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1. NMOS Dynamic RAM

Capacity Type No. Organi- Access Time, Max(ns) Cycle Time |Power Supply| Power Dissipation Max (mwW) bins Alternate
zation tRAC tcac Min. {ns) (V) Active Standby Source
TMM4164AP-15 150 75 260
64K Bit TMMA164AP-20 65,536x1 200 100 330 +5 275 22 16 —
TMM41256P/T-12 120 60 220 330 P-16
TMM41256P/T-15 2621441 150 75 260 +5 275 28 T-16 |UPD41256
OTMM41257P/T-12 120 60 220 385 P-16
286K Bit |TMM41257P/T-15 2621441 150 75 260 +5 330 28 T-16 |UPD41257
TMM41464P-12 120 60 220 385
TMM41464P-15 65,5364 150 . 75 260 +5 330 28 18 |UPD41484
Note: Package material P: Plastic C: Ceramic, 1. Nibble mode parts
* Preliminary - -« - These are target specifications and are subject to change without notice.
2. CMOS Dynamic RAM
Organi- Access Time, Max{ns) Cycle Time |[Power Supply| Power Dissipation Max (mw) Alternate
Capacity Type No. Pins
zation tRAC tcac Min. {ns) V) Active Standby Source
ATC511000P/J-10 100 50 190 330 P-18
\TC511000P/J-12  |1:048576X11 454 60 220 -5 275 55 J-20 [HM51100
ZITC511001P/J-10 100 50 190 330 P-18
IMBIL [ a7cs11001p/-12  |1HO48STEXT1pg 60 220 5 275 55 |y [HMSTION
*6TC511002P/J-10 100 45 190 330 P-18
“0TC511002P/J-12  [MO48.578X11 5 55 220 -5 275 5.5 J-ag [HM51102
Note: Package material P: Plastic C: Ceramic, A: Fast page mode parts

*: Preliminary

o: Static Column parts

O: Nibble mode parts
These are target specifications and are subject to change without notice.




3. STANDARD APPLICATION NMOS STATIC RAMS

Organi- |Access Time| Cycle Time Power Dissipation Max (mW) Package Alternate
Capacity Type No. Power Supply Pins
zation Max. (ns) Min. (ns) V) Active Standby Width (inch) Source
TMM2015AP-90 90 90 440
TMM2015AP-10 100 100
TMM2015AP-12 2,048x8 120 120 +5 358 38.5 24 0.3 (HM6116AS)
TMM2015AP-15 150 150
TMM2015B8P-90 90 90
TMM2015BP-10 100 100
TMM2015BP-12 2,048X8 120 120 +5 275 27.5 24 0.3 (HM6116AS)
TMM2015BP-15 150 150
18K Bit [ rmMMm2016AP-90 90 90 440
TMM2016AP-10 100 100
TMM2016AP-12 2,048%8 120 120 +5 358 38.5 24 0.8 (HM6118)
TMM2016AP-15 150 150
TMM2016BP-90 90 90
TMM2016BP-10 100 100
TMM2016BP-12 2,048%8 120 120 +5 275 27.5 24 0.6 (HM6118)
TMM2016BP-15 150 150
TMM2063P-10 100 100
TMM2063P-12 8,192x8 120 120 +5 440 55 28 0.3 (HM6264A8S)
TMM2063P-15 150 150
64K Bit | TMM2064P-70 70 70
TMM2064P-10 100 100
TMM2064P-12 8,192x8 120 120 +5 440 55 28 0.6 (HM6264)
TMM2064P-15 150 150
Note: Package material P: Plastic

— 24 —




4. STANDARD APPLICATION CMOS STATIC RAM

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate
Capacity Type No. Power Supply Pins
zation Max. (ns) Min. (ns) V) Active Standby Source
TC5514AP-2 200 200
TC5514AP-3 300 300 0.1
4KBit [ Toss1aAPL2 1,024x4 200 200 +5 275 18 | HMB514
TC5514APL-3 300 300 0005
TC5516AP/AF-2 200 200
TC5516AP/AF 250 250 0.165
TC5516APL/AFL-2 2,048x8 200 200 +5 302.5 24 -
TC5516APL/AFL 250 250 0.005
TC5517AP/AF-2 200 200
TC5517AP/AF 250 250 0.165
TCEB17APL/AFL 2 2,048%8 200 200 +5 302.5 24 | (HMB116L)
TC5517APL/AFL 250 250 0.005
TC5517BP/BF-20 200 200
TC5517BP/BF-25 250 250 0.165
TCA517BPL/BFL20 2,048X8 200 200 +5 275 24 | (HM6116L)
TC5517BPL/BFL-25 250 250 0.005
16K Bit | 105518BP/BF-20 200 200
TC5518BP/BF-25 250 250 0.165
TCS518BPL/BFL20 2,048%8 200 200 +5 275 24 | (HM6117L)
TC5518BPL/BFL-25 250 250 0.005
TC5517CP/CF-15 150 150
TC5517CP/CF-20 200 200 0.165
TC5517CPL/CFL-15 2,048%8 150 150 +5 27.5 24 | (HMB116L)
TC5517CPL/CFL-20 200 200 0.005
TC5518CP/CF-15 150 150
TC5518CP/CF-20 200 200 0.165
TC5517CPL/CFL15 2,048x8 150 150 +5 275 24 1(HMB117L)
TC5518CPL/CFL-20 200 200 0.005
TC5564PL-15 150 150
TC5564PL-20 200 200
TCS56aAPLA2 8,192x8 120 120 +5 275 0005 28 | uPD4464C
TC5564APL-15 150 150
84K Bit | 1C5565PL/FL-12 120 120
TC5565PL/FL-15 150 150 055
TCB565PL/FL 2L 8,192x8 2 20 +5 275 28 | HM6264L
TC5565PL/FL-15L 150 150 0165
“TC55257P-10 100 100
“TC55257P-12 32,768%8 120 120 +5 27.5 55 28 -
256K Bit |+TCs5257PL-10 100 100
TC58257PL12 32,768x8 20 20 +5 275 055 28 -

Note: Package material P: Plastic F: Flat package

*: Preliminary

These are target specifications and are subject to change without notice.
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5. HIGH SPEED NMOS STATIC RAMS

Organi- |Access Time| Cycle Time Power Dissipation Max (mW) Package |Alternate
Capacity Type No. Power Supply Pins _
zation Max. (ns) Min. (ns) v) Active Standby Width (inch) | Source
TMM2068D-35 35 35 825
TMM2068D-45 4,096 x4 45 45 +5 110 20 0.3 IMS1420
66
TMM2068D-55 55 55 ©
TMM2078D-35 35 35 825
16K Bit |TMM2078D-45 4,096X4 45 45 +5 110 22 0.3 —
TMM2078D-55 55 55 660
TMM2018D-35 35 35
TMM2018D-45 2,048x8 45 45 +5 825 110 24 0.3 -
TMM2018D-55 55 55
6. HIGH SPEED CMOS STATIC RAMS
Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate
Capacity Type No. Power Supply Pins
zation Max. (ns) Min. (ns) (V) Active Standby Source
TC5561P-55 55 55
1C5561P-70 65,5361 70 70 +5 550 055 22 -
84K Bit [ 1Co562P-45 45 45
TC5562P-55 65,6361 55 55 +5 550 11 22 HM6287

— 26 —




7. NMOS EPROM

Capacity Type No. Organi- Access Time Cycle Time Power Supply Power Dissipa:ion Max (mW) pins Alternate
zation Max. (ns) Min. (ns) V) Active Standby Source
TMM2764AD-15 150 150
TMM2764AD-20 200 200
84K Bit |1\ M2764AD-150 8,192x8 150 150 +5 525 131 28 2764
TMM2764AD-200 200 200
TMM27128AD-15 150 150
TMM27128AD-20 200 200
128K Bt e 2 BAD-150 16,384%8 150 150 +5 525 131 28 i27128
TMM27128AD-200 200 200
TMM27256AD-15 150 150
TMM27256AD-20 200 200
256K Bit | TM27256AD-150 32,7688 150 150 +5 525 131 28 27256
TMM27256AD-200 200 200
TMM27512D-20 200 200
TMM27512D-25 250 250
512K Bit | T1Av275120-200 65,536%8 200 200 +5 525 131 28 27512
TMM27512D-250 250 250
Note: Package material D: Cerdip DI type; Operating temperature range=-—-40°C~85°C
8. CMOS EPROM
Organi- Access Time Cycle Time Power Dissipation Max (mW){ Alternate
Capacity Type No zation Max. (ns) Min. {ns) Powe(rvs)upply Active Standby Fins Source
TC57256D-20 200 200
256K Bit [1ca72560-25 32,768x8 250 250 +5 158 0525 28 MBM27C253
Note: Package material D: Cerdip
9. NMOS OTP
64K Bit | TMM2464AP/F 8192x8 200 200 +5 525 131 28 P2764
128K Bit| TMM24128AP/F 16,3848 200 200 +5 525 131 28 P27128
256K Bit| TMM24256AP/F 32,768%8 200 200 +5 525 131 28 P27256
Note: Package Material P: Plastic F: Flat Package
10. CMOS OTP
256K Bit |TC54256P/F Js27esxe | 200 ] 200 [ +5 | 18 | os2s [28 | — |

Note: Package Material

P: Plastic F: Flat Package




11. NMOS Mask ROM

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate
Capacity Type No. Power Supply Pins
zation Max. (ns} Min. (ns) V) Active Standby Source
TMM2365P 200 200 550 138 28 (i2764)
64K Bt [rpyM2366P 8,192x8 200 200 +8 550 138 24 | (TMS4764)
128K Bit |TMM23128P 16,3848 200 200 +5 440 110 28 (i27128)
256K Bit [TMM23256P 32,768X8 150 230 +5 220 55 28 (i27256)
Note: Package Material P: Plastic
12. CMOS Mask ROM
Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate
Capacity Type No. Power Supply Pins
zation Max. (ns) Min. (ns) (% Active Standby Source
TC5364P 350 (MK37000)
64K Bit {TC5365P/F 8,192x8 250 +5 39 0.11 28 [ (2764)
TC5366P 250 24 | (TMs4764)
256K Bit |TC53257P/F 32,768X8 200 200 +5 39 0.11 28 (i27256)
1M Bit TC531000P 131,072X8 200 200 +5 39 0.11 28 -
Note: Package material P: Plastic




TOSHIBA DYNAMIC RAM

64K BIT H64K><1J. 1 TMM4164AP-15 M4164AP-20 1

[ NMOS (150ns) (200ns)
] T S AT
256K BIT 56K 1|— { TMM41256P/T-12 TMM41256P/T-15
{120ns) (150n9)
————l TMM41257P/T-12 |——-LTMM41257P/T-15 I
(120ns) (150ns)
I- ) 3
64Kx4 { TMM41464P-12 ]»—-l TMM41464P-15 |
(120ns) (150ns)

EMOS J—l 1M BIT HMX1J

———[ TC511000P/J-10 H TC511000P/J-12 j—(FAST PAGE)
(100ns) (120ns)

—-———-L TC511001P/J-10 H TC511001P/J-12 I (NIBBLE)
(100ns) (120ns)

——LTcs1 1002P/J-10 HTC51 1002P/J-12 |- (STATIC COLUMN)
(100ns) (120ns)

C: CERAMIC P: PLASTIC T: PLCC J: SOJ *Preliminary




TOSHIBA STANDARD APPLICATION NMOS STATIC RAM

STATIC
RAMS

—

-

16K Bit

_—— 2KXx8 TMM2016BP-90  }—— TMM2016BP-10 }+—4 TMM2016BP-12 }——1 TMM2016BP-15
(90ns) (100ns) (120ns) (150ns)
600mils wide
TMM2015BP-90 | ¥ TMM2015BP-10 L] TMM2015BP-12 4 TMM2015BP-15
(90ns) (100ns) (120ns) (150ns)
300mils wide
64K Bit — 8KX8 TMM2064P-70 — TMM2064P-10 TMM2064P-12 F—1 TMM2064P-15
pu—
(70ns) (100ns) (120ns) (150ns)
600mils wide
TMM2063P-70 F— TMM2063P-10 ——{ TMM2063P-12 1 TMM2063P-15
(70ns) (100ns) (120ns) (150ns)

300mils wide




TOSHIBA STANDARD APPLICATION CMOS STATIC RAM

~L4KBIT J-—l 1Kx4 1r

i 16K BIT HZKXB IL

CMOS
STATIC
RAM

‘1 —1 ]
TC5514AP-2 TC5514AP-3
C5514AP
(200ns) (300ns)
TC5516AP/APL/AF/AFL-2 TC5516AP/APL/AF/AFL
TC5517AP/APL/AF/AFL-2 TC5517AP/APL/AF/AFL
(200ns) (250ns)

TC5518BP/BPL/BF/BFL-20

TC5518BP/BPL/BFL-25

TC5517BP/BPL/BF/BFL-20

TC5517BP/BPL/BFL-25

(200ns)

(250ns)

TC5518CP/CPL/CF/CFL-15

TC5518CP/CPL/CF/CFL-20

TC5517CP/CPL/CF/CFL-15

TC5517CP/CPL/CF/CFL-20

(150ns)

(200ns)

|

—[ 64K BIT H 8KXx8 IL

— TC5565PL/FL-12/12L

feo .
I——FSSSSPL/FL-15/‘I5L l .
£5

—l TC5565APL/AFL-10/10L HTCSSGSAPL/AFL-12/12L l

_chsesAPL-mm oL

I—BSSB&C\PL—‘- 0/10L

J 300 mil

| I ]
— TC5564PL-15

HTC5564PL-20

—I TC5564APL/AFL-12

I'_'i TC5564APL/AFL-15

I——|1355257P/PL-1 2

(70-85ns)

(100ns)

(120ns)




TOSHIBA HIGH SPEED STATIC RAM (25ns-70ns)

HIGH SPEED
STATIC
RAMS

————-—=
T - 2068D- - -
I TMM2068D-25 F—L TMM2068D 35J—-| TMM2068D-45 |—  TMM2068D-55 )

(25ns) (35ns) (45ns) {565ns)
16K BIT 20 Pins
R
- MM2078D-3 - -
| _TMM2078D-25 _IL——L TMM2078 5J—ﬁMM207aD 45J—L TMM2078D-55 |
{25ns) (35ns) {45ns) (55ns)

22 Pins, with OE

' Pl
) TMM201BD-25__I——{ TMM2018D-35 |—| TMM2018D-45 | TMMm2018D-55 |

T T Bne) (35ns) (45ns) (55ns)
\-|—72K BIT I—l 8Kx9 lL JL Tmmzossc-sﬂ—{ TMM2089C-45 ]
(35ns) (45ns)

0.55 mW Max
{Standby)
‘—lCMOSI—IisAK BIT H 64KX1 ll | Tcsseipss H TC5561P-70 J
(55ns) (70ns)
[ rossezras | T tcssezpss “("S‘t‘g’n“é';;‘j
{@5ns) G5ns)

L = — — — 2 :Under Development




TOSHIBA EPROM

—[ 64K BIT H 8KX8 ]——tMM27e4D-15 I—'I_TMM2764D-2 J——FMM2764D ]

(150ns) (200ns) (250ns)
“_'I TMM2764DI1-15 H TMM2764DI-2 ]-—-[ TMM2764DI J
(150n9) (200ns) (250n3)
—-I TMM2764AD-15J———-LTMM2764AD-20 l
(150ns) (200ns)
L—‘lMM2764AD—15(ﬂ—|j/IM2764AD-2OO I
(150ns) (200ns)
L NMOS j——[ 128K BIT H 16Kx8 ‘I———-LTMM27128D-15 ]—-memzso-zoj—[ TMM27128D-25 |
(150ns) (200ns) (250ns)
L—LTMM27128DI~15 I———-rTMM27128D|-2O H TMM-27128DI1-25 J
(150ns) (200ns) (250ns)
—|JMM27128AD»1HMM27128AD-20J
(150ns) (200ns)
—-l TMM27128AD-1ﬂ——rTMM27128AD-205|
(150ns) (200ns)
—Lzssx BIT I—-rssze |-——-[ TMM272560-15J—l_TMM27256D-20 ]
(150ns) (200ns)
——{ TMM27256D1-15 |-—EMM2725601-20 ]
(150ns) (200ns)
—-LTMM27256AD-1ELHTMM27256AD-2O I
(150n9) (200n9)
—| TMM27256AD-150|——| TMM27256AD<200|
(150ns) (200ns)
L‘ 512K BIT

64KX8 } II TMM27512D I-—-E\AM27512D J

(200ns) (250ns)

L CMOS HZSGKBIT }—rsszs [L lLT(:57256|3-20 HTCS7256D-25 J

(200ns) (250ns)




TOSHIBA ONE TIME PROGRAMMABLE

64K BIT

8KX8

TMM2464AP/F

128K BIT

NMOS

16KX8

TMM24128AP/F

256K BIT

CMOS

32KX%8

TMM24256AP/F

256K BIT

32KX8

TC54256P/F




TOSHIBA MASK ROM

NMOS

CMOS

64K Bit 8KX8 TMM2365P
(200ns)
TMM2366P
(200ns)
128K Bit 16KX8 TMM23128P
(200ns)
256K Bit 32Kx8 TMM23256P
(150ns)
64K Bit 8KX8 TC5364P
(250ns)
TC5365P/F
(250ns)
TC5366P
(250ns)
256K Bit 32KX8 TC53257P/F
(200ns)
1M Bit 128Kx8 TC531000P

(200ns)




Access Time (ns)

300

200

100

MEMORY SELECTION GUIDE (1)

* Preliminary

TC5514AP-3
TC5516AP TMM2764D TMM27128D-25 TC57256D-25 TMM27512D-25
TC5517AP TC5364P TC57256AD-25 TMM27512D-250
TC5517BP-25 TC5365P
TC5518BP-25 TC5366P
TC5514AP-20 TC5516AP-2 TMM2764AD-20 TMM27128D-20 TC57256AD-20 TMM27512D-20 TC531000P

TC5517AP-2 TMM2764AD-200 TMM23128P TMM27256AD-20 TMM27512D-200
TC55178BP-20 TMM4164AP-20 TMM24128AP TMM41256C-20
TC5518BP-20 TCS564PL-20 TMM27128AD-20 TMM27256D-20
TC5517CP-20 TMM2764D-2 TMM27128AD-200 | TC57256D-20
TC5518CP-20 TMM2365P TC53257P

TMM2366P TMM27256AD-200

TMM2464AP +TC57256AD-200

TMM24256AP
TC54256P

TMM2015AP-12/15 | TMM4164AP-15 TMM27128D-15 TMM41256P/T-12/15 TC511000P/J-12
TMM2015BP-12/15 | TMM2063P-12/15 TMM27128AD-15 TMM41257P/T-12/15 TC51001P/J-12
TMM2016AP-12/15 | TMM2064P-12/15 TMM27128AD-150 | TMM41484P-12/15 TC511001P/J-12
TMM2016BP-12/15 | TC5564PL-15 TC55257P-12 TC511001P/J
TC8517CP-15 TC5564APL-12/15 TMM27256D-15
TC5518CP-15 TC5565PL-12/15 TMM23256P

TMM2764D-15 TMM27256AD-15

TMM2764AD-15 TMM27256AD-150

TMM2764AD-150
TMM2015AP-90/10 | TMM2063P-10 TC55257P-10 TC511000P/J-10
TMM2015BP-90/10 | TMM2064P-10 TC511001P/J-10
TMM2016AP-80/10 | TMM2064P-70 TC511002P/J-10
TMM2016BP-80/10 TC5561P-55/70
TMM2018D35/45/55 | TC5562P-45/55 TMM2089C-35/45/55
TMM2068D-35/45/55
TMM2078D-35/45/55

4K Bit 16K Bit * 54K Bit 72K Bit 128K Bit 256K Bit 512K Bit 1M Bit

PR » Y ~



MEMORY SELECTION GUIDE (2)

* Preliminary

Memory Capacity

Memory Type
4K Bit 16K Bit 84K Bit 72K Bit 128K Bit 256K Bit 512K Bit 1M Bit
TMM4164AP TMM41256C/P
NMOS Dynamic RAM TMM41257P/T
TMM41464P/T
TC511000P/J
CMOS Dynamic RAM TC511001P/J
TC511002P/J
TMM2015AP | TMM2063P TMM2089C TC55257P
TMM2015BP | TMM2064
TMMR2016AP
NMQOS Static RAM TMM2016BP
RAM TMM2018D
TMM2068D
TMM2078D
TC5516AP/AF | TC5564PL TC55257P
TC5517AP/AF | TC5564APL/FL
CMOS Static RAM TC5517BP/BF | TC5563APL
TC5518BP/BF | TC5565PLFL
TC5517CP/CF | TC5565APL/AFL
TC5518CP/CF [ TC5561P
TC5562P
TMM2764AD TMM27128AD | TMM27256AD | TMM27512D
NMOS EPROM TMM2764D TMM27128D | TMMZ27256D
TMM2764DI TMM27128DI | TMM27256Di
CMOS EPROM TC57256D
TMM2365P TMM23128P | TMM23256P
ROM NMOS Mask ROM TMM2366P
TC5364P TC53257P/F TC531000P
CMOS Mask ROM TC5365P/F
TC5366P
NMOS OTP TMM2464 AP TMM24128 AP [ TMM24256 AP
CMOS OTP TC54256P




MEMORY SELECTION GUIDE (3)

Bit
Word 1 4 8
1K TC5514AP
TMM2015AP TC5516AP/AF
TMM2015BP  TC5517AP/AF
oK TMM2016AP  TC5517BP/BF
TMM2016BP  TC5518BP/BF
TMM2018D  *TC5517CP/CF
+TC5518CP/CF
4K TMM2068D
TMM2078D. _
TMM2063P TMM2365P TMM2089C
TMM2064P TMM2366P
8K TMM2464P TMM2764AD
TC5564PL TC5364P
TC5565PL/FL TC5365P/F
TMM2764D  TC5366P
16K TMM27128D0 TMM24128P
TMM23128P TMM27128AD
TC55257P TMM23256P
32K TC54256P TMM27256AD
TMM27256D TC53257P
TC57256D T57256AD
TMM24256P
TMM4164AP TMM41464P TMM27512D
64K TC5561P
TC5562P
128K TC531000P
TMM41256C/P/T
256K TMM41257P/T
*TC511000P/J
1™ *TC511001P/J
*TC511002P/J




MROM

000

BIT

EPROM TMM27512D
MROM TMM23256/TC53257
oTpP TC54256/TMM24256
EPROM TC57256/TMM27256 g
CRAM *TC55257 z
MROM TMM23128 o2
Q
orp TMM24128 T
EPROM TMM27128 B 22 2 B s s L5
H.S. SRAM TMM2089 I FBEee s 8
CRAM TC5564/65 g g b
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4. 16K Bit Static RAM
1) NMOS

Organization 2KX 8 4K X 4
Package Width 0.6 inch 0.3 inch
TOSHIBA TMM2016AP/BP TMM2015AP/BP TMM2018D TMM2068D
Fujitsu MB8128 MB8168
Hitachi HM6116 HM6116AS HM6168
Inmos IMS1420/1421
Mitsubishi M58725 M5M2168
Motorola MCM2128 MCM2016/18H MCM6168/78
NEC uPD4016 #PD4016CX
Oki MSM2128
2) CMOS
Organization 2K X 8
TOSHIBA TC5516AP TC5517AP/BP/CP TC5518BP/CP
Fujitsu MB8417 MB8416 MB8418
Hitachi (HM6118) (HM68117)
NEC uPD447 uPD446 uPD449
Mitsubishi M5M5116 M5M5117 M5M5118
Oki MSM5127 MSM5128 MSM5129
5. 64K Bit Static RAM
NMOS/CMOS NMOS T CMOS
Package Width 0.3 inch 0.6 inch 0.3 inch
TOSHIBA TMM2063P TMM2064P TC5564P TC5565P TC5562P
Fujitsu MB8464 MB8464 HB81C71
Hitachi HMB264AS HM6264 HM6264 HM6287
Mitsubishi M5M5165 M5M5164 M5M5165
NEC _1 uPD4364 uPD4464 uPD4364 wPD4361
Oki MSM5165 MSM5164 MSM5165
Inmos IMS1600
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CROSS REFERENCE
1. 64K Bit Dynamic RAM

TOSHIBA TMM4164AP
Fujitsu MB8264A
Hitachi HM4864A
Mitsubishi M5K4164AN
Motorola MCMB665A
NEC nPD4164
Oki MSM3764A
Tl TMS4164

2. 256K Bit Dynamic RAM

TOSHIBA

Qrganization 256K X 1 (page mode) 256K X 1 (nibble mode) 84K X 4 (page mode)

TOSHIBA TMM41256P/T TMM41257P/T TMM41464P
Fujitsu MB81256 MB81257 MB81464
Hitachi HM50256 HM50257 HM50464
Mitsubishi M5M4256 M5M4257 M5M4464

NEC #PD41256 uPD41257 uPD41464

Oki MSM37256 MSM37257

Tl TMS4256 TMS4257 TMS4464

3. IMBIT DYNAMIC RAM

Organizatiom IMB X 1 (Fast page mode) IMB X 1 (Static column mode) IMB X 1 (Nibble mode)
SUPPLIER PART# | PROCESS PART# | PROCESS PART # PROCESS
TOSHIBA TC511000 CMOS TC511002 CMOS TC511001 CMOS
AT&T M411024XP CMOS — M411024XN CMOS
FUJITSU MB811000 NMOS ? MB811001 NMOS
HITACHI HM51100 CMOS HM51102 CMOS HM511C1 CMOS
MITSUBISHI ? NMOS — ?
NEC uPD411000 NMOS — ?
PANASONIC MN411000 NMOS — -
SIEMENS ? CMOS — -
T ? CMOS ? ?
Note: ( ) Vpp=12.5V

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and
Toshiba reserves the right at any time without notice, to change said circuitry.

© Sept, 1985 Toshiba Corporation



6. 64K/128K Bit EPROM/OTP/Mask ROM

Organization 8KX8 16KX8
EPROM/OTP/MROM EPROM oTP MROM EPROM oTP MROM
Pins 28 28 28 24 28 28 28
TOSHIBA (TMM2764AD) | (TMM2464AP) ;0“2)“3”33/565;, TTaeo0cr  |mMm27128AD) [(TMM24128AP) | TMM23128P
AMD Am2764 Am27128
Fujitsu MBM2764 MB8364 MBM27128 -
Hitachi HN4B2764 | HN482764 | HN61364 HN48364 | HN4827128 | HNA4827128 | HNA43128
Intel 12764 (P2764A) 12364 127128 (P27128A) =
Mitsubishi M5L2764 M5M2364 M58334 M5L27128
Mostek ] MK37000 MK36000
Motorola - MCM68364
NEC LPD2764 WPD2764C .PD2364 uPD27128 | uPD27218C | uPD23128
Oki MSM2764 MSM3864 | MSM2965 | MsM27218 MSM38218
T - TMS4764 ~
7. 256K/512K/IMBIT EPROM/OTP/MROM
Organization 32KXx8 64KX8 128KXx8
EPROM/OTP/MROM EPROM oTP MROM EPROM MROM
NMOS cMOS NMOS CMOS NMOS cMOS NMOS CMOS
TOSHIBA TMM27256AD)| TC57256D  (TMM24256AF)| (TMM54256F) | TMM23256P | TC53257P |(TMM27512D) | TC531000P
AMD (Am27256)
Fujitsu (MBM27256) | MBM27C256 MB83256 MBB31124
Hitachi (HN27256) | (HN27C256) | HN4827256 HN613256P | (AM27512) | HN62301
Intel (i27256) | (27C256) | (P27256A) - - (127512) -
Mitsubishi - - M5M231000
NEC uPD27256 | uPD27C256 | uPD27256C |uPD27C256C | uPD23256 | nPD23C256 «PD231000
Oki = = MSM38256 | MSM53256 MSM531000
RCA = = CDM53256
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65,536 WORD X 1 BIT DYNAMIC RAM
N-CHANNEL SILICON GATE MOS

HIBA MOS MEMORY PRODUCTS

TMMA4164AP-12, TMM4164AP-15
TMM4164AP-20

The TMMA4164AP is the high speed, low power
dynamic RAM organized 65,536 words by 1 bit, it
is successor to the industry standard TMM4164P.

The TMM4164AP utilizes TOSHIBA's double poly
N-channel Silicon gate process technology as well as
advanced circuit techniques to provide wide operating
margins, both internally and to the system user.

e (65,5636 words by 1 bit organization
e Fast access time and cycle time

DEVICE trAC tcac tRC
TMM4164AP-12 120 ns 60 ns 2‘20 ns
TMM4164AP-15 150 ns 75 ns 260 ns
TMM4164AP-20 200 ns 100 ns 330 ns

Single power supply of 5V + 10% with a built-in
Vgg generator

» Low power; 275mW operating (MAX.)

22mW standby (MAX.)

(TOP VIEW)

NCc g1 ~ 1601 Vsg
Dy 02 153 CAS
WRITE 43 140 DouT
RAS 04 130 As
AO 5 120 A3
A, gs 110 A,

A Oz 100 A
Vee g8 90 A,

Ag ~ A, Address Inputs
CAS Column Address Strobe
Din Data in
NC No — Connection
DouT Data Out
RAS Row Address Strobe

L WRITE Read/Mrite Input

lr Vee Power (+5V)

‘&s Ground

Multiplexed address inputs permit the TMM4164AP
to be packaged in a standard 16 pin plastic DIP. This
packag: siz¢ provides high system bit densit. and
is compatible with widely available automated testing
and insertion equipment.

System oriented features include single power
supply of BV £10% tolerance, direct interfacing capa-
bility with high performance logic families such ¢
Schottky TTL.

® Industry standard 16 pin plastic DIP

e Output unlatched at cycle end allows two-dimen-
sional chip selection

e Common |/O capability using "EARLY WRITE"
operation

e Read-Modify-Write, RAS-only refresh and Page
Mode capability

e Allinputs and output TTL compatible

e 128 refresh cycles/2ms

-——0 Ve
—-——0 Vss
WRITE DATA IN Din
BUFFER
P No. 2 CLOCK
CAS o— GENERATOR DATA OUT Dout
T BUFFER
COLUMN
—] ADDRESS .
Ago— [ BuFFeRS @) 9 gggg&";
A, o— *
Az 2]
Az 0—
Aso— SENSE AMP
Aso—d 1/0 GATING f—_]
Ay 0—uf
A; 0ol rRowW W I Feaaall]
L—] ADDRESS 51 « 512
BUFFERS(8) Wi’ ] =&
T 2 § {108] MEMORY
— No.1cLock U o ARRAY
RAS 00—
GENERATOR
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ITEM SYMBOL RATING UNITS NOTES

Input and Output Voltage Vin, VouT -1~7 Vv 1

Power Supply Voltage Vee -1~7 \ 1

Operating Temperature Topr 0~70 °C 1

Storage Temperature Tsto —556 ~ 160 °C 1

Soldering Temperature - Time TsoLpER 260 - 10 °C - sec 1

Power Dissipation Pp 600 mW 1

Short Circuit Output Current lout 50 mA 1

_{Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supglyi/g!@ge 4.5 5.0 55 \ 2
Vin Input High Voltage 24 — 6.5 \% 2
ViL Input Low Voltage -1.0 - 0.8 \ 2

{(Vec =5V+10%,. Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. | Max. | UNITS | NOTES
OPERATING CURRENT i
lect Average Power Supply Operating Current — — 50 mA 34
| (RAS, CAS Cycling: tgc =tgre MIN.)
STANDBY CURRENT
lcca Power Supply Standby Current — — 4 mA
(RAS = V|, Doyt = High Impedance}
REFRESH CURRENT
lecs Average Power Supply Current, Refresh Mode — — 40 mA 3
(RAS Cycling, CAS = Vi tgc =trc MIN.)
PAGE MODE CURRENT
Icca Average Power Supply Current, Page Mode — — 40 mA 3,4
(RAS = V,_, CAS Cycling: tpc = tpc MIN.)
INPUT LEAKAGE CURRENT
{'NTE) Input Leakage Current, any Input (OV £ V|N g 6.5V, ~10 J— 10 uA
All Other Pins Not Under Test =0V)
| “| OUTPUT LEAKAGE CURRENT
0t (Doyr is disabled, OV £ Vg1 £ +5.5V) -10 — 10 uA
OUTPUT LEVEL
Vor Output “H" Level Voltage {loyt = —5mA) 24 T v
OUTPUT LEVEL
Voo Output “L" Level Voltage {loyT =4.2mA) — - 0.4 v
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'MM4 ;64AP-20 , ,

{Vcc =5V = 10%, Ta=0~ 70°C) (Notes5, 6, 7)
TMM4164AP-12 | TMM4164AP-15 | TMM4164AP-20

SYMBOL PARAMETER MIN T Max. TN T MAX. TMIN. T MAX UNITS | NOTES
trC Random Read or Write Cycle Time 220 —_ 260 —_ 330 — ns
tRWC Read-Write Cycle Time 240 — 285 — 360 — ns
tRMW Read-Modify-Write Cycle Time 260 — 310 — 390 —_— ns
tpe Page Mode Cycle Time 120 _ 145 —_— 190 — ns
tRAC Access Time from RAS — 120 | — 150 | — 200 ns 8,10
tcac Access Time from CAS — 60 | — 75 — 100 ns 9,10
toFF Output Buffer Turn-Off Delay 0 35 0 40 0 50 ns 11
tT Transition Time {Rise and Fall) 3 35 3 35 3 50 ns 6
tRp RAS Precharge Time 90 — 100 — 120 — ns
tRAS RAS Pulse Width 120 10,000 150 10,000 200 | 10,000 ns
tRSH RAS Hold Time 60 — 75 — 100 — ns
tcsH CAS Hold Time 120 —_ 160 —_ 200 — ns
tcAS CAS Pulse Width 60 | 10,000 75 | 10,000 | 100 | 10,000 ns
tRCD RAS to CAS Delay Time 25 60 25 75 30 100 ns 12
tcRp CAS to RAS Precharge Time 0 — 0 — 0 — ns
tASR Row Address Set-Up Time 0 — 0 —_ 0 — ns
tRAH Row Address Hold Time 15 — 15 — 20 — ns
tasc Column Address Set-Up Time 0 — 0 — 0 — ns
tcAH Column Address Hold Time 35 — 45 —_ 55 — ns
I N I i ) I el B
tRes Read Command Set-Up Time 0 — 0 — 0 — ns
tRCH Read Command Hold Time 0 —_ 0 — 0 — ns
twcH Write Command Hold Time 35 —_ 45 — 55 — ns
wen_| e Comerg g T s — |w| — [w]| — | =
twp Write Command Pulse Width 35 —_ 45 —_— 55 — ns
tRWL Write Command to RAS Lead Time 35 — 45 — 55 — ns
towL Write Command to CAS Lead Time 35 — 45 — 55 — ns
tps Data-In Set-Up Time 0 —_ 0 — 0 — ns 13
tDH Data-In Hold Time 35 —_ 45 — 55 — ns 13
tOHR Data-In Hold Time Referenced to RAS | 95 — 120 — 155 — ns
o ot e e — (o] — o] —] =
tREF Refresh Period — 2 — 2 — 2 ms
twes Write Command Set-Up Time -10 —_— -10 —_ —-10 —_ ns 14
tcwp CAS to WRITE Delay 40 — 50 — 60 —_ ns 14
tRWD RAS to WRITE Delay 100 —_ 125 — 160 — ns 14
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tRC

® READ CYCLE
tRAS
RAS ViH — }x tAR Z
ViL — K 7] |
TCSH | tRp
*RCD ! tRsH tcRP
. It
CAs Vin — X \ | [CAS /S F
v
e \ N /
tASR 'RAH  tasc tCAH
ADDRESSES ViIH — ROW ' coLumn /
ViL ADDRESS ADDRESS /;
tRCS TRCH
WRITE ViH _/
ViL —, / tcAC W
tRAC tOFF
PouT VoH — OPEN y .
VoL — < VALID DATA )
® WRITE CYCLE (EARLY WRITE) Don’t Care
tRC
tRAS
—_‘——& tAR
RAS ViH— B .
ViL— R 7 N
CSH tRP
tRCD ! 'RSH ! tcrP
CAS ViH < I tcAs "
vie__ N N\~
X /
TASR tRAH tAsq CAH

sssess /LI

ViH— R
ADDRESSES ow
viL ADDRESS

tcwL

]

L

]

w TR

R

tDHR

B

VoH
DouT o

OPEN Don’t Care

VoL —
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS

cas

ADDRESSES

WRITE

DouT

Din

o ““RAS-ONLY” REFRESH CYCLE

RAS

tASR
-
v —
ADDRESSES v::_ ROW ADDRESS

Dour

tRWC/tRMW
tRAS
Vin— T\ AR
Vi —— N \
I N mp
tRSH
tesH tcRP
tRCD
- tCAS
Vin— \ 4
Vi —
TASR tRAH  tasc tcAH
.
Vi — ROW ) CoOLUMN X
ViL— ADDRESS A ADDRESS
RWD tcwe
'RCS tcwp tAwL :
-
ViH — /4?F* ‘wg
Vi —,
t
teac OFF
VOH — '
Vo OPEN——Q VALID DATA
oL — (
tRAC

s TN XTI

Don’t Care

tRC

7 N

tRP

tRAS

Vi —o

X

Vi —

tRAH

Y,

VOoH —
VoL —

—OPEN

Note: CAS =V, WRITE = Don't Care, A; = Don't Care 7} Don't Care
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® PAGE MODE READ CYCLE

tRAS
R AR
RAS ViH — |
ViL — 3 7 \
k¢
CSH e tRSH tRP
_ *RCD tcas tce tcas tCRP
CAS ViH — - N\
viL — ]P '
tCAH tcaH
tasc
Vi
tcac | tcac
TRAC :ow tOFF ‘C,)FF
v r —
Dout Vg: _ OPEN 4 § }
tRCS
tRCS tRCH m tRCH
b
WRITE ViH —
ViL —
Don’t Care
® PAGE MODE WRITE CYCLE
tRAS
— tAR
RAS Vin _'_5\
ViL — K P 7
7/ t
t tRSH RP
CSHT g
tRCD ICAS tcP tcas tcAas tCRP
cas Vin £ o ]
viL — N A N
tRAH tcaH tcAH | tcaH
tasc
v nd
Vi ADD ADD
TWCH tWCH
tcwL
WRTE e LI,
ViL - Z
Din ViH
Vi
tDHR
Don‘t Care
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(Vcc= 5V = 10%,

f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Cn Input Capacitance (Aq ~ A;, D) —_— 4 5 pF
Cp2 Input Capacitance (RAS, CAS, WRITE) — 8 10 pF
Co Output Capacitance (Doyt) — 5 7 pF
NOTES:
1. Stresses greater than those listed under ''Absolute Maximum Ratings’’ may cause permanent damage to the device.
2. All voltages are referenced to Vgg.
3. lecci. lecs. leca depend on cycle rate.
4. lcci1. lcca depend on output loading. Specified values are obtained with the output open.
5. An initial pause of 200us is required after power-up followed by any 8 RAS cycles before proper device opération is achieved.
6. AC measurements assume tT = 5ns. .
7. Viy (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-

tween Vi and V.
Assumes that trep S trep (max.). If taep is greater than the maximum recommended value shown in this table, trac Will

torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output volitage

Operation within the tgcp (max.) limit insures that tgac(max.) can be met. trep (max.) is specified as a reference point only:
If trep is greater than the specified trep (max.) limit, then access time is controlled exclusively by tcac.
These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read-

8.
increase by the amount that tgep exceeds the value shown.
9. Assumes that tgep 2 trep (max.).
10. Measured with a load equivalent to 2 TTL Ipads and 100pF.
1.
levels.
12
13.
modify-write cycles.
14.

twcs. tcwp and tgpwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twcs 2 twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle:

If towp 2 tewp (min.) and tRwD 2 trwp (min.), the cycle is a read-write cycle and the data out will contain data read from
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out {at access time) is indeter-
minate.

ADDRESSING

The 16 address bits required to.decode 1 of the
65,536 cell locations within the TMM4164AP are
multiplexed onto the 8 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TTL-level clocks. L

The first clock, the Row Address Strobe (RAS),
latches the 8 row address bits into the chip. The sec-
ond clock, the Column Address Strobe (CAS), subse-
quently latches the 8 column address bits into the
chip. Each of these signals, RAS and CAS, triggers a
sequence of events which are controlied by different

delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurence of a
delayed signal derived from the RAS clock chain.
This “‘gated CAS” feature allows the CAS clock to be
externally activated as soon as the Row Address Hold
Time specification (tgap) has been satsfied and the
address inputs have been changed from Row address
to Column address information.
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DATA INPUT/QUTPUT

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D) register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the Dy is strobed by CAS and the set-
up and hold times are referenced to CAS. If the input
data is not available at CAS time or if it is desired
that the cycle be a read-write cycle,the WRITE signal
will be delayed until after CAS has made its negative
transition. In this “delayed write cycle’” the data
input set-up and hold times are referenced to the
negative edge of WRITE rather than CAS. (To illus-
trate this feature, Diy is referenced to WRITE in the
timing diagrams depicting the read-write and page
mode write cycles while the “early write” cycle dia-
gram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS is active (low). Data read from the selected cell
will be available at the eutput within the specified
access time.

DATA OUTPUT CONTROL
The normal condition of the Data Output (Dpyr)
of the TMM4164AP is the high impedance {(open cir-

cuit) state. That is to say, anytime CAS is at a high
level, the Doyt pin will be floating. The only time
the output will turn on and contain either a logic O or
logic 1 is at access time during a read cycle. Doyt
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

PAGE MODE

The ‘"Page-Mode’” feature of the TMM4164AP al-
lows for successive memory operations at multiple
column locations of the same row address with
increased speed without an increase in power. This is
done by strobing the row address into the chip and
maintaining the RAS signal at a logic 0 throughout all
successive memory cycles in which the row address is
common. This ""Page-Mode’" of operation will not
dissipate the power associated with the negative going
edge of RAS. Also, the time required for strobing in
a new row address is eliminated, thereby decreasing
the access and cycle times.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128 row
address (A, ~ Ag) within each 2 millisecond time
interval. Although any normal memory cycle will
perform the refresh operation, this function is most
easily accomplished with ""RAS-only’’ cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lec 3 specification.

16 15 14 13 12 11 10 9
> R1.0
<
=3 .
n
©
i B
1 2 3 4 5 6 7 8
19.9 MAX. , 7.62+0.25
8° 8 .
. T~ Z
x =
3 }, o N
py IS}
© .
z q ;
= 4018
: - g 0.25-0.05
A
PY [
1.4+0.15 0.2 MAX. 7.62~8.80
——.1‘—*»
2.54 £0.25 06+0.15

Note :

Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect

to No. 1 and No. 16 leads. All dimensions are in millimeters.
Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry.
© Aug., 1985 Toshiba Corporation



OSHIBA MOS MEMORY PRODUCTS

262,144 WORD X 1 BIT DYNAMIC RAM TM M41 256 P/T-1 2

SILICON MONOLITHIC

N-CHANNEL SILICON GATE MOS TM M41 256 P/T.1 5

DESCRIPTION

The TMM41256P/T is the new generation dynamic RAM organized 262,144 words by 1 bit, it is successor to the
industry standard TMM4164AP. The TMM41256P/T utilizes TOSHIBA’s N-channel Silicon gate process technology as well
as advanced circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed
address inputs permit the TMM41256P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip
carrier. The package size provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V+10% tolerance, direct interfacing
capability with high performance logic families such as Schottky TTL.

FEATURES
® 262,144 words by 1 bit organization o Output unlatched at cycle end allows two-
® Fast access time and cycle time dimensional chip selection
e Common |/O capability using “EARLY WRITE”
- o tion
DEVICE tRA tcac tRe operatior ) _ )
TMMa1256P/T12 120::5 BOrTsﬁiFEZOTS/:\ [ Rea?-M;‘)dlfy-c\jNSte, Nl:ZAdS-onIy br|efresh, Hidden
refresh, an age Mode capability.
TMM41256P/T-15 150 75 260
L—iﬂ—ir-#L)ESﬂJ e All inputs and output TTL compatible
® Single power supply of 5V+10% with a built-in ® 256 refresh cycles/4ms
Vgg generator ® Package .
e Low Power: lastic DIP ‘TMM41256P
330mW MAX. Operatlng (TMM41256P/T'12) Plastic Leaded Ch|p Carrier ‘TMM41256T

275mW MAX. Operating (TMM41256P/T-15)
28mW MAX. Standby

PIN CONNECTION (TOP VIEW)

e Plastic LCC ® Plastic DIP
BLOCK DIAGRAM
-«—0 \écc
o~ 186 vsg <«—0 'SS
2 15{1 CAS
TETTE O DATA IN Din
3 140 Doyr WRITE _—m—o" BUFFER
4 130 A8 No. 2 CLOCK L
5 1211 A3 AS GENERATOR DATA OUT |0 Doyt
6 113 A4 BUFFER
7 1003 A5 T
8 9f3 A7 COLUMN . .
7D O ADDRESS 10 COLUMN
A BUFFERS (9) ] DECODER
A2 O
PIN NAMES A3 0> S
A4 O [
AC ~ A8 Address Inputs A5 O SENSE AMP
CAS Column Address Strobe AB O I/0 GATING _J—
| Din Data In AT O — u !
DouTt Data Out A8 O-P_-} ADDRESS » ;.0_21..
RAS Row Address Strobe BUFFERS @) < \ i
WRITE Read/Write Input A el MEMORY
vVee Power (5V) No. 1 CLOCK o o H 25*76 ARRAY
o RAS O GENERATOR | ©
Vss Ground -




ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage VIN: VOuT —1~7 v 1
Power Supply Voltage Vee —1~7 \ 1
Operating Temperature ToPR 0~70 °C 1
Storage Temperature TSTG —~55~150 °C 1
Soldering Temperature - Time TSOLDER | 260 - 10 °C - sec 1
Power Dissipation Pp 1 w 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL| PARAMETER MIN. TYP. MAX. UNITS NOTES
Vcc | Supply Voltage 4.5 5.0 5.5 v 2
VIH Input High Voltage 2.4 6.5 \ 2
ViL Input Low Voltage ~-1.0 0.8 ) 2
DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)
SYMBOL PARAMETER MIN. MAX. UNITS NOTES
OPERATING CURRENT TMM41256P/T-12 60
lcct Average Power Supply Operating Current mA 3,4
(RAS, CAS Cycling: trg=tRrc MIN.) TMM41256P/T-15 50
STANDBY CURRENT
Icc2 Power Supply Standby Current 5 mA
(RAS =CAS=V))
REFRESH CURRENT TMM41256P/T-12 45
lcca Average Power Supply Current, Refresh Mode mA 3
(RAS Cycling, CAS=V|h: tRc =trc MIN.) TMM41256P/T-15 40
PAGE MODE CURRENT TMM41256P/T-12 45
Icca Average Fower Supply Current, Page Mode mA 3,4
(RAS=V)|, CAS Cycling: tpc=tpc MIN)) TMM41256P/T-15 40
INPUT LEAKAGE CURRENT
) Input Leakage Current, any input -10 10 pA
(OVEV|N6.5V, All other pins not under test=0V)
| OUTPUT LEAKAGE CURRENT 10 10
o) (DoyT is disabled, OVEVQUT=+5.5V) A
OUTPUT LEVEL
VoH Output “H” Level Voltage (IoyT=—5mA) 24 v
OUTPUT LEVEL
VoL Output “L" Level Voltage (IpyT=4.2mA) 04 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vcc=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)

sYmBoL PARAMETER TMMA41256P/T-12 | TMM41256P/T-15 | ynits | NOTES
MIN. MAX. MIN. MAX.

trc Random Read or Write Cycle Time 220 - 260 - ns

tRwC Read-Write Cycle Time 240 - 285 ns

tRMW Read-Modity-Write Cycle Time 260 - 310 - ns

tpc Page Mode Cycle Time 120 - 145 ns

tRAC Access Time trom RAS - 120 - | 150 ns 8,10

tCAC Access Time from CAS - 80 - 75 ns 9,10

toFF Output Buffer Turn-Off Delay o] 35 0 40 ns 11

tr Transition Time (Rise and Fall) 3 50 3 50 ns 6

trRp RAS Precharge Time 20 - 100 - ns

tRAS RAS Pulse Width 120 10,000 150 10,000 ns

tRSH RAS Hold Time 60 - 75 - ns

tcsH CAS Hold Time 120 - 150 - ns

tcas CAS Pulse Width 60 10,000 75 10,000 ns

tRCD RAS to CAS Delay Time 25 60 25 75 ns 13

tCRP TE to RAS Precharge Time 0 - 0 - ns

tCcPN CAS Precharge Time 20 - 25 - ns

tcp CAS Precharge Time (for Page Mode Cycle Only) 50 60 - ns

tASR Row Address Set-Up Time 0 0 - ns

tRAH Row Address Hold Time 15 - 15 - ns

tasc Column Address Set-Up Time ’-—T - 0 - ’-kns

tcAH Column Address Hold Time 35 - 45 - ns

tAR Column Address Hold Time Referenced to RAS 95 - 120 - ns

tRcs Read Command Set-Up Time 0 - o] - ns

tRCH Read Command Hold Time Referenced to CAS 0 - 0 ns 12

tRRH Read Command Hold Time Referenced to RAS 15 20 - ns 12

twCH Write Command Hold Time 35 - 45 - ns

tWCR Write Command Hold Time Referenced to RAS 95 - 120 - ns

twp Write Command Pu—lf-Width L—ﬂ - 45 - ns

tRWL Write Command to RAS Lead Time 35 - 45 ns

towL Write Command to CAS Lead Time 35 - 45 - ns

ips Data-In Set-Up Time 0 - 0 - ns 14

tDH Data-In Hold Time 35 - 45 - ns 14

tDHR Data-In Hold Time Referenced to RAS 95 - 120 - ns

tREF Refresh Period - - 4 - 4 ms

twcs Write Command Set-Up Time -10 - -10 ns 15

tocwp CAS to WRITE Delay 40 - 50 - ns 15

tRWD RAS to WRITE Delay 100 - 125 | - s 15|




CAPACITANCE (Vcc=5V+10%, f<1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNITS
Cn Input Capacitance (AO~A8, D|y) - 5 pF
Ci2 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (DoyT) - 7 pF

NOTES:

1.

U S

o

10.
11.

12.

13.

14.

15.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.
Icc1, Icca, Icc4, depend on cycle rate.
IcC1, IcC4 depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved.

AC measurements assume tT=5ns.

ViH(min) and Vj|L(max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|H and V|L.

Assumes that tRCD=tRCD (max). If tRcD is greater than the maximum recommended value
shown in this table, tRAC will increase by the amount that tRCD exceeds the value shown.

Assumes that tRCD=tRCD (max.).
Measured with a load equivalent to 2 TTL loads and 100pF.

toFF(max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

Operation within the trRcp(max) limit insures that tRaC(max) can be met. tRCD(max) is
specified as a reference point only: If tRCD is greater than the specified tRcp(max.) timit, then
access time is controlled exclusively by tCAC.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in read-write or read-modify-write cycles.

tWCS, tcwD and tRwWD are not restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If twcs=twces(min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tcwD=tcwD(min.) and tRWD=tRWD(min.), the cycle is a read-write cycle or read-modify-write
cycle and the data out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate.



TIMING WAVEFORMS
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® READ-WRITE/READ-MODIFY-WRITE CYCLE
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©“RAS-ONLY” REFRESH CYCLE
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® PAGE MODE READ CYCLE
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APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 26é,144 cell locations within the TMM41256P/T are
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally
applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The
second clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by
different delayed internal clocks.

The two clock chains are linked together logically in such a way that the address multiplexing
operation is done outside of the critical path timing sequence for read data access. The later events in
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS
clock chain. This “gated CAS” feature allows the CAS clock to be externally activated as soon as the
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been
changed from Row address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals (WRTTE or CAS) to make its negative transition is
the strobe for the Data In (D|N) register. This permits several options in the write cycle timing. In a write
cycle, if the WRTTE input is brought low (active) prior to CAS, the DN is strobed by CAS and the set-up
and hold times are referenced to CAS. If the input data is not available at CAS time or if it is desired
that the cycle be a read-write cycle, the WRITE signal will be delayed until after CAS has made its
negative transition. In this “delayed write cycle” the data input set-up and hold times are referenced to
the negative edge of WRITE rather than CAS. (To illustrate this feature, DN is referenced to WRITE
in the timing diagrams depicting the read-write and page mode write cycles while the “early write” cycle

diagram shows D|N referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the
selected cell will be available at the output within the specified access time.

DATA OUTPUT CONTROL

The normal condition of the Data Output (DOUT) of the TMM41256P/T is the high impedance (open
circuit) state. This is to say, anytime CAS is at a high level, the DouT pin will be floating. The only time
the output will turn on and contain either a logic O or logic 1 is at access time during a read cycle.
DoyT will remain valid from access time until CAS is taken back to the inactive (high level) condition.

PAGE MODE

The “Page-Mode” feature of the TMM41256P/T allows for successive memory operations at multiple
column locations of the same row address with increased speed without an increase in power. This is
done by strobing the row address into the chip and maintaining the RAS signal at a logic O throughout
all successive memory cycles in which the row address is common. The “Page Mode” of operation will
not dissipate the power associated with the negative going edge of RAS. Also, the time required for
strobing in a new row address is eliminated, thereby decreasing the access and cycle times.
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REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256
row address (AO~A7) within each 4 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS
only refresh results in a substantial reduction in operating power. This reduction in power is reflected in
the Icc3 specification.

HIDDEN REFRESH

An optional feature of the TMM41256P/T is that refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at V|| and taking RAS high and after a specified precharge period (tRp), executing a
“RAS-only” refresh cycle, but with CAS heid low (see Figure below).

MEMORY CYCLE o] REFRESH CYCLE B REFRESH CYCLE

<

¢
>
[

DoyT = OPEN T—< VALID DATA >——

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data availability.
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262,144 WORD X 1 BIT DYNAMIC RAM
SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS

TMM41257P/T-12
TMM41257P/T-15

The TMM41257P/T is the N-channel dynamic RAM organized 262,144 words by 1 bit. Multiplexed address inputs
permit the TMM41257P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip carrier. The
package size provides high system bit densities and is compatible with widely available automated testing and insertion
equipment. The double layered MOS technology with polycide and poly Si permits the TMM41257P/T high speed
operation. Also, the advanced circuit techniques have realized low power dissipation. System oriented features include
single power supply of 6V+10% tolerance, direct interfacing capability with high performance logic families such as
schottky TTL. In addition to the RAS only refresh mode, a CAS before RAS automatic refresh is available. Another special
feature of TMM41257P/T is nibble mode, allowing the user to serially access 4 bits of data at a high data rate.

FEATURES

® 262,144 words by 1 bit organization
® Fast access time and cycle time

® Low Power:
385mW MAX. Operating (TMM41257P/T-12)
330mW MAX. Operating (TMM41257P/T-15)
28mW MAX. Standby

TMMA41257P/T-12 | TMMA41257P/T-15 ® Output unlatched at cycle end allows two-
BAS Access Time T20ms 150ns dimensional chip selection
T2 Accoss Time Sons 75ns e Common |/O capability using “EARLY WRITE”
; operation
Cycle T 220 260 . e — —
Niy:ble L;‘;:e ne s ® Read-Modify-Write, CAS before RAS refresh, RAS-
Access Time 30ns 40ns only refresh, Hidden refresh, and Nibble Mode
- capability
Nibble Mode
Cycle Time 55ns 70ns ® All inputs and output TTL compatible
® 256 refresh cycles/4ms
e Single power supply of 5V+10% with a built-in ® Package
VBB generator Plastic DIP TMM41257P
Plastic Leaded Chip Carrier TMM41257T
PIN CONNECTION (TOP VIEW)
® Plastic LCC ® Plastic DIP BLOCK DIAGRAM DIN DouT
voc Vss 'S 2
v 3 3 DATA IN DATA OUT
1 160 'SS BUFFER BUFFER
2 15 CAS  wrE A | A X A
3 14 0 Dour _l ﬁ———l
Agc, A
4 133 A6 &S o] No.2cLock 8788 Y
5 123 A3 GENERATOR J NIBBLE
6 11 [0 A4 ! SELECTOR
7 10H A5 COLUMN —»
8 9P a7 0 Oﬂ@ ADDRESS W, ggég’g‘g‘ﬂ
BUFFERS (9)
% Al O™ ' SENSE
- REFRESH e AMP
PIN NAMES A2 O /0 GATING
A3 O] CONTROLLER Jeg o
AO ~ A8 Address Inputs Ad O T 1024
CAS " Column Address Strobe AS O SEZ?VETSE: 8 y
R Ap OP 8 ®
Din Data In ol 1 1]
Dout Data Out AT Row i
A8 O» ADDRESS _.ng> 2 8 MEMORY
RAS Row Address Strobe 9 BUFFERS (9) | 98256 ARRAY
WRITE Read/Write Input ) J a
S— |
Vee Power (+5V) RAS 0] No.1CLOCK I~ |
Vss Ground GENERATOR |——md
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage Vin: VouT —1~7 \ 1
Power S+~»ly Voltage Vece —1~7 4 1
Operating ﬁ'emperature TorR 0~70 °C 1
Storage Temperature TsTG —55~1560 °C 1
Soldering Temperature - Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Pp 600 mwW 1
Short Circuit Output Current louT 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 45 5.0 55 \ 2
ViH Input High Voltage 24 6.5 \ 2
ViL Input Low Voltage -1.0 0.8 \ 2

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNITS NOTES
OPERATING CURRENT TMM41257P/T-12 - 70

Icct Average Power Supply Operating Current mA 3,4
(RAS, CAS Cycling: tgc=trc MIN.) TMM41257P/T-15 - 60
STANDBY CURRENT

Icce Power Supply Standby Current - 5 mA
(RAS=CAS=V|y)

r— RAS ONLY REFRESH CURRENT TMM41257P/T-12 - 60

lces Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS=V|: trg=trc MIN.) TMM41257P/T-15 - 50
NIBBLE MODE CURRENT TMM41257P/T-12 - 40

lcca Average Power Supply Current, Nibble Mode mA 34
(RAS=V|(, CAS Cycling: tyg=tnG MIN.) TMM41257P/T-15 - 30
CAS BEFORE RAS REFRESH CURRENT TMM41257P/T-12 - 60

lces Average Power Supply Current, CAS Before RAS Mode mA 3
(RAS Cycling, CAS Before RAS: trc=trc MIN.) TMM41257P/T-15 - 50
INPUT LEAKAGE CURRENT

I|(|_) Inpu<t Lea<kage Current, any input -10 10 HA
(OV=V|N=6.5Y, All Other Pins Not Under Test=0V)

| ' OUTPUT LEAKAGE CURRENT 10 10

oL (Dour is disabled, OVEVOUTE+5.5V) 1A
OUTPUT LEVEL

VoH Output “H” Level Voltage (IloyT=—5mA) 24 v
OUTPUT LEVEL -~

VoL Output “L” Level Voltage (Ioy1=4.2mA) 0.4 v




TMMA41257P/T-12

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vec=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)

SYMBOL PARAMETER TMM41257P/T-12 TMM41257P/T-15 UNITS NOTES
MIN. MAX. MIN._‘ MAX.

tRC Random Read or Write Cycle Time 220 260 - ns

tRWC Read-Write Cycle Time 240 - 285 - ns

tRMW Read-Modity-Write Cycle Time 260 B 310 ns

tRAC Access Time from RAS - j 120 - 150 ns 8,10
tcAC Access Time from CAS N 60 | - | 75 ns 9,10
toFF Output Buffer Turn-Off Delay 5 30 5 35 ns 11

tr Transition Time (Rise and Fall) 3 50 3 50 ns 7

tRP RAS Precharge Time 90 - 100 - ns

tRAS RAS Pulse Width 120 10,000 150 10,000 ns

tRSH RAS Hold Time 60 - 75 - ns

tcsH CAS Hold Time 120 - 150 - ns

tcas CAS Pulse Width 60 10,000 75 10,000 ns

trCD RAS to CAS Delay Time 25 60 25 75 ns 13
tGRP CAS to RAS Precharge Time 10 - 10 - ns

tGPN CAS Precharge Time 20 25 - ns o
tASR Row Address Set-Up Time o] - 0 - | _ns

tRAH Row Address Hold Time 15 - 15 - ns

tASC Column Address Set-Up Time 0 - o] - ns

tCAH Column Address Hold Time 25 - 30 - ns

tAR Column Address Hold Time Reference to RAS 85 - 105 - ns

trcs Read Command Set-Up Time ] . Y - ns -
tRCH Read Command Hold Time Reference to CAS 0 B 0 - ns 12
tRRH Read Command Hold Time Reference to RAS 15 - 20 _}* - ns 12
tWCH Write Command Hold Time 25 - 30 - ns
’t_WCR Write Command Hold Time Reference to RAS 85 - 105 - ns

twp Write Command Pulse Width 25 30 i - ns

tRWL Write Command to RAS Lead Time 35 - 45 - ns

towL Write Command to CAS Lead Time 35 - 45 - ns

tps Data-In Set-Up Time 0 0 - ns 14

toH Data-In Hold Time 25 - 30 - ns 14
tDHR Data-In Hold Time Reference to RAS 85 - 105 - ns

tREF Refresh Period - 4 - 4 ms

twcs Write Command Set-Up Time 0 - o} - ns 15
tcwp CAS to WRITE Delay 40 - 50 - L ns | 15
tRWD RAS to WRTTE Delay 100 - 125 - ns 15
tcsR CAS Set-Up Time (CAS before RAS) 10 - 10 - ns

tCHR CAS Hold Time (CAS before RAS) 30 30 - ns

tRPC RAS Precharge to CAS Active Time 0 - 0 L - ns

tcPT CAS Precharge Time (CAS before RAS Counter Test) 50 - 60 - ns

iNC Nibble Mode Cycle Time 55 70 ns

tNCAC Nibble Mode Access Time - 30 40 ns 10 B
tNCAS Nibble Mode Pulse Width T 30 40 ns

tNCP Nibble Mode CAS Precharge Time 15 - 20 ns

tNRRSH Nibble Mode RAS Hold Time (Read) 25 - o | - | e |
tNWRSH Nibble Mode RAS Hold Time (Write) 45 50 - ns

tNCWD Nibble Mode CAS to WRITE Delay Time 30 - 40 ns T
tNCWL " [Nioble Mode WRTTE Command to CAS Read Time | 25 0 | - B ns




CAPACITANCE (Vcc=5V£10%, f=1 MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNITS
Ci Input Capacitance (Ag~Ag, D|N) - 5 pF
Ci2 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (DoyT) - 7 pF

NOTES:

S S

o

10.
11.

12.

13.

14.

15.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to VssS.
Icc1, Icc3, Icca, Iccs depend on cycle rate.
IcC1, Icca depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT=5ns.

ViH(min.) and ViL(max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|4 and V|.

Assumes that tRCD=<tRCD (max.). If tRCD is greater than the maximum recommended value
shown in this table, tRAC will increase by the amount that tRCD exceeds the value shown.

Assumes that tRCD=tRCD (max.).
Measured with a load equivalent to 2 TTL loads and 100pF.

torF(max.) defines the time at which the output achieves the open circuit condition and is
not referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

Operation within the trcp(max.) limit insures that tRAG(max) can be met. tRcp(max) is
specified as a reference point only: If tRCD is greater than the specified tRcp(max.) limit,
then access time is controlled exclusively by tCAC.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in read-write or read-modify-write cycles.

twcs, tcwD and tRwD are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcs=twcs(min.), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; If tcwD=tcwD(min.) and tRwD=tRwWD(min.), the cycle is a read-write cycle or read-
modify-write cycle and the data out will contain data read from the selected cell: If neither of
the above sets of conditions is satisfied, the condition of the data out (at access time) is
indeterminate.
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VIH

ViL

VOH
VoL

; | IRRH
RCS TR
tRAC - _ Af‘OFF
ShEn { vauo DATA
X
7//1 Don'tCare
‘RC >
IRAS
——— tAF{ .
\ ! |« RP.
- tcsH - g
'RCD < {RSH < CR? 5
= - lcas
IASR tgaH - | IASC|. | tcaH
ROW (" coLumn
ADDRESS ADDRESS
< towl |
| wes WCH_ g
wp
RwL |
L WCR - -
| DS pue lEDH
IR, o o
!1 'DHR —
OPEN ’///A Don't Care
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

|

D
=
72

AD~A8

WRITE

Dout

Din

VIH
ViL

ViH
ViL

ViH
ViL
ViH
ViL
VOH

Vou

ViH
VIL

N

__4\1 R . | o -
IASR ‘jRAfi tRCD\i: _ A/

{‘ tRCs < B tRWD‘CWD - ‘t_lRCWWL;A

) EYR] =

/8 Don't Care



o NIBBLE MODE READ CYCLE

D]
>
[z

(@]
P
(72

AOD~A8

Dout

WRITE

ViH
ViL

ViH
ViL

ViH
ViL

VOH
VoL

ViH
ViL

257P/T-1 2"

- TMM41257P/T-15

IRAS tRp
AR -—>
N, AN
ICSH - INC _ INRRSH
taRep o flcas | T > - |
24N N 4 N\ /N
. -
ﬁ? asc toan | INCP] Htncas!
ROW cOoL //////
ADD ADD ‘
ICAC tOFF INCAC tOFF I
'RAC
 OPEN VALID VALID VALID VALID
- DATA DATA, DATA \ DATA / t
t
RCS tRcs (RCH | kg

e NIBBLE MODE WRITE CYCLE

AO0~A8

WRITE

DN

Dout

VIH
ViL

VIK
ViL

ViH
ViL

ViH
ViL

ViH
Vi

VoH
Vou

T tasm

v U

43 Dont Care

P 'RAS 'RP
AR
1
CcSH tNC INWRSH
1RCD IcAS | [« > »>
RAH I S ﬁ 7 \ /
ASC & tNCP INCAS
g P = CAM | |l |t —
ROW COL
ADD ADD
' WCR
twes wer 'wes tweH
WP _
towl ! T
VALID VALID VALID VALID
DATA DATA DATA DATA
tDs DH DS LIt_DH
DHR
— OPEN
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o NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE

|

O
>
7]

AO~AB

WRITE

DiN

Dout

ViH
viL

ViH
Vi

VIH
ViL

ViH
ViL

ViH
ViL

VOH
Vot

RAS \
- __RP_
—_1\4 AR _ Z \
{csH
> INWRSH
IRCD _ |lcas -
{(RAH ! \ / S
t,
ASR IAS(“ - ICAH tNeP ‘L\lCAf.
% ROW 1 COL
ADD | ADD
lcwp  towL i laNOWL INCWL
- =
__'RWD ol twp |INCWD wp — tRWL
ﬂy‘
s 1 toH tos 1} ton
VALID YVALID VALID VALID
DATA /X DATA DATA DATA
cac IOFF | INCAC
tRAC =
VALID VALID VALID VALID
| DATA DATA DATA DATA
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®RAS ONLY REFRESH CYCLE

D
v

|

Ag~A7

ViH
ViL

ViH
ViL

ViH
ViL

VoL

RC

Y

RP

1]

tRAS

1 ¢
CRF’:‘ 'l RPC

lasg

ol g RAH

ROW ADDRESS
3

OPEN

Note: WRITE =Don't Care, A8=Don’t Care

'////A Don’t Care

o CAS BEFORE RAS CYCLE

D
|
[

|

O]
>
(2]

DouTt

ViH
VIL

ViH
ViL

VOH
VoL

RC

RP tRAS

- .
-— <t

:—/4 IRPC /

»

=y e Y

OFF
- >_—— OPEN
= —

Note: WRITE =Don't Care, AO~A8=Don't Care 7///, Don't Care




o HIDDEN REFRESH CYCLE (READ)

IRC > tRC
o tRAS )
™ < RPy RAS RP
'« AR =
_ ViH — - o - \-
RAS
AT —— . S
<« RCD | o RSH ICHR
I Vi — =
CAS IH tcAs -
Vi . A >
tASR ;&;H isc {CAH
Vi — ROW CoL ]
AO~A
0~A8 ik % ADD ADD
| tRCS
WRITE VIH  —
Vi lcac
[ RAC -——
VoH — _ 4
D, VALID  DATA
ouT VoL __ — )

Don't Care
e HIDDEN REFRESH CYCLE (WRITE)

- rC Sl tRC
1
- RAS —> e tRAS o 1 lBEs
tAR L
RAS Vin S
ViL —
RCD 1 | BSH
= 7 ICHR
iy —— -
CTAS V'E <RAH N« lcas 4
IASR tasc tCAH
AO~AB  VIH — ROW, CoL
ViL ADD _{ ADD

we = Dz

Vi — F—VALID
DN VIL DATA

DouTt OPEN

VoL —

% Don't Care



e CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRAS tRp
t
V|H — —_————— RSH -
RAS Z
Vi —
t
CSR . lcHR lcpr
g N nanmma i P lcas - 1
TAS Vi — ?
Vi — p 5
ol oA
AO~AS ViH — COLUMN
Vi DDRESS
READ CYCLE _ fcac o 'OFF
VoH — y,
Dour
Vo | VALD DATA
- » 'RRH
ViH —
WRITE IH 7
§ VIL — 7 RCH
WRITE CYCLE
[ Dour VoW —
Yoo ___
H
WRT
VH‘ - ket 4 ’ ki
Vi —
D IH
IN Vil DATA

[ VoH —
Dout o

DiN

W_ 7




APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within the TMM41257P/T are
multiplexed onto the 9 address inputs and latched into the on-chip address latches by externally
applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 9 row address bits into the chip. The
second clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by

different delayed internal clocks.

The two clock chains are linked together logically in such a way that the address multiplexing
operation is done outside of the critical path timing sequence for read data access. The later events in
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS
clock chain. This “gated CAS ” feature allows the CAS clock to be externally activated as soon as the
Row address Hold Time specification (tRAH) has been satisfied and the address inputs have been
changed from Row address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by a combination of
WRITE and CAS while RAS is active. The later of the signals (WRITE or CAS) to make
its negative transition is the strobe for the Data In (D|N) register. This permits several options in the
write cycle timing. In a write cycle, if the WRITE input is brought low (active) prior to CAS, the DI\ is
strobed by CAS and the set-up and hold times are referenced to CAS. If the input data is not available
at CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal will be delayed
until after CAS has made its negative transition. In this “delayed write cycle” the data input set-up and
hold times are referenced to the negative edge of WRITE rather than CAS. (To illustrate this feature,
D|N is referenced to WRITE in the timing diagrams depicting the read-write and nibble mode write
cycles while the “early write” cycle diagram shows DN referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the
selected cell will be available at the output within the specified access time.



DATA OUTPUT CONTROL

The normal condition of the Data Output (DQUT) of the TMM41257P/T is the high impedance (open
circuit) state. This is to say, anytime CAS is at a high level, the DOyUT pin will be floating. The only time
the output will turn on and contain either a logic O or logic 1 is at access time during a read cycle.
DouT will remain valid from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits. TheLirst of 4_bits is
accessed in the usual manner with read data coming out at tgaC time. By keeping RAS low, CAS can
be cycled up and then down, to read or write the next three pages at a high data rate (faster than
tcAC)- Row and column addresses need only be supplied for the first access of the cycles. From then
on, the falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will
be the same as the first bit accessed (wrap-around method).

[—> 00 — O — 1,0 — @1 j

Pin one (Ag) determines the starting point of the circular 4 bits nibble. Row Ag and column Ag provide
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary
fashion; 00 - 01 - 10 = 11 with Ag row being the least significant address.

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads and writes or late
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256
row address (Ag~A7) within each 4 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles, RAS
only refresh results is a substantial reduction in operating power. This reduction in power is reflected in
the IcCc3 specification.



CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TMM41257P/T offers an alternate refresh method. If
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock
generators and the refresh address counter are enabled, and an internal refresh operation takes place.
After the refresh operation is performed, the refresh address counter is automatically incremented in
preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at V| and taking RAS high and after a specified precharge period (tRp), executing a CAS
before RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

- ol

- :

B S Gl Eien p
—\ Vam
E— —

Doyt — OPEN =

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data
availability.



CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM41257P/T can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as
row address and the input address as column address.

The test is performed after a minimum of 8 CAS before RAS cycles as intialization cycles. The test
procedure is as follows.

(1) Write “0” into all the memory cells at
normal write mode.

(2) Select one certain column address and
read “0” out and write “1” in each cell by
performing CAS BEFORE RAS REFRESH
COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 256 times.

(3) Check “1” out of 256 bits at normal read
mode, which was written at (2).

(4) Using the same column as (2), read “1”
out and write “0” in each cell performing
CAS BEFORE RAS REFRESH COUNTER
TEST. Repeat this operation 256 times.

(5) Check “0” out of 256 bits at normal read
mode, which was written at (4).

(6) Perform the above (1) to (5) with the
complement data.
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OUTLINE DRAWINGS

o Plastic Dip Unit in mm (inches)

> T
é k R10 (039)
3 -
N
;;: W
Cy | | ! I
1 2 3 4 5 6 7 8
19.9(783)MAX. ’ 7.62(:300)£0.25(.010)
G 8° e | 2 o
7V LE 8
o
)
=)
S= °
85
\ = !
A 0.25(010)733(007)
8° . 0.5(.020)+0.15(.006) |7.62 (.300)~8.80(.346)
¥ 0.2(.008)MAX. -
1.4(.055)10.15(.006) -
2.54(,100)+0.25(.010) L =
Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal
position with respect to No.1 and No.16 leads.
Note: Toshiba does notassume any responsibility for use of any circuitry described; no circuit

patent licenses are implied, and Toshiba reserves the right, at any time without notice, to
change said circuitry.
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o Plastic LCC

Unit in mm (inches)

13.26(.522)~13.51(.532) )

12.37(.487)~12.52(.493)

o T e o W o W |

ol

8.05(.317)~8.31(.327)
(.283)
7.20~7.44 (.293)

T6 15 14 18 12 5
11 J &
INDEX DOT ®
0[] o
j
9 o
(S i g
8] N
s

3 4 5 6 7 il

Z oy - - -

0.66(.026)~0.81(.032)
INDEX CORNER

3.56(.140)MAX.

[y

0.33(.013)~0.53(.021)
10.85(.427)~11.86(.467)
1

1.27(.050)TYP.

o

1.27(.050)TYP.
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65,536 WORD X 4 BIT DYNAMIC RAM

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS

TMM41464P-12
TMM41464P-15

The TMM41464P is the new generation dynamic
RAM organized 65,536 word by 4 bit, it is succes-
sor to the industry standard TMM4164AP.

The TMM41464P utilizes TOSHIBA’s N-channel/
Silicon gate process technology as well as advanced
circuit techniques to provide wide operating mar-
gins, both internally and to the system user.

Multiplexed address inputs permit the TMM

® 65,536 words by 4 bit organization
® Fast access Time and cycle time

DEVICE trAC tcac trc
TMM41464P-12 120ns 60ns 220ns
TMM41464P-15 150ns 75ns 260ns

® Single power supply of 5V+10% with a built-in
Vss generator
® Low power:
385mW Operating (MAX.) (TMM41464-12)

it

Wﬂ T~ 1ghVss
1/01g2 17P1/04
1./02(Q3 16PCAS
WRITELQ4 15p1/03
®as(Qs 14PA0
A60e 13| gu
A5 Qv 12 gAZ
A4 (s 110A3
Vee Qo lofa7

Ao~Az Address Inputs

CAS Column Address Strobe
1/01~1/0a Data Input/Output
RAS Row Address Strobe
WRITE Read/Write Input

OE Output Enable

Vce Power (+5V)

Vss Ground

41464P to be packagea in a standard 18 pin plastic
DIP. This package size provides high system bit
densities and is compatible with widely available
automated testing and insertion equipment.

System oriented features include single power
supply of 5V+10% tolerance, direct interfacing
capability with high performance logic families such
as schottky TTL.

330mW Operating (MAX.) (TMM41464-15)
28mW Standby (MAX.)

® Industory standard 18 pin plastic DIP

® Output unlatched at cycle end allows two-dimen-
sional chip selection

® Read-Modify-Write, RAS only refresh,Hidden
refresh, CAS before RAS refresh, and Page Mode
capability.

