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uses crt,
const data
status

control

ecr
picl
pic2
Jjsam
jsaml
ix
jnl
jn2
jo

type header_ structure =

four,

LAMPIRAN B

PROGRAM LENGKAP
graph, cgmouse, dos;
$378;
data+1;
data+2;
data+$402;
$20;
SA0;
8192;
32;
16;
32;
= 32;
5;
record
manufact: char;
version: char;
encoding: char;
bpp: char;
sx, sy: integer;
Xmax, ymax: integer;
hres, vres: integer;
pal: array(l..48]of char;
regerve: char;
color pl: char;
bpl: integer;

pal type: integer;

filler: array[l..58]of char; {58/38}
end;
wgh = record
wO array([l..jnl, 1..jx]of real;
wl array([l..jn2, 1..jnllof real;
w2 array(l..jo, 1..jn2lof real;
end;
inp = array [1..jx] of real;
jdat = array[0..jsam-1]of byte;
jdatl = arrayl[0..jsaml-1]of real;
dseg = array [1..16] of real;
RiffChunk = record
riff longint; { character "RIFF" }
total longint; { length of data in chunk }
wave longint; { character "WAVE" }
end;
FormatChunk = record
frmt longint;
alwaysl10 longint;
alwaysOl word;
nChannels word;
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var

nSampleRate : longint;
nBytesPerSec : longint;
nBytesPerSample : word;
nBitsPerSample : word;
end;

DataChunk = record
data : longint;
ckSize : longint;

end;

Waveheader = record
header : RiffChunk;
data : FormatChunk;
end;

header: header_ structure;
grDriver, grMode: Integer;
tom: char;

posx, posy, incy: integer;

x : inp;

ohl : array [1..jnl] of real;
oh2 : array [1..jn2] of real;

y : array [1..jo] of real;
bbt : wgh;

f1 : file of wgh;

f2 : file of inp;

i, j: byte;

temp: real;

has : stringlé];

fil: file of jdat;
£fil2: file of dseg;
Xin: dsegqg;

din: jdat;

rl, i1, r2, i2, templ: jdatil;
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 $20;
port [control] : =port [control] and S$FD;
port [controll] :=port [control] and S$FE;

end;

procedure data_out;
begin
port [ecr] : =port [ecr] and S$DF;
port [control] :=port [control] or S$DF;
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port [control] :=port [control] or $01;
port[control] :=port [control] or $02;
end;

procedure aktif IRQ7;
begin
port {picl+1l] :=port[picl+1l] and $7F;
port [control] :=port [control] or $10;
end;

procedure matikan_ IRQ7;
begin
port [picl+1] :=port [picl+1l] or $80;
port [control] :=port [control] and SEF;
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:=1;
port [picl] :=$20;
port [control] :=port [control] or $08;
end;

procedure out_suara;
interrupt;
begin
port [control] :=port [control] or $08;

if eof (filwav) then selesai:=1 else blockread(filwav, btemp,

sizeof (btemp)) ;

port [data] :=btemp;

port [picl] :=$20;

port [control] :=port [control] or $08;
end;

procedure mainkan (pa:string);
begin
selesai:=0;
templa:=port [control] ;
{buka file suara kata pembuka}
assign(filwav, 'g:\ta\suara\buka s.wav');
reset (filwav, 1) ;
blockread (filwav, header, sizeof (header));
blockread (filwav, dat, sizeof (dat));
data_out;
getintvec ($F,oldhandler) ;
setintvec ($F,@out_suara);
aktif IRQ7;
repeat
until selesai=1;
matikan IRQ7;
close(filwav) ;
port [control] :=port [control] and $FD;
setintvec (8F,oldhandler) ;
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{buka file suara hasil pengenalan}
selesai:=0;
case pall] of

"1': assign(filwav, 'g:\ta\suara\mondl.wav');
12': assign(filwav, 'g:\tal\suara\mond2.wav');
"3': assign(filwav, 'g:\ta\suara\mond3.wav');
'4': assign(filwav, 'g:\ta\suara\mond4.wav');
)

