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uses crt,do~; 
const 
ade 
yO 
y1 
y2 
y3 

$300; 
$040F 
$041 r 
$042) 
$0431 

{ Alamat ADC yang digunakan } 

var 
scan chaj:-; 
data arr~y [0 .. 100] of integer; 
i bytt; 
tmp int$ger; 
x,x1,x2,x3,tata,suhu,t,m,e,v,y real; 

begin 
clrscr; 
textcoloJt(3); 
gotoxy(9;1) ; 
gotoxY(1~,2) ; 
gotoxy(9P) ; 
gotoxy(lQ,4); 
gotoxy(1~, 5); 
gotoxy(lQ, 6); 
gotoxy (Hi, 7) ; 
gotoxy(9,iS) ; 

write('----------------------------------------'); 

repeat 

write('Sistem Pencuplik Data 12 Bit 4 Channel'); 
write('----------------------------------------'); 
write('Tekan 1 untuk sensor temperatur'); 
write ('Tekan 2 untuk sensor cahaya '); 
write('Tekan 3 untuk sensor tegangan '); 
write('Tekan Esc untuk keluar'); 
write('----------------------------------------'); 

scan:= rEladkey; 
case searj of 

#49:1 begin { program utk sensor temperatur ) 
i:=l; 
repeat 
portw[adc] :=yO; delay(lOOO); 
data[i]:= portw[adc] and $FFF; 
tmp:= data[i]+tmp; 
rata:=tmp/i; 
inc (i) ; 
if i=20 then 

begin 
i:=l; tmp:=O; 
end; 

x1:= rata*0.001220703; 
suhu:= round(x1/0.05); 
gotoxy(10,10); write('Temperatur 
until keypressed; 
end; 

#50: begin 
i:=l; 
repeat 

inisialisasi ADC, CHO aktif 
{ pengambilan data 12 bit } 

{ Output ADC dalam volt ) 

=',suhu:5:0, Celeius'); 

portw[ade]:=yl; delay(100); {inisialisasi ADC, CH1 aktif } 
data[i]:= portw[adc] and $FFF; 
tmp:= data[i]+tmp; 
rata:=tmp/i; 
inc (i) ; 

if i=20 then 
begin 



end; 

Lamp,ran A 

i:=l; tmp:=O; 
end; 

x2:= rata*O.001220703; 
x:= x2-1; 
y:=(x*180)+120; 

Output ADC dalam volt I 

gotoxy(10,15); write('Intensitas eahaya =',y:5:0,' lux'); 
until keypressed; 
end; 

#51;: begin 
i:=l; 
repeat 

( program utk sensor de I 

portw[ade):=y2; delay(100); inisialisasi ADC, CH2 aktif I 
data[i) := portw[ade) and $FFF; 
tmp:= data[i)+tmp; 
rata:=tmp/i; 
ine(i); 
if i=20 then 

begin 
i:=l; tmp:=O; 
end; 

x3:= round((rata*O.001220703)*100); 
v:= (x3/100)*2; 
gotoxy(10,20); write ('Tegangan = ',v:5:2, ' volt' ); 
until keypressed; 
end; 

#27:: exit; 

until sean=#27; 
end. 
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Lamp!ran C 

~National Semiconductor 
; ~ i ·.llq ( 

LM35/LM35A/LM35C/LM35CA/LM35D 
Precision Centigrade Temperature Se~sors 
General Description 
The lM35 series ar. precision Inlegraled.cIrcuIl le""",ra·, avaHablo packaged In hennetic T~6 transislor packogot, 
luro sonsors. whose oulpul voIlage Is 6near1y'proportionallo whtlethe LM3SC.lM35CA, and lM350 are also available In 
lhe Celsius (Cenligrade) I.mperalure. The lM35 lhUs has. Ihe plastic T0-92 transistor package. The LM350 Is also 
an advanlage over ronear lemperal ...... nsorS calibraled In" avaHable in an 8·lead surface mounl sman out6ne package 
Kelvin. as Ihe us.r Is nol required 10 .ubtrael a large eon-' , and a plastic T0-202 package. 
slanl vol1age Irom lis outpul 10 oblain convenlenl Cenli· 
grade scartng. The lM35 does nol requiro any oxto,nal can· 
brallon or Irlmming 10 provido 1ypIca1 aecurades 01 ± VeC 
al room lemperalura and ± '/.'C OYer a Iutl - 55 10 + lSO'C 
lemperalure range. low eosl Is a •• ured by trimming and 
calibration al\he waler level. The lM35·. low oulptrllmped. 
anee. ronear output, and predae Inherenl calibra1ion make 
Inlerlacing 10 r.adout or control circuitry especlaQy easy. 11 
can be used wilh single power suppAes. or wiIh plus and 
minus supplies. As " draws only 60 p.A lrom lis supply. n has 
very low •• II-heallng. lesslhan O.I'C In slin air. Th. lM35 Is 
raled 10 operale over a-55' 10 + ISO'C lemperatura 
rang •• white Iha lM35C Is raled lor a - 40' 10 + 11 O'C 
range (-10' wHh Improved accuracy). The lM35 •• ri.s Is 

Features 
• Celibraled directly In ' Celsius (Centigrade) 
• linear + 10.0 mV rc scaI. laclor 
• O.S'C aecuracy guaranleeab1. (al + 25'Q 
• Raled lor lull -55' 10 + 15O'C range 
• Suitable lor remole appfications 
• tow eosl due 10 waler~eveI trimming 
,. Operales lrom 4 to 30 vo11s 

• toss lhan 60 p.A currant drain 
• low san.healing. O.08'C In still air 

• Non6nearily only ± WC typical 
• tow Impedance output, 0.1 n lor 1 rnA load 

, 
Connection Diagrams 

TO·46' 
Melal Can Paekaga;' 

T0-92 
PI .. tle Package 

"'f 
S~an Outnne Molded Pe~keoe 

I"""' "'" 
Tt.I1-tf5511-1 

·C.,e " conneded to nege.ttYe pin (GNat 

Order Number LM35H, LM3SAH, 
LM35CH, LM3SCAH or LM3S0H 
See NS Plekeg. Numbar H03H 

IOmlM YIN 

TlJKI!SI8-1 

Order Number lM35CZ, 
LM35CAl or LM350l 

S .. NS Package Number l03A 

V""'O'" or. N.C.t 7~ 

M.e. 3 'M.c. 

GIlD' 5 M.c. 

;:.. 1lnUSStl-lt 
TopVle. 

N.C.-No~ 

Order Number LM350M 
Sea NS Pickage Number MOSA 

1 

I 

TO·202 
Plnlle Package 

Typical Applications .:: : .. ' "''l', I 

'V, 

to 
nor 

' ... r 
GNO 

TL/H/55t1-24 

Order Number LM350P 
See NS Package Number P03A 

+" I" TO""I 

$~ ... " 
":' .. ~ 
~. . 11.n41S511-' 

FIGURE 1. aalle Cenllgrade 
Temperalure ' 

SenIor (+ 2'910 + ISO'C) , 

5·12 ' 

-

1\JHISI'1-4 

Vcan- +1.soo mY 8t + 15O'C 
- +2SO mY It +2S"C 

- -550 mV It -55"C 
FIGURE 2. Full-Renoe CenUgrede 

" Tamparerure Senoor 
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A~solute Maximum Ratings (Note 10) 
3: .. w 

! 
U1 

. II tta<Y/AoroOPlc •• p.clf1~d doyle .. ar. roqulreil, SO Package (Note 12): ..... 
r-

pie " contact tho NaUonal Semiconductor Sal .. Vapor Phase (60 seconds) 215'C 3: 
01 lotltrlbutorl lor Iyallablllty and opoclllcaUonl. Infrared (15 seconds) 220"C 

w 
I U1 

I~VoItage +35Vto -0.2V ESD Susceptibility (Note 11) 2500V ~ 

i ..... 
_ .. Voltage ' . +6Vto -I.OV Specified Operating Temperature Range: TUIN to TUAX 

r-
i 3: , OutRut Current 10mA (Note 2) w 

I Stor,ge Temp., T()..I6 Package. -6O"Clo +180"C U1 
LM35.LM35A -55'C 10 + 15O"C 0 

i T0-92 Package. -6O"C 10 + 150"C ..... 
LM35C. LM35CA -~O"C 10 + IIO"C r-

SQ..8 Package. - 65'C 10 + 15O"C O"C to + lOO"C 
3: .. LM35D w 

TO-202 Package, - 65'C 10 + 15O"C U1 
0 

Leatemp~ ~ ..... 
T 6 Package. (Soldering. 10 seconds) 300"C r-
T~92 Package. (Soldering. 10 seconds) 26O"C 3: 

w 
T<t-202 Package. (Soldering. 10 second.) + 230"C U1 

0 

EIEjctrical Characteristics (Note I) (Noto 6) 

, LM35A LM35CA 

paremeler Condlllon. 
Toaled Ooslgn Tested Oe.lgn Units' -

Typical LImit LImit TypIcal LImit LImit (MaL) 
(Note 4) (NotoS) (Note 4) (Note S) 

= TA- +2S'C ±0.2 ±0.5 ±0.2 ±O.S 'C 

.- TA- -IO"C ±0.3 ±0.3 ± 1.0 'C 
TA -TIoW( ±0.4 ±I.O ±0.4 ± 1.0 'C 
TA-TuIN. ±0.4 ±I.O ±0.4 ±1.5 'C 

TI,UN.:TA.:TIoW( ±0.18 ±0.35 ±0.15 ±0.3 'C .. 
(Nota 8) 

_Sans< Gain TI.IIN.:TA.:TMAX + 10.0 +1.8, + 10.0 +8.9, mVrC 
(Aver geStope) , + 10.1 + 10.1 

Lotd ~egutafion TA-+2S'C ±0.4 ±I.O ±0.4 ± 1.0 mVimA 
(Note 3)0':",':1 mA TMIN.:TA.:TMAX ±O.S ±3.0 ±O.S ±3.0 mVlmA 

line I egutaUon TA- +2S'C ±O.OI ±O.05 ±0.01 ±O.OS mVN , (Nota 3) 4V':Vs':30V ±0.02 ±0.1 ±0.02 ±0.1 mVN 
i 

~nlCurrent VS- +5V. +2S'C 56 67 56 67 ,.A 
.(NolaIS) VS- +5V 105 131 111 114 ,.A 

VS- +30V. +2S'C 56.2 68 56.2 68 ,.A 
VS- +30V 105.5 133 II 1.5 1HI ,.A 

a-'" 01 
4V':Vs':30V. +2S'C 0.2 1.0 0.2 1.0 ,.A 

CuTanl ~V.:Vs':30V 0.5 2.0 0.5 2.0 "A 
(Note 3) 

= i"alure +0.311 +0.5 +0.311 +0.5 "Arc 
FMonlol 

~ FenICuTent 

~ Temperalure In circuit 01 +1.5 +2.0 +1.S +2.0 ·C· , for Rajred Ar:an.cy ~'.IL-O 
: 

Long t""" SI&biIi1y T J - T loW(, lor ±0.08 ±0.08 'C 
l000houn 

, . 

f------~.,'<··~·~·w.---g.,'< .. ~.~~.-~-fI'!i:T s: .... cae lor IhIl..M35O. VI- +5Vde and 1ulAo-50 pA. 1ft the cWouit of F.gunl. 1M .. ~tions abo appty Irotn +2"C to TMAX in Ihe cira.it of 
R I. Speo6eationt ." boIdtact ~ 0tIeI the lui ,.Ied .. mpet • ....,. ' ... 

NoM n.nn.t r-.nc:. ~ .. T0-4 PKbOe ill 4Oa'CIW. )Jnc1Ion to atnb6eN.. and U"CIW ~ to cas •. lhetmaI reSistanc. oIlh11 TO-II2 package it 
1 ~ ., ~ ThIn'neI r.-.nce of the ItMI 0Udna ft'IOkJed ~dr.&ge .. ua'CIW ~ 10 1mbient. ThetmaI ,.ftistanee 01 UN TO-202 ~ 
it ).IQcn 10 ~ For IOftonIIIf'IerrNI ~ Information ... table 1ft the Applications section. 

i 
I 
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Electrical Characteristics (Note t) (Note 6) (Continued) M .. 
::;: 

, . ,. 
..J ...... lM35 LM35C, LM350 i « • ;'1 

! 0 Te.ted Design Tested Design Unftl 
ll) Parameter Conditions r. 
M Typical Limit Umlt Typical Umll Umlt (MIL) l ::;: (Note 4) (Note 5) (Note 4) (Note 5) · .' ! ..J ...... 

