(PLL's),. and nore particularly to apparatys for con I F+ OF-:si gnal
applied in the feedback | oops thereof. F’hgse Locked{o%pgg‘guz gircuits we
known in the communi cations arts, for syinclironiczil n§ a-vassabl e ‘l"ocal
oscillator with the phase od WP Lo @ SRS t of atransmtted
signal. Typically such ci LCKED Jh‘"‘ which is
responsive to the tranThis unuemmabim tohR mmked Lﬁ@PYf dPLL’s),
oscl |1 ator, LAdORSeA perdIRATS 16" dfariidd" Tbr REHRAIILinG" BhrdrOstehldl 1 f er ence
on nt_ of Si t 0

I n those bet wee ns t gna scillator
. output. The Bﬁﬁﬁége cks{]mpa&!"?é contr ol the oscillation rate

ggntehgy\sftagélngbl ﬁcf)sﬁl I Ph@se Iadclkeﬂdnbo bo @aha@@nﬁttg Reelbiaidva o eHe t he PLL,
| ude a secon OOp enera €S

propor t i onal SPBMPRBICAHOPE Ehite fB’ét% éﬁ'@?i]%ﬁ ﬁ@ %ﬁﬁraiﬂ’r'e
oscil |l ator amdth hihef phaseramd/of fir emyp@ﬁeatcmhpbhenu rosfnammnmse@nal

Contror - Sigiior 29RO, DB ARyl IBBNET R 4bes) whilh b o,

will achi ever¢$p9mteen tadtlier mnu;xcdemnal Méh«n oexpnt efctheiegal at whi ch
tine theiéreﬂH&?m%Prfd)§ p%aéhﬁéb%h%?ts Yﬁr@ emadu! {hqnBLL is
S

AN ADAPTI VE PHASE LOCKED LOOP This invention relates to Phase Locked Looq

control I'ed mal n e error si herei n, recogni zed

that, in cerfl bﬁﬂqugﬁ 5l wwmyabsom &bl%f a!ar@nmtye%%% ect
t he frequencan&rﬂﬁar o§¢1mf’6r tfrqtubemnsé Qtfor §i eiltc@ililédatot ai ned.

frequency e FORESE he ojat w&éﬁ 856t e FariaBid oboasdh "ol g8, "
provi ded by ehhanm ithé| aperatioh| of ahe Phhs esonie tsystenss pnchdcuhasdopnd probl em
| nsPLL 21 05 rwhghefyéﬁeee?rgg qrférr % ﬁﬂypﬁéf&&%ﬂl 49 the MPRrifke

d|g|t|z L ons pul'se co e nodul at ed
(PCM represgnmﬁn)rthm fﬁeﬁ&leg%c@ff rthérvm%@le ! aé@hﬁ@é’i thevi deo signal .

2 PLL. The pochacac O thé, Sfipddthr of el desiined, HenmH SAETY | mproved b
actively di s&?ﬂﬂé&?y rﬂ"?ﬁe“ﬂ’%lqbgr?@éegﬁ%rth?e ﬁ‘%?hgl t{9¥n eggeg;/?al I §
attains frequengpllific the rate of the oscillator. Nominally the variable
20  oscillator will achieve the desired frequency before phase lock is
achieved, at which time the frequency error signal is substantially
zero, and the PLL is controlled mainly by only the phase error
signal. -
‘It is herein recognized that, in certain PLL systems, it
25 may be desirable to actively disconnect the frequency error ‘signal
when frequency lock is essentially attained. Actively
disconnecting the frequency error term will preclude noise in the
frequency error signal from causing jitter in the phase of the
signal provided by the variable oscillator. Phase jitter is
30 particularly a problem in PLL's including frequency error circuitry
arranged to respond to digitized signals, for example PLL's
responsive to the pulse code modulated (PCM) representation of
the subcarrier burst of a composite video signal. United States
Patent No. 4,884,040, issued to R. T. Fling exemplifies such a PLL.
35 The performance of a Fling type PLL may be significantly
improved by actively disconnecting the frequency error term
when the system essentially attains frequency lock.
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The present invention is a PLL systemincluding a variable oscillator and
apparatus-for generatl ng both phase and-fpequency- eFv gs,qga#rs fqr
contrplling the variable oscillator. Furt er apparatus,: accimulkat s sanpl es
of a signal conponent to which the system ris £ 0" dbe phase—4 ockéd;-"and
responsi ve to the pol agyly | At S S; tipvely

di sconnects the fre ue‘rrgyE gﬁsgépzﬁﬁlﬁ?&#rq%n?tlﬁg'v@m&ﬁl lélcglgé:i? I g‘t or when
the PLL syst embkemscallatpram& mﬂﬂwuéﬂ%yg%ﬁéﬁng obath mhasweandi s a

bllock diggr ag efcy) SRR ﬁg&ih{so'TBPondtfbll’iﬂFCEhé haridhienbiiNatery be
utilized. FI mati c di agr a phase Iaﬁcked I 008 enbodyi ng

am
the inventio %da%"%ﬂ‘% éﬁ“ﬁﬁ% eHOTPON
detectors V\hbﬂﬁcliﬁwhbesjmehf mdofbe ;ﬁiaeaem:ké@pana fdsﬁbﬁﬁva td:ItlE%JRE 3A is a

