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Teletext

Thanathip Moolvong

Piti Yimcharoen
Piya Suksom
Dr. Manus Sangworasil Advisor

Abstract

In the present, data and information are more assential in
our life. That is why we are pushed to begin study seriously about

the data communication.

Teletext is one of the interesting data, information
communication 'and expanded in variety countries. So we have to
study about xq}etext reciever because it is a secret technology
Jdin thai.

o In this thesis, Showing the Analizing Data and signal
in variety points:.
Steping of studying and inventing reciever
- Sync Separator + Line Selector -

. ~, — Data Slicer
- Synthesis Clock (6.92375 Miiz)
~ Converl serial Data Lo Paralle Dala
- Address Counter and RAM
- Interfacing Computer

- Software for Analizing Data and Representation
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/* Header */
finclude <alloc.h»
#include <conio.h>
#inciude <ctype.h>
finclude <dos.h»
finclude «math.h»

#include <stdio.hs

/* Definition value */
fdefine FALSE 0
f#define TRUE !FALSE
fdefine SAVE 2048
#define AO 0xAO
fdefine IN_1 0x2b0
fdefine IN_2 Ox2bl
fdefine OUT_1 0x2b2

#define OUT_2 Ox2b3

/* External function */
extern void normcurs(void);
extern void cur_off(void);
/* Set global variable */
int *ch_mem;
unsigned char dat;

iﬂt i—lj’kisib;
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.

/* Check machine */

void interrupt (*oldvec) ();

void interrupt aOisr (bp,si,di,ds,es,dx,cx,bx,ax,ip,cs,flags)

(

check (void)

(

void get_data (void)

{

’

= peekb (0xF000,0xFFFE};

unsigned char machine;

oldvec = getvect (A0);

setvect (A0, a0isr);

geninterrupt (A0);

machine = _BX;

if (machine < OxFD)
return (TRUE);

else

return (FALSE);

repister int z,ch;
do
{

ch = inportb(IN_2);

/* check the machine, it must be PC/AT

/* get the old vector
/* stuff vector
/* do software interrupt

/* save result

/* Hardware ready?

*/

*/
*/
*/
*/

/* Get data from external hardware */

*/
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while (ch != 0x00):

{

do
ch = inportb(IN_2);
}
while (ch != 0x80); /* Yes */
outportb(OUT_2,0x00); /* Inactive hardware #*/

for (z=0;2¢=255;2++)
{ N
outportb(OUT_1, (unsigned char) z);

* (ch_mem+(2*z)) = inportb(IN_1);

A

outportb(QUT_2,0%7E);
for (z=256;2¢=387;z++)
(
outportb{0UT 1, (unsigned char)z - 256):
* (ch_mem+(2*z)) = inportb(IN 1);
}
outportb(OUI_Z.OxBl); /* Active hardware */
window(2,22,78,23);
clrser();
cputs("Get data complete"):
window(2,22,78,23);
window(7,3,60,20);

clrser();



for (i=0;i<=387;i++)

(

)
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/* Show data to be kept */

cprintf("202X ",* (ch_mem+2*i)):

window(7,3,60,20);

7’

/* Check data and convert wrong data to be rihgt */

/* This function is used for Teletext code only x/

check_bit (int w)

(

int bits([8);

unsigned char temp;

int A,B,C,D,ii;

/* Set bit value into variable x/

temp =
bits[0]
bits([1]
bits(2]
bits(3]
bits[Ql
bits[5]
bits[6]

bits([7]

LK

1]

it

temp & 1;

(temp
(temp
(temp
(temp
(temp
(temp

{temp

&

&

&

&

&

&

&

2)/2;
4)/4;
8)/8;
16)/16;
32)/32;
64)/64;

128)/128;



3-26

/* Chech parity for ecach bits but it is invert bit */

A = (bits(0] + bits[1] + bits[S5] + bits[7]) % 2;
B = (bits[1] + bits(2] + bits[3] + bits[7]) ¥ 2;
c - (bits{1] + bits[3] + bits[4] + bits[5]) % 2;
D = 0;

i1 = 0;

do {

D =D + bits[ii];
ii++;

)

while (ii <= 7);

D=DZ% 2;

/* Convert bits */

A=A" 1;
B=B"1:
c=¢C "1,
D=D"1;

/* Check and covert tobe right bit */
if (A==0 && B==0 && C==0 && D==0)
temp =temp;
else (
if (A==1 && B==0 && C==0 && D==1)
-

bits[0] = bits{0] ~ 1;
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temp = temp + bits[ii]*pow(2,ii);
ii++;
)
while (ii <= 7);
)

else (

if ((A==1) && (B==1) && (C==1) && (D==1))
{
bits{1] = bits(1] - 1;

temp = 0;

do .
temp = temp + bits[ii]*pow(2,ii);
ii++;
)
" while (ii <= 7);
)
else (
if ((A==0) && (B==1) && (C==0) && (D==1))
(
bits[2] = bits(2] ~ 1;
temp = 0;

ii = 0;
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do (
temp = temp + bits[ii]*pow(2,1i);
Pite;
)
while (ii <= 7);
)
else (
if ((A==0) &6 (B==1) && (C==1) && (D==1))
{
bits{3) = bits[3) = 1;

temp = 0;

do |
““temp = temp + bits[iil*pow(2,ii);
iit++:
) ,
while (ii <= 7);
}
else (
if ((A==0) && (B==0) &&'(C==1) && (D==1))
(
bits[4] = bits[4] "~ 1;

temp = 0;

else (
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if ((A==1) &6 (B==0) &&'(C==1) && (D==1))

(

temp

ii

do

bits(5] = bits[S5] ~ 1;

:O;

.0;

temp = temp + bits[dii)*pow(2,ii);
1i++;

)

while (ii <= 7);

)
else (
if ((A==0) && (B==0) && (C==0) && (D==1))
( !
bits(6] = bits[6] " 1;
temp = 0;
ii = 0;
)
do {
temp = temp + bits[ii]*pow(2,ii);
ii++;
)
while (ii <= 7);
)
else
if ((A==1) && (B==1) && (C==0) && (D==1))

(
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bits{7] = bits[7] ~ 1;
temp = 0;
ii = 03
do (
temp = temp + bits[iil*pow(2,ii);
1i++4;
)
!
while (ii <= 7);
)
else

temp = 0; /* 1f error more one bit */

return(0x00) ; /* Send error code */

)

return (temp); /* Send true value to main program */
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unsigned char magazine (void)
{
unsigned char j,temp;

int bits(8];

j = * (ch_mem + (pos_d()+1)*2); /* Get data from memory */
temp = check_bit(j): /* Check and covert to be right */

if (temp != 0)

(
bits[l} = temp & 2;
bits[35 = temp & 8;
bits[5] = temp & 32;
temp = 0; ;
temp = (bits{1]1/2 + bits(3]/4 + bits([5]/8);
) .
else /* If can't return right data */

temp = '*'; ‘ /* Return '*' %/

return (temp);

row (void)
( ¢
unsigned char templ,temp2,r.t;

int bits(10];

r = * (ch_mem + (pos_d() + 1)*2);
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templ = check_bit(r);
t = * (ch_mem + (pos_d() + 2)}*2);
temp2 = check_bit(t);

if ( temp2 '= 0 )

(
bits[1] = temp2 & 2;
bits{3] = temp2 & 8;
bits[5] = temp2 §& 32; |
bits{7] = temp2 & 128;
bits[é] = templ & 128;
templ = (bits(1] + bits(3]/2 + bitsa[5]/4 + bits(7]/8
+.bits[9}/128);
if ( templ ¢ 25 )
return(templ);
else return ('*');
)

else return ('%*');

/* Get page from teletext */ .
page (void)

(
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unsignéd char templ,temp?2,s,t;

int bits[8];

/* units */
s = * (ch_mem + (pos_d() + 3)*2);
templ = check_bit(s);

if ( templ t= 0 )

(
bits[0] = templ & 2; _ |
bits(1] =Etemp1 & 8;
bits([2] ='femp1'& 32;
bits(3] = templ & 128:
templ = 0; i |
templ = bits[0]/2 + bits[1]/4 + bits[2]/8 + bits[3]/16;

)

else return ('*');

/* tens */
t = * (ch_mem + (pos_d() + 4)*2);
temp2 = check_bit(t);

if (temp2 1= 0)

{
bits[4] = temp2 & 2:
bits[S] = temp2 & 8;
bits[6] = temp2 & 32;

bits[7] temp2 & 128;

]
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temp2 = bits(4]/2 + bits[5]/4 + bits[6]/8 + bits[7}/16;
}

‘else return ('*');

templ = templ + temp? * 10;-
if ( templ > 99)
return ('*');

else return (templ);

/* Decodeidata from teletext */
unsigned char get_char (unsigned char num)
(

register unsigned char temp;

register int bits[8],ii,chi;

temp = * (ch_mem + (pos_d() + num)*2);

/* Set each bits */

bits[0] temp & I1;

bits[1]

(temp & 2)/2;

. bits[2] = (temp & 4)/4;
bits[3]) = (temp & 8)/8;
bits[4] = (temp & 16)/16;
bits{S] = (temp & 32)/32;

bits(6] (temp & 64)/64;

n

bits[7] = (temp & 128)/128;
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i1 = 0;
chi = 0;
-do (

chi = chi + bits[ii];
ii++;
}
while (i1 <= 7);
chi = chi € 2;
if (chi == 0) /* 1f error detected then send '*' */
return ('*');
else
temp = temp & Ox7f ; ! /* Cut parity bit %/
if ((temp >= 0x20) && (temp < 127))
return {(temp);

else

return (0);

/* Save data to disk */
void keep_d (void)
(

FILE *f;

char name[12];



/* This function of read data from disk */

window(2,22,78,23);

clrser();

normcurs();

cprintf("Enter file name : ");

scanf("%s",name);

gotoxy(1,1);

if ((f = fopen(name,"w")) != NULL)

{ J

f;; (1i=0;1¢=387;i++)
putc((int)*(ch_mem+2%i),f);

clrser();

cprintf("Keep data complete!");

fclose(f); !

}
else
(
clrser();
cprintf("Can't open file");
)

cur_off();

window(2,22,78,23);

void read_d(void)

{

/* 1f can open file */

)
/* Can't open file */
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FILE *f;
unsigned char temp;

char name(12];

window(2,22,78,23);

clrser();

normcurs();

cprintf("Enter file name to be loaded : ");

scanf("%s”,name) ; /* Get file name to be loaded
gotoxy(1,1);

window(2,22,78,23);

if ((f = fopen(name,"r")) != NULL) /* 1f can open file ¥

( s
window(7,3,60,20);

clrscr();

rewind(f); /* Set file pointer to top of byte
for (i=0;i<=387;i++)
(
fseek(f,i,0); /* Seek data byte by byte
temp = fgetc(f);
‘ * (ch_mem + 2*i) = tenp;
cprintf("%02X ", temp):
/* Display character with ASCII code in HEX
}

window(7,3,60,20);

fclose(f);
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window(2,22,78,23);
clrser();
cprintf(”Load data complete!!!"),

window(2,22,78,23);

)
else /* Can't open file */
{
clrser();
cprintf("Can't open file.");
}

cur_off();

window(2,22,78,23);

void menu (void)
{

int temp,i,j;

char pi;

outportb(OUT_2,0xFF); /* Active hartrdware */
/* Create memu screen */

clrser();

cur_off();

gotoxy(1,1);

printf("");
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for (i=2;1i¢=79;i++)
printf("-");
printf("y");

for (j=2;j¢=23;j++)

(
gotoxy(1,j);
printf(?!”);
gotoxy(80,j);
printf("}i");
}

gotoxy(1,24);

printf{mLn),

for (i22;i¢=79;i++)
printf("-");

printf("");

gotoxy(2,2);

printf(""); /% 201 */

for (i=3;i<=64;i++)

printf("s"); /% 205 %/

printf("5"); /* 187 %/

for (i=3;i¢=20;i++)

