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Abstract

The presentation of this projecl iz an appication of
microprocesser for report the examinslion resull [or the
called through telephone used in this system can be lLhe pushed
bulten type only. The system is an aulomalic operalion and can
provide speech response hack to incoming call. Fach call is
limited to nol more then 25 seconds and the same calling code
can be repealed for 3 liwes only Lhe system cun memorize the 7
digits studenl code and corresponding sound file. The unrﬁuurc
program can be used with any 16 bils persounal compuler. The
system compose of 1 circuil card an 1 [lowppy disk an software
program used is writlen in C language Lhat eaxy Lo design and

develop for higher speed and more efficiency for fulure use.
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/¥ MAIN PROGRAM #/

/¥ THESIS 10.C #/

/¥ COMPLETE %/

/¥ WORK COMPLETE SIR !... */

#include
#include
tinclude
#include
tinclude
linclude
kinclude
tinclude
tinclude
tinclude
tinclude
fdefine

tdefine

<dos.h>

<conio.h>

<stdio.h> /¥ SNDPLAY1.C ¥/
<fentl.h>

<alloc.h>

¢sbring.h> /+ 3 Y/
<stdlib.h>

<math.h>

"ATOD.H"

"tele.h"

"biosarea.h”

bk 219

Oks 11

fidefine timeW 25

tdefine countP 2

#define dat 500

int si = 1; '

int i, x3
char ch;
BIOSDATA

int fd;

far ¥bios = MEK_FP (0Ox00410, 033

/¥ SNDPLAYL1.C VARIABLE %/

long xzbegin=0,xzend,xstart,xstop;

char #¥xmbegin;

char huge #*xmsblart;

char ints_nC183;

char pidr81;

long dat._

codes /% dat_code : data use for searching to member.dat

]
t/

/



unsigned int DTMFciCT73;

unsigned int DTMFc2(T73];

unsigned float No_Bufi, No.Buf2, No_Buf3, No.Bufd, No_Bufs5, No_Tufl¢:
unsigned float No_Buf7, No_Buf8, No_Buf,No_si;

int si,0k_tones;

intBk_flg, Cnci_flg, Cnc2._.{lg, End_flg;

int active; /# if active = 1 :Found , 2 :Nol Fouud %/
int select;

int period = 0;

int rec, Jlast;

intcountR; /% count Ring #*/

struct. time now;
struct sound_inf{
char namel187;
long nbyte;
long locat;
long l._start;
long l_stops
}3
strucl sound_inf sndC181; /t SNDPLAY1.C VARIABLE */
struct RECORD {
char IDLC81 ;
char STATUSCZ1 3
Fos
struct, RECORD REC ;
FILE *fps
long f_size, MuxX_Rec;
long d_RECCLdatl;

void drawv_border(y;

void main (void}



void cursoff(void);

void curson(void);

scrsys();/% write screen template %/
/% Initial system part */

posp(5);
putch(’\007%);

putch(bk); .

poad(5);

printf("wait for Iniltial system\n");

/¥init_sysO3#/ /% Call other file +/
/% check sound.dal 1/
/% check student code */
put.ch(’\0077);
posd (7T
printf("check studenl data code on disk\n");

init_sys ()

outportb(OxT8T,0x92) 3 /% set second port 8255 4/

R_wait:
outportbh(PortC2,Fasive); /% Passive Lhe Lelephone relay 4/
delay (2000):
clrpt s
clrdo);
posp(7);
put.ch(’\0Q07");

pulch (bl ;



1

/% reject alternate state of telephone line */
while ((inportb(0x784)80x80)==0x80)

delay(3000);

/% Wait for telephone ring */
for (countR=1; countR<=%; countR++) {
while ((inportb(0Ox784)%0x80)==0x80)

}

posd(7);

printf("Ring calling!...\n");
for (i=0;i<33i+4) {
sound(380);

delay (400) 3

nosound () ;

delay(2100);

}

/¥ hold hook switch or hook switch active %/
clrpt O

clrdO);

posp(9) s

pubtch(’\0077);

putch(bk);
outportb(PortC2,HookOn);
posd(9);

printf ("Hook switch ON\n'");

Y2 SO ¥/



/% Voice for hello %/
clrpt )

clrd();

posp(11);
putch(?’\0077);
putch(bk);

posd(11);

printf ("Voice active :hello\n");

sound_ma();
select = 10;

process_snd(select);

JE P o SRR AN */

/*¥Wail for student code %/

Tone_wait:
now.ti_min = 0;
now.lLi_sec = 03
now.ti_hund = 03
settime (&now);
period += 13
clrd();
clrpt ()
posp(13);
pubech(?\0077);
putch(bk);
tele_ma();
if (End_flg == 1)

goto The_end;

£ 2N U -

/¥ Check code #*/

clrd();

/% set time

e 7/

counter

to zero ¥/



clrpt ()3
posp(15);
putch(’\007’);
putch(bk);
posd(15);
printf ("Voic:check student code...\n");
posd(15);
printf("Student code : ")
for(i=0; i<=7; i++)
printf ("£d",pidfid);
sound_ma () ;
for(i=0;i<=75i+4) A
X = DTMFci1l[ils;
process_snd(x);

}

P TRy ¥ R9.» WOV 84 (OR0R I Wyl o A8 */

/% Binary searching %/

clrd O

clrpt ()

posp(17);

putch(’\0077);

putch(bk); .

posd (17)

printf ("Binary searching!...\n");

bin_process(dat_code);

S £/

/¥ Answer Result %/

clrd();

clrpt ()



posp(ls);

putch(’\007’);

ﬁutch(bk);

posd(19);

printf("Answer Result : ")
for (i=0; i<=T7; i++)
printf("%d",pidLil);
posd(21);

if ( active == 1){

select = 113

print{ ("FOUND !...\n");
lelse {

select = 12;

printf ("NOT FOUND !...\n");
}

sound._ma();

process_snd(select);

/¥ Off Hook end of process ¥/
clrd();

clrpt ()3

posp(21);

putch(’\007°);

putch(bk);

/% clear state and flag #*/
dat_code = 0; active = 03
for (i=0; i<=7; i++)
DTMFcl1Lil = 03

for (i=0; i<=8; i++)

pidCi3l = 03



posd(21);

printf ("Hook switch Off \n");
g %/
/% period += 1; %/

if (periéd <= countp)

goto Tone_wait;

else
goto.The,end;
The_end:
period = End_flg = 0;
select, = 133 /¥ Voice : Tank you %/

process_snd(select);

gobo R_wait;

scrsys ()

{

int X3

charch;

BIOSDATA far #bios = MK_FP (0x0040,0);
clrscr();

draw_border¢1, 1, 79, 24);

pos{(2);

cursoff();

textattr(ox707;

golloxy(1,1);

cprintf (" COMPUTERIZED SPEECH RESPONSE SYSTEM FOR EXAMINATION-RESULT
gotoxy(1,2); )

cprintf (" KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRADANG
textattr(ox07);/7%¢ normal #/

highvideo();



pos(5);

n'";

n";

\n");
\n");
\n");
n'");
\n");
\n");

puts (" INITIAL SYSTEM -=----- \
pos(7)3;

puts (" WAIT:for telephone -——-----~ \
pos(9)s

printf¢" ON IHOOK = meeem
pos(11);

printf (" VOICE:hello = ----=-=-
pos(13)3;

printf (" WAIT:student code - -—-----
pos(15);

printf (" VOICE:check code W ~-=-==
pos(17);

printf (" SEARCHING —  ——em— e
pos(19);

printf (" VOICE:ansver result —------
pos(21);

printf (" OFF HOOK:end of process --\n");

normvideo();

/%¥ch =getch() ¥/
clrd();
/¥ch = getch()s*/

/¥for(si=4;s5i<=205si += 2) ¥/
/¥4

clrpt O

posp(sils;

putch(’\0077);

putch(bk);

ch = getch();
if (ch == ’x")
sl = 2 3

/¥test

7

for moving of poiulerv

*/



pos (y)
int ys;
{

gotoxy(2,y);
}

posp(y) /¥ posp: positoin of
{

gotoxy(34,y);

}

posd(y)/# posd: position of
{
gotoxy (39,y);

H

clrd(y)/% clear information
{ /% position
int x;

for(y=4;y<=23;y++)

{

posd(y);

for (x=38;x<78;3;x++)

{

gotoxy (x,¥y);

putch¢?’ )3

}

}

}

pointer to function %/

infor mation data can place¥/

data at screen data #/

of information screen

clrpb(y)/¥ clear tLhe point marker %/

X,Y

(38_78,4.23)

{/% point marker posintion is row & column X,Y (33:const %/

%/



int x;
for(x=34,y=4;y<{=235y++)
{

gotoxy(x,y)s

putch¢(’ 7);

}

}

/¥

4_25)

void draw_border(int startx, int starty, int endx, int endy)

{

register int i

for (i=startx+1; icendx; i++) {
gotoxy(i, starty)s;

putch(196);

gotoxy (i, endy);

putch(196);

}

for (i=starty+1l; icendys it+) {
gotoxy(startx, 1i);

put.ch(179);

gotoxy(endx, 1)

putch(179);

}

gotoxy(startx, starty); putchc218);
gotoxy(startx, endy); putch(192);

gotoxy(endx, starty)s putch(191)

e

gotoxy(endx, endy);putch(217);
}

void cursoff (void)
{
union REGS reg;

reg.h.ah = 1;

¥/



]

reg.h.ch

reg.h.cl

int86(0x10,

void curson

{
union REGS
reg.h.ah =
reg.h.ch =
reg.h.cl =
int86

}

bios->cursTop

! 0x20;

bios->cursBottoms;

Lreg,dreg);

(void)

reg;

13

bios->cursTop & Oxdf;

bios->cursBottom;

(0x10,&reg,&reg);

FEZ S 2522005322 % 02510

sound_ma()
{
int select,

st.repy(sndf01]

strepy(sndlf13.

strepy(sndlL 2]

strepy(sndl3].

st.repy (sndl4]
strepy(sndC51

strcpy(sndl6].
strepy(sndl71.
strepy(sndf83].

strepy(sndl[91].

is

.name, "0.DAT")

name, "1.DAT")

.name, " 2.DAT")

name, "3.DAT™)

.name, "4.DAT")

.name, "5.DAT™)

name, "6.DAT")
name, "7.DAT")

name, "8.DAT")

name, "9.DAT");

-
’

s

e

e

.o

e

e

-

strcpy(sndf10].name, "HELLO.DAT");

strcpy(sndf11l.name, "FND.DAT") 3

strepy(sndlfi12].name, "NFND.DAT") 3

st.repy(sndf131.name, "THNK.DAT") ;



}

process_snd(int select)

{ . .

long lseek();

long ybytes;

char c;

int fd,i,x;

i= splect;

/¥setport () ¥/

if ((fd = open(sndfCil.name,O0_RDONLYJO_BINARY)) == -1){
fprintf(stderr,"Can’t open :sndC%dl.name=%s \n",i,sndCil.name);
exit (0)3;

}

if ((xzend = lseek(fd,0L,2)) == 0OL)({

fprintf(stderr,"Not data : \n");

exit (0

}

if ((xmbegin=farmalloc((long)xzend)) == NULL) {

fprintf (stderr, "MEMORY FULL\Rn"™);

exit(0);

}

xmstart = (char huge %)xmbegin;

ybyte = 0OL; !
lseek(fd,OL,O);

do {

if (read(fd,xmstart,MXBUF) <= 0)
break;

xmstart += MXBUF;

ybyte += MXBUF;

} while (ybyte < xzend);
/¥close(fd) ;#%/

xmstart = (char huge #)xmbegin;

xstart = xzbegin;



xstop = xzend;

/¥printf ("<« START AUTO SOUND >>>\n") %/

splay();
farfree(xmbegin);
close(fd);

}

set_port ()

{

outportb(PORT_8255,DATA_1); /% PORT_8255 A=in,B=out,Cu=Cl=out */

/% Tic Signal */
outportb(PORT_C,0xc0);
outportb(PORT_C,0x00) ;

/¥ Bit 7,6 is HI %/

/% Bit 7,6 is LO %/

outportb(PORT_8255,DATA_2); /% PORT_8255 A=in,B=oubt,Cu=in,Cl=out %/

}

splay ()

{

ghar huge *saddr;
int i

long ybyte;

saddr = (char huge *)xmbegin + xstart;

for (ybyte = xstart; ybyte < xstop; ybyte++) {

oubportb(PORT_B, ¥saddr++);

/¥for (i = 03 i < 0x20;

sdelay1()

ae

}

}

sdelay )

{

inl i3

for (i=0;i<0x163i++)
H

}

i++)%/



sdelayl ()

{

int i;

for (i=0;3i<0x14;i++)

}

tele_ma() (

/¥ hold hook switch dr hook switch active %/
/¥outportb(PortC2,HookOn) ;*/
outportb(PortCz,HandDsOn) ;

/¥posd(13);

printf ("Hook swibcﬂ & DAsw Aclive \n");¥/

putch('\007°); }

posd(13);

printf("Warning : Time limited = %d sec\n",timeW);
posd(15);

printf ("TIMER is running !...\n");

posd(20);

printf ("period = #d\n",period);

/#printf ("min:sec:rhund = #2d:%2d:%2d\n",now.ti_min,now.ti_sec,nov.ti_hund

Bk_flg = 03;Cncl_flg = 0;Cnc2_flg = O;
/% START : %/

start:
for(i=0;i<=7;i++) «
while(( inpoftb(OxTBS)&OXBO)==Ox00) {

gett.ime(&now);



posd (18) 3 E
printf ("TIME :sec :%Ad\n",nog.ti_sec); |
if (now.ti_sec>= timeW){

End_flg = 1;

goto Endil;

}

}

while((inporth(0x785)%0x80)==0x80) /% wait for low level +/

.
s

DTMFc1Cil = inportb(0x785)&0x0f }

if (DTMFc1lil==0x03) {

DTMFc1Li1=0x00;3;

}

if (DTMFc1[il==0x0c) { /% if DTMF tone is "#":CANCEL */
Cnci_flg = 1; /% CANCEL FLAG FOR LOOP1 #/

goto start;

}

if (DTMFc1[il==0x0b) ( /% if DTMF tone is "*":repeab #/
Cncl_flg = 13

goto start;

}

} .'

