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

DESCRIPTION

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by
1 bit. The TC514100APL/AJL/ASJIL/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
system user. Multiplexed address inputs permit the TC514100APL/AJL/ASJL/AZL to be packaged in a
standard 18 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 5V£10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 4,194,304 word by 1bit organization ® Low Power
e TFast access time and cycle time 660mW MAX. Operating
(TC514100APL/AJL/ASIL/AZL — 60)
TCS14100APUAIUASILAZL - 60 1.1mW MAX. Standby
taac RAS Access Time 60ns e Qutputs unlatched at cycle end allows two-
tan Column Address 30ms dimensional chip selection
Access Time ¢ Common I/O capability using “EARLY
teac CAS Access Time 20ns WRITE"” operation
tne Cycle Time 110ns ¢ Read-Modify-Write, CAS before RAS refresh,
T Fast Page Mode o RAS-only refresh, Hidden refresh, Fast Page
Cycle Time Mode and Test Mode capability
¢ Single power supply of 5V110% e All inputs and outputs TTL compatible

with a built-in Vg generator 1024 refresh cycles/128ms
e Package  TC514100APL : DIP18-P-300E

PIN NAMES TC514100AJL @ SOJ26-P-350

e - TC514100ASJL: S0OJ26-P-300A
0~A10| Address Inputs WRITE | Read/Write Input TC514400AZL : ZIP20-P-400A
RAS |Row Address Strobe Vee  |Power (+5V)

Dy [Data In Vs |Ground BLOCK DIAGRAM
Doyt |Data Out N.C. |No Connection
TAS |Column Address Strobe WRITE

BUFFER

PIN_ CONNECTION (TOP VIEW)

NG.2 CLOCK

.4 Zl@* ' l DATA IN -0 Diy

-0 Vec

BUEFER
Plastic DIP Plastic 50) Plastic ZIP
COLUMN
A0 o— IL ) ACORESS o ;&ngﬂ;;
At O] BUFFERS (11) pA
A2 O— SENSE AMP
A3 O— /O GATING
Ad 0] ---4096 -~
AS O
A6 O -
Npa g of ! MEMORY
no Cjtoze ARRAY
A9 O— ROW = ol
| ADDRESS N sl
A0 O —LI[> BUFFERS {11)
[}
— SUBSTRATE BIAS
RAS O gg&‘s:;?g: GENERATOR
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TC514100APL/AJL/ASJL/AZL-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYM8soOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee - 1~7 \' 1
Opaerating Temperature Toer 0~70 °C 1
Storage Temperature Tste -55~150 °C 1
Soldering Temperature - Time TSOLDER 26010 'C-sec 1
Power Dissipation Po 700 mw 1
Short Circuit Qutput Current lour 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 s.0 5.5 v 2
Vi Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 Vv 2
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TC514100APL/AJL/ASJL/AZL-60

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

SYMBGL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT 34
Icch Average Power Supply Operating Current TC514100APLIAIL/ASILIAZL-60 - 120 mA
(RAS, TAS, Address Cycling: tac = tac MIN. ) 5
STANDBY CURRENT
Teca Power Supply Standby Current - 2 mA
(RAS = TAS = Vi)

TAS ONLY REFRESH CURRENT

lcca | Average Power Supply Current, RAS Only Mode |Tcsiaronaruaiuasiazi-600  ~ 120 mA 3,5
(RAS Cycling, TAS =Vi: tre=trc MIN.)

FAST PAGE MODE CURRENT
Icca Average Power Supply Current, Fast Page Mode |TC514,2uAPL/AJLASILAZL-60) - 60 mA
(m=Vu_, C—A-g, Address Cycling: tpc=1tpc MIN. } 5

3,4

STANDBY CURRENT

lecs Power Supply Standby Current - 200 pA
(RARS = CAS = V¢ - 0.2V)

AT BEFORE RAS REFRESH CURRENT
lcce | Average Power Supply Current, TAS Before RAS [TC510100APUAILASIUAZL-60] - 120 mA 35
Mode (RAS, TAS Cycling: tac=tpc MIN. }

Battery Back Up Current
Average power Supply Current, Battery Back Up Mode
lecy (CAS = TAS Before RAS Cycling or 0.2V, WRITE = V- 0.2V - 400 pA 3,6
A0~10=Vee-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or OPEN:
tpc = 125ps, tpas =300ns ~1us)

Battery Back Up Current

Average power Supply Current, Battery Back Up Mode
lccy | (CA%=TAS Before RAS Cycling or 0.2V, WRITE = V¢ - 0.2V - 300 HA 3.6
AO~10=Vec~0.2V or 0.2V, Dy = Ve - 0.2V, 0.2V or OPEN:
tre = 125p5, tras = tras MIN ~300ns)