® All inputs and outputs TTL compatible

® 256 refresh cycles/4ms

102 1/04
101 108
Voo Vs
4 4
DATA IN ATA OUT 58
BUFFER BUFFER
WRITE
4
— Mo.2 CLOCK
CAs | G ENERATOR
COLUMN %%.ggum
A0 8 )] ADDRESS 8
o= BUFFER (8) §
ALG SENSE AMP J
EFRESH 1/0 GATE
Az O—= ONTROLLER
ASO—"J ‘
--256 -
As0— - REFRESH ol
A5 O—el COUNT ER(8)|
&)
R
A6 0— ROW A ﬁ MEMORY
- ADDRESS E) I-) P ARRAY
8 ) BUFFER(8) v 3§ 7-1 256x256x4
] %A
ES 0——e Mo.1 CLOCK
RAB GENERATOR
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ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage Vin, Vour -1~7 \ 1
Power Supply Voltage Vce —-1~7 \% 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tste —55~150 °C 1
Soldering Temperature-Time TsoLper 260-10 ‘C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lout 50 mA 1
RAEENIS Ry ca
DED D (Ta=0~70°C)
RE
SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 5.0 5.5 \ 2
Vin Input High Voltage — 6.5 \Y) 2
Viu Input Low Voltage -1.0 — 0.8 \ 2
SYMBOL MIN. [MAX.| UNITS | NOTES
OPERATING CURRENT TMM41464P-12 — 70
lcct Average Power Supply Operating Current mA 3.4
(RAS, TAS Cycling : tac=tac MIN.) TMM41464P-15 | — | 60
STANDBY CURRENT
leca Power Supply Standby Current — 5 mA
(RAS=CAS=V)
RAS ONLY REFRESH CURRENT TMM41464P-12 | — | 60
lees Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS=Vi4 : tre=trc MIN.) TMM41464P-15 - 50
PAGE MODE CURRENT TMMA1464P-12 — 60
lcca Average Power Supply Current, Page Mode mA 3.4
(RAS=V.L, CAS Cycling : tec=trc MIN.) TMM41464P-15 | — | 50
CAS BEFORE RAS REFRESH CURRENT TMM41464P-12 | — | 60
lces Average Power Supply Current, CAS Before RAS Mode mA 3
(RAS Cycling, CAS Before RAS : tac=tac MIN.) TMM41464P-15 | — | 50
INPUT LEAKAGE CURRENT
Iy Input Leakage Current, any input (OV=ViN=6.5V, All Other Pins Not Under Test | —10| 10 uA
=0V)
| OUTPUT LEAKAGE CURRENT ~10l 10 A
o0 | (Dour is disabled, OVSVour< +5.5V) a
OUTPUT LEVEL
Vo | Qutput *H" Level Voltage (lour= —5mA) 2.4 v
OUTPUT LEVEL
Vo Output "L" Level Voltage (lour=4.2mA) 0.4 v




i

(Vec=5V+10%, Ta

i

T

=0~70°C) (Notes 5, 6, 7)

TMM41464P-12

TMM41464P-15

SYMBOL PARAMETER UNITS | NOTES
MIN. MAX. MIN. MAX.

tRC Random Read or Write Cycle Time 220 — 260 — ns

tRMW Read-Modify-Write Cycle Time 295 — 3565 - ns

tpc Page Mode Cycle Time 120 — 145 - ns

tRaC Access Time from RAS — 120 - 150 ns 8,10

teac Access Time from CAS — 60 | — 75 ns 9,10

tOFF Output Buffer Turn-Off Delay 0 35 0 40 ns 11
tr Transition Time (Rise and Fall) 3 50 3 50 ns 7

trp RAS Precharge Time 90 — 100 — ns

tRAS RAS Pulse Width 120 | 10,000 160 | 10,000 ns

tRsH RAS Hold Time 80 — 75 - ns

tesk CAS Hold Time 120 — 150 - ns

tcas CAS Pulse Width 60 | 10,000 75 | 10,000 ns

tRco RAS to CAS Delay Time 25 60 25 75 ns 13

tcRp CAS to RAS Precharge Time 10 — 10 — ns

teen CAS Precharge Time 20 — 25 — ns

tep CAS Precharge Time (for Page Mode Cycle Only) 50 — 60 - ns

tasr Row Address Set-Up Time 0 — o] — ns

tRAH Row Address Hold Time 15 - 15 - ns

tASC Column Address Set-Up Time 0 — 0] - ns

tCAH Column Address Hold Time 25 — 35 - ns

AR Column Address Hold Time Reference to RAS 85 — 110 — ns

tRCS Read Command Set-Up Time (6] — (0] — ns

tRCH Read Command Hold Time Reference to CAS' o] — o] - ns 12

tRRH Read Command Hold Time Reference to RAS 15 — 20 - ns 12

tweH Write Command Hold Time 35 — 45 — ns

weRr Write Command Hold Time Reference to RAS 95 - 120 — ns

twe Write Command Pulse Width 35 - 45 - ns

tRwL Write Command to RAS Lead Time 35 — 45 - ns

towt Write Command to CAS Lead Time 35 — 45 — ns

tos Data-In Set-Up Time 0 — 0 - ns 14
1DH Data-in Hold Time 35 — 45 — ns 14

1DHR Data-In Hold Time Reference to RAS 95 — 120 — ns

tREF Refresh Period — 4 - 4 ms

twes Write Command Set-Up Time 0 - o} - ns 15

tewd CAS to WRITE Delay 100 — 120 — ns 15

tRWD RAS to WRITE Delay 160 — 195 — ns 15

toea | OE Access time — 30 | — 40 ns

10D OE to. Data Delay 30 — 40 — ns

toez Output Buffer Turn-Off Delay Time from OE 0 30 0 40 ns

toeH OE Command Hold Time 30 — 40 — ns




TMM41464P-12 | TMM41464P-15.
SYMBOL PARAMETER UNITS | NOTES

MIN. MAX. MIN. MAX.

tCHR CAS Hold Time for CAS Before RAS Refresh 30 — 30 — ns

tcsR CAS Set-Up Time for CAS Before RAS Refresh 10 — 10 — ns

tRPC CAS Precharge to CAS Active Time [¢] - 0 — ns

CAS Precharge Time for CAS Before RAS Counter
teet Test 50 — 60 — ns

CAPACITANCE| (Vcc=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNITS
Cn Input Capacitance {(Ao~A7) — 5 pF
Ci2 Input Capacitance (RAS, CAS, WRITE, OEF) — 7 oF
Co Input/Output Capacitance (I/01~1/04) — 7 pF

NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device.

2. All voltages are refrenced to Vss.

3. lce1, lees, leca, lccs depend on cycle rate.

4. lcc1, lcca depend on output loading. Specified values are obtained with the output open.

5. An initial pause of 200xs is required after power-up followed by any 8 CAS cycles before proper device operation
is achieved. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead
of 8 RAS cycle are required.

6. AC measurements assume tr =bns.

7. Vmi(min.) and Vilmax.) are reference levels for measuring timing of input signals. Also, transition times are
measured between Vi and Vic.

8. Assumes that tReo<trcp (max.). If trcp is greater than the maximum recommended value shown in this table, trac
will increase by the amount that trco exceeds the value shown.

9 . Assumes that tReo=treo (max.).

10. Measured with a load equivalent to 2 TLL loads and 100pF.

11. torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

12. Either trcH or trrH must be satisfied for a read cycle.

13. Operation within the trep (max.) limit insures that trac (max.) can be met.
trco (max. ) is specified as a reference point only: If taeo is greater than the specified trep (max.) limit, then access
time is controlled exclusively by tcac.

14. These paramenters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write
or read-modify-write cycles.

15. twes, tcwp and trwp are not restrictive operating parameters. They are included in the data sheet as electrical

characteristics only. If twecs=twes (min.), the cycle is an early write cycle and the input/output pin will remain open
circuits (high impedance) throughout the entire cycle; If tewp=tcwo (min.) and tawoZtrwo(min.), the cycle is a read
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell.
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® READ CYCLE
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tRAS

Vig—
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/
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o
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w1 7////////{/////*
tora
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® WRITE CYCLE (EARLY WRITE)
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® WRITE CYCLE (OE CONTROLLED WRITE)

AO~A"7

WRITE

1,01~1/04

Vin
ViL

Vin
Vio
Vin

ViL

VIiH
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® READ-WRITE/READ-MODIFY-WRITE CYCLE
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v
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v
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® PAGE MODE READ CYCLE

tRAS *RP
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® PAGE MODE WRITE CYCLE
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I
twcH twcH
Vig — twp twp
WRITS A
Vi — L5 -~
to COEH  torH
_ — .|
_ Vg — 1 § ~
o Xy Y
Vin tp LoED
t‘DS t

1,01~104

e ZTIIID

T

tps| | tpH t
VALID 3
DATA-IN




® RAS ONLY REFRESH CYCLE

f

AO~A"

e CAS

1/01~1/04

Vin

Vin

ViL

tRC

tRAS

ZORE, trePC
tASR| [ ®RAH

— LI

ROW
ADDRESS

WL

Notes: WRITE, OE=Don't Care Don't Care

BEFORE RAS REFRESH CYCLE

Vin
ViL

VIin

ViL

Von

Vo

RC
tRP - ‘Ras LRP
— / \ ztRPC
RPC
topn | |fosR| | CHR tCPN
o OFT
o —
\ OPEN
— b 4 .

Note: WRITE, OE, A0 VvA7=Don't Care
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 TMM41464P-12
- TMM41464P-15

® HIDDEN REFRESH CYCLE

. .
tRAS 'RP tRAS tRP

RAS Vi — 1\ TAR 3 S j i

Vip —

tcRP TRCD tRSH toHR toPN

oas \ /

Vi, tasc

R TRAH tcal

S/ %g; s N/ K

*Res -
R/ 1

S/,

LOFA

|
/”//é/////////é

l | toac 7 oF

| tRAC EZ

1/01~1/04 j} VALID DATA-OUT >~
VoL —
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/] pon't care
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VALID DATA-OUT

_ :iz - | tRaS ;ﬁ_ﬂ\_

= 72T -2

wsr TR <sems WL
READV CYCLE tf{ﬁ?- :R

LTI
RS R

1111 S
= Lo - T 7

e %~ | N
= :’///////////////7///////////////g>|_£ =0



ADDRESSING

The 16 address bits required to decode 1 of the
65,536 cell locations within the TMM41464P are
multiplexed onto the 8 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TTL-level clocks. -

The first clock, the Row Address Strobe (RAS ),
latches the 8 row address bits into the chip. The
second clock, the Column Address Strobe (CAS) ,
subsequently latches the 8 column address bits into
the chip. Each of these signals, RAS, and CAS,
triggers a sequence of events which are controlled by
different delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurrence of
a delayed signal derived from the RAS clock chain.
This "gated CAS” feature allows the CAS clock to be
externally activated as soon as the Row Address Hold
Time specification (traH) has been satisfied and the
address inputs have been changed from Row
address to Column address information.

Data Inputs

Data is written during write or read-modify-write
cycle. o
The falling edge of CAS or WRITE strobes data into
the on-chip data latches.
In an early-write cycle, WRITE is brought low prior to
CAS and the data is strobed in by CAS with setup and
hold times referenced to this signal. In delayed write
or read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WRITE with setup
and hold time referenced to this signal.
In delayed or read-modify-write, OE must be high to
bring the output buffers to high impedance prior to
impressing data on the 1/0 lines.

Data outputs

The three-state output buffers provide direct TTL
compatibility with a fan-out of two standard TTL
loads. Data-out is the same polarity as data-in. The
outputs are in the high-impedance state until CAS is
brought low. In a read cycle the outputs go active
after the access time interval trac and toea are satis-
fied.

The outputs become valid after the access time
has elapsed and remain valid while CAS and OE are

low. CAS or OE going high returns it to a high
impedance state. In an early-write cycle, the outputs
are always in the high-impedance state. In a delayed
-write or read-modify-write cycle, the outputs will
follow the sequence for the read cycle.

The OE controls the impedance of the output
buffers. In the logic high position the buffers will
remain in a high impedance state

When the OE input is brought to a logic low level,
the output buffers are enabled.Both CAS and OE can
control the outputs. Thus in a read operation, either
OE or CAS returning high forces the outputs into the
high impedance state.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accom-
plished by performing a memory cycle at each of the
256 row address (Ao-A7) within each 4 millisecond
time interval. Although any normal memory cycle will
perform the refresh operation, this function is most
easily accomplished with “RAS-only” cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lcca specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the

TMM41464P offers an alternate refresh method. If
CAS is held on low for the specified period (tcsr)
before RAS goes to low, on chip refresh control
clock generators and the refresh address counter are
enabled, and an internal refresh operation takes
place.
After the refresh operation is performed, the refresh
address counter is automatically incremented in
preparation for the next CAS before RAS refresh
operation .

PAGE MODE

The "Page-Mode” feature of the TMM41464P
allows for successive memory operations at multiple
column locations of the same row address with in-
creased speed without an increase in power. This is
done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout all
successive memory cycles in which the row address
is common. This "Page-Mode" of operation will not
dissipate the power associated with the negative




going edge of RAS. Also, the time required for
strobing in a new address is eliminated, thereby
decreasing the access and cycle times.

HIDDEN REFRESH
An optional feature of the TMM41464P is that

MEMORY CYCLE

REFRESH CYCLE

refresh cycle may be performed while maintaining
valid data at the output pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at ViL and taking RAS high and after a
specified precharge period (trp), executing a CAS
before RAS refresh cycle. (see Figure below)

REFRESH CYCLE

./ "/

/|

1,/01~1,/04 — OPEN -

S Ve
T\
-

VALID DATA-OUT

j__

This feature allows a refresh cycle to be "hidden”
among data cycles without affecting the data availa-

bility.

CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TMM41464P
can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE
operation taking the internal counter address as row
address and the input address as column address.

The test is performed after a minimum of 8 CAS
before RAS cycles as initialization cycles. The test
procedure is as follows.

® Write "0” into all the memory cells at normal write
mode. )

@ Select one certain column address and read "0"
out and write "1” in each cell by performing CAS

BEFORE RAS REFRESH COUNTER TEST (READ-
WRITE CYCLE).
Repeat this operation 256 times.

@ Check "1° out of 256 bits at normal read mode,
which was written at @ .

@ Using the same column as @, read "1” out and
write "0" in each cell performing CAS BEFORE
RAS REFRESH COUNTER TEST. Repeat this
operation 256 times.

® Check"0" out of 256 bits at normal read mode,
which was written at @ .

® Perform the above (D to ® to the complement
data.



18 17 16 15 14 13 12 11 10

=
R10, b
1 2 3 4 5 6 7 8 9
l 22.8MAX . .
=1
=
0
_ ﬂ, 2
]
2541025 141015 ® 2
S g
054015 Q

NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No. 1 and No. 18 leads. Alldimensions are in millimeters.

50 MAX .

Unit in mm

7.62~ 88

TMM41464P-12
TMM41464P-15

0~15"




Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
€' Aug., 1985 Toshiba Corporation
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1,048,576 WORDS X 1 BIT DYNAMIC RAM
SILICON GATE CMOS

* This is advanced information and specifications
are subject to change without notice.

DESCRIPTION

TC511000P/J-10
TC511000P/J-12

The TC511000P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511000P/J utilizes
TOSHIBA’s CMQS Silicon gate process technology as well as advanced circuit techniques to provide wide operating
margins, both internally and to the system user. Multiplexed address inputs permit the TC511000P/J to be packaged in a
standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible
with widely available automated testing and insertion equipment. System oriented features include single power supply of
5V+10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

® 1,048,576 words by 1 bit organization
® Fast access time and cycle time

TC511000P/J-10 TC511000P/J-12

tRac  RAS Access 100ns 120ns
Column

tAA Address 50ns 60ns
Access Time

tcac %%%Access 35ns 45ns

trRc Cycle Time 190ns 220ns
Fast Page

tpc Mode Cycle 55ns 70ns
Time

PIN CONNECTION (TOP VIEW)
® Plastic SOJ ® Plastic DIP

Single power supply of 5V£10% with a built-in
VBB generator
Low Power
330mW MAX. Operating (TC511000P/J-10)
275mW MAX. Operating (TC511000P/J-12)
5.5mW MAX. Standby
Qutput unlatched at cycle end allows two-
dimensional chip selection
Common /O capability using “EARLY WRITE"
operation
Read-Modify-Write, CAS  before
refresh, RAS-only refresh, Hidden
and Fast Page Mode capability
All inputs and output TTL compatible
512 refresh cycles/8ms
Package Plastic DIP: TC511000P
Plastic SOJ: TC511000J

refresh,

BLOCK DIAGRAM

g Vss
Doyr WRITEQ?2
B CAS RAS
l/\\J.C. WRITE
P A9 CAS
P A8
0 A7
A6
A5
0 A4
AO
At
PIN NAMES ﬁg
AO~A9 Address Inputs A4
— A5
RAS Row Address Strobe AB
A7
DiN Data In A8
Dout Data Out A9
CAS Column Address Strobe
WRITE Read/Write Input
Vee Power (+5V) RAS
Vss Ground
N.C. No Connection
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RAS

DATA IN O Din
BUFFER

No. 2 CLOCK DATA OUT Dout
GENERATOR ™ BUFFER
Le"COLUMN I ) oL
| ADDRESS 10,
BUFFERS (10) 12 DECODER
REFRESH ! SENSE AMP.
CONTROLLER 1 ” 1/0 GATING l—
\ [
REFRESH "~ 20987 "yl
COUNTER (9) -
a1l
!
MEMORY
ROW 231512
ADDRESS —“—’-—5 ow| ! ARRAY
BUFFERS (10) fr—/] €0
) )
No. 1 CLOCK
GENERATOR
SUBSTRATE BIAS | <*——92 Vce
GENERATOR ~«——0 vgg



ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTES
Input Voltage VIN —-1~7 v 1
Output Voltage VouTt -1~7 \ 1
Power Supply Voltage Vee —-1~7 \ 1
Operating Temperature TOPR 0~70 °C 1
Storage Temperature TSTG —55~150 °C 1
Soldering Temperature - Time . TSOLDER 260-10 °C-sec 1
Power Dissipation Pp 600 mw 1
Short Circuit Output Current lout 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Voo Supply Voltage 45 5.0 55 v 2
VIH Input High Voltage 2.4 6.5 Vv 2
ViL Input Low Voltage -1.0 0.8 A 2

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. {[MAX.{ UNITS | NOTES
OPERATING CURRENT TC511000P/J-10 - 60

lcet Average Power Supply Operating Current mA 34
(RAS, CAS, Address Cycling: trc=trc MIN.) TC511000P/J-12 - 50

STANDBY CURRENT
lcc2 Power Supply Standby Current - 2 mA
(RAS=CAS=V|y)

RAS ONLY REFRESH CURRENT TC511000P/J-10 . 60

lces Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS=V|: trg=trc MIN) TC511000P/J-12 - 50
FAST PAGE MODE CURRENT TC511000P/J-10 - 40

Icca Average Power Supply Current, Fast Page Mode mA 3.4
(RAS=V/(, CAS, Address Cycling: tpc=tpg MIN.) TC511000P/J-12 - | 30

STANDBY CURRENT
Iccs Power Supply Standby Current - 1 mA
(RAS=CAS=Vc—0.2V)

CAS BEFORE RAS REFRESH CURRENT TC511000P/4-10 - 60
lcce Average Power Supply Current, CAS Before mA 3
RAS Mode (RAS, CAS Cycling: trc=trc MIN.) TC511000P/J-12 - 50

INPUT LEAKAGE CURRENT
Ii(L) Input Leakage Current, any input (OV < ViN =< 6.5V, All -10 10 MA
Other Pins Not Under Test=0V)

| OUTPUT LEAKAGE CURRENT
ow (DoyT is disabled, OV £ VouT < Voo

v QUTPUT LEVEL
OH Output “H” Level Voltage (IoyT=—5mA)

v OUTPUT LEVEL - | oa v
oL Output “L" Level Voltage (loyT =4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc=5V£10%, Ta=0~70°C} (Notes S5, 6, 7)

SYMBOL PARAMETER TC511000P/J-10 TC511000P/J-12 UNITS NOTES
MIN. MAX. MIN. MAX.

tRC Random Read or Write Cycle Time 180 220 ns

trwec Read-Write Cycle Time 220 255 ns

tpc Fast Page Mode Cycle Time 55 70 ns

tPRWC Fast Page Mode Read-Write Cycle Time 85 105

tRAC Access Time from RAS 100 120 ns 8,13

tCAC Access Time from CAS 35 45 ns 8,13

tAA Access Time from Column Address 50 60 ns 8,14

tcpa Access Time from CAS Precharge 50 65 ns 8

tcLz CAS to Output in Low-Z 5 5 ns 8

tOFF Output Buffer Turn-Off Delay o] 30 o} 35 ns 9

tr Transition Time (Rise and Fall) 3 50 3 50 ns 7

tRp RAS Precharge Time 80 90 ns

tRAS RAS Pulse Width 100 10,000 120 10,000 ns

trasP RAS Pulse Width (Fast page mode) 100 100,000 120 100,000 ns

tRSH RAS Hold Time 35 45 ns

tcsH CAS Hold Time 100 120 ns

tcAS CAS Pulse Width 35 45 ns

tRCD RAS to CAS Delay Time 25 65 25 75 ns 13

tRAD RAS to Column Address Delay Time 20 50 20 60 ns 14

tcrp CAS to RAS Precharge Time 10 10 ns

tcp CAS Precharge Time (Fast Page Mode) 10 15 ns

tASR Row Address Set-Up Time 0 0 ns

tRAH Row Address Hold Time 15 15 ns

tAsCc Column Address Set-Up Time 0 0 ns

tcaH Column Address Hold Time 20 25 ns

tAR Column Address Hold Time referenced to RAS 75 90 ns

tRAL Column Address to RAS Lead Time 50 60 ns

tRcs Read Command Set-Up Time 0 0 ns

tRCH Read Command Hold Time 0 0] ns 10

tRRH Read Command Hold Time referenced to RAS 0 0 ns 10
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

SYMBOL PARAMETER TC511000P/J-10 TC511000P/J-12 UNITS NOTES
MIN. MAX. MIN. MAX.

tweH Write Command Hold Time 20 25 ns

twer Write Command Hold Time referenced to RAS 75 90 ns

twp Write Command Pulse Width 20 25 ns

tRWL Write Command to RAS Lead Time 25 30 ns

towL Write Command to CAS Lead Time 25 30 ns

tps Data Set-Up Time 0 o] ns 11

tpH Data Hold Time 20 25 ns i

tDHR Data Hold Time referenced to RAS 75 90 ns

tREF Refresh Period 8 8 ms

twcs Write Command Set-Up Time 0 0 ns 12

tcwD CAS to WRITE Delay Time 35 45 ns 12

tRWD RAS to WRITE Delay Time 100 120 . ns 12

tAWD Column Address to WRITE Delay Time 50 60 ns 12

tcsr CAS Set-Up Time (CAS before RAS Cycle) 10 10 ns

tCHR CAS Hold Time (CAS before RAS Cycle) 30 30 ns

tRpc RAS to CAS Precharge Time ¢} 0 ns

topT ﬁ g;(z?er;arge Time (CAS before RAS Counter 50 60 s

topN CAS Precharge Time 15 20 ns

CAPACITANCE (Vcc=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
Ciq Input Capacitance (Ag~Ag, D|N) - 5 pF
Cio Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (DoyT) . - 7 pF
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NOTES:

ok 0D

o

10.
11.

12.

13.

14.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All Voltages are referenced to Vss.

Icc1, Icca: IcC4, Icce depend on cycle rate.
Icc1, Icc4 depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT=5ns.

ViH(min.) and Vi (max) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|H and V|L_.

Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF(max.) defines the time at which the output achieves the open circuit condition and is
not referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in read-write cycle.

twcs, tRwD, tcwD and tAwD are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only. If twcs = twcs(min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire
cycle; If tRwD = tRwD(min.), tcwD = tcwD(min.) and tAwD = tawD(min.), the cycle is a
read-write cycle and the data out will contain data read from the selected cell: If neither of
the above sets of conditions is satisfied, the condition of the data out (at access time) is
indeterminate.

Operation within the tRcpD(max.) limit insures that trac(max.) can be met. tRCD(max.) is
specified as a reference point only. If tRCD is greater than the specified trcp(max.) limit,
then access time is controlled by tCAC.

Operation within the trap(max.) limit insures that tRcp(max) can be met tRAD(max) is
specified as a reference point only. If tRAD is greater than the specified tRaD(max.) limit,
then access time is controlled by taAa.
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READ CYCLE

D
v

|

O
|
W

Ap~Ag

WRITE

DouTt

VoH
VoL —

VIH —

VIL o

ViH —
viL —

VIH —

viL

Vi —
ViL —
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tRP _
tRCD tRSH N (CRP
\ » tcas }
AR >
RAD | IRAL
tRAH - tasc tcaH _
COLUMN )
i1/
tRCH
t -~
CS 'RRH o
tCAC
toLz tOFF
tRAC -~
OPEN VALID DATA

m Don’t Care




e EARLY WRITE CYCLE

|

s
b
[

Ao~Ag

WRITE

DN

Dour

ViH
Vi

VIH
ViL

ViH

ViL

VIH
VIiL

VIH
ViL

VoL

o E——
—— \ —
e B

e

m Don't Care
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READ-WRITE CYCLE

trRwC
tRAS - ki S
ViH — = - B
RAS v
i —
'RSH
'GRP tRCD _ _tRWL 'CRP
_ VH— =\| tcas
CAS v \ 2
tcsH
tAR o, Lotowl
tRAD tRAL
tsk| ["TRan [tAsc - tcAH_ -
VIiH ——
Ag~ 7 //
0~Ag . — K| row X COLUMN ] ////////// // // /// 7
tAwWD
tRWD :
towp | T twe
ViH — 7
e X J!/////////////////////////////// ]
tDs tDH
Vi =——
DN V:r _ 7 VALID DATA
I
| _lcaC
'AA _ tOFF
tRAC
VoH ——
DouT VoL OPEN VALID DATA
tcLz

m Don’t care
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FAST PAGE MODE READ CYCLE

: 4
tRASP » il
—— VIH — =7 |
RAS ‘ [
ViL — o \
tCSH tpC tRSH
tCRP tRCD tcas | | tcP {CAS 'cp icas
) VIH — / \\ / \\ i
CAS y, . / . )
) tan —i !* tRAL
tasr| | tRan tasc| |tcaH | tasc| [tcaH pscf | foau
el > > (> [ g
[}
o M ROW coL coL | coL //////////////
0~ Ag Vi //
tRAD -
- - ) tRCH
- ron | R
R RCS - RCS t
| ’i T » =
- ViH —
RITE
v tcac tcac tCAC
taa B A tAA
tRAC ‘ tcpa {cPA
. - | gl —
Vo — { vaLip VALu:?‘;_  vALID
bout DATA Saller s
toFF tOFF tOFF
t -
cLz tcLz ‘CLz
~ 5 — —>

m Don’t care
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

!

sl
>
[

Ag~Ag

WRITE

DN

DouTt

P tRASP 'RP
ViH — *X Z
i —
B tpc IRSH
icRp B tRCD | lcas tcp tcas tcp tCAS
VIH —— Z \ A
VL =——
- AR o . tRAL_
tASR| |tRAH tasc tCAH tasc tCAH tasc tCAH
> et~ <——|
ViH — K
ROW coL coL coL
viL —
tRAD
'WCR |
twes twGH twes WeH twes tweH
twp twp twp
ViH — - > - —> i —>
ViL — -t
tDs tDH tps tDH tps tOH
L - v { et -
Vi —
VALID DATA VALID DATA VALID DATA
ViL — T T I~ 3
{DHR -
VoH —
OPEN
VoL =

U wori coce
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FAST PAGE MODE READ-WRITE CYCLE

|

I
>
[

°I
b3
[z

WRITE

DN

Dout

t
tRASP AP
VIH — 1 [~ ?
ViL — e o \—
tCSH tRSH
- > tPRWC -
fCRP| | RCD tcas |, _fcp | lop | | foas
tcas
VIH — /(
VL, — \ z 4
t
}‘ RAL
tASR tRAH tasc tCAH tasc| | tcan tasc| | tcan
- - e - : o e
ViH — = = =
ROW ADD COL ADD COL ADD COL ADD A/V
Vi — = =
tRAD tcwpD tocwp |‘CWD
tcwL
t
fawD _Jicw tawp | towl tawp | j>
tREiI - > |- L ‘tRWL
Vi — ‘ x| ¥ \ X
Wi, \
Vi — - ]
P fRWD W twp twp
tps ||, toH s || loH tos || | toH
i !
) T |
e — R R Wi
( ) (
V|L — _DATA // DATA DATA
tcLz tcLz tcLz
tcac > tCAC < tcAC
'AA Y tAn
1_ tRAC L ICPA _ fcpa
VoH — VALID J vaLID 7 vALID
DATA DATA DATA
VoL — ]
fOFF I tOFF | toFF
-< La— ——
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RAS ONLY REFRESH CYCLE

Vi —
RA Vil ——
ViH —

CAS viL
VI —
Apg~Ag Vi ——
Vo —
Pout yo

tRC

tRP
tRAS o

tCRP tRPC

tASR tRAH

ROW // //

OPEN

YA oo coc

NOTE: WR ITE=Don’t care, A9=Don’t care
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CAS BEFORE RAS REFRESH CYCLE

DouTt

VIH
ViL

ViH
ViL

VOH
VoL

tRC
trp -
—_— - - ' tRAS -
_RPC
tCPN ltcSR ICHR
toFF
__'—Q-
. OPEN
—_ #

NOTE: WR ITE=Don't care, AO~A9=Don’t care
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o,
i

e

g
o

HIDDEN REFRESH CYCLE (READ)

tRC
tRAS tRP IRAS
RAS \
L — ~ 7 .
tCRP tRCD tRSH tCHR
VIH .
CAS
ViIL — i
. tRAD tRAL
tAR
tASR tRAH tASC tcaH
VIH —— — — 7 1
~ ROW COLUMN )
ho~hg I
trcs tRRH
VIH —
VIL — tcac
taa
tRAC tOFF
VOH o~
b o VALID DATA
OUT  yo
tcLz

W

Don't care
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HIDDEN REFRESH CYCLE (WRITE)

tRC

tRAS | RP tRAS

_— VIH
RAS S
Vi ——

/TS p—
CAS /
Vi —

Vi —
Ap~Ag ROW
ViL — 3

tcrP tRCD tRSH ICHR
tAR
tRAD tRAL
tASR tRAH| tasC | _fcaH
COLUMN
RAD
tWCR
tRwWL

twes| | tweH

VIH —— 7777]
WRITE
Vi —

T

(11111111

~

twp

tDH

¥

N

7
-4

VIH —
DN ////f,/'////
Vi — 7,
tDHR
VOH —
Dourt v
oL —

OPEN
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Ao~Ag

Dout

WRITE

Dout

WRITE

Din

DouTt

WRITE

Din

tRAS

Vi — T = - tRSH 4;; -?ﬂl
e\l I'a |

" — IR o "
ViL 422?7442{/‘// i ~ — i Aé
READ CYCLE —> 'RAL tOFF

::Z:j : OPEN s o3 I VALID DATA : }——'
" = T T
~ |wes ANC;CMi

w — T t - i,
s X
READ-WRITE CYCLE ,C,L;CAC torr

~— T | ]

S D s
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OUTLINE DRAWINGS Unit in mm(inches)

® Plastic DIP

18 17 16 15 14 13 12 11 10

P e T e TS e TR s S e T e B e O o |

<A

3

P . L =

R1.0(039) ]
<

™~y

T Tt et e beed d ed ed d
1 2 3 4 5 6 7 8 9

7.62(.300)+0.25(.010)

22.8(.898)MAX.

:

Y 'l ') '}
2.54(.100)£0.25(.010) 1.4(.055)+0.15(.006) =~
©

0.5(.020)+0.15(.006) %
S

) 25(010) TO-1 (004)
025(019) 5 0s002)

=
2.5(.098)MIN. |‘0.51 (.020)MIN,
> T
5.0(.197)MAX

Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25(.010)mm of their true
longitudinal position with respect to No. 1 and No. 18 leads.
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Unit in mm(inches)

® Plastic SOJ

17.02(870)~17.27(680) 0.9(035)TYP.
> fg——————

20 19 18 17 16 15 14 13 12 11
mlmlelnlo] o N e B W o B o —
= — ¥

(=]

a2 K |2
N o =todl ~
1 ~ n = u’)m e
. ~ =28y T
o g 2|95 8
INDEX DOT 2 MR PIS IS
S 1 5
wn .
\<l> ' ~ | ©

| N U WD SR Jp ¥R i | S0 ) R Wy Wy )

12 3 4 5 6 7 8 9 10

__ 0.66(.026)~0.76(.030)

3.55(.140)MAX.

9.5(.374)~9.9(.390)

Note: Each lead pitch 1.27(.050)mm.

Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent
licenses are implied, and Toshiba reserves the right, at any time without notice, to change said

circuitry.

Note:
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1,048,576 WORD X 1 BIT DYNAMIC RAM
SILICON GATE CMOS

* This is advanced information and specifications
are subject to change without notice.

DESC

RIPTION

TC511001P/J-10
TC511001P/J-12

The TC511001P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511001P/J utilizes
TOSHIBA's CMOS Silicon gate process technology as well as advanced circuit techniques to provide wide operating
margins, both internally and to the system user. Muitiplexed address inputs permit the TC5i 1001P/J to be packaged in a
standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible
with widely available automated testing and insertion equipment. System oriented features include single power supply of
5V+10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. The special
feature of TC511001P/J is nibble mode, allowing the user to serially access 4 bits of data at a high data rate.

FEATURES
® 1,048,576 words by 1 bit organization
® Fast access time and cycle time

TC511001P/J-10 [ TC511001P/J-12

tRAC | RAS Access Time 100ns 120ns
Column Address

taA Access Time 45ns 55ns

tcac | CAS Access Time 35ns 45ns

tRc Cycle Time 190ns 220ns
Nibble Mode

INGAC| Access Time 20ns 25ns
Nibble Mode

tNC Cycle Time 40ns 50ns

® Single power supply of 5V=10% with a built-in
VBB generator

® Low Power:

330mW MAX. Operating (TC511001P/J-10)
275mW MAX. Operating (TC511001P/J-12)
5.5mW MAX. Standby

o OQutput unlatched at cycle end allows two-dimen-

sional chip selection

® Common /O capability using “EARLY WRITE”

operation

® Read-Modify-Write, CAS before RAS refresh,

RAS-only refresh, Hidden refresh and Nibble
Mode capability

® All inputs and output TTL compatible
® 512 refresh cycle/8ms

® Package

Plastic DIP: TC511001P
Plastic SOJ: TC511001J

BLOCK DIAGRAM

Din Dout
PIN CONNECTION (TOP VIEW) Voo Vss 1 ¥
. . DATA IN DATA OUT
° . o
Plastic SOJ Plastic DIP BUFFER BUFFER
A | I ) A
; ;SS Din WR-—'Zg —— A
~ouT WRITE [ [
CAS A9C, ASR —y
N.C RAS No. 2 CLOCK
o 0 GENERATOR —_‘_l___’ NIBBLE
b Ao N.C. SELECTOR
Ao O
h A8 A1 O COLUMN o G
ADDRESS OLUMN 4
p A7 A2 { A0 o BUFFERS (10) DECODER
) A6 A3 [ Al
y :i vee G A2 REFRESH J 1 SENSE AMP
il A3 Om CONTROLLER I/0 GATING
A4 Y
PIN NAMES A5 o REFRESH --2048--
AO~A9 Address Inputs A6 O COUNTER (9)
— A7 on | [0 © Z—q
w .
CAS Column Address Strobe A8 O ROW 8 51_2 MEMORY
Om ADDRESS I =3
DiN Data In A9 7o BUFFERS (10) 3 32 [ ARRAY
Dout Data Out )
RAS Row Address Strobe o——m] No.1 CLOCK
— GENERATOR
WRITE Read/Write Input
SUBSTRATE
vVee Power (+5V) BIAS
GENERATOR
Vss Ground
N.C. No Connection
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTES

Input and Output Voltage VIN: VOUT —1~7 \ 1

Power Supply Voltage Voo =1~7 v 1

Operating Temperature TorR -0~70 °C 1

Storage Temperature TsTG —55~150 °C 1

Soldering Temperature - Time TSOLDER 260-10 °C-sec 1

Power Dissipation Pp 600 mw 1

Short Circuit Output Current lout 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES

Vee Supply Voltage 4.5 5.0 55 \ 2

ViH Input High Voltage 24 - 6.5 \ 2

ViL Input Low Voltage -1.0 - 08 v 2

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. [MAX.| UNITS | NOTES
OPERATING CURRENT TC511001P/J-10 - 60

lce Average Power Supply Operating Current mA 34
(RAS, CAS, Address Cycling: tgc=trc MIN.) TC511001P/J-12 - 50
STANDBY CURRENT

lcc2 Power Supply Standby Current - 2 mA
(RAS=CAS=V|y)
RAS ONLY REFRESH CURRENT TC511001P/J-10 - 60

lces Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CAS=V|H: trc=trc MIN.) TC511001P/J-12 - 50
NIBBLE MODE CURRENT TC511001P/J-10 . 40

lcca Average Power Supply Current, Nibble Mode mA 34
(RAS=V,|, CAS Cycling: tyc=tNG MIN)) TC511001P/J-12 - 30
STANDBY CURRENT

Iccs Power Supply Standby Current - 1 mA
(RAS=CAS=V;g—0.2V)
CAS BEFORE RAS REFRESH CURRENT TC511001P/J-10 - 60

Icce Average Power Supply Current, CAS Before RAS Mode) mA 3
RAS, CAS Cycling: tRg=trc MIN)) TC511001P/J-12 - 50
INPUT LEAKAGE CURRENT

li() Input Leakage Current, any input -10 10 MA
(OV < V)N £ 6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT

lo) (DouT is disabled, OV < VouT = +5.5V) 10 |10 A
OUTPUT LEVEL

VoH Output “H" Level Voltage (iouT=—5mA) 24 v
OUTPUT LEVEL

VoL Output “L” Level Voltage (IoT =4.2mA) 04 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec=5V+10%, Ta=0~70°C} (Notes 5, 6, 7)

SYMBOL PARAMETER TC511001P/J-10 | TC511001P/H12 | yniTs | NOTES
MIN. MAX. MIN. MAX.

tRC Random Read or Write Cycle Time 190 - 220 ns

tRwe Read-Write Cycle Time 220 255 ns

tNC Niwwie sous Cycle Time 40 - 50 ns

tNRMW Nibble Mode Read-Write Cycle Time 65 - 80 - ns

tRAC Access Time from RAS - 100 - 120 ns 8,13

tGAC Access Time from CAS - 35 - 45 - ns 813

taA Access Time from Column Address - 45 - 55 ns 8,14

tNCAC Nibble Mode Access Time - 20 - 25 ns 8

tcLz CAS tc " atput in Low-Z 5 - 5 - ns

toFF Output Buffer Turn-Off Delay 0 30 0 35 ns 9

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7

tRp RAS Precharge Time 80 - 90 - ns

tRAS RAS Pulse Width 100 10,000 120 10,000 ns

tRSH RAS Hold Time 35 - 45 - ns

tosH CAS Hold Time 100 - 120 - ns

tCAS CAS Pulse Width 35 10,000 45 10,000 ns

tRCD RAS to CAS Delay Time 25 65 25 75 ns 13

tRAD RAS to Column Address Delay Time 20 55 20 65 ns 14

tcRrp CAS to RAS Precharge Time 10 - 10 - ns

toPN CAS Precharge Time 20 - 25 - ns

tASR Row Address Set-Up Time 0 - (o} ns

tRAH Row Address Hold Time 15 - 15 - ns

tASC Column Address Set-Up Time 0 - o] ns

tCAH Column Address Hold Time 20 - 25 - ns

tAR Column Address Hold Time Referenced to RAS 80 - 95 ns

tRAL Column Address to RAS Lead Time 45 55 ns

trcs Read Command Set-Up Time o] - (o} - ns

tRCH Read Command Hold Time Referenced to CAS 0 - 0 ns 10

tRRH Read Command Hold Time Referenced to RAS 0 - 0 ns 10
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)

SYMBOL PARAMETER TC511001P/J10 | TCS11001PM12 | ynits | NOTES
MIN. MAX. MIN. MAX.
twcH Write Command Hold Time 20 - 25 - ns
twCR Write Command Hold Time Referenced to RAS 80 - 95 - ns
twp Write Command Pulse Width . 20 - 25 - ns
tRWL Write Command to RAS Lead Time 25 - 30 - ns
towL Write Command to CAS Lead Time 25 - 30 - ns
tps Data-In Set-Up Time 0 - 0 - ns 11
toH Data-In Hold Time 20 - 25 - ns 11
tDHR Data-In Hold Time Referenced to RAS 80 - 95 - ns
tREF Refresh Period - 8 - 8 ms
twcs Write Command Set-Up Time 0 - 0 - ns 12
tcwp CAS to WRITE Delay 35 - 45 - ns 12
tRWD RAS to WRITE Delay 100 - 120 - ns 12
tAwWD Column Address to WRITTE Delay Time 45 - 55 - ns 12
tcsr CAS Set-Up Time (CAS before RAS) 10 - 10 - ns
tCHR CAS Hold Time (CAS before RAS) 30 - 30 - ns
tRPC RAS Precharge to CAS Active Time 0 - [0} - ns
tcpT CAS Precharge Time (CAS before RAS Counter Test) 50 - 60 - ns
tNCAS Nibble Mode Pulse Width 20 - 25 - ns
INCP Nibble Mode CAS Precharge Time 10 - 15 - ns
tNRSH Nibble Mode RAS Hold Time 20 - 25 - ns
tNGWD Nibble Mode CAS to WRITE Delay Time 20 - 25 - ns
tNRWL Nibble Mode WRTTE Command to CAS Lead Time 20 - 25 - ns
tNCWL Nibble Mode WRTTE Command to CAS Lead Time 20 - 25 - ns
CAPACITANCE (Vcc~5V£10%, f~1MHz, Ta~0~70°C)
SYMBOL PARAMETER MIN. MAX. UNITS
Ci Input Capacitance (Ag~Ag, D|N) - 5 pF
Ci2 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (Doyr) - 7 pF
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NOTES:

SUIE T S

o

10.
11.

12.

13.

14.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.

Icc1, Iccs, Icc4, Icce depend on cycle rate.
IcCc1, IcCc4 depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved. In case of using internal refresh counter, a minimum of
8 CAS Before RAS initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT=5ns.

ViH(min) and V|| (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|H and V|L.

Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF(max.) defines the time at which the output achieves the open circuit condition and is
not referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and to WRITE
leading edge in read-write cycle.

twes, tRwD, tcwD and tAwD are not restrictive operating parameters. They are included in
the data sheet as electrical characteristics only. If twCs = twgcs(min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; If tRwWD = tRwD(min.), tcWD = tcwb{(min.) and tAwD = tAwD(min.), the cycle is
a read-write cycle and the data out will contain data read from the selected cell: If neither of
the above sets of conditions is satisfied, the condition of the data out (at access time) is
indeterminate.

Operation within the tRcp(max.) limit insures that tRAG(max) can be met tRcD(max.) is
specified as a reference point only: If tRCD is greater than the specified tRcD(max.) limit,
then access time is controlled by tCAC.

Operation within the tRaAD(max) limit insures that tRCcD(max.) can be met tRAD(Max) is
specified as a reference point only: If tRAD is greater than the specified tRAD(max.) limit,
then access time is controlled by taAA.
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TIMING WAVEFORMS

READ CYCLE
tRC
tRAS
- »
——— tAR =
ViH — - > N\
RAS VL — \ » tRP R
tCSH | tcrl
D tRCP tRSH -
_ _ t
TAs VK R\~ cAS .
ViL —
tASR tRAH tasCc | tcAH tRAL
Vig — ROW ) = COLUMN
AO~A9 ADDRESS ADDRESS
0
t
t RRH
RCS e o
WRTTE VYH — tcAC
Vi — PR >
_ tRAC "OFF
Vou — OPEN
D VALID DATA
ouT vl g i
/A bon't Care
WRITE CYCLE (EARLY WRITE)
tRC .
tRAS
_ —_— tAR
RAS ML -
Vi — XF tRP
_ tcsH D .
CRP
tRC t - >
e« RCP, - RSH
t
vy — - CAS - /
CAS v \ j
tASR tRAH tASC tCAH "
> < AL
Vig — ROW ~COLUMN /
Ao~ag M ADDRESS )/ _ADURESS % ///
tewL |
twes| tWCH |
PR -_— t
WRITE x:r - wp -
tRWL -
e >
< tlwcn o
DS [, \DH
Din x”" VALID DATA
L —
{DHR
v a— »
OH —
Dout  vop . OPEN 72 von
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READ-WRITE CYCLE

Ao~Ag

WRITE

DN

Dout

ViH
ViL

ViH
ViL

Viy
ViL

VIH
ViL

VIH
ViL

Vo
VoL

tRwC >
{RAS
AR
N
. tRSH -
t
- oSt >~ tCRP
tcﬁ tRCD tcas _ -~
7' tRAD A
| ———————>] -
tASR tRAH tASC | ICAH ‘
RAL
Lo
ROW [ COLUMN '\
ADDRESS L ADDRESS
N
tRWD = tewL -
B t
tFiCS=l tAWD towd & _ ‘RWL
/// ___ tcac >
> L » twe tOFF
icLz
OPEN VALID DATA J}——
tRAC >
tDH

D

Don’t Care
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NIBBLE MODE READ CYCLE

By
>
[

|

O
>
[

Ag~Ag

Dout

WRITE

ViH
Vi

VI
ViL

ViH
Vi

VoH
VoL

ViH
ViL

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

(@]
|
2]

Ag~Ag

WRITE

DIN

Dout

ViH
ViL

VIH
ViL

VIH

VIH
ViL

ViH
Vi

VoH

tRAS .
< - tRp
tAR . >
[ N\
tCSH
toRP o tNRSH
i tRCD . | 1OAS | NG >
tRAD y B
‘RAHI
t tASC t tNCP CAS
ASR ¢ lep}-CAH
£,
4 ADD ]
- | [CAC L‘OFF INCAGC, | tOFF
Tceg *TT <
_tRAC _
ALID ALID VALID VALID
OPEN DATA 2_ DATA DATA DATA
t 8 it t t » RRH
RCH
RCS Ll RCH 'RCS
W Don’t Care
tRAS tRP
ﬁs tAR _ —
tcsH t
- > NC t
tcRP e ol |« - NRSH
—Jo «1—>
A tRAD 2 / \
 tRAH
t
ASR s || [toan | fince| incas
)7,
ADD |
! twcR _ INCWL
twes tWCH tWCi twCH < INRWL
S S,
twp_ |
l‘CWL
1
VALID VALID VALID VALID
DATA DATA DATA DATA
DS ‘l l‘DH LS ‘“ tDH
IDHR
OPEN

Don't Ci



NIBBLE MODE READ-WRITE CYCLE

o
7
oo Y
e i
om
DouTt :fg[*:

—h T
tcrp tCSH — INRMW mSH
B tRAH S l/ .
s SN,
{AWD F%D tw;! INCWD ,4‘—'\% tNQﬂL’“L INRWL
DS ToH I iDg \ ToH \—/ \L/
| g
~ D T N
i it
i By~ B y——
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RAS ONLY REFRESH CYCL .-

|

O
g
(%2

Ao~Ag

Dour

ViH
Vi

VIH
ViL

VIH
ViL

VoH
VoL

tRC N
tRP _
_ tRAS
tcrRP - tRPC
tASR tRAH
ROW ADDDRESS
OPEN

'NOTE: WRITE=Don't care, A9=Don't care

CAS BEFORE RAS REFRESH CYCLE

|

[
>
[}

Dourt

ViH
ViL

VIH
Vi

VoH
Vor

Don't care

. tRP P tRAS
\
_ tRPC = =
_cPN CSR P ICHR
toFF
X
OPEN
—_

NOTE: WRITE=Don’t care, AO ~ A9=Don’t care
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HIDDEN REFRESH CYCLE (READ)

Ap~Ag

WRITE

Dourt

_

HIDDEN REFRESH CYCLE (WRITE)

DiN

Dout

-

Sl — ) —

x:r - iAsn j !;ffz~ tcAH |

= DE L N

W Z tong \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
P NECT

T - -Don't care

T TN { —

V:E - ASR : tF:ASHCSA CAH - '/
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

ViH
Vi —

|

D
b
(]

J— V —_
CAS IH
ViL

o T

READ CYCLE

VOH

Dout VoL

SETTE v

WRITE IH
Vi —

WRITE CYCLE

OH

Dour xon_

ViH

WRITE vii

DiN VIH
ik —

READ-WRITE CYCLE

Ve —
DouTt Vg’L*
_ Viy —
WRITE Vil
DiN x:t‘ -

N

T,
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APPLICATION INFORMATION

ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001P/J
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally
applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The
second clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by
different delayed internal clocks. )

The two clock chains are linked together logically in such a way that the address multiplexing
operation is done outside of the critical path timing sequence for read data access. The later events in
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS
clock chain. This “gated CAS” feature allows the CAS clock to be externally activated as soon as the
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been
changed from Row address to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals (WR1TE or CAS) to make its negative transition is
the strobe for the Data In (DiN) register. This permits several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active) prior to CAS, the DN is strobed by CAS and the set-up
and hold times are referenced to CAS. If the input data is not available at CAS time or if it is desired
that the cycle be a read-write cycle, the WRITE signal will be delayed until after CAS has made its
negative transition. In this “delayed write cycle” the data input set-up and hold times are referenced to
the negative edge of WRITE rather than CAS. (To illustrate this feature, DN is referenced to WRITE in
the timing diagrams depicting the read-write and nibble mode write cycles while the “early write” cycle
diagram shows D|N referenced to CAS).

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the
selected cell will be available at the output within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (DoyT) of the TC511001P/J is the high impedance (open
circuit) state. This is to say, anytime CAS is at a high level, the DoUT pin will be floating. The only time
the output will turn on and contain either a logic O or logic 1 is at access time during a read cycle.
DouT will remain valid from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is
accessed in the usual manner with read data coming out at tGAC time. By keeping RAS low, CAS can
be cycled up and then down, to read or write the next three pages at high data rate (faster than tCAC)-
Row and column addresses need only be supplied for the first access of the cycles. From then on, the
falling edge of CAS will activate the next bit. After four bits have been accessed, the next bit will be the
same as the first bit accessed (wrap-around method).

I—-» (0,0) =————p (0,1) » (1,0 > (1.1) —l

Pin 15 (A9) determines the starting point of the circular 4 bits nibble. Row A9 and column A9 provide
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary
fashion; 00 - 01 = 10 — 11 with A9 row being the least significant address.

A nibble cycle can be a read, write, or late write cycle. Any combinations of reads and writes or late
writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512
row address (A0 ~ A8) within each 8 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished with “RAS-only” cycles.
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC511001P/J offers an alternate refresh method. If
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock
generators and the refresh address counter are enabled, and an internal refresh operation takes place.
After the refresh operation is performed, the refresh address counter is automatically incremented in
preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC511001P/J is that refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by
holdng CAS at Vj_ and taking RAS high and after a specified precharge period (tRp), executing a CAS
before RAS refresh cycle. (see Figure below)

MEMORY CYCLE » REFRESH CYCLE REFRESH CYCLE

=T\ Vam
OPEN —( ).__

|

psl
b
7]

Dout

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data
availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC511001P/J can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as
row address and the input address as colun address.

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test
procedure is as follows.

Write “0” into all the memory cells at normal write mode.

Select one certain column address and read “0” out and write “1” in each cell by performing
CAS BEFORE RAS REFRESH COUNTER TEST (READ WRITE CYCLE).
Repeat this operation 512 times.

Check “1” out of 512 bits at normal read mode, which was written at@.

Using the same column as , read “1” out and write “0” in each cell performing CAS
BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 512 times.

Check “0” out of 512 bits at normal read mode, which was written at@.
Perform the above@to@the complement data.

e 60O 00
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OUTLINE DRAWINGS

® Plastic DIP

R1.0(.039) 4’%

7.4(291)MAX.

22.8 (898)MAX.

A

0.51(.020)MIN.

5.0(.197)
MAX

2.54(.100)+0.25(.010)

1.4(055)+0.15(006) &
o
[+s]

0.5(.020)%0.15(.008) ;

2.5(.098) MIN.

Unit in mm (inches)

7.62(.300)+0.25(.010)
R SE—

0~15°

+0.1 (004)
0.25(010) —0A05((.002)

Note: Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal
position with respect to No. 1 and No. 18 leads.
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i

A

® Plastic SOJ Unit in mm (inches)

17.02(.670)~17.27(.680)

20 19 18 17 16 15 14 13 12 11
Fulolalal] nonnon - Y
8 )
2 &
. < z
~ Gle |®
T g8 |9
) sl | &
INDEX DOT & = |18
3 N
° 5
— /Y
1 2 3 4 5 6 7 8 9 10
_, . 0.66(.026)~0.76(.030) g
Y
| Y
4
9
ve
I
0.38(.015)~0.48(.019) 1.27(.050)TYP. g

Note: Each lead pitch 1.27mm. All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to
change said circuitry.
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1,048,576 WORDS X 1 BIT STATIC
COLUMN DYNAMIC RAM
SILICON GATE CMOS

* This is advanced information and specifications

are subject to change without notice.

DESCRIPTION

TC511002P/J-10
TC511002P/J-12

The TC511002P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511002P/J utilizes
TOSHIBA’'s CMOS Silicon gate process technology as well as advanced circuit techniques to provide wide operating
margins, both internally and to the system user. Multiplexed address inputs permit the TC511002P/J to be packaged in a
standard 18 pin plastic DIP and 20 pin plastic SOJ. The package size provides high system bit densities and is compatible
with widely available automated testing and insertion equipment. System oriented features include single power supply of
5V+10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

® 1,048,576 words by 1 bit organization

® Fast access time and cycle time

TC511002P/J-10 TC511002P/J-12
tRac  RAS Access 100ns 120ns
Column
taA Address 50ns 60ns
Access Time
tCAC  Fonaocess 35ns 45ns
tRC Cycle Time 190ns 220ns
Static
tsc Column Mode 55ns 70ns
Cycle Time
PIN CONNECTION
e Plastic SOJ ® Plastic DIP

1
2
3
4
5
[¢]
7
8
9

10

® Single power supply of 5V+10% with a built-in
VR generator

® [ow Power
330mW MAX. Oper:

ating (TC511002P/J-10)

275mW MAX. Operating (TC511002P/J-12)
5.5mW MAX. Standby

e Output unlatched at cycie end allows two-

dimensional chip selection

® Common I/O capability
® Read-Modify-Write, CS before RAS refresh,

RAS-only refresh, Hidden refresh and Static
Column Mode Capability

® All inputs and output TTL compatible
® 512 refresh cycles/8ms

® Package Plastic DIP : TC511002P
Plastic SOJ : TC511002J
BLOCK DIAGRAM
DATAIN [*© Din
BUFFER
No. 2 CLOCK -0 DouT
GENERATOR Ay ou
Lmd COLUMN ]
ADDRESS 10 COLUMN
BUFFERS (10) —— % DECODER
REFRESH " SENSE AMP
CONTROLLER ] 1/0 GATING
7 YYY)
REFRESH -= 2048~ -
COUNTER (9) ‘
<39 -
ROW AR
ADDRESS \N .3 MEMORY
9 512 ARRAY
BUFFERS (10) -/ 38
) £o
[ No. 1 cLOCK | I
GENERATOR f
SUBSTRATE BIAS ~—0 Vge
GENERATOR ~«—0 Vg

AOQ
Al
A2 O
A3 O-»
Ad O
PIN NAMES a5 O
AO~AQ Address Inputs A O
RAS Row Address Strobe A7 O
A8 O
Din Data In AS O
Dout Data Out
cs hip Select Input —
[oF) Chip Select inpu FAS
WRITE Read/Write Input
Vee Power (+5V)
Vss Ground
N.C. No Connection
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTES

Input Voltage VIN —1~7 v 1

Output Voltage Vout -1~7 \ 1

Power Supply Voltage Vee —1~7 v 1

Operating Temperature : TOPR 0~70 °C 1

Storage Temperature TSTG —-55~150 °C 1

Soldering Temperature - Time TSOLDER 260-10 W-sec 1

Power Dissipation Pp 600 mw 1

Short Circuit Output Current lout 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES

Vee Supply Voltage 4.5 5.0 55 \2 2

VIH Input High Voltage 24 6.5 v 2

ViL Input Low Voltage -1.0 0.8 \ 2

DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0~70°C)

SYMBOL PARAMETER MIN. [MAX.| UNITS | NOTES
OPERATING CURRENT TC511002P/J-10 - 60

Ice Average Power Supply Operating Current mA 3,4
(RAS, CS, Address Cycling: tgc=trc MIN.) TC511002P/J-12 - | s0
STANDBY CURRENT

lcce Power Supply Standby Current - 2 mA
(RAS=CS=V|H)
RAS ONLY REFRESH CURRENT TC511002P/J-10 - 60

lcca Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CS=V|; trc=trc MIN) TC511002P/J-12 - | 50
STATIC COLUMN MODE CURRENT TC511002P/J-10 - 40

1Gca Average Power Supply Current, Static Column Mode mA 3,4
(RAS=CS =V, Address Cycling: tgc=tgc MIN.) TC511002P/J-12 - | 30
STANDBY CURRENT

Iccs Power Supply Standby Current - 1 mA
(RAS=CS=Vcc—0.2V)
CS BEFORE RAS REFRESH CURRENT TC511002P/J-10 - 60

lcce Average Power Supply Current, CS Before mA 3
RAS Mode (RAS, CS Cycling: trg=trc MIN.) TC511002P/J-12 - | 50
INPUT LEAKAGE CURRENT

W Input Leakage Current, any input : -10] 10 A
(OV = VjN £ 6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT

low (DourT is disabled, OV < Vout < Vo) S101 10 | pA
OUTPUT LEVEL

VoH Output “H" Level Voltage (o T=—5mA) 24 | - v
OUTPUT LEVEL

VoL Output “L” Level Voltage (IoyT=4.2mA) ° 04 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)

SYMBOL PARAMETER TC511002P/J-10 TC511002P/J-12 UNIT NOTES
MIN. MAX. MIN. MAX.

tRC Random Read or Write Cycle Time 190 220 ns

tRWC Read-Write Cycle Time 220 255 ns

tsc Static Column Mode Cycle Time 55 65 ns

tSRwWC Static Column Mode Read Write Cycle Time 100 120 ns

tRAC Access Time from RAS 100 120 ns 8,13

tcac Access Time from TS 35 45 ns 8,13

tAA Access Time from Column Address 50 60 ns 8,14

taALw Access Time from Last Write 90 110 ns 8,15

tcLz CS to Output in Low-Z 5 5 ns 8

toFF Output Buffer Turn-Off Delay ¢} 30 0 35 ns 9

tAOH Output Data Hold Time from Column Address 5 5 ns

tow Output Data Enable Time from WRTTE 30 35 ns

twOH Output Data Hold Time from WR1TE 0 0 ns

tr Transition Time (Rise and Fall) 3 50 3 50 ns 7

tRp RAS Precharge Time 80 90 ns

tRAS RAS Pulse Width 100 10,000 120 10,000 ns

tRASC RAS Pulse Width (Static Column Mode) 100 100,000 120 100,000 ns

tRSH CS to RAS Hold Time 25 30 ns

tcsH RAS to CS Hold Time 100 120 ns

tcs CS Pulse Width 35 45 ns

tRCD RAS to CS Delay Time 25 65 25 75 ns 13

tRAD RAS to Column Address Delay Time 20 50 20 60 ns 14

tCRP CS to RAS Precharge Time 10 10 ns

tcp CS Precharge Time (Static Column Mode) 10 15 ns

tASR Row Address Set-Up Time 0 0 ns

tRAH Row Address Hold Time 15 15 ns

tasc Column Address Set-Up Time 0 0 ns

tCAH Column Address Hold Time 20 25 ns

tAWR Write Address Hold Time Referenced to RAS 75 90 ns

tAR Column Address Hold Time Referenced to RAS 115 140 ns

tRAL Cotumn Address to RAS Lead Time 50 60 ns

tAH Column Address Hold Time Referenced to RAS Rise 10 15 ns 16

towL Write Command to CS Lead Time 25 30 ns

tLwAD Last Write to Column Address Delay Time 25 45 30 55 ns 17

tAHLW Last Write to Column Address Hold Time 95 115 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

SYMBOL PARAMETER TC511002P/J-10 TC511002P/J-12 UNIT NOTES
MIN. MAX. MIN. MAX.

tRCS Read Command Set-up Time Referenced to CS 0 0 ns

tRCH Read Command Hold Time Referenced to CS 0 0 ns 10
tRRH Read Command Hold Time Referenced to RAS 0 0 ns 10
twh Write Command Hold Time (Output Data Disable) o] 0 ns 12
twcr Write Command Hold Time Referenced RAS 75 90 ns

twp Write Command Pulse Width 20 25 ns

twi Write Command Inactive Time 10 15 ns

tRWL Write Command to RAS Lead Time 25 30 ns

tps Data-in Set-Up Time 0 0 ns 11
tpH Data-In Hold Time 20 25 ns 11
tDHR Data-In Hold Time Referenced to RAS 75 90 ns

tREF Refresh Period 8 8 ms

tws Write Command Set-Up Time (Output Data Disable) o] o ns 12
tcwp TS to WRITE Delay Time (READ-WRITE CYCLE) 35 45 ns 12
tRWD RAS to WRITE Delay Time (READ-WRITE CYCLE) 100 120 ns 12
tAWD Column Address to WRITE Delay Time 50 60 ns 12
tcsR CS Set-Up Time (CS before RAS) 10 10 ns

tCHR CS Hold Time (CS before RAS) 30 30 ns

tRPC RAS Precharge to CS Active Time 0 o] ns

tepT CS Precharge Time (CS before RAS Counter Test) 50 60 ns

tCPN CS Precharge Time 15 20 ns

CAPACITANCE (Vcc=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MiIN. MAX. UNIT
Cn Input Capacitance (AO~A9, D) 5 pF
Ci2 Input Capacitance (RAS, CS, WRITE) 7 pF
Co Output Capacitance (Doyr) 7 pF
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NOTES:

1.

S SN

i

10.
11.

12.

13.

14,

15.

186.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to VSS.
Icc1, Icca, Icc4 depend on cycle rate.
ICC1, ICC4 depend on output loading. Specified values are obtained with the output open.

An initial pause of 200us is required after power-up followed by any 8 RAS cycles before
proper device operation is achieved.

AC measurements assume tT=5ns.

VIH(min.) and V|L(max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between V|H and VL.

Measured with a load equivalent to 2 TTL loads and 100pF.

tOFF(max.) defines the time at which the output achieves the open circuit condition and is
not referenced to output voltage levels.

Either tRCH or tRRH must be satisfied for a read cycle.

These parameters are referenced to CS leading edge in early write cycles and to WRITE
leading edge in read-write cycle.

tws, twH, tRwWD. tCwD and tawD are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If tws = tws(min.) and twH =
twH(min.), the data out pin will remain open circuit (high impedance) through the entire cycle;
If tRWD = tRwD(min.), tcwD = tcwD(min.) and tAwD = tAwD(min.), the cycle is a read-write
cycle and the data out will contain data read from the selected cell. If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the trcD(max) limit insures that tRAC(max) can be met. tRcD(max.) is
specified as a reference point only: If tRCD is greater than the specified tRCD(max.) limit,
then access time is controlled by tCAC.

Operation within the tgap(max.) limit insures that tRAC(max.) can be met. tRAD(mMax.) is
specified as a reference point only: If tRAD is greater than the specified tRAD(max.) limit,
then access time is controlled exclusively by taAA.

Operation within the t \WwaAD(max.) limit insures that tAl w(max.) can be met. t WAD(max.) is
specified as a reference point only: If t{ WAD is greater than the specified tL WAD(max.) limit,
then access time is controlled exclusively by taa.

tAH is the condition to latch column address when RAS has rised up.
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TIMING WAVEFORMS

READ CYCLE
tRC
- tRP ;
AAS \\//IE : = — e tcsH - \_
, 1ASR 1 tRAH I ;ASC= tRAL . tAH
ro~as HTT ROW v COLUMN
- ADDRESS | ADDRESS
' tAR N
tcRP 'RAD > trco tRSH - tcPp
I /T r‘ tcs
S v - | | trcH
BT nie
o H | tcac
WRITE 3 il Y ; ER:P
Dout ://2:‘ : — — . VALID DATA E—-—-
WRITE CYCLE (EARLY WRITE)
tRC
tRp i
=TT e —
- AWR osn
tASR tRAH >
rot o soaarss
‘orp. tRAD "“ASC' | «—CAH | tRsH 4 -
oy R
tWCR
. VIH— 0
T . — L = —= i,
DS IDH
DiN \\//'H: VALID DATA
" tDHR
vour o oPEN —
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READ-WRITE CYCLE

D
>
|

Apg~Ag

WRITE

DiN

Dout

VIH
ViL

VIH
ViL

VIH
ViL

VIH
ViL

ViH
ViL

VoH
VoL
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f;’s:zfﬂ T
J : i E-EA tcwp = ‘-:
g R *WPW///////I
| o [l2n
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STATIC COLUMN MODE READ CYCLE

RP
O VH e tRASC — —
RAS vy — ~ >
L
taSR tRAH _ Isc . lsc . RAL . tAH
Vig |
Ag~Ag IH ROW COLUMN COLUMN COLUMN
V)L — ADDRESS. ADDRESS J ADDRESS ADDRESS
tRAD ASCy
L t
-1 tAR tcp tRSH CRP :!
— VIH | CS > tcs
[ v - tRCD h : > tRRH
L= . t
Res[ tcsH :'R‘CH [ HCS Regl
— .
—_ VIH —
— AA -
IL taA L toFF y tcac ‘OFFL
tRAC | taon o
v »
bour N 'FVAl:rIE’ VALID VALID ‘>
— A DA DATA TA
VoL tcLz e 02 o o DA
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
_tRP
Vi — ——] IRASC — .
A \
ViL —
tASR tRAH ICAH {RAL
s~
AnA VIH ~— COLUMN COLUMN COLUMN
O‘ 9 vy — ADDRESS, ADDRESS ADDRESS
tAwWR ! tRSH
tRAD 'ASC fteg | twh tcrP
—— Vi
cs - N 3 ¥
viL — tRCD N
TitsC - ws
tws| twi
twp
%
wWETrE H — j—\_/__——_—
viL — tOHR
DS tDH
V|
DiN H— VALID VALID VALID
v — - DATA DATA DATA
b VoH __
ouT L — OPEN
oL
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STATIC COLUMN MODE READ-WRITE CYLCE

tRP
__ YH — tRASC A
RAS v __ \ - o
tASR {RAH tCAH ] “ | tRWL |
VIH — ROW COLUMN COLUMN
Ro~As vy, ADDRESS ADDRESS ADDRESS
1
__RaD — 'SRWC :CRP;
— VIH  — — —_ tcwD t ——
s wcs || N 'LWAD
7 | tawp towL
tRwD | [ > tawp | [
Yy — 7 [ we (£
WRITE <P, /
tRCD tps tD'-L
- — >
o v — Sl I SESE I,
| icac| AOH “V_V% A Y
. tRAC Aol | M ow LOFF
Voy — = ¢ A
DouT Vor _ = VALID DATA % VALID DATA %/ //%42_—
STATIC COLUMN MODE READ/WRITE MIXED CYCLE
RS VIH
VL —
Vi — - J |
vora I SSie W o L S M
tasc tASC :‘CAH
‘ ILwAD
s VI — =] TAHLW
Vip — —
> tAWD _
> 1
Vi —— twp
WRITE 3 tcwn I\ >
Ds < DH o ( tAA
S/ i,
tcac tow ‘tAOH
tAA {AOH tALw -
- -l | -t —
VOH — .
PouT o —— XL i K seiie 2t iy K
(READ) ay (WRITE) L (READ) I
Ll 1

Don't care
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RAS ONLY REFRESH CYCLE

" ::r: tcrP | - . : tRPC
< o TR e IR

NOTE: WR ITE=Don’t care, A9=Don’t care

CS BEFORE RAS REFRESH CYCLE

Don’t Care

tRC
tRP . tRAS
ViH — &
RAS
ViL — | tRPC
_teen | | tCSR tCHR
__ VIH— B -
= / /
I tOFF
VoH — =™
DouT N OPEN
VoL =— ¥

NOTE: WR ITE=Don’t care, AO~A9=Don’t care
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HIDDEN REFRESH CYCLE (READ)

tRC

tRC

B “RP;‘ ‘tRP:
S Vi — e tRAS < tRAs |
e — trRed | tRSH I \—
tcrp tAR o tcRp | fcmp N
LT :
TASR_| “RAD’ ) tRAL tAH
Ag~Ag z:’: : i\‘gl‘[’)" ‘ .I COLUMN ADDRESS ////// / I //r///// / /
trcs tRRH
W Lo, i,
L ‘tRACAA : A | torF
DouTt \\g:‘ _ ! =] VALID DATA -
HIDDEN REFRESH CYCLE (WRITE)
tRC tRC
o tRAS tRP 'RP
o N T
to_aq’ L Roo 1 | tRsH = tcRP N
G VR tRAH |\
VA -
. tASR ‘Rt:sc kel
e " = I KX X
|tWS - oLl
/i m
l DS “DH‘ !
S/ O
l DHR
DouT \\:g::' : OPEN

Don’t care
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

|

s/
P
[

Ap~Ag

Dour

WRITE

Ap~Ag

Dourt

WRITE

Din

Ag~Ag

Dout

WRITE

DN

VIH
ViL

ViH
ViL

ViH
ViL

VoH
VoL

ViH
ViL

ViH
ViL

VOH
VoL

VIH
ViL

VIH
Vi

ViH
ViL

VoH
VoL

ViH
Vi

VIH
ViL

. tRAS trp
— 4 tRSH
—_ A
'CSR[ | tCHR tcpT . )
—_— ~ cS
— N ;k
tasc tAH
COLUMN s
—_ ADDRESS
tRAL _
READ CYCLE tan tOFF
[e—CAC o]
VALID DATA
- t
tRCs CLZ l‘tRRH
- tRCH
WRITE CYCLE tcaH
- COLUMN
ADDRESS
—_— OPEN
Wws| | twi
— twp N
tbs IDH
VALID DATA | % 7
i
READ-WRITE CYCLE I‘CAH
- W % / | COLUMN ADDRESS | // W
tAA |
fcAC tAOH 'oFF
VALID DATA_ D>
tRcs ‘CLZI t
- CWL ]
<] AWD tRWL
tcwb D >
> | e MOH
) Ds IDH
- W 7 VALID W
_— DATA /
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OUTLINE DRAWINGS

® Plastic DIP

18

17 16 15 14 13 12 11

10

W .

2

1

R1.0(039) /¢

22.8(.898)MAX.

13 ¥

~—

0.51(.020)MIN.

-

5.0(.197)MAX.

7.4(291)MA;

|4
|

Unit in mm(inches)

7.62(.300)£0.25(.010)

A

Y y Y

2.54(.100)+0.25(.010)

Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25(.010)mm of their true longitudinal
position with respect to No. 1 and No. 18 leads.
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1.4(.055)10.15(.008) ~
@
0.5(.020)+0.15(.006) 2
«

<

2.5(.098)MIN.

+0.1 (004)
0.25(010)_g,05(002)




Unit in mm(inches)

® Plastic SOJ

17.02(670)~17.27(680) 0.9(035)TYP.
20 19 18 17 16 15 14 13 12 11 |
winbelnle! nAmoom —
18 B
Q \ Y o
R R 1§ P g1
- k NEEEE
- 2 e 2
o Nolgr @
INDEX DOT 2 v <=8
o i 3 Y J, &
\ | : 2D—%
jmpmympm g ] g gy my - _
12 3 4 5 6 7 8 9 10
0.66(.026)~0.76(.030) _
: 2
A=
(=]
3
VU
1.27(050)TYP. 3

9.5(.374)~9.9(.390)

0.38(.015)~0.48(.019) ” l

Note : Each lead pitch 1.27(.050)mm.
Note : Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent

licenses are implied, and Toshiba reserves the right, at any time without notice, to change said
circuitry.
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2,048 WORD X 8 BIT STATIC RAM

TMM2015AP-90, TMM2015AP-12
TMM2015AP-10, TMM2015AP-15

The TMM2015AP is a 16,384 bits high speed

low power static random access memory
organized as 2,048 words by 8 bits and operates
from a single 5V supply. Toshiba’s high performance
device technology provides both high speed and low
power features with a maximum access time of 90ns/
100ns/120ns/150ns and maximum operating current
of 80mA/65mA/65mA/65mA. When CS is a logical

and

® Access Time and Current

high, the device is placed in a low power standby
mode in which maximum standby current is 7mA.
Thus the TMM2015AP is most suitable for use in
microcomputer peripheral memory Where the low
power applications are required. The TMM2015AP
is fabricated with ion implanted N ‘channel silicon
gate MOS technology for high performance and high
reliability.

e High Density Assembly Capability:

Parameter Access Ocperatir;g itandb\t/ 0.3 inch package
N urren urren : .
Part Number Time (Max.) {(Max.) {Max.) s (2'4 g\l/n; plast!SC DIIID)
TMM2015AP-90 90ns 80mA 7mA : F'u”"-;' eStaticogs;ra:iz?\ Y
TMM2015AP-10 100ns 65mA TmA ° Poer Down Feature: (—:‘é‘
TMM2015AP-12 | 120ns 65mA 7mA e Output Buffer Control: O
TMM2015AP-15 150ns 65mA 7mA o Three State Outputs
e All Inputs and Outputs: Directly TTL Compatible
e |nputsProtected: All inputs have protection
against static charge.
A, 24 Vee
A2 23[1As A
Asgl3 204, o 13 «
'Wall 21 OWE s o i —v
A3ls £ 201 OE As o—Tx ] MEMORY cc
mde & 19PA, ar o3 & | ShehARRAY =—oono
Aagy 2 1808 As o3 2
Acfs S 170 Ag o 2
;e —  16QN0, Ao o—1F
/0, 10 15 [31/0¢ @
1/03 11 14[71/05 101 0 = g s
GND[] 12 13[31/04 1/0; o- k'ﬂ Vo crreurT _j_(\&ti
1/03 o ]
| /03 o ~ COLUMN ‘
4 L= DECODER
1/0s © ">\ ]
SYMBOL NAME 1/0g O =N g
Ao~ A; Column Address Inputs 1107 o Ty
f
Az~ App Row Address Inputs 1/0g © R CS Ay A Ay A3 :ﬂ
CS Chip Select Input
WE Write Enable Input
1/0, ~ /Og Data Input/Output CS o—q
OE Output Enable Input WE 0—
Vee Power (5V) O ﬁg J
GND Ground
L—d>—cs




SYMBOL ITEM RATING UNIT
Vee Power Supply Voitage —-0.5~70 \%
Vin. VouT Input/Output Voltage -05~70 \Y
Toea. Operating Temperature 0~70 °C
Tst6. Storage Temperature —55~ 150 °C
TSOLDER. Soldering Temperature * Time 260+ 10 °C « sec
Po Power Dissipation {Ta = 70°C) 0.7 W
SYMBOL PARAMETER MIN. TYP, MAX, UNIT
ViH Input High Voltage 20 - Veet+1.0 \%
ViL Input Low Voltage -0.5 - 0.8 \

Vee Supply Voltage 45 5.0 5.5 \%
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current ViN =0V ~55V =10 - 10 MA
VoH Output High Voltage louTt = —1.0mA 24 - - \%
VoL Output Low Voltage louT =2.TmA - - 0.4 \Y

C—_S= Vin or WE = V) or _ _
ILo Output Leakage Current OF = Viny, Vour = OV ~ 6.5V 10 10 uA
Isgp Peak Power-on Current CS = Vce, lout = OmA - - 30 mA
Isg Standby Current CS= Vi, louTt = OmA - - 7 mA
Operating Current o _ _ _
lect TMM2015AP-10/-12/-15 €S = ViL. lour = 0mA 65 | ma
Operating Current Fe o - _ _
lec2 TMM2015AP-90 CS =V, louT = OmA 80 mA

SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0v 5 pF
CouT Output Capacitance Vin=0v 10 pF

* Note: This parameter is periodically sampled and is not 100% tested.
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TMM2015AP-90 | TMM2015AP-10 | TMM2015AP-12 [ TMM2015AP-15
SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. UNIT
tRC Read Cycle Time 90 — 100 - 120 - 150 - ns
tace Address Access Time - 90 - 100 - 120 - 150 ns
tco Chip Select Access Time - 90 - 100 - 120 - 150 ns
toe QOutput Enable Time - 35 - 35 - 50 - 55 ns
o | Sacre e T o | = e |~ e [ | = [
tcLz CS to Output in Low-Z 10 - 10 - 10 — 10 - ns
tcHz CS to Output in High-Z - 40 - 40 - 40 - 55 ns
oLz OE to Output in Low-Z 5 — 5 - 5 - 5 - ns
toHZ OF 10 Output in High-Z - 35 - 35 - 35 - 50 ns
tpu Chip Selection to Power Up Time 0 - 0 - 0 - 0 - ns
tpp Chip Deselection to Power Down Time| — 50 - 50 - 60 - 60 ns
T
SYMBOL PARAMETER TMM2015AP-90 ' TMM2015AP-10 [ TMM2015AP-12 [ TMM2015AP-15 UNIT
MIN. [ MAX. | MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.

twe Write Cycle Time 90 - 100 - 120 - 150 - ns
tew Chip Selection to End of Write 70 - 80 - 100 — 120 - ns
tas Address Set up Time 20 - 20 - 20 - 20 - ns
twp Write Pulse Width 60 - 70 - 85 - 100 - ns
twR Write Recovery Time 0 - 0 — 0 - 0 — ns
tps Data Set up Time 35 - 40 - 50 - 60 - ns
tDH Data Hold Time 0 - 0 - 0 - 0 - ns
twLz WE to Output in Low-Z 5 - 5 - 5 - 5 - ns
tWHZ WE to Output in High-Z - 25 - 30 - 35 - 50 ns

Input Pulse Levels 0~35V

Input Rise and Fall Time 10ns

Input and Qutput Reference Levels 1.5V

Output Load 1 TTL Gate & C) = 100pF
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(A) READ CYCLE [1]{V

trc
ADDRESSES } )(
tacc ) toHz
— toE
® 3 — HLLTITTTTTT:
toLz T toH
HIGH IMPEDANCE ; HIGH IMPEDANCE
Dout 4 OUTPUT DATA VALID
UNKNOWN
(B) READ CYCLE [2] V@
tco
c N\
N\
tcLz tcHz
Bout HIGH IMPEDANCE OUTPUT DATA VALID HIGH IMPEDANCE
UNKNOWN
tPy tep
Supply lcg ————————— —
Current Igg —__Jf
(C) WRITE CYCLE [1]'®
twe
ADDRESSES :)é )e
tcw wr
& ANNVIDRANNS y A,
tas twp
WE ENANNAYS 1
| tps I toH
Din *— DATA IN VALID *
twHz
|
Pour HIGH IMPEDANCE E:;:;:v:: 0225‘::




Note:

(1

(2
(3

(4

5

)

)
)

)

(D) WRITE CYCLE [2)'3

twe

X

- AN !

wE /IRNVARRUNAAARNRURRARRANN W,
| - tos LI .

Din — ‘w"z*i.- DATA IN YALID

The WE is high for read cycle.

Device is continuously selected, CS = V)__ in read cycle [1].

All addresses are valid prior to or simultaneously with CS transitions,

A write occurs during the overlap of low CS and low WE.

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the
overlap time of low CS and low WE.

OE is allowed to be low or high level in write cycle,

If the OE is high, the output buffers remain in a high impedance state in this period.

If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a
high impedance state in this period.

If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance

state in this period.

These parameters are specified as follows and measured by using the load shown in Fig. 1.

(A) terz, towz, twiz
(B) tcHz. toHz, twHz

Output Enable Time
QOutput Disable Time

(8)
—— \:tZOJSV

=08 \ 2
ff—
WE 7L
HIGH IMPEDANCE 0.15V
Dour 0.15V
— Lo
27
5V
1.8KQ
Dout
1.0KQ

CL=3ODF I

2 HIGH IMPEDANCE
3 _¥_0.1 5V

Fig. 1 Output load condition for enable and disable time measurement.
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OUTLINE DRAWINGS

Unit: mm

6.6 MAX.

.

30.0 MAX.
Tl 0.2 MAX.
2
{ H
* P g B g iy o
< v o
HRVaajajagayepeyeHEyag
A .
z
3| s
L]
1.27
1.4810.18 L__MA".
2.84 £0.2t 0.8 £0.18.

7.62 +£0.28

Note : Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect

to No.1 and No.24 leads.

