 8 PROM 36C16-55
NATIONAL DM875421 4K X 8 PROM 36C32-55
NATIONAL DM87S421A 4K X 8 PROM 36C32-45
NATIONAL DM775421 4K X 8 PROM 36C32-55
NATIONAL DM77S421A 4K X 8 PROM 36C32-55
RAYTHEON 29671ASC 4K X 8 PROM 36C32-45
RAYTHEON 29671ASM 4K X 8 PROM 36C32-55
RAYTHEON 29673SC 4K X 8 PROM 36C32-55
RAYTHEON 29673SM 4K X 8 PROM 36C32-55

- seeQ Technology, Incorporated




5eeqQ 52B13/52B13H

16K Electrically Erasable PROM

October 1988
Features Description
B Input Latches SEEQ’s 52B13 and 52B13H are 2048 x 8 bit, 5 volt elec-
W TTL Byte Erase/Byte Write trically erasable programmable read only memories
(EEPROM) with input latches on all address, data and
W 1ms (52B13H) or 9 ms Byte Erase/Byte Write control (chip and output enable) lines. Data is latched and
W Power Up/Down Protection electrically written by either a TTL or a 21V pulse on the
W 10,000 Erase/Write Cycles per Byte Minimum Write Enable pin. Once written, which requires under 10
V+ 10% O, . ms, there is no limit to the number of times data may be
W 5V+ 10% Operation read. Both byte and chip erase modes are available. The
B Fast Read Access Time — 200 ns erasure time in either mode is under 10 ms, and each byte
W Infinite Number of Read Cycles may be erased and written a minimum of 10,000 times.
) They are direct pin-for-pin replacement for SEEQ's 5213,
W Chip Erase and Byte Erase and Intel 2816/2816A.
B DiTrace®
B JEDEC Approved Byte Wide Memory Pinout The §2813 and 52§13H are /de?l {or appllcat/or]s that
o require a non-volatile memory with in-system write and
W Military And Extended Temperature Range erase capability. Dynamic reconfiguration (the alteration
Available
B Direct Replacement for Intel 2816/2816A
Block Diagram Pin Configuration
52B13/52B13H
COLUMN
OLUM
Aga :> P ADDRESS

LATCHES DECODE

E2
MEMORY
ARRAY

ROW
A L___.> ADDRESS
4-10 LATCHES

ROW
ADDRESS
DECODE

LATCH ENABLE

WRITE/ERASE

DUAL INPUT
WE VOLTAGE ENABLE DATA
DETECTION] LATCHES

LATCH ENABLE
LATCH ENABLE

CE CONTROL CONTROL
o LATCHES LOGIC /0 BUFFERS

Ay-Ay ADDRESSES

CE CHIP ENABLE

OE OUTPUT ENABLE

V0.7 —
E WRITE ENABLE

110, DATA INPUT (WRITE OR ERASE)

i i i DATA OUTPUT (READ
DiTrace is a registered trademark of SEEQ Technology Inc. ( )

- SeeQ Technology, Incorporated
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of operating software inreal-time) is made possible by this
device. Applications for the 52B13 and 52B13H will be
found in military avionics systems, programmable charac-
ter generators, self-calibrating instruments/machines,
programmable industrial controllers, and an assortment of
other systems. Designing the 52B13 and 52B13H into
eight and sixteen bit microprocessor systems is also sim-
plified by utilizing the fast access time with zero wait states.
The addition of the latches on all data, address and control
inputs reduces the overhead on the system controller by
eliminating the need for the controller to maintain these
signals. This reduces IC count on the board and improves
the system performance. Extended temperature and mili-
tary grade versions are available.

Device Operation

SEEQ's 52B13 and 52B13H have six modes of operation
(see Table 1) and except for the chip erase mode they
require only TTL inputs to operate these modes.

To write into a particular location of the 52813 or 52B13H,
thatbyte mustfirstbe erased. Amemory locationis erased
by presenting the 52B13 or 52B13H with Chip Enable ata
TTL low while Output Enable is at TTL high, and TTL highs
(logical 1s) are being presented to all the I/Olines. These
levels are latched and the data written when write enable
isbroughtto a TTL low level. The erase operation requires
under 10 ms. A write operation is the same as an erase
except true datais presentedto the I/Olines. The 52B13H
performs the same as the 52B13 except that the device
byte erase/byte write time has been enhanced to 1 ms.

The 52B13 is compatible to prior generation EEPROMSs
which required a high voltage signal for writing and eras-
ing. Inthe 52B13 there is an internal dual level detection
circuit which allows either a TTL low or 21V signal to be

Table 1. Mode Selection (V.. =5V +10%)

52B13/52B13H

applied to WE to execute an erase or write operation. The
52B13 specifies no restriction on the rising edge of WE.

For certain applications, the user may wish to erase the
entire memory. A chip erase is performed in the same
manner as a byte erase except that Output Enable is
between 14V and 22V. All 2K bytes are erased in under
10ms.

A characteristic of all EEPROMSs is that the total number of
write and erase cycle is not unlimited. The 52B13 and
52B13H have been designed for applications requiring up
to 10,000 write and erase cycles per byte. The write and
erase cycling characteristic is completely byte independ-
ent. Adjacent bytes are not affected during write/erase
cycling.

After the device is written, data is read by applying a TTL
high to WE, enabling the chip, and enabling the outputs.
Data is available t, time after Chip Enable is applied or
t,, time from the addresses. System power may be re-
duced by placing the 52B13 or 52B13H into a standby
mode. Raising Chip Enable to a TTL high will reduce the
power consumption by over 60%.

DiTrace

SEEQ's family of EEPROMs incorporate a DiTrace field.
The DiTrace feature is a methodfor storing production flow
information to wafer level in an extra column of EEPROM
cells. As each major manufacturing operation is per-
formedthe DiTrace field is automatically updated to reflect
theresults of that step. These features establish manufac-
turing operation traceability of the packaged device back
to the waferlevel. Contact SEEQ for additionalinformation
on these features.

PIN CE OE WE o
Mode (18) (20) 1) (9-11,13-17)
Read!! Vi V, Vi Doyt
Standby!!! Vi Don't Care Vi High Z
Byte Erasel?] Vi \' Vi D=V
Byte Write!?! V. Vv, Vi Dy
Chip Erasel? Vi Voe Vi D=V,
Write/Erase Inhibit Viu Don't Care Don't Care High Z

NOTES:
1. WE may be from V,, to 6V in the read and standby mode.

2.WE may be atV, (IIETLW Mode ) or from 15 to 21V (High Voltage WE mode) in the byte erase, byte write, or chip erase mode of

the 52B13/52B13H.

MD400006/C
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Power Up/Down Considerations

SEEQ’s “52B” E? family has internal circuitry to minimize
false erase or write during system V. power up or down.
This circuitry prevents writing or erasing under any one of
the following conditions:

1. V. islessthan3 V.l
2. A negative Write Enable transition has not occurred
when V,, is between 3 Vand 5 V.

Writing will also be prevented if CE or OF are in a logical
state other than that specified for a byte write in the mode
selection table.

52B13/52B13H

Typical EEPROM Write/Erase Routine

WAIT SUBROUTINE
START
WAIT
ISSUE
“Ec"g.S‘JXXfSTE INITIALIZE
COUNT
TO EEPROM
EXECUTE L
WAIT
SUBROUTINE DEggm$NT
FOR typ
ISSUE
MEMORY READ | (Note: Data is NO
cggg‘(’;gg & | invaid in this
— ration.
WE LATCH ope )
YES

Microprocessor Interface Circuit Example for Byte Write/Erase

ADDRESS

BUS L

ADDRESSES

SYSTEM RESET )>— »
MEMORY READ > ] |
EEPROM SELECT ) I |
l
MEMORY WRITE ) ' |
741532

CHIP SELEC” )

DATA BUS <

110 0-7

NOTE:
1. Characterized. Not tested.

MD400006/C




Absolute Maximum Stress Ratings*

Temperature
Storage ...... —65°C to +150°C
Under Bias ........ccocecevineneeccneneccisens —-10°Cto +80° C
D.C. Voltage applied to all Inputs or Outputs
with respect to ground.............ccecuene +6.0Vto-05V

Undershoot/Overshoot pulse of less then 10 ns
(measured at 50% point) applied to all inputs or
outputs with respect to ground ... (undershoot) 1.0 V
(overshoot) + 7.0 V
WE During Writing/Erasing
with Respect to Ground ...............cc.... +22.5V t0 -0.3V

Endurance and Data Retention

52B13/52B13H

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisisastressrating only andfunctional operation
of the device at these or any other conditions above those
indicated inthe operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Recommended Operating Conditions

52B13-200/-250/-350
52B13H-200/-250/-350

V. Supply Voltage

5V +10%

Temperature Range (Ambient)

0°C to 70°C

MD400006/C

Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Ton Data Retention Years MIL-STD 883 Test
Method 1008
D.C. Operating Characteristics During Read or Write/Erase
(Over the operating V., and temperature range)
Symbol Parameter Min. Nom.'l | Max. | Unit | Test Conditions
Iy Input Leakage Current 10 A Vi = Vo Max.
ly Output Leakage Current 10 pA Vour = Voo Max
lwe Write Enable Leakage _
Read Mode 10 pA WE=V,
TTL W/E Mode 10 pA WE=V,
High Voltage W/E Mode 1.5 mA WE =22V,CE =V,
High Voltage W/E Inhibit Mode 1.5 mA | WE=22V,CE=V,,
Chip Erase — TTL Mode 10 pA | WE=V,
Chip Erase — High Voltage .
Mode 1.5 mA WE =22V
lees V¢ Standby Current 15 30 mA | CE=V,,
leca V¢ Active Current 50 80 mA | CE=OE=V,
Vi Input Low Voltage -0.1 0.8 v
Viu Input High Voltage 2 Vee +1 \"
Ve WE Read Voltage 2 Vec+#1| V
WE Write/Erase Voltage
TTL Mode -0.1 0.8 \i
High Voltage Mode 14 22 \
Voo Output Low Voltage 0.45 \ lh,=21mA
Vou Output High Voltage 2.4 \ loy = —400 uA
Voe OE Chip Erase Voltage 14 22 \" log = 10 pA
NOTES:
1. Nominal values are for T, =25°Cand V.. =5.0V.
- eeeQ Technology, Incorporated 16




52B13/52B13H

A.C. Operating Characteristics During Read (Over the operating V, and temperature range)

Device 52B13
Number 52B13H
Symbol Parameter Extension | Min. | Max. Units | Test Conditions
toa Address Access Time -200 200 ns | CE=0E=V,
-250 250 ns
-350 350 ns
tee Chip Enable to Data Valid -200 200 ns OE=V,
-250 250 ns
-350 350 ns
toel! Output Enable to Data Valid -200 80 ns | CE=V,
-250 90 ns
-350 100 ns
ty 2 Output Enable to High Impedance -200 0 60 ns CE=V,
-250 0 70 ns
-350 0 80 ns
ton Output Hold All 0 ns | CE=OE=V,
Capacitance”! T, = 25°C, = 1 MHz A.C. Test Conditions
Symbol | Parameter Max. | Unit Conditions Output Load: 1 TTL gate and C, = 100 pF
C., Input Capacitance 10 pF V=0V Input Rise and Fall Times: < 20ns
- - Input Pulse Levels: 0.45V to 2.4V
Cour Output Cap‘>acnance 10 pF _V°“T__ ov Timing Measurement Reference Level:
CVee V.. Capacitance 500 pF OE=CE=V, Inputs 1V and 2V
CVye V. Capacitance 10 pF | OE=CE=V,, Outputs 0.8V and 2V
Read Timing
. -—=—
ADDRESSES >S ADDRESSES x
. 4
_ +F
CE
S
t gg————— |
— b
oF /|
A
m o
tog! i—w -t L
- 3 3
OUTPUT HIGHZ i VALID OUTPUT z\ \ z HGHZ
AN o +//7
- ipa — tOH [—

NOTES:

1.0E may be delayed to taa—tog after the falling edge of CE without impacton taa.

2.tpris specified from OE or CE, whichever occurs first.

3. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.

- seeQ Technology, Incorporated
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52B13/52B13H

A.C. Operating Characteristics During Write/Erase
(Over the operating V. and temperature range)

Symbol Parameter Min. Max. Units
1 CE, OE or A, Setup to WE 50 ns
tos Data Setup to WE 15 ns
1,0 WE to CE OE, A, or Data Change 50 ns
tyt! Write Enable, WE, 52B13 9 ms

Pulse Width 52B13H 1 ms
tyal? WE to Mode Change

WE to next Byte Write/Erase Cycle 50 ns

WE to start of a Read Cycle 2 us

52B13/52B13H High Voltage Write Specifications
Except for the functional differences noted here, the 52B13 and 52B13H operate to the same specifications,
including the TTL W/E mode.

52B13 52B13H

Symbol Function/Parameter Min. Max. Min. Max. Units
twe Write Enable Pulse Width

Byte Write/Erase 9 20 1 10 ms

Chip Erase 9 20 9 20 ms
Ve WE Write/Erase Voltage

High Voltage Mode 14 22 14 22 \

Byte Erase or Byte Write Timing
|
ADDRESSES )g VALD :X DONT CARE

CE |§ / DON'T CARE
\M

_ —
oE ty N DONT CARE
ts twp

— 4 —

l 7’~ 18V \
N ) ]
(wanlg ——M—g VALID 5( DONT CARE

(Ems"; ————‘—7”'6” z N  DONTcARE

~a————— BYTE ERASE/WRITE PERIOD ——®-%— START OF NEXT MODE
. '

3
m

g

<

I

i
4 —

‘_
i

NOTES:

1. After t,, hold time, form WE, the inputs, CE, OE, address and Data are latched and are "Don't Cares” until t,,,, write recovery time, after the trailing
edge of WE.

2. The Write Recovery Time, 1., is the time after the trailing edge of WE that the latches are open and able to accept the next mode set-up conditions.
Reference Table 1 (page 2) for mode control conditions.

- eeeQ Technology, Incorporated
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52B13/52B13H

Chip Erase Specifications

Symbol Parameter Min. Max. Units
tg CE, OE Setup to WE 1 us
toen OE Hold Time 1 ps
tue WE Pulse Width 10 ms
tn Erase Recovery Time 10 us
Chip Erase Timing
— Vm
CE
Vi —
VWEm
— ~ 14V
WE
Ve 21V
ViH [~ YceC
VOEm
_ — 14V
OE
Vet 1V
Vi cc
NOTES:
1. Vyygand Ve can be from 15V to 21V in the high voltage mode for chip erase on 52813,
Ordering Information
D Q 52B13 H-200
PACKAGE TEMPERATURE PART TYPE EEPROM BYTE WRITE TIME ACCESS TIME
TYPE RANGE
D —- CERAMIC DIP Q-0°Cto +70°C 2K x 8 EEPROM (Blank) — Standard Write Time 200 - 200 ns
P — PLASTIC DIP (Commercial) H — Fast Write Time 250 — 250 ns
UX —UNENCAPSULATED DIE 350 - 350 ns
L— seeQ Technology, Incorporated
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See 52B33/52B33H

64K Electrically Erasable PROM

October 1987
Features Description
B High Write Endurance Over Temperature SEEQ’s 52B33is a8192 x 8 bit, 5 volt electrically erasable
Range programmable read only memory (EEPROM) which is
- 52B33/52B33H; 10,000 cycles/byte specified over a 0°C to 70°C temperature range. Data
minimum retention is specified to be greater than 10 years. The
W Input Latches device has inputlatches on all addresses, data and control
B Fast TTL Byte Write Time (chip and output) lines. Data is latched and electrically
« 1ms for 52B33H written by a TTL pulse on the Write Enable pin. Once
« 9ms for 52833 written there is no limit to the number of times data may be
+ 100 read. The erasure time is under 10 ms, and each byte may
W 5V 10% Vec . be erased and written a minimum of 10,000 times. For ap-
W Power Up/Down Pr olec':tlon plications requiring a faster byte write or erase time, a
W 200 ns Read Access Time 52B33H is available at 1 ms, giving a 10 times speed in-
B DiTrace® crease.
B Infinite Number of Read Cycles
B JEDEC Approved Byte Wide Memory Pinout . . .
W Military And Extended Temperature Range Pin Conf'g uration

Available
vee
WE
NC
A
Block Diagram A

COLUMN

[ ADDRESS

DECODE

COLUMN
Ao4 =) anonees
LATCHES

ROW

A5-12|:> LATCHES IBDEDCROEDSES E2 0g
MEMORY
_ ARRAY 16§ Juo,

LATCH ENABLE
WAITE WRITE/ERASE Pin Names
WE ENABLE ENABLE NPUT
CONTROL DATA A -A ADDRESSES - COLUMN

LATCH ENABLE

LATCHES (LOWER ORDER BITS)
LATCH ENABLE A -A,,| ADDRESSES - ROW
CE CONTROL CONTROL CE CHIP ENABLE
CE VO BUFFERS
OE LATCHES LOGC OF OUTPUT ENABLE

WE WRITE ENABLE

DATA INPUT (WRITE OR ERASE),
V0p 7 DATA OUTPUT (READ)

CcC CHIP CLEAR
N/C NO CONNECT

DiTrace is a registered trademark of SEEQ Technology Inc.

- seeQ Technology, Incorporated
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The pin configuration is to the JEDEC approved byte wide
memory pinout. EEPROMs are ideal for applications that
require a non-volatile memory with in-system write and
erase capability. Dynamic configuration (the alteration of
opening software in real-time} is made possible by
EEPROMs. Applications will be found in military avionics
systems, programmable character generators, self-cali-
brating instrument/machines, programmable industrial
controllers, and an assortment of other systems. Design-
ing the EEPROMs into these systems is simplified be-
cause of the fast access time and input latches. The
specified 200 ns access time eliminates or reduces the
number of microprocessor wait states. The addition ofthe
latches on all data, address and control inputs reduces the
overhead on the system controller by eliminating the need
for the controller to maintain these signals. This reduces
IC count on the board and improves the system perform-
ance.

Device Operation

SEEQ’s 52B33 has six modes of operation (see Table 1)
and requires only TTL inputs to operate these modes. The
“H” members of the family operate in the same manner as
the other devices except that a faster write enable pulse
width of 1 ms is specified during byte erase or write.

Read

A read is accomplished by presenting the address of the
desired byte to the address inputs. Once the address is
stable, CE is brought to a TTL low in order to enable the
chip. The write enable (WE) pin must be at a TTL high
during the entire read cycle. The output drivers are made
active by bringing output enable (OE) to a TTL low. During
read, the address, CE, OE, and I/O latches are transpar-
ent.

Mode Selection (Table 1)

52B33/52B33H

Write

To write in to a particular location, that byte must first be
erased. A memory location is erased by having valid ad-
dresses, Chip Enable at a TTL low, Output Enable at TTL
high, and TTL highs (logical 1's) presented to all the I/O
lines. Write Enable is then brought to a TTL low level to
latch all the inputs and I/Olines. All inputs can be released
after the write enable hold time (t,) and the next input
conditions can be established while the byte is being
erased. During this operation, the write enable must be
held at a TTL low for 9 ms (t,,.). A write operation is the
same as an erase except true data is presented to the /O
lines. The 52B33H performs the same as the 52B33
except that the byte erase/byte write time has been en-
hanced to 1 ms.

Chip Clear

Certain applications may require all bytes to be erased
simultaneously. See A.C. Operating Characteristics for
TTL chip erase timing specifications.

DiTrace

SEEQ’s family of EEPROMs incorporate a DiTrace field.
The DiTrace feature is a methodfor storing production flow
information in an extra row of EEPROM cells. As each
major manufacturing operation is performed the DiTrace
field is automatically updated to reflect the results of that
step. These features establish manufacturing operation
traceability of the packaged device back to the wafer level.
Contact SEEQ for additional information on these fea-
tures.

Function| TCE CC OE WE 1o

Mode (Pin) (20) (1) (22) (27) (11-13,15-19)
Read Vi Vi Vi Viu Doyt
Standby Viu Don't Care Don't Care Don't Care High Z
Byte Erase Vi Vi Vi, Vi D=V,
Byte Write Vi Vi Viu V. D,
Chip Clear Vi Vi Viu Vi VyorV,
Write/Erase Inhibit Vin DontCare | Don't Care Don't Care High Z

NOTE:

1. Characterized. Not tested.

I seeQ Technology, Incorporated
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Absolute Maximum Stress Ratings*

Temperature
SH0rage ....cvvvvvivrectivririnvniriieiiinns -65°C to +100°C
Under Bias ..........ccouevvcevevvevsvsusironens -10°C to +80°C
D.C. Voltage applied to all Inputs or Outputs
with respect to ground...........c....cuc.... +6.0Vto-05V

Undershoot/Overshoot pulse of less then 10 ns
(measured at 50% point) applied to all inputs or
outputs with respect to ground .... (undershoot) -1.0 V
(overshoot) + 7.0 V

Recommended Operating Conditions

52B33, 52B33H
5V+10%

0°C to 70°C

V¢ Supply Voltage

Temperature Range (Ambient)

Endurance and Data Retention

52B33/52B33H

*COMMENT: Stresses above thoselisted under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis astressrating only andfunctional 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 condj-
tions for extended periods may affect device reliability.

Power Up/Down Considerations

SEEQ's “52B" E? family has internal circuitry to mini-

mize false erase or write during system V. power up or

down. This circuitry prevents writing or erasing under

any one of the following conditions:

1. V.. islessthan3 V.Y

2. A negative Write Enable transition has not occurred
when V. is between3 Vand 5 V.

Writing will also be prevented if CE or OE are in a
logical state other than that specified for a byte write in
the mode selection table.

Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Ton Data Retention >10 Years MIL-STD 883 Test
Method 1008

D.C. Operating Characteristics During Read or Erase/Write

(Over the operating V.. and temperature range)

Symbol Parameter Min. Nom. Max. Unit Test Conditions

[ Input Leakage Current 10 HA Vi = Ve Max.

lo Output Leakage Current 10 KA Vour = Ve Max.

lwe Write Enable Leakage 10 pA WE=V,

lect V. Standby Current 18 40 mA CE=V,

leca V¢ Active Current 60 110 mA CE=0E=V,

R Input Low Voltage 041 0.8 v

Viu Input High Voltage 2 Ve +1 \'

Voo Output Low Voltage 0.45 v loo=2.1mA

Vou Output High Voltage 24 V' low = —400 nA
NOTE:

1. Nominal values are for T, =25°Cand V. =5.0 V.

MD400008/B




52B33/52B33H

A.C. Operating Characteristics During Read (Over the operating V. and temperature range)

MD400008/B
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1.0E may be delayed to tas — tog after the falling edge of CE without impacton ty, .
2. tpeis specified from OE or CE, whichever occurs first.
3. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
4. After t, hold time, from WE, the inputs EE(YE, CC, Address and Data are latched and are "Don't Cares” until g , Write
Recovery Time, after the trailing edge of WE.
5. The Write Recovery Time, tyyg , is the time after the trailing edge of WE that the latches are open and able to accept the next
mode set-up conditions. Reference Table 1 (page 2) for mode control conditions.

Device 52B33
Number 52B33H
Symbeol Parameter Extension | Min. | Max. | Units Test Conditions
taa Address Access Time - =200 200 ns CE=0E=V,
-250 250 ns
—350 350 ns
tee Chip Enable to Data Valid -200 200 ns OE=V,
-250 250 ns
-350 350 ns
toel!! Output Enable to Data Valid —200 80 ns CE=V,
-250 90 ns
-350 100 ns
o2 Output Enable to High Impedance -200 0 60 ns CE=V,
—250 0 70 ns
-350 0 80 ns
ton Output Hold Al 0 ns CE=0E=V,
Cy Input and Output All 10 pF V,, =0V for
Cou™ Capacitance Ci Vour=0V
fOr ouT
T, = 25°C
Read Cycle Timing
v ADDRESSES T
ADDRESSES >_< VALID )
F ————
4
e-e /
K ————
l—————— t cg———|
- &
OE
| 1@
‘OE[']—’ >
- X B
oureut wonz [TTTTT woomor | Y552
AN o £/ /7
| ——————— 1 —= toH [—
NOTES:




52B33/52B33H

A.C. Test Conditions

Qutput Load: 1 TTL gate and C, = 100 pF
Input Rise and Fall Times: < 20ns
Input Pulse Levels: 0.45 Vto 2.4V
Timing Measurement Reference Level:
Inputs 1 Vand2 V
Outputs 0.8 Vand 2 V

A.C. Operating Characteristics During Write/Erase
(Over the operating V.. and temperature range)

Symbol Parameter Min. Max. Units
t CE, OE or Address Setup to WE 50 ns
tos Data Setup to WE 15 ns
1,14 WE to CE, OE, Address or Data Change 50 ns
typ Write Enable (WE) Pulse Width

Byte Modes — 52B33 9

Byte Modes — 52B33H 1 ms
el WE to Mode Change

WE to Start of Next Byte Write Cycle 50 ns

WE to Start of Read Cycle 1 us

Byte Erase or Byte Write Cycle Timing
|

|
A 3
ADDRESSES VALID X DONT CARE !
3 |
| [
|
GE \ / DONT CARE l
!‘L - [
|
|
_ | 3 i
oE z » \ DONT CARE
}4 F. |
ts l
| _ |
v i T
| ~ 55 'wR
t ——
DS | o
vo HIGH 2 vaup [ DONTCARE
(WRITE MODE)

vo HiGHZ | 7 N ponTcaRe
(ERASE MODE)

|<——“ BYTE ERASE/WRITE PERIOD —’l<— START OF NEXT MODE

|
Sl |
|

(Notes 4 and 5 are on previous page)

- seeQ Technology, Incorporated
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A.C. Operating Characteristics During Chip Erase.

(Over the operating V.. and temperature range)

52B33/52B33H

_— eeeQ Technology, Incorporated

MD400008/B

NOTE: Address, Data are don't care during Chip Erase.

z
o

~4————— CHIP ERASE PERIOD ———J

Symbol Parameter Min. Max. Units
t CC, CE, OE Setup to WE 50 ns
t 4 WE to CE, OE, CC change 50 ns
twe Write Enable (WE) Pulse Width 10 ms
Chip Erase — 52B33
Chip Erase — 52B33H
tya®™ WE to Mode change 50 ns
WE to Start of Next Byte Write Cycle
WE to Start of Read Cycle 1 us
TTL Chip Erase Timing
| IL
cc / DONT CARE
1T - |
CE I\ / DON'T CARE 1
~
— s A
OE | W \ DON'T CARE |
T |
|

1-16




52B33/52B33H

Microprocessor Interface Circuit Example for Byte Write/Erase

ADDRESS | > ADDRESSES

SYSTEMRESET )

MEMORY READ J)—

CHIP SELECT ))- q CE

DATABUS ¢ > V0 .7

NOTE:

ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED BY THE TIMING DIAGRAMS
SHOWN ON PAGES 4 AND 5. EEPROM SELECT IS DERIVED FROM THE CHIP SELECT SIGNALS
OF ALL DEVICES FOR WHICH THIS CIRCUIT GATES WE. THIS MAY ENTAIL A SIMPLE OR
FUNCTION. IN CASE OF A SINGLE EEPROM, THE TWO SIGNALS WOULD BE COMMON.

Typical EEPROM Write/Erase Routine

ISSUE
MEMORY WRITE INITIALIZE
COMMAND COUNT
TO EEPROM

! I

DECREMENT
COUNT

WAIT SUBROUTINE

SUBROUTINE
R typ

1

ISSUE
MEMORY READ | (Note: Data is NO
COMMANDTO | invalid in this
CLEAREXTERNAL| gperation.)
WE LATCH

YES

Ordering Information D Q 5831 H-250

PACKAGE OPERATING PART TYPE EEPROM BYTE WRITE TIME ACCESS TIME
TYPE TEMPERATURE
RANGE
D - CERAMIC DIP Q=0CTO+70°C 8Kx8EEPROM (BLANK) = STANDARD WRITE TIME 200 = 200 ns
P - PLASTIC DIP (COMMERCIAL) H = FAST WRITE TIME 250 = 250 ns
UX ~ UNENCAPSULATED DIE 350 = 350 ns

— seeQ Technology, Incorporated
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Features

B High Endurance

« 10,000 Cycles/Byte Minimum

On-Chip Timer
« Automatic Erase and Write Time Out

All Inputs Latched by Write or Chip Enable
Direct Replacement to 512 x 8 EEPROMs
5V *+10% Power Supply

Power Up/Down Protection Circuitry

250 ns max. Access Time

Low Power Operation
« 80 mA max. Active Current
« 40 mA max. Standby Current

10 Year Data Retention
JEDEC Standard Byte-Wide Pinout

Block Diagram

Ag-4 :>

COLUMN
ADDRESS
DECODE

COLUMN
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

ROW
ADDRESS
LATCHES

As-sE:>

LATCH ENABLE

2804A
Timer E?

4K Electrically Erasable PROM

October 1989

Description

SEEQ's 2804Ais a 5 V only, 512 x 8 electrically erasable
programmable read only memory (EEPROM). EEPROMs
are ideal for applications which require non-volatility and
in-system data modification. The endurance, the number
of times that a byte may be written, is 10 thousand cycles
for the 2804A.

This device has an internal timer that automatically times
out the write time. A separate erase cycle is not required
and the minimum write enable (WE) pulse width needs to
be only 150 ns. The on-chip timer, along with the inputs
being latched by a write or chip enable signal edge, frees
the microcomputer system for other tasks during the write
time. The write time is 10 ms. Once a byte is written, itcan
be read in 250 ns. The inputs are TTL for both the byte
write and read mode.

Pin Configuration

MD400019/C

CE — EDGE TIMER 'B'i?; GND

&7 oereon oo en |

LATCH ENABLE Pin Names

— CONTROL CONTROL VO BUFFERS

o LATCHES LoGE A,-A, | COLUMN ADDRESSES
A-A, ROW ADDRESSES

¥0g.7 CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
0, DATA INPUT (WRITE)
DATA OUTPUT (READ)
— Technology, i ted
SEEQ Tty nerr -




Device Operation

There are four operational modes (see Table 1) and only
TTLinputs are required. To write into a particular focation,
a TTL low is applied to the write enable (WE}) pin of a
selected (CE low) device. This, combined with output
enable (OE} being high, initiates a write cycle. During a
byte write cycle, addresses are latched on the last falling
edge of CE orWE and data is latched on the first rising
edge of CE or WE. Aninternal timer times out the required
byte write time, An automatic byte erase is performed
internally in the byte write mode. The 2804A ignores
attempts to read or write while the internal write cycle is in
progress.

Absolute Maximum Stress Ratings*

Temperature
Storage . —65°C to +150°C
Under Bias ... . .—10°C to +80°C
D.C. Voltage applied to all Inputs or Outputs
with respect to ground....................... +6.0Vio-0.5V

Undershoot/Overshoot pulse of less then 10 ns
(measured at 50% point) applied to all inputs or
outputs with respect to ground ... (undershoot) -1.0 V
{overshoot) + 7.0 V

Power Up/Down Considerations

2804A

Mode Selection (Table 1)

Mode CE | OE WE [{e]
Read Vi Vi Vi Dour
Standby Vi X X HI Z
Byte Write | V, | Ve | Vi D
Write X Vi X HI ZID
Inhibit X X VIH HI ZD

X:any TTL Level

prevents writing under any one of the following conditions.

1.V is less than 3V.!'

2. A negative Write Enable (WE) transition has not
occurred when Vcc is between 3V and 5 V.

Writing will also be prevented if CE or OE are in a logical
state other than that specified for a byte write in the Mode
Selection table.

*COMMENT: Stresses above 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 op-
erational sections of this specification is notimplied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

Recommended Operating Conditions

1 Characterized. Not tested.

The 2804A has internal circuitry to minimize a false write 2804A
during system Vec power up or down. This circuitry Temperature Range (Ambient) 0°C to 70°C
Endurance and Data Retention Voo Supply Voltage 5V+10%

Symbol Parameter Value Units Condition

N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008
DC Operating Characteristics T, = 0° 0 70°C; V., = 5 V + 10%, unless otherwise noted.
Limits
Symbol | Parameter Min. Max. Units Test Condition
lec Active V. Current 80 mA CE = OE =V,; All IO Open;
Other Inputs = 5.5V
lsa Standby V. Current 40 mA CE=V,, OE = V,; All VO's
Open; Other Inputs = 5.5V

he Input Leakage Current 10 pA Vy=55V

lov Output Leakage Current 10 pA Vor =55V

Vi Input Low Voltage -0.1 0.8 v

Vi Input High Voltage 2.0 6 \

Vo Output Low Voltage 0.4 \ lo =2.1mA

Vou Output High Voltage 2.4 \' lo = =400 pA
NOTE:

I eeeQ Technology, Incorporated
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2804A

AC Characteristics ‘
Read Operation T,=0°t070° C; V,=5V £ 10%, unless otherwise noted.
Limits
2804A-250 2804A-300
Symbol Parameter Min. Max. Min. Max. Units
toc Read Cycle Time 250 300 ns
tee Chip Enable Access Time 250 300 ns
ta Address Access Time 250 300 ns
toe Output Enable Access Time 90 100 ns
t, CE to Output in Low Z 10 10 ns
tu CE to Outputin HI Z 100 100 ns
[ OE to Output in Low Z 50 50 ns
tonz OE to Output in HI Z 100 100 ns
oM Output Hold from Address Change 20 20 ns
to, ! CE to Power-up Time 0 0 ns
tpp!"! CE to Power Down Time 50 50 ns
Capacitance @ T, = 25°C, = 1 MHz
Symbol Parameter Max | Conditions A.C. Test Conditions
Cu Input Capacitance 6pF |V,=0V Output Load: 1 TTL gate and C, = 100 pF
Cour Data (I/O) Capacitance 10pF [V, =0V Input Rise and Fall Times: < 20ns
Input Pulse Levels: 0.45V to 2.4V
E.S.D. Characteristics Timing Measurement Reference Level:
Inputs 1V and 2V
Symbol | Parameter Value Test Conditions Outputs 0.8V and 2V
Ve 1M E.S.D. Tolerance >2000 V MIL-STD 883
Test Method 3015
Read Cycle Timing
tRe —I
ADDRESSES :>( . jx X
Y
[ tap —
-~
CE \[ tce
F— toE ™ d—
OF / ta—topHz -
toz| ‘oH =z
paTA ouT —HIGHE ¢ DATA VALID K X DATAVALD ~ }——
tiz —= !
i |
SuPey eg T fee \
CURRENT r*—1pp
NOTES:
1. Characterized. Not tested.
2. This parameter measured oniy for the initial qualification and after process or design changes which may
affect capacitance.

o s eeQ Technology, Incorporated
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2804A

TTL Byte Write Cycle
WE CONTROLLED WRITE CYCLE

1,

WC
rea

97
ADDRESS X X
LL

7

tas—] e tay tcH

|| 17

T

! 37
tcs l‘-—

l | LL

i d
toes g lf

N Wﬁ%ﬂ\_

— tpy|

DATAIN

L

DATA VALID
! L
od

>_

— eeeQ Technology, Incorporated

tos—l* J‘

1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
2. Data must be valid within 1 ps maximum after the initiation of a write cycle. Characterized, not tested.

CE CONTROLLED WRITE CYCLE

AC Characteristics
TTL Write Cycle T,=0°to 70°C; V=5 V 1 10%, unless otherwise noted.
2804A-250 2804A-300
Symbol | Parameter Min. Max. Min. Max. Units
twe Write Cycle Time 10 10 ms
ts Address Set Up Time 10 10 ns
tn Address Hold Time 50 70 ns
tes Write Set Up Time 0 0 ns
ten Write Hold Time 0 0 ns
tow CE to End of Write Input 150 150 ns
toes OE Set Up Time 10 10 ns
toen OE Hold Time 10 10 ns
[ WE Write Pulse Width 150 150 ns
t Data Latch Time 50 50 ns
to? Data Valid Time 1 1 us
ts Data Set Up Time 50 50 ns
ton Data Hold Time 0 0 ns
Notes:

ADDRESS x:

X

tasfe—a [ o> toL
. s
O\ /
-
™ r‘"OEH
L rga
45
OE s /
toes
ten
— tes
WE
I
""DV"

DATA IN

| toH

MD400019/C
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2804A

(]
=
Ordering Information Q
[+
w
D Q 2804A-250 w
PACKAGE TEMPERATURE PART TYPE ACCESS TIME
TYPE RANGE
D — CERAMICDIP Q-0CTO+70°C 512 x 8 EEPROM 250 - 250 ns
P - PLASTIC DIP (COMMERCIAL) 300 -300 ns

- seeQ Technology, Incorporated 123
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Features

M High Endurance Write Cycles
« 5516A : 1,000,000 Cycles/Byte Minimum
« 2816A: 10,000 Cycles/Byte Minimum

On-Chip Timer

« Automatic Erase and Write Time Out
« 2 ms Byte Write Time (2816AH)

All Inputs Latched by Write or Chip Enable
5Vt 10% Power Supply

Power Up/Down Protection Circuitry
200 ns max. Access Time

Low Power Operation

« 110 mA max. Active Current

« 40 mA max. Standby Current
JEDEC Approved Byte-Wide Pinout

Military and Extended Temperature Range
Available

Block Diagram

COLUMN
ADDRESS
DECODE

COLUMN
ADDRESS
LATCHES

Ao :>

ROW
ROW
ADDRESS
Asy :> ADDRESS
° LATCHES DECODE

LATCH ENABLE
EDGE

cE DETECTION CKT TIMER
WE AND LATCHES
LATCH ENABLE

CONTROL
LATCHES

CONTROL
LOGIC

Q Cell is a trademark of SEEQ Technology, Inc.

