TRANSCEI VER TO§THE RECEI VED SI GNAL Background of the Invention 5 The
present inventi®on is generally related to radi otel ephones, and nore
particularly to digitally frequency- | ocking a cellular telephone to t
received signal. In sone countries, cellular telephones are required to 10
meet a maxinumtransmtter frequency errof specification. In 8
maintain the transmtter frequency within the maximumtransmtter frequency

error specifications, such c use an anal og
frequency control circuit whi %ﬁ?@ﬁlﬁgﬁéfﬁgﬁq@/gnal frequency to
the 15 cellul ar . tel eAHBABIOFRANSCEIVER TOHE RECHBED SIGhiALanal og
correction voltage. The anal og correction voltage is applied to the
cellular tel ephone reference oscillator to frequency lock it to the

recei ved si gnaka f veatioBry accurately mai ntai ned by the base

station rag o. However, such prior 20 anal og frequency control circuits

itate digital I d I t
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radiotelephones, and more particularly to digitally frequency-
locking a cellular telephone to the received signal. _
In some countries, cellular telephones are required to

10 meet a maximum transmitter frequency error specification. In
order to maintain the transmitter frequency within the
maximum transmitter frequency error specifications, such
cellular telephones currently use an analog frequency control
~circuit which compares the received signal frequency to the

15 cellular telephone reference oscillator to develop an analog

' correction voltage. The analog correction voltage is applied to
the cellular telephone reference oscillator to frequency lock it
to the received signal frequency, which is very accurately
maintained by the base station radio. However, such prior

20 analog frequency control circuits necessitate digital-to-analog
conversion circuitry and analog comparators thereby incurring
substantial additional costs.
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Objects of the Invention
25

Accordingly, it is an object of the present invention to’
provide a method of digitally frequency-locking a transceiver
to the frequency of the received signal.
| In one aspect, the invention provides a method for

30 substantially frequency locking a reference oscillator of a
radio transceiver to the radio signal received by the radio
transceiver, said method characterized by the steps of:

setting the frequency of the reference oscillator to a
stored initial frequency: :

35 comparing the frequency of the reference oscﬂlator to the
frequency of the received signal and producing an error signal



Accor'd-n$ly, it is an object of the present invention to provide a nethod
of digitally friequency-locking a transceiver to the frequency of the
received signal*. In one aspect, the invention provides a nmethod for 30
substantially frequency |locking a reference oscillator of a radio
transceiver to the radio signal received Ry the radio transceiver, said

nmet hod characterized by the steps of: set?ing the frequency of the
reference oscillator to a stored initial frequency: 35 conparing the

frequency of the reference oscil |%OI’. t?}?t Ere fre%uenfx of the received
signal and prof@¥ingy 3, RiRaR,PNg; gkate if the fraguency of tbeyrefaeengee if the
frequency of toscillat@r édesssthidrn aroequal testhet hraguencyqohltheorddaived
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signal; 5 osciflatgy iimggreatebi thany te afrequencyeokther radejvied signalf i r st
predeterm ed rate %&g(gg 1He! Bﬁ}ér?ﬁgﬂ‘artéqaﬁflﬁé 8frot hﬁghﬁf dteqchrgsci | 1 ator

by a first predetermn nmount error _si %nal haS a bl nary one state

and decr easi nngQQﬁtﬁf'_@dP ckate opndhdcreasingn the Jeequengyofhthe ne fir st
predeterm ned pgfevdhce foscillator by a first predetermined amount if the

error signal has a binary one state and decreasing the frequency .
of the reference oscillator by the first predetermined amount if

10 the error signal has a binary zero state, until the binary state
of the error signal changes;

when the binary state of the error signal changes a first
time, thereafter sampling the binary state of the error signal
at a second predetermined rate and increasing the frequency of

15 the reference oscillator by a second predetermined amount if
the error signal has a binary one state and decreasing the
frequency of the reference oscillator by the second
predetermined amount if the error signal has a binary zero
state, said second predetermined rate being less than said first

20 predetermined rate, and said second predetermined amount
being less than said first predetermined amount; and

when the binary state of the error signal changes a second
time, adjusting the stored initial frequency an amount related
to the difference between the frequency of the reference

25 oscillator and the stored initial frequency.

