4,194,304 WORD x 1 BIT DYNAMIC RAM *  This is advanced information and specifica-
tions are subject to change without notice,

DESCRIPTION

The TC514100AP/AJ/ASI/AZ is the new generation dynamic RAM organized 4,194,304 wards by 1
bit. The TC514100AP/AJ/ASI/AZ 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 TC514700AP/AJ/ASI/AZ to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ (300/350mily and 20 pin plastic ZIP. The package size provides high
systam  bit densities and is compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of 5V110% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

e 4,194,304 word by 1bit organization ¢ Low Power

# TFast access time and cycle time 660mW MAX. Operating

TC514100AP/AJASIIAZ - 60 (TC514100AP/AJ/ASI/AZ —60)

taac RAS Access Time 60ns 5.6mW MAX. Standby

o Column Address . O.utput,ts unlatc'hed at chcle end allows two-
Access Time 30ns dimensional chip selection

tonc CAS Access Time 20ms ¢ Common /O capability using “EARLY

- WRITE" operation
tae Cycle T 110
S —F oot Fage Mods o e Read-Madify-Write, OAS before RAS refresh,
Cycle Time 45ns RAS:only refresh, Hidden refresh, Fast Page

* Single power supply of 5V % 10% Mudg and Test Mode carpabilit.y .
with a built-in V33 generator ® All inputs and outputs TTL compatible

@ 1024 refresh cycles/16ms
8 Package TC514100AP : DIP18-P-300E
PIN _NAMES TC514100AJ : S0OJ26-P-350
I\O~A10I Address Inputs WRITE | Read/Write Input TC514100ASJ : SOJ26-P-300A
HAS jRow Address Strobe Ve |Power (+5V) TC514100AZ . ZIP20-P-400A
Dy iData In Wes' |Ground
Doyt (Data Qut NC. |No Connection
CAS |Column Address Strobe
FIN CONNECTION {TOP VIEW) BLOCK DIAGRAM

BUFFER

NO.2 CLOCK

WHRITE
Plastic DIP Plastic 50) Plastic ZIP O—__LjD .
TATS 0— I DATA IN <0 Dy
o F=

| column
a0 o= I} ADDRESS

GENERATOR  |=— {_’ SATA OuT o Dour
BUFFER

il > COLUMN
Al O BUFFERS {11) J eomem1%)|  DECODER
A2 O REFRESH SENSE AMP.
A3 O+ CONTROLLER |+ IO GATING
A4 O e-40g6 -~
A5 O REFRESH
1
46 O COUNTER {1D) -
o l 3 al ! MEMORY
A8 O~ Q| 1024 ARRAY
A9 O ROW CR
ADDRESS @l
A0 o’:ﬂb BUFFERS {11)
!
5 NO.1 CLOCK SUBSTRATE BIAS
RAS GENERATCR GENERATOR
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TC514100AP/AJ/ASJ/AZ-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage ViN =1~7 v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Tors 0~70 °C 1
Storage Temperature Ts16 - 55~150 °C 1
Soldering Temperature - Time TsOLDER 26010 °C-sec 1
Power Dissipation Pp 700 mw 1
Short Circuit Qutput Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Ve Supply Voitage 45 5.9 5.5 v 2
Viy Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 & 0.8 A 2
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TC514100AP/AJ/ASJ/AZ-60

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

SYMBOL PARAMETER MIN. MAX. UNITS | NOTES
| OPERAT":G CUR:E”T o . TC514100AP/AY/ . 3,4
[da] Average Power Supply Operating Current - i mA

{(RAS, TAS, Address Cycling: tpe =tpc MIN. ) ASUIAZ-60 5

STANDBY CURRENT
Iccz Power Supply Standby Cusrent - 2 mA
{(RAS=CAS=V)

RAS ONLY REFRESH CURRENT o TC514100AP/AY
Ices Average Power Supply Current, RAS Only Mode - 120 mA 3,5

— ASNAZ-60
(RAS Cycling, CAS=V ! tgc=tac MIN. )
N
: :AST PAc;E MO[ZE CLIJRF::E T ast Page Mod TC514100AP/AL/ 6 A 3.4
verage rPower su urrent, Fast Page ode - m
cca g pply g ASUAZ-60 p

(RAS = v, CAS, Address Cycling: tec=tpc MIN, )

STANDBY CURRENT
ices Power Supply Standby Current = 1 mA
(RAS =CAS = Ve -0.2V)

CAS BEFORE RAS REFRESH CURR_EEF @ T\
Iccs Average Power Supply Current, CAS Before RAS W - 120 mA 3,5
Mode (RAS, TAS Cycling: tpe=tpc MIN. } il