/e e +/

pass2:

if (Bk_flg == 1) print{ ("Break!,because wait long time\n">;

Ok_t.one = 0;

/¥printf("If you press ’#’: OK... or "#’:CANCEL\n");#/



4

/¥ Wait for '’ OK... tone */

while((inporth(0x785)%0x80)==0x00) {

gettime(&now);

if (now.ti_sec >= timeW){

End.flg = 1;

goto Endi;

}

}

while((inportb(0x785)$0x80)==0x80) /¥ wait for low level +/
H

Ok_tone = inportb(0Ox0785)&0x0f;

if (Ok_.tone == 0Oks) {
for (i=03 i<=T; 1++)H{
pidLi] = DTMFc1Cils;

}

}

else goto start:;
posd(18);

printf " "
posd(18); '
/¥printf ("Report No_st =");s%/

printf ("Report Student code =");

for (i=0; i<=7; i+4)

printf("%d",pidCid);

Endi:if (End_flg ==1){ /¥ End_flag part active #/
gotoxy(5,5);

posd(18);

printf ("End because wait for long time\n");



cal_dat ()
outportb(PortC2,HookOn);
}

cal_dat )

{

inb i, x3

for (x=7,1i=0; i<(=7; X--,1i++)
dat_code += pidCiJ*powl0(x);

posd (20);

printf ("dat_code = #1d\n",dat_code);

}

init_sys O y
{

if ((fp = fopen("member.dat","rb")) == NULL) (
printf("error can’t reéd member.dat");

exit (0

}

fseek(fp, 0L, 2);

f_size = ftell(fp);

Max_Rec = f_size / sizeof (struct RECORD);
/¥printf("\nFile size = %1d, Max_Record = %1d \n\n",f_size, Max_Rec);i/
/¥for (i=1; i<=Max_Rec; i++} {(¥/

i = 0;

{seek(fp, OL, 0';

while (!feof(fpy) |



rec = ftell(fp) / sizeof (REC);

/¥fseek(fp, sizeof (REC)¥rec,0) %/
fread(&REC, sizeof (struct RECORD>, 1, fp);
if (feof(fp)) |

d_RECLi] = atol(REC.1ID);

}

}

fclose(fp);

set._port ();

)

bin_process (dat_code)
long dat_code;
{

int i;

active = bin_ma(dat_code);
switch (aclive) {

case 1 :

showFnd () ;

breaks;

case 2 :

showNfnd () ;

breaks

}

}

bin_ma(k)
long k;
{



define
ftdefine
#define
tdefine
tdef ine
ftdefine
#idef ine
tdefine
#idefine
tlefine
ftdefine
kdefine
#define
typedef
char na
long nb
long lo
} STSIN
typedef
char na
unsigne
unsigne
unsigne
char *x
} STSMI
extern

exlern

extern

extern

exlern

/¥ ATOD.H #*/

DATA_1 0x83 /% CTRL A=in, B=out, Cu=Cl=out %/
DATA._2 0x8b /% CTRL A=in, B=out, Cu=in,Cl=oul %/
PORT_A ox0781 /¥ PORT A in 83255 1/
PORT_B 0x0780 /# PORT B in 8255 */
PORT..C ox0782 /¥ PORT C in 82535 +*/
PORT_82550x0783 /¥ PORT CTRL in 8255 ¥/
‘PORT~ADC 0x0785

MXBUF 0x8000

MXINX 50

MXARR 10 5

MXSARR 20

FENDAT"SOUND.DAT"
FNINX"SOUND.SNX"
étruct {
mel81;
yte;
cat;
Xs
struct {
mel81;
d nbyte;
d narrs;
d xbyte;
sarrUMXARR];
NX3
unsigned xmxarr,xmxbuf;
unsigned ymxarr,ymxbuf;
char *xbufarrtMXARR];
char #{ndat;

char #fninxs



#tdefine
tdef ine
#define
tdefine
tdefine

tdefine

/# TELE.H ¥/

Active 0Ox00

Pasive Oxff

HookOn Ox7f
DAswOn 0Ox4af
HandDsOn Ox2af

Port.C2 0x786



/% BIOSAREA.H ¥/

#ifndef byte

fdefine byte unsigned char

ftendif

/% define byle as a type t,

/¥ BIT FIELDS USED IN ROM BIOS DATA AREA %/

typedef strict {
unsigned hasFloppies

nul
mbRAM
initvideo
nhisks
nud
nSerialPorts
ganPort
nuis
nLPT

} EQFLAGS;

typedef struct {

unsigncq riteShiflDown
leftshifthown
ctrlshiflDown
altShiftDown
scrollLockOn
nunLockOn
capsLockOn
insOn
unused
ctriNumLockOn
scrollLockDown

nunLockbDown

1, /¥ 1 = system has floppy drives
1, /¥ nol nsoed
2, /4 nmotherboard RAM size fobsoleled
2, /¥ initial video mode
2, /1 nbr of floppy drives
1, /+ not. used
3, /+ nhr of serial porls ubtbtached
1, /¥ 1 = game porl attached
1, /¥ nol. nserd
23 /¥ number of printers

/4 this is the equipment flags sbLructure

1, /4 1 = right shift lkey dowun
1, /¥ 1 = lefl shift Key down
1, /v 1 = clrl-shifl combd down
1, /4 1 - alb-shift combo down
1, /¥ 1 = scroll lock mode on
i, . /¥ 1 = num lock wode on
1, /v 1 = caps lock mode on
1, /¥ ius koy doun
3, /¥ spare hils
1, /4 1 = cbtri-NumLock wmode nn
1, /¥ 1 = secroll Jock key down

1, /4 1 - num Jock ey down

v/
3/
V/
b/
v/
v/
1/
t/
+/
v/
V/

1/
1/
+/
1/
1/
1/
V7
v/
t/
i/
b/

v/



'

capsLockDown HE /¥ 1 = caps lock key down %/
insDown I /¥ 1 = ins key down t/
) KBDFLAGS; /¥ this is the keyboard flags sbructure ¥/

typedef struct {
unsigned
unsigned
EQFLAGS
byte
unsigned
unsigned
KBDFLAGS
byte
uns igned
unsigned
char
byte
byte
byle
byl.e
byte
byte
unsigned
unsigned
unsigned
byte
byte
byte
byle
unsigned
byte
byle

unsigned

serialPortaddri43;

parallelPortAddrl4];

eqpl.Flagss
mfgrTestFlags;
mainMens;
exXpRAM;
kbdstat;
keypad;
kkbdBuffHead;
kbdBuffTails
kbdBuffr321;
seekStat;
motorsStat;
notorCnt;
diskErrs
NECStatus(71;
videoModes;
scrnWidth;

vidBuffsz;

cyidBuffofs;

cursFos[81L2];
cursBotton;
cursTop;
activeDispPage;
activeDisplort;
CRTModeReg;

palette;

dataldgeTimeCounts



unsiéned
char
unsigned
int

byte
byte
unsigned
long
byte
byte
unsigned

unsigned

} BIOSDATA;

CRCRegs
lastInputvalue;
ticks;

hour;
timerOverflou;
brkstat;
resetFlags
hardDisksStatbs;
parallelTimeout [41;
serialTimeoutl41;
kbdBuff0fss;
kbdBuf fEnd;

AWl



ADCO0801/ADC0802/ADC0803/ADC0O804/ADCO805

National
Semiconductor
: Corporation

ADCO0801, ADC0802, ADC0803, ADC0804,

ADCO0805 8-Bit 1P Compatib!

General Description

The ADC0801, ADC08B02, ADC0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a ditferential potentiometric ladder—
similar 1o the 256R products. These converters are de-
signed 1o allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE™ output lalches di-
rectly driving the data bus. These A/Ds appear fike memory
locations or 1/0O ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted 1o allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

e A/D Converters

Ditferential analog voltage inputs

Logic inputs and outputs meset both MOS and TTL volt-
age laval specifications

Works with 2.5V (LM336) vollage relerence

On-chip clock generator

0V to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3 standard width 20-pin DIP package

20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5§ Vpc. 2.6 Vpg, or ana-
fog span adjusted voltage referance

Key Specifications
8 bits

Features s Resolution
w Compatible with 8080 pP derivatives—no interfacing ™ Total 9"‘0' h +14, LSB, =Y LSB and +1 LSB
logic needed - access time - 135 ns u Conversion time 100 ps
= Easy interface to all microprocessors, or ‘operates
“stand alone”
Typical Applications
w
() I
e sda vee -/
S Y I Y [0
SO Pl .« TRANSDUCER
e TR ] "t [ | saratsorunion
i DO i
" 172 > AN, ¢
W AR (R
2 M oue Vit !
2lon it 11 l___._J
LB P ¢ seamaps
W " Vagsft l=—O 30 sICTION =
4+ s oS t 141
80 0 GND
w ; ; 7 TL/HI56T1-1
8080 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
o sy Fuli-
Part VRer/2=2.500 Vpc | VRer/2 = No Connection
Scale E ¢
B ———aa. Humber d d (No Adjustments) {No Adjustments)
wscrco, . Ad|uste
e B0 - ADCO801 | + 1,158
"
e JO-4———d (VTR ADCO0802 +1,LSB
b ADCO0803 | £V, LSB
DATA
ADC0804 +1LSB
ADT0805 £118B
TU/H/S6T1-31




Absolute Maximum Ratings (otes 132

" Mllllary/herospace specifled devices are required,
contact the National Semiconductor Sales Office/
Distributats for avadability and specifications.

Storage Temperalture Range
Package Dissipalion at Ty = 25°C
ESD Susceptibility (Note 10)

-65"Cto +150°C

875 mW

800V

Tmin$Ta < Timax

-55°C<Tps +126°C

~40°CsTp< +85°C

~4A0°C<Ta< +85°C
0°'CsTa< +70°C
0"C<STa< +70°C
0*C<Ta< +70°C

Supply vollage (Vce) (Note 3) 6.5V
voltage in H N 1
Logic Control Inputs ~0.3Vio + 18V Operatl g Ratlngs (Notes 18.2)
At Other Input and Outputs ~0.3V to (Ve +0.3V) Temperature Range
Lead Temp. (Soldering, 10 seconds) ADC0801/02LJ
Dual-In-Line Packags (plastic) 260°C ADC0801/02/03/04LCJ
Dual-In-Line Package (ceramic) 300°C :gggggxgzh:o:!/osmq
Surface Mount Package ADC0802/03/04LCV
Vapor Phase (60 seconds) 215°C ADCOB02/03/04LCWM
Intrared (15 seconds) 220°C Range of Vcg

Electrical Characteristics

4.5Vpc 10 6.3 Vpg

The following specifications apply for Voo =56 Vpc. TMinS TaS Tmax and fck = 640 kHz unless otherwise specified.

