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Many wireless phones integrate digital Code Division Multiple Access

- {CDMA) capabilities with analog Advanced Mobile Phone System (AMPS)
20 capabilities. Incorporating both the digital CDMA and analog AMPS standards
in one wireless phone expands effective user coverage area. For example, a

-

user with a multi-mode phone incorporating both analog and digital systems
can effectively communicate in areas lacking digital coverage.
As wireless communications technology progresses, so do the numbers
25  of digital standards. Currently, the digital standards CDMA and Global System
for Mobile communications (GSM) are in widespread use. Digital systems are
often preferable to analog systems as they generally provide Iugher quahty,
hlgher capacity and improved security features. : S
o Unfortunately, existing phones typxcally mcorporate only one dxgltal .
30 standard and, as a result, their coverage area is limited. Wireless phones
incorporating multiple digital standards have been slow to de*;‘elop due to
various obstacles. For example, wireless digital communications systems often
require oscillator synchronization to lock on to a received signal. For a wireless
phone to efficiently handoff from one digital system to another, novel and
35 unique oscillator synchronization methods must be employed to avoid
significant delay and/or dropped calls during system handoff. In addition,
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20 The need in the art is addressed by the system for synchronizing a

second receive chain relative to a first receive chain in a digital multi-mode

communications system of the present invention. In the illustrative

embodiment, the inventive system is adapted for use with CDMA and GSM

digital communications system standards and includes a first circuit for

25  determining a first frequency associated with the first receive chain. A second

circuit adjusts a second frequency associated with the second receive chain

based on the first frequency and provides a desired second frequency to the
second receive chain in response theteto.

In a specific embodiment, the first circuit includes a first counter that

30 receives a signal associated with an output of a first oscillator and provides a

measurement of the first frequency in response thereto. The second circuit

includes a frequency synthesizer for providing the desired second frequency in

response to a frequency control or reference signal. The frequency synthesizer

may be implemented as a phase-locked loop, a direct digital synthesizer,

35 and/or a frequency-controllable oscillator. The second circuit also includes a

circuit for generating the control or reference signal based on a difference
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frequency to the second frequency. |
The novel design of the present invention is facilitated by use of the
second circuit that synchronizes the second frequency relative to the first
25 frequency. The first frequency is already actively tuned based on received
signals from a first digital communications system by pre-existing oscillator
tuning circuitry. By employing the tuned first frequency and a desired known
relationship between the first freqixency and second frequency, the second
circuit pre-tunes the second frequency. As a result, multi-mode
30 communications systems, and in particular, digital multi-mode
communications systems constructed in accordance with the teachings of the
present invention can efficiently handle handoff between digital systems
employing different reference oscillator frequencies.
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“diagram of a conventional w rel ess comrunications device. FIG 2is a
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transmt fregency8ynghrbnizquefidy veiyeledsavmmunizations deviceceftldG. 80 an i nput of

the receive chain 16, an input of the transmt chain 18, .and to an out put
of a tunable 30 oscillator 22. An output of the oscillator 22 is connected

to the frequency synthesizer 20 and a frequency tuner 24. An output of the
frequepcy tuner 24 is ' cillator 22. An

out pusyof t he recei veDﬁmNgmgfgzwm&t of the frequency
tuner 24 and tQqap Lnput of a communi.cations ei,rcuit/cgmuier 26. 35 An
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20 and access to the teachings provided herein will recognize additional

modifications, applications, and embodiments within the scope thereof and
additional fields in which the present invention would be of significant utility.
The following review of a conventional wireless digital phone is
intended to facilitate an understanding of the present invention.
25 FIG. 1 is a diagram of a conventional wireless digital phoné 10. The
wireless digital phone 10 includes an antenna 12 connected to a duplexer 14.
The duplexer 14 is connected to an input of a receive chain 16 and an output of
a transmit chain 18. A frequency synthesizer 20 is connected to an input of the
receive chain 16, an input of the transmit chain 18, and to an output of a tunable
30 oscillator 22. An output of the oscillator 22 is connected to the frequency
synthesizer 20 and a frequency tuner 24. An output of the frequency tuner 24 is
connected to an jnput of the oscillator 22.
An output of the receive chain 16 is connected to an input of the
frequency tuner 24 and to an input of a communications circuit/computer 26.
35 An output of the communications circuit/computer 26 is connected to the
transmit chain 18. The communications circuit/computer 26 is also connected



5 to a user-interface 28, a mcrophone 30, and a' speaker 32. The fr equency
tuner 24 and the conmunications circuit/conputer 26 are digital circuits
and inplenented on a baseband chip 34. In operation, radio signals
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on via the user interface 28, the initial frequency of the oscrllator 22
may be err{oE®BOESHNG to frequency drift caused by tenperature, aging, and
other factors. TysicAlpduebaye tsgatedn Jhot UshRFwn) Rescvidted! v&iﬂecwengﬁabf t he
oscillator 22 so that it is guffi ci ent lii/ cl qse to the ddes'a%%d%’(requency.
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voice signals input via the microphone 30 and encoded via the communication

circuit/computer 30, to radio frequency signals via a reference frequency
output from the frequency synthesizer 20 and one or more frequency up-
converters and mixers (not shown). - _
25 When the digital phone 10 is turned on via the user interface 28, the
initial frequency of the oscillator 22 may be erroneous due to frequency drift
- caused by temperature, aging, and other factors. The frequency tuner 24 tunes
the output frequency of the oscillator 22 so that it is sufficiently close to the
desired frequency. For example, for GSM systems, the oscillator 22 may be set
30  at 13.00 MHz nominally but might drift by 100 Hz. Tuning of the oscillator 22
via the frequency tuner 24 can significantly reduce frequency error and improve
the performance of the digital phone 10.
The digital phone 10 can accommodate only one wireless digital
communications system such as a CDMA system. As a result, the coverage area
35  of the wireless digital phone 10 is limited.



35 of the wireless digital phone 10 is limted. WO 01/29980 PCTIUS00/29121
6 FIG 2 is a diagramof a nmulti-node wirel ess conmuni cations device 40 of
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transmit circuit 48 is connected to an output of the first communications circuit

