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ABSTRACT

This project has been conducted to be able +to
;zgkrol ;Tectrical eppliances end display the status of
each s8pplince, whether "on" or "off", through computer
monitor. DTMF (Dual Tone Multi-frequency) is used to
carry command signsal and status of appliances between

computer and sppliance part. "HOME-AUTOMAT]ON" concept can

be sdapted to provide mut i purpose application.
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Program Promenu;
uses graph,crt,dos, opengr;
const posx:array(0..1] of word=(40,130);
posy:array(0..3] of word=(20,100,180,260);
numhex:array(0..7} of word=($01,$02,$04,$08,$10,$20,$40, $80) ;
numdec:array{0..7] of word=(1,2,4,8,16,32,64,128);
var p,m,r,k,x,1,sum,Choice,Choicesub,channel:byte;
ch, funckey:char;
graphdriver, graphmode: integer;
pic:array(l..4] of pointer;
picmain,picsub,state:pointer;
regs:registers;
POrtA,portB,y:word;
bit:array(0..7] of byte;
g:boolean;

{SI gather_1}

PROCEDURE Readchar;
begin
Regs.AH:=$0; intr($16,regs);
ch:=chr(regs.AX) ; funckey:=#0;
if ch=#0 then funckey:=chr (regs.AH) ;
end;

PROCEDURE Clsgr(xl,yl,x2,y2:integer)
begin
setviewport(xl,yl,x2,y2,clipon);
clearviewport;
setviewport(0,0,Getmaxx,Getmaxy,clipon);
end;

N

PROCEDURE Horizslide(x,yl,y2:word; max:byte) ;
begin
Choice:=1;
gecimage(x+(Choice—1)*87,y1,x+Choice*87,y2,picmain‘);
putimage(x+(Choice-1)*87,y1,picmain‘,4);
repeat
repeat
begin
putimage(x+(Choice-l)*87,y1,picmain‘,0);delay(lSO);
putimage(x+(Choice—1)*87,y1,picmain‘,4);delay(lSO);

end;
until keypressed;
readchar;
case funckey of
#75:begin
putimage(x+(Choice—l)*87,y1,picmain‘,0);
dec (Choice) ;
if Choice=0 then Choice:=max;
getimage(x+(Choice-l)*87,y1,x+Choice*87,y2,picmain‘);
putimage(x+(Choice-1)*87,y1,picmain“,4);
end;
#77:begin
putimage(x+(Choice-I77@7:y1,picmain‘,0);
inc(Choice);
if Choice=(max+1l) then Choice:=1;
getimage(x+(Choice—1)*87,y1,x+Choice*87,y2,picmain‘);
putimage(x+(Choice-l)*87,y1,picmain‘,4);
end;
end;

until ch=#13;

putimage(x+(Choice—1)*87,y1,picmain‘,0);
end;



PROCEDURE Vertislide(xl,x2,y:word; max:byte) ;
begin
Choicesub:=1;
getimage (x1,y+(Choicesub-1) *25, x2, y+Choicesub*25,picsub™) ;
putimage (x1,y+(Choicesub-1) *25,picsub*, 4) ;
repeat
repeat
begin
putimage(xl,y+(Choicesub-l)*25,picsub‘,0);delay(lSO);
putimage(xl,y+(Choicesub-l)*25,picsub‘,4);delay(lSO);
end;
until keypressed;
readchar;
case funckey of
#72:begin
putimage (x1,y+(Choicesub-1) *25, picsub”®,0);
dec’(Choicesub) ;
if Choicesub=0 then Choicesub:=max;
getimage (x1,y+(Choicesub-1)*25,x2,
y+Choicesub*25,picsub*) ;
putimage (x1,y+(Choicesub-1) *25, picsub”®,4);
end;
#80:begin
putimage (x1,y+(Choicesub-1)*25, picsub®,0);
inc(Choicesub) ;
if Choicesub=(max+1) then Choicesub: =1;
getimage (x1,y+(Choicesub- 1) *25,x2,
y+Choicesub*25,picsub®) ;
putimage (x1,y+(Choicesub-1) *25, picsub”,4) ;
end;
end;
until ch=#13;
putimage (x1,y+ (Choicesub- 1) *25,picsub™, 0)
end;

PROCEDURE Submenu;
begin
if r=1 then
begin
setcolor (yellow) ;
rectangle (250,50,337,275S) ;
outtextxy(293,63,'1");
outtextxy(293,88,'2’);
-outtextxy(293,113,’3");
outtextxy(293,138,’4*);
outtextxy(293,163,’5") ;
outtextxy(293,188,’6’) ;
outtextxy(293,213,'7);
outtextxy(293,238,’8") ;
outtextxy (293,263, 'QUIT’);
Vertislide(250,337,50,9);
case choicesub of

l:portA:=$4E;
2:portA:=3$4D;
3:portA:=$4B;
4:portA:=3547;
S:portA:=$8E;

6 :portA:=38D;
7:portA:=38B;

8 :portA:=387;
9:Clsgr(245,50,350,300) ;
end;

end;



Port {$307] :=$82;
Port [$304] :=portA;
if r=2 then
begin
rectangle(337,50,424,275);
outtextxy(380,63,'1');
outtextxy(380,88,2');
outtextxy(380,113,°3');
outtextxy(380,138,'4’);
outtextxy(380,163,'5"’);
outtextxy(380,188,'6');
outtextxy(380,213,°7');
outtextxy(380,238,8);
outtextxy (380,263, 'QUIT’);
Vertislide(337,424,50,9);
case choicesub of
l:portA:=$1E;
:portA:=$1D;
:portA:=$1B;
:portA:=$17;
:portA:=$2E;
:portA:=$2D;
:portA:=$28;
:pOrtA:=$27;
:Clsgr(330,50,430,300);

.
s

WO JAWU & wiN

]
3
Q,

end;
Port [$307] : =$82;
Port [$304] : =portA;
end;

PROCEDURE Showon(x1,yl,al,a2:integer) ;
begin
setcolor(yellow);setfillstyle(ll,lightred);
rectangle(xl,yl,x1+a1,y1+a2);bar(xl,yl,x1+a1,y1+a2);
end;

PROCEDURE Showoff (x1,y1,al,a2:integer) ;
begin
setcolor(yellow);setfillstyle(ll,lightblue);
rectangle(xl,yl,xl+a1,y1+a2);bar(xl,yl,x1+a1,y1+a2);
end;

PROCEDURE Scan;
begin

Port [{$307] : =$82;

portB:=Port [$305] ;

case portB of
$88:portB:=$00;
$8E:portB:=$01;
$82:portB:=$02;
$8D:portB:=503;
$8C:portB:=504;
$89:portB:=505;
$86 :portB:=506;
$83:portB:=$07;
$84 :portB:=308;
$81l:portB:=309;
$8A:portB:=$0A;
$85:portB:=$0B;
$8B:portB:=$0C;
$8F:portB:=$0D;
$87:portB:=$0E;
$80:poOrtB:=$0F;



SES

SE2

SE9
SE6
SE3
$E4
SE1

SE5

SEBR:
SEF:

SE7

$EO:

$28

$22

$29
$26
$23
$24
$21

$25
$27
$20

$D8

$D2

$DS:

$bé6
$D3
$D4
$D1

SDA:

$DS

S$SDB:
SDF:

$D7

$DO:

$C8

$CE:

$c2

$SCD:
SCC:

$Cs9
$C6
$C3
$C4
$C1

SCA:
$C5:
SCB:
S$SCF:

sc

$CO:

:pOrtB:=$10;
SEE:
:portB:=$12;
SED:
SEC:

portB:=$11;

portB:=$13;

portB:=$14;
:portB:=$15;
:portB:=$16;

:portB:=$17;
:portB:=$18;
:portB:=$19;
SEA:

portB:=S1A;

:portB:=$1B;
portB:=$1C;
portB:=$1D;

:portB:=$1E;

pPortB:=$1F;

:portB:=$20;
$2E:

portB:=$21;

:portB:=$22;
$2D:
$2C:
:portB:=$25;
:portB:=$26;
:portB:=$27;
:portB:=$28;
:portB:=$29;
$2A:
:pOortB:=$2R;
$2B:
$2F:

portB:=$23;
portB:=§24;

portB:=$2A;

portB:=$2C;
portB:=$2D;

:pOrtB:=$2E;
:portB:=$2F;
:portB:=$30;
SDE:

portB:=$31;

:portB:=$32;
SDD:
$DC:

portB:=$33;
portB:=$34;
portB:=$35;
:portB:=5$36;

:portB:=$37;
:portB:=$38;
:portB:=$39;
pPortB:=S$3A;
:portB:=$3B;
portB:=$3C;
portB:=$3D;
:portB:=$3E;
portB:=$3F;
:portB:=$40;
portB:=841;
:pOrtB:=%$42;
portB:=$43;
portB:=$44;
:portB:=$45;
:pOrtB:=$46;
:pOortB:=547;
:portB:=$48;
:poOrtB:=$49;
portB:=$4A;
pPortB:=$4B;
portB:=$4C;
portB:=$4D;
:portB:=S4E;
portB:=S4F;



$98:portB:
$S9E:portB:
$92:portB:
$9D:portB:
$9C:portB:
$99:portB:
$96 :portRB:
$93:portB:
$94 :portB:
$91:portR:
S9A:poOrtB:
$95:portB:
S9B:pOrtR:
SS9F:portB:
$87:portB:
$90:portB:
$68:portB:
$6E:poOrtRB:
$62:portB:
$6D:portB:
$6C:portRB:
$69:portB:
$66:portB:
$63:portB:
$64:portB:
$61:portB:
$6A:pOrtRB:
$65:portB:
$6B:pOrtB:
$6F:portB:
$67:portB:
$60:portB:
$38:portB:
$3E:portB:
$32:portB:
$3D:portB:
$3C:portB:
$39:portB:
$36:portB:
$33:portB:
$34:portB:
$31:portB:
$3A:portB:
$35:portB:
$3B:portB:
$3F:portB:
$37:portB:
$30:portB:
$48:portB:
S$4E:portB:
$42:portB:
$4D:portB:
$4C:portB:
$49:portB:
$46 :portB:
$43:portB:
$44 :portB:
$41:portB:
$4A:portB:
$45:portB:
$4B:portB:
$4F:portB:
$47:portB:
$40:portB:

=$50;
=$51;
=$52;
=$53;
=$54;
=$55;
=$56;
=$57;
=$58;
=$59;
=$5A;
=$5B;
=$5C;
=$5D;
=$5E;
=§$5F;
=$60;
=$61;
=$62;
=$63;
=$64;
=$65;
=$66;
=$67;
=$68;
=$69;
=$6A;
=$6B;
=$6C;
=$6D;
=$6E;
=$6F;
=$70;
=$71;
=$72;
=$73;
=$74;
=$75;
=$76;
=$77;
=$78;
=$79;
=$7A;
=$7B;
=8$7C;
=$7D;
=$7E;
=$7F;
=$80;
=$81;
=$82;
=$83;
=$84;
=$85;
=$86;
=$87;
=$88;
=$89;
=$8A;
=$8B;
=$8C;
=$8D;
=$8E;
=$8F;



