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The information contained herein is subject to change without notice.

The information contained herein is presented only as a guide for the applications of our
products. No responsibility is assumed by TOSHIBA for any infringements of patents or other
rights of the third parties which may result from its use. No license is granted by implication
or otherwise under any patent or patent rights of TOSHIBA or others.

The products described in this document contain strategic products subject to COCOM
regulations. They should not be exported without authorization from the appropriate gov-
ernmental authorities.

These TOSHIBA products are intended for usage in general electronic equipments (office
equipment, communication equipment, measuring equipment, domestic electrification, etc.).
Please make sure that you consult with us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major
impact to the welfare of human life (atomic energy control, airplane, spaceship, traffic signal,
combustion control, all types of safety devices, etc.). TOSHIBA cannot accept liability to any
damage which may occur in case these TOSHIBA products were used in the mentioned
equipments without prior consultation with TOSHIBA. ’

© 1993 TOSHIBA CORPORATION
All Rights Reserved
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INTRODUCTION

We continually venture at the leading edge of technology so that
we may develop and offer to you a diverse array of semicon-
ductor memory products which may be used in many commercial
and industrial applications. At this time, we offer five data books;
“MOS-Memory Dynamic RAM”, “MOS-Memory Video RAM”,
“MOS-Memory MODULE - CARD”, “MOS-Memory Static RAM”
and “MOS-Memory NON-VOLATILE”.

Particularly, this data book is “MOS-Memory NON-VOLATILE”
edition.

These data books represent our current culminations of electrical
characteristics, timing waveforms and package data for our line
of semiconductor memory products.

We hope this information will be very useful for you.

Jan. 1993

TOSHIBA CORPORATION
‘Semiconductor Group
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1. Memory Products Guide

1M Dynamic RAM

60ns 70ns 80ns 100ns

F{T'CS“WBP/BJIBZ/BFI'IBTR-GOH TCSNOQ0AP/ AJIAZIBFTIBTR~7;’—-{ TCSNO00AP/ AN/ AZ/BFT/BTR-80 H TCS11000AP/AS/AZ/BFT/BTR~10

%T%?WWM@HTGIWJWWT&JOH TCS!WPL/M/WBFHJBT&-NHTC&WJMUAZL/BFTUBM-‘D I

—{TCS"WSPIBJIBZ/BFTIBTR—GOH TCSHOCIAP/AN/AZ/BFT/BTR-70 H TCSNOO1AP/AS/AZ/IBFT IBYR-80 TC5"w1APIAJIAZIBFTIBTR—|D]

—-{LCSH@B?/&I/BZIBFT/BTR«GOH TCS51 IWZAPIMIAZIBFTISTF{~7OH TCSN002AP/AJ/AZ/BFT/BTR-80 TCS“CDZAP/MIAZ/BFT/BW-N;]

’--{EAWIKHBZ/BFTIBTR«GO TCSI4255APIAJIAZISFT/BTH-7OHT®|42SGAPINIAZIBF7IBTR—60 TCS\4256&PIMIAZIBFTIBTR-'0]

~—{ TC5142568PL/BIL/BZL/BFT/BTR.-60 H TCSI4256APL/ AR/ AZL/BFTL/BTAL-T0 HEMW/WMTW“;I—{TWIWWM—W‘,

(o= Hom H=h

—{TCSI42$BBPI BY/BZ/BFT/BTR-60—1f TCS1 42SBAPIM{AZ/SFTIBTR—7OHTCS\42$8APINIAZI BFT/BTR-80 TC514258AP/ANAZ/BFT/BTR-10 '

—{TCSM@SGSP/BJIBZ/BFTIBTN—GOHTCFN 4266AP/ AL/ AZIBFY, /9Tﬂ—70HTC$M26€AP/ AJ/AZIBFT/BTR—GOH TC514266AP/ AN/ AZ/) BFTIBTRAB]

TCE1664BJ/BL/BFT/BTR-80 H TCS“SBABJIBZJBFTIBTR-\O“I

TC511664BJL/BZL/BFTL/BTRL-80 HTCSHWBJUBZUBFTUBTR.-!O ]

A‘{ 64K X 16 I[

TCSME65RI/BZ/BFT/BTR-80 HTCS"GBSBJ/BZIBFTIBTR—\O ]

TCS“BSSBJL/BZL/BFTUBTRL—GOH TC5116658JL/821/BFTL/BTRL-10 ]
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Y

@ 4M Dynamic RAM

50ns 60ns 70ns 80ns 100ns
| TCS14100AP/AN/ASS / TCS514100AF/AN/AS) / TCS14100AP/AJ/ABS ¢ TC514100AP/AJ/ASI/
[ AZ/AFT/ATR-60 AZ/AFTIATR-TO AZ/AFT/ATR-80 AZ/AFT/ATR-10
hd *

TC514100BSJ/BZ/ TC51410084/BS./BZ /
BF1/BTR-50 BFT/BTR-60
| Tosiat00aPLAIUASILY TCS14100APL/AJL/ASIL/ TC514100APL/AJL/ASIL/ TC514100APL/AJL/ASIL / d
ﬁ AZL/AFTL/ATRL-60 AZL/AFTL/ATRL-70 AZI/AFTL/ATRL-80 AZUAFTL/ATRL10 3

| TCE14101AP/AJ/ASS TCS14101AP/AJIAS) TCS14101AP/AJ/ASY/ TC514101AP/AJ/AS] 1 ,
AZ/AFT/ATR-60 AZ/AFT/ATR-TO AZ/AFT/ATR-80 AZ/AFT/ATR-10 3

aMx1 *

TCS14101B/BS)/BZ/
BFT/BTR-60

I TCS14102AF/ANIAS)/ TCS14102AP/AJIASS/ TCS14102AF/AJIASY/ TCS514102AP/AJ/ASS/ 3
AZ/AFT/ATR-60 AZ/AFT/ATR-70 AZ/AFT/ATR-80 AZ/AFT/ATR-10

-

TC514102B0/B8SJ/82/
BFT/BTR-60

S

| TCS514400AF/ AJ/ASY/ TC514400AF/AJ/ASS TCS14400AP/ANIASS / TCS14400AP/AJ/ASY/
AZ/AFT/ATR-60 AZ/AFT/ATR-T0 AZ/AFT/ATR-80 AZ/AFT/ATR-10
* *
TCS14400BS8J/BZ/ TC514400B4/BSJ/BZ/
BFT/BTR-50 B8FT/BTR-60
,TCS144OOAP|JAJJASJL / TC514400APL/AIL/ASILY TCS14400APL/AJL/ASIL/ TC514400APL/ALL/ASIL/
AZL/AFTL/ATRL-60 AZL/AFTL/ATRL-70 AZL/AFTL/ATRL-80 AZU/AFTL/ATRL-10
[ TCS14402AP/AJIAS/ TC514402AP/AJ/ASS/ TC514402AP/AJ/AS 1 TCS14402AP/AJ-/ASY
[ AZ/AFT/ATR-60 AZ/AFT/ATR-70 AZ/AFT/ATR-80 AZ/AFT/ATR-10
CMOS 4M Bit —i ™Mx4 ,— b

TC514402B4/85/BZ/
BFT/BTR-80

' TCS14410AP/AIASY/ TCS14410AP/AJIASS TC514410AP/AJIAS/ TCS14410AF/AJ/ASS/
] AZ/AFT/ATR-60 AZ/AFT/ATR-70 AZ/AFT/ATR-80 AZ/AFTIATR-10

*

TCS1441084/BSJ/BZ/
BFT/BTR-60
[ Tests00av/azs TC514800 AJIAZ/ TCS14800AJ/AZS
1 AFVATR-TO AFT/ATR-0 AFT/ATR-10
12K X8 | TCs1as00aILAZLY TC514800AJ L/AZL/ TC514800AJL/AZLY
-1 AFTL/ATRL-70 AFTL/ATRL-80 AFTL/ATRL-10

[ TestasooaiLiazLLs TCS14B00AILUAZLLY TCH14800AJLL/AZLL
AFTLL/ATRLL-70 AFTLU/ATRLL-S0 AFTLL/ATRLL-10
ITC514QOOAJ/AZ'/‘ . TOSMO00AIAZ] TCS14900AUAZ,
1 AFTATA-70 AFT/ATR-80 AFTATA-10
[ Tcs14000aIL/a2Ls TC514900AJL/AZL/ TC514800AJL/AZLY
512KX g ) * * * * F]
L armiamaioe AFTL/ATRL-80 AFTU/ATRL-10
| TestaoaiazLL TCSMS0AILLAZLLY, TOS1490AILLIAZLLY
AFTLL/ATRLL 70 ArTLYATRLE 80 AFTLE/stRLE 10

% [ New Product
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4M Dynamic RAM (Continued)

. 70ns 80ns 100ns

* * )
r—{ TC514170B1/BZ/BFT/BTR-70 H TCS141708J/BZ/BF T/BTR-80 —H‘ TCE141708U/BZ/BFT/BTR-10 ]
* * *
—-{ TC61426084/82/BF T/BTR-70 H TC5142608/BZ/BF T/BTR-80 FL TCS51426084/BZ/BF T/BTRAG ]
*

- -
dZSGK x16 }—'—{ TC514260BIL/BZL/BFTL/BTRL-70 H TC5142608UL/BZL/BFTIL/BTRL-80 }—L TC5142608UL/BZL/BF TL/BTRL-10 ]

* *
—{JCS142608JUJBZLL/BFTLL/BTN.L-TQ H TCS1426084LL/BZLL/BFTLL/BTRLL-80 H TC6142608JLL/BZLL/BFTLL/BTRUL10 ‘I
* »

*

{ TC51427384/BZ/BF T/BTR-70 }-*L TC514273BU/BZ/BF T/BTR-80 H TC614273BI/BZ/BF B TR0 l

* * *

TC51419084/BZ/BFT/8TR-70 H TCS141808U/BZ/BFT/BTR-80 H TCS141908U/8Z/BF /B TR-10 —'
* * *

TCS5142808J/BZ/6FT/BTR-T0 H TC6142808U/BZ/BFT/BTR-B0 H TC814280BU/BZ/BFT/BTR-10 —]

*

A

-
TC514280BI/BZL/BFTL/STRL-70 H TC614280BIL/BZL/BFTL/BTRL-80 H— TC51428084L/B2L/8FTL/BTRL-10 I

i

i
i

2 2

. *
TC514280BILL/BZLL/BFTUL/BTRIL-70 H TC614280BJLL/BZLL/BFTLL/BTRU-80 H TC614280BILL/BZLL/BF TLL/BTRLL-10 l

* 1 New Product
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16M Dynamic RAM

60ns

TCSNEI00J/Z/FT/TR-60

70ns
H TCSHEI000/Z/FT/TR-70

80ns
TCS1E100J/2/FT/TR-80

TCSUSIOW/Z/FT/TR-60 H TCSNEI0W/ZFT/TR-70 TCENSI01I/Z/FTTR-80

(—L16MX1 H 4K Refresh Cycle

TCS6102J/Z/F T/ TR-60 H TCENSI024/Z/F T/ TR-T0 TCSNB1024/2/F T/TR-80

TCS1164004/2F T/TR-60 H TCS1164000/ZF T/TR-70 TCS1164004/Z/F T/TR-80

4K Refresh Cycle

TCS1184024/ZFT/TR-80 TCS16402J/Z/FT/TR-80

T LT TT

H TC51164024/Z/F TITR-70

TCSH6410/Z/FT/TR-60 H T TCS1164100/2F TTR-70 H TCSNB8410/2FT/TR-80

TCS5174000/2/FT/TR-60 H TCSN7400W/Z/FT/TR-70 HATCSIWI&OOJIZ/FT/TH-BO

2K Refresh Cycle

TCSN74025/Z/FT/TR-60 TCSN74024/2Z/FT/TR-70 H TCS174024/Z/FT/TR-80

H

4K Refresh Cycle

2K Refresh Cycle

4K Refresh Cycle

[ _omos | rem ai H amxe

2K Refresh Cycle

4K Refresh Cycle

b

TCSU7410J/2Z/FT/TR-60 TCS174100/2/FT/TR-80

H

TCSH7410J/2FT/TR-70

*% * & *
TCSNEB00ANAZ/AFTIATR/ TCS116B00AN/AZIAF TIATR/ TCS5116800AJ/AZIAF T/IATRY
ANJ/ANZ/ANT/ANR-60 ANJ/ANZ/ANT/ANR-TQ ANJ/ANZ/ANT/ANR-80

*5 * & * & N

TCSNE800AJS/AZS/AFTS/ATRS/ TCSNEB00ASS/AZS/AFTS/ATRS/ TCSNEB800AIS/AZS/AFTSIATRS/

ANJIS/ANZS/ANTS/ANRS-60 ANJS/ANZS/ANTS/ANRS-70 ANJS/ANZS/ANTS/ANRS-80

* % * * * *

TCSHTBO0AS /AZ/AFTIATRY/
ANJ/ANZ/ANT/ANR-60

TCSN7800AN/AZIAFTIATRY

TCSI7BOOANAZIAFT/ATRY
ANJ/ANZ/ANT/ANR-T0

ANJ/ANZ/ANT/ANR-80

X [} LX)
TCSNTB00ASS/AZS/AFTS/ATRS/ TCESN7BO0AIS/AZS/AFTS/ATRS/ TC5N7800AIS/AZS/AFTS/ATRS/
ANJS/ANZS/ANTS/ANRS-60 NJS/ANE/AN’TS/ANRSJO ANJSIANZS/ANTS/ANRS&O

LX)
TCS118300AN/AZ/AFTIATR-60

X

TC5116900AJS/AZS/AFTS/ATM_H TC5"&§00AJS/AZS/AFT‘S/A7RS—7O H TCsﬂSSOOAJSIABIAFTSIATB—;)—I

LX) . *

H TCSNUEA00AS/AZIAFTIATR-70 H TCS!INOOAJ/AZIAFY/ATRGO ]

TCSNTI00AN/AZIAF TIATR-60 H TCSN7900AJ/AZIAFTIATR-T0 H TCS117900M/AZIAFT/ATR-80 ]
LN LX)

TCSN7900ASS/AZS/AFTS/ATRS-60 TCS1179(X)AJSIAZS/AFTS/AT$—7;I—-{ TC5117900AJSIABIAFI' S/ATRS-80 ]
X3 L]

TCSNBIG0AJ/AZ/AFT/ATR-60

e

TCSNEBOAIS/AZS/AFTS/ATRS-60 HTCS“GIGOMS/AZS/AFI’ S/ATRS-70 }‘t‘%ﬂGIGOA.SIABIAFI'SlATM—]

%

TCS1617 0ANAZIAFT/ATR-60 H TCS1|6|70N/AZIAFY/ATR~70 Hrcsnsﬂoumzzmmmso ]
* % -

TCSUBI7T0AIS/AZS/AFTSIATRS-60 H;TCSHGWOAJS/AZ&AFI’ S/ATRSJUH TCENG170AUS/AZS/AFTS/ATRS-80 I

* ¥

}-im511mmM/AzAFT/ATw70 H TCS1|S160AJ/AZ/AFT/ATR~60 l

lL TCENBIGOANAZ/AFT/ATR-70 H_TCS“&GON/AZ/AFT 7ATR-80 ]

tt

K Refresh Cycle

-l TC511B!60AJLLIAZU./AFT LL/ATRLL-70 HTCSH BIB0AJLL/AZLL/AFTLL-ATRLL-80 ]

[ X3

{_ TCSNBI7O0ANAZIAFT/IATR-T0 H TCS118170N/AZ/AFT/ATR~80 l

e

Jl_ TCSHB’I TOASLL/AZUL/AFTLL/ATRLL-TO }—‘{lDSUBWOMLLIAZLL/AFTLLIATRlLvBO ]

4K Refresh Cycle

I

K Refresh Cycle

* &

r{ TCSNBIBOANAZIAFT/ATR-60
3

X * K

H TCSNEIBOANAZIAFT/ATR-70 H TCSNG180AI/AZIAFTIATR-80 ]

'—{EH&BOAJS/AZS/AFT‘SIATRS-GOH TCSN61B0AIS/AZS/AFT: &AT%NH:@(!&MWWWATM ]

X

——{ Tcsumsouzwmmmm Hrcsuexsoumzzmmmvo H TCSE190AI/AZ/AFTIATR-80 ]

3 EX)

-{ TCS16190AIS/AZS/AFT SIAT!ZS-SOH TCS'!G'SOAIS/AZS/AFI’ S/ATRS-70 HTCSHGIBOAJSIAZS/AFTSIATRS—BO1

L TCS1IBIBOAS/AZIAFT/ATR-70 H:CS“&BOM/AZ/AFT/ATR'BO ]

LK) LE]

l[ TCSHBIB0ANLL/AZLL/AFTLL/ATRLL- 70H TC5||8180AJLLIAZLLIAFTLUATHH-&Tl

¥ &

{ TCENBIYANAZIAFT/ TR-70 H TC:‘)HBIQOAJ/AZIAFT/ATR&O ]

tc

LTCSIIB!SOMLLIAZUJAFHUATMJO H TCSNBIB0AJLL/AZUL/AFTLL/ATRLL-80 ]
=%  Under Development
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® Dynamic RAM Module

DRAM
Modute

—{_1em 8it }— s12kx32

THM32518085-60

THM325180AS-70

THM325180A8-80

THM325180AS-10

THM3B851208S5/BSG-60

THM3B5120AS/ASG-70

THM3BS5120AS/ASG-80

THM365120AS/ASG-10

60ns 70ns 80ns 100ns
256Kk %8 |——{  THM&250085/85G60 | THMB2500AS/ASG 70 THMB2S00AS/ASG-80  |—{  THMB2500AS/ASG10 |
il 256Kk <9 | " THM925008S/85G 60 J—|  THMO2500AS/ASG-70 THM92500AS/ASG80 ||  THMB2500AS/ASG1G |
H{_am i }—{ s12kxa }—] THMB51008S/8L-60 H THMB5100AS/AL-70 THMB5100AS/AL-80 H THMB5100AS/AL-10 ]
THMS100085/8L-60 H{TrmsiocoasiaL-7o THMBI000AS/AL-80 H THMBI000AS/AL-10 ]
- THMB1020BL-80 . THMB1020AL-70 THMBI020AL-80  vrvesiozoaL10 ]
L THM3225008S/BSG60  |—{  THM322500AS/ASG-70 THM322500AS/ASG-80 || THMA22500AS/ASG-10 |
Eoonrs2 THM32259065-60 . THM322590A5-70 THM322590A5-80 THM322590A5-10 ]
THM9100085/85G/BL60 || THMme1000AS/ASG/AL-70 THMO1000AS/ASG/AL -80 THMB1000AS/ASG/AL-10___ |
THMS101085G-80 H THMBIG10ASG-70 THMII010ASG-80 THMS1010ASG-10 }
THMB10208L-80 H TRMI1020AL-70 THM1020AL-80 THMS1020AL-10 ]
I 1M DRAM l - sm e THMB105085 60 el THME1050AS-70 THMO10S0AS-80 THMB10S0AS-10 ]
Modue THM382500BS/BSG60  |—{  THM362500AS/ASG-70 THM362500AS/ASG-80 THM3E2500AS/ASG-10 |
o THM362570BS/8SG-60 || THM362570AS/ASG-70 THM362570AS/ASG-80 THM362570A8/45G-10 |
—{_1om 8it_}—{ zs6xx 30 }—] THM40250085G-60 |l THMA40250045G-70 THMA402500ASG-80 THMA402500ASG-10 ]
THM32512086/BSG60 [ THM325120A8/ASG-70 THM325120AS/ASG-80 THM325120AS/ASG10___ |
THM32514085G-60 Il THM325140A5G-70 THM325140ASG-80 THM325140ASG-10 ]
J-{ ]
H ]
H ]
- ]
L I
o

- 1am st }—{ s12k <38 L—E THM36514085G-80 THM365140ASG-70 THM365140ASG-80 THM365140ASG-10
THM36516085/B3G-60 THM365160AS/ASG-70 THM3G5160A5/ASG-80 THM3B5160AS/ASG-10
—{ 2o Bit_ {52k =20 }—{  Trimaosmonsc-eo THMAO5120ASG-70 THMA05120A5G-80 THMA4D5120ASG-10
60ns 70ns 80ns 100ns
—_emeit_}—{ mxs |—] THMB1070AS/AL-60 THMB1070AS/AL-70 THMBI070AS/AL-80 THMB1G70AS/AL-10
—{_omeit }—{ wixs |}— THMBS1070AS/AL-60 THMS1070AS/AL-70 THMBI070AS/AL-80 THMB21070AS/AL-10

—{_t6M Bit i x5 i THMISI000ASG-80 THMI61000ASG-70 THMIGIO00ASG-80 THMI61000ASG-10
—{_tem st }—"mx8 ]  THvis1000A56-80 THMIB1000ASG-70 THMIB1000ASG-80 THMIBI00UASK
THMB4000AS/ASG/AL-60 THMB4000AS/ASG/AL-70 THMB4000AS/ASG/AL-80 THMB84000AS/ASG/AL-10

THMB4020AL-60

THMB84020AL-70

THMB4020AL -B0

THMB4020AL-10

THM321000AS/ASG-60

THMB321000AS/ASG-70

THM321000AS/ASG-80

THMAZ1000AS/ASG-10

THM3Z1080AS-60

THM321090AS-70

THM321090AS3-80

THM321080AS-10

THM331000A5-70

ITIIIIEII IFI%;IIIJIIII;;IIIIII

THM331000AS-80

II;IIII;I IIIIEIIIIIII;II

THM331000AS-10

THMI4000AS/ASG/AL-70

-

7
<
£
g
>
§
b3
8

H

THMY4000AS/ASG/AL-10

THMS4Q20AL-70

THM9O4020AL-80

THMS4020AL-10

- sm et —{"mxss i THM331000AS-60
THMS4000AS/ASG/AL 80
aMx9
THM94020AL 60
[ aom st | THM3SI000AS/ASG 60

THM361000AS/ASG-70

THM361000AS/ASG-80

i

THM361000AS/ASG-10

THM361020A5/ASG-60

THM3B1020AS/ASG-70

THM361020A8 /A SG-80

THM361020AS/ASG-10

THM3B61010AS/ASG-60

THM3B1010A8/ASG-70

THM3B1010AS/ASG-80

THM3B1010AS/ASG-10

THM361070AS/ASG-60

THMIBI070AS/ASG-70

THM361070AS/ASG-80

THM361070AS/ASG-10

A 1 8 o o

._J_.._1.._1..._.__.__.____1__._._4.__4_._._.__1_1._4.____4.._._. SV § SR § SN § S

i
H
H H
L H
. H
r~{_som Bit_}—{ " mxa0 }—] THMA401000ASG-60 THM401000ASG-70 H THMA4Q1000ASG-80 H THMA401000ASG-10
amxie —f THMI64020ASG-60 THMI64020ASG-70 H THM164020ASG-80 H THM164020ASG-10
THV322020AS/ASG 60 THM322020AS/A5G-70 |~ THM322020AS/ASG-80 || THM322020AB/ASG-10
THM322080AS-60 THM322080A5-70 I Teazececas a0 H THM322080AS-10
smMxs —{  Thmssozoatseo THMBBO20ATS70 H THMBB020ATS-80 | THMBBOZOATS 10
THMBSOR0ATS-60 THMSB0R0ATS-70 H THMSBO20ATS-80 O THMGBOZOATS-10
THMIB4020ASG-60 THMIB4020ASG-70 H THMIB4020A5G80 ] THMI84020A5G 10
THM362020AS/ASG 60 THM3BR020AS/ASG-70 |~ THM3G2020AS/ASG-80 || THMOIG2020AS/ASGAO
THM362040A5/ASG 60 THM3B2040AS/ASG-70 || THM3G2040AS/ASG-80 | THMOB2040AS/ASGA0
THM362060AS/ASG-60 THM3G2060AS/ASG70 I THMIB2060AS/ASG80 || THAMIS20B0AS/ASG A0
—{_eom B —{ 2mxa0 }— THM402020ASG60 THMA02020ASG-70 o R = THM402020ASG-10
—{_r2em Bit }—{"amx32 |—{  THm324080AS/ASG 00 J-{Trm324080A5/A5G 70 F{  THwac4080AS/ASG-80 {__Trm3zaca0As/ASG10
{ tsem @it J—{ amx3s }—{  Travsssosoas/Asaco - Trmaseos0asiASG 7o | THMas4caoAs/ase 60 —H Trmssaceonsmsaio
~{ aam Bit ] "amx36 |—{  Trmaescsorsisaco _7rmssacsoasimsaro || Trvas4osons/AsG.a0 " vrmssacecasias 1o
60ns ' 70ns 80ns
r{r2em B |—{"amx32 }—{ " Trmazaocosisa-es M mhmazacossisaro -] THM3240008/5G-80 |
—{ team ot f—{"amx3e | Trmsescoos/sa.so I mwssscacsmaza J{ Trvosaczos/se-so ]
—{_1som ait J—{"amxa0 | THM4040205G-60 " mrimacsozose 7o H THM404020SG-80 ]
—_32om 8it fr{ smxa0 }] THMA408020SG 60 . Trmacsozoscro [ THMA408020SG-80 ]
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Video MEMORY

70ns

80ns

100ns

—

256K x 4 | TC52425684/B2/BFT/BTR-80 Hrcszazsem/ayel—‘r/am-w |
—| TC524258B)/BZ/BFT/BTR-80 H TC524258BU/BZ/BFT/BTR-10 “F’Ve‘;';ufg)‘e”d
 “emer P -
ORAM —FCS242598J/BZ/BFI’/BTR—80 H TC524259BU/B2/BFT/BTR-10 J“;"e‘;’:j;)'e“d
128K % 8 { TC )/BZ/BFT/BTR-80 H TC528126BJ/BZ/BFT/BTR-10 I
—| TC5281288./BZ/BFT/BTR-80 H TC5281268/BZ/BFT/BTR-10 | (0t Extend
Video
MEMORY
2M Bit 256K X8 TC528257./SZ/FT/TR-70 I——r'rcszszsu/sm—‘r/TR-ao ]
TC528267J/SZ/FT/TR-70 I———Ii'rcszszewszn——r/m—eo l (Extend Data Out)
Field " .
Momory —-| ™ Bit 256K x4 }—L TC521000P ]
Static RAM

—| 8KX8

—

TC5564APL/AFL-15

H

TC5564APL/AFL-20

(150ns)

(200ns)

—| 32K~-'8

TC55257B8PL/BFL/BSPL/BFTL/BTRL-85 —

TC55257BPL/BFL/BSPL/BFTL/BTRL-10

TC552578PL/BFL/BSPL/BFTL/BTRL-10L

TC55257BPL/BFL/BSPL/BFTL/BTRL-85L [

(85ns)

(100ns)

TC562578PI/BFY/BSPI/BFTI/BTRI-I0L
(100ns) '

TCSS1001APL/AFL/AFTL/ATRL-70

TC551001APL/AFL/AFTL/ATRL-85 [—

TCSS51001APL/AFL/AFTL/ATRL-10

128K X8

TCS51001APL/AFL/AFTL/ATRL-70L

—

TC551001APL/AFL/AFTL/ATRL-85L" [

TC551001APL/AFL/AFTL/ATRL-10L

(70ns)

(85ns)

(100ns)

TCS551001API/AFI/AFTI/ATRI-8S [

TCS51001API/AFI/AFTI/ATRI-10

TCS51001API/AFI/AFTI/ATRI-85L

TCS51001API/AFI/AFTI/ ATRI-10L

) (85ns) {100ns)
* % TC554002PL/FL/FTUTRL-55 | %% TC554002PL/FL/FTL/TRL-70 [ % *TC554002PL/FL/FTL/TRL-85 | #* * TC554002PL/FL/FTL/TRL-10
* %k TC554002PL/FL/FTL/TRL-55L [ % % TC554002PL/FL/FTL/TRL-70L  — % % TC554002PL/FL/FTL/TRL-85L [— #* % TC554002PL/FL/FTL/TRL-10L

(55ns)

(70ns)

(85ns)

(100ns)

* % : Under Development
FT: TSOP(Forward)
TR: TSOP(Reverse)
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o ®

High Speed Static RAM

——[28&( ait l——-{ 32K X9
—«l S12K Bt Hszxxm
—\{ ™ Bit Hs«xjs
—{ aMm ait l———-l rvield

TCE83297J17 H TC85329F/4~20 TCS5329RYJ-25 H TCS5329HJ-35

pd—

Il TCS516324-20 TC5516324-25 H TCS51632.-35

10ns/12ns 15ns/17ns 20ns 25ns 30ns/35ns
jl TCE5416P-15H H TCS5416P-20H H_ TC55416-25H H TC55416P-36H ]
1BK X4
K —l[ TCE5417F/J-15H H TCS5417FJ-20H H T 17RYJ-25H H T 117FYJ |
64K Bit Cs54 CS5417F/J-36H
8KX8 L TC5588RYJ-15 H TCS588P/J-20 H TC5588RJ-25 H_ TC5588FJ-35 ]
—~| 72K 8it I———«l BKX9 ]I— 1' TC5589RYJ-15 H TCS889HJ-20 H TC5589P/J-25 H TC5589F/J-35 ]
H TC851877-20 H TC85187T-25 H TCS5187T-30 l
) 8K X 18/
’ CMOS I"—‘I 1aaK Bit 4KX18x2
TCS5188T-20 H TC55188T-25 H TC55188T-30 l
e { TC 417 H TC55464P1J-20 H TCS55464P/J-25 H‘ TCS5464p1J-35 I
ook B { TC55465// 17 H TCE54650/4-20 H TCE5465P/J-25 H TCS5465M.-35 ]
56K Bit
1‘ TC55328R1J-17 H TC55328/J-20 H TCS5a28R1)-25 H TCS53281J-35 |

1 TC851664J-15 H TC5516644-20 TC5516644-25 ]

s

¥ ¥

1 TC5514024-20

SRSUNE i VS i SN B SO |

X,

TCE614024-25 ]

16K X 4 H TC55B417F/J-10/12 ]
&

8Kx8 TCSSB88F/J~10/12 ]

TC558464RJ-10/12 H TCS58464J-15

TCS58328F1J-10/12 H TCS5B328F/J-15

TC558465PJ-10/12 H TC55B465F14-15 ]

a1-cMOSs -I——-v—{ 288K Bit H 32K #9 H TC558329P/J-10/12 H TCS58329P/J-18

’——L TCE5B42564-12 H TC55842564-15 H TCS5B4256U-20 I
256K < 4 }—' ‘—L TC55842574-12 AH TC55842574-15 H TC55B42574-20 I

KX

’——‘I TC55B8128FYJ-12 H TC5588128//J-15 H TC5588128FYJ-20 ]
* %

128K X8 ]——tcssassmaﬁmnz ] (Synchvonous SRAM)

#*
I"

TC558881280-10712 . Synchronous SRAM)

*%:Under Development
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@ Pseudo Static RAM

70ns 80ns/85ns 100ns 120ns —’
TCS1832AFAPL-70 TCS1832AFYAPL-85 TCS1832AF/APL-10
256K Bit 32K x8 TC51832ASF/ASPL-70 TC51B32ASHASPL-85 TCS1832ASFASPL-10
TCSISGZAF/AFL-T'—-’ TC51832AF/AFL-85 TC51832AF/AFL-10
r Tcs1a|2aAP/An—ﬂ TCEI8128AP/APL-10 TCS18128AP/APL-12
[] TC518128A8P/ASPL-80 || TcsiB128ASP/ASPL-10 TCE1B12BASP/ASPL_12 %
— TC518128 AF/AFL-80 1 TC51B125AF/AFL-1O T0518128AF/AFL-12 jg'
1 T0518128AFW/AFWL-80 TCS18|28AFW/AF\NL-10 ‘-EEIBQBAFW/AFWL—‘IZ ‘
—  TCs18128AFTL-80 TCS18128AFTL-10 TCE18128AFTL~12
TC518128ATRL-80 TL-‘ TC518128ATRL-10 TC‘518126ATHL—12—,
. (C_E1.CE2Tyne)
L TC51828APL—80LV1 TC51812BAPL-1OLV ’751812BAPL~12LV
I  TcswermsAFL-goLy | TCOIBI28AFL-10LY |~ TCS18128AFL-12LY 1
—| TCse128AFWL-80LY |~ TCsistesAFwL-oLy || TC51812BAFWL~12LV
] TCSI812BAFTLEOLV. [— TCSBI28BAFTLa10LY | TC518128AFTL~12LY
TC51812BATRL-80LY TC51812BATRL—IOLV —I TCS18128ATRL-12LY J
M Bit 128K X8
I~ T051e129AP/APL-?’— TC518129AP/APL~10 !TC51B|29AF/APL—12 — :
— TCSI&IZQASP/ASF'L—BO = TC5IB129ASPIASPL-1O - TC‘518129ASPIASPL-12 :
— TCS1B129AF/AFL—80 — TCS18129AF/AFL-10 1 TCSI8129AF/AFL-12
[] TCS18120AFW/AFWL-80 [ TCS18129AFW/AFWL-10 | TCS18129 AFW/AFWL-12
| TCS1B129AFTL-80 [~  TCS1B129AFTL-10 | TC518129AFTL~12
—L TC518129ATRL-80 *-{ TC518129 ATRL~10 TC5181290ATRL~12
(CECSType)
TCH19129APL-a0LY TCS18129APL-10LYV ’— TC518128APL-12LY
] TCS1@9AFL-soLv |+ TesistesaFL-tov | TCSI8129AFL-12Ly
] TCSIBI29AFWL-BOLV | Tcswsizearwi-toy || TC518129 AFWL_12LY
TCSIBI20AFTL-80LY | TCSB120AFTL-10Ly || TCSIBI20AFTL-12LV
TC518129ATRL-80L v TC518129ATRL-10LY —i TCS18129ATRL-12LV —l
* TC518128BPL-70 - T05181285PL-BT’—— *TC518128BPL-10

* TCS18128BSPL-70 |- TCS181288SPL-80 | * TCs181288SPL-10

*TCS18128BFL-70 | * TCS181288FL-80 — * TCS18128BFL-10

(CE1,CE2Type)

*TCsisizagFwL-70 [ TCs18128BFWIL-80 [~ TCs18128BFWL-10

* TC518128BFTL-70  |— *TCS1812BBFTL-8C | * TCS18128BFTL-10

* TC5181288TRL-70 * TC518128BTRL-80 * TC5181288TRL-10
B

* :New Product
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Lo e o —

S12Kx 8

70ns

80ns

* TC518128BPL-70L

|

* TCS18128BPL-80L

100ns

* TCS18128BPL-10L

* TC518128BSPL-70L

* TCS181288SPL-80L

* TCS181288FL-70L

* TCS18128BFL-80L

* TCS18128BSPL-10L

* TCSIB128BF1~10L

* TCS18128BFWL-70L

* TC518128BFWL-801

* TCSI8128BFWL-10L

* TCS18128BF TL-70L

* TCS181288FTL-80L

* TCS181288FTL~10L

* TCS181288TRL-70L

* TCS181288TRL-80L

* TCS18128BTRL-10L

* TC518128BPL-70V

* TCH18128BPL-80V

* TCSI8128BPL-10V

* TCS518128BFL-70V

* TCS18128BFL-80V

* TC5181286FL-10V

* TCS181288FWIL-70V

* TC5181288FWL-80V

* TC512128BFWL-10V

* TC518128BF TL-70 v

* TCSIB128BF TL-80V

* TCS18128BFTL-10V

* TCHIB128BTRL-70V

* TCS181288TRL-80V

* TCS181288TRL-10V

* TC518129BPL-70

* TCS18129BSPL-T0

* TCH18129BPL-80

* TCS181298PL-10

* TC518129BSPL-60

* TC518129BSPL-10

* TCS5181298FL-70

* TCS181296FL-80

* TCS18129BFL-10

* TC518129BFWL-70

* TC5181298FPWL-80

* TC5181208FWI-10

* TC518129BFTL-70

* TCSIB1298FTL-80

* TCS18129BFTL-10

* TC518129BTRL-70

* TCS5181298 TRI-80

* TC5181298TRL-10

H

* TCS181298PL~70L

* TCS181296PL-80L.

* TCSIBI29BPL-10L

* TC518120BSPL-70L

* TCS1812988PL-80L

* TC5181208SPL-10L

* TC51812968FL-70L

* TC518129BFL -80L

* TC518120BFL-10L

* TC5181298FPWL-70L

* TCSH181208FWL-B0L.

* TCS181298FWL-10L.

-

* TCS1B1298FTL-70L

* TCS181208F TL-80L,

* TCS181208F TL-100L

* TCS18129BTRL-70L

_‘i

* TCS18120BTRL-S0L

* TCH181298TAL-10L

[~ *TCs81298pPL-70v

* TC5181208PL 80V

F-Et TC5181238PL-10v

* TCS18129BFL-70V

* TC5181298FL-80V

*TC518129BFWL-70V

* TCH18129BFWL-B0V

* TC5181296FL-10v

* TC518129BFWL-10V

* TCSI81298FTL-70V

* TC5181298F TL-80V

* TCEIB1298F TL 10V

* TCS18128BTRL-70y

—tC5181298mL—80j——i * TCS181298 TR 10V

TCs18512PL-70

H

TCS518512PL-80

TC518512PL-10

TCS18812FL-70

TC518512FL-80

TCS518512FL~10

TC518512FTL-70

TCS18512FTL-80

TCS18512FTL-10

TCS18512TRL-70

TCS18512TRL-80

TCHB512TRL-10

TC518512PL-70LV
[ ]

TCs18512FL-70LY

TC518512FTL-70LY

H

TCs18512P1L-80LY

TCS18512PL-10LY

TCS18512FL-80LY

TCS18512FTL-80LY

TCS18512TRL-70Lv

A |

i
TCH18512TRL-80LV

TC518512F L 10LY

TCS18512F T 0LV

TCSI8512TRL-10LV

(CEi.CE2Type)

(CE.CSType)

sP

25mit SOP  F ~=d450mil SOP

° ' FW=826mil SOP
FT: TSOP(Forwafd))
TR=TSOP(Reverse)

*:New Product
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EPROM

55ns

70ns/85ns/100ns

120ns

2 s g

=

150ns/200ns

IL TC57256AD-12/120

H TC§7286AD-15/150/20 ] .

|
—

512K Bit

~ 1

256K BhH 32K X8

e

L TCS7H1025AD-55 H TC87H1025AD-70 —, 3)

512K x8

S12K X 8/256K %

—‘LOM Bit

o |-

TCS7TH2560-70/85 7
t TCS7512A0~15/20 ] }
TCS7HIO00AD-85/100 TC571000AD-12 1 TCS71000AD-150 1) :
TCS7HI001AD-85/100 TCET1001AD-12 TCS71001AD-150 2 .
-L TCS7HI024A0-86/100 ]3)
Jl TC5740000-120 H TCH74000D-150
| *
=1 TC&74000AD-120 TCS74000AD-150

TC5742000-10

|
L

]’-L TC574200D-120

H TC5742000~150

286K X 16

—I 8M Bit H 1MXBI$12KX151|

TC5740960-10

-

H TCS74096D-120

]“L TC574096D~150

-“l 16M Bit H 2MX8MM X 16

-

TC5782000~150

L
x|

mt
1
Jo
IE
E
B

] TC57162000-150

* :New Product

1) 32 Pin JEDEC Standard

2) 32 Pin MROM (MROM Pin Compatible)
3) 40 Pin JEDEC Standard

4) 40 Pin MROM (MROM Pin Compatible)
5) 42 Pin MROM (MROM Pin_Compati

14
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ONE TIME PROM

85ns/100ns 120ns/150ns 200ns
256K Bit H 32K X8 ll - ]I_ TC54256AP/AF l
-‘l:wl( Bit H&K X8 ll L TC84512AP/AF-15 H TC54512AP/AF~20 l

[e=H{=H

TC54H1000AP/AF-85/10 - TCS41000AP/AF-12/15
H 128K X8 H e peasessnssenoon
TC54HI001AP/AF~85/10 - TCE41001AP/AF~12/15
—«I 64K X 16 I—L TCS4H1024AP/ AF-85/10 ]
*
TCE44000P/F/FT-12/160
L= ; e
TC&44000AP/AF-12/150
—{ 4M Bit ]—-—«{ 512K X 8/256K X 16 }
‘{ 256K X 16 %

TC544200P/F~120/150 '

TCS44096P/F-120/150 I

#*:New P!oduc!
CMOS FLASH/NAND E’PROM
Vpp | 120ns 200ns 250ns
[ cMOsS 286K Bit H 32K x8 ]—L 1275V or 12.0V '1 { TC58257AR/AF-20 H *  TCS8257AF/AF-25 —]
SV only H TCE84000P/F/FT/TR ]
* . Random Access Time=15us

N ettt s e

15
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Mask ROM

120ns 150ns 200ns
TCS31000CP/CF-12 TCS31000CR/CF-18 :28Pin (SOP:450mi
128K X 8 :28Pin (SOP: il)
TC531001CP/CF -1 -
- 001CP/CF-12 TCS3I001CP/CF-15 :32Pin (SOP:525mil)
B4KX 16 —}-——-{ TCE31024P/F-12 H TC531024F/F-15 ] :40Pin JEDEC
{SOP:525mil)
cMos ]—-—-l:m Bit H 266K X8 1 f

l I 1 TC532000AP/AF :32Pin (SOP:525mil)
1 TC534000AP/AF/AFT ] :32Pin (SOP:525mil)
] sekxaszsexxie | TCH34200P/F ] :40Pin NON JEDEC
g | 1 (SOP-525mil)

! TCS38000AP/,
1 AP/AF :32Pin (SOP-525mil)
IMX&/512K X 16 f TC538200AF/AF ] +42Pin NON JEDEC
L {SOP:600mit 44Pin)
T :42Pin NON JEDEC
C52162008P/8F ] (SOP-600mil 4aFim
-{ 16M Bit H 2MX8/1ImM %16 ll l TCE316200AP/AF/AFT :42Pin NON JEDEC
1 (SOP:600mil 44Pin}
] TC5316210BP/BF/BFT ‘l 42Pin NON JEDEC
[ (SOP:600mil 44Pin)

16
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CMOS Dynamic RAM

Max. Min. Power Max.
Capacity Type No. Organization Acce:‘s;)'ﬂme [Cycle Time| Supply M‘?W tion No. of Pins Functional Mode
taac [tcac] taa (ns) V) RCiive] Stand By
TCS11000AP/AJ/AZ-70 70| 20 | as 130 440
TCS11000AP/AL/AZ-80 80 | 20 | 40. 150 385 55 Fast Page Mode
TCS11000AP/AN/AZ0 100 | 25 | 50 180 330
TCS11000APL/AIN/AZL-70 70| 20 | 3s 130 4340
TCS11000APL/ANIAZL-80 80 | 20 | 40 150 385 (20:3:‘ A Lg:s:,gng \',‘g‘,’;zn
TC511000APL/AIL/AZL0 100 | 25 | s0 180 330 S
TCS5NO00IAP/AI/AZ-70 70| 20 | as 130 440
TCS511001AP/AS/AZ-80 80| 20 | 40 150 385 Nibble Mode
TCS11001AP/AI/AZ 10 100 | 25 | 80 180 330 55
TCS1002AP/AI/AZ-T0 70| 20 | as 130 440 static Cotumn
TCS11002AP/AI/AZ-80 80 | 20 | 40 150 385 ode
TCSHO0ZAP/ANAZA0 100 | 25 | 50 180 330
TC5110008P/B1/8Z/BF T/BTR-60 60 | 20 | 30 110 495 18/26/20/24/24
TCS11000BF T/BTR-70 70| 20 | 35 130 440 24724
TC511000BF T/BTR-80 1048876>1 55120 | a0 150 385 58 8 xi8mm Fost Page Mode
TCS110008F T/BTR-10 100 | 25 | 60 180 330 FT,TR)
TC5110008PL/BIL/BZL/BF TL/BTRL-60 60 | 20 | 30 110 495 18/26/20/24/24
TCS11000BF TL/BTRL-70 70| 20 | as 130 440 11 24724 Fast Page Mode
TCS11000BF TL/BTRL-80 80 [ 20 | a0 150 385 | (200uA) g f?gn: ;1 Low Power Version
TC5110008F TL/BTRL-10 100 | 25 | s0 180 330 FT,TR)
TCS11001BP/8J/B2/8F T/8TR-60 60 | 20 | 30 110 495 18/26/20724/24
TC511001BF T/BTR-70 70| 20 | 35 130 440 L2424 Nibble Modo
TC511001BF T/BTR-80 80 | 20 | 40 150 385 axtiomm
| TCs11001BF T/BTR-10 100 | 25 | 50 180 330 (FT, TR)
M B I S1002BP/6.1/BZ/BF T/ TG0 60 | 20 | 30 110 SVEI0% o 58 ieeraoizaroa
TCS511002BF T/B8TR-70 70| 20 | 35 130 340 24724 Static Golumn
TCS11002BF T/8T R-60 a0 | 20 | 40 150 385 oot Mode
TC5110028F T/8TR-10 100 | 25 | 80 180 330 (FT, TR)
TC514256AP/A/AZ-70 70| 20 | 35 130 440
TC514256AP /AN AZ-80 80 | 20 40 150 385 55 Fast Page Mode
TC514256AP/AL/AZ-10 100 | 25 | 50 180 330
TC514256APL/ANI/AZL-70 70 | 20 | 35 130 440 " Fast Fage Mod
TC514256APL/AIL/AZL-80 80 | 20 | 40 150 385 | opua) Lo owgf Voo
TC514256APU/AIL/AZIA0 100 | 25 | 50 180 330 20/26/20
TC514258AP/AI/AZ-70 70| 25 | as 130 440 Static Gomn
TC514258AP/AI/AZ-B0 80 | 25 | 40 150 385
TC514258AP/AN/AZA0 100 | 30 | s0 180 330 65
TC514266AP/A/AZ-70 70 | 20 | 35 130 440 ‘
TC514266AP/AJ/AZ-80 80| 20 | 40 150 385 Fast Page Mode
TC514266AP/AL/AZA0 100 | 25 | 50 180 330 Write Per Bt
TCE142568P/B.)/B2/BF T/BTR-60 60 | 20 | 30 110 495 20/26/20/24/24
TC514256BF T/8TR-70 70 | 20 | 35 130 440 24724
TC514256BF T/BTRB0 624474 o T 20 [ 40 150 385 5.5 ivaviitetd Fast Page Mode
TC5142568F T/8TR-10 100 | 25 | s0 180 330 (FT. TR)
TC5142568PL/BIL/BZL/BFTL/BTRL-60 60 | 20 | 30 110 495 20/26/20/24724
TC514266BF TL/BTRL-70 70| 20 | 35 130 440 (203:‘ A 24724 Fast Page Mode
TC8514256BF TL/BTRL-80 80 | 20 | 40 150 385 g <16mm | -OW Power Version
TC514256BF TL/BTRL10 100 | 25 | 50 180 330 (FT, TR)
TC514258BP/B1/BZ/6F T/BTR/60 60 | 20 | 30 110 495 20/26/20/24/24
TC514258BF T/BTR-70  ——— 70 | 25 | 35 130 440 24/24 Static Column
TC5142688F T/BTRB0 80 | 25 | a0 150 385 agop-1 Mode
TC514258BF T/8TR-10 100 | 30 | 50 180 330 5s FT. TR)
TC514266BF/BJ/BZ/BF T/BTR-80 60| 20 | 30 10 495 - 20726/20/24/24
TCS514266BF T/BTR-70 70| 20 | 35 130 440 24/24 Fast Page Mode
TCS14266BF T/8TR-80 80 | 20 | 40 150 385 e Write Per Bit
TC5142668F T/BTR-10 100 | 25 | 80 180 330 FT, TR)
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- A Max..r Min. Power Max.
Type No. Organization cce(sr.‘ss) {me Cycle Time| Supply Power('?‘t‘sl;.vs;paﬁon No. of Pins Functional Mode
trac | tcac| taa (ns) v Active| Stand by

TC511664BJ/82/8F T/BTR-80 80| 30 | a5 135 633

TC511664BU/82/BF/BTRI0 100 | 35 | 88 170 a9s | °F Fast Page Mode

TCS511664BJL/BZL/BFTL/BTRL-80 80| 30 [ 45 135 633 1.7 40/40 Fasst ;ggxrx:de

TC511664BJL/BZL/BFTL/BTRL-10 65536 %16 100 35 | 55 170 SV +£10% 495 | (300kA) Tg40/l:jl Low Power Version

TCS116658J/8Z2/BFT/BTR-80 80| 30 45 135 633 55 400mil Fast Page Mode

TC5116658J/82/8F T/BTR-10 100 | 35 | 55 170 495 ’ (FT, TR) Write Per Bit

TC5116658JL/BZL/BFTL/BTRL-80 80| 30 | 45 135 633 17 Favsvt' i':: e r'v(';ge ‘

TC511665BJL/BZL/BFTL/BTRL-10 100 | 35 | 55 170 495 | (300uA) Low Power Version :

TCS14100AP/AJ/ASI/AZ/AFT/ATR-60 60| 20 | 30 110 660

TC514100AP/AJ/ASI/AZ/AFT/ATR-70 70| 20 | 35 130 550 s Fast Page Mode ;

TC514100AP/AJ/ASI/AZ/ AFT/ATR-80 80| 20 | 40 150 468

TC514100AP/AJ/ASI/AZ/AFT/ATR-10 100 | 25 | 850 180 413

TCS14100APL/AJL/ASILAZL/AFTUATRL 60 60| 20 | 30 110 660

TC514100APL/AJUASIL/AZLAF TUATRL-70 70| 20 | 35 130 550 1.1 Fast Page Mode

TCS14100APUAJUASIIAZUAFTUATRL-80 80| 20 | 40 150 468 | (200uA) ;Z’,gg Low Power Version

TCS14100APL/AIL/ASIL/AZL/AFTUATRL-10 100 | 25 | 50 180 413 26/26

TC514101AP/AJ/ASS/AZ/AFT/ATR-60 60 | 20 | 30 110 660 T%P-':I

TCS14101AP/AJ/ASI/AZ/AFT/IATR-70 70{ 20 | 35 130 550 mi )

TCSI4101AP/AVASIAZAFTATRG0 |+ 24304 =T T 20 150 468 FT.7R) Nibble Mode

TC514101 AP/AJ/ASY/ AZ/AFT/ATR-10 100 | 25 | 50 180 413 55

TCH14102AP/A/ASI/AZ/AFT/ATR-60 60| 20 | 30 110 660 :

TCS14102AP/AN/ASI/AZ/AFT/ATR-70 70| 20 | 35 130 550 Static Column

TC514102AP/AJ/ASI/AZ/AFT/ATR-80 80| 20 | 40 150 468 Mode

TCS14102AP/AN ASI/AZ/AFT/ATR-10 100 { 25 | 50 180 413

* TC514100BS)/BZ/BF T/B8TR-50 50| 15 | 25 95 550 26/20 Fast Page Moda

*TC5141008SJ/BZ/BFT/BTR-60 60 | 15 | 30 10 240 s nglozlf

* TC5141018SJ/BZ/BF T/BTR-60 60| 15 | 30 110 440 ) 2300mil Nibble Mode

* TC51410288./BZ/BF T/BTR-60 60| 15 | 30 110 sV +10% |_440 (FT, TR) | Static Column Mode

TC514400AP/AJ/ASI/AZ/AFTIATR-60 60 | 20 | 30 110 660

TC514400AP/AJ/ASS/AZIAFTIATR-70 70[201{ 35 130 550 ss Fast Page Mode

TC514400AP/AJ/ASI/AZ/AFT/ATR-80 80| 20 | 40 150 468

TCS14400AP/AN/ASI/AZ/AFT/ATRAO 100 | 25 | 50 180 413

TCSI4400APUAIASI/AZUAFTUATRL 60 60| 20 | 30 110 660 D

TCS14400APUAILASIL/AZLAFT/ATRL-70 70| 20 | 35 130 550 1.1 Fast Page Mode

TCSAU0APUAILASIUAZUAFTUATRL80 80| 20 | 40 | 150 468 | @00uA) | 228 |\ ow Power Version

TCSHA00APUAIL/ASIAZUAFTATRLAO 100 | 25 | 50 180 413 26/26

TC514402AP/AJ/ASI/AZIAFTIATR-60 60 | 20 | 30 110 660 TSOP-NI

TC514402AP/ AJIASI/AZ/ AFTIATR-70 70| 20 | 35 130 550 :g"?g) Static Column

TC514402AP/AJ/ASI/AZ/AFTIATR-80 1048576 x 4 |80 20 | 40 150 468 : Mode

TC514402AP/A)/ASI/AZ/AFT/ATRAO 100 | 25 | 50 180 413 ss

TCS14410AP/AJ/ASI/AZ/AFT/ATR-60 60| 20 | 30 110 660

TC514410AP/AJ/ASS/AZ/AFT/ATR-T0 70{ 20 | 35 130 550 Fast Page Mode

TC514410AP/AJ/ASY/AZ/AFT/ATR-80 80| 20 | 40 150 468 Write Per Bit

TC514410AP/AN/ASI/AZ/AFTIATR-10 100 | 25 | 50 180 413

* TC5144008S4/BZ/BFT/BTR-50 50| 15 | 25 95 550 26/20 Fast Pags Mode

* TC51440085J/82/BFT/BTR-60 60 | 15 | 30 110 a0 | . 1?3’02:

* TC5144028S4/82/BF T/BTR-60 60 | 15 | 30 10 440 ) 300mil Static Column Mode

* TC514410BSJ/BZ/BFT/BTR-60 60| 15 | 30 110 440 (FT, TR)  |Fast Page Mode Wiite Per Bit :
f
f
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Max. . Min. Power Max :
Capacity Type No. Organization Acce(snss)'nme Cycle Time Supply Power('(')xvs;pahon No. of Pins Functional Mode
tRac | ICAC] taa (=) M active| Stand by
TC514800AJ/AZIAFTIATR-70 70| 20 | 35 130 578 2e/28
TC514800AJ/AZIAFT/ATR-80 80| 20 | 40 150 495 55 TSOP-I1 Fast Page Mode
TCS514800AJ/AZ/AFT/ATR-10 100 ] 25 | 50 180 440 FT. TR)
TC514800AJL/AZL/AFTL/ATRL-70) 70| 20 | 35 130 578 . Fast Page Mode
TCS514800AJL/AZL/AFTL/ATRL-80| 524288%<8 | 80 | 20 | 40 150 495 | 00,81 ggj gg Low Pouer Veraion
TC514800AJL/AZL/AFTL/ATRL-10 100 | 25 | 50 180 sy £10% |10 TSOP-IL
TC514800AIL/AZLL/AFTLLATRLL-70 70| 20 | a8 130 578 " 400mit Fast Page Mode
TC514800AJLL/AZLL/AFTLL/ATRLL-80 80 | 20 | 40 150 495 | (200.A) FT,TR) Lo Power
TC514800AJLL/AZLL/AFTLUATRLL-10 100 | 256 | 50 180 440
TC514900AJ/AZ/AFTIATR-70 70 | 20 | 35 130 633
TC514900AJ/AZ/IAFT/ATR-80 80 | 20 | 40 150 550 55 Fast Page Mode
TC514900AJ/AZ/AFT/ATRAD 100 | 25 | 50 180 495 28/28
TCS514900AJL/A/AFTL/ATRL-70 70 | 20 | 35 130 633 " 28/28 Fast P ) Mod
TC514900AJL/A/AFTL/ATRL-80 | 5242889 | 80 | 20 | 40 150 SV£10% [ 850 | o6 Tfo%':;il'l Lo:s:, o:gf Versizn
TC514900AJL/A /AFTL/ATRL-10 100 | 25 | 50 180 495 FT.TR) o
TC514300AJLL/AZLL/AFTU/ATRLL-70 70 | 20 | 35 130 633 , Fast Page Mode
TC514900AJLLAZLL/AFTUL/ATRLL-80 80 | 20 | 40 150 550 (20’0'# " Low Power
TC514900AJLL/AZLL/AFTLL/ATRLL-10 100 | 25 | 50 180 495 Self Refresh
*TC514170BJ/BZ/BFT/BTR-70 70 | 20 | 35 130 413 .
*TC514170BJ/BZ/BFT/BTR-80 80 | 20 | 40 150 358 | 65 . (f;s'n’;?r%‘::"gf;e
*TC514170B1/BZ/BFT/BTR-10 100 | 25 | 50 180 330
*TC514260BJ/BZ/BFT/BTR-70 70 | 20 | 35 130 550
4M Bit | * TC514260B./BZ/BF T/BTR-80 80 | 20 | 40 150 68 | 55 sﬁgi;f‘é‘:h"ngﬁ
* TC514260BJ/BZ/BFT/BTR-10 100 | 25 | 50 180 413 40/40
*TC5142608JL/8ZL/BFTL/BTRL-70 70 | 20 | 35 130 550 44/44 Fast Page Made
*TC614260BJL/BZL/BFTL/BTRL-80 26214416 | 80 | 20 | 40 150 | 5V+10% | 468 Tj)gr’:]‘i? Low Power Version
+TC5142608JL/BZL/BFTL/BTRL0 100 | 25 | 50 180 413 11 T, TRy | 12 Refresh Cycle
* TC5142608JLL/BZLUBFTLU/BTRLL-70 70 | 20 | 35 130 §50 | (2004A) Fast Page Mode
+TC514260BJLL/BZLL/BFTLL/BTRLL80 80 | 20 | 40 150 468 Squ rower
*TCS514260BJLL/BZLL/BFTLL/BTRLLAO 100 | 25 | s0 180 413 512 Reéfresh Cycle
*TC514273BJ/BZ/8FT/BTR-70 70 | 20 | 38 130 550 Fast Page Mode
*TC514273B.0/8Z/BF T/BTR-80 80 | 20 | 40 150 468 5.5 Write Per Bit
* TC5142738J/8Z/BF T/BTR-10 100 | 25 | 50 | 180 413 512 Refresh Cycle
* TC514190BJ/BZ/BFT/BTR-70 70 | 20 | 35 130 468 Fast Page Mode
* TCS514190BJ/BZ/BF T/BTR-80 80 |-20 | 40 150 413 55 Write Per Bit
*TC514190B)/BZ/BF T/BTR-10 100 | 25 | 50 180 385 512 Refresh Cycle
*TC514280BJ/BZ/BF T/BTR-70 70 | 20 | 35 130 605 Fast Page Mode
* TC514280BJ/BZ/BFT/BTR-80 80 | 20 | 40 150 523 55 3;40 s‘-;;“’n':‘;,“g, .
*TC514280BY/BZ/BF/BTRA0 | .\ g 1190 [ 25 |50 180 sv £ 109 |68 Te 0;‘_‘“ 1024 Refresh Cycte
*TC514280BJL/BZL/FTUSTRL-70 70 | 20 | 35 130 605 400mil Fast Page Mode
* TC514280BJL/ BZL/BFTUSTRL-80 80 | 20 | 40 150 523 FT.TR) | 515 Refrosh Cyole
* TC5142808.L/8ZL/BFTUSTRLA0 100 | 25 | 50 180 468 11
* TC5142808JLU/BZLU/BFTLL/BTRLL-70 70 | 20 | 35 130 605 | (200uA) Fast Page Mode
* TC5142808JLL/BZLUBFTLL/BTRLL-80 80 20 | 40 180 523 Low Power Version
* 1C51426808JLL/BZLUBFTLU/BTRLL-10 100 | 25 | 50 180 468 512 Refresh Cycle
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A Max:n Min. Power Max.
C it Type No. Organization cca(s“s;) me Cycle Time| Pupply Pwﬂm“aﬁm No. of Pins Functional Mode
tRAG | tCAC] AR (ne) M [Rctive] Stand by
TC51161000/ Z/FT/TR-60 60 | 15 | 30 110 495
TC5161000/Z/FT/TR-70 70 | 20 | 35 130 440 55 Fast Fage "g‘;gz
TC51161000/Z/FT/TR-80 80 | 20 | a0 150 385 28/24
TC5116101J/ Z/F T/ TR-60 60 | 15 | 30 110 495 28724 )
TCSN61011/Z/FY/TR-70 16777216 x1] 70 | 20 | 35 130 SV :10% | 440 55 TSoP-it |, Nibble Mode
: efresh Cycle
TCS5116101/2/FT/TR-80 80 | 20 | 40 150 385 ggpg)
TC51161020/Z/F T/ TR-60 60 | 15 | 30 110 495 . Static Golumn
TCS161020/Z/FT/TR-70 70 | 20 | 35 130 440 5.5 Mode
TC51161024/Z/FT/TR-80 80 | 20 | a0 150 385 ‘4K Refresh Cycle
TC51164000/Z/F T/ TR-60 60 | 15 | 30 110 495
TC51164000/Z/F T/ TR-70 70 | 20 | 35 130 440 55 :‘25,; ;f:;‘ "égg::
TC51164004/2/FT/TR-80 80 | 20 | 40 150 385
TC5116402)/Z/FT/TR-80 80 | 15 | 30 110 495 Static Colummn
TC5116402J/2/FT/TR-70 70 | 20 | 35 130 440 5.5 Mode
TC51164020/2/FT/TR-80 80 | 20 | a0 150 385 4K Refresh Cycle
TC51164100/ Z/FT/TR-60 60 | 15 | 30 110 495 Fast Page Mode
TCS118410N Z/FT/TR~70 70 { 20 | 35 130 440 5.5 28522 4Kv~git: P:r gnl
TC51164100/Z/FT/TR-80 @ «a |80 ] 207 a0 150 sv £10% | 288 T?;%p-u efrash Cycle
TC5117400J/Z/FT/TR-60 84304 60 | 15 | 30 110 718 400l Fast Page Mode
TC51174000/ 2Z/FT/TR-70 70 | 20 | 35 130 805 5.5 FT. TR) 2K Refrash Cyolo
TCS174004/Z/FT/TR-80 80 | 20 | 40 150 523
TCS517402/Z/FT/TR-60 60 | 15 | 30 110 718 Static Golumn
TC51174024/Z/FT/TR-70 70 | 20 | 35 130 605 88 |— -——+——mMode
TCS174024/Z/FT/TR-80 80 | 20 | 40 150 523 2K Refresh Cycle
TCS1174104/Z/FT/TR-60 60 | 15 | 30 110 715 Fast Page Mede
16M Bit | TCS17410J/2/FT/TR-70 70 | 20 | 35 130 605 55 Write Per Bit
TCSH7 0N/ Z/FT/TR-80 80 | 20 | 40 150 523 2K Refresh Cycle
- 1C VA & 60 | 15 | 30 110 495
¢ 4 TCSHEANOAALIAF TATRIANSANZANTIANATO ‘70 | 20 | 35 130 413 586 Fas;Kng: e";:d ©
A % TCSHEO00ALAZ/ AR T/ ATRAANY ANZ/ANTANR-80 80 20 40 150 358
A S SOOAR AR LS A T A 60 | 15 | 30 10 495 Fast Page Moda
* 4 TCANSSOOA IS ATSIATSATrE 7D 70 | 20 | @5 130 413 (20161,‘ ay | 3203232032 Self Refresh
T IS NSBASCANIE IR o 2007152x8 |50 | 20 | 40 150 SV E10% oo 2842532%28 4 Retresh
% % TCSHTB00AL/AZ/AFTATRVANIIANZIANTIANF-60 60 | 15 | 30 110 633 400mil Fast Page Mode
A 4 TCST7B00AVAZIAF TR ANJANZANTAN 70 70 | 20 | 35 130 523 5.6 (FT, TR) 2K Rafrooh
3 TOSHTS00AVAZ/AF T/ATR/ANSANZ/ANT/ANR-80 80 | 20 | 40 150 440
A AR A SRS 60 | 15 | 30 no 633 ' Fast Page Mode
* « VCOTT SO0 ISIASRIACTSIAT SR 70 70 | 20 | 38 130 523 (20:5“ A Self Refresh
R AT Tt IR e 80 | 20 | a0 150 T T4a0 | 2K Refresh
% # TCS16O00AJ/AZ/AFT/ATR-60 60 | 15 | 30 110 550
* % TCE118900AV/AZ/AFT/ATR-70 70 | 20 | 35 130 488 55 Fast Fage ode
# % TCS116900AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 — T a13
# % TCE{16900AIS/AZS/AFTS/ATRS 80 60 | 15 | 30 110 580 " Fast Page Mode
* % TC5116900AJS/AZS/AF TS/ATRS-80 70 | 20 | 35 130 268 | a00uA) 32/32 Self Refresh
* * TCSH1G900AI/AZS/AFTS/ATRS 80| oe7isaxg |89 | 20 | 40 150 sv 0% 412 ngg?u 4K Refresh
* % TC5117900AJ/AZ/AFT/ATR-60 60 | 15 | 30 i10 688 400mil
« % TC5117900AJ/AZ/AFT/ATR.70 70 | 20 | a5 130 578 55 FT. TR) Fast Fage Made
* = TC5117900AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 295
* % TCH117900AIS/AZS/AFTS/ATRS-60 60 | 15 | 30 10 668 i Fast Page Mode
" % TC5117900AIS/AZS/AFTS/ATRS-70 70 | 20 | 35 130 578 | (200ka) Self Refresh
* % TCSH17900AIS/AZS/AFTS/ATRS-80 80 | 20 | 40 150 495 2K Refresh
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Maxi' Min. Power Max. .
Capacity Type No. Organization| %% 7™ | Gycie Time| Supply Power o " | No.of Pins | Functional Mode
trac | tcac| taa (ns) W Active| Stand by
* % TC5116160AJ/AZ/AFT/ATR-60 60 | 15 | 30 10 523 2CAS, {WE
* % TC5116160AJ/AZ/AFT/ATR-70 70 | 20 | 35 130 440 55 Fast Page Mode
* % TC5116160AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 385 4K Refresh
* ¥ TCST16160AJS/AZS/AFTS/ATRS 60 60 | 15 | 30 10 523 2CAS, TWE
+ % TCSTIBIB0AJS/AZS/AFTS/ATRS-70 70 | 20 | as 130 240 (20151;1 A Fast Page Mode
* % TCSN6160AJS/AZS/AFTS/ATRS 80 80 | 20 | 40 150 385 4K Refresh
* ¥ TCS5116170AJ/AZ/AFT/ATR-60 60 | 15 | 30 110 523 2(2); gg 1CAS, 2WE
* % TC5116170AJ/AZ/AFT/ATR-70 70 | 20 | as 130 440 55 Fast Page Mode
* % TCH1IGT70AV/AZ/AFTIATR.80 | 10 0876X 16 5 T a0 150 SVEI0% s Z%gf,’,;{‘ 4K Refresh
* % TCS1B170AJS/AZS/AFTS/ATRS-60 60 [ 15 | 30 110 523 (FT, TR) 1CAS, 2WE
* % TCSTI6170AJSAZSIAFTS/ATRS70 70 | 20 | 38 130 240 1.1 Fast Page Mode
(200uA) Self Refresh
— — [ TCEN6170AJS/AZS/AFTS/ATRS 80 80 | 20 | 40 150 385 4K Refresh
* % TCS1B160AJ/AZ/AFT/ATR-70 70| 20| 35 130 770 5 radCAS, WWE
* % TCS1I8160AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 660 IK Rafresh
* % TCHI8160AJLLAZLUAFTLLAATRLL-70 70 | 20 | 35 130 770 11 2CAS, TWE
Fast Page Mode Self
* *TCS1IBI60AJLLAZLLAFTLLATRLL-80 80 | 20 | 40 150 | 660 | (2001A) Refrash 1K Retresh
* *TCSNB170AJ/AZ/AFT/ATR-70 70 | 20 | 35 130 770 55 Fa ;‘CA’;:S{.J gwhfode
* % TCS118170AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 660 IK Rofresh
* ¥ TC5118170AJLL/AZLL/AFTLL/ATRLL-70 70 | 20 | 35 130 770 11 FodC g, 2WE
16M Bt * *TC5118170AJLL/AZLL/AFTLL/ATRLL-80 80 | 20 | 40 150 660 | (200uA) Seif Hetresn
* % TCS116180AJ/AZ/AFT/ATR-60 60 | 15 | 30 110 578 2CAS, IWE
** TCS116180AJ/AZ/AFT/ATR-70 70 | 20 | 35 130 495 55 Fast Page Mode
* *TCS116180AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 440 4K Refresh
* % TCSVIB1B0AJS/AZS/AFTS/ATRS-60 60 | 15 | 30 110 578 2CAS, TWE
* % TCS116180AJS/AZS/AFTS/ATRS-70 70 | 20 | 35 130 495 (20161“” Fass;"PaRg;rl:s%de
* % TCST16180AJS/AZS/AFTS/ATRS-60 80 | 20 | 40 150 440 4K Refresh
* % TCS116190AN/AZ/AFT/ATR-60 60 | 15 | 30 110 578 1CAS, SWE
# % TCS116190AJ/AZ/AFT/ATR-70 70 | 20 | 35 130 495 55 42/42 Fast Page Mode
* % TCS116190AJ/AZ/AFT/ATR-80 1048576 18 | 80| 20 | 40 150 sVt 109 |44 Tg%/ g?n ‘t'_‘_!_’ef[e_s;"
# % TC5T16190AJS/AZS/AFTS/ATRS 60 60 | 15 | 30 110 578 400mil 1CAS, 2WE
* ¥ TC5116190AIS/AZS/AFTS/ATRS. 70 70 | 20 | 35 130 495 (201611 n | FTTR) F 3;;";’ ag;f':‘s",f’e
# * TC5116190AJS/AZS/AFTS/ATRS-80 80 | 20 | 40 150 440 4K Refresh
** TCS5118180A J/AZ/AFT/ATR-70 70 | 20 | 35 130 825 2CAS, 1WE
* % TC5118180AJ/AZ/AFT/ATR-80 80 | 20 | 40 150 75| 9% Fask s amode
* % TCS118180AJLL/AZLI/AFTLL/ATRLL-70 70 | 20 | 35 130 825 11 ol RS, IWE
* ¥TCS1IB160AJLLAZLL/AFTUL/ATRLL-80 80 | 20 | 40 150 715 | (2004A) SR Rt
* ¥ TCS5118190AJ/AZ/AFT/ATR-70 70 | 20 | 35 130 825 1CAS, 2WE
* * TC511B190AJ/AZ/AFT/ATR.80 80 | 20 | 40 150 715 | O FaskFade Mode
* *TC5118190AJLL/AZLL/AFTLL/ATRLL-70 70 | 20 | 35 130 825 11 1TAS, 2WE
Fast Pa; Mode
# *TCS118190AJLLAZLL/AFTLLATRLL-60 80 | 20 | 40 150 715 | (200uA) Ser Horosn
P:Plastic DIP, T:PLCC. J:SOJ, Z: ZIP, FT: TSOP (Forward), TR: TSOP (Reverse) * : New Product
_ . *% [ Under Development
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@® Dynamic RAM Module

" Access | No. of Assembly (mm)
Capacity Type No. Organization Time Pins Helght Length Width Comment
.. | THMB25000BS/BSG-60/AS/ASG-70/80/10 | 256K X8
2M Bit THM225000BS/BSG-60/AS/ASG-70/80/10 | 256K X9 17.9 88.9 son USE 1MDiAM
4M Bit | THMB5100BS/BL-60/AS/AL-70/80/10 | 512K X8 30 15.24/17.52 88.9/82.14 - with OE
THM81000BS/BL-60/AS/AL-70/80/10 IMx8 20.45/22.60 88.9/76.5
aM Bit I:ag;io:;.;sgé%-%mom/w ; 12.64 76.5 8.89 Low THMS81000AL
o 0/AS/ASG- 1
THM3225908S-60/AS-70/80/10 256K x 32 72 2540 107.85 5.08 with OE
THM91000BS/BSG/BL-60/AS/ASG/AL-70/80/10 20.45/20.45/22.60 | 88.9/88.9/82.14
THMI1020BL-60/AL-70/80/10 IMX9 Trac 30 12.64 8.89 Ltow THMS1000AL
oM Bit | THME101085G-60/ASG-70/80/10 -60:60ns 20.45 88.9 Common 9l/0
THM105085-60/AS-70/80/10 -70:70ns 20.45 With Test Mode
THM362500BS/BSG-60/AS/ASG-70/80/10 56K x 36 | ~B0:80ns 5.08
THM362570BS/BSG-60/AS/ASG-70/80A10 -10:100ns X 36 bit ECC Module
10M Bit | THV402500BS/BSG-60/AS/ASG-70/80/10 | 256K X 40
THMB32512085/B5G-60/AS/ASG-70/80/10
16M Bit | THM325140BSG-60/ASG-70/80/10 512K X 32 72 25.40 107.95 8CAS pins type
THM325180B5-60/AS-70/80/10 - : With OE
THM365120BS/BSG-60/AS/ASG-70/80/10 8.89
18M Bit | THM365140BSG-60/ASG-70/80/10 512K X 36 8CAS pins type
THM365160BS/BSG-60/AS/ASG-70/80/10 X36 bit ECC Module
20M Bit | THM405120BS/BSG-60/AS/ASG-70/80A10 | 512K X 40
8M Bit | THMB1070AS/AL-60/70/80/10 1MX8
9M Bit | THM91070AS/AL-60/70/80/10 IMXQ 80 18.24/17.52 88.9/765
16M Bit | THM161000ASG-60/70/80/10 1MX16 5.08
18M Bit | THM181000ASG-60/70/80H0 1M<18 72 25.40 107.95
THMB84000AS/ASG/AL-60/70/80/10 M8 30 | 2046/2045/2260 | 86.9/88.9/76.5
aoM Bit |LHMB4020AL -60/70/80/10 12.64 82.14 8.89 Low THMBS4000AL
THMB321000AS/ASG-60/70/80/10 IMx 32 21.59
THMB321090AS/ASG-60/70/80/10 72 25.40 107.95 s.08 With OE
33M Bit | THM331000AS/ASG-60/70/80/10 1M< 33 21.59
THM94000AS/ASG/AL-60/70/80/10 AMX 9 a0 | 2046/2045/2260 | 86.9/88.9/81.2
THM94020AL-60/70/8010 12.64 88.9 8.89 Low THM94000AL
36M Bit THM361000AS/ASG-60/70/80/10 29,68 5.08 | Single sided type of THM361020
THMB361020AS/ASG-60/70/80/10 IMX 36 Trac 21.59 8.89
THMB361010AS/ASG-60/70/80/10 -60:60ns 1inch height type of THM361000
THM361070AS/ASG-60/70/80/10 -70:70ns | 107.95 508 | X36 bit ECC Module
40M Bit | THM401000ASG-680/70/80/10 1MX 40 | -80:80ns 25.40 :
THMI164020ASG-60/70/80/10 AMX16 | -10:100ns .
.. | THM322020AS/ASG-60/70/80/10 8.89
64M Bit THM322080AS-60/70/80/10 2Mx32 with OE
THMB88020ATS-60/70/80/10 aMx 8
THMBB020ATS-60/70/80/10 8M <O 30 20.45 88.9 .81 TSOP Module
THM184020ASG-60/70/80/10 4M X 18 25.40
72M Bit| THM362020AS/ASG-60/70/80/10 29.68
THM362040AS/ASG-60/70/80/10 2M X 36 107.95 1inch height type of THM362020)
THMB362060AS/ASG-60/70/80/10 72 25.40 a8g | X36 bit ECC Module
80M Bit| THM402020ASG-60/70/80/10 2M X 40 g
128M Bit | THM324080AS/ASG-60/70/80/10 AM X 32
132M Bit | THM334080AS/ASG-60/70/80/10 4M X 33 33.02 116.70
144M Bit | THM364080AS/ASG-60/70/80/10 4AM % 36
128M it | THMB1620TS-60/70/80 16MX 8 30 88.9 3.81 TSOP Module
THM3240005/SG-60/70/80 4M X 32 72 2586 107.95 5.08 2K refresh
1a4M @it | THMO1620TS-60/70/80 16M X9 Trac 30 88.9 3.81 TSOP Module
THM364020S/5G-60/70/80 4MX36 | -60:60ns
160M Bit | THM404020SG-60/70/80 4MX40 | -70:70ns 17.78
256M Bit| THM328020S/5G-60/70/80 8MXx32 | -80:80ns | 72 34.00 107.95 889 2K refresh
288M Bit| THM3680205/SG-60/70/80 8M X 36 34.00
320M Bit| THM4080205G-60/70/80 8M X 40 29.21
22

TOSHIBA CORP.

