TOSHIBA
TC5116160A]/AFT60/70/80)

1,048,576 WORD X 16 BIT DYNAMIC RAM

DESCRIPTION

The TC5116160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The
TC5116160AJ/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 TC5116160AJ/AFT to be packaged in a standard 42 pin plastic SOJ,
and 50/44 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

1,048,576 word by 16 bit organization
» Fast access time and cycle time

*  Single power supply of 5Vt 10% with a built- TC5116160AJ/AFT
in Vg generator ITEM
¢« Low Power -60 270 -80

523mW MAX. Operating
(TC5116160AJ/AFT-60)

40mW MAX. Operating tRAC 1ms.l\tx:ess Time 60ns T0ns 80ns
(TC5116160A1/AFT-70)
W MAX. O i
??(5:?1 16 IGOM/ApeFTr?gg)g fAA Column Address 30ns | 35ns | 40ns
5.5mW MAX. Standby Access Time
¢ Outputs unlatched at cycle end allows two-di- tcac  CAS Access Time 15ns 20ns 20ns

mensional chip selection

* Read-Modify-Write, CAS before RAS refresh, t 110 130 150n
RAS-only refresh, Hidden refresh, and Fast RC  Cycle Time ns ns s
Page Mode capability ¢

+ Allinputs and outputs TTL compatible PC Fast Page Mode 40ns 45ns 50ns

* 4096 refresh cycles/16ms Cycle Time

» Package TC5116160AJ :SOJ42-P-400
TC5116160AFT : TSOP20-P-400
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TC51161610A]/AFT-60/70/80

PIN NAME
AO0~All Address Inputs
RAS Row Address Strobe
UCAS Column Address Strobe /Upper
Byte Control
[CAS Column Address Strobe /Lower
Byte Control
WRITE | Read/Write Input
OE Output Enable
1/01~1/016 | Data Input/QOutput
Vee Power (+5V)
Vss Ground
N.C. No Connection

PIN CONNECTION (TOP VIEW)

Plastic SOJ

OO WVMDE N -
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TC5116160A)/AFT-60/70/80
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BLOCK DIAGRAM
Y02 1704 I/gG uga 7010 KO12 IlgM llg‘lG
Vo1 Vo3 2 o5 Q7 Vo9 IIOHo vo13} VO1s
ww  P1T1TLY 15NN
[+]4 y
171 & ) o L5 )
VOLTAGE DOWN DATA IN DATA OUT DATA OUT DATA IN
CONVERTER BUFFERS BUFFERS 1 BUFFERS BUFFERS
[T b S 4
WRITE o-?j:}_;— o— 8] v T‘ 8
——
1
UTAS O*T o2 cLock
AT O GENE:ATOR [—
COLUMN
8 M  ADDRESS A COLUMN
AD O BUFFERS (8) 8 ) DECODER
Al O REFRESH SENSE AMP 16
A2 O CONTROLLER | VO GATE C——
A3 O Y m----zsms--m
A4 O REFRESH
=
A5 O COUNTER (12) gg 5 MEMORY
A : 12 ROW 1-2*> 8o s ARRAY
A7 ADDRESS M wi i
8 | BUFFERS (12) ° 3 4096 x 256 x 16
h
ABRO- 4 SUBSTRATE BIAS |+—0 Vcc
AIRO> ) . GENERATOR  |e—0 vss
A10R O NO.1 CLOCK |t
AtiRos] | 5™ GENERATOR [—
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNIT NOTE
Input Voltage Vin — 0.5~V gc+0.5 v 1
Output Voltage Vour —0.5~Vc+0.5 v 1
Power Supply Voltage Vee —0.5~7 v 1
Operating Temperature Topr 0~70 °C 1
Storage Temperature Tstg — 55~150 °C 1
Soldering Temperature * Time | Tgop pEg 26010 °C * sec 1
Power Dissipation Pp 900 mwW 1
Short Circuit Output Current | 'gip 50 mA 1
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TC51161610A]/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 50 5.5 v
Vi Input High Voltage 24 - Vect0.5* v
Vi Input LowVoltage -0.5%* - 08 v

*Voc+2.0V at pulse width S20ns (pulse width measured at V).
*+.2 0V at pulse width *20ns (pulse width measured at V).