INPUT LEAKAGE CURRENT
i Input Leakage Current, any input - 10 10 uA
(OVS VinS 6.5V, All Other Pins Not Under Test = 0V)

OUTPUT LEAKAGE CURRENT

|
OW | (pgyr is disabled, OVS VourS 5.5V)

OUTPUT LEVEL

v 2.4 - -V
o Output "H" Level Voltage (loyr = = SmA)

OUTPUT LEVEL

VoL e - 0.4 Vo
QOutput “L" Leve! Voltage (loyr = 4.2mA)
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TC514100APL/AJL/ASJL/AZL-60

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

TCS14100APL/AJL/ASIL/AZL-60
SYMBOL PARAMETER UNIT | NOTES
MIN, MAX,

trC Random Read or Write Cycle Time 1190 - ns

tRMW Read-Modify-Write Cycle Time 135 - ns

tpg Fast Page Mode Cycle Time 45 - ns

toranw E;i:eP:_igr:eMode Read-Modify-write 70 - ns

tRAC Access Time from RAS - 60 ns 10‘,615
teac Access Time from CAS - 20 ns | 10,15
taa Access Time from Column Address - 30 ns 10,16
Icra Access Time from CAS Precharge - 40 ns iO
teez CAS to Output in Low-2 0 - ns 10
tore Output Buffer Turn-off Delay 0 20 ns 1
ty Transition Time (Rise and Fall) 3 50 ns 9
tap RAS Precharge Time 40 - ns

1rAS RAS Puise Width 60 10,000 ns

trase RAS Pulse Width {Fast Page Mode} 60 200,000 ns

trsH RAS Hold Time 20 - ns

RAS Hold Time From TAS Precharge

tRrcp (Fast Page Mode) ' 40 B ns

1CsH CAS Hold Time 60 - ns

tcas CAS Pulse Width 20 10,000 ns

trep RAS to TAS Delay Time 20 40 ns 15
tRAD RAS to Column Address Delay Time 15 30 ns 16
tere CAS to RAS Precharge Time 5 - ns

tep CAS Precharge Time 10 - ns

Lasr Row Address Set-Up Time o] - ns

TRAH Row Address Hold Time 10 - ns

tasc Column Address Set-Up Time 0 - ns

team Column Address Hold Time 15 - ns

tRaL Cotumn Address to RAS Lead Time 30 - ns

s Read Command Set-Up Time 0 - ns

TRCH Read Command Hold Time 0 - ns 12
o Read Command Hotd Time referenced o _ ns 12

1o RAS
tweh Write Command Hold Time 10 - ns
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TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514100APUAIL/ASIUAZL-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.

twe Write Command Pulse Width 10 - ns

tRwiL Write Command to RAS Lead Time 20 - ns

tewl Write Command to TAS Lead Time 20 - ns

tos Data Set-Up Time 0 - ns 13
tom Data Hold Time 15 - ns 13
taer Refresh Perio - 128 ms

twes Write Command Set-UP Time 0 - ns 14
towo CAS to WRITE Delay Time 20 - ns 14
tawn RAS to WRITE Delay Time 60 - ns 14
tawo Column Address to WRITE Delay Time 30 - ns 14
tepwd TAY precharge to WRITE Delay Time 40 - ns 14

TAS set-Up Time

t 5 - H

Csk (TAS before RAS Cyde) n

. TAS Hold Time s ns

CHR (CAT before RAS Cycle)

trec RAS to CTAS Precharge Time 0 - ns
TAS Precharge Time

tepr ¢ 30 - ns

(CAS before RAS Counter Test Cycle)

Write Command Set-Up Time
twrs 10 - ns
{Test Mode In)

Write Command Hold Time
twrH 10 - ns
(Test Mode In)

. WRITE to RAS Precharge Time
Wre (TAT betore RAS Cycle)
WRITE to RAS Hold Time

t — 10 - ns
WRH (CAS before RAS Cycle)
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TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE (Vcc =5V +10%, Ta=0~70°C) (Notes 7,8, 9)
TC514100APL/AJUASIL/AZL-60
SYMBOL PARAMETER UNITS| NOTES
) MIN. MAX.

e Random Read Write Cycle Time 115 - ns

tpc Fast Page Mode Cycle Time 50 - ns

thRaC Access Time from RAS - 65 ns 101'615
teac Access Time from CAS - 25 ns | 10,15
taa Access Time from Column Address - 375 ns 10,16
tepa Access Time from CAS Precharge - 45 ns 10
tras RAS Pulse Width 65 10,000 ns

trase RAS Pulse Width (Fast Page Mode) 65 200,000 ns

tRSH RAS Hold Time 25 - ns

esH TAS Hold Time 65 - ns

trHcP TAY Prechrge to RAS Hold Time 45 - ns

teas TAS Pulse Width 25 10,000 ns

tRaL Column Address to RAS Lead Time 35 - ns

CAPACITANCE (Ve =5V £ 10%, f = IMHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
Cph Input Capacitance (AD~A10, Dy} -

G Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Qutput Capacitance (Doyr) -

A-76



TC514100APL/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 Vss.