{
gotoxy(2,i);
printE("y"); /* 186 */
gotoxy(65,i);

printf(”“");
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gotoxy(2,i);
printf("L"); /* 200 %/
for (i=3;i¢=64;i++)

printf("=");
printf("1"}; /* 188 %/
gotoxy(29,2);
textattr(78); /* high video */
cputs("TELETEXT") ;
textattr(2); /* norm video */
gotoxy(71,3);
textattr(113); /* ﬁnderline */
cputs("MENU");
gotoxy(69,6); ;
textattr(78);
cputs("G”);
textattr(RED);
textbackground(CYAN):
cputs(”et data ");
gotoxy(69,7);
textattr(78);
cputs("D");
textattr(2);
textattr(RED);
textbackground (CYAN) ;
cputs(”ecode ");

gotoxy(69,8);
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textattr(78);
cputs("S");
textattr(2);
textattr(RED);
textbackground(CYAN); R
cputs(”ave data");
gotoxy(69,9);
textattr(78);
cputs("L");
textattr(2);

textattr (RED);
textbackground (CYAN):
cputs(”oad data");
gotoxy(69,10);
textattr(78);
cputs("Q"});
textattr(2);
textattr(RED);
textbackground (CYAN) ;
cputs{"uit ")
textbackground(0);

textattr(YELLOW);

/* End of menu screen */
do /* Loop of case */

{
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pi = getch{); /* Get character */

pi = toupper(pi); /* Convert to upper letter */
switch (pi)
(
case (0x47) : ¢ /% "Gt %/
b = 0;
get_data();

break;

case (0x44) : { /* 'D %/
b =0;
; display();

break;

)
case (0x53) : ( /% 'S *x/
keep d();

break;

case (0x4C) : { /* 'L x/
b =0;
read_d();

bre%k;
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case (0x51) :: /* Q" %/

)

while (pi != 0xS51); /* Until = 'Q* #%/

/* Display character on moniter screen *x/
display (void)
{

int qu;

window(7,3,60,20);

clrser();

j=1: !
while ((j <= 18)&&(bc= 387))

(

if (row()==0) /* If row is first line */
{
gotoxy(2,j);
, if (magazine()=='%x") /* 1f magazine error */
cprintf("Magazine : zc;,magazine()):
else ) \ /* 1f not error */
cprintf("Magazine : %d",magazine());
gotoxy(19,j);

if (row()=='%') /* 1f magazine error */
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cprintf("Row :
else

cprintf("Row :
gotoxy(30,3):
if (page()=='%')

cprintf("Page :
else

cprintf("Page
gotoxy(2,j+1);
qu = 11;
while ( (qu¢=43) ||
&& ( * (ch_mem+2%qu
(

cprintf("%c",get

qu++;

else -

gotoxy(2,j);
if (wagazine()=="%+)
cpriantf("Magazine

else

cprintf("Magazine :

gotoxy(19,j);

if (row()=='%")

-44

Zc”,row());

/* 1f not error */

Zd",row());

/* 1f page ertor */

%c",page());

/* 1f not error */

: Zd",page());

( (* (ch_mem+2*(qu=1) ) == 0x00)

) == 0x27) ))

_char((unsigned char) qu));
. !

/* If row is other line

/* 1If magazine error
: Xc",magazine());
/* 1f not error

%d",magazinef));

/* 1f magazine error

*/

*/

*/
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cprintf("Row : Zc",row()); ‘

else /* If not error */
cprintf("Row : %d",row());

gotoxy(2,j+1);

qu = 3;

while ((qu¢=43)]]((*(ch_mem+2*(qu-1))==0x00)

&&(*(ch_menm+2%qu)==0%27)))

cprintf("%c",get_char((unsigned char) qu));

qu++;

)
j =2 |
b+=2’

} /* end of while loop */

window(7,3,60,20);

/* This function return relative address of framing code */
pos-d(void)

{

loopt:
if (( *(ch_mem+(3+b-1)*2)==0x00) &§& (*(ch_mem+(s+b)*2)==0x27) )
/* Detect framing */

(
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b+=s;

return(b);

}
else
(
St+;
if ((b+s) > 387)
return (b);
else
goto loopl;
}

/* This is M A T N function */

L

void main (void)

(

directvideo = };
if ( !check () )
puts("Machine must be PC/AT.");
else {
/* Check and allocate memory */
ch_mem = (int *) malloc(SAVE);
if (ch_mem == NULL)
puts ("Not enough ‘memory”);

else

/* Set to direct

/* If not */
/* Loop */
]
video memory mode */
/* 1f check is false %/
/* 1f true */
/* If not enough */



menu();
}
free(ch_mem);

normcurs();

window(1,1,80,25);

textattr(7);

clrsce();

puts("Create by....");

puts(”
puts(”

puts(”

/* End of programme */

MR.Thanathip
MR.Piti

MR.Piya

Moolvong
Yimchareon

Sukson

/* Free memory */

/* Turn on cursor %/

t

31.1102") ;
31.1154");

R} 1155598
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MC4344/
MC4044

PHASE-FREQUENCY DETECTOR

The MC4344°4044 consists of two digital phase detectors, 2
charge pump, and an amplifier. In combination with a voltage
controlled multivibrator (such as the MC4324 4024 or MC1648B),
it is useful in a broad range of phase-locked loop applicetions.
The circuit accepts TTg wavelorms at the R and V inputs and
generales an error voltage that is proportional to the frequency
and’or phase dillerence of the input signals. Phase detector #1
is intended for use in systems requiting zero frequency and phase
difference at lock. Phase detertor #2 is used if quadrature lock is
desired. Phase defector #2 can also be used to indicate that the
main loop. utilizing phase detcctor #1, is out of lork.

Input Loading Factor: R,V - 3

Output Loading Factor (Pin 8) = 10

Tctal Power Dissipation = 85 mW typoplg

Propagation Delay Time = 8.0 ns typ
{thru phase drtector)

PHASE-FREQUENCY
DETECTOR

L SUFFIX
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FRUFTIX .
CERAMIC PACK AGE =27 yi"
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e
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MCAaNss only

LOGIC DIAGRAM
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MC4344 e MC4044

APPLICATION

Operation of the MCA43444044 is best explained by in- FIGURE 1 — PHASE DETECTOR #1 FLOW TABLE

lially considering each section separately. il phase de- -

tector # 1 is used. toop lockup occurs when both outputs n o ~ Ul

Ut snd D1 remain high. This occurs only when all the Thees

negative tiansitions on R, the relerence input, and V, the n:;';’:d'

variable or feedback inpul, coincide. The circuit responds o " D

only to transitions, hance phase error is independent of vei

input wavelorm duty cycle or amplitude varlstion. Phase

detector # 1 consists of sequential logic circuitry, there- nv]avlavliryv w1 o1

fore operation prior to lockup is determined by inftinl 0oofj ot 111 ]| 10

conditions. 1Y) 2 3 (a1 0 ]
When operation is inltiated, by either applying powoer L3 1] [ [ 1

1o the clrcutit or active input signals 10 R and V, the cir- 'g' ,z| ; '“, : :

cuitry can be in one of several stntes. Given any particular 5 F N E TN R ) 1

starting conditions, the llow table of Figure 1 can beused . ? N A B !

. . - X 9y | s 1 12 ] [
to determine subsequent operstion. The flow tahie in- 6 e | o] anl °

dicates the status of U1 and D1 as the R and V inpuis are
varied. The numbers in the table which are in parentheses
sre arbitrarily assipned 1sbels that correspond to stahle Use of the table In determining circuii operation is 1-
states that can tesult for each Input combination. The lustrated in Figure 2. In the timing diapgram, the input to
numbers without parentheses reler to unstable condi- R is the relerence frequency: the input to V is the same
tions. Inpt changes are traced by horizontal movement frequency but lags in phase. Stable state {¢) is arbitrarily
in the table: after each input change, circuil operation nssumed as the initia! condition. From the timing diagram
will settle in the numbered state indicated by moving and flow table, when the circuit is in stable state (4),
hotizontally to the appropriate R-V cotumn, If the number outputs Ut end D1 are *°0” an 1" respectively. The next
at that tocation is not in parentheses, move vertically to input state Is R-V - 1.1; moving horizontally from stable
the numbnr of the same value that is in parentheses. For state {4} under RV = 1.0 to the R-V = 1.1 column, stale
8 given Inpunt palr, any onp of three stobie stales can exist a it Indicated. However, this Is on unsiable condition s
As an example, il R = 1 and V ~ 0, the circuit wilt be in the circuit will assume the state indicated by moving ver-
one of the stable states (4). {8], os (12). tically in the R-V = 1.1 column to stable state (3}, In this

TIGURE 2 — PHASE DETECTOR #1 TIMING DIAGRAM
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MC4344 ¢ MCA044

APPLICATION

Opriotion of the MCA2344:4044 is best explained by in-
lially considering each section separately. Il phase de-
tector # 1 is used, loop lockup occuirs when both outputs
U1 and D1 remain high. This ocoitrs only when all the
negative transitions on R, the reference Input, end V, the
veriabie or feedback input, colncide. The circult responds
only 10 transitions, hance phase errat is independent of
input wavelorm duty cycle or amplitude variation. Phase
detector #1 consists of sequential Tagic circuitry, there-
lore operslion prior 10 lockup is determined by initial
conditions.

When operation is initiated, by either anplying power
o the clrcuit or artive input signals to A and V, the cir-
cuitry ean be in one of several stafes. Given any particutar
starting conditions, the Hlow tahle of Figure 1 can be used
to drtermine subsequent operation. The flow table in-
dieates the status of U1 and D1 as the R and Vinputs are
vatied. The numbers in the table which are in parentheses
are arhitrarily assigned iahels that correspond to stable
stoles that can resull for each Input combinption. The
numbers without parenmtheses refer to unstable condi.
tions. Input changes are traced by horizontal movement
in the 1able; sftor each input change, circuit operation
will settle in the numbered staln indicated by moving
hotizontally to the appropriate R-V column, i the number
al that location is not in parentheses. move vertically to
the number of the same value that is in parentheses. For
8 given Input pait, any one of three stable sintes can exisl.
As an examiple, i R = Yand V = 0, the circuil will be in
one of the stable states {4), (8), o (12}

FIGUNE 1 — PHASE DETECTOR #1 FLOW TABLE

n o— ~ut
Phace
fren
Detecinr
LA
Vv - -
nv|larvl av| Rv
m 102 ]
00| 01 11 10
(R1) 7 3 4y 1] 1
5 2} (A n ] 1
%) 6 ? R t 1
9 G ? 17 1 1
5 ? m 1”2 1 B ]
1 ? 7 "H®i ] ]
(R12] tm " 12 A (4
5 13 tivrf 1 ¥ (4]

Use of the table in determining circuit operation is il
lustrated in Figure 2. In the timing diagram, the ingut to
R it the reforence frequency: the input to V is the same
frequency but lags in phase. Stable state (4) is arbitrarily
assumed as the initial condition. From the timing diagram
and flow table, when the circuil is in stable state {4),
outpwts Ut and D1 are 0" an 17 respectively. The next
input state is R-V = 1-1; moving horizontally from stable
stete {4} under R-V = 1.0 to the R-V = 1.1 column, state
3 it ingicated. Howevaer, this Is on unsiphle condition and
the circult will assume the state indicated by moving ver-
tically in the B-V - 1.1 column to stahle state {3). in this

FIGURE 2 — PHASE DETECTOR #1 TIMING DIAGRAM
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MC4344 o MC4044

instance, outputs U1 and D1 remain unchanged. The in-
pul siates next become R-V = 0-1; moving horizontally
to the B-V = 0-1 column, stable state (2) is indicated. At
this point these is still no change in U1 or D1. The next
input change shilts operation 1o the R-V = 0-0 colurrin
where unstable siate 5 is indicated. Moving venically to
stabie state (5), the outputs now change state to Ut-D1
= 1-1. The next input change, R-V = 1.0, drives the cir-
cuitry to stable state (8), with no change in U1 or D1, The
next input, R-V = 1-1, leads 1o stable state {7) with no
change in the outputs. The next two input state changes
cause U1 to go low belween the negative transitions of
R and V. As the inputs continue 1o change, the cucutry
moves 1epeatedly through stable stotes (2], (5). (8), (7).
{2), etc., as shown, and a periodic wavelorm is obtained
on the U1 terminal while D1 temains high.

A similar result is ohtained if V is leading with respect
to R, except that the periodic wavelorm now appeais on
D1 as shown in rows e-h ol the titning diagrans of Figuie
2. in each case, the average vatue of the resulting
wavelorm is proportivnal 10 the phase dilfeience be-
tween the two inputs. In 5 closed loop application, the
error signal for contiolling the VCO is derived by tans-
laling and filtering these wavelorms.

