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Lampiran 1 : Program Alat
{Oleh : BUDI (Nrp : 3103024043)!}
uses newdelay,crt,dos;

const cac=$300;
ade=8302;
fcb=5$58;
fs=100006;
sampel=1024;

var v,h,hd,w,hi,h2 : arrayl[0..sampel] of real;
e : array[0..sampell of integer;
i3, k,n,kl : integer;
yd, fc, fcl, fc2, sa, tw, fc_up, fc down : real;
menu s char;

{Abstrak : procedure Lpf adalah prosedur untuk Lowpass Filter yang
didalamnva berisi penetapan harga input untuk frekuensi cutoff,
transition width, dan stopband attenuation serta perhitungan
koefisien filter}

procedure Lpf;

begin
repeat
clrscr;
writeln('s=====ss=s======='};
writeln{' LOWPASS FILTER '} ;
writeln('=s====s======= ===');
writeln;
write (*Frek. cutoff (Hz) = ") :readln({fcil);
write('Transition Width (Hz) = "J;readln(tw);
write ('Stopband Attenuation (dB) = ');readln(sa};
1f sa<=21 then
begin
writeln{'Window = Rectangular');
fci=fcl/ (£s+15000);
k:=round{0.9* (£s+15000} /tw) ;
writeln('Jumlah kcefisien filter = ',k};
if k>100 then writeln('Filter tidak mampu !'!!');
delay (1000} ;
for n:=0 to (k-1) do
begin
if n=0 then h[Q}:=2*fc
else hinl:=(2*fc*sin(n*2*pi*fc) )/ (n*2*pi*xfe);
end;
end;
if (sa>21l) and (sa<=53) then
begin

I

writeln ('Window Hamming?') :
fo:=fcl/ (£s3+5000) ;

k:=round(3.3* (£s5+5000) /tw} ;

writeln ('Jumlah kcefisien filter = ',k);

if k»100 then writeln('Filter tidak mampu !!!');

delay (1000} ;



fo

begin

if n=0 then hi0]:=2*fc

else hdln]:=(2*fcxsin(n*2*pi*fo))/ (n*2*pi*fc);
1f n=0 then w[0]:=1

else winl:=0.54+0.46%cos ( (2*pi*n)/k);
hin):r=hd[nj*wini*1.25;

end;

end;

1f (sa»b3) and (sa<=74) then

begin
writeln('Window = Blackman');

foi=fcl/ {£s+2000) ;
k:=round(5.5* (£5+2000)/tw);

writeln ('Jumlah koefisien filter = ', k);

if k»>100 then writeln('Filter tidak mampu !!!');
delay{1000);

for n:=0 to (k-1) do

begin

if n=0 then h{0]:=2*fc

else hd[nl:=(2*fc*sin(n*2*pi*fc))/ (n*2*pi*fc);
if n=0 then wl0]:=1

else

win]:=0.42+0.5*cos ({2*pi*n)/(k~-1))+0.08*cos ((4*pi*n)/ (k-1));
hinl:=hdnl*w[nl*1.25;
end;
end;
until (k<=100):
end;

{Abstrak : procedure Bpf adalah prosedur untuk Bandpass Filter
vang didalamnva berisi penetapan harga input untuk frekuensi
cutoff atas dan bawah, transition width, dan stopband attenuation
serta perhitungan koefisien filter}
procedure Bpf;
begin
repeat
clrscr;
writeln('=s=====s==========1')
writeln (' BANDPASS FILTER ') ;
writeln (' ===== ===');
writeln;
write('fc atas (Hz) = ');readln{fc_up);
write('fc bawah (Hz) ")ireadln(fc down):
write ('Transition Width (Hz) = ") ;readln{tw};
write ('Stopbkand Attenuation (dB) = ");readln(sa)l:
if sa<=21 then
begin
writeln('Window
fc2:={fc_up)/ (£3+10000);
fcl:={fc down)/ (£s+10000};
ki=round (0.9* (£5+10000) /tw) ;
writeln ('Jumlah koefisien filter = %, k);
if k>100 then writeln('Filter tidak mampu !!!");
delay (1000);

T

Rectangular'};



for n:=0 to (k-1) do

begin

if n=0 then hi0)l:=2*({fcZ2-fcl)

else begin
hZ2nl:={2*fc2*sin(n*2*pi*fa2) )/ (n*2*pi*fc2);
hl[n]:=(2*fcl*sin(n*2*pi*fcl))/ (n*2*pi*xfcl);
hinl:=(h2[n]-hl[nl):

end;
end;
end;
if (sa»21) and (sa<=53) then
begin

It

writeln('Window
fe2i=(fc up)/{fs+4000});
feli=(fc down)/ (£s+4000) ;
k:=round (3.3* (fs+4000) /tw) ;
writeln{'Jumlah koefisien filter = ', k);
if k>100 then writeln('Filter tidak mampu !1!"');
delay (1000) ;
for n:=0 to (k-1) do
begin
if n=0 then h[0]:=2*{fc2~fcl)
else begin
h2[nl:=(2*fc2*sin{n*2*pi*fc2) )/ (n*2*pi*fc2);
hl[nl:={2*fcl*sin{n*2*pi*fcl))/(n*2*pi*fcl);
if n=0 then wl0]:=1
else winl:=0.54+0.46%cos { (2*pi*n)/X);
hin}:=(h2[n}-hi[n]}*winl;

Hamming');

end;
end,;
end;
if (sa>53) and (sa<=74) then
begin
writeln({'Window = Blackman'):

fec2:=(fc up)/ (£5+2500);
fcl:=(fc_down)/ (f3+2500);
X:=round(5.5* (£fs+2500) /tw) ;
writeln('Jumlah koefisien filter = ',k);
if k>100 then writeln('Filter tidak mampu !!!'};
delay (1000);
for n:=0 to (k-1) do
begin
if n=0 then hl0]:=2*(fc2-fcl)
else begin
h2[n):={2*fc2*sin(n*2*pi*fc2))/ (n*2*pi*fc2);
hl[ni:=(2*fcl*sin(n*2*pi*fcl))/ (n*2*pi*fcl);
if n=0 then wi{0]:=1
else
winl:=0.42+0.5%cos ((2*¥pi*n)/(k-1))+0.08*ccs((4*pi*n)/(k-1));
hinl:=(h2nl-hi[nlY*w[nl;
end;
end;
end;
until (k<=100};
end;