Accuracy. TA= +2S·C 0 :1:0.4 :I: 1.0 fO.' :I: t.O "C' I ll) lM3S.lM35C TA- -IO"C fO.S !:o.s :1:1.5 "C. M 
::;: (Note 7) TA-TMAX fO.B :I: 1.5 fO.B :I: 1.5 ·C 
..J 

TA=TMIN fO.B :I: 1.5 "C~ ...... +O.B ±2.0 
« 
ll) Accuracy, TA- +2S·C :1:0.6 it.S "C 

, . 
M 

LM3SD TA-TMAX ! ::;: ±0.9 f2.0 "CI 
..J (Note 7) TA-TMIN fO.9 +2.0 "C , ...... 
\I) 

Nonlinearity M TMIN,;TA,;TMAX iO.3 :1:0.5 :1:0.2 :1:0.5 "C ::;: (Note B) . · :-..J 

Sensor Gain TMIN" TA,;TMAX + 10,0 +V.8, + 10.0 :+-8.8, mVrc 
(Average Slope) + 10.2 + 10.2 .:. 

lOad Regulation TA- +2S·C :1:0.4 :1:2.0 :1:0.4 :1:2.0 mVimA 
(Note 3) 0,; Il ,; t rnA TMIN,;TA,;TMAX :1:0.5 . +5.0 fO.5 +5.0 mVimA • 

line Regulation TA- + 25·C :1:0.01 :1:0.1 ±0.01 fO.1 mVrv 
(Note 3) 4V,;VS,;30V :1:0.02 :1:0.2 +0.02 - +0.2 mVrv 

Quiescent Cunent VS- +SV. +2S·C 56 80 56 80 jJ.A" 
(Note 9) VS-+5V 105 158 111 138 pJ.':) 

Vs- +30V. +25·C 56.2 B2 56.2 B2 jJ.A 
VS- +3OV 105.5 lel 111.5 1·11 jJ.A 

Change of 4V,;VS,;30V. + 25·C 0.2 2.0 0.2 2.0 '.- PA .. I 
Quiescent Current 4V ,;VS ,;30V 0.5 3.0 0.5 3.0 . pA'.'1 
(Note 3) -,_ 4Ae 
Temperature +0.311 +0.7 + 0.311 +0.7 '~I! 

CoefrlCient 01 , '-~1 Quiescent Cunenl .,~-~~ 

Minimum Temperature In circuit of +1.5 +2.0 + 1.5 +2.0 . ,"C.iji 

lor Rated Accuracy FtgIKfI I, fl - 0 ": '.! .~~ 

Long Term Stability TJ-TMAX. for :1:0.08 fO.08 ~.f.) 

1000 hours . ""111 

Nol. 3, R ...... 1Ion Is __ ., ......... __ • _ ..... tfttiolg _ ..... dutycyde. ~ .......... - to ... ~ ............. 
_odbyrnuttit>/Y4nlll1o __ lIonbyl1o _1_ ..... 

- .--
Note 4: Tested UrnIta ... ..,-anIeed and 100" 1es'«I In production. ..... ,., 
Note 5: Design l..ImIIs .,. ~ (buI noI 100% ~ test!IdJ ov.r the indicated 1~ at'd' q,pty ~ ranges.. Thne .,..,. .. noI UNIt. ~ 
celculllt. outgoing quality Ievefs. .: 
Hole I: Spedfiealiona In bohft'aH appfy ~ the fuI ,.hId temperature "1"108. ; '.: -.~:-~ 
Hole 7: ACCU'KyIs defined II the "'"'" between the output YOIt.Ige end fOnwrc times'" deo¥tce'seaM 1~U.. II ~ ~ 01 wftaQe. CUI'WI. T 
and ' .......... ("""" ...... "C). ..",,) 
Hole I: Noninearily II defined I ... devia80It of .. ouIpuI.~-temper.1ure eurw from "" best-IIl ..... igh(..,.. ow. .. drke', mid ~Al 
r..... . ." ... := 
Note .: 0lIfescent curenlis defined In Ihe circuli of ~ I. -: r.···.,.:·tiM 
Nole 10: AMoIuIe Maximum R.tIngs ..... Imfts beyond .mIch danwge 10 1he Hvb ....,. occur. DC aNt Ie-~ ~~ do I'd ~ wt'IeItJl 
ClPMaeng the deWce beyond b rated opera" condItionS.. See HoI, I. • - - - _., - -..-:...; 
Hole 11: HumIn body madeI. 100 pF dIschattJed hough • 1.5 tn ,.sistor. : ~: ~ . -: '~. ·.,oJ 

Hole 12: See AN-4ISO ""Surface MountInQ MeIhodI and Their Effect on PnxIuet AelabRr"" Of Ihe HCIon ~ ""Sc.riK:II ~ .. ~ In a ~ N~ 
Semic:onduclor line_ 0. ... BooII for other meIhodI of ICIIdetfna surface mount deYicn. . 

" . · . ~...::t 
.. •• "0 
--:!\ 

.' .. ; "'I~I( ,: 
''; -f ........ ,.: 
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Typical Performance Characteristics 
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Junction to Air . 
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SUrred 011 ealh 
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, .... , .. " 

.' 
V I 

• 

Thermal Time Constant .. .. 
~ 

'IS 

311 

.~ " 
§ II 

\I 

J " • 

\ 

~ '~, 
\"'F 

• TO-Il 

• 400 100 1~ 1I0Il lOOO 

.ul mocm (fPIII, 

Minimum Supply 
Voltage YI. Temperature 

I.e 

U 

E 
II 
U ; U 

u 

i u 
u 
u 
u 

I-f- ~I Ink.\. ..... ,.,.":; 'lot (;' 
YV 

-,;r -Y 

"' ti' ~,.:cll 
V ... 1-;... ...... I-

~~TmCAl • • ::t F-I-\"" •• '."~.:"~' I-... 
-15 -25 2S 15 125 115 

1(MPEU.rull( I-CJ 

.. Thermal Response 
In sun Air 

'" g-,ao 
,;"" !!: 10 

~ 
~ 10 
! .. l!; 
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I 

nM( fMIIMtSI 

Quiescent Current 
Ya. Temperalure 
(In Circuit 01 Flgu" 1.) 

110 

I" 
i ." 

I ': 
Fl 10 

j .. 
" • 

, 
(;' 

.... 
(;' 

-1$ -15 n 75 ,n 175 

nMP'[UTVRE f-C' 

TUHlS511S-11 
Qulelcent Current 
va. Temperature Accuracy YS. Temperature Accuracy VI. Temperature 

(Guaranteed) 
II» 

'01 

i III 
. ~ .to 

L" 
z 101 

j .. .. .. 

(In Circuit 01 Figur. 2.) 

100' 
~ 

"" 
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u 

E 1.1 

~ .. 
lI! • 
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nPlCAl l~~_ f-.. 
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Applications 
The lM35 can be applied easily In the same way as other 
Integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and Its temperalure witl be wilhin 
about O.Ot·C of Ihe surface temperalure. ( 

Thts presumes that the ambient .ir temperature Is almost 
the same as the surface temparah.rre; if the air temperature 
were much higher 01' lower than the surface temperature, 
the actual temperature 01 the lM35 die would be at an Inter. 
mediate temperature betw .. n the surface temperature and 
the air temperature. this Is expeclally true lor the TO.92 
plaslic package, where the copper leads are the principal 
tharmal path to carry heal into the device, so Its tempera, 
ture might be closer 10 the air tempera lure than to the sur· 
race temperature • 

To minimize lhis problem, be sure that Ihe wiring to the 
lM35, as illeaves the device, Is held at the same tempera· 
ture as the surface of interest The easiest way to do this Is 
to cover up these wires with a bead 01 epoxy which will 
Inswe that the leads and wires Ire an at the Same tempera· 
ture as the surface, and that the lM35 die's temperature will 
not be allecled by the air temperature, 

The TO ..... 6 melal package can also be soldered to • metal 
surface or pipe without damage. 01 """"", In that case !he 
V - lerminal 01 the circuit wilt be grounded to that metal 
Alternatively. the LM35 can be mounted in_ a .. ated.-nd 
metal tube, and can then be dopped into a bath 0< sC:<ewed 
Inlo a threaded hole in a tank. As with any IC, the lM35 and 
accompanying wiring and circuits mvsI be kept insulated 
and dry, to avoid le.!<age and corTO>ion. This Is especially 
trueH the circuit may operate al cotd temperatures_. 
condensation can occur. Printed<ircuil coo.tings and var • 
nishes such as Humiseal and epoxy paints or d""1pS ar. often 
used to Insure Ihal moisture cannot corrode the lM35 or its 
connections • 

These devices are sOmetimes soldered to a sma" light· 
weight heal fin, to decrea .. the thermal time constant and 
speed up the response in stowly-rnoving air. On the other 
hand. a smaR thennal mass may be added to the sensor, to 
give the steadiest reading despite sman deviations in the air 
temperature. 

Temperature RI •• of LM35 Due To Self-heaUng (Thermal R .. lstance) 
TO-<e, TO-<e, TO-I" TO-I" SO-I SO-I TO-202 TO-20 •• ,. 

no h .. talnk 
<orrCIW 
torrCIW 
torrCIW 
srJ"CIW 

amaR h •• t fin· no hll!!.t .tn" .m •• "'~.\ nnee no h ... , ,tnlt sm.1I ~'l nnee no l'Mat aInII: amal he., ftn 
Stile ... 10crCIW 180"CIW UO"C/W 2ro-Cl\Y 110'CIW 8~CIW WCIW 
MoYtng .~ 4(f'CIW 9O"CIW 70"C/W 1 O~CfW 9C1'CIW 25"CIW' UJ"CIW 
StiI oil . ·4(J'CIW WCIW 70"CIW 
S""odoll 
(Oarnped to mete', 
Infinite heat sink) 

'J(f'CIW <S'CIW <<rCIW 

(2<'CIW) (SS'clW) 123"CIW) 

• Wakefield.",. 201, 01" 1· disc of 0.020· sheet ... ,,,SOIdered 10 clISe, Of 1imII1I . 

•• TO·12 end so.e peck .. vtu-d and Iudt lOfdefed ~ 1· IqUIr. of 'A, printed ~ board -"" Z or.. 101 Of Wr# .... 

Typical Applications (Continued) 

nlH/SSt5-tt 

FIGURE 3, LM35 with Decoupllng from Capacltlv. Load 

CAPACITIVE LOADS 

like most mIcropower circuits, the lM35 has a firnlted ability 
to drive heavy capacitive loads. The lM35 by itself Is able to 
drive 50 pi without specla( precautionS. If heavier toads are 
anticlpeted, ft Is easy to isolate 01' decouple the load with a 
resistor; see FIfJUf8 3. Or you can Improve the tolerance 01 
capacitance with a series R-C damper Irom output to 
ground; .ee FIflIKB 4. 
When the lM35 Is appned with a 2000 Ioed ,eslstOl' as 
shown In F/gvre 5. 6, 01' 8, ft Is relatively Immune to wiring 

5·t6 

r----.·J· MtATTt.IrIQT1T(lMO. ..... m.. 

I UlS OUT I l· ~~~~::! 
... " ........ ..J.. J 

IImJIII.l 'i"" 
I .. 
I ~." 
~----+----+--~------

l\.IMf55' 5-20 
FIGURE 4. LM35 with R-C Damper 

capacitance because the capacitance forms a bypass from 
ground to InpuI. not on the ouIpuI. However, as with any 
linear cirarit connected to ,.;res in • hosb1e e!"'Niu"",."", lis 
performance can be aHected adversely by Inlonse eIecIro­
magnetic sources such as relays. rad'tO transmftters. motors 
with arcing brushes, SCR transients, etc. as its wiring can 
ael as a receiving antenna and its Internal junctions can ael 
as rectifiers. FOI' best results In such cases, a bypass capac­
itOI' from VIN to ground and a series R-C damper such .. 
750 In sarles with 0.2 01' 1 pF from output to ground ani 

often useful. These are shown In FIflIX8$ 13, 14, end 16. 

- I 



Lampiran C 

l---------------------------------------------------------------------" 
Typical Applications (Continued) 
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TI.lKl551'-5 

FIGURE 5. Two-Wire Remol. Temperalure Senior 
(Grounded SenIor) 

.Yt 

TUH/5516-7 

FIGURE 7. Temperalure Senior, Single Supply, -55" 10 
+ 15O"C 

TUH/5516-' 

FIGURE 8. 4· To-20 mA Cunenl Sourel (ITC 10 + IWC) 

.IA' '10' 

R.IHIS511-1 

FIGURE I. Two-Wire Remol. Temper.lur. Senior 
(Oulpul Referred 10 Ground) 
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Tl./MI5Stl-. 

