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PLANNING 
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rrRIAL 

PRODUCTION 

MASS 

SERVICE 

1111111111111111 
QUALITY ASSURANCE SYSTEM 

CUSTOMER SALES PRODUCT TEST RlQA 

1 FUNDAMENfAL L 
REUABnII'Y J 

S1UDY 

II/REQUIREMENf I ---=bl t I I 

I ·l QUAIn'Y ANDREUABnII'YTARGETsmTING 

I t 
I 1 PRODUCT 1 
I 

DESIGN , 
I FIRST DESIGN REVIEW 

I , 
I I 1 SPECIFICATION I 

I 
FOR TRIAL 

PRODUCTION I I 
I , 

IEVALUATIa.I I'" I ICONFIRMATION I 
OFlNITIAL 

I 
I PERFORMANCE 

I t L - .... ... SECOND DESIGN REVIEW 
t- - - I 

I 
... I STANDARD IJ 

I 
, I 

I 
I PROCESS SETIING I 

• 
I 

I H<.Ul.;J<.:i:S I 

I 
IAPPUCATION .-.1 

I 

SUBCONTRACT 
PRODUCTION 

.. 
I I 

I 

INCOMING 
INSPECTED FOR 

PURCHASED 
MATERIALS 

' , 
PRODUCTION I 

I • 1 OUfOOING [fc-
I 1 INSPECTION 

L - L_ - - -.- -rl RELIABnII'Y MONITOR ]..I 

1 TROUBlE ClAIM .. CLAIM ANALYSIS 

I • REFLY I 

• = MAIN ACTIVITIES (PRODUCTION FLOW) 

___ ... = INFORMATION AND INSTRUCTION FLOW 

- - =FEEDBACKSYSTEM 
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CATALYST DOCUMENT CONTROL SYSTEM Flg.1 

QA DOCUMENT CONTROL MASTER FILE 

ENGINEERING 

• Specification written or data collected for engineering change of 
existing specification 

• ECN number issued by document control. 
• ECN circulated and approved by manufacturing. engineering, 

and RlQA managers. 

• Approved ECN returned to document control. 
• Document control revises master file and generates new documents 

to pertinent working files. 
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IN-PROCESS QC FLOW CHART Flg.2A 

WAFER FABRICATION (3 J1IIl SI Gate CMOS) 

FLOW PROCESS QC ITEM SAMPLING METHOD 

STARTING MATERIAL 

P-WELL FORMATION THICKNESS 1 WAFER/LOT 
RESISTIVITY 1 WAFER/LOT 

ACTIVE AREA FORMATION CRITICAL DIMENSION 2 WAFERS! LOT 

FIELD FORMATION THICKNESS 1 WAFER/CHARGE 

GATE FORMATION THICKNESS 1 WAFER/CHARGE 
RESISTIVITY 1 WAFER/CHARGE 
CRITICAL DIMENSION 2 WAFERS/LOT 

s/D FORMATION THICKNESS 1 WAFER/10 LOTS 
RESISTIVITY 1 WAFER/10 LOTS 

INTERLAYER THICKNESS 1 WAFER/LOT 
FORMATION P-CONCENTRATION 1 WAFER/LOT 

METAL FORMATION THICKNESS 2 WAFERs/ 10 LOTS 

FINAL PASSIVATION THICKNESS 2 WAFERS! CHARGE 
FORMATION 

PARAMETER CHECK DEVICE PARAMETER 3 WAFERS! LOT 

ELECTRICAL TEST ELECTRICAL 100% 
CHARACTERISTICS 
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IN-PROCESS QC FLOW CHART Fig. 28 

I ASSEMBLY & TESTING PROCESS (PLASTIC DIP) I 

FLOW PROCESS 

SCRIBING 

CHIP VISUAL 

DIE BONDING 

WIRE BONDING 

VISUAL INSPECTION 

MOLDING 

VISUAL INSPECTION 

SOLDER PLATING 

LEAD CUTTING/FORMING 

MARKING 

ELECTRICAL TEST 

OUTGOING INSPECTION 

PACKING/SHIPPING 

QCITEM 

VISUAL 

VISUAL 

BOND STRENGTH 
VISUAL 

VISUAL 

VISUAL 

VISUAL 

VISUAL 

VISUAL 

ELECTRICAL 
CHARACTERISTICS 

SAMPLING METHOD 

100% 

TWICE/SHIFT/MAC· 

ONCE/SHIFT/MAC 
ONCE/SHIFT/MAC 

100% 

100% 

PER LOT 

PER LOT 

100% 

100% 

• MAC means machine 
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SUBCONTRACTOR CONTROL SYSTEM Fig. 3 

CATALYST SUBCONTRACTOR 

I PRODUCT SPECIFICATIONS STANDARDS 

DEVELOPMENT 

1 I 
I TRIAL 

PRODUCTION 
EVALUATION I 

QUALIFICATION 
~ --1 MANUFACTURING 

STANDARDS 

I 

MARKET ORDER I I PRODUCT I PRODUCTION I Process 
SURVEY RECEIVED I I PLANNING I CONTROL control 

1 
ENGINEERING 

SUPPORT Quality 
PRODUCTION control 

...-
QUALITY 
CONTROL OUTGOING 

SUPPORT INSPECTION 

PERIODIC 

AUDIT 

ISHIPMENTr 
INCOMING! 

OUTGOING I QUALITY 
INSPECTION 

REPORT 

INVESTIGATIONI IMPROVEMENT I CUSTOMER CLAIM r COUNTERMEASURE OF f---
SERVICE PROCESS 
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QA FLOWCHART Fig. 4 

INCOMING 
MATERIAL 

I 
QUALIFIED 

PPORT _ PHOTOSU 
QCINSPEC 

WAFER 
TION FAB 

I 
WAFER SORT 

I 
QUALIFIED 
ASSEMBLY 

LINE 

I 
ASSEMBLY LINE 

ENVIRONMENTALS 

I 
ELECTRICAL TEST 

I 
QAACCEPTANCE 

PROGRAM VERIFICATION 
VISUAUMECHANICAL 

FACT, PARAMETRIC TESTING 
AT TEMPERATURE AQL = 0.1% 

I 
MARK & PACK 

I 
FINAL VISUAL 

I 
PLANT CLEARANCE 

I 
SHIP 

I 
I 

I 

QC INSPECTION 

QCFAB 
INSPECTION! 
QAMONITOR 

QC INSPECTION 

QC INSPECTION! 
QAMONITOR 

QC INSPECTION 

RlQC INSPECTION 

QA INSPECTION 

QA INSPECTION 
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QUALITY CONTROL MONITORS - Partial List 

WAFERFAB 
• 01 water bacteria and resistivity 

Airborne particles 
Temperature and humidity 
Oxide phosphorus content 
Metal step coverage 
Equipment calibration 
Oxide thickness 
Photolithographic critical dimensions 
Operator certification 
Process parameters measured (each lot) 
Examples: Vt measurements 

Sheet resistivity 
Oxide quality Jt., etc. 

WAFER SORT 
Equipment calibration 
Temperature and humidity 
Operator certification 
Airborne particles 
Catalyst wafer sort correlation 
Group B testing on quick assembly plastic (each wafer lot) 

INCOMING SORTED WAFER INSPECTION 
Visual inspection sample (LTPO = 10) 
Sort data verification 

8-12 

Critical process parameters compared to purchase specification. (Catalyst has the right 
to accept or reject lot.) 



QUALITY CONTROL MONITORS - continued 

PLASTIC ASSEMBLY 
01 water bacteria and resistivity 
Temperture and humidity 
Static protected area 
Incoming materials (Ieadframe, gold wire, D/A and mold compound wafers) 
Visual inspection (1 st, 2nd, 3rd, post mold, post mark) 
Die shear and die attach voids 
Die attach curing time and temperature 
Wire bond pull, bond cratering, ball shear 
Molding temperature 
Outgoing final visual 100% 

FINAL TEST 
Temperature and humidity 
Static protected area 
Operator certification 
Equipment calibration 
Catalyst test program correlation 

Effective 100% Reliability screen for all E2PROM products 

Serial E2pROM example: Minimum 2K W/E cycles all cells 
Bake, 150°C 
Vtcheck 

Outgoing Final Visual inspection 100% 

ASSEMBLED DEVICES INSPECTION 
ESD protected area 
Equipment calibration 
Visual inspection 
QA electrical inspection at temperature 
Physical dimensions 

• 100% documentation verification 
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WAFER LOT TRACEABILITY 

... -

_ .. -

~OBLEM 
-

(RMA) 

,- '" 
WAFER FAB LOT 
NUMBER MARKED 

" ./ 

1r 

ASSEMBLY AND TEST 
LOT NUMBER 

MARKED 
./ 

,~ ,. 
'" 

CUSTOMER 

PURCHASE 
./ 

POCUMENTATION 

• FAB HISTORY, RAW 
MATERIAL LOT #8, 
INSPECTION REPORTS, 
ETC. 

• ASSEMBLY AND TEST 
HISTORY, RAW MATERIAL 
LOT #'s, INSPECTION 
REPORTS, ETC. 



ACCIDENT RESPONSE 

CUALITY 
ACCIDENT 

RlC.A. 
DEPT. 

M.R.B. 

R/C.A. T.D. 
PRODUCTITEST 

PROCESS'<..:O::.;;UT:.:.... ___ .1...-___ ---, 
OFSPEcr 

PRODUCTION 
STOP 

PRODUCTION 
STARTS 

PRODUCTION 
CONTINUES 

KEY ACTION 

• PROBLEM, ie 
FIELD FAILURE OR 
NON-CONFORMING 
MATERIAL 

• INVESTIGATE AND 
DOCUMENT FAILURE 
ANALYSIS 

• REVIEW ALL DATA, 
DETERMINE CORRECTIVE 
ACTIONS 

• INFORM CUSTOMER 
OR VENDOR 
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RELIABILITY TEST DATA 

Operating life, 125°C 

DEVICE 

59C11193C46 
35C 1 02135C202 

35C104 

168 HRS 

0/1046 
01293 
0/139 

PRODUCT 

59C11193C46 

PEVICE HRS fAilURES 

1046000 2 

35C102l35C202 293000 o 

35C104 139000 o 

Data Retention Post 10K 150°C Bake 

DEVICE 168 HRS 

59C11193C46 3/898 
35C102l35C202 01202 

35C104 0/100 

PROPUCT PEVICE HRS fAilURES 

59C11/93C46 898000 3 

35C102135C202 202000 o 

35C104 100000 o 

Endurance Cycle Bake 

Reject/Sample Size 

500 HRS 1000 HRS 

2/1046 0/1044 
01293 01293 
0/139 0/139 

ACT. ENG. 60% CONf @55 

0.7 38.1 fiT fUNCTIONAL 

0.7 40.1 fiT 

0.7 84.5 fiT 

RejecVSample Size 

500 HRS 1000 HRS 

0/895 0/895 

01202 0/202 

0/100 0/100 

ACT ENG 60% CONf @55 

0.6 39.5 fiT CHARGE lOSS 

0.6 38.5 fiT 

0.6 77.8 fiT 

RejecVSample Size 

DEVICE 5K BAKE 10K BAKE 20K BAKE 50K BAKE 100K BAKE FR(FAIU10KCY) 

59C11/93C46 0/442 01442 0/442 0/442 21442 CHGLOSS .045%/1 OK W/E CY 
35C102l35C202 0/202 01202 01202 0/202 0/202 .000%/1 OK W/E CY 

35C104 0/100 0/100 0/100 01100 1/100 CHGLOSS .1%110K W/E CY 
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Highly Accelerated Stress Test (HAST) RejecVSample Size 

DEVICE 24 HOURS 48 HOURS 

59C11193C46 21290· 0/31 
35C102l35C202 0/151 01151 
35C104 0/68 0/68 

• Functional 

Pressure Pot (PCT). 121 C. 15psi RejecVSample Size 

DEVICE 96 HOURS 168 HOURS 336 HOURS 

59C11193C46 0/386 1/386· 
35C102/35C202 1/170· 0/169· 0/99 
35C104 0/68 0/68 0/68 

·Pkg. Related 

Temperature Cycles -65/150°C with 10 min. Soak RejecVSample Size 

DEVICE 150 CYC. 500CYC. 1000 CYC. 

59C 11 193C46 01226 0/226 01226 
35C102/35C202 0/169 0/169 0/169 
35C104 0/68 0/68 0/68 
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MARGIN TRENDS DURING ENDURANCE TEST 
10 

1 II: EI:PIICIr.! CYt:l..£I9,6,I(E (S:.6M"LE SIlL = 50) 

+ + 
..a. + .j. + .g .: 

Q 
{l- i i + 

Q + 
{lo -.I"L .j. + ". 

P9I <- <- ""CI 

PQ2. {l- Q Q Q 
P93 111M 

7 

It 

"1"1----------------------

WAITE E~ ~l.ES 
[] ,6,\IV, vt .j. ,6,\IV, + SIGMA 
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SECTION 9 

PACKAGE INFORMATION 

8-PIN PLASTIC DIP .................................................... 9-1 

18-PIN PLASTIC DiP.................................................. 9-1 

8-PIN S.O. DIP ............................................................ 9-2 

22-PIN PLASTIC DIP .................................................. 9-3 

24-PIN PLASTIC DIP .................................................. 9-3 

24-PIN S.O. ................................................................. 9-4 

28-PIN S.O. ................................................................. 9-4 

28-PIN PLASTIC DIP .................................................. 9-5 

28-PIN CERDIP ........... .......................... ..................... 9-5 

32-PIN PLCC ...... ......... .......... ............ .... ..................... 9-6 

32-PIN LCC................................................................. 9-7 

40-PIN PLASTIC DIP .................................................. 9-8 

40-PIN CERDIP .......................................................... 9-8 

44-PIN PLCC ........ ............ ....... ................. ......... ......... 9-9 

CHIP ON BOARD ....................................................... 9-10 

DIE PRODUCTS......................................................... 9-10 





PACKAGE DIAGRAMS 

8 PIN PLASTIC DIP 

TOP VIEW 0.37 (9.39) 
0.35 (S.S5) I I' ,. 