's': assign(filwav, 'g:\ta\suara\mond5.wav'
'6': assign(filwav, 'g:\ta\suaralunknown.wav');
end;
reset (filwav,1) ;
blockread (filwav, header, sizeof (header));
blockread (filwav, dat, sizeof (dat));
data out;
getintvec ($F,oldhandler) ;
setintvec (§F, @out_suara) ;
aktif IRQ7;
repeat
until selesai=1;
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:=0;
selesai:=0;
delay(100) ;
data_in;
getintvec (SF,oldhandler) ;
setintvec ($F,@amb_dat) ;
aktif IRQ7;
repeat
until selesai=1;
matikan_ IRQ7;
setintvec ($F, oldhandler) ;
assign(fil,'entry.wal') ;
rewrite (£il) ;
write (fil, din);
close(fil);
{ubah ke frekwensi domain dengan fft 32 titik}

ka:=0;
for ia:=0 to jsam-1 do
begin
rl[ka] :={(din[ia] -128)/255;
illka) :=0;
r2[kal :=0;
i2 [ka] :=0;
inc (ka) ;
if (ka mod jsaml) = (jsaml-1) then

begin



fft(jsami, ri, i1, r2, i2);
for ka:=0 to jsaml-1 do
templ [kal :=templ [kal +sqrt (sqr (r2 [kal ) +sqr (i2 [kal)) ;

ka:=0;
end;
end;
for ka:=0 to jsaml-1 do
begin
templ [kal :=templ [kal / (jsam/jsaml) ;
end;

for ka:=1 to 16 do

xin(ka] :=templ [ka] ;
assign(fil2, 'suara.jst');
rewrite (£il2);
write (fil2, xin);
close(fil2);
port [control] :=templa;

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:=1;
y:i=1;
s:=false;
while not s do
begin
blockread(fil, ch, sizeof(ch));
1:=1;
if c¢h>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:=0;
if y<header.ymax then inc(y) else s:=true;
end;
dec(1l);
until 1=0;
end;
close(fil);
end;

procedure kotak(xl, yl, x2, y2: integer; col: byte);
var j: integer;
begin
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ji=y2-y1l;

setcolor(col)

while(j<>0) do

begin
line(x1, yl+3j, x2, y1+j);
dec(j);

end;

end;

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

setcolor (col) ;

line (x1+3, y1+43, x2-4, yl+3);

line(x1+3, y2-4, x2-4, y2-4);

line (x1+3, y1l+3, x1+3, y2-4)

line (x2-4, yl+3, x2-4, y2-4)
end;

’

’

procedure timbul (x1, y1, x2, y2: integer);
begin

setcolor(0) ;

line(x1l, y2, x2, y2);

line(x2, yl, x2, y2);

setcolor(15) ;

line(x1l, y1, x2, yl);

line(x1l, y1, x1, y2);
end;

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

setcolor(0) ;

line(x1l, y1, x2, yl);

line (x1, vy1, x1, y2);

setcolor(15) ;

line(x1l, y2, x2, y2);

line(x2, vy1, x2, y2);

end;
function ftom(a, b: integer) :byte;
begin
if (a>=30)and(a<=127)then
begin

if (b>=220)and(b<=247) then ftom:=1 else
if (b>=270)and(b<=297) then ftom:=2 else
if (b>=320)and(b<=347) then ftom:=3 else
if (b>=370)and(b<=397) then ftom:=4 else
if (b>=420)and(b<=447) then ftom:=5;

end;

end;

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

InitGraph(grDriver, grMode, 'g:\bgi');
if graphresult <> grOk then halt;



tampil ('g:\ta\gambar\bkgndl.pcx',0,0);
setmouse (320, 240) ;
mousecursor (on) ;

repeat
repeat until button=1;
begin
case ftom(getmousex, getmousey) of
1l: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;
{load bobot}
assign(fl, 'bobot3.jst');
reset (f1) ;
read(f1, bbt);
read (f1, bbt);
{load suara}
assign(f2, 'suara.jst');
reset (£2) ;
read (f2, x);
for i:=1 to jnl do {hitung output jaringan }
begin
temp:=0;
for j:=1 to jx do
temp:=temp+bbt.w0[i,jl*x[j];
ohl[i] :=1/(l+exp(-temp+1)) ;

end;
for i:=1 to jn2 do
begin

temp:=0;

for j:=1 to jnl do
temp:=temp+bbt.wl[i,jl*ohl[]j];
oh2[1] :=1/(l+exp(-temp+l)) ;

end;
for i:=1 to jo do
begin

temp:=0;

for j:=1 to jn2 do
temp:=temp+bbt.w2[i,j]*oh2([]j];
v[il:=1/(l+exp{(-temp+1)) ;
end;
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{kenali suara yang masuk}
temp:=0;
for i:=1 to jo do
begin
if y[il>temp then
begin
ji=1i;
temp:=y [i];
end;
end;
case j of
:has:="'satu';
:has:="'dua';
:has:='tiga’;
:has:="empat';
:has:='lima"';
end;
setcolor (10} ;
if temp>0.8 then
begin
outtextxy (234,420, has) ;
node_error:=1l-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(fl) ;

U W

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.
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V4V V. V44
1Msps, uP-Compatible,
8-Bit ADC with 1.A Power-Down

