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Backaround of the Invention This invention relates in general to a

selective call receiver having a frequency synthesizer for changi ng receive
frequencies in order to receive a paging signal. 10 This invention nore .
specifically relates to.varying characteélstlcs of the recelver Oﬁ 5§Bponse
to the receive frequency. A paging receiver which receives a pa&; 3 I"gnal

on 15 one of a plurality of receive frequency channels, needs to swtch
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20 a constant |ock tine when smntchlng channel s regardl ess of the
differences in frequency. Furthernore, it is desirable

5 Background of the Invention

This invention relates in general to a selective call
receiver having a frequency synthesizer for changing
receive frequencies in order to receive a paging signal.

10 This invention more specifically relates to varying
characteristics of the receiver in response to the receive

frequency.

A paging receiver which receives a paging signal on
15 one of a plurality of receive frequency channels, needs to
switch between receive frequency channels. However, the
lock time of a frequency synthesizer having a phase lock
loop (PLL) may vary depending upon the differences in
frequency between two channels. It is desirable to provide
20 a constant lock time when switching channels regardless of
the differences in frequency. Furthermore, it is desirable
to lock to another channel very rapidly in one instance
while the lock time.may not be critical in another
instance. Thus it is desirable to vary the characteristics
25 of a selective call receiver in order to provide fer_a-
desired lock time.
The loop filter of the PLL also effects the noise
level of the synthesized frequency used within a
superheterodyne receiver, the noise level effects the
30 selectivity of the receiver. Different epplications of
paging receivers or different channels upon which paging
receivers receiﬁe paging signals may require differing
selectivity performance. Thus it is desirable to adjust
the loop bandwidth of a PLL in order to provide a desired
35 1level of selectivity performance.
During the reception process, a demodulated signal has
a DC component and an AC component upon which the paging



to .l.ock to another channel very rapidly in one instance while the lock tine
hray not be critical in another instance. Thus it is desirable to vary the
characteristics 25 of a selective call receiver in.order to provide for a
desired lock time. The loop filter of the PLL also effects the noise |evel
of the synthesized frequency used within a superheterodyne receiver, the
noi se | evel effects the 30 selectivity of the receiver. Different
applications of paging receivers or different channels upon which pagi ng
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conponent upon whi ch the paging ] )
shown in U.S. patent 4,631,737 to Davis et al. It is
5 desirable to disable this circuit while the PLL is

acquiring lock.
Summarv of the Invention

10 It is therefore an object of the invention to provide

for the aforementioned desirable ends.

In accordance with the present invention, a selective
call receiver comprises a receiving means for receiving and
15 demodulating a selective call signal, said receiving means
including a phase lock loop (PLL) for programmably
generating an injection frequency used to select a receive
frequency for receiving the selective call signal, said
receiving means further having a variable characteristic,
20 and a decoding means for processing the demodulated
selective call signal and for programming the frequency of
the PLL and for varying the characteristic of the receiving

means in response to the programmed frequency.

25
Brief Description of the Drawings
Figure 1 shows a paging receiver operating in
accordance with the present invention.
30 Figure 2 shows a flow chart of a decoder operating in

accordance with the present invention.



2 signal is included. The DC conponent is renoved in order to digitize the
AC conponent. A conplex circuit is used to determ ne and extract the DC
conponent, such a circuit i$ shown in U S. patent 4,631,737 to Davis et al.
It is 5 desirable to disable this circuit while the PLL is acquiring | ock.
Sunmmary of the Invention 10 It is therefore an object of the

i nvention to provide for the aforementioned desirable ends. In accordance
W th tpe pr esent invenéion, a selective call receiver conprises a receiving
means for recejvin nd_15_denpdulatin sel.ective call signal, said
recei vi ng mearr&SS R : s = for progrgnnably
generating an injection frequency used to select a receive frequency for

Var i abl 6 char act er radEe T sn3ud"d padfh LERANLNGpERACIAEANEr NAVING @
accordance with the present invention. RF modulated paging
5 signals are received on antenna 10, amplified by amplifier
12 mixed by mixer 14 with an injection frequency from
synthesizer 16 in order to create an intermediate frequency
signal. Demodulator 18 generates an audio signal from the
intermediate frequency signal. The audio signal is
10 digitized by the peak and valley detector 20 which
generates a digital signal from the audio signal. Peak and
valley detector 20 is described in U.S. patent 4,631,737 to
Davis et al. which is hereby incorporated by reference.
Synthesizer 16 comprises a phase lock loop (PLL) and
15 is driven by a reference frequency from oscillator 22. The
reference frequency is compared by phase comparator 24.
The output of the phase comparator is filtered by a
programmable loop filter 26 which is described in U.S.
patent application 07/345,809 to Herold et al. and assigned
20 to the assignee of the present invention which provides for
a variable filter characteristic. The output of the loop
filter is coupled to voltage controlled oscillator 28 which
generates the injection frequency. The injection frequency
is further coupled to programmable divider 30 the output of
25 which is coupled to phase comparator 24, thus closing the
loop of the PLL.

Decoder 30 receives and processes the digitized signal
from peak and valley detector 20 and aleo enables and
disables the peak and valley detector. Programmable filter

30 26 and programmable divider 30 are also programmed by
decoder 40. Decoder 40 includes a microcomputer for
performing it's functions. Use of a microcomputer or
control functions of a paging receiver is known in the art.
A preferred microcomputer is the MC68HC05C4 microcomputer

35 manufactured by Motorola Inc. Some elements of the
invention described herein are implemented in software

operating within the microcomputer.



20 and a decodi ng neans for processing the denodul ated sel ective cal

signal and for programm ng the frequency of the PLL and for varying the
characteristic of the receiving neans in response to the programred
frequency. 25 Brief Description of the Drawi ngs Figure 1 shows a pagi ng
receiver operating in accordance with the present invention. 30 _
Figure 2 shows a flow chart of a decoder éperating I n accordance with the
present invention. 3 Description of a Preferred Enbodi nent Figure 1

SREOWS a pagi ng rQCEE§8§18§6§@irﬁ@l\i&ésa?s%‘?{?‘}%ﬂc9a%£ﬁlé€%§é&%ﬁ!‘%a{ vention.
nodul at ed pagi ng I ghal s are recei ved on antenna 10, anplifiéd by
anmplifier the characteristics of the receiver in response to the
receive frequency. A first portion 52 contains frequency
information and corresponding loop bandwidth information.