FIGURE 8. Two--Wlr. Rlmote Temperatur. S.naor 
(Oulput Referred to Grounel) 
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FIGURE 10. Fahrenheit Thermometer 
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Typical Applications (Continued) 

I' 

, ..... .... 
F\U.1t.\U 

. , 

.'. 

WH/551&-J' 

FIGURE II. Cenllgrade Thermometer (Analog Meter) 
'Tl.IM1!5, I- 'Z 

FIGURE 12. Expanded Scale Thennomele< 
(50" to 80" Fahrenheit, for hlmple She".,,) 

r-----------~--------~----n 

.. r-...L..-, 
~~-------+-----=.u;i SBltll. 

1I1TADl1TPV1 

1.2'" '-,r-r"'T..J 

'---............ 

l\JM1S51I-tl 

FIGURE 13. Temperature To DIgital Converter (Serial Output) (+ 128"C Fun Scale) 
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FIGURE 14. Temperature To DIgital Converter (Pa .. nelllll·ST A TEa Olltputslor 
Standard Dati Bus to "p Interlace) (12lrC Fun Scale' 
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Typical Applications (Conlinued) 
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FIGURE 15. Bar-Graph Temperature Display (Dot Mode) 
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FIGURE 16. LM35 With Voltage-To-Frequency Converter And laolated Output 
(:ZOC to + 150'C; 20 Hz to 1500 Hz) 
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19-0435; Rev 0.9/95 

~"IAXI~"I 
Multirange, Single +511, 12-8it DAS 

with 12-8;t Bus Interface 
______ Genera. Description 

The MAX1961MAX198 multirange. 12-brt data-acquisI­
tion systems (DAS) require only a single +SV supply for 
operation. yet conven analog signals at the" inputs up 
to ~10V (MAX196) and =4V (MAX198). These systems 
provide six analog input channels that are indepen 
dently software programmable for il vanety of ranges: 
± 10V. ±SV. OV to + 10V. and OV to +5V for the MAX196: 
±VREf. ±VREf/2. OV to +VREF. and OV to +VRfF/2 for 
the MAX19B. Tilis range switching increases the effec 
tlve dynamic range to 14 bits and provides the flexibllrty 
to interface = 12V. ± 15V. and 4mll to 20mll powered 
sensors to a single +5V system_ In addition. these can 
velters are fault protected to = 165V: a fault condition 
on any channel will not affect the conversion result of 
the selected channeL Other features Include a SMHz 
bandwidth tracklhold. 100ksps throughput rate. soft· 
ware-selectable interna1lexternal clock, internal/external 
acquISition control. 12-bit parililel interface. and internal 
4.096V or external reference 

Two programmable power-down modes (STBYPD. 
FULLPD) provide low-current shutdown between con­
versions. In STBYPD mode. the reference buffer 
remains active, eliminating start-up delays, 

The MAX196IMAX198 employ a standard microproces­
sor (~P) interface_ A three· state data 110 poo is config­
ured to operate with 16-bit data buses. and data­
access and bus-release timing specifications are com­
patible with most popular ~Ps_ All logic Inputs and out­
puts are nUCMOS compatible. 

These devices are available in 28-pin DIP. Wide SO. 
SSOP (55% smaller in area than wide SO). and ceramic 
SB packages. For 8-4 bus interface. see the MAX197 
and the MAX199 data sheets. An evaluation kit will be 
available after December 1995 (MAXl96EVKIT-DIP) _ 

__________________ ~Appncations 
Industrial-Control Systems 

Robotics 

Data-Acquisition Systems 

Automatic Testing Systems 

Medical Instruments 

Telecommunications 

FunctionBl Diagmm appears at end of data sheet. 

_______________________ Fealu~s 
• 12-Bit Resolution, 1/2LSB Linearity 
• Single +5V Supply Operation 

• Software-Selectable Input Ranges: 
±10V, ±5V, OV to +10V, OV to +5V (MAX196) 
±VREF, :tVREF12, OV to +VREF, OV to +VREF12 
(MAX198) 

• Internal 4.096V or External Reference 
• Fault-Protected Input Multiplexer 

• 6 Analog Input Channets 
• 611S Conversion Time, 100ksps Sampling Rate 
• Internal or External Acquisition Control 

• Two Power-Down Modes 
• Internal or External Clock 

______ Ordering Information 

[f'!c" ~; ~.~~::,=~,;:-
_ ~~.~_~.~C~!__ DOC to_~70°C_~_ Niirr~~~~~uc D~~ 

MAXl96ACWI O"C to + 70"C 28 Wide SO 

L~~~1'~ ~:~:: :~~~~~~-----
1!.-1A.X~9lj~A.'- ___ <Y'.~to_':7_0· c _._~~SOp _~ __ . __ .~ 
0rrIerlng __ CCIIfinCNldIlt end of dIIta sheet. 

Pin Configuration 

TOP ViEW 

DIPISO/SSOP/Ceramlc 58 

A'lAXIA'I _______________________ uaxlm'nlegratedProclucIs 

Call loll f~e '-800-722-8266 for free samples or I;teratu~. 
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Multirange, Single +5." 12.Sit DAS 
with 12.8it Sus Interface 

ABSOLUTE MAXIMUM RATINGS 
VOOto AGNO .. 
AGNO to OGNO .. 

.40.3V to + 7V 
.-O.3V to +O.3V 

-0.3V to (VOO • 0.3V) 
..-O.3V to (VOO , 0.3V) 
.-0.3V to (VDO , D.3V) 
-D.3V to (VDO • D3V) 

Wide SO (derate 12.S0mWrc above + 70 C e) 1OQOmW 

REF toAGNO. 
SSOP (derate 9.52mWrc aiJove + 70~C) 752rnW 

REFAOJ to AGNO .. 
Oigitallnpuls to OGND 
Digital Outputs to OGND .. 
CHO-CH5 to AGNO 

Narrovi Ceramic. 58 (derate zO.OOrnwrc above + 70"C) , .1600mW 

±16.5\1 
Continuous Power DiSSipation (lA = .. 70'C) 

Operating Temperature Ra1ges 
MAX196_C_I/MAX19S_C_1 
MAX 196J_ IIMAX 198_E_ I 
MAX196_MYIIMAX198_MYI. 

Storage Temperature Range 

... O"C to .. 70·C 
_40°C to +85~C 

-55<Cto -t125T 
-65"C to -+ 150'C 

Narrcm Plastic DIP (derate 14.29mWi"C above .. 70"C) .1143mW Lead T ernperalure (solderJllg 1 O~ec) .. 3OO'C 

Sla'sscs ix..~yond (t;05C listed /Jr;dt.v "AL'SOIutc M.,;n.:imum Rillmgs· may CDt..'Si.' p..vman~nl d3maqc {J t~c dcw;c, These Em .. : st:css {<HlfIg~ ()n~\ ,"r:d .'uncIlOfl/.,; 
ooetat.'on Of the device m these Of' any othl..'1" ca~)dp(ioIl5 bejond L'1Ose j'ldicareG in the open"{I{)fJ21 seclio'15 of tile S(lP\:ific~ti<)(lS is not. imp!;ed Expos~'r:! fa 
absolute rr"TKimu(t1 rating conditions lor exzended pe{iuds :1l;)yaffect dEvice re/iatx1f!y 

ELECTRICAL CHARACTERISTICS 
(VOD '" SV j-S%: unipolar/bipolar range: external refere,ce mode, VREF = 4.096V: 4 7~F at RfF pHl; eJ(If'r,al rlock, reLK = 2.0MHz 
Witl SO% duty cycle: 1 A"" TMIN to TMAX: unless otherwise noted. Typical values are at TA '" +2S"C.) 

PARAMETER I SYMBOL I CONDITIONS MIN TYP MAX I UNITS 
ACCURACY (Note 1) 

Resolution 12 Bits 

Integr al Nonlinearity INL 
MAX 196A/MAX 198A 

MAX196BIMAX19BB 

±1/2 

,1 
LS8 

Differential Nonlinearity ONL ,1 LS8 

MAX 196A1MAX 198A +3 
Unipolar 

MAXl96B1MAX1988 ,5 
Offset Error LSB 

MAX 196A/MAX 198A ,5 
Bipolar 

MAXl96B!MAX198B ±10 

Cna,-mel-to-C,annel Offset Unipolar :to.1 
LSB 

Error Matching Bipolar ±O.S 

MAX196A1MAX19BA ,7 
Unipolar 

MAXl96B1MAX198B .10 Gain Error 
LSB (Note 2) MAX196AIMAX198A ,7 

Bipolar 
MAX 196B!MAX198B :1:10 

Gain Temperature Coefficient U1.ipolar 3 
ppmrc 

(Note 2) Bipolar 5 

DYNAMIC SPECIFICATIONS (lOkHl.slne-wave input. ± 1 DYp-p (MAXl96) or +4.096Vp-p (MAX198) fSAMPLE = l00ksps) 

MAXl96A1MAX198A 70 
dB Signal-t<rNoise + Distortion Ratio SINAO 

MAX196B/MAX198B 69 

Total Harmonic Distortion THO Up to the Sth harmo-lie -85 -78 dB 

Spurious-Free Dy~arnic Range 5FDR 80 dB 

C.13'lflel-to-Cna:1nef Crosstalk 
50kHz. V" - ,5V (MAX196) or ±4V (MAX198) 

-86 dB 
(Note 3) 

Aperture Delay E)(ter'1a! elK modeJexternal acquisition cO;1trol 15 ns 

External elK modeleX1er1al acquisitio.l CO'lUOJ <50 ps 

Aperture Jitter hternal eLK mode1i'lternal acquisition 
10 ns 

CO'ltfOl (Note 4) 

2 
_______________________ hlAXlhI 
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Multirange, Single +511, 12·Sit DAS 
with 12·Bit Bus Interface 

ELECTRICAL CHARACTERISTICS (continued) 
{VOD = 5V ±.5;).f; lIrllpolar/blpolar ra,ge: extemal reference mode. VREF ZIt 4.096V; 4.7jJF at REF ph: external clock. feLK = 2.0MHz 
with 50% duly rye)p" lA =' TMIN to h4AX' iJnless otherwise noted Typical vafues are at fA '" +25~C) 

---PARAMETER-----I SYMBOL! CONOmoNS MIN 

ANALOG INPUT 

1 raCkiHOldACQUrsrtronli/TlC __ !_ 

Srnoll-Si~pal B(trldwicjt"] 

hput Voltage RJ:lQe 
(see Table 3) 

liLput CUf/C'lt 

---

VI' 

MAX19S ~ 
MAX196 :± lOV range -1200 

TYP MAl( I UNITS 

v 

I Bipolar 
±SV ra-1ge -600 360 

MAXIM 3 
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Multirange, Single +5V, 12·Sit DAS 
with 12·Sit Sus Interface 

ELECTRICAL CHARACTERISTICS (continued) 
(VOD == 5V ±5%, unipolar/bipolar range: exterrlal fefere-lce mOde. VREF == 4.096V: 4.7pF at REF pIn; eKter'ol clock, feLK "" 2.0MHz 
Wit'"] 50% duty cycle; TA .. T Mlj'.' to T MAX: unless ot~erwjs{~ '1oLed. 1 ypical values fire at TA :: +25'C.) 

