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1 FREQUENCY LOCK | NDI CATOR FOR FPLL

DEMODULATED ®ig3Ais1HAVI NG A PI LOT Cross Refer enl’:@"pﬁﬁ"{ﬁémét ed
Application This application is a Continuation-in-Part of
application D6957 of the inventor entitled CONTROLLI NG .FPLL PCOLARITY
USI NG PI LOT SI GNAL AND POLARI TY | NVERTER 1 Background of the Invention
and Prior Art This invention relates generally to denodul ation
systens and particularly to ?ﬁgﬁﬁﬁ% t S C rati ng an
FPLL (frequency and phase | o or demodul a |ng a vestlgla

side band (VSB) digital

and are fully described in RUCS A% Sleaw.12)e) 1, 091, 410,
bot-h of which are assi gned t the ass Qf this ap and
bot h of whi ch arg'l"rlﬁc&gﬁ’ &6 g&OBy 1Fe1aeg%ﬁ§:elwte’1% Jﬁg&%&a i3

bi phase stable and a 09ekd LY HEQUIER 3B ent iR TFHRAIOLING
assuring the pro%% %aruPy ?Sgenndﬁ ate?% oé?bdi si gnal when, for
exanpl e, they arﬁpnseéomRITY USITOG PILOT SIENAr AND ROUARLTY INVERTER. | n

the prior art CIrCUItS an |nfornat|on S|gnal (e.g. a data signal)
was devel oped at s IS L S onponent t hat

i ndi cat ed the I ockup géfs rl%em'l%' ks gerdi2 o HirbEeTROngA! ves

used to control an in
systems and particularly to a demodulation system

BEAS

incorporating an FPLQ (frequency and phase locked loop)
for demodulating a vestigial side band iVSB) digital
signal with a pilot.

FPLL demodulation circuits have been in common usage
for a number of years and are fully described in U.S.
Patents Nos. 4,072,909 and 4,091,410, both of which are
assigned to the assignee of this application and both of
which are incorporated by reference herein. FPLLs are
biphase stable and as such generally require some
mechanism for assuring the proper polarity of demodulated
output signal when, for example, they are used in
television receiver circuits and the like. In the prior
art circuits, an information signal (e.g. a data signal)
was developed at the output, which included a known
component that indicated the lockup phase or polarity of
the FPLL. This component was used to control an inverter
for selectively inverting the FPLL output signal to
assure a particular polarity.

The transmitted digital signal used with the

invention includes a small in-phase pilot for enabling



for selectively inverting the FPLL output signal to assure a

particul ar polarity. The transmtted digital signal used with the
i.nvention iweloddessa small in-phase pilot for enabling PO S99 408473
PCT/ US97/ 13024 2 acqui sition of
the signal in the receiver. The pilot is inserted in the data signal
prior to nodul ation, in the formof a bgseband DC of fset voltage, and
when denodul ated in a receiver, produces a correspondi ng DC

vol tage. The inventian liz hi V. a determ ne,t he ,

| ockup polarity &%k §1IL'—EI3L9_ ?téﬁ ’%ﬁ/}g £ ¥he 9 P or r ke ?ﬁi"t i8
denmodul ated out pyt, 3Gy iﬂ”ﬁﬁétdhtéf51%nal fiBErégjmodulatfxﬁecig Phet he
| nvention A principal object the invention is to provide a
novel FPLL syst @wrhoofa adilgidedarsi gmaloﬂﬁaamgrcalqcaqa),t .and when Anot her
obj ect of the |nvent|on Is to 1rPrOVI de an nproved denodul ator for a

digital signal hsemegudatiadin a receivexny fﬂmdrﬂﬁ'e%lﬁ SArIsReRAing eREi on

is to provide a

denodul at ed v°lt9a aovﬁ?vq%gw rp%lﬂdé%attq* %GSCI‘I Jl[:%# o‘fothe

Drawi ngs detetifisRe alltt AdiEéur heEldss wn b adRNBYes ﬁ‘f tH€ receiver
i nvention will be apparent upon reading the follow ng description in

conj unction w t haide ter awgnrest ithevdempdulated outpud Gidndls pokanptyfi ef

bl ock diagram of a prior_ art
Ire ireq.

by f the I .

A principal obiect of the inventiqn is to provide a
novel FPLL system for a digitél signal having a pilot.

Another object of the invention is to provide an
improved demodulator for a digital signal having a pilot.

A further object of the invention is to provide a
novel frequency lock indicator for an FPLL demodulated
signal having a pilot.