INPUT
DATA
LATCHES

VO BUFFERS

2816A/5516A
Timer E?

16K Electrically Erasable PROMs

October 1988

E2
MEMORY
ARRAY

¥o-7

Description

SEEQ's 5516A and 2816A are 5V only, 2Kx8 electrically
erasable programmable read only memories
(EEPROMSs). EEPROMs are ideal for applications which
require non-volatility andin-system data modification. The
endurance, the minimum number of times that a byte may
be written, is 1 million for the 5516A and 10 thousand for
the 2816A. The 5516A’s extraordinary high endurance
was accomplished using SEEQ’s proprietary oxyntride
EEPROM process andits innovative Q Cell™ design. The
5516A is ideal for systems that require frequent updates.

Both EEPROMSs have an internal timer that automatically
times out the write time. A separate erase cycle is not
required and the minimum write enable (WE) pulse width
needs to be only 150 ns. The on-chiptimer, along with the
inputs being latched by a write or chip enable signal edge,
frees the microcomputer system for other tasks during the
write time. The standard 2816A and 5516A’s write time is
10 ms, while the 2816AH’s write time is a fast 2 ms. Once

Pin Configuration

Vee

Pin Names
A-A, | ADDRESSES
CE | CHIP ENABLE
OF | OUTPUT ENABLE
WE | WRITE ENABLE
VO,, | DATA INPUT (WRITE OR ERASE)
DATA OUTPUT (READ)

- GeeQ Technology, Incorporated

MD400016/C
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a byte is written, it can be read in 200 ns. The inputs are
TTL for both the byte write and read mode.

Device Operation

There are five operational modes (see Table 1) and,
except for the chip erase mode 12, only TTL inputs are
required. To write into a particular location, a TTL low is
applied to the write enable (WE) pin of a selected (CE low)
device. This, combined with output enable (OE) being
high, initiates a write cycle. During a byte write cycle,
addresses are latched on the last falling edge of CE or WE
anddata islatchedon the firstrising edge of CE or WE. An
internal timer times out the required byte write time. An
automatic byte erase is performed internally in the byte
write mode.

Absolute Maximum Stress Ratings*

Temperature
Storage ...... -65°C to +150°C
Under Bias.........ccoovrirunec. -10°Cto +80°C
D.C. Voltage applied to all Inputs or Outputs
with respect to ground...........c.coceuun.. +6.0Vto-0.5V

Undershoot/Overshoot pulse of less then 10 ns

(measured at 50% point) applied to all inputs or
outputs with respect to ground .... (undershoot) -1.0 V
{overshoot) + 7.0 V

Recommended Operating Conditions

5516A/5516AH

2816A/2816AH
Temperature Range (Ambient) 0°C to 70°C
V. Supply Voltage 5V +10%

Endurance and Data Retention

2816A/5516A

Mode Selection (Table 1)

Mode CE | OE | WE 1[o]
Read Vi Vi Viu Doyt
Standby Viu X X High Z
Byte Write | V. | V,, Vo Dy
Write X Vi X High Z/Dy;;
Inhibit X X V. | HighZ/Dg,,
X:any TTL level

Power Up/Down Considerations

The 2816A/5516A has internal circuitry to minimize a false

write during system V. power up or down. This circuitry

prevents writing under any one of the following conditions.

1. Vooislessthan3Viel

2. A negative Write Enable (WE) transition has not
occured when V. is between 3 Vand 5 V.

Writing will also be prevented if CE or OE are in a logical
state other than that specified for a byte write in the Mode
Selection table.

*‘COMMENT: Stresses above 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 op-
erational sections of this specification is notimplied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
1,000,000!") Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008
NOTES:

1. 5516A-1 million cycles/byte.
2. Chip Erase is an optional mode.
3. Characterized. Not tested.




2816A/5516A

DC Operating Characteristics T, =0°1070°C, V, = 5 V + 10% unless otherwise noted

Limits
Symbol Parameter Min. Max. Units Test Condition
lee Active V. Current 110 mA CE = OE =V,; All I/O Open;
Other Inputs = 5.5V
lgg Standby V. Current 40 mA CE=V,, OE=V,; Al /O's
Open; Other Inputs = 5.5 V
I, Input Leakage Current 10 HA Vy=55V
lo Output Leakage Current 10 nA Vour=55V
Vi Input Low Voltage -0.1 0.8 v
Viu Input High Voltage 2.0 v
Voo Output Low Voltage 0.4 \% lo,=2.1 mA
Vou Output High Voltage 24 v loy = —400 pA
AC Characteristics
Read Operation T,=0°to 70° C, V=5 V £ 10% unless otherwise noted
Limits
5516A/5516AH-200 | 5516A/5516AH-250 | 5516A/5516AH-300
2816A/2816AH-200 | 2816A/2616AH-250 | 2816A/2816AH-300 | 2816A-350
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min.|Max. | Units
tec Read Cycle Time 200 250 300 350 ns
tee Chip Enable Access Time 200 250 300 350 | ns
tan Address Access Time 200 250 300 350 | ns
toe Output Enable Access Time 90 90 100 100 | ns
t, CE to Output in Low Z 10 10 10 10 ns
t,, CE to Output in High Z 100 100 100 100 | ns
torz OE to Output in Low Z 50 50 50 50 ns
touz OE to Output in High Z 100 100 100 100 | ns
to 1! Output Hold from Addr Change 20 20 20 20 ns
1o, 1! CE to Power-up Time 0 0 0 0 ns
to o CE to Power Down Time 50 50 50 50 | ns
Capacitance ! T, = 25°C, t = 1 MHz A.C. Test Conditions
Symbol | Parameter Max Conditions Output Load: 1 TTL gate and C, = 100 pF
Cw | Input Capacitance B BF Vi = OV Inpt Pules Loves: 045 V10 2.4 ¥
Cour Data (/O) Capacitance 10pFV,,=0V Timing Measurement Reference Level:
Inputs 1 Vand2 V
E.S.D. Characteristics Outputs 0.8 V and 2 V
Symbol | Parameter Value Test Conditions
V! | E.S.D. Tolerance | 2000V | MIL-STD 883
Test Method 3015
NOTES:

1. Characterized. Not tested.
2. This parameter measured only for the initial qualification and after process or design changes which may affect capacitance.

T seeQ Technology, Incorporated
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2816A/5516A

1. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.
2. Data must be valid within 1 us maximum after the initiation of a write cycle.

Read Cycle Timing
|t tRg—————————————
ADDRESS _
X M X
tan
(e ———— tpp———P
—
CE [ t g /
OE \
= et oz — |
4(;1» (s toH 1 1z —:
DATA OUT —HZ DATA VALID K X DATA VALID S
[ty 7 —] 7
Vee D leo ]
SUPPLY isB \
CURRENT o —*
AC Characteristics
Write Operation T,=0°to 70°C, V=5 V + 10% unless otherwise noted
Limits
5516A-200 5516A-250 5516A-300
2816A/2816AH-200 |2816A/2816AH-250 | 2816A/2816AH-300 | 2816A-350
Symbol | Parameter Min. | Max. Min. | Max. Min. | Max, | Min.| Max. | Units
tyc Write Cycle Time  5516AH/2816AH 2 2 2 il Bl N
5516A/2816A 10 10 10 10
ts Address Set Up Time 10 10 10 10 ns
ta ‘Address Hold Time 50 50 70 70 ns
t.s Wirite Set Up Time 0 0 0 0 ns
" Write Hold Time 0 0 0 0 ns
tow CE to End of Write Input 150 150 150 150 ns
toes OE Set Up Time 10 10 10 10 ns
toen OE Hold Time 10 10 10 10 ns
1, M WE Write Pulse Width 150 150 150 150 ns
to, Data Latch Time 50 50 50 50 ns
to 2 Data Valid Time 1 1 1 1 | us
s Data Set Up Time 50 50 50 50 ns
ty Data Hold Time 0 0 0 0 ns
NOTES:

T seeQ Technology, Incorporated
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TTL Byte Write Cycle
WE CONTROLLED WRITE CYCLE

2816A/5516A

CE CONTROLLED WRITE CYCLE

MD400016/C

T seeQ Technology, Incorporated

twe: b twe
£ ¥ — £
ADDRESS X x ADDRESS X
£ o £
B I tasf=—>] = tan-] to
_ — _ e ee]
CE CE & Z
: 45
tes I-_— - r toeH
! | £¢. | £
— Lad ‘ r 35
OE OE _/F_'
toes
toEs — toEH
tcH
—_— [ twe
— w Z — _\ tcs
We x A~ o™ - WE 4
—»1py p Oy -]
"; =Y (4 (4
DATA IN DATA VALID DATAIN DATA VALID
Ll ¢ [ 7
<1Ds’, ~ 'os’l L—’ toH
e
toH
Ordeting Information
D Q 5516A -200
D Q 2816A H-200
PACKAGE TEMPERATURE PART TYPE EEPROM BYTE WRITE TIME ACCESS TIME
TYPE RANGE
D - CERAMIC DIP Q-0°CTO+70°C 2K x8 EEPROM  (BLANK)- STANDARD WRITE TIME 200 = 200 ns
P —PLASTIC DIP (COMMERCIAL) H ~ FAST WRITE TIME 250 = 250 ns
UX —~ UNENCAPSULATED DIE 300 =300 ns
350 = 350 ns
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eeeQ 2817A/5517A

Timer E?
16K Electrically Erasable PROMs

October 1989

Features Description
B Ready/Busy Line for End-of-Write SEEQ’s 5517A and 2817A are 5V only, 2Kx8 electrically
B High Endurance Write Cycle erasable programmable read only memories
. 5%1 7A - 1,000,000 C;clgs/Bf'te Minimum (EEPROMSs). They are packaged in a 28 pin package and
. 2817A: 16’006 Cycles/Byte Minimum have a ready/busy pin. These EEPROMs are ideal for

applications which require non-volatility and in-system
data modification. The endurance, the minimum number
of times which a byte may be written, is 1 million for the

M On-Chip Timer
« Automatic Byte Erase Before Byte Write

*2ms Byte Write Time (2817AH) 5517A and 10 thousand for the 2817A. The 5517A’s
W All Inputs Latched by Write or Chip Enable extraordinary high endurance was acccomplished using
B 5V+ 10% Power Supply SEEQ’s proprietary oxynitride EEPROM process and its
innovative Q Cell™ design. The 5517A is ideal for sys-
B Power Up/Down Supply tems that require frequent updates and/or high reliability.
M 200 ns max. Access Time System reliability is enhanced greatly over lower specified
B 10 Year Data Retention for Each Write re;c:t;;iaor;ce EEPROMs while still maintaining 10 year data
W JEDEC Approved Byte-Wide Pinout '
W Military and Extended Temperature Range Both EEPROMSs have an internal timer that automatically
Available times out the write time. The on-chip timer, along with the
input latches, frees the microcomputer system for other
tasks during the write time. The standard 5517A/2817A’s
Block Diagram Pin Configuration
COLUMN RDYBUSY (1 vee
Agy [::> :D%L:E"g‘; ADDRESS N g2 W

DECODE

LATCHES

ROW g2

ROW
Asqol )| ADDRESS ADDRESS MEMORY %7 20
DECODE ARRAY A Qs A
Ay CE

LATCH ENABLE Ao 10 Vo,
RDY/BUSY--t oo 11 10g
Vo, 12 17 [} vog

EDGE
DETECTION
CKT
AND LATCHES

INPUT
DATA
LATCHES

Pin Names
LATCH ENABLE
- AA, ADDRESSES
oe LATCHES 10 BUFFERS CE CHIP ENABLE
OF OUTPUT ENABLE
WE WRITE ENABLE
"o [ wo,, DATA INPUT (WRITE OR ERASE)
DATA OUTPUT (READ)
RDY/BUSY | DEVICE READY/BUSY
Q Cell is a trademark of SEEQ Technology Inc. NC NO CONNECT

- eeeQ Technology, Incorporated
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write time is 10 ms, while the 2817AH’s write time is a fast
2ms. Anautomatic byte erase is performed before a byte
operation is started. Once a byte has been written, the
ready/busy pin signals the microprocessor that it is avail-
able for either awrite orread mode. Theinputs are TTL for
both the byte write and read mode. Data retention is
specified for 10 years.

Device Operation

There are five operational modes (see Table1) and,
except for the chip erase mode!?], only TTL inputs are
required. To write into a particular location, a TTL low is
applied to the write enable (WE) pin of a selected (CE low)
device. This, combined with output enable (OE) being
high, initiates a write cycle. During a byte write cycle,
addresses are latched on either the falling edge of CE or
WE, whichever one occurred last. Data is latched on the
rising edge of CE or WE, whichever one occurredfirst. The
byte is automatically erased before data is written. While
the write operation is in progress, the RDY/BUSY output
isata TTLlow. Aninternaltimer times outthe requiredbyte
write time and at the end of this time, the device signals the
RDY/BUSY pin to a TTL high. The RDY/BUSY pin is an
opendrainoutput and a typical 3KQ pull-up resistorto V. .
is required. The pull-up resistor value is dependenton the
number of OR-tied 2817A RDY/BUSY pins.

Mode Selection (Table 1)

2817A/5517A

Power Up/Down Considerations

The 2817A/5517A has internal circuitry to minimize a false

write during system V., power up or down. This circuitry

prevents writing under any one of the following conditions.

1. V,isless than 3VF!

2. A negative Write Enable (WE) transition has not
occured with V. is between 3V and5 V.

Writing will also be prevented if CE or OE are in TTL logical

states other than that specified for a byte write in the Mode
Selection table.

Absolute Maximum Stress Ratings*

Temperature
51 (0T Vo L= N —65°C to +150°C
Under Bias .......coccorvuvuvvvsvcrosrsverrunac -10°Cto +80°C
D.C. Voltage applied to alf Inputs or Outputs
with respect to ground.............cccu.... +6.0Vto-0.5V

Undershoot/Overshoot pulse of less then 10 ns
(measured at 50% point) applied to all inputs or
outputs with respect to ground .... (undershoot) -1.0 V
(overshoot) + 7.0 V

*COMMENT: Stresses above 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 op-
erational sections of this specification is notimplied. Exposure to
absolute maximum rating conditions for extended periods may
affect device reliability.

Mode/Pin |CE |OE | WE YO  |RDY/BUSY Recommended Operating Conditions
Read Vo [V | Viu| Doyr | HighZ
Standby [V, | X X High Z High Z 5517A
Byte Write |V, | V,, | V, D,y Vo, 2817A/2817AH
Write X [V, | X [HighzD,,,| Highz Ve Supply Voltage 5V+10%
Inhibit X | X |V, |HighZD,,.| HighZ Temperature Range (Ambient) 0°C to 70°C
X: any TTL level
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
1,000,0001"] Method 1033
Ton Data Retention >10 Years MIL-STD 883 Test
Method 1008
NOTES:

1. 5517A — 1 miillion cycles/byte
2. Chip Erase is an optional mode.
3. Characterized. Not tested.

MD400014/C
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2817A/5517A

D.C. Operating Characteristics (Over the operating V. and temperature range})

Limits
Symbol | Parameter Min. Max. Units Test Condition
lec Active V, Current 110 mA CE = OE =V,;; All /O Open;
(Includes Write Operation) Other Inputs =5.5 V
lsn Standby V. Current 40 mA CE=V,,OE=VAllO
Open; Other Inputs =5.5V
I, Input Leakage Current 10 HA Vy=55V
lo Output Leakage Current 10 HA Vour =55V
Vi Input Low Voltage -0.1 0.8 \
Viu Input High Voltage 2.0 Vee +1 \
Voo Output Low Voltage 0.4 v lo,=21mA
Vou Output High Voltage 2.4 \' lon = —400 uA

A.C. Characteristics
Read Operation (Over the operating V. and temperature range)

Limits
2817AH-250 | 2817AH-300

2817AH-200| 5517A-250 5517A-300
2817A-200 | 2817A-250 2817A-300 2817A-350

Symbol | Parameter Min.| Max.| Min.|Max.| Min. | Max. | Min.|Max. | Units | Test Conditions
tac Read Cycle Time 200 250 300 350 ns |[CE=OE=V,
tee Chip Enable Access Time 200 250 300 350 | ns [OE=V,

taa Address Access Time 200 250 300 350 | ns |[CE=OE=V,
toe Output Enable Access Time 90 90 100 100 | ns |CE=V,

tor Output Enable High 60 60 60 80 | ns |CE=V,

to Output Not being Driven
ton Output Hold from Address | 0 0 0 0 ns |CEorOE =V,

Change, Chip Enable, or
Output Enable whichever
occurs first

Read Cycle Timing

'Nb

— R
ADDRESSES X ADDRESSES VALID K

lt—— t ce——»]
e
\
. —_— '1Z toF
je—— | 104 — -
toE
- X
ouTPUT « < VALID QUTPUT 7}}
tan

- seeQ Technology, Incorporated
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Capacitance!" T, = 25°C,{=1 MHz

2817A/5517A

- seeQ Technology, Incorporated

MD400014/C

Symbol | Parameter Max: Conditions A.C. Test Conditions
Cu input Capacitance 6 pF V=0V Output Load: 1 TTL gate and C, = 100 pF
G| e (0] Capactaris | TOgF | Vo =0V | et o and el e <207
Timing Measurement Reference Level:
E.S.D. Characteristics Inputs 1 Vand 2V
Symbo!l | Parameter Value Test Conditions Outputs 0.8 V and 2V
Vyue @ E.S.D. Tolerance >2000 V MIL-STD 883
Test Method 3015
AC Characteristics
Write Operation (Over the operating V... and temperature range)
Limits
2817AH-250 2817AH-300
2817AH-200 5517A-250 5517A-300
2817A-200 2817A-250 2817A-300 2817A-350
Symboi | Parameter Min. | Max. | Min. | Max. [ Min. | Max. | Min.|Max. | Units
tas Address to Write 10 10 10 10 ns
Set Up Time
tes CE to Write Set Up Time 10 10 10 10 ns
t, | WE Write Pulse Width 120 150 150 150 ns
to Address Hold Time 50 50 50 70 ns
tos Data Set Up Time 50 50 50 50 ns
ton Data Hold Time 0 0 0 0 ns
tew CE Hold Time 0 0 0 0 ns
toes OE Set Up Time 10 10 10 10 ns
toen OE Hold Time 10 10 10 10 ns
to, Data Latch Time 50 50 50 50 ns
14 Data Valid Time 1 1 1 1 us
tos Time to Device Busy 120 120 120 120 ns
tya Write Recovery Time 10 10 10 10 us
Before Read Cycle
tuc 2817A/5517A 10 10 10 10 ms
Byte Write Cycle Time
2817AH 2 2 2 ms
NOTES:

1. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
2. Characterized. Not tested.
3. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle. Max. recommended t,,, is 150 ps.
4. Data must be valid within 1 ps maximum after the initiation of a write cycle.
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Write Cycle Timing
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Ordering Information

D Q 5517A - 250
D Q 2817A -250
b9 A u-zo
PACKAGE TEMPERATURE PART TYPE EEPROM BYTE WRITE TIME ACCESS TIME
RANGE
D - CERAMIC DiP Q-0°C to + 70°C 2K x 8 EEPROM {BLANK) - STANDARD WRITE TIME 200 -200ns
P - PLASTIC DIP H - FAST WRITE TIME 250 - 250 ns
UX -~ UNENCAPSULATED DIE 300 - 300 ns
350 -350 ns

“ seeQ Technology, Incorporated
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SeeqQ

2864/2864H
Timer E?

64K Electrically Erasable PROMs

November 1989

Features
W Ready/Busy Pin

W High Endurance Write Cycles
« 10,000 Cycles/Byte Minimum

B On-Chip Timer
- Automatic Byte Erase Before Byte Write
« 2 ms Byte Write (2864H)

W 5Vt 10% Power Supply
B Power Up/Down Protection Circuitry
W 250 ns max. Access Time

B Military and Extended Temperature Range
Available

Description

SEEQ's 2864 is a 5 V only, 8K x 8 NMOS electrically
erasable programmable read only memory (EEPROM). It
ispackagedina 28 pin package and has a ready/busy pin.
This EEPROM s ideal for applications which require non-
volatility andin-system data modification. The endurance,

Block Diagram

COLUMN
ADDRESS
DECODE

COLUMN
ADDRESS
LATCHES

Aoa :>

ROW
ADDRESS
LATCHES

ROW
ADDRESS
DECODE

P

4 LATCH ENABLE
ROY/BUSY

INPUT
DATA
LATCHES

_ EDGE
CE ——®~{ DETECTION
— CKT
WE ——]

AND LATCHES

LATCH ENABLE

CONTROL
LATCHES

VO BUFFERS

0.7

the number of times which a byte may be written, is a
minimum of 10 thousand cycles.

The EEPROM has an internal timer that automatically
times out the write time. The on-chip timer, along with the
input latches , frees the microcomputer system for tasks
during the write time. The standard byte write cycle time
is 10 ms. For systems requiring faster byte write, a 2864H
is specified at 2 ms. An automatic byte erase is performed
before a byte operation is started. Once a byte has been
written, the ready/busy pin signals the microprocessor that
it is available for another write or a read cycle. All inputs
are TTL for both the byte write andread mode. Datareten-
tion is specified for ten years.

These two timer EEPROMs are ideal for systems with
limited board area. For systems where cost is important,
SEEQ has a latch only “52B” family at 16K and 64K bit
densities. All “52B" family inputs, except for write enable,
are latched by the falling edge of the write enable signal.

Pin Configuration

PLASTIC LEADED CHIP CARRIER
TOP VIEW

DUAL-IN-LINE
TOP VIEW

ROY/BUSY( 1

A7Qs 26 LINC

A4 25 (1A

As(s 24 ] Ag E:’
Asls 231) Ay (28149
Asd7 21158 A
A s 210240 [ZBINC
Ardo 200} €E [25] o8
Ao g 10 19 Lavor (23] Ao
¥y [ 11 18 []1/0g [23] Ce
Vo, 12 17 [ )05 }Z]uo,
Vo, {13 16 L1 10, 121 vog
GND 15 [avog

Pin Names

AyA, ADDRESSES — COLUMN (LOWER
ORDER BITS)

A-A, ADDRESSES — ROW

CE CHIP ENABLE

OE OUTPUT ENABLE

WE WRITE ENABLE

VO, , DATA INPUT (WRITE OR ERASE)
DATA OUTPUT (READ)

RDY/BUSY | DEVICE READY/BUSY

N/C NO CONNECT

MD400002/8
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Device Operation

There are five operational modes (see Table 1) and, except
for the chip erase mode, only TTL inputs are required. To
write into a particular location, a 150 ns TTL pulse is applied
to the write enable (WE) pin of a selected (CE low) device.
This, combined with output enable (OE) being high, initi-
ates a 10 ms write cycle. During a byte write cycle,
addresses are latched on either the falling edge of CE or
WE, whichever one occurred last. Data is latched on the
rising edge of CE or WE, whichever one occurredfirst. The
byte is automatically erased before data is written. While
the write operation is in progress, the RDY/BUSY output is
ata TTL low. Aninternal timer times out the required byte
write time and at the end of this time, the device signals the
RDY/BUSY pin to a TTL high. The RDY/BUSY pin is an
open drain output and a typical 3K Q pull-up resistor to V.,
isrequired. The pull-up resistor value is dependent on the
number of OR-tied RDY/BUSY pins . If RDY/BUSY is not
used it can be left unconnected.

Mode Selection (Table 1)

RDY/

Mode/Pin | CE | OE | WE /0 BUSY
(20) | (22) | (27) |(11-13,15-19) | (1)*

Read Vo | Vie | Vi Dour High Z

Standby |V, | X | X High Z High Z
ByteWrite | V,, |V, | V,, D,y Voo

Write X |V, | X | HighZD,,, |HighZ

Inhibit X | X |V, | HighZD,,, |HighZ

*Pin 1 has an open drain output and requires an external
3Kresistorto V... The value of the resistor is dependent
on the number of OR-tied RDY/BUSY pins.

Recommended Operating Conditions

2864/2864H
Chip Erase

Certain applications may require all bytes to be erased
simultaneously. This feature is optional and the timing
specifications are available from SEEQ.

Power Up/Down Considerations

The 2864 has internal circuitry to minimize a false write

during system Vec power up or down. This circuitry

prevents writing under any one of the following conditions.

1. Vg islessthan3vil

2. A negative Write Enable (WE) transition has not
occured when V.. is between 3 Vand 5 V.

Writing will also be prevented if CE or OF arein TTL logical

states other than specified for a byte write in the Mode
Selection table.

Absolute Maximum Stress Ratings*

Temperature
5] (072 Te I -65°C to +150°C
Under Bias ........cccccceeeececeeeccanencrnnn, -10°C to +80° C

D.C. Volitage applied to all Inputs or Outputs
with respect to ground....................... +6.0Vto-0.5V
Undershoot/Overshoot pulse of less then 10 ns
(measured at 50% point) applied to all inputs or
outputs with respect to ground ... (undershoot) —1.0 V
{overshoot) + 7.0 V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2864H-250/H-300 2864-350
2864-250/-300
V¢ Supply Voltage 5V+10% 5V+10%
Temperature Range (Ambient) 0°C to 70°C 0°C to 70°C
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008

NOTES:
1. Characterized. Not tested.

MD400002/B
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2864/2864H

DC Operating Characteristics (Over the operating V. and temperature range)

Limits
Symbol | Parameter Min. Max. Units Test Condition
lec Active V. Current 110 mA CE = OE =V, ; All /O Open;
(Includes Write Operation) Other Inputs = V. Max.
lsg Standby V, Current 40 mA CE = V,,, OE = V,;; All I/O Open;
Other Inputs = V. Max.
I, Input Leakage Current 10 KA Viy = Voo Max.
lo Output Leakage Current 10 HA Vour = Ve Max.
V. Input Low Voltage -0.1 0.8 \%
Vin Input High Voltage 2.0 Ve +1 \
Vou Output Low Voltage 0.4 \ lo=2.1 mA
Vou Output High Voltage 2.4 \ low = —400 pA
AC Characteristics
Read Operation (Over the operating V. and temperature range)
Limits

2864H-250 | 2864H-300
2864-250 2864-300 2864-350

Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units | Test Conditions
toc Read Cycle Time 250 300 350 ns |CE=OE=V,
tee Chip Enable Access Time 250 300 350 | ns [OE=V,

tya Address Access Time 250 300 350 | ns |[CE=OE=V,
toe Output Enable Access Time 90 100 100 | ns |CE=V,

tor Output Enable High to Output 0 | 60 0 | 60 0 | 80 | ns [CE=V,

Not being Driven
ton Output Hold from Address 0 0 0 ns |CEorOE=V

Change, Chip Enable, or Output
Enable whichever occurs first

Read Cycle Timing

tre

ADDRESSES >K ADDRESSES VALID E(

cE O\ 1/

I‘—tcs -
OF /
tog!! - 1oH— e tor A
OUTPUT << < E/;LID ouTPUT :Sl;
taa B

NOTES:
1. OE may be delayed to tx — to after the falling edge of CE without impact ontpy .
2. top is specified from OE or CE, whichever occurs first.

— eeeQ Technology, Incorporated
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Capacitance T,n=25°C,f=MHz

2864/2864H

A.C. Test Conditions

- seeQ Technology, incorporated

MD400002/B

Symbol | Parameter Max Conditions Output Load: 1 TTL gate and C, = 100 pF
C Inout G i S oF V.oV Input Rise and Fall Times: < 20 ns
IN nput Lapacitance P N Input Pulse Levels: 0.45 Vto 2.4V
Cour Data (I/0) Capacitance 10 pF V=0V Timing Measurement Reference Level:
Inputs 1 Vand2 V
L Outputs 0.8 Vand 2 V
E.S.D. Characteristics!
Symbol | Parameter Value Test Conditions
Vaore E.S.D. Tolerance >2000 V MIL-STD 883
Test Method 3015
AC Characteristics
Write Operation (Over operating temperature and V., range)
Limits
2864H-250 2864H-300 2864-350
2864-250 2864-300
Symbol | Parameter Min. Max. Min. Max. Min. Max. Units
twe Write Cycle Time /Byte 10 10 10 ms
Standard Family Only
"H" Family Only 2 2 — ms
[ Address to WE Set Up Time 10 10 10 ns
tes CE to Write Set Up Time 0 ] 0 ns
t,s2 | WE Write Pulse Width 150 150 150 ns
tn Address Hold Time 50 50 70 ns
tos Data Set Up Time 50 50 50 ns
ton Data Hold Time 20 20 20 ns
ton CE Hold Time 0 0 0 ns
toes OE Set Up Time 10 10 10 ns
toen OE Hold Time 10 10 10 ns
to, Data Latch Time 50 50 50 ns
o Data Valid Time 1 1 1 us
tos Time to Device Busy 200 200 200 ns
twr Write Recovery Time 10 10 10 us
Before Read Cycle
NOTES:

1. This parameter measured only for the initial qualification and after process or design changes which may affect capacitance.
2. WE is noise protected. Less than a 20 ns write pulse will not activate a write cycle.

3. Data must be valid within 1 us maximum after the initiation of a write cycle.
4. Characterized. Not tested.
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Write Cycle Timing
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Ordering Information
D Q 2864 - 250
D Q 2864 H-250
PACKAGE TEMPERATURE  DEVICE TYPE EEPROM WRITE TIME ACCESS TIME
TYPE RANGE
D = GERAMIC DIP Q=0Cto+70°C 8K x8 EEPROM  (BLANK)~ STANDARD WRITE TIME 250 = 250 ns
P = PLASTIC DIP (COMMERCIAL) H - FAST WRITE TIME 300 = 300 ns
N = PLASTIC LEADED 350 = 350 ns
CHIP CARRIER
UX = UNENCAPSULATED DIE
L seeQ Technology, Incorporated
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Features
W CMOS Technology

H Low Power
« 50 mA Active
« 150 pA Standby

B Page Write Mode

« 64 Byte Page

» 160 us Average Byte Write Time
W Byte Write Mode

W Write Cycle Completion Indication
« DATA Polling

M On-Chip Timer
« Automatic Erase Before Write

B High Endurance
« 10,000 Cycles/Byte
« 10 Year Data Retention

Power Up/Down Protection Circuitry
200 ns Maximum Access Time
JEDEC Approved Byte Wide Pinout

Military and Extended Temperature
Range Available

Block Diagram

28C64
Timer E?

64K Electrically Erasable PROM

October 1989

Description

SEEQ's 28C64 is a CMOS 5V only, 8K x 8 Electrically
Erasable Programmable Read Only Memory (EEPROM). 1t
is manufactured using SEEQ’s advanced 1.25 micron
CMOS Process and is available in both a 28 pin Cerdip
package as well as a Plastic Leaded Chip Carrier (PLCC).
The 28C64 isideal for applications which require low power
consumption, non-volatility andin system reprogrammabil-
ity. The endurance, the number of times a byte can be
written, is specified at 10,000 cycles per byte andis typically
1,000,000 cycles per byte. The extraordinary high endur-
ance was accomplished using SEEQ's proprietary oxyni-
tride EEPROM process and its innovative Q Cell™ design.
System reliability, in all applications, is higher because of
the low failure rate of the Q Cell.

Pin Configuation

DUAL-IN-LINE PLASTIC LEADED CHIP CARRIER
TOP VIEW TOP VIEW
sy S
RIRIRIRIIEIE
(@)
A6 [5] (75 4,
As ] [28] Aq
AT EAL
A3 [E] (26 ] ne
A2 [=] [25] oe
Ao} [2¢] A0
Ao [11] (B3] cE
c [z (2] 10,
voo[F] [21 ] vog

(<]

5]

GND 6]
ne[T7]
vo3[1s]
[CAED)
vos[ 20]

Q Cell is a trademark of SEEQ Technology, Inc.

g ¢
Pin Names
AA, ADDRESSES—COLUMN
A-A,, | ADDRESSES—ROW
CE CHIP ENABLE
Lt OE OUTPUT ENABLE
WE WRITE ENABLE
10, DATA INPUT (WRITEYDATA
OUTPUT (READ)
NG NO CONNECTION

_‘ seeQ Technology, Incorporated
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The 28C64 has aninternal timer which automatically times
out the write time. The on-chip timer, along with input
latches free the microprocessor for other tasks while the
partis busy writing. The 28C64'’s write cycle timeis 10 ms.
Anautomatic eraseis performedbefore a write. The DATA
polling feature of the 28C64 can be used to determine the
end of a write cycle. Once the write has been completed, -
data can be read in a maximum of 200 ns. Data retention
is specified for 10 years.

Device Operation

Operational Modes

There are five operational modes (see Table1}and,except
for the chip erase mode, only TTL inputs are required. A
Write can only be initiated under the conditions shown.
Any other conditions for CE, OE, and WE will inhibit writing
and the I/O lines will either be in a high impedance state or
have data, depending on the state of aforementionedthree

input lines.

Mode Selection
Mode CE | OE | WE /0
Read Vie Vi Vi Doyr
Standby Vi X X High Z
Write Vi Vi ' Dy
Write X Vi X High Z/D;;
Inhibit X X Vi High Z/D;
ChipErase | V. vV, V. X
X: Any TTL level
V,;: High Voltage

Reads

Aread is accomplished by presenting the address of the
desired byte to the address inputs. Once the address is
stable, CE is brought to a TTL low in order to enable the
chip. The WE pin must be at a TTL high during the entire
readcycle. The outputdrivers are made active by bringing
Output Enable (OE) to a TTL low. During read, the

address, CE ,OE, and I/O latches are transparent.

Writes

To write into a particular location, the address must be
valid and a TTL low applied to the Write Enable (WE) pin
of a selected (CE low) device. This combined with Output
Enable (OE) being high, initiates a write cycle. During write
cycle, all inputs except data are latched on the falling edge
of WE or CE, whichever occurred last. Write enable needs
to be at a TTL low only for the specified t,, time. Datais

28C64

latched on the rising edge of WE or CE whichever oc-
curred first. An automatic erase is performed before data
is written.

Write Cycle Control Pins

For system design simplification, the 28C64 is designed
such that either the CE or WE pin can be used to initiate a
write cycle. The device uses the latest high-to-low transi-
tion of either CE orWE signal to latch addresses and the
earliest low-to-high transition to latch the data. Address
and OE setup and hold are with respect to the later of CE
or WE; data setup and hold is with respect to the earlier of
WE or CE.

To simplify the following discussion, the WE pin is used as
the write cycle control pin throughout the rest of this data
sheet. Timing diagrams of both write cycles are included
in the AC Characteristics.

Write Mode

One to 64 bytes of data can be randomly loaded into the
page. The partlatches row addresses, A6-A12, during the
first byte write. These addresses are latched on the falling
edge of the WE signal and are ignored after that until the
end of the write cycle. This will eliminate any false write
into another page if different row addresses are applied
and the page boundary is crossed.

The column addresses, A0-A5, which are used to select
different locations of the page, are latched every time a
new write initiated, These addresses and the OE state
(high) are latched on the falling edge of WE signal. For
proper write initiation and latching, the WE pin has to stay
low for a minimum of t,,, ns. Data is latched on the rising
edge of WE, allowing easy microprocessor interface.

Upon a low to high WE transition, the 28C64 latches data
and starts the internal page load timer. The timer is reset
on the falling edge of the WE signal if another write is
initiated before the timer has timed out. The timer stays
reset while the WE pin is kept low. If no additional write
cycles have been initiated within t,, . after the last WE low
to high transition, the part terminates the page load cycle
and starts the internal write. During this time which takes
a maximum of 10 ms, the device ignores any additional
write attempts. The part can be read to determine the end
of write cycle (DATA polling).

Extended Page Load

In order to take advantage of the page mode’s faster
average byte write time, data must be loaded at the page
load cycle time (t;, ;). Since some applications may not

MD400004/D
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be able to sustain transfers at this minimumrate, the 286C64
permits an extended page load cycle. To do this, the write
cycle must be “stretched” by maintaining WE low, assum-
ing a write enable-controlled cycle, and leaving all other
control inputs (CE, OE} in the proper page load cycle state.
Since the page load timer is resetonthe falling edge of WE,
keeping this signal low will not start the page load timer.
When WE returns high, the input data is latched and the
page load cycle timer begins. In CE controlled write the
same is true, with CE holding the timer reset instead ofA/E.

DATA Polling

The 28C64 has a maximum write cycle time of 10 ms.
Typically though, a write will be completed in less than the
specified maximum cycle time. DATA polling is a method
of minimizing write times by determining the actual end-
point of awrite cycle. If aread is performed to any address
while the 28C64 is still writing, the device will present the
ones-complement of the last byte written. Whenthe 28C64
has completed its write cycle, a read from the last address
written will result in valid data. Thus, software can simply
read from the part until the last data byte written is read
correctly.

A DATA polling read can occur immediately after a byte is

loaded into a page, prior to the initation of the internal write

cycle. DATA polling attempted during the middle of a page
load cycle will present a ones-complement of the most
recent data byte loaded into the page. Timing for a DATA

polling read is the same as a normal read.

