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ABSTRACT
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Zﬂn a.a 1/0 Port Timing

=144

Symbol [Max.| Min,
3] - |209.5
12 - 11245
13 - 71.8
14 15 -
15 15 -
16 128 | 16
17 - 91.5
18 351 10
19 - 42
110 35| 10
111 - 10
112 — | 551.5
113 - | 668

* All times are in nanoseconds

Symbol |Max.| Min.
1 - | 209.5
12 ~ |124.5
13 - 71.8
14 15 -
15 15 =
16 128 | 16
17 - 91.5
18 3s| 10
19 122] 14
110 - 10
m 35| 10
112 112 -
13 - | 506.5

« All 1imes are in nanoseconds
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318a%L20A789TUTUN NGBS PhaseDetect

locals ee

-TEXT  segment byte public ’CODE’

_TEXT ends

- _DATA  segment word public ’DATA’

_DATA ends

assume ¢s:_TEXT,ds:_DATA

-TEXT  segment byte public ’CODE’

LookUpTable proc near
nov bl,cl
BOV ch,[_StateIndexdbx] N
shl ph,]
shl ch, 1
nov al,[_Sig]
oV ah,{_Conp]
shr ax,cl
and ax,0101h
shl al,1 vt

or al, ah




T e &J__ﬂpﬁ*‘ —fw _v" ‘:'—“
or ch,al
ROV bl,ch
nov al,[StateTran+bx]
_ nov___ bl,cl
nov [_State+bx],al
nov bl,al
mov ch, [RowOf Statethx]
nov bl,cl
nov f_StateIndexibxl,ch
mov ~ bl,ch
mov al,[QSigArray4ibx]
mov ah,[QCompArray+bxj
shl ax,cl
nov dx, ax
mov bl,cl
nov al,[MaskBit+bx]
not al
mov “ah,al
and a},[_QSig]
and ah,[_QComp]
or ax,dx
mov [.QSigl,al
mnov [_QCompl, ah
ret
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LookUpTable endp
PhaseDetect proc far
-~ \ Xor cl,cl
Xor bh, bh
eel:
call LookUpTable
_ inc el
cnp cl,8
jnz _ eel
ret
PhaseDetect endp
-TEXT ends

1
13
1

_DATA  segment word public ’DATA?

StateTran label byte
db 6, 1, 3, 2
db ?, 1, 7, 2
db 4, 5, 7, 6
db 8, 5,11, 6
db 4, 1,11, 6
db 0, 1, 7, 6
db 8, 9,11,10
db 4, 5,11,10

RowOfStatelabelbyte
db 0,1,1,0,2,3,4,5,6,6,7,7

QSigArray label byte

db , 1,1,0,0,0,0,0,0
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QCompArray label byte

db 0,0,0,0,0,0,1,1 :
MaskBit label byte

~ db 01h,02h, 04h, 08h, 10h, 20h, 40h, 80h

_State label byte s with rank of 0 .. 11

db B8 dup (7 J
_StatelIndex label byte 5 with rank of 0 .. 7

- db 8 dup (7)

-DATA ends

extrn _Sig:byte

extrn _Comp:byte
extrn _QSig:bylte
extrn _QComp:byte

public PhaseDetect

end
f va <
nTlaguuyIsnTgn1ININaaIN
. o (dw [V v - o . g .4 v <
NIINI9BA I LUFR LNALARBTANANINMA 2TRUNARTIRNATAYNA 1L N3 ERa AR
4 - v a [y 4, v
1BUTIINDD SN, (MIBTIVTIR) nﬁunuﬁmmﬂmaaﬁﬂﬁﬁinuﬂan X_ Raumntazannis
- v 4 v g v < < “weAw ﬁ "y : 2
Jutrmistuneaase X oanasolRousdasdygieann "ot e "1t udasandu

4 . LY -« .J A )
TDUBNTWALAEAITRADBY NOT(X__ ) AND X_ iilus¥s idaunu X Aasumazingos

-1

N < 2 ol v o
_Sig uar _Comp NI=HINITAMIBAUDIDIRDBIRYY NN TH IINBANNITIOIN1TATIR
- 44 a Lo v o« X Y { o ' '
FULHANUURLND L NANDBUD T UBNT A DURUN TULN nmmﬁmtaﬁnqnﬂaéammﬁmuu ?znﬁag?uﬂjﬁ