$18:portB:=5$90;
S1E:portB:=$91;
$12:portB:=$92;
$1D:portB:=$93;
$1C:portB:=5$94;
$19:portB:=$95;
$16:portB:=$96;
$13:portB:=$97;
$14:portB:=$98;
$11l:portB:=$99;
S1A:portB:=$9A;
$15:portB:=$9B;
$1B:portB:=$9C;
$1F:portB:=$9D;
$17:portB:=S$9E;
$10:portB:=$9F;
SAB:portB:=8A0;
SAE:portB:=$A1;
SA2:portB:=$A2;
SAD:portB:=$A3;
SAC:portB:=$A4;
$A9:portB:=$AS5;
SA6:portB:=8A6;
SA3:portB:=$A7;
SA4 :portB:=SA8;
$Al:portB:=$A9;
SAA:pOXrtB:=SAA;
SAS:portB:=$AB;
S$AB:pOrtB:=$AC;
SAF:portB:=$AD;
SA7:portB:=8AE;
SAO:portB:=$AF;
$58:portB:=$B0;
S5E:portB:=$B1;
$52:portB:=$B2;
$5D:portB:=$R3;
$5C:portB:=$B4;
$59:portRB:=$B5;
$56 :portB:=$B6;
$53:portB:=$B7;
$54 :portB:=$B8;
$51:portB:=$B9;
SSA:portB:=$RA;
$55:portB: =$BB;
$5B:portB:=$BC;
$5F:portB:=$BD;
$57:portB:=$BE;
$50:portB: =$BF;
$BB:portRB:=5$C0;
$BE:portB:=$C1;
SB2:portB:=8C2;
$BD:portB:=$C3;
SBC:portB:=$C4;
$BY9:portB:=$C5;
SB6:portB:=$C6;
$B3:portB:=$C7;
$B4:portB:=5$C8;
SBl:portB:=S$C9;
SBA:portB:=5CA;
SB5:portB:=$CB;
SBB:portB:=$CC;
SBF:portB:=$CD;
S$SB7:portB:=$CE;
SBO:portB:=3$CF;



$F8:portB:=$D0;
SFE:portB:=$D1;
$F2:portB:=5D2;
$FD:portB:=$D3;
SFC:portR:=5D4;
$F9:portB:=$D5;
SF6:portB:=$D6;
$F3:portB:=$D7;
$F4:portB:=S$D8;
$Fl:portB:=$D9;
SFA:portB:=$DA;
$F5:portB:=$DB;
S$SFB:portB:=$DC;
SFF:portB:=$DD;
$F7:portB;:=$DE;
$FO:portB:=$DF;
$78:portB:=SE0Q;
$7E:portB:=SE1;
$72:portB:=$E2;
$7D:portB:=$E3;
$7C:portB:=SE4;
‘§79:portB:=$ES;
$76:portB:=SE6;
$73:portB:=$E7;
$74:portB:=$E8;
$71:portB:=SE9;
$7A:portB:=$EA;
$75:portB:=SEB;
$7B:portB:=$EC;
$7F:portB:=$ED;
$77:portB:=$EE;
$70:portB:=$EF;
$08:portB:=SF0;
SOE:portB:=$F1;
$02:portB:=$F2;
SOD:portRB:=$F3;
$0C:portB:=$F4;
$09:portB:=8F5;
$06:portB:=$F6;
$03:poxrtB:=8F7;
$04:portB:=SF8;
$0l:portB:=S$F9;
SOA:portB:=$FA;
$05:portB:=$FB;
SOB:portB:=SFC;
SOF:portB:=$FD;
$07:portB:=$FE;
$00:portB:=$FF;
end;
X:=7;sum:=0;y:=portB;
repeat
repeat
q:=(y>=numhex[x]) ;
dec (x) ;
until g=true;
inc(x);

y:=y-numhex[x] ;
sum: =sum+numdec [x] ;

dec (x) ;

until y=$0;

for k:=7 downto 0 do
begin

if sum and numdec (k] = numdeg (k] then bit{k]:=21

else bit (k) :=0;



end;
k:=0;1:=0;
repeat
if k<=3 then
begin
if bit{k]l=0 then Showon(40,posylk],80,60)
else Showoff (40,posy(k],80,60);
end
else begin
if bit([k]=0 then Showon(130,posy[1],80,60)
else Showoff (130,posy[l]),80,60);
inc(1);
end;
inc (k) ;
until k=8;
end;

PROCEDURE Menu;
begin
repeat
setcolor (yellow);
setlinestyle(SolidLn, 0, ThickWidth) ;
settextjustify (CenterText, CenterText) ;
settextstyle (SansSerifFont,HorizDir,4);
rectangle (230,10,620,340);
rectangle (250,20,600,50) ;
outtextxy (293,35, '0ON’) ;
outtextxy (380,35, 'OFF’) ;
outtextxy(467,35,’SCAN’);
outtextxy (554,35, ’'EXIT’) ;
outtextx?(480,320,’# BUILDING AUTAMATION SYSTEM #°);
rectangle(30,10,220,340);
for p:=0 to 1 do
begin
for m:=0 to 3 do
rectangle(posx[p],posy[m],posx[p]+80,posy[m]+60);
end;
DrawComp (45,30,1,0) ;
DrawTv(140,30,1,0);
DrawRadio(44,105,1,0);
DrawAir (140,115,1,0);
DrawLamp (65,185,1,0) ;
Drawlron(142,195,1,0);
outtextxy (80,90, CH:1") ;
outtextxy(80,170,'CH:2’);
outtextxy (80,250, CH:3’);
outtextxy(80,330,'CH:4");
outtextxy(170,90,'CH:5');
outtextxy(170,170,’CH:6');
outtextxy (170,250, 'CH:7');
outtextxy(170,330,'CH:8');
Horizslide (250,20,50,4);
r:=Choice;
case Choice of
1:begin
repeat Submenu; until Choicesub=9;
end;
2:begin
repeat Submenu; until Choicesub=9;
end;
3:begin
Scan;
end;
4:exit;



end;
until (Choice=4)and(ch=#13);
end;

begin
write(’'Output for portA is :’);write(portA);writeln;
write (' Input Hexadecimal Code of portB ?’);writeln;read(portR)
Opengraph;
getmem(picmain, imagesize(0,0,135,90));
getmem(picsub, imagesize (0,0, getmaxx,300)) ;
getmem(state, imagesize (0,0,249,300));
Menu;
freemem(picmain, imagesize (0, 0,135, 90)) ;
freemem(picsub, imagesize (0, 0, getmaxx, 300)) ;
freemem(state, imagesize (0,0,249,300));
closegraph;

end.

.
?



Program Ani_1;

uses graph, crt, dos, opengr;

var Xk:integer;
piccar:array[1..4] of pointer;
picflag:array[1..3] of pointer;
picbldg_1:pointer;

{$1 gather 3T

PROCEDURE ReadChar;
var regs:registers;
begin
regs.AH:=5$00; intr($16,regs);
-ch:=chr(regs.AL);
if ch=#0 then Funckey::Chr(regs.AH);
end;

PROCEDURE Clsgr(xl,yl,xz,yz:integer);

begin
setviewport(xl,yl,xz,yz,clipon);
clearviewport;

; setviewport(o,O,Getmaxx,Getmaxy,clipon);
end;

PROCEDURE Animation;
var no, fo:byte;
k,a,b:word;
begin
setvisualpage(l);setactivepage(O);
Drawcar 1 (10, 0,3,3,11,1,1,0); getimage (10, 0,80,40,piccar[1]‘);
Drawcar_2(10,50,3,3,11,1,1,0); getimage(lO,SO,80,90,piccar[2]‘);
Drawcar_3(10,150,3,3,11,1,1,0); getimage(lo,lso,80,190,piccar[3]*);
Drawcar_4(10,250,3,3,11,1,1,0); getimage(lO,ZSO,80,290,piccar[4]*)
- Drawflag_1(510,10,1,0); getimage(510,10,530,20,picflag[1]*);
Drawflag_2(540,10,1,0) ; getimage(540,10,560,20,picf1ag[2]*);
Drawflag 3(570,10,1,0); getimage(570,10,590,20,picflag[3]*);
Drawbldg_l(100,0,12,3,15,14,11,2,0); getimage(loo,0,500,250,picbldg_
setactivepage (1) ;
no:=1; fo:=1; a:=5; b:=3;
putimage(zoo,55,picbldg_1*,0);
for k:=0 to 260 do
begin
putimage(50+a,275,piccar[no]‘,0); clsgr(50+a,275,50+a,325);
putimage(326,43,picflag[fo]*,0);
inc (no) ; inc(fo) ; inc(a); if a>150 then inc(b); delay (b) ;
if no>4 then no:=1; if fos>3 then fo:=1;
endg;
putimage(50+a,275,piccar[no]‘,0);
readchar;
end;

i

begin
Opengraph;
for k:=1 to 4 do getmem(piccar[k],imagesize(10,0,80,40));
for k:=1 to 3 do getmem(picflag[k],imagesize(loo,10,120,20));
getmem(picbldg_l,imagesize(loo,0,500,250));
Animation;
for k:=1 to 4 do freemem(piccar[k],imagesize(10,0,80,40));
for k:=1 to 3 do freemem(picflag[k],imagesize(lOO,lO,120,20));
freemem(picbldg_l,imagesize(100,0,500,250));
closegraph;

end.



Program Ani_2;

uses graph, crt,dos, opengr;

var k:integer;
picman:array[l..5] of pointer;
picbldg_1,piccar:pointer;

{$I accumulate}

PROCEDURE ReadChar;
var regs:registers;
begin
regs.AH:=500; intr($16,regs);
ch:=chr(regs.AL) ;
if ch=#0 then Funckey:=Chr (regs.AH) ;
end;

PROCEDURE Clsgr(x1,yl,x2,y2:integer) ;
begin
setviewport (x1,yl,x2,y2,clipon) ;
clearviewport;
setviewport(o,O,Getmaxx,Getmaxy,clipon);
end;

PROCEDURE Animation;
var no, fo:byte;
k,a,b:word;
begin
setvisualpage(l);setactivepage(O);
Drawcar(10,0,1,11,7,1,0); getimage (10,0,150,100,piccar*);
Drawbldg _1(100,0,12,3,15,14,11,4,0) ; getimage (100, 0,300,300, picbldg 1*;
Drawman 1(120,50,1,0) ; getimage(120,50,140,90,picman[1]*);
Drawman_2(150,50,1,0) ; getimage (150,50,170,90,picman(2]*) ;
Drawman_3(180,50,1,0); getimage (180,50,200,90,picman[3]*);
Drawman_4(210,50,1,0) ; getimage(210,50,230,90,picman[4] ")
Drawman_ 5(240,50,1,0) ; getimage(240,50,260,90,picman[5]*)
setactivepage (1) ;
no:=1; a:=5;
putimage (400,30, picbldg_1%,0);
putimage (10,250, piccar®,0) ;
putimage (200,250, picman([1]%,0) ;
for k:=0 to 70 do
begin \
putimage (200+a,250,picman[no]*,0); clsgr(200+a,250,202+a,320);
inc(no) ;inc(a, 3) ;delay (250) ;
if no>5 then no:=2;
end; _
putimage (200+a,250,picman([1]*,0);
readchar;
end;

i

.
I

begin
Opengraph;
for k:=1 to 5 do getmem(picman [k], imagesize (0, 0,100,100)) ;
getmem(piccar, imagesize(10,0,150,100)) ;
getmem(picbldg_1, imagesize (100, 0,300,300)) ;
Animation;
for k:=1 to 5 do freemem(picman[k],imagesize(0,0,lOO,lOO));
freemem(piccar,imagesize(lo,0,150,100));
freemem(picbldg_l,imagesize(100,0,300,300));
closegraph;

end.