Chip Erase

Certain applications may require all bytes to be erased si-
multaneously. This feature, which requires high voltage, is
optional andtiming specifications are available from SEEQ.

- seeQ Technology, Incorporated

28C64

Power Up/Down Considerations

There is internal circuitry to minimize a false write during
power up or power down. This circuitry prevents writing
under any one of the following conditions:

1. V. is less than V,, V. .
2. A high to low Write Enable (WE) transition has not
occurred when the V. supply is between V.,V and

V,.. with CE low and%?high,

Writing will also be inhibited when WE, CE, or OFE are in

TTL logical states other than that specified for a write in the
Mode Selection table.

Absolute Maximum Stress Range*

Temperature i
(o 7 o T OSSR —65°C to +150°C
Under Bias ..........c.cccoveevvsieveiercrenas —10°C to +80°C

D.C. Violtage applied to all Inputs or Outputs

with respect to ground....................... +6.0Vto-05V
Undershoot pulse of less then 10 ns (measured at

50% point) applied to all inputs or outputs

with respect to ground .............ccoeeeeeveserivrennens -1.0V
Overshoot pulse of less than 10 ns (measured at

50% point Japplied to all inputs or outputs

with respect to ground .............c.ccecovceveeenennns +7.0V

*COMMENT: Stresses beyond those listed under “Abso-
lute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional op-
eration of the device at these or any other conditions
beyond those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.
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Recommended Operating Conditions

28C64

28C64
Temperature Range (Ambient) 0°C to 70°C
V.. Power Supply 5V+10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008

DC Characteristics (Over operating temperature and V range, unless otherwise specified)

1. Characterized. Not tested.
2. Inputs only. Does not include 1/O.

— eeeQ Technology, Incorporated

MD400004/D

Limits
Symbol Parameter Min. Max. Units Test Condition
lee Active V., Current 50 mA CE = OE =V, ; All IO Open;
Other Inputs = V,, Max.;
Max read or write cycle time
[ Standby V,, Current 2 mA CE=V,, OE = V,; All I/O Open;
(TTL Inputs) Other Inputs = ANY TTL LEVEL
lss2 Standby V. Current 200 pA CE=V,-03
{CMOS Inputs) Other Inputs =V, to V,
All /0 Open
I Input Leakage Current i HA Vin = Vg Max.
lou Output Leakage Current 10 pA Vour = Ve Max.
V. Input Low Voltage ~-0.3 0.8 v
Vi, Input High Voltage 2.0 6 \
Voo Output Low Voltage 0.45 \ Iy =2.1 mA
Vou Output High Voltage 24 \ lgy = =400 pA
Vo 1 Write Inhibit Voltage 3.8 \
NOTES:
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Capacitance ! T, = 25°C, =1 MHz A.C. Test Conditions
Symbol | Parameter Max Conditions Output Load: 1 TTL gate and C, = 100 pF
C Inout G T 6 OF V.oV Input Rise and Fall Times: < 10 ns
N nput Lapacitance P N - Input Pulse Levels: 0.45 Vto 2.4 V
Cour Data (//O) Capacitance | 12pF | V, =0V Timing Measurement Reference Level:
Inputs 0.8 Vand 2 V
L. Qutputs 0.8 Vand 2 V
E.S.D. Characteristics P
Symbol | Parameter Value Test Conditions
V,» @ | E.S.D. Tolerance | >2000V | MIL-STD 883
Test Method 3015
AC Characteristics
Read Operation (Over operating temperature and V., Range, unless otherwise specified)
Limits
28C64-200 | 28C64-250 | 28C64-300 | 28C64-350 Test
Symbol | Parameter Min.|Max. | Min. |Max. | Min. [ Max.| Min.| Max.|Units | Conditions
toc Read Cycle Time 200 250 300 350 ns | CE=OE=V,
tee Chip Enable Access Time 200 250 300 350 | ns |[OE=V,
taa Address Access Time 200 250 300 350| ns |CE=0E=V,
toe Output Enable Access Time 80 920 90 9% | ns |CE=V,
tor Output or Chip Enable Highto | 0 (60 | 0 [ 60 | 0 (80 | 0 | 80 [ ns |CE=V,
output not being driven
tou Output Hold from Address 0 0 0 0 ns |[CE=0E=V,
Change, Chip Enable, or Output
Enable, whichever occurs first
Read/DataPolling Cycle Time
the -
ADDRESSES 3{‘ ADDRESSES Ay NEXT ADDRESS X
K.
tap ——»
- —
CE
tcg —»
—
OE toF
toe tou toH
HIGH Z y s ><1 3§
DATA QKK PATA VALID Pl | DATAVALD 7}—-
taa
NOTES:
1. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
2. Characterized. Not tested.

- GeeQ Technology, Incorporated
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AC Characteristics
Write Operation (Over the operating temperature and V range, unless otherwise specified)
Limits
28C64-200 | 28C64-250 | 28C64-300 | 28C64-350
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. [ Min. | Max. Units
twe Write Cycle Time 10 10 10 10 ms
ts Address Set-up Time 10 10 10 10 ns
L Address Hold Time (see note 1) 150 150 150 150 ns
tes Write Set-up Time 0 0 0 0 ns
ten Write Hold Time 0 0 0 0 ns
tew CE Pulse Width (note 2) 150 150 150 150 ns
toes OE High Set-up Time 10 10 10 10 ns
toen OE High Hold Time 10 10 10 10 ns
twe WE Pulse Width (note 2) 150 150 150 150 ns
tos Data Set-up Time 50 50 50 50 ns
tou Data Hold Time 0 0 0 0 ns
tae Byte Load Timer Cycle 02 {300 02| 300 | 02 [ 300 | 0.2 | 300 us
(Page Mode Only) (see note 3)
e Last Byte Loaded 200 200 200 200 ns
to DATA Polling

Write Timing

WE CONTROLLED WRITE CYCLE

CE CONTROLLED WRITE CYCLE

1 Address hold time is with respect to the falling edge of the control signal WE or TE.
2. WE and CE are noise protected. Less than a 20 nsec write pulse will not activate a write cycle.

waits before initiating internal write cycle.

. seeQ Technology, Incorporated

3.ty min. is the minimum time before the next byte can be loaded. t, . max. is the minimum time the byte load timer

N

OATA DATA
|~ BYTE WRITE—————>=—— POLLING —*] f BYTE WRITE fe—poLLING—]
— s N + —_ 45
& s N o _/P-m
- toeH - toen
P
ADDRESSES VALID DONT CARE ADDRESSES VALID DONT CARE
e lag [e— = f-— '™
S’
& 07//4, AR ¥ NG
tos-+| fom pevper g ey . tos =f=- Ton—~]_te- e
o g,
Y
- —_—
I N \{\ =
—
~>ltonje- = up ow
tps -+] tos [™tow™ {1
HIGH
oan —HZ__ Zoaman DATA 4 OATA HonZ — oaran AT
NOTES:
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Page Write Timing

DATA

[ PAGE LOAD ———— roLLING—] .
10ES [— — toen T
A f.
ADDRESSES f VALID X XVALIDX )4 X vauio X DONT CARE
P24 £,
L
tas ﬂ re—tay
[ ———y
& N\ VA NN "\.ﬂk../}_\_
‘--I
tcs r-— — I——tcn
twp <—tBLC twe ——— |
—_— eWhy BT e eemeeeees 5
we N \l._
Q--’
.
tp
le—F

HIGHZ DATA DATA Y DATA
oA —SE—L 5] S O 4 b

Ordering Information

D Q 28C64 —250
PACKAGE TEMPERATURE PART TYPE ACCESS TIME
RANGE
D = CERAMIC DIP Q=0°Cto+70°C 8K x 8 EEPROM 200 =200ns
P = PLASTIC DIP (COMMERCIAL) 250 = 250 ns
N = PLASTIC LEADED 300 = 300ns
CHIP CARRIER 350 = 350 ns

UX = UNENCAPSULATED DIE

— eeeQ Technology, Incorporated
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eeeQ 28C65

Timer E?
64K Electrically Erasable PROM

October 1989

Features Description
H CMOS Technology SEEQ's 28C65 is a CMOS 5V only, 8K x 8 Electrically
W Low Power Erasable Programmable Read Only Memory (EEPROM,).
« 50 mA Active It is manufactured using SEEQ’s advanced 1.25 micron
- 150 pA Standby CMOS Process and is available in both a 28 pin Cerdip
u P Write Mod package as well as a Plastic Leaded Chip Carrier (PLCC).
. deByt; :agz ° The 28C65 is ideal for applications which require low
« 160 us Average Byte Write Time power consumption, non-volatility and in system repro-

grammability. The endurance, the number of times a byte

W Byte Write Mode can be written, is specified at 10,000 cycles per byte and

B Write Cycle Completion Indication is typically 1,000,000 cycles per byte. The extraordinary
* DATA Polling high endurance was accomplished using SEEQ'’s proprie-
« RDY/BUSY Pin tary oxynitride EEPROM process and it's innovative
W On-Chip Timer Q Cell™ design. System reliability, in all applications, is
- Automatic Erase Before Write higher because of the low failure rate of the Q Cell.
W High Endurance
« 10,000 Cycles/Byte Pin Configuration
« 10 Year Data Retention
; DUAL-IN-LINE PLASTIC LEADED CHIP CARRIER
M Power Up/Down Protection Circuitry TOP VIEW YOP VIEW
B 200 ns Maximum Access Time .
B JEDEC Approved Byte Wide Pinout o |> ¢ S
W Military and Extended Temperature Range AOYATSY [ 1 2 [ vee L@ 2 S 2
Available Az zL)we RIRIEIIEIEIE
A7 [da 26 L) NC O
Lryan 250 ) A A
. A O s s[5 [22] A,
Block Diagram ads SE MSE @A
A Q7 2y M EAR
RO! ROW A, 103 A As[e] [26] ne
e =k oF B =10
Ao [ 10 wlyvo, Ailao] [24] A0
Vo [ 1 8]0, Ao[11] [z ] CE
COLUMN vo, 12 wl)vos  nc[z] [22] vo,
ADDRESS COLUMN °
ok Sk g i I
LATCH ENABLE lé_l % Ié] |§| % I;;I L;J
it Pin Names
5 — oerecrin AA, ADDRESSES - COLUMN
We — _aTcHes A-A, ADDRESSES - ROW
CE CHIP ENABLE
GE _Y0 BUFFER/ OE OUTPUT ENABLE
DATA POLLING —
E WRITE ENABLE
110, , DATA INPUT (WRITE)
DATA OUTPUT (READ)
110y R
7 RDY/BUSY | DEVICE READY/BUSY
Q Cell is a trademark of SEEQ Technology, Inc. NC NO CONNECTION

o seeQ Technology, Incorporated
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The 28C65 has aninternal timer which automatically times
out the write time. The on-chip timer, along with input
latches free the microprocessor for other tasks while the
partis busy writing. The 28C65's write cycle time is 10 ms.
Anautomatic eraseis performedbefore awrite. The DATA
polling feature of the 28C65 can be used to determine the
end of a write cycle. Once the write has been completed,
data can be read in a maximum of 200 ns. Data retention
is specified for 10 years.

Device Operation

Operational Modes

There are five operational modes (see Table1) and,except
for the chip erase mode, only TTL inputs are required. A
write canonly be initiated under the conditions shown. Any
other conditions for CE, OE, and WE will inhibit writing and
the I/Olines will either be in a highimpedance state or have
data, depending onthe state of aforementioned three input
lines.

Mode Selection (Table 1)

Mode CE [ OE | WE /o RDY/BUSY!!
Read Vie t Vic | Vi Dour HIGH Z
Standby |V, | X [ X High Z HIGH Z
Write Vie | Vi | Vi Diy Vou
Write X |V | X |HighZDgy,, HIGH Z
Inhibit X | X | V,, | HighZDg,; HIGH Z
Chip Erase|V, [V, |V, X HIGH Z

X: Any TTL level

V,.: High Voltage

Reads

A read is accomplished by presenting the address of the
desired byte to the address inputs. Once the address is
stable, CE is brought to a TTL low in order to enable the
chip. The WE pin must be at a TTL high during the entire
readcycle. The output drivers are made active by bringing
Output Enable (OE) to a TTL low. During read, the
address, CE, OF, and /O latches are transparent.

Writes

To write into a particular location, the address must be
valid and a TTL low applied to the Write Enable (WE) pin
of a selected (CE low) device. This combined with Output
Enable (OE) being high, initiates a write cycle. During write
cycle, all inputs except data are latched on the falling edge

NOTES:

28C65

of WE or CE, whichever occurred last. Write enable needs
to be at a TTL low only for the specified t,,, time. Data is
latched on the rising edge of WE or CE, whichever
occurred first. An automatic erase is performed before
data is written.

Write Cycle Control Pins

For system design simplification, the 28C65 is designed
such that either the CE or WE pin can be used to initiate a
write cycle. The device uses the latest high-to-low transi-
tion of either CE or WE signal to latch addresses and the
earliest low-to-high transition to latch the data. Address
and OE setup and hold are with respect to the later of CE
or WE; data setup and hold is with respect to the earlier of
WE or CE.

To simplify the following discussion, the WE pinis used as
the write cycle control pin throughout the rest of this data
sheet. Timing diagrams of both write cycles are included
in the AC Characteristics.

Write Mode

One to 64 bytes of data can be randomly loaded into the
page. Thepartlatchesrowaddresses, A6-A12, duringthe
first byte write. These addresses are latched on the falling
edge of the WE signal and are ignored after that until the
end of the write cycle. This will eliminate any false write
into another page if different row addresses are applied
and the page boundary is crossed.

The column addresses, A0-A5, which are used to select
different locations of the page, are latched every time a
new write initiated. These addresses and the OE state
(high) are latched on the falling edge of WE signal. For
proper write initiation and latching, the WE pin has to stay
low for a minimum of t,,, ns. Data is latched on the rising
edge of WE, allowing easy microprocessor interface.

Upon a low to high WE transition, the 28C65 latches data
and starts the internal page load timer. The timer is reset
on the falling edge of the WE signal if another write is
initiated before the timer has timed out. The timer stays
reset while the WE pin is kept low. If no additional write
cycles have been initiated withint,, . after the last WE low
to high transition, the part terminates the page load cycle
and starts the internal write. During this time which takes
a maximum of 10 ms, the device ignores any additional
write attempts. The part can be read to determine the end
of write cycle (DATA polling).

1. RDY/BUSY Pin 1(Pin 2 on PLCC) has an open drain output and requires an external 3K resistor to V.. The value of the resistor

is dependent on the number of OR-tied RDY/BUSY pins.

MD400025/C




T seeQ Technology, Incorporated

Extended Page Load

In order to take advantage of the page mode's faster
average byte write time, data must be loaded at the page
load cycle time (t,, ;). Since some applications may notbe
able to sustain transfers at this minimum rate, the 28C65
permits an extended page load cycle. To do this, the write
cycle must be “stretched” by maintaining WE low, assum-
ing a write enable-controlled cycle, and leaving all other
controlinputs (CE, OE) in the proper page load cycle state.
Since the page loadtimer is reset on the falling edge of WE,
keeping this signal low will not start the page load timer.
When WE returns high, the input data is latched and the
page load cycle timer begins. In CE controlled write the
same s true, with CE holding the timer reset instead of WE.

DATA Polling

The 28C65 has a maximum write cycle time of 10 ms.
Typically though, a write will be completed in less than the
specified maximum cycle time. DATA polling is a method
of minimizing write times by determining the actual end-
point of awrite cycle. If areadis performedto any address
while the 28C65 is still writing, the device will present the
ones-complement of the last byte written. Whenthe 28C65
has completed its write cycle, aread from the last address
written will result in valid data. Thus, software can simply
read from the part until the last data byte written is read
correctly.

A DATA poliing read can occur immediately after a byte is
loadedinto apage, prior to the initiation of the internal write
cycle. DATA polling attempted during the middle of a page
load cycle will present a ones-complement of the most
recent data byte loaded into the page. Timing for a DATA
polling read is the same as a normal read.

READY/BUSY Pin

28C65 provides write cycle status on this pin. RDY/BUSY
output goes to a TTL low immediately after the falling edge
of WE. RDY/BUSY will remain low during the byte load or
page load cycle and continues to remain at a TTL low while
the write cycleisin progress. Aninternaltimer times outthe
required write cycle time and at the end of this time, the
device signals RDY/BUSY pin to a TTL high. This pincan
be polled for write cycle status or used fo initiate a rising
edge triggered interrupt indicating write cycle completion.
The RDY/BUSY pin is an open drain output and a typical

28C65

3 K pull-up resistor to V.. is required. The pull-up value
is dependent on the number of OR-tied RDY/BUSY pins.
If RDY/BUSY is not used it can be left unconnected.

Chip Erase

Certain applications may require all bytes to be erased
simultaneously. This feature, which requires high volt-
age, is optional and timing specifications are available
from SEEQ.

Power Up/Down Considerations

There is internal circuitry to minimize a false write during

power up or power down. This circuitry prevents writing

under any one of the following conditions:

1. V. isless than V, V. _

2. A high to low Write Enable (WE) transition has not
occurred when the V. supply is between V,,,V and
V. with CE low and OE high.

Writing will also be inhibited when WE, CE, or OF are in

TTL logical states other thanthat specifiedfor a write inthe
Mode Selection table.

Absolute Maximum Stress Range*

Temperature
StOrage .....ccooeeeeeeeeeaeaeeirreersarnins -65°C to +150°C
Under Bias -10°C to +80°C

D.C. Volitage applied to all Inputs or Outputs

with respect to ground +6.0Vito-0.5V
Undershoot pulse of less then 10 ns (measured at

50% point) applied to all inputs or outputs

with respect {0 ground ............ececcereevevneerenanns -1.0V
Overshoot pulse of less than 10 ns (measured at

50% point )applied to all inputs or outputs

with respect to ground ..............cceeevvevrvurenns +7.0V

*COMMENT: Stresses beyond those listed under “Abso-
lute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional op-
eration of the device at these or any other conditions
beyond those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

MD400025/C
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Recommended Operating Conditions

28C65
Temperature Range (Ambient) 0°C to 70°C
V. Power Supply 5V+10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008

DC Characteristics (Over operating temperature and V., range, unless otherwise specified)

Limits
Symbol Parameter Min. Max. Units Test Condition
loc Active V_ Current 50 mA CE =0E =V,,: All VO Open;
Other Inputs = V. Max;
Max read or write cycle time
lss Standby V., Current 2 mA CE=V,,, OE =V, ; All I/0 Open;
(TTL Inputs) Other Inputs = ANY TTL LEVEL
lss Standby V.., Current 200 HA CE = V¢, -0.3
(CMOS Inputs) Other Inputs =V, to V,,
All /O Open
L2 Input Leakage Current 1 pA Vi = Ve Max.
loL Output Leakage Current 10 pA Vour = Ve Max.
Vi Input Low Voltage -0.3 0.8 \
Viu Input High Voltage 2.0 6 \
Vou Output Low Voltage 0.45 \' lo = 2.1 mA
Vou Output High Voltage 24 v lop = —400 pA
Vi 1! Wirite Inhibit Voltage 3.8 '
NOTES:

1. Characterized. Not tested.
2. Inputs only. Does not include /0.

. seeQ Technology, Incorporated
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Capacitance !l T, =25°C, =1 MHz

Symbol | Parameter Max | Conditions A.C. Test Conditions

Ci Input Capacitance 6 pF V=0V Output Load: 1 TTL gate and C, = 100 pF
: - Input Rise and Fall Times: < 10 ns

Cour Data (1/0) Capacitance 12pF | Vi =0V Input Pulse Levels: 0.45V to 2.4V

Timing Measurement Reference Level:

E.S.D. Characteristics Inputs 0.8 Vand 2 V
Outputs 0.8 Vand 2V

Symbol | Parameter Value Test Conditions
Voue® E.S.D. Tolerance >2000 V MIL-STD 883
Test Method 3015
AC Characteristics
Read Operation (Over operating temperature and V. Range, unless otherwise specified)
Limits
28C65-200 | 28C65-250 | 28C65-300 | 28C65-350 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min.| Max.|Units| Conditions
the Read Cycle Time 200 250 300 350 ns |CE=0E =V,
tee Chip Enable Access Time 200 250 300 350 | ns [OE=V,
tia Address Access Time 200 250 300 350 | ns |CE=0E=V,
toe Output Enable Access Time 80 90 150 150 | ns |CE=V,
toe Output or Chip Enable Highto | 0 | 60 | 0 | 60 | O | 80 | 0 | 8 | ns |CE=V,
output not being driven
ton Output Hold from Address 0 0 0 0 ns |[CE=OE=V,
Change, Chip Enable, or Output
Enable, which ever occurs first

Read/Data Polling Cycle Time

le
4 N 4
ADDRESSES >< ADDRESSES Ay P4 NEXT ADDRESS ><
N
taa
—
CE
tcg—»
.
OE \L lt—1pF—|
L toH
top-m= t oH-]
HIGH Z Y4 ><‘
DATA DATA VALID DATA VALID
AN X
r——————{pp
NOTES:

1. This parameter is measured only for the initial qualification and after process or design changes may affect capacitance.
2. Characterized. Not tested.

T GeeQ Technology, Incorporated
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AC Characteristics
Read Operation (Over the operating temperature and V., Range, unless otherwise specified)
Limits
28C65-200 28C65-250 28C65-300 28C65-350

Symbol | Parameter Min. | Max. Min. [ Max. | Min. | Max. | ,Min. [ Max. | Units
twe Write Cycle Time 10 10 10 10 ms
tas Address Set-up Time 10 10 10 10 ns
tau Address Hold Time (see note 1) [ 150 150 150 150 ns
tes Write Set-up Time 0 0 0 0 ns
tey Write Hold Time 0 0 0 0 ns
tow CE Pulse Width (note 2) 150 150 150 150 ns
toes OE High Set-up Time 10 10 10 10 ns
toen OE High Hold Time 10 10 10 10 ns
toe WE Pulse Width (note 2) 150 150 150 150 ns
tos Data Set-up Time 50 50 50 50 ns
tou Data Hold Time 0 0 0 0 ns
tarc Byte Load Timer Cycle 0.2 | 300 0.2 | 300 0.2 [ 300 0.2 | 300 us

(Page Mode Only) (note 3)
te Last Byte Loaded 200 200 200 200 ns

to DATA Polling
tos Time to Device Busy 100 100 100 100 ns
Write Timing

WE CONTOLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE

ls——BYTE WHITE—-{-_PEJIN—AG-—:,,—_ P&ATI:«G__.l [p——BYTE WRITE——a}s— Pg:l:“‘*—*!-“———"ﬂlm.—!

3 /[ tos -\F{oa: % ._/F-'*—s-l *Meuu

aooresses_ X vaup K DONT CARE X Twawp X “""‘E“‘D@“’_:E DONT cARE X o X
A

Kias T Te-tan _ e
e [P, TeH—={ - xjh}\—/_\ " tes-=t - toH i wi
{ - twe,
mooT N\ N N N

=3 AV
!
llew | | o] e
wonz _°°
5 5T DATA oata  ——HEL L Joataw
I ioa
nnvmvﬁ_—/._.____— ROYAISY ———————q .

NOTES:

1. Address hold time is with respect to the falling edge of the control signal WE or CE.

2. WE and CE are noise protected. Less than a 20 nsec write pulse will not activate a write cycle.

3. t,, . min. is the minimum time before the next byte can be loaded. t,, . max. is the minimum time the byte load timer waits before initiating
the internal write cycle.

I eeeQ Technology, Incorporated
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UX = UNENCAPSULATED DIE

MD400025/C

- seeQ Technology, Incorporated

Page Write Timing
PAGE LOAD ot Pme } Pmae |
& N N — < N —H— S
—|toEs [+
— toeH
ADDRESSES XL DX__VALD X X X vALID X DON'T CARE ;: X VALID ). ¢
— IAS re—
Laat
= e /TR LZ7775 /—JHM
o] W ot
AN —
WE N N S
toH - e
—»{tps|
HIGH 2 7N
Cop—ED—< <T@ —®—
le—tD8
RDY/BUSY 4 BN
Ordering Information
D Q 28C65 -250
PACKAGE TEMPERATURE PART TYPE ACCESS TIME
RANGE
D = CERAMIC DIP Q=0°Cto +70°C 8K x 8 EEPROM 200 = 200 ns
P = PLASTIC DIP (COMMERCIAL) 250 = 250 ns
N = PLASTIC LEADED 300 = 300 ns
CHIP CARRIER 350 = 350 ns
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Seeq 28C256
Timer E?
256K Electrically Erasable PROM

October 1989

Features Description
SEEQ’s 28C256 is a CMOS 5V only, 32K x 8 Electrically
M CMOS Technol ’
- L::v P ov::r nology Erasable Programmable Read Only Memory (EEPROM,).
. 60 mA Active It is manufactured using SEEQ’s advanced 1.25 micron
. 150 pA Standb CMOS Process and s available in a 28 pin Cerdip package
K 4 a Plastic Leadless Chip Carrier (PLCC) as well as a

B Page Write Mode Leadless Chip Carrier (LCC). The 28C256 is ideal for
+ 64 Byte Page applications which require low power consumption, non-
« 160 us Average Byte Write Time volatility and in system reprogrammability. The endur-
B Byte Write Mode ance, the number of times a byte can be written, is

specifiedat 10,000 cycles per byte andis typically 1,000,000

H  Write C) i icati
rite Cycle Completion Indication cycles per byte. The extraordinary high endurance was

+ DATAPolling accomplished using SEEQ’s proprietary  oxynitride
B On-Chip Timer EEPROM process and its innovative Q Cell™ design.
- Automatic Erase Before Write System reliability, in all applications, is higher because of

W High Endurance the low failure rate of the Q Cell.

« 10,000 Cycles/Byte

« 10 Year Data Retention Pin Configuration
W Power Up/Down Protection Circuitry
M 200 ns Maximum Access Time
W Military and Extended Temperature Range

DUAL-IN-LINE PLASTIC LEADED CHIP CARIER
TOP VIEW TOP VIEW

Available IR A
RIBIRIBIEIE
(@)
Block Diagram 7] 57 4
As ] [28] A9
Ay Ay
Ae_"[___'> ADDAESS A ] [ ] ne
LATCHES . A= [=] o8
MEilORY A[1o] [24] 1o
ARRAY Ao[7] CE
Aos ne [Z] w,
vo,[i3] | 21 | Vog
LATCH ENABLE y IEJ Q«H [;l l::] E:I LRJ
PAGE gdgeagdye
BUFFER
Pin Names
A,-A, ADDRESSES - COLUMN
VO BUFFER/ A-A,, ADDRESSES - ROW
oot CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
1007 Vo, DATA INPUT (WRITEY
Q Cell is a trademark of SEEQ Technology, Inc. DATA OUTPUT (READ)

- GeeQ Technology, Incorporated
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The 28C256 has an internal timer which automatically
times outthe write time. The on-chiptimer, along with input
latches free the microprocessor for other tasks while the
partis busy writing. The 28C256’s write cycle timeis 10 ms
maximum. An automatic erase is performed before a
write. The DATA polling feature of the 28C256 can be
used to determine the end of a write cycle. Once the write
cycle has been completed, data can be readin a maximum
of 200 ns. Data retention is greater than 10 years.

Device Operation

Operational Modes

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. A write can be initiated under the conditions
shown. Any other conditions for CE, OF, and WE will
inhibit writing and the /O lines will either be in a high
impedance state or have data, depending on the state of
the a forementioned three input lines.

Mode Selection (table 1)

Mode CE | OE | WE 1e]
Read VIL VIL VIH DOUT
Standby Viu X X High Z
Write Vi Vi \'A Dy
Write X X Vi High Z/D,,
Inhibit X V. X High Z/D
Chip Erase | V. V., V. X

X: Any TTL level

V,;: High Voltage

Reads

A read is typically accomplished by presenting the ad-
dresses of the desired byte to the address inputs. Once
the address is stable, CE is brought to a TTL low in order
to enable the chip. The WE pin must be at a TTL high
during the entire read cycle. The output drivers are made
active by bringing Output Enable (OE) to a TTL low.
During read, the addresses, CE , OE, and input data
latches are transparent.

Writes

To write into a particular location, the address must be
valid and a TTL low applied to the Write Enable (WE) pin
of a selected (CE low) device. This combined with Output
Enable (OE) being high, initiates a write cycle. During a
byte write cycle, all inputs except data are latched on the

28C256

falling edge of WE or CE, whichever occurred last. Write
enable needs to be at a TTL low only for the specified
t ime. Data is latched on the rising edge of WE or CE,
whichever occurredfirst. An automatic erase is performed

before data is written.

The 28C256 can write both bytes and blocks of up to 64
bytes. The write mode is discussed below.

Write Cycle Control Pins

For system design simplification, the 28C256 is designed
such that either the CE or WE pin can be used to initiate a
write cycle. The device uses the latest high-to-low transi-
tion of either CE oriWE signal to latch addresses and the
earliest low-to-high transition to latch the data. Address
and OE set up and hold are with respect to the later of CE
or WE; data set up and hold is with respect to the earlier of
WE or CE.

To simplify the following discussion, the WE pinis used as
the write cycle control pin throughout the rest of this data
sheet. Timing diagrams of both write cycles are included
in the AC Characteristics.

Write Mode

One to 64 bytes of data can be randomly loaded into the
device. The part latches row addresses, A6-A14, during
the first byte write. These addresses are latched on the
falling edge of the WE signal and are ignored after that until
the end of ... This will eliminate any false write into
another page if different row addresses are applied and
the page boundary is crossed.

The column addresses, A0-AS5, which are used to select
different locations of the page, are latched every time a
new write is initiated. These addresses and the OE state
(high) are latched on the falling edge of WE signal. For
proper write initiation and latching, the WE pin has to stay
low for a minimum of t,,, ns. Data is latched on the rising
edge of WE, allowing easy microprocessor interface.

Upon alow to high WE transition, the 28C256 latches data
and starts the internal page load timer. The timer is reset
on the falling edge of the WE signal if another write is
initiated before the timer has timed out. The timer stays
reset while the WE pin is kept low. If no additional write
cycles have been initiated in (t,, .) after the last WE low to
high transition, the part terminates the page loadcycle and
starts the internal write. During this time which takes a
maximum of 10 ms, the device ignores any additional write
attempts. The part can now be read to determine the end
of write cycle (DATA polling).

MD400020/E
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Extended Page Load

In order to take advantage of the page mode’s faster
average byte write time, data must be loaded at the page
load cycle time, (t,,.). Since some applications may not
be able to sustain transfers at this minimum rate, the
28C256 permits an extended page load cycle. To do this,
the write cycle must be “stretched” by maintaining WE low,
assuming a write enable-controlled cycle, and leaving all
other control inputs (CE, OE) in the proper page load cycle
state. Since the page load timer is reset onthe falling edge
of WE, keeping this signal low will inhibit the page load
timer. When WE returns high, the input data is latched and
the page loadcycie timer begins. In CE controlled write the
sameis true, with CE holding the timer resetinstead of WE.

DATA Polling

The 28C256 has a maximum write cycle time of 10 ms.
Typically though, a write will be completed in less than the
specified maximum cycle time. DATA polling is a method
of minimizing write times by determining the actual end-
pointof awrite cycle. If areadis performed to any address
while the 28C256 is still writing, the device will present
the ones-complement of the last byte written. When the
28C256 has completed its write cycle, aread from the last
address written will resultin valid data. Thus, software can
simply read from the part until the last data byte written is

28C256

read correctly. A DATA polling read should not be done
until a minimum of t,, microseconds after the last byte is
written. Timing for a DATA polling read is the same as a
normal read once the t,, specification has been met.

Chip Erase

Certain applications may require all bytes to be erased
simultaneously. This feature, which requires high voltage,
is optional and timing specifications are available from
SEEQ.

Power Up/Down Considerations

There is internal circuitry to minimize a false write during
power up or power down. This circuitry prevents writing
under any one of the following conditions.

1.V isless than V,, V. .

2. A high to low Write Enable (WE) transition has not
occurred when the V. supply is between V,,, V and V,
with CE low andOE high.

Writing will also be inhibited when WE, CE, or OF are in
TTL logical states other than that specified for a byte write
in the Mode Selection table.

MD400020/E
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Absolute Maximum Stress Range*

Temperature
Storage ..—65°C to +150°C
Under Bias ... ....=—10°C to +80°C

D.C. Voltage applied to all Inputs or Outputs

with respect to ground....................... +6.0Vito-0.5V
Undershoot pulse of less then 10 ns (measured at

50% point) applied to all inputs or outputs

with respect to ground ..............ceceeerecrnisisirienens -1.0V

Recommended Operating Conditions

28C256

Overshoot pulse of less than 10 ns (measured at
50% point )applied to all inputs or outputs
With respect 1o ground...............cvevcvcssssccninsnscnns +7.0V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis a stressrating 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 condi-
tions for extended periods may affect device reliability.

28C256
Temperature Range (Ambient) 0°C to 70°C
V¢e Supply Voltage 5V £10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Ton Data Retention >10 Years MIL-STD 883 Test
Method 1008

DC Characteristics Read Operation (Over operating temperature and V., range, unless otherwise specified)

1. Characterized. Not tested.
2. Inputs only. Does notinclude I/O.
3. For /O only.

Limits
Symbol Parameter Min. Max. Units Test Condition
lee Active V, Current 60 mA CE = OE = V,;; All VO open;
Other Inputs = V. Max.
Min. read or write cycle time
lsg, Standby V., Current 2 mA CE = V,,, OE = V,; All I/0 Open;
(TTL Inputs) Other Inputs =V, to V,,
Iz Standby V., Current 200 pA CE =V, ~-03
(CMOS Inputs) Other Inputs =V, to V,,
All /0 Open
2 Input Leakage Current 1 pA Viy = Vo Max.
o™ Output Leakage Current 10 pA Vour = Vo Max.
Vi Input Low Voltage -0.3 0.8 \
Vi Input High Voltage 2.0 6 \
Vo Output Low Voltage 0.45 \'2 lo =2.1 mA
Vou Output High Voltage 24 \ loy = =400 pA
Vo Write Inhibit Voltage 3.8 v
NOTES:

— GeeQ Technology, Incorporated
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Capacitance !l T, = 25°C,t =1 MHz

Symbol | Parameter Max . | Conditions A.C. Test Conditions
Cw Input Capacitance 6pF | V=0V Output Load: 1 TTL gate and C, = 100 pF
: ~ Input Rise and Fall Times: < 10 ns
Cour _|Data (VO) Capacitance |12 pF | V\, = OV Input Pulse Levels: 0.45 V to 2.4V
it Timing Measurement Reference Level:
E.S.D. Characteristics Inpuits 0.8V and 2 V
Symbol | Parameter Value Test Conditions Outputs 0.8 Vand 2 V
Ve ¥ | E.S.D. Tolerance | >2000 V. [ MIL-STD 883
Test Method 3015
AC Characteristics
Read Operation (Over operating temperature and V. range, unless otherwise specified)
Limits
28C256-200 | 28C256-250 | 28C256-300 | 28C256-350 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units | Conditions
toe Read Cycle Time 200 250 300 350 ns [CE=0E=V,
tee Chip Enable Access Time 200 250 300 350 | ns |OE=V,
tya Address Access Time 200 250 300 350 | ns |CE=OE=V,
tog Output Enable Access Time 80 90 90 9 | ns |[CE=V,
tor Output or Chip Enable High to 0 |60 | o |60 | 08 | 0 |8 |ns |[CE=V,
output in Hi-Z
ton Output Hold from Address 0 0 0 0 ns |[CE=CE=V,
Change, Chip Enable, or Output
Enable, whichever occurs first
Read /DATA Polling Cycle
tHb
ADDRESSES x ADDRESS Ay x NEXT ADDRESS X
[t ——— =
CE
tog——
e
OE \ [at—t DF —
t
L tog-o= o toH-
HIGH Z /7, ><F
DATA QU PATA VAL L DATA VALID
taa
NOTES:
1. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
2. Characterized. Not tested.

- eeeQ Technology, Incorporated
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AC Characteristics
Write Operation (Over the operating temperature and V., range, unless otherwise specified)
Limits
28C256-200 28C256-250 28C256-300 28C256-350
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. { Units
twe Write Cycle Time 10 10 10 10 ms
ts Address Set-up Time 20 20 20 20 ns
tan Address Hold Time (see note 1) | 150 150 150 150 ns
tes Write Set-up Time 0 0 0 0 ns
tey Write Hold Time 0 0 0 0 ns
tow CE Pulse Width (note 2) 150 150 150 150 ns
toes OE High Set-up Time 20 20 20 20 ns
[, OE High Hold Time 20 20 20 20 ns
twe WE Pulse Width (note 2) 150 150 150 150 ns
tos Data Set-up Time 50 50 50 50 ns
tou Data Hold Time 0 0 0 0 ns
taic Byte Load Timer Cycle 02 | 300 | 0.2 | 300 | 0.2 | 300 | 0.2 300 us
(Page Mode Only) (note 3)
te Last Byte Loaded 600 600 600 600 us
to DATA Polling Output
Write Timing
WE CONTROLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE
BYTE WRITE | pg:me —=] BYTE WRITE ———-—|-———ng:|:«;7|
o _/:—toes-°| h \_—/ o _/:—‘oes‘l \t/ b
- toeH -~ toen »

ADDRESSES VALID >< DONT CARE >< ADDRESSES VALID DON'T CARE N X

foel ey tas* === *"tay
s

tos -+ o o] e . teg ==t teH e o= we
we -
—_— ;
WE \ * o \
‘—(w
o]ty - - uwp lew e f
it e A
HIGHZ
DATA e DATAIN DATA 45 DATA Hch2 { oaram (@

NOTES:

1. Address hold time is with respect to the falling edge of the control signal WE or CE.

2. WE and CE are noise protected. Less than a 20 nsec write pulse will not activate a write cycle.

3.t . min. is the minimum time before the next byte can be loaded. t;, . max. is the minimum time the byte load timer waits before initiating
internal write cycle.

