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rTOSHIBA
Introduction

We are proud to introduce Toshiba’s 1994 DRAM Components and Modules data book. The layout and
contents of this data book were designed to address and resolve various concerns expressed by the design
engineering and purchasing communities.

The first section consists of our DRAM component data sheets and corresponding package mechanical
dimensions. It was our intention only to provide data sheets which correspond to part numbers of DRAM products
which are in volume production and are recommended for new designs. We hope that this approach will help
eliminate the experience of designing-in a particular device, only to find out later that it is difficult or impossible
to source.

The next section consists of DRAM module data sheets and their corresponding AC conditions. Again, only
module configurations and part numbers in volume production are listed in this section.

We have included a section labeled “Next Generation Products”. The devices in this section will soon be in
production and are suitable for new designs in the 1994 time-frame.

Finally, we have included reference documents and application notes to make your use of our products easier.

For additional information, please contact your local Toshiba sales office listed on the back cover.
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NOTE 1:
Sym-512 = Symmetrical Address(9 Row/9 Column)

512 Refresh Cycles/8ms

Sym-1K = Symmetrical Address (10 Row/10 Column)
1024 Refresh Cycles/16ms

Sym-2K = Symmetrical Address (11 Row/11 Column)
2048 Refresh Cycles/32ms

Asym-lK = Asymmetrical Address (10 Row/8 Column)
1024 Refresh Cycles/16ms

Asym-2K = Asymmetrical Address (11 Row/10 Column)
2048 Refresh Cycles/32ms

Asym-4K = Asymmetrical Address (12 Row/10 Column for 4M or 12 Row/8 Column for 1Mx16)
4096 Refresh Cycles/64ms

Refer to Application Note for further details

NOTE 2:

x36 modules designated with “ECC” are optimized for ECC applications and x36 modules without the
“ECC” designation are optimized for parity applications.

Refer to Application Note for further details.
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FTOSHIBA
TC514100AS]/AZ/AFT-60/70/80

4,194,304 WORD X 1 BIT DYNAMIC RAM

DESCRIPTION

THE TC514100A is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The
TC514410ASJ/AZ/AFT 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 TC514100A to be packaged in a standard 26/20 pin plastic SOJ (300mil), 20 pin plastic ZIP, 26/20
pin plastic TSOP. 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 5Vt 10%
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS

¢ 4,194,304 word by 1 bit organization
¢ Fast access time and cycle time
* Single power supply of 5Vt 10% with a built- TCS514400ASJ/AZ/AFT
in Vg generator ITEM
* Low Power - K K
660mW MAX. Operating 60 0 80
(TC514100ASJ/AZ/AFT-60) s
550mW MAX. Operating tRaC AccessTime | 60ns | 70ns | 80ns
(TC514100ASJ/AZ/AFT-70)
(PCS M4 100ASTIAZ AR E50) 'AA - Comnaddess | 30ns | 35ns | 40ms
5.5mW MAX. Standby
¢ Outputs unlatched at cycle end allows two-di-
mensional chip selection tcac CAS pccess Time | 20ns 20ns 20ns
e Common /O capability using “EARLY
WRITE” operation
¢ Read-Modify-Write, CAS before RAS refresh, t
RAS-only refresh, Hidden refresh, Fast Page PC  Fast Page Mode 45ns | 45ns | 50ms
Mode and Test Mode capability Cycle Time
e Allinputs and outputs TTL compatible
* 1024 refresh cycles/16ms
¢ Package TC514400ASJ :SOJ26-P-300A
TC514400AZ  : ZIP20-P-400A

TC514400AFT : TSOP26-P-300

Access Time

tre Cycle Time 110ns 130ns 150ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-1



TC514100AS]/AZ/AFT-60/70/80

PIN NAME
AO0~A10 Address Inputs
RAS Row Address Strobe
D Data In
Dout Data Out
CAS Column Address Strobe
WRITE Read/Write Input
Vee Power (+5V)
Vgs Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

Plastic SOJ Plastic ZIP Plastic TSOP (Normal Bend Type)
¥0101  260v OE[_ r--
yo2d2 25 ?uésa V03 E": 2. | TAS

WRITEQ3  24(r03 £x2 14 | 1704
RAS{4 23 3@5 VeslS. ! =:3
adlls 220 | ,F3 B0
A09  18[as ﬁA—SE:‘- :;8::WRITE
A1E10 170a7 F== 10| A9
A011 160a6 AODIY! =3
A3E12 150as a2(13) 2] Al
vec13  14faa ES2 T14] A3

N———/ Veelis! F=3

asfizi o4 A
ol e
19 0] A8
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TC514100AS)/AZ/AFT-60/70/80

BLOCK DIAGRAM
WRITE Véc Vés
&S :__l_‘é_') >| DATA IN <0 Diy
BUFFER
NO.2 CLOCK
GENERATOR —— i DATA OUT -0 Dour
4 BUFFER
e |
COLUMN I
A0 <>>__TT_'> ADDRESS ﬁ> COLUMN
Al O> BUFFERS (11) 1) DECODER
A2 O> REFRESH <! SENSE AMP.
A3 O CONTROLLER |~ >0 GATING
A4 O Y ---4096 - 1
AS O> REFRESH
YY \A
AG O COUNTER (10) - .
A7 O g 3 al i MEMORY
AB O> O|1024 |  ARrAY
«< Ul
A9 O> ROW ol !
o ADDRESS )
A10 __1l> BUFFERS (11) -
4
_ NO.1 CLock | SUBSTRATE BIAS
RAS O—>1 GENERATOR GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage ViN —1~7 \' 1
Output Voltage Vour —1~7 A\ 1
Power Supply Voltage Vee —1~7 A% 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tsta — 55~150 °C 1
Soldering Temperature ® Time | Tso; ppr 260+ 10 °C ¢ sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | 'y 50 mA 1

*This parameter is periodically sampled and is not 100% tested,

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. AR



TC514100AS]/AZ/AFT-60/70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 55 v 2
Vi Input High Voltage 24 - 6.5 v
Vo Input LowVoltage -1.0 - 0.8 v 2

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

Output “L” Level Voltage (Igyt=4.2mA)

SYMBOL PARAMETER MIN. | MAX | UNIT | NOTE

OPERATING CURRENT TC514100AS)/AZ/AFT-60 - 120 34

lect Average Power Supply Operating Current TC514100AS)/AZ/AFT-70 - 100 mA ;
(RAS, CAS, Address Cycling: trc=trc MIN) TC514100ASV/AZ/AFT-80 | - 85
STANDBY CURRENT

lCC2 Power Supply Standby Current 2 mA
mm:vm)
RAS ONLY REFRESH CURRENT TC514100AS)/AZ/AFT-60 - 120

lCC3 Average Power Supply Current, RAS Only Mode | TC514100AS)/AZ/AFT-70 - 100 mA 3,5
(RAS Cycling, CAS=Vy: tpc=trc MIN.) TC514100ASVAZ/AFT-80 | - 85
FAST PAGE MODE CURRENT TC514100AS/AZ/AFT-60 | - 60 34

ICC4 Average Power Supply Current, Fast Page Mode TC514100ASJ/AZ/AFT-70 - 60 mA ;
(RAS =V, CAS, Address Cycling: tpc=tpc MIN.) [ TC514100AS/AZ/AFT-80 | - 50
STANDBY CURRENT

'CC5 Power Supply Standby Current 1 mA
(RAS=CAS=Vc-0.2V)
TAS BEFORE RAS REFRESH CURRENT TC514100ASY/AZ/AFT-60 - 120

lecs Average Power Supply Current, CAS Before RAS | TC514100ASJ/AZ/AFT-70 - 100 mA 3,5
Mode (RAS, CAS, Cycling: trc=trc MIN.) TC514100ASJ/AZ/AFT-80 | - 85
INPUT LEAKAGE CURRENT

Y L Input Leakage Current, any input -10 10 uA
(OV<V\<6.5V, All Other Pins Not Under Test=0V)

| OUTPUT LEAKAGE CURRENT

OL) | (Doyr is disabled, (OV<Vqur<5.5V), 10 10 nA

Vou |OCTPUTLEVEL ” X v
Output “H” Level Voltage (IoyT=-SmA)

VoL OUTPUT LEVEL ; 0.4 v

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC.




TC514100AS)/AZ/AFT-60/70/80

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

TCS514100AS)/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN | MAX
tgc  |Random Read or Write Cycle Time 110 - 130 -1 150 -] ns
tamw | Read-Modify-Write Cycle 135 -| 155 -l 175 -| ns
tpc  |Fast Page Mode Cycle Time 45 - 45 - 50 -] nbs
— Fas.t Page Mot.ie Read-Modify- 70 - 70 - 75 | ns
Write Cycle Time
foac Access Time from RAS - 60 - 70 - 80 ns 9,1 154,
tcac | Access Time from CAS - 20 - 20 - 20] ns 9,14
taa | Access Time from Column Address - 30 - 35 - 40| ns 9,15
tcpa | Access Time from CAS Precharge - 40 - 40 - 45 - 9
tcrz | CAS to Output in Low-Z 0 - 0 - 0 - ns 9
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tp  |RAS Presharge Time 40 -f 50 -| 60 -| ns
tgas |KAS Pulse Width 60 10,000/ 70| 10,000{ 80| 10,000 ns
trasp | KAS Pulse Width (Fast Page Mode) 60| 200,0001 70| 200,000  80(200,000| ns
tgsy  |KAS Hold Time 20 -l 20 -l 20 -{ ns
tencr RAS Hold Time From CAS 40 -l 40 -l 45 1
Precharge (Fast Page Mode)
tcsu  |CAS Hold Time 60 -l 70 -| 80 -l ns
tcas |CAS Pulse Width 20( 10,000/ 20| 10,000{ 20{ 10,000 ns
teep  |RAS to CAS Delay Time 20 40| 20 50 20 60| ns 14
_ m to Column Address Delay 15 30 15 35 15 40 ns 15
Time
tcre | CAS to RAS Precharge Time 5 - 5 5 -| ns
tcp | CAS Precharge Time 10 - 10 -l 10 -| ms
task  |Row Address Set-Uup Time 0 - 0 - 0 -| mns
tray |Row Address Hold Time 10 - 10 - 10 -l ns
tach |Column Address Set-Up Time 0 - 0 - 0 Ol ns
tcay |Column Address Hold Time 15 - 15 - 15 -| mns
AL C.olumn Address To RAS Lead 30 -1 35 -| 40 ns
: Time
tges |Read Command Set-Up Time 0 - 0 - 0 -] ns
tsen  |Read Command Hold Time 0 - 0 - 0 -] ns 11
- Read Command Hold Time refer- 0 - 0 - 0 1 s 1
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 -| ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-5



TC514100AS)/AZ/AFT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
) TC514100ASY/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcw | Write Command to TAS Lead Time | 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tbH Data Hold Time 15 - 15 - 15 - ns 12
trer | Refresh Period - 16 - 16 - 16 ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 13
tewp | CAS to WRITE Delay Time 20 - 20 - 30 - ns 13
tgwp | RAS to WRITE Delay Time 60 - 70 - 80 - ns 13
W %o;luenm Address to WRITE Delay 10 i 35 A 40 A ns 13
P %;nxse Precharge to WRITE Delay 4 i 40 ) 45 ) ns 13
TCAS Set-up Time
'SR |TTAS before RAS Cycle) S
CAS Hold Time
'HR | (CAS before RAS Cycle) S R B R I
tgpc | RAS to TAS Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time
tecpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle
Write Command Set-up Time
twrs (Test Mode In) 10 } 10 ) 10 ) ns
Write Command Hold Time
'WIH | (Test Mode In) 04 - (10 - 1oy - | oms
WRITE to RAS Precharge Time
twrp (CAS before RAS Cycle) 10 ) 10 ) 10 . ns
Write to RAS Hold Time
'WRH | [CAS before RAS Cycle 0 - oy - s
A-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TC514100AS]/AZ/AFT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC514100ASJ/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN | MAX

tre Random Read or Write Cycle Time | 115 - 135 - 155 - ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 - ns
tRacC Access Time from RAS i 65 ) 75 ) 85 ns 9,1154,
tcac Access Time from CAS - 25 - 25 - 25 ns 9,14
taa Access Time from Column Address | - 35 - 40 - 45 ns 9,15
tepa Access Time from CAS Precharge - 45 - 45 - 50 ns 9
tRAS RAS Pulse Width 65 [(10,000] 75 | 10,000 | 85 | 10,000 | ns
trRASP RAS Pulse Width (Fast Page Mode) | 65 |200,000{ 75 {200,000 85 (200,000 ns
tRsH RAS Hold Time 25 - 25 - 25 - ns
tesH CAS Hold Time 65 - 75 - 85 - ns
truCP RAS Hold Time From CTAS Pre- A ) .

charge (Fast Page Mode) 4 4 30 ns
tcas CAS Pulse Width 25 [10,000| 25 |10,000| 25 {10,000 ns
tRAL Column Address to RAS Lead Time| 35 - 40 - 45 - ns
CAPACITANCE (V¢ =5V £ 10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cp Input Capacitance (AO~A10, Dyy) -
Cp Input Capacitance (RAS, CAS, WRITE) - 7 oF
Co Input Capacitance (Doyrt) -

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A7



TC514100AS]/AZ/AFT-60/70/80

NOTES:

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

2. All voltages are referenced to Vgg.

3. ICCl’ ICC3' Icc4, ICC6 depend on cycle rate.

4. Icct Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Iy, it can be changed once or less
during a fast page mode cycle (tpc).

6. An initial pause of 200ys is réquired 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 tr=5ns.

8. Vi (min.) and Vy; (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vy .

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

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

11. Either tpcy OF tyry 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 tRwps tewps tawp and tcpwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg 2twces (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp2tgwp (min.),
tewp2tewp (Min.), tawptawp (Min.) and tepwp2tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

14. Operation within the tgcp (max.) limit insures that tg,c can be met. tgeop (max.) is specified as a
reference point only: If tp is greater than the specified typ (max.) limit, then access time is controlled
by teac-

15. Operation within the tg 5 (max.) limit insures that tg 5c (Inax.) can be met. tg op (max.) is specified as
a reference point only: If tgap is greater than the specified tgap (max.) limit, then access time is
controlled by ty,.

A-8 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514100AS]/AZ/AFT-60/70/80

TIMING WAVEFORMS
READ CYCLE
I | N
«m‘. tacp - tc:;sn |._‘csL..
L N
e e

I tres taru >
Vin —~
WRITE / tcac
ViL { taa
trag
|
Do OPEN DAT,

x G o ——
@
WRITE CYCLE (EARLY WRITE)
o — . N
tcﬂr’ - tesu !c::iﬂ ' <tcre |
T N/
woee s I YO o WO

o ] A =

tawy,

. = ‘om0

t_gs_’__l‘ I ton

Von—

: “H" or "L"
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TC514100AS]/AZ/AFT-60/70/80

READ-MODIFY-WRITE CYCLE

RMW
e |
tras
Vig = - I
= \ / N
((Saant X B4
tRsH
tere trRcD TRwi | tcpe
t
Vin — V4 ‘t::\uj
a3 trap tasc \\ /
Vi == tesH
towt
tas tRaM tral

L L&F_F_|
. B —
.
: “H" or “L"
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TC514100AS]/AZ/AFT-60/70/80

FAST PAGE MODE READ CYCLE

tre
t "—"I
RASP
RAS Y — \ = V
Vy — = —
esm tep tRsH
tcre TRCO tep tRHCP
tcas tcas tea:
N N/ N
Vi — \-k / \ \ / \:
traL
tasg, | lteaw, tasq toan, | lasq | [tean tasq tcan
Vi + N/,
A0~A10 7 ROW coL.1 coL.2 coun
¢ ' RAD T | T tRAH
tres tren |, Jtres e |, trch
Vin /
WRITE
Viu tcac teac teac
laa tas | ERIY
trac “teen tepa,
\/QH— 2 2 p'\S v N
Dour v Doyt 1 Dour 2 >— Dour N,>'——
oL — r i
taz forr | L lllae {toee, | L |ltaz | torr

: "H" or "L"

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
trase ‘4————»‘
Vih — /
ViL — * e \
tec RsH
t, tre tep tcp
RP RCD qJ—»
|" teas i teas | teas
@ " ‘—j i \ f \
ViL — \-k 7 \‘L A \
trAL
tasr tray  tasq o tcam tasc tcan tas¢ tcam
ViK v d 4 # &
AO-AT0 :%( ROW % oL @f‘ coL.2 }@( COLN
8 -~ -~ ] T~
| trAD
twes tweH twes twer
twes twey, twp z'm”
o - R v
ViL
tos ton tos tou tos ton
Viy -7 a —— N
Din // DOy 1 Din 2 Diy N
Vi 3 " £
Von—
Doyt OPEN
VoL —

: “H” or “L"
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TC514100AS)/AZ/AFT-60/70/80

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tre
trase ||
Viu — 4‘ ’L
RAS
Vi, - \-\
tesh AWy or . TRSM

tere . taep - ter tep

_ j[" | tcas teas tcas
ViH —

& N\

7
AN

traL

1, 1 t, E? t, AH £
ASR RAH ASC CAH ASC, tc Tas R

Vin b d ¢ b d
AD~A10 / ROW coL1 coL.2 COLN
Vi =t F A3 N
i w— ot |

tawp fwe

Oin

tos O

Stz |
' £ 3 P N
Dour Doyt 1 Dour 2 D% Doyt N >———
VoL — -L_rd- N - | b 3
|

taa lore
)

: “"H" or "L”

A-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514100AS)/AZ/AFT-60/70/80

RAS ONLY REFRESH CYCLE
tre = '
Vi tras i
w N / \__
terp tRPC
Viu
@ vi v

OPEN

e 8.

% : "H" or “L”

CAS BEFORE RAS REFRESH CYCLE

tre -
RP
1
Vi — RAS
s N / N\
Vik — -~
tRPC
1 Sesr

w" f N @@ @ @

v

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC.



TC514100AS]/AZ/AFT-60/70/80

HIDDEN REFRESH CYCLE (READ)
1

o  ——

w7 N /A

o™ X WX o W
. ETA&’ teaH *—'m— tmn

torr

3___

% : "H" or "L”

D | A
ot — : T
R Y e

. = =
e s

A-14

: “H" or "L"
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TC514100AS]/AZ/AFT-60/70/80

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS
Vi — R taskH
s, N\ /)
tepy
:(_si tcHr tcas
Viy — I/F
Tas
Vi — I A
tasc tcan
Vin Je~
ViL X o
: tray
READ CYCLE taa tore
( Von— V4
Dour OPEN DATA-OUT
VoL — tez I~
‘rﬂ | dwrn J. tRGS| tcac . L‘RR!,
ViH % / // //
é% t
WRITE Vi _/ / / RCH | /
N\
WRITE CYCLE
Von—
PEN
Dour vy, — ° .
RWL
twRrP | twRH tow
. >~ -<—r-| s Twen
H 7 R t :
WRTE //% 2 u 8% // / / /
i
tos toH
Vih —7 p
ViL - 4-
tcac
READ-MODIFY-WRITE CYCLE ta PELLY
Vo — /
Dout > OPEN 7 DATA- OUT !}——
—_— R Y
Vo taa TewL | |
Tﬂp’ R [ Tawp [ :
ViH —7 N
WRITE v _//% \._
* tres
towp twe
e @O .
D DATA - IN
"o —/ // 3 4 /

tos ton
1 ¥

: “H" or “L*
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TC514100AS]/AZ/AFT-60/70/80

WRITE, CAS BEFORE RAS REFRESH CYCLE

tre

tras

N /

NS~

S N
1c_n_g1._ tacp _— ‘cZ;s" <tere |
=,/ ] N\ m / , /
wowe s ST o YO YT
i -m:“ *‘S::lc o
Dour ::':: OPEN @g DATA- OUT :
: "H” or "L"

A-16 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514100AS)/AZ/AFT-60/70/80

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

Re
——18p ]
Vin — \ iRas }
RAS \___
Vi t N tacp tasn (
1
, “—Pt‘ {<{] o l._mv_,‘
W—
@ ik — \\.\, / J
trap traL
!ﬁl tran tasg | tean
A0~A10 vm:%ﬂ ROW @{ COLUMN
Ve J- -
cwL
twes twen : .
Viy [~ twe
WRITE Vo
. taw |
= ( g
/ o X
|~
Oour :::: OPEN

%: “H" or “L"

FAST PAGE MODE READ CYCLE IN THE TEST MODE

trp
v tRASP )
M — 3 J
RAS
e N — 1
tesu ter trsH
tere TRCD tcp ARHCP
tcas tcas 1
Viy — b d ¥ Damme
[/ / N\ / \ / W
Vip — X oK.
traL

tasgy loiteay b doy | g 1 e asC] o loan

Vin o « + -
A0~A10 ROW coL.1 coL.2 COL.N
Vi N * X .
RAD TRAH
s tacu |, Jtres wmon ], taca |
Vi —7
WRITE
ViL tcac teac tcac
taa taa taa
| trag " tepa — tcea

(V-
Dour VoL— Dour 1 @— Douyr 2 }'— Dour N 5———
tewz Llﬁ . tcLz I Eg | - 1 T tg;;

: "H" or “L"
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TC514100AS)/AZ/AFT-60/70/80

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

trp
trasp S —
Vi ="
w N
w !
tpc tasH
tcre trep e e |
hig tcas tcas tcas
o= Viy — \ \ \ /
Vi —_/ N S \ X k
tral
tase tma tasg L_ tean  tasc tean Gasg fcan

Vin - - P -~
AO~A10 ROW coL coL.2 COLN

trap
I‘ > twes tweH twes tweH
twes twey twi 1
Vin | twe l * 5
WRITE v .
[N
tos toH tos toH tos ton
Vih —7 2
' / X b
Von—
Dour OPEN
VoL —

: "H" or "L"
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TC514100AS]/AZ/AFT-60/70/80

TEST MODE

The TC514100/ASJ/AZ/AFT is the RAM organized 4,194,304 words by 1 bits, internally organized
524,288 words by 8 bits. In “Test Mode™, data are written into 8 sectors in parallel and retrieved the same way.
Ajgrs Ajgc and A is 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
TC51400/ASJ/AZ/AFT. In “Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM.

“WRITE, TAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “TAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
TCAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/8 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

A1or, Aroc, Aoc

—————° Normal

Ajgre Aroce A

—idio——l" 512K block | ”:
Arore Aroce A Y Test
‘—"Ldio—-l“ 512K block | "

| (@ i[>

Ao Aroc, A
‘—2"—0'&3——'“ 512K block

Aor Arocs Boc

Test [ Ronfgee Sue_T'519K block Dour
o Lo

[ow}1]

Normal Aom Arge. A €
o | [P gre g T2k biock —
E
Aygn. Arge, Agc I LE
1 512K block
A — ! o¢ JF__

[alB 2l

ol o

Test

Avom Arc:
R Seeg Tetak bock " \_.IE
—_— Normal
Argr. Ao Agc "
—OC 512K block Ajor. Aroc, Aac
-

alf o

x| jx

Figure 1
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‘OSHIBA
TC514100AS]L/AFTL:60/70/80

4,194,304 WORD X 1 BIT DYNAMIC RAM

DESCRIPTION

The TC514100ASJL/AFTL is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The
TC514100ASJL/AFTL 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 TC514100ASJL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 26/20 pin plastic
TSOP. 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 5Vt 10% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS
* 4,194,304 word by 4 bit organization
«  Fast access time and cycle time TC514100ASJL/AFTL
« Single power supply of 5Vt 10% with a built- ‘ ITEM
in Vg generator -60 -70 -80
* Low Power
660mW MAX .Operating t RAS
(TC514100ASJL/AFTL-60) RAC Access Time 60ns 70ns 80ns
550mW MAX. Operating t
(TC514100ASJL/AFTL-70) AA  Column Address 30ns 35ns 40ns
468mW MAX. Operating Access Time
(TC514100ASJL/AFTL-80)
1.1mW MAX. Standby tcac  CAS Access Time 20ns 20ns 20ns
¢ Outputs unlatched at cycle end allows two-di-
mensional chip selection tRe  CycleTime 110ns | 130ns | 150ns
¢ Common I/O capability using “EARLY .
WRITE” operation PC  Fast Page Mode
«  Read-Modify-Write, CAS before RAS refresh, Cycle Time 45ns | 4505 | SOms
RAS-only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability

¢ Allinputs and outputs TTL compatible

¢ 1024 refresh cycles/128ms

o Package TC514400ASJL : SOJ26-P-300A
TC514400AFTL : TSOP26-P-300

TOSHIBA AMERICA ELECTRONIC COMPONENTS INC A_n4



TC514100ASJL/AFTL-60/70/80

PIN NAME
A0~A10 Address Inputs
RAS Row Address Strobe
Dy Dataln
DOUT Data Out
CAS Column Address Strobe
WRITE Read/Write Input
Vee Power (+5V)
Vs Ground
N.C. No Connection
PIN CONNECTION (TOP VIEW)
Plastic SOJ Plastic TSOP (Normal Bend Type)
D.NC°1 26 [J Vss
WRITEQ 2 25 P Dour
RASO 3 24 JTAS
NCO 4 230NC
A100 5 22[A9
Ao 9 180As
Al w0 17pA7
AZE 11 16 A6
A3l 12 15 AS
Vcc[ 13 14 ]JA4

A_nn TOSHIRA AMERICA ELECTRONIC COMPONENTS. INC.



TC514100ASJL/AFTL-60/70/80

BLOCK DIAGRAM
WRITE Véc Vés
TAS :k ~( DATA IN <0 Dy
BUFFER
NO.2 CLOCK
GENERATOR _ |=— | [ DATA OUT |0 Dour
} BUFFER
-
COLUMN
A0 O~ T} ADDRESS T ) ;g’égo""&
Al O» BUFFERS (11) 1%
A2 O REFRESH - SENSE AMP.
A3 O CONTROLLER | k"o GATING _|=
A4 O> Y -=-4096 -~
AS O REFRESH
COUNTER (10 i )
P (10) -
)
A7 O> @ 2ol ! MEMORY
A8 O (o] 10'24 ARRAY
A9 O~ ROW “ ol
ADDRESS > ol 1
Al0 °"___Di> BUFFERS (11)
I}
j0. K = SUBSTRATE BIAS
RAS O—>| z?NL:AL?SR — GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 \Y 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 \Y 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tst6 — 55~150 °C 1
Soldering Temperature ® Time | TgoLpgr 260+ 10 °C e sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current Yoot 50 mA 1

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-23



TC514100ASJL/AFTL-60/70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 v 2
Vi Input High Voltage 2.4 - 6.5 \Y% 2
v Input Low Voltage -1.0 - 0.8 \Y% 2

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT |NOTES|

OPERATING CURRENT TC514100ASJL/AFTL-60 - 120 34

ICCl Average Power Supply Operating Current TC514100ASJL/AFTL-70 - 100 mA ;
(RAS, CAS, Address Cycling: trc=trc MIN.)  ITC514100ASJL/AFTL-80 | - 85
STANDBY CURRENT

lccz Power Supply Standby Current 2 mA
(RAS=CAS=Vy)
RAS ONLY REFRESH CURRENT Average TC514100ASJL/AFTL-60 | - 120

Iccs Power Supply Current, gxg Only Mode TC514100ASJL/AFTL-70 - 100 mA 3,5
(RAS Cycling, CAS=Vyy: trc=tpc MIN.) TC514100ASJL/AFTL-80 | - 85
FAST PAGE MODE CURRENT TC514100ASJL/AFTL-60 - 60 34

ICC4 Average Power Supply Current, Fast Page Mode |TC514100ASJL/AFTL-70 - 60 mA ;
(RAS =V, CAS, Address Cycling:tpc=tpc MIN.) [TC514100ASJL/AFTL-80 | - 50
STANDBY CURRENT

Iccs Power Supply Standby Current 200 HA
(RAS=CAS=Vc-0.2V)
TAS BEFORE RAS REFRESH CURRENT TC514100ASJL/AFTL-60 [ - 120

Ioce | Average Power Supply Current, TAS Before RAS [ TC514100ASIL/AFTL-70 - 100 mA 3,5
Mode (RAS, TAS, Cycling: tgc=tpc MIN.) TC514100ASJL/AFTL-80 | - 85
Battery Back Up Current
Average Power Suuply Current, Battery Back Up Mode

Icc; | (CAS=CAS Before RAS Cycling or 0.2V, WRITE=V 0.2V - 300 | pA 3.6
A0~10=Vc-0.2V or 0.2V, Dpy==Vcc-0.2V, 0.2V or OPEN:
tRc=125|J,S, tRAS=tRES MIN. "‘1]18) .
INPUT LEAKAGE CURRENT

Ya) |InputLeakage Current, any input 210 | 10 pA
(OV<V\<6.5V, All Other Pins Not Under Test=0V)

I OUTPUT LEAKAGE CURRENT 10 10

OW) | (Dgyyis disabled, OV SV oyr<5.5V) nA

v OUTPUT LEAKAGE CURRENT 24 . v

OH 1 Output “H” Level Voltage (Ioyp=-5mA) -
v OUTPUT LEAKAGE CURRENT _ 0.4 v
Ok 1output “L” Level Voltage (Ioyp=4.2mA) -

A-24
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TC514100ASJL/AFTL-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (V¢ce =5V £ 10%, Ta = 0~70°C)(Notes 7,8,9)

TC514100ASJL/AFTL
SYMBOL PARAMETER -60 -70 -80 UNIT [NOTES
MIN | MAX. |MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 -1 130 - 150 -] ns
tamw | Read-Modify-Write Cycle 135 -1 155 - 175 -| ns
tpe  |Fast Page Mode Cycle Time 45 -l 45 - 50 -| ns
toRAW Fast Page Mode Read-Modify-Write 70 -1 70 - 75 | ons
Cycle Time
trac Access Time from RAS - 60 - 70 - 80 ns 10,15,
16
tcac | Access Time from CAS - 20 - 20 - 20{ ns 10,15
taa | Access Time from Column Address - 30 - 35 - 40| ns 10,16
tcpa | Access Time from CAS Precharge - 40 - 40 - 45 - 10
tcrz  {CAS to Output in Low-Z 0 - 0 - 0 -] ns 10
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 11
tt Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 9
tgp | RAS Presharge Time 40 -| 50 - 60 -| mns
tras | RAS Pulse Width 60| 10,000 70( 10,000 80| 10,000 ns
trasp | RAS Pulse Width (Fast Page Mode) 601 200,000| 70/200,000 801200,000{ ns
tgsy | KAS Hold Time 20 -l 20 - 20 -| s
trsicp RAS Hold Time From CAS 40 -] 40 - 45 | ns
Precharge (Fast Page Mode)
tcsy  |CAS Hold Time 60 -l 70 - 80 -{ ns
tcas | CAS Pulse Width 20} 10,000f 20} 10,000 20| 10,000) ns
teep | RAS to CAS Delay Time 20 40| 20 50 20 60| ns 15
tgap | RAS to Column Address Delay Time 15 301 15 35 15 40| ns 16
tcrp | CAS to RAS Precharge Time 5 - 5 5 - ns
tcp | CAS Precharge Time 10 -{ 10 - 10 -| ns
task | Row Address Set-Up Time 0 - 0 - 0 -| ns
tray  |Row Address Hold Time 10 -1 10 - 10 -] ns
tasc | Column Address Set-Up Time 0 - 0 - 0 0] ns
tcan | Column Address Hold Time 15 -l 15 - 15 -| ns
trar, | Column Address To RAS Lead Time 30 -l 35 - 40 ns
tres  |Read Command Set-Up Time 0 - 0 - 0 -| ns
trey | Read Command Hold Time 0 - 0 - 0 -| ns 12
e Read Command Hold Time refer- 0 - 0 - 0 | ns 12
enced to RAS
twcn | Write Command Hold Time 10 -l 15 - 15 -l ns
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TC514100ASJL/AFTL-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514100ASJL/AFTL
SYMBOL PARAMETER -60 -70 -80 UNIT [NOTES
MIN [ MAX| MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwe | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 13
tpy |Data Hold Time 15 - 15 - 15 - ns 13
trer | Refresh Period - 128 - 128 - 128 | ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 14
tcwp | CAS to WRITE Delay Time 20 - 20 - 20 - ns 14
tgwp | RAS to WRITE Delay Time 60 - 70 - 80 - ns 14
oW %o;::nm Address to WRITE Delay 30 ) 35 ) 40 i ns 14
tepwD %ﬁiPrecharge to WRITE Delay m i 40 ) 45 ) ns 14
CAS Set-Up Time
fesk {CAS before RAS Cycle) 5 ) 5 ) 5 ) ns
CAS Hold Time
teHr (CAS before RAS Cycle) 15 ) 15 ; 15 ) ns
tepc | RAS to TAS Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time
tecpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle
Write Command Set-Up Time
twrs (Test Mode In) 10 ) 10 B 10 ) ns
Write Command Hold Time
twTH (Test Mode In) 10 - 10 - 10 - ns
WRITE to RAS Precharge Time
twrp (TAS before RAS Cycle) 10 ) 10 ) 10 ) ns
Write to RAS Hold Time
"WRH | [TAT before RAS Cycle 10 ) 10 ) 10 ns
A-DR TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TC514100ASJL/AFTL-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE (V¢ =5V +10%,Ta=
0~70°C(Notes 7,8,9)

TC514100ASJL/AFTL
SYMBOL PARAMETER -60 -70 -80 UNIT |NOTES
MIN | MAX | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time | 115 -l 135 -1 155 -| ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -| ns
frac Access Time from RAS - 65 - 75 - 85 ns 10,15,
16
tcac | Access Time from CAS - 25 - 25 - 25 ns | 10,15
taa Access Time from Column Address - 35 - 40 - 45| ns 10,16
tcpa | Access Time from CAS Precharge - 45 - 45 - 50| ns 10
tras | RAS Pulse Width 65 10,000 75| 10,000 85( 10,000{ ns
trasp | RAS Pulse Width (Fast Page Mode) 65200,000 751200,000 85)200,000( ns
tesy | RKAS Hold Time 25 - 25 - 25 -| ns
tcsy  |CAS Hold Time 65 - 75 - 85 -f ns
trucp | CAS Precharge to RAS Hold Time 45 - 45 - 50 -| ns
tcas | CAS Pulse Width 251 10,000 25| 10,000 25| 10,000| ns
RAL Cf)lumn Address to RAS Lead 35 - 40 - 45 | ps
Time
CAPACITANCE (V¢ =5V £10%, f = 1IMHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cn Input Capacitance (AO~A10, D) - 5 pF
Cp Input Capacitance (RAS, CAS, WRITE, ) - 7 pF
Co Input Capacitance (Doyr) - 7 pF

TACLIINA ALIFIMIA AL Fi S A mLilm e am o ———— n o



TC514100ASJL/AFTL-60/70/80

NOTES:

1.

10.

11.

12.

13.

14,

15.

16.

no

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

All voltages are referenced to Vg.

Icct Iecss Iccss Iccs depend on cycle rate.

Icct Iccs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of Igy, it can be changed once or less
during a fast page mode cycle (tpo).

tras (Max.)=1ps is only applied to refresh of battery-back up. tg o5 (max.)=10ps is applied to functional
operating.

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.

AC measurements assume ty=5ns.

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

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

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

Either tgcy or trpy 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.

twes tRwp» tewps tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp>trwp (min.),
tewp>towp (min.), tawp>tawp (Min.) and tepwp>tepwpp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tpcp (max.) limit insures that tpac can be met. tpepy (max.) is specified as a
reference point only: If tyop is greater than the specified tpcp (max.) limit, then access time is controlled
by tcac. -

Operation within the tg 5, (max.) limit insures that tg 5 (max.) can be met. g, (max.) is specified as
a reference point only: If tgap is greater than the specified tpp (max.) limit, then access time is
controlled by ty .
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TC514100ASJL/AFTL-60/70/80

TIMING WAVEFORMS
READ CYCLE
W N /[ N
teap trep it ((:\":“ <P
o N/ /]
“—sﬁ oo :RAL e o traL I
e TN o WX N
s - RCH
w7777 |- <
’trm; J.CLL,‘ torr
~—

Vo™
Dour OPEN % DATA - OUT
Vo — 2 —

: "H" or “L"

WRITE CYCLE (EARLY WRITE)

tre
180 |
tras
iy —
s N N
Vi — ™ 5
trco
tere tesm ricu.,
tc
Vin —
s N\
Vi — -+

trar

s TN o VO

tweH

w T — (i

M.

