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Tnvention . . The present invention relates generally to radio/
conmuni cati on transceivers and, nore particularly, to an apparatus
and net hod for ' controlling the | oop bandw dth of a phase | ocked

| oop. 10 ' Background of the Invention

FIG 1 illustrates, by exanpl e, bI ock di agram of a conventi onal

radi o communi catio ODHORCONTROLLING HHE! 5

"transceiver"). The txHOPBAND W‘iﬁlﬁ Kmmwm)ble
subscriber unit to comunicate wth a base station (not shown for

exanpl e, over radio frequency (RF) channels in a radio comunication
system (not shown). The base station thereafter provides

comunigations with a | andline teteg50ﬁ15§tem.é not shown) and 2 O
. ot her bscri ber units. An exanpl unit having the
transcei ver 100 is a cellular radiotel ephone. The
transcei ver 100 of
dupl ex fi lter 102, Tﬁé?ggel ver‘%’rfggo\{l *??ﬁgﬁ?@gﬁ%?ﬁﬁgﬁgfﬂerﬁ%ﬂ |nequency
si gnal sour cdransceigerseand, morepartieularly.cikan apparatun apdrmethod foros
synt hesi zer %ﬂdhh?ﬂﬂﬁ%bp%%ﬂvﬁ&&%fﬁ%lﬁ%@loﬁ!& i';wojj zer 109, a

proceslser 110, an intormation source 106,” and an In mati on si nk 104.
| Background of the Invention

FIG. 1 illustrates, by example, a block diagram of a conventional
~ radio communication transceiver 100 (hereinafter referred to as

15 "transceiver"). The transceiver 100 enables a mobile or portable
subscriber unit to communicate with a base station (not shown), for
example, over radio frequency (RF) channels in a radio communication
system (not shown). The base station thereafter provides
communications with a landline telephone system (not shown) and

20 other subscriber units. An example of a subscriber unit having the
transceiver 100 is a cellular radiotelephone.

The transceiver 100 of FIG. 1 generally includes an antenna 101, a
duplex filter 102, a receiver 103, a transmitter 105, a reference frequency
signal source 107, a receive (Rx) phase locked loop (PLL)frequency

25 synthesizer 108, a transmit (Tx) PLL frequency synthesizer 109, a
processor 110, an information source 106, and an information sink 104.

The interconnection of the blocks of the transceiver 100 and
operation thereof is described as follows. The antenna 101 receives a RF
signal 119 from the base station for filtering by the duplex filter 102 to

30 produce an RF received signal at line 111. The duplex filter 102 provides
frequency selectivity to separate the RF received signal at line 111 and
the RF transmit signal at line 113.. The receiver 1083 is coupled to receive
the RF received signal at line 111 and operative to produce a received

. baseband signal at line 112 for the information sink 104. The RF signal
35 source 107 provides a reference frequency 51gna1 at line 115. The Rx PLL
frequency synthesizer 108 is coupled to recelve fhe 'RF élgnal ;at line 115
and information on a data bus 118 and operatlve to produce a'receiver
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The RF channels in a cellular radiotelephone system, for ,

example, include voice and signaling channels for transmitting and

15 receiving (hereinafter referred to as "transceiving") information
between the base station and the subscriber units. The voice channels
are allocated for transceiving voice information. The signaling
channels, also referred to as control channels, are allocated for
transceiving data and signaling information. It is through these

20 signaling channels that the subscriber units gain access to the cellular
radiotelephone system and are assigned a voice channel for further
communication with the landline telephone system. In cellular
radiotelephone systems capable of transceiving wideband data on the
signaling channels, the frequency spacing of the signaling channels

25 may be a multiple of the frequency spacing of the voice channels.

' In some cellular radiotelephone systems, the transceiver 100 and
the base station intermittently transceive information therebetween on
the signaling channel. One such system, for example, uses a time
division multiple access (TDMA) signaling method to synchronize the

230 intermittent information. In this type of system, keeping the transceiver
" 100 fully powered during the entire time that the transceiver 100 is tuned
to the signaling channel unnecessarily drains the transceiver's battery
during those times when the information is not received. Therefore,
portions of the transceiver 100 can be powered off to prolong battery life
35 when the transceiver is not transceiving information. Further, portions
' of the transceiver 100 can be powered off to prolong battery life when the




The' RF channels in a cellular radiotel ephone system for - . exanpl e,
,include voice and signaling channels for transmtting and 15

tTeceiving (hereinafter referred to as "transceiving") information
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are allocated for transceiving voice inf.gymation. The signaling

charnel s, also referred to as control channels, are allocated for
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si gnal i ng chsigrel quality 1srgaodtdnmughtmrchuthattsfug’dler yepetition of thesamke! ul ar

Communi cati o ‘g‘f ef’%“aﬁ‘ o6 PRRRRALRU S ROPERRE o R o VE"

r adi ot el ephogBablisgand the transceivieri ¥ diriog-itsireceive opexation
si gnal i ng chagpghed diéb‘énﬁ"iﬂ&ﬁ@%%eﬁ@?ﬂm o b oiieg Afibh " In ﬁﬁ%{‘ﬁﬁ)@ 25

may be_a nmul ti cy I ng v0|ce cha

In some cel | §¥ 9@&9%%%@ ﬂ§H§3¥f§@§ﬂ§gtvng

the base Ist atranr?ceiveemwpwdhbﬁs tli@tgs&ﬁue]gesaﬁbgs ri?tba%bryhﬁbebet ween on

t he signaling cha S o] e, Uus

di vi si on nU|tIp|e%§§%ggﬁﬂF$%ﬁﬁ .§¥ ﬁﬁghﬂ ﬂé@ﬂ@ﬂaFﬁk ﬁ 6ﬂn¥3nFﬂEaE 0
intermttent phasadmkedoloopl(ﬁ’liﬁlfseqqqlmycﬁynth%mer fdaeeqm iy thé transeeiveei ver .
100 fully po [ r une
to the si gna?i‘P"e“*ﬁ? n’QF’ThQ 3?%%%% #Fe of the FICL NefIBNE) Vghuldinartot |
dur i n§q hose F rﬁamﬁs ar chﬁﬁh@. L,L freguenex symihesizes 108nnrd the
portions of ﬂhﬂRLLaﬁ egggrmggpomered off to prolong battery life

sortions o “e%?ﬁ@%@iﬁ@. Vorbasges 08 ot 10 Fie BErRetll of ong
battery Iifeintludes acreference divider 201, for dlscussmn purposes, and a PLL 212,
The PLL 212 generally includes a phase detector 202, a loop filter 203, a .
15 voltage controlled oscillator 204, and a loop divider 205. The reference
divider 201 receives a reference frequency signal on line 115.
The interconnection of the blocks of the PLL frequency synthesizer
108 or 109 is described as follows. The phase detector 202 is coupled to
receive a divided reference frequency signal at line 206 and a feedback
20 signal at line 209, and operative to produce a phase error signal at line
207. The loop filter 203 is coupled to receive the phase error signal 207,
and operative to produce a filtered signal at line 208. The voltage
controlled oscillator 204 is coupled to receive the filtered signal at line 208
and operative to produce an output frequency signal at line 116 or 117.
25 The loop divider 205 is coupled to receive the output frequency signal at
line 116 or 117, and operative to produce the feedback signal at line 209.
The loop divider 205 and the reference divider 201 receives programmmg
information via the data bus 118.
- The operation of the PLL frequency synthesizer 108 or 109 is
30 described as follows. The PLL 212 is a circuit which produces the output
frequency signal at line 116 or 117 synchronized to the reference
frequency signal at line 115. The output frequency signal at line 116 or
117 is synchronized or "locked" to the reference frequency signal at line |
115 when the frequency of the output frequency signal at line 116 or 117
35 has a predetermined frequency relationship to the frequency of the
reference frequency signal at line 115. Under locked condiﬁons, the 212
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sighal quality is good enough such that further repetition of the sane
Jnformation is not needed. Intermittently powering on and- off, i.e.
eénabl i ng and disabling, the transceiver 100 during its receive operation
is called discontinuous receive (DRX) node of operation, In the DRX 5
node of operation, quickly enabling and di4sabling the portions of the -
transcei ver 100 produces the greatest savings in battery life.

