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ABSTRACT

TELETEXT IS A KIND OF INFORMATION SERVICE THAT CAN BE OFFERED BY
A BROADCASTING TELEVISION STATION. CURRENTLY$AVAILABLE ON CHANNEL 5;
THé BETWEEN HAS AN OPTION TO VIEW EITHER A NORMAL TELEVISION
PROGREM OR SELECTABLE TEXT INFORMATION PAGE. SUCH AN OPTION GAN
BETWEEN A NORMAL TELEVISION SET AND ITS RECEIVING ANTENNA.

THIS PAPER PRESENTS A HARDWARE DEVELOPMENT OF A TELETEXT DECODEER
WITH A COMPUTOR . THE THEORETICAL CONCEPT ABOUT HOW TELETEXT SIGNAL
ARE INSERTED IN BETWEEN NORMAL TELEVISION FROM SIGNAL ARE DESCRIBED,
IT ALSO DESCRIBER THE INTENAL CODE FORMAT STORED IN EACH TELETEXT
SIGNAL. THE DEVELOPMENT HARDWARE USE DISCRETE CIRCUIT DESIGN AND

THE SOLFWARE DEVOLOPMENT BY PASCAL LANGUAGES.
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uses dos,crt,graph,parity;
const memory=511;
type

data=arrayC0..memory] of byte;

var
datas:datas
datafile: file of data;
o e e e
type

pict=arrayl0..15] of byte;
picfa=arrayl0..1,0..255]1 of pict;
var picf:picfas
picfile:file of picfa;
(e e variable characters—--———eoom o ______ }
var choice:byte;
lastchoicerarray(0..3]1 of bhytes;
pmenu, savemenu:pointers;
var mono,vgamono,tismode:boolean;
color:hyte;
procedure opengraph;
var
graphdriver,graphmode:integer;
begin
mono:=false;
vgamnono:=false;

L)

color:=3;
detectgraph(graphdriver,g“aphmode);
case graphdriver of

Sivgamono:=true;



T:begin
monao:=true;
color:=1;

end;
9:graphmode:=1;

end;

Initgraph(graphdriver,graphmode,”)

end;

procedure set.colors(color:byte);
begin

setcolor(color);

if mono then setcolor(i;

i1f vgamono then setcolori3);
end;

procedure copytopnt(con:istring;
var regsiregisters;

bibytes;

begin

for b:i=1 to lengthfcon) do
begin

regs.ah:=0;

regs.al:=ordiconlChl);

intris17,regs

we

end;
‘end;
procedure hardcopy;

var

-

3



scanx, endscan:integer;
var scanline:integer;
nli,n2:hyte;
procedure copy8lines;
const
bits:array{0..7] of byte=(128,64,32,18,8,4,2,1);
var
bit,printbyte:hyte;
X,y:integer;

begin

wn

canx:=getmaxx;

o

Yi=scanline shl 3;
repeat

printhyte:=0;

for bit:=0 to 7 do

if getpixel(scanx,y+biti<>0 then
printbyte:=printbyte+bits[bit];

if printbyte=0 then dec(scanx);

unt il (printbyte<>0) or (scanx< 01

if scanx>=0then

begin

o
[y

nl:=loisucciscanx}));
nZ:=hirsucci(scanx);
cmpytopnts#27’*’#1+chran1;+chr(n2)):
repeat,

printhyte:=0;
for bhit:=0 to 7 do

if getpixel(x,y+hit)<>0 then

¥



printbyte:=printbyte+bitsChitl;
copytopntichriprintbhyte));
incix); -

until (x>scanx);

end;

copytopnt(#10);

end;

begin

endscan:=getmaxy:
copylopnt (#2773 42442771743) ;

for scanline:=0 to (endscan div 8 do
copylline;

copyhopnt ($277< 7)) ;

ends;

procedure box(x1,y1,x2,y2:integerspattern,color:byte);

begin

123

et.fillstyleci,pattern);

b

(€

bar(x1-3,y1-5,%x2+5,y2+5;
set.celorsicolor;
rectangle(xl,y1,x2,v2);
recbangle(x1-2,y1-2,X2+2,v2+2) 3
end;
procedure mainmenu;
begin
box(SlD,Q?,EQO,lSQ,lS,S);

setcolor(s);



outtextxy 515,100, ’File’);
outtextxy(515,110, "Edit’
outtextxy(515,120, 'Display’);
outtextxy(515,130, Cet. 7y ;
0uttextxy(515,140,’Directory’);
outtextxy {515, 150, Quit?);
setcolors(15);
end;

procedure menul;

begin

box(510,97,580,129,15,3);

setcolors(0);

outtextxy (520, 100, 'Load’)

“se

outtextxy(520,110, 'Save?’)

w4

outtextxy (520,120, 'Del’);
set.colors(13);

end;

procedure menuZ;

hegin

box(510,97,580,119,15,3);

setcolors(0r;
outtextxy (520,100, Data’) ;
outtextxy 520,110, ’Fonts’® g
setcolors 15 ;

end;

procedure menus;

hecsin

D)

box(510,97,592,139,15,3);



setcolors(0);
outtextxy (520,100, 'Data’);
cuttextxy (520,110, Parity’ ;
cuttextxy(520,120, 'No parity’);
ocuttextxy (520,130, 'No chars’);

etcolorsi(13y;

44]

end;

procedure menud;

begin

box(510,97,580,119,15,3);

setcolors(o);
outtextxy (520, 100, ’Data’});
outtextxy (520,110, 'Display’ i;
setcolors(15);

end;

procedure clrgraphi(xl,y1l,x2,y2:word);

begin
setfillstyle(0,0);
barixil,y1,x2,y2);
set.fillstyle(1, 1)
end;

procedure openfilecharacters;

var
f:files;
begin

ASSIGN(f, "teleTEXT.van’);

RESET{f,1);



blockread(f,picf,8191);
close(f);
assign(picfile, ’teleTEXT.van’);
reset (picfile);
close(picfile);
end;
procedure charthai(x,y:integersascii,typefont,colors:byter’;
var n,yy,xx:sbytes
Xpic:integer;
bit:array [(0..7] of byte;
procedure binary(hex:byte);

var zl:byte;

begin
z1:=0;
repeat
bitfz1l:=hex mod 2;
hex:=hex div 2;
zli=z21+1;
untii {zl >7)3
end;
begin

set.fillstyletil,colors);

for yy:= 0 to 13 do

binary(picfltypefontllfasciillyyvl);

Xpic:=x3;

b
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if bitCxx] <>0 then

bari(xpic,y,xpic,y’

inc(xpic, 1);
end;

inc(y,173s

procedure editfont;
var
sizefile:integer;
Xcl,ycl,xetl,yetizinteger;
asclicharsintegers;
ascx,ascy,ptibytes
chi:char;
pic:integer;
pe,pfipointers;
stistring;
sizec,sizef:word;
n:byte;
nn:pict;
x1l,x2
row,col:intecer;
typefont:bytes
procedure table;
var n:byte;

begin

-

bl

“,yl,yz,xdraw,ydraw,xpixl,xpixﬁ,ypixl,ypixzzinteger;



setcolorsc15);
for n:=0 to 14 do
- linet29,70+n*ll,117,?0+11*n};
for n:=0 to 8 do
line(40+11%n,59,40+11%n, 235);
end;
procedure picbig(x,y,z,s:integer);
Var Xx,yy,xpic,l:integer;
dd:real;
begin
if z=11 then
tables;

setfillstylec1,10);

n:=0;
for yy:= ypixl to ypix? do
begin
Xpic:=x;
l:=0;
dd:=0;
for =xx:i=xpixl to xpix2 do
begin

if getpixelixx,yy) <>0 t.hen

‘begin
barfxpic,y,xpic+z—s,y+z—s3;
dd:=exp(l&lnig)) +dd;
end;

incixpic,zi;

inc(l, 1)



l:=round(dd);

inc(y,z); n:i=n+1;
end;
end;

procedure showedit;

begin
charthai(xpixl,ypixl,asciichar,typefont,10);
picbig(30,60,11,2);
picbig(250,100,2,1);

end;

procedure clredit(start,color:byte)

“s

begin
setfillstyle(start,color);
bar(xpixil,ypixl,xpix2,ypix2L;
bar(250,ypixl, 250+ (row#2) -1, ypixi+ (col$2)~17;
bar(20,60,116,234);
end;
procedure choisepic(x,y:integer);
var xl,y1l,x2,y2:integer;
XXX, y¥yX:integer;
sracedure  listchars
var n:hyte;

begin

XZ2:=x1+({row+1)%16);



ye2i=y+(i{col+11+1833
clrgraphix,y,x2-1,y2-113
setcolors(15);
rectangle(x1,y,x2,y2);
for n:=0 to 15 do
line(x1, (n¥(col+1)+y),x2,y+( (1+colr#n)
for n:=0 to 15 do

line((x+row)+a((row+1)*n;),yl,x+row+\(trow+1)$n)),'2);

XXXi=X;
yyx:=yl;

for n:=0 to 255 do
begin
charthai (xxx,yyx,n, typefont, 10);
XXX I=XXX+row+1;
if xxx>=x2 then

begin

GETIMAGE (Xct1,Yet1,Xctbl+row-1,Yectl+col-1,Pf");

D
jand
jo )
we

D
)
e
=

clrgrapht3, 240, 160, 280 ;
listchars
repeat.
PUTIMAGE (Xct1,Yet1,Pf",4);

set.fillstyle(0,1);



bar(240, 150,260, 160);

setcolorsi14);
asciichar:=ascx+(ascy#16)-17;
str(asciichar,st);
outtextxy(240,150,dectohex(asciichar));
setcolor(12; .
settextstylefdefaultfont,0,2); cut.textxy(240,290,st)
settextstyle(defaultfont,0, 1)
showedit;
ch:=readkey;
clredit (0,113
if upcase(ch)="M’ then
begin

typefont:=typefont+1;

typefont:i=typefont mod 2;
if typefont=1 then
begin
hox(300,42,442,53,13,2);
outtextxy (320,45, Fonts..Text’);

end

bezgin

box(300,42,442,53,15,3);
out.textxy 220,45, Fonts..Graph?):
end;

list.char;



(]

end;
IF CH =#0 THEN BEGIN
ch:=readkey;
PUTIMAGE(Xct1,Yct1,Pf",0);
CASE CH OF
#77 :begin
IF ascx < 16 THEN begin
asSCX:=ascx+1;
Xctl := Xctil+row+l
end
else
begin ascx:=1;

xctle=x1+1;

75 =
begin
IF ascX>1 THEN BEGIN
ascxi=ascx-1;
Xctl s=Xctl-{row+1l);
END else
begin
scx:=16;
xebli=x2-row; {END}
end;
end;
¥80 :

begin



IF Yet1< (y2-col) THEN BEGIN

asCyi=ascy+1;

Yct. 1 =Vetl+(col+y

END

begin

IF Yet1> (y+col) THEN BEGIN

ascyi=ascy-1

Yet 1 =Yctil-(col+1);

#¥71: begin asex:=1;

Xehli=x1+1

end;

E



yotls=y+1;
end; {PDUP}
#81:bhegin
ascy:=16;

yctl:=y2-cols;

F*

7T9: begin
ascx:=16;
xctl:=x2-row; {END}
end;
end;
GETIMAGE(Xctl1l,Yectl,Xchbl+row-1,Yctl+col-1,Pf )3
ends;
unt.il (ch=#12)or {{upcase{ch)='Q’)and fch<>#81)) of (ch=#27);

end;

procedure intiedit;
begin
X1 2= 3035 Y1 := G0;
GETIMAGE(X1,Y1,X1+9,Y1+9,PC ;3
XDRAW :=xpix1;YDRAW :=ypixl;
ENDs
procedure writeedit x,y,color:integer);
begin
set.colors(color);
rectangle(x-8,y-10,x+124,y+15);
setfillstyle(1,11);

bar3d(x-8,y-8,x+124,y+13,8,topon);



set.colors(1);
outtextxy(x,y, ’Press : ’+chr(243+’ *+chr(2s+’ ’+chri26)+? Y+chr
end; -
procedure editmenu;
begin
choisepic(300,681);
writeedit(12,260,11);
showedit;
intiedit;
end;
procedure savechar;
var x,ysbyte;
begin
reset(picfile);
picbhbig(180,100,1,1); .
picfltypefontifasciichari:=nn;
writeipicfile,picf);
close(picfile)s
editmenu;
end;
procedure savetoran;
var X,Y:byte;
begin

pickig(180,100,1,1);
picfCtypefontIfasciicharl:=nn;
edit.menu;
end;

begin { MAIN }



clrgraph(B,35,477,getmaxy—17);
typefont:=1;
row:=8;
col:=18;
Xpix1:=180;
ypix1:=100;
xpix2:=xpix1+row—1;
ypix2:=ypix1+col—l;
Xctl :=300; vet1 1=62;
ascxi=lsascy:=1;
rectangle(247,ypix1-3,250+(row*2)+2,ypix1+(col$2)+2);
RECTANGLE(29,59,117,235);
box(300,42,442,53,15,3);

outtextxy (320,45, EHHESOLONS, 4 7

'Yy

setcolors(14);

outtextxy(lSS,lSO,’Characters..

L]
-

~—
.

box(488,92,getmaxx—lo,175,15,3);
setcolors(4);

OUTTEXTXY(dSO,QS, ' D:Draw’);
OUTTEXTXY(490,1OS,’ E:Erase’);
OUTTEXTXY(490,115,’ T:Del Total’);
OUTTEXTXY(iSO,lZS,’ P:Fill Total’y;
OUTTEXTXY(490,135,’ d:Save to DISK?);
OUTTEXTXYfJQO,liS,’ R:Save to LAMT ) s
OUTTEXTXY(&SO,lSS,’ M:LText & Graphl?”);

setcolors(11);

outtextxyi(60,295, 'press Enter To edit ..7);

SIZEc := IMAGESIZE(0,0,lO,lG);



GETMEM(PC,SIZEc);
SIZEf := IMAGESIZE((Q,0,row,coly;
GETMEM(Pf,SIZEf s
setfillstyle(1,15);
bar(9,40,140,53);
setcolors(4);

outtextxy (18,44, ’Row 1 Col 173

editmenu;
set.colors(l);
OUTTEXTXY (490,165,  Q:Exit edit?);
setfillstyle(1,15);
bar(9,40,140,55);
repeat
setfillstylec1,15);
bar(9,40,140,55);
setcolors(4);
strixdraw-179,st);
outtextxy (18,44, "Row “+st);
striydraw-99,st);
outtextxy (90,44, Col ’+st);
PUTIMAGE(X1,Y1,Pc™, 1)

CH := READKEY:

begin
clredit (0, Dseditmenu;
end;

IF UPCASE(CH) =

- - ———

"D’ THEN



BEGIN
SETFILLSTYLE(1,10);
BAR(X1,Y1,X1+9,V1+9};

PUTPIXEL(XDRAW,YDRAW,lO);
bar(250+¥xdraw-1801*2,100+(ydraw—100)$2,251+(xdraw-180)¥2,101+(y
3ETIMAGE(X1,Y1,X1+9,Y1+9,PC‘);
END;
IF UPCASE(CH) = ’E’ THEN
BEGIN
SETFILLSTYLE(1,0); BAR (X1,Y1,X1+9,Y149);
GETIMAGE(Xl,Yl,X1+9,y1+9,PCA);
PUTPIX?L(XDRAW,YDRAW,O)5

bar(250+(xdraw—180)*2,100+(ydraw—100)*2,251+(xdraw—180)$2,101+(5

END;
IF UPCASE(CH) = ’T’ THEN
BEGIN
clrediti0, 1)
table;
int.iedit;
end;
IF UPCASE(CH) = ’P’ THEN
begin
clredit (1, 10);
table;
end;
if upcase(ch)="M’ then

begin



Lypefont:=typefont+1i;
typefont:=typefont mod 2;
if typefont=1 then
begin
box(300,42,442,52,15,3);
outtextxy(320,45,’ Fonts..Text’);
end
else
begin
box(300,42,442,53,15,3);
outtextxy (320,45,  Fonts..Graph’);
end;
editmenu;

ends;

if upcase(ch)=’S’ then savechar;

if upcase(ch)=’R’ then savetorams;

IF CH =#0 THEN BEGIN ch:=readkey;
PUTIMAGE(X1,Y1,PC™,0);
CASE CH OF
#65:hardcopy;
#77 :begin
IF Xdraw < (xpixl+row-1) THEN BEGIN
X1 := Xl+lisxdraws=xdraw+1;

END else bhegin



x1:=20;3xdraw:=180;
end;
end;
#75 :begin
IF Xdraw> xpixl THEN BEGIN
X1 :=X1-11;XDRAW :=XDRAW-1;
END

else begin

#80 :begin
IF V1 < (10#%col)+(60-1) THEN BEGIN
Y1 :=Y1+11 ; YDRAW := YDRAW+13
END else
begin
y1:=60; ydraw:=ypixl;
end;
end;
#72 : begin

IF Y1>60 THEN BEGIN

Y1l :=Y1-113 YDRAW := YDRAW-1;
END

else

begin

y1:=225; ydrawv:i=ypix2;
end;

ends;