In another aspect, the invention provides a method for
substantially frequency locking a reference oscillator of a
radio transceiver to the radio signal received by the radio
transceiver, said method characterized by the steps of:

30 setting the frequency of the reference oscillator to a
stored initial frequency:

comparing the frequency of the reference oscillator to the
frequency of the received signal and producing an error signal
having a first binary state if the frequency of the reference

35 oscillator is less than the frequency of the received signal, and



10 the error signal has a binary zero state, until the binary state of the
error signal changes; when the binary state of the error signal changes a
first tinme, thereafter sanpling the binary state of the error signal at a
second predetermned rate and increasing the frequency of 15 the reference
oscillator by a second predeterm ned anmount if the error signal has a

bi nary one state and decreasing the frequdncy of the reference oscillator
by the second predeterm ned anount if the error signal has a binary zero
state, said second predeterm ned rate being |l ess than said first 20
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signal has a second binary state, until the binary state of the

10 error signal changes;
when the binary state of the error signal changes,

increasing the frequency of the reference oscillator in

successive movements by a second predetermined amount if the

error signal has a first binary state and decreasing the

15 frequency of the reference oscillator by the second
predetermined amount if the error signal has a second binary
state, said second predetermined amount being less than said
first predetermined amount; and

when the binary state of the error signal changes a-

20 further time, adjusting the stored initial frequency an amount
related to the difference between the frequency of the
reference oscillator and the stored

The method of the invention provides digitally frequency-
locking a transceiver to the frequency of the received signal

25 and correcting the initial turn on frequency of the transceiver

' each time the transceiver is.frequency locked.

Brief Description of the Drawings

30 Figure 1 is a block diagram of a cellular telephone 100
embodying the present invention.

Figure 2 is a flow chart for the process used by
microcomputer 102 in Figure 1 for substantially frequency
locking the reference oscillator 104 to the received signal.

35



having a first binary state if the frequency of the reference 35

oscillator is less than the frequency of the received signal, and 3 a
second binary state if the frequency of the reference oscillator is greater
than the frequency of the received signal; sanpling the binary state of the
error signal and increasing the frequency of the reference oscillator in 5
successive increnents by a first predeteﬂntned anount if the error signal
has a first binary state and decreasing the frequency of the reference
oscillator by the. first -redeter ed unt Spceess are increments if

the error S|gta gd e ary state of the

10 error signal changes; mhen the blnary state of the error si gnal .
movenent s by o secltfopiafctt HIBHE LDiete’i RSEARRE A LAGRK, dRRUEFTIT Y
bi nary state afdadeeliWasitelepheneasio0 rembedyingthe hl@l’ew‘T‘érmV@thOQm | | at or
Dato: 3ordSCUAIE, RSN LI & el gl tgepescn e
pr edet er mi nedref@sgrce gsgillator 104, and microcomputer 102 with memory
therein for controlling the operation thereof. Only the portion
of transceiver 106 that generates the binary error signal 110
has been illustrated. According to the present invention,
10 microcomputer 102 is responsive to the binary error signal 110
for frequency locking reference oscillator 104 to the radio
signal received by radio transceiver 106. Radio transceiver
106 also includes a radio receiver and transmitter (not shown),
which may be a Nordic-type 900 MHz cellular telephone
15 transmitter and radio receiver, such as, for example, the
transceiver shown and described in Motorola instruction manual
number 86P09300A10, entitled "MICROTAC. Cellular Personal
Telephone," published by and available from Motorola C & E
Parts, 1313 East Algonquin Road, Schaumburg, lllinois 60196.
20 In the Nordic telephone system currently in use in
Norway, Sweden, Denmark and Finland, the transmitter
frequency of cellular telephone 100 must be within 900 Hertz
of the specified transmitter frequency for each radio channel.
Since the base station transmitter frequency is maintained
25 within 250 Hertz of its specified transmitter frequency,
cellular telephone 100 may be frequency locked to the received
base station transmitter signal in order to meet the Nordic
specifications. Since the frequency of reference oscillator 104
changes with time, it is also important to compensate for the
30 frequency aging of reference oscillator 104 in order to meet
the Nordic specifications, which further require that the
frequency error of the cellular telephone transmitter be within
specified limits within two seconds of acquisition of the base
station transmitter signal over its entire operating life. By
35 utilizing the present invention, microcomputer 102 is
responsive to the binary error signal 110 for rapidly frequency




when‘the binary state of the error signal changes a 20 further tine,
adjusting the stored initial frequency an anount related to the difference
bet ween the frequency of the reference oscillator and the stored The net hod
of the invention provides digitally frequency- |ocking a transceiver to the
frequency of the received signal 25 and correcting the initial turn on
frequency of the transceiver each tine th® transcei ver I s. frequency | ocked.
Brief Description of the Draw ngs 30 Figure 1 is a block diagram of