Icc1, Ices, Iccs, Ices, Icet depend on cycle rate.

Ice1, Iceq depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vyj, and CAS=Vyy.

2

tpag (max.)=1yps is only applied to refresh of battery-back up. tras(max.)=10us is applied to
functional operating.

7. 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.

8. AC measurements assume tp=>5ns.

9. Vi4 (min.) and Vi, (max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Vg and VjL.

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

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

12, Either trci or trryr 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-write cycles.

14. twes, trRwh, tcwDp, tAwp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twes (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If trwp= tRwp (min.), tcwp= tcwp (min.), tAwp=tawp (min,) and tcpwp 2 topwD (min.) (Fast Page
Mode), the cycle is a read-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 trep {max.) limit insures that tpac (max.) can be met.
trep (max.) is specified as a reference point only: If ticn is greater than the specified tpep (max.)
limit, then access time is controlled by tcac.

16. Operation within the tpap (max.) limit insures that tpac {max.) can be met.
tRAD (max.) is specified as a reference point only: If tRa is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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TC514100APL/AJL/ASJL/AZL-60

TIMING WAVEFORMS

1R

R ¥ e
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TC514100APL/AJL/ASJL/AZL-60

WRITE CYCLE (EARLY WRITE)

: "H* or "L"

A-79



TC514100APL/AJL/ASJL/AZL-60

READ-MODIFY-WRITE CYCLE

trmw -
—lRe
tRas
RAS Vi — "\‘ R
RA
ViL — x .
tRsH
t, trco trwi < CRP
. teas .
Vi — ¥ 1cAH Vi
oAS / trap 5N\ /
Vi — : T N

tewt

tasg _traH .,

AAAAA o " 7K sow :t@(: COLUMNW Ww. . .

e TR | || A
= = «n @ @

tcac
taa : OFF
Vow—
Dourt v OPEN %{r DATA - OUT ;E
oLT
tracC
- 10,'; >

A-80



TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE READ CYCLE

tap
- trasp b i
RAS Vi — \ ) - tec. /"‘
V||_ — & o
tesy tee tRsH
terp TRCD . tep - truee
lcas teas “tcas o
T Vi — P \ ¥ \ + 3 \~. -
VIL —_— / 4 / \ . /
tral
tase, | ltead,  tasc tean| | tasg |, tCIA,HI fasc 1 tean |
VlH p a - -+ 7
AQ~A10 ROW coL.1 COL.2 COLN /
ViL 7 * 7 x +* A
RAD tarH
tRcs | tren | s teedp | ltges tack
w7 ] - i M
we "7 \
Vi 7777 teac teac teac
daa . Jaa tan
- trAC trpa " tepa
VOH——— - o
Bour v Dour! Dour 2 Dour N
oL—
taz Sorr |l s tore, | | {tcu Lorr

: "H" or "L"
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TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

A0~A1D

WRITE

Oy

Pour

trp
trasp e
Vi — \
V"_ — X \
tec tRsH
LA Lo | tcas P teas <~ tcas
Ny N N N\
VlL _ \l _ N \:
: traL
task , tRan  tasc toan  tasc | [tcad tase | | fean
VIH o
v ROW COLA coL.2 COL.N
IL =~ A A
trap
twes tweH twes TweH
twis tWCD-L T twe o SN Twpr
. m “) %,
Vie 2 2
tos tow 1ps ton 1ps | ton
VIH — -
DN 1 Dy 2 Diy N
VIL 2 X b!
OPEN
Voo —
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TC514100APL/AJL/ASJL/AZL-60

iIFAST PAGE MODE READ-MODIFY-WRITE CYCLE

tre
. trasp I E—
Viy — o
V"_ — \ e
- tesH - - PRI e tRSH
tere treD }CPL tcp
1 "1 Yas ” tcas i tcas
o A N~ /N N W
Vie --../ \—t 1/ N =/ x_t.__:_/
RAL
tase | [tram, tasc | |tcam tasc tcan tasci |lear
Vi -L ) b d 7
AO~A10 ROW @@( coL. 7 coL.2 COLN ///%
ViL ey 2 X b A 2
_ trap tcwp tew Lowl
T tpeg L] f o tewo pwol | tcewp) kY
cwL
R N | N TN
IL “ RWD T 7] N
- Tos 1] |twe tawp ton [ 1 itawol | 1| [we
top tpg 1 B tos o
Vi4 —7 7 3 7 X y i
™ v %/ 7 N o / N %
e ez iz
teac teag, toag,
Von— I\ ¥ ! . . NS y—
Douyr v g%dour i H%g Dour 2 H% Dour N
oL= ——‘-7 *—-I—f ] i
LY. o taa tas lore
- trac < " {tcpa . 1‘ tcea
OFF OFF

