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"A Versatile Building Block for Micro-Power
Digital and Analog Applications By DavidK. Morgan

INYTRODUCTION

Phase-fockeddoops (PLL's), especially in monolthic |

form, are finding significantly incrensed wsage in signal-

processing and  digital sy demodulation, FSK
demodulation, tone decoding, frequency muliiplication,
signal condittoning, clock synchronization, and {frequency
synthesis are some of the many applications of a PLL. The
PLL described In this Note is the COSIMDS CDA046A,
which consumes only 600 microwatts of power at 10kHE, »
reduction in power consumption of 160 times when
compared 1o the 100 miltiwatts required by similar mono-
fithic bipolar PLL's. This power reduction has particular
signiiicance for portable battery-operated equipment. This
Hote ¢i the basic fund 15 of phascdockeddoops,
and presents a detailed technical description of the COS
MOS PLL as well a5 some of its epplications. :

REVIEW OF PLL FUNDAMENTALS

The basic phaselocked-toop system is shown in Fig. 1;4t
consists of thrce parts: phase comparator, low-pass filter, and
voltage-controlled oscillator (VCOY: all are connected to
form a closed-loop frequency-fesdback system.

With no signat input applicd to the PLL system, the error |
voltage at the output of the phase compsrator is 2810, The
voltage, Vd(1), from the low-pass filter is also reso, which
causes the YCO to operate at a set Trequency, fo, called the
center frequency, When an input signal s pplied fo the PLL,
the phase comparator compares the phase and frequency of
the signal input with the VCO frequency and generates an
error voltege proportional to the phase and frequency |

ANPUT
HONAL Valt!

COMPARATOR

Fig. 1~ Block disgram of PLL, .

difference of the inﬁm signel and the VCO. The ercor

voltage, Ve(1), Is fileered and applied to the controt Input of
the VCO. Vd(t) varies in a direction that reduces the
frequency difference between the VCO and signalinput
frequency, When the input requency Is sufficlently clost to
the VCO frequency, the ciosedoop rature of the PLL forces
the VCO to fock In frequency with the signat input; Le.,
when the PLL Is in lock, the VCO frequency Is tdentical to
the signal Input except for a finite phate difference, The
range of frequencies over which the PLL can maintain this
focked condition is defined as the dock range of the system.
The lock renge Is always targer than the band of {requencles
over which the PLL can acquire a locked condition with the
signal input. This fattor band of frequencies {s d¢flned as the
eapture range of the PLL system,

TECHNICAL DESCRIPTION OF COS/MOS PLL

Fig. 2 shows a block diagram of the COS/MOS
CD4046A, which has been implemented on a single
monolithic Integrated chroult. The PLL structure consists ofs
fow-power, linear, voltage-controlled osclitator (VCO), and
1wo different phase comparators having 4 common signal-
input amplifisr and 2 comion compatator input, A 5.2volt

. zener is provided for supply regulation if necessery. The VCO
can be connected eithier dizectly or through frequency

" an aversge output voltage equal to VDD/2. The Eow«piﬁn
1

515[':'&\. vop
1 CDADABA N
wlg{
compapaton] (COMPRATOR T Jpwast comp 1 out
Y R B e RO -

[PHASE COMP T OUT

PHASE
COMPARAIOR
g S o)

PHRSE PULSES Ry

Ll
Qut

L

Ve g @AM
A vource LIRS0 e 716 109
Va5 + AN FOLLOWER
H

INHIT

1y %
o S e

Fig. 2~ COS/MOS PLL block diagram.

Phass Comperators

Most PLL sysiems willize a balanced mixer comyposed of
well-controlled analog amplifiers for the phase-compatator
section, Analog empliflers with well-controlled gatn charac-
tedstics cannol easiy be reallzed using COS/MOS tech-
nology. Hence, the COS/MOS design shown in Fig. 3
employs digital-type phase compatators. Both phase com-
parators are diiven by a common-input amplifier confligurs-
tion composed of a bias stage and four fnverting-amplifier
stages. The phase.comparator signal input (terminat 14) cen
be ditect-coupled provided the signal swing is within
COS/MOS fogle levels [ogic 0% 30% (VDD-VSS), Joglc
170% (VDD-VSS)]. For smaller input signal swings,
the signal must he capacitively coupledto the sell-biasing
amplifier at the signal input to Insure an over-driven digital
signal into the phase comparalors,

Pheso-comparator 1 is an exclusive-OR network: it
operates enatagously to an over-driven balanced mixer. To
maximize the lock tange, the signal and comparator input fre-
quencies musl have SO-percent duty cycle. With no sigeal
or noise on the signal input, this phase comparatof has
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Fig. 3— Schematic of COS/MOS FPLL phese-compprator
section.

