AT~ o . TOSHIBA MOS DIGITAL INTEGRATED CIRTUIT
INTEGRATZS CIRCUIT | 2 PEAL J

TC51V16160 CJIS / CFTS - 60
TOSHIBA

TECHNICAL DATA SILICON GATE CMOS

T

¥

TENTATIVE DATA

1,048,576 WORD x 16 BIT FAST PAGE DYNAMIC RAM
DESCRIPTION

The TC51V16160CJS/CFTS is the fast page dynamic RAM organized 1,048,576 words by 16 bits. The
TC51V16160CJS/CFTS 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 TC51V16160CJS/CFTS to be packaged in 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 3.3VZ0.3V tolerance, direct interfacing capability with high performance logic
families such as LVTTL.

FEATURES
e 1,048,576 word by 16 bit organization & Single power supply of 3.3V0.3V
¢ Fast access time and cycle time with a built-in Vpp generator
® Low Power
TC51V16160CIS/CFTS 360mW MAX. Operating
-60 (TC51V16160CJS/CFTS —60)
0.72mV MAX. Standby
trac | RAS Access Time 60ns ® Outputs unlatched at cycle end allows two-
taa | Column Address 30ns dimensional chip selection
Access Time ® Read-Modify-Write, CAS before RAS refresh,
teac | TAS Access Time 15ns RAS-only refresh, Hidden refresh, and Fast
. Page Mode capability
t Cycle Time 110ns .
e - Y > ' iod ® 4096 refresh cycles/64ms
P e T a0ns ® Package TC51V16160CJS  : SOJ42-P-400
TC51V16160CFTS : TSOP50-P-400
PIN CONNECTION (TOP VIEW) PIN NAMES
Plastic SOJ Plastic TSOP
Vee (11 a20v Vee 01 S0P Vs AQ0~A11 | Address inputs
vos 3 aFuo  vo1g2 43f v016
= sofjvo1s 10203 48p v015 RAS Row Address Strobe
02 3 oLt 03 g a a7pvoia
o3 )4 39 11014 ypads 46Q V013 Joag | Column Address Strobe
1104 (s 38[ 11013 Ve 06 4sf Vg
Vee ay p 37#Vss '/82 E 7 4‘;3 I/812 / Upper Byte Control
= i 8 43p ron ) A
uoz 7 36 j1/O12 107 E 9 428 1010 TCAS Column Address Strobe
:;87 =§ 32 :;8:(‘) 1708 4 10 a1 g 1709 / Lower Byte Control
1/O8 : 10 33 11/09 NC g 40 NC WE Write Enable
NCLN 32_iNC OF Output Enable
NC 12 NS wedis 360 NC
WE[]13 30 JUCAS  \cdis 3shTcas I/01~1/016 | Data tnput/Output
RAS []14 29 10¢ WE (17 34p UCAS y o (+3.3%)
ANR[]1s 28[ ] A9R mgts 3336‘&' ce owerl+>
AIOR [ |16 27[1asr  A1IR Q19 32p A9R
A0 17 2600a7  A10RQ20 31[ ABR Vss Ground
Al 18 25{_|AB :? E %; ggg ﬁg N.C. No Connection -
A2 119 241 [AS A2023 28p A5
A3 [ |20 23| JA4 A3 (24 270 A4
Vee L] 2Y 220 Vss Vee Q25 26[1 Vs
The 1AIOIMAtioN (ONtAINEd NEreN 13 Digtenied On.y 43 3 guwde tor the spohcations ol gul rOducls NO eIDONLDLy 13 sssumed Dy TCS 1 V1 61 GOCJ S/C FTS - 1\
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

f
!
i

TC51v16160 S/ CFTS - 60

BLOCK DIAGRAM
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INTEGRATED CIRCUIT |
TOSHIBA

TC51V16160 CIS/CFTS - 60
TECHNICAL DATA

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT NOTE
Input Volitage Vin -0.3~Vcc+ 0.3 1
Qutput Voltage Vour -0.3~Vec+0.3 1
Power Supply Voitage Vee -0.3~46 \ 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tstg -55~150 °C 1
Soldering Temperature (10s) TsoLoER 260 °C 1
Power Dissipation Po 600 mw 1
Short Circuit Qutput Current louTt 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 3.0 33 36 v 2
Vin Input High Voltage 2.2 - Vee + 0.3 v 2
Vi Input Low Voltage -03** - 08 v 2

