4,194,304 WORD x 1 BIT DYNAMIC RAM *  This is advanced information and specifica-

tions are subject to change without notice,

DESCRIPTION

The TC514100APL/AJL/ASIJL/AZL is the new generation dynamic RAM organized 4,194,304 words by
1 bit. The TC514100APL/AJL/ASIJL/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/ASJI/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 5V10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 4,194 304 word by 1bit organization & Low Power
e Fast access time and cycle time 660mW MAX, Operating
(TC514100APL/AJL/ASIL/AZL —60)
TCS14100APUAJUASIUVAZL - 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 /O capability using “EARLY
teac CAS Access Time 20ns WRITE"” operation
tac Cycle Time 110ns o Read-Modify-Write, CAS before RAS refresh,
tpc  Fast Page Mode 2508 RAS-only refresh, Hidden refresh, Fast Page
Cycle Time Mode and Test Mode capability

¢ Single power supply of 5V110% ¢ All inputs and outputs TTL compatible
with a built-in Vpgp generator 1024 refresh cycles/128ms
¢ Package TC514100APL : DIP18-P-300E
PIN NAMES TC514100AJL : SOJ26-P-350
TC514100ASJL: SOJ26-P-300A

0~A10|Address inputs WRITE |Read/Write Input TC514400AZL : ZIP20-P-400A
RAS |Row Address Strobe Ve |Power(+5V)

Din | Data In Vss  |Ground BLOCK DIAGRAM

Dour |Data Out N.C. |No Connection

TAS |Column Address Strobe WRITE

BUFFER

PIN_ CONNECTION (TOP_VIEW)

NQ.2 CLOCK

[o7:31 Z—EG ' | DATA IN +0 Diy

-0 Ve

GENERATOR |-+ L__’ oA o 1o Dour
, . BUFFER
Plastic DIP Plastic 30 Plastic ZIP
COLUMN
ol Al -- AD o-{—_'ﬂ:"> ADDRESS i COLUMN
2 ' Frs 12, |CAS At O] BUFFERS (11} %]  DECODER
[R=-pe
Madla T ool i vy A2 O SENSE AMP
AAgE; p;:;-j:: 6 |wmTe A3 O— /0 GATING
e
arlls N.C »;1, 18 1AL0 Aq 0 ---4096 -
All? Fo3 UOINC A5 O—
A3lls [ =24
veel]9 A2]13, :51:2: Al A6 O— Y
Fiy Jalal A7 O~ w| T Ay
Veeplsd nd 23l MEMO
2z Tglas A8 O— 8 8102 ARRAY
v ==9
wiE e o R FNTEL
£ 120]A8 BUFFERS (1)
[}
SUBSTRATE BiAS
RAS 0—=| GenEraton GENERATOR
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TC514100APL/AJL/ASJL/AZL-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Output Volitage Vour -1~7 Vv 1
Power Supply Voltage V&c ~1~7 v 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tste ~55~150 °C 1
Soldering Temperature ' Time TSOLDER 260-10 *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 5.0 5.5 A 3
Vig Input High Voltage 2.4 - 6.5 A 2
Vi Input Low Voltage - 1.0 - 0.8 v 2
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TC514100APL/AJL/ASJL/AZL-60

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

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT 34
icar Average Power Supply Operating Current TC51a100APLIAILASILIAZL-B0 - 120 mA
(RAS, TAS, Address Cycling: trc=tac MIN. ) 5
STANDBY CURRENT
lecz Power Supply Standby Current - 2 mA
(RAS = TAS = Vy)

RAS ONLY REFRESH CURRENT
leca Average Power Supply Current, RAS Only Mode |1C5141004PL/AIUASILIAZL-60 - 120 mA 35
(RAS Cycling, TAS =Viu: tre=trc MIN.)