~=lD -(~ 
0.065 (1.64) I L-
0.055 (1.40) , r-

0.306 (7.S2) 
0.292 (7.42) 

I- -I 

18 PIN PLASTIC 011' 

~::~:~:~;: I ~ 
I 0.149 (3.77) 

0.125(3.17) 

0.020 (0.50) -.I ~ H 0.112 (2.84) 
0.016 (0.40) 0.088 (2.24) 

L 0.897 (22.800)-.-J r 0.835 (21.200) 1 

A 
0.364 (9.26) 
0.324 (S.26) 

Inches (mm) 

0.314 (7.970) 
0.286 (7.270) 

0.020 (0.508) MIN n 
r----------J B 

II T . 
~ ~~ ~ h 0+--.3-70-(-9.3-+~'8) 

I . I 0.330 (8.382) 
0.023 (0.580) 0.11 (2.790) 
0.015 (0.381) 0.09 (2.290) 
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PACKAGE DIAGRAMS 

8 PIN S.O. DIP 

I. I· 

0.213(5.4) 
0.205(5.2) 

R 0.008 (0.2) I 

R 0.008 (0.2) 

0.259 (6.60) 

0.303(7.7) 
0.318(8.1) 

0.210 (5.35) 
0.203 (5.15) 

Inches (mm) 

Dimensional tolerance unless 
otherwise specHied is +,. 0.0039 (0.1) 

0.08 (2.03) Max. 

0.054 (1.37) --\--�4_-+1 
0.046(1.17) 

~-.t-- 0.0267 (0.68) 
0.0303(0."> 

• 

9-2 

0.0137(0.35) --U 
0.0177 (0.45) 

Mount pad I ayo"t 

A. 0.049 (1.27) 

H 0.03 (0.760) Typ. 

0.05 (1.270) Typ. 

0.299 (7.620) 



1111111111111111 ~!:~h-~~ PACKAGE DIAGRAMS 

22 PIN PLASTIC DIP 

I--- 1.08 (27.93) -..j 
I _ _ 1.10(27.43) I 

0.022(.55) 
0.D18 (.45) 

0.170(4.30) t~l 0.130 (3.30) 

0.330 (8.37) 
0.310 (7.87) 

Ii 
0.023 (0.6)B Max _ 

• • 0.140 (3.55) ~ ~ T 
0.120 (3.05) -.1'1 I I 

0.065(1.64) 0.020(0.50) _ _0.112(2.84) 
0.055 (1.40) 0.016 (0.40) 0.088 (2.24) 

0.365 (9.26) 
0.325 (8.26) 

24 PIN PLASTIC DIP 

C 1.260 (32.004) =--=-=1 Inches (mm) 
1.213 (30.800) 

rrnnnnnn 
f 

.550 (13.970) D .530 (13.462) 

.L 0 
.610 (15.494) 

wwwwwwwwwwww 
.590 (14.986) 

.065 ( 1.651) 

" 

", .015 (0.381) J 
.220 (5.588 ) 

I \ .170('.3")f~ , 

~~[::: J ~ ~~ ~ ~ I' "I .670 (17.018) 
.630 (16.002) 

.065 (1.651) .020 (0.508) .110(2.794) 

.040 (1.016 ) .015 (0.381) .090 (2.286) 
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PACKAGE DIAGRAMS 

24 PIN SO 

28 PIN SO 

9-4 

Inches (mm) 

a.o:11 (0.71, 
a.a.C1.1.) 

· i . t 
¢ ~m~1 

I!;rin;=;;Fii'i1Ii;=;r'ffiTQ#1 ~ ~:;m:~ 
,.=t=---J 

0.23& (6.0) 0.23& (G.D) t: Ii; 

D.DDS D.1 
o.D12 (0.30) 

G~mmmmrnm~~~L===~n:l~l! 
'={0..41('.'1 

D.03I(1.D) 

... ---~:::: .---~ Inches (mm) 

0.041(1.05) 

i.D77i1.i5I 

r---------~~I--r-~~~---~o.~(~~ 
t:rm::u:mJ:[]m:rnrr:rm:u:o::I:JJt=+=::::=;:.------..J 0. ... (2.21) 

:;J 
'.1111("'5) 

a.DI8(2.5)rnax 

r. 



PACKAGE DIAGRAMS 

28 PIN PLASTIC DIP 

I. 1.470(37.338) --.J 
1.437 (36.500) -~--=-~=-l 

Inches (mm) 

.065 (1.651) .610 (15.494) 

~::::i=~ll''''''''''''' 1 

:::~:;:: Jb,.,,-!.dl I ( mol""" ~ 
.040 (1.016) .015 (0.381) .090 (2.286) .630 (16.002) 

28 PIN CERDIP 

I' 
1.485 (37.719) 

'I Inches (mm) 
1.435 (36.449 ) 

T 

0 .600 (15.240) 
.515 (13 .081) 

L 0 
.625 (15 .875) I 

.015(0.381 ) I . 
. '87(4.750)T~1 ~J tlf----',---------.J-----.\' 
.145(3.683)..L.~~__ _ _ 

.125(3. 175L I I I I 
Min. j L Jl I I I' .675 (17 . 145) 'I 

-..j I-- Ref. 
.065 (1.651) .020 (0 .508) .110 (2 .794) 
.040 (1 .016) .015 (0.381 ) .090 (2 .286) 
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PACKAGE DIAGRAMS 

32 PIN PLCC 

9-6 

.050 (1.27) 

Typ. 

.017 (.431) .L 
r 

.045 (1.14)x45° 

0.485 (12.31) 
0.495 (12.57) 

0.453 (11.50) 

I" 
0.447 (11.35) 

0 

"I 
30° 

0.595(15.11) 
0.585 (14.86) 

0.553 (14.04) 
0.547 (13.89) 

1 

0.049 (1.24) 
0.043 (1.09) 

0.523 (13.28) 
0.517 (13.13) 

0.139 (5.53) 
0.133 (3.37) 
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32 PIN WINDOWED CERAMIC LCC 

.458/11.6;1) 

Index Corner E ,442(11,23):3 r .420/10.6~1 
""- .400(10.16) __ 1 

r 
.09312.36) 

.05511.40) 

.045 (1.14) 
lYP.31 PLCS 

".~ r ~ 
.544 (13.32) 

.520 (13.21) 

.500 (12.70) 

L 
0 

.300 7.62 

r 
.077 (1.96) ..L---'F-

.400 (1 0.16) 

1 

.071/1.80) 

.059 (1.50) 

BBBBBBB Tn :~~~~::l 
0.Q15 (0.38) (lYP.) 

PACKAGE DIAGRAMS 

CJE--r- .02810.71) (lYP.) 
.022 (0.56) 
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PACKAGE DIAGRAMS 1111II1II1I1II115=!;~:!:~!T~.:r. 

40 PIN PLASTIC DIP 

.550 (13.970) 
.530 (13.462) 

" 

2.070 (52.578) ------.j-I 2.034 (51.676) 

.065 ( 1 .651 ) 

.015 (0.381 1 
::;:::~:T_ 
.160(4.064) r= ~ II ~ T 
.125(3.175) j l jl ~ ~ 

.065(1.651) .020(0.508) .110(2.794) 

.040 ( 1 . 016 ) .015 (0 .381 ) .090 (2 .286 ) 

40 PIN CERDIP 

I, 2.080 (52.832) ______ --.j"1 
2.030 (51.562) 

T 
.600(15.240) 0 
.515 (13 .081L LOrrr.".-rrr-ro-r-r-r-,-,-....-n-rrTT"n-T-ro-r-r-r.,-,-....-n-rr......-r" 

11_~0~.2~32~(~5.8~9~3)~M~~~.~~~~~~~~?n~.~01~5~~~~~i38~1 )1 
.187(4.750) n J 
::7,::: I] ¥ ¥ nmmmmnrT 

Min. j l j~ ~ 1_ 
.065 ( 1 .651) .020 (0 .508) .110 (2 .794) 
.040 (1 .016) .016 (0.406) .090 (2 .286) 

9-8 

.610 (15 .494) 

.590 (14 .986 ) 

I, "I 

I , 
I' .670 (17 . 018) "I 

.630 (16.002) 

.625 (15 .875) 

I, "I 

I \ 
I' .675 (17.145) "I 

ReI. 



44 PIN PLCC 

.050(1.27) r 
Typ. 

L 
.017 (.432) r 

I' 

1111111111111111 ~!:~!;:;:-~.:r PACKAGE DIAGRAMS 

0.697 (17.70) 
0.681 (17.30) 

0.655 (16.65) 
0.650 (16.50) 

'I 

.045 (1.14)x 45 °H 

0.626 (15.90) 
0.620 (15.75) 

0.176 (4.47) 
0.170(4.32) 

0.695 (17.653) 
0.685 (17.399) 
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PACKAGE DIAGRAMS 

<CHIP ON BOARD> 

10.6 

-iI ~ .!.2!. !2~ ~24,.. • "'-0.34 

~ .E-. ~ ~ 

::l 

/ :! 

~LIJ[J 
----' 

'" ... 

1 .,; 

T 
0 

+ 
uI .. 
0 .. ~ ... 

~ 
'" -ori T 

... ... ... : .,; 

q 0 
4-RO.& /J - -

./ 

I 2.54 2.54 

1.27 1.27 ~-R1.0 
~.3 

DIE PRODUCTS 

A number of CATALYST SEMICONDUCTOR's products are available for purchase in die form. 

Please contact the factory or your local CATALYST SEMICONDUCTOR, INC. representative for 
additional information. 
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SECTION 10 

CROSS REFERENCE GUIDE 

CAT22C10............................................................ 10-1 
CAT22C12............................................................ 10-1 
CAT24C44 ............................................................ 10-1 

CAT27HC256 ................. ....... ..... ......... .... ............. 10-2 
CAT27512............................................................. 10-2 
CAT27010............................................................. 10-2 
CAT2764A ........ .... ... ...... ............. ......... .... ............. 10-2 

CAT27128A ...... .... ... ...... ..... ........ ...... ... .... ... .......... 10-3 
CAT27C210 ... ....... ............................ ... .... ............. 10-3 
CAT27256...... ............................ ... ........................ 10-3 
CAT27256.... .................. ... .... ..... ... .............. .......... 10-3 

CAT28C16A.......................................................... 10-3 
CAT28C17A.......................................................... 10-4 
CAT28C64A.......................................................... 10-4 
CAT28C65A.......................................................... 10-4 

CAT35C102 .......................................................... 10-5 
CAT35C202 ...... ............. ............ ................. .... ...... 10-5 
CAT59C11A.......................................................... 10-5 
CAT93C46 ... ..... ......... .... ... .... ..... ................. .... ...... 10-5 
CAT93C46A.......................................................... 10-6 

CAT71C256.......................................................... 10-7 
CAT71C256L ........................................................ 10-7 





CROSS 
REFERENCE GUIDE 

CATALYST PART NUMBER 

AND DESCRIPTION 

CAT22C10 
256 Bit (64x4) 
Nonvolatile CMOS 
Static RAM 

CAT22C12 
1024 Bit (256x4) 
Nonvolatile CMOS 
Static RAM 

CAT24C44 
256 Bit (16x16) 
Nonvolatile Serial 
CMOS Static RAM 

PART 
NUMBER 

CAT22C10 

NCR52210 
X2210 

CAT22C12 

NCR52212 
X2212 

CAT24C44 

X2444 

COMPATIBLE 
VENDOR 

NCR 
XICOR 

NCR 
XI COR 

XICOR 

TECHNOLOGY 

CMOS 

SNOS 
NMOS 

CMOS 

SNOS 
NMOS 

CMOS 

NMOS 

#PINS 

18 

18 
18 

18 

18 
18 

8 

8 
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CROSS 
REFERENCE GUIDE 

CATALYST PART NUMBER PART COMPATIBLE 

AND DESCRIPTION NUMBER VENDOR TECHNOLOGY # PINS 

CAT27HC256 CAT27HC256 CMOS 28 
256 Bit (32Kx8) 
EPROM HN27C256HG HITACHI CMOS 28 

WS57C256 WSI CMOS 28 
AT27HC256 ATMEl CMOS 28 
AM27C256 AMD CMOS 28 

CAT27512 CAT27512 NMOS 28 
16Kx8 EPROM 
Vpp = 12.5V AM27512 AMD NMOS 28 

MSM27512 OKI NMOS 28 
M5M27512 MITSUBISHI NMOS 28 
HN27512 HITACHI NMOS 28 

CAT27010 CAT27010 32 
128Kx8 
EPROM AM27C010 AMD CMOS 32 

27010 INTEL HMOS 32 
NMC27C1023 NATIONAL CMOS 32 

AT27C010 ATMEl CMOS 32 
HN27C101G HITACHI CMOS 32 
PD27C1000A NEC CMOS 32 
MSM271 000 OKI CMOS 32 

CAT2764A CAT2764A NMOS 28 
8Kx8 EPROM 
Vpp = 12.5V P2764A INTEL NMOS 28 

AM2764A AMD NMOS 28 
TMS27P64 TI NMOS 28 
MSM2764 OKI NMOS 28 
JlPD2764 NEC NMOS 28 
TMM2764 TOSHIBA NMOS 28 
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CROSS 
REFERENCE GUIDE 

CATALYST PART NUMBER PART COMPATIBLE 
AND DESCRIPTION NUMBER VENDOR TECHNOLOGY #PINS 

CAT27128A CAT27128A NMOS 28 
16Kx8 EPROM 
Vpp = 12.5V P27128A INTEL NMOS 28 

AM27128A AMD NMOS 28 
MSM27128 OKI NMOS 28 
IlPD2764 NEC NMOS 28 

CAT27C210 CAT27C210 CMOS 40 
64Kx16 
1 Megabit EPROM MSM27C1024 OKI CMOS 40 

AM27C1024 AMD CMOS 40 
27210 INTEL HMOS 40 

M5M27102K MITSUBISHI MIXMOS 40 
NMC27C1024 NATIONAL CMOS 40 
AT27HC1024 ATMEL CMOS 40 
HN27C102AG HITACHI CMOS 40 

IlPDC1024 NEC CMOS 40 

CAT27256 CAT27256 NMOS 28 
32Kx8 EPROM 
Vpp = 12.5V P27257 INTEL NMOS 28 

AM27256 AMD NMOS 28 
MSM27256 OKI NMOS 28 
M5M27256 MITSUBISHI NMOS 28 

CAT28C16A CAT28C16A CMOS 24 
2Kx8 CMOS 

E2pROM 2816A INTEUSEEQ NMOS 24 
X2816A XICOR NMOS 24 
28C16 ATMEL CMOS 24 

XL2816A EXEL NMOS 24 
TS28C16A THOMSON CMOS 24 
KM2816A SAMSUNG NMOS 24 
NMC2816 NATIONAL NMOS 24 

M2816 SGS NMOS 24 
MSM2816A OKI NMOS 24 

R2816A ROCKWELL NMOS 24 
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CATALYST PART NUMBER PART COMPATIBLE 

AND DESCRIPTION NUMBER VENDOR TECHNOLOGY #PINS 

CAT28C17A CAT28C17A CMOS 28 
2Kx8CMOS 

E2pROM 2817A INTEUSEEQ NMOS 28 
28C17 ATMEL CMOS 28 

AM2817A AMD NMOS 28 
TS28C17A THOMSON CMOS 28 
KM2817A SAMSUNG NMOS 28 

CAT28C64A CAT28C64A CMOS 28 
8Kx8CMOS 

E2pROM 2864 INTEL HMOS 28 
X2864A XICOR NMOS 28 
28C64A ATMEL CMOS 28 
2864A SEEQ NMOS 28 

AM2864A AMD NMOS 28 
XL2864A EXEL NMOS 28 

MSM286A OKI NMOS 28 
HN58064 HITACHI NMOS 28 

M5M28C64AP MITSUBISHI NMOS 28 
KM2864A SAMSUNG NMOS 28 

CAT28C65A CAT28C65A CMOS 28 
8Kx8CMOS 

E2pROM 2864 ATMEL CMOS 28 
2865A SEEQ CMOS 28 

KM2864A SAMSUNG NMOS 28 
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REFERENCE GUIDE 