54. The first communications circuit 54 is also connected to a system
controller/computer 56 and a bus 58 that is connected to the user-interface 28,
the microphone 30, and the speaker 32. An output of the first frequéncy tuner
25 52 is connected to the first oscillator 60. An output of the first oscillator 60 is
connected to an input of the first frequency tuner 52 and to an input of a first
frequency synthesizer 62. A first output of the first frequency synthesizer 62 is
connected to an input of the first receive chain 44. A second output of the first
frequency synthesizer 62 is connected to an input of the first transmit chain 48.
30 An output of the second receive chain 46 is connected to an input of a
second frequency tuner 64 and to a second communication circuit 66. The
second communications circuit 66 is also connected to the bus 58 and to an
input of the second transmit chain 50. An output of the second frequency tuner
64 is connected to a second oscillator 68, an output of which is connected to an
35 input of a second frequency synthesizer 70 and to an input of the second



i nput of the second transnit chain 50. An output of the second frequency
tuner 64 is connected to a second oscillator 68, an output of which is
connected to an 35 input of a second frequency synthesizer 70 and to an
i nput of t®aaesmsad WO 01/29980 PCTI US00/ 29121 7 frequenBGT/USMEM254. A
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the art. %:2 etBriAP 863 Bl catiR! sﬁ%&f‘n dHBrHerQG M $HEDM Al BMmunications,

controll er/conputer 56 _deternmn ether the wrel ess communi cati ons

devi cel®0 systeaspence e deviee 40 logkean 4o 3 SeMsignahpr o COVIA signddmmdi cat i ons
system or @ﬁn@fﬁmo&m&ﬂsﬁﬁm%@&a&%@%ﬂas PRérohiYes ﬂ%éwpéptbgl B ity 44,

activates t rst comunjcations circdit 54  and _associ a

62, 48, 6ooscHlagorsB0 and 48 rndiprsyntiesizers i and 20 ithe device dQiestablishes @
associ at ededphitHichfivnd'Bnk fch 201 v&ife 1ikK of Bata/IBHOAER $8ethH@$ RiGwn Tthe

determination of the active communications systemmay be made via d obal
Posi ti oni n@*Syst em (GPS) position detection equipnment and circuitry as

di scl oged in anw&aﬁ&l Léo&waetmhu@oehltﬁats S Sesnt2dLlNg comPaterF6, 939,

(1o v b e ol el SR wEEilE
(Atty. DOCifefgﬁoxNOassBé{éQéd witle 4 efasli agranﬁimcwﬁmé] seemneer posedond herein
by reference. The termntlon eption of a
pi | ot si gnE™FHHHE ‘?% S&F the° r%{‘ k)‘?° s@EBWB‘ kﬁf t‘ﬁtt em 30
I n the presmithudfrativhs cireuibbdl ane associalted c:mﬁtrywemms eg; am:lSQﬁot thef i r st
20 second communications circuit 66 and associated c1rcmtry 46, 70, 50, 68, 64 in
response thereto. The determination of the active communications system may
be made via Global Positioning System (GPS) position detection equipment and
circuitry as disclosed in co-pending U.S. Patent Application Serial No.
09/187,939, filed November 6, 1998, by QUALCOMM Incorporated, entitled
25 MOBILE COMMUNICATION SYSTEM WITH POSITION DETECTION TO
FACILITATE HARD HANDOFF, (Atty. Docket No. PA701), the teachings of
which are incorporated herein by reference. The determination may also be
made via the reception of a piloiz signal indicative of the first or second
communications system.
30 In the present specific embodiment, the receive chain 44 or 46 to first
lock-on to a signal transmitted by a communications system determines the
active communications system. For example, if the first receive chain 44 locks- .
on first to a communications signal, then the wireless communications device 40
is operating in a region associated with a first communications system, for
35  which the first receiver chain 44 is adapted. If the second receiver chain 46



lock-on to a signal transmtted by a communi cati ons system determ nes the
active comruni cations system For exanple, if the first receive chain 44

|l ocks- . on first to a conmuni cations signal, then the w

communi cawiod3998®yvi ce 40 is operati in a regi oh.assoc%i‘@agﬁ\?fﬂ a first
communi cations system for 35 which the first receiver chain 44 is adapted.
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First recBleleenaiRiay (HRETFHIrRR P YREmY AitthRoTtdaiornes S a  COMA
comuni cadontidlesycdimpuiet 56 thst mnClbRwazs eo fidilitatnthet sveitdhing bf phoreuency
tuner 52 adjusts, the freguency of the first oscillator 60 I n accordance

with he TEEQCTRRCAEHR AMITRRT QRUNCAHORE SYSIBRT in the art. The first 15
frequency syntWash ke fifs? resebeadnaind4 inidaliysdcaivieh a signabtrensipittetd byne si gnal

Il nput to first receive chain 44 .and th L,hSi transmt .chadn, 48.
s | ar | yCONeneEREEEEROS Sl strl % RaCPMR hase, S50 BB e
transnmi t t Reqsncyriune 5 adjustSHhé frequemndycof therfirsisystilatorsélcin asomlafitd/ base
station, t econd. fr.e y tuner. 64 L ysts the.frequenc f..t he second
20 oscil I‘Q(Ii&g‘r &&rﬁﬁlvfgcg%c%lgﬁ i Hbe%gé‘g%it@(?mdg‘f 6ﬁta| )t%gaﬁ%t hods
movvn f15 n &eqmermy;synﬂftwizge&bsmbséqn?\ma?jﬁsgsrﬂlbést;nmcyﬁf thab%n_qlb?glty gd{ lﬁst S
e fre e | . e ecei ve chain and 't he
second ?%r‘l)g?'ﬁ%m ) LV%%&%@gﬁeﬁgﬁaﬁ%&nﬁuﬂﬂﬁat i ons device 40 is
travel i ng i n aSimdtrtyn witsh theasexond rregeiste whatro#4 initiellyDeéeivesda Gigviaty st ens,
the first

LR&FE%‘ ' e acti t [ iy the art
wil | apprterm ate Cﬁ%%s%?&?g%ﬁwc% %ﬁg?%%&c%egg%afﬁiggéf@%e* gyst em may
be enpl oystdtioni thriseadodafrequency tuner 64 adjusts the frequency of the second

20  oscillator 68 in accordance with the received GSM signal via methods known in

the art. The second frequency synthesizer 70 subsequently adjusts the

—
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frequency of the signal input to the second receive chain 46 and the second
transmit chain 50. '
If the digital communications device 40 is traveling in a region
25 characterized by both the CDMA and GSM systems, the first locked-on system
is the active system. Those skilled in the art will appreciate that a different
method for choosing the active system may be employed without deparﬁng
from the scope of the present invention. For example, software running on the
system controller/computer 56 may establish a priority between digital
30 communications systems in regions covered by both the CDMA and the GSM
.communications systems.
When the device 40 is handed off between CDMA and GSM systems, a .
delay may occur as the first receiver chain 44 or the second receive chain 46
locks-on to the digital communications system that the device 40 is being
35 handed off to. For example, if the currently active system, which includes a



fromthe scope of the present invention. For exanple, software running .on
the systemcontroller/conputer 56 nay establish a priority between digital
30 conmuni cations systens in regions covered by both the CDVA and the GSM
. comuni cat We#3298&t ens. Wien. the device 40 is handed of f HeVYW¥EbvA and
GSM systens, a . delay may occur as tfe first receiver chain 44 or the
second r ecerarescetvarn(ndf shovek)s tinat 10 ekteandl gotthle devirwndGaisi anSDAt em t hat

