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Lampiran Al Li:,ting hogram 

F.ro~ ~- Gill J;,.12tt._:l J i _Pes;~c!Il_ Fi 1 te~; 
1* :\fdlll2./:'JRP ':i[mll~l Yanq/Sl()3;")9S;)64) 

l";.::strak ;:,::o'::j~:am ini di·::;:'.1;"l.?k.?Tl untuk mE'ngE't.alY<li ::'-es;::on fil+:e..:'; c::.dE.,'-;::'elTl 

filt,e.::: ,y3_Y1'~ ak2.Il di'-1).1_ adalz_h l,~),;-;,;~ass, hi':jlr~:ass, ;--'::3.nd::_~ass da!1 
not'.::n f:L1 te=::'. ;>::-n':,r:::n U,-m::i Le.Tl d2.1 dll d:i 2.,}r?"[(L ;::od.,;>: ?.k2.'-1 lllcrnudahkan 
kit.a unt~k menget,ahui l-es;on d.ari filter t.e.!::se::::ut; :Cat,as fl-ekuensi 
.yan; heY)dak diuJ.:u.~ anta:cc_ ~:J Hz - 2') EH::. 1"--': 

'elSE'S crt;dos,graph; 

:::':;Dst ~a $3)J; 

$38; 
$3'r! ; 
$14; 
$3J 4.: 
;?3J8 ; 

a12_mat FFI po.:::t A yan':j dip3_ka.i 
alarnat control ~ord da~i ~[I 

inisialisdsi PPI } 
1, .alamz.t cCln·t~.:::ol ",,;'ord car,l. fIT 

lnisialisasi PIT ) 
PIT8!Co~Y1ter3 yang di~akai 
alamat ;:enga_ktifan A!::C 
alamat ~-:;':;n'~aktifEdl. ;:.:ftJ: 1 
Jumlah ;encuplikanj 

fm.:;.x 

J 

512; 
4JSl5,: 
:·393:); 

[ :'~esa.~ tegangan in;::;ut-, ~:C'l)2;.ni"3_}: 4:)95 d,::.t~&: 

frekHe~1si maksimum d2ri S~',e'~p fmv:ti':Jll. ·;'~n,er:"to.:-

-5937.133763; ls~ 4> 225£--3; 

G:cayLJ FilIPa tterY1Type 

vc~!. c;;: d.Y :L.ve;::', G::: mode! J)~, tal<az! ::':a tat-(l,fj : i.;'1te~!e::::'; 

i:::r:'=:':J.t a':::':::3_y [J,. 4:)95] of in'tege.c:; 
til iiI,:; of ::::om;:J.~;:<:; 

V-:;::PO;,lt, g~:'ln 

tout/ -:lyl, J'y'11 

P! 11/ x, Y 
f:ll te:'; tom-col 
~:am~_,li:::1g 

.'::'ev 

::::;lot 

leg 

aIr; 
"",;()rd; 

''''-'J::d; 

fy)oleani 
p'~int'2r ; 
,:; 0 Illp 1 ~~x; 
;::C'2_1,: 

procedure InisialisasiVariabel; 

port~[dac]:= 2J48+round(teg/lsb]; 
s(-:m;:l:i'-l'~ .-- L:d5e; 
l:::c. t.2m2y. 

La talV;i 11 

tout 
!l 

~1 :.1 
end; 

: = -5:)JO; 
+:,=1 ),=J; 

. ~ :); 

J; 
() ; 

cro':;eduYe .:;':C1-~2:_.:::;f'; 

('Jntuk mem:;uat area =-a:"Tp~1sS unt.uk tit.ik ::r'ang aJ:an dite.m~ilke.n ~:el.:3.Jfi;'!:" manit>:):!..'} 

SetFillPatte:cn(Gray1J,black) ; 
Ba.~- (58 It'] f 5 -; ,) I .3o,J) ; 

5etcolor(yello~); 

line,:S.); 'LI! ~)J, ~;)~i; ['3:: yl 

li.ne(5;J,310/O'J:J/31:JJ; (5;:: xl 
s~t((l10:(yello~l : 
fc::' y>=<) to 1~) do line(52, 53+':y:lr-16) 
fo~ y:=J to 26 do line/SJt y*2j) ,318, 
5etcolo~(da~kg~ay); 

fa.:- x:=J to 7 do line(55,53+(x*32) 
fo~ x:=] to 12 do line(90+(x*4JI,55 

outteztz'y' 1,) ! 23 Arrr;::li,tudo , ; 
outtext.xy J, 5 3 I ; 
',')utte:·cL,:y ~! , 

;; c 

outtextxy J, 1 0 
, 

outt'.?Y.txy ] , 1 5 
Duttezt:-:y J, 1 4 

54 , 5?;+ ':y"rlt::)); 
S J + " :~,., 2'J) I 3:) -; ) ; 

57J,53+(x*32)) ; 
9'J-t(x"'r4J'J ,3:1~IJ" 

(I]rs b:;l sn yl 
fg.1:5 k:::'l 5r~ xi 

{:"o:- line} 
! ve T li!H~'} 



Lampimn Al 

oucte~-:tx,,! J,21::j,1 ~~I).~ 

'')·'.ltt'2:ZtZY 0/242/' 2'); 
o"Jttextx:l 8;2:4/ 1 1. 1

;

o·~·ttezt;{"'! ( ], 3'.16! I J I) " 

outtE'xt)-:V.3J ,315; I :: r,; 
·:y·,n·.t.exLx: • .1 (lEi:), :;15, t 4 I J ; 

odttextzy,24:)., :jPj, ;:: I); 
·')ut.t.extzy 320 1 315/ t 12 I) " 

(Jutt":E:~xtXy' 4:)5,315 1 ' 16 t .l; 

'~'ltte.ztxy('1t'5,31=" '2:)'); 

o'Jt.tE'xt.xv"565,315; '.24 !GI::::'); 
outteztzy 250!36J! I~CWPASS FI~TERI); 

'2W:!; 

p:ocedure AreaHpf; 

l.l"ting Program 

r~J~ltuk me.m:'Juat a.:=:-e.a Hi·;::h:?a.ss LEltUJ.-~ titik yan,;:: aka~1 ditam;:ilkan kela/2-.':::- m':)clito.:-} 
.::::e'gln 

SetFillPatte=n(Gray18,blackl; 

setcolo~(yello~l; 

line ~)J,4')15j,3J9J; (~'i:.~ 't') 

lill-'2(:.CJ, 31:), 6'):)/31:)); {3D x} 

se'tcolorlyello~l; 

fa: y:=o to 15 do line(52,53+~y*16) 
fo= y:;J ta 26 do Ilne(5)+(y*2)), 31 
~e t(~olo:c:· .: d.2"1 rkg J>'Y) 
fo.:=:- z:=J to 7 do ine(55,53+(x*32) 
f·:);:" Z:='~J t,:::, .i..2 dJ iTle(9'=J-f (z*,1J) / :':' 

c:;eLcolo::· (~'ihi tel; 

(J"!Jt:t:e;{t::-:y;lJ,.2'j .full:::J.itudc l J; 

<)"Utt'2XtXY i,2) / SJ /1 (.} 1) ; 

o.Jtte~txy 2J,?2 !I; 
.:::n..lcte:-~t:-:l' 1:2:), 114, t (

1
); 

o'.ltte:<;tzy(i~',)! 146, :,:); 
o~ttextxy;2J,17St 4'); 
outtext,xy ':":::J/ .21':1/ 3 1

).; 

outtexlxyi2~,242, 2'); 
O,..Ltt,:;xtxyi2:1,274, 1'1; 

outtex't:,":/ \20, 3~)6! "j 1 J; 

outt,,:;zL·;,.' i14:), :n~), l'); 

o'..lt.t.extxY'24:J,31.5,'2)'I; 
'~)lJtt'2.:{txy': .q')! ~;l:'i 4 1 .J; 

C:~ltt.exU:yi44'~l,3:t51 5'): 
outtext.xy 54:),31.S , t:' K:'l:z.' ); 

~.J , 

()',.ltt·-2xtzy':2S=J, 36'J 1 'B:IGHPA3:3 FI:':TER1); 
en.d; 

t):'J:~:'2du.::e A::-'2aBpf; 

54 , 53+ 
" '1'''' 16 I , ; \ -; C 5 Icc 1 s~::: 

::,'-) + ( y*".2 ) ) , -' :J -; , ; I ;1:::'s kd 5r:: 

~)7/.J, 53+ (~·c*32).I; {h·:,.: linE:] 
::<J+ (Z*,1JI,2;:)9); I"T~:;:: litl'O:} 

'i : 
x I 

lJ·at~lJ.: menicuat ~l.::-ed Ba.nd~d55 antuk ti.ti.k yd.:'V) dkdn. dit~unr;i.ly.an kel2"i.y"i.: ffioni.to:;:·} 
:::t::'gi::l 

3~tFillPatte=n{G~aylJlblack); 

Bit.:: ( ~):'1 I ':::) I .r-) --: :1 r -; 6:l ) ; 

5etcolo~(yello~); 

line(~,'')!4:)f~,Jf3J9.l; is.;.::;:n 
line(5,), 31;:1,6;:!:), 31,)); (s::-:; xl· 
setcolo~(yello~) ; 
fc:.:: y:=8 to 15 do line!52,53+(y*16) 54,53+(y*16)); ( 'J" " s ,,·,,1 s;~ 

Ec~ y:=:) to 26 do linerSJ+iy*2J),31J, 5J+(y*20),3J7); ( 0 r Cj t,.= 1 ., 
se~cola~(da~kg~ay); 

f~: x:=~ to 7 do line(55,53+(x*32J 
tc:c: x:""~·) to 1;~ do 1:lnt!(q:~.l+i.X*4Jl,5~) 

