1,048,576 WORD >4 BIT DyYuAMIC RAM

PRELIMINARY

DESCRIPTICN

The TC514400AP/AJ/ASI/AZ is the new generation dynamic RAM crganized 1,048,576 words by 4
bits. The TC314400AP/AJ/ASIFAZ 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 TC514400AP/AJ/ASJ/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 5VX10% tolerance, direct

interfacing capability with high performance logic fari

lies such as Schottky TTL.

FEATURES
¢ 1,048,576 word by 4 bit organization » Low Power .
s Fast access time and cycle time 550mW MAX. Operating
e RTINSV {(TC514400AP/AJ/ASI/AZ -70)
700 - 807 - 10 468mW MAX. Operating
(TC514400AP/AJ/ASI/AZ —80)
taac RAS Access Time 70ns 80ns 100ns 413mW MAX. Operating
taa  Column Address (TC514400AP/AJ/ASI/AZ ~10)
Access Time s | f0ms S0 5.5mW MAX. Standby
teag  CAS Access Time 20ns 20ns 25ns | @ Qutputs unlatched at cycle end allows two-
t Cycle Time 130ns 150ns 180ns dimensional chip selection
z:z Fast Page Mode ¢ Read-Modify-Write, CAS before RAS refresh,
Cycle Time a3ns 50ns 60ns RAS-only refresh, Hidden refresh, Fast Page

® Single power supply of 5V110%

Mode and Test Mode capability
All inputs and outputs TTL compatible

with a built-in Vyg generator ® 1024 refresh cycles/16ms
e Package  TC514400AP : DIP20-P.-300C
PIN NAMES TC514400AJ : SQJ26-P-350
TC514400A8J : SOJ26-P-300A
AD~AY| Address Inputs [+]4 Qutput Enable TC514400AZ : ZIP20-P-400A
RAS |Row Address Strobe 101 ~1/0410ata Input/Output
TAY |Column Address Strobe | Vec  tPower ((+5V) BLOCK DIAGRAM
WRITE | Read/Write Input Vs Ground - .
) Vo1 w02 U0l U4
PIN CONNECTION (TOP VIEW) ?
Vee Vs 4 "
Plastic CIP Plasti¢ $0J Plastic 2P T T 33:?5:: D:J:F?éﬂ' <O OF
N oef WAITE T[] <
: o33
: Vsl o NO.2 GLOCK [y
p 5 GENERATOR
; Vo2 T
7 RAS S COLUMN COLUMN
M A AOO+ ADDRESS Ty oecooer
3 A2l3 Al O |_surzens o) J Py .
) Vee A2 0+ REFRESH YO GATE
A3 O CONTROLLER |
AS| A4 O : - 1024 -4
ar AS O+ REFRESH x4
aso~ || COUNTER (10) ”
AT O+ w MEMORY
“”L@ Agg::“ T §§ wo24|  ARmAY
AY O BUFFERS (10) = = ia| 1024 x 10244
e E =,

A-355

SUBSTRATE BIAS
GENERATOR


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TC514400AP/AJ/ASJ/AZ-T70, TC514400AP/AJ/ASJ/AZ—80

TC514400AP/AJ/ASJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin - 1~7 v 1
Qutput Voltage Vout “1=~7 v 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tsvg - 55~150 *C 1
Soldering Temperature - Time TsOLDER 26010 *Csec 1
Power Dissipation Pa 700 mw 1
Short Circuit Output Current lour 50 mA i
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70%)
SYMBOL PARAMETER MIN. TYP. MAX, UNIT NOTES

Vee Supply Voltage 45 5.0 5.5 v 2

Vi Input High Voltage 24 - 6.5 v 2

Vi Input Low Voltage ~-1.0 - 0.8 v 2
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DC ELECTRICAL CHARACTERISTICS (Vcc=5V£10%, Ta=0~70%)