t he devi ce ' L hand of f, tq. .For .exanpl i f, t current|ly
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y . . .
(not shown)covbmigeiasezcatidemtats 4 GSMi eovkrage aredOthei CDMACEIghal BAo¥ELY that | Onz
systens, when.t devj,cew4 r.s t.he end .of the CDVA .coverage .argea an
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progucedyb)PrPﬂBC 0 #f%tﬁéﬁ%%ﬁﬁ%@?‘fgm%qﬁd?ﬁﬂfgﬁqe&u % equency
of the rechevediviel RH ggmdl. - As di scussed nore fully below, the present
to faci |1tate syoURrSHuFGRe FolY BROWGhs KRere BUERPBOtdes BRGRe.
di gi tal constillatoatsiynets: ongzaﬁmyaemrmdmeﬂwda-bl I facallitaié V\%in #oalggm to a
GSM system. | ntersyste ndoff is fypica .e oye( en
tel ecgrﬁ%ni‘ﬁﬁ’t‘"yd o 8&&%@‘50@5&&@%@@@% ?matﬁcf"tq\figern%’icbhbori ng
systemis lasitftom adlDMA systesw to/2 GSM sytérdl ess communi cations device than the
mist have cont | FUSSuR Bpe s znEaly sitert wheh BRA s P o) ace
bet ween t weystesisears adjacerg to bre another and theeighlioringsystemh wlﬁa"ttetr}able&yst ens
using two (i alr interfaces. An.acauisition qr handoff fr one type
of diggi t al %Egﬁ%g%%%%ﬁgﬂmg#%ﬁ?o&%ﬁﬁﬁ@%?m Sﬁ'i'vdﬁ'g gysterg I cations
systemlss aefghhiarig bystemnamd the Beniing siysteyn mast diave ussiguons esefvihgy bel owh
t hat tunes f cil | r 68 .to approxinately matc
that of t hea}%gb Ihichefstial ﬁ%%%%&?%%?“@% Bho ?’F"e‘ i aa%&so% PEES
acconpl i sh@étmyerfagﬁbngeMmWomewoisMgith digferenttaid intexfatesi r ed nunber of
cycles of the o Lanal C tﬁﬁecll . q;}! . ed in a
giyven nunber of %g{:%gb%?ﬁt%%B%E%%ﬁ?@@g% rokr#tﬁ%&#lirs ?&%%gl%or 25
'60. For ex&¥pes! tojanothertype efidigitah communisationssystem iseaxpeditad by timingan
0SCi | 1 80T circuitry, as discussed more fully below, that tunes the frequency of the second

oscillator 68 to approximately match that of the second digital communications

system frequency. This is accomplished by tuning the second oscillator 68 until
a desired number of cycles of the output signal from the second oscillator 68 is
counted in a given number of cycles of the output signal from the first oscillator
25  60. For example, if a CDMA system (external to the device 40) with an oscillator
frequency of 19.68 MHz is initially acquired by the device 40, but a GSM system
is not yet acquired, then the number of GSM oscillator cycles (cycles of the
second oscillator 68) occurring duz.'ing every 19.68 million CDMA oscillator
cycles (cycles of the first oscillator 60) is counted. If 13.00 million cycles
30  occurred, the GSM oscillator 68 is tuned, since the desired GSM frequency is
approximately 13.00 MHz. If more or less than 13.00 million cycles are
measured, the GSM oscillator 68 is tuned to increase or decrease the frequency
of the GSM oscillator 68 until 13.00 million cycles are measured. In this way,
the GSM oscillator 68 is tuned to the correct frequency before reception of the



.frequency of 19.68 MHz is initially acquired by the device 40, but a GSM
system is not yet acquired, then the nunber of GSM oscillator cycles
(cycles of the second oscillator 68) occurring during eé Ms&o%ﬁg mllion
CDVA osciWPAR1/24980 cycl es (cycl es of thg first oscillator g& P's counted. |f
13.00 mllion cycles 30 occurred, théYGSM oscillator 68 is tuned, since the
desi red GBM signpldsetteinptedipFhimxdlloatsefoy ragidacduisitiohfandoandoff frogs t han

13.00 mlLi WiCl e uy oscillator 68 is tuned* to

I ncrease %F@é@f@%’gge“t?ﬁ°e“’re§%ﬁ5&%§m %}hf}'ﬁ?éméé%r oscillator 68 until 13.00
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114. In the present spec I ST recerve 4, the
transmt oftiersys®m tondrollerécorhpeien 86.cand yonar inputenf the system fréquencysci | | at or
60, a%i. {'lﬂ&rflilLSt communi cations circuit 54 are adapted for CDVA
conmuni cat 1 ons

In the present specific embodiment, the first receive chain 44, the
transmit chain 48, the first frequency synthesizer 62, the first oscillator 60, and
the first communications circuit 54 are adapted for CDMA communications
signals. The second receive chain 46, the second transmit chain 50, the second

25 frequency synthesizer 70, the second oscillator 68, and the second
communications circuit 66 are adapted for GSM communications signals.

In operation, when the device 110 is turned on, and the first receive chain
44 initially receives a CDMA signal; the system frequency tuner 114 tunes the
first oscillator 60 in accordance with the frequency indicated via the received

30 CDMA signal. The system frequency tuner 114 may be adjusted and controlled
via the system controller/computer 56.

The output of the first oscillator 60 is provided to the frequency
synchronizer 112. The frequency synchronizer 112 uses output from the first
oscillator 60 to tune the second oscillator 68 to be at or near the predetermined

35 desired GSM frequency for which the second receive chain 46 and the second



signals. The second receive chain 46, the second transmt chain 50, the
second 25 frequency synthesizer 70, the second oscillator 68, and the
second conmunications circuit 66 are adapted for GSM conmuni cations
signal's. | /WQPHI% on, when the device 110 is turned on, ER&USHEN st
receive chain -44 initially receives aICDMVA si gnal , the system frequency
tuner 114 tramsmit lehainf 50 swilbbei éthployed60The fae ns;mohmﬂnzexhélz riequency
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based on the output frequency of the first oscillator 60 and the predetermined
relationship between the desired frequency of the second oscillator 68 and the
output frequency of the first oscillator 60. Hence, any oscillator frequency drift
or error associated with the second oscillator 68 is reduced or eliminated before

25  the device 110 is handed off to a GSM system. This greatly facilitates and
expedites intersystem handoff. -
In the preferred embodiment, the frequency synchronizer 112 counts a
predetermiﬂed number of cycles of the signal output from the first oscillator 60,
which corresponds to a given time interval, and counts the number of cycles of
30 the signal output from the second oscillator 68 occurring in the given time
interval. The given time interval is the time required for a counter, as discussed
more fully below, to count a specific number of cycles of the signal output from .
the first oscillator 60, where the specific number of cycles corresponds to a first
desired count or frequency. If the first oscillator 60 is locked onto a received
35 CDMA signal, the first desired count is proportional to the frequency of the