Note: Toshiba does not any

sald circuitry.

right, st any tlyno notice, to ch
© Aug., 1985 Toshiba Corporation

'—160—

ibility for use of eny circuitry described; no circuit p

are

plied, and T

reserves the



2,048 worbp x 8 BIT sTaTic RAM TMM2015BP-90, TMM2015BP-12

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

TMM2015BP-10, TMM2015BP-15

The TMM2015BP is a 16, 384 bits high speed
and low power static random access memory orga-
nized as 2, 048 words by 8 bits and operates from a
single 5V supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/
100ns/120ns/150ns and maximum operating cur-
rent of 50mA. When CS is a logical high, the device

® Access Time and Current

Parameter|  Access Operating Standby
Part Time Current Current
Number (Max.) (Max.) (Max.)
TMM2015BP-30 90ns 50mA 5mA
TMM2015BP-10 100ns 50mA 5mA
TMM2015BP-12 120ns 50mA 5mA
TMM2015BP-15 150ns 50mA 5mA

® High Density Assembly Capability:
0.3 inch width package (24pin plastic DIP)

argd 1 M zdhvgg
asd 2 23 a8
as 3 22 A9
J N = I 21 @AWE
asg s g 20 0F
azg 6 1940
alg v 18acs
aog s 2 17A1/08
lro1g o ¥~ 16[A1/07
L.-02 Q1o 15P /06
1,03 011 12P 1705
anp Oaz 133 1,04
Ao~A3 Column Address Inputs
As~A1o Row Address Inputs
CcS Chip Select Input
WE Write Enable Input
1/O1~1/0s8 Data Input/Qutput
OE Output Enable Input
Vce Power (5V)
GND Ground

is placed in a low power standby mode in which
maximum standby current is BmA, Thus the
TMM2015BP is most suitable for use in microcom-
puter peripheral memory where the low power
applications are required. The TMM2015BP is fa-
bricated with ion implanted N channel silicon gate
MOS technology for high performance. and high
reliability .

® Single 5V power Supply

® Fully Static Operation

® Power Down Feature: CS

® Output Buffer Control: OFE

® Three State Outputs

@ All Inputs and Outputs: Directly TTL Compatible

® Inputs Protected: Al inputs have protection
against static charge.

A4
A5

MEMORY -——o0Vge

CELL ARRAY
(128x16x8)

g

H 1,0 CIRCUIT

A7
A8
A9
AlOQ

~—OGaND

ROW DECODER

1/01 o—y
1,/02 0~
1030
1/04 o
1050
1/06 o
1070

1/08 o
CS8 A0 Al A2 A3 T

COLUMN
DECODER

NYNNNYNY

= & o
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -0.6~7.0 \
ViN, Vour Input/Output Voltage -0.5*~7.0 \
Torr Operating Temperature 0~70 °C
Ts1G Storage Terperature -55~150 °C
TsoLDER Soldering Temperature - Time 26010 °C-sec
Po Power Dissipation{Ta=70"C) 0.7 W
* —3.0V at Pulse width 50ns
’ ¢ (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Vovtage 2.0 - Vee+1.0 Y
Vi Input Low Voltage —0.5** — 0.8 \
Vee Power Supply Voltage 4.5 5.0 5.5 \%
* % —3.0V at Pulse width 50ns
| (Ta=0~70°C, Vec=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
In Input Leakage Current ViN=0V~5.5V -10 - 10 uA
Von Qutput High Voltage lour==1.0mA 2.4 — — \%
Vou Output Low Voltage lour=4.0mA — — 0.4 \%
§_=V|H or
o Output Leakage Current WE=ViL or OE=Vm, -10 — 10 uA
Vour=0v ~5.5V
Issp Peak Power-on Current CS=Vce, lour=0mA — — 10 mA
Ise Standby Current CS=Vin , lour=0mA — - 5 mA
lee Operating Current CS=ViL, lour=0mA — — 50 mA
' (Ta=25'C, f=1MH2)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin input Capacitance Vin=0V 5 pF
Cout Output Capacitance Vour=0V 10 pF

* % % Note : This paramenter is periodically sampled and is not 100% tested.
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Ta=0~70°C, Vcc=5V+10%)

Read Cycle
TMM20158P-90 | TMM2015BP-10 | TMM2015BP-12 | TMM2015BP-15
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. [ MAX.
tac Read Cycle Time 90 — 100 — 120 — 150 —
tace Address Access Time — 20 — 100 — 120 — 150
tco Chip Select Access Time — 90 — 100 - 120 — 150
toe Output Enable Time — 35 — 35 - 50 — 55
ton QOutput Data Hold Time from Address 10 _ 10 _ 10 _ 10 _
Change )
— ns
telz CS to Output in Low-Z 15 - 15 — 15 - 15 -
tez CS to Output in High-Z — 40 — 40 — 40 — 55
toLz OE to Output in Low-Z 5 - 5 — 5 — 5 —
tomz OE to Output in High-Z : — | 35 — 35 — 35 — 50
tey Chip Selection to power Up Time 0] — [0] — o] — (0] —
Chip Deselection to Power Down|
tro Time ‘ — 50 — 50 — 60 — 60
Write Cycle
SYMBOL PARAMETER TMM2015BP-90 | TMM2015BP-10 | TMM2015BP-12 | TMM2015BP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 90 — 100 — 120 — 150 —
tew Chip Selection to End of Write 60 — 70 . 85 = 100 —
tas Address Set Up Time 20 — 20 — 20 — 20 —
twp Write Pulse Width 55 . 65 — 80 — 100 — ns
twR Write Recovery Time 0 — 0 — 0 — (6] —
tos Data Set Up Time 30 — 35 . 45 = 50 —
toH Data Hold Time 0 — [¢] — ] — 0 —
twiz WE to Output in Low-Z 5 — 5 — 5 - 5 —
tWHZ WE to Output in High-Z — 25 — 30 — 35 - 50
Input Pulse Levels 0~3.5V
Input Rise and Fall Time 10ns
Input and Output Timing Reference Levels 1.5V

Output Load

1 TTL Gate & C.= 100pF
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S R R

® (A) READ CYCLE (1) (1)

LRC
ADDRESSES )L
tacc LoHZ
torm
oE \ K 2
toLz toH
Doypy —LGH IMPEDANCE J‘ GUTPUT DATA VALID }———HIGH IMPEDANCE
UNKNOWN
e (B) READ CYCLE (2) (1), (2)
tco
TS
X
¢ tcHZ
cLg
HIGH
HIGH IMPEDANCE
Doyp —MEEDANCE < K OUTPUT DATA VALID 2
UNKNOWN
tpy tpp
SUPPLY lgg ~~~~-—~==~—--
CURRENT lgp
® (C) WRITE CYCLE (1) (3)
twe
ADDRESSES )( ><_
tew wRr
%\ A
tag typ
WE 4
E NN 7
L tps tpH
Diy DATA IN VALID
TWHZ Wiz
i XX RER I T T X ARAXKK,  HIGH IMPEDANCE AXX XIS
Douz LR (41 SRR QXL 8888
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(D) WRITE CYCLE (2} (3)

ADDRESSES )( }<
- tas : \ \\ ]/
7 T X ] Y
tps tpy |

%4

X

Din

tcLz twiz

[e) R S 4
Doyt HIGH IMPEDANCE j; m‘(%}

HIGH IMPEDANCE

Ve

NOTES:

(1)

(3)

The WE is high for read cycle.

Device is continuously selected, CS =Vi_ in read cycle (1)

All addresses are valid perior to or simultaneously with CS transitions.

A write occurs during the overlap of low CS and low WE.

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the
overlap time of low CS and low WE.

OE is allowed to be low or high level in write cycle.

If the OE is high, the output buffers remain in a high impedance state in this period.

If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in
a high impedance state in this period.

If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high
impedance state in this period.

These parameters are specified as follows and measured by using the load shown in Fig. 1.

Doyt

(A) TCLZ, TOLZ, DWLZ  rrerrrerrmreeeesennnnneninns OUtpUt Enab|e Tlme

(B) TCHZ, TOHZ, TWHZ sorerrrererseeseneeennieinnns OUtpUI Disable Tlme

5V
—
f—
1LBkQ
(B) l Doyt
/ ~/f— ~\ 0.15V
H1GH [MPEDANCE 0.1sv HIGH !MPEDANCE .
0.15V CpL=30pF 108
- ——4-a15v
37 f

Fig. 1 Output load condition for enable disable time measurement.
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Unit: mm

P S s iy
T T T T T T
p
—+ - =
! 0
R1.0 ©
6 7 9 10 1 12
12 3 & 05 8 7.62+0.25
30.0MAX ,
o 80
re - ] ~t
=)
z
. =
] [fe}
g o
)
=
te)
o
141015 | 27MAX,

0.5+0.15

254+0.25
NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No.24 leads.

Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.

©Aug., 1985 Toshiba Corporation
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2,048 WORD X 8 BIT STATIC RAM

TMM2016AP-90, TMM2016AP-12

TMM2016AP-10, TMM2016AP-15

The TMM2016AP is a 16,384 bits high speed and
low power static random access memory organized
as 2,048 words by 8 bits and operates from a single
5V supply. Toshiba's high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/100ns/
120ns/150ns and maximum operating current of
80mA/65mA/65mA/65mA.  When CS is a logical

e Access Time and Current

high, the device is placed in a low power standby
mode in which maximum standby current is 7mA.
Thus the TMM2016AP is most suitable for use in
microcomputer peripheral memory where the low
power applications are required. The TMM2016AP is
fabricated with ion implanted N channel silicon gate
MOS technology for high performance and high
reliability.

- e Single 5V Power Supply
Parameter Access Ocperatlng Sctandby e Fully Static Operation
H urrent urrent . rc
Part Number Time (Max.) Max) (Max) e Power Down Feature: CS
TMZ0TEAP 50 5 SomA A o Qutput Buffer Control: OE
X ns m m e Three Stage Outputs
TMM2016AP-10 |  100ns 65mA 7mA e All Inputs and Outputs: Directly TTL Compatible
TMM2016AP-12 120ns 65mA 7mA e Inputs Protected: All inputs have prtoection aga-
TMM2016AP-15 150ns 65mA 7mA inst static charge.
BLOCK DIAGRAM
——Cs
U A4 0
A.O1 24 Vee As oI «
AsO2 230 Ag Ag o_ﬁ:"t 8 MEMORY =0 Vec
AsC]3 220 A A7 oADF g | CELL ARRAY -—0 GND
A4 21 OWE Ag o a (128 x 16 x 8)
Aads < 20Q0E Tz 3
E Ay o—{F ]
A206 w 19 DA]() Asc «
Aady 2 18pss 1= T
sds B o, WOy oo [ ‘ D
= 1ephwvo, /07 o— T 1/0 CIRCUIT
e
14[31/0¢ 1/04 © I~ COLUMN
1310, 4 :’\\4 DECODER
1/0s5 o 1
1/0g © ,'>\
N~
-~ 110, 0
o I
SYMBOL NAME 1/0g CS Ay A Ar As _l
Ao ~ A, Column Address Inputs
Ay~ Ago Row Address Inputs
cs Chip Select Input €S o——
WE Write Enable Input WE 0—
1/0y ~1/0g Data Input/Output OE o J
OE Output Enable Input
Vee Power (5V) cs
GND Ground
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S5

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —-0.56~70 \%
Vin. VouT Input/Output Voltage —0.5~70 \4
Topr. Operating Temperature 0~70 °C
Tste. Storage Temperature —55~ 150 °C
TsoLDER. Soldering Temperature * Time 260+ 10 °C * sec
Pb Power Dissipation (Ta = 70°C) 10 w
SYMBOL PARAMETER MIN TYP, MAX. UNIT
Viy input High Voltage 20 - Vee+1.0 \
ViL Input Low Voltage —-0.5 - 0.8 \

Vee Supply Voltage 45 5.0 5.5 \%
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
e Input Leakage Current V)N = 0V ~ 5.5V —10 - 10 MA
VoH Output High Voltage louT = —1.0mA 24 — - \%
Voo Output Low Voltage lout =2.1TMA — — 0.4 \Y

CS =V or WE = V)_or _ _
ILo Output Leakage Current OF = Vi, Vour = OV ~ 5.5V 10 10 uA
!ssp Peak Power-on Current CS = Ve, louT = OmA - - 30 mA
Isg Standby Current CS=Vju. lout = OmA - - 7 mA
Operating Current =& _ - -~ _
lecr TMM2016AP-10/-12/-15 €S=ViL. lour = 0mA 65 mA
Operating Current = - _ _
lce2 TMM2016AP-90 CS=V. lout =0mA 80 mA

SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance Vin=0v 5 pF
CouT Output Capacitance Vin=0v 10 pF

* Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=0~70°C, V¢ =5V £ 10%)

SYMBOL PARAMETER TMM2016AP-90 | TMM2016AP-10 |TMM2016AP-12 | TMM2016AP-15 UNIT
MIN. { MAX. | MIN. [ MAX. | MIN. [ MAX. | MIN. | MAX.
tRe Read Cycle Time 90 - 100 - 120 - 150 - ns
tace Address Access Time - 90 - 100 - 120 - 150 ns
tco Chip Select Access Time - 90 - 100 = 120 — 150 ns
toe Output Enable Time - 35 - 35 - 50 - 55 ns
oH | Rudress Crange o o L R B R A e
terz CS to Output in Low-Z 10 - 10 - 10 - 10 - ns
toHZ CS to Output in High-Z - 40 - 40 - 40 — 55 ns
toLz OE to Output in Low-Z 5 - 5 - 5 - 5 - ns
toHz OE to Output in High-Z - 35 - 35 - 35 - 50 ns
tpy Chip Selection to Power Up Time 0 - 0 - 0 - 0 - ns
tro Chip Deselection to Power Down Time| — 50 - 50 - 60 - 60 ns
SYMBOL PARAMETER TMM2016AP-90 | TMM2016AP-10 | TMM2016AP-12 [TMM2016AP-15 UNIT
MIN. | MAX. | MIN. [ MAX. | MIN. [ MAX. | MIN. | MAX.

twe Write Cycle Time 90 - 100 - 120 - 150 - ns
tew Chip Selection to End of Write 70 - 80 - 100 - 120 - ns
tas Address Set up Time 20 - 20 - 20 - 20 — ns
twp Write Pulse Width 60 - 70 - 85 - 100 - ns
twR Write Recovery Time 0 - 0 - 0 - 0 - ns
tps Data Set up Time 35 - 40 - 50 - 60 - ns
DK Data Hold Time 0 - 0 - 0 - 0 — ns
twiLz WE to Output in Low-Z 5 - 5 - 5 - 5 - ns
tWH2 WE to Output in High-Z - 25 - 30 - 35 - 50 ns

lnput Pulse Levels 0~35V

Input Rise and Fall Time 10ns

Input and Output Reference Levels 1.5V

Output Load 1 TTL Gate & C|_ = 100pF
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(A) READ CYCLE [1]™

tRc
ADDRESSES }( X
tacc toHz
— o€
o \ X ) AL Y,
toLz toH
HIGH IMPEDANCE | HIGH IMPEDANCE
Dour OUTPUT DATA VALID P
UNKNOWN
(B) READ CYCLE [2) V@
= tco
N
toLz tcHz
HIGH HIGH
Bour IMPEDANCE OUTPUT DATA VALID IMPEDANCE
UNKNOWN
tpy tPD
Supply lgg —-—————--L -
Current Igg ____]L
{C) WRITE CYCLE [1] '3
twe
ADDRESSES :x Y
tcw twR
= AW X v ALY,
tas twe
we EANNNNNSS 1
| tos |
Oin DATA IN VALID
twHz ’ twLz
Bour " .:353-’ HIGH IMPEDANCE




(D) WRITE CYCLE [2] 3

Note: (1)

(2)
(3}

(4

(5)

ADDRESSES

Din

Dout

X

tas

tew

twr

L]

NS

[

twp

o

ATV
|

tps

T,
toH |

oLz
HIGH IMPEDANCE

4

The WE is high for read cycle.
Device is continuously selected, CS = VL inread cycle [1].
All addresses are valid perior to or simultaneously with CS transistions.
A write occurs during the overlap of low CS and low WE.

The tew is specified as the time from the chip selection to end of write in write cycle, and the typ is specified as the

overlap time of low CS-and low WE,
OE is allowed to be low or high level in write cycle.
If the OE is high, the output buffers remain in a high impedance state in this period.

If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a

high impedance state in this period.

If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance

state in this period.

twHz

.

(4)

DATA IN VALID
- —

X

HIGH IMPEDANCE

N
>

These parameters are specified as follows and measured by using the load shown in Fig. 1.

(A) teLz, toLz. twez
(B) tchz. toHz, twHZ

A (
&, O_E ———— Y 411 J
{f—
WE / A
(B)
{ L
7
HIGH IMPEDANCE 0.15V
Bout 0.15Vv
((C
27
5V
1.8KQ
DouT
1.0KO Fig. 1 Output load condition for enable and di

Output Enable Time
Output Disable Time

C=30pF ];

——1—-0.15V

\C
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14.2MAX.

5 MAX.

Unit: mm

16.24+0.25

1.440.15

0.5+0.15

3.2 MIN.

0.25°382

156.3~174

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.24 leads.

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry.

@© Aug., 1985 Toshiba Corporation
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SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

2,048 WOR’D x‘s’ BI;T smﬁc ﬁAMTMMZO']‘GB’P’.QOI TMM2‘041 6BP-1 2
TMM2016BP-10, TMM2016BP-15

The TMM2016BP is a 16,384 bits high speed
and low power static random access memory orga-
nized as 2,048 words by 8 bits and operates from a
single BV supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/
100ns /120ns/150ns and maximum operating cur-
rent of 50mA. When CS is logical high, the device is

® Access Time and Current

Parameter|  Access Operating Standby
Part Time Current Current
Number (Max.) (Max.) (Max.)
TMM2016BP-90 90ns 50mA 5mA
TMM2016BP-10 100ns 50mA BmA
TMM2016BP-12 120ns 50mA 5mA
TMM2016BP-15 150ns 50mA 5mA

Avgl »] Voo
A6 Oz 2313 A8
Asgé 22 as
A <10 WE
A3 Qs ; 200 6F
azfde 3 1oBao
a1~ > 1sPEE
A0 Os 5 g /08
voids < isprov
10z 1o 150 1706
LosQguil 14 100
GNDOQ Lz 130 L04
Ao~Az Column Address Inputs
As~Aro Row Address Inputs
cs Chip Select Input
WE Write Enable Input
1/01~1/08 Data Input/Output
OE Output Enable Input
Vee Power (5V)
GND Ground |

placed in a low power standby mode in which
maximum standby current is 5mA. Thus the
TMM2016BP is most suitable for use in microcom-
puter peripheral memory where the low power
applications are required. The TMM2016BP is fa-
bricated with ion implanted N channel silicon gate
MOS technology for high porformance and high
reliability.

® Single 5V Power Supply

® Fully Static Operation

e Power Down Feature: CS

e Output Buffer Control: OE

® Three State Outputs

® All Inputs and Outputs: Directly TTL Compatible

® Inputs Protected: All inputs have protection
against static charge.

w

A4
AS
A6
A7
A8
A9
AlO

MEMORY —-—0 Vg
CELL ARRAY | _ 4 4un
(128%x16%x8)

i

(1]

C
[ ]
o
2]
aQ
Q
&)
&=
a
3
x
S—_—

g

1/0 CIRCUIT

1/01 0———y
1/020
1/030—
1/040-
17050
L7060
1L/070—
1/08 O

COLUMN
DEC ODER

T

S o

Cs A0 Al AR A3 _l

5.0.0.0.0.0.0.1

| & &

Of
=
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -0.5~7.0 \%
Vin, Vour Input/Output Voltage -0.5*~7.0 \Y,
Topr Operating Temperature 0~70 °C
Tste Storage Terperature —656~160 °C
TsoLDER Soldering Temperature - Time 26010 °C-sec
Po Power Dissipation(Ta=70°C) 1.0 w
% —3.0V at Pulse width 50ns
Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viu Input High Vovtage 2.0 — Vee+1.0 \
ViL Input Low Voltage —0.56** — 0.8 \Y
Ve Power Supply Voltage 4.5 5.0 5.5 Y
* % —3.0V at Pulse width 50ns
(Ta=0~70°C, Vcc=5V+10%)
SYMBOL PARAMETER » CONDITIONS MIN. | TYP. | MAX. | UNIT
m Input Leakage Current Vin=0V~5.5V -10 — 10 #A
Vo Output High Voltage lour=—1.0mA 2.4 — — \"
Vou Output Low Voltage lour=4.0mA — — 0.4 \
§=V\H or
ILo Qutput Leakage Current WE=ViL or OE=Vm, -10 — 10 uA
Vour=0V~5.5V
Isep Peak Power-on Current CS=Vcc, lour=0mA - — 10 mA
Iss Standby Current CS=Viu ., lour=0mA -— — 5 mA
lec Operating Current CS=Vi, lour=0mA — — 50 mA
{Ta=25°C, f=1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance Vin=0V 5 pF
Cour Output Capacitance Vour=0V 10 pF

* % % Note : This paramenter is periodically sampled and is not 100% tested.
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L (Ta=0~70°C, Vec=5V+10%)
Read Cycle
SYMBOL PARAMETER TMM2016BP-90 [ TMM2016BP-10 | TMM2016BP-12 | TMM2016BP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tRe Read Cycle Time 20 — 100 - 120 — 150 —
tace Address Access Time . 90 o 100 — 120 — 150
tco Chip Select Access Time — 90 — 100 — 120 — 150
toe Output Enable Time - 35 - 35 — 50 — 55
ton Output Data Hold Time from Address 10 . 10 . 10 _ 10 .
Change
— ns
tez CS to Output in Low-Z 15 — 15 — 15 — 15 —
terz TS to Output in High-Z - 40 — 40 — 40 — | .85
towz OE to Output in Low-Z 5 — 5 — 5 — 5 —
towz OE to Output in High-Z - 35 - 35 — 35 - 50
tru Chip Selection to power Up Time o] — [¢] — 0 — [¢] —
o ;l::; Deselection to Power Dow N 50 _ 50 _ 60 _ 60
Write Cycle
SYMBOL PARAMETER TMM20168P-90 | TMM2016BP-10 | TMM2016BP-12 | TMM2016BP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 90 — 100 — 120 - 150 -
tow Chip Selection to End of Write 60 - 70 — 85 - 100 —
tas Address Set Up Time 20 — 20 - 20 — 20 —
twe Write Pulse Width 55 — 65 — 80 — 100 - ns
tWh Wirite Recovery Time 0 — 0 — 0 — 0 —_
tos Data Set Up Time 30 - 35 - 45 - 50 —
1DH Data Hold Time 0 — 0 - (¢] - 0 —
twiz WE to Output in Low-Z 5 — 5 — 5 — 5 —
twhz WE to Output in High-Z - 26 — 30 — 35 — 50
Input Puise Levels 0~3.5V
Input Rise and Fall Time 10ns
Input and Output Timing Reference Levels 1.5V
Output Load 1 TTL Gate & C.=100pF

—175—




I tRe
ADDRESSES X
tacc N
r oE OHZ
_ . 4
9% AR I IS
oLz toH
H A
bous IGH IMPEDANCE 4 SUTTUT DATA vaiIn HIGH IMPEDANCE
UNKNOWN
® (B) READ CYCLE (2] (1), (2)
tco
__S. S
N
tong toHz
HIGH lIl]IaqH
Doyt IMPEDANCE J\ OUTPUT DATA VALID EDANCE
UNKNOWN
tp LPD
SUPPLY Igg —=——--—---
CURRENT Igp _—-——-JI
® (C) WRITE CYCLE (1] (3)
we |
ADDRESSES >(
tow L
C8 N\ N Y. /4
twp
== \| s -
VE NN
L tps wy |
Drn DATA IN VALID
WHZ twLz
OO BIIIGD OOQKXXRY, HIGH IMPEDANCE A SOOI
Doyt ZRREIEN (41, XK ?9?0’.%2‘!02020
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® (D) WRITE CYCLE (2] (3)

& K £ |
VE \\\X\\\\\\\\\\l\\\\\\\\\\\\ Z

DiN

%

DATA IN VALID

tcLz
HIGH IMPFDANCE

Dour

NOTES:

(1) The WE is high for read cycle.

HIGH IMPEDANCE

Device is continuously selected, CS=Vu in read cycle (1)
(2)  All adresses are valid perior to or simultaneously with CS transitions.
(3) A write occurs during the overlap of low CS and low WE.
The tew is specified as the time from the chip selection to end of write in write cycle , and the twp is specified as the
overlap time of low CS and low WE.

OE is allowed to be low or high level in write cycle.

If the C_Eis high , the output buffers remain in a high impedance state in this period.
(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in

a high impedance state in this period. .
(6) I the CS high transition occurs simultaeously with WE high transition, the output buffers remain in a high impedance

state in this period.

Thease parameters are specified as follows and measured by using the load shown in Fig. 1.

(A) tcuz, toz, twiz

(B) tcHz, toHz, twHz

vy ——

(A

HIGH IMPEDANCE

Output Enable Time

Output Disable Time

Doyt

0.15V
0.15V

{c

__'J: 015V

HIGH IMPEDAN

A —22 .15V

7

5V

18kQ

DouTt

CL=30pF
CE

1.0k

Fig. 1 Output load condition for enable disable time measurement.
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24 23 22 21 20 1918 17 16 15 Unit: mm

E]
324MAX $ 15244 0.25
0
10°7TA_
o po .-l-..-l-..-r - -
! THHIHTHHT
o
-_ O.ZSiO:'(l)g
144015 =
2541025 ~ 153~174
05+£0.15 =
N
™M

NOTES : Each.lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect

to No.1 and No.24 leads.

Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Auvp., 1985 Toshiba Corporation
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8,192 WORD X“8 BIT éTATIC RAM TMM2063P 1 O TM M2063P 1 2

N-CHANNEL SILICON GATE MOS

TMM2063P-15

The TMM2063P is a 65,536 bits high speed and
low power static random access memory organized

as 8,192 words by 8 bits and operates from a single

BV supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 100ns/
120ns/150ns_and maximum operating cufrent of
80mA. When CSi1 is a logical high or CS: is a logical
low, the device is placed in a low power standby

® Access Tnme and Current

Parameter| Access Operating Standby
Part Time Current Current -
Number (Max.) (Max.) (Max.)
TMM2063P-10 100ns 80mA 10mA
TMM2063P-12 120ns 80mA 10mA
TMM2063P-15 150ns 80mA 10mA

® High Density Assembly Capability : 0.3 inch
width package (28 pin plastic DIP)

N.c.(1 Voo
a1z{] 2 1557
A7l 3 0 cse
asf] 4 D A3
asf] o e
a4l s D ALl
azfl 7 D OF
Azl 8 D A10
a1 © j TS1
A) J 1./08
/01 B 107
Loz ) 106
1/03 b 1./05
GND P 104
SYMBOL NAME
Ao~As Column Address Inputs
As~Ai2 Row Address Inputs
CS1, CS2 Chip Select Inputs
WE Write Enable Input
1/01~1/0s. Data Input/Output
OE Output Enable Input
Vce Power (+5V)
GND Ground
N. C. No Connection

mode in which maximum standby current is TOmA.
Thus the TMM2063P is most suitable for use in

- microcomputer peripheral memory where the low

power-applications are required, moreover, suitable
for use in high density assembly as 0.3 inch width
package is use for. The TMM2063P is fabricated
with ion implanted N channel silicon gate MOS
technology for high performance and high reliability-

® Single 5V Power Supply

® Fully Static Operation

® Power Down Feature : CS1, CS2

® Output Buffer Control : OE

® Three State Outputs

® All Inputs and Outputs : Directly TTL Compatible
® Inputs Protected : All inputs have protection

against static charge.

CLOCK PRECHARGE
GENERATOR CIRCUIT

A5 o—{ ¥ v
1 - o Vee
A6 0—}+{3 n
ol 1o g MEMORY CELL | ~ o gyp
A8 o—+—1$ S E ARRAY
A9 o) 1o 2 8 256x32x8
Al0 o——3 2 (65536)
All o——{¥ @A
Al2 o—{8
—3 1
oe l
1/01 o—
& 3 SENSE AP
tE £ COLUMN DECODER -—L_.k‘
L/08 8= a8

CE

AO A1 AZ A3 A4




SYMBOL

ITEM RATING UNIT
Vcee Power Supply Voltage -0.5~7.0 \
Vin, Vourt Input/Output Voltage -0.6*~7.0 \%
Topr Operating Temperature 0~70 °C
Tste Storage Temperature —55~150 °C
TsoLper Soldering Temperature - Time 260 - 10 °C-sec
Po Power Dissipation (Ta=70°C) 0.8 W
* —3.0V at Pulse width 50ns
5 ; P _ .
b PERATING (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 Vv
Vie Input Low Voltage —0.5** -~ 0.8 \
Vee Supply Voltage 4.5 5.0 5.5 \%
* % —3.0V at Pulse width 50ns
(Ta=0~70°C, Vec=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
i Input Leakage Current Vin=0V~5.5V —-10 — 10 uA
Vou Output High Voltage lout=—1.0mA 2.4 — — \%
VoL Output Low Voltage lour=2.1mA — — 0.4 \Y,
@=V|H OrC_Sz =ViL or
Lo Output Leakage Current WE=ViL or OE=Vm, -10 - 10 uA
Vour=0V~5.6V
CSy =Vce, CS2=0V .
lssp Peak Power-on Current lout=OmA 20 mA
CS1 =ViH or CS2=V\,
lss Standby Current lout=0mA 10 mA
) CS1 =V, CS2.=VmH,
lec Operating Current lour=OmA 80 mA
Cl (Ta=25°C, f=1.0MHz2)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5 pF
Cour Output Capacitance Vin=0V 10 pF

* % % Note : This parameter is periodically sampled and is not 100% tested.
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Ta=0~70°C, Vcc=6V+10%)

Read Cycle
TMM2063P-10 | TMM2063P-12| TMM2063P-15
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tRC Read Cycle Time 100 —_ 120 — 150 —
tacc Address Access Time — 100 — 120 — 1560
tcor CS1 Access Time — 100 — | 120 — 150
tco2 CS2 Access Time — 100 — 120 — 150
toe OE Access Time — 40 — 50 — 60
toH Output Data Hold Time from Address Change 10 — 10 — 10 — ns
tcLz CS1 or CS2 to Output in Low-Z 10 — 10 — 10 —
tcHz CSi or CS2 to Output in High-Z - 40 — 40 — 55
tolz OE to Output in Low-Z 5 - 5 — 5 —
toHz OE to Output in High-Z — 35 — 35 — 50
ey Chip Selection to Power Up Time 0 — 0 — 0] —
tro Chip Deselection to Power Down Time . 50 — 60 — 60
Write Cycle
SYMBOL PARAMETER TMM2063P-10 | TMM2063P-12| TMM2063P-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 100 — 120 — 150 —
tew | Chip Selection to End of Write 80 — 100 - 120 —
tas Address Set Up Time 10 — 10 — 10 —
twe Write Pulse Width 70 — 85 — 100 — ns
tWR Write Recovery Time 0 — (o] — 0 —
tos Data Set Up Time 40 — 50 — 60 —
toH Data Hold Time 0 — 0] — 6] —
twiz WE to Output in Low-Z 5 — 5 — 5 —
twhz WE to Output in High-Z — 30 — 35 — 40
Input Pulse Levels Vin=2.2V, Vi=0.6V
Input Rise and Fall Time 10ns
Input and Output Reference Levels 1.5V
Output Load 1 TTL Gate & CL=100pF
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® WRITE CYCLE 1 (4) (WE Controlled Write)

tonz(5)
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twe
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- @ WRITE CYCLE 2 (4) (CS1 Controlled Write)

o - Y
~ NI

Y,
o 111K | on Y
= NN - ¥

L2(5 twrz(5)

N

Ve

| tps

HIG
tpH |
DIN *DATA N STABLE*
, tpy tpD
SUPPLY Icc----—_--__..________l ’j&
CURRENT  ISB

® WRITE CYCLE 3 (4) (CS2 Controlled Write)

wonesszs X - e

_—NNN
T T\
- XXX} 7707700

topnzis twnz(s)

& HIGH IMPEDANCE




Note:
1. WE is High for Read Cycle.

2. Assuming that CS1 Low transition or CS2 High transition occurs coincident with or after WE Low transition, Outputs

remain in a high impedance state.

3. Assuming that CSy High transition or CS2 Low transition occurs coincident with or prior to WE High transition,

Outputs remain in a high impedance state.

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.
B5. These parameters are specified as follows and measured by using the load shown in Fig. 1.

(A) tciz, tolz, twize -Output Enable Time

(B) tcHz, toHz, twhz:--------------Output Disable Time
CS1,0B 4
—IF
WE,cs2 5=
a) ®
/] 4f L 0.15V
HIGH IMPEDANCE ¥ 0.1sv HIGH IMPEDANCE
Doyt )v_ 0.15V
i 018V

Fig. 1 Output load condition for enable disable time measurement.

28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit: mm
thrhmrhrh thmmommmmo

"\- T T T T T T | T T 1
4

1 2 3 4 S5 6 7 8 9 10 11 12 13 14

6.5MAX

35.5MAX

-
-?\ !02““.
b
N .

141015

5.0
'l
05 MIN | I

25 MIN
o
°

254+0.25

05+0.15

18kQ

1.0xkQ

NOTES : Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect

to No.1 and No.28 leads.

Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time

without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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193 worb 8 arr samc s TMM2064P-10, TMM2064P-12
TMM2064P-15

N-CHANNEL SILICON GATE MOS

The TMM2064P is a 65,536 bits high speed and
low power static random access memory organized
as 8,192 words by 8 bits and operates from a single
5V supply. Toshiba's high performance device
technology provides both high speed and low power
features with a maximum access time of 100ns/
120ns/150ns and maximum operating current of
80mA. When CSi is a logical high or CS2 is a logical

® Access Time and Current

Parameter| Access Operating Standby

Part Time Current Current
Number {Max.) (Max.) (Max.)
TMM2064P-10 100ns 80mA 10mA
TMM2064P-12 120ns 80mA 10mA
TMM2064P-15 150ns 80mA 10mA

y.c.d 1~ =z28bvge
axz2g 2 29p WE
a7 3 260 CS2
A6 ¢ 25f A8
asl 5 241 A9
asl 6 238 a11
asgd v 22hTE
azQ 8 21palo
AlQ 9 20ph TSI
Ao(Qlo 19p 108
I/01Q11 18 1707
1/02912 17h 1,06
1,03013 16§ 1705
GNDfj14e 15h 1/04
SYMBOL NAME
Ao~Aa Column Address Inputs
As~Ai2 Row Address Inputs
CS1, CS2 Chip Select Inputs
WE Write Enable Input
1/01~1/0s Data Input/Output
OE Output Enable Input
Ve Power (5V)
GND Ground
N. C. No Connection |

low, the deivce is placed in a low power standby
mode in which maximum standby current is 1T0mA.
Thus the TMM2064P is most suitable for use in
microcomputer peripheral memory where the low
power applications are required. The TMM2064P is
fabricated with ion implanted N channel silicon gate
MOS technology for high perfomance and high reli-
ability.

® Single 5V Power Supply

® Fully Static Operation

® Power Down Feature : CS1  CS2

® Output Buffer Control : OE

® Three State Outputs

® All Inputs and Outputs : Directly TTL Compatible

® Inputs Protected : All inputs have protection
against static charge.

CLOCK PRECHARQGE
G ENERATOR CIRCUIT

A5 O—1—12
e 1 ~—OVgc
46 o—4—{3 @ MEMORY CELL
A7 o— 12 3 ARRAY eNp
A8 O iz 35 %56x 3% x8
A9 o—1—{¥ <23 e
AlLO © {3 % g (65536)
a1l o—11{% %z a| |
AlR O—1 2
< 1 |
1/01 3 SENSE AMP
S g —Lk
< =
gz COLUMN DECODER
L/08 anon
Ch
A0 AL Ak A3 A4

.

O
o
|
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -0.5~7.0 \%
Vin, Vout Input/Output Voltage —-0.5*~7.0 \
Topr Operating Temperature 0~70 °C
Tste Storage Temperature -55~150 °C
TsoLoer Soldering Temperature - Time 260-10 ‘C-sec
Po Power Dissipation (Ta=70°C) 1.0 w
* —3.0V at Pulse width 50ns
(Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.0 — Vee+1.0 \
ViL Input Low Voitage —0.5** — 0.8 \
Vce Supply Voltage 4.5 5.0 5.5 \%
* % —3.0V at Pulse width 50ns
D - (Ta=0~70°C, Vcc=5.0Vx£10%)
SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNIT
I Input Leakage Current Vin=0V~5.5V -10 — 10 uA
VoH Output High Voltage lout=—1.0mA 2.4 - — \Y
VoL Qutput Low Voltage lout=2.1mA - - 0.4 \"
CS1=Vin or CS
Lo Output Leakage Current WE=ViL or OE=ViH, -10 - 10 uA
Vour=0V~5.5V
CSy =Vce, CS2=0V
Issp Peak Power-on Current lour=0mA 20 mA
CS1 =V or CS2 =Vi,
Is Standby Current lour=0mA 10 mA
' CS1=Vi, CS2=Vm, _ _
lec Operating Current lour=0mA 80 mA
C o | (Ta=25°C, f=1.0 MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance Vin=0V . 5 pF
Cout Output Capacitance ViN=0V 10 pF

* * * Note: This parameter is periodically sampled and is not 100% tested.
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- TMM2064P-10,
TMM2064P-15

5

 (Ta=0~70'C, Vec=5V+10%)

Read Cycle
SYMBOL PARAMETER TMM2064P-10 | TMM2064P-12 {TMM2064P-15 UNIT

MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

tRC Read Cycle Time 100 — 120 — 150 —

tace Address Access Time — 100 - 120 — 150

1o CSy Access Time — | 100 — | 120 — | 180

tco2 CS2 Access Time — 100 — 120 — 150

toE OE Access Time — 40 — 50 — 60

toH O_ut_put Data Hold Time from Address Change 10 — 10 — 10 — ns

oLz CS1 or CS2 to Output in Low-Z 10 — 10 — 10

tenz TS or CS2 to Output in High-Z — 40 — 40 — 55

toLz OE to Output in Low-Z 5 — 5 — 5 —

tomz OE to Output in High-Z — 35 — 35 — 50

teu Chip Selection to Power Up Time o] — 0 — 0 —

tPD Chip Deselection to Power Down Time — 50 — 60 — 60

Write Cycle
TMM2064P-10 | TMM2064P-12 [ TMM2064P-15
SYMBOL PARAMETER UNIT

MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

twe Write Cycle Time 100 — 120 — 150 —

tow Chip Selection to End of Write 80 — 100 — 120 —

tas Address Set Up Time 10 — 10 — 10 —

twe Write Pulse Width 70 — 85 — 100 — ns

twR Write Recovery Time [¢] - 0 — 0 —

tos Data Set Up Time 40 — 50 - 60 -

toH Data Hold Time — (0] — (o} —

twiz WE to Output in Low-Z 5 — 5 — 5 —

twHz WE to Output in High-Z — 30 — 35 — 40

Input Pulse Levels

ViH=2.2V, Vi=0.6V

Input Rise and Fall Time

10ns

Input and OQutput Reference Levels

1.5V

Output Load

1 TTL Gate & C.=100pF

—187—




ADDRESSES

cs?

Doyt

ADDRESSES

cs2 //

Dout

_-\ tRC
—-/ tacc toH
T . AN

A

L

Wit

toR tonzl®
AR A
toLz® tonzd
\ =
OUTPUT DATA VALID
toLz!d

® WRITE CYCLE 1 (4) (WE Controlled Write)

i \
- AN w e -
7/ . Al
- N |
O x

DATA IN STABLE
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Note :
1. WE is High for Read Cycle.
2. Assuming that CS1 Low transition or CS2 High transition occurs coincident with or after WE Low transition, Outputs
remain in a high impedance state.
3. Assuming that CS1 High transition or CS2 Low transition occurs coincident with or prior to WE High transition,
Outputs remain in a high impedance state.
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.
5. These parameters are specified as follows and measured by using the load shown in Fig. 1.
(A) tciz, toLz, twize+++++++++++--Output Enable Time

(B) tcHz, toHz, twhz:=+==+-+ --+--«Qutput Disable Time
————
TSI OF 5 y oV
WE, oS i J‘ 18k
) ®) | Dout
f f— 0.15V 10k0
HIGH IMPEDANCE 0.15V HIGH IMPEDANCE ©p,=30pF
Dout 015V E'— L ,I
ol 0.15V
— '

Fig. 1 Output load condition for enable disable time measurement.

Unit: mm
28 27 26 2 2 2322, 2 2 19 18 17 16 15
o W W B e W W o B e B W e B e B
R15 .
- ®
| :
T 2325 ¢ B83H0MN 1205 Tt
37.4 MAX. 1524 TYP.
2 5°
5 A
3 /e £ by o e e ot e R R e e h ;
+—VHRAHARKRAARKAA H
N I +01
025-005
]
Il osto1s =
™ -
2541025 144015 0.2MAX. = 174 MAX,
! ~
&

NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No.28 leads.

Note: Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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8,192 WORD X 8 BIT STATIC RAM TM M 2064 P_70
N-CHANNEL SILICON GATE MOS

PRELIMINARY

DESCRIPTION

The TMM2064P is a 65,536 bits high speed and low power static random access memory organized as 8,192 words by
8 bits and operates from a single 5V supply. Toshiba’s high performance device technology provides both high speed and
low power features with a maximum access time of 70ns and maximum operating current of 80mA. When CS1 is a logical
high or CS2 is a logical low, the device is placed in a low power stanby mode in which maximum standby current is 10mA.
Thus the TMM2064P is most suitable for use in microcomputer peripheral memory where the low power applications are
required. The TMM2064P is fabricated with ion implanted N channel silicon gate MOS technology for high performance
and high reliability.

FEATURES

® Access Time and Current ® Single 5V Power Supply

e Fully Static Operation

® Power Down Feature: C_S1, CS2

- e Output Buffer Control: OE
Parameter Access Operating Standby

Part Time Current Current ® Three State Outputs
Number (Max.) (Max.) (Max.) e All inputs and Outputs: Directly TTL
TMM2064P-70 70ns 100mA 10mA Compatible

Inputs Protected: All inputs have
protection against
static charge.

PIN CONNECTION
BLOCK DIAGRAM

NC.d1 ~ e2spVee
At2Q42 27 JWE CLOCK PRECHARGE
a7d3 26 17 CS2 GENERATOR CIRCUIT .
A6 {4 25|78 f + T
ASC| 5 24 {7 A9 5 O
A4l 6 23 7 A11 Q — --—0
Asg)7 22[70E A6 O—1—i2 vee
. = a7 o—{& 2 MEMORY GELL ~«——O0GND
A208 213 A10 Q w ARRAY
a1do 20 TS A8 O—1p—42 S 256 X 32 X 6
A0 10 197 o8 ASo _nt; <3 (65536)
1701 O 11 18 107 A10 O—p—{2 20
- a1 o——2 Qu
1102012 17 [ 1/06 oY -
A12 L 1Q
1703 113 16 [11/05 v
GND O 14 150104 ——4 r l
o CE
1/01 2
2 & < o SENSE AMP. ]
< =
PIN NAMES g 6% COLUMN DEGODER
1
SYMBOL NAME 08 8 " © |
A0 ~ A4 Column Address Inputs L " n
A5 ~ A12 Row Address Inputs CE
CS1,cs2 Chip Select Inputs A0 A1 A2 A3 A4
WE Write Enable Input
1/01 ~ 1/08 Data Input/Output
OE Output Enable Input WE O—I_ﬁD
Vee Power (5V) =

OE
GND Ground Cs2 g @

N.C. No Connection Cst
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —0.5~7.0 \
VIN, VOouT Input Output Voltage —0.5*~7.0 v
Topr Operating Temperature 0~70 °C
Tstg Storage Temperature ~55~150 °C
Tsolder Soldering Temperature - Time 260-10 °C-sec
Pp Power Dissipation (Ta=70°C) 1.0 w
* —3.0V at Pulse width 50ns
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 20 - Voe+1.0 \
ViL Input Low Voltage -0.5** - 0.8 \%
Vee Supply Voltage 4.5 5.0 5.5 \
** —3.0V Pulse width 50ns
D.C. CHARACTERISTICS (Ta=0~70°C, VcC=5.0V£10%)
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
IN] Input Leakage Current VIN=0V~5.5V -10 - 10 A
VOH Qutput High Voltage loyT=—1.0mA 2.4 - - v
VoL Output Low Voltage loyT=2.1MmA - - 04 \%
C81=V|y or CS2=V)_or
ILo Output Leakage Current WE=V|H or OE=V |y, -10 - 10 A
VouTt=0V~5.5V
Isp Peak Power-on Current CS1=Vgg, €S2=0V, IoyT=0mA - - 20 mA
IsB Standby Current TS1=V|y or CS2=V||, loyT=0mA - - 10 mA
Icc Operating Current 8=V, Cs2=V |y, loyT=0mA - - 100 mA
CAPACITANCE *** (Ta=25°C, f=1.0 MHz)
SYMBOL PARAMETER CONDITION MAX. UNIT
CIN Input Capacitance ViN=0V 5 pF
Cout Output Capacitance VouT=0V 10 pF

***Note: This parameter is periodically sampled and is not 100% tested.
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AC CHARACTERISTICS (Ta=0~70°C, VCC=5V+10%)

READ CYCLE
TMM2064P-70
SYMBOL PARAMETER MIN. MAX. UNIT
trc Read Cycle Time 70 -
tacc Address Access Time - 70
tco1 CS1 Access Time - 70
tcoz CS2 Access Time - 70
toE OE Access Time 40
toH Output Data Hold Time from Address Change 5 -
oLz CS1 or CS2 to Output Low-Z 10 - ns
tCHZz CS1 or CS2 to Output in High-Z 35
toLz - OE to Output in Low-Z 5 -
tOHZ OE to Qutput in High-Z - 30
tpu Chip Selection to Power Up Time o] -
tpp Chip Deselection to Power Down Time - 50
WRITE CYCLE
TMM2064P-70
SYMBOL PARAMETER MIN. MAX. UNIT
twe Write Cycle Time 70 -
tcw Chip Selection to End of Write 60 -
taS Address Set Up Time 5 -
twp Write Pulse Width 55 -
twr Write Recovery Time 0 - ns
tps Data Set Up Time 30 -
tpH Data Hold Time -
twLz WE to Output in Low-Z 5 -
twHz WE to Output in High-Z - 30
A.C. TEST CONDITIONS
Input Pulse Levels VIH=2.2V, V| =0.6V
Input Rise and Fall Time 10ns
input and Output Reference Levels 1.5V
Output Load 1 TTL Gate & C| =100pF
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TIMING WAVEFORMS

READ CYCLE (1)

ADDRESSES

Cs

N

|

ol
4

mi

Oi

Dout

tRC

tacc

nny—..

Yl

toHz(5)

OUTPUT DATA VALID

UNKNOWN

WRITE CYCLE 1 (4) (WE Controlled Write)

ADDRESSES

(9]
[
N

Dout &

AR

X

'As&\\\\ e 4 wa
g R ) ., kb AN
e

KRN
SRS

DATA IN STABLE
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WRITE CYCLE 2 (4) (CST Controlled Write)

ADDRESSES )

cs1

= T = ALLLMMMMIIIIIN
=

HIGH IMPEDANCE

DIN

WRITE CYCLE 3 (4) (CS2 Controlled Write)

tps toH
$ DATA IN STABLE *

ADDRESSES )

; X
TS
7 o N

1IN

mmmmm,

N

Dout

twHz(5)

HIGH IMPEDANCE

tps tDH

DN

* DAT.

]
A IN STABLE
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Note:

WE, CS2

Dout

WE is High for Read Cycle.

Fig. 1 Output load condition for enable / disable time measurement.
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2. Assuming that CS1Low transition or CS2 High transition occurs coincident with
or after WE Low transition, Outputs remain in a high impedance state.
3. Assuming that CS1 High transition or CS2 Low transition occurs coincident with
or prior to WE High transition, Outputs remain in a high impedance state.
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state
during this period.
5. These parameters are specified as follows and measured by using the load
shown in Fig. 1.
(A) tcLz, toLz, twrLz -+ ---+-vv...... Output Enable Time
(B) tCHZ, tOHZ, tWHZ-----.-..........Output Disable Time
- 0 y
s e \
_— 7 N
» (A ‘ ®)
13 -0.15V
HIGH IMPEDANCE Y o1sv A HIGH IMPEDANCE
i 0.15V
N 0.15V
A
5V
1.8ka
Dout
CL=30pf 1.0kQ



OUTLINE DRAWINGS

Unit: mm (inches)

28 27 26 25 24 23 22 21 20 19 18 17 16 15

mlininlicliclieliclilcialcfiaiafalal
\
R1.5(.059) >
<
s
. R &
! 9
§
A
Y
1 2 3 4 5 6 7 8 9 10 11 12 13 14
37.4(1.472)(MAX. _ 1524(BOO)TYP.
< A
[200-4
- <
Ez O
i 025010,*33988)
0.5(.020)£0.15(,0086) g
' 1.4(055)+0.15(006) 02(008)MAX.I} @ _ 17.4(885)MAX.
% |
[s2
Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true

longitudinal position with respect No. 1 and No. 28 leads.
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16KBit CMOS STATIC

PIN CONFIGURATION

RAM COMPARISON TABLE

TC5516AP Ig:g:;:g TC55188BP
HVpo
DA,
:Aq
TIR/W
[cE,
HA
NCE,
D1/0,
OPERATION MODE
Device Number TCE516AP TC5517AP TC5518BP
TC5517BP
Pin No. 1~8,22 | 9~11 1~8,22] o~1, 1~8, 22| o~11
18 | 20 | 21 | 93719 | 13~17 18 120 | 21 | 53'19 | 13~17 18 | 20 | 21 | 9319 | 13~17
Name — Power |———1—- Power |F——r—— Power
Mode CE, | CE, | RMW | Ag~Ao| !/Oy_5 CE | OE | R/W [Ag~Aje] 1/0y_3 CE, | CE, | R/MW | Ag~Aso| /018
WRITE L L L Valid Din 'pbo L * L Valid Din 1DDO L L L Valid Din lobo
READ L L H Valid Dout | 'ppO L L H Valid Dout IDDO L L H Valid DouT IpDO
STANDBY 1 L H B * High-Z | Ippo * H » * High-Z | IpDs
STANDBY 2 H . . * High-Z% 1pps | M * » - High-Z | 'pps || H x * * High-Z | IDDS
OUTPUT .
DESELECT L H * * High-Z | 'opo

* HorL




SYMBOL PARAMETER CONDITIONS

Min. Max. UNIT
VoRr Data Retention Voltage OV S CE< 0.2V 2.0 5.5 Vv
or _
Iops Data Retention Current Vpp-0.2V £ CE £ Vpp*® - Note (1) | pA
Chip Deselection to
tcor Data Retention Time 0 - us
tR Recovery Time treNote(2) _ uS
Note (1) : Refer to Ippg specification in individual data sheet.
{2) : Read cycle time.
TIMING CHART
DATA RETENTION MODE
VDD—————\_
4.5V \ ;LC.SV
Voo VOR—---~----- -
GND
tcoR — g
Vin
CE \ f

—X—0.2v

Vpp—0.2V--

Vit

Note (3) : For 16K Bit CMOS RAM, Vpg—0.5V < CE < vpp
Details are specified in TC5516/17/18 data sheets,
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1,024 WORD X 4 BIT CMOS STATIC RAM
SILICON GATE CMOS

"TC5514AP-2/-3
TC5514APL-2/-3

DESCRIPTION

The TC5514AP is a 4,096 bit high speed and low
power random access memory organized as 1,024
words by 4 bits using CMOS technology, and oper-
ates from a single 5-volt supply.

The B514AP is compatible with the industry
produced NMOS 2114 type 4KRAM, yet offers a
more than 90% reduction in power of their NMOS
equivalents.

The TCB5514AP is a fully CMOS RAM, therefore it
is suited for use in low power applications where

e Standby Current
0.2uA (Max.) at Ta=25°C

1.0pA (Max.) at Ta=60°C } : TCB514APL

20uA (Max.) . TCB514AP
Low Power Dissipation : 15mW (Typ.) operating
Single 5-volt Supply BV £ 10%

Data Retention Supply Voltage : 2~ 5.5V

Three State Outputs
All Inputs and Outputs :

Directly TTL Compatible

(TOP VIEW)
Ag[]1 ~ 18[]1VbD
As[]2 17[JA
Aaf]3 16[]As
As3]4a 187Ag
Aol]s 1a[]Data 1/0;
'Sl 13[1Data 1/0,
Az[7 12[]Data /03
cel]s 11[]Data 1/O4
GND[]9 10QRMW

Ap ~ Ay Address Inputs
RMW Read Write Control Input

CE Chip Enable Input
Data 1/0, ~ 4 Data Input/Output
Vpp/GND Power Supply Terminals

battery operation and battery back up for nonvolatility
are required. Furthermore the TC5514APL guaran-
teed a standby current equal to or less than 1uA at
60°C ambient temperature is avaliable.

The TC55614AP is guaranteed for data retention at
a power supply as low as 2 volts. The TC5514AP is
directly TTL compatible in all inputs and outputs.

The TC5514AP is offered in standerd 18 pin
plastic, 0.3inch in width.

® Access Time
200ns (Max.) :
300ns (Max.) :

TCB514 AP/APL-2
TC5514 AP/APL-3

e Fully Static Operation

® On-chip Address Transition Detector

® Fully Compatible with TMM2114AP Family
(Nch 2114 type 4KRAM)

® Package
Plastic DIP :

TC5514AP/APL

Clock Precharge Circuit
Generator
' ] 1
Agq O— M H
Aso—2 E g Memory Cell -0 Voo
Ag0— 3 ssllss
<fl {<g]1<T Array -—OGND
ao— 3] 39|38
CEY B R | RS (64 x 64)
Ag O [ ]
Ag O— H
1 1
D170, 0 |> Sense Amp. and l>
J: Column Decoder
DI/0, O {k T m
> Column Address
DI/03 O k-— Buffers H
1
01/04 O A{kr
Apg A1 A2 )
Ce
R/W
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ITEM RATING UNIT
Voo Power Supply Voltage -03~70 \%
ViN Input Voltage ' -03~70 \
Vijo 1/0 Voltage 0~ Vpp \%

Pp Power Dissipation(Ta-~= 85°C) 550 mw
TsoLDER Soldering Temperature - Time 260 - 10 °C-sec
TsT6 Storage Temperature —55 ~ 150 °C
Torr Operating Temperature -30~85 °C

ENDED OPERATING
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpop Power Supply Voltage 45 5.0 5.6 \
ViH Input High Level Voltage 22 - Vop +0.3 \
ViL Input Low Level Voltage -0.3 - 0.8 \%
VDH Data Retention Voltage 20 - 55 \%
'D.C. CHARACTERIST (Voo =5V * 10%, Ta = —30 ~ 85°C unless otherwise noted.)

SYMBOL PARAMETER CONDITIONS MIN. |[TYP. (1) | MAX. | UNIT
e Input Leakage Current ovSvin Voo - - £10 | pA
Lo Output Leakage Current | CE =Vyy,0V S Vy0 S Vpp - - £10 | pA
loH Output High Current Von =24V ) -1.0 -~ - mA
loL Output Low Current VoL =04V 20 — - mA

TC5514APL  |Ta =25° - - .
Vpp = 2V ~ 55V 551 a 25°C 0.2 HA
Ta=60"C - - 1.0 HA
Ipps Standby Current All Inputs = TCo514AP
0.2V or Vpp — 0.2V - 0.05 20 A
| = ! =0mA - R .
DDO1 Operating Current teycle = 1. loyt =0m 50 9.0 mA
lppo2 teycle = lus, Vig =Vpp, ViL =0V, lgyt =0mA - 3.0 50
Note (1): Vpp =5V, Ta=25°C

CAPACITANCE!®  (Ta=25°C, = 1MH2)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cine Input Capacitance VN =0V - a4 8 pF
Cijo Input/Output Capacitance Vijo =0V - 5 10 pF

Note (2): This parameter is periodically sampled and is not 100% tested.
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‘A.C.CHARACTERISTICS
e READ CYCLE

{Vpp =5V % 10%, Ta=-30~85°C)

TC5514AP-2/APL-2 TC5514AP-3/APL-3
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 = 300 - ns
tACC Access Time - 200 — 300 ns
tco CE Access Time i 0] - 100 ns
tOH Output Data Hold Time 15 - 20 - ns
tpis Output Disable Time - 60 - 80 ns
LCOE Output Enable Time 5 - 5 - ns
® WRITE CYCLE
TC5514AP-2/APL-2 TC5514AP-3/APL-3
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. B
twe Write Cycle Time 200 - 300 - ns
tAw Address Setup Time 0 - 0 - ns
twp Write Pulse Width 120 - 150 - ns
tps Data Setup Time 120 - 150 - ns
tDH Data Hold Time 0 - 0 - ns
twR Write Recovery Time 0 - 0 - ns
A.C. TEST CONDITIONS

e Qutput Load

e Input Pulse Levels
e Timing Measurement Reference Levels

Input

Output

100 pF +1 TTL Gate

0.6V, 2.4V

0.8v, 2.2v
0.8v, 2.2v

e |nput Pulse Rise and Fall Times
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® Read Cycle''! tRC
ADDRESS Vin NI VIH Vin
vie Avie STABLE viL
tacc
v
= \ IH vimlY /
\: ; ; : ; : ; Vi / L
tco oIS
DouT VoH Vo
voL VAL vou )
tcoE
® Write Cycle 1 (R/W Controlled)
twe
v v v
ADDRESS v:: v:: STABLE vl.':_
wR
& @ \ \\\\\ Y
CE
ARRRRAVARAY w w1
taAw twp
ViK™ / ViH
R/W
\\\\‘ ViL ViL
oS toH
ViH Vin
DIN v, STABLE Vi
tois tcoE

o SRR

® Write Cycle 2 (CE Controlied)

we
ViH ViH Vin
ADDRESS
viL X ViL STABLE ViL
A WR
— X le\ S VEEE—
cE \\\\\\\ LVIL ViL j/
twp i
"IN I
\ L Vi ViL 7Z // /
tos toH
v v
oIN v:: STABLE v:: X
tcoE { oIS
Dour >
Notes: (1) R/W is high for a Read Cycle.

(2) 1f the CE low transition occurs simultaneously with the R/W low transition, the output

buffers remain in a high impedance state.
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tacc VS. Vop
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tco1 VS. Vpp

300 120
|
\ Ta = 25°C Ta=25°
Ci = 100pF Cy = 100pF
200 80
@ @
E z
Q \ -
Q o
100 40
\\
3 4 5 6 4 €
Vpo (V) Vpp (V)
tacc. tco1 VS. Ta Atacc VS. €
1.4 60
Vpp = 4.5V Vop = :-5V
CL = 100pF Ta = 26 C
o
3]
¥ 1.2 I 40
9 ?
0
4 2
b 0
] Q
2 S
o
E j0 2
]
3
1/
-
LX:] e 0
—40 ) 40 80 100 200 300 400
Ta (°C) CL (pF)
ViH, ViL VS. Vpp ViH, VIL VS. Ta
25 2.5
Vin
Vpp = 5.5V
Ta = 28°C oo
ViL
Vpp = 4.5V
2.0 20
S / >
: / H
= v > v
N IH/ > H
- I
I / -
I >
> s ] ] 1.5
/, /
v
// -
/
Vi ]
1.0 1.0 )|
a 5 6 7 40 [} 40 80
Vpp (V) Ta (°C)




lpps (MA)

Ipoa (MA)

iopg (MA)

lopo VS Vop

Ts = 25°C
toycle = 14S

|

ViN = 2.2V, 0.8V

VIN = Vpp-0.2V, 0.2V

4 5
Vpp (V)

'pDo VS. teycle

Vpp = 5.5V

-]

Ta=25°C

VIN = 2.2V, 0.8V

\

4
teycle (us)

Ibps VS. Vin

10

Vpp = 5.5V
CE = 6.5V

oH (MA)

4
Vin (V)
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ippo VS. Ta
12
Vpp = 5.5V
teyete = 14S
8
- T ‘[
g Vin = 2.2V, 0.8V
2
o
Q
o
4
V)N = 5.3V, 0.2V
—40 0 40 80
Ta (°C)
'opbs VS. Vpp
8 Vpp = 3.5V
Ta=25C
<
z
6
» 6
g
= L
a
3
4 5 s
Voo (V)
loH VS. VoH
-30
Vpop = 4.5V
Ta = 26°C
—20,
N S
—10
N
2.0 3.0 2.0 50 -

VoH (V)



60

loL VS. VoL

Vpp = 4.5V

Ta=25°C
40
< /
2
5 e
o
20
’ o 1.0 1.5
Voo (V)
Ipps VS. Ta
Vpp = 5.5V
CE = 5.5V
100 /
50
4
s
w 10 /
<]
’ /
‘ /
3 /
1 y,
0.5
0.3
0.1
—a40 o L L
Ta (°C)
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® PLASTIC PACKAGE

(el el W Unit in mm
%
— h =
R1.0 ©
©
| QU v U GED [ S gy W R GIN R Sun gup S gy S §
1.2 3 4 5 6 7 8 9 R
X
g
s
22.8 MAX. . o 7.62+%0.25
Z o ~
—5
0
2 |
0~18°
J% +0.1
3 025"
2.5410.25 1.4%0.15 s
05%0.15 0 7.62~8.8
o~

Note : Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No. 18 leads.
All dimensions are in millimeters.

Notes: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry.
© Aug., 1985 Toshiba Corporation
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OSH

2,048 WORD X 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

IBA MOS MEMORY PRODUCTS

TC5516AP/-2, TC5516APL/-2
TC5516AF /-2, TC5516AFL/-2

DESCRIPTION.

The TC5516AP/AF is a 16384-bit static random
access memory organized as 2048 words by 8 bit
using CMOS technology, ad operates from a single 5
volt supply.

The TCS5516AP/AF is featured by two chip enable
inputs, that is, CE, for fast memory access and CE,
for a minimum standby current mode, and is suited
for low power application where battery operation or
battery back up for nonvolatility are required.
Furthermore the TCB5516APL/AFL guaranteed a

e Standby Current
0.2uA (Max.) at Ta = 25°C
1.0z A (Max.) at Ta=60°C
1.0uA (Max.) at Ta=25°C
5.0u A (Max.) at Ta =60°C } TCB516AP/AF
Low Power Dissipation 200mW (Typ.)
Operating
Single 5V Power Supply : 5V +10%
Data Retention Supply Voltage: 2.0 ~ 5.5V
Fully Static Operation

} TC5516APL/AFL

A7 24 3Vvpp
Ae 2 23 Ag
As(] 3 22 Ag
Asl]a 21 3 A/wW
A3ds 20 CE,
A2C] 6 19 Ao
Az 18 TE,
Ao 8 17 [ V/0g
1701 o 16 [ o,
170,10 15 [J1/0¢
1103311 14105
PIN NAMES sNobjr2 'SP

Ao ~Aso Address Inputs

R/W Read/Write Control Input

C_E, , C_E2 Chip Enable Inputs
1/0y ~1/Og Data Input/Output
Voo Power (+5V)
GND Ground

standby current equal to or less than 1xA at 60T
ambient temperature is avialable.

The TC5516AP is also featured by pin compatibil-
ity with 2716 type EPROM. This means that the
TC5516AP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of the
quantity of RAM versus EPROM obtained as a result
allows the wide application in microcomputer sys-
tem.

® Access Time
250ns (Max.): TC5516AP/APL/AF/AFL
200ns (Max.): TC5516AP-2/APL-2/AF-2/AFL-2
Two Chip Enable (CE1, CE2) for Simple Memory
Expansion and Battery Back Up.
e All Inputs and Outputs Directly TTL Compat-
ible
Three State Outputs
Package
Plastic DIP : TC5516AP/APL
Plastic FP : TCB516AF/AFL

CE,

Ao ;-. « }—
Aro g w -—oVpp
Aro | ®H S MEMORY CELL | — o GND
A [ =H © ARRAY
3 >I= w
Ay .'q. [a] 128 x 128
As i!: g
As .“I= o | |
-
17104 _t
° 3 SENSE AMP,
o
2 b <& | 4coLumn becoper
o go
1/0g o ©
CE, ] [
A7 Ag A9 Ajp
R/W o_g
ﬁ] 0—
CE, o—4—q> = CE;
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SYMBOL ITEM RATING
Vbp Power Supply Voltage —0.3V ~ 7.0V
ViN Input Voltage —0.3V ~Vpp +0.3
Vio Input/Output Voltage —0.3V~Vpp +03
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TstG Storage Temperature —55°C ~ 160°C
TopPr Operating Temperature —30°C ~ 85°C
TSOLDER Soldering Temperature - Time 260°C - 10 sec
*Plastic FP

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 45 5.0 55 \%
ViH Input High Voltage 22 - Vpp +0.3 \%
ViL Input Low Voltage —0.3 — 0.8 \
VoH Data Retention Voltage 20 — 55 \'
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
h Input Leakage Current 0<Vin £ Vop — - +1.0 HA
Lo 1/0 Leakage Current CE, =V, OVE V)0 £ Vpp - +5.0 A
lon Output High Current Von = 2.4V -1.0 | -2.0 - mA
loL Output Low Current Vor =0.4V 2.0 30 - mA
Ipps1 CE, =2.2Vv 1.0 3.0 mA
— TC5516APL/ | Ta=25°C 0005 | 0.2
CE2 = Voo ~05V AFL [Ta=60°C — [ 1o
Ibps2 Standby Current _ TCES16AP/ Ta= 25:0 0.05 1.0 uA
Vpp =2~5.6V AF Ta=60"C - 5.0
Ta=85°C - 30
2Ll Operating Current ?2 = OV, Vi = Vin/Vi, lout = OmA 40 70 mA
lppoz ) CE, =0V, Vjy = Vpp/GND, Igyt = 0mA 30 b5
Note: Typical values are at Ta = 25°C, Vpp =5V-
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiN Input Capacitance - 5 10 pF
Cio Input/Output Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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 TC5516AP/-2, TC5516APL/-2
TC5516AF/-2, TC5516AFL/-2

A.C. CHARACTERISTICS (Ta = —30 ~ 85°C, Vpp = 5V +10%)
® Read Cycle

TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER : UNIT
TC5516AF-2/AFL-2 TC5516AF/AFL -
MIN. MAX. MIN. MAX.
tRre Read Cycle Time 200 - 250 - ns
tace Access Time - 200 - 250 ns
1co1 CE, to Output Valid - 100 - 100 ns
tcoz CE, to Output Valid - 200 - 250 ns
tcoE CE, or CE, to Output Active 10 - 10 - ns
top Output High-Z form Deselection - 80 - 80 ns
toH Output Hold from Address Change 10 - 10 — ns |
® Write Cycle
TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER UNIT
TC5516AF-2/AF -2 TC5516AF/AFL
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 250 - ns
twp Write Pulse Width 160 - 200 - ns
tAw Addresss Set&Jp Time 0 - 0 - ns
twR Write Recovery Time 10 - 10 - ns
topw Output High-Z from R/W - 80 — 80 ns
toEw Output Active from R/W 10 - 10 — ns
tps Data Set Up Time 80 - 120 — ns
tpH Data Hold Time 0 - .0 - ns
A.C. TEST CONDITIONS
Output Load : 100 pF + ITTL Gate
Input Pulse Levels . 0.8V, 2.4V
Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times : 10ns
TIMING WAVE FORMS tac
®Read Cycle Addresses ViH ViH ViH
L ViL ViL ViL
tacc tOH
Vin t ViH / 4
_ co2
= NN LU
v top
IH
tco1 Vi
NN Y,
N NAE % /
tcoE too
1COE -
VoH OUTPUT VoH
PouT VoL DATA VALID VgL
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® Write Cycle 1

we |
Addresses ><~Z|; z:: >¢\\//l|:
= NN e w1
twe twr
R/wW ViH \\\\\\tv“_ ’/VLVm
topw | TOEW |
vovr  SERRRTTTRTITILLILL \ RIS
X ,_'DS tDH
Din ﬁz::/ Xll':;><7
DATA IN STABLE
® Write Cycle 2
wce
5 e
e ) w0
W\ twe (2) twR
(7) CE; (CEj) in \\\\\\\\r\,u “ /':/:4
R/W W \\\\\\‘Vn_ VIL,/‘ /// //M
”"“I" toDW
FIRG
Sout ::0:@0:0 s @ ton ()
OIn >i::: / \‘I’:::X

DATA IN STABLE

RN + unown
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 TC5516AP/-2, TC5516APL/-2
TC5516AF/-2, TC5516AFL/-2

NOTE: (1) R/W is high for a Read Cycle. )

(2) twe is specified as the logical “AND" of CE1, CE2 and R/W.
twp is measured from the latter of CE1, CE2 or R/W going low to the earlier of CE+, CE2 or RW
going high.

(3) tpH, tps are measured from the earlier of CE1, CE2 or R/W going high.

(4) If the CE1, or CE2 low transition occurs simultaneously with or latter from the R/W low transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

(5) If the CE1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or
CE2 low transition, the output buffers remain in a high impedance state in this period.

(7) A write occurs during the overlap of a low CE1, low CE2 and low R/MW. In write cycle 2, write is
controlled by either CE1 or CEa2.

DATA RETENTION CHARACTERISTICS (Ta=—30 ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VoK Data Retention Power Supply Voltage 2.0 - 55 \%
TCB5516APL/ | Ta=25°C - 0.005 0.2
AFL | Ta=60°C - - 1.0
Ipos2 Standby Current TCE516AP/ Ta= 25:c - 0.05 1.0 HA
AF Ta=60"C - — 5.0
Ta=85°C - - 30
‘tcDR From Chip Deselection to Data Retention Mode 0 - - I’
tR Recover Time tre (1) - - us

Note (1) tgc : Read Cycle Time.

v DATA RETENTION MODE
[o]»]

VIH ——— — —

== \ —0.5v
CE tCDR bD R

GND

Note: (2) If the V| level of CE 3 is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Iggp 1 current flows.
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.)
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tacc Vvs- Voo

tco1 Vs Vpp

200
o Ta= 25°C Ta=25°C
25 CL = 100pF Cy = 100pF
150
N
200
B 2
3} — 100
3 3 \
- 9 M-
150 —
N 50
100
4}
3 5 G 7 3 4 5 6 7
Voo (V) VoD (v)
TACC, tcO1 vs. Ta 0 Atacc vs CL
1.4 Vpp = 4.5V Vpp = 4.5V
Cy = 100pF Ta=256°C
60
b= 4
o
9.2 v ] /
8 tco1 / e
g C A 9 a0
- 7 5
3 ACC
E 1.0 q ,/
£
£ ] 20
o / /
P <
I o~
. 1}
—40 40 80 100 200 300 400 500
Ta (°C) cp (pF)
ViH. VIL Vs Vpp ViH, ViL Vs Ta
25 Ta=25°C 2.6 Vin. Vpp = 5.5V
V“_' Vpp = 4.5V
—
S 20 < 20 v
~ L > — H
2 v =~ [ ————
S B ’ —
L >
> 15 SE
ViL /
~ v
/ 18
1.0 - 1.0
a € 7 8 —40 o 40 80
Vpp (V) Ta (°C)
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TC5516AP/-2, TC5516APL/-2
TC5516AF/-2, TC5516AFL/-2

'opo Vs VDD \oDO V- Ta
80
T, = ov 70 Vpp = 5.5V
: Ta=25°C CE, =OV
60
3 / ~
H 3 60 \
€
2 0 o N
o / o ~N
L 50
20 P —
40
0 K 4 [ 5 —40 ) 40 80
Vpp (V) Ta (°C)
IDDO Vs teycle Ipps1 ¥s- VDD
90
5.0
Vpp =5.5V Ta=25°
Ta=25°C 3.0 TE, =22V
70 / other inputs
< - / =0.8~2.2V
é < / 0,
° E 10
Q s0 - - ;
=} 7]
£ o /
0 05

7
30 /

0.3

0.1
1.0 5.0 4 5 6 7
teycle (us) Vpp (V}
IDDs1 vs. Ta Ipps2 ¥s- Voo
1.6
Vpp = 5.
oD - 8.5V s Ta=25°
CE .2V * —
2=22 CE, = Vpp —0.5V
1.4 other inputs

=0.8 ~2.2V -
2 ~ < 32
E \ o~
- 1.2 P~ a ’
o ~] 3.0 —

_y /
1.0 ]
2.8
—40 [} 40 80 3 4 5 6 7
Ta (°C)
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Ipps1 (mA)

Ipps2 (nA)

1pps1 vs. VN (CE3)

2.0
Vpp = 5.5V
other inputs
1.5 =0.8 ~2.2V
Ta=25°C
1.0 \\
0.5 \\\
o
1.0 2.0 3.0 4.0 5.0
VN (CE) (V)
Ipps2 vs- Ta
500 Vpp = 5.5V
CE, =5.0v _
300 <
E
I
o
100
50 /
% /
y
10 /

. /

s //

1 -
<
£
-t

0.5 3
0.3
0.1
—40 ) 40 80
Ta (°C)
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Ipps2 vs. VN (CE3)

50
\ Vpp = 5.6V
30 other inputs
=0.8 ~2.2Vv
Ta=25°
<
£ 10
: \
1)
fa]
o s
. L
1
3.0 4.0 5.0 6.0
VN (CE ) (V)
10H vs- VOH
-20
Vpp = 4.5
Ta=25°
-15
—10 ™.
N
o
1.0 2.0 3.0 4.0
VoH (V)
loL vs. VoL
20
Vpp = 4.5V
/ Ta=25°C
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/
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5
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OUTLINE DRAWINGS

® Plastic DIP

24 232221201918 17161514 13
Ooomononnnn

32.4 MAX. |

15.24 TYP.

1.44+0.15

T
0.5+0.15
=10

— A j(.30.2510.05 B

17.4 MAX.

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to

No.1 and No.24 leads.

All dimensions are in millimeters.
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Note : Each lead pitch is 1.27mm.

e Plastic FP

4
< = <
(-] b3 -]
+H ® o +h
w o - 0
- il -
24 23 22 21 20 19 18 17 16 15 14 13
N ]
c| ©
+ +
© L]
© -
-
RO.64
1 2 3 4 5 6 7 € 9 10 11 12
il
0.43 +0.05 1.27 £ 0.1 0~1.27 0.15 + 0.05
1 I
16.5 MAX
-
o
+
-
o
|-
~N| o
®f +
el o
o~

to No.1 and No.24 leads.
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All leads are located within 0.1mm of their true longitudinal position with respect



PACKAGE INFORMATIO

This new flat package is a very small and thin compared with conventional standard dual-in-line package.

Differences are as follows.

1. Difference in dimension between flat and 2. Comparison in occupied space.
standard package.
Unit : mm
Flat package Standard package DIP

Length 16.5 324

Width 9.0 14.2

Lead Pitch 1.27 2.54

Thickness 2.1 5

FP
3. Advantage of this package

e Small dimensions
e (Capability of High Density Assembly
e Capability of thin Assembly — Capability of Assembly on both side of PC board.

4. PC pattern layout example

‘ vDD LINE

-
n
3

12.0 CE, CE; (min)
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry.
© Aug., 196 Toshiba Corporation -
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2,048 WORD X 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5517AP/-2, TC5517APL/-2
TC5517AF/-2, TC5517AFL/-2

The TC5517AP/AF in a 16384-bit static random
access memory organized as 2048 words by 8 bits
using CMOS technology, and operates from a single
5 volt supply.

The TC5517AP/AF is featured by output enable
and chip enable inputs, that is, OE for fast memory
access and CE for a minimum standby current mode,
and is suited for low power application where battery
operation or battery back up for novolatility are
requiréd. Furthermore the TC5517APL guaranteed a

FEATURES

® Standby Current
0.2pA (Max.) at Ta = 25°C } TC5517APL/AFL
1.04A (Max.) at Ta =60°C
1.0pA (Max.) at Ta = 26°C } TC5517AP/AF
5.0uA (Max.) at Ta =60°C

® Low Power Dissipation : 200mW (Typ.)

operating

Single 5V Power Supply : 5V + 10%

Data Retention Supply Voltage: 2.0 ~ 5.5V

Fully Static Operation

WN CQNNECT*ON (TOP VIEW)

\J

A, O 24Vpp -
A, 02 23[QA,
A, []3 22 A,
A4 21 QR/W
A, 05 20[Q0E
A.0Os6 1904,
A O7 18[JCE
A,Os 17 [1/0,
170, ]9 16[11/0,
170,10 15[J1/0,
170; 11 14170,
GND[ 12 13 1/0,

Ao ~ Ajo Address Inputs

R/W Read/Write Control Input
OE Output Enable Input

CE Chip Enable Input

1/0; ~ 1/0g Data Input/Output

VDD Power (+5V)

GND Ground

standby current equal to or less than 1xA at 60°C
ambient temperature is available.

The TC5517AP is also featured by pin compatibil-
ity with 2716 type EPROM. This means that the
TC5517AP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of the
quantity of RAM versus EPROM obtained as a result
allows the wide application in microcomputer sys-
tem.

® Access Time
250ns (Max.) : TCh517AP/APL/AF/AFL
200ns (Max.) : TC5517AP-2/APL-2/AF-2/
AFL-2
Two Control Input (CE, OE)
Pin Compatible with Nch Static RAM TMM2016P
All Inputs and Outputs Directly TTL Compatible
Three State Outputs
Package
Plastic DIP : TC5517AP/APL
Plastic FP TCHB517AF/AFL

.

Ag o T 1
A, o—{% w =——°Vpp
 —
A8 3 MEMORY CELL ~—oGND
A, o> w ARRAY
A, oS © 128 x 128
1 2
A8 ©
A, o H e | |
=5 =l
10,
LB senseawe ‘—k
= i
o HH
= COLUMN DECODER L
<0 M
59 0 O
1/0,
cE A Ay Ay A

EL
i
UU

0N ___




SYMBOL ITEM RATING

Vbp Power Supply Voltage -0.3v~7.0V

ViN Input Voltage -0.3V~ Vpp+0.3V
Vio Input/Output Voltage -0.3V~ Vppt0.3V
Ppo Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TsTtG Storage Temperature -55°C~ 150°C
Topr Operating Temperature -30°C~85°C
TSOLDER Soldering Temperature * Time 260°C - 10 sec.

*Plastic FP

!