SYMBOL PARAMETER MIN, MAX. | UNITS | NOTES

OPERATING CURRENT TCS 14R00AP/ANASIAZ-T0 - 100 34

leer Average Power Supply Qperating Current TC514A00AP/AVASHAZ B0 - 85 mA
(RAS, TAS, Address Cycling: tac = tae MIN) TCS14a00aPAVASIAZ 10 | - 75 5
STANDBY CURRENT

lecz Power Supply Standby Current - 2 mA
(RAS=TAS = Vin}
RAT ONLY REFRESH CURRENT TCS14400APIANASIAZT0 | 100 -

leca Average Power Supply Current, KAS Only Mode | Tc518400apmuasiiaz-so - 85 mA 35
{RAS Cydling, CAS =V)y: tac = tac MIN.) TCS14800APIAVASIAZ10 | = 75
FAST PAGE MODE CURRENT TCS14400APANASIAZ IO | = 70 3 4
Average Power Supply Current, Fast Page Mode | TC518400APIANASIIAZ-80 - 60 mA

leces | (AT 2 vy, TAS, Address Cycling: tocm tpe MIN. | 1estasconmaumsiazto | - 55 5
STANDBY CURRENT

Ices Power Supply Standby Current - 1 mA
(RAS = TAT = Ve - 0.2V)
CAY BEFORE RAS REFRESH CURRENT TCS14400APIAVASIAZTO | ~ 100

lcce | Average Power Supply Current, TAS Before RAS | Tcstasooarianasiaz-0 | - 85 mA 3,5
Mode (RAS, TAS Cycling: tre =tac MIN.) TCS14200APIAVASIAZAD | = 75
INPUT LEAKAGE CURRENT

@y lnput Leakage Current, any input =10 10 pA

{0V S ViyS 6.5V, Alt Dther Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

I -10 | 10
O | (Doyr is disabled, OVS VoyrS 5.5V) pA

OUTPUT LEVEL

v 2.4 - v
OH Output “H" Level Voltage (loyr = ~ 5mA)

QUTPUT LEVEL

V - 0.4 v
o Output “L" Level Voltage {lgyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

{Vec =5V  10%, Ta=0~70%) (Notes 6, 7, 8)

TC514400AP/ . TC514400AP/ TC514400AP/
SYMEOL PARAMETER AJASYAZ-70 | "AJNASVAZ-80 AVASYAZA0 | i L oTes
MIN. MAX. MIN. MAX, MIN. MAX.
tre Random Read or Write Cycle Time 130 - 150 -7 180 - ns
tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns
tec Fast Page Mode Cycle Time 45 - 50 - 60 - ns
toRaw E;S(LP;?;eMode Read-Modify-Write 100 _ 105 _ 125 - ns
thac Access Time from FAS - 70| - 80| - 100} ns 9;‘54
tcac Access Time from CTAS - 20| - 20 - 25| ns 9,14
taa Access Time from Column Address - 35 - 40 - 50 ns 9,15
tepa Access Time from TAS Precharger - 40 - 45 - 55| ns 9
tez TAT to output in Low-2 0 - 0 - 0 - ns 9
torr Qutput Buffer Turn-off Delay 0 20 0 20 i} 20| ns 10
tr Transition Time {(Rise and Fall) 3 S0 3 50 3 50 ns 8
tap RAS Precharge Time 50 - 60 - 70 - ns
tras RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns
trasp RAT Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 | ns
RsH RAT Hold Time 20 - 20 - 15 - ns
- Eftl-'l’:l:eT;’rlr;; eF)rom CAS Precharge 40 _ 45 _ 55 _ ns
1esH TAS Hold Time 70 - 80 - 100 - ns
tcas CAT Pulse Width 20 10,000 20 10,000 25 10,000 | ns
1rep RAY to TAS Delay Time 20 50 20 60 5 75| ns 14
trap RAS to Column Address Delay Time 15 35 15 40 20 S0| ns 15
terp TAS to RAS Precharge Time 5 - 5 - 10 - ns
tcp TAS Precharge Time 10 - 10 - 10 - ns
. task Row Address Set-Up Time 0 - 0 - 0 - ns
tRaH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - o - ] - ng
tcan Column Address Hold Time 15 - 15 - 20 - ns
tRaL Column Address to KAS Lead Time k1 - 40 - 50 - ns
tacs Read Command Set-Up Time 0 - 0 - [} -] ns
then Read Command Hald Time o] - 0 - 0 -| ms 1