a cellular tel e 100 enbod the resent vention., Figure 2 is a
flow chart for q%?ﬂznﬁbrl??cf%%”%%eésgﬁa‘?ﬁrcﬂ @oﬁ%u’ﬁhﬁ' ase i$tatiture 1 for
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. tel ephone 100 Nowdityispecitieatiors eduringv time i entires aperating lifel ebhone 100
" i ncl udes ag%u%ggaﬁﬁnﬁgggﬁahéu¥boa ref erence oscillator 104, and
m cr oconput er
Referring to Figure 1, radio transceiver 106 includes a
phase-locked loop (PLL) synthesizer 120, a receiver mixer 122
followed by one or more gain stages 124, a phase detector 126,
and a reference oscillator divider 128. The PLL synthesizer
10 120 generates a signal locked to reference oscillator 104 that
is mixed with the incoming base station transmitter signal in
receive mixer 122 to generate an intermediate frequency signal
that is then amplified by amplifier 124. The output of
reference oscillator 104 also feeds a divider 128, which
15 divides the reference oscillator signal by an amount so as to
generate the divided signal having a frequency substantially the
same as the frequency of the intermediate frequency signal
from mixer 122. The output of divider 128 and the amplified
intermediate frequency signal from amplifier 124 are both fed
20 into the phase detector 126, which generates a binary error
signal (BES) 110 which is either binary HI or binary LO
depending on the frequency difference between reference
oscillator 104 and the received base station transmitter signal.
BES 110 is binary HI if the frequency of reference oscillator
25 104 is less than the frequency of the received base station
transmitter signal. BES 110 is binary LO if the frequency of
reference oscillator 104 is greater than the frequency of the
received base station transmitter signal. Although
theoretically the frequency of reference oscillator 104 and the
30 frequency of the received base station transmitter signal may
be identical, such will never occur in practice during operation
of cellular telephone 100. Therefore, BES 110 may be chosen to
be either binary HI or binary LO if the frequency of reference
oscillator 104 and the frequency of the received base station
35 transmitter signal are identical. BES 110 is then fed into
microcomputer 102 as an input signal for decision making.



theréin for controlling the operation thereof. Only the portion of
transcei ver 106 that generates the binary error signal 110 has been
illustrated. According to the present invention, 10 mcroconputer 102 is
responsive to the binary error signal 110 for frequency |ocking reference
oscillator 104 to the radio signal received by radio transceiver 106. Radio
transcei ver 106 al so includes a radio rec8iver and transmtter (not shown),
which may be a Nordic-type 900 MHz cellul ar tel ephone 15 transmtter and
radi o receiver, such as, for exanple, the transceiver shown and descri bed
in Mtorola i nMictasarsputemd92 ifueeenegiradgoand chas mantraldof fheroTAC,

el | ular Per sopglquERcPRANRofordnbs | Gitilaldt 208 Gid deminimie) el a C &
E Parts, 1313 Eas ui n_Road, Schaurrbur HMlﬂ" 0196. 6 In
the Nordic teIE}ﬂ‘f ‘g’f??'em PHF'PQntOIps?"?'ﬂoﬁs‘é icell wg%/l epBRBBer O0penmar k and
gggl igd, t he tnﬁoamdmputétr el riogdsf tl{flduﬂramt tfﬁéfcpmrrmye Aﬁﬂﬂ Jmmr:i% W: thin
rtz t. y for each radi o channel.
Si nce the basegg?gl%?(g% 1‘?431 ‘é’h?ﬂ?gy 'f auéﬁgbsgg mai ntai ned 25 w thin 250
Hertz of its specifRefetingsnext do FigiyeeReythetel isulliustratedphoflow 00 may be
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oscillator 104 a‘-‘d&é%tam'? yt fraquency Jogking it @npg te for
the 30 frequenoy egithe PbceRicdl e eialidh aransrhitfer Bighaler Entariey

10 at START block 202, the process proceeds to block 204, where
the current frequency register (CFR) is set equal to the initial
frequency register (IFR). Next a 265 ms. delay at block 206 is
executed and CFR is loaded into reference oscillator 104. Then,
at decision block 208, the binary error signal (RES) 110 is

15 tested for binary HI or LO. If RES is determined to be binary HI,
then a sequence beginning with block 210 is executed where
three is subtracted from CFR. A decrement of three is selected
to produce a relatively large change in the frequency of
reference oscillator during initial acquisition of the base

20 station transmitter signal. Next a 265 ms. delay at block 212
is executed and the new CFR is loaded into reference oscillator
104. .