Vee + 1.2V at pulse width S 20ns. (pulse width is measured at Vcc)
** .1.2V at pulse width S 20ns. {pulse width is measured at Vss)

TC51V16160CIS/CFTS—3

1996 - 08 - 01

TOSHIBA CORPQRATICO




INTEGRATED CIRCUIT
TOSHIBA

TC51V16160 UJS/CFTS - 60
TECHNICAL DATA

DC ELECTRICAL CHARACTERISTICS (Vce=3.3V+0.3V, Ta=0~70%)

SYMBOLI PARAMETER MIN. | MAX. | UNIT | NOTE

OPERATING CURRENT
lecs Average Power Supply Operating Current TCS1V16160CIS/CFTS-60 - 100 mA | 3,4, 5
{RAS, UCAS, LCAS, Address Cyciing: tac = tac MIN.)
STANDBY CURRENT

lees Power Supply Standby Current - 1 mA
(RAS = UCAS = LCAS = V))

RAS ONLY REFRESH CURRENT
iccs Average Power Supply Current, RAS Only Mode TC51v16160CIS/CFTS-60 - 100 mA 3,5
(RA3 Cycling, UCAS = LCAS = Viu: tac = tag MIN.)
FAST PAGE MODE CURRENT

leca Average Power Supply Current, Fast Page Mode TCS51V16160CUS/CFTS-60 - 105 mA | 3,4, 5
(RAS = V,, UCAS, LTAS, Address Cycling: tec = toc MIN.)
STANDBY CURRENT

lces Power Supply Standby Current - 200 wA
(RAS = UCAS = LCAT = Ve - 0.2V)

TAS BEFORE RAS REFRESH CURRENT

lccs | Average Power Supply Current, TAZ Before RAY TCS1V16160CIS/CFTS-60 - 100 mA 3.5
Mode (RAS, UCAS, LTAS Cycling: tpc = tac MIN.)
BATTERY BACK UP CURRENT e
Average Power Supply Current, Battery back up Mode

lccr | (RAS Cycling, UCAS or LCAS = CAS Before RAS Cycling or 0.2V, - 800 A 3,6

OF, WE, A0~A11=Vec~0.2V or 0.2V, /O1~VO16 = Ve - 0.2V, 0.2V or

Hi-Z:tac = 15.6u8 trag = tras MIN~300ns)

SELF REFRESH CURRENT

lecs A_v_e_rag_e__Po_wer Supply Current, Self Refresh Mode _ 200 A
(RAS = UCAS = LCAS =V, OE, WE, A0~A11=Vcc=-0.2V or 0.2V,

HO1~1/016 = Vec ~ 0.2V, 0.2V or Hi-Z)

INPUT LEAKAGE CURRENT

b Input Leakage Current, any input -10 10 #A

: (OV 2 V| S Ve, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

1 o -10 10
O W | (Doyr is disabled, OVS VourS Vee) wh
v ' OUTPUT LEVEL 24 v
On Qutput “H” Level Voltage (lgyr= - 2mA) ’ -
OUTPUT LEVEL
Vo - 0.4 v

Output “L” Level Voltage (loyr = 2mA)

—tin,

TC51V16160CIS/CFis— =
1996 - 08 - 01
TOSHIBA CORPORAT




INTEGRATED CIRCUIT |
TOSHIBA TC51v16160 QJS/CFTS- 60

TECHNICAL DATA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec=3.3V 0.3V, Ta=0~70%) (Notes 7, 8, 9)