: “H" or “L”
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TC514100ASJL/AFTL-60/70/80

READ-MODIFY-WRITE CYCLE
) trmw )‘ - |
RAS
Vig = 3
b Vi — N‘ - \__—
tRSH
- lclr;,’ 1rco ‘ reas TRw I tcre
(/39 Vi — taap — tasc \\-v. £am
/ tag, tRan_, ray
Ao-Alo:::r__%q ROW COLUMN

b N

tres 1w

..  c©=™!

icac
taa orr

<—>I
Vou— 290
Dour  _ ° OPEN % DATA-OUT l)—-——-——-—

Vo
trac
ol T

: "H" or “L"

FAST PAGE MODE READ CYCLE

tre
, tRasr
RAS iy — tpc /
Vi — b
iy e trsH
tere TRCD tcp RHCP
teas teas 1cas
Vi — 3 e - q s £
s / N /A \\ % \
Vi — N_ - Q1
1pal
tasg, [ [team,  tasc toam | | lasg [ ‘gﬁ s tcan
Vin INA y Y
A0~A10 7 row XX cov 5@( coL.2 @@( coLN .
Vi N. A \Z7 X 7 -+« . Z
! tRRH
t t t Lﬁ“ I
RCH RCS) RCH |, reH

T, 7/ ".'{y/
teac tcac ;. tcac

laa 1an tan
RAC _icpa_ _ tepa

Von— | L

Dour v /4/ Doyt 1 3 Dour 2)"" Dour N)—"——'
oL — 3 3 3
laz FF | ‘oz | tore | 1Y I‘gr;l

: “H" or "L"
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TC514100ASJL/AFTL-60/70/80

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
. trasp |<—-——-—|
wm TN /
Vi — X \_
tec tRsH

tcrp lacp tep t

'Li"" teas | taas, [+ teas |
Vih — \ \ '\
Vi — X b \'l \_

tRAL
lasn tray  lasc toan tasc , tcan tAss Tcan

Vih —72\ # < Z -
h e 3

&

Vie N N
1 trap

> twes tweH twes twen

v ‘Wf S twan “twe | twe, |

" / twe |

Vu. — / . Z

tps tom 1ps ton toH
Vin ———// a -\
Oin _/ Dy i Din2 Din N
ViL 3 p 4
Vou—
Dour OPEN
VoL—

% @ "H" or "L”

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

\ trp
RASP Iq—’l
Vi —— .\B /
Vi — X \
tere o 1 ey e
. 1ReD P tcp
v i 1cag teas tcas
H— .& X,
s N N N
VL — N / N
traL
Lasa tran  lasc tcam tasc, tcan Ta
A5k g

DX o WX XX o WK W
j e o i
— }’T
Z

VA "H" or L

PAALIIMA ARSEmmiAs i A ania - .--——



TC514100ASJL/AFTL-60/70/80

RAS ONLY REFRESH CYCLE
tne

Vi — thag i
s Vi - \ /

, [ it

H —
@ Vi —__/ \_/
| Saay

o TP W

Note: WRITE, A10="H" or "L" G e
CAS BEFORE RAS REFRESH CYCLE
Shell S — —
wrm N\
- :
e . v+ or “1*
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TC514100ASJL/AFTL-60/70/80

HIDDEN REFRESH CYCLE (READ)

U4
trp
!Mi ‘ﬂAi
e N / N 1%
Lo Vi, — L .
tere) treo
Vih — | N [ -, < 'y‘
o8 Vi """_/ R \ T
tasr

VIH — r
A0~A10 _%g RO
V|L X

traD
tRaH
-+
v
4 A
SC

WRITE ::: :%// ///% tgac

Von —

\

Dour o —

¥ -
% DATA - OUT >"—_—
h £
1

: “H" or “L*

HIDDEN REFRESH CYCLE (WRITE)

I ALTY

Vin =

mv \-u

4 \ 4

tcrp
|0
Vig et
o _/
Vip —,
tasp

1
%

tasg

Vi —7
A0~A10 v % ROW
[ -

XA

s ‘S
e

Von —

tRwi, llwun
twen
t

"

{ps

Oour

Voo —

OPEN

% : "H" or “L"
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

B2y
1ras
Viy ~— *-\ 1RsH
Vig — A

!

eS2L |
tesm Lonm tcas
v —_— N L
H \
TAS 5] 3
Vi, ~

. ==
Dour :::: oPeN m; DATA- OUT r‘t.____

 tray
— :m :% g R //’/;/7 ‘_m_j%

(8

N
WRITE CYCLE
V, —
o o OPEN
T Vo trwi
twrp | RwhH tewl
v |<_> ~ twesl twen i
W7 . X, twe 2
Vi —
tos ton
Vi —277 27 ) N
Din v / / //// DATA - IN ¥
" teac .
READ-MODIFY-WRITE CYCLE | PRACLE

NS

o
Vor— f ¥
OPEN 4% DATA - OUT $———
VoL — -

our twre | kwan :::vo : chtv;\m ! '
. 4 "(/%‘7/// \
O ::: W// /////// / DATA-IN }W
05, | [t |
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WRITE, CAS BEFORE RAS REFRESH CYCLE

tre

il e — N
== NI\
_— )\ Z
oo o -

w T N ! / N
o —e—_ —
=/ \ / |
te DU ETmE
v " T | '——"'JW
e ;o:;
Z: “u" or "L°
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

tre
- e |
tras I
ws N
Vg — N
ReD tRsH
tcre tosm <P |
I 1cas l
w ") N\ / Va
viL =
trAD {rat
tasg tRAH _, tasg ican
Vi —7 h
e D O i O
lewt
twen '
twes

LRwi,

wm DN X

1ps ! ! [

Vow—
Dout OPEN
Vo.—

: “H" or "L*

FAST PAGE MODE READ CYCLE IN THE TEST MODE

trp
rasp I I
. Vin — \ tpe 7
Vi —— N
1csn p rsH
tear TRCD tep rucp
teas icas 1,
Vm —_ = .\ / \ / \q_EAi»
= v ——_/ 4 \ \.
raL
lnapg  tasc tean < 1. [tean 45C Lcan
Vm — -+ R +# -
L X -1 b S
RAD trry
tacs i Rk |, lacs e |, tReH
Vi Y 7 7, %
wATE | 7 / ,/ 7 7
L tcac Icac teac
taa AN tan
Arag \cpa " tepa
Von— \ N
N
Doyr Vou— ‘@ Oour 1 / Dour 2 )= / Dour N,_>_'
taz i Tore | 113 |_torr g | tor,
i

: “H" or "L

A-RR TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514100ASJL/AFTL-60/70/80

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

trp
taase |

s N
Vi — b

tec tRsH

cap treo P TN
!!"‘" cas teas | teas
Vih — \ % '\
ViL — J \L—.—.’I
tRAL
tasc tcan LS lcan

lasr |l _'&A"f s tean .
Vin —7 Y o
a0~ato ROW b% cort DN co2 }@( CcoLN }W
n N i 3 T
trap
: twes twen - twes twen
twes twer twe twe,
Viy —3 7 7 > t | o
e NTTY)
Vi / ///'” /

ips {DH ins toH 1ps ton
Vi —7 d
VoH—=——
Dout OPEN
VoL —

% :"H" or “L”
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TC514100ASJL/AFTL-60/70/80

TEST MODE

The TC514100ASJL/AFTL 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» Aqgc and Ay 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
TC514100ASJL/AFTL. In “Test Mode”, the DRAM can be tested as if it were a 512K 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,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/8 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Vee
Ayor. Atoc, Aoc
———-—o\———
R ———d
A " Normal
Acrr Arocs
IR 512K block [ ‘ S
A f_l
-3
Ason Arge. Boc 8 ! - Test H
P e doc [oo¢ blocklg '

Ason Aroc,.
‘_'“_3&0—-]““ 512K block

Avon. Aroc. Boc
Test '-“‘—“&to—" 512K block -{Dom
e S —
N | Ajon. Ay,
il [ S - P block -——
E
[3

Rrom Asoc, Agc
-Mo—”‘ 512K block

(2108 2]

o

oA

-

Test

T G
o Joe 8o _['o1oK bock }__G i l’_‘

Ao Avoc, e |512K block 1H Normal
— = Ayor. Avoc, A
FH' 10R: A10¢, Aoc
3
—————"4
°\————
Y/

Figure 1
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TOSHIBA
TC5116100]/Z/FT:60/70

16,777,216 WORD X 1 BIT DYNAMIC RAM

DESCRIPTION

The TC5116100J/Z/FT is the new generation dynamic RAM organized 16,777,216 word by 1 bit. The
TC5116100J/Z/FT 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 TC5116100J/Z/FT to be packaged in a standard 28/24 pin plastic SOJ, 24 pin plastic ZIP and 28/24
pin plastic TSOP. 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 5Vt 10%
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS

¢ 16,777,216 word by 1 bit organization
¢ Fast access time and cycle time

 Single power supply of 5V* 10% with a built- ITEM TC5116100)/Z/FT
in Vgp generator

*  Low Power [§ RAS : 60ns 70ns
495mW MAX .Operating RAC Access Time
(TC5116100)/Z/FT/TR-60) t Col dre:
440mW MAX. Operating AR Comm et 30ns | 35ns
(TC5116100)/Z/FT/TR-70)
5.5mW MAX. Standby teac CBS Acoess Time 15ns 20ns

*  Outputs unlatched at cycle end allows two-di-

mensional chip selection . 0

« Common I/O capability using “EARLY 'RC_ Cycle Time 110ns 130ns
WRITE” operation

+  Read-Modify-Write, CAS before RAS refresh, 'PC Fast Page Mode 40ns | 45ms
RAS-only refresh, Hidden refresh, Fast Page Cycle Time

Mode and Test Mode capability
¢ All inputs and outputs TTL compatible
* 4096 refresh cycles/64ms
o Package TC5116100]J :SOJ28-P-400A
TC5116100Z : ZIP24-P-475

TC5116100FT : TSOP28-P-400B

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-39



TC5116100]/Z/FT-60/70

PIN NAME
A0~All Address Inputs
RAS Row Address Strobe
Dy Data In
Doyt Data Out
CAS Column Address Strobe
WRITE Read/Write Input
Vee Power (+5V)
Vss Ground
N.C No Connection

PIN CONNECTION (TOP VIEW)

Plastic SOJ
Vee L 28 jV;s
Din [] 2 27 [] pout
NC[]3 26 [ NC
WRITE [ 4 5[TAS
A3 []s 24[]NC
Al [je 23[]A9
Atoﬁs 20[]A8
A0 []10 19[] A7
mEn 18[] A6
a2[]12 17[]As
A3[]13 16 [] A4
V((E 14 15 jVss

A-40

Plastic ZIP

Plastic TSOP

O, 28 [ vss
2 27 [] dout
3 26 []NC
a4 25 [TAS
5 24 [JNC
6 23] A9
9 20[]As
10 19 A7
1" 18[] A6
12 17[]As
13 16 [] A4
14 151 | Vss

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



'TC5116100J/Z/FT-60/70

BLOCK DIAGRAM

Vee Vss

VOLTAGE DOWN | bin
CONVERTER DATA N
WRITE ' e ]
O Ve
L—g OATA OUT M oout
Toy| B [ s
X UMN
] o T S
O—» __.ll‘ /] SUFFERS (12) SENSE AMP
: O—>| > 10 Gate <
2
a0 O—> 40%-
as O—> Al Al
s O—>1 REFRESH >
‘a2 O—> COUNTER(12) >  memonr
a3 O—> w -
as O—>1 || Row 20 ARRAY
A O—> | ADORESS 12,40 O luose e
a1y O -—,2> SUFFERS (12) eyl x40%
o bl
NO.1 CLOCK
o[ o
GENERATOR O vy

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 \% 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 A" 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Ts16 — 55~150 °C 1
Soldering Temperature  Time | Tsor ppr 26010 °C » sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | 'op 50 mA 1

*This parameter is periodically sampled and is not 100% tested.
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TC5116100]/Z/FT-60/70

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 55 A\
Vi Input High Voltage 2.4 - Vect0.5 v 2
v Input Low Voltage -0.5% - 0.8 A\ 2
*-2.0V at pulse width < 20ns.

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX

UNIT |NOTES

OPERATING CURRENT

TC5116100J/Z/FT-60 -

90

Average Power Supply Operating Current TC5116100J/Z/FT-70 -

(RAS, TAS, Address Cycling: tge=trc MIN)

80

oA | 34

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vy)

RAS ONLY REFRESH CURRENT TC5116100J/Z/FT-60 -

Average Power Supply Current, RAS Only Mode | TC5116100J/Z/FT-70 -

(RAS Cycling, CAS=Vy: trc=trc MIN.)

80

FAST PAGE MODE CURRENT

TC5116100)/Z/FT-60 -

70

Average Power Supply Current, Fast Page Mode [ TC5116100J/Z/FT-70 -

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

34

STANDBY CURRENT
Power Supply Standby Current
(MS:CKS:VCC-OJV)

TAS BEFORERAS REFRESH CURRENT TC5116100)/Z/FT-60 -

Average Power Supply Current, CAS Before RAS |[TC5116100J/Z/FT-70 -

Mode (RAS, TAS, Cycling: trc=trc MIN.)

80

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OVSVNSV e, All Other Pins Not Under Test=OV)

-10

10

HA

OUTPUT LEAKAGE CURRENT
(Doyrt is disabled, (OV<VoursVee),

HA

OUTPUT LEVEL
Output “H” Level Voltage (Ioyr=-5mA)

24

VoL

OUTPUT LEVEL
Output “L” Level Voltage (Ipyt=4.2mA)

04

A-42
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TC5116100]/Z/FT-60/70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS
(Ve =5V + 10%, Ta = 0~70°C)(Notes 6,7,8)

TC5116100)/Z/FT
SYMBOL PARAMETER -60 -70 UNIT | NOTES
MIN [ MAX. | MIN | MAX
tge |Random Read or Write Cycle Time 110 - 130 - ns
trmw | Read-Modify-Write Cycle 130 - 155 -l ns
tpe Fast Page Mode Cycle Time 40 - 45 -l ms
oW ?ast Page Mode Read-Modify-Write Cycle 60 - 70 | ns
ime
trac Access Time from RAS - 60 - 70 o 9,1 154,
tcac  |Access Time from CAS - 15 - 20( s 9,14
taa Access Time from Column Address - 30 - 35] ns 9,15
tcpa | Access Time from CAS Precharge - 35 - 40f - 9
tcrz  |CAS to Output in Low-Z 0 - 0 -| mns 9
torr | Output Buffer Turn-off Delay 0 15 0 15| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50| ns 8
tgp  |RAS Presharge Time 40 - 50 -l ns
tras |RAS Pulse Width ' 60| 10,000 70{ 10,000 ns
trasp | KAS Pulse Width (Fast Page Mode) 60| 400,000 70| 400,000( ns
tesy | KAS Hold Time 15 - 20 -| ms
esic RAS Hold Time From CAS 35 - 40 s
Precharge (Fast Page Mode)
tcsy  |CAS Hold Time 60 - 70 -| ns
tcas  |CAS Pulse Width 15| 10,000 20 10,000] s
trep | KAS to TAS Delay Time 20 45 20 50| ms 14
trap | RAS to Column Address Delay Time 15 30 15 35| ns 15
tcre | CAS to RAS Precharge Time 5 - 5 ns
tcp  |CAS Precharge Time 10 - 10 -| mns
tasg  |Row Address Set-Up Time 0 - 0 -| ns
tray |Row Address Hold Time 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 -| ns
tcag | Column Address Hold Time 10 - 15 -l ms
tgar | Column Address To RAS Lead Time 30 - 35 -| ns
tgcs |Read Command Set-Up Time 0 - 0 -| ns
trecn  |Read Command Hold Time 0 - 0 - mns 11
- IRUe?; Command Hold Time referenced to 0 - 0 1 s 1
twen | Write Command Hold Time 10 - 15 -| ns
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TC5116100]/Z/FT-60/70

. ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC5116100)/Z/FT
SYMBOL PARAMETER -60 -70 UNIT | NOTES
MIN |MAX.| MIN | MAX
twp | Write Command Pulse Width 10 - 15 - ns
tgwr | Write Command to RAS Lead Time 15 - 20 - ns
tcwr |Write Command to CAS Lead Time 15 - 20 - ns
tps |Data Set-Up Time 0 - 0 - ns 12
tpy  |Data Hold Time 10 - 15 - ns 12
taer | Refresh Period - 64 - 64 ms
twes | Write Command Set-Up Time 0 - 0 - ns 13
tcwp | CAS to WRITE Delay Time 15 - 20 - ns 13
trwp | RAS to WRITE Delay Time 60 - 70 - ns 13
tawp |Column Address to WRITE Delay Time 30 - 35 - ns 13
tcpwp | CAS Precharge to WRITE Delay Time 35 - 40 - ns 13
fesr %stkss:etfzfeg; Cycle) 5 ) 5 i ns
tcHR C@X;SHS:?OZI%S Cycle) 10 ) 15 ) ns
tgpc | RAS to TAS Precharge Time 5 - 5 - ns
cpr (CCKSKSPbr:::rf %%Zumer Test Cycle 20 . 30 ) ns
twrs (V;lstf Li‘())dnznlns;ld Set-Up Time 10 ) 10 } ns
- (Wr:stte ﬁgdn;nll:;xd Hold Time 10 ; 10 ) ns
_— WRITE to RAS Precharge Time 10 ) 10 A ns
(CAS before RAS Cycle)
twat Write to RAS Hold Time~ 10 ) 10 ) ns
{CAS before RAS Cycle
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TC5116100]/Z/FT-60/70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC5116100)/Z/FT
SYMBOL PARAMETER -60 -70 UNIT | NOTES
MIN | MAX. | MIN | MAX

tre Random Read or Write Cycle Time 115 - 135 - ns

tpc Fast Page Mode Cycle Time 45 - 50 - ns

trAC Access Time from RAS ) 65 i 75 ns 9,1154,
teac Access Time from CAS - 20 - 25 ns 9,14
taa Access Time from Column Address - 35 - 40 ns 9,15
tepa Access Time from CAS Precharge - 40 - 45 ns 9
tras RAS Pulse Width 65 | 10,000 | 75 10,000 | ns

tRASP RAS Pulse Width (Fast Page Mode) 65 |400,000( 75 [400,000| ns

trsH RAS Hold Time 20 - 25 - ns

tosH CAS Hold Time 65 - 75 - ns

tRuCP TAS Precharge to RAS Hold 40 - 45 - ns

teas TAS Pulse Width 20 [ 10000 25 | 10000 ns

tRAL Column Address to RAS Lead 35 - 40 - ns
CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN | MAX | UNIT
Cy Input Capacitance (AO~A10, Dpy) - 5 pF
Cp Input Capacitance (RAS, CAS, WRITE) oo 7 pF
Co Output Capacitance (Dgyt) - 7 pF
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TC5116100]/Z/FT-60/70

NOTES:

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

2. All voltages are referenced to Vgg.

3. Iocis Ioess Iccss Iocs depend on cycle rate.

4. Icct, Iocs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Icc4, it can be changed once or less
during a fast page mode cycle (tPC).

6. 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 tr=5ns.

8. Vg (min.) and V (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vi and Vp; .

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

10. topr (max.) defines the time at which the output achievsd the open circuit condition and is not
referenced to output voltage levels.

11. Either tgcy or tgryy 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, tRwp» tewp- tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgwp>tpwp (min.),
tewp>tewp (min.), tawp>tawp (min.) and tcpwp>tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

14. Operation within the tyep (max.) limit insures that tgyc can be met. tyep (max.) is specified as a
reference point only: If tpcp is greater than the specified tpcp (nax.) limit, then access time is controlled
by teac:

15. Operation within the tg o (max.) limit insures that tg o (max.) can be met. tp o, (max.) is specified as

A-46

a reference point only: If tp,p is greater than the specified tgap (max.) limit, then access time is
controlled by ty 5.
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TIMING WAVEFORMS
READ CYCLE .
w "N - N
el m—
w" S N / /l
e i xew. @
- =

Vin
WRITE teac
Vi ( tan
} taac | org
Ven—
dour M OPEN @{ DATA-OUT
Voo™

: "H" or "L”

T

WRITE CYCLE (EARLY WRITE)

. Vin — \-i

Vi —

r___&;,
F
T N — Y w;
" TIRNOR_om N

twen

o '« N~

Ju amme

] : v or o
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READ-MODIFY-WRITE CYCLE
_thmw
Vi — thag —
s Vg — \L f \_
m,J e e e,
Vg — c
| N
Saspy ot taa,

Vik
AD~A1Y
Va

tesH
_tawo

Vin
WRITE
Vi
Em

Db N

o

DATA-IN

g,

> =

| taa bud
Dour :::: OPEN % DATA- OUT J}————
tRAC (&__‘l.‘_
VA: " or "L°
FAST PAGE MODE READ CYCLE
< trase | = o
LI\ - N
o . o sina B
Vi — d < 2 y
=17 NN
faspfofeay tasgyl o | a1, [SA T T
AO~A11 :’: :%gk ROW % coL1 }%g coL2 % COLN ////?7//////%%
;:: > tren [tacs| tReH |, ACH -
Vin —(////
Ty [ |25 [ //
A T tcpa __ tepa
Dour :::: Dour 1‘5— Oour 2 }‘—% Dour N"}—
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tae
Vi — trasp
L A\
Vg — L
toc tasH
— 180
v i e s | T toas teas
o — e
. \ N NV
TRaL
s s, [ o we | fow  fET e
Vi - r ..
AQ~A11 vm%( ROW coL1 %’ coL2 )@Z COLN
" y p 3 A
l——tao |
twes tweH twes twoH
twcs twe “twp
w - "D\ | V) W
ViL
tos toH tos ton tos ton
w DR o~ YO~ YO
[+ Din 1 Din 2 D N
VL B
Vou=—
Dour OPEN
Vo ~—

: “H® or "L*
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tar

trasp
Vin —= \
vy —
tesH pRMwY
towe ) " o i —
v —1* teas teas teas :
H o
™ ___/ N\ /N ‘m /17
tasr tRaH,  tasc tcan tean Tasg [ (e
Vin 4 d  d
Ao~ATY :%@ ROW }@g coL1 | cou2 COLN
n
o | Jow )
. TR B
v
wae " N
Viu ]
} K
Vin
D
N VIL
Dour
Vou o
TRAC " ltera | tcra I
OFF _LoFF
t “H" or "L
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TC5116100]/Z/FT-60/70

RAS ONLY REFRESH CYCLE

tap

o N

/ N\

"&I

Vo —

S

o ‘8.

Vo, —

Note: WRITE=“H" or “L"

OPEN

CAS BEFORE RAS REFRESH CYCLE

L4

: “H® or "L*

tnas

Vih — )
w Vi —_—1‘ \'
tarc
top

—_

csi
o A \|
Vi — 1

twere

toum '

D) \

torr

Von—

Dour VoL—. }

Note: AO~Al11= “H" or “L"
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HIDDEN REFRESH CYCLE (READ)

Vi
Vi =

e S——

N /

.

e

torr.

DATA-OUT

HIDDEN REFRESH CYCLE (WRITE)

VA

“H* or "L*

y—

/

o o o5 &é5 -7 @ @@

tac
ViH ey
thas taag
L Vi — x \
tor taco tasn oy
Vi = L
w Vi e \
| tRAD thar
tasp taan ‘£{ tcan |
Vi o
AO~AT1 :%g ROW }@1 COLUMN
Vo }
. tawe ™
wes twen tiwee |
Vin twe
WRITE Ve
Vi
Om DATA-IN
\[
V

OPEN

W//////////////////////////////

o

ON =
Dour
Voo —

A-52
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

s ::: - s - /‘:J_l—l\_
w T\ ) —
R
r“::’:c;;— OPEN ; [ DATA- OUT V ‘;'—-F
vm%z szl [ EL‘% ] .
_ Vil pam — Jtcﬁ -
’ Dour :::: OPEN % tcr:::m-oml' l ?—._
e %F_"% \W

: “H* or *L*
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WRITE, CAS BEFORE RAS REFRESH CYCLE

e

. ' o P —
=" \Iﬁ Y .
- U y ==
- D v o -
o N - o N
e g | B e /rn‘

/////////////////////

<‘°'_L

El EATDNARNN

DATA-OUT

: "H* or "L"
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
tac

S — N
. - “{\.»“"M/ Ve

o | /////////////////////////
Wﬁk_j

Dour OPEN

: "H® or "L°

FAST PAGE MODE READ CYCLE IN THE TEST MODE

trp
Viy = thase 4
m TN —e / \
5 » M
]

tasg, [ ftean tas | | tomn «Sem P

()
Viy P r
AO~AT1 v ROW 8 cot.1 COLZ COLN
(s E h
RAD tarH
UG treH treH |, 1
Viy
WRITE
A\ c ! teac
t, LYY

e feac
- ¥
rag tepa -
o Von— \ X
our Dour 1 | Dour 2 Dour N p——
te <t o - [z,
: "H" or "L"
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

e

- = 4
1NN\
o \%
tas duy gl R
AO~A11 ::%g ROW >@§ oL }@g coL.2 @ COLN ////////////////
L—————"‘“’ twen twes twen
Vin Im m = [twe W
WRITE
D - 0 - 10! -~ e

VA : "w" or "L
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TEST MODE

The TC5116100J/Z/FT is the RAM organized 16,777,216 words by 1 bits, it is internally organized
1,048,576 words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel and retrieved the same
way. Ajyc, Ajocs Ajc and Ay are not used. If any of the bits differed, the data output pin would indicate a “0”.
Fig. 1 shows the block diagram of TC5116100J/Z/FT. In “Test Mode”, the 16M DRAM can be tested as if it
were a IM 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 internal refresh address counter. The
“Test Mode” function reduces test times (1/16 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

“°"3£r1

1M block MA\C
| o s

—o/°'1 1 °

M block

= ——

i
&P

|

AOC, AIC AOC, AIC
o—IT] 1™ block I —o0

o] g O A10C,ANC O
-0
A10C, A11C
o~
o
Normall ©

Test

i

M block

°

i/
%—— Normal m

Test

1M block

[

AOC,
AlC

M block

M block

I

&
Iz
8

1M block [

—0O A0C,AIC
—o0

)

A
[ 1]

i

Figure 1
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TOSHIBA
TC514400AS]/AZ/AFT-60/70/80

1,048,576 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

THE TC514400ASJ/AZ/AFT is the new generation dynamic RAM organized 1,048,576 word by 4 bit.
The TC514400ASJ/AZ/AFT 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 TC514400ASJ/AZ/AFT to be packaged in a standard, 26/20 pin plastic SOJ (300), 20
pin plastic ZIP, 26/20 pin plastic TSOP. 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 5Vt 10% tolerance, direct interfacing capability with high performance logic families such as
Schottky TTL.

FEATURES KEY PARAMETERS

¢ 1,048,576 word by 4 bit organization
¢ Fast access time and cycle time
* Single power supply of 5V+ 10% with a built- TC514400ASJ/AZ/AFT
in Vg generator ITEM
¢ Low Power - K -
660mW MAX .Operating 60 70 80
(TC514400ASJ/AZ/AFT-60) RAS
550mW MAX. Operating tRaC Access Time 60ns 70ns 80ns
(TC514400ASJ/AZ/AFT-70)
468mW MAX. Operating t
(TC514400ASY/AZ/AFT-80) AR Com A
5.5mW MAX. Standby coess e
* Outputs unlatched at cycle end allows two-di- TAS 20, 20n. 2
mensional chip selection feac Access Time ns s Ons
* Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability
» All inputs and outputs TTL compatible t",: Fast Page Mode 45ns | 45ns | S50ns
¢ 1024 refresh cycles/16ms Cycle Time
e Package TC514400ASJ :S0J26-P-300A
TC514400AZ  : ZIP20-P-400A

TC514400AFT : TSOP26-P-300

30ns 35ns 40ns

fRC Cycle Time 110ns | 130ns | 150ns
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TC514400AS] /AZ/AFT-60/70/80

PIN NAME
A0~A9 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
1/01~1/04 Data Input/Output
Vee Power (+5V)
Vss Ground

PIN CONNECTION (TOP VIEW)

Plastic SOJ Plastic ZIP
0101 26 Qv OF[_] rz-J
WRITEQ3 240103 -2 g
RAS(J4 23 (JTAS VsslS. 2 ':5::
A9(]s 22[0€ l/02:7:3 ':8::
Ao9 18(As g+ ==
A110 17[A7 m-::‘. no]
A1 160as AO{1Y. S
A2 asfas LR35 L2
Vec13 140a4 =S N4
— Veeps! R
As[170 =:3

A7h:9’- :‘:‘:83

[ 120

A-60

CAS
/04
1701
WRITE
A9

Al

| A3
| As

A6
A8

Plastic TSOP (Normal Bend Type)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514400AS]/AZ/AFT-60/70/80

BLOCK DIAGRAM
01 W02 /03 104
o) o o. o

L]
P

DATA IN DATA OUT | «OBE
BUFFERS BUFFERS

W’RTTEO————I:]") 4 la A 4
|

o—>| NO.2 CLOCK [
s GENERATOR  [—
A
COLUMN | COLUMN
AQ O ':ED ADDRESS 10 |} DECODER
BUFFERS (10
A1 0> (19 SENSE AMP 4
A20> REFRESH - 110 GATE
O

A3 CONTROLLER |- M1 1020 M

A4 O> Y x4
A5 O REFRESH y
A6 O>| |0 COUNTER (10) o -

w

A7g: ! ROW | g Q[ 77| MEMORY

A8 ADDRESS TGHS S 1024  ARRay

AgO>-L ] BUFFERS (10) wl 1 ] 1024x1024x4

f c
NO.1 CLOCK ": 1
RASO—>| GENERATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE

Input Voltage Vin —1~7 \% 1

Output Voltage Vour —1-7 v 1

Power Supply Voltage Vee —1~7 v 1

Operating Temperature Topr 0~70 °C 1

Storage Temperature Tsto — 55~150 °C 1

Soldering Temperature * Time | Tso pgr 260+ 10 °C e sec 1

Power Dissipation Pp 700 mW 1

Short Circuit Output Current Iout 50 mA 1
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TC514400AS]/AZ/AFT-60/70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 55 v 2
Vi Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 \4 2

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX

NOTE

I
cc1

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tre=tpc MIN.)

TC514400AS)/AZ/AFT-60

120

TC514400AS)/AZ/AFT-70

100

TC514400ASJ/AZ/AFT-80

85

34

I
cc2

STANDBY CURRENT.
Power Supply Standby Current
(m=m=vlﬂ)

CC3

RAS ONLY REFRESH CURRENT
Average Power Supply Current, RAS Only Mode
(RAS Cycling, CAS=Vy: tpc=trc MIN.)

TC514400AS)/AZ/AFT-60

120

TC514400ASJ/AZ/AFT-70

100

TC514400AS)/AZ/AFT-80

85

35

CC4

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode
(RAS =V[; , CAS, Address Cycling: tpc=tpc MIN.)

TC514400AS)/AZ/AFT-60

70

TC514400AS)/AZ/AFT-70

70

TC514400ASJ/AZ/AFT-80

34

I
CCs

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vc-0.2V)

TAS BEFORE RAS REFRESH CURRENT
Average Power Supply Current, CAS Before RAS
Mode (RAS, TAS, Cycling: tre=trc MIN.)

TC514400AS)/AZ/AFT-60

120

TC514400ASJ/AZ/AFT-70

100

TC514400ASJ/AZ/AFT-80

85

INPUT LEAKAGE CURRENT
Input Leakage Current, any input

(OV<V[N<6.5V, All Other Pins Not Under Test=OV)

nA

35

OUTPUT LEAKAGE CURRENT
(Doyr is disabled, (OVSVqr<5.5V),

OUTPUT LEVEL
Output “H” Level Voltage Ioyy=-5mA)

OUTPUT LEVEL
Output “L” Level Voltage (Ioyr=4.2mA)

0.4

A-62
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TC514400AS]/AZ/AFT-60/70/80

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

TC514400AS)/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 - 150 -| ns
tamw | Read-Modify-Write Cycle 165 - 185 - 205 -| mns
tpc Fast Page Mode Cycle Time 45 - 45 - 50 -l ns
P Fast Page Mode Read-Modify-Write 100 - 100 - 105 | ns
Cycle Time
frac Access Time from RAS - 60 - 70 - 80 ns 9,14,
15
tcac | Access Time from CAS - 20 - 20 - 20{ ns 9,14
taa  |Access Time from Column Address - 30 - 35 - 40| ns 9,15
tcpa | Access Time from CAS Precharge - 40 - 40 - 45| - 9
tcrz | CAS to Output in Low-Z 0 - 0 - 0 -1 ns 9
torr  |Output Buffer Turn-off Delay 0 20 0 20 0 20{ ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tgp | KAS Presharge Time 40 - 50 - 60 -| ns
tras | RKAS Pulse Width 60| 10,000 70{ 10,000 80f 10,000| ns
trasp | RAS Pulse Width (Fast Page Mode) 60 {200,000 701200,000 80(200,000{ ns
tgsy | RAS Hold Time 20 - 20 - 20 -| ns
temcp 1:55 Hold Time From CAS 40 - 40 - 45 | s
charge (Fast Page Mode)
tcsu  |CAS Hold Time 60 - 70 - 80 -| ns
tcas |CAS Pulse Width 20| 10,000 20| 10,000 20( 10,000| ns
taep | RAS to TAS Delay Time 20 40 20 50 20 60| ns 14
trap | KAS to Column Address Delay Time 15 30 15 35 15 40| ns 15
tcrp  |CAS to RAS Precharge Time 5 - 5 5 -l ns
tcp | CAS Precharge Time 10 - 10 - 10 -1 ns
tasr  |Row Address Set-Up Time 0 - 0 - 0 -| ns
tran |Row Address Hold Time 10 - 10 - 10 -| mns
tasc | Column Address Set-Up Time 0 - 0 - 0 0| ns
tcay |Column Address Hold Time 15 - 15 - 15 -| ns
trar, | Column Address To RAS Lead Time 30 - 35 - 40 ns
tres [Read Command Set-Up Time 0 - 0 - 0 -| mns
tgen  {Read Command Hold Time 0 - 0 - 0 -1 ns 11
trgst Read Command Hold Time refer- 0 - 0 - 0 | ns u
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 - ns
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TC514400AS]/AZ/AFT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514400ASJ/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN |MAX.| MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
trwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwr, | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tpgy  |Data Hold Time 15 - 15 - 15 - ns 12
tger | Refresh Period - 16 - 16 - 16 ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 13
tewp | CAS to WRITE Delay Time 50 - 50 - 50 - ns 13
tawp |RAS to WRITE Delay Time 90 - 100 - 110 - ns 13
Column Address to WRITE Delay
t AWD Time 60 - 65 - 70 - ns 13
S CKS Precharge to WRITE Delay 70 ) 70 ) 75 } ns 13
Time
CAS Set-up Time
eS| {CAS before RAS Cycle) S I A R R R
TAS Hold Time
tHr (CAS before RAS Cycle) 15 ) 15 ) 15 ) ns
tec | RAS to CAS Precharge Time 0 - 0 - 0 - ns
CAS Precharge Time
tcpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
troy |RAS Hold Time referenced to OE 10 - 10 - 10 - ns
toga |OE Access Time - 20 - 20 - 20 ns 9
togp |OE to Data Delay 20 - 20 - 20 - ns
Output buffer turn off Delay Time
0FZ | from OF 0 20 0 20 0 20 ns 10
topn | OE Command Hold Time 20 - 20 - 20 - ns
tops |Output Disable Set-Up Time 0 - 0 - 0 - ns
Write Command Set-Up Time
WIS | (Test Mode In) S N L R L B
Write Command Hold Time
twTH (Test Mode In) 10 - 10 - 10 - ns
WRITE to RAS Precharge Time
twre (CAS before RAS Cycle) 10 ) 10 ) 10 ) ns
Write to RAS Hold Time
'WRH | 7TAS before RAS Cycle) 10 ) 10 ) 10 ns
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TC514400AS]/AZ/AFT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC514400AS)/AZ/AFT
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN [ MAX
tre Random Read or Write Cycle Time | 115 - 135 - 155 - ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 - ns
traC Access Time from RAS i 65 ) 75 i 85 ns 9,1154,
tcac Access Time from CAS - 25 - 25 - 25 ns 9,14
taa Access Time from Column Address | - 35 - 40 - 45 ns 9,15
tepa Access Time from CAS Precharge - 45 - 45 - 50 ns 9
tRAS RAS Pulse Width 65 | 10,000 75 | 10,000 | 85 | 10,000 [ ns
trRASP RAS Pulse Width (Fast Page Mode) | 65 200,000 75 |200,000( 85 {200,000| ns
trsH RAS Hold Time 25 - 25 - 25 - ns
tesH CAS Hold Time 65 - 75 - 85 - ns
tRuCP CAS Precharge to RAS Hold 45 - 45 - 50 - ns
tcas TCAS Pulse Width 25 (10,000 | 25 | 10,000 | 25 | 10,000 ns
tRAL Column Address to RAS Lead 35 - 40 - 45 - ns
CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cn Input Capacitance (A0O~A9) - 5 pF
Cp Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF
Co Input Capacitance (I/01~1/04) - 7 pF
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TC514400AS]/AZ/AFT-60/70/80

NOTES:

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

2. All voltages are referenced to Vg.

3. ICCl’ Icc3, Icc4, ICC6 depend on Cycle rate.

4. Iccrs Iccs depend on output loading. Specified values are obtained with the output open.

S. Address can be changed one or less while RAS=Vy; . In case of Icy, it can be changed once or less
during a fast page mode cycle (tpc).