Brief ] N £t} .

These and other objects and advantages of the
invention will be apparent upon reading the following
description in conjunction with the drawings, in which:

FIG. 1 is a simplified block diagram of a prior art
FPLL demodulator;

FIG. 2 is a block diagram of an FPLL demodulator
incorporating the invention;

FIGS. 3, 4 and 5 are waveforms shown at indicated
points on the block diagram of FIG. 2;

FIG. 6 shows the frequency lock indicator of the
invention; and

FIG. 7 shows waveforms at selected points on the



FPLL denodul at or; FIG 2 is a block diagramof an FPLL

denodul at or i ncorporating the invention; FIGS. 3, 4 and 5
are wavef or wo 380s8r8 at i ndi cat ed poi nts on the bl ock di BﬁT’&’ﬁ?W"M G
2; " FIG 6 shows the frequency |ock indicator of the

I nvention; and FIG 7 shows waveforns at sel ected points on the
WD 98/ 06173 _ 3 PCT/US97/ 13024

3 circuit of FIG 6. Description of the Preferred Enbodi nent
Referrlngtothe&rzl @rde R hlﬁoé.FIG 1, a first mul tiplier 10 and
a second multiplier are eac suppl ied with a conmon input signal
and with 900 phawx- , e NPrie od Bimpgodligehtom a phase shifter
14. Phase shifter 14 is drlven by a voltage controll ed

oscillator (VCO) 16 tHRafexring nte sthp RE#ROF8Att RBLL of FdGt-pdir @f Hasapc

filter 18 that is Iled h_t third rrultl |ier 20.
Two | ow pass fI|P%§§P wi&aﬁﬁgzi %?%o%gnﬁgg%égi%sr Eg Fp&ﬁ f first
and second %ﬂdr%i ld@ei ) @Ancoridon' e8peet 5¥ghy1 dha mwzapm}i de

22 supplies the du ated signal to a signal processor or
further processi mipifHeed od&rmdubiti@w pigsals| feom a phaB82 shidltesr Su4ppl i ed

to an AFC | ow pass filter, 26. AFC Lomlgass flﬁter 26 IS caﬁpled to a
liniter 28, the &igsf shiftensl{pigdeipphiRY 3n¥oihpde GPRERP

mul tiplier 20. T@%cillator (VCO) 16 that in turn is driven from the
output of an APC filter 18 that is supplied with the
output of a third multlpller 20. Two low pass filters 22
and 24 are connected to the outputs of first and second
multipliers 10 and 12, respectively. The low pass filter
22 supplies the demodulated signal to a signal processor
30 for further processing. The output of low pass filter
22 is also supplied to an AFC low pass filter 26. AFC
Low pass filter 26 is coupled to a limiter 28, the output
of which supplies one input of third multiplier 20. The
other input of third multiplier 20 is supplied from low
pass filter 24.

The prior art FPLL circuit functions to demodulate
the incoming signal and supply it -to the signal processor
30. As is well known, the upper portion of the block
diagram generally comprises an automatic frequency
control (AFC) loop and the lower portion comprises an
automatic phase control (APC) loop. When frequency lock
between the VCO signal and the incoming signal occurs,
the pblarity of the demodulated signal supplied to signal
processor 30 may be positive or negative, depending upon

the phase relationships between the input signal and the



other input of third nultiplier 20 is supplied from| ow pass filter

24. The prior art FPLL circuit functions to denodul ate t he
i ncom ng si@iidgdpd supply it to the signal processor 3Gchsorazes!!
known, the upper portion of the block di agram general | y conprises an
automati c frequency control (AFC) |oop and the | ower portion

conpri ses an automati c phase control (APC) |oop. When frequency | ock
bet weenh the VCO signal and the incom ng signat occurs, the polarity of

the denodul at ed igqgl su ﬁlied to siggal processor 30 may be
positive or negdi?@%,uaébg di AYCRPbA Phapgo shR&EETr dlat | s fihgs adetamsdn
t he i nput signal he 98L0 .
PCT/USB7/13024 oanIé. 1, there D5 986 ﬁéZﬁs shown4for °°3€ﬁ8&6F&Pﬁh§°f

out puts of phaseclsdibiphadd. stabibetgi 6€uthe loopOhnBl Eheterbhel @HeS NO
means shown for conpensating for t he bi phase stability of the |oop and
therefore the deme@dudatedtedtpyt phidyYnhe edtberhpelpulisyit i, ei.. posfadivie ve
goi ng or negative ln the circuit of FIG 2, the FPLL