A AR PR . 5 o L i}

s

EXHIBIT 1009 - PAGE 0024



Video RAM }
E Access Time |SAM Access Time| Power Dissipation
Capacity Type No. Organization (ns) {ns) (mW) No. of Paclu?ge Width Comment
trac , tea c’ Cycle | Access | Cycle Active| Stand by | PIns (inch)
Time Time Time
TC521000P/J 262144x 4 20 30 550 110 40/40 | DIP:0.6, SOJ:0.4 | Field Memory
TC5242568J/BZ-80 262144x4 |80 25 | 150 25 30 687.5 55
TC524256BJ/BZ-10 100 | 25 [ 180 25 30 605 55
TC5242588J/BZ-80 26214ax4 |80] 25 | 150 25 30 |e87.5 55 | 26/28| SO4:04
TC524258BJ/BZ-10 100 | 25 | 180 25" | 30 605 55 | ZIP 1 0.4 (H)
TC524259B4/BZ-80 2621224 |89 25 | 150 25 | a0 687.5 55 .-
TC52425984/BZ-10 ! 100 25 | 180 25 30 605 55
* TC524256BF T/BTR-80 262.144x4 |80 25 | 150 25 30 687.5 55
* TC524256BFT/BTR-10 ! 100} 25 | 180 25 30 605 55
* TC524258BF T/BTR-80 80| 25 | 150 25 30 687.5 55 .
M Bit |* TC524258BFT/BTR-10 262,144 x4 100 | 25 180 25 30 605 55 28 TSOP (N 0.4 Multi-Port
* TC524259BFT/BTR-80 262.144x4 |80 25 | 150 25 30 687.5 55 DRAM
* TC524259BFT/BTR-10 i 100 | 25 | 180 25 30 605 55
TCS28126BJ/BZ-80 131072x8 |-89] 25 | 150 25 30 715 55
TC528126BJ/BZ-10 ’ 100 | 25 | 180 25 30 632.5 55 a0rap | SOJ04
TC528128BJ/82Z-80 121.072xg |89 25 | 150 25 30 715 55 ZIP 1 0.475 (H)
TC528128B4/BZ-10 ! 1001 25 | 180 25 30 632.5 55
* TC528126BFT/BTR-80 131072xg |80 25 | 150 25 30 715 55
* TC528126BF T/BTR-10 ' 100 ]| 25 | 180 25 3 le32s 55 24.(40) TSOP (11):0.4
* TC528128BFT/BTR-80 1310728 |89 25 | 150 25 30 715 55 (0.8 pitch.)
* TC528128BFT/BTR-10 ' 100 25 | 180 25 30 632.5 55 ]
* TC528257J/FT/TR-70 70 1 20 | 130 20 25 825 55
* TC5282574/FT/TR-g0 | 292144 X8 orrir—r 25 30 Jes7s|  ss aos | goo;(:l?;}w
* TC528267J/F1/TR-70 262.144x8 701 20 | 130 20 25 825 55 44(40) (0.8pit cﬁ)
oM Bit |+ TC5282674/FT/TR-80 ' 80 | 20 | 150 25 30 |esrs 55 Mutti-Port
**TC528257S2-70 2621448 |70 20 | 130 20 25 825 55 DRAM
**TC52825752-80 ’ 80 | 20 | 150 25 30 687.5 55 © SZIP:0.475(H)
** TC52826752-70 2621a4xg |-701 20 | 130 20 25 825 | 55 (0.89pitch)
*+TC528267SZ-80 ’ [ 80 20 [ 150 25 30 |eers| 55 |
* New Product
— *%* Under Development
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e VA S

Static RAM B
. 3 Max. Power "
Capacity Type No. Organization Acchﬁme Cyc::i':.l’ime g::p?; Dissipation (mw) N?' of |Package Width
(ns) (ns) v Active | Stand-by | TS (inch)
. TC5564APL/AFL-15 . 150 150 0.6/0.4!
64K Bit e PLAFL 29 8,192x8 o 00 5V£10% | 1925 0005 | 28 ?P,F) 5
TCS5257BPL/BFL/BSPL/BFTL/BTRL-85 85 85
TCS5257BPL/BFL/BSPL/BFTL/BTRL-10 100 100 038 0‘?@,;—735,/,(;’3
256K Bit| TC55257BPL/BFL/BSPL/BFTL/BTRL-85L | 32.768%8 85 85 5V£10% | 330 o165 28 TSOP-1 »
TC55257BPL/BFL/BSPL/BFTL/BTRL-10L 100 100 ) 8X13.4mm E
TC55257BP1/BFI/BSPI/BFTI/BTRI-TOL 100 100 0275 FT.TR) ,
TC551001APL/AFLAFTL/ATRL-70 70 70 ;
TG551001APL/AFLAFTL/ATRL-85 85 85 0.55
TC551001APL/AFLAFTL/ATRL-10 100 100
TC551001APL/AFLAFTL/ATRL-70L 70 70 0'%(/’,'5;25
) TC551001APL/AFLAFTL/ATRL-85L 85 85 0165 TSOP-1
M B 51001APL/AF LAFTL/ATRLIIOL 1310728 100 100 SvRI% | 880 %2 | ax20mm
TC551001API/ AFI/AFTI/ ATRI-85 85 85 " FT.TR)
TCS51001APY AFI/ AFTI/ATRI-I0 100 100 :
TC551001API/AFI/ AFTI/ATRI-BSL 85 85 0385
TCS51001API/ AFI/AFTI/ATRI-TOL 100 100 -
++TC554002PL/FL/FTL/TRL-55 55 55
++TC554002PL /FL/FTL/TRL-70 70 70 o055
*+TC554002PL/FL/FTL/TRL-85 85 85 ‘ 0.6/0.525
. |**TCS554002PL/FLFTLTRL-10 100 100 (P/F)
4M Bit ++TC554002PL/FL/FTL/TRL-55L 524,288 X8 55 55 5V +10% 385 32 ngf-ﬂ
**TC554002PL/FL/FTL/TRL-70L 70 70 0165 FT.TR)
++TC554002PL/FL/FTL/TRL-85L 85 a5 :
+*TC554002PL/FL/FTL/TRL-10L 100 100
Package : P:Plastic DIP, F:Flat Package SOP, SP:Siimplastic DIP, ** ! Under Development
FT:TSOP (Forward), TR:TSOP (Reverse)
i
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High Speed Static RAM

Max. Min. Power Max. Power No.ot | Package
Capacity Type No. Organization | Access Time| Cycle Time Supply Dissipation (mw) Pl;\s Width Process
(ns) (ns) (V) Active | Stand-by (inch)
TC55416P-15H N 15 15 660
TC55416P-20H 20 20 5V £10% 550
55 22 0. CMO!
TC55416P-25H 25 25 550 3 S
TC55416P-35H B 35 35 440
TC85417P/J-15H 15 18
Tg::ﬂP/j 250H 16,384 x4 20 20 :22
. 55 24 0.3 CMOs
TC55417P/J-25H 25 25 550
64K Bit |__TCSS417P/J-35H 35 35 440
TCSSB417P/J-10 10 10 SV 6% 630 .
24 ¥
TC85B8417P1J-12 N 12 12 660 5 03 | Bromos
TC5588P/J15 15 15 743
TCS588P/J-20 20 20 SV £10%
- 5 28 : MO!
TC5588P/J-25 25 25 633 5 03 Cmos
- -+ 8192x8
TC5588P7J-35 35 35
TCSSB88P/J-10 10 10 SV 5% 814
2 . i-CM
TC5SB88P/J-12 12 12 5V+10% | 853 55 8 0.3 Bi-CMos
TC5589P/J-15 15 15 743
TC5589P/J-20 20 20
i -4 8192% V + 10% 5 28 0. M
G T 8.192% 9 > > 5 o 633 s 3 os
TCS589P/J-35 35 35
TCS5187T-20 20 20 1265
TCS5187T-25 25 25 1210
TCS5187T-30 8,192 18/ 30 30 1100
144K Bi 4,096 %1 + . 2 0.7 M
Bt Iy CssieaT 20 ] x"g‘"’waf 20 20 SVEIO% s 55 s s 0s
TCS5188T-25 ~ 25 25 1210
. TC55188T-30 30 30 1100 i
TCS5464P/JAT 17 17 5V + 5% 630
TC55464P/J-20 20 20
. 4 . M
TC55464P/J-25 § 25 25 660 88 2 0.3 oS
TC55464P/J-35 35 35 550
TC55B464P/J-10 10 10 SV£10%
TCS58464P/J-12 7 TRE 12 770 825 24 0.3 Bi-CMOS
TCS58484P/J-15 o 15 15
536 % 4
TC55465P/J-17 65536 17 17 5V 5% 630
TC55465P/J-20 20 20
= . 3 MOS
TC55465P/J-25 25 25 SV£10% 660 58 28 o emo
256K Bit | TCS5465P/J-35 35 as 550
TC558465P/J-10 10 10
TC55B8465P/J-12 12 12 SV £10% 770 825 28 0.3 Bi-CMOS
TC55B465P/J-15 , 15 15
TC55328P/317 17 17 5V + 5% 735
TC55328P/J-20 20 20 —t
0.
TCS5328P/J-25 25 25 5V +10% 770 58 28 3 emos
TC55328P/J-35 32.768x8 35 as 660
TCS5B328P/J-10 10 10
TC558328P/J-12 12 12 SV £10% 93s 825 28 03 Bi-CMOS
TC55B328P/J-15 15 15
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1- Max. Min. Power _Max. Power No. of | Package
Capacity Type No. Organization | Access Time | Cycle Time Supply Dissipation (mw) Pins Width Process
(ns) {(ns) ) Active | Stand-by {inch)
TC553290/J-17 1/ 17 5V+ 5% 735
TC55329P/J-20 20 20
TC55329FP/J-25 25 25 70 558 eMos
288K Bit| TC55329P/)-35 32,768%9 35 35 660 32 0.3
5V £10%
TC55B320P/J-10 10 10
TC55B329P/J-12 12 12 935 825 Bi-CMOS
TC55B329P/J-15 15 15
TC551632J-20 20 20 1210
512K Bit | TC551632)-25 32,768 X16 25 25 5V £10% 1100 55 40 04 CcMOS
TC551632J-35 35 35 935
TC55B4256J-12 12 12
TC55B4256J-15 15 15 28
TC55B4256J-20 20 20
TC55B42574-12 26214434 12 12 715 66
TC55B4257J-15 15 15 Bi-CMOS
TC55B4257J-20 20 20
TC55B88128P/)-12 12 12 SVE10% 32 o4
TC55B8128P/J-15 131,072x 8 15 15 825 825
™ Bit |TC85B8128P/J-20 20 20
TC551664.J-15 15 15 1430
TC551664.4-20 65,536 X16 20 20 1210 55 44 CMOS
TC5516644-25 25 25 1100
*+TC55BS542584-10 10+5 10
«*TC558842584-12 2621444 12+86 12 1045 220 .
*+TC558581260-10 10+5 10 8V £ 10% 0.4 Bi-CMOS
*+TC55858125.-12 131,072X8 12+86 12 wss 250
«+«TC558S81284-10 10+5 10
*+TC558S81284-12 12+86 12 40
. [+« TC5514024-20 4,194,304 X1/ 20 20
aM Bit T 11048 576X 4 o B 5V+10% 825 55 32 04 CMOS

Package (P:Plastic DIP, J:SOJ, T:Plastic LCC)
TC55417P/d: Equivalent to TC55416P with OE function
TC55465P/J, TC55B465P : Equivalent to TC85464P/) with OE function
TC55B42574: Equivalent to TC55B4256P/J with OE function
TC558842584: Synchronous SRAM
TC85BS8125J:Synchronous SRAM
TC55888128J: Synchronous SRAM
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.. Pseudo Static RAM

Max. Min. Power | .- ng. Power No. of Package
Capacity Type No. Organization |Access Time| Cycle Time | Supply | Dissipation (mw) Pins Width
(ns) (ns) (V) |Active| Stand-by (inch)
TC51832AF/ASPIAF-70 70 115 385
TC51832AP/ASF/AF-85 85 135 303 5.5 06
TC51832 AP/ ASF/AF-10 100 160 248 :
286K Bt | 51832 AP ASPL/AFL70 s2.7688 70 115 SVEIO s i 045 ©)
TC51832APL/ASPL/AFL-85 85 135 303 | oss
TC51832APL/ ASPL/AFL-10 100 160 248
TCS518128AP/ASP/AF/AFW-80 - . [ 80 130 385
TC518128AP/ASP/AF/AFW-10 100 160 330 5.5
TCS18128AP/ASP/AF/AFW-12 120 190 275
TCS18128APL/ASPL/AFL/AFWL/AFTL/ATRL-60 10728 80 130 385
TC518128APL/ASPL/AFL/AFWL/AFTL/ATRL0 . 2 Type) 100 160 330 11
TC518128APL/ASPL/AFL/AFWL/AFTL/ATRL 12 : 120 190 275
TC518128APL/AFL/AFWL/AFTL/ATRL-B0LY 80 130 385 ) . 06 P)
TC518128APL/AFL/AFWL/AFTL/AT RL-10LV 100 160 330 (0:‘3) 8.3 S(S(F)P)
TC518128APL/AFL/AFWL/AFTL/ATRLAZ2LY 120 190 sv+10% |_275 2 | O5oe vy
TC518120AP/ASP/AF/AFW-80 80 130 385 TSOP- 1
TC518129AP/ASP/AF/ AFW-10 100 160 330 55 8X 20mm
TC518129AP/ASP/AF/AFW-12 120 190 275 (FT.TR)
TC518129APL/ASPL/AF LIAFWI/ AFT/ATRL-80—1— aor2xs 80 130 385
TC518129APL/ASPL/AFL/AFWL/AF TL-ATRL-10 CE cs Type) 100 160 330 1.1
TCS518129APL/ASPL/AFL/AFWL/AF TL/ATRL-12 ' 120 190 275
TC518129APL/AFL/AFWL/AFTL/AT RL-80LY 80 130 385
TCS18129APL/AFL/AFWL/AFTL/ATRL10LY 100 160 330 (;:13)
| TC518120APL/AFL/AFWL/AFTL/ATRLASLY 120 190 275
M Bt Coe128BPL/BSPUBFBAWLIBFTLB TR G 70 s 385
*TCS181288PL/BSPL/BFL/BFWL/BFTL/BTRL-80 80 130 330 14
*TCS18128BPL/BSPL/BFL/BFWL/BFTL/BTRL10 100 160 275
*TC518128BPL/BSPL/BFL/BFWL/BFTL/BTRL-70L 131072 X8 70 15 385
*TC5181288PL/BSPL/BFL/BFWL/BFTL/BTALB0L | oo 80 130 330 | 0275
*TCS5181288PL/BSPLIBFL/BFWL/BFTL/BTRL-10L | C5 " CE2 Type) 100 160 1275
*TCS18128BPL/BFL/BFWL/BFTL/BTRL.70V 70 15 385
_ . _ | XTCs18128BPU/BFL/BFWLBFTL/BTRLGOV 80 130 330 8.‘532,
*TCS18128BPL/BFL/BFWL/BFTL/BTRLAOV 100 160 275 =
* TCS181298PL/BSPL/BF L/BFWL/BFTL/BTRL-70 70 15 385
*TC518129BPL/BSPL/BFL/BFWL/BFTL/BTRLS0 80 130 330 11
*TC5181298PL/BSPL/BFL/BFWL/BFTL/BTRL10 100 160 275
* TC5181298PL/BSPL/ BFL/BFWL/BFTL/BTRL7OL 131,072 X8 70 115 385
* TC5181298PL/BSPL/BF L/ BFWL/BF TL/BTRL-80L & cs Type) 80 130 330 | 0.27s
*TC518120BPL/BSPL/BFL/BFWL/BFTL/BTRL-10L ' 100 160 275
T | *TCS18129BPL/BFL/BFWL/BFTLBTRL-70V 70 15 385
*TC5181298PL/BF L/BFWL/BFTL/BTRL80V 80 130 330 (g:(’f;g)
*TC518129BPL/BFL/BFWL/BFTL/BTRL1GV 100 | 160 275
TC518512PU/FL/FTL/TRL-70 70 15 385 : 06 (F)
TC518512PL/FL/F TL/TRL-80 524,288 %8 80 130 5V+10% | 330 | 11 32 |95256)
am git | TCS18812PUFL/FTUTRL10 100 160 275 0.4 (FT, TR)
TC518512PL/FL/FTL/TRL-70LV 70 15 385
TC518512PL/FL/FTL/TRL-8OLY 524,288 X 8 80 130 SV+10% | 330 (oga) 32
TC518512PL/FL/FTL/TRL10LY 100 160 275 |
Package : P : Plastic DIP, SP : Slimplastic DIP, F, FW ! Flat Package SOP ():3V % : New Product
- FT . TSOP (Forward), TR : TSOP (Reverse)
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EPROM

Max. Min, Powear Operating Max. Power N
Capscity Type No. Organization | Access Time| Cycle Time Supply Temperature | Dissipation (mW) '\:,‘:;‘:' D:ype
(ns) {ns) ) {C) Active | Stand-by
TC57256AD-12 120 120 SV 5% 158 0.525
- ~7
TC57266AD-120 120 120 sVE10% 0~70 165 0.550
TC57256AD-150 150 150
256K Bit | TC57256AD-15 32,768 %8 150 150 — 4085 188 28 CMOSs
TC57256AD-20 200 200 SV 5% 0.525
TC57H256D-70 70 70 0~70 210
TC57H2560-85 8s 85 5v+10% 220 0.550
TC57512AD-18 160 150
536 X SV 8% ~40~85 158 0525 28 cMOos
13K Bt I e 7512AD.30 85.536 %8 200 200 *e e
TC571000/1AD-12 120 120 6V £ 5% 158 0.525
TC571000/1AD-150 160 150 5V+10% 165 0.550
a
TC57HI000/1AD-85 131.072x8 8s 85 5V E 5% 210 0.525 2
TC57H1000/1AD-100 100 100 5V+10% 220 0.550
~ [V
™ Bit TC57H1024AD-85 8s 85 SV £5% 0~70 315 0.625 os
TC57H1024A0-100 100 100 5V +£10% 330 0.550
x
TC57HI028AD-55 85,536 x16 S5 55 . 473 108 40
TC57H1025AD-70 70 70
TC574000D-120 120 120 330
1 .
Tesr 5150 624,288 %8 50 150 5V £10% 375 0.650 a2
* TC574000AD-120 120 120 330
s x +1 .550
* TC574000AD-150 24,2688 1650 150 SV£10% 275 o 82
M Bit Ig:::zoog::go 524268 %8 :Zg :gg SV 5% 0~70 368 0.525 cMOoSs
200 262,144 X 16 - 40% —|—— 330 y
TC574200D-150 150 150 sV 0.550 %0
TC574086D-10 100 100 SV 6% 368 0.525
TC574096D-120 262,144 %16 120 120
£1 551
TC574096D-150 150 150 SvEio% 330 0550
1,048,676 X8 — N
8M Bit TC578200D-150 £24 568 X 16 150 150 SV £10% 0~70 330 0.550 42 CMOS
16M Bit | % TC57162000-150 brirfe ol 160 150 S5V£10% 0~70 330 0.550 a2 | oMmos
Package D . Cerdip Package * ! Now Product
ONE TIME PROM
Max. Min. Power Max. Power Disslpation
Capacity Type No. Organization | Access Time| Cycto Time Supply (mw) NP‘:;‘:' D:vlce
(ns) (na) %) Active Stand.-by yee
256K Bit | TCS54286AP/AF 32,768%8 200 200 SV 6% 158 0.525 28 CMOS
TCH54512AP/AF-16 150 150
1 t 65,536 x 158 0.525 28 cM
512K Bi TCS54512AP/AF 30 8 SV 5% os
TC541000/1AP/AF-12 —120 - 120 158
TC541000/1AP/AF-1
c AF-15 131.072x8 150 150 a2z
™ Bit TC54H1000/1AP/AF-85 85 85 vies
TC54H1000/1AP/AF-10 100 100 SV£5% 210 0.525 cMOs
TC54HI024AP/AF-85 85 85
TC54H1024AP/AF10 85.536 16 100 100 s 0
v e
- )
TC544000R/F/FT-12 624,268 %8 120 120 SV 5% 315 0.525 a2 oMOS
TCS544000P/F/FT-150 150 150 SV£10% 275 0.550
* TC544000AP/AF-12 120 120 SV 59% 315 1
524,288X8
4M it | ¥ TCS44000AP/AF150 8 150 150 5VE10% 275 0.525 a2 | cmos
TC544200P/F-120 524,288 %8 120 120
TC544200P /F-150 262,144 x16 150 150
v 330
TC544006P F 120 202144 %10 120 120 SVE10% 0.550 40 | cmos
TC544098P/F-150 ' 150 150
Package P : Piastic DIP, F:Fiat Package (SOP), FT:TSOP (TYPEII, Normal type) * . New Product
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CMOS Flash/NAND E2PROM

Max. Power (v?upply Max. Pow(?r“A l;iesapation Program/ %’.‘:’aﬁf’f No. of
Capacity Type No. Organization | Access Time Program/ Erase p:‘rae Package Pi;\s
: (ns) Voc (V) | Vep (V) | Read |PR%aM|giandby|  Mode )
- 12.75 Or
256K Bit | TC58257AP-20, 25 +£0.26 |165 (Voo) 220 (Vo) [0.55(Veo)| EPROM | | 800mil DIP
32768X8 | 2001250 |sviion| 0251650 )| 650 (Vo) |0.06 (Ves)| Compatiie| —10~70 28
Flash | rcssas7ar-20, 26 12oxo0sg| ° VPP PP)|0.06 (Vpe)) Com 450mil SOP
TC584000P 600mil DIP
TG584000F 120 525mit SOP 3
. 1
4M Bit 524,288 xg |Fa08 Access) L ool 165 |330/275| o085 [COMMandi o o :
LY B 15us Control QTGP
(Random Access) (Normal) 44
1:5 TR A400mil 'l:s[?l’ (40)
C584000 (Reverse)

Package P :Plastic DIP, F:Flat Package (SOP), FT :TSOP (Normal Bent), TR : TSOP (Reverse Bent)

CMOS Mask ROM

*  New Product

Max. Min. Power Su Max. Power Dissipation
Capacity Type No. Organization | Access Time | Cycle Time pply (mw) '::n(s”
(ns) (ns) ) Active Stand-by
TCS531000CP/CF-15 180 180 193 28
TCS31000CP/CF-12 181,072X 8 120 120 220
™ Bit TCS31001CP/CF-15 ' 150 150 &V E£10% 183 o a2
f TCS31001CP/CF~12 120 120 = 220 :
TC831024P/F-15 150 180 183
X X
TC831024P/F-12 6553616 120 120 220 40
2M Bit TCS532000AP/AF 262,144 X8 150 150 5V +10% 220 o 32
TCS534000AP/AF/AFT 524,288X8 180 180 220 32
4M Bit 524,288X8 S5V £10% on
TC534200P/F 262,144 %16 180 180 275 40
TCS538000AP/AF 1,048,676 X8 150 180 303 0.65 32
8M Bit 1,048,576 X8 5VE10% 42 (DIP)
TCS38200AP/AF 524,288 X 16 150 180 330 0.85 44 (SOP)
2,097,152x8 | ] ’
TC5316200AP/AF/AET 1,048,576 %16 180 150 330 0.55
. 2,097,152 X8 42 (DiP)
16M Bit TC5316200BP/BF 1,048,576 X 16 200 200 S5V £10% 278 0.5% 44 (SOP)
2,097,152 X8 180 150
TC53162108P/BF/BFT 1.048,576 %16 Page 60 Page 60 825 55
Package P :Plastic DIP, F:Flat Package (SOP), FT : TSOP (Normal Bent) -
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2. Cross Reference

1M Bit Dynamic RAM
Organization |  1M1(Fast Page) | 1M X 1 (Nibble) |_IMx1Static Column) | 256K x4 Fast Page) | 256K x 4 (Static Column)
TOSHIBA TCS11000 TC51001 | TCS511002 TCS514256 TCS514258
Fujitsu MB81C1000 ME81C1001 MB81C1002 MB81C4256 MBB81G4258
Hitachi HMS11000 HMS511001 HM511002 HMS514256 HM514258
Mitsubishi M5M4AC1000 M5M4C1001 M5M4G1002 MSM44C256 MSM44C258
NEC #PD421000 #PDA421001 #PDA21002 1PD424256 ©PD424258
OKi MSMS511000 MSMS11001 MSM511002 MSM514256 MSM514258
T TMS4C1024 TMS4C1025 | TMS4C1027 TMS44C256 TMS44C257
Motorola MCMS511000 MCM511001 MCMS11002 MCM514256 MCMS514258
Siemens HYB511000 — — HYB514256 —
SAMSUNG KM41C1000 KM41C1001 KM41C1002 KM44C256 KM44C258
4M Bit Dynamic RAM
Qrganization 4M X1 (Fast Page) 4M X1 (Nibble) 4M <1 (Static Column) M X4 (Fast Page) M 4 (Static Column)
|___TOSHIBA TC514100 TC514101 TC614102 TC514400 TC514402
Fujitsu MB8S14100 MB814101 MB814102 MB 814400 MB814402
Hitachi HMS514100 HMS514101 HMS514102 HMS514400 HM514402
Mitsubishi M5M414000 M5M414001 M5M414002 M5M441000 M5M441002
NEC #PDA24100 #PDA24101 #PD424102 #PD424400 £#PDA424402
OK| MSMS514100 MSMS514101 MSM514102 MSM514400 MSM514402
m TMS44100 — — TMS44400 —
Micron MT4C1004 MT4C1005 MT4C1006 MT4C4001 MT4C4003
Motorola MCMS514100 MCM514101 MCMS514102 MCM514400 MCMS514402
Siemens HYB514100 — ~— HYB514400 —
SAMSUNG KM41G4000 — — KM44C1000 —
16M Bit Dynamic RAM
16M X1 (4K CYCLE/REF RESH)
Organization 16M X1 (Fast Page) 16M X1 (Nibble) 16M X 1 (Ststic Col umny
TOSHIBA TC5116100 TC5116101 TCS5116102
Fuijitsy MBS116100 MB8116101 —
Hitachi HM5116100 HM5116101 HMS5116102
NEC #PD4216100 — —
SAMSUNG — — —
Siemens HYB511610 ~ ==

4M X 4 (4K CYCLE/REFRESH)

Organization 4M X 4 (Fast Page) 4M X 4 (Static Column) 4M X 4 (Write Per 8it)
TOSHIBA TC5116400 TC5116402 TC5116410
Fujitsu MB8116400 — —_—
Hitachi HMS5116400 HM5118402 HM5116410
NEC ©PD4216400 — —
SAMSUNG KM44C4000 — -
Siemens HYB511640 — -

4M X 4 (2K CYCLE/REFRESH)

Organization AM X 4 (Fast Pagé) 4M X 4 (Static Column) 4AM X 4 (Write Per 8it)
TOSHIBA TC5117400 TCSN7402 TC5117410
Fujitsu - — —~
Hitachi HM5117400 — —~—
NEC 1#PD4217400 — —_—
SAMSUNG KM44C4100 — —
Siemens — — —
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Dynamic RAM Module

Mx8 Mx8 Mxg Mx9 256K X 36 512K X 36
Socket Type Pin Type Socket Type Pin Type Socket Type Socket Type
THMBI000AS-70 | THMBI000AL-70 THMSOI000AS-70 | THMSI000AL-70 | THM362500ASG-70| THM365120ASG-70
TOSHIBA THMBI000AS-80 | THMBI000AL-80 THMOI000AS-80 | THMSI000AL-80 | THM362500ASG-80| THM365120ASG-80
THMBIOO0AS-10 | THMBI000AL-10 THMG1000AS-10 THMSI000AL-10 * | THM362500ASG-10 | THM365120ASG-10
Fuiits MB85230 MB85230 MB85235 MB85235 MBB85236-10
ujitsu {100ns/120ns) {100ns/120ns) (100ns/120ns) (100ns/120ns) MB85236-12
. HBS6A18B-S HBSGAIBA-S HBSGA19B-S HBSGAI9A-S HBS6D256368-85 | HBS6D512366-85
Hitachi (100ns/120ns) (100ns/120ns) {100ns/120ns) (100ns/120ns) HBS6D256368-10 | HB56D612368-10
HBS6D256368-12 | HBSED51236B-12
MHIMOBAGJ-8 MHIMOBAGJA-8 MH1MO9ACJ-8 MHIMO9AGJA-8 MH25636AJ-85 MH51236AJ-85
Mitsubishi MH1MOBAQJ-10 MHIMOBAGJA-10 | MHIMOGAGI-10 MHIMOYAGJA-10 | MH25636AJ-10 MHS1236AJ-10
MHIMOBAQJ-12 MHIMOBAGJA-12 | MHIMOSAQJ-12 MHIMOSAGJA-12 | MH25636AJ-12 MHS51236AJ-12
MC-421000A8B-80—|MC=421000A8A-80 | MC-421000A9B-80 | MC-421000A9A-80
NEC MC-421000A8B-10 | MC-421000A8A-10 | MG-421000A9B-10 | MC-421000A9A-10 S— —
MC-421000A8B-12 | MC-421000A8A-12 | MC-421000A98-12 | MG-421000A9A-12
oK MSC2313-10YS MSC2313-10KS MSC2312-10YS MSC2312-10KS
MSC2313-12YS MSC2313-12KS MSC2312-12YS MSC2312-12KS
TH3C10008-70 TH2G10008-70 TH3C10009-70 TH2C10009-70 TH3CIP2536-70 TH3CIP5136-70
Toyocom TH3C10008-80 TH2G10008-80 TH3C10009-80 TH2C10009-80 TH3C1P2536-80 TH3CIP5136-80
TH3C10008-10 TH2G10008-10 TH3C10009-10 TH2C10009-10 TH3CIP2536-10 TH3CIP5136-10
MMIMI00J8-08 MM1IM100J8-08 MM1M100J9-08 MM1M100J9-08
NMB MMIMI00J8-10 MMIM100J8-10 MMIM100J9-10 MMIMI00J9-10
Semiconductor | MMIMI00J8-12 MMIMI00J8-12 MMIM100J9-12 MMIM100J9-12
(Socket Type) (Lead Type) (Socket Type) (Lead Type)
Texas TMQ24GADS-10L TMO24EADS-10L
Instruments | TMO24GADS-12L TMO24EAD9-12L
MT8C8024M-8 MT8CB024MN-8 MT8C9024M-8 MTBC9024MN-8 MTBC36256M-8 MT8C365120M-8
Micron MT8C8024M-10 MTBC8024MN-10 | MT8CS024M-10 MTBCO024MN-10 | MTBC36256M-10 | MTBC3B5120M-10
MT8C8024M-12 MTBC8024MN-12 | MT8C9024M-12 MTECO024MN-12 | MTBC36256M-12 | MTSC3B612DM-12
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® 64K Bit Static RAM (8K < 8, 28 pin)
Package Width | 0.6 inch DIP ]

TOSHIBA | TesseaaPL |
Fujitsu
Hitachi
Mitsubishi

0.45 inch SOP
TC5564AFL

® 256K Bit Static RAM (32K < 8, 28 pin)

Package Width | 0.3 inch DIP ! 0.6 inch DIP ] 0.45 inch SOP 8x13.4mm TYPE | TSOP
TOSHIBA ] TC55257BSP | TC562678P | TC55257BF TC55257BF T
) MBB4256 MB84256
Fujitsu MB4256A { MB84256A ’ MB84256A MB84256A
Hitachi ] | HM62256P j HM62256FP
#PDA32BEAC #PD43256AGU
NEG “PDA43256BCX J #PDA43256BCZ ‘ #PDA43256BGU
Mitsubishi M5M5256BKP [ M5Ms256BP [ MSM5256BFP M5MS5256B8YVP
: CXK582575P CXK58257P CXKS8257M
; XKS8257ATM
SONY CXK58257ASP ‘ CXK68257AP ' CXK58257AM CXkss2

® 1M Bit Static RAM (128K x 8, 32 pin)

Package Width- | 0.6 inch DIP 0.525 inch SOP | __8x20mm TYPE I TSOP
TOSHIBA TCS51001AP TCES1001AF | TC551001AF T
Hitachi HME28128P HM628128FP 4[ HME28128T
o | srosoonn
Mitsubishi M5Ms1008P MSMS1008FP [ M5MS1008vP
SONY CXK581001P | CXKS81001M | CXKS581001TM
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High Speed Static RAM

Organization 16K x 4 [ 8K x 8 [ 8K x9 8K X18/4K X 18 X 2
Package Width 0.3 inch 0.75 inch
TOSHIBA TC85416-H TC55417-H TC5588 TC5589 TCS5187T TC55188T
Fujitsu MBB8IC74 MB8IC75 MBBIC78A MBB8IC79A
Hitachi HM6288/6788 HM6789 HME2A188
Mitsubishi M5M5188 M5MS189 M5M5178 M5M5179
NEC ©PD4362 uPD4363
OKI MSM5188A
Sony CXK5464AP CXKS485P CXKS863P CXKS5971P CXK7701J
Sharp LH5262 LH5166/64
inmos IMS1620 iMS1624 i
MOTOROLA MCM6288 MCM6289 MCM6264 MCME265
LATTICE SR64K4 SRE4E4 SR64K8
VITELIC Ve1Ce2 V61C64 V63C330 V63C328
DT 1DT7188 IDT7198 DT7164
AMD Amg9Ci164 AmM99GC165 Am99CB8H
CYPRESS CY7C164 CY7Ct66 CY7C185 CY7C183 CY7C184 T/
PERFORMANCE P4C188 P4C198 P4C164 P4G163
T SN74ACTZ2140
MICRON MT5C6404 MT5C6405 MT5C6408 MTS6C0416
Organization 64KX 4 | 32kx8 | 32Kx9 256K < 4 |___128KX8 | 64Kx16
Package Width _03inch ________ 0.4 inch
TOSHIBA TC55464 TC55465 TCS5328 TC55329 TC5584256 TC5584257 TC5588128 TC551664
Fujitsu MBB8IC84A MBB8IC85A
Hitachi HM6208/6708 HM6709 HM62832
Mitsubishi MSMS258AP M5M5259 M5M5279
NEC 1PD43254C «PD43259 4PD431008 #PD431016
OKi MSM52464
Sony CXK54256P CXK58258 CXK59268
Sharp LH52252 LH52258 .
Inmos IMS1820 IMS1830
MOTOROLA MCM6208 MCM6209 MCM6206 MCM6205 MCM6728 MCM6729 MCM6726
LATTICE SR256K4 SR256K8
VITELIC
DT IDT71258 IDT61288 IDT71256
AMD | AmI9C328
CYPRESS CY7C194 CY7C196 cY7Cigs
PERFORMANCE P4C1258 P4C1256
T — . .
MICRON MT5C2564 MTSC2565 MT5C2568
Organization amx1 ™Mx4
Package Width 0.4 inch
TOSHIBA TC561402
Hitachi HM621400 HM624100
NEC «PD434001 1PD434004 -
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256 K Bit Pseudo Static RAM (32K X 8, 28 pin)

Paekage Width 0.6 inch DIP 0.3 inch DIP 0.45 inch SOP
TOSHIBA TCH1832AP TC51832ASP TCS1832AF
Hitachi HME52568P HM6525685P HME52568FP
NEC «PD42832C J— 1PD42832G
Sharp LHSP832 LH5P832 LH5P832
1M Bit Pseudo Static RAM (128K X 8, 32 pin)
Package Width 0.6 inch DIP 0.3 inch DIP 0.45 inch SOP 0.525 inch SOP 8X 20mm TSOP
TC518128/0AP TC518128/9ASP TC518128/9AF TC518128/9AFW TC518128/9AFT/ATR
TOSHIBA TC518128/98P TCS18128/98SP TC518128/96F TC518128/9BFW TC518128/9BFT/BTR
Hitachi HME5812BALP — — HM658128BALFP HM65812BALT/ALR
NEC 1PD428128CZ J— J— HPDA2BI28GW —
Samsung KM658128P [ KME581265G KMB58128G —
Sharp LH5P8128 j— e LH5PB128N LHSPB128T/TR
4M Bit Pseudo Static RAM (512K x 8, 32 pin)
_Package Width 0.6 inch DIP 0.525 inch SOP 0.4 inch TSOP
TOSHIBA TC518512P TC518512F TC518512F T/TR
| Fitachi HME58512LP HM658512LFP HM658512LT T/LRR
256K/512K Bit EPROM/OTP/Mask ROM
Organization 32K x8 64K x 8
EPROM/OTP/MROM EPROM oTP MROM EPROM orp MROM
Pins 28 28 28 28 28 28
TOSHIBA TC57256AD TC54256AP TC53257 TC57512AD TC54512AP
AMD AM27C256 AM27C256 AM27C512 AM27C512
Fujitsu MBM27G256A MBM27C256AP MB83256P MBM27C512 MBM27C512P MB83512P
Hitachi HN27C256 HN27C256 HN623257 HN27C512G HN27512P
Intel 27C256 P27C256 27C512 P27Cs12
Mitsubishi MSM27C256AK M5M27C256AP M5M27C512AK M5M27C512AP
NEC «PD27C256 1PD27C256 1PD23C256P #PD27C5120 «PD27C512C
OKI MSM27C256 MSM2725628 MSM53256P MSM27512 MSM2751226
Sharp LH57256J LH572560 LH53259 - LH53514
i
1M Bit EPROM/OTP/Mask ROM _
Organization 128K < 8 ' 128K < 8 64K x 16
EPROM/OTP/MROM| EPROM |— OTP MROM EPROM o MROM EPROM o MROM
Pins 32 32 32 32 32 . 28 40 40 40
TOSHIBA TCS71000 | TCS41000 | TCS3100IC | TCS71001 | TCS41001 | TC531000C | TCs7H1024 | TG8amiosa | Tosai00a
AMD Am27C010 | Am27G010 AM27C100 | Am27G100 AM27C1024 | Am27C1024
Fujitsu MBM27G1001 | MBM27G1001P MBM27C1000 |MBM27C1000P| MBB31000 | MBM27G1024 | MBM27C1004P
Hitachi HN27C101AG [HN2TCIOIAP/AFP| HNG2321A | HN27C301AG [HNZTCIOIAPIAFP|  HNG2321 | HN27GI0R4HG
Intel 27C010 27C210
Matsushita MN231001
Mitsubishi MSM27CI01K | MSM27CIOTP/FP MSM27CI00K | MSM27CIO0PIFP | MSM231000 | MSM27GI02K | MoM27CIosmre
NEC #PD27CI001AD | PD27CI00IAC| £PD23CIOOE |1:PD27CI000AD|4PD27CIO00AC| #PD23CI000 | 1P027CT004 #PD23C1024
OkKI MSM271000 | MSM271000Z8 | MSMS31001A MSMS31000 | MSM271024 | MSM27102428
Sharp LHS71001J | LHS71001 | LHS30800 | LHS71000J | LH571000 | LHS31000A
Ti TMS27C010 TMS27C210
34

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0036




2M Bit Mask ROM

Organization 256K x 8
EPROM/OTP/MROM MROM
Pins 32 -
TOSHIBA TC532000A
AMD
Fujitsu MB832000A
Hitachi HN62302B
Intel
Matsushita
Mitsubishi
NEC
OKI MSMS32001A
Sharp LH532300
——

4M Bit EPROM/OTP/Mask ROM

Organization 512K x 8 512K X 8/ 256K < 16 256K X 16
EPROM/OTP/MROM|  EPROM otp MROM EPROM oTP MROM EPROM otp
“Pins 32 32 32 40 40 40 40 40
TOSHIBA TC574000 TC544000 TC534000 TC574200 TC544200 TC534200 TC574096 TC544096
AMD Am27C040 | Am27C040 Am27C400 | Am27C400 Am27C4096 | Am27C4096
Fuijitsu MBM27G4001 MB834000 MB834200 | MBM27C4096
Hitachi HN27C4001G HN62324 HN62424 | HN27C4096G
Intel 27C040 27C400 27C240
Matsushita MN234002 MN234000
Mitsubishi MSM27C401K | M5M27C401P |  M5M23401 MSM23400 | M5M27C402K | MsM27C402P
NEG #PD27C4001DZ | ©PD27CA001CZ | 4PD23CA001 | £PD27C4000DZ #PD23C4000 | »PD27C4096
oKl MSM27G401 MSMS34001A MSM534002A
Sharp LH534300 LH534500
TI TMS27G040
8M/16M Bit EPROM/Mask ROM
Organization Mx8 1MX 8/512K X 16 2M X 8/1M X 16
EPROM/OTP/MROM|  MROM EPROM | MROM EPROM MROM
Pins 32 42 [ 42/aa 42 42/44
TCE316200A
TOSHIBA TCS38000A | TC578200 | TC538200A | TCS5716200 | TCS3162008
TC53162108
AMD
Fujitsu i MB838200 MB831620
Hitachi HN623088 HN62408 HN624016
Intel 27C800
Matsushita MN238002 MN238000 MN2316000
Mitsubishi M5M23801 MsM23800 M5M23160
NEC #PD23C8000 #PD23C16000
OKI MSMS38001A MSM538002A
Sharp LH538100 LH538000 LH5316000
TI
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3. Package

Dual in-Line Package (DIP)

Package Name Device Group Device Name
DIP18-P-300C Dynamic RAM TCS11000AP, TCS11001AP, TC511002AP, TCS511000BP, TCS11001BP, TC5110028P
DIP18-P-300E Dynamic RAM TCS514100AP, TCS14101AP, TC514102AP
DIP20-P-300B Dynamic RAM TC514256AP, TC514258AP, TCS14266AP, TC5142568P, TC514258BP, TC5142668P
DIP20-P-300C Dynamic RAM TC514400AP, TC514402AP, TC514410AP
DIP22-P-300 High speed SRAM TC55416P-H
DIP24-P-3008 High speed SRAM TC55417P-H, TC55B417P, TC55464P, TCSSB464P
DIP28-P-3008 Static RAM TCS52578SP
High Speed SRAM TC5688P, TCS5B88P, TC5589P, TC55465P, TCS5B465P, TC55328P, TCS55B328P
Pseudo SRAM TCS1832ASP
DIP28-P-600 Static RAM TCS664AP, TC562578P
Pseudo SRAM TC51832AP
One Time PROM TCS54256AP, TC54512AP
Flash E2PROM TC58257AP
Mask ROM TC531000CP _
DIP32-P-300 High speed SRAM TC55329P, TCS58329P
Pseudo SRAM TC51B128ASP, TC518129ASP, TC518128BSP, TC5181208SP
DIP32-P-400 High speed SRAM TC5588128P
DIP32-P-600 Static RAM ’ TC551001AP, TC554002P
Pseudo SRAM TC518128AP, TC518129AP, TCS5181288P, TC5181298P, TC518512P
One Time PROM TC541000/1AP, TCS4HI000MAP, TC544000P , TGS44000AP
Flash/NAND E2PROM| TC584000P
Mask ROM TC531001CP, TC532000AP, TCS34000AP, TCS38000AP
DIP40-P-600 One Time PROM TC54H1024AP, TC544200P, TC544096P —
Mask ROM TC531024P, TC534200P
Video Memory TC521000P
DIP42-P-600 Mask ROM TC538200AP, TC5316200AP, TCS316200BP, TC53162108P
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Unit in mm
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Unit in mm ]
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Unit in mm
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Cerdip DIP

Package Name Device Group Device Name
WDIP28-G-600 EPROM TC57512AD

WDIP28-G-800A EPROM TC57256AD, TC57H2560

WDIP32-G-800 EPROM TC571000/1AD, TCS7HI000/1AD

WDIP32-G-600A EPROM TC574000D

WDIP32-G-6008 EPROM TC574000AD

WOIP40-G-800A EPROM TCS7H1024AD, TC57H1025AD

WDIP40-G-8008 EPROM TC574200D, TCS740960

WDIP42-G-600A EPROM TC578200D

WDIP42-G-6008 EPROM TC57162000
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Unit in mm
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Small Out-line J-lead Package (SOJ)

Package Name l Device Group ’ Device Name
S$0J24-P-300A High speed SRAM TCE5417J-H, TCs584174, TC86464J, TC558464y .
S0J26-P-300 Dynamic RAM TCS11000A, TCS100AY, TCS1002A, TC5110008, TCs110018y, TCs1100284

TCs14256A4, TCs14258A, TC514266A, TCs1425684, TCs142588., TCs1426684 ’
S0J26-P-300A Dynamic RAM TC514100ASy, TCS14101AS., TC514102A84, TCH14400AS4, TC514402A84, TCS514410ASY
: TC51410088., TCs1410188y, TC514102BS., TCSIMOOBSJ, TCs1440288., TCS1441088Y
$0J26-P-350 ’ Dynamic RAM | TC514100Ad, TCs14101A4, TCs14102A4, TC514400Ad, TC514402A4, TCS14410Ad
High speed SRAM TCssssy, TC55B88., TCssaay, TC55465., TC55B4685., TCs53284, TC5583284

Dynamic RAM TC514800A, TC514900AY
Video RAM TC5242568.4, TCs2425884, TCs242598)

High Speed SRAM TC55842564 IO
TCs11681004, TCsti61014, TCs116102, TCs1184004, TC5116402y,

S0J28-P-300A
SQJ28-P-400

SQU28-P-400A Dynamic RAM
TCs1164104, TCs1174004, TCs1174024, TCs1174100

SQJ28-P-400C Dynamic RAM TC5116800AN, TCS1178QOANJ

SQJ32-P-300 High speed SRAM TC55329., TC558329

S0J32-P-400A Dynamic RAM TCSHGBOOAJ, TCS117800A, TCS116900Ad, TCS117900Ad

TC55B4257y, TCS5B81284, TC5514024
TCsti6648., TCst166584, TCs142608y, TC514170B., TCs142738, TCS142808., TCs1419084
TC5210004, TC5281268., TCs2812884, TC5282574, TCs28267.

TCs518324

TCS116160Ad, TCS1161 70Ad, TC5118160Ad, TCs5118170A4, TCS116180A, TCs116190A4, 5
TC5116180A, TCSs116190AJ

TC5516644

"High speed SRAM

SOJ40-P-400

Video RAM
High speed SRAM

High speed SRAM
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Unit in mm
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Unit in mm
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Small Outline L-lead package (SOP)

Package Name Device Gromp Device Name
SOP28-P-450 Static RAM TC5564AF, TC55257BF

Pseudo SRAM TC51832AF

One Time PROM TC54256AF, TC54512AF

Fiash E2PROM TC58257AF

Mask ROM TC531000CF
SOP32-P-450 Pseudo SRAM TC518128AF, TC518129AF, TC518128BF, TC5181298F
SOP32-P-525 Static RAM TCSS1001AF, TC554002F

Pseudo SRAM TC518128AFW, TCS18129AFW, TC518128BFW, TC518129BFW, TCS518512F

One Time PROM TC541000/1AF, TC54H1000/1AF, TC544000F, TC544000AF

Flash/NAND E2PROM TC584000F

Mask ROM TCSI001CF,"TCS532000AF, TC534000AF, TCS53B000AF
SOP40-P-525 One Time PROM TC54H1024AF, TC544200F, TC544096F

Mask ROM TCS31024F, TC534200F
S0OP44-P-600 Mask ROM TCS38200AF, TCS316200AF, TCS3162008F, TCS3162108F
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Unit in mm
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Zig-zag In-line Package (ZIP)

Package Name Device Group Device Name
ZIP20-P-400 Dynamic RAM TC511000AZ, TC511001AZ, TC511002AZ, TC511000BZ, TC5110018Z, TCS11OOZBZ
TC514256AZ, TC514258AZ, TC51 4266AZ, TC5142568B2, TC514258BZ, TC514266BZ
ZIP20-P-400A Dynamic RAM TC514100AZ, TC514101AZ, TC514102AZ, T0514,.400AZ. TC514402AZ, TC514410AZ
N . .TCS141OOBZ, TC514101BZ, TC514102BZ, TC514400BZ, TC514402BZ, TC514410BZ
2IP24-P-475 Dynamic RAM TC5M6100Z, TC5116101Z, TC5116102Z, TC5116400Z, TC5116402Z, TC5116410Z
TC5117400Z, TC51174022, TC5117410Z
ZIP28-P-400 Dynamic RAM TC514800AZ, TC514900AZ
Video RAM TC5242568Z, TC524258BZ, TC524259BZ
Z1P28-P-475 Dynamic RAM TC5116800ANZ, TC5117800ANZ
ZIP32-P-475 Dynamic RAM TC5116800AZ, TC5117800AZ, TC5116900AZ, TC5117900AZ
ZIP40-P-475 Dynamic RAM TC511664B2Z, TC511665BZ, TC5142608Z, TC514170BZ, TC514273BZ, TC514280BZ, TC514190BZ
Video RAM’ TC528126BZ, TC528128BZ )
SZIP40-P-475 Video RAM TC528257SZ, TC528267SZ
ZIP42-P-475 Dynamic RAM TC5116160AZ, TC5116170AZ, TCSNBIB0AZ, TC5118170AZ, TC5116180AZ, TC5116190AZ
TC5118180AZ, TC5118190AZ
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Quad Flat J-lead Package (QFJ)

Package Name

Devleg Group

Device Name

QFJ52-P-S750

High speed SRAM

TCE5187T, TC55188T
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Unit in mm
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Thin Small QOut-line L-lead Package (TSOP 1)

emiT

Package Name

Device Group

Device Name

TSOP24-P-0616 Dynamic RAM TC511000BFT, TC511001BFT, TC511002BFT, TC514256BFT, TC514268BFT, TC514266BFT
TSOP24-P-0616A Dynamic RAM TC511000BTR, TC511001BTR, TC511002BTR, TC514256BTR, TC5142588TR, TC514266BTR
TSOP28-P Static RAM TC55257BFT

TSOP28-P-A Static RAM TC55257BTR

TSOP32-P-0820 Static RAM TC551001AFT

Pseudo SRAM

TC518128AFT, TC518129AFT , TC518128BFT, TC518129BFT

TSOP32-P-0820A

Static RAM

TCS551001ATR i

Pseudo SRAM

TC518128ATR, TC518129ATR, TC518128BTR, TC518120BTR
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Thin Small Out-line L-lead Package (TSOP II)

Package Name

Device Group

Device Name

TSOP26-P-300 Dynamic RAM TC514100AFT, TC514101AFT, TC514102AFT, TC514400AFT, TC514402AFT, TC614410AFT
: TC514100BFT, TC514101BFT, TC514102BFT, TC514400BFT, TC514402BFT, TC514410BFT
TSOP26-P-300A Dynamic RAM TC514100ATR, TC514101ATR, TC514102ATR, TC514400AT R, TC514402ATR, TC514410ATR
TC514100BTR, TC5141018TR, TC5141028TR, TC514400BTR, TC514402BTR, TC514410BTR

TSOP28-P-400 Video RAM TC524256BFT, TC524258BFT, TC5242598FT

Dynamic RAM TC514800AFT, TC514000AFT, TCS116800ANT, TC5117800ANT
TSOP28-P-400A Video RAM TC524256BTR, TC524258BTR, TC5242508TR

Dynamic RAM TC514800ATR, TC514900ATR, TC5116800ANR, TC5117800ANR
TSOP28-P-400B Dynamic RAM TCS116100FT, TC5H16101FT, TCS116102FT, TCS116400FT, TC5116402FT

TCS116410FT, TC5117400FT, TC5117402FT, TCS117410FT
TSOP28-P-400C Dynamic RAM TC5116100TR, TC5116101TR, TC5116102TR, TC5116400TR, TC5116402TR
TC5116410TR, TC5117400TR, TC5117402TR, TC5117410TR

TSOP32-P-400 Static RAM TC554002FT '

Pseudo SRAM TC518512FT

One Time PROM TC544000FT

Mask ROM TCS534000AFT

Dynamic RAM TCS1E800AFT, TC5117800AFT, TCSHE900AFT, TC5117900AFT
TSOP32-P-400A Static RAM TC554002TR

Pseudo SRAM TCs18512TR

Dynamic RAM TC5116800ATR, TC5117800ATR, TCS116900ATR, TCS117900ATR,
TSOP44-P-400 Mask ROM  TC5316200AFT, TC5316210BFT
TSOP44-P-400B Video RAM TC528126BFT, TC528128BFT. TC528257FT, TC528267FT

Dynamic RAM TC511664BFT, TCS11665BFT, TC514260BFT, TC514170BFT, TC5142738FT

TC5142808BFT, TC514190BFT

Flash/NAND E2PROM

TC584000FT

TSOP44-P-400C

Video RAM

TC528126BTR, TC528128BTR, TC528257TR, TC528267TR

Dynamic RAM

TC511664BTR, TC511665BTR, TC514260BTR, TC514190BFT, TC514273BTR
TC514280BTR, TC514180BTR

Flash/NAND E2PROM TC584000TR
TSOP50-P-400 Dynamic RAM TC5116160AFT, TC5116170AFT, TC5118160AF T, TC5118170AFT, TC5116180AFT
TC5116180AFT, TCS118180AFT, TC51181S0AFT
TSOPS0-P-400A Dynamic RAM TC5116160ATR, TC5116170ATR, TC5118160ATR, TC5118170ATR, TC5116180ATR

TC5116190ATR, TC5118180ATR, TC5118190ATR
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT =

— TC57256AD-12,-120,-190—

32,768 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electri-
cally programmable read only memory. For read operation, the TC57256AD's access time
{s 120ns, and the TC57256AD operates from a single 5-volt power supply and has low
power standby mode which reduces the power dissipation without increasing access time.
The standby mode is. achieved by applying a TTL-high level signal to the CE input.
Advanced CMOS technology reduces the maximum active current to 30mA/8.3MHz and standby
current to 100uA. For program operation, the programming is achieved by using the
high speed programming mode. For program operation, the programming is achieved by
using high speed programming mode. TC57256AD is fabricated with the CMOS technology
and the N—channel silicon double layer gate MOS technology.

FEATURES
. Peripheral circuit: CMOS * Full static operation
Memory cell . N-MOS - High speed programming mode
~ « Inputs and outputs TTL compatible
-12 [-120 |-150 . Pin compatible with ROM TC53257P;, TMM23256P,
Vece 5V+5% 5V+10% TMM27256AD and TC57256D '
tacc 120ns | 120ns [150ns « Standard 28 pin DIP cerdip package :WDIP28-G-600A
- Single 5V power supply [BLOCK DIAGRAM]
[PIN CONNECTION] (TOP VIEW): Vpp GND Vg 00 01 02 03 04 05 06 07
vee S hvec S A T N A AN R
AlzQz2 27rpals CIRGUIT -] OUTPUT BUFFERS
TE o
A7Td3 26[1AL3 I I 3
A6]4 250 a8 A0 O—
ASL]s 243 A9 A1 O 6 COLUMN | 64 COLUMN L0
AaQs 23411 Az O— DECODER | CIRCUIT
A3~ 2230 A3 o %
az0s 213%%0 aso— & l }
ArO9 o m] A6 2
aod1o 1907 a7 b ° ROW a2 MEMORY CELL
oo 11 1806 49 09— 8 [ omcopEr |7 ARRAY
o101= 17108 Al0 a8 32,768x 8Yits
02013 16304 arts 2
aND] 24 1503 Al13 O—
’ Ald O
. [MODE_SELECTION]
A0 vAl4|Address Inputs _ PIN CE | OE | VPP [VccC ~ 00 ~07 POWER
00 ~07 |Outputs (Inputs). EODE (20) (i?) (1) (28)élt'V33;15'V19)
CE  |Chip Enable Input ead L ata : Active
OE Output Enable Input Output Deselect| * E .SV 5V |High Impedance T
Vpp |Program Supply Standby H o5 High Impedance ndby
Voltage » Program L H 12.5v| 6v Data In
Vee VCC Supply Voltage Program Inhibit| H H 2)| 2) {High Impedance Active
(+5V) Program Verify * L h2.75V[6.25V]Data Out
GND__ |Ground * Hor L 1); HIGH SPEED PROGRAM MODE I,

2): HIGH SPEED PROGRAM MODE T
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TC57256AD-12,-120,-150

[MAXIMUM RATINGS]

SYMBOL ITEM RATING UNIT
Vce Vcc Power Supply Voltage ~0.6 7.0 v
Vpp Program Supply Voltage -0.6 ~14.0 v
VIN Input Voltage -0.6 7.0 v
Vi/o Input/Output Voltage =0.6 AVect0.5 v

Pp Power Dissipation 1.5 W
T5OLDER Soldering Temperature . Time 260 « 10 °C . sec
Tste Storage Temperature : -65 ~125 °c
TopPR Operating Temperature 0~70 °C

[READ OPERATION]
D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC57256AD~-12 TC57256AD-120/150
Ta Operating Temperature 0~70°C 0 ~70°C

vce Vce Power Supply Voltage 5V+5% 5V+£10%Z

Vpp Vpp Power Supply Voltage Vee=0.6V A Vo +0.6V Vee=0.6V AV ct0.6V

D.C. AND OPERATING CHARACTERISTICS

SYMBOL PARAMETER CONDITION MIN. | TYP. MAX., UNIT

It Input Current ViN=0 ~ V¢ - - +10 HA

I10 Output Leakage Current Vour=0-4 ~ V¢ - - +10 pA

Iccol TE=0V £=8.3MHz | - - 30 oA
Operating Current

Icco2 Ioyr=OmA | £=1MHz - - 15

Icesa CE=VIH - - 1 mA
Standby Current

Ices2 ' TE=V c-0.2V - - 100 pA

Viy | Input High Voltage - 2.2 - Vect0.3 v

vVIL Output Low Voltage - -0.3 - 0.8 v

Von Output High Voltage Iog=-400pA 2.4 - - v

VoL Output Low Voltage IoL=2.lmA - - 0.4 v

Ipp1 Vpp Current VPP=VCC—0 «6 VVpct0.6 - - +10 vaA
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TC57256AD-12,-120,-150

A.C. CHARACTERISTICS

TC57256AD-120/12 | TC57256AD-150

SYMBOL PARAMETER TEST CONDITION MIN. MAX. MIN. MAX. UNIT
tacc Address Access Time CE=0E=V1L - 120 - 150 |ns
tcE CE to Output Valid OE=V71L - 120 - 150 |ns
toE OE to Output Valid CE=V71, - 60 - 70 |ns
tpF1 CE to Output in High-Z OE=VIL 0 50 0 60 |ns
tpF2 DE to Output in High-Z CTE=VIL 0 50 0 60 |us
ton Output Data Hold Time CE=0E=VTL 0 - 0 - ns
A.C. TEST CONDITIONS

+ Output Load : 1 TTL Gate and Cy=100pF

« Input Pulse Rise and Fall Times : 1lOns Max.

- Input Pulse Levels : 0.45V 2.4V

+ Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

CAPACITANCE *(Ta=25°C, f=1MHz)

SYMBOL | PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIN Input Capacitance VIiN=0V - 4 6 PF
Cout Output Capacitance VouyT=0V - 8 12 pF

* This parametér is periodically sampled and is not 100%Z tested.

TIMING WAVEFORMS

ware X
= Ny W i,

HIGH 2 HIGH 2
00~07 DATA OUTFUTS
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TC57256AD-12,-120,-150

|HIGH SPEED PROGRAM MODE I}

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vig - Input High Voltage 2.2 | - Veet+l.0 v
ViL - Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 5.75| 6.0 6.25 v
Vpp Vpp Power Supply Voltage 12.0 | 12.5 13.0 v

D.C. and OPERATING CHARACTERISTICS (Ta=25%5°C, Voc=6V*0.25V, Vpp=12.5V0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Iry Input Current Vn=0 ~Vee - - +10 HA
VoH Output High Voltage Iog=—400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4 v
Icc | Vcc Supply Current - - - 30 mA
Ippo Vpp Supply Current Vpp=13.0V - - 50 mA
Vip. A9 Auto Select Voltage - 11.5 12.0 | 12.5 v

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6V:0.25V, Vpp=12.5V:0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
taAn Address Hold Time - 2 - - us
tCES TE Setup Time - 0 - - ns
tcEn CE Hold Time - 0 - - ns
tOES OE Setup Time - 2 - - us
tps Data Setup Time - 2 - - us
tpH Data Hold Time - 2 - - us
tvps Vpp Setup Time - 2 - - us
tycs Vec Setup Time - 2 - - us
tpy Initial Program Pulse Width CE=Vyr, OE=Vig { 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms
toE OE to Output Valid CE=V1g - - 100 ns
tpFP OE to Output in High-Z CE=V1g - - 90 ns

A.C. TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Times
Input Pulse Levels

Note 1: The length of the overpgoram

value X.

Timing Measurement Reference Level:

10ns Max.

@ a0 0
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Input 0.8V and 2.2V, Output 0.8V and 2.0V

1 TITL Gate and C1(100pF)

pulse may vary as a function of the counter
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TC57256AD-12,-120,-150

[HIGH SPEED PROGRAM OPERATION II |
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. | TYP. MAX. | UNIT
Vg Input High Voltage 2.2 - ‘Veotl.0| V
ViL Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 v
Vpp Vpp Power Supply Voltage 12.50 {12.75 13.00 v
D.C. AND OPERATING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25%0.25V, Vpp=12.75%0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current ViN=0 v Ve - - +10 HA
Vo Output High Voltage Iog=~400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4 v
Icc Vece Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 11.5 12.0 |12.5 v
A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Vgc=6.25+0.25V, Vpp=12.75+0.25V)
SYMBOL PARAMETER " TEST CONDITION MIN. TYP. MAX, | UNIT
tAs Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
tCcES CE Setup Time - 0 - - ns
tCEH CE Hold Time - 0 - - ns
tps Data Setup Time - 2 - - Hus
tDH Data Hold Time - 2 - - us
typs Vpp Setup Time - 2 - - us
tycs Vce Setup Time - 2 - - us
tPw Program Pulse Width CE=Vyy,, OE=Viyg| 0.095 0.1 0.105 ms
tog OE to Output Valid CE=V1g - - 100 ns
tDFP OFE to Output in High-Z EEEVIH - - 90 ns
A.C. TEST CONDITIONS
- Output Load : 1 TTL Gate and Cp (100pF)

* Input Pulse Rise and Fall Time
* Input Pulse Levels

e Timing Measurement Reference Level:

¢+ 1lOns Max.
s 0.45V to 2.4V
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TC57256AD-12,-120,-150

TIMING

HIGH SPEED PROGRAM MODE I
HIGH SPEED PROGRAM MODE II

Note 1.

WAVEFORMS (PROGRAM)

(VCC=6V‘£0 .25V, VPP=12 5V+0.5V)
(Vcc=6.25V£0.25V, Vpp=12.75V0. 25V)

A0~14

€t t

AS trw _E%
TE ToPwW

tCEH toESs
TOR TpEp
oF \
tos tpH toE

00~07 4 D STABLE

\| PIn

Dogr VALID

Ver _//7 tyes

v
ce _/// tvcs

PROGRAM

PROGRAM VERIFY

Vce must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

Removing the device from socket and setting the device In socket with
Vpp=12.5V (12.75V) may cause permanent damage to the device.

The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal,
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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— , TC57256AD-12,-120,-150

[ERASURE_CHARACTERISTICS]

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has
a wavelength of 25378 (Angstroms) to the chip through the transparent window.

Then intergrated does (ultraviolet light intensity [w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [wesec/cm2].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis-
tance of lcm from the lamp surface, the erasure will be achieved within 60 minutes.
And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm?] will
reduce the exposure time to about 20 minutes. (In this case, the integrated does is
12000 [uw/cm?] x (20 x 60) [sec]l =15 [wesec/cm2].)

The TC57256AD's erasure begins to occur when exposed to light with wavelength shorter
than 4000A. The sunlight and the flourescent lamps will include 3000 A 4000& wave—
length components. Therefore when used under such lighting for extended periods of
time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available.

[OPERATION INFORMATION]

The TC57256AD's six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUM?ER) CE oE | vpp vVee 00 ~ 07 POWER
MODE (20) | (22)) (1) [(28) (11 ~13, 15+19) '
Read L L Data Out Active

Read Operation

2) 2)
L R2.75Vv 6.25V] Data Out

1); HIGH SPEED PROGRAM MODE I
Note: H; Vry, L; ViL, *; Vim or ViLs 3). HIGH SPEED PROGRAM MODE I

READ MODE

The TC57256AD has two control functions. The chip enable (CE) controls the operation
power and should be used for device selection.

The output enable (DE) control the output buffers, independent of device selection.
Assuming that CE=0E=VIL, the output data is valid at the outputs after address access
time from stabilizing of all addresses. ,

The CE to output valid (tgg) is equal to the address access time (tacc)-

Assuming that CE=Vyy and all addresses are valid, the output data is wvalid at the
outputs after tog from the falling edge of OE.

(Ta=25+5°C)

Output Deselect * H 5v 5v High Impedance
(Ta=0 ~70°C)
Standby H * High Impedance Standby
. Program L H 1) 1) ! pata In
Program Operation 12.5V | 6V -
Program Inhibit H H High Impedance Active
*

Program Verify

[OUTPUT DESELECT MODE]

Assuming that CE=Vyyg or OE=Vyy, the outputs will be in a high impedance state.
So two or more TC57256AD's can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power
standby mode.
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TC57256AD-12,-120,-150

[STANDBY MODE]

The TC57256AD has a low power standby mode controlled by the TE signal.

By applying a high level to the CE input, the TC57256AD is placed in the standby
mode which reduce the operating current to 100uA by applying MOS-high level (Vcc)
and then the outputs are in a high impedance state, independent of the OE inputs.

[PROGRAM MODE] -

Initially, when received by customers, all bits of the TC57256AD are in the "1"

state which is erased state.
Therefore the program operation is to introduce '"0's'" data into the desired bit

locations by electrically programming.
The TC57256AD is in the programming mode when the Vpp input is at 12. .5V and CF is

at TTL-Low under OE=Vyjy.
The TC57256AD can be programmed any location at any time either individually,

sequentially, or at random.

[PROGRAM VERIFY MODE]

The verify mode is to check that desired data is correctly programmed on the

programmed bits.
The verify is accomplished with OE at Vyy.

[PROGRAM INHIBIT MODE]

Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp
terminal, a high level CE input inhibits the TC57256AD from being programmed.
Programming of two or more TC57256AD's in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly comnnected,
and a TTL low level program pulse is applied to the CE of the desired device only
and TTL high level signal is applied to the other devices.

{HIGH SPEED PROGRAM MODE T|

The program time can be greatly decreased by using this high speed programming mode.
The device is set up is the high speed programming mode when the programming
voltage (+12.5V) is applied to _the Vpp terminal with Vgo=6V.

The programming is achieved by applying a single TTL low level lms pulse to the

CE input after addresses and data are stable. Then the programmed data is verified
by using Program Verify Mode.

If the programmed data is not correct, another program pulse of 1lms is applied and
then the programmed data is verified. This should be .repeated until the program
operates correctly (max. 25 times).

After correctly programming the selected address, the additional program pulse
with width of 3 times more than that needed for initial programming is applied.
When programming has been completed, the data in all addresses should be verified

with Vge=Vpp=5V.
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TC57256AD-12,-120,-130

[HIGH SPEED PROGRAM MODE I}

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V.

The programming is achieved by applying a single TTL low level 0O.lms pulse the CE
input after addresses and data are stable. Then the programmed data is verified by

using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied and
then programmed data is verified. This should be repeated until the program operates
correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with Vgco=Vpp=5V.
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TC57256AD-12,-120,-150

[HIGH SPPED PROGRAM MODE 1]
FLOW CHART

8TART

ADDRES 8=
START ADDRESS

1
l Vcc={5V J

L VPP =125V ]

YES
DATA=FPF?
<'N°/
l X=0 I
T .
1

[ PROGRAM 1lms PULSE J

T

ADDRESS = OVERPROGRAM 3X PULSES OF 1 msec
NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION

0K
NO LAST
DRESS 2
YES

vee =50V
VPP =50V

FAIL
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TC57256AD-12,-120,-150

[HIGH SPEED PROGRAM MODE II|

= NEXT ADDRESS

FLOW CHART

Ve = 625025V

Vpp =1275+025V

ADDRESS

= START ADDHESS
i

ADDRESS 3

‘.
iy
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TC57256AD-12,-120,-150

[ELECTRIC SIGNATURE MODE] 1

Electric signature mode allows to read out a code from TC57256AD which identifies
its manufacturer and device type.

The programming equipment may reads out manufacgurer code and device code from
TC57256AD by using this mode before program operation and automatically set program
voltage (Vpp) and algorithm. '

Electric Signature mode is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vi1, in read operation. Data output in this con-
ditions is manufacturer code. Device code is identified when address A0 is set

to Vig. These two cédes possess an odd parity with the parity bit of MSB (07).

The following table shows electric signature of TC57256AD.

PINS A0 | o7 o6 | o5 | o4 03 02 o1 00 | mEx.
SIGNATURE ao @ | as) |an |ase | as) | a3 | a2)| 1) | paTa

Manufacture Code VL 1 0 0 1 1 0 0 0 98

Device Code VIin 1 1 0 0 (o] 1 0 0 C4

Notes: A9=12V+0,5V
Al ~A8, A10 ~Al4, CE, OE=Vyy

%
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

— —TC97256AD-15,-20——

32,768 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. For read operation, the TC57256AD's access time is
150ns, and the TC57256AD operates from a single 5-volt power supply and has low power
standby mode which. reduces the power dissipation without increasing access time.

The standby mode is achieved by applying a TTL-high level signal to the CE input.
Advanced CMOS technology reduces the maximum active current ‘to 30mA/6.7MHz and standby
current to 100pA. For program operation, the programming is achieved by using the
high speed programming mode. TC57256AD is fabricated with the CMOS technology and the
N-channel silicon double layer gate MOS technology.