The results obtained when R and V are scparated by
a fixed Irequency difference are indicaled in rows i-1 of
the timing system. For this case, the U1 gutpul goes low
when R goes low and stays i that state until 3 negative
transition on V occurs. The resulting wavelorm is similar

FIGURE 3 -~ PHASE DETEC

to the fixed phase diflerence case, but now ithe duty cycle
of the U1 wavelform varies al 3 1ate proportional to the
difference {frequency of the two inputs, R and V. It is this
characteristic 1hal peimils the MC4344:4044 1o be used
as a frequency discriminator; if the signal on A has been
frequency modulated and il the loop bandwidth is se-
lected to pass the deviation liequency but reject R and
V, the tesulting error voliage applied to the VCO will be
the 1ecovered modulation signal. .

Phase deteclor #2 consists only of combinatorial logic,
therelore its characleristics can be detenmined from the
simple truth table of Figuie 3. Since circuit operation re-
quires that both inputs to the chaige pump dither bu tugh
ot have the same duty cycle when lock occurs, using this
phase detector leads to a quadrature refationship be-
tween R and V. This is illustrated in rows a--d of the tinting
diagram of Figure 3. Note that any deviation from a litty
percent duty cycle on the inputs would appear as phase
enos.

Wavelorms shiowing the operation of phase detector
#2 when phase detector #1 is being used in 3 closed
loop are indicated in rows e-j. When the main loop is
focked, U2 semains bigh. Il the loop diifts out of lock in
either direction a negative pulse whose width is piopor-
fional to the amount of drift appears on U2. This can be
used to generate a simple loss-ol-lock indicator.

Operation of the chaige pump is Lesl explained by
consideting it in conjunction with the Datlingion amph-
fies included in the package (see Figue 4). There witt Le

TOR #2 OPEHATION
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MC4344 ¢ MCa0d4

a pulsed wavelorim on either PD or PU, depending on the
phase-frequenty relalionship of R and V. The chatge
pump serves to invert one of the input wavelorms (D1)
and transiates the voltage levels belore they are applied
10 the loop filter. When PD is low and PU is high, 01 will
be conducting in the normal direction ahd 02 will be ol
Current will be flowing through Q3 and CR2; the hase of
03 will be two Vgg drops above ground or approgimately
1.5 volts. Since bath of the resistors connected to the
base of O3 are equal, the emitter of Q4 (base of Q5) will
be apntoximately 3.0 valts, For this condition, the emitter
of 05 (DF) will he on Vgg below this voltage, ar about
2.25 valts. The PU input to the charge pump is high
(> 2.4 volts) and CR1 will be reverse blasad. Therefore
Q5 will be supplying current 1o Q6. This will tend to tovser
the vohage at the coliector of Q7, resulting in an error
slipnal that lowers the VCO heguency as reauited by a
“pump down” signal,

FIGURE 4 — CHARGE PUMP QPERATION
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When PU is Tow and PD is high, CR1 is forecard hiased
and UF will be approximately one Vgg above ground
{neglecting the Vog(gqy) of the driving gale). With PO
high, 01 conducts in the reverse direction, supplying
base current for Q2. While 02 is conducting. Q4 is pro-
vented from supplying base drive to Q5; with 06 cut ulf
and UF low there is no base current for 06 and the voltape
a1 the collector of Q7 moves up. resulting in an increase
in the VCO operating frequency as required by 3 “pump
up” signal.

1 both inputs io the charge pump are high (zero phase
(hﬂerencel both CR1 and the basc-emitier junction of 05
are reverse biased and there is no tendency for the error
voltage to change. The utput of the charge pump varies
between one VBE and three VBE as the phase dillerence
of R and V varies trom minu$ 2= to plus 2n. it this signal
is filtercd to remove the high-frequency components, the
phase detector trahsfei function, Ky, of approximately
0.12 yoltradian is obtained (see Figute 5.

The specified gain constant of 0.12 volt/radian may not
be obtained if the amplifier/tilier 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 negalive swings for a
mean no-pump value of 1.5 valts. Il the filter amplifier is
biased to threshold “on™ at 1.5 volis, then the pump up

and down vollages have equal eliects. The pump signals
are established by Vpes of transisiors with millismperes
of current flowing. On the other hand, the transisiors
included for use s 8 filter amplifier will have very small
cutrents flowing and will have correspondingly lower
Vggs — on the order of 0.6 volt each for g threshold of
1.2 volts. Any displacement of the threshold from 1.5
volts causes an increase in gain in one direction and a
reduction in the other. The transistor-configuration pro-
vided is hence not optimum but does allow for the ese
of an additional transistor to improve filter response, Tris
addition also results in 8 non. -symmetrical response sirce
the threshold i now approximately 1.8 volts. The chec-
tive posilive swing i§ limiled 1o 0.45 volt while the neg-
stive swing below threshold can be preater than 1.0 voht,
This means thal the loop gbin when changing from g
high Irequency to a lower frequency is fess than when
changing in the opposile direction, For type two loops
this tends to increase overshool when going from tow
to high and increases damping in the other direction,
These problems and the selection of external fiter com-
panents are intimately selated to syslem requirements
and are discussed in doetail in the filer desion eection,

FIGURE 5 — PHASE DETECTOR TEST
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1
PHASE-LOCKED LOGP COMPONENTS
Goneral .

A basic phase-locked loop, when operating propetly,
will acquire {"tock on’’) an input signal, track it in fre-
quency, and exhibit a fixed phase relationship relative to
the input. In this basic loop, the output frequency will be
identical ta the Input frequency (Figure &). A fundamental
loop consists of a phase detectar, amplifieritilier, and
voltage-cantrolled oscillator {Figure 7). It appears and
acts like a unity gain feedback loop. The controlled var-
isbla is phase; any error between [, and g is amplitied
and applied ta the VCO in a corrective diraction.

FIGURE 6 ~— BASIC PHASE-LOCKED LOOP
FREQUENCY RELATIONSHIP

cos wi Phase
1, Lock &g —— tout
Loap
s {10y

FIGURE 7 — FUNDAMENTAL PHASE-LOCKED LOOP

LT
Tos

where:  Kf (2)

Ty = R3C and T3 = B4C of Figure 4. Therelore,

Ni1 + Tys)

2NT,
s_f‘_rl b T‘S (]
KeKy

ofs)
B(s)

(3}

FIGURE 8 -— GAIN CONSTANTS
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Kg + Amptibr/Falter Gaue

Ky = VOO Gam (ratteun/tecomi/vait)
P = tntegur Disisar

vai -
fp-ed FRate Amplitiue/ CO:.',:,',,, Lt Bath wy; (loop bandwidih or natural [requency} and ¢
! ; - - 2 .
—a Detector P ilter Osciltatar {vamping lactor) are particularly important in the tran-
-

I

Simple phasa detectors in digital phase-tocked loops
usually put out a series al pulses. The average value of
these pulses-is tha ""gain constant,” K;, of the phase
detector — the volls out lor a given phase dilference,
exprassed as volts/radian.

The VCO is designed sa that its gutpul Irequency rsnge
is equal to or greater than the required output lrequency
range of the system. The ratio of change in cutput lre-
quency 1o input control voltage is called “gain constant,”
Ko. If the slope of Iy, (0 Vi, i> nat lineur {i.e., changes
greatar than 25%) over the expected frequency range, the
curve should be piece-wise approximated and the ap-
propriata constant applied for “best” and “"worst” case
analysis of luop performance.

System dynamics when in lock are determined by the
ampliliersfilter block. Its gain determines huw much
phase error exists between l;, and g, and hiter char-
acteristics shape the captyre range and tcansient perfor-
mance. This will be discussed in detail later.

Laop Filter

fundamental loap charactenstics such as caplure range,
loop bandwidlh, capture time, and transient response are
controlled primatily by the loop hitter. The loop behavior
is described by gains in each component block of Figure
8. The output to input ratio rellects a second order low
pass filter in frequency response with a static gain of N:

gggi! - K'“',K‘:Kv (
Hls) Ky KgKy

sient raspanse to a step input of phase or frequency (Fiy-
urs 9), and are delined as:

KKy
= — 4
on J rL“nz (d)
Al
. [Ruky Il.)
=V NTy ( 3 51

Using thase terms in Equation 3,

vplst _ N1« Tys) 6)
vils} 52 2¢s

S L

ll‘n mn

In a well defined system controlling factors such as
wp and { may be chosen esther from a transient basis
{time domain response) or steady state liequency plot
{roll-olt point and pesking versus trequency). Once thesa
two design godls are defined, Synthesis of the filter is
relatively straight-lotward,

Constaits K, Ky, and N are usually fixed due o other
design constraints, leaving Ty and T as vadiabies o set
upy and {. Since only Ty appeass in Equation 4, it is the
easiest to solve {ar initially.

Ty = -3 {7}

Ty = x (8}
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FIGURE 9 — TYPE 2 SECOND ORDER STEP RESPONSE
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Using retationships 7 and 8, actual resistor values may
be computed:

Kphy
Ry = Nwn2C {9)
2
Ry =
2 wpC il

Although furdamentally the tange of Ry and Ry may
be from several hundied to several thousand ohms,
sideband considerations usually force the value of Ry to
be set first, and then Ry and C computed.

KgKy
c T
Nuwn<Rq

Calculation of passive components Ry snd C {in syn-
thesizers] is complicated by incomplele inlormation on
N, which is variable, and the limils of wq and { during
that variance. Equally important ate changes in Ky over
the outpul freguency tange. Minimum and maximum
values of wp @d { can be computed from Equations 4
snd § whén,!he approprisle worsl case numbers are
known for all the lactors,

Ampliﬂévl[iher gain usually delermines how much
phase error exists between fin and loyt. and the filter
characteristic shapes caplure range ond transient per-
formance. A relatively simple, low gain smplilier may
usually be used in the loop since many designs are not
constrained se much by phase crror 85 by the need to
make % equal Iy, Unnecessarily high gains can cause

(11}

problems in lineor loops when the system is out of lock
il the amplitier output swing is not sdequately restricted
since integrating operstional amplifier circuits will tatch
up In time and ellectively open the loop.

The internal amplifier included in the MC4344/4044
may be used effectively if its limits ore observed. The
circuit configuration shown in Figure 10 illustrates the
placement of Ry, Ry, C. and load resistor R (1 K1), Due
1o the non-infinite gain o this stage (Ay ~ 30} snd other
non-ideal characteristics, sorme restraint must be pleced
on passive component selection. Foremost is 8 lower
timit on the value of A7 and an vpper limit on Ry. Placed
in order of priotity, the recommendations are 85 follows:
{s} R7 > 50 f1, b} R2/R1 = 10, fc) 1 k1) < RY < Skl

FIGURE 10 — USING MCA344:4044 LOOP AMPLIFIER
SOV

L3
ny € e

Vg e vco

Limit lc) is the most flexible and may be violated with
either higher sidebands and phase error (Ry > 5 kf1) or
lower phase detector gsin Ry < 1 k(). If Timit {b) is ex-
ceeded. loop bandwidth will be less than compuled and
may nol have any similarity 1o the prediction. For an
pccurate reproduction of colculoted loop characteristics
one should go to an operational amplifier which has suf-
ficient gain to make limil (b} readily satisfied. Limit (al is
very important because Tyin Equation § is in reality com-
posed of three elements:

Ty = C (R2 - l) (12)
m

where g = transconductance of the common emitler
amplifier,

Normally g, is large and Ty nearly equals RoC, but
resistance vatues below 50 {1 can force the phase-com-
pensating “zero” to infinily or worse (into the right hall
planc) and give an unstable systern. The problem can be
circumvented 1o 3 large degree by bullering the leedback
with an emitter follower (Figure 11). Inequality {al may
then be reduced by ot least an order of magnitude (Ry
> § {1) keeping in mind that electrolytic capacitors used

FIGURE 11 — AMPLIFIER CAPABLE OF HANDLING
LOWER R2
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as C may approach this value by the:nselves at the fre-
quency of interest {wp).

' Larger values of Ry may be accommodated by either
using an operational amplifies with 3 Jow bias current
{ip < 1.0 pA) ps shown ip Figure 12 or by bullering the
internal Darlington pair with an FET (Figure 13), I is vitally
important, however, that the sdded device be operated
al 2er0 VGs. Source resisior Rg should be adjusted for
this condition {which amouats 1o Ipgg current for the
FET). This insyres that the overall amplifier input thresh-
old remains at the proper potential of approximailely two
base-smitte! drops. Use of an additlonal emitter followor
instead of the FET and R4 (Figure 18} gives o threshold
neai the uppot limit of the phase dutector ctisigo punp,
resulling in an extremely unsyminetiizal phase detocios
gain in the pump up versus pump down mode. It is not
unususl 1o note a 5:1 difference in K g for circuits having
the bipolar buller stage. If the innial design can withstand
this variation in loop gain and temain stable, the ap-
proach should be considered since there are no critical
adjustments as in the FET circuit.