2 Cre 5 Fr PR RE Theie, ARk SRl | Selkdively, BiscuBER, thE
t he FI GURE mequencyrgrrbnrsxgnab ifromnthey viaiable @ﬂﬂl&tom wbhent the tRLIbe
operabl 5}'5’% Kﬁ%%ﬁv gn%émsﬂﬁec* ocegt 'p‘ﬁa e described in the

(J

envi ronrrent syst em though it will be
readily apparent that FIGWbEIS ol 1dé%gram 9 o (SYStam yeryisonments y st em

utilizing bojf @Hﬁ:fhe tgadmfv@ﬁﬁuﬁn rTTge beontiRzédal s. Referring to FIGURE 1, an

anal og vi deo signa a tel vlsron une ied to an

exa
anal og-t o-di gi t al convgﬂ;‘ eﬁ"cﬂ"g gram @ r%upéﬁs%ﬁwa% anal og
signal is colgigdembodyidye thet lhwemioﬂ,he ADC to a horizontal synchronizing

The vi dad el gnal ﬁ?oceglfaﬁ@@sc%%ﬁm.o%@e?%&kﬁ%&ﬁ@?gﬁ B aBek ) o
st or age. Thedempwrat whichl majochcceulmed ifoorelamesny 00 ohi FIGJIRE 2es, which
operate’ i n a phase, eatlLRE 341 é*‘wﬁﬁé‘%?ﬁﬁgﬁ@ﬂ%e Mk eyl
intervals. bacugsdate implemest element rlas #IGIREO3¢ he digitized video
signal to generate a SFPRBREF is a block diagram of additional apparatus
55 applied in the FIGURE 2 circuitry for conditioning the FIGURE 2
circuitry to be operable with PAL video signals.
The invention will be described in the environment of
an NTSC video signal processing system, though it will be readily
apparent that it may be implemented in practically any PLL
60 system utilizing both phase and frequency error signals.
Referring to FIGURE 1, an analog.video signal from, for example a
television tuner, is applied to an analog-to-digital converter (ADC)
30. A digitized version of the analog signal is coupled from the
output of the ADC to a horizontal synchronizing signal separator
65 31, a video signal processor 34, and a phase detector 32. The
video signal processor 34 conditions the video signal for display or
storage.. The separator 31 produces horizontal synchronizing
pulses, which are coupled to the phase detector, to condition the
phase detector to operate in a phase measuring mode during the
70 chrominance reference burst intervals. The phase detector 32 is
responsive to the digitized video signal to gemerate a signal for
controlling the relative phase of a voltage controlled oscillator
(VCO) 35. Finally the VCO 35 generates a master clock signal for
operating the other circuit elements. In particular the timing of
75 the pulses of the master clock signal determine the instances at
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controlling the relative phase of a voltage controlled oscillator (VCO 35.
Finally the VCO 35 generates a master cl-ock signal for: 0 %4 ng-the ot her
circuit elenments. In particular thetlmcﬁg of ¢ t?ne eggﬂ'gxlge'master

cl ock signal determne the instances at < whi.&h' .t he “ADG:30 devél.ops

digital sanples of the analog input signal. FIGURE 2 illustrates a digital

enbodi nent owhithe theaADQ R deyelo sndlgmédsamphsm% the | angleg Hnpyt 5

general i zed fé |on of the PLL described i.n U S. Patent 4,884,040. Briefly,
|

B bvided by tue s coRBUREE lfeeiEs o dighal Epmeient 1o e, GHaf o7 “an
used to Contﬂé‘ﬂecﬁ)rVthdeWiﬂﬁmi@l.hsﬁﬂhidlﬁtmra( aléfed Vessibneofiency

o oh TR s P SRR ATBLSE S’@s%qtt?%ﬁg%rhiﬁn‘??’ o e, Sy
essential | y signal,nprovidedicbyya |scaler 96, agdt 2 ﬁequonﬂsbuemorpawge of the
frequency &'k zaem&ate taﬁosv ﬁ@]egﬁwa}&ﬁ:asm%@rcoﬁmﬁkdsnﬂrﬁl F[lerrl

which is use o ope system and

th
has a frequeadderoPds and FS%SIOWQNE@‘I ar velfage, congrol ﬂeﬂeaﬁﬁéﬁé Ify GURE 2,

hori zont al Sxechm{a Sée,g:eﬁbgnehér sthedll is Tseluttiviety Gpplied! tothe haderzont al

b andBd gi P4 Vik AcBRERHITRE IoRiFR ‘d@qrﬁ@ﬁf& %Ytgia?a{l‘ﬂkogifvﬁ?%sr %o, are
glogglkleggt gl 303?50 Tlﬂane:st,lwhaﬂ ﬁiegrsl Ztemterwsmwailﬂ&tmmrfmmmyt botkhe t
burst gate s ﬁaeBgd ﬁaﬁ%bﬁ E?Psé 8@ tg%aﬁxﬁ‘g%ggl ?%\l/hg'es agnggg =@
enconpassi ng $6 egpmerates b anasier eecke sigralt Ke whis alrsr pegd goraperanponent
of each actiyf %&ﬂ? Eexﬁ' ABAOWHEEHPRP this whiffple! 32 fFqudneysbroat e