» Single 5V power supply

- Peripheral circuit: CMOS « Fully static operation
Memory cell - N-MOS - ‘High speed programming mode
- Low power dissipation . * Inputs and outputs TTL compatible
Active : 30mA/6.7MHz » Pin compatible with ROM TC53257P,
Standby: 100uA TMM23256P," TMM27256AD and TC57256D
. Fast access time: TC57256AD-15 150ns + Standard.28 pin DIP cerdip package
TC57256AD-20 200mns :WDIP28-G-600A

[PIN CONNECTION| -(TOP VIEW)  [BLOCK DIAGRAM] Vpp GND Vo 00 O1 02.03 04 05 06 07

v . T 7 1779°?°¢¢¢

veppH1 283 vV, oF
Af;CZ 27:1».?5 35_0—1 OE, CE CIRCUIT }—! OUTPUT BUFFERS
A7d3 26 A13 CE
A4 2501 A8 A0 O— 1 [ ,f'
aslds 2449 a1 o— 6 | COLUMN | 64 COLUMN L0
aaOs6 23 A11 4251 @ [ 7| pecoper[” CIRCUIT
A307 223 OE as0— 2
az0]s 213410 A50— & I /}
a1gd9 20D CE A =
aog1o 1907 A8 0— 5 9 DE‘(‘:‘;‘;’ER 512} MEMORY CELL
AS N ARRAY
8(1)1::1[2 igggg ﬂ?g: % 32,768 x8bits
oz21]13 16 304 Al 2 O—
GNDL] 14 15003 Al 0
[MODE SELECTION]
A0~ Al4| Address Inputs PIN c_EJo—E Vep | Vece 00~ 07 ' POWER
00™ 07 |OQutputs (Inputs) MODE . (20X%22) (1) €28)] (11~ 13,15~ 19)
CE Chip Enable Input Read L|L Data Out Active
OE Output Enable Input ||Output Deselect| * | H 5V 5V [High Impedance
Vpp Program Supply Standby H| * High Impedance | Standby
Voltage Program L|H Data In
Power Supply Volta Program Inhibit{ H| H [12.5V| 6V |High Impedance | Active
_Vee (+5V) . Program Verify | * | L Data Out
GND | Ground * H or L
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TC57256AD-15,-20
[MAXIMUM RATINGS]
SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -0.617.0 v
Vpp Program Supply Voltage -0.6n14.0 v
Vin Input Voltage -0.67.0 7 v
Vi/o Input/Output Voltage -0.6 A Vct0.5 v 1
Pp Power Dissipation 1.5 V W
TgOLDER Soldering Temperature . Time 260 . 10 °C . sec
TsTRG Storage Temperature -65~ 125 °C
Topr Operating Temperature -40~ 85 °C
[READ OPERATION]
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIin Input High Voltage 2.2 - Veet+0.3
VL Input Low Vol tége -0.3 - 0.8
Ve Vcc Power Supply Voltage .4 .75 5.00 5.25 v
Vpp Vpp Power Supply Voltage Vee-0.6 Vee Vee+0.6
DC and OPERATING CHARACTERISTICS (Ta=-40" 85°C; Vee=5VE5%)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
It Input Current V=0V~ Vee - - +10 HA
Iccol CE=0V £=6.7MHz| =~ - 30 »
Tocoz Operating Current Toyr=0mA pppy— - - o mA
Icesi CE=VrH - - 1 mA
Tocsa Standby Current 'C_§=VCC—O. P ~ - 100 DA
Vou Output High Voltage Iopg=-400uA 2.4 - - A
VoL " Output Low Voltage Ior=2.1mA - - 0.4 v
Ippy Vce Current Vpp=Vcct0.6V - - +10 HA
I10 Output Leakage Current VouT=0-4V ™~ Vce - - +10 pA
98
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AC CHARACTERISTICS

(Ta=-40~ 85°C,

TC57256AD-15,-20

Vee=5V+5%, Vpp=Vccx0.6V)

— TC57256AD~15 | TC57256AD~20
SYMBOL PARAMETER TEST CONDITION MIN. MAX. MIN. MAX. UNIT
tACC Address Access Time CE=0E=VTl, - 150 - 200
tCE CE to Output Valid OE=VrrL, - 150 - 200
toE OE to Output Valid CE=VIL - 70 - . 70 s
tpFl CE to Output in High-Z OE=VIL 0 60 0 60
tpF2 OE to Output 1in High-2Z CE=Vy1, 0] 60 0 60
toB Output Data Hold Time _E=_E=VIL 0 - 0 -

AC TEST CONDITIONS
.« Qutput Load

. Input Pulse Rise and Fall Times

. Input Pulse Levels

. Timing Measurement Reference Level:

: 1 TTL Gate and Cyp=100pF

¢ 1lOns Max.

: 0.45Vn 2.4V

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

CAPACITANCE *(Ta=25°C, f=1MHz)
SYMBOL PARAMETER TEST - CONDITION MIN. TYP. MAX.Y UNIT
CInN Input Capacitance Vin=0v - » 4 6 pF
CouT Output Capacitance VouT=0V - 8 12 pPF
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
A0 ~Al4
— : tCE ﬂ-{
® X C 222
tDF1
p— < t >
NN > 000222
tAcCC tDF2
00 ~07 HIGH 2 DATA OUTPUTS ) >ﬂ§}i—z—
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TC57256AD-15,-20

(PROGRAM OPERATION]

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX, UNIT
Viu Input High Voltage 2.2 - . Vee+1.0
VIL Input Low Voltage -0.3 - 0.8
Vee Vcec Power Supply Voltage 5.75 6.0 6.25 v
Vpp VPP Power Supply Voltage 12.0 12.5 13.0
DC and OPERATING CHARACTERISTICS (Ta=25+5°C, Vgg=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN, TYP. ‘MAX. UNIT
Itz Input Current Vin=0+~ Vgc - - +*10 HA
VoH Output High Voltage IoH=-400uA 2.4 - - A
VoL Output Low Voltage IoL=2.1mA - - 0.4 v
Icc Vcc Supply Current - - - 30 A
Ipp2 VPP Supply Current VpP=13.0v - - 50 mA
Vip A9 Auto Select Voltage - 11.5 12.0 12.5 v
AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vee=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tAs Address Setup Time - 2 - - us
taAn Address Hold Time - 2 - - us
tegg CE Setup Time - 0 - - ns
tCEH CE Hold Time - 0 - - ns
togs OE Setup Time - 2 - - us
tpg Data Setup .Time - 2 - - us
tpy Data Hold Time - 2 - - us
typs | VPP Setup Time - 2 - - ns
tycs Vce setup Time - 2 - - us
tpy Initial Program Pulse Width CE=Vyr, OE=Vy 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms
tog OE to Output Valid CE=Viy - - 150 ns
tDFP OE to Output in High-Z CE=V1y - - 130 ns

AC TEST CONDITIONS

¢« Output

- Input Pulse Rise and Fall Times
 Input Pulse Levels

* Timing
Note 1:

Load

e o0 e

Measurement Reference Level:

The length of the overprogram pulse may vary as a function of the counter

value X.

1 TTL Gate and Ci, (100pF)

10ns Max.

0.45V~ 2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TIMING WAVEFORMS

(Voe=6V£0.25V, Vpp=12.5V+0.5V)

A0 ~Al4

00 ~07

Vee

(PROGRAM)

TC57256AD-15,-20

tAH

tCES

tpEP

tas tpw, topw
(/ tCEH
tOES
tDs t DH tOoE
/
\ DiN STABLE Vg

e VouTt VALID

_// tvps

tves

PROGRAM

PROGRAM VERIFY

Note 1. Ve must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

2. Removing the device from socket and setting the device in socket with Vpp=12.5V

may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.

So the voltage over 14V should not be applied to the Vpp terminal.

When the switching pulse voltage is applied to the Vpp terminal, the overshoot

voltage of its pulse should not be exceeded 14V.
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TC57256AD-15,-20

[ERASURE CHARACTERISTICS]

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has

a wavelength of 2537A (Angstroms) to the chip through the transparent window.

Then intergrated does (ultraviolet light intensity {w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [w- sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance
of lcm from the lamp surface, the erasure will be achieved within 60 minutes.

And using commercial lamps whose ultraviolet light intensity is a 12000 {uw/cm?] will
reduce the exposure time to about 20 minutes. (In this case, the integrated does is
12000 [pw/cm?] x (20x 60) [sec] =15 [w- sec/cm?].)

The TC57256AD's erasure begins to occur when exposed to light with wavelength shorter
than 4000A. The sunlight and the flourescent lamps will include 3000~ 40008 wavelength
components. Therefore when used under such lighting for extended periods of time, the
opaque seals-Toshiba EPROM Protect Seal AC90l-are available.

[OPERATION INFORMATION]

The TC57256AD's six operation modes are listed in the following table.'
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) CE oF Vpp Vee 00~ 07 POWER

MODE (20) [ (22)| () (28) |(11~13, 15~19)

' Read L L Data Out

Read Operation - Active
Output Deselect * H 5V 5V High Impedance

Ta=-40~v 85°C

(Ta=-40" 85°C) Standby H * High Impedance Standby
Program L H Data In

Program Operation .

(Ta=25:5°C) Program Inhibit H H [12.5V 6V High Impedance Active

a=25%

Program Verify * L Data Out

Note: H; Vig, L; Vip, *; Vg or ViL

READ MODE

The TC57256AD has two control functions. The chip enable (CE) .controls the operation
power and should be used for device selection.

The output enable (OE) control the output buffers, independent of device selection.
Assuming that CE=0E=V1L, the output data is valid at the outputs after address access
time from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the address access time (tacc)-

Assuming that CE=Vy, and all addresses are valid, the output data is valid at the
outputs after tgop from the falling edge of OE.

[OUTPUT DESELECT MODE]

Assuming that CE=Vyg or OE=V1y, the outputs will be in a high impedance state.
So two or more TC57256AD's can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power
standby mode.
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TC57

STANDBY MODE
The TC57256AD has a low power standby mode controlled by the CE signal.

256AD-15,-20

By applying a

high level to the CE input, the TC57256AD is placed in the standby mode which reduce the
operating current to 100uA by applying MOS-high level (Vcc) and then the outputs .are in

a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC57256AD are in the '"1" state

which is erased state.

Therefore the program operation is to introduce '"0's'" data into the desired bit loca-

tions by electrically programming.

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is at

TTL-Low under OE=VIH.

The TC57256AD can be programmed any location at any time either individually, sequential-

1y, or at random.

[PROGRAM VERIFY MODE]

The verify mode 1is to check that de51red data is correctly porgrammed on

bits.
The verify is accomplished with OE at Vyr,.

[PROGRAM INHIBIT MODE]

Under the condition that the program voltage (+12.5V) is applied to Vpp t
level CE input inhibits the TC57256AD from being programmed.
Programming of two or more TC57256AD's in parallel with different data is

the programmed

erminal, a high

easily ac-

complished. That is, all, inputs except for CE and OE may be commonly connected, and a

TTL low level program pulse is applied to the CE of the desired device on
high level signal is applied to the other devices.

[HIGH SPEED PROGRAMMING MODE]

1y and TTL

The program time can be greatly decreased by using this high speed programming mode.

The device is set up in the high speed programming mode when the programm
(+12.5V) is applied to the Vpp terminal with Vgc=6V.

The programming is achieved by applying a single TTL low level lms pu15e

after addresses and data are stable. Then the programmed data is verifie
Program Verify Mode.

If the programmed data is not correct, another program pulse of 1lms is ap
the programmed data is verified. This should be repeated until the progr
correctly (max. 25 times)

After correctly programming the selected address, the additional program

width of 3 times more than that needed for initial programming is applied.
When programming has been completed, the data in all addresses should be

Vee=Vpp=5V.
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TC57256AD-15,-20

HIGH SPEED PROGRAM MODE FLOW CHART

START

ADDRESS=
START ADDRESS

|  vee=sv |
i

| vepp=125v |

YES

ATA=FF?

o |

LPROGRAM' 1ms PULSE J

T

r X=X +1

YES
X >257?
NO
=
OK
] .
ADDRESS= OVERPROGRAM 3X PULSES OF 1msec
NEXT ADDRESS OR ONE. PULSE OF 3X msec DURATION|

OK

LAST
ADDRESS 2

NO

YES
Vee=50V
Vpp=50V

. FAIL
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ELECTRIC SIGNATURE MODE|

Electric signature mode allows to read out a code from TC57256AD which identifies

its manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from

TC57256AD by using this mode before program operation and automatically set program

voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest
of address lines is set to Vyj, in read operation.

Device code is identified when address A0 is set to VIH.

manufacturer code.

Data output in this conditions is

TC57256AD-15,-20

These two codes possess an odd parity with the parity bit of MSB 7).

The following table shows electric signature of TC57256AD.

PINS| AO o7 06 05 04 03 02 | o1 00 | HEX.
SIGNATURE (10) | (19) | a8y | (17) | 16) | (15) | (13)](12) | (11) | DATA
Manufacture Code VIiL 1 o | o 1 1 0 ) 0 98
Device Code Vin 1 1 0 0 0 1 0 0 C4
Notes: A9=12V+0.5V
Al~ A8, AlO~ Al4, CE, OE=Vyp,
:
i
|
1
:
i
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT o

TC57H256D-70,-85

32,768 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY : X
PROGRAMMABLE READ ONLY MEMORY : o

[DESCRIPTION |

The TC57H256D is a 32,768 word x 8 bit CMOS ultrabiolet light erasable and electri-
cally programmable read only memory. For read operation, the TC57H256D's access time
is 70ns, and the TC57H256D operates from a single 5-volt power supply and has low
power standby mode which reduces the power dissipation without increasing access time.
The standby mode is achieved by applying a TTL-high level signal to the CE input.
Advanced CMOS technology reduces the maximum active current to 50mA/14.2MHz and stand-
by current to 100pA. For program operation, the programming is achieved by using the
high speed programming mode. For program operation, the programming is achieved by
using high speed programming mode. TC57H256D is fabricated with the CMOS technology
and the N-channel silicon double layer gate MOS technology. '

.

Full static operation

. Peripheral circuit: CMOS - High speed programming mode
« Memory cell ¢ N-MOS + Inputs and outputs TTL compatible
~70 85 » Pin compatible with ROM TC53257P, TMM23256P,
v T ey TMM27256AD and TC57256AD
cc 5V+5% |SV+10% « Standard 28 pin DIP cerdip package :WDIP28-G-600A
tacc 70ns{ 85ns
« Single 5V power supply [BLOCK DIAGRAMJ
[PIN CONNECTION| (TOP VIEW) Vpp GND Vgc 000l 0203 04 O5 0607
s PO SR SUN S0 U S 2R 2 S
Vpp 1 28 Vpp OE o— -
alzgz 27 Al4 — OE,CE CIRCUIT OUTPUT BUFFERS
A7d3 26[1A13 CE ©— | T
A604 25 A8 A0 o l
asQds 24 A9 Al o .6 | coLumn | 64 COLUMN L0
a4ds 23[JAl1 A2 o @ [~ | PECODER [ ° CIRCUIT
Aa3Q7 22 Q0E Ad o] &
A20]8 21 Da10 A5 o & I 4’
Aa1ge 20 AQCE A6 O— /& '
aod w0 19 go7 2789 g |o | mow | s12] EMEORY CELL
ooQ 11 18 P06 a9 o= & [~ pecoper [ ARRAY
o112 17005 A10 O g 32,76 8x8bits
02013 16 P oa Al ST
GND[ 14 15303 Al13 O]
: Al4 O—
PIN NAMES [ﬂODE SELECTION]
A0 Al4 | Address Inputs PIN CE | OE | VPP | VCC 00~ 07 POWER
00~ 07 |Outputs (Inmputs) MOPE - (i?) (i?) (1) |(28) éltmlg,t15m19)
CE Chip Enable Input Read ate o Active
== Output Deselect | * H 5v 5V |High Impedance
OE Output Enable Inpuf - ~
Standby H * High Impedance |Standby
Vpp Program Supply iy 9]
Voltage Program L H lj25v!] 6v ’/|Data In
Vee Vce Supply Voltage ||Program Inhibit | H H 2) 2)|High Impedance |Active
(+5V) Program Verify * L |1275V7|6.25V[patra Out
GND Ground * Hor L. 1): HIGH SPEED PROGRAM MODE I

2): HIGH SPEED PROGRAM MQDE IL
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[MAXIMUM RATINGS |

TC57H256D-70,-85

SYMBOL ITEM RATING UNIT
vee Vee Power Supply Voltage - =-0.6~7.0 v
Vpp Program Supply Voltage -0.6v14.0 v
VIN Input voltage -0.6 7.0 \Y
Vi/o Input/Output Voltage -0.6 vVect0.5 v
Pp Power Dissipation 1.5 W
TSoLDER Soldering Temperature Time 260 10 °C . sec
tste Storage: Temperature -65 125 °c
toPR Operating Temperature 0o~n70 °C

[READ OPERATION]

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC57H256D-70 TC57H256D-85
Ta Operating Temperature 0~ 70°C 0~ 70°C
Vee Vce Power Supply Voltage 5V+5% 5v+10%Z
Vpp Vpp Power Supply_ Voltage Vge-0.6V v Vec+0.6V Vee~-0.6V A Vect+0.6V

D.C. AND OPERATING CHARACTERISTICS

SYMBOL PARAMETER CONDITION NIN. | TYP. MAX. UNIT
In1 Input Current Vin=0 ~ Vce - - +10 HA
I10 Output Leakage Current VouTr=0.4 ~ Ve - - 10 HA
Icco1 @og, £=14.2MHz| - - 50

Iccoz Operating Current IoUT=0mA f=lMH2 — — 20 mA
Tecsl St:andby'ﬁ Current EE=VIH ~ _ : A
Iccs2 CE=Vgc=0.2V - - 100 HA
VIH Input High Voltage - 2.2 - Vecto.3 v
vVip Output Low Voltage - - }o.3 - 0.8 v
Von Output High Voltage Iog=0400uA 2.4 - - v
VoL Output Low Voltage IorL=2.1mA - - 0.4 \Y
Ipp1 Vpp Current Vpp=Vcc—-0.6 v Voct0.6[ — - +£10 uA

107

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0107



TC57H256D-70,-85

A.C. CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITION |——nlB236D=70 | TCS7H256D-85 |y
. MIN. MAX, MIN. MAX. |
tacc |Address Access Time | CE=0E=Vqp, ' - 70 - 85 ns
tcg |CE to Output Valid -OE=v7q, - 70 - 85 ns
tog |OE to Output Valid CE=Vyp, : - 40 - 45 ns
tDF1 |CE to Output in High-Z OE=VTy, 0 30 0 30 ns
tpF2 |OE to Output in High-2Z CE=V1L 0 30 ) 30 ns
toH Output Data Hold Time CE=0E=V71L, 5 - 5 - ns

A.C. TEST CONDITIONS

* Output Load : 1 TTL Gate and Cp=100pF

* Input Pulse Rise and Fall Times : 10ms Max.

*» Input Pulse Levels » ¢ 0.45VA~ 2,4V

- Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.3V and 2.0V

CAPACITANCE #*(Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. | UNIT
Cin Input Capacitance VIN=0V - 4 6 pF
CouT Output Capacitance Vout=0V - 8 12 pF

# This parameter is perjodically sampled and is not 100% tested.

TIMING WAVEFORMS

= e 0077
c0~o7 menz X wera ovreors (X men e
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[HIGH SPEED PROGRAM MODE I |

D.C. RECOMMENDED OPERATING CONDITIONS

TC57H256D-70,-85

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Veetl.0 v
VIiL Input Low Voltage -0.3 ~ 0.8 \
Vce Vce Power Supply Voltage 5.75 6.0 6.25 \/
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 v

D.C. and OPERATING CHARACTERISTICS (Ta=25+5°C, Vcc=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX.
IL Input Current ViN=0 vVcc - - +10
Vor Output High Voltage Iog =400uA 2.4 - -
VoL Output Low Voltage Iop=2.1mA - - 0.4
Icc Vce Supply Current - - - 40
Ipp2 Vpp Supply Current Vpp=13.0V ~ -~ 50

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vgg=6Vt0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tag Address Setup Time - 2 . - - us
tAH Address Hold Time - 2 - - us
tCES CE Setup Time ' - 0 - - us
tCEH CE Hold Time - 0 - - us
tOES OE Setup Time - 2 - - s
tDSV Date Setup Time. - 2 - - us
tpH Data Hold Time - 2 - - us
tvps Vpp Setup Time - 2 - - us
tvcs Vcc Setup Time - 2 - - ks
tpw Initial Program Pulse Width CE=Vyy, OE=Vyy | 0.95 1 1.05 ms
tOPW Overprogram Pulse Width Note 1 12.85 3 78.75 ms
toE OE to Output Valid CE=VIH - - 100 ns
tDFP OE to Output in High-Z CE=VIH - - 90 ns

A.C. TEST CONDITIONS
+ Qutput Load

* Input Pulse Rise and Fall Times

« Input Pulse Levels

+ Timing Measurement Reference Level

Note 1:
value X.

-

1 TTL Gate and Cr,(100pF)

10ns Max.
0.45V 2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC57H256D-70,-85

[HIGH SPEED PROGRAM OPERATION II |

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. | TYP. | MAX. UNIT
Vix Input High Voltage 2.2 - Vcc+l.b v
VIL Input Low Voltage -0.3 - 0.8 v
Vee Vce Power Supply Voltage . 6.00 | 6.25 6.50 v
Vpp Vpp Power Supply Voltage 12.50 {12.75 13.00 v

D.C. AND OPERATING CHARACTERISTICS (Ta=25+5°C, Vgc=6.25+0.25V, Vpp=12.75x0.25V)

SYMBOL PARAMETER TEST CONDITION| MIN. TYP. MAX, UNIT
ILI Input Current Vin=0~ Vee - - +10 A
Von Output High Voltage Iop=—400nA 2.4 - - v
VoL Output Low Voltage ' IoL=2.1lmA . - - 0.4 \'
Icc Vce Supply Current - - - 40 mA
Ipp2 VPP Supply Current Vpp=13.0V - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vgc=6.25+0.25V, Vpp=12.75+0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. [ UNIT
tAs Address Setup Time - 2 - - us
taAH Address Hold Time . - 2 - - us
tcEs CE Setup Time - o] - - ns
tCEH CE Hold Time _ - 0 - — ns
tDs Data Setup Time - 2 - - us
tpu Data Hold Time - 2 - - us
tves Vpp Setup Time - 2 - - us
tvcs Vee Setup Time - 2. - _ us
tPw Program Pulse Width CE=V1r, OE=Vig | 0.095| 0.1 |0.105 | ms
tor OE to Output Valid CE=V1y R - - 100 ns
tDFP OE to Output in High-Z CE=Vig - - 90 ns

A.C. TEST CONDITIONS

1 TTL Gate and Cr,(100pF)

¢« Input Pulse Rise and Fall Time : 1lOns Max.

« Input Pulse Levels : 0.45V to 2.4V

« Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V

e Output Load
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- TC57H256D-70,-85

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM MODE I (Vog=6V+0.25V, Vpp=12.5V0.5V)
HIGH SPEED PROGRAM MODE T (Vcc=6.25V+0.25V, Vpp=12.5V+0.5V)

AO0~A14 ){ X

tas - t A 11
= toPW/ tom teps
tOES : »tnsp
tps tpH toe
00~07 { DyN STABLE & { Doyt VALID }————

v
PP _/ tvps

Vece
_/ tves PROGRAM PROGRAM VERIFY

Note 1. Vgc must be applied simultaneously or before Vpp and cut off simultaneously
or after Vpp.

2. Removing the device from socket and setting the device in socket with

VPP=12.5V(12.75V) may cause permanent damage to the device.

- 3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC57H256D-70,-85

[ERASURE CHARACTERISTICS]

The TC57H256D's erasure is achieved by applying shortwave ultraviolet light which has
a wavelength of 2537A (Angstroms) to the chip through the transparent window. :
Then integrated does (ultraviolet light intensity [w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [w.sec/cm<].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis-
tance of lcm from the lamp surface, the erasure will be achieved within 60 minutes.
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/em?] will
reduce the exposure time to about 20 minutes. (In this case, the integrated does is
12000 [uw/cm?] x (20 x 60) [sec] = 15 [w-sec/cm?].)

The TC57H256D's erasure begins to occur when exposed to light with wavelength shorter
than 40008. The sunlight and the flourescent lamps will include 3000 ~ 400038 wave-
length components. Therefore when used under such lighting for extended periods of
time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available.

OPERATION INFORMATION|

The TC57H256D's six operation modes are listed in the following table.
Mode selection can be achived by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) | CE | OE | Vpp | Vec 00 ~ 07
P
MODE eole2)| @ |@8)| a1~13, 1519y | FOER
. Read L L Data Out .
Read Operation Active
(Ta=0 ~ 70°C) OQutput Deselect * H 5v 5V | High Impedance
Standby H * High Impedance Standby
P o i _Program L H 1)] 1) pata In ' .
Togram Uperation - P 12.5vV| 6V - :
d - Active
(Ta=25%5°C) Program Inhibit H H 2 2) High Impedance ctiv
: Program Verify ok L [12.75V]|6.25v| Data Out
Note: H; Vig; L; Vyys *; Vig or Vi, 1): HIGH SPEED PROGRAM MODE I,
2): HIGH SPEED PROGRAM MODE H

READ MODE

The TC57H256D has two control functions. The chip enable (CE) controls the operation
power and should be used for device selection.

The output enable (OE) control the output buffers, independent of device selection.
Assuming that CE=0E=V71y, the output data is valid at the outputs after address access
time from stabilizing of all addresses.

The TE to output valid (tcg) is equal to the address access time (taco) -

Assuming that CE=Vyy, and all addresses are valid, the output data is valid at the
outputs after tor from the falling edge of OE.

[OUTPUT DESELECT MODE]

Assuming that CE=Vyy or OE=Vyy, the outputs will be in a high impedance state.
So two or more TC57H256D's can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power
standby mode.
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TC57H256D-70, -85

[STANDBY MODE]

The TCS57H256D has a low power standby mode controlled by the CE signal. ¥
By applying a high level to the CE input, the TC57H256D is placed in the standby !
mode which reduce the operating current to 100uA by applying MOS-high level (Vge)
and then the outputs are in a high impedance state, independent of the OE inputs.

[PROGRAM MODE]

Initially, when received by customers, all bits of the TC57H256D are in the "1"
state which is erased state. ’
Therefore the program operation is to introduce '"O's" data into the desired bit
locations by electrically programming.

The TC57H256D is in the programming mode when the VPP input is at 12.5V and CE is
at TTL-Low under OE=Vyy.

The TC57H256D can be programmed any location at any time either individually,
sequentially, or at random.

[PROGRAM_VERIFY MODE] i
The verify mode is to check that desired data is correctly programmed on the ‘K;d

programmed bits. _ |
The verify is accomplished with OE at Vyp. .

[PROGRAM INHIBIT MODE | ' -

Under the condition that the program voltage (+12.5V or 12.75V) is applied to Vpp
terminal, a high level CE input inhibits the TC57H256D from being programmed. e
Programming of two or more TC57H256D's in parallel with dlfferent data is easily ;
accomplished. That is, all inputs except for CE and OE may be commonly connected,
and a TTL low level program pulse is applied to the CE of the de51red device only
and TTL high level signal is applied to the other devices.

[HIGH SPEED PROGRAM MODE 1 |

The program time can be greatly decreased by using this high speed programming mode.
The device is set up is the high speed programming mode when the programming
voltage (+12.5V) is applied to the Vpp terminal with Vgg=6V.

The programming is achieved by applying a single TTL low level lms pulse to the CE
input after addresses and data are stable. Then the programmed data is verified by
using Progam Verify Mode.

If the programmed data is not correct, another program pulse of lms is applied and
then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times). ' '

After correctly programming the. selected address, the additional program pulse
with width of 3 times more than that needed for initial programming is applied.
When programming has been completed, the data in all addresses should be verified

with Veoo=Vpp=5V.

113

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0113



TC57H256D-70,-85

[HIGH SPEED PROGRAM MODE I |

FLOW CHART _ START
ADDRESS =
START ADDRESS
‘ .
[ vec=sv |
!
[ vep=125v |
\YES
DATA=FF?
[ x=0 ]
[ PROGRAM 1ms PULSEJ
¥
| X=X+ 1 J
YES
VERIFY
OK
ADDRESS= OVERPROGRAM 3X PULSES OF 1 msec
NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION
A
oK
NO LAST
ADDRESS ?
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TC57H256D-70, -85

[HIGH SPEED PROGRAM MODE I}

The device is set up in the high speed programming mode when the programming
voltage (+12.75V) is applied to the Vpp terminal with Vgc=6.25V. ‘
The piogramming is achieved by applying a single TTL low level 0.lms pulse the CE

input after addresses and data are stable. Then the programmed data is verified

by using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied
and then programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with VCC=VPP=5V .

i
H
{

P
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TC57H256D-70,-85

[HIGH SPEED PROGRAM MODE 1]

FLOW CHART

START

Voc = 6.25+0.25V
Vpp =1275+025V

!

ADDRESS
= START ADDRESS

ADDRESS
= NEXT ADDRESS

LAST ADDRESS?

Ve =5V
Vpp = 5V

NG

READ ALL BYTES

)
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TC57H256D-70,-85

[ELECTRIC SIGNATURE MODE | .

Electric signature mode allows to read out a code from TC57H256D which identifies
its manufacturer and device type. '

The programming equipment may réads out manufacturer coce and device code from
TC57H256D by using this mode before program operation and automatically set program
voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vi in read operation. Data output in this con-

ditions is manufacturer code. Device code is identified when address AQ is set

to Vig. These two codes possess an odd parity with the parity bit of MSB (07).
The following table shows electric signature of TC57H256D.

PINS | AO 07 06 os | o4 | o3 | o2 | o1 oo | HEX.
SIGNATURE o) |9y | sy | anjae) | a5y | 13) [@2) | 1) | paTa
Manufacture Code Vi 1 0 0 1 1 o | o 0 98
Device Code Vig | o 1 0 0 o | 1 0 1 45

Notes: A9=12V+0.5V
Al ~ A8, A10~ Al4, CE, OE=Vypy,
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC97512AD-15,-20

65,536 WORDS x 8 BITS CMOS UV ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

{DESCRIPTION

The TC57512AD is a 65,536 word x 8 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. For read operation, the TC57512AD's access time is
150ns/200ns, and the TC57512AD operates from a single 5-volt power supply and has low
power standby mode which reduces the power dissipation without increasing access time.
The standby mode is achieved by applying a TTL-high level signal to the CE input.
Advanced CMOS technology reduces the maximum active current to 30mA/6.7MHz and standby
current to 100pA. For program operation, the programming is achieved by using the high
speed programming mode. TC57512AD is fabricated with the CMOS technology and the
N—channel silicon double layer gate MOS tecknology.

FEATURES
* Peripheral circuit: CMOS Full static operation
Memory cell : N-MOS High speed programming mode I, IL

Inputs and outputs TTL compatible

* Fast access time: I
Standard 28 pin DIP cerdip package :WDIP28-G-600

TC57512AD-15 150ns
TC57512AD-20 200ns

- Low power dissipation [BLOCK DIAGRAM| -
Active : 30mA/6.7MHz Vpp GND Vce 00 O1 02 03 04 05 O6 O7
Standby: 100pA .

e SR SR | PO S S G SR S S 1

[PIN CONNECTION]| (TOP VIEW) oEo{ o ©E [ OUTPUT BUFFERS

_J CE o— CIRCUIT
a1s5d1 28 vee 1 : ¥
Al2z2 27 A14 A0 o— 6 COLUMN 64 COLUMN L0
A703 2613413 Al o— ~~1 DECODER CIRCUIT
rscle 25 s po o
A505 2413 A9 AQO0— =« "
A40]s zBROaAll itg o— &
A3d7 221 0EVpp o—1] =
azgs 213410 ﬁg o— » [ 10 rRow |1.024 mﬁ%cy}:u
A1t]e 20RCTE Lo 8 DECODER 65.536 X8bits
Ao10 19407 A0 & 4
o011 18[p 06 Aizo— 2
o1di2 17305 Al3 00—
0213 16 104 Al
@14 15303
[MODE SELECTION]

PIN NAMES PIN |:CE [OE/vpp| VccC 00~ 07 POWER

A0~ Al5]| Address Inputs MODE (20) (22) (28) (114 13,15~ 19)

00~V 07 |Outputs (Inputs) Read "L L Data Out
— Active
CE Chip Enable Input Output Deselect] * H 5v High Impedance

Output Program Standby H * High Impedance |Standby

OE/Vpp | Enable Supply Program L Vpp 6vl) Data In

Input Voltage Program Inhibit| H Vpp 2) | _High Impedance [Active
Vec Power Supply Program Verify | L L 6.25V Data Out.

Voltage (+5V) *: Hor L  1): HIGH SPEED PROGRAMMING MODE I
GND | Ground 2): HIGH SPEED PROGRAMMING MODE I
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[MAXIMUM RATINGS]

SYMBOL ITEM RATING UNIT
vce Vcc Power Supply Voltage -0.6v7.0 \Y
Vpp Program Supply Voltage -0.6"v14.0 v
VIN Input Voltage -0.6v7.0 v
Vi/o0 Input/Output Voltage ~0.6 A~ Voct0.5 v

Pp Power Dissipation 1.5 W
TsSoLDER Soldering Temperature * Time 260 - 10 °Cesec
Tste Storage Température ' -65" 125 °C
TOPR Operating Temperature -40~ 85 °c

[READ_OPERATION]

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS

TC57512AD-15,-20

SYMBOL PARAMETER TC57512AD-15/TC57512AD-20

Té Operating Temperature - =40 v 85°C

Vee Vec Power Supply Voltage 5V+57%
D.C. AND OPERATING CHARACTERISTICS

SYMBOL PARAMETER CONDITION MIN. | TYP. MAX. UNIT
I Input Current Vin=0~ Vec - - +10 HA
Iro Output Leakage Current Vour=0-4~ Vee - - +10 uA
Iccol - | CE=0v f=6.7MHz | - - 30

Iccoz Qperating Current Ioyp=OmA To1MHzZ _ _ 15 mA
Icest CE=ViH - - 1 mA
Ices2 Standby current CE=V(—0.2V - - 100 pA
Vin Input High Voltage - 2.2 - Vect0.3 | Vv
VIiL Output Low Voltage - -0.3 - 0.8 v
Von Output High Voltage Iog=—400uA 2.4 - - v
VoL Output Low Voltage Io1=2.1lmA - - 0.4 v
Ipp1 Vpp Current Vpp=0~ Vgct0.6 1 - - +10 HA
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TC57512AD-15,-20

A.C. CHARACTERISTICS

TC57512AD~15 TCS57512AD-20
SYMBOL PARAMETER TEST CONDITION - - UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time CE=0E=V71L - 150 - 200 ns
tCE CE to Output Valid OE=VIL - 150 - 200 ns
toE OE to Output Valid CE=Vyg, - 70 - 70 ns
tpr1 CE to Output in High-Z OE=V1IL 0 60 0 60 ns
tpF2 OE to Output in High-Z CE=V1L o] 60 0 60 ns
ton Output Data Hold Time CE=0E=Vrp, 0 - 0 - ns

A.C. TEST CONDITIONS

* Output Load

* Input Pulse Rise and Fall Times :
: 0.45VA~ 2.4V

- Input Pulse Levels

e Timing Measurement Reference Level:

: 1 TTL Gate and Cp=100pF

10ns Max.

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

CAPACITANCE #*(Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CINl1 |Input Capacitance VN=0V - 4 6 pF
CIN2 |OE/Vpp Input Capacitnace Vin=0V - 50 60 pF
CouT |Output Capacitance VoyT=0V - 8 12 pF

* This parameter is periodically sampled and is not 100Z%Z tested.

TIMING WAVEFORMS

AO0~A15 D{
res m tcE /Wt 7,
00~07 e DATA OUTPUTS }_H_IGLE
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TC57512AD-15,-20

[HIGH SPEED PROGRAM MODE I

DC RECOMMENDED OPERATING CONDITIONS
[ sYMBOL PARAMETER MIN. TYP. MAX. UNIT

VIH Input High Voltage 2.2 - Veetl.0 v
[ vIL Input Low Voltage -0.3 - 0.8 v

vee Veoc Power Supply Voltage 5.75 6.0 6.25 v

vpp Vpp Power Supply Voltage 12.0 12.5 13.0 v

DC and OPERATING CHARACTERISTICS (Ta=25*5°C, Vcc=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT

I Input Current VIN=0~ Ve - - +10 HA

Von Output High Voltage Iog=—400uA 2.4 - - \4

VoL Output Low Voltage IorL=2.1lmA - - 0.4 v

Ice Vce Supply Current - - - 30 mA

Ippo Vpp Supply Current Vpp=13.0V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vgc=6V0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tAS Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
toes |OE/Vpp Setup Time - 2 - - us
toEH OE/Vpp Hold Time - 2 - - us
tpRT |OE/Vpp Pulse Rise Time - 50 - - ns
tps Data Setup Time - 2 - - us
tpH Data Hold Time - 2 - - us
tyR OE/Vpp Recovery Time - 2 - - us
tvcs |Vec Setup Time _ - 2 - - us
tpw Initial Program Pulse Width CE=Vyr, OE/Vpp=Vpp | 0.95 1.0 1.05 ms
toPwW Overprogram Pulse Width Note 1 2.85 3.0 78.75 ms
tpv Data Valid from CE OE/Vpp=VIL - - 1 us
tpF CE to Output in High-Z OE/Vpp=VIL, - - - 130 ns

AC TEST CONDITIONS

¢ Output Load
« Input Pulse Rise and Fall Times
« Input Pulse Levels

« Timing Measurement Reference Level

Note 1:

10ns Max.
0.45V~ 2.4V

ve oo se e

1 TTL Gate and Cj, (100pF)

Input 0.8V and 2.0V, Output 0.8V and 2.0V

The length of the overprogram pulse may vary as a function of the counter

value X.
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TC57512AD-15,-20

[HIGH SPEED PROGRAM MODE IIj

DC RECOMMENDED OPERATING CONDITIONS

MAX.

SYMBOL PARAMETER MIN. TYP. UNIT
VIH Input High Voltage 2.2 - Veet+l.0 \'
ViL Input Low Voltage -0.3 .- 0.8 v
Vee Vcc Power Supply Voltage 6.0 6.25 6.5 v
Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 A
DC and OPERATING CHARACTERISTICS (Ta=25%5°C, Vcc=6.2$Vi0.25V, Vpp=12.75V+0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
I Input Current ViN=0~ Vcc - - +10 HA
Von Output High Voltage Iop=—400uA 2.4 - - v
VoL Output Low Voltage Ior=2.1mA - - 0.4 v
Icc Vcc Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA

AC PROGRAMMING CHARACTERISTICS

(Ta=25%5°C, Vcc=6.25Vi0.25V, Vpp=12. 75V+0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas. Address Setup Time - 2 - - ES

tAH " Address Hold Time - - - us

toEs OE/Vpp Setup Time - 2 - - us

tOEH OE/Vpp Hold Time - 2 - - us

tPRI OE/Vpp Pulse Rise Time - 50 - - ns

tps Data Setup Time - 2 - - Us

tpy Data Hold Time - 2 - - UsS

tVR OE/Vpp Recovery Time - 2 - - us

tvycs Vce Setup Time - 2 - - us

tpw Program Pulse Width  CE=ViL, OE/Vpp=Vpp [0.095 | 0.1 [0.105 ms
tpv Data Valid from CE OE/Vpp=VIL - - 1 us

tpr .Ef'to Output in High-Z OE/Vpp=VIL - - 130 ns

AC TEST CONDITIONS

e Output Load

e Input Pulse Rise and Fall Times

e Input Pulse Levels

e Timing Measurement Reference Level:

1 TTL Gate and CL (100pF)

10ns Max.
0.45V A~ 2.4V

Input 0.8V and 2.0V, Output 0.8V and 2.0V
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TC57512AD-15,-20 ;

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAMMING MODE I (Vee=6V+0.25V, Vpp=12.5Vi0.5V).
HIGH SPEED PROGRAMMING MODE IT (Vee=6.25V+0.25V, Vpp=12.75V+0.25V)

AO~ALS ’ . ><
t tvR t AH
AS tpw "‘ﬂ‘“*“—‘
TE \t oPw / \ '
tPRT tOES tOEH
OEVpp :
i
tDs tpH tpv tDF
00~07 DN STABLE d DoyT VALID P
:
1]
v, - ‘
cc _/// tves PROGRAM PROGRAM VERIFY :
¥

Note 1. Vg must be applied siﬁultaneously or before Vpp and cut off

simultaneously or after Vpp.

2. Reﬁoving the device from socket and setting the device in socket with
VPP=12.5td.SV or Vpp=12.75+0.25V may cause permanent damage to the

device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC57512AD-15,-20

[ERASURE CHARACTERISTICS]
The TC57512AD's erasure is achieved by applying shortwave ultraviolet light which has [
a wavelength of 25372 (Angstroms) to the chip through the transparent window. Then ;
intergrated does (ultraviolet light intensity [w/cm?] x exposure time [sec.]) for

erasure should be a minimum of 15 [w-sec/cm2]. When the Toshiba sterilizing lamp

GL-15 is used and the device is exposed at a distance of lcm from the lamp surface,
the erasure will be achieved within 60 minutes. And using commercial lamps whose
ultraviolet light intensity is a 12000 [pyw/cm?] will reduce the exposure time to about
20 minutes. (In this case, the integrated does is 12000 [uw/cm?2] x (20 x 60) [sec] =15
[w-sec/cm?].) The TC57512AD's erasure begins to occur when exposed to light with
wavelength shorter than 4000A. The sunlight and the flourescent lamps will include
3OOO«J40003 wavelength components. Therefore when used under such lighting for ex-

tended periods of time, the opaque seals-Toshiba EPROM Protect Seal AC90l-are available.

[OPERATION INFORMATION]
The TC57512AD's six operation modes are listed in the following table.

Mode selection can be achieved by applying TTL level signal to all dinputs.

PIN NAMES (NUMBER) CE OE/Vpp | Vec 00~ 07 POWER
MODE (20) (22) (28) (11~13, 15~ 19)
Read L L Data Out
Read Operation Active
) Qutput Deselect * H 5v High Impedance
(Ta=-40 . 85°C) :
Standby H * _ High Impedance Standby
A 1
Program Operation Program L PP 6vl) |Data In
P nhi v ’
(Ta=25%5°C) rggram Inhibit H PP 6 ZSV?) High Impedance Active
Program Verify L L : Data Out
Note: H; VriH, L; Vi, *; Vig or Vip 1); HIGH SPEED PROGRAMMING MODE I

2); HIGH SPEED PROGRAMMING MODE I

The TC57512AD has two control functions. The chip enable (CTE) controls the operation
power and should be used for device selection. The output enable (OE) control the
output buffers, independent of device selection. Assuming that CE=0E=Vjy, the output
data is valid at the outputs after address access time from stabilizing of all ad-
dresses. The CE to output valid (tcg) 1s equal to the address access time (tace) -
Assuming that CE=Vjy and all addresses are valid, the output data is valid at the

outputs after tog from the falling edge of OE.
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TC57512AD-15,-20

[OUTPUT DESELECT MODE]
Assuming that EE:VIH or 6§=VI

H the outputs will be in a high impedance state. So two
or more TC57512AD's can be connected together on a common bus line. When CE is decode

for device selection, all deselected devices are in low power standby mode.

[STANDBY MODE]

The TC57512AD has a low power standby mode controlled by the CE signal. By applying
a high level to the CE input, the TC57512AD is placed in the standby mode which re-
duce the operating current to 100uA by applying MOS-high level (V¢cc) and then the

outputs are in a high impedance state, independent of the OE inputs.

[PROGRAM_MODE]

Initially, when received by customers, all bits of the TC57512AD are in the "1" state

which is erased state. Therefore the program operation is to introduce '"0's" data

into the desired bit locations by electrically programming. The TC57512AD is in the

programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at TTL-Low

level. The TC57512AD can be programmed any location at any time either individually,

sequentially, or at random.

[PROGRAM VERIFY MODE]

The verify mode is to check that desired data is correctly programmed on the pro-

grammed bits. The verify is accomplished with OE/Vpp at Vip and CE at ViL.

[PROGRAM INHIBIT MODE]

Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp
terminal, a high level CE input inhibits the TC57512AD from being programmed.

Programming of two or more TC57512AD's in parallel with different data is easily ac-
complished. That is, all inputs except for CE may be commonly connected, and a TTL

low level program pulse is applied to the CE of the desired device only and TTL high
level signal is applied to the other devices. '
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TC57512AD-15,-20

[HIGH SPEED PROGRAM MODE I
This high speed programming mode I is performed at Vge=6.0V and OE/Vpp=12.5V.

The programming is achieved by applying a single TTL low level lms pulse to the TE
Then the programmed data is verified by

input after addresses and data are stable.

using- Program Verify Mode.

If the programmed data is not correct, another program pulse of lms is applied and

then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

After correctly programming the selected address, the additional program pulse with
pulse width 3 times that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified

with Vge=5V.

[HIGH SPEED PROGRAM MODE T |
The program time can be greatly decreased by using this high speed programming mode

Ir. This high speéed programming mode T is performed at V¢c=6.25V and OE/Vpp=12.75V.

The programming is achieved by applying a single TTL low level O.lms pulse to the CE

input after addresses and data are stable. Then the programmed data is verified by

using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied and

then the programmed data is verified. VThis should be repeated until the program

operates correctly (max. 25 times).
When programming has been completed, the data in all addresses should be verified

with Vge=5V.
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[HIGH SPEED PROGRAM MODE 1]

FLOW CHART

START

Vcec = 60+£025V
VPP = 125+05V

I

ADDRESS
= START ADDRESS

X=0
|

!

|
YES
DATA=FF ?
l i

l PROGRAM: TPW 1ms - ]

ADDRESS
=NEXT ADDRESS

OVERPROGRAM 3X PULSES OF lmsec
OR ONE PULSE OF 3X msec DURATION

READ:ONE BYTE
X

NO

[» Vee=50V ]
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TC57512AD-15,-20

[HIGH SPEED PROGRAM MODE I

FLOW CHART

' START

Vce = 6.25+0.25V
Vpp = 12751025V

ADDRESS
= START ADDRESS

>
]
o

ADDRESS .
=NEXT ADDRESS

PROGRAM ! TPW=0.1 ms

v

X=X+1

READ ALL BYTES
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—_ TC57512AD-15,-20

[ELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TC57512AD which identifies
its manufacturer and device type. .

The programming equipment may reads out manufacturer code and device code from :
TC57512AD by using this mode before program opération and automatically set program ﬁ
voltage (Vpp) and algorithm. B
. Electric Signature mode-is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vyp, in read operation. Data output in this con-
ditions is manufacturer code. Device code is identified when address A0 is set to
Vig. These two codes possess an odd parity with the parity bit of MSB (07).

“The fbllowing table shows electric signature of TC57512AD.

!

PINS | AO 07 06 05 04 03 02 ol 00 HEX. :

SIGNATURE (10) | (19) | ¢a8) | 17) |(x6) | (x5) | (13) | (12) | (11) | DATA i
Manufacture Code | Vyp, 1 0 0 1 1 0 0 0 98 EL
Device Code Vg | 1 0 0 0 0 1 | o 1 85 :

Notes: A9=12V+0.5V
Al ~ AS , A10~n A1S5, E, E=VIL
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SILICON STACKED GATE MOS
INTEGRATED CIRCUIT

TC571000AD-12,-130
TC571001AD-12,-130

131,072 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC571000AD /TC571001AD is a 131,072 word X 8 bit CMOS ultraviolet light erasable and
electrically programmable read only memory.

The TC571000AD is JEDEC standard pin configuration and the TC571001AD is compatlble
with 28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package.

The TC571000AD /TC571001AD is fabricated with the CMOS technology.
techniques provide both high speed and low power features with a maximum operating current of
30mA /8.3MHz and access time of 120ns/150ns.

The programming times of the TC571000AD /TC571001AD except overhead times of EPROM
programmer is only 14 seconds by using the high speed programming algoritim.

Advanced circuit

FEATURES
® Peripheral circuit CMOS e Wide operating temperature range : 0~70°C
Memory cell : N-MOS e Single 5V power supply
® Access time ® Full static operation
-12 —12/ =150 e High speed programming operation : tpw 0.1ms
Vee 5V £ 5% 5V +10% e Input and output TTL compatible
tacc 120ns 150ns e JEDEC standard 32 pin : TC571000AD
® Low power dissipation e 1M MROM compatible : TC571001AD
Active 30mA /8.3MHz e Standard 32 pin DIP cerdip package : WDIP32 -G —600
Standby: 100r.A
PIN CONNECTION (TOP VIEW) PIN NAMES
Vep ] 1 Vee Vep 0 1 Vee (Reference) AO~A16 | Address inputs
A6 [} 2 PGM' OE [ 2 PGM DO~D7 Outputs (Inputs)
Als [ 3 NC A15([ 3  30Inc AIS Q1 Vee — -
A2 [ 4 A14a A12 [ 4 29]A14 A12 [ 2 Atl4 CE Chip Enable Input
A7 [ 5 A13 A7 ([Q 5 280A13 A7 0 3 A13 OE Output Enable Input
A6 0 6 A8 A6 L 6 A8 AG [ 4 A8 PGM Program Control Input
AS [ 7 A9 AS [} 7 26{] A9 AS [ 5 A9
A4 8 A1l A4 8 A1l A4 6 A1 Vee Vcc Supply Voltage
A3 ] OE A3 ] A6 A3 0 7 A16 Vpp Program Supply Voltage
A2 [ A0 A2 [ Alo  A20 8 A10 GND | Ground
Al [ CE Al [ CE Al [ CE -
A0 ] D7 A0 I D7 A0 [ D7 NC No Connection
DO [ D6 DO [ D6 DO [} D6
D1 D5 D1 D5 D1 [ DS
D2 [ D4 D2 D4 D2 [ D4
GND [ D3. GND [ D3 GND [ D3
1M Mask ROM
TC571000AD TCS571001AD TC531000P
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TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0130




TC571000AD-12,-150

TC571001AD-12,-150

BLOCK DIAGRAM

Vpp GND Vce DO D1 D2 D3 D4 D5 D6 D7
CEo—
<E OE, CE PGM CIRCUIT > . OUTPUT BUFFERS
| y
AQ o— +
Al o—
A2 o— 8 256
LUMN
A3 o— X co N COLUMN 1O CIRCUIT
A4 o— “ DECODER
A5 o o
A6 o— byt
A7 o— "5
A8 o— @
A9 o— wv
A10 o—] m
A1l o— = ROW 312 MEMORY CELL ARRAY
A12 o— (=) A A .
A13 o 2 DECODER 131,072 x 8bits
Al14 o—r
A15 o—
A16
MODE SELECTION
PIN PGM CE OE Vv \4 DO0~D7 P
MODE PP cc : ower
Read H L L Data Out R
Active
Output Deselect * * H 5v 5v High Impedance
Standby * H * High Impedance Standby
Program L L H ’ Data In
. * H * High Impedance .
Program Inhibit 12.75Vv 6.25Vv - Active
H. L H High Impedance
Program Verify H L L Data Out
*: Hor L '
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vce Vcc Power Supply Voltage -0.6~7.0 . \
Vpp Program Supply Valtage -0.6~14.0 \
VN Input Voltage -0.6~7.0 Vv
Vyo Input/ Output Voltage - 0.6~Vcc+0.5 \
Po ) Power Dissipation . 1.5 w
TsSOLDER Soldering Temperature Time 260-10 °C-sec
TsTRG Storage Temperature -~ 65~125 °C
Toer Operating Temperature 0~70 °C
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TC571000AD-12,-150

TC571001AD-12,-150

READ OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC571000AD /7 1001AD — 12 TC571000AD/1001AD - 12 /- 150 UNIT
MIN. MAX. MIN. MAX.
ViH Input High Voltage 2.2 Vcee+ 0.3 2.2 Vec+ 0.3 \
ViL input Low Voltage -0.3 0.8 -0.3 0.8 v
Vce Vcc Power Supply Voltage 4.75 5.25 4.50 5.50 \
Vpp Vpp Power Supply Voltage Vcc-0.6 Vec+ 0.6 Vcc— 0.6 Vcc+ 0.6 \
DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Ly - Input Current Vin=0~Vcc - +10 uA
lccon v Operating Current CE=ov f=83MHz - 30 mA
Iccoz lour =0mA f=1MHz — 15
lccst Standby Current CE=Vin _ ! mA
lccs2 CE=Vcc— 0.2V - 100 LA
VoH Output High Voltage loy = —400uA 24 - \
VoL Output Low Voltage lot=2.1TmA — 0.4 \
lpp1 Vpp Current Vpp=Vcc* 0.6V - £10 HA
llo Output Leakage Current Vour=0.4V~Vc — 10 #A
AC CHARACTERISTICS (Ta=0~70°C, Vpp=Vcct0.6V)
SIMBOL PARAMETER TC571000AD/ 1001AD - 12 TC571000AD/ 1001AD - 12 /- 150 UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time - 120 - 150 ns
tcE CE to Output Valid — 120 — 150 ns
toE OE to Output Valid — 60 - 70 ns
tpGm PGM to Output Valid - 60 — 70 ns
toF1 CE to Output in High-Z o} 50 0 60 ns
tor2 BF to Output in High-Z 0 50 0 60 ns
tor3 PGM to OQutput in High-Z 0 50 0 60 ns
toH Output Data Hold Time [0} - 0o - ns

TC571000AD/TC571001AD—-12 are satisfied with

AC TEST CONDITIONS

® Output Load

® Input Pulse Rise and Fall Times :

® Input Pulse Levels

® Timing Measurement Reference Level

the specification of TC571000AD/ TC571001AD —150.

. 1 TTL Gate and CL=100pF .

10ns Max.
: 0.45V~2.4V
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TC571000AD-12,-150
- | TC571001AD-12,-150

CAPACITANCE* (Ta=25°C, f=1MHz)

e
SYmBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Viy =0V L= i 16 P
F
CouTt Output Capacitance Vour =0V - 16

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

L7
AO~A16 >Z
N

toH
tce
s A
e NN Z
toF1 |
toe 1 .
W/ [
OF Y
o] \\\\\ 7 h
o
.
. N
1 tpcm tor2 P
l - ¢
i
PGM /// / MMM \ i
I tacc ‘
j
toF3
r
- — L 7% HIGH Z
50~D7 L DATA OUTPU Z4
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TC571000AD-12,-150

-

TC571001AD-12,-150

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin iInput High Voltage 2.2 - Vcc+ 1.0 Vv
Vi Input Low Voltage ~-0.3 - 0.8 A\
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 v
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 v

DC AND OPERATING CHARACTERISTICS (Ta=25+5°C,Vcc=6.25V 1 0.25V,Vpp=12.75V 1 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
L Input Current Vin=0~Vcc - - +10 pA
Vou Output High Voltage lon = —400A 2.4 - - \
VoL Output Low Voltage loL=2.1mA - - 0.4 Y,
lcc Vcc Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=251+5°C, Vcc=6.25V 1 0.25V, Vpp=12.75V 1 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - “S
tAH Address Hold Time - 2 - - uS
tces CE Setup Time _ 2 - - us
tceEH CE Hold Time - 2 - - P
tps Data Set up Time - 2 - - us
toH Data Hold Time - 2 - - 7
tvs Vpp Set up Time - 2 - - “S
tpw Program Pulse Width - 0.095 0.1 0.105 ms
tor OFE to Output Valid - - - 100 ns
tor2 OFE to Output in High-Z CE=V) - - 90 ns

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level :

1 TTL Gate and CL (100p¥)

10ns Max.

0.45V~2.4V
Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC571000AD-12,-150
o TC571001AD-12,-150

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

AO~A16

tas taH

CE % tces tCeH ) %
r

_/

tor2

toe -] I
D\ STABLE Dout VALID i

= tpw -

DO~D7 UNKNOWN

|

9|
o
g

Vep % tys

Note 1. Ve must be applied simultaneously or before Vpp and cut off simultaneously or
after Vpp.

2. Removing the device from socket and setting the device in socket with
VPP=12.75V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot
voltage of its pulse should not be exceeded 14V.
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TC571000AD-12,-150

TC571001AD-12,-150

ERASURE CHARACTERISTICS

The TC571000AD /TC571001AD’s erasure is achieved by applying shortwave ultraviolet light
which has a wavelength of 2537A (Angstroms) to the chip through the transparent window.

Then integrated dose (ultraviolet light intensity [w/cm2]Xexposure time [sec.]) for erasure
should be a minimum of 15 [w - sec/cm2].

When the Toshiba steriliziﬁg lamp GL-15 is used and the device is exposed at a distance of

lem from the lamp surface, the erasure will be achieved within 60 minutes.

And using commercial lainps whose ultraviolet light intensity is a 12000 [zw/cm2] will reduce
the exposure time to about 20 minutes. (In this case, the integrated dose is 12000[zw/cm?2]X
(20X 60) [sec.] ==15 [w -sec/cm?2].)

The TC571000AD / TC571001AD’s erasure begins to occur when exposed to light with
wavelength shorter than 4000A. The sunlight and the fluorescent lamps will include 3000~4000A
wavelength components. Therefore when used under such lighting for extended periods of time,
the opaque seals-Toshiba EPROM Protect Seal AC901-are available.

OPERATION INFORMATION

The TC571000AD /TC571001AD’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN — — —
PGM CE OE \% \% DO~D7 POWER
MODE PP cc
Read Read H L L Data Out .
Active
Operation Qutput Deselet * * H 5V 5V High Impedance
(Ta=0~70°C) Standby * H * High Impedance Standby
Program L L H ' Data In
Program . 3
i * H * Hi mpedance .
Operation Program Inhibit 12.75v 6.25V .g Active
(Ta=25%5°C) H L H High Impedance
Program Verify H L L Data Out
Note : H; Vig, L : Vi, * : Vig or Vi
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TC571000AD-12,-150

o , TC571001AD-12,-130

READ MODE

The TC571000AD / TC571001AD has three control functions. The chip enable (CE) controls the
operation power and should be used for device selection. The output enable (OE) and the program
control (PGM) control the output buffers independent of device selection.

Assuming in that CE=0E=VjL and PGM=Viy, the output data is valid at the output after
address access time from stabilizing of all addresses. The CE to output valid (tcg) is equal to the
address access time (tAcC).

Assuming that CE=VjL, PGM=Vig and all addresses are valid, the output data is valid at the
outputs after tog from the falling edge of OE. And assuming that CE=0E=ViL and all addresses
are valid, the output data is valid at the outputs after tpgm from the rising edge of PGM.

OUTPUT DESELECT MODE

Assuming that CE=Viyg or OE=VjgH, the outputs will be in a high impedance state. So two or
more ROMs can be connected together on a common bus line. When CE is decoded for device

selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC571000AD / TC571001AD has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TC571000AD / TC571001AD is placed in the standby
mode which reduce the operating current to 100x«A by applying MOS-high level (Vce) and then the
outputs are in a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC571000AD / TC571001AD is in the “1”
state which is erased state. Therefore the program operation is to introduce “0’s” data into the
desired bit locations by electrically programming. The levels required for all inputs are TTL.

The TC571000Ai) / TC571001AD can be prograrﬁmed any location at anytime either

individually, sequentially, or at random.
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TC571000AD-12,-150

TC571001AD-12,-150

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE and CE at Vi, and PGM at Viy.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM inpuf inhibits the TC571000AD /TC571001AD from being programmed.

Programming of two or more EPROM’s in inputs except for CE or PGM may be commonly
connected, and a TTL low level program pulse is applied to the CE and PGM of the desired device
only and TTL high level signal is applied to the other devices. A

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vecc=6.25V and PGM=Viy.

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 0.1ms is applied and then
programmed data is verified. This should be repeated until the program operates correctly (max. 25
times) .

When programming has been completed, the data in all addresses should be verified with
Vee=Vpp=5V.
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TC571001AD-12,-150

HIGH SPEED PROGRAM MODE

FLOW CHART

START

Vec=6.25V £0.25V
Vpp = 12.75V + 0.25V

¥

l ADDRESS = STARTADDRESS I

YES

ADDRWSS
= NEXT ADDRESS

LAST
ADDRESS?

( FAIL )
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TC571000AD-12,-150

TC571001AD-12,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC571000AD / TC571001AD which
identifies its manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from

TC571000AD / TC571001AD by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to Vi in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address AO is set to VIH.

These two codes possess an odd parity with the parity bit of MSB (D7).

The following table shows electric signature of TC571000AD /TC571001AD.

PINS A0 D7 D6 D5 D4 D3 D2 | D1 DO HEX
SIGNATURE ) . Data
Manufacture Code Vi 1 0o o] 1 1 [} 0 0 98
TC571000AD 1 0 0 0 0 1 1 0 86
Device Code \m
TC571001AD 0 0 0 0 0 1 1 1 07

Notes: A9=12V+0.5V
Al1~A8, A0~A16, CE, OE=Vyy,
PGM=Vu
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SILICON STACKED GATE MOS

INTEGRATED CIRCUIT TCH57H1 000AD-85,-100=—
| TC57H1001AD-85,-100=—

131,072 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY i
PROGRAMMABLE READ ONLY MEMORY ' ;

DESCRIPTION

The TC57H1000AD /TC57H1001AD is a 131,072 word X 8 bit CMOS ultraviolet light erasable
.and electrically programmable read only memory.

The TC57H1000AD is JEDEC standard pin configuration and the TC57H1001AD is compatible
with 28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package.

The TC57H1000AD / TC57H1001AD is fabricated with the CMOS technology. Advanced circuit
techniques provide both high speed and low power features with a maximum operating current of
40mA /11.8MHz and access time of 85ns/100mns.

The programming times of the TC57H1000AD / TC57H1001AD except overhead times of
EPROM programmer is only 14 seconds by using the high speed programming algoritim.

FEATURES

® Peripheral circuit : CMOS

1M MROM compatible : TC57H1001AD

® Low power dissipation .
Standard 32 pin DIP cerdip package : WDIP32—G—600

Active : 40mA/11.8MHz
Standby: 100xA (Ta=70°C)

® Wide operating temperature range : 0~70°C
Memory cell : N-MOS e Single 5V power supply ;
® Access time ® Full static operation l
_85 -85/ — 100 e High speed programming operation : tpw 0.1ms 1
tacc 85ns 100ns e Input and output TTL compatible i
Vee 5V 5% 5V + 10% e JEDEC standard 32 pin : TC57H1000AD
.
.

PIN CONNECTION (TOP VIEW) PIN NAMES
Vpp d | Vee Vep O 1 Vce (Reference) AO0~A16 |Address inputs
A6 [ 2 PGM' OE [} 2 PGM DO~D7 Outputs (Inputs)
A5 [ 3 NC A5 3 NC Als (1 Vee -
A2 4 Ald A12 [} 4 Ala A12 [ 2 Ald [« Chip Enable Input
A7 [ 5 A13 A7 [ 5 JjA13 A7 [0 3 A13 OE Output Enable Input
8 —
A6 0 6 A8 A6 0 6 AB o A PGM Program Control Input
A5 [} 7 A9 AS O 7 A9 As 1 5 A9
A4 ] 8 A1l A4 [ 8 A1l A4 [ 6 A1l Vcc Vcc Supply Voltage
A3 [ OF A3 [ Ale A3 [ 7 Al16 Vpp Program Supply Voltage
Az [ ﬂo A2 [ 6_10 Az 8 _A_10 GND Ground
Al CE Al [ CE Al [ 9 CE .
A0 [ D7 A0 [ D7 A0 10 D7 NC No Connection
Do ] D6 DO [ D6 DO [O11 D6
D1 14 D5 D1 [ D5 D1 12 D5
D2 D4 D2 D4 D2 [j13 D4
GND []16 D3 GND [j ]D3 GND [j14 D3
1M Mask ROM
TC57H1000AD TC57H1001AD TC531000P
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TC57H1000AD-85,-100
TC57H1001AD-85,-100
BLOCK DIAGRAM
Vpp GND Ve DO D1 D2 D3 D4 D5 D6 D7
Ot o—{
— OE, CE PGM CIRCUIT OUTPUT BUFFERS
CE o—
I A
AQ o— £
Al o—
A2 o— 8 256
L
A3 o— ¢ COLUMN & COLUMN 11O CIRCUIT
A4 o— “ DECODER
A5 o— o
A6 o—| o A
A7 o—] % 4
A8 o0— o
A9 o— “w
A10 o— 0
A11 o—f = 2 ROW 512 MEMORY CELL ARRAY
Al12 o— o A N - .
Al3 o <O( DECODER - 131,072 x 8bits
Al14 o——
A15 o—H
A16 o—f
MODE SELECTION
PIN R — —
MODE PGM CE OE Vpp Vce DO~D7 Power
Read : H L L Data Out .
Active
Output Deselect * * H 5V sV High Impedance
Standby * H * High Impedance Standby
Program L L H Data In
. * H * High Impedance .
Program Inhibit 12.75V © 6.25V Active
. H L. H High Impedance
Program Verify H L L i Data Out
*: Hor L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 \%
Vpp Program Supply Voltage -0.6~14.0 \%
Vin Input Voltage -0.6~7.0 \%
Vo Input/ Qutput Voltage —0.6~Vcc+0.5 \%
Pp Power Dissipation 1.5 w
TsoLDEeR Soldering Temperature Time 260-10 °C-sec
TsTrRG Storage Temperature - 65~125 °C
Topr Operating Temperature 0~70 °C
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TC57H1000AD-85,-100

READ OPERATION

pC RECOMMENDED OPERATING CONDITIONS

TC57H1001AD-85,-100

SyYMBOL PARAMETER TC57H1000AD/ 1001AD - 85 TC57H1000AD/ 1001AD - 100 UNIT
MIN. TYP. MAX. MIN. TYP. MAX.
ViH input High Voltage 2.2 - Vcc +0.3 2.2 - Vcc+ 0.3 \
ViL Input Low Voltage -0.3 - 0.8 -0.3 - 0.8 Vv
Vce * Ve Power Supply Voltage 4.75 5.00 5.25 4.50 5.00 5.50 Vv
Vpp Vpp Power Supply Voltage Vce-0.6 Vce Vcc+ 0.6 Vcc— 0.6 Vce Vcc+ 0.6 \"4
DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)

SYMBOL PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
(] Input Current Vin=0~Vcc fad - +10 HA
lccon Operating Current CE=0v f=11.8MHz _ _ a0 mA
lccoz . lout = 0mA f=1MHz - . - 15 .
Iccst Standby Current f= Vi - — ! mA
lccsz2 CE=Vcc— 0.2V - - 100 LA
VoH Qutput High Voltage lon = —400uA 2.4 - - \
VoL Output Low Voltage loL=2.1mA — - 0.4
lpp1 Vpp Current Vpp=Vcct 0.6V - - +10 A
ILo Output Leakage Current Vout=0.4V~Vcc - - - 10 A

AC CHARACTERISTICS (Ta=0~70°C, Vpp=Vcc*0.6V)
SIMBOL PARAMETER TC57H1000AD/ 1001AD -85 TC57H1000AD/ 1001AD -~ 100 UNIT
MIN. MAX. MIN. MAX.

tacc Address Access Time - 85 — 100 ns gt
tce CE to Output Valid - 85 - 100 ns ! :
tog OF to Output Valid - ‘ 45 — 50 ns .
tpgm PGM to Output Valid - 45 - 50 ns ',
toF1 CE to Output in High-Z 0 30 o} 40 ns
tor2 OE to Output in High-Z 0 30 0 40 ns e
tors PGM to Output in High-Z 0 30 0 40 ns 3
ton Qutput Data Hold Time 0 —_ 0 - ns 3

TC57H1000AD / TC57TH1001AD — 85 are satisfied with the specification of TC57H1000AD/TC57H1001AD — 100

AC TEST CONDITIONS

® Output Load

e Input Pulse Rise and Fall Times

® Input Pulse Levels

e Timing Measurement Reference Level

: 1 TTL Gate and Ci,=100pF

10ns Max.
: 0.45V~2.4V
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TC57H1000AD-85,-100

TC57H1001AD-85,-100

CAPACITANCE* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION . MIN MAX. UNIT
Cin Input Capacitahce Vin =0V - 16 .
P
Cout Output Capacitance Vout =0V - 16
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
¥
AO~A16 ><
*
toH
) tce
— “
S\ /
toF1 1
toE |
7 77
oF N\ Y,
\ tpgMm tor2
[
PGM 7 / DN
l tacc
,
1DF3
_ HIGH Z
a8 TPUTS ) / D>
DO~D7 3 DATA OU A 7.
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TC57H1000AD-85,-100
TC57H1001AD-85,-100

HIGH SPEED PROGRAM OPERATION
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH ) Input High Voltage 2.2 - Vee+ 1.0 \Y
ViL Input Low Voltage -0.3 - 0.8 \
Vce - Vcc Power Supply Voltage 6.00 6.25 . 6.50 \"
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 \V]

DC AND OPERATING CHARACTERISTICS (Ta=25%5°C,Vcc=6.25V+0.25V,Vpp=12.75V 1 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current Vin =0~V — - +10 HA
Vou Output High Voltage lon = — 4004A 2.4 - - Y
Vou Output Low Voltage loL=2.1mA - - 0.4 \%
lcc Vcc Supply Current - . - 30 mA
lpp2 Vpp Supply Current Vpp=13.0V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25V£0.25V, Vpp=12.75V10.25V)

SYMBOL PARAMETER - TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - y7:3
tAH Address Hold Time - 2 - - P73
tcEs CE Setup Time _ ' - 2 - - us
tcEH CE Hold Time e o 2 - - us
tps Data Set up Time - 2 - - P73
toH Data Hold Time - 2 - - “S
tvs Vpp Set up Time - 2 - - P73
tpw Program Pulse Width - 0.095 0.1 0.105 ms
toE OE to Output Valid - - - 100 ns
tpr2 OF to Output in High-Z CE=V) - - 30 ns

AC TEST CONDITIONS

® Output Load : 1 TTL Gate and Cr (100pF)

e Input Pulse Rise and Fall Time : 10ns Max.

® Input Pulse Levels : 0.45V~24V

® Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC57H1001AD-85,-100

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

AO0~A16

tas

tan

tcen %

TE %F e ~

i

tor2

DO~D7

. tOE 31
UNKNOWN Dy STABLE Dout VALID

|

.
)
g

Ver / /// %fz tys

Note 1. Ve must be applied simultaneously or before Vpp and cut off simultaneously or

after Vpp.

2. Removing the device from socket and setting the device in socket with
VPP=12.75V may cause permanent damage to the device.

N .
3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot
voltage of its pulse should not be exceeded 14V. )
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TC57H1000AD-85,-100
TC57H1001AD-85,-100

ERASURE CHARACTERISTICS

The TC57H1000AD / TC57H1001AD’s erasure is achieved by applying shortwave ultraviolet
light which has a wavelength of 2537A (Angstroms) to the chip through the transparent window. _ |

Then integrated dose (ultraviolet light intensity [w/cm2]Xexposure time [sec.] ) for erasure

should be a minimum of 15 [w - sec/cm?2].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of

lem from the lamp surface, the erasure will be achieved within 60 minutes.

And using commercial lamps whose ultraviolet light intensity is a 12000 [xw/cm2] will reduce
the exposure time to about 20 minutes. (In this case, the integrated dose is 12000[tw/cm2]X
(20X 60) [sec.] =15 [w-sec/cm?2].)

The TC57HI1000AD / TC57H1001AD’s erasure begins to occur when exposed to light with
wavelength shorter than 4000A. The sunlight and the fluorescent lamps will include 3000~4000A .
wavelength components. Therefore when used under such lighting for extended periods of time, ;
the opaque seals-Toshiba EPROM Protect Seal AC901-are available.

OPERATION INFORMATION . 1

The TC57H1000AD /TC57H1001AD’S six operation modes are listed in the following table. ‘bii
Mode selection can be achieved by applying TTL level signal to all inputs. i

PIN —— —_— J— i

PG CE OE v V DO~D7 POWER
MODE PP cc i
Read Read - H L L Data Out . I
. Active b

Operation Output Deselet * * H 5V 5V High Impedance | :
(Ta=0~70°C) Standby * H * High Impedance Standby -

i

Program L. L H Data In i ;

Program |
i * H * High Impedance . U

Operation Program Inhibit 12.75V | 6.25V . £ Active
(Ta=25%5°C) H L H High Impedance
Program Verify H L L Data Out
Note : H; Vig, L : Vy,, * : Vig or Vyp,

i

1

\

M

)
[

;“\
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TC57H1000AD-85,-100

TC57H1001AD-85,-100

READ MODE

The TC57H1000AD /TC57H1001AD has three control functions. The chip enable (CE) controls
the operation power and should be used for device selection. The output enable (OE) and the
program control (PGM) control the output buffers independent of device selection.

Assuming in that CE=0E=VL and PGM=Viy, the output data is valid at the outplft after
address access time from stabilizing of all addresses. The CE to output valid (tcg) is equal to the
address access time (taco). '

Assuming that CE =V, PGM=Vig and all addresses are valid, the output data is valid at the

outputs after tog from the falling edge of OE. And assuming that CE=OE=VjL and all addresses

are valid, the output data is valid at the outputs after tpgm from the rising edge of PGM.

OUTPUT DESELECT MODE

Assuming that CE=Viyy or OE =V, the outputs will be in a high impedance state. So two or
more ROMs can be connected together on a common bus line. When CE is decoded for device

selection, all deselected devices are in low power standby'mode.

STANDBY MODE

The TC57H1000AD /TC57H1001AD has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TC57H1000AD / TC57H1001AD is placed in the
standby mode which reduce the operating current to 100xA by applying MOS-high level (Vce) and
then the outputs are in a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC57H1000AD / TC57H1001AD is in the
“1” state which is erased state. Therefore the program operation is to introduce “0’s” data into the
desired bit locations by electrically programming. The levels required for all inputs are TTL.

The TC57H1000AD / TC57H1001AD can be programmed any location at anytime either
individually, sequentially, or at random. '
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TC57H1000AD-85,-100
TC57H1001AD-85,-100

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE and CE at Vi, and PGM at ViH.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM input inhibits the TC57H1000AD /TC57H1001AD from being programmed. v
Programming of two or more EPROM’s in inputs except for CE or PGM may be commonly

connected, and a TTL low level program pulse is applied to the CE and PGM of the desired device
only and TTL high level signal is applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V and PGM=Vy.

The programming is achieved by applying a single TTL low level 0.1lms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 0.1ms is applied and then

programmed data is verified. This should be repeated until the program operates correctly (max. 25

times) . Ela 4

When programming has been completed, the data in all addresses should be verified with % ‘
Vec=Vpp=5V. : i
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TC57H1001AD-85,-100

HIGH SPEED PROGRAM MODE

FLOW CHART

START

Vce=6.25V £0.25V
Vpp = 12.75V £ 0.25V

¥

I ADDRESS = STARTADDRESS l

ADDRWSS
= NEXT ADDRESS

READ
ALL BYTE
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TC57H1001AD-85,-100

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC57H1000AD/TC57H1001AD which
identifies its manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from

TC57H1000AD / TC57H1001AD by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to VL in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address AQ is set to VIy.

These two codes possess an odd parity with the parity bit of MSB (D7).
The following table shows electric signature of TC57H1000AD /TC57H1001AD.