_relationship between the desired frequency of the second oscillator 68 and
the Toutput frequency of the first oscillator 60. Hence, any oscillator
frequency drift or error associated with the second oscil I&}&{?g S
reduced owoelize88pat ed before 25 the device 110 i s handed EGFUSP asm
system This greatly facilitates andlzexpedi tes intersystem handoff. In the

pr e](‘jer r eck.i@:lfddlcmﬁtpngmfronfiﬂre ﬁrrecpmé*m:qr 60 ndmmlrthe eonstdt @fcpmpﬁrtk;n_ality
boci 11 at ez s By B ierved iyt BeoBAESh e Dl Oornind o (e

nunber ofmepbéesf ofclddof tee sutputiof ahe first bsdillatoh@0s Earekanspie | if aher 68

occurring.in the gi.ven,ti.ne interval. .The,given ti interval, i.s the time
r equi redgg%?n %\n&%ﬁ?rgla} 156335(5&?9‘311@5%3{.‘3 %%ed$fﬂ3$§°%€§vﬁquf‘6al?§&ﬂttﬁs specific
nunbers of fregueney of the dignaliognpbt feath phé fifstostillatoe 60i r st oscillator 60, where
t he specific nber.. of cycles corresponds.to.a first . desired, count or
froquency. |f HfeQterenceREtyeps i NRBIRS Of GYslen of i SgNALREPUL IO covn

si gnal , tine setdrid ostdlldtor68 foa givendimie dpertdlandla d&iﬁeﬂmdmbaum?ﬂe@f the WO
01/ 29980 PCTI US00Q/ 29121 12 sjgnal. out gut fromthe first oscifl ator 60,
wher e t hePSCHRERS it i BISER Horg misrypl s Providedias Sntrolsignal 8 THEEE nt er val |
whi ch depﬁ?ﬂﬁl tonthelsecqid 0sdik4tor 88 dvhérenthergivén tiytd Riervhl ishastablished of the
first oscillator 60, For, ex |. i f_the iven tipge interval is .1 second,
then e TirrBE CHEERHEJotksgAn peilater 04 PERS YHIChHD the PErSeRh SRSt ho

signal oufheufirst bedilladee 60i r'Fie desided mirbeB0f cydles Sorréspiopids @o hedecord t he
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corresponds t oln an alternative embodiment, the different counts (desired count 1 and
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desired count 2) are divided to yield a ratio that is compared to a
predetermined desired ratio, i.e., 13/19.68 to yield a control signal or reference
signal that is provided to the first oscillator 60. The second oscillator 68
25 contains circuitry (not shown) to accommodate the control signals and reference
signals output from the frequency synchronizer 112 and the system frequency
- tuner 114. The first oscillator contains circuitry (not shown) to accommodate
the control signals or reference signéls output from the system frequency tuner
114. Such circuitry may be constructed by one skilled in the art with access to

30 the present teachings.

The frequency synchronizer 112 adjusts the reference frequency input to
the second oscillator 68 to account for frequency error associated with the
second oscillator 68 when the first oscillator 60 is locked onto a received signal
or when the second oscillator 68 is locked onto a received signal. Once the first

35 oscillator 60 and the second oscillator 68 are tuned relative to each other via the
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PCT/ US00/ 28ijasts both the freqennycysofiiierfinst pecillatoz 60t dnel thesfreqeuncypfathey t uner

114 . . ; el . e !
the seloncpefGig oktiiapdt ¥ sl AME HaGbd P uldittb VB BUYBubR f 8 2P/
syst em i s segendraceivegbaind@. and communi cating with the device 5 110, the

d i 11 at | 5 ' Ll -at 68
second oscl as‘i’irrggﬁﬁmdcﬁﬁ ; a‘?rb rsgig\ga{é”& Hﬁﬁgiereﬂfe%%@@d %@E%ﬁtgﬁ%& ator

is tuned in accordance W termne sired relationshi 13/ 19. 68)
bet ween t reachumplementatiganefyther presents inventigncare| epsly reafarmed: big 0sgt put

frequency orainérhyssigr&ahrﬁ {8 G m%c@é-t?ituggﬁfe@éﬁ@&émgae IR Yaidgled,r eqeuncy

tuner 114 adjus ) the fregeuncy o Irst oscid]ator 60 and the
f r eqeulcy thpse pieilled indhoart Wik appreciste Bmtithe sgperate FransmitangnregeivRdi cat ed

via the ouipis 4f 48 28, aERPSdhE ESRMMMIECAHRINS d@@ice@'.l@&%g’:m%fak@%ﬁ”s in
software or hardware required to_accomobdate each_inplenehtation of the
present | rivRgietERsEEChaiR p1g 2 singleracely eispaghihat gpplounaplestiters agdi h ¢ he
art W th asfesy ke thitehby assibe HERKIY AUS eadilyy adipitbd, Whch ks Byhsusavarel 'l ed in
the art wll aggg? late that the separate_jransmt a&d rec& v égal__ns

44, 48, 46,“’5‘??8{. PRETLREAteR/ fomRTLerR, it accpipmpdite the g{ff%’c by a

si ngl e2¢ r aOPMA. 386drh agnfkeded] NH Qd&&tcﬁi,viener@:iﬂ!latbfsaEO.&ﬂﬂaJ 6§ thayndel e

i l ters anr(élaplacecl by other types of frequency sources such as a combination of tunable -

phase-locked loops (PLLs) and/or direct digital synthesizers (DDSs), and a
master reference frequency source without departing from the scope of the

present invention.

25. In a preferred embodiment, the predetermined relationship between the
frequency of the first oscillator 60 and the frequency of the second oscillator 68
is proportional to the difference (measured count 2.as discussed more fuily.

| below) between a measured number of cycles of the output of second oscillator
68 occurring during a given time interval and a desired difference (desired

30  count2 as discussed more fully below). The given time interval is measured via
the output of the first oscillator 60. For example, if the first oscillator 60 is
tuned to a CDMA frequency of 19.68 MHz and if the given time period is
approximately 1 second, which is measured by counting approximately 19.68 x
10° cycles of the output of the first oscillator 60, then the number of cycles of the

35 output of the second oscillator 68 occurring during the measured 1 second



circuitry so that they may be quickly and easily adapted, such as by
software running on the systemcontroller/conputer 56, to accomodate the
GSM or the 20 CDVA system as needed. In addition, the oscillators 60 and 68
may be rwolaressoby other types of frequency sources sucRCREUS®RRbination
-of tunable phase-locked | oops (PLL3% and/or direct dlgltal synt hesi zers
.(DDSs) , ffi?ﬁzrv”'al ﬂ&@ﬁﬂt{ed“ﬁfe%ﬁﬂ%ﬁ&:oﬁ%&ﬂ)ﬁﬂ%d&ﬂi;&&ﬂuﬁbbﬁ diendesita fromthe
scope 0 e sent inventjo n preferr

pr edet er rioMBH 2 f@?é‘?‘? SHEMYP H@F\ﬁé&‘ﬁ‘dt H%C %é&éﬁ&?%fﬁﬁg ‘?ssf”hégtl | | at or
gof ?nd tf&r{e@ alwlec/aqtesire@ mm@ﬁ@ylm dfffe@&\cellietw’e@ﬂftﬁé desisdd t o t he
difference

asure as di.s nore ful bel o tvveen a
neasur ed Go4RH g?/{ﬂyégesbﬁsﬂ’ﬁ%‘”éﬁ ﬁywq%]@?“f GORBHET @8 ccurri ng
during a @k ubhf@a 6ﬂi%l=:r mﬂ aadc{né laéﬂél eHdab@relniRmt e she REmBEr count 2
as dlscussed re fu Eﬁoﬂ'\' The_ g ntine interval is asured via

the out pulf @rlesipd the r°éll‘-'P‘6*s eaieﬁ?n%ﬁsuﬁéﬁme@@zﬁﬁﬁp@ng Adurmg the@yelysci | | at or
60 is tuggad ﬁxeraapa\@eéoheq 4 ﬁﬁ;yutoio e S&odZoglithtbt 6818 :9' ety period

is approximtely second I's measured b count i n% to?XI mat el y
ReiGH

19. 68 X c.p@eméﬁsreé 6¢sq%ccamtp°mn\9ﬁsmé GouRg 2) oé%\@mxasfo 58% t he

nunber of .y Repiea %;,gc,ﬁ)g & Ol ob&818rs!r i ng
durin thce maell? 1§ ggiiontgdﬂ. 01/29%%%1%% /gl]?gomz %QEM inteival S

count (‘FFGE@NF@d ed i e g Jyilldenaty e topforpat thescqrirad siggd@!  count 2)

of the ouiiHtetFhe hB&d deﬂgfgﬁgaﬁbgr 68 is 13.00 x 106 cycles, which
corresponds to_a desired quency. The_difference betvxg ngt he desired
I

count (13.00 XOnessthefirsiesc aé%f@r%\ﬁ thesesgnd prciliafer 69 arednne Y% onmput er