FIG 2 illustrates, by exanple, a block diagramof a conventi onal
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second category is classified as a "fractional division" PLL frequency
synthesizer in which the relationship between the output frequency
20 signal at line 116 or 117 and reference frequency signal at line 115is a
rational, non-integer number, consisting of an integer and a fraction.
PLL's are characterized by a loop bandwidth. For some
applications it is desirable to vary the loop bandwidth of the PLL under
certain conditions such as, for example, when the frequency of the -
25 reference frequency signal at line 115 changes or when the
programmable parameters of the PLL via the data bus 118 changes.
Appropriately varying the loop bandwidth advantageously provides
shorter locktime, improved noise, and lower spurious signals.
. - A problem with varying the loop bandwidth of the PLL 212
30 includes determining when to vary the loop bandwidth. Determining
when to vary the loop bandwidth directly affects the time required for the
PLL 212 to reach a desirable locked condition. It is generally desirable
for the PLL 212 to reach its locked condition quickly. If the locked
condition of the PLL 212 is not reached quickly, noise may be generated
35 or information may be lost. :
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frequency signal at line 116 or 117 synchronized to the reference
frequency signal at line 115. The output frequency signal at line 116 or
117 is synchronized or "locked" to the reference frequency signal at |ine
115 when the frequency of the output frequency signal at line 116 or 117 3
5 has a predeterm ned frequency relatignship to the frequency of the
reference frequency signal at |ine 115. Under | ocked conditions, the 212
PLL typically provide a constant phase difference between the ref erence
frequency signal dDneiprioridrt sohutiohdondeterminingwhenytosvapyatheatoopi ne 116 or
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I ncl udi ﬁgcggfﬁwzﬁtﬂ%gﬁj %ﬁsﬁy#&%gg?ﬁggnpﬁgg@egti?ere nce, of

such si gnal s predetemminedstimesFhe disadwantage with this approaghisd Eftbﬁ due
S arial at || ey pohine (% ddclndd Sk o5 ﬁ‘af‘ﬁﬁ‘ﬁﬁet”?
bus 1168 ¢ he Teatitted for Fhe R 513 feﬁasﬁ”ﬁiew%{ps‘% ngtion B

frequency si gprddeﬂérﬂmedﬁﬁ@mmotté’laﬂ:edﬂmthestdteoﬁhhe?lﬂrzm at Ilne 207 1
0 ~ toward zero. Apother prior agt, gﬁﬂ’f:ioﬁ fde%’}ﬁﬁgsﬁﬁéﬂ‘%ﬁ %\% tﬁg%gé) 109

may be classified 0 one categori es

based on the bardwidthrafthe PLL 212 is waquﬂm:l,oOpduamdvadﬂhbpseﬂ ORIAA out put
signal frequepiyaffa ebﬂﬁgwag %Frr&ﬂ-Zt lifle 207. The didiivamtageRhvh Shis he

reference frequency

. I rst egor
classi¥ed acapproathdsaat thmrsatentmqysmr}&f& YT §§ilpﬁe%qq7aé ndt ﬁﬁly
wherein the r@ég@ﬁb@rﬂielgtat@bﬂﬁﬁr‘PLna1%§m1 fimeguency signal at line 116

or 117 and refer enge. f Ehl(l]gl‘ien%l}fe nglneed ilor ne ijnjigrdvseda&ﬂélta%gg dThe
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providing an accurate determination of when to vary the loop bandwidth
15 of the PLL.
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FIG. 1 illustrates a block diagram of a conventional radio
20 communication transceiver. |

FIG. 2 illustrates a block diagram of a conventional phase locked
loop frequency synthesizer for use in the radio communication
transceiver of FIG. 1.

FIG. 3 illustrates a block diagram of a phase locked loop in

25 - accordance with the present invention.

FIG. 4 is a timing diagram illustrating digital signals in a loop
bandwidth controller of the phase locked loop of FIG. 3 in accordance
with the present invention.

- FIG. 5 illustrates graphs depicting a relationship between the
30 value of a counter of the phase locked loop of FIG. 3 and the value of the
| loop bandwidth of the phase locked loop of FIG. 3 in accordance with the
present invention.

FIG. 6 illustrates a flow chart descnbmg steps for controlling the

loop bandwidth of the phase locked loop of FIG. 3 in accordance with the
35 present invention. -



second category is classified as a "fractional division" PLL frequency
synthesizer in which the relationship between the output frequency 2 0
'signal at line 116 or 117 and reference frequency signal at line 115 is a
rati-onal, non-integer nunber, consisting of an integer and a fraction.
PLL's are characterized by a | oop bandw dgh. For sone appllcatidns
it is desirable to vary the |oop bandwi dth of the PLL under

certain conditions such as, for exanple when t he frequency of the 25
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programabl e parameters of the PLL via the data bus 118 changes
Appropriately varying the | oop bandw dth advantageously provi des

shorter |ocktine, Impecordancewdth the presentrinypuotiony the foregoing need is
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di sadvbt age the apparatusandomethod 'ﬁmnmees a rate of clmmeézfém ﬁ‘;%set i me does
not al ways COgfygsRVBH aforstHfre@eeriined tife period to provide an indication of
frequency error between the frequency of the reference frequency signal
and the frequency of the output frequency signal; and controls a
transition between a first and a second loop bandwidth state of the PLL
15 responsive to the indication of the frequency error. When the apparatus
and method identifies the phase error as undesirable, the PLL operates
in the second loop bandwidth state. The present invention
advantageously provides an accurate determination of when to vary the
loop bandwidth of the PLL. .
20 The present invention can be more fully described with reference
to FIGs. 3-6, wherein FIG. 3 illustrates a block diagram of a phase
locked loop 308 in accordance with the present invention. The PLL 308
has the same structure and operates in the same manner as the prior
art PLL 212 with the exception of a novel apparatus 300 and the
25 " associated method therefor. Therefore, in the preferred embodiment of
the present invention, the novel PLL 308 is substituted for the prior art
PLL 212 for use in the Rx PLL frequency synthesizer 108 or in the Tx PLL
frequency synthesizer 109 in the transceiver 100. One of ordinary skill in
the art of PLL design and application may find other applications for the
30 novel PLL 308 both inside and outside the radio communications field.
The novel PLL circuit 308 generally includes a phase detector 202,
a loop filter 2083, a voltage controlled oscillator (VCO) 204, a loop divider
205, and a loop bandwidth controller 300. Individually, the phase
detector 202, the loop filter 203, the VCO 204, and the loop divider 205 are
35 generally well known in the art; thus, no further discussion will be
presented except to facilitate the upderstanding of the present invention.