INPUT LEAKAGE CURRENT{any input except TF)
hw Input Leakage Current, any input -10 10 BA
(OV S V= 6.5V, All Other Pins Not Under Test=0V)

: GUTPUT LEAKAGE CURRENT N N
O | (Dour is disabled, OV Va1 S 5.5V) g

QUTPUT LEVEL
Vou o 2.4 - v
OQutput "H" Level Voltage (lpyr= - SmA)

QUTPUT LEVEL
VoL - 0.4 v
Output “L" Leve! Voltage (lpyr=4.2mA}
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TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc =5V £ 10%, Ta=0~70%)(Notes 6, 7, 8)

TC514100AP/AJIASIIAZ-6D
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX.
tre Random Read or Write Cycle Time 1o - ns
TR Read-Modify-Write Cycle Time 135 - ns
tec Fast Page Mode Cycle Time 45 - ns
terRMW Fast Page Mode Read-Modify-Write Cycle Time 70 - ns
tRac Access Time from RAS - 60 ns ?'514
teac Access Time from CAS - 20 ns | 9,14
taa Access Time from Column Address - 30 ns | 9,15
tepa Access Time from CAS Precharge - 40 ns |9
telz CAS to Output in Low-Z 0 - ns |9
Lorr Qutput Buffer Turn-off Delay 0 20 ns | 10
L Transition Time (Rise and Fall) 3 50 ns |8
tap RAS Precharge Time 40 - ns
trAS RAS Puise Width 60 10,000 ns
taacp RAS Pulse Width (Fast Page Mode) 60 200,000 ns
Tiany RAS Hold Time 20 - ns
Gaicp RAS Hold Time From CAS Precharge (Fast Page-Mode) 40 - ns
osh CAS Hold Time 60 - ns
teas CAS Pulse Width 20 10,000 ns
ReD RAY 1o CAS Dalay Time 20 40 ns | 14
1RAD RAS o Column Address Delay Time 15 30 ns | 15
LeRe CAS to RAS Precharge Time 5 - ns
[ CAS Precharge Time 10 - ns
v| lasu Row Address Set-tip Time 0 - ns
tRAN Row Address Hold Time 10 - ns
tase Column Address Set-Up Time 0 - ns
LA Columin Address Hold Time 15 - ns
LAl Column Address to RAS Lead Time 30 - ns
. tres Read Command Set-Up Time 0 - ns
tren Read Command Hold Time 0 - ns | 11
Lkitts Read Command Hold Time referenced to RAS 0 - ns | 11
Ywi b Write Command Hold Time 10 - ns

A-52



TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514100AP/AJIASIAZ-60

SYMBOL PARAMETER UNITS} NOTES
MIN. MAX.

twe Write Command Pulse Width 10 - ns
tawl Write Command to RAS Lead Time 20 - ns
tow Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time o - ns 12
ton Data Hold Time 15 - ns 12
trer Refresh Period - 16 ms
twes Write Command Set-UP Time 0 - ns | 13
tewo TAS to WRITE Delay Time 20 - ns |13
tawDd RAS 1o WRITE Delay Time 60 - ns | 13
tawo, Column Address to WRITE Delay Time 30 - ns | 13
tcpwor TAS Precharge to WRITE Delay Time 40 - ns |13
tes CAS Set-Up Time s _ e

(CAS before RAS Cycle)
tonn CAS Hold Time b _ ns

(CAS before RAS Cycle)
trrc RAS to TAS Precharge Time 0 - ns
ot E?ze;’recharge Time (CAS before RAS Counter Test 30 _ ns

Write Command Set-Up Time
twrs 10 -
{Test Mode [n}

Write Command Hold Time

t 10 -
WTH (qut Mode In)

. WRITE to RAS Precharge Time W0
WhP (TAS before RAS Cycle)

WRITE to RAS Hold Time

t 10 -
¥ WRH {CAS before RAS Cycle)




TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE

(Vce =5V +10%, Ta = 0~70°C) (Notes 6, 7, 8)

TC514100AP/AASIAZ-6D
SYMBOL PARAMETER UNIT| NOTES
MiN. MAX.
e Random Read or Write Cycle Time 15 - ] ns
tpc Fast Page Mode Cyclie Time 50 - ns
tRAC Access Time from RAS - 65 ns ?'SM
tcar Access Time from CAS - 25 ns | 9,14
tan Access Time from Column Address - 35 ns | 9,15
tepa Access Time from TAS Precharge - 45 . ns |8
tras RAS Pulse Width 65 10,000 ns
trasp RAS Pulse Width (Fast Page Mode) 65 200,000 ns
LR RAS Hold Time 25 - ns
truca RAS Hold Time From TAZ Precharge (Fast Page Mode) 45 k ns
oo CAS Hcld Time 65 - ns
tcas CAS Pulse Width 25 10,000 ns
tRAL Column Address to RAS Lead Time 3s - ns
CAPACITANCE (Ve =5V 10%, f = 1lViHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Ch Input Capacitance (A0~A10, D) -
C;; Input Capacitance (RAS, CTAS, WRITE) - pF
Co Output Capacitance {Doyt) - 7
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TC514100AP/AJ/ASJ/AZ-60

NOTES:

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

All voltages are referenced to Vss.