5 A second portion contains the change in frequency
information, AF and corresponding bandwidth and lock time
information.

For example, if substantial selectivity was required
at a first frequency of 131.000 MHz, nominal selectivity
10 was required at a second frequency of 132.000 MHz and
selectivity was not critical at 133.000 MHz, table 52 for

the paging receiver of this example could read:

Fl1 = 131.000 MHz BWl = 50 Hz
15 F2 = 132.000 MHz BW2 = 75 Hz
F3 = 133.000 MHz BW3 = 120 Hz

The frequencies above indicate receive frequencies,
alternately the injection frequency, which differs from the
20 receive frequency by the intermediate frequency, could be
used, while maintaining the same bandwidths. Table 52
governs the loop bandwidth while the PLL is locked.
Téble 54 governs the loop bandwidth during lock
acquisition and table 54 further governs the lock time
25 provided by the decoder. A relationship exists between the
loop bandwidth and the lock time. The relationship is
characterized and stored in the codeplug for use by the
decoder. The following example uses the above frequencies
for table 54. -



12 m xed by m xer 14 with an injection frequency from synthesizer 16 in
'order to create an internedi ate frequency signal. Denodul ator 18 generates
an audio signal fromthe internediate frequency signal. The audio signal is
10 digitized by the peak and valley detector 20 which generates a digital
signal fromthe audio signal. Peak and valLley detector 20 is described in
U S patent 4,631,737 to Davis et al. whith is hereby incorporated by

ref erence. Synthesizer 16 conprises a phase |ock loop (PLL) and 15 is
driven by a reference frequency fromoscillator 22. The reference frequency
I s conpared by phase conparator 24. The output of the phase conparator is
filtered by a progranmable loop filter 26 which is described in U S. patent
application 07/345,809 AP Herold et alpwand assi gned 12K ariiMee assi gnee of
the present invention V\j‘ffJi_ provi des fg Zvari abl e flld ter characteristic.
The output of the | oop I'teér is coupl edot vol tage controll ed oscillator
28 which @enerates the FajBEti on frequdh\Hz The i nj ectdgh frequency

F3-F1 660 Hz 10mS

F1-F2 570 Hz 5mS

F1-F2 75 Hz 25mS
10 '

FS-F1 130 Hz 10ms

FS-F2 330 Hz 10ms

FS-F3 570 Hz 10ms

15 The first three rows show progression from Fl - F3 and back
to F1, much like a scanning receiver would operate while
scanning channels Fl, F2, and F3. The values provide for
maintaining a constant lock time independent of the
distance in MHz of the frequencies. In order to provide

20 for switching from Fl1 to F2 or from F2 to F3 with a 10 mS
lock time, a 330 Hz bandwidth is used for the loop filter.
However, when switching from F3 to Fl, a frequency jump
twice as far as the prior two, the bandwidth is widened to
660 Hz in order to maintain the constant 10 mS lock time.

25 The fourth and fifth rows show changing the bandwidth in
order to provide for faster or slower lock times
respectively. These rows may be used in response to
commands within the paging signal causing the pager to
switch from F1 to F2. The final three rows show starting

30 from a starting frequency FS and bandwidth required to lock
on to F1 through F3 respectively in 10 mS. The starting
frequency, FS is indicative of the free running frequency
of the VCO when it is initially powered on. Thus these
rows are used when power is initially applied to the

35 receiver which corresponds to the pager being brought out

of the battery saving state.



I's further coupled to programmbl e divider 30 the output of 25 which is
coupl ed to phase conparator 24, thus closing the | oop of the PLL. Decoder
30 receives and processes the digitized signal frompeak and valley
detector 20 and al so enabl es and di sabl es the peak and val | ey detector.
Programmebl e filter 30 26 and programabl e divider 30 are also progranned
by decoder 40. Decoder 40 includes a mcro %onputer for performng it's
functions. Use of a mcroconmputer or control functions of a paging receiver

is known in the artrighd of @R i ¢18GERRML &5t 'as éefe%d@%p gﬂ{xﬁ in

m croconput er 35 ufactyred by Mdtorola Inc. | emen
i nventi (r)nr:: des @FIFFRSEe i tBr EPPnBr 8FRRE e’d’“feﬁl@@lﬂt -wafBeofépuehaygt wi t hin the

m croconput er begind in step 70 with the receiver in the battery save
state, thereby disabled. Step 70 is executed until it is
5 time to turn the receiver on. Then in step 72 the receiver
is activated or turned on, thereby exiting the battery
saving state. Then in step 74 the peak valley detector is
reset. Step 76 determines the receiver frequency which may
be made by one of several known algorithms. One such

10 algorithm is shown in U.S. patent 4,644,347 Feb. 17, 1987
to Lucas et al. which is hereby incorporated by reference.
Step 78 determines the loob bandwidth with which to program
loop filter 30. For éxample say from step 76, the
determined frequency was F3, since the VCO was just

15 previously enabled, it is free running thus the decoder
selects the bandwidth corresponding to FS-F3 from the table
above (570 Hz). The divider 30 is then programmed in order
to receive frequency F3. Then a delay is executed by the
software as determined by the FS-F3 lock time entry in the

20 codeplug (10mS from the above table). Then in step 84, the
bandwidth of the loop filter 26 is changed to correspond to
the desired bandwidth of frequency F3 (120 Hz from the
table above). After the delay of step 82, the peak and
valley detector 20 is enabled.

25 Thereafter the receiver detects valid digitized
information and in step 88 the decoder processes the
detected signal. Step 90 checks if the frequency is to be
changed, which could be in response to a signal received by
the receiver. If the frequency is not to be changed, step

30 92 checks if it is time to turn off the receiver, a
decision which may be made after completing reception of a.
paging signal. If it is not time to turn the receiver off,
step 80 is returned to and signal processing continues. If
it is time to turn the receiver off, step 94 deactivates

35 the receiver théreby entering the battery save mode and
step 70 is executed.