END;
GETIMAGE(X1,VY1,X1+9,Y1+9,PC7);
END;
until (upcase(ch)=7Q7);
clrgraph(3,235,47T7,getmaxy-17);

clrgraph(481,85,getmaxx~-5,200);

ends

procedure time;
const month:array [1..12] of stringl3l=
{(’Jan’,’Feb’, ’Mar’, ’Apr’, 'May’, "Jun’, ’Jul’, ’aug’,
'Sep’,’'0ct’?, 'Nov’, 'Dec’);
var year,mon,date,day:word;
var sth,stm,sts:string;
h,m,s, f:word;
begin
getdate(year,mon,date,day);
gsetfillstyle(1,7)3
bar(481,35,getnaxx-2,79);
setcolors(4:;
striyear,sth);
st.r{date,stm);
oubtextxy(500,60,stn+’ / ’+monthlmonl+’ / ’+sth);
gettime h,m,s,{);
str(h,sth’s
strim,stm);
st.ris,sts);

outtextxy(525,45,sth+’: 7 +stm+’:7+s85);



setcolors(15);

end;

procedure title;
hegin
setbkcolor(1);

setfillstyle(1,2)

ws

bhar(2,2,getmaxx-1,32);
rectangle(2,2,getmaxx~-1,getnaxy-1);
settextstyle(defaultfont,0,2);

set.colors (103

T}

outtextxy (20,10, T E L.E TREIDS P DiEld 8D, E AN 3
settextstyle(defaultfont,0,1);

bar(3,getmaxy~14,getnaxx-2,getmaxy-2);

outtextxy(10,getnaxy-12, ’F2-Save F3-Lead F5-Display Fg-Get

+? Esc-Menu’);

setcolors(15);

LINE{(Z2,getmaxy-15,getnaxx-2, getmaxy-157;

LINE(2,232,getmaxx~-2,32)3

LINE(2,34,cetmaxx-2,34);

line (480,234,480, getmaxy~-16);

line(478,34,478,zetnaxy~-16);

Limes

line(481, 80, getnaxx-2,80);
end;

Procedure getdatas;



var
inp:bhytes
i:word;
datat:data;
const
IN1=82B0;
INZ2=%$2B1;
QUT1=3%2B2Z;
OUTZ2=32B3;
begin
portCout2l:=30FF;
repeat
inps=portLIN2];
unt i1l INp=00;
repeat
inp:=portL[IN2];
until inp=380;

portCout2l:=%00;

repeat
portlout1l:=1;

datasfil:=portCinil;

until 1=3100;
portLout2l:=307E;
repeat
portlouttl:=1i;

datas{iJ:=portlini1d;



1:=1+1

unt.il 1=388;

port.Lout2]:

procedure displaydatas
var i,n,.J:byte;
begin

set.colors(14);

b

clrgraph(3, 35,477, getnaxy-177;

1:=0;
for n:=0 to 17 do

for j:=0 to 18 do

o

begin

ocuttextxy(8+(25#j), 40+ (n*¥10),dectohex(dataslil));

ie=1i+1;
end:

end;

function READSTR{VAR NAME:STRING):byte;

var
ch:char;

n:hyvte;

begin

box (490, 150,628,1692,13,3);

set.colors(8);

bari(s520,145,602,159);

outtextxy (525,146, file name?);



n:=0;

name:='7;

repeat.
ch:=readkey;
if ord(ch)>32 then
begin
outtextxy(492+in%8),155,ch);
name:=name+ch;
end;
n:i=n+l;
until (ch=#13)or(n=1T)or{ch=#27);
if (name="")or (ch=#27) then
readstr:=1 else readstr:=0;
END;
procedure loadfiles
var
f:files
NAME:STRING;
begin
if READSTR(NAME)=0 then

hegin

-~

51-3 REget (f,1); {81+}
if {IOResult= 0) then
begin
blockread(f,datas, 380}
close(f);

displaydatas



else
begin
bar(491,155,628, 1657 ;
outtextxy (500,153, File not found’’;
delay(2000);

end;

setfillstyleiD, 1)
bar(485,142,633,174);
end;
procedure SAVEfiles
var
f:files
NAME:STRING:
ch:chars;
begin
if READSTR(NAME:=0 then
begin
ch:="Y";
ASSIGN(datafile,name’;
{3I-} REset. (datafile); {8I+7
if (IOResult= 03 then

hesin

lon
o

{481, 155,628, 1651} ;
out.textxy (500, 155, ’0Overwrite (Y/N)77);
repeat

chi=readkey;



unt.il (ch in C7Y’,°N7,’y’,'n’ 1) orich=#27);
end;
if (upcasei(ch)="Y’) then
begin
bar(4e1, 155,628, 165);
outtextxy (500,155, Saveing File 733
rewrit.e(datafile’;

write(datafile,datas)s

closetdatafiler;

end;
end;
setfillstyle(0,1);
bari485,142,833,174);
end;

procedure DELfile;
var
f:files
NAME:STRING;
hegin
if READSTR(NAME)=0 then
besgin
ASSIGN(f,name);

{

[0

I-3 REset (f, 1} {81+
if (IO0Result= 0} then
begin

bar(491,155,628, 16503



outtextxyf500,155,7 Delete File

erase(f);

end
else

bhegin

7);

bar(491,155,628, 165);

outtextxy (300,135, File not found’>;

delay (2000 ;
ends;
ends;
gsetfillstyle(0,1)3
bar(48s5, 142,633,
end;
Procedure changedir;
var
path:stringl703;
io:words
ch:chars;
ss:string;
n:hytes
begin

setfillstyle(1,15);

hari(485,142,633%,174);

setcolori(3);
rectangle(489,150,629,170);
rectangle(487,148,631,172);

setcolor(s);

174)



baris510,144,602,159)
getdir(0,Ss);

outtextxy(315,144,88);

repeat

ch:=readkey;

if ordich)>32 then

begin
outtextxy(491+in¥8),155,ch);
path:=path+ch;

ends;

until (ch=#13)rortn=17) or(ch=#27);
{3i-} chdir(path); {31i+)}
io:=ioresult;

if io<>» 0 then

egin
bar(491,155,628, 163)

-

outtextxy1490,155,7 path does not 7);

delay (1000

end;
setfillstylef0,1);
barii183,142,633,174) 3
end;
{ e }

procedure displayparity

“e

var n,m,i:integer;



function checkparity(n,m:integer):integers;

var sti,st2:stringl23;

const colors:arrayl0..7] of bhyte=
(9,12,10,14,0,13,11,15);
var fonts,types,color:hyte;
Jibytes
begin

if (paritybiti(datasinl,0)=1) or (paritybit(datasin+13,1)=1) then

outtextxy(40,50+(16%m), "Magazine :# Row :#4%7)
else
begin

stribhitstodec(2,0),s8t1);
stribitstodec(7,3),st2);
cuttextxy (40,50+(16%m?, "Magazine : “+sti+’ Row : ’+st2);
end;
if bitstodeci(T,3)=0 then

begin

if (paritybiti{datasCn+23,0Y=1) or (paritybiti(datasin+31,1)=1) th
oulttextxy(270,30+(16%m), Page : &% 7)

el

o

e

hegin
stribitstodec(7,34),3L1);
stribitstodec(3,0),st8);

cuttextxy(270,50+(168%m), ’Page : *+stl+st2);



begin
strihitstodec(5,4),8t1);
str(bitstodec(s,0),st2);
outtextxy (370,50+(164m), 'Time ’+stl+st2+7:7);
end;
if (paritybit(datasin+41,0)=1) or (paritybit(datasin+531,1)=1) I
outtextxy (442,50+ (16%m), "#:k7)
else
begin .

str(bitstodecis,4),st1)

'Y}

stribitstodec(3,0),st2);

outtextxy(442,50+(16%m),+st.1+st.2) 3

for j:=0 to 33 do
hegin
fonts:=ascii(datasLil);
if feonts<>0 then
bhegin
if «(fonts in £0..T71 i1then
begin
types:i=1;
color:=colorsifontsd;
end  else
if (fonts in [#10..817J )then

begin



color:=colorstfonts-321;
end else
charthai(lo*j+70,éo+<1G*m),fonts,types,colorl;
end;
i:=1+1;
end;
end else
begin
1:=n+2;
for j:=0 to 39 do
begin
fontss=ascii(datasCil);
if fouts<>0 then
begin
if (fonts in [0..71 )then
begin
Lypes:i=1;
color:=colorsifontsd;
end else
if (fonts in [$10..3173 Jthen
begin
types:=0;
color:=colorsifonts-3273;
end else

charthai(10+j+70,60+(16#*m),fonts,types,colori;



ends;
checkparity:=1;
ends;
begin
get.fillstyle(1,0};
bar(3,33,477,getmaxy-17)3

set.fillstyle(l,1);

n:=0;
m:=03;
repeat

if (datasCnl=00)and(datasin+11=%27) then
begin
n:=checkparity(n+2,m);
ms=m+2
end
else n:=n+l;
until n >= 388 ;
end;
procedure displaynos;
var n,m,i:integer;
function checkparityi(n,m:integer):integer;
var st1,st2:stringl23;
Jibytes
begin
if (paritybit(datasini,0)=1) or (paritybitidatasin+13,1)=1) the:
outtextxy(40,50+(168%m), "Magazine % Row :#k%7)
glse

begin



str(bitstodec(2,0),3t1);
strtbitstodeci(7,3),st2);3
outtextxy<40,50+(18*m);’Magazine s Testl4’ Raw : ’+s3t2);
end;
if bitstodeciT7,2)=0 then
hegin
if (paritybit(datasin+21,0)=1) or (paritybit(datasin+31,1)=1) tt

outtextxy(270,350+(16%m), "Page : +* )

glse
begin
stribitstedec(T,4),st1);

stribitstodec(3,0),st2);

outtextxy(270,50+(16%m), "Page : “+stl+stl);
end;
{mmm e Time--——m—mm e ——m et

if {paritybit(datasln+63,0r=1) or (paritybit(datasin+71,1)=1) t
outtextxy(270,50+(10#m), "Tine #+%:7)
else
begin
strfbitstodec(3,4),st1)3
stribitstodec(3,0),5t2)3

oubhextxy1370,30+(164n), "Tine ’+stl+

7))
et
[X]
o+
~
'
-
-
'Yy

end;
if parityhitidatasCn+43,0'=1) or (paritybitidatasin+31,1)=1)
outtextxy 442,50+ (164m), "#+7)
else

begin



outtextxy

end;

{ommm e e
for j:=0 to
begin

stribitstodectG,4),8t1:;
stribitstodec(3,0),5t2);

(142,304 16G+m), +st L+s5t.2) 5

end

t.ime

charthai (10%j+70,80+{16#m), datasCil), 1,10}

begin

2 Q

Qe

do

charthali10+j+30,60+(16#m), (dataslCil),1,10);

n:=0;

m:=0;

repeat
if

fdatasinl=00)and(datasin+1l=

B27)

then



begin

n:=checkparityn+2,mi;

until n >= 388 ;
end;
procedure displaychars;
var i,x,y:integer;
begin
1:=0;3
clrgraph(3,35,477,getnaxy-17);

for y:=0 to 2 do

charthai(10#%x+20,60+(16#y), {datasl{iJI),1,10);
i:=1+15
end;
end;
procedure menu(xl,x2,yl:integer;max:byte’;
var ch:ichar;
begin
getimage(xl,yl+tcheice-12410,x2,y1+ichoice*10),pmenu”);
repeat
puf.image(xl,yl+(choice-1)#10, pnenu”,4);
chi:=readkey;
if ch=#0 then

begin



put.image(xl,yl+(choice -1Y#10,pmenu”,02 3
ch:=readkey:;
case ch of
#60:hegin
getimage(SOO,Sz,BOO,195,savemenu”);
savefile;
put.image (500,92, savenenu” ,0);
ends;
$61:begin
getimage(SOO,Sz,GOD,195,savemenu“);
loadfile;
putimaggisoo,92,savemenu",O);
end;
#63:begin
setimage(500,92,600,195,savenmenu” };
case lastchoicel31 of
l1:displaydatas
2:displayparitys
2:displayno;
4:displaychar:
end;
put.image (300, 92,savemenu”,0)3
ends;
#65:hardcopy;
#66:begin
getimage(500,92,600,195,savemenu’” );
lastchoicef4]:=choices;

case lastchoiceCd4] of



get.datas

displayparity;

end;

end;

putimage (500,92, savemenu”, 0)

ends;

#7

rJ

sbegin

choices:=choice-1;

if choice=0 then cheice:=max;
end;

#80:begin

choice:=choice+1;

if choice>max then choice:=1;
end;

end;

getimage(xl,yl+(choice—1J$10,x2,y1+choice%10,pmenu“)

end;

until (ch=#137 or (ch=#27 or
if ch=#27 then

choice:=max+1;

if ch=#68 then

choice:=0;

end;

{ch=§#682);

3

3



bhegin { MAIN TELETEXT } -
openfilecharacters;
opengraph;
getmen (pmenu, inagesize{(0,0, 100, 1201);
getmem{savemenu, inagesize(0,0, 100, 120));
titles
lastchoicel1J:=1;
last.choicel2]:=13
lastchoicel31:=1;
last.choicel41:=1;
Mainmenu;
choice:=1;
repeat
getimage(500,92,600, 185, savenenu” ) ;
menu(s11,589,98,6);
if choice<T7T then
hegin
case choice of
l:hegin

clrgraph(500,92,800,193);

repeat,
choice:=lastchoicel 1];
menuls;
menu(s11,572,928,3);

if choice<4 then
begin

lastchoicel1l:=choice;



o)

case lastcheicelll of

1:1ocadfile;

2:gavefile;

3:delfile;

end;

end;

until (choice=4) or i(choice=0);

if choice<> 0 then

clrgraph(500,92,

choice:=1;

600, 195)

“e

repeat

choice:=lastchoicel21;

menuz;
menu(s11,579,
if choice<3 t
begin
lastchoicel 2]

case las

28,233

hen

:=choice

>

tchoicel 2] of

l:editdatas}

2:editfont;

end;
end;

until (choice=3

if choice<> 0 then

end;
3:begin

clrgraph(500, 95,

) or {(choilce=0);

choice:=2;

600, 195);



repeat

choice:=lastchoicel3]s

menu(511,321,98,4);
if choice<5 then
begin
lastcheoicel3]:=choice;
case lastchoicel21 of
t:displaydatas
2:displayparity;
3:displaynos;
4:displaychars;
end;
end;
until (choice=5) or {choice=0);
if choice<> 0 then choice:=3;
end;
d:begin
clrgraph(500,92,800,195);
repeat

choice:=lastchoicel4]

we

menu4d;

menu(s511,572,988,2);

if choice<3 then

begin

lastchoicel4]:=choice;
case lastchoicel4l of

1:begin



getdata;
displaydatas
end;
2:begin
getdata;
displayparity;

end;

until {cheoice=3) or (choice=0);
if choice<> O then choice:=4;

ends

end else

if choice<>0 then

choice:=choice-1;
putimage (500,922, savemenu”, 0} ;
until (choice=6)er ichoice=0);
freemem(pmenu, inagesize(0,0,100,120));

freemen(savenenu, inagesizet0,0, 100, 120));

closegraphs

o]
jov]
jol



NTTIAMANUIAIN A



fayei i 1R Fasnen esRtas 5

pITEArSSUINIRImMBIRs T

stuuinisimd (TELETEXT) fia s:mﬂaﬁ’agmmﬂwvmﬁnamﬁmﬁu
ey ins il snsaIEnMITIAIL e B seanonemass Nt
Wl fayusedamserdssanonadiuniv vilaunmi i & s
drudwnsn SUmeouInss  (Remote control) ﬁo'lﬁﬁumf(ayamm’funaan
YR RIWABINAS uﬁnmnﬁ':{ﬂm?eszm‘sngﬁumﬂmmdmﬁw%"as.ﬁum.@ﬁa

YRIREIIFT ST I T 1Bn iy

sTunRIMIANIAUSEIn AR TD tmd (Véiﬂf-b_TE:XT) s ngayu
iRy néfin ST e (g e ¥ IAERAHTUSUN SN IR TSI TR LIRSIRY
fpanp i ufse inAuALs BN T I iitnA Jrals wisansofuwvinifon
foyRii ST udesdnase ‘1mun'i’1ﬁ’m‘.‘mﬁﬁmmwzmwna§um
tpeBafoe i imuny tfmﬁ’ayaﬁﬁmm‘m‘mufumuﬁa dmncfipafudu onawle
ﬁﬂmnﬂﬁif%ﬁu tevioufer sy TufoyradnaBy Wiy Sieiat=f SAPNC gtlab eyl
m‘mﬁayﬂﬁmﬂnmmqaimﬁﬁﬁiﬁmummdwm'mﬁumo uanenihsonnanntAy
SR imARcdnavgarg (%9 12RNTBENENIFTABN ST Y
nsdfaymiretnsnsiaagndneinifunnstarsnn Wiatunandutuananan
NIFSIENS SR (M ARaefDavgRaan SN I WSHING stuuiiae im 9B

! N -
s:wﬁqﬂ’agma:ﬂmm‘sinnﬁz%mmﬂzmmmmsm‘ﬁﬂ DINBUN VAT UMY

AR



saumisimd  Tusssdalanstewtayruscinms W
funsog ﬂai‘n’xsﬁ’smﬂm:’awﬁmmazmwmmmgaﬁ"u‘h__ﬁn*lff Say 9 A
iATuTRERE I Teu tamzadneBantsinstndss s danaIn IR (e
NAINSHRUNTIRIYY  (Software) mRIstLREMIINGY  Baoz i Fudaiden
ﬁ’aﬁﬁmmsmhaanmnﬂmﬁﬁé’ammﬁun’rsmsﬁmfmﬁﬁ’lwyu‘fmmsn 1RangibyR
A Dumy 9 whifinaaisanstasudReyRamec R SN FayRIRE E1RT
VNS sansondnifiin dradseinutin TufiagfayaFmin iy