A-358



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TC514400AP/AJ/ASJ/AZ—70, TC514400AP/AJ/ASJI/AZ—80
TC514400AP/AJ/ASJ/AZ—10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514400AP/ . TC514400AP/ TCS514400AP/
SYMBOL PARAMETER AJASIAZ-TO AJIAS)/AZ-80 ANASIAZ-10 UNITS| NOTES
MIN, MAX, MIN. MAX, MIN. MAX.

tra ::a:_xgommand Hold Time referenced o - 0 _o 0 - s 1
tweH Write Command Hold Time 15 - 15 - 20 - ns
twe Write Command Pulse Width 15 - 15 - 20 - ns
trwt Write Command to KAS Lead Time 20 - 20 - 25 - ns
towt Write Command to TAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - 0 - ns 12
tpH Data Hold Time 15 - 15 - 20 - ns 12
trer Refresh Period - 16 - 16 - 16| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns 13
tewo TAS 10 WRITE Delay Time 50 - 50 - 60 - n$ 13
tawp RAS to WRITE Delay Time 100 - 110 - 135 - ns 13
tawo Column Address 1o WRITE Delay Time 65 - 70 - 85 - ns 13
topwn TAS Precharge to WRITE Delay Time "0 - 75 - 90 - ns 13
‘s TAS Set-Up Time s - s _ s - ns

(CAS before RAS Cycle)
tewr CAS Hold Time 15 - 15 - 20 - ns

(CTAS before RAS Cycle)
tapre RAS to TAS Precharge Time 0 - ] - 0 - ns
o |Gt ® Tl [ - [
troM TAS Hold Time referenced to O 10 - 10 - 20 - ns
toEA OE Access Time - 20| - 20 - 25| ns
toep OEF to Data Delay 20 - 20 - 25 - ns
toez Output buffer turn off Delay Time 0 2 0 20 0 20! s -

from OF
ok Ot Command Hold Time 20 - 20 - ‘ 25 - ns
twrs Write Commamd Set-Up Time 10 - 10 _ 1 _ ns

. | (Test Mode In)

twrn Write Commamd Hold Time 10 - 10 _ 10 - ns

{Test Mode In)
twae WRITE 10 RAS Precharge Time 10 . 10 _ 0 _ ns

(TAT before RAS Cycle)
_— WRITE to RAS Hold Time 10 . 10 _ 0 _ s

(TAS before RAS Cycle)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC QPERATING CONDITIONS IN THE

TEST MODE
TC514400AP/ «TC514400AP/ TC514400AP/
SYMBOL PARAMETER AJIASIIAZ-70 AJ/ASHAZ-80 AUASHAZ10 [ e
MIN. MAX, MIN. MAX, MiIN, MAX.
tre Random Read or Write Cycle Time 135 - 158 - 185 - ns
TrMw Read-Modify-Write Cycle Time 190 - 210 - 250 - ns
tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns
_— :::itt:aTgi; :/Iode Cycle Read-Modify- 105 _ 10 _ 130 _ ns
tRaC Access Time from RAS - 75 -~ 85 - 105 | ns 9'11:'
tcac Access Time from CTAS - 25 ~ 25 - 30{ ns 9,14
taa Access Time from Column Address - 40 - 45 - §5{ ns 9,15
tepa Access Time from TAS Precharge - 45 - S0 - 601 ns 9
taas RAS Pulse Width 75 10,000 85 10,000 105 10,000 | ns
trRASPE RAS Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000 | ns
tasH RAS Hold Time 25 - 25 - 30 - ns
tesH TAS Hold Time C 75 - 85 - 105 - ns
trucp CAS Precharge to RAS Hold Time 45 - 50 - 60 - ns
tcas TAT Pulse Width 25 10,000 25 10,000 30 10,000 | ns
traL Column Address to RAS Lead Time 40 - 45 - S5 - ns
towp CTAS to WRITE Delay Time 55 55 - 65 - ns 13
tawD RAS 1o WRITE Delay Time 105 - 115 - 140 - ns 13
tawp Column Address to WRITE Delay Time 70 - 75 - 920 - ns 13
tepwd TAS Precharge to WRITE Defay Time 75 - 80 - 95 - ns 13
1OEA OF Access Time - 25 - 25 - 30| ns
10€H OE Command Hold Time 25 - 25 - 30 - ns
CAPACITANCE (Vcc =5V 2 10%, f=1MHz, Ta= 0~70%)

