1,048,576 WORD x4 BIT DYNAMIC RAM * This is advanced information and specifica-
tions are subject to change without notice.

DESCRIPTION

The TC514400API/AJL/ASIL/AYL is the new generation dynamic RAM organized 1,048,676 words by
1 bits. The TC514400APL/AJL/ASIL/AZL utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advanced circuit techniques to provide wide operating margins, both internally and to the
systern user. Multiplexed address inputs permit the TC514400APL/AJL/ASJL/AZL 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 eguipment. System oriented features include single power supply of 5V110% tolerance, direct
interfucing capubility with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 4 bit organization ® Low Power
® [‘ast access time and cycle time 660mW MAZX. Operating
(TCH14400APL/AJL/ASIL/AZL —60)
TCS514400APUAILASIVAZL - 60 1.1mW MAX. Standby
e Qutputs unlatched at cycle end allows two-
frac  RAS AccessTime 50ns dimensional chip selection
tan  Column Address 30ns ¢ Read-Modify-Write, CAS before RAS refresh,
__Access Time RAS-only refresh, Hidden refresh, and Fast
teac  CAS Access Time 20ns Page Mode and Test Mode capability
thc Cycle Time 110ns e All inputs and cutputs TTL compatible
toc  Fast Page Mode 4 ® 1024 refresh cycles/128ms
Cycle Time i 3ns o Package TC514400APL : DIP20-P-300C
. TC514400AJL : SOJ26-P-350
¢ Single power supply of 5V£10% TC514400A8JL: SOJ26-P-300A
with a built-in Vp generator TC514400AZL : ZIP20-P-400A
PIN NAMES BLOCK DIAGRAM
A0~ AG| Address Inputs OF QOutput Enable
RAS |Row Address Strobe 1Q1~17/04 | Data Input/Output WOt WO2 VO3 /04
CAS |Column Address Strabe Vee Power { + 5V) # ? # ?
WRITE | Read/Write Input Ves Ground Vee Vs %}—{“}
T T rDAIA N ] P:AIA ou11..o§g
BUFFERS BUFFERS
PIN CONNECTION (TOP VIEW) AT Tt 4
TASO—| NO.2 CLOCK
GENERATOR
Plasuc DIP Plastic 504 Plastic 2IP COLUMN COLUMN
— AQ O ADDRESS DECODER
uo1 Vss OF|, A1 O BUFFERS (19) J SENSE AMP
w:gé 2; 13 :Zg‘; HO3LL A20> REFRESH YO GATE
RAsls  17Cas Vss A3IO> CONTROLLER [ roza
n9fls 16{10E ozl Ad O F 1024
A0[6  151a8 Tz'E:_ A5 O REFRESH
a7 vallA? - AB O COUNTER (10) -
s e o] T S
veel1o 1ifjas Az AB O~ ADDRESS 10 §8 1024 ARRAY
Vcc: A9 O BUFFERS (10} | ol 1024 x 1024 x 4
A5[1 o
A7 AT NO.1 CLOCK
—(EE
GENERATOR
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TC514400APL/AJL/ASJL/AZL-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin ~1~7 1
Qutput Voltage Vour -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 TsoLoER 260-10 °C - sec¢ 1
Power Dissipation Pp 700 mwW 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°)
;
SYMBOL PARAMETER MIN. TYP, MAKX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 55 2
Vin Input High Voltage 24 - 6.5 2
Vi Input Low Voltage -1.0 - 0.8 2
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TC514400APL/AJL/ASJL/AZL-60

DC ELECTRICAL CHARACTERISTIES (Vcc =5V £ 10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT 3, 4
lech Average Power Supply Operating Current TC514400APLIAJUASIL/AZL-60 - 120 mA
(RAS, CTAS, Address Cycling: tpe =tpe MIN.) 5

STANDBY CURRENT
icca Power Supply Standby Current - 2 mA
(RAS = TAS = V)

RAS ONLY REFRESH CURRENT
tccs Average Power Supply Current, fAS Only Mode [Tcsissooapuaivasiiazi-6q - 120 mA 3.5
(RAS Cycling, CAS = Vin: tre=tre MIN.)