PINS A0 D7 D6 D5 D4 D3 D2 D1 DO HEX
SIGNATURE - Data
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
TC57H1000AD 1 0 0 0 0 1 1 0 86
Device Code 1 Vik
TC57H1001AD 0 0 0 0 0 1 1 1 07

Notes: A9=12V 0.5V
A1~A8, A0O~A16, CE, OE=V|L
PCGM=Vig
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

— TC57H1024AD- 89,-100

1 MEGA BIT (65,536 WORD x 16 BIT)
CMOS U.V. ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION
The TC57HI024AD is a 65,536 word X 16 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. The TC57H1024AD is JEDEC standard pin configuration. This

product is packed in 40 pin standard cerdip package.

TC57HI024AD is fabricated with the CMOS technology. Advanced circuit techniques provide
both high speed and low power features with a maximum operating current of 40mA/IMHz and
access time of 85ns/100ns.

The programming times of the TC57H1024AD except overhead times of EPROM programmer is
only 7 seconds by using the high speed programming algorithm.

FEATURES
® Peripheral circuit : CMOS ® Single 5V power supply
Memory cell : NMOS "~ @ Full static operation
® Fast access time e High speed programming operation : tpw 0.1ms
TC57HI024AD-85 : 85ns . Input and output TTL compatible
TC57H1024AD-100 : 100ns e JEDEC standard 40 pin )
-85 is satisfied with the specification of -100 ® Standard 40 pin DIP cerdip package
® Low power dissipation : WDIP40-G-600A

Active : 40mA/IMHz
Standby : 100xA

PIN CONNECTION (TOP VIEW) - PIN_NAMES
vep U1 ~ 400] v AO0~A15 Address Inputs
< 02 391] sGm
p1s O3 38] nc DO~D15 Outputs (Inputs)
p1a [Ja 371 ats CE Chip Enable Input
D13 [Os 36] A14 — -
p12 [s 3si] a13 OE Output Enable Input
o1 07 34(] A12 p—
p1o Os 33f] A1 PGM Program Control input
9 [s 32{] at0 Vce Ve Supply Voltage
os (1o 31[] a9
vss 11 30% Vss Vpp Program Supply Voltage
o7 [12 29[] A8
o6 [13 28] A7 Vss Ground
os [ia 27{] A6 NC No Connection
pa []is 26{] As
o3 (16 2571 A4
o2 [i7 2a[] a3
p1 [1s 23[] A2
po.[19 22{] A1
ot [z0 21{] A0
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BLOCK DIAGRAM

TC57H1024AD-85,-100

Vep GND Ve Do Dy Dy D3 Dy Ds Dg Dy Dg DgD19D11D12D13D 14D 5
OFE o— OE, TE, PGM
_CE o—] OUTPUT BUFFERS
PG CIRCUIT
N 7 | coumn | 128
oo
A2 A3 DECODER ) COLUMN IO CIRCUIT
A3 o— g
A4 o—i jre} l /?’
AS5o— -
AGo— 2 9 |rROW 512 MEMORY CELL ARRAY
A7 o—] o >
A8o - DECODER - 65536 % 16 bits
A9o— ]
A100— not
A1l o— (=)
Al120— <
A13 o—yp
A14 o
Al150—
MODE SELECTION
. PIN —
MODE CE OF PGV Vep Vee DG~D15 Power
Read L L Data Out .
Active
Output Deselect * H * 5V 5V .
High Impedance
Standby H * * Standby .
Program L H L Data In
m Inhibi H - *
Program Inhibit 12.75v | 6.25v | High Impedance Active
L H : )
Program Verify L L H Data Out
*Hor L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 \ R
Vpp Program Supply Voltage -0.6~14.0 \ 3";‘,
Vin Input Voltage - 0.6~7.0 \ i
Vi (A9) Input Voltage (A9) - 0.6~13.5 Y i
Vio Input/Output Voltage ~0.6~Vcc+0.5 v it
Po Power Dissipation 1.5 wW Wl
TSOLDER Soldering Temperature Time 260-10 °C - sec v
Tstrg Storage Temperature - 65~125 °C 1 :
Topr Operating Temperature 0~70 °C |;|‘
i
1
1
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TC57H1024AD-85,-100

READ

OPERATION

AC/DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC57H1024AD-85 I TC57H1024AD-100
Ta Ambient Temperature 0~70°C )
Vee Vcc Power Supply Voitage 5V % 5% | 5V + 10%
Vpp Vpp Power Supply Voltage OV~Vcc + 0.6V
DC AND OPERATING CHARACTERISTICS
SYmMaoL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
ILi Input Current Viny=0~Vcc - - +10 pA
lcco Operating Current IC;U—: ?{)mA teycle =85ns Z — 60 mA
: teycle = 1us - - 40 mA
lecs Standby Current C_E= Vin - _ ! mA
lces2 CE=Vcc—0.2V - - 100 oA
VK Input High Voltage _— 2.2 - Vcc+0.3 \
VL Input Low Voltage _ -0.3 - 0.8 \"
Vo Output High Volitage lon = — 400uA 2.4 - - \)
Vou Qutput Low Voltage loL=2.1TmA - - 0.4 \
lpp1 Vpp Current Vpp = OV~Vcc+ 0.6V - - +10 A
Lo OQuptut Leakage Current Vourt = 0.4V~Vcc - - +10 A
AC CHARACTERISTICS (Vpp=0V~Vgc+0.6V)
SYMBOL PARAMETER TC57H10‘24AD-85 TC57H1024AD-100 UNIT
MIN. MAX. MIN. MAX.
tacce Address Access Time - 85 - 100
tcE CE to Output Valid - 85 - 100
toe OE to Output Valid - 45 - 50 s
toF1 CTE to Output in High-Z - 30 - 50
toF2 OE to Output in High-Z - 30 - 50
toH Output Data Hold Time 5 - 10 -

TC57H1024AD-85 is satisfied with the specification of TC57H1024AD-100

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Times
Input Pulse Levels

1 TTL Gate and Cr,=100pF

: 10ns Max.

: 0.45V and 2.4V

Timing Measurement Reference Levels: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V
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CAPACITANCE *(Ta=25°C, f=1MHz)

TC57H1024AD-85,-100

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT -
Cin Input Capacitance Vin = 0V - 16
pF
Cout Output Capacitance Vour =0V - 16
* This parameter is periodically sampled and is not 100% tested. v
TIMING WAVEFORMS (READ)
AO~A15 X X
-
ton
; tce -
CE
+ Tory
OE
OF
' T
tacc | DF2
HIGH - 7 = HIGH -Z
DO~D15 z & 2{ DATA OUTPUTS W%——
N
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TC57H1024AD-85,-100

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viy Input High Voltage 2.2 - Ve + 0.3 \Y
A\ Input Low Voltage -0.3 - 0.8 \Y
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 \Y

DC AND OPERATING CHARACTERISTICS(Ta=25:t5°C,Vcc=6.25V:|:0.25V,VPP=12.75V:i:0.25V)

SYMBOL PARAMETER TEST CONDITION MIiN. TYP. MAX. UNIT
It Input Current Vin=0~Vec - - £10 pA
VoH Output High Voltage lon = — 400uA 2.4 - - v
VoL Output Low Voltage loL=2.1TmA - - 0.4 \" »
lec Vce Supply Current - - - 50 mA
Ipp2 Vpp Supply Current Vpp = 13.0V - - 100 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Voc=6.25V0.25V, Vpp=12.75V+0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - HS
taH Address Hold Time - 2 - - (s

- tees CE Setup Time - 2 - - us
tcEH CE Hold Time - 2 - - s
tos Data Setup Time - 2 - - 73
tpH Data Hold Time - 2 - - “s
tvs Vpp Setup Time - 2 - - y7:3
tpw Program Pulse Width - 0.095 0.1 0.105 ms
toe OFE to Output Valid - - - 500 ns
toF2 OF to Output in High-Z CE=VyL - - 150 ns
toEs OE Setup Time - 2 - - uSs

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Times
Input Pulse Levels
Timing Measurement Reference Levels:

1 TTL Gate and CL = 100pF

10ns Max.

0.45V and 2.4V
Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V
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— ' TC57H1024AD-85,-100

HIGH SPEED PROGRAM OPERATION

TIMING CHART

AO~A15 >§ K

tas tan
e tcEs | tcen
CE /
toes
OE
N
] ipr2 toe, -  DF2
_—
DO~D15 UNKNOWN Dy STABLE Dout VALID }
—_— A i
tos Ioy
tew ”
PG A
N Y
e tvs | :A
i
Vep . ]
Note : 1. Vgc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with Vpp=12.75V may cause
permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V
should /not be applied to the Vpp terminal. )
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its
pulse should not be exceeded 14V.
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TC57H1024AD-85,-100

ERASURE CHARACTERISTICS

The TC57H1024AD’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (Ultraviolet light intensity [W/cm2] X exposure time [sec.]) for erasure should be a minimum
of 15 [W-sec./cm?2].

‘When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of
lcm from the lamp surface, the erasure will be achieved within 60 minutes. And using commercial
lamps whose ultraviolet light intensity is a 12000 [«W/cm2] will reduce the exposure time to about
20 minutes. (In this case, the integrated dose is 12000 [xW/cm2] X (20 X 60) [sec]=15[W sec./cm?2].)

The TC57H1024AD’s erasure begins to occur when exposed to light with wavelength shorter
than 40004, The sunlight and the flourescent lamps will include 3000~4000A wavelength
components. Therefore when used under such lighting for extended periods of time, the opeque
seals - Toshiba EPROM Protect Seal AC901 - are available.

OPERATION INFORMATION

The TC57H1024AD’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN pa— ——
MODE CE OE PG Vpp Vee DO~D15 Power
Read L L H Data Out Active
READ
Output Deselect * H * 5V 5V .
OPERATION High Impedance
Standby H * o Standby
Program L H L Data In
PROGRAM " . .
OPERATION Program Inhibit 12.75V | 6.25V High Impedance Active
(Ta=25+5°C) L H H
Program Verify L L H Data Out

Note : H ; Vig, L V]L, * VIH or VIL
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— ' TC57H1024AD-85,-100

READ MODE

The TC57H1024AD has three control functions. The chip enable (CE) controls the operation ‘
power and should be used for device selection. ‘

The output enable (OE) controls the output buffers, independent of device selection. Assuming
that CE=0E =V, and PGM=V1y, the output data is valid at the output after address access time
from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the address access time (tacc).

Assuming that CE=Vir, PGM=Vig and all addresses are valid, the output data is valid at the
outputs after tog from the falling edge of OE. '

QUTPUT DESELECT MODE
Assuming that CE=Vig or OE=Vjy, the outputs will be in a high impedance state. So two or

more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC57H1024AD has a low power standby mode controlled by the CE signal.

By applying a high level to the CE input, the TC57H1024AD is placed in the standby mode
which reduce the operating current to 100uxA by applying MOS-high level (Vce) and then the
outputs are in a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC57H1024AD are in the “1” state which
is erased state.
Therefore the program operation is to introduce “0Os” data into the desired bit locations by

electrically programming.
The levels required for all inputs are TTL. The TC57H1024AD can be programmed any

location at anytime -- either individually, sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is correctly programmed on the programmed
bits.
The verify is accomplished with OE and CE at Vir, and PGM at ViH.
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TC57H1024AD-85,-100

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM input inhibits the TC57H1024AD from being programmed.

Programming of two or more EPROMs in parallel with different data is easily accomplished.
That is, all inputs except for CE or PGM may be commonly connected, and a TTL low level
program pulse is applied to the CE and PGM of the desired device only and TTL high level signal
is applied to the other devices.

HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V and PGM =V1H.

The programming is achieved by applying a single TTL low level 0.lms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program
Verify Mode.

If the programméd data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated unitl the program 6perates correctly (max.
25 times). RSN A :

‘When programming h‘as been completed, the de;ta in all addresses should be verified with
Vecec=Vpp=5V.

L
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TC57H1024AD-85,-100

HIGH SPEED PROGRAM OPERATION ;!
FLOW CHART | - I

I

i}

START

Vee=6.25V £ 0.25V
Vpp = 12.75 £ 0.25V

!

ADDRESS = START ADDRESS

T
Y
X=0
T ‘
* H
YES ;
NG il
ADDERSS ME
= NEXT ADDRESS I i;
I
NO vllf
o
i
it
i
i
NG
y
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TC57H1024AD-85,-100

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC57H1024AD which identifies it’s

manufacture and device type.

The programming equipment may read out manufacturer. code

(Vpp) and algorithm.

and device code from
TC57H1024AD by using this mode before program operation and automatically set program voltage

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to V] in read operation.

Device code is identified when address AQO is set to ViH.

These two codes possess an odd parity with the parity bit of (D7).

The following table shows electric signature of TC57H1024AD.

Data output in this conditions is manufacturer code.

PINS A, D D D D D D D D D D D D D D D D HEX
SIGNATURE . 0 15[D14§D13 D32 D11 | D1o | D 8 | D7 6 5 4 3 2 1 ol paTA
Manufacturer Code ViL * * * * * * * * 1 0 0 1 1 0 0 0 *x98
Device Code ViH * * * * * * * * 1 0 0 o 1 0 0 1 *+89

Notes: A9=12V 0.5V, A1 —Ag, Ajp—A15, CE, OE=Vy, PGM=Vu
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—

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

f TC57H1025AD-55

1 MEGA BIT (65,536 WORDXx 16 BIT) HIGH SPEED CMOS U.V. ERASABLE AND
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC57HI025AD is a 65,536 word X 16 bit high speed CMOS ultraviolet light erasable and
electrically programmable read only memory. The TC57HI025AD is JEDEC standard pin
configuration. This product is packed in 40 pin standard cerdip package.

TC57HI025AD is fabricated with the CMOS technology. Advanced circuit techniques provide
both high speed and low power features with a maximum operating current of 60mA/IMHz and
access time of 55ns.

The programming times of the TC57HI025AD except overhead times of EPROM programmer is
only 7 seconds by using the high speed programming algorithm.

FEATURES
@ Peripheral circuit : CMOS ' ® Single 5V power supply
Memory cell : NMOS e Full static operation
® Fast access time e High speed programming operation : tpw 0.1lms
TC57HI025AD-55 : 55ns ‘ ® Input and output TTL compatible
e Low power dissipation e JEDEC standard 40 pin
Active : 60mA/IMHz ® Standard 40pin DIP cerdip package
Standby : 20mA : WDIP40-G-600A
PIN CONNECTION (TOP VIEW) PIN NAMES
Vep [ ~ 40[] v¢c AO~A1S Address Inputs
<E 39
D?; E; 38% :iM DO~D15 Outputs (Inputs)
D14 14 371 a1s CE Chip Enable Input
013 [Os 36(] a4
D12 Es 35[] a13 OE Output Enable Input
g::) E; z:% 2:? PGM Program Control Input
os [jo 32]] a10 Vee Ve Supply Voltage
ps [j10 31[] A9
ves 11 30[] v Vpp Program Supply Voltage
o7 O12 29[] A8
os 13 28% A7 Vss Ground
os [J1a 271 A6 NC No Connection
pa [1s 26[] As
o3 [1s 251} A4
p2 {7 24(] A3
p1 {18 23[] a2
oo [J19 22{] an
o€ [20 21;] A0
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TC57H1025AD-55

BLOCK DIAGRAM
Vep GND Vce Do Dy D; D3 Dy Ds Dg D7 Dg Dg D19D11D12D13D14D15

¥ ¥ Y | A 1 0 0 O S

o o . Fom
_CE o ' - PG OUTPUT BUFFERS
PGM o— CIRCUIT
ﬁ?o— Z COLUMN 1%8 C CIRCUIT
" A} DECODER A OLUMN I/O
A3 o0— s
A4 o— w [ }
ASo— =
A6o— 3Z o |rROW 512 MEMORY CELL ARRAY
A7 o—] \ N—>
A8o— DECODER 65536 x 16 bits
A9o0— 4
A100— g
A1l1o— a
A12o0—] <
A13 0—
Al140—
A150—
MODE SELECTION
PIN CE [¢]3 PGM \Y; Vv DO~D15 Power
MODE PP cC
Read L L H Data Out i
Active
Output Deselect * H * 5V 5V .
High Impedance
Standby H * * Standby
Program L H L Data In
. H * * ) .
Program Inhibit 12.75V | 6.25Vv High impedance Active
L H H
Program Verify L L H Data Out
*Hor LL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Ve Vcc Power Supply Voltage —-0.6~7.0 \
Vpp Program Supply Voltage -0.6~14.0 \4
Vin Input Voltage -0.6~7.0 \%
Vin (A9) Input Voltage (A9) -0.6~13.5 Vv
Vo Iinput/Output Voltage -0.6~Vcc+0.5 \Y/
Po Power Dissipation 1.5 W
TSOLDER Soldering Temperature - Time 260- 10 °C-sec
Tstrg " Storage Temperature —65~125 °C
Topr Operating Temperature 0~70 °C
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TC57H1025AD-55

READ OPERATION

AC/DC RECOMMENDED OPERATING CONDITIONS

SYMBOL "PARAMETER TC57H1025AD-55
Ta Ambient Temperature. 0~70°C -
Vce Vcc Power Supply Voltage 5V£5%

Vpp Vpp Power Supply Voltage OV~Vc¢e + 0.6V

DC AND OPERATING CHARACTERISTICS

SYMBOL - PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
1y Input Current Vin=0~Vc¢c - - +10 #A
lcco Operating Current fu: g\gmA teycle = 55ns - - 90 mA
teycle = 1us - - 60 mA
lcest Standby Current. §=V'H - — - 20 mA
lees2 CE=Vce—- 0.2V - - 20 mA
ViH Input High Volitage J— ’ 2.2 - Vee +0.3 v
Vie Input Low Voltage _— -0.3 - 0.8 v
VoH Output High Voltage loy= — 4.0mA 2.4 - : - \
VoL Output Low Voltage loL=8.0mA - - 0.4 \
lpp Vpp Current ) Vpp = OV~Vcc + 0.6V - - £10 uA
ILo Ouptut Leakage Current Vour = 0.4V~Vce - - +10 HA
AC CHARACTERISTICS (Vpp=0V~Vcc+0.6V)
SYMBOL PARAMETER TC57H1025AD-55 UNIT
MIN. MAX.
tacc Address Access Time - 55
tce CE to Output Valid - 55
toe OE to Output Valid - 25 ns
toer CE to Output in High-Z - 25
tor2 ‘OFE to Output in High-Z - 25
toH - Output Data Hold Time 0 -
© S5v
AC TEST CONDITIONS
4800
e Output Load : SeeFig.1 Dout
® Input Pulse Rise and Fall Times : 5ns Max. 300F 2550
® Input Pulse Levels : OV to 3V /I

® Timing Measurement Reference Levels : Inputs 1.5V Outputs 1.5V Fig.1 OUTPUT LOAD
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TC57H1025AD-55

CAPACITANCE *(Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Vin =0V - 16 .
. - P
CouT Output Capacitance Vour=0V - 16

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

po-ats Y
tou
t tce < >
CE
Tor1
| toe |
OE
Tor2
tacc I
. HIGH -Z
DO~D15 HiGH - 2 W( DATA OUTPUTS )@ %———
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]

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

TC57H1025AD-35

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vecc+ 0.3 \"
ViL .Input Low Voltége -0.3 - 0.8 \Y)
Ve Vcc Power Supply Voltage 6.00 6.25 6.50 Vv
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 \}

DC AND OPERATING CHARACTERISTICS(Ta=25%5°C,Vcc=6.25V+0.25V, Vpp=12.75V.10.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
IN] Input Current Vin =0~Vcc - - *+10 HA
Vou Output High Voltage lon = — 4.0mA 2.4 - - v
Voo Output Low Voltage loL=8.0mA : - - 0.4 \%
lcc Vct Supply Current - - - S0 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 100 mA

AC PROGRAMMING CHARACTERISTICS(Ta=25*5°C, Vcc=

6.25V+0.25V, Vpp=12.75V 1+ 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
taH Address Hold Time - 2 - - “S
tces CE Setup Time - 2 - - PP
tcEH CE Hold Time - 2 - - PP
tps Data Setup Time - 2 - - us
ton Data Hold Time - 2 - - us
tvs Vpp Setup Time - 2 - - y7:3
tpw Program Pulse Width - 0.095 0.1 0.105 ms
toe " OF to Output Valid - - - 500 ns
toF2 OFE to Output in High-Z CE=VL - - 150 ns
toes OE Setup Time - 2 - - HS

AC TEST CONDITION

e Output Load See Fig.1
) Input Pulse Rise and Fall Times 5ns Max.
e InputPulse Levels : OVto3V

e Timing Measurement Reference Levels

Inputs 1.5V Outputs 1.5V
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TC57H1025AD-55

HIGH SPEED

PROGRAM OPERATION

TIMING CHART

AO~A15

DO~D15

|

g
[
<

Note : 1

. Vecc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.
. Removing the device from socket and setting the device in socket with VPP=12.75V may

. The VPP supply voltage is permitted up to 14V for program operation, so the voltage over 14V

' tas tam >
l ; tces =l tcem 1%

] |

toes
> tor2 toe «L1DF2
UNKNOWN % Din STABLE ( Dout VALID
tos toH
tew /
tvs

4

cause permanent damage to the device.
should not be applied to the VPP terminal.

When the switching pulse voltage is applied to the VPP terminal, the overshoot voltage of its
pulse should not be exceeded 14V.
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TC57H1025AD-55

ERASURE CHARACTERISTICS

The TC57H1025AD’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (Ultraviolet light intensity [W/cm2] X exposure time [sec.]) for erasure should be a minimum
of 15 [W-sec./cm2].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of |

lem from the lamp surface, the erasure will be achieved within 60 minutes. And using commercial
lamps whose ultraviolet light intensity is a 12000 [»W/cm2] will reduce the exposure time to about
20 minutes. (In this case, the integrated dose is 12000 [xW/cm2] X (20 X 60) [sec]=15 [W.sec./cm2].)

The TC57H1025AD’s erasure begins to occur when exposed to light with wavelength shorter
than 4000A. The sunlight and the flourescent lamps will include 3000~4000A wavelength
components. Therefore when used under such lighting for extended periods of time, the opeque @EVY—=
seals - Toshiba EPROM Protect Seal AC901 - are available. - : *

OPERATION INFORMATION

The TC57H1025AD’s six operation modes are listed in the following table. )
Mode selection can be achieved by applying TTL level signal to all inputs. |

PIN | — e | = it
MODE CE OE PGM Vep Vce DO~D15 Power 5
Read L L H Data Out :
READ Active 4
OPERATION Output Deselect * H * 5V 5V . ;
(Ta = 0~70°C) High Impedance :
Standby H * * Standby
Program L H Data In :
PROGRAM H . '
OPERATION Program Inhibit 12.75Vv | 6.25Vv High Impedance Active '
(Ta=25%5°C) L H H
Program Verify L L H Data Out

Note : H; Vig, L : Vi, * : Vig or Vi
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TC57H1025AD-55

READ MODE

The TC57H1025AD has three control functions. The chip enable (CE) controls the operation
power and should be used for device selection.

The output enable (OE) controls the output buff:ers, independent of device selection. Assuming
that CE=OE =V and PGM=Vjy, the output data is valid at the output after address access time
from stabilizing of all addresses.

The _CE to output valid (tcg) is equal to the address access time (tacQ).

Assuming that CE=Vjy,, PGM=Vyg and all addresses are valid, the output data is valid at the
outputs after tor from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=Viy, the outputs will be in a high impedance state. So two or
more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC57H1025AD has a low power standby mode controlled by the CE signal.

By applying a high level to the CE input, the TC57H1025AD is placed in the standby mode
which reduce the operating current to 10mA by applying MOS-high level (Vcoe) and then the
outputs are in a high impedance state, independent of the OF inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC57H1025AD are in the “l1” state which
is erased state. »
Therefore the program operation is to introduce “Os” data into the desired bit locations by

electrically programming.
The levels required for all inputs are TTL. The TC57H1025AD can be programmed any

location at anytime -- either individually, sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is correctly programmed on the programmed

bits.
The verify is accomplished with OF and CE at Vi, and PGM at Viy.
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— TC57H1025AD-55

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM input inhibits the TC57H1025AD from being programmed.

Programming of two or more EPROMSs in parallel with different data is easily accomplished.
That is, all inputs except for CE or PGM may be commonly connected, and a TTL low level
program pulse is applied to the CE and PGM of the desired device only and TTL high level signal

is applied to the other devices.
HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Voc=6.25V and PGM=VIH.

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program
Verify Mode.

If the programmed data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated unitl the program operates correctly (max.
25 times).

When programming has been completed, the data in all addresses should be verified with

Vee=Vpp=5V.
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TC57H1025AD-55

HIGH SPEED PROGRAM OPERATION

FLOW CHART

START

Vce=6.25V + 0.25V
Vpp = 12.75 £ 0.25V

!

ADDRESS = START ADDRESS

ADDERSS
= NEXT ADDRESS

NG

YES

NO

NG

172

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0172



TC57H1025AD-35

ELECTRIC SIGNATURE MODE
Electric signature mode allows to read out a code from TC57H1025AD which identifies it’s

manufacture and device type.
The programming equipment may read out manufacturer
TC57H1025AD by using this mode before program operation and automatically set program voltage

code and device code from

(Vpp) and algorithm.
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to ViL in read operation. Data output in this conditions is manufacturer code.

Device code is identified when address AO is set to ViH.
These two codes possess an odd parity with the parity bit of (D7).
The following table shows electric signature of TC57H1025AD.

PINS R HEX
A D D D D D D D D D D D D D D D D
SIGNATURE 0 15[ P14 D13 D12} D11 D4g| Dg 8 7 6 | .Ds 4 3 2 1 ol paTA
Manufacturer Code ViL * * * * | % * * * 1.1 0 ] 1 1 o o o **98
Device Code Viy * * * * * * * * 1 4] 4] o] 1 o] o] 1 **89

Note: A9=12V+0.5V, A;—Ag, Ajg—A1s, CE, OE=V|,, PGM=Vy4 +: Don’t care
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A

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

—]
op)
&)
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>
O
~J
o

1 MEGA BIT (65,536 WORDXx16 BIT) HIGH SPEED CMOS U.V. ERASABLE AND:

ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION . -

The TC57HIO025AD is a 65,536 word X 16 bit high speed CMOS ultraviolet light erasable and
electrically programmable read only memory. The TC57HI025AD is JEDEC standard pin
configuration. This product is packed in 40 pin standard cerdip package.

TC57HI025AD is fabricated with the CMOS technology. Advanced circuit techniques provide
both high speed and low power features with a maximum operating current of 60mA/IMHz and

access time of 55ns.
The programming times of the TC57HI025AD except overhead times of EPROM programmer is
only 7 seconds by using the high speed programming aigorithm.

FEATURES
® Peripheral circuit : CMOS ® Single 5V power supply
Memory cell : NMOS ® Full static operation
® Fast access time e High speed programiming operation : tpw 0.1lms
TC57HI025AD-70 : 70ns ® Input and output TTL compatible
® Low power dissipation e JEDEC standard 40 pin
Active : 60mA/IMHz ® Standard 40pin DIP cerdip package
Standby : 20mA : WDIP40-G-600A
PIN CONNECTION (TOP VIEW) PIN NAMES
Ve [41 ~ 40([] vec AO0~A15 Address Inputs
39
thsl E; 35% :-GC-M DO~D15 Outputs (Inputs)
D14 04 370 As CE Chip Enable Input
D13 [s 36(] a1a
pi12 e 35]] A13 OF Output Enable Input
g:; E; z:% 2:? PGM Program Control Input
o9 [s 3201 a10 Vce Vee Supply Voltage
o8 [J10 31{] A9
ves 011 30[] v Vep Program Supply Voltage
o7 (12 29[] a8
pe (13 28[] a7 Vss Ground
ps [1a 2701 ae NC No Connection
pa [j1s 26[] As
p3 [is 25(] Aa
p2 [37 240} A3
D1 [fis 23{] a2
po [19 22{] as
©F [20 21(] Ao
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BLOCK DIAGRAM

TC57H1025AD-70

Vpp GND Vee Do D1 Dy D3 Dy Ds Dg Dy Dg Dg D19D11D12D13D14D5
OF OE, CE ,PG
CE o— ‘ ! OUTPUT BUFFERS
PGIVI o— CIRCUIT
2?“‘ 7 | coLumn | 128 N
A2°_~ N DECODER > COLUMN /O CIRCUIT
A3o—f
Ado— & I }
ASo— o
Abo— 22 9 ROW 512 MEMORY CELL ARRAY
A7 o— N A
ABo— DECODER 65536 x 16 bits
ASo—
A10 0— g
A11o0— a
A120— <
A13 o0—
Al140—
A150—j
MODE SELECTION
PINT <& OF PGM | Vv v DO~D15 Power
MODE PP <d
Read L L H Data Out R
Active
Output Deselect * H * 5V 5v X
High Impedance
Standby H * * Standby
Program L H Data In
ep e H *
Program Inhibit 12.75V 6.25V High Impedance Active
L H H
Program Verify L L H Data Out
*H or L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vcc Vcc Power Supply Voltage -0.6~7.0 \
Vpp Program Supply Voltage -0.6~14.0 \%
Vin Input Voltage - 0.6~7.0 \
VN (A9) input Voltage (A9) -0.6~13.5 \)
Vo Input/Output Voltage ~-0.6~Vcc+0.5 \
Po Power Dissipation 1.5 w
TSOLDER . Soldering Temperature : Time 260-10 °C - sec
Tstrg Storage Temperature - 65~125 °Cc
Topr Operating Temperature 0~70 °C
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- TC57H1025AD-70

READ OPERATION

AC/DC RECOMMENDED OPERATING CONDITIONS

\

AC TEST CONDITIONS
® Output Load

® Input Pulse Rise and Fall Times

® Input Pulse Levels

® Timing Measurement Reference Levels :

1

1 TTL Gate and CL=100pF
10ns Max.

0.45V to 2.4V

Inputs 0.8V Outputs 2.2V
Outputs 0.8V Outputs 2.0V

76

SYMBOL PARAMETER TC57H1025AD-70
Ta Ambient Temperature 0~70°C
Vee Vcc Power Supply Voltage 5V £ 5%
Vpp Vpp Power Supply Voltage OV~Vcc+ 0.6V
DC AND OPERATING CHARACTERISTICS
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
N Input Current Vin=0~Vcc - - +10 #A
lcco Operating Current E)Eu: 2\6mA teycle = 70ns _ - 29 mA
tcycle = 1us - - 60 mA
lccs Standby Current _C__E= Vin _ _ 20 mA
lccs2 CE=Vcc—- 0.2V - - 20 mA
ViH Input High Voltage —_—— . 2.2 - Vee +0.3 \Y
VL Input Low Voltage —_— -0.3 - 0.8 A\
Vou Output High Voltage lop = —4.0mA 2.4 - - \
VoL Output Low Voltage loL = 8.0mA - - 0.4 v
lpp Vpep Current Vpp = OV~Vcc + 0.6V - - +10 #A
ILo Ouptut Leakage Current Vour=0.4V~Vcc . - - +10 LA
AC CHARACTERISTICS (Vpp=0V~Vcc+ 0.6V)
SYMBOL PARAMETER TC57H1025AD-70 UNIT
MIN. MAX.
tacc Address Access Time - 70
tce CE to Output Valid - 70
toe ‘OE to Output Valid - 40 ns
tort CE to Output in High-Z - 30
tor2 ‘OE to Output in High-Z - 30
toH Output Data Hold Time 5 -
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CAPACITANCE *(Ta=25°C, f=1MHz)

TC57H1025AD-70

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
CiNn Input Capacitance Vin =0V - 16
oF
Cour Qutput Capacitance Vourt =0V - 16
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
AO0~AI15 >< ><
ton
| tce
TE 7/
. Toe1 -
1 toe
OF
) Tor2
tacc - ¢
DO~D15 HIGH - Z

<K

DATA OUTPUTS

177
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TC57H1025AD-70

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

| symeoL

PARAMETER MIN. TYP. MAX. UNIT

Vin Input High Voltage 2.2 - Vee+ 0.3 \
ViL Input Low Voltage —-0.3 - 0.8 \%
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \
Vep Vpp Power Supply Voltage 12.50 12.75 13.00 \4

DC AND OPERATING CHARACTERISTICS(Ta=25%5°C,Vcc=6.25V+0.25V, Vpp=12.75V+£0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT

%] Input Current Vin=0~Vcc - - +£10 HA
Vou Output High Voltage lop= - 4.0mA 2.4 - - A\
VoL Output Low Voltage loL=8.0mA - - 0.4 \%
lcc Vce Supply Current - - - 50 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 100 mA

AC PROGRAMMING CHARACTERISTICS(Ta=25+5°C, Vcc=

6.25V1£0.25V, Vpp=12.75V £ 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - HS
taH Address Hold Time - 2 - - Hs
tces CE Setup Time - 2 - - us
teen CE Hold Time - 2 - - #S
tos Data Setup Time - 2 - - HS
ton Data Hold Time - ‘2 - - P
tus Vpp Setup Time - 2 - - us
tpw Program Pulse Width - 0.095 .01 0.105 ms
toe OE to Output Valid - - - 500 ns
toF2 ‘OE to Output in High-Z CE=V_ - - 150 ns
toes OFE Setup Time - 2 - - “S

ACTEST CONDITION
e OutputLoad
Input Pulse Rise and Fall Times

L ]
] Input Pulse Levels
.

Timing Measurement Reference Levels

1 TTL Gate and C,=100pF
10ns Max.
0.45V and 2.4V

Inputs 0.8V and 2.2V,Outputs 0.8V and 2.0V
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HIGH SPEED PROGRAM OPERATION

TIMING CHART

AO0~A15

DO~D15

o
[q)
<

Note : 1.

TC57H1025AD-70

4
tas taH
I -
tces tceH
N 7
toes
- tor2 tog < IDF2
UNKNOWN Dy STABLE Doyt VALID
tos toH
N tow
tys

4

Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.
. Removing the device from socket and setting the device in socket with VPP=12.75V may

cause permanent damage to the device.

should not be applied to the VPP terminal.

When the switching pulse voltage is applied to the VPP terminal, the overshoot voltage of its
pulse should not be exceeded 14V.
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TC57H1025AD-70

ERASURE CHARACTERISTICS

The TC57H1025AD’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (Ultraviolet light intensity [W/cm2] X exposure time [sec.]) for erasure should be a minimum
of 15 [W -sec./cm?2]. :

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of
lem from the lamp surface, the erasure will be achieved within 60 minutes. And using commercial
-lamps whose ultraviolet light intensity is a 12000 [xW/cm2] will reduce the exposure time to about
20 minutes. (In this case, the integrated dose is 12000 [xW/cm2] X (20 X 60) [sec]=15[W - sec./cmZ2].)

The TC57H1025AD’s erasure begins to occur when exposed to light with wavelength shorter
than 40004, The sunlight and the flourescent lamps will include 3000~4000A wavelength
components. Therefore when used under such lighting for extended periods of time, the opeque
seals - Toshiba EPROM Protect Seal AC901 - are available.

OPERATION INFORMATION

The TC57H1025AD’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

’ PIN| —= — s
MODE CE E PG Vpp Vee DO~D15 Power
READ Read L L H Data Out Active
OPERATION Output Deselect * H * 5V 5V .
(Ta =0~70°C) High Impedance
Standby H * * Standby
Program L H L Data In
PROGRAM " .
OPERATION Program Inhibit 12.75V ] 6.25V High Impedance Active
(Ta=25+5°C) L H H
Program Verify L L H Data Out
Note : H; Vig, L : Vyp, * : Vig or Vi,
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TC57H1025AD-70

READ MODE

The TC57H1025AD has three control functions. The chip enable (CE) controls the operation
power and should be used for device selection.
The output enable (OE) controls the output buffers, independent of device selection. Assuming

that CE=0OE =VjL and PGM =Viy, the output data is valid at the output after address access time
from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the address access time (tace).
Assuming that CE=Vyy, PGM=Vyg and all addresses are valid, the output data is valid at the
outputs after tor from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vjyy or OE=V]y, the outputs will be in a high impedance state. So two or
more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC57H1025AD has a low power standby mode controlled by the CE signal.

By applying. a high level to the CE input, the TC57H1025AD is placed in the standby mode
which reduce the operating current to 10mA by applying MOS-high level (Vcc) and then the
outputs are in a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC57H1025AD are in the “1” state which
is erased state.

Therefore the program operation is to introduce “0Os” data into the desired bit locations by
electrically programming.

The levels required for all inputs are TTL. The TC57H1025AD can be programmed any

location at anytime -- either individually, sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is correctly programmed on the programmed
bits. :

The verify is accomplished with OE and CE at Vi, and PGM at Vig.
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TC57H1025AD-70

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM input inhibits the TC57H1025AD from being programmed.

Programming of two or more EPROMs in parallel with different data is easily accomplished.
That is, all inputs except for CE or PGM may be commonly connected, and a TTL low level
program pulse is applied to the CE and PGM of the desired device only and TTL high level signal
is applied to the other devices. ‘

HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vgc=6.25V and PGM = VIH.

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program
Verify Mode. :

If the programmed data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated unitl the program operates correctly (max.
25 times).

When programming has been completed, the data in all addresses should be verified with
Vec=Vpp=5V. |
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HIGH SPEED PROGRAM OPERATION

FLOW CHART

START

Vcc=6.25V +0.25V
Vpp=12.75 £ 0.25V

!

ADDRESS = START ADDRESS

e—

ADDERSS
= NEXT ADDRESS

NG

PROGRAM : TPW =0.1ms

¢ .

X=X+1

YES

TC57H1025AD-70

NG
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TC57H1025AD-70

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from T057H1025AD which identifies it’s
manufacture and device type.

The programming equipment may read out manufacturer code

(Vpp) and algorithm.

and device code from
TC57H1025AD by using this mode before program operation and automatically set program voltage

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to VL in read operation.

Device code is identified when address AO is set to ViH.

Data cutput in this conditions is manufacturer code.

These two codes possess an odd parity with the parity bit of (D7).
The following table shows electric signature of TC57H1025AD.

PINS| HEX
A D D D D D D D D D D D D D D D D
SIGNATURE 0 15| D14 | D131 D121 D111 Do 9 8 7 | Pe 5 4 3 2 1 ol bATA
Manufacturer Code ViL * * * * * * * * |1 0 0 1 1 0 0 0 **98
Device Code Viy * * * * * * * * 1 0 0 0 1 0 0 1 **89

Note :

184
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

— TC574000D-120,-150

524,288 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION il
The TC574000D is a 524,288 word X 8 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. For read operation, the TC574000D’s access time is 120ns, and

the TC574000D operates from a single 5-volt power supply and has low power standby mode which
reduces the power dissipation without increasing access time.

The standby mode is achieved by applying a TTL-high level signal to the CE input.

Advanced CMOS technology reduces the maximum active current to 60mA / 8.8MHz and
standby current to 100uxA. For program operation, the programming is achieved by using the high
speed programming mode. TC574000D is fabricated with the CMOS technology and the N-channel
silicon double layer gate MOS technology.

FEATURES
® Peripheral circuit : CMOS ® Low power dissipation
Memory cell . N-MOS Active : 60mA/8.3MHz
e Access time Standby: 100uA (Ta=70°C) .
e High speed programming operation
- 120 [ - 150 e Single 5V power supply
Vee 5V 210% ® Full static operation
T ~70° s
cme o~707c e Input and output TTL compatible :
tacc 120ns | 150ns . 11
e JEDEC standard 32 pin - i
® Standard 32 pin DIP cerdip package : WDIP32—G —600A e
PIN CONNECTION (ToP VIEW) PIN NAMES
ver [ N 320] vee AO0~A18 Address Inputs ‘ '
ate [2 310 a1 DO~D7 Outputs (Inputs) :
ars Oz 300 av7 .
a12 [a 291 A1a CE - Chip Enable Input L
28 L
2; E: 27% :;3 OE Output Enable Input F
as [7 26{1 A9 Vee Vcc Supply Voltage
aa [s 2s5{] a1 o
A3 Qo 24{] 6‘ Vep Program Supply Voltage -
az [ho 23[] a1 N
A1 011 22() & GND Ground : tI
a0 Oz 21[] o7 .
oo {13 200j ©6 |
o1 [1a 19]] OS5 E
pz Qs 18{] 04 i
Gno [11s g o3 L
L
E
|
5
-
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TC574000D-120,-150
BLOCK DIAGRAM
Vep GND Ve DO D1 D2 D3 D4 D5 D6 D7
OF o—| —
<E E, CE CIRCUIT QUTPUT BUFFERS
AQ o— P
Al o—
A2 o— 9 512
A3 o— A COLUMN - COLUMN /O CIRCUIT
A4 o—l - DECODER
AS o— o
A6 o—] pr h
A7 o—] w 4
‘A8 o— @
A9 o— w
A10 o— L
A1l o—j P> 10 ROW 1024 MEMORY CELL ARRAY
Al12 o— a Nl N .
A13 o <Dt DECODER - 524,288 x 8bits
A14 o—
Al1S5 o—
A16 o—f
Al17 o—
A18 o—
MODE SELECTION
PIN — —
MODE CE OE Vep Vee DO~D7 Power
Read L L Data Out )
Active
Output Deselect * H 5v 5v High Impedance
Standby . H * High Impedance . Standby
Program L H Data In
Program Inhibit H H 12.50v 6.25V High Impedance Active
Program Verify * L Data Out
*: Hor L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 \
Vpp Program Supply Voitage - 0.6~14.0 \
VN Input Voltage -0.6~7.0 \Y
Vin (A9) Input Volitage (A9) -0.6~13.5 \4
Vo Input/Output Voltage - 0.6~Vcc + 0.5 A"
Pp Power Dissipation 1.5 w
TsOLDER Soldering Temperature - Time 260- 10 °C - sec
Tstrg Storage Temperature -65~125 °C
Topr Operating Temperature 0~70 °C
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TC574000D-120,-150

READ OPERATION
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vecc+ 0.3 \%
ViL Input Low Voltage —0.3 .= 0.8 Vv
Ve Vcc Power Supply Voltage 4.50 5.00 5.50 \Y
Vpp Vpp Power Supply Voltage Vecc— 0.6 Ve Ve + 0.6 \Y
DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)
SIMBOL PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
It input Current Vin=0~Vcc - - +10 A
Iccot TE=V, f=83MHz - - 60
Operating Current louT = OMA f=6.7MHz - - 50 mA
lcco2 f=1MHz - - 15
lccst CE=Vi - - ] mA
Standby Current — -
lees2 CE=Vcc- 0.2V - - 100 A
VoH Output High Voltage lon= —400pA 2.4 - -
Voo Output Low Voltage loL=2.TmA - - 0.4 \%
lpp1 Vpep Current Vpp=Vcc 0.6V - - +10 A
o Output Leakage Current Vout =0.4V~Vcc - - *10 A
AC CHARACTERISTICS (Ta=0~70°C, Vpp=Vcct0.6V)
SIMBOL PARAMETER TEST CONDITION TC574000D - 120 TC574000D - 150 UNIT
MIN. MAX. MIN. MAX. :
tacc Address Access Time CE=0E=V, — 120 — 150 ns
tee TE to Output Valid OE=V, - 120 - 150 ns i
toe OF to Output Valid CE=Vy - 60 — 70 ns
toF1 TE to Output in High-Z OE=V,_ 0 50 0 60 ns i
torz OF to Output in High-Z TE=ViL 50 0 60 ns }
toH Output Data Hold Time CE=0E=V,_ 0 — 0 — ns »

AC TEST CONDITIONS , {

® Output Load
® Input Pulse Rise and Fall Times :

1 TTL Gate and CL=100pF

10ns Max.

0.45V~2.4V

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

® Input Pulse Levels

.

® Timing Measurement Reference Level
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TC574000D-120,-150

CAPACITANCE* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Vin=0V - 9 PE
Cout Output Capacitance VouTt =0V - 13
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
"
AO0~A18 >< ><
N~
ton
tce . 1
<E % Y
torr
toe 1z
o o
I Y
tacc tor2
: - HIGH Z
DO~D7 HIGH Z %{ DATA OUTPUT )%}—
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HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vg Input High Voltage 2.2 - Vee+ 1.0 \Y
A\ TS Input Low Voltage -0.3 - 0.8 \Y
i Vcce Vcc Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 \Y

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
) Input Current Vin=0~Vcc - - +10 pA
VoH Output High Voltage lon = — 400 A 2.4 - - \"
VoL Output Low Voltage loL=2.1mA - - 0.4 \Y
lce Ve Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=12.8V - - 50 mA

TC574000D-120,-130

DC AND OPREATING CARACTERISTICS (Ta=25+5°C,Vcc=6.25V+0.25V,Vpp=12.50V 1 0.30V)

AC PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Vcc=6.256V+£0.25V, Vpp= 12.50V 1 0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
taH Address Hold Time - 2 - - “S
tces CE Setup Time - 0 - - S
tCER CE Hold Time - o] - - S
toEs OE Set up Time - 2 - “s
tos Data Set up Time - 2 - - “S
toH Data Hold Time - 2 - - us
tvps Vpp sef up Time - 2 - - us
tves Vcce Set up Time - 2 - - “s
tpw Program Pulse Width CE=Vy, OE=Vy 45 50 55 uS
toe OE to Output Valid CE=Vi - - 100 . ns
toep OE to Output in High-Z CE=Vi - - 30 ns

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level

1 TTL Gate and Cy, (100pF)

10ns Max.

0.45V~24V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC574000D-120,-150

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

a
AO~A18 >§ X
-
tas tan
CE
toes > toep
1
ox \ J
\ tps ton - toe -t
bo~D7 Dy STABLE } Doyt VALID }——
Vpp
. tvps 5
Vce i
j tycs PROGRAM PROGRAM VERIFY
)

Note 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or

after Vpp.

2. Removing the device from socket and setting the device in socket with
VPP =12.50V may cause permanent damage to the device.

3. The VPP supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the VPP terminal.
When the switching pulse voltage is applied to the VPP terminal, the overshoot

voltage of its pulse should not be exceeded 14V.
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TC574000D-120,-150

ERASURE CHARACTERISTICS

The TC574000D’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window.

Then integrated dose (ultraviolet light intensity [w/cm2]Xexposure time [sec.] ) for erasure
should be a minimum of 15 [w - sec/cm2] .

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of

lem from the lamp surface, the erasure will be achieved within 60 minutes.

And using commercial lamps whose ultraviolet light intensity is a 12000 [xw/cm2] will reduce
the exposure time to about 20 minutes. (In this case, the intergrated dose is 12000[w/ecm2] X
(20X 60) [sec.] =15 [w -sec/cm?2].)

The TC574000D’s erasure begins to occur when exposed to light with wavelength shorter than
4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength components.
Therefore when used under such lighting for extended periods of time, the opaque seals-Toshiba
EPROM Protect Seal AC902-are available.

OPERATION INFORMATION

The TC574000D’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) CE OE Vpp Ve DO~D7 POWER
MODE (22) (24) (1) (32) (13~15, 17~21)
R Data Out
Read ead L L ata -u - Active
Operation Output Deselet * H 5V 5v High Impedance
(Ta=0~70°C) Standby H * High Impedance Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50V | 6.25V High Impedance Active
(Ta=2525°C) Program Verify * L Data Out

Note : H; Vg, L : Vi, * : Vig or Vi
READ MQDE

The TC574000D has two control functions. The chip enable (CE) controls the operation power
and should be used for device jselec'tion. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=OE=Viyy, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is

equal to the address access time (tacQ).
Assuming that CE=Vyy, and all addresses are valid, the output data is valid at the outputs
after tor from the falling edge of OE.
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TC574000D-120,-150

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=V1y, the outputs will be in a high impedance state. So two or
more TC574000D’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC574000D has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC574000D is placed in the standby mode which reduce the
operating current to 100«A by applying MOS-high level (Vcc) and then the outputs are in a high
impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC574000D are in the “1” state which is
erased state. Therefore the program operation is to introduce “0’s” data into the desired bit
locations by electrically programming. The TC574000D is in the programming mode when the Vpp
input is at 12.50V and CE is at Low under OE =Vig. _ :

The TC574000D can be programmed any location at any time either indivicually, sequentially,

or at random.

PROGRAM VERIFY MODE

The verigy mode is to check that desired data is correctly programmed on the programmed

bits. The verify is accomplished with OE at ViL.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a high
level CE and OE input-inhibits the TC574000D from being programmed. :

Programming of two or more TC574000D’s in parallel with different data is easily accomplished.
That is, all inputs except for CE and OE may be commonly connected, and a low level program
pulse is applied to the CE of the desired device only and high level signal is applied to the other

devices.
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TC574000D-120,-150

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.50V) is applied to the Vpp terminal with Vcc=6.25V. I
The programming is achieved by applying a single low level 50us pulse to the CE input after ‘
addresses and data are stable. Then the programmed data is verified by using Program Verify

Mode. If the programmed data is not correct, another program pulse of 50us is applied and then
the programmed data is verified. This should be repeated until the program operates correctly
(max.25 times).

After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with
Vecec=Vpp=5V.
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TC574000D-120,-130

HIGH SPEED PROGRAM MODE

FLOW CHART

START

I ADDRESS = START ADDRESS J

!

I Ve = 6.25V J

!

[ vee=125v ]
T

ADDERSS =
NEXT ADDRESS

YES

YES

NG

VERIFY

OVERPROGRAM X PULSES OF 50us
OR ONE PULSE OF 50X us DURATION

NO

LAST ADDRESS?

Vee=5.0v
Vpp = 5.0V

NG

READ ALL BYTE
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TC574000D-120,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC574000D which identifies its
manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from

= eSS

TC574000D by using this mode before program operation and automatically set program voltage

‘

(Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to VL in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address A0 is set to V.

These two codes possess an odd parity with the parity bit of MSB (D7).

The following table shows electric signature of TC574000D.

PINS HEX.
A0 D7 D D2 D1 DO
SIGNATURE 6 D> b4 b3 . DATA
Manufacture Code ViL 1 0 0 1 1 o] o] 0] 98
Device Code Vik 1 ¢} [o] [o] 1 1 0 o] 8C

Notes: A9=12Vt0.5V )
Al1~A8, A0~A18, CE, OE=Vy,
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T0574000AD 120,-150

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

524,288 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION
The TC574000AD is a 524,288 word X 8 bit CMOS ultraviclet light erasable and electrically

programmable read only memory. For read operation, the TC574000AD’s access time is 120ns, and

the TC574000AD operates from a single 5-volt power supply and has low power standby mode
which reduces the power dissipation without increasing access time.

The standby mode is achieved by applying a TTL-high level signal to the CE input.

Advanced CMOS technology reduces the maximum active current to 60mA / 8.3MHz and
standby current to 100.A. For program operation, the programming is achieved by using the high
speed programming mode. TC574000AD is fabricated with the CMOS technology and the N-
channel silicon double layer gate MOS technology.

FEATURES
® Peripheral circuit : CMOS ® Low power dissipation
Memory cell : N-MOS Active : 60mA/83MHz

e Access time Standby: 100xA (Ta=70°C)

® High speed programming operation
- 120 | - 150 e Single 5V power supply
Vee SV £ 10% ® Full static operation
T 0~70°C .
bl ® Input and output TTL compatible
tace 120ns | 150ns ) ‘
e JEDEC standard 32 pin
® Standard 32 pin DIP cerdip package : WDIP32 -G —600B
PIN CONNECTION (TOP VIEW) PIN NAMES
Ve [ 7 32[] v AO0~A18 Address Inputs
a16 02 3 ats DO~D7 Outputs (Inputs)
A1s (3 303 a7
A12 [a 2901 Ava CE Chip Enable Input
A7 [s 2811 A13 p—
A6 [s 2701 as OE Output Enable Input
AS E7 25] A9 Vee Vee Supply Voltage
Aa []8 251 A1
A3 [o 2a{] G Vpp Program Supply Voltage
A2 Q1o 23[] A10
A1 O 220 € GND Ground
Ao [12 21]] o7
po [i3 20[] D&
o1 [1a 19[] 05
D2 515 18[] D4
Gno [1s 17f] O3
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BLOCK DIAGRAM

- TC574000AD-120,-150

Vpep GND Vee DO D1 D2 D3 D4 Ds D6 D7
OE o—] __
—_ OE, CE CIRCUIT OUTPUT BUFFERS
E o—
A0 o— ‘IA'
Al o—
A2 o— 8 256 :
N
A3 o—f a COLUM & COLUMN IO CIRCUIT
A4 o—j - DECODER
A5 o— o -
A6 o— byt h
A7 o—4- '-:'- g=
A8 o— =]
A9 o— w
A10 o— a
A1l o— = n ROW 2048 MEMORY CELL ARRAY
A12 o— o A\ \ .
A13 o <D( DECODER 524,288 x 8bits
Al14 o—f
A15 o—
A16 o—
A17 o—
A18 o—
MODE SELECTION
PIN — J— ;
MODE CE OE Vpp Vee DO~D7 Power
Read L L Data Out
Active
Output Deselect * H 5V 5V High Impedance
Standby H * High Impedance Standby
Program L H Data In
Program Inhibit H H 12.50V 6.25V High Impedance Active
Program Verify * L Data Out
#: Hor L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
) Vee Vcc Power Supply Voltage -0.6~7.0 \%
Vpep Program Supply Voitage -0.6~14.0 \Y
Vin Input Voltage - 0.6~7.0 \4
Vin (A9) Input Voltage (A9) ~0.6~13.5 \
Vo Input/Output Voltage ~0.6~Vcc+0.5 \%
Po Power Dissipation 1.5 w
TSOLDER Soldering Temperature - Time 260-10 °C-sec
Tstrg Storage Temperature - 65~125 °C
Topr Operating Temperature 0~70 °C
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TC574000AD-120,-150 —

READ OPERATION
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vee+0.3 v
A Input Low Voltage —0.3 — 0.8 v
Vee Vcec Power Supply Voltage 4.50 5.00 5.50 v
Vpp Vep Power Supply Voltage Vee—0.6 Vee Vece+ 0.6 \

DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)

SIMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current Vin= 0~V - - +10 uA
f=8.3MHz - - 60
lecot CE=V
Operating Current o OmA f=6.7MHz - - 50 mA i
uT = ;
lcco2 f= 1MHz - - 30 !
leesa CE= V4 - - 1 mA
Standby Current —
lees2 CE=Vee-0.2v - - 100 sA
VoH Output High Voitage loq = —400.A 2.4 - - v
VoL Output Low Voltage lor=2.1TmA - - 0.4 \"
Ippq Vpp Current Vpp =V 2 0.6V - - + 10 A
lo OQOutput Leakage Current Vout = 0.4V~V¢c - - +10 UA

AC CHARACTERISTICS (Ta=0~70°C, Vpp=Vgc+0.6V)

SIMBOL PARAMETER TEST CONDITION TCS74000AD - 120 TC374000AD - 150 UNIT
MIN. MAX. MIN. MAX.

tace Address Access Time CE=0OE=v, - 120 - 150 ns

tce CE to Qutput Valid OE=v, - 120 - 150 ns i
toe OE to Qutput Valid CE=V - 60 - 70 ns i
tor TE to Output in High-Z OE=v, 50 0 60 ns i
tor2 OF to Output in High-Z TE=V) 0 50 0 60 ns i
toH Output Data Hold Time CE=OE=V, 0 - o] - ns !

AC TEST CONDITIONS i

® Output Load : 1 TTL Gate and Cr,=100pF
® Input Pulse Rise and Fall Times : 10ns Max.,
® Input Pulse Levels : 0.45V~24V

® Timing Measurement Reference Level : Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V
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CAPACITANCE* (Ta=25°C, f=1MHz)
SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Vin =0V - 12 PE
Cout Output Capacitance Vour =0V - 15

TIMING WAVEFORMS (READ)

AO~A1B

* This parameter is periodically sampled and is not 100% tested.

TC574000AD-120,-150

X

ot 7

« DL Vo
%
toey
| toe /_y/ 7
tacc tpr2
ALELR: %@‘ DATA OUTPUT §_H_'GHZ—.

DO~D7
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TC574000AD-120,-150

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER , MiIN. , TYP. ’ MAX. UNIT
Vin Input High Voitage _L 2.2 ’ - ’ Vec+ 1.0 v
ViL Input Low Voltage -0.3 ’ - 0.8 v
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 v
Vpp Vep Power Supply Voltage 12.20 12.50 12.80 v

DC AND OPREATING CARACTERISTICS (Ta=25 :t5°C,Vcc=6.25V:tO.25V,Vpp= 12,50V + 0.30V)

SYMBOL ’ PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
i L Input Current Vin = 0~Vec - - £10 A
Von Output High Voitage lon = —400.A 2.4 - - v
VoL Output Low Voltage loL=2.1mA - - 0.4 v
lcc Vce Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=12.8V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25:t5°C, Vcc=6.25V:tO.25V, Vpp=12.50V:tO.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - “S
tan Address Hold Time - 2 - - s
tces CE setup Time - 0 - - 5
teen ’ CE Hold Time - 0 - - us
toes , OEF set up Time - 2 - P
tos Data Set up Time - 2 - - s
ton Data Hold Time - 2 - - u“s
tvps Vpp Set up Time - 2 - - “s
tvcs Vce Set up Time - 2 - - S
tow Program Puise width CE=V,_ OE=vy 45 50 55 us
toe OF to Output Valig , CE=vy - - 100 ns
torp OF to Output in High-Z l CE=Vy - - 90 ns

AC TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level

1 TTL Gate and CL (100pF)
10ns Max.
0.45V~2.4Vv

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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— TC574000AD-120,-150

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

A0~A18 X ><
- -
tas tan
tpw rs L |
e ~PW, 4 ’f@ga : :
| e . .
toes toep
. . |/
OE .
L /
. tos ton toe -
D0~D7 Dy STABLE } Doyt VALID >——
¥
- Vpp
—/ tvps
v W
cc
_/ tycs PROGRAM PROGRAM VERIFY
Note 1. V¢ must be applied simultaneously or before Vpp and cut off simultaneouély or
after Vpp.
2. Removing the device from socket and setting the device in socket with
VPP=12.50V may cause permanent damage to the device.
3. The VPP supply voltage is permitted up to 14V for program operation.

So the voltage over 14V should not be applied to the VPP terminal.
When the switching pulse voltage is applied to the VPP terminal, the overshoot
voltage of its pulse should not be exceeded 14V.
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TC574000AD-120,-150

ERASURE CHARACTERISTICS

The TC574000AD’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window.

Then integrated dose (ultraviolet light intensity [w/cm2]Xexposure time [sec.]) for erasure
should be a minimum of 15 [w - sec/cm?2].

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of

lem from the lamp surface, the erasure will be achieved within 60 minutes.

And using commercial lamps whose ultraviolet light intensity is a 12000 [xw/cm?2] will reduce
the exposure time to about 20 minutes. (In this case, the intergrated dose is 12000[xw/cm2]X
(20X 60) [sec.] =15 [w-sec/cm?].)

The TC574000AD’s erasure begins to occur when exposed to light with wavelength shorter
than 4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength
components. Therefore when used under such lighting for extended periods of time, the opaque
seals-Toshiba EPROM Protect Seal AC901-are available.

OPERATION INFORMATION

The TC574000AD’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) CE OE Vep Vce DO~D7 POWER
MODE (22) (24) (1) (32) (13~15, 17~21)
Data Out
Read ' Read L L ata Ou Active
Operation Output Deselet * H 5V 5V High Impedance
(Ta=0~70°C) Standby H * High Impedance Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50V | 6.25V High Impedance Active
(Ta=25£5°C) Program Verify * L Data Out

Note : H; Vig, L : Vy,, * : Vig or Vi,
READ MODE

The TC574000AD has two control functions. The chip enable (CE) controls the operation power
and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=O0OE=VyL, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tacc).

Assuming that CE=VyL and all addresses are valid, the output data is valid at the outputs
after tog from the falling edge of OE.

202

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0202




TC574000AD-120,-150

OUTPUT DESELECT MODE

Assuming that CE=Vg or OE=Viy, the outputs will be in a high impedance state. So two or
more TC574000AD’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC574000AD has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC574000AD is placed in the standby mode which reduce the
operating current to 100«A by applying MOS-high level (Vce) and then the outputs are in a high
impedance state, independent of the OE inputs.

PROGRAM MODE

‘Initially, when received by customers, all bits of the TC574000AD are in the “1” state which is
erased state. Therefore the program operation is to introduce “0’s” data into the desired bit
locations by electrically programming. The TC574000AD is in the programmxng mode when the
Vpp input is at 12.50V and CE is at Low under OE =VIH.

The TC574000AD can be programmed any location at any time either indivicually,

sequentially, or at random.

PROGRAM VERIFY MODE

The verigy mode is to check that desired data is correctly programmed on the programmed

bits. The verify is accomplished with OE at ViL.

PROGRAM INHIBIT MODE i

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a high
level CE and OE input inhibits the TC574000AD from being programmed.

Programming of ‘two or more TC574000AD’s in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected, and a low
level program pulse is applied to the CE of the desired device only and high level signal is
applied to the other devices. ‘
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TC574000AD-120,-150

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.50V) is applied to the Vpp terminal with Vgc=6.25V.

The programming is achieved by applying a single low level 50,u$ pulse to the CE input after
addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 50us is applied and then
the programmed data is verified. This should be repeated until the program operates correctly
(max. 25 times).

After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with

Vee=Vpp=5V.
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HIGH SPEED PROGRAM MODE

FLOW CHART

START

| ADDRESS = START ADDRESS |

!

Vee = 6.25V J

!

1 Vpp = 12.5V [
T

YES:

TC574000AD-120,-150

DATA=FF?
NO

| XTO |

Y

[ PROGRAM 50us PULSE |

YES

NG

VERIFY

ADDERSS =
NEXT ADDRESS

OVERPROGRAM X PULSES OF 50us
OR ONE PULSE OF 50X s DURATION

A

NO

LAST ADDRESS?

Vce= 5.0V
Vpp =5.0v

NG

READ ALL BYTE
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TC574000AD-120,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC574000AD which identifies its

manufacturer and device type.

The programming equipment may reads out manufacturer code and device
TC574000AD by using this mode before program operation and automatically set program voltage

(Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to VL in read operation. Data output in this conditions is manufacturer code.

Device code is identified when address AO is set to Vig.-

These two codes possess an odd parity with the parity bit of MSB (D7).

The following table shows electric signature of TC574000AD.

code from

PINS A0 D7 D6 DS D4 D3 D2 D1 DO HEX.

SIGNATURE - DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Code ViH 1 0 0 o} 1 1 0 0 8C

Notes: A9=12V 1+ 0.5V
Al1~A8, A0~A18, CE, OE=Vy,
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

— TC574200D-10,-120,-190

AMEGA BIT (262,144 WORD x 16BIT /524,288 WORD x 8BIT)
CMOS U.V. ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC574200D is a 4,194,304 bit CMOS ultraviolet light erasable and electrically .
programmable read only memory. It is organized as 256K words of 16 bit or 512K words of 8 bit. R
The TC574200D is compatible with 40 pin 4M bit Mask ROM. This product is packed in 40 pin
standard cerdip package. The TC574200D is fabricated with the CMOS technology. Advanced
circuit techniques provide both high speed and low power features with access time of 100ns/ 120ns
/ 150ns and a maximum operating current of 70mA / 10MHz. The programming time of the
TC574200D except overhead times of EPROM programmer is only 28 seconds by using the high

speed programming algorithm.

FEATURES
@ Peripheral circuit : CMOS @ Low power .
Memory cell : NMOS ¢ Standby dissipation . 100.A
® Fast access time @ Full static operation
- 10 —120 l - 130 e Input and output TTL compatible
Vee | 5V 5% 5V +10% o Th cat .
Temp 0°C ~ 70°C _ ree state output
Tace 100ns 120ns | 150ns ® High speed programming operation : tpw 50us
— 10 satisfies characteristics of —120. @ 4M MROM compatible pinout : TC534200P
e Single 5V power supply e Standard 40 pin DIP cerdip package : WDIP40—-P—600B
PIN CONNECTION
(TOP VIEW) ( Reference) - M.Mﬁi
a7 [ ~ a0 1as A7 O ~ a0 [Jas AO~A17 |Address input
a7 2 39 [JA9 a7 ]2 39 [1A9 DO~D14 | Output (Input)
a6 3 38 [Jal0 as 3 38 [ 1Ai0 —= chio Enab t
as [a 37 [ A1 as [a 37 [dar’ EE_ ip Enable Inpu
aa s 38 [J A2 aa s 36 [JA12 OE Output Enable Input
a3 [Je 35 [J A3 a3 s 35 [Ja13 Qutput (Input)
a2 7 33 [ A4 . a2 7 3a [Jaia D15/A -1 / Address Input
ar s 33 [Jais ISEmF: 33 [ JA1s
a0 s 32 [JAis ao o 32 [date BYTE/ Ver Word, Byte select Input
<e o 31 [1BYTE/Vpp e o 31 [1BYTE /Program Supply Voltage
ves L] 11 30 [ v vgs [ 11 30 [Jvss Vee S ly Volt
_os_sl:m 29 [ 1p1s7Aa-1 ot 12 . 29{Jo1s7a-1 Vee cc Supply Voitage
oo [13 28 [Jo7 oo 13 28 [Jo7 Vss Ground
os [J1a 27 [[Jo1a ps []1a 27 [Jo1a
o1 s 26 ] o6 o1 s 26 [ 106
os 16 25 {1013 o9 [}1e 25 [1p13
p2 17 2a{Jos o2 7 2a{1os
o010 18 23 [Jo12 pio 18 23 [Jo12
p3 [19 22 [1oa 03 [J19 227[1oa
p11 [ 20 21 [dvece pi1 [ 20 21 [ vee
TC574200D 4M Mask ROM
TC534200P
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TC574200D-10,-120,-150

BLOCK DIAGRAM

Vep Vss Ve D15 TN DO
oo S SN QNN S
o—— —_ !
BYTE BYTE, CE, OE CIRCUIT +—>| OUTPUT BUFFERS
OE o— i
)
JR— ]
CE !
e -
A-1 O
9 | COLUMN 512 COLUMN I/0
A0 O/ =
ADDRESS DECODER CIRCUIT
S BUFFERS f
10 ROW 1024 MEMORY CELL
- ARRAY
DECODER 262,144 x 16 BITS
Al17 O—
MODE SELECTION
PINS| == | == | BYTE D15
MODE E E / Ves Vcc DO0~D7 D8 »D147 ] JA—1 Power
Read (16 Bit) L L H Data Out
Read (Lower 8 Bit) L L L Data Out High Impedance L
(Lower BBit)
Read (Upper 8 Bit) L L L Data Out High Impedance H Active
5v (Upper 8Bit)
Output Deselect L H H High Impedance
L High Impedance *
Standby H * H High Impedance Standby
L High Impedance *
Program L H Data In
Program Inhibit H | H {125V | 6.25Vv High Impedance Active
Program Verify * L Data Out
Note: H=V|y, L=V, *»=V|g or Vj_
MAXIMUM RATINGS
SYmMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 \"
Vpp Program Supply Voltage -0.6~14.0 v
VN Input Voltage -0.6~7.0 v
Vin (A9) Input Voltage (A9) —~0.6~13.5 v
Viso Input/ Output Voltage —0.6~Vcc+0.5 \
Pp Power Dissipation 1.5 w
TSOLDER Soldering Temperature - Time 260-10 °C-sec
TsTrG Storage Temperature - 65~150 °C
Torr Operating Temperature 0~70 °C
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— TC574200D-10,-120,-130

READ OPERATION

p.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC574200D — 10 TC574200D - 120/ 150
\m Input High Volitage 2.2V~Vcc+ 0.3 2.2V~Vce+ 0.3
fv,L input Low Voltage ~0.3v~0.8V -0.3v~0.8v
Vce Vcc Power Supply Voltage ] SV£5% 5v10%

D.C. AND OPERATING CHARACTERISTICS (Ta=0~70°C)

SYMBOL' PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT

Iy Input Current Vin =OV~Vcé - ‘ - +*10 HA

CE=0V lour=0mA f=10MHz - - 70 mA
lccot | Gperating Current TE =0V lour = OmA f=8.3MHz - - 60 mA
lccoz | CE=0V loytr=0mA f= 1MHz - - 30 mA
lccst CE=Vi - - - mA
lecs Standby Current . TE=vec~02v - ~ 100 -
Vou Output Hi‘gh Voltage lon= —400A . 2.4 - -
VoL Output Low Voltage loL=2.1TmA - - ) 0.4
lpp1 Vpp Current Vpp=0V~Vcc + 0.6V - - +10 A
Lo Outbut Leakage Current Vout = 0.4V~Vcc - - +£10 #A

A.C. CHARACTERISTICS (Ta =0~70°C)

SYMBOL  PARAMETER IO = 1OMAXA Mle 12?VIAX. MIN__ 15?V|AX. UNIT
tacc Address Access Time - 100 - 120 - 150 ns
tce CE to Output Valid - 100 - 120 - 150 ns
toe OE to Output Valid - 50 - 60 - 70 ns
toF1 CE to Output in High impedance 0 50 o] 50 0 60 ns
tor2 OE to Output in High Impedance 0 50 0 50 0 60" ns
toH Output Data Hold Time 0 - 0 - 0 - ns
tar BYTE to Output Valid - 100 - 120 - 150 ns
tgTo BYTE to Output in High Impedance - 60 - 60 - 70 ns

TC574200D — 10 satisfies characteristics of TC574200D —120.

- A.C. TEST CONDITIONS

- Output Load 1 TTL Gate and CL = 100PF

- Input Pulse Rise and Fall Time : 10ns Max

- Input Pulse Levels : 0.45V and 2.4V

- Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC574200D-10,-120,-150

CAPACITANCE * (Ta =25°C, f= 1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cing Input Capacitance Vin =0V - 6 10 pF
Cin2 Input Capacitance (BYTE/ Vpp) Vin = OV - 110 120 pF

CouT Output Capacitance Vour =0V - 10 12 pF

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS

WORD

AO0~A17

TE

OE

DO~D15

- WIDE READ MODE

X

X

tce

AN

ton

2

LI,

toe

MMM

toFs

VY,

I

tacc

High z

tpr2

Note: BYTE/Vpp=V|H

U

Dout VALID
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TC574200D-10,-120,-150

TNV E— LI
NN —— LT
. gz Wm Doy vALID W

Note: BYTE/Vpp =V,

BYTE TRANSITION

AO~A17

X 37—

tacc toun
e -

tar
A ———————

tor
B 14 :'
High 2z / o

D8~D15 w DOUT VALID ),
il

Note: CE, OE =V, ;5
vl

N
i
ty!

Ly

A
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TC574200D-10,-120,-150

HIGH SPEED PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vil Input High Voltage 2.2 — Vec+ 1.0 \
Vie Input Low Voltage -0.3 - 0.8 \
Vee VVcc Power Supply Voltage 6.00 6.25 6.50 v
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 v

D.C. AND OPERATING CHARACTERISTICS (Ta=25%*5°C, Vcc=6.25%0.25V, Vpp=12.50£0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current Vin=0V~Vcc - - +10 A
Vou Output High Voltage loq = — 400.A 2.4 - - \
VoL Output Low Voltage loL=2.1mA - - 0.4 \
lcc Vcce Supply Current - : — — 40 mA
Ipp2 Vpp Supply Current Vep = 12.8V - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25+0.25V, Vpp=12.50%0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - 7
tAH Address Hold Time - 2 - - “
tces CE Setup Time - 0 - - S
tcen CE Hold Time - 0 - - M
toes OE Setup Time - 2 - - P
tps Data Setup Time - 2 - - “
ton Data Hold Time - 2 - - 7
tvps Vpp Setup Time - 2 - - “S
tvcs Vcc Setup Time - 2 - - 7
tpw Program Pulse Width - 45 50 55 s
topw Overprogram Pulse Width Note 1 45 50 55 “s
toe OE to Output Valid CE=Vy - - 100 ns
toep OE to Output in High impedance CE=Viy - - 90 ns
- A.C. TEST CONDITIONS

- Output Load “¥ . 1 TTL Gate and CL=100PF

- Input Pulse Rise and Fall Time : 10ns Max

- Input Pulse Levels : 0.45V and 2.4V

- Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V

Note 1: topw depends on the program pulse width which is required inthe initial program.
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TC574200D-10,-120,-150

TIMING WAVEFORMS : L

HIGH SPEED PROGRAM OPERATION 1

AO0~A17 X K
tas tpw tan
topw
- \ J R RRR XX
CRERERLELY e
toes torp
oF X /
tps toH
toe
N
DO~D15 z Din STABLE E 7 Dout VALID 2—
tvps
BYTE/ Vpp /—
tvcs
Vcc /
PROGRAM PROGRAM VERIFY

Note: 1. Vcc must be apphed simultaneously or before Vpp and cut off simultaneously
or after Vpp.

2. Removing the device from socket and setting the device in socket with
Vpp=12.50V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation. So the
voltage over 14V should not be applied to the Vpp terminal. When the
switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of
its pulse should not be exceeded 14V.

[
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TC574200D-10,-120,-150

ERASURE CHARACTERISTICS

The TC574200D’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (ultraviolet light intensity (W /cm2] x exposure time [sec.]) for erasure should be a minimum of
15 [W - sec/ cm2]. '

When the Toshiba sterilizing lamp GL 15 is used and the device is exposed at a distance of
lem from the lamp surface, the erasure will be achieved within 60 minutes. And using
commercial lamps whose ultraviolet light intensity is a 12000 [« W / cm?2] will reduce the exposure
time to about 20 minutes. (In this case, the integrated dose is 12000 [xW /cm2] X (20 X60) [sec]=15 v
[W - sec/em2].)

The TC574200D’s erasure begins to occur when exposed to light with wavelength shorter than
4000A. The sunlight and the fluorescent lamps will include 3000~40004 wavelength components.