Abstrak procedure Bsf
vang didalamnya berisi penetapan
cutoff atas dan bawah, transition width,
serta perhitungan kcefisien filter}
procedure Rsf;
begin

repeat
clrscr:
writeln(®
writeln ('
writelni(!
writeln;
write{'fc atas (Hz)
write{'fc bawah (Hz)
write('Transition Width (Hz)
write ('Stopband Attenuation
1f sa<=21 then
begln
writeln{'Window
fec2:=fc up/(£s+10000) ;
fcli=fc _down/ (£s+10000) ;
ki=round (0.9* (fs5+10000)} /tw) ;
writeln{'Jumlah koefisien filter
if k¥>100 then writeln(’
delay (10C0) ;
for n:=0 to
begin
if n=0 then h{0}:=1-2*{({fc2-fcl)
else begin
hz[n]
hi[nl:=
hin):=nhlin)
end;

(dB)

{k-1) do

{(2*fcl*sin(n
-h2[nl;

end;
end:
(sa>21)
begin
writeln ('Window

fc2:=fc up/ (fs+2000) ;

fecl:=fc down/(£s5+2000);
k:=rouna(3,3* £5+2000) /tw);
writeln{'Jumlah kecefisien filter
if k>100 then writelin ('
delay(1000);
for n:=0 to
begin

if n=0 then hi0}:
else begin

if and (sa<=53) then

(k-1) do

=1-2*(fc2-fcl)

h2{n]:={ 2*fc2*sin(n*2*pi*fc2))/
={2*fcl*sin(n*2*pi*xfcl)

hilnl:
if n=0 then wil]:=
else begin winl
hin}:={hl[n)l-h2in))*winl:
end;

=1

end;
end;
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1f (sa>53) and (sa<=74) then
begin
writeln ('Window
foZi=fc up/fs;
fc1:=fcidown/fs;
ki=round{5.5*fs/tw);
writeln{'Jumlah kcefisien filter = ', k),
if k>100 then writeln('Filter tidak mampu !'!!7");
delav(1000):
for n:=0 to (k-1) do
begin
1f n=0 then h[0)l:=1-2*(fc2-fcl)
else begin
h2[nl:={2*fc2*sin(n*2*pi*fc2))/ (n*2*pi*fc2);
hi(nl:i=(2%fcl*sin (n*2*pi*fcl))/ (n*2*pi*fel);
1if n=0 then w[0]:=
else begin
win]:=0.4240.5*cos{ (2*pi*n) /(k-1))+0.08*cos ({4*pi*n)/ (k-1));
hin]:=(hl(n]l-h2{nl)*w[nl; end:
end;
end;
end;
until (k<=100};

Blackman') :

il

end;

{Abstrak : procedure interrupt untuk Baca ADC dan Baca ADCI
berfungsi untuk pengaturan pengambilan data/sampel dan tap fllter,
pengolahan dan perhitungan output Filter Dlgltal}

procedure Baca ADC; interrupt;

begin
x[i):=portwladc] and SFFF; {baca data pada adc}
x[i]:=x{i] xor $800:
yd:=0;
for 1:=0 to 31 de
begin
Ji=i-1:
if j<0 then Jj:=sampel+];
ydr=yd+ ({h[l1]1*x[3]1));
end;
portwladc] :=fcb;
yii):=yd;
portwldac]:=round(y[i]);
inc(i);
if i>=sampel then 1i:=0;
port[$20) :=520; {normal end of interrupt PIC 8259 slavel
end;
procedure Baca ADCLl; interrupt;
begin
x[i]:=portwladc] and SFFF; {baca data pada adc}
x[1il:=x[11 xor $800;
yd:=0;
kl:=k-1;
for 1:=0 to k1 dc
begin
Ji=i-1;

if 1<0 then j:=sampel+7];



vd:=yd+ ((h[1ll*xij1));
end;
portwladc]) :=fch;
y[(1i]:=vyd;

if y[i]>2048 then portwl[dac]:=rcund(y[i])-2048
else 1if y[1]<2048 then portwldac]:=round(y[i1])+2048
else portwldac]:=round({vI[i])}:

inc(i):

if ir»=sampel then 1:=0;

port [820]:=520; {normal end of interrupt PIC 8259 slave}
end;
{Abstrak : Program Utama berisi tentang inisialisasi ADC, tampilan

menu filter, pengaturan set interrupt vector untuk procedure
interrupt Baca ADC dan Baca ADC1, dan IRQ}

{Program Utamal

begin

clrscr;
portwladce] :=fcb; {inisialisasi ADC)}
i:=0;

writeln (' FILTER DIGITAL ');
writeln('==s========z—c====1);
writeln({"1l. LOWPASS FILTER');
writeln{'2. BANDPASS FILTER'):
writeln ('3. BRANDSTOP FILTER');

writeln (' '=====s============1); .

write{'Type Filter yang dipilih : ');readln{menu);
case menu of

'1' : Lpf;

'2' : Bpf:

'3' . Bst;

end;

if (menu='1') or (menu='3') then

SetIntVec ($0D,Addr (Baca ADC));
if menu='2' then SetIntVec($0D,Addr (Baca ADCl)):

port{$21]:=port{$21] and $DF; {enabfe IRQS}
repeat

until keypressed:

port{521):=port[$21] or $20; {disable IRQ5}

end.
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Lampiran 3 : Data Sheet ADC MAXI196

190435 Rew & /95

ALUATIDN KT

AV ALABLE

General Description

The MAX1S6/MAX198 multirange, 12-hit data-acquisi-
tion systems (DAS) require anly a singie + 5V supply for
operation, yet convert analog signals at thair inputs up
to £10V (MAX196) and =4V {(MAX198). These systems
provide six analog mput channels that are indepen-
dently software programmabile for a variety of ranges:
+10V, £5Y, OV to + 10V, and OV to +5V for the MAX196;
+VREF, VREF/Z. OV to +VREF, and OV to +VRgp/2 for
the MAX198. This range switching increases the effec-
tive dynamic range t© 14 bits and provides the flexibility
10 interface £12V, +15V, and AmA to 20mA powered
SCNSOrs to a single + 5V systerm, in addiuon, these con-
verters are fault protected to £16.5V; a fault condition
on any channel will not affect the conversion result of
the setected channet. Other features include a 5MHz
bandwidth track/hald. 100ksps throughput rate, soft-
ware-sglectable internal/external clock, internaliexternat
acquisition control, 12-bit paraliel interface, and internat
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 MAX196/MAX198 employ a standard microproces-
sor (P} interface. A three-state data /O port is config-
ured to operate with 16-bit data buses, and data-
access and busrelease uming specifications are com-
patibie with most popular pPs. All logic inputs and out-
puts are TTL/CMOS compatible.