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode [T(S14400aPLAJUASILAZL-60] - 70 mA
lcce | (RAS=v,, TAS, Address Cycling: tec=tec MIN.) 5

STANDBY CURRENT
lces Power Supply Standby Current - 200 A
(RAS = CAS = Ve - 0.2V)

CAS BEFCORE RAS REFRESH CURRENT
lees Average Power Supply Current, CAS Before RAS [TC5148004PUAILIASILIAZL-6 - 120 mA 3,5
Mode (RAS, TAS Cycling: tge = tre MIN.)

Battery Back Up Current

Average Power Supply Current, Battery Back Up Mode
teer (CAS = CAS Before RAS Cycling or 0.2V, OE=Vec-0.2v, WRITE=Vcc - - 400 BA 3,6
0.2V, A0~9=Vc—-0.2V or 0.2V, /O1~4=Vc - 0.2Y,
0.2V or OPEN: tpc = 125y, tgas = 300ns ~1ps)

Battery Back Up Current

Average Power Supply Current, Battery Back Up Mode
boes (CAS = €AY Before RAS Cycling or 0.2V, DE =V¢c - 0.2V, WRITE=V¢c- - 300 pA 3,6
0.2V, AO~8=Vee - 0.2V or 0.2V, IO1~4=Vc- 02V,

0.2V or OPEN: tgc=125us, tras=taas MIN. ~300ns)

¥ INPUT LEAKAGE CURRENT
b Input Leakage Current, any input -10 10 HA
(OV S V|y=6.5v, All Other Pins Not Under Test=0V)

QUTPUT LEAKAGE CURRENT

| _ 10| 10
Ot (poyr is disabled, OV S Vours 5.5V) kA

v OUTPUT LEVEL 2.4 v
on Output "H" Level Voltage (loyr= - 5mA) ) b

OUTPUT LEVEL

v - 04 v
Ot output “L" Level Voltage (lgur = 4.2mA)

A-335



TC514400APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc =5V +10%, Ta=0~70%) (Notes 7, 8, 9)

TC514400APL/AIUASIL/AZL-60
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX.
tre Random Read or Write Cycle Time 110 - ns
trmw Read-Modify-Write Cycle Time 165 - ns
toc Fast Page Mode Cycle Time 45 - ns
tornw ‘inzt'ePignieMode Read-Modify-Write 100 _ ns
trac Access Time from RAS - 60 ns 1?615
toac Access Time from CAS - 20 ns | 10,15
tAA Access Time from Column Address - 30 ns 10,16
tepa Access Time from CAS Precharge - 40 ns 10
terz TAS 1o output in Low-2 0 - ns 10
tore OQutput Buffer Turn-off Delay 0 20 ns 11
tr Transition Time (Rise and Fall) 3 50 ns 9
tap RAS Precharge Time 40 - ns
taas RAS Pulse Width 60 10,000 ns
trasp RAS Pulse Width (Fast Page Mode) 60 200,000 ns
trsH RAS Hold Time 20 - ns
RAS Hold Time from CAS Precharge
tRrce {Fast Page Mode) 40 - ns
tesm CAS Hold Time 60 - ns
teas TAS pulse Width 20 10,000 ns
treD RAS to CAS Delay Time 20 40 ns 15
tRAD RAS to Column Address Delay Time 15 30 ns 16
tcre CAS to RAS Precharge Time 5 - ns
tep CAS 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 o} - ns
tean Column Address Hold Time 15 - ns
traL Column Address to RAS Lead Time 30 - ns
tacs Read Command Set-Up Time 0 - ns
tacH Read Command Hoid Time 0 - ns 12
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TC514400APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
{Continued)

TCS14400APUAIUVASIUVAZL-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
Read Command Hold Time referenced

tRRH to RAS 0 - ns 12
twen Write Command Hold Time 10 - ns

tywp Write Command Pulse Width 10 - ns

tawL write Command to RAS Lead Time 20 - ns

towt Write Command to CAS tead Time 20 - ns

tos Data Set-Up Time 0 - ns 13
1oH Data Hold Time 15 - ns 13
trer Refresh Period - 128 ms

twes Write Command Set-UP Time 0 - ns 14
Lewn €AS 10 WRITE Delay Time 50 - ns 14
tRWD RAS to WRITE Delay Time 30 - ns 14
tawo Column Address to WRITE Delay Time 60 - ns 14
tepwn CAS Precharge ta WRITE Delay Time 70 - ns 14