$0800QYV/y0800aV/£0800AV/208000V/10800AV

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. "y LSB
. (See Section 2.5.2) ‘
ADCO0802: Total Unadjusted Error (Note 8) Vrep/2@2.500 Vpe P A LS8
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. iy LsB
(See Section 2.5.2) =
ADC0804: Total Unadjusted Error (Note 8) VRee/2=2.500 Vpc +1 LS8
ADCO0805: Total Unadjusted Error (Note 8) Vgeg/2-No Connection *1 LSB
vaer/2 tnptit Resistance (Pin 8) ADC0801/02/03/05 25 8.0 kN
ADCO0804 (Note 9) 0.75 1.1 . 31)
Analog Input Voltage Range {Note 4) V(+) or V(—) Gnd-0.05 Vg +0.05 Voc
DC Common-Modae Error Over Analog Input Voltage + e +% LS8
Range
Power Supply Sensitivity Vee=5 Vpe 1 10% Over + Y E37A LSB
Allowed Vin(+) and Vin(—)
Voltage Range (Nota 4)
AC Electrical Characteristics
The following specilications apply for Voo =5 Vpg and Ta =25°C unless otherwise spacified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time fori = 640 kHz (Note 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 73 1/1cLKk
oLk Clock Freguency Veg =5V, (Note 5} 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running NTR tied to WA with 8770 9708 conv/s,
Mode TS=0 Vpc, oLk =640 kHz 4
WAL width of WR Input (Start Pulse Width) T3=0Vpc (Notg 7) 100 ns
‘ACC Access Time (Delay from Falling Cy =100 pF 135 200 ns
Edge of AD to Output Data Valid)
L. toH TRI-STATE Control (Delay Cy=10pF, A =10k 125 200 ns
from Rising Edge of RO to (See TRI-STATE Test
Hi-Z State) Circuits)
iwi tal Delay irom Falling Edge 300 450 ns
ol WR or RD to Reset of INTR
Cin | Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cour TRI-STATE Qutput 5 7.5 i pF
) Capacitance (Data Buffers) " |
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmilt trigger circuit and is tharefore specifiod saparately}
Yo (1) Logical " 1" Input Voltage Vec=5.25Vpe 2.0 15 Voc
{Excapt Pin 4 CLK IN)




ADC0801/ADC0802/ADC0803/ADC0804/ADCO805

AC Electrical Characteristics (Continued)
The following specifications apply for Vgg = 5Vpc and Tyn € Ta < Tmax, uiless otherwise specified.

Symbol I Parameter K ] Conditions l Min l Typ ] Max [ Units

CONTROL INPUTS [Note: CLK IN (Pin 4} is the input of a Schmitt trigger circuit and is therslorg specified separately]

Vin {O) Logical 0" Inpul Voltage Vee=4.75Vpe 0.8 Voe
(Except Pin 4 CLK IN)

e (1) Logrcal 1" Input Current ViN=5Voc 0.0us 1 pApC
(All Inputs)

in (0) Logical “0" Input Current Vin=0Vpc -1 -0.005 uAoc
(All Inputs)

CLOCK IN AND CLOCK R

Vr + CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage

Vy— CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voc
Going Threshold Voltage

Vi CLK IN {Pin 4) Hysteresis 0.6 1.3 2.0 Voo
(Vr+)—(V1~)

Vour (0) Logical “0" CLK R Qutput 1o =360 nA 0.4 Voe
Voltage Veg=4.75Vpe

Vout (1) Logical **1"" CLK R Output lo=—360 pA 2.4 Voe
Voitage Ve =4.75Vpc

DATA QUTPUTS AND INTR

Vour (0} Logical 0" Output Voltage
Data Outputs lout= 1.6 MA, Ve =4.75Vog 0.4 Voe
INTR Output loyr= 1.0 mA, Vcc=4.75 Voc 0.4 Voc

Vour (1) Logical "1 Output Voltage lo= =360 pA, Vec=4.75 Voc 2.4 Voc

Vourt (1} Logical 1" Qutput Valtage lg=—10 pA, Vcc=4.75 Vpe 4.5 Voc

lout TRI-STATE Disabled Output Vour=0Vpc -3 nAoG
Leakage (All Data Buffers) Vour=5Voc 3 nADC

1SQURCE Vout Shortto Gnd, Tp=25'C 4.5 6 mApG

ISINK Vout Shortto Vg, TA=25°C 2.0 16 mAGC

POWER SUPPLY

Icc Supply Current (Includes foLk = 640 kHz,
t.adder Current) Vaee/2=NC, Tp=25'C

and CS=5V

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCWM l 1.9 2.5 mA

Note 1: Absolute Maximum Fatings indicate fimits beyond which damage to the device may occur. OC and AC alectncal spe:
tne davice beyond its spé
Note 2: AR voliages are measured with resoect to Gnd, unloss otherwise specti
Hote 3: A zenar diode exists, Internally, rom Veg to Gnd and has a typicsi breakdown voftage of 7 Vpc:
Note 4: For Vin{ —}2 Ven{ + ) the digital outout code will be 0000 0000. Two on-chip
conduct for analog input voltages one diode drop below ground or one diode drop graater (han the Vcc suppty. Be c:
as high level analog inputs {5V) can cause this input diode to conduct-especialty at glevated tomoaratures, and causa arrors {or analog iny
soec allows 50 mV forward bias of aither diode, This means thal as long as the analog Vin doas not exceed the supply voltage by more

code wifi be correct. To achiove an absolute 0 Vng 10 § Vg inout vollage range will theralore require a minimum supply voltage of 4.850 Vpg over lamparature

tiod operating

vanatons, initial tolerance and losding.

Mote 5: Accuracy s quaranteed al oy = $40 kHz At h'qm;l clock Irequencies accuracy can degrade. For lower clock fraquancies, the duty cycle

=ifications 0o not apply whan operanng
od. The separate A Gnd point should always be wired 10 the O G,

diodes are ted to each analog input {see block diagram} which will forward

areful, during tasting at low Ve levels (4.5V).*

axtended $0 long as the minimum clock high tima interval of miMmum clock fow time nterval is no lass tnan 275 ns.

Note 6: With an asynchronous start pulse, up 10 8 clock penods may be raquired betore

start request is internally latcned. see Figwe 2 and section 2.0,

Note 7: The C3 input is assurmad 10 bracket
the converter in & resat mooo and the start of CoNversIon is i
Note 8: None of thasa A/Ds requiras a zero adjust {see section 2.5.1). To obtain 2er0 code st othar analog nput voltages sae section 2.

Mote 9: The Vagr/2 Dm i3 (ha conter poInt OF A two (aSIStOr divider connected fram Vg to ground Each rasistor 1s 2.2k, exceot for the ADCO804LCY whary racn

uated by tha low 10 hgh transition of the WH oulse (see tnung disgrams).

cemistor is 16k, Total lagder input rosistance s 1ha sum of 1ha two aqual resistors.

Hote 10; Human bady modol, 100 pF discharqed through a 1.5 W1} resistor,

puts near full-scale. Tha
than 50 mV, thg output

hruts can be

the intarnal clock phases are propar 10 Start the CONVerson NIOCess. The

ne WA sirobe nput and therefore timing 18 cepondant on the WA oulse width. An arbiranty wide pulse wrilh will bold

5 ang Figure 5.

. dwte t e
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Typical Performance Characteristics

Delay From Falling Edge of

Logle input Threshold Voltage RD to Output Data Valid CLK IN Schmitt Trip Levels
vs. Supply Vaitage vs. Load Capacitance va. Supply Voltage
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

. —

TRI-STATE Test Circuits and Waveforms

tn tin. CL = 10 pF ton ton, C = 10 pF
Vee Yee

i)
DATA 1on
outru?
B DATA
v [43 outrur
oM 0%
OATA t OATA
ourruts outruts
ono
= = =
=20 ns . t, =20 ns TL/H/5871-3

Timing Diag rams (Al timing is measured from the 50% voltage points)

START
CORVERSION "

- m_\]\* -4

—t WA “SUSY”

. £ N DATA S VALID IN
ACTUAL INTEANAL “NOT SUSY” ; QUTPUT LATCHES

STATUS OF THE
CONVERTER

e 17O 80 Mg ! INTERNAL T¢

| {LAST DATA WAS A€AD)

fLAST OATA WASNOT AEAD) /} INT ASSEATED
] Wity
Output Ennble and Reset INTR
TWYR RESET
NTA

:
W

TRISTATEY

OATA e e e e
ourryts

—=n-fon

. TUIHISET Y -4
Note: Asad strobe must occur B clock perods (8/1cy k) after assertion of interrupt 10 guarantea reset of IN TR TLinssert
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Typical Applications (Continued)

6800 Interface
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ADCOBO1/ADCO802/A000803/Ab00804/ADC0805

Typical Applications (continued)

Directly Converting a Low-Level Signal
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Typical Applications (continued)

Seif-Clocking Mullipie A/Ds
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Sell-Clocking in Free-Running Mode
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w External Clocking
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications (continved)

1P Compatible Differential-Input Comparator with Pre-Set Vog {with or without Hysteresis)
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Typical Applications (continued)

Handling 5V Analog nputs
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Typical Applications (continued)

3-Decade Logarithmic A/D Converter
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Typical Applications (continued)

Sampling an AC lnput Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure ta. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2,5V tied 1o the Vggg/2 pin). The digital
output codes that correspond to these inputs are shown as
D-1, D, and D+ 1. For the perfect A/D, not anly will center-
value (A—1,A A+ 1, .. .)analoginputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located *', LSB
away from each center-value, As shown, the risers are ideal
and have no width. Corract digital output codes will be pro-
vided for a range of analog input voltages that extend 1,
LS8 from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 1b shows a worst casa arror plot for the ADC0801,
All center-valued inputs are guarantaeed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than * 4, LSB. In

Transfer Function

othar words, if we apply an analog input equal to the center-
value = ', LSB, we guarantee that the A/D will produce the
correct digial code. The maximum range of the position of
the code transition is indicated by the honzontal arrow and it
is gquaranteed to be no more than '/, LSB.

The error curve of Figure Ic shows a worst case error plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LS8 analog voltage center-value
the A/D will produce the correct digital code.

Next 10 each transfer function is shown the corresponding
error plot. Many paople may be more familiar with error plots
than transfar functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
stops of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is +'4 LS8 because the digital code appeared 'z LSB in
advanca of the center-valus of the tread. The error plots
always have a constant negative siope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot
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Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

The ADCOBO1 series contains a circuit equivalent of the
256R network. Analog swilches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage (Vin(+) ~ Vin(—)] 10 a corresponding tap on
the A network. The most significant bil is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code {1111 1111 = full-scale) is transferred to an output
1atch and then an interrupt is asserted (INTH makes a high-
lo-low transition). A conversion in process can be interrupt-
od by issuing a second start command. The device may be
operated in the Iree-running mode by connecting INTR to
tha WR input with C5=0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle. .

On the high-to-low transition of the WR input the internal
SAR latches and tho shift register stages are reset. As long
as tha C3 input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at laast one of these inputs makes a Tow-t0-
high transition.

A functional diagram of the A/D convaerter 1s shown in Fig-
- ure.2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.
The converter is started by having T3 and WA simulta.
neously low. This sets the start tlip-flop (F/F) and the rasult-
ing "1 level resets the 8-bit shift register, resels the Inter-
LTupt.(INTR) E/F andinputs a 1" to the D llop, F/F 1, which
is at the inpul end of the B-bit shift ragister. Internal clock
signals then transfer this 1" to the Q output of F/F1. The
AND gate, G1, combinaes this "' 1" output with a clock signal
lo provide a resot signal to the start F/F. Il the set signal is
no longer present (either WR or TS is a " 1”) the start F/F is
resel and the 8-bit shill register then can have tho 1"
clocked in, which starts the conversion process. Il the set
signal were to still be-prasent, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be at a “1" lavel) and the 8-bit shift ragister would continue
to be held in the reset mods. This logic therefore allows for
wide C3 and WR signals and the convaerter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.
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Functional Description (continueq)

Alter the 1" is clocked through the 8-bit shift register
(which completes the SAR search) it appsears as the input to
the D-type latch, LATCH 1, As soon as this 1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to sel. An inverting bulfer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
/s of the frequency of the external ciock). If the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 pariods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and C3S wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of tha INTH signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As lhe latch enabla input is still present, the G
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resuting INTH output
pulse to only a lew propagation delays (approximately 300
ns).