- =4 oy ~ < o < v 4 ¢ o
RLLAADAUDIITUDEIANI YNNI u7601?§1ﬁananﬁenueIﬂaﬂnLuaﬁmmmeaﬁnqnauuin
. ' [ I v o 2o .
zﬁu " axneauaunaﬁﬁmmﬂmlaﬁnqnanaunﬁoLﬁu "y uiaununqg PUEARNIINTEND
L

17

S o W L vl 1 L v t ofes .I-I r nl - “o .
NSRDINHINITAARYTARTI2RA m'nﬁauﬁmm'lmmLﬁ']'a'mau‘hmuwmnﬂnaumnumm

. » / - = D "o g g ¢ < "an oS U o U
YTW‘llﬂﬁ‘fumﬁmlD'lmgmm‘wmu 23 1 Lla?&qqﬂqlaqn‘fﬂlﬂu 1 WiaﬂﬂuﬂQQ'Q&H\,ﬂ']



o e AT e

-

¢l [ LT a H { ve
ﬁmmwmxawnqn?ﬁxﬂu "0" fie n3a3z L aul duiunaunteARa HRTIHE 90

32

Q ,, = 9.,, OR (NOT(Sig__,) AND Sig)
Sig__, := Sig_ >
Q.. = Q. OR (NOT(Comp._,)} AND Comp) -

v

Comp,__, = Comp,
Reset := NOT (Q,___ AND Q_,)

Q t= AND Reset  — -~ somemmo - o -

iy s i

Q := AND Reset

comp comp

vad Hay aa .5 4 v v v v o a
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_TEXT segment byte public *CODE’

_TEXT ends

_DATA  segment word public *DATA’

_DATAends
assume _CS:_TEXT,DS:_DATA

"PosEdge macro Signal,Signaln1,QSignal,Dest

mov ah,[Signalni]

not, ah B

nov a],[Signal]‘

nov {Signalnil,al

and al,ah 3 AL = 1 if Raising.edée found

nov ah,[QSignall ; set output logic
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or
LOV
endm
Valve nacro
LoV
and
.'
DoV
endm
_TEXT segnent
PhaseDetect
rQSig
rQConp
! PosEdge
PosEdge
ROV
and
not -~
Valve
Valve
ret
IhaseDetect,
_TEXT ends
_DATA segment

al,ah

. Dest,al

Gate,source
al,hl
al,source

fGatel,al

byte public *CODE’

proc near
equ cl
equ ch

_Sig,_Sign1,_QSig,rQqSig
-Conp, _Compnl,_QComp, rQComp
b],rQSig.

b1, rQComp

bl

-QSig,rQSig

_QComp, rQConp

endp

word public ’DATA’




_Comrpni label byte

db 7

_DaATa ends

extrn _QSig:byte
extrn _QCorp:byte
extrn _Sig:byle

extrn _Comp:hyte
public PhaseDetect
extrn ~Signi:byte

end
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‘locals ee
_TEXT segment byte public ’CODE’ - -

_TEXT ends

_DATA  segment word public 'DATA’

_DATA ends

Lisbon struc

¥aitCount dw 7

Period dw 7 )
MaskBil db 7

Next ' db 7 .-
Active db 7

Filler db ?

Lisbon ends T
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-TEXT

NewTimer

——— S s e e . 4w .

¢s:_TEXT,ds:_DATA
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segment byte public ’CODE’

nov

xXor

nov

LoV

nov

eevhilel:

| 6€1:

eez:

shl
Bov
or

jz

Sdo
cnp

Jja

cmp
inb

nov

BOV

proc rear
dx, OFFFFh
ch,ch

bh, ch

bl,[ListHeaderl

cl,3

bl,cl
ax,Lisbon ptr [Scheduleibx]l.¥aitCount
ax,ax )

short @eExitWhilel

ax,iLastCount]
ax,mincount

eel N

ax,Lisbon ptr [Scheduleibx]l.Period

ch,Lishon ptr [Scheduleibxl.MaskBit; Positive tLrig
ax,dx
aez

dx, ax

word ptr [Schedule+bhxl.¥WaitCount,ax *
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DOV bl,Lisbon ptr [Schedule+bxl.Next
iﬁ;——“m‘;éwhi]el
€@Exitwhile1: - e
5@6&3: ' )
| mov ax,mincount
| nov [LastCountl,ax o e e
out 40h,al
nov al,ah
out 40h,al
nov {_Sigl,ch
call PhaseDetect:
Xor al,al
- |
nov [_Signil,al 3
ret
NewTimer endp
-TEXT  ends ‘

_DATA segment, word public DATA?