IR s cidRse m’s‘ﬁazgwﬁﬁ’lﬂﬁ WhNUABRINMES

TR 1 BHABRI TRTIN TR I T TR TUS IR iIrimo

NIRRT LNLR I BNnS mu%éﬁuﬁﬁmﬂﬁﬁﬂmsnmuﬂ:‘%’uﬁ‘aw (B

v Q:ﬁ’mﬁammazﬁ{nszmﬁwn'lm\imznamuﬁm

1. psihufpun i Bumn vy telnsanuin ey B

1B Tarwifiuinasiuniibutoysi e iades tvad
Mfrecfigusssannuas g (iuar e s ivds | Bon 8 1e¥nsroifn 1aswE
USRNSSR TR sz 1R asaniT LADY T HRanmimne
srwifinusetanhrunsn uﬁ'iﬂué‘nmmnmmmnnmﬁmqmim‘lﬁpg

uf¥aiflunnsseann ussdwnihFesuenitunistbufsrmn i ussivia

imnd



insroafniead WY Tudenad iuju  PC/AT 286 w%8 386 #wu
saotanisvnTt 1 Shanassu Bia WINDOW 3.0 Rafpefuniusunsuifonfnu
fumpansedafshs Mt saudbutye Sumnsoanwiiransoii
MiTtiseMundonny  winssidfiaysn s iituminFiandu srufednatien
wi sen s uRssauR B AR W A R U AT s
iRy 1HA M BNERIUN I idmeT st 3 ussimn
wsrinimiaimd wihmniveSalitayrififuy 11 ussvpdawi W fssnin

(RIMANAS ufeelig 24 ussradavtia

shufndnes udseMerisznouiisgamMIdiune. 12 QAREEs 10
g swnsnufu®id 8§ ustuvsnmndonowid funrshenfbutoyafl - - -
shunfmrRafitnsfonian ia¥ssmn e udseusTmediaAngs 40 Muse

'quf?aznﬁwzﬁmﬁnmngw%m 11 ussvh

2. 003 whsutye i Busii s g

Foyrmnrefitbu i iutuieSaseosfnieed. ¥ szgn futiugy

105Dt LRaY §8 Baosdoouumefius i iviaivn T ey Sessuniufy

iy 1r%perouin taasRhun sa il

BN ISUURISRTARII TN v u RS nssosfn inay &8 11 Busim
PAITTULNIR IM TR 1ER919 LB B Psdh ws M tveAviahes mvndanaw 1 T

wiuRiEn  MdnwsmeT ey #8 (B s Budhss ussiuiisimdas



-

s ng fuidhus mndonau Suasuddwnd 1§09 duhsmntvfifussiuse
nss@nﬂﬂﬁaengmsﬁ)mlmm ifufWlianinfasey  seusngiBufdnys
mnSnaEusshszsnma s iniRim divuier L (Fens st fiua A8
nsMINE Wﬂﬁﬁao:‘\‘amnanns‘gum'mhﬂumm: é’:umﬂﬁ"mﬁﬂdﬁ'aqaﬁaz
&390 (a¥nsamin irnd 7 ands i%polfinanfn inasiunmy PDP 11/73 euvm
Whmansaviassiussimsamnen 18y nsaEstanrinsdd ufy wifAn
n15819 1eTBE BN sibuBayR LRt R sFINsoY R Mnatnahist Rvd

mMuiRsBRYRRNNWH Q’:ﬁauﬁawﬁqzagﬁ‘muﬁﬁ Aecafiugariidiandnde o

yriflusiitinisimd ifanfutiuieiaseeiin inadthunmessstiuiniimd

Wird

3,075 M v ieSpnpaTiinieimy _ (TELETEXT DECODE )
SwdindBafodiaina suivs vl

LA DI U NS PR LN MR I T NI U RN AN HS AN VIR
Ahusmndonny  Wueemmiy  orfnanndiiainonans ivda 1a3aR AR 1ADT
(DECODER) mﬁnvﬁ'aﬁnﬁ'wému’m (AEDISAVS AU TRNesABauLRINRE S
Susthy 2 mwndaedu fafuBefnln s MELNIREDENULLN IS ML LASDIRTAA
inpsEIns BN mifsn 185 nia Dua bl iR SivaiaERmdRe
§ifurgsrimisimdagudnls rnsmrasidufir it Srssiim
Whamaamafuisnisiaguduse Windiaf 1 Bt anudnause imind e’
Suszosnuuu Ry st lunns N s sERuR e 50 L T

WO LAY IS YRRDIFURNINSON A LATDIRTEA thasun i Tunasm i Soudh



swduietaefitBanadioell  smunmstamrmnsefu e
ﬁ’nmmm‘tmﬁqmzmmuﬁ’vﬂqﬂmaﬁ’wmw 12 quss 10 gaidutfivaiiin
é‘nmimﬁ'lﬁ"lun'ﬁu&ma:ﬁauﬁ’nwU‘szmswﬁfiﬁgﬁaumm‘sngﬁ’aya V088N
(N5 e 1nSaaanin Lrasiay u¥bIguReNeD tA¥Radirisilintvils #p
fihutiusnener tfamusan Sruntstutoymidh St wunsuusisedeioys
it dniu@Bnday afls 1n¥pafivBa el Wi iR st fer i
grasmnso (fon tlufay i iaaiy n%’a;ﬂoﬁﬁﬁﬂ inadeznm Tuflansnansdedinya
usentsdesmnT fgiatas  wiuinadvda irtaonaifn Lnad i iny oA

W DDANUINILASDIREA LADT V!

4.075n5EnunRmMIN i Yt ufima

dnsendtm & Lﬁu’hqnmzmémﬁm'mﬂum‘iﬁwn'1*3559
m‘sns:q*uaﬂ’agam::ﬁ'nm‘smm‘mu*tms’ém:mrmmmwﬂamﬂ'ung'mﬁwqtmﬁ
HUEADWIRTINTTREUNTELUMET BTt L I R s s wnlireus = BB ann
P usENmINIR zmﬁqnm‘lm’mmﬂﬁ’ivqﬁmﬁﬁdmm f9eefinadunsday
vaRl AT PR T uinedantn  Belsssemauiaeaannnan F
RNn&EANInIR AR souRE  SuavmiREnnav IR im TR
R IASEAN IR iR LU TS snafhistamerasdnnaifatu
1w ﬁor‘fmmﬂ‘sﬁﬂ;{etﬁémmmwﬁ\rw\m (TELETEXT MONITOR) WAL IA%DY
ﬁmﬁo&ummtmtﬂéaonaﬁu(mmm SIGNAL REGENERATOR) snusanlidayiu

AnaSamin Fantiuscrruufus mmﬁ"umm'sn%’u&ummﬁa imirimTidagrefn iy



oz s T e usr i im At 9niBussfag
%mv“;’a'lufhuam%zmnhuﬁ'aymm‘lm sodsvRirede e sTunsteny
SpnaRess S URENINERSLI9S  JIvE LAARR frrsnastensaniassimils
wh  fayame vl usmansodifadns gty Al fink Fraty

n'ﬁﬁamwsz cfipafRnudsusinean i Tuns i oiudaesuseanadi s

ﬂ'vm'm;nmnaﬁ‘ﬁ’rm*t‘)’

TATINTTHBUIMEN THIUSELUIN mtmn‘ﬁe‘lﬁ'ﬂmﬂsﬁﬂﬁ"a'm’?mmw
MWW (TELETEXT  MONITOR) ua:m%mnmuua:u%’miem(mmm

- - SIGNAL REGENERATOR) Wuipadawinsng 3 qustur Ehudadn il

1. Yawdn iBuawd
2. Sawdn 1Buasm
3. daw¥a uAsRSSA
4. Savin uassrlin
5. Sawkh mowiiu

6. dawin gassnll

7. WWiR STHRS

8. Yawlh gifin

9. Sowin s mpssnll

10. Sawin R

FavrBu 2 usn inflaenFawindandnnefiu Q:ﬁﬂ@?o’mﬁﬁﬂms‘sw:ﬁa‘m



teprusetonrdund msmd

1. Enn3nsie etpsdinmEnMisriumieimd Wen 3y s im eyl
1.1 1D etnaduimsimfgmmsientnind 429 5 LU ARty
tfanAuin sy
1.2 & INAGMWAUWIDAST eSnamnutas 5 nfitandouninul sy
tmmmﬁw‘tiﬁn%mmﬁ'auﬁqn IH57E 19TTRI MK LN
iR dranutiivie SHwvila8enams
VBN L V) Lnmasmmtinnfanagoy 5 ﬁa‘lmwnmﬁﬁa:ﬁauﬁnn%ﬁnqﬁutﬁn
- '1ﬁauWMnsamq’m #9395 SaviiiRnmEunssmmndaudu
ARuARDA LA LENENAIRLARNGASIIN 109 §
1.3 (Sotummeusienisinfizes 183 5 Fhiouiss il uhanain
iy sz ifuinmmsasnaan iy useSimrdgR e L0
w1 nfia 789 (Ragancgysinsmwinfiines A aTinn
wssrsRI s SLtoyR in e i)
1.4 Minagiaise m%ﬁ’ﬁqmﬁnnﬂgﬁﬁ'J’li‘mﬁ'mwa:mﬁg’hﬁ")mn 21w
¥ usetunf fuseaonvia fheeydivEfndnusiu (Funuvsn
Wi
Fdian uR ueshnl Bund s ganaunnsfuinieimd (i

-3 «
nd mwimaiminuihasecfurernysd

fdian T uTuRsSund  fiutin® wiafnsnserSvdadn



dhusuysn USRI TSRNIINIR i urowiotRieruddn 9
siny sefipamsn ivaursuAeR ishenne
1.5 unsiiissuhnfuunfusen v 489 5 T ouudmniniaimy

wirysd usnan1aSaa U IR aSasTuliien

2. thynuseamnafdatnunoy 2

2.1 imwiny 5 faiuudsuiniaimdulenysa

AYMDU ANER tumaImMmREAnIs I a3 fmrfiianusasiny
AnadnenAnseety  BeerfRiun st ininimd wensika B
inanfingoiledaanm imnsiaeeafndne 9 albusinau
sanifivy winvegfinnadiafione s iwa 1A

2.2 nsidaninees (Mt lm{mmﬁ’a.asmﬁﬁ') e vaariieuninRe M

Ponns  JeusmnsotAnd e Srdinte wEnsn 199
nm‘u‘hﬂ‘:m‘mﬁs%ﬁuiﬁﬁam

AMABL NSYMINUDDY INIRIMTThImEEaIA ﬁmmmsnmﬁmﬁswpnﬁ'ﬁ
Wndrun@snua 149am I unsusngeafayR i insnzioyei
feppnannafiemouwnn iy fu 9 il udduFumdanania i
Aoy
athatsfinu s Pmdadnannu gegtiifu 40 Suw tnerdeens
59 Ry &iud FupgfirniBanvinan  wnsiiminaguiiining

AIRY 4w ensn tRanwihva ¢4 witividuiuf



2.3 wrimmiaimiinends ifsuwih ipstaudmrnitnamp
AYADY uﬁqﬁgmﬁsumo‘iam{ﬂﬂtﬂiﬁnm@ﬁm Suniwifviaiaom 9 wind
Jrudon  sunsofivivie facidfle 83 wih Haudheaidosths

vsngBu ipausidponTsWhemviinfa laatn frafisnsormsd

Shunmpnmavin  (HOLD)  urefinfinan s tvhspu i Tuusaty ﬁnmguﬁ'

Snadavdn 1 fanhwi

2.4 auinnraIn s iy

Aoy mumﬁ%’ui’tummmmm ywu., 5 Winessunsosuiniaimgy
il 25 sonflwvenmes v, 5 ayhust il Tima

Myr0ated 5 A PEsasRsIftfSOSUINIR I T



NAMTAEINUIN I



H/7390-28

€

P N,

%]

s

YR

oy

o e mrean e
=
e
o

S

5

Bhanieannloaie sidce odal Bl Qi defd il htbdid aa

INTRODUETION
Several integrated circuit voltage comparators exist which

"' were designed with high speed and complementary TTL

outputs 2s the main objectives. The more common applica-
tions for these devices are high speed analog 10 digital (A to

¢ ‘D) converters, tape and disk-file read channels, fast zero-

crossing detectors, and high speed differential line receiv-
ers. This note compares the Nationat Semiconduclor devic-
es to similar devices from other manufacturers,

The product philosophy at National was to create pin-for-pin
replacement circuits that could be considered as second-
sources to the other comparators, while simultaneously
containing the improvements necessary 10 make a more op-

_Development Group .

National Semiconductor---
Application Note 87
Interface

timum device for the inlended usage. Optimized parameters
include speed, input accuracy and impedance, supply volt-
age range, fanout, and reliability. The LM160/LM260/
LM360 are replacement devices for the pA760, while the
LM161/LM261/LIM361 replace the SE/NES29. Tables | and
Il compare the critical parameters of the National commer-
cial range devices 1o their respective counterparts.

SPEED

Throughout the universe the subject of speed must be ap-
proached with caution; the same hoids true here. Speed
(propagation delay time) is a function of the measurement

TABLE 1. LM360/1:A760C Comparison 0°C < Ta < +70°C,V* = +50V,V~ = —50V

Parameter LM360 1A760C Units
Input Offset Voltage 5.0 6.0 mV max
input Ofiset Current 30 7.5 pA max
Input Bias Current 20 60 pA max
Input Capacitance 4.0 8.0 pF typ
input Impedance 17 5.0 kQ typ @ 1 MHz 25°C
Differential Voltage Range 5.0 +50 Vityp
Common Mode Voltage Range +4.0 +4.0 Viyp
Gain 3.0 3.0 V/mV typ 25°
" Fanout 4.0 2.0 74 Series TTL Loads
Propagation Delays:
(1) 30 mVp-p 10 MHz Sinewave in 25 30 ns max 25°
(2) 2.0 Vp-p 10 MHz Sinewave in 20 25 ns max 25°
(3) 100 mV Step + 5.0 mV Overdrive 14 22 ns typ 25*

TABLE II. LM261/NE529 Comparison 0°C < Tp € +70°C, V+ = +10V, V-

= 10V, Ve = +5.0V

Parameter LM261 NES529 Units
Input Offset Voltage 3.0 10 mV max
Input Offset Current 3.0 15 p#A max
Input Bias Current 20 50 A max
Input Impedance 17 5.0 kQ typ @ 1 MHz 25°C
Differential Voltage Range 450 $5.0 Viyp
Common Mode Voltags Range 6.0 +6.0 Vityp
Gain 30 40 V/mV typ 25°
Fanout . 40 6.0 74 Series TTL Loads
Propagation Delay - 50 mV Overdrive 20 22 ns max 25°

L8-NV
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technique. The earlier “'standard” of using & 100 mV input
7 -“Step with 5.0 mV overdrive has given way to seemingly end-
~fess variations. To be meaningful, speed comparisons must

-] %:be made with identical conditions. It is for this reason that

-.the speed conditions specified for the Nationa! parts are the
same as those of the parts replaced.
Probably the most impressive speed characteristic of the six
Nationa! parts is the fact that propagation delay is essential
ly independent of input overdrive (Figure 7); a highly desic-

’ FTTOm T
18 T, =25°C
3 Voo = +5V
by 10AD =20 k02
< % TO Vee + 16 pF TOTAL
g i)
5 "
=
< n
] T4
-3
-~
1

19 3¢ 0 30 100 300 1000
DIFFERENTIAL INPUT OVERDRIVE (mV)
TL/H/7407-1

FIGURE 1. Delay vs Overdrive
able characteristic in A to D applications. Their delay typical-
ly varies only 3 ns for overdrive variations of 5.0 mV to 500
mV, whereas the other parts have a corresponding delay
variation of two to one. As can be seen in Tables I and Hf,
the National parts have an improved maximum delay speci-
fication. Further, the 20 ns maximum delay is meaningful
since it is specified with a representative load: a 2.0 kf}
resistor to + 5.0V and 15 pF tota! load capacitance. Figure
2 shows typical delay variation with temperature.

' TTT1

28 |- vee = <50y
2 | LOAD>20k0 /
N TO Ve +15 pF TOTAL /
; 20 | Viw = 250 mV PULSE
o
= / bl
2 %
3 p 4
9 .,
< T
S 12 \\ / tao
£ |+~

80

-85 1§ 25 65 125

Ta ("0
TU/H/7407-2
FIGURE 2. Delay vs Temperature

INPUT PARAMETERS

The A to D, leve! detector, and line receiver applications of
these davices require good input accuracy and impedance.
In all these cases the differential input voltage is reiatively

large, resulting in @ complete switch of input bias cum,
the Input signal traverses the reference vollage lave;
effect can give rise to reduced gain and threshold ina
¢y, dependant on input source impedances and come. - &
input bias currents. Tables I and i show that the Natiy. #
parts have a substantially lower maximum bias Current 4,
ease this problem. This was done without resorting to p), 4
lington input stages whose price is higher offset
and longer delay times. The lower bias currents alsg fa;
input resistance in the threshold region. Lower input .
tance and higher input resistance result in higher inpyt 0wy
pedance et high frequencies. =
Even with low source impedances, input 8CCUTaCY i g
dependent on offset voltage. Since none of the deviceg .
der discussion has internal offset nufl capability, ultimate 8
curacy was improved by designing and specifying lowg, §
maximum offset voltage. Refer to Figure 3 for typical offsg
voltage drift with temperature.
1.0

o B4

0
~0.2 7 N
-04 v
-0.5
~0.8

INPUT OFFSET VOLTAGE (mV)

-15 25 €5 128
Ta (°C)

TL/HIT407-3
FIGURE 3. Offset Temperature Coefficlent
OTHER PERFORMANCE ARREAS

In the case of the LM160/LM260/LM360, fanout was doy- |
bled over the previous device. For the LM161/LM251/¢

LM361, operating supply voltage range was ’extended o

18
ZAGL L L LY,
ghild //'rlolsmy 537 %7 ,,// Z
o //A//I/A/ j//// ;/A
I G 7% ,/////////;A
w Z ZHY ZH %Y 7
g A A Z
g"“ NEGATIVE LIMT 1]
g 8.0 |- Vec = +5.0v 9227
GND = OV 77
[ Ta=25°C
1 A

-13
50 1.0 9.0 1} 12 15

vVt OR V™ (V)
TL/H/7407-4
FIGURE 4.LM161 Common Mode Range

115V op amp supplies which are often readily available

where such a comparalor is used. Figure 4 reveals the com-
. mon mode range of the latler device,

322

(Rl




performance improvements previously mentioned were

of circuit design (Figures 5 and 6) and device pro-
g. Schottky clamping, which can give rise to reliabliity
s, was not used. Gold doping, which resulls in pro-
dependent speeds and fow transistor beta, was not

voltage, high beta, and high f1 (= 1.5 GHz) was se-

stoad a non-gold-doped process with high-break--

lected which produced remarkably consistent performance
independent of normal process variation. The higher break-
down voltage allows the LM161/LM261/LM361 to operate
on 15V supplies and results in lower transistor capaci-
tance; higher beta provides lower input bias currents; and
higher fy helps reduce propagation time.