56 to 5 ttbeeafcheeﬂaepm&wﬁ feh| eyn&ﬂramzapdmfmeas%t@ﬁl asntyodmepunt  of
t he nunber of cycles. of the Qu %ﬁtegé\sﬁt he _second osci |l at or GBﬁﬁccurrl ng

during t hEl4gandase & reretvec signal fr first reepive chaindaandd 5
oscCi | k@t Ogecb8d 3Bcavé K:Rmemw tERBah| ostilliers d00asd 68d APaRbsult, bofleasur ed

count 2) t t of the troI nal_is .applica specific
and depenﬁ%‘;]gaﬁ0 %@ﬂ%@aﬁe%m%’t‘ﬁ @Wéf’?%%}%‘s 8’%%“‘1%'1?86 in the
art w il &pmahagdé,ahéeb Wity £ e @eniShATIRIEfs Hewaaeéoxhﬂmimﬂas of a
gi ven application, Once he f rst, oscillator 60 g 5 Serfﬁ-}ﬁ?g‘?](%;m | I at or
88 are  UPETE WItRGHE degredsd, PAHoBMADFS, rhdraRRad, BARGOLS & 112,
the syst effiatti ﬁﬂsﬁmstdsﬁﬁﬁtorhbﬂbéiﬁggspe@f&&ﬁl ved signal fromeither the
first é‘ecel ve chain 44frand/ or the seﬁqad relcel ve ?Qal n 46tht %ftune bot h
osci | Pators e0PERes &3¢ frRguency sypchro Oys an erncient metho

tuning the oscxllator 60 or 68 that is not locked-on to a received signal to be close

to that of the associated communications system frequency. For example, if the

active system is a CDMA system and the first oscillator 60 is locked onto the

received CDMA signal, the second oscillator 68 is tuned via the frequency

25 synchronizer 112 to be at or near the desired frequency associated with the
second communications system, i.e., the GSM system.

Those skilled in the art will appreciate that the separate transmit a:nd
receive chains 44, 48, 46, and 50 of the communications device 110 may be
replaced by a single transmit chain and a single receive chain that employ

30 tunable filters and circuitry so that they may be quickly and easily adapted,
such as by software running on the system controller/computer 56, to
accommodate the GSM or the CDMA system as needed. In addition, the
oscillators 60 and 68 may be replaced by other types of frequency sources such
as a combination of tunable phase-locked loops (PLLs) and/or direct digital



oscillators 60 and 68 are easily tuned when the device 110 is in either a
GSM or CDMA node, thereby allowing for efficient handoffs betmeen
comuni cat i ons !¥stens wi t hout degraded performance or dF gﬁgdoffs
due to theWaHEMve systen s oscillaygr not being properly tune

Hence, the frequency, synchronizer 112 e oys an efficient nmethod for

t uni ng thesiﬁstbﬁi'fliz&’fsm( é’é%rar@@ 3 HBASteS rg&rm@ﬁ: KerguSRCY csoarre Jegithest si gnal

to be cl os atrﬁngmimﬁiesk e B85 &R @gea@umﬂl cations system frequency. For
exanpl e, g actlve system a CDMVA system and the first OSCI | I ator 60

is | ocked ont o Elﬁ;e Wéé@?ﬁ?&?@h@!@émpf aprefesied srpbosizent 3ot 8% i s t uned
via the frgg t%glCﬁY&ﬁEélomZSf Fﬂdgstwﬁﬁ Rlerbhcd ' RAFIGNS s!@&w &k

f requency associ second communi cations syste e., the GSM

syst em 5 Thogshsaaizeretly inalwdesqy firshicppntgp 90.ct pepondipunter|92, a @h 86 transnit
a”d recei y cgngé’ﬁ'té‘ﬁ 9é4an&8a stiBiradied 9@0 Qintlﬂgu'&%m@'mt iplAtedoy ¢ 110 may

repl aced by a single transmt chain and @ single receive chain that

errpl oy 30 canmgited tpian eutpubabithefitstpscillatertl, o andinpyt ofa caseparaiosi®y and
easily ad c? 26f e é’i‘@f 3 9@“”&1?"?19%%\{‘%@1% s%)f@ﬁc???nﬁ?c@f QQIIA er/

COITpUt er 5 acc rrrmdate t tem as need

addi ti on, mmecf@ddp angugpuat @fcthanes:oeé oseillates 68che) %@@ﬂuwt@f ﬂ'@rla‘lcllﬁés of

frequengy %@ ORHef SrreRfd ops
(PLLs)Tgnd%&?E%?lr%g?t |%€1’?§%0 0 88%83'}1%& 80%0299?21 15 syﬁlf[éhieﬂs)l zers

(DDSs), aneutpuiabthefisteamntend), to egrrondynputpibelatch8btandfeparawtayt f rom t he

scope of t B cdrﬂfb?l@i,’c‘b&#nﬁéﬁ6 WHidh PrdiRass 4§ |r%ﬂre§éﬁt§ﬁ@£fbpf a
preferred enbodi nent 112" of tHe requenc nchro I zer~ 112 of FIG 3.

W th ref erthedirst desedsount.aAdfirat inpysof thedg 35 corRecierbto W"B&EQ a first
count er 90 eees P 8&11&@992 %d% oﬁglu@-bf Hlegﬁtd@@ﬁ%ﬁfl@&@d t&8 ne

subtractor 94. An input of th t caqunter I,S _ connected ?o an out put

of thel§irtermdnali of gﬁ) Pu]BUaCtPB 9én Anpegitiye "S“E‘H'fﬁ; fafhgr subgractor 2t i3 an

out put of é&&e@&ﬂpﬁré{ &t $ofﬁﬁb bysRidh c@ﬁtrbh@rﬁ:@ erC58) R¥HiEh Bovides
connected to an %gut of the second, osc 54 ,
| at ch 96, J?SE‘P“fWethESHbH?%FPB '98. The conparator 98 is

connected to arIn mﬁn,meﬁfsecduﬂtewmmme&ﬁmb&c& clesocturtiing tn of the

L5 e P BBy 90 L SR S BB

of the2¢ at @ésifd ¢cﬁxmmsﬁndicefédtby ammhp&gnabfoutpﬂeﬁsncﬂmobmmm 982, and an’

out put o 'Hl'e | ?ct.h ressetg&nne lge%qntﬂg B:129i4e¥ 50 and the second counter
92 and latches the value that is stored in the second counter 92 by enabling the

latch 96 before the second counter 92 is reset.
Those skilled in the art will appreciate that when employmg
25 asynchronous logic, a delay element {not shown) is included at the input of the -
second counter 92 so that the match signal output from the comparator 98 does
not cause a latching of a 0 from the output of the second counter 92 as a result of
the second counter 92 being reset before its output is latched by the latch 96.
The delay element is not required when employing synchronous logic as
30 preferrably employed by the present invention to implement the frequency
synchronizer 112’.
If the frequencies of the first oscillator 60 and the second frequency
synthesizer 70 are properly synchronized, the output of the latch 96 will match
the second desired count and the output of the subtractor 94 will be zero.