_DATA ends

L

extrn PhaseDeteclinear
extrn _Sig:byte

extrn ~Signi:hyte
extrn  Schedule:Lisbon

. extrn ListHeader:byte
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extrn LastCount:word

extrn  wmincount:word
extrn  maxcount:word

public NewTimer

end

i V)
v. TUsunTnasafgreending

uses Dos,Crt;
type

PSchedule “TScheaule;

TSchedule record

WaitCount : word; 1
Period : word;

MaskBit : byte;

Next : byte;

Active : byte;

Filler : byte; A

end;

const

ListHeader : byte = B;

Schedule : array [0..831 of TSchedule = ¢
(WaitCounL:O;Period:O;HaskBit:sOl;JexL:B;Active:O;Filler:O),
(WaitCount:O;Period:O;MaskBit:802;Next:B;Active:O;Fil]er:O),
(WaitCount:0;Period:0;MaskBit:$04;Next:8;Active:0yFiller:0),

(WaitCount:O;Period:O;HaskBit=808;Next:B;Active:O;Fi]]er:O), '



(WaitCount:O;Period:D;MaskBit:SlO;Next:B;A

(Wifidaﬁntto;Period:é?ﬁaskBit:sz

ctive:0;Filler:0),

44

O;Next:B;Active:O;Fi]ler:O),\

(WaitCount:O;Period:O;MaskBit:840;Mext:8;AcLiye:0;Filler:O),

(WaitCounL:O;Period:O;Has

(WaiLCount:O;Period:O;

)3
-Sig : byte = 0;
~-Signl : hyte = 0;

_Comp : byte = 0

e

-QComp : byte = 0;
-QSig : byte = 03
LastCount : word =
HinCount : wvord =

MaxCount : word

var

SaveExitProc : poi

FinishRestore : has

procedure PhaseDetect; near; external;

{8L DFLIP.OBJ}

procedure NewTimer; near; external;

{¢L CLOCK.OBJ}

$FFFF;
$1000;

$FFFF;

nter:

nlegns

procedure AdjustMaxCount;

var
ix : byte;
ninperiod : word;

begin

kBiL:SBO;Next:B;Actfve:O;Fi]]er:O),

MaskBit:ﬁOO;Next:B;AcLive:O;Fi]]er:O)



pinperiod := $FFFF;
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ix := ListHeader;
while ix ¢> 8 do

begin

if minperiod > Schedulelixl.period then

ninperiod :=
ix := Schedulelix].next;

end;

Schedulelfix].period;

minperiod := minperiod div 23

if pminperiod ¢ mincount then minperiod :z= mincount;

maxcount 2= minperiod;

end;

procedure AddToSchedule(Pos

var

SchPosP : PSchedule;

begin

SchPosP := @SchedulelPos];

if SchrosP”.active =

bhegin
SchPosP”.active := 13
SchlosP”.next :=
List.Header :=

Fos;

end;

inline(gFA {CLI});

SchPosP”.period := Period;

0 Lhen

byte;Period : word);

List.Headers;

P e R



SchPosP”.waitcount := LastCount;

inline(s;ﬁ {8TI)); .

AdjustMaxCount;

end;

procedure DelFromSchedule(Pos : byte);
var
SchPosP : PSchedule;
nextix : “hyte;
ix : byte;
begin
SchedulelPosl.active := 0;
if ListHeader = Pos then
gegin
ListHeader := Schedulel[Pos].next
end else begin
ix := ListHeader;
repeatl
nextix := eSchedulefixJ.next;

if nextix™ = pos then nextix" := SchedulelPos].next;
iX == nextix";
until] ix = 83

end; B

AdjustMaxCount ;

end; ‘



cadaly
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function Bit(bitno : byte;j: integer)

var
f : word;
begin

f := 1 SHL bitno;

Bit := j AND f;

end;

var

SaveInt08 : pointer;

procedure SysTimer; interrupt;
begin
_Comp := Port[$02003;
NewTimer;
Port,[$0300] := _QSig;

Port[$03011 := _QComp;

Porl[$20] := ¢20;

end;

procedure RestoreSpeed; interrupt;

begin
FinishRestore := TRUE;
Port[840]1 := SFF;

Port[840] := $FF;

/3



Port[$20] := $20;

end;

procedure WaitMotor;
var

MotorState : byte absolute $0040:$0023F;~~- - -
begin

repeal until (MotorState AND $OF) = D;

ends;

{8F+)
procedure RestoreClockExit;
begin

ExilProc := SaveExitProc;

FinishRestore := FALSE;

