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generally to the fi Its for recovering or regenerating
synchroni zi ng signals fhgmgevi deo signals, and in particular, to the field
of digital horizontal phase s |ocked Ioop circuits. Phase | ocked | oops are

My ivers for generatihg a local horizontal
l’mwmw h is synchronous with the horizontal synchroni zing
|

used in tel ey
synchronizind@@
conponent of vi deo signal. Phase | ocked | oops generally

conprise a ~ o vdf®®ge control (ﬂﬁﬁar\#lim dlgbm?gener ating the

synchroni zing signal, a phase detector t10r conparlng t he phase of the
regenerat ed syncHMdfi Fiviggtieingialatest geagratputo dhgnlielchrf géeuitat fofg an

error or corgeeveAngsben@geridtdtiag @ynBREILIAG Highals 9! oRigey a control
bhase | ocked §E8s. £ o AAFGF GRENTBa Tt (T8R! diBeh 'LBLFRFL PARRE 1 t or
can be i spl ¢eoeke@ddidop czindiiteat i ons of | atches, accumul ators, sunming
circuits and nul tpgpld.er cLsd ; I Qi d | oo
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measuring t [EeNHa8ge Ay RGAlHosENtA SYRCAERMIZHY tHanAl evuisAcis of the
oscillator. shmehreaolyt with tiie thdmzostah dynHroAzing édmponealk of emuency
driving the, tl S, h ap |g,||;( n f Ia %‘)glt?k cuitry to
perform cal dﬁ&iﬁ @é]sv'aggr%'ggﬁf'at Fﬁ@ éf o ggt ?6&?% aF gﬁ I8 kprgéé i%d. .
Gener al 119 spediagr), conigotedpbsgiltatonffoa degenaratpigisthd ayadhroomings 2s a
function of ¢ C f rMedsd N ' n h&} Hgnal .
Cor't ai 1 appl| 90 oash Tk, (GRABICH drnebRRRIRICH thBthale PIENY PeuehatiBy)
fractions ofSHKEENERI p%'gﬂéh.w'%hi%n n'ﬂﬁliﬁisiggapiaﬂdergerﬂ\%ai'%gt% }irghear
resol :Jt i Cc);’h garréctiomgsighaphase, aenphopass f filteradot rcﬁevéloinin@h@ coaoming

si gnal . i cat S requi es a nimzin
fi 19 ter rerna%(_)sl.?agéié i%oh%grﬂsré@&tpgﬂ cérfqéeer i_cge.t%f%ﬁépge%gi %S&P%ggp‘sp%vi deo k
di spl ays!,5 f diggahmhasepiechackilpops ctan de impleyented ey wleek ideivento utilize

all of the viglantersf ommet kiRBr 2 |5liddie@mentéd aby i ddriblharlonsek | er inset
pi cture. 35 There can be eo I nformatio e smal |l er

top nuch vid to,fit in

area avai | ajPieN§S, @ﬁ@é‘@@??@&m?‘é’m"é@g @Qreuitsy@ng frlipliersn il .~ 2 way
200 I2 subs aprecisionCof v dig_u;ta_li;xInaseltlbcbédtlbepvddpen@jsfia{patt: opon f e

e, ma 1L ener |
5;(?Ianed anér%ﬁ)é?lﬁi)éséﬁﬁr’q?op@{éﬂgga@ﬁhggéﬂéI l}?ﬁéﬂ?@é%ﬁﬁgl @eed.dl{h%} gélrrgop{lsay of
such sub¥anpied inmcent@liing then freguanaye of ethe aseillades: sThe fegolution in
an i nvent i v o f&%"‘@’?ﬁ%ﬁ‘“ﬁt‘f‘éé@“Bé?ﬁiga?g??%?‘“?“ﬂgﬁ?? R et can
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b ti . S . ' . s .
y genera 'n@&wgp%@éﬁgym Shirfllofi) 'RBOBRIR pHBPAbLKEY 1B8P! R Of

pul se parts of, a periods “or pul se parts can

conbi ne®i o Rofunictigh of; RECAraay siegiwined (Rnfeaanaralingstit:hr oni zi ng
systenms adj ugynéhrortigiry i ignafl. each tine interval, and consequently each

partial Certain applications require high clock frequencies and

accuracy within fractions of the clock period. This minimizes
jitter due to the higher resolution, in timing or phase, employed for

30 tracking the incoming signal. Other applications may require less
accuracy, although minimizing jitter remains an important design
criteria. In certain kinds of video displays, for example picture-
in-picture, it may not be practical to utilize all of the video
information available for the auxiliary or smaller inset picture.

3s There can be too much video information to fit in the smaller area
available. In these circumstances, the video information is



~ s period or pulse part, in order to achi eve maxi mum accuracy. Tmﬁ¥ MAY 2002
technique requires that two tinme intervals or partial periods be adjusted
responsi ve to each phase neasurenent for each period of the reconstructed
signal, and consequently, circuitry for processing the phase neasurenent

and adjusting the counter or 20 counters.@sed to inplenent the oscillator.
A signal which can be very convenient for supplying the clock rate is based
on the col or subcarrier frequency fsc, and in particular, has a frequency

of 4 x fsc Atinme interval of 910 clock pul se periods,at 4 x fsc which is
bt oxi it eISPOSATPIREL GBI gt SHIRAG 1t e HIARAANGEIIAN ofor he

hori zont al syxachpleni miayg beoatitivedt dfthia meavnsnthatnéewer desrizorgabliines an

vartous 1 nvelier JunLES T Ed bt deSs. fithmalgy B Pact e iBCERIALY SRe
synchroni zi ifisplaynafl siclreubsaopleskrintarmatian man daterate dpes aaesumayh an
accuracy sof janghelragknBpatiN: otiké ?hf:hfoﬁﬂdPCi‘yﬁ&{rSniz%iggogigglaﬂl,eahbyiril x fsc

{he hori zonCUGABRPOAIS: AP STUPRIVE AABGBEIRRS & 19FuePBPIFaI JORAL hough
tge circui g siyewchﬁeﬁldingnﬁaouitcoahebb Wnpteernenﬁe;ctlf@gktmsr bgﬁumaaa@y i52
adequat e. egver. ; e achi eved even ere the '

