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LAMPIRANB 

PROGRAM LENGKAP 

uses crt, four, graph, cgmouse, dos; 
const data $378; 

status = data+l; 
control= data+2; 
ecr data+$402; 
picl $20; 
pic2 $AO; 
jsam 8192; 
jsaml 32; 
jx 16; 
jn1 32; 
jn2 32; 
jo 5· , 

type header structure record 
manufact: char; 
version: char; 
encoding: char; 
bpp: char; 
sx, sy: integer; 
xmax, ymax: integer; 
hres, vres: integer; 
pal: array[l .. 48Jof char; 
reserve: char; 
color_pI: char; 
bpI: integer; 
pal_type: integer; 
filler: array[l .. 58Jof char; 
end; 

wgh record 

inp 
jdat 
jdatl 
dseg 

wO array [1 .. jnl, 1 .. jxJ of real; 
wI array[l .. jn2, 1 .. jn1Jof real; 
w2 array [1 .. jOt 1 .. jn2J of real; 

end; 
array [1 .. jxJ of real; 
array[O .. jsam-110f byte; 
array[O .. jsam1-1Jof real; 
array [1 .. 161 of real; 

Riff Chunk = record 

{58/38} 

riff 
total 
wave 

longint; 
longint; 
longint; 

character "RIFF" } 
length of data in chunk 
character "WAVE" } 

end; 
FormatChunk record 

frmt 
always10 
always01 
nChannels 
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longint; 
longint; 
word; 
word; 



nSampleRate 
nBytesPerSec 
nBytesPerSample 
nBitsPerSample 
end; 

DataChunk record 
data 
ckSize 

end; 

longint; 
longint; 

longint; 
longint; 
word; 
word; 

Wave header record 
header 
data 
end; 

Riff Chunk; 
FormatChunk; 

var header: header_structure; 
grDriver, grMode: Integer; 
tom: char; 
posx, posy, incy: integer; 
x inp; 
ohl array [1. .jnl] 
oh2 array [1. . j n2] 
y array [1. . jo] 
bbt wgh; 
fl file of wgh; 
f2 file of inp; 
i, j : byte; 
temp: real; 
has : string [6] ; 
fil: file of jdat; 
fi12: file of dseg; 
xin: dseg; 
din: jdat; 

of real; 
of real; 

of real; 

rl, il, r2, i2, templ: jdatl; 
ia, ja, ka, na: word; 
selesai: byte; 
oldhandler: pointer; 
headerl: waveheader; 
dat: datachunk; 
filwav: file; 
btemp, templa: byte; 
node_error: real; 
nd_err: string[12]; 

procedure data_in; 
begin 

port [ecr] :=port[ecr] or $20; 
port [control] :=port[control] or $20; 
port [control] :=port[control] and $FD; 
port [control] :=port[control] and $FE; 

end; 

procedure data_out; 
begin 

port [ecr] :=port[ecr] and $DF; 
port [control] :=port[controlJ or $DF; 
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port [control] :=port[control] or $01; 
port [control] :=port[control] or $02; 

end; 

procedure aktif_IRQ7; 
begin 

port [pic1+1] : =port [pic1+1] and $7F; 
port [control] : =port [control] or $10; 

end; 

procedure matikan_IRQ7; 
begin 

port [pic1+1] : =port [pic1+1] or $80; 
port [control] :=port[control] and $EF; 

end; 

procedure amb_dat; 
interrupt; 
begin 

port [control] :=port[control] or $08; 
din [na] :=port[data]; 
if na<jsam-1 then inc (na) else selesai:=l; 
port [pic1] : =$20; 
port [control] : =port [control] or $08; 

end; 

procedure out suarai 
interrupti 
begin 

port [control] : =port [control] or $08 i 
if eof(filwav) then selesai:=l else blockread(filwav, btemp, 

sizeof(btemp)) i 

port [data] :=btempi 
port [pic1] : =$20; 
port [control] :=port[control] or $08; 

end; 

procedure mainkan(pa:string) i 

begin 
selesai:=O; 
temp1a:=port[control] ; 
{buka file suara kata pembuka} 
assign(filwav, 'g:\ta\suara\buka_s.wav'); 
reset(filwav,l) ; 
blockread(filwav, header, sizeof(header)); 
blockread(filwav, dat, sizeof(dat)) i 

data_out; 
getintvec($F,oldhandler) ; 
setintvec($F,@out suara); 
aktif_IRQ7; 
repeat 
until selesai=l; 
matikan_IRQ7; 
close (filwav) i 

port [control] :=port[control] and $FDi 
setintvec($F,oldhandler) ; 
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{buka file suara hasil pengenalan} 
selesai:=O; 
case pall] of 
III : 

121: 

13 1 : 

14 1 : 

15 1 : 

16 1 : 

assign(filwav, 
assign(filwav, 
assign (filwav, 
assign (filwav, 
assign(filwav, 
assign(filwav, 

'g:\ta\suara\mondl.wav ' ) ; 
'g:\ta\suara\mond2.wav ' ) ; 
'g:\ta\suara\mond3.wav ' ) ; 
'g:\ta\suara\mond4.wav ' ) ; 
'g:\ta\suara\mond5.wav ' ) ; 
'g:\ta\suara\unknown.wav ' ) ; 

end; 
reset(filwav,l) ; 
blockread(filwav, 
blockread(filwav, 

header, sizeof(header)); 
dat, sizeof(dat)); 

data_out; 
getintvec($F,oldhandler) ; 
setintvec($F,@out_suara) ; 
aktif IRQ7; 
repeat 
until selesai=l; 
matikan_IRQ7; 
close (filwav) ; 
port [control] :=port[control] and $FD; 
setintvec($F,oldhandler) ; 
port [control] :=templa; 

end; 

procedure nn_ambil; 
begin 

templa:=port[control] ; 
readln; 
na:=O; 
selesai:=O; 
delay(lOO) ; 
data_in; 
getintvec($F,oldhandler) ; 
setintvec($F,@amb_dat) ; 
aktif_IRQ7; 
repeat 
until selesai=l; 
matikan_IRQ7; 
setintvec($F, oldhandler); 
assign(fil, 'entry.wal ' ); 
rewrite (fil) ; 
write(fil, din); 
close (fil) ; 
{ubah ke frekwensi domain dengan fft 32 titik} 
ka:=O; 
for ia:=O to jsam-l do 
begin 

