15 March 2006 - 1 PHASE LOCKED LOOP Cl RCUI T HAVI NG AUTOM%&§%{%§%E&U

FOR FREE- RUNNI NG FREQUENCY OF VOLTAGE CONTROLLED OSCI LLA ND OF
- THE INVENTION 1. Field of the Invention The present invention relates to a
phase | ocked 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 | ocked |oop (PLL) circuit including a phase
conparator,~a |l owpass filter, and a vojftage controlled oscillator (VCO,
whi ch 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 displ , i ¢ el ectrol um nescent L) displays, and plasm
di spl ays, m%ﬂcﬁaﬁi&l&qﬁ% FRYEE HAof NG A W%/TI%@WU@T%EN%LHQR of a
di spl ay pan into a dot matrix in order to

gengr a%/epa %IR':{% %W?ﬁé@ﬁ@gﬂ fh T ONHRATHH PSCELIATRR i zont al

synchronous signal or a vertical synchronous signal supplied froman
external device. A display driving circuit of such a display panel

reqU|res‘ng%5] fﬁé&ﬂlity master clock frequency. However,
in the case ere’ the frequency 0 he reference signal supplied to a PLL

circuit fyr oM@ 1RXIEH Ne 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
épplication, 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 circuitAof 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




15 March 2006 2 device greatly differs fromthe free-runnilg%ﬁ%@@cy of a
VCOin the PLL circuit, the output signal frequency of the cannot be

| ocked to the frequency of the reference signal unless the output signal
frequency of the VCOis 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 nmay not neet conditions requisite for the
master clock of the display driving €iZ2cuit. In a PLL circuit for
generating a master clock of a display driving circuit, therefore, it is
essential to adjust the free-running frequency of a VCQ ~--in the PLL
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connecting the adjustnent tool to th riving circuit is further

requi red.sigeh auRERANIEN dPLHS & 1 R | 3L RRRANSL JM e BGRRNIEM requires a
checkout termnal for connectriﬂng t he adj ustment ‘tool to the |%spl ay

driving greatilivt .sHIT e ivii N, r ddpR Adtes HWRNE A0l rubh Gy 115-JhQWght -into
contact with the checkout term nal causes a changing

of the VCO, thus impairing the stability of the output

signal freqﬁency of the VCO. This may not meet conditions

' requiéite'for the master clock of the display driving

circuit. 1In a PLL circuit for generating a master clock of

a display driving circuit, therefore, it is essential to

adjust the free-running frequency of a VCO+~in the PLL

circuit.

In the related arf, a frequency counter for counting a
master clock of a display driving circuit is used as an
adjustment tool, which is connected to the display driving
circuit in order to adjust the free-running frequency of a
VCO. However, this mechanism has problems that such an
:adjus;ment tool is required and a time—consﬁming setting of
-connecting the adjustment tool to thé display driving
circuit is further required. Such a mechanism is also
costly because the mechanism requires a checkéut terminal
for cénnecting the adjustment tool to the display driving
circuit. In 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.




| oad of the master clock, |eading to a measurenent error. 154 59608006 - 3
The above-noted problens could be overcone by a PLL circuit having a
function of automatically adjusting the free-running frequency of a VCO
during operation of the PLL <circuit. A PLL circuit having such a function
is disclosed in. Japanese Unexam ned Patent Application Publication No.
2001-211072. in the PLL circuit disclosed in this publication, the output
‘'signal frequency of a VCOis converte® i-nto digital data by a :
frequency-to-data converter during operation of the PLL circuit, and the
digital data is further converted into an analog signal by a digital-to-

anal og conver - a i.g added to a_sjgnal tai ned by
snoot hi ng the&gﬁt%E@s%fn§Q%ﬁa§gbgg§%5a?§ 29 g% gvﬁgﬁngségfﬁng , and the
resul tingiScNadl Ha%rinhen Adpu; fire .control signal,
based onJMhich tﬁélﬁpge-ﬁtnniﬁg fgg%@%@?ﬁﬁiﬁﬁ%%yvgﬁsﬂ%¥1a&téhﬁtica||y
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stabil'ity reference clock signal nust be sup equency-to-data

convert elciiréu@der al LIAGHINAIS HhYihCYUERCY- Fandali3 CouVaLLen » LhuS, a
circuit for generating such a reference clock signal is reqU|re3, and,

- once theist gapkinkgeotimbhamieker eatent! apki18cdRabnl Punisdyeedn fBe operation
stability of the PLL circuit is also
2001-211072. In the PLL circuit disclosed in this
publication, the output signal frequency of a VCO is
converted into digital data by a frequency-to-data converter
during operation of the PLL circuit, and the digital data is
‘further converted into an analog signal by a digital-to-
analog converter (DAC}. The analog signal .i1s added to a
signal obtained by smoothing the output of a phase
comparatoxr by a low-pass filter, and the resulting signal is
then input to the VCO as a frequency controi signal, based
- on which the free-running freguency of the VCO is
automatically adjusted.