. seeQ Technology, Incorporated
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Page Write Timing
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tps—= e

DATA HIGH Z q DST‘A

|- PAGE LOAD

OE
10ES [e— — toeH
ADDRESSES j: VALID
1A [

S ——1 [e—tAH
G N

ics - — ““CH

|
t [*+—tBLC:
WP At !
WE > Re
ATl

DATA
T POLLING s

DON'T CARE x

NS NN TN

twe 3
SF——\ l

DATA
Dy

@

Ordering Information

D Q 28C256 -250

PACKAGE
TYPE

P = PLASTIC DIP
D = CERAMIC DIP
N = PLASTIC LEADED
CHIP CARRIER
UX = UNENCAPSULATED DIE

MD400020/E

o QeeQ Technology, Incorporated

1

TEMPERATURE
RANGE

Q=0°C1lo+70°C
(COMMERCIAL)

1

PART TYPE

32K x 8 EEPROM

ACCESS TIME

200 = 200 ns
250 =250 ns
300 =300 ns
350 = 350 ns

1-65




1-66



SeeQ

PRODUCT PREVIEW

Features

B High Speed: 90, 120, 150 ns Access Times
Commercial and Military Temperature Ranges
CMOS Technology

Low Power
» 300 mW (Typical)
« Less than 1mW Standby

Page Write Mode: 64 Byte Page
Fast Write: 5 ms Byte/Page Write Time

Write Cycle Completion Indication
« DATAPoliing of Data Bit 7

On Chip Timer
» Automatic Erase Before Write

High Endurance
«» 10,000 Cycles/Byte Minimum
« 10 Year Data Retention

Power Up/Down Protection Circuitry
JEDEC Approved Byte-Wide Pinout

Description

SEEQ’'s 28C64A is a high speed CMOS 5V only, 8K x 8
Electrically Erasable Programmable Read Only Memory
(EEPROM). It is manufactured using SEEQ's advanced
1.25 micron CMOS process and is available in 28 pin
Cerdip, Plastic DIP packages and 32 padLCC, PLCC. The
28C64A isideal for high speed applications which require
low power consumption, non-volatility and in-system re-
programmability. The endurance, the number of times
which a byte may be written, is specified at 10,000 cycles
per byte minimum.,

The 90 ns, 120 ns, 150 ns access times meet the require-
ments of many of today’s high performance microproces-
sors. The 28C64A has an internal timer which automati-
cally times out the write time. The on-chip timer, along with
the input latches, frees the microprocessor for other tasks
during the write time. The 28C64A’s write cycle time is 5
msec typical. An automatic erase is performed before a
write. The Data Polling feature of the 28C64A can be used
to determine the end of a write cycle. Allinputs are CMOS/
TTL for both write and read modes. Data retention is
specified to be greater than 10 years.

28C64A
High Speed CMOS

64K Electrically Erasable PROM

October 1989

Block Diagram

ROW
ADDRESS
DECODER

VO BUFFER/
DATA POLLING

¥0o.7

Pin Configuration

DUAL-IN-LINE
TOPVIEW

LEADLESS CHIP CARRIER
BOTTOM VIEW

PREIRICICIE

Pin Names

A-A, ADDRESSES—COLUMN

AqA, ADDRESSES—ROW

CE CHIP ENABLE

OE OUTPUT ENABLE

WE WRITE ENABLE

70, DATA INPUT (WRITEYDATA
OUTPUT (READ)

NC NO CONNECT

— seeQ Technology, Incorporated
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Features

W CMOS Technology
N Low Power

* 60 mA Active

« 150 uA Standby

W Page Write Mode
- 64 Byte Page
« 160 us Average Byte Write Time
B Byte Write Mode
B Wirite Cycle Completion Indication
- DATAPolling
B On-Chip Timer
« Automatic Erase Before Write
W Endurance
« 1,000 Cycles/Byte
» 10 Year Data Retention
B Power Up/Down Protection Circuitry

M 150 ns Maximum Access Time

Available
Block Diagram
ROW ROW
g vl S b

LATCH ENABLE

28C256K

Timer E?

256K Electrically Erasable PROM

B Military and Extended Temperature Range

64 BYTE
PAGE
BUFFER

October 1989

Description

SEEQ's 28C256K is a CMOS 5V only, 32K x 8 Electrically
Erasable Programmable Read Only Memory (EEPROM).
It is manufactured using SEEQ's advanced 1.25 micron
CMOS Process and is available in both a 28-pin Cerdip
package as well as a Plastic Leadless Chip Carrier (PLCC).
The 28C256K is ideal for applications that require low
power consumption, non-volatility and in-system repro-
grammability. The endurance, the number of times a byte
can be written, is specified at 1,000 cycles per byte.

The 28C256K has an internal timer that automatically
times out the write time. The on-chiptimer, along withinput
latches, frees the microprocessor for other tasks while the
partis busy writing. The 28C256K’s write cycle time is 10

Pin Configuration

DUAL-IN-LINE PLASTIC LEADED CHIP CARIER
TOP VIEW TOP VIEW
+fig Bp?
1 [ E | [7]
A1 (2] 4s
As €] [%] 4
A7 7] An
A} [E]ne
A [T] Eak3
Aq[ae] [24] A0
Ao [i1] Bk
e [Z] [2]vo,
vo,[73 ] 37 vo,
J
FEEEEEE
gdg=zod¢

Pin Names
AA, ADDRESSES - COLUMN
_WoBUFFER/ A-A,, ADDRESSES - ROW
iolbionind CE CHIP ENABLE
OF OUTPUT ENABLE
WE WRITE ENABLE
"oz 1o, DATA INPUT (WRITEY/
DATA OUTPUT (READ)

- GeeQ Technology, Incorporated

MD400074/A .

1-69




'— seeQ Technology, Incorporated

ms maximum. An automatic erase is performed before a
write. The DATA polling feature of the 28C256K can be
used to determine the end of a write cycle. Once the write
cycle has been completed, data can be readin amaximum
of 150 ns. Data retention is greater than 10 years.

Device Operation

Operational Modes

There are five operational modes (see Table 1) and,
except for the chip erase mode, only TTL inputs are
required. A write can be initiated under the conditions
shown. Any other conditions for CE, OE, and WE will
inhibit writing and the I/O lines will either be in a high
impedance state or have data, depending on the state of
the aforementioned three input lines.

Mode Selection (Table 1)

Mode CE OE | WE /0
Read VIL VIL VIH DOUT
Standby Vi X X High Z
Write Vi Vi Vi Dy
Write X X Vi High Z/D
Inhibit X V. X High Z/D,
Chip Erase V. \'M Vi X

X: Any TTL level

V,,: High Voltage

Reads

Areadis typically accomplished by presenting the address
of the desired byte to the address inputs. Once the
address is stable, CE is brought to a TTL low in order fo
enable the chip. The WE pin must be at a TTL high during
the entire read cycle. The output drivers are made active
by bringing Output Enable (OE) to a TTL low. During read,
the addresses, CE , OF, and input data latches are
transparent. '

Writes

To write into a particular location, the address must be
valid and a TTL low applied to the Write Enable (WE) pin
of a selected (CE low) device. This combined with Output
Enable (OE) being high, initiates a write cycle. During a
byte write cycle, all inputs except data are latched on the
falling edge of WE or CE, whichever occurred last. Write
Enable needs to be at a TTL low only for the specifiedt,,,

28C256K

time. Data is latched on the rising edge of WE or CE
whichever occurredfirst. An automatic erase is performed
before data is written.

The 28C256K can write both bytes and blocks of up to 64
bytes. The write mode is discussed below.

Write Cycle Control Pins

For systemdesign simplification, the 28C256K is designed
such that either the CE or WE pin can be used to initiate a
write cycle. The device uses the latest high-to-low transi-
tion of either CE orWE signal to latch addresses and the
earliest low-to-high transition to latch the data. Address
and OF set up and hold are with respect to the later of CE
or WE; data set up and hold is with respect to the earlier of
WE or CE.

To simplify the following discussion, the WE pin is used as
the write cycle control pin throughout the rest of this data
sheet. Timing diagrams of both write cycles are included
in the AC Characteristics.

Write Mode

One to 64 bytes of data can be randomly loaded into the
device. The part latches row addresses, A6-A14, during
the first byte write. These addresses are latched on the
falling edge of the WE signal and are ignored after that until
the end of t,.. This will eliminate any false write into
another page if different row addresses are applied and
the page boundary is crossed.

The column addresses, A0-A5, which are used to select
different locations of the page, are latched every time a
new write is initiated. These addresses and the OE state
(high) are latched on the falling edge of WE signal. For
proper write initiation and latching, the WE pin has to stay
low for a minimum of t,,, ns. Data is latched on the rising
edge of WE, allowing easy microprocessor interface.

Upon a low to high WE transition, the 28C256K latches
data and starts the internal page load timer. The timer is
reset on the falling edge of the WE signal if another write
isinitiated before the timer has timed out. The timer stays
reset while the WE pin is kept low. If no additional write
cycles have been initiated in (t,, ) after the last WE low to
high transition, the part terminates the page load cycle and
starts the internal write. During this time, a maximumof 10
ms, the device ignores any additional write attempts. The
partcan be read to determine the end of write cycle (DATA

polling).

MD400074/A
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Extended Page Load

In order to take advantage of the page mode’s faster
average byte write time, data must be loaded at the page
load cycle time, (1, ). Since some applications may not
be able to sustain transfers at this minimum rate, the
28C256K permits an extended page loadcycle. Todo this,
the write cycle must be “stretched” by maintaining WE low,
assuming a write enable-controlled cycle, and leaving all
other control inputs (CE, OE) in the proper page load cycle
state. Since the page load timer is reset onthe falling edge
of WE, keeping this signal low will inhibit the page load
timer. When WE returns high, the input data is latched and
the page load cycle timer begins. In CE controlled write the
same istrue, with CE holding the timer resetinsteadof WE.

DATA Polling

The 28C256K has a maximum write cycle time of 10 ms.
Typically though, a write will be completed inless than the
specified maximum cycle time. DATA polling is a method
of minimizing write times by determining the actual end-
pointof awrite cycle. If areadis performed to any address
while the 28C256K is still writing, the device will present
the ones-complement of the last byte written. When the
28C256K has completed its write cycle, a read from the
last address written will resultin valid data. Thus, software
can simply read from the part until the last data byte written

28C256K

isread correctly. A DATA polling read should not be done
until a minimum of t,, microseconds after the last byte is
written. Timing for a DATA polling read is the same as a
normal read once the t,, specification has been met.

Chip Erase

Certain applications may require al| bytes to be erased
simultaneously. This feature, which requires high voltage,
is optional and timing specifications are available from
SEEQ.

Power Up/Down Considerations

There is internal circuitry to minimize a false write during
power up or power down. This circuitry prevents writing
under any one of the following conditions.

1. V. is less than V,,, V. -

2. A high to low Write Enable (WE) transition has not
occurred when the V., supply is betveen V,,, V and V,
with CE low andOE high.

Writing will also be inhibited when WE, CE, or OE are in
TTLlogical states other than that specified for awrite inthe
Mode Selection table.

MD400074/A
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Absolute Maximum Stress Range*

Temperature
Storage....... —65°C to +150°C
Under Bias ... -10°C to +80°C

D.C. Voltage appilied to all Inputs or Outputs
with respect to ground.................... +6.0Vto-05V
Undershoot pulseof less than 10 ns (measured at 50 %
point) applied to all Inputs or Outputs with respect to
ground -1.0V
Overshoot pulse of less than 10 ns (measured at 50%
point) applied to all Inputs or Outputs with respect to
ground +7.0V

Recommended Operating Conditions

28C256K

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisisastressrating 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 device reliability.

28C256K
Temperature Range (Ambient) 0°C to 70°C
V.. Supply Voltage 5V £ 10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
K Minimum Endurance 1,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Tor Data Retention >10 Years MIL-STD 883 Test
Method 1008
DC Characteristics Read Operation (Over operating temperature and V. range, unless otherwise specified)
Limits
Symbol Parameter Min. Max. Units Test Condition
e Active V., Current 60 mA CE = OE =V,: All /O open;
Other Inputs = V. Max.
Min. read or write cycle time
- Standby V., Current 2 mA | CE=V,, OE = V,; All 11O Open;
(TTL Inputs) Other Inputs =V, to V,,
lsge Standby V. Current 200 HA CE=V,-03
(CMOS Inputs) Other Inputs =V, to V,,
All /O Open
I, Input Leakage Current 1 HA Vi = Ve Max.
1o Qutput Leakage Current 10 HA Vour = Voo Max.
\N Input Low Voltage -0.3 0.8 \'
Vi Input High Voltage 2.0 6 \'
Vo Output Low Voltage 0.45 \ lo =2.1 mA
Vou Output High Voltage 2.4 \" loy = —400 pA
Vi 1 Wirite Inhibit Voltage 3.8 \
NOTES:
1. Characterized. Not tested.
2. Inputs only. Does not include V/O.
3. For /O only.
o eeeQ Technology, Incorporated
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Capacitance!"l T, =25°C,{=1MHz

Symbol | Parameter Max . | Conditions A.C. Test Conditions

Cy Input Capacitance 6pF | V=0V Output Load: 1 TTL gate and C, = 100 pF
- — Input Rise and Fall Times: < 10 ns

Cour Data (V0) Capacitance | 12 pF | Vi = OV Input Pulse Levels: 0.45V to 2.4 V

Timing Measurement Reference Level:

E.S.D. Characteristics Inpuits 0.8 V and 2 V

Symbol | Parameter Value Test Conditions Outputs 0.8 Vand 2 V
V. ¥ | E.S.D. Tolerance | >2000 V. [ MIL-STD 883
Test Method 3015

AC Characteristics
Read Operation (Over operating temperature and V. range, unless otherwise specified)

Limits
28C256K-150| 28C256K-200| 28C256K-250 Test

Symbol | Parameter Min.| Max. | Min.| Max. | Min. | Max. | Units | Conditions
toe Read Cycle Time 150 200 250 ns | CE=0E =V,
toe Chip Enable Access Time 150 200 250 [ ns |OE=V,
taa Address Access Time 150 200 250 | ns |CE=0E=V,
toe Output Enable Access Time 70 80 9 | ns |CE=V,
tor Output or Chip Enable High to 0 50 0 60 0 60 ns |CE=V,

output in Hi-Z
ton Output Hold from Address 0 0 0 ns [CE=0E=V,

Change, Chip Enable, or Output

Enable, whichever occurs first

Read /DATA Polling Cycle

'Hb
’ N
ADDRESSES >< ADDRESSES A NEXT ADDRESS ><
K
tAn—»
—
CE
tcg—»
OE tt—t DF—
toH _J
tog toH
g
DATA HIGH 2 << DATA VALID >< DATAVALID
K
taa
NOTES:

1. This parameter is measured only for the initial qualification and after process or design changes may affect capacitance.
2. Characterized. Not tested.

- SeeQ Technology, Incorporated
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AC Characteristics
Write Operation (Over the operating temperature and V, range, unless otherwise specified)
Limits
28C256K-150 28C256K-200 28C256K-250
Symbol | Parameter Min. Max. Min. Max. Min. Max. | Units
twe Write Cycle Time 10 10 10 ms
ts Address Set-up Time 20 20 20 ns
ta Address Hold Time (see note 1) 150 150 150 ns
tes Write Set-up Time 0 0 0 ns
ten Write Hold Time 0 0 0 ns
tow CE Pulse Width (note 2) 150 150 150 ns
toes OE High Set-up Time 20 20 20 ns
toeu OE High Hold Time 20 20 20 ns
twe WE Pulse Width (note 2) 150 150 150 ns
ths Data Set-up Time 50 50 50 ns
ton Data Hold Time 0 0 0 ns
tac Byte Load Timer Cycle 0.2 200 0.2 200 0.2 200 us
(Page Mode Only) (note 3)
te Last Byte Loaded 600 600 600 us
to DATA Polling Output
Write Timing
WE CONTROLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE
BYTE WRITE - POLLNG ] } BYTE WRITE ~te rf:«;—vl "
& g \1"/ N = _LC y M “
o1 oes‘l 10ES ‘l
- toEH —= YoeH
ADDRESSES VALID X DONT CARE . x ADDRESSES VALID DON1I CARE : x
s o1 tag [ = tan
e 0/ A ‘_\ w g \
tos = [==] IoH —={ e— . los —~{fa- ton—] o
= TN e 7 * "
WE _ e ——
—twr CE \
o 04 - - (T3 rtow =l | .
tps -1 s> fo oH —- P
DATA HGHZ { oatan DATA 44 DATA HIGH2Z {orman BATA

NOTES:

1. Address hold time is with respect to the falling edge of the control signal WE or CE.

2. WE and CE are noise protected. Less than a 20 nsec write pulse will not activate a write cycle.

3.t cmin. is the minimum time before the next byte can be loaded. t,, , max. is the minimum time the byte load timer waits before initiating
internal write cycle.

— seeQ Technology, Incorporated
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Page Write Timing

28C256K

DATA

[ PAGE LOAD ———— >l POLLING | .
—_ N
% N/ NS
tOES [e— — toen T
N s
ADDRESSES f VALID X X VALID X R ) 4 VALIDX DONT CARE
L2 N 4,
tas : Fe—tan
— STy
tcs e — l‘“CH
twp le—tpIC !‘ twe = |
L AR 3 45
WE / N e V \L_
Q. —e ’O
~ |e—tpy e
HIGH Z DATA DATA 7 DATA DATA
oaTa —H2 & Of D SO _<®_'
Ordering Information
D Q 28C256K- 150
PACKAGE TEMPERATURE PART TYPE ACCESS TIME
RANGE
P = PLASTIC DIP Q=0°Cto + 70°C 32K x 8 EEPROM 150 = 150 ns
D = CERAMIC DIP (COMMERCIAL) 200 = 200 ns
N = PLASTIC LEADED 250 = 250 ns
CHIP CARRIER
GeeQ Technology, Incorporated
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SeeQ

Features
B High Speed:

« 35 ns Maximum Access Time
B CMOS Technology

B Low Power:
« 350 mW

M 10 Year Data Retention

B High Output Drive
» Sink 16 mA At 0.45V
« Source 4mA At2.4V

5V %10% Power Supply

Power Up/Down Protection Circuitry

Fast Byte Write

« 5ms/Byte

Automatic Byte Clear Before Write
JEDEC Approved PROM Pinout

Direct Replacement for Bipolar PROMs
Slim 300 mil Packaging Available

Military and Extended Temperature Range
Available.

Pin Configuration

DUAL-IN-LINE
TOP VIEW

36C16/36C32
(24 pins)

NOTES:

1. Pin19is A, on the 36C32.
2. CS, is on the 36C16 only.
3. A,—A,on36C16.

Q Cell is a trademark of SEEQ Technology, Inc.

— seeQ Technology, Incorporated

36C16
36C32

High Speed CMOS Electrically Erasable PROM

October 1989

Description

SEEQ's36C16/32 are high speed 2K x 8/4K x 8 Electrically
Erasable Programmable Read Only Memories, manufac-
tured using SEEQ's advanced 1.25 micron CMOS proc-
ess.

The 36C16/32 are intended as bipolar PROM replace-

ments in high speed applications. The 35 ns maximum

read access time meets the requirements of many of
today's high performance processors. The endurance,

the number of times the part can be erased/written, is .
specified to be greater than 100 cycles. The 36C16/32 are

built using SEEQ''s proprietary oxynitride EEPROM proc-

ess and its innovative Q Cell™ design.

Data retention is specified to be greater than 10 years.

Block Diagram

ROW
DECODERS

COLUMN
ADDRESS
GATING

COLUMN

Aos )
o3 DECODER

e}
BUFFERS

CONTROL
LOGIC

1047
Pin Names

AqA, ADDRESSES — COLUMN
A-A b ADDRESSES — ROW
Cs,
cs, CHIP SELECT INPUTS
cs,
110 DATA INPUT (WRITE)

DATA OUTPUT (READ)

MD400027/C
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Device Operation
Operational Modes
MODEPIN | C§, | cs, |csM Vo
Read VIL VIH VIH DOUT
Vv, X X
Standby X Vi X High Z
X X A
Write vjinolov, X Dy
X: Any TTL level

The 36C16/32 are available in 24 pin Slim 300 mil
CERAMIC DIP and PLASTIC DIP. 24/28 pin full featured
EEPROM versions are also available (38C16/32). All
parts are available in commercial as well as military
temperature ranges.

Read
A read is started by presenting the addresses of the
desired byte to the address inputs. Once the address is
stable, the chip select inputs should be brought to the
proper levels in order to enable the outputs. (see Table
above.)

Write

To write into a particular location, addresses and data
mustbe valid, CS, mustbe TTL low and a V,{"l pulse has
to be applied to C—§ for 5ms. An automatic internal byte
clear is done prior to the byte write. The byte clear feature
is transparent to the user.

NOTES:
1.V, - High Voltage.
2. CS, applies only to the 36C16. This pin becomes A,, in the 36C32.

36C16/36C32

— eeeQ Technology, Incorporated
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36C16/36C32

Absolute Maximum Stress Range

Temperature *COMMENT: Stresses above those listed under “Absolute
Storage .. ...—65°C to +150°C Maximum Ratings” may cause permanent damage to the
Under Bias -10°C to +80°C device. Thisis a stress rating only and functional operation

All Inputs and Outputs of the device at these or any other conditions above those
with Respect to Ground .................... -3Vto+7VD.C. indicated in the operational sections of this specification is
CS, with Respect to Ground.......—0.5 Vto +14 V D.C. not implied. Exposure to absolute maximum rating condi-

tions for extended periods may affect device reliability.

Recommended Operating Conditions

36C16

36C32
V. Supply Voltage 5V £ 10%
Temperature Range (Read Operation) 0°C to 70°C (Ambient)

DC Operating Characteristics (Over operating temperature and V, range, unless otherwise specified)

Limits
Symbol Parameter Min. Max. Units | Test Condition
lee V. Active Current 80 mA CS,=CS,=V,; TS, =V,;
Address Inputs = 20 MHz
/O = OmA
I Input Leakage Current 1 HA 01V>=V, <=V Max.
lout Output Leakage Current 10 nA Vour = Vo Max.
V. Input Low Voltage -0.5 0.8 \Y
Vi Input High Voltage 2 Vee +1.5 \
vV, Input High Voltage During 10.8 13.2 \ For CS, Input Only
Write
Vo Output Low Voltage 0.45 v loo =16 MA, V. = V. Min.
Vou Output High Voltage 24 \% low =—4 MA, V. =V . Min.
logM2 Qutput Short Circuit Current -20 mA Vee = Voo Max,
our =0
VA Input Undershoot Voltage -3 \Y V,y Undershoot Pulse Width 10 ns
NOTES:

1. Only one pin at a time for less than one second.
2. Characterized. Not tested.

- QeeQ Technology, Incorporated
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36C16/36C32

Capacitance! T, = 25°C, f = 1 MHz A.C. Test Conditions
Symbol | Parameter Max | Conditions Output Load: 10 TTL gates and total C, = 30 pF
C 0 C i 60F | V.20V Input Rise and Fall Times: < 5 ns
N nput Capacitance P = Input Pulse Levels: 0 Vto 3V
Cour Data (I/O) Capacitance | 12pF | V=0V Timing Measurement Reference Level:
Inputs 1.5V
Outputs 1.5 V
E.S.D. Characteristics 30V —
Symbol | Parameter Value Test Conditions ;
0%
Ve @ | E.S.D. Tolerance | >2000 V. | MIL-STD 883 GND
Test Method 3015 <5ns
.. INPUT PULSES
AC Characteristics
Read Operation (Over operating temperature and V., Range, unless otherwise specified)
Limits
36C16-35 36C16-40 36C16-45 36C16-55
36C32-35 36C32-40 36C32-45 36C32-55
Symbol | Parameter Min. [ Max. | Min. | Max. | Min. | Max. | Min. | Max. Units
tac Read Cycle Time 35 40 45 55 ns
tee Chip Select Access Time 25 25 30 35 ns
taa Address Access Time 35 40 45 55 ns
tor Output Enable to Output 25 25 25 30 ns
not being Driven
Output Hold from Address
tou Change or Chip Select 0 0 0 0 ns
whichever occurs first
Read Cycle Timing |
tRe -
ADDRESSES ){ ADDRESSES VALID
a1
cs,
CSS
toe— -]
O]t
/ \_ NOTE3
Vg, VALID OUTPUT
o7 A\ 7 NOTE 3
Pt t pp ]
NOTES:

1. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
2. Characterized. Not tested.
3. Transition is measured at steady state level 0.5 V or steady low level +0.5 V on the output from the 1.5 V level on the input.

— eeeQ Technology, Incorporated
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36C16/36C32

AC Characteristics Write Operation (All Speeds)
(Over V. Range, T, = 25° £ 5°C unless otherwise specified)

36C16
36C32
Symbol | Parameter Min. Max. Units
twe Write Pulse Width 5 50 ms
ts Address Set-up Time 0 us
tan Address Hold Time 0.5 us
tes CS, Set-up Time 0 us
ton CS, Hold Time 0 us
tos Data Set-up Time 0 ps
tou Data Hold Time 0 us
[N Wirite Recovery 10 us
Write Cycle Timing
L
4
ADDRESSES ADDRESSES VALID
—,
[ tAH
tAs et twp ——
VHMIN — —
E.____;;.__.\
———— twR > R
t et — toH—
cs CH g5
CS, 7‘
55—
55
cs,lll l
s/
’ tCE [
1 ice
tps r-— tpH—]
DH e tan
Ced
g7 DATAIN DATA OUT
£C.
| N
~ WRITE CYCLE o |= READ CYCLE
NOTE:
1.CS, is A,, on 36C32.

- GeeQ Technology, Incorporated
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36C16/36C32

Ordering Information

D Q@ 36C16 -35
D Q 36C32 -35

L 1

PACKAGE TEMPERATURE PART TYPE SPEED
TYPE RANGE
D=SuUM Q=0°Cto 70°C 36C16 - 2K x 8 EEPROM 35=35ns
CERAMIC DIP (COMMERCIAL) 36C32 - 4K x 8 EEPROM 45=45ns
P=8UM 55=55ns
PLASTIC DIP

The "Preliminary Data Sheet" designation on a SEEQ data sheet indicates that the product is not fully characterized. The specifications
are subject to change, are based on design goals or preliminary part evaluation, and are not guaranteed. SEEQ Technology or an
authorized sales representative should be consulted for current information before using this product. No responsibility is assumed by
SEEQ for its use, nor for any infringements of patents and trademarks or other rights of third parties resulting from its use. SEEQ reserves
the right to make changes in specifications at any time and without notice.

- GeeQ Technology, Incorporated
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SeeqQ A

High Speed CMOS Electrically Erasable PROM

October 1989
Features
N High Speed: W Power Up/Down Protection Circuitry
+ 35ns Maximum Access Time m DATA Polling of All Data Bits 7
B CMOS Technology W JEDEC Approved Byte Wide Pinout
B Low Power: » 38C16: 2816A Pin Compatible
. 350 MW « 38C32: 28C64 Pin Compatible
B High Endurance: W Military and Extended Temperature Range
» 10,000 Cycles/Byte Minimum Available.
« 10 Year Data Retention
B On-Chip Timer and Latches .
« Automatic Byte Erase Before Write Description
« Fast Byte Write: 5 ms/Byte
B High Speed Address/Data Latching SEEQ's38C16/32 are high speed 2K x 8/4K x 8 Electrically
B 50 ms Chip Erase Erasable Programmable Read Only Memories
+10% (EEPROM), manufactured using SEEQ's advanced 1.25
W 5V +10% Power Supply micron CMOS process.
Pin Configuration
DUAL-IN-LINE Pin Names
38C16 TOP VIEW 38C32 A-A, ADDRESSES — COLUMN
(24 pins) (28 pins) AqA,, ROW ADDRESSES
CE CHIP ENABLE
CE OUTPUT ENABLE
WE WRITE ENABLE
110, , DATA INPUT (WRITE)
DATA OUTPUT (READ)
Block Diagram
ro.s T Aovress [—laoress
LATCHES DECODE
PLASTIC LEADED CHIP CARRIER oW row g2
TOP VIEW P15 Lrones BEpooress evon
LATCH ENABLE
WRITE/ERASE
)y e ENABLE L
% WE—"1 conTRoL
% :’n LATCHENABLE | DATA
Z’:, :?"' _ LATCH ENABLE
7] Ao CE CONTROL [CONTROL 0
Fece OE LATCHES LOGIC BUFFERS
22} vo,
E”‘ NOTES:
1.A, - A, on 38C16. 1Og.7
2. NC — No connect.

T SeeQ Technology, Incorporated
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The 38C16/32 are ideal for high speed applications which
require non-volatility and in-system reprogrammability.
The endurance, the number of times a byte may be written,
is specified at 10,000 cycles per byte minimum. The high
endurance is accomplished using SEEQ's propietary
oxyntride EEPROM process and its innovative Q Cell™
design. System reliability in applications where writes are
frequent is increased because of the low endurance-
failure rate of the Q Cell. The 35 ns maximum access time
meets the requirements of many of today's high perform-
ance processors. The 38C16/32 have an internal timer
which automatically times out the write time. The on-chip
timer, along with the input latches, frees the microproces-
sor for other tasks during the write time. DATA Polling can
be usedto determine the end of a write cycle. All inputs are
TTL compatible for both write and read modes.

Data retention is specified to be greater than 10 years.

Device Operation
Operational Modes
MODEPIN | CE | OE | WE 10
Read Vi Vi Vin Dour
Standby Vi X X High Z
Write Vo | Ve | V. D,
Write X X V.. | HighZD,,,
Inhibit Vi X X High Z
X 'A V.. | HighZD,,,
Vo Vi V,. | No Operation
(High Z)
Chip Erasel| V.| V&I [ V High Z
X: Any TTL level

The 38C16 and 38C32 are both available in CERAMIC
DIP, PLASTIC DIP and PLCC packages 24 pin versions of
both 38C16 and 38C32 intented for bipolar PROM re-
placement are also available (36C16/36C32). Allparts are
available in commercial as well as military temperature
ranges.

Read

A read is started by presenting the addresses of the
desired byte to the address inputs. Once the address is
stable, CE is brought to a TTL low in order to enable the
chip. The WE pin must be at a TTL high during the entire

NOTES:

1. Chip erase is an optional mode.
2.V, — High Voltage.

Q Cellis a trademark of SEEQ Technology, Inc.

38C16/38C32

read cycle. The output drivers are made active by bringing
output enable (OE) to a TTL low. During read, the address,
CE, OE, and l/O latches are transparent.

Write
Towriteinto a parﬁcu/arlocation addresses musrbe valid
nnrd o TT! lawusin annlind ta tha uwita anabla AAE) A,

Af A
and a TTL low is applied to the write enable (WE) pincfa
selected (CE low) device. This initiates a write cycle.
During a write cycle, all inputs except for data are latched
on the falling edge of WE (or CE, whichever one occurred
last). Write enable needs to be at a TTL low only for the
specified't,, time. Data is latched on the rising edge of WE
(or CE, wh/ch ever one occurred first). An automatic byte
erase is performed before data is written.

DATA Polling

The EEPROM has a specified t,,,. write cycle time of 5ms.
The typical device has a write cycle time faster than the
t,.c- DATA polling is a method to indicate the completion of
a timed write cycle. During the internal write cycle, the
complement of the data bit 7 is presented at output 7 when
a read is performed. Once the write cycle is finished, the
true data is presented at the outputs. A software routine
can be used to "poll, i.e. read the outputs, for true or
complemented data bit 7. The polling cycle specifications
are the same as for a read cycle. During data polling, the
addresses are don't care.

Chip Erase

Certain applications may require all bytes to be erased
simultaneously. This feature, which requires high voltage,
is optional and timing specifications are available from
SEEQ.

Power Up/Down Considerations

Protection against false write during V. power up/down

is provided through on chip circuitry. Writing is prevented

under any one of the following conditions:

1.V o isless than V,, V. _

2. A high to low Write Enable (WE) transition has not
occurred when the V. supply is between V,,, V and
V. with CE low and OE high.

Writing will also be inhibited when WE, CE, or OE are in
TTL logical states other than those specified for a byte
write in the Mode Selection table.

GeeQ Technology, Incorporated

MD400029/C
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38C16/38C32

Absolute Maximum Range COMMENT: Stresses above those listed under “Absolute
Temperature Maximum Ratings” may cause permanent damage to the
Storage ~65°C to +150°C device. Thisis astressrating only andfunctional operation
UNQer BIas .......ouvveeuosveceeearensersseessnnn —10°C to +80°C of the device at these or any other conditions above those
indicated in the operational sections of this specification is
All Inputs and Outputs notimplied. Exposure to absolute maximum rating condj-
with Respect to Ground............co....... -3Vto+7VD.C. tions for extended periods may affect device reliability.

Recommended Operating Conditions

38C16
38C32
Temperature Range (Ambient) 0°C to 70°C
V. Supply Voitage 5V+10%
Endurance and Data Retention
Symbol Parameter Value Units Condition
N Minimum Endurance 10,000 Cycles/Byte MIL-STD 883 Test
Method 1033
Ton Data Retention >10 Years MIL-STD 883 Test
Method 1008

DC Characteristics (Over operating temperature and V. range, unless otherwise specified)

Limits

Symbol Parameter Min. Max. Units Test Condition
lee V¢ Active Current 80 mA | CE=OE=V;

Address Inputs = 20 MHz

/O = 0 mA
lsg Stand by V. Current 40 mA | CE=V,;

All /O Open;

All Other Inputs TTL don't care;
Iy Input Leakage Current 1 HA 0.1V2V, <V, Max.
lout Output Leakage Current 10 HA Vour = Ve Max.
Vi Input Low Voltage -0.5 0.8 A
Viu Input High Voltage 2 Ve +1.5 \'
Voo Output Low Voltage 0.45 \) lov=2.1 mA, V. =V, Min.
Vou Output High Voltage 2.4 v loy = —400 pA, V . Min.
V! Write Inhibit Voltage 3.8 A
Ve MM Input Undershoot Voltage -3 \ V, Undershoot Pulse Width < 10 ns

NOTES:
1. Characterized. Not tested.

- seeQ Technology, Incorporated
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Capacitance!" T, =25°C,{=1MHz

38C16/38C32

A.C. Test Conditions

NOTES:

MD400029/C

. seeQ Technology, Incorporated

let—— tAA —Pom]

Symbol | Parameter Max Conditions Output Load: 1 TTL gate and total C, = 30 pF
- F v Input Rise and Fall Times: < 5 ns
C Input Capacitance 6p w=0V Input Pulse Levels: 0 Vto 3 V
Cout Data (I/O) Capacitance [12pF | V=0V Timing Measurement Reference Level:
Inputs 1.5 V
L Cutpiits 1.5 V
E.S.D. Characteristics
3.0V
Symbol | Parameter Value | Test Conditions 90% 0%
V,,» | E.S.D. Tolerance | >2000V | MIL-STD 883 anp — 2% g i
Test Method 3015
<5ns <5ns
INPUT PULSES
AC Characteristics
Read Operation (Over operating temperature and V.. Range, unless otherwise specified)
Limits
38C16-35 | 38C16-40 | 38C16-45 | 38C16-55
38C16-35 | 38C32-40 | 38C32-45 | 38C32-55 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min.| Max. | Min. | Max. (Units | Conditions
t.c |Read Cycle Time 35 40 45 55 ns |CE=0OE=V,
tee |Chip Enable Access Time 25 25 30 35 | ns |OE=V,
t,, |Address Access Time 35 40 45 55 | ns |[CE=OE=V,
toe |Output Enable Access Time 20 20 25 30 | ns |CE=V,
to. | Output or Chip Enable 15 15 25 30 [ ns |CE=V,
to Output Float not being Driven
toy | Output Hold from Address .
Change, Chip Enable, or Output | 0 0 0 0 ns EorOE =V,
Enable, whichever occurs first
Read Cycle Timing
(—————— tRe————
ADDRESSES }{ ADDRESSES VALID >[
s SK /
5= /
toe ret— DF
toet - toH Ly
V0g.7 1///4 VALID OUTPUT ) oTEe
NOTE 3

1. This parameter is measured only for the initial qualification and after process or design changes which affect capacitance.
2. Characterized. Not tested.
3. Transition is measured at steady state level — 0.5 V or steady state low level + 5.0 V on the output from the 1.5 V level on the input.
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AC Characteristics write Operation
(Over the operating temperature and V. Range, unless otherwise specified)

38C16/38C32

38C16-35 38C16-40 38C16-45 38C16-55

38C32-35 38C32-40 38C32-45 38C32-55
Symbol | Parameter Min. Max. | Min. | Max. | Min. Max. | Min. | Max. | Units
twe Write Cycle Time 5 5 5 5 ms
tis Address Set-up Time 0 0 0 0 ns
tan Address Hold Time 25 25 25 30 ns
tes Write Set-up Time 0 0 0 ns
ten Write Hold Time 0 0 0 ns
tow CE Pulse Width 20 20 25 30 ns
togs OE High Set-up Time 5 5 ns
toen OE High Hold Time 0 0 ns
twp WE Pulse Width 20 20 25 30 ns
tos Data Set-up Time 20 20 25 30 ns
ton Data Hold Time 0 0 0 0 ns
toe Time to DATA Polling 35 40 45 55 ns

from Byte Latch

Write Cycle Timing

WE CONTROLLED WRITE CYCLE

DATA

BYTE WRITE POLLIN )

-l
i

CE CONTROILLED WRITE CYCLE

DATA

BYTE WRITE

le
I

POLLIN |
"

£

[ |
OE OE
ioss~—' \ogs’i
VALID VALID

DONT CARE

!