MAY 20D2 -35%%@h ni“%tf#ugﬁ:'éll%gﬁtgéa@mﬁﬂgeahput video is represented by only
a single bit, f orSyneinisirezinige qwmltssic@ﬂ fl’B@QﬁS_trbliCt.Oﬂ Meca¥ebr dance with an
inventivg argyaiRBRMingt BRyMAE| BYNGaherANSHT G060 ZiiM@ ShEtehld whieaener at ed
with two part’ al erlogs or S5 rgu Se parts butﬁﬁonlﬁ on? of .the| pa]ttlal
periods or piS@SRAANY <O twg padial periods, SropHise Pat 8F 9 or BRIl se
part is constwantpartial qrerMBCosypulse phots eaanpéecombéinaxdrtet form ghet i al
period or p { Sqi by j i : pent ads 4 x
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t of th i i | d I paysti al i od
or S oul oo parieanitaden Pt thal ofd B8R TnEReura BArda B 5 be'
edge of the adjust¢ecirlesppastvenlto peaclochhdse resasiesnentifobeaghphased of
nmeasur ement ttHemr'%Q:o?\‘é{.%ct cg- Seaﬁ@aéé’r;iféﬁur@nﬂ)es‘é'i tlthyg fd?e cal cul ation

of a period correction vaﬁéje or Varying eriod o rgpg:' ust abl e
partial periBWRSSHY dBepprase Measbeaatcant adisstingethe ey &0
aLrangenmt,c@anmrgah_eehaté Oimnprbn@e@lerthedosoﬂla];e@tt.i gn val ue rel at eg to a |
phase neasur enent | e.en i .per pul se
part, and concl udésgw h@kf-ﬁ?{j Ct@‘?’ Pﬁeggw #&mgﬁlnééﬁagqofépbgbwﬁ)@afhgr Cg{ﬁkse
part. Ther ef &8, ischasegepnothe: 6ol subgariar regyeneYl klsa.neNddly next one of

t he adj ust a_bt)QrﬁéUTEr,i ﬁhgfﬁaﬂréqaénéﬁfcﬁf“hnﬂ PAr iR itervaldsf 91 0Peloek
parts. It wll

be appreci ated . n.this regard that e p adj ust nent may
Doty el | bePblsd BEHBISAEE: Blses Whisth i Ry Thalel a4 Mg 17 no
peri ﬁd Co5 I ecbrres pohdac e sthay mon%ddhOpghognef fthet harizpa_talodynxbhmr‘:f]ing .
syncnront zi n €. 1S { CESS change
for each sucgggﬁﬁe@yﬂfg% gﬁh??h@a'ﬁ%ll ¥@’%%A5@iﬁlﬁ?‘oﬁlﬁz@qg§%lls%&?@ accordi ng
to these and ot hehenwsymchvenizingngicowitt discloseskihareim agearding g fitter by
m ni m zi ng t baridelsaynPehtiFE NaftaRBarfo MRAPHEIGVY 16Wd jittee Reva period of the
oscillator resulting fromthat ,neasurenent, The . .
regenereﬂed synchronizing signal of one clock period of time, and
30 operates with an accuracy of one clock period, where the clock rate
is conveniently 4 x fgg. The synchronizing circuit is especially
appropriate for use in recovering the horizontal synchronizing
signal in a subsampled video signal, although the circuit is useful
in any context where one clock period accuracy is adequate.

35 Moreover, the accuracy can be achieved even where the



3s effective delay includes all of the tine which is needed for THeMAYIA02
effect of a new oscillator period to be seen by, that is - 2 MAY 2~~C -4
processed by, the phase detector. The ,delay is in each case only one

out put period of the phase | ocked | oop, which corresponds to one period of
the regenerated synchronizing signal. A.synchronizing circuit, according to
t hese and ot her inventive arrangenents, conprises: first neans for
generating fixed and adjustable tine intervals; second nmeans responsive to
the first neans for devel oping a signal of synchronizing pul ses, said

pul ses havi Bynelaruzisioy signali ebisheeinprédviggosisc cerspatediy ginlgaad fi xed
and adj ust abirfylbi bR, i foreeyahfileatith mbist dsigpARstobitgener ating period
correction values_for controlli. the adjustable tine int rv%l S. b%]
measuring phase di f?%‘i%'ﬁ@é‘&eb&'ﬂﬁeﬁ{‘ é[]}f@bﬁ‘é?v%”@ﬁg?"qut htg‘esyﬁ’é'ﬁro t3lzi ng
pul ses and syochemiizengragnal isnpegemerated. withc hwpe piastiak pereads wr) val ue
is related S i £ : ral e Lust abl e
pul se pa%t s?’%ﬁ]‘?rﬁ%tB%ﬁﬂ%@@éa@%ﬁf@'ﬁ%ﬁ%&ﬁﬂ'térg Hgﬁgr% ning a
di fference B&iyaRientheather ratinbRered &l pulseRarh is eengant.valruan
count i tn_g WBNTBSQItOGV?wrﬁ, qbr %)@rﬁﬁlb,rmb?boﬁechntcpﬁﬂféll péeriggass guise partt .
generating (r8s i C n ans peyer e
counti ng nezﬁs*;%ﬁa@ya%ﬁkﬁ‘ggbfé%f L?Z %%%aﬂg?%kﬁ%@&#]#te‘?eﬁﬁg'Tm:l'?gi ond
means may con@rvaleebiodtahd-dalfkeahsthieanominah prriquitofwai bborizbatajes st ate at

the end,gf %?gllgg?énfzmﬁ%cg@té\nt and adj ustable pulse parts. The third nmeans

nmeasur es pha ferences between suc&essi ve ones of the ad{ ust abl e pul se

parts in the syndRrBRPIARNGSLIMEY A" IMWRRtivSuBEENgerReNt. nPRaSReans may

conpri se an nigasiomgmentstee, urdelarenf betweent theg itbuti palgee i nput p:JI ses,

counti ng up (0] JeSDO \Y eV ro. | Ses

and reset rgggg%]%%‘bg g%qggggy%&@ﬁﬂhgygé&?ﬁ%ngyBﬁgsgﬂgér E&rg%ndi ng

to terninatiand enly ene pastiahtpesiacs or pRulss. partl bwepsbsraganerated er for the

synchr oRiszi \rﬁn%'hrréHFz‘in@Bp(ul%@frprTﬁ@ fallitigheidge o w@@oggsmnmmﬁa?d period
"

correction | ues 1o conpensate nore accurately for_ s t . termand | ong
termvari at igﬁféoqﬁn}qrhﬁxg&ﬂl%dcﬁﬁ ?ﬁ@ipﬁ@cﬁﬁ H@F%ﬁ}ﬂem%ﬂ e Sgigﬁonent of

the video signal ,Ea¢h hphdse nmeassiergenheedaltayini theroaleslatiop eheh phase
rrasur ement ookl NEAHBEHoN™Val3TRO! SErdhd 4T HEAbR of SheS UaARAALIE! ¥

addi ng the ;ﬁms_e érence neasur enen \ running sum
a summer forpatdial rered rondslsel paitng IR uaecordanee withe&ntoteac daventjee

wei ght egophagea A& hRIMAN CadFE BHIEERRIbN 10? depensdadbretfdnrbare ¢efdtegence
neasur enent

and, scaling circuits, for we ting relatiyve gontributions of
the phase s i A1 BnBREcERUiPEIRIT boding BHE" rieneRg CLEoeR Raffiak o
phase di f f erparied raputsempart . aftheconmigdses diy tthe ewnd wfuthet adjustableng sum
and the peri rkect o s y i ted C?,J%ﬁo } ck
di agr am of 535%&9%?1(?% ﬁr \@lggu?gﬁéccﬁécne%ﬁe?oegégec S éfé?rﬁ?gﬁéﬁventi on,

i npl ement ed \@UG 8PBIrOAS thEr VeBNtREXtHRASe Of ot @diutigble tneumtevals a
first tiog nodghimiagatmesgatialf perieds! af mulget parteperiatwidin bef an@e@i_b@@d?