General Description

The MAX153 high-speed. microprocessor (pP)-com-
patble, 8-bit analog-to-digital converter (ADC) uses a
halt-tiash technique 10 achieve a 660ns conversion time,
and digitizes at a rate of 1M samples per second (Msps).
It operates with single +5V or duat #5V supples and
accepts ether unipolar or bipotar nputs

A POWER-
DOWN pin reduces cufrent consumption to a typical
value of TuA (with 5V supply) The part returns from
power-down o normal operating mode in less than
200ns. providing farge reductions n supply current in
applications with burst-mogde input signals

The MAX 153 is DC and dynamuicaliy tested Its uP inter-
tace appears as a memory location or input/ouiput port
that requires no external interface logic  The data out-
puts use latched. three-state buftered circuitry tar direct
carneclion fo a uP data bus or system nput port  The
ADC s inpulreterence arrangement enables ratiometric
aperatioe

Applications

Cetlular Telephoner,

Peeat: e Radios

Battery Powered Systemns
Burst-Moge Data Acquisinion
Orgutai- Signal Processing
Telecommunicathons

High-Speed Servo Loops

Functional Diagram

Features

4 660ns Conversion Time

¢ Power-Up/Power-Down in 200ns
4 Internal Track/Hold

4 1Msps Throughput

4 Low Power: 40mW (Operating Mode)
S5uW (Powerdown Mode)

4 1MHz Fuli-Power Bandwidth

4 20-Pin Narrow DIP, SO and SSOP Packages
4 No External Clock Required

4 Unipolar/Bipolar Inputs

4 Single +5V or Dual +5V Supplies

4 Ratiometric Reference Inputs

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE

 MAXIS3CPP  0'Cta+70C 20 Plastc DIP
| MAX1S3CWP 0C10+70°C 20 Wide SO
MAXISICAP | 0Cl0.70C __20880P

MAX153C/D 0Ct0+70C Dice ;
| MAX153EPP 4010 +85 C 20 Plastc DIP .
MAXISIEWP  -40'C10+85C 20 Wide SO
| MAX153EAP ~40°C 10 +85°C 20 SSOP™**
" MAX153MJP 55Clo+125C_ 20 CERDIP"

Contact tactory for dice specifications
** Contactfactory for avaiability and processing toMIL-STD-883.
*** Contact factory for availabiity of SSOP packages.

Pin Configuration

12 o . S AL

\RU.1 - 48T * - PWRON
wer ! O By
1 : ADC RN
Vh § e .= i +e
Conon?
1 . - THREE - © 0ATA
- - ST ST oui
, pe- - “= ] DRIVERS PINS
* - v, 2 5
14-17

MAXLA
l MAX153

TIMING AND CONTROL
CIRCUITRY

[ H 6 33 'k 4 ]

GND MODE WRRDY C5  RD NI v

TOPVIEW T
= Ay -
VIN 11 ] 20 Voo
DOILSB) 2 | 19 Vss
= maxim Fr I
0 3| Maxrsy  [is] PWRON
02 4] [17) 07 (s
03's Eﬂ D6
WHHUY g 15} D
MODE 7 | 14] D4
RD '8 13} T8
_ =
W g 12] vREF s
GND E m VREF-
DIP/SO/SSOP

MAXIMN

Maxim Integrated Products 1

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

ESIXVA



MAX153

1Msps, LP-Compatible,

8-Bit ADC with 1.A Powerdown

ABSOLUTE MAXIMUM RATINGS

VoD to GND -0.3Vio +7V Continuous Power Dissipation (Ta = +70°C)
Vss to GND +0.3V 10 -7V Plastic DIP (derate 11.19mW/C above +70°C) ... .. 889mwW
Dignal Input Voltage to GNO +03V.Vpp + 0.3V Wide SQ (derate 10.00mW/'C above +70°C) 800mwW
Digital Output voltage to GND -0 3V. Vpp + 0.3V SSOP (derate 8.00mW/'C above +70°C) ........ .. 600mwW
VREF + to GND Vss -0 3V o Vpp + 03V CERDIP (derate 11 11mW/'C above +70°C)...... .. 889mwW
VREF. 10 GNO Vss-03vVioVpp + 03V Operaung Temperature Ranges
Vity 10 GNCC Vg5 -03Vio vVop + 03V MAX153C _ _ Lo 0'Cto +70°C
MAX153E _ _ -40°C to +85°C
MAX153MJP . -55°Cto +125°C
Storage Temperature Range . 65°C to +150°C
Lead Temperature (solderng. 10 sec) +300°C

Siresses beyona trose hsled under "Absolute Maximum Ralings”™ may cause permanent damage 1o the device. These are stress ratngs only. and functional
operation of tre device at these or any other conditions bevond those indicated in the operational sechons of the specifications is not imphed. Exposure to
apsolule maximym ranng conditions for extended periods may atfect device reliability

ELECTRICAL CHARACTERISTICS

(VDD = +5V £5%. GND = OV, Unipolar Input Range: Vss = GND, VREF+ = 5V, VREF- = GND; Bipolar Input Range: Vss = -5V +5%,
VREF+ = 2 5V VREF- = -2.5V; 100% production tested. specifications are given for RD Mode (Pin 7 = GND). Ta = TMIN t0 TMAX,

unless otherwise noted.) :

T !