PARAMETER I SYMBOL CONDmONS L MIN TYP MAX UNITS 

REFERENCE INPUT (bufff:>f dlsablpd, rcfere-Ice input applied to REF pin) 

Input Voltage Range 2.4 418 V 

Norrnal. or 51 ANOBY 
400 VR[r :: p(lVver -dow.'l mode Input Current 

418V ~A 

H Ii l pO'lICHlow'l mode 1 

Nonnal. or 51 A\iDBY power-dow:l mode 10 kIl 
Input Reslsta:lce 

FULL po\I'Jef·do\,ln mode 5 Mil 
RHADJ Huesl-lold for 

VOD-50mV V Buffer Disable 

POWER REQUIREMENTS 

Supply Vokage VDD 4.75 5.25 V 

NOfmal mode, bipolar range5 18 
mA 

Supply Current 
Nolmal mode. u·-upo/ar ranges 6 10 

10D 
Sl ANDBY power -down mode 700 850 

FULL pa. ... er-down mode (Note 7) 60 120 ~ 

Power -Supply Rejection Ratio !:xternal refere:'lce = 4.096V ±O.l ± 1/2 
PSRR l58 (Note 8) Internal reference 1: lIz 

TIMING 

Inte/nal Clock Frequency feLK CCLK" l00pf: 125 1.56 2.00 MHz 

External Clock Flequency Ra1ge fCL.K 0.1 2.0 MHz 

I External ClK 3.0 
tACOI Internal acquisiti{)1 I L1ternal elK 3.0 5.0 

Acquisition Time ps 
External acqUlSltlol) (Note 9) 3.0 

tAem 
After FLJllPO or S1 BYPD 5 

External Cl K 6.0 
Converslo'l Time tcONV ps 

Internal ClK, CClK '" l00pf 6.0 7.7 10.0 

External Cl K 100 
Throug1put Rate 

Internal ClK. CCLK '" l00pF 62 
ksps 

Ba~ldgap Reference 
Power -up (Note 10) 200 ps Start-Up Time 

Refefe'lce Buffer Settling To O.lmV REF bypass I CREf' 4.7~F 8 

capaCItor fully disciarged I CREF "" 33IJF 60 
ms 

DIGITALINPUTS (07-00. ClK. RD. WR C5) (Note 11) 

Input High Voltage VINH 2.4 V 

Input low Voltage VINL 0.8 V 

Input leakage Curre1t 11r-.; VIN "" OVor VDD ±1O pA 
Input Capacitance CtN (Note 5) 15 pF 

4 MAXIM 
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Multirange, Single +511, 12-8it DAS 
with 12-8;t 8us Interface 

ELECTRICAL CHARACTERISTICS (continued) 
(Voo .. sv ±S%; unipolar/bipolar ra'lge; external reference mode, VREF "" 4.096V; 4.7iJF at REF pi'l; external clock, fClK "" 2.0MHz 
with 50% duty cycle; TA "" TMJN to TMAX; unless otherwise noted Typical values are at TA "" +25~C) 

PARAMETER SYMBOLl CONDITIONS I MIN TYP MAX I UNITS I 
DIGITAL OUTPUTS (011-00. iN'f) 

Outpul lOW' VOltage VOL VDD - 4.75V. ISINK = 1.6mA O. V 

Output High Voltage Val- VDD - 4.7SV. (SOURCE - 1 rnA VDD-l V 

Three-Stare Output CapaCitance COUT (NOle 5) 15 pc 

TIMING CHARACTERISTICS 
(Voo"" SV ±S%: unipolar/bIpolar range: external refere-1ce mode. VRfF ". 4.096V; 4.7J,JF at REF pin; exter1al clock. fcLK = 2.0MHz 
wit150% duty cycle; TA - TMIN to TMAX: unless ot.'1erwise not.ed.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAl( UNITS 

CS Pulse Width tcs 80 ns 

WIl Pulse Width twR 80 ns 

C'S to WR Setup Time tcsws 0 ns 

E to WR Hold Time tcswr 0 ns 

t"5 to RD Setup Time tcSRS 0 ns 

C3 to RD Hold Time tcSRH 0 ns 

eLK to WR Setup Time tcws 100 ns 

Cl. K to WR Hold Time LCWH 50 ns 

Data Valid to WR Setup l()S 60 ns 

Data Valid to WJ< Hold l()H 0 ns 

RD Low to Outpllt Data Valid tDO Figure 2. Cl - l00pF (Note 12) 120 ns 

RD HIgh to Output Disable tTR (Note 13) 70 ns 

~ RO Low to INT Hig1 Delay tlNTl 120 ns 

Notft 1: AcclXacy specifICations tested at VOD - S.OV. Performance at power~supply tolera'lce limits guaranteed by Power-Supply 
R4Jection test. Tested for the ± lOV (MAXl96) and ±4.096V (MAX198) i'lput. ra"lges. 

Note 2: External reference: VREf = 4.096V, offset enOl" nulled, ideal last code transition = FS - 312LSB. 
Note 3: Ground "0'1~ channel; sine wave applied to all "off' chawlels. 
Note 4: Maximum fulJ~poNer input frequency for lLSB error with lOnsjitter.,. 3kHz. 
Note 5: Guara'lteed by design. Not tested. 
Note 6: Use static kJads only 
Note 7: Tested USing internal reference. 
Note 8: PSRR measured at fuU~scale 
Note 9: External acqUisition tjmi'l~r starts at data valid at ACQMOD "" low control byte: e'lds at risi.ng edge of WR with ACQMOD 

= high control byte. 
Note 10: Not. subject to production testing. Plovidecl for design guidance only, 
Nots 11: All input control Signals specified witn tR co tF = 5ns from a voltage level of O.8V to 2.4V 
Note 12: too is measured wit'1 tile load circuits or Figure 2 a,d defined as the time required for an output to cross O.8V or 2.4V 
Note 13: tTR is defined as t'le time required for the data lines to c'1ange by 0 .SV . 

.MAX • .M 5 

I 
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Multirange, Single +5V, 12·Bit DAS 
with 12-8it Bus Interface 

_________________ Typica. Opel'ating Characteristics 
(1A'" t25 Q C. unless otherwise noted.) 

~ 0200 

INTEGRAL NONLINEARiTY 
V'S. DIGITAL CODE 

~ 0.150 f---'--4--it--'--'-i,.-f-1-1 

FRPlOT 

~ -40 

12.0 

~ 
iii 11.5 
i5 
~ 

EFFECTNE NIMIER Of BITS 
ws. INPUT FReQUENCY 

r-- ! 

I~" _[ • ~ookHl 

, 
~ 0.100 
~ 
~ 0.050 
>1 

~ ~ f--+-l-+--+--+--+-+--+--+.-I ! 11.0 

I 1\ ' , 

[ : 
~ -{l.0M) 

l< 

~ - ~o 1-+--+·-+-+·_+--+--+--+--+-1 ~ 
!;\ 

- -0.100 1ti'IFt---r-++t--Hl~c-+'\---1 
_100 

3000 

OJGJTAl CODf 

_120 

REFERENCE OUTPUT VOlTAGE (\Iou) 
¥s. 1EMP£RATUR£ 

"'" 
V 

V '" 
I 

I Av~' 6JfM 

'15V -rC'>---<. I'ljTER~Al ; / Rff 
Rffl.~; ...-

, t)fC 
, , ,"fAr!, , 

i 
j 

·55 35 -15 :; 2S ~5 65 85 105 123 

TEa.wtRATlJRf("Cj 

_l-TO-CHANIOEl 
OFFSET...£fdtORMATQfft«;vs. TEMPERARJRE 

0.20 i 
/i 

I 

V 

"I'-. V 

0.10 
-70·50·30 .10 10 30 50 70 90 110130 

TEMPfRATuRf ('C) 

" fRfQU£f4CY (lH.c) 
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~ 

" Ii' 

D4 
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-0.2 

-0.< 

.. , 

• j 
i ' i 

~ 10.~ 

10.0 
1 10 

INPUT FREQUENCY (kHz) 

I'OWER-SlI'f'l Y REJECTION RATIO 
n. TEIII'fRATURf 

1~ h 
v~ .\vJ,,~ 

l.'00'h 1'1 .... 

"" "'" 
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i • 
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TftAP£RATJRE rC) 

QWINEl-T~l 
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Multirange, Single +5V, 12-Bit DAS 
with 12·Bit Bus Interface 

____________________________________________________ PinDescription 

PIN NAME 

eLK 

2 (3 

3-14 011-00 

15 AGNO 
16-21 CHG-CH5 

22 RfFAOJ 

23 REF 

24 Wi 
25 RO 

26 WR 

27 Voo 
28 DGND 

FUNCTION 

Ciock. Input. In extenal clock mode, drive Cl K with a TTL/CMOS-compatible clock h i'ltmnal clock mOde, 
place a capacitor (CelK) from l'lis pin to ground to set the Internal clock frequency: fCLK '" 1 .56MHz tYPical 
with CelK = l00pF 

Chip Select active k)w 

Three-State DigitallfO, 011 -= MSB 

Analog Groond 

Analog Input Channels 

Bandgap Voltage-Reference OutputlExternal Adjust Pin Bypass with a O.Ol~F capa{:ltor to AGNO. Connect 
to VDO when u5i'19 an external reft."f8nCe at l1e RE F pin. 

Referelce Buffer OUlputJ'ADC Reference 11pUt. In ht€11al refere'lee mode, t'le refere"lce t)uffer provides. a 
4.096V nominal output, exter'laUy adJustatJle at REFAOJ. In external feference moeJe disablf~ tr'le Internal 
buffer by pulh1g REFADJ to VOD. 

INT goes low wtlen convelsio1 is complete and output data is ready 

If CS is low. a falling edge on RD wijj enable a read operatiol7 0'1 frye data bus 

11 the internal acquisitio1 mode. when L:S is low. a risi1g edge 0') ~ latches in coonguratio, data and starts ~n 
acquisition pius a conversIOn cycle. 1'1 the external acquisition mode. when CSislow. the first rising edge on WR 
starts an aCQUIsition. ard a secord rising edge on WR ends acquisition and starts a r.o'lvefsion cycle 

-+-5V Supply. Bypass wit'l O.lIJF capacitor to AGND. 

Digital Ground 

_______ Detai'ed Description 

"n oo-----'IvN\r-v v --'-T---t RHAOJ 1 /~"'A 
Converter Operation 

The MAX196/MAX198 multirange, fault·tolerant ADCs 
use successive approximation and internal input 
track/hold (T/H) circuitry to convert an analog signal to 
a 12-bit digital output. The 12-bit parallel-output format 
provides easy interface to microprocessors (I-JPs). 
Figure 3 shows the MAX1961MAX198 in the simplest 
operational configuration. 

,...L ..... AXI ..... '" 0.0"'1 MAXl96 
MAXl98 

Figure 1. Reference-Aqjust Orcuit 

+5'1 

a) Hiqh-l D Vc~ and VOL Ie VOH 

Frgure 2. Load Cr(curts for Enable Time 

hlAXI.M 

A_IOfJ-'npuf TraclcJHold 
In the internal acquisition control mode (contr.Q.!..!Jit 05 
set to 0), the T/H emers its tracking mode on WR's ns· 
Ing edge, and emers its hold mode when the internally 
timed (6 clock cycles) acquisition interval ends. In bipo­
lar mode and unipolar mode (MAX196 only), a low­
impedance input source, which settles in less than 
1. S~s. is required to maintain conversion accuracy at 
the maximum conversion rate 

When the MAX198 is configured for unipolar mode, 1he 
input does not need to be driven from a lOW-Impedance 
source The acqUisition ~me (tAz) is a function of the 
source output resistance (Rs), the channel input resIs­
tance (RIN), and the TlH capacitance 

7 



Lampiran C 

Multirange, Single +5~ 12-Sit DAS 
with 12-8it Sus Interface 
Acquisition tlrne is calculated as follows: 

For OVto VRET tAz: 9 x (Rs - R,N) x 16pF 

For OV to VREf/2: tAl: 9 x (RS + R,N) x 32pF 

where RIN : 7kO and tAZ is never less than 2~s (OV to 
VREF range) or 3~s (OV to VREF/2 range). 

In the external acquisition control mode (05 : 1), the 
TfH enters its tracking mode on the first WR rising edge 
and enters ITs hold mode when rt detects the second 
WR rising edge with 05 : 0 (see EXternal Acquisition 
section). 

p.PDATABUS 

Figure 3. Operarional Diagram 

CHJlO 

VOLTAG{ 
REFERENCE 

~
TIH 
OUT 

$3 TRACK oHOtD 

TRACK $4 

Sl - BIPOL4RIUNJPOtAR SWITCH R1 ... 12.5W (MAX1!i16} OR 5.12t!l (MU198} 
51 " INPUT MUX SWITCH R2 ~ 8.67kO (JMXl96) OR - (MAX198) 
53,54", T/H SWITCH 

Figure 4 Equivalent Input Circuit 
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Input Bandwidth 
The AOC's input tracking circuitry has a 5MHz small 
signal bandWidth. When using the internal acquisition 
mode with an external dock frequency of 2MHz, a 
lOOksps throughput rate can be achieved. It is possible 
to digitize high"speed transient events and measure 
periodic signals with bandWidths exceeding the AOC's 
sampling rate by using undersampllng techniques. To 
avoid high-frequency signals being al,ased into the fre­
quency band of interest, anti-alias filtering is recom 
mended (MAX274/MAX275 continuoustirne filters) 

Input Range and Protection 
Figure 4 shows the equivalent input Circuit. The full­
scale input vo~age depends on the voltage at the refer· 
ence (VREF). The MAX196 uses a scaling factor, which 
allows input voltage ranges of ± lOV. ±5V, OV to + lOV, 
or OV to +5V with a 4.096V VOltage reference (Table 1). 
Program the desired range by setting the appropriate 
control bits (03, 04) in the control byte (Tables 2 and 
3). The MAX19B does not use a scaling factor, so its 
input VOltage range directly corresponds with the refer­
ence vo~age. It can be programmed for Input vo~ages 
of ,VREF, ±VREF/2, OV to VREF, or OV to VREF/2 (Table 
3). When an external reference is applied at REFAOJ. 
the voltage at REF is given by VREF : 1.6384 x VREFAOJ 
(2.4V < VREF < 4.1BV). 