. dividers to the comparator input of the phase parators.

The low-pass filter s imp ¢ through t parts

pecause of the radical configuration changes from application

" to application and because some of the components are
son-tniegrable, The CD404BA s supplied in a 16Jead,
“dusl-in-line, ceramic package (CDJD46AD). It is also
avallable In chlp form (CD4046AH).

Filter d fo the output of phase parat pp
the averaged voltage to the VCO input, and couses the VCQ
te osclllate at the center frequency {f,). With phast-com-

parator 1, the range of frequencies over which the PLL can

acquire fock {capture range) Is dependent on the low-passfilter

characteristics, and cen be made as large as the lock range.

Phase-comparator 1 enables a PLL system to remain indock in
spite of high amounts of nolse in the input signal,
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“~One Tharasieristic of (his type of phase comparaiof &
that It snay lock onlo {npul frequencies that ere close to
harmonics of the VCO center-frequency. A second charae-
teristic is that the phase angle between the signal and the
comparator input varies between 09 and 180, and Is 400 at
the center Trequency. Fig. 4 shows the typical, trlangular,
phise-toroutpnd, respunse characicnistic f plisc-coniparsion
1. typical wavetorms for 4 COS/MOS phase-locked-loup

ploying phase-comparator t in Socked condition of g is

shown in Fig. 5.
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Phase-comparator 1t is an edge-controlled digltal memory
network. H consists of four flip-flop siages, control gating,
snd 8 three-state outpul cltewit comprising p and n drivers

" having a common output node at shown In Fig. 3. When the
- p-MOS or n-MOS drivers are ON, they pull the outpul up to

Vpp or down fo Vgg, respectively. This iype of phese
comparator acls only on he positive edges of the signal-
and comparatordnput signals, The duty cycles of the signal
and comparator inputs are mot imporlant since positive
sransitions control the PLL system utilizing this type of
comparator. I the signalinput frequency is higher than the
cumparatorsinput frequency, the p-MOS output driver Is
maintained ON continsously, IF the signaldnpul frequency is
lower than the comp dnput y. the n-MOS
output driver s maintained ON continuously. If the signal-
and © or-inpul freq les are the same, but the
signal luput lags the comparator input In phase, the n MOS8
output driver is malnisined ON fora lime corresponding to the
phase difference, AF the signal- snd comparator-inpul fre-
queneles ase the same, but {he signal lnput {eads the cont
parator lnpul in phase, the p-MOS oulput driver is maitained
ON for time corresponding 1o the phase differcnee, Sub-
sequently, the capacitor voltage of the {ow-pass fitter con-
niected to this type of phase comparator 1s adjusted unilt the
signat and comparator inpel are equal in both phase snd fre-
quency, Al this stable operating polnt, both p. and n-MOS
culput drivers remain OFF, and thus the phase-comparator
output hecomes an open elrcult and holds the voltage on the
capachlor of the low-pass filter constan (. Morcover, the signal
at the “phasc pulses™ output Isat a fiigh fevel, and can be used
for indheating alocked conditlon, Thus, Tor phase-comparater
1, no phase difference exists hetween slgnal wnd comparator
Input over the fall VOO frequency sange. Moreover the power
dissipation due 1o the Tow-pass fitter Is reduced when (his
type of phase comparator Is used becuwse both the p- and o-
MOS owput devers sre OFF for most of the signaldnpwt
cyche, 1t should be noled that the PLL lock range for this
type of phase compatator i5 cqual to the capture range.
Independent of the fow-pass filter, With no sipnal present al
the signal input, the VCO Is adjusted 10 its lowest frequency
for phase.comparator 1, Fig. 6 shows typical wavefonms for
3 COS/MOS PLL employing phase-comparator H i a locked
condition.
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Hollowing the example gtven for section |, the comparator
proceeds from stalc 2 10 states 6 and 8 and then back to 1.
The outpul of phase.comparator 11 for scction 31 corres.
ponds to the n-device belng on Tor a lime corresponding to the
phase difference between the signe! and comparator inpy

The state diagram of phasecomparator 11 completely
deserihes sl modes of operation ol the comparator fur any
{nput condition in a phasedocked-toop.