: “H” or “L"
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TC514100APL/AJL/ASJL/AZL-60

RAS ONLY REFRESH CYCLE

tre
t
Vi — AP RAS -
RAS N / \
Vy ——— .
terp

R/
YO

DDDDD
% : "HY or “L*

Note: WRITE, A10="H" or “L"
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TC514100APL/AJL/ASJL/AZL-60

CAS BEFORE RAS REFRESH CYCLE

tre

trp

tras
Vi —
= N
Vi —— h ¥
< RPC

tep (osr

R tewr
Vih — - -
TAS /
VIL [

V.

N

..

—_ — g
ote: A0~A10=“H" or —
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TC514100APL/AJL/ASJL/AZL-60

HIDDEN REFRESH CYCLE (READ)

tre
trp
t o t

VIH — RAS I [t RAS s
RAS N V/ N\

Vip — X s h

treo
LRsH
N

« TRAO_
<l trRAH - tral
Vi ¥
~A10 ROW COLUMN

ViL — N A Y

tas tcan

tres - -

WRITE

toag
tan
taag ‘o
Vo — A
Dour v, F DATA - OUT
loz
or "L”

i
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TC514100APL/AJL/ASJL/AZL-60

HIDDEN REFRESH CYCLE (WRITE

tac

- tRP o
tras . tras -
" N % N Y
Vi — X A A
tere trep tasH e HR
|<-> - - -
Vi — B
S N
Vip —
o RAD | tral
tasr tﬁw_ tascl o] flcan
¥

VIH - ; 7,
AD~A10 v ROW COLUMN Y
i N T

> 4

- thwl Awrp | [twRH
v tweg twen
H It -
W N
it

los toy

DR~ ¥

" B

Dour OPEN
oL~

: "H* or "L
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TC514100APL/AJL/ASJL/AZL-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RP_,
v \ tras : -y
[l E— A\ RSH
RAS Vi — \‘ 1/ N
tee
tom tonr /lj—c_L’ tcas I
Vi —_\‘_V b gy
o N %
tase! | tgan o
"
*
1RaL >
READ CYCLE ) 1taa >~ tore
’ LY pp— I,
bour OPEN DATA -OUT
o oz T
| |y Y i, g
[T -«
WRITE CYCLE
Von—
0 OPEN
ouT VOL_ .
RWL
tr_"‘ﬁf_ fwex tow,
v / - - lwg tweH |
H = twe
wwe 77 ~ //////// .
ViL / /
tDS, ow
Vin
I . i
\ teac
READ-MODIFY-WRITE CYCLE laz - ‘OFF(
’ Von — + N
Pour " OPEN 4 DATA - OUT :4}_
taa L tow |
ti:- l!"’“ﬁ ) TAWD ~ - trwy >
ViH —
wre 77 \
'-RCL
tewp twp
v 7 , "
Din m_////////////” ? DATA-IN
Vi A 2
| I ton

: “H" or “L"
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TC514100APL/AJL/ASJL/AZL-60

WRITE, TAS BEFORE RAS REFRESH CYCLE

tre :
-~ .
t
RES N \
VIL —_— - A
h tReC |
<l 1csR

wt= N

o T Yy @
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TC514100APL/AJL/ASJL/AZL-60

JEST MODE

The TC514100APL/AJL/ASJL/AZL 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. Ajgr, and Agc are not used. If, upon reading, all bits equal (all “1"s or “0"s),
the data output pin indicates a“l1”, If any of the bits differed, the data output pin would indicate a“0".
Fig.1 shows the block diagram of TC514100APL/AJL/ASJL/AZL. 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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TC514100APL/AJL/ASJL/AZL-60

BLOCK DIAGRAM IN THE TEST MODE

V&c
Ajor, Avoc. Ao
[r———————) ]
—————)
B ———— " ]
. N - — Normal
Ason Ajoc
Lon foe 2%_Teq2K block L —
'K 9
Awgn Broc Age g Test
fRon o0 3¢ _Fe 12K block -
B
Avon Arocr C
Ao foe 20 1ok block
[«
Ajon Arocs Ao D
rest L% 512K block —|Cour
est D
Din
Normal Bon Avoc A £
ormal ] 108 7R 30C 20C 512K blO(k -
E
Boram Avnc. Bae | E
pLon o 39¢_L 512K block
. Test
Boom Arc, G
jRonSgoe89¢ 112K block = HH
—_——— — Normal
Aron. Arac Age H
AL L= 512K block [— Ator, Ar9c Agc
O,
2
N,
— 77

Fig. 1
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