rl [ka) : = (din rial -128) /255; 
il[ka):=O; 
r2[ka):=O; 
i2[ka]:=O; 
inc(ka) ; 
if (ka mod jsaml) (jsaml-l) then 
begin 
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fft(jsam1, r1, i1, r2, i2); 
for ka:=O to jsam1-1 do 

temp1[ka] :=temp1[ka]+sqrt(sqr(r2[ka] )+sqr(i2[ka])); 
ka:=O; 

end; 
end; 
for ka:=O to jsam1-1 do 
begin 

temp1[ka] :=temp1[ka]/(jsam/jsam1); 
end; 
for ka:=l to 16 do 

xin [ka] : =temp1 [ka] ; 
assign(fi12, 'suara.jst'); 
rewrite(fi12) ; 
write(fi12, xin); 
close (fil2) ; 
port [control] :=temp1a; 

end; 

procedure tampil(nam: string; a, b: integer); 
var fil: file; 

x, y:integer; 
ch, 1: byte; 
s: boolean; 

begin 
assign(fil, nam); 
reset(fil, 1); 
blockread(fil, header, sizeof(header)); 
x:=l; 
y:=l; 
s:=false; 
while not s do 
begin 

blockread(fil, ch, sizeof(ch)); 
1:=1; 
if ch>191 then 
begin 

l:=ch - 192; 
if not (eof(fil)) then blockread(fil,ch, sizeof(ch)); 

end; 
repeat 

putpixel(a+x, b+y, ch); 
if x<header.xmax then inc (x) else 
begin 

x:=O; 
if y<header.ymax then inc(y) else s:=true; 

end; 
dec(l) ; 

until 1=0; 
end; 
close (fil) ; 

end; 

procedure kotak(x1, y1, x2, y2: integer; col: byte); 
var j: integer; 
begin 
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j :=y2-yl; 
setcolor(col) ; 
while(j<>O) do 
begin 

line(xl, yl+j, x2, yl+j); 
dec (j) ; 

end; 
end; 

procedure frame (xl, yl, x2, y2: integer; col: byte); 
begin 

setcolor(col) ; 
line(xl+3, yl+3, x2-4, yl+3); 
line(xl+3, y2-4, x2-4, y2-4); 
line(xl+3, yl+3, xl+3, y2-4); 
line(x2-4, yl+3, x2-4, y2-4); 

end; 

procedure timbul(xl, yl, x2, y2: integer); 
begin 

setcolor(O) ; 
line(xl, y2, x2, y2); 
line(x2, yl, x2, y2); 
setcolor(15) ; 
line(xl, yl, x2, yl); 
line(xl, yl, xl, y2); 

end; 

procedure tekan(xl, yl, x2, y2: integer); 
begin 

setcolor(O) ; 
line(xl, yl, x2, yl); 
line(xl, yl, xl, y2); 
setcolor(15) ; 
line(xl, y2, x2, y2); 
line(x2, yl, x2, y2); 

end; 
function ftom(a, b: integer) :byte; 
begin 

if (a>=30)and(a<=127)then 
begin 
if (b>=220)and(b<=247) 
if (b>=270)and(b<=297) 
if (b>=320)and(b<=347) 
if (b>=370)and(b<=397) 
if (b>=420)and(b<=447) 
end; 

end; 

begin 
grDriver:=Detect; 
posx:=30; 
posy:=220; 
incy:=50; 

then 
then 
then 
then 
then 

ftom:=l 
ftom:=2 
ftom:=3 
ftom:=4 
ftom:=5; 

else 
else 
else 
else 

InitGraph(grDriver, grMode, 'g:\bgi'); 
if graphresult <> grOk then halt; 
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tampil('g:\ta\gambar\bkgnd1.pcx' ,0,0); 
setmouse(320,240) ; 
mousecursor(on) ; 
repeat 

repeat until button=l; 
begin 

case ftom(getmousex, getmousey) of 
l:begin 

posy:=220; 
tekan(posx, posy, posx+99, posy+29); 
kotak(183,220,603,440,8) ; 
tampil('g:\ta\gambar\kkata.pcx' ,183,221); 

end; 
2:begin 

posy:=270; 
tekan(posx, posy, posx+99, posy+29); 
kotak(183,220,603,440,8) ; 
tampil('g:\ta\gambar\latih.pcx' ,183,221);} 

end; 
3:begin 

posy:=320; 
tekan(posx, posy, posx+99, posy+29); 
kotak(183,220,603,440,8) ; 
tampil('g:\ta\gambar\kenali.pcx' ,183,221); 
{mulai program jst} 
nn ambil; 
{l~ad bobot} 
assign(f1, 'bobot3.jst'); 
reset(f1) ; 
read(fl, bbt); 
read(f1, bbt); 
{load suara} 
assign (f2, 'suara. j st') ; 
reset(f2); 
read(f2, x); 
for i:=l to jn1 do {hitung output jaringan 
begin 

temp:=O; 
for j :=1 to jx do 

temp: =temp+bbt. wO [i, j J *x [j J ; 
oh1 [iJ : =1/ (l+exp (-temp+1) ) ; 

end; 
for i:=l to jn2 do 
begin 

temp: =0; 
for j:=l to jn1 do 

temp:=temp+bbt.w1[i,jJ*oh1[jJ; 
oh2 [iJ :=1/ (1+exp(-temp+1)); 

end; 
for i:=l to jo do 
begin 

temp:=O; 
for j:=l to jn2 do 

temp:=temp+bbt.w2[i,jJ*oh2[jJ; 
y[iJ :=1/ (1+exp(-temp+1)); 

end; 
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{kenali suara yang masuk} 
temp:=O; 
for i:=l to jo do 
begin 

if y[i]>temp then 
begin 

j : =i; 
temp:=y[i] ; 

end; 
end; 
case j of 
1: has: =' satu' ; 
2: has: =' dua' ; 
3:has:='tiga' ; 
4:has:='empat' ; 
5:has:='lima' ; 
end; 
setcolor(10) ; 
if temp>O.8 then 
begin 