CAS Set-Up Time
tesr PR e 5 - ns
(CAS before RAS Cycle)

. CAS Hold Time s
R —— - ns
CHR (CAS before RAS Cycle)

tapc RAS to CAS Precharge Time ] - ns

CAS precharge Time {CAS before RAS
1cer 30 - ns
Counter Test Cycle}

tROH RAS Hold Time referenced to Of 10 - ns

toga OF Access Time - 20 ns

toro OF to Data Delay 20 - ns
Output buffer turn off Delay Time

togz o o 20 ns 10
from OE

toen OF Command Hold Time 20 - ns

Write Commamd Set-Up Time

t 10 - ns
wrs (Test Mode In)

Write Commamd Hold Time
(Test Mode In)

WRITE to RAS Precharge Time
(CAS before RAS Cycle)

WRITE to RAS Hold Time
(CAS before RAS Cycle)
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TC514400APL/AJL/ASJL/AZL-60

ELECTRICAL_CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE

TEST MODE
TC514400APUAJUASILIAZL-60
SYMBOL PARAMETER UNITS] NOTES
MIN. MAX.

tre Random Read or Write Cycle Time 115 - ns

tpc Fast Page Mode Cycle Time 50 - ns

tRAC Access Time from RAS - 65 ns ”:';5

teac Access Time from CAS - 25 ns 9,15

taa Access Time from Column Address - 35 ns 9,16

tcea Access Time from CTAS Precharge - 45 ns 10

thas RAS Pulse Width 65 10,000 ns

trasp RAS Pulse Width (Fast Page Mode) 65 100,000 ns

tRsH RAS Hold Time 25 - ns

tesH CAS Hold Time 65 - ns

tRice CAS Precharge to RAS Hold Time 45 ~ ns

teas TAT Pulse Width 25 10,000 ns

1RAL Column Address ta RAS Lead Time 35 - ns

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

SYMBOL PARAMETER MIN. MAX, UNIT
Ch Input Capacitance {A0~A9) - 5 pF
Ci2 Input Capacitance (RAS, TAS, WRITE, OE) - 7 pF
Co Input/Output Capacitance {(I#O1~1/04) - 7 pF
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TC514400APL/AJL/ASJL/AZL-60

NOTES:

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

All voltages are referenced to Vgss.

Icen Icca, Iccs, Iccs, Iccr depend on cycle rate.

Icct, Iccs depend on output loading. -Specified values are obtained with the output open,
Column address can be changed once or less while RAS=Vp, and CAS=Vi.

o oo ok W

tras(max.)=1ps is only applied to refresh of battery-back up. tras(max.,)=10us is applied to
functional operaling.

7. An initial pause of 200us 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
TAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

8. AC measurements assume {r=5ns.

9. Vi (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vi1 and VIL.

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

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

12. Either tgcy or trrir must be satisfied for a read cycle.

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

14. twes, tRwD, tcwD, tAwD and topwn are not restrictive operating parameters. They are included
in the data sheet as electrieal characteristics only. If twcsZ twcs (min.), the cycle is an early
write eycle and the data out pin will remain open circuit (high impedance) through the entire cycle;
If trwptrwp (minl), tcwD=tcwp (min.), tawp=tawp (min) and tcpwD=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: If neither of the above sets of conditions is satisfied, the condition of the data
out (at access time) is indeterminate.

15. Operation within the tpep (max.) limit insures that tRac (max.)can be met.

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

16. Operation within the tRap (max.) limit insures that trac (max.) can be met.

traD (max.)is specified as a reference point only: If tRaD is greater than the specified tRap (max.)
limit, then access time is controlled by taa.
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TC514400APL/AJL/ASJL/AZL-60

READ CYCLE

e
tras -
Vig — /
- \ / N
Vi, — gL
- Iesm >
tcgp D trep ( tRsH w«— 'CRP
Viy —
AT N\ :' teas / /
ViL — 140
t
tasr| [tRAH

o '+ T o YO o YT

trey

tres | t

wn |

e ‘ \'—t 4.