These devices are available in 28-pin DIP, wide SO,
SSOP (55% smaller in area than wide $OJ, and ceramic
SB packages. For 8+4 bus interface, see the MAX197
and the MAX199 data shects. An evaluation kit will be
avatllable after December 1995 (MAX196EVKIT-DIP).

Applications
Industriat-Control Systems

Robotics

Data-Acquisition Systems

Automatic Testing Systems

Medical Instruments

Telecommunications

Functional Diagram appears af end of data sheel.

MAXIM _

AKX/

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

Features
+ 12-Bit Resolution, 1/2LSB Linearity
Single +5V Supply Operation

Software-Selectable Input Ranges:

=10V, £5V, 0V to +16V, OV to +5V (MAX196)
+VREF, *VREF/2, OV to +VaEer, OV 1o +VREF/2
(MAX198)

* &

¢ Internal 4.096V or External Reference

¢+ Fault-Protected Input Muitiplexer

4 6 Analog Input Channels

¢ 6us Conversion Time, 100ksps Sampling Rate

¢ Internal or External Acquisition Control

¢ Two Power-Down Modes

¢ Internal or External Clock

Ordering Information
PART TEMP. RANGE  PIN-PACKAGE

MAX196ACNI  0°C 1o +70°C 28 Nartow Plastic DIP
MAXT86BCN! 0°C o +10°C 28 Narrow Plastic DIP
MAXT196ACW! 0°C 1o +70°C 28 Wide SO
MAX196BCWI 0°C1io ~10°C 28 Wide SO
MAX T6ACAI 0°C to +70°C 28 SSOP

| MAX196BCAI 0°C 1o «70°C 28 SS0P

Ordering Information continued at end of data sheet.

Pin Configuration

TOP VIEW ~—

Lk [7] * @ DGND
M EY [25) wrR
010 [4] 25] RO
0o [s | MAXIM Ll i
Ds[&; mﬂ% % REF
o7[7] 22] REFAD S
06 [&] 21] CH5
os [ 20) cHe
o4 [10) 19] cH3
o3 [11] 18] cH2
o2 [i2] 17} cH
0113 18] cHO
0o fia 15 AGND
DIP/SO/SSOP/Ceramic SB

. Maxim Integrated Products 1

Call tolf free 1-800-722-8256 for free samples or Ilterature.

E6LXVIN/F6LXVIN



MAXT96/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

ABSOLUTE MAXIMUM RATINGS

Vo 1o AGND
AGND to DGND.. .

REF A0 AGND - oo

REFAD to AGND. ..
Digaat inputs to DGND

Bigital Qutpats to DGND ...,

CHO-CHb 1o AGND ...

Continuous Power Dissipation (T;\” ;f.O‘»C)V B
Narrow Plastic DIP {derate 14 29mw/°C above +70°C) ... 1743mwW

L 03V (Vop + 0.3V)
03V (Vopp « 0.3V)

03V (Vop + 0.3V)
-0.3Vio (Vpp +~ 0.3V)

33V -7V
03V o 03V

L2165V

Wide SO (derate 12.50mW/°C above + 70°C) .
SSOP (derate 9.52mWi°C above +70°C)
Narrow Ceramic SB {derate 20.00mW/°C above +70°C)..1600mw
Operating Temperature Ranges
MAX196 C_#/MAXI98 C T... ..
MAX196_E_ /MAXT98_E_1I.
MAX186_MYI/MAX198_MY1t.
Storage Temperalure Range ...
Lead Temperature {soldenng, 10sec) ...

76Z2mw

..0°Chio +70°C
~40°C {0 +85°C
55°C 10 +125°C
.-85°C o +150°C
+300°C

Strosses beyond Ihose listed umder "Absolie Maximwm Raimgs ™ may cause permenent Jamae 1o the device. THEse are siress ratings onty, and functional
GRESIN of Wi2 Geyice 3t these o any aher conditions bevond thase indicated in the operational sections of the Specifications & not imphed. Exposure o
SUSOIAE MAXIEHN 1ARIG COnons for extended penods may altect desce réhabity

ELECTRICAL CHARACTERISTICS

(Vpo = 5V 5% unipolarihipolar range; external reference mode, Vigey = 4.096V; 4. 7uF at REF pin; external clock. foik = 2.0MHz
with 50% duty cycie: Ta = Tmin to Tpax: unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER |symBoL] CONDITIONS MIN  TYP  MAX | UNITS
ACCURACY (Note 1)
Resolulion I T e Bils |
|
AXTO6AMAXTB8A +1/2
integral Nonlinearity INL M LSB
MAXT196BMMAX1988 +1
Differential Nontinearity DNL =1 LS8
R _ MAXT96AIMAX19EA =3
ol X6 E/MAX 955 5
B = +
Offset Error ’ = 1 1sB
Bipo! MAX136AMAXT198A +b
] ar
a MAX196B/MAX1988 +10
Channal-o-Channe! Offset Linipolar +0.1
: - LSB
Error Matching Bipolar +05
Unipola MAXTI6A/MAXTIBA +7
I
Gain Erfor PO AAXT968/MAX1988 10
LSR
{Noke 2) ] MAXTI6AMAXTGBA +7
Bipotar
MAX136B/MAX198B +10
Gain Temperature Coefficient Unipofar 3
m/*
(Note 2} Bipotar 5 PP
DYNAMIC SPECIFICATIONS (10kHz sine-wave inpul, £+10Vp-p {(MAX198) or +4 096V p-p (MAX198)}, fsampLe = 100ksps)
MAX136AMAXTI8A 70
Signal-to-Noise - Distortion Ratio | SINAD I ’ ] dB
MAX196B/MAX1988 69
Total Harmonic Distortion THD Up to the 5th harmonic -B5 -78 dB
Spurious-Free Dynamic Range SFDR 80 dB
Channel-to-Channet Crosstalk S0KkHz, Vin = =5V (MAX196) or =1V (MAX198) -86 dB
(Note 3)
Aperture Delay External CLK mode/exiernal acquisition control 15 ns
External CLK mode/external acquisition control <50 ps
Aperture Jitter Internal CLK mode/internal acquisition
10 ns
control (Note 4)
2 MAXIMN



Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

{VpD = 5V 5%, unipolarftipolar range: external reference mode, Vier = 4.096V, 4. 74F at REF pin; external clock, foik = 2.0MHz
with 50% duty cycle: Ta = Tain to Tmax: unless otherwise noted. Typical values ara at Ta, = ~25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN  TYP  MAX | UNITS |
ANALOG INPUT :
TrackHold Acquisition Time T feLk = 2.0MHz 3 ps

=10V or =VReF range 5
-3 «HV or =Vpe/2 range 21!
Small-Signal Bandwidth dag ! REt g ! MH7
rolloff OV to 10V or OV to Vs range 25
GV 1o 5V or OV to Vree/2 range 1.25
MAX136 0 10
U | \ ¢ >
nipolar
pota 0 Vikr
MAX198
{nput Voltage Range v, 0 Vier/2 y
(see Tabie 3) N -10 10
MAX3196
-5 5
Bipolar r v v
-VREF REF
MAX198
VReF/2 VRrer/2
OV to 10V range 720
_ MAX196
Unipolar 0V to 5V range 360
MAX198 01 10
Input Current I =10V range -1200 120 A
put Curr IN MAX1GE 1 range , p
Binol +hVrange | -600 360
i ar
po =VREF range -1200 10
MAX198 |-—
=VREF/2 range -600 10
Unipot 1
Input Resistance AViy ‘mpo a 2 kQ
Al Bipalar 16
Input Capacitance {Note 5) 40 pF
INTERNAL REFERENCE
REF Qutput Voltage VREF Ta = +25°C 4076 4096 4.1 \
:’eEF Outpit Tempco MAX196_CRMAX198_C 15
Contact Maxim Applications for .
guaranteed temperalure drift TC VRer | MAX196_E/MAX198_E 30 ppmé*C
specifications) MAX196_M/MAX198_M 40
Quiput Short-Circuit Current 30 mA
Load Regulation OmA o 0 5mA output current {(Note 6) 10 mv
Capacitive Bypass at REF 4.7 pF
REFAD. Qutput Voltage: 2465 2500 2535 v
REFADJ Adjustment Range With recommended circuit (Figure 1) 15 %
Buffer Voltage Gain 1.6384 ViV

mAaxkim 0 — ——— - 3

86 LXVIN/96LXVIN



MAX196/MAXT198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

Moo = 5V =5%;

with 50% duty cycle; Ta = Tmin to Tvax; unioss otherwise noted. Typical values are at Ta = +25°C)

unpolarbipolar range; external reference made, Vrer = 4,096V 4.7pF at REF pin: external clock, fork = 2 OMHz

PARAMETER {symeoL | CONDITIONS [ MIN TTTYP  MAX | UNITS |
REFERENCE INPUT (huffer disabled, reference input appled 1o REF pin) 4
Input Voltage Range 2.4 4.18 v

Ve Normal. or STANDBY 400
input Current REF = power-gown mode A
4.18v —
FULL power-down mode 1
Normal, or STANDBY power-down mode 10 kQ
inpul Resistance:
FULL power-down mode 5 MQ
REFAD) T’hreshold for VOB - 50mV v
Buifer Disahle
POWER REQUIREMENTS
Supply Voltage Voo 4.75 525 v
Normal mode, bipolar ranges 18 mA
Suboly O ' | Normal mode, unipolar ranges & 10
rren
upply Currer eo STANDBY power-down mode 700 850 A
FULL power-down mode (Note 7} 60 120 s
Sur iecti ati External reference - 4.086V =01 +1/2
Power-Supply Rejection Ratio PSRR LSB
{Nolc 8) imernal reference 1y
TIMING
internal Cleck Frequency fecik FCCLK = 100pf 1.25 1.56 2.00 MHz
External Clock Frequency Range fork 0.1 2.0 MHz
IA int | it External CLK 30
nternal acquisition
- . e 4 internal CLK 30 5.0
Acquisition Time — ys
. Externat acquisition {Note 9} a0
ACQE I RRer FULLPD or STBYPD 5
o on T . External CLK 6.0
onversion Time —— S
s CONY. Mnternal CLK, Cork - 100pF 60 77 wa| ¥
External CLK 100
Throughput Rate ksps
internal CLK, Ccik = 100pF 62
Bandgap Reference
Start-Up Time Power-up (Note 10) 200 ps
_— To 0.1mV REF bypass Crre - 4.7F 8
Reference Buffer Senling capacitor fully discharged [ Crer = 337 0 ms
DIGITAL INPUTS (D7-D0, CLK, RD. WR, CS} {Note 11)
Inptt ch:;h Vollagr;é" B N Y T ] 24 - Vv
input Low Voltage VINL 0.8 v
Input Leakage Current N Vin = OV or Vpp £10 HA
Llnpul Capacitance CIN (Note 5) 15 old

- MAX1AR



Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

{Vpo = 5V =5%:; unipolar/bipotar range; externial reference mode, Ve = 4.096V, 4.7uF at REF pin: external clock. foik = 2 0MH7
with 50% duty cycle: Ta = Tain to Thax: unless otherwise noted. Typical values are at Ta - ~25°C

PARAMETER !SYMBOL J CONDITIONS T MiN TYP  MAX {unrrs
DIGITAL OUTPUTS (D11-DO, INT) B !