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

TEvVO

FIGURE 13 — FET BUFFERING TO RXISE AMPLIFIER
INPUY IMPEDANCE

FIGURE 14 — EMITTER FOLLOWER BUFFERING OF

AMPLIFIER INPUT
1E0V
(NN
[
A2 Y
At FA)
! MPSGSTY
or Equiv,

DESIGN PROBLEMS AND THEIR SOLUTIONS
Dynamic Range

A source of {rouble for all phase-locked loops, as well
as most electronics is simply overload or lack of sutficient
dynamic range. One fimit is the amplifier ocutpul drive to
the VCO. Not only must a designer note the outside limits
of the dc’control voltage necessary to give the output
friequency range. he musi also account lor the worsi case
of overshool expected for the system. Relatively large
damping factors ({ = 0.5) can contribute signilicant
amounts of ovetshoot (30%). To be prepared for the worst
case outpul swing the amplilier should heve as much
morgin 1o pusitlve end negative tinite as the oxpocied
swing itsell. That is, if a two-voll swing Is sulflicient (o
give the desired output frequency excursion, there should
be a1 least a two-volt cushion above and below maximum
expected steady-state values on the control line.

This increase in range, in order to be eflective, musl
of course Ly followed by an equivalent range in the VCO
or there is little to be gained. Any loss in loop gain will
in geneial cause & deciease in | and a consequent in-
crease in overshoot and ringing. Il the loss in gain is
caused by saturation or near saturation conditions, the

problem tends lo accelerate towards 8 situsiton where

the system settles in not only a siow but osciltator manner
as well,

Loss of amplifier gain may not be due entirely to hot-
mal system doimping considerations. In loops employing
digital phase delectors, an additional problem is likely 1o
appear. This is due 10 amplilier satuiation during a step
inpul when there is a maximuin phase detector output
simullaneous with alaige transient overshoat. The phase
delector square wave rides on top of the notmal transient
and may even exceed the amplifier output limits imposed
above. Since the input {requency will exceed the RyC
timo constant, gain K for these annoying pulses will be
Ay/Ry. Ordinarily this 1atio will be less than 1, but some
circumstances dictale a low loop gain commensurate
with a fairly high wp. For these cases, Rz Ry may be
highes than 10 and cause pulse-wise saturation of the
amplilier. Since the dc control voltage is an average ol
phase detector pulses, clipping can be translated into a
reduclion in gain with all the “"benelits” alieady outlined,
i.e., poor settling time. An easy remedy to apply in many
cases is a simple RC low pass sectjon preceding or io-
gether with the integrator-lag section. To make transient
suppression lndependenl of amplifies respunse, the net-
work may be imbedded within the input resistor Ay (Fig-
ute 15} of be lmplemenled by placing @ feedback capac-
itor across Ry (Figure '16). Besides roundmg ‘off and
inhibiting pulses, these netwotks add an additional pole
1o the loop and may cause further overshoot if the cutof}
frequency lug) is too close to ‘:’n ‘If a1 all possible the
cutoll point should be five to ten times wy. How far we
can be placed from vy depends on the jnput hequency
relationship to wp since tjy, is, after all, what is Leing
hllered A side benelit of this simple RC puise ‘flatieper”
is § teducpon ip 'm sndebands agound {ow for symhe

H

v
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sizers with N > 1. Howéver, @ skries of RC filters is nol
récormmanded for elther extended pulse suppression or
sideband improvement as excess phase will begin to
build up 8t the loop crossover [== wy) and tend to cause
instability, This will be discussed in more detail later.

FIGURE 15 — IMPROVED TRANSIENT BUPPRESSION
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FIGURE 16 — IMPROVED TRANSIFNT SUPFRESSION
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Although the major problem in phase-locted loop de-
sign ig defining loop gain and phase margin under dy-
namic operating conditions. high-quality synthesizer de-
signs also require special consideration to minimize
eputious spectial components — the worst of which is
relerence-lrequency sidebands. Requirements for good
sideband suppression often conflict with other perfor.
monce goals — loop dynamic behavior, suppressioh of
VCO noise, of suppression of other in-loop noise. As &
result, most synthesizer desipns require compromised
specifications. For a glven sel of components and loop
dynamic conditions. reference sidebands should be pre-
dicted and checked saainst design specitications before
any hardware is buill. ;

Any steady-state signal on the VCO control will produce
sidebands in accordance with normal FM thebry. Tor
small spurlous deviations on the VCO, refative sidcband-
to-catrier levels can be predicted by:

sideb;.mds - VieKy (13)
. carrier 2urel

where Y;pf = peak voliage value of spurious frequency
at the VCO input. .

lUn'wanled control {ine trodulation can come from 2
variety of sources, but the most tikely cauke s phase
detector pulse components {eeding through the loop fil-

ter. Although the filter does establish loop dynamic cof-
ditions. it leaves something to be desired as » low pass
section for relerence frequency components.

For the usual case where wgf is higher than 1/7, the
Kf lunction amounts to a simple resistor ratio:

Keljw) a- D2 {14
Ry -

By substitution of Equaticns & and 10, this s'gnal tranéfer
can be related 10 loop parameters.

- Veet (15)
Vé

[ D l'l'cf

peak value of reference voltage at
the VCO input, and

peat value of reference Irequency
voitage at the phase detector output.

where  Vyaf

Vo =

Sidehand levels relative to reference voltage at the
phase detector oulput ean be computed by combining
tquations 13 and 15: !

sidaband leve! (.gf'.'.'."‘__) (16}
Tout levet

from Equation 16 we find that for a given phase de-
tector, 3 given value of Ry [which determines Vy). and
given basic system constraints (N, {er). only { end wp
remain as variables to diminish the sidebands. If there
are few limits on wy, it may be loweted indefinitely untit
the desiced degree of suppression is obtained. I wy is
not arbitrary and the sidebarids ate still objeclionable,
additional liltcring is indicated.

One item worthy of note is the absence of Ky In Equs-
tion 16. From Equetion 15 It mipht be concluded that
decreasing Ky would be another means for reducitig spu-
tlous sidebands. bul for constaht values of [ 8nd wy this
Is not a free variable. In a given loop. varying Ky will
cerainly affect sideband voltage, But will 2lso vary { and
(vln.

Y 0On the olher hand, the choice of wn, may well sffect
spectral putity near the carrler, slthouph relerence
sideband levels may be quile acceplable. \

In compuling sideband levels, the value of V¢, fust bb
determined in telation to othet lobp compcnehts. Rebid-
val reference trequehcy components al the phasé detec-
fot output aré refated to the dc etror voltage necedsary
1o supply charge pymp leakage current and amplifiet bias
curtent. From thete average voliape figurét, sbeclral
components of the referénce frequency’ and its harmon-
ics can be computed using an approximation that the
phase detector outpul consisls of square waves T seconds
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wide repealed at t second inlervals {Figure 17). A Fourier
analysis can be summarized for small 1atios of 11 by:

{1) the everage voltage (V,vgl is Al11)

{2} the pesk reforence voliege vailue (Vglis twice Vayp,
and

{3) the second harmonic {21, ¢) is roughly equal in sm-
plitude to the fundamental.

By knowing the requirements for (1) due to amplihier
bias and leakage currents, values for (2) and (3) are
uniquely determined.

FIGURE 17 — PHASE DETECTOR OUTPUT

=1
T o

An example of this sideband approximiation technique
can be illustrated using the parameters specified tor the
synthesizer design included in the applications infor-
mation section.

Nmax = 30 wp = 4500 radis
Ky = 11.2 'x 106 radsisv Ry = 2k
K¢ = 0.12 Virad fret = 100 kHz

(=08

Substiluting these numbers into Equation 16:
(0.8)(30)(4500)

¢ 29010510.111)
=-Vg (1.55]

sideband - )

fout
(18}

The result illustiates how much reference feedthiough
will pffect sideband levels. I 1.0 mV peak of reference
appears al the oulput ol the phase detector, the nearest
sidgband will be down §6.2 dB.

Il the amplilier section included in the MC4344:4044 is
used, with Ry = 1 k{}, some approximations of the value
ol V¢4 can be made based on the input bias current and
the value of Ry. The phase detector must provide sulfi-
tient average voltage 1o supply the amplilier bias cursent,
Ip. through Ry; when the biss current is about 6.0 pA and
Ry is 202, Vgyg must be 10 mV. From the assumptions
earlier concerning the Fourier transform, and with the
help of Figure 18, we can see that the phase detector duty
cycle willbe about 1.7% (A = 0.5 V), giving a fundamenial
{reference) of 20 mV peak. If this value {or Vg is subsii-
tuied inlo Equation 18, the resulting sideband ratio tep-
tesents 30 dB suppression due 1o jhis component alone.

In addition {o the amplifier bias cusrent, apother factor
lo consider dg transistor Q5 reverse leakage curreny I
flowipg into pin 10 of the MCA344/4044 charge pump. I
is generally less than 1.0 uA and is no more than 5.0 pA
over the temperalure range. A typical design value for
25°C is 0.1 pA. Bath Iy and amplifier bias curient ig are

in & direction to deplenish the charge on filter capacitor
C.Asecond charge pump leakage, It', attributed by diode
CR1 fiows out ol pin 5. This current, however, is in »
direction to help supply Ig and I end thus {ends to min-
imize the discharge of C. Typically 1L’ is much less then
I and, since it is slso in a direction to minimize discharge
ol the filter capacitor, It will be ignored in the following
discussion. The total charge removed from C must be
replaced by current supplied by the charge pump duting
the nexi up-date opportunity. This current flows through
R1. To minimize the effects of Ig and I » relative small
value of R1 should be chosen. A minimum value of 1 kf)
is 8 good choice. )
FIGURE 18 — OUTPUT ERROR
CHARACTERISTICS

DUIY | PHASE
CYCLE | ERROR Vavg | Vetpesh)
%) [Degl {mv} tenv)
01 036 Y3 1.2
02z 072 1.2 24
03 108 1.6 3.6
04 144 24 a0
0¢ 1.50 30 60
06 216 3.6 7.2
07 262 4.2 64
oe 2.88 4.8 26
0% d a4 64 108
1.0 360 60 120
2.0 7.2 120 240
Jo 1006 14 0 LR .
40 14 4 2680 47.9
50 18 0 00 £98
6.0 216 360 716
7.0 25.2 42 0 63.3
g0 26.8 48.0 $5.0
- N/ 32 4 £4.0 106 ¢
U0 360 600 118 0

Alter values for C and Ry have been computed on the
basis of loop dynamic properties, the overal) sideband
to oyt ratio computation can be simplified.

Since
Vd, =2 Va\' == (’}'2)
Vous = l1y 230 Ay = 2Ry (I 4 1) Ay
= 2Rz (I + 1)
A 2 Vb L
Vref =Vy (ﬁ;:)
we {ind that
sidoband _ VipKy (19)
fout 2wl
sideband _ 2Rp(ly + Iy Ky (20)

fout i 2wrel
i
Equation 20 indicates tha| excelignt suppression could
be achieved il the bias and [feakage terms were nuiled by

current summing at the amplifier input (Figure 19). This

has indeed proved 1o be the case. Experimental results.

indicate that greater than 6:0 dB rejection can routinely
’ Hl
H 1
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be schieved al & constani temperature. However When
nulling fairly large values {> 100 nA), the rejection be-
comes dulle sensitive since leakbges are inherently 3
function of temperature. This technique has proved use-
ful in achieving improved system performance when
used in conjunction with good circuit praclice and rel-
erence filering.

FIGURE 19 — COMP-ENSATING FOR BIAS AND
LEAKAGE CURRENT
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Addillonni Loop Fil‘er‘ng

So far, only the effects of fundamental loop dynamics
on resultant sidebands have been considercd, If turther
sidteband suppression is required, additional loop filer-
ing is Indicated. However, care must be taken in place-
ment of any low pass rollof{ with regard o the loop nal-
vral frequéncy lwg). On one hand, the “cornet” should
be well below (lower than) wef and ynt fai removed
{above] from wp: Although no easy method for placing
the roli-off point exists, arule of thumb thal usually works
is: we v Bug {21}

Relorence lrequency suppression per pole is the ratio
of g 10 el

SBgp = n 20 lo1p (-%19-) (221
XU

rel

where n is the number ol poles in the filter.