Codepl ug 50 includes several variables used to vary the characteristics of
the receiver in response to the receive frequency. A first portion 52
contains frequency information and correspondi ng | oop bandw dth
information. 5 A second portion contains the change in frequency

i nformati on, AF and correspondi ng bandw dth and | ock tinme information. For
exanple, if substantial selectivity was redquired at a first frequency of
131. 000 MHz, nom nal selectivity 10 was required at a second frequency of

132.000 MHz and sel egt i: yi no i fi . 3 0 , or

t he pagi ng receiver§gfE%h%geéﬁg%bl%Fg%%%éﬁgégﬁg i? EQ%SEﬁ%%Otiﬁgﬁéhggzéo

BW = 50 Hz 152 new receivefrequercy00Gtez 74 would be pugecutmsl py e =

133. 000 Mz peak and BYB1 Feyt 28t tie Wha@UBRC LHESeADOYE dnMlifatie receive
a

oo ey, AL il Shelueey e ML [Tl T e 20
5 was in the scanning mode, currently receiving F3, and Fl
was the next frequency to be scanned, information from the
F3-F1 row of the above table would be used in steps 78-86.
If for example, the receiver was receiving Fl1 and detected
a paging signal directing the pager to rapidly switch to
10 F2, the receiver would use the 5mS lock time setting from
the F1-F2 row of the table above in steps 78-86.

Note that the programmable loop filter draws higher
current when operating in the wider bandwidth, so it is
generally desirable to use narrower bandwidths when

15 possible. Furthermore, narrower bandwidths provides for
reduced phase noise which may be desirable.

Although the invention has been described by way of
example, it should be clear that numerous alternate
applications of the principles described herein may be

20 implemented while remaining within the scope of the
invention which is defined by the following claims.

What is claimed is:



used, while maintaining the sanme bandw dt hs. Table 52 governs the | oop
bandmﬁdth while the PLL is | ocked 54 governs the | oop bandw dth
during |l ock acquisition and tabl e|{STHIBSHERTHADMEENS| t he | ock tinme 25
provided by the decoder. A relatfonshi REPXAGED betvpen the | oop bandw dth

and the lock tinme. The relationsh Freore et and stored in the
codepl ug for use by the decoder. The folldﬁﬁng exanpl e uses the above
frequencies for table 54. 5 AF BW LOCK TI ME
F1-F2 330 Hz 10n5 5 F2-F3 330 Hz
10nS F3-F1 660 Hz _ 10nS F1-F2 570 Hz

5nS CLAIMS: :

1. A selective call receiver comprising:

5 ' receiving means for receiving and demodulating a
selective call signal, said receiving means having a
plurality of selectable characteristics and including a phase
lock loop (PLL) for programmably generating an injection .
frequency used to select a receive frequency for receiving

10 the selective call signal, said PLL having characteristics of
a loop filter having a multiplicity of selectable bandwidths,
wherein said plurality of selectable characteristics
comprises said multiplicity of sélectable bandwidths;

decoding means for processing the demodulated

15 selective call signal and for programming the frequency of
the PLL and for selecting one of the plurality of selectable
characteristics of the receiving means in response to the
programmed frequency;

determining means for determining the difference

20 between a first injection frequency corresponding to the
first receive frequency and a second injection frequency
corresponding to the second receive frequency, the
determining means génerating a difference signal in response
thereof; and

25 memory means for storing at least one delta
bandwidth signal corresponding to the difference signal,
wherein said decoding means selects the bandwidth of the loop
filter corresponding to the delta bandwidth signal and
switches the PLL from the first to the second injection

30 frequency.
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F1-F2 75 Hz 255 10 FS-F1 130+Hz
*10n6 FS-F2 330 Hz 10n6 ESE3: - s%hé'e'?—l—lasBeenR laced

10nS 15 The first three rows shew¥ ' ‘l;R@'BEEN F1 - ,
much |i ke a scanning receiver wolj e acebi | eanm ng H :
and F3. The val ues provide for g} ng—a—ewrstant | ock t

of the distance in MHz of the fr. In order to provide 20 for
switching fromFl to F2 or fromF2 to F3 with a 10 nS lock tinme, a 330 Hz
bandwi dth is used $or %ﬁ53§é¥gkél %Elﬁk@@@¥§5erWQFQ: nL gﬂgg%lgnkg§dto
F1, a frequency junp twice as far e prior two
wi dened to GEUPRRLY reAttferfuss hea; ﬁt:arﬁsm’é Torrt ame ﬂ@qlﬁstu@s@kdsﬂm 25
The fourth angigndth d00p sNWtGhanghny +E8e DA i Hithdr Ok st AgPr ovi de
for faster or sl ower Iogk tinmes resfpectlvg Y These [o énaly be used in
response to elay mea or initiating a time in

5 response to said decoding means sw1tch1ng the PLL from the

first to the second injection frequency and for generating a
completion signal in response to completion of the timed .
delay, the timed delay having a time duration corresponding
to one of the at least one lock time delay signal associated
10 with the difference signal, and wherein
said decoding means having hitherto programmed the
first injection frequency and selected a first bandwidth,
programs the second injection frequency, and further selects
a second PLL bandwidth in response to the completion signal.
15
3. The selective call receiver of claim 1 wherein said
receiving means produces the demodulated selective call
signal having DC and AC components and further wherein one of
the plurality of selectable characteristics of said receiving
20 means includes:
detecting means for detecting and removing the DC
component; and
converting means for digitizing the AC component,
thereby generating a digital signal including the selective
25 call signal, for processing by the decoding means, the
detecting means being enabled in order to detect the DC
component of the demodulated signal, and the selective call
receiver further comprises: '
‘delay means for initiating a timed delay in
30 response to said decoding means programming the second
injection frequency and generating a completion signal in
response to completion of the timed delay, the timed delay
having a time duration provided to said delay means by said
decoding means, wherein _
35 said decoding means determines said time duration
in response to the second injection frequency and enables the

detecting means in response to the completion signal.