CATALYST PART NUMBER 

AND DESCRIPTION 

CAT35C102 (1) 
2K Bit Serial 

E2pROM 

CAT35C202 (1) 
2K Bit Serial 

E2pROM 

CAT59C11A 
1K Bit Serial 

E2pROM 

PART 
NUMBER 

CAT35C102 

ER5912 

CAT35C202 

ER5912 

CAT59C11A 

ER5911 

MSM16911 
TS59C11 

CAT93C46 

COMPATIBLE 
VENDOR 

GI (1) 

GI (1) 

GI 
OKI (2) 

THOMSON 

CAT93C46 (2) 

1 K Bit Serial 

E2pROM NMC9346/COP495 NATIONAL 
93C46 ICT 

HY93C46 HYUNDAI 

MSM16811 OKI (2) 

TS93C46 THOMSON (2) 
SC22011 SIERRA 

NCR59308 NCR 

(1) User selectable organization: 64x16 or 128x8. 

(2) User selectable organization: 128x16 or 256x8. 

TECHNOLOGY 

CMOS 

SNOS 

CMOS 

SNOS 

CMOS 

SNOS 
CMOS 

CMOS 

CMOS 

NMOS 
CMOS 
CMOS 

CMOS 

CMOS 
CMOS 
SNOS 

#PINS 

8 

8 

8 

8 

8 

8 
8 

8 

8 

8 
8 
8 

8 

8 
8 
8 
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REFERENCE GUIDE 

CATALYST PART NUMBER PART COMPATIBLE 

AND DESCRIPTION NUMBER VENDOR TECHNOLOGY # PINS 

CAT93C46A CAT93C46A CMOS 8 
1 K Bit Serial 

E2pROM 9346 NATIONAL NMOS 8 
HY93C46 HYUNDAI CMOS 8 

93C46 ICT CMOS 8 
MSM16811RS OKI CMOS 8 

CAT71C256 CAT71C256 CMOS 28 
32Kx8CMOS 
Static RAM MSM51257RS/RJ OKI CMOS 28 

HM62256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS 28 
M5M5256 MITSUBISHI MIXMOS 28 

CAT71C256L CAT71C256L CMOS 28 
32Kx8 CMOS 
Static RAM MSM51257LRS/JS OKI CMOS 28 

HM61256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS 28 
M5M5256 MITSUBISHI MIXMOS 28 

HY63C256/L HYUNDAI CMOS 28 
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DESIGN INNOVATION 

Protect your EEPROM data 
and gain more flexibility 
Going beyond safeguarding data, intelligent 
EEPROMs deliver software-controllable features 
for a lock on security-conscious tasks. 

DAVE BURSKY 

Keeping data secure when it's 
stored in memory chips is almost 
impossible, especially if that data 
must be altered occasionally. By in­
corporating intelligence and securi­
ty features onto an electrically eras­
able programmable-memory IC, 
Catalyst Semiconductor's intelli­
gent EEPROM improves on previ­
ous EEPROMs and other memories 
that must hold critical data. Storing 
4096 bits, the CAT35C704 in its 
special protected mode requires the 
entry of an access code word that 
can range from 8 to 64 bits (in 8-bit 
increments) before the data can be 
accessed the first time. 

Where previous solutions often 
required two chips-an EEPROM 
for data storage and a microcon­
troller for intelligence-the 35C704 
intelligent EEPROM does both 
tasks with one chip. It merges most 
functions expected of the microcon­
troller onto the memory chip, par­
ing system cost and improving reli­
ability. 

These memories suit the emerg­
ing "smart card" market, which re­
quires nonvolatile but alterable stor­
age, and is an ideal class of target ap­
plications, explains B. K. Marya, 
company president. The EE­
PROMs could just as well go to 
work in debit cards, telephone ac­
cess-charge cards, security locks 
and access control cards, medical 
history cards, and even army dog 
tags. Industrial applications include 
product tracking, operating-system 

software protection, warranty and 
repair history tracking, and so forth. 

The first version of the CMOS 
chip requires a 5-V supply, about 3 
rnA for operation, and roughly 100 
/iA during standby. By the end of 
the year, a version powered by just 3 
V will be ready for sampling. Like 
most other CMOS EEPROMs, Cat­
alyst's intelligent EEPROM makes 
possible 10,000 erase-write cycles 
and is guaranteed to retain data for 
10 years. 

According to Marya, the intelli­
gent memory actually has many 
other features that give it even wider 
system appeal (Fig. 1). An on-chip 
control processor responds to a set 
of 19 commands, one of which, 
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ORO (organization), allows the de­
signer to configure the chip to ap­
pear as either a 512 by 8 or 256 by 16 
memory array. The chip is the first 
member of a family that will eventu­
ally offer capacities stretching from 
256 bits to 16 kbits. 

Under software control, the ar­
chitect or programmer can deter­
mine how much memory needs pro­
tection. When the chip's write mem­
ory pointer (WMPR) instruction 
executes, a pointer value can be set 
to split the memory array into two 
blocks. Addresses above the pointer 
value are read only; addresses below 
and including the pointer require 
the security code to be accessed. 
Consequently, data held in the 
memory can be separated into two 
parts: Users without security clear­
ance can access one section, while 
only those with "need to know" can 
access the other. 

Because the chip was designed 
with low-cost applications in mind, 

Copyright 1988 VNU Business Publications. Inc. 



Intelligent secure EEPROM 

it has only eight connections to the 
outside world. Also, the chip can be 
housed in inexpensive eight-pin 
DIPs or work with chip-on-board 
direct-mounting assembly schemes. 
Marya explains that by using so few 
pins, data and addresses are moved 
serially over the Data In and Data 
Out lines synchronously with the 
Serial Clock input. That clock input 
accepts frequencies ranging from dc 
to 5 MHz to move data on and off 
the chip. Also, when more intelli­
gence is needed for the application, 
the 1/0 lines can readily connect to 
Intel 8051 or National COPS family 
microcontroller serial ports (Fig. 2). 
To deal with various system timing 
situations, the EEPROM can also 
execute a No Operation (NOP) in­
struction, which essentially tells the 
chip to stay idle and not to execute 
any operations. 

The simple serial port employs an 
8-bit data packet-all instructions 
are 8 bits wide, with the first bit be­
ing the start bit and the following 7 
bits representing the operation 
code. Data words are one or two 
bytes, depending on the memory or­
ganization, and words are transmit­
ted with the most-significant bit 

Data Output 

Serial Clock 

[n'::i:re- Serial 
communication 

~ S~~t-
block 

Data Input 

Instruction register ~ 
Error Output 

Instruction 
decoder 

Vee 
o . Status register 

o Ground . ..... 

first. With some minor differences, 
the serial mode is also compatible 
with the company's CAT93C46 se­
rial EEPROM. 

A metal-mask option converts 
the simple serial port into a univer­
sal asynchronous receiver-transmit­
ter (UART) that makes possible 
data transfers up to 9600 baud. Ex­
ternal oscillator frequencies of 3. 579 
or 4.925 MHz can be used. One or 
the other clock frequency must be 
selected before metal deposition. 
The UART format consists of I 
start bit, 8 data bits, I parity bit, and 
I stop bit. That parity bit can be en­
abled or disabled by setting the state 
of the Parity Enable (PE) pin-high 
for even parity, low for no or odd 
parity. When configured with the 
UART, the chip becomes the 
CAT35C804. 

CIRCUIT STATUS 

An 8-bit status register on the in­
telligent memory lets systems inter­
rogate the chip and determine the 
circuit's status. The first three bits 
are preconfigured with a "101" pat­
tern, which lets users quickly deter­
mine if the chip is listening or has an 
error condition. The next three bits 

64-bit access code 
and control block 

4-kbit 
Row EEPROM 

decoder array 

Column decoder 

Sense amplifiers 
and write buffers .... T 

I Address register ... 
I Memory pOinter I ... 

1. Besides the 4 kbits of EEPROM, the CAT35C704 intelligent memory 
from Catalyst Semiconductor packs a processor that manages the 
chip's security aspects and a serial communications port that can ei­
ther be a simple serial interface or a more standard UART. 

PRICE AND 
AVAILABILITY 

With various packaging options, 
the CAT35C704 will be avail­
able in sample quantities in the 
middle of the third quarter. Ini­
tial sample prices have been set 
only for the eight-pin mini-DIP 
version, which costs about $16in 
quantities of lOa. The UART 
version (CAT35C804) will sell 
for less than $18. Production 
quantities will be ready late in 
the fourth quarter. 

Catalyst Semiconductor Inc., 
2231 Calle De Luna, Santa 
Clara. CA 95054; B.K. Marya. 
(408) 748-7700. 

indicate the status of the parity error 
(of the previous instruction), in­
struction error (for the previous in­
struction), or whether the chip is 
ready or busy. 

The last two bits are reserved for 
future use. At any point the contents 
of the register can be read by the 
host system-the host simply loads 
the Read Status Register (RSR) 
command into the memory chip. 
The chip's Error (ERR) output pin 
goes high if an invalid operation 
code or a parity error (if enabled) is 
detected. When an error condition 
occurs, the chip will stop receiving 
or transmitting data until the Chip 
Select (CS) pin is toggled low to 
high. The CS pin, when held low, 
puts the serial port into a reset state 
and thus terminates all communica­
tions. Unlike the company's 93C46 
serial EEPROM, the CS line need 
not be pulled low to initiate a pro­
gramming cycle. 

When received from the factory, 
the 35C704/804 intelligent EE­
PROMs are in their unprotected 
mode. By loading various instruc­
tions and data values, the memory 
organization, the length of the ac­
cess code (1 to 8 bytes), the code it­
self, and the pointer value can be set. 
Data words can also be written into 
the main storage area. The flexible 
security scheme permits up to 1.84 



Intelligent secure EEPROM 

Crystal 
Vee Vee 

.---+_---iCIocko Serial Output 1-____ ... 1 Serial Input 

Serial Clock Serial Clock 

Seriallnputl------i Serial Output 

COPS 

Secure 
serial 

EEPROM Microcontraller 
(National G1 r-----~ Chip Select 

Semiconductor) GO 1-----., Error 
o Vee Parity 

'--___ V-;:ss"--__ ....I QPtional.:-_...L;e"'rr;::o' ___ V-Tss'--__ --' 

1 
2. The simple serial port on the intelligent EEPROM can tie directly to 
microcontrollers like National Semiconductor's COPS series chips. 

by 1019 access codes of 8 bytes each. 
Such a large number of codes would 
require 52 million years to break if 
the chip operates at its maximum 
speed of 5 MHz, Marya estimates. 

POINTER OFFERS SOME PROTECTION 

When in the unprotected mode­
access registers contain the hexa­
decimal value FFFFFFFF, and 
code length is set to hexadecimal 
OOOO--any part of the EEPROM ar­
ray can be read from or written to 
without an access code while the ad­
dress pointer is at its base address 
(hexadecimal 00). Once the address 
pointer is modified through the 
WMPR command, any EEPROM 
address below the pointer is protect-

Serial Clock 

Read 
Chip Select 

Data In 

Data Out 

Serial Clock 

Chip Select 

Write 
Data In 

ed from any write or erase opera­
tion. This gives some degree of data 
protection. By changing the pointer 
address, the region can be "unpro­
tected." If the host system must ver­
ify the pointer address, the Read 
Memory Pointer (RMPR) instruc­
tion causes the 35C704 to place the 
pointer address on the Serial Output 
line so the host can read it. 

Because the circuit employs all 
serial transfers, read access time for 
a data word can be calculated from 
the number of bits that must be 
shifted in and out when the protect­
ed mode is disabled. If the chip is or­
ganized as a 512 by 8 bit memory, a 
16-bit address must be shifted in 
(only 9 bits used, though, for now), 

High Z 

and an 8-bit data word must be shift­
ed out-a total of24 clock cycles are 
required. With a 5-MHz maximum 
clock, 24 cycles translate to 4.8 ,...,s. 

A similar amount of time would 
be required if the chip were orga­
nized as 256 by 16-an 8-bit address 
is shifted in and a 16-bit data word is 
shifted out. Overhead operations for 
either configuration, such as load­
ing the read instruction, add anoth­
er eight cycles (1.6 ,...,s) or more to 
the read request (Fig. 3a). To read 
multiple data words from the mem­
ory and minimize the overhead of 
having to repeat the Read instruc­
tion, the Read Sequential (RSEC) 
command allows users to specify a 
starting location and then contin­
ually shift out data. This command 
can be terminated by bringing the 
Chip Select line low. 

Writing data into the memory re­
sembles the read operation-after 
the write instruction is loaded, the 
1- or 2-byte address is loaded, fol­
lowed by the 2- or I-byte data word. 
After all the bytes are shifted in, 
though, the chip goes into a self­
timed programming sequence (Fig. 
3b). First, the contents of the ad­
dressed location are erased, and 
then the new data is stored in the 10-

Data Out 
1 ~r: Tsv TH." 

____ H-"ig'-h...:,Z ______________ .;-___ . Busy I Ready 

I High Z 

(b) I-+----TEw 

3. Signal timing for a read operation (a) and for a write operation (b) begin the same way. But the write op­
eration first erases the current contents of the location and adds a selt-timed programming cycle at the 
end to store the data in the nonvolatile cells. 
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cation. The entire operation takes 
IOt020ms. 