STROBE 1
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2 j-—Q OUTPUT
. vt O
I = oD
| | 4
H s : :
f 3 3
5 . 4 - STROBE 2
§ A & & 8 '
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!
‘was dou.t > 3
11LM261/ 3 = 3
tended o 1 3 : <
! 4? : é’ ‘
| k1 ! -O OUTPUT2
(3
' ¢
X - INPUT 2 O~ ! #
g st
‘;; 1ot k -
i$ €L ,x
1 :
TUHII40T4 ;
Pl ’
¢ available
s the com- N \' N

- fulla

FIGURE 5. LM161 Schematic Dlagram
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TL/H/7407-6

FIGURE 6. LM160 Schematic Diagram

APPLICATIONS

Typical applications have been mentioned previously. The
LM160 and LM161 may be combined as in Figure 7 to cre-
ate a fast, accurate peak detector for use in tape and disk-
file read channels. A 3-bit A to D converter with 21 ns typical
conversion time is shown in Figure 8. Although primarily in-

tended for interfacing to TTL logic, direct connection may
be made to ECL logic from the LM161 by the technique
shown in Figure 9. When used this way the common mode
range is shifted from that of the TTL configuration. Finally
leve! detectors or line receivers may be implemented with
hysteresis in the transfer characteristic as seen in Figure 10.
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FIGURE 8. High Speed 3-bit A to D Converter
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FIGURE 9. Direct Interfacing to ECL
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FIGURE 10. Level Detector with Hysteresis
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DESCRIPTION — Each multivibrator of the LS221 featwes 3
negative-transition-triggered input and & positive-transition—tﬁggered
input either of which can be used as an inhibit jnput.

Pulse triggering occurs 8t a voltage fevel and is not related to the
transition time of the input pulse. Schmitt-trigger input circuitry for B
input alfows jitter-free triggering for inputs as slow es 1 volt/second,
providing the circuit with excellent noise immursity. A high immunity to
Ve noise is #lso provided by internal latching circuitry. “-

el

Once triggered, the outputs are indépendent of further h:ansi_xions of ..

the inputs and are a function of the tirhing components. The:output
pulses can be terminated bythe overriding clear. input puise width may
be of any duration relative 10 the output pulse width. Output pulse width
may be varied from 35 nanoseconds to a maximum of 70 s by choosing
appropriste timing components. With Rex = 2 k) and Cexq = 0. 8
typical output pulse of 30 nanoseconds is achieved. Outputrise andfall
times are independent of pulse length.

Pulse width stability is achieved through internal compensation and is
virtually indepeéndent of V¢ and temperature. In most applications,
pulse stability will only be limited by the accuracy of external timing

Jitter-free operation is maintained over the full temperature and VcC
ranges for greater than six decades of timing capacitance {10pF to 10
pF), and greater than one decade of timing resistance (2 to 70kQ {or the
SNS54LS221, and 2 to 100 kQ2 for the SN74L5221). Pulse width is
defined by the relationship: tydout) = CextRext In 2 = 0.7 CextRext. f
pulse cutoff is not critical, capacitance up to 1000 4F and resistance as
low 2s 1.4 k(1 may be used. The range of jitter-free pulse widths is
extended if Vo is 5 V and 25°C temperature. . «

« SN5ALS221 and SN74L5221 IS A DUAL HIGHLY STABLE

ONE-SHOT
« OVERRIDING CLEAR TERMINATES OUTPUT PULSE
o PIN OUT IS IDENTICAL TO SN54LS/7418123

DUAL MONOSTABLE
MULTIVIBRATORS
WITH SCHMITT-TRIGGERINPUTS

LOW POWER SCHOTTKY

.

(TOP VIEW)

s | L] I | 7 ' s
1A " 1 18 20 3 2PRen! GND
CLR Cont  Cem

POostive Jogsc  LOw input 10 clear resels Qlon and
0 nigh regordiess of d< levels a1 A
or B nouts

J Suffix — Case 620-09 {Ceramic)-
N Suffix — Case 648-08 (Plastic}

FUNCTION TABLE

(EACH MONOSTABLE!}
| INPUTS OUTPUTS
{ Vee . CleAR| A Bl a &
L x x| L H
Rext X H X L H
x Xx L] L H
h - H . tln v
R/C H 4 Hi N U
Cext 1 L Wl v
, TYPICAL MAXIMUM .
TYPE POWER  OUTPUT PULSE
DISSIPATION  LENGTH
SN54LS221 23 mW - a9s
SN74LS221 23 mW 70s

FAST AND LS TTL DATA
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Once in the pulse trigger mode, the output pulse width is determined by tyy = RextCextin2, as jong as Rext 8nd Cgiq are within
thelr minimum and maximum valves and the duty cycle is less than 50%. This pulse widthis essentially independent of Vccand
lemperature variations. Output pulse widths varies typically no more than £0.5% from device 1o device.

lfthe duty cycle, defined as being 100 % whereTis the period of the input pulse, rises above 50%, the output pulse width will
become shorter If ifie Buty cycle varies between low and high valves, this causes the output pulse width to vary in length, or

jiner. Yo reduce jitier to a minimum, Rext should be as large as possible. (Jitter is independent of Cgyq). With Rext = 100K, jitteris
not appreciable until the duty cycle approaches 90%.

Althoughthe LS221 is pin-for-pin compatible with the LS 123, it should be remembered that they are not fur;cﬁonally identical,
ThelS123isretriggerable so that the output is dependent upon the input transitions ohce it is high. This is not the case for the
LS221. Alsp nate that it is recommended o externally groundthe LS 123 Cexq pin. However, this cannot be done onthe L5221,

The SN54LS/74L8221isa dual, monolithic, non-re!riggerable: high-stability one shot, The output pulse width, tyy can be varied
over 8 decades of timing by proper selection of the external timing components, Rexy and Cext.

Pulse triggering occurs at a voltage level andis, therefore, independent of the input slew rate. Although all three inputs have this
Schmitt-trigger eflect, onlythe B input should be used for very longtransition triggers {21.04V/s). High immunity to Vo noise
{typically 1.5 V) is achieved by internal Iatching circuitry. However, standard Ve bypessing is strongly recommended.

“The LS221 has four basic modes of operation.
Clear Mode: Ifthe clear inputis held low, irregardless of the previous output state and other input states, the Q output is low.

Inhibit Mode: If either the A input is high or the B input is low, once the Q output goes low, it cannot be retriggered by other

inputs.
Pulse Trigger
Mode: This occurs when none of the other modes are in effect andthe Q outputis low. A proper transition by either the
CLR, Aor B input, as shown in the truth table, will cause the Q output to go high and remsin high for the pulse
time twy.
Oncetriggered, as fong as the outputremains high, all input transitions {exceptfor Clear, see Note 4) are ignored.
Overriding

Clear Mode: ¥ the Q output is high, it may be forced low by bringing the clear input tow.

FAST AND LS TTL DATA
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GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54 45 5.0 55 v
P N 74 4,76 50 5.25
Ta Operating Ambient Temperature Range 54 ~55 25 125 °c
RO 74 0 25 70
1o = © “= -~ | Outpun Current — High 54,74 -04 .| mA
loL Output Current — Low 54 40 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise speciied)
. LIMITS”
SYMBOL NITS TEST CONDITIONS
PARAMETER N P MAX U
Positive-Going Threshold
v - vee =Ml
T+ Voltage at A Input 10 20 v cc=MRN
V- Negative-Going Threshold 54 0.7 1.0 v -
Voltage at A Input 74 08 1.0 v vee = MiIN
Positive-Going Threshold .
V- = ]
T+ Voliage at B Input 1.0 2.0 v Vee = MIN
Vi Negative-Going Threshold 54 0.7 0.9 v ~
Voltage a1 B Input 74 08 09 v Vee = MIN
VK Input Clamp Voliage -1.6 v Vee = MIN, liy = =18 mA
‘; Vou Output HIGH Voliage 54 - 25 34 v Vee = MIN, g = MAX
3 74 2.7 34 v
3 Vo Output LOW Voltage 54 025 | 04 v loL=40mALy .= miIN
74 0.35 05 v loL = 8.0 mA
I tnput HIGH Current 20 uA Ve = MAX. VIN= 27V
i - 0.1 mA vee = MAX VN = 70V
Input LOW Current R,
input A -04
he Input B -08 mA Vee = MAX, VN = 04V
Clear ~08
: los Shon Circuit Current -20 -100 mA Vee = MAX
' Power Supply Current
Icc Quiescent 4.7 1 mA Vee = MAX
Triggered 19 27

FAST AND LS TTL DATA

5-194

neper- v




_ SNs4/74ts221_ . .

AC CHARACTERISTICS: Voe = 6.0V, Ta = 25°C

NPT ot L L ST CONDITION
SYMBOL (NPUT} | (QUTPUT) MIN P WAAX UNIT TE CONDITIONS
45 70
- PLH E A a os
. [: Q 35 55
< - 1PHL b2 ] Q 50 | 8 | | Cox1=BOPF. Reyy=2k02
e i - 8 - Q 40 65 )
PHL Cloar Q 35 55 ns Cy=15 pF,
PH Clear a 44 65 ns
70 120 150 See Figure 1 Cext = 80 pF, Reqy =2 02
W(om) A OfB 'o or a 20 47 70 ns Ce,q =0, Ren =2k}
. 600 670 750 Cext = 100 pF,Rgqq = 10402
e
- 6 6.9 75 | ms Cext = 14F, Reg=10KQ
AC SETUP REQUIREMENTS Ve = 5.0 V, Ta = 25°C
—— N UMITS
SYMBOL PARAMETER N ~° MAK UNITS
dv/dt Rate of Rise or Fall of Input Pulse
» Schmitt, B 10 V/s
Logic Input, A 10 Vius
* w input Puise Width
A of B, ty(in) 40 ns
Clear, tyy (clear) 40
tg Clear-Inactive-State Setup Time 15 ns
g Rext Externa! Timing Resistance . 54 14 70 [<¢] ’
— 74 14 100
. Cext External Timing Capacitance 0 1000 yF
Output Duty Cycle
. - RT=2.0k0 " 50 o
AT = MAX Rey 90
FAST AND LS TTL DATA
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LM1081
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LM 1881 Video Sync Separator

General Description

The L3/1581 Vigz0 sync sepasalor extracts timing informa.
tion including composite and vertica! sync, burst/back porch
timing. and odd/even ield information from e standard neg-
slive poing sync NTSC video signa! with amplitude rom 0.5
10 2V p-p. The integrated ciraudl is alsd cepable of providing
sync seperstion for non-standard, fasier horizonta! rate vid-
€0 sipnals by changing £n extena! horizonte! scan rate set-
ting resisior. The vetical outpt is produced on the rising
ede of the frs! senztion in the vertical sync pariod. A de-
fault vetical ouput is produced afier & Ume delay # the
rising edpe menboned above does no! occur within the in-
ternz'ly se! geley period, such s migh! be the case for s
non-siandart video signal,

oo PRELlM!HARY

e o = e

Features i

u AC coupled composiie mput signal

® > 10 kN input resisiance |

8 <10 mA powe: s:pply Giain current

® Composile synt end vertica! outputs

s Odd/even feld oulpt .

= Burst gate/tachk porch oulput

® Resisio programmadle horzontal scan rate {up to
64 kHz)

® Ecpge tripgered verica! om.;m

& Delzutt triggeted vertiza! ouiput for non-siancard video
signal {video games-home computers)

Connection Diagram
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Absolute Maximum Ratings

¥ Milkary/Aerospace specified Gevices are regquired,
contact the Kational Semiconductor Ssles Office/
Distributors for avallabllity and specifications.

Supply Voltage . 13.2v
inpul Vohage 3Vpp
Output Sink Cunrents; Pins 1,3, 5 SmA
Output Sink Current, Pin 7 2mA
Packsge Dissipation (Note 1) 1100 mW
Operating Temperature Range oC-70C

Electrical Characteristics

Voo = 5V; Rset = 680 kf); Ty = 25°C; Unless otherwise spesified

Storage fempmtu'e Range ~-65°Cto 4 150'C
ESD Susceptibility {Note 2) 2xV
Soldering Information ’
Duzhin-Une Packepe (10 sec.) 260C
Small Outline Package
Vapor Phase’(60 sec) 215C
Infrated (15 sec)) 220C

See ANL50 “Surface Mounting Methods and the> Efiecton
Product Reliability™ for othar methods of soldering surface
mouni devices.

. Tesied Design Unlts
1
Parsmeter Conditions T | Umh(Note3) | Umit(Noted) | (Limits)
Supply Current Vo = 5V, Outputs 2t Lopic 1 52 10 . mAmex
Vg = 12V, Outputs el Lopic 1 55 12 mAmax
DC Inpui Voltage Pn2 15 13 Vmin
: 3 1.8 . Vmax
Input Threshold Volisge NoteS 55 mVmin
70
&5 mVmax
Input Discherge Cunent PrZViy=2V 1 6 pAmn
X 16 phmax
input Clzmp Charge Cunent Fna;Vin= 1V 08 0.2 mAmm
Ry Pin Reference Voliage Pin6; Note 6 .- 10 : Vmin
1.22
1.35 Vmax
Composite Sync. & Verlical Lo 1 = 40 pA; Lopic 1 45 2.0 Vmin
Outputs 1o = 1.€ mA; Loic 1 26 24 Vmin
Eurst Gete 8 Odd/Even 1555 = 4D pA; Logic 1 5 0 Vimin
Outputs . )
Compesite Synt. Output 1oy, = —1.6mA Lopic D, Fin 1 0.2 0.8 Vmax
Vertizat Sync. Output logr = —1.6mA Logic O;Fin 3 0.2 0.8 Vrmax
Burst Gate Outout by = —1.6 mA; Lopic ¢, Pin§ 0.2 ‘58 Vmax
Odd/Even Outpn b1 = —~1.6mA; Logic G, Pin7 0.2 0.8 Vmax
Vertiza! Sync Wicth 230 190 psmin
y 300 psmax
Eursi Gete Widih zTrromPinStc Vg P 25 pemin
X &3 pSTAax
Vertizal Defaul Time Kole7 32 psmin
€s
SO psTax

hote 1: FO opealo in ami+! lenperaires ad0wve 20°C, the Opvice musst be o2c21er Dases ot 1507C merimum Junclon lemperase 8ns & pETak b theTre!

ressnce 0 110 /W, juncion i smbet.

Kote 2 £SD s.nseptiviny 1es) uses te “hurman body madel, 100 pF st pel Tvosgh e 1.5 40 ress0”
-

Hole 3. Thers patemeiess pre pueceieed @< 100K produsion tesied.

ote & Desin= Limts o portevieel by nct 100% poSution tesied These bmis s¢ not el 10 Calauleie DUIPETG guein) ievels .

MHote B, Reliive BHe-once betwwen th rps clemy vohape 877 the mimuT R vohzpe wovch, produces @ holonlt’ oD paise.