| ocked | oop cirtcult sho . néﬂ?eGJRE 1, (rjessg si,ve 1o a steg|I tggcthl on phase
shift of an Iniflle QAR thal thpearoner adiisimatit may. véry Wall el ths” 2ng
conposite tisame dGrafiamyrasntheepoécédingepprtidinpegodhdf oyeperiosh of the
phase | ocke LT eUl in r S} 0 quency
change of a#é‘ﬁ%ﬁ%‘agi,%nQP?éE?%RE ﬁ‘ﬁb?dgﬁd.?’ggrg%ﬂ%'e?éﬁoéo?éee%% ai ning the
oper ati on of SYROMEZIBGr Buise 18 adjustaller b need Meiurecessarily Meck di agram

of a vidap peleasged ndrceachi $ucduisivg gy ridheoalzied rpulsgi ng circuit shown in
FI GURE 1. A synchronizing circuit according to these and other
inventive arrangements is useful in minimizing jitter by
minimizing the delay between a phase measurement and the new
period of the oscillator resulting from that measurement. The
3s effective delay includes all of the time which is needed for the
full effect of a new oscillator period to be seen by, that is



A synchronizing circuit according to aspects of this invention, and 2 MAY 2u.
i npl emented as a digital horizontal phase | ocked |oop 10, is shown in bl ock
diagramformin FIGURE 1. Circuit 10 2s conprises digital inplenentations

of the principle constituent elenents of a phase | ocked |oop, nanely a
phase detector, a |low pass filter and a voltage controlled oscillator. The
object of the circuit is to regeneratg _or recover a horizontal

synchroni zing signal froman input video signal. The 30 regenerated
synchroni zing signal on line 39 is the Qoutput of flip/flop 38. The

regenerated s nchronl ng signal is n only an output signal which closes
the phasd'Pee e Itﬁloﬁ b‘g?asﬁ Qste&t%n?}m d§r%}’néﬁ iR GraCheG@$RIONY ement s i n
the circuwre olitputr egeindr at ¢hie phaskr ekednop, Gkichi 8oABspORYS tho. a pul se

generat i i Oppr 3 ul se on line 41,
desi gnat er}gjecrge&w&llgé tge ?e@%ﬁ%@t@%@ﬁb?@g@r{i%ﬁ rW%nchr onizing signal is
also a | oad orA SYN rmmrzg)@rc_%t seecarding 4e Ehe@@ala other ches 14 and 20
and an |npuénaeéeatraogemﬁtsplccﬁhgﬂaésf@1&sta ) CELE IOfcﬁXgKené(E)atnr»?g’;1 UIO/ down

t f det ect h t h
¢ egencr afe8d SpACHELRAOE S INivARIb SESRnANSErEG SERonVG HEGm st TGRSl | 1 or
I fg I 11.
These si 3%@?%*%?@*‘%@0% ¢ .%Y“GJR%%'E%%H%E%S. TRt B e B S
respecti \p@mds Uaﬁn@tbbv tsuoeessive setgafisaid fixedrasid adjustableQirieintBjald;s an
dj ust abl e whi ch ted t. d hSYNCI
e ounih 1 RSt prebat i R P S5ERS ket e
count er i3 eaahbehne trh@wsgwl%aﬁw@tp%a@e differ&hé eférbéﬁbeeh%gé‘%ésgi%cm H (a

| ogi cal "1 ") and counts dovwn it QF/ is alogical L a logical "0").
Accor di ngings of ltiee smqtmonmhgtﬂm&ses@ndtsaccasswa omesf inpulifpuldes. Eatht i ve phase

t t.abl t ~ t he SYNC
Counter  BEtiog sortechon Yolip S idtaeO eat Oh i Bhash ditereicee R caRaS: nput on

i ne 13. tﬁa% <stie pRlR dapts? frequency of 4 x fsc in the illustrated
enbodi nent . gdn ter p?z hﬂas a gain of two. If the signals are in phase, the

up count will Thqu&fsttMademayouomprmdsuh'&nmgt pusang Ifor be the net, 2o

| t f
exanp! e Gefsrminind ch RIS HAGBER e diod 36°9f1§°‘f°|1°%‘@ Sl i 1 be
i ncrease@ ﬁ?n%‘i@é‘tdfﬂiu@héo%m dﬁﬁﬁﬂsvﬁquabte éécﬁ raie;odrd, The net
out put - webingegring)meuhs o hgenbraigdahf sugniesigrial Lfoe phesengeAsur ement i s

Phe Papu oﬁﬁnéb ?@ggg 1RGPy D 1 eﬁ@ﬂﬁﬁw@“n%hpég phgellion tk%f Eéﬂ‘n{ o
be i ncr egswal Bo ther differeneeneilheusecandumeans may ¢ampese Heisiaiu

g:) L 1;] frfeg@eeaﬁémm Pln elitg dlewﬁ?hnbﬁén?s istatanat mﬁ)elfseﬁd)oiraéafdh éfl tTEg SO
Cogener aths SyikiaRb A RElsHRE! PERECRRES, o THe MEIIPBRER BHASUMS r cponas
to the epdase diféerences petvg%erpaauccasswemneat@f Jhae. adivstakiecpulss may al so

be t hougiyarfy .@&hbhgymmmzw f;ﬁ]lséé’ aﬂ\d“?ﬁé\qhbuf w&é& tfige | @ivgpass filter.
The out put of cui t 6 The out put of

t
e he P dhedls ey camprRerBt, LBtk Paffisr Bhatied ot daHtlig fCansor vt e
val ue of duringsdnedingut pulsesyrao@ttoyy up and dowr responsive to the

tevel of the synchronizing pulses and reset responsive to an edge of
each synchronizing pulse corresponding to termination of the
constant pulse parts.