5 ° required for the PLL 212 to reach its desired |lock condition because
the predetermned tine is not related to the state of ‘the PLL 212.
Anot her prior art solution for determ ning when to vary the | oop

bandwi dth of the PLL 212 is to vary the | oop bandw dth based on an

i nst ant aneous phase-error at line 207. The.disadvantage with this 1 0
approach is that the instantaneous phase error at |ine 207 does not fully
describe the state of the PLL 212 for all tines. '
Accordi ngly, Ahevel lcmpabamhnhdfthrconm'al]anaﬂﬂemlhbpadeacnbedmd illustratedet hod
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| oop bandwi dtfreqhienéye signad are eaichccharacterized) iy fmquenay:cmx&iphase wik h the 3
° present SRY&NLLEP is indicative of the difference between the phase of the
15 reference frequency signal and the phase of the output frequency signal.
The PLL operative in a first loop bandwidth state to maintain the output
frequency signal substantially at a frequency indicative of the reference
frequency signal, and operative in a second loop bandwidth state to
converge the output frequency signal to the frequency indicative of the
20 reference frequency signal.
The interconnections between the novel loop bandwidth controller
300 and the conventional PLL loop 212 to form the novel PLL 308 are as
follows. The loop bandwidth controller 300 is coupled to receive the
divided reference frequency signal at line 206, the feedback 81gna1 at line
25 209, and the output frequency signal at line 116 or 117. The novel loop |
bandwidth controller 300 produces a loop bandwidth adjust signal at line
309 that is coupled to the loop filter 203.
The loop bandwidth controller 300 further comprises an edge-
proximity detector 302, a counter 301, a PLL loop bandwidth adjuster 310,
30 and an optional hold circuit 303. Individually, the edge-proximity
detector 302, the counter 301, the PLL loop bandwidth adjuster 310 and
the optional hold circuit 303 are well known in the art; hence, no
additional description need be provided here except as may be necessary
to facilitate the understanding of the present invention. The
35 combination of the edge-proximity detector 302, the counter 301, the PLL
loop bandwidth adjuster 310, and the optional latch circuit 303 as used in
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Detai |l ed Description of a Pr ef erred Enbodi ment " I'n accordance

Mth the present invention, the foregoing need is - substantially net
by i mproved apparatus and nethod for controlling the 5 | oop bandwi dt h

of a PLL. According to the present invention, the appar at us and

met hod identifies a phase error, indicatige of a difference : " between

the phase of the reference frequency signal and the phase of an
output frequency signal, of the PLL as either desirable or undesirable.
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MC74HC4066 in accordance with well known design techniques.
The interconnections between the blocks of the novel loop

bandwidth controller 300 are as follows. The edge-proximity detector 302

15 is coupled to receive the divided reference frequency signal at line 206
and the feedback signal at line 209, and operative to produce a counter
reset signal at line 804. The counter 301 is coupled to receive the divided
reference frequency signal at line 206 and the counter reset signal at line
304, and operative to produce a count value at line 306 and an indication

20 of the count value at line 307. The optional hold circuit 303 is coupled to
receive indication of the count value at line 307 and a hold enable signal
at line 311 produced by the processor 110, and operative to produce a hold
signal at line 305 for the counter 301.

The operation of the novel loop bandwidth controller 300 is as

25 follows. According to the present invention, the edge proximity detector
and associated method therefor identifies a phase error, indicative of a
difference between the phase of the divided reference frequency signal
206 and the phase of an output frequency signal 116 or 117, of the PLL 308
as either desirable or undesirable. When the edge-proximity detector 302

30 identifies the phase error as desirable, the counter 301 and associated
method therefor determines a rate of change of the phase error over a
first predetermined time period to provide an indication of frequency
error bétween the frequency of the divided reference frequency signal 206
and the frequency of the output frequency signal 116 or 117; and the loop

35 bandwidth adjuster 310 controls a transition between a first and a

o second loop bandwidth state of the PLL responsive to the indication of the



art” PLL 212 with the exception of a novel apparatus 300 and the 2 5
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the present invention, the novel PLL 308 is substituted for the prior art
PLL 212 for use in the Rx PLL freduency synthesizer 108 or in the Tx PLL

frequency synthesizer 109 in the transceigver 100. One of ordi nary skill in
the art of PLL design and application nmay find other applications for the 3
0 novel PLL 308 both inside and outside the radio communications field.
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b?‘nﬁw' d]E h codiffedentloddbandwidthestate enaypbel desisable toedotmrtee@ the outputbel ow
with referen

I nventi on. ?xee(fu% c&gfgnael #@&%@%ﬁ?aﬂ%%%@”&@@% the rg)ilg%&e%ﬁngy t he
novel |oop baighalatlines206. controller 300, may be inplemented, for

exanpl e, usi ng a &}e&l b de%ﬁ%ﬂaZﬁ]P ddﬁﬂﬁﬁd@é’ MGSIZGI‘ and a
I\/btor | a MC1648 vql.t.age oop ban oéglé?l?llator The |oop filter 205

may b 10 mpl e mlsedth gpntrol than thej mreartmbm@pa;ﬁmwdeésq WLs and
capacitors i acoseatedadivation! 6f frequency efor tisontrdlithedooplbandwidtichni ques.

Within the scope of the present invention, alternative
interconnections between the novel loop bandwidth controller 300 and
the conventional PLL 212 may be implemented to form the novel PLL 308.
15 The edge-proximity detector 302 may alternatively be coupled to receive
the phase error signal at line 207 from the phase detector 202 in place of
the divided reference frequency signal 206 and the loop feedback signal
209. The counter 301 may alternatively be coupled to receive the feedback
signal at line 209 in place of the reference frequency signal 206. The PLL
20 loop bandwidth adjuster output 309 may alternatively be coupled to other
elements of the PLL 308 to adjust the loop bandwidth in accordance with
well known design techniques. _
According to the preferred embodiment of the present invention, |
the phase error identifier is accomplished by an edge-proximity detector
25 operative to detect the edge-proximity, relative to a second predetermined
time period, of an indication of the phase of the reference frequency '
signal to an indication of the phase of the output frequency signal. An
advantage provided by the edge-proximity detector is that an exact
measurement of phase error is not required to control the loop
30 bandwidth, but only an indication of the desirability of the phase error.
Further, digital processing of the phase error signal at line 207 is
difficult to achieve when the phase error at line 207 is small, i.e. when
the PLL 308 is close to lock.
According to the preferred embodiment of the present invention,
35 the second predetermined time period is a function of the inverse of the
frequency of the output frequency signal 116 or 117. The inverse of the




10 General ly, the novel PLL 308 operates as follows. The novel PLL
»308 generates an output frequency signal responsive to a-reference '
frequency signal. The output frequency signal and the reference

frequency signal are each characterized by frequency and phase. A

phase error is indicative of the differenme-between the phase of the 15
refeerence frequency signal and the phase of the output frequency signal.

