1,048,576 WORD x4 BIT DYNAMIC RAM * This is advanced information and specifica-

tions are subject to change without notice.

DESCRIPTION

The TC514400AP/AJ/AST/IAZ is the new generation dynamic RAM organized 1,048,576 words by 4
bits. The TC514400AP/AJ/ASJ/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 TC514400AP/AJ/ASJ/AZ to be packaged in a standard 20
pin plasti~ 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
cquipment. System oriented features include single power supply of 5V10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 4 bit organization ¢ Low Power )
¢ TFast access time and cycle time 660mW MAX, Operating
(TC514400AP/AJ/ASJI/AZ —60)
TCS14400AP/ANASIAL - 60 5.5mW MAX. Standby
trac  RAS Access Time 60ns ® Qutputs unlatched at cycle end allows two-
tan  Column Address dimensional chip selection
Access Time 30ns ® Read-Modify-Write, CAS before RAS refresh,
tcac  CAS Access Time 20ns RAS-only refresh, Hidden refresh, Fast Page
‘ Mode and Test Mode capability
::c F?;Eliagz]:ﬂode 11008 ¢ All inputs and outputs TTL compatible
¢ Cycle Time 45ns ® 1024 refresh cycles/16ms
® Package TC51440G0AP : DIP20-P-300C
) TC514400Ad : §0J26-P-350
U Sl.ngle povlferAsupply of 5V 10% TC514400ASJ : S0J26-P-300A
with a built-in Vg generator TC514400AZ : ZIP20-P-400A
PIN_ NAMES
AQ~AZ! Address inpuls OF Output Enable

RAS |Row Address Strobe 1101~404| Data Input/Qutput

CAS |Column Address Strobe Vee Power { + 5V)

WRITE {Read/Write Input Vs Ground
PIN_CONNECTION (TOP_VIEW) BLOCK DIAGRAM
Vo1 ¥o2 VD3 WDA
Ptastic DIF Plastic SQJ Plastic ZIP
Vee Vs
oEl D .- ? DATA OUT
Jo3 -:3:,' 7] surrems | 0O
el i | voa WRITE
e o
.... NO.2 CLOCK
Sl _a_: WRITE o GENERATOR
F=2 110 A9 i
Aol ==3 COLUMN COLUMN
Fo3 U21At A2 ADDAESS DECODER
ATV Sl as Al SUFFERS (10}
--,. 4] SENSE AMP 4
Veel32 151 ag A2 O+ REFRESH VO GATE
As[171 o3 A3O+] CONTAOLLER ot
F=3 118lA6 A4 O+ x4
ATUAL 51 s A5Ow NEFRESH
Xy AB O COUNTER (10)
AT O MEMORY
[
Ab O ADDAESS ARRAY
A9 0! BUFFERS (10) 1024x 1024 x 8

NO.1 CLOCK
mio—| ik | T
GENERATOR
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TC514400AP/AJ/ASJ/AZ-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin —-1~7 v 1
QOutput Voltage Vour =1~7 \" 1
Power Supply Voitage Vee -1~7 v 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Ts16 ~55~150 °C 1
Soldering Temperature - Time TsoLoer 26010 °C + sec 1
Power Dissipation Po ' 700 mw 1
Short Circuit Output Current lout 50 mA i

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \ 2
Vie Input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
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TC514400AP/AJ/ASJ/AZ-60

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

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES

OPERATING CURRENTI TCS14400AP/AN 120 R
1 Average Power Su Operating Current - m
car | Average ” pply Dperating ASJAZ-60 5
(RAS, CAS, Address Cycling: trc = tre MIN.)

STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
{(RAS = CAS = Vi)

RAS ONLY REFRESH CURRENT

Supply € RAS Only Mod TCS14400APIAY 120 A 3,5
! Average Power Su urrent, n ode - m ,
cc3 wver g ‘ pPply y ASVAZ-60
(RAS Cycling, CAS =V: tac=trc MIN)
| :AST pAGPE MOIZE ClIJRRCENT Fast Page Mod TC514400AP/A) 70 A 3.4
verage Power Su urrent, Fast Page Mode - m
cca g pply g ASHAZ-60 s

(RAS =V, TAS, Address Cycling: tpc = tpc MIN.)