Then RES is tested for binary HI or LO in decision block:
214. If RES is found to be binary Hl, then execution returns to

25 Dblock 210 for continued execution. However, if RES is found to
be binary LO, then execution proceeds to block 216 where one is
added to CFR. At this point, the frequency of reference

“oscillator 104 has been adjusted in three unit increments
beyond the desired frequency of the received base station

30 transmitter signal, as indicated by the change in binary state of
RES from binary Hi to LO. Hereafter, a decrement of one is
selected to produce a relatively small change in the frequency
of reference oscillator during final acquisition of the base
station transmitter signal. Next a 265 ms. delay at block 218

35 is executed and the new CFR is loaded into reference oscillator
104.



the Nordic specifications, which further require that the frequency error
of the cellular telephone transmtter be within specified [imts within two
seconds of acquisition of the base station transmtter signal over its
entire operating life. By 35 wutilizing the present invention,

m croconputer 102 is responsive to the binary error signal 110 for rapidly
- frequency 5 locking reference oscillatér 104 to the base station
transmtter signal received by radio transceiver 106, such that the
reference oscillator frequency is maintained within the Nordic -

speci fications duri Ngxthin sladisienoblack: 226, IRES ist testedclorupinary dilkginone

100. Referring &0 kit RES i&. foutd ?o_tHeaBﬁﬁ‘dﬁ';rVEO Hiecunishuasris Bdi6ck ocked
| | oop (PLL) syné_?gs# zer I20, @ receiver Mrviﬂi ng%éO%/\B b’i/ Qne, _or rore
gai n stages 124)9490% R @XGFCULIoR. avehrit RRSciso iund dphe di vi der
128. The PLL shinargsiHkeexébutidd (proeceedst s Hock @28 wharkedneoisr ef erence
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that is then aogtillated 104 hasl beeor adistedhin omepunitoinaremendscleeyend | | at or
104 al so feedsyp QYadifsd fEuehByCBf the received base station transmitter
signal, as indicated by the change in binary state of RES from
binary LO to HI. Hereafter, execution will proceed to block 302
10 in Figure 3.

Returning to decision block 208, if RES was found to be
binary LO, execution proceeds with a sequence beginning with
block 224 where three is added to CFR. As explained above,
three unit steps are taken in order to produce a relatively large

15 change in the frequency of. reference oscillator 104 during
initial acquisition of the base station transmitter signal. Next
a 265 ms. delay at block 226 is executed and the new CFR is
loaded into reference oscillator 104. Then RES is tested for
binary HI or LO in decision block 228. [If RES is found to be

20 Dbinary LO, execution returns to block 224 for continued
execution. If RES is found to be binary HI, then execution
continues to block 230 where one is added to CFR. As explained
above, one unit steps are taken in order to produce a relatively
small change in the frequency of reference oscillator 104

25 during final acquisition of the base station transmitter signal.
Then a 265 ms. delay at block 232 is executed and the new CFR
is loaded into reference oscillator 104. Next, RES is tested for
binary HI or LO in decision block 234. If RES is found to be
binary HI, execution returns to block 230 for continued

30 execution. If RES is found to be binary LO, execution continues
to block 236 where one is added to CFR. At this point,
execution will proceed to block 302 in Figure 3.

Referring next to Figure 3, execution continues from
Figure 2 to block 302 where IFR is set equal to the value of IFR

35 - (IFR - CFR)/256. At this point, frequency lock has been
obtained, and, according to a feature of the present invention,



15 divides the reference oscillator signal by an anbunt so as to generate
t he divided signal having a frequency substantially the sane as the
frequency of the internediate frequency signal fromm xer 122. The out put
of divider 128 and the anplified internediate frequency signal from
anplifier 124 are both fed 20 into the phase detector 126, which generates
a binary error signal (BES) 110 which is &ither binary HL or binary LO
dependi ng on the frequency difference between reference oscillator 104 and
t he received base station transmtter signal. BES 110 is binary H if the
frequency of rUtRrisnupdated ItPagecoun farpaging ithat qqsuﬁradw@n%qbenwmf t he

received base gpgatedn Thﬁ@S@cbbﬁ!m | @dhe ﬁ%%eHQnVénﬁbﬁa"e‘Achque the
frequency of refer 0SCl 04 is eater th requen of the
e o o GHRRIShYe Al i€ Bomiretion o AP the Phes Has
frequency of rszlfaeroendeansmuﬂtéats:gnaD4saadquired3Q>r re-anpind, othé he recei ved
base stati C v ccur in
practice d§n| ng‘?p%lrenrfééqu%ﬁé}?qg {aﬁréﬁj&f ﬁéﬁ@%@” %ﬂf‘g’%@g 110 may
be chosen to betosedHer subsequ GFIt uge. blTﬁe ifferaricer hetweerUER: andf CRR er ence
oscillator 104sagdidde S)f %ﬁe%yth%ft IF'F? lé ‘i‘ﬁﬂidfﬁd W%esﬁfeﬂF ‘anbl?rﬁ each

transmtter signal are entic I's t Into mcr ut er

102 as an i nputim§ gﬂﬁlPrPGFsﬁleif'W%ﬁkf%ﬁxecmed 't other” embodiments
of cellular telephone 100, the incremental update to IFR may be

10 varied by selecting a different divisor.

