1048,576 WORL x 4 BIT DYNAMIC Ral] * This is edvanced information and specifica-
tions are subject o change without notice.

DESCRIPTION
The TCE14402ATIAJ/ASJI/AZ is the new generaticn dynamic RAM organized 1,048,576 words by 4
bits. The TC514402AP/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.
Muitiplexed address inputs permit the TC514402AP/AJ/ASI/AZ to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP, 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 5VE10% tolerance, direct
interfacing capability with high performace logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 4 bit organization ¢ Single power supply of 5VE10%
¢ TFast access time and cycle time E’lthg ailt-in Vpp generator
e Low Power
TCS14402APIAJIASH AZ - B0 660mW MAX. Operatin‘%
taac RAS Access Time 60ns (TC514402AP/AJ/ASI/AZ —B0)
tan Column Address Access Time 30ns 5.5mW MAX. Standby
———— — e Output unlatched at cycle end aliows
icac €5 Access Time 20ns two-dimensional chip_selection
tae  Cycle Time 110ns ¢ Read-Modify-Write, CS before RAS
tsc  Static Column Mode . refresh, RA -onig refresh, Hidden
Cycle Time 35ns refresh, Static Column Mode and
Test Mode capability
¢ Allinputs and outputs TTL Compatible
PIN_NAMES ® 1024 refresh cycles/16ms
o Package
AD~AS |Address inputs OF Qutput Enable T8514402AP : IS)(IJI?IZZO-P-SOOC
AT TC514402Ad 6-P-350
RA ~ 7
_,_,S Ro.w Address Strobe #O1~1/04 jData inpuvCutput TC514402ASJ : SOJ26-P-300A
€5 [Chip Seiect Vee  |Power{+5V) TC514402AZ : ZIP20-P-400A
WRITE  :Read/Wirite Input Vg Ground BLOCK DIAGRAM
PIN CONNECTION (TOP VIEW) vor vg2 g3 ups
S t
Vee Vss o Jyo 4
Plastic Dip Plastic $O. Plastic ZIP StThns | CaUstens| [0 OF
WRITE 4‘____0 } ﬂ
; GERL ol ND.2 CLOCK
3 o3 L P os 5 O—>| GENERATOR |~ |1
4 vssfs, 2 £ e
£ 16 | 101 COLUM COLUMN
: i A P ADO> BLT:BF o '%o ‘ﬂ[ﬂ DECODER
7 RASP.S Filag A0 SENSE_AMP.
; il 5 el P RA
} o he frove-f
Vee |31 535 a5 G EE7ETN ——
s[iz) HefAd AG O 1 : MEMORY
o :1.3: 8] Ab A7 O] o 8 10'24 ARRAY
9} 533 o
] s seomt [ 3] 8808, g1 roaa xjous

RAS o=l NO.1T, CLOCK SUBSTRATE BIAS
GENERATOR GENERATOR
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TC514402AP/AJ/ASJ/AZ-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Veoltage Vin ~1~7 \ 1
Output Voltage Vour —-1~7 v 1
Power Supply Voltage Vee ~1~7 v 1
Operating Temperature Topr 0~70C *C 1
Storage Temperature Ts16 ~55~150 °C 1
Soldering Temperature - Time TsoLper 26010 °C-sec 1
Power Dissipation Po 706 mw 1
Short Circuit Output Current Sout SC mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage , 45 5.0 5.5 v 2
Vin Input High Voltage 24 - 6.5 v 2
Vie Input Low Voltage -10 - 0.8 v 2
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TC514402AP/AJ/ASJ/AZ-60

DC ELECTRICAL CHARACTERISTICS (Ve =5V £ 10%, Ta=0~70%)

SYMBOL

PARAMETER

MIN. | MAX. | UNITS

[da}

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TS, Address Cycling: tgc=tre MIN.)

TC514402AP/ANASIAZ-60 - 120 mA

lcc2

STANDBY CURRENT
Power Supply Standby Current
(RAS =TS =Vin)

mA

lees

RAS ONLY REFRESH CURRENT
Average Power Supply Current, RAS Only Mode
(R—ATS Cycling, = Vin: tre =tge MINY)

TCS14402AP/ANASIAZ-60 - 120 mA

Icca

STATIC COLUMN MODE CURRENT
Average Power Supply Current, STATIC COLUMN
Mode (RAS =TS =V, Address Cycling: t5¢ =tsc MIN.)

TCS14402AP/AASIAZ-60 - 95 mA

lecs

STANDBY CURRENT
Power Supply Standby Current
{(RAS =05 =Vc-0.2V)

mA

e

¢S BEFORE RAS REFRESH CURRENT
Average Power Supply Current, C5 Before RAS
Mode (RAS, TS Cyding: tac=trc MIN.)