Program Ani_3;
uses graph, crt,dos, opengr;
var k:integer;

picwork:array([1l..2] of pointer;

picbldg_s:pointer;
{$I accumulate}

PROCEDURE ReadChar;
var regs:registers;
begin

regs.AH:=500; intr($16,regs);

ch:=chr (regs.AL);

if ch=#0 then Funckey:=Chr (regs.AH) ;

end;

PROCEDURE Clsgr(xl,yl,x2,y2:integer) ;

begin
setviewport(xl,yl,xz,yz,
clearviewport;
setviewport(0,0,Getmaxx,
end;

PROCEDURE Animation;
var no,wo:byte;

k,a,b:word;
begin

clipon) ;

Getmaxy, clipon) ;

setvisualpage(l);setactivepage(O);

Drawbldg s(10,110,12,3,15,14,11,3,0); getimage(10,110,400, 330, picbldg :

Drawwork 1(270,50,1,0);
Drawwork 2(315,50,1,0);
setactivepage (1) ;

getimage(270,50,313,75,picwork[1]*);
getimage(315,50,348,75,picwork[2]*);

putimage (100,50,picbldg s*,0) ;
putimage (161,212, picwork[1]*,0) ;

wo:=1;
for k:=0 to 5 do
begin

putimage(161,212,picwork[wo]*,O);clsgr(161,212,163,237);

if wo=1 then
begin

setfillstyle(l,lO);bar(242,216,248,225);
setfillstyle(l,ll);bar(332,216,338,225);
setfillstyle(1,12);bar(380,216,392,231);
setfillstyle(l,lS);bar(410,216,422,231);

end;
if wo=2 then
begin

setfillstyle(l,lz);bar(242,216,248,225);
setfillstyle(1,14);bar(332,216,338,225);
setfillstyle(l,lo);bar(380,216,392,231);

setfillstyle (1, 6)
end;

;bar(410,216,422,231) ;

inc(wo); if wos>2 then wo:=1; delay(2500);

end;
readchar;
end;

begin
Opengraph;

getmem(picbldg_s,imagesize(lo,110,400,330));

for k:=1 to 2 do getmem(
Animation;

freemem(picbldg_s,imagesize(lo,110,400,330))
for k:=1 to 2 do freemem(picwork [k]

Closegraph;

picwork[k],imagesize(270,50,313,75));

.
1

»imagesize (270,50,313,75));



TELECOMMUNICATIONS TCM5087

{ CIRCUITS , TONE ENCODER
‘ e e e D2650.-NOVEMBER.1882 — HEVISED OCTOBER 1884
@ Low-Cost TV Cclor-Burst Crystal Sine-Wave . N DUAL-IN-LINE PACKAGE
Input Procuces Highly Accurate and Stable (TOP VIEW)
Tones vppo ' Uie[) TONE OUT
® Device Powe{ed'Directly by Te'ephone or XMITTER SWE? \SjSlNG-LE'TONE ENABLE
Small Batteries coti1(s 1a[JROW 1
. v coL2{a wlJROW 2
® Keyboard or Electronic Input Capability ~coL3 [:5 12 :]ﬁ'ﬁ\—N— 3
® Dual-Tone and Single-Tone Capability ves s 11 [ JROW 4
. ) osciNn{J»  w0[IMUTE OUT
® Minimal! Standby Power Requirement 0SC OUT EB 9 :]COL 4
® Total Harmonic Distortion Meets EIA
Standard RS-470
® PEP3 Processing Available
® Wide Supply-Voitage Range
® Minimal Parts Requited
® Single-Tone Production Can be Inhibited
® Auxiliary Switching Outputs: One Bipolar -

Transistor and One CMOS Gate

¢ Designed to be Interchangeable with Mostek o
MK5087 -

ssz, { Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
LS mlaced in conductive foam during storage or handling o prevent electrostatic damage to the MOS gates.

description

The TCM5087 tone encoder is a CMOS integrated circuit designed specifically to generate the dial tones
used in dual-tone telephone dialing systems. It requires a sine-wave input normally supplied by a low-cost
TV color-burst crystal at 3.579545 MHz to generate eight different audio sinusoidal frequencies. With
this input the encoder generates dial tones that are very low in total harmonic distortion and comply with
standard Dua! Tone Multi-Frequency [DTMF) 7'peéihcations without any need for frequency adjustment.

When generating a dual-tone signal, the encoder generates one column tone and one row tone and adds
them for its output. The table below ;‘)(esents the frequencies produced by the tone encoder with 1he

3.578545-MHz TV-crystal signal input. Any deviation in this frequency will be reflected in the frvquency
output. The 1olerance of the crystal is normally 0.02%.

DTMF ENCODER ERROR,
TONE’ STANDARD ouUTPUT"® FROM STANDARD®
{Hz) {Hz}) (%)

Row 1 697 701.3 +0.62

Row 2 770 771.4 +0.19

Row 3 ... B52 857 2 +0 61

Row 4 941 935.1 -0.63

Cotumn 1209 1215.9 +0.57

Cotumn 2 1336 13317 -0.32

Column 3 1477 1471.9. .. =0.35

Column 4 1633 1645 +0.73

*Using an input signal from a 3.579545-MHz crystal.
ﬁ = . Fe— =p
Copynght ® 1982, Texas Instruments Incorporated
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TCM5087
TONE ENCODER

Sunm——

y operation
keyboard and electionic inputs
The specific tone or tones generated are determined by inputs designated ROW 1 through ROW 4 and
COLUMN 1 through COLUMN 4. The inputs are normally received from a 2-of-8 DTMF (DPST) keyboard,

a Class A {SPST) keyboard, ur an electronic circuit. Unlike dynamic or scanned inputs. the static inputs
of the TCM5087 do not generate noise. See function table for input and output description. -

L CLASS A KEYBOARD (SPST) 20f.8 DTMF KEYBOARD (DPST}
| L
— ——h | A CcOLUMN
LEAVE
COLUMN 4—A A——» ROW OPEN ___4[ —1
A ROW

single-tone enable input

This input inhibits the generation of single tones when taken low. All other chip functions refain unchanged.
If the input is high or left open, single-tone operation is enabled.

transmitter switch output

This output is at high impedance when one or more of the column inputs are active and is high when all
column inputs are inactive. The output is the emitter of a bipolar transistor whose collector is at Vpp.

mute output

The mute output is high when one or more column inputs are active and is low when all column inputs
are inactive.

/
functional block diagram A
osc in-2 Dc B 55 out
0
von VoD
. CTRDIV K
w18l ) —A1K=5104}
Aow 2 ‘:2’ — 1K 4640}
fiow 312 o |K-4176}
Aow 4 U —(k=3828]
>+
" N
0 G
von RS - -
L (]
Vv
L — oD
3 SINGLE
Tone 31 o
ENABLE
[ 116}
G TONE OUT
- Voo
9|4
=1
. L
1 = CTYRDIV K
- - EN 2] emiTrER sw
> +
COLUMN 1 :i: [K=2941) -
coLumn 2 |K=2688])
COLUMN 3 n o [K22432]) noi
s COLUMN 4 ! 1 [K=2176 —c{>——mu‘re ouT

—— —_
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TCM5087
TONE ENCODER

- - - - am e am e e m— e ——ve —— Ppu—— [
TONE ENCODER FUNCTION TABLE
[ INPUT TONE OUTPUT . TRANSMITTER SWITCH
1 3 MUTE QUTPUT
COMBINATIONS PIN 15! OPEN PIN 16% AT Vgg QUTPUT
0 rows 0 0 L H
0O columns
\ 1 W .
. © Row and column Row and column H Hi-2
1 column . : - - -
2 or more tows column 0 - H Hi 2
1 column
1
row Row 0 H Hi-2
2 ot more columns
2 or more rows o 0 H Hi.Z
2 o1 more columns
) r
rows Column 0 H Hi Z
1 column
O rows o] "N\ 'O H M-z
2 or more columns
1 or more 1ows
o] 0 L H
0 columns

1Row inputs will be active {on) when the input voliage is at a low level (V| < Vi), and column inputs are active at 3 high input level.
Under keyboard controf, connecting a row input 1o a column input agtivates both.
1Pin 15 is the single-tone disable input.

absolute maximum ratings over operating free-air temperature range {unless otherviise noted)

Supply voltaga Vpp {see Note 1)
Input voltage range
Ouiput volinge range

...... o TAFAANAERY I o ————— [ STV [ AR KR Y
......................................... -03ViwoVpp + 0.3V

........................... < ~0.3VroVpp + 03V
Continuous power dissipation at 25°C free-air temperature (see Note 2)

........ 1150 mW
Operating free-air 1emMperature 1ANGE . . . . .. oo v ittt ein o .... =30°C 1o 70°C
StOrage 18MPEerature FBNGE . . . . .t vt vttt ittt et en e et - 55°C 10 150°C
NOTES: 1 Al voltage values are with respect to the Vgg terminal,
2 For operation above 25°C {iee-air temperature see the Dissipation Derating Curve.
DISSIPATION DERATING CURVE
1200
2
£ ~
[ 1000 RN
5 \
£ 800 ~]
5 T~
3 600 I~
2
<
S8 400
E
2 -—
E
x 200
Ll
b=
25 35 45 55 65 75 85
Ta—Free-Air Temperature—"C
———T e = W S ——=="m1h
A S — - ]
. TEXAS
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. : 4N25, 4N25A, 4N26, 4N27, 4N28

P
\TORS
OUTPUT

p—

ATIC

1Q0¢
Q0K
R

ISR

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

r Charactetistic ‘ Symbol ] Min r Typ 1' Max [ Unit ]
INPUT LED )
Forward Voltage {if = 10 mA) Ta = 25°C VE - .18 1.5 Volts
Ta = -55°C - 1.3 -
Ta = 100°C -— 1.0 -
Reverse Leaxage Current (VR = 3 V) R —_ — . 100 .
Capacitance (V = OV, 1 = 1 MHz| / Cy -_ 18 - pF
OUTPUT TRANSISTOR
Collector-Emuner Dark Current 4N25,25A.26.27 ICE0 — 1 50 nA
IVCE = 10 V. Ta » 25°C anN28 - 1 100
(Vcg = YO V. T4 = 100C) All Devices ICED - 1 - nA
Collector-Base Dark Current (Veg = 10 V) icBoO - 0.2 — A
CoHector-Ecnitter Breardown Vottsge (IC = 3 mAl VIBRICED 3c 45 - Volis
Coltector-Base Breakcown Voitage lig = 100 pA) VIBRICBO 0 100 - Volts
Emurter-Collects! Breakdown Voltage {ig = 100 uAl V(BRIECO 7 18 - Volts }
©C Current Gass {Ic = 2mA, Veg = S5 VI heg - 500 - - 1
Coilector-Emitter Capdcitance {{ = 1 MHz, Vgg = 0) Cce - 7 X - pF
Colicerar-Base Capacnsnce (1 =~ 1 Mrz, Vep - 0) Cce -— 19 - wf
Emner-Base Capacitance {f = 1 MHL Vgg = O Ces = 9 — pF
COUPLED
Output Coliector Current lig = 10 mA, Ve = 10 V) Ic mA
4N25,25A,26 2 7 -
4N27,28 1 -] —_
Coliector-Ermitter Satutation Voliage (ic = 2 mA, I = 50 mA) VCE(sat} - { 0.15 0.5 volts
Turn-On Time (I = 16 mA. Vee = 10V, Ry = 100 Q1 ton —~ | 28 - s
Turn-Off Time (1 = 10 mA. Ve = 10V, Ry w 100 (1) toff ar a5 - us
Rise Time {ig = 10 mA, Vgg = 10V, Ry = 100 4) 1 e H - us
Fall Time (If = 10 mA. Vo = 10V, Ry =100 (1 Y - 1.3 - ns
1sulation Vollage t{ = 60 Hz, 1 = 1 sec) Viso 7500 - - Vactpk)
isolation Resrstance {V = 500 V) Riso 1w - - 4]
Isolanon Capucitance (V = 0 V. { = 1 MH2) C1s0 — 0.2 - pF
TYPICAL CHARACTERISTICS
b o S a S S R S LN I 5 WEmmaTemmenms =
| - — = == PULSE ONLY A = —
PULSE OR DC Sl ¥ T NORMAWREDTC:
> 8 . + g T gp=um
,8 A g . L.
e + = T I T
b / / / 5 3=
FRl v & : i : =3
- 4 =3 H 4
= v G i o 1 t ‘} + p
>
= iy 8 TR
% 1 / < i T
E g - -wx = FH g T SS=Sciis
A= ne 7
3 2 | LT 1 1 bt 1 [aqran
= »C LU A 2 Ty 15> o
3 L — ‘
=T | ot q 8 — . f
1 Lt o i i
1 10 100 1000 on 05 1 2 $ 10 20 50