PARAMETER SYMBOL CONDITIONS ( MIN TYP MAX 1'UNITS i
ACCURACY - e B 1
Resolution - N I8 T‘ Bits }
Total Unaajusted Error ) JUt Unipolar range o +1 LSB }
Ditferential Norhneartty ONL ' No missing coges guaranteed +1 LSB |
Zero-Code Error o ~__Bipolar input range L +1 LSB |
FuH-ScaIfJ Ejrm ~ ! - »_Elpolar input range +1 LSB ‘
DYNAMIC PERFORMANCE (Note) i
| MAX153C/E. :! ‘

Signal-to-Noise Plus Distortion SN +D) LlSAMPLE_f_lMﬁf‘ﬂf“fv' 95.8kHz 45 g
Rato ! MAX153M f |
" IsaMPLE = 740KkHz, fiy = 195 7kH2 1 g

o AMPLE R T —

MAX153C/E. i i

| =1 fiN = 195.8kH |

Total Harmanic Distortion THD ,‘~-§A~MP—L-E— __‘MEE;,,@,,,,ﬁE,,L 50 1 dB
. MAX153M. ‘1 ;

i fsampLe = 740kHz, fIN = 185 TkHz i | i

i MAXISICE ‘ ;

' = = k H

Peak Harmonic or Spurious Noise _Isampie = TMHZ. fin = 195 BkHz - -50 l aB |
MAX153M, | ;

‘ B . fSAMPLE = 740kHzZ. fin = 195 7kMz I ! |
+ i ;

Conversion Time (WR-RD Mode) tcwa Ta = +25°C. IRD < UNTL. CL = 20pF 1‘ 660 | ns |
i (Note 2) e ! | i
Ta=z+25C i 700 | ;

Conversion Time (RD Mode) IcrRo | MAX153C/E T 875 | N5 |
Ta = Tvin to Tmax ‘ : :

MAX 153M | 975 | ‘

Fuil-Power Input Bandwidth ViN = SVpp l 1 \ MHz
input Slew Rate : 314 15 I‘ Vius |

MAXIN

P



1Msps, uP-Compatible,
8-Bit ADC with 1.A Power-Down

ELECTRICAL CHARACTERISTICS (continued)

(VD = +5V 14
VREF+ = 25V VREF
unlcss otherwmv noted |

°s GHND) = OV Urwpolar Input Range: Vss = GND, VREF+ = 5V. VREF- = GND, Bipolar Inpul Range. Vss = -5V 5%
= 25V 100% production tested, specifications are given tor RD Mode (Pin 7 = GND). Ta = Tmin to Tmax.

PARAMETER i SYMBOL CONDIT|ONS z MIN TYP MAX \ UNITS |
_ ANALOG INPUT T - - -
 Input Voltage Range | VREF VREF+ |V
input Leakage Curvem i IIN S5V S VINE 5V ! 3 pA
: |npuiﬁcﬁarpacnance o L cn | 22 pF |
~ REFERENCE INPUT -
_ Reference Reqmlance I RREF h e 1 2 4 kQ i
_ VREF+ Input Voltage Rénge ;_» i - ,‘ . ) i VREF- VoD Y v i
VREF- Input Voltage Range s o . Vss VREF+ | V|
LOGIC INPUTS S o |
Input High Voitage: VINH e e 2.4 e ‘ v
R L o 3.5
tnpat Low Voltaoe ViNG . CS WR RD PWRDN - - — 0'8A< Vv :
- . MODE - 15 ¢
_CSROPWRDN v
Input Righ Currens! LIk ) 3 ; uA
o Co T 50 200 |
Inpu Low Current v ; her - R'DA;V&?BN N ) B +1 o A
input Capacitance (the&) o ‘ b|r¢ R CS RD WR PWRDANMMAO[_)Eiu 5 8 pF
LOGIC DUTPUTS o B - I
Gulpt Low valtaae Vo stk = 1 6mA. INT. DO-D7 S 04
e _ RDY.tsne = 26ma o 04 |
Output High Vorage VOr  ISOURCE = 360pA. ) o ‘T«A v
Floating State Current ILKG DO 7. RDYV - S T 3 . upA ]
i Fioating Capacitance (Note J) R ~Cour 4 D/ DO‘RDY S R _ o g 8 pF |
) POWEEBEQUIREMVEVNTS B ) ) N A, S i
' Vn; . o f o i/WDn 5% for specified accuracy N . ) 7_15 . Vﬁ
Vs (Unipolar Ooeragén) o ’ vsg o o 3 v; - GND o v ﬂ‘
Ve (Brools;r Ooevahonk)k T \/5< ‘5 for spé‘c-:xvhid ac;:{aciy - -5 o vV I
. i h LA e e Ay . A
Vi Supny Corree? Ie!s g\?/RDRr\P _5\(/)\/ : MAX153C nemmine e —8;——— 15 mA
MAX15IEM 8 20 . ;‘
Caaer Dtee v o Carrent | C5 = RD = 5V PWRON = OV (Noie- 4) o o 100]5
o Suppy Lurer? I ~ C5=RD =0V PWRDN - 5 o 25 00 7p_A77‘3
Power Down Vys Current G5 =RD =5V PWRDN = OV o 12 100 o pA
Power-Suppty Relection PSH \jF)?'F ;‘4:7;’\/7& ?ﬂ::i\’/um)ma, mode +1/16 +1/4 LSB
Note 1: Bipoiarinput range. Vit = 22 5V, (. WH RD moae