The PLL operative in a first |oop bandwi dth state to maintain the output

f requency si gfred;uemt;sdﬂiaﬂte aitipyt £frequeincy gignad\l linati T1T is/usesd be¢aeuseether ence

]::(r)(ra]\q/g(raggyt f]lag%g B8 r%’gﬁ%ﬁﬁﬁ g%‘?e@?c@ﬁﬂa" requ‘gﬂ%w}sngﬁ t|v of the 2 0

reference freaval esn she P 308 atresultsmrﬂge Bns between the

novel | oop bata!é’f)%—ﬂix éq{.é dlency error. 300 and the conventlonal PLL | oop
212 to formthe noyel BLL gq)%hare TheI ﬁfbndwdth

control?er 300 is %@gpégrqq]gmbodlment °§%F
frequency si gth rete dﬂdhﬁn@@@letéﬂ‘mﬂe&élﬂlatdeccnmﬂished By ae:oﬁnﬁer 30R09, and

oo . GOMBE G b ot of 5, A ok pusoe
309 that is casdesigable.tHee lcmupteﬂna&lels tme:d because it convementiyi@rpmig

et ector 300, ghtal heshld of detdity 5'%% fehe Ehas&}%m 0 and
an. opt} Bnal hg}'ﬂﬁlﬂrr Eamnsébeﬁﬁmhv @ﬁ@ 0d BEeIHTY vanes the

det ector 302, rédamﬁ@mafehe aﬁ@wﬂﬂg dmﬁ,]m-rmm dt h adj ust er 310 and

e o onel Re e 5 o8kt SH ok J 28 R,

to facilitat eth&ﬁrsirﬂmrhtemﬁmd t)metpentpﬂ isafunction of the inWrse 3 the
Sorblnaton Shkine 8RN ekinal s et ool i PLL

15 ou put frequency signal 116 or 117. The first predetermmed time perio
is a function of the inverse of the frequency of either the divided
reference frequency signal 206 or the output frequency signal 116 or 117
because the first predetermined time period should be longer than the
second predetermined time period. The larger the ratio between the first

20 and second predetermined time periods, the better the resolution of the
loop bandwidth controller 300.

According to the preferred embodiment of the present 1nvent10n
the loop bandwidth adjuster 310 controls the transition by alternatively
selecting between the first and the second loop bandwidth states of the

25 PLL 308 responsive to the indication of the frequency error 306.

Alternatively, the loop bandwidth adjuster controls the transition
by varying a loop bandwidth value of the second loop bandwidth state of
the PLL responsive to the indication of the frequency error.

- According to the preferred embodiment of the present invention,

30 the optional hold circuit 303 advantageously prevents oscillation between
the first and second loop bandwidth states for applications where
undesirable transient signals may be produced when the loop
bandwidths are switched.. ' :

The PLL 308 of FIG. 3 may also include a charge pump and a

35 prescaler (both not shown), as is well known in the art. The prescaler

would be used between the VCO 204 and the loop divider 205 in the




the" novel PLL 308 of FIG 3 is considered to be novel and will be descri bed

Jn further detail bel ow The edge-proximty detector 302 and
the hold circuit 303 nay be i npl enented, for exanple, using
standard logic elenments. Such logic 5 . elenents may include, for
exanpl e, NAND gates as a Motorola - 11 MC74HCOO, NOR gates such-as
MC74HC02, and D-type flip-flops such as MC74HC74 i n accordance
with well known | ogic design techniques. The counter 301, may be

i npl err:ant ed, feedbaclapatleat line 1d6arciiiorpermis higher the loop divider 206¢b as a
Mo MC74,
torol a e m%@ (#ﬂué £ b&agyvgfanﬂ th8 vco %@411 oS %8
§é§ n

I npl emented w eS|s acitors

st andard anal Wguldxbe uﬁ#@)@&ﬁbe 99‘@911%@'%@&*41953“01' 2 to _
accordance W foanillih fehEPEES30B) techni ques. The

interco nectlons n the bl ocks of t novel o) w dt h
control?er 300 ar eﬁiéeﬁdﬁlao h‘ﬁ d&@'gﬁlcﬂgp%ﬁn?@ ‘iioo i s
cogpl ﬁd ]EO &gbsh&mdﬂl&odltmlm MM§€bqhailmpps3@1dFEG 8inme 206"

and the fee . s er

reset signal g&&aﬁgg&%ﬁgb&%‘%ﬁ ll;nq’%g %Plé cou\ﬁ‘m‘@l&%aw%é%ﬁvsg tg‘%e Cﬁ vi ded
ref erence fr edivided refegende signal 2@62mf&ﬂdba¢b8@ah2@9, theseutpyitgnal at |ine
304, and operﬁ:eﬁtﬁgn liq_goq.ppp% el,&]ﬁfteffégét%?]ﬂrgb@n i ndi cation 2
0 of the cou ﬁé‘@@rtﬁ [

coupl eli0t o Bce M?pﬁhn%oé@?ﬁﬁ%?aﬁﬁé &tﬂ q-‘%giggi and a

hol d ;anabl;a S"I‘hé&bedbackhm i 09 hae rididg 4 497, 408, andd09s Thel 10, and

operative to produce aha na 0 0

A BouitteF Sofit Hgal, 304 defipef %eﬁsbaﬁgn%&% B8 Ralar AL O HIE

300 is as 2 58. Whenltha&ounbemresetlglgmltaﬂé ipthigbhnthe counter 801 isivesetdge -
d

proxi mty det g4 gl Cg%od oftgfe Vé%@&%@%%cfsﬁ%?ﬂbﬁ@{iﬁif? dbﬂ%%& khb€s a

phase error I've he 3e of _t he
Gi vi deliSr of or B6R0m dr predeteraypinad;time period 401 during which the rising edges of

the divided reference signal 206 and the feedback signal 209 are checked
for edge-proximity. _

When the rising edges of the divided reference signal 206 and the
feedback signal 209 are determined to be within the second

20 predetermined time period 401, the phase error is considered to be
desirable. When one of the rising edges of the divided reference signal
206 and the feedback signal 209 is determined not to be within the second
predetermined time period 401, the phase error is considered to be
undesirable. In other words, the second predetermined time period 401

25 provides a threshold to which the desirability of the phase error is
compared. '

At time t1, the rising edges 402 and 406 are not determined to be in
edge-proximity, since the rising edges 402 and 406 do not fall within the
second predetermined time period 401. Under such conditions, the

30 counter 301 is reset on the rising edge 410 of the counter reset signal 304.

At time t2, the rising edges 403 and 407 are determined to be in
edge-proximity since the rising edges 403 and 407 do fall within the
second predetermined time period 401. Under such conditions, the
counter reset signal 304 remains low so that the counter 301 is not reset

35 such that the counter 301 is clocked by the rising edge 403.