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbp Power Supply Voltage 45 5.0 55 \%
Vin Input High Voltage 2.2 - Vpp+0.3 v
ViL Input Low Voltage -0.3 - 0.8 \%
VpH Data Retention Voltage 20 - 55 \%

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. [ UNIT
(IR Input Leakage Current 0SViN S Vpp - - 1.0 MA
ILo 1/0 Leakage Current CE=Vu, 0V Vo € Vpp - - 5.0 uA
lon Output High Current VoH =24V -1.0 -2.0 - mA
loL Output Low Current VoL = 0.4V 2.0 3.0 - mA
lDDS1 (—:E =22V - 1.0 3.0 mA

TCB517APL/[Ta=25°C| — | 0005 [ 0.2
— AFL [Ta=60°C| - - 1.0
lppsz | Standby Current CE=Vop - 05V Ta=25C| - | 005 | 10 | mA
Vpp =2~55V TC5517AP/ 5
Ta=60"C - - 5.0
AF Ta=86°C — - 30
'oDor Operating Current CE = OV, Vi = VinViL. lour = 0mA — 40 70 mA
IDDOZ C_E = 0\/, VIN = VDD/GN D, |OUT =0mA - 30 55

Note : Typical values are at Ta= 25°C, Vpp = 6V.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiN Input Capacitance - 5. 10 pF
Cio Input/Output Capacitance - 5 10 pF

Note : This parameter’is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=-30~ 85°C, Vpp =5V * 10%)

® Read Cycle
TC5517AP-2/APL-2
SYMBOL PARAMETER TC5517AF—2//AFL-2 Egggﬁi/ﬁ;t UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 - 250 - ns
tacc Access Time - 200 - 250 ns
toE OE to Output Valid - 100 - 100 ns
tco CE to Output Valid - 200 - 250 ns
tcoE OE or CE to Output Active 10 - 10 - ns
top Output High-Z from Deselection - 80 - 80 ns
toH Output Hold from Address Change 10 = 10 — ns
® Write Cycle
- - TC5517AP
SYMBOL PARAMETER TCosiTAF oA L2 | TCRSAFMFL | UNIT
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 250 - ns
twe Write Pulse Width 160 - 200 - ns
taw Address Set Up Time 0 - 0 - ns
twRr Write Recovery Time 10 - 10 - ns
topw Output High-Z from R/W - 80 - 80 ns
toew Output Active from R/W 10 - 10 - ns
tps Data Set Up Time 80 - 120 - ns
tpH Data Hold Time 0 - 0 - ns

TEST CONDITIONS

Output Load

Input Pulse Levels

100pF + 1TTL Gate

Timing Measurement Reference Levels

Input Pulse Rise and Fall Times -

® Read Cydl

AV
e (1)

0.6V, 2.4V
Input 0.8V and 2.2V
Output 0.8V and 2.2V
10ns
R ap
SR e W,
NN WA
(V0 oo v D ——
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® Write Cycle 1 (1)

Addresses

R/W

DouT

Din

® Write Cycle 2 (2)

Addresses

ol
m

DouT

Din

Vin

QO
0”:0:0‘9’."
QERK

AN w7737/

Vi

High Impedance

tpg (4)

X
DATA INSTABLE X

va,L Vie /‘VIH
NN W

ViH

tps (4) tpH (4)

ViH

DATA IN STABLE

B

ViL ViL



NOTE:

state.
{3) twp is specified as the logical “AND" of CE and R/W.
twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high.
(4) tpn, tps are measured from the earlier of CE of R/W going high.

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write

(1) R/W is high for a Read Cycle.
(2) OE = Vi or V. If OE = V|4 during write cycle, the output buffers remain in a high impedance

Cycle 1, the output buffers remain in a high impedance state in this period.

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write

Cycle 1, the output buffers remain in a high impedance state in this period.

(7) 1f the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low

transition, the output buffers remain in high impedance state in this period.

'DATA RETENTION CHARACTERISTICS (Ta=-30~85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VoH Data Retention Power Supply Voltage 2.0 - 55 \%
TCB517APL/  [Ta=25°C - 0.005 0.2
AFL Ta=60°C - - 10
[ Standby Current Ta=25C - 0.05 1.0 A
bDs2 v TC5517AP/ aze> H
Ta=60C - - 5.0
AF -
Ta=85C - — 30
tcoR From Chip Deselection to Data Retention Mode 0 — — us
tR Recovery Time tre(1) - - Hs
Note (1) tgc : Read Cycle Time
DATA RETENTION MODE
Vbp /
45V —— ——— e e — —_——— e
/ (2)
Vi ——— ——
CE Vpp-0.5V 'R
Vi
GND
Note (2) If the V| level of CE is 2.2V, during the period that the V5 voltage is going down from 4.5V to 2.7V, Ippg1 current flows.
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® Plastic DIP

X
g
s
N
<
h
123456 7 89101112
32.4 MAX. N 15.24 TYP.
10° g
e 2
0
I 0.25:0.05
F4
2.54:0.25 1.4:0.15 E
L
o 0.5+0.15 P 17.4 MAX.

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No.24 leads.
All dimensions are in millimeters.

—228—



- TEBSATAFR/-2, TCS551 TA

® Plastic FP

0.4

E4
3
o
o

5
(0.5)
15t

LLLLOTIRTT )

ﬁ
o
o
b
88+
11.8 0.3

TTTUTU UL 9

16.5 MAX

1

RS,

(0.87)
2.0+0.1

Note : Each lead pitch is 1.27mm. All leads are located within O. 1mm of their true longitudinal position with respect to
No.1 and No.24 leads.
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This new flat package is a very small and thin com-
pared with conventional standard dual-in-line package.
Differences are as follows.

1. Difference in dimension between flat and standard

package.
Unit: mm
Flat package Standard package
Length 16.5 324
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 2.1 5

3. Advantage of this package
Small dimensions

Capability of High Density Assembiy

Capability of thin Assembly ——Capability of Assembly on both side of PC board.

4. PC pattern layout example

2. Comparison in occupied space

FP

820

(CE) (OF) 0o
il [h] | 1
o 1 vpp LINE
R ! C'S’D
1N ﬁo! TS
—_— | 1y — 1 ) [=]
— b
P — : N——_ S 1: At\ﬂ
o o— N s ——
o T — T R
—— \._r—\_/ Z
e T A\\a T
o
y
————\ e —
=
e e —————
:'_—'—ﬂ\:\==q =—/___‘F-=-q T e &
== —— N\ -
T T - T I~
_i oi R iOE\ I SN
L "1 GNDLINE |W
t ! [l Iy ~
”12‘0 (CE) (OE) (mm)

Note: Toshiba c.es not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba.reserves

the right, at any time without notice, to change said circuitry.

©Aug., 1985 Toshiba Corporation
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TC5517BF-20/BFL-20/BF -25/BFL -25

The TC5517BP/BF is a 16384-bit high speed and
low power fully static random access memory orga-
nized as 2048 words by 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply.

The TC5517BP/BF has a output enable input (OE)
for fast memory access and output control and chip
enable input (CE) which is used for device selection
and can be used in order to achieve the minimum
standby current mode easily for battery back up.

Also the high speed and low power characteristics
which maximum access time is 200ns and maximum
operating current is 5mA/MHz are achieved.

Low Power Dissipation
27 .5mW/MHz {(Max.) Operating
Standby .Current

0.2uA (Max.) at Ta=25C }TC551 7BPL-20/BPL-25/

1.04A (Max) at Ta=60°"C J BFL-20/BFL-25
1.0uA (Max.) at Ta=25°C }TC551 7BP-20/BP-25
5.0¢A (Max.) at Ta=60°C JBF-20/BF-25

Single 5V Power Supply : 5V+10%

e Data Retention Supply Voltage 2.0 ~ 5.5V
e Fully Static Operation
(TOP VIEW)
A1 > 24 JVpp
As ]2 23 [ Ag
AsC]3 227 A,
Asl] 4 21 JR/W
A3} s 20[J6E
A2 s 19[J A0
Aarg 7 18 [JCE
Ao 8 17 [J1/0g
1701 9 16 {J1/04
1/02 1o 15[11/0¢
1703 11 14[1/05
GND[12 13[J1/04

LAo ~ Ao Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/0; ~1/Og Data [nput/Output
Vbp Power (+5V)
GND Ground

Thus the TC5517BP/BF is most suitable for use in
low power applications where battery operations or
battery back up for nonvolatility are required.
Furthermore the TC5517BPL/BFL guaranteed a
standby current equal to or less than1uA at 60C
ambient temperature available.

And the TC5517BP is pin compatible with 2716
type EPROM. This means that the TC5517BP and
EPROM can be interchanged in the same socket,
and the flexibility in the definition of the quantity of
RAM versus EPROM allows the wide application in
microcomputer system.

Fast Access Time
tacc=200ns(Max.) : TC5517BP-20/BPL-20/BF-20/
/BFL-20
tacc=250ns(Max.): TC5517BP-25/BPL-25/BF-25/
/BFI:—25
Output Buffer Control : OE
On-chip Address Transition Detector
All inputs and outputs Directly TTL Compatible
Three State Outputs
Package
Plastic DIP: TC5517BP-20/BPL-20/BP-25/
BPL-25
Plastic FP : TC5517BF-20/BFL-20/BF-25/
BFL-25

CLOCK
GENERATOR l [ PRECHARGE cmcuﬂ
’ I I

MEMORY CELL
ARRAY
128 x 128

>
3
o
ROW ADDRESS

BUFFER
ROW ADDRESS

REGISTER

>
>
o)
(2]

| I

SENSE AMP. AND
COLUMN DECODER

T T
——1—

HHHH’" ROW DECODER

I T

COLUMN ADDRESS
BUFFER
CE

Ag Ay Ay A3

o)

CIRCUIT

oe =
——4>—-—CE
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MODE CE OE R/W Ao ~ Ao 1/0, ~ & POWER
Read L L H Stable Data Out Ippo
Write L * L Stable Data In Ipbo
Output Deselect L H H * High Impedance Ibpo
**Standby H * * * High Impedance lbos
Note: *:Hor L  **: Data Retention Mode

SYMBOL ITEM RATING

Voo Power Supply Voltage —0.3V ~ 7.0V

VIN Input Voltage —0.3V ~ Vpp + 0.3V

Vio Input/Output Voltage —0.3V ~ Vpp + 0.3V

Po Power Dissipation (Ta = 85°C) 0.8W (0.45W) *

TstG Storage Temperature —55°C ~ 150°C

Topr Operating Temperature —30°C ~ 85°C

TSOLDER Soldering Temperature - Time 260 °C - 10 sec.

* Plastic FP = 0.45W

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 45 5.0 5.5 \4
A Input High Voltage 22 - Vpp +0.3 \
ViL Input Low Voltage —0.3 — 0.8 \Y
VbH Data Retention Voltage 20 - 5.5 \
SYMBOL PARAMETER CONDITIONS MIN. | TYP. [ MAX. | UNIT
L Input Leakage Current 0<Vin £ Vop - - 1.0 uA
||_0 1/0 Leakage Current CE = VlH , 0V g Vl/O g VDD — - +5.0 A
lod Output High Current VoH =2.4V —1.0 —2.0 — mA
loL Output Low Current VoL =04V 2.0 3.0 - mA
IDDS1 C‘E =22V - 1.0 3.0 mA
CE TC6517BPL/|Ta=25°C | — 0005 | 0.2
E —
2 Voo ~05V BFL |Ta=60°C| — - 1.0
Ipbs2 | Standby Current Ta=25°C | ~— 0.05 1.0 uA
Vpp =2 ~5.5V Tees 72? Ta=60°C | — - 5.0
Ta=85°C | - - 30
'bD0o1 g:lcle = 200ns Vin = Vin/ViL - - 30
Ibpo2 . E =0V, loyT =0mA Vin = Vpp/GND — — 25
Operating Current - mA
Ibpo3s teyce = 14S ViN = Vi /i - - 10
IbDO4 CE =0V, lgyt =0mA Vin = Vpp/GND - - 5

S

s

Note: Typical Values are at Ta = 25°C, Vpp = 5V.

SYMBOL PARAMTER MIN. TYP. MAX. UNIT
CiNn Input Capacitance — 5 10 pF
Ciro Input/Output Capacitance - 5 10 oF

Note: This paramter is periodically sampled and is not 100% tested.
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eadw Cv'cle

TC5517BP-20/BPL-20

TC5517BP-25/BPL-25

SYMBOL PARAMETER TC5517BF-20/BFL-20 | TC5517BF-26/BFL-25 |UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 — 250 —
tACC Access Time — 200 — 250
tOE OE to Output valid — 100 -~ 120
tco CE to Output Valid - 200 - 250 ns
tCOE OE or CE to Output Active 10 — 10 —
tob Qutput High-Z from Deselection — 60 — 70
tOH Output Hold from Address Change 20 — 20 —
® Write Cycle
TC5517BP-20/BPL-20 | TC5517BP-25/BPL-25
SYMBOL PARAMETER TCH517BF-20/BFL-20 | TC5517BF-25/BFL-25 |UNIT
MIN. MAX. MIN. MAX.
e Write Cycle Time 200 — 250 —
tWP Write Pulse Width 150 — 170 —
tAW Address set up Time 0 — 0 —
TWR Write Recovery Time 0 — 0 - ns
tODW Qutpur High-Z from R/W — 60 — 70
tOEW Output Active from R/'W 10 — 10 —
tDS Date set up Time 90 — 100 -
tDH Data Hold Time 0 — 0 —
Qutput Load : 100pF + 1TTL Gate
Input Pulse Levels . 0.6V, 2.4V
Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 10ns
e Read Cycle (1) ‘RC
><’V|H Vi I\ A ViH
Addresses ‘V.L Vi viL
tacc ] tOH |—
| ViH
tco VIHA
cE \ viL / /
Vin oD
" toE Vin %
NN / /
tCOE oo
tCOE .
FVou OUTPUT VoH
DouT @Q‘VOL DATA VALID  vg
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® Write Cycle 1(2)

Addresses

ol
m

R/W

DouT

Din

® Write Cycle 2 (2)

Addresses

CE

"~ N\

DOouT

OIN

twe
Vi Vie R, A Vin
ViL ViL ViL
tAW
N NN v W
tWR
Vin Y We (3) v
\\ \ ViL ViL | "
'oow——r—F_ toEw
N V'V.V’V’v’v’v.v’v‘v v’v‘v‘v"".' ""’v‘ High Impedance
()
R Ry et
ViH ViH
DATA IN STABLE
ViL Vio
twc
ViH ViH T
L ViL Vi ViU
bals! twp (3 wh
ViM Vin
\\ \ ViL ViL /
ViH
N Vi Vi // / .
tCcOE topw
_q‘-*-—
(7)
tps (4) tpH (4)
Vin ViH
DATA IN STABLE
Vi ViL
: UNKNOWN
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Note:

(1) R/W is high for a Read Cycle.

(2) OE = Vi or ViL. I, OE = V|4 during write cycle, the output buffers remain in a high impedance
state. :

(3) twp is specified as the logical “AND" of CE and R/W.
twp is measured from the latter of CE or RW going low to the earlier of CE or RW going high.

(4) tpH, tos are measured from the earlier of CE or R/W going high.

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a
Write Cycle 1, the output buffers remain in a high impedance state in this period.

~ (B) If the CE high transition occurs prior to or simultaneously with the RM high transition in a

Write Cycle 1, the output buffers remain in a high impedance state in this period. ,
(7) If the R/W is low or the R/W low transition occurs priof to or simultaneously with the CE low
transition, the output buffers remain in high impedance state in this period.

PARAMETER MIN. TYP. MAX. UNIT

SYMBOL
VoH Data Retention Power Supply Voltage 2.0 - 5.5 \%
TC5517BPL/ | Ta=26°C - 0.005 0.2
BFL | Ta=60°C — - 1.0
lbpDs2 Standby Current Ta=256°C — 0.05 1.0 HA
TC551 78::/ Ta=60°C _ - 5.0
B Ta=85°C - - 30
tCDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recovery Time trc(1) - - S
Note (1) tgc : Read Cycle Time
VpD DATA RETENTION MODE

4.5V —— — —— —— . —— e ——— . —————— /___ — e —— o — — — —

Vi (2)

ICDR Vpp — 0.5V

ViL

GND

Note (2) If the Vi level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V t0 2.7V, Ippgy current flows.
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s

o Plastic DIP

g n %
- s
N
R1.5 b ¢
N R S R
DO 0 GG
1234565861110
32.4 MAX. 15.24 TYP.
N 0.25 +0.05
2.54 +0.25 z
™ 1§ b3
0.5 +0.15 o 17.4 MAX.
©

Note : Each lead pitch is 2.54mm. All leads are located within O.256mm of their true longitudinal position with respect

to No.1 and No.24 leads.
All dimensions are in millimeters.
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® Plastic FP
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-
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4
0.43 +0.05 Q [Hl.27+0,1 0~1.27 0.15 + 0.05
I |
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Note : Each lead pitch is 1.27mm. All leads are located within 0. 1mm of their true longitudinal position with respect to
No.1 and No.24 leads.
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5

This new flat package is a very small and

Differences are as follows.

1. Difference in dimension between.flat and
standard package.

2. Comparison in occupied space

thin compared with conventional standard dual-in-line package.

Unit :mm
Flat package Standard package
Length 16.5 324 DIP
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 21 5
3. Advantage of this package FP
Small dimensions
Capability of High Density Assembly
Capability of thin Assembly —— Capability of Assembly on both side of PC board.
4. PC pattern layout example
(TE) (BE)
t ; : .\ Vpp LINE

Note: Toshiba does not assume any responsibility for use of any circuitry described. no circuit patent licenses are implied, and Toshiba reserves

-

o |o
N N
o ['d
[w ‘h
Ly
fo
——
=\ = — —__ L i
—% = = ﬂn::' E—hi_
T Ve i — 11—
S || T 1.5
7 0 T 0 — -
75 " " 11 GNDLINE |Y
"12.0’ (C”E) ((;E) {mm)

the right, at any time without notice, to change said circuitry.
© Aug., 1985 Toshiba Corporation
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2,048 WORD X 8 BIT CMOS STATIC RAM

TC5517CP-15/CPL-15/CP-20/CPL-20
TC5517CF-15/CFL-15/CF-20/CFL-20

The TC5517CP/CF is a 16384-bit high speed and
low power fully static random access memory orga-
nized as 2048 words by 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply .
The TC5517CP/CF has a output enable input (OE)
for fast memory access and output control and chip
enable input (CE) which is used for device selection
and can be used in order to achieve the minimum
standby current mode easily for battery back up. Also
the high speed and low power characteristics which
maximum access time is 150ns, 200ns and maxi-
mum operating current is 5mA/MHz are achieved.

® Low Power Dissipation
27 .5mW/MHz(Max.) Operating
® Standby Current

0.2¢A(Max.) at Ta=25°C}TC551 7CPL-15/CPL-20
CFL-15/CFL-20
1.0uA(Max.) at Ta=25°C}TC551 7CP-15/CP-20
CF-15/CF-20

1.0xA(Max.) at Ta=60°C

5.0xA(Max.) at Ta=60°C

® Single bV Power Supply: 5V+10%

® Data Retention Supply Voltage
2.0~5.5V

@ Fully Static Operation

® Fast Access Time
tacc=150ns{Max.)

: TC5517CP-15/CPL-15
CF-15/CFL-15

Thus the TC5517CP/CF is most suitable for use in
low power applications where battery operation or
battery back up for nonvolatility are required.
Furthermore the TC5517CPL/CFL guaranteed a
standby current equal to or less than TuA at 60C
ambient temperature avaitble. And the TC5517CP is
pin compatible with 2716 type EPROM. This means
that the TC5517CP and EPROM can be interchanged
in the same socket and the flexibility in the definition
of the quantity of RAM versus EPROM allows the
wide application in microcompute system.

tacc=200ns(Max.) : TC5517CP-20/CPL-20
CF-20/CFL-20
® Output Buffer Control : OF
® On-Chip Address Transition Detector
@ All Inputs and Outputs Directly TTL
Compatible
® Three State Outputs
® Package;
Plastic DIP: TC5517CP-15/CPL-156
(600 mil) CP-20/CPL-20
Plastic FP : TCB517CF-15/CFL-15
CF-20/CFL-20

(TOP VIEW) awd 1l ~ 2ibvo CLOCK PRECHARG E
d:z 230 48 GBRERATOR CIRCUIT
A6
asgd 3 228 a9 1
X ER |y s I
A3 2000 A5
a2l 6 190 al0 Ao EE g MEMORY CELL
ag 7 18P CE A7 An ] ARRAY
aQg s 170 108 A8 < a
roid 9 16D 1707 Ao 20| = 128128
1/02d10 150 106 Al0 el g I
1703 Q11 14P 1,05 L
aNpg12 130 104 CcE | Suil
/01 ET SENSE AMP, AND)
. <E§ COLUMN DECODERT(Q
Ao~Aio Address Inputs Egg | oot apress ——'L—R
R/W Read/Write Control Input 1,08 CE lelAmz a3 Y
OE Output Enable Input
CE hip Enable Input —
CE Chip e Inpu =5
1/01~1/08 Data input/OQutput Wd:e
!
Voo Power (+5V) FD————
GND Ground




MODE CE OE R/W Ap~Ay 1/0,~1/04 POWER
Read L L H Stable Data Out lobo
Write L * L Stable Data In Ibpbo
Output Deselect L H H * High Impedance lopo
* * Standby H * * * High Impedance lobs
SYMBOL ITEM RATING
Voo Power Supply Voltage -0.3~7.0V
Vin Input Voltage —0.3V~Vop+0.3V
Vijo Input/Output Voltage —0.3V~Vpp+0.3V
Po Power Dissipation(Ta=85°C) ' 0.8W(0.45W)*
Tste Storage Temperature —55°C~150°C
Topr Operating Temperature —30°C~85°C
TSOLDER Soldering Temperature:Time 260°C-10sec.
*Plastic FP=0.45W
Ta=—-30~85C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \
Vi Input High Voltage 2.2 — Vpp+0.3 \
Vie Input Low Voltage -0.3 — 0.8 \
VoH Data Retention Voltage 2.0 — 5.5 \
 (Ta=30~85C, Voo=5V+10%)
TC5517CP- TC5517CP-
SYMBOL PARAMETER CONDITIONS 16/CF-15 20/CF-20 UNIT
MIN. | MAX. | MIN. | MAX.
m Input Leakage Current 0=VINnE=VoD — +1.0 +1.0 uA
o 1/0 Leakage Current CE=Vi, OV=Vyo=Vop — +5.0 +5.0 | uxA
lon Output High Current Von2.4V -1.0 -1.0 mA
loL Output Low Current Vou=0.4V 2.0 — 2.0 — mA
loos1 CE2=2.2V — 3.0 — 3.0 | mA
CE<Voo-0.5V TC551'7(CZIF’IL_/ Ta=25C| — 0.2 — 0.2
Ta=60C| — 1.0 - 1.0
loos2 Standby Current Ta=25C| — 1.0 — 1.0 uA
TC%”EE/ Ta=60°C| — 5.0 — 6.0
Ta=85C| — 30 — 30
1001 teyele=Mini cycle, Vin=Vin/ViL - 45 30
Iopo2 _ CE=0V, lour=0mA Vin=Voo/GND — 40 25
Operating Current mA
lbbos toycle=1uS, Vin=Vin/ViL — 10 — 10
Ioooa CE=0V, lour=0mA ViN=Vpp/GND | — 5 - 5

Note : Typical values are at Ta=25°C, Vop=5V.
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SYMBOL PARAMETER MIN TYP. MAX. UNIT
CIN Input Capacitance — 5 10 pF
Ci/o Input/Output Capacitance — 5 10 pF

Note : This parameter is periodically sampled and is not 100% tested.
T {Ta= —30~85°C, Voo=5V+10%)
Read Cycle
TC5b517CP-15/CPL-15 TC5517CP-20/CPL-20
SYMBOL PARAMETER TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 | UNITS
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 160 — 200 —
tacc Address Time — 150 — 200
toE CE to Output Valid — 70 — 100.
tco CE to Output Valid — 150 — 200 ns
tcoe CE or OE to Output Active 10 — 10 —
too Output High-Z from Deselection — 50 — 60
toH Output Hold from Address Change 15 — 20 —
Write Cycle
TCB5517CP-15/CPL-15 TC5517CP-20/CPL-20
SYMBOL PARAMETER TC5517CF-15/CFL-15 TC5517CF-20/CFL-20 | UNITS
MIN. MAX. MIN. MAX.
twe Write Cycle Time 100 — 200 —
twe Write Pulse Width 120 — 150 —
taw Address Set up Time 0 — 0 —
tWR Write Recovery Time 0 — 0] — r?s,s
toow Output High-Z from R/W - 50 — 60
toEw Output Active from R/W 10 — 10 —
tos Data Set up Time 60 — 80 —
toH Data Hold Time 0 — 0 —
Output Load :100pF + 1TTL Gate Timing Measurement Reference Levels
Input Pulse Levels: 0.6V, 2.4V Input: 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times : 10ns
TRC
TH VIH |VIH
ADDRESS ES ViL vin Xt
tacc ton
VIH teo /IH
Z  AlMINNNG b /
VI top
IH  tog VIH
% AN L 77
TCoE oD
tCoE v o
Vo uatA vALrp _ °F
VoL
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® Write Cycle 1 (2)

|

[o!

=

® Write Cycle 2 (2)

UNKNOWN
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twe
glu ViH Vin
iL Vig ViL
AN
NN /) %
tWP( 3 ) twr
Vin Vin
ViL
toEW
S, 6% %" 24 R .90,
0 O "’.’ 9.0, 0%
g S SRR @
TDH(4)
VIiH Vig
DATA IN STABLE
ViL VIiL
twe
vVig Vin Vin
Vin Vip ViL
taw tWP(3) twr
Vin Vin
Vig,
Vig
ViL /] /42
tcoR topw
tps(4) tpu(4)
Vi Vig
DATA IN STABLE
VIin ViL



Note:
1.

R/W is high for a Read Cycle.

2. OE=Vw or ViL. If, OE=Vin during write cycle, the output buffers remain in a high impedance state.
3. twr is specfied as the logical "AND” of CE and R/W. o
twp is measured from the latter of CE or R/lv going low to the earlier of CE or R/W going high.
4. tow, tos are measured from the earlier of CE or R/W going high.
5. Ifthe CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1, the output
buffers remain in a high impedance state in this period.
6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1, the output
buffers remain in a high impedance state in this period. -
7. Ifthe R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, the output
buffers remain in high impedance state in this period.
Ta=—-30~85°C)
SYMBOL PARAMETER MIN. TYP. MAX . UNIT
VDH Data Retention Power Supply Voltage 2.0 — 5.8 \Y,
Ta=25C - 0.005 0.2
TC5517CPL/CFL
Ta=60°C - — 1.0
Ibos2 Standby Current Ta=26°C — 0.05 1.0 uA
TC5517CP/CF Ta=60°C - - 5.0
Ta=85°C — — 30
tcoR From Chip Deselection to Data Retention Mode 0 — — s
R Recovery Time tre(1) — - #
Note :

1.

trc : Read Cycle Time

Vpp =\ DATA RETENTION MGDE /

()

IR

LCDR

Q
jes]

Vpp- 0.5V

ViL

GND

Note :

2.

If the Vin level of CE is 2.2V, during the period that tne Vpp voltage is going down from 4.5V to 2.7V loost current flows.
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® Plastic DIP
24 2322 21 20 1918 17 16 15 14 13
mininininininiaininlelis
‘[ i
Il -
)
R15 X b
uuuuuuuuuuﬂ:‘?’
1 2 34 5 67 8 910 11 12
324 MAX,
10 o) 1524TYP,
1 3

05 MIN,

025+0.05
144015

17.4MAX ,

0.5+£0.15
2.541025 0.2MAX ,

3.2MIN,

Note : Each lead pitch is 2.54mm. All leads are located within 0.256mm of their longitudinal position with respect to

No.1 and No.24 leads.
All dimensions are in millimeters.
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® Plastic FP

.......

Note : Each lead pitch is 1.27mm.
All leads are located within O. 1mm of their true longitudinal position with respect to No.1 and No.24 leads.
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i i )
This new flat package is a very small and thin
compared with conventional standard duail-in-line
package. Differences are as follows.

iR e

1. Difference in dimension between flat and standard

package. _ ‘ .
2. Comparison in occupied space.
Unit: mm

Flat pacpage Standard package
Length 16.5 32.4
Width 9.0 14.2 DIP
Lead Pitch 1.27 2.54
Thickness 2.1 5

3. Advantage of this package
Small dimensions
Capability of High Density Assembly FP
Capability of thin Assembly——Capability of
Assembly on both side of PC board.

4. PC pattern layout example.

CE ©
t—+ t—
;: " :I |' VDD LINE
I i 0 Ii :: o
== t ?—L_,, - 2\ LE
e Y N pe————/ I [}
== N——_ L~ N——1_ ©
= == 7 —< —t—a =<
iy I - 1
™ e/
S - \= ———= R
Q= 1, ———( e
=N\ ‘ﬁ—/_/—//, = =
E———N\ = = —— S —C af
o= ——— §
q T — %—h_\\ .J. :.__,—1 =
Il h !' ! —«J—L-—ls >~
T 0 H—ir- ) T «
i n  loNp LINE -~
. .
12.0 CE O (mm)

Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
C Aug., 1985 Toshiba Corporation
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2,048 WORD X 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5518BP-20/BPL-20/BP-25/BPL-25
TC5518BF-20/BFL-20/BF -25/BFL-25

The TC5518BP/BF is a 16384-bit high speed and
low power fully static random access memory orga-
nized as 2048 words by 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply.
__The TC5518BP/BF has two chip enable inputs,
CE, and CE,, which are used for device selection and
can be used in order to achieve the minimum stand-
by current mode easily for battery back up. Also the
high speed and low power characteristics which
maximum access time is 200ns and maximum
operating current is 5mA/MHz are achieved.

Thus the TC5518BP/BF is most suitable for use in
e Low Power Dissipation

27.5mW/MHz (Max.) Operating

Sl

e Standby Current
0.2uA (Max.) atTa= 25°C}TC55188PL/
1.0pA (Max.) at Ta=60°C)BFL-20
1.0pA (Max.) at Ta= 25°C}TC55188P/
5.0uA (Max.) at Ta=60°C|BF-20
e Single 5V Power Supply: 5V£10%
e Data Retention Supply Voltage
2.0~ 5.5V
e Fully Static Operation
(Top VIEW)
A7 ~ 24 VoD
As 2 23 Ag
Asds 22 Ag
As]4 21 JR/W
A3 Qs 20 [I¢CE,
A2s 19 O Ao
A1 Q7 18 [ CE,
Ao s 17 g 1/0g
1701 Q9 16 P 1/04
1702 10 1501 /04
1703 11 14 [J1/05
GND [ 12 130 1/04

Ao ~Arp Address [nputs

RMW Read/Write Control {nput

CE,.CE, Chip Enable Inputs
1/0y ~ 1/0g Data Input/Output
Vpp Power (+5V)

GND ‘Ground

low power applications where battery operation or
battery back up for nonvolatility are required.
Furthermore the TCH518BPL/BFL guaranteed a
standby current equal to or less than 1xA at 60C
ambient temperature available.

And the TC5518BP is pin compatible with 2716
type EPROM. This means that the TC56518BP and
EPROM can be interchanged in the same socket,
and the flexibility in the definition of the quantity of
RAM versus EPROM allows the wide application in
microcomputer system.

® Fast Access Time
tacc=200ns(Max.) : TC5518BP-20/BPL-20/BF-20/
BFL-20 |
tacc=250ns(Max.) : TC5518BP-25/BPL-25/BF-25/
BFL25_
e Two Chip Enables (CE1, CE2) for Simple
Memory Expansion and Battery Back Up
On-chip Address Transition Detector
All Inputs and Outputs Directly TTL Compatible
Three State Outputs
Package
Plastic DIP : TC5518BP-20/BPL-20/BP-25/
BPL-25
Plastic FP : TC5518BF-20/BFL-20/BF-25/
BFL-25

PRECHARGE

CLOCK
GENEATOR CIRCUIT

MEMORY CELL
ARRAY
128 x 128

ROW ADDRESS
REGISTER
ROW DECODER

ROW ADDRESS
BUFFER

T

I [

SENSE AMP. AND
COLUMN DECODER

1

COLUMN ADDRESS
BUFFER

alny

CIRCUIT

I DATA CONTROL|

Ao A Az A3

—_— DA77




MODE CE, CE, R/W Ao ~Aso 1/0; ~ ¢ POWER
Read L L H Stable Data Out lobo
Write L L L Stable Data In Ibbo
** Standby 1 * H * * High Impedance Iops
** Standby 2 H * * * High Impedance Ibos

Note; *: Hor L  **: Data Retention Mode
SYMBOL ITEM RATING
Vbo Power Supply Voltage —0.3V ~ 7.0V
ViIN Input Voltage —0.3V ~ Vpp+0.3V
Vijo Input/Output Voltage —0.3V ~ Vpp+0.3V
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TsTg Storage Temperature —B5°C ~ 150°C
TopR Operating Temperature —30°C ~ 85°C
TSOLDER Soldering Temperature - Time 260°C - 10 sec

*: Plastic FP = 0.45W

ETER

SYMBOL PARAM MIN. TYP. MAX. UNIT

Vpp Power Supply Voltage 45 5.0 5.5 \

ViH Input High Voltage 2.2 — Vpp 0.3 \

ViL Input Low Voltage —0.3 — 0.8 \

VoH Data Retention Voltage 20 — 5.5 Y,
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
e Input Leakage Current | 0 S VN £ Vpp - — +1.0 uA
ILo 1/O Leakage Current ng =V, oV g VI/O g Voo - - 5.0 MA -
loH Output High Current | Vo =2.4V —1.0 | 20 - mA
loL Output Low Current VoL =0.4V 2.0 3.0 - mA
IDpst CE, =22V or CE, = 2.2V - 10 | 30 | mA

= i TCE518BPL/ | Ta=25°C - | 0005| 02 | mA
CE 2Vpp —0.5V or BFL | Ta=60°C - - [ 10
IpDs2 Standby Current CE; <Vpp —0.5V ; Ta=25°C — 005 10 uA
Vo =2~ 5.5V TCO8T8BP/ Irasg0°C — [ - [ 50
Ta=85°C - — 30
'bpo?1 toycle =200ns, CE1 = | Viny = Vig/VyL - - 30
Ippo2 . CE, =0V, lout =0mA | V|n = Vpp/GND - — 25
Iboo3 Operating Current Toyele = Tus, ch - Vin = Vin /il — — 0 mA
Ibpoa CE, =0V, louT =0mA | Vin = Vpp/GND - - 5
Note: Typical Values are at Ta=25°C, Vpp =5V

SYMBOL | PARAMETER MIN. TYP. MAX. UNIT

CiNn Input Capacitance — 5 10 pF

Cio Input/Output Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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Read Cycle

AN

Vou

Vou

TC5518BP-20/BPL-20 | TC5518BP-25/BPL-25
SYMBOL PARAMETER TC5518BF-20/BPL-20 | TC5518BF-25/BFL-25 |UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 — 250 —
tACC Access Time — 200 - 250
tCO1 CE1 to Output Valid — 200 — 250
tCO2 CE2 to Output Valid - 200 — 250 ns
tCOE CET or CE2 to Output Active 10 — 10 —
toD Qutput High-Z Deselection - 60 - 70
tOH Output Hold from Address Change 20 — 20 —
Write Cycle
TC5518BP-20/BPL-20 | TC5518BP-256/BPL-25
SYMBOL PARAMETER TCH518BF-20/BFL-20 | TC5518BF-25/BFL-25 |UNIT
‘ MIN. MAX. MIN. MAX.
TWC Write Cycle Time 200 — 250 —
tWP Write Pulse Width 150 — 170 —
tAW Address set up Time 0 - 0 —
tWR Write Recovery Time 0 ~ 0 —
tobow | Outpur High-Z from R/W - 60 - 70 ns
tOEW Output Active from R/W 10 — 10 —
tDS Data set up Time 90 ~ 100 —
tDH Data Hold Time 0 — 0 —
" Output Load : 100pF + 1TTL Gate
Input Pulse Levels : 0.6V, 2.4V
Timing Mesurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 10 ns
tRC
Read Cycle (1) Vi iy ™
Addresses ‘X ViL viL x viL
t toH
LV AC:c::oz ViH h
© NN Y,
Vin oo
- tcol Vin 7
o NN I,
tCOE Von top
tCOE VoH
Pour i OUTPUT DATA VALID >@——




Write Cycle 1.

Addresses

&
m
N

al
-

Dour

Din

Write Cycle 2.

Addresses

(7) CE, (CEy)

(7) CE 4 (CE,)

R/W

Dout

DIN

Yoo DR
O,y eZ
Aty v et/

NN, e ]
tODW_~_1___ "OEWI
R e (B
2§rDATA IN STABLE—\XIL
o Vi
w7777
NN
ey Ny
>§'_ DATA IN STABLE VX

UNKNOWN
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Note: (1)
(2)

(3)
(4)
(5)

(6)

(7)

R/W is high for a Read Cycle.

twp is specified as the logical "AND" or CE1, CE2 and R/W. -

twp is measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1, CE2 or
R/W going high.

tpH. tps are measured from the earlier of CE1, CE2 or R/W going high.

If the CE 1, or CE2 low transition occurs simultaneously with or latter from the R/W low tran-
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or
CE2 low transition; the output buffers remain in a high impedance state in this period.

A write occurs during the overlap of a low CE1, low CE2 and low R/W.

In write cycle 2, write is controlled by either CE1o0rCE2.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VoH Data Retention Power Supply Voltage 2.0 - 55 \%
TC5518BPL/| Ta=25°C - 0.005 0.2
BFL | Ta=60°C — - 1.0
lops2 Standby Current Ta=25°C - 005 1.0 HA
TC5518BP/ Ta=60°C — — 5.0
BF 5
Ta=85"C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recover Time tre() - - us
Note {1) trc : Read Cycle Time
Voo DATA RETENTION MODE

45V —— | — - N\ [_-_ _—_—————

(2)

= \

CEy or CE, tCDR Voo —0.5V tR

ViL

GND
Note (2) if the Vi level of CE (CE {) is 2.2V, during the period that the Vpp voltage is going down from 4.5V to0 2.7V, Ipps1

current flows.
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® Plastic DIP

d X
P <
R1.5 : - i
1] <
i
| QR g Wm gy e g mm gy Gn gy Gm gy U g S gy Sm gy S )
123456 7809101112
. 32.4 MAX, % 15.24 TYP.
. <
10 s
wn
0.25 +0.05
2.54 +0.26 1.4 +£0.15 >
T H
0.5 +0.15 E 17.4 MAX.
)
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Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect
to No.1 and No.24 leads.
All dimensions are in millimeters.



@ Plastic FP

< -Z— <
o -3 o
+ o ~ +h
] =] - [
24 23 22 21 20 19 17 16 15 14 13
N ©
c| ©
+| 4
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il =
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- - 1
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J 0.43 +0.05 w 1.27 +0.1 0~1.27 0.15 + 0.05
T
16.5 MAX
S
+
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el
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Note : Each lead pitch is 1.27mm. All leads are located within 0. 1mm of their true longitudinal position with respect to

No.1 and No.24 leads.
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This new flat package is a very small and thin compared with conventional standard dual-in-line package.

Differences are as follows.

1. Difference in dimension between flat 2. Comparison in occupied space
and standard package.
Unit : mm
Flat package Standard package DIP
Length 16.5 324
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 2.1 5
FP
3. Advantage of this package
Small dimensions
Capability of High Density Assembly
Capability of thin Assembly — Capability of Assembly on both side of PC board.
4. PC pattern layout example
0o " '' VppLINE
' ! ' "
T 0 | T ﬁo |
i ' l ! N N °
= === " o
=————— = : N1
%&M 'E[_j,\
== N\ S N
= - —=

vsZo

Gl
% =
== =7— =7
m\_ﬂ_ T, ‘—’ﬂ\ ——91
1 1 N
- ¢
H\L = I‘ = \\\ |
_j é i TO"\ RIS 3 Y
EE '.: :E :;' GND LINE
o &, o=, fomm)

Note:
the right, at any time without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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2,048 WORD X 8 BIT CMOS STATIC RAM

TC5518CP-15/CPL-15/CP-20/CPL-20
TC5518CF-15/CFL-15/CF-20/CFL-20

The TC5518CP/CF is a 16384-bit high speed and
low power fully static random access memory orga-
nized as 2048 words by a 8 bits using CMOS tech-
nology, and operates from a single 5 volt supply.
The TC5518CP/CF has two chip enable inputs, CE1
and CEz2, which are used for device seiection and can
be used in order to achieve minimum standby cur-
rent mode easily for battery back up. Also the high
speed and low power characteristics which maxi-
mum access time is 150ns, 200ns and maximum
operating current is 5mA/MHz are achieved. Thus

® Low Power Dissipation
27 .5mW/MHz(Max.) Operating

® Standby Current
0.2uAMax.) at Ta=25°C}
1.0pA(Max.) at Ta=60C
1.0pA(Max.) at Ta=25°C} TC5518CP-15/CP-20
5.0uA(Max.) at Ta=60C CF-15/CF-20

® Single 5V Power Supply : BV+10%

® Data Retention Supply Voltage : 2.0~5.5V

® Fully Static Operation

® Fast Access Time

tacc=150ns(Max,) : TC6518CP-15/CPL-15

CF-15/CFL-15

TC5518CPL-15/CPL-20
CFL-15/CFL-20

- (TOP VIEW)
gy ~ apvo
A6 Q2 23 0 a8
A5 s 22 B A9
Ae Q4 A PJRW
A3 Qs 0 peE
Az 06 19 EAlO
A1 gn 18 P Ciz
aods mRh1/08

/o1geo 6piI1/ov
1,02 10 15N 1,/06
/03 gu 1p1/05

GND ] 12 13104

Ao~Aio

Address Inputs
R/W Read/Write Control Input

CE1, CE2 Chip Enable Inputs
1/01 1/0s Data Input/Output
Voo Power (+5V)

GND Ground

the TC5518CP/CF is most suitable for use in low
power applications where battery operation or battery
back up for nonvolatility are required. Furthermore
the TC5518CPL/CFL guaranteed a standby current
epual to or less then 1xA at 60°C ambient tempera-
ture avaitble. And the TC5518CP is pin compatible
with 2716 type EPROM. This means that the
TC5518CP and EPROM can be interchanged in the
same socket and the fiexibility in the definition of the
quantity of RAM versus EPROM allows the wide
application in microcomputer system.

tacc=200ns(Max,) : TC5518CP-20/CPL-20
__ CF-20/CFL-20
® Two Chip Enables (CE1,CE2) for Simple Memory
Expansion and Battery Back Up
® On-Chip Address Transition Detector
® All Inputs and Outputs Directly TTL Compatible
@ Three State Outputs
® Package ; Plastic DIP : TC5518CP-15/CPL-15
(600 mil) CP-20/CPL-20
Plastic FP : TC5518CF-15/CFL-15
CF-20/CFL-20

PRMCHARG
C1RCUIT

CLNCK
GENERATOR
I

MRMURY CiLI -

ARRAY ERTAN

RiG IST R

RW ADDRi-SS

128 x 128

| |
1,701 =13 SENSE AMP.AND
l :Eg — COLUMN DECODER
<
n§§ TOLUMN ADDRESS
1,08 Bf""“j‘ —
CE Q0 Al a2 a3

>

1
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MODE CE2 CEr R/W Ao~Aro 1/01~1/0s POWER
Read L L H Stable Data Out lopo
Write L L L Stable Data In lobo
* % Standby 1 * H * * High Impedance lobs
* % Standby 2 H * * * High Impedance lobs
Note: * : HorL % * : Data Retention Mode
SYMBOL ITEM RATING
Voo Power Supply Voltage —-0.3~7.0V
ViN Input Voltage —0.3V~\Voo+0.3V
Vi/o Input/Output Voltage —0.3V~Vop+0.3V
Po Power Dissipation(Ta=85°C) 0.8W(0.45W)*
Tste Storage Temperature —-55°C~150°C
Torr Operating Temperature —30°C~85°C
TsoLDER Soldering Temperature:Time 260°C-10sec.
*Plastic FP=0.45W
_ (Ta=-30~85°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \
ViH Input High Voltage 2.2 — Voo+0.3 \
ViL Input Low Voltage -0.3 — 0.8 \
VDH Data Retention Voltage 2.0 - 5.5 \Y
(Ta=30~85°C, Voo=5V+ 10%)
TC5518CP- TC5518CP-
SYMBOL PARAMETER CONDITIONS 15/CF-15 20/CF-20 UNIT
MIN. | MAX. | MIN. | MAX.
I Input Leakage Current O=VIN=Vpo — .0 — +1.0 uA
Io I/O Leakage Current CE2 =Vin, OV=Vi,0=Vpp — +5.0 +5.0 | uA
loH Output High Current Von=2.4V -1.0 -1.0 mA
loL Output Low Current Vor=0.4V 2.0 — 2.0 - mA
lops1 CE2=2.2V or CE1 =2.2V — 3.0 — 3.0 | mA
CE2 =Voo TC5518CPL/ |Ta=25C — 0.2 — 0.2
—0.5Vor CFL Ta=60"C| — 1.0 - 1.0
loosz | Standby Current e Ta=26C| — | 1.0 | — | 1.0 | u«A
Vop=2~5. gg5518cp/ Ta=60C| — | 50 | — | 5.0
v Ta=86C| — 30 - 30
10001 teycle =Mini cycle, ViN=Vin/ViL — 45 30
Iboo2 ) CE1 =CE2=0V, lour=0mA Vin=Vop/GND — 40 25
Operating Current — mA
lopos teyole=1us, CE1 = Vin=Vin/ViL — 10 — 10
(bDo4 CE2 =0V, lour=0mA Vin=Vop/GND | — 5 — 5

Note : Typical values are at Ta=25°C, Vpp=5V.
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance — 5 10 pF
Cout Input/Output Capacitance — 5] 10 pF

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

(Ta=—30~85"C, VoobV=+10%)

Read Cycle
TC5518CP-15/CPL-15 TCB5518CP-20/CPL-20
SYMBOL PARAMETER TC5518CF-15/CFL-15 TC6518CF-20/CFL-20 UNIT
MIN. MAX. MIN. MAX.
tac Read Cycle Time 150 — 200 —
tace Address Time — 150 — 200
tco CE1 to Output Valid — 150 — 200
tco2 CE2 to Output Valid — 150 — 200 ns
tcoe CE1 or CE2 to Output Active 10 — 10 —
ton Output High-Z Deselection — 50 — 60
toH Output Hold from Address Change 15 — 20 —
TC5518CP-15/CPL-15 TC5518CP-20/CPL-20
SYMBOL PARAMETER TC5518CF-15/CFL-15 TC5518CF-20/CFL-20 UNIT
MIN . MAX. MIN. MAX.
twe Write Cycle Time 150 — 200 —
twp Wirite Pulse Width 120 - 150 —
taw Address Set up Time 0] — ] —
tWR Write Recovery Time 0 — (6] —
toow Output High-Z from R/W — 50 — 60 ns
toEW Output Active from R/W 10 — 10 —
tos Data Set up Time 60 - 80 —
toH Data Hold Time 0 - 0 —
Output Load :100pF+1TTL Gate
Input Pulse Levels - 0.8V, 2.4V
Timing Measurement Reference Levels
Input: 0.8V and 2.2V
Output : 0.8V and 2.2V
Input Pulse Rise and Fall Times : 10ns
tRe
ADDRESSES vid Vit
tacc toH
yig touz v
= 77
ViE ooy —=
72 MMM o/ 1
oo v ‘e J
teuk il Von
Doyt VUTPUT DATA VALID

Vor.
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® Write Cycle 1 (2)

S

ADDRESSES

Q
!

R/W

Dour

DIN

® Write Cycle 2 (2)

ADDRESSES

(?)CEZ(CE1)

(7)CEI(TEZ)

R/ W

Doyt

twe
vip viE Ve
taw
. WR
topw + LOEW
R e v g
Vin ViH
DATA IN STABLE
Vi Vin
twe
v vit ) Vit
AT v T
taw WP (R) twr
T \\\\\\\\ Vi ViL Y
TCoE N topw
g —
tDs (3) CDH (3
Vin Vi
DATA IN STABLE
Vi Viy

B - v

KNOWN
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Note :

1.
2.

3.
. M the CE1 or CE2 low transition occurs simultaneously or latter from the R/W low transition in a Write Cycle 1, the

R/W is high for a read Cycle.

twe is specified as logical "AND" of CE1, CE2 and R/W.

twp is measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1,CE2 or R/W going high.
toH, tos are measured from the earlier of CE1, CEz2 or R/W going high.

output buffers remain in a high impedance state in this period.

. If the CE1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1,

the output buffers remain in a high impedance state in this period.

. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or CE2 low transition, the

output buffers remain in a high impedance state in this peried.

. A write occurs during the overlap of a low CE1, low CEz and low R/W.

In write cycle 2, write is controlled by either CE1 or CEz.

(Ta=—30~85C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VDH Data Retention Power Supply Voltage 2.0 — 5.5 \
TCS618CPL/CFL |2=22C | — ] 0:005 | 0.2
Ta=60°C - — 1.0
loos2 Standby Current Ta=25C | — 0.056 1.0 2A
TC5518CP/CF Ta=60°C - - 5.0
Ta=85°C — — 30
1CcDR From Chip Deselection to Data Retention Mode (0] — — us
R Recovery Time trc(1) — — us
Note :

. trc : Read Cycle Time

VoD
DATA RETENTION MODE
VI ——————f—--- "~ e = ——
(2
TE1 or CER “cDR
VDD“O.5V
VIL
GND

2. Ifthe Vin level of CE2 (CE1) is 2.2V, during the period that the Voo voltage is going down from 4.5V to 2.7V, loost

current flows.
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® Plastic DIP

p
. =
x
R1.5 <
-] -
| S0 SN NN [ G D [y NN BN N N O B g B |
1 2 3 4 5 6 7 8 9 1011 12
3 2.4 MAX. s
o 15.24 TYP.
] I SV A 0 =
=
n
o p
0.25+0.05
wy .
144015 E
« 17.4 MAX.
8]

0.5+ 015

Note :  Each lead pitch is 2.54mm.

All leads are located within O.25mm of their true longitudinal position with respect to No.1 and-No.24 leads.

All dimensions are in millimeters.

0.2 MAX.
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® Plastic FP

]| 01x01
|
0.1

Note :  Each lead pitchis 1.27mm.
All leads are located within O.1mm of their true longitudinal position with respect to No.1 and No.24 leads.
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This new flat package is a very small and this
compared with conventional standard dual-in-line
package. Differences as follows.

By

Ti

it

1. Difference in dimension between flat and standard 2, Comparison in occupied space

package.
Unit: mm
Flat pacpage Standard package
Length 16.5 32.4
: DIP

Width 9.0 14.2

Lead Pitch 1.27 2.54

Thickness 2.1 5

3. Advantage of this package
Small dimensions
Capability of High Density Assembly
Capability of thin Assembly —

Capability of Assembly on both side of PC board.

FP

4. PC pattern layout example

CE2 CE1

il Vpp LINE
1

0.258
0254

0.258

H
I A
no |l GND LINE

120 CEZ CE1

(mm)

Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time

without notice, to change said circuitry.
© Aug., 1985 Toshiba Corporation
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8,192 WORD X 8 BIT CMOS STATIC RAM TCS5563APL-1 05 TC5563APL-12
SILICON GATE MOS TC5563A PL-1 5

DESCRIPTION

The TC5563APL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS
technology, and operates from a single 5V supply. Advanced circuit techniques provide both high speed and low power
features with a maximum operating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns.

When CE2 is a logical low or CEq is a logical high, the device is placed in low power standby mode in which standby
current is 2uA typically. The TC5563APL has three control inputs. Two chip enables (CE4, CEp) allow for device selection
and data retention control, and an output enable input (OEq) provides fast memory access. Thus the TC5563APL is
suitable for use in various microprocessor application systems where high speed, low power, and battery back up are
required.

The TC5563APL is offered in dual-in-line 28 pin 0.3 inch width piastic package.

FEATURES
o o Directly TTL Compatible
® Low Power Dissipation : All Inputs and Outputs ‘
27.5mW/MHz (Max.) Operating . ® 0.3 inch width Plastic Package
o Standby Current: 100pA (Max.) Ta=70 C e TC5563APL Family (Package Type)
® Access Time
TC5563APL-10 : 100ns (Max.) Package Type Device Name
TC5563APL-12 : 120ns (Max.) - -
TC5563APL-15 : 150ns (Max.) 600 mil DIP TCS565APL
® 5V Single Power Supply 300 mil DIP
e Power Down Features: CEp, CE4 (Slim Package) TCS5E3APL
e Fully Static Operation
Flat Package .
e Data Retention Supply Voltage: 2.0~5.5V (SOP) TC5565AFL
PIN CONNECTION (TOP VIEW) *) See TC5565APL/AFL Technical Data
TC5563APL
ne. d Vbb BLOCK DIAGRAM
A2g2 R/W
Az Q3 CEp
Al 4 Ag CLOCK PRECHARGE l
s g 5 Ag GENERATOR CIRCUIT
] T
AL s Aqy As .V'L,
Az @7 OE Ag -—OVpp
A Q8 Ao 2 112 ~<«—O0 GND
A1 Qo TE4 2‘7 ° vel|ve MEMORY CELL
Acg 10 1/0g 8 O— A1 ARRAY
o1 g 1 1/07 Ag O— <o|l<d 256 X 256
/02 12 1/0g A10 0— c;)g gg (65536)
1703 13 1105 A1 0 £ ||z
eNnD @ 14 1/04 At2 0
| ]
1/01 o— CE _
PIN NAMES . Q SENSE AMP.
E
Ag~Aq2 Address inputs E g COLUMN DECODER
1/0g &- a0
R/W Read/Write Control Input v
OE Qutput Enable Input
CEy CE2 Chip Enable Input
1104~ 1/0 Data Input/Output —
/01~ 1/0g ata Input/Outpu AW
v P +5V
DD ower ( ) o=
GND CE2

Ground

N.C. No Connection

—263—




OPERATION MODE

OPERATION MODE CEq CEg OE R/W 1/04 ~1/0g POWER
Read L H L H Dout Ibpo
Write L H * L DIN IpDO
Output Deselect L H H H High-Z IDDO
H * * * High-Z IpDS
Standby
* L * * High-Z IDDS
*:HorlL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage —0.3~7.0 Vv
VIN Input Voltage *—0.3~7.0 Y
Vijo Input and Output Voltage -0.5~Vpp+0.5 \
Pp Power Dissipation 0.8 w
Tsolder Soldering Temperature 260-10 °C-sec
Tstg Storage Temperature —55~150 °C
Top, Operating Temperature 0~70 °C
* —3.0V at pulse width 50ns MAX.
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbp Power Supply Voltage 45 5.0 55 \2
ViH Input High Voltage 22 - Vpp+0.3 \
ViL Input Low Voltage —-0.3 - 0.8 v
VDH Data Retention Supply Voltage s 20 - 5.5 \Y
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D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, Vpp=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Input Leakage
TR CErrem g VIN=0~Vpp - +1.0 A
IOH Output High Current VoH=24V -1.0 - - mA
loL Output Low Current VoL=0.4V 40 - - mA
CE1=V|y or CEo=V)|_ or R/W=V|_or
Output Leakage = R
Lo Current OE =V|H +1.0 iy
VouT=0~VpD
teycle=1.0us 10 mA
Ypp=55V TC5563APL-10 teycle - 45 mA
CEq1 =ViL =100ns
IDDO1 OE2=Vin toycle
Other input= TC5563APL-12 =1)éOns - 40 mA
VIR/VIL
TC5563APL-15 teycle - 35 mA
=150ns
Operating Current
teycle=1.0ps - 5 mA
Ybp=55v TC5563APL-10 feycle - 40 mA
CE{ =0.2v =100ns
IbDO2 CEo=Vpp—0.2V ¢
Other input= TC5563APL-12 =$§%ﬁs - - 35 mA
Vpp—0.2v/0.2V
TC5563APL-15 teycle 30 mA
=150ns
IpDS1 CE1 =V} or CE2=VIL - 3 mA
Standby Current _ - .
“ CEq =Vpp—0.2V or Vpp=55V 2 100 #A
DDS2 CEp=0.2v Vpp=3.0V 1 50 HA

Note * : In standby mode with CE1 = Vpp—0.2V, these specification limits are guaranteed under the condition of
CE2=Vpp=0.2V or CE2=0.2V.

CAPACITANCE (Ta=25°C)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CiN Input Capacitance VIN=GND - - 10 pF
Cout Output Capacitance Vouyt=GND - - 10 pF

Note: This parameter periodically sampled is not 100% tested.
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A.C. CHARACTERISTICS (Ta=0~70°C, Vpp=5V+10%)

Read Cycle

TC5563APL-10 TC5563APL-12 TC5563APL-15
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT
trc Read Cycle Time 100 - 120 - 150 - ns
tacc Address Access Time - 100 - 120 - 150 ns
tco1 CEq Access Time - 100 - 120 - 150 ns
tcoz CEg Access Time - 100 - 120 - 150 ns
toEe Output Enable to Output Valid - 50 - 60 - 70 ns
tCOE Chip Enable (CE{, CEp) to Output in Low-Z 10 - 10 - 15 - ns
toEE Output Enable to Output in Low-Z 5 - 5 - 5 - ns
top Chip Enable (CE, CEp) to Output in High-Z - 35 - 40 - 50 ns
topo Output Enable to Output in High-Z - 35 - 40 - 50 ns
toH Output Data Hold Time 20 - 20 - 20 - ns
Write Cycle

TC5563APL-10 TC5563APL-12 TC5563APL-15

SYMBOL PARAMETER UNIT

MiN. MAX. MIN. MAX. MIN. MAX.
twe Write Cycle Time 100 - 120 - 150 - ns
twp Write Pulse Width 60 - 70 - 90 - ns
tcw Chip Selection to End of Write 80 - 85 - 100 - ns
tas Address Set Up Time o - 0 - (o} - ns
tWR Write Recovery Time o - 0 - 0 - ns
topw R/W to Output High-Z - 35 - 40 - 50 ns
toEw R/W to Output Low-Z 5 - 5 - 10 - ns
tps Data Set up Time 40 - 50 - 60 - ns
toH Data Hold Time 0 - 0 - 0 - ns

A.C. TEST CONDITION

Output Load : 100pF + 1 TTL Gate
Input Pulse Level : 0.6V, 2.4V
Timing Measurement V|N : 0.8V, 2.2V

Reference Level

tr, tf

VouTt : 0.8V, 22V
: bns
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TIMING WAVEFORMS
READ CYCLE (1)

ADDRESSES gm

R/W

’4

toH

top

. oo | ]

T

%

N

UNKNOWN

[

>
‘ twr ’
s

MMM

A

i

-]

SSSSSS




WRITE CYCLE 2 (4) (CE{ Controlled Write)

ADDRESSES

R/W

CEp

CEq

Dout

ViH
ViL

VIH
Vi

twe

NN

tAS

AN

tcoe

twp

i

A

i)

tDH

tps

¥ DATAIN
STABLE

WRITE CYCLE 3 (4) (CE2 Controlled Write)

ADDRESSES

R/W

CEp

Dour

DIN

ViH
ViL

VIH
viL

ViH
ViL

ViH
ViL

ViH
ViL

twe

tAs

tcoe

tcw

T

i

tcw

W

Wi

tps | ﬁzq
DATA IN
STABLE

—268—



Note 1. R/W is High for Read Cycle.

2. Assuming that CE{ Low transition of CE2 High transition occurs coincident with or after R/W

Low transition, Outputs remain in a high impedance state.

3. Assuming that CE{ High transition or CE2 Low transition occurs coincident with or prior to R/W

High transition, Outputs remain in high impedance state.

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this

period.

DATA RETENTION (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 55 Vv
Vpp=3.0V 50
Ipps2 Stand by Supply Current Vpp=5.5V 100 pA
tcbr Chip Deselection to Data Retention Mode 0o us
tR Recovery Time trc(1) us
Note (1) : Read cycle time.
CEq Controlled Data Retention Mode (2)
Vbp L DATA RETENTION MODE o
4.5V ———_ - - - - = - = —— = —_—t -
3
Vi ®) )
. /
CE Vpp-O0.
CE4 | tcoR DD—0.2V i
GND

CE2 Controlled Data Retention Mode (4)

VpD

4.5V _———_——_—

CEp

ViH

ViL

'CDR

DATA RETENTION MODE

R

GND
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Note 2:In CEq controlled data retention mode, minimum standby current mode is achieved under
the condition of CE2 < 0.2V or CE2 = Vpp—0.2V.

3: If the V|4 of CEq is 2.2V in operation, IDDS{ current flows during the period that the Vpp
voltage is going down from 4.5V to 2.4V.

4 : In CE2 controlled data retention mode, minimum standby current mode is achieved under
the condition of CE2 < 0.2V.

DEVICE INFORMATION

The TC5563APL is an synchronous RAM using address activated circuit technology. Thus the internal
operation is synchronous. Then once row address change occur, the precharge operation is executed
by internal pulse generated from row address transient. Therefore the peak current flows only after row
address change, as shown in the following figure.

This peak current may induce the noise on Vpp/GND lines. Thus the use of about 0.1uF decoupling
capacitor for every device is recommended to eliminate such noise.

ADDRESSES
60
Vpp=5.6V
IDDO 40 ViH=5.3V
(mA) ViL=0.2v
20 Horizon 100ns/div
° 1

Fig. TYPICAL CURRENT WAVEFORMS
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DIP 28 PIN OUTLINE DRAWING (3D28A-P)

Unitin mm (inches)

6.5 MAX

(.256)

35.3(1.390)MAX

5.0(.197)MAX

tek-

0.5(020)MIN

it

1.4(.055)+0.15(.006)

B 0.5(.020)£0.15(.0086)

2.5(.098)MIN
\

-t

7.62(.300)+0.25(.010)

R
3

Note) Lead pitch is 2.54 and tolerance is £0.25 against theoretical center of each lead that is
obtained on the basis of No. 1 and No. 28 leads.
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8,192 WORD X 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5564PL-15
TC5564PL-20

TC5564PL is 66536 bits static random access
memory organized as 8192 words by 8 bits using
CMOS technology, and operates with a single 5V
power supply.

Advanced circuit techniques provides low power
feafure with a maximum operating current of 5mA/
MHz. Operation current depends on cycle time.

TC5564PL has three control inputs. Two chip
enables(CE1, CE2) allow for device selection and
data retention control. Output enable(OE) input
provides fast memory access.When device is placed
in standby mode with chip off state, standby current

@ Standby Current
0.24AMAX.) at Ta=25°C
1.0uA(MAX.) at Ta=60°C

® Low Power Dissipation
27.5mW/MHz(MAX_.) Operating

® 5V Single Power Supply

® 8,192 Word x 8Bit

@ Fully Static Operation

® Data Retention Voltage : 2.0~5.5V

(TOP VIEW)

64k bit EPROM
TMM2764D

TC5564PL

is typically 0.01¢A. So the TC5564PL is suitable for
use in various microprocessor application systems
where low power and battery back up are required.
Ultra low standby power allow not only battery but
capacitance backup.

Pin assignment of TC5564PL is pin compatible
with the 64K bits EPROM(TMM2764D). RAM and
EPROM are then interchangeable in the same socket,
resulting in flexibility in the definition of the quantity
of RAM versus EPROM in microprocessor application
systems,

TC5564PL is offered in a standard dual-in-line
28pin plastic package, 0.6 inch width.

® Access Time

TC5564PL-15 TC5564PL-20
Address Access Time (MAX) 150ns 200ns
CE1 Access Time (MAX) 150ns 200ns
CE2 Access Time (MAX) 150ns 200ns
Output Enable Time (MAX) 70ns 100ns

® Directly TTL Compatible : All Inputs and Outputs
® Standard 28 Pin DIP
® Pin compatible with 2764 type EPROM

GENERATOR PRECHARGE CIRCUIT

A5 —o Vpp
MEMORY CHLL -0 gND
ARRAY
256x256
(65536)

HOW ADDRESS
DECODER

>
©
ROW ADDRESS
REGISTER

CE

SENSE AMP.

DATA
CONTROL

COLUMN DECODER

CE
L AD Al AR A3 A4

Ao~A12 Address Inputs j

i | Operation —_ J— 1/01~
1W Read/Write Control Input perati & | ces| OF |R/W /01 Power
Ot Output Enable Input Mode 1/0s
CEy, CE; Chip Enable Inputs Read L|H|L|H]| Dour | looo
1/01~1/0g Data (nput/Output Write L H * L Din looo
Voo Power (+5V) Output Deselect * * H * | High-Z| Ippo
GND Ground o H [ * * * " 1oDS

- Standby

N. C. No Connection * L * * " lobs
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SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -03 ~70* \
ViN Input Voltage —-03**~70 v
Vijo Input and Output Voltage —0.5~Vop+0.5 Y
Po Power Dissipation 1.0 W
TsoLoeR Soldering Temperature 260-10 °C-Sec
Tste Storage Temperature —55~1560 °C
Torr Operating Temperature —30~85 °C
* 8.5V at Pulse width 100ns
* % —3.0V at Pulse width 50ns
bt
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \%
Vi Input High Voltage 2.2 - Vop+0.3 \2
Vie Input Low Voltage —0.3* — 0.8 \
Vo Data Retention Supply Voltage 2.0 — 5.6 \Y

* —3.0V at Pulse width 50ns

7 o

s

(Ta=—30~85°C, Vop=5V+10%

Unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN. | TYP. |[MAX.| UNIT
liL Input Leakage Current ViNn=0~Vbp — — |£1.0 kA
lon Output High Current Von=2.4V -1.0| — — mA
loL Qutput Low Current Vou=0.4V 4.0 — — mA
CE1=Vinor CE2= Vi or

Lo Qutput Leakage Current R/W=Vi_, or OE=Vi4 — — [£1.0__xA
Vour=0~Vop
CE1=Vi and CEz=Vi| toee=1xs — _' 10

looo1 Operating Current Other Input=Vin/ViL Zg TC5564PL-15 — — | 45 | ‘mA
lour=0mA S5 [Tcss64Pl20 | — | — | 40
CE1=0.2V and toyole= 145 -1 — 15
CE2=Vop—0.2V

lpbo2 Operating Current Other Input w | TC5564PL-15 - - 40 mA
=Vop—0.2V/0.2V z9
lout=0mA 20 |TC5564PL-20 — — 35

Ipos! Standby Current CE1=Vin or CE2=Vy, — - 2 mA
CE1=Vop—0.2V or Ta=25C _— 0.011 0.2

Ipps2 Standby Current CE2=0.2V uA
Vop=2.0~5.5V Ta=60C | — | — 1 1.0

Note : In standby mode with CE1=Voo—0.2V, these specification limits are guaranteed under the condition of CE22Voo—0.2V or
CE2=0.2V.

(Ta=25°C, f=1MHz2)

SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance Vin=GND 10 pF
Cout Output Capacitance Voutr=GND 10 pF

Note : This parameter is periodically sampled and is not 100% tested.
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(Ta=—-30~85°C, Voo=5V+10%)

Read Cycle
TC5564PL-15 TC5564PL-20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 150 — 200 —
tace Address Access Time — 150 — 200
tcon CE+ Access Time — 150 — 200
tco2 CE2 Access Time — 150 — 200
toe Output Enable to Output in Valid — 70 - 100
ns
o Chip Enable (CE1), CE2 to 0 _ 0 _
Output in Low-Z
toEe Output Enable to Output Low-Z 5 — 5 —
tob Chip Enable (CE:, CE2} to Output in High-Z — 70 — 100
to00 Output Enable to . 60 o 80
Output High-Z
tou Output Data Hold Time 20 — 20 -
Write Cycle
TC5564PL-15 TCH564PL-20
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
twe Write Cycle Time 150 — 200 —
twp Write Pulse Width 100 — 150 -
tew Chip Selection to End of Write 120 — 180 —
taw Address Set up Time 0 — 0] —
tWR * Write Recovery Time 0 — 0 — ns
toow R/W to Output High-Z — 70 — 100
toEw R/W to Output Low-Z 10 — 10 —
tos Data Set Up Time 70 — 80 —
tDH Data Hold Time [0} — 0 —
Vb
Input Pulse Levels : 2.4V/0.86V
Timing Measurement Reference levels: Input ; 2.2V/0.8V 810
: : Output; 2.2V/0.8V
Input Pulse Rise and Fall Times : bns
: See Fig.1 VO Pin o

Output Load
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C  100pF (Including Jig)
D : 151588 or Equivarent
Fig. 1 Output Load
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MING W,
it W RAC

bttt it

® READ CYCLE (1)

tRC
ADDRESSES /
tace ton
CE2 / tcoz A\i\ ‘§§§QQX, \Q\ \Q\FQQ>-
top
. tcol 7
CEl §§§\ K (Céﬁl ,4?/ '/
top
t
7 MW N AT
toER topo
tcoE
tcoR
Doyt OUTPUT DATA VALID
® WRITE CYCLE 1 (R/W Controlled Write)
twe
ADDRESSES
AW wR
twp
o N
CER / oW \
tcw
SN
toow toEw
sour BTN Rk
tps oy
Drn DATA IN STABLE
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® WRITE CYCLE 2 (4) (CE, Controlled Write)

twe

ADDRESSES

WR

twp

~ T T,
S i e NN
" T
Prn xrmu IN STABLE

® WRITE CYCLE 3 (4) (CE2 Controlled Write)

tew

toow

tpH

twe

ADDRESSES X x

» AN / )
cx2 i, - N

=\ MW T,

tCOE toDW

Doyt \ ;)

t
DiN XDATA IN STABLE X




Note :
1. R/W is High for Read Cycle.
2. Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after R/W Low transition, Outputs
remain in a high impedance state. ‘
3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W High transition,
outputs remain in a high impedance state.
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

ATA Bt Ta=—30~85C)

SYMBOL PARAMETER MIN. | TYP. [MAX.| UNIT
VoH Data Retention Supply Voltage 20| — |85| V
Ipps2 Standby Current Ta=25C — (001102 uA

Ta=60°C - - 1.0
tcor Chip Deselection to Data Retention Mode [¢] — — us
R Recovery Time tRe) | — - us

Note (1) : Read cycle time.

CE1 Controlled Data Retention Mode (2)

VoD DATA RETENTION MODE

v @ / (3)
I —---- f
CEl Vpp — 02V
tCDR. DD tR
aND
® CE2 Controlled Data Retention Mode (4)
Vpp L\ DATA RETENTION MODE —_—
45V —m e e e e e e -
CE2
VIg tcDR tR
VI T TN 02V L7777

GND

Note :
' 2. In CEs controlled data retention mode, minimum standby current mode is achieved under the condition of CE2 <
- 0.2V or CE2 2Vopp—0.2V.
3. Ifthe Vin of CE1is 2.2V in operation, during the period that the Voo Voltage is going down from 4.5V t0 2.4V, lpps1
current flows.

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2<0.

2V. —o78—



The TC5564PL is an asynchronous RAM using
address activated circuit technology, thus the inter-
nal operation is synchronous. Then once row
address change occur, the precharge operation is
executed by internal pulse generated from row
address transient. Therefore the peak current flows

only row address change, as is shown in the follow-
ing figure.

This peak current may induce the noise on Voo/
GND line. Thus the use of about O.1u4F decoupling
capacitor every device is recommended to eliminate such
noise.

ADDRESS X
Ippo (mA)
80
60 I VDD= 55V
40 VI H= 5.3V
Vip,=02V
20 \ HORIZON 200ns/div
0 »

Fig. TYPICAL CURRENT WAVEFORMS
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Unit in mm

1 2 3 456 7 89 10111213 14

1524 TYP,

37.4MAX,
z. %so
)
= Py
g AT N e g S ) SN R S S S |
—+ THHHHIETIHUHHRC !

4 0est 91

05+0.15 = 005
2.5410.25 0.2MAX, g

141015 % I 17.4 MAX, |

NOTES : Each lead pitch is 2.54mm.
All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.28 leads.

Note:  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent icenses are imphied, and Toshiba reserves the right, at any time
without notice, 10 change said circuitry.
TAug.. 1985 Toshiba Corporation
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8,192 WORD X 8 BIT CMOS STATIC RAM

SILICON GATE CMOS
PRELIMINARY

DESCRIPTION

TC5564APL-12, TC5564APL-15
TC5564AFL-12, TC5564AFL-15

TC5564APL is 65536 bits of static random access memory organized as 8192 words by 8 bits using CMOS technology, and
operates with a single 5V power supply.
Advanced circuit techniques provides a low power feature, a maximum operating current of 5mA/MHz. Operational current

depends on cycle time.

TC5584APL has three control inputs. Two chip enables (CET, CE2) allow for device selection and data retention control. Output
enable (OE) input provides fast memory access. When device is placed in standby mode with chip off state, standby current is
typically 0.01uA. So the TC5564APL is suitable for use in various microprocessor application systems where low power and
battery back up are required. Ultra low standby power allow not only battery but capacitance backup.

Pin assignment of TC5564APL is pin-compatible with the 64K bits EPROM (TMM2764D). RAM and EPROM are then
interchangeable in the same socket, resulting in flexibility in the definition of the quantity of RAM versus EPROM in

microprocessor application system.

TC5564APL is offered in both a standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic flat

package.

FEATURES

® Access Time

issipati APL-12 TC5564APL-15
S Cissipation Operating TC3304AFL 12 | TCoSG4AFLIS
0.2uA (MAX) at Ta=25°C Standby Address Access Time (MAX)) 120ns 150ns
1.0pA (MAX) at Ta=60°C Standby CE1 Access Time (MAX) 120ns 150ns
® 5V Single Power Supply CE2 Access Time (MAX.) 120ns 150ns
® Low Voltage Operation: Vpp=3V Output Enable Time (MAX) 60ns 70ns
Tco=1us (MAX) Ta=60°C
® Fully Static Operation ® Directly TTL Compatible: All Inputs and Outputs
® Data Retention Voltage: 2.0~5.5V ® Wide Teperature Operation: —40~85°C
® Plastic DIP and Plastic FP Package
® Pin Compatible with 2764 type EPROM BLOCK DIAGRAM
PIN CONNECTION (0P viEw) GeRERATORf—{ PRECHARGE CROUT
64k bit EPROM 25 8j - Vop
TC5564APL TMM2764D 26 2 < GND
a7 el s MEMORY CELL
NC. 1 ™~ 280 Vpp vept ™~ 28[Vpp e otetr|les 256 - 256
A2 2 27 [0 R/W A2 2 27 ] PGM A10 =0 |22 (65536)
A7 O3 26 {1 CE2 A7 O3 26 IN.C. b =
A6 4 2517 A8 A6 Cla 25'1 A8
A5[|5 2417 A9 A5 Ci5 2417 A9 vor CE
rae 23[3 A1 AaCl6 23[3 A1 <2 SENSE AMP.
A3O7 221 CE A3 7 22[1 CE z 3z COLUMN DECODER
A28 210 A10 A2C]8 210 A10 vos =
A Ose 20 [J CE1 A9 200 CE
Ao 10 19[3 1708 Aod10 19[d 08 CE_ Jom A2 AsAd
1701 411 181 1/07 oo 11 181 07 i
1102 12 173 /06 010 06 RIW
1103 013 161 1/05 02 05 OE
GND [ 14 15[ 1/04 GNDO 04 CE D CE
PIN NAMES OPERATING MODE
A0 ~ A12 Address Inputs - — —
R/W Read/Write Gontrol Input Operation Mode E1 CE2 OE R/W [1/01~1/08 |Power
OE Output Enable Tnput Read L H L H bout
CE1, CE2 Chip Enable Input Write L H * L DIN IDDO
1/01 ~1/08 Data Input/Output Output Deselect - . H " Hionz
Vpp Power (+5V) - " - -
GND Ground Standby H H?gh-Z lbos
N.C. No Connection * L > * High-Z IpDs
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
*Vbp Power Supply Voltage -0.3~7.0 v * 8.5V at 100ns
VIN Input Voltage —0.3*~Vpp v * —3V Pulse width 50ns
Vijo Input and Output Voltage -0.5~Vpp+0.5 A
) Pp Power Dissipation 1.0 (0.6)* w * SOP
Tsolder Soldering Temperature 260 - 10 °C - sec
Tstg Storage Temperature —55~1560 °C
Topr Operating Temperature —40~85 °C
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=—-40~85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 45 5.0 5.5 \'
ViIH Input High Voltage 22 - Vpp+0.3 v
ViL Input Low Voltage -0.3 - 0.8 v
VDH Data Retention Supply Voltage 2.0 - 5.5 \

D.C. and OPERATING CHARACTERISTIC (Ta=-40~85°C, Vpp=5V+10% Unless otherwise noted)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
N Input Leakage Current VIN=0~VDpp - - +1.0 A
10H Output High Current 1Vop=24v -1.0 - - mA
loL Output Low Current VoL=0.4V 4.0 B - mA
VOH Qutput High Voltage loH=—20pA Vpp—0.1 - . \
VoL Output Low Voltage loL=20pA - - 0.1 v
Lo OLCI:tS:.Irte hfakage ﬁjﬁgﬁgfkvm or R/W=V|_or OE=V)y, : ) +10 A

. toycle=1us - - 10
3E1=c)\/tu.e?T:p%tE=2= w TC5564APL-12 . . 45
IDDO1 | Operating Current V::’/V"_ z g_‘) TCSE64AFL-12 mA
louT=0mA z0 TC5564APL-15 . . 40
TC5564AFL-15
_ teycle=1us - - 5
IDpO2 Operating Current \(;s;%g\cagfh?fz: w TC5564APL-12 R N 40 mA
Input=Vpp—0.2V/0.2V >0 |  TCB564AFL-12
loyT=0mA S5 | TesseanPL-15 j . 35
TC5564AFL-15
Ipps1 | Standby Current CE1=V|y or CE2=V_ - - 2. mA
CE1=Vpp—0.2V or Ta=25°C - 0.01 0.2
Ipps2 Standby Current CE2=0.2V pA
Vpp=2.0~5.5V Ta=60°C - - 1.0
Note: (1) In standby mode with CE1=Vpp—0.2V, those specification limits are guaranteed

under the condition of CE2 =Vpp—0.2V or CE2=0.2V.