When data is to be read, the combination of both C5 and
RD being low will cuuse the INTR F/F to be reset and the
TRI-STATE outout latches will be enabled lo provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (C3, RD, and WR) mest standard
T2L logic voltage levels. These signals have been renamed
when compared 1o the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy interface to microprocessor control busses. For
non-microprocessor based applications, the C3 input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active fow pulse applied at the WA input (pin
3) and the QOutput Enable function is caused by an active
low pulse at the RD input (pin 2). \

2.2 Analog Differential Voltage {nputs and
Common-Mode Rejection

This A/D has addilional applications flexibility due to the
analog differential voltage input. The Viy(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also usefulin
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval betwaen sampling Vin(+) and Vin{—) is 4-
Y4 clock pariods. The maximum error voltage due to this

—

sfight time dilterante between the input voltage sampley
given by:

4.5
AVg(MAX) = (Vp) (21cem) (— )
fouk

whare:

AV, is the error voltage due to sampling delay

Vp is the peak valua of the common-mode voltage

fem is the common-mode Irequency
As an example, to keep this error 10 /4 LSB (~ 5 mV) wheq
operating with a 60 Hz common-mode frequency, f.n, and
using a 640 kHz A/D clock, Igpk. would allow a peak vake
of the common-mode vollage, Vp, which is given by: |

_ [aVemax (el
(21lem) (4.5)

or

Vp = (5 x 10~3) (640% 103)

(6.28) (60) (4.5)

which gives

Vp=1.9V.,
The allowed range of analog input voltages usually placet
more savare rostrictions on input common-mode noise lev.
els.
An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
difterential input (see section 2.4 Refarence Voltage).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Duse 1o the internal swilching action, displacement currents
will {low at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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FIGURE 3. Analog Input impedance
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Functional Description continvea)

The voltage bn this capacitanca is switched and will result in
surrents entering the Vin( 1) input pin and leaving the
Vil —} input which will depend on the analog ditlerential
input voltage leveis. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not causa errors as the on-chip comparalbr is strobed at
the end of the clock period.

Fauit Mode

Il the voltage source applied to the Vin{+) or Vin{—) pin
exceeds the allowed operaling range of Vgg + 50 mV, large
input currents can flow through a parasitic diode to the Vg
pin. If thase currents can exceed the | mA max allowed
spec, an external diode (1N914) should be added 1o bypass
this current 1o the Vg pin (with the current bypassed with
this diode, the voitage at the Vin{+) pin can exceed the
Ve voltage by the lorward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current 1o flow through the output resist-
ances of the analog signal sources. This charge pumpiry
action is worse for continuous conversions with the Vin(+)
input voitage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-

fore, bypass capacitors should not be used at the analog

inputs or the Vrgge/2 pin for high resistance sources (> 1
kf1). If input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable o minimize ca-
pacitor size, the detrimental eflects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance wtiere an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 k1)) for a passive RC section or add an op amp RC
aclive low pass filter. For low source resistance applica-
tions, (< 1 k), a 0.1 uF bypass capacitor at the inputs will
pravent noise pickup due to series lead inductance of a long
wire. A 10001 series resistor can be used 1o isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below § k(1. Larger values
of source resistance can cause undesired system- noise
pickup. Input bypass capacitors, ptaced from ihe analog in-
puts lo ground, will eliminate system noise pickup but can
create analog scale errors as thesa capacttors will average
the transient input switching currents of the A/D (see sec-
lion 2.3.1.), This scale error depenas on both a large source

resistance and the use of an input bypass capacior. This
arror can be eliminated by doing a full-scale adjusiment of
the A/0D (adjust Vpge/ 2 tor a proper lull-scale reading—see
saction 2.5.2 on Full-Scale Adjustment) with the source ro-
sistance and inpul bypass capacitor n place.

2.4 Reference Volitage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg of an adjusted
voltage reference. This has been achiaved in the design of
the IC as shown in Figure 4.

vec Vagp)
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s . meITAL
}_ CIACUITS
L} ANALDG
AN Prego cincuIrs
s kO
IYLTR DGND |10
= 77
TL/HISET1-15

FIGURE 4. The Vrerenence Design on the iC

Notice that the reference voltage for the IC is either '/ of
the voltage applied to the Vg supply pin, or is equal to the
voltage that is externally forced at the VRgg/2 pin. This al-
lows for a ratiometric voltage reference using the Vg sup-
ply, 8 5 Vpg reference voltage can be used for the Vcg
supply or a vollage less than 2.5 Vpg can be applied to the
Vrer/2 input for increased application llexibility. The inter-+
nal gain to the Ver/2 inputis 2. making the full-scale dilter-/
ential input voltage twice the voltage at pin 9.
An exampls of the use of an adjustad reference voltage isto
accommodate a reduced span—ar dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vpg lo 3.5 Vpg, instead of OV 1o 5 Vpc,
the span would be 3V as shown in Figure 5. With 0.5 Vp¢
applied 1o the Vin(—) pin to absorb the offset. the reference
voltage can be made equal to ' of the 3V span or 1.5 Vpe.
The A/D now will encode tha Ve +) signal from 0.5V 10 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpe
input corresponding to fuli-scale The full 8 bits of resolution
are therefore applied over this revuced analog input voltage
range.
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Functional Description (contnues)

*Add U Vgp/2 - 1 Vpg wiih LMIS8
to draw 3 mA to ground,
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a) Analog Input Signal Example

FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arblitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voitags is a factor in both the
output of the source transducer and the output of the A/D
converter and therelore cancels out in the final digital output
code. The ADC080S is specified particularly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For VRgp/2
voltages of 2.4 Vpg nominal value, initial errors of +10
mVYpg will cause conversion errors cf =1 LSB due to the
gain of 2 of the Vreg/2 input. In reduced span applications,
the initial value and the stability of the Vggr/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span} to 10 mV and
1 LSB at the VRep/2 input becomes 5 mV. As can be seen.
this reduces the ailowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

in general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voitage regulators may be used for ref-
arences if the ambient temperature changes are not exces-
sive. The LM3368 2.5V IC relarence diode (from National
Semiconductor) has a temperature stability-of 1.8 mV typ
(6 mV max) over 0°Cx<Tax +70°C. Other lemperature
range parts are also available.
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b) Accommeodating an Analog input from
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0.5V (Digital Out = = 00ygx) to 3.5V
(Digital Qut=FFnex)

2.5 Errors and Reference-Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vingminy, is not ground,
a zero offset can be dona. The converter can be made to
output 0000 000D digital code for this minimum input voltaga
by biasing the A/D Vin(—) input at this Vingvinyg value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of tha transfer funclion and can be mea-
sured by grounding the Vs (—) input and applying a small
magnitude positive voltage to the Viy (+) input. Zero error
is the difference between the actual DC input voltage that is
necessary to just cause an oulpul digital code transition
from 0000 0000 to 0000 0001 and the ideal '/, LSB value
(Y, LSB = 9.8 mV for Vpgep/2=2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustrnent can be made by applying a differ-
antial input voltage that is 1Y, LSB less than the desired
analog fuil-scale voltage range and then adjusting the mag-
nitude of the Vgp/2 input (pin 9 or the Vo supply if pin 9is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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Functional Description (Continuea)

2.5.3 Adjusting for an Arbitrary Analog [nput Voitage
Range
it the analog zero voltage of the A/D is shifted away from
ground {for example, to accommodate an analog input sig-
nal that does riot go to ground) this new zero relerence
should be properly adjusted first. A Vin(+) voltage that
equals this desired zero relerence plus 'z LSB (whera lhe
LS8 is calculated for the desired analog span, 1 LSB = ana-
log span/256) is applied to pin 6 and Ihe zero referance
voltage at pin 7 should then be adjusted to just obtain the
00ngx 0 01pex code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) valtage applied) by forcing a voltage to the
Vin( +) input which is given by:
. (Vmax_ — VMIN)]
Vi (+)fs adj = Vpax— 1.5 | —————1,
w(+) i MAX [ 256

where:

Vmax = The high end of the analog input range
and

Vamin = the low end (the offset zero) of the analog range.
{Both are ground referenced.) ’
The Vper/2 {or Vog) voltage is then'adjusted to provide a
code change from FEpgx to FFuex. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived fram the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 6.

U/

CLK R

1
foLk  ——
n CLKT11RC

du ':' >——-—{ : >O—4— LK
CJ;

Heavy capatitive or DC loading of the clock R pin should he
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buller or PNP input logic should be used to minimize
the Ioading on the clock R pin (do not use a standard TTL
bufter).

R=10 kO

A/D

: TLIH/S671-17
FIGURE 6. Sel{-Clocking the A/D

2.7 Restart During a Conversion

if the A/D is restarted (CS and WR go low and return high}
duning a conversion, the converter is reset and a new con-
varsion is started. The output data latch is not updated if the

conversion in process 1s not allowed to be compieted. there-
fore the dala of the previous conversion remains in this
latch. The INTR output simply remains al the 1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, t0 ensure circuil opera-
tion. In this application;-the CS input 15 grounded and the
WA input is lied 1o the INTH output. This WR and iNTR
node should be mdmentarily {orced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacilive loading of the
data bus slows down the response time, even though DC
specifications are still mat. For systems operating with a
relatively stow CPU clock frequency, more time is avaitable
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Schottky such as the DM741.5240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Vcg supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantatum filter capacitor should be used close lo
the converter Vo pin and values of 1 pF or greater are
recommended. It an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter {and other analog circuitry) wiil greatly
reduce digital noise on the Ve supply.

2.11 Wiring and Hook-Up Precautions s
Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therafore shielded
leads may be necessary in many applications.
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‘ADC0801/ADCO0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)

A singlo paint analog ground thal is soparate from the logic
ground points should be usaed. The power supply bypass
capacitor and 1he salf-clocking capacitor (if used) should
both be roturned lo digital ground. Any Vpgr/2 bypass ca-
pacitors, analog input filter capatitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero eror of the A/D
converler. Zero errors in excess of Y, LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 lor measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are manv degrees of complexity associated with test-
ing an A/D convarter. One of the simplest tests is to apply a
known analog input vollage to the converter and use LEDs
to display the resulling digital output code as shown in Fig-
ure 7.

For ease of testing, the Vper/2 (pin 9) shoutd be supplied
with 2,560 Vpc and a Vg supply voltage of 5.12 Vpc
should be used. This provides an LSB value of 20 mV.

Il a full-scale adjustment is 1o be made, an analog input
voltage of 5.090 Vpg (5.120- 1, LSB) should be applied to
the Vyn(+) pin with tha Vin{—) pin grounded. The vaiue of
the VRE,:)Z input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of Vgee/2 should then be used for all the
tests.

The digital outout LED display can be decoded by dividing
the 8 bits into 2 hex characters. the 4 mast significant (MS)
and the 4 least significant (LS). Table | shows the (ractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “"VMS™ and "VLS" columns in
Table I, the nominal valua of the digital display (when

108
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FIGURE 7. Basic A/D Tester

TL/H/S671-1R

VRegpe/2 = 2.560V) can be dotermined. For example, lor an
output LED disptay of 1011 D110 or B6 (in hex). the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc,
These vollage valuas represent the center-values of a per.
tect A/D converter. The elfects of quantization error have to
be accounted for in the interpretation of the test results,
For a higher speed test system, or to obtam piotted data, 3
digital-to-analog converter is needed for the test set-up. An
accurale 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or dilferences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the ermor
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab OVM with a numerical sub-
traction feature is available to read the dilterence voltage,
“A~C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
ba used to provide analog error (Y axis) versus analog input
(X axis). The construction details of a tester of this type are
provided in the NSC application note AN-179, “Analog-to-
Digitat Converter Testing”.

For operation with a microprocessor of a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides i LSB steps for the 8-bit A/D
under test. if the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internat fimits on Lhe allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with BOBOA and 6800 microproces-
sars, a common sample subroutine structure is used. Tha
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. All D4ta and Addresses will be given in
hexadecimal form. Software and hardware delails are pro-
vided separately for each type of microprocessor.

4.1 Intertacing 8030 Microprocessor Derivatives (8048,
8085) .

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
iAppeéd into memory space {using standard memory 4d-
dress decoding for C3 and the MEMR and MEMW strobes)
or it can be controfled as an 1/0 device by using the m
and 70 W strobes and decoding the address bits AQ —*
A7 (or address bits AB — A15 as they will contam tha
same 8-bil address information) 1o obtain the CS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be mput to the accumulator. To make use of the addi-
lional memory relerence instiuctions, the A/D shoutd be
mapped into memory space. An example of an A/D in 170
space is shown in Figure 10.
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Functional Description (continued)
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FIGURE 8. A/D Tester with Analog Error Qutput

50802QV/y0800QV/£0800QV/20800AV/108000QY

oreITaL oacioes  \UANALOGE o0 DIGITAL
10 TR, TEST. outeyr
DAC
TL/H/5871-19
FIGURE 9. Basic "“Dlgital” A/D Tester
+
TABLE I. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
CENTER VALU
FRACTIONAL BINARY VALUE FOR F FUES
HEX BINARY WITH
VREF/2 = 2660 VDC
. MS GROUP LS GRoup VMS GROUP* | VLS GROUP*
- B T T R ’ 15/18 15256 4800 0.300
E 1 1 1 0 7/8 7/128 4,480 0.280
D 1 1 0 1 13/16 13/256 4.160 0.260
C 1 1 o 0 3/4 ' 3/64 3.840 0.240
8 1 0 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 1 [* ] 1 9/16 9/256 2/880 0.180
8 1 0O 0 O 1/2 1732 2/560 0.160
7 0 1 1 1 7/16 77256 2.240 .140
5 (4] 1 1 o] 3/8 3/128 1.920 0.120
5 [} 1 0 1 5716 2/256 1.500 0.100
4 0 1 0 0 174 1/64 17280 0.080
3 0o o 1 1 3/16 3/256 0.960 0.060
2 0 0 1 0 1/8 17128 0.640 0.040
1 9] 0 ] 1 /16 1/256 0.320 : G.G29
o o o0 0 9 0 | I :
‘Cisolay Qutout = VMS Group -~ VLS Group '
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Functional Description (continued)
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Note 1: “Pin numbers for the DP8228 system controlier, others are INSB0B0A.
Note 2: Pin 23 of the INS8228 must be fiad to + 12V through a 1 k) resistor to generate tho RST 7
instruction whan an interrupt Is acknowledged a8 raquired by the accompanying sample program.

