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4,194,304 WORD »x°

DESCRIPTI’SAXN\\
The $C§

bit.
as a

%ggyé system user,
‘standard 26/20 pin plastic SOJ and 20, pin plastic ZIP.

“L/B>IT DYNAMIC RAM

* This is advanced information and specificatilons

are subject to change without notice,

4100J/Z is the new generatlon dynamic RAM organized 4,194,304 words by 1
%ge\TCSlélOOJ/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
ced circuit techniques to provide wide operating margins, both intermally and

Multiplexed address inputs permit the TC514100J/Z to be packaged

The package size pro-

;vgﬁes high system bit densities and is compatible with widely available automated

such as Schottky TTL.

FEATURES
» 4,194,304 word by

testing and insertion equipment.

1 bit organization

» Fast access time and cycle time

TC5141003/2-80/-10
YRAC|RAS Access Time|  80ns 100ns
aa |SOI000 A0ETeSe [ uona | sons
toac| CAS Access Time 20ns 25ns
trc [Cycle Time 150ns 180ns
Fast Page Mode
tpC Cyele T%me 50ns 60ns

« Single power supply of 5V:10% with a
built~in Vpp generator

PIN COMNECTION (TOP VIEW)

Plastic SOJ

 Plastic ZIP

System oriented features include single power supply
of 5V:107 tolerance, direct interfacing capability with high performance logic families

Low Power
550uW Operating {TC51410CJ/Z--80)
468nW Operating (TCS141003/2-10)
5.5mW MAX, Standby
Qutput unlatched at cycle end allows two-
dimensional chip selection
Commen I/0 capability using "EARLY WRITE"
operation
Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast
Page Mode and Test Mode capability
All ipputs and output TTL compatible
1024 refresh cycles/léms
Package Plastic 50J: TC514100J
Plastic ZIP: TC514100Z
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TAB pry s i VES BLOCK DIAGRAM
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PIN NAMES Al =t
AZ O REFRESH ol SENSE AMP,

A0 A10 | Address Inputs A3O0— CONTROLLER L70 GATE A
—— 4 Crreed : AL
RAS Row Address Strobe A | . - Ve

AS 0— REFRESH 4096 ~\
DIy Data In A6 O0—] COUNTER(D) ~J
AT O— 10 . QO
Dour | Data Out o a0l - N — \
CAS Column Address Strobe A50— Row » 8 1024 \\\
s ADDRESS _.LLL_») ' ARRAY N,
WRITE |Read/Write Input 42001 11 X Drnrmrs ) 1o ASg i /*${Q
Vee Power (+5V) ) _J (%)
v CGround Ty No,1 CLOCK | Q)
5§ RAS 0= GENERATOR SUBSTRATE. BIAS | =0 Vo
N.C. No Connection GENERATORA Veg




TC514100J/Z-80
TC5141004/Z-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTE

Input Voltage VIN “1nv7 v 1

Output Voltage Your -1n7 v 1

Power Supply Voltage Vee =-1a7 v 1

Operating Temperature Torr 0~ 70 °C 1

Storage Temperature TsTe ~554,150 °C 1

Soldering Temperature » Time TeoLDER 260 - 10 °C-sec 1

Power Dissipation Pp 600 oW 1

Short Circuit Output Current IouT 50 mA 1

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

STMBOL PARAMETER MIN. TYP. | - MAX. | UNIT | NOTE

Vee Supply Voltage 4,5 5.0 5.5 v 2

VIH Input High Voltage 2.4 - 6.5 v 2

VIL Input Low Voltage -1.0 - 0.8 v 2

DC ELECTRICAL CHARACTERISTICS (Vce=5V:10%Z, Ta=0~ 70°C)

SYMBOL PARAMETER MIN, |[MAX.| UNITS|NOTES
OPERATING CURRENT - -

Ice1 |Average Power Supply Operating Current TC5141007/2-80 109 mA 3,4,5
(RAS, CAS, Address Cycling: PRC='RC MIN.) TC5141003/Z-10 | -~ | 85
STANDBY CURRENT

Ircz |Power Supply Standby Current - 2| mA
(RAS=CAS=V1y)
RAS ONLY REFRESH .C_URRENT e TC5141003/2-8¢ | = [100

Iccy |Average Power Supply Current, RAS Only Mode mA |3,5
(RAS Cyeling, €AS=Viy: trc=trg MIN.) TCS5141007/2—10 | = 85
FAST PAGE MODE CURRENT -