FAST PAGE MODE CURRENT
Icca Average Power Supply Current, Fast Page Mode [TC514, SuAPL/AILIASIIAZL-60 - 60 mA
(RAZ = v, TAS, Address Cycling: te¢ =1pc MIN. } 5

3.4

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

TAS BEFORE RAS REFRESH CURRENT

lece | Average Power Supply Current, TAS Before RAS [TC514100APUAILASILUAZLG0| - 120 mA 35
Mode (RAS, CAS Cycling: tac =tac MIN. )

Battery Back Up Current
Average power Supply Current, Battery Back Up Mode
lecs (TAS = TAS Before RAS Cycling or 0.2V, WRITE = V¢~ 0.2V - 400 HA 3,6
AD~10=Vee-0.2V or 0.2V, Diy=Vcc~0.2V, 0.2V or OPEN:
tre = 125y, tras = 300ns ~1us)

Battery Back Up Current

Average power Supply Current, Battery Back Up Mode
Iccr (CAS = CAS Before RAS Cycling or 0.2V, WRITE = Ve - 0.2V - 300 pA 3.6
AO~10= Ve -0.2V or 0.2V, Dyy=Vce-0.2V, 0.2V or OPEN:
tre = 12505, tpas = tras MIN ~300ns)

INPUT LEAKAGE CURRENT
[T Input Leakage Current, any input - 10 10 A
{OV S Vin5 6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

| -10 10 A
OW | (Dour is disabled, OV S VoyurS 5.5V) ¥

OUTPUT LEVEL

VOH wegn 2.4 — -V
Output "H" Level Voltage (loyr = - 5mA}

OUTPUT LEVEL
Vou . - 0.4 V.
Output "L" Leve!l Voltage (Igyt = 4.2mA)
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TC514100APL/AJL/ASJL/AZL-60

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

TCS14100APL/AIUVASIUAZL-60
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX.

tre Random Read or Write Cycle Time 110 - ns

tRmw Read-Modify-Write Cycle Time 135 - ns

tpe Fast Page Mode Cycle Time 45 - ns

N E:;zleP#?r:eMode Read-Modify-Write 70 - ns

trac Access Time from RAS - 60 ns ‘0"615
teac Access Time from CAS - 20 ns | 10,15
tan Access Time from Column Address - 30 ns 10, 16
teea Access Time from CAS Precharge - 40 ns 10
teiz CAS to Output in Low-2 0 - ns 10
tore Qutput Buffer Turn-off Delay 0 20 ns 11
7 Transition Time (Rise and Fall) 3 50 ns 9
tRp RAS Precharge Time 40 - ns

tras RAS Pulse Width 60 10,000 ns

trAsP RAS Pulse Width (Fast Page Mode) 60 200,000 ns

tRsH FAS Hold Time 20 - ns

RAS Hold Time From CAS Precharge

WRHCP | (Fast Page Mode) voo4 - ns

1esH CAS Hold Time 60 - ns

tcas CAS Pulse Width 20 10,000 ns

trep RAS to CAS Delay Time 20 40 ns 15
trAD RAS to Cotumn Address Delay Time 15 30 ns 16
tere CAS to RAS Precharge Time 5 - ns

tep CAS Precharge Time 10 - ns

tasr Row Address Set-Up Time 0 - ns

TRAH Row Address Hold Time 10 - ns

tasc Column Address Set-Up Time 0 - ns

tean Column Address Hold Time 5 - ns

traL Column Address to RAS Lead Time 30 - ns

tres Read Command Set-Up Time [ - ns

tRCH Read Command Hold Time 0 - ns 12
tams :Ree_ci__gomrnand Hold Time referenced 0 _ ns 12

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

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514100APUAJL/ASIVAZL-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAaX.

twe Write Command Pulse Width 10 - ns
tawl Write Command to RAS Lead Time 20 - ns
towe Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns 13
ton Data Hold Time 15 - ns 13
tReF Refresh Peric - 128 ms
twes Write Command Set-UP Time 0 - ns 14
tewd TAS to WRITE Delay Time 20 - ns 14
tawd RAS to WRITE Delay Time 60 - ns 14
tawd Column Address to WRITE Delay Time 30 - ns 14
tepwo TAS Precharge to WRITE Delay Time 40 - ns 14
csn TAS Set-Up Time 5 _ s

(CES before RAS Cycle)
ton TAY Hold Time s _ ns

(CAT before RAS Cycle)
taec RAS to TAS Precharge Time 0 - ns

TAS Precharge Time

30 - s
(CAS before RAS Counter Test Cycle) n

teer

Write Command Set-Up Time
twTs 10 - ns
(Test Mode In)