In the PLL circuit disclosed in the publication,
however, g high stability reference clock signal musf be
supplied to the frequency-to-data converter in order to
activate the frequencyntOQdata convertef. 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.




reduced. 15 March 2006 4 SUWMARY OF THE | NVENTI ON Enbodinqg%aigﬂz@&§
present invention seek to provide a PLL circuit having an aut onati ¢
adj ustment for the free- running 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 tifcuit can be maintained. According to
an aspect of the present invention, there is provided a phase |ocked | oop
circuit conprising: a voltage controlled oscillator having a control input
term nal which outputs a pul se signal having a frequency depending upon a
f requenE&YMMBRYr BF SHENANVENEPPNed to the control input termnal; a divide
counter for dividing the pulse signal received fromthe voltage controlled
oscill ator Ewmbodipantshefrebeal prageptl seveinfhah; sacphhseptonpaeator which
receives as a first input signal a reference signal which is a pulse
si gnal Bali ngrauptetevéng ardafitegaencyadsupphert foonthe €xéernal unit and
receives as a second signal the pulse signal output fromthe divide
count er ruandngwiirebuentpub$ a voOpahisbndseégnabt acpeiredai oiwnbuth t he
conparison signal is at a predeterm ned | evel changing depending upon the
phase difbkegeneeabétyeanhife Stabilitputefsrgnaé abdckheigeedndsso nput
signal ; counting neans for

that the coperation stability of the PLL circuit can be

maintained.

According to an aspect of the present invention, there
is provided a phase locked loop circuit comprising: a
voltage controlled oscillator having a control input
terminal which outputs a pulse signal having.gjfrequency
depending upon- a freguency control signal supplied to the
control input.terminalf 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 frequency

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 contrclled oscillator in a period during



counting the nunber of pulses of the pul se signal output %$ﬁ %Q@ﬁyoltage
controlled oscillator in a period during 15 March 2006 - g

conpari son signal of the phase conparator is at the predeterm ned |evel;
data storing and updati ng neans for pdating stored digital data based on
the count value of the counting neans; a digital-to-analog converter for
converting the digital data stored in the data storing and updating neans
into an anal og signal to output the analog signal; a |owpass filter for
snnothing t he conparison signal received from the phase conparator to

out put ¥ éCPeEBFt FRYPEF4ASP; Slaﬂalao’éoﬁﬁ?ngha?%rC%%FﬁFﬂﬁ thedbut put of
the lowpass filter and the output of the digital-to-anal og converter to
gener at 8§ PFéaﬁEﬁEVlESHtﬂ@Ve§rgﬁ3FawﬁF€ﬁlF§ 30fprPeatinItReangohe¥ ol input
term nal of the voltage controlled oscillator, wherein the dlgltal data is
updateduBQthégd§F9r§ ofitegtandiatipdasrag ﬁﬁaﬁ@e £AUBL aV  bWE NY

free-running frequency of the voltage controlled oscillator to be

aut omat FeanfyngaBpaseeda Ahgatphate-foeked rooperPel) ferreonvernet®¥ding to
the .enbodinments of the present invention, therefore, the nunber of

pul ses theadpgitelsdghal sbarpdt ihrbheadabata‘gertmtmdl epdapsedl | at or (VCO)
in a period in which a conparison signal output froma phase conparator is
at a prmdener hihhedahegrblogsstoual ety antpdtgthal anatagssbgrali naa dat 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 ailowing the free-running fregquency of
the voltage controlled oscillator to be automatically

adjusted.

In a phase locked loop (PLL) circuit according to the

.embodiments of 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-converter (DAC) converts the digital

data into an analog signal. A combiner combines the. analog




storing/updating unit is updated based on the counted valgr Maioh 2006

di gital -to-anal og-converter (DAC) converts. the digital ata into an

anal og signal. A conbiner combines the analog 15 March 2006 6 signal with a
si gnal obtained by snoothing the conparison signal of the phase conpar ator
by a lowpass filter to generate a f?equency control signal of the VCO
based on which the free-running frequency of the VCOis automatically
adjusted. Since the PLL circuit of the enbodi nents of the .present
invention does not require_a circuit for generatin a high stability
referenéégEP&cW1§PgﬁaﬁlgPﬁé BBéﬁépﬁénbYsFEBPFFF?gogh?hEOWPErEFPEU|t can be
mai nt ai ned. Thus, a PLL circuit having high accuracy and high stability is
achi evedi9BRIERPIDEBERPPFFEONCORPATRED W RGSOErBass F3lEekl bek diagram of a
display driving circuit of a display device using a PLL circuit according
to the JgPREeFane PnE&rEMERCYFrgntpolssagprdckidrhgr daPobagedlLencircuit
accordin a preferred enbodi nent of the present invention; Fig. 3 is a
si gnal %aph shewifmgermenstagefreansnciont bheavﬁenparagbﬁm@tgﬂallbutput
froma phase conparator in the PLL circuit shown in FIG 2; Fig. 4is a

bl ock dadduaﬁeﬁhoﬁﬁngeatbpeELLiciexahplefothethsbpﬁamentanpéraher in the
PLL circuit shown in FIG 2; and Fig. 5is a flowhart show ng a data

. updat i ngrekgoti thmention 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.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a display driving circuit
- of a display device using a PLL circuit according to the

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.