Note 2: See F:gure 1o ioad circut Parameter gefired as the tme requred ‘of the outpul 1o cross +0.8V or +2.4V

Note 3: Guaranteed b

des!
Note 4: Testea wth Cg ngFDN at CMOS lugic tevels - Powe!-gown current increases 1o severaihundred pA at TTU levels

MAXIN

ESEIXVA



MAX153

1Msps, L P-Compatible, .
8-Bit ADC with 1.A Powerdown ")

TIMING CHARACTERISTICS (Note 5)

VDD = + 5V 25% V. = IV for Urepolar Input Range Ve, = -5V £5% tor Bipolar Input Range 100% production lested, Ta = +25°C,
unless otherwise Nntes

PARAMETER SYMBOL CONDITIONS : MIN TYP MAX UNITS ;
DR . .- — - . SR e — - . 1 :
CS to RD/WR ‘
Setup Time ) ICss .0 : ns
CS 1o RDWR ‘
Hold Time B sk A 0 N ne
R | Ci = 50pF ! 70
to RO elay . T
(Note 6) i ORDY 4 7,2 Tminto TMax, | MAX153CIE | 85 ns 6\
{ ' P H
; '+ CL = 50pF | MAX153M 100 /
| Cp = 20pF tcRO+25 ‘
| Ta=Tmnto TMax, | MAX153C/E tcRD+30 !
Data-Access Time ‘ I CL = 20pF N 1 ‘
(RD Mode) (Note 2) iotacco T T _MAXISIM : ICRD+35 ; ns ;
Cy = 100pF , tCRD+50 | !
——— - f { | % \
Ta = Tmnto Tuax. . MAXIS3CE ‘ . 'CRD+65 | i y
Ci = 100pF 1 MAX153M | 1CAD+75 | &
e O AT UL 2150 e
C = 50pF 50 80 :
RD 1o INT Delay 1 A vwevDy | \
1R Moge INT¥ Ta = Tamirg 10 Tatax ,,M,A,XHEQCA/E_, e 85 Ions
C\ = 50pF 0 | .
Data Holg T 60 . ! @
ata Mol e : - T N - U - e '
V7 DH MAX153C/E 7 ns
(Note: 7 Ta = Tmirsto TMax = - 0
¢ MAX153M 80 ;
+ I - e e e e e e . —
Detay Time Between . e 160 -
Conversions i t ;ons |
(Acquisition Time; : g Ta = Tming to Tmax ,VMA_)_(Jégg/.E__ . . 185 i t
B ) o o MAX153M o -+ 260 ' :
- i - | 0.250 10
wrile Pulse Wioth twh MAX153C/E 0.280 10 | kS |
Ta = Tmin 1o Tmax — —- i
MAX153M 1 0.400 10 :
Delay Tme B | ‘ 20 ?
elay Time Between i > I T T i 2
' RO MAX 153C/E 350 ns o @
WR and RD Pulses ‘ Ta = TMin 10 TMax _ MAXTOS ; | :
MAX 153M | 480 ; ]
RD Pulse Width _Fgures 160 J \
(WR-RD Mode) HEAD!  Tu= Tiinto Twax | MAX153C/E . 205 nso
Determined by tarc: Fraure 6 — ] i
9y AX153M 240 ) 1 :