The input channels are overvoltage protected to 
± 1fi.SV. This protection is aC1:ive even it the device is in 
power -down mode 

Even With VOO': OV, the input resistive network proVides 
current-limiUng that adequately protects the device. 

DIgital Interlace 
Input data (control byte) and output data are multi­
plexed on a three-state parallel interface. ThiS parallel 
VO can easily be interfaced with a ~p, CS, WR and RO 
control the write and read operations. CS is the stan­
dard chip-select signal, which enables a ~p to address 
the MAXl961MAXl98 as an 110 port. When high, it diS­
ables the WR and RO inputs and forces the Interface 
into a high-Z state. 

Table 1. Full Scale and Zero Scale 
(MAX196 only) 
iRANGEMZEROSCALEMi -FUUSCALE +FUUSCALE 

Oto +5 o VREf x 1.2207 

o VREF x2A414 

L' __ ±_5_-+ ____ -=--1 -VREF x 1.2207 VREF x 1.2207 

±10 -: -VREF x 2.4414 VREfx2.4414 

.MAXIAt 
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Multirange, Single +5V, 12·Sit DAS 
with 12·S;t Sus Interface 

Table 2. Control-Byte Format 

06 

I PDl L _____ _ PDO 

BIT NAME _ ______________ ~=~-=_~ ____ ~~~~RI~~=~=~==-~==---==_] 
7,6 PDI,PIXJ rhese two bits select t"'le clock. a'1d power-dow-, modes (Table 4). 

5 ACQMOD 0= internally cO'llfolled acquis/tio-'1 (6 clock. CYCles), 1 ... externally cOltrol1ed acquisitiOl 

RNG Selects U'HJ full-scale voltage mag'11lUde at the i'1put (rable 3) 
---+-

3 SIP SelL'cls urHpolar Of bIpolar cO"1Version ffi<Xje (Table 3) 

2, 1,0 A2. Al. AU These are address bits ror t.he input mux to select the ~01- channel (fable 5) 

Table 3. Range and Polarity Selection Table 4. Clock and Power-Down Selection 

',1>01 PDO DEV1CEMODE 
, 0 0 NOfmal Operation I External Clock Mode 

---------
; 0 1 Normal Operation { l'lternal Clock Mode 

1 0 
Standby Power-Down (STBYPD); clock mode 
is unaffected -- Full Power-Down (FULLPD); clock mode is 

1 1 
ulafrected 

- ----- ---- ------------

Table 5. Channel Selection 

AIIAXIAII 9 
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Mull.irange, Single +511, 12·S;1. DAS 
with 12·S;1. Sus Interface 

Input Format 
The control byte is latelled into the device, on pins 
D7-DO, during a wnte cycle, Table 2 shows the control­
byte format 

Output Data Format 
The output data format is binary in unipolar mode and 
twos-complement binary in bipolar mode, When reading 
the output data, CS and RD must be low 

How to Start a Conversion 
Conversions are initiated with a write operation, which 
selects the mux channel and configures the MAX1961 
MAX198 for either a unipolar or bipolar input range, A 
write pulse (WR + (5) can either stan an acquISition Inter­
val a- initiate a combined acquisition plus conversion. The 
sampling Interval occurs at the end of the acquisition 
interval, The ACqMOD bit 10 the input control byte offers 
two options for acquiring the signal: Internal or external 
The conversion period lasts for 12 clock cycles in either 
internal or external clock or acquisition mode. 

Writing a new control byte during a conversion cycle will 
abort the conversion and start a new acquisition interval 

Internal Acquisition 
Select Internal acquisition by writing the control byte with 
the ACQMOD bit cleared (ACQMOD ~ 0), This causes 
the write pulse to initiate an acquisition interval whose 

cs 

duration is internally timed Conversion starts when this 
six-clock-cycle acquisition interval (31-15 with fel K = 
2MHz) ends (see Figure 5) 

External AcquiSition 
Use the external acquisition liming mode for precise can 
trol of the sampling aperture and/or incjE-~pendeflt control 
of acquisition and converSion times. The user controls 
acquisition and start -of-conversion with two separate 
~\'flte pulses. The first pulse, written with ACQMOO :;0. 1, 
starts an acquiSition interval of indeterminate length. The 
second write pulse, written With ACQMOD ~ 0, termi­
nates acquisition and starts COrlVefSIOn on WR's rising 
edge (Figure 6), However, If the second control byte 
contains ACQMOD ~ 1, an Indefinite acquiSition Interval 
is restarted. 

The arjdress bits for the Input mux must have the same 
values on the first and second vvrite pulses. Power-down 
mode bits (POD, PD1) can a"ume new values on toe 
second volrire pulse (see Power -Down Mode section). 

How to Read a Conversion 
A standard interrupt Signal, iNT, is provided to allow the 
device to fiag the ~P when the conversion has ended 
and a valid result is available, fNT goes low when con­
version is complete and the output data is ready 
(Figures 5 and 6), It returns high on the first read cycle 
or jf a new control byte is written. 

- ~:o -+-,:~ !cOIf; 
Icsws_ t"" -L.-!.:I =-+tts",:,:""","I--+-_+-__________ + ____ _ 

I WR 

07-00 
_______ ~t~~~:-b--+-------------______ _r--------_ 

ACOMOD~·O- - t ~,{,"1 

( Y 

OOUT k - I-h 
________ ~HI~H~,~. ____________ _,,,!------------i ,D __ A,,~V,~ ___ I_D_ > ____ ~~_ G Z > HIGH-Z 

Figure 5 Conversion Timing Using Imernal Acquisition Mode 
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Multirange, Single +516 12-8it DAS 
with 12·Bit Bus Interface 

Es 

v.~ 

"" 

OOIlT 

Figure 6 ConversioiJ Timing Using EKtemal Acquisition Mode 

CIOcIc Modes 
The MAX 1 96IMAX198 operate with either an Internal or 
Hn external clock. Control bits (06. 07) select either 
internal or external clock mode. Once the desired clock 
mode IS selected. changing these bits to program 
power· down will not affect the clock mode. In each 
mode, internal or external acquisition can be used. At 
power-up, external clock mode is selected. 

Internal Clock Mode 
Select internal clock mode to free the J.lP from the 
burden of running the SAR conversion clock. To select 
this mode. write the control byte With 07 ~ 0 and 06 ~ 
1. A 100pF capacitor between the ClK pin and ground 
sets this frequency to 1.56MHz nominal. Figure 7 
shows a linear relationship between the internal clock 
pef/od and the value of the external capacitor used. 

Extemal Clock Mode 
Select external clock mode by writing the control bjll<l 
With 07 ~ 0 and 06 ~ O. Figure 8 shows ClK and WR 
timing relationships In Internal and external acquisition 
modes. with an external clock. A 100kHz to 2.0MHz 
external clock with 45% to 55% dUty cycle is required for 
proper operation. Operating at clock frequencies lower 
than 100kHz Will cause a voltage droop across the hold 
capacitor. and subsequently degrade performance 

AIIAXIAII 

DATA VAllO 

g 2"'" 
<> 
<> 

"' 1500 / ~ / 
~ /' 
u / s 
u '''''' / ~ / :i // " ~ 

500 " 
50 100 150 200 tlSO 300 liD 

CLOCK PIN CAPACITANCE {pF) 

F f9ure 7. Internal Glock PefJOd liS Clock Pm CapaCftance 
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Multirange, Single +511, 12·Sit OAS 
witll 12·8it Sus Interface 

I 
I­
I 
I 

ACCI)ISHION STARTS ACQ1ASIl/OO [NDS --:-- CONvrRSION SfARrs 

I 
I rT l __ J-l ___ r---L ___ ; 

- I r-
Lj-l --, __ :---1_ 

-1 :-b,o:, 
I 
I 

ACQ~UD "C" viR GOeS HtGH WHEN eLK IS HIGH 

WR GO£S HIGH WHEN eLK IS lOW 

Figure &1 External Clock and"Wk Timing (Internal Acquisition Mode) 

WR GOES HIGH WHEN eLK IS HIGH 
I 
1-- ACQIASIlION SfARfS ACQlR5Inoo fNOS ___ I 1,- COfN[RSlON STARTS 
I I 

eLK ~tJ-r-LJl_-LJl __ -t~--L 
_: 1--_ tIJH Ie." -I :-

WR ~~,~::~>'- _j~/~:~:,~~-:--'---;~ ~'-,' -~,~-"""'~--':-'~-" u-:\_":~:'" /}-----
ACm,-100~ "I' Wi: GO£S HtGH WHEN CLK IS LOW ACOMOO" "0' 

Figure Bb. External Clock ami WR Timing (External Acquisition Mode) 
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Multirange, Single +511, 12-Sit DAS 
with 12·Sit Sus Interface 

____ Applications Information 

Power-On Reset 
!\Ulower-up, the Internal power-on reset ClfcUrtry sets 
INT high and puts the device in normal operation/exter­
nal clock mode. This state is selected to keep the inter 
nal clock from loading the external clock driver when 
the part is used in external clock mode. 

Internal (W ExtertUll Reference 
The MAX196IMAX198 can operate with erther an inter­
nal or external reference. An external reference can be 
connected to either the REF pin or the REF AD) pin 
(Figure 9). 

To use the REF input directly, disable tlhe internal buffer 
by tying REFAD) to Voo. Using the REFADJ input elimi­
nates the need to buffer tlhe reference externally. When 
the reference is applied at REFAD), bypass REFAD) wrth 
a O.01~F capacITor to AGND. 

The REF AD) internal buffer gain is trimmed to 1.6384 to 
provide 4.096V at the REF pin from a 2.5V reference. 

Internal Reference 
The internally trimmed 2.50V reference is gained 
through the REFAD) buffer to provide 4.096V at REF, 
Bypass the REF pin with a 4. 7~F capacitor to AGND 
and the REFAD) pin with a O.01~F capacitor to AGND. 
The internal reference VOltage is adjustable to ± 1.5% 
(±65 LSBs) with the reference-adjust cirCUIT of Figure 1_ 

External Reference 
At REF and REFADJ, the input impedance is a mini­
mum of 10k.Q for DC currents. During conversions, an 
external reference at REF must be able to deliver 
400~A DC load currents, and must have an output 
impedance of 10f.! or less. If the reference has higher 
output impedance or is noisy, bypass it close to the 
REF pin with a 4.7~F capacitorto AGND. 

With an external reference vo~age of less than 4.096V 
at the REF pin or less than 2.5V at the REFAD) pin, the 
increase in the ratio of the RMS noise to the LSB value 
(FS I 4096) results in perf(xmance degradation (loss of 
effective bits). 

PoWel'.oown Mode 
To save power, you can put the convener Into low­
current shutdown mode between converSIons. Two 
programmable power-down modes are available: 
STBYPO and FULLPD. Select STBYPD or FULLPD by 
programming PDO and POl in the input control byte. 
When power-down is assened, it becomes effective 
only after the end of conversion. In all power-down 
modes, the interface remains active and conversion 

AIIAXIAII 

MAXl96 
MAX798 

Figure 9a. Internal Reference 

MAX/96 
MAX/98 

Figure 9b. External Reference. Reference at REF 

.MAXI.M 
MAXI96 
MAXi98 

REF 2E ".rE6V 

+ nt1F 
.I. C~,J 

Figure 9c The external reference overdriVes the internal refer­
ence 

13 



Lampiran C 

Mu'tirange, Sing'e +511, 12·Sit DAS 
with 12-8it Sus Interface 
results may be read. Input overvoltage protection is 
active in all power-down modes. The device returns to 
normal operation on the first WR falling edge during 
write operation 

Choosing Po_r-Down Modes 
The bandgap reference and reference buffer remain 
active in STBYPD mode. maintaining the vOltage on the 
4.7~F capacitor at the REF pin. This IS a "DC" state that 
does not degrade after power-down of any duration 
Therefore. you can use any sampling rate With this 
mode. WIThout regard to stan-up delays. 