5'?t.colo.::." ('...;hit.e); 
';:YUl~t~;-:t.;{y (L'), .?::! f I Arn~)lit:ud()') ,: 
out_text"i":Y" :") (50 I! 1.'1' ) ; 
o~ttextxy( J,82 , 
outtextxy( J/114, 
()dttt~Zt.xyi J 1 

out.text.xy': .J, 
,;:-'u t te.:;;·t.~.:;; V ': :J 

"7 1 ) ; 

57:), ~)3+':X"3Z).J; (hor 1.i.neJ 
S<'l+I:x*4:'J ,l ~ 3:)9); 'tve: I:Lne\ 

.. 
y ) 

}: 



Lnnpinm Al Li:;:ting Program 

outt:E'~;,:t:':y' ;~:), ~'[\?f t '), i; 

outtextxy'2J,274, 1'); 
(;uttezU:y,2;j/3Jo, I ~j'); 

'Ydttcxtxy(6,) ,315/ 2'); 
cJutt,ezt,:t:Y"l LLJ; 315 1 ' -~I '); 

()U'ttE:;<~t;.-:,:,' ,:22:),315, I 41 'J; 

OLtttextx:l,:3J:)1 315 , ~)'); 

outtextxy,:38J, 315/' 6 1 j; 

(Jutt2~.{i:;-c'i~46:)r3J.51' ~It ).; 

.J\'ltt~xtXy!.S,'i'JI '31~,,! t:: l"ZEzr J; 
o";jtt,0xtxyi25J/36~ij 'BA::J:DP}\S,s E'l:"'l'ER') ,; 

end; 

:=:-::,'ocedU::"'0 f~''2,cl:'Jot''':h~ 

(-Jntuk memi.:::J,ott: a::-ea :-lotch unt.uk ti'tik y3_ng -2-.ka::-l ditampill-:a::-J kelaya::. monito:::] 

SetFillPatte=n(Grayl:J,blackl 
Ea~ (5J I 6~,', 5 -1') ,36::1 'i ,: 

->et.::olo:c (yelL)~o;); 
IlDe 5)i4~!f5JI3C)S')/' [s;: ~,} 

li::-le(5~J,31'J,fi'Y),31rJ); {sb?:] 
setcolo~(yello~J; 

fo!: y:=~j to 15 do line,:S2/53+(y*10) 54,53+",1'*10)); r grs ",:1 s;:;; 

fo,,-" j::O-"'.J t-.Cl 26 do li~'H:'(5"j+(y+'2:)1,31'j.' 5-::J+(y+'2JJ,3')-}); I 
, : ~; I:cl ~.;.:: 

setcolo~(darkgraYJ; 

fo~ x:=J to 7 do line(5S/53+(x*32) 
fo~ x:=j to l2 do line(~0+[x+.q~1,55 
sete,:'!lD:::: (~,;hite); 
outteztxy<:1:),2:~1 An:r;:litlldo'}; 
o";Jtteztzy(2J/5J ,t 8 1

:); 

O'11.:..textzyi,2JI~'? 7'1; 
oattextxy,;20,114(' 6'); 
o;jt:,te;·~t?;y' ':2~)! 146, t 5 t·]; 

,,Ji.ltte;<:txy,:2J, 17~:,' o1! .I; 
Oil,t,teztxyi2:),21J/! :;11; 

outtextxy(2J,242,12 I
}; 

ciutte.xt:<:y(2)/274, 1'" 
outtext.:-xy,;20,3=lb, r :)1); 

':mttextxy(6':] ,~:d~jl! 2'); 
outtexti":Y (1.4,), 315,' 3 1 1; 
outtextxy(22J,315, 41); 
onttextzy(3)J , 315 1

1 
:,1 J; 

outte,y,-tx:'i(3';;;,:I, -:"1.5,' G'); 

out,t,'9xtxy(46:J/315, ?'); 

outteztxy(:,4:1/31:'1 1\1-:lz!); 
outteKt}:,;.";25J, 36:), r:'JCTCH FILTER 1 ) i 

end; 

-;::::roced:"l:'e In1. '31.61 i~)ds1.Gr dph; 

5'u,53+(x"'32)); (nor line), 
':<J+ (~<:+'4CJl, 3'Y~); (·Ve~ lln? i 

y 

" 

C:Jnt,u~: rtlE'Ylgaktifan mode ';irafik ?e..de. ~::aha5a ;::E~m,rog!:amam :::;ascal dan mude 
':::--2so1nsi yan';] di';:r-lnakan ya1. tu 64 :):;<:4 'S =J ?ixe.l} 

~'::ld; 

grdr1.\r0!::= detect; 
;:;~mocte := ~./Gj:!...H1-; 

Initg::::'='-ph,:IJrC:r-1.ver,grt<iode, 'c:\t;:::::\b9i'); 

} 

1 

;;::::'ocedllre Irlisidlisds1. PIT i 
f~JDtu~: menl::::i3.gi input, clock yang dimasuU:an }~e PIT daYl menghasilt:-:.J.!) cloct dengan 
f:::ekuen-::.i ':iacq dikehendf<ki. ;',lamat I/C U:tl;j~ PIT 3CYH-·2CCH. l:ont:''.:'ll -v,ior~': = 14:0: 
:-.::e':::'drti :;l:'>(~de yang digJ,:'iak(-1:J. mode 2 a:::.al: mode rdte ~l(::;nera-cor. d.s.D CCl:,Et er y.:uvJ 
diquTla ~~2..n ('·OUY1te.l: J. l?em:'-:agi y5.Y1g di?2.-0C;;Tam :::::ada PIT adalah -;::em:'::agi ,::::lock S} 
>~;;J:in 

po.rt [-;y,:'",-_pitj :=' '-::::;~_'Git; t<:ode 2. niltUI: Count_e:",) ETT 3.253 ~ 

;::ortl;:itJ] .- ~;5 ; -;::enlbagi clock} 
end; 



LunpinmAl 

~_~.:·:}ced-;j:"f' Ba'::::c ___ adc; in t:.er ~u:;-;t .. ~ 
t~Jntuk ::.eng}-.:cnvels:i. :iat.d a:-ialog men]2di da:::.a di~lital dan aJ.an'dt. 1/(:' }'an~T dl-junakan 
uTltuk P·.LC '..7::l:;..t,t: ·:'C2,~: .. Intera:::::t ~'~1ng :ii9t:r::ilk(-'\r~ J'-3.itu :F:2:: yfD:; m~:::LTiLt~l.'~:pS:L s'2tis.-;:. 
SJ.2 t.i-tif: :-~3_m:;;el -,:,'an'j diam~-:::il} 

::;~q:L:'l. 

sam:;:li,;'v;:= fa.lse; 
in~~ut.[n]:= (·-,:?ort,T",,[adc] and $FFF); 
{inv'2:::-si. nil<",i ::l,,;']dtif 1 

[mJyluang ~it 12-151 

if in;:'Jt[Ol] a_nd $808=$800 then in;:ut[nJ :=".--2J48+(input[n] i c_nd $TFFi; 

if ~l>=scm~~el then 
;;egin 

n:"" 'J; 

5nm;)~in,;} . - t.:::'''LE~; 

port [$21]:= port [$21] or $28; (dis,3.ble IR\~5 825~i) 

end" 
port[$2jj:= $23; 
if in:.;:::ut rn] >d-3.t,~max then dat-3.m,3.x :=in:.;:::ut [n]; 
_~f in?ut~[n1 <datamin then dat3_mi!1:-"'in:;::u't[nJ; 

end; 

E_>::ocedu.::::e :';: f; 
i;'~';-n~l 

~crt~r~aJ .- ~Jl; 
Jyll:= 2JJ; 
IllisialisasiGraph; 
1111Si211SdSl EIT; 

GetiYlt~\leC ($JL, rev); 
Setl nt'lac ($)D f :§ta,:::a ad,:; i ; 
'8o:-t[$21.]:= po::-t[$21] <-,md $[;F; 
A..::::-e2:":;-:f; 
jyl;='~J; 

:::-epe2t. 
if sanr:::J.ing-=t,cJe then 

{menyim?2n alam3_t I?Q5 ke .:::e\r] 

(set alamat IR~5} 
{en~1.:81e IRQ5} 

iT::I:~\yl); 

;;;~;:;-:O'~lt C)-,:/l}:= 
q21n[jyl] 
d2.t2rlJc"_X 
dat:2_min 

da t.3-_m3_x--da'~:~amln; 

fC'-lt 
tee! 