FIGURE 10, ADC0801-~INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE

0038 €30003 RST 7: JMP

L] L L]

L] - LJ
0100 21 00 02 START : LXI H 0200H
0103 310004 RETURN: LXI SP 0400H
0106 7D MOVA, L
0107 FEOF CPIOFH
0109 cAl3ol - JT CONT
010C D3 EO OUTEOH
OlCE B EI
O10F 00 LOOP: NOP
0110 C30FO01 JMP LOOP
0113 . CONT : .

- - . .

. . {User program to .

. . process data) .

L . L] .

L] . L] .
0300 DB EQ LD DATA: INEQH
0302 77 MOV M, A
0303 23 INXH
0304 c30301 JMP RETURN

Nole 1: The stack ponter mus| be armansionad because a RST 7 instruction pushes the

Note 2; All aodress used waro artitranty chosen.

LD DATA

;HLhpairwill point to

;data storage locations
;Initialize stack polnter (Note 1)
; Test # of bytes envered K
s If#=16. JMP to

;user progranm

;Start A/D

s Enable interrupt

s Loopuntil endof
;canversion

4

7

:Load data into accumulator
; Store data
: [ncrement storagse pointer

PC onto tha stack.
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Functional Description (continued)

The standard control bus signals of the 8080 C3, RD and
WH) can be diractly wired to the digital control inputs of the
A/D and the bus timing requirements are maet to allow both
starting the converter and oulputting the data onto the data
bus. A bus driver shou!d ba used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The lollowing sample program and associaled hardware
shown in Figure 10 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INSB0B0A microprocassor, the INSB2268 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, E0. The
TRI-STATE output capability of the A/D aliminates the need
for a peripheral interface device, however address decoding
1s still required 1o generate the appropriate C3 for the con-
verter.

It is important to note that in systems where tha A/D con-
vertar is 1.0l-:8 or less.l/O mapped davices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AD to A7) can be directly used as CS inputs—one for each
170 device,

4.1.2INS8048 Interface

The INS8048intarface 1echnique with the ADC0801 series
{see Figure 11) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048,
With these extra 1/0 lines available, one of the I/0 knes (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an exiernal address decoder. Bus
control signals AD, WH and INT of the 8048 ara tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F {Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below,

i $Vac
[ I
Vee ol 1[oe Ve T 1ont,
P DL on B
PYY O on
onle ] e
o DI T2
ont| oL oes
one e Hon
mixses gpy (422 Wosr ascust
1ef
i IT) Lla o B
wTfet LI ) ) 1
e [ lolét Acno |:
s ocno q
Anaton [ == reted
vie 19PUT | g Viml-t =
Jll

TL/H/S8T1-21

FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 111NS8048 INTERFACE

0410 JMP
ORG
04 50 JMP
ORG
99 FE ANL
81 MOVX
89 01 START: ORL
B8 20 Nov
B9 FF MoV
BA 10 MoV
23 FF AGAIN: MoV
99 FE ANL
91 MovX
05 EN
96 21 LOOP: JNT
EA 1B DJNZ
00 jdop
00 NoP
ORG
81 INDATA: Hovx
A0 Hov
1 INC
8901 ORL
27 CLR
93 REIR

10H : Program starts at addr 10

3H

SO0H ; Interrupt jump vector

10H s Main program

P1l, #OFEH 1 Chip select '

A, @Rl ;Read in the 1st data f
;toreset the intr

PL, #1 ;Set port pinhigh

RO, #20H :Dataaddress

R1, #OFFH : Dunmy address

R2, #10H ; Counter for 16 bytes

A, #0FFH +Set ACC for intr loop

P1, #OFEH :Send CS (bit Qof P1)

#RL, A 1 Send WR out

I : Enable interrupt

Loop ;Walt for interrupt

R2, AGAIN :If168 bytes are read
;8o touser’'s program

SO0H

A, g¢Rl ; Input data, CSstill low

3RO, A :Store inmemory

30 : Increment storage counter

?1, #1 ; Reset CS signal

A :Clear ACCtoget out of

:the interrupt loop
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Functional Description (continue)

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 170 request, IORQ, sig-
nals areé.used which have to be combined with the general-

.ized strobes to provide the equivalent 8080 signals. An ad-

vantage of operating the A/D in I/0 space with the Z-80 is
that the CPU will automatically insert one wait stale (the RD
and WR strobas are extended one clock period) to allow
more lime for the 1/0 devices to respond. Logic to map the
A/D in 1/0 space is shown in Figure 13.

L1 L A\

g an
wm !

wn

MMIACIT TUL/HIS671-23
FIGURE 13. Mapping the A/D as an /0 Device
for Use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 170 Input instructions. For example, MUX channel
selection for tho A/D can be accomplished with this operat-
ing mode.

4.3 Interfacing 6800 Microprocessar Derlvatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not usse the AD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢2 clock. All 1/O devices are memory
mapped in the 6800 systemn, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using 4 DMB092. Note that in many 6800 systems, an al-

—
ready decoded 475 line 1s brought out to the common bus s
pin 21. This can be tied directly to the T3 pin of the AID,
provided that no other devices are addressed at HX ADDR.
4XXX or 5XXX.

The following subroutine performs essentially the same
function as in the case of the 8080A interface and it can be
called {rom anywhaere in the user’s program.

In Figure 15 the ADC0801 series is interfaced to the M680g
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA),
Here the TS pin of the A/D is grounded since the PIA iy
already memory mappad in the M6800 system and no {3
decoding is necessary. Also notice that the A/D output daty
linas are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be groundéd.

A sample interface program equivalent to the previous one
is shown below Figure 15. The PIA Data and Control Regls.
tars of Port B are located at HEX addresses 8006 and 8007,
respeactively.
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DAC0800/DAC0801/DAC0802

National
Semiconductor
Corporation

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog

Converters

General Description

The DACOBOO series are monolithic 8-bit high-speed cur-
rent-output digital-to-analog converters (DAC) featuring typi-
cal settling times of 100 ns. When used as a mulliplying
DAC, monotonic performance over a 40 lo 1 relerence cur-
rent range is possible. The DACO0800 series also features
high compliance complementary current outpuls to allow
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-scale cur-
rent matching of better than + 1 LSB eliminates the need for
full-scale trims in most applications whila the nonfinearities
of better than +0.1% over temperature minimizes system
error accumulations.

The noise immunae inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, Vic, grounded.
Changing the V| potential will allow direct interface to oth-
er logic families. The performance and characteristics of the
davice are essentially unchanged over the {ull£4.5V to
+ 18V power supply range: power dissipation is only 33 mW
with +5V supplies and is independent of the logic input
states.

The DAC0800, DAC0802, DAC0800C, DAC0801C and
DAC0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, respectively.

Typical Applications

IGITAL inPUTS

mso
1 97 B) 04 85 86 87

A S

(833
L1

Features
m Fast settling output current 100 ns
= Full scale error £11LS8
u Nonlinearity over temperature £0.1%
& Full scale current drift ~10 ppm/°C
= High outpul compliance —10V to + 18V
= Complementary current outputs
m Interface directly with TTL, CMOS, PMOS and others
w 2 quadrant’wide range multiplying capability
® Wide power supply range +45V o =18V
n Low power consumption 33 mW at =5V
= |ow cost

v

St s 6
1oV O—AN— 1t

DAgDIOO

T8 9 10 1102 g

1 2

Vayr 70 20Ves

v lDlu'

-l-

out

TL/H/56868~1
FIGURE 1. £ 20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Terr;perature Order Numbers
. ange J Package (J16A)* N Package (N16A)" SO Package (M16A)
+0.1%FS | —55°C £ Ta < +125°C| DAC0802LJ | DAC-08AQ
-0.1% FS 0°C < Tp s +70°C | DAC0802LCJ | DAC-08HQ | DACOBO2LCN | DAC-08HP DAC0802LCM
-0.19%FS | —55°C < Tp s +125°C| DACO800LJ { DAC-08Q
=0.19% FS 0°C < Ta = +70°C | DACO80OLCJ | DAC-08EQ | DACOB0OLCN | DAC-0BEP DACOBOOLCM
=0.39% FS 0°C 2 Taw ~70°C | DACOBO1LCJ | DAC-08CQ | DACOBO1LCN | DAC-08CP DACOB01LCM

*Davices may ba orde od by using wiher ordar numbaer.




Absolute Maximum Ratings ot 1)
if Milltary/Aerospace specitied devices are required,

contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.
Supply Voltage (V+ ~ V ) + 18V or 36V
Power Dissipation (Note 2) 500 mW
Reference Input Differential Voltage

{(Vidto V15) V lov+
Reference Input Common-Mode Range

(V14,V15) V-tov*
Retference Input Current 5mA
Logic Inputs V- to V- plus 36V
Analog Current Oulputs (Vg —= = ~15V) 4.25mA
ESD Susceptibility (Note 3) TBDV

Storage Temperature ~-65°Ctlo + 150°C

Lead Temp. {Soldering, 10 seconds)
Dual-In-Line Package (ptastic)
Dual-In-Line Package (ceramic)

Surtace Mount Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

Operating Conditions mote 1

Min
Temperature (Tp)
DACO802L —-55
DACO800L —55
DAC0800LC 4]
DACO0BO1ILC 0
DAC0802LC 0

Max Units
+125 *'C
+125 °C
+70 ‘C
+70 *C
+70 *C

260°C
300°C

215°C
220°C

Electrical Characteristics The oflowing specifications apply for Vs = + 15V, Ingr = 2mA and Ty < Ta <
Tuax unless otherwise specified. Output characteristics refer to both lgyt and lout.

DACO0802L/ DACo800L/
symbol Parameter Conditions DAC0B02L.C DAC0800LC DACOBOILC | ;s
Min | Typ | Max{Min| Typ | Max |Min| Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonfinearity +0.1 +0.19 +0.39) %FS
Settling Time To £ ', LSB, All Bits Switched 100 | 135 100 | 150 ns
"ON" or "OFF", Ty = 25°C
DAC0800L 100 | 135 ns
DACO0800LC 100 | 150 ns
3LH, Propagation Delay Ta=25"C
tPHL Each Bit 3s 60 35 50 35 60 ns
All Bits Switched 3s 60 35 60 35 60 ns
“llgg Full Scale Tempco +10 | £50 +10 | £50 210 | +80 [ppm/°C
‘3C Output Voltage Compliance|Full Scale Current Change -10 18 {—-10] 18 [~-10 18 \
<%, LSB, Royr > 20 M Typ
14y Full Scale Current Vaer = 10.000V, R14=5.000 k1}11.984] 1.992 [2.000/1.94| 1.99 | 2.04 {1.94] 199 | 204 | mA
R15=5.000kfl, TA=25'C
5 Full Scale Symmetry lgse—lrsn $05 | £4.0 +1 | £8.0 2 | 216 ] pA
S Zero Scaie Current 0.1 § 10 02 | 20 0.2 4.0 uA
LY Output Current Range V-—= -5V 0 20 | 21| 0 2.0 21 0 2.0 2.1 mA
V== —8Vig 18V 0 20 {4210} 20 j 42| 0] 20 | 42 mA
Logic Input Levels
R Logic “0” Vig=0v 0.8 0.8 0.8 v
‘a Logic 1" 2.0 2.0 2.0 \
Logic Inout Current Vig=av
Logic "0 — 10V VNS +0.8V -20]-10 -20| —-10 -20f -10]| pA
- Logic' 1" 2VSVinS +18V h \ 0.002} 10 0.002] 10 0.002] 10 ul
-3 Logic Input Swing V- =15V -10 18 | — 10 18 {—-10 18 v
wA Logic Threshold Range Vg= 15V =10 13.5]-10 13.5 |—10 13.5 v
s Reference Bias Current ~1.0|-3.0 -10]| -30 =10[ ~3.0] pA
gt Relerence Input Slew Rate |(Figure 12) 401! 80 40| 8.0 401 80 mA/us’
:SSlc_s » {Power Supply Sensitivity 4.5VSV+ <18V 0.0001} 0.01 0.0001] 0.01 0.0001| 0.01 | %%/°%
*3Sleg_ —4.5VIv-ciBv 0.0001| 0.01 0.0001| 0.0 0.0001) 0.01 | ®%/%
Inge = tmA
Power Supply Current Vg = 5V, iggr =1 mA
23 1 38 23 | 2.8 2.3 38 mA
-43[-58 -43( -58 ~43| -58]| mA
Vg=5V, ~15V.lpge =2 mA
24 | 38 2.4 38 24 3.8 mA
-641-78 -64]~7.8 -d94] -78 mA
Vg= £ 15V, lggr = 2mMA i
[ 25 | 38 , 25 | 38 25 [ 38 ) ma
| -55(1-78 -651 -78 351 -78] maA

