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ADJUSTMENT FOR “ FREQUENCY OF VOLTAGE CONT RO_LED” mﬂ LLATOR

BACKGROUND OF 1. Field of the Invention The p mmwﬂmml on
y

relates to a phase*hg&ged | oop circuit having a function of
adjusting the free-running frequency of a voltage controll ed osusdifsat or. 2.
Description of the Related Art A phase | ocked |loop (PLL) circuit including
a phase conparator, a low pass filters mnd a voltage controlled oscillator
(VCO, which are connected with each other into a loop, is used in a
variety of applications. As an application, for use in displays, such as
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synchronous signal or a vertical synchronous signal supplied from an
external device. A display driving circuit of such a display panel requires

hi gh aCCLgﬁEﬂbﬁﬁ@hﬁi@p fﬁ@b&ﬁkﬁﬁT gter clock frequency. However, in the
er

case where the frequency of t eference signal supplied to a PLL circuit
froman exter®glig of the Invention

The present invention relates to a phase locked loop
circuit having a function of automatically adjusting the
free-running frequency of a voltage controlled oscillator.
2. Description of the Related Art

A phase locked loop (PLL) circuit including a phase
comparator, a low-pass filter, and a voltage controlled
oscillator (VCO), which are connected with each other into a
loop, is used in a variety of applications. As an
application, for use in displays, such as liquid crystal
displays, organic electroluminescent (EL) displays, and
plasma displays, such a PLL circuit is used for a display
driving circuit of a display panel having pixels arranged
into a dot matrix in order to generate a master clock based
on a reference signal which is a horizontal synchronous
signal or a vertical synchronous signal supplied from an
external device.

A display driving circuit of such a display panel
requires high accuracy and high stability master clock
frequency. However, in the case where the frequency of the

reference signal supplied to a PLL circuit from an external



- 2 device greatly differs fromthe free-running frequency of a VCOin the
PLL circuit, the output signal frequency of the VCO cannot be | ocked to the
frequency of the reference signal unless the output signal frequency of the
VCO is greatly shifted with respect to the free-running frequency of the
VCO, thus inpairing the stability of the output signal frequency of the
VCO. This may not neet conditions requisite for the master clock of the
display driving circuit. In a PLL circupt—-for generating a master clock of
a display driving circuit, therefore, it is essential to adjust the
free-running frequency of a VCOin the PLL circuit. In the related art, a
frequency _ counter fox cogg%% master clock of a.display driving circuit

ng a
is used aSCBRACRAPHER LYt F?Smﬁreﬂ t8ecHRRECTBANEY T h& SHUSHICYy Odr idvi ng
circuit i rder, 1o adjust the free-running freqguency of a VCO wever,
this nechgﬂgsﬁFhﬁéepEghlEﬁECPHEt gﬁ@hoﬁﬁpﬁgjﬁ%?ﬂﬁﬁt%¥88pep§yr8$uggﬁd and a
ti me-consyning_setti f connecti he adjustnment .tool to the display
driving Cvﬁéu??nPg fﬁgtﬁgFﬁnggPrggg %ﬁsﬁuﬁhﬁgcﬁgni§ﬁ1F§f§F§5“f%stly
because t hani r ir a.checkout -term nal faqQr_ connecti.ng the
adjustnpn?fgggg ?§i§g%_§ﬁ§pP§§pHFi§?§aggiFE%FP?RFX ggdﬁﬁfb&EQ%H€ adj ust nent
t ool Wh'c ré%t??ogﬁgktéatQiﬁﬁnkgébe tgotgﬁec@QQQQQLHLQB %@E %&Hﬁ%ﬁ a
changi ng Foad of the naster clock, Teading to a nmeasureéement ef#pr. -
The abovespoLRE PEEDI EfsC oMb 1 REngvEHEOTR ABY 18 tBLb CirhEUidlhAM Ny a
function of automatically adjusting the free-running frequenCy of a VCO
during opgighaOnsebqhbRcllbrCkheuito A E’h&scmé?uhbthﬁq\é'e&g COME 3 dngnct i on
is disclosed in Japanese Unexam ned Patent Application Publication No.
2001- 2110F28quisitberbkL LBkl fdktedi 8CbOREHS m_hbhaaspulak;i ealik@mg t he out put
signal frequency of a VCOis converted into digital data by a
frequencyeipediita cdbnver PBL dircngtoperageasrat inbe aPhlastiercdiliockard t he
digital data is further converted into an anal og signal by a
di gital -taadéspyayodvévieg ¢DAChitThehamalfogesi ghalisi esadaed atlo ta si gnal
obt ai ned by snoothing the output of a phase conparator by a | ow pass
filter, andivpe EksufrpAgrunganb freanencinpdit at ¥COhdnvEDeaPld: fr equency
control signal, based on which the free-running frequency of the VCOis
aut omat i cal¥§uhBjusted. In the PLL circuit disclosed in the.publication,
however, a high stabilit% reference cl ock signal nmust bhe supplied to the
frequency-t o- AR a*ROMERTI’FA | AT br dRr LFBIURRFY atRURREY T FREUEREPTEBYIIEL a
converter. Thus, g ckrcgit f.or ?enerating such a.reference clock signal is
fic8¢ M

requi red, "&RGTT ofitBEh staBitFP ?Yogffﬁé_ eféfERdE %8S §Fal?R s reduced,
the operalsopsshalt! Lb¥10T hB8&RPEL GLEGHLL ebS ¢8l $Q" 8448y driving

circuit in order to adjust the free-running frequency of a
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VCO. However, this mechanism has problems that such an
adjustment tool is required and a time—-consuming setting of
connecting the adjustment tool to the display driving
circuit is further required. Such a mechanism is also
costly because the mechanism requires a checkout terminal
for connecting the adjustment tool to the display driving
circuit. 1In addition, the adjustment tool which is brought
into contact with the checkout terminal causes a changing

load of the master clock, leading to a measurement error.