6. 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume tr=5ns.

8. Vi (min.) and V; (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vy; and V.

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

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

11. Either tpcy or tgry 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 tRwp» tewps tawp and tepwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycg 2twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp2tgwp (min.),
tewptowp (Min.), tawp2tawp (Min.) and tepwp2topwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

14. Operation within the tgcp (max.) limit insures that tp,c can be met. tpcp (max.) is specified as a
reference point only: If tgcp is greater than the specified tg-p (max.) limit, then access time is controlled
by tcac-

15. Operation within the tg op (max.) limit insures that tg ¢ (max.) can be met. tgop (max.) is specified as
a reference point only: If tg,p is greater than the specified tg,p (max.) limit, then access time is
controlled by ty,.
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READ CYCLE
. T
Vi = +
s Vi — \" / ~
IJL» tRCD tcre
Vi —
o Vie ——/

tasl
<t
R

~R(|
e—tBAD
" tase,
Vi 3 b d
A\ p S
tr

Note: Dy = OPEN % . H" or "L”
WRITE CYCLE (EARLY WRITE)

wm T N /_“\_
wes \\«—-i}/ v
e “'"“‘“’

D v o
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WRITE CYCLE (OE CONTROLLED WRITE)
tac

s

Vi —

o IJEL—
ik — /

tras tap
N ) N
tesm
t8cp. _tRsH R |
tcas |
. NN / /
L
| tasc | Scan

Ag~ag V¥ A
Viu X

COLUMN

:
— AWy |
s

ware M —

Vi —

“w
o WW1 DATA-IN '

ot

le

e

W

o
| |

|
\ @

Note: Dour = OPEN DA o
READ-MODIFY-WRITE CYCLE '
e N
v i — - G [
o= E\ /
e ESien.
1880 towo e
" —T
VIOH— - = ?2;” ame
e e

A-68
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FAST PAGE MODE READ CYCLE

__tRasp tre
Vig =—
RAS
Vi — 3
tpc tRSH
Yere taco | [T tance
'q-— T o
Vi — %
%l N
ik —/
L3 an traL
tasg, 1] tasgl 1o [Scan :A-si‘ ] sl e
" D) '
A0~A9 ROW coL.1 . COLN
Vi p o j%q coL2 |
taes treH! | ol tecs J |t 41 taon
Vin
WRITE .
ViL tRRH
—taa tan tan *
tol —A ToEA '
EA Al
Vi — ]
OF
Y | teac to
[ taag Lau ¥ FF
e ﬁ taz, | <2} oL,
Vo1 VoH — - —
Tvos Vo —— Oour 1 Dour 2 Dot N Pr=——
Note: D)y = OPEN : “H" or “L”

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase tre
Vin — ’N
vy — L 8 p
t t
I'ﬂ: treo RSH terp
v tcas tcas
W~
o \ /
ViL =/ tpay .

tesn
lasp || tage, 1 Ilcam

Vin —% »’4%! N
A0~A9 ROW coL.
Vi —/ b -

| traD tewy

traL

};_A.vi
=2

r
J

s l .
S " 7222220 on 4 «—’>@< v Y0777
Note: Dgur = OPEN . R or *L*
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Vin
Vie

RAS

v
A0~p9 ™
Vi

Viu
Vie

Viu
ViL

1101~ Vion —
e LRV pp—

A-70

trasp ae
— tesn
— X
PRI <5 terp
tommaw tRsH !
teas teas tgas
— \) VI ——— //
trao
tranl |y tean tray
tass, tas tcap tase | | l_gg_‘___
)
tawo tcpwp
tres) | towp towp WAL
tew
Z
e N \
tan tewy tawp
toe twa ﬁ twe
L
N tcea
tRAC oco tas toe
toezl | | ftos teac tos
)
——— 'leNl %.3. Dy N S__.._
teac| | b t0¢] fow
taz ! t '

*1 Doyr! *2 Doyr2 *3 DourN
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RAS ONLY REFRESH CYCLE

tre
trp
Vig — X
. \ / AN
Vip — «
RPC
|

T (4
s B o

Note: Oy, WRITE, OE = "H" or “L” 2 v or "L

CAS BEFORE RAS REFRESH CYCLE

| trp
R —E———

N 4 N

__/ .
o AT s

o

P01~ Vet
s OPEN
Voo /
Note: Dy, OF, A0~A9="H" or "L" D o
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HIDDEN REFRESH CYCLE (READ)

tre

tRas

L5 1d
tRas tap
Vi s
RAS
Vi — \-1 1-/
l‘ﬁ_’;f taco thsH
Vi ——
s _/ N
ViL —,
trap
SR80
el el il

Vin E’, N
A0~A9 _/ ROW, COLUMN
Vi \.

tRAH

- Ey || W

Lo N\

twRH

.

| o_tcac
Lea sz |
vor  Vouw — # L
~oa g @{\ DATA - OUT ’_>-———
trac
Note: D:y = OPEN : “H L
HIDDEN REFRESH CYCLE (WRITE)
i tras = tre - < t2P ]
Vi —X - teas )r—-x
A Vigk — \-i ;/ \.‘__J- \___
P | 1etrco tagu tc tc

‘qn
]
Vi
[} trao
Vi '—_/ t \‘
t

iRan
ase, 7] i
Vih —7 by d b
AO~A9 % ROW;] COLUMN /
Vi —= 1\

twes, twen

o D) \

twre

/

twri

=

D

tos
LA

%o T

Note: Dgyr = O2PEN

: “H" or "L"

A-72 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514400AS]/AZ/AFT-60/70/80

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vin — A oS Trp
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WRITE, CAS BEFORE RAS REFRESH CYCLE
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
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FAST PAGE MODE READ CYCLE IN THE TEST MODE

trase trp
Vih — 3 /
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tog tRsH
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
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TEST MODE

The TC514400/ASJ/AZ/AFT 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.
AQc 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 I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC514400/ASJ/
AZ/AFT. In “Test Mode”, the IMX4 DRAM can be tested as if it were a 512KX4 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,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE
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{
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"OSHIBA
TC514400ASJL/AFTL/ATRL60/70/80

1,048,576 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

The TC514400ASJL/AFTL/ATRL is the new generation dynamic RAM organized 1,048,576 word by 4
bit. The TC514400ASJL/AFTL/ATRL 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.
Muitiplexed address inputs permit the TC514400ASJL/AFTL/ATRL to be packaged in a standard 26/20 pin
plastic SOJ (300), 26/20 pin plastic TSOP. 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 5Vt 10% tolerance, direct interfacing capability with high performance logic families such as
Schottky TTL.

FEATURES KEY PARAMETERS

* 1,048,576 word by 4 bit organization

* Fast access time a)xlld cycle %jme TC514400ASJ/AZ/AFT

« Single power supply of 5V 10% with a built- ITEM

in Vg generator -60 -70 -80

. Lg;vo Power o oS

mW MAX . ratin; t )

(TC’S514400ASIL. }::FI'L /gATRL- 60) RAC Access Time 60ns 70ns 80ns

550mW MAX. Operating

( TC514400ASJL/AFTL/ATRL-70) tAA  Column Address 30ns 35ns 40ns
468mW MAX. Operating Access Time
(TC514400ASJL/AFTL/ATRL-80)
1.1mW MAX. Standby tcac CAS pccess Time 20ns 20ns 20ns
« Outputs unlatched at cycle end allows two-di-
mensional chip selection tRe  Cycle Time 110ns | 130ns | 150ns
+ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page tpC  FastPage Mode 45ns 45ns 50ns

Mode and Test Mode capability
¢ All inputs and outputs TTL compatible
¢ 1024 refresh cycles/128ms
¢ Package TC514400ASJL : SOJ26-P-300A
TC514400AFTL : TSOP26-P-300

TC514400ATRL : TSOP26-P-300A

Cycle Time
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PIN NAME
A0~A9 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
/01~1/04 Data Input/Output
Vee Power (+5V)
Vss Ground
PIN CONNECTION (TOP VIEW)
Plastic SO) Plastic TSOP (Normal Bend Type) Plastic TSOP (Reverse Bend Type)

Vssil 26 1°{101

voall 25 2 pwo2
¥03{ 24 3 [JWRITE
TASO 23 4 DRAS
Ot 22 5 pA9

A8l 18 9 Dao
A70 17 10 Par
A60 16 1 gAZ
AS{] 15 12 [A3
Al 14 13 Pvec
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BLOCK DIAGRAM

T &g =

DATA IN DATA OUT |«<oBE

BUFFERS BUFFERS

VTCC
WRITE O__—(j} A 4 4 T f
[

TASO——»| NO.2 CLOCK | —
GENERATOR | |
A
COLUMN COLUMN
A0O=["TTU ) ADDRESS 0% DECODER
Al O> BUFFERS (10)
o SENSE AMP 4
A o REFRESH  |= /O GATE
A3 CONTROLLER 4
A4 O> 7 7] s ‘xog“ :
A5 O | REFRESH 3
Ab O 10 COUNTER (10) e«
A7g: ROW > ol MEMORY
A8 _E:> ADDRESS 10> © 9| 1024 ARRAY
A9 O BUFFERS (10) wi | 1024 x 1024 x4
? O
— NO.1 CLOCK f
RASO—>| GeNSRATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 A% 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tstg — 55~150 °C 1
Soldering Temperature  Time | Tgo pEr 260+ 10 °C » sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | 'our 50 mA 1
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 55 v
Vi Input High Voltage 24 - 6.5 v
Vi Input Low Voltage -1.0 - 0.8 v

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. { MAX | UNIT | NOTE

OPERATING CURRENT TC514400ASJL/AFTL/ATRL-60 - 120 34

lct Average Power Supply Operating Current TC514400ASIJL/AFTL/ATRL-70 100 mA ;
(RAS, TAS, Address Cycling: tre=trc MIN.)  [TC514400ASJL/AFTL/ATRL-80 | - 85
STANDBY CURRENT

Iccg Power Supply Standby Current - 2 mA
(MS:CKS:VIH)
RAS ONLY REFRESH CURRENT Average TC514400ASJL/AFTL/ATRL-60 - 120

Iccs Power Supply Current, gzg Only Mode TC514400ASIJL/AFTL/ATRL-70 - 100 mA 3,5
(RAS Cycling, CAS=Vpy: trc=trc MIN.) TC514400ASJL/AFTL/ATRL-80 | - 85
FAST PAGE MODE CURRENT TC514400ASJL/AFTL/ATRL-60 - 70 34

lcc4 Average Power Supply Current, Fast Page Mode | TC514400ASJL/AFTL/ATRL-70 - 70 mA ;
(RAS =V CAS, Address Cycling:tpc=tpc MIN.) [TC514400ASJL/AFTL/ATRL-80 | - 60
STANDBY CURRENT

Iccs Power Supply Standby Current - 200 mA
(RAS=CAS=Vc-02V)
TAS BEFORE RAS REFRESH CURRENT TC514400ASJL/AFTL/ATRL-60 120

Iocs | Average Power Supply Current, CAS Before RAS [ TC514400ASIL/AFTL/ATRL-70 | - 100 | mA | 3,5
Mode (RAS, TAS, Cycling: tgc=tpc MIN.) TC514400ASJL/AFTL/ATRL-80 | - 85
Battery Back Up Current
Average Power Suuply Current, Battery Back Up Mode

Icc7 | (CAS=CAS Before RAS Cycling or 0.2V, OE=V -0.02V, WRITE= - 300 | pA 3.6
Vec0.2V,A0~9=Vc-0.2V or 0.2V, /O1~4=Vcc-0.2V,
0.2V or OPEN:tpc=125us, tgas=tpas MIN. ~1us)
INPUT LEAKAGE CURRENT

L@, |InputLeakage Current, any input -10 | 10 HA
(OVSV\$6.5V, All Other Pins Not Under Test=0V)

1 OUTPUT LEAKAGE CURRENT .10 10 uA

O [ (Dgyris disabled,0 SVoyr<5.5V)

Vo OUTPUT LEAKAGE CURRENT 24 ) v
Output “H” Level Voltage (Ioy=-5mA) ’

v OUTPUT LEAKAGE CURRENT _ 04 v

OL | Output “L” Level Voltage IOUT=4.2mA) ’
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (Vec =5V £10%, Ta = 0~70°C)(Notes 7,8,9)

TC514400ASJL/AFTL/ATRL
SYMBOL PARAMETER -60 -70 -80 UNIT {NOTES
MIN | MAX. |MIN| MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 -| 130 - 150 -| ns
trmw | Read-Modify-Write Cycle 165 -1 185 -1 205 -1 ns
tpe Fast Page Mode Cycle Time 45 -l 45 - 50 -| ns
— Fast Page Mode Read-Modify-Write 100 -| 100 - 105 | ns
Cycle Time
trac Access Time from RAS - 60 - 70 - 80 ns 101,25,
tcac  |Access Time from CAS - 20 - 20 - 20 ns 10,15
taa  |Access Time from Column Address - 30 - 35 - 40| ns 10,16
tcpa | Access Time from CTAS Precharge - 40 - 40 - 45 - 10
tcrz  |CAS to Output in Low-Z 0 - 0 - 0 -] ns 10
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 11
ty Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 9
tgp | RAS Presharge Time 40 -l 50 - 60 -| ns
tras | KAS Pulse Width 60| 10,000f 70{ 10,000 80( 10,000f ns
trasp | RAS Pulse Width (Fast Page Mode) 60(200,000| 70{200,000 80{200,000| ns
tgsy | RAS Hold Time 20 -l 20 - 20 -| mns
tsicp RAS Hold Time From CAS 40 -l 40 - 45 | s
Precharge (Fast Page Mode)
tcsy | CAS Hold Time 60 -l 70 - 80 -| ns
tcas |CAS Pulse Width 20{ 10,000{ 20} 10,000 20| 10,000f ns
tep | RAS to CAS Delay Time 20 40 20 50 20 60 ns 15
trap | RAS to Column Address Delay Time 15 30| 15 35 15 40| ns 16
tcrp | CAS to RAS Precharge Time 5 - 5 5 -| ns
tcp  |{CAS Precharge Time 10 - 10 - 10 -l ns
tasr | Row Address Set-Up Time "0 - 0 - 0 -| ns
tray |Row Address Hold Time 10 -1 10 - 10 -l ns
tasc  |Column Address Set-Up Time 0 - 0 - 0 0] ns
tcag | Column Address Hold Time 15 -l 15 - 15 -| ns
trar, | Column Address To RAS Lead Time 30 -1 35 - 40 ns
tpes {Read Command Set-Up Time 0 -1 .0 - 0 -l ns
tgecn  |Read Command Hold Time 0 - 0 - 0 -1 ns 12
gt Read Command Hold Time refer- 0 - 0 - 0 ns 12
enced to RAS
tweny | Write Command Hold Time 10 -1 15 - 15 -1 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514400ASJL/AFTL/ATRL
SYMBOL PARAMETER -60 -70 -80 UNIT {NOTES
MIN | MAX| MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tewr. | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwy | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps | Data Set-Up Time 0 - 0 - 0 - ns 13
tog  |Data Hold Time 15 - 15 - 15 - ns 13
teer | Refresh Period - 128 - 128 - 128 | ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 14
tcwp | CAS to WRITE Delay Time 50 - 50 - 50 - ns 14
trwp | KAS to WRITE Delay Time 90 - 100 - 110 - ns 14
tawp Cf)lumn Address to WRITE Delay 60 ) 65 i 70 i ns "
Time
— CK'S Precharge to WRITE Delay 70 i 7 i 75 } ns 14
Time
TAS Set-Up Time
'SR |{CAS before RAS Cycle) S e e
TAS Hold Time
tcHR (CAS before RAS Cycle) 15 . 15 ) 15 ) ns
tgpc | RAS to CAS Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time
tepr  |(CAS before RAS Counter Test 30 - 40 - 40 - ns .
Cycle
tron | RAS Hold Time referenced to OE 10 - 10 - 10 - ns
topa | OE Access Time - 20 - 20 - 20 ns 9
toep  |OE to Data Delay 20 - 20 - 20 - ns
Output buffer turn off Delay Time
oz (g OF o0 l2 ] 0o ]2 | 0o |2 || u
toey (OE Command Hold Time 20 - 20 - 20 - ns
tops |Output Disable Set-Up Time 0 - 0 - 0 - ns
Write Command Set-Up Time
twTs (Test Mode In) 10 - 10 - 10 - ns
Write Command Hold Time
twTH (TCSt Mode In) 10 - 10 - 10 - ns
WRITE to RAS Precharge Time
twre (CAS before RAS Cycle) 10 ) 10 . 10 . ns
Write to RAS Hold Time
'WRH | {TAS before RAS Cycle 101 - 10 i 10 s

A-84
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC514400ASJL/AFTL/ATRL
SYMBOL PARAMETER -60 -70 -80 UNIT |NOTES
MIN | MAX | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time | 115 - 135 - 155 -| ns
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -| ns
tRac Access Time from RAS - 65 - 75 - 85 ns 101,;5,
tcac  |Access Time from CAS - 25 - 25 - 25| ns | 10,15
taa  |Access Time from Column Address - 35 - 40 - 45| ns | 10,16
tcpa | Access Time from TAS Precharge - 45 - 45 - 50{ ns 10
tras | KAS Pulse Width 65| 10,0001 75| 10,000 85| 10,000| ns
trasp | RAS Pulse Width (Fast Page Mode)|  65/200,000]  75[200,000]  85/200,000] ns
tasy | RAS Hold Time 25 I 25 1 2s -1 ns
tcsy  |CAS Hold Time 65 -l 75 - 85 -| ns
trucp | CAS Precharge to RAS Hold 45 -l 45 - 50 -| ns
tcas |CAS Pulse Width 25| 10,000 25| 10,000 25| 10,000] ns
trar | Column Address to RAS Lead 35 - 40 - 45 -l ns
CAPACITANCE (Ve =5V £10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cy Input Capacitance (A0O~A9) - pF
Cp Input Capacitance (RAS, CAS, WRITE, OE) - pF
Co Input Capacitance (I1/01~1/04) - pF
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NOTES:

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

2. All voltages are referenced to Vgg.

3. Icens Yeess Iecar Iocs depend on cycle rate.

4. Iccrs Iccq depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Iocy, it can be changed once or less
during a fast page mode cycle (tpc).

6. tras (max.)=1ps is only applied to refresh of battery-back up. tpos (max.)=10ys is applied to functional
operating.

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

8. AC measurements assume ty=5ns.

9. Vi (min.) and V (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vp; and Vyp .

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

11. topr (Max.) and top; (max.) define the time at which the output achieves the open circuit condition and
are not referenced to output voltage levels.

12 Either tpcy or tgry 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. twess tRwp» tewps tawp and topwyp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycs >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp>tgwp (min.),
tewp>tewp (min.), tawp>tawp (min.) and tepwp>tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

15. Operation within the tgcp (max.) limit insures that tgac can be met. tpes (max.) is specified as a
reference point only: If tgop is greater than the specified tpcp (max.) limit, then access time is controlled
by teac-

16. Operation within the tg op (max.) limit insures that tg 5 - (max.) can be met. tg o (Max.) is specified as
a reference point only: If tp,py is greater than the specified tgop (max.) limit, then access time is
controlled by ty 5.
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WRITE CYCLE (OE CONTROLLED WRITE)
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FAST PAGE MODE READ CYCLE

1rASP -
e Vig == ’\ / £
Vi — ™ dl
toc tRSH 1
B | terp
tcre taco 1o tance
I~ t

teas leas teas
Vi — 1zap 3 e ;"
oS Vit =/ trau : \x.‘____r/ \x_ﬂ/ \: - z L
lac;i treH ], i tacs vi 1Res tack
tan laa tan
- 1‘% lcpa l(_)_z: oz '
= . W
taac j tors | 1cac 110# | ‘teac | | torr
lac, | |02 taz,| oez)  figy <0, ]
taz| , R L i
o 10 0B —
Note: Dy = OPEN : “H" or "L"
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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s N /
i tg( 7|
2(5: trcD xs 1cp . !c::su 155:'
Vin — b Jﬂ X [ > =\
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Note: Dgyr = OPEN : I —
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trase R
A3 Vin —_‘\ tCsH H\
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- treD & crp
topamw l trsH '
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V, — D 77 o o 77
oo oo XN < XN - X
RWD tcwp tepwp
fres L tewp tgpwp, ‘ lowp ARG
. tew
Vg —— e
VRITE Vr % tawp _5[ B‘L- o SJ
tan towy tawp taw
‘[ﬁ tysp Togs twe | f twp
Vi — - Ir 1,
o M T 4 /i
v o tcpa 1cpa
tRag i taa OF tan toep,
togz ﬂ‘Ps tcac tos teac *’1” tos
s z:}’z:: R Xiow 1 K2 X ow2 *3 )N O
:CAC | T| ton szl o o] | TEon|
T I ! g '
*1 Doyt *2 Doyr2 *3 DourN

A-90

: “K* or "L"

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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RAS ONLY REFRESH CYCLE

N
n\o~A9VlL _///////// row X

Note: Dy, WRITE, OE = “H" or “L" . "H" or

CAS BEFORE RAS REFRESH CYCLE

RP
3=

il N SEERN

e Yy @
[ ey _ _

w "

OI~ Vou—"""""4 opEN
1704
° Vog____/
Note: Dy, OE, AO~A9="H" or “L" 72w or "
zza
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HIDDEN REFRESH CYCLE (READ)
tre

twas

taa
104
= N\ .
m‘cnc ] . 4.,_LO_FE
011104 :: :_ . A@QL‘: DATA - OUT 4;:]-—'—'—
Note: Dy = OPEN : “H" or "L"
HIDDEN REFRESH CYCLE (WRITE)
"4‘“ | l&‘
e TN / NN
4_4559_.,«.9:&_,' ks

N

liap
Vin — f
trap
T tasc
1 IraH
1,

-

ASR,
o DR o

.

Yy

N

2t

125,
e

vor Vi
DATA-IN

. A @

~1/04 Vi

Y i . ...

TR

Dout = OPEN

A-92

: “H" or “L
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tzas |
Vih — R - tgp
RAS \ |
\ b

e\ U] e | — |

.~

AA

Vip —

[+
ViL =

o0 )y
i 05 | | tou
1701 Vion=— 7:/><L p
% ZX] DATA-IN
~1/04 % <,
VoL — N N, T
ATA - OUT
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WRITE, CAS BEFORE RAS REFRESH CYCLE

{rC

tra

S

=

Y.
b .

Note: Dy, OF, AO~A9="H" or "L

READ CYCLE IN THE TEST MODE

OPEN

Vin ——

Vi —

' tcap

Vig =— £
(739 /
ViL —
t,

. /[i” ;
AO~A9 Vi ‘//////// RO )

w7

101 Vor —

~V04 o

Note: DE = “L” Dy = OPEN

DATA - OUT >———
| PR—

: “H" or “L”
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TC514400ASJL/AFTL/ATRL-60/70/80

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

tre

e I e
Wi T Ned/ F

e ‘&R

: “H" or “L*

Note: Doyr = OPEN

FAST PAGE MODE READ CYCLE IN THE TEST MODE

' 1rase _‘ﬂ_l
Vi — Y -
= N J./T\
'lcnp tred e D tRHCP tmsH e
- tcas tca | tca !
Vi — X 1RAD <8 o e Y
s Vit =/ tgan \:x__r-/ \-J \
tosw tc traL |
tasg, 1] tascl | Leay, }f—“»l - tasg [ [lcar
AQ~A9 :IH ""7/ >ROV£\ oL : coL.2 _X////é/% COL.N ////////////1
W TR N I y i 7 -~ .
res, ACH| , i tres o1 Atecs acH
.
Vi —727 7 - G, X 7% 7"—
" w////// w | [N ke [V e [N
trac cpa |
' cac, 10FF 1 LoFE tcuz tore
WO1  Vou — By - ana | —

Note: OF = “L” Dy = OPEN Y] - "H* or "L
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

trase

t

.i".i
Vi — R ‘ h
RS v \\ 7
| — T
tec
Lere trep tep | tRsH ltc__n:
v | tcas | 1t X teas o
H N
@ N/ NN '
Vi — \ / \ \
[ tRAH, T o~
lasg tag 1 [lean, a3q e tasg| Tiea
Vi —523 L r T
ao~as " X row 4 cour WX coz cown Y2
v —2 / 2 7
taap tewt towe tewe |
e twed o, twes wen

e

w

twey

lwe

T, |
Y

y === = ===

ton 1o

toH

o
o DN

Note: Doyt = OPEN

A-96

oH ps
»%4

Z

Dy N

X

: "H" or “L”
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TC514400ASJL/AFTL/ATRL-60/70/80

TEST MODE

The TC514400ASJL/AFTL/ATRL 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. AQc 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 I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC514400ASJL/
AFTL/ATRL. In “Test Mode”, the IM54 DRAM can be tested as if it were a 512K54 DRAM.

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “TAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode™. In the Test Mode, “WRITE,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Vcc

Agc A lNormaI
Normal oS 512K block ) Do—z
" Oty x est

o1 —
© ] 0¢ e

>

B
Normal
272
Aoc
Aoc
Aoc C \——O N,)—lormal
Normal oS 512K block ] o °7
| z est
1102 O Ane

o3 Aoc D
Test s 512K block | Test
) ] ,5,_
l___ofTNorma!

— 0

Aoc
Aoc Vee

Agc E . Normal
Normal o 512K block _)Do—o;‘ I
['o S—— 3 est
Test 512K block |___ ,_T: Test
F
’D_TNormal

Aoc
Aoc Vcc

Agc G lNormaI
Normal — 512K block Do——o
1104 o G e
o —
O— » AOm H I{eZ]

Test ~ 512K block Test
T e

Normal
L 5 77

Aoc

Figure 1
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TOSHIBA
TC51V4400ASJL/AFTL80

1,048,576 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

The TC51V4400ASJL/AFTL is the new generation dynamic RAM organized 1,048,576 word by 4 bit.
The TC51V4400ASJL/AFTL 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 TC51V4400ASJL/AFTL to be packaged in a standard 26/20 pin plastic SOJ (300),
26/20 pin plastic TSOP. 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
3.3V10.3V tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS
¢ 1,048,576 word by 4 bit organization

* Fast access time and cycle time
 Single power supply of 3.3V+0.3V with a built- ITEM TC51V4400ASJL/AFTL
in Vg generator
¢ Low Power trac  RAS pccess Time 80ns
216mW MAX .Operating
0.54mW MAX. Standby
¢ Outputs unlatched at cycle end allows two-di- 'AA  Column Address 40ns
mensional chip selection Access Time
¢ Read-Modify-Write, CAS before RAS refresh, TAS 20n
RAS-only refresh, Hidden refresh, Fast Page tcac Access Time §
Mode and Test Mode capability 150
* Al inputs and outputs TTL compatible IRC Cycle Time ns
* 1024 refresh cycles/128ms
« Package TC51V4400ASIL : SOJ26-P-300A PC Fast Page Mode 50ns
TCS51V4400AFTL : TSOP26-P-300 Cycle Time

TOSHIRA AMFRICA Fl FOTRNONIC COMDNANENTS INC A_0on



TC51V4400ASJL/AFTL-80

PIN NAME
A0~A9 Address Inputs
RAS Row Address Strobe
TAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
1/01~1/04 Data Input/Output
Vee Power (+3.3V)
Vss Ground
PIN CONNECTION (TOP VIEW)

Plastic SOJ Plastic TSOP (Normal Bend Type)
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TC51V4400ASJL/AFTL-80

BLOCK DIAGRAM
o1  ¥02 103 104
o o o [

L
Pl

DATA IN DATA OUT |<0OF

BUFFERS BUFFERS
A 4
WRITE 4 } 4,
]
TASO—>{ NO.2 CLOCK |
GENERATOR |—
A
COLUMN > COLUMN
A0 Ov'imi) ADDRESS 10 > DECODER
BUFFERS (10,
Al 0> (0 SENSE AMP 4
A2 O REFRESH - /0 GATE
A30> CONTROLLER YY) vy
et T = - 1024 N
A5 O REFRESH Ak
A6 O “0[_? COUNTER (10) P i
A70= L) ROW 3 o™ MEMORY
AS O =i ADDRESS TS O 1024|  ArRay
A9 O BUFFERS (10) wii 1024 x 1024 x4
NO.1 CLOCK [~
RASO—>|  GENERATOR — | SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —0.5~Vct0.5 v 1
Output Voltage Vout —0.5~Vct+0.5 v 1
Power Supply Voltage Vee —0.5~4.6 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tsta — 55~150 °C 1
Soldering Temperature ® Time | TsorpEr 26010 °C * sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current Iout 50 mA 1
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TC51V4400ASJL/AFTL-80

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

SYMBOL PARAMETER ] MIN. | TYP | MAX | UNIT | NOTE
Voo |Supply Voltage - 30 33 36 v 2
Vi |Input Highvoltage 22 T [ Vect03| V 2
\%'3 Input Low Voltage -03 - 0.6 v

D.C. ELECTRICAL CHARACTERISTICS (V¢ = 3.3V £ 0.3V, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN. | MAX

UNIT |

NOTES

I
CC1

OPERATING CURRENT
Average Power Supply Operating Current TC51V4400ASJL/AFTL-80
(RAS, TAS, Address Cycling: tgc=tpc MIN)

- 60

mA

34

ICC2

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vy)

CC3

RAS ONLY REFRESH CURRENT
Average Power Supply Current, RAS Only Mode | TC51V4400ASJL/AFTL-80
(RAS Cycling, CAS=Vgy: tge=trc MIN.)

3,5

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode | TC51V4400ASJL/AFTL-80
(RAS =V , CAS, Address Cycling: tpc=tpc MIN.)

34

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vc-0.2V)

250

HA

TAS BEFORE RAS REFRESH CURRENT
Average Power Supply Current, CAS Before RAS | TC51V4400ASJL/AFTL-80
Mode (RAS, TAS, Cycling: tgc=tgc MIN.)

3,5

Ieey

BATTERY BACK UP CURRENT

Average Power Suuply Current, Battery Back Up Mode
(CAS=CAS Before RAS Cycling or 0.2V, OE=V -0.2V, WRITE
=V 0.2V, A0~9=V-0.2V or 0.2V, I/O~4=Vcc-0.2V, 0.2V or
OPEN: tRC=125HS, tras=trAS MIN. ~1ps)

h @

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OV<V|N<0.5V, All Other Pins Not Under Test=0V)

-10 10

HA

1
o)

OUTPUT LEAKAGE CURRENT
(Doyr is disabled, (OVEVqu7<5.5V),

-10 10

OUTPUT LEVEL
Output “H” Level Voltage (loyt=-SmA)

VoL

OUTPUT LEVEL
Output “L” Level Voltage (Iloyt=4.2mA)

A-102
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TC51V4400ASJL/AFTL-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS
(Ve =3.3V + 0.3V, Ta = 0~70°C)(Notes 6,7,8)

TC51V4400ASJL
/AFTL
SYMBOL PARAMETER 30 UNIT | NOTES
MIN | MAX
tgc |Random Read or Write Cycle Time 150 -| mns
trmw | Read-Modify-Write Cycle 205 -l ns
tpc | Fast Page Mode Cycle Time 50 -| ns
tormw | Fast Page Mode Read-Modify-Write Cycle Time 105 -l ns
trac | Access Time from RAS ' - 80{ ns [10,15,16
tcac | Access Time from CAS - 20 ns 10,15
taa | Access Time from Column Address - 40( ns 10,16
tcpa  |Access Time from TAS Precharge - 451 - 10
tcrz  |CAS to Output in Low-Z 0 -| ns 10
torr | Output Buffer Turn-off Delay 0 20( ns 11
tr Transition Time (Rise and Fall) 3 50| ns
tp  |KAS Presharge Time 60 -l ns
tras |RAS Pulse Width 80| 10,000 ns
traspe | RAS Pulse Width (Fast Page Mode) 80( 200,000 ns
trsy | RAS Hold Time 20 -| mns
e RAS Hold Time From CAS 45 | s
Precharge (Fast Page Mode)
tcsu  |CAS Hold Time 80 -| ns
tcas |CAS Pulse Width 20{ 10,000] ms
tgep  |RAS to CAS Delay Time 20 60| ns 15
trap | RAS to Column Address Delay Time 15 40( ns 16
tcrp | CAS to RAS Precharge Time 5 -| mns
tcp | CAS Precharge Time 10 -| ns
task  |Row Address Set-Up Time 0 -| ns
tran  |Row Address Hold Time 10 -| ns
tasc | Column Address Set-Up Time 0 O ns
tcay | Column Address Hold Time 15 -| ms
trar | Column Address To RAS Lead Time 40 ns
tes | Read Command Set-Up Time 0 -| ns
tgey  |Read Command Hold Time 0 - ns 12
trry | Read Command Hold Time referenced to RAS 0 -| mns 12
twey | Write Command Hold Time 15 -l ns
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TC51V4400ASJL/AFTL-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514400ASJL/
AFTL
SYMBOL PARAMETER 20 UNIT | NOTES
MIN MAX
twp | Write Command Pulse Width 15 -] ns
trwi. | Write Command to RAS Lead Time 20 -| ns
tcwr | Write Command to CAS Lead Time 20 -| ns
tps  |Data Set-Up Time 0 -| ns 13
tpy |Data Hold Time 15 -1 ns 13
trer | Refresh Period - 128) ms
twes | Write Command Set-Up Time 0 -| ns 14
tcwp |CAS to WRITE Delay Time 50 -[ mns 14
trwp |RAS to WRITE Delay Time - 110 -| ns 14
tawp |Column Address to WRITE Delay Time 70 -l ns 14
tcpwp | CAS Precharge to WRITE Delay Time 75 -l ns | 14
CAS Set-up Time 5 | s
fesr {CAS before RAS Cycle)
CAS Hold Time 15 | ons
tcHr (CAS before RAS Cycle)
tpc  |RAS to TAS Precharge Time 0 -| s
TAS Precharge Time 40 | s
tcer (CAS before RAS Counter Test Cycle
trog |RAS Hold Time referenced to OE 10 - ns
toea | OE Access Time - 20{ ns 10
toep | OE to Data Delay 20 -| ns
Output buffer tumn off Delay Time 0 20 s i
‘Bz | from OE
togg | OE Command Hold Time 20 -| mns
tops |Output Disable Set-Up Time 0 -i ns
' Write Command Set-Up Time 10 | ons
WIS | (Test Mode In)
¢ Write Command Hold Time 10 | ons
WTH . | (Test Mode In) ’
¢ WRITE to RAS Precharge Time 10| 1 s
WRP - | (TAS before RAS Cycle) ;
¢ Write to RAS Hold Time™ 10 1 s
WRH | TCAS before RAS Cycle

A-104 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC51V4400ASJL/AFTL-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC514400ASJL/
AZ/AFT
SYMBOL PARAMETER 30 UNIT | NOTES
MIN | MAX

tre Random Read or Write Cycle Time 155 -{ ns

tpe Fast Page Mode Cycle Time 55 -| ns

traC Access Time from RAS - 85| ns |10,15,16

teac Access Time from CAS - 25| ns 10,15

taa Access Time from Column Address - 45| ns 10,15

tcpa Access Time from CAS Precharge - 50| ns 10

tras RAS Pulse Width 85 10,000] ns

trASP RAS Pulse Width (Fast Page Mode) 85| 200,000 ns

tRsH RAS Hold Time 25 -| ns

tesy CAS Hold Time 85 - ns

truCP CAS Precharge to RAS Hold 50 - mns

tcas TAS Pulse Width 25| 10,000] ns

tRAL Column Address to RAS Lead 45 -l ns
CAPACITANCE (V¢ = 3.3V H0.3V, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN | MAX | UNIT
Cp Input Capacitance (AO~A9) - 5 pF
(% Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF
Co Input/Output Capacitance (1/01~1/04) - 7 pF
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TC51V4400ASJL/AFTL-80

NOTES:

1.