The Serial Data Out pin can be 
programmed to act as a status indi­
cator pin by having the chip execute 
the Enable Busy (ENBSY) instruc­
tion. The pin remains low as long as 
the chip is in the self-timed pro­
gramming mode and goes high as 
soon as the programming finishes. 
A complementary instruction, Dis­
able Busy (DISBSY), disables the 
status indication feature on the 
Data Output line. 

WIPE THE SLATE CLEAN 

Selective erasing of words can 
take place with the Erase, and with 
the Erase All (ERAL) commands, 
users can blank the chip's contents 
in the same 5 to 10 ms self-timed cy­
cle time. To prevent accidental era­
sure, the command must be issued 
twice before the chip will perform 
the instruction. A Write All 
(WRAL) command does just the 
opposite, allowing users to write a 
specified data word into all loca­
tions simultaneously. As with 
ERAL, the instruction must be sent 
twice for it to execute. 

The security mode can be activat­
ed by loading the 4-bit Modify Ac­
cess Code (MACC) command and 
following it with a 4-bit value to 
show how many bytes the access 
code will be (from 1 to 8 bytes). Fol­
lowing the length of the byte string 
are three equal-length byte strings, 
each containing the number of bytes 
specified by the 4-bit access code 
length. The first of those three 
strings is the old access code, the 
second the new access code, and the 
third, a repeat of the new access 
code for verification. Once activat­
ed, the memory protection is under 
software control. 

Unless the Enable Access 
(ENAC) instruction followed by the 
same access code is sent to the chip, 
the memory array's protected por­
tion (the addresses below the one 
and including the one that the ad­
dress pointer register points to) 

can't be accessed. And memory con­
tents at addresses above the pointer 
value can only be read but not al­
tered. Access can also be denied by 
having the 35C704 execute its Dis­
able Access (DISAC) instruction. 
Then, only the ENAC instruction 
and access code would again allow 
someone to access the chip's pro­
tected part. 

A two-tier protection scheme 
prevents inadvertent writing and 
erasure of the memory contents. To 
write to the array, an EraseIWrite 
Enable (EWEN) command must be 
issued. Once issued, the chip per­
mits write operations to take place 
in the section of the memory array 
with addresses above the value held 
in the address pointer register. Ad­
dresses below the pointer value re­
main protected. The chip can also be 
taken out of the primed condition 
(the EWEN command received) 
through software by sending it an 
Erase/Write Disable (EWDS) com­
mand. 

A software override of the pro­
tected area is possible, though, by 
the host system issuing the Override 
Memory Pointer (OVMPR) in­
struction. With that command, one 
instruction can override the protec­
tion and enable erase or write opera­
tions on the previously protected 
portion of the memory. 

To safeguard data should power 
fail, or as part of the standard pow­
er-down operation, the on-chip data 
protection circuits inhibit all oper­
ating modes when the voltage drops 
below a preset value. The chip also 
internally executes an EWDS in­
struction to disable the erase-write 
mode. At power up, all modes of op­
eration are disabled. An EWEN in­
struction and access code must be is­
sued before the system tries to pro­
gram the memory: 0 
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THE CHANGING FACE OF 
NONVOLATILE MEMORIES 

Nonvolatile memories are taking on a 
whole new look. As both erasable pro­
grammable read-only memories and 
electrically erasable PROMs get faster 

and denser, they are starting to displace high­
density ROMs and high-speed PROMs in new ap­
plications. In current applications, nonvolatile 
memory will now take up significantly less board 
space. Higher densities also will make it easier 
to incorporate larger amounts of nonvolatile 
memory on other types of chips, opening the 
door to logic chips that integrate large arrays of 
EPROM and EEPROM. 

A new generation of higher-density commodity 
parts is under development, while lower-density 
parts are being pushed to significantly faster 
access times. Moreover, the need for designers 
to choose between speed and density may disap­
pear, as companies such as WaferScale Integra­
tion Inc. in Fremont, Calif., (see p. 65) develop 
parts that combine both features. 

Beyond making improvements to conventional 
parts, a drive is under way among chip makers 
to develop memories tailored to specific market 
segments-markets where speed is paramount, 
or power requirements are important, for in­
stance. An example of the latter is a 64-Kbit 
EEPROM that needs only 3 v, reducing backup 
battery requirements in lightweight portable 
equipment. The part was jointly developed by 
Catalyst Semiconductor Inc. of Santa Clara, 
Calif., and Oki Semiconductor Corp. of Tokyo 
(see p. 67). In addition, companies are looking to 
incorporate nonvolatile-memory technology into 
other non-memory chips, applying their expertise 
to a variety of logic circuits-including microcon­
trollers, digital signal processors, programmable 
logic, and even application-specific integrated cir­
cuits based on standard cells. 

One reason for all the activity in nonvolatile­
memory product development is today's healthy 
market. The current crop of EPROM and EEPROM 
products are chalking up very strong sales-so 
strong that cautious manufacturers are reluc­
tant to believe the optimistic projections of fu­
ture business, says Victor deDios, senior indus­
try analyst at Dataquest Inc. of San Jose, Calif. 
Overall, he says, worldwide EPROM sales for 1987 
can be expected to hit $1 billion, up 8% from 
$910 million in 1986 and up 14% from the reces-
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Faster, denser EPROMs and EEPROMs 
are finding new uses, displacing big ROMs 
and fast PROMs, for example; big chunks 
of them can also be added to ASIes 

by Bernard C. Cole 



developed by Catalyst and Oki 
(see fig. 1). Pin-for-pin compatible 
with Intel's 27210, it features 150-
ns access times, an active power 
figure of only 150 mA, and a 
standby power of 500 p.A. 

One indicator of things to come 
is a 4-Mbit EPROM under develop­
ment at Toshiba. Built using a 0.8-
p.m CMOS process, it incorporates a 
basic cell measuring only 9 p.m2, 
matching that of many single-tran­
sistor dynamic random-access mem­
ory cells. The 8-bit-wide device fea­
tures a high cell current of about 
10 p.A, resulting in a low typical 
access time of 120 ns. 

1. FAST EPROM. A 64-K-by-16-bit EPROM developed jointly by Catalyst Semicon-

Access times are also being re­
duced in current lower-density 
EPROMs-from an average of 200 
to 350 ns down to 150 to 200 ns, 
says Alan Ankerbrand, director of 
MOS memory marketing at Nation­
al Semiconductor. And within a 
year, he says, speeds will edge 
downward even more, to about ductor and Oki Semiconductor boasts a 150-ns access time. 

sionary dip to $876 million in 1985. Next year, 
says deDios, with projected sales up 20% to $1.2 
billion, they will again equal the sales for 1984, 
the industry'S high point to date. Prospects are 
even brighter in EEPROMS. DeDios estimates that 
sales for 1987 will reach $231 million, up 61% 
from the $139 million in 1986. In 1988, he expects 
sales to grow by about 50% to $345 million. 

And while the markets are taking off, some­
what surprisingly, Japanese makers of EPROM 
and EEPROM aren't keeping pace with the explod­
ing market growth. They will slip from a market 
share of 15% to 20% in 1986 to less than 5% this 
year. To be sure, most U. S. manufacturers re­
gard the Japanese slippage as temporary. There­
fore, they're in a hurry to develop products that 
will put them in a strong position for both com­
modity parts and in high-return specialty niches 
when competition heats up again as the Japa­
nese charge back into the marketplace. 

For now, strong sales and the drop in Japa­
nese competition is causing a period of price 
stability. And most EPROM manufacturers are us­
ing the resulting higher profits to fund more 
development work on CMOS processes that will 
take them to higher densities, higher speeds, and 
lower power, says deDios. The market is moving 
away from 64-Kbit EPROMs and toward 256-Kbit 
and 512-Kbit devices, says Dave Bostwick, direc­
tor of strategic development for the memory 
group at Advanced Micro Devices Inc., Sunny­
vale, Calif. Also entering the market in volume 
production are I-Mbit EPROMs from AMD, Fujitsu, 
Hitachi, Intel, and Toshiba. One of the most re­
cent arrivals on the I-Mbit EPROM scene is the 
CAT27C210, a 64-K-by-16-bit CMOS device jointly 

100 to 150 ns. Dataquest's deDios 
agrees: "By this time next year anything under 
512 Kbits in density with access times of more 
than 150 ns will be out of the mainstream." 

In traditional full-function EEPROMs based on 
the Fowler-Nordheim effect, says deDios, the 
majority of the marketplace is moving from 64 
Kbits to 256 Kbits. Most authorities agree cur­
rent technology stops there, however: "Unless a 
radically new cell structure and architecture 
comes along, it will be difficult for EEPROMS to 
move beyond 256 Kbits," says Ian Wilson, direc­
tor of product marketing at SGS Semiconductor 
Corp. U. S., in Phoenix, Ariz. 

An alternative technology that many firms are 
looking at to break beyond 256 Kbits is "flash" 
architecture, so named because the contents of 
all the memory's array cells are erased simulta­
neously by a single field emission of electrons 
from the floating gate of an erase gate. Such an 
EEPROM combines the advantages of the ultravio­
let-light-erasable PROM and floating-gate EE­
PROMs. It unites the high density, small size, low 
cost, and hot-electron-write capability of an 
EPROM with the easy erasability, on-board repro­
grammability, high endurance, and cold-electron­
tunnelling erasure of floating-gate EEPROMs. 

So far, the only player in the flash EEPROM 
market is Seeq Technology Inc., San Jose, Calif., 
which introduced its first device, the 128-Kbit 
48128, in August 1986. It is now following up 
this initial n-MOS part with two higher-density 
1.5-p.m CMOS parts, the 512-Kbit 48C512 and the 
I-Mbit 48CI024, both with 8-bit-wide organiza­
tions. With a memory-cell size of only 20 p.m2_ 
about one quarter the size of current EEPROM 
cells-these parts achieve EPROM die sizes, says 
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Mike Villott, vice president of marketing at 
Seeq, and they provide EEPROM features previ­
ously not available. Such features include on-chip 
address and data input latches to permit micro­
processor-compatible write and erase cycles, as 
well as chip-erase and page-erase modes. 

And whereas the 48128 required a 21-v power 
supply on multiple pins, the new flash EEPROMs 
require only a single 12-v external supply for 
programming and erasure. Moreover, he says, 
this programming voltage can be applied during 
read operations, which eliminates the need to 
switch it off when not erasing or programming. 
Byte write time is only 1 ms, and chip and byte 
erase times are no more than 5 s. Endurance­
the number of times the device can be erased 
and written to-is 100 cycles minimum and can 
be screened to 1,000 cycles. 

Hoping to follow Seeq into the market with a 
high-density flash EEPROM is Exel Microelectron­
ics of San Jose, Calif., which is in development 
on a 512-Kbit device it expects to introduce early 
next year. Also investigating the technology as a 
way to achieve higher EEPROM densities are 
AMD, Fujitsu, Hitachi, National Semiconductor, 
Texas Instruments, and Toshiba. 

Another recent convert appears to be Intel 
Corp., Santa Clara, Calif., although until recently 
it was enthusiastically exploring another ap­
proach to high-density EEPROMS, the thick-oxide 
technique pioneered by Xicor Inc. of San Jose, 
Calif. Intel, however, has abandoned its efforts 
in this area, says Don Knowlton, general manag­
er of Intel's programmable-memory operations 
in Folsom, Calif., and is investigating other tech­
niques for higher density, including the f1ash­
EEPROM approach. 

That leaves Xicor going it alone with the thick­
oxide technique. The company is now in produc­
tion with a 256-Kbit noMOS device, the X28256 
[Electronics, May 12, 1986, p.30] and is also 
developing a CMOS version, the X28C256, which it 
expects to introduce later this year, and a 1-Mbit 
device tentatively scheduled for early next year. 

For many manufacturers, however, the bright 
prospects in the mainstream EPROM and EEPROM 
market are essentially an opportunity to carve 
out new niches. The past has taught them a 
painful lesson: the memories may be nonvolatile, 
but their market is not. They want to find areas 
where price pressure and competition are less 
intense. Among the possibilities they're explor­
ing are high-speed bipolar PROM replacements, 
parts tailored to specific applications such as 
smart cards, and other applications outside the 
traditional domain of EPROMs and EEPROMs. 

Two companies that have successfully estab­
lished themselves in the bipolar PROM replace­
ment market are Cypress Semiconductor Inc. of 
San Jose, Calif., and WaferScale Integration, 
with 16-Kbit and 64-Kbit CMOS EPROMs in the 35-
to-50-ns range. Also looking to participate is 
Seeq, which has just introduced two byte-wide 
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2. REPROGRAMMABLE DIP. General Instrument has put 2.5 
Kbytes of EEPROM on a digital signal processor chip. 

35-ns EEPROMS, the 16-Kbit bit 36C16 and the 32-
Kbit 36C32 [Electronics, April 30, 1987, p.66]. 
Others thinking hard about entering the market 
include AMD, Intel, and SGS. 

Another niche is being explored by Intel, 
which is looking at what Knowlton calls "appli­
cation-oriented" EPRoMs-nonvolatile memory 
devices with extra logic that optimizes the de­
vices for specific applications. One of the compa­
ny's first efforts in this direction was the 27916 
KEPROM, or keyed-access EPROM, which com­
bines the memory array with a pseudo-random 
number generator and encryption circuitry that 
can determine if the person accessing its con­
tents is authorized. Taking the concept even fur­
ther, the company this month introduced the 
first in a new series of such applications-oriented 
EPROMS, the 87C257 and 68C257-256-Kbit de­
vices with on-chip latches that allow the memo­
ry's address and data pins to be tied directly to a 
microcontroller's multiplexed address and data 



president of Catalyst Semiconductor. In the 
new generation of devices from AMD, Cata­
lyst, Intel, SGS, and Xicor, on-ehip nonvolatile 
memory has risen to 32 Kbits or 64 Kbits. 

On-chip nonvolatile memory is also being 
used on DSPs. One such device is the 
DSP320EE12 from General Instrument, a 
pin-for-pin compatible version of TI's 
TMS320C10 DSP chip, but with 2.5 Kbytes 
of EEPROM added (see fig. 2). In the very 
near future, says Marya, it should be possi­
ble to incorporate up to 256 Kbits onto the 
microcontroller chip. 

3. EAASIC. Exel's 78C800 is the first in a family of what it calls 
electrically reprogram mabie ASICs, made with EEPROM technology. 