- 4 SUMVARY OF THE I NVENTI ON Accordingly, it is an object of the present
invention to provide a PLL circuit having an autonatic adjustnent for the
free-yunning frequency of a VCO which does not require a circuit for
generating a high stability reference clock signal, so that the operation
stability of the PLL circuit can be maintai ned. A phase | ocked |oop circuit
according to the present invention includes a voltage controlled oscillator
having a control input term nal, a di-ville-counter, a phase conparator, a
counting unit, a data storing/updating unit, a digital-toanal og converter,
a lowpass filter, and a conbiner. The voltage controlled oscillator

out puts a pul si_gnal_havi ng a frequency .depending upon.a fr ncy
control si gnal%?fufi1 CVEd ntoécet(ﬂéorco(?r‘?te%%ﬁ ?M%eer V‘%a .mel'hbeycﬁ‘w counter
di vides the pul,se signal_rgceived fromthe vpl controll illator,
and outpnﬁ%?%ﬁﬁ§'ﬁ5§ﬁ ‘?ﬁ% dﬁ?%%l%?g%gl§u€¥%9%hé§gf%o%%i?§%%$grgg%ives as a
first in Si . arefer sl gnal ieh is a . 5] gnal Vj a
predeter%l‘llfleeed 1%{heqlun c@ges%%ép}ﬁ%édé ?r%n\{ %@n %‘f( ielﬁ%a?gﬁ%l??,lé}éngﬁrgggi %gg as a
second i d.gnal, t P i . Out fro . divide 4 and
out put s ggégﬁgégisé%]gﬁéﬁgkagﬁf%gg?%ﬁggngﬁﬁ?cﬁ ?%%Qgéﬁ%a%?sgggg?gﬁg is at
a predet ern ngd | &velutannese dependh PoappPIch beoRhagE1 SEEE£ERNRE . bet ween
the first input signal and the second input signal. The - 5 counting

unit courgep el muber of Pvd sesr, ofitbeipulisecsbg8al iautRuE fromthe
voltage controlled oscillator in a period during which the conparison

si gnal ofpudie qeiseh cormaraiesut Ssdgnaher pegdeheynbned ewels The data
storing/updating unit updates stored digital data based on the count val ue
of the catorverrethiintdheigigal adlate-laymas ogreguercyetoedavear tenvbetdirgi t al
data stored in the data storing/updating unit into an anal og signal, and
out put s tdwerianalauesaigiah .offhehé oRbpassrtuiter asdobhbedigheatodpaai $en
signal received fromthe phase conparator, and outputs the resulting

si gnal . Thetdwmhisenrveopdd nbst ¢ han campliegos ighel| bw pagsgitbletoand t he
output of the digital-to-analog converter to generate a frequency control
si gnal WA 9% SUPERTERE t BPRARL- cohbe oRNRr APt SLEPATLNaF 8fdeRetQoPt age
controlled oscillator. The digital data is updated bé %Fe dat a

st ori ng/ ipERdhPRFIZET e SPPQRRHETt hBef PREPRGNRF N 88Gency of the

| t trolled illat t o _be, aut ti dj d. Lr h
! ocked | GOPRRIT SOk FE 7 1 T4EcR B nht FEe Pheepiobhk: 2PRUTkERg, > ToRaferar e,
th nb J f i . - 'l ed
boci 11 ar oroh yPTE 68 Lefs MOt d  £0RF QLAY LoBRLB1 GABAAT, CRALER | O

D OB AL nd!copBLEGeLSLT, BedaL BHEL L7 CAUTheS sand 01 Lol cate
value. A Ligid#t:dor BPat@Pusted.
In the PLL circuit disclosed in the publication,
however, a high stability reference clock signal must be
supplied to the frequency-to-data converter in order to
activate the frequency-to-data converter. Thus, a circuit
for generating such a reference clock signal is required,
and, once the stability of the reference clock signal is

reduced, the operation stability of the PLL circuit is also

reduced.



- 6 converter (DAC) converts the digital data into an analog signal. A
conbi ner conbi nes the anal og signal with a signal obtained by snoothing the
conpari son signal of the phase conparator by a | owpass filter to generate
a frequency control signal of the VCO based on which the free-running
frequency of the VCOis automatically adjusted. Since the PLL circuit of
the present invention does not require a circuit for generating a high
stability reference clock signal, the-operation stability of the PLL
circuit can be maintained. Thus, a PLL circuit having high accuracy and
high stability is achieved. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

b!ock.di%&wm%#q d¥(¥éﬁ?fﬁ@é§%f’ﬁg circuit of a display device using a PLL
circuit according to

e present invention; Fig. 2 is a block diagramof a

PLL ci reui t ageoldiflo, hg A afered, suhadidien, ofp i, B e5epL, L pvent i on;

Fig. 3 is a signal how ng ansi tion of ~a conparison

si gnal PUEJ’%Eﬁ%JC:EJQ & pﬂ?ﬁ%aﬁ?&!}’ﬂ %Q&iﬁ@i %Q%ﬁ”c&m&' 58“%&? ﬁg@%@ﬁgistgfgicg- 2

Fig. 4is a di agram show ng a spetific exanple o _
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circuit shomn;i¢) fd¥.generating a high stability reference clock
signal, so that the operation stability of the PLL circuit
can be maintained.

A phase locked loop circuit according to the present

invention includes a voltage controlled oscillator having a
control input terminal, a divide counter, a phase comparator,
a counting unit, a data storing/updating unit, a digital-to-
analog converter, a low—-pass filter, and a combiner. The
voltage controlled oscillator outputs a pulse signal having
a frequency depending upon a frequency control signal
supplied to the control input terminal. The divide counter
divides the pulse signal received from the voltage
controlled oscillator, and outputs the resulting pulse
signal. The phase comparator receives as a first input
signal a reference signal which is a pulse signal having a
predetermined frequency supplied from an external unit, and
receives as a second input signal the pulse signal output
from the divide counter; and outputs a comparison signal. A
period in which the comparison signal is at a predetermined

level changes depending upon the phase difference between

the first input signal and the second input signal. The



2. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS An enbodi mnent of the present
invention is now described with reference to the drawings. In Fig. 1, a

di spl ay panel 10 having pixels arranged into a dot matrix is used for

di spl ay devices such as liquid crystal displays, organic el ectrol um nescent
(EL) displays, and plasma displays. A display driving circuit is

i npl emented by an R@& driving circuit 12 and a timng signal generating
circuit 14 which are connected with thesdisplay panel 10. The RGB driving
circuit 12 processes video signals R G and B supplied from an external
device so as to convert the video signals into video signals VR VG and

VB, respectivel are suitable for drivi t he els of the displa
panel 18 qqﬁ;%gbh?ﬁﬁgl@%%?t@eﬁg?aPFﬂ eEIPéUPPT%& 832F§?e?ug 5€i ming ngnéI

hor Sé'mv'aﬁI"%%“ﬁhc?%ﬁ@aaﬁyzfa”%h%ﬂb%‘ﬁ;ﬂa%%%é@?re;hegy FTBEe S Bndl XD
supplied frgﬁf§n e%igrn dﬁv%ﬁglnTheaE&ggggFZ?gggle ggrathFQSCIrCUIt 14

i ncl udes & ci T CUi acc Y3 a pre f the

resent descry he d he [ a nchrono
gigﬁal Li?ﬁé%%%@%ﬁa??o%?a%hgxgggﬁéﬁg%ggﬁég lgoe&PLLQ§|:§§?% Zoséenerategsa
hori t L V] 0 and
the RGB di T md adEing thiP ubBakbBOsk IRy g1dteat) SHLRYLHRRR o7 27

confi gur afhOncQint heaflhd SEVEHéthQnéiﬁgrﬁhﬁlg toTﬁepa%%ath%traagll%nt of
the present invention. The PLL circuit 20 includes a voltage controll