10.
11.

12.
13.

14,

15.

16.

A-106

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

All voltages are referenced to Vgg.

Iccts Icess Iccss Iccs depend on cycle rate.
Iccis Iccs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of Iccg, it can be changed once or less
during a fast page mode cycle (tpc).

tras (max.)=1us is only applied to refersh of battery-back up. tg 5 s(max)=10us is applied to functional
operating.

An initial pause of 2ms 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 KAS
refresh cycles instead of 8 RAS only refresh cycles are required.

AC measurements assume ty=5ns.

V4 (min.) and Vy_ (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vy; .

Measured with a load equivalent to 100pF and at Vou=2.0V(Ioyr=-2mA), Vo =0.8V (Ioyr=2mA).

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

Either tpey or tgryy 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.

twes tRwp» tewps tawp and tepwp are not restictive 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 the
data output will remain open circuit (high impedance) through the entire cycle; If tgwp>trwp (min.),
tcwp>towp (Min.), tawp>tawp (min.) and tcpwp>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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tyep (max.) limit insures that tgyc can be met. tyep (Max.) is specified as a
reference point only: If tpcp is greater than the specified tycp, (max.) limit, then access time is controlled
by tcac

Operation within the tgsp (max.) limit insures that tg ¢ (max.) can be met. tgsp (max.) is specified as
a reference point only: If tg,p is greater than the specified tg,p (max.) limit, then access time is
controlled by ty 5.
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READ CYCLE

woT N 1 — N
R =
Sy N——/ /]
s G o YR, o KT
s | | TP
o 3;
T . @ ——
ote: Dy = OPEN VA4: “H" or "L*
WRITE CYCLE (EARLY WRITE)
we N %
zzs:f'_"__/r% _,m_m \\.:—J?:—»/ /!‘
e ==y

D

“wiv D ¥

% : "H" or "L”
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WRITE CYCLE (OE CONTROLLED WRITE)
tre

taas 8P
Vi X ; X
s Vi — \'

s

tacp tml_nu I tcrp
‘ \r /S
tral
H tasc

s B o YO oo

Lwil

trw

" -

:

tops toe

s
o T o YT
Nte: Do = OPEN O+ o

READ-MODIFY-WRITE CYCLE

ws \ - }ﬁL
e o \ A
oo T YO o M T
e l | : \.ﬁm ‘
- — [T
e [5G

: “H" or "L"
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FAST PAGE MODE READ CYCLE

trasp trp
Vin — 3
RAS
Vip — \“ "//_1\
tpc (nsu
tcre taco tcp truce tere
t

v [ Jeas SRS
" — 1 R
(/1 N N l{ o N /

Viu =/ tgay - i

SH RAL
tasg, | [T Tase[ 1 |Scan tasg| ':.:“ las| <8 '

Vi - N- N

A0~A9 ROW coL1 coL.2 COLN
it - ] T
S e

tan tan taa
tcpa tcea
Vg toea| 1oeA] tora
ViL — $ 1
! taac Lm teac |‘OFF | Tteac tors
tag,| | oz, BT T |t |
taz
VOl Vou— == L
~v04 OPEN %{ Oour 1 }% Dour 2 Do N P——
VoL — 1
Note: Dy = OPEN VA : "ne or L

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp e,
Viu — ’\
Vg — t
pC
FB: < tcas |
o N
ViL — tMH X b 3
tesH
-JL“ = tAs&—<— o, ‘AQS»C |
Vik by V d -
AQ~A9 v ROW, q coL.t ) CcoL.2
R i v
T twes o, twes,
twe |
ViK
WRITE
Vie

w S
% R - @ =~ O~

Note: Doyt = OPEN : “H" or "L”
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TC51V4400ASJL/AFTL-80

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

1RasP tre
i —% tesn
w — N
daco I'C;I Re,
teanwy tasu 1
teas tcas tas
W — trao \ E /
- ter
! ! tean 1
tage, 11 ]%as ‘gf tase | I° hasgl T}
AO~AY :"' RO coL.1 coL2 COLN
nw 1 |
tawo towp. cPwo
facs]| towp | tcpwp towp <_"m...
ow,
e U % \ 1Y i
' - tawp 2 . tew] T
AL lom 4
A we [ 1] 4 OE twp wp
Vi - ; }
o L i
toe|
I‘_tRLC Teac "1 taa.
% tos | Jtos
1
Vo1 Viow — N |
~04 vy 1 1 DX 1 3 OnN s————
1 OH|
tag |
*1 Doyt ! *2 Dour2 *3 DourN

: “H" or “L"
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RAS ONLY REFRESH CYCLE
tre
f—tte |
Viy —— 8as ¥
Vip — \t
I tcre iﬁ!

wr N\
s T o S

Note: Dy, WRITE, O = "H" or “L % . " or "L
Doyt = OPEN

I trp

el N
- ﬂ " e

Note: Oy, OF, A0~A9 = "H" or “L" p
o N = or % . "H" or "L*
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HIDDEN REFRESH CYCLE (READ)
%,

_taas S— e ‘K‘ <22,
woT N V \_:_‘“‘j)‘\_
Vi IS& : = L
v/ \ A
wer, |51 e
% \k /;,'
‘h_&.. =]
s g — @L oaTa-oUT b

e: D = OPEN : “H" or "L

HIDDEN REFRESH CYCLE (WRITE)
tr

w TN = ™ J)‘L"t R
w= N I
ware - m H

$

C!

,
Fle

D

1
0$ 1oy

“winn DR M

Note: Dgyr = OPEN : “H" or “L*
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vm — x
RAS x
VL —
1 terr
Ig Y
Vig —
Vi — : <-c~
Vi .
Vi 'L_I._I_____‘A
twrei | twee
READ CYCLE R
/ Vin 1
WRITE
Vi
Vi —
B Vm
vor Vou —
L ~uos , PEN
oL —
WRITE CYCLE bRl | twam
4 V|
G
Vi :
ot
Vo1
~l04
it
READ-MODIFY-WRITE CYCLE
/ V H
WRTE
Vi
3
¥
o Y \e|
ViL
! toeo
! &7 2105 | | ton
U0 e D DATA INA_>——-—_
L ~vos VoL — . * ,/ - 3 >
DATA - OUT

% : "H" or "L
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WRITE, CAS BEFORE RAS REFRESH CYCLE

trp trp

el A S
- M
-
"o Vou _ ,“P °

Note: Dy, OF, AO~A9="H" or “L” % : "H” or "L”

READ CYCLE IN THE TEST MODE

taag tzp

Vig — P
w ik — \'i / \__
2csH
|&. 8¢ tRsh IO <. N

=/ v N2/

o » D o B o

acs | taan |

wame ™
Vi taa

teac toFr
vot VOH J———
- OPEN . }_
Vs o, " | DATA-OUT
<12,

Note: OF = “L* Dy = OPEN VA: “n" or “L*
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODEFAST PAGE MODE
tre

mr TN j B s N
Sl g S o
g

o o

% s “H" or "L"

READ CYCLE IN THE TEST MODE

RASP <R
Vi — 3 /
739 P4
Vi — A
1 tog 2B e
tcrp tReD tcp truCP |
'0 tcas Icas A feteas, ;
Vin — \RAD / L
w ) /N N
Y T " ic tRaL
St | [tean |
tasp, | 1T el T e Wi I tasg] 1
Vin N ¥ N N
A0~A9 _% ROW cotL.1 coL.2 COLN
Vi, — * .
tacs ) tren} o) o dtees  teew l dlt UL tren
Vin teac
WRITE teac
Vi taa taa tan itRRH
tRaC tepa T eea ‘ +
' tca Tore ™ ] EE; ‘m ? toFF
Vo1  Von — o AL
~v04 Oeus 1 Dot 2 e
: OF= o] OPE :“H'or"L'
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

lnage » <%
Vin —
L N )
N tec .
RP tRCD tcp tcp RSH N
. i &M)_ teas e
w tRaH r N =
tosH 1R
g | s fad [l g I8
Vin N- -
AO~A9 v ROW coL.1 coL.2 CcOoL.
P4
* | taap t ! ] tew towL
T twes twen, | fdwen taw
1 wp wCs t
v, ; p— L T
WRITE 1

L

'm,“h oK tos toH tou
Vo1 Vi ' '3 5
~l04 Din 1 Dy 2 O N

Vi P A 4

Note: Doyr = OPEN % : “H" or “L”
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TEST MODE

The TC51V4400/ASJL/AFTL 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 I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC51V4400/
ASJL/AFTL. In “Test Mode”, the IMX4 DRAM can be tested as if it were a 512KX4 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,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Aoc Vee

——— " Lo,

A

Normal 512K block —)

Test

Test a 512K block Test
L iNormal
———-——o
° 1Norma| I

jz Test

512K block Test
:E___., I Normal

£ ° lNormal
1
| 512K block ; )i)-——o,l,est

512K block Test
' ﬂ E
Normal
Vee
—_—Q o
° lNormal l

2
W

"’

Vee

Normal 512K block

H
5 5

Vee

Normal

)5

g

7.

Aoc G
Normal o0 512K block
['o S z Test
N ;
Test S 512K block
n 4

Test
i l Normal

Figure 1
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'‘OSHIBA
TC514410AS]-60/70/80

1,048,576 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

The TC514410AS]J is the new generation dynamic RAM organized 1,048,576 word by 4 bit. The
TC514410AS]J 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
TC514410ASJ to be packaged in a standard, 26/20 pin plastic SOJ (300mil). 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 KEY PARAMETERS

1,048,576 word by 4 bit organization
e Fast access time and cycle time
» Single power supply of SVt 10% with a built- TC514410ASJ
in Vg generator ITEM
¢ Low Power - R -
660mW MAX .Operating 60 70 80
TC51440ASJ-60
g 50mW MAX. OI);e;ating trac RAC pccessTime | 60ns | 70ns | 80ns
(TC51440AS8J-70)
468mW MAX. Operating t
(TC51440AS]-80) AA  CoumAddess | 30ns | 35ns | 40ms
5.5mW MAX. Standby
¢ Outputs unlatched at cycle end allows two-di- TAS
mensional chip selection cac Access Time s | 20ns | 20ms
¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page 'RC__ Cycle Time 110ns | 130ns | 150ns
Mode and Test Mode capability
« All inputs and outputs TTL compatible 'PC Fast Page Mode
¢ 1024 refresh cycles/16ms Cycle Time
* Package TC514410AS] :SOJ26-P-300A

Access Time

45ns 45ns 50ns
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PIN NAME

A0~A9 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe

WB/WE Write Per Bit/Read/Write
Input
OE Output Enable

W1/101~ Write Select/Data
W4/104 Input/Output

Vee Power (+5V)
Vss Ground

PIN CONNECTION (TOP VIEW)

Plastic SO)

W1/101
W2102
WBWE
RAS

A9

A0
Al
A2
A3

Vee
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BLOCK DIAGRAM
2 Wa4/104
W1A01 W3/103
R R
Vee Vss {4} 4
DATA IN DATA OUT |<OBE
BUFFERS BUFFERS
[
WEAVE L34 4
|
= GENERATOR
}
g COLUMN
COLUMN
Aoc»‘:mi) ADDRESS m> DECODER
A1 O] BUFFERS (10) SENSE AMP A
A20+ REFRESH = VO GATE
A3 O+ CONTROLLER = F33 i02e 414
A4 O [ x4
AS O REFRESH YY) as
A§ O+ E{é COUNTER (10) T
A7 O+ o MEMORY
ROW ai !
A8 O+ ADDRESS ID>§ Ol 1024|  ARRAY
As»m BUFFERS (10) —J w ol 102410244
NO.1 CLOCK
RASO—| GENERATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 v 1
Output Voltage Vour —1~7 \4 1
Power Supply Voltage Ve —1~7 \' 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tst6 — 55~150 °C 1
Soldering Temperature ® Time | Tsorper 260+ 10 °C * sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | 'oyr 50 mA 1
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 v 2
Vi Input HighVoltage 24 - 6.5 v 2
\/ Input Low Voltage -1.0 - 08 v

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)
SYMBOL PARAMETER MIN. [ MAX [ UNIT |[NOTES|

OPERATING CURRENT TC5144100AS8J-60 - 120 34

Ioci | Average Power Supply Operating Current TC5144100ASJ-70 | - 100 | mA 5
(RAS, TAS, Address Cycling: trc=trc MIN.) TC5144100ASJ-80 | - 85
STANDBY CURRENT

Iccz Power Supply Standby Current 2 mA
(RKS=CKS=V1H)
RAS ONLY REFRESH CURRENT TC5144100ASJ-60 - 120

Ioccs | Average Power Supply Current, RAS Only Mode  [TC5144100ASJ-70 | - 100 mA 3,5
(RAS Cycling, CAS=Vy: tpc=tpc MIN.) TC5144100AS180 | - 85
FAST PAGE MODE CURRENT TC5144100ASJ-60 - 70 34

Icc4 Average Power Supply Current, Fast Page Mode | TC5144100AS8J-70 - 70 mA ;
(RAS =Vy; , TAS, Address Cycling: tpc=tpc MIN.) [TC5144100AS)-80 | - 60
STANDBY CURRENT

Iccs Power Supply Standby Current 1 mA
(ﬂS=CKS=VCC-0.2V)
TAS BEFORE RAS REFRESH CURRENT TC5144100ASJ-60 - 120

Tcce | Average Power Supply Current, TAS Before RAS [TC5144100AS)-70 | - 100 mA 3,5
Mode (RAS, TAS, Cycling: trc=trc MIN.) TC5144100AS1-80 | - 85
INPUT LEAKAGE CURRENT

L ) |Input Leakage Current, any input -10 10 HA
(OV<Vn<6.5V, All Other Pins Not Under Test=0V)

I OUTPUT LEAKAGE CURRENT

OM) | (Dyyris disabled, (OVSVoytss.5V), 104 10 HA

Vo |OUTPUTLEVEL s | - v
Output “H” Level Voltage (loyT=-5SmA)

Vo |OUTPUTLEVEL " | oa | v
Output “L” Level Voltage (Ioyyr=4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS
(Vee =5V £10%, Ta = 0~70°C)(Notes 6,7,8)

TC5144100ASJ
SYMBOL CHARACTERISTIC -60 -70 -80 UNIT | NOTES
MIN | MAX. | MIN | MAX | MIN | MAX
tsc |Random Read or Write Cycle Time 110 -l 130 -l 150 -| ns
trmw | Read-Modify-Write Cycle 165 -1 185 -l 205 -| ns
tpc Fast Page Mode Cycle Time 45 - 45 - 50 -| ns
toRvw Fast Page Mode Read-Modify-Write | 100 -l 100 -1 105 | s
Cycle Time
trac | Access Time from RAS - 60 - 70 - 80| ns {9,14,15
tcac | Access Time from TAS - 20 - 20 - 20| ns 9,14
taa Access Time from Column Address - 30 - 35 - 40( ns 9,15
tcpa | Access Time from TAS Precharge - 40 - 40 - 45| - 9
tcrz | CAS to Output in Low-Z 0 - 0 - 0 -| ns 9
torr | Output Buffer Turn-off Delay 0 20 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tgp | RAS Precharge Time 40 -l 50 -l 60 -| ns
tras | KAS Pulse Width 60| 10,000/ 70| 10,000 80{ 10,000 ns
trasp | KAS Pulse Width (Fast Page Mode) 60| 200,000  70{ 200,000 80| 200,000 ns
trsu | KAS Hold Time 20 -l 20 -1 20 -| ns
trsicp RAS Hold Time From CAS 40 -l 40 -l 45 1o
Precharge (Fast Page Mode)
tcsy | CAS Hold Time 60 -l 70 -l 80 -| ns
tcas | CAS Pulse Width 20( 10,000 20 10,000 20| 10,000 ns
tep | RAS to CAS Delay Time 20 40( 20 50( 20 60| ns 14
trap m to Column Address Delay 15 30 15 35 15 40 ns 15
Time
tcrpe | CAS to RAS Precharge Time 5 - 5 5 -{ ns
tcp | CAS Precharge Time 10 - 10 - 10 - ns
tasg  |Row Address Set-Up Time 0 - 0 - 0 -| ns
trag  |Row Address Hold Time 10 - 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 - 0 O mns
tcan | Column Address Hold Time 15 - 15 - 15 - ns
trar, | Column Address To RAS Lead Time 30 - 35 - 40 ns
tges  |Read Command Set-Up Time 0 - 0 - 0 -| ns
tgey | Read Command Hold Time 0 - 0 - 0 -| mns 11
e Read Command Hold Time refer- 0 - 0 - 0 | s 1
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 -] ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC5144100AS]
SYMBOL CHARACTERISTIC -60 <70 -80 UNIT | NOTES
MIN | MAX.| MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 20 - 20 - 20 - ns
tcwr | Write Command to CAS Lead Time | 20 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tpg |Data Hold Time 15 - 15 - 15 - ns 12
tagr | Refresh Period -1 16| - | 16 ] - | 16 | ns
twcs | Write Command Set-Up Time 0 - 0 - 0 - ns 13
tcwp |CAS to WE Delay Time 50 - 50 - 50 - ns 13
tewp | RAS to WE Delay Time 90 - 100 - 110 - ns 13
tawp |Column Address to WE Delay Time | 60 - 65 - 70 - ns 13
tcpwp | CAS Precharge to WE Delay Time 70 - 70 - 75 - ns 13
TAS Set-up Time
tesr {CAS before RAS Cycle) 3 ) 3 ) 3 ) ns
TAS Hold Time
'CHR | (TAS before RAS Cycle) B -5 -5y - ns
trpc | RAS to TAS Precharge Time 0 - 0 - 0 - ns
TAS Precharge Time
tecpr | (CAS before RAS Counter Test 30 - 40 - 40 - ns
Cycle)
tgon |RAS Hold Time referenced to OE 10 - 10 - 10 - ns
toea |OE Access Time - 20 - 20 - 20 ns
toep | OE to Data Delay 20 - 20 - 20 - ns
Output buffer turn off Delay Time
toEz ftom OF 0 20 0 20 0 20 ns 10
toey | OE Command Hold Time 20 - 20 - 20 - ns
tops |Output Disable Set-up Time 0 - 0 - 0 - ns
Write Command Set-up Time
twTs (Test Mode In) 10 - 10 - 10 -
Write Command Hold Time
twtH (Test Mode In) 10 - 10 - 10 - ns
'WRITE to RAS Precharge Time
WRP | CAS before RAS Cycle) 10 ) 10 . 10 ) ns
Write to RAS Hold Time
WRH  |TCAS before RAS Cycle) 04 - |10} - |10 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS (CONT)

TC5144100ASJ
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN | MAX | MIN [MAX | MIN | MAX
twps | Write Per Bit Set-Up Time 0 - 0 - 0 -| ns
twpn | Write Per Bit Hold Time 10 - 10 - 10 -| ns
Write Per Bit Selection Set-Up 0 - 0 - 0 -
'WDS | Time ns
twpy | Write Per Bit Selection Hold Time 10 - 10 - 10 -l ns

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC5144100ASJ
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTES
MIN { MAX. | MIN | MAX | MIN | MAX

tre Random Read or Write Cycle Time | 115 - 135 - 155 - ns

tpe Fast Page Mode Cycle Time 50 - 50 - 55 - ns

tRAC Access Time from RAS i 65 ) 75 i 85 ns 9,1 ;4,
teac Access Time from CAS - 25 - 25 - 25 ns 9,14
taa Access Time from Column Address - 35 - 40 - 45 ns 9,15
tepa Access Time from CAS Precharge - 45 - 45 - 50 ns 9
tRAS RAS Pulse Width 65 | 10,000 ( 75 | 10,000 | 085 | 10,000 ns

trasp | RAS Pulse Width (Fast Page Mode) | 65 |200,000[ 75 |200,000| 85 [200,000| ns

trsH RAS Hold Time 25 - 25 - 25 - ns

tesH TAS Hold Time 65 - 75 - 85 - ns

tRHCP TAS Precharge to RAS Hold Time | 45 - 45 - 50 - ns

tcas TAS Pulse Width 25 | 10,000 [ 25 | 10,000 | 25 | 10,000 ns

tRAL Column Address to RAS Lead Time| 35 - 40 - 45 - ns
CAPACITANCE (Ve =5V £10%, f = 1IMHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN | MAX | UNIT

Cy Input Capacitance (A0~A9) - 5 pF

Cp Input Capacitance (RAS, TAS, WB/WE, OE) - 7 pF

Co Input/Output Capacitance (W1/101~W4/104) - 7 pF
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NOTES:

1.

10.

11.

12.

13.

14.

15.

A-126

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

All voltages are referenced to Vig.

Iccis Ieess Iccar Iccs depend on cycle rate.

Iccrs Iocs depend on output loading. Specified values are obtained with the output open.
Column address can be changed one or less while RAS=Vy and CAS = Vi

An initial pause of 200ys 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.

AC measurements assume tr=5ns.

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

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

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

Either tgcy Or tgryy must be satisfied for a read cycle.

These parameters are referenced to CTAS leading edge in early write cycles and to WB/WE leading edge
in Read-Modify-Write cycles.

twess tRwps tewps tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If twcs2twcs (min.), the cycle is an early write cycle and the data
output will remain open circuit (high impedance) through the entire cycle; If tgwp2tgwp (min.),
tewp2tewp (MinL), tawp2tawp (Min.) and tepwp2tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tgep (max.) limit insures that tgyc can be met. tzcp (max.) is specified as a
reference point only: If tacp is greater than the specified tycp (max.) limit, then access time is controlled

by tcac

Operation within the tg oy (nax.) limit insures that tg ¢ (max.) can be met. tg o, (Max.) is specified as
a reference point only: If tgap is greater than the specified tp,p (max.) limit, then access time is
controlled by ty,.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514410ASJ-60/70/80

READ CYCLE

e
Vy — ¥
had Vi — \'P / |
I k(<12 180 URSH | tcre

o3 : :J ( Nt/

e "

irac
W01 Voy— i
O oata-ouT | P
Vor— x

Note : Djy = OPEN : “H" or "L*
WRITE CYCLE (EARLY WRITE)

tre
tras 1 |
Vin — b X
b \ / N
n == x
tesh
l ‘Cﬂ! ‘_!sp (!su | me

S S e N/ S

traL

o YO > K

8s RAD

twi

we v TN %"" =

—BWL__

™

twos twon o iRt

RIS

“woos o “R_ s YR o Y

Note : Doyt = OPEN % : "H® or "L*
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WRITE CYCLE (OE CONTROLLED WRITE)

we TN ‘M —
| [T o - .

o N /7

s ™ TT won SR o

w7 X N

. <
wor | |t o]t

A-128

v d
DATA-IN

o

VA : " or “L*
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READ-MODIFY-WRITE CYCLE

tamw

v N - \__
Vin — I‘.‘L’ -~ = lc:: = e
= e — N\ / /

wss " TN o YO oo

e B O N
" \
Ve —2. MASK 7 - :EDATA-‘I:‘
Von OPEN % DATA-OUT ’}

: “H® or “L”
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FAST PAGE MODE READ CYCLE

Vin — ‘\
Vi —
cre
|~
Vig =
(/11
VL — tga)
“L’L—L

Vin —%

A0~A9 ROW
Vie

res ) theH| | tRes | JtRCS Ll taen

Vin

WB/WE
Vi 1RRH

taa tan tas *
'»o __tepa !
£A Tocal
Vg — <OEA § o
Vi — T } 3
tRAC I&LF teac torr teac torr
' | Scac, | [teez) tar I | |Jog toed
W01 Vope— taz)
~Wa/l04 Vor — Doyr 1 Ogyr 2 Oour N |

.

Note : Dy = OPEN ‘ 7/// . *H" or "L*

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tgase Ing
Vig =— "\
Vg — N r4
t
tcae trco = tcp tasH terp
* t tcas DI =~
v CAS | |
- I / N / N
Vi = 3 A N #
it trRay, o —
‘—“3—- ‘Aﬁ - tcan, ‘A‘s’c ftcan Q?S ‘EA?
Vin N - - LN
AQ~A9 ROW coL coL.2 COL.N
Vi 7 \ 3 7 = ol
RAD tow X
twes twes t twes [1 | twen i 1
1 wp twes 1,
Vin MR
Vi N’
WeM
o Vin
Vi twon
twos 1= _tos, oy s ton lps, oM
W01 Vi 4 .% 1% o 2 o N T
~Wali04 Din 1 ] IN
Vi N 4 w A -
DATASIN
Note : Doyt = OPEN % L “H" or *L"
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

"no1~
w4104

Vou
VoL

trasp
- 2csm
— \ o
tacp temp
RITIVIN trsh 1
— L tras Cas
— tRAD \\ /
7 1 traL
tase, Tas itCAn R ‘
0 CoL1 | coLN
18y tcPwp
t
wes Wi towp towp tew
o mtm tawp
toe4 tors - toea i'
o \ ofe. o U kefa | | loeo
JENL, o] Tend 1022, v o
15 taa taa tos
2 jtoez _1ps tow
1RAC --D‘ - DK .
— 4 "2 *3
taz te
— —
Y T
00%: ow2 o
*1 Dour! 7 . g e
oo A: v o
*3 DourN
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RAS ONLY REFRESH CYCLE

s \ / \

iina i
we A AN
e @@
Note: Dy, WB/WE, OE = "H" or "L" 28 v or "L
CAS BEFORE RAS REFRESH CYCLE
' tap | - = ' T
= /

wee \

WHIO1I~ you—""""\
wa/n04 OPEN
Vou—-_/

Note: Dy, OF, A0~A9="H" or “L" % . "H" or "L"
7B
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HIDDEN REFRESH CYCLE (READ)
tac

RAS

Vig =——
w _/

ViL —
tasr

\‘

/..

DATA-OUT

o

VA: “n° or =L*

Vi ——

i —

S

% R

cre

tom

'

=, ///////////////////////////////////////////////////////////////

tog

||

DATA-IN

Note : Doyr = OPEN
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

taas

Vig — X e
ms N [ —
w = B
1 1o cer tRsH
v SR tong teas l
@ T
Vi = :zg *
trat
1
w R
A0~A9 / COLUMN
Vi, — N
twre | twaW - taa f tarr
READ CYCLE RCS A 1
Vin u
v,
W
RO
loea
of ViR — \
-
* taz LA
LNMOl Vor —, OPEN DATA-OUT @_
~W4IIO4V °
o= tawl
WRITE CYCLE tyvael | twan o
[ weme ™ i
Vi
g
Vi
UE H
Vi
tos tou
W1I01  ViH— 4 N
~wa04 OPEN i DATA-IN ’>
\ T A
| Tawp 1 |
READ-MODIFY-WRITE CYCLE |, | WAn tacs 7] ~towd e
- 4
4 Vi <L
e N
Vi |twre teac
'A_'AA
— y !
or Vin \Lon /
vy —
* ! toeo ) o
! T |t tom
w1101 VioH— \- P
:w‘"o‘Vvo — L _F X P4
DATA - OUT

: “H" or “L"
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TC514410ASJ-60/70/80

WE, CAS BEFORE RAS REFRESH CYCLE

T N —x__
o |

Note: Dy, OF, A0~A9= “H" or “L”

READ CYCLE IN THE TEST MODE

w \ / \
" |<_‘m-. tReD — _BsH tcap
T =
s " o YOR = Y
Jags | amy e
~W4/104 VoL — &@‘ DATA-OUT }-————
Note: OF = "L° D= OPEN : “H* or "L
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
tac

taas

N

w7 N
- i T e tasm et |
SHenl | \ N
AO~A9 ::‘ mg;ow‘_‘m_j COLUMN ////////////////////////////////
e “TY % =

twor  _lps

|-t

S "R
~W4/104
Vi

ASK Y 4
A-l N

DATA-IN

o<

Note : Doyt = OPEN

B -+ o

FAST PAGE MODE READ CYCLE IN THE TEST MODE

_taase tre
Vin — 3
w N V
teg 1 tance *-M—’ terp
i - tcas i
Vin AL
/ =N NN ,
ViL T taan . T 4l
tesn tean . trar |
F— g 1, dcan,. t8¢] | E-?a’ R
Vin 7 N > N N
AO~AY9 | ROW cot.1 coL.2 b COL.N
Vi x 4 A
RC3 1 RCH| . | tRes 1 JtRes 1 tRCH
{ |
Vin tcac
taa 1 eac
Vid tepa AA taa taru
18aC >t
L . CaC torF ‘a_ib tore E torr
WYO!  Vou — Sz Xl
~wios Dour 1 Dour 2 Ooun ‘?__
Note: OF = “L" Dy = OPEN V4 : “n* or L
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

- Vin —‘—\

vip —

I‘gl; RC

T

tesH
tasp || tasc, | tcan
Vi b 3 L
AO~A9 ROW 1
Vi 7 k f
trAD ter
twas t )
WBWE
Vin
OF
Vi

twos tos | oy tps tou 1ps oy

W01 Vi J L L 2\ A
~W4/104 Din 1 Dy 2 Din N
LB @ 0 =)
MASK
DATA- IN
Note : Doyr = OPEN % : *H or "L
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TEST MODE

The TC5144100/AS] 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 I/O pin would indicate a “0”. Fig. 1 shows the block diagram of TC5144100/

ASJ. In “Test Mode”, the IMX4 DRAM can be tested as if it were a 512KX4 DRAM.

“WE, 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, “WE, TAS Before
RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The “Test Mode”

function reduces test times (1/2 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

Agc Vee

\_lNormal |

Aoc
512K block

Roc

> | >

Normal

(s O
=)

Test

i i $12K block

o

D Test
i i Normal
o 4
Aoc

Aoc

n]in

Normal

[+]

Ao Vee
—— o, :
—° 1Norma|
) &

Test

Agc
o $12K block

o

Aoc

mi| {m

-

Ao
1 512K block

-

Aoc Vee
—° 1Norma| |
= Test
D Test
%—4 j Normal
o 4
Aoc Vee
= 1Nomu|
o) —

Aoc G

Figure 1
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Test

Aoc H
. 512K block
"
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'OSHIBA
TC5117400]/Z/FT-60/70

4,194,304 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

The TC5117400)/Z/FT-60/70 is the new generation dynamic RAM organized 4,194,304 word by 4 bit.
The TC5117400J/Z/FT-60/70 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 TC5117400J/Z/FT-60/70 to be packaged in 28/24 pin plastic SOJ,
24 pin plastic ZIP and 28/24 pin plastic TSOP. The package 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 KEY PARAMETERS
* Single power supply of 5V+10% with a built- TC5117400J/Z/FT
in Vg generator ITEM
-60 -70
* Low Power
660mW MAX. Operating trac RAS Access Time 60ns 70ns
(TC5117400J/Z/FT-60) taa Column Address
550mW MAX. Operating Access Time 30ns 35ns
(TC5117400)/Z/FT-70) "
5.5mW MAX. Standby tcac CAS Access Time 15ns 20ns
Outputs unlatched at cycle end allows two trc Cycle Time 110ns 130ns
dimensional chip selection tpc Fast Page Mode
» Read-Modify-Write, CAS before RAS refresh, Cycle Time 40ns 45ns

RAS-only refresh, Hidden refresh and Fast
Page Mode and Test Mode capability

e Allinputs and outputs TTL compatible
* 2048 refresh cycles/32ms

¢ Package
TC5117400] : SOJ28-P-400A
TC5117400Z : ZIP24-P-475
TC5117400FT : TSOP28-P-400B
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TC5117400]/Z/FT-60/70

PIN NAME
AO~A9 | Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WRITE | Read/Write Input
OE Output Enable
1/01~1/ | Data Input/Output
04
Vee Power (+ 5V)
Vgs | Ground
PIN CONNECTION (TOP VIEW)
Plastic SOJ
vee [ 28 [] vss
vo1 ]2 27[Juos A2
vo2[]3 26 [Jvo3 voa F
WRITE [ 4 25[]TAS Ve 5
s[5 uJoE ;; 5
NC A
(e 23[]A9 m:
A0[]9 20 A8 A;? 3
Ao[]10 19[] A7 a3k
Aaln 18] A6 F
a2[]12 17| As Vss
AS
A3[]13 16[] A4 A7
Ve []14 15[ ] Vss =

A-140
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O,

v d wN

10
1
12
13
14

28
27
26
25
24
23

20
19
18
17
16
15

] Vss




TC5117400]/Z/FT-60/70

BLOCK DIAGRAM
? T T Y

Ve Vss
@ @

a 4
DATA IN oAt ouT | €O Vee
BUFFERS BUFFERS Ot

T

VOLTAGE DOWN
CONVERTER

=
GENERATOR ‘T
N| coumn

coLUMN N

ADDRESS ") OECOOER
a0 O—> BUFFERS (11) SENSE AMP
a1 O—> > o GATE a
A2 IYYYR Y
a0 |  Leoveouen leafl 0000 TTPoe
mO—> 2008
235 O—> YYY XYY
as O=> -
a7 O ]
as O—> w >~
a9 O Aow — g 8 : ARRAY

o> A 2048
an BUFFERS (11) e : 2048 %2048 x4
wi .
o Las
RAS O—>| no.t cuock )

| susstaate sas O Vee
GENERATOR <O v

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RANGES UNIT NOTE
Input Voltage ViN —1~7 v 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 A 1
Operating Temperature Torr 0~70 °c 1
StorageTemperature Tste —55~150 c 1
Soldering Temperature *Time TSOLDER 260+ 10 0C e sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Ouput Current Iout 50 mA 1
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'TC5117400J/Z/FT-60/70

RECOMMENDED D.C. OPERATING CONDITION (Ta = 0~70°c)

SYMBOL PARAMETER MIN. TYP. | MAX. UNIT NOTE
Vec  [Supply Voltage 4.5 50 5.5 \4 2
Vi |Input High Voitage 24 — | Voct0.5 v 2
Vi |Input Low Voltage —0.5* — 0.8 \% 2

*—2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX.