—_O-iii'pat Low Voltég'j"o ) Voi V[;D = 475V, IsINK = 1.6ma 0.4 v
Outpit High Voliage Vou | VoD - 475V, iSouRCE = 1A Vop - v
L’(hme-Stale Ouput Capscitance L Cowm j (Note 5) 1K p

TIMING CHARACTERISTICS

(VDo = 5V +5%:; unipolar/bipolar range; external reference mode, Vier = 4.096V: 4 JPF at REF pir: external clock, foik = 2 OMHz
with 50% duty cycle; Ta = Tan 1o TMax: untess otherwise noted }

S6LXVN/96LXVYIN

PARAMETER SYMBOLJ CONDITIONS MIN TYP MAX | UNITS
CS Puise Width ics 80 ns
WR Puise Width WR 80 ns
CS 10 WR Setup Time 1CSWS 0 ns
TS to WR Hold Time swH o ne
€S to RD Setup Time sk | 0 i
CS 1o RD Hold Time tcsrH ’ 0 ns
CLK 10 WR Setup Time 1Cws 100 ns
L CLK to WR Hold Time CWH 50 ns
Data Valid 10 WR Setup s 60 ns
Dala Valid 10 WR Hold toOH 0 ns
RD Low to Output Data Valid [f3)e] Figure 2, C = 100pF (Note 12) 120 ns
RO High fo Output Disable R {Note 13) 10 ns
RD Low to INT High Detay UNT1 k 120 ns

Note 1:  Accuracy specifications tested at Vpp = 5.0V. Performance at power-supply tolerance iimils guaranteed by Power-Supply
Rejection test. Tested for the 10V (MAX196) and =4.096V (MAX138) inpul ranges.

Note 2: External reference: Vier = 4.036V, offset error nulled. ideal last code transition - FS - 3/2LSB.

Note 3: Grourxl "on” channel; sine wave applied to all "off” channels,

Note 4:  Maximum full-power input frequency for 1LSB error with 10ns jitter - 3kHz.

Note 5:  Guaranteed hy design. Not tested.

Note &: Use static loads only.

Note 7: Tested using internal reference.

Note 8:  PSRR measured at full-scale,

Nate 8: External acquisition fiming: starts at data valid at ACQMOD = {ow control byte; ends at rising edge of WR with ACQMOD
= high controf byte.

Note 10: Not subject to produclion testing. Provided for design guidance only.

Note 11: All input control signals specified with tg = tp — 5ns from a voltage level of 0.8V 10 2 4V,

Note 12; tpo is measured with the load circuits of Figure 2 and defined as the time required for an output (o cross 0.8V or 2.4V,

Note 13: tir is defined as the time required for the data lines to change by 0.5V.
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MAXT196/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

{Ta - +25°C, unless otherwise noted.)
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Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

Pin Description
PIN NAME FUNCTION
Clock Input. in external clock mode, drive CLK with a TTU/CMOS-compatible clock. In internal clock mode,
1 CLK place a capacitor (CcL k) from this pin to ground 1o sel ihe internal clock frequency: fouk = 1.56MHz typical
with Corw = 100pF.
2 CcS Chip Select, active fow
 —
3-14 | D11-D0 | Three-Stale Digital ¥O. D11 = MSB

15 FAGND | Analog Ground
16-27 ) CHO-CH5 | Analog Input Channels

Bandgap Voltage-Reference Qutput/External Adjust Pin. Bypass with a 0.03IF capacitor to ACND. Connecl
o Vpp whan using an external reflerence at the REF pin.

22 REFADJ

Reference Buffer Quiput/ADC Reference tnput. In internal reference mode, the reference bufer provides a
23 REF 4.096V nominal output, externally adjustable at REFADJ. in external reference mode, disable the internal
huffer by pulling REFAD) te Vpp.

L
3|

24 iNT goes low when conversion is Complele and oulput data is ready

]
4
A
<l

1 CS is low, a falling edge on RD will enable a read operation on the data bus

- inthe internal acquisition mode, when CSis tow, a rising edge on WR latches in configuration data and starts an
26 WR acquisition plus a conversion cycle. In the external acquistion mode. when CSis low, the first rising edge on WR
starts an acquisition. and a second rising edge on WR ends acquisition and stars a conversion cycle.

27 VDo +5V Supply. Bypass with O TuF capacitor to AGND.
28 DGND Digital Ground

o Detailed Description
- Converter Operation
00K REFADY The MAX196/MAX 138 multirange, fault-tolerant ADCs
S use successive approximation and internat input
: 00T MAXIM rack/hold (T/H) circuitry to convert an anajog signal to
24K MAXI96 a 12-bit digital output. 1he 12-bit parallel-output format
MAxi% provides easy interface to microprocesscrs (UPs).
= = Figure 3 shows the MAX196/MAX198 in the simplest

operational configuration.

Figure 1. Keference-Adjust Crrcuit Analog-input Track/Hold
fn the internal acquisition control mode {conwol bit D5

set to 0), the T/H enters its tracking mode on WR'S ris-

5V ing edge, and enters its hold mode when the internally
tmed (6 clock cycles) acquisition interval ends. In bipo-
3 tar mode and unipciar mode (MAX196 anly], a low-
Bour impedance input source, which settles in 1ess than
Dour 4 1.5)s, 15 required to maintain conversion accuracy at
ES Ciom ' h the maximum conversion rate.
ICLGAD - i} -
o = = when the MAX198 is configured for unipotar mode, the
o - inpur does not need to be driven from a low-impedance
3) High-710 Ve 11 Vg 10 Vw B High-Z 10 VoL and ¥ou 10 Vor source. The acquisition time (taz) is a function of the
- - source output resistance (Rs), the channel input resis-
Figure 2. Load Circuls for £nable Time tance (Rin), and the T/H capacitance.

MAXIM S e e _ 7
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MAXT196/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

Acquisition time is caiculated as foliows:

For OV 10 VRes: taz = 9x (Rg + RIN) x 16pF

For OV 1o VREF/2: taz = 9 x (Rs + RiN) x 32pt
whore Rin = 7k€) and taz {5 noever less than 2ps [0V 1o
VREF range) or 3ps (OV 1o VREF/2 range).
in the external acquisition control mode (D5 - 1), the
1/H enters its racking mode on the first WR rising edge
and enters its hold mode when it detects the second
WR rising odge with DS = 0 (sec External Acquisition
section).