to a first input. of the



|s termnal of the subtractor 94. A positive termnal of the subtractor 94
Is connected to an output of the systemcontroller/conputer 56, which
provi des the second desired count as input to the subtractor 94. In

oper ati on, Wa/28988st counter 90 counts the nunber of cycl EETEEMRMT g in
the output of the first oscillator 601fintil the nunber of cycles matches
the first oe{érdm;&mbmpuﬂbf&& subdtaefired will be ARicsRivel GiNmdgative Rdluef r om t he

conpar at or rm%ch Si naI esets the values in the f| rst counter 90
and. the s‘@%&ﬁ&eﬁ?ﬁ?ﬂ -atches the value that is stored in the

second count er mmmawmms;:ﬂmmeme l@ekérl-entﬂ@\?hﬁa@wd{ﬁ ghial) er 92 is
reset. Thoe i1l ed t W t hat en

asynchrono “g?eé°nﬁ°a%¢‘ rgﬁ CW ‘F‘F@%ﬂ’} tpgﬁ?ﬁégrtlﬂﬁ%@%%hg‘% nput of
t he sa:orﬂhscaase,tﬁe o@vi‘pxs«)oﬁthatsubbectﬁﬁmbnﬂlb@rai er®oi Hith alf Rpottishat @srpar at or
98 does t .cause Iatég;%lﬁg) a 0, fromthe tput he secgnd counter

92 as a re freqgen CX?E °% ihptdhe seropd;osgl QFGFWP]teslf(Sh?put i's
| at ched byertdiesigril dméativeiendRé g eéﬁb?fae&odxa&ea%ﬂﬁ ﬁihuéeESHd we@matgF P! oyi ng

vl anent ”@w’s"tﬁpiaéﬁﬂeg PoFieEhr Srsdesd Ty amouiyimopPERR P 6% SO o {115t

osci | | at ors1 £alaThis fre ﬁm%dﬁém%WfoMtW&é%agﬂ RESnd bSRRAtLY
mat ch _.t he second desired

count S % SR 1A ReceUekaf rbrol SRl FPIGREORGNG o DR 09950
PCT/ u500/ mzshbtaaﬁta %r WheeturiabRe fedhized o fthé tecond dsaitlatir 68'midyl be PE 2
7 he 1 1SRRI A0 te S BT Y Ee oA BREY SLEGRRe artSish 1 ho.
second oschdvimgaﬁceﬁétd&e éhéhffea&ﬁﬁ srel ative to the first oscillator 60.
oropor ti onal 1 TG ERSY Bé?fc"f tac%qrs tepfEseBin 71 £1oF Siel EBEMUREI 1 at o
68. Fols exihmsémnd cﬁsdlMor &8 ﬂ’oQ!d ﬁstgl‘wfre tthé’ Secohldejclllatorigsaasancy
e e iy b G e
performed thy set:rmd osciliater ﬁécsor&laﬂ&m drient < dloov.&ﬁult Iﬁrd:ﬁ&ﬁ@@ﬁ&ric&oi be receipt
o 20" Sy 3A008) RLGSIPRRATA, L5, Sl e kSRS e O T
sof t war e cﬁrshenrdwdtsgxiaydmnesseddbM| ly skil I ed in the art and ;
20 FIG. 5 is a more detailed diagram of the alternative embodiment 112" of
the frequency synchronizer 112 of FIG. 3. With reference to FIGS. 3, 4, and 5,
the frequency synchronizer 112" is similar to the frequency synchronizer 112’ of
FIG. 4 with the exception that the outputs of the first counter 90 and the second
counter 92 are connected to inputs of a divider 120, an output of which is
25 connected to a first input of the latch 96; a second input of the latch 96 is
connected to an output of the system controller/computer 56, which is also
connected to reset inputs of the fist counter 90 and the second counter 92; and a
first input of the comparator 98 is connected to an output of the latch 96, and a
second input of the comparator 98 is connected to a desired ratio as provided
30  from the system controller/computer 56 of FIG. 3. An output of the comparator
98 provides the first control signal to the frequency tuner 114, which runs
additional hardware or software algorithms to incorporate the first control .
signal into appropriate oscillator control signals.
The control signal received by the comparator 98 from the system
35 controller/computer 56 is representative of a desired ratio (13.00/ 19.68)




havi ng access to the present teachings. The output of the subtractor 94
represents an error signal enployed by 15 the second oscillator 68 to

adj ust the frequency of the second oscillator 68 based on the error
signal . TWemeesad oscillator 68 adjusts the frequency REHURIRYEH the
second oscillator 68 so that the err& signal output fromthe subtractor 94

gﬁes ]Ep Zsdfrareerl ke outits Of ghe firstidausiterd 900 Bhd Nhe Sedridédite®92.cTheesponds to
t he 1 rs

contrql .signal discussed above. 20 FIG, .5 i re detailed
i agr am HeSHRE 12100 i SRRPAEL 63 BORRRRRECA Fo4o 37 oulEe: FmR Sue R ST nr o ser
112 of Fltfe Bviddirt120r &f piekih ke Hostrédabroldsighal ad id inpithe Hee y
synchroni zer 112" ISH@I ar to the %ﬁg{lﬁ nci\é@%/nchram zeéwl 2" of FIG 4
with the oY Siperidd- The compatAter & mepferiasa R8F Bhe second
count &  Yhbdfaetcratdther Ei@cdiﬂﬂ@p&mdlihgaorﬂi:hé gighall Zimatfing Webdd oPh Which is
25 connected to @ first input of the latch 96, a second TInput of the latch

96 is cARRSLERP®HORN out put of the system controller/conputer 56, which

is also connexitRGickddsteIRe prédRHt fealhingh Cthiose brdiufilyeskiled amehd & second
counter 92; anﬂ ?’ ,flrsdt,lg!out of the Conparator 987 s gé) nected to an
& e

out put ofcapfasily puHdag ment OF GreeT regMisitsrcomponests, Rregmt| g

connect ednéntiort fichidid g'sdftwird SuRhidg 6t the3by st BohB@liey AbfPuter 56, _
controll er/conputer 56 of FI An _out put’, of the conpar aw[ﬁ §908 provi des
'’ s r 4

G__3.
the f10 stthe frequencysgichronigers §2 andddactrransmitsad reqeive ghatps addi ti onal

har dvar e £id 58) tbwress R G 92, Ditehds 96) crRpAALGEs 981 the cbinne@iédtins Si gnal
into approprlaggégégl |l ator control sighals. The control signal received by

the conpdP&rys Bm the system 35 control |l er/conputer 56 is

rl $pL esentati xm&,&e@eaée?eﬁ\ﬁ@ﬁ?b@hésl&e@m&nﬁﬁg h&i@:@&id htﬁ&@f’&eﬂ%@d {éhJSOO/ZS%Zl
etween t.he outputs of .the fiyst counter and,the second eaqunter 92.