TCS1V16160CIS/CFTS

SYMBOL PARAMETER -60 UNIT NOTE
MIN MAX
tac Rancom Read or Write Cycle Time 110 - ns
R Reac-Modify-Write Cycie Time 172 - ns
toc Fast Page Mode Cycle Time 40 - ns
trorrw Fast Page Mode Read-Modify-Write Cycle Time 80 - ns
tzac Access Time from RAS - 60 ns 10,15,16
teac Access Time from CAS - 15 ns 10,15
taa Access Time from Column Address - 30 ns 10,16
tepa Access Time from CAS Precharge - 35 ns 10
ez TAS to output in Low-Z 0 - ns
toes Output Buffer Turn-off Delay 0 15 ns 1
tr Transition Time (Rise and Fall) 3 50 ns 9
tap RAS Precharge Time 40 - ns
taas RAS Pulse Width 60 10,000 ns
trase | RAS Pulse Width (Fast Page Mode) 60 100,000 ns
trsk RAS Hoid Time 15 - ns
o RAS Hold Time From TAS Precharge 35 _ ns
(Fast Page Mode)
tesk CTAS Hold Time 60 - ns
teas CAS Pulse Width 15 10,000 ns
treo RAS to CAS Delay Time 20 45 ns 15
tRap RAS to Column Address Delay Time 15 30 ns 16
teRp CAS to RAS Precharge Time S - ns
o CAS Precharge Time 10 - ns
tase Row Address Set-Up Time 0 - ns
tRAH Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tcan Column Address Hold Time 10 - ns
tRaL Column Address to RAS Lead Time 30 - ns
tRreS Read Command Set-Up Time o] - ns
tACH Read Command Hold Time 0 - ng 12
tqau Read Command Hold Time referenced to RAS 0 - ns 12

TC51V16160CIS/CFTS—5
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INTEGRATED CIRCUIT

TOSHIBA

TC51v16160 CJS/CFTS - 60

TECHNICAL DATA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)
TCS1V1616Q0CIS/ICFTS
SYMBOL| PARAMETER -60 UNIT NOTE
MIN, MAX.
twien IWrnte Command Hold Time 10 - ns
twe Write Command Pulse Width 10 ~ ns
tawy Write Command to RAS Lead Time 10 - ns
tewt Write Command to CAS Lead Time 10 - ns
tos Data Set-Up Time 0 - ns 13
tom Data Hold Time 10 - ns 13
tage Refresh Period - 64 ms
twes Write Command Set-Up Time 0 - ns 14
tewp | CAS to WE Delay Time 40 - ns 14
tawo RAS to WE Delay Time 85 - ns 14
tawo Column Address to WE Delay Time 55 - ns 14
tepwp | CAS Precharge to WE Delay Time 60 - ns 14
tesr TAS set-Up Time (CAS before RAS Cycle) 5 - ns
teHR CAS Hold Time (TAS before RAS Cycle) 10 - ns
treC RAS to TAS Precharge Time 5 - ns o
eor EK-_iPrecharge Time 20 _ ns
(TAS before RAS Counter Test Cycle)
taom RAS Hoid Time referenced to OF 10 - ns
toza OF Access Time - 15 ns 10
toeo OF to Data Delay 15 - ns
towz OF to Output in Low-Z 0 - ns
toez Output buffer turn off Delay Time from OF 0 15 ns "
toem OF Command Hold Time 10 - ns
toos Qutput Disable Set-Up Time 0 - ns
tRass RAS Pulse Width (CAS befare RAS Self Refresh) 100 - us
tres RAS Precharge Time (CAS before RAS Self Refresh) 110 - ns
teus CAS Hold Time (CAS before RAS Self Refresh) - 50 - ns
CAPACITANCE (Vcc=3.3V+0.3V, f=1MHz, Ta=0~70°%)
SYMBOL PARAMETER MIN. MAX. UNIT
Ciy Input Capacitance (AD~A11) - ) oF
Ci, Input Capacitance (RAS, UCAS, LCAS, WE, OF) - 7 pF
Co Input/Qutput Capacitance (I/O1~11016) - 7 pF

TC51V16160CIS/CFT>—6

1996 - 08 - 01

TOSHIBA CORPORATIC



NTEGRATED  CiRCUIT |
TOSHIBA ’

TC51V16160 CIS/CFTS - 60
TECHNICAL DATA

NOTES:

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

]

All voltages are referenced to Vss.