- r·:)und (2 :J')*ln ('I"vf:'::lu't [J y 11 /'\''1Jpil'l) / In (l:1 J J ; 
-5:J:):); 
+5))0; 
Jyl rjyll; 

.- -,:,:fllv1.z-fout)/]l; 
~o.::.-t-;;,,'[da.c] .2J43+.;."ound,:teg/lsl;;); 
if ';:Iain[]yl]<=2.44 then 
put;::lxel i45+ i.Jyl-1t3) ,55+(g(';:in[:nll]) i~":hite); 
port_[$21]:= port.[$21] and $SE'; (ena:Cl.e IRf~5 3259} 

e110; 

clel2,:l':S) i 

if j.:ey;;~:essed then tonu:ol: =:::·.;:'adkey, 
until ':rll=lSQj G:: (tomn'::l1=#27); 
tom_-.::.:ol : 0:-= :::e2;dkej; 
Closegraph; 
3etintvec($~L,rev) ; 

;:::::O'=cdiJ'::::'=: HpL 
':::eglD 

?ortwfpa] := $J2: 
jyll:= 25; 

lnisial_i_sasi. PIT; 
Getint··.rec ($~JI.'! re':.j .~ 

Setint\r~:?:c: ($:)D{ :~r:>1ca_ adc~) ; 
po~t[$21]:= ~0=t[$21] and S=F; 
A:::eaH:;:f 
Jyl ;=<J; 
l'e,l at 

f s-s.m-pling= t,:1.lc theIl 
e9 1,n 

i!lc(Jyll; 
'/:;~~~out[])/lJ;= dat:s_m.3.x-dat-3.min; 



Lampiran A1 

'?-~illlJ'fll 
datama:;.: 

d-:lt_amin 
f-J~t, 

te'J 

-':::":'iuIld(2")')t·1-n(v::..::~..=:o-ut l"]y13 ';)-;~;'lIlj /1;]':1')\); 
-5')00; 

.-' +-5::)'JJ; 
Jyl*]y1l; 

~ fmax--f',),lt) /] ) ; 
po:o::tv.;[d.:lc] .- 2848+.:-ound(t_eg/lst:'); 

Listing Program 

iflgaln[Jyl];=26JlaIld Jil-~>11and(Jyl:>~land(Jyl~>31and(]y1<>4J then 
;:::ut;:::i.~:~l ((4:)+jj!1*Z) t 5:)+'}ain[Jyll {,,,,hite); 

'f;nd; 

endi 

?o.:"tr~21]:= p.ort !'?-21] '-'-:""lei $DF; fEn~",-~:lE' IF:'~~ 325~-i 

(ielay (~, ,I; 
if key:;;:ressed then tom..~ol:=l·e-3.dkey; 

until ,'J}'l=l'~-)l o.r (torrl::.~c1=#2:J.; 

tmru,J.:)l : = ::-'2adtey; 
C10 SE'gl' ,s.;:h,: 
Setintvec($JL,revl; 

p.o.:-t:.n:[pa] ;= $~J3; 

Jyll~"-'- 1::):); 
InisialisasiG~aph; 

1ni5ia1i5-3.5i PIT; 
Getintvec($lS,=ev); 
3etintv2=($j~,3baca adc); 
;;ort[$2.L]:=- ;:ort[$21] aad $I:F; 
.IL-t~a3:;'f 

Jy1:=:), 
r-e::,H::,;-',t 

i f sa~f1in;;= t~~ue then 

iW:::\~lyl} ; 
\r:_~::_~':)J.t L Jyl} := d.:-;-t(HnG_;<:-dG_~-_Qmin; 

'-Jain [Tyl] -·:::,:)und (2Y}*ln (vppout [Jyl] /\."'~pin) /In <, l'.)) ) ; 