-




206" and the phase of an output frequency signal 116 or 117, of the PLL 308
.as either desirable or undesirable. Wen the edge-proximty detector 302 3 -

0 identifies the phase error as desirable, the counter 301 and
associated - met hod therefor determ nes a rate of change of the
phase error over a . first predetefained tine period to provide an

I ndi cation of frequency error between the frequency of the divided
ref erence frequency signal 206 and the frequency of the out put

fr equelncy si gnal 1A6 time t3,thearisinghetiges d94arid 408 laze disoddétermiined to b810
ntr t dwi dt h

tate of the Bl SogtBRuHENY Sihed the'visipg leds 404 end 408 WK within EREC

- 9- seoaqdqmegiemnmned\ﬁmn period-49b- Mem again thewceunter 3Qbis

identifies th har |
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ra I n, {he econ dth state.
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how cl ose t hecdiittieriS01t eouitts siceestiesl ocAdrehées whierg the ri‘slmgmdgeslofck a

frequency i oRiasy Spfeninge, BefpShly SEaf 26 Hh e natr il %ﬁ;rn)g;
signal at Ilneorisideredtobe in edge-prozimity.oTHe ¢omu$ebaﬁdl\dedielrmmm rate 300
011 5 % Dot Sargdor R Sl G0 o EpuG ROl priclr

provi des a nore I ndicatrono uen erfor to c ntrol
the | obp bandmmdeanmdlcatmn of frequeney ﬂrnon@tslfmq)%o in HiG. S-Rafagen the
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bandw dt h conh_ro | er 388?‘% mgna.olni/f(‘)n ?T’?l PLL 212 may be
ol ement ed t EABPRFY ALEA QUPS reaRancy
At time t4, the rising edges 405 and 409 are not determined to be in
edgé-proximity, since the rising edges 405 and 409 do not fall within the
15 second predetermined time period 401. Under such conditions, the
counter 301 is reset on the rising edge 411 of the counter reset signal 304.
FIG. 5 illustrates graphs depicting a relationship between the
value of the counter of the loop bandwidth controller 300 of FIG. 38, as
shown by curve 502, and the value of the loop bandwidth of the phase
20 locked loop of FIG. 8, as shown by curve 501, in accordance with the
present invention.
At time t0, the value of the counter 502 starts at 0 and the value of
the loop bandwidth 501 starts at 4, representing a high loop bandwidth.
Under the condition of edge-proximity of the divided reference frequency
25 - signal 206 and the feedback signal 209, during the second predetermined
time period 401 beginning at t2 as illustrated in FIG. 4 , the value of the
counter 502 in FIG. 5 is incremented to a value of 1 at t1. Since the -
counter 301 is clocked by the divided reference signal 206 at a rate of 1/Fr,
its count continues to increase by one at t2, t3, etc. through t7. |
30 The value of the loop bandwidth 501 may have many desirable
alternative relationships to the value of a counter 502 of the loop
bandwidth controller 300, but herein is shown as having a monotonically
decreasing value of loop bandwidth 501 as the value of the counter 502
increases. The loop bandwidth value 501 is shown decreasing to a value
35 of 3 at time t3, further decreasing to a value of 2 at time t5, further
decreasing to a value of 1 at t7, and remaining at a value of 1 after t7.
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15 The edge-proximty detector 302 nmay alternatively be coupled to
wreceive the phase error signal at line 207 fromthe phase detector
202 in place of the divided reference frequency signal 206 and the
| oop feedback signal ' 209. The counter 301 may alternatively be
coupl ed to receive the feedback -sBgnal at line 209 in place of the
reference frequency signal 206. The PLL 2 0O | oop bandw dt h adj uster

out put 309 may alternatively be coupled to other el enents of the
PLL 308 to adj ust Aferitimp tBaan altérhative zurve tharthe wdlug of the countend’02 known

desi gn L eChn’ fiirm by curve 504 in wiE6 1 yathd B tEedtibF esoa%ggmp t of

the present invention hase error ler is shed

by an edge- prtimaet8 jn gespansertothe condégen&f inpa- ?@%Ef%tﬂlﬁméu“ as
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an indigation 0 ase e e nc n 0 an
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advant age pr ovahiecofithetloep bdgdwpdth(!im tshovistamasponse:td the altermative
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bandwi dt b by oS Yathe Sirve s0E. ThANY kebohle, B 1B Baiftwtlvinde |
Further, digi mre@sexm ah gune t8,inpethe dmded refeyante frequeney signal 206
difficult to 86018K FollI5kK Bignal! 209 o6 lobigek ifl & i .e. when

e 0 oot e the oo imﬁmﬁwmy <
period is a fonoiteprasdillusbeated\inrBKG.08 of fﬂternatlvely afdoseneoanterfad lomgout put
TNy ! B8 he ioub bertdiaeh SRl ST Blap e conpipta the grrest o geq
because t he polarity of loop bandwidth adjustment such that the loop bandwidth
generally decreases as the counter is clocked.
15 The following discussion provides a practical example explaining
~ how to calculate the frequency error using the present invention under
open loop conditions of the PLL. A steady-state frequency error at the
output frequency signal 116 or 117 can be directly related to the
maximum value of the counter 502 before the counter 301 is reset by an
20 indication of non-edge-proximity 304.
The time period of the output frequency signal 116 or 117 is 1/(N x
Fv), where N is the value of loop divider 205. This is the total time
window width 401 of the edge-proximity detector 302 for the condition
when the Fr and Fv edges occur in time closer to each other than 1/2 the
25 period of the output frequency signal 116 or 117. This is the time window
width used for the edge-proximity detector 302 but other window widths
are possible. |
Dividing the window period, 1AN x Fv), by the period of the
reference frequency signal 206, 1/Fr, gives a ratio of the error frequency
30 at the phase detector 202 to the frequency of the reference frequency
signal 206 Multiplying this result by Fr gives Fr2/(N x Fv), the frequency
error at the input to phase detector 202 for slippage of Fv passed Fr by a |
time increment 1/(N x Fv) in a time period 1/Fr.
For the counter 301 to reach its end-of-count value, say C, the
35 frequency error at the input to phase detector 202 must be less than
Fr2/(C x N x Fv). Translating this frequency error from the input of



frequency of the output frequency signal is the highest frequency
.;avail.able in the PLL 308 that results in the best resolution for

determning the frequency error. 5 According to the preferred
enbodi nent of the present invention, ‘the rate of change deterniner
301 is acconplished by a counter 301 -14 - operative to count consecutive
occurrences of the phase error identified as desirable. The counter
301 is used because it conveniently provides a di gi tal neans of

determ ning ! phascdeteetorclUBGetle inphit of hpradieiderr205gives Fr{(Ct#BY), varying

the length of,the c 0 ant ageous var esol uti-on
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the first and second f1on ere
undesi rabl e t uRdesiab &) %%e gvreaa% esizaple at step 602,

bandwi dt hs ar ¢h&ebttt@B01 determines, at step 604, a rate of change of the phase
error over a first predetermined time period 412 to provide an indication
20 of frequency error 306 between the frequency of the divided reference
" frequency signal 206 and the frequency of the output frequency signal 116
or 117; and a loop bandwidth adjuster 310 controls, at step 605, a '
transition between a first and a second loop bandwidth state of the PLL
308 responsive to the indication of the frequency error 306. When the
25 phase error is identified as undesirable at step 602, the PLL 308 operates,
' at step 603, in the second loop bandwidth state.