Therefore when used under such lighting for extended periods of time, the opaque seals — Toshiba
EPROM Protect Seal AC907 — are available. ’

OPERATION INFORMATION

The TC574200D’s eight operation mode are listed in the following table. Mode selection can
be achieved by applying TTL level signal to all inputs.

PINS | = | == | BYTE D15

—~ ~D1 Power
MODE E E /Ven Vce DO~D7 D8 4 JA—1 o
Read (16 Bit) L L H Data Out

i d L
Read (Lower 8Bit) L L L Data Out. High Impedance
( Lower 88Bit)
i H Active
Read (Upper 8Bit) L L L Data Out High Impedance
5v (Upper 8Bit)
i dance
Output Deselect L H H H!gh Impeda
L High Impedance I *
Standby ) H * H High Impedance Standby
L High impedance l *
Program L H Data In
Program Inhibit H H | 12.5V | 6.25V High Impedance Active
Program Verify * L Data Qut
Note: H=Vy, L=V, *=Viy or Vi
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- - ‘ TC574200D-10,-120,-150
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READ MODE

The TC574200D has the BYTE / Vpp terminal that selects word — wide output and byte — wide
output. When BYTE/ Vpp is set to Vig, the word — wide output is selected, and D15/ A ~1 pin is
used for D15 data output.

When BYTE/ Vpp is set to ViL, the byte — wide output is selected, and D15/A -1 pin is used
for A—1 address input. When A -1 is set to Vi in this condition, the data output is selected
lower 8 bits of the 16 bit data which has been programmed. When A -1 is set to Viyg, the data
output is selected upper 8 bits.

The TC574200D has two control function. The chip enable (CE) controls the operation power
and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=0OE=7Vyy, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (taAcc). Assuming that CE=Vjyy and all addresses are valid, the !
output data is valid at the outputs after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=Vjy, the outputs will be in a high impedance state. So two
or more TC574200D’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC574200D has a low power standby mode controlled by the CE signal. By applying a
high level to the éﬁ_ input, the TC574200D is placed in the standby mode which reduces the
operating current to 100u«A by applying MOS - high level (Vce) and then the outputs are in a high

impedance state, independent of the OE input.
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TC574200D-10,-120,-150 -

PROGRAM MODE

Initially, when recieved by customers, all bits of the TC574200D are in the “1” state which is
erased state, Therefore the program operation is to introduce “0’s” data into the desired bit
location by electrically programming. The TC574200D is in the programming mode when the Vpp
input is at 12.50V and CE is at TTL -Low under OE=Viy. Data to be programmed must be
applied 16 bits in parallel to the data pins.

The TC574200D can be programmed any location at anytime either individually, sequentially,

or at random,

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE at VIL. The programmed- data should be compared with
the original word-wide (16 bit) data.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (12.50V) ig applied to Vpp terminal, a high level
CE input inhibits the TC574200D from being programmed, Programming of two or more EPROMs
in parallel with different data jg easily accomplished, That is, all inputs except for CE and OE
may be commonly connected, and a TTL low level program pulse is applied to the CE of the
desired device only and TTL high level signal is applied to the other devices. '

HIGH SPEED PROGRAM MODE

Then the Programmed data is verified by using Program Verify Mode. If the programmed data is
not correct, ancther brogram pulse of 50us ig applied and then the programmed data is verified,

After correctly Programming the selected address, the Overprogram pulse of same length that

needed for initial Programming should be applied. When brogramming has been completed, the
data in all addresses should be verified with Veo=Vpp=5V.
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TC574200D-10,-120,-150

HIGH SPEED PROGRAM MODE

FLOW CHART

( STAI\RT >

ADDRESS =
START ADDRESS
I
Vce=6.25V
BYTE/Vpp = 12.50V

|

DATA = FFFF?

[ ]

1
l PROGRAM 50 us PULSE ]

I

I X=X+1 ‘

oK |
ADDRESS = OVERPROGRAM X PULSES OF 50 us
NEXT ADDRESS OR ONE PULSE OF 50X us DURATION
ey

NO

LAST ADDRESS ?
YES

Vce=5.0V
BYTE/Vpp = 5.0V

NG A

/M

READ ALL BYTE

FAIL ) O

QK P

( PASS j ;: ‘

B
iy
|

'

i :
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TC574200D-10,-120,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC574200D which identifies its
manufacturer and device type. The programming equipment may read out manufacturer code and
device code from TC574200D by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.

Electric signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to ViL in read operation. Data output in this condition is manufacturer code.
Device code is identified when address AO is set to Vig. These two codes possess an odd parity
with the parity bit of (D7).

The following table shows electric signature of TC574200D.

PINS v HEX
SIGNATURE A0 | D15 | D14 | D13 | D12 D11 |'D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO DATA
Manufacturer Code | V) * * * * * * * * 1 0 o} 1 1 0 0 o] **9g8
Device Code ViH * * * * * * * * 1 o] ] 0 1 1 1 1 **8F

Note: A9=12.0V 0.5V *Don’t care
- A1—-A8, A1I0-A17, CE, OE=VL .
BYTE /VPP =V -
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sILICON STACKED GATE MOS INTEGRATED CIRCUIT

— TC574096D-10,-120, 150

4 MEGA BIT (262,144 WORD x 16 BIT) |
CcMOS U.V. ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 1

DESCRIPTION 11
The TC574096D is a 262,144 word X 16 bit CMOS ultraviolet light erasable and electrically A
programmable read only memory. The TC574096D is JEDEC standard pin configuration. This

product is packed in 40 pin standard cerdip package.

TC574096D is fabricated with the CMOS technology. Advanced circuit techniques provide both
high speed and low power features with a maximum operating current of 70mA /10MHz and access
time of 100ns/120ns/150ns.

For progrm operation, the programming is achieved by using the high speed programming

mode.
FEATURES
® Peripheral circuit :CMOS Single 5V power supply
Memory cell " :N-MOS

Full static operation
® Fast access time

TC574096D —10 :100ns(Vcc=5.0VE5%)
TC574096D —120 :120ns(Vecec=5.0VE10%)
TC574096D — 150 :150ns (Vcc=5.0VE10%)
—10 satisfies characteristics of —120/150
® Low power dissipation
Active : 60mA /10MHz
Standby : 1004A

High speed programming operation : tpw 50us
Input and output TTL compatible

JEDEC standard 40 pin

Standard 40 pin DIP cerdip package

PIN NAMES

AO0~A17 Address Inputs

PIN CONNECTION (ToP VIEW)
S

40(] v
33} Atz DO~D15 Outputs (Inputs)

;3% 2:2 . CE Chip Enable Input
38]] A4 ’ OF Output Enable Input
;j% 23 Vee Vcce Supply Voltage
33[] aAn1
32] a10
3101 A9 Vss Ground
30{] vy
29(] A8
za] A7
27[] A6 i
26(] AS
25[] A4
24] A3
23[] A2
22(] a1
21[] A0

0NV D WN =

Vpp Program Supply Voltage

0

-
o

- o oala e A a s a
VW ONOGOONH WN-=

O
[
[
[
O
0
O
G
0
vss [
0
0
O
O
0
O
O
[
O

N
=]
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TC574096D-10,-120,-150

BLOCK DIAGRAM

Vep GND Vee Do

D; Dz D3 Dg Ds Dg D; Dg Dy D10D11D12D¢3D 14D

rP??P?P??P??2¢CFPF

CIRCUIT

OUTPUT BUFFERS

A0
Al
A2
ﬁi COLUMN | 256
A5 DECODER COLUMN IO CIRCUIT
A6
A7
A8
A9
A10
All
A12 10 ROW MEMORY CELL ARRAY
A13 ——\—> .
N DECODER 262,144 x 16 bits
A15
A16
A17
MODE SELECTION
PIN _ .
MODE CE OE Vpp Vee DO0~D15 Power
Read L L Data Out .
Active
Output Deselecst * 5V 5v .
High Impedance
Standby H * Standby
Program L H Data In
Program Inhibit H H 12.50v 6.25V High Impedance Active
Program Verify * L Data Out
*: Hor L
MAXIMUM RATINGS
SYMBOL CHARACTERISTIC RATING UNIT
Vee Vec Power Supply Voltage ~0.6~7.0 \
Vpp Program supply Voltage -0.6~14.0 \
Vin Input Voltage - 0.6~7.0 \
Vin (A9) Input Voltage (A9) -0.6~13.5 v
Vio Input/Output Voltage ~0.6~Vcc+ 0.5 \
Po Power Dissipation 1.5 wW
TsoLDER Soldering Temperature Time 260-10 °C - sec
Tstrg Storage Temperature - 65~125 °C
Topr Operating Temperature 0~70 °C
220

TOSHIBA CORP.

EXHIBIT 1009 - PAGE 0220



READ OPERATION

AC/DC RECOMMENDED OPERATING CONDITIONS

TC574096D-10,-120,-150

SYMBOL CHARACTERISTIC TC574096D - 10 TC574096D - 120 TC574096D ~ 150
Ta Ambient Temperature 0~70°C
| Ve Vce Power Supply Voltage 5V 5% ] 5V 10%
Vep Vpp Power Supply Voltage OV~Vcc + 0.6V
DC CHARACTERISTICS
i = b= =] ES %+ MIN. TYP. MAX. B
I Input Current Vin=0~Vcc et - 10 A
: f=8.3MHz — — 60
lccon . CE=0V
Operating Current louT = OMA f=10MHz — — 70 mA
lccoz f=1MHz — - 30
lecst standby Current f: Vi — — ! mA
lccs2 CE=Vcc— 0.2V — - 100 uA
ViH Input High Voltage - 2.2 - Vec+0 \
Vi input Low Voltage — -0.3 — 0.8 \
Voo Output High Voltage loy = —400uA 2.4 - - \
Vol Output Low Voltage loL=2.1TmA — - 0.4 \
lpp1 Vep Current Vpp = OV~Vcc + 0.6V — - +10 HA
ILo Ouptut Leakage Current VouTt=0.4V~Vcc - — +10 HA
SYMBOL CHARACTERISTIC TC574096D — 10 TC574096D — 120 TC574096D — 150 UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tacc Address Access Time - 100 - 120 - 150
tce CTE to Output Valid - 100 - 120 - 150
tog OE to Output Valid - 50 - 60 - 70
toe1 TE to Output in High-Z - 50 - 50 - 60 e
toF2 OE to Output in High-Z - - 50 - SO - 60
toH Output Data Hold ﬁ"ime (o} - 0 - 0 -

TC574096D — 10 satisfies characteristics of TC574096D —~ 120/ 150

AC TEST CONDITIONS

Ouput Load

Input Pulse Rise and Fall Times

Input Pulse Levels

1 TTL Gate and Cr=100pF

: 10ns Max.
0.45V to 2.4V

Timing Measurement Reference Levels: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V
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TC574096D-10,-120,-150

CAPACITANCE *(Ta=25°C, f=1MHz)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=0V - 10
pF
Cout Output Capacitance Vout= 0V — 10 12
* This characteristic is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
AO~A17 X X
ton
1 tce
CE
t Tor
OF
-
Tor2
tacc -
. - HIGH -Z
DO~D15 tieH- 2 %{ DATA OUTPUTS W?—
"
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HIGH SPEED PROGRAM OPERATION

pC RECOMMENDED OPERATING CONDITIONS

TC574096D-10,-120,-150

+0.30V)

r——57MBOL CHARACTERISTIC MIN. TYP. MAX. UNIT
fV,H Input High Voltage 2.2 - Vee+ 1.0 \%
ViL Input Low Voltage -0.3 - 0.8 \%
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 \%
DC AND OPERATING CHARACTERISTICS (Ta=2515°C,Vcc=6.25V10.25V,Vpp=12.50V
. SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current Vin=0~Vcc - - +10 uA
VoH Output High Voltage lon= —400uA 2.4 - -
VoL Output Low Voltage loL=2.1mA - - 0.4
lce Vee Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp=12.8V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Vocc=6.26V10.25V, Vpp=12.50V £ 0.30V)
SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - HS
tan Address Hold Time - 2 - - Hs
tces CE Setup Time - 0 - - us
tcen CE Hold Time - 0 - - PP
toes OE Set up Time - 2 - us
tos Data Set up Time - 2 - - HS
toH Data Hold Time - 2 - - us
tvps Vpp Set up Time - 2 - - uS
tves Vce Set up Time - 2 - - Hs
tpw Program Pulse Width - 45 50 55 us
toe OE to Output Valid CE=Viy - - 100 ns
torp OE to Output in High-Z CE=Vu - - 30 ns

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level

1 TTL Gate and Cp,=100pF

10ns Max.

0.45V to 2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC574096D-10,-120,-150

TIMING WAVEFORMS (PROGRAM)
HIGH SPEED PROGRAM OPERATION
AO0~A17
X X
tas tan,
TE tPw -L ' 3%
\};_z/ tcen : : <lCES_
toes - torp
oF /‘_
o
. tos ton toe -
D0~D15 Din STABLE 'ZL Dout VALID }——
Vep
« tvps
v
cc j tycs PROGRAM PROGRAM VERIFY

Note 1. Ve must be applied simultaneousl

after Vpp.

2. Removing the device from socket and
Vpp=12.50V may cause Permanent damage

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot

y or before Vpp and cut off simultaneously or

setting the device in socket with
to the device.

voltage of its pulse should not be exceeded 14V.
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— ’ TC574096D-10,-120,-150

ERASURE CHARACTERISTICS

The TC574096D’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (Ultraviolet light intensity [W/cm2] X exposure time [sec.]) for erasure should be a minimum
of 15 [W -sec./cm?2] .

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of
lcm from the lamp surface, the erasure will be achieved within 60 minutes. And using commercial
lamps whose ultraviolet light intensity is a 12000 [«W/cm2] will reduce the exposure time to about
20 minutes. (In this case, the integrated dose is 12000 [4W/cm2] X (20 X 60) [sec]l==15[W - sec./cm?2].)

The TC574096D’s erasure begins to occur when exposed to light with wavelength shorter than
4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength components.
Therefore when used under such lighting for exfended periods of time, the opaque seals - Toshiba
EPROM Protect Seal AC906 - are available.

OPERATION INFORMATION .

The TC574096D’s six operation modes are listed in the following table.
Mode selection can be dchieved by applying TTL level signal to all inputs.

ooe PINNAMES | OF Vpp Vee DO~D15 POWER
Read Read L ‘L Data Out Active !
Operation Output Deselect * H 5V 5V High Impedance
Standby H * Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50V | 6.25V High Impedance Active
(Ta=25%5°) Program Verify * L Data QOut

Note : H; Vig, L : Vi, * : Vg or Vq,
READ MODE

The TC574096D has two control functions. The chip enable (CE) controls the operation power
and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=O0OE=Vjy, the output data is wvalid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tacc).

Assuming that CE=Vyy, and all addresses are valid, the output data is valid at the outputs
after tog from the falling edge of OE. ' '
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TC574096D-10,-120,-150 . —

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=Viy, the outputs will be in a high impedance state. So two or
more TC574096D’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC574096D has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC574096D is placed in the standby mode which reduce the
operating current to 100xA by applying MOS-high level (Vce) and then the outputs are in a high

impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC574096D are in the “1” state which is
erased state. Therefore the program 6peration is to introduce “0’s” data into the desired bit
locations by electrically programming. The TC574096D is in the programming mode when the Vpp
input is at 12.50V and CE is at Low under OE=VIg.

The TC574096D can be programmed any location at any time either individually, sequentially,

or at random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.

The verify is accomplished with OFE at ViL..

PROGRAM INHIBIT MODE

Under the condition that the program voltage (-+12.50V) is applied to Vpp terminal, a high
level CE and OE input inhibits the TC574096D from being programmed.

Programming of two or more TC574096D’s in parallel with different data is easily accomplished.
That is, all inputs except for CE and OFE may be commonly connected, and a low level program
pulse is applied to the CE of the desired device only and high level signal is applied to the other

devices.
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TC574096D-10,-120,-150

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.50V) is applied to the Vpp terminal with Vgc=6.25V.

The programming is achieved by applying a single low level 50us pulse to the CE input after
addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 50us is applied and then
the programmed data is verified. This should be repeated until the program operates correctly
(max. 25 times).

After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with

Vee=Vpp=5V.

2217

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0227




TC574096D-10,-120,-150

HIGH SPEED PROGRAM MODE
FLOW CHART

ADDRESS = START ADDRESS —l

!

YES

PROGRAM 50us PULSE ]

|

| X=X+1 |

YES
NG VERIFY
Y
ADDRESS = OVERPROGRAM X PULSES OF 50.us
NEXT ADDRESS OR ONE PULSE OF 50X ~s DURATION

A

NO

LAST ADDRESS?

Vpp = 5.0V

READ ALL BYTE

NG ( FAIL )

228

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0228



ELECTRIC SIGNATURE MODE

TC574096D-10,-120,-150

Electric signature mode allows to read out a code from TC574096D which identifies it’s
manufacture and device type.

The programming equipment may read out manufacturer code and device

TC574096D by using this mode before program operation and automatically set program voltage
(Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to Vi, in read operation.

Data output in this conditions is manufacturer code.

Device code is identified when address AO is set to ViH.

These two codes possess an odd parity with the parity bit of (D7).
The following table shows electric signature of TC574096D.

code from

PINS HEX
A D D D D D D D D D D D D D D D D
SIGNATURE 0 15 D14 D13 | D12 D11 | Do | Do 8 71 De 5 4 3 2 1 ol bATA
Manufacturer Code ViL * * * * * * 1 0 o] 1 1 0 0 0 *+98
Device Code Vin * * * * * * * 0 0 0 0 1 1 1 0 *+0E
Notes : A9=12V£0.5V, *:Don’t care
A1—Ag, Ajo—Ay17, CE, OE=Vy,
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC578200D-150,-200

8MEGA BIT (524,288 WORD x 16BIT/ 1,048,576 WORD x 8BIT)
CMOS U.V. ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC578200D is a 8,388,608 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. It is organized as 512K words of 16 bit or 1M words of 8 bit.-
The TC578200D is compatible with 42 pin 8M bit Mask ROM. This product is packed in 42 pin
standard cerdip package. The TC578200D is fabricated with the CMOS technology. Advanced
circuit techniques provide both high speed and low power features with access time of 150ns/200ns
and a maximum operating current of 60mA /6.7MHz. The programming time of the TC578200D
except overhead times of EPROM programmer is only 53 seconds by using the high speed
programming algorithm.

FEATURES
® Peripheral circuit : CMOS e Low power dissipation
Memory cell : NMOS Standby : 100A
e TFast access time ® Full static operation
(Vece=5V+10%, Ta=0~70°C) e Input and output TTL compatible
TC578200D - 150 : 150ns ® Three state output
TC578200D — 200 : 200ns e High speed programming operation : tpw 50us
L Single 5V power supply e 8M MROM compatible pinout : TC538200P
e Standard 42 pin DIP cerdip package : WDIP42—-G —600B
PIN CONNECTION PIN NAMES
(TOP VIEW) (Refifnce)
A18 1 ~ a2 %N-C- A18 [ 1 42 %ZBC AO0~A18 |Address input
2 41 A8 a7 32 41
2‘1/7 s 40 []AS9 A7 O3 40 [JA9 DO~D14 | Qutput (Input)
a6 [a 39 [JA10 A6 04 39 HAI10 CE Chip Enable Input
As O5s 38 pJAn As L5 38 QAN —
Aa 6 37 fJA12 Aa (16 37 JA12 OE Output Enable Input
A3 07 36 [JA13 A3 O7 36 [JA13
A2 Os8 35 [JA14 A2 Os 35 hAala D15/ A 1 | Output (Input)
A1 Oo 34 [JA1S A1 Oo9 34 [1A15 / Address Input
Ao [0 33 QA16 Ao [0 10 33 [JA16 o w Byte select Input
204l BB, £ 0N BR[| e e
vss [ 12 31 [Vss vss 012 31 [Vss g pply g
Ot O 13 30 O D15/A-1 ©OE [13 30 OQD15/A-1 Vee Vcc Supply Voltage
po [}1a 29 D7 po O1a 29 {07
ps 015 28 [ID14 pg [ 15 28 [1D14 Vss Ground
p1 16 27 [1D6 D1 16 27 [1D6 N.C. No Connection
p9 0117 26 [1D13 p9 17 26 [OD13
p2 18 25 [DS5 p2 []18 25 [IDS
pio {19 24 [JD12 p1o [ 19 24 [JD12
p3 {20 23 JD4 p3 [} 20 23 [ID4
D11 [ 21 22 [Vecc D11 0 21 22 [1Vcc
TC578200D 8M Mask ROM
: TC538200P
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BLOCK DIAGRAM

Do

—

-TC578200D-150,-200

1
BYTE O] HoeE T BE i
BYTE, CE, OE CIRCUIT T OUTPUT BUFFERS
OE o— ' ‘
]
CE O— :
- -
A-1 O
g COLUMN 512 COLUMN 11O
AQ O/ .
ADDRESS DECODER CIRCUIT
S BUFFERS 1
11 ROW 2048 MEMORY CELL
< S, ARRAY
DECODER 524,288 x 16 BITS
Al18 O—
MODE SELECTION
PINS | == | 5= | BYTE _ - D15
MODE CE | OE / Ve Vce DO~D7 D8~D14 JA1 Power
Read (16 Bit) L L H Data Out
i L
Read (Lower 8B8it) L L L Data Out High Impedance
( Lower 8 Bit)
Read (Upper 8Bit) L L L Data Out' High impedance H Active
sV (Upper 8 Bit)
QOutput Deselect L H H High Impedance
L High Impedance *
Standby H * H High Impedance Standby
L High Impedance *
Program L H Data In
Program Inhibit H 12,5V | 6.25V High Impedance Active
Program Verify * L Data Out
Note: H -V, L=V, =*=---ViHq or VL
MAXIMUM RATINGS
SYMBOL CHARACTERISTIC RATING UNIT
Vee Vce Pawer Supply Voltage -0.6~7.0
Vpp Program Supply Voltage -0.6~14.0 \Y
VN Input Voltage -0.6~7.0 \Y
Vin (A9) Input Voltage (A9) - 0.6~13.5 \Y)
Vi/o Input/ Output Voltage - 0.6~Vcc + 0.5 Y
Pp Power Dissipation 1.5 w
TSoLDER Soldering Temperature - Time 260-10 °C- sec
TsTRG Storage Temperature - 65~150 °C
Torr Operating Temperature 0~70 °C
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TC578200D-150,-200

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT
\™ Input High Voltage 2.2 - Vee+ 0.3
VL Input Low Voltage -0.3 - 0.8
Vce Vcc Power Supply Voltage 4.50 5.00 5.50
D.C. AND OPERATING CHARACTERISTICS (Ta =0~70°C)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current Vin = 0V~Vce - - £10 LA
lccon CE=0V loyt=0mA f=6.7MHz - - 60 mA

Operating Current
lccoz CE=0V loyr=0mA f= 1MHz - - 40 mA
lccsa CE=Viy - - 1 mA
Tecsa Standby Current TE=vee—o0.2v ~ _ 100 A
Vo Qutput High Voltage lon = —400uA 2.4 - - v
VoL Qutput Low Voltage lor=2.1mA - - 0.4 \
lppy Vpp Current Vpp=0V~Vcc+ 0.6V - - +£10 A
Lo Output Leakage Current Vourt=0.4V~Vcc - - +10 A
A.C. CHARACTERISTICS (Ta=0~70°C)

SYMBOL CHARACTERISTIC MINA— 15?\/IAX. NIIN._ ZOOMAX' UNIT
tacc Address Access Time - 150 - 200 ns
tce | CE to Output Vvalid - 150 - 200 ns
toE OE to Output Valid - 70 - 70 ns
tpE1 CE to Output in High Impedance 0 60 0 60 ns
tor2 OF to Output in High Impedance 0 60 0 60 ns
ton Output Data Hold Time 0 - 0 - ns
taT BYTE to Qutput Valid - 150 - 200 ns
taTD BYTE to Output in High Impedance - 70 - 70 ns
- A.C. TEST CONDITIONS

- Output Load 1 TTL Gate and CL = 100PF

- Input Pulse Rise and Fall Time 10ns Max

- Input Pulse Levels : 0.45V and 2.4V

- Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V
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CAPACITANCE * (Ta =25°C, f=1MHz2)
SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
Cint Input Capacitance Vin=0V ! - 6 10 pF
Cinz Input Capacitance (BYTE/Vpp) Vin= 0V - - 110 120 pF
Cout Output Capacitance Vout =0V - 10 12 pF

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS

WORD - WIDE READ MODE

R L /////////////
= Th— L /// A

Note: BYTE/Vpp=V|H
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

TC578200D-150,-200

sYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vee+ 1.0 v
ViL Input Low Voltage -0.3 - 0.8 \%
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \
I
Vpep Vpp Power Supply Voltage 12.20 12.50 12.80 v

D.C. AND OPERATING CHARACTERISTICS (Ta=25*5°C, Vcc =6.25%0.25V, Vpp=12.50+0.30V)

4

S

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current VIN=0V~Vcc - - +10 A
Vor Output High Voltage lop = — 400uA 2.4 - - \
Vou Output Low Voltage lor=2.1TmA - - 0.4 \2
B lec Vee Supply Current - - - 40 mA
[ lpp2 Vpp Supply Current Vpp=12.8V — — 50 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=251%5°C, Vcc=6.25+0.25V, Vpp=12.50%0.30V)
SYMBOL CHARACTERISTIC ’ TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - 73
taH Address Hold Time - 2 - - us
tces CE Setup Time - 0 - - #S
tCEH CE Hold Time - o] - - “s
toEs OE Setup Time - 2 - - PP ‘
tps Data Setup Time - 2 - - us
tpH Data Hold Time - 2 - — us
tups Vpp Setup Time - 2 - - s ? .
tycs Vcce Setup Time - 2 - - “S ,l
tew | Program Pulse Width - as 50 55 s H
topw Overprogram Pulse Width Note 1 45 50 55 HS !5
toe OE to Output Valid CE=Vy - - 150 ns
toFp OFE to Output in High Impedance CE=Vy - - 90 ns
1oy

- A.C. TEST CONDITIONS
- Output Load
- Input Pulse Rise and Fall Time

1 TTL Gate and CL = 100PF '
: 10ns Max 1
::0.45V and 2.4V
: input 0.8V and 2.2V, Output 0.8V and 2.0V

- Input Pulse Levels
- Timing Measurement Reference Level

Note 1 : topw depends on the program pulse width which is required in the initial program.
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TIMING WAVEFORMS

HIGH SPEED PROGRAM OPERATION

AO~ATS - X | X

tas tpw tan
" ‘topwr
CE RCOXHKHXX XXX XXX X
N | N /] Y e
toes toFp
tos toH
toe
D0~b15 g Dy STABLE E <_ Dout VALID AE————
tves
BYTE/ Vpp 2
| tvcs

Vce /

PROGRAM PROGRAM VERIFY

Note: 1. V¢ must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

2. Removing the device from socket and setting the device in socket with

Vpp=12.50V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation. So the
voltage over 14V should not be applied to the Vpp terminal. When the
switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of
its pulse should not be exceeded 14V.
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ERASURE CHARACTERISTICS

The TC578200D’s erasure is achieved by applying shortwave ultraviolet light which has a

wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (ultraviolet light intensity [W /cm?2] X exposure time [sec.]) for erasure should be a minimum of
15 [W - sec/ cm?2].

When the Toshiba sterilizing lamp GL - 15 is used and the device is exposed at a distance of

icm from the lamp surface, the erasure will be achieved within 60 minutes. And using
commercial lamps whose ultraviolet light intensity is a 12000 [4«W / cm2] will reduce the exposure
time to about 20 minutes. (In this case, the integrated dose is 12000 [«W /cm2] X (20X 60) [sec]l=15
" [W-sec/cm?2].)
The TC578200D’s erasure begins to occur when exposed to light with wavelength shorter than
4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength components.
Therefore when used under such lighting for extended periods of time, the opaque seals —Toshiba
EPROM Protect Seal AC907 — are available. )

OPERATION INFORMATION

The TC578200D’s eight operation mode are listed in the following table. Mode selection can
be achieved by applying TTL level signal to all inputs.

PINS| = | 5 | BYTE D15
~ ~ P
MODE E Bl ver Vee DO~D7 D8~D14 JA1 ower
Read (168Bit) L L H Data Out
i L
Read (Lower 8 Bit) L L L Data Out. High Impedance
(Lower 8 Bit)
i d Active
Read (Upper 8 Bit) L L L Data Out High Impedance H ctiv
5V (Upper 8 Bit)
i 1 d e
Output Deselect L H H High Impedanc
L High Impedance l *
Standby H | = H High Impedance Standby
L High Impedance l *
Program L H ) Data In
Program Inhibit H H 12.5V | 6.25V : High Impedance Active
Program Verify * L Data Out '

Note: H Vi, L=V, = Vg or Vi
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READ MODE

The TC578200D has the BYTE / Vpp terminal that selects word — wide output and byte — wide
output. When W/Vpp is set to V4, the word — wide output is selected, and D15/ A —~1 pin is
used for D15 data output. ‘

When BYTE /Vpp is set to ViL, the byte — wide output is selected, and D15/A —1 pin is used
for A —1 address input. When A -1 is set to VL in this condition, the data output is selected
lower 8 bits of the 16 bit data which has been programmed. When A -1 is set to Vg, the data
output is selected upper 8 bits.

The TC578200D has two control function. The chip enable (CE) controls the operation power
and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=0E =V, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tacc). Assuming that CE=ViL and all addresses are valid, the
output data is valid at the outputs after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Viy or OE =Vyy, the outputs will be in a high impedance state. So two
or more TC578200D’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC578200D has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC578200D is placed in the standby mode which reduces the
operating current to 100uxA by applying MOS - high level (Vcg) and then the outputs are in a high
impedance state, independent of the OE input. ’
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PROGRAM MODE

Initially, when recieved by customers, all bits of the TC578200b are in the “1” state which is
erased state. Therefore the program operation is to introduce “0’s” data into the desired bit
location by electrically programming. The TC578200D is in the programming mode when the Vpp
input is at 12.50V and CE is at TTL —Low under OE =VTi. Data to be programmed must be
applied 16 bits in parallel to the data pins.

The TC578200D can be programmed any location at anytime either individually, sequentially,

or at random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE at ViL. The programmed data should be compared with
the original word-wide (16 bit) data. ’ ‘

PROGRAM INHIBIT MODE

Under the condition that the program voltage (12.50V) is applied to Vpp terminal, a high level
CE input inhibits the TC578200D from being programmed. Programming of two or more EPROMs
in parallel with different data is easily accomplished. That is, all inputs except for CE and OE
may be commonly connected, and a TTL low level program pulse is applied to the CE of the
desired device only and TTL high level signal is appliedvto the other devices.

HIGH SPEED PROGRAM MODE

The device is set up the high speed programming mode when the programming voltage
(12:50V) is applied to the Vpp terminal with Vgg=6.25V. The programming is achieved by
applying a single TTL low level 50us pulse to the CE input after addresses and data are stable.
Then the programmed data is verified by using Program Verify Mode. If the programmed data is
not correct, another program pulse of 50us is applied and then the programmed data is verified.
This should be repeated until t,hevprogrém operates correctly(max. 25 times).

. After correctly programming the selected address, the overprogram pulse of same length that
needed for initial programming should be applied. When programming has been completed, the

data in all addresses should be verified with Vcc=Vpp=5V.
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HIGH SPEED PROGRAM MODE

FLOW CHART

( START )

I
ADDRESS =
START ADDRESS -
1
Vee=6.25V
BYTE/ Vpp = 12.50V

YES

DATA = FFFF?

| ik |

I PROGRAM 50 us PULSE l

L X=X+1 I

ADDRESS = OVERPROGRAM X PULSES OF 50 us
NEXT ADDRESS OR ONE PULSE OF 50X us DURATION
ey

NO

LAST ADDRESS 2
YES

Ve = 5.0V
BYTE/ Vpp = 5.0V

) ~< FAIL )

C PASS )
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ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC578200D which identifies its
manufacturer and device type. The programming equipment may read out manufacturer code and
device code from TC578200D by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.

Electric signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to VIL in read operation. Data output in this condition is manufacturer code.
Device code is identified when address AQ is set to Vii. These two codes possess an odd parity
with the parity bit of (ID7).

The following table shows electric signature of TC578200D.

PINS HEX
SIGNATURE A0 |D15 | D14 | D13 |D12{ D11 | D10 | D9 D8 D7 D6 DS D4 D3 D2 D1 DO DATA
Manufacturer Code | V) * * * * * * * * 1 0 [s] 1 1 0 0 0 **98
Device Code Ve | * * * * - * * I 0 0 1 1 1 0 o | *~1cC

Note: A9 = 12.0V 0.5V * Don’tcare

"A1-AS8, A10-A18, CE, OE=V|_
BYTE / VPP = Viy
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC5716200D- 150,-200 ~

16MEGA BIT (1,048,576 WORD x 16BIT /2,097,152 WORD x 8BIT)
CMOS U.V. ERASABLE AND ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC5716200D is a 16,777,216 bit CMOS ultraviolet light erasable and electrically
programmable read only memory. It is organized as 1M words by 16 bits or 2M words by 8 bits.
The TC5716200D is compatible with 42 pin 16M bit Mask ROM. This product is packed in 42 pin
standard cerdip package. The TC5716200D is fabricated with the CMOS technology. Advanced
circuit techniques provide both high speed and low power features with access time of 150ns/ 200ns
and a maximum operating current of 60mA /6.7MHz. The programming time of the TC5716200D
exc>ept overhead times of EPROM programmer is only 52 seconds by using the high speed
programming algorithm.

FEATURES
® Peripheral circuit : CMOS ® Low power dissipation
Memory cell : NMOS e Standby : 100A
® TFast access time ® Full static operation
(Vecec=5V*10%, Ta=0~70°C) e Input and output TTL compatible
TC5716200D - 150 : 150ns ® Three state output
TC5716200D - 200 : 200ns ® High speed programming operation : tpw 25us
® Single 5V power supply ® 16M MROM compatible pinout : TC5316200P
® Standard 42 pin DIP cerdip package: WDIP42—-G—600B
PIN CONNECTION _ PIN NAMES
(TOP VIEW) (Reference)
ats 01~ a2 a9 ats 01~ 421 ar9 A0~A19 | Address Input
A7 [J2 410 As A17 02 4100 A8 DO~D14 | Output (Input)
A7 3 a0l A9 A7 O3 40l A9 > —put i npy
A6 [a 39'0 A10 A6 [a 390 A10 CE Chip Enable Input
As s 381 A11 As [Is 381 A11 OF Output Enable Input
A4 Os 370 A12 A4 [s 37 A12 Output Input)
A3 07 36 1 A13 A3 []7 361 A13 D1S/A—=1 utput {inpu
A2 Es 35 % Ala A2 Ea 35 % Al4 / Address Input
A1 Qo 34U A15 A1 U9 34 A15 Word, Byte select Input
Ao 010 330 Ale A0 10 330 A16 BYTE/Vpp /pr a);n Supply Voltage
TE 011 32 1 BYTE/Vpp e [ 11 321 BYTE ogr PPy
GND [J12 310 GND GND [12 310 GND Vee Vcc Supply Voltage
OE Q13 30 D15/A-1 OE 13 300 D15/A-1 Vss Ground
po O1a 290 p7 po [}1a 290 b7
p8 [1s 28 D14 p8 [0 1s 28] D14
D1 Q186 27 D6 D1 H1s 27 D6
p9 017 26 1 D13 p9 17 26 [1 D13
p2 [J1s 251 ps p2 018 250 ps
p1o [ 19 241 D12 p1o 019 24 D12
p3 (20 230 pa D3 020 23 pa
D11 21 221 vpp p11 [ 21 22 Voo
16M Mask ROM
TC5716200D TC5316200p
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BLOCK DIAGRAM

TC5716200D-150,-200

Vpp Vss Vee D15 TN DO
N S SR e S
oO—é— — i
BYTE BYTE, CE, OE CIRCUIT ' OUTPUT BUFFERS
OE ©O—] ! S
]
CTE o— i
- - - - - - - - e - - = -
r 1
AT 10 | coLumn 1024 COLUMN 1/O
AQ OT—
ADDRESS DECODER CIRCUIT
S BUFFERS 4
11 ROW 2048 MEMORY CELL
o ARRAY
DECODER 1,048,576 x 16 BITS .
A19 O—
MODE SELECTION
PINS | == | == | BYTE D15 '
~ ~D14 P
MODE E | OE / Vop Vcc DO~D7 D8 A1 ower
Read (16 Bit) L L H Data Out
. i L
Read (Lower 8Bit) L L L Data Out{ High Impedance
( Lower 8 Bit)
- ; .
Read (Upper 8 Bit) L L L Data Out. High Impedance H Active
5V (Upper 8 Bit)
Output Deselect L H H High Impedance
L High Impedance *
Standby H * H High Impedance Standby
: L High Impedance *
Program L H Data In
Program Inhibit H H 12.5V | 6.25V High Impedance Active
Program Verify * L Data Out
Note: H=V|y, L=V, *=V|q or VL
MAXIMUM RATINGS .
SYMBOL ITEM RATING UNIT
Vce Ve Power Supply Voltage -0.6~7.0 \Y
Vpp Program Supply Voltage -0.6~14.0 \Y%
Vin Input Voltage -0.6~7.0 A\
Vin (A9) Input Voltage (A9) - 0.6~13.5 \
Vijo Input/ Output Voltage - 0.6~Vcc+ 0.5 v
Po Power Dissipation 1.5 w
TsOLDER Soldering Temperature - Time 260-10 °C-sec
TsTRG Storage Temperature - 65~150 °C
Torr Operating Temperature 0~70 °C
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READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vee+0.3 v
Vi Input Low Voitage -03 - 0.8 \%
Vee Ve Power Supply Voltage 4.50 5.00 5.50 v
D.C. AND OPERATING CHARACTERISTICS (Ta=0~70°C)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
lu Input Current ViN=0V~Vce - - +10 HA
Iccor TE=0V loyr=0mA f=6.7MHz - - 60 mA

Operating Current -
Iccoz TE=0V lour=0mA f=1MHz - - 30 mA
leesa CE=Viy - - 1. mA
Standby Current
lecs2 TE=Vce-0.2V - - 100 uA
VoH Output High Voltage lon = — 400.A 2.4 - - \'4
Vot Output Low Voltage loL=2.1TmA - - 0.4 2
lep1 Vpp Current Vpp = 0V~Vcc + 0.6V - - £10 2A
Lo Output Leakage Current VouTt=0.4V~Vcc - - +10 HA
A.C. CHARACTERISTICS (Ta=0~70°QC)

SYMBOL PARAMETER IO =150 el v =200 A UNIT
tace Address Access Time - 150 - 200 ns
tce CE to Output Valid - 150 - 200 ns
toe OE to Output Valid - 70 - 70 ns
tor CE to Output in High Impedance 0 60 0 60 ns
tor2 OE to Output in High impedance 0 60 0 60 ns
ton Output Data Hold Time 0 - 0 - ns
tar BYTE to Output Valid - 150 - 200 ns
tgTD BYTE to Output in High Impedance - 70 - 70 ns

« A.C. TEST CONDITIONS
- Qutput Load

- Input Pulse Rise and Fall Time

- Input Pulse Levels

: Timing Measurement Reference Level

1 TTL Gate and CL = 100PF

10ns Max

: 0.45V and 2.4V
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CAPACITANCE * (Ta =25°C, f=1MHz)

TC5716200D-150,-200

SYMBOL PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
Cina Input Capacitance Vin = 0V - 6 10 pF
Cinz Input Capacitance (BYTE/ Vpp) Vin= 0V - 110 120 pF
CouTt Output Capacitance Vourt =0V - 10 12 pF

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS

WORD - WIDE READ MODE

AO0~A19 X

X

ton

-t

T

NN

toF

T

tacc

tor2 _

High Z
DO~D15 J\M

Dout VALID

Note: BYTE/Vpp=ViH
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BYTE — WIDE READ MODE

“ ANy
ERNNTNN —

DDDDD

X

[T

High z

T

ooooooooo

High z

High z

DDDDD

X7 ooen v
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

TC5716200D-150,-200

rSYfMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vee+ 1.0 \Y
ViL Input Low Voitage -03 - 0.8 v
Ve Vcc Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 v

D.C. AND OPERATING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25%+0.25V, Vpp=12.50£0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current Vin = 0V~Vcce - - +10 HuA
VoH Output High Voltage lon = —400uA 2.4 - - \%
VoL Output Low Voltage lor=2.1TmA - - 0.4 \
lec Vcc Supply Current - T - 40 mA
lpp2 Vpp Supply Current Vpp = 12.8V - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25+0.25V, Vpp=12.501£0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - y73
taH Address Hold Time - 2 - - “s
tces CE Setup Time - o] - - “S
tcen CE Hold Time - 0 - - “S
toEs OE Setup Time - 2 - - uSs
tps Data Setup Time - 2 - - “s
tpH Data Hold Time - 2 - - us
tvps Vpp Setup Time - 2 - - “s
tvcs Vee Setup Time - 2 - - uS
tpw Program Pulse Width - 22.5 25 27.5 Hus
topw Overprogram Pulse Width Note 1 22.5 25 27.5 us
toe OE to Output Valid CE=Vn - - 150 ns
tpep OF to Output in High Impedance CE=ViH - - 90 ns

- A.C. TEST CONDITIONS

- Output Load
- Input Pulse Rise and Fall Time

- Input Pulse Levels

- Timing Measurement Reference Level

Note 1:

topw depends on the program pulse

10ns Max

:-0.45V and 2.4V
: Input 0.8V and 2.2V, Output 0.8V and 2.0V

: 1 TTL Gate and CL = 100PF

width which is required in the initial program.
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TIMING WAVEFORMS

HIGH SPEED PROGRAM OPERATION

AO0~A19 X

tas tew taH
topw o
== RXKHKARXXHKIXXX XXX
g N Y e, IR e
toes torp
OF
tps toH x /
toe.
Do~D15 7 Din STABLE ( 7— D VALID —‘E————'
—\ IN / \L ouT
tves
BYTE/ Vpp 2
tvcs
Vee /
PROGRAM PROGRAM VERIFY

Note: 1. V¢ must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

2. Removing the device from socket and setting the device in

Vpp=12.50V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation. So the

voltage over 14V should not be applied to the Vpp terminal.

switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of

its pulse should not exceed 14V.
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ERASURE CHARACTERISTICS

The TC5716200D’s erasure is achieved by applying shortwave ultravioclet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. Then integrated
dose (ultraviolet light intensity [W/cm2] X exposure time [sec.]) for erasure should be a minimum of
15 [W - sec/cm?2].

When the Toshiba sterilizing lamp GL - 15 is used and the device is exposed at a distance of
lcm from the lamp surface, the erasure will be achieved within 60 minutes. And wusing

commercial lamps of which ultraviolet light intensity is a 12000 [«W /cm?2] will reduce the exposure
time to about 20 minutes. (In this case, the integrated dose is 12000 [«W /cm2] X (20X 60) [sec]=15
[W - sec/cm2].)
The TC5716200D’s erasure begins to occur when exposed to light with wavelength shorter than
4000A. The sunlight and the fluorescent lamps will include 3000~4000A wavelength components.
Therefore when used under such lighting for extended periods of time, the opaque seals - Toshiba
EPROM Protect Seal AC907 — are available.

OPERATION INFORMATION

The TC5716200D’s eight operation modes are listed in the following table. Mode selection can
be achieved by applying TTL level signal to all inputs.

PINS | == | s | BYTE — D15
MODE E |OF / Vo Vee DO~D7 D8~D14 JA—1 Power
Read (168Bit) L L H - Data Out
i L
Read (Lower BBit) L L L ) Data Out' High Impedance
( Lower 8 Bit)
igh H Active !
Read (Upper 8 Bit) L L L Data Out. High Impedance \% ;
5V ( Upper 8 Bit) it
Output Deselect L H H High Impedance '
L High Impedance l * 1
standby H | » H Hfgh Impedance : standby ' i
L High Impedance l * |
Program L H Data In g
Program Inhibit H ! H | 125V | 6.25Vv High Impedarce Active ‘
Program Verify * L Data Qut i

Note: H=V|q, L=V, *=Viq or VL ) :
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READ MODE

The TC5716200D has the BYTE / Vpp terminal that selects word — wide output or byte —wide
output. When BYTE / Vpp is set to Vi, the word — wide output is selected, and D15/A —~1 pin is
used for D15 data output.

When BYTE / Vpp is set to VL, the byte — wide output is selected, and D15/ A -1 pin is used
for A —1 address input. When A -1 is set to VipL in this condition, lower 8 bits of the 16 bit data
which has been programmed are selected. When A -1 is set to Vi1, upper 8 bits are selected.

The TC5716200D has two control functions. The chip enable (CE) controls the operation power
and should be used for device selection. The output enable (OE) contfols the output buffers,
independent of device selection. Assuming that CE=0E=ViL; the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (taAcc) - Assuming that CE=VL and all addresses are valid, the
output data is valid at the outputs after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=ViH, the outputs will be in a high impedance state. So two
or more TC5716200D’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC5716200D has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC5716200D is placed in the standby mode which reduces ‘the
operating current to 100«A by applying MOS - high level (Vce) and then the outputs are in a high
impedance state, independent of the OE input. ’
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— TC5716200D-150,-200

PROGRAM MODE

Initially, when recieved by customers, all bits of the TC5716200D are in the “1” state which is
erased state. Therefore the program operation is to introduce “0” data into the desired bit location
by electrically programming. The TC5716200D is in the programming mode when the Vpp input
is at 12.50V and CE is at TTL —Low under OE=Viy. Data to be programmed must be applied 16
bits in parallel to the data pins.

Data can be programmed in any locations at anytime either individually—, sequentially, or at

random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE at Vir. The programmed data should be compared with
the original word-wide (16 bit) data. ’

PROGRAM INHIBIT MODE

Under the condition that the program voltage (12.50V) is applied to Vpp terminal, a high level
CE input inhibits the TC5716200D from being programmed. Programming of two or more
EPROMs in parallel with different data is easily accomplished. That is, all inputs except for CE
and OF may be commonly connected, and a TTL low level program pulse is applied to the CE of
the desired device only and TTL high level signal is applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is subjected to the high speed programming mode when the programming voltage
(12.50V) is applied to the Vpp terminal with Vcc=6.25V. The programming is achieved by
applying a single TTL low level 25us pulse to the CE input after addresses and data are stable.
Then the programmed data is verified by using Program Verify Mode. If the programmed data is

not correct, one more program pulse of 25us is applied and then the programmed data is verified.

This should be repeated until the program operates correctly(max. 25 times).

After correctly programming the selected address, the overprogram pulse of same length that
needed for initial programming should be applied. When programming has been completed, the
data in all addresses should be verified with Voc=Vpp=5V.
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TC5716200D-150,-200

HIGH SPEED PROGRAM MODE
FLOW CHART

(o
I
ADDRESS =

START ADDRESS

I

Vce=6.25V
BYTE/Vpp = 12.50V

[
YES
DATA = FFFF?
[ x|

I

i
I PROGRAM 25 us PULSE I

: I X=X+1 l
ok |
ADDRESS = OVERPROGRAM X PULSES OF 25 us
NEXT ADDRESS

OR ONE PULSE OF 25X us DURATION

NO

LAST ADDRESS ?

YES
BYTE/Vpp = 5.0V

NG }
D ALL BIT
OK

REA
C PASS
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TC5716200D-150,-200

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC5716200D which identifies its
manufacturer and device type. The programming equipment may read out manufacturer code and
device code from TC5716200D by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.

Electric signature mode is set up when 12V is applied to address line A9 and the rest of

address lines are set to VL in read operation. Data output in this condition is manufacturer code.

Device code is identified when address A0 is set to V. These two codes possess an odd parity
with the parity bit of (D7).
The following table shows electric signature of TC5716200D.

PINS HEX
SIGNATURE A0 {D1S (D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 Do DATA
Manufacturer Code | V| * * * * * * * * 1 o (.0 1 1 0 0 0 **98
Device Code Viu * * ol * * * * * 0 o] o] 1 1 0 1 0 1A

Note: A1-A8, A10-A19, CE, OE=V|., A9=12V+0.5V
BYTE/VPP =V
* Don’t care
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+2= ONE TIME PROM
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gILICON STACKED GATE MOS INTEGRATED CIRCUIT

J— TC54256AP/AF

32,768 WORD x 8 BIT COMS ONE TIME PROGRAMMABLE READ ONLY MEMORY N

DESCRIPTION

_ The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only memory,
and molded in a 28 pin plastic package. The TC54256AP/AF's access time is 200ns and
has low power standby mode which reduces the power dissipation without increasing
access time. The electrical characteristics and programming method are the same as
U.V. EPROM TC57256AD's. Once programed, the TC54256AP/AF can not be erased because
of using plastic DIP without transparent window.

« Peripheral circuit: CMOS  Inputs and outputs TTL compatible
Memory cell : N-MOS - Pin compatible with ROM TC53257P, TMM23256P,

- Low power dissipation ' EPROM TMM27256D/AD, TC57256D/AD, One time PROM
Active : 30mA/6.7MHz TMM24256P/AP and TCS54256P
Standby: 100nA * TC54256AP:DIP28-P—-600

- Fast access time: 200nms, TC54256AF : SOP28—-P-450
+ Single 5V power supply _ )

- Full static operation
- High speed programming mode BLOCK DIAGRAM]

Vop GND Vece ‘0001 02 03 02 05 06 07

R SRS S 0 I A I 1 O

280 Vge OBO— OZ amd TE

(PIN CONNECTION| (TOP VIEW)

—

¢

VerQ1l
s1z2 z7[JAl4 : EEo IRCUIT ] OUTPUT BUFFERS
A703 261413 L I ! T
A6 Q4 251 a8 AQC—T.
asOds 2¢[Daso A S| coumn | 6¢ COLUMN L0
A¢ Qs 2311 a3 2 | |opecop=r CIRCUIT
asgw 221 aco— 2 l }
az(0s 21{JA10 22?’: =3
a1 Qs 20CE a
aod1o 19 g o7 Ado @ |l mow | s mag E
codn 18306 Ry-peam - DECODER 32,768x801iTs
o101z 17os aAl1o0— A
oz 13 16H0e _ A1z o— <
Al
eND1e 15303 | yeopen
PIN NAMES) - [MODE SELECTION]
A0~ Al4 | Address Inputs PIN | CE | OE | VPP | VcC 00~ 07 POWER
00~ 07 |Outputs (Imputs) MODE (20) { (22)| (1) [(28) |(11~13,15~ 19)
CE Chip Enable Input gead =7 i ; sv | sv zat: (;Ut 1 Active
= - tput t 3 c
OE  |Output Enable Input || b —S5€°8C -8 ~Tpecsnes
Prosram Suool — {Standby H * High Impedance |Standby
Vep Vo%tage PPLY Program L H Data In
v Voc Supply Voltage Program Inhibit | H H {12.5V] 6V |High Impedance | Active
cc (+5V) Program Verify * L Data Out
GND Ground *: H or L
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y

TC54256AP/AF —
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee VCC Power Supply Vqltage -0.6A 7.0 \'
Vpp Program Supply Voltage -0.6~14.0 v
Vin Input Voltage -0.6~7.0 v
Vi/o Input/Output Voltage ~0.6 A Voct0.5 v
Pp Power Dissipation 1.5 1%
TsoLDER Soldering Temperature Time 260 - 10 °C - sec
TsTrG Storage Temperature ~65~ 125 °cC
TOPR Operating Tempera t_uré ~40~ 85 °Cc
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. UNIT
Viy Input High Voltage 2.2 - Vee+0.3
Vit Input Low Voltage -0.3 - v
Vee Vee Power Supply Vol tage 4.75 5.00
Vpp Vep Power Supply Voltage Vee-0.6 Vece Vect+0.6
D.C. and OPERATING CHARACTERISTICS (Ta=-40 ~ 85°C, VCC=5V+5%)
SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Ity Input Current VIN=0V ~ Voo - *10 HA
:zgz; Operating Current CE=0V :=:t:nzlzmz _ - ig mA
Icesi CE=Vig - 1 mA
Tocss Standby Current €f=Vcc-—0 v = To0 A
Vox Output High Voltage Iogg=-400uA 2.4 - v
VoL Output Low Voltage IoL=2.1mA - 0.4 v
Ippy Vpp Current Vpp=Vcc*0.6V - +10 nA
Iro Output Leakage Current'_ Vour=0-4V A Vee - *10 uA
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A.C. CHARACTERISTICS (Ta=—-40~ 85°C, Voo=5V£5%, Vpp=Vcct0.6V)

TC54256AP/AF

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
tacc Address Access Time CE=0E=V1y, - 200
tCE CE to Output Valid OE=V7y, - .200
ToE OE to Output Valid CE=V1y, - 70
tDF1 CE to Output in High-Z OE=Vyq, 0 60 i
tpF2 OE to Output in High-Z CE=Vyp 0 60
ton OQutput Data in Hold Time CE=OE=V11, 0 -
A.C. TEST CONDITIONS
» Output Load » : 1 TTL Gate and Cp=100pF
+ Input Pulse Rise and Fall Times ¢ 10ns Max.
+ Input Pulse Levels : 0.45VA~ 2.4V

- Timing Measurement Reference Level : Inputs 0.8V and 2.2V, OQutputs 0.8V and 2.0V

CAPACITANCE  * (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIﬁ Input Capacitance V=0V - 6 P

P
CouT Output Capacitance Vour=0V - 8 12

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

AO0~L14 x K

tox

NN\ W

Tpry |

52 N\

= W,

Lkg, Tacc TpF2

2 SIGH
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TC54256AP/AF

PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYF. MAX. UNIT
VIH Input High Voltage 2.2 - Veetl. 0
VIL Input Low Voltage -0.3 - 0.8
Vee Vcc Power Supply Voltage 5.75 6.0 6.25 v
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0
D.C. and OPERATING CHARACTERISTICS (Ta=25%5°C, Vgc=6V0.25V, Vpp=12.5V%0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
It Input Current VIN=0~ Vcc - - *10 uA
Vor Output High Voltage Iog=-400uA 2.4 - - v
VoL Output Low Voltage IorL=2.1lmA - - 0.4 \Y
Icc Vee Supply Current - - - 40 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 11.5 {12.0 |12.5 v
A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6V*0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
 tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
tcEs CE Setup Time - 0 - - ns
tceH | CE Hold Time - ) - - ns
toEs OE Setup Time - 2 - - us
tDs Data Setup Time - 2 - - us
tDH Data Hold Time - 2 - - us
typs Vpp Setup Time - 2 - - us
tycs Vee Setup Time - 2 - - . us
tpw Initial Program Pulse Width CE=ViL, OE=Vry |0.95 1 1.05 ms
tofw Overprogram Pulse Width Note 1 2.85 3 78.75 ms
toE OE to Output Valid CE=V1y - - 150 ns
torp OE to Output in High-2Z CE=VIH - - 130 ns
A.C. TEST CONDITIONS

* Output Load

* Input Pulse Rise and Fall Times

e Input Pulse Levels

+ Timing Measurement Reference Level

Note 1:
value X.

The length of the overprogram

1 TTL Gate and Cp, (100pF)

: 1l0ns Max.
: 0.45VA 2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC54256AP/AF

TIMING WAVEFORMS (PROGRAM)
(Voc=6V£0.25V, Vpp=12.5V+0.5V)

A0~14 D(

tas Trw TAH 213
CE \ torw / ToRH ‘! ‘
1o£s_| tDFP
oz N /
Tps TpH ToE

00~07

Dry STABLE ]} —f< " Dogr VALID D»—————————-

N

TvPs I

vee __//) Tves PROGRAM PROGRAM VERIFY

Note 1. Vgc must be applied simultaneously or before Vpp and cut off

simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket

with Vpp=12.5V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.

When the switching pulse vqltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC54256AP/AF

[OPERATION INFORMATION]

The TC54256AP/AF's six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

‘ PIN NAMES (NUMBER) | CE OoE | Vpp |Vcc 00 ~ 07 POWER
: MODE (20) 1 (22) | (1) ((28)|(11~ 13, 15~ 19)
i
Read L L Data Out
Read Operation - Active
. (Ta=-40~ 85°C) Output Deselect * H 5v 5V |High Impedance ‘
} Standby H * High Impedance Standby
: . Program L H Data In
Program Operation
g (Ta=25%5°C) Program Inhibit H H |12.5V} 6V |High Impedance Active
’ Program Verify * L Data Out

Note: H; VIH’ L; VIL, *; VIH or VIL

READ MODE

The TC54256AP/AF has two control functions. ' The chip emable (TE) controls the
operation power and should be used for device selection.
The output enable (OE) controls the output buffers, independent of device selection.
Assuming that CE=0E=Vip, the output data is valid at the outputs after address
access time from stabilizing of all addresses.
The CE to output valid (tCE) is equal to the address access time (taco) -
Assuming that CE=V1;, and all addresses are Xflid, the output data is valid at the
outputs after tgop from the falling edge of OE.

[OUTPUT DESELECT MODE]

Assuming that CE=Viy or OE=Viy, the outputs will be in a high impedance state.
So two or more TC54256AP/AF's can be connected together on a common bus line.
When CE is decoded for device selection, all deselected devices are in low power
standby mode.

[STANDBY MODE]

The TC54256AP/AF has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TCS54256AP/AF is placed in the standby
mode which reduce the operating current to 100uA by applying MOS-high level (Vcc)
and then the outputs are in a high impedance state, independent of the OE inputs.
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— TC54256AP/AF

PROGRAM MODE

Initially, when received by customers, all bits of the TC54256AP/AF are in
the "1" state which is erased state. E
Therefore the program operation is to introduce "0's" data into the desired bit i EE
locations by electrically programming. i
The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is
at TTL-Low level under OE=Vry.
The TC54256AP/AF can be programmed any location at anytime either individually,

sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the

programmed bits.
The verify is accomplished with OE at Viy and CE at Viy or ViL.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.5V) is applied to Vpp
terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed.
Programming of two or more TC54256AP/AF's in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected,
and a TTL Low level program pulse is applied to the CE of the desired device only
and TTL high level signal is applied to the other devices.

HIGH SPEED PROGRAMMING HMODE

The program time can be greatly decresased by using this high speed programming
mode. The device is set up in the high speed programming mode when the programming
voltage (+12.5V) is applied to the Vpp terminal with Vee=6V. .
The programming is achieved by applying a single TTL low level lms pulse to the CE
input after addresses and data are stable. Then the programmad data is verified by
using Program Verify Mode.

If the programmed data is not correct, another program pulse of lms is applied and i
then the programmed data is verified. This should be repeated until the program M
operates correctly (max. 25 times). - b
After correctly programming the selected address, the additional program pulse with »’_
width of 3 times more than that needed for initial programming is applied. 51y
When programming has been completed, the data in all addresses should be verified :

with Vge=Vpp=5V.
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TC54256AP/AF

HIGH SPEED PROGRAM MODE FLOW CHART

ADDRESS =
START ADDRESS

'

L Voo =6V j
‘v

L VPP-IZ.SVj

DATA = FF?
NO

YES
[__x=0 ]
]
|
LPROGR.AM lms PULSE jl

!

L X=X+1 ]

YES

OK
: Y
ADDRESS = OVERPROGRsM 3X PULSES OF lmsec
NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION

LAST

Vee = 3.0V
Vpp = 5.0V

:
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TC54256AP/AF

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC54256AP/AF which éﬁ

identifies its manufacturer and device type. , W
The programming equipment may read out manufacturer code and device code from :
TC54256AP/AF by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.

Electric Sighature mode is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vyp in read operation. Data output in this

conditions is manufacturer code. Device code is identified when address AQ is

set to Vig. These two codes possess an odd parity with the parity bit of MSB
(07). The following table shows electric signature of TC54256AP/AF.

PINS | AO 07 06 | 05 04 03 02 | o1 00 | HEX.

SIGNATURE (10) [(19) | @8) | (17> y(16) | (15) | (13){(12) | (11) | DATA
‘Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Code Vin 1 1 0 0 0 1 0 0 C4

Notes: A9=12Vz0.5V
' Al~ A8, Al0~ Al4, CE, OE=Vyp
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC54512AP/AF-15,-20

65,536 WORDS x 8 BITS CMOS ONE TIME PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC34512AP/AF is a 65,536 word x 8 bit CMOS one time programmable read only memory, and
molded in a 28 pin plastic package. For read operation, the TC54512AP/AF's access time
is 150ns/200ns, and the TCS4512AP/AF operates from a single 5-volt power supply and has
low power standby mode which reduces the power dissipation without increasing access time.
The standby mode is achieved by applying a TTL-high level signal to the CE input.

Advanced CMOS technology reduces the maximum active current to 30mA/5.9MHz and standby
current to 100uA. The electrical characteristics and programming method are the same

as U.V. EPROM TC57512AD's. Once programmed, the TC54512AP/AF can not be erased because
of using plastic DIP without transparent window.

* Peripheral circuit: CMOS - High épeed programming mode I, I

Memory cell : N-MOS « Inputs and outputs TTL compatible
e Fast access time: « TC54512AP :DIP28-P-600
TC54512AP/AF~15 150ns * TC54512AF :SOP28-P-450

TC54512AP/AF-20 200ns
* Low power dissipation
Active : 30mA/5.9MHz lBLOCK DIAGRAM]

Standby: 100uA
00 01 02 03 04 O5 06 07
¢ Full static operation Vpe GND Ve p 2
I . NS SR SRR S 2 SR R S S 1
{PIN CONNECTION] (TOP VIEW) oF OE,CE CIRCUIT }— OUTPUT BUFFERS
CE o— !
als gt~ 28P Voo T I
Al2 g2 27 13 Ald A0 o— S | coroan | 84 COLUMN L/©
A7 O3 268 A13 Yol 1 DECODER [ " CIRCUIT
A8 [O4 251 A8 A3 o—{ @
A5 [Os 24 3 A9 Ag o— =
A4 Os 2 H All ﬁs o 3 1
A3 O7 2B —O—E/VPP A7 o— =
A2 Os 21 3 a1o0 A8 o—1 = | 0 row |1.024 MEMORY CELL
A1 Qs 20 TE 90— 8 1 \ ARRAY
A0 10 190 07 all o 3 DECODER 65536x8bits
o0 g1 18 o6 ﬂg o— =
o1 O 170 o5 o—]
oz 13 161 o4 ales
GND O 14 15 o3
SRS [NODE SELECTION] _ ,
S PIN| CE | O0E/Vpp| Vcec 00 ™~ 07 POWER
A0~ A15 [Address Inputs MODE (20)| ¢22) | (28) |11~ 13, 15~19)
00~ 07 [Outputs (Inputs) Read L L Data Out Active
CE Chip Enable Input Output Deselect| * H 5V High Impedance
— Output Program Standby H * High Impedance | Standby
OE/Vpp |Enable / Supply Program L Vpp 6V1) Data In
Input Voltage | [program Inhibit| H | Vpp 2)| High Impedance |Active
v Power Supply Program Verify L L 6.25V Data Out
cc Voltage (+SV) y .
: Hor L 1): HIGH SPEED PROGRAMMING MODE I
GND Ground 2): HIGH SPEED PROGRAMMING MODE IL
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[MAXIMUM RATINGS|

SYMBOL ITEM RATING UNIT
Vee Vece Power Supply Voltage ;0.6 ~7.0 v
Vpp Program Supply Voltage -0.6 ~14. 0. A
VIN Input Voltage -0.67.0 \
vi/0 Input/Output Voltage -0.6 v Vgct0.5 Y
Pp Power Dissipation 1.5 W
TSOLDER Soldering Temperature-.Time 260 - 10 °C.gec -
Tstg Storage Temperature —-65 125 °C
ToPr Operating Temperature -40 A 85 °C

[READ OPERATION |

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS

TC54512AP/AF-15,-20

SYMBOL PARAMETER TC54512AP /AF—lS/TC54512AP/AF-QO
Ta Operating Temperature -40 ~ 85°C
Vce Vce Power Supply Voltage 5V+5%
D.C. AND OPERATING CHARACTERISTICS
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
It Input Current Vin=0 ~Vcc - - +10 HA
Iro Output Leakage Current VOU'I‘=0- 4 nVee - - *10 HA
Iccol CE=0 f=5.9MHz - - 30
Operating Current v mA
Icco2 IouT=OmA | ¢o1Muz - - 15
1 CE=v - - 1 mA
cest Standby Current — IH
Ices2 CE=Vgc-0.2V - - 100 pA
Vig Input High Voltage - 2.2 - Veet0.3 v
ViL Input Low Voltage - - |-0.3 - 0.8
Von Output High Voltage Iog=—400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4
IPPI VPP Current VPP=0 '\JVCc"'O. 6 - - *10 IJA
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s

TC54512AP/AF-15,-20

{

A.C. CHARACTERISTICS

SYMBOL PARAMETER TEST GONDITION HlCodDl1ZAP/AF-15 TC34512AP/AF-20f 0\
MIN. MAX. MIN. MAX.
tacc |Address Access Time CE=0E=VIL - 150 - 200 ns
tcg CE to Output Valid OE=VIL, - 150 - 200 ns
toE OE to Output Valid CE=VyL - 70 - 70 ns
tpr1 CE to Output in High-Z OE=V11, 0 60 o 60 ns
tpr2 |OE to Output in High-Z CE=VyL, o] .60 o 60 ns
ton Output Data Hold Time CE=0E=VTL 0 - 0 - ns

A.C. TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Times :

Input Pulse Levels

Timing Measurement Reference Level:

: 1 TTL Gate and Cy=100pF

10ns Max.

: 0.45V~N2.4V

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

CAPACITANCE =*(Ta=25°C, f=1MHz)
SYMBOL | PARAMETER TEST CONDITION | MIN. .| Typ. | MAX. | UNIT
CIN1 Input Capacitance VIN=0V = 4 6 pF
Cin2 OE/Vpp Input Capacitance ViN=0V - 50 60 pF
Cout Output Capacitance vVouT=V - 8 12 pF
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS

AO0~AlS

00~ 07

AN\ 2777777707777

DATA OUTPUT
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- TC54512AP/AF-15,-20

[HIGH SPEED PROGRAM MODE 1]

DC RECOMMENDED OPERATING CONDITIONS

[ syMBOL PARAMETER MIN. TYP. MAX. UNIT

 VrH Input High Voltage 2.2 - Vee+l.0 v
Vit Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 5.75 6.0 6.25 v
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 v

DC and OPERATING CHARACTERISTICS (Ta=25+5°C, Vgg=6V:0.25V, Vpp=12.5V£0.5V)

F'SYMBOL : . PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT

It Input Current VIN=0 v V¢ - - +10 LA

Vou Output High Voltage Ioy=-400uA 2.4 - - v

VoL Output Low Voltage Ior=2.1mA - - 0.4 v

Icc Vee Supply Current - - - 30 mA

Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vqg=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION . MIN. TYP. MAX. UNIT
tas Address Setup Time v - 2 - - us
tAH Address Hold Time - 2 - - us
toES | OE/Vpp Setup Time - 2 - - us
tOEH | OE/Vpp Hold Time - 2 - - us
tprT | OE/Vpp Pulse Rise Time - 50 - - ns
tps Data Setup Time - 2 - - us
tDH Data Hold Time - 2 - - us
tyr OE/Vpp Recovery Time - 2 - - us
tves | Voo Setup Time - 2 = - us
tpw Initial Program Pulse Width CE=Vyy,, OE/Vpp=Vpp | 0.95 1.0 1.05 ms
topw | Overprogram Pulse Width ‘Note 1 2.85 3.0 78.75 ms
tpy Data Valid from CE OE/Vpp=ViL - - 1 us
tpF CE to Output in High-Z OE/Vpp=VIL - - 130 ns

AC TEST CONDITIONS | I

1 TTL Gate and Cp (1O0pF) v
* Input Pulse Rise and Fall Times 10ns Max. .
* Input Pulse Levels 0.45V~ 2.4V i
* Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V -

* Output Load

Note 1: The length of the overprogram pulse may vary as a function of the counter
value X.
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[HIGH SPEED PROGRAM MODE_II |

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.2 - Vee+l.0 v
VIL Input Low Voltage -0.3 - 0.8 v
Vee Vce Power Supply Voltage 6.0 6.25 6.5 v
Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 v
DC and OPERATING CHARACTERISTICS (Ta=25:5°C, Vee=6.25V£0.25V, Vpp=12.75V0.25V)
SYMBOL PARAMETER MIN. TYP. | MAX. UNIT
It Input Current ViN=0 v V¢c - - 10 HA
Von Output High Voltage VoH=~400uA 2.4 - - v
VoL Output Low Voltage Io1,=2.1mA - - 0.4 v
Icc Vce Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25V+0.25V, Vpp=12.75V+0.25V)
SYMBOL PAPAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tay |Address Hold Time - - - s
toES [ OE/Vpp Setup Time - 2 - - us
toEH | OE/Vpp Hold Time - 2 - - us
PRI | OE/VPp Pulse Rise Time - 50 - - ' ns
tps Data Setup Time - 2 - - us
tDH | Data Hold Time - 2 - - us
tyr | OE/VPp Recovery Time - 2 - - us
tycs | Vcc Setup Time - 2 - - us
tpw Program Pulse Width CE=ViL, OE/Vpp=Vpp 0.095 0.1 {0.105 ms
tDv | Data valid from CE OE/Vpp=V1p, - - 1 us
tDF | CE to Output in High-Z OE/Vpp=VIL - - 130 ns

AC TEST CONDITIONS

* Output Load :
10ns Max.
0.45V V2.4V

* Input Pulse Rise and Fall Times :
* Input Pulse Levels :

¢ Timing Measurement Reference Level:
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Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAMMING MODE I  (Vgc=6V+0.25V, Vpp=12.5V+0.5V) -
HIGH SPEED PROGRAMMING MODE II (Vgc=6.25V+0.25V, Vpp=12.75V+0.25V)

AG~A15

t tvR tay

AS t pw — A
— topw
CE \

t pRT tOES tOEH
OE/Vpp
———
tps t DH tpv tpF

00~07 < DN STABLE \ﬁ J\’ Doyr VALID |
T
Vee _//7 tyes PROGRAM PROGRAM VERIFY

Note 1. Ve must be applied simultaneously or before Vpp and cut off

simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with

Vpp=12.5£0.5V or Vpp=12.75+0.25V may cause permanent damage to the

device.

3. The Vpp supply voltage is permitted up to 14v for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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[ OPERATION INFORMATION]

The TC54512AP/AF's six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) CE (ﬁ/VPP vee 00~ 07 POWER
MODE (20) (22) (28) (11~ 13, 15~ 19)
Read L L Data Out
Read Operation Active
Output Deselect * H 5v High Impedance
(Ta=-40 A~ 85°C) . !
Standby H * High Impedance Standby
' Y 1
Program Operation | ro8Tam L PP 6vl) |Data In
P g Inhibi \'% 5 .
(Ta=25%5°C) rogram Inhibit H PP . 25V?) High Impedance Active
Program Verify L L Data Out

Note: H; Vg, L; VIiL, *; Vig or ViL

READ MODE

The TC54512AP/AF has two control functions.

1); HIGH SPEED PROGRAMMING MODE I
2); HIGH SPEED PROGRAMMING MODE IL

operation power and should be used for device selection.

control the output buffers,
the output data is valid at the outputs after address access time from stabilizing of
all addresses. The CE to output valid (tcg) is equal to the address access time

(tacc). Assuming that CE=Vyp and all addresses are valid, the output data is valid

at the outputs after tgog from the falling edge of OE.
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The chip enable (CE) controls the
The output enable (OE)

independent of device selection. Assuming that

C_E=5_E—=VIL N
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— TC54512AP/AF-15,-20

[OUTPUT DESELECT MODE]
Assuming that CE=Vyy or OE=Vyy, the outputs will be in a high impedance state. So two

or more TC54512AP/AF's can be connected together on a common bus line. When CE is

decode for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC54512AP/AF has a low power standby mode controlled by the CE signal. By applying
a high level to the CE input, the TC54512AP/AF is placed in the standby mode which re—
duce the operating current to 100uA by applying MOS-high level (Vgg) and then the

outputs are in a high impedance state, independent of the OE inputs.

[PROGRAM MODE |

Initially, when received by customers, all bits of the TC54512AP/AF are in the "1"
state which is erased state. Therefore the program operation is to introduce "O's"
data into the desired bit locations by electrically programming. The TC54512AP/AF
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at
TTL-Low level. The TC54512AP/AF can be programmed any location at any time either:

individually, sequentially, or -at random.

[PROGRAM VERIFY MODE ]

The verify mode is to check that desired data is correctly programmed on the pro-

grammed bits. The verify is accomplished with OE/Vpp at Vyp and CE at VyL.

[PROGRAM INHIBIT MODE |
Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp

terminal, a high level CE input inhibits the TC54512AP/AF from being programmed.
Programming of two or more TC54512AP/AF's in parallel with different data is easily
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL
low level program pulse is applied to the CE of the desired device only and TTL high

level signal is applied to the other devices.
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TC54512AP/AF-15,-20

[HIGH SPEED PROGRAM MODE 1]
This high speed programming mode I is performed at Vce=6.0V and OE/Vpp

The programming is achieved by applying a single TTL low level Ilms pulse to the CE
Then the programmed data is verified by

=12.5v.

input after addresses and data are stable.

using Program Verify Mode.

If the programmed data is not correct, another program pulse of 1ms is applied and

then the programmed data is verified. This should be repeated until the program

operates correctly (max. 25 times).
After correctly Programming the selected address, the additional program pulse with
3 times that needed for initial programming is applied.

When Programming has been completed, the data in all addresses should be verified

with Vge=5v.

[HIGH SPEED PROGRAM MODE 17
The program time can be greatly decreased by using th

is high speed programming mode
at Vge=6.25V and OE/Vpp=12.75V.