outtextxy(234,420,has) ; 
node_error:=l-temp; 
str(node_error:10:9,nd_err) ; 
outtextxy(450,420,nd_err) ; 
str (j, has) ; 
mainkan(has) ; 

end 
else 
begin 

mainkan ( , 6 ' ) ; 
outtextxy(234,420, 'tidak dikenali'); 

end; 
close(f2) ; 
close (£1) ; 

end; 
4:begin 

posy:=370; 
tekan(posx, posy, posx+99, posy+29); 
kotak(183,220,603,440,8) ; 
tampil('g:\ta\gambar\end.pcx' ,183,221); 
tom:=#27; 
delay(500) ; 

end; 
5:begin 

posy:=420; 
tekan(posx, posy, posx+99, posy+29); 
kotak(183,220,603,440,8) ; 
tampil('g:\ta\gambar\about.pcx' ,183,221);} 

end; 
end; 

if ftom(getmousex, getmousey) in [1 .. 5] then 
timbul(posx, posy, posx+99, posy+29); 

end; 
until tom=#27; 
closegraph; 

end. 

50 



~III..IJ XI ~III 
1 Msps, ~P-Compatible, 

8-Bit ADC with 1~A Power-Down 
_______ General Description 

Ttll' MAX 1 5J hlgtl-speed microprocessor (IlP)-com­
patlble B-bll analog-to-dlgltal converter (ADC) uses a 
half-tlash tectlnlque to achieve a 660ns conversion time, 
ilnd dlgltlles at a rate 01 1 M samples per second (Msps). 
It operates with Single +5V or dual ±5V supplies and 
accepts either unipolar or blpotar Inputs A PCiWE-R­
DOWN pin reduces current consumption to a typical 
value of lilA (with 5V supply) 1he part returns from 
power-down to normal operating mOde In less than 
2()(Jns. prOViding farge reductions In suPply current In 
applications With burst-mOde Input slgllal~ 

HIe MAX 153 IS DC and dynamically tested Its)lP Inter­
face appears as a memory location or Input/ou,put port 
that reqUires no external Interface logic 1he data out­
put:; use latched three-stilte buffered c:"cuitry tor direct 
c(J""cclton to a IlP dala bus or system Input port The 
,\DC~, 'npulJreference arrangement enilb'Ps ratlometrlc 
flpprd.!lor 

__________ Applications 
Ce:lulil' TelePhon(>~, 

E3Vs1·Moae Data ACClUlsltlo" 

[)'(JltCii Signal PrOC:('SSII'll 

Telecommunications 

High Speed Servo Loops 

____ Functional Diagram 

" 

• 
4·81T 

fLASH 
AOC -... --+- .. -

'Q: o 
,'Rt; .. 

If 

1 +.-+ 

v: : 
i'l 

1 6 JJ ~b ~ 1~, 

GIIIJ MODE WRifiDY CS RD iNT V' 

DO [)' 
DATA 
OUT 
PINS 
25 
14-17 

Features 
• 660ns Conversion Time 
• Power-Up/Power-Down in 200ns 

• Internal Track/Hold 

• 1 Msps Throughput 
• Low Power: 40mW (Operating Mode) 

SIlW (Powerdown Mode) 

• 1 MHz Full·Power Bandwidth 
• 20-Pln Narrow DIP, SO and SSOP Packages 

• No External Clock Required 

• Unipolar/Bipolar Inputs 

• Single +5V or Dual ±5V Supplies 

• Ratiometric Reference Inputs 

-:-:-=-====-.::O:,:.,,:d:ering Information 
PART TEMP, RANGE PlN·PACKAGE 

MAX I 53CP_P ____ 0_·C_to + 70·C ____ 20_PI_a_st_'c_D_I_P __ 

MAX 153CWP O'C to + 70'C 20 Wide SO 

MAX153CAP 0"( to + 70'C 20 SSOP·" 

MAX 153CiD O'C to +70'C Dice-
. ~------ .. -~-----------

MAX 153EPP 

MAX153EWP 

MAX153EAP 

-40-C to +85 C 20 Ptastlc DIP 
--- .~----- --------

-40'C to +85'C 20 Wide SO 

-40'C to +85'C 20 SSOP'" 
- .. _-------- -.-

MAX153MJP -55-C to + 125'C 20 CERDIP" 

- Contact tactory tor alce specdlcatlons 
•• Contact tactory for avaliabJ/lty and processing to MIL -STO-883 
_ .. Contact factory for avaJ/abillty ot SSOP packages 

________ Pin Configuration 

TOPVIEW 

02 ~ 4 

03 5 
\\HHu, '6 

MODE 7 

RD 8 
INT 9 

GND 10 

AltAXIAlt 
MAX 153 

DIP/SO/SSOP 

11J VREF· 

~AXI~ ___________________________ Maxim Integrated Products 

For free samples & the latest literature: http://www.maxlnric.com. or phone 1-800-998-8800 



1 Msps, JlP.Compatible, 
B·Bit ADC with 1JlA Powerdown 
ABSOLUTE MAXIMUM RATINGS 
Voo to GNO 
VSS 10 GND 
Dlgltat Input VoltaQe to GND 
Dlgltat Outrut VnltilQe to GND 
VREF+ to GND 
VREF. to GN[' 

Vir, 10 CN( 

·0.3V to + 7V 
+0 3V 10 -7V 

+0 3V. VOO + 03V 
·0 3V. VOO + 03V 

VSS ·0 3V to VOO + 0 3V 
VSS -0 3V to VOO + 0 3V 
VSS -0 3V to VOl! + 0 3V 

Continuous Power DIssipation (TA = + 70'C) 
Plastic DIP (derate 11. 11mWrC above + 70'C) 
Wide SO (derate 10oomW/'C above + 70'C) 
SSOP (derate 8 oomWf'C above +70'C) 
CERDIP (derate 11 11mWrC above + 70'C) . 