(2) All voltage is measured from GND
CAPACITANCE * (Ta=25°C, f=1MH2)
SYMBOL PARAMETER CONDITION MAX. UNIT
CiN Input Capacitance ViN=GND 10 pF
Cout Output Capacitance VouT=GND 10 pF

* This parameter is periodically sampied and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=—40~85°C, Vpp=5V+10%)

READ CYLCE
. TC5564APL-12 TC5564APL-15
SYMBOL PARAMETER TC5564AFL-12 TC5564AFL-15 UNIT
X MIN. MAX. MIN. MAX.
tRC Read Cycle Time 120 - 150
tacc Address Access Time - 120 - 150
tco1 CET Access Time - 120 - 150
tcoz CE2 Access Time - 120 - 150
toE Qutput Enable to Output in Valid - 60 - 70 ns
tcoE Chip Enable (CE1, CE2) Output in Low-Z 10 - 10
toEE Output Enable to Output Low-Z
top Chip Enable (CET, CE2) Output in High-Z - 60 - 70
tobo Output Enable to Output in High-Z - 50 - 60
toH Output Data Hold Time 20 - 20
WRITE CYCLE
TC5564APL-12 TC5564APL-15
SYMBOL PARAMETER TC5564AFL-12 TC5564AFL-15 UNIT
MIN. MAX. MIN. MAX.
twe Write Cycle Time 120 - 150
twp Write Pulse Width 80 B 100
tcw Chip Selection to End of Write 100 - 120
tas Address Set Up Time 0 - 0
twRr Write Recovery Time (¢} - 0 - ns
topw R/W to Output High-Z - 60 - 70
tOEW R/W to Output Low-Z 10 - 10
tps Data Set Up Time 50 - 60
tpH Data Hold Time 0 - (o}
AC TEST CONDITIONS
VDD
® Input Pulse Levels 1 2.4V/0.6V Q8
1/0
® Timing Measurement Reference Levels 1 2.2V/0.8V Pin
OoF - R1: 2.4kn
e Output Reference Levels . 2.2V/0.8V « R2: 8100
C : 100pF (include Jig)
® Input Pulse Rise and Fall Time : bns D : 151588 (or Equivale
® Output Load . See Fig. 1

Fig. 1 Output Load
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3V OPERATION SPECIFICATION

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=—10~60°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpb Power Supply Voltage 2.7 3.0 3.3 \
VIH Input High Voltage Vpp—0.2 - Vpp \
ViL Input Low Volitage 0 - 0.2 \

D.C. AND OPERATING CHARACTERISTICS (Ta=—-10~60°C)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
hN Input Leakage Current VIN=0~VDpp - - 1.0 A
ILo Output Leakage Current gf%:‘\'/"l :r\?;jjlélls:;)g/w =ViL B 10 wA
loH Output High Current Vou=Vpp—0.2V -100 - A
loL Output Low Current VoL=0.2V 100 - - HA
VoH Output High Voltage loH=—20pA Vpp—0.1 - - v
VoL Output Low Voltage loL=20pA - 0.1 2
A -

Ippo* Operating Current Vpp—0.2V/0.2V toyole ) ) 08 mA
loyT=0mA, duty 100% =10us
CEi=V;_and CE2=V|y Ta=25°C - 0.01 0.2

IpDS Standby Current or CE2=V),_ Tas60°C N N 10 WA

All voltage is measured from GND.

* IpDO is slightly dependent on input pulse ty, tf. If a long ty, tf pulse is applied, there is some transient

current at the input stage. These specifications are guaranteed with tr, tf < 20ns.
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3V OPERATE SPECIFICATION

A.C. CHARACTERISTICS (Ta=—-10~60°C, VpDp=3V=+10%)

TC5564AFL-1 2

~TC5564AFL-1 5

READ CYCLE
SYMBOL PARAMETER MIN. TYP.* MAX. UNIT
trRc Read Cycle Time 1000

tacc Address Access Time - 300 1000

tco1 CET Access Time - 300 1000

tcoz CE2 Access Time - 300 1000

toe Output Enable to Output Valid - 100 200 ns
toH Output Data Hold Time 20 -

tcoE Chip Enable to Qutput in Low Z 10

toEE Output Enable to Output in Low Z 5

top Chip Enable to Output in High Z 200

topo Output Enable to Output in High Z 150

WRITE CYCLE

SYMBOL PARAMETER MIN. TYP.* MAX. UNIT
twe Write Cycle Time 1000 -

twp Write Pulse Width 500 -

tcw Chip Selection to End of Write 800 -

tas Address Set Up Time 100 -

twR Write Recovery Time 100 - ns
tps Data Set Up Time 400

tDH Data Hold Time 50 -

topw R/W to Output High Z 200

toEW R/W to Output Low Z 10 -

* Typ. condition is Ta=25°C, Vpp=3V

A.C. TEST CONDITIONS
e VIN=VDD—0.2V/0.2V

o Output Reference Level: 1.5V/1.5V

& Timing Measurement Level: 1.5V/1.5V

® Input Pulse Rise and Fall Time: < 20ns

e Output Load: 100pF (Include Jig)
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TIMING WAVEFORMS

READ CYCLE (1)

< tRe |
= I — /
- JNIION T

WRITE CYCLE 1 (R/W Controlled Write)

ADDRESSES

e
m

tas

WR

twp
tcw
i
l< tcw
- 'os

R RS
R R AR AR
XXRIRR

R KRR AR
BRI KRR

DATA IN STABLE
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WRITE CYCLE 2 (4) (CE1 Controlled Write)

twe

Y

SSSSSSSSS : : X
oE | = ,éW//////////////////
DATA IN STABLE }(
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(1) R/W is High for Read Cycle.

(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with

or after R/W Low transition, Outputs remain in a high impedance state.

(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with

or prior to R/W High transition, outputs remain in a high impedance state.

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state
during this period.

DATA RETENTION CHARACTERISTICS (Ta=—40~85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

VDH Data Retention Supply Voltage 20 - 55 \
Ta=25°C - 0.01 0.2

IDDS2 Standby Current Ta—60°C - - 1o pA

tcbr Chip Deselection to Data Retention Mode o] - - us

tg Recovery Time tRC(1) - - s

CE1 Controlled Data Retention Mode (2)

VbD
VbD DATA RETENTION MODE

R s\ D /g VI

&

cef [| fcor VDD - 0.2V <P

GND
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CE2 Controlled Data Retention Mode (4)

CE2

VIH

VIL —m— =~ —

GND

DATA RETENTION MODE

0.2V

Note: (1) trc: Read Cycle Time

(2) In CE1 controlled data retention mode, minimum standby current mode is
achieved under the condition of CE2 < 0.2V or CE2 = Vpp—0.2V.

(3) If the V|H of CE1 is 2.2V in operation, during the period that the Vpp Voltage
is going down from 4.5V to 2.4V, IDpS1 current flows.

(4) In CE2 controlled data retention mode, minimum standby current mode is
achieved under the condition of CE2 < 0.2V.

DEVICE INFORMATION

The TC5564APL is an asynchronous RAM using address activated circuit technology, thus the
internal operation is synchronous. Once a row address change occurs, the precharge operation is
executed by an internal pulse generated from the row address transients. Therefore the peak current
flows after only row address changes, as is shown in the following figure.

This peak current may induce the noise on Vpp/GND line. Thus the use of about 0.1uF decoupling
capacitor for every device is recommended to eliminate such noise.

ADDRESS

IDDO (MA)
80

60

40

20

0

Fig. TYPICAL CURRENT WAVEFORMS

—289—

Vpp=5.5V
VIH=5.3V

V|L=0.2V

HORIZON 200ns/div




DIP 28 PIN OUTLINE DRAWING (6D28A-P)

28272625 2423 2221

»

14.2(.560)MAX.

>

5.2(.205)MAX.

0.51(.020)MIN.

Unit in mm (inches)

15.24(.600)£0.25(.010)

~ 10.25(.010)

0.5(.020)£0.15(.006)

N

\
A
"

+0.1(.004)

2.54(.100)%0.25(.010) | I —0.05(.002)

1.4(055)10.15(.006)

3.2(.126)MIN.

0~15°

Lead pitch is 2.54mm and tolerance is 0.25mm against theoretical center of

each lead that is obtained on the basis of No. 1 and No. 28 leads.

MFP 28 PIN OUTLINE DRAWINGS (F28GA-P)

9.0(.354)MAX.

2.5(.098)MAX.

'y

Unit in mm (inches)

11.8(.465)+0.3(.012)

0.15(.006)+0.05(.002)

0.43(017)£0.1(004)| |1-27(050)+0.05(.002)

0.1(.004)
£0.1(.004)

I 1.5(.059)+0.4(.016)
e

Lead pitch is 1.27mm and tolerance is +0.12mm against theoretical center of

each lead that is obtained on the basis of No. 1 and No. 28 leads.



SILICON GATE CMOS

8,192 W(;)RD X 8 BIT CMOS STATIC RAM TC5565PL'1 2, TC5565PL'1 5
TC5565FL-12, TC5565FL-15

The TC5565P is 65,536 bit static random access
memory organized as 8,192 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. Advanced circuit techniques provide both
high speed and low power features with a maximum
operating current of 5mA/MHz and maximum
access time of 120ns/150ns.

When CEz is a logical low or CE1 is a logical
high, the device is placed in low power standby
mode in which standby current is 2 A typically. The
TC5565P has three control inputs. Two chip enables
(CE1, CE2) allow for device selection and data reten-

tion control, and an output enable input (OE) pro-

® Low Power Dissipation
27.5mW/MHz(Max.) Operating

® Standby Current : 100mA(MAX.)

® 5V Single Power Supply

® Power Down Features : CE2, CE1

® Fully Static Operation

® Data Retention Supply Voltage

: 2.0~5.5V
(TOP VIEW)
64k bit EPROM
TC5565PL TMMZ764D

Ao~A12 Address Inputs

R/W Read/Write Control Input
OE Output Enable Input
CE1, CE2 Chip Enable Inputs
1/01~1/0s Data Input/Output

Voo Power (+5V)

GND Ground

N. C. No Connection

vides fast memory access. Thus the TCB5565P is
suitable for use in various microprocessor application
systems where high speed, low power, and bettery
back up are required.

The TCb565P also features pin compatibility with
the 64k bit EPROM (TMM2764D). RAM and EPROM
are then interchangeable in the same socket, result-
ing in flexibility in the definition of the quantity of
RAM versus EPROM in microprocessor application
systems.

The TC5565P is offered in a dual-in-line 28 pin
standard plastic package.

® Access Time

TC5565PL-12 | TC5565PL-15

TC5565FL-12 | TC55656FL-15
:\hji;(e.s)s Access Time 120ns 150ns
(C;EIX.T\CCGSS Time 120ns 160ns
(C,\jix')Access Time 120ns 160ns
w;g(ut) Enable Time 60ns 70ns

@ Directly TTL Compatible : All Inputs and Outputs
® Standard 28 Pin DIP : TC5565PL-12/PL-15

® Plastic Flat Package : TC5565FL-12/FL-15

® Pin Compatible with 2764 type EPROM

CLOCK PRECHARGE
GENERATOR CIRCUIT
[ T

-0 Vpp
—o aND
MEMORY CRLL
ARRAY
256 X256
(65536)

ROW ADDRESS
DECODER

SENSE AMP,

COLUMN LECOLER

DATA
CONTROL

CE

Ao A) Az Az A4

CE
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OPERATION MODE CE1 CE2 OE R/W 1/01~1/0s POWER
Read L H L H Dour lobo
Write L H * L Din Iooo
Output Deselect L H H H High-Z looo

H * * * High-Z [

Standby * L * * High-Z lops

% : HorlL

SYMBOL ITEM RATING UNIT
Vob Power Supply Voltage —-0.3~7.0 \%
ViN Input Voltage -0.3*~7.0 \
Vi/o Input and Output Voltage —0.5~Vpp+0.5 \Y
Po Power Dissipation 1.0/0.6** W
TsoLDER Soldering Temperature 260-10 °C-Sec
TstG Storage Temperature —55~150 °C
Topr Operating Temperature 0~70 °C
LR —2.0V at Pulse width 10ns * % ---Flat package
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.6 \Y
Vin Input High Voltage 2.2 - Vpp+0.3 \Y
ViL Input Low Voltage -0.3 — 0.8 \
Vo Data Retention Supply Voltage 2.0 — 5.5 \
Ta=0~70°C, Voo=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. |[MAX.| UNIT
e Input Leakage Current Vin=0~Vpp — — |+1.0 uA
loH Output High Current Vonu=2.4V -1.0| — — mA
loL Output Low Current VoL=0.4V 4.0 = — mA

CE1=Vin or CE2=Vi or
Lo Output Leakage Current R/W=V,L or OE=VH — — |£1.0 #A
Vour=0~Voo
Vop=5.5V
TE =V tevele= 1us — — 10 mA
lbpon Operating Current CE2=ViH
Other Input . | tevcte= Min. cycle — — 45 mA
=Vin/ViL
Voo=5.5V
CEi=0.2V tevele=Tus - — 5 mA
Ibpo2 Operating Current CE2=Vop—0.2V
Other (nput tovee= Min.cycle | — | — | 40 | mA
=Vpp—0.2V/0.2V
loos1 Standby Current CE1=Vin or CE2=Vi — - 3 mA
CE1=Vpp—0.2V or
*IbDs2 Standby Current CE2=0.2V — 2 100 kA
Vop=2.0~5.5V

Note : In standby mode with CE1=Vpo—0.2V, these specification limits are guaranteed under the condition of CE2=Vpp—0.2V or

CE2=0.2V.




(Ta=25°C)

SYMBOL PARAMETER TEST CONDITION MAX. UNIT
CiN Input Capacitance Vin=GND 10 pF
Cour Output Capacitance Vour=GND 10 pF

Note : This parameter periodically sampled is not 100% tested.
(Ta=0~70°C, Voo=5V+10%)
Read Cycle
TC5565PL-12 | TC5565PL-15
SYMBOL PARAMETER TEST CONDITION TCB565FL-12 | TCH6565FL-156 | UNIT
MIN. | MAX. | MIN. ;| MAX. )
tRC Read Cycle Time Vin=2.4V/0.6V 120 — 150 — ns
tace Address Access Time Vin=2.2V — 120 - 150 ns
tcot CE1 Access Time ViL=0.8V — 120 | — 150 ns
tco2 CEz Access Time tr, tf=6ns — 120 — 160 ns
toe Output Enable to Output in Valid Von=2.2V — 60 — 70 ns
teoe g:':;f:;bif_? CEato VoL=0.8V 10 | - 10 | — ns
toee Output Enable to Output Low-Z Output Load : CL(100pF)and 5 — 5 — ns
1o Chip En‘able (CE1, CE2)to 1-TTL Gate B 60 _ 70 ns
Cutput in High-Z
to00 Output Ena?le to - 50 - 60 ns
Output in High-Z
toH Output Data Hold Time 20 — 20 — ns
Write Cycle
TC55656PL-12 | TC5565PL-15
SYMBOL PARAMETER TEST CONDITION TCH565FL-12 | TCE565FL-15 | UNIT
MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time Vin=2.4V/0.6V 120 - 150 — ns
twp Write Pulse Width Vin=2.2V 80 - 100 — ns
tow Chip Selecion to End of Write ViL=0.8V 100 — 120 — ns
tAs Address Set up Time tr, f£bns 0 - 0] — ns
twh Write Recovery Time 6] — [0} — ns
WA Write Recovery Time (CE1, CE2) 10 — 10 — ns
toow R/W to Output High-Z — 50 — 70 ns
toew R/W to Output Low-Z 10 — 10 — ns
tos Data Set Up Time 50 — 60 — ns
toH Data Hold Time o] — 0 — ns
toHI Data Hold Time (CE1, CE2) 10 | — 10 | — ns
Note : Input Pulse Levels=Vin

Timing Measurement Reference Levels=Vin, ViL
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® READ CYCLE (1)

ADDRESSES

CEg

Doyt

ADDRESSES

o]

Doyt

il 5 )

T ATV

N ST

RN [T
® WRITE CYCLE 1 (4) (R/W Controlled Write)

o F - K

v = [y - Vi -

G/ SR NN\

] ) 7

S S I
o BN
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ADDRESSES

R/W

CEg

Doyt

ADDRESSES

CEg

Doyt

® WRITE CYCLE 2 (4) (CE1 Controlled Write)

twe

e t W
Mg Ny 7 ]
o 7 T
K % Sy

>
X

® WRITE CYCLE 3 (4) (CE2 Controlled Write)

twe

Vig —
Vi —

11 4

I T
o T ]|
2T I,

tpH1

Vin—
ViL —

X
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Note :

1. R/W is High for Read cycle,

2. Assuming that CE: low transition of CE2 High transition occurs coincident with or after R/W Low transition, Outputs

remain in a high impedance state.

3. Assuming that CE: High transition or CE2:.Low transition occurs coincident with or prior to R/W High transition,

Qutputs remain in a high impedance state.

4.

Assuming that OE is High for Write Cycle, Outputs are in high impedane state during this period.

v Ta=0~70°C)
SYMBOL PARAMETER MIN. | TYP. [MAX.; UNIT
VoH Data Retention Supply Voltage 20| — | 5.5 \
TC5565PL-: E Vop=3.0V — | ~ | 80 | wA
PL-

lops2 Standby Supply Current FL-12
FL-15" Vop=5.5V — — 100 uA
tCcDR Chip Deselection to Data Retntion Mode 0 — — us
R Recovery Time tre) | — — us

Note (1) : Read cycle time.

® CET Controlled Data Retention Mode (2)

Data Retention Mode

VoD
45V — — — — _ R _\ e e _

VIR —— — 7

]

CE; LCDR

GND

Vpp —0.2V

® CE2 Controlled Data Retention Mode (4)

Data Retention Mode

R

ARV
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Note :

2. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2<0.
2V or CE22Vpp—0.2V.

3. Ifthe Vin of CE1 is 2.2V in operation, lops1 current flows the period that the Vop voltage is going down from 4.5V
to 2.4V.

4. In CE2 controlled data retention made, minimum standby current mode is achieved under the condition of CE2=0.
2V.

The TCb565P is an asyncnronous RAM using address activated circuit technology, thus the internal operation
is synchronous. Then once row address change occur, the percharge operation is executed by internal pulse
generated from row address transient. Therefore the peak current flows only after row address change, as shown
in the following figure.

This peak current may induce the noise on Vop/GND lines. Thus the use of about O.14F. decoupling
capacitor for every device is recommended to eliminate such noise.

ADDRESSES
60
Vpp=55V
Ippo 40 Vig=53V
] Vi =02V
R0 ‘ Horizon 200n8,/div
0 - -

Fig. TYPICAL CURRENT WAVEFORMS
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® DIP 28 PIN OUTLINE DRAWING (6D28A-P)

28 15
o T 0 e T e T e O e O e 0 A e s O e O s T O e |

14.2MAX

L

| TN g W gy MR B Rum gy W g SN R SED by me g SN jy WS gy SR g Re gy mm g S )

. 38.0MAX

0.510.15 2.54+0.25

0.51IMIN

15.24+0.25

1.4+0.15

o —

3.2MIN

Note : Lead pitch is 2.54 and tolerance is +0.25 against theoretical center of each lead that is obtained on the basis

of No.1 and No.28 leads.

® MFP 28 PIN OUTLINE DRAWING (F28GC-P)

28 15
nonnnononaonaonan

9.0MAX

liIUUULIULlULI_[IUUUH

o 18.9MAX

2.5MAX

0.4310.1 1.27+0.05

0.1+0.1

0.15+0.05

11.8+0.3

)

1.5+0.4

Note : Lead pitch is 1.27 and tolerance is +0.12 against theoretical center of each lead that is obtained on the basis

of No.1 and No.28 leads.
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8,192 WORD X 8 BIT

CMOS STATIC RAM
SILICON GATE CMOS

TC5565PL-12L, TC5565PL-15L
TC5565FL-12L, TC5565FL-15L

R

The TC5565P/F is 65,536 bit static random
access memory organized as 8,192 words by 8 bits
using CMOS technology, and operates from a single
5V supply. Advanced circuit techniques provide both
high speed and low power features with a maximum
operating current of 5mA/MHz and maximum
access time of 120ns/150ns. When CE: is a logical
low or CE1 is a logical high, the device is placed in
fow power standby mode in which standby current is
0.6uA typically. The TC55665P/F has three control
inputs. Two chip enables (CE1, CE2) allow for device
selection and data retention control, and an output

® Low Power Dissipation
27.5mW/MHz(Max.) Operating

® Standby Current : 1zA(Max.) Ta=25°C

® 5V Single Power Supply o

® Power Down Features : CE2, CE;

® Fully Static Operation

® Data Retention Supply Voltage
: 2.0~5.5V

- (TOP VIEW)

64k bit EPROM
TMM2764D

PIN NAMES
Ao~A2 Address Inputs
R/W Read/Write Control Input
OE ‘ "~ Output Enable Input
CEr, CE» Chip Enable Inputs
1/01~1/0s Data Input/Output
Voo Power (+5V)
GND Ground
N. C. No Connection

enable input (OE) provides fast memory access. Thus
the TC5665P/F is suitable for use in various micro-
processor application systems where high speed,
low power, and battery back up are required.

The TC5565P also features pin compatibility with
the 64k bit EPROM (TMM2764D). RAM and EPROM
are then interchangeable in the same socket, result-
ing in flexibility in the definition of the quantity of
RAM versus EPROM in microprocessor application
systems.

The TC5565P is offered in a dual-in-line 28 pin
standard plastic package.

® Access Time

TC5565PL-12L | TC5565PL-15L

TC5665FL-12L | TC5565FL-15L
(A‘htzg;?js Access Time 120ns 150ns
E\_AETAX.;""“SS Time 120ns 150ns
(f\f;x‘f‘ccess Time 120ns 150ns
(C’)\:/t\g(ut) Enable Time 60ns 70ns

@ Directly TTL Compatible : All Inputs and Outputs
@ Standard 28 Pin DIP : TC5565PL-12L/PL-15L
® Plastic Flat Package : TC55656FL-12L/FL-15L

@ Pin Compatible with 2764 type EPROM

CLOCK PRECHARGE
GENERATOR CIRCULT
:5 @ <«—o Vpp
6
A7 K] umioRY cELL | =0 OND
Ag g H] ARRAY
A9 <2il<8 256x256
Al0 3(I158 (65536)
Al o &2 | o2
Arz
10109 3
2 SENSE AMP,
t <&
BH COLUMN_DECODER
1/08 nee
CE!
AO Al A2 A3 A4
L&
R
OF

SEr CE

Q|
Ly
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OPERATION MODE CE, CE, OF R/W 1/0,~1/04 POWER
Read L H L H Dour lobo
Write L H * L Din looo
Output Deselect L H H H High-Z oo
Standby H * * * H?gh-Z lobs

* L * * High-Z lobs
*: Horl
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.3~7.0 Vv
ViN Input Voltage -0.3*~7.0 \
Vijo Input and Output Voltage —-0.5~Voo+0.5 Vo
Po Power Dissipation 1.0/0.6** W
TsoLpeR Soldering Temperature 260-10 °C-Sec
Tst6 Storage Temperature —-55~1560 °C
Torr Operating Temperature 0~70 °C
* .-+ —2 .0V at Pulse width 10ns
* % ---Flat package
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \
Vin Input High Voltage 2.2 — Voo+0.3 \Y
Vi Input Low Voltage -0.3 — 0.8 \
VoH Data Retention Supply Voltage 2.0 — 5.5 \%
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Ta=0~70°C, Vop=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. [ TYP. [MAX.] UNIT
m Input Leakage Current Vin=0~Vop — — [£1.0 uA
loH Output High Current Von=2.4V -1.0 — — mA
lot Output Low Current VoL=0.4V 4.0 . — mA

CE1=Vi or CE2=VL or
Lo Output Leakage Current R/W=ViL or OE=VIH — — 1£1.0 uA
Vour=0~Vop
E:\?"r)v tevete= 148 - - 10
lopo1 operating Current CE =V mA
CE2=Vi -M | 45
Other Input=Vir/Vit tovele= Al Cycele
Vop=56.5V
CE=0.2V tevele= 1us — — 5
lobo2 Operating Current CEz=Vop—0.2V mA
) Other Input tevete =Min. cycle — — 40
=Vpp—0.2V/0.2V-
Iops1 Standby Current CE1=Vin or CE, =V - - 3 mA
CE1=Voo—0.2V or Ta=25°C — |06 |10
* Standby Current A
ooz Y CE2=0.2V Ta=0~70C — | =13 *
Note : In standby mode with CE1=Vop—0.2V, these specification limits are guaranteed under the condition of CE22Vop—0.2V or
CE2=0.2V.

Ta=25°C)
SYMBOL ’ PARAMETER TEST CONDITION MAX. UNIT
Cin Input Capacitance ViN=GND 10 pF
Cour Output Capacitance Vour=GND 10 pF

Note : This parameter periodically sampled is not 100% tested.
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(Ta=0~70°C, Voo=5V+ 10%)

Read Cycle
| TCB565PL-12L | TCE566PL-15L
SYMBOL PARAMETER TEST CONDITION TC55656FL-12L | TC65665FL-156L | UNIT
MIN. | MAX. | MIN. | MAX.
tRe Read Cycle Time ViN=2.4V/0.6V 120 — 150 — ns
tacc Address Access Time ViH=2.2V — 120 — 150 ns
tcos CE, Access Time ViL=0.8V - 120 | — 1560 ns
tco, CE, Access Time tR, tr=5ns — 120 — 150 ns
toe Output Enable to Output in Valid Vou=2.2V — 60 — 70 ns
teor Chip Envable (CE1, CE2) t0 VoL=0.8V - _ 10 _ ns
Output in Low-Z
toee Output Enable to Output Low-Z Output Load : CL(100pF) and 5 — 5 — ns
o Chip En.ablev (CE1, CE2) to |-TTL Gate _ 60 N 70 ns
Output in High-Z
Output Enable to
tooo L — 50 — 60 ns
Output in High-Z
toH Output Data Hold Time 10 — 10 — ns
Write Cycle
TCB5565PL-12L | TC5565PL-15L
SYMBOL PARAMETER TEST CONDITION TC5565FL-12L | TC5565FL-15L | UNIT
MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time ViN=2.4V/0.6V 120 — 150 — ns
twp Write Pulse Width ViH=2.2V 80 - 100 — ns
tow Chip Selection to End of Write ViL=0.8V 100 — 120 — ns
tas Address Set up Time tr, tr=bns 0 — 0 — ns
twh Write Recovery Time 0 — 0 — ns
tWhI Write Recovery Time (CE1, CE2) 10 | — 10 | — ns
tobw R/W to Output High-Z — 50 — 70 ns
toEw R/W to Output Low-Z 10 — 10 — ns
tos, Data Set Up Time 50 — 60 — ns
ton Data Hold Time 0 - 0] — ns
ton Data Hold Time (CE1, CE2) 10 | — 10 | — ns

Note : Input Pulse Levels=Vin
Timing Measurement Reference Levels=Vi, ViL
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ADDRESSES

CEg

Doyt

VIH
ViL

ViH

VIH
ViL

Vin
VI

VoH
Vor,

tRC

/

=N

tace toH
\
Z[ tcoz m
tcol top

AT,

toE

NN

\\\!

top

VY

Wi

® WRITE CYCLE 1 (4) (R/W Controlled Write)

ADDRESSES

RAW

CEg

Doyt

DN

VIH
IL

VIH
ViL

VIH
ViL

VIH
VIiL

tOEE topo
- t:::E ! OUTPUT DATA VALID j%>_
UNKNOWN
twe
) & X
. CAS “wp “WR
- AN s
i R\
| I tow
toDw tOEW
R, SRR
tps tDH
- X e X
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® WRITE CYCLE 2 (4) (CE,

ADDRESSES

Doyt

Vin
Vin

VIR
Vip

Vin
Vin

Vin
Vin

VIH
Vip

® WRITE CYCLE 3

ADDRESSES

Doyt

Vin
ViL

VIH
ViL

VIin
ViL

Vin
ViL

Viu
ViL

Controlled Write)

Y
S R

- NN | - |
Y __ W7z,
- v/
SN ' I
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Note :

1.
2.

3.

R/W is High for Read Cycle.

Assuming that CE1 Low transition of CE2 High transition occurs coincident with or after R/W Low transition, Outputs
remain in a high impedance state.

Assuming that CE1 High transition or CE2 Low transition occure coincident with or prior to R/W High transition,
Outputs remain in a high impedance state.

Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

=0~70C)
SYMBOL PARAMETER MIN. | TYP. |[MAX.| UNIT
VoH Data Retention Supply Voltage 2.0 — 5.5 \Y
Vop=3.0V — — 15
Iops2 Stand by Supply Current - uA
Vop=5.5V — — 30
tcoR Chip Deselection to Data Retention Mode 0 — — us
tr Recovery Time tre(1)| — — 1S
Note (1) : Read cycle time.
® CE: Controlled Data Retention Mode (2)
VDD DATA RETENTION MODE
4BV — — — ——f — == - — - - -
(3)
VIH —_ - \ I
CE; tCDR Vpp—0RV
GND

® CE2 Controlled Data Retention Mode (4)

VoD = DATA RETENTION MODE [ -
45V - — — — — — — Y

CEg tCDR R
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2. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2<
0.2V or CE22Vpp—0.2V.

3. Ifthe Vin of CE1 is 2.2V in operation, Ibps1 current flows during the period that the Voo voltage is going down from
4.5V 10 2.4V.

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2=
0.2V.

|
The TC6565P/F is an synchronous RAM using

address activated circuit technology, thus the inter- ADDRESSES

nal operation is synchronous. Then once row

address change occur, the percharge operation is

executed by internal pulse  generated from row o0 | vpp=ssv
address transient. Therefore the peak current flows 40 VIp=53V

only after row address change, as shown in the Ippo ViL=02v
following figure. This peak current may induce the (ma) 20 Horizon 100n8/41v
noise on Voo/GND lines. Thus the use of about O.

1uF decoupling capacitor for every device is
recommended to eliminate such noise.

@ DIP 28 PIN OUTLINE DRAWING (6D28A-P)
28

Fig, TYPICAL CURRENT WAVEFORMS

T Unit in mm
1

18241033

| §
3

Note : Lead pitchis 2.54 and tolerance is iO 25 against theoretical center of each lead that is obtained on the basis
of No.1 and No.28 leads.

® MFP 28 PIN OUTLINE DRAWING (F28GC-P)
fnnnonononnnnd

Unit in mm

9.0MAX

!.IIJUUUI.IUI.IUUIJUUIJ
4

118+03

F (E\J

15+04

189MAX

2.5 MAX

015+008

G¢3201 .27+008

a1+01

Note : Lead pitchis 1.27 and tolerance is +0. 12 against theoretical center of each lead that is obtained on the basis
of No.1 and No.28 leads.

Note: Toshiba does not assume any responsibility for use of any circuitry described ;. no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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TC5565APL-10, TC5565AFL-10
SILICON GATE MOS TC5565APL-12, TC5565AFL-12
TC5565APL-15, TC5565AFL-15

8,192 WORD 8 BITCMOS STATIC RAM

DESCRIPTION

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS
technology, and operates from a single 5V supply. Advanced circuit techniques provide both high speed and low power
features with a maximum operating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns.

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power standby mode in which standby
current is 2uA typically. The TC5565APL/AFL has three control inputs. Two chip enables (CE1, CE2) allow for device
selection and data retention control, and an output enable input (OE) provides fast memory access. Thus the
TC5565APL/AFL is suitable for use in various mieroprocessor application systems where high speed, low power, and
battery back up are required.

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM2764D).

RAM and EPROM are then interchangeable in the same socket, resulting in flexibility in the definition of the quantity of
RAM versus EPROM in microprocessor application systems.

The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. The TC5565AFL is offered in 28 pin mini Flat
Package

FEATURES e Directly TTL Compatible

. All Inputs and Outputs
® Pin Compatible with 2764 type EPROM
® TC5565APL Family (Package Type)

® Low Power Dissipation

27.5mW/MHz (Max.) Operating
® Standby Current : 100pA (Max)) Ta=70°C
® Access Time

Package T Device N
TC5565APL/AFL-10 : 100ns (Max.) ackage Type evice Tame
TC5565APL/AFL-12 : 120ns (Max.) 600 mil DIP TC5565APL
TC5565APL/AFL-15 : 150ns (Max.) -

® 5V Single Power Supply (s?f,’fﬁéggm *TC5563APL

® Power Down Features: CEp, CE1

® Fully Static Operation Flat Package

e Data Retention Supply Voitage: 2.0~5.5V (sOP) . TCS565AFL

PIN CONNECTION (TOP VIEW) * See TC5563APL Technical Data.

64k bit EPROM
TC5565APL/AFL TMM2764D BLOCK DIAGRAM
I CLOCK PRECHARGE
GENERATOR CIRCUIT
)
A5 O r}'jl '1 B
Ag O k}':: VDD
[ oHe |le «—O GND
A70 >4 u 17 7]
oW w MEMORY CELL
Ag o |;g= e L BT ARRAY
Ago—H2 oMoy 256 X 256
A 2 <6]1<8 (65536)
100 ﬁ: B3] | B3]
M1 o—{RHRE| 1245
A2 l:‘Il H -
= T
PIN NAMES 1701 3 SENSE AMP.
2 = .
Ag~A1n Address Inputs EZ COLUMN DEGODER |
- 1/0g [2X8) 1 | | 1l
R/W Read/Write Control Input % -
A
OE Output Enable Input CE 5 & @ ]
CE . L Ao A Ap A3 Mg
1, CEp Chip Enable Input
u\_
1/01~1/0g Data Input/Output AW
VbD Power (+5V) E o
GND Ground CE>
2= ﬂ g )L—> CE
N.C. No Connection CE4




OPERATION MODE

OPERATION MODE CE4 CE OE R/W 1/01~1/0g POWER
Read L H L H Dout Ippo
Write L H * L DiN IpDO
Output Deselect L H H H High-Z IppO
H * * * High-Z IbDS
Standby
* L * * High-Z IbDS
*:HorlL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
VbD Power Supply Voltage —-0.3~7.0 "
VIN Input Voltage *~0.3~7.0 \
Vijo Input and Output Voltage —0.5~Vpp+0.5 \
Pp Power Dissipation 1.0/0.6** w
Tsolder Soldering Temperature 260-10 °C-sec
Tstg Storage Temperature ~55~150 °C
Topr Operating Temperature 0~70 °C
* —3.0V at pulse width 50ns MAX. ** Flat package
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VDD Power Supply Voltage 4.5 5.0 55 \
VIH Input High Voltage 2.2 - Vpp+0.3 \
ViL Input Low Voltage -0.3 - 0.8 \
VDH Data Retention Supply Voltage 2.0 - 55 \

—300—




D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, Vpp=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT
Input Leakage O~ -
I CGurrent VIN=0~VDD i 10 1A
IoH Output High Current VoH=2.4V -1.0 - - mA
loL Output Low Current VoL =0.4V 4.0 - - mA
CEq1=V|H or CEp=VQ| or
ILo Qutput Leakage R/W=V|| or OE=Vy . ; 10 A
Vout=0~VpD
toycle=1.0us - - 10 mA
Vpp=5.5V TC5565APL-10 teyole
TE1=viL TC5565AFL-10 ~1%0ns ) 40 mA
CEo=V|H
IDDO1 . TC5565APL-12 teyele R _
Other input = TC5565AFL-12 =1 EOns 40 mA
VIR/VIL
TC5565APL-15 teycle A i
» TC5565AFL-15 =150ms % mA
Operating Current
teycle=1.0ps - - 5 mA
Vpp=5:5V TC5565APL-10 t
= cycle - -
CE1=0.2V TC5565AFL-10 =1%0ns 40 mA
CEg=Vpp-0.2V
IDDO2 27¥DD TC5565APL-12 toycle i ; a5 mA
Other input= TC5565AFL-12 —120ns
Vpp—0.2v/0.2V
TC5565APL-15 toycle i i
TC5565AFL-15 ~750ns % ™
'DDS1 CEq1=V|y or CEg=V||_ - - 3 mA
Standby Current TE1=Vpp-02V or VDp=5.5V R 2 100 uA
*|
DDs2 CEp=0.2V Vpp=3.0V - 1 50 pA
Note * : In standby mode with CE1 = Vpp—0.2V, these specification limits are guaranteed under the
condition of CE2 = Vpp—0.2V or CE2 < 0.2V.
CAPACITANCE (Ta=24°C)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIN Input Capacitance VIN=GND - 10 pF
Cout Output Capacitance VouT=GND - 10 pF

Note: This parameter periodically sampled is not‘1 00% tested.
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A.C. CHARACTERISTICS (Ta=0~70°C, Vpp=5V+10%)

Read Cycle
TC5565APL-10 TC5565APL-12 TC5565APL-15
TC5565AFL-10 TC5565AFL-12 TC5565AFL-15
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tRc Read Cycle Time 100 - 120 - 150 - ns
tacc Address Access Time - 100 - 120 - 150 ns
tco1 CE1 Access Time - 100 - 120 - 150 ns
tcoz CEp Access Time - 100 - 120 - 150 ns
toe Output Enable to Output Valid - 50 - 60 - 70 ns
tcoe Chip Enable (CE4, CEp) to Output in Low-Z 10 - 10 - 15 - ns
tOEE Output Enable to Output in Low-Z 5 - 5 - 5 - ns
top Chip Enable (CE4, CEp) to Output in High-Z - 35 - 40 - 50 ns
topo Output Enable to Output in High-Z - 35 - 40 - 50 ns
tOH Output Data Hold Time 20 - 20 - 20 - ns
Write Cycle
TC5565APL-10 TC5565APL-12 TC5565APL-15
TC5565AFL-10 TC5565AFL-12 TC5565AFL-15
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twe Write Cycle Time 100 - 120 - 150 - ns
twp Write Pulse Width 60 - 70 - 90 - ns
tcw Chip Selection to End of Write 80 - 85 - 100 - ns
tas Address Set Up Time 0 - 0 - 0 - ns
twr Write Recovery Time 0 - 0 - 0 - ns
topw R/W to Output High-Z - 35 0 40 - 50 ns
toew R/W to Output Low-Z 5 - 5 - 10 - ns
tps Data Set up Time 40 - 50 - 60 - ns
tpH Data Hold Time 0 - 0 - 0o - ns

A.C. TEST CONDITION

Output Load :
: 0.6V, 2.4V

Input Pulse Level

Timing Measurement V|N : 0.8V, 2.2V
Reference Level VouTt : 0.8V, 2.2V
tr, tf : Bns

100pF + 1 TTL Gate
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TIMING WAVEFORMS

READ CYCLE (1)

ADDRESSES

&l

Dout

WRITE CYCLE 1 (4) (R/W Controlled Write)

ADDRESSES

R/W

CEp

Dout

DiN

VIH
ViL

VIH
ViL

VIH
ViL

VIH
Vi

VoH
VoL

ViH
ViL

VIH
ViL

VIH
ViL

ViH
ViL

ViH
ViL

tRC

=\

toE

OUTPUT

DATA VALID

UNKNOWN

twe

'WR

Z

LLMMMINN

i,

tOEW

1DH

DATA IN
STABLE
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WRITE CYCLE 2 (4) (CE1 Controlled Write)

- twe -

-¢ ~>

ADDRESSES ViH  —
VIL

tAS twRr

SO LN \-/////////////////////////////

— v — -
CE; IH I r
Vi — J

tCOE topw
Dour

tps toH

ViR — >E DATA IN
DiN ViL  — STABLE

WRITE CYCLE 3 (4) (CE2 Controlled Write)

CEp Vi ——
ViL

iz

ADDRESSES x:r - )S: S(
i LAWY i
ol X Tr X
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Note 1. R/W is High for Read Cycle.

2. Assuming that CEq Low transition of CE2 High transition occurs coincident with or after R/W
Low transition, Outputs remain in a high impedance state.

3. Assuming that CEq High transition or CE2 Low transition occurs coincident with or prior to R/W
High transition, Outputs remain in high impedance state.

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this
period.

DATA RETENTION (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VDH Data Retention Supply Voltage 2.0 55 \
Vpp=3.0V 50
Ipps2 Stand by Supply Current VDD=55V 100 A
tcDR Chip Deselection to Data Retention Mode 0 - s
tR Recovery Time tRC(1) us
Note (1) : Read cycle time.
CE1 Controlled Data Retention Mode (2)
Vob ) DATA RETENTION MODE
5.5V - T T T AT T T T T T T T T T T —_———- -
v (3) 3)
IH - \
/
£ J| tcor Vpp—0.2v g
GND

CE2 Controlled Data Retention Mode (4)

VpD ____\
45V —— - —

VIH

ViL

GND

DATA RETENTION MODE

0.2V
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Note 2:In CE{ controlled data retention mode, minimum standby current mode is achieved under
the condition of CE2 < 0.2V or CE2 = Vpp—0.2V.

3: If the V|H of CEq is 2.2V in operation, IpDS1 current flows during the period that the Vpp
voltage is going down from 4.5V to 2.4V.

4 : In CE2 controlled data retention mode, minimum standby current mode is achieved under
the condition of CE2 < 0.2V.

DEVICE INFORMATION

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, thus the
internal operation is synchronous. Then once row address change occur, the precharge operation is
executed by internal pulse generated from row address transient. Therefore the peak current flows only
after row address change, as shown in the following figure.

This peak current may induce the noise on VDp/GND lines. Thus the use of about 0.1uF decoupling
capacitor for every device is recommended to eliminate such noise.

ADDRESSES
60 Vpp=5.5V
ViH=5.3V
40 n||_.=0.2V o
1DDO orizon 100ns/div
(mA) 20
0o

Fig. TYPICAL CURRENT WAVEFORMS
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DIP 28 PIN OUTLINE DRAWING (6D28A-P) Unit in mm (inches)

Y4
14.2(559)MAX.

>
<
b3
8 | W [ WAy S [y VNS R SED ly W R NI Jy WD Ny SUUS N NN (i SN R SN jy M gy wt | .
% 1.2 3 45 7 8 9 1011121314 Z
o 38.0(1.496)MAX. 2| | 1524(600)+0.25(010)
At @
© y
i L ! l L W
] u +0.1 (004)
.25(.010
z"‘ | 0.5(020):0.15(.006) 2.54(.100)£0.25(.010) ”0 (010)_0,05(,002
% | | 1.4(.055)+0.15(.006) 0~15°
o~
&
o

Note) Lead pitch is 2.54 and tolerance is +0.25 against theoretical center of each lead that is
obtained on the basis of No. 1 and No. 28 leads.

MFP 28 PIN OUTLINE DRAWING (F28GC-P) Unit in mm (inches)

282726252423222120191

8171615
nonda anoann '
g
>
d\
gueugoguinunyd
1234567 891011121314

18.9(744)MAX. 11.8(.466)%0.3(012)

HHHHY— JEEEEEEE
I |o.43 017)£0.1 1.27(.050)0.05(. l
{ 604) - (.050) (.002) 1.5 (059)£0.4(.016)

/

l 2.5(.098) MAX
T

0.15(.006)£0.05(.002)

0.1(004)
+0.1(004)

Note) Lead pitch is 1.27 and tolerance is £0.12 against theoretical center of each lead that is
obtained on the basis of No. 1 and No. 28 leads.
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32,768 WORD X 8 Bl1l kC’MOS STATICRAM TC5525 7 P -k 1 O/P L- 1 o 1

SILICON GATE CMOS

TC55257P-12/PL-12

The TC55257P is 262,144 bit static random
access memory organized as 32,768 words by 8
bits using CMOS technology, and operated a single
BV supply. Advanced circuit technigues provide both
high speed and low power features with a maximum
operating current of 5mA/MHz and mimimum cycle
time of 100ns/120ns.

When CE is a logical high, the device is placed in
low power standby mode in which standby current is

® Low Power Dissipation

27.5mW/MHz(Max.) Operating

@ Standby Current
100xA(Max.) : TC556257PL-10/PL-12
1mA(Max.) TC55257P-10/P-12

® 5V Single Power Supply

® Power Down Feature : CE

® Data Retention Supply Voltage : 2.0~5.5V

i i

2uA typically. The TCB5257P has two control
inputs. Chip enable input (CE) allow for device selec-
tion and data retention control, and an output enable
input (OE) provides fast memory access. Thus the
TCbb257P is suitable for use in various micro-
processor application systems where high speed,
low power, and battery back up are required.

The TC55257P is offered in a dual-in-line 28 pin
standard plastic package.

® Access Time

TC55257P-10 | TC55257P-12
TC55257PL-10|TC55257PL-12
Access Time (MAX.) 100ns 120ns
CE Access Time
(MAX.) 100ns 120ns
Output Enable Time
(MAX.) 50ns 60ns

(TOP VIEW)
Alal1 ~ 2801 Vpp
AlzQR 27 RFW
A703 26p a1z
a6ll4 250 a8
A5[]5 24P ag
Asll6 Bfail
A3 E 7 220 OF
Az08 21palo
ALl9 20p CE
aofjio 19f11/08
o111 isp L/07
1702012 17p 1L/06
103013 16 g 1/05
GND [ 14 15f 1,04
Ao~A1s Address Inputs
R/W Read/Write Control Input
OFE Output Enable Input
CE Chip Enable Input
1/01~1/0s Data Input/Output
Vob Power (+5V)
GND Ground

® Directly TTL Compatible : All Inputs and Outputs
@ Standard 28 pin DIP

EA
5 L ! . ——ovyp
A6 ' ' <-——0aND
A7 2|15 ' MEMORY CELL
v Hze Eg ARRAY n
AL _22 aofs 512x32x16
H O
= 262
AlR e |=a] | (262144)
AL3 2 ||z |
Al ﬁ ]
e
1/01
2 © SENSE AMP,
l <&/ COLUMN ADDRESS
ezl DECODER ‘
108 & 133|| & COLUMN_ADDRESS
gg REGISTER
O
QR A WA W
s SP S SR D G
A0 A1l A2 A3 A4 A0 CE
RW
OE
CE, CE
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OPERATION MODE

OPERATION MODE CE OE R/W 1/0,~1/0s POWER
Read L L H Dour lobo
Write L * L Din looo
Output Deselect L H H High-Z lopo
Standby H * * High-Z lobs

*)HorlL
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -2.0~7.0 v
Viro Input and Output Voltage -0.5~Vop+0.5 \
Po Power Dissipation 1.0 w
TsoLDeR Soldering Temperature 260-10 *C-sec
Tst6 Storage Temperature -55~160 °C
Torr Operating Temperature 0~70 ‘C
D. C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 Y
ViH Input High Voltage 2.2 - Vop+0.3 \
Vi Input Low Voltage -0.3 - 0.8 \
VoH Data Retention Supply Voltage 2.0 - 5.5 \
D. C. and OPERATING CHARACTERISTICS (Ta=0~70C, Voo=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
I Input Leakage Current Vin=0~Vop — — [£1.0 xA
lon Output High Current Vou=2.4V -1.0| — - mA
lou Output Low Current Vou=0.4V 4.0 — — mA
o Output Leakage Current CE=V or R/W=Vu or OE=Vi — | = |£1.0] wA

Vour=0~Vop
Voo=5.5V teycle =TS — — 10
Ippo1 CE=Vu, R/W=Viu teycle = mA
Other Input Min. cycle — — 45
Operating Current = Vin/Vi
{Read Cycle)* Voo=5.5V teycte= 1S — - 5
CE=0.2V
lppo2 R/W=Vpp—0.2V teyete = _ _ 40 mA
Other Input Min. cycle
=Vop—0.2V/0.2V
Iops1 Standby Current CE=Vm — | -1 3 mA
CE=Vpp—0.2V TC55257PL - 2 | 100 kA
loosz | Standby Current Voo=2.0~5.5V TC55257p — 1= [10] mA

* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much as that when R/W is High for Write Cycle.
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(Ta=26°C, f=1MHz2)

SYMBOL PARAMETER TEST CONDITION MAX. UNIT
Cin Input Capacitance Vin=GND 10 pF
Cour Output Capacitance Vour=GND 10 pF

Note: This parameter periodically sampled is not 100% tested.
 (Ta=0~70°'C, Vop=5V+10%)
Read Cycle
TC556257P-10 | TC55257P-12
SYMBOL PARAMETER TEST CONDITION TC55257PL-10|TC55257PL-12| UNIT
MIN. | MAX. | MIN. [ MAX.
tre Read Cycle Time ViN=2.4V/0.6V 100 — 120 —
tacc Address Access Time ViH=2.2V — 100 - 120
tco CE Access Time ViL=0.8V - 100 | — 120
toe Output Enable to Output in Valid t:, 41=<10ns - 50 - 60
tcoE Chip Enable(CEjto Output in Low-Z Von=2.2V 10 — 10 - ns
tOEE Output Enable to Output Low-Z Vou=0.8V 5 — 5 -
Chip Enable (CE) to Output in Output Load : Cu(100pFland
too . - 50 - 60
High-Z 1TTL Gate
Output Enable to Output in
tobo High-Z - 40 - 50
toH Output Data Hold Time 10 | — 10 | —
Write Cycle
TC55257P-10 | TC55257P-12
SYMBOL PARAMETER TEST CONDITION TC55257PL-10|TC65257PL-12| UNIT
MIN. [ MAX. | MIN. | MAX.
twe Write Cycle Time ViNn=2.4V/0.6V 100 — 120 -
twe Write Pulse Width Vin=2.2V 70 — 80 -
tow Ch;z r?te:ecnon to End of Vi=0.8V 90 _ 100 _
tas Address Set up Time t, 4<10ns 0 — (0] -
twh Write Recovery Time (o] - (0 -
toow R/W to Output High-Z - 50 - 60 ns
toew R/W to Output Low-Z 10 — 10 —
tos Data Set Up Time 40 - 50 -
toH Data Hold Time [¢] - (0] —
Note : Input pulse levels=Vin

Timing Measurement Reference levels=Vi, ViL
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READ CYCLE (1)

ADDRESSES

Doyt

WRITE CYCLE

ADDRESSES

Dout

DIn

Vin

Vin

Vin

ViL

Viu
ViL

Von

VoL

1 (4)

Vik

Viy

Vin

Vin
Vin

Vin
Vin

_ A X

N NI
~ Ty AT
- m /

T N

r

DATA IN STABLE
k.
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® WRITE CYCLE 2 (4) (CE Controlled Write)

Note :

N —

v
ADDRESSES 1H —

Vi

twe

tas

TR NN NN N 777/
s N\ —

R/W is High for Read cycle.
Assuming that CE low transition occurs coincident with or after R/W Low transition, Outputs remain in a high

impedance state.

Assuming that CE High transition occurs coincident with or prior to R/W High transition, Outputs remain in

a high impedance state.
Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

CS (Ta=0~70C)

SYMBOL PARAMETER MIN. [ TYP. IMAX.} UNIT
VoH Data Retention Supply Voltage 2.0 — 5.5 \"
Vpop=3.0V - - 50
TC55257PL uA
Ipps2 Standby Supply Current Vop=5.5V — — 1100
TC55257P - — [ 1.0 mA
tcor Chip Deselection to Data Retention Mode o} — - s
tr Recovery Time tacih) | — — #

Note (1) : Read cycle time.
CE Controlled Data Retention Mode

Vop _—\

45V ~mmmmomofmm - oo

VIR —mom-

(?)

DATA RETENTION MODE

CE

LcDR

Vpp— 0.2V

GND

Note (2) - If the Vin of CE is 2.4V in operation, lposi current flows during the period that the Voo voltage is going down from
4.5V t0 2.4V.
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OUTLINE DRAWINGS

2827 2625 2423 22 2120191817 16 15

5’ Unit in mm
h | R 2
R1.5 I <
-
- B ——
1 23456789 10111213 14
) 37.4MAX, 15.24TYP,
al “TA ] g
° — P Bps s R T Y - IR& I
- 1 ! TTHTEY :
» . v H H [l
] : 3
02591
1.4 +£0.15 . ~005
2541025 ~1 DZMAX, || "=
0.5+0.15 3 17.4 MAX
[#]

NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.28 leads.

Note :
without notice, to change said circuitry.

©Aug., 1985 Toshiba Corporation

Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
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SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

4,096 wo;o X 4 BIT STATIC RAM TMM2068D-35’ TMM2068D-45
TMM2068D-55

The TMM2068D is a 16,384 bits high speed and
low power static random access memory organized
as 4,096 words by 4 bits and operates from a single
5V supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 35ns/46ns/
55ns and maximum operating current of 150mA/
120mA/120mA. When CS goes high, the device is
deselected and placed in a low power standby mode

® Fast access time
tacc=3bns : TMM2068D-356
tacc=45ns : TMM2068D-45
tacc=5bns : TMM2068D-55

® Low Power dissipation
lcc=150mA : TMM2068D-35
lcc=120mA : TMM2068D-45/55
Ise=20mA

@ Single 5V power supply

(TOP VIEW)

A7 [ 1 200 Vece
A6 ]2 197 A8

mQs 18[) A9

Y = 175 A10
Az 5 16[] A1l
Az s 10 101
AL Qv 1403 102
a0 s ugl/oz»
tsQo 12 104
aND Q10 NPWE

Ao~A11 Address Inputs
1/01~1/04 Data Input/Output
cs Chip Select Input
WE Write Enable input
Vee Power({+5V)

GND Ground

in which maximum standby current is 20mA.,

Thus the TMM2068D is most suitable for use in
cache memory and high speed storage.
The TMM2068D is offered in a 20 pin standard
cerdip package with 0.3 inch width for high density
assembly.

The TMM2068D s fabricated with ion implanted
N channel silicon gate MOS technology for high
performance and high reliability.

® Fully static operation

® All inputs and outputs
Directly TTL compatible

® Power down feature : CS=ViH

® Three state outputs

® Inputs protected : All inputs protection against
static charge.

® Package : 20pin standard cerdip package, 0.3
inch width

A6 ] -——o0 Vce
a7 2 MEMORY
Q .
A8 2 CELL ARRAY aNp
A9 = (128~32x4)
A100413 2
All
1/01 O—— | l ] P
vor o= e P
1703 O
1/04 O— o COLUMN -
| DECODER
CS A0 Al A2 A3 A4
—>—cCs
TS o
WE 0

—_—A1T7 —




SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -3.5~7.0 \Y
Vin Input Voltage -3.56~7.0 \Y
Viyo Input/Output Voltage -3.56~7.0 Vv
Torr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55~150 °C
TsoLDER Soldering Temperature - Time 26010 °C-sec
Po Power Dissipation 0.9 w
loutr D. C. Output Current 20 mA
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 \Y
Vi Input Low Voltage -3.0* - 0.8 \'
Vee Power Supply Voltage 4.5 5.0 5.5 \%
* Pulse Width : 10ns, DC: —0.5V(Min.)
D. C. CHAR, (Ta=0~70°C, Vcc=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input Leakage Current Vin=0~Vcc - +10 #A
VoH Output High Voltage lon=—4.0mA 2.4 — Y
VoL Output Low Voltage lo.=0.8mA — 0.4 \
Vour=0~Vcc —
Lo Output Leakage Current CS=Vin +50 nA
| Operating Current CS=V, —3% — 150 mA
« perating - —45/65| — 120
Isg Standby Current CS=Vm — 20 mA
Isge Peak Power-on Current \C/cs;\gis.sv - 40 mA
CAPACITANCE®* (Ta=25¢C, f=T1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5
pF
Cour Output Capacitance Vour=0V 10

* Note : This parameter 1s penodically sampled and i1s not 100% tested.
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(Ta=0~70°C, Vec=56V+1 0%)

R

Read Cycle
TMM2068D-35 | TMM2068D-45 | TMM2068D-55
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tRe Read Cycle Time 35 — 45 — 55 —
tacc Address Access Time - 35 — 45 — 556
tco Chip Select Access Time — 35 — 45 _ 55
toz Chip Selection to Output in Low-Z 5 — 5 — 5 — ns
tcHz Chip Deselection to Output in High-Z 0] 20 o] 20 0] 20
toH Output Data Hold Time 5 - 5 - 5 —
tPU Chip Selection to Power Up Time 0 — 0 — 0 —
tpD Chip Deselection to Power Down Time — 30 — 30 — 30
Write Cycle
TMM2068D-35 | TMM2068D-45 | TMM2068D-55
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 35 — 45 — 55 —
tow Chip Selection to End of Write 30 — 40 — 50 —
tas Address Set Up Time 0 — 0 — 0 —
twe Write Pulse Width 30 — 35 — 40 —
tWR Write Recovery Time 0 — 0 - [¢] - ns
Wiz WE to Output in Low-Z 0 — 0 — 0 —
twhz WE to Output in High-Z 0 15 0 15 0 20
tos Data Set Up Time 15 — 20 — 20 —
toH Data Hold Time [0} — 0 — 0 —
Vee
Input Pulse Levels 0~3.5V 5100
Input Rise and Fall Times 5ns 1/0PIN
Input and Output Timing 1 BV
Reference Levels 30pF 3000
Qutput Load See Fig.1 l

Fig.1l Output Load

* Note : In all condition, tchz max is less than tctz min both for a given device and from device to device.
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® Read Cycle 1. (WE=Vi, CS=Vu)

tRrRC
Address ( <
tacc ! ton
DoyT OUTPUT DATA VALID
® Read Cycle 2. (WE=VH)
55 tRC
3 ﬁ
N /Y
tco tCHZ
tcLz
Doyt OUTPUT DATA VALID )
tpy tpDp
SUPPLY 10C —— -l o >
I
CURRENT —o /)
® Write Cycle 1.
twe
Address
l tow
cs
AR 7 J Z
WE tas typ twR
Y 4
\\ \ N Dy
twHZ WLz
Do HIGH IMPEDANCE
uT
tps tDH _l
1y DATA IN STABLE
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® Write Cycle 2.

arons N X
= tas | tow twr
- 1%
» 7777777
D ﬂ-{\ HIGH IMPEDANCE
. / | tps tpH l

Din X DATA IN STABLE ‘>l(

Note :
1. Inread cycle 2, all addresses are valid prior to or coincident with CS transition low.
2. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.
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Unit in mm

2 19 18 17 16 15 14 13 12 1

|~ ¥

:

0

~

T g g
1 =z 3 4 5 6 7 8 9 10
254 MAX.
) 8.0+£0.2
=
; —
—
0
o
. H I ' 1
51
= 0.25 + 01
N Y -005
2.54TYP, H 0.46+0.15
1 I n
152+025

Note : Each lead pitch is 2.54mm.

15°

All leads are located within 0.25mm of their longitudinal position with respect to No.1 and No.20 leads.

Note :
without notice, to change said circuitry.

©Aug., 1985 Toshiba Corporation
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4,096 worp x 4 BiT sTaTic Ram TMM2078D-35, TMM2078D-45

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

TMM2078D-55

The TMM2078D is a 16,384 bits high speed and
low power static random access memory organized
as 4,096 words by 4 bits and operates from a single
5V supply. Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 35ns/45ns/
55ns and maximum operating current of 150mA/
120mA/120mA. When CS goes high, the device is
deselected and placed in a low power standby mode

® Fast access time
tacc=35ns : TMM2078D-35
tacc=45ns : TMM2078D-45
tacc=5bns : TMM2078D-55

® Low power dissipation
lcc=150mA : TMM2078D-35
lcc=120mA : TMM2078D-45/55
Iss=20mA

@ Single 5V power supply

154 = Bt ~ e u AR
a6 2 219 a8

asg] 3 203 a9

Yy« 1M AL0
a3 s 18[ALl
Az s 17@N.C.
ALl 16101
a0} s 1531/02
oE[Q] ¢ 1 L/os
Ts o 13104
aND 1L 12WE

Ao~A11 Address Inputs
1/01~1/0a Data Input/Output
CcS Chip Select Input
WE Write Enable Input
OE Output Enable Input
Vee Power(+5V)

GND Ground

N. C. No Connection

in which maximum standby current is 20mA..

Thus the TMM2078D is most suitable for use in
cache memory and high speed storage. The
TMM2078D is offered in a 22 pin standard cerdip
package with 0.3 inch width for high density
assembly.

The TMM2078D is fabricated with ion implanted
N channel silicon gate MOS technology for high
performance and high reliability.

® Fully static operation

® All inputs and outputs Directly TTL compatible

® Power down feature : CS =ViH

e Output buffer control : OE

® Three state outputs

® Inputs protected : All inputs protection against
static charge.

® Package : 22 pin standard cerdip package,0.3
inch width

cs

A5
&z B -—0 Vee
A6 =
a7 o3 S MEMORY
>, 2 aND
8 “ CELL, ARKAY -—0
Ae & = (128x32~4)
N (=}
AlU e
All
— |
1/01 0 £ ~
1/02 O— o COLUMN 1/0 ﬁ_;;:
1./03 O kJ CIRCULIT _L_K
¥/04 O- D COLUMN
o DECODER
Ccs A0 Al AR A3 A4
e DS
VE o
OF O
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SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage -3.6~7.0 \Y
VIN Input Voltage —-3.56~7.0 \%
Viro Input/Output Voltage -3.5~7.0 \Y
Torr Operating Temperature 0~70 °C
TsTRG Storage Temperature —65~150 °C
TsoLDER Soldering Temperature - Time 260-10 °C-sec
Po Power Dissipation 0.9 w
lout D. C. Output Current 20 mA
g
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
A\ Input High Vovtage 2.0 — Vee+1.0 Vv
' Input Low Voltage -3.0* — 0.8 \Y
Vee Power Supply Voltage 4.5 5.0 5.5 \Y
* Pulse Width : 10ns, DC : —0.5V(Min.)
(Ta=0~70°C, Vec=5V =+ 10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
he Input Leakage Current Vin=0~Vcc — +10 kA
VoH Output High Voltage lon=—4.0mA 2.4 — \Y
Vou Output Low Voltage lo.=0.8mA — 0.4 \%
Vour=0~Vcc _
o Qutput Leakage Current 5=V +50 uA
| Operating Current ts=v —35 — 150 A
eratin = m
cc P ing Curren IL _45/55 — 120
Iss Standby Current CS=Vn — 20 mA
CS=Vce _
Issp Peak Power-on Current Vec=0~5.5V 40 mA
 (Ta=25°C, f=1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5
pF
Cour Qutput Capacitance Vour=0V 10

* Note : This parameter is periodically sampled and is not 100% tested.
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Ta=0~70C, Vcc=5V£10%)

Read Cycle
SYMBOL PARAMETER TMM2078D-35|TMM2078D-45|TMM2078D-55 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tRe Read Cycle Time 35 — 45 — 55 —
tacc Address Access Time — 35 45 — 55
tco Chip Select Access Time — 35 — 45 — 55
toe Output Enable to Output Valid - 20 — 20 — 25
torz Chip Selection to Output in Low-Z 5 — 5 - 5 - ns
tcHz Chip Deselection to Output in High-Z 0 20 0 20 0 20
toLz Output Enable to Output in Low-Z 0 — 0 — o] —
toHz Output Disable to Output in High-Z 0 15 0 15 0 20
toH Output Data Hold Time 5 — 5 — 5 —
tey Chip Selection to Power Up Time 0 — 0 — 0 —
tPD Chip Deselection to Power Down Time . 30 — 30 — 30
Write Cycle
SYMBOL PARAMETER TMM2078D-35|TMM2078D-45|TMM2078D-55 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 35 — 45 — 55 —
tow Chip Selection to End of Write 30 — 40 — 50 —
tas Address Set Up Time [0} — 0 — 0 —
twp Write Pulse Width 30 - 35 - 40 —
tWR Write Recovery Time 0] - 0 — [¢] — ns
twiz WE to Output in Low-Z 0 — 0 — 0 —
twHz WE to Output in High-Z 0 15 0 15 0 20
tos Data Set Up Time 15 — 20 — 20 —
toH Data Hold Time o] — 0 - (o] -
Ve
5100
Input Pulse Levels 0~3.5V /0 PIN
Input Rise and Fall Times bns 3000
Input and Output Timing 30pF
Reference Levels 1.5V 1
Output Load See Fig.1 Fig.l Output Load

* Note : In all condition, tcuz max is less than tciz min both for a given device and from device to device.
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tRe

Add . 3(

X

tace toug
5% tOE
OE x /
N\ /|
toLz toH
Dout < OUTPUT DATA VALID )@_——
® Read Cycle 2. (WE=ViH, OE=VW)
TS _\ tRC %
N\ /|
tco | tcHz
tcnz
Doyt OUTPUT DATA VALID /\
tpy | tPD
supPLY Igg-----l----

Ism ;l‘
CURRENT

Write Cycle 1.
twe
Add . >L
tow
= NN K777,
‘as twp tWR
vE \\\\\ /[
" 7//////////// t H;WHZ ) toLz \
o)
Doyt :::::::z}’o::... HIGH IMPEDANCE WLz
9%%%%%" ' . -
PIw >|Q DATA IN STABLE

—326—



® Write Cycle 2.

Add .

Doyt

DIn

Note :

twe

tag | tow tWR

4

twp

AN HLLTL00
i NN

tOHZ

HIGH IMPEDANCE

L tps tpr |

DATA IN STABLE 3’(

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low.
2. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.
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25MIN, | 0.51MIN

22 21 20 19 18 17 16 15 1l4¢ 13 1R

tichchrchehhohohoho

Unit in mm

84102

>4
g
Q
I
1 2 3 4 5 6 7 8 9 10 11
2 8.9MAX
4
<
=
a

152 +0.25

2.54TYP |
|

I'nYale)

+0.1
0.25_ 705

8.6~ 102

Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to
No.1 and No.22 Leads.

Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation



2,048 worp x 8 BiT sTatic Ram - TMIM2018D-35, TMM2018D-45

SILICON MONOLITHIC
N-CHANNEL SILICON GATE MOS PROCESS

TMM2018D-55

The TMM2018D is a16,384 bits high speed and
low power static random access memory organized
as 2,048 words by 8 bits and operates from a single
5V supply.Toshiba's high performance device tech-
nology provides both high speed and low power
features with a maximum access time of 35ns/45ns/
55ns and maximum operating current of 150mA.
When CS goes high, the device is deselected and
placed in a low power standby mode in which

® Fast access time
tacc=3bns : TMM2018D-35
tacc=4b6ns : TMM2018D-45
tacc=55ns : TMM2018D-556

® | ow power dissipation
lcc=150mA
Ise=20mA

® Single 5V power supply

® Fully static operation

./
A7 1 24P Ve
asl = 23048
as 3 2zPas
240 ¢ 21PVE
A3Q s 200K
azQ 6 19Pa10
aQg v 18QCS
acQ 8 17P 108
1,010 9 16 1,707
102010 15B 106
/03011 14P 105
anpQ1z 13R 104

Ao~Aio Address Inputs
1/01~1/0s Data Input/Output
cS Chip Select Input
WE Write Enable Input
OE Output Enable Input
Vce Power (+5V)

GND Ground

maximum standby current is 20mA.

Thus the TMM2018D is most suitable for use in
cache memory and high speed storage. The
TMM2018D is offered in 24 pin standard cerdip
package with 0.3 inch width for high density:
assembly.

The TMM2018D is fabricated with ion implanted
N channel silicon gate MOS technology for high
performance and high reliability.

® All inputs and outputs

Directly TTL Compatible
® Power down feature : CS=ViH
® Output buffer control : OE
@ Three state outputs
@ Inputs protected : All inputs protection against
static charge.
® Package: 24 pin standard cerdip, 0.3 inch width

o8 —g——g

Ad Of

-0 Vgg

A% of

MEMORY
CELL ARHAY
(128-16-8)

A6 o
A7 ol
A8 of
A9 O

ALU O

«——o0 GND

OW DECODEK

o e

— I

COLUMN [/0
ClxCUlT

~

- COLUMN —ll:RR
DECODEK

HEE R L5

CS A0 Al AR A3

1/01 o—
1/0% o~
1/03
1/04

L/0%
1/06 i

1707 H
1/08

LS

4

(o}
(%]

| &

o)
=
o
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SYMBOL RATING UNIT
Vee Power Supply Voltage -3.5~7.0 \
“VIN Input Voltage —-3.5~7.0 Vv
Vo Input/Output Voltage -3.6~7.0 v
Torr Operating Temperature 0~70 °C
Tste Storage Temperature —-55~150 °C
TsoLDER Soldering Temperature - Time 26010 °Csec
Po Power Dissipation 0.9 W
lout D. C. Output Current 20 mA
B
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 \%
ViL Input Low Voltage -3.0* — 0.8 \
Vee Power Supply Voltage 4.5 5.0 5.5 Vv
* Pulse Width : 10ns, DC: —0.5V(Min.)
(Ta=0~70°C, Vcc=56V+10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input Current Vin=0~Vcc — +10 uA
Vo Output High Voltage loh=—4.0mA 2.4 - \"
Vou Output Low Voltage loc=8.0mA — 0.4 \
ILo Output Leakage Current Your=0~Vee — +50 #A
CS=VH
lee Operating CS=Vui — 150 mA
Iss Standby Current CS=Vin — 20 mA
3 CS=Vcc —
Isep Peak Power-on Current Vee=0~5.6V 40 mA
£ (Ta=25C, f=1MH)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin=0V 5 F
Cout Output Capacitance Vour=0V 10 P

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




(Ta=0~70°C, Vec=56VE10%)

Read Cycle
TMM2018D-35| TMM2018D-45 |[TMM2018D-55
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. [ MAX.
tre Read Cycle Time 35 — 45 — 55 —
tacc Address Access Time — 35 — 45 — 55
tco Chip Select Access Time — 356 — 45 — 55
toE Output Enable to Output Valid — 20 — 20 — 25 |
tcLz Chip Selection to Output in low-Z — 5 — 5 — 5 ns
tcHz Chip Deselection to Output in High-Z 0] 20 0] 20 0 20
toLz Output Enable to Output in Low-Z 6] - 0 — [0} —
toHz Output Disable to Output in High-Z 0 15 0 15 0] 20
toH Output Data Hold Time 5 — 5 — 5 -
tpu Chip Selection to Power Up Time 0 — 0 — 0 —
tpD Chip Deselection to Power Down Time — 30 — 30 — 30
Write Cycle
TMM2018D-35(TMM2018D-45|TMM2018D-55
SYMBOL PARAMETER UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 35 — 45 — 55 —
tew Chip Selection to End of Write 30 — 40 — 50 —
— T "tas Address Set Up Time 0 — [0] - =0
twe Write Pulse Width 30 - 35 — 40 —
twWR Write Recovery Time 6] — 0] — 0 — ns
twiz WE to Output in Low-Z 0 - 0 — 0 —
tWHZ WE to Output in High-Z 0] 15 0 15 0 20
tos Data Set Up Time 15 — 20 — 20 —
toH Data Hold Time 0 — 0 — 0 -
Vee
5100
Input Pulse Levels 0~3.5V
Input Rise and Fall Times 5ns 170 PiN
Input and Output Timing 1.5V 30pF 3000
Reference Levels
Output Load See Fig. 1 I

Fig.l Output Load
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® Read Cycle 1. (WE=Vi, CS=Vu)

tRe
e X
tace ToHZ
oF tog /
N /|
oLz toH
Doyr OUTPUT DATA VALID

® Read Cycle 2. (WE=ViH, OE=Vy)

LR

N

/)

.
tcLz

4

tcHZ

OUTPUT DATA VALID

N

/

try
SUPPLY [, ---—d- -y
CURRENT Igp 7

® Write Cycle 1.

t_pD

X
=~ M | 7777777,

I tas

N\

/

i,

&l

HIGH IMPEDANCE

N

RO

toLz

| tps

:><:447 DATA IN STABLE.AAi:><:;
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® Write Cycle 2.

Add,

Doy

DiN

Note :

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low.
2. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

- t —X
\L J/

twp

AMMIIMIIMIIMIININY

N

LA

oY,

4

WHZ

toHz

HIGH IMPEDANCE

NN

| tps

pE |

>L DATA 1IN STABLE k
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24 23 22 21 20 19 18 17 16 15 14 13
momchohoohhohoh o oh
T T T M T T T T T v ﬁ
P :
~
e 4 4 gy L i 1 " s l‘
T T O g g o o
1 2 3 4 5 6 ? 8 9 10 11 12
- 32.4MAX | )
z-
=
=] ! 3
— | | ' | ! ! ) | oy
K
=
- -
<547TYP, 0.46+0.15 1.5+ 025
L L] 11! L

Unit in mm

24102

8.6~102

Note : Each lead pitch is 2.564mm. All leads are located within 0.25mm of their longitudinal position with respect to

No.1 and No.24 leads.

—334—



8,192 WORD X 9 BIT STATIC RAM
N-CHANNEL SILICON GATE MOS
PRELIMINARY

DESCRIPTION

TMM2089C-55

TMM2089C-35, TMM2089C-45

The TMM2089C is a 73,728 bits high speed N-channel silicon gate MOS static random access memory organized as
8,192 words by 9 bits and operates from a single 5-volt supply. The TMM2089C is features an automatic stand-by mode
when deselect by CS1 signal. Thus the TMM2089C is suitable for use in cache memory and high speed storage. The
TMM2089C has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM with Parity bit. The TMM2089C is
offered in a 28 pin standard ceramic dual in-line package with 0.3 inch width for high density assembly.

FEATURES
® Access Time and Current o All Inputs and Outputs: (Directly TTL
[ t A Operati Standb Compatible)
arameter ccess perating andby ) .
Part Time Current Current e Inputs Protected: (All mpgts havg
Number (Max.) (Max.) (Max.) protection against
TMM2089C-35 35ns 120mA 10mA static charge.)
TMM2089C-45 45ns 120mA 10mA
TMM2089C-55 55ns 120mA 10mA BLOCK DIAGRAM
® Single 5V Power Supply CLOCK PRECHARGE
® Fully Static Operation MSB GENERATOR CIRCUIT
® Power Down Feature: (CS1) A ] I
bl A12 p- -0 Ve
® Output Buffer Control: (OE) e W MEMORY CELL
® Three State Outputs 2 o ) ARRAY <—o0 GND
%35—%8 256 x32 %9
AB c<of ] ca (73728)
LSB | mS— —
PIN CONNECTION Y I
Vol j— e~
x|——3=—== SENSE AMP. [
— ) sl =
as 1 gEVCC 2%%// COLUMN nga"
At 2 27 0 WE 1/09 o=0 DECODER
A6 3 265 cs2 T ]
A5 []4 251 a9 COLUMN
A4C|5 2413 A10 ADDRESS
asds A1 BUFFER
A207 o S é'
A de A12 MSB A4 ~ A0 LSB
a0 O [3)
1/01 1/09
1/02 O 1108 — —
v03 Vo7 we -
1104 O 1/06 o o—q5 2
GND [ 1105 cs2 o——E % u
P w
PIN NAMES OPERATION MODE
SYMBOL NAME — g e
A0~ A12 ‘Address Inputs Mode Cs1 |cs2 OE | WE |[1/01~1/09 |Power
CS1,Cs2 Chip Select Input Write L H * L In Active
WE Write Enable Input Read L H L Out Active
1/01 ~ 1/09 Data Input/Output Standby H * * High-Z Standby
Cs1 Output Enable Input Standby L L * * High-Z Active
Vee Power (+5V) Output Buffer
GND Ground Disable L H H H High-Z Active

* Don't Care

— 2R/ —




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —3.5~7.0 "
ViNs VouT Input Output Voltage —3.5~7.0 \
Topr. Operating Temperature 0~70 °C
Tstg. Storage Temperature —55~150 °C
Tsolder Soldering Temperature - Time 260 - 10 °C - sec
Pp Power Dissipation (Ta=70°C) 1.0 w

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 - Veet+1.0 Y
ViL Input Low Voltage -3.0* - 0.8 \

Vee Supply Voltage 4.5 5.0 5.5 v
*Pulse Width: 10ns, DC: —0.5V (Min.)
D.C. CHARACTERISTICS (Ta=0~70°C, VCCc=5.0V+10%)

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
he Input Leakage Current ViN=0V~5.5V -1.0 -1.0 HA
loH Output High Current VoH=2.4V -4.0 - mA
loL Output Low Current VoL=0.4V - 8.0 mA
ILo Output Leakage Current S'_S&\g\l;il:’\%sj_r_:&/gg‘gv ViL 1.0 1.0 s
Isgp Peak Power-on Current CS1=Vgg, CS2=0V, loyT=0mA - 30 mA
IsB Standby Current CS1=V|y or CS2=V,, loyT=0mA - 10 mA
Icc Operating Current CS1=v|, CS2=V|y, loyT=0mA - 120 mA

CAPACITANCE * (Ta=25°C, f=1.0MHz2)

SYMBOL PARAMETER CONDITION MAX. UNIT
CIN Input Capacitance ViN=OV 5 pF
Cout Output Capacitance Vout=0V 10 pF

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

I » L ] ~




A.C. CHARACTERISTICS (Ta=0~70°C, VcCc=5V+10%)

READ CYCLE
TMM2089C-35 TMM2089C-45 TMM2089C-55

SymBoL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT
tRC Read Cycle Time 35 - 45 - 55 -

tacc Address Access Time 35 - 45 55

tco1 CS1 Access Time - 35 - 45 - 45

tco2 CS2 Access Time - 25 - 25 - 30

tOE OE Access Time 20 - 20 - 25

toH Qutput Data Hold Time from Address Change - 5 - 5 - ns
tcLz Output Enable Time from CS1 or CS2 - 5 - 5 -

tcHzZ Output Disable Time from TS1 or CS2 20 - 20 - 20

toLz Output Enable Time from OE 0 - 0 - 0 -

tOHZ Output Disable Time from OE 10 - 10 - 15

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tpp Chip Deselection to Power Down Time 30 - 30 - 30
WRITE CYCLE

TMM2089C-35 TMM2089C-45 TMM2089C-55

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UnIT
twe Write Cycle Time 35 - 45 - 55 -

tow Chip Selection to End of Write 30 - 40 - 50 -

tas Address Set Up Time 0 - 0 - (¢} -

twp Write Pulse Width 25 - 35 - 45 -

tWR Write Recovery Time - 0 0 - ns
tps Data Set Up Time 15 - 20 - 20 -

tpH Data Hold Time - 0 . -

twLz Output Enable Time from WE 0 - 0 - 0 -

twHz Output Disable Time from WE 10 10 15
A.C. TEST CONDITIONS . Yec

Fig. 1

input Pulse Levels 0.6~2.2V 5100

Input Rise and Fall Time 5ns 170 Pin

Input and Output Reference Levels 2.0v/0.8V

Output Load Fig. 1 30pF 3000
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TIMING WAVEFORMS

READ CYCLE (1)

tRC _
—
ADDRESSES
P
tacc ton
cs2 W
tco2 \ N\ ‘
tcHz(5)
tco1 HZ >
csi
t
toE CHZz(5)
B o —
OE //
7
toLz(5)
toHZ(5)
HIGH tcLz(5) I
IMPEDANCE
Dour OUTPUT DATA VALID
tcLz(5)
UNKNOWN
WRITE CYCLE 1 (4) (WE Controlled Write)
twe
ADDRESSES
[ !as twp twR
WE
CSs2 tcw \\\\ N\
o tocw
SN i
twHz(5)
e
HIGH >
AKX XX, BRI IMPEDANCE
e RS m.“.‘.'.::::::::':':‘: b X5
3 R AR
tps tDH

DIN

DATA IN STABLE
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WRITE CYCLE 2 (4) (CS1 Controlled Write)

ADDRESSES

Dout

DiN

tcLz(5)

- T

High Impedance

tpbs tDH

xr— DATA IN STABLE

WRITE CYCLE 3 (4) (CS2 Controlled Write)

ADDRESSES

DN

ya
DATA IN STABLE
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Dout

WE is High for Read Cycle.

Assuming that CS1 Low transition or CS2 High transition occurs coincident with

or after WE Low transition, Outputs remain in a high impedance state.