osci | | at dfod e 2 2coRvEr¥s dBnEOHNGEEa24daBaPRRERE0ARALALOHAZE, @ Iom#pass
filter (LPF) 28, and a conbi ner 30 for conbining two signals, and these

conponentstd Pimg supddBinyoapitlintbeahi aah1bgopibhalncanpgobatpata ahe de
counter and a conbiner in addition to the basic structure of a typical PLL
circuit havahgy asigopl of Bh&/COpwapphaséitospasmboitheandhancbRpbariben
functionality of the first |loop L1 corresponds to the functionality of the
| oop of téigngdbixatePredcironi theThbaher FroptabteoynchndnouspsitgndheXHD i s
supplied to the phase conparator 26 froman external device. The horizontal
synchronotesisl gy s¢HINaL. a Bhfseosbgnar Rambages phedevépritned fthequency
(for exanple, 15.734 kHz), and is a reference signal for causing the PLL
circuit de%%sI%hk%ﬂrt%n@héhefPEGBEﬁc9f the 9@@1221Fﬁerééé§°§ cont r ol
input term nal 22a, and outguts a ulse si gnal uency

dependi nd QT 65T 1 EQUBRRETEhRt Rof ?HBHHFYsGBBFFS F&%ﬁ@gaﬁﬁ#e S nput

I h d I
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hori zont aéorc@lssﬂeglggélt@w@' chphg 8:BYkSs 8k anllsh%'d%ea LLequgncy

data storing/updating unit, thus allowing the free-running
frequency of the voltage controlled osciliator to be
automatically adjusted.

In a phase locked loop (PLL) circuit accordiﬁg to the
present invention, therefore, the number of pulses of a
pulse signal output from a voltage-controlled oscillator
(VCO) in a period in which a comparison signal output from a
phase comparator is at a predetermined level is counted, and
digital data stored in a data storing/updating unit is

updated based on the counted value. A digital-to-analog-



_ g _ substantially equal to the frequency of the horizontal synchronous
signal XHD. The horizontal master clock HDO is supplied to the display
panel, 10 and the R@& driving circuit 12 shown in Fig. 1. The phase
conparator 26 receives the horizontal synchronous signal (reference signal)
XHD, which is a pulse signal, as a first input signal, and receives the
hori zontal master clock HDO output fromthe divide counter 24, which is a
pul se signal, as a second input signal.gThe phase conparator 26 then

out puts a conparison signal RPD, and a period in which the conparison
signal RPD is at a predeternmined |evel varies depending upon the phase

di fference between the first input signal XHD and the second input signal
HDO. The @o®peFFebn(Bhghafomperts Besciigedaberal?di Anfsr anderailicd The LPF
28 receives the conparison signal RPD output fromthe phase_conparataqr 26,
and snootHe&n¢he r%c%?@%ﬂn§Fgﬁ%?b%BeBUFbﬁtaPﬁé°9e§&9Pa1TWét6uPpﬁﬂg@Plthe
LPF 28 is su lied to the conbiner 30 as i npyt si_gnal The PLL circuit
20 furthe? Fggql%eléyas’ﬁ?ﬂ%%’aﬁp%%rc%‘ﬁpa]élEBBnFéfgnQ& ofndhg phase

digital -to-anal og convert (DAC 6 hese co nts i_n conmbination wth
The Van S8t Shef OB et v ST b REhteBe b SPORRos. SritECaaR | bop |2

VoD 22. Treh Rl oaBbeT vt BnekEPopEbed EO%QETH&FﬁSté SRR 10
3
init for EEARTRGY T prommts 72 oePEehaE ERHTL apdbeTRs, el ouc v om

the VCO 2gy 4, ncf‘r@&itng“‘égéeplrggeﬁ‘?”ﬁ?ﬁ{zéﬁ%oﬁ' QB%' BB[B UequePhase

conparator 26 Is at a predetermned level (at negative potential -E in the

illTustr at@ﬂr&ﬁ@@dfaﬁnﬁéne&w@gg& hlﬂshcguab@nl% e FegRAR! @d Jokom t he
m croconputer 32 in the illustrated enbodi nent, the mcroconputer 32 may

i ncor por ag egh&e, f tREt bpsaktiynokthBelceynber tB4. pThe cHir&fiQGoRw &e 32 has
digital data DAC DATA stored in an internal nenory thereof, and updates the
val ue of méenthphéal dahasEWQIEHEAcaccoﬁﬁlngv&agthegmou@huwakqeam@ad from
the counter 34. Thus, the m croconputer 32 serves as a data

st ori ng/ upidghi srgalibl { tyoisupdhiengdt he stored digital data based on the
count value of the counting unit. The up-todate digital data DAC-DATA is
constantly supplied to the DAC 36, and the DAC 36 converts the digital data
DAC DATA into _an anal og signal which is then output. The output of the DAC
36 is suppRiEl P%S?ﬁéPgBﬁﬁlﬂnggﬁ BRAWANGRput S|gnal The conbi ner 30

conbi nes the qut ut of th PF ﬁ§ and t he_out ﬁ e,.DAC 36.to generate
a frequency cdm%ol s%%ﬁ% I 19EYPpPT e bSP &¥c ﬁﬂVnglﬁbﬁFu &r mi na

22 f he VCO, 22 | nbi, 30 h f
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present invention;

Fig. 2 is a block diagram of a PLL circuit according to
a preferred embodiment of the present invention;

Fig. 3 is a signal chart showing the state transition
of a comparison signal output from a phase comparator in the
PLL circuit shown in Fig. 2;

Fig. 4 is a block diagram showing a specific example of
the phase comparator in the PLL circuit shown in Fig. 2; and

Fig. 5 is a flowchart showing a data updating algorithm

executed by a microcomputer in the PLL circuit shown in Fig.



Fig. 3 is a signal chart showing the state transition of the conparison
signal RPD output fromthe phase conparator 26. As shown in Fig. 3, the
conparison signal output fromthe phase conparator 26 is at any of a
nonactive state (high-inpedance state) Hi-Z, predeterm ned negative
potential (first state) -E, and predeterm ned positive potential (second
state) +E. Wen the first input signal XHD transitions fromthe high | eve
(first level) to the low |level (second yevel), the conparison signal RPD
transitions fromthe non-active state H-Z to the negative potential -E. 1In
a period during which the first input signal XHD is at the low | evel, the
conparison signal RPD transitions fromthe negative potential -E to the
positive potential +E. Wen the first input signal XHD transitions fromthe
| ow | evel to the high I evel, the conparison signal RPD transitions fromthe
positive potential +E to the nonactive state H -Z. The proportion of a
duration of tine Ain which the conparison si%nal RPD is at the negative
potentiaIDE%ggBP%IQNrQFiBHEOPRFFEBR Di AMRRPLMENRE conparison signal RPD is
at the positive potentjal +E changes depending upon the phase difference
between the f i CHRTRATRRG Y P BRESTRE SBEBRELPAPLT SPHRAPSRBEPed nce
the LPF 28.gnnotPes t he %ongﬁriéon signal RPD for output, the level of the
out put si'Ghat BFIThEREBFCo8 A8 OREYPHR as the duration of time A increases
while the dur%;iqﬁ_ -112a {St'ne B,rqeegrfgasgsv.cx)nversglya as_the duration
of tinme A decréases whit e theRuFatPBncor i neV B P nkr 855852 tABIF Vel of