SetIntVec($08,6RestoreSpeed);

repeat, until FinishRestore;

Set.IntVec (808, SavelInt.08);
end;

{$F-)

var
code : integers;
newfreq : string;
freq,period : word:;

X,¥ : byte;




begin
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if—parancoont ¢ 1 tienm halts

val(ParamStr(1),MinCount, Code);

if Code ¢» 0 then halt;

¥aitMotor;

GetIntVec(808,SavelInt08);
SaveExitProc == ExitProc;
ExitProc := @RestoreClockExit;

SetIntVec(808,65ysTimer);

repeat
write(’Index : 73
- readIn{NewFreq);
Val (NewFreq,freq,code);
if (code = 0) AND (freq > 0) then
~ begin
period := trunc(13192000.0 / ﬂyeq);
if period > mincount then
begin
writeln(’New period : ’,period);
AddToSchedule(0,period);
end;
end;

unt il FALSE;

end.
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Lype - - e
Bilnput = array [FALSE..TRUE,FALSE..TRUE] of byte;

SigCurve = object

tilen : byte; - e

hilevel,midlevel,lolevel : string;
oldlevel : boolean;
constructor init(level : booleansch : str&ng);
procedure instate(inlevel : boolean); virtual;
function getstale : boolean;
procedure print; virtual; \

end;

const

I

DownCon : Bilnput (($85,883), (882,$20));

UpCon : Bilnput = ((£20,%$80),(881,885));

DownInd : array [FALSE..TRUE] of char (#885,432);
UpInd : array [FALSE..TRUE] of char = (#32,4$85);

TXXXL XXX XXX XXX XXX XXX X!

InputR : strihg

1

InputV : string POXXXX. L L XXXXL L U XXXX. L. 7.

-Compnl : byte = 03
_QConp : byte = 03

_QSig : byte = 0;



var
rov,state : byte;

i z integers . _

R,V,U,D : SigCurve;

procedure PhaseDetect; near; external;
{$L DFLIP.OBJ)

{!8L SGRAM.OBJ)

function space(n : bytel):strings;
var

s ¢ string;
Begin

fillchar(sC13,n,’ *);

sf0] := char(n); v

space := S;

end;

constructor SigCurve.Init(level : booleansch :
begin
bilevel := space(length(ch))4UpInd C[levell;
Yolevel := space(length(ch))4iDownIndllevells
pidlevel := ch+’ 73
tilen := length(ch)s

oldlevel := levels;

ends

string);



procedure SigCurve.instate(inlevel : boolean);
begin

hilevel := hilevel + char(UpCon T[oldlevel,inlevell)

+ UpInd T[inlevell + UpInd C[inlevells
lJolevel := lolevel + char{DownGonfoldlevel,inlevell)
+ DownIndCinlevell + DownIndCinlevell;

if oldlevel ¢ inlevel then midlevel := midlevel + #132° °

‘else midlevel := midlevel + * 3
oldlevel := inlevel;

end;

function SigCurve.getstate : boolean;

begin ‘
getstate := oldlevels;

end; - :

procedure SigCurve.print;
var

slo : string;

function cuthead(s : string;l : byte) : string;
var
hcul : bytes
hegin
if ]?ngth(s) > 1 then
bhegin
becut := length(s) - 1;
Delete(s,tilen+1,bcut);

ends;



cuthead := s;

end;

begin
writeln(cuthead(hilevel,70));
writeln(cuthead(midlevel,70));
slo := cuthead(lolevel,70);
if sloftilen+1l = 7 * then sloftilen+1] == #1332; T

writeln(slo};

end;

begin

R.init (InpulRL11="X",7Sig ™3

V.init (InpulVL13="X", Comp :’);

iz:=13

U.init(_QSig=1,’aSig )3

D.init(_QComp=1,'QConp )3

vhile InputRCil <> ?!? do

begin
R.instate(InputR[il="X");
V.instate(lpputV[i]=’X’);
_Sig = Ord(R.getstate);
_Comp := Ord(V.getstate);
PhaseDelects;
U.instate((_QSig AND 1) = 1);
D.instate((_QComp AND 1) = 1)3;
inc(i);

end;



R.print;
V.print;

writeln;

U.print;
D.print;
writelns;

end.
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CMOS PHASE-LOGCKED LOOPS