Operating Temperature Ranges 
MAX 153C __ 
MAX 153E 
MAX 15:lMJP 

Storage Tempfllalure Range 
Leacl Temperature (soldeflng. 10 sec) 

889mW 
800mW 
600mW 
889mW 

O'C to +70"C 
·40'C to +85'C 

·55'C to + 125"C 
-65'C to + 150'C 

+300'C 

Srresses bevO"(1 1'\ )~e lis/eo under "Absolute MaXimum Ratings· may cause permanef't damage to rhe deVice These are stresS ratings only. and functional 
operafion of /"(' de. Ice al these or any other conditions beyond those mdlcated In (he ooerat,onal sections of the specd,catlOns 15 nO( ImplIed Exposure to 
dOSO/ute mol) ''''l(J'~ ',Jflnq condlflons for extended periods may aftect deVice reliability 

ELECTRICAL CHARACTERISTICS 

.), 

(VOD = +5V ±5% GND = OV. Unipolar Input Range' Vss = GND. VREF+ = 5V VREF· = GND: Bipolar Input Range: VSS = -5V ±5%, J- i 
VREF+ = 25V VREF· = ·2.5V. 100% production tested. specifications are given for RD Mode (Pin 7 = GND). TA = TMIN to TMAX. 
unless otherWise noted) 

2 

PARAMETER 

ACCURACY 

Resolution 

SYMBOL CONDmONS 

N 

Total Unad,LJsted c.rror TU£e ynlpolar range 

MIN TYP 

8 

MAX I UNITS 
I 

Bits 

±1 LSB 

±1 LSB Ditlerenlial Nonlrneaflty .... _____ DNL__ No missing cod"lS guarantee::..d=---____ -l. _______ -=:..:....-+-==___.j 

Zero·Cod'~ E(for _~tp~':r~ut..r:an9~_ ±1 LSB 

Full·Scale £err(" ±1 LSB 

dB 

DYNAMIC PERFORMANCE (~'!..1) __ 

~it~oal-lo NOise Plus Distortion S/(N +DI -J~~tI~~fi.z-"N _=_t9_5~~~~ __ ~ 
! MAX153M . 

45 

. __ _______ ~ __ . . _ ~_~SAMPL!'._=_~~0_kHZ~ . ...:fl-:.:N'-=:..:....1::..9::..5_7...:k_H::..2 ___ ___.j-----------l.----i 

THO 

Peak HarmoniC or SPUfiOUS NOise 

------+-~--

Conversion Time (WR·RD Mode) 
(Note 21 tCWR 

Conversion Time (RD Mode) tCRD 

Full·Power In[lut BandWidth 

Inpul Slew Rate 

MAX153C/E. 
,_~~AMf'Li.. =_2~~.z~fir'J_=_195~Hz 
. MAX153M. 

ISAMPLE = 740kHz. liN ~ 1951kH_Z ____ --I-_________ -+ __ -... 
! MAX153C/E. 

fSAMPLE = 1MHz. fiN = 1958kHz 

MAX153M. 
fSAMPLE = 740kHz. fiN = 195 7k_H_z ____ +-_________ +-__ 

TA = +25"C. IRO < tlNTL CL = 20pF 
--~ ... - -----~----.-- ------i-----------.+---

T A = +.c2cc5_'C=---__ _ 

V'N = 5Vp .p 

MAX153C/E 

MAX 153M i 
~----------"---

I 
I 

314 15 

j} 
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1 Msps, JlP·Compatible, 
B·Sit ADC with 1JlA Power·Down 

ELECTRICAL CHARACTERISTICS (continued) 
(VOl) = ,5V 1~I·o C>tHJ = ov UnipOlar Input Range. Vss: GNO, VREF+ = 5V VRU· = Gf,D, Bipolar Input Range VSS = -5V ±5"1., 
VRr~. = 2 tN VRf f = ;> ~N 100% production tested, specllicatlons are given tor RO Mode (Pin 7 = GNO). TA = TMIN to TMAX-, 
unless otherwIse nol(\(j ) 

--~--,--... ~ -- - ----------_._------ ---~-------------

PARAMETER 

ANALOG INPUT 

Inpul Voltage Range 

i SYMBOL 
__ -1 ___ " ________ " 

, VIN 
---------~----... ----

CONDITIONS MIN 

VREF-

TYP MAX I UNITS 

VREF+ 
I V 

±3 ~A Input Leakage Current 'liN -5V 5 VIN 5 5V 
---"- - - --'-------------+-----------+-----''----i 

Input Capacitance _____ ~._....c:.~ ____ .. ___ _ 
REFERENCE INPUT 

Reference ReSistance 

VRFF ,_Input Voltaqe R,angc 

VRtF· Input Voltage Range 

LOGIC INPUTS 

InpUI Capacitance (Note 3) 

lOGIC OUTPUTS 

OutPut HIQh VU,L1Q" 

"I(latlnq Sialp Current 

~ 10dtirlU CdlJdU;arlCe a-Jote J) 

POWER REQUIREMENTS 

V(lI' 

VSS (UnipOlar Operation) 

v,':; (lj1[Xllar Operation) 

-+-------

CS. WR. RO PWRON 
--- ---------.---

MODE 

cs <NR, RO, PWRON 

MODE 

ts RD, PWRON 

WR 
MODE 

COS WR RD, PWRDN 

VREF-

VSS 

2.4 
'-~------

3.5 

--------_ .. 

-----1-------

-- .... --.. -~------.~ --- -----

VOl< 

ILKC, 

CUl!: 

Voo 

VSS 

P5H 

CS RO, WR. PW-FiDN MODE 

ISlt,K = 1 6mA, if>TT 00-07 

ROY, ISINK = 26mA 
------t----

ISOURCE = 360~A INT, DO D7 

00·07, ROY 

07·00 ROY 

4 

- .. ----------- - .. -----------
:t5% for speCified accuracy 

1:5% for specilled accuracy 
- ----------~-- ---- --_ .. 