Icci, Iecs, Iccs, Icce depend on cycle rate.

Icc1, Icca depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RKAS=V|, and CAS=Viy.

I

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

7. AC measurements assume tp=b5ns.

8. Vin (min) and Vi, (mex.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Vi and VL.

9. Measured with a load equivalent to 2 TTL loads and 100pk,

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

11. Either trci or trpy must be satisfied for & read cycle.

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading
edge in Rend-Modify-Write cycles.

13. twes, tRwD, tcwn, tawp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twgs=twes (minl), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tpwD= tywD (nin.), towp= towp (min.), tAwn= tawp (min.) and tcpwp= tcpwp (min.) (Fast Page
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the
selected cell: Il neither of the above sets of conditions is satisfied, the condition of the data out(at
access lime)is indeterminate.

14. Operation within the tpep (max.) limit insures that tgac (max.) can be met.
trep (max.) is specified as a reference point only: 1If trcn is greater than the specified tpcp (max.)
.limit, then access time is controtled by tcac.

15. Operation within the tgap (max.) limit insures that tpac (max.) can be met.

trap (max.) is specified as a reference point only: If trap is greater than the specified tpap (max.)
limit, then access time is controlled by taa.
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TC514100AP/AJ/ASJ/AZ-60

TIMING WAVEFORMS
READ CYCLE

tre
e—nn PR
tras
o Vi ® 1 W4
N / \
V“. - K
csu
terey o | lacp tRsk _ | ae |
Viy — 2
CAS /
Vi —

tasp

AO~A10 ::r _%4

—tRCH
o J tRCS trRH .
e Vi 7
WRITE Z Leac
Vi T tan
o toy {
3 thaC lore
Von™™ r h
Dout OPEN {%{ DATA - QUT /L
VOL — -

: "H* or “L"
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TC514100AP/AJ/ASJ/AZ-60

WRITE CYCLE (EARLY WRITE)

mr T N P
A B N i A
o - '4///// g

: “H" or "L"
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TC514100AP/AJ/ASJ/AZ-60

READ-MODIFY.-WRITE CYCLE

traw
tras
Vi — X[ "
RAS A\ \_
ViL —— A 7
tRrsH

<ICRE

o o

. cas -
t tcam i
tap s /
Icsh =
e

tttttt

o

—
s T NG o T

—_ @

tawp |

gw 2 Sy

teac

tan torF

= -
Vor=———
Dour OPEN @q DATA - OUT
oL
taac .
T t L

e

: “H* or "L*
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TC514100AP/AJ/ASJ/AZ-60

FAST PAGE MODE READ CYCLE
tap _
- trase ;
Vi —— - ™ _ 1 4 \_
VIL —— \-t :i/
tosw tee trsH
tcre D YRco . tep . = ruce
il 7| cas - o CAS h t
m V|H — B3 \ ' o \\~ /-F \AAL
Vi —"_/ \h._l/ X \
traL
tasy, taag,  tasq Jean | | lasg { tcaH LE& L teaw >
AQ~ L. COoL.2 COLN //
0-at0 ROW @g co }@g‘ ( b .
traD B trRH
tacs trew], L fRos|  teay | Rgos thei
Vin //////
v t t //
i CAC Leac caC
pULY R ALY AL Y -
|« Rag - teea . teen -
Vou— 3
Dour v @{ Oour ! 1%{ Dour 2 Dour N
o oz T - LT taz lore | [ 1z lors,

: "H" or "L"
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TC514100AP/AJ/ASJ/AZ-60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

|

=
>
o,

AD~A10

Dourt

tap
trasp e
Vi — ’\# = )
vig — X 2 \_
tec trsn
i¢rp treo 1cp tp b
=~ = > teas ) > tcas teas
oV +r \-(-—b -\q—-> —\<——>- e
Vi ——_/ \:__7' \ \
tRat
[
task, 1 |tnay  fasc < |Lean  tasc |« |'cau tasq feaw
Vin —7 y d 3 3
ROW COL.1 COL.2 COL.N
Vie | X
trap
“ > twes || twew twes twen
twes t Tt - twe
Vin ///// S ; WCH WP WEh
Vie %
tos toH tps toH tpg Ton
I - -~ t -t e e P == - -
Vin — -
Din 1 D 2 Din N
Vi T -
Vor—
QOPEN
Vo —