TCS14802AP/AJ/ASIIAZ-60 - 120 mA

@y

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OV = V% 6.5V, All Other Pins Not Under Test:0V)

-10 10

o)

OUTPUT LEAKAGE CURRENT
(Dgurt 1s disabled, OV £ Vg 12 5.5V)

Vou

OUTPUT LEVEL
Quiput "H" Level Voltage(lgyr = - SmA)

2.4 - v

Vou

OUTPUT LEVEL
Qutpui “L" Level Voltage (lgyr =4.2mA)
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TC514402AP/AJ/ASJ/AZ-60

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

TC514402AP/AJASIAZ-60

SYMBOL PARAMETER UNIT | NOTES
MIN. MAX,
tae Random Read or Write Cycle Time 110 - ns
trmw Read-Modify-Write Cycle Time 165 - ns
ts¢ Static Column Mode Cycle Time 35 - ns
—_— étatic §olumn Mode Read-Modify-Write 90 _ ns
ycle Time
tRAC Access Time from RAS - 60 ns 9;’:
teac Access Time from CS - 20 ns | 9,14
taa Access Time from Column Address - 30 ns | 9,15
taw Access Time from Last Write - 55 ns | 9,16
taz CS to output in Low-Z . 0 - ns |9
tore Output Buffer Turn-off Delay 0 20 ns |10
taom Output Data Hold Time from Column . _ ns
Addres
tow Output Data Enable Time from WRITE - 20 ns
tr Transition Time (Rise and Fall) 3 50 ns 8
trp RAS Precharge Time 40 - ns
tras RAS pulse Width 60 10,000 ns
trasc RAS Pulse Width (Static Column Mode) 60 200,000 ns
tR$H CS to RAS Hold Time 20 - ns
tesH RAS 1o T3 Hold Time 60 - ns
1cs CS Pulse width 20 10,000 ns
tese TS Pulse Width (Static Column Mode) 20 200,000 ns
trep FAS to TS Delay Time 20 40 ns | 14
tRAD RAS to Column Address Delay Time 15 30 ns | 15
terp CS ta RAS Precharge Time 5 - ns
tep T8 Precharge Time 10 - ns
. tasn Row Address Set-Up Time 0 - ns
trRAH Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tcaH Column Address Hald Time 15 - ns
Column Address Hold Time referenced
1R to RAS (READ CYCLE) 70 h n
traL Column Address to RAS Lead Time 30 - ns
tan Colinln Address Hold Time referenced 5 _ ins |17
ta RAS Rise {
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TC514402APIALIASIAZ-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
Last Write to Column Address Dela:
tLwab ? ' ¢ i 20 25 ns 16
Time
Last Write to Column Address Hold
TAHLW 55 - ns

Time

Read Command Set-up Time referenced

1, s G - ns

RCS to G5
Read Command Hold Time referenced

TReH = 0 - ns 11
to €S
Read Command Hold Time referenced

tRRH [ 0 - ns | 11
to RAS

Write Command Hold Time
twen . 10 - ns | 13
{Qutput Data Disable)

twp Write Command Pulse Width 10 - ns
twi Write Command Inactive Time 10 - ns
tRwL Write Command to RAS Lead Time 20 - ns
tewt Write Command to €5 Lead Time 20 - ns
tos Data-In Set-Up Time 0 - ns | 12
toM Data-In Hold Time 15 - ns | 12
tres Refresh Pericd - 16 ms

. write Command Set-UP Time 0 ns 13
WS (Output Data Disable)

. TS to WRITE Delay Time . 50 .
- ns
Wb (READ-MODIFY-WRITE CYCLE)

RAS to WRITE Delay Time

t 90 - ns | 13

WD (READ-MODIFY-WRITE Cycle}

tAWD Column Address to WRITE Delay Time 60 - ns |13

Losr €S Set-Up Time(CS before RAS) 5 - ns

tCHR ¢ Hold Time(CS before RAS) 15 - ns

tapc RAS to TS Precharge Time 0 - ns
T8 Precharge Time (€5 before RAS

tept 30 - ns
Counter Test Cycdle)

thon RAS Hold Time referenced to OE 10 - ns

taea OF Access Time - 20 ns

toeD OF 10 Data Delay 20 - ns
Output Buffer turn off Delay Time

1062 — 0 20 ns |10
from OE

taen OF Command Hold Time 20 - ns
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TC514402AP/AlIAS)/AZ-60
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX,
twTs Write Command Set-Up Time 10 . - ns
twrn | Write Command Hold Time 10 - ns
twap WRITE to RAS Precharge Time 10 - ns
twRH WRITE o RAS HMold Time 10 - ns
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TC514402AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE
TEST MODE (Vcc =5V * 10%, Ta=0~70°) (Notes 6, 7, 8)