executed by a m croconputer in the PLL circuit shown in FH Tﬂ%% gg&§h 2006
7 2. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An enbodi nent "0 ? e present

invention is now described wth reference to the drawings. In Fig. 1, a
di spl ay panél 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 inplenented by an RGB erprg_circuit 12 and a timng signa
generating circuit 14 which are connected worth the display 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 &nd VB, respectively, which are suitable for driving the pixels
of the display panel 10. The timng signal generating circuit 14 generates
atimng signal for driving the display panel 10 and the RGB driving
circuit 12 based on a_ horizontal synchronous signal XHD and a verti cal

synchrond&S CRIESTN 0D Teikp FREEE ERBOSIMENTR| device. The tinming

signal generatin ircuit 14 _includes a PLL circuit 20 according to a
preferred enbdi FBRPIOPSPHeChr ERENPXPRGBAL LBRENTERN §&8 cRP¥edeBEF6edBased

?RetEﬁthﬁkéag%%gr%%%%h%%n%%% di% Q%BSXHD recei ved from an external device,

In Fig. 1, a display panel 10 having pixels arranged
into a dot matrix is used for display devices such as liquid
crystal displays, organic electroluminescent (EL) displays,
and plasma displays. A display driving circuit is

- implemented by an RGB driving circuit 12 and a timing signal
‘generating circuit 14 which are connected with the display
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, respectively, which are suitable for driving the pixels
of the display panel 10. The timing signal generating
circuit 14 generates a timing signal for driving.the display
panel 10 and the RGB driving circuit 12 based -on a
horizontal synchronous 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 e%ternal device, the PLL circuit

20 generates a horizontal master clock HDO for driving the




20 generates a horizontal master clock HDO for driving th%s%ﬁgkﬁﬁ s 2006 8
di splay panel 10 and the R@& driving circuit 12. Fig. 2 is a block di agram
showi ng the configuration of the PLL circuit 20 according to a preferred
enbodi mrent of the present invention. The PLL circuit 20 includes a

vol tage controlled oscillator (VCO 22, a divide counter 24, a phase
conparator 26, a lowpass filter (LPF) 28, and a conbiner 30 for conbining
two signals, and these conponents forma first loop L1. The first loop L1
incorporates a divide counter and a conbiner in addition to the basic
structure of a typical PLL circuit having a loop of a VCO a phase
conparator, and an LPF. The functionality of the first |oop L1 corresponds
to the fiHARIG¥aRaeloflG mad gdie RSB drdwiyye cdlrait did.cuit. The

hori zontal synchronous signal XHD i's supplied to the phase conparator 26
from an exter RaP-déviged Phackngipgsamasheyannr sheusositgaurakipni efa pul se

signal h in% a redet ermi ned frequency (for exanple, 15.734 kHz), and is-
a ref'erg]c,ee. L4 Gi3Cusr 20aGSS0F AW BlOL & iprafierreg egbweimeaked®t to t hat

frequenc The VCO,22 inclydes a control input, term nal 22a, and outputs a
pul se siéﬁﬁ &P rad g &L O eqdditey e Sérditid dfod & 88§uency contro
P90 SO chRGHATRRHAR OB (BT TR 2RSSR SN o 2
' a phase comparator 26, a low-pass filter (LPF) 28, and a
combiner 30 for combining two signals, and these components
form a first loop Ll. The first loop L1 incorporateé a
divide counter and a combiner in addition to the basic
structure of a typical PLL circuit having a'loop of a VCO, a
phase comparatori” and an LPF. The functionality of the
first loop L1 corresponds to the functionality of the loop
of the typical PLL circuit. |
The horizontal synchronous signal XHD is supplied to
the phase comparator 26 from an external device. The
horizontal synchronous signal XHD is a pulse signél having a
predetermined frequency (for example, 15.734 kHz), and is a
reference signal for causing the PLL circuit 20 to be locked
to that frequency. The VCO 22 includes a control input
terminal 22a, and outputs a pulse signal VOUT having a
frequency depending upon a frequency control signal supplied
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




di vides the received pul se signal to output a horizontal - ck HDO -
which is a pul se signal having a frequency 15 March 2006 &@%@Pgﬁbé)al |y
equal to the frequency of the horizontal synchronous signal XHD.- The

hori zontal nmaster clock HDOis supplied to the display panel 10 and the
RGB driving circuit 12 shown in Fig. 1. The phase conparator 26 receives
the horizontal synchronous signal (reference signal) XHD, which is a pul se
signal, as a first input signal, .and receives the horizontal master clock
HDO out put fromthe divide counter 24, which is a pulse signal, as a
second input signal. The phase conparator 26 then outputs a conparison
signal RPD, and a period in which the conparison signal RPDis at a

pr edet er isutectdevedl Var égsalepenthagr ipgiichbe phasiee Wo#ieseree between the
first input signal XHD and the second input signal HDO The conparison