STANDBY CURRENT
Ices Power Supply Standby Current - 1 mA
{RAS = CAS = V- 0.2V)

CAS BEFORE RAS REFRESH CURRENT 1C514400AP/A
lees Average Power Supply Current, CAS Before RAS - 120 mA 3

e ) ASJ/AZ-60
Mode (RAS, CAS Cycling: tac = trc MIN))

INPUT LEAKAGE CURRENT
i Input Leakage Current, any input -10 10 pA
(OV = V iy & 6.5V, All Other Pins Not Under Test = QV)

QUTPUT LEAKAGE CURRENT

| -10 | 10
O 1 (Dgyr is disabled, OVS Voyr S 5.5V) uA

QUTPUT LEVEL

V 2.4 - \
o1 Output "H”" Level Voltage {loyt = ~ 5SmA}

QUTPUT LEVEL

v - 0.4 v
o Output "L" Level Voitage (lgyr = 4.2mA)
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TC514400AP/AJ/ASJ/AZ-60

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

TCS14400AP/AJ/ASI/AZ-60

SYMBOL PARAMETER UNIT [ NOTES
MIN. MAX.

tRC Random Read or Write Cycle Time 110 - ns
tamw Read-Modify-Write Cycle Time 165 - ns
tpe Fast Page Mode Cycle Time 45 - ns
tprMW Fast Page Mode Read-Modify-Write Cycle Time 100 - ns
tRAC Access Time from RA3 - 60 ns ?'SM
tcac Access Time from CAS - 20 ns | 9,14
tan Access Time from Column Address - 30 ns | 9,15
tepa Access Time from CAS Precharge - 40 ns |9
ez CAS to output in Low-Z 0 - ns |9
LorF Output Buffer Turn-off Delay 0 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 ns 8
trp RAS Precharge Time 40 - ns
tras RAS Puise Width 60 10,000 ns
trasp RAS Pulse Width (Fast Page Mode) 60 200,000 ns
tRsH RAS Hold Time 20 - ns
trRucP RAS Hold Time From TAS Precharge {Fast Page Mode) 40 - ns
tesH CAS Hold Time 60 - ns
teas CAS Pulse Width 20 10,000 ns
taco RAS to CAS Delay Time 20 40 ns | 14
trao RAS to Column Address Delay Time 15 30 ns | 15
tcrp TAS to RAS Precharge Time 5 - ns
tep TAS Precharge Time 10 - ns
tasr Row Address Set-Up Time 0 - ns
tran Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
teaH Column Address Hold Time 15 - ns
traL Column Address to RAS Lead Time 30 - ns
tacs Read Command Set-Up Time 0 - ns
treH Read Command MHold Time 0 - ns 11
tRRH Read Command Hold Time referenced to RAS 0 - ns | 11
twCH Write Command Hold Time 10 - ns
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TC514400AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDE_D AC OPERATING CONDITIONS
(Continued)

TC514400AP/AJ/ASIIAZ-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.

twe Wwrite Command Pulse Width 10 - ns

tRwi Write Command to RAS Lead Time 20 - ns

towe Write Command to CAS Lead Time 20 - ns

tos Data Set-Up Time - ¢ - ns | 12
toH Data Hold Time 15 - ns 12
tree Refresh Period - 16 ms

twes Write Command Set-Up Time 0 - ns |13
tewn CAS to WRITE Delay Time 50 - ns | 13
tRwo RAS to WRITE Delay Time 90 - ns | 13
tawn Column Address to WRITE Delay Time 60 - ns | 13
LePWD CAS Precharge to WRITE Delay Time 70 - ns |13