FEATURES

¢ Very low power consumPlion 70w (typ} *
@ fo = 10kHz, 5Vdc
* Operating fraquency ranpe (no offset) —
Up to 3MHz (1yp) @ lOch {SCL40468)
Up 10 4MHz {1yp) @ 10Vdc {SCL444GB)
Low frequency drift — 0'04%/°C {typ) @ 10vdc
Choice of two phase conl.paraton:
1. Exclusive-OR network
2, E;dns-conlrolled m¢mory network with
Phase-pulse output!for lock indicat;
¢ VCO Inhibit controt for DN-OFF k‘:dylf:;.::d
ultra-low standby power Fonsumpxion
® High vco linvarity 1% (cyp)
¢ Source-follower output of VCO control input
*
¢

*e

{Demodulator Qutput) ?
Zenbr Diode 1o assist Supply Regulation
Baluncod Qutput Drive Cirrant Specifications

APPLICATIONS

FM deniodulator and moJ.ulalor
Frequency syniiesis and multiplication
Froquuncy discriminator
Data synchromization v
Volugo-to-lrequuncy conyersion
Tone decoding
FSK-Modems
Sigpal conditioning

LA X X X X % I

DESCRIPTION

The SCLAV4GB unu SCL4446B phase-locked
foops contain two phase co nparators, a voltage-
controticd oscitiator (VCO), source followe: and
'zener diode. The compyrators huve two con‘\mon
inputs. The Signal input cin be used dwectly
coupled 10 large voltage s gnals, or indirectly
c'oupleu {with a series capacitor) to smalt voltage
s!gnals. The self-bias circuit udjusts smail voltage
signals in the linear region of, the amplifier. Phase
ct'.)rf\paramr I {an exclusive-OR gatel provides o
digital error signai FCIg,,, and!maintains 90° phase
shift at the center requency !between Signal and
Comparator inputs {both at 50% duty cycle). Phase
chparulor IT (with leaging edge sensing logic) pro-
vides digital error signals PCOgy and Phase Pulses
upd maintains a 0° phase shift between inpu;
$ignals {duty cycie is irnmaterial). The linear VCO
produces an output signal VCO, ut whose frequency
is determined by the voltage { input VCO;j, and
the capacitor and resistors connected to pins C1 5
Clg, R1, und R2. The sourde follower Oulpul'
Demod Qut, with an external resistor is used wheu;
the VCO,;, signal is needed bul no loading can be
tolerated. The inhibit input Inh lwhen high, disables
the VCO and source tollower 1p minimize standby
powe{ consumption. The 2ened diode can be used
10 assist in power supply regulation,

CONNECTION DIAGRAM

(alt packages)

ZENER DEMOD OuT
SI1G PC
Voo IIN Ol‘Jq R2 R1 VI%O
.| |
16 15 14 13 12 11 100 9
SCL4046B  SCL44468
1l 2 31 4 5 § 7 ¢
; Fi:I vc]:o u~]m Yo d
1S5 | gl g ves
\ PHASE comp
PULSES IN '

Add sutfix for Pachage:
C 16-pin Cerdip

D 16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability :

DC Supply Voltage Vpp-Vss 3 lt; 15 Vd

Operating Tumperature Ta .
C. D, F, H Device 6510 +125 oC
E Device 4010 +85 oC

BLOCK DIAGRAM

LT

IPrASE PuLSEy

O »

O MODW ATOR
[~ vt

Prast Comp ] oyt

Frast COMP T OuT

(=,

148

SCLAD4EB, SCLA446] ¢

VCO SECTION !

The VCO requires one external capacitor (C1)
and one to two external resistors {R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of the' VCO and resistor R2 en-
ables the VCO to have & trequency ofisetr if re-
quired. The high input impedance {10'2€2) of the
VCO simplifies the design ot low-pass filters by
permitting the designer a wide choice of resistor-io-
capacitor ratios. In order not to load the low-pass
fiiter, a source-foliower output of the VCO input
voltage is pro‘vided at terminal 10 (DEMODULA-

TOR OUTPUTI}. f this terminal is used, a load
resistor {Rg) of 50k$2 or more should be connected
from this terminal to Vgg. I unused, this terminal
should be lcit open. The VCO can be connected
directly or through Yrequency dividers 1o the coma
parator wnput of the phase comparstors. A full
CMOS loyic swing is availeble st the output of the
VCO. A logic O on the INHIBIT input “enables®
the VCO and the source follower, while a logic 1
“turas off” both to minimize stand-by power

coasumption,
L

-

PHASE COMPARATORS

Th'e phase-comparaior signal input (terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels | logic “0"< 30% (Vpp .
Vgsl, togic “17 2 70% (Vpp-Vgsl)|. For smaller
swings the signal must be capacitively coupied to
the self-biasing amplifier at the signal input,

Phase comparator 1 is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer, To maximize the lock range, the signal and
comparator-input {requencies must have a 50%

__. duty cycle. With no sighal or noise on the signal

input, this phase comparalr. nas an average output
voltage equal to Vpp/z. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voitage 10 the VCO input, and causes
the VCO 10 oscillate at the center frequency (fg).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range {2fc),

The frequency range of input signals on which
the ioop will stay locked if it was initially in lock is
defined as the frequency lock range (2f ). The
capture range can not exceed the lock range.