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

SYMBOL PARAMETER MIN. | MAX | UNIT | NOTE

OPERATING CURRENT TC511610AVAZ/AFTAFTR-60 | - 95 34

icci | Average Power Supply Operating Current TC511610A)/AZ/AFTAFTR-70 | - 80 mA 5
(RAS, TAS, Address Cycling: tge=trc MIN) TC511610A/AZ/AFTAFTR-80 | - 70
STANDBY CURRENT

‘CC2 Power Supply Standby Current 2 mA
(RAS=CAS=Vin)
RAS ONLY REFRESH CURRENT TC511610AJ/AZ/AFTAFTR-60 | - 95

lecs Average Power Supply Current, RAS Only Mode | TC511610AJ/AZ/AFTAFTR-70 - 80 mA 3,5
(RAS Cycling, TAS=Vg: trc=trc MIN.) TC511610AJ/AZ/AFTAFTR-80 | - 70
FAST PAGE MODE CURRENT TC511610AJ/AZ/AFTAFTR-60 | - 75 14

leca Average Power Supply Current, Fast Page Mode [ TC511610A1/AZ/AFTAFTR-70 - 65 mA ;
(RAS =Vy, TAS, Address Cycling: tpo=tpc MIN.) [TC511610A/AZ/AFTAFTR-80 | - 55
STANDBY CURRENT

lecs Power Supply Standby Current 1 mA
(RAS=CAS=Vc-0.2V)
TAS BEFORE RAS REFRESH CURRENT TC511610A)/AZ/AFTAFTR-60 | - 95

lecs Average Power Supply Current, CAS Before RAS | TC511610A)/AZ/AFTAFTR-70 - 80 mA 3,5
Mode (RAS, TAS, Cycling: trc=tgc MIN.) TC511610AVAZ/AFTAFTR-80 | - 70
INPUT LEAKAGE CURRENT

II w Input Leakage Current, any input -10 10 HA
(OV<VN<0.5V, All Other Pins Not Under Test=0V)

I OUTPUT LEAKAGE CURRENT

O K(Dgyr is disabled, (OVEVouT<5.5V), I A
OUTPUT LEVEL

VOH | Output “H” Level Voltage (lour=-SmA) 24 ) v

Vor OUTPUT LEVEL _ 04 v
Output “L” Level Voltage (loyr=4-2mA) -
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TC5116160A]J/AFT-60/70/80

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

TC511610A)/AZ/AFTAFTR
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTE
MIN | MAX. | MIN | MAX | MIN | MAX
tre Random Read or Write Cycle Time 110 - 130 -{ 150 -| ns
temw | Read-Modify-Write Cycle 135 -] 155 -1 175 -l ns
tpc Fast Page Mode Cycle Time 45 - 45 - 50 -l ns
toRatw Fast Page Mode Read-Modify- 70 - 70 - 75 1 s
Write Cycle Time
trac Access Time from RAS - 60 - 70 - 80 ns 9,14,
15
tcac | Access Time from TAS - 15 - 20 - 20| ns 9,14
taa  |Access Time from Column Address - 30 - 35 - 40 ns 9,15
tcpa  |Access Time from TAS Precharge - 35 - 40 - 450 - 9
tcrz  |CAS to Output in Low-Z 0 - 0 - 0 -| ns 9
torr  |Output Buffer Turn-off Delay 0 15 0 15 0 15] ns 10
tp Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 8
tgp  |RAS Presharge Time 40 -t 50 -[ 60 -| ns
tpas  |RAS Pulse Width 60 10,000| 70| 10,000{ 80| 10,000{ ns
trasp | RAS Pulse Width (Fast Page Mode) 60| 200,000 70| 200,000 80|200,000] ns
tgsy | KAS Hold Time 15 -l 20 -f 20 -| ns
e RAS Hold Time From CAS 35 -1 40 -l 45 o -
CP | Precharge (Fast Page Mode)
tcsy  {CAS Hold Time 60 -| 70 -l 80 - mns
tcas |CAS Pulse Width 15| 10,0001 20| 10,000f 20| 10,000 ns
trep | RAS to CAS Delay Time 20 407 20 50( 20 60 ns 14
traD R'KS to Column Address Delay 15 30 15 35 15 40 ns 15
Time
tcrp | CAS to RAS Precharge Time 5 - 5 5 -| ns
tcp | CAS Precharge Time 10 -l 10 -l 10 -| ns
tasp  |Row Address Set-Uup Time 0 - 0 - 0 -| ns
tgan  |Row Address Hold Time 10 - 10 - 10 -l ns
tasc  |[Column Address Set-Up Time 0 - 0 - 0 0} ns
tcag  |Column Address Hold Time 10 - 15 - 15 -l ns
Column Address To RAS Lead 30 -l 35 -| 40
AL | Time ns
tpes  |Read Command Set-Up Time 0 - 0 - 0 -l ns
tacy  |Read Command Hold Time 0 - 0 - 0 -] s 11
et Read Command Hold Time refer- 0 - 0 - 0 1 ns 1
enced to RAS
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TC51161610A]/AFT-60/70/80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING

CONDITIONS (CONT)
TC511610A)/AZ/AFTAFTR
SYMBOL PARAMETER -60 -70 -80 UNIT | NOTE
MIN | MAX. | MIN | MAX | MIN | MAX
twey | Write Command Hold Time 10 - 15 - 15 - ns
twp Write Command Pulse Width 10 - 15 - 15 - ns
tpwr | Write Command to RAS Lead Time | 15 - 20 - 20 - ns
tewr, | Write Command to TAS Lead Time | 15 - 20 - 20 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 12
tpy | Data Hold Time 10 - 15 - 15 - ns 12
tggr  |Refresh Period - 64 - 64 - 64 ms
twes | Write Command Set-Up Time 0 - 0 - 0 - ns 13
tewn |CAS to WRITE Delay Time 40 - 45 - 45 - ns 13
tgwp | KAS to WRITE Delay Time 85 - 95 - 105 - ns 13
o %o;lllmn Address to WRITE Delay s5 ) 60 65 i ns 13
S %ﬁ Precharge to WRITE Delay 60 i 65 i 70 ) ns 13
fesr %ﬁrﬁfﬁg‘; Cycle) S o L I
fenr C(?%S}{;ekfiog%s Cycle) 10 ) 15 ) 15 ) ns
tgpc | RAS to CAS Precharge Time 5 - 5 - 5 - ns
TAS Precharge Time
tcor | (CAS before RAS Counter Test 20 - 30 - 30 - ns
Cycle
tpon | RAS Hold Time referenced to OE 10 - 10 - 10 - ns
topa | OE Access Time - 15 - 20 - 20 ns
topp |OE to Data Delay 15 - 15 - 15 - ns
toxz g:::slg;uﬁer turn off Delay Time 0 15 0 15 0 15 ns 10
togy  |Output Hold Time 15 - 15 - 15 ns
tops |Output Disable Set-up Time 0 - 0 - 0 ns
CAPACITANCE (V¢ =5V £10%, f = 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN | MAX | UNIT
Cy Input Capacitance (AO~A11) - 5
Cp Input Capacitance (RAS, UCAS, LCAS, WRITE, OF) - 7
Co Input Capacitance (1/01~/016) - 7

B 9097248 0025757 195 I
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

A-454




TC5116160A)/AFT-60/70/80

NOTES:

L. 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 Locss Iecas Iocs depend on cycle rate.

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

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

10. 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.

11. Either tpcy or tpgyy must be satisfied for a read cycle.

12. These parameters are referenced to UCAS or LTAS leading edge in early write cycles and to WRITE
leading edge in Read-Modify-Write cycles.

13. twcs: tRwD- towb» tawp and tepwp are not restictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tycs 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.),
tewp2towp (MiR.), tawpZtawp (Min.) and tepwptepwp (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,c can be met. tycp (max.) is specified as a
reference point only: If tgep, is greater than the specified tycp (max.) limit, then access time is controlled

by teac

15. Operation within the tg 5, (max.) limit insures that tg - (max.) can be met. ty o (Max.) is specified as
a reference point only: If tgap is greater than the specified tpap (max.) limit, then access time is
controlled by t4,.
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TC51161610A]/AFT-60/70/80
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TC5116160A)/AFT-60/70/80

wo N / \
- I.iuL. _tacp e trsu P <. I
R v': _J \\.__‘ces_. /
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o T YOS o Y T
T ‘

o N |\

Vo1 —

~YO8 g —

teac tore
taag torz

) — J——

V016 Vg, e X

el
Note: Dy (/O1~1/OB) = Don't Care V/A: “H” o oL

DN (109~1/016) = OPEN
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TC51161610AJ/AFT-60/70/80

LOWER BYTE READ CYCLE ]
N /[ N
b rkag, —taD - —tasm P
N N\ == 21
o mgf@z e T
“ v
o N
Jt”‘ toEA
@ N
! s " ;@( 5——
Note: Dy (/O1~VOB) = OPEN A . "w® or *L°

Dy (VO9~1/016) =Don't Care
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TC5116160A) /AFT-60/70/80

UPPER BYTE WRITE CYCLE (EARLY WRITE)
2R

Vi —
mv::— \u
tosy

rm. tacp N
ViN =

= SN < .