A low pass loop filter for the synchronizing circuit may
comprise a network for generating weighted period correction
values to compensate more accurately for short term and long term
variations in the period cof the incoming synchrcnizing compcnent
of the video signal, without increasing the delay in processing each
phase measurement. The network may comprise an accumulator for
successtively adding the phase difference measurements as a



_7_circuit 16 to the values shown. The output of liniter 18 is af ¢ MAYt 200%
a latch 20. The output count of linmiter 18 is |oaded into a latch 20 at the
same LOto H transition edge of the regenerated synchronizing signal. The
output of latch 20 is a second input to 5 summing circuit 16. Sunm ng
circuit 16, limter 18 and latch 20 form®an accunmul ator, which keeps a
runni ng sum of the raw phase neasurenents. The range of the running sumis
determ ned by the constraints of limter 18. This part of the | ow pass

filter netvaUiiniigadin ! anguhffer ma%%%%nfbardhe%egpmg gh%)n'nwg{ I'se, as

1 o expl aine Il 1n connecti W The

out put of | dPchag ?%C%F%%V%nwﬁ tB g8 4| renpeumeaﬂl emeNti ¥y circuit
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sum or bongiff ereﬁmwaasuwmalts)rand dhea wuvung suputo tthesadiisigdcircuit
24. The S'QWaéé‘fd?fféfmdéj'n‘@aéﬁr@ sC"“mC}étrﬁﬁ graplfﬁetéﬁiﬁhm&tte@r short

t erm phase r e connecti on

eviatio ‘M%) i |
wi th FI GURE Mg § ?Bgtm p&r"@ '&nbya E‘n ’é‘ﬂl‘ ng circuit
f24 20 Tpe transH’eIlGURiEsnOm@ bﬁocieldgdigredn nafr @ tgamhrbyuzmg ctul'r.:jnmul tipl lher
actor of 8 i L L CL 2. e ot her
arr angenent Sééh&r@@g;? CT% a@ge&;{ gt y?a% g%etnet*\’;g'e t'tﬁ'?&ewrfgﬁres tS ?@@et
ef fect ofo sch@fizental rnﬂﬁi’c% lQthad\dloge as shown in FlIGURE 1 on the values in

Lﬁtfﬂeljafaelssl gurﬂcsmlgnataél.@na ﬂ'}%ﬂﬂirﬁlngfldég ramhbdseful’ fyr%xplanﬂngefheeffect
al t er nat i ve, ORYRtG, H‘E%e B@@?ﬁ’rﬂo ‘5 loeR, 9'5@"@ %LWQ 'ri? %@ﬁﬁgqead pl aced
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arrangenent s are SSI wherein scaling circuits for weighting relative
contri buti on@of" é‘aghase di fference nmeasurenents and the running sum
to the adjusted pﬁla@b%EM esmnabagmuuea&:htferaemlpirm dbd. operatnvia¥ zvuL

_g_ The Ioopséé“,; rCl gadvantages. Firstly, the phase |ocked
| oop responds m)r |c to tranS| n’t devi ati ons than Ionggterm

devi at i ., but d '%f@éﬂ@c‘&f iageamgcelifuy P{RSRRSING (PIIGUY t er 18,
i s nevert hel gRdugdinif lﬂ¢e es\trichro NG élﬁCLﬂD'Sﬁ@WfSQﬂOFFGMREVEn if a SAC pul se

masur enent of O %P“CBW@F% rGikodt Aqqiallf do 28pBRs SO POASS
pul ses, the bh@é!qrbcaed |mp\@mﬁnted:@$t|an@@mai heyéﬁétait Qhﬁﬁ% logkerr oni zi ng
si gnalbasedideon ol hg ér%\gntmr Hbdiﬂkvu réf 184 FIGURE af edciauki o ter 18,

whi ch should be ~. 0 ¢ no nt ectign reest hed.
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t he wei ght ed'pg‘%‘un?”téérl éﬁfja%t 3@&%3 %@3%'|é/§gr éa‘{l@ﬂ Sh is necessary in order

not to overstate tﬂi@ ohieet of ribe gireuitoist e rEgenaratefor: RCAMuul at or and

the scal i ng *h'orri%'n‘taIZ% nEHR;rﬁEFHrg rs%ﬁalr floinh 29 uhﬁu@ ﬂdébdgrgn@mererhleng by
two's ngl ement
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These starting values are indicated in a column of numbers
directly below reset pulse J on FIGURE 2. This indicates that the
regenerated synchronizing signal is in phase with the SWC pulses,
neither leading nor lagging.
35 Strictly speaking, each phase measurement begins after
termination of a reset pulse from pulse circuit 40 and continues



s of "+2" becone nore frequent as the value in liniter 18 increases,?2 #fn2002
t hough the phase error decreases, which decreases the transient path
contribution to summ ng circuit 24. The phase neasurenent at sm-c pul se Q
results in a period correction value of "+2". At Snj C pulse R, the S-m-c
signal |eads the baseline by seventeen cl ock periods and the out put
waveform | eads the baseline by sixteen c{ @ck periods. The phase error is
reduced to only one clock period. This phase error continues through SnC
pulse Y in FIGURE 3(c). The phase neasurenent at Sm-C pulse Y results in a
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35 above. Counter 36 has been counting during the time these
calculations are being processed. The regenerated synchronizing



S s input of an upldown counter. The MSB is one of two inputs to pﬁgs’éAY 2002

| ocked loop circuit 10. The 4 x fg~ clock is the other input. The - 2 MAY
2002 -19 regenerated horizontal synchronizing signal, which is phase | ocked
to the horizontal synchronizing signal of the auxiliary video signal, is an

input to a wite timng control circuit 60. The vertical sync output of the
chroma and sync processor 54 is another input to the s wite timng control
circuit 60. The wite timng control GO_gﬁqerates the wite enabl e signal
and a timng control signal for the wite®address generator 66. The wite
enabl e signals are properly tinmed with the subsanpl ed video, and the wite
address generator generates the correct addresses, so that the video
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I nput synchroni zi signal fast,.enough, while at the same tinme exhibiting
good noi 3e i rrrruniTtrP%. Vf’glé %Ehraéjdlis@ﬁq htémﬁhé&t@r‘@cﬁ?éoplﬂé@ppéftr&it 10 can
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second neansS'NesPlgsi & & maye toi e 19ft A6 shewnybyelhepareve 89 gdltoof

synchroni zi redoge @@ phaséd |§g|_ ses havi ng successive periods defined by
successi ve sets sal d .fi.xed.and adjustable tinme interval.s; and, third
reans 4P "gener T e Al ot R pbrl rwhitkt hisdifs Sling

adj ust abl e tSYWe pulser Balis tyedeats (4 5Ng cprvks pediotservndlee lbébpebn successive
ones of sai q;eweﬁgﬁogiz' tiPl-élx%erS agnd successive ones of input pulses. 2.
The circuit of ¢ ﬁ'lt‘?m ,Wﬂe el'n said first means_canprises C@gjnti ng means.
3. The circuit of! g AI&xt PhIFR MREASUEMER YRR SRS PUbH B sWSligateran| e