- si gnal RRynchdeseus betgnde| XN i n Tine ehatet abhtaThes 4B 281 s S aiv@si ¢ he
conpari son signal RPD output fromthe phase conparator 26, and snoot hes

t he receiswmpkigmhato ttheudsplahepamsll 10 dbd thed REB airihing LPR-ABLtE S
supplied to the.conbiner 30 as an input signal. The PLL circuit 20 further
i ncl udes 12 rlervorolpEer. 32, a counter 34, and a "digital-to-anal og
converter (DAC) 36. These conponents in conbination with the VCO 22 and
the combi ner Phemca CORPEAG togo P 6L XecRivese dbved hogdponzalas a

synchronous signal (reférence signal) XHD, which is a pulse
signal, as a first input signal, and receives the horizontal
master clock HDO output from the divide counter 24, which is
a pulse signal, as a second input signal. The phase
comparator 26 then outputs a comparison signal RPD, and a
period in whicl"the comparison signal RPD is™at a
predetermined level varies depending upon the phase
difference between the first input sigﬁal XHD and the second
input éignal HDO. The comparison signal RPD is described
below in more detail. The LPF 28 receives the comparison
‘signal RPD oﬁtput from the phase comparator 26, and smoothes
the received signal to output the result. The output of tﬁe
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




function of automatically adjusting the free-running fre he VCO
22. The m croconputer 32 controls the counting operation gg%@§¥Rg§%i 2006 -
10 the counter 34. The mi croconputer 32 and the counter 34 serve as a
counting unit for counting the nunmber of pulses of the pulse signal VOUT
output fromthe VCO 22 in a period where the conparison signal RPD of the
phase conparator 26 is at a predeterm ned |evel (at negative potential -E
inthe .illustrated enbodi nent). Altboggh_the counter 34 is separated from
the mcroconputer 32 in the illustrated” enbodi nent, the m croconputer 32
may incorporate the functionality of the counter 34. The m croconputer 32
has digital data DAC DATA stored in an internal nenory thereof, and

updat es tttee vaursteof 3he TiegintiadraaingDAG DT Amd citiedi gumnriteeat Bt count
value read from the counter 34. Thus, the m croconputer 32 serves-as a
data storémwy @wedat igugruning fuorl tupttat icguttieng tidrediuditgint alf gatizesbased on
the count value of the counting unit. The up-to- date digital data DAC DATA
i s const @t Ighes mydlsiceds itamalh & QUAC owBRu tantkdrh et IRAT @B Aprivera perieddi git al
data DAC DATA into an analog signal which is then output. The output of
the DAC 3d€zs dilpsplacsdpary sofe sdamaln&PBO L dheapliagautcomipguraltorTRé combi ner

30 conbines the output of the LPF 28 and the output of the DAC 36 to
gener at e 1§ at a predetermined level (at negative potential —-E in the

illustrated embodiment). Although the counter 34 is
separated from the microcomputer 32 in the illustrated
embodiment, thé microcomputer 32 may incorporate the
functionality of the counter 34.

The microcomputer 32 has digital data DAC DATA stored
in an internal meifory thereof, and updates the ¥alue of the
digital data DAC_DATA according to the count value read from
the counter 34. Thus, the microcomputer 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 6utput of the LPF 28 to the output of

the DAC 36 to combine the outputs.




frequency control signal which is supplied to the control ihﬂ%ﬁlﬂzb&{m nal
22a of the. VCO 22. More specifically, the conbiner 30 ac}as e~out put of
the LPF 28 to the output of the DAC 36 to conhbine the outputs. 15 March
2006 - 11 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 non- active state (high-inped ﬁce state) H -Z, predeterm ned :
negative potential (first state) -E, and predeterm ned positive potential
(second state) +E. When the first input signal XHD transitions fromthe
high level (first level) to .the |low |level (second |evel), the conparison
signal RPD tFagsi 8i dis af sdniaie chartachowdngt ahe HitaZet @ rhheindgati ve
potential -E. period during which the fist input signal XHD is at the | ow
| evel , thef ddnpaomgETrisignalid®RD) REDarsitpuwins fanomichehzagat i ve potenti al
-Eto the positive potential +E. Wien the first input signal XHD
transiti crempamadon 126 | oihd esteiwit gt e chi gh el gontpee icenpaviised si gnal
RPD transitions. fromthe positive potential +E to the non- active state

H - Z. Theuyhpsdorfitiosn téfe phhsatdogpagfationmg 6A 18 miwkingh afh@ eompari son
signal RPD is at the negative potential -E to a duration of tinme Bin
“whi ch t héddivgasited® Eiighalimppdangeastafe) pddi v @gsetedsirmdinedE changes
dependi ng '

negative potential (first state) -E, and predetermined
positive potential (second state) +FE. When the first input
signal XHD transitions from the high level (first level) to
the low level (second level), the comparison signal RPD
transitions from the non-active state Hi-Z to the negative
potential —-E. I#" a period during which the fi¥st input
signal XHD is at the low level, the comparison signal RPD
transitions from the negative poténtial -E to the positive
potentiai +E. When the first inbut 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 cémparison
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




upon the phase difference between the first input signal-ﬁggﬂ aggoé?e
second input signal HDO. Since the LPF 28 snoothes the co s gna