=

Fig. 8 shows the schematlc diagram ol the voleage.
controlled oscillator {VCD) To assiie low systens-paowes
listipation, it 15 desteable that the low-pass fiiter

fig. 7 shows the stale disgram for phase-comy JRIH
- each circle tepresents a state of the comparator. The number
at the top inside each clrcle represents the state of the
comparator, while the logic state of the signal and
comparator inputs, represented by & 0 or a §, are glven by
the deft and right numbers, respectively. &t the bottom of
each circle. The transitions from one stale to another resutt
from cither a logic change on the signat input {I) or the
comparator Input (C). A positive tiansition and a acgative
transition are shown by an arrow pointing up o down,
respectively, The state diagram assumes thet only one
transition on cither the signal input or the comparator input
occurs at any instant, States X, 5, 9, end 11 represent the
condition at the owtput of phase-comperator {F when the
-MOS driver is ON, whiie states 3. 4, 10, and {2 detérmine
the conditien when the n-MOS driver is ON. Stetes 1.6, 7,
and & tepresent the condition when the output of phase-
comparator H 15 in its high impedance state: Le., both p- snd
n-dovices sre OFF, and the phase-pulsos output (terminal 1)
18 high, The condition et the phase-pulses output for all other
states is low.

As an example of how one may use the siate disgram
shown in Fig, 7, consider the operation of phase-comparator
H in the jocked condition shown in Flg. 6. The waveforas
shown In Fig. 6 are broken up into theee sections: section §
_corresponds to the condition i which the signal input leads
the comparator dnput in phase, while section 11 coresponds
to a finlte phase difference. Section HI depiets the condition
when the compasator Inpul 1cads the signal input n phase,
These three sections all correspond 1o o Jocked conditien for
the COS/MOS PLL: Le., both sigral- and comparator-npul
sigrals ate of the same Trequency but differ shightly in phase.
Assumne that both the signe! inputs begin in the O state, and
thet phase-comparator 1F is inttially n s highdmpedance
output condltion (state 1} 25 shown in Figs. 7 and 6,
tespectively. The signal input makes a positive transition
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Msst, which brings phasc-comparator 13 to siate 3. Suaee 3
corresponds 1o the condition of the comparator in which the
signal dnput is a 1, the comparstor ingul is a 0, and the
output p-device ts ON. The comparator input goes high next,
while the signal input ts kigh, thus bringing the comparator
to state 6, a high-impedance output condition. The signal
npur goes 1o zero next, while the comparator input 1s high,
which corresponds to state 7, The comparator inpul gocs low
next, bringing phase-comparator 1F back 10 slate 1, Asshown
for sectivn 4, the pedevice stavs on for & time corresponding o
the phase difference hetween the signal Inpul and the
comparator input, Starting in state T at the beginning of
scetion (M, the comparator input goes high first, while the
signal input Is low, bringing the comparsior 1o stale 2.
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of phase P [ i

litile power. For example, in an RC Mier, this requircmgnt
dlctates that 8 high-value R and g low-value C be ntillzed.
The YCO input must not, however, Joad down or modily the
cheracteristics of the low-pass lilter, Since the VOO design
shown utitizes an n-MOS inpul confliguration having prac-
tically Infinite tnput resistance, a great degree of freedom (s
allowed In seleciion of the low-pass Alter components.

The VCO chreuit shown In Fip. 8 operates as Tollods:
when the inhibit inpul s low, P3 s turned full ON,
effectively connecting the sources of Py and P2 fo Vppy: snd
gates 1 and 2 are permitted 1o function s NOR-ghte
Rip-flops. N1 together with extecnal-resistor RI formy &
source-follower configuration. As long as the resstanve of R
is at least en order of magnitude greater than ON resistance
of Ny {greater than 10 kilohms). the currery through R is
linearly dependent on the VOO mput veliage. This curient
flows through Py, which, wogether with P2, fonms o
cument-mleror  network.  Uxternsl  reslstor R adds jan
additlonal constant curent through PL; this current offsets
ihe VCO operating frequency for VOO Inpot signals of 0
volts. In the current-mireor network, the current of PY s
effectively cqual 16 the current through Pt dndependent of
the drain voltage at P2, {This condition is true provided 2 18
walntained in saturation; in the clreuit shown, 12 is suturfed
under all possible operatlng conditions and maodes), The
setfreset THp-flop composed of gates | and X tums ON ¢ithes
P4 and N3, or P5 and N2. One side of the externat capacilor
C1 is. therefore, held @t ground. while the other side is
charged by the constant carrent supplicd by P2, As soon as
€1 charges to the polnt s which the dransfer et | of
Invertens 1 or 5 is reached. the Mip-fop changes state. The
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Fig. 8— Schemstic of COS/MOS VCO section.
charged side of he capacitor is now pulied o ground,; The
uiher side of the capaciior gocs negative, and discharpes
rapidly though the drain diode of the OFF n.device.
Subscquently, a new hall-cycle starts, Since invertcrs | and §
have the seme transfer poings, the VOO has & S0-pereent
duty-cyele, Inverters 1 thiough 4 and § through 8 gerve
several pusposest (13 thoy shape the slow-input tamp {rom
capacttor €1 to o fast waveform at the Nip-lop inpi slage,
(2) they mwintain fow power disstpation theongh the e uf
Iigh-impedance devices s dhvertess | oand § {slow.igpul
wave-forms}, and (3) they provide fows inverier delays before
removal of the setfreser Aip-fiup triggering pulse 10 assure
proper togeling action,