t he outpu o] f : LPE_2 C s 4hi : ratiQns ;of sty nme A
and B equ%??btagé?gv%%gg%ktgg gﬁggu?ggiSE§9E8¥m?%§lE%E %gcﬁsaﬁéaféiﬂgd In

the foregoipge desqisPiLos, wgahaahehgﬁ%&o@ngﬂla@c@% l@ys! Qfsphhgdfirst

i nput signal XHD have been referred to as a first |evel and a second |evel,

reSDectlvgﬁa;pﬁagmAhaiaFmaygve ﬂOH@BF&Q& deigfdgt be rResitt iike potential +E
of the conparison signal RPD output fromthe phase conparator 26 have been
referred impbsméntédsbyshat rGRNdravsagondrsthate12r asgest tialing Hawesar, in
view of functionality, either level or state may be referred to as a first
one or a gewendtbng.ciheuphasd ehiphr atrer cabneey che wdahf itfer ed sipl aany
fashion as long as the conparison signal RPD output fromthe phase

conpar at apa2él chdngeShenREBedmranAsy ad reéuddr LBegralgeesesOvddspeci fi c
exanpl e of the phase conparator 26 is shown in Fig. 4. In Fig. 4, the phase
conpar at o?ig@8aiacRudés andl BcRugeades: frgmeipnc gxtesmaflodeydser #9 @F a cl ock

in a period sufficiently shorter than the period of the output signal VOUT
of the VCEP29°N¥AThptEEUNEERO58108R 1GpIBEGNVILAGC Fe RSk V8ut Pit: A% t he

| ock ti i it 50 t 54 f d - ti t | ock

00K, SENGEEL L1G,CLEGULL 120y B AN SN S0, L s cou g L o o
tputti - 13. i i . .RP f .t h t 26,

QU] e he FichRESBRESL SR, SHoRClBEB.oE e e Sl 2L or 26

52, the dﬁ%@c&?ﬁ”%@{ﬂéﬁerﬂﬁgsgpeﬁﬁgﬁgpgsﬁh%%ﬁi%o@ﬁdfyyidgr t%J4¥§ﬁ1§§9”a'

XHD and the secon put sign put to the contro t 58.

The contrghngi’ €81 bnd8+RANKGA! ariertowlicd 1ORSr By ofy the up count er 52

and the down counter 54 in the followng way. Each tinme the first input

signal XHbtiapathioBgnEh®Bhous signal XHD and a vertical synchronous
signal XVD supplied from an external device. The timing
signal generating circuit 14 includes a PLL circuit 20
according to a preferred embodiment of the present invention,
as described below. Based on the horizontal synchronous
signal XHD received from an external device, the PLL circuit

20 generates a horizontal master clock HDO for driving the



the high level to the low level, the Control circuit 58 resets the up
counter 52 to initialize the up count of the clock sent fromthe clock
generating circuit 50 into zero. Wien the up counter 52 is reset, a half of
the count value of the up counter 52 before reset is set in the down
counter 54. Each tinme the second input signal HDO transitions fromthe high
| evel to the low level, the control circuit 58 activates the down counter
54 to start the down count fromthe cougt_val ue which was set when the up
counter 52 was reset. Then, the control circuit 58 nonitors the count val ue
of the down counter 54 to specify the point at which the count val ue
becones zero. The control circuit 58 controls the output circuit 56 in the
f ol | owi ngdhaylayheanehelfi and thpuRGBi ghavimeDctranditt i8ns from the high

| evel to the low level, the control circuit 58 causes - 14 the

conpari son si ghed- RPO dfa theo Phadtagormaraevingethe ceahsvuranioponft he
non-active state H-Z to the negative potential -E Wen the count val ue of
the down Ed@nfelk Gireetbnéd 2efsrdine g@n?rBFe§PF6&ﬂte@@°@&@§@§ Pife
conmparison signal RPD to transition fromthe negative potential -E to the
posi tive EB?eﬁf?%?nQE?nVﬁ%Fl?ﬂe f?P?tPPﬁpGPr§P§%aPOXHB°9P§ﬁ§iPions fromthe

I I | to, the hi I ., th trol _ci it 58 th [

Si gnal - RPEP CERPF aFRREF Bl FoAF ERbLBBSFT I(YE0boRent AaFLPE oo SPRE RO SAct v
tate H-Z._Only when_the ph diff first i t Si I
0 and (e Suedni fhpt “oF ol ﬁ%?%%?_@é%%? rhi?i?af fionrrde, The
conparato?éﬁéiggra btﬁﬁgnégﬁ%ggéﬁﬁgggﬁt?ggngEgrsa8§5§P%F8 Fﬁggﬁﬁﬁgffon of

ti B i ' [ i : [ t-th A tial +E.
When the SuraiTons et TPaR Keand EoeGuar” thePoltpar e iSF R Lpr 28 i s

neutral, @pdislecbnrauensiacantsrbiakbgnah auppkliied e the sartrol input
term nal 22a of the VCO 22 consists of the output of the DAC 36. In this

case, thesepeeghi@nodfat BgpPbhichreutirdQiitsnaetingf beaep RY theowef arence
signal XHD, and the frequency of the output signal VOUT of the VCO 22

t her ef or epsg&s&¥esompatiect [ eenduani ngrf r eguencyneftivhalVEy 2Z. thle
free-running frequency of the VCO 22 depends upon - 15 the output of the
DAC 36, afitlrshetebprBbldependspopda thethel flencoftivheldityi ol tihat 4 coAC DATA
stored in the nenory of the mcroconputer 32. The microconputer 32 updates
the digi tef theatyAcc®OATRLEcebrdlhg-to the count val ue of the counter 34.
Thus, the free-running frequency of the VCO 22 is adjusted dependi ng upon

t he number of ?ﬁﬁsﬂﬁﬁ%ﬁOQIéh[ﬁﬂ%ﬁh§¢@%%ﬁ yeurra buXplt 16r suPPhéeYCHP22 in a
period in which the conparison_signal RPD is at the negative potentials -E,
wher e thetBﬁIE%%S%rﬁo%ggﬁ?ﬁﬂrb§6t EORoARAt EXteENAH  feyi&fat | dRCof t he