RPD for output, the level of the output signal of the LPF 28 becones | ow
as. the duration of tine A increases while the duration 15 March 2006 - 12
- of time B.decreases. Conversely, as the duration of tinme A decreases
whil e the duration of tine B increases, the level of the output signal of
the LPF 28 becones high. Wen the 'durf%ions of time A and B equal, the

| evel of the output signal of the LPF28 is neutral. In the foregoing
~description, the high level and the |ow level of the first input signal
XHD have been referred to as a first level and a second |evel,
respecti vl yrimen® deledwegat. vEpeieanidlal, 'ast iy dlraties bifveipet antial +E
of the conparison signal RPD output fromthe phase conparator 26 have been
r ef err ed decras sasf mhdtl estidiee danch tdoec ofd S & inaspeeis,vehy. 1Hoedver, in
view of functionality, either level or state may be referred to as a first
one or. aofetbrdougpat FHgnelasd chepaPat @8 2ecumesbdighonf Whgenedhien any
fashion as long as the conparison signal RPD output fromthe phase

conpar at durggiohangds tiimet Ae amgnBereqae ldesdrei Bededbofe theOnetppéci fic
exanpl e of the phase conparator 26 is showmn in Fig. 4. In Fig. 4, the
phase cofparatopf26benéPidés 4schevkral.

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 & second state,
respectively. However, in view of functionality, either

level oxr 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. In 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



generating circuit 50 for generating a clock in a period: fll £l ly
shorter than the period of the output signal VOUT of thelég%%%g?ggi up
counter 52 for up-counting the «clock output fromthe clock generating
circuit 50, a down counter 54 for down-counting the clock output fromthe
clock generating circuit 50, an output circuit 56 for outputting 15 March
2006 - 13 the conparison signal RPD of the phase conparator 26, and a
control circuit 58 for controlling the operation of the up counter 52, the
down counter 54, and the output circui £356.  The first i nput 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 dtan compersdhy sigriale RAOIdOWHY pitdse RRMpdda® 4 6 f iargd & nput
signal XHD transitions from the high level to the low |evel, the control
circuit m®nrtedt sitdueinp S8ouore rcdmd ol liinig itld 2gera itm eaurdheofug he cl ock
sent fromthe clock generating circuit 50 into zero. Wen the up counter
52 is .reseunterhdl?f, dhet downowotntarue 4 ofartchechiep cadymitercia2udaf gree reset
is set in the down counter 54. Each tine the second input signal HDO
transiti Ghe fiiost timputi ghonedeXHDo aride Hhewdemosld, inipatcedignell @Docuit 58
activates the down counter 54 to start the down count from the count val ue
whi ch wagrsetingidn tohdhgp copimodr c3xomdd: 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 countér 52 to initialize the up colint of the
clock sent from the clock genérating 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 circqit 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. Theh, 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




reset. Then, the control circuit 58 nonitors the count vqg%& gﬂzb&g down

~counter ‘54 to specify the point at which the count val ue BecOes zero. The

control circuit 58 controls the output circuit 56 in the follow ng way.
When the first input signal XHD transitions fromthe high level to the |ow
| evel, the control circuit 58 causes 15 March 2006 - 14 the conparison
signal RPD of the phase conparator 26 to transition fromthe non-active
state H -Z to the negative potential - When the count val ue of the down
counter 54 becones zero, the control t rCU|t 58 causes the conparison
signal RPD to transition fromthe negative potential -E to the positive
potential +E. When the first input signal XHD transitions fromthe | ow

| evel totheechimplarieval sighelc®Pr @lf dheC wHa w8 coamses thlie 260r@ar i son _
signal RPD to transition fromthe positive potential +E to the non-active
st at e H +tZan@ilyonhdmrotnhéhphase -didftfiere mia deetde€n tbhehkl heigaitdpet  si gnal
XHD and the second input signal HDO has a predeterm ned nmagnitude, the
dur at i.onpofrenitie 1A-En wiheh the coomgarviadame sifgrhle BPBnotonhd¢ephade
conparator 26 is at the negative potential -E is equal to the duration of
ti me B i hecahieshzene . cthparcssmodi gdalcurRrRD5i8s causele thesicoimparpsvent i al

+E When the durations of time A and B equal, the output

signal RPD to transition from the negatlve 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 inpﬁt signal HDO has a

.predetermined magnitude, the duration of time A in which the
comparison signal RPD of the phase comparator 26 is at thé
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 fregquency 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




| evel of the LPF 28 is neutral, and the frequency contr ol lsshiflg-@ﬁboﬁéjppl i ed
to the control input termnal 22a of the VCO .22 consists~™of thé& output of
the DAC 36. In 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 15
March 2006 - 15 the output of the DA%%G, and t herefore depends upon the
val ue of the digital data DAC DATA stored in the nmenory of the
m croconputer 32. The m croconputer 32 updates the digital data DAC_DATA
according to the count value of. the counter 34. Thus, the free-running
frequencythef cuipWCOR22hd DAAMj3BSt echddehendifogcupiepende mpaoberhef pul ses of
the pulse signal VOUT output fromthe VCO 22 in a period in which the
conpar i syl lsiegod] tRRDdigidalt ke tee PiG DA TPOtsdmtricdl dn- Ehe wiemoeyt b€ pul ses
are counted by the counter 34. The operation of the m croconputer 32 to
adj ust. t f&ef pdenogeniprgert B@quefitye ofi croeouPBter222i sipdesesi bhe bel ow with
reference to the flowhart of Fig. 5 in conjunction with the signal chart
of Fig. 9igfkelf dadar DAGLRGTRr egeomelingf tohdéhwCooR2ti yalyaet ofatheal |y
adj usted during ogperation of the PLL circuit 20; however, the automatic
'adjustnEﬁPuP§eﬁo§4ne03§§§ﬁiF?e free-running frequency of the VCO 22