circuit of FIG.3P£§%Tg%sn%%%%%Y?a$?§n%Uplicated and the conmmon el enent s

are i ndi cated byrthensagerégierepcergunber gpeT u W
pass filter 22 is also supplied, at a junction © ??gEeF?ggu%F ?g g%g?h&r

| ow pass filter isressénBRaihycduplicated adinfif ehentomhanasl emeatsCcaree. g.
| ower bandwi dt h) than AFC | ow pass filter 26. The output of |ow pass
filter 32 indigrredden Whel Faeuppfreante Burbarser She phspobt pdt

of which is Iabe_}!é‘;%gss Ltmder 34 4 Q?leggpﬁfigd, at a junction

labelled A, to another low pass filter circuit 32 which
has different characteristics (e.g. lower bandwidth) than
AFC low pass filter 26. The output of low pass filter 32
is labelled B and is supplied to a limiter 34, the output
of which is labelled C. Limiter 34 is coupled to a
polarity determination circuit 36 and to a frequency lock
indicator circuit 38. Frequency lock indicator circuit
38, in turn, is coupled to polarity determination circuit
36 and controls its operation. Polarity determination
circuit 36 has a solid line connection to a phase
inverter 40 that is inserted between the input signal
terminal and the first and second multipliers 10 and 12.

Polarity determination circuit 36 also has a dashed line
connection to a (dashed line) phase inverter 42 that is
inserted between low pass filter 22 and signal processor
30. It will be appreciated that only one of the dashed
line and solid line versions of the circuit is
implemented.

After FPLL lockup, the.output of low pass filter 22

comprises a demodulated data signal and a DC voltage

I3



porarity determnation circuit 36 and to a frequency | ock I ndi cat or

circuit 38. Frequency |ock indicator circuit 38, in turn, is coupled
to polarity dedswostrati on circuit 36 and controls its opepet/ussvizozs -
Pol arity determ nation circuit 36 has a solid Iine connection to" a
phase inverter 40 that is inserted between the input signal

termnal and the first and second multipliers 10 and 12. Pol arity
determnation circuit 36 also has a dashed lin connection to a

(dashed line) phase inverter 42 tha | nserted_between_|l ow pass
filter 22 and si ghEPEGIEHE th Q&ioqt WT?+sb%13BB;eé§aPEE ﬂﬁétt@nﬂfmbne

of the dashed paldshe sand sald dild rﬁ«ﬁfﬁ oDs hikhe gbaﬁuét '@icl veltage

i mpl ement ed. After FPLL | ockup, out put of P OW pass
conpri ses a denndatammé(huupuﬁgyﬁﬂlxmmtér[IzVﬁépﬁgeentatlveV6E98hQ6173
PCTF/ US97/ 13024 representing the

pilot. This signaPQL§E%ﬁMiQ§jQH?IRﬁ%Ot THﬁﬁ@MﬁPmte®f321amuerlEﬂteas3&1ll

whi ch produce a volta at_.the o 34 representative
of the’ 0 %ol aPR §eSE B SETSEE AN BRI |4 i) S3amaycalErrnate
be seen in Connechbgﬁémdﬂa.Eé@%w‘%Hﬁnkéiorgakfdéﬁrﬂ@$§l prloraPBVEO 8Rdang
bel ow the zero carrier level prior to Iock and attains a positive or

negative | evel whestthisguenepsitdre or negshures Tepehdiingn uppagtibrcl 0t ek
phase of the bistable FPLL,. The olarlt determination circuit 36
det er m nes PFSHF?he4$9%§§} QPP | RRRFe Et Hae bhatrhpet

FPLL.- The polarlty determlnation circuit 36 determines
from the demodulated pilot signal level whether the input
signal or the demodulated ouéput signal should be phase
inverted to supply a predetermined polarity signal to the
signal processor 30. Depending upon the circuit
implementation used, a feed forward or a feedback
approach may be used for the inversion. 1In the solid
line circuit including phase inverter 40, the feedback
approach is used wherein the input signal is inverted
when the polarity of the demodulated pilot signal
indicates that the demodulated output signal will not
have the predetermined polarity. On the other hand, the
feed forward approach, indicated by the dashed line
circuit including inverter 42 will accomplish the same
result by inverting the polarity of the demodulated
output signal before it is supplied to signal processor
30.