Icci, Ices. Iccy . Iccs depend on cycle rate.

- w

Icci, Iccydepend on output loading. Specified values are obtained with the output open.

w

Address can be changed once or less while RAS=V]L. In case of Iccy, it can be changed once or

less during a fast page mode cycle (tPC).

6. tras(max.)=300ns is only applied to refresh battery back up. tras(max.)=10zs is applied to
functional operating.

7. An initial pause of 500us 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 tT=>5ns.

9. VIH (min.) and VL (max.) are reference levels for measuring timing of input signals.  Also,
transition times are measured between Viy and VL.

10. Measured with a load equivalent to 100pF and at Vog=2.0V (IoyT=-2mA), VoL =0.8V
{(IouT=2mA).

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

12. Either tgrcH or tRRH must be satisfied for a read cycle.

13. These parameters are referenced to UCAS or LCAS leading edge in early write cycles and to WE
leading edge in Read-Modify-Write cycles.

14. twcs, tRwWD, tcwD, tAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twes2twes (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If trwp2trwp (min.), tcwp2tcwp (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 conditions is satisfied, the condition of the data
out (at access time)is indeterminate.

15. Operation within the tgrcp (max.) limit insures that trac (max.) can be met.
tRCD (max.) is specified as a reference point only: If tgcp is greater than the specified trep (max.)
limit, then access time is controlled by tcac.

16. Operation within the trap (max.) limit insures that tgac (max.) can be met.
tRAD (max.) is specified as a reference point only: If tgap is greater than the specified trap (max.)
limit, then access time is controlled by taa.

TC51V16160CIS/CFTS—7
1996 -08 - 01
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INTEGRATED CIRCUIT |
TOSHIBA

TC51v16160 CUS/CFTS - 60
TECHNICAL DATA

TIMING DIAGRAMS

READ CYCLE

tae
. | EXXY . 1S e
Vi o ’ L .
s \ / \
Vi — k
tegm

| tCre taco tRs~ tcro
Vi e }
TS, iH \\ teas / /
LCAS Vi - taad -1
t
t 1

tttttt

ASC

9

i DGR KK

“ 7 | N

AA
loea
Vi — o

tcac I JoF:
toez

1701 Vou— ay, X
~I016 Vg — H- DATA-OUT )

TC51V16160CIS/ICFT>~8
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INTEGRATED CIRCUIT |
TOSHIBA

TCS1V16160 CJS/ =75 - 69
TECHNICAL DATA

BYTE READ CYCLE

o —\
tcas taco —c [ i tcap
= :L _ N — / /]
me T ©3) =
ovn R YK o
tags | . tary —
T X
%, N /
trag —e t0ez LEL'.
1709 -
~y016 Vou— S : 4 ATA. OUT N
(uol uos) VoL — o | DATA-OU %

Note : Dy (I/O1~I1/08) = Don't Care
Dy (WO9~1/Q16) = Hi-Z
DOUT (IIO1~|108) = Hi-Z
(D.N (109~1/016) = Don't Care)

Oin (VO1~4/08) = Hi-Z
DOUT (]/09“[/016) = HI-Z

TC51V16160CIS/CFTS—9
1996-08 - 01
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INTEGRATED CIRCUIT |
TOSHIBA

TC51v16160 CJS/CFTS - 60

TECHNICAL DATA

WRITE CYCLE (EARLY WRITE)

[ 1
1
|

ta¢
£ tas
Vik e— p
RAS \
Vi, — ! / n_
tes~
, lces tacy 136 ' tgao i
Vin }
CAS, \\ teag / /
LEZS Vh — tRAN X
L i taag
ASR i :;A_‘ ‘

o T J; —
- t::'milw e e
wr T
o« WW//////////////

. R

: “H" or "L”

¥

Note: Doyt = Hi-2

.