However. In FULLPD mode. only the bandgap refer­
ence is active. Connect a 33~F capacrtor between REF 
and AGND to maintain the reference vo~age between 
conversions and to reduce transients when the buffer is 
enabled and disabled. Throughpurt rates down to 1 ksps 
can be achieved without allotting extra acquisITion time 
for reference recovery prior to conversion. This allows 
conversion to begin immediately after power-down 
ends. If the discharge of the REF capaCitor during 
FULLPD exceeds the deSired limrts for accuracy (less 

OUTPUT CODE 

:::::r 
11.101 r 

I 

I 

FUll-SCALE 1 L58" 4~ 

'?f 
/ I 

I I 
I I 

/ I 
/ I 

/ I 
/ I 

/ I 
I I 

::::t~' i 
oo~tL I I 

. 3 t ~ 

INPUT VOlTAGE" (LSBi FS - 312 158 

Figure 10. Unipolar Transfer Function 
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than a fraction of an LSB). run a STBYPD power-down 
cyCle prior to starting conversions. Take into account 
that the reference buffer recharges the bypass capacI­
tor at an BOmV/ms slew rate. and add SOps for settling 
time. Throughput rates of 10ksps offer typical supply 
currents of 470pA. using the recommended 33~F 
capacitor value. 

Auto-Shutdown 
Selecting STBYPD on every conversion automatically 
shurts the MAX196IMAX19B down after each conversion 
wtthout requiring any stan-up time on the next conversion. 

Tra_f., Function 
Outpurt data coding for the MAX1961MAXl98 is binary 
in unipolar mode with 1 LSB - (FS I 4096) and twos­
complement binary in bipolar mode with 1 LSB - [(2 x 
IFS/) I 4096J. Code transttions occur halfway between 
~uc!cessive-in\egef LSB values. Figures 10 and 11 
show the inputJoutpurt (110) transfer functions for unrpo­
lar and bipolar operations. respectively. For full-scale 
(FS) values. refer to Table 1. 

OUTPUT COl)[ , I n' I 

U11 111 t I 1l5S, ~ 
O1l:m , I ~ 

I I / I 
I I,' I 

::r -------?f-~ -~----~ 
111.111f I I 

I I I 

I /: I 
I / I I ,oo.OlOb! : : 

100 .001 I I 

100 00i) :: 

! I I 
·FS rtJ .. fS -1 LSB 

INPUT IJO..TAG[ (LSB) 

Figure 11. BipoiarTransferFunction 
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Multirange, Single +511, 12-Sit DAS 
with 12·Sit Sus Interface 

Layout. Grounding, and Bypassing 
Careful printed circuit board layout is essential for best 
system performance, For best performance. use a 
ground plane. To reduce crosstalk and noise injection, 
keep analog and digital signals separate. Digital 
ground lines can run between digital signal lines to 
minimize interference. Connect analog grounds and 
DGND ill a star configuration to AGND For noise-free 
operation, ensure the ground return from AGND to the 
supply ground is low impedance and as shon as possi­
ble. Connect the logic grounds directly to the supply 
ground. Bypass VDD with 0.1 ~F and 4.7~F capacrtors 
to AGND to minimize high- and low frequency fluctua­
tions. If the supply is excessively nOhy, connect a S!l 
resistor between the supply and VDD, as shown in 
Figure 12, 

- OPTIONAL 

AGNO 

.MAXI.M 
MAXJ96 
MAXT98 

OlGIlAL 
CIRCUIlRY 

-. CCNNECT AGND AND OGN) WITH AGROUND PLANE ORA SHeRT TRACE 

Figure 12. Power-Supply Groundl!19 Connection 

________________________ Functiona. Diagram 

OfF REF1ADJ 

2 1 1~ 
.2.5V E I CH5 A AA 

SIGNAl I ~ 
vvv RCFERENCE 

co« CONDITIONING 
cm BLOCK 

& TlH ClI2 
DVERVOL TAGE 

8:>-
CHl TOLERANT -----

CHARGE RED!STRIBUTlON 
CHO MUX 12·BIT OAe 

~ 
f,j 

CLK SUCCESSIVE - -
APPROXIMATION 

r REGISTER 

cs CONTROl lOGIC 
WR & 
- LATCHES RD 

1 fa! 2 .MAXI.M f---oo Voo 

I I 
MAXl96 

iNT THREE-STATE. BIDIRECTIONAL MAXI98 f---.oAGNO 
110 INTERFACE --DGNO --U 00-011 

12-61T OATA BUS 
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Multirange, Single +511, 12.Sit DAS 
with 12·8it Sus Interface 

_Ordering Information (continued) 

PART TEMP. RANGE PIN-PACKAGE 

r;;;-AX 1 96BC/D O'C to + 70"C Dice* -----_. 
MAX196AENI ~40'C to .85'C 28 Narrow Plastic DIP 

e-~ ~-~---------------

MAXl96BENI -40"C to +85<C 28 Narrow Plastic DIP 
--------------------------------------
MAXl96AEWI -40"C to +85<C 28 WIde SO 

------------------ ._-. __ .. -. __ ... _-------"-----_ .. _-----------------
MAX196BEWI ~40'C to .85'C 28 Wide SO 
-~--~~-~-~.------~ 

MAX196AEAI ~40'C to +85"C 28SS0P --------- . __ .. _---------~--------
MAXl96BEAI -40'C to .85'C 28SS0P 

~~ 

MAXl96AMYI -55"C to -t-125~C 28 Narrow CeramIc SBk. 
~-~--~-----------

MAXl96BMYI -55~C to -t 125<C 28 Narrow Ceramic 58--

MAX198ACNI 
----------. 

O'C to +70'C 28 Narrow Plastic DIP 

MAX19BBCNI O~C to + 7D~C 28 Narrow Plastic DIP 
------------ -
MAX19BACWI O·C to -t 70"C 28 Wide SO 

MAX198BCWI O'C to + 70'C 28 Wide SO 

MAXl98ACAI O'C to + 70·C 28SS0P 

MAX198BCAI O'C to -+ 70"C 28SS0P 

MAX198BC/D O'C to +70'C DICe" 

MAX19MENI -40"C to +85"C 28 Narrow Plastic DIP 

MAX198BENI ~40'C to + 85"C 28 NarrOYJ Plastic DIP . 

MAX 1 98AEWI -40'C to +85'C 28 Wide SO 
-----------------------------~ 

MAX198BEWI ~40'C to +85'C 28 Wide SO 

MAX198AEAI -40°C to +85~C 28SS0P 

"MAx 1 988EAI _40DC to -t85"C 28SS0P 

M,\X198AMYI -55°C to +125°C 28 NarrOlN Ceramic 58·· 

MAX198BMYI ~55'Cto+125'C 28 Narrow Ceramic SB~· 
~----~-------

.. Dice are specified at TA '" +2S"C, DC paramelers only . 

.. Contact faclDly for availability and processing <0 MIL ~STDBB3. 

_______ Chip Topography 

Dl0~ 

D9 -­

D8-

D7 --

D6--

D5 --
04 --

DJ -_. 

011 eLK VDO 

111 DG~n 

D2 DO AGND CHl 

(5.810mm) 

- REFADJ 

~- CH5 

-CH4 

-CHJ 

-CH2 

t
~\ 1 W cJo 

0.144-
(3.659mm)----t0<! 

TRANSISTOR.COUNT: 2956 

SUBSTRATE CONNECTED TO GND 

MaKlm cannot assume responsibility for use of any CircUitry other tllan Circuitry erltlfely embodied ;n a MaxIm product. No cirCUIt patent licenses are 
implied. Maxim reserves rhe righl ro cllaflge the c;,curtIy and speciflCafiOl1S WIthout norice at any fJrne. 
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Lampiran C 
Ie L1NIER 

LF 355N, LF 356N, LF 357N 
Penguat Operasi Masukan JFET 
(JFET Input Operational Amplifiers) 

Tarif Maksimum 
Tegangan catu 
Tegangan masukan diferensial 
Lama hubungsingkat keluaran 

Siemens 

Vs =18 V 

V'P =30 V 

tas: '" 

Penguat-pengu2t operas; ini 
memiliki transistor-tra:':sis­
tor masukan JrET, de~gan 
arus-arus gelincir dan _,us­
arus masukan sang at <:cil. 
Keluarannya dirancang un­
tuk beban bersi:at kapasitas 
tinggi tanpa sesuatu :Jer­
soalan stabilitas. 

Jangkah suhu simpan T, -55 -125 ' C 

Sifat-sifat tambahan: 
• Resistansi masukan sa­

ngat tinggi 
• Sedikit hanyut oleh per­

ubahan suhu 
• Lebarjalur leoar 
• Dibolehkan tegargan 

masukan tinggi sampai 
+V, 

• Konpensasi irekuensi in­
tern 

Diagram rangkaian 
, c 

Suhu pertemuan Tj 100 'C 
Resistansi termik antara 
sistem-udara lingkungan R,cwnb 175 KW 

Konfigurasi pena 

0""'.''''''8 8

.<. 
-Input 2 7 -Vs 

_.Input 3· 60utp::-

-~ ~ 5~fst~:~us~ 

______________ +-____ ~----------~----~----~~~O'~ 

I =t. . 

+t= 
1 m 
:sit 

% 
I : 

I 
I t.--__.__-+-t' 
I 

'; 
~ 

.= , 
! 
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Siemens Ie L1NIER 
Karakteristik 

Vs = = 15 V. T,mb = 25 'C :T1in ' typ max 

Open loop supply IF 355 N Is :2 4 mA 
current consumption IF 356 N. IF 357 N Is i5 10 mA I 
Input offset voltage (RG = 500) VIO 13 10 mV 
Input offset current ljo 

I ~O 50 pA 
Input current II 200 pA 
Input resistance RI : 1012 0 

I 
Open loop yoltage gain AyO 

1
80 106 d8 

Rate of rise 

h2 
IF 355 N: Av = 1 dvq VI!-'s 
IF 356 N: Ay = 1 VI~s 
IF 357 N: Av = 5 

dtr 

1
50 VII-'s 

Performance LF 355 N Ip 
1
2.5 MHz 

bandwidth LF 356 N Ip ,5 ' MHz , 
IF 357 N Ip 

1:
0 MHz 

Transient time (for 0.01 %) 
LF 355 N tr I-'s 
IF 356 N. IF 357 N tr 1.5 I-'s 

Input noise yoltage 
Rs = 1 000;1= 1 00 Hz: LF 355 N VIN 25 nV/,fRz 

LF 356 N. LF 357 N VIN 15 nV/,fRz 
Rs= 1 000.f=1 000 Hz:LF 355 N VIN 120 nV/,fRz 

LF 356 N, LF 357 N VIN 112 nV//"Fh 
Input noise current 
1 = 1 00 Hz, or 1 000 Hz liN I ~.01 pA/,fRz 
Input capacitance CI pF 

Karakteristik 
Vs = :t 15 V; T'mb = 0 to 70 'C, 
unless otherwise specified 

Input offset yoltage RG = 50 0 Vlo 14 mV 
Temperature coefficient of VIO: Rs = 50 0 aViO ,5 'I-'V/K 
Change of aViO 
after a change of !lIO adjustment 11 ./1aVlo 0.5 : permV 
Input offset current Ti = 70 'C 110 2 nA 
Input curren~1 Ti = 70 'C II 8 nA 
Open loop voltage gain 
Rl = 2 kO. VO!lP = ±10 V AyO 63 ,dB 
Output voltage Rl = 10 kO VO!lP . 12 :t13 -12 V 

Rl = 2 kO VO!lP 10 ±12 -10 V 
Input common mode range VIC +11 +12 ! -11 'V 
Common mode rejection i<cMR 80 100 dB 
Supply voltage rejection kSVR 80 100 dB 

Catatan: 
1) Kalau dibandingkan dengan harga asli yang tak dapat ditepatkan, koefisien suhu dari tegangan 

gelincir masukan yang telah ditepatkan hanya berubah sedikit (lumc3hnya 0,5 \lV, K) untuk setiap 
mV dalam jangkah stelan. Penepatan tegangan gelineir tidaklah berpengaruh kepada tindasan 
ragam tunggal (common mode rejection) dan kepada penguatar ikal terbuka. 

2) Arus masukan berlipat hampir dua·kali. kalau suhu pertemuan raik 10 K. 