si gnal rraqv) be gener at e nve tlona ount| ng-circuits responSive to the
mast er ck @rgﬁunea:[ er F° $16AERCYy nchr oni zi ng si gnals. The

digital video signal ofp tﬂsﬂmﬂl 9, mgmtq@mmwxmig, circuit 52 and
one input pofltsyoﬁc% Tk Eﬂ )&%nvgguonal horizontal synchronizing signal
separator 31 are coupled to a timing signal generator 78, and
digital video samples from the analog-to-digital comvertor 30,
95 are coupled to bus 50. The timing signal generator 78,
responsive to the clocking signal F, and the horizontal .
synchronizing pulses, generates a burst gate signal BG. The burst
gate signal nominally provides a pulse encompassing ar integral
number of cycles of the subcarrier burst component of each
100 active horizontal line of composite video signal. The burst gate

signal may be generated by conventional counting circuits
responsive to the master clock signal F; and the horizontal

synchronizing signals.
The digital video signal on bus 50 is coupled to a
105 complementing circuit 52 and one input port of a multiplexer 53.
"~ The output port of the complementing circuit is coupled to a
second input port of the multiplexer 53. The multiplexer 53 is
conditioned by a square wave clock signal of subcarrier
frequency to alternately couple two successive samples from bus
110 50 to its output port and then two successive samples from the
complementing circuit 52 to its output port. The clock signal
applied to multiplexer 53 is generated by dividing the master
clock signal Fc from the VCO 86, by four in d1v1der 84 The

is Sheet Has Been Replaced

HII\II! (L



The out put port of the conplenmenting circuit is coupled to a second input
port of the multiplexer 53. The nul tipl exefr 53.18" tongj&tgm@b'by ‘a; square
wave clock signal of subcarrier frequency to altdfnatel y ooupﬂ e two

successi ve sanples frombus 50 to its out put pcfr*t -and them-twor successi ve

sanpl es from n C st 1h | ock
si gnal Epl | e%ﬁ% m&ﬁeﬁ% bf Hﬁﬂnél%atkgdsg W&h@% mggtgrogl ock
si gnal 5frdﬂ¢@ﬂ@h/@'@l’36°nb€y 4o%¥bsm”@ilb’ dJestt &d Tﬁ@lon % n‘SPe Y$team
out put by nul i LPX%e‘éBthéﬂ fuinttse Bwestlwmﬁr vanterﬁaerm les a

substantial ly é ﬁi d ver5| o d%;gurst Si naI a stem S
phase | ocked. PIQWE8F%a 69¥ #f %sent
sanpl es of quedstedusi naﬁabﬂéspmn;di StoqoﬁarmpllengheoR-YoandaMI - the

Campl 65 pr ovi 0L P a@dﬁ??f’f itterdhce i B8t hbut port of

| nput port of an

adder 532hi ch i s couplEbe i samples aprovided by ctheampiltipjeseroli3 sawsr age

el enents 58 V, edo f st
ol ement 60,1 CUHIRd e on@CiiRE pdit I Gh e 3 wilith %Bﬂ%e i i nation
of Adder 54 amcgderag ORETSIMP %Beﬁﬂé stmm remeadiptl AR miRat or .
The accumul atge bﬁnECéﬂ YN DI ﬂtetsh.% banrlseoéu Pt OF $toragen ezdmemedt)by t he

b t t G,t dder. 5

At o et ver yid" Gpmednth fosiiond depd gt 6 f‘edﬂaﬁt “ft%%?rﬁlrﬁ%ﬁeﬁ tes

ELgﬁi Slﬁ(laagigraf Auddert 54i gndl stohageh eddrhentsi §81 gndeﬁ({)efsrmhea aaornpol fr. As
uc .

single line |#t%@%@?§ Duofl?eiig %ém?&% lgaéﬁﬁ&hgmaegc?n%l ator | sﬁgg | vreorsnum;

of .sanpl es r egates st congitioned chypabe | burstjgate signal BGyteleouple thai nt ai ned

ditstinct in teth“d%r‘rq'gﬁtcgr:ﬁaes@tgg@%iéméﬁtw 6Q1te%aﬁ¢?élgt QK HER &heon of the

burst interva accu are r |*Sen'[ I n storage

el enents 60 Bfgaﬁ%s%&ﬂll isclowy the | Batesy BYOVICS, & Z85Q aj ned
phase | pgl) . chitpusi ﬁgnbl twlﬁ@lidaffb@livﬂﬁv tzb@ceumwtaca@mt:latbrt hesssachge

el ement 58 | Sth%mzjt comulator hsuc%%%swgg) nPSUtsaSIplgs O3 8L tburst signal
from single line intervals. During the time that the accumulator
is active sums of samples representing the respective quadrature
signals are maintained distinct in the two storage elements 58
135 and 60. At the termination of the burst interval,_the R-Y and B-Y
 accumulated sums are resident in storage elements 60 and 58
respectively (at least when the system has attained phase lock).