neans havi nghan tegt phdseaghhad duirsasédt duat td hite astshradticinibdskbixed taed
adj ust aglee t4 G4 ¢ ¢h¥8LSrement during SWC pulse A. The output of up/down
counter 12 is "+8". At the time of reset pulse L, latch 14 is loaded
with "+8". Latch 20 is loaded with "+42", the previous value in
limiter 18, by the output waveform. Limiter 18 has the output-of
summing circuit 16, which is the sum of the current value in latch
20 14 and the value in latch 20, namely "+42" + "+8" = "+50". The
output of scaling circuit 22 is "+64". The output of summing
circuit 24 is "+64" + "+50" = "+114". The output of scaling circuit
26 is "+114" x "1/64" = "+1". The H output of multiplexer 30 is
“+1".  The output of the summing circuit 32 is "455" — "+1" = "454".
25 The adjustable time interval or pulse part is one clock period
shorter than the nominal value, causing the adjustable timing edge,
which occurs during the next SWC pulse C, to move to the left as
shown by the arrow, so as to reduce the phase lag.

The next time interval or pulse part, which begins during

30 pulse C, is fixed at "455" clock periods, by the L input selection of
multiplexer 30.

The next phase measurement during SYNC pulse C indicates
that the phase measurement has decreased to "+5", an improvement
of three clock counts. Two counts of improvement result from the

35 correction from measurement B. The other count of improvement
results from the synchronizing pulse not having a duration of an



4. The circuit of claim1l1l, wherein said third neans neasures said ph&é#“’me
di fferences between successive ones of said adjustable tinme intervals in
sai d synchroni zing pul ses and said input pulses. 5. The circuit of claim4,
wherein each said period correction value related to each said phase
difference controls the next successive-bde of said adjustable time
intervals. 6. The circuit of claim1l, wherein each said period correction
value related to each said phase difference controls the next successive

one of sai diAdos! Aiber! P diGe Dt 7+ AZBErAhGRA! thetofdi Aty Wdy ther
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conmpari ng MaRase{(f,tIGREERIMAY_ Rinflt P RIOTAL 5 Gt SE LRI d counting
neans whenever sail é" counti ng means has an out put va ue_ equal { sai d
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10 "+40" + "+55" = "+95". The output of scaling circuit 26 is "+95" x
“1/64" = "+1". The H output of multiplexer 30 is "+1". The output
of the summing circuit 32 is "455" - "+1" = "454". The adjustable
time interval or pulse part is one clock period shorter than the
nominal value, causing the phase measurement edge of the
15 adjustable pulse part, which occurs during SYNC pulse D, to move
further to the left as shown by the arrow, so as to reduce the phase
lag even more.

The next time .interval or pulse part, which begins during

pulse D, is fixed at "455" clock periods, by the L input selection of
20 multiplexer 30.

The next phase measurement during SWC pulse D indicates
that the phase lag has decreased, due to the correction based on the
previous measurement. The output of up/down counter 12 is “+4".
Counter 12 is reset by pulse L. Latch 14 is loaded with "+4" and

25 latch 20 is loaded with "+55", the previous value in limiter 18, by
the output waveform. Limiter 18 has the output of summing
circuit 16, which is the sum of the current value in latch 14 and
the value in latch 20, namely "+4" + "+55" = "+59". The output of
scaling circuit 22 is "+32". The output of summing circuit 24 is

30 "+32" + "+59" = “+91". The output of scaling circuit 26 is "+31" x
"1/64" = "+1". The H output of muitiplexer 30 is "+1". The output
of the summing circuit 32 is "455" - "+1" = "454". The next
adjustable time interval or pulse part is one clock period shorter
than the nominal value, causing the measurement edge, which

35 occurs during the next SYNC pulse E to move to the left.



means for adding each said accunul ating running sumto each sai d su@HA%i &
phase difference neasurenent to define adjusted phase difference
measurenents; and neans for weighting relative contributions of said phase
di fference measurenents and said running sumto said adjusted phase

di fference measurenents. 11. The circuit 1df-claim 10, further conprising
nmeans for limting the value of said accunmul ating running sum 12. The
circuit of claimio, further conprising neans for limting the value of

sai d peri od cor  eghb ORedRkRS: infohval 8 _BlIHdkr L il mgﬁgr ghg. said
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10 circuit 16, which is the sum of the current value in latch 14 and
the value in latch 20, namely "+2" + "+53" = "+61". The output of
scaling circuit 22 is "+16". The output of summing circuit 24 is
"+16" + "+61" = "+77". The output of scaling circuit 26 is "+77" x
“1/64" = "+1". The H output of muitiplexer 30 is "+1". The output
15 of the summing circuit 32 is "455" — "+1" = "454". The next
adjustable time interval or pulse part is one clock period shorter
than the nominal value, causing the measurement edge, which
occurs during the next SWC pulse F to move to the left.
The next time interval or pulse part, which begins during

20 pulse F, is fixed at "455" clock periods, by the L input selection of
multiplexer 30.

The next phase measurement during SWNC pulse F indicates
that the phase lag has decreased, due to the correction based on the
previous measurement. The output of up/down counter 12 is "+1"

25 due to a shorter counting interval of 59 clock periods. Counter 12
is reset by pulse L. Latch 14 is loaded with "+1" and latch 20 is
loaded with "+61", the previous value in limiter 18, by the output
waveform. Limiter 18 has the output of summing circuit 16, which
is the sum of the current value in latch 14 and the value in latch

3o 20, namely "+1" + "+61" = "+62". The output of scaling circuit 22
is "+8". The output of summing circuit 24 is "+8" + "+62" = "+70".
The output of scaling circuit 26 is "+70" x "1/64" = "+1". The H
output of muitiplexer 30 is "+1". The output of the summing
circuit 32 is "455" ~ "+1" = "454". The next adjustable time

35 interval or pulse part is one clock period shorter than the nominal



15. The circuit of claim 14, wherein said first nmeans conprises bits € AiYe 2002
means havi ng an out put which changes state at the end of each of said fixed
and adjustable periods. 16. The circuit of claim 14, wherein each said
period correction value related to each said phase difference controls the
next successive one of said adjustable phPtial periods. 17. The circuit of
claim 14, further conprising nultiplexing neans responsive to said
synchroni zing pul ses for supplying as an output to said third neans a

pr edet er ni “@Qluéa'é’&ﬁ% AR ehloRABHoB! HEH BEELRD dEfthgeHd Gibxtal ues.