II. This high speed programming mode IT is performed
The programming is achieved by applying a single TTL low level O.lms pulse to the CE

input after addresses and data are stable. Then the programmed data is verified by

using Program Verify Mode.
If the programmed data is not correct, another program pulse of O.lms is applied and

then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).
When Programming has been completed, the data in all addresses should be verified

with Vee=5v.
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| HIGH SPEED PROGRAM MODE I

FLOW CHART

START

Vee= 6.0+ 0.2 5V
Vpp = 1.251+0.5V

1

ADDRESS
= START ADDRESS

YES

TC54512AP/AF-15,-20

-0 ]

|
K|
| PROGRAM: TPW ims |

1
[ X=X+1 J

YES

NG

READ : ONE BYTE

oK

ADDRESS
= NEXT ADDRESS

OVERPROGRAM 3X PULSES OF Imsec
OR ONE PULSE OF 3X msec DURATION

NG
READ: ONE BYTE

oK

I Ve = 5.0V J

READ
ALL BYTES

OK
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[HIGH SPEED PROGRAM MODE I

FLOW CHART

START

Voc= 6.25+0.25V
Vpp =1275%0.25V

!

ADDRES S
= START ADDRESS

PROGRAM : TPW=0.1ms

]

X=X+1

YES

NG

READ : ONE BYTE
ADDRESS

= NEXT ADDRESS

NO

LAST ADDRESS ?

Voo = 5.0V

NG

READ ALL BYTES

< FAIL ’
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IELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TC54512AP/AF which identifies

its manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from
TC54512AP/AF by using this mode before program operation and automatically set program i&;
voltage (Vpp) and algorithm. ’ LS
Electric Signature mode is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vi in read operation. Data output in this condi-

tions is manufacturer code. Device code is identified when address A0 is set to

vig. These two codes possess an odd parity with the parity bit of MSB (07).

The following table shows electric signature of TC54512AP/AF.

PINS AO 07 06 05 04 03 02 01 00 HEX. .
SIGNATURE (10) | (19)] (18) 7y | ey | (1s)] (13) ] (12) | (11) | DATA
Manufacture Code Vit 1 0 0 1 1 0 0 0 98
Device Code ViH 1 0 0 0 0 1 0 1 85

Notes: A9=12V+0.5V
Al ~ A8, AlO ~Al5, CE, OE=Vip
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Y

SILICON STACKED GATE MOS

TC541 OODAP/AF-IZ, -15 INTEGRATED CIRCUIT
—TC541001AP/AF-12,-15 ‘

131,072 WORD x 8 BIT CMOS ONE TIME PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC541000AP/AF and TC541001AP/AF are a 131,072 word X 8 bit one time programmable
read only memory and molded in a 32 pin plastic package.

The TC541000AP/ AF and TC541001AP/ AF’s access time are 120ns/ 150ns and has low power
standby mode which reducees the power disspation without incresing access time. The electrical
characteristice and programming method are the same as U.V. EPROM TC571000AD / TC571001AD’s.
Once programed, the TC541000AP / AF and TC541001AP/ AF can not be erased because of using

plastic package without transparent window.

FEATURES
® Peripheral circuit : CMOS ® Single 5V power supply
Memory cell : N-MOS ® Full static operation
® Access Time ® High speed. programming operation : tpw 0.lms
-12 -15 ® Input and output TTL compatible
tacc 120ns 150ns ® JEDEC standard 32 pin : TC541000AP/AF
Temp 0~70°C ® 1M MROM compatible : TC541001AP/AF
® Low power dissipation ® TC541000AP/TC541001AP : DIP32 —P —600
Active : 30mA/8.8MHz . ® TC541000AF/TC541001AF : SOP32 -P—-525

Standby : 100uA

PIN CONNECTION (TOP VIEW) PIN NAMES
[ ~~—"""] AO0~A16 Address Inputs
Vep O 1 32chc Vee O 1 Vec DO~D7 Outputs (Inputs)
Ale ] 2 31]PGM OE [ 2 PGM (Reference) — = P
-CE Chip Enable Input
A15 ] 3 30INC  At5 ] 3 NCc A15 [ 1 28(1Vcc —
OE Output Enable Input

A12 [ 4 291A14 At12 (] 4 Atla At2 ] 2 270A14 =T - Contoal o
A7 s 281A13 A7 [ 5 A13 A7 ([ 3 26[1A13 - V'°g;am | °:’/ 'I° P
A6 T[] 6 27(1A8 A6 [] 6 A8 A6 [] 4 25(] A8 cc cc Supply Voltage
AS [ 7 26[] A9 As [ 7 A9 As [ s 24[1A9 Vpp Program Supply Voltage
A4l 8  251A11 A4l 8 A1l A4 6 23]AN GND Ground

A3 [0 9 241 OE A3 [] 9 Al16 A3 [] 7 22[1A16 NC No Connection

A2 10 23[]A10 A2 [j10 At0 A2 ([ 8 21 A10

A1 11 22(1CE Al 11 TE A1 Q 9 201 CE

A0 [J12 213D7 A0 [j12 D7 A0 fJ10 19107

DO 13 200106 Do (13 D6 Do 11 18] D6

D1 []14 19[1 DS Dt 14 D5 D1 J12 171 DS

D2 15 181D4 D2 D4 D2 []13 16{] D4
GND []16 171D3 GND D3 GND [J14 15103

TC541000AP/AF TCS541001AP/AF IM MASK
C >
ROM
TC531000P
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TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

BLOCK DIAGRAM

Vpp G%ID Ve DO D$1 D2 D$3 D4 D5 D6 D7
%%° — OE, CE, PGM
° OUTPUT BUFFERS
PGV CIRCUIT
Al o— 8 COLUMN | 256 COLUMN l/O AR
A2 DECODER CIRCUIT h
A3o—— L ;hl :
A4 o— [
AS o— R
A6 o— i3 :
A7 o—— MEMORY CELL
A8 o] ADDRESS | 9 ROW 312 ARRAY !
ASo—— B UFFERS DECODER 131, 072 x 8bits
Al o—]
A1l o—
Al12 o—+
A13 o0——o
A14 o0—
Al150—] )
A16 00— o
HER
MODE SELECTION ’
PIN _— — J—
MODE PGM CE OE Vpp Vee Do~D7 Power
Read H L Data Out
E Active
Output Deselect * * H s 5V 5V High Impedance
Standby * H * ~ High Impedance Standby
Program L L H Data In
. -
Program Inhibit H 12.75V 6.25V High impedance Active
H L H High Impedance
Program Verify H L L Data Out
*H or L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vece N Vcc Power Supply Voltage ~0.6~7.0 \
Vpp Program Supply Voltage -0.6~14.0 \
Vin Input Voltage - 0.6~7.0 \
Vo Input/Output Voltage -~ 0.6~Vcc+ 0.5 \
Po Power Dissipation 1.0 w
TSOLDER Soldering Temperature Time 260- 10 °C-sec
TsTRG Storage Temperature —-65~125 °C
TorRr Operating Temperature 0~70 - . °C :
[
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TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viy Input High Voltage 2.2 - Vee+ 0.3 \%
Vie Input Low Voltage -0.3 - 0.8 A\
Ve Vcc Power Supply Voltage 4.75 5.00 5.25 A\
Vep Vpp Power Supply Voltage Vec—-0.6 Vee Vec-0.6 v
D.C. AND OPERATING CHARACTERISTICS (Ta=0~70C, Vcc =5V +5%)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
1%} Input Current Vin=0~Vcc - - +10 uA
lccos CE=o0v f=8.3wH, - - 30 mA
Operating Current - j
lccoz lout = OMA f=lmm, - - 15 mA
lccsi CE=ViH - - 1 ' mA
lccsz Standby Current TE=Vec—0.2v ~ ~ 100 A
Vou Output High Voltage lon = — 400.A 2.4 - - \
VoL Output Low Voltage lor=2.1TmA - - 0.4 \%
lpp1 Vpp Current Vpp=Vcc 0.6V - - +10 uA
ILo Output Leakage Current Vour=0.4V~Vcc - - 10 H#A

A.C. CHARACTERISTICS (Ta=0~70C,Vcc =5V £ 5%, Vpp=Vcc*0.6V)

TC541000AP - 12/TC541001AP - 12 | TC541000AP - 15/TC541001AP - 15
SYMBOL PARAMETER TC541000AF -~ 12/ TC541001AF - 12 | TC541000AF — 15/ TC541001AF - 15 UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time - 120 - 150 ns
tce CE to Output Valid - 120 - 150 ns
toe OE to Output Valid - 60 - 70 ns
trgm PGM to Output Valid - 60 - 70 ns
tpF1 CE to Output in High-Z 0 50 0 60 ns
toF2 OE to Output in High-Z 0 50 0 60 ns
tor3 PGM to Outputin High-Z 0 50 0 60 ns
ton Output Data Hold Time 0 - 0 - ns

A.C. TEST CONDITIONS

® OutputLoad
Input Pulse Rise and Fall Time

°
® Input Pulse Levels
® Timing Measurement Reference Level :

1 TTL Gate and C;,=100pF
10ns Max.
0.45V to 2.4V

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V
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TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

CAPACITANCE* (Ta =25°C, f= 1MHz)

SYMBOL PARAMETER . TEST CONDITION MIN. MAX. UNIT
Cn Input Capacitance Vin =0V - 16 pF
CouT Output Capacitance Vour = 0V - 16 pF

*  This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

-+
AO~A16 ><
N

toH

) ) tce
&
toF1 |
) toe 1
s
- 2\
N tpGMm tor2
|
Fow o
tacc
e
: tor3
|
HIGH Z =~ /: HIGH Z
W  ERTEe
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TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

HIGH SPEED PROGRAM OPERATION

. D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vec+ 1.0 \Y
Vig input Low Voltage - 0.3 - 0.8 \
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 Vv
Vpp " Vpp Power Supply Voltage 12.50 12.75 13.00 v
D.C. AND OPERATING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25%0.25V, Vpp=12.75+£0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
] Input Current Vin=0~Vcc . - *10 HA
VoH Output High Voltage lon= —400pA 2.4 - - \"
Vou Output Low Voltage lor=2.1mA . . 0.4 \"
lec Ve Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 50 mA |
A.C. PROGRAMMING CHARACTERISTICS (Ta=25%*5°C, Vcc=6.25+0.25V, Vpp=12.7510.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - U5
taAH Address Hold Time - 2 - - HuS
tces CE Setup Time —_ 2 —_ - P
tceH CE Hold Time - 2 - - HS
tps Data Setup Time - 2 - - us
toH Data Hold Time - 2 - - #S
tvs Vpp Setup Time - 2 - - HS
tpw Program Pulse Width - 0.095 0.1 0.105 ms
toe OE to Output Valid - - - 100 ns
tor2 OE to Output in High-Z CE=V| - - 90 ns

A.C. TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level

1 TTL Gate and Cp (100pF)
10ns Max.

0.45V and 2.4V
Input 0.8V and 2.2V, Output 0.8V and 2.0V
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HIGH SPEED PROGRAM OPERATION

TIMING CHART

TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

AO~A16

TE % 1 tces

tan

tcen

=2

i

D0~D7 UNENOWN

Din STABLE

|

|
4]
g

toe

tpF2

Dout VALID E

tvs

Note : 1.

cause permanent damage to the device.

3. The VPP supply voltage is permitted up to 14V for program operation, so the voltage over

14V should not be applied to the Vpp terminal.

283

Ve must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

Removing the device from socket and setting the device in socket with Vpp=12.75V may

When the switching pulse voltage is
applied to the Vpp terminal, the overshoot voltage of its pulse should not be exceeded 14V.
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TC541000AP/AF-12,-15
TC541001AP/AF-12,-15

OPERATION INFORMATION

The TC541000AP/AF/TC541001AP/AF’s six operation modes are listed in the following table. Mode
selection can be achieved by applying TTL level signal to all inputs.

PGM | TE OF Vpp Ve DO~D7 Power
READ Read H L L Data Out
Active
OPERATION Output Deselect * * H 5V 5V High tmpedance
Standby * H - * High Impedance Standby
PROGRAM Program L L H _ Data In
* H * High Impedance
OPERATION Program Inhibit 12.75v | 6.25v Active
H L H High Impedance
(Ta=25+57C) .
Program Verify H L L Data Out

Note : H; Viy, L; Vi, *; ViH or ViL
READ MODE

The TC541000AP /AF/TC541001AP/AF has three control functions. The chip enable (CE) controls
the operation power and should be used for device selection.

The output enable (OE) and the program control (PGM) control the output buffers. Independent of
device selection.

Assuming in that CE=O0E=Vy, and PGM=Vjyy, the output data is valid at the output after
address access time from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the address access time (tace).

Assuming that CE=Vy, PGM=Viy and all addresses are valid, the output data is valid at the
outputs after tog from the falling edge of OE.

And assuming that CE=OE=Vy and all addresses are valid, the output data is valid at the
outputs after tpgm from the rising edge of PGM.

OQUTPUT DESELECT MODE
Assuming that CE=Viyg or OE=V]y, the outputs will be in a high impedance state.

So two or more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.
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TC541000AP/AF-12,-15
- TC541001AP/AF-12,-15

STANDBY MODE
The TC541000AP / AF / TC541001AP / AF has a low power standby mode controlled by the CE
signal. By applying a high level to the CE input, the TC541000AP/AF/TC541001AP / AF is placed in
the standby mode which reduce the operating current to 100xA by applying MOS-high level (Vce) and ‘
then the outputs are in a high impedance state, independent of the OE inputs. “i,
|

PROGRAM MODE

Initially, when received by customers, all bits of the TC541000AP /AF/TC541001AP/AF are in the ° 0
1" state which is erased state.

Therefore the program operation is to introduce "0’s" data into the desired bit locations by

electrically programming.

The levels required for all inputs are TTL. The TC541000AP / AF / TC541001AP / AF can be !|
programmed any location at anytime - either individually, sequentially, or at random. 3\

PROGRAM VERIFY MODE
The verify mode is to check that the desired data is corr;ect]y p.rogrammed on the programmed bits.
The verify is accomplished with OE and CE at Vi, and PGM at Viy.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high level
CE or PGM input inhibits the TC541000AP/AF /TC541001AP /AF from being programmed.

Programming of two or more EPROMs in parallel with different data is easily accomplished. That i
is, all inputs except for CE or PGM may be commonly connected, and a TTL low level program pulse 1
is applied to the CE and PGM of the desired device only and TTL high level signal is applied to the

other devices.
HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V and PGM = ViH.

The programming is achieved by applying a single TTL low level 0.1lms pulse the PGM input after .
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. :

If the programmed data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated until the program operates correctly (max. 25
times). '

When programming has been completed, the data in all addresses should be verified with
Vee=Vpp=5V.
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TC541000AP/AF-12,-15

TC541001AP/AF-12,-15

HIGH SPEED PROGRAM OPERATION

FLOW CHART

START

Vee=6.25V +0.25V
Vpp=12.75V 0.25V

¥

ADDRESS = START ADDRESS

PROGRAM TPW 0.1ms

YES

ADDRESS = NEXT ADDRESS

NO
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( FAIL )
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TC541000AP/AF-12,-15 ||
TC541001 AP/AF-12,-15

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC541000AP/ AF/TC541001AP / AF which 1
identifies it’s manufacturer and device type. i

The programming equipment may read out manufacturer code and device code from TC541000AP /
AF/TC541001AP / AF by using this mode before program operation and automatically set program
yoltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address
lines is set to VIL in read operation. Data output in this conditions is manufacturer code. Device
code is identified when address AO is set to ViH. These two codes possess an odd parity with the
parity bit of MSB (D7). :

The following table shows electric signature of TC541000AP /AF /TC541001AP/AF.

PINS A0 D7 D6 DS D4 D3 D2 D1 DO HEX.
SIGNATURE . DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
TCS541000AP / AF 1 0 0 0 0 1 1 o] 86
Device Code VIH
TCS541001AP/ AF 0 0 0 0 0 1 1 1 07

Notes : A9=12V 0.5V
Al1~AS8, A10~A16, CE, OE=V]L _ !
PGM =V :
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TC54H1000AP/AF-85,-10 _ RHENSEsm = s
TC54H1001AP/AF-85,-10

131,072 WORD x 8 BIT CMOS ONE TIME PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC54H1000AP / AF and TC54H1001AP / AF are a 131,072 word X 8 bit oine time
programmable read 6nly memory and molded in a 32 pin plastic package.

The TC54H1000AP /AF and TC54H1001AP/AF’s access time are 85ns/100ns and has low power
standby mode which reducees the power disspation without incresing access time. The electrical
characteristice and programming method are the same as U.V. EPROM TC57H1000AD /
TC57H1001AD’s. Once programed, the TC54H1000AP / AF and TC54H1001AP /AT can not be erased

because of using plastic package without transparent window.

TC54H1000AP / TC54H1001AP : DIP32 —P—600
TC54H1000AF / TC54H1001AF : SOP32—-P—-525

® L.ow power dissipation
Active : 40mA/11.8MHz
Standby : 100A

FEATURES
® Peripheral circuit : CMOS *® Single 5V power supply
Memory cell : N-MOS @ Full static operation
® Access Time ® High speed programming operation : tpw O.lms
_85 - 10 ® Input and output TTL comi)atible
tacc 85ns 100ns ® JEDEC standard 32 pin : TC54H1000AP/AF
Temp 0~70°C ® 1M MROM compatible : TC54H1001AP/AF
e
.

[_—\/_b AO0~A16 Address Inputs
Ver O 1 32 vi Ver O 1 DO~D7 Qutputs (Inputs)

::? E ; g;g :?:M A?E 0 ; CE __Chip Enable Input
A2 a 200A14 A12 E a z Output Enable input
A7 O 5 28]A13 A7 { 5 PG Program Control Input
A6 E 6 27]A8 A6 [ 6 VCC VCC Supply Voltage
A5 ] 7 26[] A9 A5 [ 7 Vpp Program Supply Voitage
A4} 8 ‘25JA11 A4 ] 8 GND Ground
A3 [] 9 24[1OE A3 ] 9 NC No Connection
A2 []10 230 A10 A2 []10
Al [J11 22[1CE Al [J11
A0 12 213Dp7 . A0 12
DO [J13 20[1 D6 DO [J13
D1 [J14 191 D5 D1 [j14
D2 [j15 18{1 D4 D2

GND [ 16 171D3  GND [

TC54H 1000AP/AF TC54H 100 1AP/AF ¢ M MASK
ROM
TC531000P
288
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TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10

BLOCK DIAGRAM

Vpp GND Vcc DO D1 D2 D3 D4 D5 D6 D7
- V¥ 3 [ ERERE |
E OE, CE, PGM E
m: CIRCUIT OuUTPUT BUFFEBS ‘

AQo—]

| *

Al oo 8 COLUMN | 256 COLUMN I/O
A2 o] DECODER CIRCUIT
A3 o—] Y

A4 o——
A5 o——
A6 o—

A7 o—ro MEMORY CELL
ADDRESS

o .. 2 DEF::%VL;IER > ARRAY

A9 BUFFERS 131, 072 x 8bits

A10 o—
A1l o—
Al12o0—
Al13 o0—
A140——
A15 00—
A16 0—

MODE SELECTION

PIN —_ —
MODE PGM CE OE Vpp Vee DO~D7 Power
Read H L Data Out
K Active
Output Deselect * * H 5V 5V High Impedance
Standby * H * High Impedance Standby
Program L L H Datain
. .
Program Inhibit H 12.75v 6.25V High Impedance Active
H L H High Impedance
Program Verify H L L Data Out
*H or L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee ' Vcc Power Supply Voltage - 0.6~7.0 v
Vpp Program Supply Voltage _ - 0.6~14.0 \
Vin Input Voltage -0.6~7.0 \"
Vo Input/Output Voltage — 0.6~V + 05 \ :
Po Power Dissipation 1.0 w "
TSOLDER Soldering Temperature Time 260-10 °C - sec e
TsTRG Storage Temperature - 65~125 °C
Toer Operating Temperature 0~70 °C
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TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10

READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL ' PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vec+0.3 Vv
ViL Input Low Voltage -0.3 - 0.8 \
Vee Vcc Power Supply Voltage 4.75 5.00 5.25 \
Vep Vpp Power Supply Voltage Vee— 0.6 Vce Vee- 0.6 \

D.C. AND OPERATING CHAR\ACTERISTICS (Ta=0~70C,Vcc =5V +5%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current VIiN=0~Vcc - - +10 MA
lccon TE=0V f=11.8un, - - 40 mA
Operating Current
Iccoz lout = 0mA f=1vn, - - 15 mA
Icest CE=VHH - - 1 mA
Standby Current —
lces2 CE=Vce-0.2v - - 100 HA
Vo Output High Voltage lon = — 4004A ’ 2.4 - -
Vou Output Low Voltage loL=2.1TmA - - 0.4
lpp1 Vpp Current Vpp=Vcc*0.6V - - +10 HA
Lo Output Leakage Current Vout=0.4V~Vcc ' - - +10 HA

A.C. CHARACTERISTICS (Ta=0~70C, Vcc =5V £ 5%, Vpp =V * 0.6V)

TC54H1000AP - 85/ TC54H1001AP - 85 | TCS4H1000AP —~ 10/ TC54H1001AP - 10
SYMBOL ) PARAMETER TC54H1000AF - 85/ TC54H1001AF - 85 | TCS4H1000AF — 10/ TC54H1001AF - 10 UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time - 85 - 100 ns
tce CE to Output Valid - 85 - | 100 ns
toe OE to Output Valid - a5 - 50 ns
tpom . PGM to Output Valid - 45 - 50 ns
tpEt CE to Outputin High-Z o 30 o} 40 ns
tpr2 OE to Outputin High-Z 0 30 0 40 ns
tors PGM to Outputin High-Z o 30 0 40 ns
toH Output Data Hold Time o} - 0 - ns

" A.C. TEST CONDITIONS

e Output Load : 1 TTL Gate and C1, =100pF

® InputPulse Rise and Fall Time : 10ns Max.

® InputPulse Levels : 0.45Vt02.4V .

® Timing Measurement Reference Level : Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V
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- TC54H1000AP/AF-85,-10
- | TC54H1001AP/AF-85,-10

CAPACITANCE* (Ta=25°C, f=1MH2z)

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT 1 E
Cin Input Capacitance Vin=0V - 16 pF
Cour » Qutput Capacitance VouTt= 0V - 16 pF

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

Y e
AO~A16 >Z i
N il

tce

toF1 |
) toe 1
OF N /V i
e
L trgm ' for2 ! [
v \ N
| ! i

i
1oF3 I b

HIGH Z Y4 2\ 7~ - HIGH Z .
DO~D7 % /?g‘ DATA OUTPUTS ;«26 % R
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TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10

HIGH SPEED PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage ) 2.2 - Vee+ 1.0 \%
ViL input Low Voltage ~-0.3 - 0.8 \%
Vee Vce Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vep Power Supply Voltage 12.50 12.75 13.00 \Y%
D.C. AND OPERATING CHARACTERISTICS (Ta=25 % 5°C, Vcc=6.251+0.25V, Vpp=12.75+0.25V)
SYMBOL PARAMETER . TEST CONDITION MIN. TYP. MAX. UNIT
[T} Input Current Vin=0~Vce - - +10 A
VoH Output High Voltage lon= ~400.A 2.4 - . v
VoL Output Low Voltage lor=2.1mA - - 0.4 v
lcc Ve Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 50 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25+20.25V, Vpp=12.75% 0.25Vv)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tan Address Hold Time - 2 - - “s
tces : CE Setup Time - 2 - - P
teen CE Hold Time ‘ — 2 - - us
tps Data Setup Time - 2 - - us
ton Data Hold Time - 2 - - us
tys Vpp Setup Time - 2 i - HS
tpw Program Pulse Width = 0.095 0.1 0.105 ms
toE OE to Output Valid - - - 100 ns
tor2 OE to Output in High-Z TE=Vy - - 90 ns
A.C. TEST CONDITIONS
® Output Load : 1 TTL Gate and Ci, (100pF) -
® Input Pulse Rise and Fall Time : 10ns Max.
® Input Pulse Levels : 0.45V and 2.4V
® Timing Measurement Reference Level Input 0.8V and 2.2V, Output 0.8V and 2.0V
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HIGH SPEED PROGRAM_ OPERATION

TIMING CHART

TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10

AO0~A16

a

%} s

taH

tcen . //

El

/]

t
DF2 toe tor2
DO~D7 UNENOWN DIN STABLE Dourt VALID E
toH
tos
= tew 3
PGM
A, :
Ver _ % tys
-

Note : 1.

cause permanent damage to the device.

14V should not be applied to the Vpp terminal.
applied to the Vpp terminal, the overshoot voltage of its pulse should not be exceeded 14V.

293

Vec must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

Removing the device from socket and setting the device in socket with Vpp= 12.75V may

N ,
. The VPP supply voltage is permitted up to 14V for program operation, so the voltage over
When the switching pulse voltage is
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TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10

OPERATION INFORMATION

The TC54H1000AP/ AF/TC54H1001AP / AF’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PGM | CE OE Vpp Ve DO~D7 Power
READ Read H L v Data Out
Active
OPERATION Output Deselect * * H 5V 5V High impedance
Standby * H * High Impedance Standby
PROGRAM Program L L H Data In
* H * High Impedance
OPERATION Program Inhibit 12.75v | 6.25V Active
H L H High Impedance
(Ta=25%57C) - .
Program Verify H L L Data Out

Note : H; Viy, L; ViL, *; VIH or VIL
READ MODE

The TC54H1000AP / AF /TC54H1001AP / AF has three control functions. The chip enable (CE)
controls the operation power and should be used for device selection.

The output enable (OE) and the program control (PGM) control the output buffers. Independent of
device selection.

Assuming in that CE=0OE=Vjy, and PGM=Viy, the output data is valid at the output after
address access time from stabilizing of all addresses.

The CE to output valid (tcr) is equal to the address access time (taco).

Assuming that CE=Vyy, PGM=Vig and all addresses are valid, the output data is valid at the
outputs after tog from the falling edge of OE.

And assuming that CE=OE=VjL and all addresses are valid, the output data is valid at the
outputs after tpgm from the rising edge of PGM.

OUTPUT DESELECT MODE
Assuming that CE=Viyg or OE=V]H, the outputs will be in a high impedance state.

So two or more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.
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TC54H1000AP/AF-85,-10
- TC54H1001AP/AF-85,-10

STANDBY MODE

—"_’_—_—_—- H
The TC54H1000AP/AF/TC54H1001AP/AF has a low power standby mode controlled by the CE 4

signal. BY applying a high level to the CE input, the TC54H1000AP / AF / TC54H1001AP / AF is K

placed in the standby mode which reduce the operating current to 100#A by applying MOS-high level i

(Vee) and then the outputs are in a high impedance state, independent of the OFE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC54H1000AP/AF/TC54H1001AP/ AF are in
the "1" state which is erased state.

Therefore the program operation is to introduce "0’s" data into the desired bit locations by
electrically programming.

The levels required for all inputs are TTL. The TC54H1000AP / AF / TC54H1001AP / AF can be
programmed any location at anytime - either individually, sequentially, or at random.

PROGRAM VERIFY MODE
The verify mode is to check that the desired data is correctly p.rogrammed on the programmed bits.
The verify is accomplished with OE and CE at Vi, and PGM at Vis.

' PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high level
TE or PGM input inhibits the TC54H1000AP /AF/TC54H1001AP/AF from being programmed.

Programming of two or more EPROMs in parallel with different data is easily accomplished. That
is, all inputs except for CE or PGM may be commonly connected, and a TTL low level program pulse
is applied to the CE and PGM of the desired device only and TTL high level signal is applied to the

other devices.
HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V and PGM=VIH. !

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM input after :
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. e

If the programmed data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated until the program operates correctly (max. 25 :
times). _

‘When programming has been comﬁleted, the data in all addresses should be verified with
Vee=Vpp=5V.
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TC54H1000AP/AF-85,-10

.

TC54H1001 AP/AF-85 -10

HIGH SPEED PROGRAM OPERATION
FLOW CHART

START

Vce=6.25V + 0.25Vv
Vpp=12.75V * 0.25V

¥

ADDRESS = START ADDRESS

PROGRAM : TPW=0.1ms

]

YES

NG

<R

L ADDRESS = NEXT ADDRESS

] N

Vce =5V
Vpp =5V

READ ALL BYTES

NG
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TC54H1000AP/AF-85,-10
TC54H1001AP/AF-85,-10 f

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC54H1000AP / AF /TC54H1001AP / AF {
which identifies it’s manufacturer and device type.

The programming equipment may read out manufacturer code and device code from TC54H1000AP / :
AF/TC54H1001AP / AF by using this mode before program operation and automatically set program g i
voltage (Vpp) and algorithm. i

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address [
lines is set to VL in read operation. Data output in this conditions is manufacturer code. Device R

code is identified when address AO is set to Vig. These two codes possess an odd parity with the ::-‘:f
parity bit of MSB (D7).

The following table shows electric signature of TC54H1000AP/AF/TC54H1001AP/AF.

PINS A0 D7 D6 DS D4 D3 D2 D1 DO HEX.
SIGNATURE : DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
TC54H1000AP / AF 1 0 0 0 0 1 1 0 86
Device Code ViH
. TC54H1001AP/AF 0 0 0 0 0 1 1 1 07

Notes : A9=12V 0.5V
Al1~A8, A10~A16, CE, OE=Vy,
PGM=VIg
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC54H1024AP/AF-85,-10 —

1 MEGA BIT (65,536 WORD x 16 BIT)
CMOS ONE TIME PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC54H1024AP/ AF is a 65,536 word X 16 bit one time programmable read only memory.
and molded in a 40 pin plastic package. v :

TC54H1024AP / AF is fabricated with the CMOS technology. Advanced circuit techniques
provide both high speed and low power features with a maximum operating current of 40mA/1MHz.

The electrical characteristics and programming method are the same as U.V.EPROM
TC57HI024AD. Once programmed, the TC54H1024AP/AF can not be erased because of using plastic

package without transparent window.

FEATURES
® Peripheral circuit : CMOS ® Single 5V power supply
Memory cell : N-MOS ® Full static operation

® Fast access time ® High speed programming operation : tpw 0.1ms
TC54H1024AP/AF-85 - : 85ns ® Input and output TTL compatible
TC54H1024AP /AF-10 : 100ns e JEDEC standard 40 pin

® Low power dissipation ® TC54H1024AP : DIP40 —P —600
Active : 40mA/1MHz ® TC54H1024AF : SOP40 —P —525

Standby : 100u«A

PIN CONNECTION (TOoP VIEW) PIN NAMES
Vep L1 ~ 40[] v AO0~A15 Address inputs
<E {2 39(] sam
p1s [|3 38] nc DO~D15 Outputs (Inputs)
pia [a 371 s CE Chip Enable Input
p13 s 36[] a1a —
p12 [s 35[] Aa13 OE Output Enable Input
o1 [z 34f] a2
pio [Js 33] an PGM Program Control Input
o9 Qo 3211 at0 Ve Ve Supply Voltage
ps [0 314] a9
vss 11 30[] v Vpp Program Supply Voltage
p7 012 29[] A8
os []13 28[] A7 ) Vss Ground
ps Oia 27[] A6 NC No Connection
pa [is 26[] AS
o3 [ie 25[] A4
p2 17 24]] A3
p1 {18 23]] a2
oo (19 221 A1
o€ (20 21{] A0
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— — ' TC54H1024AP/AF-85,-10

BLOCK DIAGRAM
Vep GND Vee o Dy Dz D3 Dy Ds Dg Dy Dg Dg D19D11D12D013D14D45

R T N o o |

g OE ©CE PGM 1
Sk o] ' OUTPUT BUFFERS e
PGMo— CIRCUIT i
A 7 | coumn | 128 e
AZO— ) DECODER ) COLUMN IO CIRCUIT '
A3o— v ] :
Ado— S | b X
A50— = .
Ab 3 9 ROW 512 MEMORY CELL ARRAY
A70— N\ >
ABo— DECODER 65536 x 16 bits
A90— O
A100— nD:
Allo— A
A120— <
Al130—
A14 o0—
A150—]
MODE SELECTION
PIN| ¢ = BERT P
MODE E E PG Vpp Vee DO~D15 Power
Read L L H Data Out .
Active
Output Deselect * * 5v 5V .
- High Impedance
Standby H * * Standby
Program L H Data In
Prc Inhibi H *
rogram Inhibit 12.75v | 6.25v High Impedance Active
L H H
Program Verify L L H Data Out
*.-H or L
MAXIMUM RATINGS
SYMBOL CHARACTERISTIC RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 Vv
Vpp Program Supply Voltage -0.6~14.0 \4
Vin Input Voltage ~0.6~7.0 \Y;
Vin (A9) Input Voltage (A9) - 0.6~13.5 \Y i
Vio Input/Output Voltage ~0.6~Vcc+ 0.5 \
Po Power Dissipation 1.0 wW
TSOLDER Soldering Temperature Time 260-10 °C - sec
Tstrq Storage Temperature - 65~125 °C
Topr Operating Temperature 0~70 °C
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TC54H1024AP/AF-85,-10

READ OPERATION

AC/DC RECOMMENDED OPERATING CONDITIONS

SYMBOL CHARACTERISTIC TC54H1024AP/ AF-85/10
Ta Ambient Temperature 0~70°C
Vce Vcc Power Supply Voltage 5Vx5%
Vpp Vpp Power Supply Voltage OV~Vcc + 0.6V
DC AND OPERATING CHARACTERISTICS .
SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
It Input Current Vin=0~Vcc - - +10 H#A
Icco Operating Current CE=0v teycle 85ns - — 60 mA
lour=0MmA | to o 1us - - 40
lecst Standby Current CE=Vin - — ! mA
iccs2 TE=Vcc - 0.2V - - 100 uA
ViH input High Voltage - 2.2 - Vee + 0.3 \"
Vi Input Low Voltage - -0.3 - 0.8 \"
Vou Output High Voltage lon= — 400uA 2.4 - - \Y
Vor Output Low Voltage loL=2.1TmA - - 0.4 \Y
lpp1q Vpp Current Vpp=0V~Vcc + 0.6V - - + 10 uA
ILo Ouptut Leakage Current Vout=0.4V~Vcc - - +10 HA
AC CHARACTERISTICS
SYMEOL CHARACTERISTIC TC54H1024AP/AF-85 TC54H1024AP/AF-10 UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time - 85 - 100
tce CE to Output Valid ' - 85 - 100
toE OF to Output Valid - ' 45 - 50 ns
tor1 CTE to Output in High-Z - 30 - 50
tor2 OE to Output in High-Z - 30 - 50
toH Output Data Hold Time 5 - 10 -

AC TEST CONDITIONS

Ouput Load :
Input Pulse Rise and Fall Times :

1 TTL Gate and Cr=100pF

10ns Max.

Input Pulse Levels : 0.45V to 2.4V

Timing Measurement Reference Levels: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V
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CAPACITANCE *(Ta=25°C, f=1MHz)

sYMBOL CHARACTERISTIC TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Vin =0V - 1€ .
P
CouT Output Capacitance Vour =0V - 16

* This characteristic is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

AO0~A15

DO~D15

TC54H1024AP/AF-85,-10

Dl

—

toy
tce
Tor
toE !
i
Tor2
tacc '
- o
HicH - z %{ DATA OUTPUTS D@

e
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TC54H1024AP/AF-85,-10

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vee+0.3 \
ViL Input Low Voltage -0.3 - 0.8 \%
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 \%
Vep Vep Power Supply Voltage 12.50 12.75 13.00 | v

DC AND OPERATING CHARACTERISTICS(Ta =25+ 5°C,VCC=6.25V+0.25V,VPP

=12.75V+0.25V)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current Vin=0~Vcc - - +10 #A
Vor Output High Voltage lon = —400.A 2.4 - -

Vou Output Low Voltage loL=2.1mA . - - 0.4
lcc Ve Supply Current - - - 50 mA
lpp2 Vpp Supply Current Vpp = 13.0V - - 100 mA

AC PROGRAMMING CHARACTERISTICS(Ta=25+5

°C, VCC=6.25V+0.25V, VPP=12.75V + 0.25V)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - #s
tAH Address Hold Time - 2 - - #“S
tces CE Setup Time - 2 - - P
tcEn CE Hold Time - 2 - - P73
tps Data Setup Time - 2 - - S
toH Data Hold Time - 2 - - S
tys Vpp Setup Time - 2 - - 73
tpw Program Pulse Width - 0.095 0.1 0.105 ms
toE OF to Output Valid - - - 500 ns
tor2 OE to Output in High-2 CE=Vy - - 150 ns
toes OF Setup Time - 2 - - S

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Times
Input Pulse Levels

Timing Measurement Reference Levels :

1 TTL Gate and Cr=100pF
10ns Max.
0.45V and 2.4V
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— TC54H1024AP/AF-85,-10

HIGH _SPEED PROGRAM OPERATION

TIMING CHART

-
AO~A15 >< X
N

tas tan
tces ’ tcen
CE > /
el
toes
OF N
| torz toe, > < DF2
DO~D15 UNKNOWN Din STABLE DouTt VALID ‘f
—_—
los, - ton
1 tpw
PGM \l /
tys

Vep / §

Note : 1. Voc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.
2. Removing the device from socket and setting the device in socket with Vpp=12.75V may cause
permanent damage to the device.
3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V
should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its
pulse should not be exceeded 14V. .
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TC54H1024AP/AF-85,-10 —

OPERATION INFORMATION

The TC54H1024AP/ AF’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PINT =& OF GM | V Y DO~D1

MODE OE PG pp cc 5 Power
Read L L H Data Out )

READ Active
Output Deselect * H * 5v 5V X :

OPERATION High Impedance
Standby H * * Standby
Program L H Data In

PROGRAM H .

OPERATION Program Inhibit 12.75V] 6.25V High Impedance Active

L H H

Program Verify L L H Data Out

Note : H---Viy, L---ViL, *---Vig or Vi,

READ MODE

The TC54H1024AP / AF has three control functions. The chip enable (CE) controls the
operation power and should be used for device selection.

The output enable (OE) controls the output buffers, independent of device selection. Assuming
that CE=0E =V, and PGM =V, the output data is valid at the output after address access time
from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the address access time (tacc).

Assuming that CE =Vry,, PGM=Viy and all addresses are valid, the output data is valid at the
outputs after tor from the falling edge of OE.

OUTPUT DESELECT MODE
Assuming that CE=Vig or OE =Viy, the outputs willbe in a high impedance state. So two or
more ROMs can be connected together on a common bus line.

When CE is decoded for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC54H1024AP/AF has a low power standby mode controlled by the CE signal.

By applying a high level to the CE input, the TC54H1024AP / AF is placed in the standby
mode which reduce the operating current to 100uA by applying MOS-high level (Vcg) and then the
outputs are in a high impedance state, independent of the OE inputs.
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— TC54H1024AP/AF-85,-10

PROGRAM MODE
Initially, when received by customers, all bits of the TC54H1024AP /AF are in the “1” state

which is erased state.
Therefore the program operation is to introduce O’S data into the desired bit locations by

electrically programming. -
The levels required for all inputs are TTL. The TC54H1024AP/ AF can be programmed any B

location at anytime --‘either individually, sequentially, or at random.
PROGRAM VERIFY MODE

The verify mode is to check that the desired data is correctly programmed on the programmed

bits.
The verify is accomplished with OE and CE at Vi, and PGM at VIH.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a high
level CE or PGM input inhibits the TC54H1024AP/AF from being programmed. ’

Programming of two or more EPROMs in parallel with different data is easily accomplished.
That is, all inputs except for CE or PGM may be commonly connected, and a TTL low level
program pulse is applied to the CE and PGM of the desired device only and TTL high level signal
is applied to the other devices.

HIGH SPEED PROGRAM OPERATION

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vcc=6.25V and PGM=ViH.

The programming is achieved by applying a single TTL low level 0.lms pulse the PGM input
after addresses and data are stable. Then the programmed data is verified by using Program
Verify Mode.

If the programmed data is not correct, another program pulse of 0.lms is applied and then
programmed data is verified. This should be repeated unitl the program operates correctly (max.
25 times).

When programming has been completed, the data in all addresses should be verified with
Vee=Vpp=5V.
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TC54H1024AP/AF-85,-10

HIGH SPEED PROGRAM OPERATION

FLOW CHART

START

Ve = 6.25V + 0.25V
Vpp=12.75 % 0.25V

!

ADDRESS = START ADDRESS

X=0
[

ADDERSS
= NEXT ADDRESS

Y

PROGRAM : TPW = 0.1ms

YES
NG
NO LAST ADDRESS?
Ve =5V
Vpp =5V
NG
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TC54H1024AP/AF-85,-10

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC54H1024AP/AF which identifies it’s
manufacturer and device type. ’

The programming equipment may read out manufacturer code and device code from
TC54H1024AP / AF by using this mode before program operation and automatically set program
voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to ViL in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address AO is set to Viy.

These two codes possess an odd parity with the parity bit of (D7).

The following table shows electric signature of TC54H1024AP/ AF.

PINS HEX
A Dis|Dys|D D D D D D D D D D D D D D
SIGNATURE 0 15| P14 | D13 D121 D11 D10 D9 8 7 6 5 4 3 2 1 °ofl paTA
Manufacturer Code ViL * * * * * * * * 1 0 0 1 1 0 0 ] **38
Device Code Vin * * * * * * * * 1 0 0 0 1 0 0 1 **+89
Notes: A9=12V+0.5V, A;—Ag, Ajg—A15 CE, OE=Vy, PGM=Vy *: Don’t care
i
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TC544000P/F/FT-12,-150

TN

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

524,288 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC544000P/F/FT is a 524,288 word X 8 bit one time programmable read only memoly,

and molded in a 32 pin plastic package.

The access time of TC544000P/F /FT is 120ns/ 150ns

and has low power standby mode which reduces the power dissipation without increasing access

time.

The electrical characteristics and programming method are the same as U.V. EPROM
TC574000D’S once programmed, the TC544000P /F/FT can not be erased because of using plastic
DIP without transparent window.

FEATURES

® Peripheral circuit . CMOS e Low power dissipation

Memory cell

® Access time

- N-MOS Active .: 60mA/8.3MHz
Standby: 100xA (Ta=70°C)

—12 are satisfied with the specification

of —150

JEDEC standard 32 pin

]
-12 - 150 .
e Single 5V power supply
Vce SV +5% S5V +10% . . '
S e Full static operation
Temp 0°C~70°C .
e Input and output TTL compatible
tacc 120ns 150ns
]
]

TC544000P : DIP32 —~P —600
TC544000F : SOP32—~P —525
TC544000FT : TSOP32—P —400

PIN CONNECTION (ToP VIEW)

Vep
A16
A15
A2

A7
A6
AS
A4
A3
A2
A1l
AQ
Do
D1
D2
GND

High speed programming operation

0» ~ 324 v,

il 3 PIN_NAMES

Os 301 Aty

Qa 2911 a1a AO0~A18 Address Inputs

s 28(] A13

s . 271 a8 D0O~D7 Outputs (Inputs)

- 26{]1 a9 — X

Os 25{] A11 CE Chip Enable Input

Qo 24{1 BE OE Output Enable Input
{0 23{] at0

O 22[] €& Vee Vce Supply Voltage
Q12 2 o7 V P m Supply Voltage
IRE 20{] 06 PP rogra pply g
O1a 19 O3 GND Ground

Os 18] D4

Oie 17§ O3

TC544000P/F./FT
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TC544000P/F/FT-12,-150

BLOCK DIAGRAM

Vep GND Ve DO D1 D3 D4 D5 D6 D7

VA A 1 ??3?????

J— OE, CE CIRCUIT OUTPUT BUFFERS

L

>

A2 o— 9 512 .
A3 o— —X COLUMN A COLUMN IO CIRCUIT

A4 o— DECODER

10 ROW 1024 MEMORY CELL ARRAY
DECODER : 524,288 x 8bits

ADDRRESS BUFFERS

A18 o—

MODE SELECTION

MODE PIN CE OE Vpp Ve DO~D7 Power
Read L L Data Out .
Output Deselect * H 5v 5V High Impedance Active
Standby H * High Impedance Standby
Program L H Data In
Program Inhibit H H 12.50V 6.25V High Impedance Active
Program Verify * L Data Out
*: Hor L
MAXIMUM RATINGS il
SYMBOL ITEM RATING UNIT
Vcc Vcc Power Supply Voltage —-0.6~7.0 \"
Vpp Program Supply Voltage -0.6~14.0 \Y
Vin Input Voltage -0.6~7.0 \Y; L
Vin (A9) input Voltage (A9) -0.6~13.5 \Y o
Vyo Input/Output Voltage - 0.6~Vcc+0.5 Y, !
P Power Dissipation . 1.5 w [:
TsoLDER Soldering Temperature - Time 260-10 °C-sec T
Tsteg Storage Temperature - 65~125 °C i
Topr Operating Temperature 0~70 °C B
* : SOP Package
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TC544000P/F/FT-12,-150

READ OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC544000P/F/FT-12 TC544000P/F/FT-150
Vin Input High Voltage 2.2V~Vee + 0.3V 2.2V~Vcc + 0.3V
VL Input Low Voltage - 0.3v~0.8Vv 0.3v~0.8V
Vee Vcc Power Supply Voltage S5Vt5% 5V +10%
Vpp Vpp Power Supply Voltage Vee— 0.6V~Vee + 0.6V Vee— 0.6V~Vcee + 0.6V
DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)
SIMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current Vin=0~Vcc - - +10 A
N f=8.3MHz - - 60
lcco CE=Vy
Operating Current f=6.7MHz - - 50 mA
lout = 0mA -
lcco2 f=1MHz - - 15
leest CTE=Vy - - 1 mA
Standby Current —
lces2 CE=Vcc—-0.2v - - 100 KA
Vo Output High Voltage lon= —400.A 2.4 - - \
VoL Output Low Voltage loL=2.1TmA - - 0.4
lppq Vpp Current Vpp=Vec 0.6V - - +*10 ©A
Lo Output Leakage Current Vout=0.4V~Vc - - +10 LA

AC CHARACTERISTICS (Ta=0~70°C, Vpp=V.cc*0.6V)

SIMBOL PARAMETER TEST CONDITION TC544000P/F/FT-12 TC544000P/F/FT - 150 UNIT
MIN. MAX. MIN. MAX.
tacce Address Access Time CE=0OE=V,_ — 120 — 150 ns
tce CE to Output Valid OE=V, — 120 — 150 ns
toe OE to Output Valid CE=V, - 60 - 70 ns
toF1 CE tb Output in High-Z OE=V, 0 50 0 . 60 ns
tor2 OE to Output in High-Z CTE=V,_ 0 50 0 60 ns
ton Output Data Hold Time CE=0E=Vy 0 - 0 - ns
TC544000P/F/FT—12 are satisfied with the specification of TC544000P/F/FT /FT —150
AC TEST CONDITIONS
® Output Load 1 TTL Gate and CL=100pF
® Input Pulse Rise and Fall Times : 10ns Max. hs
@ Input Pulse Levels 0.45V~2.4V

® Timing Measurement Reference Level

310
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— ' TC544000P/F/FT-12,-150

CAPACITANCE* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION - MIN. MAX. UNIT
Cin Input Capacitance Vin =0V L - 9 PE
Cour Output Capacitance VouTt =0V - 13

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

AO~A18 >§ I X

1 tce

A . - tppy Z

\ toe , : — =

N

tacc tor2 =

HIGH Z .
DO~D7 HIGH Z 6 /%q DATA OUTPUT %—_
N
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TC544000P/F/FT-12,-150

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vee+ 1.0 .V
ViL Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 6.00 6.25 6.50 \
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 \%

DC AND OPREATING CARACTERISTICS (Ta=25+5°C,Vcc=6.25V+0.25V,Vpp=12.50V £ 0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I, Input Current Vin = 0~Vcc - - +10 A
VoH Output High Voltage lon = — 400uA 2.4 - - \%
Vou Output Low Voltage lor=2.1TmA - - 0.4 \
lec Ve Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp=12.8V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25V+0.25V, Vpp=12.50V 1£0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
taH Address Hold Time - 2 - - us
tces CE Setup Time - 0 - - us
tCEH CE Hold Time - 0 - - us
toEs OE Set up Time - 2 - us
tps Data Set up Time — 2 - - us
toH Data Hold Time - 2 - - uS
tves Vpp Set up Time - 2 - - S
tvcs Vce Set up Time - 2 - - #S
tpw Program Pulse Width CE=V|, OE=Vy 45 50 55 us
toE OE to Output Valid CTE=Viy - - 100 ns
toFp OE to Output in High-Z CTE=Vn - - 90 ns

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level :

1 TTL Gate and Cr, (100pF)
10ns Max.
0.45V~2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC544000P/F/FT-12,-150

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

AO~A18 x X
N

tas

: Lan, i
— tow, |, #£ TR ETRIIRALS 3 " i» s
CE <~/ : 25
‘ tCEH JcES I
10Es - < toep i

OF \r /

- tps toH - toe "
DO~D7 Din STABLE } Dout VALID

< tVPS

Vce
_j tves PROGRAM PROGRAM VERIFY
‘

Note 1. Voc must be applied simultaneously or before Vpp and cut off simultaneously or
after Vpp. )

2. Removing the device from socket and setting the device in socket with
VPP =12.50V may cause permanent damage to the device.

3. The VPP supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the VPP terminal.
When the switching pulse voltage is applied to the VPP terminal, the overshoot
voltage of its pulse should not be exceeded 14V. »
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TC544000P/F/FT-12,-150

OPERATION INFORMATION

The TC544000P/F/FT’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

- PIN NAMES (NUMBER) | CE Ot Vpp Vee DO~D7 POWER
MODE 22) | @a (1) (32) (13~15, 17~21)
Read Read L L Data Out .
. Active
Operation Output Deselet * H 5v 5v High Impedance
(Ta=0~70°C) Standby H * High Impedance Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50V | 6.25Vv High Impedance Active
(Ta=2525°) Program Verify * L Data Out

Note : H ; Viyg, L : Vi, *: Vi or ViL

READ MODE

The TC544000P/F /FT has two control functions. The chip enable (CE) controls the operation
power and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=0E=Vyy, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcr) is
equal to the address access time (taco).

Assuming that CE=VIL and all addresses are valid, the output data is valid at the outputs
after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vy or OE=Vyy, the outputs will be in a high impedance state. So two or
more TC544000P /F/FT’s can be connected together on a common bus line. When CE is decoded
for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC544000P / F/ FT has .a low power standby mode controlled by the CE signal. By
applying a high level to the CE input, the TC544000P /F /FT is placed in the standby mode which
reduce the operating current to 100xA by applying MOS-high level (Vce) and then the outputs are
in a high impedance state, independent of the OF inpﬁts.
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TC544000P/F/FT-12,-150

PROGRAM MODE

Initially, when received by customers, all bits of the TC544000P/F /FT are in the “1” state
which is erased state. Therefore the program operation is to introduce “0’s” data into the desired x
bit locations by electrically programming. The TC544000P/F /FT is in the programming mode
when the Vpp input is at 12.50V and CE is at Low under OE=VIH. \

The TC544000P/ F /FT can be programmed any location at any time either indivicually, o

sequentially, or at random. '

PROGRAM VERIFY MODE I

The verigy mode is to check that desired data is correctly programmed on the programmed

bits. The verify is accomplished with OE at ViL..

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a high
level CE and OE input inhibits the TC544000P/F/FT from being programmed.

Programming of two or more TC544000P / F / FI’s in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected, and a low
level program pulse is applied to the CE of the desired device only and high level signal is
applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is set up is the high speed programming mode when the programming voltage
(+-12.50V) is applied to the Vpp terminal with Vcc=6.25V.

The programming is achieved by applying a single low level 50u«s pulse to the CE input after
addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 50u«s is applied and then |
the programmed data is verified. This should be repeated until the program operates correctly |;

(max. 25 times).

After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verlfied with
Vee=Vpp=5V.
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TC544000P/F/FT-12,-150

HIGH SPEED PROGRAM MODE

FLOW CHART

l ADDRESS = START ADDRESS 7

}
[ Vee = 6.25V j
Y

[ Vpp = 12.5V ,
|

DATA = FF? YES

NO

o .
Y

| PrOGRAM 50.s PULSE l

!

[ X=X+ 1 l

YES

NG

VERIFY

ADDERSS =
NEXT ADDRESS

OVERPROGRAM X PULSES OF 50us
OR ONE PULSE OF 50X xs DURATION

4

NO

LAST ADDRESS?

Vee=5.0V
Vpp=5.0V

N
READ ALL BYTE S
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- ELECTRIC SIGNATURE MODE

TC544000P/F/FT-12,-150

Electric signature mode allows to read out a code from TC544000P / F which identifies its
manufacturer and device type.

The programming equipment may reads out manufacturer code and device

code from

TC544000P/F by using this mode before program operation and automatically set program voltage

(Vpp) and algorithm. v
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of

address lines is set to VIL in read operation. Data output in this conditions is manufacturer code.

Device code is identified when address AO is set to Viy.

These two codes possess an odd parity with the parity bit of MSB (D7).
The following table shows electric signature of TC544000P /F.

HEX. B
PINS AQ D7 D6 D5 D4 D3 D2 D1 DO

SIGNATURE - DATA
BV
Manufacture Code ViL 1 0 4] 1 1 0 0 0 98 BV
¢
_
Device Code . Vi 1 4] [¢] 4] 1 1 0 0 8C =
e
NOtESZ A9=12V:i:0.5V %
Al1~AS8, A10~A18, CE, OE=Vp, BV
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC544000AP/AF-12,-150

524,288 WORD x 8 BIT CMOS UV ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION .
The TC544000AP / AF is a 524,288 word X 8 bit one time programmable read only memoly,
and molded in a 32 pin plastic package. The access time of TC544000AP/AF is 120ns/ 150ns and

has low power standby mode which reduces the power dissipation without increasing access time.

The electrical characteristics and programming method are the same as U.V. EPROM
TC574000AD’S once programmed, the TC544000AP / AF can not be erased because of using plastic
DIP without transparent window.

FEATURES
® Peripheral circuit : CMOS ® Low power dissipation
Memory cell : N-MOS Active : 60mA/8.3MHz

Standby: 100xA (Ta=70°C)

® Access time B ) .
® High speed programming operation

-12 - 150

® Single 5V power supply

Vee SV+5% | sv+10% . .

o ® Full static operation
Temp 0°C~70°C .
’ ® Input and output TTL compatible

tacc 120ns 150ns . R

® JEDEC standard 32 pin
— 12 are satisfied with the specification & TC544000AP : DIP32 —P —600

of —150
TC544000AF : SOP32 P ~-525
PIN CONNECTION (TtoP VviEw) PIN NAMES
N> -~
Ve 1 32[] vec AO0~A18 Address Inputs
Aate [O2 310 ats DO~D7 Outputs (Inputs)
ars [z 300 a1y —
A12 [Ja 2901 ata CE Chip Enable Input
a7 [Os 281] a13 R
A6 [s 2711 A8 OE Output Enable input
As 07 2611 A9 Vce Vce Supply Voltage
As s 25f] A11
a3 [jo 24[] GE Vpp Program Supply Voltage
A2 [0 23] A10
at 011 2201 e GND Ground
Ao []12 21f] o7
oo [13 20{] 06
o1 [ia 191 O3
o2 [Jis 18] 04
ano [ie 17]] ©3
TC544000AP/ AF
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BLOCK DIAGRAM

TC544000AP/AF-12,-150

Vee GND Vee DO D1 D2 D3 D4 D5 D6 D7
OF o] —
. OE, CE CIRCUIT OUTPUT BUFFERS
CE o—
A0 o— Ppa
Al o—
A2 o— 8 256
A3 o— a COLUMN ) COLUMN IO CIRCUIT
A4 o— - DECODER
A5 o— <
A6 o—] “w
A7 o— ‘S
A8 o—] @
A9 o— w
A10 o— a
A11 o— < N ROW 2048 MEMORY CELL ARRAY
A12 o— o ¥ \ 8bi
A13 o <O( DECODER 524,288 x 8bits
Al14 o—
A15 o—
A16 o—
A17 o—
A18 o—
MODE SELECTION
PIN — —_—
MODE CE OE Vpp Ve DO~D7 Power
Read L L Data Out i
Active
Output Deselect * H 5V 5V High Impedance
Standby H * High Impedance Standby
Program L H Data In
Program Inhibit H H 12.50V 6.25V High Impedance Active
Program Verify * L Data Out
*: Hor L
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vce Vcc Power Supply Voltage -0.6~7.0 \
Vpep Program Supply Voltage -0.6~14.0 \
Vin Input Voltage -0.6~7.0 \
Vin (A9) Input Voltage (A9) -0.6~13.5 \%
Vo Input/Output Volfage —0.6~Vcc+0.5 \Y
Pp Power Dissipation 1.0/0.6* w
TsoLDER Soldering Temperature - Time 260-10 °C-sec
Tstrg Storage Temperature —-65~125 °C
Topr Operating Temperature 0~70 °C

* : SOP Package
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TC544000AP/AF-12,-150

READ OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC544000AP/ AF - 12 TC544000AP / AF - 150
Vin Input High Voltage 2.2V~Vcc + 0.3V 2.2V~Vcc+ 0.3V
Vi Input Low Voltage -0.3v~0.8V 0.3v~0.8V
Vee Vcc Power Supply Voltage 5V 5% 5V+10%
Vpp Vpp Power Supply Voltage Vecec— 0.6V~Vcc + 0.6V Ve~ 0.6V~Vcce + 0.6V
DC AND OPERATING CHARACTERISTICS (Ta=0~70°C)
SIMBOL PARAMETER TEST CONDITION MIN TYP. MAX. UNIT
[IN] Input Current Vin=0~Vcc - - *10 A
lccon TE=v, f=8.3MHz - - 60
Operating Current f=6.7MHz - - 50 mA
Icco2 lout = OmA f=1MHz - - 30
lcesa CE=V - - 1 mA
Standby Current
lces2 CE=Vcc-0.2V - - 100 pA
Vor Output High Volitage lop = —400uA 2.4 - - \%
Vou Output Low Voltage CloL=2.1mA - - 0.4 \%
lpp1 Vpp Current Vpp=Vcc+ 0.6V - - " *+10 uA
Lo Output Leakage Current Vout=0.4V~Vcc - - +10 pA
AC CHARACTERISTICS (Ta=0~70°C, Vpp=Vcc*0.6V)
TC544000AP / AF — 12 TCS44000AP/AF —- 150
SIMBOL PARAMETER TEST CONDITION N NVIAX. VN MAX. UNIT
tacc Address Access Time CE=0OE=V, — 120 - 150 ns
tce CE to Output Valid OE=V,_ — 120 - 150 ns
toe OE to Output Valid CE=V, — 60 — 70 ns
tor1 CE to Output in High-Z OE=V o} 50 o} 60 ns
tor2 OE to Output in High-Z CE=V,_ o] 50 o] 60 ns
toH Output Data Hold Time CE=0E=V, o] - o] - ns

TC544000AP/AF —12 are satisfied with the specification of TC544000AP/AF —150

AC TEST CONDITIONS

® Qutput Load

® Input Pulse Rise and Fall Times :

® Input Pulse Levels

® Timing Measurement Reference Level :

: 1 TTL Gate and Cr,=100pF

10ns Max.
0.45V~2.4V
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CAPACITANCE* (Ta=25°C, f= 1MHz)

TC544000AP/AF-12,-150

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT
Cin Input Capacitance Vin=0V - 12 PE
Cour Output Capacitance Vour =0V - 15
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
A0O~A18 ><
- -
<foH,
tce
)
— = g Y7 Z
« 222 / 7
oY}
[ toe L/
s '\ 4
1
tage - torz
HIGH Z
DO~D7 HIGH Z DATA OUTPUT %}‘“
| —
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TC544000AP/AF-12,-150

HIGH SPEED PROGRAM OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.2 - Vec+ 1.0 \Y
ViL Input Low Voltage -0.3 - 0.8 \Y
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 \%

DC AND OPREATING CARACTERISTICS (Ta=2515°C,Vcc=6:25V +0.25V,Vpp=12.50V £ 0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX, UNIT
7] Input Current Vin=0~Vcc - — +10 pA
Vou Output High Voltage lon= —400u.A 2.4 - - v
Vou Output Low Voltage lot=2.1TmA - - 0.4 A\
lcc Vcc Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp=12.8V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=2515°C, Vcc=6.25V+0.25V, Vpp=12.50V +0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - “S
taH Address Hold Time - 2 - - uS
tces CE Setup Time - 0 - - us
tcen CE Hold Time - 0 - - 73
toes OE Set up Time - 2 - us
tps Data Set up Time - 2 - - us
ton Data Hold Time - 2 - - s
tvps Vpp Set up Time - 2 - - s
tvcs Vcc Set up Time - 2 - - S
trw Program Pulse Width CE=V, OE=Vy 45 50 55 us
tog OE to Output Valid CE=Viy - - 100 ns
torp ‘OE to Output in High-Z CE=Viy - - 90 ns

AC TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level :

1 TTL Gate and Cr (100pF)
10ns Max.
0.45V~2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

TC544000AP/AF-12,-150

AO0~A18 ’ >i

tas

E tpw_, £
¥ —/ tCEH

R 2 | tces

toes

tps ton

toe )

Y

DO~D7 Din STABLE

Dout VALID

. tvps

PROGRAM VERIFY

Vce
_jf tves PROGRAM

Note 1. V¢ must be applied simultaneously or before Vpp and cut off simultaneously or

after Vpp.

2. Removing the device from socket and setting the device

VPP=12.50V may cause permanent damage to the device.

3. The VPP supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the VPP terminal.

‘When the switching pulse voltage is applied to the VPP terminal, the overshoot

voltage of its pulse should not be exceeded 14V.
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TC544000AP/AF-12,-150

OPERATION INFORMATION

The TC544000AP / AF’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) CE OE Vpp Ve DO~D7 POWER
MODE (22) (24) (1) (32) (13~15, 17~21)
Read Read L L Data Out .
. Active
Operation Output Deselet * H 5V 5Y High Impedance
(Ta=0~70°C) standby H * High Impedance Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50vV | 6.25V High Impedance Active
(Ta=25£5°C) Program Verify * L Data Out

Note : H ; Vig, L : Vi, * : Vig or Vi
READ MODE

The TC544000AP / AF has two control functions. The chip enable (CE) controls the operation
power and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=0E=VijL, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tAco)-

Assuming that CE=Vyy, and all addresses are valid, the output data is valid at the outputs
after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vg or OE=Viy, the outputs will be in a high impedance state. So two or
more TC544000AP / AF’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC544000AP /AT has a low power standby mode controlled by the CE signal. By applying
a high level to the CE input, the TC544000AP/AF is placed in the standby mode which reduce the
operating current to 100u4A by applying MOS-high level (Vce) and then the outputs are in a high

impedance state, independent of the OE inputs.
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— TC544000AP/AF-12,-150

.PROGRAM MODE

Initially, when received by customers, all bits of the TC544000AP / AF are in the “1” state
which is erased state. Therefore the program operation is to introduce “0’s” data into the desired
bit locations by electrically programming. The TC544000AP/AF is in the programming mode when
the Vpp input is at 12.50V and CE is at Low under OE =ViH.

The TC544000AP / AF can be programmed any location at any time either indivicually,

sequentially, or at random.

PROGRAM VERIFY MODE

The verigy mode is to check that desired data is correctly programmed on the programmed

bits. The verify is accomplished with OE at Vir..

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a high
level CE and OE input inhibits the TC544000AP /AF from being programmed.

Programming of two or more TC544000AP / AF’s in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected, and a low
level program pulse is applied to the CE of the desired device only and high level signal is
applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is set up is the high speed programming mode when the programming voltage
(+12.50V) is applied to the Vpp terminal with Vcg=6.25V.

The programming is achieved by applying a single low level 50us pulse to the CE input after
addresses and data are stable. Then the programmed data is verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 50us is applied and then
the programmed data is verified. This should be repeated until the program operates correctly
(max. 25 times).

, After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with
Veec=Vpp=5V.
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TC544000AP/AF-12,-150

HIGH SPEED PROGRAM MODE

FLOW CHART

START

[‘ ADDRESS = START ADDRESS ]

YES

DATA=FF?

[ XTO |

Y
[ PROGRAM 50us PULSE |

YES

NG

VERIFY

OVERPROGRAM X PULSES OF 50us
OR ONE PULSE OF 50X ws DURATION

ADDERSS =
NEXT ADDRESS

A

NO

LAST ADDRESS?

Vece= 5.0V
Vpp = 5.0V

NG

READ ALL BYTE
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— ' TC544000AP/AF-12,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC544000P /F which identifies its
manufacturer and device type.

The programming equipment may reads out manufacturer code and "device code from
TC544000AP / AF by using this mode before program operation and automatically set program
voltage (Vpp) and algorithm. A

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to Vi, in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address AQO is set to VIH.

These two codes possess an odd parity with the parity bit of MSB (D7).

The following table shows electric signature of TC544000AP / AF.

PINS HEX.
A0 D7 D DS D3 D2 D1 DO
SIGNATURE 6 D4 ] DATA
Manufacture Code Vi 1 (o] 0 1 1 o] 0 0 98
Device Code VIH 1. 0 0 0 1 " 0 o 8C

Notes: A9=12V 0.5V
A1~A8, A10~A18, CE, OE=V|_
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

— TC544200P/F-120,-150-

AMEGA BIT (262,144 WORD x 16BIT /524,288 WORD x 8BIT)
CMOS ONE TIME PROGRAMMARBLE READ ONLY MEMORY

DESCRIPTION

40 pin standard plastic package.

The TC544200P/F is a 4,194,304 bit CMOS One time programmable read only memory. It is
organized as 256K words of 16 bit or 512K words of 8 bit.
The TC544200P /F is compatible with 40 pin 4M bit Mask ROM. This product is packed in

The TC544200P/F is fabricated with the CMOS technology.

Advanced circuit techniques provide both high speed and low power features with access time of

120ns/150ns and a maximum operating current of 60mA /8.3MHz.
The electrical characteristics and programming method are the same as U. V. EPROM
TC574200D’s once programmed, the TC544200P /F can not be erased because of using plastic DIP

without transparent window.

"Peripheral circuit

FEATURES

Memory cell
Fast access time
(Vcc=5V+£10%, Ta=0~70°C)
TC544200P/F -120
TC544200P/F - 150
Single 5V power supply

: CMOS

: NMOS

Low power- dissipation
Standby

PIN CONNECTION

a17
A7 [
A6 [
As [
As [
A3 [
a2 O
ISE.
A0

El:
Vss

e O
oo [
os ]
o1 []
o9 ]
o2 []
oo [
o3 [
o11 [

@ NGOV Dbh WN =

o

10
1
12
13
14
15
16
17
18
19
20

40
39
38
37
36
3s
34
33
32
31
30
29
28
27
26
25
24
23
22
21

TCS44200P/F

Full static operation

Input and output TTL compatible

Three state output

High speed programming operation : tpw 50us

: 120ns 4M MROM compatible pinout : TC534200P
: 150ns TC544200P : DIP40 — P —600
TC544200F : SOP40 —-P —525
: 100uA
‘PIN NAMES
(TOP VIEW) (Reference)
1 A8 A17 1 N~ a0 [Jas AQ~A17 | Address Input
T A9 a7 42 39 [ A9 DO~D14 | Output (Input)
(1A10 A6 []3 38 [1A10 P ;
EINE as Cla 3 Ban CE Chip Enable Input
M At2 as O's 36 (1 A12 OF Output Enable Input
gma A3 Es 35 gma D1S/A - 1 Output (Input)
Al4 A2 7 34 [JA14 / Add Input
1 Ats A1 s 33 [ A1s - ress p
1 Avs Ao Clo 32 [ ats BYTE/ Ve Word, Byte select Input
[1BYTE/Vpp “ce 10 31 [[1BYTE / Program Supply Voltage
T vss vss [ 11 30 [ ves Vee S lv Volt
[Joi1s/A-1 OE [ 12 29 [ oi1s/Aa-1 Vee cc Jupply Vorage
o7 oo [ 13 28 107 Vss Ground
o1a os []1a 27 [(1b1a
106 o1 s 26 [1os
(1013 oo []1e 25 [Jo13
Jos o2 }7 24 [os
o112 oio (18 23 [Jo12
1 oa o3 19 22 [(pa
Jvee o11 [} 20 21 [ Vee
' 4M Mask ROM
TCS34200P
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-~ TC544200P/F-120,-150

BLOCK DIAGRAM

Vpp Vss Vcc D15 TN DO
N S SR e S
BYTE O—4— o e H
BYTE, CE, OE CIRCUIT T OUTPUT BUFFERS
OF o— i
4
CE o— H
- ————————————— —— - =] — A — - - -
r 1 |
A-1 O+ Pl
9 | COLUMN 512 COLUMN KO i
A0 O] s
ADDRESS. DECODER CIRCUIT Hy:
S BUFFERS . | 3
10 ROW 1024 MEMORY CELL
ARRAY
DECODER 262,144 x 16 BITS
A17 O—
MODE SELECTION
PINS | == | =5 | BYTE D15
MODE . CE E / Vo Vce DO~D7 D8~D14 JA -1 Power
Read (16 Bit) L L H Data Out
Read (Lower 8 Bit) L L L Data Out High Impedance L
(Lower 8 Bit)
Read (Upper 8Bit) L L L Data Out. High Impedance H -~ Active
5V (Upper 88it)
Output Deselect L H H High Impedance
L High Impedance l *
Standby H * H High Impedance Standby
L High Impedance l *
Program L H Data In
Program Inhibit H 12.5V | 6.25V High Impedance Active
Program Verify * L Data Out
Note: H=V|y, L=V, »=V|q or Vj_
MAXIMUM RATINGS
SYMBOL ITEM RATING - UNIT
Vcc Vcc Power Supply Voltage -0.6~7.0
Vpp Program Supply Voltage -0.6~14.0 v
VN input Voltage -0.6~7.0 Y :
Vin (A9) Input Voltage (A9) -0.6~13.5 \/
Viso input/ Output Voltage —0.6~Vcc+0.5 \Y b
Po Power Dissipation 1.5 w
TsoLpber Soldering Temperature - Time 26010 °C - sec
TsTrG Storage Temperature - 65~150 °C
Topr Operating Temperature 0~70 °C
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TC544200P/F-120,-150 —

READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vcce+0.3 v
ViL Input Low Voltage -0.3 - 0.8 v
Vce Vcc Power Supply Voltage 4.50 5.00 5.50 v

D.C. AND OPERATING CHARACTERISTICS (Ta =0~70°C)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iu Input Current Vin=0V~Vcc - - +10 A
lccor CE=0V loyr=0mA f=8.3MHz - - 60 mA

Operating Current —
lccoz CE=0V loyr=0mA f= 1MHz - - 30 mA
lecsa CE=Vy4 - _ 1- mA
Standby Current —
lcesz2 CE=Vcc-0.2V - - 100 #A
Vor Output High Voitage loH = = 400A 2.4 - - \4
VoL Output Low Voltage loL=2.1mA - - 0.4 v
lppq Vpp Current Vpp = 0V~Vcc + 0.6V - - *10 uA
Lo Output Leakage Current Vout =0.4V~Vcc - - +10 A

A.C. CHARACTERISTICS (Ta=0~70°C)

SYMBOL PARAMETER MIN.— 12?VIAX. MIN._ 15?VIAX. UNIT
tacc Address Access Time - 120 - 150 ns
tce CE to Output Valid - 120 - 150 ns
toe OE to Qutput Valid - 60 - 70 ns
tofr CE to Output in High Iimpedance 0 50 0 60 ns
tor2 OE to Output in High Impedance 0 50 0 60 ns
toH Output Data Hold Time [0} - [} - ns
tgT BYTE to Output Valid - 120 - 150 ns
taTD BYTE to Output in High Impedance - 60 - 70 ns

- A.C. TEST CONDITIONS

- Output Load : 1 TTL Gate and CL = 100PF

- Input Pulse Rise and Fall Time : 10ns Max

- Input Pulse Levels : 0.45V and 2.4V

- Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V
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R

CAPACITANCE * (Ta =25°C, f= 1MHz)

TC544200P/F-120,-150

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT ‘,
Cint Input Capacitance Vi =0V - 6 10 oF !
Cinz Input Capacitance (BYTE/ Vpp) Vin =0V - 110 120 oF L
Cout Output Capacitance Vout =0V - 10 12 pF \
'* This parameter is periodically sampled and is not 100% tested. [

TIMING WAVEFORMS at
HE
WORD - WIDE READ MODE 1
AO~A17 x X !
ton

W

Y

7 MM

toF1

JTT7

)

.

tacc

tor2

DO0~D15 High 2 W/m

Dout VALID

Note: BYTE/Vpp =VjH
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TC544200P/F-120,-150

BYTE — WIDE READ MODE

A X
= AAANIN z; A
- I AT,
DDDDD r— e
Wﬂeﬁ—) %ﬁ‘/ High 2
DDDDD XA = XU ji
:)_TXC/? T

332




TC544200P/F-120,-150

HIGH SPEED PROGRAM OPERATI

ON

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voitage 2.2 - Vee+ 1.0 \Y
ViL Input Low Voltage -0.3 - 0.8 \}
Vee Ve Power Supply Voltage 6.00 6.25 6.50 A\
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 A\

D.C. AND OPERATING CHARACTERISTICS (Ta=25*5°C, Vcc=6.2510.25V, Vpp=12.50%0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. - TYP. MAX. UNIT
I Input Current Vin = 0V~Vee - - +10 #A
VoH Output High Voltage lon = — 400.A 2.4 - - \Y
VoL Output Low Voltage loL=2.1TmA ' - - 0.4 \
lee Vee Supply Current - - - 40 mA
lpp2 Vpp Supply Current Vpp = 12.8V ' - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcc=6.25+0.25V, Vpp=12.50%0.30V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - #S
taH Address Hold Time - 2 - - P
tces CE Setup Time - 0 - - S
tceH CE Hold Time - 0 - - us
toEs OE Setup Time - 2 - - #S
tps Data Setup Time - 2 - - M5
1oH Data Hold Time - 2 - - s
typs Vpep Setup Time - 2 - - HS
tves Ve Setup Time - 2 - - us
tpw Program Pulse Width - 45 50 55 HS
topw Overprogram Pulse Width Note 1 45 50 55 y7]
toe OE to Output Valid CE=Vi - - 100 ns
torp OE to Output in High Impedance CE=V|4 - - 90 ns

y

- A.C. TEST CONDITIONS
- Output Load
- Input Pulse Rise and Fall Time
- Input Pulse Levels

- Timing Measurement Reference Level

1 TTL Gate and CL=100PF
10ns Max
: 0.45V and 2.4V

: Input 0.8V and 2.2V, Output 0.8V and 2.0V

Note 1: topw depends on the program pulse width which is required in the initial program.
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TC544200P/F-120,-150

TIMING WAVEFORMS

HIGH SPEED PROGRAM OPERATION

AO0~A17 X X
torw
= RAKXHKIXXXX XXX X XXX
< \ [l RGBS e
toes torp
oF & /
tos toH
DO~D15 g Din STABLE E {: Dout VALID 45—
BYTE/Vep /_
tves
Vce /
PROGRAM PROGRAM VERIFY

Note: 1.