CS = RD = OV 
PWRDN = 5V 

MAX153C 

MAX1S3E1M 

CC; = RD = 5V PWRDN = OV (I\tot,. .1) 

C'J = Ru = OV PWRON = 'I' 
ee; = RD ~ c,V PWRDN = ()V 

'.j:)~: :::: 4 7~N 10 5 ?~)\i 
VRF F .. := 4 75V rTin' unlooiar mo(k 

Note 1: B,polw Input range. V,u = :1:2 SV,,~, WR R8 modr: 

22 pF 

2 4 krl 

VOO V 

VREF+ i V 

V 

0,8 
V -------1 

1 " 

3 >LA 

50 200 

±1 ~A 

5 8 pF 

04 v 
04 

---- --~-~ 
v 

_____ ±3 __ ......Y~ 

5 8 pF 

5 V 
----------------------------1 
GND V ! 

-5 V 

B 15 
mA 

B 20 

lOa 
100 25 

12 
-- ---I 

100 __ ~,_" 

~ 1/16 ±1/4 LSB 

Note 2: See Flqulc 1 for load CIrCUli Pararnelf" ""f,rpd ~c: 11", tim" req,,'r~Cl 'rr the oulpulto cross +0 8V or +2 4V 
Note 3: Guaranteed by deslg0 
Note 4: TeSted W"t] Cs ~HJ pwl1Df..J at CMOS IUQIC ",vel', Powe, dow" curre"l ,,:creases to several.hundred >LA al TTL levels 

AoI'I AX IAoI'I 3 



1 Msps, ~P.Compatible, 
8·8;t ADC with 1~A Powerdown 
TIMING CHARACTERISTICS (Note 5) 
I V8D ~ ... :lV :! ~){J·o \ , 1\' ltlr \)1 l'pOlar Inrut Rangf' v':,', = 5V ~S% tor Bipolar Inpur Range tOO% production tesled, TA = +25'C, 
unless olnprWtse f)('lf,. 1 

PARAMETER 

CS 10 RDNvR 
Selup Time 

CS to RbiWR 
Hold Time 

CS 10 RDY Delay 
(Note 6) 

SYMBOL 

tcss 

tCSH 

tRDY 

CONDITIONS MIN 

o 

o 

TYP MAX i UNITS , 
I 

ns 

ns 

CL = 50pF 70 I 
TA = TMIN to TMAX, MAX 153C/E 85 I 

ns 

CL = 50pF MAX153M 100 II 

--- ~----~-.--.~-- --~----'----------'------------+----------t---i 

4 

Data-Access T >me 
(RD Mone) (Note 2) 

fm 10 It,l Delav 
IH[J MOll.' I 

lJ.lla Iiollt 1,rr~' 
INolf' 7) 

Delay T ,r..-,e Bet /./f!cr, 
Conyer~,!()n~, 
(Acquls,t:on T 1(11(' J 

Ucla, 1,me Belwef''' 
WR and RD Pulses 

tACCD 

llNTH 

IWR 

IRD 

, CL = 20pF tCRD+25 I 

T A = T MIN to T MAX : MAX 153C/E tCRD+30 : 

I CL = 20pF i -MAXI5~ tCRD+35 ~ 
CL = l00pF 

1A = 1MIN 10 1MAX 
Cl = l00pF 

tCRD+50 i 
I 

MAX 153C/E tCRD+65 
,-----~--------------- ---='-=---, 

MAX 153M tCRD+ 75 : 

ns 

50 80 
.--------: 

TA = TMIN 10 TMAX 
CL = 50pF 

MAX 153C/E 

MAX 153M 

MAX153C/E 

MAX 153M 

160 
-~-

MAX 153C/E 185 

MAX 153M 260 

85 ns 

90 

60 
--------1 

70 ns 

80 

ns 

-~~ ----~~----------~----j 

0_250 10 
-- --~-----~----~-----------~----

MAX153C/E 0280 10 ~s 

MAX 153M 0400 10 

250 

MAX 153C/E 350 ns 
--~~------j 

MAX153M 450 
--~-------t---------- '-- ----

RD Pulse W,dlh 
IWR-RD Mode) 
Delf"rnlned by I.,~C' 

tREAD1 

Figure 6 
-------_ .. 

T A = T MIN to T MAX 
Figure f) 

: MAX153C/E 

! MAX 153M 

160 

205 ns 

240 

All AXI.NI 

~ 

t) 
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1 Msps, ~P·Compatible, 
8-8it ADC with 1~A Power·Down 

TIMING CHARACTERISTICS (Note 4) (continued) 
(V()ll = .SV is',,,. V~; • ' • ,,' i)' Ipolar lopul RaoClC VS!' = ,SV 15% lor Bipolar Inpul Rimge 100% produCllon leSled. TA = +25"( 
unloss OIt\CPNISf' n(~f'( ~ 

PARAMETER 

Oala-Access Time 
(WR-RO Mode) 
(Note 2) 
IRD < tiNt 

RD to INT Delay 

Wll10 INT Delay 

flD Puis!' W,OIt, 
IWI1-fl[) Mooe I 
[)('!(~rrT1IflPd t)y t,v:c. 
IIH1 .... !ltJl 

Data-AcoJss T'rTie 
IWf1RD Moo(,1 
INoie ?I 
lH(' )0 tlt~', 

'NH lei II,T Oe'Ia, 
IP'fH: lined Modf') 

Dala-Access Tm.; 
After INT (Nole 2) 

I SYMBOL CONomONS MIN TYP MAX UNITS 
---'--~-----'---- ------

IACCl 

IRI 

IREAD2 

IACC2 

CL = 20pF Figure 6 160 

TA : TMIN to TMAX MAX 153C/E 205 
CL : 20pF Figure 6 MAX 153M 240 ns 

CL: l00pF Figure 6 185 

T A: TMiN to TMAX.' ~ _M_AX~1_5_3_C_/E __ ~~~_~ ________ 2_3_5-" 
CL : l00pF, Figure 6 I MAX 153M 275 I 

TA: TMIN 10 TMAX 

Cl : 50pF 

TA: TMIN 10 TMAX, 
Cl : 50pF 

Figure 5 
---~--- .. -_._-

TA : TMlrJ 10 TMA,: 
Figure 5 

Cl = 20pF Figure :, 

TA = TMIN loTMAX. 
Cl = 20pF F '9ure 5 

Cl = l00pF Figure 5 

TA = TMIN 10 TMAX. 
Cl = 100pF Figure 5 

Cl : SOpF 

TA = TMIN 10 TMA)( 
Cl = SOpF 

CL = 20pF 

150 

MAX153C/E 185 

MAX153M 220 

380 500 
,,0'-"'----- _---- ,, __ _ 

MAX 153C/E 

MAX 153M 

MAX 153CIE 

MAX 153M 

MAX 153C/E 

MAX 153M 

MAX153C/E 

MAX 153M 

MAX153C/E 

MAX153M 

610 
~-------

700 
'.-----' ---

65 

75 

85 

65 

75 

85 

90 

110 

130 

80 

100 

120 

30 

MAX 153C/E 35 

ns 

ns 

ns 

ns 

ns 

TA = TMIN 10 TMM, 
Cl = 20pF MAX 153M 40 ns 

T" : TMI~~ 10 TMAX 
Cl = l00pF 

MAX 153CIE 

MAX 153M 

45 

60 

70 

Nole 5: Inpul conlrOI Signals are speclhed wilh I, = " = 5ns 10% 10 90% of +5V and limed from a 1.6V vOllage level 
Nole 6: H ,s lkO DUll up reSlslor 
Nole 7: Sf'" "Qure 2 tor lOad Clfcull Parameler det,ned as the lime reqUiled for dala lines 10 Change 0 5V. 