It should be noted that polarity determination
circuit 36 is not enabled until a lock condition has been
determined by frequency lock indicator circuit 38. This

occurs when the output of limiter 34 becomes static (non



signal or the denpdul ated out put signal should be phase inverted to ’
supply a predeterm ned polarity signal to the si gnal processor

Dependi ng UR@yslobprsCircuit - i npl enent ation used, a feedrkgh#@ a
£ SO |cﬁbéu

f eedback - approach may be used for the inversion. In th

line circuit including phase inverter 40, the feedback approach is
used wherein the input signal is inverted when the polarity of the
denodul ated pil ot signal i ndi cates t haf the denodul at ed out put si gnal
wi |l not have t he predetern1ne<wgolar|ty t he ot her hand, the

feed forward apfefdingdndver ¢ BRF19 Ahdhdte i nin practicecuif thsludlng

I nverter 42 wll, .ac I Alre by invertin olarity
of the denpdul atleg‘ itdP d‘?{h‘%ﬂfﬂ% gt bel-r1 ilf %éls%‘f)ep]flﬁdp?%é‘é?ﬁ fned
processor agdunt of time, titSheuy Cb@%élﬁinféii it RARTFPYL, is ejther
determ nation circuit 36 is not enabled until a |lock condition ﬁas

been det er ﬁinmemcyf rlezgjmﬁpn adk amoactaqlmsaclt@mxe@&n&yl Sock that

occurs when the utpu er_ 34 .becones stati nhon WD 98/ 06173
PCT/ US97/ 13024 1% wf%hlnrphe one- héif)cycle é%-ln Iﬁﬂ%&hg¢ﬁ9§ ®vREL g

period of tine. Jfdidcidechnd 1ddlf ungdd L, f@fe{ezmg&&& 16088, "ok change

state over a pr be Assured that the
FPLL is either polarﬁm@quﬁhmmd(ﬂémﬂﬁumaudrIdhcphﬂﬂdyﬁéﬂé)dé&i&ﬁiﬁ@ﬁ'&ﬁ&

t hat it is within the one-half cycle |ock-in range of the PLL
corrected, if necessary. Further confidence of frequency
lock may be obtained with the use of a confidence counter
for indicating that a sufficiept number of consecutive
predetermined intervals have occurred to assure the
frequency lock condition. Alternatively, a very long
predefermined interval may be used for checking the
limiter output. For example, for a 1.0 millisecond time
interval, a 500 Hz or greater beat frequency would be
determined to be an unlocked signal. The frequency lock
detection scheme (using a small pilot) may be employed in
other FPLL applications where frequency lock must occur
before other signal processing can be performed.

FIGS. 3, 4 and S represent waveforms of the signals
present at points A, B and C, respectively, of the FPLL
of FIG. 2 during reception of a digital 8-level VSB
signal having a DC in-phase pilot component. The
illustrations labelled Case (1) represent the condition
of positive polarity FPLL lock, the illustrations
labelled Case (2), the condition of negative polarity
FPLL lock and the illustrations labelled Case 3, FPLL
frequency unlock.

For Case 3 (frequency unlock), the signal at the



portion of the |oop. Under either condition, the polarity of the
denodul at or out put can be determ ned and corrected, if necessary.
Further confiwlewnsmesiol frequency | ock may be obtai ned wi t h rctrausssesoed ™ a
confi dence counter for indicating that a sufficient nunber of
consecutive predeterm ned intervals have occurred to assure the
frequency |l ock condition. Alternatively, a very |ong pr edet er m ned

i nterval may be used for checking the limter output. For exanple, for

1.0 [ 1 d t | t beat f
Nouid be - el Y R SFRA BBt s SharLORTRAFPEqS frff%ﬁcﬁncglow
detection schene é&%'é&dﬂ éé?zllie 11 0%d1 "PYrRea ﬁ%gﬁ‘?g el Balue o N :ﬁ
re ncy

appl i cati ons whe reque nmust occur re ot her signa
processing can berhigy fxgxXts in a sinuddidal Sedt agiighaleptettd cwRritordm

of the signals present at points A, B and C, respectively, of the FPLL
of FIG 2 during LrPe'-beﬁlkﬁwIQ)f X cFF@F%‘%ﬂ’P@qIMItQ/S}BhE frequgnsly iWififierendeC
i n-phase pilot c onent strat on Iabe

represent the co%’ 57’% Ve %%?ia’r? yEEArE Fﬁ@galetfhéjo) A

il lustrations »_J dlﬁﬂl L(a21}e wdiee cgf@kﬁél ofs Otf;héﬁaﬁbh-ée el
FPLL | ock and the |IIustratf§%§ﬂ?abelled Case 3, FPLL freq&%ﬁiy

unl ock. afort heasmtpytf rCEﬁ]Lﬂetmthmlbek}EIG heSki gndheasguhage wave WO
98/ 06173 PCT/ US97/ 13024

7 signal at the output of limiter 34 indicates a frequency

unlocked condition of the FPLL and is detected by
frequency lock indicator circuit 38 forldisabling
polarity determination circuié 36.