- tRAC
vo1r  Vou—- 7 -
OPEN DATA-OUT
~UO4 gy — t X £
CLz
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TC514400APL/AJL/ASJL/AZL-60

WRITE CYCLE (EARLY WRITE)
tac -~
e tRas ol e .
Vig —=
VIL —_— \t b
Jare | | tReD e sy | o kmp
Viw —
TAS J - s / /
V||_ — < t Al \\“'l

AAAAA - ‘o s

CWL
WCH

o

L

: “H" or "L”
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TC314400APL/AJL/ASJL/AZL-60

WRITE CYCLE (OE CONTROLLED WRITE)

tac
taas [ trp
Vi —
RAS \ /'J
ViL — o A
tesH
lCRP tRco . trsh - trp
" e tCAS -
= N\ / /
ViL — trap ="
t, RRaH

AAAAA ‘v’::* %%@?@;;W 25%///////// X
w JW////
- || T

i N e N

% : "HY ar “L"
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TC514400APL/AJL/ASJL/AZL-60

READ-MODIFY-WRITE CYCLE

tamw >
- tras B
Vih — 3 / ‘ \
RAS
Vip — \'* =)
. csH > > N
cre| | trRCD RSH <GRA,
e tCAS -
Vi —
- N
VL — = .
tasr| [tRam  tasc tean
- ‘_,.‘ -
V' 1z %] IS,
H
AO~A9 ROW @ COLUMN %////%
Vi — 7 L )
'L 11wacm A tewt
trap tewn 1}R"V\IL -
- wWp
Viy — trwp \
WRITE
Vi — T Z
tan
- 1 toea
_ Vi —~ \ i
CE
ViL — =
- teac toep
- tRaC I <oy,
L o 77 7
1101 VI/OH pATA-OUY DATA-IN %/ /
~/04 viioL— teuz
o

: "H* or "L"
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TC514400APL/AJL/ASJL/AZL-60

FAST PAGE MODE READ CYCLE

- trasp Lpe
Vi — ‘N /‘ 3
RAS \
vy — N #
toc tasy 1,
L) tacp o - tRHCP = CRP .
| <gas llgas teas s
N NN
Vi tRAH = S N 1
- tesu tean _ traL J
tasp) | tasel T [ cay tasc| | Lasgl [lear
ViH - L -+
AQ~A9 v Rowﬂ g COL.t coL.2 COL.N X
[ S— - 1 3
tacs treu| tres tres treH
I \ -
Vin 7 o trRx
WRITE %%
Vi
tan tan laa
- tcra !
toEa toea tpea
Vi — > 3 M/
OF Vi k. b é /A
taac ItQFE teac ltors  teac , toFr
teac 1oEz | touz - Torz ez loez
tez . _
Ol Vopem—- - |
~04 Dgyr 1 >——< Dgyr 2 Doyr N
oL — = A
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TC514400APL/AJL/ASJL/AZL-60

FAST PAGE MODE WRITE CYCLE

_———s\ / N
— - N
R | tep < RSH___ RP
|0 <Lgas " tas s | teas '0
L "= 1Rl e N S | SR |
tosH traL
tag ASC toan | tasq ftean tasc | [iea "
Vin 2 - o a 7 r 7 7
AD~A3 ROW )@( coL coL.2 %%{ COL.N ///
Viu :%q 5 - i%{ _ / / //
| 1RaD towt L lowe tews |
| el W t H - W » LeiL]
t

.

t

1os o, tps > ton .t.QLqp ____D_H__,,t
o1 Viy :
Vie )

% : "H* or "L"
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TC514400APL/AJL/ASJL/AZL-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

— trasp trp
Vg —
AT M tesH . Zl
ViL —
JRCD e tere
tpRAWY tasu
v -—teas ] - teas - tcas N
as M AN / B /
ik — _trag
tran) |, tean trat
tA;Ri {as LCAH tase |, Rasg
Vin 7
AO~A9 v ROW]| COL.1 COL.2 COL.N
[ 1
LrRwo - towp terwp >
ol towp - tcpwp fwo f | ftew |
Wi, tewt
Vin 1
WRITE \ 4/ ﬁ N
nw tawp = .
tan towl - tawp - tawo
€A QEM twp } 12_5-‘ [T
L 1
Told Vipy — /
i — trac 1 |tos , tepa T tepa o
< tan 3 taa E
foed, | | | |tos teac ) tos ' | teac tos
H#O1~ Vion —
o S e M —OE e D
teac I tpy 1o DH|
toz tew | t EI
*1 Doyrt *2 Dout? *3 DourN