In programmable logic devices, two non­
volatile memory vendors-Intel and the 
Exel subsidiary of Exar Corp., San Jose, 
Calif.-have already entered the market. A 
third, Seeq, has just entered into a t.echnol­
ogy exchange agreement with Monolithic 
Memories Inc., which dominates the field­
programmable array-logic market with its 
bipolar devices. 

pins. The two devices, intended for the 8051/8096 
and 6800 series of microcontrollers, respectively, 
eliminate the need for the external logic, such as 
latches and inverters, that is typically required 
in microcontroller-based systems, says' Tom 
Price, EPROM marketing manager. 

Japanese firms seem to be carving out a niche 
for themselves in extremely high-densityEE­
PROMs and EPROMs of more than 1 Mbit, for use 
in smart cards and memory cards. Estimated to 
be a billion-dollar market by the early 1990s 
[Electronics, Dec. 18, 1986, p.55], smart cards 
will require high levels of built-in microcontroller 
intelligence, as well as memory that is both 
dense and nonvolatile. The only direct U. S. com­
petitor to the Japanese in the EEPROM- and 
EPROM-based smart- and memory-card market is 
General Instrument Microelectronics, Chandler, 
Ariz. Besides planning to produce EPROMS and 
EEPROMs ranging from 256 Kbits to 1 Mbit over 
the next six months, the company has installed 
the equipment to make the smart cards them­
selves, as well as card readers, power supplies, 
and connectors. Also making efforts in this di­
rection are Texas Instruments Inc. and Motorola 
Inc., but only at the chip level. The fourth con­
tender in this arena is the team of Catalyst 
Semiconductor Inc. and Oki Semiconductor, 
which aims to produce controllers and EEPROMs. 

Another strategy EPROM and EEPROM compa­
nies are following is diversification, outside tradi­
tional stand-alone products. They are applying 
their improved nonvolatile technology to micro­
controllers, DSPS, field-programmable logic, and 
even standard-cell ASICs. 

Traditionally, small amounts of EPROM or EE­
PROM-usually no more than 1,024 bits-have 
been incorporated into microcontrollers to give us­
ers some reprogrammability. "With new advances 
in nonvolatile memory technology, much higher 
levels can be incorporated," says B. K. Marya, 

Just entering the market this month with a 
PLD product based on its EEPROM technology is 
Exel, with the first in a family of what it calls 
ERASICS, or electrically reprogrammable ASICs. 
Designated the 78C800 (see fig. 3), it is the first 
commercially available CMOS PLD offering a sin­
gle-plane folded-NOR architecture, says Narayan 
Purohit, Exel product marketing manager. This 
approach makes it possible to implement multi­
level logic designs and does away with the limi­
tations of the traditional AND lOR-based designs 
now used. Intel's first proprietary PLD is an 
EPROM-based programmable bus-interface con­
troller designated the 5CBIC. A programmable 
three-port transceiver with embedded program­
mable logic macrocells and cross-point signal 
routing, it allows designers to implement any of 
a number of different bus interfaces with a sin­
gle circuit. A third company, WaferScale Inte­
gration, is working with Altera Corp. of Santa 
Clara, Calif., a manufacturer of EPROM-based 
PLDs, on a new family of user-configurable mi­
crosequencers based on its proprietary high­
speed split-gate technology [Electronics, March 
19, 1987, p.76]. 

On the standard-cell side, at least two nonvola­
tile-memory companies-WaferScale and Exel­
are in the market with cell libraries that incorpo­
rate EPROM and EEPROM cells, respectively. Simi­
lar efforts are under way at Intel and National 
Semiconductor, among other companies. In the 
Exar effort, Exel's EEPROM technology has been 
incorporated in standard cells ranging from a 
single bit to arrays of 1 Kbits. The same family 
of products also includes a wide range of analog 
megacells, including analog-to-digital and digital­
to-analog converters and a variety of switched­
capacitor filters. At WaferScale, engineers are 
upgrading an already existing EPROM-based cell 
library with cells that incorporate the company's 
newest and fastest EPROM technology. 0 
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TECHNOLOGY TO WATCH 

Five volts is no longer 
the magic number 

when engineers talk porta­
ble and battery-backed ap­
plications. Catalyst Semi­
conductor Inc. of Santa 
Clara, Calif., has just put 
the finishing touches on a 
64-Kbit EEPROM that reads 
and writes with a supply 

voltage as low as 3 V. And this diminutive appe­
tite comes at no substantial cost in speed. With 
an access time of 120 ns, the memory keeps pace 
with many existing 5-v devices. When operated 
at 5 v, its reads take a mere 60 ns. Also in its 
favor is the fact that it draws an active current 
of only 7.5 mA at 8 MHz, about a fifth that of its 
rivals. 

Low voltage opens up a wide range of battery­
backed applications, says B. K. Marya, Catalyst's 
founder and president-among them, hand-held 
computers, smart cards, pagers, beepers, and 
many telecommunications devices, which require 
long-term battery backup as well as small size. 

The memory also will compete with nonvolatile 
static random·access memories that incorporate 
a 3-v lithium battery. "The advantage of battery­
powered nonvolatile SRAMs is their ability to 
read and write data with access times of 120 ns 
or less," Marya points out. Moreover, "tradition­
al high-density EEPROMS of 64 Kbits or more 
usually require at least a 5-v read and write 
voltage. And they are not only slow but also 
difficult to operate if reprogramming is neces­
sary, requiring as they do at least four AA-type 
batteries or an expensive lithium power source." 
Because it can be operated and programmed 
with a 3-v supply, the device requires only two 
lo5-v batteries in portable consumer settings and 
makes it possible to go with small lithium power 
sources in smart cards. Eventually, Marya 
says, as the power-supply requirements of 
EEPROMs continue to decline, it may be 
possible to substitute solar cells for bat­
teries in a wide variety of applications. 

The EEPROM is the fruit of international 
cooperation. The cell and circuit design 
were contributed by Catalyst, which also 
created and modified the architecture. Oki 
Semiconductor of Tokyo furnished the 
process, jointly modified by the two part­
ners, and served as the silicon foundry. 

CATALYST'S EEPROM 
NEEDS A MISERLY 3 VOLTS 

In addition, a dual·docked, high-voltage 
switching circuit guarantees that switches are 
thrown reliably, even when the voltage fluctu­
ates. And dynamic, rather than static, page 
latching keeps the memory writing even while 
supply voltage varies. 

Measuring 4.84 by 7.06 mm and housed in a 
28-pin plastic dual in-line package, the Catalyst 
MSM28C64A (see fig. 1) is fabricated with a 
slight modification of Oki's lo5-,..m n-well double­
polysilicon CMOS floating-gate process. The mem­
ory incorporates five types of transistors: p­
channel and n-channel enhancement-mode MOS 
transistors for fabricating the 3-v circuits, and 
enhancement, depletion, and non-ion-implanted n­
type transistors for fabricating the charge-pump­
ing circuitry that converts the 3-v supply to 18 V 
on-chip; in addition to these transistors, there are 
the floating-gate devices themselves. 

The key to achieving low-voltage operation in 
portable applications is the ability to maintain 
stable reads and writes over long periods, de­
spite the substantial variations in supply voltage 
associated with batteries. Relaxing the supply­
voltage tolerances of the basic EEPROM cell 
makes that possible. With its dynamic page­
mode latching scheme, the device is relatively 
insensitive to voltage changes and can operate 
even if the supply voltage varies 20% in either 
direction, Catalyst claims. By comparison, most 
competitive devices can operate only within vari­
ations of ±10 v. When operated at, for example, 
5 V, the Catalyst part's supply voltage can vary 
from 4 to 6 v, whereas conventional EEPROMs 

Critical to the success of the joint ven­
ture was a variety of proprietary circuit 
wizardry. Broadening the supply-voltage 
range ensured successful reads and writes 
despite voltage fluctuations. Bootstrapping 
capacitors and a clever differential sense 
amplifier make certain that reads are ac­
complished quickly in the face of low volt­
age and power-supply variations. 

1. LOW VOLTAGE. Catalyst's MSM28C64A EEPROM has five types of transistors that 

form the charge·pump circuit needed to convert the 3-V supply to 18 Von-chip. 
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there is sufficient voltage, 
on the order of 0.1 to 0.2 DISCHARGE 

SIGNAL I .-CHANNEL OEPLETION 
TRANSISTOR 

v, to trigger the sense 
amplifier." In Catalyst's 3-
v design, however, the 
voltage change is only on 
the order of 0.02 v. With 
the use of a differential 
sense amplifier rather 
than a single-ended one, 
this minute voltage differ­
ential is magnified about 
100 times to a level suffi­
cient to trigger operation. 

2. BOOTSTRAP. A decoder circuit with bootstrapping capaCitor beween the two cell transistors 

helps keep read operations fast despite lower voltages and wider supply tolerances. 

To achieve low-voltage 
programming, Marya says, 
Catalyst and Oki engineers 
made a number of im­

have a much narrower operating margin, from 
4.5 to 5.5 v. 

An additional benefit of the lower operating 
voltage is that power dissipation is 25% to 50% 
less than that of comparable devices. At 8 MHz, 
active power is 49.5 milliwatts and standby is 
only 22.5 mW. At 1 MHZ, active and standby 
power are 15 mW and 7.5 mW, respectively. 

The low operating voltage was achieved with a 
variety of design improvements in both the read 
and write circuitry. Special bootstrap decoder cir­
cuits and a differential sense amplifier made it 
possible to keep reads fast despite the lower 
voltages and wider supply tolerances. In the 
first instance, the key was adding bootstrapping 

Catalyst uses dynamic page-mode latching, 
opening the door to battery operation; the 
usual static latching needs a highly stable 
supply voltage that batteries can't supply 

capacitors between the two transistors in the cell 
and oetween the decoder and the output to the 
word line (see fig. 2). "In present designs, when 
the supply voltage is too low, there is insuffi­
cient voltage across the enhancement-mode read 
transistor to allow it to switch reliably," Marya 
says. "With the addition of the bootstrap capaci­
tor, sufficient charge is accumulated to stabilize 
the voltage during the read operation." 

To prevent latchup that might be caused by a 
large instantaneous discharge of current from 
the capacitor onto the word line, which could 
occur during a write, the circuit also incorpo­
rates a predecoder to step down the discharge 
incrementally. The differential sense amplifier 
also boosts the EEPROM's reliability during 
reads. "In other designs, when the threshold 
voltage of a memory cell is set to the low state 
during a read, a very small current flows into 
the bit line, on the order of about 70 to 100 /-LA," 
says Marya. "Normally, in most 5-v designs 

provements to the high-voltage switches and to 
the page-mode latches. Usually, the high-voltage 
switches are controlled by a single clock, so there 
is only a relatively narrow range within which the 
switch can sense the clock edge reliably. In 5-V 
devices, this occurs as long as the voltage is be­
tween 4.5 and 5.5 v. Below 4.5 v, such designs fail, 
switching erratically. Designers from the two com­
panies solved this, he says, by going to a fail-safe 
switching scheme in which a dual clock is used, 
allowing the switches to operate reliably over the 
entire range from 3 to 7 V. 

In the other critical improvement to the pro­
gramming circuitry, company engineers went 
with a dynamic page-mode latching scheme, 
rather than the static configuration generally 
used, which is highly dependent on supply volt­
age for correct operation. "If the supply voltage 
varies outside a very narrow range of a few 
tenths of a volt, static latching no longer 
works," Marya says. "With a dynamic scheme, 
the page-latch threshold levels vary dynamically 
up and down as the supply voltage varies." 

As with most other high-density EEPROMs, the 
16-K-by-4-bit device also incorporates two redun­
dant rows in the event of faulty array cells. This 
meant that it was necessary to modify the re­
dundant cells to operate at lower voltages. Since 
they are located farther out on the array, they 
are served by longer lines, which means more 
capacitance or sensing lower-voltage signals. 
Here, the basic changes involved modifications 
to the interpoly oxide to take into account the 
lower voltage by reducing the load capacitance. 
Taking advantage of the differential-sensing 
scheme employed in the array, a special reset 
circuit selects a redundant word line when a 
faulty bit occurs in one of the word lines. The 
proprietary circuit works even when the supply 
voltage is as low as 1 v and consumes practically 
no power, Marya claims. The same scheme is 
also employed to select or key in EEPROM-based 
circuit elements to trim the programming volt­
age and the write cycle. -Bernard C. Cole 
For more Informatron, circle 481 on the reader service card. 
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TECHNOLOGY TO WATCH 

DOES CATALYST HAVE 
THE KEY TO SMART CARDS? 
A tiny but powerful microcontroller from 

Catalyst Semiconductor Inc. may be 
the key that will unlock a worldwide 
billion-dollar business in smart-card 

chips. Measuring 4.5 by 5 mils by only 200 p.m 
thick, the CAT61C580 chip is small enough to 
meet size requirements set by the International 
Organization for Standardization for smart-card 
applications, yet it packs 2-K bytes of electrically 
erasable, programmable read-only memory. 
That's at least four times the EEPROM of any 
other ISo-compliant smart-card chip now avail­
able using the same 2-,.."m CMOS design rules. 

The Santa Clara, Calif., company achieved this 
density by stripping away the peripheral logic 
around the EEPROM and writing these functions 
into microcode. That left plenty of room for the 
2-K bytes of EEPROM, and the chip is still about 
3070 smaller than competing devices that have 
only a fourth or less memory. What's more, Cat­
alyst is working on an 8-K-byte chip, which will 
be made by shrinking the cur-
rent 220-,.."m2 EEPROM cell size to 
80 ,.."m2 with a combination of 
proprietary design refinements , 
and 1.5-,.."m geometries. The " 
CAT61C580 is just being re- I' 
leased; the 8-K-byte chip should 
be available next year. 

Working in conjunction with 
joint developer Oki Electric Co., 
Tokyo, Catalyst designers modi­
fied an Oki microcontroller by 
adding a programmable logic ar­
ray and 2-K bytes of EEPROM. 
(Fig. 1). They also managed to 
squeeze in 3-K bytes of ROM, 128 
bytes of random-access memory, 
and enough electrostatic-dis­
charge-protection circuitry to 
protect the chip from up to 
15,000 kv, enough to protect 
against the static electricity gen­
erated by removing a credit card 
from a pocket or a billfold. 

In addition, the CAT61C580 op-

1. LITTLE GIANT. Catalyst's 8-bit micro­
controller is tiny enough for use in smart 
cards. yet it has an elephant's memory. 