Once frequency lock has been achieved, the
demodulated data signal developed at the output of AFC
LPF 26 will assume the form of Case (1) or Case (2) of
FIG. 3. 1In Case (1) the average level of the data signal
is greater than the zero carrier level and results in a
positive DC voltage at the output of LPF 32 (FIG. 4).
The output of limiter 34 (FIG. 5) is therefore a +1
signal which is detected by frequency lock indicator
circuit 38 for enabling polarity determination circuit
36. Circuit 36, in turn, detects the +1 output of
limiter 34 to determine that the FPLL has achieved
positive polarity lock and generates an output control
signal for application to inverter 40 or 42 maintaining
the inverter in its present state.

For Case (2) of FIG. 3, the average level of the
data signal at the output of LPF 22 is below the zero
carrier level and therefore results in a negative DC

voltage at the output of LPF 32 (FIG. 4). The output of



data output of LPF 22 (FIG 3) alternates above and bel ow the zero
carrier level with an average val ue of zero. This results in a

si nusoi dal wWagadnnegrgnal at the out put of LPF 32 (FIG 4) periusspapsi ng
to the frequency difference bet ween the two signals applied to

mul tiplier 10. A correspondi ng square wave signal is therefore generated
at the output of limter 34 (FIG 5). The sguare wave signal at the
output of limter 34 indicates a frequency unl ocked condition of the

FPLL and is detected by frequency l.qck indicator_cifycuit 38 for,
di sabl i ng matiasy et %@Wnaﬁe)i o%’ Cq%e&ﬁ{o:g%_a -1 signghdghifRglency

| ock has been e ﬂe%%;g}i t ' V. d, at e
out put of AFC g(ilg’oLé%%Z{ch't Jvﬁ Ib}:assu t %%%o%@ése %ﬁ?‘?%‘fé‘gge3§2#’%f
FIG 3. In Casen@blilte poletrgey |datdrmindthieorladdr@ithade. ¢hrei£at 6, han

the zero carrier level and results in a positive DC voltage at the
out put of LPF 3 thig cpse, detppts) iihsut-Tofoutinut of uinitexr 34 to

therefore a +1 si.gnal i i t ect ed . frequency J ock ipndicator
circuit 38 for S8NEEFIT (X \A%r ﬁ-I v csf‘egtqzlf %ar?ata}cg#ec‘fe?gﬁeiggtl‘é%.p FEHFY 36,
in turn, detechgcikhauntl Judrited an odtpglit KonthdD SELE{IM A that the FPLL

has achi eved positivé polarity | ock and generates an output control
signal for apphppiticartiton ity eimtvartdlr dri0 42 e rtarr ihanging hehe nyesiter in
its present state. ) For Ca,é%(Z) ofj%;l %%3_, t he average, | evel of the
data signal at °Eh&PGutiptierdeLrr BRY &%yelidw & Yerter wag rivrit@vel and
t herefore resu s i it wiglqt : t. of .

IS eSULbR SBRA0Y AL e WO 3P Al LR LU W 81 - 88ng

PCT/ US97/ 13024state and vice versa. 8 limiter 34 (FIG

5) is therefore a -1 signal whichis -
The frequency lock indicator circuit 38 of the

invention is illustrated in more detail in FIGS. 6 and 7.
A portion of the FPLL of FIG. 1 is reproduced.
Specifically, LPFs 22 and 24, APC LPF 26, limiter 28 and
third multiplier 20 are shown. The frequency lock
indicator circuit consists of a zexro crossings detector
50, a first latch 56, a timer 58 and a second latch 62.
An optional confidence counter 60 is illustrated in
dotted lines. The clock input of second latch 62 is
conneéted to reset terminal of first latch 56. Thus the
output of second latch 62 remains constant as long as
locked or unlocked. Zero crossings detector 50 includes
a delay circuit 52 and an exclusive OR gate (XOR) 54.
The input is taken from the output of limiter 28
(labelled F) which output also supplies the polarity
determination circuit 36. The combination of delay 52
and XOR 54 serves as an edge detector for the square wave
output (which occurs during the freguency unlock