1 28
1 C1K DGND
Wik | AaAXian L

L L T i ;
" i1} +5V
w Dl Mg 3
CONTROLY 28R

F
REF
repag) |22 4T l,, 49uF |4

INPLS 1 N3 ~|
g1 ie.of;:i GOif
0ie

[ o [ & OUTPUT STATUS

n8

1 chs j4

06 o 122

U5 10

i ANALCG

— cHe | INPUTS

04 Pere A

n? che 8

m .

13 Ao 2

——a

WP DATABUS

Figure 3. Operational Diagram

BIPOLAR VOLTAGE

REFERENCE
O UNIPOLAR

o Off

CH_ Cholo
I
our
TRACK HOLD
R2 e
TRACK Sé

e
S1 = BIPOLAR/UNIPOLAR SWITCH RT = 12.5k02 (MAXT96) OR 512k (MAX198)
S2 = INPUT MUX SWITCH RZ = B.67k2 (MAX196) OR = (MAX138)
53,54 - I/H SWITCH

Input Bandwidth
The ADC's input tracking circuitry has a SMHz smalk-
signal bandwidth. When using the internal acquisition
mode with an externai clock frequency of 2MHz, a
100ksps throughput rate can be achieved. IUis possible
to digitize high-speed transient events and measure
periodic signals with bandwidths exceeding the ADC's
sampling rate by using undersampling technigues. To
avoid high-frequency signals heing aliased into the fre-
quency band of interest, anti-alias filtering s recom-
mended (MAX274/MAX275 continuous-time fitters),

Input Range and Protection
Figure 4 shows the equivalent input circuit. The full-
scale input voltage depends on the voltage at the refer-
ence (VReF). The MAX196 uses a scaling factor, which
allows input voltage ranges of =10V, +5V, OV to +10V,
or OV to +5V with a 4.096V voltage reference {Table 1}.
Program the desired range by setting the appropriate
control bits (D3, D4} in the control byte {Tables 2 and
3}. The MAX198 does not use a scaling factor, so its
input voltage range directly corresponds with the refer-
ence voltage. It can be programmed for input voltages
of +VREF, +VREF/Z, OV 10 VREF, or OV to VREF/2 (Table
3). When an external reference is applied at REFADJ,
the voltage at REF is given by VRer = 1.6384 x VREFADJ
{2.4V < VREF < 4.18V).

The input channels are overvoitage protected to
+16.5V. This protection is active even if the device is in
power-down mode.

Even with Vpp = OV, the input resistive network provides
current-limiting that adequately protects the device.

Digital Interface
tnput data (control byte) and output data are multi-
plexed on a three-state paraliel interface. This parafiel
11O can easily be interfaced with a uP. CS, WR, and RD
control the write and read operations. C5 is the stan-
dard chip-sclect signal, which enablcs a pP o address
the MAX196/MAX198 as an /O port. When high, it dis-
abies the WR and RD inputs and forces the imerface
into a high-Z state.

Table 1. Full Scale and Zero Scale
(MAX196 only)
AANGE {V)|ZERO SCALE (V)] -FULL SCALE [+FULL SCALE

010 +5 o - Vier x 12207 |

Qto +10 0 — VREF x 2.4414
=5 — -VREF x 1.2207 | Vrer x 1.2207
+10 — SVREF X 24414 | VRes x 24414

Figure 4. Equivaiont Input Circuil

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

Table 2. Control-Byte Format

) D7 (MSB) D6 D5 } D4 ! D3 L B2 Dt DO (LSB)
{ PD1 PDO ACOMOD l RNG ‘L BIP ] AZ Al |
BIT NAME o DESCRIPTION o b
1.6 PD1, PDO Thesse wo bits seiect the clock and power-down modes {Table 4)
5 ACOMOD 0 - internally controlled acquisition {6 clock cycles). 1 - cxternally controlled acquisition
4 RNG Selects the fuli-scale vollage magnitude at lhe_‘l-rE)ul (Tal;l_(:—.?T_irﬁwm T - B
3 BIP Selects unipolar or bipolar conversion mode (Table 3)
| 2,1.0 AZ, A1, AD These are a-ddress bils for the input mux to select the "on” channet {Tabic L) L |

Table 3. ‘Range and Polarity Selection

TFable 4. Ciock and Power-Down Selection

INPUT RANGE (V) INPUT RANGE (V) PD1| PDO DEVICE MGDE
BIP ' RNG
{MAX196) (MAX198) 0 | 0 |Normai Operation/ External Clock Mode
0 o OwbH 01to Vpes/2 0 1 | Normal Operation/ Internal Clock Mode
? Oto 10 010 VRer ; 9 Stanchy Power-Down {(STBYPD): clock mode
is unaffected
1 0 «5 +ViEE/2 -
; y Full Power-Down (FULLPDY, clock mode is
1 1 +10 *VREF ! unaffecied
Table §. Channel Selection
A2 A1 A0 CHa CH1 CH2 cHa | cHa CHs
SRS
0 0 0 *
0 0 1 %
0 1 0 % 4
) 1 1 %
’7 1 [} 0 *
] ¢ 3 .
.|
MAXIAN 9
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MAXT96/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

Input Format
The control byte is Istched into the device, on pins
D7-D0, during a write cycle. Table 2 shows the control-
byte format.

Output Data Format
the output data format 1s binary i unipolar mode and
twos-complement binary in bipolar mode. When reading
the outhut data, CS and RD must be low.,

How to Start a Conversion
Conversions are initiaicd with a write aperation, which
setects the mux channel and configures the MAX196/
MAX198 for cither a unipotar or bipolar input range. A
write pulse (WR + TS) can either start an acquisition inter-
val or initiate a combined acquisition plus conversion. The
sampling interval cccurs at the end of the acquisiton
inerval. The ACQMOD bit in the input control byte offers
two options for acquiring the signal: internal or external.
The converston 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 internat acquisition by writing the conrol byte with
the ACOMOD bit cleared (ACOMOD = Q). This causes
the write pulse to initiate an acquisition interval whose

duration is internally timed. Conversion starts when this
six-clock-cycte acquisition interval (3us with foLk =
2MHz) erds (see Figure 5).