Next, execution continues to block 304 where a one
second delay is executed and the new CFR is loaded into
reference oscillator 104. Once frequency lock has been
obtained, the frequency of reference oscillator 104 is changed

15 at one second intervals instead of 265 ms. intervals. In other
words, the rate of change of the frequency of reference
oscillator 104 is decreased once frequency lock is reached.
Then, in decision block 306, RES is tested for binary HI or LO.
If RES is found to be binary LO, then execution continues to

20 block 308 where one is added to CFR and the new CFR is loaded
into reference oscillator 104. Next, execution returns to block
304 for continued execution. However, if in decision block 306,
RES is found to be binary HI, execution would proceed to block
310 where one is subtracted from CFR and the new CFR is

25 loaded into reference oscillator 104. Next, execution would
return to block 304 for continued execution until cellular
telephone 100 is powered up again or the base station
transmitter signal is re-acquired, at which time execution
returns to block 202 in Figure 2 to repeat the foregoing

30 process.

In summary, a unique cellular telephone has been
described which digitally frequency-locks the transceiver
thereof to the frequency of the received signal and correcis the
initial turn on frequency of the transceiver each time the

35 transceiver is frequency locked.



6, M eroconputer 102 is connected to and has control of the frequency of

reference oscillator 104 via a 1 cation bus therebetween. DLLI’J ng-
operation of cellular telephonejlfijg gy qC %’%}g 102 Toads t he currer\tced
frequency into reference 5 osci |l at orR S rifit |smha ﬁﬁ
next to Figure 2, there is ill Ww.charf for th

m croconputer 102 in Figure 1 for substan®ially Trequency

reference oscillator 104 to the received base station tran mtter si gnal .
Entering 10 at START bl ock 202, the process proceeds to bl ock 204, where
the current fr&dadmsy register (CFR) Is set equal to the initial frequency
register (IFR). Next a 265 ns. delay at block 206 is executed and CFR i s

| oaded into reference oscill ator,104. Then, deci si on ock 208, the
binary error signal ¢RES ﬂg%h%d 1er ?‘é@ﬁt@ﬂtlﬁhy &?HH?VC)LI J MHajf RESis

determ ned to pefebeneeyobtillatderofaas eadiontarsegiver ng the radiocdigaal is

el cotod 10 pr Gurkigey BB 6D Fanget et %ﬁh@@@a‘%@ﬁﬁ#ﬁ@?er ence

oscil |l ator dur BYg theisteps efcqui sition of the base 20 station transmitter

signal . Next a 265 1s. Okt dfdaieiiey DreHRS Wellréith | GSiltat TR 1 S

| oaded into reference osci
a stored initial frequency

comparing the frequency of the reference oscillator
10 to the frequency of the received signal and producing an error
signal having a binary one state if the frequency of the
reference oscillator is less than or equal to the frequency of
the received signal, and a binary zero state if the frequency of
the reference oscillator is greater than the frequency of the
15 received signal;
sampling the binary state of the error signal at a
first predetermined rate and increasing the frequency of the
reference oscillator by a first predetermined amount if the
error signal has a binary one state and decreasing the frequency
20 of the reference oscillator by the first predetermined amount if
the error signal has a binary zero state, until the binary state
of the error signal changes;
when the binary state of the error signal changes a
first time, thereafter sampling the binary state of the error
25 signal at a second predetermined rate and increasing the
frequency of the reference oscillator by a second predetermined
amount if the error signal has a binary one state and decreasing
the frequency of the reference oscillator by the second
predetermined amount if the error signal has a binary zero
30 state, said second predetermined rate being less than said first
predetermined rate, and said second predetermined amount
being less than said first predetermined amount; and
when the binary state of the error signal changes a
second time, adjusting the stored initial frequency an amount
35 related to the difference between the frequency of the
reference oscillator and the stored initial frequency.
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Then*RES is tested for binary H or LO.in decision block 214. If RES is
found to be binary H, then execut —pl| ock—2T0 for— "
conti nued execution. However, if nary L shl®fas Been
execution proceeds to block 216 whire omRERIAGERIed t ' [

1S Replaced
CFR At [
.increments beyond the desired frequency df0the received base

the frequency of reference oscilla
§transnitter signal, as indicated by the change in binary state of RES from
i binary H to LO Hereafter, a decrenment of one is selected to produce a
"relatively small change in the frequency of reference oscillator during
final acquisition of theThasmdthall Q&céfcﬁﬁﬁ”ﬁd (cfdin® | YNfdrthdlext a 265 ns.

