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\ F| el d‘ of Invention: This i nvent ion relates to conmuni cat kgj}@ m@&ﬁns
Speci fi cal WP 01RME0 present invention relates to multi-no S cat i ons

systens enploying to nethods for syr}chronl zing and controlling oscillators
to facilitate MUITFMODRE COMMUNICATAONSSSETEM WEEH wirel ess

phones  accommodagFFOIENT OSCIBLATORSYNCHRONIZATIORA d as vel | as an

anal og communi cations standard. Wreless phones that accommodate nore than
one wireless communi cations standards are nmulti- nobde phones. Many wi rel ess
phones integrate di giBACKGIROWND O THEINVENIIEN (CDVA) capabilities
wi t h anal og Advanced Mobil e Phone System (AMPS) 20 capabilities.

| ncorpérating both the digital CDVA and anal og AMPS standards in one

W rel ess phonerpipaftdsetidiect i ve user coverage area. For exanple, a user
wth a nulti- E] ‘phone 1 nc I ncorporating both analog and digital systems can

effectively conmuni cate in areas |ackin | tal .cover rel ess
conmuni cat i ons I pScHYSREEY rﬁflaé&‘? é%§8§‘m§’8icﬁé &Y $HeMSer @geck%cA@V% %ital

st andar ds prédaht ifdntiontieRutél & indillti-cldertnciidiicns dysleatsaémpBloyirgm f or
Mobi | e co@rrunl cations (GS are, in espr taI Mstem; are
of t en 18r efeethedsior yRHY Nt"*.gfé'tde‘r?é‘ %&F@ﬁ%g?réf‘%ﬁ@tg 8%ni gher
quality, higher capaci ty and inproved security features. Unf ortunately,
exi sting phones typlcall c rpprate only one digital, 30 standard and

as a result, W@&M—é@% *limted. Wreless phones i ncor porating

mul tiple digi taI st andards have been slow to devel op due to various
obstacl es. For MWWLﬁales&l l@émsa«dbginh@datecbuﬂlm (dagntairnnmzymnmom ten

require oscil]a or chrom atlon to. I Eﬂ?@ For a
Wi rel eBs sﬁﬁtﬂﬁé &h‘ggﬁ‘Fgl taﬁqés\éﬁaq}%m 0 anot her,

novel and aeomidtite mbltham @meayheMSSMMumcahmtsmaBdardstarb@ldnpl oyed to
avoid significant delay and/or dropped calls during system handoff. In
addi tion, IPf"liepoq“fsrlIHIIHIIHIIIIIIIIIIII~II~~II~IH~III~HHIIHI

IT1111 H Il 11 Many wireless phones integrate digital Code Division Multiple Access
(CDMA) capabilities with analog Advanced Mobile Phone System (AMPS)
20  capabilities. Incorporating both the digital COMA 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 higher quality,
higher capacity and improved security features.
Unfortunately, existing phones typically incorporate only one digital,
30 standard and, as a result, their coverage area is limited. Wireless phones
incorporating multiple digital standards have been slow to develop due to
various obstacles. For example, wireless digital communications systems often
require oscillator synchronization to lock on to a received signal. Fora 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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*166166* *ACTION* 1 7 MAR 2003 WO 0189980 PCT/US00129121 2 oscillators
enpl oyed in wreless conmuni cation systens may drift over tine. [>1] AR D03
. conmini cations systenms enpl oying multi ple oscillators nust account for
addi ti onalygppspegncy drift associated with the additi onalPCB8ISPI/I9%1ors to
effectively receive signals 5 As inte2national commerce and tourism

expands, LoauderRAfoldYed i WireRES RS cakd tsﬁé&@ﬁsy@mgﬁ fRfee than one

di gi tal I ncreases. For exanple,’ currently p e traveling
bet ween t Régitili comimBnizations aysierfs m@qmumw%ﬁ%ﬂﬁat@rﬁd@wuwﬁ@p&ﬂé nt