UNIT | NOTE

Iy

OPERATING CURRENT TC5117400)/Z/FT-60
Average Power Supply Operating Current

120

(RAS, TAS Address Cycling: tc =trc | TC5117400J/Z/FT-70

100

mA | 3,4,5

Iec2

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vy

Iees

RAS ONLY REFRESH CURRENT TC5117400)/Z/FT-60

120

Average Power Supply Current, RAS

Only Mode TC5117400J/Z/FT-70
(RAS Cycling, CKS:VIH: trc=trc MIN.)

100

Iecy

FAST PAGE MODE CURRENT TC5117400)/Z/FT-60
Average Power Supply Current, Fast Page
Mode

70

(RAS=Vy , CAS, Address Cycling:

tpe=tpc MIN.) TC5117400)/Z/FT-70

mA | 3,4,5

Iecs

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vcc—0.2V)

Iecs

TAS BEFORE RAS REFRESH CUR- TC5117400)/Z/FT-60
RENT

120

Average Power Supply Current, CAS
Before RAS

Mode (RAS, CAS Cycling: trc=trc
MIN.)

TC5117400J/Z/FT-70

100

o

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OVSVINSV (e, All Other Pins Not Under Test=0V)

o

OUTPUT LEAKAGE CURRENT
(Dour is disabled, OVSVoyr<Vee)

10

OUTPUT LEVEL
Output “H” Level Voltage (Ioyt= —5mA)

24

OUTPUT LEVEL
Output “L” Level Voltage (IgyT=4.2mA)

0.4

A-142
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'TC5117400]/2/FT-60/70

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

TC5117410)/Z/FT
SYMBOL PARAMETER —60 —70 UNIT | NoTES
MIN. | MAX. |MIN.| MAX.
tge |Random Read or Write Cycle Time 110 — 130 — ns
tgmw | Read-Modify-Write Cycle Time 155 — 180 - ns
tpc | Fast Page Mode Cycle Time 40 — 45 — ns
tprmw | Fast Page Mode Read-Modify-Write Cycle Time | 85 — 95 — ns
trac | Access Time from RAS _ 60 _ 7 ns 9,1154,
tcac | Access Time from CAS 0 15 0 20 ns | 914
taa | Access Time from Column Address — 30 —_ 35 ns 9,15
tcpa | Access Time from CAS Precharge — 35 — 40 ns 9
tcrz | CAS to ouput in Low-Z 0 — 0 — ns 9
torr | Output Buffer Turn-off Delay 0 15 0 15 ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 ns 8
tgp  |RAS Precharge Time 40 — 50 — ns
tras | KAS Pulse Width 60 | 10,000 | 70 | 10,000 [ ns
trasp | RAS Pulse Width (Fast Page Mode) 60 |200,000| 70 |200,000| ns
trsy | KAS Hold Time 15 — 20 — ns
trucp | KAS Hold Time From TAS Precharge (Fast Page 35 _ 4 _ ns
Mode)
tcsu | CAS Hold Time 60 — 70 — ns
tcas |CAS Pulse Width 15 | 10,000 | 20 | 10,000 | ns
trep | KAS to TAS Delay Time 20 45 20 50 ns 14
trap | RAS to Column Address Delay Time 15 30 15 35 ns 15
tcrp | CAS to RAS Precharge Time 5 —_ 5 — ns
tcp | CAS Precharge Time 10 — 10 — ns
tasg |Row Address Set-Up Time 0 — 0 — ns
trap  |Row Address Hold Time 10 — 10 — ns
tasc | Column Address Set-Up Time 0 — 0 — ns
tcan |Column Address Hold Time 10 — 15 — ns
trar - |Column Address to RAS Lead Time 30 — 35 — ns
tres  |Read Command Set-Up Time 0 — 0 — ns
treus  |Read Command Hold Time 0 — 0 — ns 11
trru | Read Command Hold Time referenced to RAS 0 — 0 — ns 11
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC5117400)/Z/FT
SYMBOL PARAMETER —60 70 | UNIT | NOTES
twcH Write Command Hold Time 10 — 15 — ns
twp Write Command Pulse Width 10 — 15 — ns
tRWL ‘Write Command to RAS Lead Time 15 — 20 — ns
tewL Write Command to CAS Lead Time 15 — 20 — ns
tps Data Set-Up Time 0 — 0 — ns 12
tpn Data Hold Time 10 — 15 — ns 12
tREF Refresh Period — 32 — 32 ms
twes Write Command Set-Up Time 0 — 0 — ns 13
tcwp  |CAS to WRITE Delay Time 40 — 45 —_— ns 13
tawp  |KAS to WRITE Delay Time 85 — 95 — ns 13
tawp Column Address to WRITE Delay Time 55 — 60 — ns 13
tcpwp | CAS Precharge to WRITE Delay Time 60 — 65 — 13
tosr TAS Set-Up Time : _ s _ s
(CAS before RAS Cycle)
teHR TAS Hold Time 10 _ 15 _ s
(CAS before RAS Cycle)
trpC RAS to CAS Precharge Time 5 — 5 — ns
tepr TAS Precharge Time (CAS before RAS Counter 20 _ 30 _ ns
Test Cycle
tRoH RAS Hold Time referenced to OE 10 — 10 — ns
toEA OE Access Time — 15 — 20 ns
toED OE to Data Delay 15 — 15 — ns
toEz Output buffer turn off Delay Time from OF 0 15 ] 15 ns 10
toEH OE Command Hold Time 15 — 15 — ns
tobs Output Disable Set-Up Time 0 — 0 — ns
twrs Write Command Set-Up Time (Test Mode In) 10 — 10 —_ ns
twTH Write Command Hold Time (Test Mode In) 10 - 10 —_ ns
twrp 'WRITE to RAS Precharge Time (CAS before 10 _ 10 _ o
RAS Cycle)
twRH g{l:]I;E to RAS Hold Time (CAS before RAS " _ 10 _ s

A-144

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TC5117400]/Z/FT-60/70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC5117400J/Z/FT
SYMBOL PARAMETER —60 —70 UNIT | NOTES
tgc | Random Read or Write Cycle Time 115 — 135 — ns
tpc |Fast Page Mode Cycle Time 45 — 50 — ns
trac | Access Time from RAS _ 65 _ 75 ns 9,1154,
tcac | Access Time from CTAS — 20 —_ 25 ns | 914
taa | Access Time from Column Address — 35 — 40 ns 9,15
tcpa | Access Time from TAS Precharge — 40 — 45 ns 9
tras |RAS Pulse Width 65 | 10000 | 75 | 10,000 | ns
trasp | RAS Pulse Width (Fast Page Mode) 65 |200,000{ 75 |200,000| ns
trsu | RAS Hold Time 0| — | 25| — | ns
tcsu | CAS Hold Time 65 — 75 — ns
tgacp |CAS Precharge to RAS Hold Time 40 — 45 — ns
tcas | CAS Pulse Width 20 | 10,000 | 25 | 10,000 | ns
trar | Column Address to RAS Lead Time 35 — 40 — ns
toea |OE Access Time — 20 — 25 ns
toen |OE Hold Time 20 — 20 — ns
CAPACITANCE (Vc = 5V + 10%, f = IMHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN MAX UNIT
Cn Input Capacitance(A0~A10) — pF
Ciz Input Capacitance (RAS, CAS, WRITE,
OF) — oF
Co Input/Output Capacitance (/01~1/04) _ oF
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NOTES:

1.

10.

11.

12.

13.

14.

15.

A-146

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

All voltages are referenced to Vg,

Iccn Iees Iocas Iccs depend on cycle rate.
Iccr Iocs depend on output loading. SPEcified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of Iy, it can be changed once or less
during a fast page mode cycle (tpc).

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

AC measurements assume tr=5ns.

V4 (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vi and Vi .

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

topr (max.) and topz (max.) define the time at which the output achieveS the open circuit condition and
are not referenced to output voltage levels.

Either tpcy or trpyy 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.

twess tRwps tcwps tawp and topwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycg 2twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp2trwp (min.),
tewp2towp (min.), tawp2tawp (Min.) and topwp2tcpwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tgcp (max.) limit insures that tp,c can be met. tpcg (max.) is specified as a
reference point only: If tzopy is greater than the specified tpcp (max.) limit, then access time is controlled

by teac:
Operation within the tg o (max.) limit insures that tg 5 (max.) can be met. tg op (max.) is specified as

a reference point only: If tg,p is greater than the specified tgap (max.) limit, then access time is
controlled by t, 5.
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READ CYCLE
w N / \
'._'m, 8¢ . 1gsH —tcre |
ol S| N/
Jasn [ tage e
s w T YO = Y
Jacs o] | e
o :::W' R
tAA.__‘mu_,
s N
_ e ]
- open &@{k oATA-OUT  p———o
Note: Dyy= OPEN : "M or L

WRITE CYCLE (EARLY WRITE)

o "N —
N e
mv:—_/ ot “_“'j“"/ /r
Mmz%%lg%pm%%%%%%%
e —n=y

o e

Note: Doyy=OPEN : “H" or "L*
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WRITE CYCLE (OE CONTROLLED WRITE)
tre

\

N
v

tha | /r

.

D

Note: Doyr=OPEN

Y @

sl

Y @

READ-MODIFY-WRITE CYCLE

———

v DA

o

DATA-IN

% : “H" or "L*

3

\ —-'_—'_"!\

Vg —

av

tesn

#

|<‘-W.

o A
Vi =

/

DL

tawe

tewo

A-148

: “H" or "L*
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FAST PAGE MODE READ CYCLE

taasp inp
Vi —_—
L I N /
g
"5"4 taco p trrce "”.
= o/ TN N
. —
fon | tean tray
g LT s 1, Thoan L1d b fesg] T
Vi - "N
Ao~ato :%now ?@a coL.1 coL.2 coLN
A 3
tacs, trew! | J L tres L JRCS pu nct
w ' @
Ve
taa < tan taa e
L) ’ r
v toea A ToeA toea,
o —
OF
v —
(% T ™ . l&"H WAc torF ﬂ
mk—‘“‘» ELARSN h 3N
vo1 VoH — 5
~1V04 Vo — Dour Dour 2 Oour N ?—

Note: Dy = OPEN

FAST PAGE MODE WRITE CYCLE

: “H" or "L*

Vin —-—'_i\

Vi —

1 tec
RP| tacp tasH
-— /;:"‘_:,
Vi, "-/ - 1
tagg,
Vin N
AO~A10 ___%{mw ?@g
Vi
R
\
Vi
Vi
Ot Va
o5, ton 2os
Vo1 Vi
o D~ X = O =
w 4

Note: Doyr= OPEN
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tas teas tcas
iy — 3
m o T J_a_»g\\ ] A 7

Ao~A10"™ A
A\

Z%‘&
Viu

WHITE

Vi

VOt~ Vuou —
VO4 vy e

*1 Dour? *2 Doyr2 *3 DourN

B+ o -
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RAS ONLY REFRESH CYCLE

Vin
Vi
L-. ;rgc_|
Vyy =
o X j \-—/
ViL ~—

G

Note: Dy, WRITE, OE = “H" or “L* 2 : “v* or "L

|

CAS BEFORE RAS REFRESH CYCLE

tre
t trp
I “ o tras

- e N \_
y @@ @

E

: R
. —ﬁ
[<\4
Vi — T
twaP Ity

~ Vol
OPEN
o4 Vou,——-——/

Note: D, OE, AO~A10x= *H" or “L" -
ote: Dy, OE, AO~A10=“H” or "L PA: 1" or "L
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HIDDEN REFRESH CYCLE (READ)
tre

I )i N :Vﬁ N
(e et tonn e |
w \ /
oL e
o L Y./
|t 1OEE
vc-’-‘vm :::: - %‘ DATA- OUT }-——— ,

Note: D;y=OPEN

tac

% : "H" or "L

trc

-
R

w
I
v -
Vin o
R COLUMN|
Vi -
1

D

tos o4

vo1 Vi
~104 Va DATA-IN

A-1562

: “H" or "L"
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tpas
S Vig — N / tre
Vi — ’
terr RSH
v SRI 1 towm tcas -~ l
m N
Vi — ¢ asc| K
?‘" traL
Vin 4
A0~A10 COLUMN
Vi . } 1
twre twrH AA L tRRH
READ CYCLE <1 A Teac ; tac
Vin
Che=
VL
troH
v < OEA
[ \
ik T . tor
taz £
I —— (%173
vo1 VoW —
~U04 v OPEN DATA-OUT
\ oL — . . tawt d
WRITE CYCLE VaR, | WRH o
. v - le——WCH
wame "
Vi
i eftwves
Vi
UE H
Vi
tos ton A
Vo1 Vin I
~04 DATA-IN
\ Vi ’ Thws tows
READ-MODIFY-WRITE CYCLE [, | WWhH tacs| cwo taw, |
( Vin 2
WRITE \
Viu [twee teac
taa
' L
o W \L*OEA ‘
ViL—
_teac | toeo tos | |4
tazl, -
vor  Vvon— R ¥ DAT, X
{ 704 VoL — -’/ 4 4
DATA - OUT

B -+ o -
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WRITE, CAS BEFORE RAS REFRESH CYCLE

tre

tae

tras

. N /f \
tcp m
=" N y @@

twrs

Vin
WRITE
Vi

vor Vou —
~vos4 VoL e

fose
—_—
@ OPEN

Note: Dy, OE, AO~A10=“H" or “L* VA : “w" or "L"

READ CYCLE IN THE TEST MODE

.Y !

<@

\

o

Z e LTRd
Note : DE="L", Dy=0PEN VA: v or v
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

we N
_ |<_‘:5L. tRep o s i tepp

= L N7

o » R~
o

<«

Vin o

Vo1 DATA-IN
A\ k

Note : V02~1/04=“H" or “L", Doyr = OPEN

: "H" or "I
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FAST PAGE MODE READ CYCLE IN THE TEST MODE

o N /

F.. b ¢

o /T N

te_,H_ gl | ;:%- tasc 2 tas| Iﬁ-m
OL.1

Vin K
AO~A10 ROW [«
Vi 3

tag tacu] | Jtees o Jtacs 1
e I
Vo tRRK
tas tan tas
] 2 - tol l tcac tol
t torf | tcac FF FF
SRAC va taz, > 3
taz )
vo1 Voy—— —
~v03 — %f ] N
VoL — i
taa tas thn L
tcpa J to
taa lort | toac | [l eac id
teac, | taz, i
Vor— taz) !
: BB
g ——

Note : DE="L", D;y=OPEN

: “H" or "L*
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

taasp <5
e
RAS ___ \_
trc
tcre treo tRsH terp
Vi — it llcas s | |etas
= ) N N N /
Vi =/ tray o P 3 p 4
tesH trat
g T gl fasd ey g
Vin b N N
AO~A10 v ROW coL.1 CcOoL.2 COLN
(s 3 4 4
I trap tow L tewe
! t.WS; | 1 v

twen Wes Iwc b tawi
3 T [twe twes 2
Vin Il
WRITE 1
Vi

.

Wil |<lof, s ton o tos o] | ton,
Vin - \- X
Vi A 4 P4
Note : VO2~1/04="H" or “L", Doyr = OPEN % . "H" or “L"
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TC5117400]/Z/FT-60/70

TEST MODE

The TC5117400J/Z/FT is the RAM organized 4,194,304 words by 4 bits; it is internally organized
1,048,576 words by 16 bits. In “Test Mode,” data are written into 16 sectors in parallel by using only I/01. Alc,
AOc are not used. If, upon reading, 16 bits are equal (all “1”s or “0”s), the 1/04 pin indicates a “1.” If they were
not equal, the 1/04 pin would indicate a “0.” /01, 1/02 and I/03 always indicate a “1” during test mode read cycle.
Fig. 1 shows the block diagram of TC5117400J/Z/FT. In “Test Mode,” the 4Mx4 DRAM can be tested as if it
were a IMX16 DRAM.

“WRITE, TAS Before RAS Refresh Cycle” puts the device into “Test Mode.” And “TAS 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 (1/4 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

A0C, AIC

AOC, A1C

Normal l
m O l 1M block s Normal 101
Test © \
Test

Q000
O

AOC, AIC AOC, AIC

1M block

Normal

)

i

1M block Normal 10 2

i/
O
Test L
1M block _@— Test

;

Test -

AOC, A1C
Normal O—U 1M biock
1M block
O

AOC, ATC | 1M block J| AQC,AIC
o——l : =’
Normal O—L 1M block n o
i 1M block 1 J Normal
= Tt

AOC, AIC

J

]
-0
-0
O

°

10 4

;
i

O
Test

Figure 1
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OSHIBA
TC5116400]/FT-60/70

4,194,304 WORD X 4 BIT DYNAMIC RAM

DESCRIPTION

The TC5116400J/FT is the new generation dynamic RAM organized 4,194,304 word by 4 bit. The
TC5116400)/FT 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 TC5116400J/FT to be packaged in a 28/24 pin plastic SOJ, and 28/24 pin plastic TSOP. 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 KEY PARAMETERS
* 4,194,304 word by 4 bit organization
o Fast access time and cycle time TC5116400)/FT
« Single power supply of 5Vt 10% with a built- ITEM
in Vgp generator -60 -0
* Low Power S
495mW MAX .Operatin, t
(TC5116400J/FT-60) g RAC Access Time 60ns 70ns
440mW MAX. Operating
(TC5116400J/FT-70) tAA  Column Address 30ns 35ns
5.5mW MAX. Standby Access Time
¢ Outputs unlatched at cycle end allows two-di-
mensional chip selection tcac  CAS pccessTime | 1508 | 20ms
» Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page tRc  Cycle Time 110ns | 130ns
Mode and Test Mode capability
*  All inputs and outputs TTL compatible tpC  Fast Page Mode 40ns 45ns
* 4096 refresh cycles/64ms Cycle Time

e Package TC5116400] :SOJ28-P-400A
TC5116400FT : TSOP28-P-400B
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TC5116400]/FT -60/70

PIN NAME
A0~All Address Inputs
RAS Row Address Strobe
TAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
[/01-1/04 Data Input/Output
Vee Power (+5V)
Vs Ground
PIN CONNECTION (TOP VIEW)
Plastic SOJ Plastic TSOP
Vee E 1 28 ] Vss Vee C Oy 28| | Vss
voi1[]2 27[Jvoa uoxE 2 27[] voa
voa[]3 26[Jvos  woz2[] 3 26[J vos
WRITE [} 4 25 %HS WRITE[] o [T
RAS[]s 24[]OE RAS[] s 24 OF
A1R[]6 23[Ja9  ANR[] 6 23] A9
A10R ]9 20[]as  A1R[] 9 20 (] A8
Aof]10 19[] A7 Ao[] 10 19[] A7
AarL[n 18] A6 Al n 18] A6
A2[]12 17[J As A2[] 12 17(] AS
A3[]13 16[] A4 A3[] 13 16[] A4
Vee [ 14 15 [ vss Vec[] 14 15[ vss
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TC5116400]/FT -60/-70

BLOCK DIAGRAM
¥ ¥
Vee Vvss % i 2 %
(J
ot DATA IV O vec
SUFFERS Ot
Al
Y _oxcoon
O] B tortin Sense A
a0 > o K
a2 0> 52‘1‘3&..:. A A ¥
A O—> l::‘
as O~> Al Yy
Rl = ,
“°_> > MEMORY
A7 O—>| row 2 O ARRAY
A8 0> ‘m 409 x 1024 %4
20> Y aoonsss i,
i BUFFERS (12) >

[ e |00
RAS O——>{ no: ctoc O

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 v 1
Output Voltage Vour —1~7 \4 1
Power Supply Voltage Voo —1~7 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tstg — 55~150 °C 1
Soldering Temperature * Time | Tsopper 26010 °C e sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | oy 50 mA 1
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TC5116400J/FT

-60/70

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 55 v
Vi Input High Voltage 24 - Vect0.5 \'
v Input Low Voltage -0.5* - 0.8 v
*-2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX | UNIT

NOTES

I
CC1

OPERATING CURRENT TC511640J/FT-60

90

Average Power Supply Operating Current TC511640J/FT-70
(RAS, TAS, Address Cycling: tgc=tgc MIN.)

80

mA

3,4
5

CcC2

STANDBY CURRENT
Power Supply Standby Current
('MS:CKS:V;H)

Iccs

RAS ONLY REFRESH CURRENT Average TC511640J/FT-60

Power Supply Current, gzg Only Mode TC511640J/FT-70
(RAS Cycling, TAS=Vy: trc=trc MIN.)

80

3,5

I
CC4

FAST PAGE MODE CURRENT TC511640J/FT-60

70

Average Power Supply Current, Fast Page Mode | TC511640J/FT-70
(RAS =V} , CAS, Address Cycling:tpc=tpc MIN.)

34

CCs

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vc-0.2V)

I
CCo

TAS BEFORE RAS REFRESH CURRENT TC511640J/FT-60

Average Power Supply Current, CAS Before RAS [ TC511640J/FT-70
Mode (RAS, TAS, Cycling: tgc=tgc MIN.)

80

3,5

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OVSVNSV e, All Other Pins Not Under Test=0V)

10

pA

OUTPUT LEAKAGE CURRENT
(Dour is disabled, OV <Vor<Vee)

10

OUTPUT CURRENT
Output “H” Level Voltage (Igyr=-5mA)

OUTPUT CURRENT
Output “L” Level Voltage (Ioyr=4.2mA)

04

A-162
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TC5116400]/FT -60/-70

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

TC5116400)/FT
SYMBOL PARAMETER -60 -70 UNIT |NOTES
MIN | MAX. [MIN | MAX
tgc  {Random Read or Write Cycle Time 110 -1 130 -\ ns
tamw | Read-Modify-Write Cycle 155 -| 180 -] ns
toc  |Fast Page Mode Cycle Time 40 -l 45 -| ns
toRATW Fast Pag_e Mode Read-Modify-Write 85 - 95 | s
Cycle Time
trac  |Access Time from RAS - 60 - 70) ns |9,14,15
tcac | Access Time from TAS - 15 - 20| ns 9,14
taa  |Access Time from Column Address - 30 - 35| ns 9,15
tcpa  |Access Time from CAS Precharge - 35 - 40| - 9
tcrz | CAS to Output in Low-Z 0 - 0 -| ns 9
torr | Output Buffer Turn-off Delay 0 15 0f 15| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 ns 8
tgp | KAS Presharge Time 40 -l 50 -] ns
tzgas |KAS Pulse Width 60( 10,000 70| 10,000| ns
trasp | KAS Pulse Width (Fast Page Mode) 60{ 200,000 70|200,000| ns
trsy  |KAS Hold Time 15 -1 20 -| ns
e RAS Hold Time From CAS 35 -l 40 1 ns
Precharge (Fast Page Mode)
tcsy  |CAS Hold Time 60 -l 70 -| mns
tcas | CAS Pulse Width 15| 10,000 20| 10,000 ns
tacp | RAS to TAS Delay Time 20 45| 20 50| mns 14
trap | RAS to Column Address Delay Time 15 30| 15 35| ns 15
tcrp  |CAS to RAS Precharge Time 5 - 5 ns
tcp | CAS Precharge Time 10 -l 10 -| ns
task | Row Address Set-Up Time 0 - 0 -| mns
trag  |Row Address Hold Time 10 -l 10 -| mns
tasc  |Column Address Set-Up Time 0 - 0 -1 ns
tcan |Column Address Hold Time 10 -l 15 -| ns
trar | Column Address To RAS Lead Time 30 -l 35 -| mns
tacs |Read Command Set-Up Time 0 - 0 -| ns
trcn  |Read Command Hold Time 0 - 0 -{ mns 11
trgst Read Command Hold Time refer- 0 - 0 | ns 1
enced to RAS
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TC5116400J/FT -60/70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC5116400J/FTL
SYMBOL PARAMETER -60 -70 UNIT {NOTES
MIN| MAX MIN| MAX
twey | Write CommandHold Time 10 - 15 -| ns
twp | Write Command Pulse Width 10 - 15 -| mns
twr | Write Command to RAS Lead Time 10 - 20 -| ns
tcwr | Write Command to TAS Lead Time 15 - 20 -| ns
tps  |Data Set-Up Time 0 - 0 -| ns 12
tpy |Data Hold Time 10 - 15 -l ns 12
trer | Refresh Period - 64 - 64| ms
twes | Write Command Set-Up Time 0 - 0 -| ns 13
tcwp | CAS to WRITE Delay Time 40 - 45 -| ms 13
tawp | RAS to WRITE Delay Time 85 - 95 -| ns 13
tawp |Column Address to WRITE Delay Time 55 - 60 -l ms 13
tcpwp | CAS Precharge to WRITE Delay Time 60 - 65 -| ns 13
CAS Set-Up Time 5 - 5 -
tosr {CAS before RAS Cycle) ns
CAS Hold Time 10 - 15 -
tcHR (CAS before RAS Cycle) ns
trpc | RAS to TAS Precharge Time 5 - 5 -| mns
CAS Precharge Time 20 - 30 -
tepr (CTAS before RAS Counter Test Cycle ns
tron |RAS Hold Time referenced to OE 10 - 10 ns
toea |OE Access TIme - 15 20| ns
toep |OE to Data Delay 15 - 15 -1 ns
torz | Output buffer turn off Delay Time from OE 0 15 0 15| ns 10
togg |OE Command Hold Time 15 - 15 -l ns
tops |Output Disable Set-Up Time 0 - 0 -| ns
twrs Write Command Set-Up Time 10 - 10 o -
(Test Mode In)
tormm Write Command Hold Time 10 - 10 | ns
(Test Mode In)
twrp ‘WRITE to RAS Precharge Time 10 - 10 s
(CAS before RAS Cycle)
twr Write to RAS Hold Time 10 - 10 1 ps
(CAS before RAS Cycle

A-164
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TC5116400J/FT -60/-70

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.
OPERATING CONDITIONS IN THE TEST MODE

TC5116400J/FTL
SYMBOL PARAMETER -60 -70 UNIT |NOTES
MIN | MAX | MIN | MAX
tgc  |Random Read or Write Cycle Time 115 - 135 -| ns
tpc Fast Page Mode Cycle Time 45 - 50 -
frac Access Time from RAS - 65 - 75 ns 9,1 154,
tcac | Access Time from TAS - 20 - 251 ns | 9,14
taa | Access Time from Column Address - 35 - 40| ns 9,15
tcpa | Access Time from CAS Precharge - 40 - 45| ns 9
tras | RAS Pulse Width 65| 10,000 75| 10,000 ns
trase | RAS Pulse Width (Fast Page Mode) 65[200,000]  75[200,000] ns
tgsy |RAS Hold Time 20 - 25 -| ns
tcsy | CAS Hold Time 65 - 75 -] ns
trucp | CAS Precharge to RAS Hold 40 - 45 -l ns
tcas | CAS Pulse Width 20} 10,000 25| 10,000 ns
trar. | Column Address to RAS Lead 35 - 40 -] ns
toea |OE Access Time - 20 25) ns
tgar  |OE Command Hold Time 30 - 20 -| ns

CAPACITANCE (Vcc =5V +£10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN MAX
5
7
7

Cii  |Input Capacitance (AO~A11) -
Ci»  |Input Capacitance (RAS, CAS, WRITE, OE) -
Co  [Input Capacitance (/01~1/04) .

|| | 2
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TC5116400]/FT -60/70

NOTES:

1

10.

11.

12.

13.

14.

15.

A-166

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

All voltages are referenced to Vgg.

Iccts Ieess Iccas Icos depend on cycle rate.

Icc1» Iccs depend on output loading. Specified values are obtained with the output open.

Address can be changed one or less while RAS=Vy; . In case of gy, it can be changed once or less
during a fast page mode cycle (tpc).

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.

AC measurements assume tr=5ns.

Vg (min.) and Vp; (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vg and V.

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

topr (Max.) and tog7 (max.) define the time at which the output achieves the open circuit condition and
are not referenced to output voltage levels.

Either tycy or tgry 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.

twess tRwns tewns tawn and tepwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycg >twes (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp>trwp (min.),
tewp>tewp (Min), tawp>tawp (Min.) and tepwp>tepwpp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

Operation within the tpcp (max.) limit insures that tg,c can be met. tyep (max.) is specified as a
reference point only: If tgcp, is greater than the specified tpcp (max.) limit, then access time is controlled
by tcac:

Operation within the tg oy (max.) limit insures that tg 5c (Iax.) can be met. tg o, (max.) is specified as
a reference point only: If tg,p is greater than the specified tg,p (max.) limit, then access time is
controlled by t4 5.
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READ CYCLE

N /| N\
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1RsH. tepp

N—=—/ /]

taaL

o r—
W —
Vi

t, tRAH
ASR] ] ‘.ASS - “CAK

tasr] |tRAH

=y @
tags | e | et
o EEEEET | |

e |

l—tac |

0
o1 Von— v
~1V04 OPEN DATA - OUT
oL
Loz,

Note: Dyy= OPEN VA : “H" or “L”

¥
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WRITE CYCLE (EARLY WRITE)

| =
- I._‘m_.l t5cp " st [ I
= RN/ S

1
‘Tm- tral

- o 0
TN

-y

- @ @

88D | tom
TwCs twen

w D

LRy

D

205 0] Rl

"o Dl - Y

Note: Doyr= OPEN % : "H" or “L”
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WRITE CYCLE (OE CONTROLLED WRITE)
tre

gas

.

k.
|<_‘ur.. 8o mt.m'

i N
s " T o YO oo K

won g

QW
t

:

wZ w
e s

tos| leton

i DR

Note: Doyt = OPEN

o

% : “H" or "L
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READ-MODIFY-WRITE CYCLE
e i ‘N
I | e e
wi s AT N /7

WD towy
tRAD tewo Tw?? -
e = N W
ot
. toea
w N\ |/

e
v %K& =

: “H" or "L"
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FAST PAGE MODE READ CYCLE

% : “H" or “L"
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FAST PAGE MODE WRITE CYCLE

Vg =——
m (] \
i —
tec
Lcre| tr tasn
V, I*. &b/ﬁ, a | tCas
H—
& Vi ——_/tw P 4 -3 \ 4/
SH trat
t
A L] d
v
AO~AD %{ ROW COLN ‘W
Vu : A
trayy

tra tow,
twes - 1 twes [ tweH (m..
" t wp tw(s_. 1N t
H n ty
Vi

% ...

tos) 4 o5 eton o loso] [ tow
"0’}04 VIN b N N
Vi Din 1 Dy 2 % Din N )

Note: Doyr=OPEN % T *H" or "L”
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

taase e,
mzr N tosn ﬁ
4t . I}_CLI - terp
Vo — teas teas tcas
Lot | A | e /
it TR g A 1] .

mw:r R cof.1 coL.2 ; C—OLN ‘/////////////////////

A10, A1 ‘Vm ROW]
Vi
RCS
V,
wrie ™
Vi
Viy —
O Vo —
Vo1~ Vion —
V08 vy —

*1 Doyr! *2 Doyr2 *3 DoyrN

VA: "W or "L
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S
S | S
w :_)ﬁ 7

o :_/; \ —__
e A
- s
v -

Note: Dy, OE, A0~A11="H" or "L" . -1 o L-
A:
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HIDDEN REFRESH CYCLE (READ)

ViH
b Vi — x

N
/

/
4

.

Vin
Vi
teac
g
vo1 Vo — £
~vos N\
trac

Note: Dy = OPEN
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HIDDEN REFRESH CYCLE (WRITE)
R tre

tpas c‘ e taas t
W N 7 N
D tasH .| &B'P
N

&
MN

"

terp

Vi ———
™ _/

Vi —

tasr

—

Vin

A0~A9 ROW|
Vi N ]

tasg

];

i

TS b

iy

!

N

Vin
A10,A11 ROW|
ViL

twel

twe

o b g7
D

los | le-ton

o TR~ Y

: “H" or “L*
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tepy trsH
S

READ CYCI.E
(e i%/

or v
ik —

vor Vo —
[ ~V04 o

WRITE CYCLE 3
/
e %’

or Vin

o1 Vi —
~/04

7
d
Vi —
ta {1
READ-MODIFY-WRITE CYCLE 1ol o 1
L 1
ViL t / (4 N
t,
L)
Vi — £A
or Vm tol /
Vi
. teac, | 10D
taz| togz Itos 'D*L
1 Vvon— - R ¥
v?"ll04 DATA-IN >——_——
A Vwo, — : R ,/ 3 —~ 3
DATA - OUT
V) v or "L°
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WRITE, CAS BEFORE RAS REFRESH CYCLE

tras

tre
—

Viy —
" N

/!

AN

= NI

o] |,

w0 Y.

Rore

e
Jp———
Vou P

~vos Vol ™ ec——]

ote: Dy, OE, A0~A11="H" or “L*

% : "H" or "L
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READ CYCLE IN THE TEST MODE

tpas igp
—— e ———
w N / N\
esH
I._‘m.. Rep tRsH tcap
Viy —
& Vi —__/ tRap \\- : / /
BCL b e T ]

e
S .

1
lacs | tary 0I|

Vi tan
—tac torr
tRac
vo1 — R
~U03 vo — taz
¢ lg?; . torr
tac
Von— T ————
vo4 DATA - OUT >————
VoL — . N
SLZ,|
% H L

Note : DE=“L" , Dy=OPEN
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

- tac
- tgas | tap
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Vy —

. - l._‘mL. tRsH letcrp |
Vi ——__/

LLTYY
0
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Note : /02~V04=*H" or "L , Doyr=OPEN 2 .
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4
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FAST PAGE MODE READ CYCLE IN THE TEST MODE

o= N I~
w = TN
e ) %{“’ ™ &
R (V] V | -
ot — kor | :: teac | frore KL:AC torr
o @) \_% \__@;t -
= S
o e O O —
Note : OE=“L" , Dy=OPEN : “H* or “L*
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

;
j
s
i

etz

oy tps toH tos k!
Vi L W
(8 P 4

Note : /O2~1/O4= "H" or “L" , Doyr=OPEN
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TEST MODE

The TC5116400J/FT is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576
words by 16 bits. In “Test Mode”, data are written into 16 sectors in parallel by using only I/IO. Alc, AOc are
not used. If, upon reading, 16 bits equal (all “1”s or “0’s), the 1104 pin indicates a*“1”. If they were not equal,
the I/04 pin would indicate a “0”. I/O1, /O2 and I/O3 always indicate “1” during test mode read cycle. Fig. 1
shows the block diagram of TC5116400J/FT. In “Test Mode”, the 4M5DRAM can be tested as if it were a
IM516DRAM.

“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,
TAS Before RAS Refresh Cycle” performs the refresh operation with internal refresh address counter. The
“Test Mode” function reduces test times (1/4 in case of N test pattern).