The sign bit conductor of the output port of the

' storage element 58 is coupled to the data (D) input of a one bit
140 D-type latch 62. The sign bit is representative of the polarity of
the accumulated sample provided by the latch 58.

The output port of the storage element 60 is coupled
to the data input port of a parallel-bit D-type latch 66. A second
parallel-bit D-type latch 68 is coupled in cascade with latch 66.

145 The .burst gate signal is coupled to the data input port of a
further D-type latch 80 which provides an inverted version of
the burst gate signal at its Q output terminal. The inverted
burst gate signal from latch 80 is coupled to the clock input
terminals of latches 62, 66 and 68 and conditions latches 62 and

150 .66 to store the sign bit and the accumulated value respectively,
from latches 58 and 60 occurring at the termination of the burst
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D-type latch 62. The sign bit is representative of the polarity of the

accunul ated sahple provided by the |atch g8. Thefouk ot the storage
el enent 60 is coupled to the data input: ort of a’p ?«%3?%,& D-type |atch
66. A second parallel-bit D-type latch 68 ts c«:oupted ‘iNn-cascade’with latch -

66. The burst al s CQURl e d f h
D-type Iatcﬁné%"\ﬁﬁ'l hqﬁr smd ﬁcﬁeé%(zt 539 6@6%# gﬁﬁ?‘ﬁ%gu@ét aga'ltjtrats?grgnal
gi)ulp][ Zth gutqbuatkmémfnal hnﬂmtemhr%d alues hglaﬂ%tcbl Ghanrer tramsferredy 80 i s
condi tions I&t é%%g gg §hg%e‘§§ﬁ}e” ﬁ“ﬁe sslc éﬁes ﬁ ggcfr}% at ed

val ue iézﬁpecthev@mun‘ﬂﬂ'dﬁdl &XhéM%ﬁwmotmmpﬁgvat @ {18f%i nati on of

the burst  aidiligietl62 I&ﬁeyahueﬁghnbitabﬁhs& fotuaiflad B-Y samples for the
dur ati on of é& ine i nterval he, val uges i,n |atch 66 are transferred to

| atch 68 at &e@eé‘mul"?nﬂlq%gﬁalv 60 lineSes 66 and 68 store the
accurmul ated R-Y sanpl eAtf huthdemeahxeseawldﬂemdtpmes:faM laack 662 stores

t he sign b|t a d B,

video I'i nes. ulshﬁgef?ré*”l%ﬁf? VRS Z@‘rﬁ o A6 e ek 66 shoul d
be zer & 6\al uprb ompndl ftoethendegréer by mhich the pyssm is ows| of phase degree by
be uced Syﬁ)":%mse error mw krcHeig 1ab§ﬁ%8 %;ﬁ?hBHtﬂéH % atlpgag@tch T to s

be used as a pha outp

scal i ng ci r cenror gdgral. nekhe p}ltRl'ﬁeO I‘\’é\%éﬂ'é" %l@?fﬂ?g&Ch 6M8§O?ﬁle;egh;§ea
Ie[]ror sensi téi‘fb%it Ehf—b rﬁiﬂgh ¥eﬁepba§@ %Hdirsifgnﬂhadnd enhlgee ahepl ed to one
put of the ad . put,.ports aof. l.atehes 66 and upl ed
respecti vel yph%get WE"% ﬁﬁ’éﬂﬂv}ﬂd 'Eﬁ (RgHied, EPS?)O?TQT ﬂg‘}ﬁsﬁb&%t er 70
3{15;2 f!lﬁtnﬂélgca%ﬂelbgsg)ufdwﬁpﬂ of thbezchda;tu%l ated R Y val ues from successive
t aken synchronously wit "{‘@P% Si g%g {‘%Ferr nﬁid ?gphgt %g& rda?:atspggt ?\rlg
bur st i nt er veespectively ctokthereqmaml agdr subtr d/ @Bﬁttms ofh@ accunul at ed
val ues provi dag -bwet Mo ! #sdiESpdliuats @R aifferedlcat 8¢ e abeuihdaed
R-Y values from successive video lines. The assumption is made
170 that the signal applied to port 50 are taken synchronously with
the clock signal F,, and that over respective burst intervals the
clock frequency is relatively constant. The accumulated values
provided by the latches 66 and 68 are related to the phase
~ difference between the burst signal and the clock signal Fc. The
175 differences provided by the subtracter 70 approximate the the
phase differential from line to line (albeit with a possible
polarity error), and thus is a measure of the frequency
difference - between the burst component and the sampling clock.
The differences provided by the subtracter 70 are
180 coupled to a complementing circuit 88. The complementing
circuit 88 is controlled by the sign bit provided by the latch 62
to correct the polarity of the frequency error signal. The output
of the complementing circuit is coupled to a gating circuit 90,
which is controlled by the detector 100 to pass the frequency
185 error signal to the adder 94 when the loop is not frequency
locked, and to apply a zero value to the adder otherwise. The
phase and frequency error signals are added by the adder 94
and applied to a limiter 92. The limiter 92 constrains the
combined error signal to values equal to or less than a
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dlfference between the burst signal and the clock signal Flerr]. The

di fferenceés provided by the subtracter 7Q pprox;mtlfgw I@Q,f'ghase
differential fromline to line (albeit i a possibh oPam.y efsor), and
thus is a nmeasure of the frequency differ ence bHetween the bur st” ‘eonponent