digital wrel phone for
each stan&%ﬁ' 88&?% s%@gﬁ%ﬁé a%é%%&?‘?\?‘g“gﬁé n@?‘ﬁ:{?gﬁt. ﬂgr?#cgo a need
exi sts i neffbetively rdceivesignals node conmuni cati ons devi ce t hat can
efficiently ac dat e _than one T further
need for a sys?‘ém aﬁé’f‘ﬁgﬁome?ﬁcﬁrﬂd ‘gﬁl% g’gpaa se% Cﬁ)fm zati on
Ejoffnabl evgﬁélbﬁ mné”saﬂhﬂd Otﬁnhetmmdamm'memanonech alemmardl alyo ng ﬁS
ifferent digita t andar ds HE .| NT1T ON 20 In the
art is addResess @;’rteﬁ%m?ﬁ;tcé‘fﬁ Wpﬁﬁﬁhﬁ'%ﬁl N\{’gg“é’eegél&%yauggc%gl g"é chain
rel ative taadagdiope) wlﬁaebpemhamaer differenygdigital nike¢lessnomemunisations cat i ons
system of the preésent invention. he iJlustyativ t he
i nventive séay"bqaéﬁf"l g‘“&&éﬁfr@daf%?a{?é"e il éﬁfﬁ“@iﬁd di gcg[ %EQhen
com‘runlloca g,ssﬁysmgmemc&aﬁards and includes a first circuit for 25
determmnga rst fre enc ocC th the fi ain
second circui H%Fu%f@e € &Faé'gh’én%\éﬁ (S;él %‘é‘i‘%&‘{aﬁsg% ﬁgwggcond

recei ve chhhfcarbeffieibroly ddeenimoddte torgthan pnardigitalostaniderda These ied second
frequency to.the ond recel r pecific
enmbodi rrentf“#‘ﬁén?‘?‘f g&qc{ﬂ%%goréaﬂ.\fa crl%g%% tebrq. ?%1\ %%rgcel ves a

si gnal aSSt@Céﬁﬁkﬂd e&ﬁtitnarhamﬂoﬁﬁben&em tomstunisafidhs systeavsdemptoyitngs a
neasurene §H§§ﬂ fngguency in response thereto. The second circuit

i ncl ud F 5%7?9 zer for providing the desired second frequency
in response to a frequency control or reference signal. The frequency
synthesi zer may be inplenented as a phase-locked |oop, a direct digital

synt hesi zer, 35 and/or a frequency-controllable oscillator. The second
circuit also includes aSUMMARY OF THE INVENTION

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 thereto.

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



circuit for generating the control or reference signal based on

difference 1 7 MAR 2003 PCT/ US00/ 29121 WD 01/29980 3 between tHe7 MAt Hid
frequéncy and the first frequency. A second counter receives si gnal

char act er i wed1k998t he second frequency and provides the é’g’(yﬁ@%f"rzequency in
response thereto. In the preferred enﬁodinent the second circuit includes

a Circuit de@lveerd tHERBEHI RaqhbeyCaiH the £kt fﬁﬁaéﬁmeﬁlsmﬁ fageet on a
di fference between the second e u sy an fthe first qvug where t he
first freqeesiess aofigralpgigacterized, b Yr CCBNA L ITRAVGRE gV é&fcl es

occurring ge J@&é?j@{ & rds gn;erthg&tofrequency during a specific tine
I nterval, C%e second frequency correspon agéo a secozd count of

the nunber of ey che prefeergr remodiment shgparons cirguif BHAPFMERfency

during ¢ hege&ré?afdrfdg thel édﬂ%rdl W Geletdrice Hignai RRGed iof 4 Hirferehdd dtwadn tepr esent s
the tine reequired for the first counter to c&ug}gé&adesrred first count.
The desi r etcerd Faguensyandithe fipst fiegrensy, yhers hedustirequency FYFREIPORTS ¢ he

second fregu | B AUEAERY dieychaResddurfing |1E‘iea isird] | thagirepunt ed by
a seconde@oﬁgtgtr%%{ef)second crrcur\i%’ claeges a btractg for subtracting

the 15 seclrequensyrdufing h wpegifisi fing @%#d uwhere,Hiec$echre fFYI¥ENGh error
signal in Jr?ésBBﬁ&?t& D@éc%he co-\l,r-ﬂ??is@&QﬁQnEérrd?f tleb Retweing in afsigralioncy tuner