* c L .| S *




commands within the paging signal causing the pager to switch fromFl to
‘F2. The final three rows show starting 30 froma starting frequency FS and

bandwi dth required to lock on td E ) ctively in 10 nS. The
starting frequency, FSis indic iw H BEEN Uhni ng frequency of the
VCO when it is initially powerec are used when power is
initially applied to the 35 receiver whi th corresponds to the pager being
brought out of the battery saving state. 6 Figure 2 shows a flowhart of

a decoder operating in accordance with the present invention. The flowchart
begins in step 70 with the receiver in the battery save state, thereby
di sabl ed. Step 70 #s e¥beuseleahive ¢all sFaives 06 claimthavhersin aaish.

Then in step £2mbP9 MESREVEArther stores at least one lock time delay
signal corresponding to the second injection frequency, and
5 wherein _
said decoding means determines said time duration
in response to one of the at least one lock time delay signal

stored within said memory means.

10 . 5. The selective call receiver of claim 3 further
capable of switching from a first receive frequency to a
second receive frequency wherein

said memory means stores at least one lock time
delay signal corresponding to the difference signal, and

15 wherein

said decoding means, having hitherto programmed the
- first injection frequency, disables said detecting means and
programs the second injection frequency, said decoding means
determining said time duration inlresponse to the lock time

20 delay signal, and subsequently enabling said detecting means

in response to the completion signal.
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is activated or turned on, thereby exiting the battery saving state. Then
I*n step 74 the peak vaIIey detector I S reset Step /6 determ nes the

recei ver frequency which may be ‘ , Al known al gorithmns.
One such 10 algorithmis shown i LS ok 347 Feb. 17, 1987 to
Lucas et al. which is hereby incorjarated by exele. Step 78 det er ni nes
the | oop bandwi dth with which to program|oop filter 30. For exanple say
fromstep 76, the determ ned frequency mas F3, since the VCO was just 15

previously enabled, cit s e )
bandwi dt h correspondi ng h.méé@?ﬁ ron1t qﬁﬁﬁr§'§%3§g€§ éfggsréigaﬁf\n der
30 is then proéparrﬁeeemlwdead:t@ freiepsyt moguénatgd FEnfareat kordelsaid s
executed by theeie&mfaéecaﬂd@é@éméie%%nbhe 5§uE§1ie§kofI§@1é%ﬂEarMé n the
20 codeplug (1 OnS fromthe abov | e Then 'ﬂ ste%Jé , fhe bandw dth
of the Ioop fi FPBragkeristhah t% %&r‘%’@é‘ﬁé’n&ﬂ‘& BRLZ S SIFERD hdheFen of
frequency B8 (12@kHtobpofivt heeledt mmplzoreeikkt Eretiiencie) ayhofplaised 182k t he
peak and

loop having characteristics of a loop filter having a
multiplicity of selectable bandwidths, the method comprising
the step of:

selecting a first receive frequency;

10 selecting one of the plurality of selectable
characteristics in response to the selected first receive
frequency;

switching from the first receive frequency to a
second receive frequency;

15 determining the difference between a first
injection frequency corresponding to the first receive
frequency and a second injection frequency corresponding to
the second receive frequency;

generating a difference signal in response thereof; :

20 storing at least one delta bandwidth signal -

corresponding to the difference signal;

selecting one of the multiplicity of selectable
bandwidths of the loop filter corresponding to the at least
one delta bandwidth signal; and

25 switching the phase lock loop from the first to the

second injection frequency.

7. The method according to claim 6 wherein the step of
storing comprises the step of storing the at least one delta
30 bandwidth signal and a lock time delay signal associated with
the difference signal, the method further comprising after
the step of switching the phase lock loop the steps of:
initiating a timed delay, the timed delay having a
time duration corresponding to the lock time delay signal;
35 generating a completion signal in response to

completion of the programmed delay; and
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val | ey detector 20 is enabled. 25 Thereafter the receiver detects
valid digitized information and _n step 88 the decqder processes the
detected signal. Step 90 checks Jifyd8HeEeGUaNEYEA S, tO be changed, which
could be in response to a signalj | NESLADED eiver. |If the frequency
I's not to be changed, step 30 O%theeletrbtr—tii-g —#j me to turn off the
recei ver, a decision which nay be made after conpleting reception of a
paging signal. If it is not time to turn the receiver off, step 80 is
returned to and signal DLOCESShNY, AN @haskl 16Ek] Fobb BaddyidtH) L€
receiver off, step 94 deactivates 35 the'receiver thereby entering the
battery save he8RCORFR &2 dhrampletdent edgnal.7 |f in step 90, it was
decided it was tine to change to

8. The method according to claim 6 further comprising
5 Dbefore the step of selecting a first receive frequency the
steps of:
receiving a selective call signal having an AC
component; and
digitizing the AC component to generate a digital
10 signal, the digital signal comprising the radio frequency
modulated information; and the method further comprising
after the step of switching of the phase lock loop the steps
of:
initiating a timed delay in response to the
15 switching of the phase lock loop from the first to the second
injection frequency; and |
generating a completion signal in response to

completion of the timed delay.

20 9. The method according to claim 6 wherein said step of
storing comprises th step of storing at least one lock time
delay signal corresponding to the second injection frequency;
and wherein said step of initiating a timed delay comprises
the step of initiating a timed delay having a time duration,

25 the time duration determined in response to the at least one

lock time delay signal.
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a new receive frequency, step 74 woul d be execut ed...The peak and vall ey
‘det ector woul d be reset and the next egrarey-woll d be determned. |f for
exanpl e, the pager 5 was in the 3 ' =ntIy receiving F3, and
F1 was the next frequency to be NG bt fromthe F3-F1 row of
- the above table would be used in pleps=F3=86. |f for exanpl e, the receiver
was receiving F1 and detected a paging sﬂg”nal directing the pager to
rapidly switch to 10 F2, the receiver would use the 5n5 | ock tinme setting
fromthe F1-F2 ro (pf tz{]—?délaetgt‘}o%ll%v‘éeb?cét E?ﬁ%’% s Note that the -
pr ogr ammabl e Ioop I1ter dra her "curren en ogperatl ng in the w der
bandwi dth, so it is genek&guit dﬁﬂsaﬁloéf gengsat hag rameereratdnodsignafien 15

possi bl e. Furdded ni@uitddcawdr ihendwidshs phavd descld Alod e%ﬁﬁg phase noise
whi ch may be deswabli&Althou h.the invention n% been descri bed b .way of

exanple, it Yo SENERAL LRAnBr HEECEPRET RSIUSHSY: £QE SﬁgeB‘P %%
princi pl es desigs i digsk-dteing) Biganlbesaid circuit means further having a

plurality of selectable characteristics;

processor means for processing the operating signal
and for programming the frequency of the PLL and for
selecting one of the plurality of selectable characteristics