Iccy, |Average Power Supply Current, Fast Page Mode 1¢5141007/2-60 60 mA [3,4,5
(RAS=Vyy,, CAS, Address Cycling: tpc=tpc MIN.)| TC5141003/2-10 | = 50
STANDBY CURRENT

Ipes |Power Supply Standby Current - 1| ma

v (RAS=CA3=VCC-0.2V)

CAS BEFORE RAS REFRESH CURRENT T05141003,2-80 | — 100

Icce |Average Power Supply Current, CAS Before - mA |3
RAS Mode (RAS, CAS Cycling: tRC=LRC MIN.) TC5141003/2-10 | ~ I 85
INPUT LEAKAGE CURRENT = =~ e

Ir(L) |Input Leakage Current, any input (OVS ViysZ 6.5V, All Other -10{ 10 { uA
Pins Not Under Test=0QV)
OUTPUT LEAKAGE CURRENT

To(L) |(bgyr is disabled, OVs Vgyrs 5.5V) -10) 10 | uA
OUTPUT LEVEL

v -

O Output "H" Level Voltage (IQUT=-~5mA) 2.4 v

Ve OUTPUT LEVEL - 0.4 v

5L Output "L" Level Voltage (IguT=4.2mA) *




TC5141004/Z-80
TC5141004/Z-10

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

TC5141003/2-80 TC514100J3/2-10
SYMBOL PARAMETER UNIT |NOTES
MIN. MAX, MIN. MAX,

tRC Random Read or Write Cycle Time 150 - 180 - ns

tRMW  [Read-Modify-Write Cycle Time 175 - 210 - ns

tpc Fast Page Mode Cycle Time 50 - 60 - ns

— z;:;eP;ggeMode Read-Modify-Write 75 _ 90 _ s

tRAC |Access Time from RKAS - 80 - 100 ns [9.14,15
LCAC |Access Time from CAS - 20 - 25 ns | 9,14
tan Access Time from Column Address - 40 1T - 50 ns | 9,15
tepa Access Time from CAS Precharge - 45 - 55 ns [ 9
tcLz [CAS to Output in Low-Z 0 - 0 - ns |9
COFF |Output Buffer Turn-off Delay 0 20 0 20 ns | 10
tT Transition Time (Rise and Fall) 3 50 3 50 ns | 8
tRP RAS Precharge Time 60 - 70 -~ ns

tRAS RAS Pulse Width 80 10,000 100 10,000 ns

tRASP |RAS Pulse Width (Fast Page Mode) 80 | 200,000 100 | 200,000 ns

tRSH |RAS Hold Time 20 - 25 - ns

tcsy |CAS Hold Time 80 - 100 - ns

ERHCP |CAS Precharge to RAS-Hold Time 45 - 55 - ns

teas  |CAS Pulse Width 20 | 10,000 25 { 10,000 | ns

tRCD |RAS to CAS Delay Time 20 60 25 75 ns |14
traD |RAS to Column Address Delay Time 15 40 20 50 ns |15
tCRP |CAS to RAS Precharge Time 5 - 10 - ns

tcp , {CAS Precharge Time 10 - 10 - ns

CASR  |Row Address Set-Up Time 0 - 0 - ns

tRAH Row Address Hold Time 10 - 15 - ns

tASC Column Address Set-Up Time 0 - 0 - ns

CCAH Column Address Hold Time 15 - 20 - ns

AR Sgl;iAE Address Hold Time referenced 60 _ 75 _ ns

CRAL Column Address to RAS Lead Time 40 - 50 - ns

trRes |Read Command Set-Up Time 0 - 0 - ns

tRCH Read Command Hold Time 0 - o - ns |11
ERRY Et{:a%_A_(_S:omnand Hold Time referenced 0 _ 0 _ ns |11
YWCH |Write Command Hold Time 15 - 20 - ns