is adjusted depending upon the number of pulses of the pulse

signal VOUT output from the VCO 22 in a period in which the

comparison signal RPD is at the négative potentials -E,

where the pulses are counted by the counter 34. The

operation of the microcomputer 32 to adjust the free-running

frequency of the VCO=22 is described below with ré&ference to

the flowchart of Fig. 5 in cqnjunction 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 burpose of economy, the

microcompuﬁer 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




performed in a continuous manner, and is perforned at ap j
intervals. For the purpose of econony, the nicroconputerq§§ﬂéh§gﬁ%3not be
a dedi cated m croconputer having only a function as a conponent of the PLL
circuit 20, but should be a m croconputer for controlling various
functions of a display device incorporating the display panel 10. In the
illustrated enbodi ment, the m croconputer 32 periodically |aunches a
program for automatically adjusting_tgﬁ free-running frequency of the VCO
22. At the 15 March 2006 - 16 tinme wh t hi s aut o-adjusting program for
the free-running frequency is |aunched, the PLL circuit 20 has al ready
been operated, and the frequency of the output signal VOUT of the VCO 22
has t her défigree wieen Hhdek ed ttoo-aal jdedtiimed frceuan dip it ite  firgeobtuainied by

mul ti plying the frequency of the reference signal XHD by the division

rati o R dfregnendiviide leomehed ,24he Bidewdrcuift e hast alaepdyt begnpr ogr am
is not |aunched until the display device is powered on, generally, the
free- -rulPeAgtedeqaanic Fhef fieaueooy22fi dhdeviudpad Sigmaflh¥OHBowE- tescri bed
desired frequency. Otherw se, the elapse of tine since the auto adjusting
program W&® Pashasxdbgredorrapecnntoshece te ehdegdretl forgueatchr &han t he
PLL circuyit 20, , thus causing_the free-running frequency of the VCO 22 to
be 'devL&FeabFﬁéﬁﬁéhEYawﬁééigéyépabeéed§§ﬁﬁ@enpweq%eﬁb?.rpferﬁece

free-runnin requenc f the V 22 i s higher
51gga3 XED gyytge lengE; ratio Rgof 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
i : since the ‘auto-adjusting program was last executed fhay
inéroduce a change of temperature in the PLL circuit 20,
thus causing the free-running frequency 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 tﬁat is obtained by multiplying the
frequency of the reference signal XHD by the division ratie
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, es indicated in
(c) ef 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




than a desired frequency that is obtained by nmultiplying:t f ncy of
the reference signal XHD by the division ratio R of the &gjﬂﬁgﬁggﬁﬁter 24,
the output level of the LPF 28 is high, and the | evel 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. i nput
signal HDO from bei ng reduced. Then, as indicated in (c) of Fig. 3, the
duration of tinme A in which the conparison signal RPD output fromthe phase
conparator 26 is at the negative pdTéH%ral -E is short while the duration
of 15 March 2006 - 17 tinme B in which the conparison signal RPDis at the
positive potential +Eis long. On the other hand, if the free-running
frequencyink Bhén WEDcBR2the kowpartiBen khenaborepdeschitbededpsishedve
~frequency, the output level of the LPF 28 is low, and the | evel of the
frequencyotenttall skEghal loaput to the VCO 22 is therefore |ow, thus
preventing the phase difference between the first input signal XHD and the
second i nput Gmgriad :f rieand | ntf etlsé nfredhemn B5g i hdbgasrdy | &f (the of Fi g.
3, the duration of time Ais long while the duration of tinme Bis short.
| f the fVee-E@naesnyoverqubanytbeé bhev¥E@e22ribedqdakikedt fieegbeneydescri bed
desired frequency, then, as indicated in (b) of Fig. 3, the durations of
- tinme A ahbleBoutpuf, laneglt € 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
g short. W o
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. In order to evaluate the

count value N, the value of the number of pulses of the




output level of the LPF 28 is neutral. Thus, the freguenCﬁSI&&$£B$%§UtpUt
signal VOUT of the VCO 22 serves as the free- running frequency. e nunber
of pul'ses of the pulse signal VOUT output ,fromthe VCO 22 in a period RPD
of the phase conparator -E (hereinafter referred to pul ses are counted by
the the duration of time Ain at the negative potential in which the
conparison signal 26 is at the negative potential as "count value N'),
where the counter 34, varies dependi ng,ypon which the conparison signal RPD
-E. In order to evaluate the is count %glue N, the value of the nunber of
pul ses of the 15 March 2006 - 18 pul se signal VOUT when the durations of
time A and B equal (hereinafter referred to as "reference count val ue NO')
is storamlise tshgneendiGUDIwhdre the rdooipiutey &2 timadvanree B Refmrlri ng to
Fig. 5 when the auto-adjusting program for the free-running frequency
starts, thengigaddepuneleded fiq sis shtefardrigercamasrdlaes ) deunt i ng

fromzero (bl ock
stored in the memory of the microcomputer 32 in advance.
Referring to Fig. 5, when the auto-adijusting 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 &dlapsed 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 microcomputep 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 N0 is within a predetermined allowance (N0 — O < N <