10 6f the circuit means in response to the programmed fregquency,
wherein the PLL has the characteristics of a loop filter
having a multiplicity of selectable bandwidths and the
electronic device further capable of switching from a first
reference frequency to a second reference frequency;

15 determining means for determining the difference
between a first operating frequency corresponding to the
first reference frequency and a second operating frequency
corresponding to the second reference frequency, the
determining means generating a difference signal in response

20 thereof; and '

memory means for storing at least one delta
bandwidth signal corresponding to the difference signal,
wherein said processor means selects the bandwidth of the
loop filter corresponding to the delta bandwidth signal and

25 switches the PLL from the first to the second operating

frequencies.
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20 inmpl enmented while remaining within the scope of the invention which is
defined by the following clains: Wat is clained is: 8 CLAIMS: 1. A

sel ective call receiver capable O Fohr g T romagf | rst receive frequency
to a second receive frequency co gicei vi ng means for

recei ving and denodul ating a sel egiive : nal , Jisai d receiving neans
having a plurality of selectable charactefrstics and said receiving nmeans

i ncluding a phase |lock |Ioop (PLL) for progranmably generating an injection

frequency used to aql.ectrhtehlel&&éa?%sgﬁqg chfggqia\iﬁ hbeaHepgy, for

receiving the selective call signal, conprising a loop filter
havi ng a mul t ISPFPELEYIEF sel ect abl e bandwi dt hs, wherein each of said

plurality of sel ectabl eaehagambahkstbsSg@hetdts HPGLICGHBIIBBASsIGSM tH, from
t he sel ecti on_of one oL sgﬁd nU|ti£|JCIH¥ of selgcéa?le )
_ response to e completion of a time elay, wherein

5 said memory means further stores a lock time delay

signal associated with the difference signal, and
said processor means having hitherto programmed the

first operating frequency and selected a first bandwidth,
provides a time duration to the delay means, the time

10 duration determined in response to the lock time delay
signal, and the processor means programs the second operating
frequency and coincidentally signals the delay means to
initiate the timed delay for the time duration, and the
processor means further selects a second PLL bandwidth in

15 response to the completion signal.

12. The electronic device of claim 10 wherein said
circuit means produces a demodulated signal having DC and AC
components and further wherein one of the plurality of

20 selectable characteristics of said circuit means includes:
detecting means for removing the DC component; and
converting means for digitizing the AC component

into a digital signal including the operating signal for
processing by the decoding means, the detecting means being
25 enabled in order to determine the DC component of the
demodulated signal, and the electronic device further
comprises:
delay means for generating a completion signal in
response to the completion of a timed delay, wherein
30 said processor means signals said delay means to
initiate said timed delay for a time duration in response to
the programming of.the second operating frequency, the time
duration determined by the processing means in response to.
‘the second operating frequency, and the processing means

35 enables the detecting means in response to the completion

signal.
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bandw dt hs; determ ni ng nmeans for determning the difference between a
first 15 injection frequency correspo st receive frequency
and a second injection frequency c rf@g@{ﬁhmsw&m second receive
frequency, the determ ning neans g.nerath@ghﬁcdmffer' ce signal in response
t hereof; menory neans for storing #t_tleast andw dt h signal 20
correspondlng to the difference signal; aﬁé decodlng nmeans for processing
t he denodul at ed sel ective call signal and for progr?nn1ng t he FLLhto
roduce a programegd; fr r t . t ef the
gultlpI|C|ty of selecta g%ﬁ%ggt g dég% g % f% 4t€3’w%%%response to the
programmed frequency anosa}lhfb TRE|Cry zlsaaanﬁur’dlmr §l'gfrms &vd lleastswinechbok
the PLL from osies ald1ng 1Signbllr brkosSSierdy v cae s%%eaadobekgeiﬁgn
requency.

é%equency, and wherein
5 said decoding means determines said time duration

in response to the lock time delay signal.

14. The electronic device of claim 12 further capable
of switching from a first reference frequency to a second
10 reference frequency wherein
said memory means further stores at least one lock
time delay signal corresponding to the difference signal, and
wherein
said processing means, having hitherto programmed
15 the first operating frequency, disables said detecting means,
programs the second operating fredquency, and determines said
time duration in response to the lock time delay signal, said
processor means further enables said detecting means in
response to the completion signal.
20
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2. The selective call receiver of clain11'mherein said nenory neans further
stores at |east one lock tine delay S|gnal - Wherein each of the at |east
one | ock time delay signal corresfst ] at | east one delta
bandwi dth signal stored in said npfb¥SSHERR AS@% elective call 5
receiver further conprising: del a neafE itiafling a tinmed delay in
response to said decodi ng neans smﬁtchlnglﬁﬁé PLL fromgenerating the first
to generating the second injection frequency and for generating a '
conpl etion signal in response to conpletion of the tinmed delay, the tine
delay having a tinme 10 duration corresponding to one of the at |east one

| ock tinme delay signal associated w thABSIRACHLT er ence signal, and wherein
sai d decodi ng neans having hitherto programmed the PLL to generate the
first injection frequency and selected the first one of the nmultiplicity of
sel ectabl e bandwi dthPAIIAGYFEFSIVRE PRE 2 oSYRMRAHZEN Hd 615 fogegararning

i njI ecti gln Bgewﬁwdtzseﬁ@i@ef grehaensgl ectise %&@ﬁ@l deRa vel thetﬁafth&él city of
sel ect abl e bandwi_dt hs _i.n r.espopse onpl etion

6l oct e cal IResEeEt 2583 SBAr 158hePBHFF ey viedaR, dRgrestonde o

the receive frequency. These characteristics (52, 54)

include varving the bandwidth (52) of a loop filter (26)
within a phase lock loop (24, 26, 28, 30) within the

10 synthesizer (16) as well as varying the time (52) in which
a detector circuit (20) used to extract a DC levei from a
recovered audio signal is disabled. Furthermore, the
bandwidth (54) of the loop filter (26) is varied in
response to switching from a first receive frequency to a

15 second receive frequency in order to provide for either a
uniform frequency lock time (54) or for a rapid frequency
lock time (54). Furthermore, the time (54) in which the
detector circuit (20) is disabled is correspondingly
changed.