' t 32.t djust the f - i.ng.f f. th CO.,22 i
descr bed BEr Bl b £ o7 BPBFRREES . BLPRA T RBRHAr & BrLeey 318"t JaTGRE on

ith th ' ' f - i f f CO 22
WD ihe BRABBLeEARREACE Ehlendy The,! RRSHEUAT! 1 HAINENGY, Al OO 22
the autonRLECgHLUSLIBAL:! $0R0LaSGARSARE! PIRCLGABE 1 2o U A
manner, and 1Is perforfred at appropriate intervals. For the purpose of

econony, thecpher e@qRELEY . 32rABOYLE POt 1he1agdediCaled JYICHRGRUL er
having only a function as a conponent of the PLL circuit 20, but should be

a m crocogpuhehalop2gonknal bhe}amﬁar BOPa15LUNGligRRS. ®louvr MasAly devi ce
i ncorporating the display panel 10. In the illustrated enbodi ment, the

m cr oconpgtefudrcpedepehaahlyupadnehesequenegr ABntalolawieRtll Galgplied
adj usting the free-running frequency of the VCO 22. At the
to the control input terminal 22a. The divide counter 24
receives the pulse signal VOUT output from the VCO 22, and

divides the received pulse signal to output a horizontal

master clock HDO which is a pulse signal having a frequency



- 16 time when this auto-adjusting programfor the free-running frequency
is launched, the PLL circuit 20 has al ready been operated, and the
frequency of the output signal VOUT of the VCO 22 has therefore been | ocked
to a desired frequency that is obtained by nultiplying the frequency of the
reference signal XHD by the division ratio R of the divide counter 24.
However, if the auto-adjusting programis not |aunched until the display
device is powered on, generally, the frgerunning frequency of the VCO 22 is
deviated fromthe abovedescri bed desired frequency. O herw se, the el apse
of time since the auto-adjusting programwas |ast executed may introduce a
change of tenperature in the PLL circuit 20, thus causing the free-running
f r equencys¥?s tartigmD poedvabetdethat E8eHrORrYhefabBoehassepnibed desired
frequency. If the free-runnin fre%uency of the VCO 22 is_higher than a
desired f$¥kﬁkﬁ@®°?ﬁa§1g§aéb¥gpned By horiepryphgmeRéetr 64Q6kciDOf ithe
reference signal XHD by the division ratio R_of the divide, counter 24, the
out put | eEPPhb¥ed heo | PRre2815BLAY gRanghdlPhanflelBP BFBt AELVABGUEREFUEEnt ro
signal input to the VCO 22 is therefore high, thus preventing the phase

di f f er enck? CRMRMERELF: r &t i nput signal XHD and the second input signal

HDO from bei nq..r edyced. Then s indicated.in f Fig. the duration
or i A S PHARE bR TERer o SR e o T bR RAL phaso

conpar at or.. 26 i t he negat,i tential -E,i hort .whi l.e the ration
opPAr & Ayt SnSha DEGRRINLXERENED inal) | RuBOLh At b BNBLAMLA |
otential _#E,. | | e. r.k a h - LURRAi.N I of
Phe Voo 25 70t £, 28%  ELcbRCi APRET 03RM1 | hnliiEebbeter! BcMfloraotAY O

llevel of fherdPF-28:kSubOVoudpdtt Reche¥al Qfivihe thadwercyacophieh sisgnal
input to the VCO 22 is therefore Iow, thus preventing the phase difference

bet ween thephisstsigpal, shgnal s&Ebnandnphie segand.i nput phasal HDO from
increasing. Then, as indicated in (d) of Fig. 3, the duration of tine Ais
| ong whi | eohper s at penthént baepBtsSashBembarlitohheibhae- rRenni agdf Bequency
of the VCO 22 is equal to the above-described desired frequency, (b) of
Fig. 3, tperiodainowsioh theecdmpatpadn| exghadf RPDeikPBt28 is neutral . of
t he out put signal VOUT of the VCO 2. running frequency. The nunber of

pul ses ofprédeparminetiehevas vadieat dépendand Bregudhe phdsehe Thus, the
frequency 2 serves as the freesignal VOUT output fromthe VCO 22 in a
period i idikferenge kohparnsshesitgnat RPPUsS sStERaphZEL eafpahsat 62cPed s at
t he negatijve Eotential -E (hereinafter referred to_as "count value N'),

where t he'PRPsesiaral cBiAt edTh§ FREPEEHACEr S38RaYaRFls ide (e e SWhon t he
durat) on SLLSTR Al beR 1 SORES0Y SLABRL Ee s goct | ve
nurber OfsfgﬂgstQB gﬂ%put from the phase comparator 26, and smoothes
the received signal to output the result. The output of the
LPF 28 is supplied to the combiner 30 as an input signal.
The PLL circuit 20 further includes a microcomputer 32,
a counter 34, and a digital-to-analog converter (DAC) 36.
These components in combination with the VCO 22 and the
combiner 30 form a second loop L2. The second loop L2 has a
function of automatically adjusting the free-running
frequency of the VCO 22.

The microcomputer 32 controls the counting operation of



- 18 pul se signal VOUT when the durations of tine A and B equal
(hereinafter referred to as "reference count value NO') is stored in the
menory of the m croconputer 32 in advance. Referring to Fig. 5, when the
aut o-adjusting programfor the free-running frequency starts, the

m croconputer 32 first sets a tinmer so as to start counting from zero

(bl ock 502). Then, it is determ ned whether or not the value of the tiner
exceeds a predeterm ned val ue (bl ock_5Q4) .. The tiner indicates an el apsed
time since the auto-adjusting programstarted. The m croconputer 32 reads
the value of the tiner to check the el apsed tine, and determ nes a tinmeout
or not. The first tine the programroutine proceeds from bl ock 502 to bl ock
504, thatthe, cowmeeir alely Bieenicheconpvieradlsand ahgegaunterdétder m nati on
is obtained in block 504, and the programroutine proceeds to block 506. In
bl ock 5065€¥¥R a8 cd oeoaptiiey BQlEoE@FoF@uﬂﬁéngo@hﬁePu8@e§oOésPPéS@éunt t he
nunber of pulses of the pulse signal VOUT output fromthe VCO 22 in a
period irP F%ﬁl@?%S%O%ﬁ%??éoﬁogggﬂﬁFPWPDfBPmtﬁ@epﬁggezgoﬁﬁaﬁaP@F12é is at
t he negative gotential -E, and reads the coung value N. In block 508, the
mi cr oconptieFe 3N onpaP2EIERR PoIUaLobRP 041 GLESNPRPER CREPREFEPENEE count
value NO.,If the difference between_ the count value N and the _reference
Count vai kB AB § SHPIRFEIE RPALEETh hah BPPORIAEe DPREALIBLE R STNGRE <)
this nmeans,ihat_ the. free-runni fr ncy, of .t he - 19_VCO 22 is

adj ust ed THEREeiest r oo rLiRRhey r ARBBOGHne thenSopatsEndf Minge

sufficien Wy akpned_b .t pl yi the frequency
of the re#%g%ﬁ%gééfgﬁéﬁ §$E>%§g?§§8@¥9?§%ogarg iéh%uéﬁlg erggﬁﬁde counter