19 



Lampiran C 

® MOTOROLA 

l2J L:.U.:J ~ L:J 

J SU'ffix - Cue ::n-ca tCetl~:cl 
N S\o:~% - ~$e ~ (?tas;.ic) 

GUAIIAHTl:ED OPERAnNG RANGES 

C;!'rIO 

SYy'3C~ I PAJ\AME7Ei\ 

Vee 

I 
5-< 

1 74-

5-< 
I· 74-

5-<. 7~ 

54 
74-

SN54n4LS04 

HEX INVERTER 

lOW POWER SCHOITXV 

MIN TYl' \:srr 
4.5 5.0 V 

4.75 5.0 

-S5 25 :c 
0 25 

-0..4- mA 

4.0. ..-.A 
8.0 

DC CHAAACTERIST1CS OV"'..A OPEAATlNG TEMPERAr':RE MOjGE (on:ess Otl'l"""';'. ':>e<;rned) 

SYY.30l 
~MITS 

MIN I TV? I 
VIH Iln~'" HIGH V::-.'"3<;. 2.0. I 

11n~"'l0W V~. 5-< I I i .0..7 I 
Vil I I I I OS I 74 , 
VII( I Input Clamp ~ V.,,~ I I -0. 65 I -1.5 I 

5-< I 2.5 ! l.5 I I VOH Out;:ut HIGH Vol:~~ I 

74 I 2.7 ! 3.5 , I 
5-<.74 I I 0.25 I 9.4- I 

VOL O~ LOW VOo~~. 
74 

I I 0.35 
I 

0..5 
I 

IIH I "'~ut HIGH eUtTtr.t 
20 

0.1 

IlL 11n~~1 LOW Cum .. :. I -0.4 

lOS I Shott Cir""it e="", -20. \ -100 1 
Pcwer Su;:oly C:.Inenc I I Icc Total. OUQIJI I-:X;H 2.4-
Tcta~ O~1~ut Le'N I I 56 

AC CHAAACTERISTlCS: TA = ZS~ ~ 

SYMBOL PAAA.Y.:a:R 
!";'YITS 

MIN I TYP I MAX 

tPlH Turn Off Ot1rt.lrc1.1 to OU't;)U1 I 9.0. I 15 

tPHL Turn On Celay. ~-: :0 0ut:X.1 I ! 10. ! 15 I 

FAST A:-;JLS TTL DATA 

5-6 

\;NITS I TEST CONOmONS 

V 

V 

V 

V 

V 

V 

V 

'

" Gl,:aranteed 'Iraput HIGH Vo:ta;e br ~ 
AJllnput3 I GUIf.meed Input lOW Volt.~. lor 
.l.!lln;luts 

I Vee = MIN. liN =-18 mA 

I vee = MIN. IOH = MAX. VIN = V:H 
I or VIL po< T'IJII'I Table 

liol = 4.0. mA Vee = vee MIS. 

IIOl=a.DmA 
VIN eVil Of V!.,-; 
:>'!t'TMhTa~:e 

r.-.A I Vee - MAX. VIN = 7.0. V 

mA IVe-= MAX. VIN =0.4 V '-
"..A 1 Vee = MAX 

I Vee = MAX mA .. I 

t.'NITS 
, 

TEST CONOmONS 

n' J Vce=5.DV 
n, , 

CL= 1SpF I 

·1 , 
) 



Lampiran C 

J Suffix - Cue S-oe (c...m;cl 
N Suffix - ~u £.(S...06 (P" .astic) 

GUAAAHTlOED OP£RAnNG RAHG£S 

SYMBOL I PARAMETER 

Vee f Su;::ply Vclt~;e 

TA I Oper.tin; ~ Temoetature RI~g. 

Ie" I Ou~t C~trer:l - H~h 

ICL I Ou:;xrt C",ro,,, - Law 

I 

I ~ I 7£ 

I ~ I 7£ 

! S4.74 

I ~ 
7£ 

--• j 

SN54n4LS08 

QUAD 2-INPUT AND GATE 

lOW POWfR SCHOTTKY 

~JN 'lYi' I MAX I UNIT 

".5 5.0 I 5.5 
I 

V 
4.75 5.0 5.25 

··-SS 25 -I 125 I OC 
0 2S 70 

I '. I -0.4 I rnA 

I 4.0 I rnA 
8.0 

DC CHARAcnRlST1CS OV£R OPERAnNG TEMP£RATURE RANG£ (unless =.etWiu s_"Ki 

SYMBOL 
MIN I 1Y? , 

UN.'7S . ;:ST CONomONS 

i L"'Ii)I.t1. HIGH V~l(age 2.0 v 

" 

Guaranteed 'nput HIG'" Vcltlge for 
.... lln;II .. • .. 

IIn~UI LOW Valuge 
I 54 I I I 0-7 Guaran."" Input LOW Vohage 10< 

VIL I I 1 
V ""1 Inputs 74 0-8 

VI( ! InpUl 0. ... 00 \);ode VoII.~. I -0.651 -1.5 V VCC"' MIN.I(N" -18 rnA 

Ve" 10UIpUI HIGH VoIIlge 54 2.5 I 35 I V Vee" M'N.IOH .. MAX. VIN - VIH 

74 2.7 I 3.5 I V 0< Vll per T,UIh Table 

10ulPUt lOW Vol. age 
54.74 I 0.25 I 0-4 V 1101.." 4.0,...A Vee" Vee MIN. 

VeL 74 
I I 

0.35 
I 

0-5 
I 

V IIoL .. 8.0 rnA VIN - Vll 0< VIH 
per TrUll> T.~I. 

IInpUl HIGH C-.nc 
I I 20 I pA I Vee - MAX. VIN" 2.7 V 

IIH 
I I 0.1 I m.>.. I Vee" MAX. VIN .. 7.0 V , 

In. \ In~UllOW c-en. , 
1-0.4 rr,A I Vee"!;'.AX. VIN .. 0-4 V 

lOS I Shott Citc-,,;: Curren< -20 I 1-100 ".,... IVee- MAX r- Su~Cutr .... , I I I -ICC T",aI. OuQuI HIGH 4.8 ".,... Vee "MAX 
' .. 

f 0101. Du-.::., LOW I I 8.8 

~ 

SYMBOL I PAAAMETU 
LIMITS 

UNItS TEST CONDITIONS 
MIN 1 TV? I MAX 

I;>o_'i ITum Off ONy.lnpUl.O OUIPUI I 8.0 I 15 ns vee" ~.OV 

'P>'l !Turn On Del....,. Input to O~t;Jut I I 10 I 20 I ns eL,,'5pF 

FAST ANO LS TTl OATA 

5-8 



Lampiran C 

; 

L-_S_N_54_fi_4_LS3_2_j 

SYM30L 

Vce 

TA 

IOH 

10L 

J Sutb; - Cas.e e::::; .. :.a (Cerl~;C:) 
N Suffix - Case ~-S (?!as:ic:l 

I PAAAM..qo~ 

IS-lyvolta •• 

I OJ)efating Arr.~et'tt 'i" em~el"lturl! ~~ 

I Out;><.~ Currer.: - H" h I O~t Curre:-:: - L--w . 

I I 

I ~ 

1 ., ,. 

I 

~ 

'·1 ;1. 

I ~.7: I 

I S.£ 
1 il. 

QUAD 2·INPUT OR GATE 

LOW POw;R SCHOTTKY 

M:'~ ! 7Y? MAX UNIT 

4 . .5 
I 5.0 5.5 V 

4.75 5.0 5.25 ! 

-;:5 I 25 125 "C 
0 25 70 
- 1 0.4 rnA 

! 4.0 rnA 
8.0 

DC CHAAACTERISTICS OVUI OP£RAllNG TEMP£RAllJRE RA.'I~ (unless ot.~ ~~ 

SThC3Ot. PA.~"""':':!1 I UMITS I UNfT3 TEST eONOfTlONS 
I MIN I TY? M'-X 

lOS 

lee 

Input HIGH Vel"'..t;e I 20 1 1 V 

I~LOWVO~~' ~: ~.: I V 

1 
G·..T.rl~:Hd I~t HIGH Voltage for 
":"'1 1r.;:II.r..s. . 

1 
G;.;:Vln:~ Input LOW Vottage tOt 
.A.: 1r.:I1 .. ~ , 

IlnI>ut Clomp O«eV""a;e I -0.65: -1.5 V IV:C~MIN.IIN:O-18rnA 

I I 54 I 25 3.5 V I Yo: = MIN. 10H = MAX. VIN = VIIj 
OU1;l\lt HIGH VO~~. 1---=7:..;4--!I--=2:.:7:.......,'-:::3~5-+--+-v-=--1I ... VII': "'" T'u~" Tabl. 

I 
~.74 I 0.25 C.: v· IICI,. "4.0 rnA Vee = Vce MIN. 

OU1;>ut LOW V .. ~. 74 I 0.5 V I:"' = B.O rnA VIN ~ VIL Of VIH 
0.35 '-. pe<TtuthT.bl. 

2~ ,.... 
! 0.1 ....... 
1-0.4 rnA 

-20 : -IOC I rnA I s...", C~cuit C",rent I Y c: = "..AX 

Power Suppty CUl'rer:t 
Toc.(. Outj:)ut H!GH 
TOIal Output Lew ~ 

62/ ",A 
93. 

AC CHARACTERISTICS: TA = 2S'C 

UMITS 
TY? MAX I 

jTum Off Oeloly. It'lput to Out;IUt t4 22 I 
'?liL !rum On Celay. It-.;>vt to C~ut I: 22 ! 

FAST AND LS TiL DA,A 

5-24 

UNITS 

, .. 
ns 

TEST eONOmONS 

Vee = S.OV 

eL=1Spf 



Lampiran C 

® MOTOROLA 

TR!.:iH TA3LES 

lSl25A lSI25A 

! I'~UTS J 
I • I 0 

I ~ I ~ I 
l.. • LC¥t '1CI~" l""'-( 
H· HIG-:..{ ·'~luS. LM 
x. ~·::"r. 

J Suffix - ~SI 6J2~:.! !CtfJImie' 
N Suffix - Case ~;-:5 If>>1as.icl 

LS125A 

OUTPUT 

C 

H 
eZI 

I SN54n4LS125A 
I SN54n 4LS126A 

( 

i QUAD 3-STATE BUFFERS 

LOW POW:R SCHOTTKY 

lSI26A 

DC CHARACTI:RlsnCS 0"';;\ OP£ilAnNG T£MP£RAl1JRE RANGE I"nlus c--erwise s=ifieCl - - ... -
SYMSOL I p':"':A\'1m~ 

T UM173 I UNriS I TES7 CONOmONS I MIN TV? ! MAXi 

VU-I !lnpUI HIGH '.":i-:a;e I 2.0 I I V I Guaranteed lr:put HIGH Vclta~e fer 
Alllt"Iputs 

!lnpUI LOW V:::a;. 
I 54 I I 0.7 I GuatanleeC IC~llOW Voila;. 10< 

'Ill r I I V All InputS 
7" 0.8 

V;;c: I Input ~tr.:> ;ic:~e Ve.':!';,: -0.£5 I -1.5 I V Vec = MIN.Ii.'! =-18". .... 

VOH I Out;>U1 HIGH '1o~a;e : 
54 2.4 I I V Vec = Mt.'1.IOH" MAX. VIN = VIH 

74 2.4 I V or Vil pet Tn.-:h Ta!)!e 

I Output lOW'Ie',a .. < 
I 54.74 0.15 I 0." 1 V 10l" 12 """ I Vcc=Vee MIN. 

VO!, I 74 0.35 I 0.5 V IOl- 24 """ I VIN =Vll Ot VIH 
. pet Truth Table 

toZH OUt;>UI Off c...n.nl HlGH I 20 pA Vee = MAX. Vour = 2.4 V 

10l\: Output Off e=.nllCW I I -20 pi.. Vee" MAX. Vour = 0.4 V 

IIH Input HIGH =onl I 20 JlA vec"" MAX. VIN" 2.7 V 

I 0.1 I mA Vee" MAX. VIN = 7.0V 

IlL ln~uI lOW e=onl 1 -0.4 mA Vee = MAX. VIN - OAV 

lOS Short Circuit C:,;:rte~ -40 1-225 mA Vee = MAX 

ICC Power Supoiy C!Jrref";! LS.125A 1 20 mA Vee = MAX. f 'lIN = OV. VE = 4.5 V 
-.LSI2SA I 22 "I VIN = OV. Vo =OV 

FAST AND LS TTL DATA 

5·23 

-



Lampiran C 

SN5·n~LS125A • SN~f74LS125t. 

GUARANTEED OPERAllNG RANGES 

SYMSOL PARAM;IER 

Vec St,;~:»ly Vol:a;e 

TA ~rating A.ITlbient Tempcr"~L:re F;,~. 

IOH OL:tput Cunent - High 

IOL ev-.;l'vt Cur:-t!'ll - Low 

AC CHARAC1CRISTlCS' TA = 2S0C . 
SYMSOL PAAAMmil 

"11~ I 
Ipl,..J..I . 1.5125..0. I 
t?U'i Pr~ag.:ion O~lay. 1.5126..0. I 
tpr.l O.ta 100 ... .;>-JI 1.5125..0. I 
tpH!. 1.5126..0. I 

01.::;>1.11 :na!:ht lime 1.5125..0. 
I?ZH 

to H:GH level lS126A I Ou!~u: En,bl. Time lS125A 
t?Z!. 