Catalyst Semiconductor thinks that its 
new chip, which meets ISO smart-card 
standards and has 2-K bytes of EEPROM, 
could finally open up the market 



Veo 

erates at the ISO-recommended frequency of 4.9 
MHz with a high-speed instruction-cycle time of 
813.8 ns, allowing it to run at the ISO's recom­
mended 9,600 baud through a single serial input/ 
output pin. Power dissipation of the 8-bit chip is 
only 20 mW. 

The architecture of the chip allows asynchro­
nous, two-way communications through a single 
serial I/O pin. This eliminates the need for a 
universal asynchronous receiver/transmitter and 
an interrupt, reducing the number of pins to 
only five-one third to one half of what's re­
quired in other approaches. 

A TANTALIZING IDEA 

The idea of EEPROM-based microcontrollers 
has long captured designers' imaginations be­
cause of the wide range of applications-not 
only for smart cards, but also for robotics, artifi­
cial intelligence, industrial controls, consumer 
products, and more. But so far, applications have 
been limited to a small number of niche markets 
for controllers, because of the small amount of 
EEPROM that could economically share the same 
chip as the microcontroller. Smart cards are one 
application that promises to allow EEPROM-based 
microcontrollers to break out of their niche; now 
that such a powerful chip that meets ISO smart­
card standards exists, that breakout could be 
imminent. And with the increased memory that 
is promised, the chips will have a crack at the 
full range of potential microcontroller markets. 

Catalyst president and founder B. K. Marya 
claims his is the only chip that meets, and in 
some cases exceeds, all of the ISO requirements 
for smart-card applications, including area, thick­
ness, electrostatic discharge, power dissipation, 
and speed. Of these, the first three are the most 
critical, he says. 

"The thickness must be no more than that of a 
standard credit card, 200 p.m. And the area must 
not only be 5 by 5 mils or less, but [the chip 
must] be as square as possible, to prevent 'the 

TIMING 
AND 

CONTROL 

STACK 
POINTER 

SERIAL I/O 

possibility of breakage when the card is bent. In 
addition, the chip must be capable of withstand­
ing the electrostatic discharge that builds up tak­
ing credit cards in and out of pockets and wal­
lets." This buildup has been measured in excess 
of 10 kv, he says. 

The 2-K-byte chip is aimed at a projected near­
term market for smart cards that some estimate 
to be worth hundreds of millions of dollars (see 
p. 55). In a typical smart-card transaction, a card 
holder puts the card in a point-of-sale terminal. 
The terminal supplies the card with electric pow­
er and communicates to the card's microcon­
troller through pin contacts on the card's sur­
face. The user is asked to enter a password. 
When the sale is rung up, the amount of the 
transaction is stored in the card's EEPROM, cred­
ited to the retailer's account, and debited from 
the card holder's credit balance, which is also 
stored in the card's memory. The card holder can 
replenish the credit balance at an automatic­
banking machine. 

What has held back the development of the 
EEPROM-based microcontroller market, Marya 
says, is the fact that, although stand-alone EE· 
PROM parts of 16-K, 64-K, and 256-K densities are 
becoming commonplace, EEPROM-based microcon­
troller densities have trailed the stand-alone den­
sities by at least four generations. 

One way to achieve more on-board EEPROM is 
to advance the processing state of the art: scal­
ing down the lateral dimensions from geometries 
between 2 and 3 p.m to between 1.25 and 1.5 p.m, 
and the vertical dimensions on the EEPROM from 
150 to 250 A down to 80 to 90 A, which comes 
close to the limits at which EEPROMs operate 
reliably. The problem with this, says Marya, is 
that it requires manufacturers to push the pro­
cess technology for microcontrollers beyond 
what is currently available even for stand-alone 
EEPROMs. And although such an advance is tech­
nically feasible for the high-volume applications 
that could use such large EEPROM/microcon-

troller combinations, the 
high cost of manufactur­
ing such devices rules out 
their use. Marya says 
there is also the problem 
of reliability, which is crit­
ical for smart cards, 
where data integrity and 
security are important. So 
to make room for more 
EEPROM, Catalyst replaced 
the peripheral-function cir­
cuitry with microcode. 

To get 2-K bytes of EE· 
PROM into an ISo-standard 
smart-card chip, says 
Marya, "what is required 
is a fundamental rethink­

2. ATTRACTIVE SWAP. By writing the latch, timer, and test logic functions into microcode, Catalyst 
designers were able to free up more than enough room on the chip for 2·K bytes of EEPROM. 

ing of the architecture of 
EEPROM-based microcon-



trollers. Basically, most 
current implementations 
are 'brute-force' affairs 
combining the functions 
of an EEPROM and a mi­
crocontroller on the same 
chip, without any modifi­
cation whatsoever." 

By writing the func­
tions of the EEPROM's pe­
ripheral logic into micro-
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EEPROM. "Essentially, we 
have taken a standard EE­
PROM device, stripped off 

3. SIMPLIFIED BUS. By eliminating latches, timers, and test logic, the complex bus structure of 

a standard EEPROM-based chip (a) is replaced with a simpler three-bus arrangement (b). 

such peripheral circuitry as the latches, timers, 
and self-test logic, and incorporated these func­
tions into the microcode of the on-board 8-bit 
microcontroller (Fig. 2), resulting in a 5-by-4.5-
mm die size," says Marya. To achieve these 
breakthroughs, Catalyst designers came up with 
an architecture that differs from standard sin­
gle-chip EEPROM/CPU implementations in five 
fundamental ways. 

First, even though it uses the same 200- to 
250-llm2 cell structure as the cPu, the 2-K-byte 
EEPROM takes up only half the area of the 
microcontroller. Second, the microcontroller's mi­
crocode has been expanded to include the latch, 
timing, and test functions usually associated 
with the operation of the EEPROM. Although this 
increases the area occupied by the microcode by 
570, eliminating the peripherals from the EEPROM 
circuitry saves 20% of the EEPROM's space. 

Third, the bus architecture has been simpli­
fied. In the traditional one- and two-chip ap­
proach (Fig. 3a), at least six separate data, ad­
dress, and control lines link the EEPROM and the 
CPU. Moreover, Marya says, the user has to pro­
vide necessary waveforms on control pins WE, 
OE, and CE, along with the valid data and ad­
dress. The completion of programming is sig­
naled via the RDY/BUSY pin, which has to be 
monitored by the microcontroller. In the 
CAT61C580, the interface between the CPU and 
the EEPROM is reduced to a three-bus structure 
(Fig. 3b), because the EEPROM's hard-wired latch­
es and timer are eliminated. In addition, testing 
of the EEPROM is done internally, eliminating the 
need for test pads. 

Fourth, the addressing scheme has been modi­
fied, says Marya, in that the EEPROM is above 
the ROM address space but, unlike the ROM, it is 
addressed through RAM. The addressing scheme 
is made efficient by eliminating page boundaries 
and providing both direct and indirect addressing 
of the RAM. 

Finally, two additional registers have been 
added to the basic architecture: a B register to 
enhance the arithmetic logic unit's computation­
intensive tasks, and a D register, which can be 
auto-incremented or -decremented to enhance the 

speed of the RAM's read and write operations. 
The 128-by-8-bit RAM provides 32 levels of nest­
ing, and it can be used as a stack for pop and 
push operations. 

WHAT'S IN THE MICROCODE 

Most of the read, write, and erase functions 
are performed using two simple move commands 
incorporated into the cpu's microcode, MOV, and 
MOV2 • The first command transfers data from 
the internal RAM to the EEPROM, erasing previ­
ous data after receiving the appropriate 24-bit 
security code. The second command reads data 
out of the EEPROM locations and into the RAM. 
With these commands, EEPROM programming is 
made totally transparent to the user. "This 
transparency adds an additional level of security 
and reliability, since, unlike other implementa­
tions, the actual mechanism of writing into EE­
PROM is never revealed to the user," says Marya. 

In addition to these special instructions, there 
are the 95 other housekeeping commands usually 
incorporated into a microcontroller: 55 one-byte 
instructions, 35 two-byte instructions, and 5 
three-byte instructions. However, the instruc­
tions have been modified to reflect the chip's use 
in smart-card applications. The large number and 
smaller width of instructions provide more pro­
gramming power to the user, and that's impor­
tant in smart cards, where programming space 
is limited to on-board ROM, says Marya. 

Security is also essential for smart-card appli­
cations, because the user stores important finan­
cial and personal information in the card's EE­
PROM. SO Catalyst designers incorporated a set 
of special instructions into the microcode and a 
program into the on-board ROM that allows a 
three-level security scheme. "In a credit card 
application, this would make it possible not only 
for the primary user, say the financial institu­
tion, such as MasterCard or Visa, to have an 
access code, but the issuing b'mk and the individ­
ual card user as well-the first incorporated into 
the nonerasable ROM when the chip is sold to the 
issuing institution, and the other two inserted 
into the EEPROM when the card is issued to a 
customer," says Marya. "In any transaction, all 



three codes must be matched before any infor­
mation is revealed to the user or any data is 
changed on the card-the first two between the 
card and the machine automatically, and the 
third by the user on request." 

The high voltage for erasing and program­
ming the EEPROM cell is generated on the 
CAT61C580, so the chip needs only a single pow­
er supply of 5 v. Fabricated with a 2-fLm EEPROM 
process, which combines a 2-fLm CMOS logic pro­
cess with a conventional high-voltage two-tran­
sistor, floating-gate tunnel-oxide EEPROM pro­
cess, the chip's EEPROM is specified for 10,000 
program-erase cycles and 10 years of data reten­
tion. The process uses dual oxides-a thin oxide 
to obtain high-speed EEPROM read capability and 
a thicker oxide to withstand the 21 V required 
for erasing and programming the cell. 

In this scheme, Marya says, the user can 
change his code at regular intervals, as can the 
issuing institution via the automatic teller ma­
chine. Also, the card-reading machine can be pro­
grammed to disqualify the card after a certain 
number of unsuccessful attempts to enter the 
code. In addition, he says, further levels of secu­
rity can be incorporated into the EEPROM, such 
as specifying several individuals who are autho-

rized to use the card, and their credit limits. 
Catalyst is evaluating a number of strategies 

to take advantage of planned second-generation 
improvements. First, implementing the 2-K-byte 
architecture in 1.5-fLm CMOS and using the 80-
fLm2 cell that is now under development will re­
duce the die size of 2-K-byte devices by as much 
as 50?!" while increasing the number of dice per 
wafer and lowering the cost of the finished de­
vices. Alternatively, the same process improve­
ments will allow an increase in EEPROM array 
capacity from 2-K bytes to 8-K bytes without sub­
stantially increasing the present die size. Finally, 
Marya says, the enhancements will allow fabri­
cation of 16-bit microcontrollers with as much as 
32-K bytes of EEPROM, opening a host of applica­
tion areas that require real-time response, such 
as artificial intelligence, robotics, and high-per­
formance industrial and military controllers. D 

TECHNOLOGY TO WATCH is a regular feature of 
Electronics that provides readers with exclu­
sive, in-depth reports on important technical 
innovations from companies around the 
world. It covers significant technology, process­
es, and developments incorporated in major 
new products. 

MARYA: THE MICROCONTROLLER COULD BE THE NEXT GREAT 'GIZMO' 
"For yore the semiconductor industry based, 8-bit microeontrollers," says 
has been looking for the electronic giz- Marya, who points out that there are 
mo that would approach the dollar and some 200 million banking and credit 
unit volumes that digital watches, calcu- cards in circulation. He projects that by 
lators, and video games generated," 1990 about 25% of these cards will be 
says Bharat Kumar Marya-"B. K." to integrated-circuit-based. Beyond this, he 
his friends and associates. The president says, there are other potentially huge 
and founder of Catalyst Semiconductor replacement markets, such as telephone 
Inc., Santa Clara, Calif., believes tbat credit cards, as well as new applications, 
smart cards are just the tip of the ice- such as· health-history cards, warranty 
berg in a Itlarket for nonvolatile memo- cards, security cards, military dog tags, 
ry-based microcontrollers that he ,-------, welfare cards, and 
thinks may reach $2 billion a year passport cards. 
by the mid-1990s. Although many of 

Marya, 38, thinks that many ob- these potential IC-
servers expect growth to come from card applications are 
the wrong places. "Almost everyone already being test-
has turned their eyes toward person· marketed in Europe 
al computers and work stations, and Japan, Marya 
which have quickly moved from 8 to says, the major mar-
16 to 32 bits," he says. But as explo- ket will ultimately be 
sive as that market was at its begin- II. K. MARYA the U. S. "Ironically, 
ning, it has begun to level off in r-------, r-------, 
terms of growth and penetration. 
Moreover, he says, the largest share 
of the profits went to original-<!quip­
ment manufacturers and system inte­
grators, not to chip manufacturers. 

"The only market that has a good 
chance of recreating the bonanza of 
dollarS and unit volumes of the past 
is the market for smart integrated- '--_____ --' '--_____ --' 

virtually no U. S. semiconductor compa­
ny, with the exception of some tentative 
efforts on the part of Motorola, is tak­
ing steps to participate in this Itlarket," 
he says. "U. S. companies must act fast, 
or we'll lose another major market." 

To enter Catalyst in this market 
sweepstakes, Barya set up a joint devel­
opment agreement with Oki Electric 
Co., Tokyo, 18 months ago. "We provid­
ed the hasic architecture modifications, 
the circuit design, and the EEPROM ex­
pertise," he says. "They provided the 
proeess and fabrication capability." 

Maintaining communications and 
schedules for the joint project required 
many transoceanic flights by Marya~ de­
sign manager Nagesh Challa, Catalyst 
senior design manager Samir Patel, and 
Tomoaki Yoshida, an Oki section manag­
er in Japan. 

Catalyst is Marya's second startup. 

circuit cards built around EEPROM- IAMIR PATEL MAOISH CHALLA 

His first, Exel Semiconductor, an EE­
PROM and EPROM manufacturer, was 
acquired this year by Exar Inc. Marya 
earned a BSEE from Punjab University, 
India, and an MSEE from the University 
of New Mexico. He has since directed 
the design, construction, and operation 
of fabrication lines at several compa­
nies, including Hewlett-Packard, N ation­
al Semiconductor, Synertek, and Seeq 
Technology. 