24. The”1e&ﬁ%ﬁfﬁ&é@coﬁﬂétﬁic?@c&@gﬂ%ﬁét§§ hQ?hgﬁggkggkg%%iE&eprogra”‘ This

i ndicates a normal term nation. e ot her the difference

bet ween thgncoubtavatyeoN aRd thHentetesgnce count val ue NO does not fal
within the predeterm ned all owance, when the count value Nis snaller than

t he reference mauniiomedangNE N 32 N § hd Sgheansdabat bhbephraestgpaing
frequency of the VCO 22 is too high, in which case the conparison signal
RPD of t hen plvasentenpal ahemo?Zp thdrearfedand (ppadkesFithe Fallsieexifi hihieed.
Then,. the mcroconputer 32 causes the value of the digital data DAC DATA
to i ncrendbgitdl odkts51DACSBAThakcthedingetoniiheg couadqueadyeofrdalde fYOR 22
decreases. |If the difference between the count value N and the reference
count val tke Nddoker ndt - f alhugj t Aha mherocomputer 32 serves as a data

storing/updating unit for updating the stored digital data
based on the count value of the counting unit. The up-to-
date digital data DAC_DATA is constantly supplied to the DAC
36, and the DAC 36 converts the digital data DAC_DATA into
an analog signal which is then output.

The output of the DAC 36 is supplied to the combiner 30
as an input signal. The combiner 30 combines the output of
the LPF 28 and the output of the DAC 36 to generate a
frequency control signal which is supplied to the control
input terminal 22a of the VCO 22. More specifically, the
combiner 30 adds the output of the LPF 28 to the output of

the DAC 36 to combine the outputs.



predeterm ned al | owance, when the count value N is greater than the

ref erence count value NO (N > NO + ~), this neans that the free-running
frequency of the VCO 22 is too low, in which case the conparison signal RPD
of the phase conparator 26 indicated in (d) of Fig. 3 is exhibited. Then,
the m croconmputer 32 causes the value of the digital data DAC DATA to
decrenent (block 512) so that the free-running - 20 frequency of the VCO
22 increases. As used herein, if the_vagljue of the digital data DAC DATA is
designated by "0", both the two separate processings identified by bl ocks
510 and 512 are expressed by O= O+ (NO- N) x K where K denotes the
correction coefficient. The ram routine, | oops back to bl ock 504 from
bot h bl ock 51@“éhd:%FH%KiS%QQH%ﬁdPW%r?ss%%Wé?%1€%% 2barf WReRAEELBR not the
val ue of the tiner exceeds the predeterm ned val ue, as descri bed above, to
detern1néD%.???mﬁﬁmp%FlﬁBP SEQ%ﬁlmBBH PHEPHGtSrQH]EQ?I Qaﬁﬁogran1cont|nues
with the PLL CIrCUIt 0 or rel evant C|rcu failed, ,if the freerunning

f requencyC P He LREF 22 d%ﬁs 8t &8chPhe3 de§h?e8°??§ﬁ&éﬁ€ysﬂg' ., the

| f the t ds,th det d he | f th
;?ogsaﬁ1r%ﬁ€? %n?%ﬂﬁﬁ%ﬁghéhﬁﬁ§gE§ﬁP$6§%°ﬁe grggeggsaggl%Io%kgﬁfﬁoPrgn1LIgck

504, in %Eﬂvénség QrVR%? Eﬁg@@&bB %%a%;?rﬁﬁd hnp@eh ¢ REQQRM routine

ends. |If € auto fc'a ee-ru requéncy of the VCO

22 i s notcompleledogbheiad REedEtenthiey Lhweaﬁha§§%§e%'e@&qntefae

aut o-adjusting programstarte t he ore, the aut usting programis
br ought 'ﬁ%é&@fvébﬁ&ﬁ@ﬁklkﬁrWb@ébhenstahe§ mﬁeveﬂhbﬂgthQGfQE%Q %%dﬁ%'ng

process from persistently |ooping back to affect any function of the
m cr ocorrpsli@ﬁa332xnﬂ’herah§9wahst e.rrmnn@hleoal@h qaeemr qq&%@tall%ce,&r)amces any

defected device - to be detected. -

the low level (second level), the comparison 51gnal RPD
transitions from the non-active state Hi-Z to the negative
potential -E. In a period during which the first input
signal XHD is at the low level, the comparison signal RPD
transitions from the negative potential -E to the positive
potentiai +E. When the first input signal XHD transitions
from the low level to the high level, the comparison signal
RPD transitions from the positive potential +E to the non-
active state Hi-Z. The proportion of a duration of time A
in which the comparison signal RPD is at the negative
potential -E to a duration of time B in which the comparison
signal RPD is at the positive potential +E changes depending
upon the phase difference between the first input signal XHD
and the second input signal HDO.

Since the LPF 28 smoothes the comparison signal RPD for

output, the level of the output signal of the LPF 28 becomes

low as the duration of time A increases while the duration



1. A phase |ocked loop circuit conprising: a voltage controlled oscillator
having a control input termnal which outputs a pul se signal having a
frequency dependi ng upon a frequency control signal supplied to the control
input termnal; a divide counter for dividing the pul se signal received
fromthe voltage controlled oscillator to output the resulting pul se
signal; a phase conparator which receives as a first input signal a
reference signal which is a pul se signalphaving a predeterm ned frequency
supplied froman external unit and receives as a second signal the pul se
signal output fromthe divide counter, and which outputs a conparison
signal, a period in which the conparison signal is at a predeterm ned | evel
changi ng 8ép&aBPnE GF6HCERESphasenierteldnce hdthtfedPrte a1 1k $isut? si gnal
and the second input signal; counting neans for_ counting the nunber of

pul ses of d?ﬁ§eB§P§ewgisiéjgalthtﬁufib‘ﬁ_tatfiro Cthéd W5 Eagd TERTEI 1 ddosEFat or in
T coets on Bt RS gBelP S 290 el o i PSS, COTRELSL AT o o
5100, O Bufab gt hosed on Lhs Soul el e S SHTIRITRE
signal of the LPF 28 is neutral.
In the foregoing description, the high level and the
low level of the first input signal XHD have been referred
to as a first level and a second level, respectively; and
the negative potential -E and the positive potential +E of
the comparison signal RPD output from the phase comparator
26 have been referred to as a first state and a second state,
respectively. However, in view of functionality, either
level or state may be referred to as a first one or a second
one.
The phase comparator 26 may be configured in any
fashion as long as the comparison signal RPD output from the
phase comparator 26 changes in the manner as described above.
One specific example of the phase comparator 26 is shown in
Fig. 4. 1In Fig. 4, the phase comparator 26 includes a clock
generating circuit 50 for generating a clock in a period
sufficiently shorter than the period of the output signal
VOUT of the VCO 22, an up counter 52 for up-counting the
clock output from the clock generating circuit 50, a down