ADDRESSES ADDRESSES
tag—m] Tas —ra—ta
-

DONT CARE
CE
o

/_“_\_J

L

e

- lpp—m]

——lcﬁ[ N
_—

X

WE =  \ N
CE X 7
[— typ—=1
la—ton tow
tps [ tps| f—1DH
DATA HoHz DATAIN DATA DATA HieHz DATAIN

NOTES
1. Address hold time is with respect to falling edge of the control signal WE or CE.

_ GeeQ Technology, Incorporated
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Ordering Information

D Q 38C16 -35

D Q 38C32 -35

PACKAGE
TYPE

D = CERAMIC DIP
P = PLASTIC DIP
N=PLCC

MD400029/C

. seeQ Technology, Incorporated

2

38C16/38C32

TEMPERATURE
RANGE

Q=0°C to 70°C
(COMMERCIAL)

PART TYPE

38C16 2K x 8 EEPROM
38C32 4K x 8 EEPROM

ACCESS TIME

35=35ns
40 =40 ns
45=45ns
55=55ns

The "Preliminary Data Sheet” designation on a SEEQ data sheet indicates that the product is not fully characterized. The specifications
are subject to change, are based on design goals or preliminary part evaluation, and are not guaranteed. SEEQ Technology or an
authorized sales representative should be consulted for current information before using this product. No responsibility is assumed by
SEEQforits use, nor for any infringements of patents and trademarks or other rights of third parties resulting fromits use. SEEQ reserves
the right to make changes in specifications at any time and without notice.

1-88




5eeQ MODULES Q/E28C010

Timer E?
1024K Electrically Erasable PROM
October 1989
Features Description
SEEQ's MQ/ME28C010 is a CMOS 5V only, 128K x 8
B CMOS Technol ’
. ecanologdy Electrically Erasable Programmable Read Only Memory
W Miliary Temperature Range (EEPROM). THe MQME28C010 consists of 4 28C256
B Low Power Operation (32K x 8) CMOS EEPROMs and a 2 to 4 line decoder in
« 70 mA Active Current LCC packages, mounted on and interconnected on a
- 2mA Standby Current ceramic substrate. The MQ/ME28C010 is available in a

32 pin module package and is ideal for applications which
require low power consumption, non-volatility and in-
system reprogrammability.

B On-Chip Timer
« Automatic Erase Before Write

B 64 Byte Page Mode . . . Fast Effective

Write Time
« 80 usec Average Byte Write Time
M Write Cycle Completion Indication Pin Names
» DATA Polling A-A, ADDRESSES
W 5V 10% Power Supply CE CHIP ENABLE
M Power Up/Power Down Protection Circuitry OE OUTPUT ENABLE
B JEDEC Approved Byte Wide Pinout WE WRITE ENABLE
10, , DATA INPUT (WRITEYDATA
OUTPUT (READ)
Block Diagram
Z. » - »
ro-ATE o/ é e Pin Configuration
ADDRESS L
A0 - A6 7 Pl [ o]
im) ¢ i
iy = i}
yml . P
W we = = IENE
& | B o & D
oF OE = P CE =
_ \EI.E.EEE.EE./
asl Ldser o8 e
1
:;is 6l .IsEL2 2
CE - EN 3 —
CE4 l '
)i} gudulal
2TO 4 EC:
DECOCDER ]
g __
— q we
WE
o e
I%-‘E ,/ CE
VOg.7 E/-:w

— SeeQ Technology, Incorporated
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A seeQ Technology, Incorporated

The MQYME28C010 has aninternal timer which automati-
cally times out the write time. The on-chip timer, along with
the input latches, frees the microprocessor for other tasks
during the write time. The MQ/ME28C010's write cycle
time is 10 ms maximum. An automatic erase is performed
before a write. The DATA Polling feature of the MQY

ME28C010 can be used to determine the end of 2 write

cycle. Data retention is greater than 10 years.

Device Operation

Operational Modes

There are four operational modes (see Table 1); only TTL
inputs are required. Write can only be initiated under the
conditions shown. Any other conditions for CE, OE, and
WE will inhibit writing and the /O lines will either be in a
highimpedance state or have data, depending onthe state
of the forementioned three input lines.

Mode Selection (Table 1)

Mode CE | OE | WE /0
Read Vi Vi Vi Doyr
Standby Vi X X High Z
Write Vi Vi V. Dy
Write X X V,, | High Zor D,
Inhibit Vi X X High Z

X Vi X | High Zor D,

X: any CMOS/TTL level

Reads

A read is typically accomplished by presenting the ad-
dresses of the desired byte to the address inputs. Once
the address is stable, CE is brought to a TTL low in order
to enable the chip. The WE pin must be at a TTL high
during the entire read cycle. The output drivers are made
active by bringing Output Enable (OE) to a TTL low. During
read, the addresses, CE , OE, and input data latches are
transparent.

Writes

To writeinto a particular location, addresses must be valid
and a TTL low applied to the Write Enable (WE) pin of a
selected (CE low) device. This combined with Qutout
Enable (OE) being high, initiates a write cycle. During a
byte write cycle, all inputs except data are latched on the
falling edge of WE (or CE, whichever one occurred last.)

MQ/ME28C010

Write enable needs to be at a TTL low only for the
specified t,,,time. Data is latched on the rising edge of WE
(or CE, whichever occurred first). An automatic erase is
performed before data is written.

The MQYME28C010 can write both bytes and blocks of up
to 64 bytes. The write mode is discussed below.

Write Cycle Control Pins

For system design simplification, the MQ/ME28C010 is
designed such that either the CE orWE pin can be used
to initiate a write cycle. The device uses the latest high-to-
low transition of either CE orWE signal to latch the data.
Address and OE set up and hold are with respect to the
later of CE or WE; data set up and hold is with respect to
the earlier of WE or CE,

To simplify the following discussion, the WE pin is used as
the control pin throughout the rest of this document.
Timing diagrams of both write cycles are includedinthe AC
characteristics.

Write Mode

One to 64 bytes of data can be loaded randomly into the
MQ/ME28C010. Address lines A15and A16 must be held
valid during the entire page load cycle. The part latches
row addresses, A6-A14 during the first byte write. These
addresses are latched on the falling edge of WE signal
(assuming WE control write cycle) and are ignored after
that until the end of the write cycle. This will eliminate any
false write into another page if different row addresses are
applied and the page boundary is crossed.

The column addresses, A0-A5, which are usedto write into
different locations of the page, are latched every time a
new write is initiated. These addresses along with OE
state (high) are latched on the falling edge of WE signal.
For proper write initiation and latching, the WE pin has to
stay low for a minimum of t,,, ns. Data is latched on the
rising edge of WE, allowing easy microprocessor inter-
face.

Upon a low to high WE transition, the MCQYME28C010
latches data and starts the internal page load timer. The
timer is reset on the falling edge of WE signal if a write is
initiated before the timer has timed out. The timer stays
reset while the WE pin is kept low. If no more write cycles
have been initiated in (t,, ;) after the last WE low to high
transition, the part terminates page load cycle and starts
the internal write. During this time, which takes a maxi-

MD400066/A
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mum of 10 ms, the device ignores any additional load
attempts. The part can be now read to determine the end
of write cycle (DATA Polling). A 160 us maximum effective
byte write time can be achieved if the page is fully utilized.

Extended Page Load

In order to take advantage of the page mode's faster
average byte write time, data must be loaded at the page
load cycle time, (t,.). Since some applications may not
be able to sustain transfers at this minimum rate, the MQ/
ME28C010 permits an extended page load cycle. To do
this, the write cycle must be ‘stretched’ by maintaining WE
low, assuming a write enable controlled cycle, andleaving
all other control inputs (CE, OE) in the proper page load
cycle state. Since the page loadtimeris reseton the falling
edge of WE, keeping this signal low will inhibit the page
loadtimer. When WE returns high, the input data is latched
and the page load cycle timer begins. In CE controlled
write the same is true, with CE holding the timer reset
instead of WE.

Data Polling

The MQ/ME28C010 has a maximum write cycle time of 10
ms. Typically though, a write will be completedin less than
the specified maximum cycle time. DATA polling is a
method of minimizing write times by determining the actual

MQ/ME28C010

end point of a write cycle. If a read is performed to any
address while the MQ/ME28C010is still writing, the device
will present the Ones-complement of the last data byte
written. When the MQ/ME28C010 has completed its write
cycle, areadfrom the last address written will resultin valid
data. Thus, software cansimply readfromthe partuntilthe
lastdata byte writtenis read correctly. ADATA polling read
should not be done until a minimum of t, , microseconds
after the last byte is written. Timing foraDATA polling read
is the same as a normal read once the t,, specifications

have been met.

Power Up/Down Considerations

There is internal circuitry to minimize a false write during
V.. power up or down. This circuitry prevents writing
under any one of the following conditions:

1. Vs isless than V,, V. o

2. A high to low Write Enable (WE) transition has not
occurred when the V. supply is between V,,, V and V.,
with CE Jow andOE high.

Writing will also be inhibited when WE, CE, or OF are in
TTL logical states other than that specified for a byte write
in the Mode Selection table.

MD400066/A
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Absolute Maximum Stress Range* *COMMENT: Stresses above those listed under “Absolute

Temperature Maximum Ratings” may cause permanent damage to the

Storage —65°C to +150°C device. Thisis a stressrating only and functional operation

UNGOF BIS oo -65°C to +135°C of the device at these or any other conditions above those

indicated in the operational sections of this specification is

All Innut or Outout Voltanes notimplied. Exposure to absolute maximum rating condi-
" Witth ReSPECt 10 Vigg ceerverererrere +6Vito-05v  tions for extended periods may affect device reliabilly.

Recommended Operating Conditions

ME28C010 MQ28C010
Temperature Range (Ambient) -55°C to 85°C 0°C to 70°C
V.. Power Supply 5V 1 10% 5V +£10%

Endurance and Data Retention

Symbol Parameter Value Units Condition
N Minimum Endurancel® 10,000 Cycles/Byte MIL-STD 833 Test
K 1,000 Method 1033
Tor Data Retention >10 Years MIL-STD 833 Test
Method 1008

DC Characteristics (Over operating temperature and V. range, unless otherwise specified)

Limits
Symbol Parameter Min. Max. Units Test Condition
loe Active V,, Current 70 mA CE = OE = V,; All VO = 0 ma;
Addr = 5 MHz
s, Standby V., Current 10 mA CE=V,,O0E=V Al O =0ma;
(TTL Inputs)
lss, Standby V., Current 2 mA CE =V, -02;
(CMOS Inputs) A15,A16 =V -0.2
Other Inputs = V,,
All /O =0 ma
1@ Input Leakage Current 5 KA Vi = Ve Max.
I Output Leakage Current 25 HA Vour = Ve Max.
\ Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 6 v
Vo Output Low Voltage 0.45 \' o =2.1 mA
Vou Output High Voltage 24 \ loyy = —400 pA
Vi 11 Write Inhibit Voltage 38 v

NOTES:

1. Characterized. Not tested.

2. Inputs only. Does not include 1/O.

3. For /0 only.

4. Endurance can be specified as an option to be 1000 or 10000 cycles/byte minimum for ME28C010 and is 1000 cycles/byte
minimum for MQ28C010.

. eeeQ Technology, Incorporated
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Capacitance ! T, = 25°C, t= 1 MHz

Symbol | Parameter Max . | Conditions AC Test Conditions
Cw Input Capacitance 30pF | V=0V Output Load: 1 TTL gate and C, = 100 pF
- — Input Rise and Fall Times: < 10 ns
Cour | Data(VO) Capacitance |40 pF | Vi, = OV Input Pulse Levels: 0.45 V to 2.4 V
it Timing Measurement Reference Level:
E.S.D. Characteristics Inputs 0.8 V and 2 V
Symbol | Parameter Value Test Conditions Outputs 0.8 Vand 2 V
Ve @ | E.S.D. Tolerance | >1000 V. | MIL-STD 883
Test Method 3015
AC Characteristics
Read Operation (Over operating temperature and V., range, unless otherwise specified)
Limits
MQ28C010-250 | MQ28C010-300 | MQ28C010-350
ME28C010-250 | ME28C010-300 | ME28C010-350 Test
Symbol | Parameter Min. | Max. Min. | Max. | Min. | Max. | Units | Conditions
tog Read Cycle Time 250 300 350 ns | CE=0E=V,
tee Chip Enable Access Time 250 300 350 | ns OE=V,
ta Address Access Time 250 300 350 | ns | CE=0E=V,
toe Output Enable Access Time 150 150 150 | ns | CE=V,
toe Output or Chip Enable High to 0 60 0 80 0 80 ns CE=V,
Output in Hi-Z
ton Output Hold from Address 0 0 ] ns CE=0E=V,
Change, Chip Enable, or Output
Enable, whichever occurs first

Read /DATA Polling Cycle

the

ADDRESSES X ADDRESS Ay x NEXT ADDRESS X

taa
[PE— ———
e

—
OE \ lea—1 DF—

t
L‘OE" iyl ton-»]
HIGH Z / 4 X
DATA \< DATA VALID X DATA VALID 1>>
N

Y

NOTES:
1. This parameter is measured only for the initial qualification and after process or design changes which may affect capacitance.
2. Characterized. Not tested.

- seeQ Technology, Incorporated
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AC Characteristics
Write Operation (Over the operating temperature and V. range, unless otherwise specified)
Limits
MQ28C010-250 | MQ28C010-300 MQ28C010-350
ME28C010-250 ME28C010-300 ME28C010-350
Svmbol | Parameter Min, May, Min, May. Min. May, Units
twe Write Cycle Time 10 10 10 ms
tas Address Set-up Time 20 20 20 ns
tan Address Hold Time (see note 1) 150 150 150 ns
tes Write Set-up Time 0 0 0 ns
ten Write Hold Time 0 0 0 ns
tow CE Pulse Width (note 2) 150 150 150 ns
tors OE High Set-up Time 20 20 20 ns
toeu OE High Hold Time 20 20 20 ns
twp WE Pulse Width (note 2) 150 150 150 ns
tos Data Set-up Time 50 50 50 ns
ton Data Hold Time 0 0 0 ns
tac Byte Load Timer Cycle 0.2 200 0.2 200 0.2 200 us
(Page Mode Only) (note 3)
tp Last Byte Loaded 1 1 1 ms
to DATA Polling

Write Timing

WE CONTROLLED WRITE CYCLE CE CONTROLLED WRITE CYCLE
BYTE WAITE————afe—— POLLNG —] BYTE WAITE ———Q——-pf:«;——[ e
SE r R Ve o€ /E
_—/‘—roes-l *M o ‘I — LOEH
ADDRESSES X VALID DONT CARE - >< ADDRESSES VALID DON'T CARE . p ¢
e~ [ e [Ty e Bl ol P
% *‘5 2 2 Z /_‘ '\ v 1 -
tcs-w{ fe— ToH—>] Fe— cs == ton=+ twe
WE \-_' \\ = —x\ \
" - 1OH e - (13 (a—tcw '
ps 1 tps =] ing LU e w
DATA HGHZ { oatan DATA 1+ DATA HiehZ DATAN (TR

NOTES:
1. Address hold time is with respect to the falling edge of the control signal WE or CE.
2. WE and CE are noise protected. Less than a 20 nsec write pulse will not activate a write cycle.

3.t . min. is the minimum time before the next byte can be loaded. t,, . max. is the minimum time the byte load timer waits before initiating
internal write cycle.

. seeQ Technology, Incorporated
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Page Write Timing

DATA
| >l |
PAGELOAD ——— | POLLING {
—_— N
oF \_ / \
10ES | — toEH T

A £5~
ADDRESSES f VALID X VALID X & x VALID x DONT CARE X

A G 4

t
AS -.J ra—tAH
[T ’
A
tcs - -] Ic—tcg
twp [-%/— grmm—ee- 3 ! twe rrs |
——— >, 4
WE N L v
Yoo’ i
- r— tOH e

HIGH Z DATA DATA Y DATA DATA
oATA oy G b T

Ordering Information

M Q 28C010 K -250

| A

PACKAGE TEMPERATURE PARTTYPE  ENDURANCE ACCESS TIME
TYPE RANGE
M = MODULE Q=0Cto+70°C  128Kx8 K=1000 CYCLES 250 =250 ns
(COMMERCIAL) EEPROM N = 10000 CYCLES 300 = 300 ns
E-55°C to 85°C 350 =350 ns
(EXTENDED)

- GeeQ Technology, Incorporated
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SEEQ TECHNOLOGY
FLASH EEPROM ALTERNATE SOURCE DIRECTORY

Alternate ‘ Functionally
Manufacturer Part # Configuration Equivalent
INTEL D28F512 64K X 8 48F512
INTEL D28F010 128K X 8 48F010
NATIONAL MC48F512 64K X 8 48F512
NATIONAL MC48F010 128K X 8 48F010

ADDRESS BUFFER

TIMER

1024K Flash EEPROM

- GeeQ Technology, Incorporated

2-1



2-2



eeeQ 47F512

512K Bit Flash EPROM

PRELIMINARY DATA SHEET October 1989
Features Block Diagram
B 64K Byte Flash Erasable Non-Volatile Memory “
PP
B Input Latches for Writing and Erasing q
B Low Power CMOS Process
B Flash EPROM Cell Technology Ay ~Ass T u?guwss x
B Fast Byte Write: 225 uys max
M Ideal for Low-Cost Program Storage Applications

« In-Circuit Alterable Ao -h ) ohts

» 100 Program/Erase Cycles
« Minimum 10 Year Data Retention

M Pinouts Upward Compatible Thru 2 Megabit
Densities

B JEDEC Standard Byte Wide Pinout
« 32PinPLCC
« 32 Pin Dip

W Silicon Signature®

RIEIQ

CONTROL
LATCHES

L

o
BUFFERS

Pin Names Pin Configuration

A-A, COLUMN ADDRESS INPUT DUAL-IN-LINE TOP VIEW
TOP VIEW PLASTIC LEADED CHIP CARRIER
A-A, | ROW ADDRESS INPUT
CE CHIP ENABLE
OF OUTPUT ENABLE
WE WRITE ENABLE
1o, DATA INPUT (WRITE)/OUTPUT (READ)
N.C. NO INTERNAL CONNECTION
V.. WRITE/ERASE INPUT VOLTAGE
D.U. DON'T USE

§8$gsde¢

Silicon Signature is a registered trademark of SEEQ Technology.

— seeQ Technology, Incorporated
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Description

The 47F512is a 512K bit CMOS Flash EPROM organized
as 64K x 8 bits. The 47F512 brings together the high
density and cost effectiveness of UVEPROMs with the in-
circuit reprogrammability and package options of full fea-
tured EEPROMs. SEEQ'’s patented split gate Flash
EPROM cal! design reducss both iie time and cosi re-
quired to alter code in program and data storage applica-
tions.

The 47F512's fast electrical erase and 0.2 ms/byte pro-
gramming is 20 times faster than reprogramming of
UVEPROMs. Electrical erase and reprogramming make
the 47F512ideal for applications with high density require-
ments, but where ultraviolet erasure is either impractical
or impossible.

On chip latches and timers permit simplified microproces-
sor interface, freeing the microprocessor to perform other
tasks once write/erase cycles have been initiated. Endur-
ance, the number of times each byte can be written and
erased, is specified at 100 cycles. Electrical erase allows
the 47F512 to be packaged in a wide range of windowless
plastic, ceramic and surface mount packages.

Read

Reading is accomplished by presenting a valid address on
A, - A, with chip enable (CE) and output enable (OE) at
V, and write enable (WE) at V,,. The V,,, pin can be at
any TTL level or V,, during read operations. See page 5
for additional information on A.C. parameters and read
timing waveforms.

Erase and Write

Erasing and writing of the 47F512 can only be accom-
plishedwhen V,,=V,. Latches onaddress, data and con-
trol inputs permit erasing and writing using normal micro-
processor bus timing. Address inputs are latched on the
falling edge of write enable or chip enable, whichever is
later. While data inputs are latched on the rising edge of
write enable or chip enable, whicheveris earlier. The write
enable input is noise protected; a pulse of less than 20 ns
will not initiate a write or erase. In addition, chip enable,
output enable and write enable pins must be in the proper
state to initiate a write or erase. Timing diagrams depict
write enable controlled writes; the timing also applies to
chip enable controlled writes.

Byte Write

A byte write is used to change any 1 in a byte fo a 0.
Individual bytes, multiple bytes or the entire memory can
be written atone time. Ifa bitin a byte needs to be changed

Only non “FF” bytes can be written.

47F512

PRELIMINARY DATA SHEET

froma 0 to a 1, the 47F512 must first be erased via chip
erase and then reprogrammed with the desired data. Any
byte write operation requires that the V., pin be at high
voltage (V).

The 47F512 uses a software controlled looping algorithm
(figure 1) to perform writes and verify successful byte pro-
gramming. During a byte write operation, all non ‘FF"?
bytes are incrementally written using a 75 ys minimum ,,,...
Each byte write is automatically latched andtimed on-chip,
so that the microprocessor can perform other tasks once
the write cycle has been initiated. Write cycle time dura-
tion can be controlled by the microprocessor, or the on-
chip timer will automatically terminate t,,. after 150 ps.
One write loop has been completed when all non “FF"data
for all desired bytes have been written. After 3 program-
ming loops, aread-verification cycle is performed. For any
bytes which do not verify, a fill-in programming loop is
performed.

Chip Erase

Chip Erase will change all bits in the memory to a logical
1. The 47F512 uses a two-step, soffware controlled loop-
ing algorithm to perform the chip erase operation. Each
loop requires that a chip erase select be performed prior to
the start of each chip erase cycle.

The chip erase select is activated by initiating a write cycle
with the V,,, pin at V, or lower. During the chip erase
select, address and data lines can be at any TTL level.
Following a chip erase select, the 47F512 will start chip
erase if all data inputs are “FF”, V,, =V, and a write cycle
initiated. After 20 loops, a device erase verify is performed
to insure all bytes = “FF". After erase, the V,,, pin can be
brought to any TTL level or left at high voltage.

Refer to page 8 for chip erase timing diagram and figure 2
for the erase algorithm.

Power Up/Down Protection

This device contains a sense circuit which disables inter-
nal erase and write operations when V. is below 3.5 volts.
In addition, erases and writes are prevented when any

control input (CE, OE, WE) is in the wrong state for writing
/lerasing (see mode table).

High Voltage Input Protection

The V,, pin is at a high voltage for writing and erasing.
There is an absolute maximum specification for the V,,
pin which must not be exceeded, even briefly, or perma-
nent device damage may result. To minimize switching

MD400076/-
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transients on this pin, we recommend using a minimum 0.1
pf decoupling capacitor with good high frequency re-
sponse connected from V,,, to ground at each device. In
addition, sufficient bulk capacitance should be provided to
minimize V,, voltage sag when a device goes from
standby to a write or erase cycle.

Silicon Signature

A row of fixed ROM is present in the 47F512 which
contains the device’s Silicon Signature. Silicon Signature

Silicon Signature Bytes

47F512

PRELIMINARY DATA SHEET

contains data which identifies SEEQ as the manufacturer
and gives the product code. This allows device program-
mers to match the programming specification against the
product which is to be programmed.

Silicon Signature is read by raising address A,to 12 + 0.5
volts and bringing all other address inputs, plus chip
enable, and output enable to V, with V. at5 V. The two
Silicon Signature bytes are selected by address input A,

A, Data (Hex)

SEEQ Code Vi 94
Product Code 47F512 Vi 1A

Mode Selection Table
Mode CE OE WE Vee A, s D, .,
Read V. Vi Vi X Address Dour
Standby Vi X X X X High Z
Byte Write V. Viu \'A v, Address D
Chip Erase Select V. Vi V. TTL X X
Chip Erase Vi Vi \'A v, X ‘FF

Absolute Maximum Stress Range*

Temperature
Storage -65°C to +125°C
Under Bias.......cceuveeevccccnuene -10°C to +85°C

All Inputs except V,,, and
outputs with respectto Vg, ........ +7Vito-0.5V

Vop and A, with respect 10 Vg ....uveervverucenranas 14V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis a stressrating only andfunctional 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 condi-
tions for extended periods may affect device reliability.

E.S.D. Characteristics*

Symbol |Parameter Value | Test Condition
Ve E.S.D. Tolerance | >2000V | MIL-STD 883
Method 3015

* Characterization data — not tested.

o eeeQ Technology, Incorporated
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PRELIMINARY DATA SHEET
Operating Conditions
47F512
V. Supply Voltage 5V +10%
Temperature Range (Read) 0°C to 70°C
Temperature Range (Write/Erase) 25°C t 5°C
Capacitance* T, = 25°C,f=1 MHz
Symbol | Parameter Value | Test Condition
Cn Input Capacitance 6pF | V=0V
Cour Output capacitance | 12pF | V=0V
* This parameter is measured only for initial qualifications and
after process or design changes which may affect capacitance.
DC Operating Characteristics Over specified V. and temperature range
Limits
Symbol Parameter Min. Max. Unit Test Condition
Iy Input Leakage 1 pA Vi =01Vito V.
lo Output Leakage 10 HA Vu=01Vto V..
Ve Program/Erase Voltage 12.50 13.00 \)
Vea V,, Voltage During Read 0 v, v
be V, Current .
Standby Mode 200 HA CE =V, Vpp = Vi
Read Mode 200 pA CE=V, V.=V,
Byte Write 30 mA Ver =V
Chip Erase 60 mA Vee =V,
lecy Standby V., Current 400 uA CE =V, -03V
leca Standby V., Current 5 mA CE = V,, min
lecs Active V, Current 40 mA CE=V,
Vi Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 7.0 \'
Vou Output Low Voltage 0.45 v I =2.1ma
Vou Output Level (TTL) 2.4 v loy = —400 pA
Voue Output Level (CMOS) Ve = 1.0 v loy = =100 pA
— GeeQ Technology, Incorporated
MD400076/- 2-6
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PRELIMINARY DATA SHEET
READ
AC Characteristics
(Over specified V. and Temperature Range)
47F512 47F512 47F512
-200 -250 -300

Symbol | Parameter Min. | Max. Min. Max. Min. Max. Unit

tac Read Cycle Time 200 250 300 ns

taa Address to Data 200 250 300 ns

toe CE to Data 200 250 300 ns

toe OE to Data 75 100 150 ns

tor OE/CE to Data Float 50 60 100 ns

tou Output Hold Time 0 0 0 ns
Read Timing

tRC |
tAA -
tCE
GE A\ /
tDF
e ) /
ToE toH

" XXX \RXXX

A.C. Test Conditions

Output Load: 1 TTL gate and C(load) = 100 pF
Input Rise and Fall Times: < 20 ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

— QeeQ Technology, Incorporated
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Byte Write
AC Characteristics
(Over specified V. and temperature range)
47F512
Symbol Parameter Min_ Max. Unit
typs Ve Setup Time 2 us
tpu V,, Hold Time 150 us
tes CE Setup Time 0 ns
ten CE Hold Time 0 ns
toes OE Setup Time 10 ns
toen OE Hold Time 10 ns
ts Address Setup Time 20 ns
ti Address Hold Time 100 ns
s Data Setup Time 50 ns
ton Data Hold Time 0 ns
typ WE Pulse Width 100 ns
twe Wirite Cycle Time 75 us
tun Write Recovery Time 1.5 ms

NOTE: In A.C. characteristics, all inputs to the device, e.g., setup time, hold time and cycle time, are tabulated as a minimum time; the
user must provide a valid state on that input or wait for the state minimum time to assure proper operation. All outputs from the device,
e.g.access time, erase time, recovery time, are tabulated as a maximum time, the device will perform the operation within the stated time.

Byte Write Timing

OO D o G

[t yp

UEXXXXXXXXXXXX XXX

wo.7 XXXXXX XX XX XXX XXX XKXX
togt [ |- - e ton
XXX - XX XXX XXX XXX XXX KX
‘oes Wo | . | " ,
\ \ /[ N " qumxxxxxxxz
-—M—E- f——— BYTE WRITE ] BYTE WRITE e BYTE WRITE __NEXT READ, WRITE_,
tps BYTE#M BYTE#2 LAST BY‘I;E ‘OR ERASE MODE

MD400076/-

- eeeQ Technology, Incorporated
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PRELIMINARY DATA SHEET
Figure 1
47F512 Write Algorithm
( starT )
|
SET Vpp = Vp SET ADDRESS RE-WRITE
WAIT typg 1S = - BYTE
LOOP _ COUNT =0 18T LOCATION FOR tychs
- -
RE-WRITE
' BYTE
FOR twcHs
SET ADDRESS
= VERIFY NO
1ST LOCATION oK —
RE-WRITE BYTE
FOR
YES t woks
- WAIT tywrms
]
WRITE BYTE |
FORtwcus
INC. ADDRESS INCREMENT
ADDRESS
ADDRESS
=LAST +1 LAST
ADDRESS +1
JYES
INCREMENT
LOOP _COUNT ALL
ADDRS. YES END
VERIFIED
¢NO
NO, LOOP_ !
COUNT =M
INCREMENT
LOOP_COUNT
¢ YES
. NO
WAITt \yqms
LOOP_COUNT =0
NO LOOP_ YES DEVICE
COUNT=N_~ » FAILED
M=3
N=5
GeeQ Technology, Incorporated
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Chip Erase

AC Characteristics

(Over specified V. and temperature range)

47F512

Symbol Parameter Min. Max. Unit
Vpp Setup Time 2 us
| V;p Hold Time 500 ms
tos CE Setup Time 0 ns
toes OE Setup Time 0 ns
tos Data Setup Time 50 ns
tou Data Hold Time 0 ns
te WE Pulse Width 100 ns
ten CE Hold Time 0 ns
toen OE Hold Time 0 ns
terase Chip Erase Time 500 ms
ten Erase Recovery Time 250 ms

Chip Erase Timing

| |VP

Vi 45 r 45
VPPZ AL vPH

tpH>] -
. XX T O NEEXXKAXXRXRXR

tcs
|~
2 N OO L0000
— }C—icH
=X | 1 X7 XX XXKXKXHXXKXXRX
tOES ] [* ™ tOEH .
w X | \/ \_AXEXXXX
‘we LERASE
tER —~—
tps
1st LOOP NEXT LOOP

I seeQ Technology, Incorporated

MD400076/- 2-10



47F512
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Figure 2
47F512 Chip Erase Algorithm

START

WAITtgg ms
SET ER

LOOP_COUNT =0 THEN VERIFY
ALLBYTES = FF

i

SET Vpp s ViH MAX
DEVICE FAILED

YES
WRITE FF
TO ANY
ADDRESS

END

SET Vpp = Vp
WAIT typs ps

WRITE FF
TO ANY
ADDRESS

|

WAITtgpase ms

y

INCREMENT
LOOP_COUNT

NO LOOP_
COUNT =L

YES

- seeQ Technology, Incorporated
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Package
Type
D = Ceramic Dip
P = Plastic Dip

N = Plastic Leaded
Chip Carrier

o QeeQ Technology, Incorporated

MD400076/-

Ordering Information

Q 47F512
Temperature Device
Range (READ)

Q=01t70°C 64K x 8 Flash
EPROM

47F512

PRELIMINARY DATA SHEET

- 200

e

Access
Time

200 = 200 ns
250 = 250 ns
300 = 300 ns
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Features

64K Byte Flash Erasable Non-Volatile Memory
Low Power CMOS Process

Electrical Byte Write and Chip/Sector Erase
Input Latches for Writing and Erasing

Fast Read Access Time

Single High Voltage for Writing and Erasing

Flash EEPROM Celi Technology

Ideal for Low-Cost Program and Data Storage
» Minimum 100 Cycle Endurance

- Optional 1000 Cycle Endurance Screening

» Minimum 10 Year Data Retention

48F512
512K FLASH EEPROM

July 1989

Description

The 48F512is a 512K bit CMOS FLASH EEPROM organ-
ized as 64K x 8 bits. SEEQ's 48F512 brings together the
high density and cost effectiveness of UVEPROMSs, with
the electrical erase, in-circuit reprogrammability and pack-
age options of EEPROMs.

SEEQ's patented split gate FLASH EEPROM cell design

reduces both the time and cost required to alter code in
program and data storage applications.

Pin Configuration

Silicon Signature is a registered trademarks of SEEQ Technology.

"_ seeQ Technology, Incorporated

. o DUAL-IN-LINE TOP VIEW
W 5V110% V, 0°C to +70°C Temperature Range TOP VIEW PLASTIC LEADED CHIP CARRIER
B Silicon Signature® .o a
B JEDEC Standard Byte Wide Pinout fre 8 £33
- 32 Pin DIP HIRISIRIBIEIE
+ 32 Pin J-Bend Plastic Leaded Chip Carrier O
A 5] [25] Av4
Ag €] 28] Aq3
A [27] Ag
I [26] Ag
A, B [25] A1y
Ay [22] OE
Block Diagram Ay O] 23] A0
Ao 2] 2] Ce
Vop OIS 1o, [} 57] 10,
e yeegee
Ag —Ars )
ARRAY
128x512x8
no -r ) Tcies Pin Names
AqA, COLUMN ADDRESS INPUT
= A-A ROW ADDRESS INPUT
we CE CHIP ENABLE
* OE OUTPUT ENABLE
WE WRITE ENABLE
| 1 contror v 0,., DATA INPUT (WRITE)/OUTPUT (READ)
LATCHES BUFFERS
N.C. NO INTERNAL CONNECTION
Vop WRITE/ERASE INPUT VOLTAGE
D.U. DON'T USE
¥0o.7
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The 48F512's fast electrical erase and 0.5 ms/byte pro-
gramming is 20 times faster than reprogramming of
UVEPROMs. Electrical erase and reprogramming make
the 48F512 ideal for applications with high density require-
ments, but where ultraviolet erasure is either impractical or
impossible.

SEEQ's FLASH memories provide users with the flexibility
to alter code in all or small sections of the memory array.
The memory array is divided into 128 sectors, with each
sector containing 512 bytes. Each sector can be individu-
ally erased, or the chip can be bulk erased before repro-
gramming.

On-chip latches and timers permit simplified microproces-
sor interface, freeing the microprocessor to perform other
tasks once write/erase/read cycles have been initiated.

Endurance, the number of times each byte can be written,
is specified at 100 cycles with an optional screen for 1000
cycles available. Electrical write/erase capability allows
the 48F512 to accommodate a wide range of plastic,
ceramic and surface mount packages.

Read

Reading is accomplished by presenting a valid address on
A, - A,;with chip enable (CE) and output enable (OE) at V,,
and write enable (WE) at V,,,. The V,, pin can be at any
TTL level or V, during read operations. See page 5 for
additional information on A.C. parameters andreadtiming
waveforms.

Erase and Write

Erasing and writing of the 48F512 can only be accom-
plished when V,, = V,. Latches on address, data and
control inputs permit erasing and writing using normal
microprocessor bus timing. Address inputs are latched on
the falling edge of write enable or chip enable, whichever
is later, while data inputs are latched on the rising edge of
write enable or chip enable, whicheveris earlier. All control
pins are noise protected; a pulse of less than 20 ns will not
initiate a write or erase. In addition, chip enable, output
enable and write enable must be in the proper state to
initiate a write or erase. Timing diagrams depict write
enable controlled writes; the timing also applies to chip
enable controlled writes.

Sector Erase

Sector erase changes all bits in a sector of the array to a
logical one. Itrequires that the V., pin be brought to a high
voltage and a write cycle performed. The sector to be
erased is defined by address inputs A, through A, The
data inputs must be all ones to begin the erase. Following

1 Only non *“FF" bytes can be written.

48F512
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a write of ‘FF’, the part will wait for time t,; ., to allow
aborting the erase by writing again. This permits recover-
ing from an unintentional sector erase if, for example, in
loading a block of data a byte of ‘FF’ was written. After the
toonr d0lay, the sector erase will begin. The erase is ac-
complished by following the erase algorithm in figure 2.
V... can be brought to any TTL level or left at high voltage
after the erase.

Chip Erase

Chip erase will change all bits in the memory to a logical 1.
The 48F512 uses a two-step, software controlled looping
algorithm to perform the chip erase operation. Each loop
requires that a chip erase select be performed prior to the
start of each chip erase cycle.