Thus, the present invention advantageously provides an
apparatus and method 300 that accurately determines when to vary the
loop bandwidth of the PLL 308. This advantage and others are generally

30 provided by an apparatus and method that identifies a phase error,
~ indicative of a difference between the phase of the reference frequency
signal and the phase of an output frequency signal, of the PLL as either
~ desirable or undesirable. When the apparatus and method identifies the
phase error as desirable, the apparatus and method determines a rate of
35 change of the phase error over a first predetermined time period to
' provide an indication of frequency error between the frequency of the
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The PLL 308 of FIG 3 may also include a charge punp and a 3 5 prescal er
-(both not shown), as is well known in the art. The prescal er- woul d
Be used between the VCO 204 and the | oop divider 205 in the

f eedback path at line 116 or 117 to permt higher the |oop divider 205 to
accept higher input frequencies fromthe WO 204. The charge pump -

woul d be used at the output of the phase detector 202 to provide high DC

| oop gain for the PLL 308, 5 FIG 4 is a timng diagram

i | lustrating nefgrerde frequency signahanddhe frequency ebthevuiputdrequendyer 300
of the phase %I i d?kﬁ uuﬂr =Y tranSitioh | h@twe?rha ﬁrs?%‘ﬁvgé%(ﬁlad‘ﬁaﬁdli)et he

pr esent inven ference

d
signal 206, thandwidth-state D@%&Q I deligpzasm@ (the indicationf ofdbednequencynal
116 or 117, agfkorhowWhe ﬂ”ﬂliér allza?‘i‘i;u§ ladon uierﬁhﬁes the phabé effriasnce

signal 206 has.risi , and 4 The teedback
si gnal 209 halnAesira ee r@gﬁ Hh&e s%ﬁﬂildzﬁ?QP bandwidth sta eco&glee

5 es \e/\';l si gﬂal Preketitfinwention reveetornes Mortmt;m’bﬁaustﬁir éiﬁﬁnpl%, FI G

en the ¢ t e i$ reset.
The peri od ofguﬁéwglﬁ épﬂﬁgﬁ%% %fgﬁaﬁgp f?ﬁs%‘?%i'ﬁlaﬁg%%&gvthe 15
second predet detarnummgmﬁxepemwmﬂm opibagdwridtiy of the Pldi.ng edges of
the divi dggo;ef o1 PRI LY Preseift iAVEntibA agegeli@lcﬁes%ﬁm -ﬁéf‘edfdée\@ked
refer egge Si gﬂﬁst)z(@@vaﬁalh@éments thereOf,éEeﬁ)aew@pgﬂ %120 entionbeed to
be wi thin theligticed €o these specific embodiments. Those skilled in the art will

recognize that variations and modifications can be made without

departing from the spirit and scope of the invention as set forth in the

appended claims. '
15 What is claimed is:
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2 0 predeterm ned tine period 401, the phase error is considered to be

.desirable. \Wen one of the rising edges of the divided r'ef erefrce—signat

206 and the feedback signal 209 is determ ned not to be withi

predeterm ned tine period 401, the -phase error is considere MHM iﬁnn |““|
undesirable. In other words, the second pigdet erm ned ti'rre

provides a threshold to which the desirability of the phase error is

conpar ed. At time tl1, the rising edges 402 and 406 are not
determined to be in edge- prox@hms& nce the rising edges 402 and
406 do not fall wthin the second predeterm ned tine period 401.
Under such condltlons counter 301 is reset on the rising edge
410 of the colnterIn é-sl&a%l lgdaﬂoqm(zPLL) that generates alégutl)%ﬁlequencﬁe risi n%
edges 403 and xgﬂﬁﬁé iﬁ!fﬁ H%fél‘énﬁéﬂ'équen signal $HE oRt Pt B ce the
risi ng;dges 51, ndép4di‘ﬁ é\_n cy sign gﬁ t erm ned
tinme pefiod 4980 e’fﬁﬂ?&l PR cﬁﬁgnalareeach P 1'% Y si gnal
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controlling the loop bandwidth of the PLL comprising the steps of:
identifying the phase error as either desirable or undesirable;
15 when the phase error is identified as desirable:
determining a rate of change of the phase error over a first
predetermined time period to provide an indication of frequency
error between the frequency of the reference frequency signal and
the frequency of the output frequency signal; and
20 controlling a transition between the first and second loop
bandwidth states of the PLL responsive to the indication of the
frequency error; and
when the phase error is identified as undesirable, operating in the
second loop bandwidth state.

25
2. A method according to claim 1 wherein the step of identifying the
phase error as either desirable or undesirable further comprises the
step of:
, - detecting the proximity, relative to a second predetermined time
30 period, of an indication of the phase of the reference frequency signal to
an indication of the phase of the output frequency signal.

3. A method according to claim 2 wherein the second predetermined
time period is a function of the inverse of the frequency of the output
35 frequency signal.



considered to be in edge-proximty. The counter 301 determines the rate

.of change of the phase error over a first predetermm to
10 provide an indication of frequency error at |G 3
bet ween t he frequency of the divided refer en 'I j"ﬂﬂﬂmnal
206 and the frequency of the outgput frequency*sign

At time t4, the rising edges 405 and 409 are not determned to be in
edge-proximty, since the rising edges 405 and 409 do not fall within the
15 secohd prAdnethod acdrdingtoelaimdl sdhiereimtbe step bf determining a the
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bet ween t he counting eongecubiveaseurrences of the jstemp ob identifying the oI | er
300 of FIG 3phise error as desii’éM@ by curve 502, and the value of the | oop
bandw df h of the phase 2 | ocked loop of FIG 3, as shown by curve 501,
I n accotdance with the present invention. At tinme
to, the value50of tAemethod at':cdidihgmelfalm dtwherein thbeﬁnsalpredetermined t he

Lﬁggrbﬁﬂgwegtn'nm enﬁéﬁﬁg %5@55@% %gmtsﬁ%fghg% é’?%ir}gle frequency 2

5 si gnal 2rEferentetfirequencybsignal oythe omsput WPglcYWég%@cond

pr edet er m ned time period 401 beginning at t2 as illustrated in
FIG 4 thevIue f t t,er52|n i ncrepented to a
value b9 1 atb gl%accordmg%ou@é% tge@l"&l?g&% di vi ded
ref erence si gﬁﬁ{thaﬁﬁomprfsegahe@é its count continues to

T by S0 ol i R o o g el U © 1

rel ati onshi psbandwi(hzlmthtes mﬁthe RhbLiresporigive t6 théeindication of the frequemestwi dt h
control l er 30Qp.Jput herein is shown as having a nonotonically

decreasing value of |oop bandwi dth 501 as the value of the counter 502

i ncreab®s. The | oop bandwi dth value 501 i s shown decreasing to a value 3 5

of 3 at time ¢3, fArlh@ﬁﬁo&'ﬁéétﬁﬂﬁhg‘% chiifh Ya¥héreth tﬁe@te? ioffieonfrolliigt her
decreasing t Oﬁ%'tﬁgzl' légmpnses%e step a?.d remai ning at a value of 1 af t er t7.
varying a loop bandwidth value of the second loop bandwidth state
of the PLL responsive to the indication of the frequency error.
20 | '
' 8. In a phase lock loop (PLL) that generates an output frequency
signal responsive to a reference frequency signal, the output frequency
signal and the reference frequency signal are each characterized by
frequency and phase, a phase error is indicative of the difference
25 between the phase of the reference frequency signal and the phase of the
output frequency signal, the PLL operative in a first loop bandwidth state
to maintain the output frequency signal substantially at a frequency
indicative of the reference frequency signal, and operative in a second
loop bandwidth state to converge the output frequency signal to the
30 frequency indicative of the reference frequency signal, an apparatus for
_controlling the loop bandwidth of the PLL comprising:
a phase error identifier operative to identify the phase error as
either desirable or undesirable;
_ a rate of change determiner operative to determine, when the
35 phase error is identified as desirable, a rate of change of the phase error
over a first predetermined time period to provide an indication of
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- 13 - After tinme f8, an alternative curve for the val ue of
the counter 502 i s shown by curve 504 in V\hlﬂmwmntmmmﬂu he
counter 504 drops to O at time t8 in respons n of