for providin e control reference_signal, to the nt hesi zer
or thelfrée sﬁs@nrirfamencymeg e spefif SHme inteyal, eﬁ! gFﬂ'ﬁ‘éB‘m\‘ based on
the error Ghaal rephBseRfs theluihd Mdutieddobed AlRcoutikp toltdirnoadiesibe ween L he
second 20 freque _P‘Fand e first frequency,is th(Fall drgfereanofggéween t he
rati o of tfiest £oWwR} WW@C?‘HE‘%&%H@{}P?%‘HGZ &3/ erm ned
desired faééhcenaffré nky bééunﬁmrgaﬁuﬁrgcmetspetﬂﬁ mewrraleasmnnged bvne novel
design of the pres vention is faci,li,tated

of
circuit t héﬁC°§9rF@h1Nﬁr Zehe teend crenl Priugee sy bF‘éFté)lr %s’tﬂgtp tﬁngf | rst 25
f requlerfgly s@g&ﬁd;dohﬁzz ﬁLoheﬁld%@ﬁ'yd lsecoaarcb?dy, wm&rvlnbyldear&thmp&im recei ved
signals"froma first di nica
osci | | at or TeSPERFE esetpcﬁthp@co%ﬁ%\ﬁﬂ%g ﬁ%@#ﬁgﬁﬁﬂrsﬁﬁﬁdﬁﬁcy and a
desi 1 ed kn%’con'h@l@i‘ referhtesipaAlMs e frépuchcy synthesigersrahie firet osala 7 N
requency, the seco quency. a resu
%}ﬁ,ﬁ?ﬁlg‘ggﬁ' {e?éf&r\ce%génai s dc!l BR tREEPHSi ERA

rrultr-rmde I 'ONs s gﬁartrcu ar, digital Itr-rmde
communi cat i ons hysteaﬁemmerwbe@mmtaéberdi FRICR PAWeEsE HES8PASs of the

20 frequency and the first frequency is the difference between the ratio of the first
frequency to the second frequency and a predetermined desired ratio of the first

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 circujtry. By employing the tuned first frequency and a desired known

relationship between the first frequency 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.



.present invention can efficiently handl e handoff between digital systens
enpl oying different reference oscillator frequencies. 1 7 MAR 20087 MA®2003
.01/ 29980 PCTI USOQ' 29121 4 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
di agr am of wom®mesent i onal wirel ess comuni cations devi ce. PCEU#02B12L 5 5
diagram of a multi-node wirel ess conmmuhi cations device of 5 the present

nvention FIG 3 | BRIek ISESCRIPAN OF THEPDRAWERGSomuni cal i ons
e

device enploying a unlqu requency synchroni zer to facilitate handoff

between di gi { aby @ AU £ALLONS BK3EAHhal FhBleod odrfurfrnEErAaiALL d di agr am

of a preferred e requency synchroni zer of FI 3. FIG
5is a nore det H1G.cisch é@gmm@ﬁ aanum-mrinawq}@sssﬁmwmonsr#mer quency
synchroni z h% ﬁ}g ess comuni cations device of FIG 3. 15

DESCRI PTI ef T ON While the present invention is described
herein with ref FI@n8as waliagiami of manulte madeodireiest sommmp@amnémmce

0L Sl Ml AR e A s 1

t her et o. access to the
t eachi ngs pi@i«alanemeatmmsyktemcogm ze additi onal m)dl fications,

appl i cati ons, '}?ﬁgﬂgggsgﬁ?é ﬁemdp &a&]a‘.:ﬁ& | g%@&%ﬁé@@fnﬁaﬂneﬁdw ieonal

fields in Wmch I'nvénti on significant utility. The
fol | owi g rfesquencyyrcheonivarfifdGad. wirel ess digital phone is intended to

faci [itate an under stanbnge ekl BLEREAof £ b ARve iddinedt e 3

di agram of a co tal one . .The,_wreless digital
phone 10 i nfméqn!msyayn@\mmcraofme WEFWC&ﬂG%‘Ii@Q@rO fFG. 3-The dupl exer
14 is connected to an input of a receive chain 16 and an out put of a