Assuming that CS1 High transition or CS2 Low transition occurs coincident with
or prior to WE High transition, Outputs remain in a high impedance state.

Assuming that OE is High for Write Cycle, Outputs are in high impedance state

during this period.

These parameters are specified as follows and measured by using the load

shown in Fig. 1.

(A) tcLz, toLzZ. twLz -+ - v e e et .. Output Enable Time
.......Output Disable Time

(B) tCHZ, tOHZ, tWHZ ..

(B

N
2
R
Y
* .
Y
HIGH IMPEDANCE 0.16V
0.15V
R

Y 0.15V
HIGH IMPEDANCE

0.15V
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OUTLINE DRAWINGS Unit: mm (inches)

28 27 26 25 24 23 22 21 20 19 18 17 16 15

7.49(.295) MAX.

36.00(1.417) MAX.

7.27(.286) MAX.
17.00(.669) MAX.

Y

4.45(.175) MIN ~ 4.89(.193) MAX.
-

Note:

2.54(.100) TYP. 0.46(.018)+0.05(.002) 1.27(.005)10.05(.002)

' +0.05(002)

0.25(.010)—0.02(.001)

2.17(.085)MAX.

14.5(.057) MIN.

7.62(.300) MAX.

Each lead pitch is 2.54mm.

All leads are located within 0.25mm of their longitudinal position with respect No. 1
and No. 28 leads.
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65,5636 WORD X 1 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5561P-55

TC5561P-70

The TCbb61P is a 65,536 bit high speed static
random access memory organized as 65,536 words
by 1 bit using CMOS technology, and Operated from
a single 5-volt supply.

Toshiba’s high performance device technology
provides both high speed and low power features
with @ maximum access time of 55ns/70ns and
maximum operating current of TOOmA at minimum
cycle time.

The TC5561P also features an automatic stand-by
mode. When deselected by Chip Enable (CE), the

® Fast access time : TC5561P-55 55ns(MAX.)
TC5561P-70 70ns(MAX.)
® Low power dissipation : Operation100mA(MAX.)
Standby1004A(MAX )

® HV single power supply

OP VIEW)

TC5561P 40 o 45] |
k [+
Al1O »3 @
1 A2 o l‘,!. a MEMORY CHLL
2 A3 0 >‘I ©
3 Jeam = ARRAY
A4 O (3] a
4 A% 0 I. = 256%256
5 A6 o ._, e
6 A7 o l" | |
7 1 I
CE
8 SENSE AMP,
D1n DATA
CONTROL[ = COLUMN DECODER
L TT 1T 110 11 [1 LI
@oout1 7e) R A N W WA A
B o e 11111
WE o A8 A9 AIC A1l ALR A13 Ale ALS

operating current is reduced from 100mA to 1004A.
The TC5561P is suitable for use in main memory
of high speed computer and pattern memory, where
high speed/low power/high density are required.
The TC5561P is moulded in a 22 pin standard
plastic package with 0.3 inch width for high density

assembly.

The TC5561P is fabricated with ion implanted
COMS silicon gate MOS technology for high per-
formance and high reliability.

o Fully static operation
® Directly TTL compatible : All Input and Output
® 1/0 separate '
® Package: 22 pin standard plastic package,

300mil width '

-——0 Vpp
—~—0 gND

Doyt

Ao~Ais Address Inputs
Din Data Input

Doutr Data Output

CE Chip Enable Input
WE Write Enable Input
Voo Power (+5V)
GND Ground
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SYMBOL ITEM RATING UNIT
Vob Power Supply Voltage —-0.3~7.0 \
VIN Input Voltage -2.0~7.0 \Y
Viro Input and Output Voltage —0.5~Vvop+0.5 v
Po Power Dissipation 650 mw
TsoLoer Soldering Temperature 260 - 10 °C-sec
Tste Storage Temperature -65~1560 °C
Torr Operating Temperature 0~70 °C
;s.:, Xi S B SR e G x &Z i
SYMBOL PARAMETER R MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \Y
ViH Input High Voltage 2.2 — Voo+0.3 Y
ViL Input Low Voltage -3.0 — 0.8 \Y
(Ta=0~70°C, Voo=5V+1 0%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iin Input Leakage Current Vin=0~Vpp — — +1.0 zA
loH Output High Current Vou=2.4V -8 — — mA
lou Qutput Low Current VoL=0.4V 8 — — mA

CE=Vin or WE=ViL — _
Lo Output Leakage Current Vour=0~Voo +1.0 uA

Voo=5.5V, teycle= Min cycle,

lopo Operating Current CE=VL — — 100 mA
Other Input=Viv/ViL
CE=V — - 2 mA

loos1 Standby Current — IH

Ibps2 CE=Vpop—0.2V — — 100 uA

 (Ta=25°C)

SYMBOL PARAMETER TEST CONDITION MAX. UNIT

Cin Input Capacitance VIN=GND 10 pF
Cout Output Capacitance Vour=GND 10 pF

Note : This parameter periodically sampled is not 100% tested.
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(Ta=0~70°C, Voo=5V=+10%)

Fig.l Output Load
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Read Cycle
TC5561P-56 TC5561P-70
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
the Read Cycle Time 556 — 70 —
tace Address Access Time — 55 - 70
tco Chip Enable Access Time _ _ — 55 — 70
teoe Chip Enable to Output in Low-Z ' 5 — 5 — ne
tcop Chip Disable to Output in High-Z — 30 — 30
toH Output Data Hold Time 5 — 5 —
Write Cycle
TCH5561P-b5 TC5561P-70
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
twe Write Cycle Time 55 — 70 —
twe Write Pulse Width 35 - 35 —
tow Chip Enable to End of Write ) 35 — 35 —
tas Address Set up Time e 0 — o} —
twr Write Recovery Time B 0 - 0 - ns
|___tepw— |~ WE to Output Low-Z 30 — 30
toEw WE to Output High-Z - 5 — 5 —
tos Data Set up Time 35 = 356 —
ton Data Hold Time (o} - 0] —
Vop
480
Input Pulse Levels 0~3.5V :\[ 0 Dour
Input Rise and Fall Times bns l
Input and Output Timing 1.8V 30pF 2550
Reference Levels
Qutput Load A See Fig. 1 :[;




.,
-

® READ CYCLE (1) .

tRC
Address ‘)Q >(
tace ToH
— fa—— tco i
AN A A
tCoR tcop
Doyt K ouTPUT DATA VALID  KKY——
® WRITE CYCLE 1 (WE Controlled Write)
twe
Address )L (
) tas tup WR
e N N Jr
tow
NN R AAAIIA I
€O DW. TOEW
Doyt @ 2
tpg LDH)

Dy Q DATA IN
S TABLE

® WRITE CYCLE 2 (CE Controlled Write)

twe
Address DL jc
AIAERIIARRNNNS / WA
CE NN v
Poyr N
DS | ol
Din } g‘%T‘ﬁLFI;N

Note :
1. WE is High for Read Cycle.
2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high
impedance state.
3. Assuming that CE High transition occurs coincident with or prior to WE High transition, Outputs remain in a high
impedance state. _
4. The operating temperature(Ta) is guaranteed with transverse air flow exceedina 400 linear feet per minute.
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6.5MAX |

22 21 20

19 18 17 16

Unit in mm
15 14 13 12

7.62TYP

59

0.55MIN

Note :  Each lead pitch is 2.54mm.
All leads are located within 0.25mm of the true longitudinal position with respect to No.1 and No.22 leads.

273MAX
8°
3
TR
] H] | TE
~)
1 ! —=
! 3
)
(Note)
2.54 +0R5 0.5+2.07
1 1
1.4+007
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Note: Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation

—350—



65,536 WORD X 1 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5562P-45
TC5562P-55

-

The TC5562P is a 65,536 bit high speed static
random access memory organized as 65,536 words
by 1 bit using CMOS technology, and operated from
a single 5-volt supply.

Toshiba’'s high performance device technology
provides both high speed and low power features
with a maximum access time of 45ns/55ns and
maximum operating current of T00mMA at minimum
cycle time.

The TC5562P also features and automatic stand-

® Fast access tme : TC5562P-45 45ns{MAX.)
TC5562P-55 56ns(MAX.)
® Low power dissipation : Operation100mA(MAX_.)
Standby 20mA(MAX.)
® 5V single.power supply

TOP VIEW)

TC5562P

® X OO0 K-

(300mil DIP)

PIN NAMES
Ao~A1s Address Inputs
Din Data Input
Dour Data Output
CE Chip Enable Input
WE Write Enable Input
Voo Power (+5V)
GND Ground

by mode. When deselected by chip Enable(CE}, the
operating current is reduced from 100mA to 20mA.

The TC5562P is suitable for use in main memory
of high speed/high density are required.

The TC5562P is moulded in a 22 pin standard
plastic package with 0.3 inch width for high density
assembly.

The TC5562P is fabricated with ion implanted
COMS silicon gate MOS technology for high per-
formance and high reliability.

® Fully Static operation

® Directly TTL compatible : All Input and Output

® |/0 separate

® Package: 22 pin standard plastic package, .
300mil width

A0 0—f %— v
A1 o—1 E -—0 VDD
A2 0— 2 MEMORY CELL ~—O0 GND
A3 0— &}

& ARRAY
A4 O— =]
A5 O0— = 256x256

o
A6 0— 2
A7 O—

L
T
SENSE AMP, Doyt
COLUMN DECODER

A8 A9 AI0AI1AIRAIZAI4 A1S
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SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 \%
ViN Input Voltage -2.0~7.0 \%
Vi/o Input and Output Voltage —0.5~Vop+0.5 \%
Po Power Dissipation 650 mw
TsoLoER Soldering Temperature 260-10 *C-sec
Tste Storage Temperature —-65~150 °C
Torr Operating Temperature 0~70 °C
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 v
Y Input High Voltage 2.2 — Vop+0.3 \%
ViL Input Low Voltage -3.0 - 0.8 \
VoH Data Retention Supply Voltage 2.0 — 5.6 \
(Ta=0~70°C, Voo=5V+10%)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Leakage Current ViNn=0~Vbp — - +1.0 uA
lon Output High Current Von=2.4V -8 — - mA
loL Output Low Current Vo=0.4V 8 — — mA
Io Output Leakage Current 65;\:/'831\;?:\/“ — — +1.0 A
‘Vop=5.5V, tcycle=Min cycle,
Iopo Operating Current CE=ww - - 100 mA
Other Input=Vi/ViL
lbps1 CE=V|H — — 20
Standby Current CE=Voo—0.2V mA
Ioosz Other Input=Vop—0.2V or 0.2V - - 2
(Ta=25°C)
SYMBOL PARAMETER TEST CONDITION MAX. UNIT
Cin Input Capacitance Vin=GND 10 pF
Cout Output Capacitance Vour=GND 10 pF

Note : This parameter periodically sampled is not 100% tested.
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(Ta=0~70°C, Voo=5V+10%)

Read Cycle
TC5562P-45 TCH562P-55
SYMBOL PARAMETER UNIT

MIN. MAX. MIN. MAX.
tRe Read Cycle Time 45 — 55 —
tace Address Access Time — 45 — b5
tco Chip Enable Access Time . 45 . 55
tcoE Chip Enable to Output in Low-Z 5 — 5 — ns
tcop Chip Disable to Output in High-Z . 25 — 30
toH Output Data Hold Time 5 — 5 —

Write Cycle
TCb562P-45 TC5562P-55
SYMBOL PARAMETER UNIT

MIN. MAX. MIN. MAX.
twe Write Cycle Time 45 — 55 —
twp Write Pulse Width 30 — 35 —
tew Chip Enable to End of Write 30 — 35 —
s Address Set up Time 0 . [¢] —
twa Write Recovery Time 0 — e} — ns
toow WE to Output Low-Z 25 — 30
toew m to OUIDUI ngh—Z 5 — 5 -
tbs Data Set up Time 30 — 35 —
tOH Data Hold Time [0} — ¢} —

VoD
480Q)

Input Pulse Levels 0~3.5V

Input Rise and Fall Times 5ns

Input and Output Timing

Reference Levels 1.8V

Output Load See Fig. 1

(S

—O Doyt

30 pFl 2550

Fig.l Output Load




.
o
L

Tk

tRC

)

D,

K

Address
tace toH
%
NN — L7777
LCoE tcop
Doyt K outrur mata vanin KEH—

® WRITE CYCLE 1 (WE Controlled Write)

twe

Address >(

tas twp twr
RN A
tow
NN YA i a
toow toEw
Doyt (2)
tps LDH]
DIn -> ATBLEY
® WRITE CYCLE 2 (CE Controlled Write)
L twe
Address >< )(
tas twR
twp
LN A
tow
CE N 4
tcoR tODW
Doyt
tps tDH
Diy X _BAABLEY

Note:_
1. WE is High for Read Cycle.

impedance state.

2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high

3. Assuming that CE High transition occurs coincident with or prior WE High transition, Outputs remain in a high

impedance state.

4.
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The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute.



22 21 20 19 18 17 16 15 14 13 12 Unit in mm

—

3
0
©! R0
[ g 8 o g s i i %l
1 2 3 4 5 6 7 8 9 10 11
2.73MAX =
'L]Q - 3
o T
= 51 5°
a
+0.1
8 0.25_0.05
2544026~ = 0.5+ 007 z
' -
3 10.92MAX
141007 ©

Note : Each lead pitch is 2.54mm.
All leads are located within O.25mm_ Qf the true longitudinal position with respect to No.1 and No.22 leads.
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Note:  Toshiba does not assume any responsibility for use of any circuitry descrided ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
TAug., 1985 Toshiba Corporation
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8,192 WORD X8 BIT UV ERASABLE AND
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY

TMM2764D-15, TMM2764D-2
TMM2764D

The TMM2764D is a 8192 word X 8 bit ultraviolet
light erasable and electrically programmable read
only memory. For read operation, the TMM2764D's
access time is 150ns(TMM2764D-15)/200ns

(TMM2764D-2)/250ns(TMM2764D), and the
TMM2764D operates from a single 5-volt power
supply and has a low power standby mode which
reduces the power dissipation without increasing
access time.

® Single 5-volt power supply
® Fast access time : TMM 2764D-15: 150ns(Max.)
TMM2764D-2 : 200ns(Max.)
TMM2764D :  250ns(Max.)
® Power dissipation : 1T00mA (active current) Max.
25mA (standby current) Max.
® Low Power standby mode : CE
o Output buffer control : OE

(TOP VIEW)

[o IR e IG LN S R  ER S

The standby mode is achieved by applying a TTL-
high level signal to the CE input.

The maximum active current is 100mA and the
maximum standby current is 26mA. For program
operation, the programming is achieved by applying
a 50ms active TTL low program pulse to the PGM
input, and it is possible to program sequentially,
individually, or at random:.

® Fully static operation

® Programs with one 50ms pulse or
high speed programming mode(2 types)

® Single location programming

® Three state outputs

® Inputs and outputs TTL compatible

® Pin compatible with 12764 and ROM
TMM2364P

Vpp GND Vgg Op 03 0z Og O4 Og Og Oy

OE CE and PGM
T BUFFERS
CIRCUIT OUTFUT

I 3

5 | COLUMN 32 COLUMN 1,0
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o1
o]
o— (£ DECODER CIREUIT
o— &
P A1 o— &
h OF o—{ % —I l,
D A10 od o MEMORY CELL
H TE o
h o o— g 8192X8 bits
7 a0 S
1 Og
b Os
O4
Eos S
PIN |PGM; CE | OE | Vpp | Vcc 0o~07
ER
MODE 27)|o)|22)] (1 |@8)| (11~13, 156~19) | POV
Read H | L L Data Out
Ao~A1a Address Inputs Output ) )
0005 Outputs (Inputs) Deselect *J * | H | 6V | BV | High Impedance Active
CE Chip Enable Input Standby * | H | * High Impedance | Standby
OE Output Enable Input Program L|L | * Data In
PGM Program Control Input Program * | H | * High Impedance )
- - 21V| BV - Active
N. C. No Connection Inhibit H|L|H High Impedance
Vep Program Supply Voltage Program
Vce VeeSupply Voltage (+5V) Verify HitL L Data Out
GND | Ground Note * - H or L




SYMBOL ITEM RATING UNIT

Vee Vce Power Supply Voltage -0.6~7.0 \Y

Vep Program Supply Voltage -0.6~22.0 \%

Vin Input Voltage -0.6~7.0 "

Vourt Output Voltage -0.6~7.0 v

Po Power Dissipation 1.6 w
TsoLDerR Soldering Temperature - Time 260-10 *C-sec

TsTRG. Storage Temperature -65~125 °C

Torr. Operating Temperature 0~70 °C

READ OPERATION

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vin Input High Voltage 2.0 — Vee+1.0 \

Vi Input Low Voltage -0.3 — 0.8 \

Vce Vcc Power Supply Voltage 4.75 5.00 5.25 \

Vpp Vee Power Supply Voltage 2.0 Vee Vce+0.6 \

| L. TING Ta=0~70°C, Vcc=5V+5%, Unless otherwise noted)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. IMAX.| UNIT

lu Input Current Vin=0~Vcc — — [ +10 uA
lcch Supply Current {Standby) CE=Vw — — | 25 mA
lcc2 Supply Current (Active) CE=Vu — — 100 mA
VoH Output High Voltage lon=—400uA 24| — — \'
Vou Output Low Voltage loo=2.1mA — — | 0.4 \
Ipp1 Vee Current Vep=0~Vcc+0.6 - — |10 uA
Lo Output Leakage Current Vour=0.4~Vcc - — | +10 uA

(Ta=0~70°C, Vec=5V+5%, Vep=2,0V~Vce+0.6V, Unless otherwise noted)

SYMBOL PARAMETER TMM2764D-16| TMM2764D-2 | TMM2764D UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tacc Address Access Time — 150 - 200 — 250 ns
tee CE to Output Valid — | 180 — | 200 — | 250 ns
toe OE to Output Valid — 70 - 70 — | 100 ns
tPGM PGM to Output Valid — 70 — 70 — | 100 ns
toF1 CE to Output in High-Z 0 60 0 60 0 90 ns
tor2 OE to Output in High-Z (0] 60 (0] 60 0 90 ns
tors PGM to Output in High-Z 0 60 0 60 0 90 ns
toH Qutput Data Hold Time (0] - (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 C.=100pF

: 10ns Max.

: 0.8Vt 2.2V

: Inputs 1V and 2V, Outputs 0.8V and 2.0V
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¥ % (Ta=25C", f=1MH2)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
Cin Input Capacitance ViN=0V. — 4 6 pF
Cout Output Capacitance Vour=0V — 8 12 pF

* This paramater is periodically sampled and is not 100% tested.
Ap ~ A2
tce toH
T NN Y
toR tDpF1
oF I
NN L0000,
tpgM tpr2
N e .
POM
// /] % NN
tace tDF3
|
HIGH Z HIGH Z
<
PROGRAM OPERATION
D. C RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 \
Vi input Low Voltage -0.3 — 0.8 \Y)
Vee Vec Power Supply Voltage 4.75 5.0 5.25 Vv
Vep Vee Power Supply Voltage 20.5 21.0 21.5 Y
D. C. and OPERATING CHARACTERISTICS (Ta=25+5C, Vec=5V+5%, Ver=21V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. [ TYP. [MAX.| UNIT
Iu Input Current ViN=0~Vce — — {+10] wA
VoH Output High Voltage lon=—400xA 24| — — \Y
Vou Output Low Voltage loo=2.1mA — — |o.4 Y,
lec Vce Supply Current — - - | 100 mA
lpp2 Vee Supply Current Vep=21.5V - -~ 30 mA

—361—




iy

' Ta=25+5°C, Vec=5V+5%, Ver=21V£0.5V)

PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
tas Address Setup Time — — — us
tAH Address Hold Time N 2 — — us
tces CE Setup Time — 2 [ s
tcen CE Hold Time . — 2 — | = us
tos Data Setup Time — 2 — — us
toH Data Hold Time —_ 2 — — us
tps PGM Setup Time 2 — | Z us
teH PGM Hold Time — 2 | — | — us
toEs OE Setup Time — 2 _ — us
tvs Vpep Setup Time . 2 - _ us
trw Program Puise Width CE=Vi 45 | BO | 55 ms
tep Program Recovery Time — 0 — — us
teRT Program Pulse Rise Time — 5 — — ns
tPFT Program Pulse Fall Time — 5 — _ ns
tce CE to Output Valid — — | = {280 ns
toe OE to Output Valid = — — | 100 ns
toF1 CE to0 Output in High-Z OE=Vi — 1 = 90 ns
tDF2 OE to Output in High-Z CE=ViL — -~ 90 ns

A. C. Test Conditions

@ Output Load

® Input Pulse Rise and Fall Times
® Input Pulse Levels

® Timing Measurement Reference Level

1 TTL Gate and C(100pF)
10ns Max.
0.8~2.2V
Input 1V and 2V ; Qutput 0.8V and2.0V
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® PROGRAM OPERATION 1. (Vpp=21V+0.5V)

Ap ~ A2 i ><
tas ; TAH
= g\\\\\ | tcEs tcEH _:,!27/3333;;;;;;/7
OE | / | tpp2
“DRZ toE tDP 1
0g ~ Oy UNKNOWN Di, STABLE HIOH 2 Dout VALID
tps | ‘DH_]
. : trw
PGM
LPFT \ - UPRT
Vpp j / tys ‘
® PROGRAM OPERATION 2. (Vpp=21V10.5V)
Ag ~ A1z |
tas tew tAH
FPFT CPRT tcE top1
7% LRI coe
tps | *pH -
o /
tps tpH
0g ~ 0« Dj, STABLE } HIGH 2 —< Dout VALID HIGH 2
Vpp tys

Note : 1. Vcc must be applied simultaneously or before Vee and cut off simultaneously or after Vep.
2. Removing the device from socket and setting the device in socket with Vep=21V may cause permanent

damage to the device. :
3. The Vee supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be

applied to the Vep terminal.

When the switching pulse voltage is applied to the Vee terminal, the overshoot voltage of its pulse should not
be exceeded 22V.
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e AR i

The TMM2764D’s erasure is achieved by apply-
ing shortwave ultraviolet light which has a wave-
tength of 2537A {Angstroms) to the chip through the
transparent window.

Then integrated dose (Ultraviolet light intensity

[w/cm?] xexposure 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 1cm from
the lamp surface, the erasure will be achieved within
60 minutes.

And using commercial lamps whose ultraviolet

f o

OPERATION INFORMAT)|

The TMM2764D’s six operation modes are listed
in the following table.

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

light intensity is a 12000 [gw/cm?] will reduce the

exposure time to about 20 minutes. {In this case, the

integrated does is 12000 [gw/cm?] X (20X 60)
[sec] =15 [w-sec/cm?] .)

The TMM2764D’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 opaque seals-Toshiba
EPROM Protect Seal AC301-are available.

In the read operation mode, a single 5V power
supply is required and the levels required for all
inputs are TTL.

PGM | CE | OF Vep Vee 0o~07

@7 |@oy| 22| M | @8 | (11~13, 15~19) POWER
READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active
(Ta=0~70°C) Standby * H * High Impedance Standby

Program L L * Data In Active
PROGRAM * H * High Impedance Active
OPERATION Program Inhibit H 0 v 21V 5V High Impedance Actve
(Ta=2525C) Program Verify H L L Data Out Active
Note H: Vi, L: Vi, * : Vinor Vi

READ MODE

The TMM2764D 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 that CE=OE=ViL and PGM=V, the
output data is valid at the outputs after address
access time from stabilizing of all addresses.

OUTPUT DESELECT MODE

Assuming that CE=Vi4 or OE=ViH, the outputs
will be in a high impedance state.
So two or more TMM2764D can be connected

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

Assuming that CE=ViL, PGM=Vi4 and all ad-
dresses are valid, the output data is valid at the
outputs after toe from the falling edge of OE.

And assuming that CE=0E=VL and all addresses
are valid, the output data is valid at the outputs after
trgMm from the rising edge of PGM.

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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The TMM2764D has a low power standby mode
controlled by the CE signal. .

By applying a TTL high tevel to the CE input, the
TMM2764D is placed in the standby mode which

Intially, when received by customers, all bits of
the TMM2764D are in the 1" state which is erased
state.

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

The TMM2764D is set up in the program opera-
tion mode when applied the program voltage (+21V)
to the Vpp terminal under CE=PGM=0E=VIH.

The program operation occurs during the overlap
of the CE low and the PGM low.

Then the programming is achieved by applying a

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

N

Under the condition that the program voltage (+
21V) is applied to Vep terminal, a high level CE or
PGM input inhibits the TMM2764D from being
programmed.

Programming of two or more TMM2764Ds in
parallel with different data is easily accomplished.

SRR

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

The device is set up in the high speed program-
ming mode when the programming voltage (+21V)
is applied to the Vep terminal with Vcc=6V and PGM
=VIH.

The programming is achieved by applying a single
TTL low level 1ms pulse the PGM input after addres-
ses and data are stable. Then the programmed data
is verified by using Program Verify Mode.

If the programmed data is not correct, another

reduce the operating current from 100mA to 256mA,
and then the outputs are in a high impedance state,
independent of the OE and the PGM inputs.

50ms (tpw) active low program pulse to the CE or the
PGM input after the addresses and data are stable.
This program pulse should be a single pulse with
50ms pulse width per address word, and its maxi-
mum value is 55ms.

The levels required for all inputs are TTL.

The TMM2764D can be programmed any loca-
tion at anytime——either individually, sequentially,
or at random.

The TMM2764D should not be programmed with
D. C. signal applied to both CE and PGM inputs.

The verify is accomplished with OE and CE at ViL
and PGM at Vix,

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.

program pulse of 1ms is applied and then pro-
grammed data is verified. This should be repeated
until the program operates correctly (max. A times)

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

When programming has been completed, the
data in all addresses should be verified with Vcc=Vpp
=5bV.

TYPE 1: A=15, B=4
TYPE 2 : A=20, B=1
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HIGH SPEED PROGRAM OPERATION

SYMBOL 'PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage ) 2.0 — Vec+1.0 Y;
Viu Input Low Voltage -0.3 —_ 0.8 \
Vce Vcec Power Supply Voltage 4.75 5.0 5.25 \
Vep Vep Power Supply Voltage 20.5 21.0 21.5 \

(Ta=25+5°C, Vcc=6V+0.25V, Vep=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iu Input Current ViN=0~Vcc - — +10 uA
Vou Output High Voltage lon=400rA 2.4 - — \
Vou Output Low Voltage . loo=2.1mA - — 0.4 Y
lec Vee Supply Current —_ - — 100 mA
lpp2 Vrp Supply Current Vep=21.5V - — 30 mA

~

(Ta=25+56°C, Vcc=6Vib.25V, Vep=21V+0.5V)

SYMBOL : PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 — - us
tees CE Setup Time - 2 — - us
tceH CE Hold Time -~ 2 — - us
tos Data Setup Time - 2 — - us
ton - .| Data Hold Time -~ 2 — - us
tvs Vep Setup Time - 2 - - us
tpw Program Pulse Width - 0.95 1.0 1.05 ms
topw Additional Program Pulse Width Note 1 A — B ms
teRT Program Puise Rise Time - 5 — - ns
tPFT Program Pulse Fall Time - 5 — - ns
toe OE to Output Valid - - — 100 ns
tor2 OE to Output in High Z CE=Vw - — 920 ns

A. C. Test Conditions -
® Output Load : 1 TTL Gate and C(100pF)

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

® Input Pulse Levels : 0.8Vand 2.2V

® Timing Measurement Reference Level : Input 1V and 2V ; Output 0.8V and 2.0V

Note: 1. tow depeds on the program pulse width which is required in the initail Program.
(TYPE1: A=3.8,B=63 TYPE 2: A=0.95, B=21)
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START

ADDRESS=

TYPE 1 : A=15, B=4
START ADDRESS IPE ! X

TYPE 2 : A=20, B=X

ADDRESS = OVERPROGRAM B PULSES OF lmsec
NEXT ADDRESS OR ONE PULSE OF Bmsec DURATION
‘NG‘
oK '
NO LAST
ADDRESS?

Vee=50V
Vpp=50V

READ
ALL BYTE

NG FAIL
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ADDRESSES >< K
tas tan
% D i
l
tCcES LoRH
= __/ L/
top
D - D i
0p~0y UNKNOWN STABLE }-—1—4 v Di, STABLE i‘r
tps tDH | tprz |, tDs tDH
ham |
_ !
PaM S . {
tERT LPRT
t torw
4
Vpp /) “ f f ia/
tvs
PROGRAM
PROGRAM VERIFY PROGRAM
INITIAL PROGRAM ADDITIONAL PROGRAM
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Note :

377 MAX,

ik}
k3
) &
1H

7102

22 212019 18 17 16 15
N o §

T

M--

13.8MAX,

H
»f]
o
»[
off
o]
~(
o]

S2MAX,

of
5l
=i
i1
=
2

2541+025
T

13+025

32+07

1. Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal position with

[=] ]
(e
o

+
046~

respect No.1 and No.28 leads.
2. This value is measured at the end of leads.
3. All dimensions are in millimeters.

Note 1
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_Note: Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied,.and Toshiba reserves the' right, at any time
without notice, to change said circuitry.
CAug., 1985 Toshiba Corporation
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8,192 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY TMM2764D| 1 5, TMM2764D| 2

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764DI

The TMM2764DlI is a 8192 word X 8 bit ultravio-
let light erasable and electrically programmable read
only memory. For read operation, the TMM
2764Dl's access time is 150ns(TMM2764DI-15)/
200ns(TMM2764DI-2)/250ns(TMM2764Dl), and
the TMM2764DI operates from a single 5-Voit
power supply and has low power standby mode

which reduces the power dissipation without

increasing access time.

S

® Wide operating temperature range :

® Single 5-volt power supply

—40~85°C

® Fast access time: TMM2764DI-15: 150ns(Max.)
TMM2764DI-2 : 200ns(Max.)

TMM2764DI
® Power dissipation :

: 250ns(Max.)
100mA (active current) Max.

25mA (standby current) Max.

® Low power standby mode : CE
@ Output buffer control : OE

The standby mode is achieved applying a TTL-
high level signal to the CE input.

The maximum active current is 100mA and the
maximum standby current is 25mA. It

For program operation, the programming is
achieved by applying a 50ms active TTL low program
pulse to the PGM input, and it is possible to program
sequencially, individually, or at random.

® Fully static operation
® Programs with one 50ms pulse or
high speed programming mode(2 types)
® Single location programming
® Three state outputs
® Inputs and outputs TTL compatible
® Pin compatible with i2764 and ROM

TMM2364P

Vpp OND Vge  Op 03 0203 O4 Og Og Oy
. VIR B

55 e bi
B OE TE ani PoN OUTPUT BUFFERS
o . CIRCUIT
A0 o 1 1 1
A10.] s | coLumn | 32 COLUMN 1,0
Azo] DEGODER |} CIRCUIT
A3 o &
. 4
A% o— =
Ag 0o a
:; o— ré 8| Rrow |ese| MEMORY cEip
Ag % | pECODER ARRAY
. a8 8192x8 bite
10 )

. —— ——
r 4 PIN [PGM[ CE | OE | Vpp | Vcc 00~07
PIN BAMES. MODE™~_|(27)|(20)|(22)| (1} |(28)] (11~13, 15~19) | POWER
Ag~Ai2 | Address Inputs™ Read H|L]|L Data Out )
Active
o=0r Out puts (inputs) Output * [ * | H |5V |56V | High Impedance
CE | Chip Enable Input Deselect gn imp
—0OE Output Enable Input Standby * | H | * High Impedance | Standby
PGM Program Control Input Program L | L | =* Data In
N. C. No C ti * * - | High tmped -
onnection Progrém H 21v] sv: fg mpedance Active
Vee Program Supply Voltage Inhibit HIL]|H o High iImpedance
Vi | ] N :
Vee 'cc Supply Voltage (+5V) Prog‘ram H L L Data Out
GND Ground Verify At

Note * : H or L
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SYMBOL ITEM RATING UNIT
Vee Vec Power Supply Voltage -0.6~7.0 \
Vep Program Supply Voltage -0.6~22.0 A\
VIN Input Voltage -0.6~7.0 \
Vout Output Voltage -0.6~7.0 \%
Po Power Dissipation 1.5 w

TsoLDER Soldering Temperature - Time 260-10 ‘C-sec
TstRe Storage Temperature —-65~126 ‘C
Topr. Operating Temperature —-40~85 C
READ OPERATIO

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 — Vee+1.0 \
ViL Input Low Voltage -0.3 - 0.8 \
Vee Vcc Power Supply Voltage 4.75 — 5.25 v
Vep Vee Power Supply Voltage 2.2 Vee Vee+0.6 \%

i

&

Ta=—40~85°C, Vcc=5V+5%, Unless otherwise noted)

SYMBOL PARAMETER TEST CONDITION MIN. [ TYP. [MAX.[ UNIT
u Input Current Vin=0~Vcc — - |10 uA
lect Supply Current (Standby) CE=Vin — | — ] 25 mA
lecz Supply Current {Active) CE=Vu — | — |100| mA
VoH Output High Voitage lon=—400xA 2.4 | — — \%
VoL Output Low Voltage loor=2.1mA - — | 0.4 \%
lpp1 Vee Current Vep=0~Vcc+0.6 — — | x10 uA
ILo Output Leakage Current Vour=0.4~Vcc - — (£10 uA

(Ta=—40~85°C, Vcc=5V+5%, Vep=2.2V~Vcc+0.6V, Unless otherwise noted)

TMM2764DI-15 TMM2764Di-2 | TMM2764DI
SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. UNIT
tacc Address Access Time — 150 — 200 — 250 ns
tee CE to Output Valid — | 150 — | 200 — | 260 ns
toe OE to Output Valid - 70 - 70 — | 100 ns
traM PGM to Output Valid — 70 — 70 — | 100 ns
toF1 CE to Output in High-Z 0 60 o 60 0 90 ns
tDF2 OE to Output in High-Z 0 60 0 60 0 90 ns
tora PGM to Output in High-Z o] 60 0 60 0 60 ns
toH Output Data Hold Time 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 C.=100pF
: 10ns Max. '

: 0.6Vto 2.4V

: Inputs 1V and 2V, Outputs 0.8V and 2.0V
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* (Ta=25C", f=1MH2)

SYMBOL PARAMETER CONDITION MIN. | TYP. [MAX.| UNIT
CiN Input Capacitance Vin=0V - 4 6 pF
Cour Output Capacitance Vour=0V - 8 12 pF

* This parameter is periodically sampled and is not 100% tested.
Ap ~ A2 ><
tCE oH
TE
N 7YY
tog tpF1
OF 7 f
AR W
traM tprz
"-—————
= Ak
W% AN
tace tDF3
0g ~ On HIGH 2 DATA OUTPUTS HIGH 2
. .
PROGRAM OPERATION
D. C RECOMMENDED OPERATIN
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Vi Input High Voltage 2.2 - Vee+1.0 \
ViL Input Low Voltage -0.3 - 0.8 Y
Vee Vcc Power Supply Voltage 4.75 5.0 5.25 "
Vpp Vee Power Supply Voltage 20.5 21.0 21.5 \"
D. C. and OPERATING CHARACTERISTICS (Ta=25+5'C, Vec=5V+5%, Vee=21V0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. |[MAX.[ UNIT
u Input Current Vin=0~Vce — — | 10| kA
VoH Output High Voltage lon=—400xA 24| — - \"
Vou Output Low Voltage loo=2.1mA - — | 0.4 \"
Icc Vce Supply Current - - — | 100 mA
lpp2 Vee Supply Current Vep=21.5V - - 30 mA
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B (Ta=255C, Vec=5V£5%, Ver=21V+05V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. |MAX.
tas Address Setup Time - 2 = — us
tAH - Address Hold Time — 2 | - — 1S
tces CE Setup Time - 2 e us
teew CE Hold Time — 2 | = | = | w7
tos Data Setup Time — 12| = — us
toH Data Hold Time - 2 - us
tes PGM Setup Time — 7| — — us
ten PGM Hold Time — 2 |- - us
toes OE Setup Time — A — - us
tvs Vep Setup Time — 2 — — us
tew Program Pulse Width PGM=CE=ViL 45 | 60 | 55 ms
tep Program Recovery Time - 0 — — us
tPRT Program Pulse Rise Time - 5 — — ns
terT Program Pulse Fall. Time — 5 — — ns
tee CE to Output Valid — — | — |260| s
toe OE to Output Valid - — | — [ 100 ns
1DF1 CE to Output in High-Z OE=Vu — 1 = [ 90 ns
1oF2 OE to Output in High-Z CE=Vu - | — ] 90 ns

A.C. Test Conditions

® Output Load .
® Input Pulse Rise and Fall Time
® Input Pulse Levels

® Timing Meausrement Reference Level

1 TTL Gate and Ci(100pF)
10ns Max.

: 0.6~2.4v
: Input 1V and 2V ; Output 0.8V and 2.0V
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® PROGRAM OPERATION 1. (VPP=21V£0.5V)

Ag~Al2 K
tas tag
— tcEs CEH
/ /
T L
— —
OE
____4/; ,/7 tpF2
tpr2
toR tpF 1
TN - .
0g~0 UNKNOWN Di, STABLE D VALID
o} 7 in HIGH 2 out
tDS tDH
tpw
PaM /
tPFT tPRT
Vpp / tys
¢ PROGRAM OPERATION 2. (Vep=21V+0.5V)
A0~A12 K
tas trw LAH
._E.. - -
¢ \ \
LPFT UPRT ICE

AN NN

NN

tpp1

0g~0, —

tps

LPH

tps

top I

r

tDH

Dj, STABLE

N-

HIGH 2

Dyyt VALID

: HIGH o

ver )/

tys

Note: 1.

device,

to the Vep terminal.
When the switching pulse voltage is applied to the Vee terminal, the overshoot voltage of its pulse should not be

exceeded 22V.

N7

Vce must be applied simulataneously or before Vep and cut off simultaneously or atter Vee.
Removing the device from socket and setting the device in socket with Ver =21V may cause permanent damage to the

The Vee supply Voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied




The TMM2764Dl’s erasure is achieved by apply-
ing shortwave ultraviolet light which has a wave-
length of 2637A (Angstroms) to the chip through the
transparent window.

Then integrated dose (Ultraviolet light intensity

[w/cm?] X exposure time [sec.] ) for erasure should
be a minimum of 15 [w. sec/cm?]

When the Toshiba sterilizing GL-15 is used and
the device is exposed at a distance of 1 cm from the
lamp surface, the erasure will be achieved within 60
minutes.

And using commercial lamps whose ultraviolet

The TMM2764DI’s six operation modes are listed
in the following table.

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

light intensity is a 12000 [gw/cm?] will reduce the
exposure time to about 20 minutes. (In this case, the
integrated dose is 1 2000 [uw/cm?] x{20 % 60) [sec]
=16 [w.sec/cm?] .

The TMM2764DI’ 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 opaque seals-Toshiba
EPROM Protect Seal AC901-are available.

In the read operation mode, a single 5V power
supply is required and the levels required for all
inputs are TTL.

PGM| CE | OFE Vep Vce 0o0~07
@7 |@o |2 | M | @8 | (11~13 15~19) | POWER
READ Read H | L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active
(Ta=—40~85°C)| Standby * H * High Impedance Standby
Pi * Acti
PROGRAM rogram ,I; : : z‘at: Iln ; Ac:ve
igh Impedance ctive
OPERATION Program inhibit 21V 5V 'g P -
H L H High Impedance Active
(Ta=25+5C) - .
Program Verify H L L Data Out Active

Note H: Vi, L: Vi, % : Vin or VoL

The TMM2764D! 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 that CE=0OE=ViL and PGM=VH, the
output data is valid at the outputs after address
access time from stabilizing of all addresses.

B

Assuming that CE=ViH or OE =ViH, the outputs
will be in a high impedance state.
So two or more TMM2764DI can be connected.

o R Y

The TMM2764DI has a low power standby mode
controlled by the CE signal. .

By applying a TTL high level to the CE input, the
TMM2764DI is placed in the standby mode which

The CE to output valid (tce) is equal to the address
access time (tacc).
Assuming that CE=ViL, PGM=Vix and all addresses
are valid, the output data is valid at the outputs after
toe from the falling edge of Of OE.

And assuming that CE= OE=V\Land all addresses
are valid, the output data is valid at the outputs after
tegMm from the rising edge of PGM.

together on a common bus line.
When CE is decoded for device selection, all
deselected devices are in low power standby mode.

reduce the operating current from 100mA to 25mA,
and then the outpus are in a high impedance state,
independent of the OF and the PGM inputs.
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Initially, when received by customers, all bits of
the TMM2764D! are in the "1” state which is erased
state.

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

The TMM2764D! is set up in the program opera-
tion mode when applied the program voltage (+21V)
to the Vep terminal under CE=PGM=0E =VH.

The program operation occurs during the overlap
of the CE low and the PGM low.

Then the programming is achieved by applying a

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

Under the condition that the program voltage (+
21V) is applied to Vep terminal, a high level CE or
PGM input inhibits the TMM2764DI from being
programmed.

Programming of two or more TMM2764DlIs in
parallel with different data is easily accomplished.

HI};H SPEED PROG MMt

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

The device is set up in the high speed program-
ming mode when the programming voltage (+21V)
is applied to the Vpe terminal with Vcc=6V and PGM
=VH.

The programming is achieved by applying a single
TTL low level 1ms pulse the PGM input after addres-
ses 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 pro-

50ms (tow) active low program pulse to the CE or the
PGM input after the addresses and data are stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maxi-
mum value is 55ms.

The levels required for all inputs are TTL.

The TMM 2764DI can be programmed any loca-
tion at anytime —— either individually, sequentially,
or at random.

The TMM2764DI should not be programmed
with D. C. signal applied to both CE and PGM
inputs.

The verify is accomplished with OE and CE at ViL
and PGM at V1.

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.

grammed data is verified. This should be repeated
until the program operates correctly (max. A times)

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

When programming has been completed, the
daéav in all addresses should be verified with Vcc=Vpe

TYPE 1: A=15, B=4
TYPE 2 : A=20, B=1
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 — Vee+1.0 \
Vi Input Low Voltage -0.3 — 0.8 \
Vee Vce Power Supply Voltage 4.75 5.0 5.25 Vv
Vpp Vep Power Supply Voltage 20.5 21.0 21.5 \%

(Ta=25+5°C, Vcc=6V+0.25V, Vep=21V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iui Input Current Vin=0~Vcc — — +10 uA

Vo Output High Voltage lon=—400uA * 2.4 — - \%

VoL Output Low Voltage lor=2.1mA — — 0.4 \%

lee Vee Supply Current — — — 100 mA

Ipp2 Vep Supply Current Vep=21.5V — — 30 mA

é}% (Ta=25+5°C, Vec=6V£0.25V, Ver=21V+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 — 2 — — us
tee CE Hold Time — 2 — — us
tos Data Setup Time — 2 — — us
toH Data Hold Time — 2 — — “s
tvs Vep Setup Time — 2 — - us
tpw Program Pulse Width - 0.95 1.0 1.05 ms
topw Additional Program Pulse Width Note 1 A — B ms
tPRT Program Pulse Rise Time — 5 — — ns
tPET Progrém Pulse Fall Time — 5 — - ns
toe OE to Output Valid — — — 100 ns
toF2 OF to Output in High Z CE=VwL — — 90 ns

A C. Test Conditions

@ Output Load

@ Input Pulse Rise and Fall Time

® Input Pulse Levels

® Timing Measurement Referene Level

Note: 1.
({TYPE 1: A=3.8, B=63, TYPE

: 1 TTL Gate and C.(100pF)
10ns Max.
: 0.6Vand 2.4V

" Input 1V and 2V ; Output 0.8V and 2.0V

2: A=0.95, B=21)
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START

ADDRESS= TYPE 1 : A=15, B=4X
START ADDRESS TYPE 2 : A=20, B=X

]

OK tee

ADDRESS= OVERPROGRAM B PULSES OF lmsec
NEXT ADDRESS OR ONE PULSE OF B msec DURATION

LAST
ADDRESS ?

NO

Vcc =50V
Vpp=50V

READ
ALL BYTE

FAIL
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tcEs YCEH
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toE
D1 ' D L '3 L
0g~07  UNKNOWN STABLE varrs Din STABLE |
tps tDH tDF2 tps tDH
!

PAM . \ ] .

PFT PRT

t t
PW OoPW
. 7 Y7 7K

Vpp

tys

PROGRAM
PROGRAM VERIFY PROGRAM
INITIAL PROGRAM ADDITIONAL PROGRAM
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377 MAX,

7102

%
g
Ik
Ik
]

g
%53
i

19 18 17 16 15
o e |

[ |

ﬂ

4

RQ64

2 3 4 5 6 7 8 91011 1213 14

&2 MAX,

-
IA 138MAX,

Unit in mm

1524%03

4

254025 1.3+025
T

32107

Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with

respect No.1 and No.28 leads.
2. This value is measured at the end of leads.
3. All dimensions are in millimeters.
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Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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8,192 WORD X 8 BIT UV ERASABLE AND
Sy memony TS SE 12°  TMM2764AD-15, TMM2764AD-150
N CHANNEL SILICON STACKED GATE MOS TM M 2764AD'20, TM M2764AD-200

DESCRIPTION

The TMM2764AD Is a 8192 word X 8 bit ultraviolet light erasable and electrically programmable read only
memory. For read operation, the TMM2764AD’s access time is 150ns/200ns, and the TMM2764AD operates from a
single 5-volt power supply and has a 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. The
maximum active current is 100mA and the maximum standby current is 30mA. For program operation, the
programming is achieved by using the high speed programming mode. The TMM2764AD is fabricated with the N-
channel silicon double layzr gate MOS technology.

FEATURES
T ’ 20 150 I 120 ° Egllx stat:cdoperatlon ‘
- °
Voo V5% V0% igh spee ‘programmmg.mode
. o I 200ms TSons | S00ms ® Single location programming
ACC R - e Three state outputs
lcce 00m e Inputs and outputs TTL compatible
lee o S0mA B e Pin compatible with i2764A
PIN CONNECTION Lower 24 pins
W compatible with BLOCK DIAGRAM
(TOP VIEW) 32 bit EPROM
TMM2732D
TMM2732D Z oo’ g % %0 3Ny
Vce (TOP VIEW) & ' ¥ ?22929°9%2°919%¢
PGM — SEo—| OE CEand PGM |l GoyuTPUT BUFFERS
N.C a7 o o] CIRCUIT
A8 Asg2 y y 2
A9 AsQ3 ﬁ? 5| cotumn | 32 COLUMN 1/0
A1 AdB4 ) ~»|DECODER > CIRCUIT
il ano— 2
OE A3Qs5 Azo— W
A10 A2ls A4O— Ik i +
AL wed 2
07 A0s aro— @ 256 MEMORY CELL
& |8 Row | < ARRAY
06 oo ABO— L ™ pecoper S ;
A9 0 8192X8 bits
05 o110 a
' A100 <
04 02811 A11 O—]
03 GNDA A120—]
PIN NAMES MODE SELECTION
A0~ A13 Address Inputs PIN [PGM | CE | O |vep |Vec 00~07 POWER |
00 ~ 07 Outputs (Inputs) MODE 27) |(20) {(22) | (1) | (28| (11~13,15~19)
CE Chip Enable Input Read H L L Data Out Acti
OE QOutput Enable Input Qutput Deselect * * H 5V 5V | High Impedance ctive
PGM Program Control Input Standby * H * High Impedance Standby
Vpp Program Supply Voltage Program L L * Data In
Vee Vg Supply Voltage (+5V) * H * High Impedance
GND Ground Program Inhibit H L " 12.5V 6V High Impedance Active
Program Verify H L L Data Out

* Don't Care




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Ve Power Supply Voltage -0.6~7.0 \
Vpp Program Supply Voltage —0.6~14.0 \
VIN Input Voltage —0.6~7.0 \
Viyo Input/Output Voltage —0.6~7.0 "
Pp Power Dissipation 1.5 w
TSOLDER Soldering Temperature - Time 260 - 10 °C - sec
TsSTG Storage Temperature —85~125 °C
TOPR Operating Temperature 0~70 °C

READ OPERATION

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

SYMBOL PARAMETER TMM2764AD-15/20 TMM2764AD-150/200
Ta Operating Temperature 0~70°C 0~70°C
Vee Vg Power Supply Voltage 5V+5% 5V+10%
Vpp Vpp Power Supply Voltage 2.0~Vgc+0.6V 2.0~Vgoct0.6V
D.C. AND OPERATING CHARACTERISTICS
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
IL| Input Current VIN=0~VcC - - t10 HA
Lo Output Leakage Current VouTt=0.4~Vcc - - *10 uA
et Supply Current (Standby) CE=V|y4 - - 30 mA
lcc2 Supply Current (Active) CE=V)_ - - 100 mA
VIH Input High Voltage - 2.0 - Vce+1.0 \
ViL input Low Voltage - -0.3 - 0.8 \
VOH Output High Voltage IoH=—400uA 24 - - \
VoL Output Low Voltage loL=2.1mA - - 0.4 \
Ipp1 Vpp Current Vpp=0~Vcc+0.6 - - *10 A
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A.C. CHARACTERISTICS

SYMBOL PARAMETER TMM2764AD-15/150 | TMM2764AD-20/200 UNIT

MIN. MAX. MIN. MAX.

tacc Address Access Time - “150 - 200

tCE CE to Output Valid - 150 - 200

toE OE to Output Valid 70 70

tPpGM PGM to Output Valid 70 70

tDF1 CE to Output High-Z 0 60 ) 60 ns

tpF2 OE to Output High-Z o} 60 o] 60

tDF3 PGM to Output High-Z 0 60 0 60

toH Output Data Hold Time o] 0

AC TEST CONDITIONS

® Output Load
® Input Pulse Rise and Fall Times
e |nput Pulse Levels

o Timing Measurement Reference Level

CAPACITANCE * (Ta=25°C, f—1MHz2)

1 TTL Gate and CL=100pF

10ns Max.
0.45V to 2.4V

Inputs 0.8V and 2V, Outputs 0.8V and 2.0V

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIN Input Capacitance VIN=0V 4 6 pF
Cout Output Capacitance VouyTt=0Vv 8 12 pF

* This parameter is periodically sampled and is not 100% tested.
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TIMING WAVEFORMS (READ)
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DATA OUTPUTS ///////}
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 2.0 - Vce+1.0 \
ViL Input Low Voltage -0.3 - 0.8 \
Voo Vcc Power Supply Voltage 6.0* \
Vpp Vpp Power Supply Voltage 12.0 125 13.0 Vv

*-150/200 £ 10%; -15/20+5%

D.C. AND OPERATING CHARACTERISTICS (Ta=25+5°C, Vpp=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
N Input Current VIN=0~Vce oo - +10 HA
VoH Output High Voltage loH=400uA 24 - \
Vou Output Low Voltage loL=2.1TmA - - 04 \
lce Ve Supply Current - 100 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 115 12.0 125 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 2 s
{CEH CE Hold Time 2 us
tps Data Setup Time 2 us
tbH Data Hold Time 2 s
tys Vpp Setup Time 2 us
tpw Program Pulse Width 0.95 1.0 1.05 ms
topw Additional Program Pulse Width Note 1 2.85 - 78.75 ms
tPRT Program Pulse Rise Time 5 ns
tPFT Program Pulse Fall Time 5 ns
toe OE to Output Valid 100 ns
tpFa OE to Output in High-Z CE=V)_ - - 90 ns

A.C. TEST CONDITIONS

o Output Load

® Input Pulse Rise and Fall Time

o |nput Pulse Levels

o Timing Measurement Reference Level

1 TTL Gate and C|_ (100pF)
10ns Max.

045V and 2.4V
Input/Output 0.8V and 2.0V

Note 1: topw depends on the program pulse width which is required in the initial program.




TIMING WAVEFORMS (HIGH SPEED PROGRAM)

ADDRESSES x

las tan
- - >

ICES

ICEH
- . | - —~
o A \ /
WE | 1o
D ) 4}
00 ~ 07 UNKNOWNH STAN E —< vold Din STABLE N
DS > DH _| | loF2 tDs tDH
- > - Bl o B -1

o N\, / /

PFT \PRT ~

tow - topw |
Vep
tvs
PROGRAM
PROGRAM VERIFY PROGRAM
INITIAL PROGRAM ADDITIONAL PROGRAM
Note: 1. Vo must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

2. Removing the device from socket or 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 a
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 exceed 14V.
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ERASURE CHARACTERISTICS

The TMM2764AD’s erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. The integrated dose
(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 1cm
from the lamp surface, the erasure will be achieved within 60 minutes. Using commercial lamps whose
ultraviolet light intensity is 12000 [uw - 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] = 15 [w - sec/cm?].)

The TMM2764AD’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 opaque seals - Toshiba
EPROM Protect Seal AC901 - are available.

OPERATION INFORMATION

The TMM2764AD’s six operation modes are listed in the following table. Mode selection can be
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power
supply is required and the levels required for all inputs are TTL.

PIN NAMES (Number) | PGM CE OE Vpp Vee 009~07 POWER
MODE (27) (20) (22) (1) (28) (11~13, 15~19)
"READ Read H L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance
(Ta=0~70°C) Standby * H B High Impedance Standby
Program L L * Data In
gggs,?—ﬁg,\, Program Inhibit - H * 12.5V 6vV High Impedance Active
(Ta=25+5°C) H L High Impedance
Program Verify H L L Data Out

Note: H; VIH, L; VIL, % VIH or VIL




READ. MODE

The TMM2764AD has three control functions. The chip enable (CE) controls the operational 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 that CE=OE=V|_ and PGM=V|H, the output data is valid at the outputs after address
access time from the stabilization of all addresses.

The CE to output valid (tCE) is equal to the address access time (tAGC)-

Assuming that CE=V||, PGM=V|H 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=V||_ and all addresses are valid, the output data is valid at the outputs
after tpgM from the rising edge of PGM.

OUTPUT DESELECT MODE

When CE=V|H or OE=V|H, the outputs will be in a high impedance state. So two or more
TMM2764AD 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 TMM2764AD has a low power standby mode controlled by the CE signal.

By applying a TTL high level to the CE input, the TMM2764AD Is placed in the standby mode which
reduces the operating current from 100mA to 30mA, and then the outputs are in a high impedance

state, independent of the OE and the PGM inputs.

PROGRAM MODE

Intially, when received by customers, all bits of the TMM2764AD are in the “1’ state which is the
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 TMM2764AD locations can be programmed either
individually, sequentially, or at random.
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PROGRAM VERIFY MODE

The verify mode is to check that the desired data is correctly programmed into the device.

The verify is accomplished with OE and CE at V|_ and PGM at V|H.

PROGRAM INHIBIT MODE

Under the condition that a program voltage (12.5V ) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM2764AD from being programmed.

Programming of two or more TMM2764ADs 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 or PGM of the desired device only and TTL high level signal is applied to the
other devices.

HIGH SPEED PROGRAMMING MODE

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 (+12.5V) is applied to
the Vpp terminal with Voc=6V and PGM=V|H.

The programming is achieved by applying a single TTL low level 1ms pulse to CE input after
addresses and data are stable. Then the programmed data are verified using Program Verify Mode.

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

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

When programming has been completed, the data in all addresses should be verified with
Vcec=Vpp=>5V.
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HIGH SPEED PROGRAM MODE FLOW CHART

START

ADDRESS =
START ADDRESS

y

NEXT A

ADDRESS =

DDRESS

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

A

A

NO

&
OK g

LAST

ADDRESS?

Vee =50V
Vpp = 5.0V

READ
ALL BYTE
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ELECTRIC SIGNATURE MODE

Electric signature mode allows reading out a code from the TMM2764AD which identifies its
manufacturer and device type.

The programming equipment may read out manufacturer and device code from the TMM2764AD by
using this mode before program operation to 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 V|| in read operation. Data output in this conditions is manufacturer code. Device code
is identified when address AQ is set to V|H. These two codes possess an odd parity with the parity bit of
MSB (07).

The following table shows electric signature of TMM2764AD.

PINS | A0 07 Og 05 04 03 02 04 Op HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) 12) (11) DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Ccde ViH 0 1 0 1 0 0 1 0 52

Notes:  A9=12Vt0.5V o
A1~A8, A10~A12, CE, OE=V|_
PGM=V|H
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OUTLINE DRAWINGS

Note:

37.7(1.484)MAX.
7.1(.280)+0.2(.008)

14.66(.577)MAX
< |

RO.64(.025)
P
<
=
0
ﬁ
&
n
Y L
[
s_[ 1.3(.051)+0.25(010)
@ <
o L
= 2.54(.100)£0.25(.010) +0.15(006
9 046(018) ¢y 0}.0043
g >
3 Note 1
1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true
longitudinal position with respect No. 1 and No. 28 leads.
2. This value is measured at the end of leads.
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| 16,384 WORD Xg BIT uv éRASA#LE AN:I%) EL”ECTRICALLY TMM271 28D_1 5' TM M271 28D_20 -

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM27128D-25

The TMM27128D is a 16384 word X 8 bit ultra-
violet light erasable and electrically programmable
read only memory. For read operation, the TMM
27128D’s access time is 150ns/200ns/250ns, and
the TMM27128D operates from a single b5-volt
power supply and has a low power standby mode
which reduces the power dissipation without
increasing access time.

® Single-5Volt power supply

® Fast access time : TMM27128D-15 150ns
TMM27128D-20 200ns
TMM27128D-25 250ns

@ Power dissipation : 100mA (active current} Max.
25mA (standby current) Max.

® | ow power standby mode : CE

o Output buffer control . OE

(TOP VIEW)

[o N B e I O I

The standby mode is achieved by applying a TTL-
high level signal to the CE input.

The maximum active current is 100mA and the
maximum standby current is 25mA.

For program operation, the programming is
achieved by applying a 50ms active TTL low program
pulse to the PGM input, and itis possible to program
sequentially, in individually, or at random.

® Fully static operation
® Programs with one 50ms pulse or
high speed programming mode(2 types)
® Single location programming
® Three state outputs
@ Inputs and outputs TTL compatible
® Pin compatible with 127128

Vpp GND Vgg

0g 03 Og Og 04 O5 Og O

or OE CE and POM
CE OUTPUT BUFFERS
o CIRCUIT
M -
1
A0
Al 5 | coLuMN | 32 COLUMN 1,0
AR [~ pecoper [ CIRCUIT
A3 o—] g
ato] B l J
ASo— &
ABo— @
ATo— w MEMORY CELL
9 oW 512
a8~ § K ARRAY
A90—+ & DECODER 16.384X8 bits
A10 0— 3
All o
A12 0]
Al13 o0—{

MODE SELECTION

aND PIN PGM] CE | OF | Vpp | Vec 00~07 POWER
] MODE (27)1(20)[(22)| (1) [(28)] (11~13, 15~19)
PIN NAMES Read HiL L Data Out
—————— Active
Ao~A13 Address Inputs Output L% | Hlsvisy| tion ’
00~07 Outputs {Inputs) Deselect . 19N Impedance
CE Chip Enable Input Standby * ) H | * High Impedance | Standby
OE Output Enable Input Program L)L * Data In
PGM Program Control Input Program ¥ | H | % High Impedance )
. 21V| BV - Active
Vep Program Supply Voltage Inhibit HlL|H High Impedance
Vce Vee Supply Voltage (+5V) Program
H] L)L
GND Ground Verify Date Out

Note * : Hor L
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ITEM RATING UNIT
Vee Vec Power Supply Voltage -0.6~7.0 \Y
Vep Program Supply Voltage ~0.6~22.0 Vv
Vin Input Voitage -0.6~7.0 \Y
Vour Output Voltage -0.6~7.0 \Y
Po Power Dissipation 1.5 W
TsoLDer Soldering Temperature - Time 260 - 10 ‘C-sec
TstRG. Storage Temperature —65~125 °C
TorR. Operating Temperature 0~70 °C
READ OPERATION
I &ﬁﬁ@é\?@«
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 Vv
Vi Input Low Voltage -3.0 — 0.8 Y
Vee Vec Power Supply Voltage 4.75 5.00 5.25 \
| Vep Vep Power Supply Voltage 2.0 Vee Vee+0.6 \%
(Ta=0~70°C, Vcc=5V=*x56%, Unless otherwise noted)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. IMAX.{ UNIT
I Input Current Vin=0~Vce — — (%10 2A
leet Supply Current (Standby) CE=Vm — — | 25 mA
lcc2 Supply Current (Active) CE=Vi — — {100 mA
VoH Output High Voltage lon=—400uA 2.4 | — - \
Vou Output Low Voltage loo=2.1TmA — — {1 0.4 \Y
lpp1 Vee Current Vep=0~Vcc+0.6 — — | +10 #A
Lo Output Leakage Current Vour=0.4~Vcc — — | 10 uA

(Ta=0~70°C, Vec=5V+5%, Vep=2.0V~Vcc+0.6V, Unless otherwise noted)

TMM27128D-15 | TMM27128D-20 | TMM27128D-25
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tacc Address Access Time — 150 — 200 — 250 ns
tce CE to Output Valid — 150 - 200 — 2560 ns
toE OE to Output Valid — 70 — 70 — 100 ns
tPGM PGM to Output Valid — 70 — 70 — 100 ns
toF1 CE to Output in High-Z 0 60 0 60 0 90 ns
tor2 OE to Output in High-Z o) 60 0 60 0 90 ns
torF3 PGM to Output in High-Z 0 60 0 60 0 90 ns
toH Output Data Hold Time o] — 0] — o] — ns

A. C. Test Conditions

® Output Load

® input Pulse Rise and Fall Times

® Iput Pulse Levels

® Timing Measurement Reference Level

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

1 0.8Vto 2.2V

: Inputs 1V and 2V, Outputs 0.8V and 2.0V
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* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITION MIN. { TYP. {MAX.| UNIT
Cin Input Capacitance Vin=0V - 4 6 pF
Cout Output Capacitance Vour=0V — 8 12 pF

* This paramater is periodically sampled is not 100% tested.
Ag~ A3
toR ton
7 N\ A
CE
\\ \ 74
toR tpr1
—— V /
NN W i
AR /] W
tpaM tpr2
Iy AT
tacc tpr3
PROGRAM OPERATION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 — Vee+1.0 \
Vi Input Low Voltage -0.3 — 0.8 Vv
Vce Vcc Power Supply Voltage 4.75 5.0 5.25 \
Vep Vee Power Supply Voltage 20.5 21.0 21.5 \Y
(Ta=25+5C, Vec=5V+5%, Vepr=21V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT ]
lui Input Current Vin=0~Vce — — +10 uA
Vo Output High Voltage lon= —400xA 2.4 - v
VoL Output Low Voltage loL=2.1mA — — 0.4 v
lec Vce Supply Current — — — 100 mA
Ipp2 Vep Supply Current Vep=21.5V — - 30 mA
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SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS
tas Address Setup Time - 2 - — us
tAH Address Hold Time — 2 — — s
tces E:—E—SGIUD Time — 2 —_ — us
toen CE Hold Time — 2 — — us
tos Data Setup Time - 2 — — us
toH Data Hold Time — 2 — — ©s
tps PGM Setup Time - 2 - — us
ton PGM Hold Time - 2 — — us
toes OE Setup Time — 2 — — us
tvs Vep Setup Time — 2 - - us
trw Program Pulse Width PGM=CE=V._ 45 50 55 ms
tcp Program Recovery Time — 0] — — uS
tPRT Program Pulse Rise Time — 5 — — ns
tPFT Program Pulse Fall Time - 5 - — ns
tee CE to Output Valid — — — 250 ns
toe OE to Output Valid — — — 100 ns
tor1 | CE to Output in High Z DE=V1L — = 90 s
toF2 OE to Output in High Z CE=ViL — — 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 C.=100pF

10ns Max.
: 0.8Vand 2.2V

: Input 1V and 2V ; Output 0.8V and 2.0V
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=

® PROGRAM OPERATION 1. (Vpp=21V+£0.5V)

—
Ap~ A3 K

tag TaH
oF tpr2
tpF2 toR tprl
0p~ Oy UNKNOWN - Din STABLE HIGH 2 i Doyy VALID
tps tew tDH
o tppT 71 tPRT
vee 7/ e
e PROGRAM OPERATION 2. (VeP=21V0.5V)
Ag~A13 | ' ><
tas trw tAH
TE . / )
PFT UPRT tcg tDF1
: tpg tPH tcp
PGM
t t
On~ 0 = ] = > HIGH Z HIGH 2
0~ 0r Din STABLE : —|Poyr VALID

Note : 1. Vcc must be applied simultaneously or before Vep and cut off simultaneously or after Vep.
2. Removing the device from socket and setting the device in socket with Vep=21V may cause permanent

damage to the device.
3. The Vee supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be

applied to the Vep terminal.
When the switching pulse voltage is applied to the Vep terminal, the overshoot voltage of its pulse should not

be exceeded 22V.
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The TMM27128D’s erasure is achieved by apply-
ing shortwave ultraviolet light which has a wave-
length of 2637A (Angstroms) to the chip through the
transparent window.

Then integrated does (Ultraviolet light intensity

[w/cm?] xexposure 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 1cm from
the lamp surface, the erasure will be achieved within
60 minutes.

And using commercial lamps whose ultraviolet

The TMM27128D’s six operation modes are list-
ed in the following table.

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

'

light intensity is a 12000 [gw/cm?] will reduce the

exposure time to about 20 minutes. (In this case, the

integrated does is 12000 [pgw/cm?] X{20X60)
[sec] =15 [w-sec/cm?] .)

The TMM27128D’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 seals-Toshiba
EPROM Protect Seal AC901-are available.

In the read operation mode, a single 5V power
supply is required and the levels required for all
inputs are TTL.

PGM| CE | OE Vep Vee 00~0O7
enleolen! 1) | 28 | @1~13, 15~19) POWER
READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active
(Ta=0~70°C) Standby * H * High Impedance Standby
P L L * Data | Active
PROGRAM rogram : n c fv
o * H * High Impedance Active
OPERATION Program Inhibit 21V 5V - -
(Ta=25+5C) H L. H High Impedance Active
a=25%
Program Verify H L L Data Out Active

Note H : Vin, L1 Vi, * : Vin or ViL

The TMM 27128D 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 that CE=0E=ViL and PGM=V4, the
output data is valid at the output after address access
time from stabilizing of all addresses.

Assuming that CE=ViH or OE=ViH, the outputs
will be in high impedance state.
So two or more TMM27128D can be connected

AN

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

Assuming that CE=ViL, PGM=Vi4 and all ad-
dresses are valid, the output is valid at the outputs
after toe from the falling edge of OE.

And assuming that CE=OE=V)L and all addresses
are valid, the output data is valid at the outputs after
tram from the rising edge of PGM.

together on a common bus line.
When CE is decoded for device selection, all
deselected devices are in low power standby mode.



The TMM27128D has a low power standby mode
controlled by the CE signal.

By applying a TTL high level to the CE input, the
TMM27128D is placed in the standby mode which

Initially, when received by customers, all bits of
the TMM27128D are in the "1" state which is erased
state.

Therefore the program operation is to introduce
"0O’s” data into the desired bit locations by electrically
programming.

The TMM27128D is set up in the program oper-
ation mode when applied the program voltage (+
21V) to the Vep terminal under CE=PGM=0E =Vu.

~ The program operation occurs during the overlap
of the CE low and the PGM low.

Then the programming is achieved by applying a

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

Under the condition that the program voltage (+
21V) is applied to Ve terminal, a high level CE or
PGM input inhibits the TMM27128D from being
programmed.

Programming of two or more TMM27128Ds in
parallel with different data s easily accomplished.

reduce operating current from 100mA to 26mA, and
then the outputs are in a high impedance state,
independent of the OE and the PGM inputs.

650ms (tpw) active low program pulse to the CE or the
PGM input after the addresses and data stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maxi-
mum value is bb5ms.

The levels required for all inputs are TTL.

The TMM27128D can be programred any loca-
tion at anytime — either individually, sequentially,
or at random.

The TMM27128D should not be programmed
with D. C. signal applied to both CE and PGM
inputs.

The verify is accomplished with OE and CE at ViL
and PGM at Vin.

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.

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 (+21V) is
applied to the Vrp terminal with Vcc=6V and PGM =
VIH. ‘

The programming is achieved by applying a single

TTL low level 1ms pulse the PGM input after addres-
ses 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 pro-

grammed data is verified. This should be repeated
until the program operates correctly (max. A times)

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

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

TYPE 1: ,B

A=15 4
TYPE 2 : A=20,B=1

u
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viy Input High Voltage 2.0 — Vee+1.0 \
ViL Input Low Voltage -0.3 - 0.8 \
Vee Vce Power Supply Voltage 4.75 5.0 5.25 \
Vep Vep Power Supply Voltage 20.5 21.0 21.5 \

(Ta=25+5°C, Vcc=6V+0.25V, Vep=21V£05V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. IMAX.| UNIT
Iy Input Current Vin=0~Vce — — | 10 uA
VoH Qutput High Voltage lon=—400uA 24| — — \
VoL Outpu Low Voltage lor=2.1mA — — (0.4 \'%
lec Vee Supply Current — — — | 100 mA
lpp2 Vee Supply Current Vep=21.5V — — | 30 mA

%;& 3&?@2 (Ta=25+5°C, Vcc=6V+0.25V, Ver=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. IMAX.| UNIT
tas Address Setup Time — — — us
taH Address Hold Time — 2 — - us
tces CE Setup Time — 2 — — us
toeH CE Hold Time — 2 | — | = e
tos Data Setup Time — 2 - — us
toH Data Hold Time — 2 — — ©s
tvs Vep Setup Time — 2 — — us
tpw Program Pulse Width — 0.95| 1.0 {1.05 ms
topw Additional Program Pulse Width Note 1 A — B ms
tPRT Program pulse Rise Time — 5 — — ns
teFT Program Pulse Fall Time — 5 — — ns
toe OE to Output Valid — — | — | 100 ns
toF2 OE to Output in High-Z CE=VuL — — 190 ] ns

A. C. Test Conditions

@ Output Load

® Input Pulse Rise and Fall Time

® Input Pulse Levels )
® Timing Measurement Reference Level

Note : 1.

1 TTL Gate and C(100pF)
10ns Max.

: 0.8Vand 2.2V

. Input 1V and 2V ; Output 0.8V and 2.0V

(TYPE 1 : 3.8, B=63, TYPE 2: A=0.95, B=21)

—_—AND

torw depends on the program pulse width which is required in the initial program.




ADDRESS = TYPE 1 : A=15, B=4X
START ADDRESS
TYPE 2 : A=20, B=X

ES
DATA=FF? b
NO

| ProcraM 1ms PuLsE |

ADDRESS= OVERPROGRAM B PULSES OF 1lmsec
NEXT ADDRESS OR ONE PULSE OF Bmsec DURATION
OK
NO LAST

ADDRESS?

Vog=580V
Vpp=50V

READ
ALL BYTE

o 1)
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ADDRESSES
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tcES teRH
tor
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UNKNOWN STABLE __< v Din STABLE !L
tps tDH | tpr2|, tDs tpH
/ ! \
tPPT LPRT
t t
/
tys
PROGRAM
PROGRAM VERIFY PROGRAM

INITIAL PROCRAM

ADDITIONAL PROGRAM
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Note :

3 7.7MAX

71+x02
28 27 26 25 24 [2322 21 20/19 18 17 16 15
B e S T s B s W | P e W e W e B e B

RO.64 }__ +
— o

13.8MAX,

| D [ G R SED gy SR g UUSY R WEE G D ) | SN R SUUl gy GUS g GHD gy wmm g S gy S )
1 2 3 4 5 6 7' '8 910 111213 14
»
<
=
N
s
i
g 2.54+025 1.3+0.25
H ™
[a+4
] +0Q015
_046—010
Note 1

1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with

respect No.1 and No.28 leads.
2. This value is measured at the end of leads.
3. All dimensions are in milimeters.
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Unit in mm

1524+03

+015
~—025—-0.10

174 MAX,

Note 2




Note: Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time

without notice, to change said circuitry.

CAug.. 1985 Toshiba Corporation
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16,384 WORD X 8 BIT UV ERASABLE AND
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM27128DI-15, TMM27128DI-20
TMM27128DI-25

The TMM27128Dl is a 16384 word X 8 bit ultra-
violet light erasable and electrically programmable
read only memory.

For read operation, the TMM27128Dl’s access
time is 150ns/200ns/250ns, and the
TMM27128DI operates from a single b-volt power
supply and has a low power standby mode which
reduces the power dissipation without increasing

® Wide operating temperature range : —40~85°C

® Single 5-volt power supply

TMM27128DI-15 150ns
TMM27128DI-20 200ns
TMM27128DI-25 250ns
100mA (active current) Max.
Max.

® Fast access time

® Power dissipation :

25mA (standby currest)

access time. The standby mode is achieved by ap-
plying a TTL-high level signal to the CE input.

The maximum active current is 100mA and the
maximum standby current is 25mA.

For Program operation, the programming is
achieved by applying a 50ms active TTL low program
pulse to the PGM input, and itis possible t0 program
sequentially, individually,or at random.

® Low power standby mode : CE

® Output buffer control : OE

® Fully static operation

® Programs with one 50ms pulse or high speed
programming mode(2 types)

® Single location programming

® Three state outputs

® Inputs and outputs TTL compatible

® Pin compatible with 127128

Vpp GND Vgg Op 01 0203 0405 Og O

OE CFE and PGW

CIRCUIT OUTPUT BUFFERS

vepQ! 28aVec 1 I 1
Alzﬂ 2 27h PaM 5 | couomn | =z COLUMN 1,0
Av 3 260 A1 1 DECODER CIRCUIT
Ag 4 251 Ag g
asds 24p Ag £ l ’f
Asd6 230 A_ll : 9 row P51z MEMORY CELL
Az Q7 22h OF 8 ™ pecoper [ ARRAY
A2E8 zl]Alo g 163B4X8bits
A1 Q9 20pCE )
Agg10 19004
0ol 18 0g
011z 17D 05
ozﬁ 13 160y PIN [PGM]| CE | OE | Vee | Vec 00~07 POWER
GND(]14 150 0g MODE 27)[(20)[(22)| (1) {(28)| (11~13, 16~19)
Read H|L|L Data Out )
output Active
u .
Ao—Ara Address Inputs Deselect * | * | H | BV | 6V | High Impedance
00~07 Outputs (Inputs) Standby x | H | * High Impedance | Standby
CE Chip Enable Input Program Ll L | % Data In
OE Output Enable Input Program * | H | * 21v] BV High Impedance Active
— ctiv
PGM Program Control Input Inhibit H|lL|H High Impedance
Vpp Program Supply Voltage Program
Ve Vee Supply Voltage (+5V) Verify Hptt Data Out
GND Ground Note % : Hor L
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SYMBOL ITEM RATING UNIT
Vce Vce Power Supply Voltage -0.6~7.0 \Y
Vep Program Supply Voltage -0.6~22.0 \%
Vin Input Voltage —0.6~7.0 Y,
Vour Output Voltage -0.6~7.0 \%

Pp Power Dissipation 1.5 W
TsoLoer Soldering Temperature - Time 260+ 10 °C-sec
TsTRG. Storage Temperature —-65~125 °C

Torr. Operating Temperature —40~85 °C
READ OPERATION

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.2 - Veet+ 1.0 \Y
ViL Input Low Voltage -0.3 - 0.8 Vv
Vce Vce Power Supply Voltage 4.75 5.00 5.25 Vv
Vep Vee Power Supply Voltage 2.2 Vee Vee+0.6 \

Ta=

—40~85°C, Vcc=5V+5%, Unless otherwise noted)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. |MAX.| UNIT
Iu Input Current ViN=0~Vcc — — | x10 uA
lcc Supply Current (Standby) CE=VH — — 25 mA
lec2 Supply Current (Active) CE=Vu — — 1100 mA
Vor Output High Voltage lon=—400uA 2.4 | — — Vv
VoL Output Low Voltage lor=2.1TmA — — 0.4 \Y
lpp1 Vep Current Vep=0~Vcc+0.6 — — 1 +10 uA
Lo Output Leakage Current Vour=0.4~Vce — — | 10 rA

(Ta=—40~856°C, Vcc=5V+5%, Ver=2.2V~Vcc+0.6V, Unless otherwise noted)

SyMBOL PARAMETER TMM27128DI-15 | TMM27128DI-20 | TMM27128DI-25 UNIT
MIN. MAX. MIN. MAX.. MIN. MAX.
tacc Address Access Time - 150 — 200 — 250 ns
tee CE to Output Valid — 150 — 200 — 250 ns
toe OE to Output Valid — 70 — 70 — 100 ns
tPGM PGM to Output Valid - 70 — 70 — 100 ns
toF1 CE to Output in High-Z 0 60 0 60 o} 90 ns
toF2 OE to Output in High-Z 0 60 0 60 0 90 ns
tora PGM to Output in High-Z 0 60 0 60 0 90 ns
toH Output Data Hold Time 0 — [0] — (6] — ns

A.C. Test Conditions

® QOutput Load

@ Input Pulse Rise and Fall Times
® Input Puise Levels
® Timing Measurement Reference Level

1 TTL Gate and CL.=100pF

10ns Max.
: 0.6V10 2.4V

AN

Inputs 1V and 2V, Outputs 0.8V and 2.0V




(Ta=25°C, f=1MH2)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
CiN Input Capacitance Vin=0V — 4 6 pF
Cout Output Capacitance Vour=0V — 8 12 pF

* This parameter is periodically sampled is not 100% tested.
Apg~A13 ><
toR toH
CE
NN LTI,
tog tpr1
7
% NN UL 1
tpam tpr2
- 7
= iy ‘ AR
tace tDF3
HIGH Z
0gp ~ 07 @< DATA OUTPUTS m}-ﬂ-z—
PROGRAM OPERATION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 — Vee+1.0 \
Vi Input Low Voltage —-0.3 — 0.8 \%
Vce Vcc Power Supply Voltage 4.75 5.0 5.25 \
Vee Vee Power Supply Voltage 20.5 21.0 21.5 \Y,
Ta=25+5°C, Vec=6V£5%, Vepr=21V£0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
lu Input Current Vin=0~Vce — — +10 A
Vo Output High Voltage lon=—400uA 2.4 — — Y
VoL Output Low Volitage lor=2.1TmA — . 0.4 Y
lee Vce Supply Current — — — 100 mA
IpP2 Vep Supply Current Vep=21.5V — — 30 mA
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%(Ta=25i5’C, Vee=56V+5%, Vrr=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time — — — us
taH Address Hold Time — 2 - —_ us
tees CE Setup Time — 2 — — us
1CEH C—E Hold Time il 2 — - HuS
tos Data Setup Time - 2 — - us
1OH Data Hold Time — 2 — — us
trs PGM Setup Time — 2 . — us
tPH PGM Hold time — 2 — — us
toes OE Setup Time — 2 — — us
tvs Vep Setup Time — 2 . - us
tpw Program Pulse Width PGM=CE=Vu 45 50 56 ms
tcp Program Recovery Time — 0] - — us
tPRT Program Pulse Rise Time — 5 — —_ ns
tpeT Program Pulse Fall Tim: — 5 — — ns
tee CE to Output Valid — - — 250 ns
toe OE to Output Valid — — — 100 ns
toF1 CE to Output in High Z OE=ViL — — 90 ns
toF2 OE to Output in High Z CE=VuL — — 90 ns

A.C. Test Conditions

@ Output Load
® Input Pulse Rise and Fall Times
® Input Pulse Levels

@ Timing Measurement Reference Level

1 TTL Gate and Ci(100pF)
10ns Max. ’
: 0.6V and 2.4V

: Input 1V and 2V ; Output 0.8V and 2.0V
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® PROGRAM OPERATION 1. (Vpp=21V0.5V)

—
Ap~Aln X
]

0g~0y UNENOWN Dip, STABLE

PaM \ /
A
Vep tvs

tas TAH

— t t
oE <§S§§\\: CES ‘ CEH ) ‘ ZZ;ZZ;;Z
OE \ / tpF2

tDF2 toR tDF1

HIGH 2 -

NS

Doyt VALID

tps tew oy

tpPFT — UPRT

® PROGRAM OPERATION 2. (VpPr=21V+£0.5V)

Ag~A13
K A
tas ey T AH
TE \ / i
Kk
tpPT UPRT tCcE tpr1
— Lo
77 .LLITIIITRTITITIIUHHITIRY
N N A\
tps LPH tcp
T‘
PGM A
tps tpH
e HIGH Z HIGH Z
00~ 07 Dip STABLE ,> {DOUT VALID >——
Vpp ; tyvs

Note : 1.
2.

