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Phase-locked loop HEFW:E

DERCRIFTICH

Tha HEFLDLGE |5 aphase-ochad oop droult Bl consists
of & linear volage contmdled asciaior (V00 and teo
idfferent prose companaiors with a comman signal input
amplifier and 3 comemon companabor input. A7 Y reguisior
{zemer) diode Is provided for suppty voEage reguiaion I
mecescary. For fonctional descrip@on see furfer on in Sis

data.
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FAMILY DATA
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FUNCTIONAL DESCRIFTION
VEO part

The VOO requires one sxemal capachor (C1) and one or
o sytemal resistors (R or &1 and A2, Resisior R and
capacior Cf determinge the frequency range: of the WCO.,
Resisior B2 enables e VGO o have a frequency of-sef
frequired. The high Input iImpedance of the VCO simpifies
e design of iow-pass fiters; [t parmis e designera wide
cholce of resisinncapaciton ranges. in onder mod o ioad the
Inw-pass fiter, & source-fodower cufpat of B VEO Inpul
woitage is provided of pin 10. I this pin (EF ) 8 used, &
Inad resisior (Rgp) shoaid be connechesd fom this pin o
Wiz M unused, this pin showid be =% open, The VGO
et (pin 4] can sther be conmeced directly o the
comparaior input (pin 3] or via & fregquency divider. A LDW
Ieye] af fe Inhibk input (pin 5) emabies B VO and the
source foliower, while & HIGH leve] hums of bol b
minimize stamd-hy power consumpon.

Phacs comparaters

The phass-comparabor signal input (pin 14) can be
dirctooupled, provided e signal swing &= between the
siandard HEADD0E family Input logic levels. The signal
migst be capacitively coupled o the s=f-biasing amplSer
af T signal input in ase of sraller seings. Phase
comparair 1 k& an EXCLUBINE-CR network. The signal
and comparator input frequencies must Fare 3 S0% duty

AY

PINHING

Fhas comparaion puise output
Fhas= comparaior 1 outpud
Comparaior input

WD outpt

Inhikét inpud

Capachor C1 conmection A
Capachor C1 oonmection B

o R o SR

Weg

VGO Input

10. Source-foliower output

11. Reskior 1 connection

12. Resisior A2 connection

13. Fhase comparator 2 outpu

[4. Signal rpt

15, Zener dicde input for reguiafed supply

|, B -

facior o obtsn the madmum lock g The average
nutput votage of the phase compamtor 15 equal fo ' Vg
whien here s no signal or moise al the signal Input. The
average vokage fo T VOO input is suppiied by e
low-pavss Tier conneched b0 e ouipul of phass
compankor 1. This also causes G VCO o osclabe af B
cenine frequency fal. The frequency caphurs range (2 L) s
defined as e fequency inge of nput sionals on which
the PLL will lock IF R was Infially out of lock. The frequency
lock range (2 1,) |s defined & the frequency range of inpat
sigraais on which the loop wil stay locked ¥ It was initialy
In ok, The capture ange |5 smaller or aqual o the ok
range.

WWith phase comparafor 1, the ange of fequencies oier
which the FLL can aoquirs lock |capiure mange) depends
on the low-pass fier charscheristics and this Ange can b=
made a5 lamge &% e lock mnge. Phass comparaior 1
enables fe FLL sysbsm o remain in lock inospbe of bigh
amounts o nolse In B inpul sigral. A ypical behaviowr of
thiz type of phase comparsior s el [ may lock onio Inpas
frequencies that are ciose ko hammonics of B VGO cenine
frequency. Anather bypical behaviour I, Tt B phase
angle betaesn the sigral and comparator input vanes
betwean 07 and 1207 and is 907 af e cenine requency.
Figure 3 shows the typical phiase-io-output response
characiensic.
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Prase comparsior 2 |5 an edge-coniroled digital mismory
meziwark. It conesists of four Sic-fops, control gating and &
J-ciafe ouiput drcul comprising b and r-hpe drivers
Feviing a commian ouimut pode. Wheen the pyne or n-type
driaers are ON, By pull e cefpt up B3 Vo 0 down fo
iz respectivedy. This fype of phase companafor only scls
i e posittve-poing edges of the signaks: at S1GNg and
COMF,,. Theenstore, the duty ftactors of these signais are
rick of Imporiance,

if T sigrel Inpast frequency | higher San Se companion
Input frequiency, the r-Gme oulnul driver |s manisined 0N
et of thee ime, and both the n and ppe divers ae
OFF [3-sbabe) B remalmder of S Hme. e sigral inpu
frequeency |s lower than the comparsior input fequency,
e n-ype output deiver ks maingained O most of the Bme,
and b e n and pype deivers are OFF the remainder
iof B fime, If thie sigrf Input and comparaior inpul
frequencies ane squal, but the signal input lags the
comparafor inpud in phass, the n-type output driver =
maintained OM for a ime comesponding fo e phase
dfference. [f the comparsior inpat [ags B signal input In
pirase, the p-type output deiver 5 manksned ON for a ime
comesponding b the phase dference. Subssguenty, e
voliage af e capaciior of te ow-pass fifer connecied fo
i phase comparaiior ks adjushsd undl B signal and