SYMBOL PARAMETER MIN. MAX, UNIT

Ciy Input Capacitance (A0~A9) - s pF

Cz Input Capacitance (RAS, TAS, WRITE, UF) - 7 PF

Co Input/Output Capacitance (V01~1/04) - 7 pF
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NOTES:

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

All voltages are referenced to Vss.

Ige1s Icea, Iccs, Iccs depend on cycle rate,

Iccts Iocs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less while RAS=V), and CAS=V.

I B I

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

7. AC measurements assume tT=35ns.

8. Vi (min.) and Vy, (max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Viy and V.

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

10. torr (max.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

11. Either trcH or tRRH must be satisfied for a read cycle.

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

13. twes, tRwD, tcwD, tAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twos® twes (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If tawp=tpwp (min.), tcwp=tcwp (min.}, tawpZtawp (min.) and tocpwptcpwp (min.) (Fast
Page Mode), 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.

14. Operation within the tpcp (max.) limit insures that tpac (max.)can be met.

trep (max.) is specified as a reference point only: If trcp is greater than the specified tpep (max)
v limit, then access time is controlled by tcac.

15, Operation within the trap (max.) limit insures that trac{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.
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WRITE CYCLE (EARLY WRITE)

tre
- RAS L trp
Vig —= X
s \ N
Vi — -+ P
tcrp

s

<tcer | | tep - 18sH
Vi — ;l.
AT " \\ foas /
ViL — taan b {

t,

team

e . €.

L—”—»'" towt

taw,

.

% tpu
1ot Vin —
~uo4 v, DATA - IN

N

: "H* or “L*
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WRITE CYCLE (OF CONTROLLED WRITE

s ™ __——__’\ f‘

)

ek

teap tacp tasu i tore
v i - teas,
73 S \\ / /
Vo — trap X
t, T

D

e ///////////////////////////////
« T ||
o T N
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READ-MODIFY-WRITE CYCLE

TN w ‘ I
2 [ N i—
= - T

T mINEYES

: "H or "L*
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FAST PAGE MODE READ CYCLE

thase trp
o N\ /
VIL - _r
tpc tRsH
> tRHCP teap
l’«cnr trep <« XE il

Vin N - N-
ROW COL.1 coL.2 COL.N
ViL — T & = o

[ 1 L
Vin
ViL Lo
taa tan tan e
¥ - )

toea) t(JE>A topa

: “H" or "L"
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FAST PAGE MODE WRITE CYCLE

taase trp
Vg ——___ 9 2
L N 174\
e
tcrp taco . tasH tere
v hia \“CAS /I‘I Lelcas X preanng M hiss
W — ; ¢
ViL ™/ tray .. SV of \- \ P4
tesu trA
s LTS [ ud fow | fE -
AAAAA OL.2
n
tweH
WRITE
OF
s | dOH. tps ton tps DN
(o}
ot T KX "
7/
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tuage tre

v — tesn
RAT -
V“_ — & Zr \
4 teep tcp terp
tpw trsH -
v - teas < icas teas
T Kt /
ik — trap \\ Z & 2 3 7//
tranm " | tean traL
hg«i; Tasc|  [tean | [tasg kasg