1§, LED FORWARD CURRENT (rhA)

Figure 1. LED Forward Voltage versus Forward Current

1. LED INPUT CURRENT {mA}

Figure 2. Output Current versus Input Current
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te TYPICAL COLLECTOR CURRENT (mA)
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Figure 9. DC Current Gain {Detector Only)

V. Y RTAGE (VLTS

Figure 10. Capacitances versus Voitage

TEST CIRCUIT

Vee = 10V

¥ = IDmAw

-
INPUT -

R+ 1001)

OuTPUT

WAVEFORMS

INPUT PULSE

QUTPLT PULSE

Figure 11. Switching Times
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MV5087 |

DTMF GENERATOR

The MV5087 is fabricated using Plessey Semiconductors’
ISO-CMOS high density technology and offers low power
and wide voltage operation. An inexpensive 3.58MHz TV
crystal completes the reference osciltator. From this
frequency are derived 8 different sinusoidal frequencies
which, when appropriately mixed, provide DuakTone Multi-
Frequency (DTMF) tones.

Inputs are compatible with either a standard 2-0!-8, or
single contact (form A), keyboard. The keyboard entries
determine the correct division of the reference frequency by
the row and column counters.

D-10-A conversion, using R-2R ladder networks, restlts in
a staircase approximation of a sinewave with low total
distortion. .

Frequency and amplitude stability over operating voltage
and temperature range are maintained within industry DTMF
specifications.

FEATURES

M Pin-for-Pin Replacement for MK5087
B Low Standby Power

B Minimum External Parts Count

B 35V 10 10V Operation

{Form A} Keyboard Input

2-0i-8 Keyboard or Calculator-Type Single Contacl

mq\ 7 ehrowc o i
xum {2 15[ SIWGLE TONE tRmiaT
coumn 1 {3 w[]mow 1
cotumn 2 [ n{]row 2
cowmn 3 (s {7 row 3
vss [le wJrowa
oscw {7 1o MuUTE
osc out Is o] column &
|DP16

Fig.1 Pin connections - top view

APPLICATIONS
DTMF Signalling for

B On-Chip Regulation of Output Tone M Telephone Sets
B Mute and Transmitter Drivers On-Chip B Mobile Radio
B High Accuracy Tones Provided by 3.58MHz R Remote Control
Crystal Osciliator Point-of-Sale and Banking Terminals
B Pin-Seleciable Inhivit of Single Tone Generation Process Control
ROW WPUTS
——— SINGLE TONE
T 2 3 s MR T
o ? ]
TR
Re
™ MVS087
vpo o— v Vpp AAA4
Yoo
KEYBOARD LOGIKC
awe o
COUNTER | | comvantER
AOW Yoo
osto | " counTER j_ |4
Vrer
CoumTen o o
OSC° 4 v,
" o | cSPien | contiiren 3
KEYBOAAD LOGIC
ne i —O XM
0 B YTt
vy O~ A Coaie UTE | ﬁ”w
Re
o o -]
) 2 3 4
N———
COLLem mep TS

Fig.2 Functional block diagram
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MV5087

ATINGS

ABSOLUTE MAXIMUM R

Voo © Vgs -0.3V 10.5V Power dissipation
Voltage on any pin Vgg - 03V | Vpp 4+ 0.3V | Derate 16 mW/°C above 75°C
Current on any pin 10 mA (All leads soldered to PCB)
Operating temperature -40°C +85°C

+150°C

Storage temperature

pC ELECTRICAL CHARACTERISTICS ]
Test conditions (unless otherwise stated): -
Temy = +25°C. Voo = 35V10 10V

y Current

Operating Supp!

—_—
INPUT HIGH VOLTAGE
INPUT LOW VOLTAGE

SINGLE TONE
INPUT RESISTANCE

INHIBIT
INPUT HIGH VOLTAGE
INPUT LOW VOLTAGE

W JNPUT HIGH VOLTAGE [0.7V ool

TNPUT LOW VOLTAGE “-

SOURCE CURRENT n Voo= 3svvon=25V| NO
Keyboard

- = Keybo

m——m Eniry
_m
Entry

m Voo =10V.Von= 9.5V

AC ELECTRICAL CHARACTERISTICS
Test conditions (uniess otherwise stated):
Temo = +25°C, Voo = 3.5V 10 10V

CHARACTERISTICS

TonNEOUT |ROW TONE
OUTPUT VOLTAGE
COLUMN TONE
OUTPUT VOLTAGE

EXTERNAL LOAD “m-—-u

R = 1K

Vg = 10V
Tota! out-ol-band power relative U
sum of row and column
fundamental power

IMPEDANCE
OUTPUT DISTORTION

SRE EMPHASIS, High Band _n-
Tone Output Rise Time \, -nﬂ
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MV5087
PIN FUNCTIONS
PIN NAME DESCRIPTION
1 Voo Positive Power Supply
2 XMITR Emitter output of a bipolar transistor whose collector is connected to Vgo. With
no keyboard input this output remains at Vo5 and a keyboard input changes the
output to a high impedance state. The state of Single Tone Inhibit input has no
effect on XMITR output.
1
3,459 Column 1-4 | These inputs are held at Vg¢ by resistors Rc and sense a valid logic level {approx ,
1/2 V) when tied to a Row input. !
6 Ve Negative Power Supply (OV) ;
H
7.8 OSC in, On-chip inverter completes the oscillator when a 3,579545 MHz crystal is . i
OSC Out connected to these pins. OSC In is the inverter input and OSC Qut is the output. !
10 Mute This CMOS Cutput switches to Vg¢ with no keyboard input and to Vps with a
keyboard input. This output is unaffected by the state of Single Tone Inhibit.
11,12,13,14 | Row 1-4 These inputs are held at Vo by resistors R and sense a valid logic level (Approx
/2 Vo) when tied to a column input.
15 Single Tone | This input has a pull-up resistor to Vo, and when left unconnected or tied to Vo,
Inhibit single or dual tones may be generated. When Vg, is applied dual tones only are
generated and no input combirzations will cause generation of a single tone.
16 Tone Out Emitter output of a bipolar NPN transistor whose collector is tied to Vg,. Input to
A this transistor is from an op-amp which mixes, and regulates the output level of,
+ the row and column tones. ~-

ROW AND COLUMN INPUTS 5

These inputs are compatible with the standard 2-0f-8 -- or column. No tones are generated when diagonally-
keyboard, single contact (form A) keyboard and electronic - positioned buttons are simultaneously pressed.
input. Figures 3 and 4 show these input configurations, and " An electronic input to a single column generates that

Fig. § shows the internal structure of these inputs.

When operating with a keyboard, dual tones are generated
when any single button is pushed.. Single tones are
generated when more than one button is pushed in any row

 Tsingle column tone. Inputs to multipie columns generates no

tone. An electronic input to a single row generates no tone

. and a single row tone may be generated only by activating 2
- columns and the desired row.

—-l-— vm
. N
coL L A Row input
CLASS A KEYBOARD ROW % STANC sensing crcuit
INPUT PROTECTION
; ——— - % .
2
N coL Cotumn ingut
: —_ COLUMN - STATIC senzing clrouit
A A AOW . INPUT PROTECTION
20F 8 OTMF KEYS0ARD N

Fig.3 Keyboard configuration

COLUMN

Vss

Fig.5 Row and column inputs




[ MV5087

OUTPUT FREQUENCY -
Siandard DTMF Tone Qutput % Deviation
Table 1 shows the output frequency deviation tfrom the (Hn) Frequency Using  From Standard
standard DTMF frequencies when a 3.58MHz crystal is used "57::":_‘.‘“‘
as the reference. _
The row and column output waveforms are digitally 897 7013 .o.aﬂ
synthesised using R-2R D-to-A converters (see Fig.6), .10 714 019
resulting in a 'staircase’ approximation to a sinewave. An op- Row| T | Low
amp mixes these tones to produce a dual-tone waveform. , 8s2 c o est2 + 06y | Grove
. Single tone distortion is typically better than 7% and all Tl ea 0351 083
v distortion components of the mixed dual-tone should be - - ) R
' 30dB relative to the strongest fundamenta!l (column tone). f, 1209 12159 +057)
f, 1336 13317 -032]
. . Column High
- Ty, varr ung - 0235 Grove
| Lf, 1633 1645.0 +0.73
1

Table 1 Outpu! frequency deviation

414
444
-4

Your

)1
T
T T
T
a i a) aaE
ot nClid !
A L1 - it
K 4 et i I
H 3 Vour 1 v
o ! + T
' ¥
.x! T
- .
i T T
U Y
! ! LNt i
1 ! ; 3
T T +
i b) n T T
i [M1S S L1t R 1 i
i Y 1] [& KL |
1 Aail B 1 Y

Fig.6 Typical sinewave output {a} Row tones (b) Column tones

DISTORTION MEASUREMENTS

THD {for the single tone is defined by:

100(V VE 4+ VE+VE+ =V )%
v

fundamental

Where Va1~ Ve are the Fourier components of the waveform.