1Msps, uP-Compatible,
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TIMING CHARACTERISTICS (Note 4) (continued)

- e Uepolar Input Range. Vs = -5V 15% for Bipolar Input Range 100% proguction tested. Ta = +25°C,

(VOD = +5V 15% V&
unless otherwise nouv

PARAMETEH \SVNBOL conomons MIN TYP MAX : UNITS
" CL = 20pF Figure 6 160
Data-Access Time Ta=Twmlo TMax, | MAX1S3C/E 205
2\(}/3?20) Mode) tACCH C( = 20pF. Figure 6 L MAX153M 240 ns
RD < ting, . CL = 100pF Figure 6 . 185
i : ] Ta = TMiIN to TMAX. I MAX153C/E 235
c,, - ‘ i CL = 100pF, Figure 6 | \1ax153M 275
; 150
RO to INT Delay TR MAX153C/E 185 ns
| Ta = TmiN to TMAx
! MAX153M 220
. CL=50pF 380 500
(\ WR to INT Delay UNTL Ta = TMuN o TMA)( ' ,MA“SSC/E_. o 610 ns
LTI maxisaM 700
RD Pulse Wiatn . Figure 5 65
(WR-RD Moae) . SR — -
Determined by 1ACC, IREAD2 Ta = TMm (e} TMA) . MAX 53C/E 757A e ns
RO > byt Figure 5 MA)(153M 85
L ' vCL ~_20DF FIgU(Q V T 65 B
Data-Access Time Ta = T to TMAX- . MAX15,3.(_:/‘E e 75
Mote 31 0! mece | CLz0PPRAUES  waxisam 8  ns
e > gy, : CL = 1OODF quure 5 - o 7 90
Ta = TMIN 10 TMax, MAXJ?%E__ e 10
o CusnooeFFguieS Tpaxisam 130
Cy = 50pF 80
WA 10 INT Deiay - ST - e e
IPipe- Lined Mode ) HWR O Ta = Tminto Tmax, MAZ(E’QC_/E_ L e 100 ns
- CL=500F " MAXisam 120
x ) CL = 2ODF ) o o 30 {
@ Ta=Tminto TMAx MAX153C/E 35
Data-Access Time C_ = 20pF ' VY, T T T T
After INT (Note 2) o _MAX153M e . 40 ns
CL-1OODF o o 45
Th = Tin 10 TuAX. ;M‘}BE‘E:’_C,E .
Ci=100pF MAX153M 70
Note 5: (rmu! control signals are specilied with tr s 11 = 5ns 10% 10 30% of +5V and timed from a 1.6V voltage level
Note 6: = 5 1k{2 pull-up resister
Note 7: Seo Fiqure 2 tor load crcuil  Parameter detined as the ime required for data lines to change 0.5V.
L
MAXIMN 5
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o5y +5V
é,
s < 3
<
N e . M e e oN-—e———-—— ON—
Wl G <o < = 10oF —— t0of
. - < i
wDGNR = DGND = DGND = = DGND
A HIGH 2 T0 Ve B HIGHZ 10 Vo, A Vo TO HIGH B VoL TOHIGHZ
Figure 1. Load Circutts for Data-Access Time Test Figure 2. Load Circuits for Data-Hold Time Test

Typical Operating Characteristics
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Pin Description

PIN | NAME FUNCTION i

SIS W o —

Vin Anascx) gt Rmoe [

s ey

T v asvRER.
_ 2. D0 Thee St Data Output out (LS8) |
3 -5 | D1-DG  Three-State Data Outputs

6 | WR/RDY } WRITE Control Input/READY Status Output”

! MODE Selection Input is internally
. | pulied low with a S0uA current source
7 MODE | MODE = 0 activates read mode

I

' MODE = 1 activates write-read mode*
L 8 | RO |READ Input. must be low to access data °
9 | iNT lINTEFIFIUPT Qutput goes low to indicate

end of conversion *

LL

10_‘ GND [ Ground
| Lower imit of reference span. Sets the zero
11 VREF- | code voltage Range 1s Vss < VREF- < |
L VREi:_i_ I
Upper terit to reterence span  Sets the
19 VREF+ - futl.scale nput vokage. Range is
. L VREF: < VREF+ < Voo
. . CHIP SELECT Input must be low for the
13 cs st DB
: . . device 1o recognize WR o RD nputs
34-16  D4-D6  Theee-State Data Quputs
17 D7 Trree-State Data Output (MSB)
o " POWERDOWN Input reduces supply cur-
1A PWRDN  rent when iow CS must be high during
. power- ow v e
1a Vs ' Negative Supply Unipolar Vsg = OV
T > iBipolar Veg=-8V
20 Vot Positve Suopry +5v