TCS1V16160CIS/CFTS — ©
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INTEGRATED CIRCUIT
TOSHIBA

TC51V16160 CJS/CFTS - 60
TECHNICAL DATA

BYTE WRITE CYCLE (EARLY WRITE)

tac
tras tas
Viy et 4
= \ /
Vip =—— T
tess
le teae treD tcao
TTAS VM ] \ tcas /
ca
(LCK;) V,& — \ . /
t

tcrp
i |

|
w5 v )
tasg, teax A,
sonr "7 o OX oo 0070 row

RPC
~—

< ;ED - XE
m ==y
"

om

o T o T

Note: Dy (VO1~1/08) = Don't Care
{Oy (WO9~1/016) = Don't Care)
DOUT = Hi-Z

TC51V16160CIS/CFTS— 11
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INTEGRATED CIRCUIT
TOSHIBA

TC51Vv16160 CUS/CFTS - 60

TECHNICAL DATA

WRITE CYCLE (OE CONTROLLED WRITE)

tre

lesm
R <L) trep trgn ) tgae

[
UCAS, Vig —— J‘ g\:ts cas Z//l //;f
- Vii — taap -

3 —
RA - tasc team

1

A=A ::: —%////// \ R }@i: COLUMN ’ A ROW
RAH

ABR Vin —7

~AtIR Vi m&_&’v

A
g et

" -w @ 2
S aan

"o ::: : y OATA-IN >W/%

% : "H® or “L”

Note: Douf = Hi-Z

e,

TC51V16160CIS/ICF . .~ 1.
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INTEGRATED CIRCUIT |
TOSHIBA | TC51V16160 CJS/ CFTS - 60

TECHNICAL DATA

BYTE WRITE CYCLE (OE CONTROLLED WRITE)

CCCCCCCCCCCCCCCCC

tcas I
UCAS Vin — -
(m) VlL ‘—‘J \\h / //
e, tooc
TCAS Y —%
TR |, / / ot

T
7
tray
2_51 It ASC tcan
AO~A7 ::: :%i ROW %: COLUMN ’ / ROW
A_B.RAHR ::::' ~W row ¥ /// / // ROW

VL
t

AW

twe '

" N

toos toen

e = aan
o R -

~{/08
7 L g uy »
Note: Dy {l/O1~1/08) = Don't Care % P "HY or "L
(D (1/09~1/016) = Don’t Care)
DOUT = H|-Z

TC51V16160CIS/CFTS— 13
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I
INTEGRATED CIRCUIT |
TOSHIBA

TC51V16160 CJS/ CFTS - 60
TECHNICAL DATA

READ-MODIFY-WRITE CYCLE

w =N I
1 \
e . A

= L aaame 8

e —,
\::: 2 @y.@

2%q : tnvalid Data

e

TC51V16160CIS/CFTS— 14
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INTEGRATED CIRCUIT |
TOSHIBA

TC51V16160 UUS/ CFTS - 60
TECHNICAL DATA

BYTE READ-MODIFY-WRITE CYCLE

Lavw
tras tqe
Vi —— '
RAS V'" N % N
L ™ 7
tcsm ¢
tere trCD - RS M car
CAS
TCAS Vin — N / ]
R vy — /S \_\_-s /]
'tca; tapc
TCAs Vm —W ////,// '
TTRS) v, /4//% e %//_//%//
tasr| |tRaM  tasc tcaH
In-— et > - -
Ao~ar ™ ROW @é‘ COLUMN ////% ROW
V|L — K
tasr| [tran
g
ABR VIH / -
o IR X K™
tawp towt
tres towo tRwi
twe
Vin 77
w .
t trwp
taa
v loca
M ——
oF N, /
ViL — X
, - trac . toep t toH,
Vm h— .
S teac
(I/OI ) toez
~1/08
V m———
ox Hi-Z DATA-OU‘I}
Ve —
\ o lowz
¥
Note: DN (/O1~1/O8) =Don't Care :"H" or "L”
Doyt (WO1~1/08} = Hi-Z BB . Invaiid Data