4.7
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Electrical Characteristics (continued) j
The foliowing specilications apply for Vg = +15V, Iggr = 2 mA and Tpun <.Ta £ Tumax unless otherwise specified. Output
characteristics refer to both loyt and loyr-

DAC0800/DAC0801/DACO0802

DAcCo802L/ DACOBOOL/
Symbol Parameter Conditions DAC0802LC DACO0800LC DAC0801LC Units
Min | Typ { Max | Min | Typ | Max | Min | Typ | Max
Po Power Dissipaticn | £5V, lngr =1 mA .33 -48 -33- 4 -48 33 48 mw
. 5V,— 15V, lgge =2 mA 108 136 108 136 108 136 mW
15V, lngp=2mA 135 174 135 174 135 174 mw
Note 1: Absolute A Ratings indh linvis beyond which damage lo the davice may occur. OC and AC slactrical spacifications do not apply when operating
the device boyond its perating it
Note 2: The juncti " of tha DAC0800, DACO801 and OACDB02 is 125°C. For operating at d @3, davices in the Dual-In-Une

J package must be devslod based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W tor the molded Dual- In-UM N package and 100°C/W for the
Semall Outline M package.

Note 3: Human body model, 100 pF discharged theough & 1.5 k() resistor.

Note 4: Pin-out numbers for tha DACDB0X represant the Dual-in-Une package. The Small Outline package pin-out differs from the Dual-In-Line package,

Connection Diagrams .
Dual-in-Line Package Small Outline Package
U N -
:o:'::ﬁ'.'st:—' . LY. campensation v 1 16 1By LS8

Tout LRV Vegr{*)— 2 15}—8,
v 1 LRV Vrer{~)—{ 3 148 -~
. u o, COMPENSATION— 4 138 i

our —
g 7 THRESHOLD CONTROL, ¥y ¢ —} 5 1248,
mMSE 3 ——e 88 LS8 P

: = s 118y

=] i v 108,
II-L P—"I‘ |W‘,-—< 8 9 b—n' MSH -
u—'— L'—n -
TL/H/5686- 14 5

Top View

TL/H/5886-13 ._:
Top View -
See Ordering Information | —
—
Block Diagram (note 4 4
il (S} ~anrt

vie n

§u T' ?1 'T't ?1 ?- ?' ?." T" T" ‘Y

wag
wETweAx

::'.:‘.::«[ Jr, I
s

=—'gyr
Q

0
[~

L= L=

Vet o2

O—q
1014
o4
< 1 O
O
o—
o4
O
O
1o
o~

i
BUVWUE ) UV
—wv—f

oACH

TLIN/5688-2
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Typical Performance C

~

Igs  OUTPUL CURKLAT ImA)

1p - OUTPUT CURHENT (mA)

ig - OUTPUT CURAENT {mA)

18
n
1
4

?
s
1
(X}
"

L]

Full Scale Current
vs Reference Current

Ta ' fan 10 Tuag [F
AL BITS HIGH ——pmnd _1__4
H Lo umirron
L v I
TR T S L
TN I B
il I Al
L I ;" !
NS} 14
{ PNV
Uit sor T
I Love sy~
! | S . ix
Lt 1

[ LR B s
tags - REFERENCE CURRENT (mat

Reference Amp
Cammon-Mode Range

Ta o T 10 Tuax
ALL 0TS "ON"

i
SVe oISV VeV Sy 1sy
[I 3 ] ttmep=ma
[
L Dingp =1 mad—|
T .
[ 7L b pgerimt
REF -"i—
T

n

“14 -1 -8 -2 7 0 18 ¢ 1

V1$ — AEFERENCE COMMON-MOOE VOLTAGE (V)

haracteristics

#g - PROPAGATION QLLAY (m)

L, = LOGIC [NPUT CUARENT LA}

Note. Positive common-mode range is

atways (V+) — 1.5V

Output Current vs Output

Volitage (Output Voitage

Compliance)

ALLBITS"ON™ Tg = Tyn 10 r;."
H S |

oy welse] ||
H | ! g = LmA

t nge s Tma
0y ! J H
i i

1" lqge =81 ma
H !

ELLECIT IR SR S A A L )

Vg - QUTPUT VOLTAGE V1

Vg - OUIPUT VOLTAGE (v}

LS8 Propagation Delay Vs Igg

| ;
1LSO e 18,4

we

" [
L) Im 1
08T 82 easRr ORI A8 v 2§ 10
lgg - OUTPUT FULL STALE CURRENT (mA}

Logle input Current
vs Input Voltage

L
~12-10.8-6-4-2002 4 6 Q1912184038

Vi - LOCICINPUT VOLTAGE (V)

Output Voltage Compliance
vs Temperature
T

T v
1 AT L

N NNR
PN NN
ISHADED AREA INDICATESY
¢ PEAMISSISLE QUTPUT
VOLTAGE RANCE FOR
o v -iVoagge s 2ma. 3
¢ F-Jronorren -voRiqgs. ¥
SEE FIGUAE
" ORI IR
\\ NN AN
.t I\ NN
ROATAVATANN i
Y] i i) :

RN | e 190 se
o - TEMPERATURE( C)

Reference Input
Frequency Response

1 Y
16 faresAIs b 'H_l IR
sha e - 1
L I T e |
& Fmpge v -

i
1 T [T

. Tt
» ———«—\r
M e \
- t ::.}‘\ "’—'T

1

RELATIVE QUTPUT lem)

P - .
s RPN :
) AL WA
- b
A .82 .85 1 b s

FAEQUENCY (MMel
Curve 1: Cc= 15 pF, Vin=2 Vp-p
centared at 1V,
Curve 2: Cc =15 pF. Vi = 50 mVp-p
centared at 200 mV,
Curve 3: Co~0 pF, Viy = 100 mVp-p
at OV and applied ttwough 50 O con-
nected to pin 14.2V applied to A14,

Vyn — Vic vs Temperature

:: [ SERRAE R
a7 11 !
7 1 ;
' t (] . B
s :: TH)
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>' T 1 1o
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Bit Trans(er
Characteristics
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Tt 1 7
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£ T "
= ' SR
E u L . :
= 1 i
: 5% J ' L H
£ AR S
5 Inbvvil IR T ! ]
o 04 e Sy (1%,
‘ -b‘,- RN | TR E
2 01 : ‘\"_i T [Eavic
¥ ——
. i e——ie
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TLIH/$886-3

Nota. 81-98 bave identcat transfor charactona.
trcs, Bits ara tutly switchod win 1933 than ' LSB
ofror, at lnss than = 100 mV from actual thresh-
0id. Thase swiching powits are quarantead (o ha
betweoen 0 8 ang 2V over tha operating 1ampara-
ture ranne (V¢ = OV).
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DAC0800/DAC0801/DAC0802

1o, b= POWEA SUPPLY CUAREMNT ima)

“Yaes

“Yats

cowe

» \
Typical Performance Characteristics (coninued) :
Power Supply Current Power Supply Current Power Supply Current H
vs +V vs -V vs Temperature \
' [icorswenontow | | | ' ia WIS MAY BE WIGH OR LOW b ': atsrsmcuontaw [ [ | :
bt 1 S SR g : M 1-mrHipgr - 2ma : taee - 2mA T { I
T " ] Z NI CR S TS A WL
H 3 t e - wiThiggp =t ma — S g ._—a_,_r—'—'—_:'—J._,l-‘__
RERERY : [ === BN R i
‘ ] RN £ T T
R | L - ] I £ ) e CIYTEL LI 2 = — | )
. J I L e | : , T N it AL U
il - . H P . :
, N LI - oI o
EENEEEN B! L1 EAN NN :
T [ TR QT PR IRTIRT BYT B% |} -39 [ I T :
Ve - POSITIVE POWER SUPPLY (V) v - NEGATIVE FOWER SUPPLY (V) T - TEMPERATURE { € i
TL/H/Sa0e i
Equivalent Circuit I,
g M3 ”‘l. i 1] o " 3 » “: !
(7] 3 [} 1 [] T 10 11 i1
A ¥ 3 H
|
o) |
G e g T 2 .
" { s 1 1 1 1 i :
>, o S P S G R SR R O R o Fo |5
" J ;
(1)
Ul Jf: } Jln J!I‘ " 'J"ll Jll“ ’JII“ " mm
__C \ 164 n [ rm A " " [ P
N N 1 4 N
:[ L] mw } n n m n 1
) " [y 1] []
L g - Jace
)
v
TL/H/5608-1%
) L FIGURE 2
Typical Applications (Continued)
DIGITAL IVPUTS
“se ue |‘s = .tﬁ_E—F _Z_ié
oA g e s a8 a1 W Ragr 256
e Al o + g = lgg for aft
— Vote 1)
vaes s "t $ 6 1 4 9 W 19 I—QQ‘C states ¢ s
mlu Jacsn For fixed refarence, TTL operation, ;
A "Yags typical values are:
T Vagp = 10.000V
= Rpge = 5.000k
10LF R15 = Apge
Cg = 0.04 pF
= 2 - Vig = 0V (Grouna}
TL/H/5686-5 i
FIGURE 3. Basic Positive Reference Operation (Note 4)
“tage v 1ma lare N0 'y !
——— r—'\N\'—' “ '
AT- ALK i
nacetee us H
Ings O=—O=—"AA~{ 14 . G "
“L/H/5506-18

FIGURE 4. Recommended Full Scate Adiustment Clrcuit

(Note 4)

5
256

TL/H/5686-21

Hate. Ragr sets leg, R1518
‘ot bias currant cancalaton

FIGURE 5. Basic Negative Reference Operation (Note 4
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Typical Applications (Continved)

oicHAL eyls

vy L
R T ty

Ings ¢ 1 A O-—rit

fa TL/H/5606-17
B1 B2 B3 B4 BS5 86 87 B8|logmA|lgmA| Eq Eo
Full Scale 1 1 1 1 1 1 i 1 11992 | 0.0004 —9.960| 0.000
Fult Scale~LSB 1 1 1 1 1 1 1 0 {1984 0.008 | —9.920{ —0.040
HalfScale+LSB } ¢ 0 0 0 O0 O O 11008} 0.984 | —5.040| —4.920
Half Scale {1 0 0 0 0O O 0 O] 10000992} -5000|—4.960
Half Scale—LSB8 | 0 | 1 1 1 1 1 110992} 1.000| —4.960| —5.000
ZeroScale+1LSB[{ 0 0 0 O O 0 0 1 |0.008) 1984} —0040]| —9.920
Zero Scale 0 0 0 0O O 0 O O0/]0.000]1.992]| 0.000 | —9.960
FIGURE 6. Basic UnipolahiNegative Operation (Note 4)
P + 100007V
“lagp * 1 wA Qe
TL/H/5686-8
B1 B2 B3 B4 B5 B6 B7 B8 Eg Eq
Pos. Full Scale Tt 1 1t t 1 1 1 1] —9920|+10.000
Pos. FullScale—tSB|{ 1 1 {1 t 1 { 1 0{ -9840| +9.920
ZeroScale+LSB {+ 0 0 0 0 O O 1| —0.080| +0.160
Zero Scale 1 0 0 0 0 0 O O] 0000 | +0.080
ZeroScale—LSB 0 1 t 1 1 1 1 1} +0.080| 0.000
Neg, FullScale+LSB/ 0. 0 0 0 0 0 0 1] +9.920| =9.840
Neg. Full Scale 0 0 0 0 0 0 O Of+10.000] —9.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