Note €: Caret anention shoul be mess I freveant paresilc CADATRANSE Eovming FOT. 7y O P (Frut 1, 3.5, anc 7 10 B Rs pir (Pr €).
Role 7: Deity e Delwete, Tre 587 O sw o8’ 8ym (82 inpf) ANS the veu’ 0P pise. '
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Application Notes

The L1881 is designed to strip the synchronization signals
from composite video sources that are in, or similat to, the
N.T.5.C. format. inpst signats with positive potarity vide (in-
Creasing signal vokage signfies inzrezsing scene bright-
ness) from 0.5V (p-p}4o 2V {pp) can-be accommocated.
The LM3BST cparates rom e single supply vohage between
5Y DC end 12V DC. The only required exierna! components
beside power supply and set cument desoupling ere tht in-
put coupling capacitor end & single resisior tha! sets internal
cument levels, gliowing the 131881 1o be adjusted for
source signels with fine scan frequencies difiering from
15.73¢ kHz Four majx sync signa's are gvaiiable from the
1/C: composite sync including both horizonta! end ve-tizal
sc2n timing information; & vertica! sync pulse: & burs: pste
of back porch clamp pulse, end an o3d/even outhi The
odd/even outlput leve! identifies which vides field of an inter-
laced video soutce ix present 2t the inpul. The outputs from
the L1851 can be used 1o gendoch vides came:s /VTR
signals with graphizs sources, prowde identficaborn of vidao
fields for memory storape, recove: suppressed or contemi.
nated sync signals, and provide timing references for the
extaction of coded or uncoded datz on spesific video ssan
Jines. s

To better understang the LII8ST timing informatios and
the type of signzls that are used, refer 1o Fipure 2is-e)
which shows & porion of the compasite vides signe’ from
the end of one field throuph the beginning of the nex: fisld.
CONPOSITE SYNC OUTPUT \

The composhe synt outpul. Fume 2(p), is staply 8 [{-o-2F
duction of the signa’ wavelorm below the composhe video
blazh fevel, with the video compietely remoaved. This is ob-
tsined by clamping the video signal sync Uips 1o 1.5V DT at

Pin 2 en3 using & comparator threshold s2: jus! ebove this :

voliage 1o strip the synt signa!, which Is then buttered oul to
Pin 1. The threshold separation iom the clemped sync tois
nominally 70 mV which mazns tha! for the minimum input
level of 0.5V (o-p). the clipping tevel is close 10 the hz"way
point on the gync pulse ampiiude (shown by the dashed
fine on Figure 2(g)). This threshold separalion is indepen-
den! of the signa! ampliude, therefore, for & 2V (p-p) input
the cipping leve! ozcuts a1 11% of the sync pulse empli-
tude. The charging cunent for the input coupling capazio: is
C.E mA, whe:eas the discharge custen! is only 11 pA typi-
czlly. This ellows selatively small capacitor values 15 be
used—0.1 pF is peneraliy recommended.

Normely the signal source fo- the LM 1581 is essumed 1o be
clezn and relzlively noise-free, bt some sources mzy hzve
excessive video psaking, causing high freguency vided snd
chromz components 1o extens below the black leve! refer-
ence Some video discs keep the chroms burs! pulse pres-
en: th'oughout the verical biznking pering s that the ba-st
actually eppears on the synt tps fo: three fine periods in-
siead of & blach. level A cicern composite syne signe! can
be penerated from these sources by filiering the input sig-
na.. When the source impedance is fow, typizzlly 750, 8
€200 resistor in series with the source and & £10 pF cepesi-
o7 10 ground will form & low pess filter with & come- tre-
Quency of 500 kHz. This bandwicth is more tha= sutlisient 10
pese the sync pulse poriion of the wavelorm; howeve®, &ny

subcarrier conient in the signzl wili be aeauz1ed by glmost

16 €2, eHectively t2bing it below the compzrztor threshold.
Fliering will also help # the source is contaninated with
thermal noise. The ouput weveloms will become delzved

from between 40 ns 10 8s much as 200 ns due 1o this fitier,
This mouch delay will not usually be sipnificant but & does
contribule to the sync delsy produced by eny sddrional sig-
na! processing. Since the original video may also undergd
Processing. the need for time delay corection wili depend
o the 1912l sysiem, nol just the sync stripper.

VERTICAL SYNC OUTPUT

A vertics! sync oulput is derived by internally integrating the
composite synt wavelorm (Figure 3). Horizonta! sync pulses
&€ n2! eble to charge the inlegrating capacitor suthiziently
bezzuse of thei: short duty cycle, but when the vertizal re-
tace interva! is reached, the broad senated pulse charpes
the capacito: past 8 fizxed threshold. Once the thres'idid is
reaches, the next semalion in the sync waveform tippers en
F-S fipfiop and sterts the vertical ouipit pulse &: Pin 3.
S:mutanesusly sn interns! oscillator bepins cloziing 8
counle:, When e count of eight is 1eached the vetizs! out-
P pulse is terminzted and the circull resets. Both the time
regared 10 reach the integrator thresholZ anc the pe-iod of
the oscillzio: are programmed by an exlernal resisior gt Pin
€. For en N.T.S.C. signal with 32 ps betlween sevztlions, &
682 KN resisior will ensure the vertica! output pulse will stz
concident wih the leading edpe of the firs! veriica! se-ration
{Frpre 2c). I the resistor value gets 100 small it becomes
possidle for the ostillator circuil 1o time out before the input
ve-tice! sync period hes ended. When thie is the czse, the
s=goence will tepeat end & double vertical oulpul putse will
&ppear. Thetelore, the resisior valus for & given horzontal
soen 1ste is chosen smell enpugh to trigge- the ve-ica! oun-
pJi pulse on the first seration yet not so smal! s to pive 8
double pulse, rather than etiempting o choose & valsz that
gives & specilic output pulse width, it the incoming vertical
6y™2 is not semated, the integrating capacitor is gliowed 10
chetpe 10 & secont threshold which automeficelly innizies
e veizal oulpst pulse saquence. In this instance, T sian
o! the venical pulse s well es the pulse period will be de.
pendent on the resistor value,

ODD/EVEN FIELD PULSE

Ar vnusua! feature of LMi681 is 2 outpu level 1o Pin 7
tha! identifies the video field presen! al the input o the
LW 1EBI. This can be usetul in frame memory storaps eppli-
celions of in extracting test signals that occur only I~ gher-
rzle fields. For 8 composite vidso sipnal that is inte-azed,
on: o the two fizlds thal make up each vides fene or
poiute must heve & ha!f horizonte! scen hne petisZ gt the
enZ of the verlizal scan—i.e., 81 the bohiom of the picture.
This is celied the "ode field” or “field 1, The “even fieid™
o “Neld 27 hes & complele horzontz! scen line 81 the end of
the figld, An ogdZ field siants or the laeding edpe of the ditst
ezuelizing pulse, wherees the ever fieid siants on t: lead-
ing e3¢ of the second eguzlizing pulse of the verize! re-
vzoe inlerval. Fipure 2/8) shows the end o! the even fieid
&£12 the sta o!f the 0dd field,

To oeles the ood/even lields the LIV 1BB1 epain intep zles
thz composite syne wavelorm (Fiure 5). A cepzonor is
chzrped Curing the periof between synt pulses 273 dis-
chzrped when the synt pulse is present. The pe-ind be-
tween noma! horizonia! syne pulses is enough to tow the
czoe D! vohzpe ‘o rezch & threshold leve! ©f ¢ commeraior
Thzl oleers & tiptiop which it elso being cloche S by T sy
wzvelomm. Whern the verticz! inte~velis teeched, the shoner
miggration time between equelizing puises prevenic tnis

A A -,
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Application Notes (coninueq)

fiop is toggled with each equalizing pulse. Since the hal kne
period &t the end ot the odd field w have the same effect
25 an equalzing pulse peniod, the O outpul will have 2 ditfer-
en! polarity on successive fields. Thus by comparing the Q
polarity with the vertical oulput pulse, s 633/even field in-
dex is generated. Pin 7 remains low during the even field
&nd high duting the odd field.

BURST/BACKPORCK OUTPUT PULSE

In 8 composite vides signa!, the chromaz burst is located on
the backporch of the horzonts! blanking period. This period,
eppreximately € ps fong. ks also the black leve! reference
fo: the subsequent video scan hine The LM 1881 generstes
& pu'se a1 Pin 5 that can be used enher 1o retrieve the chro-
ma burs! from the composite vider signa! (thus providing &
subcerier synchionzing signal) or s ® clamp for-the DC
resioration of the video wavelorm. This output is obiained
simply by charging en intema! czpasilor staring on the trail-
ing edge of the hosizontal sync pulses. Simulaneously the
output of Pin § is pulled low and beld untit the cepeacitor
charge circuil tmes out—<£ us late. A shorle” outpt burst
gele pulse can be derived by ditferentiating the burst output
using 3 saries C-R network. This raay be necessary in appli-
cztions which require high horizonte) scan rates in combina-
1ion with normat (60~ 120 Hz) vertical scan rates.

APPLICATIONS

Apari from exvacting 8 composite syne signel free of vided
information, the LM1B81 owputs liow & number of interest-
ing applicalions to be developed. As menfioned above, the
burst gate/backporch clamp pulse afiows D restoration of
the original video wavefon for display Or remodulztion on
an R.F. came:, &nd retrievz! of the eolor burst for colo: syn-
chionzation rnt decoding into FR.G.B. components. For
frame memory storede apphcations, the od3/even field lev-
€! alows igsnlihication of the epp-oprizte field ensuring the
corredi read or wTile sequence. The vertice! pulse output is
particularly vselut since it bagins &t e precise time—the ris-
ing edpe of the first verlice! sertzbon in the sync waveiom.
This mezns that individz! lines wizhin the vartical blanking
peniod (o: anywhere in the aclive szan line period) can easi-
ly be extracied by counting the required number of tran-
SHiDN3 in the COMPOsiie ¥ynt waveldm {oliowing the start of
the vartiza!l outhut pulse.

The verizat blanking interval is proving popular es & mezns
10 trznsmit czlz which will ns! ep;22! on 2 noms! T.V. re-
ceiver screen. Date can be inseried bepinning with fine 10
{ihe frst horzontal scan fine on which the color burs: ap-
pears) through 1o line 21, Usuzlly Fres 10 through 13 ere
not peed which leaves fines 14 through 21 for inserting sig-
nzls, which may be different from, fi2ld 10 fizld. In the U.S,,
hne 12 is nomelly teserved fo: & vertica! inteival reference

threshold hom being reached and the O output of the flip--

signzl (VIRS) and line 21 is reserved for ciosed caplion data
for the hearing impaired. The remaining fines are used in 8
number of ways. Lines 17 and 18 are frequently used during
studio processing to add ang delele verliza! inferval test
signals {VITS) while lines 14 through 18 end line 20 can be
" ‘used for Videotlex/Teletex! date. Seve:al institutions sre
proposing to transmit.financial gatz on kne 17 and cable
systems use the svailable lines in the vertical interval to
send decoding data for descrambler terminals.
Since the veriical output pulse from the L1881 coincides
whh the lsading edge of the first vertizal serration, sixtesn
posttive or negelive transitions later will be the siart of line
1< in either field. At this point simple counlers can be used
1o seleci the desired line(s) for insertion o! deletion of Cata.

RVIDEOD LINE SELECTOR
The circuit in Fagure < puts out & single video line according
to the binary coded information eppled 1o line select bits
bO-b7. A fine is seiecied by adding two 10 the desited ling
number, converting o & binary equivalen! ang epplying the
result 10 the Ene select inputs. The falling edge of the
LM1BB1's vertical pulse is used 10 load the epproprisie
number into the counlers (MM74C183N) end 1o set a slant
count latch using two NAND pates. Compasite sync tran-
silions are counted using the borrow out of the desired num-
ba: o! counters. The fina!l bortow oul puJise is used 1o tumn on
the enalpg switch (CD40663C) during the desired line. The
{eliing edge of this sipna! also resets the sta-t count latch,
thereby termineting the counting.
The circult, 2s shown, will provide & single fine outpul for

-- each feld in an interlaced vides system (television) of &

' sinple line output in each frame for & non-interleced video
system (computer monitor). When & partizular fine in only
,one field of an interlaced video signe! is desired, the 003/
‘even field index oulput must be used instead of the verucal
‘orput pulse (invern the Nisl3 inder output 10 select the odd
fiald) A sinple counter is nesded for seletting lines 3 10 14;
two counters sre nesded {or salecting fines 1£ 10 253; and
th'ee counters will work. 10! up 10 204€ fines. An ospul bulf-
e: is required fo drive low impedance toads.

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circuil in Fipure § will select & number of 2djoing lines
starting with 1€ fing sslecied as in the previdoss example.
Additional cow ters can be edged es describel previously
for eithz: higher atarting fine nuTbers o: anincrezted num-
be: of contizuovs output lines. The bizsh porch pulse oviput
of the LIA1BEYT is used 1o gale 1he video input's Black level
through & low pass filler (10 k{}, 10 uF) providing black level
tesioretion £ the video output when the outpu! selected
finels) is not being gater through,

1881 W1
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PHASE-FREQUENCY DETECTOR PHASE-FREQUENCY
DETECTOR

The MC4344°4044 consists of twe digita! phase detectors, 3

charpe pump, and an amplifier. In combination with 8 voliage

contrelied multivibrator {such as the MC4324 4024 or MC1648),
it is useful in 2 broad range of phase-locked lnop applications.

The circuit accepts TTL wavelorms al the R and V inputs and l‘ nmf-fi’ii'c’i oe
generates an error voltape that is proportional to the requenay \R :l{ et 639
and'or phase differcnce of the input signals. Phase detectar #1 lh ] ! [ 170.116

is intended for use in systems requiring 2ero frequency and phase
diffe-ence at lock. Phase detector #2 is used il quadrature lock is

. . . [ IR ST
df:s'ur:d. F'h:es'c‘rfclcctov #2 can also he_uscd {0 indicate that the iy
main loop. utilizing phase detector # 1, is ol of fock. Cant &n7

input Loading Factor: R.V - 3

Output Loading Factor {Pin 8] = 10 \ - su: Fix
Tctal Power Dissipation = 85 mW typ'pkg L“-;"_CEE:EZ“GE

Fropapation Delay Time = 8.0 ns typ 1z enze only

tthru phase delecton)

LOGIC DIAGRAM
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MC4344 o MC4044

instance, oulpuls U1 and D1 remain unchianged. The in-
put states next become R-V = 0-1; moving horizomally
fo the R-V = 0-1 column, stable siate {2} is indicated. At
this point there is still no change in Ut or D3. The next
input change shifts operalion 10 the RB-V = 0-0 column
where unstable stale 5 is indicated. Moving ventically to
siable state (5), the outpuls now change state to U1-D1
= 1-1. The next inpu! change, R-V = 1-0, drives the cir-
cuilry 1o stable state (B), with no change in U1 o1 DY. The
next input, R-V = 1-1, leads 1o stable state {7} with no
chsnge in the outputs. The next Iwo inpul slate changes
cause U1 to go low between the negative transitions of
R &nd V. As the inpuls continue to change, the cocuilry
moves repestedly thiough stable states (2). (51 18), (7).
{2), eic., as shown, and a petiodic wavelorm is obiained
on the U1 terminal while D1 rematng bigh.

A similar resull js obiamed iV is leading with respec
10 R, except that the periodic wavelorm now appeois on
D1 2s shown in rows e~h of the timing diagram of Figure
2. In each case, the sveiage value of the resuling
waveform is proportivnal 1o the phase ¢hiffeience be-
tween the two inpuls, tn & closea loop application, the
error signal for controliing the VCO is detived by trans-
laling ano filtering these waveforms.

The results obtained when R and V are sepasuteo by
8 lixed frequency diflerence ae indicated in tows i-1 of
the timing system. For this case, the U1 output gocs low
when R goes low and siays w that state wntil a negative
transition on V occurs. The sesulting wavelorm is similar

1o the fixed phiase ditference case, but now the duty cycle
of the U1 wavelorm varies a1 a rate proponional 10 the
dilference frequency of the two inputs, R and V. It is this
characienistic that pa2units the MC4344°3044 1o be used
s a hicquency discriminator; if the signal on R has been
Irequency modulated and if the loop bandwidth is se-
fected to pass the deviation frequency but reject R and
V. the resulting erior voltage applied to the VCO will be
the tecovered niodulation signal.

Phase detector #2 consists only of combinatorial foyic,
therefore its characteristics can be deterined tiom the
simple truth table of Figure 3. Since circuit operation re-
quires thist both inputs (o the charge pump eithor be high
o1 have the same duty cyele wher lock accurs, using this
phese detector leads 1o & quadistue selationship be-
tween R and V. This is dlustrated in 1ows a--d of the tming
disgtam of Figure 3. Note that any deviation from a hity
peicent duly cycle on the inpuls would appear bs phase
eror,

Wavelorms showing the operstion of phase detector
#2 when phase detector #1 is bring used in 8 closed
loup are indicated in rows e-j. When the main loop is
locked, U2 remains bigh. If the loop diilis out of lock in
either direction & negalive pulse whose width is propor-
ticnal tu the smount of diift appeais on U2 This can be
used U generste a simple ivss-ol-lock indicator,

Operation of the chaige pump is best explained by
considering it in congunction with the Dailington amplhi-
fier included in the packaoge {see Frguie 4). There wil be

FIGURE 3 — PHASE DETECTION #2 OPLHATION
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a pulsed wavelorm on either PD o1 PU, depending on the
phase-frequency relationship of R and V. The chetge
pump serves to inverl one of the inpul waveforms (D1)
and translates the vohage tevels before they are appticd
to the toop filter. When PD is tow and PU is high, O1 will
be conducting in the normal direction ahd 02 will be o,
Current will be flowing through 03 and CR2; the base of
03 will be two Vg drops above ground or approximately
1.5 volts. Since both of the resistors connected to the

base of O3 sre equal, the emitler of 04 {base o! OS5} will,

be approximalcly 3.0 volts. For this cond:‘ﬁon. the cmitter
of OS5 (DF) will be on Vg below this voltage, or nhout
2.25 volts. The PU input fo the charge pump is high
(> 2.4 volts} and CR1 will be reverse biasnd. Therefore
05 will be supplying current 1o O6. This wil tend to lower
the voliage at the collector of 07, re<ulting in an error
signal that lowers the VCO frequency as requited by o
“pump down™ sipnal.

FIGURL 4 — CHARGE PUMP OPtRATION
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When PU is low and PD is high, CR1is forward biased
and UF will be approxin’vatvlv one Vge above ground
(ncglecting the Veg(sar) of the diiving gate). With PD
high, OY conducts in the reverse direction, supplying
base current for Q2. While 02 is conducting, 04 is pro-
vented from supplying base drive to 05; with 05 cut off
and UF low there is no base current for 06 and the voliape
at the collecior of Q7 moves up, resulling in an increase
in the VCO operating frequency as required by “pump
ur” signal.