Compardr inputs are &gua In both phase and frequency.
At this siabie poind, both p and r-hype drivers reman OFF
and thus the phase comparaior output bEcomes an open
Cirrut and keeps e woisge Jl the capacior of the

o s Tiler consiant.

Moreowver, the signal 31 @ phase compantor pulse outpul
{PCPauri s 8 HIGH leved which can be used for ndcating
2 lnched concition, Thigs, for phase comparatior 2 no phass
difference exists betwesn e signal and comparaior
Inpiurts ey B il VOO frequency range. Moreover, the
power diss pabon due b the iee-pass Her s reduced
wien this bype of phavse comparsior ks used becauss bof
¢ and n-5ype ouinut drivers are OFF for most of B sigral
input cycie. § shouid b= ofed S the FLL Iock mnge for
this type of phase comparaior |s aqusl o the capture
range, mdependent of e low-pass Titer. 'With no sgnal
present & Fe sigral Input, the VCO is adjusied o B
Iowest frequency for phass comparator 2 . Figurs S shows
typical wavedorms for a FLL smploying this type of phase
comparaior in incked condiEon.
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Figs Typica waveforms for phase-ocked loop employing phass comparor 2 in locked condition.
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Figare & shows e siate dagram for phase

Each dncle represents & siate of e comparsior, The

rimber it the iop, Inside sach chrok, epressnis the siads
iof T comparaior, whils B logic state of the signal and
Comparaior inputs are represenied by & T for a logic LW
or 3 1" for & Qi HEGH, and they ans shown n he ieft and

Fight bofiom of each cirde.

comparsior 2. The siabe dagram assumes, that only one fransition on
pither the sigrad input or companator inpiut ooours af any
Instant Sfxime 3§ Sand 11 represant the condition atfe
putput when e prbype driver i 08 while siaiez 2. 4,10
and 12 debermine Fe condEion wien S n-type driver s
ON. Blales 1, €, T and & represent the condftion when B

output k= In e Figh Impedance OFF stabe; e, both pand

n=hype drivers ane OFF, and the PCF o, - output |5 HiGH

[Tne imanakions fum one o ancer SURROM EMATE s v oy POR, tor el other states 2 LOW,

lpgic chang= at e sioral Input | 3} or the comparabor input
6L A posBve—qoing and 2 negathe-going ransition are
shown by an amrow pointing up or down respectvel.

B /%\

I
|
|
¥ |I [ 51'
|
|
.f; }
st/ sl | e/ \ef
|
cl cy | i 5!
12 I
' '
w— | R
¢t : 5
- ype drver 0N - type driver Of
S Paanle of
1|'lu somparator
"' ond o= 1ype
Jl'wirl iri OFF
ing staie af
nlatedei COMParaLdr ol jpn d)
sighal inju fpim 14

T Ay

81 Gia 1 wwraian ni e nigral inpat.
Cla 1 i [ brwsalion i fha companeior inpul

Fig.6 State disgram for comparator 2.