transmt chain 18. A frequency synthesizer 20 is connected to an input 'of
the receive chain 16, an input of the transmt chain 18, and to an out put

of a tunable 30 oscill apgi ﬁ%«j INWENTIONt or 22 is connected
cgr Cﬁg a fret

to the f equency synt hésiz guency tuner 24. An output of the

frequency tuner e%é'l'dve %g?‘%gﬁg%éﬁ&n’g 'a%l'!nb‘éfi hmnp%ltjﬂ@}é}&n@to An

out put of the r

I'S connected to an i frequency
tuner 24 anillustrative iembeodiments foo partitudan aRRlisationse ik %%“i%%ﬁd’c"&e”} d 35 An
out put of tBe: GRITAYRNESH iLRst 1Ehited tHereto? TRYEEaVifig bmmmmﬂtm he

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 phone 10. The
wireless digital phone 10 includes an antenna 12 connected to a duplexer 14.
The duplexer 14 is connccted 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 input 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




transmt chain 18. The communications circuit/ conputer 26 is also
connected 1 7 MAP 1003 W0 01/29980 PCT/US00/29121 5 to a userTi]MAﬁqgggace
28, a 'm crophone 30, and a speaker 32. The frequency tunefcﬂgﬁoﬁﬂ%t e
communi cat i WAEPEL Ui t/ conputer 26 are digital circuits and | nplenented
on a baseband chip 34. In operation, Padi 0 Si gnal s received by the antenna
12 are trarsh eseecntértace28; henichophexeed0, 3rid avsipiekerdi2r ditesreduencetwiered si gnal

to the receive chai . cel | verts i : Lyed radio
frequency ek aharE nam i Rrehs iR/ Sttt o AW Bigital Hecqife b

down- conveihplesnemed on abasebandtchipsdown) and subsequently to digital

chi p 34, The ot PPaREBRO58 BerRterhll 13 e RRERR oM M ORPARENITS o
accur at g t teedhplexenlyiwhink direcsitverkcFed sigral o 'ﬂ‘@ reteive db:_sihrléd The

Fecelve. Yedtieare roare Fadi B IR Yl BRERIAD, TRy SpRE Y 1 C
and aut omghiegm@didte dfoeduenicy c(IF)csighaly \(im_cﬂowhmn‘)'erttersf amd hn%xepﬂr énetr e
nesoct at ed PV 276 PyPTaauenay shlig el prosRuREbigale By PR AN kipuigay Snonn)
beacon si gisbegbsirgcbnlithe basebdrel clipc®d. v&he ezscillator1 82 anidethecfrequendyect i on 16
enpl oys_a port,i on of.the..pi ' I el i ng of
The. osold | Sypineser 20 £RGuR: Bioite SRR AR rede P RE chBlfts HE 18 O
as specifi aibsited IF frequiehot band brd fasilitsiedoek-on 26 tes raceiviedyRF ¢ A% chain
28 converts,digital n '%Qﬂrle ; ; [ ' gg.}ggﬁ' via the
m crophone t§5r veesne?:g%lgg&v?gék e c?ﬁ%ﬁﬁ%ﬁ%ﬁmggfﬂéﬁ#?/ ( omb)ﬁﬁé{rd 30, to
radi o frequanemati gaial contiohcacyiay énassbewn) tayfvathey PreRarp recerved Hgnaes

frequency syn L& 20 and one or nore frequency up- converters and
m xers (not%ghgﬁkﬁéS When the digital phone 10 is turne

g | ) ,d]hgn i a ihe user

interface 28, tlEypically,i al basecgtasiony (nst §1FF§”B)>‘(§5§?‘§?Y9I‘1 2OtReR %5“@ r oneous

due to fr G%Wa Eﬁs sﬁﬁ%%o?&ca%@@ﬁﬂ&tw Feacal sipthal detbctibleby et or s.
uner f