TCS14402APIAIIASIIAZ-60
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX,

thc Random Read or Write Cycle Time 115 - ns

tsc Static Column Mode Cycle Time 40 - ns

tac Access Time from G5 -~ 65 ns 9; 1:
teac Access Time from €S - 25 ns 9,14
tan Access Time from Column Address - 35 ns 9,15
tras RAS Pulse Width 65 10,000 ns

tRASE RAS Pulse Width{Static Column Mode) 65 200,000 ns

tRSH RAS Hold Time 25 - ns

1esH S Hold Time 65 - ns

tcs TS Pulse Width 25 10,000 ns

tose CS Pulse Width (Static Column Mode) 25 200,000 ns

trat Column Address to RAS Lead Time 35 - ns

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

SYMBQOL PARAMETER MIN, MAX. UNIT
Ch Input Capacitance (AQ0~A3) - S pF
Ciz input Capacitance (RAS, 5, WRITE, OE} - 7 pF
Co Input/Output Capacitance (/O1~1/04) - 7 pF
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TC514402AP/AJ/ASJ/AZ-60

NOTES:

1L

S

10.

11.
12,

13.

14,

15.

16.

17.

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, Iccs depend on cycle rate.

Icc1, Iccs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less while RAS= V.

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 S
before RAS refresh cycles instead of 8 RAS refresh cycles are required.

AC measurements assume tT7=>5ns.
ViH (min.) and Vyp (max.) are reference levels for measuring timing of input signals.
Measured with a load equivalent to 2 TTL loads and 100pF.

torF (max.) and togz (nax.) define the time at which the output achieves the open circuit condition
and are 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-Modify-Write cycles.

twes, tRwD, tcwD and tAwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcsZtwes (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.), tcwpZtcwp (min.) and tawp=tawp (min.) the cycle is a 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.

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

Operation within the tRap (max.) limit insures that tpac (max.)can be met.
tRAD (max.) is specified as a reference point only: If trap is greater than the specified trap (max.)
limit, then access time is controlled by taa.

Operation within the tLwap (max.) limit insures that taopw (max.) can 'be met.
tLwAD (max.) is specified as a reference point only: If trap is greater than the specified tiwap
(raax.)limit, then access time is controlled by taa.

taH is the condition to latch column address ewhen RAS has rised up.
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W TN — N
e ZEB = O won 1 | MG
TR || | gm0

= ==
wor-vou Yor — — obN N osmoour b

: "H" or "L"

WRITE CYCLE (EARLY WRITE)

SR - s S
S Ry
o 2 T o Yo
e = T — 7
- R
wor-vos T { o open

: “H" or "L"
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TC514402AP/AJ/ASJ/AZ-60

WRITE CYCLE (OE CONTROLLED WRITE)

s ‘:EL\' Im =
e o E=mn
e ==

M

<

<
¥

% e D e, w ‘W/////// .

¥O1~1/04 x:’: ::————W////}E: DATA-IN W ///4/////// ///}
: "M oor tL”
o S A

s _]Tm mr \ t -/

tra | dcais|
AO:-AQ x::‘ :%* ROW j@ : COLUMN _ %;///_/j{// //
e W — ey g:::m;}% T
R T e |

sor-i0s 1o - — D:;a#-—%% H{a{/////////// .
7w or 1
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TC514402AP/AJ/ASJ/AZ-60

STATIC COLUMN MODE READ CYCLE

tap [
RAS ::: : - trasc ,Z \_
Lasr tRAM ) tsc . tsC |« traL - tan
AO~AD z'” :%b ROW @t coL X~ coL2 Xj COLN
St 4——-—tnAo-‘*-—‘;i tag Jep | B tacy - e,
e Mg — tese 1/ t L
S Vip — l*& tn_c_i_l‘_ tgﬁf}:ﬂ lar
we 00 7| ]
= W
oEA OFF toea o€z
s _tCA;_) . <OEZ 2 .
trac ‘tAm: - e,
1701~1/04 :Z': _ J%LDOWH - ;_' v,/ B DourN E_.__
Tz Tz
Dout2

% :"H" or “L”
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE

RAS

AQ~A9

[

WRITE

OF

1Q1~1104

<

< <

£ £ £ £ <=

trp
—_— taasc zk__l,i
o tasr tran ;_t‘c.q_uv_ tcan » thal
:” :%} ROW % coL.1 %} coL.2 % COL.N )%/////////////%
fe——tRAD——> ASC -~ tas¢ cp s e ’{
: \ losc | tesc |2 S Z
< t
- i I i

..

:-—tos—»l l

tps

OH

=

2

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

<

T ¥ 2 £ £ <
= - I ~ T T ~

o X

. —
tasn| | | trau tean |ch: . traL .