* C

non-'edge- proxi m'ty, such as - illustrated in FIG 4 duri®g3sthé
second predetermned tinme period 401 5-18- shown beginning at time tl1. In
FIG 5, the alternative curve 503 for the . - value of the | oop

bandwi dt h 501 shows a response to the alternative counter val ue
curve 504. | firagviency expembetweenctheofrequencyoflthe veference frequency signadses t o

4 at tine t8 i Y ToN nal 206 . and
t he feedbackagiagﬂrl]%ﬁﬂgg%lgdyéb_ 0 é)n er%éégcgfgi’?@%mﬁg. 10 _ I t
shoul d be appar en@ 10AR{ aﬁ#@“&@hﬁdﬁ“ﬁbﬂ’@!ﬂh‘@ centrpl 'when the phase

cou tnth er as i bﬁtﬁ'tisgﬂeﬂtmh i edaﬁesﬁr%ble,aa H:ﬁéﬂbit 1 ﬁbﬁ%e%tw%eflctwt@hﬁz%‘ﬂrﬂrﬂ s:ffb%nhong

as thegl oop ban . st er s the coupt,info . the correc

pol ari Py of ?%ogpdw%%m#aﬁ M%@Pﬁ%%@}%ﬁ%&%ﬁmh .
general |y defrespiensy @sroryandoeperativestoodperkts] whed the phase errorfize f ol | owi ng

di scussion p | ' . |.3j_ni how t

cal cul at ot hiHAES] B ielale THETLE i 4B UePbidloon bandyidiysiate.

open loop conditions of the PLL. A steady-state frequency error at the

out put frequency ArgappardifsUccoidi &8 ' '

maxi mgp val uedof Lhe gb nt er 5%:2 bé_l ore tg'he %gﬁ]étré}ﬂ %%%srs%g{ﬁeby an 2 0
i ndi cati on of fer, further comprises;, The tine period of

me oult put ;requean_ye@eqnmmhit@' dgte&t_bidperatéiﬁéltadte_tectingthecpioximﬁ,ge N !Zth
e value O V, | e gs . ow W

401 of the eilzl'Ja 1(eai‘)'iérre g%?i dmg@o@eﬁ Iée(gtzg#@%‘# ﬁﬁle[ ﬁ@%%% {pdication °\¥tﬁﬁ/ﬂen t he
Fr and Fv edBBgseetthe ref/erem frequency signal tto amhindication of the phase of _

period of thehewubpiit fre@tiEh g-%ﬂ'ﬂnal 116 or 117. This is the time w ndow
wi dt hlgsed for thgwédge;qprogfn% y detector 302 but. other w ndow w dt hs

10.  An apparatus according to claim 8 wherein the rate of change
determiner operative to determine a rate of change of the phase error
over time further comprises:

a counter operative to count consecutive occurrences of the phase
20 error identified as desirable.
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ar € possi bl e. > D vi'ding the wi ndow period, 1/ (N x Fv), by

.the period of the ref erence frequency signal 206, 1/Fr, gives a
ratio of the error frequency 3 0 at the phase detector 202 to the
frequency of the reference frequency’ - signal 206 Multiplying this .
result by Fr gives Fr2/(N x Fv), the freqgency error at the input
to phase detector 202 for slippage of Fv passed Fr by a tinme
increment 1/ (N x Fv) in atime period 1/Fr. For the counter

301 to reach its eAPBPARATUS ANDMEFHOIPFORCONTROLLINGHEHE error at

the input to phase de . /(C x N X
Fv). Tr ans_l ating this regl%@w}ﬂﬁwwmﬁ#

-14 - phase detector 202 to the input of |oop divider 205 gives
Fr2/ (C x Fv), i ndependent of N. For Fr approximately equal to Fv
such as in an al nost | ocked congitig the frequency error at-the
out put “frequency si gnal £R3iag] U‘ﬁf.L@»; B& approximately Fr/C. |f
an optional prescaler 5 with a value of P were used between the output .

frequency signal 6 1 I LV 02 or at
theqout pﬁt f?equq#éf ﬁ*‘ﬁ%ea}ocﬁ%{ogp_ &@P(%’;ﬁgaggﬁ" ) ?‘%%@#ﬁﬁ@?@ (Fr2
xt P) {j (C i( ::v)ldenuﬁes a phas;_ ;?roﬁangmtm%ﬁn& - V\gﬁ'cmwhtwm ﬁmeé . Gf)?li7n a

st eady- st at e peferen efreﬁg@ k Is i Q%Q}’ Rdla ph&se! Qﬂoﬁ't?ﬁﬁ ney

woul d _be in error 1 Hz [ 250=4] en e counter 3 r €ache

end- ofi&Eount signal (116 or 117), agpither dpsqrggler@t Bgﬁgswmfés c 356; f\g

steps for corirfed isiidentified as desirableL@RolAE(3WNY deterniigieB Rfatel gfCked | oop
308 of FIG 3,i ac resen nven

louchart st $PpBERRTEhE Phage Srigk averp fost Priebermined time perioh (41%)%o
provide an indication of frequency error (306) between the frequency of
the reference frequency signal (206) and the frequency of the output

15 frequency signal (116 or 117); and a loop bandwidth adjuster (310)
controls a transition between a first and a second loop bandwidth state of
the PLL (308) responsive to the indication of the frequency error (306).
When the phase error is identified as undesirable, the PLL (308) operates
in the second loop bandwidth state. The present invention

20 advantageously provides an accurate determination of when to vary the
loop bandwidth of the PLL (308).



-ﬁddb proximty detector 302 identifies a phase error, indicative of a 1 5
“di fference between a phase of a reference frequency signal 115 and a

phase of .an output frequency signal 116 or 117, as either desirable or
undesirabl e. \Wen the phase error is identified as desirabhle at step 602,
the counter 301 determ nes, at step 604, a rate of change of the phase
error over ‘a first predetermned tine period 412 to provide an indication 2
0 of frequency error 306 between the frequency of the divided reference
frequency signal 206 and the frequency yof Bhe out put frequency signal 116
or 117; and a | oop bandw dth adj uster 916 controls, at step 605, a
transition between a first and a second | oop bandwi dth state of the PLL

308 responsive to the indication of the frequency error 306. Wen the 2 5
phase error is ident«fied as undesirable at step 60zZg the PLL 308 operates,
at step 603, in the cq op bandw dth state. = Thus, the
present invention ad sly provides an : ajpar 4 us and net hod
300 that accurately detq s when to vary the gdb bandwi dt h of
the PLL 308. Thi's advagidy nd othQE§ are general ly 3& ovi ded by an
apparatus and net hod} t h3t&s Ntifiesia pleeesy error, i

a difference betweenjth hage of th "

and the phase of an put| equency ) of the PLL}ws t hegr

desirabl e or undesirg —Wren the appa and net hod™ es the
phase error as desirp t he apparatusjaasl gret hod determ nes a e of 35
change of the phase grror over @first | ermned tine perioi to\
provi de an indicggio of frequere rro een the frequency ¢f the
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ref%rence frequency signal and the frequency of the output frequency
tsignal; and controls a transition between a first and a second | oop

bandw dth state of the PLL responsive to the indication of the frequency
error. Wen the apparatus and nethod identifies the phase error as 5
undesirable, the PLL operates in the second | oop bandw dt'h state. The
present invention overcones prior art problens, for exanple,

generating noise or mssing information, caused by inaccurately

determ ning when to vary the | oop bangaj of the PLL.