dth Ty 70
coupl odt 9875 pefdesenifed JRIC, The  ARIRR BB Uelalis Ry bl Biferbas®, o' °
control |l ed by:onhertsdgto analogr formjeandapplied| tat the 82CO0860r Nate, the polarity
of the frequ cryor n%rg izh eﬁ%@uﬁoﬂ{ thge C Ridieg circuit is
010, i by I hcok s e i
frequency I OQKGdB-YnﬂcélﬁnﬁW A& rdﬁuu@ sy) theclatel 8. Otther:mse The

phase requency err,or SI added .t he adder, 94 applied to

alim ?Qg ﬁa ‘Yﬁan the: 3§§ h@?&a?’ﬂé’ef gngﬁ%mes%ga&& val ues

equial to or :cbessaﬂgwnmd the6fne uem)erenorel defrkn nevill %awdetsl rsugaptﬁrlﬁom si gnal

is | ow pass r 0 anal og form and applied to the VCO 86.
st Bl 0 i) o

Note, the fr ‘derived fromthe R Y accunul ated val ues
provi ded by the |atch @Nominally,t when the systemicacquites foequansyslock

accunul at ed. Yok UgrEkeAK SstoViddd byl 3hé MeibRrackét 7 Shbdld Yo R3S L he

accunul a val ues occurri ngh near phase arger and t he
fr eque é Oer valuedy, and; thuspthe e@%‘l‘é@&d’eﬁf%l 32¢:15) SBPF P& #ET00 si gnal

noi se. Nomi naldwevahalie 6 oSt CAGCsHUquaRiZaIRSH Wikeerh 0dke gqakridyer ences
provi ded by the subtra.ct 70 shoa gube ze:?gl? SI ed ?nd&ilhus t he "f requency
error term skGtHd BRY deH&V\éW &alue yERic tion

ef fects, theaffeetuphase liroinimg rraﬁ’husnciltuﬂeadivamsgehusl tdahhflnﬂ\/rﬁ elgatehds to
??Vgrzg![g aI &gg;rgagen C‘}i;g-lr%rr'(;rge :#%Std(l)ét &e?%er@m#%]p?e%é@ | ock is
at t ai nef) 3 constaia "unl ock"” detection, the inventors have
Considering "unlock" detection, the inventors have
determined that the sign-bit or polarity of the accumulated
samples for respective lines changes a significant number of times
* during a field interval, when the system is not frequency locked.
210 Alernatively, the sign-bit of the accumulated samples does not
change when the system is frequency locked. Therefore, it is
- possible to determine the frequency unlock condition by merely
counting the number of times.the accumulated samples change
polarity during an interval ‘and comparing this count value to a
215 threshold value.
' The polarity of the accumulated samples from either
latch 58 or latch 60 may be monitored. However, in the
embodiment of FIGURE 2, it will be recalled that the values in
latch 60 tend toward zero as the system approaches the lock
220 condition, and will exhibit a rather low signal to noise ratio. Thus
it is preferfed to monitor the polarity of the accumulated samples- -
provided by the latch 58. Assuming the samples being processed
are in binary form including a sign-bit in the most significant bit
position (MSB), and value bits in the lesser bit positions (LSB's),
225 the polarity of the accumulated samples may be monitored by
simply monitoring the sign-bit or MSB of the accumulated-
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determined that the si gn-bit or polarity of the accunulated sanples for

respective lines changes a significant numper of ti a fteld
AR

interval, when the systemis not frequency s ocked:* Yy, ‘1 he
sign-bit of the accunul ated sarrpl es does’ ndt char‘lgé wheh.the systemis

frequency Iocked Ther for I.s_possibl.e to detern ne t requency
unl ock condi t 3R ﬁ‘gg fltﬁﬁ zf“f‘fém'ﬂ}grg'gr s%tppfe,sn& a?’ﬁg%cmml at ed
sanpl es changhtq:!nlﬁroﬁ FIGUR&@ an interval and conparing this count val ue
to a threshol d val ue. BREM Eﬁu dm&{g)@cgm%@ﬂt %?ggﬁ?m&gm ei t her

|atch 58 or latch 60 ma € nonitore nent _of Fl GURE

2, - it %310 pletestar w@dch Haeyt be implemented fox detemtor dN. ¢ o ATCIRE as the
syst em appr oaghee tMSB'P FhomOLieH 162 arér tdupldd t@%ﬂeb'lﬁ;lnﬁ ferhligil bpvarsi gnal