Egualion 22 gives‘ the additional loop supptession 10
wrel; this number should be added to whatever suppres-
sion already exisls. . ,

For non-crilical applications. simple RC nefworks may
sutfice, put I more than one section is required. loop
dynamics un ergo undesirable changes. Loop damping
factor décreases, resulling in & high percentage of
overshoot and increased ringing since passive BC sec-
tions tend lo sccumulaie phase shilt more rapidiy than
signal sbppression and part of this excess phase sub-
tracts from the loop phase margin. Less phase matgin
translates into o fower damping factor and can, in the
fimit, cause outright oscillation.

A suitable allernative is an active RC section, Figure 20.
compétible with the existing levels and voltages. An ar-
tive two pole filter {second order section) can realize @
meré giadusl phase shift st frequencies less than the
cutoll ppint and still gat nearly caqual suppression ot fre-
quenties shove the cutol! point. Sections designed with
» stight arriotiht of peeking ({ = 0.5) show & good com-
promise between excess phase below cutoff {ug), without
peaking enough to cavii sny danger of raising the loop
pain for frequencies ahove up. A [airly non-critical scclien
may simply use an emitter follower as the sctive tevice

with two resistors end capacitors completing the circuit
(Figura 211. This provides s - 12 dBloctave (- 40 dB/dec-
ode) roltefl characteristic sbove wp, though fhe dtten-
vation may be moré sccurately determined by Equsation
22.11 the sideband problem persists, dn sdditional section
may be sdded in series with the firsl. No more thah two
sections are recommended since 8l that time either {1)
the constraint between wp, ant wyef is too closk, o (2)
reference voltage is modulaling the VCO from & source
other than the phase detector through the loop smplifier.

FIGURE 20 — OPERATIONAL AMPLIFIER LOW PASS FILTER
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FIGURE 21 — EMITTER FOLLOWER LOW PASS FILTER
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Operation without charge pump phase deteclor #1 ol
the MCA344/4044 can be implemented quite successiutly
in many applications withou using the charge pump and
internal darlington amplilier approach. An operational
amplifier filter can be used to process the error infor-
mation appearing at U1 and D1 {pins 13 and 2} directly
(Fipure 22).This phase detector/filter spproach offers 8
potentially superior performing syslem because:

a. Charge pump delay time is eliminated.

b. Charge pump input slqned threshold leve! need not

be overcome before error information is obtained.
This can resull in 8 substantial improvement in the

FIGURE 22-TYPICALFILTER AND SUMMING NETWORK
<
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4044°s transfer tunction linearity in the vicinity of
2610 phase error between the R and V inputs.

¢. Thefilter amplifier ground location can be separated
from the phase detector ground.

d. An “optimum®” filter amplilier input threshold of
spproximately two diode drops need not be
established. ,

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

It may be desirable to split each of the R1 resistors and
incorporate a capacitor to ground in a manner similar to
that shown in Figure 15. This should improve transient
suppression and provide integration of the U1 and D1
signals 1o better enable the operational amplitier to de-
velop corrective ertot information from very nasiow U1
and D1 pulse widihs.

Phaso error for the circuit inFigure 22 will result from
inpul offset voltage In the operalional amplitier, 1esistos
mismaich and mismaich between the phase detector
outputl states appearing at U1 and D1. Phase error can
be trimmed to zero initially by adjusting either the am-
plifier input of{set or one of the 81 resistors.

VCO Noise

Etfects of nolse within the VCO itselfl can be evaluated
by considering @ closed loop situation with an external
noise source, e, intfoduced at the VCO({Figure 23). Re-
sultant modulation of the VCO by eiror voltage, 1, is a
second order high pass lunction:

L s?

en S2 4 S$T1KdKy . KéKy
T2N T2N (23}
52

it

S1 + 2lwyS + mn2

FIGURE 23 — EFFECTS OF VCO NOISE
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This function has a slope of 12 dB‘octave at frequencies
less than wy, (loop natural frequency), as shown in Figure
24.This means thal noise compnrents in the VCO sbove
wp will pass unalienuated and those below will have
some degree of suppréssion. Therelore choice of loop
natural frequency may well rest on VCO noise quality.

FIGURE 24 — LOOP RESPONSE TO VCO NOISE
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Other Spurious Responses

Spurious components appediing in the output spéc-
truny are seldom due to reference hequoncy feedthrough
alone. Modulation of any kind appearing on the VCO con-
trol line will cause spurious sidebands and can corne in
through the loop amplifier supply, bias circuitry in the
control path. a8 translator, or even the VCO supply itsell,
Some VCOs have a relatively high sensitivity 1o power
supply variation. This should be investigatud and ns el-
lects considered. Problems of this nsture can Le minj.
mized by operating all duvices except the phase detector,
charge pump, and VCO from a sepatate and well isolated
supply. Acommon method uses 8 master supply ol aboul
10 o1 12 yolts and two regulators to produce vollages for
the PLL — one for all the logic (including the phase de-
tector) and the other lor all circuilry associated with the
VCO control line.

Sideband and noise performance is also a function of
good power supply snd regulalor layout. As mentioned
earlier, extreme care should be exercised in isolating the
contiol line vollage to the VCO lram influences other than
the phase detector. This not only means good voliage
regulation but ac bypassing and adherence to yood
grounding technigues as well.Figure 25 shows two sep-
atale requlators and their 1espective loads. Resistor Rg
is a small stray resistance due'to a common thin ground
teturn for both Ry 3 and R 2. Any noise in R, is now
reproduced {in a suppressed form) across R 4. Loud cur-
rent from R 1 does not sffect the vollage across Ri2.
Even though the regulators may be quite good, they can
hold Vg constant only across their oulputs, nyt neces-
sarily across the load lunless remote ‘sensing is used).

FIGURE 25 — LODP VOLTAGE REGULATION
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One solution to the ground-toupled noise problem is to
lay out the return path with the most sensitive regulated
circuit at the farthest point ftom power supply entry as
shown in Figure 26.

Even for regulaled subcircuits, accumulated noisc on
the ground bus can pose mojor problems since although
the cross currents do not produce a differential load volt-
sqr directly, they do produce essentislly common mode
noise on the regulators. Output differential load noise
then is 8 function of the input regulation specification. By
far the best way to sidestep the problem is to connert
each subcircuit ground to the power supply entry refurn
ling as shown in Figure 27.

FIGURE 26 — REGULATOR LAYOUT
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in Figures 25 and 27, Ry and R 2 represent component
groups in the system. The designer must insure that all
ground return leads in 3 specilic component group are
returned to the commaon ground. Probably the most
overlooked compenents are bypass capacitors. To min-
imize sidebands, extreme caution must be taken in the
area immediately following the phase delector and
thiough the VCO. A partial schemotic of 8 typical loop
amplifier and filter is shown inFigure 28 to illustrate the
common grounding technigue.

Bypassing In a phase-locked loop must be ellettive at
both high frequencies and low frequencies. One capacilor
in the 1.0-tp-10 uF range and enother between 0.01 and
0.001 pF are usuatiy adequate. These can be elfectively
utilized both at the immediate circuilry (between supply
and common ground) and the regulator I it is some dis-
tancé sway. When used 3t the tegulalor, b singlé elec-
trolytic capacilor on thé outptt and a capacitor pair al
the input fs most effective (Figure 29). It is important,
again, to note that these bypasses go from the input/
outpul pins to s near the regulator ground pin as
possible.

FIGURE 29 — SUGGESTED BYPASSING PROCEDURE
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APPLICATIONS INFORMATION

Frequency Synthesizers

The hasic PLL discussed: ealier is actually a special
case ol frequency synthesis. In that instance. loyp = lip.
although normally a programmable counter in the feed-
back loop Insures the general rxte that fg = Nl (Figure
30}, In the synthesizer fi, is usually corsiant {crystal con-
trolled) and 1,4 is changed by varying the programmable
divider [+ N1 By stcpping N i integer increments, the
output frequency is changed by ! per increment. Incom-

FIGURE 30 — PHASE-LOCKED LOOP WITH
FROGRAMMABLE COUNTER
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munication use, this input frequency is called the “chan-
nel spacing” or, in general, it is the relerence frequency.

Thereis essentially no ditference in loop dynamic prob-
lems between the basic PLL and synthesizers except that
synlhesaer Besigners must contend with problems pe-
culief to loops where N is variable apd gréater than 1.
Also, sidebands or spectial purily usually require special
pitention. These and olher aspects are discussed in
greater detail in AN-535. The steps for a suitablie synthesis
procedure may be summarized as follows:

Synthesis Procedure

1. Choose input fraquency. (I, = channe! spacing)
2. Compule the range of digital division:

1
Nmax = "ﬁ":f
‘ .
Nmin = _D_._.' o
ref

3. Compute needed VCO range:
Znax = min) < tvco < (2min - fimax)

4. Choose minimum { from transient response plot,
Figure 9. A good starting point is { ==
5. Choose wy, from needed response timme {Figure 9):
vint
wy ‘"

6. Compute C:

c-= KeKy

Nmaxwn“Ry
7. Compute Rjp:

Ry = 2:'m(i:n
n

8. Compute {max:

Nmax
Nmin

Imax = Umin \/

9. Check {ransient respunse of { i« lor compatibility
with transienl specilication.
10. Compule expected sidebands:

sideband - (lp + I )AKy
T
“ref

25C)

{A)

fout
(I is about 100 A 8t Ty =
11. if sfep 10 yields larger sidebands than are accepi-
abte, add a single pole at the loop amplilier by
spiting Ry and adding C¢ as shown in Figure 15:
0.8

Cp =
¢ Rywp

Added sidebsnd suppression (dB) is:
dB = 20 logyg (B)
Wref
25(wn|2

1+

12. i step 11 still does not give the desired resuls, add
a second order section at we = b wy, using either
the conliguration of Figpre 20 or 21. The expected
imptoverent is twice that of the single pole in step
1.

dB = 40 log . e {c)
+ el
25{w,)2

Total sideband rejection is then the total of 20 logglAl
1 {8} + (C).

Design Enmgl_e {Figure 31)

Assume the lollowing requirements:
Output frequency, {o; = 2.0 MHz 10 3.0 MH2
Frequency steps, {j, = 100 kHz
Lockdp time belwepn channels {lo 5%) = 1.0ms
Overshool < 20%. ° ;
Minimum sideband suppression = - 30 dB

From the steps of the synthesis procedure:
1. Irer = fin = 100 kHz

Imax _ 3.0 MHz
2. N Y 11:F. S =
Max = el 0.1 MHz
Nows _!minLZOMHz_
T per 0. Ml
3. VCO range:

The VCO output trequency range should extend
beyond the specified minimum-maximun limits to
accommodate the ovarshool specification. in this
instance {5,y should be able to cover an additional
20% on either end. End limits on the VCO are:
foutmax = 3.0 + 0.2(1.0) = 3.2 MH:z
loytmip = 2.0 - 0.2{1.0) = 1.8 MHz

This VCO 1ange {~ 1.8:1) is reslizable with the
MC4324:4024 voltage controlled multivibrator. From
Figure 7 ol the MC4324/4024 data sheel we find the
required 1umng copacilot value to be 120 pF land
the VCO gain, Ky, typicdlly 11 x 100 radsiv.

4. From the step response curve ol Figuie 9, = 0.8
will produce a pesk overshool less than 20%. H

5. Refetring to Figure 8, overshoot with { = 0.8 will
settle 1o within 6% at w1'= 4.5, Since the required
lock-up time is 1.0 ms,

B

= (4.5){103)1adrs
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6. In order to compute C, phase detector gain and R1
must be selected. Phase detector gain, K4, for the
MC4344/4044 is approximately 0.1 volt/radian with

i desired additiona! sideband filtering can be ob.

tained 8s noted in steps 11 and 12.