I both inputs 1o the charge pump are high (zero phase
diflerence), both CR1 and the base-emitter junction of Q5
are reverse biased and there is no lendency for the error
voltage to change. The cutput of the charge pumnp varies
between one Vpe and three Vg as the phase difference
of R and V varies from minus 2+ 10 plus 2= f this signal
is fillered to remove the high-frequency components, the

phase detector teansier function, K4 of anproximately

0.12 voit'radian is obteined (see Figute 5).

The specified gzin constznt of 0.12 voli/radian may not
be obtained if the amplifier/filler combination is improp-
erly designed. As indicated previously, the charge pump
delivers pump commands of about 2.25 volts on the pos-
itive swings and 0.75 volt on the negative swings for a
mean no-pump value of 1.5 volls. If the filter amplifier is
bizsed to threshs!d “on™ at 1.5 volts. then the pump up

and down voltages have equal effects. The pump sighals
are established by VpEs of transistors with milliamperes
of current flowing. On the other Rand, the transistors
included o1 use #s » filtes amplificr will have very small
currents flowing and will have correspondingly lower
VBEs — on the order of 0.6 volt each for a threshold of
1.2 volts. Any displacement of the threshold from 1.5

volls causes an increase in gain in one direction and &

teduction in the other. The transistor confipuration pro-
vided is hence no! optimum but does allow for the use
of ah additional transistor to improve titier response, This
eddition also resulls in a non-symmetrical response since
the threshold is now approximately 1.8 volts. The ellec-
tive positive swing is limited 10 0.45 volt while the neg-
etive swing below threshold can be areater than 1.0 volt.
This means that the toop gain when changing from a
high fiequency to a lower fiequency is less than when
changing in the opposite direction. For type two loops
this tends to increase overshoot when going from low
to high and increzses damping in the other direction,
These problems and the selection of external filter com-
ponents are intimately retated o system tenquirements
ond are discussed in‘detail in the fitter design section,

FIGURE § — PHASE DETECTOR TEST
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PHASE-LOCKED LOOP COMPONENTS
General

A basic phase-locked loop, when operating properly,
will acquire (“lock on”) an input signal, track it in fre-
quency, and exhibit 3 fixed phase relationship relative-to
the inpul. In this basic loap, the outpul frequency will be
identical 10 the input frequency (Figure 6). A fundamental
loop consists of a phase detector, amplifieriilter, and
vollagecantrolied oscillator {Figure 7). It appears and
acts like & unity gain feedback loap. The controlied var-
iableis phase; any ecror between £, and fo ¢ is amplified
and applied to the VCO in a cartective direction.

FIGURE § — BASIC PHASE-LOCKED LOOP
FREQUENCY RELATIONSHIP
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FIGURE 7 — FUNDAMENTAL PHASE-LOCKED LOOP
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Simple phase detecicrs in digital phase-locked loups
usually put out a series of pulses. The average value of
these pulses-is- the “gain constant,” K., ol the phase
detector — the volts out for a given phase dilference,
expressed as volts/radian.

The VCO is designed so that its autpul frequancy range
is equal to or greater than the required output frequency
range of the system. The rauo of change in output {re-
quency to input controt valtage is called “"gain constant,”
KQ. i the stope of t5; 1a Vj, is not tinear {i.e., changes
greater than 25%) over the expected lrequency tange, the
curve shou!ld be piece-wise approximated and the ap-
propriate constant applied for “"best’” and “worst” case
analysis of loop performance.

System dynamics when in lock are determined by the
amplifiersfilter block. lis gain derenmines how much
phase error exists between fjg and fq,,(, and lilter char-
acteristics shape the capture range and transient perfor-
mance. This will be discussed in detail luter.

Laop Fiiter

Fundamental loup characteristics such ds caplure range,
loop bandwidth, capture timne, and transient response are
controlied primanly by the toop hilter. The luoop Lehavior
is descnibed by gains in each compaenent block of Figure
8. The output 10 input 13tio reflects a second ordéer low
pass filter in frequency responsea with a static gain of N:

solsl _ _ KyKeKy o
B(s) s+ K,QI:::KM

T
where:  Kg = 1ehs (2)
Tas
Ty = RoC and T3 = RC of Figure 4. Therefore,

gals) _ Nit + Tys) 1)

&ts) -?NT2+TS*'
Ky¢Ky 1

FIGURE 8 — GAIN CORSTANTS
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£~ dictager Dicidur

Both wy, {loop bancwidth dr natural lraquency) and {
{vamping factor) are particularly important in the tran-
sient response 10 a steg input of phase or frequency {Fig-
ure 8}, and are defined as:

K Ky
= [o2lV 3
“n \/NTz (4}

. Ry )
"\/er(z 5

Using these terms in Equation 3,

volsh _ N{1 ¢ Tys) 6)
nis) s As
T+ — 11
“n “n

In a well deflined system conlralling factors such as
wq and { may be chosen ether from a transient busis
{ume domain tasponse) or steady state frequency plot
{roll-off point and pesking versus frequency). Onca these
two design goals are defined, syuthesis of the lhilter is
relatively straight-forward,

Constants Ky, Ky, and N are usually ficed Jue to other
dusign constraints, leaving Ty and Ty s variables to set
wyy and {. Sawce anly Ty appears in Equation 4, it is the
easiest 1o salve for initiatly.

KK

Ty = 42¥ (7}
2
Nwp

From Equation 5, we hind

2 8)
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FIGURE 9 — TYPE 2 SECOND ORDER STEP RESPONSE

9ol NOAMALIZED QOUTPUT FREQUENCY

0 107030405060 7.06.090 10 11 17 13 4

wat

Using relationships 7 and 8, actual resistor values may
be computed:

KeKy

17 NnC g
21
Ry = =
? wnC (o)

Although fundsmentally the renge of Ry and Ry may
be from several hundied 1o several thousand ohms,
sideband considerations usually force the value of Rq 1o
be set first, and then Rz and C computed.

K
o Kekv, (1)
Nmnla1

Calcutation of passive compaonents Rz end C {in syn-
thesizers) is complicated by incomplete information on
N. which is variable, end the limits of wy and { during
that variance. Equally important are changes in Ky over
the output frequency range. Ninimum and maximum
values of wp and { can be computed from Equations 4
end § when the appropriate wotst case pumbers are
tnown for all the factors.

Amplifiéi/lilter gain usually determines how much
phese error exists between fip end logt snd the filler
characleristic shapes caplure rznge and transient per.
formance, A relatively simple, fow gain amplifier may
usueliy be used in the foop since many tesigns are not
constrained so much by phase error 25 by the need to
make fin cqual gy Unnecessarily high goins £an cause

problems in finear loops when the system is out of lock
it the amplifier output swing is not sdequately restricted
since integrating operational amplifier circuits will tatch
up in time and effectively open the loop.

The internat emplifier included in the MC4344/4044
may be used eHectively if its limits are cbserved. The
circuit configuration shown in Figure 10 illustrates the
placement of Ry, Rz. C. end load resistor Ry {1 kf1). Due
1o the non-infinite gain of this stege {Ay = 30} end other
non-ideal characteristics, some restraint must be placed
on passive component selection. Forernost is 8 tower
limit on the value of Ry and 8n uppet limil on Ry. Placed
in order of priority, the recommendations are 8s foliows:
{s) R2 > 50 €}, {b) R2/R1 = 10, (e} 1 ki) < RY < S kIl

FIGURE 10 — USING MCA434414044 LOOP AMPLITIER
&0V

A
1

vg fie Vel

Limit {c} is the most flexible and may be violated with
either higher sidebands and phase eror (Ry > 5 ki) or
tower phase detector gain (Rq < 1 kil W limit (b} is ex-
cecded. loop bandwidth will be less than computed and
may not have any similarity to the prediction. For an
accurate reproduction of colculoted loop characieristics
one should go to an operational amplifier which has suf-
ficient gain to make fimit (b) readily satisfied. Limit (alis
very imporiant because Ty in Equation Sis in reality com-
posed of three elements:

T =C (R; - l) {12
m

where gm = transconductance of the common emitier
amplifier.

Normally g, is lasge and Ty neerly equals RC, but
resistance values below 50 {1 can force the phase-com-
pensating “zero” 10 infinity or worse (into the right hall
planc) and give en unstabie systemn, The problem can be
circumvented to a targe depree by bulfering the feedback
with an emitter foliower (Figure 11). Inequality {a) may
then be reduced by 8t least an order of magnitude {R2
> § 1) kecping in mind thal electrolytic cap_gcilpvs used

FIGURE 11 — AMPLIFIER CAPABLE OF HANDUING
LOWER R2

50V
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8s € may approach this value by themnselves a1 the fre-
quency of interest {wp).

i Lerger values of Ry may be accommodated by either
using an operational amplifier with 3 fow bias current
(lp < 1.0 wA) s shown in Figure 12 o1 by bulering the
intemal Darlington pair with an FET (Figure 13). It is vitally
imporient, however, that the aaded device be operaied
&t zer0 V. Source resistor Ry should be adjusted for
this condition {which amounts 10 Ipgg curtent for the
FETi. This insures that the overall amplifier input thresh-
old remains al the pruper poiential of approximaiely two
bese-emine: drops. Use of an additional emitier follower
instead of the FET and Ry (Figure 14) gives & threshold
near the uppor limit of the phase dutoctor charge pump,
resulng in an extremely unsymmettical phese delectos
gain in the pump up versus pumg down Mooe it is not
unuswal 1o note 8 5:1 difference in X g {or circuits having
the bipolar buller stage. If the initial design can withsiand
this wariation in loop gain and remain stable, the ap-
proath should be consideted since theie aie no critical
adjusuments as in the FET circuil.

FIGURE 12 — USING AN OPERATIONAL AMPLIFIER
TO EXTEND THE VALUE OF R

R2
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AGURE 13 — FET BUFFERING TO RAISE AMPLIFIER
INPUT IMPEDANCE

FESURE 14 — EMITTER FOLLOWER BUFFERING OF
AMPLIFIER INPUT
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DESIGN PROBLEMS AND THEIR SOLUTIONS
Dynamic Renge

A source of trouble for all phase-locked loops, &s well
as most electronics is simply overload or fack of sufficient
dynamic rsnge. One himi is the amplifier output drive to
the VCO. Not only must & designei note the outside limits
of the dc conirol voliage necessaty to give the output
frequency range, he mus! also sccount for the worst case
of overshoot expecied for the system. Relatively large
damping fsctors {{ = 0.5) can contribute significant
amounts of oveishoo! (30%). To be prepared lor the worst
case outpul swing the smplilier should have as much
mbrgin (o posttive gnd nogative linuts as the expucied
swing itsell. That is, if & two-volt swing is sulficient o
give the desired output frequency excursion, there should
be 3t leisst & two-volt cushion sbove and betow mapumum
expected steady-state values on the control line.

This increase in range, in o1der 1o be efiective, must
of course by followed by an equivalent range in the VCO
ot there is little 1o be goined Any loss in loop gain will
in general cause & decicase in { and a tonsequent in-
ciease in overshoo! and ringing. H the loss in gain is
coused by suturation o1 near saturalion conditions, the
problem tends 1o sccelerate towards 8 situation where
the system setiles in not only & slow but oscillstor manner
as well, A

Loss of amplifier gain mey not be due entirely 1o nor-
mal system damping considerations. In loops employing
digital phase detectors, an additional problem is likely to
eppeat. This is due 10 amplifier saturation during & step
input when there i¢ @ maximum phase detector oulput
simulianeous with & large trensient overshoot. The phase
deteclor square wave tides or. top of the normal transient
and may even excecd the amplifier output limits imposed
above. Since the input frequency will eaceed the RaC
time constamt, gain K for these annoying pulses will be
RyHy. Ordinatily this ratio will be less than 1, but some
ciicumstances dictate & low Ibop pain commensurste
with 2 fairly high w,. For these cases, Ro/Ry may be
higher than 10 and cause pulse-wise szturation of the
amplitier. Since the dc control voltage is an average of
phase detecior pulses, clipping can be t1anslated into a
reduction in gain with all the ““benelits” shieady outlined,
i.e. pour setiling time. An easy semedy to apply in many
cases is a simple RC fow pass section preceding or to-
geiher with the integrator-lag section. To make transient
suppression independent of amplifiet response, the net-
work may be imbedded within the input resistor Ry (Fig-
uie 15) oy be implemented by placing a feecbach capac-
itor across Ry {Figure "16). Besides rounding off and
inkibiting pulses, thgse netwotks add an sdditional pole
1o the loop and meay czuse furiher overshoaot if the cutoff
frequency (we) is 100 close 10 wp. If at all possible the
cutoff point should be five to ten times wy. How far w
can be placed from wy, depends on the inpul frequency
1elstionship to wy, since f;, is, ahier all, what is bLeing
filiered. A side benefit of this simple RC pulse “flajtener”
is a rgduction in f;, sidebands around 5, for synthe-
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sizers with N > 1. However, a series of RC filters {s not
recommended for either extended pulse suppression or
sideband improvement as excess phise will begin to
build up 8! the loop crossover {= wy) end tend to cause
instability. This will be discussed in more delail later.
FIGURE 15 — IMPROVED TRANSIENT SUPPRISSION
WITH Rt — C

Rt R1

2 K] _
L
1 <

Wew -
R4C,

FIGURE 16 — IMPROVED TRANSITNT SUPPRESSION
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Spurious Outputs

Althouph the mafor probiem in phase-toct ed toop de-
sipn is defining loop gain and phase margin under dy-
namic operating conditions, high-quality synthesizer de-
signs also require special consideration to minimize
spurious spectral components — the worst of which is
reference-frequency sidebands. Requirements for gond
sideband suppression often conflict with other perfer-
mance goals — loop dynamic behavips, suppression of
VCO noise, or suppression of other intoop noise. As a
resull, moest syntheslzer designs requite compromised
specificotions. For @ given set of components and loop
dynamic conditions, relerence sidebands should be pre-
dicted snd checked agninst design epecifications before
any hardware is buill.

Any steady-state signa! or. the VCO controt will produce
sidebands in accordance with norma! FM thebry. For
small spuricus deviations on the VCO, relative sideband.
to-ca:rier fevels can be predicted by:

sidebands
. carrier

~ Vietty

= {13)
Zwret

where V,of = pesh voliage vatue of spurious tiequency
at the VCO input. R

Unwanted contre! line modulation cani come ftom a
variely of scurces, but the most likely cause it phase
detector pulse components feeding through the loop til

ter. Although the filter tloes establish loop dynamic cot-
ditions, it leaves tomething to be desired es 8 low pass
section for reference frequency components.

For the usual case where wef is higher then 1/To, the
Xp lunction amounts to & simple resistor refio:

» - 2
Ry

w = el

K (o) {14)

By substitution of Equations 8 and 10. this signal tranéfer
can be related to loop parameters.

2Ny Viet

Kpljed | = (15)
KeKv Vo
m T ""("
whete  Vief =  peak value of reference voliage at
the VCO input, and
V¢ = peak value of relerence frequency

voltape at the phase detettor output.

Sideband levels relative to reference vollape st the
phase detector oulput can be computed by combining
Equations 13 and 15

sideband level : ( [Nwp ) {16)

fouy level wietKer

From Equation 16 we find that for a given phase de-
tector, a given value of Ry iwhich determines Vg, and
piven basic sysiem constraints (N, fa1). ohly { 2nd wp
temain as variables {o diminish the sidebands. H there
ate few limits on wy,. it may be lowered indefinitely until
the drsired degree of suppression is obtained. Il wy is
not arbitrary and the sidebands are still objectionable,
additional filtering is indicated.

One item worthy of note is the absehce cfRy in Equa-
tion 16. From Equation 15 It might be concluded that
decreasing Ky would be another means for reducing spu-
rious sidebands, bul for conslant velubs of { 8nd wp, this
is not & Nice variable. In & given loop, varying Ky will
cerainly alfect sideband voltage, but will also vary { and
llln.

On the other hand, the choice of uy may well affect
spectral purily near the carrier, although relerence
sideband levels may be quite acceplable. :

In computing sideband levels, the value of V4 must be
delermined in relztion to other lobp componehts. Resid-
val teference frequency components al the phase detec-
tot putpu! are related to the dc error vollage nécéssary
1o supply charge pump lealage current and amplifier bizs
cutrent. From these average vollage figures, spectsal
components of the relerence frequency end its harmoni-
lcs can be computed using an approximation that the
phase detector output cohsists of square waves 1 secands

- ———te = vm—es -
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wide repeated 8t t second intervals {Figuie 17). A Fourier
enslysis can be summarized for smal! ratios of /1 by:

{1) the sversge voltage Vayg! is Ahn)

(2] the pesk reference vohiege value [Vobis twice V, vg:
and

{3} the second harmonic (2,4} is soughly equal in am.-
plitude 10 the fundam.ental.

By knowing the requirements for (1) due to aniplifier
bias 2nd leakage currems, values for {2} and (3) are
uniquely determined.

FIGURE 17 — PHASE DETECTOR OUTHUT

—
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An example of this sideband sppioaimalion technique
can be iliustrated using the patamelers spedled {or the
synthesizer design intluded in the epplicatons infos-
malion section.

wy = 4500 red’s
Ry = 2101
fief = 100kH2

Nmax = 30 .
Ky = 11.2 x 108 ;aq:sy
K¢ = 0.12 Virad

{=08

Substituling these numbeis into Equaticn 16

sideband _ ., 10.6)(30){4500) a7
fout 2s0105)i8.111)
= Vg (1.55) (18)

The result illustistes how much reference feedihrough
will affect sideband levels. I 1.0 mV pesk of reference
Bppears at the outpul of the phase detector, the nearest
sideband will be down $€.2 dB.