Al



HEF40468

Phase-locked loop i
M5l
pc CHARACTERIETICE
Vgzm@V
Tamz (T
"f IYMEOL 0 . 2 . 85
TYE BAX. TYE MAX TYR MAX,
Supply cumsnt : i 1 LA,
inot= 1 10 - L} LA,
1 H] TE0 P&
Qubsspsnt dayips i i i1 150 LA,
ot {raoke 2] 2] ] a afl 300 L&
15 Bl B0 500 LA,
Hobes
1. Pin 15 open; pin & af Vpo; pies 3 and 9 at Vye pin 12 open.
2. P15 open; pin S 3 Vi oins 3 and 5 at Vye: pin 14 8 Vgy: Input cument pin 14 mof ncubed,
AC CHARACTERIZTICE
Vg w0V, Tyme » 25 °5; T = B0 pF; Input rsiiion Smes < 20 ns
¥
,f,‘ EYMBOL |MBM. TYR  MAXL
Phaes somparaiom
Operabing supply volage ¥oo 3 [ W
Input regisiance : 750 1]
at sei-bias
3
o iGN 10| Ry 220 kil apenating part
1= 140 [
&G, coupled Input El ic0 iy peak-do-peat values;
senstivity 10 v 150 Y Ri= 10 kLR ==
K i C1 = 100 p=; Imdepenident
) ¥ -
3 BIGHE 15 200 V of the leck range
0.C. coupsed Input sensivity
o BIEMNp; COMEY : 1E W
LW el 0]V g v
15 40 W )
: i m Tul bemparators range
HIGH ey 0] ¥ 7.0 W
1= 11,0 W
input cumrsnt : T 4,
o JIGN, 10]+1y i A E1GNy, 3l Vo
1= 70 A
5 3 EA
10] 4 18 4, EIGNy 3l Ve
1= 45 4,
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Phase-locked loop i
MSI
"',:‘ SYMBOL (M. TYP  MAX.
VGO
Qperating suppdy Yoo k| 15 ¥ a5 fued ascllsior only
woitage g 15 W phase-ocked loop operation
::'l:'ilu'l!'l' diszipation 3 50 BN f,m A0 KHEZ 51 = 1 M2
a|p 2500 )] B2 w00 o 49 Vg
iz 5000 EH s Ao Figs 10 anad 11
Maximum operating 5 0.5 1.0 K- VCOw 3t Voo
fFequEncy 10| fo 1.0 20 EHE R =40 ki 2w
15 13 27 e | CimsDpF
Temperaire! = 0,22—0,30 %BrC no frequency o®set
frEquEnCy 0 0,0=—0,08 wBhC = O
stabitty {5 1,01—0,05 wrp [ sEtasonoed
: e BPC | with requency ofset
10 000 %P | 0]
Linzarty Z i) % R1=10 ki e Fig.13
d 0z % Ri>£00 k] |and Figs 14
15 0z % Ri=1M0 15 ard 16
Dhatty Tacior at g E0 ]
WD 0] & el ]
1= el ]
Input Pesistance at z iz M
WG 10| Fyy b i
15 g "]
ouros foliower
Crifof voEspe - 1.7 v
TP X i Ry 0 kLk
WD minus d el 1} W VCOw 2t % Vop
BFor 15 21 W
L 15 W
| ¢ ] £
10 17 v g = ST M
EEETE. AT
1= 1.5 W
Linearity : 0z L]
or3 B
i 10 % e T4
- R E
15 13 %
Zenar dioda
Zener yokage e 73 ¥ Iz = 50 24
Crynamic resissance A= = i b= 1mA

Habes

{. Cwerthe ecommendsd component rANGE.
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Phase-locked loop
M5l
DEZKIN INFORMATICHN
CHARACTERITIC UZING PHASE DOMPARATOR 1 UEIG PHASE COMPARATOR 2

M shgnal of 2EMN g, VGO in PLL sysiem adusis VEO Im PLL system adjusss io mia
b centre frequency (1) tresquency (fop)

Phase anghe betwesen 90" ot Cenire frequency always 07 Iniock

SNy ard COMPR 3pproacking 0° and 180" at (pesittve-poing edges)
ends of lock range (2 1)

Locks on hammopics of yes no

cente frequency

Signal Input nalse Figh I

reiection

Lock frequency e frequency Rnge of B Input signal on which the keop wil sty iocked i Hwas

range 21, Intiadty In bock; 2§ = full ¥CO fequency range = Loy - fan

Caplure fregquency e frequency nge of the Input signal on which the eop will lock Tt was inithaly

range (2 1z) okt o loch
depends on w-pass frmi
filier characiedslics; i <1,

Canfre fraguency if,) i frequency of the: VGO0 when WEO,, at l-'z'».f,:._-,

VOO companant calaotion

Recommended range for B and B2: 10 k4o 1 MC; for OF: S0 pF o any pracical valee
1. NGO whout requency ofset (Rl m w),
a) Even fy use §y with Fig 7T fo defermine R and C1.
b} Given{_: caiculste f, from 1, = 15 1 - use f, with Fig.7 to determine R1 and C1.
2 VO wih frequency ofsel.
A Given i and Ty ; calculats fp from e squation T, = 1; - 11; Use fmr w8 Fig 8 i determine A2 and &1, calouate

f . 1
= fom the equauun;ﬂ . ;‘_l,': - WSE = i Fig. 9 b cdstermine the ratio 2R b obiain RY.

Tin mn @ L Tir

b1 e T 30 Sy USE S With Fig.E o detemmine A2 and C1; calculate
i f

e 2
‘ﬂnl AN
with Fig.3 o delemine R2R1 o obésin 1.
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Phase-locked
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M5l
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Phase-locked loop MS]
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Phase-locked loop
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