BLOCK DIAGRAM IN THE TEST MODE

AOC,AIC AOC,AIC

M block

LX-X-3

1M block
Normal

m o 1M block ! >'—" Normal 101
Test ©

Test

—

T GO

AOC,AIC o AOC,AIC
O
] 2
Normal O—l 1M block °
-
i 1M block J Normal
O
Test 1M block T
A0C, AIC I ™ b'°1ll O\ AOC,AIC o
o o
1M block
Normal -0
t-mm)
1M block | Normal 103

o
Test b
M block .i>_ Test

A0C, AIC M bl

Normat O—L 1M block

1M block

AOC,AIC

d

Normal 10 4

;
G

Test

Figure 1

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-183






TOSHIBA
TC514800A1/AZ/AFT-70/80

524,288 WORD X 8 BIT DYNAMIC RAM

DESCRIPTION

The TC514800A)/AZ/AFT is the new generation dynamic RAM organized 524,288 word by 8 bit. The
TCS514800AJ/AZ/AFT 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 TCS14800A)/AZ/AFT to be packaged in a standard 28 pin plastic SOJ, 28 pin plastic ZIP and 28 pin
plastic TSOP. 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 5Vt 10%
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL,

FEATURES KEY PARAMETERS
e 524,288 word by 8 bit organization TC514800AJ/AZ/AFT
« Fast access time and cycle time ITEM
«  Single power supply of 5Vt 10% with a built- -70 -80
ion Vgp generator trac  FAS pccess Time 70ns 80ns
¢ Low Power
578mW MAX .Operating t
(TC514800A)/AZ/AFT-70) AA Column Address 35ns 40ns
495mW Max. Operating Access Time
ggg}&s&oaﬁj /?tf/nﬁf;,r-so tcac CAS Access Time 20ns 20ns
*  Outputs unlatched at cycle end allows two-di-
mensional chip selection 'RC  Cycle Time 130ns 150ns
¢ Read-Modify-Write, CAS before RAS refresh, t
RAS-only refresh, Hidden refresh, Fast Page PC  Fast Page Mode 45ns 50ns
Mode capability Cycle Time

e Allinputs and outputs TTL compatible
¢ 1024 refresh cycles/16ms
¢ Package

TC514800A)  :SOJ28-P-400

TC514800AZ :ZIP28-P-400
TC514800AFT :TSOP28-P-400
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TC514800J/AZ/AFTA-70/80

PIN NAME

AO~A8 Address Inputs

A9R

RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
I/O1~1/08 | Data Input/Output
Vee Power (+ 5V)

Vss Ground

N.C. No Connection

PIN CONNECTION (TOP VIEW)

A-186

WRITEC}

Plastic SOJ

=)

28 v
273108
26107
2506
241105
23{1TAS
2210
RASC 21JN.C.
A9R [ 20[]A8
Aodm 19{JA7
Al( 18[JA6
A2[]12 170As
A3[13 16{JA4
Vee 14 150V
R

Vee O
vo1 [
¥o20
103
1¥oa [
N.C.[C

W 00 N O b WN -

-
-
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Plastic TSOP
(Normal Bend Type)
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TC514800AJ/AZ/AFT-70/80

BLOCK DIAGRAM
Vo2 1/84 ugs uga
701 Vo3 I 105 ' o7 I
Vee Vs {85 8}
? ‘i’ DATA IN DATA OUT | o BE
BUFFERS BUFFERS
WA o——{ )—s 1 {s]
L
NO.2 CLOCK [—
CAS O—>| GENERATOR
—_:> ‘ —I
COLUMN »
A0 O>[" g ADDRESS A COLUMN
Al O» BUFFERS (9) 9 ) DECODER
A2 O> J SENCE AMP C—__
REFRESH 8
A3 O> CONTROLLER | VO GATE
A4 O> * w;....mzxa..,.:u'
AS O> REFRESH
A6 O> COUNTER(10) : —> MEMORY
1 >
A7 O> x| 30|
A8 O ROW 10) 2Sfioje ARRAY
9 ADDRESS V1 wlin| 1024x512x8
BUFFERS (10) opE=¢
AR O——> ]
NO.1 4CLOCK || SUBSTRATE BIAS
: GENERATOR
RAS O GeneraTOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vi —1~7 \" 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 \Y% 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tsto — 55~150 °C 1
Soldering Temperature ¢ Time TsoLDER 26010 °C » sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current oot 50 mA 1
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TC514800]/AZ/AFTA-70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 50 5.5 v
Vi Input High Voltage 24 - 6.5 \4
Input Low Voltage 1 o% i}
Vi |(A0-A8,A9, RAS, TAS, WRITE, 0B)| 10! 08 v 2
A\ Input Low Voltage (TO~T709) -0.5%2 - 0.8 v 2

*1-2.5V at pulse width < 20ns
*2-2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX | UNIT

NOTE]

1
CcC1

OPERATING CURRENT

TC514800A)/AZ/AFT-70

105

Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tgc=tpc MIN.)

TC514800AJ/AZ/AFT-80

90 mA

3.4

ICC2

STANDBY CURRENT
Power Supply Standby Current

(RAS=CAS=Vp)

Iecs

RAS ONLY REFRESH CURRENT Average

TC514800A)/AZ/AFT-70

105

Power Supply Current, gzg Only Mode
(RAS Cycling, CAS=Vy: trc=trc MIN.)

TCS514800AJ/AZ/AFT-80

35

FAST PAGE MODE CURRENT

TC514800AY/AZ/AFT-70

75

Average Power Supply Current, Fast Page Mode
(RAS =V[; , CAS,Address Cycling:tpc=tpcMIN.)

TC514800A)/AZ/AFT-80

65 mA

34

I
CCs

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=V(c-0.2V)

I
CCé6

CAS BEFORE RAS REFRESH CURRENT

TC514800A)/AZ/AFT-70

105

Average Power Supply Current, CAS Before RAS"
Mode (RAS, TAS,Cycling: tgc=tpc MIN.)

TC514800A)/AZ/AFT-80

INPUT LEAKAGE CURRENT
Input Leakage Current, any input

(OVSV<6.5V, All Other Pins Not Under Test=0V)

10 | pa

OUTPUT LEAKAGE CURRENT
(Doyr s disabled, OV <V7<5.5V)

10 HA

OUTPUT CURRENT
Output “H” Level Voltage (Ioyp=-5mA)

OUTPUT CURRENT -
Output “L” Level Voltage (Igy;1=4.2mA)

04 A

A-188
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TC514800A]/AZ/AFT-70/80

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

TC514800AJ/AZ/AFT
SYMBOL PARAMETER : -70 -80 UNIT [NOTES
MIN | MAX. | MIN | MAX
tgc  |Random Read or Write Cycle Time 130 - 150 -| ns
trmw | Read-Modify-Write Cycle 185 - 205 -] ns
tpe Fast Page Mode Cycle Time 45 - 50 -] ns
tprmw | Fast Page Mode Read-Modify-Write Cycle Time | 100 - 105 -| mns
trac  |Access Time from RAS - 70 - 80{ ns [9,14,15
tcac  |Access Time from CAS - 20 - 20| ns 9,14
taa |Access Time from Column Address - 35 - 40) ns 9,15
tcpa | Access Time from CAS Precharge - 40 - 451 - 9
tcrz | CAS to Output in Low-Z 0 - 0 -| ns 9
torr | Output Buffer Turn-off Delay 0 20 0 20| ns 10
tr Transition Time (Rise and Fall) 3 50 3 50 ns 8
tgp | RAS Presharge Time 50 - 60 -| ns
tras |KAS Pulse Width 70( 10,000 80| 10,000 ns
toase RAS Pulse Width (Fast Page Mode) 701 100,000 80 IO0,0g ns
tgsi | KAS Hold Time 20 - 20 -l ns
s RAS Hold Time From CAS 40 - 45 | s
Precharge (Fast Page Mode)
tcsu | CAS Hold Time 70 - 80 -| ns
tcas  |CAS Pulse Width 20{ 10,000 20} 10,000 ns
tep | RAS to TAS Delay Time 20 50 20 60| ns 14
trap | KAS to Column Address Delay Time 15 35 15 40| ns 15
tcrp  |CAS to RAS Precharge Time 5 - 5 ns
tcp | CAS Precharge Time 10 - 10 -| ns
tasr  |Row Address Set-Up Time 0 - 0 -l ns
trag  |Row Address Hold Time 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 -| ns
tcag | Column Address Hold Time 15 - 15 -1 ns
tar | Column Address Hold Time 55 - 60 -| ns
tra | Column Address To RAS Lead Time 35 - 40 -| ns
tecs  |Read Command Set-Up Time 0 - 0 -| ns
tgen  |Read Command Hold Time 0 - 0 -| ns 11
try  |Read Command Hold Time referenced to RAS 0 - 0 -1 ns 11
twen | Write Command Hold TIme 15 - 15 -| ns
twer | Write Command Hold Time referenced to RAS 55 - 60 -] ns
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TC514800] /AZ/AFTA-70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514800AJ/AZ/AFT
SYMBOL PARAMETER -70 -80 UNIT |[NOTES
' MIN| MAX| MIN] MAX

twp | Write Command Pulse Width 15 - 15 -l ns

trwr | Write Command to RAS Lead Time 20 - 20 -[ s

tewr | Write Command to CAS Lead Time 20 - 20 - ns

tps  |Data Set-Up Time 0 - 0 -| ns 12
tpyr | Data Hold Time 15 - 15 -| ns 12

tpy  |Data Hold Time referenced to RAS 55 - 60 -| ns

trer  |Refresh Period - 16 - 16 ms

twcs | Write Command Set-Up Time 0 - 0 -| ns 13
tcwp |CAS to WRITE Delay Time 50 - 50 -| ns 13
tgwp | RAS to WRITE Delay Time 100 - 110 -| ms 13
tawp |Column Address to WRITE Delay Time 65 - 70 -| ns 13
tcpwp | CAS Precharge to WRITE Delay Time 70 - 75 - ns 13
tcsg | CAS Set-Up Time {CAS before RAS Cycle) 5 - 5 -| mns

tcur | CAS Hold Time (CAS before RAS Cycle) 15 - 15 -l ns

trpc | KAS to TAS Precharge Time 0 - 0 -| ns

CAS Precharge Time (CAS before RAS 40 - 40 -

tepr Counter Test Cycle) ns

trog |KAS Hold Time referenced to OE 10 - 10 ns

togs |OE Access TIme - 20 0 20| ns 9
toep | OE to Data Delay 20 - 20 -| ns

togz | Output buffer turn off Delay Time from OE 0 20 0 20| ns 10
togg | OE Command Hold Time 20 - 20 -| ns

tops |Output Disable Set-Up Time 0 - 0 -| mns

CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN | MAX | UNIT
Ch Input Capacitance (AO~A8, A9) - 5 pF
Cp |Input Capacitance (RAS, TAS, WRITE, OE)) - 7 pF
Co Input Capacitance (I/01~I/O8) - 7 pF
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TC514800A]/AZ/AFT-70/80

NOTES:

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

2. All voltages are referenced to Vgg.

3. Iccts Ieess Iccs Ioce depend on cycle rate.

4. Icci» Iocs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy . In case of Iocy, it can be changed once or less

during a fast page mode cycle (tpc).

6. An initial pause of 200ys 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 t;=5ns.

8. Vi (min.) and Vy; (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vyp .

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

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

11. Either tycy or tppyy 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: tRwp» towps tawp and tcpwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycg 2twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp2tgwp (min.),
tewp2towp (Min.), tawp2tawp (Min.) and tepwp2tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

14. Operation within the tpcp (max.) limit insures that tg s can be met. tgcp (max.) is specified as a
reference point only: If tgop is greater than the specified tycp (max.) limit, then access time is controlled
by teac

15. Operation within the tg o (max.) limit insures that tg , ~ (max.) can be met. tg o, (max.) is specified as
a reference point only: If ty,p, is greater than the specified tgop (max.) limit, then access time is
controlled by ty 4.
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READ CYCLE

s _—_—,—{ ;“:L / = N
S g\

N ~ow“
T

toea |

o —\ N

Vo1 Vou—
OPEN
e ﬂc:
No

T
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TC514800A]J/AZ/AFT-70/80

WRITE CYCLE (EARLY WRITE)

taas
tag

[

\

K
e 2 P

tRAL
fast tasc,. [ oa]

AO~AS ::W{ ROW }%{ COLUMN /////////////////////////////////
nNe © 2
e —n=r

WCR |

w. D

DR
'._‘m«._'nu..

o R T

7 . ey -
Note : Doyy = OPEN VA : “H" or "L




TC514800] /AZ/AFTA-70/80

WRITE CYCLE (OE CONTROLLED WRITE)

trc
0 tras tap
Vi — }—
RAS
Vi \- \_

o

AR
tacp
o Y — ‘% o /
Vi —_/ 8D /r
1
UL [ g e

s O, O

R H

e DR

tc

" - =

toos| toeu

e =@
o T

Note : Doyt = OPEN % : "H" or "L”

g
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READ-MODIFY-WRITE CYCLE

Wi N A
ol N\ E——
o T o YO o N

o K o
o T | | ﬂm

trac
B Y ton
taac, e
Vih —
OPEN Din
Ve — T
€z

% : "H" or "L*




TC514800]/AZ/AFTA-70/80

FAST PAGE MODE READ CYCLE

A0~A8

A9R

Vo1

A_10a

tnase bild
‘ 1
Ve _...__..,\ AR /
Vy —
tRsh
lis_a: taco | " e tp trice tenp
eteas | ) cas !
- = K N i\ 7
in —/ ¢ S 3 3 b = A
tcsH tean traL
sy L] Tas L Tcan ] 8¢ e fasg] T
Vin k E L 4
ROW CcoL.1 COoL.2 COL.N
Va P 4 4 P 4
taan
tasn
Vin X
ROW Z
A\ 7
tre tacul | taes _teeul, tRcs Ll taen
Vix .
Vi tRRK
taa taa taa +
__tea __tcpa
v o = s, |
W=
VL =
I taac toF Wac lgn tcac toFF
' ] o] taz, g K Jo87 ]
VoH— N
P
Vor — OPEN @( Dour 1 }—% Dour 2 Dgr N ,_>._
Note: Dy = OPEN % L "H" or "L”
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FAST PAGE MODE WRITE CYCLE

tnasp <
Vi —3 L
A
. 'cnr\ taco = <K tash ’)':’F
o JH— J.w.-./rk:, ‘.'sa:._./l.ﬁ parrrny Bl i
= Ve —-fw re \\“-tcsn \ [ \ %
lagg ld| el [Se N

i faxq floan sl ey
e DN MY e Y =G
- R°WZ

twes twon ) twes I [we taw |
Vin twe | twe t %
m [
Vu

twer |

w2z~ <z @ @ @ @ @

tour
LTI i T 05 ] |etOH o5 [etoM

Vo1 v N
~Vos8 1 Din 2 O N
ote :

Note : Doyt = OPEN VA “H" or ""
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Vin

o Y
Vi

Vix
Vi

Vin
AR
Vi

Vin
Vi

WRITE

Vi
or Vm
VL

101~
108

A-198

lpase lap
1,
T FT\
B - <5 tore
teanw trsu )
teag — tcas
= e N N /7
e tean, taal,
A AS FM (A_s_“_'__ | (1]
- o
tasn
tawp | WD
E’ i towp | tcpwp 'cm towp <t
tawp \ tacs \.lﬁ._ ltacs S
e, towl A ot T
A o ol
Roez tos teac tos teac ;’:
a0 5 tog2 21
— ' - E -
——OPEN ) % 2} A‘% *3
- * : 3
*1 Dourt *2 Dour2 *3 DourN 4
’o_‘ou toH | o'V
——OPEN owi ow2 |} [ DN
(]

: “H" or "L*
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RAS ONLY REFRESH CYCLE

Vi

RAS

tre
H = P
L — \ / \___
‘t_g‘_'_’ LI
o "= NIV
Vi —
t,

asr | [tran
et

o DA~ KD

Note: WRITE, OF, Djy= "H" or "L” %
4. “H* or -
Dour = OPEN % ort

CAS BEFORE RAS REFRESH CYCLE

T N X
sy g .
a Yy =
)
Note: Dy, WRITE, OF, AO~AB, AJR=“H" or “L” D - o -
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HIDDEN REFRESH CYCLE (READ)

e A /rf’“\_
, ISI" 18D tay | L DA <. 2.
=/ [N

sy o

T

Joea,
teac st tOEE
Ll oz
vor  Vou — 7
~08 OPEN @g DATA- OUT
Vo 3

% : “H" or “L"
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HIDDEN REFRESH CYCLE (WRITE)

1, tm

v 7Y /lr._n: -
L] V: X - \u \
_"F!. —tacD s, tHm < tcmp |

ey -%—T . /
il

3

33

twes, wen
twp

o v @&

WCR

2

} o
Jls» R,

“ou DA Y

% : "H" or "L*

\
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

A-202

tras

P
m_

1Pt

v::: o jetcun \ teas /—/r_—
|
-
= @" R
_ \ ] ,
S | = -

|lwf<
- i

LI

Vin
VO1~108
ik

N
READ-MODIFY-WRITE CYCLE !—‘

N

DATA-IN

tawp

///////////////////////////

RWI.

B —
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toea

N

/

C
o

%
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(=3 ~N
S
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tos|
»H
N

: “H" or "L
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APPLICATION INFORMATION

ADDRESSING

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514800AJ/AZ/AFT
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying
two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of
these signals, RAS and TAS triggers a sequence of events which are controlled by different delayed internal
clocks.

The two clock chains are linked together logically in such a way that the address multiplexing operation
is done outside of the critical path timing sequence for read data access. The later events in the TAS clock
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated
CAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time
specification (tg o) has been satisfied and the address inputs have been changed from Row address to Column
address information.

Data Inputs

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of
TAS or WRITE stobes data on 1/O1~I/0O8 into the on-chip data latch. In an early write cycle, WRITE is brought
low prior to TAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE
with setup and hold times referenced to these signals.

In delayed or read modify write, OE must be high to bring the output buffers to high impedance prior to
impressing data on the 1/0 lines.

Data Ouputs

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data-
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a
read cycle the outputs go active after the access time interval tgyc and tog, are satisfied.

The outputs become valid after the access time has elapsed and remains valid while TAS and OE are low.
CAS or OE going high returns it to a high impedance state. In an early-write cycle, the output are always in the
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for
the read cycle.

The OE controls the impedance of the output buffers. In the logic high position the buffers will remain in
a high impedance state.

When the OFE imput is brought to a logical low level, the output buffers are enabled. Both CAS and OE
can control the outputs. Thus in read operation, either OE or TAS returning high forces the outputs into the high
impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row
addresses (AO~A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh
results in a substantial reduction in operating power. This reduction in power is reflected in the Iocs
specification.

CAS BEFORE RAS REFRESH

TAS before RAS refreshing available on the TC514800AJ/AZ/AFT offers an alternate refresh method. If
TAS is hold on low for the specified petiod (tcsg) before RAS goes to low, on chip refresh control clock
generations and the refresh address counter are enabled, and an internal refresh control clock generations and
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before
RAS refresh operation.

FAST PAGE MODE

The “Fast Page Mode” feature of the TC514800AJ/AZ/AFT allows for successive memory operations at
multiple column locations of the same row address with increased speed without an increase in power. This is
done by strobing the row address into the chip and maintaining the RAS signal at a logic O throughout all
successive memory cycles in which the row address is common. This “Fast page Mode” of operation will not
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a
new address is eliminated, thereby decreasing the access and cycle times.

HIDDEN REFRESH

An optional feature of the TC514800AJ/AZ/AFT is that refresh cycles may be performed while
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is perfomed by
holding TAS at V; and taking RAS high and after a specified precharge period (tgp), executing a CAS before
RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE
s ‘ /Y /]
(v 14 /

VALID DATA-OUT >———-

This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data
availability.

VO1~V08 == OPEN o

LT
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC514800AJ/AZ/AFT can be tested by “CAS BEFORE RAS REFRESH
COUNTER TEST”. This cycle performs READ/WRITE operation taking internal counter address as row
address and the input address as column address.

The test is performed after a minimum of 8 CAS before RAS cycle as initialization cycles. The test
procedure is as follows.

1. Write “0” into all the memory cells normal write mode.

2. Select one certain column address and read “0” out and write “1’ in each cell be performing “CAS
BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”". Repeat this
operation 1024 times.

3. Check “1” out of 1024 bits at normal read mode , which was written at 2.

4. Using the same column as 2., read “1” out and write “0” in each cell performing “CAS BEFORE RAS
REFRESH COUNTER TEST”. Repeat This operation 1024 times.

5. Check “0” out of 1024 bits as normal read mode, which was written at 4.

6. Perform the above 1. to 5. to the complement data.
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524,288 WORD X 8 BIT DYNAMIC RAM

DESCRIPTION

The TC514800AJL/AFTL is the new generation dynamic RAM organized 524,288 word by 8 bit. The
TC514800AJL/AFTL 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 TC514800AJL/AFTL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. 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 5Vt 10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL,

FEATURES KEY PARAMETERS
* 524,288 word by 8 bit organization TC514800AJL/AFTL
* Fast access time and cycle time ITEM
«  Single power supply of SV 10% with a built- -70 -80
ion Vg generator trac FAS pccess Time 70ns 80ns
¢ Low Power
578mW MAX .Operatin
(TC514800AJ/AZ/AFT-30) 1A Colamn Addeess 35ns 40ns
495mW Max. Operating Access Time
TC514800AJ/AZ/AFT-80 .
lClran &Oax Standby tcac CAS Access Time 20ns 20ns
¢ Outputs unlatched at cycle end allows two-di-
mensional chip selection 'RC  Cycle Time 130ns 150ns
* Read-Modify-Write, CAS before RAS refresh, ¢
RAS-only refresh, Hidden refresh, Fast Page PC  Fast Page Mode 45ns 50ns
Mode capability Cycle Time

* All inputs and outputs TTL compatible
¢ 1024 refresh cycles/128ms
¢ Package

TC514800AJL :SOJ28-P-400

TC514800AFTL :TSOP28-P-400
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PIN NAME
AO~A8 Address Inputs
A9R
RAS Row Address
Strobe
CAS Column Address
Strobe
WRITE Read/Write Input
OE Output Enable
1/01~1/08 Data Input/Output
Vee Power (+ 5V)
Vs Ground
PIN CONNECTION (TOP VIEW)

A-208

Plastic SOJ

Vee D
vo1 (]
vo2[]
vo3 [
o4 (]
N.C.[O
WRITE(
RAS [
A9R[]
Aofj10
A1(
A2
e

Vee O

W 00 N OV & W N =

-
-

Vss

1108
1107
1106

Plastic TSOP

(Normal Bend Type)

Vccu:
vo1@
¥o2(M]
vo3l]
o4l
N.C.[O
WRITE[
RAS]
A9RM]

AO%
Al
A2
e

Vee

T aveNwouwuaswNn =0

28
27
26
25
24
23
22
21
20
19
18
17
16
15

T Vss
1 v08
1) o7
T 106
T 1vos
T TAS
1l OF
T N.C.
T A8
1 A7
1l A6
1) AS
1] A4
1 Vss
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BLOCK DIAGRAM

o2 I/84 vo6 1708

Tl

Vee Vss J 8 ¢ \8

? ‘i’ DATA IN DATA OUT | o BrF
: BUFFERS BUFFERS
WRITE o—T_j_"} Y R0
NO.2 CLOCK
TAS O] GENERATOR ‘T
o
A0 O>[ g cotumn Iy COLUMN
ADDRESS 3 ) DECODER
Al O> BUFFERS (9) y
A2 O REFRESH 4-‘ e (:E__
A3 O> CONTROLLER |
A4 O> ' m....”zxa....:
A5 O> REFRESH
A6 O» COUNTER (10) = E MEMORY
il 1
A7 O» °[‘: 29l ¢
ROW 10) OCfoza|  ARRAY
A8 O> I~ ?
g ) _ ADDRESS Y1 wls| 1024x512x8
/| BUFFERS (10) o)==2
NO1 t:LOCK | SUBSTRATE BIAS
. = GENERATOR
RAS O GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 \' 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 A% 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Ts16 — 55~150 °C 1
Soldering Temperature * Time | TgorpEr 260+ 10 °C e sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current | ‘g 50 mA 1
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 55 v 2
Vi |Input High Voltage 24 - 6.5 v 2

Input Low Voltage 1
Vi | (a0-~A8,A9, RAS, CAS, WRITE, 0B)| 0! 08 M 2
Vo Input Low Voltage (O~T/O9) -0.5%2 - 0.8 v 2

*1-2.5V at pulse width < 20ns
*2-2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX | UNIT

1
CC1

OPERATING CURRENT TC514800AJL/AFTL-70

105

Average Power Supply Operating Current TC514800AJL/AFTL-80
(RAS, TAS, Address Cycling: tge=tgc MIN.)

90

3,4

I
CcC2

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vy)

RAS ONLY REFRESH CURRENT Average TC514800AJL/AFTL-70

105

Power Supply Current, gzx Only Mode TC514800AJL/AFTL-80
(RAS Cycling, CKS=V1HZ trc=trc MIN.)

35

1
cc4

FAST PAGE MODE CURRENT TC514800AJL/AFTL-70

75

Average Power Supply Current, Fast Page Mode |TCS514800AJL/AFTL-80
(RAS =Vy; , TAS,Address Cycling:tpc=tpcMIN.) E

65

3,4

1CCS

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=V¢c-0.2V)

200

cC6

TAS BEFORERAS REFRESH CURRENT TC514800AJL/AFTL-70

105

Average Power Supply Current, CAS Before RAS | TC514800AJL/AFTL-80
Mode m, CKS,Cycling: tRe=tpc MIN.)

I
cc7

BATTERY BACK UP CURRENT
Average Power Supply Current, Battery back up Mode
(CAS=TAS Before RAS Cycling or 0.2V, OE =V ¢c-0.2V or 0.2V,

300

3.6

II (9]

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(0VSV<6.5V, All Other Pins Not Under Test=0V)

10

‘o @®)

OUTPUT LEAKAGE CURRENT
(Doyr s disabled, 0V SVqyr<5.5V)

10

Vou

OUTPUT CURRENT
Output “H” Level Voltage (Igyp=-SmA)

VoL

OUTPUT CURRENT
Output “L” Level Voltage (Ipyr=4.2mA)

04

A-210
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (V¢ =5V £ 10%, Ta = 0~70°C)(Notes 6,7,8)

TC514800AJL/AFTL
SYMBOL PARAMETER -70 -80 UNIT | NOTE
MIN [ MAX. [ MIN | MAX
tre Random Read or Write Cycle Time 130 - 150 -| ns
trmw  |Read-Modify-Write Cycle 185 - 205 -1 ns
tpc Fast Page Mode Cycle Time 45 - 50 -l ns
tprmw | Fast Page Mode Read-Modify-Write Cycle Time | 100 - 105 -] ns
rac Access Time from RAS - 70 - 80 ns 10,15,
16
tcac  |Access Time from CAS - 20 - 20( ns 10,15
tan Access Time from Column Address - 35 - 40| ns 10,16
tecpa | Access Time from CAS Precharge - 40 - 45| - 10
tcrz  |CAS to Output in Low-Z 0 - 0 -| ns 10
torr  |Output Buffer Turn-off Delay 0 20 0 20| ns 11
tr Transition Time (Rise and Fall) 3 50 3 50( ns 9
tep  |KAS Presharge Time 50 - 60 -l ns
tras | RAS Pulse Width 70| 10,000 80| 10,000| ns
tRasp RAS Pulse Width (Fast Page Mode) 70| 100,000 80 100,03 ns
tgsy | RAS Hold Time 20 - 20 -| ns
tesicp RAS Hold Time From CAS 40 - 45 | s
Precharge (Fast Page Mode)
tcsu  |CAS Hold Time 70 - 80 -| ns
tcas |CAS Pulse Width 20| 10,000 20{ 10,000| ns
tgep | RAS to CAS Delay Time 20 50 20 60 ns 15
trap | KAS to Column Address Delay Time 15 35 15 40| ns 16
tcre | CAS to RAS Precharge Time 5 - 5 ns
tcp | CAS Precharge Time 10 - 10 -l ns
tasr  |Row Address Set-Up Time 0 - 0 -| ns
trag  |Row Address Hold Time 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 -| ns
tcag |Column Address Hold Time 15 - 15 -l ns
tag | Column Address Hold Time 55 - 60 -| ns
tgar  |Column Address To RAS Lead Time 35 - 40 -| ns
trcs |Read Command Set-Up Time 0 - 0 -] ns
tren  |Read Command Hold Time 0 - 0 -| ns 12
try  |Read Command Hold Time referenced to RAS 0 - 0 -| ns 12
twey | Write Command Hold TIme 15 - 15 -| ns
twcr | Write Command Hold Time referenced to RAS 55 - 60 -| ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514800AJL/AFTL
SYMBOL PARAMETER -70 -80 UNIT |NOTES
MIN{ MAX{ MIN| MAX
twp | Write Command Pulse Width 15 - 15 -l ns
tgwr, | Write Command to RAS Lead Time 20 - 20 -| ns
tcwr |Write Command to CAS Lead Time 20 - 20 -l ns
tps  |Data Set-Up Time 0 - 0 -| ns 13
tpgr | Data Hold Time 15 - 15 -| ns 13
tpy  |Data Hold Time referenced to RAS 55 - 60 -| ms
taer _|Refresh Period 128 1 128] ms
twes | Write Command Set-Up Time 0 - 0 -] ns 14
tcwp |CAS to WRITE Delay Time 50 - 50 -l ns 14
tpwp | RAS to WRITE Delay Time 100 - 110 -| ns 14
tawp |Column Address to WRITE Delay Time 65 - 70 -| ns 14
tcpwp | CAS Precharge to WRITE Delay Time 70 - 75 -| ms 14
tcsk  |CAS Set-Up Time {CAS before RAS Cycle) 5 - 5 -| ns
tcur  |CAS Hold Time (CAS before RAS Cycle) 15 - 15 -l ns
trec | KAS to TAS Precharge Time 0 - 0 -| ns
TAS Precharge Time (CAS before RAS 40 - 40 -
tcer Counter Test Cycle) ns
tron |KAS Hold Time referenced to O 10 - 10 ns
togpa |OE Access TIme - 20 0 20| ns 10
topp |OE to Data Delay 20 - 20 -| ns
topz | Output buffer turn off Delay Time from OE 0 20 0 20} ns 11
togu | OE Command Hold Time 20 - 20 -| ns
tops |Output Disable Set-Up Time 0 - 0 -l ns
CAPACITANCE (V¢ =5V £10%, f = 1IMHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cy Input Capacitance (AO~A8, A9R) - 5 pF
Cp Input Capacitance (RAS, CAS, WRITE, OE)) - 7 pF
Co Input Capacitance (O1~1/08) - 7 oF
A-212 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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NOTES:

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

2. All voltages are referenced to Vgg.

3 Iccts Iees Iecs Iocs depend on cycle rate.
4. Icc1s Iocs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Ixcy, it can be changed once or less
during a fast page mode cycle (tpc).

6. tras (max.) = 1 pms is only applied to to refresh of battery-back up. tgo5 (max.) = 10us is applied to
functional opration.

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 ty=5ns.

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

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

11. topr (Max.) and topz (max.) define the time at which the output achieve$ the open circuit condition and
are not referenced to output voltage levels.

12. Either tgcy or trgy 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. twess tRwps tewp» tawp and tepwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycg 2twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgywp2tgwp (min.),
tewp2tewp (min.), tawp2tawp (min.) and tepwp2tcpwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

15. Operation within the tgep (Max.) limit insures that tgyc can be met. tgeD (max.) is specified as a
reference point only: If tycp, is greater than the specified tycp (max.) limit, then access time is controlled

by tcac-

16. Operation within the tg,p (max.) limit insures that tg s - (max.) can be met. tg o (Max.) is specified as
a reference point only: If tg,p is greater than the specified tg,p (max.) limit, then access time is
controlled by ty 5.
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READ CYCLE

H
R
(8 \)
!
e
1RG5 | o trgy l
Vin
W
Vi

= -y
"L O o ——

Note : Dyy = OPEN VA : “H” or "L*
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WRITE CYCLE (EARLY WRITE)

tac
< tans t ‘
Vi ey tag \
w N \
n = Ik
AcsH
P&L.J tRep tRsH Je—tCBP
Vi —
(<11 " / : \* teas / j
ViL — tpan X
1
tasr

Lasc, tcan
1,

= .

tewi

w - G

tawi

i G

7 . g "y
ote : Doyr = OPEN % A
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WRITE CYCLE (OE CONTROLLED WRITE)

T

tan

e |

o)

A\

e/ e NV

taa
tash| P tase,

I.._‘nr.. tacp - ‘qulm }.__"sBL_,

st D YO

o

_tawi
1

3

w2

0 toH

o DR Y

% : "H* or "L*

Note : Doyt = OPEN
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READ-MODIFY-WRITE CYCLE

_—_ _———:\ tan

\_

o  —
=/ N /

than  tasc tean

ASR RA!
fe-sr| et -

et D YO o N W
=
o D

e N_
Vi ¢
D
OEA

K

: "H" or “L"
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FAST PAGE MODE READ CYCLE

- JIEE]
§
& T
v‘§§ ;
A
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FAST PAGE MODE WRITE CYCLE

trase Bl
Vg s tar
17 v'“ N
(W 1 4
tg«; taco e tep tRSH t<c_a_r
oy — ) ' \mz,_../t '&L’)_ﬂ < tcas
s Vi —'/t”m e \'l \-k A \ 4
tagp LT S g g [t 1T
[{

A0~A8 Vu:% OW‘%Z“ COLJj% CcoL.2 % COLN W
o :%w:

uc:«_. twes M 1Y ' tawy |
v twe 1wr twes [T [t
(] t
WRITE H
VL
Ms*l

=,

tps toH tps toH
Vo1 vy \ . \
~los Dy 1 Dy 2 Diy N
Vie 7 A -
Note :

e : Doyt = OPEN A v or “L°
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tRasp tre
tesn }ﬂ
AT I‘Eh RsH e
teas cas cag
N e //
|t thay
wa g ™ | ST
coL.2 COLN

O
&
5 E =
43
E@f Pl
E [V
T

toeg
-

| tRAC
Roez tos tos
Saz] 3
:°" ———OPEN—%EE %? g
o — t L
VOt~ *1 Dour! *2 Doyr2 *3 Dour
vos _,‘nu tou M*ou
M D1 o2 | own -
Vip '
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RAS ONLY REFRESH CYCLE

o :’": \ W N
] 7
e

Note: WHRITE, OF, Djy="H" or "L" .
: "H* L
Doyr= OPEN % or

i
I

CAS BEFORE RAS REFRESH CYCLE

<—L—>“

tras

w T AN N
‘lﬁ ot towy |
. a Yy
el
Note: Dy, WRITE, OF, AO~A8, A9R="H" or “L" . - or -1
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HIDDEN REFRESH CYCLE (READ)

e il '
W AN L
e womr
e

Y|
i \lm
Sl 2 o —BX —

A-222

) % : "H" or "L*
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HIDDEN REFRESH CYCLE (WRITE)

tre

trc
tRAS trp e |
1 $
M\ /N ) / |
s Vo A X 4

r

/Y.
tacp e tRSH touR teap
4——.‘—’
1asg

~ /e )%
s "Dl T
=

twes twer
g P i T

e - Y.

D

| oHR
tos ton

“wu TR > X

: "H* or “L"

e : Doyr=OPEN
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

w T — E— ﬁ\_
- ::: A [ . ‘.:, / Iﬂl
o (oo
READCYCLE 7T
w — "
Vou— e <L JETIN
o el
“

L vot~vos

e

"L/

OPEN

A-224
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APPLICATION INFORMATION

ADDRESSING

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514800AJL/AFTL are
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two
negative going TTL-level clocks.

The first clock, the Row address Strobe (RAS), latches the 10 row address bits into the chip. The second
clock, the column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of
these signals, RAS and TAS triggers a sequence of events which are controlled by different delayed internal
clocks.

The two clock chains are linked together logically in such a way that the address multiplexing operation
is done outside of the critical path timing sequence for read data access. The later events in the TAS clock
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated
TAS” feature allows the TAS clock to be externally activated as soon as the Row Address Hold Time
specification (tg ;) has been satisfied and the address inputs have been changed from Row address to Column
address information.

Data Inputs

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of
TAS or WRITE stobes data on I/O1~1/08 into the on-chip data latch. In an early write cycle, WRITE is brought
low prior to TAS and the data is strobed in by TAS with setup and hold times referenced to this signal. In
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE
with setup and hold times referenced to these signals.

In delayed or read modify write, OE must be high to bring the output buffers to high impedance prior to
impressing data on the I/O lines.

Data Ouputs

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data-
out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is brought low. In a
read cycle the outputs go active after the access time interval tg o and top, are satisfied.

The outputs become valid after the access time has elapsed and remains valid while CAS and OE are low.
TAS or OF going high returns it to a high impedance state. In an early-write cycle, the output are always in the
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for
the read cycle.

The OE controls the impedance of the output buffers. In the logic high position the buffers will remain in
a high impedance state.

When the OE imput is brought to a logical low level, the output buffers are enabled. Both CTAS and OE
can control the outputs. Thus in read operation, either OE or TAS returning high forces the outputs into the high
impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row
addresses (AO~A8, A9R) within each 128 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh
results in a substantial reduction in operating power. This reduction in power is reflected in the Iqc;
specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514800AJL/AFTL offers an alternate refresh method. If
TAS is hold on low for the specified period (tcsg) before RAS goes to low, on chip refresh control clock
generations and the refresh address counter are enabled, and an internal refresh control clock generations and
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before
RAS refresh operation.