TC514100J/Z—80
TC514100J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC5141003/7 TC5141003/Z
SYMBOL PARAMETER - -10 UNITS|NOTES
MIN, MAX, MIN, MAX,
tycr |Write Command Hold Time referenced to 60 - 75 _ ns
RAS

typ Write Command Pulse Width 15 - 20 - ns
tRWL |Write Command to RAS Lead Time 20 - 25 - ns
tcWL |Write Command to CAS Lead Time 20 - 25 - ns

tps Data Set-Up Time o - 0 - ns |12
tpH Data Hold Time 15 - 20 - ns |12
tDHR |Data Hold Time referenced to RAS 60 - 75 - ns
tgReF |Refresh Period - 16 - 16 ms

tycs |Write Command Set-Up Time 0 - 4] - ns |i3
tCWwD |TAS to WRITE Delay Time 20 - 25 - ns |13
tgun  |RAS to WRITE Delay Time 80 - 100 - ns |13
tAWD {Column Address to WRITE Delay Time 40 - 50 - ns |13
tCPUD i?:sirgzgzrﬁzd:; WRITE Delay Time 45 _ 55 _ ns |13
tCSR {CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - ns
LCHR |CAS Hold Time (CAS before RAS Cycle) 15 - 20 - ns
Lrpc  |RAS to CAS Precharge Time 0 - 0 - ns
P %ﬁi—spzzzzizg%lzzunter Test Cycle) 40 " 30 " ns
tyrs |Write Command Set-Up Time(Test Mode In) | 10 - 10 - ns
tWwTH |[Write Command Hold Time (Test Mode Imn) 10 - 10 - ns
tRe  [(THE botore KRS Cyarsy o | - ) 1] - | s
t;RH' WRITE to RAS Hold Time 10 _ 10 _ s

(CAS before RAS Cycle)




TC514100J/2—80
TC514100J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE

(Vocm5V:10%, Ta=0~70°C) (Notes 6, 7, 8)

TC514100J/Z | TC514100J/2
SYMBOL PARAMETER -80 -10 UNIT [NOTES
MIN. MAX. MIN. MAX.
tRC Random Read or Write Cycle Time 155 - 185 - ns
tpC Fast Page Mode Cycle Time 55 - 65 - ns
tRAC Access Time from RAS - 85 - 105 ns [9,14,15
teac Access Time from CAS - 25 - 30 ns 9,14
tas Access Time from Column Address - 45 - 55 ns | 9,15
Copa Access Time from CAS Precharge - 50 - 60 ns 9
TRAS RAS Pulse Width 85| 10,000 | 105 | 10,000 ms
tRASP RAS Pulse Width (Fast Page Mode) 85 | 200,000 105 |2006,000! ns
tRsH RAS Hold Time 25 - 30 - ns
teon CAS Hold Time 85 - 105 - ns
tRHCP ZAS Precharge to RAS Hold Time 50 - 60 - ns
teAs CAS Pulse Width 25| 10,000 30 | 10,000} us
tRAL Column Address te RAS Lead Time 45 - 55 - ns

CAPACITANCE (vgg=SV:10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX., UNIT
C11 Input Capacitance (AO~AlQ, Diy) - 5 pF
C1a Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (Dgyr) - 7 pF




TC514100J/Z-80
TC514100J/Z-10

‘NOTES:

1.

10,

11.

12.

13.

14,

15.

Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.

All voltages are referenced to Vgs.
Iccls Ice3s Icca, Icce depend on cycle rate.

Iccis Iccy depend on output loading. Specified values are obtained with the
output open.

Column address can be changed once or less while RAS=Vy;, and CAS=Vyy.

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 CTAS before RAS refresh cycles instead
of 8 RAS only refresh cycles are required.

AC measurements assume tT=5ns.

Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vyj.

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

toFr(max.) defines the time at which the output achieves the open circuit con-
dition and is not referenced to output voltage levels.

Either tgrcy or tgrpy must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and
to WRITE leading edge in read-modify-write.cycles.

twcs» TRWD> tcwp, tawp and tepwp are not restrictive operating parameters. They
are included in the data sheet at electrical characteristics only. If tyrsatucs
(min.), the cycle is an early write cycle and data out pin will remain open cir-
cuit (high impedance) through the entire cycle; If tgyyp2 tryp (min.),

tewp 2 towpmin. ), tayp2 tawp (min.) and tcpwE: tepup (min.) (Fast Page Mode),
the cycle is a read-modify-write cycle and the deta 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,

Operation within the tpep(max.) limit insures that tpan(mex.) can be met.
tpep(max.} is specified as a reference point only: %@ trep is greater than the
specified tpep(max.) limit, then access time is controlled by tpac.

Operation within the tpap(max.) limit insures that tgsc(max.) can be met.

trap(max.) is specified as a reference point omly: If t p 18 greater than the
specified tpap(max.) limit, then access time is controllﬁé by taa.