The - des FREHCHIAT FEDPAESH SOF LRIt uiar P HIRe CHosE ReviRg BORRY SRllom ¢ he

| at chy596 ihihthe bheasid Vz%cdésfs f2@hé (prﬁéait(itlehblﬁ:rrtfgis rwill gecdgrake gxid@mdmaghat i's

input to the,system frequency,tuner, . e_gonpar at.or may be

i mpl enmentBadifications, gpphcatigns ﬁx‘%e?gﬂ %QA*BWQPM‘-‘HBFE‘W%‘& t dependi ng on

t he signal foiltistthérefpradmesdad by thepppendad eldaimato cover\dhytandatlseht o the '

present teachings [ i i At easi .y build
a1 mpl g gt rSBERES S babadhenE witiin 8 Hors of B2 F8R o1

i ncl udi ngneedtiomar e runni ng on the systemcontrol |l er/conputer 56, 10 the
fre_qufoncy syn%&g%glg,s 82 and 112, transmt and receive chains 44, 48, 50, .

WHAT IS CLAIMED IS:



and 56, counters 90 and 92, |atches 96, conparators 98, and the

“comuni cations circuits 54 and 66. Thus, the present invention has been
described herein with reference to a particular enbodinment for a :
parti cul awoqueeeseat i on. Those having ordinary skill 15 iBETYHE0Z331 5n(
access to the present teachings wll ¥ecognize additional---npdifications,
applications and enbodi nents within the scope ther Lt 1S therefore
intended by the appended clains to_cover _any and aﬁi"!ﬂgﬂb ﬂ'l,ﬂmLons,
nodi fications and enbodi nents wt rﬁ:ﬁ&m%cope of t j tion.
20 Accordingly, WHAT IS CLAIMED I'S: WD 01/29980 PCT/ US00/ 29121 18 CLAI M5
1. A systemfor synchronizing a second receive chain relative to a first 2

recei ve chain 1.nAasystenh ifonsymchronizing g aécomd megeivervhebmalativentp a firstst means

for deternnj < fall 5 nQ¥9 P .t ' irst 4 receive
chain gndgéscgié)c%%&%rrr‘elgrla:&lf%; adj] usti néﬁgg{%%é%é%r%g&%%associ ated with
said 6 secondfirsten¢ans fohaleterrinig @ firstafrequéncyt askocgtedmwithasaitd firstvi di ng a
desire e e ncy in response thereto. 2. The systemof Caim!]
'where?n ieﬁ%gg%h:as é}{rﬁans includes a first 2 counter for receiving a

si gnal associ asesdndi mhamnfauagjusting aasddondt frequerdyasssociatedl witlosaidi ng a

measur enent _of Ld fir fre NCYqicn r Q r . 123, _The.swust em of
Claim V\ﬁ%‘:roé‘finéeggll%g éshé%](i) rtl’ag?r(gﬁlss#%&rﬁtd%%&%&%% %‘F‘gcﬁé‘g’é’;}n% ?n@%é%? zer for
provi di ng semind fospienegiremesponkefthexpiency i n response” to a frequency
control -signal. 4. The systemof C aim 3 wherein said second neans includes
nmeans for 2 generating said. signal based on a difference between said
second frequengy Hmelsysteindof iGlagim fIr edneeeioysaid Hfindt neasis incholes e first
correspongj fls . e i in a
ot anal ot Soiftet ferhebdip il £0MRel SeoliB IR Gusler YL P OB 0 0 C
f r equency providingromeasuretrend of sajd fidstdragquency int tesporserthetete. of cycl es
occurring in a signal of said second frequency during said tinme interval.
5. The systemof Claim4 wherein said tinme interval represents the tine

3. The system of Claim 1 wherein said second means includes a

2 frequency synthesizer for providing said desired second frequency in response
to a frequency control signal.

4. The system of Claim 3 wherein said second means includes means for

2  generating said signal based on a difference between said second frequency and

said first frequency, said first frequency corresponding to a first count of the

4 number of cycles occurring in a signal of said first frequency during a time

interval, and said second frequency corresponding to a second count of the

6 number of cycles occurring in a signal of said second frequency during said
time interval. :

5. The system of Claim 4 wherein said time interval represents the time
2 required for said first counter to count to a desired first count, said second
count representing the number of cycles of said signal of said second frequency

4  occurring during said time interval as counted by a second counter.

6. The system of Claim 5 wherein said second means includes a
2 subtractor for subtracting said second count from a desired second count and
providing an error signal in response thereto.



2 required for said first counter to count to a desired first count, said
second count representing the nunber of cycles of said signal of said
second frequency 4 occurring during said tinme interval as counted by a
second coum@o129880 The system of Claim5 wherein said sec8FEUSRMALL ncl udes
a 2 subtractor for subtracting said s8cond count froma desired second

count and provr.di Tie 3fsteid @f Clagiaé Wwhereds Raih eetditd ehéans\\Ahides9280
PCT/ US00/ 29121 19

7. The sysiemqf, Claim.6 wherein_.said second neans
el uded aaRenT R PRI P GURE] HErL o FERBFS, GRS cai d
frequency sysdiflgistzsseillatur, Sid BoritedlSigras badddadrsaid efod sigpal.r ol si gnal based
on said error signal. 8 The systemof Caim4 wherein said difference
represents a difference 2 between a ratio of said first frequency to said

.second frequengyThe dystemuf lgine s Wikeeindasd BFtkrémde iepedsefiidi dldiffefeiice _
frequency {)o sai d second , fr: The syst.em of ".ClLai m 4 wherein said

equency. 9.
di f f er efcePBIFFeEs @nfatio, of aiaig%gft frequengy ftor §3ids secondn Eequeneh2Rdsa cond

frequency predetdthaed esiednRndes siidirkifrbduedicy t8did sbidrid fréqaepncy to said
second frequency. 10. The systemof Claim3 erein said second neans
I ncludes neans 2 for generating said frequency control signal based on a

]g:ormarison of @.r%g%gsﬁ&iwmiﬁﬁi@'{ﬁéréi%tstﬁdmﬁge g}&eﬁ@a&sﬁem g
requency ang .a predeferm ne rati o between sai T .requency an
sai d dod| r S SERtiRAYEnY, (R 7 secpnd IreqieRey i Pessietermiped Aesitectiatio
accommodat g;ﬁgfﬁgr@eqmangaidgecoﬁaqfé@lmeﬁmni cations system st andards
conprising.. first neans for receiving a first signal formatted in

accordance with a first 4 digital comunications standard, said first
means synchr oni g&dThe sstéin’ 6ft Clairhewheesin sSidsseond m&aiSntiides gnanyi Nng a

second gsigpal formatted,in accordance w t a second digittal ¢o ni cati ons
St andar 3 5% BPreT i S ARICEDRE R, S pased SBCH PR AES TRl d ¢ hi 1 q
means for Bdw@jmmmma?ahdsgi?mna?wqw@ymﬂs emefgmﬁﬁedrﬁquency
in response t neasur.enent of sai i.r,st frequengy.to facilitate the
receptign HmH %H'eg'é%‘ﬁ '%?fﬂ*e“@aﬁﬁfﬁds‘}ﬁﬁﬁ@g?@ﬁs&e‘ﬁ?%he 'syst em of