:% ROW [% c%mcou :@ﬁ@com t“S)HW‘_/J_{//L/—-I/// ///
. ) RE:CD N e t‘%///{: tcscti /{;— __ jz
e e

. :7////////////////////1«/{///////%{////////////////////////// .
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TC514402AP/AJ/ASJ/AZ-60

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

trp
i v _ R t
RAS Vm y RASC 'Z li
* tASRkk < than
v —
AO~AY V:'L* _%__Row @Z COL.1 [@Z COLN ///////%
[RAD tspmw  tean —>p—{=— tRAL Lerp|
LV TH — \ 2‘/-———‘
G VIH " \_ tiwan tRwi
[ — RCD T P ALk §
CWD - t t
y owo L AWD CcwL
i W l B Wi I
WRITE RWD -
Vi — '&J &‘
- OEH —>|
o« 7 N/
OE
Vi -—// / /1050 toep
oea taLw tors
1 o e
taa A - fos lO;A
t -
thac ._,Hf.).E_Z tDH_ toeal
VioH — P =
oo 1 o= 0 G
SN S

% : "HY oor "L”
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

RAS

[

AQ~A3

WRITE

110 1~1/04

Viu
Vie

Viu
Vi

Vin
Vi

Vi
Vie

= V;H

Vi

VioH

oL

— % /"
o tese | S|

//_ ROW ﬁ% ﬁ% coL.2 % tM:,Z:L.N W

g . - teac taa - Ntee /T

= 17

—— O YO o X VT

A-434



TC514402AP/AJ/ASJ/AZ-60

RAS ONLY REFRESH CYCLE

tRC N
lap -
o Vi ) taas y o 7
RAS
V'L — I b,
tcre ERPC_
Vg — ¥
“y __/
LT
traH

Note: WIITE, Oif="H" or “L"

N

: "H* or "L"

A-435



TC514402AP/AJ/ASJ/AZ-60

CS BEFORE RAS REFRESH CYCLE

RAS

_ trp
Vi
Vi _._/

- 11T
trp
-
tras }
' \
s \—_
1rPC
tcp tcsn
v tcur
H — - g
a3 .
ViL — A

Y.
_e aass.
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HIDDEN REFRESH CYCLE (READ)

‘t&; -
- tra | tgp > . B
RAS
w TN \ TN
RAS /
Vi B A x .
t tcHR t
ljﬁ «tBCD | RSH - ] atCRE
= v/ N\
VIL —— -
traD
tasg tasc t‘C_ﬁl
Vin I ur
AQ~AY ROW COLUMN{)
ViL A x f
tRAH
T e b RRCS
w
WRITE
Vi /

g\

AC
g toez
H
1701 Von — v d )
~uoa |, DATA - OUT }——-
oL — N £
trac L
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HIDDEN REEFRESH CYCLE (WRITE

tac

| O
P avales NI =

ot e G
o N
o ... . . .

ot TN e M

% ¢ "HY or "L"

A-438



TC514402AP/AJ/ASJ/AZ-60

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

1
Vi — tras
Fas 2 \k
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t
tesg tewr [Pal - H
Vig — - L tcs
[&3 Vi — \ - /
i
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- 1
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t
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twrH
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gE

»
o
t
»
[y
< <
sz
{§
Ll
“ g -
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o
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o
>
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o
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t
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]
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WRITE, CS BEFORE RAS REFRESH CYCLE

N,

Ldee | lese
{ tonr
[ pm——|
L Ry

"
Yy

5

.
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TC514402AP/AJ/ASJ/AZ—70, TC514402AP/AJ/ASJ/AZ—80
TC514402AP/AJ/ASJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin =17 \Y 1
Ouiput Voltage Vour -1~7 v 1
Power Supply Voltage Veo -1~7 v {
Operating Temperature Torr 0~70 *C 1
Storage Temperature Ts16 -55~150 *'C 1
Soldering Temperature - Time TsoLDER 260-10 *'C-sec 1
Power Dissip-ation . Po 700 mw 1
Short Circuit Output Current lout 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS {Ta =0~70%)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 55 v 2
Vim Input High Voltage 2.4 - 6.5 v 2
Vi, Input Low Voltage -1.0 - 0.8 v 2




TC514402AP/AJ/ASJ/AZ-60

BLOCK DIAGRAM IN THE TEST MODE

Aoc Vee
N ——0 Normal
C A ,0—‘
—0—0—] } [ o———0
Normal T 512K block  I— +— Test
1101 — A 101
Test o< 8
512K block [ 3 ]D—__—o“‘St
3 ) “o—|
——— 0 e Normal
—
Aoc
Apc Vee
N —0 Normal
QC C ,/)—'i
. e e O] i DD———O
Normél 512K black v [ — +— Test
W02 O~ — ¢ voz
Test oc D
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0 iNormaI
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