datamin +5108; 
f,::;ut .- Jyl*jyll; 
teg -" (i, fmax--fout) /J); 
~~~-:).:-:-t",;'[da.c] 2'J4fH!':()UIldl~t:e';l/1~;:':-I; 

if gain[jy1J~=230 then 
~ui:~i}~e.1 ;45+ ]y1*5) {:::J+;,qain[lyl]) I~,;hitel; 
por·t,[$21]:= po.!:"t, [$21J and $DF; ('2na~~l'2 IFJ~5 225:)) 

de1ay(S); 
it ~:E'-:tP~-"essE'd ttJ'2n t0l1l::.o1:=.:."ee.dke'y; 

until (Jyl=lY)) or (t-::mu)Ql=#27), 
tortlcol : c-= -~'ei';dkey; 

c1,_)seq.:-a;:h; 
:';'2tint'.r~-::: ($ JI I :::"2',r) ; 

P':::":)'='2d1Jr'~; ~'L)t>~h; 

·celJ·l.n 
~o::.·t<_'<·L:,;a] := $,]4; 

InisiciliSi';5lG:::rl~h; 

1nisiali5a5i PIT; 
1,:;12 t:.int:\rE-~·:: ': $ '):L; r .:-: e'J) ; 

'setintvec ($;)f.:/ '~::~di:::d __ ;:;,dc); 
po~t-r$211:= port,[S211 and $LF; 
A:ce,3.XJt·::-h; 
1,/1 :=:); 

.::e;: at 
f ?"s_m;~lin-;:; "t:.::<..le t.hen 

tn·::.' J,;;'1;; 
(';Ji::.~,s.b_f.r~k; 1 
'\r~-::.:;:()'ut I ~I j:l ,] : '~~ do. L'HH0.X -de,- '~dmi '-·l~ 
';2.in[JylJ := --ro'..lnd:2J'J*ln{\I";:po'.lt[J/11 i'vTp.l.;l] /In(l'Jl).: 
datamax -58JJ; 



dat~':::.m.i:::l 

L)ut 
+:.:<JYj,: 

Jyl *~iyll i 
fma.:-:--fout) 'J j i 

~o~t~[dac] 2J48+~ound(teg!lsb) 

Li;;,:ting Program 

:If 'J2.:infjyl·I<,,"·-3:)::I)dn'.::l,:]~d<>.t) a~ld. y_l<;.2)6.nd(l'/'.<';.-::;\a~vjUyl<;..J) then 
;ut?ixel ,:451-(Jyl+Sl ;8Jl-i.q-.3.in[Jyl ,· ..... hitei; 

end; 
dE~Lo,:i5j : 
if keYI'J::-essed then t~oml>:'ll:=rea(n:e'y; 

,mtil (Jyl=lY::,1 _._ i,t·~:m.l.;<::d=#2';: 

t:om...~ol: = re.3.dkey; 
Closeg:::: 3.::-'h.: 
Setilltvec(S)C,rev); 

end; 

:-:egin 
t.E;;·~ tcolo~ (ligh t:''Jl ue) ; 
~,,;=-it,~~l~l; 

',,,r i t.e In; 
",.;' ~ Lee 1~1 ( 1 

',,,"~i t:::.,o:l."l; 

text color (14'j ; 
,,,,;·.::::itel.n.: 
:,,;"r:-ite (I 
textcolo~; L4+~11~k); ~riteln 

textcolo:- (14 'j; 

£'i1ih "::;e::1is ?espclIl Filter 

teztcolo,;.:{14+·::;linkli ~";':::'it,,:;ln (I "1'1 "'); 

t.ext,c·:'llor (J.4) ; 

'.';= i t~·:;: " ! * Bi3.ndpa '3 s Filter, teY>~.n t'::mi:>')l f i ; 
t.:.e!:t{~olo:,·d4+::;li::J.k); ~,.;.:::iteln ;, "B "'), 
t.-2xt.c,::'11o'f::'(14) ; 

textcol or' " 14+";-::1 ink); ~,,;= i teln 
t.-2xtC() 10:: (14) ; 

Filter, tekan tOITI.Dol!j; 
" :.J "!); 

, , 

gataxy (3,12); ~riteln(l Pilihan and-a : ' ) ; 
g<Jtoxy (36,12); readln (fllte~); 

;:·;);::t. [pc'-""_l=',:;:;L] := CT",'_??i; 
·::aSe Llp·~aSe (fllterj ,:li 

':.1: ::::.pfi lB': Hr;fi 'B': Bpfi !:'1 1 : ~'Iotch; 

end: 
'2nd; 

end. 
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Lampiran C 1 Data Book 

~"I~JXINI 
500ksps, 12-8it ADCs 

with Track/Hold and Reference 
Genera' Description 

The MAX120 and MAX122 complete. BICMOS. sampling 
12-bn analog-to-dgital converters (ADCs) combine an on
chip trackihold (T/H) and a low-dflftvoltage reference with fast 
cmversim speeds and low power consumption. The THs 
350ns acquisitIOn time combined with the MAX120's 16~s 
conversion time results In throughput rates as high as SOOk 
samples per second (ksps). Throughput rates of 333ksps are 
possible wtth the 2.6~s cmversion tme of the MAX122 

The MAXI20/MAX122 accept analog input voltages from 
-5V to +5V. The only external components needed are 
decoupling capacitors 10r the power-supply and refer
ence voltages. The MAXl20 operates with clocks in the 
01MHz to 8M Hz frequency range. The MAX122 accepts 
o 1 MHz to 5MHz clock frequencies 

The MAX120/MAX122 employ a standard microproces
sor (~P) Interface Three-s1ate data outputs are config
ured to operate with 12-bit data buses Data-access and 
bus-release timing specifications are compatible with 
most popular ~Ps without resorting to wail states In 
addition, the MAXI20/MAX122 can interlace dlfectly to a 
flfst In. first out (FIFO) buffer, virtually eliminal1ng ~p 
Interrupt overhead. All logic inputs and outputs are 
nUCMOS compatible For applications requlfing a 
serial interface. refer 10 the new MAX121 

__________ App'ications 
Digital-Signal Processing 

Audio and Telecom Processing 

Speech Recognition and SyntheSiS 

High-Speed Data AcquIsition 

Spectrum AnalysIs 

Dala Logging Systems 

TOPVlfW 

Pin Configuration 

MODE ~ ....... "I RO 
VSS~ S-;-cs 
Vn~ ~ ~ iN! BuSY 
AJNI4 ~~pJ~IN 

VRH Ii MAXI?? po CONVST 

AGND " ~ DO 
011 ~ I'BI D1 

DIQ Ie f2- D~ 
U9 -9 ~ D3 

118 ,10 ~ D,1 

07 r" ~ D5 
.~ F; llGND 1} L... __ --Ifl.l 06 

DIPISOISSOP 

Features 
• 12·Sit Resolution 
• No Missing Codes Over Temperature 
• 2Oppm·/C -5V Internal Reference 

• 1.6~s Conversion Time/SOOksps Throughput 
(MAX12D) 

• 2.6~s Conversion Time/333ksps Throughput 
\MAX122) 

• Low Noise and Distortion: 
70 dB Min SINAD; 
·n dB Max THO (MAX122) 

• Low Power Dissipation: 21DmW 

• Separate Track/Hold Control Input 
• Continuous-Conversion Mode Available 
• ±SV Input Range, OvervonageTolerant to ±15V 
• 24-Pin Narrow DIP, Wide so and SSOP Packages 

______ Ordering 'nformation 

IPA~_ TEM!'. RANGE \CKAGE 

I MAXI20CNQ. a C \0 + 70 C 24 Narrow PlastiC Dil' 

MAX I 20CWG OC to +70 C 24Wloc SO 

MAX120CAG or to +70 C 24 SSOP 

MAX 120C/D OClo+7QC Dice" 

MAX120ENG -40 Cto +85 C 24 Narrcl\N Plas11c DIP 
- -

I MAX120EWG -40 C to +8~ C ?4Wlcie SO 

Ordering Infotmtttlon continusd on 18St page. 
'Contact factory for dice spectficalions 

H. 
(LSDs) 

+1 

+1 

il 

+1 

11 

11 

Functional Diagram 

AlN 

VRFF " 
I T 

{-
I 

I 
RUf HfNCf 

lJAC 

SAR r 
t Ii 

-I, ' 
INT /BUS!. CONTROl lOGIC 

I_! '1 : : 1 
'::s 1° '-"I ~ I tn_ 
~ II: "-' _~ I~ 

I A.ICH flJ!U i 
IIIHI f %1.TI 

• [JlIIPl)1 Hlif Fffl' 

1)1' 

.NIAXI.NI __________________ ~ _________ ""xim'nlegl7JtedProduC .. 

Call toll free 1-800-998-8800 for free samples or liferature. 

, 



Lampiran Cl 

500ksps, 12·8;t ADCs 
with Track/Hold and Reference 
ABSOLUTE MAXIMUM RATINGS 
VIJD to DGND -0 3V 10 +6V 
Vss to DGNO +O.3V to -17V 
AIN to AGND ±15V 
~oo~oo® N~ 
Digital Inputs/Outputs to DGND . 03V to (VOD + O.3V) 
Continuous Power Dlssipa~lon (TA = + lO-C) 

Narrcw PlastiC DIP (derate 13.33mWrC above +70'C) 
SO (derate 11, 76mW/ C abovo + 70 C) 
SSOP (derate 800mWrC above +70 C) 
Narrow CERDIP (derate 12.50WJ'C above + 70 C) 

1067mW 
941mW 
640mW 

lDOOmW 

Operating T emreralure Ranges 
MAX12_C_ 
MAXt2_E_ 
MAX 12_MRG 

Storage T crnperaturc Range 
Lead Temperature {soldering. 10 sec) 

Data Book 

(] C to + 70 C 
-40 C to +R~) C 

-~)5 C !O + 125 C 
-(i5 C In 1 160 C 

~JOO C 

Slwsses beyond (noSe! I'sted under Absnlute Max!mum RaJlflgs' mal' cause permanent aanmge to the aeVfCC Th,,~!, <lie Sll,'-~~ Id'IIl~,,, Ilnl~_ .1,"<1 ,':In. IiOUd 
opefarlon of lIle deVice at I~se or any O/ll€'f condltlollS beyond those IIldlcalcd In rile operallUnal S('CfrOIl$ Of the ~;J)t'CI"(;'1tl()fIS 'S II(~ .'mp(,,'d ('/'1 'S, ,I, 
.1bsolutl:' m,vomurn rating conditions for ('x/onded plmods mav afft'!ct deVice rellAb.llty 

ELECTRICAL CHARACTERISTICS 
(Voo = +4 75V to +5 25V, VSS =; - ~O.8V \0 -i5.75V, ir.lK =;: SMHz tor MAX 120 and SMH7 tor MAX 122, TA _ T MIN 10 IIV'AX 
unless otherwise noted) 

f-:c ---"ARAMETER_ ISYMBOl i = 
I ACCURACY 

CONDITIONS 1 MIN 

I ~Solut'o,,- ---= -= L RES--i----== ---== ---==, MAX-l22ACIAE 

I 
) 12 bll no miSSing 

~
Odc.sovertem., p range I MAX 12OC/E. 

DNL MAX 122BC/BEIBM 
-- -- --

11-bll no missing 
codes over temp rang~MAX 120M 

1 - - I MA':'-22AC/AE 

I ~~X120C/E 
~X 122~/BE/8M 

MAX120M 

I Differential Nonlinearity (Note 1) 

f-
Integral Nonlineanty (Note 1) I INL 

L---T-I-
~
code 00 00 to 00. 0.1 Ir.ansition. ne.ar AIN = OV I Bipolar Zero Error (Note 1) -- -- - - I 

I -- - ~ - Tempe~ature dnft__ _ 

F 11-5 I Er( (N t 1 2) J In.Cludlng reference. adjusted for bipolar 7cro 
u cae or 0 es , I error, TA = +25·C 

~ulI-scarc Temperature Orift =- Excluding feference __ 

T I Voo only. 5V ±5% 

I 
PowC:f-SupplyR€J€ctionRatlo PSRR Vsson\y -12V±10% ---
(Change In FS. Nole 3) _ . __ __ _ 

-.l _ I VSS only ~V ±5%~ 

I? 

I 
ANALOG INPUT _ 
Input Range I r--
~nput CUfrenr- -- -+ I AI_N_~_+~y _(a_p_p_ro_Xlrn_a_t€_ly_6_kll_to_RE_FI-

~nputCapaCj1ance{Note4) _1 --- 1 __ 

~'-Po~~nput Bandwi~_ -.l 
I REFERENCE 

~utPutvoltage _ -=-----~ i Noexternalload,'AIN ~ 5V TA 0 +25 C 
EXI€rn~Oad Regulali~ --+ ~' OmA < ISINK < 5m~N = O~ 

I I MAX12J;I~ ! Temperature Drift (Note 5) MAX12_M 

-502 

-- ---

TYP 

iOOO5 

tl/4 

±1/4 

±1/4 

15 

MAX 

±2 

13/4 

, 1 

i3 

i8 

:t3j4 

±1 

'1 

5 

25 

10 

-498 

5 

125 

±30 

UNITS 

LSB 

ISR 

LSl3 

LS8; C 

LSB 

ppm! C 

LSB 

v 
rnA 

pi 

MH, 

V 

mV 

ppm/ C 

2 A'lAXIA'I 



Lampirall C 1 Data Book 

5001csps, 12·8;1 ADCs 
with Traclc/Hold and Reference 

ELECTRICAL CHARACTERISTICS (continued) 
(VOD = +4 75V to +5.2SV, Vss "'" -10.8V to -15. 75V, feLK = 8MHz for MAX 12{J and SMHz for MAX122, T i\ "'" T MIN to T MAX 
unless otherwise noted) 

PARAMETER SYMBOL CONDmONS --=MI=N,,-----,Tc:YP MAX I UNITS 
DYNAMIC PERFORMANCE (MAXI20: is = 500kHz, AIN = ±5Vp-p, 100kHz; MAX122 is = 333kHz. AIN = ±5Vp-p, 50kHz 

- I f TA = +25~C MAXI20MAx122 70 72 

I Signal-Io-Nolse Plus Distortion I 51NAD MAX122AC/AE 70 

I 

Total Harmonic Drslortlon 
(First Five Harmonics) 

Spurious-Free DynamiC Range 

CONVERSION 11IIIE 

Synchronous 

; Clock Frequency 

THD 

SFDR 

tCONV 

DIGITAL INPUTS (ClKIN. CONVST. RD. CS) 
.--!.ne.~t High VOltage 

I nput Low Voltage 

I Input Capacitance (Note 4) 

r!~-~~i Curren! 

VIL 

DIGITAL OUTPUTS (INT/BiJSY. 01'-DO) 

Output Low vOllage II VOL 

Output High Voltage VOH 

~akage Cu~r~nl ILKG 

Output Capacitance (Note 4) 

lPOWER REQUIREMENTS 

Positive SUpply VOltage Voo 

MAX122BCIBE/BM 

MAX120 
TA::: +2S-C 

MAX122 

MAX 122AC/AE 

I MAX 122BCIBE/BM 

MAX120 
ITA = +25C MAX122 

' MAX 122AC/AE 

I MAX122BC/BE/BM 

-ir-13tClK 
MAX122 

MAXI20 

MAXI22 

I VIN "" OV or Vao 

! ISINK" 16mA 

! ISOURCE -"" 1 rnA 

f V'N= (lV or VOO. Oil-DO 
----

----

I Guaranteed by supply rejection test 