o order ot o Joad the Towpass Tilter. a source-Tutlower
onput of the VOO inpin voligge s provided (demodulsicd
output), 10 this output is wsed, @ Joad resisior (Rs) of 30
kilohms or mare shoutd he cannceted from (his werming! (0
ground, 1 arused, this terminal should be left open. A logke
@ on the inkibit input cnables the VOO ol the sonree
Talliwver, white s fople | i o both o mininize stand-by
power eansumginn,

Performance Summary of COS/MOS FLL

The mxinwm rwings o (e CD4046A COS/MOS PEL,
as well as its generd oerating-performance characteristics
ame outheed e Falde 1 Hie YOG and compaiatin
clusactenseies aie shiown ine Tabtes 1 oand 10, sespeetively,
Table IV summarizes some useful Tornulas 85 a guide for
approximating the values of external components for the
CDA040A na phase-tocked-loog system, When using Table tV,
ane should keep dn mind that Trequency values are in
kitohertz, vesistunce velues sre in kilohms, and eapacltance
values are i vicvrolarads, The selected external components
must be within the fellowing ramges:

KSRy, Ry Ry = 1 Ms2
Cx 100 pFat Vpp =SV
C) 2 50pF st Vg 2 10V

In addition to the given desipn information, refer to Fig. @
for Ry.Ra.and Cy component seleetions, The use of Table IV
in designing a COS/MOS PLL system for some famitiar appli-
cations is discussed helow.
APPLICATIONS OF THE COS/MOS PLL

The COS/MOS phase-locked-foop {5 a versalife buitding
black suitable for 8 wide variety of applications, such as FM
demodudarors,  [requency  svichesizers,  split-phase  data
synchronization and decoding, snd phase-focked-loop Juck

* detetion,

FM Demoduletion

When & phase-locked-loop is locked on an FM signal, the
vollage-controlled oscillator (VCO) tracks (he instantancous
frequesey of that sigeal. The VOO hapui voliage, which is the
Tittered crror voltage from the phase detector, corresponds to
the demodulated output. Fig. t¥ shows the connections for
the COS/MOS CDA046A PLL s an M demoduletor. For
this example, an FM sigaa) consisting of s 10-kHohettz carricr
frequency was modulated by a 400347 audio signal. The 1otat
UM sigmal mnplivede is SO0 millivolis, thewefore the signal
must b oge coupled qo the sipnal input (eaminat §4).

Table i— Maximum ratings end generat operating eharacter-
Istles

MAXIMUM RATINGS, Absclute-Maximim Values.

Storae Tempraature Hange B5°Can 1180 °C
Oty Tempnatine Rongie
; Coraue takage Types | BSC e 1194 o

40°C 10 *85 ‘c

Plastc Package Types
DC Supply Vollape Range

oy V! SO VIV
Device Duspaton Per Py | 00 oW
Al {apuny VSS‘Vl‘VhI)
Recommended

DC Sunpy Valiage IV“D Vgt it B v

Hecommendef

1NPHA VOTLae Swvowg Vi W Vq,,'-

General Chatactenstics {Typical Values a1 Vop - Vss
=10 vand T4 = 25°C)

Operanng Suppiy Vnttage Vo - Vgg! 1 Yo v
Oty Supply Consan
Inhtne + 0 T o MERHZ v o BY L 70uW
(ull‘.l ERIEE LTI