External Acquisition
Use the external acquisition timing mode for precise con-
trol of the sampting aperwre and/or independent control
of acquisition and conversion times, The user controls
acquisitton and start-of-conversion with two separate
write pulses. The first pulse, written with ACOMOD - 1,
starts an acquisition interval of indeterminate length. The
second write pulse, written with ACQMOD = 0, termi-
nates acquisitton and stars conversion on WR's rising
edge (Figure 8). However, if the secong control byte
contains ACOMOD = 1, an indefinite acquisttion interval
is restarted.

The address bits for the input mux must have the same
values on the first and second write puises. Power-down
mode bits (PDO, PD1) can assume new values on the
second write pulse {see Power-Down Mode section).

How to Read a Conversion
A standard interrupt signal, INT, is provided to atlow the
device 1o flag the pP when the conversion has ended
and a valid result is avatlable. INT goes fow when con-
version is complete and the output data is ready
(Figures 5 and 6). It returns high on the first read cycle
or if a new control byte is written.

les b— leses - less
SR L §j );772
e A (97
WR
. TONTROD ¥
D7-130 BVIE B}
ACOMCD =" ] s

W " J

._j 15

: N J

— I J_, — !—— £
HIGH o HIGH-Z

pour i i DATA VALID
Figure 5. Conversion Timing Using tnternal Acquisiion Mode
10 S S — - i MAXAN




Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

et e Tess — o fC33-
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Rl Y

i DATA VALID

DOUT

Frgure 6. Conversion Timing Using External Acquisition Mode

Clock Modes
The MAX196/MAX188 operate with elther an internal or
an external clock. Contro! bits (D6, D7) select cither A
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
pawer-up, external clock mode is selected.

Internal Clock Mode
Select internal clock maode to free the uP from the
burden of running the SAR conversion clock. To salect
this mode, write the control byte with D7 = 0 and D6 -
1. A 100pF capaciior between the CLK pin and ground
sets this frequency to 1.56MHz nominal. Figure 7 o -
shows a linear relationship between the internal clock @ S0 00 1% 0 25 30 30
period and the value of the external capacitor used,

00 1

INVERNAL CLOCK PERIOD (ns)

CLOCK PN CAPACHANCE {pF)

External Clock Mode
Select external clock mode by writing the control byte Figure 7. Internal Clock Perrod vs, Clock Pin Capachiance
with D7 = 0 and 06 = 0. 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 tower
than 100kHz will cause a voltage droop across the hold
capacitor, and subsequently degrade performance.

MAXIM . . — - R "
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MAX196/MAXT198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface
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| |
i ]
CIK l : ! ] J ' ] L__‘ L_I L_J E—»
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ACQMOD =0 Wz GOES HIGH WHEN CLK 1S HIGH
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i

|
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Figure 8a. External Clock and WR Timing finternal Acquisiion Mode)
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Figure 8. External Clock and WR Timing (External Acqursition Mode)
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Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

Applications Information

Power-On Reset
At power-up, the internal power-on reset circuitry sets
INT high and puts the device in normal operation/exter-
nat clock mode. This state is selected to keep the inter-
naj clock from loaging the external clock driver when
the part is uscd in external ciock mode.

Internal or External Reference
The MAX196/MAXT98 can operate with either an inter-
naf or external reference. An external reference can be
connected te either the REF pin or the REFADJ pin
{(Figure 9},
To use the REF input directly, disable the internal buffer
by tying REFADJ 1o Vpp. Using the REFADJ input climi-
nates the need ta buffer the reference externally. When
the reference is applied at REFADJ, bypass REFADJ with
a 0.01uF capacitor to AGND.

The REFADJ internal buffer gain is trimmed to 1.6384 10
provide 4.086V at the REF pin from a 2.5V reference.

Internal Reference
The internally trimmed 2.50V reference is gained
through the REFADJ buffer to provide 4.096V at REF.
Bypass the REF pin with a 4.7 capacitor to AGND
and the REFADJ pin with a 0.011F capacitor o AGND.
The internal reference voltage is adjustable 10 £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 10kQ2 for DC currents. During conversians, an
external reference at REF must be able to deliver
400puA DC toad currents, and must have an output
impedance of 10 or less. If the reference has higher
output impedance or is noisy, bypass it close to the
REF pin with a 4.7uF capacitor to AGND.

With an external reference voltage 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 / 4096) resuits in performance degradation (foss of
effective bits).

Power-Down Mode
To save power, you can put the converter into low-
current shutdown mode between conversions. Two
programmable power-down modes are available:
STBYPD and FULLPD. Select STBYPD or FULLPD by
programming P0G and PD1 in the input contral byte.
When power-down is asserted, it becomes effective
only after the end of conversion. In all power-down
modes, the interface remains active and conversicn

REE}on 4096V
AMAXLA ¥ g
IAAXTH st
143X 138 :TE
RELADI 7
[
i I
75
Figure Sa. Internal Relerence
REF § 26 -
& 4.095v
AMAXIMN L”‘ .
MR % T o
MAXTIE =
Voo

REFADS

Figure 8b. External Refercnce, Reference at REF

6 4.096V
AAXMN i+ o
X% sl
MAXISE T e

Figure 9c. The exlernial reforence overdrives the internal refer-
ance.
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MAXT196/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus 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 Power-Down Modes
The bandgap reference and reference buffer remain
active in STBYPD mode, maintaining the voltage on the
4.7uF capacitor at the REF pin. This is 8 "DC” state that
does not degrade after power-down of any duration.
Iherefore, you can use any sampling rate with this
mode, withaut regard to start-up delays.

However, in FULLPD made, only the bandgap refer-
ence is active. Connect a 33pf capacitor between REF
and AGND to maintain the reference voltage botween
conversions and 10 reduce transients when the buffer is
enabled and disabled. Throughput rates down © 1ksps
can be achieved without alioting extra acquisition time
for reference recovery prior to conversion. This allows
canversion to begin immediately after power-down
ends. If the discharge of the REF capacitor during
FULLPD exceeds the desired limits for accuracy (less

than a fraction of an LSBJ, run a STBYPD power-down
cycle prior to starting conversions. Take intc account
that the reference buffer recharges the bypass capaci-
tor at an 80mv/ms slew rate, and add 50us for settling
time. Throughput rates of 10ksps offer typicat supply
currents of 470pA, using the recommended 33uF
capacitor value.