AD~AZ z:‘: :}IEWE@E“’L" Wﬂ coLz .l}//////////////// COL.N .
- tRwWOD = qtc_moxﬂp_'_' < tcpwp | ‘m

towt

wrITE VW \ N
Vi tawp e
LI Jowy - tawp tawp
3 twp 10K "
e
L L

Vig ——

&
§3

Vi — icpa

1 -
RAC tM
tos | teac
Vo1~ Vyou — r
V04 vy — ow2 — :
icac
oz t

*1 Doyt *2 Doyr2 *3 DourN

: "H" or "L*
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RAS ONLY REFRESH CYCLE

S S— A
w T Y
ne «©., @@

Note: WRITE, OF = "H" or "L" -+ or L

- tac
trp tre
tras }
Vi — o E
RAs Vi ——-/ \'k L
tesr

ea i e

twap W

T

V01~ Vou— "\ o
PEN
vos /

Note: OF, A0~A9="H" or “L*
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HIDDEN REFRESH CYCLE (READ

AAAAA
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HIDDEN REEFRESH CYCLE (WRITE

J

\ N

|

tacp

sy " tehr | [—YCRP
ViH — =
a3 / trap \\
Vip = "~ tase o
N >

e N )
o G|
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ps

g

TN e N

% : "H" or "L”
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
tras
Vig — )J" 7 irp
RAS —
Vi — \t : ,_/ \
. teer tR$H
v ‘C‘Si - teHr " : lcas i
<3 2 \ N
Vi, — tasc| X

~y04 |, OPEN ou
oL
tywre| | twan
[ _ twen [
Vin ~ >
(o -
Viu -
WCS

e _____= =

. Los tou .
Vo1 —
L ~uos OPEN DATA-IN
|
) tawp towa
e
] READ-MODIFY-WRITE CYCLI i‘”““ tacsl Towo o ftaw
ke W
Vi, o WRP teac ]
taa
5t Vig — \lOEA
X /
|« tac, to

Vie =
2>l tpg
ji<v1 DN o tom
HO1 Vvou—-
~1/Q4 -
L VioL— { | pATAIN
DATA - OUT

: “H" or “L”
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WRITE, CAS BEFORE RAS REFRESH CYCLE

tze

i

k}"“—"

AN

Yy = =@
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TEST MODE

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 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. AOc is not used. If, upon reading, two bits on one IO pin are equal (all “1"s or
“0"s), the IO pin indicates a“1”,

If they were not equal, the /O pin would indicate a “0". Fig.l ‘shows the block diagram of

TC514400AP/AJ/ASI/AZ. In “Test Mode”, the 1IMX4 DRAM can be tested as if it were a 512K X4
DRAM.

~ “WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before KAS
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 (1/2 in case of N test pattern).
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BLOCK DIAGRAM IN THE TEST MODE

Aoc Vee
—_——o
R
Agc A \ lNormaI
Normal =21 512K block ) _o—o= |
Test $12K block = \JD———-cl:i_‘{ ]
Lo iNormaI
———o “
Agc
Aoc Vee
Aoc ———¢ . Normal
Normal S 512K block - I
o V— ! T
1102 O E D Q2
Test . 512K block y Test
3 ; D
'Y iNormaI
L 5 3
Aoc
Aoc Vee
LT |
Agc E R Normal I
Normal — 512K block __)D—o“n
O—1 E
Ao ; vo3
Test B 512K block o) Test
= ; D
Lo iNormaI
b ()
Agc
_ Agc Vee
A S
Age G ) ° 1Normai
Normal oS 512K block ) ooz |
Onmsminnd [
Foc W 04
Test ] S12K block | \ Test
== = D
Le— 0 ] Normal
O »
Agc

Fig. 1
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