oot o oo SoiAIREIS O Fie tﬁ{féhidﬁd? h: e ifgut 68 2 Wighell bei ng
Er?cezgffl g:}e'rhwg Satpat Yoff datohi DL wtlb eger gnebMSB'sl ddigyed By am@nlih:;:an: e
plol aP| ty of ti(’?é %’)&' g%?éﬁgstgnb § 0% Hg‘é ?ef" 6f8§ ‘Bgsjé%q? oring
the sigd3i5it L2 prdBucés dogicaltliandal@d valuaSaW[hieasthengnWEBabflt& two -
T ustrat o5 qupet Sritadlifare t‘*aﬁf“'t‘*n‘}‘l)? &“*e“@ié?@:’;ﬁ&w"v pe o rSheent ed
for detector lfoﬁlefpnlﬂzlaGDRtaTSt}’ changgspns the Aeccpmuda WZSWI%@S 8% 0 one
I]pput | ;te(r:hm naéud%ésﬁveq&fdsu?]g@g B *ill Pto rglwﬁl% gid 1 aarixetomseeggl fpu hnBUt
gneal i ne int e?%éﬂe f@iﬁ?p}seﬁf’%ﬁg éoe&ﬁ\’ag Eﬁ t’%‘%ﬁ? QEFI\%@ s12 yXCR
12 prodDdés |agi actdmulated "6’ coahteds oweeran hintesvaln af stimie, |Wh1dimmn|ﬂnps_1t
tpglr ;nr Pf‘;%ﬁ;ﬁ(fﬁrﬁﬁﬁr ghegﬁ $%?e§nﬁd’eslsggﬁi) 1%‘\%5%?11 ??J?éegm é\l/e I nes, | ?(O?{ 12
will provide ef legicc 11vahxeaeovqxhéh1§utqsgtv fareheompared) to sa gsfgreace (&
el ement 13 WhgirédHbl mghealhegnp tﬂevcﬁirﬂﬁﬁa?drelﬁccqr%ét fém®er G164 10ver an
interval of ti-
values exceeds the ‘reference value, the comparator 14 outputs a
245 logic 1 value which logic 1 value is stored in the latch 15 for the
duration of the next field interval. The output of the latch 15 is
applied as the control signal to the gate circuit 90.
The latch 15 is conditioned by a vertical pulse signal
- F, to store the output values provided by the comparator. The
250 signal F, may be provided by a conventional vertical sync
' separator. In addition to controlling the latch 15, the signal F, is
applied to the element 13 to reset the count value therein to zero
at the end of each field interval.
FIGURE 3A illustrates one example of apparatus for
255 generating the count of the logic 1 values provided by the XOR 12.
In FIGURE 3A, the element 13' is realized with a simple binary
counter. The output values from the XOR 12 are applied to an
enable input of the counter, and the signal’ BGis applied to the
clock input of the counter. The counter is enabled to count pulses
260 of the signal BG for each occurrence of a logic 1 provided by the
XOR 12. The vertical signal F, is applied to a reset input of the
counter to reset the counter to zero once each field interval.
FIGURE 4 shows a further embodiment wherein the
logic 1 values provided by XOR 12 are added via an accumulator
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exanpl e corresponds to a video field interval. The total nunber of logic 1
val ues ovér this interval are conpared toga referenggy tgga?gshol'd value in
the conparator 14. If the nunber of logic d val ues e);credé’. e reference
val ue, the conparator 14 outputs a |ogic 1¢ vakue-whi ch kogic «i value is