20

Fig. 1 accompanies this abstract.
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20 nmeans produces the denpdul ated sel ective call signal having DC and AC
.conponents and further wherein said receiiving. means includes: detecting
means for detecting and renoving the DC conponent; and converting neans for
digitizing the AC conmponent, thereby generating a digital signal including
the selective call signal, for 25 processing by the decodi ng neans, and
wherein the selective call receiver further conprises:. delay neans for
initiating a tinmed degzg in response to sa;ﬂ,decoding means progranmi ng the
PLL to generate the nd injection frequ gy and generating a conpl etion
signal in resp to conpletion of the 30 tinmed delay, the tine delay
having a tine SEE i on provided to said delay neans by said decodi ng neans,
wherein said dec§di ng ns deteqdqines $gid tine duratio
t he second injectfio and ables the detectin

20 response to
t .
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10 4. The selective call receiver of claim3 wherein said nenory neans
sfurther stores at |east one lock tinme delay signal corresponding to the
second injection frequency, and wherein said decodi ng neans determ nes said
time duration in response to 5 one of the at |east one |ock tinme del ay
signal stored within said nenory neans, said one of the at |east one |ock
time delay signal corresponding to the second injection frequency and the
delta bandwi dth signal. 5. The selectivz all receiver of claim3 wherein
10 said nenory neans further store / | east one | ock tinme del ay
signal corresponding ¢ onal and wherein said decodi ng
means, having hltherta programed the PLLY to generate the first injection
frequency, disables s e PLL to generate
the second injection ) ' [ [
time duration in resp o | ock tinme delay signal
corresponding to the pecond |nJect|-~ , and subsequently enabli ng
said detecting neans |n : ' 72

/
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response to the conpletion signal. 20 6. A nethod ntrolllng a
selective call receiver for receiving radi o frequency, m@?%
i nformation, said selective.call receiver having a plfura (j NI @igamral]l e

characterlstlcs and including a nenory device and a firggddn
the frequency synthesizer for 5 generating an inje
sel ect a receive frequency and including a loop filter having a
multiplicity of selectable bandw dths, the nmethod conprising the steps of :
selecting a first receive frequency; selectlgg one of the plurality of

sel ect abl e characteristics in response 10 the selected first receive
frequency; swtching fromthe first receive frequency to a second receive

frequency.  det erm Nl igyhbs oyl °B61 duUREN chtd | Hedd b | Bhif5V"Y

Variable Characteristics

ABSTRACT

A paging receiver has a synthesizer (16) for governing
10 the receive frequency. The paging receiver further has
characteristics (52, 54) which are varied in response to the
receive frequency. These éharacteristics (52, 54) include
_ varying the bandwidth (52) of a loop filter (26) within a
- phase lock loop (24, 26, 28, 30) within the synthesizer (16)
15 as well as varying the time (52) in which a detector circuit
(20) used to extract a DC level from a recovered audio
signal is disabled. Furthermore, the bandwidth (54) of the
loop filter (26) is varied in response to switching from a
first receive frequency to a second receive frequency in
20 order to provide for either a uniform frequency lock time
(54) or for a rapid frequency lock time (54). Furthermore,
the time (54) in which the detector circuit (20) is disabled
is correspondingly changed.

25 Fig. 1 accompanies this abstract.
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corresponding to the first receive frequency and a sg L By ;
frequency corresponding to the second receive freque l%pmermilﬂ@-iéf
di fference signal in response thereof; selecting oneljof t 7| cit
sel ect abl e bandwi dths of the loop fil ter BN responseltgu® e...o ...ab...l.east
del ta bandwi dth signal corresponding to the di f f er ende g

| east one delta bandw dth 20 signal stored in the nenory deV| ce; and
swi t chi ng the-frgcﬁ}é'ﬁcil synt hesi zer from generating the first to generating
the second injection frequency. 7. The nethod according to claim®6 wherein

the nmenory devi cel. e seRetive icatladcdiker eapable of switddng feomn al firstoreceiveni dt h
The et hod | PPRsSoLR # Refind sPRve BREBEED Somiistot o' he froquency
synt hesi z& the sneegsrmg means: fort tegeiving iamdodemiodplating at selectiviecall havi ng
Z E:i)rrrrgl g'tjlr gﬁl gsi nél | n r es po%gfg@tggg ﬁa%ﬁfgeﬁ‘iﬂ{iraﬂ? e Fl)?éfaﬁ!e%ﬁﬁag@ﬁgﬁ@;hgg
and said receiving means includ mg a p e lock loop FPg[.J.?)
programmably generating an injection frequency used to select the first or
second receive frequency for receiving the selective call signal, said PLL
10 comprising a loop filter having a multiplfcity of selectable bandwidths,
wherein each of said piurality of selectable characteristics of the receiving
‘means results from the selection of one of said multiplicity of selectable
bandwidths; :
determining means for determining the difference between a ) first
15 injection frequency corresponding to the first receive frequency and a
second injection frequency corresponding to the second receive
frequency, the determining means generating a dlfference signal in
response thereof;
memory means for storing at least one delta bandw1dth signal
20 corresponding to the difference signal; and
decoding means for processing the demodulated selective call signal
and for programming the PLL to produce a programmed frequency and
for selecting a first one of the multiplicity of selectable bandwidths of the
loop filter in response to the programmed frequency and the delta
25 bandwidth signal and for switching the PLL from generating the first to
generating the second injection frequency.
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selecting a second loop filter bandwi dth in response || GEPhACEMBNTRHEET
signal . 35 8. The nmethod according to claim®6 furtfher cm [j@{r‘gg'bef
the step of selecting a first receive frequency the s Lecel.ui.ng (la
sel ective call signal having an AC corrponﬁ and di
conponent to generate a digital signal e dlgltal 5 signal conprising the

radi o frequency at ed i.nfor tlo.n d,t.he et hod fut her co r|S|ng
after the step of S ?@ﬁeﬁb ENSH&? r]re ﬁ‘fém

initiating théutheestotes ayleast onerhmletmle)delag sighal; wheyeir eadheof tlmqarlency
synthest zer {16 GRR96Ak e Wiy bl i ¥ 4 BPURCEORs ng?ém ection -

f requency; an enera d%h I'n response, etion of
the tinmed del g¢lta andW1 signal stored in sa1 memory means, said selective call