Reprinted from ELECTRONICS, December t8, t986. copyright 1986 by McGraw·Hili. Inc. with all rights reserved. 
Additional reprints may be ordered by calling Electronics Reprint Department (609) 426-5494. 
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DOMESTIC SALES 
REPRESENTATIVES 

WESTERN AREA SALES OFFICE EASTERN AREA SALES OFFICE 

2231 CALLE DE LUNA 
SANTA CLARA, CA 95054 

TEL: (408) 748-7700 
FAX: (408) 980·8209 

MICHAEL J. CALISE 
ONE ROE LANE 

PORT JEFFERSON, NY 11777 
TEL: (516) 331-5566 
FAX: (516) 331·5577 

ALABAMA 
MACRO-MARKETING ASSOCIATES 
11513 S. MEMORIAL PKWY. 
HUNTSVILLE, AL 38503 
TEL: (205) 883-9630 
FAX: (205) 880-2947 
AREA: AL, MS, TN 

ARIZONA 
TUSAR 
6016 E. LARKSPUR 
SCOTISDALE, AZ 82524 
TEL: (602) 998-3688 
FAX: (602) 998-3689 
AREA: AZ, Clark City/NV 

CALIFORNIA 
EAGLE TECHNICAL SALES ASSOCIATES 
1900 SUNSET DR. #A 
ESCONDIDO, CA 92025 
TEL: (619) 743·6550 
FAX: (619) 743-6585 
AREA: San Diego County, Imperial County 

EMERGING TECHNOLOGY SALES 
373 SINCLAIR FRONTAGE RD. 
MILPITAS, CA 95035 
TEL: (408) 263-9366 
FAX: (408) 263-9566 
AREA: No. CA, NV 

HITECH REP COMPANY 
1111 ELCAMINOREAL#104 
TUSTIN, CA 92680 
TEL: (714) 730-9561 
FAX: (714) 730-9585 
AREA: LA County, Orange County 

HITECH REP COMPANY 
31332 VIA COLINAS #109 
WESTLAKE VILLAGE, CA 91362 
TEL: (818) 706-2916 
FAX: (818) 706-2178 
AREA: LA County, Orange County 

COLORADO 
MOSS MARKETING 
11811 E. 33RD AVE., UNIT A 
AURORA, CO 80010-1428 
TEL: (303) 340-8535 
FAX: (303) 341-7930 
AREA: CO, MT, NM, WY 

FLORIDA 
TECHNICAL SALES SPECIALISTS 
1999 JUANA RD. 
BOCA RATON, FL 33486 
TEL: (407) 391-3718 
FAX: (407) 750-1178 
AREA: F~ 

TECHNICAL SALES SPECIALISTS 
3614 EL CAMINO CT. 
LARGO, FL 34641 
TEL: (813) 530-5545 
FAX: (813) 530-5458 
AREA: FL 

GEORGIA 
MACRO·MARKETING ASSOCIATES 
3040 HOLCOMB BRIDGE RD. #J2 
NORCROSS, GA 30071 
TEL: (404) 662-5580 
AREA:GA 

ILLINOIS 
LTD TECHNOLOGIES 
810 ARLINGTON HEIGHTS RD. 
ITASCA, IL 60143 
TEL: (312) 773-2900 
FAX: (312) 773-0358 
AREA: No.IL 

LTD TECHNOLOGIES 
8307 MARK DR. 
ROSCOE,IL 61073 
TEL: (815) 389-4316 
FAX: (815) 389-4661 
AREA: No. IL, WI 

INDIANA 
SAl MARKETING 
5650 CAITO DR. 
INDIANAPOLIS, IN 46226 
TEL: (317)545-1010 
FAX: (317) 545-1310 
AREA: IN 

IOWA 
TECHNICAL ELECTRONICS 
327-30TH ST., SE (PO BOX 671) 
CEDAR RAPIDS, IA 52403 (52406) 
TEL: (319) 366-5443 
FAX: (319) 365-6943 
AREA: IA 

KANSAS 
ELECTRI-REP 
7050 W.l07TH ST. #210 
OVERLAND PARK, KS 66212 
TEL: (913)649-2168 
FAX: (913) 649-4537 
AREA: KS,NE 

MARYLAND 
THIRD WAVE SOLUTIONS 
8335H GUILFORD RD. 
COLUMBIA, MD 21046 
TEL: (301) 290-5990 
FAX: (301)381-5846 
AREA:MD, VA 

MASSACHUSETIS 
COMPTECH 
1 BRIDGEVIEW CIR. 
TYNGSBORO, MA 01879 
TEL: (508) 649-3030 
FAX: (508) 649-3276 
TWX: (710)347·6661 
AREA: MA, ME, NH, RI, VT 
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DOMESTIC SALES 
REPRESENTATIVES 

MICHIGAN 
SAl MARKETING 
2325 W. SHIAWASSEE #205 
FENTON, MI 48430 
TEL: (313) 750-1922 
FAX: (313) 750-1701 
AREA:MI 

MINNESOTA 
MICROELECTRONIC SALES 
6440 FLYING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 
TEL: (612) 829-0948 
FAX: (612) 829-0991 
AREA: MN, NO, SO, West WI 

MISSOURI 
ELECTRI-REP 
2258 SCHUETZ RD. #108 
ST. LOUIS, MO 63146 
TEL: (314) 993-4421 
FAX: (314) 993-6340 
AREA: MO, So. IL 

MICRO-TECH MARKETING 
10 GUYTON ST. 
KINGSTON, NY 12401 
TEL: (914) 338-7588 
AREA: No. of Rockland, NY 

MICRO-TECH MARKETING 
401 S. MAIN ST. 
N. SYRACUSE, NY 13212 
TEL: (315) 458-5254 
FAX: (315) 458-5919 
AREA: No. of Rockland, NY 

MICRO-TECH MARKETING 
1350 BUFFALO RD. 
ROCHESTER, NY 14624 
TEL: (716) 328-1420 
FAX: (716) 328-3003 
AREA:No. 01 Rockland, NY 

SJ ASSOCIATES 
265 SUNRISE HIGHWAY 
ROCKVILLE CENTER, NY 11570 
TEL: (516) 536-4242 
FAX: (516) 536-9638 
AREA: NY,NJ 

NORTH CAROLINA 
MICRO SALES, INC. 
4713 STILLER ST. 
RALEIGH, NC 27609 
TEL: (919) 881-0007 
FAX: (919) 782-3920 
AREA: NC,SC 
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OHIO 
SAl MARKETING 
1631 N.w. PROFESSIONAL BLDG #311 
COLUMBUS, OH 43220 
TEL: (614) 451-0778 
FAX: (614) 451-2670 
AREA:OH 

SAl MARKETING 
270 REGENCY RIDGE #202 
DAYTON,OH 45459 
TEL: (513) 435-3781 
FAX: (513) 435-3760 
AREA:OH 

SAl MARKETING 
25901 EMERY RD. #117 
WARRENSVILLE HEIGHTS, OH 44128 
TEL: (216) 591-0530 
FAX: (216) 591-0534 
AREA: West PA, OH 

OREGON 
NORTHWEST MARKETING ASSOC. 
6975 S.w. SANDBURG RD #330 
PORTLAND, OR 97223 
TEL: (503) 620-0441 
FAX: (503) 684-2541 
AREA:: OR 

PENNSYLVANIA 

SJ ASSOCIATES 
ROUTE 73 & FELLOWSHIP RD. 
PLAZA OFFICE CENTER #204 
MT. LAUREL, NJ 08054 
TEL: (609) 866-1234 
FAX: (609) 866-8627 
AREA: East PA 

TEXAS 
LOGIC 1 SALES 
11149 RESEARCH BLVD. #110 
AUSTIN, TX 78759 
TEL: (512) 345-2952 
FAX: (512) 346-5309 
AREA:TX,LA,AR,OK 

LOGIC 1 SALES 
4606 FM 1960 WEST #418 
HOUSTON, TX 77069 
TEL: (713) 444-7594 
FAX: (713) 444-8236 
AREA:TX,LA,AR,OK 

LOGIC 1 SALES 
200 E. SPRING VALLEY #A 
RICHARDSON, TX 75081 
TEL: (214) 234-0765 
FAX: (214) 669-3042 
AREA: TX, LA, AR, OK 

UTAH 
MOSS MARKETING 
669 S. 2ND EAST 
SALT LAKE CITY, UT 84111-3834 
TEL: (801) 363-5875 
FAX: (801) 328-8236 
AREA: UT, So. 10 

WASHINGTON 
NORTHWEST MARKETING ASSOC 
12835 BEL-RED RD. #330N 
BELLEVUE, WA 98005 
TEL: (206) 455-5846 
FAX: (206) 451-1130 
AREA:WA 

WISCONSIN 
LTD TECHNOLOGIES 
10855 W. POTTER RD. 
MILWAUKEE, WI 53226 
TEL: (414) 774-1000 
AREA: WI 

CANADA 
ELECTRONICS SALES 
PROFESSIONALS 
116 MCKEE 
CHATEAUGUAY, MONTREAL J6J 3N 
TEL: (514) 691-8129 
FAX: (514) 691-2726 

ELECTRONICS SALES 
PROFESSIONALS 
5200 DIXIE RD. #201 
MISSISSAUGA, ONTARIO L4W 1E4 
TEL: (416) 626-8221 
FAX: (416) 238-3277 

ELECTRONIC SALES 
PROFESSIONALS 
447 MCLEOD #3 
OTTAWA, ONTARIO K1 R 5P5 
TEL: (613) 236-1221 
FAX: (613) 236-7119 



DOMESTIC 
SALES DISTRIBUTORS 

QYeBJ:;liilii J:;1.J:;!<IBQHIQl2 WA 
22125 17TH AVE., S.E. #114 

Phoenix,AZ BOTHELL, WA 98021 
2164 E. BROADWAY #310-8 TEL: (206) 483-1144 
TEMPE, AZ 85282 FAX: (206) 485-1512 
TEL: (602) 966-2256 
FAX: (602) 921-3351 I2IAMQND E!.E~RQNIQl2 

Buena Park, CA NH 
6230 DESCANSO AVE. 66F RIVER RD. 
BUENA PARK, CA 90620 HUDSON, NH 03051 
TEL: (213) 744-0355 TEL: (603) 883-1515 
TEL: (714) 521-5230 TEL: (800) 227-8142 

CA (No.), (Headquarters) 
FAX: (603) 883-4508 

3263 SCOTT BLVD. 
SANTA CLARA, CA 95050 

E!.!TUBIi E!.ECIBONICl! !U.l!.l 

TEL: (408) 988-8900 Phoenix,AZ 
FAX: (408) 988-7720 4636 E. UNIVERSITY DR. 

PHOENIX, AZ 85034 
San Diego, CA TEL: (602) 968-7140 
10054 MESA RIDGE CT. #118 FAX: (602) 968-0334 
SAN DIEGO, CA 92121 
TEL: (619) 535-0011 Irvine, CA 
FAX: (619) 535-0018 1692 BROWNING AVE. 

IRVINE, CA 92714 
Woodland Hills, CA TEL: (714) 250-4141 
21550 OXNARD #420 FAX: (714) 250-4185 
WOODLAND HILLS, CA 91367 
TEL: (818) 710-7780 San Diego, CA 
FAX: (818) 720-7729 3940 RUFFIN RD., UNIT E 

SAN DIEGO, CA 92123 
CO TEL: (619) 278-5020 
12503 E. EUCLID DR. #80 FAX: (619) 576-8564 
ENGLEWOOD, CO 80111 
TEL: (303) 792-5829 San Jose,CA 
FAX: (303) 792-5832 575 RIVER OAKS PKWY. 

SAN JOSE, CA 95134 
MN TEL: (408) 434-1122 
7650 EXECUTIVE DR. FAX: (408) 435-0256 
EDEN PRAIRIE, MN 55334 
TEL: (612) 934-2104 CA(So.) 
FAX: (612) 934-2057 21730 NORDHOFF ST. 

CHATSWORTH, CA 91311 
OR TEL: (818) 700-0914 
15075 S.E. KOLL PKWY. #D FAX: (818) 700-0826 
BEAVERTON, OR 97006 
TEL: (503) 641-2233 CO 
FAX: (503) 643-1237 9046 MARSHALL CT. 

WESTMINSTER, CO 80030 
TX TEL: (303) 650-0123 
2156 W. NORTHWEST HWY. FAX: (303) 650-0937 
DALLAS, TX 75220 
TEL: (214) 869-1435 
FAX: (214) 869-9418 

CT 
24 STONY HILL RD. 
BETHEL, CT 06801 
TEL: (203) 743-9594 
FAX: (203) 798-9745 

Altamonte Sprin9s, FL 
380 S. NORTHLAKE BLVD. #1048 
ALTAMONTE SPRINGS, FL 32701 
TEL: (407) 767-8414 
FAX: (407) 834-9318 

Clearwater, FL 
4900 N. CREEKSIDE DR. 
CLEARWATER, FL 33520 
TEL: (813) 578-2770 
FAX: (813) 576-7600 

GA 
3000 NORTHWOODS PKWY. #295 
NORCROSS, GA 30071 
TEL: (404) 441-7676 
FAX: (404) 441-7580 

Chicago,lL 
1000 E. STATE PKWY. #B 
SCHAUMBURG,IL 60195 
TEL: (312) 882-1255 
FAX: (312) 490-9290 

Boston, MA 
133 FLANDERS RD. 
WESTBOROUGH, MA 01581 
TEL: (508) 366-2400 
FAX: (508) 366-1195 

MD 
7165 COLUMBIA GATEWAY DR. 
#G 
COLUMBIA, MD 21046 
TEL: (301) 995-1222 
FAX: (301) 290-0600 

MI 
35200 SCHOOLCRAFT RD. #106 
LIVONIA, MI 48150 
TEL: (313) 261-5270 
FAX: (313) 261-8175 

SI. Louis, MO 
BELLERIVE EXCHANGE BLDG. 
1067 MASON RD. #15 
ST. LOUIS, MO 63141 
TEL: (314) 469-6805 
FAX: (314) 469-7226 
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Liverpool, NY 
7453 MORGAN RD. 
LIVERPOOL, NY 13088 
TEL: (315) 451-2371 
FAX: (315) 451-7258 

Rochester, NY 
333 METRO PARK, 1 ST FLOOR 
ROCHESTER, NY 14623 
TEL: (716) 272-1120 
FAX: (716) 272-7182 

Portland, OR 
15236 N.W. GREENBRIER PKWY. 
PHASE 111A, BLDG. A 
BEAVERTON, OR 97005 
TEL: (503) 645-9454 
FAX: (503) 644-6238 

Philadelphia, PA 
520 FELLOWSHIP RD. #A101 
MT. LAUREL, NJ 08054 
TEL: (609) 778-7600 
FAX: (609) 778-4621 