(DXN(l/09~I/O16) =Don't Care )
Doyt (VO9~1/016) = Hi-2Z

TCS51V16160CIS/CFTS— 55
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INTEGRATED  CIRCUIT | TC51V16160 CJS/ CFTS - 60
TOSHIBA ‘

TECHNICAL DATA -

FAST PAGE MODE READ CYCLE

| trasp trp
Vi — Y ‘
a3 \ AN
Vy — 7
Lo toc tagu
IS_-'.(: trco teo 13nce IACRP
v I tcas Jgas " . tcas !
TUCAS W traD N
’ s v —/ t \:__:-/ \-u_y e \ y /)
w RAK -
LCsH tean taaL
tase tasc | tcan | tase! | tasg ‘_C_'-:{
VIH_ L o , // f’/;/ 2% ’///'
w .
tRAH
tasr > [
Vv
tres, tacM tres  tRCH tacs RCH
Vim % / taoH
WE // / “ /
ViL t tRRH /
taa taa - AA -
- " tcpa " tepa
toea il | _toga to£a "
Vi — ” - B
ot ViL — \! \J“ \“
L taag liQet teac ot teac o
! tcac 1062 toe2
101 Vo — o N '>_
~1/016 VoL — our 4
oLz loyz toLz
¥4 ez Lz
Note: Dy = Hi-2 % c"HT or "L”
,‘ 2 . Invalid Data
Eia

TC51V16160CIS/ICFTS— 1-
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INTEGRATED CIRCUIT
TOSHIBA TCS1V16160 CUS / CFTS - 60

TECHNICAL DATA

FAST PAGE MODE BYTE READ CYCLE

lrage tre
Viw — ’\ /
Vip — X b4 \
tec tpc togm
tgl: tr¢D tee TRHCP b
I tcas tcas
UCAS Vi — taap \ / \ tcas tcp *\
(ICR%) Vi — o A P8
I‘_CB: | trec
'
CAS Vin —7 7
UED) v, —7 than %/2///
tosH traL
tase Tasc toan tasc :_c:“ Tasc Lc_;rl
Vin b Y i
AO0~A7 ROWJ coL.1 CcoL.2 COLN ROW
Vi - T .
tasn AL
ABR Vin
~A11R % ROW //////%/ ///////// ROW
ViL 7
RS | trew tres  ReH|, | Itags 1RCH
I ->
Vi —
WE
Vi tRRH
- taa | taa . taa
tcra tepa
v toea h toea B toea
H— \ \
ﬁ VIL — !i \\ !
trac toes tcac I‘OFF teac torr
teac to€2 toez 1o€?
1109
~1/016 Von — * K —\
1101 Vo — Bour ¥ |/ Dour N _>
~1108 loz toLz towz
oz oz oz

Note: Dy {/O1~1/O8) = Don't Care
Doyt (VO 1~1/08) = Hi-Z
Din (109~17016) = Don’t Care
(oom(l/09~uors) =Hi-2Z )

“H" or "L"

: lnvalid Data

TC51V16160CIS/CFTS— 17
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INTEGRATED CIRCUIT |

TOSHIBA

TECHNICAL DATA

TC51v16160 CJS/CFTS - 60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

V«H
RAS
v

XXXXX

I
!

[ <)

, trp
£ \
tere

tagc

ROW

Y

RS
tcas .,

tco
’4\
tra, |

jf N

Z
//

coL.

H = 3
ROW
18 -
T twes
-
[ — ]

— l
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TC51V16160 CJS/ CFTS- 60
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TC51v16160 CJS/CFTS - 60
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INTEGRATED CIRCUIT |
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