A: o1
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TC514400APL/AJL/ASJL/AZL-60

RAS ONLY REFRESH CYCLE

e Y
o TN o T

Noto: WRITE, OE="“H" or “L" . "H* or "L”

CAS BEFORE RAS REFRESH CYCLE

- j{ ) — N
N e

W01~ Vou—"" T\
Woa /

% D "HY or “L"

Note: OE, A0~AS="H" or "L"
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TC514400APL/AJL/ASJL/AZL-60

HIDDEN REFRESH CYCLE (READ)

ViH
AQ~A9
Vie

Vin
Vi

ViH
Viu

- _tac . tre .
tras - trp .  Lap
ras | I
Viy __—}\ / -~ N
— —> ol \ A ]
tere t t tenr t
|<—b RCD RSH L \ CRP
_/ A\
traD
tasr Tt 1((_.@.’»4
3£ /
:%{ Rov_\;}@(\cowmw 7
i
o | tran twap twRH
1 [FRES ] [tann I I
R Y
Joea
teac, N
NP 7 SE—
—— L

1701 Vou
~1/04

PATA - QUT

S

trac
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TC514400APL/AJL/ASJL/AZL-60

HIDDEN REEFRESH CYCLE (WRITE)

e U \__J/ —
— j/%i_w/@o: 7 X
. @ ==

TN e

% : "H® or "L*
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TC514400APL/AJL/ASJL/AZL-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

o1 Vou
~

WRITE CYCLE

[— H
WRITE

~/D4

/ tRpk
4

_ teet
CHR I
- A
tasce

e

lcan

cew

[[ thes
I

<

L

OPEN

tor
torz
:>——
7

ID DATA-QUT

i

N

WCS

"'l

s
[l

1pn

OPEN "_""-"—¢ VALID DATA

-IN t
tawo

... .

tres

)

<’%//////4

e
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toH
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N\ DATA-IN
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TC514400APL/AJL/ASJL/AZL-60

WRITE, CAS BEFORE RAS REFRESIL CYCLE

tre

RP
tras
Vig — ’\ -
RA
> Vip — N \

tce 1csk LCHR

twrs twr

o T g

A x od
—_—
wor Yo N OPEN
Lo L — y
[o] P —————

: "H”® or “L*

Note: OE, A0~A9: “H” or “L”
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TC514400APL/AJL/ASJL/AZL-60

TEST MODE

The TC514400APL/AJL/ASJL/AZL 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 /O pin are equal (all “1”s or
“0"s), the /O pin indicates a “1".

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of
TC514400APL/AJL/ASIL/AZL. In “Test Mode”, the 1M X4 DRAM can be tested as if it were a 512K X4
DRAM.

“WRITE, TAS 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(1/2 in case of N test pattern).
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TC514400APL/AJL/ASJL/AZL-60

BLOCK DIAGRAM IN THE TEST MODE

Agc Ve
Agc A . Normatl
Normal 28 512K block () oot |
[ SE—— A est
o1 0 Foe . 1o
Test TS 512K block — \)D—O‘Iii__i
B f
L0 I Normal
D ———————— /4
Agc
Agc
Apc c Normal
Normal [~ 512K block _;)5 )n:»—o;*’est
o— o
1102 [—O > v o .
Test T~ 512K block [ \) Test
D
Lo Normal
- 0
Aoc
ADC E lNormal
Normal =2 512K biock ) o——oz
o E
vo3 O Aoc F V03
Test Ry - 512K block \ Test
F ,) ) v
L o Normal
———o
Aoc
Agc
v Agc G '\—o 1Normal
Normal =~ 512K block ,_)D——OT‘est ‘
o G
Vo4 \o Aoc H V04
Test I 512K block — Test
ﬁ ‘lD__q\_{
L o Normal
e —)

Agc

Fig. 1
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