Ry = 1 kil Therefore, 11. By spliiling Ry and Cg, turther attenyation can be
L . gained. The magnitude of C_ is spproximately:
6
(0.1H11 x;g ) S = 18 F 0.8 0.8 . 018 F
45 » 1 10 = = .
 130M45 > 10544107) Riwn (103451103}
7. At this point. Ry can be computed:
Improvement in sidebands will be:
Ry = Zmin 1.6 = 200 01
3 -6 .
wnC (45 » 103)(1.8 x 106 20 logyg ! * ~28dB
(20 » 107}
Nmax T o
8 {max = {min [7;—- = 098 \ 2514.5 » 193)2
V Nemin
8. Figure 9 shows that i = 0.98 will meet the s;:ltling Nominal suppression it now - 63 dB. Worst-case is
. lime requirement. . . 6 dB higher than nominal suppression of - 57 dB.
10. Sidobands may be computed for two cases: {1) with This Is well within the - 30 dB design requiremant,
I {cherge pump leabage current) nomingl (100 nA), step 12 Is included for completeness only.
and {2) with i marimum (5.0 pAL Avalue ol 5pA / = . .
will also be assumed for the amplilier hias current, 12. Aitenvaiion of a second order fiter is double thai
ib. of the single order filter section described in step 11,
. 6 The calculations for a second order filter indicate an
sidcbarl_d - 110 » 10-SH200M11 » 10 ’a 35 x 10 3 additional - 56 dB of sideband rejection. Figures 20
lout  lmax 6.28 » 10° and 21 show two second order filter conligurations,
\ ! It R is assigned a value of 10 k1 then C may be
The sidehand-to-center freguency ratio nominally caleulated.
will be: '
0.1 0.1
i 1 - e _ . 00027 uF
sfetdd . ¥4 Bty vl (@5 » 1031110%)
lout nnom 10
r 20 log1pf172.85 » 10 3) = -354B
FIGURE 31 — CIRCUIT DIAGRAM OF TYPE 2
PHASE-LOCKED LOOP
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Clock Recovery lrom Phase-Encoded Data

The eieciro-mechsnical system used for recotding dig-
ital dafs op magnetic tape ofien introducus random var-
intlons in lape speed and data spacing. Because of this
and the ancoding technique used, it is usually necessary
to regenerate a synchronized clock from the data during
this read cycle. One method for doing this is 1o phase-
lock a yoltage contrplled multivibrator to the data as it
is read (Figure 32).

A typical data block using the phase encoded format
is shown in jow | of Figure 33.The standard forinat calls
for recording a preamble of torty "0"'s followed by & sin-
ple “17; this is followed by from 18 to 2048 chaiaciers
ol data and 8 postamble consisling of 8 1" lollowed by
forty “0"'s. The encoding furmal records e "0 as & tian-
sition from low to high in the middie of a dota cell. A
"1" Is indicated by a transition lrom high to fow al tho
data cell midpoint. When required, phasc transitions oc-
cur at the end of data ¢ells. If a string of eithef consecutive
“0"s or consecutive “1”s is recorded, the format duphi-
cates the ariginal clock; the cloch is easiy recoverad by
st{aight forwaid synchionization with a phasec-locked
loo'p‘ In the general case, where the dala may appeat in
any order, the phasg-encoded data must be processed
fo oblain a single pulse during each data cell belore it is
applied (o the phase deteclor. For example, if the dala

FIGURE 32 — CLOCK RECOVLIIY.FROM PHASE-ENCODED DATA

consisted only of alternating ""1"s and “0"'s, the phase-
encoded format would resull in a wavelorm equal to one-
half the original clock frequency. il this were applied di-
ructly 10 the loop, the VCM would of course move down
10 that frequency. Tho encoding format insuies that there
will be a trgnsition in the middle of each data time. ! only
these transitions are sensed they can be used to segen-
erate the clock. The schematic diagiam of Figure 32in-
dicates one method of accomplishing this.

The logic circuitry generales a pulse 8t the niidpoint
ol each data cell which is then applied to the reference
input of the phase detector, The loop VCM is designed
lo operale a1 some multiple of the basic clock rate. The

+ VCM frequency swelected depends on the decoding res-
olution desited snd other syslem timing requirements.
In this example, the VCM operates al twenty-four times
the clock rate (Figure 33,Row 12).

Relorring to Figute 32 and the viming dasgramol Figure
33, 1he phase-encoded data (Figure 33, Row 1} is com-
bined with a delayed version of itsell {output of flip-flop
A tow:3) 10 provide 8 positive pulse out of G3 fur every
transition of the input signal Portions ol the dats bluck
are shown expanded in iow 2 of Figure 33. Flip-flop A
dulays the incoming data of one-holl of 2a VCM clock pe-
riod Gaies G1, G2 and G3implement the logicExclusivi:
OR of wavelorms 1 and 3 except when inhibited by
DGATE (row 4) or the output of G12 (row 7). DGATE and
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fts compiement, DGATE, serve to initialize the circuitry
and insure that the firsl transition of the data block {a
phase transition) is ignored. The MC7493 binary countet
end the G5-G12 latch henerate 8 suitable signal for gating
out G3 pulses caused by phase transitions at the end of
» data cell, such as the one shown dashed in tow 6.

The initisl dats pulse from G3 sets G12 fow and is
combined with DGATE In G7 to tesel the counler to Its
rero siate. Subsequent VCM clock pulses now cyclie the
counter and spptoximately one-third ol the way through
the next data cell the counter’'s {ull stale Is decoded by
G11, generating 8 negalive trensition. This causes G12
to go high, removing the inhiblt sipnal untll It is aganin
resel by the next data transition. This pulse also rescts
the counter, continuing the cycle and generating a pos-
itive pulse at the midpoint of each data cell as required.

Acquisition time is reduced il the loop is locked to @
frequency approximately the same as the expected data
rate during inter-block gaps. InFigure 32,this is achieved
by operating the remaining holl of the dua! VCM al
slightly less than thé data rate and applying it to the
reference input of the phase detector via the G8-G2-G 10
dsta selectot. When data appears, DGATE and DGATE
cause the output of G3 to be selected as the reference
input to the loop.

The loop parameters are selected as 8 compromise
between fast scquisition and jitter-free tracking once syn-
chronization is schieved. The resulting filter component
values indicated inFigure 32 are suitable for recovering
the clock from dats recorded at 8 120 kHz rate. such as
would result in a8 tepe system operating 8t 75 Lp.s. with
a recording density of 1690 b.p.. Synchronization is
schieved by epproximsiely the twenty-fourth bit time of
the preamble, The retationship between system require.
menits and the design procedute Is illustrated by the !ol-
lowing sample calcuiation:

Assume 8 ~ 3.0 dB loop bandwidth much less than the
input data rale {= 120 kHz). say 10 kHz. Further, assume
a damping factor of { = 0.707, From the expression for
loop bandwidth as a function of damping factor and un-
damped natural lrequency, wq, calculate wy, as:

w.3dB = wn (1 + \}? 1 4i2 - 414)

o1 for w_3 gg = (2n110% 1ad's end { = 0.707:

Vs
(24)

_ f2n108

: = (3.05110% rad’s
“n ¥ 206

As a rough check on acquisition time, assume that
lockup should occur not later than hall-way through s 40-
bit preample, or for twenty 8.34 us data periods.

wnt = {3.05)109(20)(8.34110-6 = 5.1 {26)

From Figure 8, the output will be within 2 to 3% ol its
{inal value for wpt =~ 5 and { = 0.707. The filter compo-
nents are calculated by:

Kekv _ 2
ACN . 27
and KKUR
2¢VE2 o 2w (28)
RN
where Keg = 0.115 virad
Ky = {18.2) 105 rad-s/voh
N = 24 = Feedback divider ratio
wny = (3.05) 10 1ad's
{ = 0707 \
KXy {0.115){18.2}10 4
= = {8. 1
N 24 {8.72no0
From Equation 27:
KaX 8.72)104 .
RiC = SeRy  JBTAI0 g a4 5

" Num? T (3.0512108 ~

N -

from Eauation 28:

Lea 4
By _ 2tunN - 200707M3.051m0% o o
Ry Kaky {8.721104
Let Ry = 2.0 k1): then Ry = 1.5 kil and
9,34)10-5
i e {3.1)10 8
(3.01103

or using a close standard value, use C = 0.033 uF. Now
add the additional prefiltering by splitting Ry and select-
ing a time constant for the additional section so that it
iz large with respect to RC;.

101%R4ICc = RC
of
_2Rc  201.50103(3.3110-8

Cr = =
C = 3omy 10(3.01103

= 3300 pF
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FIGURE 33— TlMING DIAGRAM — cLocx RECOVERY FROM PH‘\'SE-FNCODEQ PATA
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MC4324/
MC4024

DUAL VOLTAGE-CONTROLLED MULTIVIBRATOR

The MC4324/14024 consists of two independent vollage-
controlled miltivibrators with output buffers. Varlation of the oul-
put frequency over 8 3.5-to-1 range is guaranteed with an input
dc control voltege of 1.0 to 5.0 voltage.

Operating ‘frequency is specified 8t 25 MHz 8t 25°C. Operation
to 15 MHz is possible over the specilied temperature range. For
higher frequency reduirements, sce the MC1648 (200 MHz) or the
MC1658 (125 MHz) data sheet. | ’

This device was desipned spccilically for use in phase-locked
loops for digha! Irequency control. It can oiso be used in other
applications reoviring a voltage-controlled lrequency, or as a sla-
ble fixed frequency oscillalor (3.0 MHz to 15 MH7) by teplacing
the external control capacitor with a series made crystal.

Maximum Operating Frequency = 25 Ml Guaranteed
@ 25°C

Powet Digsipation = 150 mW typ'pkg

Output Loading Factor = 7

TYPICAL APPLICATIONS

FIGUNE 1 — ASTADLE MULTIVIBRATOR FIGURE 2 — CRYSTAL CONTROLLED

MULTIVIRRATOR

450V 5pF 5oV R RY 0 150V
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—_— A oul SN out
- 4.0 Vet H ~ 40 Vdc 1 1
684 5 g 6.8k 5 9
fout = 10 MHz Crystal frequency can be putied

slightly by adjusting P1.

FGURE 3 — VOLTAGE-CONTROLLED
MULTIVIBRATOR
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FIGURE 11 — NOISE DEVIATION TEST CIRCUIT

Signal Generator
20 kHz sbove HP 608
MC4324/4024 Frequency ot Equiv
10.020 MH; —\
) 300 mv
. F :
MC4324/4024 40 gB 10 mv Product 20 kH2 wquuncmeuL—— Voltthute
sz Ananuston > Detecror HPLZ10A HMmS
nder Test 75 11 10 MH2 uctof ot Equiv HP3400A or kquiv

{HPS210A culput voltage) (Full Scale Frequency)

Frequency Devistion =

1.0 Vol

NOTE: Frequency devistion values ol either the signal gueneralor or powet
supply shoutd be determined prior 80 1esting.

APPLICATIONS INFORMATION

Suggested Design Practices

Three power supply and three ground conneclions are
provided in this circuit {each mulivibiator has sepatate
power supply and ground connections, end the output
bufiers have common power supply and ground pins).
This provides isolation between VCM's and minimizes
the eflect of output butfer transients on the multivibiators
In critica! applications. The separation of power supply
and ground lines also provides the capability of disabling
one VCM by disconnecting its Vec pin. However, all
ground lines must always be connected 1o insure sub-
strate grounding and proper isolation.

General design rutes ate:

1. Ground pins §, 7, and 8 lor all applications, including

those where only one VCM is used.

2. Use caparcitors with less than 50 nA leakage at plus
and minus 3.0 volts. Capacitance values of 16 pF or
greater are acceptable.

3. When operated in the {ree running mode, the min-
imum voltage applied to the DC Control input should
be 60% of Vi for good stability. The maximum
voltage at this Input should be Voo + 0.5 volt.

4. When used in 8 phase-locked loop, the filter design
should have a minimum DC Controt input voltage
ol 1.0 volt and & maximum voltage of Vo 4 0.5
voll. The maximum r&striction may be waived il the
output impedance of the driving device is such thal
it will not source more than 10 mA at a voltage of
Vce + 0.5 volt.

5. The power supply for this device should be by-
passed with a3 good quality RF-type capacitor of 500
Ao 1000 pF. Bypass capacitor lead lengths should be
kept as shon as possible. For best results, power

‘ .

supply voltage should be maintsined &s close to
1 5.0 V as possible. Under no conditions should the
design require operation with 8 power supply voli-
ege outside the range of 5.0 volts + 10%.

..

External Control Cepucitor {Cx) Detsrmination
{See Tablo 1} !

T|,|e operating licquency range of this multivibrator is
conitolled by the value ol an external capicitor that is
connected between X1 and X2, A tuning ratio ol 3.5-10-
1 and a maximum Irequency of 25 MHz sre guaranteed
under ideal conditions (Vo = 5.0 volis. Ty = 25°C).
Under actual operating conditions, variations in supply
vollage, ambient temperature, and internal componenl
tolerances Lmiy the tuning ratio (see Figures 7 thru 12).
An improyement in tuning ratio can L€ achieved by pro-
viding a variable tuning copacilor to facilitate initial align-
ment of the cjrcuit.

Figures 6 through 9 show typical and suggosted design
limit information for important VCM chatacteristics. The
suggested design limits are based on operation vver the
specifivd lompeiature range with 8 supply vollage of 6.0
volts + 5% unless otherwise noted. They include a safety
factor of three times the estimaled standard deviation.