The frequencCy _ nes the output fr)g‘g‘&lenc of .t he ggci L1 f:)r 22 so
that it is meeiveciechon j16c|Thecreceive echoficlq FEPIIYSE BAFIQR Offhe 8)%8% e, for
GSM syst embpedcBR s%?ﬁi {d fatilitat@ Rurify of dbe 9adillad6r 22 toldh ffpripiriatednéqventy but
mght drift by 1 Hz. Tuni of th Cll r is"i‘gﬁahe' frequency tuner
24 can si gnWi%ﬁ%‘ﬂ?qﬁéﬂﬁ?rﬁraéﬁﬁ‘ﬁﬁipo‘@%%ér&g%d)rf%r%}%ﬁo\é\ve “the performance of
t he di gipal phongindifarly, transmit chain 18 converts digital baseband signals, such as

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 MEHz nominally but might drift by 100 Hz. Tuning of the oscillator 22
via the Eequency 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.



The digital phone 10 can acconmpdate only one wireless digital
comuni cations systemsuch as a CDVA system As a result, the cpyefagmiarea

.35 of'the wireless digital phone 10 is limted. 1'7 MAR 2RG3used31£11129980
PCT/ US00/ 22880 ° 2 i s a diagramof a multi-node wirel ess

communi cati ons device 40 of the present invention. For clarity, additional
circuitry such B&.2userfirgramyel a mutmeds witelessicomynunicaiensevigsdlifi er s,

i sol ators, : dec : ] - Ok ; imThose
ordinaril yoggﬁiﬁg%@l’t ﬂéﬂg&gr ?Gﬁl%%ﬁg%ﬁ\%ﬁgr%%%& gﬁjﬁgévsoénotg#‘%f a.rrlrlaint t he

addi ti onal contreldincnitry, fitterswampllidiers, isolatons: ennoders and decederp havRpefdes t he
antenna 12 o GRDAH:R 31607 Anshandedif URIRAG féart el RABRIWRE el exer 42
u (6] a C

i s connect o an inp a Tirst receive chain 44, an input of a second
r ecei ve schaiow wimpdemensiheaddigpnal discuidry.t ransnit chain 48, and an output of

a second transmrf  chai 0 3 l; 2hb"PARARAIR a switch
that directs eirr;rhgr ?ﬁ%sgocgﬁﬁ%u?ﬁga?%g%d%d?éﬁési%aféchgi n 48 or the
out put of tcheneebiedn expanded duplexer 425 Theexpradedhduplexen4? isconpested st

transmit chai 46,06 d B SRERRLHLIADE BhinGlAlMk ShoniTealid Uain gsaect | vel y,

as indicated via a control signal (not shown) fromthe systemcontroller/
conput er Seutftefe firki transthit chain 48,and ap Qutpubefatacand RRSNIHRBNPY- expanded

dupl exey, 42 may ﬁg#&%waﬁﬁﬂx '@iﬁxéﬁn@x@ ©%GHifch BAE diREtstdifher the St

receive chain 4 ansmt chaln 4 and one for the _second receive

chain 46 autpereftbeifistdransmibchain ¢ on theiepdvt of dhe sespnd RNSEEL I8t ¢ he
present i 'Bbet'atti\é’&teﬁi%%‘ff%ﬁ&i rhhénitichsin 485rahy SecoRdi thardfhit chadoShect ed to
r

an input of a first ) equency tuner 52 and to first c nications
circuit 54.isactivepespestivelieas indicated W‘%FF@BFPFQ,WQ%R?P@W@% 0% out put
of the firsf, COMPMRHARE}QRTprREF 56/ Those4kilibAen fhe ait veill etk itdomtshei r cui t

54 is also connected to a system _coptroller/, computer. 56 and 58 t hat
i s connétt eekpanded duplexer A2 Ra% Be dnpiementp VY?#&F@BM%%?' %edf%f e