Byte Write

A byte write is used to change any 1 in a byte to a 0.
Individual bytes, muitiple bytes or the entire memory can
be written atone time. Ifa bitin abyte needsto be changed
froma0to a1, the byte mustfirst be erase via sector or chip
erase and then reprogrammed with the desired data. Any
byte write operation requires that the V,, pin be at high
voltage (V).

Datais organized in the 48F512 in a group of bytes called
a sector. The memory array is divided into 128 sectors of
512 bytes each. Individual bytes are written as part of a
sector write operation. Sectors need not be written sepa-
rately; the entire device or any combination of sectors can
be written using the write algorithm.

The 48F512 uses a software controlled looping algorithm
(figure 1) to perform writes and verify successful byte pro-
gramming. During a byte write operation, all non “FF"!
bytes are incrementally written using a 75 ps minimum ,,,..
Each byte write is automatically latched and timedon-chip,
so that the microprocessor can perform other tasks once
the write cycle has been initiated. Write cycle time dura-
tion can be controlled by the microprocessor, or the on-
chip timer will automatically terminate t,,. after 150 ps.
One write loop has been completed when all non “FF"data
for all desired bytes have been written. After 7 program-
ming loops, aread-verification cycle is performed. For any
bytes which do not verify, a fill-in programming loop is
performed.

Because bytes can only be written as part of a sector write,
ifdata is to be added to a partially written sector or one or
more bytes in a sector must be changed, the contents of
the sectors must first be read into system RAM; the bytes
can then be added to the block of data in RAM and the
sector written using the sector write algorithm.

MD400062/A
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Power Up/Down Protection

This device contains a V. sense circuit which disables
internal erase and write operations when V. is below 3.5
volts. In addition, erases and writes are prevented when

writing or erasing (see mode table).

High Voltage Input Protection

The V,, pin is at a high voltage for writing and erasing.
There is an absolute maximum specification which must
notbe exceeded, evenbriefly, orpermanent device damage

Silicon Signature Bytes

48F512
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mayresult. To minimize switching transients on this pinwe
recommend using a minimum 0.1 ufdecoupling capacitor
with good high frequency response connected from V,, to
ground at each device. In addition, sufficient bulk capaci-
tance should be provided to minimize V,, voltage sag
when a device goes from standby to a write or erase cycle.

Silicon Signature

A row of fixed ROM is present in the 48F512 which
contains the device's Silicon Signature. Silicon Signature
contains data which identifies SEEQ as the manufacturer
and gives the product code. This allows device program-
mers to match the programming specification against the
product which is to be programmed.

A, Data (Hex) Siicon S b .
ilicon Signature is read by raising address A, to 12 + 0.5

SEEQ Code Vo 94 V and bringing all other address inputs, plus cghip enable,
Product Code 48F512 Vi 1A and output enable to V, with V. at5 V. The two Silicon

Signature bytes are selected by address input A,

Mode Selection Table

Mode CE | O WE Vo A, . A, D, .,
Read Vi Vi Vi X Address Address Dour
Standby Vi X X X X X High Z
Byte Write Vi Viu V. \ Address Address Dy
Chip Erase Select Vi Viu Vi TTL X X X
Chip Erase V. Vi V. \ X X 'FF
Block Erase Vi Viu V. \ Address X ‘FF'

Absolute Maximum Stress Range*

Temperature

Storage —65°C to +125°C
Under Bias..........oococvrveresesusenss —-10°C to +85°C
All Inputs except V,, and

outputs with Respect to V ........ +7Vto-05V
Vo Pin With respect t0 Vg ...eeevrvvsiireersannn, 14V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis astressrating 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 device reliability.

E.S.D. Charateristics!"

Symbol | Parameter Value | Test Condition
Ve E.S.D. Tolerance | >2000 V | MIL-STD 883
Method 3015

Note: Characterization data — not tested.

MD400062/A
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Recommended Operating Conditions
48F512
Temperature Range (Ambient) 0°C to 70°C
V. Supply Voltage 5V £ 10%
Capacitance? T, = 25°C, { =1 MHz
Symbol | Parameter Value | Test Condition
ﬂ Input Capacitance 6pF | V=0V
Cour Output capacitance | 12pF | V=0V
Note 2: This parameter is only sampled and not 100% tested.
DC Operating Characteristics Over the V, and temperature range
Limits
Symbol Parameter Min. Max. Unit Test Condition
I, Input Leakage 1 pA V=01V toV,,
lo Output Leakage 10 pA V= 01VioV .
v, Program/Erase Voltage 11.4 13 v
Ver V,, Voltage During Read 0 V, \
lop V, Current .
Standby Mode 200 pA CE=V, Vep=V,
Read Mode 200 pA CE=V, V.=V,
Byte Write 30 mA Vep =V,
Chip Erase 60 mA Vep =V,
‘ Sector Erase 10 mA Vep = Ve
lecs Standby V. Current 100 HA CE =V, -0.3V
loca Standby V,, Current 5 mA CE = V,, min.
leca Active V. Current 40 mA CE=V,
Vi Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 7.0 \
Vo Output Low Voltage 0.45 A loo =2.1 ma
Vons Output Level (TTL) 24 \" loy = =400 LA
Vouz Output Level (CMOS) V1.0 ' lonw = =100 pA
- GeeQ Technology, Incorporated
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READ
AC Characteristics
(Over the V., and temperature range)
48F512 48F512 48F512
-200 -250 -300

Symbol | Parameter Min. | Max. Min. Max. Min. Max. Unit

tac Read Cycle Time 200 250 300 ns

ta Address to Data 200 250 300 ns

tee CE to Data 200 250 300 ns

toe OE to Data 75 100 150 ns

tor OE/CE to Data Float 50 60 100 ns

ton Output Hold Time (o] 0 0 ns
Read Timing

tRC *i
tAA 4|
tcE
CE \ /
tDF
o8 \ /
toE oH

A.C. Test Conditions

Output Load: 1 TTL gate and C(load) = 100 pF
Input Rise and Fall Times: < 20 ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

o seeQ Technology, Incorporated
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Byte Write

AC Characteristics

(Over the V.. and temperature range)

48F512

Symbol Parameter Min. Max Unit
tues Vpp Setup Time 2 ps
toen V, Hold Time 150 us
tes CE Setup Time 0 ns
tow CE Hold Time 0 ns
toes OE Setup Time 10 ns
toen OE Hold Time 10 ns
s Address Setup Time 20 ns
ta Address Hold Time 100 ns
tos Data Setup Time 50 ns
tou Data Hold Time 0 ns
twe WE Pulse Width 100 ns
twc Wirite Cycle Time 75 us
twn Write Recovery Time 1.5 ms

Byte Write Timing

NOTE: In A.C. characteristics, all inputs to the device, e.g., setup time, hold time and cycle time, are tabulated as a minimum time; the
user must provide a valid state on that input or wait for the state minimum time to assure proper operation. All outputs from the device,
e.g. access time, erase time, recovery time, are tabulated as a maximum time, the device will perform the operation within the stated time.

ARARRAR

VP

QUEXX XXX XXX XXKXXKAXR)

LXCEXKXXXXXXXXXXXKXXX

w N/ CXXXXXXXXX
WP
. BYTEWRNE ___ BYTE WRAITE | e BYTE WRITE Lo NEXT READ, WRITE_,,.
) ] BYTE#2 LAST BYTE OR ERASE MODE
0

I seeQ Technology, Incorporated
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Figure 1
48F512 Write Algorithm
‘ START )
SET Vpp = Vp SET ADDRESS
WAIT typg us =
LOOP _ COUNT =0 1ST LOCATION
RE-WRITE
BYTE (4X)
. FOR twcus
SET ADDRESS RE-WRITE BYTE
= VERIFY NO FOR
1ST LOCATION OK 1wons
WAIT tywrms
YES
WRITE BYTE
FOR tyc is
INC. ADDRESS INCREMENT
ADDRESS
LAST
ADDRESS +1

INCREMENT
LOOP _COUNT ALL
ADDRS. END
VERIFIED
NO, LOOP_
COUNT =M
INCREMENT
LOOP_COUNT
YES
WAIT t yams
LOOP_COUNT =0

LOOP_ DEVICE
I COUNT =N FAILED

M=7
N=6

- GeeQ Technology, Incorporated
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Sector Erase

AC Characteristics

(Over the V. and temperature range)

48F512

Symbol Parameter Min. Max. Unit
tips Vpp Setup Time 2 ps
L V,p Hold Time 500 ms
tes CE Setup Time 0 ns
tos OE Setup Time 0 ns
s Address Setup Time 20 ns
tan Address Hold Time 100 ns
tos Data Setup Time 50 ns
tou Data Hold Time 0 ns
twe WE Pulse Width 100 ns
tey CE Hold Time 0 ns
toen OE Hold Time 0 ns
tepase Sector Erase Time 500 ms
tasorT Sector Erase Delay 250 us
ten Erase Recovery Time 250 ms

Sector Erase Timing

vel

.
ﬁ 'vps
Vep
|23,
ROW TOR ADDR.
ADDRESSES

x SECTOR ADDR.

CE

= X | ‘T%XXXXXXXXXXXXXZ
A

8l

é

NEXT LOOP

— SeeQ Technology, Incorporated
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Figure 2

48F512 Sector Erase Algorithm

‘ START ’

/

SET
LOOP_COUNT = 0

24

. GeeQ Technology, incorporated

[

SET Vpp=Vp
WAIT typs ps

WRITE FF
TO SECTOR
ADDRESS

WAIT tgrase ms

INCREMENT
LOOP_COUNT

LOOP_
COUNT =L

/

48F512
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WA tgg ms
THEN VERIFY
ALL BYTES = FF

YES

NO

END

DEVICE FAILED
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Chip Erase
AC Characteristics
(Over the V, and temperature range)
48F512
Symbol Parameter Min. Max. Unit
typs Vpp Setup Time 2 us
typn Vpp Hold Time 500 ms
tes CE Setup Time 0 ns
tors OE Setup Time 0 ns
tos Data Setup Time 50 ns
ton Data Hold Time 0 ns
twe WE Pulse Width 100 ns
o CE Hold Time 0 ns
toen OE Hold Time 0 ns
tepase Chip Erase Time 500 ms
ten Erase Recovery Time 250 ms
Chip Erase Timing

v
VPPX

1o b+

é

|VP

L4

tvps|

tVPH

Nesosesncod

— S

Lh

VQ)JZ

=

tcs

XX
A

NERXXAX

- |-'cn

16

K

=)

[l
¥
1

tOES

E‘OEH

WE-‘

<]

wp

tps

1st LOOP

4
10
XX/

XY

tERASE

XXX
W\ XK

NEXT LOOP

‘—IER

MD400062/A
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Figure 3
48F512 Chip Erase Algorithm

START

!

WAITtgg ms
SET ER

LOOP_COUNT =0 THEN VERIFY
ALLBYTES = FF

>

/

SET Vpp< ViH MAX
DEVICE FAILED

YES
WRITE FF
TO ANY
ADDRESS

END

/

SET Vpp = Vp
WAIT typs us

WRITE FF
TO ANY
ADDRESS

|

WAIT tepage Ms

/

INCREMENT
LOOP_COUNT

NO LOOP_
COUNT =L

YES

. seeQ Technology, Incorporated
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Ordering Information
D Q 48F512 K - 200
Package Temperature Device Endurance Access
Type Range Time
D = Ceramic Dip Q=01t70°C 64Kx8FLASH BLANK=100 200 =200ns
e EEPROM K = 1000 250 = 250 ns
P = Plastic Dip 300 = 300 ns
N = Plastic Leaded
Chip Carrier
R GeeQ Technology, Incorporated
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Features

M 128K Byte Flash Erasable Non-Volatile Memory
B Input Latches for Writing and Erasing

B Low Power CMOS Process

B Flash EPROM Cell Technology

M Fast Byte Write: 225 ys max

|

Ideal for Low-Cost Program Storage Applications
« In-Circuit Alterable
- 100 Program/Erase Cycles
« Minimum 10 Year Data Retention

B Pinouts Upward Compatible Thru 2 Megabit
Densities

W JEDEC Standard Byte Wide Pinout
» 32 PinPLCC
. 32 Pin Dip

W Silicon Signature®

Pin Names
AAA, COLUMN ADDRESS INPUT
A,-A, | ROW ADDRESS INPUT
CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
vo,, DATA INPUT (WRITE)/OUTPUT (READ)
N.C. NO INTERNAL CONNECTION
Ve WRITE/ERASE INPUT VOLTAGE
D.U. DON'T USE

— GeeQ Technology, Incorporated

Silicon Signature is a registered trademark of SEEQ Technology.

47F010
1024K Bit Flash EPROM

October 1989

Block Diagram

VPP _-L

- ROW IN
Ato “GZ; LATCHES ,

ARRAY
128K x 8

COLUMN N
LATCHES 14

AO—A°::>

CONTROL
LATCHES

V0p.7

Pin Configuration

DUAL-IN-LINE
TOP VIEW

TOP VIEW
PLASTIC LEADED CHIP CARRIER

8y
]

£8u3
O

A2

[ 4]
3] A15
[ 2] Ate
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Description

The 47F010 is a 1024K bit CMOS Flash EPROM organ-
ized as 128K x 8 bits. The 47F010 brings together the high
density and cost effectiveness of UVEPROMSs with the in-
circuit reprogrammability and package options of full fea-
tured EEPROMs. SEEQ’s patented split gate Flash
EPROM cell design reduces both the time and cost re-
quired to alter code in program and data storage applica-
tions.

The 47F010's fast electrical erase and 0.2 ms/byte pro-
gramming is 20 times faster than reprogramming of
UVEPROMs. Electrical erase and reprogramming make
the 47F010ideal for applications with high density require-
ments, but where ultraviolet erasure is either impractical
or impossible.

On chip latches and timers permit simplified microproces-
sor interface, freeing the microprocessor to perform other
tasks once write/erase cycles have been initiated. Endur-
ance, the number of times each byte can be written and
erased, is specified at 100 cycles. Electrical erase allows
the 47F010 to be packaged in a wide range of windowless
plastic, ceramic and surface mount packages.

Read

Reading is accomplished by presenting a valid address on
A, - A, with chip enabli(C_E) and output enable (OE) at
V, and write enable (WE) at V,,. The V,, pin can be at
any TTL level or V,, during read operations. See page 5
for additional information on A.C. parameters and read
timing waveforms.

Erase and Write

Erasing and writing of the 47F010 can only be accom-
plishedwhenV,,=V,. Latcheson address, data and con-
trol inputs, permit erasing and writing using normal micro-
processor bus timing. Address inputs are latched on the
falling edge of write enable or chip enable, whichever is
later. While data inputs are latched on the rising edge of
write enable or chip enable, whichever is earlier. The write
enable input is noise protected; a pulse of less than 20 ns
will not initiate a write or erase. In addition, chip enable,
output enable and write enable pins must be in the proper
state to initiate a write or erase. Timing diagrams depict
write enable controlled writes; the timing also applies to
chip enable controlled writes.

Byte Write

A byte write is used to change any 1 in a byte to a 0.
Individual bytes, multiple bytes or the entire memory can

Only non “FF” bytes can be written.

47F010
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be written atone time. Ifa bitin abyte needsto be changed
froma 0 to a 1, the 47F010 must first be erased via chip
erase and then reprogrammed with the desired data. Any
byte write operation requires that the V,, pin be at high
voltage (V, ).

The 47F010 uses a software controlled looping algorithm
(figure 1) to perform writes and verify successful byte pro-
gramming. During a byte write operation, all non “FF"!
bytes are incrementally written using a 75 s minimum t,,...
Each byte write is automatically latched andtimed on-chip,
so that the microprocessor can perform other tasks once
the write cycle has been initiated. Write cycle time dura-
tion can be controlled by the microprocessor, or the on-
chip timer will automatically terminate t,,. after 150 ys.
One write loop has been completed when all non “FF"data
for all desired bytes have been written. After 3 program-
ming loops, aread-verification cycle is performed. For any
bytes which do not verify, a fill-in programming loop is
performed.

Chip Erase

Chip Erase will change all bits in the memory to a logical
1. The 47F010 uses a two-step, software controlled loop-
ing algorithm to perform the chip erase operation. Each
loop requires that a chip erase select be performed prior to
the start of each chip erase cycle.

The chip erase select s activated by initiating a write cycle
with the V., pin at V,, or lower. During the chip erase
select, address and data lines can be at any TTL level.
Following a chip erase select, the 47F010 will start chip
erase if all data inputs are “FF", V,, =V, and a write cycle
initiated. After 20 loops, a device erase verify is performed
to insure all bytes = “FF". After erase, the V,,pin can be
brought to any TTL level or left at high voltage.

Refer to page 8 for chip erase timing diagram and figure 2
for the erase algorithm.

Power Up/Down Protection

This device contains a sense circuit which disables inter-
nal erase and write operations when V.. is below 3.5 volts.
In addition, erases and writes are prevented when any

control input (CE, OE, WE) is in the wrong state for writing
/erasing (see mode table).

High Voltage Input Protection

The V,, pin is at a high voltage for writing and erasing.
There is an absolute maximum specification for the V,,,

MD400077/-
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pin which must not be exceeded, even briefly, or perma-
nent device damage may result. To minimize switching
transients on this pin, we recommend using a minimum 0.1
uf decoupling capacitor with good high frequency re-
sponse connected from V,,, to ground at each device. In
addition, sufficient bulk capacitance should be provided to
minimize V,, voltage sag when a device goes from
standby to a write or erase cycle.

Silicon Signature Bytes

47F010
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Silicon Signature

A row of fixed ROM is present in the 47F010 which
contains the device’s Silicon Signature. Silicon Signature
contains data which identifies SEEQ as the manufacturer
and gives the product code. This allows device program-
mers to match the programming specification against the
product which is to be programmed.

Silicon Signature is read by raising address A, to 12+ 0.5
volts and bringing all other address inputs, plus chip
enable, and output enable to V, with V. at5 V. The two
Silicon Signature bytes are selected by address input A,

A, Data (Hex)

SEEQ Code V. 94
Product Code 47F010 Vi 1C

Mode Selection Table
Mode CE OE WE Voo Ay e D,,
Read V. Vi Vi X Address Dour
Standby Vi X X X X High Z
Byte Write V. Vi Vi v, Address Dy
Chip Erase Select \'A Viu \'A TTL X X
Chip Erase vV, Vi V. v, X 'FF

Absolute Maximum Stress Range*
Temperature

—-65°Cto +125°C
.................................. —~10°C to +85°C

All Inputs except V,, and
outputs with respect to Vg ........ +7Vio-0.5V

Ve and A, with respect 10 Vg ... 14V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis astressrating only and functional operation
ofthe 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 condi-
tions for extended periods may affect device reliability.

E.S.D. Characteristics*

Symbol |Parameter Value | Test Condition
Vup E.S.D. Tolerance |>2000 V | MIL-STD 883
Method 3015

* Characterization data — not tested.

MD400077/-
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Operating Conditions
47F010
V. Supply Voltage 5V £ 10%
Temperature Range (Read) 0°C to 70°C
Temperature Range (Write/Erase) 25°C + 5°C
Capacitance* T,=25°C,{=1 MHz
Symbol | Parameter Value | Test Condition
Cw Input Capacitance 6pF | V=0V
Cour Output capacitance | 12pF | V,, =0V
* This parameter is measured only for initial qualifications and
after process or design changes which may affect capacitance.
DC Operating Characteristics Over specified V. and temperature range
Limits
Symbol Parameter Min. Max. Unit Test Condition
M Input Leakage 1 MA Vn=01Vio V.
lo Output Leakage 10 pA Va=01VioV,
v, Program/Erase Voltage 12.50 13.00 v
Ve V., Voltage During Read 0 Ve v
lop V, Current
Standby Mode 200 pA CE=V,, Ve =V,
Read Mode 200 uA CE=V, V=V,
Byte Write 30 mA Vep =V,
Chip Erase 60 mA Vep =V,
logt Standby V., Current 400 pA CE =V, -0.3V
lece Standby V., Current 5 mA CE = V,, min.
lecs Active V,, Current 40 mA CE=V,
Vi Input Low Voltage ~0.3 0.8 v
Vi Input High Voltage 2.0 7.0 \
Voo Output Low Voltage 0.45 v fo, =2.1 ma
Vo Output Level (TTL) 24 \ loy = —400 A
Vore Output Level (CMOS) Ve —1.0 \ loy =~100 YA

o GeeQ Technology, Incorporated
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READ
AC Characteristics
(Over specified V. and Temperature Range)
47F010 47F010 47F010
~-200 -250 -300
Symbol | Parameter Min. Max. Min. Max. Min. Max. Unit
the Read Cycle Time 200 250 300 ns
taa Address to Data 200 250 300 ns
tee CE to Data 200 250 300 ns
toe OE to Data 75 100 150 ns
toe OE/CE to Data Float 50 60 100 ns
ton Output Hold Time 0 0 0 ns
Read Timing
the i
\VAVAVAVAVAVAVAVAV,
ADDRESS m .A’A’A’A.A JAVAY A’A
tAA |
I0¢.7
ICE
—
e \ 4
tDF
OE \
toH
toE

A.C. Test Conditions

Output Load: 1 TTL gate and C(load) = 100 pF
Input Rise and Fall Times: < 20 ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

— seeQ Technology, Incorporated
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Byle Write
AC Characteristics
(Over specified V. and temperature range)
47F010
Symbel Paramoter Min, Max, Unit
typs Vpp Setup Time 2 us
tyon Ve Hold Time 150 ps
tes CE Setup Time 0 ns
tey CE Hold Time 0 ns
| toes OE Setup Time 10 ns
toeu OE Hold Time 10 ns
tas Address Setup Time 20 ns
tau Address Hold Time 100 ns
tos Data Setup Time 50 ns
tou Data Hold Time 0 ns
e WE Pulse Width 100 ns
twe Wirite Cycle Time 75 us
twr Wirite Recovery Time 1.5 ms

NOTE: In A.C. characteristics, all inputs to the device, e.g., setup time, hold time and cycle time, are tabulated as a minimum time; the
user must provide a valid state on that input or wait for the state minimum time to assure proper operation. All outputs from the device,
e.g. access time, erase time, recovery time, are tabulated as a maximum time, the device will perform the operation within the stated time.

Byte Write Timing

-]
3

Vp
Vil

Vep

AS 1

V0.7 ROOOOAAOAOOOAOOXXXX
& XXX AT ALK XX KX XK

e twe—»f | ” | ”
" A CXXXXXXXKX
e _twe_|
le— BYTEWRNE ___| BYTE WRITE | e— BYTE WRITE la-.NEXT READ, WRITE__
[ BYTE# BYTE#2 LAST BYTE ‘OR ERASE MODE
"
WR

o GeeQ Technology, Incorporated

MD400077/- 2-30



47F010

PRELIMINARY DATA SHEET
Figure 1
47F010 Write Algorithm
START
y
SET Vpp = Vp SET ADDRESS RE-WRITE

WAIT typs ps - > BYTE

LOOP _COUNT = 0 1ST LOCATION FOR tyg us
y
>
o o RE-WRITE
) BYTE
/ FOR tyg s
SET ADDRESS
- VERIFY NO y
1ST LOCATION OK
RE-WRITE BYTE
FOR
YES twohs
> WAIT tyyg ms
y < ]
WRITE BYTE /
FORtwcus
INC. ADDRESS INCREMENT
ADDRESS

z=Z

MD400077/-

ADDRESS
=LAST +1

INCREMENT
LOOP _COUNT

WAIT tyygms
LOOP_COUNT =0

It
(4)]

LAST
ADDRESS +1

ALL
ADDRS.
VERIFIED

YES

INCREMENT
LOOP_COUNT

END

DEVICE
FAILED

— SEEQ rectnotogy, incorporated
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Chip Erase

AC Characteristics

(Over specified V. and temperature range)

47F010

Symbol Parameter Min. Max. Unit
typs Vpp Setup Time 2 us
tpn Vgp Hold Time 500 ms
tes CE Setup Time 0 ns
toes OE Setup Time ] ns
tos Data Setup Time 50 ns
ton Data Hold Time 0 ns
twp WE Pulse Width 100 ns
toy CE Hold Time 0 ns
toen OE Hold Time 0 ns
terase Chip Erase Time 500 ms
ten Erase Recovery Time 250 ms

V]H
t
VPPXZXXZMXXXXM.@

Chip Erase Timing

|VP

"°o-7>_<

=

VE )

1st LOOP

NEXT LOOP

o 7 R XK XXX
B | 0 R AT
&wggmpgg OO XXX XXKXXAXXXXXXX
R U N/ R W W 14

MD460077/-
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Figure 2
47F010 Chip Erase Algorithm

START
SET WAITt g me
LOOP_COUNT = 0 THEN VERIFY

ALLBYTES = FF

SET Vpp< Vi Max

DEVICE FAILED

YES
WRITE FF

TO ANY
ADDRESS

END

SET Vpp=Vp
WAIT typg pis

WRITE FF
TO ANY
ADDRESS

WAITt epage ms

INCREMENT
LOOP_COUNT

LOOP_
COUNT=L

- seeQ Technology, Incorporated

MD400077/-
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Package
Type
D = Ceramic Dip
P = Plastic Dip

N = Plastic Leaded
Chip Carrier

. seeQ Technology, Incorporated

MD400077/-

Ordering Information

_c[a_ 47F010

Temperature Device
Range (READ)

Q=0170°C 128K x 8 Flash
EPROM

47F010

PRELIMINARY DATA SHEET

200
e

Access
Time

200 = 200 ns
250 = 250 ns
300 = 300 ns
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Features

128K Byte Flash Erasable Non-Volatile Memory
Low Power CMOS Process

Electrical Byte Write and Chip/Sector Erase
Input Latches for Writing and Erasing

Fast Read Access Time

Single High Volitage for Writing and Erasing
Flash EEPROM Cell Technology

Ideal for Low-Cost Program and Data Storage

« Minimum 100 Cycle Endurance

- Optional 1000 Cycle Endurance Screening

« Minimum 10 Year Data Retention

5Vt 10% V,,, °C to +70°C Temperature Range
Silicon Signature®

JEDEC Standard Byte Wide Pinout

« 32 Pin DIP

* 32 Pin J-Bend Plastic Leaded Chip Carrier

Block Diagram
A —

ROW
LATCHES

ARRAY
128x1024x 8

CONTROL
LATCHES

Vo7

Silicon Signature is a registered trademarks of SEEQ Technology.

48F010
1024K FLASH EEPROM

July 1989

Description

The 48F010 is a 1024K bit CMOS FLASH EEPROM or-
ganized as 128K x 8 bits. SEEQ's 48F010 brings together
the high density and cost effectiveness of UVEPROMs,
with the electrical erase, in-circuit reprogrammability and
package options of EEPROMs.

SEEQ's patented split gate FLASH EEPROM cell design

reduces both the time and cost required to alter code in
program and data storage applications.

Pin Configuration

DUAL-IN-LINE TOP VIEW
TOP VIEW PLASTIC LEADED CHIP CARRIER
$828383
R M BEE]
D
A7 5] [29) Avq
ag [E] [28] Aqa
Ag [27] Ag
Aq[8] @ Ag
Ay 3] (25] A1y
Ap [24] GE
A4 [] 23] Ao
Ao [12] 23] CE
vo, 3] [21] voy
Bl =
g§¢8gg¢g
Pin Names
A-A, | COLUMN ADDRESS INPUT
AA, | ROWADDRESS INPUT
CE CHIP ENABLE
OE OUTPUT ENABLE
WE WRITE ENABLE
V0, DATA INPUT (WRITE)/OUTPUT (READ)
N.C. NO INTERNAL CONNECTION
Vep WRITE/ERASE INPUT VOLTAGE
D.U. DON'T USE

—eeeQ Technology, Incorporated
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The 48F010's fast electrical erase and 0.5 ms/byte pro-
gramming is 20 times faster than reprogramming of
UVEPROMs. Electrical erase and reprogramming make
the 48F010 ideal for applications with high density require-
ments, butwhere ultraviolet erasure is either impractical or
impossible.

SEEQ's FLASH memories provide users with the flexibility
to alter code in all or small sections of the memory array.
The memory array is divided into 128 sectors, with each
sectorcontaining 1024 bytes. Each sector can be individu-
ally erased, or the chip can be bulk erased before repro-
gramming.

On-chip latches and timers permit simplified microproces-
sor interface, freeing the microprocessor to perform other
tasks once write/erase/read cycles have been initiated.

Endurance, the number of times each byte can be written,
is specified at 100 cycles with an optional screen for 1000
cycles available. Electrical write/erase capability allows
the 48F010 to accommodate a wide range of plastic, ce-
ramic and surface mount packages.

Read

Readingis accomplished by presenting a valid address on
A, - A, with chip enable (CE) and output enable (OE} at V,,
and write enable (WE) at V,,,. The V., pin canbe at any
TTL level or V,, during read operations. See page 5 for
additional information on A.C. parameters andread timing
waveforms.

Erase and Write

Erasing and writing of the 48F010 can only be accom-
plished when V,, = V,. Latches on address, data and
control inputs permit erasing and writing using normal
microprocessor bus timing. Address inputs are latched on
the falling edge of write enable or chip enable, whichever
is later, while data inputs are latched on the rising edge of
write enable or chip enable, whichever is earlier. All control
pins are noise protected; a pulse of less than 20 ns will not
initiate a write or erase. In addition, chip enable, output
enable and write enable must be in the proper state to
initiate a write or erase. Timing diagrams depict write
enable controlled writes; the timing also applies to chip
enable controlled writes.

Sector Erase

Sector erase changes all bits in a sector of the array to a
logical one. Itrequires thatthe V,, pin be broughtto a high
voltage and a write cycle performed. The sector to be
erased is defined by address inputs A, through A, The
data inputs must be all ones to begin the erase. Following

1 Only non “FF" bytes can be written.

48F010

PRELIMINARY DATA SHEET
a write of ‘FF’, the part will wait for time t,, .. to allow
aborting the erase by writing again. This permits recover-
ing from an unintentional sector erase if, for example, in
loading a block of data a byte of ‘FF’ was written. After the
t,s0rT delay, the sector erase will begin. The erase is ac-
complished by following the erase algorithm in figure 2.
V.. can be brought to any TTL level or left at high voltage
after the erase.

Chip Erase

Chip erase will change all bits in the memory to a logical 1.
The 48F010 uses a two-step, software controlled looping
algorithm to perform the chip erase operation. Each loop
requires that a chip erase select be performed prior to the
start of each chip erase cycle.

Byte Write

A byte write is used to change any 1 in a byte to a 0.
Individual bytes, multiple bytes or the entire memory can
be written atone time. Ifa bitin a byte needs to be changed
froma Oto a 1, the byte mustfirstbe erase via sectoror chip
erase and then reprogrammed with the desired data. Any
byte write operation requires that the V,,, pin be at high
voltage (V).

Data is organized in the 48F010 in a group of bytes called
a sector. The memory array is divided into 128 sectors of
1024 bytes each. Individual bytes are written as part of a
sector write operation. Sectors need not be written sepa-
rately; the entire device or any combination of sectors can
be written using the write algorithm.

The 48F010 uses a software controlled looping algorithm
(figure 1) to perform writes and verify successful byte pro-
gramming. During a byte write operation, all non “FF"?
bytes are incrementally written using a 75us minimumt,, .
Each byte write is automatically latched andtimedon-chip,
so that the microprocessor can perform other tasks once
the write cycle has been initiated. Write cycle time dura-
tion can be controlled by the microprocessor, or the on-
chip timer will automatically terminate t,,. after 150 ps.
One write loop has been completed when all non “FF"data
for all desired bytes have been written. After 7 program-
ming loops, aread-verification cycle is performed. For any
bytes which do not verify, a fill-in programming loop is
performed.

Because bytes can only be written as part of a sector write,
if data is to be added to a partially written sector or one or
more bytes in a sector must be changed, the contents of
the sectors must first be read into system RAM; the bytes
can then be added to the block of data in RAM and the
sector written using the sector write algorithm.

MD400063/A
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High Voltage Input Protection

The V,, pin is at a high voltage for writing and erasing.
There is an absolute maximum specification which must
notbe exceeded, evenbriefly, orpermanentdevice damage
may result. To minimize switching transients on this pinwe
recommend using a minimum 0.1 uf decoupling capacitor
with good high frequency response connectedfromV,, to
ground at each device. In addition, sufficient bulk capaci-
tance should be provided to minimize V., voltage sag
when a device goes from standby to a write or erase cycle.

Silicon Signature Bytes

48F010

PRELIMINARY DATA SHEET

Silicon Signature

A row of fixed ROM is present in the 48F010 which
contains the device’s Silicon Signature. Silicon Signature
contains data which identifies SEEQ as the manufacturer
and gives the product code. This allows device program-
mers to match the programming specification against the
product which is to be programmed.

Silicon Signature is read by raising address A, to 12
+ 0.5 V and bringing all other address inputs plus chip
enable and output enable to V, with V. at 5 V. The two
Silicon Signature bytes are selected by address input A,,.

A, Data (Hex)

SEEQ Code V. 94
Product Code 48F010 Viu 1C

Mode Selection Table
Mode CE OE WE Ver A Ao D,
Read V. Vi, Vi X Address Address Dour
Standby Vi X X X X X High Z
Byte Write Vo Vi \ \A Address Address D,
Chip Erase Select Vi Vi, Vi TTL X X X
Chip Erase \A V., V. V. X X 'FF'
Block Erase Vi, Vi V. Ve Address X ‘FF'

Absolute Maximum Stress Range*

Temperature

Storage.................... -65°Cto +125°C
Under Bias..........cuevriiersirsinens =10°C to +85°C
All Inputs except V,,, and

outputs with Respect to Vg ........ +7Vito-05V
V,p pin with respect 10 Vg ..u.uueeerunnenen 14V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis a stressrating 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 condi-
tions for extended periods may affect device reliability.

E.S.D. Charateristics!

Symbol |Parameter Value | Test Condition
Voue E.S.D. Tolerance | >2000 V | MIL-STD 883
Method 3015

Note: Characterization data — not tested.

L GeeQ Technology, Incorporated

MD400063/A
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Recommended Operating Conditions

48F010
Temperature Range (Ambient) 0°C to 70°C
V. Supply Voltage 5V+10%

Capacitance® T, = 25°C, { =1 MHz

Symbol | Parameter Value | Test Condition
Cin Input Capacitance 6pF | V=0V
Cour Output Capacitance| 12pF | V, =0V

Note 2: This parameter is only sampled and not 100% tested.

DC Operating Characteristics Overthe V_ and temperature range

48F010

PRELIMINARY DATA SHEET

Limits
Symbol Parameter Min. Max. Unit Test Condition
I, input Leakage 1 HA Vy=01Vio V.
lo Output Leakage 10 HA Vy=01Vio V.
A\ Program/Erase Voltage 11.4 13 Vv
Ven V,, Voltage During Read 0 Ve \
lop V, Current o
Standby Mode 200 HA CE =V, Vep =Vpn
Read Mode 200 pA CE=V,, Vo=V
Byte Write 30 mA Ve =Ve
Chip Erase 60 mA Vee =V,
Sector Erase 10 mA Voo =V,
lect Standby V. Current 100 pA CE=V_, -0.3V
lece Standby V. Current 5 mA CE =V, min
leca Active V. Current 40 mA CE=V,
Vi Input Low Voltage -0.3 0.8 \
Vi Input High Voitage 2.0 7.0 )
Voo Output Low Voltage 0.45 \J loo=2.1ma
Vout Output Level (TTL) 24 v loy = =400 pA
Voue Output Level (CMOS) Ve —1.0 \' low = =100 pA
. seeQ Technology, Incorporated
MD400063/A 2-38
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READ

AC Characteristics
(Over the V. and temperature range)

48F010 48F010 48F010
-200 -250 =300
Symbol | Parameter Min. Max. Min. Max. Min. Max. Unit
tac Read Cycle Time 200 250 300 ns
ta Address to Data 200 250 300 ns
tee CE to Data 200 250 300 ns
toe OE to Data 75 100 150 ns
tor OE/CE to Data Float 50 60 100 ns
tou Output Hold Time 0 0 0 ns
Read Timing
tRC 'I
tAA

(XXX NN —

[e——— ICE —*

CE N\

o \. /
e — e

we X0 XA

IDF

A.C. Test Conditions

Cutput Load: 1 TTL gate and C(load) = 100 pF
Input Rise and Fall Times: < 20 ns
Input Pulse Levels: 0.45V to 2.4V
Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

T GeeQ Technology, incorporated
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Byte Write
AC Characteristics
(Over the V. and temperature range)
48F010
Symbao! Paramaeter Min. May. Unit
typs Ve Setup Time 2 ps
typn V;p Hold Time 150 us
tes CE Setup Time 0 ns
ten CE Hold Time 0 ns
toes OE Setup Time 10 ns
toen OE Hold Time 10 ns
}K Address Setup Time 20 ns
tn Address Hold Time 100 ns
tos Data Setup Time 50 ns
tou Data Hold Time 0 ns
twe WE Pulse Width 100 ns
twe rite Cycle Time 75 ue
twn Write Recovery Time 1.5 ms

NOTE: In A.C. characteristics, all inputs to the device, e.g., setup time, hold time and cycle time, are tabulated as a minimum time; the
user must provide a valid state on thatinput or wait for the state minimum time to assure proper operation. All outputs from the device,
e.g. access time, erase time, recovery time, are tabulated as a maximum time, the device will perform the operation within the stated time.