188 :x)
Oty & —— b —
° ""( 7w T

-E-‘VW‘ e whara X is Ihe mput code and
= A = A = Aage
= ‘%h
. n
= TL/H/5606-18
MR, = Ay within £0.05%, output is symmatrical about ground
B1 B2 83 34 B85 36 B7 88 Eo
Pos. Full Scale 1 1 1 1 1 1 i 1 | +9.960
Pos.FullScale—LLSB |1 1 1 1t 1 1t { 0| +9880
{+)Zero Scale 1 0 0 0 0 6 O 0}+0040
(—)Zero Scale o 1t 1 1 1 1 § 1 | -0.040
NMeq. Full Scale+1LSB{ 0 ¢ ¢ 0 0 0 0 ¢+ -9.880
| Neg. Full Scale 0 9,9 0 0 0 0 0]-9960

FIGURE 8. Symmetrical Qffset Binary Operation (Note 4)

£0800vQ/10800v@a/00800vQ




DAC0800/DAC0801/DAC0802

Typical Applications (Continueq)

‘o
D ammenand
4
DACOI00
?
)
For y output {op:

L
ANA~
to
—O 070 +1pg - AL
{ = 255 |
FS —— IREF
= 256 TL/H/5686-19
gative fogic DAC), invort

wng input of op amp 1o ig {pin 2). connact Ig (i 4) to ground.
FIGURE 9. Positlve Low Impedance Output Operation (Note 4)

‘e
O 0710 - ipy- Ay

lpg o 253 i
FS 256 REF

= TL/H/S686~20

For outpln
verting inp\n of op am to lo {pin 2); connact lg (pn 4) to ground.

togic DAC) connect non-in-

FIGURE 10. Negative Low Impedance Output Operation (Note 4)

Vin = Vg + 1.4V
15V CMOS, HTL, HNIL
Viy = 7.6V
oS8
Viu o v

= AL AL
T on nv o sV

Vime ey {
oackn l
[

| (337

e titlil]
|

MR

(LTI}

meng
(LTITT)

TL/H/56068-9

Mote. Do nol exceed negative fogrc Input range of DAC.
FIGURE 11. Interfacing with Various Logic Familles

Vagr

?

Rmge OPTIGNAL RESISTOR
FORDFFSET inPLTS
R

1L
"
—Z
l 1 Agg - 100 acsees
w e
"
| 0

< no cAP

TL/H/5606-10

Typical values: Ry = Sk, + Vi = 10V

FIGURE 12. Pulsed Reference Operation (Note 4)




Typical Applications (continued)

(a) Ingr = peak negatlve swing of iy

"VRes

rer

) hin
Vin—Lr— @-Mi
Rin

[

{b) + Vger must be above peak positive swing of Viy
Amer

Vaes o—wv——:__—_\

s oacaeee
10PTIONAL}
Yin—o—  O—AAN——{ 11 Augy - RIS
WGH NPT . ner
DACO888 INPEDANCE
TUL/H/S686- 12
TL/H/S686-11

FIGURE 13. Accommodating Bipolar References (Note 4)

FOR TURN "ON", Vy = 2.0V
FOR TURN “OFF”, Vi = 0.7V

HP5081-2004
SCHOTTXY DICDES

Vi O—4

MINTMUN
CAPACITANCE \1

0.1uF

Ve

— Bav
JL Y

0V

Rpes 1
‘Vags O— AWV 14

R1S

0ACO108
{o.u.7)

5 10 112

Your
1 X PROSE

V]
— -0V

TL/H/5696-7

FIGURE 14, Settling Time Measurement (Note 4)
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Typical Applications (Continues)

W Tor
I L¢
™ convERson

tLocx FaEE
nyn
) " ?
w e € $ e
I Lt !
serf Tan ]
L P
00 a1 02 03 04 03 06 QI
= 3 [o s e oolea]uagre
150 Qe
H 15 - w
1017 orerTaL -0 AmaLos
wono
o o?
[ 1z {11 [sefs {0 J7 )8 |s
Vaer 138 47 06 35 90 0D S10G0 \ 5
© va' ]
a2 (YT
B uives YL
I V' v cewe Vi
= [}] 3 Iu _Ll
l Qv (X ..:
1.F I
= ﬁ‘“' P Nota. For 1 us conversion time with 8-bit resolution and 7-bit accuracy, an
= e LM361 comparator repisces the LM319 and tha refarence currant is doubled

by reducing R1, A2 and RJ 10 2.5 kit and A4 to 2 MN.
TUL/H/S680-6

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 4)




Features

‘e Complete DTMF receiver
® Low power consumption

® Internal gain setting amplifer

® Adjustable guard time
o Central Office Quality

Applications

© Paging systems
® Repeater systems/mobile
® Credit card systems
¢ Remote Control
* @ Personal Computers

Descr.i'ption

radio

The MT8870 is a compiete DTMF receiver
integrating both the bandsplit filter and digital
decoder functions, fabricated in Mitel’s double poly

_ 1S02-2MOS tethnology. The filter séction uses

switched capacitor techniques for high and low

... lsoximos MT887(¢
Integrated DTMF Receiver

) gn <
o R

9161-002-031-NA BUE 2 lanuary 1933

PinConnections

IN+ E 1 u!u veo
w- J.2 .7 g SUaT

G6s -0 3 16 [ est

VREF & 15 {]sw0

< ‘5 14 {] Qe

e E s .13 30)-

0sCt 1 Do

. osc2 Qs n {1an
vss O 9 10 {J roe

T *Connsctto V$$

Ordering Information

MTB8708E 18 PIN PLASTIC
MTB88708C 18 PIN CERDIP

techniques to detéct and decode ali i6 DTMEF tone-
pairs into a 4-bit code. External component count 1
minimized by on chip provision of a differential
input amplifier, clock oscillator and latched 3=tate

-bus interface.

group filters; the decoder uses digital counting

VoD l vss - VREF o0 |
BIAS .
CRCUIT VREF
4 BUFFER
e
cHIP TAT HIGH GROUP - -—J L
POWER FILTER
we g “' A DIGITAL COOE | ]
- ZERO CROSSING
w 4| et s (|
FLTER AND LATCH |
Gs - LOW GROUS . = -
FUTER -
. = |
/\CL it ST STEERING \ !
aoCKs GT  LOGIC-
Iy
K R
E k| 3
oscy osQ SUGT £St STO 708

23]

Q3

Figure 1. Functional Block Diagram

L



MT3870 1so2-cmos

Ty
Absolute Maximum Ratings' -
" Pparameter Symbol Min'* "Max  .0nits
" 1 |:Power supply voltage Vpp-Vss ) - 6 \4
2| Voltage on any pin Vss-0.3 Voo +0.3 v
3! Current at any pin R 10 mA
4| Operating temperature -40 +85 °C
5 | Storage temperature 65 +150 °C
.6 | Package power dissipation 1000 mw

rE-ceequ these values may couse pcrmu'nnntdamagc. Functional operation under these conditions is not implied,
Derate above 75 “Cat 16 mW /7 °C All lesds soidered to board.

DC Electrical Cha!'acteristics

Characteristics Sym [ Min | Typ* | Max | Units Test Conditions'
1 Operating supply voltage . 475 5.0 5.25 v
U
5 Y | Operating supply current oo 3.0 9.0 mA
P
I p = 2 A >
3l Power.consumption Po 15 45 mW | f=3.58MHz; Vpp = SV
Y
4 High level input Vin 35 1 Vv
r_—-‘ .
S| ' |Lowlevel input voitage Vi 1.5 v
Sl
6] p |Input leakage current i/, 0.1 #A | V|y=VgsorVpp
7 ‘T’ Pull up (source) current lso 1.5 15 pA | TOE (pin 10) = OV
8| s | Inputimpedance {IN + IN-) Rin 10 M | @ 1kHz
9| | Steering threshold voltage Vi | 22 25 | Vv
10 Low level output voltage Vou 003 | VvV [Noload
(o3 mams
11} | Highlevel output voltage Von | 497 V[ Noload
12 ; Qutput low (sink) current lot 1 2.5 mA | Vgyr=0.4V
p—t
13§ y [ Output high (source) current lon 0.4 0.8 mA | Voyr=4.6V
14 ; Vet output voltage Veet | .2.4 2.8 V  [Noload ,
15 Vret output resistange Ron_ 10 ~KaQ ¢

¥ Typical higures are at 25°C and are for design ard only: not guaranteed and not subect to production testing. .

VDo =5V £5%, Vgs =0V Voltages are with cespect to ground (Vgg) unfess otherwise stated




502-cMos MT8870

Oper,a tin g Characteristics' - Voltages are witf\ respect to ground (Ves) u:\le‘} otherwnte stated

_Gain Setting Amplifier .
| " Characteristics © | sym | Min | Typt | Max |units]  Test Conditions
1 | Input leakage current ™ 100 NA | Vs S Viy SVoo
2| Input resistance Rin - ] 10 M - -
3| Input offset-voltage .- .| Vos 25 mv )
4 | Power suply rejection PSRR- ‘| 60 1 uB | 1KHg
5 | GCommon mode réjection CMRR 60 dB }-3.0VS Viy 3.0V
6| DCopen loop voltage gain " | Ayor 85 d8
7 | Open loop pnity gain . )
bandwidth fe 1.5 MHz

8 | Output voltage swing Vo 45 Vpp | Ry Z100KQ to Vg

" 9| Maximum capacitive load (GS) C 100 pF

10 | Maximum resistive load (GS) Ry S0 K2

11} Common mode range A Vem 30 Voo | Noload

Typp=5V,Vsg= 0V,.Ta«25"C
Typical figures are at 25°C and"are for desrgn aid only: not guaranteed and not subrect TO Droduction testing

AC Electrical Characteristics’ - vohages are witn resoect to ground {V55) untess otherwise stated

Characteristics . Sym Min Typt | Max | Units Notes
s | valid input signal fevels . . - d8m 1123569

1 :; (gach tone of composite A 27.5 mVems | 1,2,3,5.6,9

i signal) w1, d8m 11,2,35869 -
-\ N \ | 883 | mVams |1.2,3.5.6,9
| 2} . Positive twist accept - 10 d8 123,69
.._3 O | Negative twist accept 10 d8 23,69

4 3' Freq. deviation accept *1.5% * 2Hz Nom. |2.3,59
E + | Freq. deviation reject £3.5% ) Nom. {2,355
| 6 o |Third tone tolerance v 1 -16 d8  |23.4.5.9.10 )
[ 7] ’;‘ Noise tolerance - -12 dB 2,3,4,5,7,9,10 '
__8w Dial tone tolerance _ +22 dr 2,3,4,589,11

-

Vop a5 V.Veg = 0. T4 »25 Cand I¢ »3.579545 MHz using test circuit shown in Fiure =

NOTES
1 dBm = decibels above or below a relerence power of ¥ mW into a 600 ohmtoad
2. Duget sequence consists of all DTMF tones
Tone duration = 40 ms, tone paute s 40 ms
4 $1anal condrtion consssts of no'mmal DTMF frequencies = °

8orh tones in composte ngnil have an equal amphtude
6 Tone oo ndevistedby &1 5% = 2Hz
{ Bartawiefth imited {1KH2 ) Gaussian nose
8 The prerie gral tone frequentses are (350 Hz and 480 He! = 2~
9 Ere am wrenr cate of betrer thar 2 in 10,000
10 Referenced to Idwest level frequenty component n,DTMF uignas
1} Referenced to thi: mimimum valid accept tevel




Vi £ 58 /U 1504-CMOS

AC Electrical Characteristics' . vottages are with respect to ground (Vgs) unless otherwrie stated

Characteristics Sym | Min | Typs | Max | Units.{ Test Conditions
1 Tone present detect timé top S 11 14 | ms |seeFigure3
1 2 Tone absent detect time " toa | 0.5 4 8.5 ms |seeFigure3
— T . - — —
3 o Tone duration accept trec 40 ms | User adjustable
4| | | Tone duration reject teec | PO .ms | User adjustable
S| G |interdigit pause accept tip 40 ms. | User adjustable
6 Interdigit pause reject 00 20 ms | User adjustable
7 Propagation delay (St to Q) teq - 8 " us | TOE=Voo
3| o |Propagation delay (Stto StD)' testo 12 s | TOE=Voo
o et U -
N ; Output data set up { Q to 5tD) tgsto 3.4. us {TOE=Vgp
10| ¥ | Propagation delay (TOE to Q ENABLE) | tere 50 ns | RL=10KQ
s - ) CL=50pF
1 Propagation delay (TOE to Q DISABLE) | ™. 300 ns | RL=10KQ
CL=50pF
26 Crystal /clock frequency fc  13.5759|3.5795|3.5831| MHz
271 ¢ | Clock inpytrise time wher | 110 ns | Ext.clock
28| o | Clock input fall time thic 110 ns | Ext. clock
29| ¢ [Qock input duty cycle DCc | 4 | 50 | 60 | % [Ext.clock
30 Capacitive load (05C2) Co 30 pF )
VDD = SV. V§s =0V T4 = 25" Cand ¢ = 3.579545 MMz, using testarcurt in Frgure 2.
T Tuoicel figures are at 25°C and are for design ard only* not guaranteed and not subject to production testing.
Voo - o
o
DTMR MT8870 Q
input R1 L ‘
! IN+ u voo |19 {
IN- swer [ &
GS gst
’ ) {VREE st P———0
—————(} ¢ Qs P——0 .
1 a3 p———0
i osct Q T NOTES:
Xt L4l osc2 ot p———0 R1.R2 = 100K 1%
p vss roe P— - R3 = 300k 1%
. h €1,C2= 100 nF 5%
v