CAS Set-Up Time

tesh (CAS before RAS Cycle) 3 - ns
toum m_'Hold Time .5 _ ns :
(CAS before RAS Cycle)
trpe RAS 1o CAS Precharge Time | 0 - ns
pr CAS Precharge Time (CAS before RAS Counter Test 30 _ ns
Cycle)
taoH RAS Hold Time referenced to OF i0 - ns
toea OF Access Time - 20 ns
toep OF to Data Delay 20 - ns
toez Output buffer turn off Delay Time from OE 0 20 ns
toen OE Command Hold Time 20 - ns
twTs Write Command Set-Up Time (Test Mode In) 10 - ns
tWTH Write Command Holid Time (Test Mode In) 10 ) - ns
twrp WRITE to RAS Precharge Time (CAS before RAS Cycle) 10 - ns
twRH WHRITE 1o RAS Hold Time (CAS before RAS Cycle) 10 - ns
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TC514400AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE

TEST MODE
TCS14400AP/ANASIIAZ-60
SYMBOL PARAMETER UNIF | NOTES
MIN, MAX.
tre Random Read or Write Cycle Time ) 115 - s
tec Fast'Page Mode Cycle Time 50 - ns
trac Access Time from RAS - 65 ns ?'514
teac Access Time from CAS - 25 ns | 9,14
“taa Access Time from Column Address - 35 ns | 9,15
tepa Access Time from TAS Precharge - 45 ns |9
tras RAS Pulse Width 65 10,000 ns
tRasP RAS Pulse Width (Fast Page Mode) 65 200,000 ns
tRSH RAS Hold Time 25 - ns
tes TAS Hold Time 65 - ns
tauce RA3 Hold Time From CAS Precharge (Fast Page Mode) 45 - ns
teas CTAS Pulse Width 25 10,000 ns
trat Column Address to RAS Lead Time 35 - ns
CAPACITANCE (Vec =5V  10%, f= IMHz, Ta =0~70%)
SYMBOL PARAMETER MIN. MAX. UNIT
Ci Input Capacitance (A0~A9) - 5 pf
C2 Input Capacitance (RAS, TAS, WRITE, OF) - 7 pf
Co Input/Output Capacitance (I/01~1/04) - 7 pF
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TC514400AP/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.

Icer, Ices, Iocs, Icce depend on cycle rate.

Iccr, Iccadepend on output loading. Specified values are obtained with the output open.

Column address can be changed once or less while RAS=Vj, and CAS=Vu.

o omowowe

03]

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 t7=>5ns.

8. Vi (min.) and Vi (max.) 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 100pF.

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

11. Either tper or trrir 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, tcwn, taAwp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs2twes (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If tRwnZtrwy (minl), tcwp2tcwp (min), tawp=tawp (min.) and tcpwpZtcpwp (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 trcp (max.) limit insures that tpac (max,) can be met.

tiep (max.) is specified as a reference point only: If tpop is greater than the specified tpep (max.)
limit, then access time is controlled 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: [ tgap is greater than the specified tpap (max.)
limit, then access time is controlled by tpoa.
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TC514400AP/AJ/ASJ/AZ-60

READ CYCLE

tosu

RAS
Vig —=
A
V|L x
Jere |1 treo tsy
Vi —
s " / \\4___.‘;&._.
vII. - _ trap s
R " tral
tttttttttt W

. K

o | LRCH

/ /]

| - -

o BB Y@ o
- B || [

e "

toez

trac :
1701 Vou— yd R
OPEN DATA - OUT
~1104 o — . N b 4
| towz

% ¢ "H" or "L"
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TC514400AP/AJ/ASJ/AZ-60

WRITE CYCLE (EARLY WRITE)
tre .
D 1Ras -l | trp >
 — , —
RAS
ViL — \‘L \_
tcsu
<tcre | tRep - tRSH - Icre
Vg — N
TAS ) \\‘ cas / /
ViL — tRaH
N tras

oo 2 S o YO oo D

tRwi -

. .

ip

N\

tpH

7 K
/04 Vi, — \ DATA - IN {

% : "H" or "L"
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TC514400AP/AJ/ASJ/AZ-60

WRITE CYCLE (OE CONTROLLED WRITE)

tre
tras f tRP
Vih — X
s \
VIL - x A
tesh
€tCRP trep {Rsh U |

h e teas
Vi —— - >
tas ™ J \\ / /
VIL I _ trap .
t tRAH o

traL

_E O %

tow -
- trwy

w s
T |

ton

o DN o N

: “H” or “L"
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TC514400AP/AJ/ASJ/AZ-60

READ-MODIFY-WRITE CYCLE

tamw .