storedsgigxth ' tthe [ é’ﬂ%igr lyz.. The
out put ZOHfB t hgﬂ+§%§ﬂg]1<g_ Flgg gggﬁ%igéaﬂﬁﬁéif ro%&sﬁ gjr%afg '?(1) the égthéwci rcuit
90. The | at cFAtes5tq sco@éﬁﬂ‘i"!i Gedcaumulatar, t¢ add FETQ| ghAmerVakics to store
the output vptowded by itedXIOR t1%; &oRherRbQmulded sirAinat afl Préviodsy be
provi ded by a _conventional, vertical sy c.sep%ﬁraéi .l.n adqdi an to
control I'ing PAg ¢ &1 svalpgs CCYFARE FfEing N g@ ARAETYAS. + 12088 dFEnt 13 to
reset the cofield \intareak ke datcht @1zisr pesat tohe zerd eilueaby dpplicationt efval .
FI GURE il it Htﬂﬁn X f ts r ' t count of
t he Ioéiarg)l éa gg? g?s’ow e_g %@?ﬁﬁx@pﬁi&lﬁﬁé&@ﬁ@ﬁ?é gﬁ%nt 13" is
real i zed wi t gomparispn fusctonyisc provided byhano R gate di4iesIn this t he XOR 12
are applied | &b %ni?f if YYneke 5#?@{ s applied
to the cl ockiﬁﬁe’ey@tﬁgfg% terc.ahbrﬁ)é?co,un?gtrwﬁgf%eftng}gﬁ? 0 coguqnqespul ses
of the si gna‘at_ brargeop geutor é?ﬁ_?@cgf’eampﬂgifé@fﬁl%\nfdﬂlp KRt Batexor 12.
The vertical 14l g'Fie busputlofi theaOR igate 14" willebeta Idpe ] Yalie & ahynter to
reset ?l?gngounter 0 Zero _once ftaCh fl.?| dinterval . EI.GURE.4 shows a
furthe o g, Blare, FEniiciut bit\connections, Axhibith @ 10%iC15 are added
via an accunwdlaeor Considersiisti the litch 21 dudeN Bix linds |tat réprésentltiech 21 is
cl ocked at |LQ6. t opdi.t C 0 t r one :
val ues. proviée?tbggﬁﬁé%ﬂ&%,#?o%{c%ét ggcwg#ey tsbgtmﬁggsagﬁ é&@f‘a’gus one
and zero vall@eEespestive i ingut derpigalsof  ithe ORngatevid, BheeORergate didd
interval thewiidtedtpdd d fogieSeivdlfe FofAIp db%h@evéiﬁesaeﬂbé&ﬁﬁ%%“’f-lz. si gnal
Flerr] E%Iwng one pul s r fl.el_dlntervl.ql¢aFl 4, the conparison
functi®RY s provi ded b‘&l&ﬁmcﬁ“ﬁ&&t@’ may 4seds1in nBSEHE nore
si gni fi cant _dpdraﬁngnen;ttl?zl&n.svgded Istgnaui.IOUI?alO‘fsigtx1la.$5hlh@ctmt‘!e2a1 b’ﬁft@t coupled to
respective .nal.s.af the ate 14' out put of the ate
Dtiaveii e'%ﬁaﬁ%ﬁ@qﬁ}vﬁé&} fo%r]ygqth% qhiadtature §hats! BStapShents® of * 9
. burst changes phase 90 degrees from line to line. To
accommodate this phase shift in the phase/frequency detection
285 circuitry, acqumulated values from adjacent lines are averaged or
summed. This causes the swinging phase of the PAL burst signal
to appear similar to the burst of NTSC signals. The additional
circuitry necessary to operate on PAL signals is illustrated in
Figure 5. In-Figure 5 a first filter 202, having a transfer function
290 H(z) =1 + zH is interposed between the latches 60 and 66, and 2
second filter 200, having a similar transfer function, is coupled to
the output of latch 58. Both value and polarity bits are applied to
the filter 200. from latch 58, however only the polarity bit
provided by the filter 200 is coupled to the latch 62. In the
295 transfer function, "z" is the conventional Zee transform variable
and the exponent "H" indicates a sample delay interval of one line
period. The remainder of the circuitry is unchanged.
Consider a further system wherein the video signal
sampling and hence phase locking is at 45 degrees to the axes of
300 the color difference components of the burst signal. In' this
instance the exclusive OR gate of Figures 3 or 4 may be replaced
with a NOR gate. If and only if both inputs to the NOR gate are of
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one of these nore significant bit connections exhibits a logic 1 value.
Consi der .that t'he latch 21 has N bit lines_ to represent. the count. val ue,
and that all except Mof these N bit Ilne’sg;are caunl Bﬁ:’fcﬁﬁfﬁéﬁeptl rve i nput
termnals of the OR gate 14'. The OR gate 14' will.-“out.ptti.a lagit-1 val ue
for all count val ues exceedi ng (2[err] -1). Siml ar circuitry may be used
in PLL syst enBOSif¥EapPlagity ntheasysteme ds smgmgd toabespuh Of sl‘?"rykcla@éeﬂ?f bur st

uﬁnpongnt in pej ﬁBn Qleﬁh i added o the q:maserﬁzfrrmaeniss 2f buLs]Etchangﬁs
phase rom e e phase shi in the
phase/ f 39% aﬂ&?’é‘@ﬂ"‘oﬂ) c’%’?sbdefﬁ’or aecgﬁffmﬁ%?%hﬁegf t?‘an BENt 1 nes
are aver aged em‘osuﬂrmdis Thakzeh wndy abmltsﬁﬂnpemgnmlmﬁsﬂlwmmhe PAL bur st
signal to appear siml S I Ty aI
circuitry necessary toag éraée%oﬁgﬁb #ﬁrgsy.%?qﬁ I@% g?e@m{édF?gure 5
In Figure 5 aothersthapj vi Z@@alhavﬂﬂgS@ application thet aceumplator 1 + z-H
i's int erposed % 6fhﬁdﬁétt She§a§9 ﬁ‘%ﬁ@aﬂﬁ% SSSWW? ige er 200,

havi n ungt | is cou ut of | at ch 58.
Both vaBdd o anrep ikioned, C dohirsualy A A shREle Syl or Hon Facnh g

however Onl y sdlecuwéigr 'résetbnt predetertathed inteevalsl t eThe Oldtdleesc62p! €61 to the

| atch 62. t an r fungt " CRNY 1lon sform
vari abl e and zp}é@( ﬁeﬁ? lﬂcﬁ%(ﬁtc%trgguiétﬁlﬁﬁjl ndéﬁgﬂpqxhﬁﬁ?éaﬁlo\%ﬁ ne |line
period. The rbermlo@d @ft ahmmlarcmgulqz rneumﬂaﬁ@eaccmuiatded% is wot her
syst em wher ei g, t i d hence phase | ocking is at 45
degrees to thgeeaéhe%syogﬁo%e co rlﬁg?ﬁ%trgg‘ﬁ%g conponents of the burst signal.
I'n this3ildstance the exclusive OR gate of Figures 3 or 4 may be repl aced
with a NOR gate. If and only if both inputs to the NGR-gate are of

pasitive polarity the systemis presumed to be @bﬂsh%’f | ock and t he
frequency termis added to the phase term There h seReplad.g
detector in that the benefit of the frequency ery / A allzed only
about 50 percent of the tinme. The above descri bet/*HRiEEY 4 may be
applied to other than video signals. In such-application t ccunul at or