XT = 3579545 MHz

Figure 2. Single Ended Input Configuration
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Pin Description

. . . \_-——*
Pin ¢ Name Description

. . . . R S
1 IN + Non-inverting op-amp input. :
. . M
IN- Inverting op-amp input,© -~ - .- . et :

GS Gain select. Gives access to output of front'end differential amplifier for connection

.. | of feedback resistor. o . :

4 Vpee- -} Reference voltage output, nominally Vpp/2 is used to biasinputs at mid-rail (see -
Fig.2).

5 Ic Internal connection. Must be tied to Vs,

6 IC Internal connection, Must be tied to Ve,

7 0SC1 | Clock input. '

8 0SC2 | Clock output. A 3.5795 MHz crystal connected between OSC1 and 05C2 completes
the internal oscillator circuit. )

9 Vss Negative power supply input.

10 TOE 3- state output enable (input). Logic high enables the outputs Q 1-Q4. internal pull
up.

1 1ll¢3 Q1-Q4 | 3-state data outputs. When enabléd by TOE, provide the code €orresponding to the
last valid tone-pair received (see Fig. 5).
15 StD Delayed steering output.Presents a logic high when a received 2M4-pair has been
- registered and the output latch updated: feturns to logic low wiren the voltage on
SUGH falls below Vrg;

16 ESt Early steering output. Presents a logic high once the digital algorithm has detected 2

valid tone pair (signal condition). Any momentary loss of signal condition will cause
B ESt to return to a logic low.

19 SYGT | Steering input/quard time output (bi-direqional). Avoltage greater than Vrse
detected at St causes the device to register the detected tone pair and update the
output latch. A voltage less than Vrg, frees the device 1o accept a new tone pair, The
GT output acts to reset the external steering time-constant; its state is a function of
ESt and the voltage on St.

18 Voo Positive power supply input. 8 :

‘
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EVENTS LA ) 8. | c | | £ | 6
‘REC->«: -p; REC 14 i 00 +
D
C Vi ‘ . TOME -°] TONE -
in l I TONE #n saet fnel [T
. top _,I -+ R .'Q-"DA . T

est ﬂ B e S R [y
SYGT - -’f l "\‘; l ! S

GUARD TIME THUS CONSISTUTING A VALID SIGNAL.
TOE TONE QUTPUT ENABLE (INPUT). ALOW LEVEL SHIFTS Q1 -Q4 TOITS HIGH IMPEDANCE STATE,

lu—{c' MAXIMUM DTMF SIGNAL CURATION NOT DETECTED AS VALID
tREC MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNII’ION

o MINIMUM TIME BETWEEN VALID DTMF SIGNALS. -
100 MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME "O OETECT THE PRESENCE OF VALID DTMF SIGNALS

tha TiMg 10 DETECT THE ABSENCE OF VALID DTMF SIGNALS

te,rs (RiGRD IME TONE PRESENT
tita LLU-ARD TIME TONE ABSENT

v
A A .f'r T T l s ! I*' TSt
: "" b 'QstD ‘HIGH IMPEDANCE
Qs.Qa DECODED TONE # {n-1) ) (R )---@
s | %__(—:[ i
i )
St : \ . i L tPTE
M e i
TOE ¢ l—l
EXPLANATION OF EVENTS
A} TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOTUPDATED -
8) TONE #. DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS ~
} £ND OF TONE #n DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE
D1 OUTPUTS SWITCHED TO HIGH IMPED.ANCE STATE -
€) TONE An+ | OETECTED, TONE DURATION YALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY HIGH
IMPEDANCE)
F;  ACCEPTABLE OROPOUT OF iONE #n o 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCED
G ENMDOF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN CATCHED UNTIL NEXT VALID TONE
EXPLANATION OF SYMBOLS f
Vin DTME COMPOSITE INPUT SIGNAL . .
£5t EARLY STEERING OUTPUT WOICATES DECTECTION OF VALID TONE FREQUENCIES. '
SUGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT
01Qa  4-B1T DECODED TONE OUTPUT
SID DELAYED STEERING OYTPUT INDICTES THAT VALID FREQUENCIES HAVE BEEN PRESENT/AASENT FOR THE REQUIRED

figure 3. Timing Diagram
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Functional Description

The MT8870 nfonolithic OTMF receiver offers small
size, low power consumption- and high
performance. Its architecture consists of a bandsplit
filter section, which seperates the high and low
group tones, followed by a digital counting section
which verifies the frequency and -duration of the
received tones before passing the corresponding
code to the output bus.

Filter Section

Seperation of the low-group and high group tones
is achieved by applying the DTMF signal to the
inputs of two sixth-order switched capacitor band
pass filters, the band-widths of which correspond to
the low and high group frequencies. The filter
section also incorporates notches at 350 and 440 Hz
for exceptional dial tone rejection (see Fig. 4). Each-
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by-high-gain
comparators which are provided with hysteresis to -
prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings .at the frequencies of the incoming
DTMF signals.

Decoder Section

Following the filter section is a dexoder employing .
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

simulation hy extraneous signals such as voice while '
providing tolerance 1o small frequency deviations °
and variations. This averaging algérithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise.
When the detector recognizes the presence of two
valid tones (this trreferred to as the “signal
condition” in some industry specifications) the
“Early Steering” (ESt) output will go to an active
state,-Any subsequent loss of signal condition will
cause ESt to assume an inactive state {see “Steering
Circuit™).

Steering lircuit

Before registration of a decoded tone pair, the
receiver-checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time-constant driven
by ESt. A logic high on ESt causes v, {see Fig. 6) to
rise as the capacitor discharges.

Provided signal condition is maintained (ESt
remains I::igh) for the validation period (tgre)., vc
reaches the threshold (Vrg) &7 the steering logic to
register the tone pair, latching its corresponing 4-bit
code (see Fig. 5) inta the output latch. At this point
the GT output is activated and drives v¢ to VOD. GT
continues to drive high as long as ESt remains high,
finally, after a short delay to allow the output latch
t0 settle, the delayed steering output flag (StD)
goes high, signalling that a received tone pair has
been registered. The contents of the output latch
are made available on the 4-bit output bus by
raising the three state control input (TOE) to a logic
high. The steering circuit works in reverse to

[ ot
£ /] ~ DAL TONES
10 J \ : ~ ] X=350Hz
i l Y d Y = 440 Hz -
- ] 1& DTME TONES
20
B ’ _ i
& . =
o / : — P,
] \ . F w1336 Hr
1 1 j R veanme
40 1 74 e -
- Vd '\‘ ‘1 ™S,
s (N _.] 3 AN
PRI AT ]
- 1\ f i t ]
x v A 38 CoD e F 6 M
FREQUENCY (Hz) B

Figure 4. Filter Response
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flow | Frigu | MO. 1 TOE | Qs | Q3 | 07 | Qy
687 {1209 {1 H {0 0 0 1
697 | 1336 |2 H 0 0 1 0
697 [1477|5 tH fo o [1 |3
770 {1209 |4 H 10 1 0 0
770 |1336({5 [H |o 1 -]0 1
770 11477 16 H |0 1 1 0
852 1120917 H 0 1 1 1
852 [1336(8 |H [v [o o |o
852 11477 |9 H 1 {0 0 1
941 [1336(0 [H |t o |1 Jo
941 | 1209 | * H 1 0 1 1
941 (1477 1# |H {1 |1 o fo
697 (1633 |{A |H 1 1 0 1
770 | 1633 |8 H 1 1 1 0
852 (1633 C H 1 1 1 1
941 | 1633 |D H 10 0 - g0-10
- Jany L V4 pA 2 Z

L= LUGICLOW. H v LOGIC HIGH, Z = HIGH IMEDANCE
Figure 5. Functional Decode Table

MT8870

70D
StGT

£St

Y

S0 e

tGTA = (RC}In (Vpp 7 V1gy)

tGTP a (RCHIN IVDOD 1 (VOD-vIStH

figure 6. 3asic Steering Circuit

validate the interdigit pause  between signals,
Thus, as well as rejecting signals too short too be
considered valid, the receiver will tolerate signat
interruptions (drop out) toa short to be considered
a valid pause. This facility, together with the
capability of selecting the steering time constants
externally, allows the designer to tailor
performance to meet a-wide variety of system
requirements. )

Guard Time Adjustrr;ent

In many situations not requiring selection of tone
duration and mterd:gntal pause, the simple steering
circuit shown in Fig. 6 is applicable. Comnponent
values are chosen according to the formula:

trec =tpp + tg1P
to=1tpa +tgTa

The value of tpp 15 a device parameter (see lable)
and tpgc 18 the minimum signal duration to be
recognized by the receiver. A value for Cof 0 1 pFis
recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independantly the guard times for tome
present (tgrp) and tone absent {tgra). This may be
necessary to meet system specifications which placm
both accept and reject fimits on both tone duration
and interdigital pause. Guard time adjustment also’
allows the designer to tailor system parameters.
such as talk off and noise immunity. Increasing tgge
improves talk-off performance since it reduces the..
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tagc with™
a.long ipg would be appropriate for extremely
noisy environments where fast aquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment 15 shown in
Figure 7

Differential lnpu’t Configuration

The input arrangement of the MT8870 provides a:
differential-input operational amplifier as well as a
bias source(Vger) which is used to bias the inputs a‘t
mid-rail. Provision is made for connection of a
feedback resistor to the op- amp output (GS) for
adjustment of gain In a singte-ended configuratior,
the input ping are connected as shown in Fig, 2 with
the op-amp connected for unity garn and Vn.r
biasing the input at jVno Fig. 3 shows the
differential <onf|gurauon, ~nich perm.ts lf_l:

i
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* tGTP = (RpCl}In (VDD / (VDO-VTSU]
WGTA=(RIC1} n (Vpo / VTS

Rp = (RIR2)7{R1 + R2)

Voo O’——l
) «
$tGT
nt |.¥ P
Est

2) decreasing 1GTP; (tGTP <tGTA}

tGTP = (R4C1) in [VDD 7 (VOD-VTStH

tGTA « (RpC1) In {Vpp / TSt}

Rp = (RY 1
VOO r‘) p = (RTR2)/(R1 + R2)
a
StGT
R1 % .24
€st g

b) decreasing tGTA; (tGTP> tGTA}

fFigure 7. Guard Time Adjustment

adjustment of gain with the feedback resistor Rs.
Crystal Oscillator

The internal clock™circuit is completed with the
addition of an external*3.58 MHz crystal and is
normally connected as shown in Figure 2 (Single
Ended Input Configurat:on). However, it is possible
0 configure severa! MT8870 devices employing
only a singfe oscillator crystal. The oscillator output
of the first devize in the chain is coupled through a
20 pF capaciter to the osaillator input (0SC1) of the
next device Subsequent devices are connected in 3
imilar f3shion. lefer to Fig. 9 for detais. The
roblesns assocrated with unbalanced loading are
At 4 concern with the arrangement shown, 1¢;
Precition balancing capactors are not required.

o A1
13 R4 N - MT8870
- [
oA .
C Ra
s
GS
L
Ry
2
VRef
DIFFERENTIAL INPUT AMPUFIER
Cy =Cy = 10nF
Ri=Ra= Rg = 100XQ All resistors are £ 1% tolerence
Ry= 60K, Ry =37SKA  Allcapautorsare S tolerence
Ry = _523.5.
R2 . Rg
VOLTAGE GAIN (Ay dith = R4
Al

INPUT JMPEDENCE

/ i \? g
(Znvowe) =2/ Ri? '(T.)Z)

Figure 8. Differential Input Configuration

. To O5C1 of
next 8870

L

0sC! 7] osc2

a

> o
. osQ __t_1 }___amoscl.

C

0 0f
Xtul = } SB MH2

figure 9. Osailator Connection