A : ~ N N
y tqcf trep ;: - tc:snsn - ' Jre,
S e — N\ v
AQO~A9 ::T :% ROW @: COLUMN l
N )
= N/
s o %xﬁ” )

: “H" or "L"
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TC514400AP/AJ/ASJ/AZ-60

FAST PAGE MODE READ CYCLE

Lpase tpp
ViR — i\ /
RAS
Vi — I~ A
tpc LRsH L
tgz: - trep . - tcp : - tance - > C“P'
v | . Ieas Jodeas N teas
IH=— ‘RAD -
s N7 \
Vi == tgau A 3 S 4
D tesu teali traL
t T
IASL _ tasc - lcan sl | o géi car
ViH N B - '
A0~AS ROW coL1 coL.2 COL.N
Vi — X A X A . r r
thes) | treH . tres _ tres tReH
—___ Vm r
WRITE
Vi trrH
t t t >
AL <o AA | AA
toea 10Ex toea
ViH — - y = a
feT3
S = 3 / 7
taag llorg ac | [rore teac orr
. teac, | oz | tez |7 | | Koz ez toez
cLz
1101 L F T p— - i —\
~1104 Doyr H% Doyr 2 Doyt N
VOL - our i h L oyt g oyt _>——

: “H" or "L"
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TC514400AP/AJ/ASJ/AZ-60

FAST PAGE MODE WRITE CYCLE

- trage B
Viy — 3
RA N
vV — o ¢ A
tpc
t t
| leas tcas teas
_ Vig — p! >
s N\ N/ N /
v —/ t 4 p N 4 £
tesw traL
1 t T
tash | tasc o Y |<A—>c CAH tasc| |tca
Vig — o N -
A0~A9 v ROW coL.t cOoL.2 COL.N
I —2 z 3 . .
l trap towt towl towl
Cotwes T Tedwen 7 twes [T T Iwer tawy
twp twp twcs twey
we Y
WRITE /
Vi - b, /

o /////////////////////////////////// .

- ton tps

ton

tos

N

- K

Dy 2

HW///
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TC514400AP/AJ/ASJ/AZ-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trase _tRP
mvm —-—JX‘ 1csH - /L \
Vie — B
‘o tep . tcre
iemaw . RSH
toac tcas teas
AT Vig — \\ - X ['l tean M/
vip — tpap .
tpan) |1 fean el
t,mi Tas teap tas tasg,
V )
A0~Ag VM XRO‘ME@Z coL. WZ coL2 EW% COLN QW//// ///
8 1 ’
trwD - tcwop tcpwp -
tresl) | tewp | | | tcewp towo Liaw
kcwi tewt
= \ X %
Vi tawp N et
taa towi Lawp
£n t QF t
ie WP | 25 we
i
Vih —
ot Vi — /‘ Lepa “Ked
trac OED -~ | tan
toez | || tos tps tcac tos
WO~ VioH —— }————
104 v -1 pow 1 }—— O 2 E PN
oL — N
teac I on tol DM
oz - ' {4V
*1 Dgyr! *2 Doyr2 *3 DoyrN
% S UHT or L
- »
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TC514400AP/AJ/ASJ/AZ-60

RAS ONLY REFRESH CYCLE

B trec
- Vi —
CAS /
ViL —
Al

s TN o N

Note: WRITE, OE=“H" or "L" : "H* or "L*

CAS BEFORE RAS REFRESH CYCLE

—

e
- tRP i e
tras

Vi — > o N
RAS / \

Vi — -~

%
CSR teun

Vig — L
CAS /

ViL —

twere tWRH

o T

% : "H” or “L”
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TC514400AP/AJ/ASJ/AZ-60

HIDDEN REFRESH CYCLE (READ)

et

RC e LR -
tras trp _tap
- s tras ;L _
s N\ / N\ 2N
Vii — ~ 1
tere

R

“:Z/_ N i
AAAAA L'Zf I%U@* ..