THD for the dua!'tone is defined by:

2 2 2 2
100 ( V' VI, + V-V + Vi + VI~ V& 4+ Vig)

v Véow + Veou

where Vaow is the row fundamental amplitude
Veod is the column fundamental amplitude
Var — Vg are the Fourier component amplitudes of the row frequencies
Vzc — Vac are the Fourier component amplitudes of the column frequencies
Vmp is the sum of all intermodulation components.
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5404 /7404

Hex Inverter

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package . Package . Package
Device Type Device Type Device Type Device Type — Device Type
YPe IETP IMIcF YPe CTPIMICF C[PM[cF C[PMEF C[PIM[CF
SN54504 o wT] GNSamas JI wif{ SNS4L S04 T w il SNSaDs ). w2l SNS4LD4 LWOIND|TE
T.L SNISH 31 IND! SNT4H0L JQLINT SN74L S04 JLINT SNTA0L 1T IND SN0 TOINT[TZ]
L.D FM52504 /F MISDIRD F M5404 /F M9HD2 |D T FJ| susaisn 7 Fussos o P | FMS4047F MINOA O F 2
FAIRCH FCIaS02/F 9504 (0T | *D F C14m04/F CIHDL |DTIPT TELS04 / FOILSM oo [PD] 74 | FMTa04. FCONOA |D.B|PT
MC3108 LU F O MC 5404 Ly Fl
MOTOROLA MC3008 LGPl [FG] SNLSK £ MCT400 Lo |PD
NS.C DM 54M04 JWINL DMS4L S04 DME404 JWINL w2{ OMbaLOd 3 DN FQ
- DMTES04 NG - DM2M04 DN DM7&L S04 UM 7404 JTIND DM 74L04 3T IND FQ
1
PHILIPS NT4SO4 o] NTAHDL [ NI4L S04 q FIHZE1/T404 @
GNET! S34504 FOlaw W] S54r04 FOIAD w S5404 FiL[Ad) wil
SIGNE cS NT4SHe FOIAD! wi| NTeHOd FCIAD NYAL SD4 a (T NI4&3L FOIAD
SIEMENS ST )
FUJITSU 74504 MDA YERL CAT
HITACH! RD4504 T|PO HDL 504 P L =D7404,4D2522 [l .
MITSUBISH! MS55004 % MT4L S04 P L M5320¢ 9]
NEC S0 C T 7aL 504 [y uPB23E oT
TOSHIBA 1 TD0sA PO
Electrical Characteristics SNS4LS04/SN74LS04
absolute Maximum rSUNES Over operating tree-air temperature range
Swpory wM YCC ™ Operatng Wewssr [ snss { 1T w 18T .
e~ w weorsors v [Swms | R Schematics (each gate)
Sroate trworain et | —63T 0 10T
- d operating
SNSALSO0s EN74LS04 O
iy NOM MAX N NOM AX (g .
Sty veuder VOO (R ) 5 .4 i) i) $2 v
R SABALCTON (Qn —400 - 400 wh ver
Ltwerem aApyl Grionl gL 4 [} ma 1 1 g
Oumtding Soe-es Wnomaist T4 8% 123 ] ™ t
electrical characle.ristics over recommended operating re TPV ¥
{ree-air temperature range .
PARAMETER TEST CONDITIONS 1 MIN TYP 3 MAX |UNIT -‘#
Vi Hanaevel wovl voltage 2 v P
Vi Low-eve! wmout voilage N o8l v "
»
v (N YOS v MIN, = —13mA -1, v
4 + ure = VEE:MIN VI|L-V|’:: P > TRCUIT_ T Ri | 2| BY ) R4
v mephrievel o " \ T a o4 aw [1.0%) 130
[ reh-ievel oulpul vollage e = MAX 2.7 3 v oot 40n  10% o0 TN
. Voo =MIN, Vip= 2V, 1nput Clamp diodes not en
VoL  Lavisavel cutout voliage Ig = Ama gLy v SNSAL 7SNTAL ® Lircuits. ‘S04 CIRCUIY
Y oyt current at VEC=MAX, V=TV o.1| ma ‘04, ‘LD4 CIRCUITS
mavmum mOul wollage
LIt Migh=evel 1POutl currenl Ve EMAX  Vi=2.7V 20} wa
hy L Ow-ievel wgu: Surrent Voo sMAX, Vi =0.4V -04] ma .
Snort-cweu T sars Fanuy | —20 ~ 100
1 v AX
oS outout current ¢ ccmM JALS Famuy | =20 - 100 mA
inmuw  Sucoty current Veg=MaX {Toral, outpuls hgn 1,2 2.4 mA i
\oo:  Supoty current [To1a!. outputs 10w 3.6 6.6/ ma
Average per gate
' S0l at v v
cc "y oured cens (50% outy cveie) - mA
Prooagauor cely time,
LY {owe10-RIgh" . 9 15 ns
-Righ- ievel DUtDul veg= SV,  Ta=25C.
» celay ume, 1SPF, A =2KO
—— 220agaLION Oelay nime, Cy =18 L= 19 5] ns
"WGN+10-10w <gvel OutdUl
Pin Assignments (Top View)
Vee
® @ 1118 ned _fu
v
Yer 6A Y SA 3Y 4B 4Y 1Y  §a 6Y OND 8Y S5A av ey J\—’)-Lk
EnSnSoimimsnsnn . b oneur
o> D )
bl
‘ i 'y
‘ | - SN
k £ ) rD’] f{>“} h r<h {>“l l o4 CIRCUT ‘L304 "CIRCUIT
! e
llgtt o puy ptigtigigtanaOyt
1A tY A 2Y a 3Y OND VA 2Y 2A vog A 3Y 4A
positive logwic &
vy=3 flesistor values shown are nominat and in ohms.

o conaions shown.Is MIN or MAX use
tvprcal vanses are 81 VOC™= 8V, Ta=25C

@Np: more 1NAN ane OuIDUL SNOWIC De SNOrie0 &t 3 time, and for SNSaM’

ine EDDrODriATe vatue SDeCIbed urder reCOM MENded Doeraling condiions
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54138,/74138 2-Line-to-8-Line Decoder
Schottky TTL High- Speed TTL Low-Power Schottky TTL . Standard TTL Low-Power TTL
Device T Package Device T Packsage Device Typ Package Device Typ Package Device T Package
evice pe evice Type evice Type evice Type — evice e
YPe IeTPMICF c[PImIcF clPmicF cipIMIcF YPE TP MIcH
Tl SN54S 138 3 w it SNS4L S 138 J wii {
ot SN745138 J TN SNYMLS138 J N
7 Pnin ) rusasine snemsis | o4 ¢
FAIRCHILD FCHSIN. NI oD ForaLsid - iowsin | 901 rC fE
MOTOROLA SNTaL 5138 PO
DM74LS 138 o] | ]
NS.C. DM745138 @ DMSAL $138 ol | | .
! t
PHLIPS N125138 © . N74LS 138 [4] i ]
S35 138 Falag| twy) {
SIGNETICS NI4S138 F CiBO) NTELS 138 X i :
SIEMENS
!
FUJITSU T4L 5138 MOl N
B . 1
HTACH WONLS 138 P D i 7]
|
MTSUBISH MI4S138 P MT4L 5138 PC, | 3
! [
NEC | T4 5138 1T, |
T
TOSH BA L1 I l
b I | | | .
Electrical Characteristics SNS4LS138/SN74LS! 38 Pin Assignment (Top View)
maxi i i DATAOUTPUTS
nbsolu'te maximum ratings over operating '0) i u
free-air temperature range Voo ‘Yo Yv Y2 Y3 Ya vs Y&
Suoply vottage. Voo v Operating tree-ar | smsais —§5'Clo 125°C
Input vollage ™ 1emparature ranae rsuuu 0°Cta 10°C
Storage temoeratue ranqe —65"Cto 150°C
recommended operarating conditions .
SNSALS 132 SN74.5138 N . .
g MIN _NOM MAX | MIN _NOM MAX 3 positive logic:
Sucoly voitage. Voo 4.5 H 5.5{4.75 5 s.2s| Vv | l ses tunciion tadle
Hign-tevel osldul Crent. 10 400 400 ok .
Low-leve! ouiout current. log 4 2| ma K
Operatma free-aw temperature, Ta -85 1287 0 10{ °C & 8 C G224628 G cuvauran .
electrical characteristics over recommended operating SELECT ENABLE
free-air temperature range Function Table
PARAMETER # TEST CONDITIONSY | MIN_TYP3 MAX | UNIT ‘§138°LS138
Vil Fhga-revel npul voltage {2, [ v e
Vi Low-lavel dpu! voilage 0.8t Vv L« NN . e i QUTPUTS
[ Inget_clam voliage Voo T MIN, = - 1ama 151 V E:ABLCE.J SELECT
v Migheseve. Quipul voHal VegTMIN. V=2V, SIS | 28 3.8 v I NLELELERIAMRIALELRARLRL
oH + outoy ] Vae, v 10M= 400ua] SWHGS | 2734 t : ;: :( X | H H H H H H H H
X | H M. H K H H H H
VEC=MN. V=2V, ’
voL L ow-tevel Oulpul voltage v.:-n.w oy = Ime .0.35 0.5 Vv " N N L L L K H HHHHH
W Ol Corrent 4t marmum v . & " Lt L RIW L M H HEHHMH
wnout voluge £ 7 & 4 H o LiL H L|H KR L HMHHHH
ot "anievel smout current VeCEMAK, V=27V 201wk N LjL ® HIH H R L HHBHH
o L oweieve! sout current Vg EMAX, V=0 4V 04! ma H LiH L LR KB HHLHKNH -
‘05 Shori-cwcul outoul Current ® | Voo =MAX - 20 -~ 100_nma " Lid L H MW HH M L W
" Llm® ® LI H H M H H L H h
Voo = MAX.  Quiputs enapleo
! Suoowy current cc
cC e 6.3 10y mA H LM H H|H H R HHHKHEL
L] i 2 B2 s s G22G22-G628
PrL] ‘rom Binary sciect i 21 a MERgh fevsl, L= low jever, X =uarelovant »
oyst | any outout vee= sV, PO SN L L : f
1oL Ta=25C weets| " | X Functional Block Diagram
of
::LN Cy = 150F qetav 2 + ;7' l;z " ,___—.__4 LI
:p:L rom Enadle Ry= 2w 3 7% P .
oL [ . v
Ty ‘w any outpul 3 I Ty ns enasLE G-—D& | BB : .
NPUTS G?A“—'__—ﬁ} H . E );, v2
G2e s 1
==
! . DaTa
T I of GUTPUTS
' i
[V S—
a2 5 " nys
o t
N SELECT ? -‘*—”*@
wouts | * o iD= ¢
—D*—*‘Dé}— v
*$138 'LS138 DECODER ., DEMULTIPLEXER
¢ For crnoilions SFown 838 MIN Or MAX  yge the adnrop isle e utgnr o operatng ‘tor ihe device type.

3 AL tyoca vawes ate 3 voC - SV Ta 25
©NO! mOve than Gne GuiDul Shoulc DE SROTIEC A1 B Lime  an0 GUFALON A1 I SNOF-LHCINL 1PST SNOUIC AOT exCPed One secund
1Dy 44 - 0-UCRATION OBy LMe  1Owe i mGh-ever Oulbul