3.

Vcec must be applied simultaneously or before Vep and cut off simultaneously or after Vep.

Removing the device from socket and setting the device in socket with Vep=21V may cause permanent
damage to the device.

The Vep supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be
applied to the Vee terminal.

When the switching pulse voltage is applied to the Vep terminal, the overshoot voltage of its pulse should not

be exceeded 22V.
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The TMM27128DlI’s erasure is achieved by ap-
plying shortwave ultraviolet light which has a wave-
length 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 156 [W - sec/cm?] .

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

And using commercial lamps whose ultraviolet

RS

The TMM27128DlI’s six operation modes are
listed in the following table.

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

light intensity is @ 12000 [gw/cm?] will reduce the

exposure time to about 20 minutes. (In this case, the

integrated dose is 12000 [xW/cm?] X{20x%60)
[sec] =15 [wrsec/cm?] .)

The TMM27128Dl’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 seals-Toshiba
EPROM Protect Seal AC901 are available.

In the read operation mode, a single bV power
supply is required and the levels required for all
inputs are TTL.

PIN NAMES (NUMBER}[PGM | CE | OFE | Ver Vee 0o~07 POWER

MODE (27) | (20) | (22) (1) (28) (11~13, 156~19)

READ Read H L L Data Out Active

OPERATION Output Deselect * * H 5V 5V High Impedance Active

(Ta=—40~ )

85°C) Standby * H * High Impedance Standby

PROGRAM Program i l: : Data In Active

OPERATION Program Inhibit v N w 21V 5V High Impedance Active

(Ta=25+5°C) - -

Program Verify H L L Data Out Active

Note H: Vin, L: Vi, % : Vinor Vi

i

The TMM27128DlI 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 that CE=OE=ViL and PGM=VH, the
output data is valid at the output after address access
time from stabilizing of all addresses.

Assuming that CE=ViH or OE=ViH, the outputs
will be in a high impedance state.
So two or more TMM27128DI can be connected

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

Assuming that CE=ViL,PGM=ViH and all ad-
dresses are valid, the output data is valid at the
outputs after toe from the falling edge of OE.

And assuming that CE=OE=ViL and all addres-
ses are valid, the output data is valid at the outputs
after tram from the rising edge of PGM.

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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The TMM27128DI has a low power standby
mode controlled by the CE signal. o

By applying a TTL high level to the CE input, the
TMM27128Dl is placed in the standby mode which

Initially, when received by customers, all bits of
the TMM27128DI are in the "1" state which is
erased state.

Therefore the program operation is to introduce
"0O’s"” data into the desired bit locations by electrically
programming.

The TMM27128Dl is set up in the program
operation mode when applied the program voltage (+
21V) to the Vep terminal under CE=PGM=0E=ViH.

The program operation occurs during the overlap
of the CE low and the PGM low.

Then the programming is achieved by applying a

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

Under the condition that the program voltage (+
21V) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM27128Dl from being
programmed.

Programming of two or more TMM27128Dls in

parallel with different data is easily accomplished.

AT

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

The device is set up in the high speed program-
ming mode when the programming voltage (+21V)
is applied to the Vep terminal with VCC=6V and PGM
=VIH.

The programming is achieved by applying a single
TTL low level 1ms pulse the PGM input after addres-
ses 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 pro-

reduce the operating current from 100mA to 25mA,
and then the outputs are in a high impedance state,
independent of the OE and the PGM inputs.

50ms (tpw) active low program pulse to the CE or the
PGM input after the addresses and data are stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maxi-
mum value is 5bms.

The levels required for ail inputs are TTL.

The TMM27128DIl can be programmed any
location at anytime——either individually, se-
quentially, or at random.

The TMM27128DI should not be programmed
with D.C. signal applied to both CE and PGM
inputs.

The verify is accomplished with OE and CE at ViL
and PGM at Vix.

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.

grammed data is verified. This should be repeated
until the program operates correctly (max. A times)

After correctly programming the selected
address, one additional program puise with pulse
width B times that needed for programming is
applied.

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

TYPE 1 : A=15,
TYPE 2 : A=20,
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 — Vee+1.0 \
Viu Input Low Voltage -0.3 — 0.8 \
Vee Vec Power Supply Voltage 4.75 5.0 5.25 \%
Vpp Vep Power Supply Voltage 20.5 21.0 21.56 \

Ta=25+5C, Vcc=6V+0.25V, Vep=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
M Input Current Vin=0~Vce — — +10 2A
Vou Output High Voltage lon=—400uA 2.4 - — \
VoL Output Low Voltage lo,=2.1TmA — — 0.4 \Y
lcc Vee Supply Current — ' — — 100 mA
lpp2 Vee Supply Current Vep=21.5V — - 30 mA

Ta=2515°C, Vec=6V+0.25V, Vep=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time — — — ©S
taH Address Hold Time — 2 — — I’
tees CE Setup Time - 2 — - us
teem CE Hold Time — 2 ~ — us
tos Data Setup Time — 2 — — us
toH Data Hold Time — 2 — _ us
tvs Vee Setup Time - 2 - — us
tew Program Pulse Width . 0.95 1.0 1.05 ms
toPw Additional Program Pulse Width Note 1 A - B ms
tPRT Program Pulse Rise Time - 5 — — ns
tPFT Program Pulse Fall Time - 5 — — ns
toE OE to Output Valid — — — 100 ns
toF2 OE to Output in High Z CE=Vu — — 90 ns

A. C. Test Conditions

® Output Load

@ Input Pulse Rise and Fall Time

@ Input Pulse Levels

® Timihg Measurement Reference Level

Note :

1. topw depends on the program pulse width which is required in the initial Program.

1 TTL Gate and Ci(100pF})
: 10ns Max.
: 0.6V and 2.4V

Input 1V and 2V : Output 0.8V and 2.0V

(TYPE1: A=3.8,B=63, TYPE2: A=0.95, B=21)

A4 —




ADDRESS=
START ADDRESS

TYPE 1 : A=15, B=4X
TYPE 2 : A=20, B=X

ADDRESS= OVERPROGRAM B PULSES OF lmsec
NEXT ADDRESS OR ONE PULSE OF Bmsec DURATION

NO LAST

ADDRESS ?

NG
VERIFY
OK

Veg=480V

Vpp=580V

READ
ALL BYTE
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ADDRESSES

-
(HIGH .
Bl Bl i

OF

Og~07 UNKNOWN

Vpp //

tas tAH
CE
\ A
tCES tcEH
toE
Din Doyt . \
| STABLE >"‘ VALID Din STABLE s
tps tpH _| tpF2| tDs tpH
| /
LPFT LPRT S
tpw Torw
"4
tys
PROGRAM
PROGRAM VERIFY PROGRAM
INITIAL PROGRAM ADDITIONAL PROGRAM
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37,7 MAX .

71tQ2

23 23

%
IE]
Ik
1%
15y

2120 19 18 17 16 15
-1

s

>
4 2
RO64 - 1 ®
o
~
\, J
S g NN N UNES g GHI g G [y SR ) SED § ) SED J) W ) Sum ) NN R S R Sum gy S g
1 2 3 4 5 6 7 8 9 1011 12 13 14
[a'4
"]
|
!
had
3 R54+025 1.3+0.25
T MU
~N
(3] +0.15
0.46—010
Note 1

Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.26mm of their true longitudinal position with

respect No.1 and No.28 leads.
2. This value is measured at the and
3. All dimensions are in millimeters.

of leads.
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Unit in mm

1524+0Q3

1+
[ale]
[
owm

0.25

17 4MAX,

Note 2




Note :  Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time
without notice, to change said circuitry.
©Aug., 1985 Toshiba Corporation
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16,384 WORD X 8 BIT UV ERASABLE
AND ELECTRICALLY PROGRAMMABLE
READ ONLY MEMORY
N CHANNEL SILICON STACKED GATE
MOS PRELIMINARY

DESCRIPTION

TMM27128AD-15, TMM27128AD-150
TMM27128AD-20, TMM27128AD-200

The TMM27128AD is a 16,384 word X 8 bit ultraviolet light erasable and electrically programmable read only memory.
For read operation, the TMM27128AD’s access time is 150ns/200ns, and the TMM27128AD operates from a single 5-volt
power supply and has a 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. The maximum active current is 100mA
and the maximum standby current is 30mA. For program operation, the program is achieved by using the high speed
programming mode. The TMM27128AD is fabricated with the N-channel silicon double layer gate MOS technology.

L 4

FEATURES
15 l 20 150 ‘[ -200 L] Fglly static operation '
Voo V5% 5VE10% [ g‘lgh| s;I)eedt_programmmg .mode
® Single location programming
T 150ns 200ns 150ns 200ns
IACC l To0mA —[ ® Three state outputs
m, .
cc2 ® Inputs and outputs TTL compatible
lcc S0mA ® Pin compatible with i27128A
PIN CONNECTION BLOCK DIAGRAM
Vpp GND Voo 0p 01 02 03 04 Os Og 07
VepO 1 28[0Vce OF o0t w___; _; ?j?j?fﬁ??
mz Q2 27[JPGM CE 0o—  CF Gk and PGM OUTPUT BUFFERS
A7 O3 26 bA1 3 PGM T
A6 L‘ 4 25'1n8 0 L]
a5 Ll s 24{3A9 A1 °: S| coLumn 84 COLUMN I/O
AaQs A11 A2 O DECODER N CIRCUIT
Aasg7 oE A3 O— %
A4 O— +
A w
= Al0 A5 O— u
Al ct A8 o B 2 MEMORY CELL
A0 o7 Qg o— 9 N ROW fe ARRAY
00 06 el I DECODER 16.384 8 bits
o1 05 A10 2
02 04 Alto— <
GND 03 A12 O—
A13 0—
PIN NAMES MODE SELECTION
AO ~A13 Address Inputs PIN [PGM | CE | O |Vep |Vec 00~07 POWERT
Og ~O7 Outputs (Inputs) MODE (27) ((20) | (22) 1) (28) [ (11~13,15~19)
TE Chip Enable Input Read H L L Data Out Activ
OE Output Enable Input Output Deselect * * H 5V 5V High Impedance ctive
PGM Program Control Input Standby * H * High Impedance Standby
Vpp Program Supply Voltage Program L L * Data In
Vee Veg Supply Voltage (+5V) H * High Impedance
GND Ground Program Inhibit H L H 12,5V ev High Impedance Active
Program Verify H L L Data Out

* Don’t Care
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Ve Power Supply Voltage -0.6~7.0 \
Vpp Program Supply Voltage —0.6~14.0 \
VIN Input Voltage —-0.6~7.0 Vv
Vijo Input/Qutput Voltage -0.6~7.0 \%
Pp Power Dissipation 16 w
TSOLDER Soldering Temperature  Time 260 - 10 °C - sec
TSTG Storage Temperature —65~125 °C
TOPR Operating Temperature 0~70 °C

READ OPERATION

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

SYMBOL PARAMETER TMM27128AD-15/20 TMM27128AD-150/200
Ta Operating Temperature 0~70°C 0~70°C
Vee Vg Power Supply Voltage 5V+5% . 5V+10%
Vpp Vpp Power Supply Voltage 20~Vgct0.6V 2.0~Vgc+0.8V
D.C. AND OPERATING CHARACTERISTICS
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
I Input Current VIN=0~Vce - - +10 uA
Lo Output Leakage Current VouT=04~Vce - - *10 GA
Icc1 Supply Current (Standby) CE=V|y - - 30 mA
Icc2 Supply Current (Active) CE=V|,_ - - 100 mA
ViH Input High Voltage - 2.0 - Vgc+1.0 v
ViL Input Low Voltage - -0.3 - 0.8 v
VoH Output High Voltage IoH=—400pA 24 - \
VoL Output Low Voltage loL=2.1mA - - 0.4 v
{=7-31 Vpp Current Vpp=0~Vcc+0.6 - - +10 uA

—_ AN —




A.C. CHARACTERISTICS

SYMBOL PARAMETER TMM27128AD-15/150 | TMM27128AD-20/200 UNIT

MIN. MAX. MIN. MAX.

tacc Address Access Time - 150 - 200

tce CE to Output Valid - 150 - 200

tOE OE to Output Valid - 70 - 70

tpGMm PGM to Output Valid - 70 - 70

toF1 CE to Output in High-Z 0 60 0 60 ns

tpF2 OE to Output in High-Z o 60 0 60

tDF3 PGM to Output in High-Z [o] 60 4] 60

tOH Qutput Data Hold Time 0 - 0 -

A.C. TEST CONDITIONS

® Output Load : 1 TTL Gate and C|_=100pF

® Input Pulse Rise and Fall Times : 10ns Max.

® Input Pulse Le\)els : 0.45V to 24V

® Timing Measurement Reference Level . Inputs, Outputs 0.8V and 2.0V

CAPACITANCE * (Ta=25°C, f=1MH2)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance VIN=0V - 4 6 pF
Cour Output Capcitance VouTt=0V - 8 12 pF

* This parameter is periodically sampled and is not 100% tested.
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TIMING WAVEFORMS (READ)

AO~A13

PGM

00 ~ 07

toH

DF1

=

W,
tDF2

tDF3

DATA OUTPUTS

A\ HIGH Z
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 20 Vee+1.0 \
ViL Input Low Voltage -0.3 0.8 v
Veo Ve Power Supply Voltage 575 6.0 6.25 v
Vpp Vpp Power Supply Voltage 12.0 125 13.0 \

D.C. AND OPERATING CHARACTERISTICS (Ta=25+5°C, VcCc=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MiIN. TYP. MAX. UNIT
IN] Input Current VIN=0~V(;o +10 pA
VoH Output High Voltage lo=—400pA 24 - \
VoL Output Low Voltage loL=2.1mA 0.4 \
Icc Ve Supply Current - - 100 mA
Ippo Vpp Supply Current Vpp=13.0V 50 mA
Vip A9 Auto Select Voltage - 11.5 12.0 12,85 \

L]
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 - ©s
tAH Address Hold Time 2 - us
tcES CE Setup Time 2 - ns
tcEH CE Hold Time 2 - us
tps Data Setup Time 2 - us
tpH Data Hold Time 2 us
tys Vpp Setup Time 2 - us
tpw Program Pulse Width 0.95 1.0 1.05 ms
topw Additional Program Pulse Width Note 1 2.85 - 7875 ms
tPRT Program Pulse Rise Time 5 ns
tpET Program Puise Fall Time 5 - - ns
toE OE to Output Valid - 100 ns
tDF2 CE to Output in High-Z CE=V|_ - - 90 ns

A.C. TEST CONDITIONS

® OQutput 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; 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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ADDRESSES

00 ~ 07

Note:

s tAH
ICES_ 'CEH
A |
toE
UNKNOWN Din Dour DiN STABLE
\ STABLE VALID 4
tps_ |t tow I torz || tos DY
IL
tPeT | T’ | tPRT
toPw
ol tPW
tvg
PROGRAM
PROGRAM VERIFY PROGRAM

INITIAL PROGRAM

ADDITIONAL PROGRAM

or after Vpp.

2. Removing the device from or setting the device into a socket with Vpp=12.5V

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

may cause permanent damage to the device.

not exceed 14V.

e ADA e

The Vpp supply voltage is permitted up to 14V for program operation, so a
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 pulse should




ERASURE CHARACTERISTICS

The TMM27128AD’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?] 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 1cm
from the lamp surface, the erasure will be achieved within 60 minutes. 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 dose is 12000 [uw/cm?] X (20 X 60) [sec] = 15 [W - sec/cm?].)

The TMM27128AD’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 TMM27128AD’s six operation modes are listed in the following table. Mode selection can be
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power
supply is required and the levels required for all inputs are TTL.

PIN NAMES (NUMBER) | PGM CE OE Vpp Vce 0p~07 POWER
MODE (27) {20) (22) 1) (28) (11~13, 15~19)
READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance
{Ta=0~70°C) Standby * H High Impedance Standby
PROGRAM Program L L * Data In
OPERATION Program Inhibit - H b 125v | ey | Migh Impedance Active
(Ta=25+5°C) H L H High Impedance

Program Verify H L Data Out

Note: H; V|, L; Vi, *: Don’t Care
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READ MODE

The TMM27128AD has three control functions. The chip enable (CE) controls the operational power
and should be used for device selection.

The output enable (OE) and the program control (PGM) control the output buifers, independent of
device selection.

Assuming that CE=0E =V|_ and PGM=V|H, the output data is valid at the output after address
access time from the stabilizing of all addresses.

The CE to output valid (tGE) is equal to the address access time (tACC)-

Assuming that CE=V||, PGM=V|H and all addresses are valid, the output data is valid at the outputs
after tOg from the falling edge of OE.

And assuming the CE=OE=V|L_ and all addresses are valid, the output data is valid at the outputs
after tpgM from the rising edge of PGM.

OUTPUT DESELECT MODE

When CE=V|H or OE=V|H, the outputs will be in a high impedance state. So two or more
TMM27128AD 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 TMM27128AD has a low power standby mode controlled by the CE signal.

By applying a TTL high level to the CE input, the TMM27128AD is placed in the standby mode which
reduces the supply_gt_xrrent from 100mA to 30mA, and the outputs are in a high impedance state,
independent of the OE and the PGM inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TMM27128AD 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 TMM27128AD locations can be programmed either
individually, sequentially, or at random
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PROGRAM VERIFY MODE

The verify mode is to check that desired data is correctly programmed into the device.

The verify is accomplished with OE and CE at V|_ and PGM at V|H.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM27128AD from being programmed.

Programming of two or more TMM27128ADs 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 PROGRAMMING MODE

The program time can be greatly decrease 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 Vcc+6V and PGM=V/|H.

The programming is achieved by applying a single TTL low level 1ms pulse to 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 1ms is applied and then
programmed data is verified. This should be repeated until the program verifies (max. 25 times).

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

When programming has been completed, the data in all addresses should be verified with
Vcec=Vpp=5V.
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Initially, when received by customers, all bits of
the TMM27256DI are in the
erased state.

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

"1" state which is

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

Under the condition that the program voltage (+
21V) is applied to Vep terminal, a high level CE input
inhibits the TMM 27256D! from being programmed.

Programming of two or more TMM27256DIs in
parallel with different data is easily accomplished.

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

The device is set up in the high speed program-
ming mode when the programming voltage (+21V)
is applied to the Vep terminal with Vcc=6V.

The programming is achieved by applying a single
TTL low level 1 ms pulse to the CE input after addres-
ses 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 pro-
grammed data is verified. This should be repeated

The TMM 27256Dl is in the programming m
when the Vep input is at 21V and CE is at TTL-
under OE=Vi4.

The TMM27256D| can be programmed
location at anytime either individually, sequenti:
or at random.

The verify is accomplished with OE and CE at

That is, all inputs except for CE may be comm
connected, and a TTL low level program puls
applied to the CE of the desired device only and
high level signat is applied to the other devices.

until the program operates correctly (max. 20 tin

After correctly programming the selec
address, the additional program pulse with w
equal to that needed for initial programming
applied.

When programming has been completed,
data in all addresses should be verified with Vcc=
=5V.

This high speed program algorithm allows
programming of the TMM27256DI| to be acct
plished within one and a half minutes (typ.).
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OUTLINE DRAWINGS
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32,768 WORD X 8 BIT N-MOS UV ERASABLE AND
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY
SILICON STACKED GATE MOS

TMM27256D-15
TMM27256D-20

The TMM272566D is a 32,768 wordX8 bit
ultraviolet light erasable and electrically program-
mable read only memory.

For read operation, the TMM27256D’s access
time is 150ns/200ns, and the TMM27256D oper-
ates from a single 5-volt power supply and has low
power standby mode which reduces the power dis-
sipation without increasing access time. The standby
mode is achieved by applying a TTL-high level signal
to the CE input.

® Fast access time TMM27256D-15 150ns
TMM27256D-20 200ns
® Low power dissipation

Active : 100mA
Standby :  25mA
@ Single BV power supply

(TOP VIEW)

vee

For program operation, the programming is
achieved by using the high speed programming
mode. Program supply voltage is 21V which is the
same voltage as TMM2764D, TMM27128D and
TC57256D.

The programming of TMM27256D is accom-
plished within about one and a half minutes (typ.).

The TMM27256D is fabricated with the N-chan-
nel silicon double layer gate MOS technology.

® Full static operation

® High speed programming mode

® Inputs and outputs TTL compatible

® Pin compatible with ROM TC53257P and
TMM23256P and CMOS EPROM TC57256D.

@ Standard 28 pin DIP cerdip package

Vpp GND Vgg 00 01 02 03 04 05 06 07

:i: g WCIEEU” OUTPUT BUFFERS
A8 AQ o—§ I
A9 Al o—] _2__ COLUMN |64 COLUMN 1,0
All 21 DECODER CIRCUIT
OE Ao & ’ }
A10 aso— &
E A6 0—f a
A7~ |9 RrROW |81z MEMORY CELL
o7 480 2 = pecoper [+ ARRAY
06 ASo— @ 327688 bite
AlO g
05 All <
04 Al o—
os i
Ao~Aia | Address inputs PIN| CE | OFE | Ve | Ve 00~07 POWER
0o~07 Outputs {Inputs) MODE (20) | (22) | (1) [ (28) [(11~13, 15~19)
CE Chip Enable Input geid t Lt Data Out Active
BF utpu
OE Output Enable tnput p * H | 5V | 5V | High Impedance
Vpp Program Supply Voltage Deselect
Vee Vee Supply Voltage (+5V) Standby H * High Impedance | Standby
GND Ground Program L H Data In
Program . )
. H * |21V | 6V | High Impedance Active
Inhibit
Program
g. L L Data Out
Verify

Note * : Hor L
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CHARACTERISTICS

BOL PARAMETER TMM27256AD-15/150 | TMM27256AD-20/200 | .o )
MIN. MAX. MIN. MAX.

o) Address Access Time - 150 200 ns
CE to Output Valid - 150 - 200 ns
OE to Output Valid - 70 - 70 ns

1 CE to Output in High-Z 0 60 [¢] 60 ns

0 OE to Output in High-Z 0 60 0 60 ns

| Output Data Hold Time o] - [¢] - ns

. TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Times

10ns Max.

Input Pulse Levels : 045V ~ 24V

Timing Measurement Reference Level

ACITANCE * (Ta=25°C, f=1MH2)

1 TTL Gate and C|_=100pF

Inputs 0.8V and 2V, Outputs 0.8V and 2.0V

ING WAVEFORMS (READ)
AO~A14 :>< A
le tCe - et
- Al

e AN —




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vg Power Supply Voltage —0.6~7.0 2
Vpp Program Supply Voltage —0.6~14.0 \
VIN Input Voltage —-0.6~7.0 \
Vijo Input/Output Voltage —0.6~7.0 \
Pp Power Dissipation 1.5 W
TSOLDER Soldering Temperature - Time 260 - 10 °C - sec
TsTG Storage Temperature —65~125 °C
TOPR Operating Temperature 0~75 °C
|
READ OPERATION
D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER TMM27256AD-15/20 TMM27256AD-150/20
Ta Operating Temperature 0~70°C 0~70°C
Vee Ve Power Supply Voltage 5V+5% 5V+10%
Vpp Vpp Power Supply Voltage 2.0~Vgcto.6v 2.0~Vpot0.6v
D.C. AND OPERATING CHARACTERISTICS
BYMBOL PARAMETER CONDITION MIN. TYP. MAX. ut
I Input Current VIN=0~Vce - - +10 !
ILo Output Leakage Current VouT=0.4~Vce - - +10 !
Icct Supply Current (Standby) CE=V|y - 30 m
Icc2 Supply Current (Active) CE=v|_ - - 100 m
VIH Input High Voltage - 2.0 - Vcet1.0 )
ViL Input Low Voltage - -0.3 - 0.8 \
VoH Output High Voltage loH=—400uA 2.4 - \
VoL Output Low Voltage loL=2.1mA - 0.4 ‘
IPP1 Vpp Current Vpp=0~Vcct0.6 - - +10 !
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Ta=25+5°C, Vcc=6V+0.25V, Ver=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION ’ MIN. | TYP. [IMAX.| UNIT
tas Address Setup Time — — — us
tAH Address Hold Time — 2 . . us
tees CE Setup Time — 2 — — us
TCEH CE Hold Time — 2 — — us
toEs OE Setup Time — 2 — — us
tOEH OE Hold Time — 2 — — 1S

" 1tos Data Setup Time — 2 — — us
tOH Data Hold Time — 2 — — us
tvs Vep Setup Time — 2 — — us
tow Intial Program Pulse Width CE=Vy, OE=Vin 0.956] 1 |1.05| ns
torw Overprogram Pulse Width Note 1 0.95| 1 21 ms
tov CE to Output Valid OE=ViL i 1 #s
toE1 CE to Output in High-Z OE=Vi — — | 180 ns

A C. Test Condrttions

@ Output Load

® Input Pulse Rise and Fall Times

® Input Pulse Levels

® Timing Measurement Reference Level

Note : 1.

1 TTL Gate and Cu. (100pF)

10

ns Max.

1 0.45~2.4V
Input 0.8V and 2.0V, Output 0.8V and 2.0V

® (Vcc=6V=0.25V, Vppr=21V+0.5V)

Note : 1.

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

t
AS tan
4
AD~Al4 ><
tpw torw
=_/ | /
CcE
LcEs toms toBH LCES
tCEH
OE
tDF1 | tDg DH tpv tDF1
_.L..__ e ooy
00~07 )—( DIN STABLE HioH 2 3%’31) DIN STABLE —>———-
Vpp
tys
PROGRAM PROGRAM
PROGRAM
VERIFY
INITIAL PROGRAM OVER PROGRAM

—_—A4RR4 —

Vce must be applied simultaneously or before Vee and cut off simultaneously or after Vep.
Removing the device from socket and setting the device in socket with Vep=21V may cause permanent
damage to the device.
The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be

applied to the Vep terminal. When the switching pulse voltage is applied to the Vrp terminal, the overshoot —
voltage of its pulse shoidd not be exceeded 22V




The TMM27256D's erasure is achieved by apply-
ing shortwave ultraviolet light which has a wave-
length of 2637A (Angstroms) to the chip through the
transparent window.

Then integrated dose (ultraviolet light intensity [w/
cm?] Xexposure time [sec.] ) for erasure should
be aminimum of 156 [w-sec/cm?]

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose

The TMM27256D’s six operation modes are list-
ed in the following table. Mode selection can be

ultraviolet light intensity is @ 12000 [gw/cm?] will
reduce the exposure time to about 20 minutes. (In
this case, the integrated dose is 12000 [uw/cm?]
X{20X60) [sec] =15 [w-sec/cm?] .)

The TMM27256D’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 wused under such lighting for
extended periods of time, the opaque seals-Toshiba
EPROM Protect Seal AC901-are available.

achieved by applying TTL level signal to all inputs.

PIN NAMES(NUMBER) | CE | OE Vep Vee 0o~07 POWER
MODE (20) | (22) (1) (28) (11~13, 15~19)

) Read L L Data Out Active
Rea:j Opera:tlon Output Deselect * H 5V 5V High Impedance Active

(Ta=0~70"C) Standby H * High Impedance Standby
. Program L H Data In Active
:’Tr:ir;;ni(?g;'atlon Program Inhibit H * 21V 6V High Impedance Active
Program Verify L L Data Out Active

Note H: Vi, L : Vi, * : Vinor Vi

The TMM27256D 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=OE=V\L, the output data is

valid at the outputs after address access time from

Assuming that CE=ViH or OE=VIH.the outputs
will be in a high impedance state.
So two or more TMM27256Ds can be con-

stabilizing of all addresses.

The CE to output valid (tce) 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 toe
from the falling edge of OE.

nected 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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The TMM27256D has a low power standby mode
controlled by the CE signal.

By applying a high level to the CE input, the
TMM27256D in placed in the standby mode which

Initially, when received by customers, all bits of
the TMM27256D 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 verify mode is to check that desired data is
correctly programmed on the programmed bits.

Under the condition that the program voltage (+
21V) is applied to Vee terminal, a high level CE input
inhibits the TMM27256D from being programmed.

Programming of two or more TMM27256Ds in
parallel with different data is easily accomplished.

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 (+21V) is
applied to the Vee terminal with Vcc=6V.

The programming is achieved by applying a single
TTL low level 1ms pulse to the CE input after addres-
ses 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 1Tms is applied and then the pro-
grammed data is verified. This should be repeated

reduce the operatinc current to 26mA from 100mA
(about 75% reduction) by applying MOS-high level
{Vce) and then the outputs are in a high impedance
state, independent of the OE inputs.

The TMM27256D is in the programming mode
when the Vep input is at 21V and CE is at TTL-Low
under OE=VH.

The TMM27256D can be programmed any loca-
tion at anytime either individually, sequentially, or at
random.

The verify is accomplished with OE and CE at ViL.

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.

until the program operates correctly (max. 20 times).

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

When programming has been completed, the
datzi/in all addresses should be verified with Vcc=Vep
:5 . .

This high speed program algorithm allows the
programming of the TMM27256D to be accom-
plished within one and a half minutes (typ.).
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Electric signature mode allows to read out a code
from TMM27256D which identifies its manufacturer
and device type.

The programming equipment may read out man-
ufacturer code and device code from TMM27256D
by using this mode before program operation and
automatically set program voltage (Vep) and algor-
ithm.

Electric Signature mode is set up when 12V is

applined to address line Ag 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 (07).

The following table shows electric signature of
TMM27256D.

PINS Ao 07 Os Os Os O3 02 O Qo HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA
Manufacture Code ViL 1 0] o] 1 1 6] o] 0] 98
Device Code ViH 1 [¢] [¢] 1 0 1 [¢] 0] 94
Notes: Ag =12V+0.5V .
Ai-Ag, A1o-A14, CE, OE=VuiL
Unit in mm
37TMAX,
89TYP,
28 15
PSR PoTN S PEYSEEYES
\ ::.
=
RO.6 4 - / a
-
\, L
LS e S ) e g gy e | ) m— mm g e g ou gy ea g S gy e
14
)
S 1524103
&
1
[ 1 |

2.54+025

1.3+025
f-

+Q15
Se—a25-010

Note 1

3207

+Q15
046—-010

174 MAX,

Note : 1.
respect No. 1 and No.28 leads.

2. This value is measured at the end of leads.
3. All dimensions are in millimeters.

Note 2

Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with
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32,768 WORD X 8 BIT NMOS UV ERASABLE AND
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY
SILICON STACKED GATE MOS

TMM27256DI-15
TMM27256DI-20

The TMM27256DI is a 32,768 wordX8 bit
ultraviolet light erasable and electrically program-
mable read only memory.

For read operation, the TMM27256DI’s access
time is 150ns/200ns, and the TMM27256DI oper-
ates from a single 5-volt power supply and has low
power standby mode which reduces the power dis-
sipation without increasing access time. The standby
mode is achieved by applying a TTL-high level signal
to the CE input.

® Wide operating temperature range : —40~85°C
®Fast access time : TMM27256DI-15 150ns
TMM27256DI-20 200ns
® Low power dissipation
Active : 120mA
Standby : 25mA
® Single BV power supply

(TOP VIEW)

For program operation, the programming is
achieved by using the high speed programming
mode. Program supply voltage is 21V which is the
same voltage as TMM2764D, TMM27128D and
TC57256D.

The programming of TMM27256DI is accompli-
shed within about one and a half minutes {typ.).

The TMM27256DI is fabricated with the N-
channel silicon double layer gate MOS technology.

® Full static operation

® High speed programming mode

® Inputs and outputs TTL compatible

® Pin compatible with ROM TC53257P
and TMM23256P and CMOS EPROM
TC57256D.

® Standard 28 pin DIP cerdip package

vpp GND Vgg 0g 01 0203 04 Oy O O

2§ 3 PRI I R I IR 1
OB o CE OUTPUT BUFFERS
srpd1 '—U_TZB b vee : CIRCUIT
+120% =7h Alg :?: |5 ] coLumn ]64 COLUMN 1/0
Ay (3 26 A :2:1 ° DECODER CIRCUIT ~
Asll4 25[ Ag hpo] & l T
As QS R4 Ag :g : %
rls  Epan ] g [ s el mem o
Az Q7 22[10F A“Q o g DECODER 32768X 8 bite
Azl 21 a10 My &
a(e 20PpCE pta
Ag Q1o 190 0 Ala
OO’E 11 18P 0g
0, g1z 17p Os
0z013 16f1 0, PIN| CE | OE | Ver | Vcc Oo~07 POWER
aNDQ14 15105 MODE (20) | (22) | (1) | (28)|(11~13, 16~19)
Read L L Data Out
Active
Bl Output . .
* H 5V | 5V | High Impedance
Ao~Aia Address Inputs Deselect
0o0~07 Outputs (Inputs) Standby H * High Impedance | Standby
CE Chip Enable Input Program L H Data In
OE Output Enable Input Program _ )
) H * |21V | 6V | High impedance Active
Vep Program Supply Voltage Inhibit
Vi Vce Supply Voltage (+ 5V Program
< cc Supply Voltage (+5V) o L]t Data Out
GND Ground Verify
Note * : HorL
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* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. [ TYP. IMAX.| UNIT
Cin Input Capacitance Vin=0V — 4 6 pF
Cout Output Capacitance Vour=0V — 8 12 pF

* This parameter is periodically sampled and is not 100% tested.
Ag~Ayg ><
tce toH
AN L
AR /4
tog tpFa
% NP YUY
\\ N / /) / /.
tace tpF2
HIGH Z - HIGH Z
0~ O DATA OUTPUTS ?__
PROGRAM OPERATIO
e
SYMBOL PARAMETER MIN TYP. MAX. UNIT
Vi Input High Voltage 2.2 — Vee+1.0 Y
ViL Input Low Voltage -0.3 - 0.8 \
Vce Vcc Power Supply Voltage 5.75 6.0 6.25 Y
Vep Ve Power Supply Voltage 20.5 21.0 21.5 Y
Ta=25+5°C, Vec=6V£0.25, Vpp=21V£0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
lu Input Current ViN=0~Vce — — {+x10 A
VoH Output High Voltage lon=—400x.A 2.4 | — — Vv
Vor Output Low Voltage lor=2.1mA — — 0.4 \
lec Vee Supply Current - — — | 120 mA
lpp2 Vee Supply Current Vep=21.5V — — 30 mA
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SYMBOL

ITEM RATING UNIT

Vce Vce Power Supply Voltage -0.6~7.0 Vv

Vep Program Supply Voltage -0.6~22.0 Y

VIN Input Voltage -0.6~7.0 Y

Vijo Input/Output Voltage -0.6~7.0 Y

Po Power Dissipation 1.5 W
TsoLDER Soldering Temperature - Time 26010 °C-sec

Tst6 Storage Temperature —65~1256 °C

Torr Operating Temperature —40~85 °C

READ OPERATION
S

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

VIH Input High Voltage 2.2 - Vee+1.0 Vv

Vie Input Low Voltage -0.3 - 0.8 Y

Vee Vcc Power Supply Voltage 4.75 5.00 5.25 \

Vpp Vep Power Supply Voltage 2.2 Vce Vcc+0.6 v

_ (Ta=—40~85°C, Vee=5V+5%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. IMAX.| UNIT
lu Input Current Vin=0~Vcc — — 1 +10 uA
lce Supply Current (Standby) CE=Vi — _ 25 mA
lec2 Supply Current (Active) CE=VL — — | 120 mA
VoH Qutput High Voltage lon=—400uA 2.4 — — \%
Vou Output Low Voltage lor=2.1mA — — (0.4 \
Ipp1 Vep Current Vep=0~Vcc+0.6 — — [ x10 uA
Lo Output Leakage Current Vour=0.4~Vce — — | x10 A
- (Ta= —40~86°C, Vec=5V+5%, Vep=2.2V~Vcc+0.6V)
TMM27256DI1-15 | TMM27256DI-20
SYMBOL PARAMETER TEST CONDITION UNIT
MIN. MAX. MIN. MAX.

tace Address Access Time CE =OE=ViL - 150 - 200 ns
toe CE to Output Valid OE=ViL - 150 - 200 ns
' toe OF to Output Valid CE=ViL - 70 - 70 ns
toF1 CE to Output in High-Z OE=ViL 0 60 0 60 ns
toF2 OE to Output in High-Z CE=ViL 0 60 0 60 ns
toH Output Data Hold Time CE=0E=Vi 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 CL.=100pF
: 10ns Max.

: 0.45V ~ 2.4V

. Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V
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(Ta=25+5°C, Vcc=6V+0.25V, Vppr=21V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UNIT
tas Address Setup Time - 2 — - us
tan Address Hold Time - 2 — — us
tees CE Setup Time ~ 2 — — us
tCEH CE Hold Time — 2 —_ — us
toes OE Setup Time ~ 2 — | - us
toEH OE Hold Time e 2 — — us
tos Data Setup Time - 2 — - us
toH Data Hold Time -~ 2 — — us
tvs Ve Setup Time ) — 2 — — us
tew Initial Program Puise Width CE=Vi, OE=Vm 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 0.95! 1 21 ms
tov CE to Output Valid OE=V_ — | - 1 us
toF CE to Output in High-Z OE=Vi — | — | 150 ns

A. C. TEST CONDITIONS

® Output Load 1 1 TTL Gate and Ci(100pF)

@ Input Pulse Rise and Fall Times : 10ns Max.

® Input Pulse Levels 1 0.45~2.4V

® Timing Measurement Reference Level ¢ Input 0.8V and 2.0V, Output 0.8V and 2.0V

Note : The length of the overprogram pulse may vary as a function of the counter value X.

el

tas tan
w22,

tCES tOES toE tCR
oES ._l:l1 = _i/
oF

_.l tor1 |tps| tDH oy, | ltom
0p~0 DIN STABLE Hon 2z _ bour N —
o~ Oy . VALID DIN STABLE

tys

PROGRAM PROGRAM

PROGRAM
VERIFY

INITIAL PROGRAM J_ OVER PROGRAM

Note : 1. Vcc must be applied simultaneously or before Vep and cut off simultaneously or after Vee.
2. Removing the device from socket and setting the device in socket with Vep=21V may cause permanent
damage to the device.
3. The Vep supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be
applied to the Vep terminal.
When the switching pulse voltage is applied to the Ve terminal, the overshoot voltaae of its puise should not —
be exceeded 22V.
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The TMM27256DI's erasure is achieved by ap-
plying shortwave ultraviolet light which has a wave-
length of 2637A (Angstroms) to the chip through the
transparent window.

Then integrated dose (ultraviolet light intensity [w/
cm?] Xexposure 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 1cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose

The TMM27256DI’s six operation modes are
listed in the following table.

ultraviolet light intensity is @ 12000 [gw/cm?] will
reduce the exposure time to about 20 minutes. (In
this case, the integrated dose is 12000 [gw/cm?]
X (20%x60) [sec] =15 [w-sec/cm?] .)

The TMM27256Dl'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 seals-Toshiba
EPROM Protect Seal AC901-are available.

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

PIN NAMES(NUMBER) | CE OE Ve Vce Oo0~07 POWER

MODE (20} | (22) (1) (28) (11~13, 15~19)

Read L L Data Out Active
F{reaagf Ersagpcn) Output Deselect * H 5V 5V High Impedance Active

Standby H * High Impedance Standby
Program Program L H Data In Active
Operation Program Inhibit H * 21V 6V High Impedance Active
(Ta=25+5°C) Program Verify L L Data Out Active

Note H: Vv, L: ViL, % : Viw or Vi

The TMM27256DI 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=
OE=ViL, the output data is valid at the outputs after

Assuming that CE=Vis or OE=Vin,the outputs
will be in a high impedance state. SO two or more
TMM27256Dls can be connected together on a

The TMM27256DI has a low power standby
mode controlled by the CE signal.

By applying a high level to the CE input, the
fMM27256DI is placed in the standby mode which

address access time from stabilizing of all addresses.
The CE to output valid (tce) 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 toe
from the falling edge of OE.

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

reduce the operating current to 25mA from 120mA
(about 80% reduction) by applying MOS-high level
(Vcc) and then the outputs are in a high impedance
state. indeoendent of the OFE inputs.
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ECTRIC SIGNATURE MODE

Electric signature mode allows reading out a code from the TMM27128AD which identifies its
nufacturer and device type.

'he programming equipment may read out a manufacturer and device code from the TMM27128AD
using this mode before program operation to 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
2s are set to V|| in read operation. Data output in this conditions is manufacturer code. Device code
dentified when address AO is set to V|H. These two codes possess an odd parity with the parity bit of
B (07).

The following table shows electric signature of TMM27128AD.

PINS A0 07 Og O5 04 O3 02 04 Op HEX.
IGNATURE (10) (19) (18) 7 (16) (15) (13) (12) (11) DATA
anufacture Code ViL 1 V] 0 1 1 4] 4] 0 98
evice Code ViH 1 1 0o 1 0 [¢] 1 1 D3
tes: A9=12V+0.5V
A1~A8, A10~A13, CE, OE=V|_

PGM=V|H
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HIGH SPEED PROGRAM MODE FLOW CHART

START

ADDRESS =
START ADDRESS

_Y

Voo=6V

y

Vpp=12.5V ]

YES

DATA = FF?

—

X =
|
—-
[ PROGRAM 1ms PULSE l
X=X+1

NG

T
I

g

YES

{

NO
OK

':

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

NO

0

‘”G-
OK g

LAST

ADDRESS?

Ve =5.0V
Vpp = 5.0V

READ
ALL BYTE
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Electric signature mode allows to read out a code
from TMM27256DI which identifies its manufacturer
and device type.

The programming equipment may read out man-
ufacturer code and device code from TMM27256DI
by using this mode before program operation and
automatically set program voltage (Vep) and algor-

applied to address line Ag 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 Vin_

These two codes possess an odd parity with the
parity bit of MSB (O7).

The following table shows electric signature of

ithm. TMM27256DI.
Electric Signature mode is set up then 12V is
PINS Ao (e}] Os Os Oa4 O3 02 0 Oo HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Code ViH 1 0 0 1 0 1 0 0 94
Notes: Ae9=12V+0.5V
A1-Ag, Aro-Awa, CE, OE=ViL
Unit in mm
37.7MAX
89TYP
28 27 26 2524 [R3 22 2120[19 18 17 16 15
Pl e B e W e | M, fom B e B o W W om §
\ ><'
. ' 5
Raes D 3
N et
T %2315 67 B ol0ll 121818
x
S 1524+Q3
«f
& f — —
 A——
It +015
P SEN—— =P 025-010
g 2541025 1.3+Q25
:N: Note 1 +015
046-010 17.4MAX,
Note 2
Note : 1. Each lead pitch is 2.64mm. All leads are located within 0.25mm of their true longitudinal position with

respect No.1 and No.28 leads.
2.. This value is measured at the end of leads.
3. All dimensions are in milimeters.
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32,768 WORD X 8 BIT N-MOS UV
ERASABLE AND ELECTRICALLY
PROGRAMMABLE READ ONLY
MEMORY

PRELIMINARY

DESCRIPTION

TMM27256AD-15, TMM27256AD-150
TMM27256AD-20, TMM27256AD-200

The TMM27256AD is a 32,768 word X 8 bit ultraviolet light erasable and electrically programmable read only memory.
For read operation, the TMM27256AD’s access time is 150ns/200ns, and the TMM27256AD 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.
For program operation, the programming is achieved by using the high speed programming mode. The TMM27256AD is
fabricated with the N-channel silicon double layer gate MOS technology.

FEATURES
15 [ -20 150 | 200 .
Voo 5V+5% 5V+10% L4
tacc 150ns | 200ns 150ns | 200ns °
Icce 100mA 100mA i
lcct 30mA 30mA ®

PIN CONNECTION

BLOCK DIAGRAM

Fully static operation

High speed programming mode
Inputs and outputs TTL compatible
Pin compatible with i27256
Standard 28 pin DIP cerdip package

Vpp GND Vg 00 01 02 03 04 05 06 07
eed ? 99 §9§V999E
A2 — ——
g OE 0 OE CE OUTPUT BUFFERS
ATh &E 0] CIRCUIT
o ' ;
A0 0—] 6 84
A4Q A1 O— [V COLUMN COLUMN /0
A3 A2 0— DECODER CIRCUIT
A2 A30— @
AMo— w }
A1 0 As0— &
2
Aol Ao o MEMORY CELL
aro— o |9 512
00 ROW ARRAY
A8O— B P DECODER - .
o1 A90— 32,768X8 bits
nee] 8
GND [ A12 0—]
A13 0—
A140—
PIN NAMES MODE SELECTION
Ag~A14 Address Inputs PIN |[CE |OE ([Vpp |Vco 00~07 POWER
Op ~ 07 Outputs (Inputs) MODE (20) [(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 Voltage Standby H * High Impedance Standby
Vce Vcc Supply Voltage (+5V) Program L H Data In
GND Ground Program Inhibit H H [12.5v]| 6V |High Impedance Active
Program Verify * L Data Out

*HorL
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% (Ta=256°C, f=1MH2)

PARAMETER TEST CONDITION MIN. [ TYP. [MAX.| UNIT
N Input Capacitance Vin=0V — 4 6 pF
uT QOutput Capacitance Vour=0V — 8 12 pF
his paramater is periodically sampled and is not 100% tested.
4 N
AO~Ala
tcE toH
CE
Ay LU,
oE tprl
o8 i
NN WY /,
tace DR
HIGH Z i
00~07 DATA OUTPUTS }ﬂ
.
OGRAM OPERATION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.0 — Vee+1.0 Y,
Vi Input Low Voltage -~0.3 — 0.8 \%
Vee Vcc Power Supply Voltage 5.75 6.0 6.25 \
Vep Vee Power Supply Voltage 20.5 21.0 21.5 \Y,
) (Ta=25+5°C, Vec=6V+0.25V, Vepr=21Vx0.5V)
‘MBOL PARAMETER TEST CONDITION MIN. | TYP. |[MAX.| UNIT
[[¥] Input Current Vin=0~Vce — — l+10 A
Von OQutput High Voltage lon=—400uA 2.4 — — \
VoL Output Low Voltage lot=2.1mA - — 0.4 \
lee Vce Supply Current — — — 100 mA
lpp2 Vep Supply Current Vep=21.5V — — 30 mA
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SYMBOL ITEM RATING UNIT
Vee Vce Power Supply Voltage -0.6~7.0 \%
Vep Program Supply Voltage —-0.6~22.0 vV
VIN Input Voltage -0.6~7.0 \%
Vio Input/Output Voltage -0.6~7.0 Vv
Po Power Dissipation 1.6 W

TsoLper Soldering Temperature - Time 260 - 10 C-se
TsTc. Storage Temperature —65~125 °C
TorR. Operating Temperature 0~70 °C
READ OPERATION

SYMBOL PARAMETER MIN. TYP. MAX. UNI#i
VIH Input High Voltage 2.0 — Vee+1.0 \
Vi Input Low Voltage -0.3 — 0.8 \'a
Vee Veec Power Supply Voltage 4.75 5.00 5.25 \
Vep Vee Power Supply Voltage 2.0 Vee Vec+0.6 \Y

Ta=0~70C, Vcc=5V+5%)
SYMBOL PARAMETER TEST CONDITION MIN. | TYP. [MAX.| UN
I Input Current Vin=0~Vce — — [ £10 !

Icct Supply Current (Standby) CE=Vi - | — | 25 m

lec2 Supply Current (Active) CE=VwL — — | 100 m

Vo Output High Voltage lon=—400xA 2.4 = — Y

VoL Output Low Voltage lor=2.1mA — — [ 0.4 V

lpp1 Vep Current Ver=0~Vcc+0.6 — — | +£10 ut

Lo Output Leakage Current Vour=0.4~Vcc - — | £10 ul

Ta=0~70°C, Vcc=5V+5%, Vep=2.0V~Vcc+0.6V)
TMM27256D-15 | TMM27256D-20 |
SYMBOL PARAMETER TEST CONDITION Ut
MIN. MAX. MIN. MAX.

tace Address Access Time CE =0E=Vi. — 150 — 200 r
tee CE to Output Valid OFE=Vy - 150 — 200 r
toe OF to Output Valid CE=ViL — 70 - 70 r

tor1 CE to Output in High-Z OE=Vv 0 60 0 60 r

toF2 OE to Output in High-Z CE=Vi 0 60 0 60 r

ton Output Data Hold Time CE=0E=ViL 0 - 0 - r

A.C. 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

. Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V
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PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 2.0 - Vccti10
ViL Input Low Voltage -0.3 - 08 v
Vee Ve Power Supply Voltage 5.75 6.0 6.25
Vpp Vpp Power Supply Voltage 120 125 13.0

D.C. AND OPERATING CHARACTERISTICS (Ta=25+5°C, VcCc=6V=+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current VIN=0~Vco - - +10 A
VOH Output High Voltage loH=—400pA 24 - - A
VoL Output Low Voltage loL=2.1mA - - 04 \
Icc Ve Supply Current - - - 120 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 115 120 125 \

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 - 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 Ve Setup Time - 2 - - us
tpw Initial Program Pulse Width CE=V|, OE=V|y 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms
toE ©OE to Output Valid CE=V|y - - 150 ns
tpFp OE to Output in High-Z CE=V|y - - 130 ns

A.C. TEST CONDITIONS

Note 1:

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
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The length of the overprogram pulse may vary as a function of the counter value X.
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TIMING WAVEFORMS (PROGRAM)

(VCe=6V+0.25V, Vpp=12.5V+0.5V)

AO ~ 14 y
A - _ tAH
AS -
Ce tpw )
topw< _ICEH | "
OES _ oFpP
OE
.| 1 tbs _tDH toe
7D| STABLE { Dout VALID
00 ~ 07 —\'N out
I
_/ tvps
Vpp D
vee _/= os | PROGRAM PROGRAM VERIFY

Note:

Vce must be applied simultaneously or before Vpp and cut off simultaneously
or after Vpp. ~

Removing the device from or setting the device into a socket with \/Pp=1 2.5V
may cause permanent damage to the device.

The Vpp supply voltage is permitted up to 14V for program operation. So a
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 pulse should
not exceed 14V.
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ERASURE CHARACTERISTICS

The TMM27256AD's erasure is achieved by applying shortwave ultraviolet light which has a
wavelength of 2537A (Angstroms) to the chip through the transparent window. The integrated dose
(ultraviolet light intensity [w/cm?] X exposure time [sec.]) for erasure should be a minimum of 15 [w
sec/cmz).

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1cm
from the lamp surface, the erasure will be achieved within 60 minutes. 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 dose is 12000 [uw/cm?] X (10 X 60) [sec] = 15 [w - sec/cm?].)

The TMM27256AD’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 opaque seals - Toshiba
EPROM Protect Seal AC901 - are available.

OPERATION INFORMATION

The TMM27256AD’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) 1 (28) (11~13, 15~19)
. Read L L Data Out Active
Read Operation Output Deselect - H 5v sV High Impedance Active
(Ta=0~70°C) T -
Standby H * High Impedance Standby
‘ Program L H Data In Active
Program Operation Program Inhibit H H 12.5V [51% High Impedance Active
(Ta=25+5°C) Program Verify * L Data Out Active

* : Don't Care

READ MODE

The TMM27256AD 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=V||, the output data is valid at the outputs after address access time from
the stabilization of all addresses.

The CE to output valid (tCE) is equal to the address access time (tACC)-

Assuming that §§=V|L_and all addresses are valid, the output data is valid at the outputs after tOE
from the falling edge of OE.

OUTPUT DESELECT MODE

When CE=V|H4 or OE=V|H, the outputs will be in a high impedance state. So two or more
TMM27256AD’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.

AR




STANDBY MODE

The TMM27256AD has a low power standby mode controlled by the CE signal.

By applying a high level to the CE input, the TMM27256AD is placed in the standby mode which
reduces the operating current to 30mA£om 100mA (about 70% reduction) and the outputs are in a high
impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TMM27256AD are in the “1” state which is the
erased state.

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

The TMM27256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-
Low level under OE=V|H.

The TMM27256AD 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 into the device.

The verify is accomplished with OE at V|_ and CE at V|H or V|L.

PROGRAM INHIBIT MODE

Under the condition that a program voltage (+12.5V) is applied to Vpp terminal, a TTL high level CE
input inhibits the TMM27256AD from being programmed.

Programming of two or more TMM27256AD’s in paraliel with different data is easily accomplished.
That is, all inputs except for CE or 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 MODE

The program time can be greatly decreased by using the 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 VoCc=6V.

The programming is achieved by applying a single TTL low leve!l 1ms 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 1ms is applied and then
programmed data is verified. This should be repeated until the program verifies (max. 25 times).

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

When programming has been completed, the data in all addresses should be verified with
Vce=Vpp=5V.
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HIGH SPEED PROGRAM MODE FLOW CHART

START

ADDRESS =
START ADDRESS

N

I Veg=6V I

y
L Vpp=12.5V 1
[

YES
DATA = FF?

e ]

PROGRAM 1ms PULSE |

NG

v

[ X=X+1

YES

NO
"~ oK
\ il

ADDRESS =
NEXT ADDRESS

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

A

NO

‘&
OK &

LAST

ADDRESS?

Vce =5.0v
Vpp = 5.0V

READ

ALL BYTE
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TMM27256AD-15, TMM27256AD-150

' TMM27256AD-20, TMM27256AD-200

ELECTRIC SIGNATURE MODE

Electric signature mode allows reading out a code from the TMM27256AD which identifies its
manufacturer and device type.

The progrimming equipment may read out a manufacturer and device code from the TMM27256AD
by using this mode before program operation to 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 the address
lines are set to V|| in read operation. Data output in this conditions is manufacturer code. Device code
is identified when address AQ is set to V|H. These two codes possess an odd parity with the parity bit of
MSB (07).

The following table shows electric signature of TMM27256AD.

PINS AO o7 Og Os 04 O3 02 04 0o HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA
Manufacture Code ViL 1 o] ] 1 1 0 o 0 98
Device Code Vi 0 1 0 1 0 1 0 0 54
Notes: A9=12V+0.5V
A1~A8, A10~A14, CE, OE=V|L
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OUTLINE DRAWINGS

Note:

37.7(1.484)MAX.

7.1(.280)%0.2(.008)

23 22 21 20| 19 18 17 16 15

BN —N—% -l
=
RO.64(.025) T -
'
12 3 4 5 6 7 8 9 10 1112 13 14
oy
<
=
o
o
&
&
.
P I 1
g F 2.54(.100)+0.25(.010) 1.3(.051)%£0.25(.010)
e [ 1L
= +0.15(.006)
'_c:)' 046(018) 5 1 0(004)
] e
e Note 1
N
&
[}
1.

2.

Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true

14.66(.577)MAX.

Unit in mm (inches)

15.24(.600) + 0.3(.012)

+0.15(.0086)

0.25(.01 0)_010(_004)

17.4 (.685) MAX.

longitudinal position with respect No. 1 and No. 28 leads.

This value is measured at the end of leads.



65,536 WORD X 8 BIT N-MOS UV

TMM27512D-20, TMM27512D-200

ERASABLE AND  ELECTRICALLY
wevor RS T O TMM27512D-25, TMM27512D-250

DESCRIPTION

The TMM27512D is a 65,536 word X 8 bit ultraviolet light erasable and electrically programmable read only memory.
For read operation, the TMM27512D’s access time is 200ns/250ns, and the TMM27512D 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.
For program operation, the programming is achieved by using the high speed programming mode. The TMM27512D is
fabricated with the N-channel silicon double layer gate MOS technology.

FEATURES
20 \ 25 -200 | -250 FEATURES
Vo 5V+5% 5V+10% ® Fully static operation
® High speed programming mode
tacc 200ns ’ 250ns 200ns ' 250ns ® Inputs and outputs TTL compatible
loc2 100mA 100mA ® Pin compatible with i27512
® Standard 28 pin DIP cerdip package
lcc 30mA 30mA
PIN CONNECTION BLOCK DIAGRAM
> Vpp GND Vo 00 01 02 03 04 05 06 07
Al15 1 28 Vee
ot 22p Voo AR AN EEEER RN’
OE OF, CE
A7 g3 26y A13 e CIRCUIT OUTPUT BUFFERS
A8 5 4 2513 A8 T T
A5 g5 243 A9 2
A0 — 51 coLumn | ea
At 6 233 At1 Al — L o N COLUMN 1/0
oF DECODER CIRCUIT
A3 Q7 228 OE/Vpp 22 —
a2ds 21 A10 T % ]
IS - K] 20 TE A5 — & 1
rod 10 19 o7 N
A7 — 10 1,024 |  MEMORY CELL
oo d 11 18 06 r— 3 bl W o ARRAY
o112 173 05 A — H 65,536 X 8 bits
o213 16 04 M1 8
— 2
GND Q14 158 03 A2 —
A13 —
A14 —
A15
PIN NAMES MODE SELECTION
AO ~ A12 Address Inputs PIN |PGM|CE |OE |Vpp |Vcc 0g~07 POWER
Og ~ O7 Outputs {Inputs) MODE (27) {20} 1(22) | (1) |(28) (11~13, 15~19)
CE Chip Enable Input Read H [L |t Data Out Active
OFE Output Enable Input Output Deselect * * H 5V 5V [High Impedance
PGM Program Control Input Standby * H * High Impedance Standby
N.C. No Connection Program L L * Data In
Vpp Program Supply Voltage Program Inhibit * H * 105V ]| B8Y High Impedance Active
Vee Vcc Supply Voltage (+5V) H L H High Impedance
GND Ground Program Verify H L L Data Out

* Don’t Care
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Ve Power Supply Voltage -0.6~7.0 \
Vpp Program Supply Voltage —-0.6~14.0 Vv
ViN Input Voltage , —-0.6~7.0 \
Vijo Input / Output Voltage —-0.6~7.0 %
Pp Power Dissipation 1.5 w
TSOLDER Soldering Temperature - Time 260-10 °C-sec
TsTG Storage Temperature -65~125 °C
TOPR Operating Temperature 0~75 °C

READ OPERATION

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

SYMBOL PARAMETER TMM27512D-20/25 TMM27512D-200/250
Ta Operating Temperature 0~70°C 0~70°C
Voo Ve Power Supply Voltage 5V+5% 5V+10%
Vpp Vpp Power Supply Voitage 2.0~Vgc+0.8v 2.0~Vggto.ev

D.C. AND OPERATING CHARACTERISTICS

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
Ll Input Current VIN=0~Vce - - +10 uA
ILo Output Leakage Current VouTt=04~Vce - - +10 A
lcct Supply Current (Standby) CE =V - - 30 mA
lccz2 Supply Current (Active) CE=v|_ - - 100 mA
VIH Input High Voltage - 2.0 - Vee+1.0 \
ViL Input Low Voltage - -0.3 - 0.8 \
VOH Output High Voltage loH=—400uA 2.4 - - v
VoL Output Low Voltage loL=2.1mA - - 0.4 Vv
Ippq Vpp Current Vpp=0~Vgc+0.6V - - +10 A
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A.C. CHARACTERISTICS

SYMBOL PARAMTER TMM27512D-20/200 TMM27512D-25/250 UNIT
MIN. MAX. MIN. MAX.

tacc Address Access Time 200 250 ns
tcE CE to Output Valid 200 250 ns
toE OE to Output Valid 70 100 ns
tDFq CE to Output in High-2 0 60 ¢} 90 ns
tpE2 OE to Output in High-Z 0 80 0 90 ns
toH Output Data Hold Time [o] [o] ns

A.C. TEST CONDITIONS

® Output Load : 1 TTL Gate and C_.=100 pF

® Input Pulse Rise and Fall Times : 10ns Max.

® Input Pulse Levels 1 0.45V~2.4V

® Timing Measurement Reference Level . Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V

CAPACITANCE *(Ta=25°C, f=1MH2)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CiN1 Input Capacitance ViN=0OV 4 6 pF
Cin2 OE /Vpp Input Capacitance ViN=0V 50 60 pF
Cout Output Capacitance VouTt=0V 8 12 pF

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

TIMING WAVEFORMS

ANANNY

(READ)

. — / 7

DATA OUTPUTS
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PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 20 - Vee+1.0 \
ViL Input Low Voltage -0.3 - 0.8 \
Vee Ve Power Supply Voltage 575 6.0 6.25 \
Vpp Vpp Power Supply Voltage 12.0 125 13.0 \
D.C. and OPERATING CHARACTERISTICS (Ta=25+5°C, VCcCc=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current VIN=0~Vce - - +10 A
VOH Output High Voltage loH=—400xA 2.4 - - \Y
VoL Output Low Voltage loL=2.1mA - - 0.4 \
Icc Voe Supply Current - - - 120 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 1.5 12.0 125 \

A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, VCC=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
tbH Data Hold Time - 2 - N us
tvR OE /Vpp Recovery Time - 2 - - us
tvcs Ve Setup Time - 2 - - s
tpw Initial Program Pulse Width CE=V|_, OE/Vpp=Vpp 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 3 7875 ms
tpy Data Valid from CE OE/Vpp=V|_ - - 1 s
tpFp OE to Output in High-Z CE=V|y - - 130 ns

A.C. TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Times
Input Pulse Levels

Timing Measurement Reference Level

: 1 TTL Gate and C[_ (100pF)

: 10ns Max.
1 0.45V~2.4V
: Input 0.8V and 2.0V, Output 0.8V and 2.0V

Note 1: The length of the overprogram pulse may vary as a function of the counter value X.
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TIMING WAVEFORMS (PROGRAM)
(Vcc=6V=0.25V, Vpp=12.5V+0.5V)

AO~A15 x
| _tAs tPw . WR tAH |
CE n /
tPRT tOES tOEH
OE/Vpp
PE—
Ds tDH tpv tpF
00~07 ___< Dy STABLE _ Doyt VALID
t
Vee / <« VCS
o 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=12.5V 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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ERASURE CHARACTERISTICS

The TMM27512D’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?] 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 1cm 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 dose is 12000 [uw/cm?] X (10 X 60) [sec] = 15 [w-sec/cm?].)

The TMM27512D’s erasure begins to occur when exposed to light with wavelength shorter than 4000A.
The sunlight and the fluorescent lamps will inciude 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 TMM27512D’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 Active
Read Operation Output Deselect * H 5V High Impedance Active
(Ta=0~70°C) Standby H * High Impedance Standby

Program L Vpp Data In Active
Program Operation

Program Inhibit H Vpp 6V High Impedance Active
(Ta=25x5°C)

Program Verify L L Data Out Active

Note: H; VIH, L; VL, * VIH or VjL

READ MODE

The TMM27512D 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=0OE=V|L, 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 (tACC)-
Assuming that CE=V||_ and all addresses are valid, the output data is valid at the outputs after tOE from
the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=V|y or OE=V|H, the outputs will be in a high impedance state. So two or more
TMM27512D’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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STANDBY MODE

The TMM27512D has a low power standby mode controlled by the CE signal. By applying a high
level to the CE input, the TMM27512D is placed in the standby mode which reduce the operating
current to 30mA from 100mA (about 70% reduction) by applying TTL-high level (Vgc) 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 TMM27512D 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 TMM27512D is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low
level under OE=V|H.
The TMM27512D 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 V|_ and CE at VL.

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 TMM27512D from being programmed.
Programming of two or more TMM27512D’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 MODE

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 (+12.5V) is applied to
the Vpp terminal with Vcc=6V.

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, the additional program pulse with width equal to that
needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with
Vce=Vpp=5V.
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HIGH SPEED PROGRAM MODE FLOW CHART

ADDRESS =
START ADDRESS

Vpp=12.5V

DATA=FF? YES

ADDRESS = OVERPROGRAM 3X PULSES OF 1msec
NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION
A
NG
OK [
NO LAST
ADDRESS?

YES

Voe=5.0V
Vpp=5.0V

READ
ALL BYTE




ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TMM27512D which identifies its manu-
facturer and device type.
The programming equipment may read out manufacturer code and device code from TMM27512D by
using this mode before program operation 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 AQ is set to ViH. These two codes possess an odd parity with the parity bit of
MSB (07.)
The following table shows electric signature of TMM27512D.

PINS Ao% 07 Og Os 04 03 02 01 [o6) HEX.
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA
Manufacture Code ViL 1 0 0 1 1 0 0 o] 98
Device Code Vin 0o o] 0 1 0 1 0 1 1 5*4
Notes: A9=12V+0.5V

A1~A8, A10~A15, CE, OE=V|L
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OUTLINE DRAWING

37.7(1.484)MAX.

A

28 27 26 25 24 19 18 17

RO.64 (.025) A - W -

8.9(.350)TYP.
16 15
>
<
=
<
N~
]
<y
©
<
\
L =R E—E—R—a— -
13 14

12 3 4 5 6 7 8 9 1011 12

5.2(.205)MAX.

s 2.54(.100)+0.25(010) 1.3(051}£0.25(010)
] Note 1 il
~
S 0.46(018) 731 3(39%)
E -
N
- &
S

Unit in mm (inches)

16.24(.600)+0.3(.012)

+0.15(.006)

0.25(010)_q 4 5(004)

17.4(.685)MAX.

Note 2

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal

position with respect No. 1 and No. 28 leads.

2. This value is measured at the end of leads.
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32,768 WORD X 8 BIT CMOS UV ERASABLE AND
ELECTRICALLY PROGRAMMABEL READ ONLY
MEMORY

TC57256D-20
TC57256D-25

The TC57256D is a 32,768 word x 8 bit CMOS
ultraviolet light erasable and electrically programmable
read only memory. For read operation, the TC
57266D's access time is 200ns, and the TC57256D
operates from a single 5-voit 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 techn-
nology reduces the maximum active current to 30

e Peripheral circuit: CMOS
Memory cell : N-MOS
e Low power dissipation
30mA/BMHZ (active)
100uA (standby)
® Fast access time TC57256D-20 200 ns
TC57256D-25 250 ns

(TOP VIEW)

SILICON STACKED GATE MOS

mA/5MHz and standby current to 100u A.

For program operation, the programming is achieved
by using the high speed programming mode. Program
supply voltage is 21V which is the same voltage as
TMM2764D and TMM27128D. The programming of
TCH7256D is accomplished within about one and a
half minutes (typ.) TC57266D is fabricated with the
CMOS technology and the N-channel silicon double
layer gate MOS technology.

Single 5V power supply

Full static operation

High speed programming mode

Inputs and outputs TTL compatible

Piri compatible with ROM TC53257P and
TMM23256P

e Standard 28 pin DIP cerdip Package

Vpp GND Vec

b 7339939 ¢%

00 01 02 03 04 05 06 07

3 OE CE

U
o CRCUIT OUTPUT BUFFERS

Ay 6 | coLumn | 84
A2 DECODER|

COLUMN (/0
circUIT

1

512 MEMORY CELL
ARRAY
32.768 x 8 bits

ROW
DECODER

ADDRESS BUFFERS
©

Ap ~Ays | Address Inputs PIN CE OE Vpp Vee Op ~Oq
Oo:O-, Outputs {Inputs) MODE (20) | (22) (1) (28) (11~ 13,15~ 19) POWER
CE Chip Enable Input Read L L 5V Data Out
OE Output Enable Input Output Deselect * H 5V 5V High Impedance PActive
Vep Prog/rc.)alrtr;gs:pply Standby H * 5V High Impedance Standby
Vew Supoly Voliam Program _ L H Data In
Vee CC(+5V)p Y g Program Inhibit H * 21V 6V High Impedance Active
GND Ground Program Verify L L Data Out

* © Horl
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SYMBOL ITEM RATING UNIT
Vee Vec Power Supply Voltage —0.6~7.0 \
Vpp Program Supply Voltage —0.6 ~ 22.0 \%
VIN Input Voltage —0.6~7.0 \
Vijo Input/Output Voltage —0.6 ~ Ve +0.5 \

Pp Power Dissipation 1.5 W
TSOLDER Soldering Temperature Time 26010 °C - sec
TSTRG Storage Temperature —65 ~ 125 °c
Toer Operating Temperature —40 ~ 85 °C
SYMBOL PARAMETER MIN, TYP. MAX. UNIT
Vin input High Voltage 2.2 - Vee +0.3 \
ViL Input Low Voltage —0.3 — 0.8 Vv
Vce Vce Power Supply Voltage 4.75 5.00 5.25 \
Vpp Vpp Power Supply Voltage 2.0 Vee Vee +0.3 \%
(Ta= —40 ~ 85°C, Vcc =5V +5%)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Ll Input current VIN =0 ~ Vee — — +10 MA
:zgg; Operating Current CE=0 I ; ??\::i : : ?8 :2
lces CE =V, - - 1 mA
locs? Standby Current CES V:;; 0oV — — 1700 uA
VoH Output High Voltage loy = —400uA 24 — - \
VoL Output Low Voltage loL =2.17mA — — 0.4 \
Ipp1 Vpp Current Vpp =0 ~ V¢ + 0.3V - - +10 HA
ILo Output_Leakage Current VouTt =0.4V~ Ve - - +10 uA
(Ta=—40 ~ 85°C, Vcc =5V +5%, Vpp = 2.0V ~ Vge + 0.3V)
TC57256D-20 TC57256D-25
SYMBOL PARAMETER TEST CONDITION MIN. MAX. VIN. MAX. UNIT
tacc Address Access Time - 200 — 250 ns
tce CE to Output Valid V — 200 — 250 ns
toe OE to Output Valid V, - 70 — 100 ns
1DF1 CE to Output in High-Z OE=V)_ 0 60 0 90 ns
tDE2 OE to Output in High-Z CE=V) 0 60 0 90 ns
toH Output Data Hold Time CE=0E=V)_ 0 — 0 — ns

A.C. TEST CONDITIONS

Output Load

Input Pulse Rise and Fall Times
Input Pulse Levels
Timing Mesurement Reference Level

1 TTL Gate and C_ = 100pF

10 ns Max.
0.45 ~ 2.4V

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V
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_*(Ta=25°C, f = 1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin =0V — 4 6 pF
Cout Output Capacitance VouTt = OV - 8 12 pF

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

tce bﬁ_
« 3 T,
toF2
tacc
O e 7 ptonz_
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 — Ve +0.3 \
ViL Input Low Voltage -0.3 - 0.8 \i
Vee Ve Power Supply Voltage 5.75 6.0 6.256 \
Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 \
(Ta=25+5°C, Vgc =6V +0.25V, Vpp =21V +0.5)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
] Input Current Vin =0~ Vee - - +10 uA
VoH Output High Voltage lon = —400uA 2.4 - - \%
VoL Output Low Voltage loL =2.1TmA — - 0.4 \Y
lec Vec Supply Current — - - 30 mA
Ipp2 Vpp Supply Current Vpp =21.5V - - 30 mA
(Ta=25+5°C, Vgc =6V +0.25V, Vpp =21V £0.5)

[ symBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time — 2 — — us
tces CE Setup Time — 2 Z _ us
tcEH CE Hold Time - 2 — — us
toES OE Setup Time - 2 - — us
toeH OE Hold Time — 2 - — us

0 tps Data Setup Time - 2 — — us

| _ton Data Hold Time - 2 - - us
tvs Vpp Setup Time - 2 — — us
tpw Initial Program Pulse Width| CE =V;_, OE = V|4 0.95 1 1.05 ms
topw Overprogram Puise Width Note 1 0.95 1 2] ms
tpv | CE to Output Valid OE=V|L — — 1 us
toF1 | CE to Output in High-Z OE=V)_ — — 160 ns
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A C. TEST CONDITIONS

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

1 TTL Gate and C_ (100pF)

10 ns Max.
0.45 ~ 2.4v

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

Note 1:The length of the overprogram pulse may vary as function of the counter value X.

AR

(Vec =6V
tAS tAH
Ao ~A14
A
tpw . topw
__ £ | e
CE / \ Z
k. !
CES toEs tOEH CES
tCEH

OE ,

tDF1 tps tDH tpv toE1

\ HIGH 2

0 ~07 }——{ DIN STABLE >——< Lout DINSTABLE W——

7 7 7

Vep
tvs
PROGRAM PROGRAM
PROGRAM
VERIFY
INITIAL PROGRAM OVER PROGRAM

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 = 21V may cause per-

manent damage to the device.

(3) The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should
not be applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal,
the overshoot voltage of its pluse should not be exceeded 22V.
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"ERASURE CHARACTERISTICS

The TC57256D’s erasure is achieved by applying
shortwave ultraviolet light which has a wavelength
of 2537A (Angstroms) to the chip through the trans-
parent window.

Then integrated does (ultraviolet light intensity
[w/cm?] x exposure time [sec.]) for erasure should
be a minimum of 156 [w-sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose

The TC57256D's six operation modes are listed
in the following table. Mode selection can be achieved

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 [uw/cm?] x
(20 x 60) [sec.] = 15 [w-sec/cm?].)

The TC57256D's erasure begins to occur when
exposed to light with wavelength shorter than 4000
The sunlight and the flourescent lamps will include
3000 ~ 4000A wavelength components. Therefore
when used under such lighting for extended periods
of time, the opaque seal Toshiba EPROM Protect
Seal AC901 is available.

by applying TTL level signal to all inputs.

N:NAMES (NUMBER) CE OE Vep Vee Op ~O7 POWER
MODE (20) (22) m (28) (11~13,15~19)
. Read L L Data Out Active
R
(Te:"; ?Zegat'g';o & | Outout Deselect * H 5V 5V | High Impedance Active
~ Standby H * High Impedance Standby
. Program L H Data In Active
P —
(_‘rng:a{g ?gsgtlon Programnhibit H * 21V 6V High Impedance Active
- Program Verify L L Data Out Active
Note: H; V), L; Vi, *;Viqor VL
'READ MODE
The TC57256D has two control functions. The all addresses.
chip enable (CE) controls the operation power and The CE to output valid (tcg) is equal to the

should be used for device selection.

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

address access time (tacc).

Assuming that CE = V) and all addresses are
valid, the output data is valid at the outputs after
toe from the falling edge of OE.
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Assuming that CE = V| or OE = V|, the outputs
will be in a high impedance state. So two or more
TC572560D's can be connected together on a common

The TC57256D has a low power standby mode
controlled by the CE signal. By applying a high
level to the CE input, the TC57256D is placed in
the standby mode which reduce the operating current

PROGRAM

Initially, when received by customers, all bits
of the TC57256D 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 electri-
cally programming.

PROGRAM VERIFY MODE
The verify mode is to check that desired data
is correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE
Under the condition that the program voltage
(+21V) is applied to Vpp terminal, a high level CE
input inhibits the TC57256D from being programmed.
" Programming of two or more TC57256Ds in
parallel with different data is easily accomplished.

HIGH SPEED i’ROGRAMMING MODE

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 (+21V) is applied to
the Vpp terminal with Vcc = 6V.

The programming is acheived by applying a single
TTL low level Tms 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 the programmed

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

to 100uA by applying MOS-high level (Vcc) and then
the outputs are in a high impedance state, independent
of the OE inputs.

The TC57256D is in the programming mode when
the Vpp input is at 21V and CE is at TTL-Low under
OE = V4.

The TC57256D can be programmed any location
at anytime eitehr individually, sequentially, or at
random.

The varify is accomplished with OE and CE at
VL.

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 signa! is applied to the other devices.

data is verified. This should be repeated until the
program operates correctly {max. 20 times).

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

When programming has been completed, the data
in all addresses should be varified with Vec = Vpp
=5V,

This high speed program algorithm allows the pro-
gramming of the TCb57256D to be accomplished
within one and a half minutes (typ.).
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START

ADDRESS =
START ADDRESS

DATA = FF? Yes
NO
i ]

| PRocrAM 1ms PuLSE |

OKE
ADDRESS = OVERPROGRAM X PULSES OF 1msec
NEXT ADDRESS OR ONE PULSE OF Xmsec DURATION
‘L
OK

NO

Vee =56.0v
Vpp = 6.0V

READ
ALLBYTE

FAIL
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code from TC57256D which
facturer and device type.

The programming eguipment may reads out
manufacturer code and device code from TC57256D
by using this mode before program operation and
automatically set program voltage (Vpp) and algorithm,

Electric Signature mode is set up when 12V is

identifies its manu-

applied to address line Ag and the rest of address
lines is set to Vj_ in read operation. Data output in
this conditions is manufacturer code. Device code
is identified when address Ao is set to V|q. These
two codes possess an odd parity with the parity bit
of MSB (O7).

The following table shows electric signature of
TC57256D.

PINS Ao O7 Oe Os Oa4 O3 02 (o} Oo HEX.
SIGNATURE (10) (19} (18) (17) (16) (15) (13) (12) (1) DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Code VIH 0 0 0 0 0 1 0 0 04

Notes: Ag = 12V £ 0.5V o
A1 — As, A — A, CE,OE = V|

37.7 MAX. Unit In mm
8.9 TYP.
28 27 26 25 24 (23 22 212019 18 17 16 15
R pty o e e e
/ZLENNE NN BN SES SN LN R
%
/J\ .
-]
RO.64 3
1 2 3 4 5 6 7 8 910 11 12 13 14
X
<
b3
o | 15,24 0.3 |
n
]
1
- 0251818
- .
° 1.3 +0.256
+l L T .
o +0.15
© 0.46 5’10 17.4 MAX.
) ]
Note 1 Note 2

Note: 1. Each lead pitch is 2.54mm. All leads are ocated within 0.25mm of their true longitudinal position with
respect to No. 1 and No. 28 leads.
2. This value is meesured at the end of leads.