18. The cir of hird nmeans conpri sunmmi ng

c m 14 I N
neans for d rPHlﬁf?] £04MGv& é?ictg b@&een said period correction val ues
and a constant v@heenegbuithé ngteraNSoORRNSS| Fardt w’hlchobégrn%t eluriagd,

reane. vhencBlPes ot BRBET R, a8 SHER erdioby Bla LeriyhaPoesod gr ' ™
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Lol e T WOLSpEDs REAubnend Apiig T pUSE e ingaiche
successi vel @‘édiﬁ%d’@%ed %F%Ea&”mmeh 9&%‘3%@3%% t SUes1Q t;‘ﬁnnl ng sum
means for addiregtieachased domabenptediong measurgmentn t Pheachtpiai of successi ve
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10 14 is loaded with "0" and latch 20 is loaded with "+62", the
previous value in limiter 18, by the output waveform. Limiter 18
has the output of summing circuit 16, which is the sum of the
current value in fatch 14 and the value in latch 20, namely "0" +
"+62" = "+62". The output of scaling circuit 22 is "0". The output
15 of summing circuit 24 is "0" + "+62" = "+62". The output of scaling
circuit 26 is "+62" x "1/64" = "0". The H output of multiplexer 30
is "0". The output of the summing circuit 32 is "455" - "0" = "455".
The next adjustable time interval or pulse part is the nominal
value, causing the measurement edge, which occurs during the next
20 SWC pulse (not shown) to remain in phase.
The operation of the circuit in FIGURE 1 responsive to a
change in frequency of the input SYNC signal can be appreciated by
following the propagation of values illustrated in FIGURES 3(a) -
3(c). It is assumed that the frequency of the SWC signal suddenly
25 increases slightly, so that the period T gz decreases from the

nominal value of 910 clock periods, to 909 clock periods, at 4 x fg¢.
It is also assumed that each SYNC pulse will have a uniform width
of 60 clock periods. With reference to FIGURE 3(a), the regenerated
synchronizing signal is in phase with the input SWC signal at the

30 time of reset pulse a indicated by the "0"s in the column under
reset pulse a. No correction is made to the phase measurement
edge during SWC pulse A, which is defined as a baseline timing
mark for this example. The baseline is indicative of a hypothetical
timing signal which remains constant at the nominal frequency,

35 corresponding to a period T gz of 910 clock periods. The phase

measurements in the SWC PHASE row of numbers and the Q(F/F 38)



scaling neans for weighting relative contributions of said phase difference
nmeasurenents and said running sumto said adjusted phase differengg
measurenents. 21. The circuit of claim 20, further conprising nmean W&y 2002
limting the value of said accunul ating running sum 22. The circuit of
claim 20, further conprising neans for |imting the value of said period
correction values. 23. The circuit of cihPm 14, wherein said second neans
conprises an up/ down counter, enabled for counting during said input

pul ses, counting up and down responsive to the |evel of said synchronizing
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correcti®on velative by ansandtherphilse @f f sushe e dmsedinee sigral claeditates ones of
sai d synchr Wézi&%\}?mgseéxﬁl atigrcessi ve ones of input pulses, nultiplexing
means responsi ve#o.saj ds ni zin | ses far selfe ti t ween, sai d
period correcti ofr SHNYY 3% pPHE;éa‘t g?’%ﬁe CFLPDEY g'he ut S98Rke f or
det er mi ni ng indr@asesi, dof thestextenhithalp tne aperiod dexretse85Sby Tdree alockii t  of
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synchr onPzi mayripsms QifrdF s38d | Willt respecisto dbe baseline sigrabieaghi m 25,
wher ei n eaclygiedshey i DRCCPUISRC reoulty dhuthe GINC 0dignhheeading byceessi ve one

of said adj uasc}oalﬁclaﬁalt icProecki r;')te?lro\ﬁa}l SThis 125 WC%PGOC? b?y4 the SYNC PHASE row of

values in FIGURES 3(a) - (¢). The phase of the output waveform
relative to the baseline signal is shown by the row of values

15 designated Q(F/F 38) PHASE. In this example, operation of the
phase locked loop must cause the output waveform to catch up with
the input signal, and thereafter maintain synchronization at the
higher frequency. The signals will be back in phase with one
another when each has the same phase relative to the baseline

20 signal.

The generation of each period correction value is the same as
in FIGURE 2, and accordingly, each of the iterations needed to
reestablish synchronization is not described in detail. The SWC
signal leads the baseline by four clock periods by the time of reset

25 pulse e. The phase measurement at SINC pulse E results in the first
period correction value other than "0". After reset pulse f, the
SWC pulse leads the baseline by five clock periods and the output
waveform leads the baseline by one clock period. The phase error
has now reached its maximum, and remains at that level through

30 SWC pulse K in FIGURE 3(b), due to the value which has
accumulated in limiter 18.

The phase measurement at SWC pulse K results in a period
correction value of "+2", due to a higher value which has
accumulated in limiter 18. The phase measurement at SWC pulse L

35 shows that the SYNC signal leads the baseline by eleven clock
periods and the output waveform leads the baseline by eight clock



27. The circuit of claim24, wherein each said period correction valudAY 2002
controls the next successive one of said adjustable tinme intervals. 28. The
circuit of claim?24, wherein said first counting neans conprises: summ ng
means for determning a difference between each said output value of said
nul ti pl exi ng means and a constant val ue;! &-counter operable at a clock
rate; and, conparing neans for generating an output signal for resetting
sai d counter whenever said counter has an output value equal to said
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the baseline by sixteen clock periods. The phase error is reduced
to only one clock period. This phase error continues through SWC
pulse Y in FIGURE 3(c).

The phase measurement at SINC pulse Y results in a period

15 correction value of "+2". At SWC pulse Z, the output waveform is
perfectly synchronized with the input SYWNC signal, as each leads
the baseline by twenty five clock periods. The phase measurement
at SYWC pulse Z results in a phase error of zero clock periods. The
transient path makes no contribution to summing circuit 24.

20 However, the value accumulated in limiter 18 is now large enough
to result in a period correction value of "+1", even though the
measured phase error is zero. Accordingly, the signals are still in
phase at SYNC puise A', each leading the baseline by twenty six
clock periods. The value accumulated in limiter 18 is therefore

25 effective for tracking long term frequency deviations in the input
signal.

The actual number of iterations need to reestablish
synchronization after step function changes or frequency changes,
or combinations thereof, of the input signal will depend upon the

3o extent and nature of the deviation as well as the value accumulated
in limiter 18.