counter 54 for down~counting the clock output from the clock

generating circuit 50, an output circuit 56 for outputting



- 23 digital data stored in the data storing and updating neans into an
anal og signal to output the analog signal; a |lowpass filter for snoothing
t he conparison signal received fromthe phase conparator to output the
resulting signal; and a combi ner for conbining the output of the |ow pass
filter and the output of the digital-to-analog converter to generate a
frequency control signal which is supplied to the control input term nal of
the voltage controlled oscillator, whergin the digital data is updated by
the data storing and updating neans, thus allow ng the free-running
frequency of the voltage controlled oscillator to be automatically adj

usted . 2. A phase |ocked loop circuit according to claim1,
the comparison signal RPD of the phase comparator 26, and a

control circuit 58 for controlling the operation of the up
counter 52, the down counter 54, and the output circuit 56.
The first input signal XHD and the second input signal HDO
are input to the control circuit 58.

The control circuit 58 controls the counting operation
of the up counter 52 and the down counter 54 in the
following way.

Each time the first input signal XHD transitions from
the high level to the low level, the control circuit 58
resets the up counter 52 to initialize the up count of the
clock sent from the clock generating circuit 50 into zero.
When the up counter 52 is reset, a half of the count value
of the up counter 52 before reset is set in the down counter
54. Each time the second input signal HDO transitions from
the high level to the low level, the control circuit 58
activates the down counter 54 to start the down count from
the count value which was set when the up counter 52 was
reset. Then, the control circuit 58 monitors the count
value of the down counter 54 to specify the point at which
the count value becomes zero.

The control circuit 58 controls the output circuit 56
in the following way.

When the first input signal XHD transitions from the

high level to the low level, the control circuit 58 causes



wherein the conparison signal output fromthe phase conparator is at any of
a non-active state, a first state, and a second state; (a) when the first

i nput signal transitions froma first level to a second level, the

conpari son signal output fromthe phase conparator transitions fromthe
non-active state to the first state, (b) in a period during which the first
I nput signal is at the second | evel, the conparison signal output fromthe
phase conparator transitions fromthe fjigst state to the - 24 second
state, and (c) when the first input signal transitions fromthe second

|l evel to the first level, the conparison signal output fromthe phase

conparator transitions fromthe second
the comparison signal RPD of the phase comparator 26 to

transition from the non-active state Hi-Z to the negative
potential -E. When the count value of the down counter 54
becomes zero, the control circuit 58 causes the comparison
signal RPD to transition from the negative potential -E to
the positive potential +E. When the first input signal XHD
transitions from the low level to the high level, the
control circuit 58 causes the comparison signal RPD to
transition from the positive potential +E to the non-active
state Hi-Z.

Only when the phase difference between the first input
signal XHD and the second input signal HDO has a
predetermined magnitude, the duration of time A in which the
comparison signal RPD of the phase comparator 26 is at the
negative potential —~-E is equal to the duration of time B in
which the comparison signal RPD is at the positive potential
+E. When the durations of time A and B equal, the output
level of the LPF 28 is neutral, and the frequency control
signal supplied to the control input terminal 22a of the VCO
22 consists of the output of the DAC 36. 1In this case, the
operation of the PLL circuit 20 is not affected by the
reference signal XHD, and the frequency of the output signal
VOUT of the VCO 22 therefore serves as the free-running
frequency of the VCO 22.

The free-running frequency of the VCO 22 depends upon



state to the non-active state; and (d) a duration of time in which the
conpari son signal output fromthe phase conparator is at the first state
and a duration of time in which the conparison signal output fromthe phase
conparator is at the second state change dependi ng upon the phase

di fference between the first input signal and the second input signal. 3. A
phase | ocked |l oop circuit according to claiml1l or 2, wherein the data
storing and updating neans includes a niscroconputer, and the counting neans
i ncl udes said m croconputer and a counter controlled by said m croconputer.
4. A phase | ocked loop circuit according to claiml1, 2 or 3, wherein the

pul se signal outgut fromthe_ divide counter is a nmaster. clock of a display
driving cFrRuPEEBRtaCHi EpPal)rtedPeeandatApEefiore depends upon the

oA A da e e e M B Ea Y aft) Bhe/Pand SYorbE A5 AhE Mkl o AR
Lm0t cgl ealeat sl oo ol coked Lok gl oalselgalaaloah gl ol oo e
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a] caBzf H* G Oa R 6N - ¥E1OWERn{ rrE3d0darkef) 32 to adjust the free-running

frequency of the VCO 22 is described below with reference to

the flowchart of Fig. 5 in conjunction with the signal chart

of Fig. 3.

The free-running frequency of the VCO 22 is

automatically adjusted during operation of the PLL circuit

20; however, the automatic adjustment is not necessarily

performed in a continuous manner, and is performed at

appropriate intervals. For the purpose of economy, the

microcomputer 32 should not be a dedicated microcomputer

having only a function as a component of the PLL circuit 20,

but should be a microcomputer for controlling various

functions of a display device incorporating the display

panel 10. In the illustrated embodiment, the microcomputer

32 periodically launches a program for automatically

adjusting the free-running frequency of the VCO 22. At the
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time when this auto—adjusting program for the free-running
frequency is launched, the PLL circuit 20 has already been
operated, and the frequency of the output signal VOUT of the
VCO 22 has therefore been locked to a desired frequency that
is obtained by multiplying the frequency of the reference
signal XHD by the division ratio R of the divide counter 24.
However, if the auto-adjusting program is not launched until
the display device is powered on, generally, the free-
running frequency of the VCO 22 is deviated from the above-
described desired frequency. Otherwise, the elapse of time
since the auto-adjusting program was last executed may
introduce a change of temperature in the PLL circuit 20,
thus causing the free—-running fregquency of the VCO 22 to be
deviated from the above-described desired frequency.