NO + [), this means that the free-running frequency of the -



502). Then, it is determ ned whether or not the value of"- Qﬁ ggé exceeds
a predeterm ned value (block 504). The tinmer indicates an apse ?

since the auto-adjusting programstarted. The m croconputer 32 reads the
value of the timer to check the "elapsed tinme, and determ nes tineout or
~not. The first time the programroutine proceeds from block 502 to bl ock
504, that is, imediately after the timer was set, a negative
determnation is obtained in block 504, and the progran1rout|ne pr oceeds
to bl ock 506. In block 506, the m crochbiplter 32 controls the counter 34
so as to count the nunber of pulses of the pulse signal .VOUT output from
the VCO 22 in a period in which the conparison signal RPD of the phase
conpar at GiIC2@ 2 d satadjhes tenegat itk pRisMddl frdguangd, neadse t e coud val ue
N. In block 508, the m croconputer 32 conpares the read count value N wth
t he ref erfferepacayntrangeuesui@idiferttily adinfiflerrence thed enrpueneycount val ue N
and the reference count value NOis within a predeternined all owance (NO -
N < N-< oki@atned bWhhmlrté@dsriwqattHdﬁe?rfmrmynrdﬁﬁg:Her egfeneynasf the 15
March 2006 -- 19 VCO 22 is adjusted to the desired frequency range, i.e.,
a frequedgpadakdgd duf fuhei diviyisnriradia ® tofe theegliorice cobtrdiered4by

mul tiplying the frequency of the reference signal XHD by the division

rati o R dheghe tiev rderecgmpiiter4 32 Tieamingie syitdyeo @vrhouedd v iler ni nat es

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 NG (N < NO - [0},

W this means that the free“running frequency of the VCO*22 is
too high, in which case the cdmparison 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
predetermiﬁed allowance, when the count value N is greater
than the reference count value NO (N > NO + 0}, 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




program This indicates a nornal térnination. On the ot her, .han 1t the
SRR

di fference between the count value N and the reference c NO does
not fall wthin the predeterm ned all owance, when the count value N is
smal l er than the reference count value NO (N < NO - %), this nmeans that

the free=running frequency of the VCO "2 is too high, in which case the
conparison signal RPD of the .phase conparator 26 indicated in (c) of Fig.
3 is exhibited. Then,. the m croconputer 32 causes the value of the
digital data DAC DATA to increment Tb#®ck 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

pr edet er Firke@edlchyOVENEBe Wren 2ohaneadisesal ue N is greater than the
reference count value NO (N > NO + ), this means that the free-running

frequency of hbeud&® Rerésntodfl ene wAluvhbehtBas@iybeatoapaai son signal
RPD of the phase conparator 26 indicated in (d) of Fig. 3 is exhibited.
Then, .t hearOTDaTAC @Epdbeligid tedudgs "ove balthe the the diegiatraltedata DAC_DATA
to decrenent (bl ock.512) so that the free-running 15 March 2006 - 20
f r equencyrokcetskény€Oid2nitncieds by bAscksedlienednplief atrke explressefl t he
digital data DAC DATA is designated by "0", both the two separate
" processi bysOi deft itf (88 byNbl 5cKs whéereny 82Rosee tReressmdction
coefficient. |
The program routine loops backito block 504 from both
bloék 510 and blbck 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.
e Even when the auto—adjusting program continues with thé& 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 prégram routine.
Then, the program routine proceeds to bloﬁk 514 from block
504, in which an abnormal termination is alarmed, and the
program routine ends. If the automatic adjustmeﬁt for the
free—runniﬁg freguency of the VCO 22 is not completed after
a predetermined timé elapses since the auto—adjusting
program started, therefore, the auto—adjusting program is
brought into an abnormal termination, thus preventing the
autOHadjusting process from persistently looping back to

affect any function of the microcomputer 32. The abnormal

termination of the program also enables any defected device




by -O=0+ (NO- N) x K where K denotes the correction ffigcient. The
program routine | oops back to bl ock 504 fromboth bl ock é%giﬁﬁ%ggﬁgck 512,
and it is determ ned again whether or not the value of the tiner exceeds
the predeterm ned value, as described above, to determ ne a tineout or
not. Even when the auto-adjusting programcontinues 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 tiner
exceeds the predeterm ned val ue duri the | oop of the programroutine.
Then, the programroutine proceeds to block 514 from block 504, in which
an abnormal termnation is alarnmed, and the programroutine ends. If the
aut onat i toablpudeteatefor the free-running frequency of the VCO 22 is not
conpleted after a predetermned tine el apses since the auto-adjusting
program started, therefore, the auto-adjusting programis brought into an
abnormal term nation, thus preventing the auto-adjusting process from
persistently | ooping back to affect any function of the m croconputer 32.
The abnormal term nation of the program al so enabl es any defected device
15 March 2006 -- ‘21 to be detected. 15 March 2006