del ay at bl ock ' cut,ed and the"new CFR js | oaded into reference
oeci i ator 304CFARAGIERIZEN Hicing Sfen, 0 RPSaUNG b3 PECEANGHIRS br nar v
H or LO If Régch stireupdwer s applied/ tbQGheexadid itensoglivems to bl ock 216
for contin§ed execution. However, if RES is found to be binary H,

execution Proceeds to bl ock 222 where one is 5 s_ubtract ed from CFR At
~this point, the fre3uencVhef mathedeaceouting| taatcharim 0y furthéreen adj usted in

- one unit incredHARABTERFZED BY the step of repeating the preceding steps
each time the radio signal is first received by the radio
transceiver. '

10
4. A method for substantially frequency locking a
reference oscillator of a radio transceiver to the radio signal
received by the radio transceiver, said method CHARACTERIZED
BY the steps of: |
15 setting the frequency of the reference oscillator to
a stored initial frequency:
comparing the frequency of the reference oscillator
to the frequency of the received signal and producing an error
signal having a first binary state if the frequency of the
20 reference oscillator is less than the frequency of the received
signal, and a second binary state if the frequency of the
reference oscillator is greater than the frequency of the
received signal;
sampling the binary state of the error signal and
25 increasing the frequency of the reference oscillator in
successive increments by a first predetermined amount if the
error signal has a first binary state and decreasing the
frequency of the reference oscillator by the first
predetermined amount in success are increments if the error
30 signal has a second binary state, until the binary state of the
error signal changes; '
when the binary state of the error signal changes,
increasing the frequency of the reference oscillator in
successive movements by a second predetermined amount if the
35 error signal has a first binary state and decreasing the
frequency of the reference oscillator by the second

A




the desired frequency of the received base station transmtter  signal, as

i ndi cated by the change in binary state of RES frombinary,LQt Replaced
Hereafter, execution will proce Lg“ cK, 302 éT@‘ﬂ in Fi gﬁ}h ce een R
to decision block 208, if RES was't é&'[&% %I nary LO - ex U M S

wi th a sequence beginning with §lock Vi Fe—thepe i s add

- expl ai ned above, three unit steps are taldn in order to produce a
relatively large 15 change in the frequency of reference oscillator 104

during initial acquisition of the base station transmtter signal. Next a
265 ns. del ay predetedninezh arsounkduthel enfar wighalefiaerk secohdifannt o

reference OSCiétég%%la' Sechmen ferrriifgd eambouint heiaby leds dian Qdid

deci si on bl ock, RES.is . found to be 20 binary LO execution returns
to block 224 fgstcRrAdeiesmingd amMAYNt |AN%ES is found to be binary H, then

execution continues to bivhek it bitiarne state bf thdderfor sighél changepl ai ned
above, one_unit steps. are .t LN ole i} t4 |1

"~ change in Phe ff"(élﬁfei'ﬁé’ofa(ﬁﬁg@?énggé g@@f‘%‘?aﬁ‘g{fgﬁ%%’%&ﬁr‘%ﬁé?%ﬂﬁ

acqui siti on ofrelatechiectha afifferencehatnaen tbegfreaueng¥not thes ns. del ay at

bl ock 232 is a% nawdChifel Stdregded into reference oscillator
104. Next, RE ?él'%lgg%e lﬂ?ﬁ)bri nary H or LO in decision block 234. |If RES

is found to be binary H, execution returns to block 230 for continued 30
execution. If RESis found to be binary LO execution continues
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to bltock 236 where one is added to CFR At this point, execution wll
proceed to block 302 in Figure 3. Referring next to Figure 3, execution
continues fromFigure 2 to bl ock 302 where IFR is set equal to the value of
IFR 35 - (IFR - CFR)/256. At this point, frequency | ock has been obtained,
and, according to a feature of the present invention, 8 IFR i s updated
to account for aging that occurred since t%e |ast update. Thus, according
to the present invention, each tine cellular tel ephone 100 is powered up or

each time the base base stati: ransm tter signal | cquired or
re-acquired, the 5 initial fr@@iliﬁﬁw%é@ﬁ&@ﬁ@@@@ lator 104 is

updat ed and stored f oA RADIEITRANSGEIVERTOITHERECESVEBISIGNALL FR and CFR
is divided by 256 so that IFR is updated by a small anobunt each tine the

process of Figure 3 is executed. In other enbodinments of cellular tel ephone
100, the increnental update to IFR may be 10 varied by selecting a