T R

e

g

e N [
wor ::*: : — %: DATA- OUT : :2——

% T "H" or "L*
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TC514400AP/AJ/ASJ/AZ-60

HIDDEN REEFRESH CYCLE (WRITE)

wr N T
e taep RS L o
A s N\ J/
AAAAA . olene .
ot S

TN e N

% : "H" oor "L”
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TC514400AP/AJ/ASJ/AZ-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

v X tras
H— Ul i 1rp
Vik — e <
. tepr LHY -
Vi — ci < s /|
s N
ViL — tasc| X
- tralL
tcan
H 7
A0~A9 // COLUMN / /
ViL — ™~ |
twrei | twrh taa tRRH
READ CYCLE > iv Res] 1 teac treH l
(w77 (T ~
WRITE
ViL 2
trok
toea =
VIH - \‘
Vi T =
t
t OFF
Lz ]loez
o1 Von — i 7
~ OPEN DATA-OUT
1104 v
\ aL — trwi I~
WRITE CYCLE Hmel | R l towy -
_____E Vin _/// .\W N WCH I > ~ /}7:
7> .
Vi i / i
twes '
_ Vig —7 Z 77
“w
ViL — i
;BS tou o
[I{e}} Vih —
~uos OPEN DATA- IN
, | [ — ) T
AWD towe
READ-MODIFY-WRITE CYCLE |, ti"_"i‘” tacs cwo trwt
1
Vin < 7
WRITE \ 7
Vi e 4 tcac N 2
tan
Vi — toea
GE- I \‘ . /
ViL — s
teac toep tos
w0 | LB e e
01 Vioh— i
~1/04 DATA-IN
L VoL — 3
DATA - QUT
A -+ or .-
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TC514400AP/AJ/ASJ/AZ-60

WRITE, CAS BEFORE RAS REFRESH CYCLE

el
= =

.
=y~
o1 Vo =

1104 —
104y, i

Note: OE, A0~A9="H" or “L”

Vig — b
RAS \
Vi T

=

Ny

Y.

% : "H" or “L”
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TC514400AP/AJ/ASJ/AZ-60

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 I/O pin are equal (all “1”s or
“0"s), the I/O 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 1MX4 DRAM can be tested as if it were a 512K X4
DRAM.

“WRITE, CAS Before RAS Refresh Cycle puts the device into “I'est Mode”. And “CAS Before TAS
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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TC514400AP/AJ/ASJ/AZ-60

BLOCK DIAGRAM IN THE TEST MODE

Agc Vee

—_—
Agc A R Normal
Normal o 512K block ) o—ox |
oO————% Y est
(1o _O\"c v ; Vo1
Test a 512K block \ Test
: ; o=
L — o Normal
O — Y ’
Aoc
Aoc Vee
Agc c [ s ° Normal
Normal OO 512K black )] oo |
O—————aq 4
102 >—'O\C Aoc o 1102
Test O~ 512K block \ Test
b ,’2 :)——°\c |
Lo | Normal
-— -0
Agc
Agc Vee
Agc E X Normal
Normal O 512K block g[)o——e;’est I
O————b 3
/O3 Oy o z‘o"‘:' p 1103
Test ~ 512K block y Test
F ID__N__{
o ]Norma|
L 7
Aoc
Agc Vee
Age G A ° Normal
Normal MO8 512K block qDo-—-oT/es: |
Ot g
vos \o Agc H 1104
Test T~ 512K block \ Test
H ,’2 >—°\=
e o I Normal
L—— o 7
Aoc
Fig. 1
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