* See Drgual interface section

Detailed Description
Converter Operation

The MAX 153 uses a half-flash conversion technique (see
Functional Diagram) in which two 4-bit flash ADC sec-
tions achieve an 8-bit result. Using 15 comparators, the
flash ADC compares the unknown input voltage to the
reference ladder and provides the upper 4 data bits

Aninternal digital-to-analog converter (DAC) uses the 4
most significant bits (MSBs) to generate the analog result
trom the lirst flash conversion and a residue voltage that
15 the difference between the unknown input and the DAC
voltage  The residue S then compared agan with the
llash comparatars 10 oblain the lower 4 data bits (LSBs)

MNMAXIMN

1Msps, uP-Compatible,
8-Bit ADC with 1.A Power-Down

Power-Down Mode

In burst-mode or low sample-rate appiications, the
MAX153 can be shut down between conversions, reduc-
Ing supply current to microamp levels. A TTL/CMOS
logic low on the PWRDN pin shuts the device down,
reducing supply current 1o typically 1uA when powered
from a single 5V supply. 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
voD.

Once the MAX 153 is in power-down mode, lowest supply
current is drawn with MODE low (RD mode) due to an
internal 50uA pull-down resistor at this pin. CS must
remain high during shutdown because the MAX153 may
attenpt to start a conversion that it cannot complete. in
addition, for minimum current consumption, other digital
inputs should remain stable in power-down. RDY, an
open-drain output (in RD mode), will then fall and remain
low throughout power-down, sinking additional supply
current unless CS remains high. Refer to the Reference
section tor information on reducing reference current
during power-down.

Digital Interface

The MAX153 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

Read Mode (MODE = 0)

In RO 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 required for the input to be
acquired. A conversion is initiated by driving RD low.
With uPs that can be forced into a wait state, hoid RD
low untit output data appears. The pP starts the con-
version, waits, and then reads data with a single read
instruction.

WR/RDY is configured as a status output (RDY) in RD
mode, where it can drive the ready or wait input of a uP.
RDY is an open-collector output (with no internal pull-up)
that goes low after the falling edge of CS and goes high
atthe end of the conversion. If notused, the WR/RDY pin
can be left unconnecied The INT output goes low at the
end of the conversion and returns high on the rising edge
of CS or RD

ESIXVN
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Write-Read Mode (MODE = 1)

Figures 5 and 6 show the operating sequence for the
write-read (WR-RD)moge The comparator inputstrack
the analog input voltage tor the duration of tp A mimimum
of 160ns is reguire«t (o the mnput voltage 1o be acaurred
The conversion 1s nihated by a lallng edge of WR When
WAR returns high, the 4 MSBs hash result s latched into
the output butfers 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
bufters. The data 1s then accessible 65ns to 130ns after
RD goes low (see Timing Characteristics)

If an externally controlled_conversion time 1s required,
drive RD low 250ns after WR goes high. This latches the
lower 4 data bits and outputs the conversion result on

DO-D7. Aminimum 160ns delay is required from INT going
low to the start of another conversion (WR going low).

Options for reading data from the converter include the
following:

Using internal Delay

The pP watls for the INT output to go low before reading
the data (Figure 5) INT typically goes low 380ns after
the rising edge of WR, indicating the conversion is com-
plete. and the result is available in the ocutput latch. With
CS low, data outputs DO-D7 can be accessed by pulling
RD iow. INT is then reset by the rising edge of CS or RD.

Fastest Conversion: Reading Before Delay

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

]
s \ 7 MNema
IoG —— %
) ) L - e
L R T
RO¥ ‘ " WITHEXTERNAL PULL-UP
.
L o UND
INT N /
lad Ve e
) N/iacevacosmmossssanasscannca and VALIUDATA Jravacsccana
- WL ————a= ol T

G\

A N

-

- o iws
WR _-\_/ '

e (REAQZ —*

*_lqu+—¢

—— - INTH

iNT N /
D0D7eeannmenn ceseimcsescenmencananas <{ VAL OATA F---

ACC2 o e o (D e

Figure 4 RD Mode Timing (MODE = 0)

Figure 5 WR-RD Mode Timing (tap > tnr. ) (MODE = 1)
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Fiqure 7 Pipe Lined Mode Timing (WR = RD) (MODE = 1)
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varies shightly with temperature and supply voltage, and
can be overridden with RD to achieve the fastest conver-
sion time. INT 1s ignored. and RD 1s brought low typically
250ns after the rising edge of WR This completes the
conversion and enables the output buffers (D0-D7) that
contain the conversion result  INT also goes low after the
taling edge of RD and is resel on the rising edge of RD
or CS. The total conversion ime is therefore: ICWR = twR
(250ns) + 1CSH (ONs) ta i 1 250nS) + taCC1 (160ns) = 660ns

Pipe-Lined Opersation

Besides the two stancara WR-RD mode options. ‘pipe-
hned” operation can be acheved by connecting WR and
RD together (Figure 7) With CS low, driving WR and RD
low iniiates a conversion and reads the result ot the
previous conversion concurrently

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 ADC. The voitage at VREF- defines the input
that produces an output code of all zeros, and the voitage
at VREF+ defines the input that produces an output code
of alt ones.