1Dy £ 0DAGALON Gelay NHTE  MQNTIUtIOw vl outhut



172

54154 /74154

4-Line-to- 1 6-Line Decoder /Demultiplexer

T AN tepcui vaies are a1 VO =5V,

Schottky TLL High- Speed TTL Low- Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package P ackagy |
Device Type —{ Device Type Device T - Device T Device T 8
e e TPImicE c [P IM[CcF YPe TR MICF P rCTPMIcF P TP TmicH
T + SN54154 S D) WG| SNS4L 154 J¢
-1 1 SNY4154 JEIND] | | SNTALIM J OIND
[ - " LORY
FAIRCHILD 7 FCI418d 5 | PD
bt
MOTOROLA ™7 SNIISL 5D
N.S.C [ OMSALS 154 (& DM54154 = FD| DMsaL 1544 DONO| |
el T 1 : DMTALS 154 [l DM7415¢ JONDl  FO{DMMLISA oDINDL_ iy
[ | 1|
PHILIPS | | N74L 5158 Tt | [N
- ! [_|ssus FOND| oW
SIGNETICS —— 1 e G
. L [ | | !
SIEMENS . o o
v |
FUSITSU ] ,
[T 1 ! ] .
{ HITACHI | BRI i HOT4LS 15 i _pai | HpJalst “HD2s8d 1 BPD| -
PR I | 1 ! }
MITSUBISHI T T T T ME3354 [20]
[T . 1 [
NEC T i T LI Ed
| S | | I N
TOSHIBA ——— - . | -
Electrical Characteristics SN54 154 /SN74154 .
Function Table
absolute maximum ratings over operating free-air temperature range 154, 'L 154
Suoomy wetage. VOC T3V | Operating tree-sr Tsnse | 55T 1o 125T IguTS i oureuTs
Trowr votage TESV | tamperature range (swor 5% 1o 70T G1GZ | DC B A | O 1 223458678 9101112i31418
Siorage tempetalure range ~65T 10 150T [ LMK MM H NN M E AN H N
= 3 Lo LLLow M L M MMM H N HH K MHNRHH
recommsnded operating conditions L T T T T R oo Bl
L oL L L WH MR ML W H MR H K H KN K NN
[ sns4isa SN74154 LL LML G ] m n LMK NN W N
MINNOMMAXMINNOMMAXLUN'T [ T T T T A I S T R I Bl B B
LLlLNNL ‘INN"N“LNND'NNNNNN
Swoohy_voftage. Vo 45 5 $81475 5 5.25| v L O L e R TER RURLI '
Hign-leve. oulput cutrent. ' OH -~800 | -1200 wh g 1L, : L R W & [ R S T T U T R T
» LL‘.le MOH MR MR M MWL MM E RN .
L ow-lewe! oulput Gurrent. Lo 1 6| ¥y (L) LU LML | MMM mme ot wwn M i
Uperatnc lree-av temoeralure. 7 158 1261 0 ) T LL ;ML RN MM R MM HNRHNKELARHNN
N P . L L L I S WM OH R MM H MK RHKLARHA
electrical characteristics over recommended operaling R s N M e M MR MM WK N AL HN
free- air temperature range L " HOHL MM OH MMM M MN KRN ®HNLDN
T LL , MW oReom H H M MR HNHKFEHHRMNSRSHMNNL
PARMETER ® TESY CONDITIONS Y | MIN TYP3I MAX | UNIT Cmlox o ox ¥ H A A ']
Vg meoh-level inbul voilage 12 v WL bxoxoxa MMM MO MMM R R KR NN RN
Vi Low-levm DUl vollage i 081 Vv nnlllxl WM KM KRN R KR MK N NN
vy 1npul clamp voltace Ve TMIN, i)= ~12mA ' -t 54 Vv Hoe g v L siow lews X = wielovan
. VECEMIN, Viy=2v, i . )
VoR  Sgneievel oulout voltage Vi =0 BV, ipym=800uA | z.4 3e v Functional Block Diagram
VGG =MIN, Vin=2V, ] N
v . < t )
oL  Low-mvel cutput vohiage ‘V|L =08V gy =isma i 02 0.4 v U , [
mout cutrent at mammum | l A, 2
“ Lvog=MAX, V=55V ; t ma =
nout voltage ! ! : e e -4
i Pt evel inout_Current VO = MAX, Vi=Z &V 1 0] uA il — 4@_}——1 9
1L Cowetevel woul Current Voo MAX, Vir0 v Zi 6 ma (LD m
—|
1 . i P snse .20 -55 1 3
ips Short-circant Outdul current ® Voo EMAR, o) 51 ma - 4’-53&‘
L A
Vo= MEX SNot u a3 s B
ige Suoory current See Note NI = iy mA { A ] ,: Laﬂs
\ ovom A 8, C.or D mouts H i 221 8 ! 14
N (]
PLI (nrougn 3 tevets of oo # * l s NPT T" D-TOE — ¢
. trom A, B, C, o« O wnouts vego =S, =BT 2 2 ' . T—-; 3,
“ | through 3 levets of foaic Cy =150F, R =400y | ¢ 2L SNE UTPUTS
] o o ouTRY:
1Dy | 1r0m eiber 3trods noul ' 20 | ns T e — ]
1R 1rom eithetr $170De inowt § 18 21| ns "o
[
. . . 28
Pin Assignment (Top View) e wt
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vee | an
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Soveuts 154, "L154 4-LINE-TO- 16-LINE DECODER - DEMULTIPLEXER
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*Cor conmitons Shown as MIN or MAX. y3e the 2DOIOOMBTE value 3D unger d aperanng tor the type
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Z.cvos MT8870C/MT8870C-1
integrated DTMF Receiver

HAAY Ym aITS ﬁmun

Features

s Complete DTMF Receiver ’

* Low lower Contumption
Internal Gain Setting Amplifier
Adjustahle Guard Time
Central Office Qualily
Power.down Mode
Inhibit Mode

e & & o o

Apphcatrons

Receiver System [or British Telacom (BT) or
CEPT Spec (MTBBT70C-1)

Paging Systems

Repeater Systems/Mobile Radio

Credit Card Systems

Remote Control

Personal Computers

Telephone Answering Machine

® ® & & & o

Description

The MTBB870C/MTBB870C.! is a complete DTMF
receiver inlegrating both the bandipiit lliter and
dl9n.-l decoder Tunctions, fabricated In Mitel'y
double poly 1SO.CMOS technology. The filter
section utes twitched c¢apacitor techniques lor

155! .ﬂ::Im'w;-r‘gx__ﬁkiﬂnjs1”1 wl{ﬁ'-

9161.001.094.MA 13171 ) November 1987

Pin Connections

s ]9 Uye |3 voo
N- (] 2 17 SUGT
oy {{ 1§ jm
vael (] ¢ 13 S0
INK & 3 1¢ 1] Qe
PWON ¢ o
oscy (] 7 12 501
oscx (] v 1 qr
vss (] 19 {J 10¢
. Qrdermg lnfprmatlon

MT8870CE/MT8870CE- 1 Plaftic OIP

MT8870CC/MT8870CC. 1 Gridip

MT8B70CS/MTBB70CS- 1. SOIC
-40°Cto +85°C

high and, low grouo filters; the decoder uses
digital {gunting techniques lo detect and decode
all 16 DIMF lone.pairs inlo 3 4.bit code. External
companent count is minimized by on chip provision
of a gileremial input amplifier, clock oscillator and
latched thrde-state bus interface,

LOW GAouUP L_~
ITER

Yoo VS VRel N =
— - F
RN
N
reion B— BIAS
cImeut VRel
- BUITER
— S - -4 g1
! NIGK GAQU?P 3
'gw:l ::x; .' TR =9 ‘U- DIGITAL [qe]v] .
DETECTION COMVERTER &‘ a2

DIAL ZERO CROSSING ALGORITHM AND LATCH
~ TOME DETECTORY [o}]
re l [(ow cnour | \_

—

s Sy (O

U _we 10aU e srtemme
g,t'c';cxs ~— ¢r tocK .
- k4 -
o3¢t osc? SuG! £t $T0 10t

Figure 3 - Function

al Block Diagram i
3-5)
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MT8870C/MT8870C-1 1s02.cmos

Absolute Maximum Ratings

.\""

Parameter Symbol Min I Max Units
V| OCTower Supply Voltage Voo 6 v
72 Vollage on any pin ) Vi o Ves=0.3 Vop + 0.3 v
"3 Cmvenlalany pin(olhcuhnnwmsly) h 10 mA
A ';lm.;g—;l.emnrzl.;;:” T —- Ts1g - ~65 + 150 e
5| Package powes dinsipation o S 1000 mw

.l seerding there valurmy may capie rermaneat d-"-aqv Tunttinnat apetatinn ynder these condilions is nol implied,
Nerate shnee 73°C a1 16 mw 2 ¢ ANl s iniderrd 1o haard

Recommended Opera(ing Condilions . Vollsges are with respect 10 ground (Vy;) unlest otheraise stated

Parameter Sym | Min | Typ: _Max | Units " Test Conditions ]
i OC Fower Sunply Voltage Voo | 4.75 5.0 | 5.25 v ,.
E Operaling Temperature To ~ a0 + 89S C . L
3 CrystaliClock Frequency fe 1.57954s MH2 oo
A Crystal/Clock freq.Tolerance ale 0.1 % {

' lypecaifigureyare at 75 C

DC Electrical Characteristics - vagr sovs ST Vyy OV, A0C % Ty T e 83°Cy
il

.
':’

and ace lor gesign s only: nol Quaranieed amj'nw ubject to preduciion iesting

nitss othe wise ttaled

Characteristics Sym Min Typr Max | Units Test Conditions
11 3 |Standby supply current looo 100 rA | PWON=Vpqo
2] l,’ Operating u’:—r:r;ry turrent o0 | ¥ 3.0 9.0 _mA
3 : Power <on1umnli-on Po 15 350 “mwW. | f¢=3.579545 MHz
Y i
4 High level input Vi 3.5 v Vpp =5.0v
; Low levelinput voltage Vi, 1.5 Y Voo = 5.0V ]
_5— :e m( leakage current g/l 0.1 rA | Viy= Vg or Voo
7 * [Pullon ource) current ¥ 7.5 | 20 | pA |T1OE(pin 10)=0,
l,J N Voo = 5.0V
“R| s {Pull down (3ink) current o 1S as A | INIT= 5.0V, PWON= 5.0V,
Voo =5.0V
E) Inpul imnedance (IN4.IN-){ R | 10 MO | @ ) kH?
E Steering threshoid vollage Vig 2.2 .5 V.  [Vpp = 5.0V
1 Low level oulput voltage Vot Vi3 0.03( V |Noload
;? 8 High level outnut vollage Vo Vpp-0.03 V | Noload
13| 1 {Output low Gsink] current | Iy 0| s mA |Vour=0.4V
i} v Outpul high (source) turrent| loy 0.6 0.8 mA |Voyr =46V .
s ; Veerouipulvoltage Vet 2.4 2.7 vV [Noloed, Voo = 5.0V
% Vaer output resisiance Ron 10 kN

'Tyreesiliguseetare 2123 € and are inr desinn 3id aniy  nat guaraniesd and not 1wbject 10 production tesling
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1s02.cM0s MT8870C/MT8870C-1

Operating Characteristics .voo»5.0v£ 5%, vy 20V, 40C 3 Tg 3 4 85°C untent atherwhe stitéd.
Gain Setting Amplifier

Characteristies Sym Min Typ' | Max | Unlty Tést Condltions
1 {1nput leakage current hn 100 nA - | Vs S Viy SVpo
1 |inputresistance Rin 10 Mfl
3 |input ollset voltage Vos 5 mvV .
'd | Power supply rejection PSRR 50 d8 |1kHt :
S| Commonmoderéjection CMRR 40 d8 | —~3.0Vs vy 55,0 \'2
6§ |OC openloop voitage gain Avot 32 ds .
7 | Unlty gain bandwidth f¢ 0.30 MH2
8 | Qutput voltade swing Vo 40 Vpp jLload 2100k loVyy,
§ { Maximum capacitive load (GS) L 100 pf ;
10 | Maximum resistive load {GS) Ry 50 0 Vi
11 ] Common mode range Vem .5 Voo |Noload | I
Ay sV .
MT8870C AT Electrical Chatacteridtics'. vooas.ov £5%, vy =0V..40°C 5 To 5 +4$°C; uling Tasl <ﬁédmhom in
Flgure 2. _-,." )
Characteristles Sym Min Typ* | Max | Uniti | < Notes*
§ VaH.d input signal leveis = 11" L ¥ 123549
{each tone of compoasite NS R mVams | 1.2,3,5.8.3
signal) +1 d8m. | 1,2,3,5.6.9
. 869 | mVams | 1,2,3,5.6,9 R
7] Negative twist accept 6 g8 12,3,6.9
El Positive twist accept 6 d8 2,169
4 | Frequency deviation accept +1.5% = 1 Hz s 2,359
B Frequency deviation reject £3.5% ‘T 3,59
3 Third tone lolerance ~-16 g8 |2.3,4,59,10
7] Noise tolerance Y -12 d8 123,457,910
3 Olaltone tolerance | +22 d8 2,3,4,5.8 991

"1ypical figures ar'e 3123 °C and ar¢ for design aid oniy: not guaranteed and not tubject 1o production testing,

*nores

1.d8ma= decibelt above or below a relerence power ol | mWinto 2 600 ohm load.
). Digit 1equence contists of all DTME tormedl

fonme duration= 40 mg, tone paute = e ms,
signal condition contist of nominal DTMF lreguencie,
tothtones in composite rignal have 2n enual ampiiiude,
Tone pairisdeviated by 21.3% 2 I Mz,
tandwidth limited {J kM1 ) Cavstian noire,
The precite disl tone lrequencies are (330 Me and 440 He) £ 7%,
Fordnerrorrate ol better than 11n 10,000,

10. Relertnced 1o lowest itvel freauency component In DTME rignal,
11 Aglerenced to the minimum valid sccept level,
16T JULre TRE caictlation purporer.