A-6



TC514100J/Z-80
TC514100J4/Z-10

TIMING WAVEFORMS

READ CYCLE
tre
*RP
ms BT _—1\ e / N
Vip — -
tesE
v teRP "~ TReD “RSH Fere
s T \\ e / j
Vi — '
AR
tRAD TRAL
TASR tRAH tasc tCAH
Vid —
Vip —
*RCH
- tres LY
v —
e Z T N/
Vi — ¥ Tcac
Tas
oLz
tRaC COFF
Vog —
DouT OPEN z VALID DATA }——
VoL — 1

s YR" o "LV
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TC514100J/Z-80
TC514100J4/Z-10

WRITE CYCLE (EARLY WRITE)

tCcRP

X tosH
N Vig _ toas
CAS / \ / /
Vi, — . *

taR

tRAD CRAT,
tRAH tasc toaH

o vt = WD == W

e = N/

tps

« o T = Y,

tDpHR

A-8



TC514100J/Z-80
TC514100J/Z2—10

READ-MODIFY-WRITE CYCLE

moa— N - —
o o,

e T | N
o " T = W

A-9
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TC514100J/Z-80
TC514100J/Z2-10

FAST PAGE MODE READ CYCLE

tRp
Vig — tRaSP
Vip —
tRHCP
tocsH Tpc
tRsH
tCRP RCD toas tcp tep | -
Vig — \\ 5 \\ toas Tcas
& / /
VIL -_ . A
tAR t tRAL
]
LASRH YRAH| tasc tcam tasc toay tasq oAy
VIig — y : - k v
eI/ R ) e ) 1 X
Vi, — 3
LRAD tReH CRRH
tRes eS| Erow e tﬂ_’e‘f_ tReH
— Vg —
w ST % N
Viz — tad toag toac
tan LTV taa
RAC toPa tcpa
Doy Von — AvalID AVALID VALID
ouT v DATA 1 - DATA 2 DATA N
oL —
tcLz topm - toLz [torw tcLz | torr
1 | I :

A-10



TC514100J/Z-80
TC5141004/Z—10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

RP
- Vi — T T TRASP
= / \__
vip —
. tpc ) tRSH
tReD toas
. tcRP tcp TeP
’ “cas toas
Vig — - \ y
C& \ /
VIL _— = -
tRAL
FaR tasc tasc
TASR TRAH, YascC tcaH tCAH CCAH
Vig — =
AO~ALD ROW COL 1 COL 2 COL N
Vin T
. tm .
twCR
twes TWCH  Uwoes twCH
twcs TwcH
. tw’P tw—P .
Vig — WP
was /)N i .
Vip —
tps tpH | tps tpg . tps tDH
Vig — — E s -
N R Y e e )
Vip — ¥ - I
tDHR .
Vog —
Dogr OPEN

: "H" or "L"



TC5141004/Z—80
TC514100J4/Z-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp
— Vig — TRASP
HAS / N
vVip ~—
tosH L PRMW
t
tcRP treD Tcp t0P | lw TSE |
[ »
_ Vig — tcas - toas tcas y
/) N e/ B N/ //
VII.:_ —_
[ TRAL
‘-
t4SR tRaH tage toaH tage| | tean tasel [toan
Vig —
AO~A10 ROW COLUMN 1 COLUMN 2 COLUMN N /
VIL —_ — | /
t t
RAD -CFD tCWD towh | towln
tRCS o3 topw L"I_
taWD | € AWD) tAWD TRWL

= T t TN \.

CRwWD

| | *oH TDH tps| |YDH
- T ! tD oty —— e
| 2| el LT
D Y18 — /) VALID VALID VALID
//////, 5 ) X
oLz toLz torz
Teoac Toap toac
tan Taa taa
' tRAC topa ToPpa
D Vor — / VALID VALID VALID
ovr = DATA 1 DATA 2 DATA N
oL —
CoFP toFF Sopp

. "H" or IILII
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TC514100J4/Z-80
TC514100J/Z—10

RAS ONLY REFRESH CYCLE

tRC

VI e = LRAB
ms \ | \__
VIL —

trPo
- TCRP
L R
Vg — ,
CaAS
Vi, —

Las TRAH

w2 T = WO

VoH ~——
Doyt v OPEN
oL —

' (///]+ "E" or "L"

NOTE: WRITE="H" or "L", Al0="H" or "L"
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TC514100J/Z—-80
TC514100J/Z-10