- 22 .CLAIMs: 1. A phase | ocked loop circuit conprisrngilgpxg%%ag s
controlled oscillator having a control input termnal whi'Ch odtputs a
pul se signal having a frequency depending 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-pgpse signal having a predeterm ned
frequency supplied froman external unit and receives as a second signal

t he pul se signal output fromthe divide counter, and which outputs a
conparison signal, a period in which the conparison signal is at a
predeté?h%ﬂ@ﬁ' | evel changi ng dependi ng upon the phase difference between
the first input signal and the second input signal; counting neans for
counting the nunber of pulses of the pulse signal output fromthe voltage

control Ted 0sg11 |31 ShaskBcREl' S9SCAI ) e Lhe Sompart son, of anal of
updai g roans s UBLeLENgBEoK0es it oo basedan Ll sounl valve
Mar ch ?OQ%rminal 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;

W a phase comparator whigh 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 signal thé 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 is at the prédetermined 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 cOnvérting the




- 23 - digital data stored in the data sForing and updathggﬂn%ﬁaéﬁ%intp an
anal og signal to output the analog signal; a |ow pass filtér 51 ot hi ng
t he conparison signal received fromthe phase conparator to output the
resulting signal; and a-conbiner 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 na

of the voltage controlled oscillator, erein the digital data is updated
by the data storing and updating nmeans, thus allow ng the free-running
frequency of the voltage controlled oscillator to be automatically

“adjusted. 2. A phase locked loop circuit according to claim1, wherein the

conpar i s witgdaldadat piorfedormn Hhepltede stompjarataord jupdat iavyy mefans

- non-active state, a first state, and a second state; (a) when the first

i nput si ¢Ade EParsRlioghs ifangh &0 fautul dhel anelesedamtlevel , the
conparison signal output fromthe phase conparator transitions fromthe
non-active stalewrBaehefiltst &pat smopbhing shpecpwnagispngsianeh t he
first input signal is at the second |level, the conparison signal output

fr om t he FeFRAYEIC PR A6 PRASSS ICOMBRE attogmton ety thearesud timg 15 Mar ch

2006 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
contrel input terminal of the voltage controlled oscillator,

wherein the digital data is updated by the data storing

wand updating means, thus allowing the free-running frequenby
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




- 24 second state, and (c) when the first input signal sﬂiIL% @%Sfrom
the second level to the first level, the conparison S|gn& g from

t he phase conparator transitions fromthe second state to the non-active
state; and (d) a duration of time in which the conparison signal output
fromthe phase conparator is at the first state and a duration of time in
whi ch the conparison signal output from the phase conparator is at the
second state change depending upon thgsphase difference between the first
i nput signal and ;,:he second input signal. 3. A phase |ocked |loop circuit
according to claim1 or 2, wherein the data storing and updating neans
includes a mcroconputer, and the counting neans includes said
nicroconﬁﬁFEPdaﬁ§%¥anﬂﬂ r controlled by said microconputer. 4. A phase

| ocked. | oop CIFCUI according to claim1, 2 or 3, wherein the pul se signal
out put from t K€ d|W@%% ERenfirstsinpufmsignad| sErnsitaonsshrayp ahevi ng
circuit of ae% ; { dewaﬁ% . PHASE LOCKED LOOP Cl RCU T HAVI NG AUTOVATI C
ADJUSTMVERPRBR FREEIRGANI VT AGMREANTREL SHOTESCl LLATOR

ABSTRACT CF THE DISC%EF I n a hase | ocked | oop (PLL) circuit haV|ng a
functi on °5FPEGt SFSF U ﬁ‘rt?‘l’fé’rf rEEN U fhreguddey sscopd

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 étate 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

wthe second input signal. & Hw

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 lobocked loop circuit according to claim 1, 2 orx
3, wherein the pulse signal output from the divide counter is a

.master clock of a display driving circuit of a display device.
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signal output fromthe VCOin a period in which a conpari'son signal output
froma phase conparator is at a predeterm ned |level is counted, and a

m croconput er updates digital data based on the counted value. The digital
data is converted into an analog signgd by a digital-to-analog converter.
A conbi ner conbines the analog signal with a signal obtained by snoothing
t he conparison signal of the phase conparator by a | owpass filter so as
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PHASE LOCKED LOOP CIRCUIT HAVING AUTOMATIC ADJUSTMENT FOR.

FREE-RUNNING FREQUENCY OF VOLTAGE CONTROLLED OSCILLATOR

ABSTRACT OF THE DISCLOSURE

In a phase locked loop (PLL) circuit having a function
of autdmatically adjusting the free—running frequency of é
voltage controlled oscillator (VCd), the numbexr of pulses of
. a pulse sigmnal output from the'VCO in a period in which a
comparison signal output from a phase comparator is at a
predetermined level is counted, and a microcomputer updates
digital data based on the counted value. The digital data
 1s converted into an analog 31gnal by a digital-to-analog
-converter. A combiner combines the analog signal with a
sigﬁal obtained by smoothing the comparison signal of the
phase comparator by a low-pass filter so as to generate a

frequency control signal of the VCO.

Fig. 1