Auto-Shutdown
Selecting STBYPD on every conversion automatically
shuts the MAX196/MAX198 down after each conversion
without requiring any start-up ime on the next conversion.

Transfer Function
Output data coding for the MAX196/MAX198 is binary
in unipofar mode with 1LSB = (FS /7 4096) and twos-
complement binary in bipolar made with 1LSB == [(2 x
LFS ) / 4096]. Code transitions ocour halfway tbetween
successive-integer LSB values. Figures 10 and 11
show the inputoutput (/0] transfer functions for unipo-
lar and bipolar operations, respectively. For full-scale
(FS) values, rofer to Table 1.

alPut COOE .
1 ara FULL-SCALE 1B - “w
Tean TRANSTTION ~
HIRE]
1
11,18 ;
i i
|
I
s/ i
! s i
! y !
| / {
/
| e |
7/ i
I g |
! / i
%
{ 7 {
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00... 010 :
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Frgure 10, Unipodar Transfer Function
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Figure 11. Bipolar Transfer Funclion
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Multirange, Single +5V, 12-Bit DAS

Layout, Grounding, and Bypassing
Careful printed circuit board layout is essential for best
system performance. For best porformance, use a
ground ptane. To reduce crosstatk and noise injection,
keep analog and digital signals separate. Digital
ground lines can run between digital signai lines to
minimize interfercnce. Connect analog grounds and
DGND in a star configuration to AGND. For noise-froe
operation, ensure the ground return from AGND 10 the
supply ground ts low impedance and as short as possi-
bie. Connect the logic grounds directly t© the supply
ground. Bypass VDD with O.1pF and 4.7k capacitors
to AGND to minimize high- and low-frequency fluctua-
tions. If the supply is excessively noisy, connect a 5Q
resistor between the supply and Vpp, as shown in
Figure 12.

with 12-Bit Bus Interface

Stipy
By GNE
4Tp
R =30 t
0uF
| .
' i
Vs AGNI DGND SV UGND
AL Gl
MaX196 CIRCLITRY
MAXISR
" (P TIONAL
" CONNECT AGND AND DGO WITH A GROUND PLANE OR A SHORY TRACK

Figure 12, Power-Supply Grounding Connectiorn

Functional Diagram
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MAX196/MAX198

Multirange, Single +5V, 12-Bit DAS
with 12-Bit Bus Interface

_Ordering Information (continued)

Chip Topography

PART TEMP. RANGE  PIN-PACKAGE D11 CLK  Vpp  Vee

MAX196BC/D  O°C 1 +/0°C  Dice’ 1 s DGND’ j WR

MAXI0BAENI  -40°C 1o ~B5°C 28 Narrow Plastic DIP Do i N i T A

MAX 196BEN! -A0°C o ~85°C 28 Narrow Plastic. DiP —— RD

MAXTSGAEW!  -4G°C 10 ~B4°C 28 Wide SO | o8 — — T

MAX196BEWI  10°C 10 +85°C___ 28 Wide SO ] bs .

MAXT96AFAI -a0°C 1o +85°C 28 SSOP p?r — REF

MAXT9EBEAl  -40°C 1o +B5°C_ 28 SSOP ‘% 0.231"
| MAXT96AMYL  -55°C 1o +125°C 28 Narrow Cerarmic SBT (5.870mm)

MAXWSB_ML__—E‘C 1 -125°C 28 Narrow Ceramic SB™" —— REFADJ

MAX198ACNI 0°Clo +/0°C_ 28 Narow Plastic DIP

MAX198BCN 0C 1o 5 10°C 28 Narrow Plastic DIP _

MAX198ACWI 0°C 10 +70°C 28 Wide S0 —— CH3

MAX198BCWI 0°C 1o +70°C 28 Wide SO s i

MAX198ACAI 0°Cto +70°C 28 SSOP Ds —— R

MAX198BCAl 0°Clo+10°C 28 550P ) b4 == Rl Lt

MAX198BC/ 0°Cto +70°C  Dice’ D3 — ‘ — ¢H2

MAXTGBAENI  -40°C 1o -85°C 28 Narrow Plastic DIF l 021 ’ \I/ crlm l

MAXT198BENI -40°C to +85°C 28 Narrow Piastic DIP D2 DO AGND CH1

MAXTOBAEWL  -4D°C1o +85°C 2B Wide SO .

MAX19BBEWI  40°C 10 +85°C 28 Wide SO (ﬁ‘%;—n;)

MAXT9BAEAl  -40°Clo +85°C 28 SSOP

MAX198BEAI  40°C 1o ~B5°C 28 SSOP TRANSISTOR COUNT: 2956

MAXT188AMY| -55°C 1o +125°C 28 Narrcw Ceramic SB** SUBSTRATE CONNECTED 7O GND

MAX138BMYI -55°C W +125°C 28 Narrow Ceramic SB**

* Dice are specified at Ta = +25°C, DC paramelers only.
“ Coract (actory 'or avaratily and processing to MIL-STO-663.

Maxitn cannot assume responsdility for use of any circuiry other than circuilry entiraly embodied & Maxim product. No crrewilt patent keenses are
HOBET. AAZXIT FQSErVES B (G {0 CANGE B0 OFOURY 30T SERACICANNTS Wbt rolce o ary time
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BIODATA

Nama - Budi
NRP S 5103094043
NIRM - 94 7.003.31073.06046

Tempat, Tanggal Lahir : Surabaya, | April 1976

Agama : Budha

Alamat : Gembong Sawah 1113, Surabaya

Riwayat Pendidikan :

Tahun 1988 Lulus SD Kristen Petra H Surabaya.

= Tahun 1991 Lulus SMP Kristen Petra 1l Surabava.

*»  Tahun 1994 Lulus SMA Kristen Petra [1] Surabava.

= Tahun 2000 Lulus  Sarjana  Fakultas Teknik Jurusan Teknik Elektro

Universitas Katohik Widva Mandala Surabava.