It the smplifier section included in the MC&344 4044 is
used, yith R = 1k}, some appioximztions of the vaiue
of Vg can be made based on the input bias curient and
the value of Ry. The phase delector must Frovide sulfi-
cient sverage vollage 1o supply the amplifier tizs current,
Ib. through Ry; when the biss current it 8boul 5.0 pA and
Ry is 2 k1), Va0 must be 10 mV. From the &ssumplions
estlier concerning the Fourier transform, end with the
help of Figure 18, we can see that the ptase detecior duty
tycle will be sbout 1.7% {A = 0.6 V). giving & fundamental
{reference} of 20 mV peak. If this value for V4 is substi-
tuted into Equation 18, the resulling sidebznd ratio rep-
resents 30 dB suppression due to this component slone.

ip sddition {o the amplifier bias current, another factor
1o consider is transistor Q5 reverse leskage current I
flowing into pin 10 of the MCa344/4042 chzrge pump. I
is gengrally less than 1.0 pA and is no moie then 5.0 pA
over the tempe:alure range. A typica! design value for
25'Cis 0.1 A Both I ang amplifier hizs cunent ig are

in & direction to deptenish the charge on filter capacitor
C.Asecond charge pump leakage, 1| *, attributed by diode
CR1 flows out of pin 5. This current, however, is in
direction to help supply $g and I and thus jends to min.
imizs the dischaige of C. Typically I * is much less than
I &nd, since it is 2ls0 in & direction to minimize dischaige
of the filter capscitor, i will be ipnored in the foliowing
discussion. The toial charge 1emoved from € must be
teplaced by current supplied by the charge pump during
the next up-date opportunity. This current fiows through
R1. To minimize the eflects of Ip and I & 1elstive smah
value of R1 should be chosen. A minimum value cf 1kf)
is 2 good choice.

FIGURE 18 — OUTFUT ERROR
CHARACTERISTICS

DUTY | PHASE
CYCLE | ERRORA | Voo | Veqea)
%} {Geg) fmv) {rv)
01 D56 o¢ 1.2
02 612 1.2 24
03 108 1.6 J6
va 144 24 48
o0& 180 a0 (]
06 216 3e 72
[+ ] 2582 42 b4
(<7 ] 2&kB 45 56
L oS 324 54 108
1.0 JE0 60 120
2.0 7.2 120 240
ap 108 1o 35.¢
4.0 14 & 24 0 42.9
60 16 0 dc o £98
(] 2.6 3¢ 0 716
70 28.2 420 B33
&0 268 42.0 4.0
80 37 4 ta D 106 €
U0 3c0 600 11 O

Atter values for € end Ry have been computed on the
basis of loop dynamic properties, the overall sidebang
to 15y retio computation cen be simplitied.

Since
Ve = 2V N 1
vavg =iy 4 h' Ry = 2Ry iy 4 1) (ﬁ:)

Vd, = 2“[) 4 IL) R]

Viel = Vy (Ef) Tl
we {ind that
. sideband - V_,,__!l\l/ 1i9)
fout 2urp
sidetand o 2Rzl + Ky 120}
fout 2uwief

Equation 20 indicates that excellent suppression could
be achieved if the bizt end lezlage terme weie nulied by
cuirent summing a: the amplifier input (Figure 19}. Thie
has indeed proved 10 be the case. Experimental results
indicate that greater than 60 dB rejection can routingly
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be achieved at # consiant lemperpture. However when
nulting fairly larpe values (> 100 nA}, the rejection be-
comes dulle sensitive since lcakeges are inheiently 8
function of_ tempersture. This technigue has proved use-
fut in achieving improved system performantce when
used in conjunction with good circuil praclice and rel-
erence filtering.

FIGURE 18 — COMP'EN.SAT?NG FOR Bllhé AND
LEAKAGE CURRENT
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Additlonal Loop Fillering

So far, only the effects of fundamental loop dynamics
on resuliant sidebands bave been considercd. further
sitfirband suppression is required, pdditional toop filter-
ing is Indicated. However, care must be taben in place-
ment of any low pass rolioff with tegard to the loop nat-
urat frequéncy furg). On one hand, the “corner” should
be well below {lower than} wyef #nd yet far removed
{above) from ey Although no easy method for placing
the roll-off point exists, & rule of thumb that usually worts
is: o = bug {21)

Rrference frequency suppression pef pole is the ratio
of w10 vyef:

$Bgp = n 20 logio (—-5-) 122)

W,
el

where n is the number of poles in the filter,

Equation 22 gives the addilional foop suppression to
,gf: this number should be added to whatever suppres-
sion already exists. ,

For non-critical epplications, simple RC neiworks may
suffice, but if more than one scction is required, loop
dynamics undergo undesirable changes. Loop damping
{actor decreeses, resulling in a high percentage of
overshoot and increesed ringing since passive RC sec-
tions tend to eccumulate phase shift mote rapidly than
signal stippression and part of this excess phase sub-
tracts from lhe loop phase margin. Less phase margin
transloles into & lower damping factor and can. in the
fimit, cause outright oscillation,

A suilable alternative is an ective RC section, Figure 20,
compatible with the existing fevels and voltages. An ac-
tive two pole filter {second ordes section} can 1ealire @
meré gradual phese shift at frequencies less than the
cutol! point and still gel nearly equal suppression at Ire-
guenties sbeve the cutoff point. Seclions designed with
8 #light srmount of peaking {{ = 0.5) show 8 poot com-
promise between excess phase below cutoll {ugl, without
peating enough to cavse any danger of raising the loop
gein for frequencies ehove wn. Afaitly non-gtitical section
may simply use an emitter followe: 8s the active device

with two resistors and cepacitors completing the €ircuit
{Figure 21). This provides 8 — 12 dB’octave (- 40 dBidec-
ade) rotioff charecteristic sbove wn. though the dtten-
vation may be moré accurately determined By Equstion
22. i the sidebénd problem persists, &n additiona! section
may be added in series with the first. No more than two
scctions sre recommended since 8t that time either {1}
the constraint between wy, and wef is 100 close, or {2)
reference voltage is modulating the VCO from 8 source
other than the phase detector through the toop amplifier.

FIGURE 20 —)PEH&T!ONAL AMPLINER LOW FASS FILTER
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FIGURE 21 — EMITTER FOLLOWER LOW PASS FILTER
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Operation withcut cherge pump phase detector #1 of

the MC4344/4024 can be impiemenied gquite successiully
in many applicetions without psing the charge pump and
internat darlington emplifier approach. An operational
amptifier fitter can be used to process the etror infor-
mation sppearing at U1 and D1 (pins 13 end 2) directly
(Tiqure 22)This phase detectorffiller approach offers 8
potentially superior performing system because:

3. Charge pump delay time is eliminated.

b. Charge purrp input signed threshold level need not
be overcome hefore error information is obtained.
This can result in 2 substantial improvement in the

FIGURE 22— TYFICALFILTER AND SUMMING NETWORK
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MC4344 ¢ MC4044

4044’s transfer function linearity in the vicinity of
2e10 phase error between the R end Y inputs.

c. The filter amplifier ground location can be stparated
from the phase delector ground.

d. An “optimum® {ilter amplifier input threshold of
approximaiely two diode drops necd not be
established.

The filter discussions and relationships developed for
integrator-log filter sections can be applied to the system
of Figure 22 andthe previously derived equations can be-
used 1o determine values for R1, R2 and C.

h mazy be desirable 10 split eazh of the R1 resisiors and
incorporate 8 capacitor to ground in 2 manner similar to
that shown in Figure 15. This should improve transient
suppression and provide integration of the U1 and D1
signzals 10 better enable the operational amplifier to de-
velop corrective €t1or information {rom very nariow Ul
and D1 pulse widths.

Phase error for the circuit inFigure 22 will 1esult from
input ofiset voltage In the operational amplifier, 1esistor
mismaich and mismalch between the phuse detector
output states appearing at Ul and D1. Phase error can
be trimmed to zero inilially by adjusling either the am-
plifier input ofiset or one of the R1 resistors.

VCO Noise

Effects of noise within the VCO iisell can be evaluated
by considering a closed loop situation with an external
noise source, eq, introduced at the VCO({Figure 23} Re-
sultant modulation of the YCO by error voltage, ¢, is 8
second order high pass function:

K2 .82 !
K Ko¢X

€n 52*51'1 d¥v+ ¢Ky
T2N ToN i23)
Sz

A Si + 2waS + un§

FIGURE 23 — EFFECTS OF VCO NOISE

RN &) = 3
: (% t
' ]
1 b : QOuipun
L]

— e Kg ; l Ky ’-}—r—.
1 Sy
| 4
N

3 £2

T T

This function has a slope of 12 dB/octave at {requencies
less than wp, lloop natural frequency), as shown in Figure
24.This means thal noise components in the VCO &bove
wn will pess unzitenusied ana those below will have
some degree of suppression. Therefore choice of loop
nalural frequency may well rest on VCO noise guality.

FIGURE 24 — LOOP RESPONSE TO VCO NOISE
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Other Spurious Responses

Spurious components appeasing in the outpul spec-
trum aie seldom due to referonce frequency feedthiouygh
alone. Modulation of any kind appearing on the VCO con-
trol line will cause spurious sideband: and can come in
through the loop amplifier supply, bias cjrcuitry in the
contiol path, a transtalor, or even the VCO supply itsel.
Some VCOs have a relatively high sensilivity 10 power
supply variztion. This shouid be investigated and its ef-
fcets considered. Problems of this nature can be mini-
mized by operating all devices excepl the phase detecior,
charge pump, and VCO fiom a separate and well isolated
supply. Acommon method uses 8 master supply of about
10 or 12 yohis and two regulatore o produce vullages for
the PLL — one for all the logic {including the phase de-
tecior) and the other for all circuitry associated with the
VCO control tine.

Sistband and noise performence is 2iso & function of
good power supply and regulator loyput. As mentioned
earlier, extreme care should be exercised in isolating the
contiol fline voltage 1o the VCO friom influences othier than
the phase detector. This not only means good voltzge
tegulation but ac bypassing and adherence 1o yood
grounding techniques as well. Figuie 25 shows two sep-
aiate regulators and their respective loads. Resistor Rg
is @ small siray ies:stance due 1c a common thin ground
return for both Ry q and By'p. Any noise in Ry 2 is now
teproduced {in 3 suppressed form) across Rp 4. Load cur-
rent from Ry 4 does not aflect the votiage acioss Ry ;.
Even though the regulators may be quite good, they can
hold Vg constant only across their oulputs, not neces-
szrily across the load {unless remote sensing is used).

FIGURE 25 — LOOP VOLTAGE REGULATION
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One solution to the ground-coupled noise problem is 1o
Iy out the retumn path with the most sensitive regulated
circuit at the farthest point from power supply entry as
shown in Figure 26.

Even for regulaled subcircuits, accurnulated noise on
the ground bus can pose major problems since although
the cross currents do not produce & d¥erentiat foad volt-
soe directly, they do produce essentially common mode
noise on the regulators. Output differential load noise
then is a function of the input regulation specification. By
far the best way to sidestep the problem is to connerl
each subrcircuit ground 1o the power supply entry return
ling as shown in Figure 27.

FIGURE 26 — REGLILATOR LAYOUT
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FIGURE 27 — REGULATOR GROUND CONNECTION
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InFigures 25 and 27, Ry 4 and Ry 2 represent component
groups in the system. The designer must insure that afl
around return leads in a specific component group are

Bypassing in & phase-locked loop must be effective at
both highfrequencies and low frequencies. One capacitor
in the 1.010-10 pF range and another beiween 0.01 and
0.001 pF are usually adequate. These can be eHectively
utilized both af the immediate circuilry (hetween supply
end common ground) and the regulator it it i¢ some dis-
tance sway. When used a! fhe regulator, 8 single elec-
frolytic czpacitor on the output and a capacitor pair 8t
the input ie most effective {Figure 29). i is important,
#gain, 1o note that these bypasses go from the input/
output pins 1o as near the regulator ground pin as
pessible.

FIGURE 29 — SUGGESTED BYPASSING PROCEDURE
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APPLICATIONS INFORMATION

Frequenty Synthesizers .

The hasic PLL discussed earlier is sctusily @ special
case ol frequency synthesls. In that instance, Iy = i
although normally a programmable counter in the fced-
bock loop Insures the pencral e that ty = Nijg (Figure
30). In the synthesizer [y is usually constant {trystal con-
trolled) and 1, is changed by varying the programmable
divider (= N). By stepping N in integer increments, the
output frequency is changed by fin pet increment. fncom-

FIGURE 30 — PHASE-LOCKED LOOP WiTH
PROGRAMMABLE COUNTER

returned to the common ground. Probably the most ¥
K i H Vot c 1 L T
_ov.erloo_red components are bypass capatilors. Tq min- frma] TP pemptitiens | ] c:»::,:"v'm out 7 1¥hn
imize sidebands, extreme caution must be taken in the Deircror fitrer Oscittator
area immedistely followinp the phese detector and o N
through the VCO. A partial schematic of a8 typical Inop in g
amplitjer and filter is shown inFigure 2B to illustrate the "1 Countn yo—
commoen grounding technigue. Soa o 9
FIGURE 28 — FARTIAL SCHIMATIC OF LOOP
AMFLIFIER AND FILTIR
50V t13 Vv "2V o\
9
13 - e
L1Y
nMZ L3887 —
racense
Charpr < N
Foemp AV ‘\"4>_4 ”‘—— W 1648
v
- W } )
Separpte -
CGroand

Te 4 Vin

Renen

LoV

7-37




MC4344 o MC4044

munication use, this input frequency is called the “chen-
nel spacing” o, in general, it is the reference frequency.

There is essentially no difference inloop dynamic prob-
lems between the basic PLL and synthesizers excepl that
sypthesizer designers must contepd with problems pe-
culiar 10 loops where N is vasiable apd gréater then 1.
Also, sidebands or spectial purity usually tequire special
giitention. These and other zspects are discussed in
greater detail in AN-535. The steps for 2 suitable synthesis
procedure may be summarized as follows:

Synthesis Procedurs

1. Choose input fiequency. (1,51 = channel spacing)
2. Compute the range of diyital division:

'max

Nmex =
1ef

fmin
fiet
3. Compute needed VCO range:

Nmin =

(@max = tminl < Iveo < (2Imin = fingx)

4. Choose minimum { from iransiéanesponsc plot,
Figure 8. A good staniing pointis { = 0.5.
5. Choose wp, from needed response time (Figure 9):

6. Compuite C:

KKy

clLl Bdhv
Nmaxen?Ry

7. Compute Rp:

2
R, = <imin
2 NAC

8. Comipule {mzx:

N . /Nmax
Lnax = Umin -
v Nmin

8. Chech transient response of {,,, for compatibility
with transient epecification.
10. Coinpute expecied sidebands:
sideband _ (I, + I JR Ky
Tout wret
{ILis about 300 nA 81 Ty = 25°C))

{A)

13. i step 10 yields larges sidebands then are accept-
able, add & single pole st the loop amplilier by
spliting Ry &nd adding € 2s shown in Figurq 15:

0.8

Rywp

Ce =

Added sideband suppression (dB) is:

=)

dB = 20 logyp )
14 Wref

v 25{wp)2

12. if step 11 still does not give the desired resuits, aod
& second order section Blwe = § wpy using either
the configuration of Figure 20 or 21. The expecleo
improvement is twice that of the single pole in step
1A N

dB = 40 log —S&;‘..._x__f (c)

4 Zref”

25(wp,)2

Total sideband rejection is then the totel of 20 logyglA)
1 (8] 4 (C)

Des}gn Exsmple {Figure 31)

Assume the following requirements:
Output fiequency, Iy = 2.0 MHz 10 3.0 Mit2
Frequency steps, f;, = 100 §Hz L
Lochup tine'betwegn chenneis (1o 5%) = 1.0 ms
Oveishool < 20%. ' ‘ :
Minimum sideband suppression = - 30 uB
From the steps of the synthesis procedure:
1. fef = fin = 100 kH2

fax _ 3.0 MH2
DNCER ) M T o
2 Nma fef 0.31MH2
{min _ 2.0 MH2
Npin = 290 = = - 29
M0 et 0.1 MHz

3. VCO range:
The VCO oulput fiequency range should extend
beyond the specified minimum-maximum limns 1o
accommodaie the overchool specification In this
instance {5, should be sble to cover an additions!
20% on either end. End limits on the VCO sre:
fouimax = 3.0 + 0.2(1.0) = 3.2 MHz
foumin = 2.0 - 0.2(1.0} = 1.8 MH2

This VCO range {-+ 1.8:1) is 1ealizable vath the
MCAa324 4024 volisye controtled muitvibratorn, Fom
Figure 7 of the MC4324°3024 dists sheet we find the
required tuning capezitor value to be 120 pf and
the VCO pain, Ky, typicaty 11 x 106 radssty.

4. From the step response’curve of Figute 9,{ = 0.8
will produce & pesh overshoot less than 20%.

5. Relerring 10 Figure 8. oveichoot with { = 0.8 will
seltle (o within 5% st upnt = 4.5, Since the requiied
fock-up time is 1.0 me,

4.5 4.5

4.5%1063adrs
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€. In order to compute C, phase detector gain and R1

must be selected. Phase detecfor pain, Ky, for the

MC434414044 is approximately 0.1 voltradian with
Ry = 1K) Therefore,

o 2108
£30)(4.5 x 103)2{103)

1.8 pF
7. Atthis point, Ry can be computed:

16
45 ¥ 103)(1.8 10 6

Amin _
wnC

= 20041

Ry =

= (.38

8. Imax = lmin /N

min

9. Figure @ shows that { = 0.95 wilt meet the settting

. time requirement.