Austin, TX 
6501 HERON DR. 
AUSTIN, TX 78759 

Richardson, TX 
1900 FIRMAN DR. #150 
RICHARDSON, TX 75081 
TEL: (214) 437-2437 

Salt Lake City, UT 
2250 W. REDWOOD RD. 
SALT LAKE CITY, UT 84119 
TEL: (801) 972-8489 
FAX: (801) 972-3602 

WI 
20875 CROSSROADS CiR. #200 
WAUKESHA, WI 53186 
TEL: (414) 786-1884 
TEL: (800) 999-8079 
FAX: (414) 786-0744 

FUTURE ELECTRONICS (CANADA) 

Calgary 
3220 5TH AVE. N.E. 
CALGARY, ALBERTA T2A 5N1 
TEL: (403j 235-5325 
FAX: (403) 248-0750 
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DOMESTIC 
SALES DISTRIBUTORS 

Edmonton 
5312 CALGARY TRAIL S. 
EDMONTON, ALBERTA T6H 4J8 
TEL: (403) 438-2858 
FAX: (403) 434-0812 

Montreal (Headquarters) 
237 HYMUS BLVD. 
POINTE CLAIRE, QUEBEC H9R 5C7 
TEL: (514) 694-7710 
FAX: (514) 695-3707 

Ottawa 
BAXTER CENTER 
1050 BAXTER RD. 
OTTAWA, ONTARIO K2C 3P2 
TEL: (613) 820-8313 
FAX: (613) 820-3271 

Quebec City 
1990 BLVD. CHAREST O. #190 
ST. FOY, QUEBEC G1 N 4K8 
TEL: (418) 682-8092 
FAX: (418) 682-8303 

Toronto 
82 ST. REGIS CRESCENT N. 
DOWNSVIEW, ONTARIO M3J 1Z3 
TEL: (416) 638-4771 
FAX: (416) 638-2936 

Vancouver 
1695 BOUNDARY RD. 
VANCOUVER, B.C. V5K 4X7 
TEL: (604) 294-1166 
FAX: (604) 294-1206 

Winnipeg 
106 KING EDWARD 
WINNIPEG, MANITOBA R3H ON8 
TEL: (204) 786-7711 
FAX: (204) 783-8133 

MILGRAV ELECTRONICS 

CA(So.) 
912 PANCHO RD. 
CAMARILLO, CA 93010 
TEL: (805) 484-4055 
FAX: (805) 388-8169 

CO 
11497 S. REGENCY PL. 
PARKER, CO 80134 
TEL: (303) 296-0443 

CT 
326 W. MAIN ST. 
MILFORD, CT 06460 
TEL: (203) 878-5538 
FAX: (203) 878-6970 

washington, D.C. 
9801 BROKEN LAND PKWY. #103 
COLUMBIA, MD 21046 
TEL: (301) 621-8169 
TEL: (800) 638-6656 
TEL: (301) 995-6169 
FAX: (301) 381-3066 

Delaware Valley 
3001 GREENTREE EXECUTIVE 
CAMPUS 
SUITE C 
MARLTON, NJ 08053 
TEL: (609) 983-5010 
TEL: (800) 257-7111 
FAX: (608) 985-1607 

FL 
1850 LEE RD. #104 
WINTER PARK, FL 32789 
TEL: (407) 647-5747 
TEL: (800) 432-0645 
FAX: (407) 629-0757 

Atlanta,GA 
3000 NORTHWOODS PKWY. #270 
NORCROSS, GA 30071 
TEL: (404) 446-9777 
TEL: (800) 241-5523 
FAX: (404) 446-1186 

Chicago,lL 
3223 NORTH WILKE RD. #2312 
ARLINGTON HEIGHTS, IL 60004 
TEL: (312) 253-1212 
FAX: (312) 253-1573 

Kansas City, KS 
6400 GLENWOOD #313 
OVERLAND PARK, KS 66202 
TEL: (913) 236-8800 
FAX: (913) 384-6825 

New England 
BAlLARDVALE PARK 
187 BALLARDVALE ST. 
WILMINGTON, MA 01887 
TEL: (617) 657-5900 
FAX: (617) 658-7978 



DOMESTIC 
SALES DISTRIBUTORS 

NJ 
1055 PARSIPPANY BLVD. #102 
PARSIPPANY, NJ 07054 
TEL: (201) 335-1766 
FAX: (201) 335-2110 

NY (Headquarters) 
77 SCHMITT BLVD. 
FARMINGDALE, NY 11735 
TEL: (516) 420-9800 
FAX: (516) 752-9870 

NY (Upstate) 
TOWERS AIRPORT BUSINESS PARK 
1200 A SCOTTSVILLE RD. 
ROCHESTER, NY 14624 
TEL: (716) 235-0830 
FAX: (716) 436-3647 

Cleveland, OH 
6155 ROCKSIDE RD. 
CLEVELAND, OH 44131 
TEL: (216) 447-1520 
TEL: (800) 321-0006 
TEL: (800) 362-2808 
FAX: (216) 447-1761 

Austin, TX 
7308 KAPOK LN. 
AUSTIN, TX 78759 
TEL: (512) 250-1736 

Dallas, TX 
16610 N. DALLAS PKWY. #1300 
DALLAS, TX 75248 
TEL: (214) 248-1603 
TEL: (800) 441-9078 
FAX: (214) 248-0218 

Houston, TX 
7019 SAN PABLO 
HOUSTON, TX 77083 
TEL: (713) 530-2355 

Salt Lake City, UT 
4190 S. HIGHLAND DR. #102 
SALT LAKE CITY, UT 84124 
TEL: (801) 272-4999 
FAX: (801) 272-7005 

NU HORIZONS ELECTRONICS CORP 

MA 
151 ANDOVER ST. 
DANVERS, MA 01930 
TEL: (508) 777-8800 

MD 
8975 GUILFORD RD. #120 
COLUMBIA, MD 21044 
TEL: (301) 995-6330 
FAX: (301) 995-6332 

NJ 
39 ROUTE 46 
PINEBRooK, NJ 07058 
TEL: (201) 882-8300 

Rochester, NY 
100 BLUFF DR. 
EAST ROCHESTER, NY 14445 
TEL: (716) 248-5980 

NY, (Headquarters) 
6000 NEW HORIZONS BLVD. 
AMITYVILLE, NY 11701 
TEL: (516) 226-6000 
FAX: (516) 226-6262 

OpS ELECTRONICS 

IL 
101 E. COMMERCE DR. 
SCHAUMBURG,IL 60173 
TEL: (312) 884-6620 
FAX: (312) 884-7573 

RM ELECTRONICS COMPANl INC 

IN 
7031 CORPORATE CIRCLE DR. 
INDIANAPOLIS, IN 46278 
TEL: (317) 291-7110 
FAX: (317) 291-1675 

MI (Headquarters) 
4310 ROGER B. CHAFFEE MEMORIAL 
DRIVE, SE 
GRAND RAPIDS, MI 49508 
TEL: (616) 531-9300 
FAX: (616) 531-2990 

MI 
26911 N.W. HWY., STE. 300 
SOUTHFIELD, MI 40834 

Calgary, CANADA 
6120 3rd ST., S.E. UNIT 9 
CALGARY, ALBERTA T2H 1 K4 
CANADA 
TEL: (403) 252-5664 
TEL: 1-800-661-1644 
FAX: (403) 255-0966 

Montreal, CANADA 
243 PLACE FRONTENAC 
POINTE CLAIRE, QUEBEC H9R 4Z7 
CANADA 
TEL: (514) 694-0860 
TEL: 1-800-361-6558 
FAX: (514) 694-0965 

Ottawa, CANADA 
1825 WOODWARD DR. 
OTTAWA, ONTARIO K2C OR3 
CANADA 
TEL: (613) 727-8325 
TEL: 1-800-267-3481 
FAX: «613) 727-9489 

Toronto, CANADA (Headquarters) 
85 SPY CT. 
MARKHAM, ONTARIO L3R 4Z4 
CANADA 
TEL: (416) 475-8500 
FAX: (416) 475-4158 

Vancouver, BRITISH COLUMBIA 
8563 GOVERNMENT ST. 
BURNABY, B.C. V3N 4S9 
TEL: (604) 420-9889 
TEL: 1-800-663-8956 
FAX: (604) 420-0124 
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EUROPEAN 
SALES OFFICES 

CATALYST SEMICONDUCTOR U,K, 
1 PECKOVER CT, 
GREAT HOLM 

EUROPEAN OFFICE MILTON KEYNES 

AUSTRIA: 
ING. E. STEINER 
HUMMELGASSE 14 
A·1130 VIENNA 
AUSTRIA 
TEL: (0222) 827474 
FAX: (0222) 8285617 

BELGIUM: 
BETEASAINV 
LEUVENSESTEENWEG 31 
B·1940 ST.STEVENS-WOLUWE 
BELGIUM 
TEL: (02) 725·1080 
FAX: (02) 725·1619 

DENMARK: 
DELCOA.S. 
HEJREVANG 13 
DK·3450 ALLER0D 
DENMARK 
TEL: (042) 277733 
FAX: (042) 277770 

FINLAND: 
YLEISELEKTRONIIKKA OY 
LUOMANNOTKO 6 
SF·02200 ESPOO 
FINLAND 
TEL: (90) 452 1255 
FAX: (90) 428 932 

FRANCE: 
NEWTEK 
8 RUE DE L'ESTEREL 
SILlC583 
94663 RUNG IS CEDEX 
FRANCE 
TEL: (1) 4687·2200 
FAX: (1) 4687·8049 
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BUCKS MK8 9HA 
ENGLAND 
TEL: (0908) 260874 
FAX: (0908) 561233 
INTL TEL: 44,908,260874 

GERMANY: 
TEKELEC AIRTRONIC GmbH 
KAPUZINERSTRASSE 9 
8000 MUNICH 2 
WEST GERMANY 
TEL: (089) 51640 
FAX: (089) 516410 

ISRAEL: 
ADVANCED SEMICONDUCTOR 
TECHNOLOGY LTD. 
47/9 GOLOMB ST. 
HERZLlA,46305 
ISRAEL 
TEL: (052) 583355 
FAX: (052) 85525 

ITALY: 
SILVERSTAR LTD. S.P.A. 
VIA DEI GRACCHI 20 
20146 MILAN,ITALY 
TEL: (02) 4996 
FAX: (02) 435594 

NETHERLANDS: 
TEKELEC AIRTRONIC B.V, 
P.O. BOX 63 
2700 AB ZOETERMEER 
NETHERLANDS 
TEL: (079) 310100 
FAX: (079) 417504 

NORWAY: 
HENACOA.S. 
TRONDHEIMSVEIEN 436 
P.O. BOX 126 
KALDBAKKEN 
N·0902 OSLO 9 
NORWAY 
TEL: (02) 162110 
FAX: (02) 257780 

SPAIN: 
ATD ELECTRONICA 
PLAZA CIUDAD DE VIENA 6 
28040 MADRID 
SPAIN 
TEL: (1) 234·4000 
FAX: (1) 234-7663 

SWEDEN: 
SATICOAB 
DALVAGEN 10 
S·171 36 SOLNA 
STOCKHOLM, SWEDEN 
TEL: (08) 734·0040 
FAX: (08) 734-9155 

SWITZERLAND: 
DATACOMP A.G. 
SILBERNSTRASSE 10 
CH·8953 DIETIKON 
SWITZERLAND 
TEL: (01) 7405140 
FAX: (01) 7413423 

UNITED KINGDOM: 
MICROPROCESSOR" MEMORY 
DISTRIBUTION, LTD. 
3 BENNET COURT 
BENNET ROAD 
READING 
BERKSHIRE RG2 oax 
ENGLAND 
TEL: (0734) 313232 
FAX: (0734) 313255 



FAR EAST 
SALES OFFICES 

JAPAN: 

MARUBUN CORPORATION 
8-1, NIHOMBASHI ODEMMA-CHO 
CHUO-KU, TOKYO 103 
JAPAN 
TEL: (03) 639-9851 
FAX: (03) 661-7433 

SINGAPORE: 

MARUBUN ELECTRONICS (5) PTE LTD 
16 RAFFLES QUAY #35-03 
HONG LEONG BUILDING 
SINGAPORE 0104 
TEL: (65) 223 8855 
FAX: (65) 224-2474 

HONG KONG: 

DRACO INTERNATIONAL LTD. 
RM. 3903, WINDSOR HOUSE 
311 GLOUCESTER RD. 
CAUSEWAY BAY 
HONG KONG 
TEL: (852) 5-762892 
FAX: (852) 5-768652 

KOREA: 

ENCKOREA 
C.P.O. BOX 1294 
SEOUL, 137-071 KOREA 
1602-4, SHUCHO-DONG 
SHUCHO-KU, SEOUL 
KOREA 
TEL: (822) 587-5724 
FAX: (822) 585-1519 
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* 

ORDERING INFORMATION 

Device Part Number may be 10 

A = Advanced Device or Specia 

H = High Endurance * 
L = Low Power Device 

V _ Special Vohage 

Prefix Device # 

CAT 28C64A 

IIowedby: 

I Assembly 

Package 

C.O.B'-~Jn 

D .CERDIP 

K - Small Outline 
L -LCC 

N • PLCC 

P - Plastic DIP 

P 

Suffix 

-20 

I Speed orPr 
(. 

Temperature Range 

C = Commercial (O'C to 70'C) 

I - Industrial (-40'C to 85'C) 

M - Military (-55'C to 125'C) 

Note: "C" designator omitted from 
device marking and product 
number when ordering. 

The device used in the example above is a CAT28C64API-2o. (Plastic DIP, Industrial temperature, 
200ns access time). 

High Endurance Device: minimum 100,000 write/erase cycles and 100 year data retention. 
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LIFE RELATED POLICY 

In situations where semiconductor component failure may endanger life, system designers using this 
product should design the system with appropriate error detection and correction, redundancy and 
back-up features to prevent such an occurence. 

Catalyst Semiconductor's products are not authorized for use as critical components in life support 
devices or systems. 

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

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

WARRANTY 

Devices sold by Catalyst Semiconductor, Inc. are covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. Catalyst Semiconductor, Inc. makes no warranty, 
express, statutory, implied, or by description, regarding the information set forth herein or regarding 
the freedom of the described devices from patent infringement. 

Catalyst Semiconductor, Inc. makes no warranty of merchantability or fitness for any purpose. 
Catalyst Semiconductor, Inc. reserves the right to discontinue production and change specifications 
and prices at any time and without notice. Catalyst Semiconductor, Inc. assumes no responsibility for 
the use of any circuitry other that circuitry embodied in a Catalyst Semiconductor, Inc. product. No 
other circuits, patents or licenses are implied. 
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