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

WRITE to RAS Precharge Time
{TAS before RAS Cycle)
WRITE to RAS Hold Time

t — 10 - ns
WAH (CAS before RAS Cycle)

twrp
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TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

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

Re Random Read Write Cycle Time 115 - ns

trc Fast Page Mode Cycle Time 50 - ng

tRAC Access Time from RAS - 65 ns “)1'615
teac Access Time from CAS - 25 ns 10,15
taa Access Time from Column Address - 35 ns 10,16
tepa Access Time from CAS Precharge - 45 ns 10
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

tosH TAS Hold Time 65 - ns

trHcP CAS 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 (Vcc =5V £10%, f= 1MHz, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
Ci Input Capacitance (AD~A10, D) - 5

€ input Capacitance (RAS, TAS, WRITE) - 7 pF
Co Output Capacitance (Dgyr) -
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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, Iccs, Icer depend on cycle rate.

Icel, Iccq depend on output loading., Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vj;, and CAS=Vpy.

IS

tRAaS (max.)=1lus is only applied to refresh of battery-back up. tras(max.)=10ps 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. V4 (min.) and V]L, (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Viy and Vi,

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 tpcn or trri 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, tRWD, tcwD, tAwp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twes=twes (minl), 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= tocwp (min.), tAwD= tawp (min.) and tcpwp2 tepwD (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 trcp (max.) limit insures that tpac (max.) can be met.
trep (max.) is specified as a reference point only: If tpcp is greater than the specified tyci (max.)
limit, then access time is controlled by tcac.

16. 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 tgrap (max.)
limit, then access time is controlled by taa.
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TC514100APL/AJL/ASJL/AZL-60

TIMING WAVEFORMS
READ CYCLE

tre
tras
Vi — L »|
RAS \ /
Vi —— N
tosH
[i T R

T N
tasg :tRAH_.tRAD [rery T N
wone’s SR o YO o N

trac j = lopg
Vou™— 2
Dour OPEN {%{ DATA-OUT
Voo™

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

WRITE CYCLE (EARLY WRITE)

Wi TN e
T N
e ama’

toH

Vow—
OPEN

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

READ-MODIFY-WRITE CYCLE

—te
tras
Ve —
RAS v \k
[ — .
trs o
CRP, trco trwi <lsge o
A
Vin — 7 _ Ycan g ¥
[4X3 tpap LAEE\\ > / /
w— |3 T |l e
- o
ASR - AtRAH’_l i

AAAAA TR o N
& om0
oo - OR___omeon ﬁJ}

teysl

% D "HY or “L”
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TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE READ CYCLE

A0~A10

WRITE

Dour

tre
B trasp N
Vin — \ * - — /4
Vi — - c \
tesH ter tRsH
tcre TRCD tep T trHCP
- | tcas teas ica
Vi — -ty \ > I \ J . \<_C_§.,.
Vg —/ \'! 1/ \ I / \
tral
tasg, | [t8an  tasc tcan tasc, | . ftcan Lasc tean
Vin L 4 N b d A L
ROW CcoL.1 €oL.2 COL.N /
Vi 7 - 7 x P x A
RAD tarH
tacs tRCH . t;}cs tRCH - "'I'Eﬂg TRCH
Vin X %
Vi teac teAl teac
Laa . "}AA taa
trac teop tepa
VoH—— s e
v Dour!? Dour 2 Dour N
oL~ ‘
t
S Offy | ez [loff,| | jl | lorr,
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TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
trase |
Vig —
RAS N
Vi — K \
tpc trsH
teap tR¢D tp | tcp -
N T teas * i teas teas
VIH . "4 i - > e fr—————
v \ \ N
Vu_ — N .
traL
task thay  tasc tean tasc
V‘H o
AQ~A1D v ROW coL1
L * A
I trap