With phase‘comparalor 1, the range of frequen-
cies over which the PLL can acquire lock [capture
range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system toeremain
in lock in spite of high amounts of noise in the in-
put signal.

One Ichamcterimc of this type ot phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO cunters
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies bgtween 0° and 180°, and is 90° at the center
fraquency. Figure 2 shows the {typical) triangular
phase-10-output response characterisuc of phase-
comparator I. Typical wavetorms {or a CMOS
phase-locked-loop employing phase comparator |
in locked condition is shown in Figure 3.

AVERAGE OUTPYT
YOLTAGE

AVERAGE OUTPUT VOLTAGE —V

o $0° [

SIGNAL-T0- COMPARATOR
WPUTS PrASE DIF FERCNCE

Fig. 2 —~ Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATORI

tnput Siate

x &

Y

Sug Comp
in in

SIGNAL INPUT (TERM mm
vCO QUTPUT (TERM 4}«
couum;lon INPUY _J——L_J—

PCIOu 0 '

LTERM 3
PHASE COMPARATOR I | I I l I | I
OUTPUT (TERM. 21 v
00
VCO INFUT (TERM.9)e SN\ N”
LOW-PASS FILTEN
ouTPUT V53

Fig. 3 — Typical waveforms amploying phase comparator I in locked condition
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PHASE COMPARATOR IT \L . !
.3 ~T T
Inpul State : I .
]
N@ @
Q| R e
o ol NO~T_S0 o
! ]
PCILOYs o Ot b en e '
Phasa Pul‘lss ] ) o

a2

NPUT (TERM. 180 ] |

StvAL

VCO OUTPUT {TERM 4 )+ _I—‘

CUMI'ARATOR INPUT

a—] LT

!

trMd
PHAE CQMPARATOR O -
OUILT {TERM. 13} - — — - Yoo
-Vss
")
VCO INPUT (TERM. 9) s — - e '00
LOW-PASS FILTER ~Vss
OUTPUT - N i ”
u e}
PHASE PULSE (TERM.I) || N v:o .
Tvss B
NOTE: :

ASHED LINE 1S AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typigal waveforms employing phase comparator 11 in locked condition.

|

Phas:-comparalor ITisan e&ge-comrolled digital
memory network, It consists of several ftlip-fiop
stages, control gating, and a three state output
circuit comprising p- and n-type drivers having a
common output node, When the p-MOS or n-MOS
drivers ar¢ ON, they puil the output up 1o Vpg or
down to Vyg, respectively. This type of phase com-
parator acts only on the posilibe edges of the signal
and comparator inputs. The,duty cycles of the
signal and comparator inpuls are not imporiant
since positive transitions conyrol the PLL system
utitizing this type ot comparator, If the signal lags
the comparator input in phase, the n-type output
driver is mamntained ON for g time corresponding
to the phuse difference. {f the comparator input
lags the signal in phase, the pitype output driver is
maintained ON for a time corresponding to the
phase ditlerence. Subsequently, the capacitor voit-
age of the low-pass lilter connected to this phase
comparator 15 adjusted until {the signal and com-
parator inputs are equal in both phase and frequen- Y
cy. At this stable point, both p- and n-type output

drivers remain OFF, Thus, the phase comparator
output becomes an open circuit and holds the volt-
age on the capacitor of the low-pass filter constant,
Moreover, the signal at the “phase pulses” output is
a hugn level which can be used for indicating a
locked condition, Thus, for phase comparator II,
no phuse difference exists between signal and com-
parator input over the full VCO frequency ranga.
Moreover, the power dissipation due 10 the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle, !

it should be noted that the PLL lock range for
this type of phase comparator is equal to the cap-
ture range, indepandent of the low-pass tilter. With
no signal present at the signal input, the VCO is
adjusted 10 its lowest frequency for phase com-
paratoi: II. Figure 4 shows fypical waveforms for
a CMOS PLL employing phase comparator IT in a
locked condition.
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