) he™ speaker
32. An out pglst pceirB@hhin/4d fanfl Rl MB; &nd ok o1 the Gecurelciecaive chaihe fi r st

oscillator 60. An output, of e first,oscillator 60 i C 0 an
i nput of theb W?ﬁ%&hﬁ&%@“&f?ﬁﬂ%% itﬁ‘ﬁtﬁcgg? ogrlﬂ?rgs@&n?requency
synt hesi zer irgéntidn.f i rst output of the first frequency synthesizer 62 is

connected to an}g%ﬁ%%gqfﬁeff%ﬁ'géei\;ee&m& Rrihetted t6 apGRRAFAoLM RN Of the

first frequenc I's connected to an I nput o theff r st

t ransm go chédequétty tBfleAR2 and poita first commpudeations citshito4e AR AR 9T Eonnect ed

to an input tr%;\sx%it 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-inferface 28,
the microphone 30, and the speaker 32. An output of the first frequency 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 j:he first frequency synthesizer 62 is
connected to an input of the first receive chain 44. A second output of the first
frequency synthaizer 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 funer 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



second frequency tuner 64 and to a second conmmunication circuit ?2. The
second communi cations circuit 66 is also connected to the bus 58 AR {83 an
|nput "of the second transmit chain 50. An out put of the second frequency
tuner 64 womavected to a second oscillator 68, an out RETEZWMICH i s
connected to an 35 input of a second fAequency synthesizer 70 and to an

i nput  of tﬁgﬁl Nendr 64. MARAAD QRitp W Ol %3880 Bed(1biR80&2RA1zef 70fik equency
tuner 64.

out put of the second fre&yencg synt he i zer 700%
connect ed camgntedrtpmn iBput pé thecwasAnd reqeive, nA46€C° fHi€put of

the _secongcbhegialeNcy yARRBIE 90 is'@rhicE@ROER il kel R radmithe second

transmt aln he present specific enbodi nent, the out pgés of the

second 5 fchajnaiy mythe Rresendrspreifie embgdimente the &h‘(ﬂ?‘bﬁs i e ¥§NTal ent
signal s tog I &Qa n 46.
e AT ot ST g

est abl i shment™ of
communi cat smsdltramlhméir@lalrsw theseoansireceiee ebaAbi cat i ons deV| ce 40 and

an external co | a R lal@faal ons 10
System . Once thoaSrnafaBlt, HUAHE 0 e o éﬁ%’ﬁ@ gl froma

GSM syst emcomnGDidations tlisdg (npt shwn) betpgen MCWWP%#Y}Q% opriate
osci |l at or g, 60 ANH RehARHcANorSY: i Eﬁ‘i & HE&SMer (Z'Q)MAQ@nﬂﬁMxhx@ihd}Q

establ i shes a” conmuni catl ons as a _voice ta | | nk via
met hodslOk nsyatemnn Qrnrg the device 40 IlQFkéﬁértﬁtal%M %6?311\%? ﬁﬁﬁ Re system

controll er/caqpm gét@ﬁ\ &%Dﬁﬁ&@{rﬁbﬂe&sﬁ@&w& ahh% 1RIneR$ e Bpﬁaitel ons

device 40 i3 op rating.in a.region asso t i ni cations
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i ndi catyve of the hifiicdlonS HRAH 66 and associated circuitry 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 pilot 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
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differep§ oscillator 68 in accordance with the received GSM signal via methods known in
the art. The second frequency synthesizer 70 subsequently adjusts the
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 departing
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
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20  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 during 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
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the fifst comrunications circuit 54 are adapted.for CDVA co i gati ons
In the present specific embodiment, Rhe tirst Teceéive chamn 44, &

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 EQFZMB
second, 25 frequency syntheS|zer 70, the second oscillator 68, and 1%

second comuni cations circuit 66 are adapted for GSM Congﬁf{b?‘ﬂéb‘?
signal s. | nwWOopPEr98d on, when t he device 110 s turned on I rst

receive chain 44 initially receives lcomva si gnal, the system frequency
tuner 114 ttaesnit ehairdf |5t)swllb$>e|éxh toyed60The ﬁ;{e;q;mmtam}mcmcvmzuhélz iequency

di ted t,h T 114
Iy bo ad) RS SEEES Ry C%} ﬁ%??yst & SRR AN 11T
out pﬁt of tmaleidz |pafT1r<])dmaIlyltaheU ttﬁd)secerhw:brasmlhemt 6D int hespbneqﬁmwety) The o
synchroni ze e nchr.oni z t he first
SLoi T ator ey HBcrhE? Eﬁfﬁaecégvef ERp§Bus e 1R SecBHRibub I RE,
zpl% edeéI e{ 5hn nﬁ@hc%gﬂ?sh?s &ﬂeé?h%%% rbmzewhil@htct h‘enq:eamemhermm chain