The phase measurement by up/down counter 12 can be a
negative number, indicating that the regenerated synchronizing
signal is leading the SYNC pulses in phase. Negative numbers

35 propagating through to limiter 28 and multiplexer 30 will increase
the adjustable time interval or pulse part. If the period correction



25 34. The circuit of claim33, further conprising neans for IinT?NWﬁ'@W%
val ue of said accurmul ating running sum 35. The circuit of claim 33,
further conprising neans for limting the value of said periodic correction
val ues. 36. The circuit of claim 24, wherein said second counting neans
conprises and up/down counter, enabled fpg-counting during said input

pul ses, counting up and down responsive to the |level of said synchronizing

pul ses and reset at the end of said fixed tinme intervals. 37. A digital
phase | ocked_| oo

Gl Leuit for regenerating a nchraoni zi n i gpal .
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s o PrRinehote gl gash REoh el TIORAE e Tear
edgeg of sabaggﬁﬁﬁﬁygﬂ? ﬂﬁgﬂgﬁSEQFGéﬂgkkﬁﬁﬁﬁ%g§ﬁ§$gn§ﬁshaving sai d secgnd
frequency; and, Mowe freggeiicyt ef itng ineaming wiggahehangeg pack dd ther recti on
mans. 36, TRODL TRGLAY: FooBSHORIR B P R SRon s 1 SRR o
has in eachppeioded athevmeof palseoB r oTheddaskoockedtiooplmagesahd presses f or
Synonr oy o1 Sy TGN DEREN . &n 8. nieVial: BiabnBr Bt A foo PALER Uoca
for resetti Hghitali d8medhe fdifetpnus 43 ione shedle pasiasir andnthe. phase error
measurement is "-2". Eventually, synchronization will be
reestablished as the value accumulated in limiter 18 decreases and
the adjustable pulse parts are made longer than 455 clock periods.
15 A video processing circuit 50 incorporating the synchronizing
circuit 10 is shown in block diagram form in FIGURE 5. A
composite video signal is converted to digital format by analog to
digital converter 52. The video signal may be intended as the
source for an auxiliary display as a smaller inset picture in a
20 multiple picture display, for example as a picture-in-picture. The
synchronizing signals and video signal are separated from one
another by chroma and sync processor 54. The video information,
in Y, U, V format, for example, is subsampled by circuit 62 for
storage in a video ram 64, where a raster map for each field or
25 frame of the auxiliary picture is successively stored prior to
display with a main signal. The video ram is controlled by a
number of signals. Write addresses are provided by a write
address generator 66. Read addresses are provided by a read
address generator 68. The other control signals are read and write
30 enable signals.
The horizontal synchronizing signal may be truncated by
circuit 56 to its most significant bit (MSB), although this is not
necessary in all applications. The most significant bit may need to
be inverted by inverter 58 to be the proper polarity for the ENABLE
35 input of an up/down counter. The MSB is one of two inputs to phase
locked loop circuit 10. The 4 x fgg clock is the other input. The




Z ~I AY 2002 26 40. The circuit of claim 39, wherein said measuring-ah#AY 2002
control edges correspond to the ends of respective ones of said tine
intervals. 41. The circuit of claim 37, wherein said first frequency is an
integer nmultiple of said second frequency. 42. The circuit of claim 37,
wherein said second frequency is a hori-Zioagtal scanning frequency. 43. The
circuit of claim37, wherein every other one of said successive tine
intervals is controlled in duration by said perlod correction val ues and
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second Means responsive to said first means for developing a signal of
synchronizing pulses, said pulses having successive periods defined by successive sets of
said fixed and adjustable time intervals; and,
third means for generating period correction values for controlling said adjustable
time intervals by measuring phase differences between successive ones of said

synchronizing pulses and successive ones of input pulses.
2. The circuit of claim 1, wherein said first means comprises counting means.

3. The circuit of claim 1, wherein said second means comprises bistable means
having an output which changes state at the end of said fixed and adjustable time
intervals.

4, The circuit of claim 1, wherein said third means measures said phase differences
between successive ones of said adjustable time intervals in said synchronizing pulses
and said input pulses.

5. The circuit of claim 4, wherein each said period correction value related to each
said phase difference controls the next successive one of said adjustable time intervals.

6. The circuit of claim 1, wherein each said period correction value related to each
said phase difference controls the next successive one of said adjustable time intervals.

7. The circuit of claim 1, further comprising multiplexing means responsive to said
synchronizing pulses for supplying as an output to said first means a predetermined value
alternately with each of said period correction values.
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valuesand a constant value;
counting means operable at a clock rate; and,
comparing means for generating an output signal for resetting said counting

means whenever said counting means has an output value equal to said difference.

9. The circuit of claim 1, further comprising low pass filtering means for weighting
said period correction values.

10. The circuit of claim 1, further comprising:

accumulating means for successively adding said phase difference measurements
as a running sum;

means for adding each said accumulating running sum to each said successive
phase difference measurement to define adjusted phase difference measurements; and

means for weighting relative contributions of said phase difference measurements
and said running sum to said adjusted phase difference measurements.

11. The circuit of claim 10, further comprising means for limiting the value of said
accumulating running sum.

12. The circuit of claim 1o, further comprising means for limiting the value of said
period correction values.

13. The circuit of claim 1, wherein said third means comprises an up/down counter,
enabled for counting during said input pulses, counting up and down responsive to the
level of said synchronizing pulses and reset at the end of said fixed time intervals.

14, A synchronizing circuit, comprising:

first means for regenerating a signal of synchronizing puises, said signal having
successive periods defined by an adjustable partial period, terminated by a phase
measurement edge, and a fixed partial period;



"OLyT#10% & ()- "!aOLyT#10% (& ()- "!1OLyT#10%& ()- "QRRRR) R R- S & M1 p002

0, @10%0 O & ()-41! (, @10%<& ()-41S10% & ()-"s' 10% & ()- 10]nim 10] ni m

10] nj ml OLy T#10% nj m& () -

"I TUV7X| YZ[ wU3uS11! 1 0, @10%& () - 41! 0, @10%\ & () - 41! 0, @10%m& () - 41! p0, @1
0%\ & ()-41!\0, @10%\ p\ & ()-41! 0, @10%=& ()-41[[[[*[/[-\z] ~uS11l! XO#10% | &
"()- 1!6 O#10%J& ()- 1!#10%-& ()- 19@0% & ()- & 10% & ()- 10 10

10" =abcl dJdKAWUGO11! X 10 10! 0#10%& ()- 11 0#10%\& ()- 110#10% & ()-

1! O#109& ()- 1!t O#109%& () -

1KdLdYd~dDeUf f goMr1! 0#10%\&' () - 31! SO#10%gVWIV& () - 31! 690#109%0dJd& ()- 31!, #

10%@ @& () - 31@0% & ()-" &100 Kk 1] \ & ()-311 0#10%
& ()- 31It(();)#10$%%f8m§i ssergoese “Qé’gfé‘f 8&#@%3@?%33@5996%§ b%)lPIIIIIIIm
spuSl! , %Mridt pefods, by dhdapuringf phddddifferencds B8R s(1i9ces @M Oof Jaid ﬂﬂblsé 10| |

10| |! 0#10O &
o! !)f f #1096 g% “‘(’égnf ﬁéﬁ%ﬁé@&‘éﬁsﬂﬁ C0g§ ‘gf#'i‘t}%ﬁ’”ﬁes( Pn pof f #10%HPHE () -/ ! 60F f #10
& () -/ XOf f #thireroddshiSresponisigt Itdid patiodweseBdion values and responsive to a

101 0 DOLLTA30% (11 OLLLEROSE i hL LARRUAS il TR0 01 109 -

15. The circuit of claim 14, wherein said first means comprises bistable means having
an output which changes state at the end of each of said fixed and adjustable periods.