If the free-running frequency of the VCO 22 is higher
than a desired frequency that is obtained by multiplying the
frequency of the reference signal XHD by the division ratio
R of the divide counter 24, the output level of the LPF 28
is high, and the level of the frequency control signal input
to the VCO 22 is therefore high, thus preventing the phase
difference between the first input signal XHD and the second
input signal HDO from being reduced. Then, as indicated in
(c) of Fig. 3, the duration of time A in which the
comparison signal RPD output from the phase comparator 26 is

at the negative potential -E is short while the duration of
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time B in which the comparison signal RPD is at the positive
potential +E is long.
On the other hand, if the free-running frequency of the
VCO 22 is lower than the above-described desired frequency,
the output level of the LPF 28 is low, and the level of the
frequency control signal input to the VCO 22 is therefore
low, thus preventing the phase difference between the first
input signal XHD and the second input signal HDO from
increasing. Then, as indicated in (d) of Fig. 3, the
duration of time A is long while the duration of time B is
short.
If the free-running frequency of the VCO 22 is equal to
the above-described desired frequency, then, as indicated in
(b) of Fig. 3, the durations of time A and B equal, and the
output level of the LPF 28 is neutral. Thus, the frequency
of the output signal VOUT of the VCO 22 serves as the free-
running frequency.
The number of pulses of the pulse signal VOUT output
from the VCO 22 in a period in which the comparison signal
RPD of the phase comparator 26 is at the negative potential
-E (hereinafter referred to as "count value N"), where the
pulses are counted by the counter 34, varies depending upon
the duration of time A in which the comparison signal RPD is

at the negative potential -E. 1In order to evaluate the

count value N, the value of the number of pulses of the
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pulse signal VOUT when the durations of time A and B equal
(hereinafter referred to as "reference count value NO") is
stored in the memory of the microcomputer 32 in advance.

Referring to Fig. 5, when the auto-adjusting program
for the free-running frequency starts, the microcomputer 32
first sets a timer so as to start counting from zero (block
502). Then, it is determined whether or not the value of
the timer exceeds a predetermined value (block 504). The
timer indicates an elapsed time since the auto-adjusting
program started. The microcomputer 32 reads the value of
the timer to check the elapsed time, and determines a
timeout or not. The first time the program routine proceeds
from block 502 to block 504, that is, immediately after the
timer was set, a negative determination is obtained in block
504, and the program routine proceeds to block 506.

In block 506, the microcomputer 32 controls the counter
34 so as to count the number of pulses of the pulse signal
VOUT output from the VCO 22 in a period in which the
comparison signal RPD of the phase comparator 26 is at the
negative potential -E, and reads the count value N.

In block 508, the microcomputer 32 compares the read
count value N with the reference count value NO. If the
difference between the count value N and the reference count
value NO is within a predetermined allowance (NO - O < N <

NO + [0), this means that the free-running frequency of the
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VCO 22 is adjusted to the desired frequency range, i.e., a
frequency range sufficiently similar to the frequency
obtained by multiplying the frequency of the reference
signal XHD by the division ratio R of the divide counter 24.
Then, the microcomputer 32 terminates the auto-adjusting
program. This indicates a normal termination.

On the other hand, if the difference between the count
value N and the reference count value NO does not fall
within the predetermined allowance, when the count value N
is smaller than the reference count value NO (N < NO - [0),
this means that the free-running frequency of the VCO 22 is
too high, in which case the comparison signal RPD of the
phase comparator 26 indicated in (c¢) of Fig. 3 is exhibited.
Then,. the microcomputer 32 causes the value of the digital
data DAC_DATA to increment (block 510) so that the free-
running frequency of the VCO 22 decreases.

If the difference between the count value N and the
reference count value NO does not fall within the
predetermined allowance, when the count value N is greater
than the reference count value NO (N > NO + (), this means
that the free-running frequency of the VCO 22 is too low, in
which case the comparison signal RPD of the phase comparator
26 indicated in (d) of Fig. 3 is exhibited. Then, the
microcomputer 32 causes the value of the digital data

DAC_DATA to decrement (block 512) so that the free-running
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frequency of the VCO 22 increases.

As used herein, if the value of the digital data
DAC_DATA is designated by "O", both the two separate
processings identified by blocks 510 and 512 are expressed
by O = 0 + (NO - N) x K, where K denotes the correction
coefficient.

The program routine loops back to block 504 from both
block 510 and block 512, and it is determined again whether
or not the value of the timer exceeds the predetermined
value, as described above, to determine a timeout or not.
Even when the auto-adjusting program continues with the PLL
circuit 20 or any relevant circuit failed, if the free-
running frequency of the VCO 22 does not reach the desired
frequency range, the value of the timer exceeds the
predetermined value during the loop of the program routine.
Then, the program routine proceeds to block 514 from block
504, in which an abnormal termination is alarmed, and the
program routine ends. If the automatic adjustment for the
free-running frequency of the VCO 22 is not completed after
a predetermined time elapses since the auto-adjusting
program started, therefore, the auto-adjusting program is
brought into an abnormal termination, thus preventing the
auto—adjusting process from persistently looping back to
affect any function of the microcomputer 32. The abnormal

termination of the program also enables any defected device
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to be detected.
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CLAIMS:

1. A phase locked loop circuit comprising:

a voltage controlled oscillator having a control input
terminal which outputs a pulse signal having a frequency
depending upon a frequency control signal supplied to the
control input terminal;

a divide counter for dividing the pulse signal received
from the voltage controlled oscillator to output the
resulting pulse signal;

a phase comparator which receives as a first input
signal a reference signal which is a pulse signal having a
predetermined freguency supplied from an external unit and
receives as a second signal the pulse signal output from the
divide counter, and which outputs a comparison signal, a
period in which the comparison signal is at a predetermined
level changing depending upon the phase difference between
the first input signal and the second input signal;

counting means for counting the number of pulses of the
pulse signal output from the voltage controlled oscillator
in a period during which the comparison signal of the phase
comparator 1s at the predetermined level;

data storing and updating means for updating stored
digital data based on the count value of the counting means;

a digital-to—-analog converter for converting the
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digital data stored in the data storing and updating means
into an analog signal to output the analog signal;

a low-pass filter for smoothing the comparison signal
received from the phase comparator to output the resulting
signal; and

a combiner for combining the output of the low-pass
filter and the output of the digital-to-analog converter to
generate a frequency control signal which is supplied to the
control input terminal of the voltage controlled oscillator,

wherein the digital data is updated by the data storing
and updating means, thus allowing the free-running frequency

of the voltage controlled oscillator to be automatically

adjusted.

2. A phase locked loop circuit according to claim 1,
wherein the comparison signal output from the phase
comparator is at any of a non-active state, a first state,
and a second state;

(a) when the first input signal transitions from a
first level to a second level, the comparison signal output
from the phase comparator transitions from the non-active
state to the first state,

(b) in a period during which the first input signal is
at the second level, the comparison signal output from the

phase comparator transitions from the first state to the
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output from the phase comparator transitions from the second
state to the non—-active state; and

(d) a duration of time in which the comparison signal
output from the phase comparator is at the first state and a
duration of time in which the comparison signal output from
the phase comparator is at the second state change depending
upon the phase difference between the first input signal and

the second input signal.

3. A phase locked loop circuit according to claim 1 or
2, wherein the data storing and updating means includes a
microcomputer, and the counting means includes said

microcomputer and a counter controlled by said microcomputer.

4, A phase locked loop circuit according to claim 1, 2 or
3, wherein the pulse signal output from the divide counter is a

master clock of a display driving circuit of a display device.