FAST PAGE MODE

The “Fast Page Mode” feature of the TC514800AJL/AFTL allows for successive memory operations at
multiple column locations of the same row address with increased speed without an increase in power. This is
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all
successive memory cycles in which the row address is common. This “Fast Page Mode” of operation will not
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a
new address is eliminated, thereby decreasing the access and cycle times.

HIDDEN REFRESH

An optional feature of the TC514800AJL/AFTL is the refresh cycles may be performed while maintaining
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS
at Vp and taking RAS high and after a specified precharge period (tgp), executing a CAS before RAS refresh
cycle. (see figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

T U2 U W2
T\
—C

VALID DATA-QUT >—

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data
availability.

vo1~1/08 = OPEN =
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TAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC514800AJL/AFTL can be tested by “CAS BEFORE RAS REFRESH
COUNTER TEST”. This cycle performs READ/WRITE operation taking internal counter address as row
address and the input address as column address.

The test is performed after a minimum of 8 TAS before RAS cycle as initialization cycles. The test
procedure is as follows.

1. Write “0” into all the memory cells normal write mode.

2. Select one certain column address and read “0” out and write “1’ in each cell be performing “CAS
BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. Repeat this
operation 1024 times.

3. Check “1” out of 1024 bits at normal read mode , which was written at 2.

4. Using the same column as 2., read “1” out and write “0” in each cell performing “CAS BEFORE RAS
REFRESH COUNTER TEST”. Repeat This operation 1024 times.

5. Check “0” out of 1024 bits as normal read mode, which was written at 4.

6. Perform the above 1. to S. to the complement data.
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TOSHIBA
TC514800AJLL/AFTLL70/80

524,288 WORD X 8 BIT DYNAMIC RAM

DESCRIPTION

The TC514800AJLL/AFTLL is the new generation dynamic RAM organized 524,288 word by 8 bit. The
TC514800AJLL/AFTLL 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 TC514800AJLL/AFTLL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP.
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 5Vt 10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS

¢ 524,288 word by 8 bit organization
* Fast access time and cycle time

Single power supply of 5Vt 10% with a built- TCS514800AJLL/AFTLL
in Vg generator ITEM
¢  Low Power 270 -80
578mW MAX .Operating
(T C514800AJLIJAFI'LL-70) " RAS
495mW MAX. Operating RAC Access Time 70ns 80ns
(TC514800AJLL/AFTLL-80)
1.1mW MAX. Standby t
*  Outputs unlatched at cycle end allows two-di- A Column Address 35ns 40ns
mensional chip selection Access Time
» Read-Modify-Write, CAS before RAS refresh, TAS 201
RAS.only refresh, Hidden refresh, Self Refresh fcac T Access Time ns 20ns
Fast Page Mode capability 130n: s
» Al inputs and outputs TTL compatible 'RC__ Cycle Tune s 150ns
¢ 1024 refresh cycles/128ms tPC  Fast Page M
» Package TC514800AJLL :SOJ28-P-400 ast Page Mode 45ns 50ns
TC514800AFTLL : TSOP28-P-400 Cycle Time
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PIN NAME
AO0~AS8, A9R Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
1/01~1/08 Data Input/Output
Ve Power (+5V)
Vss Ground
N.C. No Connection
PIN CONNECTION (TOP VIEW)
Plastic SOJ Plastic TSOP
(Normal Bend Type)
o
Vecd v 28[D v
11015 2 27/0vo8
vo2ll] 3 26D vO7
vo3M 4 25T V06
voall] 5 24[Dvos
Nc@ e 23[DTAS
WRITE@] 7 22{DOE
RASIH 8 21[DIN.C
A9RM 9 20{D A8
aolll10 19{D A7
Aillf11 18[0 A6
a212 17[0AS
A313 16[0 A4
Vecdia 15 T vss
A-230 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC514800AJLL/AFTLL-70/80

BLOCK DIAGRAM
vo2 104 1106 VOB
vo1 § wo3 1’ vos ‘f vo7 ‘f
Vee Vss J\a 3 & \s}
DATA IN DATA OUT
? T BUFFERS BUFFERS ot
wTE T, KO
NO.2 CLOCK -
CAS O—>{ GENERATOR [~
[}
COLUMN >
A0 O 9 % ADDRESS 9‘) ggclggﬁ;;
BUFFERS (9
Al o> 2 ' SENCE AMP
REFRESH
A2 O» TIMER /O GATE 8
A3 O> [y ¥ Mrr ['"y
AG O REFRESH |l
CONTROLLER | 51280
A6 O» REFRESH i i
A7 O b\ COUNTER (10) 5 MEMORY
of :
a8 o> [|10 ROW r 0‘) 89| ARRAY
5 ADDRESS /] oo
BUFFERS (10) "‘3" »| 1024x512x8
AR O——> I >
NO.1 CLOCK [— SUBSTRATE BIAS
RASO>1 GENERATOR || GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage ViN —1~7 A\ 1
Output Voltage Vour —1-~7 v 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 | Tgor pgr 260+ 10 °C » sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | loyr 50 mA 1
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TC514800AJLL/AFTLL-70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT | NOTE
Ve Supply Voltage 4.5 50 55 v 2
Vi Input High Voltage 24 - 6.5 v 2

Input Low Voltage 0% )
VL |(A0-A8, A9R, RAS, TAS, WRITE, OF)| 10*! 08 v 2
v Input Low Voltage (I/01~1/08) -0.5%2 - 0.8 \' 2

*1 -2.5V at pulse width < 20ns
*2 -2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £ 10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX

NOTE

I
CC1

OPERATING CURRENT TC514800AJLL/AFTL-70

105

Average Power Supply Operating Current TC514800AJLL/AFTL-80
(RAS, TAS, Address Cycling: tpe=trc MIN)

90

34

cC2

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=V)

CcC3

RAS ONLY REFRESH CURRENT TC514800AJLL/AFTL-70

105

Average Power Supply Current, RAS Only Mode | TC514800AJLL/AFTL-80
(RAS Cycling, CAS=V[y: trc=trc MIN.)

3,5

I
CC4

FAST PAGE MODE CURRENT TC514800AJLL/AFTL-70

75

Average Power Supply Current, Fast Page Mode | TC514800AJLL/AFTL-80
(RAS =V , TAS, Address Cycling: tpc=tpc MIN.)

65

34

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=V(c-0.2V)

200

TAS BEFORE RAS REFRESH CURRENT TC514800AJLL/AFTL-70

105

Average Power Supply Current, TAS Before RAS | TC514800AJLL/AFTL-80
Mode (RAS, TAS, Cycling: tre=tgc MIN.)

Iecr

BATTERY BACK UP CURRENT

Average Power Suuply Current, Battery Back Up Mode

(RAS=CAS Before RAS Cycling or 0.2V, OE=V-0.2V or 0.2V
WRITE =V c-0.2V or 0.2V, A0O~A8, A9R=V¢-0.2V or 0.2V,
1/0~1/08=Vcc-0.2V, 0.2V or OPEN:tpc=125ps, tgas=tras MIN. ~1ps)

300

HA

3,6

SELF REFRESH CURRENT

Average Power Supply Current, Self Refresh Mode

(RAS=CAS=Vy, WRITE=V o-0.2V or 0.2V, OE=V 0.2V or 0.2V
A0~8=V-0.2V or 0.2V, /01~8=V -0.2V, 0.2V or OPEN

200

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OV<VN<0.5V, All Other Pins Not Under Test=0V)

10

OUTPUT LEAKAGE CURRENT
(Douyr is disabled, (OV<Vou1<5.5V),

-10

10

OUTPUT LEVEL
Output “H” Level Voltage (loyt=-SmA)

24

OUTPUT LEVEL
Output “L” Level Voltage (Ioyt=4.2mA)

04

A-232
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TC514800AJLL/AFTLL-70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITION!
(Ve =5V £10%, Ta = 0~70°C)(Notes 7,8,9)

TCS514800AJLL/AFTLL
SYMBOL PARAMETER -70 -80 UNIT | NOTES
MIN { MAX | MIN | MAX
tre Random Read or Write Cycle Time 130 - 150 -] ns
trmw | Read-Modify-Write Cycle 185 - 205 -l ms
tpc  |Fast Page Mode Cycle Time 45 - 50 -| ms
toRMW Fast Page Mode Read-Modify-Write 100 - 105 | s
Cycle Time
trac | Access Time from RAS - 70 - 80| ns |10,15,16
tcac | Access Time from CAS - 20 - 20| mns 10,15
taa | Access Time from Column Address - 35 - 40 s 10,16
tcpa | Access Time from TAS Precharge - 40 - 45! - 10
tcrz  |CAS to Output in Low-Z 0 - 0 -| ms 10
torr | Output Buffer Turn-off Delay 0 20 0 20 nms 11
tr Transition Time (Rise and Fall) 3 50 3 50| nms 9
tgp  |RAS Presharge Time 50 - 60 -l ns
tras |RAS Pulse Width 70( 10,000 80 10,000| ns
trasp | KAS Pulse Width (Fast Page Mode) 70{ 100,000 80{ 100,000/ ns
tesy | KAS Hold Time 20 - 20 - ns
tsicp RAS Hold Time From CAS 40 - 45 | s
Precharge (Fast Page Mode)
tcsu | CAS Hold Time 70 - 80 - ns
tcas | CAS Pulse Width 20] 10,000 20| 10,000{ ns
tgep | RAS to CAS Delay Time 20 50 20 60| ns 15
trap | RAS to Column Address Delay Time 15 35 15 40| ns 16
tcre | CAS to RAS Precharge Time 5 5 -l ns
tcp | CAS Precharge Time 10 - 10 -| ns
tasr  |Row Address Set-Up Time 0 - 0 -l ns
trag | Row Address Hold Time 10 - 10 -l ns
tasc  {Column Address Set-Up Time 0 - 0 0] ns
tcay | Column Address Hold Time 15 - 15 -] ns
tar Column Address Hold Time referenced to 55 - 60 ns
RAS
trar | Column Address To RAS Lead Time 35 - 40 ns
tgcs |Read Command Set-Up Time 0 - 0 -| ns
tcy  |Read Command Hold Time 0 - 0 -| ns 12
- 1%?; Command Hold Time referenced to 0 - 0 o - 12
twcn | Write Command Hold Time 15 - 15 -l ns
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TC514800AJLL/AFTLL-70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514400AJLL/AFTLL
SYMBOL PARAMETER -70 -80 UNIT | NOTES
MIN | MAX | MIN | MAX
twer Write Command Hold Time refer- 55 - 60 1 s
enced RAS
twp [ Write Command Pulse Width 15 - 15 - ns
twe | Write Command to RAS Lead Time | 20 - 20 - ns
tcwr |Write Command to CTAS Lead Time | 20 - 20 - ns
tps  {Data Set-Up Time 0 - 0 - ns 13
tbH Data Hold Time 15 - 15 - ns 13
tpyr | Data Hold Time referenced to RAS 55 - 60 - ns
trer | Refresh Period - 128 - 128 ms
twes [ Write Command Set-Up Time 0 - 0 - ns 14
tcwp | CAS to WRITE Delay Time 50 - 50 - ns 14
tawp |RAS to WRITE Delay Time 100 - 110 - ns 14
tawp %onlluemn Address to WRITE Delay 65 ) 7 i ns 14
S ITlfnSe Precharge to WRITE Delay 70 i 75 ) ns 14
fosw zccxsﬁssbe;f:fe% Cycle) > ; > ™
fcHr C(éx;;[::?oz% Cycle) 15 ) 15 ) ns
tec  |RAS to TAS Precharge Time 0 - 0 - ns
TAS Precharge Time
tcer | (CAS before RAS Counter Test 40 - 40 - ns
Cycle
toy | RAS Hold Time referenced to OE 10 - 10 - ns
toea |OE Access Time - 20 - 20 ns 10
toep | OE to Data Delay 20 - 20 - ns
toxz ggglgguffer turn off Delay Time 0 20 0 20 ns 1
togy | OE Command Hold Time 20 - 20 - ns
tops |[Output Disable Set-Up Time 0 - 0 - ns
tRAsS gfs;ulﬁ?sh‘;ﬁdm (CAS before RAS 100 - 100 -
teps gss g:‘;’;:;a:g‘::;)‘m CASbefore | 4, " 150 . ns
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TC514800AJLL/AFTLL-70/80

CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN | MAX | UNIT

Cn Input Capacitance (AO~A8, A9R) - 5 pF

Cn Input Capacitance (RAS, CTAS, WRITE, OE) - 7 oF

Co Input/Output Capacitance (I/01~I/08) - 7 pF

NOTES:

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

2, All voltages are referenced to Vgg.

3. Iccrs Iocss Locas Iocs depend on cycle rate.

4. Iocis Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=V[; . In case of Icy, it can be changed once or less
during a fast page mode cycle (tpc).

6. tras(max.)=1ys is only applied to refresh of battery-back up. tg 5g(max.)=10us is applied to functional

operating.

7. An initial pause of 200us is required after pwoer-up followed by 8 RAST 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 8 RAS only refresh cycles are required.

8. AC measurements assume ty=5ns.

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

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

11. torpr (max.) and topz (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 trry 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: tRwp» tewps tawp and tepwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If tycs >twcs (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgywp>trwp (min.),
tewp>tewp (Min), tawp>tawp (Min.) and topwp>tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indetermninate.

15. Operation within the tgcp (max.) limit insures that tg, - can be met. tgcp (max.) is specified as a
reference point only: If ty o is greater than the specified tgcp (max.) limit, then access time is controlled

by tcac:

16. Operation within the tg ,p (max.) limit insures that tg ¢ (max.) can be met. tg o, (max.) is specified as
a reference point only: If tg,p is greater than the specified tg,p (max.) limit, then access time is
controlled by ty 4.
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READ CYCLE

w1 N

fesm

tac L. e
Vi —
w._ / . N j~=~/ /
I S g e

s o LA~ o M7
w D~ Y

Sacs ) eay e

w v N\

«—tBOH

tan

loga

™ wy

_teac | | torz

o1 Von— —_—
~V08 vo, — %g. DATA-OU
laz,

Note : Dyy = OPEN 7//// . "H" or "L”
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WRITE CYCLE (EARLY WRITE)

S s T
|<..EBL, tacp - tasu j—tcBE .|

= e Nl 7

e o em:

o/
L.

twes tweH_ .
LS |
|

taw,

s

tpHR
! tos ton

"o T o

V .y “ e
Note : Doyr = OPEN VA : v or "L
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WRITE CYCLE (OE CONTROLLED WRITE)
ry

tgas

Vi =
w Vip — \l

N

- —
N

Viy — -

mVu. ———/ T "
asn) L tase 1] oan | “

s N, C

k¢
sl

R = =
P \m
- — T
el

Note : Doyt = OPEN : "R" or "L
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READ-MODIFY-WRITE CYCLE

Vi _-—-1\ tag

j
E_J
g

LJRes tewp | tEWL
‘ |

|
|
vy
NE

% : "H” or "L”
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FAST PAGE MODE READ CYCLE

tanse 2,
Vin — lan
s N
Vg — b
1 tec «tBSH
F': tacp p tance brind
Vg —— >
o e I N
Vi — tran
tesu > tean traL
“—sﬁ—-‘@ ’&—-ﬂ- :A_Sg > m kT
Vi 3
AO~AB v %W COoL.1 % CoL.2 % COLN y
W T
thaH
task
Vin
AR ROW
in
tRe | tacs Ry tacs # "
'/
wame " a0, |
Vi trrM
tan taa tan >re
T lcea tcpa
Vig — <22 2 ok,
OF
Y Ter e 1 [[or tore
taac :
] etz 52T o8 1
Vo1 Vo — b "N
~l08 VoL — OPEN Doyt 1 Dour 2 Dour N }-——

Note : Dy = OPEN : *H® or "L"
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FAST PAGE MODE WRITE CYCLE

thase Bl
tar
Vg ——
= N ’
gy — E
= % tcre
tacp RSH tere)
,SL’ o tacD | N e P
- N\ \ N/
S e N\ )’ \ )
tosu traL_
tag LT Tage ) o] fagd [ea Gsg! Tieay
Vi L L L
AO~A8 “%{ ROW ?@g coL.1 ?%{ coL.2 %{ COLN
' 7 v
o} tetBOH
m\—m
Vin .
ASR ROW
e towt
twes tc% R ! twen 7
t wp twes 1,
Vi
twer |
Vin
OF Vi
tonr
T tpsr ] oy tps ) tou tps {oH_
Vo1 Vi N \- R
Note : Dour = OPEN ): v o -1
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

A\l
w
Vo

Vi

mv“

Vi

AD~AS Ve

A-242

trasp e
— ‘CS“
Lo, <55 . tow |
. L Jt:‘:L — teas -
| VEEI
%,
. po | sy -
coLt coL2 COLN W
-
-t pan
1
1] - wo , | ‘crnm ‘gmm 4
% \ y N N
tawp .J_m.‘
jt=—y M L ‘
= | RaC ]“‘-"-ﬁ t‘m ko
Roez tos toac = tos t::
icag o
Lazl
——OPEN.I%:E - D% i_zi
Dour d‘ou out ton
:—opeu D! ‘r ow2 DN E————

% s "H" or "L®
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RAS ONLY REFRESH CYCLE N
e NN —__
w ~—

Note: WRITE, OF, Dy = “H" or “L* : “H" or "L*

CAS BEFORE RAS REFRESH CYCLE

Vin —

RAS
L

vos

| tgp | . tae

\ A

o Jﬁt Liid g, |
e Yy =@

Vo1~ Vow— ) OPEN
VOL_—/

Note: Dy, WRITE, OF, A0~A8, A9R=“H" or "L - “v* or "L”
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CAS BEFORE RAS SELF REFRESH CYCLE

Viy —
L I /l N
e tesr

tcp

@
Vi ———/

\

Wes 4
N\
Lens

VoI~ Vou——""""""\

o8 vo—eoo /'

Note: Dy, WRITE, OF, A0~A8, A9R="H" or "L"

HIDDEN REFRESH CYCLE (READ)

OPEN

: "H" or “L”

aN

teng

/

1R¢,
thas
YT e—— tag
L7 4
Vi —
ol | tacp tasy |
o N\
Vi — traD
Vin
AQ~AS
Vie
Vis
AR
Ve
Vin
WRITE
\[
taa
) loea
ViH =
(14
Vi —, '
| tCAC |
vor Von —
~vos OPEN %@

lorr
totz |

A-244

DATA - OUT

}__._.

% : "H" or "L
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HIDDEN REFRESH CYCLE (WRITE)
t
s e, s = PTG
Voo ——— [ ten ,I.—ﬁ /lr—,
s g — \ \-u 8 \
.j”.  «tACD tasn | teug g
ViH ——
o ViL — "‘t&g’ /
traH

wn " AN
B

twos twen
1
\{0 e

.

] LI 7T
tos ton

ot YR

: “H" or “L*

ote: Doyr=OPEN
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vi — tras

Wow— o, ~Thsn /, :c:r \
I
READ CYCLE <
. p— :r | o s [@%
w M N\ W
y | ltaz,, | fozzl'ﬂ:‘m
| 01~1/08 o — O %' . DATA-OUT 1}——-
WRITE CYCLE waa T——
o N[ E

-MO! a

—_

Vin
(14
\{

.

AN, R—

YCLE |

|etan
U

| tawp
.&5’

| |
e
S N\
AL NS

I
g
::h
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"OSHIBA
TC5117800AN]/ANT-60/70/80

2,097,152 WORD X 8 BIT DYNAMIC RAM

DESCRIPTION

The TC5117800A series is the new generation dynamic RAM organized 2,097,152 word by 8 bit. The
TCS5117800A series 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 TC5117800A to be packaged in 28 pin plastic SOJ, and 28 pin
plastic TSOP. 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 SVt 10%
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS

* 2,097,152 word by 8 bit organization
¢ Fast access time and cycle time
* Single power supply of 5V 10% with a built- TC5117800ANJ/ANT
in Vg generator ITEM
¢« Low Power - R K
633mW MAX Operating 60 70 80
(60ns Version) RAC
523mW MAX. Operating tRaC Access Time 60ns 70ns 80ns
(70ns Version)
\'J . i
m?émgz?siggmmg fAA Column Address 30ns 35ns 40ns
5.5mW MAX. Standby .
¢ g‘e’g’s‘l’gl:lni‘l‘:l‘g’:g :ct:t‘i:gzle end allows two-di- tcac CAS pccess Time 15ns 20ns 20ns
¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability
Al inputs and outputs TTL compatible 'PC Fast Page Mode 40ns 45ns 50ns
e 2048 refresh cycles/32ms Cycle Time
* Package
TC5117800ANJ : SOJ28-P-400C
TC5117800ANT : TSOP28-P-400

Access Time

tRe  Cycle Time 110ns 130ns 150ns
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TC5117800AN]/ANT -60/70/80

PIN NAME
A0~A10 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
1/01~/108 | Data Input/Output
Vee Power (+ 5V)
Vss Ground
N.C. No Connection
PIN CONNECTION (TOP VIEW)
TC5117800AN!
Vee E 1 28] | Vgs
vo1[]2 27 [Jvos
vo2[]3 26 [Jvo7
vo3[]a 25 [Jvo6
voa [1s 24Jvos
WRITE [} 6 BO™
RAS 17 22[]0F
nec s 21[]A9
AR (]9 20{] A8
A0 []10 19[] A7
ar[]n 18[] A6
A2[]12 17[] AS
A3[]13 15[ A4
Vee [] 14 16 [] Vss
A-248

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

TC5117800ANT
Vcc: 1 28 [ vgg
vo1 2 27 [ Jvos
vo2 3 26 (L vo?
vo3 4 25 (I vos
vos s 24 [ vos

WRITE Cl 6 23T
37 22[]0F
Nec Cs 21 [JA9

A10R (9 20 ] A8
a0 10 19 [(J A7
A1 1 18 [ A6
A2 12 17 As
A3 ] 13 16 [ A4
Vee & 14 15 [ v




TC5117800AN]/ANT -60/70/80

BLOCK DIAGRAM

Vee

7

Vss

{

1101

!

VOLTAGE DOWN

Vo2
o3

]

1104
o

¥

1106
o

|

Vo8
wor §

7 |

[s5

st

CONVERTER
DATA IN DATA OUT [0 V¢c
BUFFERS BUFFERS O OF
wme o—— 1, 7o
NO.2 CLOCK [—
TAT O—= GENERATOR
Q 1
‘ COLUMN

A0 O=T""10)  ADORESS ) COLUMN

Al O+ | BUFFERS (10) "3) DECODER

A2 O+ J  SENSE AMP

REFRESH - O GATE 8

A3 O CONTROLLER |

A4 O+ ¥ ::‘~-~1ozuo~-::m

A5 O REFRESH

A6 O y COUNTER(11) = MEMORY

O] 3al :
A7 O 1Y 2| ARRAY
A8 Om ADDRESS v
10 g 2048x1024x 8
A3 O=L___" A BUFFERS (11) oE=E
A10RO T )
- SUBSTRATE BIAS [<*—O Vcc
T3 O 2?&15 '&TOOC: — | GENERATOR |0 Vg
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE

Input Voltage Vin — 0.5~V +0.5 v 1
Output Voltage Vour — 0.5~V +0.5 v 1
Power Supply Voltage Vee —0.5~7.0 A\ 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Ts16 — 55~150 °C 1
Soldering Temperature ® Time | Tgop pgr 260+ 10 °C e sec 1
Power Dissipation Pp 900 mW 1
Short Circuit Output Current - 50 mA 1
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TC5117800AN]/ANT -60/70/80

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 5.5 A\

Vm Input High Voltage 24 — | Vgct0.5* \Y%

Vi Input Low Voltage - —0.5%* — 0.8 v

* Ve + 2.0V at pulse width <20ns. (pulse width is measured at V)
**.2.0V at pulse width <20ns. (pulse width is measured at OV)

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL PARAMETER MIN. | MAX | UNIT |NOTES

OPERATING CURRENT -60 - 115 34

ICC 1 Average Power Supply Operating Current -70 . 95 mA ;
(RAS, TAS, Address Cycling: tre=trc MIN.) 80 R 30
STANDBY CURRENT

[CC2 Power Supply Standby Current 2 mA
(RAS=CAS=Vpy)
RAS ONLY REFRE3H CURRENT -60 - 115

Iccs | Average Power Supply Current, RAS Only Mode  [-70 95 mA 3,5
(KKS Cycling,'CKS:Vm: tRC=tRC MIN.) -80 - 80
FAST PAGE MODE CURRENT -60 - 75 34

ICC4 Average Power Supply Current, Fast Page Mode -70 - 65 mA ;
(RAS =V, TAS, Address Cycling: tpc=tpc MIN.) [Zg0 R 55
STANDBY CURRENT mA

Tecs Power Supply Standby Current 1
(RAS=CAS=Vc-0.2V)
TAS BEFORERAS REFRESH CURRENT -60 - 115

Icce | Average Power Supply Current, TAS Before RAS [-70 - 95 mA 3,5
Mode (RAS, TAS, Cycling: tge=tgc MIN.) 80 R 30
INPUT LEAKAGE CURRENT

II w Input Leakage Current, any input -10 10 HA
(OV<VN<0.5V, All Other Pins Not Under Test=0V)

1 OUTPUT LEAKAGE CURRENT 10 10 A

OM  |(Doyris disabled, (OVSVouTSS5.5V), #
OUTPUT LEVEL

Vou Output “H” Level Voltage (loyT=-5mA) 24 ) v
OUTPUT LEVEL

VoL Output “L” Level Voltage (loyT=4.2mA) ) 04 v

A-250
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TC5117800AN]/ANT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (CONT)

TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR
SYMBOL CHARACTERISTIC -60 -70 -80 UNIT | NOTE
MIN | MAX. | MIN | MAX | MIN | MAX
twp | Write Command Pulse Width 10 - 15 - 15 - ns
tgwr | Write Command to RAS Lead Time | 15 - 20 - 20 - ns
tewr |Write Command to CAS Lead Time | 15 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
toy Data Hold Time 10 - 15 - 15 - ns 12
trer | Refresh Period - 32 - 32 - EY) ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 13
tewp | CAS to WRITE Delay Time 40 - 45 - 45 - ns 13
tgwp |RAS to WRITE Delay Time 85 - 95 - 105 - ns 13
Column Address to WRITE Delay
t AWD Time 55 - 60 - 65 - ns 13
S ?:EniPrecharge to WRITE Delay 60 ) 65 ) 7 ) ns 1
CAS Set-up Time
tesr {CAS before RAS Cycle) 3 ) 3 . 5 ) ns
CAS Hold Time
ICHR | (TAS before RAS Cycle) 10 ) 15 ) 15 . ns
tepc | KAS to TAS Precharge Time 5 - 5 - 5 - ns
TAS Precharge Time
tecpr | (CAS before RAS Counter Test 20 - 30 - 30 - ns
Cycle)
troy | RAS Hold Time referenced to OE 10 - 10 - 10 - ns
topa | OE Access Time - 15 - 20 - 20 ns
toep | OE to Data Delay 15 - 15 - 15 - ns
torz ggtn;:%guffer turn off Delay Time 0 15 0 15 0 15 s 10
togg | OE Command Hold Time 15 - 15 - 15 - ns
tops |Output Disable Set-up Time 0 - 0 - 0 - ns
Write Command Set-up Time
twTs (Test Mode In) 10 - 10 - 10 - ns
Write Command Hold Time
tw'n.[ (Test Mode Iﬂ) 10 - 10 - 10 - ns
WHRITE to RAS Precharge Time
'WRP | (TAS before RAS Cycle) 10 . 10 ) 10 ) ns
Write to RAS Hold Time
WRH  |{TAS before RAS Cycle) 10 ) 10 ) 10 ns
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TC5117800AN]/ANT -60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C.

OPERATING CONDITIONS IN THE TEST MODE

A-252

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

, TC5117800A)/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTE
MIN | MAX | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 115 - 135 - 155 -| ms
tpe Fast Page Mode Cycle Time 45 - 50 - 55 -l ns
traC Access Time from RAS - 65 - 75 - 85| ns |9,14,15
teac Access Time from TAS - 20 - 25 - 25| ns 9,14
tAA Access Time from Column Address - 35 - 40 - 45| ns 9,15
topa Access Time from TAS Precharge - 40 - 45 - 50( ns 9
tRAS RAS Pulse Width 65| 10,000 75| 10,000 85| 10,000 ns
trasp RAS Pulse Width (Fast Page 65| 200,000 75| 200.000 85| 200000 ns
Mode)
tRsH RAS Hold Time 20 - 25 - 25 -| ns
tesH TAS Hold Time 65 - 75 - 85 -] ns
trucp | CAS Precharge to RAS Hold Time 40 - 45 - 50 -l ns
tcas TAS Pulse Width 20( 10,000 25| 10,000 25! 10,000 ns
foaL Column Address to RAS Lead 35 - 40 - 45 | ns
Time
CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cn Input Capacitance (A0O~A10) - 5 pF
Cp Input Capacitance (RAS, CTAS, WRITE, OE) - 7 pF
Co Input/Output Capacitance (1/01~1/08) - 7 pF




TC5117800ANJ/ANT -60/70/80

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

TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR

SYMBOL PARAMETER -60 -70 -80 UNIT | NOTE
MIN | MAX. | MIN [ MAX | MIN | MAX
tgc  |Random Read or Write Cycle Time 110 -l 130 -| 150 -| mns
tamw | Read-Modify-Write Cycle 155 -] 180 -] 200 -| ns
tpc  |Fast Page Mode Cycle Time 40 - 45 - 50 -] ns
oW Fast Pag.e Mode Read-Modify-Write 85 - 95 -1 100 1 ons
Cycle Time
trac | Access Time from RAS - 60 - 70 - 80| ns 914,15
tcac | Access Time from CAS - 15 - 20 - 20| ns 9,14
taa | Access Time from Column Address - 30 - 35 - 40] ns 9,15
tcpa | Access Time from CAS Precharge - 35 - 40 - 45| ns 9
tciz | CAS to Output in Low-Z 0 - 0 - 0 -| mns 9
torr | Output Buffer Turn-off Delay 0 15 0 15 0 15| ns 10
ty Transition Time (Rise and Fall) 3 50 3 50 3 50{ ns 8
tgp  |RAS Precharge Time 40 - 50 - 60 -| ns
tras | KAS Pulse Width 60| 10,000 70| 10,000 80| 10,000 ns
trasp | RAS Pulse Width (Fast Page Mode) 601 200,000 70} 200,000 80] 200,000f ns
tgsy | RAS Hold Time 15 - 20 - 20 -l ns
tesice RAS Hold Time From CAS 35 - 40 - 45 | s
Precharge (Fast Page Mode)
tesy | CAS Hold Time 60 - 70 - 80 -| ns
tcas | CAS Pulse Width 15| 10,000 20 10,000 20| 10,000 ns
tgep  |KAS to CTAS Delay Time 20 45 20 50 20 60{ ns 14
tRAD IUTS to Column Address Delay 15 30 15 35 15 40 ns 15
Time
tcrp | CAS to RAS Precharge Time 5 - 5 5 -| mns
tcp  |CAS Precharge Time 10 - 10 - 10 -l mns
tasg  |Row Address Set-Up Time 0 - 0 - 0 -| ns
trag  |Row Address Hold Time © 10 - 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 - 0 -l ns
tcap | Column Address Hold Time 10 - 15 - 15 -| ns
trar, | Column Address to RAS Lead Time 30 - 35 - 40 ns
tges  |Read Command Set-Up Time 0 - 0 - 0 -] ns
tpey  |Read Command Hold Time 0 - 0 - 0 -l ns 11
st Read Command Hold Time refer- 0 - 0 - 0 1 ons 1
enced to RAS
twey | Write Command Hold Time 10 - 15 - 15 -| ns
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NOTES:

1.

10.

11.
12.

13.

14.

15.

A-254

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

All voltages are referenced to Vg,

Iccts Iecss Iccas Iece depend on cycle rate.
Iccis Iccs depend on output loading. Specified values are obtained with the output open.

Address can be changed once or less while RAS=Vy; . In case of Icy, it can be changed once or less
during a fast page mode cycle (tPC).

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.

AC measurements assume ty=5ns.

Vi (min.) and Vy (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and Vy; .

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

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

Either tpcy or tppy 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, tRwp» towps tawp and topwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycs2twes (min.), the cycle is an early write cycle and the data
out pin will remain open circuit (high impedance) through the entire cycle; If tgyp2tgwp (min.),
tewp2tewp (min.), tawp2tawp (Min.) and tepwptcpwp (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.

Operation within the tgep (max.) limit insures that tg ¢ can be met. trcp (max.) is specified as a
reference point only: If tpcp is greater than the specified tgcp (max.) limit, then access time is controlled
by teac.