condition) from limiter 28 and generates pulses



al 50 detected by frequency |ock indicator circuit 38 for enabl i ng
polarity determnation circuit 36. Grcuit 36, In this case, detects
the -1 out puwm$si6iTd ter 34 to determine that the FPLL haBCHUBY#A302H
negative polarity | ock and generates an output control siqgnal for
application to inverter 40 or 42 for changing the state of the
inverter. That is, if the inverter was in itsg non-inverting state, it
will be switched to its inverting state and vi ce versa. The
frequency | ock i pdi s Ci f &dgg | \ENL I-S,d || t in
nore detail in F ggﬁgggﬁgl#uéo et%legc?rt | onc‘c‘)ﬁc t:t eblgpocgg)fv}aéTéG liﬁ}{sg £
repr oduced. iSpeeitiatald in blke Z2taid 34 PARC IRF 26, linmiter 28 and
third multiplier 20 are shown. The frequency | ock i ndi cator circuit
consists of a zero cr ¥eyefgrmi& dax &IG. 7 im0 takem aft the dnme @ftiner 58
and a second latch 62. _An qptional_.cqnfidence cqunter | S .
Tt rated in Linifsz a8 Aifed® oAt G oaHBnE ok 1Btth PY ASTransing
connected to res MRl Ofe dfuginhyat .

second | atch 62 ?ge i%s cor?ssfanté as Idgﬁg}ga&gqs E?%(?I?teajc}%grd SIDI’% g}c}}(ée)tﬁp%'ro
crossi ngs det ect At phaisecllodds the sdgellapeciomes & 32 anxd aan lex dersenvdi KR

gate (XOR) 54. The input is taken fromthe output of |imter 28
(I abel l ed F) whi BROBUtHS 1&%%5*%5@3 ofh&hsoFRLL-y Wavelfpamp By B8 i on

circuit 36. The ng@iig%teidon i%f t%%l %ﬁu%%te Fmieg%Q'oégge% gﬁrre.rl\ﬁ%ttﬁ%r %begéjfgﬁ%y

detector for ther_“ quare wdve occurs I'mg
unl ock condighisefbriv @M | Miet @28 afd tgenet@abe® MaVEE¥ correspond to

the zero crossings of the beat frequency signal E.
Waveform G is taken ;t the ouﬁput of thé XOR 54 and is
seen to be a series of sharply defines pulses that
correspond to the edges of square wave F and thus occur
at the zero crossings of waveform E. The width of the
pulses is determined by the delay of delay 52 and is not
critical.

Reverting to FIG. 6, the pulses of waveform G are
stored in first latch 56 and a timer 58 controls sampling
of the first latch 56 wvia the clock input and reset of
the first latch 56 via the reset input. The first latch
56 may conveniently be arranged to.output a "1" level
signal if no zero crossings have been sampled by latch 56
in the time period established by timer 58. That would
be a control signal indicating that frequency lock has
occurred since no zero crossings have been found in the
selected time period. The time period would be rather
large, on the order of one second, in this embodiment.
If, on the other hand, one or more edges have been

sampled by latch 56 within the established time period, a
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9 corresponding to the edges of the square wave. This is

il | ustrat edwnigogiigis detail in FIG 7. Vavef orm E i nedbfsoriads”
taken at the input of limter 28 and is a beat frequency signal of

decr easi ng frequency as frequency | ock is approached by the FPLL.

At phase | ock, the signal becones a +1 or a_-1, depending upon the | ock
up phase of the FPLL. Waveform F. as meftioned, is the square wave
produced by limter 28 from wavef orm E.. The edges of the square wave F

correspond to contyad gégpadr 38difgsisg phdrseRenGe IRk stopdition
Waveform Gis t ut...o h 5 i segen to be
series of shar p‘%fgeg%n%gggﬁi%gsgghg{é But cgr égg%gxﬁds‘({a&?ﬁe edifesCHLre
square wave F agfdghlusoQeput of figbttNatz® GeCHRSH i@‘d,waéwé&!dgﬂ E. The

wi dth of the pul ses is determ ned by the delay of delay 52 and is not
critical. secon®edatechn§2t otFl peleritiye detiesss et waw efiorani® @&,
stored in first |atch 56 an r.58,controls sanpling of the first

ng2i o

Tatch 56 via { HERLFBCRDPRPUES ahier BOIATSEY OF thfo SEFGL IFAGSH SR8 VAEOR he

reset input. TheyLi fatohal 8B 11ms B8-TBY CORKCULERHL D ALIANAR] 1o Ut put
| nple y

a "1" level SIgna NnO zero crossings have been sa atch 56
in the tinme peripgdqeshedl Lebrd bf theepol8rithati sweidrdect, e chLRM rod
signal indicating that frequency |ock has . occurred since no zero
crossi ngs have meéa-f obfid RAVEKRY. thesppdagdgy: ife ipeors@ctthahs ne period