Advance Data Sheets contain target product specifications which are subject to change upon device characterization over the full
specified temperature range. These specifications may be changed at any time, without notice.

> [*won

Byte Write Timing
S ” " [ RRRRRRK
aooress KKK XRRX CERXXXXKXXXXXKRXXXK

AXRXEXN

(cs_-! e - fe-tcH

5.

. .
tOEH
|

‘oes! we

Fa

XY

BYTE WRITE

P

ps BYTE #1

- seeQ Technology, Incorporated
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BYTE WRITE . e BYTE WRITE
BYTE #2 LAST BYTE
1

| ¢ _NEXT READ, WRITE .
OR ERASE MODE

2-40




Figure 1

48F010 Write Algorithm

< START >

SET Vpp = Vp
WAIT typg Hs
LOOP _ COUNT =0

SET ADDRESS

18T LOE}ATION

WRITE BYTE
FOR tywc Hs
INC. ADDRESS

ADDRESS
=LAST +1

INCREMENT
LOOP _COUNT

WAITt ygms
LOOP_COUNT =0

48F010

PRELIMINARY DATA SHEET

]

M=7
N=6

SET ADDRESS
=
1ST LOCATION
RE-WRITE
BYTE (4X)
FOR twcus
VERIFY _NO |
OK
RE-WRITE BYTE
FOR
YES tweHs
WAIT typms
|
INCREMENT
ADDRESS
LAST
ADDRESS +1
ALL
ADDRS. ___.._____>YES END
VERIFIED
INCREMENT
LOOP_COUNT
LOOP__ YES » DEVICE
COUNT =N FAILED

— GeeQ Technology, Incorporated
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Sector Erase

AC Characteristics

(Over the V.. and temperature range)

48F010

Syiboi Parameter min. max. unit
tps V,p Setup Time 2 us
typn V,, Hold Time 500 ms
tes CE Setup Time 0 ns
tos OE Setup Time 0 ns
ts Address Setup Time 20 ns
L Address Hold Time 100 ns
ths Data Setup Time 50 ns
tu Data Hold Time 0 ns
tye WE Pulse Width 100 ns
ten CE Hold Time 0 ns
toen OE Hold Time 0 ns
| S Sector Erase Time 500 ms
tasort Sector Erase Delay 250 us
ten Erase Recovery Time 250 ms

Ve,

Sector Erase Timing

Ve,

£

ROW
ADDRESSES

ﬁ ‘vps
Vep

SECTOR ADDR.

x SECTOR ADDR.

& la-1cs >

P
! ABORT-
L 'cu*‘L—. .l o

k]

13t LOOP

NEXT LOOP.

MD400063/A

- eeeQ Technology, Incorporated
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Figure 2
48F010 Sector Erase Algorithm

START
WAITtgg ms
SET THEN VERIFY
LOOP_COUNT = 0
ALLBYTES = FF
»
y
SET Vpp = Vp NO
WAIT typs us DEVICE FAILED
y YES
WRITE FF
TO SECTOR
ADDRESS END
y
WAITtgpase Ms

INCREMENT
LOOP_COUNT

LoOP_
COUNT =L

— eeeQ Technology, Incorporated
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VPPZZXXXMXZXXZW/LE

IVP

-3
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Chip Erase
AC Characteristics
(Over the V. and temperature range)
48F010
Syiiooi Paiameter Min. Max, Unit
tyes Ve Setup Time 2 us
typn V,p Hold Time 500 ms
tes CE Setup Time 0 ns
toes OE Setup Time 0 ns
tos Data Setup Time 50 ns
o Data Hold Time Y ns
typ WE Pulse Width 100 ns
ton CE Hold Time 0 ns
toen OE Hold Time 0 ns
tenase Chip Erase Time 500 ms
tn Erase Recovery Time 250 ms
Chip Erase Timing

R

V‘-"o-7_)_<

MD400063/A

- GeeQ Technology, Incorporated

WPH
toH>] |+ ‘
R NI N
e
& ) OO AXCOO AN
o ,
= {X00 | 0 R KRXXXXKRK
tOES—] e = toEH - c.
WXy | N AXX \/ \__AXXXXXX
] ‘wp ERASE e teR—=]
108 1st LOOP NEXT LOOP
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Figure 3
48F010 Chip Erase Algorithm

START

WAIT tgg ms
SET ER

LOOP_COUNT = 0 THEN VERIFY
B ALLBYTES = FF

o

)

SET Vpp s Vi max NO

DEVICE FAILED

YES
WRITE FF
TO ANY
ADDRESS

END

SET Vpp=Vp
WAIT typs ps

WRITE FF
TO ANY
ADDRESS

i

WAITt erase ms

i

INCREMENT
LOOP_COUNT

LOOP
COUNT =L

- eeeQ Technology, Incorporated
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Ordering Information
D Q 48F010 K - 200
Package Temperature Device Endurance Access
Type Range Time
D = Ceramic Dip Q=01t70°C 128Kx8FLASH BLANK=100 200 =200ns
_ D EEPROM K = 1000 250 = 250 ns
P = Plastic Dip 300 300 ns
N = Plastic Leaded
Chip Carrier
- GeeQ Technology, Incorporated
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eeeQ KT48

FLASH EEPROM Programmer

May 1988

Features Description

B Programs SEEQ FLASH EEPROMs KT48 is a FLASH EEPROM programmer from SEEQ
Technology. The complete unitconsists of a half-card size
hardware board, a ribbon cable connected to a 40-pin ZIF
DIP socket and MS/DOS compatible software. The pro-
grammer card fits into a single expansion slot on an IBM

B Half-card size programmer board fits into single
expansion slot on IBM PC/XT/AT, with cable
connector to a 40-pin ZIF DIP socket

B User-friendly menu driven software: PC/XT/AT or IBM PC compatibles. The software is user
Software resides on single floppy diskette friendly and menu driven. The programmer currently
B Can load and save buffer: supports erasing/programming of SEEQ 128K-bit and
Reads/generates binary, Intel hex or 512K-bit density FLASH EEPROMs. Software updates
Motorola S-record files will provide support for future members of SEEQ's FLASH

W Easy buffer editor with different entry modes product family.

Including string and hex KT48 enables an IBM PC to be turned into a local
M Split EEPROM feature allows splitting of 16-or development station for program generation and product
32-bit files prototyping. By eliminating the need for separate down-
W Buffer allows stacking of code/data loading, the KT48 reduces the time needed for protyping/

development work. The programmer erases/programs/
verifies FLASH EEPROMs with one single socket inser-
tion! Gone is the need for a UV-light eraser and 20 long
minutes of waiting to erase a UV-EPROM. These pro-
grammer features make program development easy,
convenient and cost effective.

Programmer Features:

All programmer commands are menu driven with user-
selectable options. There is an online HELP system for
programmer operation.

Erase Comand: This command erases the FLASH
EEPROM and verifies erasure of the device. Errors, ifany,
are reported.

Program Command: Thiscommand programsthe target
device with data in the buffer memory and performs an
automatic verification of programmed data. An automatic
‘blank check’is also performed on the target device before
programming. Errors, if any, are reported.

Verify Erase Command: This command is similar to a
‘Blank Check'’. Checks target device to see if it is erased.
Errors if any are reported.

Verify Data Command: This command compares target
device data to buffer data. Errors, if any, are reported.

*IBM, XT, AT are trademarks of International Business
Machines.

- geeQ Technology, Incorporated
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Read Command: This commandreads target device data
into the buffer. Buffer size is automatically determined by
the selection of the target device type.

Configure System Command: This command allows the
user to specify port address selection for the programmer
card, specify V. voltage levels during programming/
erase and verify operations, select V,, voltage during pro-
gramming/erase and Enable or Disable ‘Beeper’ sound
prompts.

Select Buffer Polnter Command: This commandis used
to change the Buffer Pointer, normally 0. Using this com-
mand the user can divide or shuffle data/code for simplified
partitioning into multiple FLASH EEPROM devices. For
example a 64K-byte large code can be split into four 16K-
byte blocks—each small enough to be accommodated on
a single 48128 device. Data can also be stacked into the
buffer. For example, two 2764'’s (8K-bytes each) can be
read into the buffer and re-programmed into a single
48128.

Split Flash EEPROM Command: Using this command,
16- or 32-bit wide daia can be spiit and programmed into
standard 8-bit wide devices.

Display/Modify Buffer Command: This command dijs-
plays buffer data. Using the buffer editor, data can be

edited. The editor supports various entry modes including
string and HEX.

Ordering Information

KT48—FLASH EEPROM Programmer

Read File Command: This command reads a specified
file from a disk into the buffer. Buffer size is determined by
target device type selection. Binary, Intel HEX and Motor-
ola S-record formats are supported. File Off-set option
allows files to be off-set into the buffer as desired by the
user.

Save File Command: This command allows buffer data to
be savedto adisk under a specifiedfile name. Binary, Intel
HEX and Motorola S-record formats are supported. Buffer
size i.e., length of the file is determined by the device type
selected. Read and Save file commands allow ‘Chip
Master’ copies to be maintained.

Copy Buffer Command: This command allows a user-
defined block of buffer data to be copied into another block
with a specified starting address.

Print Buffer Command: This command writes buffer data
into a print file on the disk. The print file can be printed for
a hard copy using MS/DOS print command or a word
processing program.

Fili Buffer Command: This command filis the buffer with

user specified data. User specifies starting address and
ending address for the buffer fill command.

SEEQ Technology reserves the right to make changes without further notice to products and their specifications herein to improve
reliability, function or design. SEEQ does not assume any liability arising out of the application or use of any product described herein;
neither does it convey any license under its patent rights nor the rights of others. The software described herein will be provided on an
‘as is’ basis and without warranty. SEEQ accepts no liability for incidental or consequential damages arising from the use of the software.
SEEQ Technology distributes the product described herein for the sole purpose of facilitating programming support of SEEQ products
and does not extend any warranty independent of that extended by the original equipment manufacturer.
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SEEQ TECHNOLOGY

EPROM ALTERNATE SOURCE
Alternate Functionally

Manufacturer Part # Configuration Equivalent

AMD AM27128 16K X 8 27128

AMD AM27128A 16K X 8 27128

AMD AM2764 8K X8 2764

AMD AM2764A 8K X8 2764

AMD 82005 8K X8 82005

AMD 82025 16K X 8 82025

ATMEL AT27C256 32K X 8 27C256

FUJITSU MBM27128 16K X 8 27128

FUJITSU MBM2764 8K X8 2764

FUJITSU MBM27C256 32K X8 27C256

GE/RCA CMD27C256 32K X 8 27C256

HITACHI HN27128A 16K X 8 27128

HITACHI HN27C256 32K X 8 27C256

HYUNDAI HY2764 8KX8 2764

INTEL MD27128 16K X 8 27128

INTEL MD27128A 16K X 8 27128

INTEL MD2764 8K X8 2764

INTEL MD2764A 8K X8 2764

INTEL MD27C256 32K X8 27C256

INTEL 5962-86063 32K X8 5962-86063

INTEL 82005 8K X8 82005

INTEL 82025 16K X 8 82025

NATIONAL NM27C256 32K X 8 27C256

NATIONAL 5962-86063 32K X8 5962-86063

NEC uPD27128 16K X 8 27128

NEC uPD2764 8K X8 ) 2764

NEC uPD27C256 32K X8 27C256

NEC uPD27C256A 32K X 8 27C256

OKI MSM27128A 16K X 8 27128

OKi MSM27C256 32K X8 27C256

PANATECH RD27C256 32K X8 27C256

SGS M2764A 8KX8 2764

SGS M2764 8K X8 2764

SIGNETICS 5962-86063 32KX8 5962-86063

THOMPSON TS27C256 32K X 8 27C256

Tl TMS2764 8KX8 2764

T TMS27C256 32K X8 27C256

T 5962-86063 32K X8 5962-86063

TOSHIBA TMM27128 16K X 8 27128

TOSHIBA TMM2764 8K X8 2764

vLsi VM27C256 32K X8 27C256

vLsi VM27C256A 32K X8 27C256

vLsi 5962-86063 32K X8 5962-86063

WAFERSCALE WS27C256F 32K X 8 27C256

ALTERNATE SOURCE REPLACEMENTS MAY HAVE SOME FUNCTIONAL DIFFERENCES.
CONTACT THE SEEQ FACTORY FOR ADDITIONAL INFORMATION.

— GeeQ Technology, Incorporated







GeeQ 64K EP/gféal\‘/’I

27128
128K EPROM

November 1989
Features Pin Configuration
W Fast Access Times at 0° to 70°C 2764/27128
» 2764 - 160 ns
» 27128 - 200 ns Vee
W Programmed Using Intelligent Aigorithm PGM
c21VY,, Ayl
* 2 Minutes for 27128 Ag
« 1 Minute for 2764 Ay
B JEDEC Approved Bytewide Pin Configuration Ay
- 2764 8K x 8 Organization oF
» 27128 16K x 8 Organization A
B Low Power Dissipation 6';0
« 100 mA Active Current o
+ 30 mA Standby Current N 07
W Military And Extended Temperature Range . os
Available 5
M Silicon Signature® O
15[ ) 03

Description NOTE 1: PIN 26 IS A NO CONNECT
SEEQ's 2764 and 27128 are ultraviolet light erasable " ONTHE 2764.
EPROMSs which are organized 8K x 8 and 16K x 8 .

respectively. They are pin for pin compatible to JEDEC Block D lagram
approved 64K and 128K EPROMSs in all operational/

programming modes. The devices have accesstimes as

fast as 160 ns over the 0° to 70°C temperature and V.

tolerance range. The access time is achieved without AR f:>

ROW
DECODERS

MEMORY
ARRAY

Mode Selection

— — col
PINS [GE | OE [PGM | V,, [ V.o | Outputs re 5 coumm ADDRESS
MODE 0|2 | @7 | (1) |(28) | (11-13, 15-19) GATING
Read Vic | Vic Vi | Ve | Vee Doyr Z—E »| CONTROL o
Output Disable X | Viu | Vee | Vee | Vee High Z o] 08C BUFFERS
Standby Vie | X | X | Vee|Vee High Z
Preram vIL VIH VIL VPP VCC DIN
Program Verify [V, [V, | Vi, |Vee |Vec Doyt o
H 0-7
Program Inhibit | V,, | X | X |V,p|Veo| HighZ Pin Names
Silicon Signature*{ V,_ | V,, | Viy [Vec|Vee|  Encoded As ADDRESSES — COLUMN (LSB)
Data A ADDRESSES - ROW
X can be either V, or V,, CE CHIP ENABLE
*For Silicon Signature: A, is toggled, A, = 12V, and all other jo—
addresses are at a TTL low. A OE OUTPUT ENABLE
I . . 0,- 0, OUTPUTS
Silicon Signature is a registered trademark of
SEEQ Technology, Inc. PGM PROGRAM

T eeeQ Technology, Incorporated
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sacrificing power since the maximum active and standby
currents are 100 mA and 30 mA respectively. The fast
access times allow higher system efficiency by eliminating
the need for wait states in today’s 8 - or 16-bit micro-
processors.

Initially, and after erasure, all bits are in the “1"state. Data
isprogrammed by applying 21 Vto V,,and a TTL “0"to pin
27(program pin). The 2764 and 27128 may be
programmed with an intelligent algorithm that is now
available on commercial programmers. The program-

2764
27128

ming time is typically 5 ms/byte or 2 minutes for all 16K
bytes of the 27128. The 2764 requires only half this time,
about a minute for 8K bytes . This faster time improves
manufacturing throughput time by hours over cnventional
50 ms algorithms. Commercial programmers (e.g. Data l/
O, Pro-log, Digelec, Kontron, and Stag) have implemented
this fast algorithm for SEEQ’'s EPROMSs. If desired, both
EPROMs may be programmed using the conventional 50
ms programming specification of older generation
EPROMs.

Absolute Maximum Ratings

Temperature

Storage -65°Cto +150°C

Undor Bias .......cueeeeeeerrisvcreunissenecnnnas -10°C to +80°C
All Inputs and Outputs

with Respect to Ground........................ +7Vto-0.6V
V.. During Programming

with Respect to Ground...................... +22Vto-0.6V
Voltage on A,

with Respect to Ground .................. +15.5Vt0-0.6 V

Recommended Operating Conditions

2764
27128

V.. Supply Voltage!?! 5V+10%

Temperature Range (Read Mode) |(Ambient) 0°C to 70°C

V,, During Programming 2105V

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. Thisis astressrating only andfunctional 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 device reliability.

DC Operating Characteristics During Read or Programming

Limits

Symbol Parameter Min. Max. Units Test Conditions
In Input Leakage Current 10 pA Vin = Voo Max.
l Output Leakage Current 10 pA Vour = Voo Max.
Il Vgp Current  Read Mode 5 mA Vee = Vo Max.

Prog. Mode 30 mA Vep =215V
locit™ V¢ Standby Current 30 mA CE=V,,
e V¢ Active Current 100 mA CE=0E=V,
Vi Input Low Voltage -041 0.8 v
Vi Input High Voltage 2 Vee +1 v
Vo Output Low Voltage 0.45 \ loy=2.1mA
Vou Output High Voltage 24 \' loy =—400 pA

NOTES:

1. V., must be appied simultaneously or before V., and removed simultaneously or after V..




2764
27128
AC Operating Characteristics During Read
Limits
2764-16 | 27XX-20 | 27XX-25 |27XX-30 27XX-45 Test
Symbol | Parameter Min.| Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.| Conditions
taa Address Access Time 160 200 250 300 450 |CE=OE=V,
tee Chip Enable to Data Valid 160 200 250 300 450 |OE=V,,
toe Output Enable to Data Valid 75 75 100 120 150 |CE=V,,
tor Output Enable to 0|60 0o|60| 0|60 | O [105| 0 [ 130[CE=V,
Output Float
tou Output Hold from Chip 0 0 0 0 0 CE=0E=V,_
Enable, Addresses, or
Output Enable whichever
occurred first
Capacitance!" A.C. Test Conditions
Symbol | Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C, = 100pF
. — Input Rise and Fall Times: < 20 ns
C Input Capaqta.\nce 4 6 PF_| V=0V Input Pulse Levels: 0.45V to 2.4V
Cour | Output Capacitance 8 [ 12 | pF | V5=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. Waveforms

r -y
ADDRESSES X ADDRESSES VALID
K. R

CE \ ZL—_——
—— o —]
—————— tCE————
e
x \ /
c ———| 1o
et— toE!2 ] -

HIGH Z ///// T\X HeHz
OUTPUT e VALID OUTPUT 19-5__—

e —————————— tap

NOTES:

1. This parameter is sampled and is not 100% tested.

2. OE may be delayed to t,, -t after the falling edge of CE without impact on t,,.

3. t,. is specified from OE or é, whichever occurs first.

4. These are equivalent test conditions and actual test conditions are dependent on the tester.

. GeeQ Technology, Incorporated
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Incorporated on SEEQ’s EPROMs is Silicon Signature.
Silicon Signature contains encoded data which identifies
SEEQ as the EPROM manufacturer, the product’s fab
location, and programming information. This data is
encoded in ROM to prevent erasure by ulfraviolet light.

Erasure Characteristics

The 16K and 128K EPROMs are erased using ultraviolet
light which has a wavelength of 2537 Angstroms. The
integrated dose, i.e. intensity x exposure time, for erasure
is aminimum of 15 watt-second/cm?. The EPROM should

2764
27128

Silicon Signature is activated by raising address A, to 12V
+ 0.5V, bringing chip enable and output enable to a TTL
low, having V.. at 5V, and having all addresses exceptA,
ata TTL low. The Silicon Signature data is then accessed
by toggling (using TTL) the column address A, There are
2 bytes of data available (see Table 2). The data appears
onoutouts O, to O,, with O, usad as an odd parity bit. This
mode is functional at 25+ 5°C ambient temperature.

Table 2. Silicon Signature Bytes

o GeeQ Technology, Incorporated

be placed within 1 inch of the lamp tube during erasure.
Table 1 shows the typical EPROM erasure time for various A0 Hex Data
light intensities. SEEQ Code (Byte 0) Vi 94
Product Code (Byte 1)
2764 Viu 40
Table 1. Typical EPROM Erasure Time 27128 Viu c1
Light Intensity Erasure Time
2!
(Micro-Watts/cm?) {Minutes) Programming
15,000 20 Both EPROMSs may be programmed using an intelligent
10,000 30 algorithm or with a conventional 50 msec programming
5,000 55 pulse.  The intelligent algorithm improves the total
programming time by approximately 10 times over the
conventional 50 msec algorithm. It typically requires only
1.and 2 minute programming time for all 64K and 128K bits
respectively.
Silicon Signature

Incorporated in SEEQ's EPROMs is a row of mask
programmed read only memory (ROM) cells which is
outside of the normal memory cell array. The ROM
contains the EPROM's Silicon Signature.  Silicon
Signature contains data which identifies SEEQ as the
manufacturer and gives the product code. This data
allows programmers to match the programming
specification against the product which is to be
programmed. Ifthere is verification, then the programmer
can proceed programming.

The intelligent algorithm requires V.= 6Vand V=21V
during byte programming. The initial program pulse width
is one millisecond, followed by a sequence of one millisec-
ond pulses. A byte is verified after each pulse. A single
program pulse, with a time duration equal to 4 times the
number of one millisecond pulses applied, is additionally
given to the address after it is verified as being correctly
programmed. A maximum of 15 one millisecond pulses
per byte should be applied to each address. When the
intelligent algorithm cycle has been completed, all bytes
mustbe read atV, .=V, = 5V.

MD400010/A




2764
27128

Intelligent Algorithm Flowchart

START

( apoR-FiRsTLOCATION )

Vee =60V
Vpp=21V

——( PROGRAM ONE 1 msec PULSE )

INCREMENT X

X=157?

NO

FALL VERIFY ONE VERIFY FAIL DEVICE
BYTE BYTE FAILED

PASS PASS

PROGRAM ONE PULSE
OF 4X msec DURATION

NO
INCREMENT ADDR LAST ADDR ?

YES

Vog=Vpp =50V

COMPARE
ALL BYTES FAL DEVICE
TO ORIGINAL FAILED
DATA

PASS

DEVICE
PASSED

. seeQ Technology, Incorporated
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ADDRESSES

DATA

NOTES:

Intelligent Algorithm

2764
27128

l¢— PROGRAM—————— Pl VERIFY— ]
iy 4 |
g ADDRESS STABLE
Vi 55
l— tas—m| et tAH
= \ ]
—-g DATA IN STABLE E wenz /71 DATA OUT VALID
v X £5 ot
L
torp
leat— tDS—P ton T o (0.13)
@ @ MAX.
Vep 55
v ._/ .
e -~ e
Ve +1 —5 5
Veo __/
g tves — !
@
Vig =\
vy 55
Id— 1CES i
v * o
" N/ .
v
L
|Pw - t— ' OES _pua! > 005
(0.95me) - @ .
topw
v (38ms)

- seeQ Technology, Incorporated
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1. Alltimes shown in () are minimum and in psec unless otherwise specified.
2. The input timing reference level is .8V foraV, and2VforaV,,.
3. t,. and t,, are characteristics of the device but must be accommodated by the programmer.
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2764
27128

Intelligent Algorithm
AC Programming Characteristics/l TA =25°+5°C,V, "=6.0V£0.25V,V,, =V 05V

Limits
Symbol | Parameter Min. Typ. Max. Unit
ts Address Setup Time 2 us
toes OE Setup Time 2 us
s Data Setup Time 2 us
ta Address Hold Time 0 us
L Data Hold Time 2 us
toee Output Enable to Output Float Delay 0 130 ns
Yips Ve Setup Time 2 Hs
tycs Ve Setup Time 2 us
tow?! PGM Initial Program Pulse Width 0.95 1.0 1.05 ms
topw! PGM Overprogram Pulse Width 3.8 63 ms
tees CE Setup Time 2 us
—_—
toe Data Valid from OE 150 ns
NOTES: . Y]
1. V. must be applied simultaneously or before V,,, and AC T_eSt Conditions
removed simultaneousy or after V.. Input Rise and Fall Times (10% to 90%) ............... 20 ns
2. Initial Program Pulse width tolerance is 1 msec £ 5 %. Input Pulse Levels .........eicevnicvrnnncas 045Vt024V
3. The length of the overprogram pulse will vary from 3.8 msec Input Timing Reference Level .... .08Vand2.0V
1o 63 msec as a function of the iteration counter value X. Output Timing Reference Level ............ 0.8Vand2.0V
4. For 50 ms programming, V. = 5V+ 5%, T,,, =50 ms £ 10 %,
and T, is not applicable.
Ordering Information
D Q 27128 - XX
_T_ T 2764 - XX
PACKAGE TEMPERATURE PART TYPE ACCESS TIME
TYPE RANGE
D= CERDIP Q=0°Cto+70°C 2764 - 8K x 8 EPROM 16 -160 ns
(COMMERCIAL) 27128- 16K x 8 EPROM 20 -200 ns
25-250 ns
30-300ns
45-450 ns

- SeeQ Technology, Incorporated
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Seeq® 27C256

256K CMOS EPROM

November 1989

Features Pin Configuration
W 256K (32K x 8) CMOS EPROM 27C256
| Ultra Low Power
« 100 pA Max. V,, Standby Current ver
+ 40 mA Max. Active Current Az [
B Programmed Using Intelligent Algorithm A7 {J
-125VV,, As (]
B 200 ns Access Times As
< 5V+10% V,, Ay
« 0° to 70°C Temperature Range Az
B Minimum 10 Year Data Retention A2
W JEDEC Approved Bytewide Pin Configuration A O
W Silicon Signature® #o
B Military and Extended Temperature Range %
Available. %
% [
. ano
Description

SEEQ's 27C256 is the industry's first 256K CMOS
EPROM. It has a 32K x 8 organization and has very low
power dissipation. Its 40 mA active currentislessthan one
half the active power of n-channel EPROMSs. In addition
the 100 uA V. standby current is orders of magnitude
lower than those same EPROMs. Consequently, system As-A14 [:>
memory sizes can be substantially increased at a very
smallincrease in power. Low active and standby power is

ROW
DECODERS

MEMORY
ARRAY

Mode Selection AoAs ) com ADORESS
CE OF GATI
PINS[GE | OE | V,p | Voo |  Outputs e

MODE (20) | (22) [ (1) | (28) | (11-13,15-19) OE—{ conTROL vo
Read A Vi | Voo | Vee | Dour ce—= Loaic BUFFERS
Output Disable X | Vg | Vee | Vee | HighZ

Standby Viu X | Vee | Voo | HighZ

Program Vi | Viu | Ver | Vec | Din 0.7
Program Verify [V, | Vi, | Ver | Vee | Dour

Program Inhibit | V,, | Viy | Vep | Vec | HighZ Pin Names

Silicon Signature*| V,, | V,, | Vec | Vec | Encoded A=A ADDRESSES — COLUMN (LSB)

Data A-A,, ADDRESSES - ROW

X can be either V, or V,, CE CHIP ENABLE
*For Silicon Signature: A, is toggled, A, = 12V, and all other =

addresses are at a TTL low. A Ot OUTPUT ENABLE

- . . ) 0,-0, OUTPUTS
Silicon Signature is a registered trademark of

SEEQ Technology.

- eeeQ Technology, Incorporated
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important in applications which require portability, low
cooling cost, high memory bit density, and long term
reliability.

The 27C256 is specified over the 0° to 70° C temperature
range and at 5 V+ 10% V.. The access time is specified

27C256

at 200 ns, making the 27C256 compatible with most of
today’s microprocessors. lIts inputs and outputs are
completely TTL compatible.

Initially, and after erasure, all bits are in the"1" state. An
intelligent algorithm is used to program the 27C256 typi-

Absolute Maximum Ratings

Temperature

Storage ....... —65°C to +150°C

Under Bias —-10°C to +80°C
All Inputs and Outputs

with Respect to Ground .............c.eu.... +7Vto-06V
V. with Respect to Ground ............... +14.0Vio-06V
Voltage on A,

with Respect to Ground.................... +14.0Vito-0.6V

Recommended Operating Conditions

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stressrating only andfunctional 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 cond-
tions for extended periods may affect device reliability.

27C256-20, 27C256-25
27C256-30, 27C256-45

V.. Supply Voltage!"! 5V +10%
Temperaiure Range {Read Mode) | {Ambient) 0°C to 70°C
V., During Read!?! Vee
V., During Programming®®! 12.5+0.3V
DC Operating Characteristics During Read or Programming
Limits
Symbol Parameter Min. Max. Units Test Condition
() Input Leakage 1 MA Vi = Ve Max
1,91 Output Leakage 10 pA Vour = Vee Max.
lep Ve Current: —
Standby Mode 150 HA CE =V -1 v. min
Read Mode 1 mA F=5MHz,CE=V,
Programming Mode 30 mA Vpp=12.5V.
lecs V. Standby Current 100 pA CE2V -1V
lecs V.. Standby Current 1.5 mA CE=V,
lecs V, Active Current 40 mA CE=0E=V,,0,_,=0,
F =5 MHz.
Vi Input Low Voltage ~0.1 0.8 v
Vi Input High Volitage 2.0 Vee + 1 \
Voo Output Low Voltage 0.45 \ lo=2.1ma
Vou Output High Voltage 24 \ loy =—400 pA
NOTES:

1.V, must be applied simultaneously or before V,,, and removed simultaneously or after V.

2.V, cannot be left floating and should be connected to V. during read.

3. 0.1 pF ceramic capacitor on V,, is required during programming only, to suppress voltage transients.
4. Inputs only. Does not include 1/O.

5. For /O only.

- seeQ Technology, Incorporated
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27C256

AC Characteristics Read Operation (Over operating temperature and V., range, unless otherwise specified)

Limits
27C256-20 | 27C256-25 | 27C266-30 | 27C256-45 Test
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units | Conditions
tan Address Access Time 200 250 300 450 | ns | CE=OE=V,]
tee Chip Enable Access Time 200 250 300 450 | ns |OE=V,
toe Output Enable Access Time 75 100 120 150 | ns |[CE=V,
tor Output or Chip Enable off 60 60 105 130 | ns E=V,
to Output Floati®!
ton Output Hold from Address 0 0 0 0 ns | CE=OE=V,|
Change, Chip Enable, or
Output Enable, whichever
occurs first
Capacitance!" A.C. Test Conditions
Symbol |Parameter Typ. [ Max | Unit | Conditions Qutput Load: 1 TTL gate and C, = 100 pF
: ~ Input Rise and Fall Times:< 20 ns
Cu Input Capacn:«?nce 4 6 | PF | Vin=0V Input Pulse Levels: 0.45Y to 2.4V
Cour | Output Capacitance 8 [ 12 | pF | V=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. Waveforms

r - —
ADDRESSES X ADDRESSES VALID
. [

- )

e tce———]

—— | we®
lat— 1op 12— ]
—_—— —! toy -
HIGH Z //7///7 T\Y HicHz
VO 4 VALID OUTPUT 8—5———
o7 A\ N £/

[ g ——————— ]

NOTES:

1. This parameter is sampled and is not 100% tested.

2. OE may be delayed to t,, —t., after the falling edge of CE without impact on t, .
3. t,. is specified from OE or TE, whichever occurs first.

- seeQ Technology, Incorporated
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- SeeQ Technology, Incorporated

cally in four minutes. Data is programmed using a 12.5V
V.., and an initial chip enable pulse of 1.0 ms.

Incorporated on the 27C256 is Silicon Signature. Silicon
Signature contains encoded data which identifies SEEQ
as the EPROM manufacturer and gives the product code.
This data is encoded in ROM to prevent erasure by
uitravioiet iight.

Erasure Characteristics

The 27C256 is erased using uitraviolet light which has a
wavelength of 2537 Angstroms. The integrated dose, i.e.
intensity x exposure time, for erasure is a minimum of 15
waft-seconds/cn?. The EPROM should be placed within
one inch of the lamp tube during erasure. Table 1 shows
the typical EPROM erasure time for various light intensi-
ties.

Table 1. Typical EPROM Erasure Time

Light Intensity Erasure Time
(Micro-Watts/cm?) (Minutes)
15,000 20
10,000 30
5,000 85

Silicon Signature

Incorporated in SEEQ’s EPROMs is a row of mask pro-
grammed read only memory (ROM) cells which is outside
of the normal memory cell array. The ROM contains the
EPROM's Silicon Signature. Silicon Signature contains
datawhich identifies SEEQ as the manufacturer and gives
the product code. This data allows programmers to match

27C256

the programming specification against the product which
is to be programmed. If there is verification, then the
programmer proceeds to program.

Silicon Signature is activated by raising address A,to 12V
+ 0.5V, bringing chip enable and output enable to a TTL
low, having V,,.at 5V, and having all addresses except A,
ata TTL low. The Silicon Signature data is then accessed
by toggling A, The data appears on outputs O, to O,, with
O, used as an odd parity bit (see Table 2).

Table 2. Silicon Signature Bytes

A0 Hex Data
SEEQ Code (Byte 0) V. 94
Product Code (Byte 1) Vi c2
Programming

The 27C256 is programmed using the industry standard
intelligent algorithm.

The intelligent algorithm requires V,,=6 Vand V,,=12.5
V during byte programming. The initial program pulse
width is 1.0 millisecond, followed by a sequence of 1.0
millisecond pulses. A byte is verified after each pulse. A
single program pulse, with a time duration equal to 3 times
the number of 1.0 millisecond pulses applied, is addition-
ally given to the address after it is verified as being
correctly programmed. A minimum of one to a maximum
of 25 1-ms pulses, plus one 3X overpulse, may be applied
to each byte. When the intelligent algorithm cycle has
been completed, all bytes must be read at V.=V, ,=5 V.

MD400012/A
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Intelligent Algorithm Flowchart

START

(_ ADDR-FiRST LOCATION )

Vpp=125V

PROGRAM ONE PULSE
OF 3X msec DURATION

LAST ADDR ?

INCREMENT ADDR

Vog = Vpp =5.0V

27C256

DEVICE
FAILED

COMPARE
ALL BYTES
TO ORIGINAL

DEVICE
FAILED

DEVICE
PASSED

- GeeQ Technology, Incorporated
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27C256

Intelligent Algorithm

4 PROGRAM——————— P> VERIFY——————
Vi 55
ADDRESSES X ADDRESS STABLE X
v . rra H
T 1 Cod ]
e tAs—mm AH
v @ oy
H r X weHz  JT77TT7
DATA DATA IN STABLE )Y DATA OUT VALID e
v £ S
L
N d
L— 108 | g 10H g > (0.13)
@ @ Max.
Vep £5
o /
Vee let— tvPS —
@
VCC +1 n’:
Vec /
Ve .
[ ' VCS—
@)
v £C
— 'M \- -~
CE \ 7
ViL a
pw t t
o [—> - ?ZE)S «b‘ - (oﬁis)—b
Viy MAX. —
OE topw K_ /
Vi {3 ms) C e

NOTES:

1. All times shown in () are minimum and in psec unless otherwise specified.

2. The input timing reference level is 0.8V fora V, and 2V foraV

3. t,. and t,_, are characteristics of the device but must be accommodated by the programmer.

4. 0.1 uF ceramic capacitor on V,, is required during programming only, to suppress voltage transients.