3-55
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MT8870C/MTB8870C-1 150%.cMOs

k‘. R
MTBB70C-1 AC Electrical Characteristics'. VonT3.0VA SR, Vi a0V, 40°C 5 Ty 3 4 83°C, using Test Clreult
thawn in figure 2,
Characteristics Sym Min Typ' | Max Units Notes*
, ;/aliiinpu( s:gnal leveis -31 +1 d8m |Vpp=S5.0v
each lone of composile 1,2.3.5.6.3
V 2 had oo,
] [signal) 1.8 869 | mVaus
-37 . dBm | Vpp=35.0V
? Input Signal Level Reject
9 C 09 Vg | 1:2.3.5.6.9
3 Negative twist accept 6 d8 2.3.6,9
4 Positive twist accent 5 dB 2,3.6,9
S Frequency deviation accept +1.5% % 2 H:z 2.3.5.9
6 Frequency deviation reject. +3.5% . 3359
7 Third tone lolerance - 18.5 : dJ8 -2,3,4,5,9,13
3 Noise tolerance - 12 ~ |»-d8 2,3,4,5,7,9,10
9 Dial tone tolerance + 22 d8 2.3,4,5,8,9, 11
‘Typecsi ligures sre at 23 °C and are for desrgn a«d only: not guaranized and not 1ubject to production ltyy‘ﬂq.
*uorgs VL
| dBm= detibelt above or below a 1efesence nower of 1 mW inio s 600 ohen load. -
1 Digil sequencr consists of 211 DIMF tones,
J. Tone durationm 40 ms, tone pavte x 40 my, -4 5
4 Signalconditien comists of nominel DTMS lreguencivs. »",.'!"
5 Soth tonesincompotite tignal have an eaual amplitude, 0\
§ Tone pairit devisted by 21,3 % 2 2 My * \
7 Bandwidth limited {3 kH? ) Gautsian noise,
8 The preciie disllone frequencies are (IS0 Hr and 440 117) & 2 % "
9.70r an error 1ate ol better than 1 In 10.000,
10 Relerenced lo iowest level lrequency comnonent in DTM? tignal P

11, Relerenced 10 the minimuem vaobid accent lewel,

V1. Tor quard time ¢aleviatlon pyrnotes,
13 Refoeenced 10 Fig 10 1nnut DTMS 1one level at.23d8m (.780Am ot GS P;v\nmnﬂnn(! Irequency 1ange between 480.3400M2,




1502.CMOS MTB870C/MT8870C-1

AC Electrical Characteristics vy nsovis

K, Vi3m0V, .40°C X To x +85°C, using Test Clreult shomam in Figure .

Characteristics Sym | Min | Typ! | Max | Units Conditions

! Tone pressntdetect time oy s 11 14 ms | Note 12
z . Tone absent detect time toa 0.5 4 8.5 ms | Note 12
_J‘ ) Tone duration accept lage 40 ms | User adjustable
| 41 % [Toneduration reject Wre | 20 ms | User adjustable
L_l G |lnterdigit pause accept Yo 40 ms | User adjustable

6 Interdigit pause reject too 20 ms | User adjustable

7 Propagation delay (St 10 Q) teq 8 H 1 | TOE=Vpg
_B| o [Propagation delay (Stio 510) tesio 12 16 #t | TOE=Voo
_9_ E Outputdatasetup( Qo StO) tosio 3.4 - ns | TOE= Vg

10} 7 | Propagation delay (TOE to O ENABLE) | tore 50 nt [loadollokn,
R .- +. 2| 50pF

1 Propagation delay (TOE to Q OISABLE) | 1o T 300 ns |load ol 10k,

. ’S(f/bF
4

12 Crystat/clock frequency le 13.5759{3.5795{3.5831 MHY
—_1—3: f Clock input rise time temet 110 ns  |-Ext. clock

14} 0 |Clock Input [ail time et | . 110 ns | Ext.clock
(15| & [Clock Input duty cycle OCq | 490 | 50 | 60 | % |Em. clock
(761 [Capacitive load (05C2) A 30 | of

! Typical figures are at 23°C and are (or design aid oniy: ot quaranteed and not tulject to production testing,

- 20 .
-
. c.
otme O—-{} —
input R MT8870C/MTBB70C-1 !
e ~C]me U Voo [
f—Cl - suct I X
—] G5 5t J—f—rnnd T
Rr o v $t0 D————O
Q———————[] nu ¢ P——0
O———] rown Qi P———0
03¢ o: |F———0
X~'='GU}—C 0% o1 {}—r——0
. r——f Vi Toe {>—
77

NOTES:

Ry Ay 100%0 £1%

2,300%0 1%

C,.Cym100nF LS %

Xelaba 3379548 MM 201 %
1

"Figure 2- Single-Ended Input Conliguration
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Pin Description

Pin g Name Description oA
1 IN 4+ Non-lnvgv(lng Op-Amp (Input),
2 IN - Inverting Op.Amp (Input),
3 GS Gain Select. Gives access 10 oulput of front end dillerential amplilier for conneclion
ol leedback resistor, . .
A Vel Reference Voltage (Output), Nominally Vpo/2 Is used to bias Inputs at mid.rail (see
fig.2).
- INH Inhibit (Input). Logic high inhibits the detection ol tones tepresenting ctharaciers A, 8,
Cand D. This pininput is Internally pulied down, . :
6 PWDN |Power Down {iInput), Active high. Powers down the device and Inhibits the oscillator.
_ This pin input is internally pulled down,
p 7 0sCt | Clock {input). .
L] 0sc2 Clock (Output). A 3.579545 MH2 crystal connected between pins OSC1 and OSC2
compleles the internal oscillator circuit,
9 Vss Negative Power Supply (Input).
10 T0¢ Three State Cutput Enable (Input)..Logic high enabjes the pulputs Q1-Qd. This pin is
pulled up Internally, ,— &’
11.14 Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the-Code torresponding (o
] the last valid tone-pair received (see Table 1). When TOE I3 logId1ow, the data outputs
- are high impedance, ; . 4
$ 15 S0 Otiayed Steering (Output).Presents logic high when 3 received tone-pair has been
. ‘egistered and the output latch updaled: relurns to logic low when the voltage on
5 SUGT falls below Vyy B :
: 16 131 Eariy Steering (Output), Presents a logic Righ once the digilal algorithm has detected
. 3 valid tone pair (signal conditidn). Any momentary loss of signal condition will tause
E5t1o return to 2 logic low, 1! =
17 SUGT | Sieering Input/Guard lime {Output) Bidirectlonal. A voltage greater Lthan Vyy,
detected at St causes the device to register the detecled lone pair and update the
outputlatch, A voltage less than Visilrees the device Lo accept s new tone peir. The
GT.output acls to reset the external steering timettonstant: Ity state is s funciion of
E5t and the vollage on S1.
18 Voo Positive power supply (Input), "
t
A
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Functional Description simulstion by extraneous signals such a5volce wF:‘v'l(-E

providing tolerance to small frequency deviatlons
The MT8870C/MT8870C. 1 monolithic DTMF receiver and variations., This aversging sigorithm has been
offers small size, low power consumption and high deveioped to ensure an optimum combination of
performance. Its architecture consists of a bandsplit immunity (o talk-olf and tolerance to the presence
filter section, which separates the high and low  of interfering frequencies (third tones) and noise.
group lones, followed by a digital counting section When the detector recognizes the presence of two
which verilies the ltequency and duration of the vaild tones (this Is referred 1o 3t the “jignal

received lones before passing the torresponding tondition” in some Industry specifications) the

tode 10 the output bus. “Early Steering” (EST) output will go to an sclive

state. Any subsequent loss of signal condition will

Filter Section tause ESL 1o assume an Inactive state (see “Steering.
: Circuit”),

Separation of the low-group and high group tones is

achieved by 3pplying the DTMF signal to the Inputs Steering Clreult

of two sixth-order switched capacilor bandpass . .

lilters, the bandwidths of which correspond 1o the Belore registration of a decoded tone pair, the
low and high group frequencies. The fliter section recelver checks for a valid signal durstion (referred
diso Incorporates notches. st 350 and 440 Mg for to as charscier recognition condltion). This check Is
exceplions! disl tone refection (see Figure 4), Each periosmed by an external AC time constant driven by
Hier output Is followed by a single order swilched ESt. Alogic high on ESt ciqn; ~y(se¢ Flgure 5) to rise
capacitor fliter section which smooths the signals 33 the cepacitor dhchugn. Provided signai
prior to limiting. Limiting Is performed by high.gain  (ohdition Is maintained.{E5t remains high) for the
tomparators which are provided with hysteresis to validation period (tgrs). v, reaches the threshold
Prevent detection of unwanted low-level signals. {V1si) of the steering logic to register the tone pair,
The outputs of the comparators provide full rail 13Rthing its corresponding 4.bil code (see Table 1) . :
logic swings at the frequencies ol the incoming 1o the oulput latch. At this point the GT output is-

DTMF signais. v, 3ctivated and drives ve 10 Vpp. GT continues to diive-
- " high as long as ESt remaing high. Finally, sfter a
Decoder Section shoct'delay to allow the output latch 1o settle, the

delayed steering dutput flag (S1D) goes high, ™
Following the fi!ter section is a decoder employing signalling that a received.tone pair has been =
digital tounting techniques 1o delermine the registered. The contents of the output latch are
Irequencies of the Incoming tones and to verify thet  made avaliable .on the 4.bit output bus by raising -
they correspond 1o standard DIMF frequencies. A h, three state control Input (TOE) to 4 logl-( high.
complex averaging algorithm protects against tone  7pe steering clreuit works In reverse to validate

\‘
') PRECISE
7 N DIAL TONES
! N | xesson
] X Y= 480 M2
BN i DTMI TONES
20 Am$y7 Mz
. 7 l—\ $=770 1y
ATTENUATION Cm 83242
{e) 7 ] \ . Dm9aiMr
I=1209 M2
30 ] . Fu 133§ He
LG w477 N2
7 | ! H=163] Hy
40 —_ e — .
I A \ 1 - N
30 L — 3 - \ '
i IR ‘
1 kM . :
f X v A B CoOD | I G - H :
- I d
FREQUENCY (11) A

- Flgure 4. Filter Response -

3.60
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Digit| rot | mm | 31 | g, ERERE