o 3| M BRSO 0, S0 e 2 o
oscillator 104. Once frequency |ock has been obtai ned, the frequency of
reference oscillaton iffiqué eBRORGdtelephone (100) digitally frequency
locks to the received base station transmitter signal. The
cellular telephone (100) includes a radio transceiver (106), a
10 reference oscillator (104), and microcomputer (102) with
memory therein for controlling the operation thereof. The radio
transceiver (106) includes a phase-locked loop (PLL)
synthesizer 120, a receiver mixer (122) followed by one or
more gain stages (124), a phase detector (126), and a divider
15 (128). The PLL synthesizer (120) generates a signal locked to
the reference oscillator (104) that is mixed with the incoming
base station transmitter signal in the receive mixer (122) to
generate an intermediate frequency signal. The output of the
reference oscillator (104) also feeds the divider (128), which
- 20 divides the reference oscillator signal by an amount so as to
generate the divided signal having a frequency substantially the
same as the frequency of the intermediate frequency signal ’
from the mixer (122). The output of the divider (128) and the
amplified intermediate frequency signal from the amplifier
25 (124) are both fed into the phase detector (126), which
generates a binary error signal (110). The microcomputer (102)
is responsive to the binary error signal (110) for frequency
locking reference oscillator 104 to the received base station
transmitter signal.

30
Fig. 1 accompanies this abstract.



15 at one second intervals instead of 265 ns. intervals. In other words,
tthe rate of change of the frequency of reference oscillator 104 is
decreased once frequency lock is reached. Then, in decision block 306, RES
is tested for binary H or LO If RESis found to be binary LO then
execution continues to 20 block 308 where one is added to CFR and the new
CFR is | oaded into reference oscillator 104. Next, execution returns to

bl ock 304 for continued execution. However, if in decision block 306, RES
is found to be binary H, execution would proceed to block 310 where one is
subtracted from CFR and the new CFRis 2b /l&aded into reference oscillator
104. Next, execution would return to block 304 for continued execution
until cellular telephone 100 is powered up again or the base station
transmtter signal is re-acquired, at which tinme execution returns to bl ock
202 in Figure 2 to repeat the foregoing 30 process. In summary, a uni que
cel lul ar tel ephone has been described which digitally frequency-1locks the
transcei ver thereof to the frequency of the received signal and corrects
~the initial turn on frequency of the transceiver each tinme the 35

“transceiver is frequency | ocked. a—
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Claims 1. A nmethod for substantially frequency |ocking a reference
oscillator signal of a reference oscillator of a radio transceiver having a
5 m croconputer with a register, to the radio signal received by the
radi o transceiver, the register storing an initial frequency, said nethod
conprising the steps of: setting the frequency of the reference oscillator
to the stored initial frequency in the regtsfer; 10 dividing the
reference oscillator signal to produce a divided reference oscillator
signal; generating a synthesizer signal |0 ig& 202 reference oscillator
signal; mxing the synthesizer signal and\{hg_regkived radio signal to 15

produce an internediaLFF;L?ngfcy I gnal ; conparing the frequency of the
or

di vi ded reference osc g t orthe SOt fast he internediate
frequency signal and produci ng an erroliii!tﬁv=h R g%g4binary one state if
ator signal is less than or

t he frequency of the divided reference 0ScCr
equal to the frequency of the internediate—20—fre ugﬂgy signal, and a
nce oscill ator
i ate frequency signal

bi nary zero state if the frequency of { 1965dMSi BEIAY
at gpgcessive tine intervals

- signal is greater than the frequency of
sanpling the binary state of the error signa
each having a first predeterm ned [@n RESTE | INgreasing 25 the
frequency of thg reference O$C|IIatOT\by\g\iE{EL’pLedéfern1ne anount 11
_ Y

CFR = CFR+3 I—224 CFR = CFR+3 [|-210
- f

\
265 MS. DELAY J-226 265 Ms. DELAY |72

214
RES HI
?

> HI ' LO <
!

| CFR = CFR-1 |/230 CFR = CFR-1 |_276
. Y

265 MS. DELAY 272

CFR_= CFRH |-236 CFR = CFR+1 |%%2

4
IFR=IFR-((IFR-CFR)/256) | 302
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[_ 1 SECOND DELAY r304

310 | . | 1308
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L CFR = CFR-1_ I CFR = CFR#1
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the error signal has a binary one state and decreasing efHeRey-=
reference oscillator by the first predeternined anmount ||iAERLNCEMENT SSEEN4|
has a binary zero state, until the binary state of the err(13s DEC21997 E’E
0