Figures 5 end 6 provide data for any exiernal control
ctapacilor value grealer than 100 pF. With smaller capac-
itor values, the curves sre ellectively moved downward.
For example, a typical cusve.of frequency versus control
voltage would be very nea‘lly identical to the lower sug-
gested design limit of Figureb if 2 15 pF capacilor is used.
To use Figure $ divide on lrie ordinate by the capacitor

7.22
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.MC4324 ¢ MCA4024

YABLE 1 — EXTERNAL CONTROL CAPACITOR VALUE DETERMINATION

VALUES OF K
.CONFIGURATION
TA vee K1 K2 K3 K4 KS
E? S With € Kt o 50V ans 150 600 110 1.0
* = =2
X {oM .
Vin o~ —{>+—otou K2 A sov 325 175 660 125 1
L*x : s .
50V 290 190 750 140 1.2%
—H= 2 10%
Cxv -
i
CxF Cyx = Cxv + Cxf 50V 335 165 660 120 1.10
X1 X7 —_—
" oc v
in o-—f > ot 1o 5.0 780 190 750 140 1.25
Y 5%
75°C
Choose Cxf and Cxy such that 50V 250 200 840 150 1.40
Cx cnn be adjusted to: 2 10%
k! 5¢Cxt * 5
foH X" ion E0V 300 175 690 125 1.15
With Vi, = Vg = 50V, adjust P B ‘
Cy 16 oblain: \ o
X o 50V 260 200 780 145 130
fout = K5 lion! 125°C 23k
Then:
4
.4~ Shiow BAA 230 210 860 155 1.8%
X < 10%

Definitions: IgH = Output Irequency with Vip = Ve
foL = Outpint frequency with Viy, = 2 5V
{Frequencies in MHz, Cy in pFl

Two VCM's (one package) are used to obtsin the required
frequency range. Each VCM is capablie of opersaling over
» 3-10-1 range, thus VCM1 is used for the lower portion
of the times ten range and VCMZ covers the upper end.
The proper divide tatio is set into the programmable
countet and the VCM lor thal frequency is selected by
control gates. The other VCM is left 1o be free running
since its output is gated oul of the leedback path.

valye in picolarads to ohtain output frequency in mega-
hertz. In Figure 6 the ordinate axis Is multiplied by the
capacitor value in picofarads to obtain the gain conston!
{Ky) in redians/secondivoll.

Froquency Stability
When the MCA4324/4024 is used as a fixed-frequency

oscillator (V}, constant], the outpul frequency wlil vary
slightly because of-internsl noise. This variation is indi-
cated by Figure 10 for the circuit of Figure 11. These
vatiotions are relatively independent (< 10%) of changes
in temperature and supply vollage.

10-10-1 Frequency Synthesizer

A frequency synthesizer covering 8 10-to-1 range is
shown'in Figure 14.Three packages are required 1o com-
plete the loop: The MC4344/4044 phase-lrequency de-
tector, the MC4324/4024 dual voliage-controlled multi-
vibrator, and the MCA318/4018 progrommable counter.

Normally with 8 single VCM the loop gain would vary
over 8 10-10-1 range due to the range of the counter ratios.
This affects the bandwidth, lockup time, and damping
ratio severely. Ultilizing two VCM's reduces this chenge
in loop gain rom 10-to-1 to 3-to-1 as 8 result o! the dil-
ferent sensitivities of the two VCM’s due 1o the dilferent
Irequency ronges. This change of VCM sensitivity (2-to-
1) is of such & direction of compensate for loop gain
voristions due 10 the programmable counter.

The oversll concept of multi-VCM operation. can be
expanded for ranges greater than 10-l0-1. Four VCM's
{two packages) could be us:ed to cover 8 100-10-1 renge.

]
1

i
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FIGURE 12 — 10-TO-1 FREQUENCY SYNTHESIZER

= lout
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Y MC4024
4-10 kM2 .
{ Phase- - A
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Counter
MACA018
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Corporation R )

LM1881 Video Sync Separator

-

General Description Features L
The LM1BB1 Video sync separator extracts timing informa-  ® AC coupled composile input signal
tion inchuding composite and vertical sync, burst/back porch B > 10 kf) input resistance '~
timing, and odd/even field information from e standard neg-  m <10 mA power supply drain current
ative going synt NTSC video signal with amplitude from 0.5 & Composite sync and vertica! outputs
fo 2V p-p. The inegrated circull is also capable of providif»g ® Odd/even field output
syne separabonfon:ron-slandard, last?t horizonta! rate vid- ® Burst gete/back porch o utput
eo signals by changing an external horizonte! scan rate set- N . .
fing resistor. The vertical outpu! is produced on the rising ® Resistor programmable hon;zvqnlal scan rale (up to
edge of the first serration in the verfical sync period. A de- o4 kHZ) 8

» Edge triggered vertical output

tautt verlical output is produced after a time delay Hf the -

rising edge mentioned above does not occur within the in- B Delault triggered vertical butput for non-standard video
ternally set delay period, such as might be the case for & signal (video games-home computers)

non-standard video signal, '

‘

Connection Diagram

LM1BSIN e
v
COMPOSITE - e
0.1 pf : B .
CoweoSTE :
. b ) v O
voro meut ————1F—1 2 /¥ TTTO 0O/D ourun
VERTICAL
o 023 ¥
SYNC OUTPUT 3 X RS
680KD Sy 5
) : BURST/BACK PORCH
AR alvall FY
r & s i outPUT
1 2

g:’.:z::sﬁ o O
D Y N

VIRTICAL ! -
SYNC OUTPUT l. |
surst oot~ 1) L N I | D R | U U U
0DD/EVEN '
ouUTPUL .
p TLIH/RISD-1
-« O:der Rumber LM 1881 or LM.1881N
See NS Package Number MOBA or HOSE
el -

-
e e | Vg 1 e g b rne = s




Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the Nationa! Semiconductor Sales Office/
Distributors for avallabliity snd speclfications.

Supply Vohage 132v
Input Voltage 3Vpp
Ouiput Sink Currents; Pins 1, 3,5 SmA
Ouwtput Sink Cunrent; Pin 7 2mA
Package Dissipation (Note 1) 1100 mW
Operating Temperature Range oC-70C

Electrical Characteristics

Storage Temperature Range -65'Cto 4+ 150°C

ESD Susceptibility (Note 2) 2kV
Soldering Information
Dual-In-Line Package (10 sec.) 260°C
Small Outline Package
Vapor Phase’ (60 sec.} 215°C
Infrafed (15 sec.) 220°C

See AN-450 “Surace Mounting Methods and their Etfect on
Product Reliability” for other methods of soldering surface
mount devices.

Vce = 5V: Rset = 680 kft; Ty = 25°C; Unless otherwise specified

g Tested Design Units
Parameter Conditions TYP | Limit(Note3) | UmiiNoted) | (Limis)
Supply Cument Ve = 5V; Outputs at Logic 1 5.2 10 mAmax
Ve = 12V; Outputs 8t Logic 1 55 12 mAmax
DC input Vohage © Pin2 ’ {5 13 Vmin
7 1.8 Vmax
Input Threshold Voltage Note 5 20 §5 mVmin
85 mVmax
Input Discharge Current Pin2,Viy=2V n 6 pAmin
d 16 phmax
input Clamp Charge Current Pin2; Vpy = 1V 08 0.2 mAmin
Rget PinReference Voltage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical four = 40 pA; Logic 1 ¥ 45 40 Vmin
Ouputs louy = 1.6 mA; Lopic 1 36 24 Vemin
Burst Gate & Odd/Even lout = 40 pA;logic1 .
4. 4
tputs 5 0 Vmin
Composite Sync. Output loyt = — 1.6 mA; Logic 0, Pin 1 0.2 0.8 Vmax
Vertics! Sync. Output lour = — 1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Oufpit lout = — 1.6 mA; Logic 0; Pin 5 0.2 ‘08 Vmax
0dd/Even Output four = —1.6 mA; Logic O; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 180 psmin
” 300 pemax
Burst Gate Width 2.7 kN from PinS 1o Vo 4 2.5. psmin
47 psmBx
Vertical Defaull Time Note 7 32 psmin
65
90 psmax

Note t: For tion in smbrent §
resistance of 110" C/W, junclion tc ambierd,

above 25°C, the Sevice musst bt derated besed o0 8 150°C maximum: junchon temperatwre and & pachepe thermal

Note 2 ESD sutceplibity tes! uses the “human body mode!, 10C p¥ discharped throuph 8 1.5 kN resistor”,

NMote 3: Thess parameters are guarantesd anc 100% produchon tesied

Note &: Dessg~ Limits ave puarsnteed but not 100% praduction tested. These limits o7 not used to calculate oulpoing Guelty levels, .

Note §: Relative difference between the inpunt clamd volape ant the micimun input voliape which produces 8 horizonts’ outpd: putse.

Note &: C-n-»(.f attention should be made 10 preven: parssitic capatitance coupling from eny oulput pin (Pins 1, 3, §, anc 7) 10 tre Rgpy pin (Pin 6).
Hote 7: Deley trne botwesn the starl of verical sync (st inpu) &C the vertica! outpu! pulse.

-
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LM1881

Typical Performance Characteristics
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Application Notes

The LM188Bt is designed to strip the synchronization ¢ignals
from composite video sources that are in, or similar to, the
N.T.5.C. format Input sipnats with positive polarity video (in-
creasing signal voltage signifies increasing scene bright.
ness) from 0.5V (p-p) 1o 2V {p-p) can-be sccommodated.
The LM 1881 operstes from a single supply voltage between
5V DC and 12V DC. The only required external components
beside. power supply and set current decoupling are the in-
put coupling capatitor and a single resistor that sets intemal
current levels, sliowing the LM1881 to be edjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals sre svailable from the
17C: composite sync including both horizonts! and vertical
scan timing information; a vertical sync pulse; a burst gate
of back porch clamp pulse; and an odd/even output, The
odd/even output leve! identiies which video field of an inter-
laced video source is present at the inpul. The outputs from
the LM1B81 can be used to genlock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signels, and provide timing references for the
exiraction of coded or uncoded data on specific video scan
Jines. .

To betler understand the LM 1881 timing informaton and
the type of signals that are used, reler to Figure 2(s~6)
which shows 8 portion of the compoesite video signal from
the end of one field through the beginning of the next fisld.

COMPOSITE SYNC OUTPUT

The compasite sync outpul. Figure 2(b), is simply & repro-
duction of the signal wavelorm below the composite video
blach leve), with the video completely removed. This is ob-
tsined by clamping the video signal sync tips to 1.5V DC at

Pin 2 and using e comparator threshold set just above this ¢

vollage 1o stip the sync signal, which is then butiersd out to

Pin 1. The tweshold separation from the clamped synz tipis .
nominally 70 mV which maans that for the minimum input °

level of 0.5V (p-p), the clipping level is close to the hatltway
point on the sync pulse amplitude (shown by the dashed
line on Fgre 2(s}). This threshold separation is indepan-
dent of the signal amplitude..therelore, for & 2V {p-p) input
the clipping fevel occurs 81 11% of the sync pulse ampli-
tude. The cherging current for the input coupling capacitor is

0.8 mA, wheraas the discharge current is only 11 pA, typi- -

cally. This &llows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signal source for the LM 1881 is assumad to be
clean and refatively noise-tree, but some sourées may have
excessive video peaking, causing high frequency video and
chroma conponents to exiend balow the black leve! refer-
ence. Some vidso discs keep the chroma burst pulse pres-
en! throughaut the verlical blanking period so that the burst
actually eppears on the sync tips for threé line periods in-
stead of et blazk level. A cisan composite sync signal can
be generated trom these sources by filtering the input sig-
nal. When The sowce impsdance is low, typically 750, &
62011 resistoc in sesies with the source and 8 510 pF capaci-
tor to ground will form & low pass filier with a comer fre-
quency of 500 kHz This bandwicth is more than sutficient to
paés the sync pulse poriion o! the waveform; however, any

subcarrier cotent i the signa! will be attenusted by almost

18 UB, efectively taking i below the comparator threshold.
Filiering will also help il the source is contaminaled with
thermal notse. The output waveforms will become delayed

from between 40 ns to s much as 200 ns due 1o this filter.
This much delay will not usuzlly be significant but it does
contribute to the sync delsy produced by eny additional sig-
nal processing. Since the original video may slso undergo
processing, the need lor time delay correction will depend
on the 1otal sysiem, not just the sync stripper.