CAT BEFORE RAS REFRESH CYCLE

S B e — AU
=== NI

" e — I NI,

You — N

VoL e

NOTE: A0~ AlQ=""H" or "L" . ',I/‘ : "E" or "L"
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TC514100J/Z-80
TC514100J/Z—10

HIDDEN REFRESH CYCLE (READ)

tRAD CRAL

w0 =T K== K

RRH tyry | (Wl

w =TT | | N O

. Taa

tRaAC : ToFry

Vor —
Dour : VALID DATA §__
VoL —
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TC514100J4/Z-80
TC514100J4/Z-10

HIDDEN REFRESH CYCLE (WRITE)

R R o S
S -
s 2T = WO === X,
= N N,

SRS/ S

',/A : an or "L"
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TC514100J4/Z-80
TC514100J/Z2—-10 .

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

=TT =
— Zi}: :—-\tcsn TCHR tcas Z
s TN WL
’ Dour :Zj — OPEN :@( VALID DATA —
vig — t‘ﬂﬁ = Kééééﬂéé;; = ’ t
km VL _7/ CRCH %
tIVJ.R_Z SWRH twes ::1:11-1,
wrm N ////////I/////I///////////A
SN/ R N
§ ‘
b T ova t A o ——
v Tﬂ TWRH TAWD RWL
T — U s N/
o S/ s SN,

tps ltDH |
'//A : "H" or AL
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TC514100J/Z-80
TC514100J/Z-10

w T N
w A =
= " T —=— T
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TC5141004/Z-80
TC514100J/Z-10 .

READ CYCLE IN THE TEST MODE

T e /| N
- e
™ T o _L I

s = T | VUL

tan

tcnz
traC tOFF

VALID DATA }——-———————

You —

-

OPEN

VoL

: "H" or "L"
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TC514100J/Z—-80
TC514100J/Z-10

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

tRAD tRAL
tRAY tasc tean

S =) e W

W T, i—/// /)

twer

tps

o TN o s XTI,

tDHR

: "H" or "L"

A-20



TC514100J/Z-80
TC514100J4/Z—-10

FAST PAGE MODE READ CYCLE IN THE TEST MODE

tRP

vy e /;:\_
ViL —
t RHCP
tesH tpe
! RSH
tCRP tRCD ,tcas| ( tcP 1CP
Vi — N\ tCAS toAS
A5 : \ \
VL = - I
tAR N tRAL
. P
tas tRAH, tasC tcan | tasc| |tcay | ‘ascl (iC
v — 5 L
Av~a10 B //m ROW ?@( coL 1 >@< coL 2 cOL N %//////////////////1
VIL — -
tRAD tRCH tRAH
tRCS tRes| 'RCH tRCS t RCH
Vin —777777 :
e X/ N/ N
ViL — teaC tCAC tCAC
taa tAa tAA
tRaC LCPA| topPA
Y —_— ’ p 4
O A VALID VALID VALID
Dour VoL — N///\DATA 1 DATA 2 DATA N
eLg L LOFF t oLz |t OFF teLz ['OFF

: nyn op mpY
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TC514100J4/Z-80
TC5141004/Z—10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

W R - -

w AR PR Nl
) e /;; - I
o :///////////m @gm = mmx//////////////////

.: "H" or "L"
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TC514100J/Z-80
TC514100J/Z-10

TEST MODE

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 secotrs
in parallel and retrieved the same way. AjpRr, A10C and Agc are not used. If, upon
reading, all bits are equal (all "1"s or "0"s), the data output pin indicates a e,
If any of the bits differed, the data output pin would indicate a "0'". Fig. 1 show.
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if
it were a 512K DRAM. N

"WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode'".

And "CAS Before RAS Refresh Cycel" 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)..

A-23



TC514100J/Z-80
TC5141004/Z-10

BLOCK DIAGRAM IN THE TEST HODE

Test

Din

Normal

A10R, A10C, Acc
0§

A A
[ A10R, 100,*‘oc ‘

512K block

w et

S12K block

A10R, 510C, 4oc

4Aj0R, B0, Foc
—— 0wl

512K block

Q.

Ot

#10R, 4102, 4ac
——o-2

| 512K block

g o a

A)0R, A10¢,%0C
.l——-—k.

512K block

O

——C O———]

512K bleock

HljHH] m

4A10R, 410C, 4oc

S12K block

A10R, 210, Foc

512K bdlock

ENIEIE

Normal

Test

Test

Dven

Normal

Fig. 1
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