The internal resistances trom VREF+ and VREF- may be
as low as 1A}, Since cutrent is still drawn by the refer-
ence inputs durnng 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 V2EF- and ground. disconnects the
reference load when the ADC enters power-down

Yo w*_’ Vin YiN. ! VIN
1
VY -—e- 10 GNO . ACLAN T—[l GND MAXIMm
- MAX 153 = g MAX153
U Y i'] LY 5V — e VoD
] 12X vRer, D B N m——_ V77
URITI 4F o T 2V A '
| 1 E vper o anf[ oo s
! : : - =
| 014F | 0.1uF
© - CURRENT PATH MUST STILE
EXIST FROM Vin- TO GND
Fqure 8a Power Supply as Reterence Figure 8c  Input Not Reterenced to GND
)
1 45y e — 2] vop
! [Wrypp———— I T e
| -— 01yf
10 = AXLA
* v —e——] GND AAXI M moam | T ), M
| T MAX153 MX584 = o MAX153
‘ Y @ e @ e Voo — n VREF-
i 25V =
ALDOAM 12} yRer T 18] s
oim . PWRDN —— PWRDN
2 6: ; MX584 = |un . —
. ‘ = ) -
oo 41k o MY veur NFET

Fiugute 8 External Reterence +2 5V Full Scale

MAXIMN

Figure 8d An N-channel MOSFET switches off the reference
load during power-down .
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— ¢
|
LUIRT IV Row . . ;
VIR ~AAA— — 8 AN g 0
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Figure 9. Equivalent inpur Crcunt
R vw 2 e
VR AN~ e e
T Tk
- = MAXIMN
MAX153

Fiqure 10 RC Network Equivalent Input Mode!

(PWRDN = low) The FET should have no more than 0 52
of on resistance 1o maintain accuracy

Bypassing

A 4 7uF electrolytic in paraliel with a 0.1uF ceramic
capacitor should be used 10 bypass VDD to GND These
capacitors should have minmal lead length

The reterence 1inputs should be bypassed with 0. 1F
capacitors, as shown in Figures 8a-8¢

Input Current

Figure 9 shows the equivalent circunt of the converter
inpul When the conversion starts and WR is low. VIN 1S
connected to 16 0 6pF capacitors During this acquisi-
tion phase. the input capacitors charge to the input
voltage through the resistance of the internal analog
switches (about 2k ) In addition, about 12pF of stray
capacitance must be charged The input can be
modeled as an equivalent RC network (Figure 10) As
source impedance increases. the capacutors lake longer
to charge

The typical 22pF input capacitance allows source resis-
tance as high as 2.2kl without setup problems For

10

larger resistances, the acquisition time (tpy must be
increased.

Conversion Rate

The maximum sampling rate {imax) for the MAX153 is
achieved in the WR-RD mode (tRD < tINTL) and is calcu-
lated as follows:

1
tWR+ RO + R +1p

1
250ns + 250ns + 150ns + 160ns

fmax = 1.23MH2z

where tWwr = Write pulse width
tRD = Delay between WR and RD pulses
trt = RD to INT delay
tp = Delay time between conversions.

Signal-to-Noise 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-to-digital output values. The
output band is limited to one-half the A/D sample (con-
version) rate. This ratio usually includes distortion as well
as noise components. For this reason, the ratio is some-
imes referred to as "signal-to-noise + distortion.”

max =

fmax =

The theoretical minimum A/D 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 resotution. Therefore, a perfect 8-bit ADC can do
no better than 50dB

The FFT plot (Typical Operating Characteristics)
shows the result of sampling a pure 200kHz sinusoid
ata "MHz rate This FFT plot ot the output shows the
output level in various spectral bands.

The effective resolution, or “effective number of bits,” the ADC
provides can be measured by transposing the equation that
converts resolution to SNR: N = (SNR - 1.76Y6.02.

Total Harmonic Distortion

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 tundamental itself. This is expressed as:

Vivz? e VaZevate WD) }

THD = 20 log v

where V1 1s the fundamental RMS amplitude, and V2 to
VN are the amplitudes of the 2nd through Nth harmonics.
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