<

of=the

changes; when the—bi—ﬁaﬁy—st—a{—e—e#——trhe error_signal chaligsse a.. tlr.st L1,
thereafter sanpli.n e of theQerror sign

I nterval s each hav iﬁ" mﬁm .‘eterm ned length of tinme and increasing
the frequency of t | I at or by a second predeterm ned anount
if the error signal has a binary one stat@laimé decreasing the frequency of

the reference oscillator by the second 35 predeterm ned anmount if the

error signal has a binary zero state sal d second predeterm ned anpunt
bei ng | ess t hanlsai dAfNE oq)?oé@é*’ém'ﬁ@ﬂ repyeney | ogi)fﬂ"g a rﬂﬁ%ﬂ“ien@s‘ﬂ latar y

state of the erénghalsbﬂaaéfecraewascunataewadauidmansbanmtham he stored

initial fre enc an arm nt related. to, t ere bet [ equency
of the refe IJOLPMP. r‘"ﬁ'ﬁ& rleggt%rt, (')9 Bbe r#'? Isggna??% %gyéﬁ%%é'&l ng
the adjusted i ntranad:elfleletheregisiem storing aniinitialr frequency, saiﬂdnethddod accor di ng

to claimi1, fur £ step of repeating the precedi ng steps
each time powerE| S apgﬁﬂ% %?gp% ﬁe radi o transceiver, The net hod

accordi ng to clai m 1settingithedraquengyiohthe referanse QﬁClllatOl‘ to the stored initial
frequency in the register;

10 dividing the reference oscillator signal to produce a divided
reference oscillator signal;

generating a synthesizer signal locked to the reference oscillator
signal;

mixing the synthesizer signal and the received radio signal to

15 produce an intermediate frequency signal;

comparing the frequency of the divided reference oscillator signal to
the frequency of the intermediate frequency signal and producing an error
signal having a binary one state if the frequency of the divided reference
oscillator signal is less than or equal to the frequency of the intermediate

20 frequency signal, and a binary zero state if the frequency of the divided
reference oscillator signal is greater than the frequency of the intermediate
frequency signal;

sampling the binary state of the error signal at successive time
intervals each having a first predetermined length of time and increasing

25 the frequency of the reference oscillator by a first predetermined amount if
the error signal has a binary one state and decreasing the frequency of the
reference oscillator by the first predetermined amount if the error signal has
a binary zero state, until the binary state of the error signal changes;

when the binary state of the error signal changes a first time,

30 thereafier sampling the binary state of the error signal at successive time
intervals each having a second predetermined length of time and
increasing the frequency of the reference oscillator by a second
predetermined amount if the error signal has a binary one state and
decreasing the frequency of the reference oscillator by the second

35 predetermined amount if the error signal has a binary zero state, said
second predetermined amount being less than said first predetermined
amount; and
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repeating the ;recedi ng steps each tinme the radio signal

A iyt
by the radio tfandgceiver. 4 The—wethod according to cl i%‘%r':J AEFE{ES%-I
including the gtep of 15 sa Iini binary state of th g 3 Gnat

successive tinmg inte “m ‘ ‘I“H mﬂia third predetermn
and increasing the f;\m - fered® oscill ator by the second
predeterm ned amount i¥ tthe error signal has a binary one state and
decreasing the frequency of the reference oscillator by the second
predet er m ned anountwhen the: binary state of the grrer signal eshanges ¢ seeonddime.e, t he
third predeterrg i L ' ?

! thﬁgaﬂﬂi %Eggéd iﬂlﬁ@rfﬁlﬁieﬁfziagg%ﬁbuhhﬁéla oﬁt@@%ﬁerence

predeterm ned |e of t . anmopunt I f t erroy. signal
has a second bibﬂ\%’ﬁegttggé,re%nﬁy dhe deferenca esciiiater anddhe storedrgitinbss t han
said first prededquenioyeshdswiing thardtjudted ihitial equencysinahe registére error

si gnal changes a further tinme, adjusting the stored initial frequency an
anount related to the difference between the frequency of the reference
oscill ator and 2.he sThe ewbthod according to claim 1, further including the step of

repeating the preceding steps each time power is applied to the radio
transceiver.

10 3. The method according to claim 1, further including the step of
repeating the preceding steps each time the radio signal is first received
by the radio transceivet.

4, The method according to claim 1, further including the step of

15 sampling the binary state of the error signal at successive time intervals
each having a third predetermined length of time and increasing the
frequency of the reference oscillator by the second predetermined amount
if the error signal has a binary one state and decreasing the frequency of
the reference oscillator by the second predetermined amount if the error

20 signal has a binary zero state, the third predetermined length of time
being greater than the second predetermined length of time.