Ve —_/ % % f

tere tarc
o . —
Vi 1,
Bk
ftasr ttal
[et=—p-]

AO~A7 ::: mjw % COLUMN
e O

tow
weH

— ===y

taw

s D .

tps e 1

Vo9 Vm g
~U16 v, DATA-IN

Note: Dy (O1~1/0O8) = Don't Care
Dour = OPEN

: “H" or "L"
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TC51161610AJ/AFT-60/70/80

LR Y TE WRITE CYCLE EARLY R
=" N } F: N
i o Nl
G
T

tom,
TweH

—- =y

taw

D2

1pH

o v wan M.

: “H® or "L
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TC5116160A)/AFT-60/70/80

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
i

e \ N ——
Voo — p— s rros ‘
e/ N /
v 1 :'I': % _ ;‘—‘ML"‘ " W
AO~A7 ::m ROW :‘ COLUMN
o TR o N

aw,

Vi
T T

Note: Oy (VO1~1/O8) = Don't Care V4 "H" or L
Dout = OPEN

< <
e
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TC51161610A)/AFT-60/70/80

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
tac

tgas Inp

wr TN N

Vg —
tae
b=y ~E
Vi

aco tasH e tCRP
v [ teas
jre- S y 4 \é
ViL — tRap
fas g

AO~A7 :::' m jwhj%g COLUMN ‘%///////////////////////////////
g«

YY)
t

= -’

1o, o

e 4 \

tos

"o Dl Y

]
|

Note: Dy (O9~I/C16) = Don't Care V/4: 1 or
Doyt = OPEN
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TC5116160A]/AFT-60/70/80

READ-MODIFY.WRITE CYCLE 3
weT N : /ﬁ\_
T v Z_/TFE o - = / /,.m
W
o EEEEY T TN e
m — N

% : “H" or "L
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TC51161610AJ/AFT-60/70/80

UPPER BYTE READ-MODIFY-WRITE CYCLE

1,
le —_—
s N \__
Vi — X

traD
thar  tasc tean
[ttt |

e T

tawo tow
. tewp tawi

tac

tawp

A
Viy —
o V:: - \t /
n
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TC5116160A]/AFT-60/70/80

LOWER BYTE READ-MODIFY-WRITE CYCLE

wo— N - t N\
= B - A
STl N G—
s :%zmﬁ@; <°L“M:m .,
R
o DR TN Ve
o v,

Note: Dy {I/09~U/016) = Don‘t Care
Doyt (VO9~1O16) = OPEN

9097248 00257L3 T?0 WA
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-465



TC51161610A]/AFT-60/70/80

FAST PAGE MODE READ CYCLE

_tue i1
Vi —— 3 /
m N ;
1 tg LI ——nﬂ—t tore
‘CI_,!; treo e .
M_.( N
s, Vv BTC / N\ o N A
— 4 n -
A W taan
TCsH tean taat
tasp, L4 taschl, thse | tacg ]
Vi b N )
AO~A7 ROW coL coL.2 Col ,
Vi A 3 A
tRaH
tasr
v \
ASR "
~A1R % ROw |
ta toon) ] [tees  taou] it R
Vin tROH
Vi tan thaH
taa tas
T oA _ icpa
toEA TOEA] 1oEa
Vin —
OF Ve — A
[ I - &H teac torF ] torF
¥ tac ) |loez| tqz logz 10€Z
i
VoH —— = 5
o1
s v BB
Note: Dy = OPEN % B
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TC5116160AJ/AFT-60/70/80