VWil e the present invention has been deScribed with reference to 1 0
illustrative enbodinents thereof, it is not intended that the invention be
limted to these spegtfic enbodi ments. Those skilled in the art wll
recogni ze that variaELons and, nodi fi cati ons can be nade wi thout

departing from.the spn??$~ang!scope of the invention as set forth in the
appended clains. 1 5¢ T~ —[""Wiat 35 THamm®ed rsT———"" '

-16 - . = | C ai ms I 1. In a
phase | ock | oop (PLL) that tes an output ffequency | si gnal '

208

responsive to a referenge 1@3qu cy signal, the putput freduency 5
signal and the reference f eguergy signal are eagh charactegrized by
frequency and phase, a pha$&eerpr is indicative{of the difference
bet ween the phase of th? ruﬁﬁﬁi e frequency sigpal and th4 phase of the
out put frequency signal t QEEE operative in a jirst Ioop'bandmﬁdth state
| WO o : _
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to maintain the output frequency signal substantially at a frequency 10
<indi cative of the reference frequency signal, and operative in a second
| oop bandwi dth state to converge the output frequency signal to the
frequency indicative of the reference frequency signal,. a nethod for
controlling the | oop bandw dth of theé PLL conprisi'ng the steps of:
identifying the phase error as either desirable or undesirable; 15

when the phase error is identified as desirable:

determning a rate of change of the phﬁf? rror over a first
predetermned tine period to provide a® fndication of frequency

error between the frequency of the reference frequency signal and

t he frequencygpf t he out put frequency signal; and 2 0

controlling a transition between the first and second | oop

bandw dt h sta%% PLL responsive to the indication of the
frequency errgr; and o .. when the phase error is identified as
undesirabl e, ®peratindTn tne Secona 1 oop pandw arn statle. 25
2. A nmet hod according to claim1l wherein the step of identifying the
phase error as either jdesirable o& undesipable further conprises {the
step of: detecting t r oxi yn ,;?,rel ative to a secgndes
predeterm ned tine 3 period, of \an i fdi cation of the phase Eﬂe
reference frequency uad | trog—==——"—— indi Tat romr -of~the phasg of the
out put frequency sijggpl . | 3. Al met hod accordihg to cldim?2
wherein the second [p&pde er ifi ned =

S ..lLime period isla functijon ofobhe
inverse of the fre uSey of 't he out pt 5-3 frequency dignal.
~ ‘—E : l--: ! .
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- 17 - 4. A nmethod according to claim1 wherein the step of
sdeterm ning a rate of change of the phase error over tinme further
conprises the step of: counting consecutive occurrences .of
the step of identifying the phase error as desirable. 5 . 5.
A nmet hod according to claim 1 wherein t'heji rst predeterm ned o time
period is a function of the inverse of tdh f}equency of either the
ref erence frequency signal or the output frequency signal. 1 0 6. A
met hod according td claim 1l whereinjthe step off controlli further
conprises the step jof: alte dvely sel ect]i ng between the
first and the secorjd | oop bpndw d{h states of the{PLL responsive to
the indication of tjhe frequenc error. 15 7. A et hod
according to claim rein the step of cantradlling urt her
conprises the 8tep : varying a.l oop|bandw dt hval ue of the
second | oop bamdw dt h stlate of tne respgnsive to fhe
i ndi cati on of thefrequepcy erfor- 20— — - —— hase¥lLock | o
(PLL) that generates an juigput} frequency slgn esponsive to &
reference frequency sig h ut frequenqy < signal and t
reference frequency—signgl_are eachicharacterided by — — |- — freguenc nd
phase, a phase error is f theldifference 2 5 bé&meen tHs.~|
phase of the referdnc nal an phase of tfhe
out put frequency silgnal, the PLL operative.l first | oopg bandw dth sﬁgge
to mai ntain the outljput frequency signal sfbstantially at & frequency
i ndi cative of the rleference fr y sig . qnd operativie in a second
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| oop bandw dth state to converge the output frequency signal to the 3 0
sfrequency indicative of the reference frequency signal, an apparatus for
controlling the | oop bandw dth of the PLL conpri sing: a
phase error identifier operative to identify the phase error as
ei ther desirable or undesirabl e; a rate of change determ ner
operative to determ ne, when the 3 5 phase error is identified as
desirable, a rate of change of the pg error over a first
predeterm ned tine period to provide an 1ndication of
- 18 - 500 r equency error between the frequency of the reference
frequency signal and the frequency of §1b35EUt equency signal;
and a | oop bandw dt h adj uster van i ontrol, when the
phase error fis identified as desirable, a transition between the
first and second ,5 | oop bandwi dth states of the PLL respon5|ve to_the
i ndi cation of thef Trequency grror, and operative to oper e, when
t he phase error is i dentifi ed as'UndeS|rabIe the PLL in the
second | oop bandwi dtH state. 9.  An apparatus acﬁ@ﬂdlng to claim
8 wherein the phase grror 1 0 identji fier further conprise I
an edge proxi mtygdetjector operative t the proxim i
relative to a second |predeterm ned tine period, an indicatior ~the
phase of the referendqe frequency signal to an indjcation of the phlase of
t he out put frequency |signal. 15 '

|

BANDNIDTH 2 — : !
VALUE | :

|

t1 t2 t3 t4 t5 té t7 t8

-

CVALE
OF THE “4 —
COUNTER

t1 t2 t3 t4 t5 t6 t7- t8
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'r;of Aﬁ“ﬁﬁparaths according to claim8 wherein the rate of change
‘determ ner operative to determne a rate of change of the phase error

~over tinme further conprises:

consecutive occurrences of the phase 2 0

601

602

START

6/6

a counter operative to count
error identified as desirable.

PHASE
"ERROR IDENTIFIED
AS DE%FRABLE

YES

605 —-\\;

DETERMINE A RATE OF CHANGE
OF THE PHASE ERROR OVER A
FIRST PREDETERMINED TIME PERIOD
TO PROVIDE AN INDICATION OF
FREQUENCY" ERROR

1

OPERATE AV
SECOND LOOP
BANDWIDTH STATE

603

CONTROL A TRANSITION BETWEEN THE
FIRST AND SECOND LOOP BANDWIDTH
STATES RESPONISIVE TO THE
INDICATION OF THE FREQUENCY ERROR