Ry =t Mn o W Vg sV 00D uW
nbstat £ 01 B A
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Teble H~ VCO eloctrios) charapterittios

VCO Charscteristios {Typicat Vatues 8t Vpp — Vg
*10Vaend Ty =25 'C}

Maximum Frequeacy ... 1.2 MH;

Temperature Stabdaty oo 800 ppm/®C

Lintaiy tVyen ,n BV 2BV %

Center Frequency . .. . ... . Programmatile with
Ry angd Cy

Progiammable with
Ay R, end Cy

Fieguency Range

Inpul Resistance I()" it
Ouipu Vollsge 10 Vpp
Duty Cydle .. 50%
Rese & Fall Fumes 50w
Output Curcent Capabilaty
O @ VL =95 V. 18 mA
28mA

YOSk @ Vg 0BV
Demodulated Quiput
Oifsel Vollage
Wygo in ~ YDEMOD ot P 1 mA- 1.5V

Table I — Comparator electrical ¢h et
Comparstor Characteristics {Typical Values st Vpp - Vgg
TV snd Ty = 25°C)

Sigrs! daput

Ingut {mpedance ..., ADOKD

Faput Seagdivity

accoupted . ..., 400 mV

de uﬂupiﬂl P o€ 0% {UDD - vssi

"1 x M0% tVpp - Vgg!
Comgarator input Leveds (torm 31, 700 & 3% 'VDD - vss!
" 0% (Vg ~ Vgt
Qulput Current Copabnbity
Comparetor | {term, 2} and Comparstor 11 {term, 13)1

.18 mA
28 mA

U Dove @ VO ARV

"0 Bk @ Vi o5V
Compatator |l Phnse Patses (ierm, 19~
.=0.5 mA

14mA

D @V BBV
0" Bink @ Vg 05V

Phasc-compuarator 11s used for this application because a PLL
system wille @ center fiequency cqual o the FM carder
frequency s nveded, Phuse comparetor § lesds Hself to this
application  #lso heeswse of s high signal-teputnoise
tejection characteristics, .

The formutas shown in Teble 1V Tor phase.comparator 1
with Rz = oo ase used in the fullowing considerations. The
center frequency of the VOO is designed to be equal fo the
carrber lrequency, 10 kHz, The value of capacitor Cy, 500 oF,
was found by assuming an Ry = 100 K€ for a supply voltage
Vpp = 5 volts,

These values determined the center frequency:

fp = 10 kiiz

The PLL was sel for 2 capiure-range of
JET] B
s 0.4 kilz

.=t
€T m

1o allow for the deviation of the carrier frequency due to the
audio signal, The components shown in Fig, 10 for the
low-pass flter (R3= (00 kE.Ca=0.1 uF) determine the
above caplure frequency. )

The total current drain at a supply volage of 5 volts for
this FM-demodulator appiication is 132 microampetes fora 4
dB §/N-tatlo on he signal input, and 90 microampezes for a
1048 S/N satio. The power consumption decreases because
the signal-npat amplifier goes into saturation at highee input
fevels.
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Fig. 10— FM demodulstor,

Fig, 11 shows the performance of the FM/demodulator
circuit of Fig. [0 at a 4 dB §/N-retio. The domodutated
output is taken off the VOOQInput source follower uging ¢
resistor Rs (Rg= 100 kft).The demodulation gain for this
clrcult is 250 mV/kHz.
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Fig. 11~ Voltage waveforms of FM demodulator.

Frequency Synthesizer

The PLL system can function as a freq fective
frequency multiplier by inseeting a froquency dlvidea into the
feedback foop between the VOO output and the comparator
input. Fig. 12 shows a COS/MOS low-frequency synthesizer
with a programmabte divider isting of three decades, N,
the frequency-divider modulus, cen vary from 2 to 999 in
steps of 1. When the PLL system is in lock, the signal and
comparalor inputs are at the same Trequency and

f=NX i kHz

Therefore, the frequency renge of this synthesizer is 3 10 999
kHz i 1-kHz increments, which is programmable by the
switch position of the Divide-by-N counter.
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Fig. 12— Low-frequency synthesizer with three-
decade programmabla divider,
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l‘hnse-compsn!m " il used for nns nppllr:alion becmlw i
will not fock on harmenica of the signal-dnput refepence
frequoncy (phase-comparator § docs lock on harmopics).
Stnce the duty cycle of the output of the Dividejby-N
frequency divider §s not SO percent, phasc-comparator 11
tends itself directly to this application,

Using the formulas for phase-comparetos 1 shown in
Table IV, the VCO is set up to cover a range of G to 1.5 Mitz.
Fhe low-pass flter for this application is 2 twe-pole, lagead
filter which enables faster Yocking for slep changgs in
frequency. Fig. 13 shows the wavelorms during switching
between output frequencles of 3 and 903 kifz, The figure
shows that the transient going towards 3 kHz on the VCO
conirol voltage Is over ped, while the ient to 903
kliz s underdamped. This condition could be improvéd by
changling the value of R3 in the low-pass fiter by meahs of
adjustment of the swilch.position hundreds in the Divide-
by-N counter,
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Fig. 13— Fraq Y5y J forms.