'I Negative Supply V.::O""la"'g"e'c-:-_____ ='--+=== 
Positive Supply Current (Note 6) 

. -
Vss GlJaranteed by supply rejection test 

-----
100 Voo = 525V. Vss = -15 75V. A1N = OV 

Negative SUpp_l_y_C_u~e_n_'_(N.::O.::le:..6:')'___ __ =_+..::::=-----"-'='--=-Iss Voo == 5_25V. VSS == -15J5V. A1N == OV 

Power DISSipation (Note 6) Voo "5V. VSS" -12V. AIN = OV 

69 

-82 -77 

-8::' -78 

77 

75 

77 82 

78 85 
77 

75 1 
1 63 

2.60 

01 8 

01 0 

2.4 

08 

10 

±5 

04 , 
Vm 05 

±o 

10 

475 5.25 

-10BO -1575 

9 15 j 
14 20 

210 31S 

Note 1: These t~sts are performe.d at VDD == 5V. Vss == -15V Operation over supply IS guaranteed by supply rejection lesls 
Note 2: Ideal full-scale tranSition IS at +5V - 3/2LSB = +4.9963V. adjusted for offset error 

CIB 

dB 

J,lS 

MH/ 

V 

V 

pF 

pA 

V 

V 

pA 

pF 

V 

V 

mA 

mA 

.nW 

Note 3: Supply rejection defined as change In fuil-scalctransltlOf1 voltage with the specified change in supply voltage - (I S ol :lomlna! 
supply) ~ (FS at nomlrlat supply ± tolerance). expressed in LSBs 

Note 4: For design guidance only. not tested. 
Note 5: Temperature drift is defined asthe change in output voltage trom +2S"C 10 TMIN or TMAX IllS calculated as 

TC = @!REF/VREFIII~T) 
Note 6, CS" RD" CONVST = QV. MODE ~ SV 

MAXIM _______________________ _ 3 



Lampiran Cl Data Book 

5OOksps, 12·8;t ADCs 
with Track/Hold and Reference 
TIMING CHARACTERISTICS 
(Voo"" +5V, Vss !::: ·12V to ·15V, l00~ tested, TA'" TMIN to TM/\X, unless otnerwise noted.) (No\e 7) 

1 - [ - I - - - TA' .25"C MAX12_C'E MAXt2_M 
I PARAMETER SYMBOL \ CONDITIONS i I UNITS I f- _ _ _ - l-- _ _ __ ~N.!!P ~AX IIIIH TVP MAX 1- TVP IIAX 

CS to RD Setup Time tcs -t- I Q 0 

ICStoFIDHoldTlme----r tCH 1_-- ..1 0 _--, 0-

! cor:VSTPuseWldth J. lew -+ 30 _ 1 30 

RD Pulse Width tRW r= tDA _ 1 fOA 

IData-Acce';Tlme- t- to';- I c, ~ 1~~ I 40 75 -I - "I - - t 
!SUS-RelinQUiSh Time toH -.J 30 50 

roar CoNvSf 10 BUSY I '80 tcl " 50pF 30 75 T 
1 eLKIN';' BuS;;or IN"f- - I ;, ~l =;;;'F -I - 70 - ~ 
[.9LKIN to BUSY LoW ~ I 182 lin mode 5 j- 45 90

1
-

RD 10 lNT HIgh I till Cl = 50pF 1 30 50 

1- - - - - TC"Oat.)::- - I 
I BUSY or INT to Data Valid I tRD J ~~~. BUSY) 1 20 1 

~50pF 

! ~CqUIS;iOn TI;:;;e INoie 8) - I-t~ - 1 350 I~ 
~rtureO.,aY(NOte8) .--l lAP -+--_- 1 _'0 T 
I Aperture Jitter (Note 8) l.. I L _30 _ . 

I 0 ns 

0 I ns 

.10 I ns 

lilA liS 

100 120 m; 

65 811 ns 

100 1/0 ns 

150+ t80 ns 

120 150 ns 

75 gO ns 

30 30 f15 

I 400 rs 
--I 

ns 

ps 

Note 7: Control Inputs specified wIth I, "" tf '" 50s (10% to 90'% of +5V) and timed from a , .6V voltage level Output (iL'lays <HI) 
mea.surecilo +O.ev if going low. or +2.4V " gotng high For bus-relinquish lime. a change of O.5V i$ rneasurcd &:-0 ligures 
1 and 2 for load Circuits 

Nate 8: For design guidance only_ not tested 

____________________________________________ PlnDescripffon 
- -I - ~ 

~ PIH_ ~ ~ _ _ _ _ _ _ FUNCTION 

1 

I 
Mode Input - hard-Wire to setQQ€'f3tlona) mode 

I 
1 MODE VOD Single converSIOn INT QulPut 

OPEN Single converSion eUSY OUtp-ul 

1

_ ...l 1 ~GN~ontl~s conversions, BUSY Output 

2 I VSS Neg~tlve Power Supply, -12V Of -15V 

f_ 3 I ~f) rOSltl1J6 Power SUpply. +5V 

~ AIN ~mpllng Analog Input. ±5V bipolar input range 

, _5_ ..l."R~ -5V Ref~e OutPu1 - bypass 10 AGNO wllh 22J.<F II 0 l~F __ 

4 ________________________________________________ _ 

I 
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500ksps, 12-8il ADCs 
with Track/Hold and Reference 

___________________ Pin Description (continued] 
1 -,-

PIN I NAIIE L FUNCTION 

1- 6 - AG~D 4:'alog Grou':;;;- - -

iT:i'0 ~l,~0_1Three-State DalaOutputs Dtl (MS~)toDOILSB)_ 

1 _._1~ DG~?~g~alGround _" __________ _ 

20 _ CONvsT+conv~sta~put initiates conversions o~ failing edge __ 

I ;rt I ~LKI~ Clock I~p~r:e wllh TIL,compallble clock from 0 lMHLto8MHL (MAX120), 0 lMHIIO SMH; (MAXt2?) 

?2 I I "lT/BUSY I Interrupt or Busy Output indicales convener status. If MQDE IS connected to VlJu. configure for i'I'l !NT oiJlpul I - ---i 11 MODE IS open or connected to DGND, configure for a BUSY output See operatIOnal diagrams 

23 I CS 1 Chip Select Inpul- actIVo low When RD ',5 I~ enables the three-stale outputs If CONVST a'lei f~[) Wt) low ",l 
, converSion IS Initialed on the failing edge of CS 

I 24 -+- RD I Read In':;-, active 1;:-When CS IS low AD ~rrables the-;hrec-state outpul, If CONVS rand CS alc low." 
i _ _I convserSlon IS Initiated on the tailing edge of RD 

______ Detailed Description 
ADC OpeNtiolt 

The MAX 120/MAX 122 use successive appfoximatlon and 
input T/H circuitry to convert an analog signa! to a senes 
of 12-bit digital-output codes. The control logic Interfaces 
easily to most IlPs. requinng only a few passive compo
nents for most applications. The T/H does not require an 
external capacitor, Figure 3 shows the MAX120/MAX122 
in the simplest operational configuration 

Analog Input Traclr/Hold 
Figure 4 shows the equivalent input circuit, illustrating the 
sampling architecture of the ADCs analog comparator, 
An internal buffer charges the hold capacitor to minimize 
the required acquisition time between conversions_ The 
analog input appears as a 6kn resistor In parallel with a 
1 OpF capacitor 

Between converSions, the buffer Input is connected to AIN 
through the input resistance. When a conversion starts 
the buffer Input disconnects from AIN, thus sampling the 
Input At the end of the conversion, the buffer Input 
reconnects to AIN, and the hold capacitor once again 
charges to the input voltage 

,',V 

I 

" 
ON • • ON • <, 

Jk ~~ C, II 

'-
-' OGNO IlljNI 

a High-lll) VQlt (t~A) at'!! W!l til Villi 11ill.) I, Illq/, /In VI:t 11lTt.) :111d V':I 'I' v',, i:, 

Figure I. Load CirCUlls for Access TUlle 

ON l I 
3k~: 10p+ 

IJN 

Illpl 

The T /H IS in tracking mode whenever a conversion is NOT 
In progress. Hold mode starts approximately 10ns after 
a converSion is initiated. Vanation in this delay from one 
conversion to the next (aperture jitter) IS typically 30ps 
Figures 7 through 11 detail the T/H mode and .nterface 
timing for the various interface modes, 

1 
UGND - '.,i~~~li I 

a V;}'llr.Hlu,-1111I'i1 V(lII'lq,,~ 

Figure 2. Load Circuits for 8us~ReJmquish firTlt! 

AIIAXIAII _____________________ _ 5 
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500ksps, 12·8;t ADCs 
with Track/Hold and Reference 

-INf-15V -
.~v -

ANALOG INPUT 

AllAXIAII 
MAXr20 
MAXr22 

MODE U 
Vss 

01 
DGNO 

• {O.IMHJ 6MHI MAX1;?OI 12-SIT DIGITAL DUPUTS 
(0 lMH{ - 5Mllt MAX122J 

STAlUS OUTPUT 
eLK INPU'" 

Fig()ro 3. MAX 120/MAX122 in the SImplest Operational Mode 
(ContinUOUS Con version) 

'nt_' RetenHICe 
The MAX120/MAX122 -5.0GV burled-zener reierence 
biases the internal DAC. The reference output is avail
able at the VREF pin and must be bypassed to the 
AGND pin with a 0 1"F ceramic capacitor in parallel 
with a 22~F or greater electrolytic capacitor. The elec
trolytic capacito(s equivalent series resistance (ESR) 
must be 100m,U or less to properly compensate the 
reference output buHer. Sanyo's organic semiconduc
tor works wei! 

Sanyo Video Components (USA) 
Phone: (619) 661-6835 FAX: (619) 661-1055 

Sanyo Electric Company. LTD. (Japan) 
Phone 0720-70-1005 FAX 0720-70-1174 

Sanyo Fisher Vertriebs GmbH (Germany) 
Phone 06102-27041. ext 44 FAX: 06102-27045 

Proper bypassing minimiZeS reference noise and main
tains a low impedance at high frequencies, The Internal 
reference output buffer can sink up to a 5mA external 
load 

An external reference voltage can be used to overdrive 
the MAXt 20/MAXt 22's internal reference If It ranges from 
-5.05V to -5.10V and is capable of sinking a minimum of 
SmA. The external VREF bypass capacitors are stili re
quited 

~ CPt&~rGl 

VRfF 1 
I 

DAC 

TRACK 

i ~. 

~3k"r· 
VR~~ 
i -5Vl 

BUlftR 

C\','iII()1 
J Ipf 

Figure 4 £qui'tlalen/ input CIrcUlI 

:>AMP I~~G 
CllMI'AHAI(JR 

________ Digita"nterface 

External C'ock 
The MAX120/MAX122 require a TTL-compatible clock for 
proper operation The MAX120 accepts clocks In the 
0.1 MHz to 8MHz frequency range when operating In 
modes 1-4 (see Operating Modes section) The maxI
mum clock frequency IS limited to 6MH7 when operating 
In mode 5 The MAX122 reqwres a O.lMHz to 5MHz 
clock for operation in all five modes. The minimum clock 
frequency for both the MAX 120 and MAX t22 IS limited to 
0.1MHz. due to the T/Hs droop rate 

Clock IIIJd Control SyncIwonization 

Iflhe clock and convert start Inputs (CONVST or RD and 
CS - see Operating Modes section) are not synchronized 
the converSion time can vary from 13 to 14 clock cycles 
The successive approximation register (SAR) always 
changes state on the ClKIN Input's riSing edge To 
ensure a fixed conversion time, refer 10 Figure 5 and tho 
following guidelines 

For a converSion time of 13 clock cycles. the convert start 
input(s) should go low at leasl 50ns before elKIN's next 
rising edge. For a converSion time of 14 clock cycles. the 
convert start Input(s) should go low within 10ns 01 
ClKIN's next rising edge If the convert start Input(s) go 
low from 10n5 to Sans before elKIN's next riSing edge. 
the number of clock cycles required IS undefined and can 
be either 13 or 14. For best analog performance, syn
chronize the conven start inputs with the clock Input 

6 ______________________________________________ ___ AIIAXIAIII 
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500ksps, 12·8;t ADCs 
with Track/Hold and Reference 

cm·NSTn'CS.-~ 

eLKIN 

__ t_,,,,_; 

lHlllMING RFt AT!ONSHIP BETWEEN eLKIN ANDcmNST OR RO DETERMINES IF A 
CLOCK CYCLE SLIPS OR NOT USE THf FOLlOWI~ FIlJLES 

Ir tCl( < ll}1s, CONVERSIOO TIME - 14i CLOCK E(}GfS 