1T on the ot ndroharhtPoREr s RLAIE 8 BLrRLIE B e RER o By BebPA e s
within the establgshededi fRePShL8E, ifverter (40 or 42) to produce a data
output of proper polarity.

In the event that optional confidence counter 60 is
employed, the signal output of first latch 56, which
would be sampled on a more frequent basis, is supplied,
via second latch 62, to confidence counter 60. Each time
no zero crossings have been found in the selected sample
time period, the confidence counter would be incremented
until a predetermined number of "no zero crossing
samples" has been attained. When that occurs
(corresponding to a DC output from limiter 28), the
confidence counter would supply a léck indication signal
to polarity determination circuit 36 and the operation
would proceed as above-described.

What has been described is a novel FPLL frequency
lock indicator circuit for a digital signal having a
pilot. It is recognized that numerous changes in the
described embodiment of the invention will be apparent to
those skilled in the art without departing from its true

spirit and scope. The invention is to be limited only as
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10 control signal indicating a frequency unl ock condition w il be
produced at MRIRMPUt of the latch. The control si gnal ouPEWUSYTNIR4 St
| atch 56 is supplied, through second latch 62, to polarity~ ’
determnation circuit 36, whi ch observes the polarity of the signa
received from the output of Iimter 28. Ipjresponse to detection of
frequency lock, if the polarity is correct, no change is made. |f,
however, the pol ddihd® iMCGHL eCiaihde polarity determ nation circuit
36 out puts an appropriate signal to the phase inverter (40 or 42) to
produce a data out put of proper polarity. In the event that
optional confidence counter 60 is enpl oyed, the signal output of first
| at ch 56, which woul d be sanpled on a nore frequent basis, is supplied,
via second |l atch 62, to confidence counter 60. Each tine no zero

crossi ngs have been found in the selected sanple time period, the
confidence counter would be increnented until a predeterm ned nunber of
"no zero crossing sanpl es” has been attai ned. When that occurs
(corresponding to a DC output fromlimter 28), the confi dence counter
woul d supply a | ock indication signal to polarity determnation circuit
36 and the operation woul d proceed as above-descri bed. What has
been described is a novel FPLL frequency | ock indicator circuit for a
digital signal having a pilot. It is recognized that numerous changes in
t he descri bed enbodi nent of the invention will be apparent to



those skilled in the art w thout departing fromits true spirit and

scope. The invention is to be limted only as WO 98/ 06173
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in the clains. WD 98/ 06173 -

PCT/ US97/ 13024 12 - CLAI M5 1. A

Ijre(rarggﬁln;%/i Lﬂmmﬂﬂmmmuﬂmarsﬁaa Lg :n FP&%i | ot g?gﬁgrl azzﬁ;r ;g'[ erized in

that said |lotk ndicdtof * includes means_for detecting zero crossings of
sai d denodul ated pilot signal, neans $e&IM8vel oping a contro

si gnal responsive tqlsajﬂ ggégﬁgfgizégggogﬁﬁggékgg gggn 36 Wit n%&??ﬂfi

responsi ve to said control uci ng requency

i ndi cati on. demoduPatdhefbreqenrbaiulapiligi adkeakivedl sihabm having a
characterized in that said zero crossings detecting neans I ncl udes

means for sensipiglathesbgnadr echaractesigedginothat said degsddnstiedmbwz ot

' | duri ‘ ted ti ' rval . 3. . The f | ock
ndicator of ol HTHEES meRs o£08 FOLRCH A e APTRAFOSEEBTE: B AtgE |

detecting meansenmoal{itddes: £801 LGRS, CRURLE" s8R vELbpYREE WY AG-Jhen
signal responsive to said zero crossings detecting means,
and means responsive to said control signal for producing
a frequency lock indication.

2. The frequency lock indicator of claim 1
characterized in that said zero crossings detecting means
includes means for sensing one or more zero crossings of
said demodulated pilot signal during a selected time
interval.

3. The frequency lock indicator of claim 2
characterized in that said zexro crossings detecting means
includes confidence counter ﬁeans for determining when
said control signal is substantially DC.