Spllt-PhnaDou ¥ ation and Decodi

Fig.14 shows another application of COS,’MGS PLL,
spht-phase data synchronization and decoding. A isplit
phase data signal consists of a series of binary diglt that
occur st a periodic rate, as shown In waveform A in Flg. 14,
The weight of each bit, 0 or 1, is random, but the duratjon of
each bil, and therefore the periodic bil-tate, is essentially
constant, To detect and process the incoming signal, It is
necessary to have e clock that is synchronous with the
data-bit rate. This clock signal must be derived from the
Incoming data signel. Phasedock techntques cen be utilized 1o
recover the clock end the date. Timing information is
containcd in the data transitions, which can be posliive or
negetive in direction, but both polarities have the! same
meaning for Bming recovery, The phase of the isignal
determines the binary bit weight, A binary O or 1 is 8 positive
o negatve transition, sespectively, during a blt interval in

spit-phasce data signats,
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Fig, 14~ Splitphase dets synchronization and decoging.

As shown in Flg. 14, the split-phase data-input (A} 4s first
differentlated to mark the locations of the daia tranjitions.
The differentiated signal, (B}, which is twice the bit e, is
galed into the COSMOS PLL. Phase-comparator 131n the
PLL 5 used because of its insensitivity 10 duty cycle on boik
the signat and comparator inputs. The VCO output is fed

e

“imto the clock input of FFY which divides the VOO

frequeticy by two, During the ON intervals, the PLL tracks
the differenilaicd signal (1) duting the OFF intervals the
PLL remembers the Jost frequency present and still provides
a clock output, The VCO output Is Inveried and fed into the
clock input of FR2 whose data input ts the inveried oulput
of FF1. BF2 provides the necessary phase shift in signat (C)
10 obiain signal (D), the recovered clock signal from the
split-phase data transmisston, Fhe output of FF3, (1) is the
rocovered binary information from the phase information
contatned in the splii-phase date. Enhigl synchronization of
this PLL system is sccomplished by a string of alternating '
and 1's that § de the data tr

Phase-Locked-Loop L.ock Detection

In some applications that utilize 8 FLL, i 18 svnetiimes
necessary to have an output indication of when the PLL isin
Tock. One of the simpiest forms of lock-condiion indicator s
a binary signal, For example, &8 1 or a ¢ owpwl from 2
lock-detection cireuit would correspond to a locked or
untocked condition, respectively. This sighaf could, in turn,
activate circwitry utilizing a tocked I'LL signal. This delection
could also he used In Froquency-shift-keyed (FSK) data
Aeansinisshoms I which dightal informaths s cansiitied by
swhtching the fopul Treguency between ellher ol two disceete
iput frequencies, ene corresponding to a digital 1 and the
other 1o a dgha! 0,

Fig. 15 shows a lock-detection scheme for {he COS/MOS
PLL, The signal input is switched between two disciete
frequencies of 20 kHz and 10 kHz, The PLL system uses
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Fip, 16— Lock-detection circidit,

| thdnats

phusc-cnmpamlof H; the VCO bandwidih is set up for mn
Fonin of 9.5 KNz and an fiyax oF FO.5 kHz, Therefore, the
PLL Tocks and unlocks on the 10-kHz and 20kHz signals,
respectively, When the PLL Is in lock, the oupul of
phase-comparator 1 Is low except for some very short pulscs
that result from the inherent phase difference between the
signal and comparator inpus; the  phase-pulses cutput
{terminal 1) is high except for some very smal pulses
resuliing from the same phase difference. This low conditlon
of phase comparator 1 is detected by the lock-detection
circult shown §n Fig. 15, Fig. 16 shows the performance of
this circuit when the input signal is switched hetween 20 and
10 kliz. 11 can be seon that after about fve inpot cycles the
lock detection signat goes high,
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