!:S12oA I ,. LOW Le •• ' 

tpi-2 
I O~~~ Di .. ~!. Time 

from HIGH Le .. 1 
I 1.5125..0. I 

1.512eA I I I Ou:put Ois.~" Time 1.5125..0. ( ( 
t?t.Z 

1.5125..0. ( I frc:,:, lo\'Y Level 

Fli- , 

Foe:. 2 

I 

I 
I 
I 
I 

UM;rs 
iY? 

9.0 

~-: 

7.0 

e.~ 

12 

i5 

IS 
1~ 

I M:N 

54 ".5 
·74 I ".75 

I 
I 
I 
I 
I 
I 
I 
I 

I 
i 
i 
I 
! , . 
! 

54 I -55 -. ,. 0 

54 
74 

54 
74 

MAX 
~S 

15 

15 
r.s 

18 

18 

:ro 
25 

25 

35 

2D I 25 

2D I 
25 I 

lO O',r."_­
Ulf,co.ns~ 

:-.s 

:'>S 

". 

". 

SYMS01.. 

tpZH 

tpZl 

t?LZ 

tPHZ 

FAST AND LS TTL DATA 

lY? MAX UNfi 

5.0 I . 5.5 V 
5.0 5.25 

I 25 I 125 OC 
25 70 

-1.0 rnA 
-2.6 

12 rnA 
24 

TEST CONDITIONS 

Fig. 2 

VCC = 5.0V 

I Figs. 4,5 
ICL = 45 pF 
RL=6670 

I I Figs. 3. 5 
I 

I Figs. 4, 5 VCC=5.0V 
CL = 5.0pF 

I I P'L z::; Sa7 n Figs. 3. 5 . 
! 

SWITCH f'O$ITION$ 

I SWI I SW2 -
I O~l"I I CICKe~ 

I CICK.~ I 0 ... , Cloue: , CIOWCI 

I CIOU~ I Clond 



Lampiran C 

{iJJ MOTOROLA 
'-.-, 

oESCRt?TIO~: - ihe LS77L/MSI S:i:.!:"S '7.!LS 133:s a h:; .... s;~ed 
1·::!·8 Oecoc~~/Oemuhi;::~! ... !r. This :~'Vice is i::!~3il'r" s:.:i.ed !:r high 
s~-!<!d bipolar !':"'.!rnory chi;: S!!eet a~:~!Ss ce:ocil"".;.lhe t':"';ul!;~:t input 

er.I~les allow ;::aralJel ex;:!~sicn to a 1·cf .. 2~ C'ec...--c.er L:s:ng j:.::s:. ::"ee 
LS i 33 devices cr 10 a 1-::·32 de~::":~ us:~~ fc-..:r LS 1 33s !~: one 
ir.".!fter. The l..S138 is !a:ric!ted .... ::h t~e Sc~,or:ky :arri!'f :::'iode 
pr:eess for hi;~ $~eed an: ~ :omple:e!y cor.:j)ati::ewr:h all ~~:::rola 
~f(lmilie$. 

• DEMULTI?~EXING CA?ASILITY 
• MULTIPLE INPUT ENASLE FOR EASY EXPANSION 
• TYPICAL POWER DISSiPATION OF 32 mW 
• ACTIVE LOW MUTUAU Y EXCLUSIVE OUTPUTS 
• INPUT CLJ...·.1P DIODES LIMIT H:GH S?EED TERMINATION 

EFFECTS • 

PIN NAMES LOADING ,,;::. oj 

~OjES' 

A::::':~S$ I:;pt.::s 
E~!::I! {AC!ive !..OI_Vllnpt::s 
E:,,:!:!e (A.::ive :-:!GH) In;:~: 
A::;· .. e LOV': O:.:::u~s (Not! b) 

O.;U.L I 
0.: I.!.L 
C.; U.L ! 
l~V.L ! 

O.2SU.L 
C.2: :J.L 
0.2: ~.L 
5("-:; U.L 

!. 1 1.' .. !.:~it Lo!~ '::':.:"'l =':0;::" :-::G~/1.6:-':" :"0'.-: . 
.... Th~ 0:,;:,1.1: LO':: c:':ive fi':!:~ il 2.5 U.l.. f:f' :-'~j:i:":"y {E-!i .,..~ 5 t,; ~ !OI 

Co:-:",.~e~:ial (7.!~ 7e~p". ~:~ ... t ~l:"';H. 

: lOGIC OIAG::tA:.~ , 

.1...... , "';. !: !: £J 

cr;(CDI CI 8~FJ 
'1 \1 '¢T d 
r r~, ++:,-~I __ ~i~·~~ 

Vee· :::'1 16 

o 

FAST AND LS T7L DATA 

5·97 

SN54n 4LS138 

'·OF·8·D=CODERI 
DEMULTIPLEXER 

LOW ?OWB SCHOTTKY 

LO:;IC SYMBOL 

1 , .• S5 

II HI 
: 2 J 

Ilil 
15:""]121110" 

Vee· Pin 15 
:::~~~ • Pin a 

CON~:CTION DIAGRAM 
C:?(TO?VIEWj 

" 
2=": " 
'::"'2 ,. 
-~ 

" 
s=l1 " 
IC!l " 
7C =1 '0 

IC~~O 

J Suffix - Case 620.-09 (Cer!lmic:) 
N Suffix - case &:.8-08 (Plas:ic) 

hO~. 
1'\'0. FI'~:'~c ... ,~ " •• t" ••• _. 
Dot'OvtI rC7.-.:'1-' D'a; .. ml II ~ 
c....j ..... ~ .... • 111;_ .... 



Lampiran C 

FUNCTIONAL DESCRIPTICN - The LS:38 is II n;.;;, speed l...of~"i)ecocer/Oemultj;:;!xf:t fa!::t::.a:ee with the lew 
power Scl"lor.,i.:y barri~ cic-~e process. 7:-.e cecocer accepts 'l.hr"ee binary weighted i:-c~u (;"0. ':"1. :"2) cr.C when 
enabled provides eisht mt.:tu2ily exclusrv: KtM LOW outputs iOo..o7" The LS138 fee::::es three ::\abfe ir.;:::..-!S. two 
acti .... e LOW fE,. E2} a~ e:'"~ active H!:::H (E3J. AJJ outputs will be HIGH unless"§"j ir.d E2 i~! LOW 2:"::: c3 is 
HIGH. ihis multiple enoable fUnc1icn ,n:ws easy ~lrzllel ex;:ansion of the device to ! 1<)~·32 (5 lines :032 lines) 
cecoctr with just four LS132s 'nd one i::--.,ne-r. (See r;sur~ aJ 

The LSl38 can be used as 1:,\ 8.-output c!"nuhiplexer by using one of the active LOW E~.a=:e in::a.:!! cs the C~:! in!'ut 
and the other Er.ible i::'1;:>t:!.S u strobeS. T."Ie Enzb!t inputs which are not used m\.:s: :'e ::e~mC!:-.!;"Hly ~je-:::f ::> their 
cpp(o~riz:e active HIGH cr ac:ive lOW ~..c:e. 

TRUTH TABLe -
IS~'r$ I OUTPUTS 

El E2 E] I ""l AI 1.2 I C, 01 02 03 C, Os Cs 07 

H X X X X X " H H H H H H ~ 

X H X X X X ~ H H H ~ H H ~ 

X X L X X X H H H H H H H H 

L L H L L L ~ H I+- H ~ H H H 

L L H H L L H L H H " H H H 

\. I. H :. H L H H L H 1-: H H H 

L L H ~ H L H H H L H H H H 

~ L H I :. L H H H H H :. H H H 

L L H I H L H H H H H H L H H 

L L H :. H H H H H H H H L H 

L L H I H H H H H H H ". H H \. 

H • HI:iH V:I:ao9f L ...... I 
L • lew Vcl:.t91 ltve4 
X • C~'t Cer. 

"0 
'1 

I I 

I I I I 1 
" I I ! I i I ! I I I Uo.< I 

Cj " I , I I ... 
I I I 

.p!J ," .1 

I I I :~ : I \ I ::, 

... ·1 .., '"": '"'I'" A.: ·1 '&2 

LSI3a !..S 133 1.5138 1.5138 

Fi;.a. 

- "FAST AN" LS TTL DATA 

5·98 



Lampiran C 

GUARANTEED OP£RAl1NG RANGES 

SYM3C' - . '- ... UNIT 

Vee I Su~;::y Voi~a .. e I ;..! I 4.5 I ;.0 I 5.5 V 
-, -i.iS :0 5.25 I ,- , 

TA I Ope!a:ing Ambier:t :!::"Ipe(a~u:e Ran;e I :.: I -55 I 25 I 125 "C 
-, 0 25 70 ,-

10H I Out~l,;t Current - r.'A;!'l I 5~.;~ I i 1 
-0.4 rnA 

10l 'Ot.:t;::!,,;: Current - L"'W I :-.: I I I 4.0 rnA 
-, 8.0 

. 

DC CHARACTERISTICS OVER O~AAl1NG 1UIIP£RATURE RAN~ (un!essc:"."".;s.. s:..:"'eC\ 

SYMBOL 

i'npl:t LO\V VoIUI;! 

I Input Cia!":"!) Diode V:1':age 

LIMITS I 
TYP I "AX I UNITS MIN 

2.0 V 

I :i 
I :; V 

TEST COSOmONS 

i :::~I:T·.:!eC In.,\,It HIGH V;)I-;a;e for 
! ":"::i I:".;~!S 

~ :i::1."'2.-::e!'d In~·: lOV'1 V:ll'ta,t fot 
i .A1i 1:-:;-;,;-:5 

I 0.65 I -:.5 V : '.'(:C = ~IIN.IIN =-18 r..A 

lou:;,", HiGH Vo~.;. I-'::~':'" _!-I ...;2.=5 -+-=3:.:.5-+1 __ +--.:V_--;' -;(:C = MIN, 10H = MAX. VIN = VIH 
I 27 3.5 I V 1 :::- Vi!. ;er Truth ia~le 7~ 

I 0.25 I -- V 

I 0.35 :'5 V 

11r.~": HiGH CU"fe: 
·;cc = ~.~ VIN = 2.7 V 

_, I .. ... ·CC = ~t.:..X. VIN = 7.0 V 

i lr.;lu: LO'.\' Curre:".: : -:'.~ I "w'cc ::: ~~ v:~ - 0.4 V 

lOS 1 51"101. Circ~it Cur:'!:"': -20 -::0 I 
ICC 

AC CHARACTERISTICS' TA - "'~ - .. "" ... 

I I L=V:~ := 1 I - TEST U~.·..;.;:) 
U!'~:iS SYM30L P":"'=';'.,M:TER 

OEU.~ I .... ".:!".! I 1':'- I ~.a..AX CONOmONS 

tPLH I ?rop.a;ation Delay I 2 I I 1~ I 10 I r. 
t?HL :"~crtss to Out~!,.! 2 27 ~1 

t?LH 1 ~~!);asa:icn Oelay I 3 I I ~; I 27 I ,~ 

tpHL A~c:ress to OutP..,.: 3 2: 39 Vee = 5.0 V 

t?LH I ?ro;a;a:icn DeIlY =i or 'E'2 
I 

2 I I i1 I :3 I 
Cl=15pF 

r..s 
t?Hl Ena!:lle t:l Outp..rt 2 4' 32 

t?lH I ?tQ~a;;!:ion Delay :3 I 3 I I 17 I 25 I r.. 
tpHL E:'\a!:lie to Outp\,!! 3 2: 33 

ACWAVEFC;;.Y.s 

fig. 1 fi;.2 

FAST AND LS 77:" DATA 



Nama 

NRP 

NIRM 

BIODATA 

: Andhi Setjo Hendrata 

: 5103094044 

: 94.7.003.3107306047 

Tempat, Tanggal Lahir: Surabaya, 6 Mei 1975 

Riwayat Pendidikan: 

Agama 

Alamat 

e Tahun] 988 Lulus SDK Xaverius 1I Surabaya. 

: Katolik 

: 11. Gili 31l1, Surabaya 

eo Tahun 1991 Lulus SMPK Angelus Custos Surabaya. 

C? Tahun ] 994 Lulus SMAK Frateran Surabaya. 

G' Tahun 2000 Lulus Sarjana FakuItas Teknik Jurusan Teknik Elektro Universitas 

Katolik Widya Mandala Surabaya. 