ANY | x 4 U]t 1
! " L " 9 3 0 !
P H L o] ] o 1 -]
) L] L 2 L) 1 !
] L] 8 K 0 1 ] 0
3 M L H Q i 0 1
[ ] 1 1 1] 0 1 ! 0
H H L M [} ! t 1
t M L ] ! 0 ) [
3 M T " 1, [ [} 1
0 H 8 H | 4] 1 ]
b H L H t ] 1 1
z H L M 1 1 /] 0
A H L H 1 1 ] !
3 H { M- 1. 1 1 0
C H L H 1 1 1 1
) M L H o | 0 0 0
1 H o H 0 g ] i
2 H ] M 0 -] 1 0
b E M 1] 0 0 1 1
4 Lo H H [} 1 .0 [}
1 H H H 9 i 0 1
[ N H H o 1 1 0
7 i H M 0 t 1 1
] H K H 1 0 0 [}
b H H H 1 9 9 1
2 2] ] H 1 [¢] 1 0
‘ M M 1 1] 1 '
z o H L] ] 1 o o
A " X L undetecied, the output
L] H H S code will remain the tame
[4 H H L s1the previous dgieqyed
0 " " ] L | code

OGIC LOW, H v LOGIC HIGH, 7 = 1IGH IMPEDANCE
Tadle 1-Functional Decode Table

1
=

—-

Seinterdigit pause between signals. Thus, a5 wall
‘3 rejecting signals too short (o Ye considered valid,
the receiver will tolerate signal-intsrruptions
{drcoout) too short to be considered a valid paute.
This facility, together with the capability of selecting
the steering time constants externally, allows the
designer Lo tailor perlormance to meet a wide
variaty ol yystem requirements,

"GUard-Fime Ad]Ustment

In many situationt not requiring selection of tone
duration and interdigital pause, the simple steering

drevit shown in Figure 5 Is applicable. Component
values are chosen according to the formula:

lrec=top+tgrp
tio=tlpa+tgra

The vaiue ol to, Is a3 device parametler (ses Figure 3}
and lxgc i1 the minimum signal duration to be
recognized by the receiver, A value lor C of 0.1 uf iy
recommended lor most applications, leaving R to be
selected by the designer,

Dilferent steering arrangements may be used to
select Independently the guard times for tone
present {tgrs) and tone absent (igra). This may be
necessary to meet system specilications which place

* both accept and reject limits on both tone duration

and interdigital pause. Guard time adjustment siso
sllows the designer to taflor system parameters such
23 taik oll 3nd noise immunity. Increasing tage
improves talk-off performance since it reduces the
probability Jhat tones simiulated by speech will
maintain jignal condition long epough to be
regittered. Alternatively, 1 relatively 1hort tage with
along oo would be approprln_t,lo/exlrcmely noisy
environments where fast scequisition tUme and
Immunity to tone drop-outs are required. Design
Informatian lor guard tUme adjustment is shown in
Figure /¢ =

Power.down and Inhibit Mode

!
A logic hig’h 3pplied to pin § (PWDN) will power
down the device to minimize the power
consumption in 3 standby mode. It stops the
oscillator and lhc.!un:tig_m of the fllters,

Inhibit mode iy enabled by 4 logic high Input to the
pin 5 (INH), It inhibits the detection of tones
representing characters A,8.C and D. The output
code will remain the same as the previous detected
code (see Table 1),

Dilferential Input Conflguration

The input arrangement of the MTB870C/MT8870C. |
provides a dilferential-input operational amplilier
83 well 35 2 bias source(Vpaer) which Is used to bias the
inpuls at mid-rail, Provision is made lor connection
of a feedback resistor to the op-amp output (GS) lor
adjustment of gain. In a single-ended configurstion,
the input pins are connected 35 sthown in Flgure 2
with the op-amp connected lor unity gain and Va,r
biasing the input at }Vpg. Flgurd 7 shows the
dilferential configuration, which permils the
adiusiment of gain with the feedback resistor Ry.
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Digit | rot | imm | 37 | o ERERE

ANY L X - IS ol 14
! o L H 4 9 ] '
1 H L H 0 0 i 0
) M S 0 9 ' 1
[ “ L M 0 ! 0 14
3 H L H [4 ! 0 !
§ ] L " 0 ) ! 9
! H L H ] ! ' '
| M L H ! 0 0 0
) M -L— H !, 9 0 !
0 H { H 1 e ! [}
* H L H 1 ¢ ! 1
s H L H | 1 0 0
A H L M 1 ! 0 1
3 H L M- 8 ' ! 0
C H L H 1 i ! 1
) N L H o | o [ 0
1 H H H 0 g 0 !
2 H H M 0 0 1 0
3 ] 1] " 0 0 1 1
¢ H H H 0 1 .0 o
3 H H H Q ! 0 i
s H u H (] ! ! 0
? W " M 0 1 1 1
3 H H H ! 4 4 4
9 H H H 1 ) 9 i
9 " H H t 0 ! 0
! M H M ) 2 ¥ 1
s H H ol 1 tjoo 0
A i H L undetecied. the output
3 H H L | code will remain the 1ame
C H H L | a1thepreviousdgieqed
o M [ l L | code

L =LOGICLOW, H v LOGIC HIGH, 1 = 1IGH IMPED ANCE

Table 1-Functional Decode Table

Seinterdigit pause between signals. Thus, as wall
"33 rejecting signals too thort (o Be considered valid,
the receiver will tolerate signal interruptiont
{drcoout) 1oo short to be considered a valid paute.
This facility, together with the capability of seiecting
the steering time constants externally, allows the
designer lo tailor performance to meet 3 wide
variety ol system requirements,

“Glard-Time Kdjustment

In many situations not requiring telection of tone
duration and interdigital pause, the simpie steering

b

circuit shown In Figure S Is appiicable. Component
valuesare chosen according to the formuls:

lrec=lop +tg1p
o =lpa+tgra

The value ol toy Is a device parameter (see Figure 3}
and lxgc i1 the minimum signal duration to be
recognized by Lhe recriver, A value for C of 0.1 ufly
recommended lor most applications, leaving R 1o be
selected by the designer.

Dilfarent steering arrangements may be used to
select Independently the guard times lor tone
present {1g75) and lone absent (igra). This may be
necesiary to meet system specifications which place

* both accept and reject limits on both tone duration

and interdigital pause. Guard time sdjustment also
sllows the designer to tafior tystem parameters such
33 taik olf and nolse immunity. Increasing tage
improves talk.olf performance since it reduces the
probability Jhat tones simulaléd by speech will
maintain fignal condition long enough to be
regittered. Alternatively, 3 rtlatlvclf'spor( tage with
» long tgp would be approprlatg,lo/ex!rtmcly noisy
environments where fast acquisition time and
Immunily to lone drop-outs are required. Design
Informstian for guard time adjustment is shown In
Figure 670

Power-down and Inhibit Mode

!
A logic hig'h dpplied to pin § (PWODN) will power
down the device to minimize the power
ctonsumption in 3 standby mode. It stops the
osclllator and lhe,lun(tlgpl of the filters.

Inhibit mode is enabled by 4 logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A,B,.C and D. The sulpgut
code will remain the same as the previous detected
code (see Table 1),

Dillerentiallnput Configuration

The input arrangement of the MT8870C/MT8870C. 1
provides a dilferential-input operational amplifier
as well 33 3 biasy source(Vaor) which Iy used to bias the
inpuls at mid.r3il. Provision is made lor comnection
ol a leedback resistor to the op-amp output (GS) for
adjustment of gain, In a single-ended configuration,
the inpul pins are connected as shown In Figure 2
with the op-amp connecied lor unitly gain and Vaes
biasing the input at }Vpp. Flguré 7 thows the
dilflerential configuration, which permils the
adjustment of gain with the feedback resistor Rs.
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Figure 5- Basic Steering Clreuit

trs = (MeC) 18 Vpn 7 (Vig Ve,

lova = (RyCo) 18 (Vpy / Voo,

Rom (AR, 7 (RyaRy)

ter = (R €y In (Vo £ Vg Vagl]
Sy

Yora =R, Q0 In (Ve ! Vil

Ro 2 (R\R)7(R 4 R)

b) decrenting toyailler > 1g1al

Lw-ry Figure 8- Guard Time Adjustment
Crystal Oscillator

The internal clock circuitl Is compleled with the
addition of an external 3.579545 MHz crystal andis
normally connected as shown in Figure 2 (Single
tnded Inputl Conliguration). However, it it possible
to configure several MT8870C/MTBB0C.1 devices
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X
Von o b—AAA— MT3870C/
¢ X N+ M18370C-1
Py
—— <~ €
Von
$11G T | eemrnnd v, O—‘ e AAA—
e  AAA s < .
31 ! !
1
10 b ————
M13370C/ lora m (ACTin Ve ! Vg Ay
M18870C.1
tare # (RCYIN IV 7 VoV Il .
OIFTRENTIAL INPUT AMPLIFIER

Ci»Cy = 10nF
RymA xRyn 1000 All registors ore 21 % lolerance. \_
LY 60}". Ry = 32,5 k01 “% Alltspachors ere + 3 % tolerance.

Aym ALA_:— yx
Mrehy s/

VOLTAGE GAIN (A, diN w .:,1
1

NPUT IMPEDANCE

ot

L 1
{Zinoirs) = 2 atae Ex

2

Figure 7. Ditferentlalinput Conliguration
empioying only » single oscillator crystal, The
oscitlator output of the [irst device In the chain s
toupled through » 30 pF tapacitor 1o the oscillator
Input (OSC 1) &1 the-next device, Subséquent devices
are connected In 3 similar {ashion, Reler 1o Figure 8
for details. The problems sssociated wilh
unbalanced loading dre not 3 concern with the
arrangemenl shown, le: precision balancing
tapacilors are not required. -

To 05C1 of next
MT8870C7 MT8870C-1

A
N

A4 X-tsl
oset . osc2
=]
- [e}1)]
o3cl 1 }-—.—' '
c

C=)0pf -
X.tale 3 579343 MMy

Figure 8- Ostillator Connection
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APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
11§51

The circuit shown In Flg. 10 illustrates the use of
MTB8870C.1 device in a typical receiver system. 3T
Spec defines the input signais less than -34 JBm a5
the- non.operate level. This condition can be
attained by choosing a suitable values of Ry and Ry
to provide 3 dB attenuation, such that .34 d8m input
signal will correspond to -37 dBem at the gain setting
pin GS of MT8870C-1. As shown in the diagram, the
component values ol Ry and C; are the guard tirmne
requirements when the lotal component tolerance
is§%. Forbetter performance. itis recommended to
use the non-symmetric guard time circuit in Fig. 9.

torr #{R,C) I (Voo 1 (Ve -Vi,il

lora s {R,C\)In (Voo / Vi)

Rem (RyR)} 7 IRy Ay}

<

g j

Notes:

Ry=368KN & 1%
Ry ]

£5t - Ry=22MA £1%

Cy= 100nF & 5%

fFigure 9. Non-Symmetric Guard Time Circuit

/ s
P
.4 4
< .
ST N ) i Sebah il WL
f—'{:‘ INs U 'V'”
——C] ™. ster [ p
L"M—w-c s est O Soaaiii
Y., 510 PO
O—————fmu ¢ J—r1—-0O
O————(| rwon Q3 g—pr——o=
osC1 o1 P——0O NOTES:
. X GU}-—C LS ot Pp——20 Ryw102xR £ 1%
r__c- Veg toe D—I Rpa?lSKfl 218
Ry=J90K0 £ 1%
7 - C.Cpm100nF 25%
X, m3.579543 MMz £0,1%
) Voo = 5.0V 25K

Figure 10 - Single-Ended Input Configuration for BT or CEPT Spec
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