4. The frequency lock indicator of claim 2
characterized in that said FPLL demodulator develops a
beat frequency square wave signal during frequency unlock
and further characterized in that said zero crossings
detecting means includes means for converting said square
wave beat frequency signal to pulses, means for latching
said pulses, and means for sampling the output of said
latching means.

5. The frequency lock indicator of claim 4,
characterized by confidence counter means coupled to said

samplihg means for generating said control signal when no



said control signal is substantially DC. 4. The frequency | ock

I ndicator of _claim 2 characterized in that said FPLL denodul at or

devel ops a W17} equency square wave signal during frequenBGTWMSPBLI24
and further characterized in that said zero crossings det €cti ng freans
I ncl udes neans for converting said square wave beat frequency signal to
pul ses, nmeans for |atching sai d pul ses, amd neans for sanpling the
out put of said | at chi ng neans. 5. The frequency | ock

i ndicator of clabgré, crossitldr aAGher berd eteitddange &%&%té‘ﬁﬂfﬁ d
coupled to said sanpling nmeans for generating said contro 5|gna? when
no WO 98/ 08timBer of samples. PCT/ US97/ 13024

13 zero crossings have been detected for a predeterm ned nunber
of sanpl es. 66. The freguency llesk iindicatar off kaim

characterized in_th ' nver i a I ncl udes an exclusjive OR
gate and a del ayc%?rgéﬁlﬁ?%rqszgladgg‘etg?’g% %@Z&&M@ﬁ S MERR 1T S @R ng
supplied to sai dexcluSXekUBRVEaER @ale adideaat/ ¥ idReitehr Qaghy %?é% del ay

circuit. 7. An FPLL denodul at or characteri zed by neans for
denodul ati ng an fnpduencynsquazei Wgve silboelsibgriag ssgplied tensufid ating

osci |1 ator si gnaFEetiPLRPoRicBR Saalr ook pad SBFUSHe A SRR pond ng
to said denodul atedayit.

7. An FPLL demodulator characterized by means for
demodulating an inpu% signal having a pilot signal, said
demodulating means including means for éenerating a pair
of 90° phase displaced oscillator signals for producing a
limited output signal corresponding to said demodulated
pilot signal, zero crossings detecting means receiving
said limited output signal and determining zero crossings
therein, sampling means for determining whether one or
more of said zero crossings have occurred in a
predetermined time interval, and means responsive to said
sampling means for producing a lock signal indicative of
frequency lock of said FPLL demodulator.

8. The FPLL demodulator of claim 7 characterized in
that said zerc crossings detecting means includes means
for generating pulses correéponding to said zero
crossings, and wherein said sampling means includes latch
means for temporarily storing said pulses generated by
said zero crossings detecting means. |

9. The FPLL demodulator of claim 8 characterized in
that said pulse generating means comprises a delay

circuit and an exclusive OR gate, said limited output

AN I R W



pilot signal, zero crossings detecting nmeans receiving said [imted

out put signal and determ ning zero crossings t herein, sanpling neans
for deter mwongngdyet her one or nore of said zero crossi ngeThAY®13024
occurred in a predetermned tine interval, and neans responsive to said
sanpling nmeans for producing a | ock signal indicative of frequency | ock
of said FPLL denodul at or. 8. The FPLL denodul ator of claim?7
characterized in that said zero crossings detecting nmeans includes

means for generajing. pul ses £orrespondi ng to.said zero I.0SSi _Rgs,
and wherein sai%t I}i’%’g‘?%%%pfh%(?u‘é‘gss?la c??cglu%‘éﬁsséogalzsnééfgﬁtﬁ&
storing said ptgéc?stlgle@@éﬁtggi@ydela S@i HcdfF O crossi ngs detecting neans.

9. The FPLL denodul ator ©of claim8 characterized in that said pul se
generating means conpti setha Helhydemodglator tofindlaime& ctharactERigeatie,
said limted output VWO 98/ 06173

PCT/ US97/ 13024 in that said lock signal producing jmeans i%FbHQ?Sbei ng

supplied to said exclusive [Lec .1 hr s

Suppll ed 0 21 g, eHEAURLY OB 08E ERECHLY ancerfifichdr 4o Bl R4t
in that said | qpkesi gnahbot HELLA DDy "BANBihEedISStput s£gRALdeBCBegaYNt eF
nmeans for determning fromsaid pul ses when a substantially DClimted

out put signal isedeined. recei ved.
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