- Gaim1l wherein said first means includes a first 2 transceiver section.
13. The systempf o 2Mebd SAGHG Pt HRIECIL HEAB atilS i€ Shah one

2. digital communications system standards comprising:

first means for receiving a first signal formatted in accordance with a first
4 digital communications standard, said first means synchronized to a first
frequency; '
6 second means for receiving a second signal formatted in accordance with
a second digital communications standard, said second means synch.fonized to
8 second frequency; and
third means for adjusting said second frequency to a desired second
10 frequency in response to a measurement of said first frequency to facilitate the
reception of said second signal by said second means.

12. The system of Claim 11 wherein said first means includes a first
2 transceiver section.

13. The system of Claim 11 wherein said second means includes a
2 second transceiver section.
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2 second transceiver section. 111121112112121 (000 el it 1111 ,e CL MWD
" 01/ 29980 PCT/ US00/ 29121 20 14. The systemof Claim 11 wherein said third
means includes a 2 frequency synchronization circuit haw'@ﬁﬂﬁ ;{#St
counter. wWOONEMBUring said first fregquency and a second®@ B or
measuring said second frequency. 15. 28he system of C aim 14 wherein said
third means ingl udde sytan 6f0Claith ddj whierelg sadd cthivelc avehnkrimghietesya i n
‘response o a |lock-qn to ﬁai dfﬁ'-l’-‘ﬁ}% Si_gnal b¥ tsa'-.d first. meanse 16. The
syst erd of FRIUEGY FYOCHOREZAHOR Sircrt B VREALAS CTRUFL IR SASHHOEFBIT B3 el oyi ng
an out put frequeayy dnfliarsetorabenirgér for theasuritiy paitl setorsbirdqueregnd counter to
provide an error signal indicative of a difference between said second 4
frequency and said desired second frequency. 17. The systemof C aim 16

wher ei n sai d t15. rthesyeeen dClalariiwlkérettesaid Zhin® atant aicladengeas foai d second
frequency to said ,gesi red. second frequency ig response, Lo, said grror

o gnal? asiusies SCERTS HRRUTH i TRPRTER 1o adPtkRB AR SRX GRS HERBY P

i ncl udes gx@d mR&tifed®r conputing a ratio of said first frequency and said
second frequency. 19. The system of C aim 18 wherein said neans for

enpl oyi ng i ncludes 2 neans for conparing said ratio to a predeterm ned

ratio of said HESTHesstes6fClaih AWRER 94 tHidd thdans Hiclhdenmentyfoand
thereto.. 20, A | ti-node

roviding sajd._error "signal jn.response
Wi rel cbs PROITIESAR ORGP saKd fisst coRTap PO ORI AT i SREORA SRUREE i ng a
first typg plovidenal ekdr sS4l BaiGRive bh addifferéicelb@victh SfidTBEabAAL | ONS
standard to"and frgma, first 4 djgital communications system second neans
for retei Fﬂﬂmgﬁénaﬁﬁﬁkﬁ#??#ﬁﬁ“ﬁ“t&@ﬂﬁﬁmyype of signal in 6 accordance
with a second. digital comunications standard to and froma second
di gi tal conmmunj | ons syst .S third neans, for, synchronj zing,said first
Teans. o an exter Fhf STREMeiIpim Lo ehereth sai G EERy Fthe: GG al
ConMMuNZ Cajrie@fis ferydiangirg vdid sécdhdi fedyuedicn td baididesired sedbndfreduenicyy thl | |11

*
AR %épons%t%s%d error signal.

18. The system of Claim 17 wherein said means for employing includes
2 means for computing a ratio of said first frequency and said second frequency.

19. The system of Claim 18 wherein said means for employing includes
2 means for comparing said ratio to a predetermined ratio of said desired second
frequency and said first frequency and providing said error signal in response

4 thereto. :

20. A multi-mode wireless phone comprising:
2 first means for receiving and transmitting a first type of signal' in
accordance with a first digital communications standard to and from a first
4 digital communications system;
second means for receiving and transmitting a second type of signal in
6 accordance with a second  digital communications standard to and from a
second digital communications system;
8 third means for synchronizing said first means o an external transceiver
associated with said first digital communications system and establishing a first

G



WO 01/29980 PCT/ U300/ 29121 21 10 conmunication |ink between said wreless
phone and first digital conmmunications system and 12 fourth means for
synchroni zi ng said second neans relative to said first "Eé’?lilsli

expect ed f VQUEABY associated with salzg second digital communi cat i ons
system 21. A wireless communications “device accommpdating nore than one 2
di gi t allo conommiemicatios by@q émtwbandaalds wirelrsss phgneaahdr dirst etigitabr f or
recei ving ted in accordance with a 4 first digital
comuni cat F%’J%‘n{‘ﬁ% a%gﬂ?%} saf i rst means synchronized to a first
frequenzy; 6 a b@tﬂnmeam:ﬁmsgndﬁmzmgem segond seeamsdrelatiyedb shisk fizst t ed i n
accordance h e g t | gond
nmeans %e\gﬂ%oﬁofizazld%? gg%tggorlfllt %}J %583%%”?1 rggﬁkgngcoﬁ%nglﬁ circuit
for adjwstcmgn'ﬂauchtmassynﬂemr equency to a 10 desired second frequency in
response to a neasurenent of said first frequency to facilitate the
reception of said second signal by said second neans. .22. A nethod for
synchr oni zi ng aZBerwuteIesseonmmﬁeéﬁorrsedaﬁée/mccbmodaﬁng mdtethareone chain
in a rru comuni atl +S i.ng fhe steps of determining a
first f &&%@C%%%‘E\‘%% ?ﬁéﬁ”@#‘?ﬁﬂmﬁg’g&,e chain and 4 adjusting a
second frequencg(fmta'emmmrefdrmivm ad::stes:gmalfonnﬂ:’tecbircﬂmbrdarhamthmn sai d

first fy eqﬁrsqccﬁgt;l donlrhlthlcatibhd Lt%nhﬁd said fidst rdank IsH\d:%ohiz%d to a first'

frequency;
6 a second receiver for receiving a second signal formatted in accordance

with a second digital communications standard, said second means

8 synchromzed to second frequency; and
a frequency control circuit for adjusting said second frequency to a
10 desired second frequency in response to a measurement of said first frequency
to facilitate the reception of said second signal by said second means.

‘22, A method for synchronizing a second receive chain relative to a first
2 receive chain in a multi-mode communication system comprising the steps of:
determining a first frequency associated with said first receive chain and
4 adjusting a second frequency associated with said second receive chain
based on said first frequency.
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