- QeeQ Technology, incorporated
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27C256

Intelligent Algorithm
AC Programming Characteristics TA =25°+5°C,V, "1=6.0V£0.25V,V,, =125V

Limits
Symbol | Parameter Min. Typ. Max. Unit
tas Address Setup Time 2 us
t OE Setup Time 2 s
oEs P [
tos Data Setup Time 2 us
ta Address Hold Time 0 ps
tou Data Hold Time 2 ps &
tore Output Enable to Output Float Delay 0 130 ns 8
typs V.. Setup Time 2 us &
tics V¢ Setup Time 2 us
tow CE Initial Program Pulse Width 0.95 1.0 1.05 ms
tew2 | CE Overprogram Pulse Width 2.85 78.75 ms
toe Data Valid from OE 150 ns
:JOJE& bo abpliod simul v or bofors V. and AC Test Conditions
: rg;,?::; sima‘mﬁeozru taneously or before V.., an Input Rise and Fall Times (10% to 90%j) ............... 20 ns
y or after V...
2. The length of the overprogram pulse wilt vary from 2.85 msec Input PU/S’E Levels ......civeiriceiciiaanee 045Vt024V
to 78.75 msec as a function of the iteration counter value x. Input Timing Reference Level................. 08Vand2.0V
Output Timing Reference Level ............. 0.8Vand2.0V
Ordering Information
-Il?' _T 27C256 - __2_[_5_
PACKAGE TEMPERATURE PART TYPE ACCESS TME
TYPE RANGE
D = CERDIP Q=0Cto+70°C 32Kx 8 EPROM 20-200ns
UX = UNENCAPSULATED DIE COMMERCIAL 25-250ns
30-300ns
45.450ns
R - 1= ] r—

MD400012/A 3-17
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SeeQ

8003
EDL C® Ethernet
Data Link Controller

November 1989

Features

Optimized for Burst Mode DMA Applications

100% Ethernet/IEEE 802.3 (10BASES5) and
IEEE 802.3/CHEAPERNET (10BASE2)

10 MHz Serial/Parallel Conversion
Preamble Generation and Removal

Automatic 32-Bit FCS (CRC) Generation and
Checking

Collision Handling, Transmission Deferral and
Retransmission with Automatic Jam and
Backoff Functions

Error Interrupt and Status Generation
40 Pin Package

Single 5 V+ 10% Power Supply
Standard CPU and Peripheral Interface

Description

The SEEQ Ethernet Data Link Controller (EDLC) is de-
signed to support Data Link Layer (fayer 2) of the Ethernet
specification for Local Area Networks (LAN). The system
interface is optimized for ease of connection to commonly
available DMA Controllers and specifically for BURST
MODE OPERATION. The 8003 interfaces directly to the
8023A and 8020 Manchester Code Converters to com-
plete the station resident Ethernet functions. The protocol
used is Carrier Sense, Multiple Access with Collision
Detection (CSMA/CD). The 8003 EDLC chipis a single 40
pin VLS| device which replaces approximately 60 MSl and
SSldevices. ltis designed to greatly simplify the develop-
ment of Ethernet communication in computer based sys-
tems. The 8003 provides an economic solution for the con-
struction of an Ethernet node, providing high speed data
communication at 10 Megabits/second and sees applica-
tions in terminals, workstations, personal computers,

Control Signals small business systems, and large computer systems, in
both the office and industrial environment. The 8003

u L¢.7op back Capability for Diagnostics EDLC chip has a universal system interface compatible
W Single Phase Clock with almost any microprocessor, microcomputer, or sys-
W Inputs and Outputs TTL Compatible tem bus, allowing the system designer to make the price/

Functional Block Diagram

performance tradeoffs for each application. The transmit
and receive sections of the EDLC chip are independent

/ TxD a2\
Al
TRANSMIT A0
BYTE -
COUNTER %
ENCODER | | E—— WA
INTERFACE BACKOFF
ATTEMET CONTROLLER J NT
COUNTER CONTROL INTERRUPT[ 3 D6 COMMAND!/
o REGISTER :> AND | [STATUS
T T
TRANSMIT FILE CONTROL x RE
TxEN N
BYTE Cp 81(0-7)
CONTROL e " hat
/o GENERATOR
TxWR
TxRDY PARALLEL
1 /SERIAL
X RESET
ngﬁT RECEIVE BIT —-—
DATA - BxTxD(0-7) FIFO CONTROL CSN
INTERFACE ] PLA ~ DECODER
KE RxD INTERFACE
16-BYTE
RECEIVE SERIAL
FIFO TRIPPES /PARALLEL
R xRDY ]
AxAD K :

\ ADDRESS
CHECKER

RECEIVE
COUNTER

RxC
RECEVE | cLock —
comrod | {orvers

EDLC is a registered trademark of SEEQ Technology Inc.

. GeeQ Technology, Incorporated
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and can operate simultaneously to allow reception of a
transmitted frame for use in loopback diagnostics modes.

Functional Description

Frame Format

On an Ethernet communication network, information is
transmitted and received in packets or frames. An Fth-
ernet frame consists of a preamble, two address fields, a
byte-count field, a data field and a frame check sequence
(FCS). Each field has a specific format which is described
in detail below. An Ethernet frame has a minimum length
of 64 bytes and a maximumlength of 1518 bytes exclusive
of the preamble. The Ethernet frame format is shown
below.

I | |

PREAMBLE ' BOURCE
®

DATA FCS
ADDRESS (48-1500) 2}
DESTINATION  (¢)  BYTE
ADDRESS COUNT
(] @

NOTE:
Field length in bytes in parentheses.

Preamble: The preamble is a 64-bit field consisting of 62
alternating “1”s and “0"s followed by a “11” End-of-Pre-
amble indicator.

Destination Address: The Destination Addressis a 6-byte
field containing either a specific Station Address, a Broad-
cast Address, or a Multicast Address to which this frame is
directed. .

Source Address: The Source Address is a 6-byte field
containing the specific Station Address from which this
frame originated.

Byte-Count Field: The Byte-Count Field consists of two
bytes providing the number of valid data bytes in the Data
Field, 46 to 1500. This field is uninterpreted at the Data
Link Layer, and is passed through the EDLC chip to be
handled at the Client Layer.
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Data Field: The Data Field consists of 46 to 1500 bytes of
information which are fully transparent in the sense that
any arbitrary sequence of bytes may occur.

Frame Check Sequence: The Frame Check Sequence
(FCS) field is a 32-bit cyclic redundancy check (CRC)
value computed as a function of the Destination Address
Field, Source Address Field, Type Field and Data Field.
The FCSis appendedto each transmittedframe, andused
at reception to determine if the received frame is valid.

Transmitting

The transmit data stream consists of the Preamble, four
information fields, and the FCS which is computed in real
time by the EDLC chip and automatically appended to the
frame at the end of the serial data. The Preamble is also
generated by the EDLC chip and transmitted immediately
prior to the Destination Address. Destination Address,
Source Address, Type Field and Data Field are prepared
in the buffer memory prior to initiating transmission. The
EDLC chip encapsulates these fields into an Ethernet
frame by inserting a preamble prior to these information
fields and appending a CRC after the information fields.

Transmission Initiation/Deferral

The Ethernet node initiates a transmission by storing the
entire information content of the frame to be transmitted in
an external buffer memory, and then transferring initial
frame bytes to the EDLC Transmit FIFO. “Transmit-buffer
to FIFO" transfers are coordinated via the TxWR and
TxRDY handshake interface, i.e., bytes are written to the
FIFO via TxWR only when TxRDY is HIGH. Actual trans-
mission of the data onto the network will only occur if the
network has notbeen busy for the minimum defer time (9.6
ps) and any Backoff time requirements have been satis-
fied. When transmission begins, the EDLC chip activates
the transmit enable (TxEN) line concurrently with the
transmission of the first bit of the Preamble and keeps it
active for the duration of the transmission.

RxTx DO | 6
RxTx D1 | 7
RxTx D2 | 8
RxTx D3 | 9
RxTx D4 | 10

RxTx D5 | 11
RxTx D6 | t2

RxTx 07 | 13
FIRST BYTE - l ,y __ SIXTHBYTE

I PREAMBLE lAO ... A7 IAG ... A1 | s [uo ... A47 | SOURCE ADDRESS ...
X
AN ‘ /
DESTINATION ADDRESS

BITS WITHIN A BYTE TRANSMITTEDVRECEIVED BIT NO. "0 FIRST THROUGH BIT NO. "7°LAST.

Figure 1. Bit Serialization/Deserialization
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FIRSTBYTE | A7 ...... 0 \
MS L a8
A3 ae || DESTINATION
A3 L A24 (6 BYTES)
[ A3z
M7 . Ll V4
87 ... 80 |
BIS ...... B
B3 ...... B16 SOURCE
Bt ... 2 | | (sBYTES)
B9 ... 32
Be7 ... 80 | /
7o To BYTE GOUNT
TS ... T (2BYTES)
o7 ... Do
2 Lo,
BYTES)
LAST BYTE y,

Figure 2. Typical Frame Buffer Format for
Byte-Organized Memory

Collision

When concurrent transmissions from two or more Ethernet
nodes occur (collision), the EDLC chip halts the transmis-
sion of the data bytes in the Transmit FIFO and transmits
a Jam pattern consisting of 55555555 hex. Atthe end of
the Jam transmission, the EDLC chip issues a TxRET
signal fo the CPU and begins the Backoff wait period.

To reinitiate transmission, the initial bytes of the frame
information fields must be reloaded into the EDLC Trans-
mit FIFO. The TxRET is used to indicate to the buffer
manager the need for frame reinitialization. The reloading
of the Transmit FIFO may be done prior to the Backoff
interval elapsing, so that no additional delay need be
incurred to retransmission.

Scheduling of retransmission is determined by a con-
trolled randomization process called Truncated Binary
Exponential Backoff. The EDLC chip waits a random
interval between 0 and 2 slot times (51.2 us per slot time)
before attempting retransmission, where “K”is the current
transmission attempt number (not to exceed 10).

When 16 consecutive attempts have been made at trans-
mission and all have been terminated due to collision, the
EDLC Transmit Control sets an error status bit and issues
an interrupt to the CPU if enabled.

Terminating Transmission
Transmission Terminates under the following conditions:

Normal: The frame has been transmitted successfully
without contention. Loading of the last data byte into the
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Transmit FIFO is signaled to the EDLC chip by activation
of the RxTXEOF signal concurrently with the last byte of
data loaded into the Transmit FIFO. This line acts as a
ninth bit in the Transmit FIFO. When this last byte is
serialized, the CRC is appended and transmitted conclud-
ing frame transmission. The Transmission Successful bit
of the Transmit Status Register will be set by a normal
termination.

Collision: Transmission attempted by two or more Eth-
ernet nodes. The Jam sequence is transmitted, the Colli-
sion status bit is set, the TxRET signal is generated, and
the Backoff interval begun.

Underflow: Transmit data is not ready when needed for
transmission. Once transmission has begun, the EDLC
chip on average requires one transmit byte every 800 ns
in order to avoid Transmit FIFO underflow (starvation). If
this condition occurs, the EDLC chip terminates the trans-
mission, issues a TxRET signal, and sets the Transmit-
Underflow status bit.

16 Transmission Attempts: If a Collision occurs for the
sixteenth consecutive time, the 16-Transmission-At-
tempts status bit is set, the Collision status bit is set, the
TxRET signal is generated, and the Backoff interval be-
gun. The counter that keeps track of the number of
collisions is modulo 16 and therefore rolls over on the 17th
collision.

Atthe completion of every transmission or retransmission,
new status information is loaded into the Transmit Status
Register. Dependent upon the bits enabled in the Trans-
mit Command Register, an interrupt will be generated for
the just completed transmission. In both collision and
underflow the TxRET signal is activated.

Receiving

The EDLC chip is continuously monitoring the network.
When activity is recognized via the Carrier Sense (CSN)
line going active, the EDLC chip synchronizes itself to the
incoming data stream during the Preamble, and then
examines the destination address field of the frame.
Depending on the Address Match Mode specified, the
EDLC chip will either recognize the frame as being ad-
dressed o itselfin a general or specific fashion or abort the
frame reception.

Preamble Processing

The EDLC chip recognizes activity on the Ethernet via the
Carrier Sense line. The Preamble is normally 64 bits (8
bytes) long. The Preamble consists of a sequence of 62
alternating “1"s and “0"s followed by “11°, with the frame
information fields immediately following. In order for the
decoder phase-lock to occur, the EDLC chip waits 16 bit
times before looking for the “11" end of preamble indicator.
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If the EDLC chip receives a “00" before receiving the “11"
in the Preamble, an error condition has occurred. The
frame is not received, and the EDLC chip begins monitor-
ing the network for a carrier again.

Address Matching
Ethernet addresses consist of two 6-byte fialds. The first

bit of the address signifies whether itis a Station Address
or a Multicast/Broadcast Address.

First Bit Address
0 Station Address (Physical)
1 Muilticast/Broadcast Address
{logical)

Address matching occurs as follows:

Station Address: All destination address bytes must
match the corresponding bytes found in the Station Ad-
dress Register.

Muiticast Address: if the first bit of the incoming address
is a 1 and the EDLC chip is programmed to accept
Multicast Addresses, the frame is received.

Broadcast Address: The six incoming destination ad-
dress bytes must all be FF hex. If the EDLC chip is
programmed to accept broadcast or Multicast Addresses
the frame will be received.

If the incoming frame is addressed to the EDLC chip
specifically (Destination Address matches the contents of
the Station Address Register), or is of general or group
interest (Broadcast or Multicast Address), the EDLC chip
will pass the frame exclusive of Preamble and FCS to the
CPU buffer and indicate any error conditions at the end of
the frame. If, however, the address does not match, as
soon as the mismatch is recognized the EDLC chip will ter-
minate reception and issue an AxDC.

The EDLC chip may be programmed via the Match Mode
bits of the Receive Command Register to ignore all frames
(Disable Receiver), accept all frames (Promiscuous
mode), accept frames with the proper Station Address or
the Broadcast Address (Station/Broadcast), or accept all
frames with the proper Station Address, the Broadcast
Address, or all Multicast Addresses (Station/Broadcast/
Multicast).

Terminating Reception
Reception is terminated when either of the following con-
ditions occur:
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Carrler Sense Inactive: Indicates that traffic is no longer
present on the Ethernet cable.

Overflow: The host node for some reason is not able to
empty the Receive FIFO as rapidly as it is filled, and an
error occurs as frame data islost. On average the Receive
FIFO mustbe serviced every 800 ns to avoid this condition.

Frame Reception Conditions

Upon terminating reception, the EDLC chip will determine
the status of the received frame and conditionally load it
into the Receive Status Register. An interrupt will be
issued if the appropriate conditions as specified in the
Receive Command Register are present. The EDLC chip
may report the following conditions at the end of frame
reception:

Overflow: The EDLC internal Receive FIFO overflows.

Dribble Error: Carrier Sense did not go inactive on a
receive data byte boundary.

CRC Error: The 32-bit CRC transmitted with the frame
does not match that calculated upon reception.

Short Frame: A frame containing less than 64 bytes of
information was received (including FCS).

Good Frame: A frame is received that does not have a
CRC error, Shortframe or Overflow Condition.

System Interface

The EDLC chip systeminterface consists of two independ-
ent busses and respective control signals. Data is read
and written over the Receive/Transmit Data Bus RxTxD
(0-7). These transfers are controlled by the TxRDY and
TxWR signals for transmitted data and RxRDY and RXRD
for received data. All Commands and Station Addresses
are written, and all status read over a separate Command/
Status Bus CdSt (0-7). These transfers are controlled by
the CS, RAD, WR and A0-A2 signals. The EDLC chip’s
command and status registers may be accessed at any
time. However, it is recommended that writing to the
command register be done only during interframe gaps.

With the exception of the two Match Mode bits in the
Receive Command Register, all bits in both command
registers are interrupt enable bits. Changing the interrupt
enable bits during frame transmission does not affect the
frame integrity. Asynchronous error events, however,
e.g., overflow, underflow, etc., may cause chip operation
to vary, iftheir corresponding enable bits are being altered
at the same time.

Reading the status registers may also occur at any time
during transmission or reception.

MD400024/B
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SYSTEM
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TRANSCEIVER
Figure 3. Typical Ethernet Node Configuration
=
Internal Register Addressing condition will cause aninterrupt to be generated. The four 8
specific conditions for which interrupts may be generated <
Register are: '&'
Address Register Description « Underflow (<]
A2 [A1 | A0 Read Write . ?glgsi;ﬁ,
- . ollisions
? g g ? - g:a:fm ?\ggr ? » Transmission Successful
slol1lo - Statfon Ad dr 2 The interrupt signal INT will be set when one or more of the
alol1 |1 - P ation Ad dr 3 specified transmission termination conditions occurs and
sl1lolo - S’;a:!on Ad dr 4 the associated command bit has been set. The interrupt
- ation d signal INT will be cleared when the Transmit Status
§11]10]1 — Station Addr 5 Register is read.
6 {11 |0 |RxStatus Rx Command ’
71 |1 [1 [TxStatus | TxCommand All bits of the Transmit Command Register are cleared

upon chip reset.
Status Registers are read only registers. Command and

Station Address registers are write only registers. Access Transmit Command Register Format
to these registers is via the CPU interface: Control signals 76543210 BT

CS, RAD, WR, and the Command/Status Data Bus [o[ofolo] [ [ 1]

CdSt (0-7).

|— Interrupt on Transmit Underflow

Station Address Register Interrupt on Transmit Collision
The Station Address Register is 6 bytes in length. The Z":’;‘“;:;m 18 Transmission
contents ma y be written in any ordgr, W{'th bit “0”of byte “0” Interrupt on Transmission
corresponding to the first bit received in the data stream, Successtul

and indicating whether the address is physical or logical.
Bit 7 of station address byte 5 is compared to the last bit of
the received destination address. The Station Address

Transmission Successful is set only on the successful
transmission or retransmission of a frame.

should be programmed prior to enabling the receiver. Transmit Status Register

T it C d Redi The Transmit Status Register is loaded at the conclusion

T;anim t q:nénan Zg ; ter X , X of each frame transmission or retransmission attempt. It
e Transmit Command Register is an interrupt mas provides for the reporting of both the normal and error

register, which provides for control of the conditions al-
lowed to generate transmit interrupts. Each of the four
least significant bits of the register may be individually set The OLD/NEW status bit is set each time the Transmit
or cleared. When set, the occurrence of the associated Status Register is read, and reset each time new status is

termination conditions of each transmission.

T seeQ Technology, Incorporated
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loaded into the Transmit Status Register. The OLD/NEW
status bit is SET, and all other bits CLEARED upon chip
reset,

Transmit Status Register Format
76543210 BT

X|x|{x

|— Transmit Underfiow
L—— Transmit Collision
16T Attemp!

T
Old/New Status

Receive Command Register

The Receive Command Register has two primary func-
tions, it specifies the Address Match Mode, and it specifies
Frames-of Interest. i.e. frames whose arrival must be
communicated to the CPU via interrupts and status regis-
ter updates. Frames-of-Interest are frames whose status
mustbe savedforinspection, even atthe expense oflosing
subsequent frames.

Receive Command Register Format
76543210 BIT

l— Interrupt on Overflow Error
Interrupt on CRC Error
Interrupt on Dribble Error
Interrupt on Short Frame
Interrupt on End of Frame
Interrupt on Good Frames
Match Mode 0

Match Mode 1

Bits 0-5 specify Interrupt and Frame-of-Interest when set.
Bit 4, End of Frame, specifies any type of frame except
overflow.

Match Mode Definition
Match | Match
Mode | Mode
1 0 Function
0 0 0 Receiver Disable
1 0 1 Receive All Frames
2 1 0 Receive Station or Broadcast
Frames
3 1 1 Receive Station,
Broadcast/Multicast Frames

Changing the receive Match Mode bits during frame re-
ception may change chip operation and give unpredictable
results.

Interrupt Enable and Frames-of-interest
Bits 0-5 when set specify interrupt generation on occur-
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rence of the corresponding frame reception condition.
They also specify the corresponding types of frames to be
Frames-of-Interest for use by the Receive Status Register
to control status loading.

Receive Status Register

The Receive Status Register is normally loaded with the
status of each received frame when the frame has been
received or frame reception has been terminated due to an
error condition. In addition, this register contains the Old/
New Status bit which is set when the Receive Status
Register is read or the chipis reset, and cleared only when
status is loaded for a Frame-of-interest (as defined by bits
0-5 of the Receive Command Register). All other bits are
cleared upon chip reset.

Recelve Status Register Format
76543210 BT

T

Raceived Frame with Overflow Error
Received Frame with CRC Error
Received Frame with Dribble Error
Raceived Short Frame

Received End of Frame

Recaived Good Frame

Old/New Status

The Old/New Status bit write-protects the Receive Status
Register while it contains unread status for a Frame-of-
Interest. When this bit is zero, the register is write-
protected. The Old/New Status bitis cleared whenever the
status of a new Frame-of-Interest is loaded into the Re-
ceive Status Register and is set after that status is read.
When zero, it indicates ‘new status for a Frame-of-
Interest”.

Thus the status of any frame received following the recep-
tion of a Frame-of-Interest will not be loaded into the
Receive Status Register unless the previous status has
been read. If any following frame is received before the
status of the previous Frame-of-Interest has been read,
the new status will not be loaded, the Receive Discard
(RxDC) signal will be issued and the Receive FIFO will be
cleared.

With this one exception caused by a write-protect condi-
tion, the status of each frame is always loaded into the
Receive Status Register on completion of reception.

Any frame received will cause aninterrupt to be generated
if the corresponding Interrupt Enable bit is set. This
interrupt is reset upon reading the Receive Status Regis-
ter.

These conditions ensure that a maximum number of good
frames are received and retained.

MD400024/B
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A sw{Yvee
FX1s B 39 (] A2
TxEN[]3 s[)cs
TxD{J4 RD

RxTxDo(]s
RxTxD1[}7
RxTxb2(}8
RxTxD3[}o
RxTxD4[}10
RxTxDS[]11
RxTxDe[]12
RxTxD7[J13
Txc 14 RxC
TxwR [J1s
TxRDYL] 16
RxTxEOF [} 17

Figure 4. Pin Configuration

Pin Description
The EDLC chip has four groups of interface signals:

* Power Supply ¢ Data Buffer

» Encoder/Decoder »Command/Status

Power Supply

Vg ottt s +5V
Vs rrmmrmmmmmmastmssissssssincsssssisssestsssssassenssssasssassases Ground

Encoder/Decoder Interface

TxC Transmit Clock (Input): 10 MHz, 50% duty cycle
transmit clock used to synchronize the transmit data from
the EDLC chip to the encoder. This clock runs continu-
ously, and is asynchronous to RxC.

TxD Transmit Data (Output): Serial Data output to the
encoder. Active HIGH.

TXEN Transmit Enable (Output): This signal is used to
activate the encoder. It becomes active when the first bit
of the Preamble is transmitted and inactive when the last
bit of the frame is transmitted. Active HIGH and cleared by
Reset.

RxC Receive Data (Input): 10 MHz, 50% duty cycle nomi-
nal. The receive clock is used to synchronize incoming
data to the EDLC chip from the decoder. This clock runs
continuously, and is asynchronous to TXC.

RxD Receive Data (Input): Serial input data to the EDLC
chip from the decoder. Active HIGH.

CSN Carrier Sense (Input): Indicates traffic on the coax-
ial cable to the EDLC chip. Becomes active with the first
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bitof the Preamble received, andinactive one bit time after
the last bit of the frame is received. Active HIGH.

COLL Collision (Input): Indicates transmission conten-
tion of the Ethernet cable. the Collision input is latched
internally. Sampled during transmission, Collisionis setby
an active high pulse on the COLL input and automatically
reset at the end of transmission of the JAM sequence.

Data Buffer interface
RxTxD (0-7) Receive/Transmit Data Bus (I/O): Carries
Receive/Transmit data byte fromvto the EDLC chip Re-
ceive/Transmit FIFOs.

RxTxEOF Receive/Transmit End of Frame (I/O): Indi-
cates last byte of data on the Receive/Transmit Data Bus.
Effectively a ninth bit in the FIFOs with identical timing to
RxTxD (0-7). Active HIGH.

RxRDY Receive Ready (Output): Indicates that at least
one byte of received data is available in the Receive FIFO.
This signal will remain active high as long as one byte of
data remains in the Receive FIFO. When this condition no
longer exists, RxRDY will be deasserted withrespectto the
leading edge of the RXRD strobe that removes the last byte
of data from the Receive FIFO. RxRD should not be
activated if RxRDY is low. Active HIGH and cleared by
Reset.

RxRD Receive Read Strobe (Input): Enables transfer of
received data from the EDLC Receive FIFOto the RxTxD
Bus. Data is valid from the EDLC Receive FIFO at the
RxTxD pins on the rising edge of this signal. This signal
should notbe activated unless RxRdy is high. Active LOW.

RxDC Receive Discard (Output): Assertedwhenone of the
following conditions occurs, and the associated Interrupt
Enable bit in the Receive Command Register is reset. (1)
Receive FIFO overflow. (2) CRC Error. (3) Short Frame
Error. (4) Receive frame address nonmatch or (5) current
frame status lost because previous status was not read.
RxDC does not activate on errors when the associated
Interrupt Enable bit is set. In this case, EOF will be
generated instead when the Receive FIFO is read out.
This allows reception of frames with errors. RxDC acts
internally to clear the Receive FIFO.

TXRDY Transmit Ready (Output): Indicates that the
Transmit FIFO has space available for at least one data
byte. This signal willremain active high as long as one byte
of space exists for transmitted data to be written into.
When this condition no longer exists, TxRDY will be
deasserted with respect to the leading edge of the TXWR
strobe that fills the Transmit FIFO. TxRDY is forced
inactive during Reset, and when TxRET is active. Active
HIGH. Goes high after Reset.

MD400024/B
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TxWR Transmit Write (Input): Synchronizes data trans-
fer from the RxTxD Bus to the Transmit FIFO. Data is
written to the FIFO on the rising edge of this signal. This
signal should not be active unless TxRDY is high. Active
LOw.

TxRet Transmit Retransmit (Output): Asserted when-
ever either transmit underflow or transmit collision condi-
tions occur. It is nominally 800 ns in width. Active HIGH.
Asserted by Reset.

TxRET clears the internal Transmit FIFO.

Command/Status Interface

CdSt(0-7) Command/Status Data Bus (l/0): Theselines
carry commands and status as well as station address
initialization information between the EDLC chip and CPU.
These lines are nominally high impedance until activated
by CS and RD being simultaneously active.

A0-A2 Address (0-2) (Input): Address lines to select the
proper EDLC internal registers for reading or writing.

CSChip Select (Input): Chip Select input, must be active
in conjunction with RD orWR to successfully access the
EDLC internal registers. Active LOW.

AD Read (Input): Enables reading of the EDLC internal
registers in conjunction with CS. Data from the internal
registers is enabled via the falling edge of RD and is valid
on the rising edge of the signal. Active LOW.

WR Write (Input): Enables writing of the EDLC internal
registers in conjunction with CS. Write data on the Cdst
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(0-7) data lines must be set up relative to the rising edge
of the signal. Active LOW.

INT Interrupt (Output):Enabled as outlined above by a
variety of transmit and receive conditions. Remains active
until the status register containing the reason for the

intorrunt is read, Active HIGH,

RESET (Input): Initializes control logic, clears command
registers, clears the Transmit Status Register, clears bits
0-5 of the Receive Status Register, sets the Old/New
Status bit (bit 7 of the Receive Status Register), asserts
RxDC and TxRET and clears the Receive and Transmit
FIFOs. In addition, TxRDY is forced low during a reset.
TxRDY goes high when RESET goes high, indicating the
EDLC chip is ready to transmit. RESET is active LOW.

Absolute Maximum Ratings
Ambient Temperature

Under Bias .—10°C to + 80°C
Storage Temperature ...................c...... -65°C to +150°C
All Input or Output Voltages

with Respect to Ground .............cceevvvvivenes +6V to -0.3V
Package Maximum Power Dissipation ............ 1.5 Watts
Operating Conditions

Ambient Temperature Range ...................... 0°C to 70°C

Vo Power Supply ...............cc...... 4.50 Vto 5.50 V

DC Characteristics T,=0°C to 70°C, V,, = 5V 10 5%

Limitsi!l
Symbol | Parameter Min. Max. Units Condition
I Input Leakage Current 10 A Vy=045V105.25V
lo Output Leakage Current 10 KA Vor=045V10 525V
loe V. Current 200 mA
Veu Clock Input High Voltage 3.5 6 \
Vo Clock Input Low Voltage 0.8 \
vV, Input Low Voltage 0.8 \"
Vi, Input High Voltage 2.0 6 v Except TXWR and RxRD
Vi Input High Voltage 3.0 6 v TxWR and RxRD
Vo Output Low Voltage 0.4 V' lo =2.1 mA
Vou Output High Voltage 24 \ loyy = =400 pA
NOTE:

1. Typical values are for T, = 25°C and nominal supply voltages.

- eeeQ “Technology, Incorporated
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AC Test Conditions Capacitance® 1, - 25°C, F, = 1 MHz
a‘;{’:;’:: gig;;frih;&k {'XTD—SL Gate + CL = 100 pF Symbol | Parameter Maximum | Condition
TxEN, TxD Load: 1 Schottky TTL Gate + CL = 35 pF Cy Input Capacitance | 15 pF Vy=0V
Input Pulse Level:0.4 Vto 2.4 V Cro I/0 Capacitance 15 pF V=0V
Timing Reference Level:1.5 V
AC Characteristics T,=0°Cto70°C, V,, =5V £ 5%
Limits Units
Symbol®! | Parameter Min. Typ. Max. (ns) Condition
DATA AND COMMAND/STATUS INTERFACE TIMING
TDBD RxTx/CdSt Bus Data Delay 150 ns
TDBR RxTx/CdSt Bus Release Delay 10 ns
TDBS RxTx/CdSt Bus Siezure Delay 10 150 ns
TDRY RxRDY/TxRDY Clear Delay 100 ns
THAR A,/CS Hold 10 ns =
THDA RxTx/CdSt Bus Hold 0 ns 8
THRW W Hold 0 ns e
TSAR A,./CS Setup 0 ns g
78CS CdSt Bus Setup 90 ns
TSRT RxTx Bus Setup 90 ns
TWCH RXRD/TXWR/RD/WR High Width 100 ns
wWCL RxRD/TWR/RD/WR Low Width 200 10,000 ns
SERIAL TRANSMIT AND RECEIVE INTEFACE TIMING
TDDC RxDC Set Delay 800 ns NOTE 1
TDIC INT Clear Delay 150 ns
TDRE TxRET Set Delay 2400 3400 ns NOTE 3
TDRI Receive INT Delay 1000 ns NOTE 2
TDTD TxD/TXEN Delay 20 60 ns Cl =35 pF
TDTI Transmit INT Delay 1200 ns NOTE 4
THRD RxD Hold 20 ns
TPCK RxC/TxC Clock Period 95 1000 ns
TSRD RxD Setup 30 ns
TWDC RxDC High Width 600 ns
TWRC RxC High/Low Width 45 ns
TWRE TxRET High Width 600 ns
TWRS RESET Low Width 10,000 ns
TWTC TxC High/Low Width 45 ns
TWCO COLL Width 50 ns
NOTES:
1. For frame reception with Shortframe or CRC Error. If frame reception is terminated due to Overflow, RxDC will be issued within 1.2 ps of Overflow. If frame
reception is terminated due to non-match of address, RxDC wil be issued within 2.4 ps of the receipt of the last address bit.
2. Normal frame reception without Overflow. If frame raception is terminated due to Overflow, INT will be issued within 1.2y of Overflow.
3. For TxRET causad by Collision or 16 Collision condition. If transmission is terminated due to UnderfiowTxRET will be issued within 1.2 is of the Underflow.
4. For INT caused by Collision or 16 Collision condition. If caused by Underflow, INT will be issued within 1.2 ps. If caused by normal termination, INT will
be issued within 200 ns of TXEN going LOW.
5. ltalics indicate input requirement, non-italics indicate output timing.
6 Characterized. Not tested.
— GeeQ Technology, Incorporated
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RECEIVE DATA INTERFACE TIMING

TDRY—9»

RxRDY

RxRD

RxTxD0O-7
Rx T xEOF

[ TWCL

TRANSMIT DATA INTERFACE TIMING

TDBR

8003

R x FIFO (BOTTOM) EMPTY

THRW

TDBS —#

[-— TWCL—"— TWCH———®

NOTE 1

T x FIFO (TOP) FULL

l—‘*h

<TOBR,

It

MD400024/B
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NOTE 1: Bus is driven at this time. However, no valid information present.

T x ROY
" /
TWCL— I
TxWR l
——— TW/( TWCL—— —- THRW
RxTxD0-7
RxTxEOF
TSRT—» THDA TSRT— THDA
COMMAND/STATUS INTERFACE TIMING
TSAR [t— [a- THAR-»
A0-A2,CS * )(
[———— TWCL———
RO TsAR \ /
TWCL THAR | [<— TWCH—»|
WR ‘ /
TWCH TDBD TDBR
h—— |
cast0-7 >_ >
NOTE 1
Tses THDA TDBS —»=
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SERIAL TRANSMIT INTERFACE TIMING SERIAL RECEIVE INTERFACE TIMING

TWIC |_ TWTC TWRC TWRC
TPCK: [+——TPCK

TDTD, THRD

TxEN CSN__/_XK

Toto [~ TODC—| TWODC
coLL 7 ! S" RxDC
TDRE TWRE——— e rom
Tx RET INT
[E—

TDIC
[ TOT

INT RD

=
[}
(8]
<
-
<
Q

Ordering Information

D Q 8003

PACKAGE TEMPERATURE ~ PART TYPE
TYPE RANGE

D - CERAMIC DIP Q-0°Ct0+70°C  EDLC

P~ PLASTIC DIP

N-PLCC

- eeeQ Technology, incorporated
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Features

IEEE802.3/Cheapernet (10BASEZ2) and Ethernet
Rev. 1 Specifications

B Compatible with 8003 ELDC®, 8005 Advanced
EDLC

B Manchester Data Encoding/Decoding and
Receiver Clock Recovery with Phase Locked
Loop (PLL)

Rejection Filter
B Differential TRANSMIT Cable Driver

B Loopback Capability for Diagnostics and
Isolation

W Fail-Safe Watchdog Timer Circuit to Prevent
Continuous Transmission

W 20 MHz Crystal Oscillator

B Compatible with IEEE 802.3 /Ethernet (10BASES5),

B Receiver and Collision Squelch Circuit and Noise

8020
MCC™ Manchester
Code Converter

November 1989

W Low Power CMOS Technology with Single 5V
Supply
B 20 pin DIP & PLCC Packages

Description

The SEEQ 8020 Manchester Code Converter chip pro-
vides the Manchester data encoding and decoding func-
tions of the Ethernet Local Area Network physical layer. It
interfaces to the SEEQ 8003 and 8005 Controllers and any
standard Ethernet transceiver as defined by IEEE 802.3
and Ethernet Revision 1.

The SEEQ 8020 MCC is a functionally complete Encoder/

Decoder including ECL level balanced driver and receiv-
ers, onboard oscillator, analog phase locked loop for clock

Pin Configuration

DUAL-I N LINE
M Transceiver Interface High Voltage (16 V) TOP VIEW
Short Circuit Protection
MODE 1 [} 1 20 [} Vee
. R GND [} 2 19 [ ] Tx+
Functional Block Diagram FarmoTo [ 3 18 L) T
TxEN Rx+ (4 17 ) ™xD
I re- s 16 [} TxC
CsN ] { ] TxEN
_— m;&régoe cow (7 14 L] xt
Rxc [ ]8 13 L] x%x2
TXC <= Txe RD (]9 12 L JcoiLs
o ENCODER . e Ves 11 [Jcou-
FEw TRANSMIT
WoTD - %
ArER - Vgg PLASTIC LEADED CHIP CARRIER
oSN SENSE [ - MODE1 TOP VIEW
X1 ﬂ, g
x2 gLock RECEIVE £ &
e = L~ pecoper MUX Fxe B g g B 2
RXD = | l \‘— Ax= piainizin
/ (@)
jt—— COLL+
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Figure 1. 8020 MCC Manchester Code Converter can ] 6] ic
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RxC E 14] x1
MCC is a trademark of SEEQ Technology Inc. el I L L
EDLC is aregistered trademark of SEEQ Technology Inc. € & § 3
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recovery and collision detection circuitry. In addition, the
8020 includes a watchdog timer, a 4.5 microsecond win-
dowgenerator, and aloopback mode for diagnostic opera-
tion.

Together with the 8003 or 8005 and atransceiver, the 8020
Manchester Code Converter provides a high performance
minimum cost interface for any system to Ethernet.

Functional Description

The 8020 Manchester Code Converter chip has two por-
tions, transmitter and receiver. The transmitter uses
Manchester encoding to combine the clock and data into
a serial stream. It also differentially drives up to 50 meters
of twisted pair transmission line. The receiver detects the
presence of data and collisions. The 8020 MCC recovers
the Manchester encoded data stream and decodes it into
clock and data outputs. Manchester Encoding is the
process of combining the clock and data stream so that
they may be transmitted on a single twisted pair of wires,
and the clock and data may be recovered accurately upon
reception. Manchester encoding has the unique property
of atransition at the center of each bit cell, a positive going
transition for a “1”, and a negative going transition for a “0”
(See Figure 2). The encoding is accomplished by exclu-
sive-ORing the clock and data prior to transmission, and
the decoding by deriving the clock from the data with a
phase locked loop.

Clock Generator

The internal oscillator is controlled by a 20 MHz paralle!
resonant crystal or by anexternal clockon X1. The 20 MHz
clock is then divided by 2 to generate a 10 MHz £0.01%
transmitter clock. Both 10 MHz and 20 MHz clocks are
used in Manchester data encoding.

Manchester Encoder and Differential Output Driver
The encoder combines clock and data information for the
transceiver. In Manchester encoding, the first half of the bit

1ol vl o | ol

I
ssnw.J | |
DATA
| 1
TRANSMTTED !
DATA
(MANCHESTER [ | |
ENCODED) ]

| I [ T |

Figure 2. Manchester Coding

8020

cell contains the complement of the data and the second
half contains the true data. Thus a transition is always
guaranteed in the middle of a bit cell.

Data encoding and transmission begin with TxEN going
active; the first transition is always positive for Tx(-) and
negative for Tx(+). In IEEE mode, at the termination of a
transmission, TXEN goes inactive and transmit pair ap-
proach to zero differential. In Ethernet mode, at the end of
the transmission, TXEN goes inactive and the transmit pair
stay differentially high. The transmit termination canoccur
at bit cell center if the last bit is a one or at a bit boundary
if the last bit is a zero. To eliminate DC current in the
transformer during idle, Tx+ is broughtto 100 mV differen-
tial in 600 ns after the last transition (IEEE mode). The
back swing voltage is guaranteed to be less than .1 V.

Watchdog Timer

A watchdog timer is built on chip. It can be enabled or
disabled by the LPBK/WDTD signal. The timer starts
counting at the beginning of the transmission. If TXEN
goes inactive before the timer expires, the timer is reset
and ready for the next transmission. If the timer expires
before the transmission en