Vcc must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

Removing the device from socket and setting the device in socket with

Vpp=12.50V may cause permanent damage to the device.

The Vpp supply voltage is permitted up to 14V for program operation. So the
voltage over 14V should not be applied to the Vpp terminal. When the
switching pulse voltage is applied to.the Vpp terminal, the overshoot voltage of
its pulse‘should not be exceeded 14V.
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— . TC544200P/F-120,-150

OPERATION INFORMATION

The TC544200P/F’s eight operation mode are listed in the following table. Mode selection can
be achieved by applying TTL level signal to all inputs.

PINS | == | s | BYTE D15
: ~ D8~D14 Power
MODE E1OF| vy, | Vee po~Db7 [A=1
Read (16 Bit) L L H Data Out
i L
Read (Lower 8 Bit) L L L Data Out‘ High Impedance
( Lower 8 Bit)
. High Impedance H Active :
Read (Upper 8Bit) L] L Data Out ‘g P E
5V {(Upper 8 Bit) ;
Output Deselect L H H High Impedance
L High Impedance l *
Standby H . H High Impedance Standby
L High Impedance ]«
Program L H Data In
‘Program Inhibit H | 12.5v | 6.25V High Impedance Active
Program Verify * L Data Out
Note: H=V|4, L=V, *=V|yq or V|_
READ MODE

The TC544200P/F has the BYTE/Vpp terminal that selects word — wide output and byte — wide
output. When BYTE/ Vpp is set to Vg, the word — wide output is selected, and D15/ A -1 pin is
used for D15 data output.

When BYTE/ Vpp is set to VL, the byte — wide output is selected, and D15/ A —1 pin is used
for A -1 address input. When A -1 is set to VL in this condition, the data output is selected
lower 8 bits of the 16 bit data which has been programmed. When A -1 is set to Viyg, the data
output is selected upper 8 bits. ‘ :

The TC544200P /F has two control function. The chip enable (CE) controls the operation ~
power and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=O0OE=V]L, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tacc). Assuming that CE=VjL and all addresses are valid, the
output data is valid at the outputs after tor from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vig or OE=Vjy, the outputs will be in a high impedance state. So two
or more TC544200P / F’'s can be connected together on a common bus line. When CE is decoded
for device selection, all deselected devices are in low power standby mode.

STANDBY MODE v v

The TC544200P/F has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC544200P /F is placed in the standby mode which reduces the
operating current to 100xA by applying MOS ~high level (Vcoc) and then the outputs are in a high
impedance state, independent of the OE input.
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TC544200P/F-120,-150 _—

PROGRAM MODE

Initially, When recieved by customers, all bits of the TC544200P/F are in the “1” state which
is erased state. Therefore the program operation is to introduce “0’s” data into the desired bit
location by electrically programming. The TC544200P/F is in the programming mode when the
Vpp input is at 12.50V and CE is at TTL — Low under OE=Vu. Data to be programmed must be
applied 16 bits in parallel to the data pins.

The TC544200P / F can be programmed any location at anytime either individually,

sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.
The verify is accomplished with OE at Vir. The programmed data should be compared with
the original word-wide (16 bit) data. ’

PROGRAM INHIBIT MODE

Under the condition that the program voltage (12.50V) is applied to Vpp terminal, a high level
CE input inhibits the TC544200P /F from being programmed. Programming of two or more
EPROMs in parallel with different data is easily accomplished. That is, all inputs except for CE
and OE may be commonly connected, and a TTL low level program pulse is applied to the CE of
the desired device only and TTL high level signal is applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is set up the high speed programming mode when the programming voltage
(12.50V) is applied to the Vpp terminal with Vgg=6.25V. The programming is achieved by
applying a single TTL low level 50us pulse to the CE input after addresses and data are stable.
Then the programmed data is verified by using Program Verify Mode. If the programmed data is
not correct, another program pulse of 50us is applied and then the programmed data is verified.
This should be repeated until the program operates correctly(max. 25 times).

After correctly programming the selected address, the overprogram pulse of same length that
needed for initial programming should be applied. When programming has been completed, the
data in all addresses should be verified with Vogc=Vpp=5V.
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TC544200P/F-120,-150

HIGH SPEED PROGRAM MODE
FLOW CHART

. C o |
[ _ oy
ADDRESS = i
START ADDRESS

Vee=6.25V
BYTE/ Vpp = 12.50V 4

l 3
YES o

DATA = FFFF?’

| XT° |

1

I PROGRAM 50 us PULSE I
]

X=X+1 ‘

ok |
ADDRESS = OVERPROGRAM X PULSES OF 50 us
NEXT ADDRESS OR ONE PULSE OF 50X us DURATION
<ot
oK

NO

LAST ADDRESS 2
YES

Vce=5.0V
BYTE/Vpp = 5.0V

) ‘C FAIL )

( PASS )
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TC544200P/F-120,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC544200P /F which identifies its
manufacturer and device type. The programming equipment may read out manufacturer code and
device code from TC544200P /F by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm. ‘

Electric signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to ViL, in read operation. Data output in this condition is manufacturer code.
Device code is identified when address AQ is set to Vig. These two codes possess an odd parity
with the parity bit of (D7).

The following table shows electric signature of TC544200P /F.

PINS HEX

SIGNATURE A0 | D15 | D14 | D13 | D12} D11 {D10| D9 D8 D7 D6 DS D4 | D3 D2 D1 Do DATA

Manufacturer Code | V), * * * * * * * * 1. o o 1 1 (o} (o] o **98

Device Code ViH * * * * * * * * 1 0 0 0 1 L 1 1 **8F
Note: A9=12.0V*0.5V * Don't care

A1-A8, A10-A17, CE, OE=V|_
BYTE/VPP =V |y
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC544096P/F-120,-150

4 MEGA BIT (262,144 WORD x 16 BIT)

CMOS ONE TIME PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION

The TC544096P/F is a 262,144 word X 16 bit CMOS one time programmable read only

memory. The TC544096P/F is JEDEC standard pin configuration.

TC544096P/F is fabricated with the CMOS technology. Advanced circuit techniques provide
both high speed and low power features with a maximum operating current of 60mA /8.3MHz and

access time of 120ns/150ns.

The electrical characteristics and programming method and the same as U.V. EPROM
TC574096D’s once programmed, the TC544096P/F can not be erased because of using plastic

package without transparent window.
FEATURES

® Peripheral circuit :CMOS
Memory cell : N-MOS

® Fast access time

TC544096P/F-120 : 120ns (Vec=5.0V+10%)
TC544096P/F-150 : 150ns (Vee=5.0V +10%)

® Low power dissipation
Active : 60mA/8.3MHz
Standby : 100xA

PIN CONNECTION (toP ViEW) PIN NAMES
Ve 01 ~ 40[] v AQ~A17
<F 02 391] a7
ois O3 381] a1e Do~D15
o14 Oa 371 as <E
o013 Os 361 ata —
p12 [s 35(] Aa13 OE
o011 [7 34(] A12
oo (s 33]] A1 Vee
o9 []o 32]1 a0 Vep
os [0 311 A9
vss a1 304l v Vss
o7 [12 29{] A8
os [[13 28] A7
os [a 27[] A6
oa [1s 26[] As
o3 [j1e 25{] A4
o2 [fi7 2a[] A3
o1 {Jis 23] a2
oo {19 22[] a1
o€ [20 21[] A0

339

® Single 5V power supply
® Full static operation
® High speed programming operation : tpw 50us
® Input and output TTL compatible
e JEDEC standard 40 pin
e TC544096P : DIP40—-P—-600
TC544096F : SOP40—-P —525

Address Inputs

Outputs (Inputs)

Chip Enable Input

Output Enable Input

Vee Supply Voltage

Program Supply Volitage

Ground
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TC544096P/F-120,-150

BLOCK DIAGRAM

Vep GND Vce Dg D1 D; D3 Dy Ds Dg Dy Dg Dg D19D11D12D13D14D15
‘OF o— OF CE ’
J— OUTPUT BUFFERS
CE o— CIRCUIT
AQo—
Alo—
A2 o—]
A3o— v 8 256
- COLUMN
A4 o— u A — A .
‘ac re X DECODER ) COLUMN /0 CIRCUIT
Abo— 2
A7 o—-
A8 o— “ 2
A9o— 1
A10o0— S
Al11o0— a
Al2o— < 10 | rROwW 1024 MEMORY CELL ARRAY
A13 00— \ AY
Ald DECODER 262,144 x 16 bits
A15o0—
A16 o—
A17 o—]
MODE SELECTION
PiN _ o
MODE CE OE Vpp VCC D0O~D15 Power
Read L Data Out i
Active
Output Deselecst * H 5V 5V i
High Impedance
Standby H * Standby
Program L H Data In
Program Inhibit H H 12.50V 6.25Vv High Impedance Active
Program Verify * L Data Out
* : Hor LL
MAXIMUM RATINGS
SYMBOL CHARACTERISTIC RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 \4
Vpp Program Supply Voltage ~-0.6~14.0 \Y
Vin input Voltage -0.6~7.0 \%
Vin (A9) Input Voltage (A9) -0.6~13.5 \Y
Vio Input/Output Voltage —0.6~Vce+ 0.5 \Y
Pp Power Dissipation 1.5 w
TSOLDER Soldering Temperature Time 260-10 °C - sec
Tstrg Storage Temperature - 65~125 °C
Topr Operating Temperature 0~70 °C
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TC544096P/F-120,-150

READ OPERATION i

AC/DC RECOMMENDED OPERATING CONDITIONS

SYMBOL CHARACTERISTIC TC544096P/F - 120, 150 B
Ta Ambient Temperature 0~70°C §
Vcce Vcc Power Supply Voltage 5V+10%

Vpep Vpp Power Supply Voltage OV~Vcc + 0.6V
DC AND OPERATING CHARACTERISTICS

SYMBOL CHARACTERISTIC TE5T CONDITION MIN. TYP. MAX. UNIT

It Input Current VinN=0~Vcce - - +10 A
| CE= f=8.3MHz - - 60 A :
ccon Operating Current CE=0V - m
lcco2 loutr =0mA f=1MHz - - 30 mA
I CE=V - - 1 mA
cest Standby Current — a
Iccs2 CE=Vcc-0.2V - - 100 pA
ViH Input High Voltage R — 2.2 - Vee + 0.3 \"

ViL Input Low Voltage E— -0.3 = 0.8 \"
Vou Output High Voltage loH = — 400A 2.4 - - \"
Vol Output Low Voltage loL=2.1TmA - - 0.4 v
Ippy Vpp Current Vpp=0V~Vcc + 0.6V - - +10 pA
ILo Ouptut Leakage Current’ Vout = 0.4V~Vcc - - 10 uA

AC CHARACTERISTICS

SYMBOL CHARACTERISTIC TC544096P/F - 120 TC544096P/F - 150 UNIT
MIN. MAX. MIN. MAX.
tacc Address Access Time - 120 - 150
tce CE to Output Valid ~ 120 - 150
toE OE to Output Valid - 60 - 70
toF1 . CE to Output in High-Z - 50 - 60 ns
tpF2 OE to OQutput in High-Z - 50 - 60
toH Output Data Hold Time 0 - o] -
AC TEST CONDITIONS
Ouput Load : 1 TTL Gate and Cp,=100pF
Input Pulse Rise and Fall Times : 10ns Max.
Input Pulse Levels : 0.45V to 2.4V

Timing Measurement Reference Levels: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V
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TC544096P/F-120,-150

CAPACITANCE *(Ta=25°C, f=1MHz)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin =0V - 10
pF
Cout Output Capacitance Vout =0V - 10 12

* This characteristic is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

AQ0~A17

DO~D15

X

AN

OH

\ tce
. Tor
toe !
I
Tor2
tacc

- o HIGH -Z
ellcla L ‘W% DATA OUTPUTS %/%———
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TC544096P/F-120,-150

HIGH SPEED PROGRAM OPERATION
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.2 - Vee+ 1.0 v
ViL Input Low Voltage -03 - 0.8 \%
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \%
Vpp Vpp Power Supply Voltage 12.20 12.50 12.80 \%

DC AND OPERATING CHARACTERISTICS (Ta=25+5°C,Vcc=6.25V+0.25V,Vpp=12.50V+£0.30V) a

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT ‘
I} Input Current Vin = 0~Vce - - +10 HA j
VoH Output High Voltage loH = — 400uA 2.4 - - v :
VoL Output Low Voltage lot=2.1TmA - - 0.4 \%
lcc ) Vcc Supply Current - - - 30 mA
lpp2 Vpp Supply Current Vpp=12.8V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Vcc=6.25V£0.25V, Vpp=12.50V10.30V)

SYMBOL CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - 73
taH Address Hold Time - 2 - - s
tces CE Setup Time - (o} - - uS
tcEH CE Hold Time ‘ - 0 - - HS
togs ‘OFE Set up Time - 2 - us
tps Data Set up Time - 2 - - Hus
tok Data Hold Time - 2 - - Hs
tvps Vpp Set up Time . - 2 - - us
tvcs Vcc Set up Time - 2 - - Hus
tpw Program Pulse Width ] - 45 50 55 us
toe OE to Output Valid CE=Vn - - 100 ns
torp . OE to Output in High-Z CE=Viy . - - 90 ns

AC TEST CONDITIONS

® Output Load _ : 1 TTL Gate and Cr=100pF
® Input Pulse Rise and Fall Time : 10ns Max.

e Input Pulse Levels ' : 0.45V to 2.4V

)

Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V
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TC544096P/F-120,-150

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAM OPERATION

" :
AO~A17 >< X
.

tas DI
CE .
toEs — torp
or N v
| tps tpH toe -]
DO~D15 Din STABLE } Dour VALID >——
Vep
tves
.
Vee / ! tyes PROGRAM PROGRAM VERIFY

Note 1. Vcoc must be applied simultaneously or before Vpp and cut off simultaneously or
after Vpp.

2. Removing the device from socket and setting the device in socket with
Vpp=12.50V may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot
voltage -of its pulse should not be exceeded 14V.
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TC544096P/F-120,-150

OPERATION INFORMATION

The TC544096P / F’s six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

. PIN NAMES | = OF Vep Vee DO~D15 POWER
Read L L Data Out )
Read | " sv sv Active
: Output Deselect H

Operation P - High Impedance

: Standby H * . Standby
Program Program L H Data In
Operation Program Inhibit H H 12.50V | 6.25V High Impedance Active
(Ta=25%5°C) Program Verify * L Data Out

Note : H; Vig, Li : Vy, * : Vig or Vp,
READ MODE

The TC544096P /F has two control functions. The chip enable (CE) controls the operation
power and should be used for device selection. The output enable (OE) controls the output buffers,
independent of device selection. Assuming that CE=OE=VjL, the output data is valid at the
outputs after address access time from stabilizing of all addresses. The CE to output valid (tcg) is
equal to the address access time (tacc).

Assuming that CE=V]y, and all addresses are valid, the output data is valid at the outputs
after tog from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vg or OE=ViH, the outputs will be in a high impedance state. So two or
more TC544096P / F’s can be connected together on a common bus line. When CE is decoded for

device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC544096P /F has a low power standby mode controlled by the CE signal. By applying a
high level to the CE input, the TC544096P /F is placed in the standby mode which reduce the
operating current to 100uxA by applying MOS-high level (Vcc) and then the outputs are in a high

impedance state, independent of the OE inputs.
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TC544096P/F-120,-150

PROGRAM MODE

Initially, when received by customers, all bits of the TC544096P/F are in the “1” state which
is erased state. Therefore the program operation is to introduce “0’s” data into the desired bit
locations by electrically programming. The TC544096P/F is in the programming mode when the
Vpp input is at 12.50V and CE is at Low under OE=VIH.

The TC544096P / F can be programmed any location at any time either individually,

sequentially, or at random.

PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed on the programmed bits.

The verify is accomplished with OE at VIL.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a high
level CE and OE input inhibits the TC544096P / F from being programmed.

Programming of two or more TC544096P / ¥F’s in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected, and a low

level program pulse is applied to the CE of the desired device only and high level signal is
applied to the other devices.

HIGH SPEED PROGRAM MODE

The device is set up in the high speed programming mode when the programming voltage
(+12.50V) is applied to the Vpp terminal with Vec=6.25V.

The programming is achieved by applying a single low level 50us pulse to the CE input after
addresses and data are stable. Then the programmed data {s verified by using Program Verify
Mode. If the programmed data is not correct, another program pulse of 50us is applied and then
the programmed data is verified. This should be repeated until the program operates correctly
(max. 25 times) .

After correctly programming the selected address, the additional program pulse with width of 1
time more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with

Vee=Vpp=5V.
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TC544096P/F-120,-150

HIGH SPEED PROGRAM MODE
FLOW CHART

START

| ADDRESS = START ADDRESS J

l Vpp = 12.5V J
|
DATA = FFFF ? YES
NO
| X =0 l
T
Y
[ PROGRAM 50us PULSE |
I X=X+1 |
YES
NG VERIFY
Y
ADDRESS = OVERPROGRAM X PULSES OF 50pus
NEXT ADDRESS OR ONE PULSE OF 50X s DURATION
A
< ey
OK
NO TAST ADDRESS?

Vce = 5.0V
Vpp =5.0V

READ ALL BYTE

NG ( FAIL )
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TC544096P/F-120,-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC544096P /F which identifies it's
manufacture and device type.

The programming equipment may read out manufacturer code and device code from TC544096P

/F by using this mode before program operation and automatically set program voltage (Vpp) and
algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to Vi, in read operation.

Data output in this conditions is manufacturer code.
Device code is identified when address AQ is set to Viu.

These two codes possess an odd parity with the parity bit of (D7).
The following table shows electric signature of TC544096P / F.

PINS i HEX
A D D D D D D D D D D D D D D D D
SIGNATURE 0 15 (P14 [ D131 D121 D49 | Dqg 9 s | Dy 6 5 4 3 2 1 °I| paTa

Manufacturer Code ViL * * * * * * * * 1 0 0 1 1 0 0 0 **98
Device Code ViH * * * * * * * * 0 o] 0 0 1 1 1 0 **x0E
Notes : A9=12V 0.5V, *: Don’t care

) A1—Ag, Ajg—Aj7, CE, OE=Vy,
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC58257AP/AF-20,-25 —

TENTATIVE

rc58257AP / AF 32,768 WORD x 8 BIT ELECTRICALLY CHIP ERASABLE AND PROGRAMMABLE READ

JNLY MEMORY
SESCRIPTION

TC58257AP/AF is a 32,768 word X 8 bit electrically chip erasable and programmable read only ‘

pemory, and molded in a 28 pin plastic package.

The TC58257AP/ AF’s access time is 200ns/

:50ns, and has low power standby mode which reduces the power dissipation without increasing

ccess time.

The electrical characteristics are the same as U.V. EPROM TC57256AD’s.
rogram operation, the programming is achieved by using the high speed programming mode.

For
The

'C58257AP / AF has an electrically chip erasing mode which can erase whole bits at the same

me.
EATURES .
Peripheral circuit : CMOS )
VMemory cell : NMOS ®
Tast access time: TC58257AP/AF-20 200ns e
TC58257AP/AF-25 250ns e
.ow power dissipation [
Active 30mA /5MHz
Standby 100.A
®

"IN CONNECTION (TOP VIEW)

Full static operation

High speed programming mode

Electrically chip erasing mode

Inputs and outputs TTL compatibility

Pin compatible with MASK ROM TC53257P,
TMM23256P, EPROM TMM27256D/AD, and
TC857256D/AD, one time PROM TMM24256P/AP/AF and
TC54256P/AP/AF

TC58257AP : DIP28 —P—600

TC58257AF : SOP28—P —450

-/
Ver O 28] v
a2 )2 271 Ava
A7 (3 260) A13 BLOCK DIAGRAM CE OF 00 o7
a6 [a 251] A8 - 9
as [}s 241} Ag/eRs v [ _T_ T T ?
aa Oe 23] an pp O— — i E OF CIRCUIT j | OUTPUT BUFFER ]
A3 [z 22f]] &8 CIRCUIT ¢
a2 []s 211 a0
a1 o 20 &F 6 COLUMN N COLUMN 170
a0 [io 19[] o7 DET*&‘%Q»J DECODER CIRCUIT
oo [ 18] ps CIRCUIT ‘
o1 2 17(] DS ;
02 {13 16[] 0% A0 © MEMORY CELL
No [1a 1s[] 03 A9/ERS O—— ’;?,"F’,ZE;S P DESS;’}’DER 213 ARRAY
Aty O— 32.768x8
MODE SELECTION
NAMES
Pin e | AQ0~AS8
314 | Address Inputs Mode CE JOE| A9 [ Vpp Vee | (10~14) DO~-D7 Power
P7 g:,tp:t (L:put) " Read L L * * Data Output Active
- 5 Itp tn: ebllnplu " Output Deselect » H * sV sV * High Impedance .
utput Enable Inpu . . N

. Address and Enabie Standby H * High Impedance |Standby
RS | control Input Program L|H * 12.75v | 6.25v * Data Input

Program and Erase Program Inhibit H * * . ’ * High Impedance Active
’ Power Supply Voltage Program Verify - L * or12v | orsv * Data Out
- \\;gﬁa';"ewe' Supply Chip Erase L], 1275V v * Don‘t Care Active
5 Ground Chip Erase Inhibit H | * or 12V * High Impedance
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TC58257AP/AF-20,-25

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee: Vcc Power Supply Voltage -0.6~7.0 v
Vpp Program Supply Voltage -0.6~14.0 \%
Vin Input Voltage -0.6~7.0 \
Vo Input/Output Voltage - 0.6~Vcc+ 0.5 \%
Pp Power Dissipation 1.0/0.6* w
TSOLDER Soldering Temperature - Time 260-10 °C - sec
TsTG Storage Temperature ~-65~125 °C
ToprRr Operating Temperature -10~70 °C
New Erase Write Endurance 100 Cycles
* SOP
READ OPERATION
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN . TYP. MAX. UNIT
Vg Input High Voitage 2.2 - Vecc+03 \
ViL Input Low Voltage -03 - 0.8 \
Vce Vcc Power Supply Voltage 4.50 5.00 550 \
Vpp Vpp Power Supply Voltage Vce-0.6 Ve Ve + 0.6 \
DC AND OPERATING CHARACTERISTICS (Ta= - 10~70°C, VCC =5V £ 10%)
SYMBOL PARAMETER CONDITION MIN . TYP. MAX. UNIT
] input Current VIN = 0~VCC - - +10 #A
lcco Operating Current CTE=0V, lout=0mA, f=5MHz — ~ 30 mA
| E‘E‘: A\ - - 1 mA
cest Standby Current — H
lccs2 CE=Vcc—- 0.2V - - 100 LA
Vowr Output High Voltage lon= — 400uA 2.4 - - \%
VoL Output Low Voltage loL=2.1TmA - - 0.4 V-
lppq VPP Current Vpp=Vcc—0.6~Vcc+ 0.6 - - +10 uA
ho Output Leakage Current Vour=0.4~Vc — — +10 _uA
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_ TC58257AP/AF-20,-25

AC CHARACTERISTICS (Ta = - 10~70°C, VCC=5V + 10%, VPP =VCC + 0.6V)

%BOL PARAMETER TEST CONDITION | MIN._ZO —— MIN-—25 —— unir
tacc Address Access Time CE=0E=V, - 200 - 250 ns :‘
tce CE to Output Valid - OE=V,_ - 200 - 250 ns
toe OF to Output Valid CE=V,_ - 70 - . 100 ns ‘
tpr1 | CE to Output in High—2 OE=V| 0 60 ] 90 ns
torz | OE-to Output in High—2Z TE=V, 0 60 0 90 ns 1
toH Output Data Hold Time CE=0E=V| 0 - 0 - ns ;

AC TEST CONDITIONS

e Output Load : 1 TTL Gate and Cp=100pF i

® InputPulse Rise and Fall Times: 10ns Max. :

® Input Pulse Levels : 0.45V~24V 1

e Timing Measurement Reference Level : Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V ‘

) 1

CAPACITANCE* (Ta=25°C, f=1MHz) '

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin=0V - 4 6 pF
Cour Qutput Capacitance Vout =0V - 8 12 pF

* This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS (READ)

AO0~A14 y
A g —
ton

]

2 i

SN — N /)

HIGH Z : V& = - N HIGH z
DO~D7 m DATA OUTPUT ~ /
N
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TC58257AP/AF-20,-25

PROGRAM OPERATION (MODE —1I)
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL - PARAMETER MIN. TYP. MAX. UNIT
Vid Input High Voltage 2.2 - Vec+ 1.0
ViL Input Low Voltage -03 - 0.8 v
Vce Vcc Power Supply Voltage 6.00 6.25 6.50 \Y
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 \%

DC AND OPERATING CHARACTERISTICS (Ta= - 10~70°C, Vcc=6.25V £0.25V, Vpp=12.75V £0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
lu Input Current Vin =0~Vcc - - 10 #A
VoH Qutput High Voltage lon = = 400.A 2.4 - - \%
Vou Output Low Voltage loL=2.1TmA - - 0.4 \
lee Ve Supply Current - - - 40 mA
Ipp2 Vpp Supply Current Vpp = 13.0V - - 50 mA

AC PROGRAMMING CHARAC'!"ERISTICS (Ta= —10~70°C, Vcc=6.25V £0.25V, Vpp=12.75V % 0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - ) 2 - - y723
taH Address Hold Time - 2 - - oS

_ tees CE Setup Time - 0 - - P
tceH CE Hold Time - 0 - - “5
toEs OE Setup Time - 2 - - ps
toen OF Hold Time - 2 - - #5
tps Data Setup Time - 2 - - 7
toH Data Hold Time - 2 - - 7
tys Vpp Setup Time - 2 - - Hus
tpw Program Pulse Width CE=Vy, OE=Vy 95 100 105 (s
toe OE to Output Valid - - - 150 ns
tpE2 OE to Output in High-Z - - - 130 ns

AC TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Times
Input Pulse Levels :
Timing Measurement Reference Level :

1 TTL Gate and CL (100pF)
10ns Max.
0.45V~2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V.
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TIMING WAVEFORMS (PROGRAM) (MODE —1)

TC58257AP/AF-20,-25

(Vcc=6.25V £0.25V, Vpp=12.75V +0.25V)
= =
AO0~A14 x
tas trw tAH
_ _ e ~ -
CE \ /
= = tcen tces
toES tpr2
— 3 =
OE /
-
tos toH toe
vl 5
DO~D7 Dy STABLE Dout VALID
X / |
Vep t
‘(—is*—) PROGRAM PROGRAM VERIFY

Note 1. Vgc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with Vpp=12.75V may cause permanent

damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.

So the voltage over 14V should not be applied to the Vpp terminal.

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should

not be exceeded 14V.
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TC58257AP/AF-20,-25

e ¢

PROGRAM OPERATION (MODE -1II)

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vec+ 1.0
ViL Input Low Voltage -0.3 - 0.8 \Y
Vee Vcc Power Supply Voltage 4.5 5.0 55 A\
Vpp Vpp Power Supply Voltage 11.5 12.0 12.5 \Y

DC AND OPERATING CHARACTERISTICS (Ta= — 10~70°C, Vcc=5.0V+10%, Vpp= 12.0V +0.5V) !

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current Vin=0~Vcc - = 10 HA
Vou Output High Voltage low = —400.A 2.4 - - \Y !
Voo Output Low Voltage loL="2.1mA - - 0.4 \%
lec Vcc Supply Current - - - 40 mA
lpp2 Vpp Supply Current Vpp = 12.5V - - 50 mA

AC PROGRAMMING CHARACTERISTICS (Ta= — 10~70°C, Vcc= 5V +10%, Vpp=12.0V £0.5V)

SYMBOL -~ PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - s
tAH Address Hold Time - 2 - - 73
tces CE Setup Time - 0 - - 5
tcen CE Hold Time - 0 - - us
toes OE Setup Time - 2 - - HS
tOEH OE Hold Time - 2 - - P
tps Data Setup Time - 2 - - us
toH Data Hold Time - 2 - - 7
tvs Vpp Setup Time - 2 - - us
tpw Program Pulse Width CTE=V,., OE=Vu 0.95 1.0 1.05 ms
topw Overprogram Pulse Width Note 1 0.95 1.0 26.25 ms
toe OE to Output Valid - - - 150 ns
toF2 OE to Output in High-Z - - - 130 ns
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TIMING WAVEFORMS (PROGRAM MODE - II)
(Vec=5.0V£10%, Vpp=12.0V £0.5V)

AO0~A14

DO~D7

Vep —/

Note 1.

2. Removing the device from socket and setting the device in socket with Vpp=12.0V may cause permanent

TC58257AP/AF-20,-25

X

tas tpw

tos

tces

_tor2

toH

toe

"

Diy STABLE

IJ\I

N

Doyt VALID

tvs

PROGRAM

PROGRAM VERIFY

damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal,
not be exceeded 14V.
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TC58257AP/AF-20,-25

ERASE OPERATION (MODE -1)

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vec+ 1.0 \"]
ViL Input Low Voltage -0.3 - 0.8 \2
Vce Vcc Power Supply Voltage 4.5 5.0 5.5 v
Vpp Vpp Power Supply Voltage 12.50 12.75 13.00 \"
VIHH Input High Voltage H 11.5 12.0 12.5 A"

i
DC AND OPERATING CHARACTERISTICS (Ta= —10~70°C, Vcc =5V £10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
] Input Current Vin=0~Vcc - - +10 L pA
ILe A9/ERS Input Current A9/ ERS = 0~VipH - - +100 2A
lcc Vce Supply Current - - - 40 mA
lpp2 Vpp 5upply Current Vpp=13.0V - - 50 mA

AC ERASING CHARACTERISTICS (Ta= —10~70°C, Vcc=5V *10%, Vpp=12.75V +0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tces CE Setup Time - 2 - - P73
tcen CE Hold Time - 2 - - “S
toEs OE Setup Time - 2 - - P73
toEH OE Hold Time - 500 - - “5
tps Data Setup Time - 2 - - “s
toH Data Hold Time - 500 - - 2
tvs Vpp Setup Time - 2 - - y73
tyH Vpp Hold Time - 500 - - 7
tes A9/ERS Setup Time - 2 - - - pS
ten AS/ERS Hold Time - 2 - - “s
tew Erase Pulse Width CE=Vy, O—Ez Vin, A9 =VigH 950 1000 1050 ms
toF1 CE to Output in High-Z OE=V| - - 150 ns

Input Pulse Rise and Fall Time: 10ns Max.
Input Pulse Levels : 0.45V~2.4V
PROGRAM VERIFY MODE
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R TC58257AP/AF-20,-25

TIMING WAVEFORMS (ERASE MODE -1I)
(VCC =5V +10%, VPP =12.75V +0.25V)

| :
AO~8, 10~14 X X ¥
: I

|

R 1

. - = ¢ 4= [
CE 4___%_g. o
/ I
toes < toeH '
tces | tceH i
OF / | \

= A S
L :
DF1 tps . toe - :
- 7 —+ ; = . e
DO~D7 }——g

tes teH
. , - -
A9/ERS / \
tvs - < tvn
_c -

Vep /

Note 1. Vgc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with Vpp=12.75V may cause

permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for erase operation.

So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its

pulse should not be exceeded 14V.
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TC58257AP/AF-20,-25

ERASE OPERATION (MODE - II)
DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VK Input High Voltage 2.2 - Veec+ 1.0
ViL Input Low Voltage -0.3 - 0.8 Vv
Vce Vcc Power Supply Voltage 4.5 5.0 5.5 v
Vpp Vpp Power Supply Voltage 11.5 12.0 12.5 \"

ViHH Input High Voltage H 11.5 12.0 12.5 \%
DC AND OPERATING CHARACTERISTICS (Ta= — 10~70°C, Vcc=5V 10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
liy Input Current Vin = 0~V - - *+10 A
lué A9/ERS Input Current A9/ ERS =0~V - - + 100 #A
lcc Vcc Supply Current - - - 40 mA
lpp2 Vpp Supply Current Vpp = 12.5V - - 50 mA

AC ERASING CHARACTERISTICS (Ta= —10~70°C, Vcc =5V * 10%, Vpp=12.0V £0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tces CE Setup Time - 2 - - #s
tceH TE Hold Time - 2 - - us
toes OE Setup Time - 2 - - 7S
toeH OE Hold Time - 500 - - #S
tos Data Setup Time - 2 - - us
ton Data Hold Time - 500 - - “s
tvs Vpp Setup Time - 2 - - HS
tvH Vpp Hold Time - 500 - - s
tes A9/ERS Setup Time - 2 - - “s
ten A9 /ERS Hold Time - 2 - - us
tew Erase Pulse Width CE=Vy, OE=Vy, A=V 1950 2000 2050 ms
tor1 CE to Output in High-Z OE=V - - 150 ns
Input Pulse Rise and Fall Time: 10ns Max.

Input Pulse Levels : 0.45V~2.4V
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TC58257AP/AF-20,-25

TIMING WAVEFORMS (ERASE MODE - II)
(VCC =5V £ 10%, VPP =12.0V+0.5V) 5

A0~8, 10~14 X 7 X

s = -+~ = :

— y t :

CE . <—EL——> .

toes toEH

tces I tcen I

L = - g

OE Z } ;

— = |:2
ibF1 tos toe l ;

b

i

S— in i

DO~D7 }———< E
] A W = ‘E

t t
ES EH
A9/ ERS
tvs - tyn

= - -

Vep /

Note 1. Vgc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with Vpp=12.0V may cause

permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for erase operation.

So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its

pulse should not be exceeded 14V.
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TC58257AP/AF-20,-25

(MODE -1)
Mode pin ﬁ ﬁ A9 Vpp Vcc DO~D7 Power
Read L L * Data Out
Read - Active
) Output Deselect * H * 5V 5V High Impedance
Operation :
Standby H * * | High Impedance Standby
Program L H * Data In
Program .
) Program Inhibit H * * 12.75V | 6.25V | High Impedance Active
Operation
Program Verify * L * Data Out
Erase L H Don’t Care
E
rase . 12v |12.7sv| sv Active
Operation Erase Inhibit H * High Impedance
Note : H; Vi, L; Vi, *; Vig or ViL
(MODE -1I)
Mode pin | TE oE A9 Ver | Vec DO~D7 Power
Read L L * Data Out
Read Active
. Output Deselect * H * 5V 5V High Impedance
Operation -
Standby H * * High Impedance Standby
Program L H * Data In
Program .
. Program Inhibit H * * 12v 5V High Impedance Active
Operation
Program Verify * L * Data Out
Erase L H _ Don‘t Care :
Erase . 12v 12v / 5V Active
Operation Erase Inhibit H * High Impedance

Note : H; Vig, L; Vi, *; Vi or ViL

STANDBY MODE .

The TC58257AP /AF has a low power standby mode controlled by the CE signal. By applying
a high level to the CE input, the TC58257AP / AF is placed in the standby mode which reduce the
operating current to 100xA by applying MOS —high level (Vcc) and then the outputs are in a high

impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC58257AP/ AF are in the “1” state which
is erased state. Therefore the program operation is to introduce “O’” data into the desired bit
locations by electrically programming. The TC58257AP / AF is in the programming mode when the
Vpp input is at 12.75V or 12.0V and CE is at TTL-Low under OE=Vix. The TC58257AP / AF can

be programmed any location at anytime either individually, sequentially, or at random.
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TC58257AP/AF-20,-25

PROGRAM VERIFY MODE

The verify mode is to check if desired data is correctly programmed on the programmed bits.

The verify is accomplished with OE at Vir.
PROGRAM INHIBIT MODE

Under the condition that the program voltage (12.75V or 12.0V)is applied to Vpp terminal, a I
high level CE input inhibits the TC58257AP / AF from being programmed. Programming of two or ¥
more TC58257AP / AF’s in parallel with defferent data is easily accomplished. That is, all inputs
except for CE may be commonly connected, and a TTL low level program pulse is applied to the _
CE of the desired device only and TTL high level signal is applied to the other device. » ‘

HIGH SPEED PROGRAMMING MODE ~1

The program time can be greatly decreased by using this high speed programming mode. The
device is set up in the high speed programming mode when the programming voltage (+12.75V) is
applied to the Vpp terminal with Vcc=6.25V. The programming is achieved by applying a single
TTL low level 100xs pulse to the CE input after addresses and data are stable. Then the

programmed data is verified by using Program Verify Mode. If the programmed data is not correct,

another program pulse of 100us is applied and then the programmed data is verified. This should
be repeated until the program operates correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified with
Vecec=Vpp =5V.

HIGH SPEED PROGRAMMING MODE -1II

The program time can be greatly decreased by using this high speed programming mode. The
device is set up in the high speed programming mode when the programming voltage (+12.0V) is
applied to the Vpp terminal with Vcc=5.0V. The programming is achieved by applying a single
TTL low level 1ms pulse to the CE input after addresses and data are stable. Then the
programmed data is verified by using Program Verify Mode. If the programmed data is not correct,
another ‘program pulse of 1ms is applied and then the programmed data is verified. This should be
repeated until the program operates correctly (max. 25 times).

After correctly programming the selected address, one additional program pulse with pulse

width 1 time that needed for programming is applied.
When programming has been completed, the data in all addresses should be verified with
Vee=Vpp =5V.
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HIGH SPEED PROGRAM MODE -1 FLOW CHART

START

ADDRESS =
START ADDRESS

¥ A
I Vee = 6.25V I
*.

Vpp = 12.75V

|
|
NO
0 |

|
[ =
Y

[ PROGRAM 100us PULSE l
N

L X=X+ 1

ADDRESS =
NEXT ADDRESS

L

NG
NO

ADDRESS?

o]
:@NO YES
oK

Vee= 5.0V
Vpp = 5.0V

READ
ALLBYTE

oK

PASS )
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TC58257AP/AF-20,-25

HIGH SPEED PROGRAM MODE —-1II FLOW CHART

START

ADDRESS =
START ADDRESS

¥
[ Vce=5V ]
¥
I ’ Vpp: 12.0V l
|

DATA=FF? YES v
NO b
0 |

-
Y

IPROGRAM 1ms PULSE I

N [
Y .
X=X+1

| |
YES _—.
—

NG

ADDRESS = OVERPROGRAM X PULSE OF 1msec
NEXT ADDRESS OR ONE PULSE OF X msec DURATION

e
OK

LAST
ADDRESS?

é

NO

Vee= 5.0V
Vpp = 5.0V

READ
ALLBYTE

OK

> FAIL
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TC58257AP/AF-20,-25

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TC58257AP/AF which identifies its
manufacture and device type.

The programming equipmént may read out manufacture code and device code from TC58257AP
/AF by using this mode before program operation and automatically set program voltage (Vpp) and
algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of
address lines is set to VIL in read operation. Data output in this conditions is manufacturer code.
Device code is identified when address A0 is set to VIH. These two codes possess an odd parity
with the parity bit of MSB (D7).

The following table shows electric signature of TC58257AP / AF.

PINS A0 D7 D6 D5 D4 D3 D2 D1 DO HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA
Manufacture Code Vi 1 o] o] 1 1 _ o] 0 o] 98
Device Code Vin 1 o] 1 o] 0 1 ] 0 A4

Notes: A9=12V+0.5V
Al~AS8, A10~Al4, TE, OE =V,
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TENTATIVE

TC584000P/F/FT/TR

AMEGA BIT (524,288 WORD x 8 BIT) CMOS NAND EPROM

DESCRIPTION

e ———————————— .
The TC584000P/F/FT/TR is a 4M bits electrically erasable and programmable nonvolatile memorlw?'l

equipped with a 512K X8 non
a single 5V power supply.

operation are performe
cell array.

Data in the register can

An erase operation can be performed on either a 4K-byte block or the whole chip.
The TC584000P / F/ FT / TR is suitable for large capacity buffer memory applications such as

semiconductor disk, voice recording and replaying, digital still camera,

necessary.
FEATURES
e Organization
Register
e Single 5V Power Supply
e Operation

Memory Cell Array

: 512 X8

512K X8

Input/ Output Level
Operation Control

Operation Current

volatile memory array and a 512K X8 data register , which can operate wit

It has a 512-byte data register inside.

by transferring the 512 byte page of data between the register and the memory
e clocked out at a very high speed during page read operations.

A program operation and a read

and so on where nonvolatality is

TTL Compatible

Command Control

Page Program : 4045100 loops max.(TC584000F/F/FT/TR) Page Read 30::2 (tcycllef 12005)
Chip Erase : 10ms (TC584000P/F/FT/TR) 650mA (teyele=1xs)
Block Erase : 10ms (TC584000P/F/FT/TR) (4K byte/block) Program .
: Data Input : 70mA
Random Read : 15us B 50mA
d : rase
Page Rea 120ns Stand by 1004.A

PIN CONNECTION (TOP VIEW)

e W/E Endurance

105 Cycles Target

¥E§32888’; TC584000FT TC584000TR
A1 32 P vee a1s 44 [d vee Vee Haa 1 A8
At [ 2 31 OWE A6 O 2 43 [JWE we a3 20 A6
Ats O3 30 A A17 A1s 3 42 d A17 A17 O a2 3 A1s
A2 Ol a 41 d A4 A14 O a1 4[d A2
A2 4 29 {1 A14 a7 Os 40 [J A13 A13 Cfao 5 [ A7
A7 005 28 [J A13 a6 06 33 [ As As []39 6 A6
A6 6 27 F1 ne as O7 38 |1 A9 a9 [l3s 7 As
V. - S 37.13.A11 AR s lJAa.
AS 47 26 [1A9 NC 9 36 LI NC iNC []36 9 [INC
A8 25 LI A11 Nc O 1o 35 [INC iNc O3s 10 [ NC
11 34 i 34 11
A3]e 24 {1OE i2 33 : 33 12
Az [} 10 23 [d A10 NCEIB ‘32%Nc i NC Eaz IBgNC
At 11 22 (JTE .. NC. L. 14.... LD3LONG INGLH3L 14 LINC ¢
Ao 12 21 B vo7 A3 15 30 [1OE Ot [30 15 A3
A2 16 29 [ JA10 At1o 29 16 [d A2
voo [} 13 20 [ /06 Al 17 28 (ICE CE [J28 173 A1
vot1 114 19 I vos Ao O} 18 27 D vo7 ro7 O 27 18 EJ A0
vo2 0 15 18 B voa wvoo O 19 26 ] 1706 voe ] 26 19 J oo
vot1 [ 20 25 [ vos vos O 25 20 o1
GND ] 16 17 [ vo3 vo2 [ 21 24 [J o4 voa [ 24 21 dvo2
32 Pin 600mil DIP GND [ 22 23 [1vo3 o3 [ 23 22 [1GND

32Pin 525mil SOP

44 (40) Pin 400mil TSOP typell

PIN ASSIGNMENT [Ag-ys | Address inputs (0.8mm pitch) (Normal Bent)
1/0g-7 | Data Inputs/ Qutputs

CE Chip Enable Input
OE Output Enable Input ¢ Pachggg4000p
WE Write Enable input TC584000F :
Ve Power Supply (+5V) TC584000FT
GND Ground TC584000TR
NC No Connection

367

44 (40) Pin 400mil TSOP type II
~ (0.8mm pitch) (Reverse Bent)

DIP32-P-600
S0P32-P-525
TSOP44-P-400B
TSOP44-P-400C
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TC584000P/F/FT/TR

5 CIRCUIT BLOCK DIAGRAM
| 1
) "? lL 1AO——A8 : Column Address
% ; ’ Column Address Buffer
i CE o— Command
!“ _ register :) Operationrj“'l> Column Decoder <J]
N WE O - & Cf""‘th' :{) Data Register 1/0¢.7
" ’ Decoder Circuit
i’ | . Sense Amp.
I OE O0—— [
A0~AB Page z |
Address < —
¥ A9~A18 t @ B B
: I—I) a g - Memory Cell - —< Internal
A0~A18 o v v Array : -« Voltage
@ g : ~— Generator
IID = : 8 NAND Cell
Al2~A18| 2 | 3 yd
BIOCk g : ............................
Address | &
OPERATING MODE
Mode WE CE OE Vce /Og_7 Power
Read ) H L L Data Out Active
Read Output Deselect * * H .
Hi-Z
! S5tandby * H * Standby
‘f? Command input LI L H SV Command In
4 Program / Erase H * H Hi-2Z Active
Program / Erase Verify H L L Data Qut
"‘ * M V]H or VIL
1. COMMAND TABLE
L o
1st Step 2nd 5tep 3rd~513th Step No. of
' Mode | Address | Data |Mode Address Data Mode Address Data Step
. - . *
; Program Write *1 40H | Write A9 —“‘18 : Page Add. Program Write A9 -18: *1 Program 513 *2
A0 -8 :000H Data AC-8:001H~1FFH Data
i Program Verify Write .1 COH | write A9 -~ 18 : Page Add. Data Read A9 - 18: Page Add. Data 2513 *3
AQ—-8:000H Out - |A0-8:001H~1FFH Out
Chip Erase Write *1 20H [ Write *1 20H — - — 2
: Block Erase Write *q 60H |write [A12— 181 Block Add. 60H - - - 2
i A0-11 :*1
“ Read Write *1 O0H - - — - - - 1
'n' Reset Write | 55555H | FFH [ write 55555H FFH - - - 2

*1 : Vg or Vi,
*2 : Detecting Add0~8=1FFH stops 512byte serial data input operation and starts program operation internally.
Therefore 512 byte serial data must be input from Add0~8=000H to Add0~8=1FFH in serial.

f\ *3 : The No. of steps of Program Verify depends on the address where the Program Verify fails.
]
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ABSOLUTE MAXTMUM RATINGS

TC584000P/F/ ET/ TR

Symbols Paramater Rating Units
Vce Power Supply Voltage -0.6~7.0 \%
Vin input Voltage -0.6~7.0 v
Vyo Output Volitage —0.6~Vcc+ 0.5(=7.0V) Vv
Po Power Dissipation 1.0"/70.62/05? w
TsoLDER Soldering Temperature Time 260-10 °C - sec
Tsta - Storage Temperature - 55~150 °C
Torr Operating Temperature 0~70 °C
1) : DIP, 2) : SOP, 3) : TSOP
CAPACITANCE *(Ta=25°C, f=1MHz)

Symbols Parameter Conditions Min. Typ.- Max. Units

CiN Input Capacitance Vin =0V - 10 15 pF

Cout Output Capacitance Vout = 0V - 10 15 pF
* : This parameter is periodically sampled and is not 100% tested.

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C)

Symbols Parameter Min. Typ. Max. Units

Vcce Power Supply Voltage 4.75 5.0 5.25 \%

Vin Input High Voltage 2.2 - Vcc+0.5 \Y%

ViL Input Low Voltage -03 - 0.8 \Y
* -2V at pulse width < 20ns

D.C. CHARACTERISTICS (Ta=0~70°C, Vcc=5V1+5%)

Symbols Parameter Condition Min. Max. Units
e Input Leakage Current Vin= OV~Vce - +£10 LA
ILo Output Leakage Current Vout= 0.4V~Vcc - +10 A
lccon Operating Current (Page Read) TE = VIL teycle = 120Ns - 30 mA
lcco2 Operating Current (Page Read) louT = Oma teycle = 1us - 5 mA
lecos Operating Current (Command Input) teycle = 100Ns - 30 mA
lccoa Operating Current (512 byte Data input) teycle = 100ns - 70 mA
lccos Operating Current (Program) - 60 mA
Iccos Operating Current (Erase) - 50 mA
Icest Standby Current CE=VIH - 1 mA
lces2 Standby Current TE=VCC-0.2V - 100 pA
Vou Output High Voltage lon = —400uA 2.4 - \
VoL Output Low Voltage loL=2.1TmA - 0.4 \
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TC584000P/F/FT/TR

A.C. CHARACTERISTICS (Ta=0~70°C, V=5V *5%)

1. Read Operation

Symbol Parameter Min. Max. Unit
tacc Address Access Time - 15 HS
tpac Page Mode Access Time . - 120 ns
tce Chip Enable Access Time - 15 us
toe Output Enable Access Time - 50 ns
tor1 Chip Enable to Output in High-Z 0 50 ns
tor2 Output Enable to Output in High-Z 0 50 ns
toH Output Data Hold Time 0 - ns
A.C. Test Conditions
e Output Load : 1TTL Gate and CL=100pF
e Input Pulse Rise and Fall T1me (10~90%) : 5ns Max.
e Input Pulse Level : 04V /2.6V
e Timing Reference Level : Input 0.8V /2.2V, Output 0.8V /2.0V

RANDOM READ TIMING WAVEFORM

* ADDo e % X/
ton
CE ) < /Jﬁ

. l tpE

oe 7 — Y

tacc tor2

* WE =VIH |

PAGE READ TIMING WAVEFORM

ADD
9-18 A
+ o, B X
0-8 x
t t,
tee ) , tpac OH tpac OH
CE %:
oe = 2 = £ N
OE %x— / - / . y;

{ toF2j torz] torg

tacc v B v v R v

* WE=VIH

* Column addresses AO -8 must be fixed and can not be changed in the time period of tACC and tcg in a read operation.
* A skew among column addresses AO-8 must be less than 15ns.
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2. Program /Erase Operation (Ta=0~70°C, Voo=5V+5%)

TC584000P/F/FT/TR

A

TC584000P/F/FT/TR
Symbol Parameter MIN TYP. MAX. Units
tas Address Setup Time 0 - -
tAH Address Hold Time 70 - -
tces CE Setup Time-(Command Cycle) 0 - -
tceH CE Hold Time (Command Cycle) 10 - - -
toEs OF Setup Time 0 - -
toeH OE Hold Time 10 - -
tos Data Setup Time 50 - - ns
ton Data Hold Time 0 - -
tWERL WE Low Level Hold Time 50 - -
twEHH WE High Level Hold Time 40 - -
temc Command Cycle Time 100 - .
tpn Program Hold Time 35 40 45
tprv Program Recovery Time 5 - - #s
ten Erase Hold Time 9.5 10.0 10.5
terv Erase Recovery Time 2 - - ms
tacc Address Access Time - - 15 us
tpac Page Mode Address Access Time - - 120 ns
tce CE Access Time - - 15 us
toe OFE Access Time - - 50
ton Output Data Hold Time - 0 - -
toEt CE to Output in High—-2 — - 50 ns
tor2 OE to Output in High—2Z - - 50
' 1st Cycle 15 - - us
tye Verify Cycle Time
2nd Cycle~ 120 - -
tCERH CE High Level Hold Time 100 - - ne

A.C. Test Condition

Output Load

Input Pulse Rise and Fall Time (10%~90%) :

Input Pulse Level

Timing Reference Level

371

1TTL Gate and Cp=100pF

5ns Max.
0.4V /2.6V

Input 0.8V /2.2V, Output 0.8V/2.0V
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TC584000P/F/FT/TR

PROGRAM AND PROGRAM VERIFY TIMING WAVEFORM

. .
tas tan tve L tvc
—————a \ =~ N7
AO-8 / % Addo I Add1 §<: Add 2~510 Add 511 1@@/ / WX Add Add
______ v
Lo . ] lesb 7 t Je—>]
tees tas|] taH  tas |ltan tas teen tces tcs:? tcenn ACC tpac tpac
CE 1
toEH tce toe toe
o 2
toes k- /
tevg teme ten try | toe L—»—
. tor2 tor2
t twEHL tweH 1
N L T . 1 _— WVEHL, | twEHL
wE >t'_:i/ / . _/
WeH twenn 3 ——
>
t i t to ton ton toH
ps,.| [y tos tps ot jl o S
Din & - T==-
0y aoH- ) patao ) patat X Data2~510 Ypata5ti COH
| 1 P o o o = e | |
[toH toH
1
Dout ), i
0-7 -
N N ~—_ '\ J
Data Input *1 b512byte Serial Data Input Program Program Verify Program *2 Program
Command.- . Command Recovery Verify

* : 512 byte Serial Data Input - -« - -

* : Program

IS S P
SLLSS IS,

512byte data must be inpﬁt from Add 0 to Add 511 in serial in the page.
Column Addresses A0-8 must be fixed and can not be changed in the time period of tacc and tcg.

Verify - - -
A skew among column addresses A0-8 must be less than 15ns.

Viy or Vi

VIH ' V"_Dt Hi-2
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CHIP ERASE AND ERASE VERIFY TIMING WAVEFORM

TC584000P/F/FT/TR

|
/ /] 7 > v o’ S,
ADDO- 18
M 22 W
tces Teen  tegs tcsl-ll tces teen tCEHH tacc ton
i P
. t
) Z “
cE % 1!% % //// Z Z
| b tDF1 R
% D | ] il :
toen toes toen ~ Z piizz:
<t ) tor2
toes CMC tey tERV
- t
WE _*_\ WEHZLtWEHH \tWEHL \ tWEHL_‘
X 7 S N A
tps <tpy , DS toun ton —>—I<-tgs
i(—-—h > "
Din0-7 A4 20M @I 20H §VW 777 12{ 00H K .
| I (
omor g - B —
~ ~ - L'__V_j . - V “
CHIP ERASE COMMAND INPUT CHIP ERASE READ ERASE * READ
COMMAND RECOVERY
INPUT

BLOCK ERASE AND ERASE VERIFY TIMING WAVEFORM

| L
7 27 g
N T %
ADDO- 18 : 7 Z
t!, [<—>{tan - . I‘ > tacc
AS
tees teem s UCEH tces tceH ItCEHH
| [ L tee
i
OF W/& K toe 4
/ toenH toks toeH /
togs . :aw:? ten terv
— WE WEHL
WE N e I |« ~ tngL Ly
N A twenn N /
7 7
tps ton , tos toH tps ton
n 5 L TN,
oino-7 % 60H | R, .
I L]
\ -
~ - S ~ /;H—’ —— ~
BLOCK ERASE COMMAND AND BLOCK ERASE . READ ERASE g
BLOCK ADDRESS INPUT Comg"u‘}r'\“) RECOVERY READ

* READ : Column addresses AO-8 must be fixed and can not be changed in the time period of taoce and tcg.
A skew among column addresses AO-8 must be less than 15ns.
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Fone

TC584000P/F/FT/TR

PROGRAM FLOW CHART

Page Address =
Page Address + 1

/Write

%Data =40H

2
_

Program Command Cycle

A9 -A18 : Set
AO~AS8 = 0~1FFH

512Byte Data Input

Serial Data Input

|

L Wait : tPH —, Program
 Write / Program Verify N=N+1 l
/Data = COH / Command Cycle :

l Wait : tPRV ,

A0 - A8

(+1) Increment

AO0 - A8=1FFH?

%

[ Write A

Data = 00H A

[

PASS
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CHIP ERASE FLOW CHART

W

Data = 20H
7

Write, %
y

/Write “

Data = 20H

NN

I Wait : tEH

I

%\é\g::e= OOH

NN

Wait : tERV

Chip Erase
Command Cycle

] Erase Time

Read Command
Cycle

Erase Recovery

Page Read

Final Address?

FAIL I PASS

BLOCK ERASE FLOW CHART

TC584000P/F/FT/TR

%

Write

Add = Block Aaddress }
Data = 60H

Block Erase
Command Cycle

| Wait : tEH ] Erase Time

Read Command

%Vrite
/Data =9OHZ Cycle

Wait : tERV Erase Recovery

Page Read

A9-A18
(+ 1) Increment

A9 - A18
(+ 1) Increment

Final Address?

FAIL ] I PASS
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TC584000P/F/FT/TR

512 Columns

DEVICE STRUCTURE AND OPERATION ~ .

Column Decoder

The TC584000P/F/FT /TR consists of 8 sets corresponding to 8 I/
Os of nonvolatile memory cell arrays organized as 512 columns by
1024 rows. A 512-bit data register is connected to each set of memory I I l """"""""" ‘ l l
cell arrays. A NAND cell structure in which 8 cells are connected in
serial is employed for memory cells. Each of the 8 cells is connected

170 data register

to a different page. (Fig.1) 8pages | [ //gz‘:)der
A block is consisted of 512 NAND structuresX8 I/Os. " {

The program and read operations are performed on a page level. The 1 Block 1L

erase operation is performed either on a block or on the whole chip. BNAND Cells

PROGRAM OPERATION

Since the program operation of TC584000P/F/FT/TR is performed
at every 512 bytes (=1page), 512 bytes data of the page must be input
from the column address 000H to 1FFH (A0~A8) after the program

Fig.1 Structure of TC584000

command 40H is input. The address of the page on which the >128it

program operation is done must be input in the cycle in which the 7o { I

first byte data is input, however, no page address has to be valid in

the following 511 cycles. The internal programming operation starts N

at the rising edge of WE in the last byte data input cycle and stops Selected Page

at the rising edge of WE in the following program verify command
input cycle, thus this time period must be controlled by timing
parameter tpH (Program Hold Time).

A time delay of tprv after the program verify command is input, the programmed data can be read out
and verified. The column address and page address must be input in these verify cycles.

The first verify cycle needs 15us, however the following verify cycles can be done by page mode with the
cycle time of 120ns. If the data read out is not correct in these verify cycles, return to the beginning of
the program operation and repeat the same routine from the program command input cycle until all 512
bytes of data read out in verify cycles are correct. (cf. program and program verify timing, program flow
chart). '

CHIP ERASE OPERATION

The chip erase operation is initiated by two cycles of chip erase command 20H input. The internal chip
erase operation starts at the rising edge of WE in the second cycle and stops at the rising edge of WE in
the following read command input cycle. This time period must be controlled by tgx (Erase Hold Time).

The erase operation completes in 10ms.
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TC584000P/F/FT/TR

BLOCK ERASE OPERATION ‘

The TC584000P/F/FT/TR is organized as 8 pages/block X 128 blocks internally and the block erase .
operation can be performed on any 4K bytes (8pages) block. The block erase operation is started by two \
cycles of block erase command 60H input with the block address (A12~Aj1g) in the second cycle. :

Like the chip erase operation, the internal block operation starts at the rising edge of WE in the second
cycle and stops at the rising edge of WE in the following read command input cycle. The block erase

operation completes in 10ms.

READ OPERATION

The read operation can be performed after read command 00H input. Two types of read operations are
available ; random read and page read.

The random read operation occurs when the page address is changed or CE is clocked. First, 512 bytes
of data are transferred from the new selected page on a nonvolatile cell array to the register. Then, the
data in the selected column address on the register is read out.

The page read operation occurs when no page address is changed and CE is not clocked. The 512 bytes
data transfer is very slow and takes approximately 15us, therefore, tacc (Random Address Access time) is
15us. '

However, the read out from the register is very fast and tpac (Page Address Access Time) is 120ns.

In the page read operation, the data is read out by fixing the page address and changing the column

address.

RANDOM READ PAGE READ
Selected Column

N

<« Selected Row
(Page)

Data : Cell Array — register — /O Data : Register = I/O

RESET

The reset operation is achieved by writing the reset command FFH into the address 55555H in two
cycles. This operation is used in order to break the data input cycles in the program or program and erase
operation. The reset does not necessarily have to be performed in a normal operation. The device mode

after reset is a read operation.
OPERATION MODE AFTER POWER ON

The operation mode after the power-on becomes a read operation automatically. However, it is
recommended to input the read command 00H at the beginning of device operation after the power supply

becomes stable.
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TC584000P/F/FT/TR v —

POWER ON/OFF SEQUENCE

An accidental command input cycle during power on/off sequence may cause data. corruption, therefore
CE must be kept high level when Vee is higher than 3V during power on/off sequence.

; OPERATION
! )]
:

L4

A S

/. R

3V = - H t
Vee . ! :
ov ! :
: !
1
| :
1 ]
H ]
i :
: ]
Vig —=------ . r F
— ' : 7
CE ! 1
ov ] ! .

{

! :
R

CE must be kept Viy level during power on/off sequence

OPERATION PRINCIPLE

PROGRAM OPERATION

Fig. 2 shows the program operation principle of the TC584000P/F/FT/TR. The program operation is
to program data ‘O’s into cells in the erased state (data ‘1’) by employing tunneling phenomenon. The
following explains the program operation principle with an example in which data ‘0’ and ‘1’ are
programmed into the TR1 and TR2 individually in the selected page.

The select line 1 is given ‘H’ level and the select line 2 is given 1L’ level so that 8 cells in the NAND
are connected to the bit line and isolated from GND. Then Vpp (approximately 20V) is given to the word
line of the selected page and Vpr (approximately 10V) is given to the word line of the other unselected
pages. '

On the other hand, 0V is given to the bit line connected to the NAND that has TR1 in which data ‘0’
is going to be programmed and Vppr (approximately 10V) is given to the bit line connected to the NAND
that has TR2 in which data ‘U’ is going to be programmed.

With this condition of voltages on each noad, TR1 has approximately 20V between its control gate
and channel, and electrons are injected to the floating gate from the channel by tunneling phenomenon.

Once this happens, eventhough Vpp is cut off, the electrons are retained in the floating gate which is
surrounded by SiOz until an erase operation is performed.

At TR2, 20V is given to the control gate, however 10V given to the channel make the potential
difference between the control gate and channel approximately 10V which is not high enough for
tunneling phenomenon. Thus, electron injection does not occur. The cells in the unselected page have
approximately 10V on their control gate so no tunneling phenomenon will occur.

The floating gate of a ‘0’ data cell is charged negative and that of a ‘1’ data cell is charged positive,
thus the ‘0’ and ‘1’ data are retained after the program operation has been done.
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— TC584000P/F/FT/TR

A\ =20V,
Vpp (OV) Bit Line \VD:,' (=10V) pr ( )
select Linel on » lil
. ON
(o $TD° @ — = el o
VPl H H [T L
VP =4 Gin ov
VPI = = N N AN
JEX program Cell Ern— ;
(= 20V) VPP 11 H !
7 NI TR1 =1, TR2 & i
L} LI
VPI E:: é:: Vpp (= 20V)
VPl H H
Vpl :ll ﬁll
ﬁll :ll
select Line 2 7};-5 }
(ov) OFF A OFF (o | [——O VDPI (= 10V)
Select Linel b hd >'—V AD%
4
,_I—I_I .,_!_\_1 N N (
Fig.2 Program Principle of TC584000 7J7

ERASE OPERATION

The erase operation principle of the TC584000 is shown in Fig.3. The erase operation changes the
cell state in a selected block or in a whole chip from ‘0’ to ‘1’ by pulling electrons out from the floating
gate to the channel by tunneling phenomenon.

0V and VPP (approximately 20V) are given to the control gates and substrate respectively in' the
operation. This gives 20V potential difference between the control gates and substrate, and results in
tunneling phenomenon which pulls electrons in the floating gate out to the substrate.

select Line 4
[ ov
ov 4
o i l__——i—:l
ov t
ov (0281 > open
ov TVV Yy
ov
ov & 722 2N
ov
select Line Vpp (= 20V)
Vpp (= 20V) Vpp (= 20V)

Fig.3. Erase Principle of TC584000
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TC584000P/F/FT/TR

READ OPERATION

As explained in the program operation above, the state of the cells are ‘O’ in which the floating gate is
’ charged negative or ‘1’ in which the floating gate is charged positive after the program operation. This is
described by threshold voltage Vry; the characteristics parameter of MOS transistor as shown in Fig.4.
The threshold voltage of ‘0’ data cells distribute in positives side and that of ‘1’ data cells distribute in
negative side. '
The reason why they distribute in a certain area is that the memory cell transistors have some

i dispersion.
| . : : /Bit Line —_—!
-y Select Linet 4
] L OoN = ON
1 Threshold ] l ., ON 'ﬁ I 11 ON
| V1r) Vi Distribution E.': oN E:: OoN
| of ‘0’ Data Cell :‘ I:'
. | } ON
1 1

32
2

, .
is W/a ' Selected Page

(o]
2

IIII@III

_|

A
DO|g
=

_|

A

N

T T
' C e
N |:; ON E:; ON
_ ’ E:l ON I::. ON
Vru Distribution Select Line2 E:: Wu E:;
q ele in T
of ‘1’ Data Cell 77,7—_‘ ON 4 | 77,7—_'

Fig.4. Threshold Voltage Distribution of : //

‘0’ Data/ ‘1’ Data Cell Cell Current
Fig.5 Read Principle of TC584000

Fig.5 shows the read operation principle. _

The select line 1 and 2 of the block which has the selected page are biased ‘H’ level and 8 cells in the
NAND are connected to the bit line and GND. The control gates of 7 unselected page are given ‘H’ level
and that of the selected page is given OV.

In Fig.5, TR2, since it is in ‘1’ state, turns on and all the other unselected transistors also turn on,

. therefore cell current flows and the precharged bit line discharges. On the contrary, since it is in ‘O’ state,
B TR1 does not turn on and cell current does not flow. The bit line levels at this point are sensed ‘1’ and ‘0’
T respectively by the sense amplifier. '

i RECOMMENDATION FOR PROGRAM OPERATION

it 1) Over programming by tpy (program Hold Time) being longer than the specified value may make it
impossible to read data out of the cell correctly. If this happened, an erase operation will be necessary
to recover from the over programmed state.

Over program means that the threshold voltage of the programmed cells shifted too much in the positive
i direction. Thus, the cell transistors of the unselected pages during a read operation can not turn on.

';f 2) The page address within a block (Ag~Ajj) must be incremented in order from LSB to MSB when the
kY device is programmed.

3) Comment on the program on a already programmed page : There is a resriction for the number of times
of new date programming operations on a already programmed page.

4) In case of programming several devices in parallel, programming inhibit for a device which has already
been programmed successfully should be done by command input instead of programming 1’ data.
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I

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC531000CP/CF-12,-15

1M BIT (128K WORD x 8 BIT) COMS MASK ROM

DESCRIPTION

The TC531000CP/CF is a 1, 048

, 576 bits read only memory organized as 131, 072 words by 8 bits

with a low bit cost, thus being suitable for use in program memory of microprocessor, especially
character generator. The TC531000CP/CF using CMOS technology is most suitable for low power
applications where battery operation are required. The TC531000CP/CF has one chip enable input

CE/CE, programmable for device selection.

FEATURES
TC531000CP/CF -12 - 15
Access Time (max) 120ns 150ns
Dissipati
quer‘ issipation 40mA 35mA
Operation Current (max)
Dissipati
Power Dissipation 20.A 2044

Standby Current (max)

® Single 5V power supply

PIN CONNECTION

Ats - zstlvDD
A12[]2 2701 A14
A703 26[1A13
A6l]4 s 25[1A8
A5[]s o 241 A9
A4lle - 23[1A11
A3[]7 = 22f1A16
A2(]s a 211A10
A1(9 o 20[J CE/CE
Aolio = 190 D7
poQd11 18(1 D6
D112 170 D5
D2013 161 D4

GND(]14 15{1D3

PIN NAMES

AO0~A16 |Address Inputs
DO~D7 Data Outputs
CE/CE Chip Enable Input

Voo Power Supply
GND Ground

All Inputs and Outputs : TTL Compatible
Three State Outputs

Fully Static Operation

Programable Chip Enable

Package )
TC531000CP : DIP28 —P —600
TC531000CF : SOP28 —-P—450

BLOCK DIAGRAM

Vpp GND
T T DOD1D2D3 D4 D5 D6 D7

TTTT771T
CE o—>— i OUTPUT BUFFFRS 7

N

<

>| COLUMN DECODERS l

i

131,07 2x8

)

ADDRESS BUFFERS

MEMORY CELLES

PP99989797799577
ROW DECODER?]

Al6
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TC531000CP/CF-12,-15

MAXIMUM RATINGS

SYmMBOL ITEM RATING UNIT
Voo "Power Supply Voltage - 0.5~7.0
Vin Input Voltage —0.5~Vpo A\
Vout Output Voltage 0~Vpo
Po Power Dissipation 1.0/0.6* w
Tsve Storage Temperature —-55~150
h °oC
Topr Operating Temperature - 40~70
TsOLDER Soldering Temperature - Time 260- 10 °C-sec
Note : *Plastic SOP
D C. OPERATING CONDITIONS (Ta= —40~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5
Viy Input High Voltage 2.2 - Vpp +0.3 v
VL Input Low Voltage -0.3 - 0.8

D C. and OPERATING CHARACTERISTICS (Ta =

—40~70°C, Vpp =5V * 10%)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input Leakage Current Vin=0~Vpp - 1.0
Lo Output Leakage Current CE = V|4, VouT=0~Vpp - +5.0 A
lon Output High Current Vol = 2.4V -1.0 -
loL Output Low Current Voo = 0.4V 3. - mA
loos1 Standby Current CE=0.8V (CE=2.2V) - 2
loos2 Standby Current CE=0.2V (CE=Vpp - 0.2V) - 20 #A
Vin=Vig /ViL teycle = 120Ns - 50
looo
Operating Current lour : OmA teycle = 1500 R 2 mA
Vin=Vpo — 0.2V/ 0.2V teycle = 120Ns - 40
looo2
louT = OMA teycle = 150Ns - 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Cin Input Capacitance f=1MHz, Ta=25°C - 10 oF
CouT Output Capacitance f=1MHz, Ta=25°C - 10

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

384

TOSHIBA CORP.
EXHIBIT 1009 - PAGE 0380




—

; ' TC531000CP/CF-12,-15

A.C. CHARACTERISTICS (Vpp =5V * 10%, Ta= —40~70°C)

SYMBOL PARAMETER 120ns Version 150ns Version SYMBOL
MIN. MAX. MIN. MAX.

teycle Cycle Time 120 - 150 .

Tacc Access Time - 120 - 150

Tce Chip Enable Access Time : - 120 - 150 ns

Tcep Output Disable Time - 50 - 50

ToH Output Hold Time 5 - 5 - f
AC TEST CONDITIONS
® Output Load : 100pF + 1TTL
® Input Levels : 0.6V, 24V

¢ Timing Measurement Reference Levels
Input : 0.8V, 2.2V
Output : 0.8V, 2.0V
® Input Rise and Fall Time : bns

TIMING WAVEFORMS

tcyce
. v )
AO~A16 X Valid )(
N
tACC
— Disable ¥ Disable
CE/CE a X‘_ Enable X
) 1 tCED
tCe [ ie)a] < o
Dour valid
OPERATION MODE
MODE TE(ce) | AO~A15 Outputs Power
Read L (H) Valid Data Out Operating
Standby H (L) * High-Z Standby

H: Vg, L: Vi, *:Vig or VL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC531001CP/CF-12,-15

1M BIT (128K WORD x 8 BIT) CMOS MASK ROM

DESCRIPTION

The TC531001CP/CF is a 1, 048, 576 bits read only memory organized as 131, 072 words by 8 bits
with a low bit cost, thus being suitable for use in program memory of microprocessor, and data
memory, especially character generator. The TC531001CP/CF using CMOS technology is most suitable
for low power applications where battery operations are required.

The TC531001CP/CF has one chip enable input CE for device selection.