consi sting of adder 54, gate 56 and | atches 58, 60 may be conditioned t
conti nuously dccumul ate sanpl e val gs or. to sel gecti VROA- fgg&sx‘f at”’ 5
predetermned intervals. The latch W «cl® ked at a
regular rate. In addition latch 11 wll - tunw m I"ar regul ar
rate, and th wul ator 13 is to be res ﬂmm WhMed i nterval s.
Clains: 1. A“phase | ocked | oop for generatl ng® ark o%Cl ry signal phase

| ocked to a conponent of a further signal conprising: a variable oscillator
for generating said oscl.l | At phasesiloeked leop dor @nefatﬂm anf gsdillatoryi gnal ;

means for sa [ I et

oscillatory sr%h@ p?l?kgpl%g%%cggbsg %éoa%msg?aff ur ﬁéﬁ%ln@ﬁn%s;@ ‘means,
responsive to said sam# eariable QF@ tidateri for generating @mdsutgndlaetoand
frequency er I‘ﬁgnﬁl .gnal's for controlling the rate of said variable

oscillator; racterized b ngans rps onsi.ve to the polarity of ones of
sai d sanpl es for inhibi |SHB¥"§a ¥y §8pak signals from controlling

said variabl e oscil I at Qﬁemerfoﬁadﬁx lda&éomttﬁerg@ivéna@t apiingants

predet erm ned, frequ reI tio nent sai.d turther
si gnal . THist BW 85@@(5&5’1‘ 8?5‘@1 ﬁocpﬁﬂ r’r&ﬁ RPES 1O SHY sanpl es
are nmul t| bi t fnathﬂresxgnaﬂ,ualmdlg value bits and a polarity bit; and further

characterized in that: 'ﬁ% eneﬁa{lgf% %%&tkﬁgﬁga%ra g?é{aﬁﬂ ency error

signal s includes nmeans accunul sald sanpl es;
and sai d i nhiphasengriesaign Sn@ndd&gqaeg@ywxgommalsC{xnd.cpanmg)ymehe

polarity bit rafe So¥ daRf Giatiabld %ﬂm&e%hﬁ&t&%&d (H :not pass said
frequency error signal to said varja bl'e SCI| at or The,p hadse | ocked

Ioop set forth in cl ai AReAnS,r¢§ponsive to ty of “nes'of
: samples for inhibiting said frequency error signals from

controlling said variable oscillator when said oscillatory signal
attains a predetermined frequency relationship with said
component of said further signal.

2. The phase locked loop set forth in claim 1 wherein;

said samples are multibit samples including value bits
and a polarity bit; and further characterized in that:

said means for generating phase and freqtiency error
signals includes means for geénerating accumulated values of said
samples; and .
said inhibiting means, mcludes a gating means,
conditioned by the polarity bit of said accumulated samples, to
pass or not pass said frequency error signal to said variable
oscillator. .

3. The phase locked loop set forth in claim 2 further
characterized in that said inhibiting means further- includes;

means for comparing the polarity bits of said
accumulated samples generated at predetermined intervals, and
generating logic values of first and second states when the
compared polarity bits are equal or not equal, respectively.
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‘characterized in that said inhibiting neans further includes; neans for

conparing the“polarity bits of said accunutated sarrpI%& .g%Bg{%geQ?at
predetermined intervals, and generatlng |'ogic vajles ? A‘L #Fland -second
states when the conpared polarity bits are-equal *or not *&tfual 7~

respectively. 4. The phase | qcked loop . set fortfh in claim3 further
characterized in that sa{fd 'fhﬂnipgﬂaﬁ?ﬂ@dﬁ%gﬁg‘mﬁh{om i |claran 3 famher 1 or
counting the riiERgétefizedC il that Caid ofnbdbRinY hoakk fiukher alitlodeond states
over a predeterm ned tine peri.od int gﬁéa tQ nerate a. count val ue;

and
means for generating a SR fo% <O8R aPt nFOPEEREet PH L8 said
frequency erraf sayghdirsthand second tatesvover apredeterminude dirherperdadl val ue.

5. The phase l;qededi ltgogglr%i&tgééq t@feb“hg ﬂl&g‘aﬁgf urther characterized in that

sai d conparing nmeans co I"ay mearn's, haying an_i nput term nal
coupl ed for receiving tHBe3ns 0% Bpneratingr assiggakh tourondition saidpigatingand an

out put term nghed®y tB' padsdisaili Ff?&;mb?réxwr bjignalf Wi saiE Wodhet edueanpl es
del ayed by said prﬁdeterm ed |nte§:)va - and an exclusive OR circuit having
first and secSHSCEASUR PESIRtREMUEd, ¥AlUS 1o the input and output terninals

of said del ay neans.

5. The phase locked loop set forth in claim 3 further
characterized in that said comparing means comprises:

delay means, having an input terminal coupled for
receiving the polarity bit of said accumulated samples, and an
output terminal for pfoviding_ the polarity bit of said accumulated
samples delayed by said predetermined interval; and

an exclusive OR circuit having first and second input
terminals coupled to the input and output terminals of said delay
means. '

| AR O B T

en ReEP:

. "

w’ IS I I hced