It tel(" 5OIls, CONVERSI~ TIME _ '31 CLOCK lOGES 
If TOns 1(',\( < 5i}1~, COOVERSION TIME IS INDFlIRMINATE /13 OR 141 

Figure 5 Clock and Control SynchronIZation 

:-l~ ~( 
OATAOIJT HIGH ~ID ,1 HIGH 

IMPED~ ~_=~n_ ,_=n,-__ /. IMPEDANCr 

Dll-DO 

Figure 6. Data-Access and Bus-Refinquish Timmg 

Output DIIfa Fomut 
The conversion result is output on a 12-bit data bus With 
a 75ns data-access time The output data format is 
twos-con1plement. T~ree input control signals (CS. 
RD. and CONVST), the INT/BUSY converter status output, 
and the 12 bits ot output data can interface directly to a 
16-blt data bus. See Figure 6 for data-access timing. 

TIming .nd Control 
The MAX 120/MAX 122 have five operational modes as 
outlined in Figures 7-11 and discussed in the Operating 
Modes section 

Full-control mode (mode 1) provides maximum control 
to the user for convert start and data~read operatIons 

CONVST t _J 

elKIN leI'! ,.j 
\ I 1 \ 

RD-CS -

INTIBUSY 
Mm" - VOD 

INTiBUSY --r1.. 
0,Wf-0I'fN ~ J 

DATAOUI- ~M' 
HOLl) 
lHACK-- HOLD 

J-igure 7. Fulf-Conrrol Mode (Mode 1) 

TRACK I ilOlIl 

Full-control mode IS for ~PS With or Without walt-state 
capability Stand-alone mode (mode 2) and cOlltinu
ous-conversion mode (mod€ 5) are for systems Without 
~Ps. or for ~P-based systems where the ADC and the 
~p are linked through first In, first out (FIFO) buffers or 
dtrect memory access (DMA) ports Slow-memory 
mode (mode 3) is intended for ~Ps thai can bo forced 
into a wait state during the ADC's corvorsion time 
ROM mode (mode 4) IS for )lPS thai cannot be forced 
Into a walt state 

In all five operating modes, the start of a converSion IS 

controlled by one of three digital inputs: CONVST. RD 
or CS Figure 12 shows the logiC eqUivalen l. lor the 
converSion circuitry In any operating mode. CONVST 
must be low for a conversion to occur. Once the convf)r
sian is in progress, it cannot be restarted 

Read operations are controlled by RD and CS Both 01 
lhe~tal inputs must be low to read output data The 
INT /BUSY output Indicates the converter's slat us and 
determines when the data from the most recent conver
sian IS available The MODE Input conllgures the 
INT/BUSY output as tallows 

H MODE = VDD, INT/BUSY functions as an INTER
RUPT output In thiS configuration. INT/BUSY goes 
low when the conversion is complete and returns high 
aner the converS"lon data has been read 

H MODE Is left open or tied 10 DGND, INT /BUSY 
functions as a BUSY output In thiS case, INT/BUSY 
goes low at the start of a conversion and remains low 
until the conversioo IS complete and the data IS 
available at DO-Ol1 
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DATA OUT 

_tJlP 

HOLD I 
TRACK ----..J 

OlD DATA X NEW DATA 
--'ic01""1"[){);;-------- D1Hx) 

HOLD TRACK 

Figure 8 Srand-AIOIle Mode (Mode 2) 

'nltlelizafl_ After Power-Up 
On power~up. the first MAX120/MAX122 converSion IS 
valid if the fOllowing conditIOns are met: 

1) AllOw 14 clock cycles for the internal T/H to enter 
the track mode. plus a minimum of 350ns In the 
track mode for the data~acquisitlo~ time 

2) Make sure the reference voltage has settled. AllOW 
05ms for each 1~F of reference bypass capaci~ 
tance (11 ms for a 22~F capacitor) 

Operatlngllfodes 
Mode 1: (Full-conlroillode) 

Figure 7 shows the timing diagram for full-control mode 
(mode 1) In this mode, the ~p controls the conversion~ 
start and data~read operations Independently. 

A falling edge on COWJST places the T/H into hold mode 
and starts a conversion in the SAR. The conversion IS 
complete in 13 or 14 clock cycles as discussed in the 
Clock and Control Synchronization section. A change in 
the INT /BUSY output state signals the end of a conversion 
as follows 

If MODE = Voo, the end of converSion is signaled by 
the INT/BUSY output failing edge 

If MODE = OPEN or DGND, the INT/BUSY outpct 
goes low while the conversion is in progress and 
returns high when the conversion is complete 

eLKIN 
1\ 

... llih ... 

DATA OUT "",'2'G~H~_~ 
!MF{D~CE I.w 

HOLD 
IRACK TRACK 

OlLi UATA 

0111111 

HOLD 

~If ' 

til 'I, 
1 HIGH 

"''111)1'111'1> .... IN!.I 
III 1 Ill) 

FIgure 9 Slow-Memory Mode (Mode 3) 

When the convers'lon 'IS complete, the data can be road 
Without init:ating a new conversion by pulling RO and CS 
low and leaving CONVST high. To start a new converSion 
wlthDut reading data. RD and CS should remain high 
while CONVST is driven low. To simultaneously read data 
and initiate a new conversion. CONVST. RD. and CS 
should ali be pulled low Note Allow at least 350ns lor 
T IH acquiSition time between the end of one conversion 
and the beginning of the next. 

Mode 2: Stan~~1one Operation 
(MODE" OPEN, RD" CS = DGND) 

For systems that do not use or require lull·bus interfacing, 
the MAX120/MAX122 can be operated In stand-alone 
mode directly linked to memory through DMA porlS or a 
FIFO buffer In stand-alone mode. a conversion IS inlh
ated by a failing edge on EONVST The data outputs are 
always enabled; data changes at the end of a converSion 
as indicated by a rising edge on INT/BUSY. See Figure 8 
for stand-alone mode timing 

Moe» 3: Siow-Memory Mode 
(CONVST = GND, MODE" OPEN) 

Taking AD and CS low places the T/H Into hDld mode and 
starts a conversion. INT/BUSY remains 10'vV while the con
version IS in progress and can be used as a wait input to 
the IlP, Data from the previous conversion appears on ihe 
data bus until the conversion end is indicated by lNT/BUSY 
See Figure 9 for slow~memcry mode timing 
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HOLD 
TRACl< HOUl I lRACK I 

Figure 10. ROM Mode (Mode 4) 

ClKIN~' • 1\ /i\ .. ,,/11\rIi'J13\ (1".\-./1 
E -j tal 

INT/BUSy· __ j ~ __ 
_:--,r-~~ 

DAiAOUI ---;;'(1."00"""1' ~M:W~ 

HOUl 
TTlACK I HOlD 

-- 1 TRACK HOUl 
,. -LIe 

Figure 11. Continuous-Conversion Mode (Mode 5) 

~MDdII 
(MODE = OPEN, CCNvsT = GND) 

In ROM mode. the MAXl20/MAX122 behave like a fasl
access memory locatIOn aM avoid placing the flP inlo a 
wait state, Pulling AD and CS low places the T/H In hold 
mode, starts a conversion, and reads data from the 
previous conversion. Data from the first read In a se
quence is often disregarded when this Interlace mode IS 
used A second read operation accesses the first 
conversion's result and also starts a new conversion The 
time between successive read operations must be longer 
thM the sum of the T/H acquIsition lime and the 
MAX12O/MAX122 conversion time. See Figure 10 for 
ROM-mode timing. 

~ti~on""'lonMot» 
(CONVST .. RD = CS = MODE = GND) 

For systems tha1 do not use 0< require full-bus Interfacing, 
the MAXl20/MAX122 can operate In contlnuous-conver-

, , 
, " 

I J j 

~o--lh -~I oj 
( j./ I 

SING1.\:. SlCI 
'-. ' I 

COOSi • l? t. a i 
$I~lE SI(Jf 

.. JNAlJl.l[)(JI'J 
!J.JiF'IllS 

~;lARl 

J'(IMHSION 

>, ... + 
>\I\!: 

... B!JS'I 

FlQure 12. ConvcrSJon-Conlrol LogiC 

sian mode, directly hnked to memory through DMA porls 
01 a FIFO buffer, In \t1is mode, converSIOf)S are per
formed continuously at the rate of one converSIon lor 
every 14 clock cycles, which includes 2 clock cycles lor 
the T/H acquisRoo time, To sahsfy lhe 350ns minimum 
acquisition time requirement wl1hln 2 clock cycles, the 
MAX120's maximum clock frequency is 6MHz when op
erating ., mode 5 

The data outputs are always enabled anc 'new' data appears 
on the output bus at the end 01 a conversion as indicated by 
the INT/BUSY output nSlng edge. The MODE Input should be 
hard-wired to GNO. Pulling CS, RD, or CONVST high 
stops conversions. See FIgure 11 for contmUQus-co(werM 

SlQn mode timing 

___ ApfJllc.tiona IntOfmlltion 
U","" ~,~O """.,. 

Using FIFOmerrcry to buffer blocks otdata ~om the MAXt20 
redJces liP interrupt overhead time by cnabing the liP to 
process data while the MAX 120, unassSed, wrncs COIl\.erson 
results to the FIFO. To retrie\le a block of data the liP reads 
from the FIFO via a read4nterrupt cyce Read and write oper
ations for the FIFO are completely asynchronous Figure 13 
shows the MAX120 operating In conlinUOUS.collVefS<JI1 mode 
(mode 5), writing data directly into the two IDT7200 256 x 9 FIFO 
bulfefs at the rate 01 428ksps, The liP is Interrupted to read the 
aCCllT1Ulateddatatt,<theFIFO'sha~-M(HF)flagapproXirnately 
three tines per miUISeCOf1d For operatrn at 5OCi<sps, use an 
8MHz cbck, anc pulse coNvST at 5OCI<Hz The full flag (FF) 
Indicates that the FIFO is fuD. tl tho. flag is lQnOfed. data may be 
lost. If necessary, conversioos can be inhibited by pull
Ing CS, RD, or CONVST hlQh. The FIFO's read cycle tmes are 
as fast as 15ns, satisfying most system speed requ!(emenls, 
The RIT.ri inpuj resets ali data If1 the FIFO to Z8ro 

~AXI~ ________________________________________ __ 
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Figura 13. USing MAX12Q with FIFO Memory 

For synchronous operation, the CONVST pin may be 
used to Initiate conversions, as described in the Operat
ing Modes seclion (Mode 2 Stand-Alone Operation). 

Digit ....... NoIse 

If the ADC's data bus is active dunng a conversion. 
coupling from ihe data pins to the ADC comparator can 
cause errors USing slow-memory mode (mode 3) avoids 
this problem by plaCing the liP In a walt state dUring the 
conversion If the data bus is active during the conver
sion in either mode 1 or 4. use three-state drivers to Isolate 
the bus from the ADC. 

In ROM mode (mode 4), considerable digital noise is 
generated In the ADC when RD or CS go high, disabling 
(he output buffers aher a conversion IS started. ThiS noise 
can cause errors if it occurs at the same instant the SAR 
latches a comparator decision, To avoid this problem, 
RD and CS should be active for less than 1 clock cycle 