16. The circuit of claim 14, wherein each said period correction value related to each
said phase difference controls the next successive one of said adjustable partial periods.

17. The circuit of claim 14, further comprising multiplexing means responsive to said
synchronizing pulses for supplying as an output to said third means a predetermined
value alternately with each of said period correction values.

18. The circuit of claim 14, wherein said third means comprises:

summing means for determining a difference between said period correction
values and a constant value;

counting means operable at a clock rate; and,
comparing means for generating an output signal for resetting said counting
means whenever said counting means has an output value equal to said difference.

19. The circuit of claim 14, further comprising low pass filtering means for weighting
said period correction values.

20. The circuit of claim 14, further comprising:

accumulating means for successively adding said phase difference measurements
as a running sum;

means for adding each said accumulating running sum to each said successive
phase difference measurement to define adjusted phase difference measurements; and,
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period correction values.

23. The circuit of claim 14, wherein said second means comprises an up/down
counter, enabled for counting during said input pulses, counting up and down responsive
to the level of said synchronizing pulses and reset at the end of said fixed partial periods.

24. A phase locked loop circuit for regenerating a synchronizing signal, comprising:

first counting means for counting adjustable and fixed time intervals;

bistable means responsive to said first counting means for generating
synchronizing pulses having periods defined by sets of said adjustable and fixed time
intervals;

second counting means for generating period correction values by measuring
phase differences between successive ones of said synchronizing pulses and successive
ones of input pulses,

multiplexing means responsive to said synchronizing pulses for selecting between
said period correction values and a predetermined value as an output value for
determining when said first counting means is reset.

25. The circuit of claim 24, wherein said second counting means measures phase
differences between successive ones of said adjustable time intervals in said
synchronizing pulses and said input pulses.

26. The circuit of claim 25, wherein each said period correction value controls the

next successive one of said adjustable time intervals.
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27. The circuit of claim 24, wherein each said period correction value controls the
next successive one of said adjustable time intervals.

28. The circuit of claim 24, wherein said first counting means comprises:

summing means for determining a difference between each said output value of
said multiplexing means and a constant value;

a counter operable at a clock rate; and,

comparing means for generating an output signal for resetting said counter
whenever said counter has an output value equal to said difference.
29. The circuit of claim 24, wherein a trailing edge of each of said adjustable time
intervals defines a timing edge.

30. The circuit of claim 29, wherein said phase difference measurements are made
relative to said timing edges.

31. The circuit of claim 30, wherein each of said phase difference measurements
determines the position of said timing edge in the next succeeding one of said
synchronizing pulses.

32. The circuit of claim 24, further comprising low pass filtering means for weighting
said period correction values.

33. The circuit of claim 24, further comprising:

accumulating means for successively adding said phase difference measurements
as a running sum;

means for adding each said accumulating running sum to each said successive
phase difference measurement to define adjusted phase difference measurements; and,

scaling means for weighting relative contributions of said phase difference
measurements and said running sum to said adjusted phase difference measurements.
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accumulating running sum.

35. The circuit of claim 33, further comprising means for limiting the value of said
periodic correction values.

36. The circuit of claim 24, wherein said second counting means comprises and
up/down counter, enabled for counting during said input pulses, counting up and down
responsive to the level of said synchronizing pulses and reset at the end of said fixed time
intervals. B

37. A digital phase locked loop circuit for regenerating a synchronizing signal
comprising:

counting means for generating a timing signal having a first frequency by
counting successive time intervals;

means for dividing said timing signal to generate a synchronizing signal having a
second frequency less than said first frequency;

means for resetting said counting means and for clocking said dividing means at
the ends of said time intervals, said synchronizing signal having in each period thereof a
measuring edge;

means for generating measurements of phase differences between said
measuring edges of said synchronizing signal and an input signal having said second
frequency; and,

low pass filtering means for generating period correction values related to said
phase measurements for controlling said resetting means.

38. The circuit of claim 37, wherein said synchronizing signal also has in each period
thereof a control edge for controlling said means for generating phase measurements.

39. The circuit of claim 37, wherein said synchronizing signal also has in each period
thereof a control edge used for resetting said means for generating phase
measurements.



1059 109%& ()-f 109 ()-! @ 109% ()- 10 10 105GLOY% () - g210%& ()-.g?iy_@z

105L109& ()-S109& ()-f 109 ()- 9109& ()- @OY%& () - 9&L0%& () - M YdE~_ =

109@& ()-S F( 109& ()-fL#L09%& ()-T |"109%& ()-L10%& () - gL410% ()-SYYaB7@ 10

10s5109& ()-L34109%& ()-s2 109& ()-L31109%& ()- /109 ()-! ",y 109%& ()-S
_ym's 10% () - - S&310%& () £ &10%& ()-s 310%& ()- Y10%& () L& 10% ()- 10
10QBaBmV s 109 #f 109& ()-1"z109%& () -

f10%&' ()-110%&' ()-! 10%t& ()-10%&' ()- AJEMN s

109, 109& () F+109& ()-) 109 () - sF(-209%& () - &L0% () - YU@ 109& () -/ | xnbCs
1099410% & ()- 10 10 10810%: ()-5@ 10%& ()- S31S 10%& ()-f3." 10%&' () - &dEnbCs

0% 1948 (U700 U S UondSd B o A e 0 2 O

" Headi ngheahds of rddpactive onés3dfeaid tinesidtenals( 3] ¢ " Headi ng 83]c" " Headl ng 93]c"A
"Default Paragraph Font6"+3=cFOXKai hrzc\L@ MO HE
%99 . 1i 6K97?} Bal LQ T[ *KdgPIl spgux} @ ya3=_j OLi GY6Ti nes New RomanAri al Couri er

New'h Roat Enthe)ineuitiépasairBng wherkin/sdidiirdt ¥fequency Gslatidtegeitifultiple of said

s < 7 B
< >-@\B%[6)ICEOI?I Iréyélénl\ély\IODQ?STU\/\/\XYZ[\] _abcdef ghi j kIl mopqr st uvwxyz{| }

42. The circuit of claim 37, wherein said second frequency is a horizontal scanning

frequency.

43. The circuit of claim 37, wherein every other one of said successive time intervals
is controlled in duration by said period correction values and the other ones of said time
intervals are of fixed duration.