5 
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1 Msps, ~P.Compat;ble, 
B-Bit ADC with 1~A Powerdown 

.5V 

<, 

ON --. • ON __ --------+- ON • 
- Cl 3k :. 

" 
I()pF --:- 10DF 

OGN(' DGNO DGNO -==- DGNO 

A HIGH Z TO VI)' HIGH Z TO VO, A V()< TO HIGH Z VOL TO HIGH Z 

FIgure 1 Load ClfCUltS lor Data-Access Time Test FIgure 2. Load C"euils lor Data-Hold Time Test 

__________________ Typical Operating Characteristics 

., 

" 

. ~ 
~ 
~, 

'" ,-

20 

-40 

100 

6 

CONVERSION TIME VI. 
AMBIENT TEMPERATURE 

1\ 

14 

I 

I,' 

II 

I' 

Dy 

OA 

0,' 

0' 
~ ;1' D 20 fIJ 100 qr 

HMPERATUR'I'CI 

SIGNAL· TC>-NOISE RA 110 

1A •• 25'C 

I~E:>uf:NC'II~~l 

It¥- 1 ~Qt,}lP-C:'" 1~~ ... ti 'J~ 
$.'11'':1 '.")lI'Ne' • I ",Hz 

""" d9 ',f 

~ 

iD 

~ 

~ 

'20 

,40 

~ ,6() 
Q 

:. 
'" '80 

-100 

80 

75 

70 

65 

60 

55 

50 

45 

40 

EFFEcnVE BITS VI. INPUT 
FREQUENCY, WR-RD MODE 

itr..:lllllllllY' II 
, "HOT .125'C !!I )--- h. ,.~ __ caw -55'C / 

: 'l I, ! ROOM 
! 

~ .... 
, I I I' I L I ' 1 , 

i ; i i I' II: i 
I I II I:: fW li: 1 

f----+-
I: 

t--[ I! 
IS .... PLE = I MHl ;, 

i 

50 

I 

,if 
10 

V" • ±25V 

I II I, :III'!!,: 
100 

FREQUENCY (kHz) 

1000 

INTERMODULATION 
DISTORTION 

100 150 200 

INPUI fRlQUfNCV. 'J4 91kHz 
Il4 mH[(±25VI 

SAMPLE fREQUENCY. 5OOI<HI 
IMD IND ~OIR HRMS. -662dR 

3RO DRDE R If RM> • '60 OdS 

250 

A1AXINI 

.) 
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1 Msps, J-lP-Compatible, 
B-Sit ADC with 1J-lA Power-Down 

_________ Pin Description 

PIN NAME FUNCTION 

'lIN An",,"-l ",(,,1 8anoe IS 
. _____ ~ ___ . . Vlll' ' "'/ ~ VR~f +_______ ________ .. _, 

2 DO Thl .... ~, .. ," Dala Outpul (lSB) : 
---+- - .----- 1'- - ------------

3-5 I 01-03 . Three·Slale Dala Ou.~tp_u_ts ______ _ 

:--6IWR/RDVTwRiTE Contr;!~~~-rJREADY Status Output" 

7 

. i MODE-S;I~CtlOn Input IS internally 
MODE i pulled low with a SDI!A current source 

I MODE = 0 activates reM mode 
MODE = 1 activates write-read mode" 

f--~_~_R_D~_~:c,=ln~put;:.....m-=-us,-t-.:b-,-e_lo_w---=-=to-.:a:.::c_ce_s...::.S_d_at_a-"--1 
, 9 I, INT INTERRUPT Output goes low to indicate 

end of converSion -
10 _GN~ __ LC;round ________ _ 

i Lower limll of referef1ce span. Sets Ihe zerD-
II VREF- i cace vOilage Range IS Vss S VREF- " 

1;1 

Il 

14-16 

17 

. ____ '{!!E£+___ _ _ ____ , 

VRP + 

C:S 

04-06 

D7 

Upper Im'l 10 reference span Sefs Ihe 
lull·scaif' 'npul vOI;age Range 1$ 

VREf • VR~ S VDO _____ _ 

CHIP SELECT Input mUSI be low for Ihe 
" dev.,!' In 'ecog~~~ WR o.!...R.tJ-'.':'P--"-"'_ 
Th",,"Slale D~ Qu.tPu~ ____________ _ 
Th,,,,,·St.1Ie Dala OUiput (MS~) __ 
POWEflOOWN Input reduces supply Cur· 

I fj PWRON '"nl wh,," lOW ts muSI be high durtng 
p()ifypr.d<)w'~ _________ _ 

Negallve Supply Unipolar VSS" OV 
BipOlar VSS_ =~_v. ____ . ____ _ Vss 

?O . Vex: • Posilive SuppI,,--.~V ____________ _ 
. See Digital Interface section 

______ Det.lled Description 
Conv.rt.r O".,."tlon 

The MAX 153 uses a half-flash converSion technique (see 
FuncllOnal Diagram) In which two 4-blt flash ADC sec­
tions achieve an 8-blt result. USing 15 comparators, the 
flash ADC compares the unknown Input voltage to the 
reference ladder and prOVides the upper 4 data bits 

An Inlernal dlgltal-to-analog converter (OAC) uses the 4 
most Slgnlftcant bits (MSBs) to generate the analog result 
from the Ilfst Ifash converSI()f1 and a reSidue voltaqe that 
I~ n,f' d.t/el!''1ce oefween rr,e unknown Input and the DAC 
vnllaqe H,p ,('<,'oue ,~ tr-.en compared again With Ir,e 
f~astl comparators to obta.n tne lower 4 data bits (LSBs) 