5 receiver further comprising:
delay means for initiating a timed delay in response to said decoding
means switching the PLL from generating the first to generating the
second injection frequency and for generating a completion signal in
response to completion of the timed delay, the time delay having a time
10 duration corresponding to one of the at least one lock time delay signal
associated with the difference signal, and wherein
said decoding means having hitherto programmed the PLL to
generate the first injection frequency and selected' the first one of the
multiplicity of selectable bandwidths, programs the PLL to generate the
15 second injection frequency and further selects a second one of the
multiplicity of selectable bandwidths in response to the completlon

signal.

_1
D

3. The selective call receiver of claim 1 wherein said receiving
20 means produces the demodulated selective call signal having DC and AC
components and further wherein said receiving means includes:
detecting means for detecting and removing the DC component; and
converting means for digitizing the AC component, thereby
generating a digital signal including the selective call signal, for
25 processing by the decoding means, and wherein the selective call receiver
further comprises: o
delay means for initiating a timed -delay in response to said decoding
means programming the PLL to generate the second injection frequency
and generating a completion signal in response to completion of the
30 timed delay, the time delay having a time duration provided to said delay
means by said decoding means, wherein
said decoding means determines said time duration in response to
the second injection frequency and enables the detecting means in
response to the completion signal.
35
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9. The nethod according to claim6 wherein said nenory d vmu—:rej_ﬁ;m:‘u&mrbheﬁ i
stores at |least one lock time delay signal corresponding to tZz

i njection frequency; and wherein said nmethod further co he.. step of
initiating a tinmed delay having a tine de('etion, the ti ' '
determned in response to the at |east onée |ock tine delay signal. 20 13
10. An electronic Vi ce, conpri Si ng: - Cir.cui,t s f.or generating an
operating signal, 'gi“ﬁ sglechy NE %E“’eﬁ(ﬂftfgqlﬂbgewgﬁ%%% | ock | oop (PLL) for
progr ammabl y genesaﬂlmgn&) aﬁslmrtheﬁqmes;t least pnedock itinge detayogignal i ng
si gnal , wherei 5 cl a Tl ticiplicity
of sel ectabl e g’é‘%‘gﬁ?&ﬁg toa#ge ﬁ#g"ﬁ‘g ﬁ‘]géf(gbﬁegh&éfy ‘Hﬂgﬁ’ﬁ‘f e multiplicity
of selectable bandmdddecpdmguhems deterindnes saidofimenduratiarhin pésposisetty of
sel ect abl e5chanacdrhkt'168st oifd fock time delay signal stored within said memory

means, said one of the at least one lock time delay signal corresponding
to the second injection frequency and the delta bandwidth signal.

5. The selective call receiver of claim 3 wherein
10 said memory means further stores at least one lock time delay signal
corresponding to the difference signal, and wherein
said decoding means, having hitherto programmed the PLL to
generate the first injection frequency, disables said detecting means and
programs the PLL to generate the second injection frequency, said
15 decoding means determining said time duration in response to one of
the at least one lock time delay sighal corresponding to the second
injection frequency, and subsequently enabling said detecting means in
‘response to the completion signal. = -~

20
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circuit neans further havi ng a plurality of sel ectabl elT LS LGS
said circuit neans capable of switching froma first rgf 'gg‘ge&c(%é‘#r%h gnﬁ@
10 a second reference frequency; processor neans for ZI’8§%2I BﬁTtISQ7

operating signal and for programm ng the jRLL to generage
frequency and for selectlng one of the plurality of selectable

characteristics o the U|t I n r pnse to the

frequency; 15 rﬂoﬁ&?@s ‘F‘ET regely qrﬁlgcﬂlmgzrence

between a fir sadmpﬁjequengy medulated irformasion) dahi;sélecﬂiiie chll rreﬁewef erence

frequency and

reference fre %‘e ggwg@@a@ %iq?é ﬁ%é@&éﬁ%%ﬁ%ﬁﬂﬁ% @ﬁ%g&ry]gnal

Idnl resgonze_ Ei icsf andy adfrequency syn ynthesizerdont | east ong
elta ban &q(la, erein sai

precessor ?rnea??n?i gﬁghﬁﬁafggéﬂ&dﬁzlty@l Ci ty sﬂ?gc aﬂ\@ ndw dt hs

of the | oop flmelsﬂ%laﬂ@gp aY‘BSt*h@‘él@Pﬂ’&" aﬁfcﬁﬂl iihetches

the PLL from grétdod tore Hgmg mésgtepgfcg{ ence frequency to generatl ng t he

second reference 251ectt.mg% BN Y oceive frequency;
selecting one of the plurality of selectable characteristics in response
10  to the selected first receive frequency;
switching from the first receive frequency to a second receive
frequency;
determining the dlfference between a first injection frequency
corresponding to the first receive frequency and a second injection
15  frequency corresponding to the second receive frequency;
generating a difference signal in response thereof;
selecting one of the multiplicity of selectable bandwidths of the loop
filter in response to one of at least one delta bandwidth signal
corresponding to the difference signal, said at least one delta bandwidth
20 signal stored in the memory device; and : _
switching the frequency synthesizer from generating the first to
generating the second injection frequency.