3. All dimensions are in millimeters.
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DESCRIPTION

TMM2464AP

The TMM2464AP/AF is a 8,192 word X 8 bit one time programmable read only memory,

and molded in a 28 pin plastic DIP.

The TMM2464AP/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

TMM2764AD's.

Once programed, the TMM2464AP/AF can not be erased because of using plastic DIP

without transparent window.

FEATURES

* Single 5 volt power supply
+ Fast access time: 200ns (Max.)

* Power dissipation: 100mA(active current) Max.
30mA(standby current) Max.

* Low power standby mode: CE
* Output buffer control : OE
* Fully static operation

[PIN CONNECTION} (TOP VIEW)

High speed programming mode
Single location programming
Three state outputs

¢ Inputs and outputs TTL compatible
* Compatible with TMM2764AD and ROM

TMM2365P, TC5365P..
28 PIN standard plastic package
: TMM2464AP

28 PIN flat package: TMM2464AF

BLOCK DIAGRAM

Vertl Vee
A12Q2 pe3's Vpp GND Vgg 00 01 0203 04 05 06 G7
A70s e AR SRS R 0 0 A R A A R
A6 Qs A8 Zo— 5E , CRand PGM
As(s A9 TE o— CIRCUIT =  OUTPUT BUFFERS
L& All TG o
A3 Q7 TE { ‘ ‘1'
az (e 410 :{J b o 5 | conumw | 32 | coLuMN I/0
A1 Qs TE A2 & DECODER| CIRCUIT
A3 o
aoho o7 AL o = l }
00 0s A5 o R
o1 o pepe - ROW MEMORY CELL
oz o3 ago— 2 L8 28, ARRAY
GND Rr s é DECODER 81928 bits
£11 o—
PIN NAMES Al2 o
A0~ Al12[ Address Inputs [MODE SELECTION]
00 07 | Outputs (Inputs) PIN |PGM|CE | OF |VpR |Vcc| 0007 POWER
CE Chip Enable Input{|MODE (27)1(20)(22)] (1) {(28) (11~ 13,15+ 19
og |Output Enable Read H|L|L Data Out ]
Input Active
—_— Program Control Output Deselect| * * | H | 5V | 5V |High Impedance
Input Standby * Hi| * High Impedance [Standby
N.C. |No Connmection Program L |L| = Data In
Vpp |Frogram Supply * | 8| % High Impedance
Voltage Program Inhibit 12,5V 6V - P Active
Vee Vce Supply H L] H High Impedance
Voltage (+5V) Program Verity { H | L | L Data Out
GND | Ground %: H or L
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee 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
Vout Output Voltage -0.617.0 v
Pp Power Dissipation 1.5 W

TsoLpEr | Soldering Temperature » Time 260 - 10 °C * sec
Tsrre. Storage Temperature -55%150 °c
Topg. Operating Temperature 0~ 70 °c

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.0 - Vee+1.0
VIL Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 4.75 5.00 5.25
Vpp Vpp Power Supply Voltage 2.0 Vee Vee+0.6

D.C. and OPERATING CHARACTERISTICS

(Ta=0~ 70°C, Vpc=5V+5%, Unless otherwise noted)

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX.|UNIT
Iz Input Current Vin=0~ Vee - -~ | %10 | uA
Icca Supply Current (Standby) CE=V1y - - 30 | mA
Icco Supply Current (Active) CE=Vqy, - ~ 100 | mA
Vou Output High Voltage Ioy=-400uA 2.4 - -

VoL Output Low Voltage Io=2.1mA - - 0.4 | V
Ipp1 | Vpp Current Vpp=0~ V0.6 - - | 10 | nA
I10 Output Leakage Current Vour=0.4V~ Veg ‘ - - +10 | uA
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A.C. CHARACTERISTICS

(Ta=0~ 70°C, Vg=5V+5%, Vpp=2.0V~ Vpet0.6V, Unless otherwise noted)

SYMBOL PARAMETER MIN. MAX. UNIT
tace Address Access Time - 200 ns
tep CE to Output Valid - 200 ns
toE OE to Output Valid - 70 ns
tpeM PGM to Output Valid - 70 ns
tpF1 CE to Output to High-Z 0 60 ns
tDF2 | OF to Output to High-Z 0 60 ns
tpF3 | BGA to Output High-Z 0 60 ns
ton Output Data Hold Time 0 - ns

AC TEST CONDITIONS

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

Timing Measurement Reference Level:

CAPACITANCE * (Ta=25°C, f=1MHz)

: 1 TTL Gate and Cy=100pF
: 10ns Max.
: 0.45V to 2.4V

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

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. | UNIT
CiN Input Capacitance Viy=0V - 6 pF
Cour | Output Capacitance Voyr=0v - 12 | pF

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

TIMING

= N\ OH//////////
- /77T
- 777 | TTOINT
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vig Input High Voltage 2.0 - Veetl.0 \
ViL Input Low Voltage -0.3 - 0.8 v
Vee Veoc Power Supply Voltage 5.75 6.0 6.25 A
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 v

D.C. and OPERATING CHARACTERISTICS

(Ta=25£5°C, Vo=6V+0.25V, Vpp=12.5V0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. | UNIT
Iur Input Current VIn=0~ Vcc - - +10 TN
Vor Output High Voltage Iog=-400uA 2.4 - ] - v
VoL Output Low Voltage IorL=2.1lmA - - 0.4 v
Ice Vee Supply Current - - - 100 mA
Ippy Vpp Supply Current Vpp=13.0V - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25£5°C, Vcc=6V£0.25V, Vpp=12.5Vi0.5V)

SYMBOL PARAMETER TEST CONDITION| MIN. | TYP, | MAX. | UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - s
tees CE Setup Time - 2 - - us
tCEH CE Hold Time - 2 - - us
tps Data Setup Time - 2 - - us
tpH Data Hold Time - 2 - - us
tys Vpp Setup Time - 2 - - us
trw Program Pulse Width - 0.951 1.0 1.05 | ms
tOPW | Additional Program Pulse Width Note 1 2.85| 3.0 |78.75| ms
toE OE to Output Valid - - - 100 | ns
tpr2 OE to Output in High-Z CE=VIL - - 90 | ms

A.C. TEST CONDITIONS

* Output Load
* Input Pulse Rise and Fall Time
* Input Pulse Levels

* Timing Measurement Reference Level

Note 1:

: 1 TTL Gate and C;, (100pF)

10ns Max.
0.45V and 2.4V
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Input 0.8V and 2.0V, Output 0.8V and 2.0V

topw depend on the program pulse width which is required in the initial
program.




TIMING WAVEFORMS (HIGH SPEED PROGRAM)

ADDRESSES X K

taS TaH

= NNy S I 1/

5?'____d// \x
Din N D
00~07 UNKNOWN>—<_S%E_3LE }—-—{ v U5 H Dijp STABLE

tps oz tprz | tps

BGH o JX

_R
-

TFW Topw
L L
7 ' '
Vep M/ tys l
PROGRAM
DROGRAM VERIFY PROGRAM

INITIAL PROGRAM ADDITIONAL PROGRAM

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

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

|
2. Removing the device from socket and setting the device in socket
overshoot voltage of its pulse should not be exceeded 14V.
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OPERATION INFORMATION

The TMM2464AP/AF's six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.
In the read operation mode, a single 5V power supply is required and the
levels required for all inputs are TTL.

CE | OF | Vpp | Ve 00~ 07 POWER
. (27){€20) | (22){ (1) [(28) {(11~ 13, 15~ 19)
READ Read H L L Data Out Active
OPERATION Output Deselect * 5V 5V [High Impedance Active
(Ta=0~ 70°C) | standby * | H High Impedance | Standby
Program L * Data In Active
PROGRAM
* H * High Impedance Active
OPERATION Program Inhibit 12.5v| 6V
H L H High Impedance Active
(Ta=25:5°C) - .
Program Verify H L L Data Out Active

Note: H; Vry, L; ViL, *; Vig or ViL

READ MODE

The TMM2464AP/AF has three control functions. The chip enable (CE) controls
the oparation power and should be used for device seleccion.
The output enable (JE) and the program control (PGM) control the output buffers,
independent of device selection.
Assuming that CE=0E=VIT, and PGM=Vip, 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 (tacc).
Assuming that CE=Vyy, 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=0E=V[ and all addresses are valid, the output data is valid
at the outputs after tpgy from the rising edge of PGM.

OUTPUT DESELECT MODE

Assuming that CE=Viyg or OE=Vyy, the outputs will be in a high impedance state.
So two or more TMM2464AP/AF 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 TMM2464AP/AF has a low power standby mode controlled by the CE signal.
By applying a TTL high level to the CE input, the TMM2464AP/AF is placed in the
standby mode which reduce the operating current from 100mA to 30mA, and then the
outputs are in a high impedance state, independent of the OFE and the PGM inputs.
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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 Vyj and PGM at Viy.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.5V) is applied to Vpp
terminal, a high level CE or PGY input inhibits the TMM2464AP/AF from being
programmed. Programming of two or more TMM2464AP/AF 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 PROGRAMMING MODE

The device is set up in the high speed programming mode when the program-
ming voltage (+12.5V) is applied to the Vpp terminal with Vge=6V and ?ﬁﬁEVIH.
The programming is achieved by applying a single TTL low level lms pulse the
PG 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 lms is applied
and then programmed data is verified. This should be repeated until the pro-
gram operates correctly (max. 25 times).
After correctly programming the selected address, one additional program pulse
with pulse width 3 times that needed for programming is applied.
When programming has been completed, the data in all addresses should be

verified with Vc=Vpp=5V.
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HIGH SPEED PROGRAM MODE FLOW CHART

ADDRESS =
START ADDRESS

ADDRESS = OVERPROGRAM 3X PULSES OF 1lmse
NEXT ADDRESS OR ONE PULSE OF 3Xmsec DURATION
‘&
[0):9
NO

Voo = 50V
Vpp = 5.0V




[ELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TMM2464AP/AF
which identifies its manufacturer and device type.
The programming equipment may reads out manufacturer code and device code from
TMM2464AP/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 Vyj, in read operation. Data output in this con-
ditions is manufacturer code. Device code is identified when address A0 is set
to Viy. These two codes possess an odd parity with the'parity bit of MSB (07).

The following table shows electric signature of TMM2464AP/AF.

PINS AO 07 06 05 04 03 02 01 00 HEX
SIGNATURE (10) [ (19) | (18) | (A7) | (16)|(15) |(13) | (12) | (11) | DATA
Manufacture Code | Vyj, 1 0 0 1 1 0 0 0 98
Device Code Vin 0 1 0 1 | o 0 1 0 52

Notes: A9=12V%0.5V
Al~ A8, Al0~Al12, TE, DE=Vyp, PGN=Vig
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OUTLINE

28

mpopmprhrh ddhdh hdh dhodh
A L L

DRAWINGS (TMM2464AP)

27 26 25 24 23 22 21 20 19 18 17 18 15

R L L LA )

R1.5(.059)

14.2(559)MAX. l

15.24(600)TYP.
37.4(1.4T2)MAX. L 5

0.5(.020)MIN.

2.54(.100)+0.25(.010)

Note 1.

=
X
=+
=3
’.
.-dl-
*;H

5(.197)MAX.

02501033 £908)

A
o 0:5020)+0.15(.006) z I 17.4(685)MAX. |
=
H -
N -
(v}

1.4(.055)10.15(.006)
—————

Fach lead pitch is 2.54mm. A1 leads zre located within 0.25mm
of their true longitudinal position with respect No.l and No.28

leads.
This value is measured at the end of leads.

All dimensions are in millimeters.

—488—



OUTLINE DRAWINGS (TMM2464AF) Unit in mm (inches)

28 27 26 25 24 23 22 21 20 19 18 17 16 15

naoonnononaonnnn

9.0(.354)MAX.

&
, 8
il =
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g %
(=] —
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18.9(.744)MAX. e 9 11.8(.465)+0.3(.012) o
- | o 5 (= —>
l Y 3 | I
wigiginin'n'pig'sfuinin!nin' vl
Yy I
0.43(.017)£0.1(.004) 1.27(050)+0.05(.002) § 1.5(.059)+0.4(.016)
-»U<————— S
S
H
<
(=]
e
S

Note: Lead pitch is 1.27 and tolerance is #0.12 against theoretical
center of each lead that is obtained on the basis of No.l and

No.28 leads.
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TMM24128AP

DESCRIPTION

The TMM24128AP/AF is a 16,384 word x 8 bit one time programmable read only memory,
and molded in a 28 pin plastic DIP., TMM24128AP/AF's access time is 200ms, 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 TMM27128AD's. Once programed, the TMM24128AP/AF can nct be erased because of
using plastic DIP without transparent window.

FEATURES

+ Single 5 volt power supply « Single location programming

« Fast access time: 200ns (Max.) +« Three state outputs

*. Power dissipation: 100mA (active current) Max. * Inputs and outputs TTL compatible
30mA (standby current) Max. * Compatible with TMM27128AD and

+ Low power standby mode: CE MASK ROM TMM23128P
_* Output buffer comtrol : OE » 28 PIN standard plastic package
* Fully static operation ) :TMM24128AP
+ High speed programming mode » 28 PIN flat package: TMM24128AF
PIN CONNECTION| (TOP VIEW)
—\_ BLOCK DIAGRAM
vepl1 2 Voo Vpp OND Vgg 00 01 0203 04 05 06 Q7
1202 g1 BiresT g
a7l 26013 5To—t T i ? LT ? ? l | T
A4 2500 A8 o— OE , CEand FGM
As0s 24P a9 ngo_‘ CIRCUIT OUTPUT BUFFERS
A¢ls 23411 i ! }
asg” 22008 A0 O
2218 2lsma alo— _ 8. cunomw (824 coruwy 10
ado 20h3E ﬁo— g DECODER CIRCUIT
aof10 10007 A4§ E i i
ooflnl 18106 ﬁgo__ a
01012 17p os A7 a MEMORY CELL
02118 161 04 Agg:l § g.| RoOW |512 ARRAY
oNDl 14 15003 ato] § DECODER 16384 X 8 bit
Allo— <
A5
PIN NAMES
A0~ Al3 |Address Inputs
DO~ D7 |Outputs (Inputs) (MODE SELECTION]
zz  |Chip Enmable PIN [PGM | CE |OE |Vpp (Vg | 00~O7 | o o
Input MODE @27HI(20)[(22)[ (1) |(28)[{(11 13,15~ 19)
— Output Enable Read H L L Data Out ,
OE Input Active
P Output Deselect| * * H |5V |5V [High Impedance
poy |Frogram Control ||Standby * | H| * High Impedance | Standby
Input
S 5 Program L L * Data In
v rogram Supply * * N :
PP | Voltage Program Inhibit H o suley Ligh Impedance |, ive
v VCC Supply H L H High Impedance
cc Voltage (+5V) Program Verify | H L L Data Out
GND |Ground *: Hor L
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage 0.6~ 7.0 v
Vpp Program Supply Voltage -0.6~ 14,0 v
VIN Input Voltage -0.61,7.0 v
Vourt Output Voltage -0.617.0 \
Py Power Dissipation 1.5 W
Tsorprr | Soldering Temperature * Time 260 * 10 °C ¢ sec
TSTRG. Storage Temperature =55~ 150 °C
TopR. Operating Temperature 0~ 70 °C

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vig Input High Voltage 2.0 - Veet+l.0 v
V1L Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 4.75 5.00 5.25 v
Vpp Vpp Power Supply Voltage 2.0 Vee Vect0.6 v

D.C. and OPERATING CHARACTERISTICS

(Ta=0~ 70°C, Vee=5V+5% Unless otherwise noted)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
I Input Current ViN=0~ Ve - - +10 ua
Icc1  {Supply Current (Standby) CE=V1y - - 30 mA
Icc2  {Supply Current (Active) - CE=Vyg - - 100 mA
Vou Output High Voltage Iog=-400uA 2.4 - -

VoL Output Low Voltage IoL=2.1mA - - 0.4
Ipp; [Vpp Current Vpp=0~ Veet0.6 - - +10 uA
Lo Output Leakage Current Vour=0.4V~ Vg - - +10 uA

AN




s

g
i .
Fhamin

A.C. CHARACTERISTICS
(Ta=0~ 70°C, Vgg=5V£5%, Vpp=2.0V~ Vcct0.6V, Unless otherwise noted)

SYMBOL PARAMETER MIN. MAX. { UNIT
tacce Address Access Time - 200 ns
tee CE to OQutput Valid - 200 ns
toE OE to Output Valid - 70 ns
tpeM PGM to Output Valid - 70 ns
tDF1 | CE to Output in High-Z 0 60 | ns
tpr2 OE to Output in High-Z 0 60 ns
tpF3 PGM to Output in High-Z 0 60 ns
ton Output Data Hold Time 0 - ns

A.C. TEST CONDITION

* Output Load
* Input Pulse Rise and Fall Time 10ns Max.

» Input Pulse Levels 0.45V to 2.4V

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

1 TTL Gate and Cp=100pF

e as o0

CAPACITANCE * (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Cin Input Capacitance ViN=0V - 4 6 pF
Cour | Output Capacitance VouT=0V - g 12 pF

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

TIMING WAVEFORMS

somns __ X
M R 7/

= 2777777777
= 7777 | e
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HIGH SPEED PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS -

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 2.0 - Vcetl.0 v
VIiL 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, V(gc=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN.| TYP. MAX. | UNIT
ILt Input Current ViN=0~ Ve - - +10 | pA
Vor Output High Voltage IoH=-400uA 2.4 - - v
Vor Output Low Voltage Iop=2.1mA - - 0.4 v
Icc Ve Supply Current - - - 100 mA
Ippa Vpp Supply Current Vpp=13.0V - - 50 mA
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
Al Address Hold Time - 2 - - us
tcES CE Setup Time - 2 - - us
tezn CE Hold Tize - 2 - - uS
tps Data Setup Time - 2 - - us
tpH Data Hold Time - 2 - - us
tys Vpp Setup Time - 2 - - us
tew Program Pulse Width - 0.95 1.0 1.05| ms
topw | Additional Program Pulse Width Note 1 2.85 | 3.0 {78.75| ms
tog - | OE to Output Valid - - - 100 | ns
tpr2 OE to Output in High-Z CE=V1L - - 90 | ns

A.C. TEST CONDITIONS

Output Load
Input Pulse Rise and Fall Time
Input Pulse Levels

Timing Measurement Reference Level:

10ns Max.
0.45V and 2.4V

e oo oo

Input 0.8V and 2.0V,

1 TTL Gate and Cp (100pF)

Output 0.8V and 2.0V

Note 1: topy depens on the program pulse width which is required in the initial

program,
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TIMING WAVEFORMS (HIGH SPEED PROGRAM)

b ad
ADDRESSES }(
A

PGM

tas TN
SNV I,
fess topg
—
OE / \
toB
D N
00~07 UNKNOWNH STABLE 5—'{ VALID H Din STABLE e
4
tpg | tor tpFz| tDs toH
' i
-‘x /
Iow tomw

VeP M — tys

INITIAL FROGRAM

ADDITIONAL FROGRAM

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 Vpé supply voltage is permitted up to 14V for program opera-
tion, 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 TMM24128AP/AF's six operation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.
In the read operation mode, a single 5V power supply is required and the levels
required for all inputs are TTL.

PCM | CE | OE |Vep |Vce 00~ 07 POWER
(27) 1 (20) | (22) | (1) [ (28)] (11~13, 15~19)
READ Read H | L |L Data Out Active |
OPERATION Output Deselect * * H |5V 5V |High Impedance Active
(Ta=0 ~, 70°C) Standby * H * High Impedance Standby
PROGRAM Program L L * Data In Active
OPERATION Program Inhibit * 1 * 12,5V| eV High Impedance Active
(Ta=25+5°C) H L H High Impedance Active
Program Verify H L L Data Out Active

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

READ MODE

The TMM24128AP/AF has three control functions. The chip enable (CE) controls
the operation power and should be used for device selectiom.
The output enable (0E) and the program control (PGM) control the output buffers,
independent of device selecticn.
Assuming that CE=0E=Vyj, and PGM=Vyy, 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=Vyp, PGM=Viy and all addresses are valid, the output data is valid
at the outputs after tgg from the falling edge of OE.
And assuming that CE=0E=Vip, and all addresses are valid, the output data is valid at
the outputs after tpgy from the rising edge of PGH.

OUTPUT DESELECT MODE

Assuming that CE=Viy or 0E=Vyy, the outputs will be in a high impedance state.
So two or more TMM24128AP/AF 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 TMM24128AP/AF has a low power standby mode controlled by the CE signal.
By applying a TTL high level to the CE input, the TMM24128AP/AF is placed in the
standby mode which reduce the operating current from 100mA to 30mA, and then the
outputs are in a high impedance state, independent of the OE and the PGM inputs.
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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 Vyp, and PGM at Vry.

PROGRAM INHIBIT MODE

Under the condition that the program voltage (+12.5V) is applied to Vpp
terminal, a high level CE or PGM input inhibits the TMM24128AP/AF from being
programmed. Programming of two or more TMM24128AP/AF 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 PROGRAMMING MODE

The device is set up in the high speed programming mode when the programm-
ing voltage (+12.5V) is applied to the Vpp terminal with Vgc=6V and PGM=Vpj.
The programming is achieved by applying a single TTL low level lms pulse the
PGY 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 lms is applied
and then 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 3 times that needed for programming is applied.

When programming has been completed, the data in all addresses should be
verified with Vgog=Vpp=5V.
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HIGH SPEED PROGRAM MODE FLOW CHART

START

ADDRERR =
START ADDRESS

DATA=FPF?

[ PROGRAM 1ms PuLsE )

ADDRESS = OVERPROGRAM 3X PULSES OF lmsec
NEXT ADDRESS OR ONE PULSE OF 3Xmsec DURATION

NG
VERIFY 1
OK
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[ELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TMM24128AP/AF which
identifies its manufacturer and device type.
The programming equipment may reads out manufacturer code and device code from
TMM24128AP/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 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 following table shows electric signature of TMM24128AP/AF.

PINS | A0 07 06 05 04 03 02 o1 00 HEX.
SIGNATURE (10) | (19) | (18) | (17) |(16) |(15) (13) | (12) | (11) | DATA
Manufacture Code | Vyy, 1 0 0 1 1 0 0 0 98
Device Code Vin 1 1 0] 1 (o] 0 1 1 D3

Notes: A9=12V+(0.5V
Al~ AB, A10~Al3, CE, CE=Vyp, FGN=Vig
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OUTLINE DRAWINGS (TMM24128AP)
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of their true longitudinal position with respect No.l and No.28

leads.

Each lead pitch is 2.54mm.
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All dimensions are in millimeters.
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All leads are located within 0.25mm

This value is measured at the end of leads.



TMM24128AP

Unit in mm (inches)

QUTLINE DRAWINGS (TMM24128AF)
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: ‘32,;

D X 8 BIT ONE TIME
PROGRAMMABLE READ ONLY MEMORY

SILICON STACKED GATE MOS

DESCRIPTION

TMM24256AP/AF

The TMM24256AP/AF is a 32,768 word X 8 bit one time programmable read only memory, and molded in a 28 pin

plastic Package.

The TMM24256AP/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 TMM27256AD’s.

Once programmed, the TMM24256AP/AF can not be erased because of using plastic DIP without transparent window.

FEATURES

® Fast access time : 200ns
® Low power dissipation

Active :

100 mA

Standby : 30 mA
e Single 5V power supply

Fully static operation

High speed programming mode

Inputs and outputs TTL compatible

Pin compatible with ROM TC53257P, TMM23256P,

EPROM TMM27256D/AD and TC57256D

Standard 28 pin DIP plastic package : TMM24256AP
Plastic Flat Package

: TMM24256AF

BLOCK DIAGRAM

PIN CONNECTION (TOP VIEW)
ST
Vep O 1 281 Vce
Aq2 qz2 27 0 A4
A7 O3 26 P A3
Ag O 4 250 Ag
A5 (05 24 0 Ag
Aq O 6 23 A4
Az} 7 221 OE
A2 8 210 Ao
AL o 200 CE
Ap g 10 191 07
0p g 11 181 0p
01012 17 0 Os
02013 160 04
GND ] 14 150 03
PIN NAMES
Ap~Aqa Address Inputs
0p~07 Outputs (inputs)
CE Chip Enable Input
OE Output Enable Input
Vpp Program Supply Voltage
Vee Ve Supply Voltage (+5V)
GND Ground

Vpp GND Voo 0g 01 02 03 04 05 0g O7
[e]
= ¥y § 9 § 9999
OE,CE
oE SFRbUIT - OUTPUT BUFFERS
i i P4
Ao o—
6 64
A1 o— COLUMN COLUMN 1/O
A2 0 7» DECODER [ 7> CIRCUIT
v g
o— w
As o— it J *
As 0~ 3R
A7O— o |9 row 512 MEMORY CELL
780 & I pecopen [ ARRAY
Ag O— 32,7688 bits
A0 O— 8
Al O— <
Aq2 O—
A1z O—
A1q4 O
MODE SELECTION
PIN [CE |OE |vpp |Vce 0p0~07 POWER
MODE (20) ((22) [(1) [(28) (11~13, 15~19)
Read L L Data Qut Active
Output Deselect * 5v 5V |High Impedance
Standby H High Impedance Standby
Program L H Data In
Program Inhibits H H 125V |86V |High Impedance Active
Program Verify * L Data Out

*HorlL
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vg Power Supply Voltage —0.6~7.0 \
Vpp Program Supply Voltage —0.6~14.0 \Y
VIN Input Voltage —0.6~7.0 \
Vijo Input / Output Voltage -0.6~7.0 \
Pp Power Dissipation 1.5 w
TSOLDER Soldering Temperature 260-10 °C-sec
T3TG Storage Temperature -55~150 °C
ToPR Operating Temperature 0~70 °C
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 Vcct1.0 \
ViL Input Low Voltage —-0.3 - 0.8 \
Vee Vg Power Supply Voltage 475 5.00 5.25 \
Vpp Vpp Power Supply Voltage 2.0 Ve Vec+0.8 \%
D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, VCcC=5V+5%)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
L1 Input Current VIN=0~VcCc - - +10 A
Icct Supply Current (Standby) CE =V|y - - 30 mA
lcc2 Supply Current (Active) CE =V - - 100 mA
VOH Output High Voltage IOH=—400uA 24 - - v
VoL Output Low Voltage loL=2.1TmA - - 0.4 v
Ippq Vpp Current Vpp=0~Vgc+0.6V - - +10 MA
ILo OQutput Leakage Current VoyTt=04V~Vce - - +10 A
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TMM24256AP/AF

A.C. CHARACTERISTICS (Ta=0~70°C, VCC=5V+5%, Vpp=2.0V~VCC+0.6V)

SYMBOL PARAMETER TEST CONDITION MIN. [ MAX. [ UNIT
tacc Address Access Time CE=0E=V,_ - 200 ns
tce CE to Output Valid OE=V|_ - 200 ns
toE OE to Output Valid CE=V;_ - 70 ns
tDF1 CE to Output in High-Z OE=v)_ 0 60 ns
tpF2 OE to Output in High-Z CE=V|_ 0 60 ns
toH Output Data in Hold Time CE=0E=V)_ o] - ns

A.C. TEST CONDITIONS

e OQOutput Load : 1 TTL Gate and C.=100 pF

® Input Pulse Rise and Fall Times : 10ns Max.

® Input Pulse Level 1 0.45V~2.4V

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

CAPACITANCE * (Ta=25°C, f=1MHz))

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIN Input Capacitance ViN=0V - 4 [} pF
Cout Output Capacitance Voyut=0V - 8 | 12 oF

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

TIMING WAVEFORMS
(READ)

Ao~A14
tOH
tCE
CE
tDF1
< [OE -
OE
tace _ tpF2
(= >
HI HIGH Z
0p~07 SHZ DATA OUTPUTS

I~aY~




L i = )

PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL ARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voitage 20 - Veet+1.0
ViL Input Low Voltage -0.3 - 0.8
Vee Ve Power Supply Voltage 5.756 6.0 6.25 v
Vpp Vpp Power Supply Voltage 120 125 13.0
D.C. and OPERATING CHARACTERISTICS (Ta=25+5°C, VcCc=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
N Input Current VIN=0~V¢ce - - +10 HA
VOH Output High Voltage loH=—400uA 24 - - \
VoL Output Low Voltage loL=2.1mA - - 04 \"
lce Ve Supply Current - - - 120 mA

A lPP2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 11.5 120 12.5 \
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 - - s
toES TE Setup Time - 0 - - ns
tCEH CE Hold Time - 0 - - ns
toes OE Setup Time - 2 - - us
tps Data Setup Time - 2 - - us
toH Data Hold Time - 2 - - us
typs Vpp Setup Time - 2 - - s
tvcs Vgc Setup Time - 2 - - us
tpw Initial Program Pulse Width CE=Vj, CE=V|y 0.95 1 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms
toE OE to Output Valid CE=V|H - - 150 ns
tpFp OE to Output in High-Z CE=V|H - - 130 ns

A.C. 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 2.0V, Output 0.8V and 2.0V

Note 1: The length of the overprogram pulse may vary as a function of the counter value X.
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TIMING WAVEFORMS (PROGRAM)
(Vcc=6V=0.25V, Vpp=1 2.5V+0.5V)

Ap~A14 x
tas tPw tAH
CE
topw tCEH ICES |
t
OES < DFP
OE /
.y | tos tDH toe
0p~07 ———————— DN STABLE DouT VALID
tvps
Vpp --/L
Vee / _ tcs PROGRAM PROGRAM VERIFY

Note 1.VcG 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 voitage over 14V
should not be applied to the Vpp terminal. When the switching pulse voitage is applied to the

Vpp terminal, the overshoot voltage of its pulse should not be exceeded 14V.

—507—



OPERATION INFORMATION

The TMM24256AP/AF’s six operation modes are listed in the following table. Mode selection can be
achieved by applying TTL Ieyel signal to all inputs.

PIN NAMES (NUMBER) CE OE Vpp Vce 09~07 POWER
MODE (20) (22) (1) (28) (11~13, 15~19)
Read O Read L L Data Out Active
i
ea peration Output Deselect * H 5V 5V High Impedance Active
(Ta=0~70°C) -
Standby H * High Impedance Standby
o Program L H Data In Active
P .
rogram Operation Program Inhibit H H 12.5V BV High Impedance Active
(Ta=25+5°C) - "
Program Verify * L Data Out Active

Note: H; VW, L; VL, * VIH or V)i

READ MODE

The TMM24256AP/AF 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 the
CE=0E=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=V|_ and all addresses are valid, the output data is valid at the outputs after tQg from
the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=V|H or OE=V|H, the outputs will be in a high impedance state. So two or more
TMM24256AP/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 TMM24256AP/AF has a low power standby mode controlled by the CE signal. By applying a
high level to the CE inputs, the TMM24256AP/AF is placed in the standby mode which reduces the
operating current to 30mA from 100mA (about 70% reduction) and the outputs are in a high impedance
state, independent of the OE inputs.

Mo



TMM24256AP/AF

PROGRAM MODE

Initially, when received by customers, all bits of the TMM24256AP/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 TMM24256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-
Low level under OE=V|H.
The TMM24256AP/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 V| and CE at V|H or V|L.

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 TMM24256AP/AF from being programmed.
Programming of two or more TMM24256AP/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 MODE

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 (+12.5V) is applied to
the Vpp terminal with Vog=6V.

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, the additional program pulse with width equal to that
needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with
Voe=Vpp=5V.
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HIGH SPEED

PROGRAM MODE FLOW CHART

START

ADDRESS =
START ADDRESS

Vpp=12

.5V
NO

YES

DATA=FF?

ADDRESS =
NEXT ADDRESS

OVERPROGRAM 3X PULSES OF 1msec
OR ONE PULSE OF 3X msec DURATION

]

<>=
OK g

NO LAST

ADDRESS?

Veg=5.0V
Vpp=5.0V

READ
ALL BYTE
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'ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TMM24256AP/AF which identifies its

manufacturer and device type.

The programming equipment may read out manufacturer code and device code from TMM24256AP/AF
by using this mode before program operation 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 the address
lines are set to V|L for read operation. Data output in this conditions is manufacturer code. Device code
is identified when address AO is set to V|H. These two codes possess an odd parity with the parity bit

of MSB (07)

The following table shows electric signature of TMM24256AP/AF.

07 Og Os5 04 03 02 01 HEX.
SIGNATURE (19) (18) 7 (16) (15) (13) (12) DATA
Manufacture Code 1 0 Q 1 1 0 0 98
Device Code 0 1 o] 1 o] 1 [¢] 54
Notes: A9=12V10.5V
A1~A8, A10~A14, OE=V|L_
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OUTLINE DRAWING (TMM24256AP)
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Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position

with respect No. 1 and No. 28 leads.

2. This value is measured at the end of leads.
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OUTLINE DRAWING (TMM24256AF) Unit in mm (inches)
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Note: Lead pitch is 1.27 and tolerance is +0.12 against theoretical center of each lead that is obtained
on the basis of No. 1 and No. 28 leads.
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64K BIT (8K WORD X 8 BIT) MASK ROM
N-CHANNEL SILICON GATE

TMM2365P

The TMM2365P is a 65536 bit fully static read
only memory organized as 8192 words by 8 bits with
a low bit cost, thus being most suitable for use in
programming of production apparatus using micro-
processor.

The TMM2365P is fully compatible with a 64 K
bits EPROM TMM2764D, so completely replace
EPROM socket.

The TMM2365P also features an automatic stand-
by power mode. When deselected by Chip Enable

e Single 5V power Supply
® Access Time: 200ns max.
e Power Dissipation
Average Current: 100mA max.
Standby Current: 25mA max.
Input and Output: TTL Compatible

N.c.O? 28(0Vcc
A2 27 CE,/CE{/NC
A3 26 [1CE,/CE,/NC
A¢ O 4 25 bAg OE
As 05 243 Ay .
Ade 5 zpaAy CE\/CE; O—
A7 g 220 GE o
A s o 21 P A CE,/CE,
Ay é 9 ©  20[dCE;/TE, __
Ao O 10 19;07 CE;/CE;
Do 11 183 Ds
D: 12 17{0Ds
D, 13 163 D4
GND 14 153 D3 Ao
Ay
Az
A3
Ao ~ A2 Address inputs Ag
A
Do ~ D4 Data outputs AZ
OE Output enable input A
CE,/CE, .CE,/ . . Ag
CE, .CE,/CE, Chip enable inputs A
N. C. No connection
Vee Power supply terminal
GND Ground

{CEy ~ 3/CEq ~ 3), the operating current is reduced
from 100mA (MAX) to 256mA(MAX). Output Enable
(OE) is effective in preventing data confliction of a
common bus line.

The TMM2365P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production of high performance.

The TMM2365P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

Three State Outputs: Wired OR Capability
Qutput Buffer Control: OE
Programmable Chip Enable: CE,; /CE;, CE;/CE,
CE3/CE3
Easy Memory Expansion
Compatible with 64K EPROM TMM2764D

Vee  GND

(R

Dy Dy D D3 D4 D5 Dg D4

I

7 TTE99TY
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -05~70 \Y
Vin. VouT Input and Output Voltage —-0.5~7.0 \
TorR Operating Temperature 0~70 °C
TsTte Storage Temperature —55~ 150 °c
Tsp Scldering Temperature * Time 260+ 10 °C « sec
Po Power Dissipation (Ta = 70°C) 1.0 w
;. OP (Ta=0~70°C)
SYMBOL PARAMETER CONDITIONS MIN., TYP. MAX. UNIT
ViH Input High Voltage - 2.0 - Veet \
ViL Input Low Voltage - —-0.5 - 0.8 Y
Vee Power Supply Voltage — 4.5 5.0 5.5 \
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
(™ Input High Current Vin = 5.5V - 10 HA
(I8 Input Low Current Vin = GND — -10 MA
VoH Output High Voltage loy = —400uA 2.4 - \
Vor Output Low Voltage loL =3.2mA - 0.4 \%
lLo Output Leakage Current OV £ Vout £ Vee -10 10 MA
lect Standby Current CE =2.0V,CE=0.8V - 25 mA
lcez Average Current tcyc=200nS, loyT=0mA - 100 mA
SYMBOL PARAMETER MIN MAX. UNIT

tace Access Time - 200 ns
tcE Output Delay Time from CE1~3/CE1~3 - 200 ns
toE Output Delay Time from OE - 70 ns
top Output Turn off Delay - 60 ns
tcye Cycle Time 200 - ns

® Qutput Load :1TTL Gate + 100pF ® Timing Measurement Reference Levels :

® [nput Rise and Fall Times (10% ~ 90%) : 5 ns Input ; 1V and 2.0V

® |Input Pulse Levels

:0.8~22v
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SYMBOL

PARAMETER

CONDITIONS MIN. MAX. UNIT
CiN Input Capacitance ViN = A.C. GND — 8 pF
Cout Output Capacitance VouT = A.C. GND - 10 pF
Note: This parameter is periodically sampled and is not 100% tested.
tcvye
Ag ~ App ADDRESS STABLE
tacc
CE, ~3
CE( ~3 (CEy ~3) CE, ~3
tce
* \ /
too
toe
Do ~7 m DATA VALID

Note: tgp is specified from OE or CE/CE, whichever occurs first.

The TMM2365 has self substrate-bias generator
internally. So a minimum

100us time delay is
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before proper device operation is achieved.
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Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.28 leads.
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64K BIT (8K WORD X 8 BIT) MASK ROM
N-CHANNEL SILICON GATE MOS

TMM2366P

The TMM2366P is a 65536 bit fully static read

only memory organized as 8192 words by 8 bits with
a low bit cost, thus being most suitable for use in
programming of production apparatus using micro-
processor.
The TMM2366P also features an automatic standby
power mode. When deselected by Chip Enable (CE/
CE), the operating current is reduced from 100mA
(MAX) to 26mA (MAX).

® Single bV power Supply

® Access Time: 200ns max.

® Power Dissipation
Average Current: 100mA max.
Standby Current: 25mA max.

As1 24 Vee
A2 23[As
As]3 221 As
AsC]4 21841
AsL]s 2 20[3CE/CE
A6 S 19 A0
A7 a 18[1AN
As B 17pDg
Do~ 16pDs
D;J10 15[ Ds
D11 143D,
GenoO]12 13103

L Ap ~ Aja Address inputs
Do ~ D4 Data outputs
CE/CE Chip enable input
Vee Power supply terminal
GND Ground

CE/CE 0—

=n4

Ao
Ay
Az
A3
Aq

A¢
Az
Asg
Ag

Ao O+

Ay

Az O

The TMM2366P is fabricated with ion implanted
N-channel silicon gate technology.

This technology allows a production of high perform-
ance.

The TMM2366P is moulded in a 24 pin standard
plastic package, 0.6 inch in width.

Input and Qutput: TTL Compatible

Three State Outputs: Wired OR Capability
Programmable Chip Enable: CE/CE
Compatible with TMS4764

Vece GND

[

Do Dy D, D3 D43Ds Dg D7

LTI

Output
Buffers

]

Column Decorders

I:[ 32x8

Memory Cells
256 x32x8

Control
Circuit

1

256

U

§P PP PR
Address Input Buffers

Row Decorders
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ITEM RATING UNIT
Vce Power Supply Voltage —-05~7.0 \Y
Vin. VouT Input and Output Voltage -05~70 \Y
ToPR Operating Temperature 0~70 °c
TsTRG Storage Temperature —55 ~ 160 °c
Tsp Soldering Temperature Time 260+ 10 °C - sec
Po Power Dissipation (Ta = 70°C) 1.0 W
(Ta=0~70°C)

SYMBOL PARAMETER l CONDITIONS MIN. TYP, MAX. UNIT
Vin Input High Voltage - 2.0 - Veet+1 \%
ViL Input Low Voltage = -0.5 - 0.8 \%
Vee Power Supply Voltage - 45 5.0 5.5 \

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I Input High Current VN = 5.5V — 10 HA
he Input Low Current Vin = GND — -10 MA
Vou Output High Voltage loy = —400uA 2.4 — \%
Vo Qutput Low Voltage loL = 3.2mA — 0.4 \
Lo Output Leakage Current OV £ Vout £ Vee —-10 10 uA
Icet Standby Current CE =20V, CE=0.8V - 25 mA
lec2 Average Current tcye = 200ns, gyt = OmA — 100 mA
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SYMBOL PARAMETER MIN, MAX. UNIT
tacc Access Time — 200 ns
tce Output Delay Time from CE/CE — 200 ns
tob Output Turn off Delay — 60 ns
teye Cycle Time 200 - ns

® Qutput Load :1TTL Gate + 100pF
® |nput Rise and Fall Times (10% ~ 90%) : 5 ns
® [nput Pulse Levels :0.8~22v
® Timing Measurement Reference Levels : Input; 1V and 2.0V
Qutput; 0.8V and 2.0V
[ symBoL PARAMETER CONDITIONS MIN. MAX. UNIT
CiN Input Capacitnace Vin = A.C. GND - 8 pF
CouT Output Capacitance VouTt = A.C. GND — 10 pF
Note: This parameter is periodically sampled and is not 100% tested.
tcye

Ao ~ A2 ADDRESS STABLE X

t

ACC CE
CE/CE CE x

tce top
Do ~ D4 =
DATA VALID >—

POWER ON

The TMM2366 has a self substrate-bias generator
internaly. So a minimum 100 us time delay is
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required after the application of Vee (4.5 ~ 5.5V)
before proper device operation isachieved.
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2.54 £0.25

1.4%0.15

Note : Each lead pitch is 2.54mm. Ali leads are located within 0.256mm

to No.1 and No.24 leads.

0.5%0.15
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128K BIT (16K WORD X 8 BIT) MASK ROM
N-CHANNEL SILICON GATE

TMM23128P

'DESCRIPTION

The TMM23128P is a 131,072 bit read only
memory organized as 16,384 words by 8 bits with
low bit cost, thus being suitable for use in program
memory for microprocessor and character generator.

The TMM23128P is fully compatible with a 128K
bits EPROM TMM27128D, so completely replace
EPROM socket.

The TMM23128P also features an automatic

standby power mode. When deselected” by Chip
Enable (CE1, 2/CE1, 2), the operating current is
reduced form 80mA (Max.) to 20mA (Max.). Output
Enable (OF) is effective in preventing data confliction
of a common bus line. The TMM23128P is fabricated
with ion implanted N-channel silicon gate technology.
The TMM23128P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

e Fully Static Operation e Input and Output TTL Compatible
e 16,384 word x 8 bit Structure e Three State Outputs
e Single 5V Power Supply e Programmable Chip Enable
® tacc = 200ns Max. e Pin Compatible with EPROM TMM27128D
® Topr =0~ 70°C e 28 pin 600 mil. width DIP Plastic Package
® |cc ope =80mA Max.
® Icc sby =20mA Max.
'PIN CONNECTION BLOCK DIAGRAM
Nef 1 ~ g D v
ce |
Al 2 27 CE/CEy/NC Vee Vss ?,0 1020304050607
A Q3 26 A3 T T
As O 4 25 Ag OEo !
As Qs 24 g Ag _ W
Az e s 2 h An CE1/CEL0—+ o "&‘ 2 [ c%l'JvTTP:JL l.{ OUTPUT BUFFER
AsgQ7 w 22 p OE <5 )
A, Os z 210 Ay ) t: '2 g
A1 Qo O 20PceyE, CE4/TE, Iz 8o
Ao Q1o ~ 19po, oz
Do @ 11 18 I} D¢
o; Q12 17 Ds Ao
D2 g 13 16 ] D4 0 COLUMN DECODER
vss ] 14 15 ;03 Aro—e
Ay O—»f
I Azo— i
PIN NAMES aro— &
Ao ~ Az Address Inputs 22 2
Do ~Ds Data Outputs Ay 0 g 5
CEy ~ 2£ZE, ~ 3 | Chip Enable Inputs Ag O—] § 9 MEMORY CELL
OE Output Enable Input Aso— o u ARRAY
NC No Connection :‘°° iy g H 16,384 x 8
10— T
Vee 5V Power Supply An
Vss Ground Ajzo—nf

—R2R —




SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —-05~7.0 Y
ViIN. VouT Input and Output Voltage —05~7.0 \Y
Po Power Dissipation {Ta = 70°C) 1.0 W
TorR Operating Temperature 0~70 °c
TstG Storage Temperature —55 ~ 150 °c
TSOLDER Soldering Temperature - Time 260- 10 °C - sec

(Ta=0~70°C)
SYMBOL ITEM MIN. MAX. UNIT
Vee Power Supply Voltage 45 5.5 \
ViH Input High Voltage 22 Vee +1 \Y%
Vi Input Low Voltage —0.5 0.8 \%
HARA (Ta=0~ 70°C)
SYMBOL ITEM CONDITIONS MIN. MAX, UNIT
N Input Current OV VN € Vee — +10 HA
Lo Output Leakage Current oV £ Vout £ Vee - +10 HA
lon Output High Current VoH = 2.4V —400 - MA
loL Output Low Current VoL = 0.4V 32 - mA
Icc ope Operating Current Min. Cycle - 80 mA
lcc sby Standby Current Note 1 - 20 mA
Note 1: Standby state occurs when either CE1/CEy or CE3/CE 3 Is disenabled.
(Ta=25°C, f = IMH2)

SYMBOL ITEM CONDITIONS MIN. MAX, UNIT
Cin Input Capacitance Vin = AC GND - 8 pF
CouTt Output Capacitance Vout = AC GND — 10 pF

Note: This parameter is periodically sampled and is not 100% tested,

Y ~4, Y ~




ERISTICS (Ta=0~70°C, Vcc =5V £ 10%)
SYMBOL TEM o - -

tace Access Time — 200 ns
tce Output Delay Time from CE1~2/CE1-2 - 200 ns
o€ Output Delay Time from OE - 70 ns
top Output Turn Off Delay - 60 ns
tcye Cycle Time 200 - ns
AC Test Conditions

e Qutput Load : 1 TTL +100pF

® Input Rise and Fall Times (10% to 90%) : 5 ns

®|nput Pulse Levels - 0.6V t0 2.4V

®Timing Measurement Reference Levels : Input : 0.8V and 2.2V

Output : 0.8V and 2.0V

|
tcye
r

,]-

Ao ~Aj3 ADDRESS STABLE g

tacc '
) CEj ~2
CEy ~3 (CE; ~7) y CEy~2

CE
o \ 7
50~ t0E tob

-
DATA VALID E———

Note:

1) tcg specifies the time interval of CEj ~3 (CE; ~2) to becoma active untll it Is actually being output.
2) tgp Is specified from OF or CE, whichever occurs first. ‘

APPLICATION INFORMATION ‘

TMM23128P has self substrate-bias generator required after the application of Vcc (4.5V to
internally. So a minimum 100us time delay is 5.5V) before proper device operation is achieved. ‘
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Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.28 leads.
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256K BIT (32K WORD X 8 BIT) MASK ROM
N-CHANNEL SILICON GATE

TMM23256P

The TMM23256P is a 262,144 bit read only
memory organized as 32,768 words by 8 bits with a
low bit cost, thus being most suitable for use in
character generator.

Consisting of static memory cells and clocked pe-
ripheral circuitry, the TMM23256P provides a high
speed and low power dissipation {access time 150ns,
operating current 40mA).

The TMM23256P also features an automatic stand-
by power mode. When deselected by Chip Enable
{CE), the operating current is reduced from 40mA to
'FEATURES
e Single 5V Power Supply
e Fast Access Time : 150ns {Max.)
® Low Power Dissipation
Average Current
Standby Current :

40mA (Max.)
10mA (Max.)

e Inputs protected : All Inputs have Protection
Against Static Charge
PIN CONNECTION.
\
N.c.OJ1 28[1Vce
A2 2 27[0A14
A3 26 JA3
As[]a 25 [1Ag
AsOs 24Ag
Asde 23[0An
Aasdz 22 EBE
A0s 21A0
A1Qe 20dCE
Ao 10 190D,
Do 11 180 Dg
D112 17005
D2g13 160Dyg
GND[] 14 151D;
Ao ~Ala Address Inputs
Do~ D, Data Outputs
OE Output Enable Input
CE Chip Enable Input
N.C. No Connection
Vce Power Supply Terminal
GND Ground

10mA. Output Enable (OE) is effective in preventing
data confliction on a common bys line.

The TMM23256P uses the address latch system
that the falling edge of CE latches all inputs except
for OE, thus can be easily connected to a system
where address and data buses are commonly used.

The TMM23256P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production on high performance.

The TMM23256P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

® Edge Enabled Operation : CE

e Output Buffer Control : OE

e [nputand OQutput : TTL Compatible

e Three State Outputs : Wired OR Capability
e 28 pin Standard Plastic DIP

Vee GND
I DpD1D2D3D4DsDgDg
o T
;53__ Output
_ Chip, Enable Buffers
CE H Input Buffer
and Clock
L 8
Ao o
Al o—] Column
Az o—{ ¢ 8 Decoder
£
Az o—f ¢
a
Az o—] 3
As o— s
A ; | 8x64
60— o
b
A7 o— ]
Ag 0— « F
3 °
Ag o— % §
A £
100 g lo 2 512 262,144 bits
Alro bl v K] - Memory cell
Arz < array
Arzo—]
Ara
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -05~70 \%
Vin. VouTt Input and Output Voltage ~05~7.0 \Y
ToPr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C . sec
Po Power Dissipation {Ta = 70°C) 1.0 W
'D.C. OPERATING CONDITIONS (Ta=0~70°C)
—symsoL | " PARAMETER CONDITIONS | MIN. TTYP. MAX. UNIT
ViH Input High Voltage - 22 Vee +1 \%
ViL Input Low Voltage — ~05 0.8 \Y
Vee Power Supply Voltage - 45 50 55 \%
>HARACTERISTICS  (Ta=0~70°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
i1 Input High Current Viny = 5.5V — 0.05 10 A
T} Input Low Current Vin = GND - —0.05 -10 HA
VoH Output High Voltage oy = ~400uA 24 3.3 - \
VoL Output Low Voltage loL =3.2mA — 0.3 04 \
| VouT =55V | CE=22Vor - 0.05 10 A
LOH Output Leakage Current out — ° #
‘LOL VouT =04V OE =22V - -0.1 -20 uA
Ice Standby Current CE=22V - - 10 mA
lcca Average Current teye =230ns, lpyt =0mA - — 40 mA
« Typical values are at Ta = 256°C and Vg = 5V.
'CAPACITANCE  (Ta=25°C, f=1MH2)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX, UNIT
CiN Input Capacitance ViNn =A.C.GND — 5 10 pF
" Cout Output Capacitance VouTt =A.C. GND - 8 15 pF

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

—_—B0) —




(Ta=0~70°C, Ve =5V + 10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
tce CE pulse width - 150 - — ns
tas Address Setup Time - 0 - - ns
taH Address Hold Time - 30 - - ns
tace Access Time - - - 150 ns
too Output Delay Time form OE - — 70 ns
top Output Turn off Delay — - - 70 ns
tce CE off Time - 70 - - ns
teve Cycle Time tas =0ns, t,, tf = 5ns 230 — - ns

« Typical values are at Ta = 25°C and V¢ = 5V.

e Output Load : 1TTL Gate + 100pF

e Input Rise and Fall Times (10% ~ 90%) : 5ns

e |nput Pulse Levels : 0.8~ 24V

o Timing Measurement Reference Levels : Input ; 1V and 2.2V

Qutput ; 0.8V and 2.0V
Ao ~Aja “  ADDRESS i
VALID ADDRESS MAY CHANGE
N (L
tAs TAH tce
CE \ tCE
N (@ N
e 00
OE .
tacc too(
Do~ D1 DATA VALID
XXX N
tcve

Note (1) tgp is specified from OE or &, whichever occurs first.

—_E




The TMM23256P has two control functions.

The chip enable (CE) controls the operation power
and should be used for device selection. The falling
edge of the CE will activate the device and latch the
addresses. The output enable (OE) control the out-

put buffers, independent of device selection. Assum-
ing that OE = VL, the output data is valid at the
outputs after tacc (150ns) from the falling edge of
the CE.

The operation modes of the TMM23256P are listed in the following table.

MODE CE ADDRESS OE OUTPUT POWER
Standby H » * High Impedance Standby
Latch i Valid * High Impedance —
Read L *x L Data Out Active
Output Deselect L * H High Impedance Active

Note * : Don'tcare
** : Address may change after tay.
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The operating current Icc  waveforms for TMM
23256P are shown in Fig. 1, 2.
The TMM23256P is a clocked device, so the tran-

sient current peaks are produced on the CE transition
and CE active level.

The lIcc current transients require adequate de-
coupling of V¢ power supply.

2. POWER ON

The TMM23256P requires initialization prior to
normal operation. Two initialization methods are as
follows:

(1) A minimum 100us time delay is required
after the application of Vcc (+5V) before
proper device operation is achieved. And dur-
ing this period, CE must be at V| level.

(2) A minimum 100us time delay is required
after the application of Ve (5V), and then a
minimum of one initialization cycle must be
performed before proper device operation is
acheived.

Initialization cycle : An initialization cycle is one
Chip Enable clock cycle from the first down edge of
the CE till the next down edge.
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Unit : mm

15.24 Typ.

IimininEnisininEmn aMmr
R1.5 I
1 X
E‘ | g
ﬂ’ B l B N
C b ki
Oggogouggiagououuguudiagn
12 3 4 5 6 7 8 9 10 11 12 13 14
X
g
37.4 MAX. s
o
X
<
s
.
0.5%0.15
2.6410.25 l 1.4%0.15 0.2 MAX. g
1 2
]

17.4 Max.

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.28 leads.
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64K BIT (8K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC5364P

DESCRIPTION

The TC5364P is a 65,636 bit read only memory
organized as 8,192 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
of microprocessor and character generator. The
TCB364P using CMOS technology is most suitable for
low power applications such as battery operated

system.
The TCB5364P is asynchronous type ROM which is
consisting of address latch circuit, static memory

FEATURES
Single Power Supply: 5V
Access Time: 250 ns
Low Power Dissipation
Operating Current: 7mA (Max.)

Standby Current: 20u A (Max.)
Wide Operating Temperature Range: —40 ~ 85°C

cells and clocked peripheral circuitry. The falling
edge of C_E_s__(or rising edge of CE3) latches all inputs
except for OFE and PD/PD.

The TC5364P has a PD/PD (optional) input for
device power saving, and also has three prograrmma ble
chip enable inputs (CE1 ~ 3/CE1 ~ 3) and one output
enable input (OE) for fast memory access and output
control.

The TC5364P is moulded in a 28 pin standard
plastic package.

Edge Enable Operation: CE3/CE 3

Address Latch Type

Programmable Power Saving Input PD/PD/NC

Programmable Chip Select: CE1, CE2, CE3, Easy
Memory Expansion

All Inputs and Outputs: TTL Compatible

e Pin Compatible with 64K EPROM TMM2764 and e Three State Outputs
NMOS ROM TMM2364/2365
PIN CONNECTION 'BLOCK DIAGRAM
NC/PD/FB O 1 28 J Vop
A2 27 P NC/CE/CE Vpp GND
A3 26 1 NC/CE,/CE, 75 o~ § —_ i i
Asl 4 25 0 Ag ’-45
AsgQs 240 Ag e §;’,5
:““C & 2 DAu ! :D— &‘:SZ Do D; D2 D3 D4 D5 Dg Dy
3g7 S 221 G _ 9%
A208 5 210410 o5 ﬂﬁu iT T
A1Qo E 201 ce3/CE3 CE,
Aol 10 190 0, O OUTPUT BUFFERS
Do 11 180 Dg 5e Eﬁ:)_
D 17
R N ]
° o
enol 14 °Pos Al o——— m 5 COLUMN DECODERS
'PIN NAMES po— 83
A
Ag ~Aj, Address inputs Ai o lg
Do ~ D Data outputs @
Clg (7IE Chi : i :5 5
 ~CE;3 p enable inputs 60— g @
Po Power down input Aro—— -~ a
OE Output enable input :3" g 5 8.192 x 8 bit
H i [a] 3 - Memory Cell Array
NC No connection Ao 0 o o
Vbp Power Supply Al < H
GND Ground An «




SYMBOL ITEM RATING UNIT
Vbob Power Supply Voltage —05~7.0 \
ViN Input Voltage —05~70 v
VouTt Output Voltage 0~ Vpp \%
Po Power Dissipation 1.0 W
Topr Operating Temperature —40 ~ 85 °C
Tstg Storage Temperature —55 ~ 150 °C
TsoLbr Soldering Temperature - Time 260 - 10 °C - sec
(Ta=—40~ 85°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Vop Power Supply Voltage 45 55 \
ViH Input High Voltage 2.2 Vpp +0.3 \%
ViL Input Low Voltage -0.3 0.8 \2
; PER. , ‘HARACTE (Ta=—-40 ~ 85°C, Vpp =5V + 10%)
SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
N Input Leakage Current ov<ViN £Vpp - +1.0 LA
Lo Output Leakage Current OV £ VouT £ Vop - +50 HA
lon Output High Current VoH = 2.4V -1.0 - mA
loL Output Low Current VoL = 0.4V 20 - mA
(CE,Viq) =2.2v
Ibpo1 (CE, VL) =08V - 10 mA
Operating Current teve = Tus
(E, Viy) =Vpp 0.2V
IbbO2 (CE, VL) =0.2V - 7 mA
toye = 1us
(CE,Vin) =22V _C_E_= 0.8V
lbps1 (CE, V) ) =08V CE =22V - 5 mA
Standby Current Qutput = OPEE
(CE}=0.2V, (CE)=Vpp ~0.2V
IbDs2 ViN =0.2V or Vpp —0.2V - 20 MA
Output = OPEN
b : (Ta=25°C, f = 1IMHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance Viy =0V 8 pF
CouT Output Capacitance Vout =0V 10 pF

*This parameter is periodically sampled and is not 100% tested.
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(Ta=—40~85°C, Vop=5V+10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Chip Enable Access Time — 250 ns
toe Output Enable Access Time - 100 ns
tas Address Set up Time 0 - ns
tAH Address Hold Time 50 - ns
tce Chip Enable Off Time 90 - ns
tcES Chip Enable Setup Time from PD /PD 90 - ns
1oED Output Disable Time from OFE — 90 ns
tCED Output Disable Time from CE3/CEs - 90 ns
tPOH Output Hold Time from PD/PD - 90 ns
teye Cycle Time 350 - ns

Note 1: Assumes than OE delay time to CE3/CE3 2 tace — 10E
e Qutput Load: 100pF + 1 TTL Gate
e Input Levels: ViL =0.6V, Viq = 2.4V
e Timing Measurement Rference Levels
Input: 0.8V, 2.2V
Output: 0.8V, 2.2v
e |nput Rise and Fall Time:  5ns
tcve
Ao ~Ar J
CE1 /CE1, GE2/CEz )t Valid Don’t Care
TAS TAh CE3 Feed)
CE3/CE, x; : i cEs y
tec tacc 10ED
OF _X toE
Do ~Dq Valid
t
= B SpoH
PD/PD XF .
PD (PD) CE, (CE,) CE, (CE,) CE; (CE;) OE Outputs
L(H) H(L) H(L) H (L) L Valid
H(L) * * * *
Output - Lt - - -
Deselect -~ - L(H) - - High-Z
* * * L(H) *
* * * * H

Note: H: Vyy L: Vi *:Vigor Vi




28 27 26 25 24 23 22 21 20 19 18 17 16 15
~ftmhchcinhmhhhhd
LI L A O L L L L L O B 3
X
N\ _ s
D
1 <
R1.5 -
I T
bbb b ale e b ol Lol R R ol ol d
1 2 3 4 5 6 7 8 9 10 11 12 13 14
X
37.4 MAX. 4
[ b3
o
0

0.51 MIN.

-

0.5 £0.15

1.4+0.15

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their

to No.1 and No.28 leads.

—540—

Unit: mm

15.24 TYP.

17.4 MAX.

true longitudinal position with respect



64K BIT (8K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE MOS

TC5365P
TC5365F

The TC5365P/F is a 65,536 bit read only mem-
ory organized as 8,192 words by 8 bit with a low bit
cost, thus being suitable for use in program memory
of microprocessor, and in character generator. The
TCB5365P/F using CMOS technology is most suitable
for low power applications where battery operation is

® single 5V Power Supply
® Access Time : 250ns(Max.)
® Power Dissipation
Operating Current : 7mA(Max.)
Standby Current : 20uA(Max.)
® Pin Compatible with 64K EPROM TMM 2764D
® Full Static Operation

(TOP VIEW)

b Voo

Nc g1 _
Al12 02 3 NC/CE,/CE;
A7 Q3 al NC/CEQ/‘EE2
A6 Q4 A8
A5 g5 D) A9
A4 6 0 All
A3 Q7 DOE
A ds N ALO
Al Q9 b CE,/CE4
A0 Q0 19QD7
poQQ1 18R D6
p1 12 17[A D5
p2 13 16 D4
GND g 14 150 D3

Ao~A1z Address Inputs
Do~D> Data Outputs

NC No connection
CE1~CE3/CE1~CE3 Chip enable inputs
OF Qutput enable input
Voo Power supply

GND Ground

required.

The TCH6365P/F has three programmable chip
enable input CE1~CEa/CE1~CEs, for device selec-
tion and one output enable input (OE) for fast mem-
ory access and output control.

@ Programmable Chip Enable
@ All Inputs and Qutputs : TTL Compatible
® Three State Outputs
® Package
Plastic DIP: TC5365P
Plastic FP : TC5365F

VDD GND
- Do Dy D2 D3 D4 D5 Dg Dy
= PPITT0T
- L—D— v

OUTPUT BUFFERS

COLUMN DECODERS

l |

8,192 X8 bits

Memory Cell Array

0
&

ADDRESS INPUT BUFFERS

ROW DECODERS
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SYMBOL ITEM RATING UNITS
Voo Power Supply Voltage -0.6~7.0 \
Vin Input Voltage -0.5~7.0 \
Vour Output Voltage 0~Voo \
Pp Power Dissipation 1.0/0.6* W
Torr Operating Temperature —40~85 °C
Tste Storage Temperature -55~150 °C
TsoLoer Soldering Temperature:Time 260-10 °C-sec
NOTE : * Plastic FP
(Ta=—40~85°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Vop Power Supply Voltage 4.5 5.5 \%
ViH Input High Voltage 2.2 Vop+0.3 Vv
\ Input Low Voltage ~0.3 0.8 Vv
(Ta=—40~85°C, Vpp=5V+10%)

SYMBOL PARAMETER CONDITIONS MIN. | MAX. UNIT
N Input Leakage Current OV=Vin=Vbo 1.0 #A
Io Output Leakage Current OV=Vour=Vop +5.0 uA
lon Output High Current Von=2.4V mA
loL Output Low Current Vou=0.4V B - mA

(CE, Vin)=2.2V
lopos (CE, i)=0.8V 10 mA
) teve=1us
Operating Current (CE. VmI=Vao—0.2V
looo2 (CE, viy=0.2V 7 mA
teve=1us
(CE, vimy=2.2V
lbbsi (CE, Vi)=0.8V 2 mA
Standby Current OUtDUt:OPEN_
(CE)=0.2V, (CE)=Vpp—0.2V
lobs2 ViN=0V~Vop 20 uA
Output=0PEN
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(Ta=—-40~85C, Voo=5V+10%)

SYMBOL PARAMETER MIN. | MAX. UNIT
tacc Access Time — 250 ns
tce Chip Enable Access Time — 250 ns
toE Output Enable Access Time — 100 ns
tcep Output Disable Time from CE1~3/CE1~3 0 90 ns
toEp Output Disable Time from OE o] 90 ns
toH Output Hold Time 0] — ns
teve Cycle Time 250 — ns

Note 1: Assumes that OE delay to CE1~3/CE1~32 tacc-toe ___
Note 2 : Output disable time (tceo, toep) is specified from CE1~3/, CE1~3, OE whichever occurs first.
A. C. TEST CONDITIONS
Output Load : 100pF+1TTL
Input Levels : Vii=0.6V, Vin=2.4V
Timing Measurement Reference Levels
Input: 0.8V, 2.2V

Output: 0.8V, 2.2V

Input Rise and Fall Time . Bns

. tcye
-
A0~A12 Valid
'acc
CEj~5'CE -4 X §
tcE tcep
toE
oF \ ]
ton toED
Dg~Dy { Valid
(Ta=25°C, f=1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiN Input Capacitance ViN=0V 8 pF
Cour Output Capacitance Vour=0V 10 pF
! £ H: Vin, L: ViL, % @ Vimor ViL
MODE CE1(CEY) CE2(CE2) CE3(CE3) OE Outputs
Read L. HWL H(L) H(L) L Valid
L(H) * * *
Outputs * L(H * *
uipu H) High-Z
Deselect * * L(H) *
* * * H
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Unit: mm

1 2 3 4 5 6 7 8 9 1011 12 13 14

1524 T YP.
L 374MAX. | L |
=1 I
=
g g
= 3
] <o}
05£0.15 =
§ 17.4MAX.
2.54+0.25 1.4+0.18 S f =
T T ™ .

NOTE : Each lead pitch is 2.54mm.
All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.28 leads.

® Plastic FP
L 189MAX.

9.0MAX.

1.27+0.05 ‘l I 043+0.1
T

0.15+0.05

1.5+04 |
1

11.8+0.3

0.1 +0.
2.5MAX.

NOTE : Each lead pitchis 1.27mm.
All leads are located within 0. 12mm of their true longitudinal position with respect to No.1 and No.28 leads.
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64K BIT (8K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC5366P

The TCH5366P is a 65,536 bit read only memory
organized as 8,192 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
of microprocessor and character generator.

The TCH366P using CMOS technology is most
suitable for low power applications such as battery

FEATURES

e Single Power Supply: bV

e Access Time: 250 ns

e Low Power Dissipation
Operating Current: 7mA (Max.)
Standby Current: 20u A (Max.)

A1l 24 Vop
As[] 2 23] Ag
Ass 220 A9
Az a - 21 A2
Asts & 200cesE
Azl e > 193 A0
A1Q 7 é 183 AN
Ao s ~ 17307
Dof] o 16[1 D¢
Di 10 15[ Ds
D2 11 14 D4
GND( 12 13[] D3

Ag ~App Address inputs
Do ~ D4 Data outputs
CE/CE Chip enable input
Vbp Power supply
GND Ground

operated system.,

The TCb366P is an asynchronous type ROM
and has a programmable chip enable input for device
selection and device power saving.

The TC5366P is moulded in a 24 pin standard
plastic package.

Fully Static Operation

Programmable Chip Enable: CE/CE

All Inputs and Outputs: TTL Compatible
Three State Outputs

'BLOCK DIAGRAM

VDD GND
(I T Do D1 Dy D3 D4 Ds Dg D7

CE o > OUTPUT BUFFERS

>

i
Ao O—]
Arto— E COLUMN DECODERS
Ap 00— E
A3z O— I
Azo— 3 ﬁ
As O— S
Ag : % »
An ; E
Aso— & L 9 —_——:> 8,192 x 8 bit
avo— 5 7 8 Memory Celt Array
A100— g g
Ajjo—] 3
Apo—| «
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SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -05~70 \
Vin Input Voltage —-05~70 \%
VouT Output Voltage 0~ Vpp v
Po Power Dissipation 1.0 w
Topr Operating Temperature —40 ~ 85 °C
Tstg Storage Temperature. —55 ~ 150 °c
TsoLper Soldering Temperature - Time 260 - 10 °C - sec
(Ta=—40 ~ 85°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Voo Power Supply Voltage 45 5.5 \
Vi Input High Voltage 22 Vpp +0.3 \
V)L Input Low Voltage -0.3 08 \
{Ta=—40 ~ 85°C, Vpp =5V +10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
hN Input Leakage Current ovVZ=Vin €Vpp - +1.0 HA
ILo Output Leakage Current | OV < Vout £ Vop - +05 HA
1oH Output High Current Von =2.4V -1.0 — mA
loL Output Low Current VoL =0.4V 20 - mA
(CE, Viy) =2.2V
Iopo1 (CE, L) =08V - 10 mA
R toye = 1us
Operating Current (CE. Viny) = Vop —02V
lopo2 (CE. VL) =02V — 7 mA
tcye = Tus
(CE,Viy) =22V
Ibps1 (CE, VIL) =0.8V - 2 mA
v Standby Current Output = OPEﬂ_
(CE)=0.2V, (CE} = Vpp —0.2V
Ibps2 Vin =0V ~ Vpp - 20 RA
Output = OPEN
APACITA (Ta=25°C, f = 1MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Ciy Input Capacitance Viy = 0V 8 pF
CouT Output Capacitance VouTt =0V 10 pF

*This parameter is periodically sampled and is not 100% tested.
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ERISTICS (Ta=—40~ 85°C, Vpp = 5V +10%)

SYMBOL

PARAMETER MIN MAX. UNIT
tacc Access Time - 250 ns
tce Chip Enable Access Time - 250 ns
tCED Output Disable Time from CE /CE 0 90 ns
toH Output Hold Time 0 - ns
teye Cycle Time 250 - ns

A.C. TEST CONDITIONS
e QOutput Load: 100pF +1TTL
e Input Levels: VL =06V, V|4 =24V
e Timing Measurement Reference Levels
Input: 0.8V, 2.2v
Output: 0.8v, 2.2V
e Input Rise and Fall Time: bns
tcye
Ap~Arn >§ Valid
x x__
tacc
/CE I X
ce/€ )!L
tCE toH tCED
Do ~Dg High-2 Valid High2
MODE CE (CE) Output
Read H(L) Valid
Output .
Deselect LiH) High-2

Note: H: Vg, L: VL
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2423 22 212019 18 1716 15 14 13
QR hmmmadmns
x
<
] s
' o~
R1.5 n <
g i g O e g o
123466 7889101112
%
| 32.4 MAX g 15.24 TYP,
, 10° o
z |
2
] ! A
=] HHMHHH . e '
- 1
2.54 +0.25 1.4+0.15
0.5+0.15 P 17.4 MAX
3

Note : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect

to No.1 and No.24 leads.
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256K BIT (32K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE MOS

TC53257P
TC53257F

The TCb3257P/F is a 262,144 bit read only
memory organized as 32,768 words by 8 bits with a
low bit cost, this being suitable for use in program
memory of microprocessor, and in character gener-
ator. The TC53257P/F using CMOS technology is
most suitable for low power applications where bat-

® Single 5V Power Supply

® Access Time : 200ns(Max.)

® Power Dissipation
Operating Current : 25mA(Max.)
Standby Current  : 20xA(Max.)

® Pin Compatible with 256K EPROM TC57256D
® Full Static Operation

(TOP VIEW)

NC 01 h Voo
A12 02 P A4
A7 Q3 D A13
A6 Q4 D As
AS g5 N A9
A4 Q6 0 A1l

A3 Q7 D OE

A2 08 N AL
A1 09 D CE/CE
A0 Qo0 0 D7
po Q11 D D6

GND

Ao~Aia Address Inputs
Do~D7 Data Outputs

NC No connection
CE/CE Chip enable input
OE Output enable input
Vop Power supply

GND Ground
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tery operation is required.

The TC53257P/F has one programmable chip
enable input CE/CE, for device selection and one
output enable input (OE) for fast memory access and
output control.

® Programmable Chip Enable
® All Inputs and Outputs : TTL Compatible
® Three State Outputs
® Package
Plastic DIP : TC53257P
Plastic FP . TC532b67F

VDD GND

T T DO D1D2 D3 D4 D5 D6 D7

TTTTTTTT

OUTPUT BUFFERS

CE Y

COLUMN DECODERS

Y

ADDRESS BUFFERS

32,768%8
b MEMORY CELLS

p
ROW DECODERS




MAXIMUM RATINGS

SYMBOL ITEM RATING UNITS
Voo Power Supply Voltage -0.5~7.0 \
Vin Input Voltage -0.5~7.0 \
Vour Output Voltage 0~Vbo \%
Pp Power Dissipation 1.00.6* W
Ts16 Storage Temperature —-b65~1560 C
Torr Operating Temperature —-40~85 °C
TSOLDER ° Soldering Temperature-Time 260-10 ‘C-sec
Note : *Plastic FP
D. C. OPERATING CONDITINS {Ta=—40~85°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \Y
ViH Input High Voltage 2.2 Voo+0.3. \
ViL Input Low Voltage -0.3 0.8 \
D. C. and OPERATING CHARACTERISTICS (Ta= —-40~856°C, Voo=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. | MAX. UNIT
i Input Leakage Current Vin=0V~Vop — +1.0 uA
' CE=Vin or OE=Vi4
| Output Leakage Current ) — +5.0 A
+o u.pu ge tu Vour=0V~Vop "
loH Output High Current Von=2.4V —-1.0 — mA
lou QOutput Low Current VoL=0.4V 3.2 - mA
loost Standby Current CE=Vin CE=Vi — 2 mA
lops2 Standby Current CE=Vop—0.2V, CE=0.2V - 20 uA
Iooot Vii=Vi1 viL, tevele=200ns - |40 mA
Operating Current
lobo2 Vin=Vpp—0.2V/0.2V, tcvcie=200ns - 25 mA
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. | MAX. UNIT
Cin Input Capacitance f=1MHz, Ta=25C — 8 pF
Cout Output Capacitance f=1MHz, Ta=25C — 10 pF

Note : This parameter is periodically sampled and is not 100% tested.
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(Ta=—-40~85°C, Voo=5V+ 10%)

ReshE
SYMBOL PARAMETER MIN. | MAX. UNIT
teye Cycle Time 200 — ns
tace Access Time — 200 ns
tee Chip Enable Access Time from CE/CE — 200 ns
toE Output Enable Access Time from OE - 70 ns
tcep, toen| Output Disable Time from CE/CE, OE 0 60 ns
toH Output Hold Time 0 — 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, 2.2V
Input Rise and Fall Time : Bns
teye
AO~Al4 Valid
t
ACC CE
CE CE CE
tcE tCED
&
' t t
tOE OH OED
Dour Valid
1
OP‘ERA-”ON MODE H: Vi, L: Vi, * : Vikor Vi
MODE CE(CE) OE Ao~ 14 Outputs Power
Read L(H) L Valid Data out Operating
L(H) H * ! Operating
Output Deselect ; High-Z '
H(L) * * j | Standby
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L

® Plastic DIP

Unit: mm
28 27 26 25 24 23 22 21 20 19 18 17 16 15
R15 " g
Ny _ <
&
=
1 2 3 4 5 6 7 8 9 1011 1213 14
15.24TYP.
37.4MAX. | !
Z
=
0
o

17.4MAX.

14+0.15

0.5+0.18
2.54+0.25

3.2MIN.

NOTE : Each lead pitch is 2.54mm.
All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.28 leads.

® Plastic FP
L. 189MAX.

Anndnnoniy

9.0MAX.

1.27+£0.05

0.15+0.05

NOTE : Each lead pitchis 1.27mm.
All leads are located within 0.12mm of their true longitudinal position with respect to No.1 and No.28 leads.
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1M BIT (128K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC531000P

The TC531000P is a 1,048,576 bit 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 TC531000P using CMOS technology
is most suitable for low power applications where

e Single 5V Power Supply

e Access Time: 200 ns (Max.)

o Power Dissipation
Operating Current: 30mA (Max.)
Standby Current:

20u A (Max.)

Ais I 28PVvop
Ar Q2 270A14
A7 Q3 263A;3
As Q4 25 gA.
As Qs 24 PAg
As e 2 23pay
A3 007 S 22As6
A Qs 8 21 gAw
N = [] £ 20[CE/ce
Ao Q10 19D,
Do Q1 18 D¢
Dy Oh12 17 05
02 13 16[J04
anpfj14 1503

PIN NA
Ag ~Ags Address inputs
..Do ~D9q Data outputs
CE/CE Chip enable input
Vbp Power supply
GND Ground
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battery operation are required.
The TCH31000P has one chip enable input
CE/CE, programmable for device selection.
The TC531000P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

All Inputs and Outputs: TTL Compatible
Three State Outputs

28 pin 600 mil width DIP Plastic package
Fully Static Operation

Programmable Chip Enable

Vppo GND

(f T Do Dy D2 D3 D4 Ds Dg D7

THTLL

l OUTPUT BUFFERS

b

# COLUMN DECODERS

—

:> 131,072 x 8
MEMORY CELLES

2579179759

ROW DECODERS
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SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage -05~7.0 \'
VIN Input Voltage —-0.5~ Vpp \Y
VouTt Output Voltage 0~ Vpp \
Po Power Dissipation 1.0 W
Tstg Storage Temperature —55 ~ 150 °C
Topr Operating Temperature ~40 ~ 85 °c
TSOLDER Soldering Temperature - Time 260-10 °C . sec
C.C > Ta=—40 ~ 85°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 \'
ViL Input Low Voltage -0.3 — 0.8 \%
e (Ta=—40~ 85°C, Vpp =5V +10%)
SYMBOL PARAMETER CONDITIONS MIN, MAX, UNIT
e Input Leakage Current ViN =0~ Vpp — 1.0 uA
ILo Output Leakage Current CE =V, VouTt =0V ~ Vpp - +5.0 HA
lon Output High Current VoH =24V -1.0 — mA
loL Output Low Current Vor. =0.4V 3.2 — mA
IpDs! Standby Current (CE, Vi)=2.2V, (CE, Vi)=0.8V — 5 mA
Ipbs2 Standby Current (CE}=0.2V, (CE}=Voo—0.2V, Vin=0V~Voo - 20 HA
looor Operating Current VIN = ViH/ViL teyle = 200 ns - 50 mA
Ibpo2 VIN=Vpp—0.2V/0.2V, teycle= 200 ns - 30 mA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
CiN Input Capacitance f=1MHz, Ta = 25°C - 8 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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(Ta = —40 ~ 85°C, Vpp, =5V * 10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tcye Cycle Time 200 - ns
tacc Access Time - 200 ns
tce Chip Enable Access Time from CE/CE - 200 ns
tced Output Disable Time from CE/CE 0 70 ns
toH Output Hold Time 0 - ns

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 : bns
tcye .
Ag ~Aje Valid
tacc =
CE/CE ) CE )
tCE
Oout
MODE CE(CE) Ao ~ 16 Outputs Power
Read L(H) Valid Data out Operating
Output Deselect H(L) * High-Z Standby

H: ViH, LIV, *:Vigor Vv L
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Unit: mm

| 3
R1.6
! s
b N o
w «
h g
lnadile ol ol s Sl e ol ol ol S
1 2 3 4 5 6 7 8 9 1011 121314
15.24 TYP, ,
X .
X 5° 37.4 MAX,
s
[y} T
- 3
s
L -
0.56+0.15 .
Z
2.54 +0.25 1.4+0.16 s 17.4 MAX, |
T o
iy}

Note : Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect
to No.1 and No.28 leads.

—556—



.....................................

—RR7 —



—558—









MEMO




—EAn