: "H" or "L*
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TC514100AP/AJ/ASJ/AZ-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp

trasp _‘ |
Vi — x| >~
Vi — -~ 2
¢ tsH . e PRV - . ABSH
crP tRep P cp
< tcas > toas teas
o N NN
A
Vin —_/ \.::..._1 —f T
RAL
tasr tan,  tasc | [tean | ftasc toam lasc| |tead
Vin r Ed 7
AO~A1D ROW }@g coL.1 y coL.2 K| coLn .
Vi N A e B4 _
trap tcwp, tewo, , flow
DT Y R LT B .Y R - tepwpl | | Rw
tow
Vig * T 3
o = T TN T
Vi tawo| . 7
Tos 1| [lwe tawp ton tawp) wp
tonl  1tps 1T tos " fon
Viu —72 2, 7 L 7 B ) Hm
Din ///////%//// Dy 1 /// D 2 % Dn N
VlL //j Z A / 4‘
teiz loz taz
T lteag a]teas, lag,
Vou—— e - \ > H N £
Dout v J‘% Dout 1 H% Dour 2 H% Dour N
So— - L - —; -
o tan' ] tan tan LOFE
thac T Ttcea ' tepa
ﬁ “Yorr Jorr

: "H" or “L"
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TC514100AP/AJ/ASJ/AZ-60

RAS ONLY REFRESH CYCLE

mr TN /N
: 7
Y

AAAAA

% :"H” or "L
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TC514100AP/AJ/ASJ/AZ-60

TAS BEFORE RAS REFRESH CYCLE

tre
tap
tras -
Vi —
RAS \
ViL — ™ o
trec
lesr

Sy o W _
wee, | | twe | ’/////////////////////////////////////////////

% : "H" or "L"
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TC514100AP/AJ/ASJ/AZ-60

HIDDEN REFRESH CYCLE (READ)

\Y
3
R

.

N
T N
. —
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TC514100AP/AJ/ASJ/AZ-60

HIDDEN REFRESH CYCLE (WRITE

B / — Y

DA s
e :m? ‘—L//// : W/
B s

% D "H" or "L”
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TC514100AP/AJ/ASJ/AZ-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

«BP_,
tras .-
Vin — | tash /
R&S N ' -
> Vy — 7
teer
tesh t;HR teas
Vig — ; +
Vip — T

e ooom
[ Dour :::: OPEN ) lmf@—{; DATA - OUT : :}“

- |
e AT T R

2NE]
E3
= =

o B R

e 2 aan

—lgac
READ-MODIFY-WRITE CYCLE oz torE
( Vou — . -
Dout OPEN DATA- QUT ?_
VoL — Fe
tan towl I

twae |k N > - >
ri,, Wﬂﬁ lawp - TRyL

il 1
RCS ' owo |
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TC514100AP/AJ/ASJ/AZ-60

WRITE, CAS BEFORE RAS REFRESH CYCLE

tre

tRp

s :__/T N y N
S W | -
— .

Note: Dy, AO0~A10= "H" or "L"

: "H" or "L"
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TC514100AP/AJ/ASJ/AZ-60

TEST MODE

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words by 1 bits, it is internally
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and
retrieved the same way. Ajor, Ajoc and Age are not used. If, upon reading, all bits equal (all “1"s or
“0™s), the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate
a“0”. Fig.1 shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be
tested as if it were a 512K DRAM.,

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode,
“WRITE, CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh
address counter. The “Test Mode" function reduces test times (1/8 in case of N test pattern).
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TC514100AP/AJ/ASJ/AZ-60

BLOCK DIAGRAM IN THE TEST MODE

Ajor, Aroc, Ao

@ Normal

L

0 Test

>

Aqon Aipce
Lo 00251549k block

@ >

Aygns Arpee Boe
J Lo oe 5% {12k block &

=~}

2l

Asan: Aspe.
| oce Pac

512K block

Ajgn Aroe Poe
o309 12K block

Test —Dour

Din [

Qi @ Nl

Normal Avan Ao
oo 39 {512k block

[ mi} |m

Agar Arpc Pec
) o

512K block

!

Y-yl
jrronigre g | <12k block

Boom Aoocrdige
[Boon 20089 {512k block

Ator: Aroc, Aoc

=\

= = aif o

Fig. 1
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