FEATURES
TCSs1001CP/CF -12 -15 ® All Inputs and Outputs : TTL Compatible
Access Time (max) 120ns 150ns ® Three State Outputs
g(:,v::ﬁlz:sga:::t (max) | 40MA | 35ma ® Fully Static Operation
:;v:cej;f 'éi'ﬁiflf " (maxy | 204A | 20uA ¢ Package
TC531001CP : DIP32 —P —600

® Single 5V power supply TC531001CF : SOP32-P_525

PIN CONNECTION BLOCK DIAGRAM
S e e
N.c.[1 BZEVDD
A16[]2 31N.C.
A15(3 30 N.C.
A12[04 29[1A14 Voo GND
A7(]5 280 A13 )
AS6[]s u§: 2711 A8 ? ? DOD1D2D3D4 D5 D6 D7
As[7 -  26{1A9 o ITTTTTTT
C
A4lls = 250A11 E
A3(]9 a 24[1CE OF OUTPUT BUFFERS
A2010 23f1A10
At 2 22fiTE 1 |
0 il A0 O—
AOE 12 §1JDZ A1l O— COLUMN DECODERS7
poQ13 oo A2 -
D114 19{1D5 < e ,
A3 O—
D215 18(1D4a L
GND 16 17(D3 A4 O w
A5 O— w
A6 O— 2 )
PIN NAMES A7 O— o
A8 O— » o )
AO0~A16 |Address Inputs A9 O— m o 131, 072 x 8bit
D0~D7 |Data Outputs A10 O— = v
OF Output Erable Input 2:; . a o MEMORY CELLES
CE Chip Enable Input A1z o—f < %
Voo Power Supply Al14 O— pot
A15 O—]
GND Ground A6
N.C. No connection
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TC531001CP/CF-12,-15 _

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vpo Power Supply Voltage -0.5~7.0 \Y
Vin Input Voltage - 0.5~Vpp \Y
Vourt Output Voltage 0~Vpp \Y
Pp Power Dissipation 1.0/0.6* w
TsTG Storage Temperature -~ 55~150 °C
Topr Operating Temperature —40~70 °C
TSOLDER Soldering Temperature Time 260-10 °C - sec

* . Plastic SOP

D C. OPERATING CONDITIONS (Ta= —40~70°C)

SYMBOL PARAMETER MIN. TYP. i MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5

Vin Input High Voltage 2.2 - Vpp+0.3 \Y
ViL Input Low Voltage -0.3 - 0.8

D _C. and OPERATING CHARACTERISTICS (Ta= —40~70°C, Vpp =5V 10%)

SYMBOL PARAMETER CONDITIONS NIIN.. MAX. UNIT
liL Input Leakage Current Vin=0~Vpp - +1.0 -~ pA
Lo Output Leakage Current CE= Vi, Vour=0V~Vpp - +5.0 H#A
loH Output High Current Vou = 2.4V ~-1.0 - mA
loL Output Low Current VoL= 0.4V 3.2 - mA
Ipps1 Standby Current CE=2.2v - 2 mA
Ipps2 Standby Current CTE=Vpp-0.2V - 20 HA

Vin=Viy 7/ Vi teycle = 120ns - 50
lopon
Operating Current loyr = OmA feycle = 1500 — - 2 mA
Vin=Vpp—-0.2V/0.2Vv teycle = 120ns - 40
lppo2
loyT=0mA teycte = 150ns - 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin | Input Capacitance f=1MHz, Ta=25°C - 10 oF
CouT Output Capacitance f=1MHz, Ta=25°C - 10

Note : This parameter is perodically sampled and is not 100% tested.
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]

A.C. CHARACTERISTICS (Ta= —40~70°C, Vpp =5V * 10%)

SYMBOL PARAMETER 120ns Version 150ns Version SYMBOL
MIN. MAX. MIN. MAX.
teycle Cycle Time 120 - 150 -
Tacc Access Time - 120 - 150
Tce Chip Enable Access Time ] - 120 - 150
Toe Output Enable Access Time - 70 - 70 ns
Tceo Output Disable Time from CE - 50 - 50
Toeo Output Disable Time from OFE - 50 - 50
ToH Output Hold Time S - S -
AC TEST CONDITIONS '
e Output Load : 100pF+ 1TTL
® Input Levels : 0.6V, 24V
® Timing Measurement Reference Levels Input 0.8V, 2.2V
Output 0.8V, 2.0V
® Input Rise and Fall Time i 5ns
TIMING WAVEFORMS
tcyc
AO~16 X valid B
tacc
CE \ / tCED,
tCcE
OE & % /b/
L A
tOE tOH tOED.
Dourt B Valid
OPERATION MODE
MODE CE (]3] AO0~A16 Outputs Power
Read L L Valid Data Out Operating
Standby ' H x * High-Z Standby
Output Deselect H * High-Z Operating
H: Vg, L: Vi, *:Vig or ViL
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— TC531024P/F-12,-15

1M BIT (65,536 WORD x 16 BIT) CMOS MASK ROM
DESCRIPTION

The TC531024P/F is a 1,048,576 bits read only memory organized as 65,536 words by 16 bits.

The TC531024P/F is fabricated using Toshiba’s advanced CMOS technology which provides the high
speed and low power features with access time of 120ns/ 150ns, an operation current of 40mA at
8.3MHz and a standby current of 20uA.

The TC531024P/F is packaged in a standard 600mil 40pin DIP, or 525mil 40pin SOP.

FEATURES
TC531024P/F -12 - 15 ® Single 5V Power Supply
Power Supply . sv+5% | sv+10% | ® Fully Static Operation
® AllInput and Output : TTL Compatible
Access Time ( Max. ) 120ns 150ns
® Three State Output
Power Dissipation : Operating Current ( Max.) 40mA 35mA ® TC531024P : DIP40 —P —600
Power Dissipation : Standby Current (Max.) 20uA 20uA e TCBE31024F : SOP40—-P—-525
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW)
ne oa sl v D1 D3 D5 D7 D9 D11 D13 D15
T g2 330 NC Voo GND DO D2 D4 D6 D8 D10 D12 D14
D15 03 38 d N.C
o ga 7B ' [ITTITTTITIITTITIIIT
D13 5 36 A4 ==
512 Os 350 A3 OF 1 OUTPUT BUFFERS J
D11 g7 3a [ A2 -
o0 Qs 330 An CE o—=- <{> CE
ps 09 32 @ A10 CE
ps 0o 31 @ Ag
GND E 11 30% GND .
D7 12 290 A8 o]
o6 O 13 280 a7 A0 { COLUMN DECODER |
D5 E14 27% A8 R Al O—
D4 15 26 J As °
p3 O 16 25 P Aa A2
oz 7 240 A3 A3 O—
p1 08 230 A2
Do g9 220 A1 A4 ©
O Q20 210 a0 A5 00— o
' A6 O— E
wi
A7 o— = =
Ag o— a 65,536 x 16bit
PIN NAMES A9 o—1] @ S
—_— o (58]
AO0~A15 Address inputs A10 =—] 8 e MEMORY CELL ARRAY
DO~D15 Data Qutputs A1l o0—f < g
OE Output Enable Input A12 o— o
CE Chip Enable Input A13 o—]
Vpp Power Supply Al4 ©
GND Ground i A15 ©
N.C. No Connection
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TC531024P/F-12,-15

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.5~7.0 v
Vin " Input Voltage ) -0.5~Vpp \
Vout Output Voltage 0~Vpp v
Po Power Dissipation 1.0/0.6* wW
Tsta ©  Storage Temperature — 55~150 °C
Torr Operating Temerature 0~70 °C
TsSOLDER Soldering Temerature - Time 260 - 10 °C- sec

Note : * Plastic SOP.

D.C. OPREATING CONDITIONS (Ta=0~70°C)

SYMBOL - PARAMETER . MIN. MAX. UNIT
Voo Power Supply Voltage 4.5 5.5 v
Vi input High Voltage 2.2 Vpp + 0.3 v ,
VL Input Low Voltage -0.3 0.8 \"

i
1
:
H
i
P

D.C. OPRATING CHARACTERISTICS (Ta=0~70°C, Vpp =5V *10%)

SYMBOL PARAMETER CONDITIONS ' MIN. MAX. UNIT
he Input Leakage Current OV=V|nN=Vpp - +1.0
HA
ILo Output Leakage Current OV S Vout=Vop - +5.0
loH Output High Current Von = 2.4V ~-1.0 -
loL Output Low Current VoL = 0.4V 3.2 - mA
lobsi CE=2.2V - 2.0
Standby Current
fops2 CE=Vpp-0.2V - 20 HA
CE=V,L,.Vin=Vir/ViL teycle = 120ns - 50
lobo1 N
louT=0mA teycle = 150ns - 45
Operating Current mA
TE=0.2V, Vin = Vpp — 0.2V/ 0.2V teycle = 12005 - 40
lobo2
tOUT =0mA . tcycle = 150ns - 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin input Capacitance f=1MHz , Ta=25°C - 10 pF
Cour Output Capacitance f=1MHz , Ta=25°C - 10 pF

Note : This Paramenter is periodically sampled and is not 100% tested.
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¥
TC531024P/F-12,-15
A.C. CHARACTERISTICS (Ta=0°C~70°C)
Vpp=5V+*5% Vpp =5V *10%
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
tacc Access Time - 120 - 150 ns
tce Chip Enable Access Time - 120 - 150 ns
toe Output Enable Access Time - 70 - 70 ns
tcep Output Disable Time from CE [ 60 [ 60 ns
toeo Output Disable Time from OF [} 60 o} 60 ns
toH Output Hold Time 3 - S - ns
tcyc Cycle Time 120 - 150 - ns
A.C. TEST CONDITIONS
Output Load : 100pF + 1TTL
Input Levels 1 0.6V / 2.4V
Timing Measurement Reference Levels Input : 0.8V / 2.2V
Output : 0.8V / 2.0V
Input Rise and Fall Time (10%~90%) : Bns
TIMING WAVEFORMS
tcyc
A0 - A15 )@ Valid
N
tacc ton
E /7 7
tee tceo )
! = |
—_— y 7 /
OE N X\ L / 7
toe toeo
High-2 = High-Z
Pour 2 valid 2
N
!
OPERATION MODE
MODE CE OF AO~A15 Outputs Power
Read L Valid Data Out Operating
Standby H . *. * High-Z Standby
Output Deselect L H * High-Z Operating
H:VIH L:VIL *:VIHorVIL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

2M BIT (256K WORD x 8 BIT) CMOS MASK ROM

DESCRIPTION

The TC532000AP/AF is a 2,097,152 bits read only memory organized as 262,144 words by 8bits.
The TC532000AP/ AF is fabricated using Toshiba’s advanced CMOS technology which provides the
high speed and low power features with access time of 150ns, an operation current of 40mA at 6.7MHz

and a standby current of 20uA.

The TC532000AP/ AF has one programmable chip enable input CE/CE for device selection.
The TC532000AP/AF is packaged in a standard 600mil 32pin DIP or 525mil 32pin SOP.

FEATURES
e Single 5V Power Supply
® Access Time : 150ns (Max.) Vpp=5V10%
e Power Dissipation
Operating Current : 40mA (Max.)
Standby Current : 20xA (Max.)

PIN CONNECTION

\/__
N.C. 11 32 0 Voo
A16 []2 31 ] N.C.
A15 13 30 0 A17
Al2 g 29 1 A14
A7 [Is 28 0 A13
A6 [I6 27 {1 A8
A5 [17 26 [1 A9
A4 []8 25 0 A1
A3 [9 24 [J GE
A2 [}10 23 0 Aa10
A1 [ 11 22 1 CE/CE
A0 Q12 21 1 o7
Do [13 201 D6
D1 O1a 19 0 D5
D2 [O1s 18 0 D4
GND [O16 17 1 b3
PIN NAMES
AO0~A17 Address inputs
D0O~D7 Data Outputs
OE Output Enable Input
CE/CE Chip Enable Input
Vobp Power Supply
GND Ground
N.C. No Connection

. @ All Inputs and Outputs : TTL Compatible

Three State Outputs
e Fully Static Operation
® Programmable Chip Enable

e TC532000AP : DIP32—-P—-600
TC532000AF : SOP32—-P—-525

BLOCK DIAGRAM

A\

oo GND
i] I DO D1 D2 D3 D4 D5 D6 D7

SR | TTTTTTTT
——i OUTPUT BUFFERS

AlOo—] ::1 COLUMN DECODERS I
A2 0—]

A3 00—
A4 o—
A5 O—]
A6 O—
A7 O—
A8 O——]
A9 Oo—]
A100—
A110—
Al2o0—]
Al30—
A140—
Al50—]
Al16 o—
A17 O——] — —1

7

262,144 x 8 bit

ROW DECODERS

MEMORY CELLS

ADDRESS BUFFERS
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TC532000AP/AF
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.5~7.0 v
Vin Input Voltage - 0.5~Vpp AY
VouTt Output Voltage 0~Vpp \
Po Power Dissipation 1.0/0.6* w
Tstag Storage Temperature - 55~150 °C
TopR. Operating Temperature 0~70 °C
TSOLDER Soldering Temperature * Time 260 - 10 °C- sec
Note : * Plastic SOP
D.C. OPERATING CONDITIONS (Ta=0~70°Q)
. SYMBOL PARAMETER MIN. MAX. UNIT
Voo Power Supply Voltage 4.5 5.5 \Y
ViH Input High Volitage 2.2 Vép +0.3 \Y
ViL input Low Voltage -0.3 0.8 \"
D.C. and OPERATING CHARACTERISTICS (Vpp=5V* 10% , Ta=0~70°C)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
he Input Leakage Current Vin=0~Vpo - +1.0 A
Lo Output Leakage Current CE=Viu , Vour=0~Vpp - +5.0 pA
lon Qutput High Current Vou=2.4V -1.0 - mA
loL Qutput Low Current VoL= 0.4V 2.0 - mA
loos1 Standby Current CE=Vm — 2 mA
lpos2 TE=Vpp and Vin=0V (VpD) - 20 HA
locor Operating Current Vin=Vin/ Vi« teycle = 150n — >0 mA
lppo2 Vin=Vpp/ 0V, teyae = 150ns - 40 mA
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Cin Input Capacitance f=1MHz , Ta=25°C - 10 pF
CouT Output Capacitance f=1MHz , Ta=25°C - 10 pF
Note : This Parameter is periodically sampled and is not 100% tested.
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TC532000AP/AF

"_
!
!

A.C. CHARACTERISTICS (Vpp=5V*10% , Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time - 150 ns
tce Chip Enabie Access Time - 150 ns
toe Output Enable Access Time - 70 ns
tceD Output Disable Time from CE 0 60 ns
toep Output Disable Time from OF 0 60 ns
toH Output Hold Time 5 - ns
teye Cycle Time 150 - ns

A.C. TEST CONDITIONS

Output Load : 100pF + 1TTL
Input Levels : 0.6V, 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V

Output : 0.8V , 2.0V
Input Rise and Fall Time : Bns
TIMING WAVEFORMS -
teyce !
v
A0 - A17 >< valid ]
o ]
tacc toH
CE/CE Disable Enable Disable
tce tcep
) |-
— +
OF \ \ / Z.
toe toen
| <
D
out valid F———
OPERATION MODE
MODE CTE(CE) OE A0~A17 Outputs Power
Read L(H) L Valid Data Out Operating
Standby H(L) * * High-Z Standby
Output Deselect L(H) H * High-Z Operating
H: VIH L:VIL * . VIH or VIL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC534000AP/AF

4M BIT (512K WORD x 8 BIT) CMOS MASK ROM

DESCRIPTION

The TC534000AP /AF is a 4,194,304 bits read only memory organized as 524,288words by 8bits.
The TC534000AP/AF is fabricated using Toshiba’s advanced CMOS technology which provides the
high speed and low power features with access time of 150ns, an operation current of 40mA at 6.7MHz

and a standby current of 20.A.

The TC534000AP/AF has one programmable chip enable input CE/CE for device selection.
The TC534000AP/AF is packaged in a standard 600mil 32pin DIP or 525mil 32pin SOP.

FEATURES
) Siﬁgle 5V Power Supply

® Access Time : 150ns (Max.) Vpp=5V10%

® Power Dissipation
Operating Current : 40mA (Max.)
Standby Current : 20u«A (Max.)

PIN CONNECTION

\_/—
N.C. E 1 32 1 Vpp
Al16 [J2 31 {1 A18
A15 13 30 1 A17
Al12 g 29 1 A14
A7 s 28 1 A13
A6 [Ie6 27 [1 A8
AS 7 26 1 A9
A4 [18 25 0 A11
A3 9 24 [1 OE
A2 010 23 0 A10
A1 011 22 [0 CE/CE
A0 [J12 21 0 D7
DO {13 20 ] D6
p1 14 19 [0 pbs
p2 O1s 18 1 D4
GnD O1s 19 0 D3
PIN NAMES
AO0~A18 Address inputs
DO~D7 Data Outputs
OE Output Enable input
CE/CE Chip Enable Input
Vop Power Supply
GND Ground
N.C. No Connection

396

e All Inputs and Outputs : TTL Compatible

Three State Outputs
e Fully Static Operation
e Programmable Chip Enable

e TC534000AP : DIP32—-P—-600
TC534000AF : SOP32—-P—525

BLOCK DIAGRAM

Vpo

GND
i DO D1 D2 D3 D4 D5 D6 D7

T oL | AREARNN
OF o——— —<I OUTPUT BUFFERS J
—

AQ O—
AlOo—
A2 00—
A3 00—
Ado—
A5 O—]
ABO—
A7 00—
A8 O———
A% O—
A100—]
Al11 00—
Al12 00—
A13 0]
A140—]
Al15 0—
A16 00—
A17 O—
A180—

COLUMN DECODERS ]

524,288 x 8 bit

ADDRESS BUFFERS
ROW DECODERS

MEMORY CELLS
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MAXIMUM_ RATINGS

TC534000AP/AF

397

SYMBOL ITEM RATING UNIT
Voo Power Supply Voitage -0.5~7.0 \Y
Vin Input Voltage - 0.5~Vpp v
VouT . Output Voitage 0~Vpp v
Po Power Dissipation 1.0/0.6* w
Tsta Storage Temperature - 55~150 °C
TorRr Operating Temerature 0~70 °C
TsoLpeEr Soldering Temerature + Time 260 - 10 - sec
Note : * Plastic SOP
D.C. OPREATING CONDITIONS (Ta =0~70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Voo Power Supply Voltage 4.5 5.5 \
ViH Input High Voltage 2.2 Vop + 0.3 v
ViL Input Low Voltage -03 0.8 \Y
D.C. and OPERAITING CHARACTERISTICS (Vpp=5V*10% , Ta=0~70°C)
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
m Input Leakage Current Vin=0~Vpp - +1.0 A
Lo Output Leakage Current _E=V;H , Vour=0~Vpp - +5.0 A
loH Output High Current Vou=2.4V ~ 1.0 - mA
loL Qutput Low Current VorL=0.4V 2.0 - mA
oos1 Standby Curreﬁt CE=Vim - 2 i
lops2 CTE=VpD and Vin=0V (Vpp) - 20 A
locos Operating Current ViN=Vik/ Vi . teycle = 1500 — >0 mA
lbpo2 Vin=Vpp/ 0V | teycle = 150ns - 40 mA
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Cin Input Capacitance f=1MHz , Ta=25°C - 10 pF
Cour Output Capacitance f=1MHz , Ta=25°C - 10 pF
Note : This Paramenter is periodically sampled and is not 100% tested.

TOSHIBA CORP.

EXHIBIT 1009 - PAGE 0392




TC534000AP/AF

A.C. CHARACTERISTICS (Vpp=5V *10% , Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time - 150 ns
tce Chip Enable Access Time - 150 ns
toE Output Enable Access Time - 70 ns
tcep Output Disable Time from CE o] 60 ns
toeo Output Disable Time from OE 0 60 ns
toH Output Hold Time 5 - ns
teye Cycle Time 150 - ns

A.C. TEST CONDITIONS .

Output Load : 100pF + 1TTL
Input Levels : 0.6V , 24V

Timing Measurement Reference Levels Input : 0.8V, 2.2V

Qutput : 0.8V , 2.0V
Input Rise and Fall Time : 5ns
TIMING WAVEFORMS
tevce I
A
A0 —A18B >{ valid i
A
tacc toH
CE/CE Disable Enable Disable
tce tceo
) - L)
J— y 7 Z
oF M N\ / 2
toe toep
w
Dour %r Valid N
OPERATION MODE
MODE CE(CE) OE AO~A18 Outputs Power
Read L(H) L Valid Data Out Operating
Standby H(L) * * High-Z Standby
Output Deselect L(H) H * High-Z Operating
H:VIH L:VIL *:VIHorVIL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TENTATIVE TCS34000AFT %

4M BIT (512K WORD x 8 BIT) CMOS MASK ROM
DESCRIPTION

The TC534000AFT is a 4,194,304 bits read only memory organized as 524,288 words by 8 bits.

The TC534000AFT is fabricated using Toshiba’s advanced CMOS technology which provides the high
speed and low power features with access time of 150ns, an operation current of 40mA at 6.7MHz and
a standby current of 20.A.

The TC534000AFT has one programmable chip enable input CE/CE for device selection.

The TC534000AFT is packaged in a 400mil 32 pin TSOP Type I.

FEATURES
® Single 5V Power Supply e All Inputs and Outputs : TTL Compatible
® Access Time : 150ns (Max.) Vpp=5Vi10% ® Three State Outputs
e Power Dissipation e Fully Static Operation
Operating Current : 40mA ( Max.) ® Programmable Chip Enable
Standby Current : 20xA (Max.) e TC534000AFT : TSOP32 —-P—-400
PIN CONNECTION BLOCK DIAGRAM
(o] Vpp GND
N.C. 1 32 1 Vpp f i
A
A}S E; gs % 2}? DO D1 D2 D3 D4 D5 D6 D7
A12 fi4 29 1 A4 E o—> TTTTTTTT
22 E 5 28 % A13
6 27 1 A8
AS Q7 26 1 A9 OFE o— — OUTPUT BUFFERS
A4 Es 25 1 A11
A3 9 24 1 OF
A2 (10 23 {1 A10 A0O
A1 11 22 1 CE/CE AlOo— | COLUMN DECODERS
A0 [0 12 21 0 b7 A20—
po 013 20 {1 D6 243;0_
p1 Q14 19 b5 o
D2 E 15 18 % D4 QZO—_
GND [ 16 19 J D3 A7° - = _—
TC534000AFT ABO—— w s
Ado— w 524,288 x 8 bit
Atoo— 2 o
Atto— O
A120—— a
PIN NAMES A130——7 E ;
Al4go— 2 =
A0~A18 Address inputs AlSo— <« 4 MEMORY CELLS
DO~D7 Data Outputs A6 O—
OE Output Enable Input Al170 — —
CE/CE Chip Enable Input A18
Vpp Power Supply
GND Ground
N.C. No Connection
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TC534000AFT — , -

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Voo Power Supply Volitage -0.5~7.0 \
Vin Input Voltage - 0.5~Vpp \
VouTt . Output Voltage 0~Vpp \%
Pp ‘Power Dissipation 0.6 w
Tstg Storage Temperature - 55~150 °C
Toer Operating Temerature - 0~70 °C
TsoLDER Soldering Temerature - Time ' 260 - 10 °C- sec

D.C. OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER - MIN. MAX. UNIT
Vbb Power Supply Voltage 4.5 5.5 \%
ViH Input High Voltage 2.2 Vpp +0.3 \%
ViL Input Low Voltage -0.3 0.8 \

D.C. and OPERATING CHARACTERISTICS (Vbp=5V+10%, Ta =0~70°Q)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I8 " Input Leakage Current Vin=0~Vpp - +1.0 A
Lo Output Leakage Current CE=V)y , Voyr=0~Vpp - +5.0 LA
lon Output High Current Von=2.4V -1.0 - mA
loL Output Low Current VoL =0.4v 2.0 - mA
loos Standby Current CE=Vin — 2 mA
Ipps2 CE=V0pD and Vin= 0V (Vpp) - 20 #A
looor Operating Current Yin=Vin/ Vi feyele = 15005 - >0 mA
I5D02 Vin=Vpp/ 0V | teyce = 150ns - 40 mA

CAPACITANCE

SYMBOL PARAMETER CONDITIONS MIN. v MAX. UNIT
Cin Input Capacitance =1MHz , Ta=25°C - 10 PF
Cour Output Capacitance f=1MHz , Ta=25°C - 10 pF

Note : This Parameter is periodically sampled and is not 100% tested.
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TC534000AFT

A.C. CHARACTERISTICS

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time - 150 ns
tce Chip Enable Access Time ‘ - 150 ns
toEe Output Enable Access Time - 70 ns
tcep Output Disable Time from CE 0 60 ns
toeD Output Disable Time from OF 0 60 ns i
ton Output Hold Time v 5 - ns
teyce Cycle Time 150 - ns

A.C. TEST CONDITIONS

Output Load : 100pF + 1TTL
Input Levels : 0.6V, 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V

i Output : 0.8V , 2.0V
Input Rise and Fall Time : bns

TIMING WAVEFORMS

. teve |
w
AO-A18 >< valid I
. A
tacc ton
CE/CE Disable Enable Disable
tcep
< I P
o e 7 —————
. =
toED =
D ————————>=
our Valid =
=
EBFe———
_
= =
OPERATION MODE
MODE CE(CE) OE AO0~A18 Outputs Power
Read L(H) L Valid Data Out Operating
Standby H(L) * * High-Z Standby
Output Deselect L(H) H * High-Z Operating
H:VIH L:ViL *:VIH or VIL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC534200P/F- i

4M BIT (256K WORD x 16 BIT/512K WORD x 8BIT) CMOS MASK ROM

DESCRIPTION

The TC534200P/F is a 4,194,304 bits read only memory organized as 262,144 words by 16 bits when
BYTE is logical high, and is organized as 524,288 words by 8 bits when BYTE is logical low.

The TC534200P /F is most suitable for the program memory , data memory, and character generater.

The TC534200P/F is packaged in a standard 600mil 40pin DIP, or 525mil 40 pin SOP.

FEATURES
e Single 5V Power Supply e Fully Static Operation
® Access Time : 150ns (Max.) e All Inputs and Outputs : TTL Compatible
e Power Dissipation ’ ® Three State Outputs
Operating Current : 50mA (Max.) ® TC534200P : DIP40—-P —600
Standby Current : 20xA (Max.) e TC534200F : SOP40—-P—-525
PIN CONNECTION (TOP VIEW) PIN NAMES
A17 0 1 ~ 40 [] A8
A7 2 39 [ A9 AO0~A17 Address inputs
A10 :
ﬁgE ‘31 :g % Al1l DO~D14 Data Outputs
ﬁgE g :g E]l :g TE Chip Enable tnput
A2 7 34 [ A14 OE Output Enable input
A1l 8 33 [ A15
A0L] 9 32 {11 A16 D15/A -1 Data Output/Addrss input
GISSE :(1) g(; _;_ll 21111-)*3 BYTE Word, Byte selection input
OE[] 12 29[ D15/ A-1 :
oo O 13 28 [ D7 Voo Power Supply
D8 [] 14 27 [0 D14 GND Ground
D1 O 15 26 [1 D6 '
D9 18 25{] D13
D24 17 24 {1 D5
piod 18 23 [ D12
D3 [ 19 221 D4
D11 [ 1 Voo

20 21
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BLOCK DIAGRAM

DO

1

TC534200P/F

1
BYTE O— o !
BYTE, CE, OE CIRCUIT > QUTPUT BUFFERS
OF o™ : ‘
—_— 1
CE o— ‘
r- JE
A=l 7 | coLumn 128 COLUMN /O
A0 O— - <
ADDRESS DECODER CIRCUIT
g BUFFERS 4
12 ROW 4096 MEMORY CELL
ARRAY
DECODER 262,144 x 16 BITS
A17 O—
MODE SELECTION
MODE CE OF BYTE DO - D7 D8-D14 D15/A -1 Power
Read (16 Bit) L L H Data Out Active
Data Out :
Read (8 Bit) L L L (Lower 8bity | High impedance L Active
Data Out . .
Read (8 Bit) L L L (Upper 8biyy | High Impedance H Active
OQutput Deselect L H * High Impedance Active
Standby H * * High Impedance Standby
H:Vig L:VL *:Vor ViL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.5~7.0 Vv
Vin Input Voltage - 0.5~Vpp \Y
VourT Output Voltage 0~Vpo Vv
Pp Power Dissipation 1.0/0.6* w
TstG Storage Temperature - 55~150 °C
Torr Operating Temperature 0~70 °C
TsoLDER Soldering Temperature - Time 260 - 10 °C- sec
* SOP
403
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TC534200P/F

D.C. OPREATING CONDITIONS (Ta =0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpo Power Supply Voltage 4.5 5.0 5.5 \%
ViH input High Voltage 2.2 - Vpp+ 0.3 \Y
Vi Input Low Voltage -03 - 0.8 \Y)
D.C. and OPERATING CHARACTERISTICS (Ta= 0~70°C)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I input Leakage Current Vin=0~Vpp = +1.0 HA
ILo Output Leakage Current Vourt=0~VpDp - +5.0 HA
loH Output High Current Von=2.4V -1.0 - mA
lov Output Low Current Vor=0.4V 2.0 - mA
loost Standby Current CE=Vi - 2 mA
Ipps2 CTE=Vpp — 0.2V - 20 uA
lppo1 i Vin=Vis/ ViL . teycle = 15008 - 60 mA
Opereating Current
lobo2 Vin = Vo — 0.2V / 0.2V teycle = 15008 - 50 mA
CAPACITANCE f=1MHz , Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cn input Capacitance Vin = 0V - 10 pF
Cour Output Capacitance Vout= 0V - 12 pF

Note :

This Paramenter is periodically sampled and is not 100% tested.
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TC534200P/F

A.C. CHARACTERISTICS (Ta =0~70°C,Vpp =5V * 10%)

SYMBOL PARAMETER MIN. MAX. UNIT
teye Cycle Time 150 v - ns
tacc Address Access Time - 150 ns
1ce Chip Enable Access Time - 150 ns
tgT BYTE Access Time - 150 ns
toe Output Enable Access Time - 70 ns
tceo Output Disable Time from CE - 60 ns
toen Output Disable Time from OE - 60 ns
taTo Output Disable Time from BYTE - 60 ns
tou Qutput Hold Time S . - ns

A.C. TEST CONDITIONS

Output Load o 100pF + 1TTL
Input Levels : 0.6V, 2.4V
Timing Measurement Reference Levels Input : 0.8V, 2.2V

- Output : 0.8V, 2.0V
Input Rise and Fall Time : 5ns

TIMING WAVEFORMS

WORD - WIDE READ MODE

e —
B [T
~ T [T

Note: BYTE = V|
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TC534200P/F
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC538000AP/AF

8M BIT (1M WORD x 8 BIT) CMOS MASK ROM
DESCRIPTION

The TC538000AP/AF is a 8,388,608 bits read only memory organized as 1,048,576 words by 8bits.

The TC538000AP / AF is fabricated using Toshiba’s advanced CMOS technology which provides the
high speed and low power features with access time of 150ns, an operation current of 556mA at 6. 7MHz
and a standby current of 1004A.

The TC538000AP /AF has one programmable chip enable input CE/CE for device selection.

The TC538000AP/AF is packaged in a standard 600mil 32pin DIP , 525mil 32pin SOP

FEATURES

e Single 5V Power Supply ‘ e All Inputs and Outputs : TTL Compatible
® Access Time : 150ns (Max.) Vpp=5Vi10% ® Three State Outputs
® Power Dissipation o Fully Static Operation
Operating Current : 5§5mA (Max.) ® Progranimable Chip Enable
Standby Current : 100x«A (Max.) e TC538000AP : DIP32 —P —600
TC538000AF : SOP32 —P —525
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW) Vob GND
A19 1 ~ 32 J Voo f f
Al16 [} 2 31 1 A18 DO D1 D2 D3 D4 D5 D6 D7
Al15 03 30]A17 —0—0‘>
A12 Q14 29 1 A14 F ' TTTTTTTT
A7 [is 28 {1 A13
A6 (16 27 0 A8 — — OUTPUT BUFFERS
A5 17 26 1 A9 OF ©
A4 (I8 251 A1
A3 {19 24 1 OF AQO—
A2 [J10 23 {1 A10 Al1O—] [ COLUMN DECODERS
Al 01 22 1 CE/CE A2 00—
A0 [J12 21 [ D7 A3 O——o|
po {13 20 g D6 Ado—
p1 Q14 19 0 D5 AS5O0—]
D2 15 18 ] D4 AB O——— | ]
GND [ 16 17 0 D3 A7O——
ABo— o L
TC538000AP/AF A9o—— & w 1,048,576 x 8 bit
. Algo—— 2 e
AllO— (v}
PIN NAMES Al20— 4 a
Al3o— ¢ =
AO0~A19 Address inputs Algo—— g o
DO~D7 Data Qutputs AlSo—— < o MEMORY  CELLS
OE Output Enable Input Al6o
CE/CE Chip Enable Input Al7 ] ]
R L P A1g§O—]
Vop Power Supply A19O0—]
GND Ground
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1
TC538000AP/AF
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.5~7.0 \
Vin input Voltage - 0.5~Vpp \
Vour Output Voltage 0~Vpp Vv
Pp Power Dissipation 1.0/0.6* w
Tsta Storage Temperature - 55~150 °cC
Torr Operating Temerature 0~70 °C
TsoLDER Soldering Temerature - Time 260 - 10 °C- sec
Note : * Plastic FP.
D.C. OPREATING CONDITIONS (Ta =0~70°Q)
SYMBOL PARAMETER MIN. MAaX. UNIT
Voo Power Supply Voltage 4.5 5.5 \
Vin Input High Voltage 2.2 Vpp +0.3 \
VL input Low Voltage -0.3 0.8 \Y) ‘
D.C. and OPERATING CHARACTERISTICS (Vpbp =5V *10% , Ta =0~70°C) !
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT I
i Input Leakage Current Vin=0~Vpp - +5.0 2A
Lo Outpui Leakage Current CE=Viy , Vout=0~Vpp - +5.0 HA ‘
lon Output High Current Vox =2.4V -1.0 - mA
loL Output Low Current VoL=0.4V 2.0 - mA
loos1 Standby Current CE=Vin ~ 2 mA !
lobs2 CE=Vpp and Vin=0V (Vpp) - 100 sA
looos Operating Current ViN=Vin/ Vi . teycte = 15008 ~ °0 mA
lopo2 . Vin=Vpp/0V | teycle = 150ns - 55 mA '
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT i
Cin Input Capacitance f=1MHz , Ta=25°C - 10 pF
CouT Output Capacitance f=1MHz , Ta=25°C - 10 pF
Note : This Paramenter is periodically sampled and is not 100% tested.
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TC538000AP/AF

A.C. CHARACTERISTICS

SYMBOL PARAMETER MIN. ) MAX. UNIT
tacc Access Time - 150 ns
tce Chip Enable Access Time - 150 ns
toe Output Enable Access Time - ) 70 ns
tcep Output Disable Time from CE 0 60 ns
toep Output Disable Time from OE 0 60 ns
toH Output Hold Time S - ns
teve Cycle Time 150 - ns '

A.C. TEST CONDITIONS

Output Load : 100pF + 1TTL

Input Levels . : 0.6V , 24V

Timing Measurement Reférence Levels Input : 0.8V, 2.2V i
Qutput : 0.8V , 2.0V

Input Rise and Fall Time ' : 5ns

i
i
z
i
|
|
:

TIMING WAVEFORMS

' tcyc I
-
AO0-A19 Xr Valid
tacc tor
CE/CE Disable Enable Disable
tce tcep

— N\ ¥
OF /
N
i . toe toep
I

Dour . N
Valid 1}@ :
OPERATION MODE s
MODE CTE(CE) OE AO0~A19 Outputs Power
Read L(H) L Valid Data Out Operating
Standby H(L) * * High-Z Standby
Output Deselect L(H) H * High-Z Operating
H: VIH L:VIL *:ViHor VIL
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT
TC538200AP/AF N

8M BIT (512K WORD x 16 BIT/1M WORD x 8BIT) CMOS MASK ROM

DESCRIPTION

The TC538200AP/AF is a 8,388,608 bits read only memory organized as 524,288 words by 16 bits
when BYTE is logical high, and is organized as 1,048,576 words by 8 bits when BYTE is logical low.
The TC538200AP/AF is most suitable for the program memory , data memory , and character

generater.
The TC538200AP/AF is packaged in a standard 600mil 42pin DIP, or 600mil 44 pin SOP.

FEATURES
e Single 5V Power Supply ® Fully Static Operation
® Access Time ‘ : 150ns (Max.) e All Inputs and Outputs : TTL Compatible
® Power Dissipation ® Three State Outputs
Operating Current : 60mA (Max.) e TC538200AP : DIP42—P —600
Standby Current : 100pA (Max.) e TC538200AF : SOP44—_P—-600
PIN CONNECTION (TOP VIEW) PIN NAMES
—~ Nc 01 ~ aab nc AO0~A18 Address inputs
A18 01 421{ N.C A18 [2 430 N.C
A17 O2 a1 A8 A17 03 4201 A8 Do~Di4 Data Outputs
A7 3 400 A9 A7 Oa 41 A9 CE Chip Enable Input
As (a4 390 A10 A6 Os 400 A10
A5 Os 380 A11 A5 [Os 390 A11 OE Output Enable Input
A4 [s 370 A12 As [ 7 38 A12 -
A3 07 360 A13 A3 s 370 A13 D15/A -1 Data Output/Addrss Input
:f Eg gz :Jl ::g 2? E?O gg % ::g BYTE Word, Byte selection Input
A0 010 3300 A16 A0 011 34 A16 1
TE E 11 321 BYTE TE 012 331 BYTE Voo Power Supply
GND 012 31 GND GND [ 13 " 32 GND GND Ground
OE 013 300 pDi1s/A-1 OE 14 31 0 D1s/A-1 -
oo [ia 291 b7 po []1s 30 D7 N.C. No Connection
o8 [1s 28 D14 D8 016 2900 p1a
p1 016 27 D6 D1 Q17 281{] D6
p9 [O17 26 0 D13 D9 18 27 D13
D2 [O18 250 ps 02 19 26 D5
D10 Q19 24 D12 p1o [ 20 25 D12
D3 020 230 pa D3 021 241 pa
D11 021 220 vpp D11 022 23 Vpo
TC538200AP TC538200AF
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TC538200AP/AF

BLOCK DIAGRAM

GND D15 “T™~—— DO

A Sl

I

:

I
0

-
]
BYTE O— —— e !
BYTE, CE, OE CiRCUIT i OUTPUT BUFFERS
TE o— i
S EEEECLEECTE e e
-1 O—¢—]
A g | coLumn 256 COLUMN IO
AQ O— S =
ADDRESS DECODER CIRCUIT
S BUFFERS ) i
12 ROW 4096 MEMORY CELL ‘
S ARRAY ;
DECODER 524,288 < 16 BITS 1
A18 O— :
MODE SELECTION
MODE CE OE BYTE DO - D7 D8-D14 D15/A -1 Power
Read (16 Bit) L L H Data Qut Active
D t .
Read (8 Bit) L L L (th\:e?%bit) High Impedance L Active
Data Out f
Read (8 Bit) L L L (Upper 8bity | High impedance H Active
Qutput Deselect L H * High Inpedance Active
Standby H * * High tnpedance Standby
H: Vg L:Vp *:Viygor Vi
MAXIMUM RATINGS
SYMBOL ITEM i RATING UNIT
Voo Power Supply Voltage -0.5~7.0 \)
Vin Input Voitage - 0.5~Vpp \%
Vour Qutput Voltage 0~Vpp \Y
Pp Power Dissipation 1.0/0.6* w
TstG Storage Temperature - 55~150 °C
Torr ) Operating Temperature 0~70 °C
TsoLDer Soldering Temperature - Time 260 - 10 °C- sec
* SOP
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TC538200AP/AF

D.C. OPREATING CONDITIONS (Ta=0~70°Q)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \Y
Vin Input High Voltage 2.2 - Vpp +0.3 \Y
ViL Input Low Voltage -0.3 - 0.8 \Y
D.C. and OPERATING CHARACTERISTICS (Ta=0~70°Q)
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
I Input Leakage Current Vin=0~Vppo - +1.0 HA
o Output Leakage Current Voutr=0~Vpo - +5.0 HA
loH Output High Current Vou=2.4V -1.0 - mA
lov Output Low Current VoL=0.4V 2.0 - mA
loos Standby Current CE=Vm — 2 mA
lbps2 CTE=Vpp— 0.2V - 100 LA
looor Opereating Current Vin=Vis/ VL . Teycle = 1500s - 79 mA
lopo2 Vin= Vop — 0.2V / 0.2V teycle = 150ns - 60 mA
CAPACITANCE f=1MHz , Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Cin Input Capacitance Vin= 0V - 10 pF
CouT Output Capacitance VouTt =0V - 12 pF
Note : This Paramenter is periodically sampled and is not 100% tested.
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TC538200AP/AF

A.C. CHARACTERISTICS (Ta=0~70°C,Vpp=5V*10%)

SYMBOL PARAMETER MIN. MAX. UNIT
teve Cycle Time 150 - ns
tacCc Address Access Time - 150 ns
tce Chip Enable Access Time - 150 ns
taT BYTE Access Time - 150 ns
toe Output Enable Access Time - 70 ns
tceo Qutput Disable Time from CE - 60 ns
toen Qutput Disable Time from OE - 60 ns
taT0 Qutput Disable Time from BYTE - 60 ns
ton OQOutput Hold Time 5 - ns

A.C. TEST CONDITIONS

Output Load " :100pF + 1TTL
Input Levels : 0.6V , 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V

Output : 0.8V , 2.0V
Input Rise and Fall Time : 5ns

TIMING WAVEFORMS
WORD - WIDE READ MODE

e
O [T
~ T I

o igh=2 TR — et

Note: BYTE = V|4
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TC538200AP/AF

EEEEEEEEEEEEEEEEE

= MANNNWINY,

T

CED

SN

E
ED

[T

DO~D7 High-2 Wm Valid W
BYTE :
BYTE TRANSITION
°°°°° ) e Y
;@F vigh 2 ) O
Note: CE=v,, OE=V;_ :
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC5316200AP/AF —

16M BIT (1M WORD x 16 BIT/2M WORD x 8BIT) CMOS MASK ROM

DESCRIPTION

The TC5316200AP/AF is a 16,777,216 bits read only memory organized as 1,048,576 words by 16
bits when BYTE is logical high, and is organized as 2,097,152 words by 8 bits when BYTE is logical
low. :

The TC5316200AP / AF is most suitable for the program memory , data memory , and character

generater.
The TC5316200AP/AF is packaged in a standard 600mil 42pin DIP, or 600mil 44 pin SOP.

FEATURES
® Single 5V Power Supply e Fully Static Operation
® Access Time : 150ns ( Max.) ~ ® All Inputs and Outputs : TTL Compatible
® Power Dissipation ® Three State Outputs
Operating Current : 60mA (Max.) e TC5316200AP : DIP42—-P—600
Standby Current : 100xA ( Max.) ® TC5316200AF : SOP44—P —600 ;
PIN CONNECTION (TOP VIEW) PIN NAMES
N.C. O1 ~ 44E N.C. AO0~A19 Address inputs
a18 1~ a2] a9 Atg 02 431 At9 Data Outout
A17 [2 410 As a17 03 420 as Do~D14 ata Outputs
A7 O3 a0 A9 A7 Oa 410 A9 TE Chip Enable Input
A6 Oa 390 A10 A6 [s 401 A10
As Os 380 A11 As 6 390 At1 OF Output Enable Input
A4 06 370 Aa12 A4 17 380 A2
A3 7 36 0 A13 A3 [is 370 Aa13 D15/A -1 Data Output/Addrss Input
2? Eg gz f-]j 2:‘5‘ ﬁf E?O gg E]l ﬁ::g BYTE Word, Byte selection Input
Ao 010 33 A6 A0 11 340 Aa1e v P Suppl
TE 011 32 1 BYTE cE 02 331 BYTE Do ower >upply
GND 012 31 GnND GND [ 13 32 GND GND Ground
OE [13 30 J D15/A-1 OE [J14 31 0 D15/A-1 -
po O1a 290 b7 po Hi1s 300 b7 N.C. No Connection
D8 [O1s 28 D14 D8 [} 16 291 D14
D1 16 27 b6 D1 017 28] D6
po 017 26 0 D13 D9 [ 18 270 D13
D2 018 25 {1 DS D2 019 26 0 Ds
pio 019 24 D12 pi1o [20 25 D12
D3 [20 230 pa D3 021 24 Da
D11 [ 21 221 vpp D11 [22 2310 vpp
TC5316200AP TC5316200AF
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TC5316200AP/AF

BLOCK DIAGRAM

Voo GND D15 “™~— DO
A G— i
B Oo— —_— = H
YTE BYTE, CE, OE CIRCUIT ; OUTPUT BUFFERS
OE o—f i
1
CE O— !
________________________ e
- 1
A—1 O
8 | coLumnN | 256 COLUMN V1O
AQ O/
ADDRESS DECODER CIRCUIT
S BUFFERS [ A
13 ROW 8192 MEMORY CELL
ARRAY
DECODER 1,048,576 x 16 BITS
A19 O—
MODE SELECTION
MODE TE OE BYTE D0 -D7 D8 -D14 Di15/A -1 Power
Read (16 Bit) L L H Data Out Active
D t .
Read (8 Bit) L L L (LZtvavecr)UBbit) High Impedance L Active
t t .
Read (8 Bit) L L L ?Uap:e?l;&bit) High Impedance H Active
Output Deselect L H * High Inpedance Active
Standby H * * High Inpedance Standby
H: Vg L:V *:Vigor Vi,
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vob Power Supply Voltage -0.5~7.0 \
ViN Input Voltage - 0.5~Vpo Vv
VouTt Output Voltage 0~Vopp Vv
Pp Power Dissipation 1.0/0.6* w
Ts1G Storage Temperature - 55~150 °C
Toer Operating Temperature 0~70 °C
TsoLDER Soldering Temperature - Time 260 - 10 °C- sec
* SOP
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TC5316200AP/AF

D.C. OPREATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \Y
Vin Input High Voltage 2.2 - Vpp + 0.3 \2
Vi Input Low Voltage -0.3 - y 0.8 \Y

D.C. and OPERATING CHARACTERISTICS (Ta =0~70°C)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

m Input Leakage Current Vin=0~Vpp - +1.0 #A :
lLo Output Leakage Current Voutr=0~Vpp - 50 #A
loH Output High Current Von=2.4V -1.0 - - mA
loL Output Low Current VoL=0.4Vv 2.0 - mA
Ipps CE=V - 2 mA

DOs! Standby Current H 1
lobs:2 CE=Vpp-0.2V . - 100 HA }
i

1 Vin=Vig/ Vi, t = 150ns - 70 mA 1
DDo! Opereating Current = T ycie :
Ippo2 Vin=Vpp—0.2V/ O~2V,t<ycle = 150ns - 60 mA k

CAPACITANCE f=1MHz , Ta=25°C

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin Input Capacitance Vin = 0V - 10 pF
CouTt Output Capacitance Vout =0V - 12 pF

Note : This Paramenter is periodically sampled and is not 100% tested.
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TC5316200AP/AF

A.C. CHARACTERISTICS (Ta= 0~70°C,Vpp =5V £ 10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tevc Cycle Time 150 - ns
tacc Address Access Time - 150 ns
tce Chip Enable Access Time - 150 ns
tgT BYTE Access Time - 150 ns
toe Output Enable Access Time - 70 ns
tceo Output Disable Time from CTE - 40 ns
toED Output Disable Time from OE - 40 ns
tsTD Output Disable Time from BYTE - 40 ns
toH Output Hold Time ) - ns

A.C. TEST CONDITIONS
Output Load . 100pF + 1TTL
Input Levels . 0.6V, 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V
Output : 0.8V, 2.0V
Input Rise and Fall Time . 5ns
TIMING WAVEFORMS
WORD — WIDE READ MODE
tcve >
AO~A19 ' )2 Valid
’ toH,

tce

Y,

-

tceo

T

tacc

—~——

toeD

High -2
DO~D15 :

Valid

E High-Z

Note: BYTE = ViH
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TC5316200AP/AF

BYTE - WIDE READ MODE

e
T g
~ I LI
ooooooooo W, R Y

Note: BYTE = V|,

- BYTE TRANSITION

AAAAAA

QS 1111 D i
:@ o
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC9316200AFT

TENTATIVE

16M BIT (1M WORD x 16 BIT/2M WORD x 8BIT) CMOS MASK ROM

DESCRIPTION

The TC5316200AFT is a 16,777,216 bits read only memory organized as 1,048,576 words by 16 bits
when BYTE is logical high, and is organized as 2,097,152 words by 8 bits when BYTE is logical low.
The TC5316200AFT is most suitable for the program memory , data memory , and character

generater.

The TC5316200AFT is packaged in a 400mil 44pin TSOP Tepe II.

FEATURES
e Single 5V Power Supply
® Access Time : 150ns (Max.)
e Power Dissipation
Operating Current - : 60mA (Max.)
Standby Current : 1004A (Max.)

PIN CONNECTION (TOP VIEW)

o
N.C. ] 4 44 1 N.C.
A8 ] 2 43 A19
A7 [ 3 42 [1 A8
A7 04 4100 A9
A6 s 40 g A10
A5 Qs 390 AN
A4 Q7 38 ] A12
A3 g 37 1 A13
A2[lg 36 ] A4
A1 Q0 35 A15
A0 34 ] A16
CE 12 33 [1 BYTE
GND [} 13 32 [J GND
OE (12 31 [ D15/A-1
DO [] 15 30 (] D7
D8 [} 16 29 D14
D1 Qg7 28] D6
D9 18 27 D13
D2 [ 19 26 3 bS
D10 [1 20 251 D12
D3 [ 21 241 D4
D11 [} 22 23 1 Voo
TC5316200AFT

420

Fully Static Operation

All Iﬁputs and Outputs : TTL Compatible

Three State Outputs
TC5316200AFT : TSOP44 —-P—400

PIN NAMES

AO0~A19 Address inputs

DO~D14 Data Outputs
CE Chip Enable Input
OE Output Enable Input

D1S/A -1 Data Output/Adarss Input
BYTE Word, Byte selection Input
Vb Power Supply
GND Ground
N.C No Connection
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TC5316200AFT

BLOCK DIAGRAM | ‘ |

Voo GND D15 “T~— DO l
{
A A SN |
. ] M
BYTE o— e ' |
BYTE, CE, OE CIRCUIT v OUTPUT BUFFERS I
OE o— i - - !
S 1 H
CE o— '
S EEIELLTESRe T |
A=l B | COLUMN | 256 COLUMN 110 .
AQ O >
ADDRESS DECODER CIRCUIT '
S BUFFERS | - A
13 ROW 8192 MEMORY CELL
- ARRAY
DECODER 1,048,576 x 16 BITS
A19 O—
MODE SELECTION
MODE CE OE BYTE D0 - D7 D8-D14 D15/A-1 Power
Read (16 Bit) L L H Data QOut Active
D Out .
Read (8 Bit) L L L (L:f,er%bit) High Impedance L Active
D Out .
Read (8 Bit) L L L (Unper 8biy | Hfigh Impedance H Active
Output Deselect L H * High Inpedance Active
Standby H * * High Inpedance Standby
H:Viy L: Vi *:Vigor VL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage ~0.5~7.0 \
Vin Input Voltage - 0.5~Vpp \
Vourt Output Voltage 0~Vopp v
Po Power Dissipation 0.6 w
Tstg Storage Temperature ' —55~150 °C
Torr Operating Temperature 0~70 °C
TsoLoerR Soldering Temperature - Time 260 - 10 °C- sec
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TC5316200AFT

D.C. OPREATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \"
ViH Input High Voltage 2.2 - Vpp + 0.3 \
VL Input Low Voltage - 0.3 - 0.8 \"4

D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input Leakage Current Vin=0~Vpp - 1.0 pA
Lo Output Leakage Current VouT=0~Vpp - +£5.0 HA
loH Output High Current Vou=2.4V -1.0 - mA
lop Output Low Current VoL=0.4V 2.0 - mA
| CE=V - 2 mA
o5 Standby Current M

Iops2 CE=Vpp - 0.2V - 100 uA
Ip Vin=Vin/ ViL . teycle = 150nNs - 70 mA

Dot Opereating Current ! ML yce
Ibbo2 Vin = Vpp — 0.2V /7 0.2V tcycle = 150ns - 60 mA

CAPACITANCE f=1MHz , Ta =25°C

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin Input Capacitance Vin =0V - 10 pF
Cout Output Capacitance Vout = 0V - 12 pF

Note : This Paramenter is periodically sampled and is not 100% tested.
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TC5316200AFT

A.C. CHARACTERISTICS (Ta=0~70°C,Vpp =5V *10%)

SYMBOL PARAMETER MIN. MAX. UNIT
teye Cycle Time 150 ’ - ns
tacc Address Access Time - 150 ns
tce -~ Chip Enable Access Time - 150 ns
tat BYTE Access Time - 150 ns
toe Output Enable Access Time - 70 ns
tceo Output Disable Time from CE - 40 . ns
toeo Output Disable Time from OF - 40 ns
taTo Output Disable Time from BYTE - 40 ns
toH Output Hold Time 5 - ns

A.C. TEST CONDITIONS

Output Load ‘ ; : 100pF + 1TTL i
Input Levels : 0.6V , 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V
Output : 0.8V , 2.0V
Input Rise and Fall Time : Bns
TIMING WAVEFORMS
WORD - WIDE READ MODE
. teve
A0~A19 X Valid
‘EOH
tce
= W T,
* AN /
tceo
7 MU L
tacc < toeD
) igh— High-2Z
D0O~D15 Ao z W Valid

Note: BYTE = ViH
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TC5316200AFT

l BYTE - WIDE READ MODE

1;1; - TR LTI
W JTTTI
l" . High -2z m : — §2222E High—2

Note: BYTE = Vi

BYTE TRANSITION

AO0~A19

-tacc tou
' BYTE 5
N .
tg
oo

DDDDD W////////////}s’ioui VAL.D;@////////@LDOUT VALID
D8~D15 E@‘ﬁ | High 2 @/////)g; DDDDDDDDD

M
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SILICON STACKED GATE MOS INTEGRATED CIRCUIT

—TC5316200BP/BF ——

i

16M BIT (1M WORD x 16 BIT/2M WORD x 8BIT) CMOS MASK ROM

DESCRIPTION

The TC5316200BP/BF is a 16,777,216 bits read only memory organized as 1,048,576 words by 16
bits when BYTE is logical high, and is organized as 2,097,152 words by 8 bits when BYTE is logical

low.

The TC5316200BP / BF is most suitable for the program memory , data memory , and character

generater.
The TC5316200BP/BF is packaged in a standard 600mil 42pin DIP, or 600mil 44 pin SOP.

FEATURES

e Single 5V Power Supply

® Access Time

e Power Dissipation

Operating Current

Standby Current

200ns ( Max.)

50mA ( Max.)
100uA ( Max. )

PIN_CONNECTION (TOP VIEW)

D10

S O [ O 6 [ D N N S o

1~ a2
02 41
03 40
Oa 39
Os 38
e 37
0z 36
s 35
o 34
010 33
[IRR] 32
012 31
013 30
01a 29
I1s 28
O1e 27
Gz 26
f1s 25
019 24
O 20 23
021 22
TC5316200BP

N.C.

]
Ig1 a1
2 a3 (]
3 a2 {1
Oa a1
Os q0(
Oe 391
07 380
s 37 1
o 36 P
010 3s5[1
011 34 [1
012 33
013 32
014 310
O1s 30(
[1e 29 1
g7 281
[IRF:] 27 P
019 26 {
O 20 25 [
021 24
022 23
TC5316200BF

e Fully Static Operation

e All Inputs and Outputs : TTL Compatible

‘'® Three State Outputs
e TC5316200BP : DIP42—-P —600
e T(C5316200BF : SOP44—-P—600

425

PIN NAMES
A0~A19 Address inputs
DO~D14 Data Outputs
CE Chip Enable Input
OE Output Enable Input
D15/A-1 Data Output/ Addrss Input
8YTE Word, 8yte selection Input
Vpp Power Supply
GND Ground
N.C. No Connection
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TC5316200BP/BF

BLOCK DIAGRAM

Vob GND D1S “T™~— DO
AR e
oO— - ]
BYTE BYTE, CE, OFE CIRCUIT : OUTPUT BUFFERS
OE o— 5
TE o— E
- e
r 1
A—-1 O—b—
8 | coLumnN 256 COLUMN /O
A0 O— <> =
ADDRESS ° DECODER CIRCUIT
S BUFFERS 4
13 ROW 8192 MEMORY CELL
- ARRAY
DECODER 1,048,576 x 16 BITS
A19 O—
MODE SELECTION
MODE CE [e}d BYTE D0 -D7 D8~ D14 D15/A -1 Power
Read (16 Bit) L L H Data Out Active
Data Out . .
Read (8 Bit) L L L (Lower Bbit) High impedance Active
Data Out : . !
Read (8 Bit) L L L (Upper Bbiy | High Impedance Active | !
Output Deselect L H * High !Impedance Active
Standby H * * High Impedance Standby
H: Vg L: Vi, *:Vigor Vip
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.5~7.0 \
Vin Input Voltage - 0.5~Vpp \"
Vour Output Voltage 0~Vpp \
Pp Power Dissipation 1.0/0.6* w
Ts1a Storage Temperature - 55~150 °C
Torr Operating Temperature 0~70 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C- sec
* SOP
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D.C. OPREATING CONDITIONS (Ta =0~70°C)

TC5316200BP/BF

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 4.5 5.0 5.5 v
VH ‘Input High Voitage 2.2 - Vpp + 0.3 \
VL Input Low Voltage -0.3 - 0.8 \
D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input Leakage Current Vin=0~Vpp - +5.0 A
lto Output Leakage Current Vour=0~Vpp - 5.0 #A
loH Output High Current Vou=2.4V -1.0 - mA
loL Output Low Current VoL=0.4V 20 - mA
oos1 Standby Current CE=Vin - 2 mA
lops2 CE=Vpp-0.2V - 100 uA
Ibpo1 Opereating Current Vin=Vir/ViL . teycle = 200ns. I0UT = OMA - 60 mA
Iobo2 Vin=Vpp — 0.2V7 0.2V teycle = 200ns fOUT = 0mA - 50 mA
CAPACITANCE f=1MHz , Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin input Capacitance Vin =0V - 10 pF
Cour Output Capacitance Vouyr =0V - 12 pF
Note : This Paramenter is periodically sampled and is not 100% tested.
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TC5316200BP/BF

A.C. CHARACTERISTICS (Ta=0~70°C,Vpp =5V £10%)

SYMBOL PARAMETER MIN. MAX. UNIT
teye Cycle Time 200 - ns
tacc Address Access Time - 200 ns
tce Chip Enable Access Time - ! 200 ns
tgT BYTE Access Time - 200 ns
toe Output Enable Access Time - 70 ns
tceo Qutput Disable Time from CE - 60 ns
toep Qutput Disable Time from OE - 60 ns
tgTD QOutput Disable Time from BYTE - 60 ns
tou Output Hold Time 5 - ns

A.C. TEST CONDITIONS

Output Load * : 100pF 4+ 1TTL
Input Levels : 0.6V , 24V
Timing Measurement Reference Levels Input : 0.8V, 2.2V

Output : 0.8V , 2.0V
Input Rise and Fall Time : 5ns

TIMING WAVEFORMS |
WORD -WIDE READ MODE

. S—
| = LTI
- T [T

Note: BYTE = Viy
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TC5316200BP/BF

EEEEEEEEEEEEEEEEEEE

X lid
BN LTI
SN 77777
DDDDD S —, SR

TTTTTTTTTTTTTT

AAAAAAA

~UUX
tacc LO_H)

Y /-
°°°°° Y, R Y
High Z WW

3
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R

SILICON STACKED GATE MOS INTEGRATED CIRCUIT

TC5316210BP/BF/BFT

il

TENTATIVE

16M BIT (1M WORD x 16 BIT/2M WORD x 8BIT) CMOS MASK ROM
DESCRIPTION

The TC5316210BP/ BF/BFT is a 16,777,216 bits read only memory organized as 1,048,576 words by
16 bits when BYTE is logical high, and is organized as 2,097,152 words by 8 bits when BYTE is
logical low. v
The TC5316210BP/BF/BFT is most suitable for the program memory , data memory , and character
generater. .
Page -read mode allows two to eight words of data to be read fast in the same page. CE and
(AS3----A19) must not change. Page access is 60ns. ‘
The TC5316210BP / BF/BFT is packaged in a standard 600mil 42pin DIP, 600mil 44 pin SOP or
400mil 44pin TYPE I TSOP.

FEATURES

PIN CONNECTION (TOP VIEW)

Single 5V Power Sup'ply

Access Time (Normal mode) :

(Page Access mode):

Power Dissipation

Operating Current

Standby Current

A8 1~ az2f1A19
A1702 410A8
A703 40 A9
A6l a4 39[]A10
As0s 38[JA11
A4l 6 37JA12
A3l 7 36[1A13
A2ls 35[1A14
A1lo 340 A15
Aol 10 331 A16
€eld 11 32{1BYTE
GNDI] 12 31[1GND
Oel 13 301 D15/A-1
pol 14 29[1D7
o8l is 28(1D14
p1(01s6 271 D6
pol}17 26[1D13
p20 18 25105
piol 19 24[1D12
o3l 20 23104
D110 21 2200 Vopp
TC5316210BP

150ns ( Max. )

60ns ( Max.)

150mA ( Max.)

ImA (Max.)

ned1 Y aafINC
A18[2 43 1 A19
A17 03 42 1 A8
A7 4 41 A9
A6 5 40 J A10
As[]6 39 J AN
A7 38 [ A12
A3[8 37 JA13
A2([9 36 [1A14
A1 1110 35 {1AI15
A0[]11 34 [JA16
TED 12 33 [ BYTE
ND [ 13 32 [] GND
OEQ 14 31 [ D15/A-1
po {] 15 30 1 D7
ps 16 29 1 D14
D117 28 [1 D6
Do [ 18 27 1 D13
D2(] 19 26 D5
D10 [j 20 25 [1D12
D3 [ 21 24 ] D4
D11 [ 22 23 [1 Voo
TC5316210BF

Fully -Static Operation

All Inputs and Outputs : TTL Compatible
Three State Outputs

TC5316210BP : DIP42 —P —600
TC5316210BF : SOP44—P—600

TC5316210BFT : TSOP44—P—400

PIN NAMES
N.C.41° a4 fIN.C. A0~A19 | Address inputs
A8l 2 43 JA19
A703 42 D As DO~D14 |Data Outputs
A70 4 41 DA — -
A6l s a0 fA10 E Chip Enable Input
Asl 6 39 D A11
aal 7 38 DAI2 [e]3 Output Enable Input
A3l 8 37 gA13 D15/A -1 | Data Output/Addrss Input
A2l 9 36 JA14
A1l 10 35 JA1s BYTE Word, Byte selection Input
Aol 11 34 JA16
celd 12 33 JBYTE Voo Power Supply
GND [ 13 32 JGND
OEl 14 31 P D15/A-1 GND Ground
polj 1s 30 D7 N.C. No Connection
psl] 16 20 D14
o117 28 D6
pol 18 27 Hp13
p20 19 26 D5
p100 20 25 D12
D3 21 24 D4
D110 22 23 A Voo
TC5316210BFT
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TC5316210BP/BF/BFT

BLOCK DIAGRAM

GND D15 T~~~ DO

A S

| ouTPUT BUFFERS |

YTE, CE, OE CIRCUIT

w

PAGE MODE
DECODE CIRCUIT

A

jg'k 3

e e — e —— o - - - —— = ] ———m e ——d

A__‘I O—eo—]
SENCE AMT
5 | COtUMN CIRCUIT CIRCUIT
o
A0 DECODER 32 r
ADDRESS — S—»| COLUMU GATE
CIRCUIT
BUFFERS | 7
ROW
MEMORY CELL
13 | DECODER 8192 ARRAY
Rt F—>—> | 1,048,576 x 16 BITS
A19 o
MODE SELECTION
MODE CE OE BYTE DO - D7 D8-D14 D15/A-1 Power
Read (16 Bit) L L H Data Out Active
Data Out .
Read (8 Bit) L L L (Lower 8biy | High Impedance L Active
’ Data Out f .
Read (8 Bit) L L L (Upper u8bit) High Impedance H Active
Output Deselect L H * High Inpedance Active
Standby H * * High Inpedance . Standby
H:Vig L:Vyy *:Vigor VL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -0.5~7.0 v
Vin Input Voltage — 0.5~Vpp \"
Vout Output Voltage 0~Vpp v
Pp Power Dissipation 1.0/0.6* w
TsT1G Storage Temperature -55~150 ) °C
Torr Operating Temperature 0~70 °C
TsoLper Soldering Temperature - Time 260 - 10 °C- sec
* SOP/TSOP
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TC5316210BP/BF/BFT

D.C. OPREATING CONDITIONS (Ta =0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \Y
Vi ‘Input High Voltage 2.2 - Vpp + 0.3 Vv
ViL Input Low Voltage ~-0.3 - 0.8 \
D.C. and OPERATING CHARACTERISTICS (Ta =0~70°C)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
he Input Leakage Current Vin = 0~Vpo - +50 #A
ILo Output Leakage Current |Veoyr=0~Vpp - +5.0 #A
lon Output High Current Von=2.4V -1.0 - mA
loL OQutput Low Current VoL=0.4V 2.0 - mA
loost Standby Current CE=Vin ~ > - mA
loos2 CE=Vpp-— 0.2V - 1 mA
lopo1 D.C. Current Vin = VIH/ViL. - 100 mA
lopo2 Operating Current Vin = Vip/V L, Normal (tcycle = 150ns) - 150 mA
lbpos Vin = Vin/V L Page (tcycLe = 60ns) - 150 mA
CAPACITANCE  f=1MHz , Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Cin Input Capacitance Vin =0V - 10 pF
CouT Output Capacitance VouT =0V - 12 pF
Note : This Paramenter is periodically sampled and is not 100% tested. 4(32
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TC5316210BP/BF/BFT

A.C. CHARACTERISTICS (Ta=0~70°C,Vpp =5V +10%)

SYMBOL PARAMETER MIN. MAX. UNIT
teye Cycle Time 150 ) - ns
tacc Address Access Time - 150 ns
tpaC : ' Page Access Time - 60 ns
tce Chip Enable Access Time - 150 ns
taT BYTE Access Time - 150 ns
toe Output Enable Access Time - 60 ns

tcee Output Enable Time from CE 0 - ns
togE 6utput Enable Time from OE 0 ' - ns
taTE Output Enable Time from BYTE 0 - ns
tceo Output Disable Time from CE - 35 ns
- toED Output Disable Time from OE - 25 ns
tgTD Output Disable Time from BYTE - : 35 " ns
toH Output Hold Time(Normal) ’ 10 - ns
tpom Output Hold Time(Page) 5 - ns

A.C. TEST CONDITIONS

Output Load : 100pF + 1TTL
Input Levels . . : 0.6V , 2.4V
Timing Measurement Reference Levels . Input : 0.8V, 2.2V
Output : 0.8V , 2.0V
Input Rise and Fall Time : 5ns
433
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TC5316210BP/BF/BFT

BYTE - WIDE READ MODE

A-1~A19 X Valid
' ton

e TR R i,

(6)

SN 7

BYTE - WIDE PAGE READ MOAD

2L
N 27
A3~A19 ) . Valid X
.y
P24
CC

T t
A PAC 5;_4_
A-1~A2 Valid X 2( Valid ><
' B ~ <5
H

tpo tpoH tpoH

T e 3 T

Cd

(6)

AN o | AT

£<

DO~D7  High-2 . = = £ - L iahz
L = 2 £$ - o

toee

Noted4: BYTE = Vi -
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WORD - WIDE READ MODE

TC5316210BP/BF/BFT

A0~A19

X

=N

N

t

/

A,

= NN

NN

6
tceo( )

I,

tacc

. toee

High-2

DO~D15

Notel1: BYTE = Viy

WORD - WIDE PAGE READ MOAD

Valid

522221 High-2

A3~A19

Valid

X

ld

L.

p2d

tacc tpac L
td

A0~A2 Valid §< Valid ><

- L

77

el et " toH
tron tpoOH tron
CE

= AN

[~

i,

= AN

.

(6)
tCED oy

i

i

DO~D15 High -2z

Note2: BYTE = V|4

toee

_Valid

Valid
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(6)
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TC5316210BP/BF/BFT

BYTE TRANSITION

AO0~A19
—
tacc tou
BYTE E
. N~ —
- e
8
4~ - I/ —+=
A W -
tox ) (6)
- teTE
N High Z Vel
D8~D15 D ///@gx—DOUT VALID
tam(s)

Note 5: CE=v,, OE=V|_

Note 6 : These parameters are specified

High Impedance’

(A) tceE, tOEE, TBTE «--vcvvvrurcnnnnn Output Enable Time
(B) tcep, tOoED, tBTD -« cvv v Qutput Disable Time
N 1=
CE, OE \ B
4%
BYTE / \_k_
Srm—————
(A) (B)
( 0.15V
’ High Impedance \ -
Dourt 2o EREN OUTPUT DATA VALID )(
. {
UNKNOWN- UNKNOWN & 4 o.asv
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OVERSEAS SUBSIDIARIES AND AFFILIATES

~ Toshiba America
Electronic Components, Inc.

frvine Head Office

Tel.: (714) 455-2000 Fax: (714) 859-3963
Burlington Office (Boston)

Tel.: (617) 224-0074 Fax: (617) 224-1095
Fishkill Office

Tel.: (914) 896-6500 Fax: (914) 297-6851
Mariton Office

Tel.: (609) 985-3737 Fax: (609) 985-6814
Deertield Office (Chicago)

Tel.: (708) 945-1500 Fax: (708) 945-1044
‘Southfield Office (Detroit)

Tel.; (313) 827-7700 Fax: (313) 827-4444
Minneapolis Office

Tel.: (612) 921-8815 Fax: (612) 921-8818
Sunnyvale Cffice -

Tel.: (408) 737-9844 Fax: (408) 737-9905
ASIC Marketing Office ’

Tel.: (408) 733-3223 Fax: (408) 733-4539
Beaverton Office (Portland)

Tel.: (503) 629-0818 Fax: (503) 629-0827
Bellevue Office

Tel.: (206) 646-6258 Fax: (206) 455-4699
Everett Office

Tel.: (206) 347-2993 Fax: (206) 347-4838
Norcross Office (Atlanta)

Tel.: (404) 368-0203 Fax: (404) 368-0075
North Carolina Otfice (Raleigh)

Tel.: (919) 859-2800 Fax: (919) 859-2898
Huntsvlile Office

Tel.: (205) 721-1467 Fax: (205) 721-1510
Altamonte Springs Office

Tel.: (407) 332-0966 Fax: (407) 339-3777
Boca Raton Office

Tel.: (407) 998-9204 Fax: (407) 998-9207
Maryland Office

Tel.: (301) 290-5918 Fax: (301) 290-5910
Richardson Oftice (Dallas)

Tel.: (214) 480-0470 Fax: (214) 2354114
Austin Office

Tel.: (512) 335-2270 Fax: (512) 335-2834
Houston Oftice

Tel.: (713) 320-9501 Fax: (713) 251-3257
Tustin Office

Tel.: (714) 259-0368 Fax: (714) 259-9439
Woodland Hilis Otfice

Tel.: (818) 592-0216 Fax: (818) 592-0750
San Dlego Office

Tel.: (619) 451-1869 Fax: (619) 451-9049
Microelectronics Center (Sunnyvale)
Tel.: (408) 739-0560 Fax: (408) 746-0577

Toshiba Display Devices Inc.
U.S.A.

Tel.: (607) 796-3500 Fax: (607) 796-3564
Vertex Semiconductor Corp.

U.S.A.
Tel.: (408) 456-8900 Fax: (408) 456-8910

Industria Mexicana Toshiba S.A. DE C.V.

Mexico )
Tel.: 5-65-00-88 Telex: 017-72-560
Cable: Toshiba Mexico

Toshiba Electronics Europe GmbH Toshiba Electronics Asia (Singapore) Pte. Ltd.
Diisseidorf Head Office Singapore Head Office

Tel.: (0211) 5296-0 Fax: (0211) 5296-400 Tel.: 278-5252 Fax: 271-5155

Teletex: 2114689 = TOSHD Bangkok Office

Stuttgart Office Tel.: (2) 501-1635~6 Fax: (2) 501-1638

Tel:(07152) 60450 Fax: (07152) 6045-45

Telex: 7245706 = TOSSD Toshiba Electronics Asia, Ltd.

Minchen Office
Tel.: (089) 928091-0 Fax: 089-9280942 Hlong Rong Head ,?;;‘.“'352 3750069
Telex: 5-213363 = TOSMD Telox: 38501 TSBEH HX

Berlin Office Seoul Office

Tol.: (030) 8859700 Fax: (030) 88597017 > i

Telox: 2114689 = TOSHD ;*:,'.,,‘;:,Zf?,?,‘.‘jﬁ =4 Fax: (2) 767-2475

Tel.: 86-21-4334077 86-21-4334131

Toshiba Electronics France SARL Fax: 86-21-4333928

France Guangzhou Office

Tel.: (1) 48 12 48 12 Fax: (1) 48 94 51 15 Tel.: 86-20-3311122, 86-20-3311133
Telex: 232 030F Fax: 86-20-3311299

Toshiba Electronics italiana S.R.L Toshiba Electronics Talwan Corp.
ftaiy Talpel Head Office

Tel.: 039-6057234 Fax: 039-6057252 Tel.: 2-514-9988 Fax: 2-514-7892

Telex: 326423 SIAVBC Kaohslung Oftice

Tel.: (07) 222-0826 Fax: (07) 223-0046

Toshiba Electronics Espafa, S.A.
Toshiba Electronics Malaysia Sdn. Bhd.

Spain
Tel.: (1) 3143693 Fax: (1) 3143610 Malaysia Head Office
Tel.: 03-352-6001-7 Fax: 03-352-6139

Toshiba Electronics (UK) Limited Telex: TOEL MA 39506
UK X Penang Office .

K. . Tel.: 04-368523, 04-368529 Fax: 04-3685
Tel.: 0276-694600 Fax: 0276-691583 K?,,h, Lumpur Office ax s
Telex: 858803 = TOSHEC Tel.: 03-7565561 Fax: 03-7565409
Toshiba Electronics Scandinavia AB Toshiba Display Devices (Thailand)
Sweden Thailand :
Tel.: 46-8-704 0900 Fax: 46-8-80 8459 Tel.: (2) 501-1200 Fax: (2) 501-1209

Telex: 14169 TSBSTK S
hiba Semiconduct hail. ., Ltd.
Toshiba Semiconductor GmbH :::";nd emiconductor (Thailand) Co

F.R. Germany Tel.: (2) 513-9648 Fax: (2) 513-9653
Tel: (0531) 3199-0 Fax: (0531) 3199-299
Telex: 952368

8302

In Touch with Tomorrow

TOSHIBA

TOSHIBA CORPORATION
INTERNATIONAL OPERATIONS—ELECTRONIC COMPONENTS

1-1, SHIBAURA 1-CHOME, MINATO-KU, TOKYO, 105-01, JAPAN
Tel.: (03) 3457-3914 Fax: (03) 34510576 Telex: J22587
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