7. The method according to claim 6 wherein the memory device has
25 stored therein the at least one delta bandwidth signal and a lock time
~ delay signal associated with the difference signal, the method further
comprising after the step of switching the frequency synthesizer the steps
of:
initiating a timed delay, the timed delay having a time duration
30 corresponding to the lock time delay signal;
generating a completion signal in response to completion of the
programmed delay; and
selecting a second loop filter bandwidth in response to the
completion signal.
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14 11. The el ectronic device of claim10 further conpr I
for generating a conpletion signal in response to the |onﬁ%§ ’a*-if
del ay, wherein said nmenory neans further stores a Iock
associated 5 wth the difference signal, jand said prot

naI

hitherto programed the flrst operatlng frequency and selected a first of

said multi p! i 'fihteyﬁ %sel 2#68 m dt.hs rﬁ@?ﬂ%ﬁs a tine gg@%itﬁgmtao t he

del ay neans
del ay si gnal

, stapjofsnledﬁ'tg pfivsereceivenfrequenmyotitecsteps bft second oper ating

frequency and coi he tinmed
delay for the ti rrep&égur aglaéolﬁéieéﬁg@%%ﬁ o alqgés‘gir‘grreans 'Fgmbn%er s’eﬁ%t a
second of said nudigifizing the AC cemponent to generatelardigital sigophthe Chgltahe
conpl etion5si gfal compnsmg the radio frequency modulated information; and the

10

15

20

method further comprising after the step of switching the frequency
synthesizer the steps of:

initiating the timed delay in response to the switching of the
frequency synthesizer from generating the first to generating the second
injection frequency; and

generating a completion signal in response to completion of the
timed delay. .

9. The method according to claim 6 wherein said memory device
further stores at least one lock time delay signal corresponding to the

- second injection frequency; and wherein said method further comprises

the step of initiating a timed delay having a time.duration, the time
duration determined in response to the at least one lock time delay
signal.

R



15 12. The el ectronic device of claim10 wherein said ci,LQui_L_rreans
produces a denodul ated signal having DC and AC corrponent1 P
wherei'n said circuit means includes: detecting nmeans for|frenpv Fvlgt?ﬁr SiRET
conponent; and 20 converting nmeans for digitizing t %aé é: gt to
produce the operating signal for processing by the decodkbag—RE3l As e

det ecti ng neans being 1Qnam1ﬁdlebﬁoﬁ{dﬂﬁv1é@c(ﬂﬂpﬁ§iﬂg‘le t he DC conponent of the

demodul ated si gnal, aeﬂm %hﬁstfézoéuﬂ:er BYbGin bpdrabivly SEARY, kaRBeire@kay
means for generat| nlggté é‘

of a tined de E%%’:ﬁﬂlaﬁ?géé?ra%ﬁ%ﬂﬁts' ? 2
initiate sai dT® F@EF ‘é‘}eq ogg{ep?r@ QPr?rP ’P‘r@%#
progranm rfy oinalhdes edoep ﬁrl’i%’rlmwlhg af madiieiplipity wof selectablg handvadthstandy ned
by the processilegeiresslection b€epenf thé multiplictiynfdelutakieibandwidthency, and
ng}p F;gf gﬁ SIS Iﬂﬂe&ﬁtéff@éleéﬁé% |o§%n% log tHe mﬁamgoq @gﬁﬁami%&wmﬁsmst %ﬁd
t mea se aPhefistics A
erory means gﬂ%ﬂ}rcm i&)éa?nss czf;g&:)‘f?% swite (sj?fe Brence r}ftgiquency to
10  a second reference frequency;
processor means for processing the operating signal and for
programming the PLL to generage a programmed frequency and for
selecting one of the plurality of selectable characteristics of the circuit
means in response to the programmed frequency;
15 determining means for determining the difference between a
first operating frequency corresponding to the first reference frequency and
a second operating frequency corresponding to the second reference
frequency, the determining means generating a difference signal in
response thereof; and
20 memory means for storing at least one delta bandwidth signal
correspondmg to the difference signal, wherein said processor means
-selects one of the multiplicity of selectable bandwidths of the loop filter
corresponding to the delta bandwidth signal and switches the PLL from
generating the fu'st reference frequency to generating the second reference
25 frequency.
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éorrésponding to the second operating frequency, and ' sai d
decodi ng neans determnes said tinme duration in respghfE

| east one lock time delay signal corresponding to th diffi\rzﬁpﬁ E‘gi
REPLACEMENT SHEET 15 14. The el ectronic dgyvice of cl g| Raw. Zu _________ ai d

menory neans further stores at |east one lock tine d . |
correspondi ng to the,dif.ference,si.gnal, ,and erein sai.d.processi ng neans,
havi ng hitherto &ﬁomr?% 4‘?‘?8‘? o CIa'gb!z¢ gﬁtﬁl&rFPm&,. di sabl es said
detecti ng neans, delagmeans for generating aecoxpledioir signehiny response tothe sai d
time durati O”cdrﬂPIe‘:t"ﬁﬂPBPﬁ ﬁﬁggt@éy’%ﬂe@i del ay signal, and enables said

detecting neans tn response conp on_signal . . .
said memory means further stores a lock time delay signal associated

5 with the difference signal, and
said processor means having hitherto programmed the first
operating frequency and selected a first of said multiplicity of selectable
bandwidths, provides a time duration to the delay means, the time
duration determined in response to the lock time delay signal, and the
10  processor means programs the second operating frequency and
coincidentally signals the delay means to initiate the timed delay for the
time duration, and the processor means further selects a second of said
multiplicity of selectable bandwidths in response to the completion
signal.

15 :

12. The electronic device of claim 10 wherein said circuit means
produces-a demodulated signal having' DC and AC components and
further wherein said circuit means ificludes:

detecting means for removing the DC component; and

20 converting means for digitizing the AC component to produce the
operating signal for processing by the decoding means, the detecting
means being enabled in order to determine the DC component of the
demodulated signal, and the electronic device further comprises:

delay means for generating a completion signal in response to the

25 completion of a timed delay, wherein

said processor means signals said delay means to initiate said timed
delay for a time duration in response to the programming of the second
operating frequency, the time duration.determined by the processing
means in response to the second operating frequency, and the processing

30 means enables the detecting means in response to the completion signal.

13. The electronic device of claim 12 wherein
said memory means further stores at least one lock time delay signal
corresponding to the second operating frequency, and wherein
35 said decoding means determines said time duration in response to
one of the at least one lock time delay signal corresponding to the
difference signal.

e
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14. The electronic device of claim 12 wherein

said memory means further stores at least one lock time delay signal
corresponding to the difference signal, and wherein

said processing means, having hitherto programmed the first

5 operating frequency, disables said detecting means, programs the second

operating frequency, determines said time duration in response to the
lock time delay signal, and enables said detecting means in response to
the completion signal.
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