Operation within the tg ,p (max.) limit insures that tg 5 (max.) can be met. tg,p (max.) is specified as

a reference point only: If tpap is greater than the specified tgop (max.) limit, then access time is
controlled by t4 5.
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READ CYCLE
tre
1Ra; F_L—’
Vi ——
L N N
¢
I._kur_. treo " lasy tcrp
Vi — t j
o Vi ——___/ trap | \\i
1
o [ v T
Vin o .
AO0~A9 v m ROW % COLUMN
L

\ R st
—- G

i [
o1 o :::‘: OPEN N '5_._

Note : Dy = OPEN ; VA: v or L
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WRITE CYCLE (EARLY WRITE)

tnc
tnas

Al<T]
rqu. RCD _tash
=i S RNt/

el || e ™

. =,

WCS

e \=u==yY

I
E

taw,

s D

.'M.__&..

o N o

Note : Doy = OPEN VA : " o "
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WRITE CYCLE (OE CONTROLLED WRITE)
L R |
i
v —
I tcre tacp tnsh
"/

o«
o/

tom
tawn,

" w
e aaw
" T o

Note : Doyt = OPEN % . "N or "L”

]
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READ-MODIFY-WRITE CYCLE

i _ N
s e

o
- T i —
ea——

i L N T
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FAST PAGE MODE READ CYCLE

tpace tap
Vi —" "‘\
ViL —
Aild
tcre 1R I tcp truce e
Co L ) B N G
{11
Vit thay V \ \ 4 /!
tesn tean trat
tasp, | I sl T o s fasg] e
Vin y
N ROW coL1 5%{ coL2 @%{ coLN
[ -
tasr
AI10R ROW
Vi
L. el L e _thonl, tacs e
-+
Vin
WRITE o tion |
A than
taa taa taa +
__lra _tcra
tOEA| kAl
o Vi — L0Ea,.
ViL —
| tRag [tors teac FE toFF
' [—tcac,) &El. toz, | | g 1582
o v taz]
o — L
~1/08 VoL — OPEN % Ooyr 1 Oour 2 Ooyr N _>
Note : Dyy = OPEN : “H" or "L
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FAST PAGE MODE WRITE CYCLE

o5 | toH i lon o H
Yo1 Vi - L
- DN
Note : Doy = OPEN A: v o
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

aasp sar,
Ny 3
m—-— Pg‘ 'C" 1
. mm_ toas mjﬂ
o —
mvl —_— thap \\ S,SM..( {
nay
E b 1
AO-AQ:: R CcoL.1 coL.2 COLN
B
tase a2
Vin
A10R Ve :%w
. awp. fowp | o
Sl le— oo | foowo how, towp !
Vi ¥ y
Wlﬂ‘!v‘ _tawp %_..&m. JF.-,.&:L jﬁ
1A, tom
\ﬁ 1, !_ €. | q
Vi = R
o /
Vy —
. l—'“—‘ 'L?-‘-t‘ |l ot [ a :‘ﬁ
Roez ad tos
as 'oﬂl
oo
\\::: e OPEN *i) " 3
vo1~ *1 Dour! *2 Dour2 *3 DoyrN
vos - ton L_tou
::‘ ——oPeN [ ot} ME K ow ——

: "H® or "L*
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RAS ONLY REFRESH CYCLE
w TN - / N
) [
T
Note: ?ﬂﬂ. OE, Dins “H" or “L* : “H® or "L

out = OPEN

CAS BEFORE RAS REFRESH CYCLE

P_ﬁ;. R
] _
A Yy =@ @

oo -
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HIDDEN REFRESH CYCLE (READ)

m rP t
Vi sy taas
wmo_— N / N ) N\
t‘;n_- «—taD .t tchr L/ I
m taa /
Vi —_/ ) t.:"
tasr tasc tean

o

tRes trrn  twep
L .

twrH |
|

- ||

AA
o
| teac {oFe
Von — i
yo1 OH e
o OPEN % DATA-OUT
VOL — e
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HIDDEN REFRESH CYCLE (WRITE)

tre
% %
- — /ﬁ:\ o F‘:,
L Vp — 7 * \——

ol lotaco o tasw o
o Vin —-/t‘ : \. #—
ViL ——
tasr

twes mel | twan

e - R
N

o5 | letow

% : "H® or “L*

Note: Dgyr=OPEN
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

)
S =—

Y

LJOEF
Vv
voi-vos " OPEN %ﬁ DATA-OUT }—
VoL —

N 1 tawy | |
WRITE CYCLE L s P
4 Vin e t
WRITE
®w

L vo1~v08

DATA-IN

READ-MODIFY-WRITE CYCLE
twae| | twan tawo ! thwy

\ :
e - N
Vi = - }
&
ViL = i

tcac

OPEN

VoL —
vO1~108
L Viu —

Note: A10R="H" or “L*
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WRITE, CAS BEFORE RAS REFRESH CYCLE
tac

ras tap
w ir \ AN
< SN

Vin
Viu
vor Vou—
~y08 V,
Note: Dix, OF, AO~A9, A1OR= “H” or “L° VA “n* or "L*

READ CYCLE IN THE TEST MODE

T i
Vip et at— -
. \ 1 \
i T ——— L._tu_.
= Vi === \ .
Vi —__/ taap \-h——Ll_
1y P
wess * “ T vou KN corom
o

e o & &

k! tamn| |
oo
Vi 1,

V-
letAC__ |
trac
vot Vou— s
~V07 vgo — ™ e ——
AR
trac ’
Vom——
vos OPEN DATA-OUT }-———————
Vou—
Note : DE="L", Dy=OPEN VA: “w o "
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
trc

o Vin —'—-—\

_—‘ tzp
Wi T N

LY

o e

[

WCS

o g

tawy

D

v D Y

Note : V/O2~1/O8= “H" or "L" , Doyr=OPEN % . "H" or "L”
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FAST PAGE MODE READ CYCLE IN THE TEST MODE

Viy = )

Vi =

tance

il

L

tean
ascl |l asg |
2

8
r
z

ta

85

YL Y

¢
taz, |
R

g.
B L

AA
teac
taa
teac

&y
£

A-268

Of [CH |

£
0 v*—%‘ Dour 2

[
ﬁﬁ' li@r

Note : DE="L", Diy=OPEN

4§£’
T

: "H" or "L*
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FAST PAGE MODE WRITE CYCLE IN THE TEST MODE

N /////////////

tom tawt

o Jom |
‘WP 1

bt
e

o

V
ViL A "

% : "H" or "L
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TEST MODE

The TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/ANR is the RAM organized 2,097,152 words by8
bits; it is internally organized 1,048,576 words by16 bits. In “Test Mode”, data are written into 16 sectors in
parallel by using only I/01. A9C is not used. If, upon reading, 16 bits are equal (all “1”’s or “0”s), the I/O8 pin
indicates a “1”.

If they were not equal, the I/O8 pin would indicate a “0”. Other I/O pins (1/01~1/07) always indicate a “1”
during test mode read cycle. Fig. 1 shows the block diagram of TC5117800AJ/ANJ/AZ/ANZ/AFT/ANT/ATR/

ANR. In “Test Mode”, the 2MX8 DRAM can be tested as if it were a IMX16 DRAM.

“WRITE, TAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “TAS Before RAS
Refresh Cycle” or RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WRITE,
TAS 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).

BLOCK DIAGRAM IN THE TEST MODE

Figure 1

A-270

Normal ASC—
Tent

T

E T

Test

:‘ﬁi“——"" —

Tat®

Test

Normal 1M block
qJ——'H —

Test

Normal A9Cr—H{TM biock |
(1™ block |

o T
Test

?%?’f&fjﬁ

F{ 1M block |”

[{ 1M block |~

il
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rOSHIBA
TC514900A1/AFT-70/80

524,288 WORD X 9 BIT DYNAMIC RAM

DESCRIPTION

The TC514900AJ/AFT is the new generation dynamic RAM organized 524,288 word by 9 bit. The
TC514900AJ/AFT 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 TC514900AJ/AFT to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. 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 5Vt 10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES KEY PARAMETERS
e 524,288 word by 9 bit organization
* Fast access time and cycle time TC514900A¥/
+ Single power supply of 5Vt 10% with a built- ITEM AFT
in Vgg generator
* Low Power -70 -80
633mW MAX .Operating
ggg;l\;g&o AA%/ Ope-rZ?iZlg trac RAS pccess Time 70ns 80ns
(TC514900A)/AFT-80)
5.5mW MAX. Standby tAA  Column Address 35ns 40ns
e Outputs unlatched at cycle end allows two-di- Access Time
mensional chip selectéo£S o
* Read-Modify-Write, before refresh, CAS 20ns 20ns
RAS-only refresh, Hidden refresh, Fast Page feac Access Time
Mode and Test Mode capability t . 130ns | 150mns
¢ All inputs and outputs TTL compatible RC_CycleTime
e 1024 refresh cycles/16ms tpC  Fast Page Mode 45ns Sons
e Package TC514900AJ :SOJ28-P-400 Cycle Time

TC514900AFT : TSOP28-P-400

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC:. A.D71



TC514900AJ/AFT-70/80

PIN NAME

AQ~A8, A9R Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe

WRITE Read/Write Input
OE Output Enable
1/01~1/09 Data Input/Output

Vee Power (+5V)
Vss Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

Plastic SOJ Plastic TSOP
(Normal Bend Type)
(O— o)
Ve 1 28[vg Vel ' 28[D v
vo1d 2 27pvo9 voill 2 27[@Mwo9
vo2l]3 26vos vo2} 3 26[1 Vo8
vo3d a 25Q0vo7 vo3M}a 25 wo7
voals 24[voe vosll] s 241 voé
vosd e 230TAS vosle 23[DTAS
WRITE(QQ 7 2200E WRiTEl] 7 22{0 OF
RASO 8 210N.C RASE 8 21{IN.C
AR[ 9 200As8 AR 9 20[D A8
Ao 190A7 Aollj10 19{D A7
A1 18[0A6 Alll11 18[D A6
A2012 17p0As A2d12 17{0AS
A3[013 16[0A4 A30]13 16[01 A4
Ve 14 1spvss Vec14 15[ vss
__/
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BLOCK DIAGRAM
102 l/ga vgs /08
vor § vo3 I 10s I vo7 T V09
Vee Vss L9 ) & 9
3 ? DATA IN DATA OUT |, o &
BUFFERS BUFFERS
wmo—-ﬁg : 4N 44 ﬁ
NO.2 CLOCK —
CAS O GENERATOR
:> ‘ ‘] E——
COLUMN
A1 O> BUFFERS (9) 9 | DECODER
A2 O>| REFRESH J SENSE AMP |4
A3 O> CONTROLLER | 1/O GATE N—
A4 O> ] ::::.512,‘9:::;
A5 O REFRESH
COUNTER (10) | e EMORY
A6 : \ ;g =§ MEMO
A7 oW 10) S} ARRAY
A8 O> oy [1024
3 ADDRESS VI wl i 1024x512x9
BUFFERS (10) o=
AR O——-—>p T
"y *CLOCK ] SUBSTRATE BIAS
: | GENERATOR
RAS O GeNERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage VN —1-~7 v 1
Output Voltage Vour —1~7 \" 1
Power Supply Voltage Vee —1~7 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tstg — 55~150 °C 1
Soldering Temperature ® Time | TsorpER 260+ 10 ‘V °C ¢ sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current | 'oyp 50 mA 1
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 4.5 5.0 55 \'%
Vi Input High Voltage 2.4 - 6..5 A\
Input Low Voltage *
Vi |(A0~A8,A9, RAS, CAS, WRITE, OF)| 0" 08 v 2
Vo Input Low Voltage (TO~1709) -0.5%2 - 0.8 \Y%

*1 -2.5V at pulse width < 20ns
*2 -2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (Ve =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX

UNIT

NOTE

I
CC1

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tgc=tpc MIN.)

TC514900AJ/AFT-70

115

TC514900AJ/AFT-80

100

mA

34

ICC2

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vyy)

RAS ONLY REFRESH CURRENT Average
Power Supply Current, gzg Only Mode
(RAS Cycling, CAS=Vy: trc=trc MIN.)

TC514900AJ/AFT-70

115

TC514900AJ/AFT-80

100

35

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode
(RAS =V, CAS,Address Cycling:tpc=tpcMIN.)

TC514900A)/AFT-70

80

TC514900AJ/AFT-80

70

34

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=V(c-0.2V)

1
CCé

TAS BEFORE RAS REFRESH CURRENT
Average Power Supply Current, CAS Before RAS
Mode (RAS, TAS,Cycling: tge=tpc MIN.)

TC514900AJ/AFT-70

115

TC514900A)/AFT-80

1
IL)

INPUT LEAKAGE CURRENT
Input Leakage Current, any input

(OVSV[<6.5V, All Other Pins Not Under Test=0V)

10

pA

I0 L)

OUTPUT LEAKAGE CURRENT
(Doyr is disabled, 0V <V 11<5.5V)

10

HA

OUTPUT CURRENT
Output “H” Level Voltage (Igy=-SmA)

VoL

OUTPUT CURRENT
Output “L” Level Voltage (Igyr=4.2mA)

04

A-274
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TC514900A] /AFT-70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (V¢ =5V +10%, Ta = 0~70°C)(Notes 6,7,8)

TC514400ASJL/AFTL/ATRL
SYMBOL PARAMETER -70 -80 UNIT |NOTES
MIN | MAX. | MIN | MAX
tge  |Random Read or Write Cycle Time 130 - 150 -| ns
tamw | Read-Modify-Write Cycle 185 - 205 -1 ns
tpc Fast Page Mode Cycle Time 45 - 50 -| 'ns
tprmw | Fast Page Mode Read-Modify-Write Cycle Time | 100 - 105 -| ns
trac | Access Time from RAS - 70 - 80| ns |9,14,15
tcac | Access Time from CAS - 20 - 20} ns 9,14
taa [|Access Time from Column Address - 35 - 40! ns 9,15
tcpa | Access Time from CAS Precharge - 40 - 45 - 9
tcrz | CAS to Output in Low-Z o - 0 -| ns 9
topr | Output Buffer Turn-off Delay 0 20 0 20{ ns 10
tr Transition Time (Rise and Fall) 3 50 3 50( ns 8
tgp | RAS Presharge Time 50 - 60 -l ns
tras |KAS Pulse Width 70§ 10,000 80| 10,000| ns
trasp | RAS Pulse Width (Fast Page Mode) 70( 100,000 80(100,000] ns
trsy  |RAS Hold Time 20 - 20 -| mns
trsicp RAS Hold Time From CAS 40 - 45 | s
Precharge (Fast Page Mode)
tcsu  |CAS Hold Time 70 - 80 -| ns
tcas | CAS Pulse Width 20( 10,000 20( 10,000 ns
taep | RAS to TAS Delay Time 20 50 20 60 ns 14
tgap | KAS to Column Address Delay Time 15 35 15 40| 'ns 15
tcrp  |CAS to RAS Precharge Time 5 - 5 ns
tcp  |CAS Precharge Time 10 - 10 -l ns
tasg  [Row Address Set-Up Time 0 - 0 -| mns
trpan  |Row Address Hold Time 10 - 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 -| mns
tcan  |Column Address Hold Time 15 - 15 -| ms
tar | Column Address Hold Time 55 - 60 -| ns
trar. | Column Address To RAS Lead Time 35 - 40 -| mns
tpcs {Read Command Set-Up Time 0 - 0 -| ns
tren  |Read Command Hold Time 0 - 0 -1 ns 11
tery  |Read Command Hold Time referenced to RAS 0 - 0 -| ns 11
twen | Write Command Hold TIme 15 - 15 -| ns
twcr | Write Command Hold Time referenced to RAS 55 - 60 -l ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514273BJ
SYMBOL PARAMETER -70 -80 UNIT |NOTES
MIN| MAX| MIN| MAX
twp | Write Command Pulse Width 15 - 15 -l ns
tgwr | Write Command to RAS Lead Time 20 - 20 -] ns
tewe | Write Command to CAS Lead Time 20 - 20 -l ns
tps Data Set-Up Time 0 - 0 -| ns 12
toH Data Hold Time 15 - 15 -l ns 12
toyr | Data Hold Time referenced to RAS 55 - 60 -| ns
trer | Refresh Period - 16 . 16| ms
twes | Write Command Set-Up Time 0 - 0 -] ns 15
tcwp |CAS to WRITE Delay Time 50 - 50 -} ns 15
tswp | RAS to WRITE Delay Time 100 - 110 -| ns 15
tawp |Column Address to WRITE Delay Time 65 - 70 -l ns 15
tcpwp |CAS Precharge to WRITE Delay Time 70 - 75 -| ns 15
tcsk  |CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 -| ns
tcur | CAS Hold Time (CAS before RAS Cycle) 15 - 15 -| ns
trec | RAS to CAS Precharge Time 0 - 0 -{ ns
CAS Precharge Time (CAS before RAS 40 - 40 -
fcpr Counter Test Cycle) ns
tron |RAS Hold Time referenced to OE 10 - 10 ns
toea |OE Access TIme - 20 0 20| ns 9
togp |OE to Data Delay 20 - 20 -| mns
togz | Output buffer turn off Delay Time from OE 0 20 0 20| ns 10
togy | OE Command Hold Time 20 - 20 -| ns
tops | Output Disable Set-Up Time 0 - 0 -1 ns
CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cy Input Capacitance (AO~A8, A9R) - pF
Cp Input Capacitance (RAS, CTAS, WRITE, OE)) - pF
Co Input Capacitance (I/01~1/09) - pF
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NOTES:

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

2. All voltages are referenced to Vgg.

3. Iccts Iecas Iccas Iccs depend on cycle rate.

4. Icc1, Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=Vy; . In case of Igcy, it can be changed once or less

during a fast page mode cycle (tpc).

6. 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 CAS
before RAS refresh cycles instead of 8 RAS only refresh cycles are required.

7. AC measurements assume t=5ns.

8. Vi (min.) and Vy (max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vyy and V.

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

10. topp (Mmax.) and top7 (max.) define the time at which the output achieveS the open circuit condition and
are not referenced to output voltage levels. ‘

11 Either tgcy or tgpy 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. twcs: tRwp» towp» tawp and tepwp are not restictive operating parameters. They are included in the date
sheet as electrical characteristics only. If ty,cs 2twes (min.), the cycle is an early write cycle and the
data output will remain open circuit (high impedance) through the entire cycle; If tgyp2trwp (min.),
tewp2tewp (Min.), tawp2tawp (min.) and tepwp2tepwp (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate.

14. Operation within the tpep (max.) limit insures that tg s can be met. tyep (max.) is specified as a
reference point only: If tgp is greater than the specified tycp (max.) limit, then access time is controlled

by teac

15. Operation within the tg op (max.) limit insures that tg ,c (max.) can be met. tg oy (ax.) is specified as
a reference point only: If tgap is greater than the specified tgop (max.) limit, then access time is
controlled by ty 4.
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| Note : Djy=OPEN : “H" or "L
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WRITE CYCLE (EARLY WRITE)

tac
traS ) trp
K / N

tcRp

tr,

7
tawy,

Vi ooy AR
AS N\
Vg —
tosH
I“ggg, trep ta
Vi
w /) N—e—)/ /'
ViL — PRI
t
ASR tasc &
Vin o 7
AO~A8 ROW
Vi - k
| «—tRAD |
tasp toan
Vin
AR ROW
VL
twes
Vin
WRITE -
Viu
WCR
Viy
OF
ViL
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WRITE CYCLE (OE CONTROLLED WRITE)
t,

ras

trp

g A
vlL - K

R

tesn

"_cm.* ‘ tacp tc?sL‘ tone

o " Vs 1'\\ ,
ik — tRap B9

/ /

t RAL
tasr RAH ‘!s; t:

o B YO o

sl [

CWL

DR~ Y

[ B A

-

tawi
twe

wZ w

toy

- ||

e = 0o

..

% : “H" or "L
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READ-MODIFY-WRITE CYCLE

ST N
L e —
= T R /

ol %0% T
e

o T || -
@ —\17

:"H'or S
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FAST PAGE MODE READ CYCLE

tRasP trp
Vi == tar
ws N\ %
W —
tpc J_.t H
tcre trco tcp tance tc"'
> . <

leas| o cas —tCAs o
Vi ==
7 I B2 % / \ / N\ /
ViL —/ tgay ok A X # f /
LesH can tRAL
tasp {11 sl [lean 255] 1o s [l
Vin N N N
AO~AS8 ROW coL.1 COoL.2 COL.N
Vi P4 p 4 A
traH
tasr
" L
A\ 7
tacu] | | ltres  tReu|, o ltees 1 tRCH
Vin t
WRITE «—BOH
Vi tRRH
tan taa tan t
| tcpa tcpa
Vg —* to 10¢eA] toEa
GE v
(W
‘m I%EL téAC ltOFF to
CAC ez | toz | %gz ey
t,
VOt Vopo—
~y09 OPEN @{ our 1 Dour 2 ?""‘"
Note : Dyy = OPEN 2] v L
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FAST PAGE MODE WRITE CYCLE

trase trp
Vi —— tar
", N
W K,
tec
t
Iﬁ treo tcp . to - :su lt_cg:
Al
Vin
Vi . 4
L
V

3
4
3
& li
LT
e &
8
8
n
8
LZ

'cz? | o, | tow |
- t N ‘lx:H Wi
Vin —YE > T I s
WRITE ]
A\
twer |

“w z

toi

HR

' lgq__,_{ ton tps ton tps ton
Vo1 vy '8 X
~09 D 1 Dy 2 D N
Vi A A
Note :

Dout = OPEN V) "H" or "L

TOSHIBA AMERICA ELECTRONIC COMPNONFNTS INC



TC514900AJ /AFT-70/80

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trasp

tT Pm_. J&“ I‘& teas ! = -
i TN /A A N/
% oo | sy it
Ao-Aoz: 0 ! ! ’///////////////////

cs]] towp | topwp
WHITE Vin } )
[ : _tawp &*.4. _’.!ISL S
pil 1
Tl T
Vih -
Fu — 4 Aioe:
RAC kok!
™ tos <5
0§ 2
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RAS ONLY REFRESH CYCLE

RAS

a3

AQ~AS8,
ASR

tre
trp
Vig — \ P
Vi — x \

L
WL L2 RPC |
"z 1\
ik —

ask | {tRAH
>

. =, 2

Note: WRITE, OF, Djy="H" or “L"
IN= or’t % t "H" or "L*

Dour=OPEN

CAS BEFORE RAS REFRESH CYCLE

K —__
= A y @«

H—"\
——

Note: 3 3 , AO~AS8, ="H" “L* P

ote: Dy, WRITE, O, AO~A8, A9R="H" or "L A “H" or “1°
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HIDDEN REFRESH CYCLE (READ)

trg

mr T N T R
S :\ | —

e e
o D
e | N
e
ST R P “@g T

% : "H" or "L
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HIDDEN REFRESH CYCLE (WRITE)

L

o e e —
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N i
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vin —
RAS
Vi —
" et
Viy ~— X
(<31 Vg —

tras

tre
1asH I tcrp

N\
READ-MODIFY-WRITE CYCLE

e \»
T
o - )]

T

twcs)
-

=
,READQYQWI;IE“ Vir ;a _fc_ai
- —
\ 101~1/08 :°": OPEN l &%g mu.ou:-o = >_
WRITE CYCLE e (-]

. |

| o5

tawo

]

e

tha

OF
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\l.sm.

"\

OPEN

i

<
I

>
]
Ed
"
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APPLICATION INFORMATION

ADDRESSING

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJ/AFT are
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two
negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each of
these signals, RAS and TAS triggers a sequence of events which are controlled by different delayed internal
clocks.

The two clock chains are linked together logically in such a way that the address multiplexing operation
is done outside of the critical path timing sequence for read data access. The later events in the TAS clock
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated
TAS” feature allows the TAS clock to be externally activated as soon as the Row Address Hold Time
specification (tg op;) has been satisfied and the address inputs have been changed from Row address to Column
address information.

Data Inputs

A write cycle is performed by bringing WRITE low during the RAS/CAS operation. The falling edge of
TAS or WRITE stobes data on [/O1~1/09 into the on-chip data latch. In an early write cycle, WRITE is brought
low prior to TAS and the data is strobed in by TAS with setup and hold times referenced to this signal. In
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE
with setup and hold times referenced to these signals.

In delayed or read modify write, OE must be high to bring the output buffers to high impedance prior to
impressing data on the I/O lines.

Data Ouputs

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. Data-
out is the same polarity as data-in. The outputs are in the high-impedance state until TAS is brought low. In a
read cycle the outputs go active after the access time interval tg 5 and top, are satisfied.

The outputs become valid after the access time has elapsed and remains valid while CAS and OFE are low.
CAS or OE going high returns it to a high impedance state. In an early-write cycle, the output are always in the
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence for
the read cycle.

The OE controls the impedance of the output buffers. In the logic high position the buffers will remain in
a high impedance state.

When the OE imput is brought to a logical low level, the output buffers are enabled. Both TAS and OE
can control the outputs. Thus in read operation, either OE or TAS returning high forces the outputs into the high

impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row
addresses (AO~A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will
perform the refresh operation, this function is most easily accomplished “RAS-only” cycles, RAS only refresh
results in a substantial reduction in operating power. This reduction in power is reflected in the Iqcs
specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514900AJ/AFT offers an alternate refresh method. If CAS
is hold on low for the specified period (tcgg) before RAS goes to low, on chip refresh control clock generations
and the refresh address counter are enabled, and an internal refresh control clock generations and the refresh
address counter are enabled, and an internal refresh operation takes place. After the refresh opeation is
performed, the refresh address counter is automatically incremented in preparation for the next CAS before RAS
refresh operation.

FAST PAGE MODE

The “Fast Page Mode” feature of the TC514900AJ/AFT allows for successive memory operations at
multiple column locations of the same row address with increased speed without an increase in power. This is
done by strobing the row address into the chip and maintaining the RAS signal at a logic O throughout all
successive memory cycles in which the row address is common. This “Fast page Mode” of operation will not
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobing in a
new address is eliminated, thereby decreasing the access and cycle times.

HIDDEN REFRESH

An optional feature of the TC514900AJ/AFT is the refresh cycles may be performed while maintaining
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding TAS
at Vy; and taking RAS high and after a specified precharge period (tgp), executing a TAS before RAS refresh
cycle. (see figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE
b \__/—-\\__/_\\__/—
o __\ /_
V01~109 — OPEN -——( VALID DATA-OUT >—

This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data
availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC514900AJ/AFT can be tested by “CAS BEFORE RAS REFRESH
COUNTER TEST”. This cycle performs READ/WRITE operation taking internal counter address as row
address and the input address as column address.

The test is performed after a minimum of 8 CTAS before RAS cycle as initialization cycles. The test
procedure is as follows.

1. Write “0” into all the memory cells normal write mode.

2. Select one certain column address and read “0” out and write “1” in each cell be performing “CAS
BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)”. Repeat this
operation 1024 times.

3. Check “1” out of 1024 bits at normal read mode , which was written at 2.

4. Using the same column as 2., read “1” out and write “0” in each cell performing “CAS BEFORE RAS
REFRESH COUNTER TEST”. Repeat This operation 1024 times.

5. Check “0” out of 1024 bits as normal read mode, which was written at 4.

6. Perform the above 1. to 5. to the complement data.
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TC514900AJ1-70/80

524,288 WORD X 9 BIT DYNAMIC RAM

DESCRIPTION

The TC514900AJL is the new generation dynamic RAM organized 524,288 word by 9 bit. The
TC514900AJL 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
TCS514900AJL to be packaged in a standard 28 pin plastic SOJ. 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 5Vt 10% tolerance, direct interfacing capability with high performance
logic families such as Schottky TTL.

FEATURES

524,288 word by 9 bit organization
Fast access time and cycle time
Single power supply of 5V 10% with a built-
in Vgg generator
Low Power
633mW MAX .Operating
(TC514900AJL-70)
550mW MAX. Operating
(TC514900AJL-80)
1.1mW MAX. Standby
Outputs unlatched at cycle end allows two-di-
mensional chip selection
Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh and Fast
Page Mode capability
All inputs and outputs TTL compatible
1024 refresh cycles/128ms
Package TCS514900AJL : SOJ28-P-400

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

KEY PARAMETERS
TC514900AJL
ITEM
-70 -80
trac RAS pccess Time 70ns 80ns
taa Column Address Access Time 35ns 40ns
tcac | CAS pccess Time 20ns | 20ns
tre Cycle Time 130ns | 150ns
tpc Fast Page Mode Cycle Time 45ns 50ns
A-293
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PIN NAME
A0~A8 Address Inputs
A9R
RAS Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
OE Output Enable
/O1~1/09 Data Input/Output
Vee Power (+5V)
Vss Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

Plastic SOJ

Ve[ 1 28[vg
vo1l2 27(3v09
vo2003 26[Jw08
vo3d 4 25007
voaQ s 240106
vos[j 6 23[JCAS
WRITEL] 7 22[GE
RASC] 8 21[N.C.
ASR[]9 20 pAs

A7
A6
AS
A4
[Vss
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BLOCK DIAGRAM
/02 1/84 ugs l/88
/01 703 1 o5 [ o7 [ 709
Vee Vss {9 ) & 9
3 i’ DATA IN DATA OUT | o O
BUFFERS BUFFERS
wameo—D—4 b ——* 1 {5
NO.2 CLOCK
TAS O—>| GENERATOR [~
* rhl
A0 O> cotumn —.] comn
ADDRESS 9 ) DECODER
Al O> BUFFERS (9) Y
A2 O> REFRESH J SEVNOSE :T"é“’ 9
A3 O> CONTROLLER |
A4 O> F ‘w....suxg....‘u:‘
AS O> REFRESH
A6 O> COUNTER(10) ;: § MEMORY
A7 O> ol i
ROW 10) 25 }0za ARRAY
A8 O> ADDRESS “al
v wi ‘ol 1024X%512x9
_._./ BUFFERS (10) o=
AR O——> ]
NO1 "CLOCK SUBSTRATE BIAS
- — GENERATOR
RAS O>1 GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin —1~7 v 1
Output Voltage Vour —1~7 v 1
Power Supply Voltage Vee —1~7 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tstg — 55~150 °C 1
Soldering Temperature * Time | Tgor pEr 26010 °C * sec 1
Power Dissipation Pp 700 mW 1
Short Circuit Output Current Yoot 50 mA 1
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0~70°C)

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE
Vee Supply Voltage 45 5.0 5.5 v 2
Vi Input High Voltage 24 - 6.5 v 2
Input Low Voltage

Vo (A0~A8, A9R, RAS, CAS, -1.0*1 - 0.8 v 2
WRITE, OE

Vi Input Low Voltage (1/01~1/09) -0.5%2 - 0.8 \' 2

*1-2.5V at pulse width < 20ns
*2-2.0V at pulse width < 20ns

D.C. ELECTRICAL CHARACTERISTICS (V¢ =5V £10%, Ta = 0~70°C)

SYMBOL

PARAMETER

MIN.

MAX [ UNIT

NOTE |

1
CcC1

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tgc=trc MIN.)

TC514900AJL-70

115

TC514900AJL-80

100

mA

3,4

I
cc2

STANDBY CURRENT
Power Supply Standby Current
(KKS:CKS:V IH)

Iecs

RAS ONLY REFRESH CURRENT Average
Power Supply Current, gzg Only Mode
(RAS Cycling, CAS=V[y: tgc=trc MIN.)

TC514900AJL-70

115

TC514900AJL-80

100

3,5

cc4

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode
(RAS =Vy , CAS, Address Cycling:tpc=tpc MIN.)

TC514900AJL-70

80

TC514900AJL-80

70

34

I
CC5

STANDBY CURRENT
Power Supply Standby Current
(RAS=CAS=Vc-0.2V)

200

1
CCé

CAS BEFORE RAS REFRESH CURRENT
Average Power Supply Current, CAS Before RAS”
Mode (RAS, CAS, Cycling: tpc=trc MIN.)

TC514900AJL-70

115

TC514900AJL-80

100

cC?

BATTERY BACK UP CURRENT

Average Power Supply Current, Battery back up
Mode (CAS = TAS Before RAS Cycling or 0.2V,
UE = VCC -0.2V or O.2V, WRITE = VCC-O.ZV or
0.2V, A0~A9 = V¢ -0.2V or 0.2V, 1/01~ 9 =
Vee-02V, 0.2V or OPEN : tre=125U5, trag =
tras MIN~1p5)

TC514900AJL-70

TC514900AJL-80

300

HA

36

1
1(L)

INPUT LEAKAGE CURRENT
Input Leakage Current, any input

(OVLVy £ 6.5V, All Other Pins Not Under Test=0V)

-10

10

HA

I
o)

OUTPUT LEAKAGE CURRENT
(DOUT is disabled, ov SVOUT < S.SV)

-10

10

HA

OUTPUT LEVEL
Output “H” Level Voltage (Ioyp=-5mA)

24

VoL

OUTPUT LEVEL
Output “L” Level Voltage (Ioyr=4.2mA)

04
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING
CONDITIONS (V¢ =5V £10%, Ta = 0~70°C)(Notes 7,8,9)

TC514900AJL
SYMBOL PARAMETER -70 -80 UNIT | NOTE
MIN | MAX. |MIN| MAX
tre Random Read or Write Cycle Time 130 -1 150 -| ns
trmw | Read-Modify-Write Cycle Time 185 -| 205 -| ns
tpc Fast Page Mode Cycle Time 45 -l 50 -| ns
P léast Page Mode Read-Modify-Write 100 -[ 105 | s
ycle Time
trac Access Time from RAS - 70 - 80 s 1;01,6
tcac  |Access Time from CAS - 20 - 20 ns | 10,15
taa  |Access Time from Column Address - 35 - 40| ns | 10,16
tcpa | Access Time from TAS Precharge - 40 - 45| - 10
tcrz  |CAS to output in Low-Z 0 - 0 -| ns 10
topg | Output Buffer Turn-off Delay 0 20 0 20| mns 1
tt Transition Time (Rise and Fall) 3 50 3 50| ns 9
tgp | RAS Precharge Time 50 -| 60 -| mns
tras | KAS Pulse Width 70| 10,000 80| 10,000| ns
trasp | RKAS Pulse Width (Fast Page Mode) 70| 100,000{ 80(100,000| ns
tesy | KAS Hold Time 20 -l 20 -| mns
trsice RAS Hold Time From CAS 40 -l 45 o
Precharge (Fast Page Mode)
tcsy | CAS Hold Time 70 -| 80 -| ns
tcas | CAS Pulse Width 20| 10,0001 20| 10,000| ns
teep | RAS to TAS Delay Time 20 50| 20 60| ns 15
trap | RAS to Column Address Delay Time 15 35 15 40| ns 16
tcgp | CAS to RAS Precharge Time 5 - 5 ns
tcp  |CAS Precharge Time 10 -l 10 -| ns
tasg  |Row Address Set-Up Time 0 - 0 -l mns
tgay  |Row Address Hold Time 10 -1 10 -| ns
tasc | Column Address Set-Up Time 0 - 0 -| ns
tcag | Column Address Hold Time 15 -1 15 -l ns
tar Column Address Hold Time refer- 55 -| 60 | ns
enced to RAS
trar | Column Address to RAS Lead Time 35 -| 40 -| mbs
tres  |Read Command Set-Up Time 0 - 0 -] ns
trcn  |Read Command Hold Time 0 - 0 -| ns 12
trr Read Command Hold Time refer- 0 - 0 | s 12
enced to RAS
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC514900AJL
SYMBOL PARAMETER -70 -80 UNIT | NOTE
MIN| MAX MIN| MAX
twea | Write Command Hold Time 15 - 15 - ns
twer g&e Command Hold Time referenced to 55 - 60 1 ns
twp | Write Command Pulse Width 15 - 15 -l ns
tewr | Write Command to RAS Lead Time 20 - 20 -l ns
tcwr | Write Command to CAS Lead Time 20 - 20 -| ns
tps |Data Set-Up Time 0 - 0 -| mns 13
tpg |Data Hold Time 15 - 15 -] ns 13
tpgr  |Data Hold Time referenced to RAS S5 - 60 - ns
teer | Refresh Period - 128 - 128 ms
twes | Write Command Set-Up Time 0 - 0 -| ns 14
tcwp |CAS to WRITE Delay Time 50 - 50 -[ mns 14
tgwp | RAS to WRITE Delay Time 100 - 110 -| mns 14
tawp |Column Address to WRITE Delay Time 65 - 70 -| ns 14
tcpwp | CAS Precharge to WRITE Delay Time 70 - 75 -] ms 14
CAS Set-Up Time 5 - 5 -
tesr (CAS before RAS Cycle) ns
TAS Hold Time 15 - 15 -
teHr (CAS before RAS Cycle) ns
tgpc | RAS to CAS Precharge Time 0 - 0 -| ns
CAS Precharge Time 40 - 40 -
teer (CAS before RAS Counter Test Cycle ns
tgon |KAS Hold Time referenced to OF 10 - 10 -| mns
topa |OE Access Time - 20 - 20{ ns 10
toep |OE to Data Delay 20 - 20 -| ns
togz | Output buffer turn off Delay Time from OE 0 20 0 20 ns 11
togg |OE Command Hold Time 20 - 20 -| ns
tops | Output Disable Set-Up Time 0 - 0 -l mns
CAPACITANCE (V¢ =5V £10%,f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cn Input Capacitance (AO~AS8, A9R) - 5 pF
Cp, Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF
Co Input Capacitance (I/01~1/09) - 7 pF
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NOTES:

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

2. All voltages are referenced to Vgs.

3. Iccts Ieess Iocss Iece depend on cycle rate.

4. Icct, Iccs depend on output loading. Specified values are obtained with the output open.

5. Address can be changed one or less while RAS=V[; . In case of Icy, it can be changed once or less

during a fast page mode cycle (tpc).

6. tras (max.) = lps is only applied to refresh of battery-back up. trag (max.) = 10us is applied to
functional operating.

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

8. AC measurements assume ty=5ns.

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

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

11. torr (max.) and togy (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 tgry 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. twess tRwps towp» tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If twcg >twcs (min.), the cycle is an early write cycle and the
data out pin will remain open circuit (high impedance) through the entire cycle; If tgwp>tgwp (min.),
tewp>tewp (Min.), tawp>tawp (Min.) and tepwp>tepwp (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 tycp (max.) limit insures that tg ¢ can be met. tyep (max.) is specified as a
reference point only: If ty-p is greater than the specified tycp (max.) limit, then access time is controlled

by teac

16. Operation within the tg s, (max.) limit insures that tg s (max.) can be met. tg 5, (max.) is specified as
a reference point only: If ty sy is greater than the specified tgop (max.) limit, then access time is
controlled by ty 5.
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READ CYCLE
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WRITE CYCLE (EARLY WRITE)
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WRITE CYCLE (OE CONTROLLED WRITE)
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READ-MODIFY-WRITE CYCLE
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE WRITE CYCLE
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