twes

twes twe -
. Vm - tywp
WRITE
Vie
tps toH s

Din Oin 1
VIL A

VOH""‘—

Dout OPEN
Vor—

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

iFAST PAGE MODE READ-MODIFY-WRITE CYCLE

. tRasp S
w o N .
V"_ — e \
_ tesH - - tPRMYY e tRSH
tcre trcp tcp | cp
v RN . 1 teas tcas il teas
H — ¥ - x| = - "
Vit — b 7 k 1/ \‘\_..__I
tratL
tasr tran,  tasc | |lcan tasc tean fasc] [tear
Vin L N ar,
A0~A10 ROW coL > CcOL.2 COL.N ////%
Viu 3 7B 7
tRAD tcwp Loy towl
T | Jowo pwo| . tcewp taw
CWL,
v tewt X [T p —
e+ G T e T T BT
Vie . trwp| T 7] 7
N tos ] [twe tawp ton | | tawo twe
toul [ tod I - 1ps o
VK —7 X 1 N 77
D ”’/// 7 Dy 1 //// on2 X/ % Din N ////
™ v —Z %/ N . V//ﬁ// NI o
teu oz ta
Tt leac, teac,
Vou— - J N - 4 N N
Dour § Doyr 1 H% Dour 2 H% Dour N
VoL = N ¢ L 774
taa taa tan tore
B - bl K7 L | T -
_ RAC . CPA i CPA
Yore Jore_

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

RAS ONLY REFRESH CYCLE

tac
‘ - -
Vi — - RAS > L
s N /
Vi —— ™.
1cre

N4

% D "H" or “L”

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

CAS BEFORE RAS REFRESH CYCLE

R

<P (lesa
Vih — 4 -
TAS /|
Vik —

wie tWRH

tras
Vig ——
RS N
Vi — X
<tRPC
teur

o T O

torF

Vou—

7

Y.
.

N

Dour @

VoL A

Note: A0~Al10=“H" or “L”

A-85

OPEN

: "R" or "L



TC514100APL/AJL/ASJL/AZL-60

HIDDEN REFRESH CYCLE (READ)

RAS N
Vi X

LC-R: trep
| tRsH
Vig — !
CAS
ViL “‘“_/ tRAD
tasr tRAK trAL
Vim '
~A10 ROW COLUMN
ViL =] L N
ta

- T [
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HIDDEN REFRESH CYCLE (WRITE

taC

tras

Y

" % ==
A Y
TR
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TC514100APL/AJL/ASJL/AZL-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

wiZ N e /RN
wr N R
S __&Em

READ CYCLE ) an - - el

. Vou— :
Dour OPEN DATA-OUT
Voo — x.
trﬂ}:‘ twrr i‘ tacs teag R I
= Vin _//‘
RITE RCH
Vi - e

WRITE CYCLE
Do :O”___ OPEN
Vi — trﬂi %l twes - twe ‘xt - i
READ-MODIFY-WRITE CYCLE tag < toFE
[ oeur ::: oren % DATA- OUT —
tas - P tow ol

Rwr
1__: - tawp - tRwi

Viy = tm
i % \W

e i

tr
DS | I toH
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TC514100APL/AJL/ASJL/AZL-60

WRITE, CAS BEFORE RAS RETRESH CYCLE

Vig ——
RAS
ViL —
’ taec |
tesr

N

=

Y.

Note: Din, A0O~A10= “H” or “L"
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TC514100APL/AJL/ASJL/AZL-60

TEST 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. Ajor, and Apc are not used. If, upon reading, all bits equal (all “1"s or “0"s),
the data output pin indicates a“1”. 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

Q
Ayor, Aroc. Aoc
prenc——
° Normal
Aqons Ayocs Agc A L
~——0~9——1 512K block
5 g
Aror Avocs Age B Test
| Buoe 0001 512K block |
B
Agn Broc C
L Syoe 0% 512K block
_ [4
A Aracs Agc D
Test o~ 512K block = Doyt
Din ol
Normal Brom Aroc: A £
| g e® 512K block [
E
Foom Avoce Aae | F
o 3%t 512K block [
oLl
forc Test
Ason Bipce G
flion e 0% 12K block = . |
A\nﬂ'm‘\? H Normal
0~ C 512K block 5 Aror, Avoc Aoc
A —
N
— 7"
—C)

Fig. 1
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