FAST PAGE MODE BYTE READ CYCLE

taase L

—_— L
o N
Vi — K
tac <_‘B§H__,
r‘s_n; trep i‘ [ truCP
Vi — &I_j #ﬁ—j /
V'L ——-/ N ’Z \ /
i
tone tcp 1 tapc
Vin
A -
Vi than \
tcsu tean traL
oy LT gl Doan (ASC] | lasg | [
v X
e DX IO o YD o W
v 7 7
tasn, it iAH
ABR Vin h
~A11R ROW
Vo J
iy tacH AL trcu N tacn
_‘51|_ RCS 'F""—
we T K
Vi RRH 7
taa taa LYY d
T icra __tcea
toEA oA t9FA_
o Vin —
v ———
" teac toFF
g, )
Vo Von— o2
~V08 Vg e o 2
thag tort. b lort
. Acag toez 108!
VoH — —_— '
Vo9
~016 Vo — @{ Oour ! Dour ¥ ,2

7 - "y
Note: Dy = OPEN VA: "r oL

9097248 0025770 L29 M
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-467




TC51161610A]/AFT-60/70/80

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

w.Z N

7 : N /Ft\*“:/ m\ﬂ;j:
% < T S .
o m i E
-

o v T K W Y
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TC5116160A]/AFT-60/70/80

FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE)
taase txp
Vik
s Vg — \‘ "
) 'fgt; thep i =< T Cp trsH tere
" — elcas o fetcas
s / N ) !

w | N/

trat
T Thea tasd fow, tasg] [teay

.}% coLi ?%{ coL.2 %@ COLN :W

¥ ‘cm L]
wes t tyes I [dwon 1
t CS 1

Y

£ g
]

3
£

tps

w. D - )

% T~ Y~
e Doyr = OPEN V74 "H® or “L”
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TC51161610AJ/AFT-60/70/80

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tosse ;[:31\
o _— — ey l.gi _tenpw tagn |
S — | Lo |\ . Y,
e | .
e s 1T
M ve R ///////////////////////////?
F2H - —lruo .‘C:Znﬂ_. o |
w:rr::: - \_: e S‘_/ m Sf
L ﬁ—m ' e, - twr
wr \tl / k
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P — e bt

B4 -w o
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TC5116160AJ/AFT-60/70/80

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE

trasp. te,
Vg — ) tosm
Wvl — N
Jrco <3 c
Lemapy L7 sk el
sl TN T/
i = |l b
p
teas
Tons Y —
i — \
toanll L tea tna
Sl g S
oty N = N
o ‘
ASR Vi
~A1IR v, "
—Yowp Xepwp
"‘G.l towp torwo tewp .%.
Vi
WRITE
" ’M‘m _‘cm.M-/ 1 - S_{ t - s
i AL 1 ZT%
13 Yo 1 [ 'Sm twe
Vg —~
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LS fe—taea | for e flcPa |
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Vg —
o1 Vg — Oin2

~/08

[toe
g b
Vi —
o toeo

!
'
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ik — DIN‘ ‘t N
v09 Jou
~016 to toj
Vou = » N
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i
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TC51161610A]/AFT-60/70/80

RAS ONLY REFRESH CYCLE

thag

v " T o K
e TN o Y

Note: WHRITE, OE= “H” or “L*
VA . ey aya
D= Don't Care A W or "t
Doyt = OPEN

CAS BEFORE RAS REFRESH CYCLE

! tap tans np

Vin —
719 Ve — \ f \
r
tosr tcun ]
v, T
TR Y — h

vor1~ Vo ) OPEN
016 Voo— o/

7// : *H” or "L
Note: WRITE, OF, AO~A7, ABR~A11R= “H” or "L”
Oy = Don’t Care
TAS before HAS refrash is performed when either UTAS or TTAS mests this iming.
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TC5116160A)/AFT-60/70/80

HIDDEN REFRESH CYCLE (READ)
tag

A R
Vi —— p
TCAS Va —_/ /
H

e ‘ -
o \lj 4’
o :::: — %: DATA-OUT . e

Note: Dy = OPEN % . *M® or "L”
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TC51161610A]/AFT-60/70/80

HIDDEN REFRESH CYCLE (WRITE)
tag

e -
. =
i T e T

Note: Doyt = OPEN VA: “H" or “L°
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TC5116160A)/AFT-60/70/80

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE

tras

tae
Vi — I
[ Vi, — "/ \_

| tepr trsh Ltene
tosk teas |
Vg — — —i
UTAS,
s e — \ /-
ALTYY
RO T

wo TR > M

tarH

- :W Eﬁ%

tore
el
vo1 Vox —
~vois OPEN % DATA-OUT ﬂ}——-—

Note: ASR~A11R="H" or "L" /7] “H" or "L
Dyn = OPEN
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TC51161610A]/AFT-60/70/80

TAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE
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