VERTICAL SYNC OUTPUT

A verlical sync output is detived by internally in!egra!ir;g the
composile sync waveform (Figure 3). Horizontal sync pulses
are not able to charge the integrating capacilor sutficiently
because of their short duty cycle, but when the vertical re-

_trace interval & reached, the broad serrated pulse charges
the capacitor past 8 fixed threshold. Once the threshold is
reached, the next serration in the sync wavelorm triggers an
R-S fiipfiop and starts the vertical output pulse at Pin 3.
Simultaneously an interna! oscillator begins clocking 8
counler. When 8 count of eight is reached the verlical oul-
put pulse is terminaled anc the circuit resets. Both the time
tequired 1o reach the integ-ator threshold and the period of
the oscillator are programmsd by an external resisior st Pin
6. For an N.T.S.C. signal with 32 us between semations, 8
680 k1 resistor will ensure the vertical output pulse will start
coincident with the leading edge of the firs! vertica! serration
{Fgure 2c). i the resistor value pets 1oo small it becomes
possidle for the oscillator circuit 1o time oul before the input
vertical sync period hes ended. When this is the case, the
sequence will repeal and & double vertical oulpu! pulse will
appear. Therefore, the resistor value for & given horizontal
scan rale is chosen small enough to trigger the vertical on-
pul pulse on the first serration ye! not so small as to give a
double pulse, rathe: than s'templing 1o choose e value that
gives & specific output pulse width. Il the incoming vertical
sync is not serrated, the integrating capacitor is ellowed to
charge 1o 8 second threshold which automatically initiates
the vertical output pulse sequence. In this instance, the start
of the vertical pulse as well gs the pulse period will be de-
pendent on the resistor value.

ODD/EVEN FIELD PULSE

An unusual feature of LM 1881 is en output leve! from Pin 7
that identifies the video field present at the input 1o the
LM1881. This can be usefu! in frame memory slorage appli-
calions or in extracting tes! signels that occur only in alier-
nate fields. For a composiie video sipna! that Is inlerlaced,
one of the two fields that make up each video f:ame or
piciure mus! heve e half horizonial scan line period at the
end of the vertical scan—i.e., at the bottom of the piciure,
This is called the “odd field” or “field 1*. The “even field”
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starls on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalzing pulse of the vertizal re-
trace interval. Froure 2(g) shows the end of the even field
and the start of the odd field.
To detect the ode/even fields the LN.1B81 apain infegrztes
the composite sync waveform (Figure 3). A capaczilor is
charged during the period betweer sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the
capacilor vollage to reach & threshold level of 8 comparstor
- that clears & flipflop which is also being clocked by the sync
waveform. When the verticzl interval is reached, the shorter
intepration time between equaiizing pulses prevents this

T
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Application Notes (continued)
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Application Notes (cotinueq)

threshold from being reached and the Q output of the flip-
fiop is topgled with each equalizing pulse. Since the half line
period 8! the end of the odd field will have the same etiect
25 an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output putse, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In 3 composite video signal, the chvoma burs! is focated on

the backporch of the horizontal blanking period. This period,
spproximately 4.8 p:s long, is also the black level reference

for the subsequent video scan fine. The LM1881 generates -

& pulse at Pin 5 that can be used either 1o retrieve the chro-
ma burst from the compasite video signal (thus providing a
subcamier synchronizing signal) or &s a clamp for the DC
restoration of the vides wavelorm. This output is obtained
sinply by charging en inlemnal capacitor starting on the trail-
ing edge of the ho-izontal sync pulses. Simultaneously the
ouvtpul of Pin & is pulled low and held until the capacitor
charge circuil times out—4 ps lates. A shorter outpu! burst
gate pulse can be derived by ditferentiating the burs! outpul
using 8 series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normat {60120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting 8 composite sync signa! free of video
information, the LM 1881 outputs atiow a number of interes!-
ing appfications o be developed. As mentioned above, the
burst gate/backporch clamp'pulse sllows DC restoration of
the original videc wavelorm for gisplay ot remodulation on
an R.F. camiar, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory slorage epplications, the odd/even field lev-
el aliows identification of the appropriale field ensuring the
correc! read of write sequence. The vertical pulse outpul is
particularly uselul since # begins 8! & precise time—the ris-
ing edge of the firs{ verlice! serration in the sync wavelorm.
This means that individual lines within the vertica! blanking
period (ot anywhere in the aclive scan line period) can easi-
ty be extracled by, counting the required number of tran-
siions in the composite sync wavelonm foliowing the starl of
the verlical output pulse.

The verlical blanking interval is proving popular Bs & means
1o transmit data which will not appear on 2 nprmal T.V. re-
ceiver screen. Dzta can be inseried beginning with line 10
(the firsi horzonta! scan line on which the color burst ap-
pears) through to line 21. Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserling sig-
nals, which may be diflerent from field to field. In the U.S,,
kne 19 is normally reserved for a vertical interval reference

-

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining fines are used in a
number of ways. Lines 17 and 1B are fiequently used during
studio processing 10 8dd end delete vertical interval test
signals (VITS) while fines 14 through 18 end line 20 can be

“used for Videolex/Telelext data. Several institutions are

proposifig to transmit.financia! data on fine 17 and cable
systems use the available fines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertica! output pulse from the LM 1881 coincides
with the leading edge of the frst vertical semration, sixteen
positive or negative transitions later will be the start of fine
14 in either field. A! this point simple counters can be used
10 select the desired fine(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts oul a single video line according
1o the binary coded information epplied 1o fine select bits
b0-b7. A line is selected by sdding two to the desired line
number, converting to & binary equivalent and epplying the
resull 1o the Dne select inputs. The falling edge of the
LM1BB1's vertical pulse is used o foad the appropriate
number into the counters (MM74C123N) and 10 set a starl
count 1aich using two NAND gates. Composite sync tran-
sitions sre counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to tum on
the analog switch (CD4066BC) during the desired line. The
{alling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circull, &s shown, will provide & single fine output for
each field in en inlerdaced video sysiem (lelevision) or a
single line output in sach frame for 8 non-interlaced video
syslem (computer monitor). When a particutar fine in only

.one field of an inlerlaced video signa! is desited, the odd/

.even field index oulput must be used inslead of the vertical
‘output pulse (invert the field index outlput to select the odd
field). A sinple counler is needad for selecting fines 3 1o 14;
two counlers are needed for selecting lines 15 to 253; and
1hree counters will work fo! up 10 2046 lines. An output buff-
er is required fo drive low impedance loads.

WMULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The cireuil in Figure 5 will gelect 8 number of adjoining fines
starling with 1 ¢ line selectec as in the previous example.
Additiona! couw ‘ers can be sdded es described previously
for either higher atarling line numbers or anvinzreased num-
ber of contiguous output lines. The beck pbrch pulse output
of the LM18B1 is used 1o gate the video input’'s black level
through & tow pass filter (10 k2, 10 p¥F) providing black level
restoration i the video outpt when the output selected
Jine{s) is no! being gzted through.
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LM160/LM260/LNM360 High Speed Differential

Comparator

General Description

The LM160/LIM260/LM360 is & very high speed ditierential
nput, complementary TTL output voltage comparalor with
Frproved characteristics over the pA760/pA760C, for
whichitis e pin-for-pin replacement. The device has been
oplimized for greater speed, input impedance and fan-out,
a~d Jower input ofiset voliage. Typically delay varies only

2 ns fofr overdrive variations of 5 mV to 400 mV. 4

Complementary oulputs having minimum skew sre provid-
ed. Applications involve high speed enalog to digital conver-
tors end zero-crossing deteclors in disk file systems.

Features -

& Guaranteed high spesd 20 ns max
® Tight delay matching on both outputs

® Complementary TTL outputs

& High input impedance

& Low speed variation with overdrive variation

¥ Fanoutof 4 '

% Low input offset voltape

® Series 74 TTL compatdle

Connection Diagrams

Metal Can Packege

107 vitw )
TLIR/ETOTd
Order Number LM 160H, L1260 or LM360H

See NS Packege Number HOBC

Duelkin-Peckage

14 L 14 v outer) § DUtewI?  Eap ut

1 J ) 'll

Dusl-In-Line Packape
v eu11 outy  emo

' 7 ' JI
ll 2 ) ]
ot my o om v-

100 vitw

TL/HIST0T-8
Order Number LM3E0M or LM350N
See NS Package Number MOSA or NOBE

N

O

L1%} L} L4 meeTr Uty v L3

10 vitw

Order Number LM160J-14, LM360J-14 or LM360N-14
See NS Package Number J14A or N14A

TL/MIETOT-8
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_Absolute Mailmumeatiln.gs (Note 5)

B flitzry/Aerospace specified devices are requiréd,

Operating Temperatura Renge

LM160/LM260/LM360

ceatact the Neational Semiconductor Sales Office/ LM160 —55"Cts +125°C
Distributors for evallablilty and apscifications. LM260 -25'Cto 4 85°C
e 7) LM360 0*Co +70°C
Postive éupply Voltage +8YV Storage Tempersture Range ~E5°Cto +150°C
Negative Supply Voltage -8V Lead Temperature (Soldéring, 10 sez.) 260°C
Fuak Output Current 20 mA Soldering information
. Dual-In-Line Package
bed
Diiarential input Voltage R 25v Soldering (10 seconds) 260°C
gzt Vottege Vi2Vn2V Smalf Outline Package
E5D rating is to be determined. Vapor Phase (62 seconds) 215'C
Infrered (15 seconds)~ 220°C
Sea AN-450 “Surface Mounting l\ie!hods end Their Eflect
on Product Reliability” for other methods of soldering sur-
] - tace mount devices.

Blectrical Characferistics (fuw < T4 < Ty

Parsmeter Conditlons Min Typ Max Units
Operating Conditions '
Scpply Voltage Vet ( 45 5 65 Y
Supply Voltage Voo™ -45 -5 -6.5 v
kgt Otiset Voltage Rg < 200 2 5 mv
Rl
gxt Otiset Current 0.5 3 pA
kst Bias Current Al 5 20 pA
Ot Resistance (Either Output) Vour = Vou 100 n
Response Time Ta = 25°C; Vg = 15V (Notes 1, 6) 13 | 25 ns
\ Ta = 25°C,Vg = 15V (Notes 2, 6) 12 20 ns
3 Ta = 25°C, Vg = 25V (Notes 3, 6) 14 ns
Response Time Ditierence between Outputs s s { A
€0 0f +Ving) — (g Of = Vino) Ta = 25°C (Notes 1,6) 2 ns
rw of + leZ) - (lpa of =Vin 1) TA = 25°C (NQ‘ES 1.6) 2 ns
g Of 4 Vipg1) — (to3 01 +Vi2) Ta = 25°C (Notes 1.6) 3 2 ns
B Of ~Vina) = (tpg ©f —Vinp) Ta = 25°C (Notes 1, 6) 2 ns
g Resistance* {=1MHz 17 kN
Jogut Capacilance | f=1MHz i 3 oF ,
Aazage Temporciure Coefficiont of Rg = 50N 8 pVrC
hgxt Ofisel Voltage )
Awerape Temperature Coefficient of .
gt Otiset Current 4 nArC
Co=mon Mode Input Voltage Range Vg = 165V 14 245 \
Diserentia! Input Voltage Range x5 v
Output High Voltage (Either Output) . | lour = —320 pA Vg = 245V 24 3 7
Owput Low Vollage (Either Output) loink = 6.4 mA 025 | 04 v
Positive Supply Current Vg = 6.5V 18 32 mA
Nergative Supply Current Vg = 26.5V -9 -16 mA

S 3: Response tme measured from the 50% point of & 30 mVp-p 10 MHy sinusoids” input Ic the 50% point of the output.
Noiw 2: Response ime measwed from the 5% poinl of & £ Vp-p 10 MHz sinusoidal input tc the 50% poinl o! the oslpa
et 3: Response time measwred from the 5w of 8 100 MV et slep with § mV overdrive 1o the tme whaen the output crosses the logic Eveshold

e 4: Typical thermat impedances are ss lofiows:
Cavity DIP (J): o 135°CrwW
Moided DIP (N): L7 13rew

, .
St §: The device may ba damaged H Jsed beyond the meximum ratings.

Hender (H) [N

Shate §: Mossurements are matds in AC Test Cirou?, Fanout = 1
et 7: Retor 1o H?TS 160X for LM160H, LV 163-14 snd LMI63 miltary specifications.

L

230c/w
IPTCIW

51w
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TypicalPerformance Characteristics t
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LM160/LM260/1.M360

Schematic Diagram
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