.MAXINI 

Pow .... Down Mode 
In burst-mode or low sample-rate applications. the 
MAX153 can be shut down between conversions, reduc­
Ing supply current to mlcroamp levels. A nUCMOS 
logic low on the PWllON pin shuts the device down, 
redUCing supply curren! to Iyplcally llJA when powered 
from a Single 5V supply CS must be high when power­
down is used. A logiC high on PWRDN wakes up the 
MAX153. A new conversion can be started (WR asserted 
low) within 360ns of the PWRDN pin being driven high 
(200ns to power up plus 160ns for track/hold acquisition). 
If power-down mode is not required. connect PWRDN to 
VDO· 

Once the MAX 153 is in power-down mode. lowest supply 
current is drawn with MODE low (RD mode) due to an 
internal 5ClJ.tA pull-down resistor at this pin. CS must 
remain high dUring shutdown because the MAX153 may 
attempt to start a conversion that it cannot complete In 
addition. for minimum current consumption. other digital 
Inputs should remain stable in power-down ROY. an 
open-drain output (in RD mode). will then fall and remain 
low throughoutpower-down. sinking additional supply 
current unless CS remains high. Refer to the Reference 
section for Informalton on reducing reference current 
during power-down 

_ _______ Digital Interlace 
The MAX 153 has two baSIC Interface modes set by the 
status of the MODE Input pin When MODE is low. the 
converter IS In the RD mode: when MODE is high. the 
converter IS set up for the WR-RD mode 

R •• d Mod. (MODE = OJ 
In RD mode, conversion control and data access are 
controlled by the RD Input (Figure 4). The comparator 
Inputs track the analog Input voltage for the duration of 
tP A minimum of 160ns IS reqUifed for the input to be 
acquired. A converSion IS initiated by dnvlng AD low. 
With IJPS that can be forced into a walt state. hold RD 
low untit output data appears. The IJP starts the con­
verSion. waits. and then reads data with a Single read 
Instruction. 

WR/RDY IS configured as a status output (ROY) in RD 
mode. where It can drive the ready or walt input of a IJP. 
ROY IS an open-collector output (with no internal pull-up) 
that goes low after the failing edge of CS anQ.goos high 
at the end of the conversion. If not used. the WR/RDY pin 
can be lelt unconnected The INT output goes low at the 
end of the conversion gnd returns high on the /ising edge 
of CS or RO 

7 



1 Msps, JlP.Compatible, 
8·Sit ADC with 1JlA Powerdown f 

W",.." .. d ModelMODE .. 1} 

Figures 5 and 6 show the operating sequence for the 
write-read (WR-RDI moot> The comparator Inputs track 
the analog Input vOltaOf' tor the duration of tp A minimum 
01 160ns IS reQulft><l to. Ihl' Input voltage to be aCQuired 
The conversIOn IS Initialed by a tailing edge of WR When 
WR returns high, the 4 MSBs flash result IS latched Into 
the output buNers and the 4 LSBs converSion begins INt 
goes low about 380ns later, Indicating conversion end, 
and the lower 4 data bits are latched into the output 
buffers, The data IS then accessible 65ns to 130ns atter 
AD goes low (see Tlmmg Characteristics) 

If an externally controlled conversion time IS reqUired, 
drive RD low 250ns after WR goes high, This latches the 
lower 4 data bits and outputs the conversion result on 

cs~~ __________________ ~f 

R{I~'--_____ ~/ 
.. I~ ~J~ .. __ 1;1 

, , 
, '- _ .. 

.. 
1'-

RD' ~I.._' _____ ...ICWITH [Xl[RNAl PUll UP 

tR~' • 

INT 

[J(] DI ......... _ .................. .( VAllO DATA ~ ......... . 
1A,((l' -~-----.. -----.. 10~~ 14-

CS"). I 

tcc;s- ... - - ~(j' --...... 4; 

R6-------------~~-------

------------~_I',~I~-------------
INI '-.JI 

~.... 1!~1~j 

~)O:--__________ ~,«~D.~T.~'~A~ll(~J)~---------

I ,<JIll" /' WI< Ii£) M,)(ll' Ttm!ng (I,{ , I",.! Fas(psr lJVI"d'"T.! 
M,)[!t' (MODE = 7) 

8 

00-07, A minimum 160ns delay IS requlfed from INT going 
low to the start of another conversion (wA gOing low) 

OptionS for reading data from the converter include the 
following 

Using Internsl Delsy 

The ~p walts for the ffi1-output to go low before reading 
the data (Figure 5)_'NT typically goes low 380ns after 
the rising edge of WR, Indicating the conversion IS com­
~te, and the result is available in the output latch, With 
~_S low, data outputs 0~D7 can be accessed !2.Ypul~ 
RO low, INT IS then reset by the rising edge of CS or RD, ~ 

Fastest Conversion: Reading Before Delsy 

An external method of controlling the conversion time is 
shown in Figure 6 The internally generated delay tlNTL 

cs 

..­
~~-----------,------------~\::~-
t;~ss- 1""'- tCSH ---- It, 

RD 
-1p.tJ 

iN1 ,'-_____ --I.JI r---
-IINTl--'" 

DO D7 ................................. ~{ VALlDDA1A > ... 
I 

lACC2 ------ - - --- 10H !4---

Figure 5 WR-RD Mode Timing (IRO > liNn) (MODE = 1) 

fW<; 

RD WR 
I, 

_. I!HWR -----.: 

:1 ). I 
iNT 

------- tlNTL - .......... 11[1 

DO 0' OLD DAT~ NfW DATA ) 

F IqUlt' 7 P'I"" L In(Hi MOc1e Tlmmq (WR. = RD) (MODE = 7) 

~AXI..NI 

-
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1 Msps, JlP.Compatible, 
8·Sit ADC with 1J.lA Power·Down 

varies slightly with temperature and supply voltage, and 
can be overridden with RD to achieve the fastest conver­
sion time, iNT IS Ignored, and RDls brought low tYPically 
250ns after the riSing edge of WR This completes the 
conversion and enables the output buffers (00-07) that 
contain the conversion result INT also goes low after the 
failing edge of Rl5 and IS reset on the rising edge of AD 
or CS The total converSion time IS therefore tcwR = tWR 
(250ns) + tCSH (Ons) tom! I;>Si»S) + IACC 1 (l60ns) '" 660ns 