10. Sidehands may be compulcd fos two cases: (1} with
It {chorge pump leakoge currens] nominat (102 nA),
ang (2} with I maximum (5.0 pA). A value of SpA
will also be essumed o1 the amptifier bias current,
ity.

(10 » 10-6)200011 x 106

€.28 » 105

s?dcbandl . =35 x 10 3

fout max
The sideband-to-center lrequency ratio nominally

W desired additional sidebend filtering can bs ob-
tained es noted in steps 11 and 12.

11. By splitting Ry and Cg, further attenuation can be

gained. The magnitude of C_ is spproximately:

Cc = 0.8 - 0.8 8 pF
Riwn  (103)a.51(103)
Improvement in sidebands will be:
! - 28 dB

20 logyp ——r——— =
/ (2n » 1057
\ 25045 » 103)2

Nomina! supptession is now - 63 dB. Worst.cese is
6 dB hipher thon nominal suppression of - 57dB.
This Is well within the - 30 ¢B design requirement,
step 12 is included for completeness only,

. Attenuziion of 2 second arder filler is double that
of thesingle order filter sectiondesciibed instep 11,
The calculations for a second order tilter indicate an
additional - 56 dB of sideband rejection. Figures 20
and 71 show Iwo sccond order lilier configurations,
W R is assigned 8 value of 10 k{1 then € may be
calculated,

will be:
0.1 0.1
; 5 C - e+ 0.0022 uF
sidchand o vnR (45 > 103)109) 1
fot lnogm 10
= 201091p{17.85 » 10 3) = - 3508
FIGURE 31 — CIRCU!T DIAGRAM OF TYPE 2
PHASE-LOCKED LOOP
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Clock Recovery from Phase-Encoded Data

The electro-mechanical system usedt for recording dig-
ita! date on magnetic tape ofion intoduces rendomn var-
istions in tape speed and dats spacisg. Because of thrs
and the encoding technique used, it isvsually necesssry
lo regenerate B synchronized clock from the data during
this read cycle. One method for doing this is tn phase-
lock a voltage coptiplied multivibsaior o the dats a¢ it
is read {Figure 32).

A typical data block using the phase encoded format
is ghown in jow 1 of Figure 33.The standard formai calls
for recording & preamble of forty “07s foHowed by & sin-
gle “17; this is {ollowed by from 18w 2048 characiers
of dats and & postamble consisting ofa 1 foltowed by
forty “0"s. The encoding format records e 0" as & {ran-
sition from fow to high in the miodie of a data cell. A
1" is indicated by 8 transition (1om hugh to fow &1 the
data cell midpoint. When equited, phast: tiansitions oc-
cut &1 the end of data cells. if a string ofeither consecutive
“0"s or consecutive “'1”'s is recorded, the format duph-
cates the original clock; the clochk is easily 1ecovered by
straight forward synchionization vath a phase-loched
loop. In this general case, where the data may appear in
any order, the phase-encoded data must be processed
10 obiain a single pulse during each data cell belore it is
epplied (o the phase aetector. For eaample, if the data

consisted only of alternating *1”'s and *“0"'s. the phase-
encoded format would result in & wavelorm equal to one-
half the original clock {requency. If this were apphed di-
tectly to the loop, the VCM would of course move down
to that ficquency. The encoding format insutes that thete
v.ill be a rgnsition in the middle of each data time. if onty
these transitions ai= sensed they can be used to regen-
erate the clock. The schematic diagiam of Figure 32in-
dicates ong method of accomplishing this.

The logic citcuitry generates a pulse 31 the midpoint
of gach data cell which is then applied 10 the reference
input of the phase detector. The loop VCM is desipned
10 operate 8t some muliple of the basic clock rate. The

- VCM frequency selected depends on the decoding res-

olution desited snd othet syslem timing requirermnents,
In this example. the VCM operates at twenty-four times
the clock (a1 (Fagure 33, Row 12).

Holorring to Figure 32 snd the timing disgramof [ igure
33, the phase-encaded dota (Figure 33, Row 1) i com-
bined with a delayed version of itsefl (output of flip flop
A 1ow 3j 10 provide a positive pulse out of G3 for every
nansition of the input signal Portions of the dats block
aire shown expanded in 1ow 2 of Figure 33 Flip-flop A-
delays the incoming data of one-haslf of a VCM clock. pe-
nod Gates G1, G2 and G3implement the logicExclusive:
OR of waisveforms 1 and 3 except when inhilated by
DGATE {row 4) a1 the output of G12 (suw 7) DGATE and

FIGURE 32 — CLOCK HECOVEHY FROM PHASE-ENCODED DATA
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its complement, DGATE, serve to initalize the circuitry
and insure thal the {irst transition of the data block (a
phase transition) is ignored. The MC7433 binary counter
and the G5-G12 latch fenerate 8 suitable signa! for pating
out G3 pulses caused by phase {ransitions e! the end of
» data cell, such s the one shown dashed in row 6.

The initia! data pulse from G3 setr G12 low and is
combined with DGATE in G7 fo iesel the counler to s
7ero siate. Subsequent VCM clock pulses now cycle the
counier and approximately one-third of the weay through
the next data cell the counter’s full siste is decoded by
G11, generating 8 nepalive transition. This causes G12
1o go high, removing the inhibit signat untll it is apain
reset by the next data transition. This pulse also resets
the counter, continuing the cycle and generating 2 pos-
itive pulse at the midpoint of each data cell as required.

Acquisition time is reduced if the loop is locked to &
frequency approximately the same as the expecied data
rate during inter-block gaps. InFigure 32 this is achieved
by operating the remaining half of the dual VCM at
slightly less than thé data rate and soplying it to the
reference input of the phase detector via the G8-G8-G10
data selector. When data sppears, DGATE snd DGATE
cause the output of G3 to be selected as the reference
input to the Ioop.

The foop parameters are selected 2s 8 compromise
between fast scquisition and jitter-free tracking once syn-
chronization is echieved. The resultingfilter component
values indicated inFigure 32 are suitable for recavering
the clech from dats trecorded at & 120 Hz rate. ruch as
would result in 8 tape sysiem operating 81 75 Lp.s. with
8 recording density of 1600 b.p.i. Synchronization is
achieved by epproximately the twenty-fourth bit time of
the preamble. The telationship between system require-
ments end the desion procedure is itlustrated by the fol-
towing sample calculation:

Assume 8 — 3.0 d8 loop bandwidth much less than the
input data rate (= 120 kHz), say 10 kHz. Further, assume
@ damping factor of { = 0.707. From the expression for

loop bandwid:h as a function of damping tactor and un-

damped natural frequency, wy, calculzle vy 2s:

Vs
w_3dB = wp (1 + 2{2 + ,2 462 . 414) (24)
\

of for e_3 gp = (271109 1ad’s and { = 0.207:

_ f2e)108

wn = Tooe T (3.05)10% red’s

As 8 rough check on scquisition time, essume that
lockup should occur not teter than hatl-way through a 40-
bit preample, or for twenty 8.34 us data periods.

wnt = (3.05110%(20)(8.34)10- 6 = 5.1 (26)

From Figure 9, the output will be within 2 10 3% of its
fina! value for wpt = 5 and { = 0.707, The filter compo-

nents are calculated by:

KeXy 2
RyCN = wp {27)
end K AKUR
oKV
_7‘—1"_2 = 2wy ‘ (28)
where Kg = 0.115 virad
Ky = (1821 10F radisvolt
N = 24 = Feedback divider ratio
wn = 13.05) 104 rad’s
¢ = 0707 .
KagXy  (0.115)(18.210
= = . 1 d
> 24 18.72110
From Equation 27:
K X {8.72)104 - )
e s {0.24)1p 5

R = e ——
1€ = Reom? = (30517108

from Equotion 28:

- 0494 ~ ¥,

Ry _ 2tpN _ 210.707113.051104
Byl Heky (8.72)104

tet Ry = 3.0 H);vthcn Rz = 1.5 kf) and

_ (8.34)10-5

monos - 31no 8

or using 8 close standard value, use C = 0.033 pF. Now
add the additional prefiliering by splitting Ry and select-
ing 2 time constant for the additiona! section so that it
is large with respect to RyCa.

100%R41Cc = RoC

ofr

_ 2RC _ 201510333110 8

Ce = 2+ .
¢ 1003.0)103

0Ry 3300 pF '
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FIGURE 33— TIMING DIAGRAM — CLDCK RECOVERY FROM PW\‘SE-ENCODE'Q pA'LA
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MOTOROLA

MC4324/
MC4024

DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR

The MCA4324/4024 consists ol two independent voltage-
controlled miltivibrators with output butfers. Veriation of the out-
pul {requency over 8 3.5-to-1 ranpe is guaraniced with an input
dc control voltage o! 1.0 to 5.0 vchiape.

Operalingifrequency is specified al 25 MHz at 25C. Operation
i to 15 MH: is possible over the specified temperatute range. For
higher frequency reguirements, see the MC1648 (203 MH7) or the
MC1658 (125 MHz) data sheet. |

This device was designed specifically for use in phase-locked
toops for digital lrequency control. t can slso be vsed in other
applications requiring @ voltege-controlied frequency. or Bs a sta-
ble fixed frequency oscillator (3.0 MH2 to 15 MH?) by teplacing
the external controt capacilor with a series mode crystal,

Maximum Operating Frequenty ~ 25 Mil: Guaranticed
i 25°C
Power Dissipation = 150 mW typ'phg

Output Loading Fad(lq‘l

. DUAL .
VOLTAGE-CONTROLLED
MULTIVIBRATOR

NGUAE 1 — ASIABLE MULTIVIRRATOR TIGURE 2 — CRYSTAL CONTROLLED

MULTIVIBRATOR
450V 25pF ,50v 150V s50V
8 & {l da
R 1 o 1&
e 1 6
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m fout A Py tom
- 4.0 V¢ ? - 40 Vde ?
6814 5 e 68k 3 {Ié e

Crysta! lieaquency can be pulled

fout = 10 MHz
stightly by edjusting 1

FIGURE 3 — VOLTAGE-CONTROLLED
MULTIVIBRATOR
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FIGURE 5 — FREQUENCY-CAPACITANCE PRODUCT
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FIGURE 7 — TYPICAL FRECQUEMNCY DEVIATIOM
versus SUPPLY YOLTAGE
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FIGURE 9 — FREQUENCY DEVIATION varsus
AMBIENT TEMPERATURE
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FIGURE § — FREQUEMNCY-VOLTAGE GAIN
CHARACTERISTICS
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FIGURE 11 — NOISE DEVIATION TEST CIRCUIT

Signsl Generator
20 kH: abowe HP 608
MC4324/¢024 Frequency o1 Equiv
10.020 MH) —\
300 v
- Fregoe e Volime
MC4324:2024 40 @8 10 mv Product 20 WMz n.quu.\(yMLh.! olimetor
Under T Attuniuste Detuct HPLLI10A ] HMS
nder Test 2 4) 10 MMz eluctor or Equiv HP3400A or F quiv

{HPS210A output voltane) tFull Scale Frequency)

Frequency Deviation =

1.0 Vol

KOTE: Froquenzy devistion values of either thi signal YENEralus of powet
supply shoultd be deterrmined prior 16 1esting

APPLICATIONS INFORMATION

Suggested Design Practices

Three power supply and thiee ground conneclions are
provided in this circuit {each multivibrator hes sepoiate
power supply and ground connections, and the oulput
buflers have common power supply and ground pins).
This provides isolation between VCM's and minimizes
the eflect of output butler ransients on the multivibrstors
in critical epplicstions. The separation of power supply
and ground lines also provides the capzbility of disabling
one VCM by disconnecting its Vce pin. However, all
ground lines must always be connected 10 insure sub-
strate grounding and proper isolation.

General design sules are:

1. Ground pins 5,7, and 9 for &l applications, including
those where only one VCM is used.

2, Use capacitors with less than 50 riA teakage st plus
and minus 3.0 volls. Capacitnce values of 15 pf or
gresler are acceplable.

3. When operated in the fiee running mode, the min-
imum voltage applied 10 the DC Conlro! input should
Le 60% of Vce for pood stability. The maximum
voltoge 8! this input should be Ve + 0.5 volt.

4. When used in & phase-locked foop, the filler design
should have & mininium DC Cuntrol thput volisge
of 1.0 volt and 2 maximum voltage of Vgg 4 0.5
voll. The maximum restriction may be waived if the
output impedance of the driving device is such that
it will not source moie than 10 mA a1 & voltage of
Vce + 0.5 von

5. The power supply for this device should be by-
pessed with & good quulity RF-1ype capacilor of S00
10 1000 pF. Eypass capacitos lead lengths should be
lept as shon as possible. For best results, power

supply vollage should be maintained e¢ tlose to
1+ 5.0V 2s poussible. Under no conditions should the
design i quire operation with & power supply volit-
&g oulside the range of 5.0 volis = 10%.

Externsl! Control Cepucitor (Cx) Determination

{See Table 1) !

The operating trequency range of this mulivibratos is
cuntrolied by the value of 2n external capacitor that is
connected between X1 and X2. A tuning ratio of 3.5-10-
1 and & maximum frequency of 25 MHz aie guaranteed
under ideal conditions (Voe = 5.0 volts. To = 25°C).
Under actual opetating conditions, varistions in supply
voltage, ambient temperature, and internal component
tolerances [imit the tuning setic (see Figures 7 thru 12).
An improvernent in tuning ralio can be achieved by pro-
viding & varizble luning capacitor 1o facilitate initia) slign-
ment of the cjrcuit.

Figures 8 through 9 show typica! and suggested design
limit informstion {or imporient VCM charactesistics. The
suggested design limits are besed on operation ove: the
specificd temperalure range with 8 supply voltage 0! 5.0
volts = 5% unless otherwise noted. They include & salety
{actor of three times the estimated siandard deviation.

Figures 5 and 6 provide data for any exiernal control
capacitor value greater than 100 pF. With smaller capac-
itor values, the curves are effectively moved downward.
For exemple, & typical curve of frequency versus control
voltage would be very nearly identice! 10 the lower sug-
gested design limit of Figure 5 if & 15 pF capacitor is used.
To use Figuse S divide on the ordinate by the capacitor

- et e e g e e
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TABLE 1 — EXTERNAL CONTROL CAPACITOR VALUE DETERMINATION

VALUES OF K
CONFIGURATION
1A vee X1 2 K3 Ka Ks
ﬁﬁ with ey « XL -5 50V 385 150 €00 110 10
Xt X2 i .« — -5 :
X" ion >
Vin ©— >~ Tout r2 75T 5oV 325 175 680 125 1.4
'Ol < — =3C - 5%
Cx
- 50V 290 190 750 140 125
d < 10%
Cxv - .
{
Cxr Cx = Cxv 4+ Cxr 50V 335 165 660 120 1.10
1 X2
vi oC
in o—f - >—o fout to 50V 280 180 750 140 1.25
€ 2 5%
75°C
Choose Cxf and Cxy such that sov 250 200 B40 150 1.40
Cyx can be adjusied to: <1 ]
K1 K
— -5% Cx = £ . 13
foH for 50V 300 178 £90 125 115
With Vi, = Voo = 50V, sdust o \ '
Cx to obtpin: 7 s <
X o 50V | 260 200 780 15 130
fout = 15 lion) 125°C 2 5%
Then:
foL © s ton S0V 230 Al 860 155 145
X1 2 10%

Definitions: fon = Oulput frequency weth Vip = Ve
for = Output trequency wih Vi, = 2.5V
{Freguencies in MHz, Cx in pf)

e,

o

) .
value in picofateds to obtain output frequency in mego-
hertz. In Figure 6 the ordinate axig it mulliptied by the
capacitor value in picofarads fo ohtain the gain constant
{Ky! in redians/secondivoll.

Frequency Stabllity

When the MC48324/4024 is used 25 a fixed-Tiequency
cscillator (Vi constant), the outmst frequency wlil vary
stightly because of internal noise. This vgriation is indi-
csled by Figure 10 for the circuit of Figure 11. These
varialions a-e telatively independent (< 10%] of chenges
in tempetature and supply voltage.

10-to-1 Frequency Synthesizer °

A frequency synthesizer covering 8 10-to-1 range is
shovn in Figure 14.Three packages are required focom-
plete the loop: The MC4344/74044 phase-frequencyde-
teclor, the MC4324/4024 dua! valkage-controlled muli-
vibrator, and the MC4 31874018 programmabie counter.

Two VCM's {one package) are used to obtein the required
frequency ranpe. Each VCM is capable of operating over
a 3-1o-1 range. thus VCM1 is used for the fowe: portion
of the times ten range angd VCM2 covers the vpper end.
The proper divide ratio is sel inlo the programmable
counter and the VCM for that frequency is selected by
control gates. The other VCM is left to be free tunning
sinze its output is gated out of the leedback path,

Normally with & single VCM the loop gain would vary
overa 10-1o-11ange due to the range of the counter ratios.
This allects the bandwidth, lockup time, and damping
ratio severely. Utilizing two VCM's reduces this chenge
in foop gain tom 10-to-1 1o 3-t0-1 as 2 result of the dif-
ferent sensitivities of the two VCM's due to the different
frequency renges. This change of VCM sensitivity {3-to-
1] is of such & direction of compensste for loop pain
verigtions due to the proprommable counter,

The oversll concept of multi-VCM operstion can be
expanded for 1anges greater than 10-to-1. Four VCM's
{two packages) could be used 1o cover a 100-to-1 renge.

7-23




\

"’ s

¥

Bkl

MC4324 o MC4024

FGURE 12 — 10-T0-1 FREQUENCY SYNTHESIZER
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