11 thiS is not possible, RD or CS snould go high cOinciding 
with ClKIN's falling edge, since the comparator output 
IS always latched at ClKNs rising edge 

RFSfi 

I IDT120Q 

I 03 TO 1111 

XI Gf.lD 

I • 

Layout, Gl'OIIIIding, and Bypassing 

For best system performance, use prirlcd circuit boards 
with separate analog and digital ground planes Wire
wrap boards are not recommended The two ground 
planes stlOuld be tied together at the low-impedance 
power-supply source, as shown in Figure 14 

The board layout should ensure thai digital and analog 
signal lines are kept separate from each other as much 
as possible Do not run analog and digital (especla!ly 
clock) lines parallel to one another. 

The ADC's high-speed comparator is senSitive !o hlgh
frequency nOise in the VDD and Vss power supplies 
Bypass these supplies to the analog ground plane With 
O.lj.1F and 14JF bypass capacitors MInimize capacitor 
lead lengths for best nOise rejection II the +5V power 
supply is very noisy, connect a 5U resistor. as shown In 

Figure 14. FIgure 15 shows the negative power-supply 
(VSS) rejection vs. frequency. Figure 16 shows [he pos
!tive power-supply (VOO) rejection vs frequency, with 
and without the optional 5~.! resistor 

10 ________________________________________________________ ___ .MAXINt 



Lampiran Cl Data Book 

500ksps. 12·8;t ADCs 
with TraclclHold and Reference 

ANALOG 
SUPPlY 

I--DIGI~ 
SUPPLY 

I ,DIGITAL 
LCIRCUITRY 

Figure 14 Power-Supply Grounding 

lOOk 1M 

f REOUENGY (H,) 

Figure 15 Vss Power-Supply Rejection vS Frequency 

Gain and Offset AdjusfnMnt 
Figure 17 plots the bipolar Input/output transfer function 
for the MAX1201MAX122. Code transitions occur hallway 
between successive integer LSB values. Olltpu1 cOdirlQ 
IS twos-complement binary with 1 LSB = 2.44mV 
(10V/4096) 

In applications where gain (lull-scale range) adjustment 
is required. Figure l8's circuit can be used. If both offset 
and gain (full-scale range) need adjustment either of the 
circuits in Figures 19 and 20 can be used. Offset should 
be adjusted before gain for either of lhese circuits 

60 

511 I" 

~ 
MflXl{,1J 

': ',' .~ f T" VI'I,PIN 
2 

'" 11.lpF I n 1~1i 

" 
~ 

'" 
20 

10k 11l1J~ 1M 

FRf(lUI Nt:y fHn 

Figure 16. V~)[.l Powor-Supply Re/Ocllun vs hL'C7Uf'lIcy 

To adjUst bipolar offset with Figure 19'5 circuLI apply 
+ 1/2LSB (0 61 mV) to the nonlnvertlng amplilier .npul and 
adjust R4 for output-code flicker belween 0000 0000 
0000 and 0000 0000 0001 For full scale. apply CS -
1/2LSB (24988V) to the amplifier Inpul and adlusl R2 so 
Ihe output code flickers between 0111 1111 1110 and 
0111 1111 111 L There may be some Interacllon be
tween these adjustments The MAXl20/MAXI22 trans
fer function used in conjunction With Figure 19's Circuit is 
the same as Figure 17, except the full-scalD range IS 

reduced to 2.5V 

To adjust bipolar offsel With Figure 20'5 CIfCUlt apply 
-1/2LSB (·1 22mV) al VIN and adjust R5 for Oulpul-code 
flicker between 0000 0000 0000 and 000000000001 Fa' 
gain adjustment. apply -FS + 112LSB (-49951V) al VIN and 
adjust R1 so th.8 ourput code flICkers between 0111 11,1,1 
1110 and 0111 1111 1111 As wrth Figure 20's CirCUIt. the 
offset and gain adjustments may interact. f-igure 21 plots 
the transfer function for Figure 20's circuit. 

_____ Dynamic Performance 
High-speed sampling capability and 500ksps Ihroughput 
(333ksps for lhe MAXI22) make the MAX120lMAX122 
Ideal ior wideband-signa'i processmg To support these 
and other related appl'lcations, fast fourier transform (FFT.1 
test techniques are used to guaranleelhe ADC's dynamiC 
frequency resoonS8. distortion. and noise at the rated 
throughput. SpeCifically. thiS Involves applying 0 low-diS
tortion sine wave to the ADC Input and f'8corcllrlg the 
dig'ltal conversion results for a speCified time The data 
IS 'hen analyzed uSing an FFT algorithm, WhlCfl deter
mines its spectral content 
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Figure 17, Bipolar Transfer FunctIOn 
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~______________J 
Figure 18 Tllm Circuit for Gam OnlY 

ADCs have traditionally been evaluated by specifications 
such as zero and full-scale error, integral nonlinearity 
(INL), and differential nonlinearity (DNL). Such parame
ters are widely accepted for specifying performance With 
DC and slowly varying signals, but are less useful in signal 
processing applications where the ADC's impact on the 
system transfer function is the main concern. The sig
nificance of various DC errors does not translate well to 
the dynamic case, so different tests are required 

Sig_,·to-Nol •• R.tio and Effect,.,. Number ", Bits 
The Signal-to-noise plus distortion ratio (SINAD) IS the 
ratio of the fundamental input frequency's RMS amplitude 
to the RMS amplitude of all other ADC output signals. The 
output band is limited to frequencies above DC and below 
one-half the ADC sample rate. 

VIti 
H~V'o-25Vl 

~5V 
. '10 

, 15(1~ 

R4 ,-' 11'1 

~~ /''-\/ . ,\/',"'" 

[(IVI-:t; I WI 

/ .'Jl~, 'ClllU l IOtfS.ETAD.llJS1MI~JII 

Figure 19. Offset and Gain Adjustment (NoflJl1vcrringJ 
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I " ,2,'8: 
Vlll ----4-1\. v \i\/ -'v V'\r-l 
j-5V Ie I~.v) Rl 

500 
tGAINAOJIJSTMlNII R~" 

b80~ :'" 

·w - "J./'.; 
H5 
,Ok 

• 

(OFF ADJUSIMI NI ) 

Figure 20 Offset and Gain Adjustment rlnwfling) 

1 !(JAII. 

The theoretical minimum ADC nOise is caused by quan
tization error and is a direct result of the ADC's resolution 
SNR ~ (6.02N + 1.76)dB. where N IS the number of INS 
of resolution. A perfect 12-blt ADC can, therefore. do no 
better than 74dB. An FFT plot shows the output level in 
various spectral bands. Figure 22 shows the result 01 
sampling a pure 100kHz sinusoid at a 500ksps rate With 
the MAX120 

By transposing the equation that converts resolution to 
SNR, we can, from the measured SINAD, determine lhe 
effective resolution (or effective number of bits) the 
ADC proVides. N ~ (SINAD - 1.76)1602 Figure 22 
shows the effect'lve number of bits as a function of the 
input frequency forthe MAX120 The MAX 122 perlorms 
similarly 
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Figure 22 MAX 720 FFT Plot 

To"" Harmonic DI.tortion 

If a pure sine wave is sampled by an ADC at greater than 
the Nyquist frequency, the nonlineanbes In the ADC's 
transfer function create harmonics of the input frequency 
10 the sampted output data 

r otal harmoniC distortion (THD) IS U1e ratio of the RMS sum 
of all harmonics (in the frequency band above DC and 
below one-half the sample rate, but not Including the DC 
component) to the RMS amplitude of the fundamental 
frequency. This IS expressed as follows 

~3~~2 
THO ~ 20log ~-- -V-,-- ---

13 .---"""'T,.,....--M""Tm"'--..... ".. 
I? r-.,. ..... .u..L1: IT 
11 

111M 

INPUT fRI UUI NCY fHll 

Figure 23 Effective Bits vs Input Frc-quo/lcy 

where V, IS the fundamental RMS amplitude, and V2 
to VN are the amplitudes of the 2nd through Nth 
harmonics. The THO speCification in the Electrical 
Characteristics table includes the 2nd through 5th 
harmonics. 

'nf.nnoduIaUorr Distortl_ 
It the ADC inplJt signal consists of more than one 
spectral component. the AOC transfer function non 
linearities produce intermadu\atlon distonion (IMO) In 
addition to THD. IMD is the change in one sinusoidal 
Input caused by the presence of another Sinusoidal 
input at a different frequency 

If two pure sine waves of frequency fa and fb are 
applied to the ADC input. nonlincarltl€S In Ihe ADC 
transfer function create distortion producls al sum and 
difference frequencies of mfa ± nfb. where m and n ::0; 

Q, 1, 2. 3, etc. THO Includes those distortion products 
With morn equal to zero Intermodulalion distortion 
consists of all distortion products for which neither m 
nor n equal zero. For example, the 2nd-order IMD 
terms Include (fa + fb) and (fa - fb) while the 3rd-ordcr 
IMD terms include (2fa + fb), (21a - fb), (fa + 2fbl. and 
(fa - 2fb) 

It the two Input s'lne waves are equal in magnitude _ the 
value (in decibels) of the 2nd-order IMD products can be 
expressed by the follOWing formula 

IMO (fa ± fbi ~ 2010 [amPlitude at (fa ± fbi] 
g amplitude at fa 
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Spurious-free dynamic range is the ratio of the fundamen
tal RMS amplitude to the ampl~ude of the next largest 
spectral component (in the frequency band above DC 
and below one-half the sample rate) Usually the next 
largest spectral component occurs at some harmonic of 
the input frequency. However, If the ADC is exceptionally 
linear, 11 may OCcur only al a random peak in the ADC's 
noise floor. 

______ CItIp TopogIlIplly 

MAXl20/MAX122 TRANSISTOR COUNT 1920: 
SUBSTRATE CONNECTED TO Vao. 

0.122" 
l3.099mmt 

_ Ordering Information (contlnuedJ 

I PART TEMP,RANGE PlH-PACKAGE 
------- --
lMAX'2~~ ~O ~o .85 c:-. 24 SSOP 

~Al<.'20~G_ -ssC 10 ,125C 24 NarrowCtRDIP 

MAX 122ACNG 0 C 1o + 70 C 24 Narrow PIaSlo<; Dlf-' 

r MAXI22BcNG 0 C 10.70 C 24 Narrow Plasi<: DIP 

r MAXl22ACWG - OCto 00C 24 Wld-;; SO -

I MAX 122BCWG- oc 1o + 70 C 24 Wide SO - - - -
I M!:X 1 ~AC:-G 0 C 10 .70 C 24 SSOP 

~A~22£lCA~ 0 C 10.70 C 24 SSOP 

~ M!:!<.'22BC!fJ... _0 C to + 70 C_ 01:::'0-

MAX122AENG -40 C 10 +85 C 24 Narr(M' PlaShc DIP 

IMAX122BENG- -40 C 1o .85 C 24 Narrcw Plaslic DIP 
1- - - -

N. 
(lSB.)' 

+1 1 

±? j 

i314 I 

i1 

±3f4 
1 

1 

1:3/4 

+1 

il 

±3/4 . 

>1 

'MAXI22AEWG -40Clo+85C 24WldeSO i314, 

iMAX122BEW~-40 C ~85 C 24 W~e S(J i I 

[!-A"'l<.122~EA~ ·40 C to .85 C 24 SSOP nl4 

0:'AX~22~AG_ ·4QCto+S5C 24SS0P ±1 

~MA2:'2~M~ -55 C to "25 C 24 Na"cw CFROIP 'I 