PIp&-LIMd Opef1ltlon 

BeSides the two standard WR·AO mode optlonS,'plpe­
lined' operation can be aChle...ed by connect'.':111 WR an~ 
RO together (Figure 7) With CS low, driving WR and RO 
low Inltrates a conversion and reads the result of the 
prevIous converSion concurrently 

V,, -_ 10 GND .MAXlA't 

,r,\, _. __ ---..-_._~ _______ ._ _ -----+_~ Vao MAX 153 

12 VREf. 

11 VRH 

I 'Qure 8i1 Power Supply as Reference 

~.'-i. ----

V" --+----~ GND .MAXI.M 

.IV .----.. 
_. ______ 2_0 VDD MAX 153 

~
'25V 

JMAXIAII 12 vRH • 
MX584 ~ 

..:; 11 vRU 

I '1I"'" 8/) £:~ll'rna) Reference +2 5V Full Scale 

Analog Considerations 
Reference 

Figures 8a-8c show some reference connections, VREF+ 
and VREF- inputs set the full-scale and zero-input vol­
tages of the AOC, The voltage at VREF- defines the input 
that produces an output cOde of all zeros, and the voltage 
at VREF+ defines the input that produces an output code 
of all ones 

The internat resistances from VREF+ and VREF- may be 
as low as 1kU, Since current IS sti/l drawn by the reter­
ence inputs dUring power-down, reference supply cur­
rent can be reduced during shutdown by using the Circuit 
shown In Figure 8d, A logic-level N-channel MOSFET. 
connected between V~EF- and ground, disconnects the 
reference load when the AOC enters power-down 

,---l!l .MAXlA't 
~ GND MAX 153 

.5v ------r----+---------=2~0 VDO 

_ j. ---Vv,r--+----~ VREf. 

o l"i- 4 7,,'Fr .2 5V.i. ' 11 
" r I V" __ - '---<>-~-1 VREF 

J 

F,gure Be Inpuf Not Referenced to GND 

20 
--<-

~ 
::::: 0 l~f 
~ 

12 

-c::: 0 l~f 11 I~ 
--

18 

I -
N-ff! 

~~ 

I.' 
I 0 I~f 

-

• CURRENT PA TH MUST STIll 
EXIST fROM VIN- TO GND 

VDO 

.MAXlA't 
VAfh MAXI53 
VREF 

PWRDN 

Figure 8d An N-channel MOSFET SWItches all rhe reference 
load durmg power-down 
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1 Msps, JlP·Compatible, 
8·8it ADC with 1JlA Powerdown 

1 V" ?\ 
V'N ,-~\'~/v- ~-"'.'\~- ~-: .. >-

-: 1?pf ]10pf 
co .M...I!IXIAII 

MAX 153 

Flqure 10 RC Nerwork EqUlvalenr Inpur Model 

(pWRDN = low) The FET should have no more than 0 5{l 
of on resistance to maintain accuracy 

Bypa •• lng 
A 4 7~F electrolytic In parallel with a O.l~F ceramic 
capacitor should be used to bypass Voo to GND These 
capacitors should have min mal lead length 

T he reference Inputs should be bypassed with 0 1 ~F 
capaCitors. as shown In Figures Ba-Bc 

Input CutTent 
~ IQure 9 shows the equivalent CirCUit of the converter 
Input When the converSion starts and WR IS low. VIN IS 
connected to 160 6pF capacitors DUring thiS acquisi' 
tlon phase. the Input capacitors charge to the Input 
vOltage through the resistance of the Internal analog 
sWitches (about 2k!l) In addition, about 12pF 01 stray 
capacitance must be charged The Input can be 
modeled as an equivalent RC network (Figure 10) As 
source Impedance Increases the capacitors take longer 
to charge 

The tYPical 22pF Input capacitance allows source reSIS­
tance as high as 2 2kU without setup problems For 

10 

larger resistances, the acquisItion time (tP) must be 
increased. 

Conversion Rate 
The maximum sampling rate (fmax) for the MAX153 is 
achieved in the WR·RD mode (tRD < tlNTU and IS calcu­
lated as follows 

1 
fmax = ----'---­

twR + tRo + tRI + tp 

1 

fmax 
= 250ns ~ 250ns + 1 SOns + 160ns 

fmax = 1.23MHz 

where tWR = Write pulse Width 
tRD = Detay between WR and RD pulses 
tRI = RD to !Nt delay 
tp = Detay time between converSions 

Slgm,,·to-No/.e Ratio and Effective 
Number of Bits 

Signal-to-noise ratio (SNR) is the ratio of the RMS 
amplitude of the fundamental input frequency to the RMS 
amplitude of all other analog-ta-digital output values. The 
output band IS limited to one-half the AID sample (con­
version) rate. This ratio usually includes distortion as well 
as noise components For this reason, the ratio IS some­
times referred to as 'Slgnal-to-nolse + distortion.' 

The theoretical minimum ND noise is caused by quan­
tization error and results directly from the ADC's resolu­
tion SNR = (6 02N + 1 76)dB, where N is the number of 
bits of resolution Therefore, a perfect 8-blt ADC can do 
no better than 50dB 

The FFT plot (Typical Operating Characteristics) 
shows the result of sampling a pure 200kHz sinusoid 
at a 1 MHz rate ThiS FFT plot of the output shows the 
output level In various spectral bands. 

The effective resolution, or "effective number of bits,' the ADC 
prOVldes can be measured by transposing the ecuation that 
converts resolution to SNR N = (SNR - 1 76)1602 

Total Harmonic DI.tortlon 
Total harmonic distortion (THD) is the ratIO of the RMS 
sum of all harmonics of the Input signal (In the frequency 
band above DC and below one-half the sample rate) to 
the fundamental Itself. ThiS IS expressed as. 

THD = 20 log ["I/<V2 2 +'!3 2 \~4 2 +,_:!YN ~ ] 

where V, IS the fundamental RMS amplitude, and V2 to 
VN are the amplitudes of the 2nd through Nth harmonics . 

.A;lAXI.NI 
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