~~~~ O· C 10 + 70 C Plasli<.: DIP - 1 hrc}lJgll Hole 

• Contact factory for dice speClfica(u)fls 

t MAXl20 EV ~m can be used 10 evaluate rho MAX 122. wht'll 
ordering Ihe EV hit ask for 3 frce sample ollhe MAX 122 
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9 [HIIHH gil 11 11 11 11 t t 
E H 

tJtJtJIH!flflIHl!l~~ • ! 

A 0200 5.08 
0.38 

A2 0.125 0.15C 3.18 3.81 
A3 0055 0.0Il() 1.40 2.03 
B 0.016 0.022 0.41 0.56 

B1 0.050 0.065 1.27 1.65 
C O.OOB 0:012 0.20 0.30 
D 1.235 1.265 31.37 32.13 

E 0.300 0,325 7.62 13.26 t
E~ 01 0.050 0.060 1.27 2.03 

DIM 

A 
AI 
B 
C 
D 

E 

e 
H 

h 

L 

" 

INCHES MILLlMET>;RS 

MIN MAX MIN MAX 

0093 0.104 2.35 2.65 
0.004 0.012 0.10 0.30 
0.014 0.019 0.35 0.49 

0009 I}'013 0.23 0.32 
0.598 0.614 15.20 15.60 

0.291 0.299 7.40 7.60 
0.050 sse 1.27 esc 

0.394 0.419 10.00 

0.010 0.030 0.25 
0.016 0.050 0.40 

O' 8' O· 

24-PIN PLASTIC 
SMALL-oUTLINE 

PACKAGE 

10.65 

0.75 

1.27 
B' 

2t-338A 

i 
I 
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E H 

o t I 
~~H~mm~~_t 

~ 
--~-+IQ~ 

e B A1 

INCHES MILLIMETERS 
DIM f-:MI=N~r:1I7A:-:X:-l~M:=IN=r.MAXO"''-i 

A 0.068 0.078 L73 1.99 
A1 0.002 0.008 0.05 0.21 
B 0.010 0.015 0.25 0.38 
e 0.005 0.009 013 0.22 
o 0.317 0.328 .807 8.33 

E 0.205 0.212 5.20 5.38 
e 0.0256 Bse 065 Bse 
H 0.301 J 0.311 7.65 1 7.90 
l 0.022 0.037 0.55 0.95 
u O· 8" o I B· 

24-PIN PLASTIC 
SHRINK 

SMALL-OUTLINE 
PACKAGE 
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BIODATA 

Nama 

NRP 

NIRM 

: Jimmy Yang 

: 5103095064 

: 95.7.003.31073.51925 

Tempat, Tanggal Lahir : Surabaya, 08 July 1977 

Riwayat Pendidikan: 

Agama 

Alamat 

"'. Tahun 1989 Lulus SD. YPPI I Surabaya . 

.,. Tahun 1992 Lulus SMP YPPI II Surabaya . 

., Tahun 1995 Lulus SMA YPPI I Surabaya. 

: Kristen 

: Medokan Ayu I / J-48, Sby. 

"" Tahun 2000 Lulus Sarjana Fakultas Teknik Jurusan Teknik Elek1ro Universitas 

Katolik Widya Mandala Surabaya. 

Selama kuliah, aktif sebagai : 

, Anggota Senat Mahasiswa Fakultas Teknik. 

, Asisten Praktikum Dasar Elektronika di Laboratorium Elektronika. 

, Asisten Praktikum Elektronika Analog di Laboratorium Elektronika. 

, Asisten Praktikum Sistem Intrumentasi Elektronika di Laboratorium Pengukuran. 