an e secon nsmit
chai n 50 wi [FFIYRNCE RSIthS &8F° h%sq‘qag%u%}] 6\% %C[{] f %g’%n;l tH;'lgdl cally
act i VSt edI ?/franﬁtfﬁoﬂﬂitﬂﬁ @kcila@n &0 émbilsnl fmarsgasmensuhmr mbmxol Otmfplt satneTf1 56 and

eriodi ca s .the oscil l,ato n reto e
[ cagency %ﬁﬁ*’&‘i&;‘?ﬁ”ﬁ%@mgﬁ%i“?ﬁ’ﬁ;uﬁ&i“ﬁ@ﬁé’%gs@a;a' oo
ich ena oxizey sesithe Xi sting

f h d t I
bt I8 oF ki el b i L b of REar FEMEMUARine IR
or refer etn(r:]e‘,SIvﬁ ﬁgq\aéndy]tfat wihichpthe \siectardi teoenvhe'.helen‘tﬁrmdaﬂ‘cl Slef-‘@nd)h'am?lﬁn .
response r om t he
fi rgt 0SCi I 050 ‘fgﬁgﬁ eflgpliﬁﬁge thgcfg&@‘&hy 34\&% at or 1&2%5 t;BHica y near
t he predet eammdd dzémarmhtrdlasngrfaﬂe‘mmrthy smtem\MDBHOHm/CQm%F $ean ve chai n

46 and the sec | fe2élo. The frequency
synchroni zelperﬁ aﬁs’; per| odi &Cg%ttwvégt%lggsl aac 0

ontrol gga,%fromthe
system aentr ol | eTh¢ cinspadeﬁremmmdoutpelhf&mcé’}q %@Gﬁegs

oscillator th T_Qﬂ ?F tHeeslghdl ﬁmﬁLth@lﬂitrstf romthe
second osci I%?c% &g@gﬁgélﬁté&ﬁh‘?ﬁﬁtdd;t g?l?ne ed reI atlonshh_P EE e fre yency of
the signal @a@bamorﬁﬂor’rﬂlﬁeﬂﬁ wysleswbwq 2O wmeratie ®phone

110 is oper giighd Arst oem&oe@w a@frd torereceived CDMA sxgaal *nlaa:twsyasm s tuned

ts?gﬁalr efgé\éwa%%g # m%tgﬁﬂ]af?;\éﬁ%y%g% en4 2 t‘tﬁe second
osci | | atgr %bséqxiem@d ﬂwsaoﬁeajsmmcﬁsm fsr mmedrtoya db:amb SM freguenyput
frequency Of t h It{\g tou?ps &Jq%ter?cry gfo th%r}'ﬂstt Q&ﬂﬂt&d&} ﬁ&r\ﬂpﬂredetemuned
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
predetermined 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
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(whi ch corr espoldan alfernative embodment the different counts (desired count 1 and

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 irequency
tuner 114. The first oscillator contains circuitry (not shown) to accommodate
the control signals or reference signé.ls 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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signal s output fr e systemfr t -114.. Suc, ' . b
constructed by Léﬁggg‘ﬁisﬁt 15 QUEFRRE ﬁ?&nﬁﬁ%wﬁawsﬁg} ﬁ'{i‘r l{'Iéctsf"re%t yoRe
itﬁSCPl t@gsqgghemefsreemmd mmascyrrssh” ; segﬂéeeeandﬂieadupu' ?bstr?erseccrref@gcﬂmaé& equency

u the second oscill ator to account .
associ at eds\ﬂ‘{‘?fgﬁ‘hécc%g?:r&ﬁ?dwﬁgcﬁ Piedetsrmane Sﬂré)i]gl#f%gppgéé?ﬁ?gé)or 60 is
Iocr)]tcgeg ?nt&tﬁ'egﬁ&_&i usﬂroquﬂnc%ef thatfst dsgﬂlaim'(ﬂm_ | {Kﬂ\d&hébhi’;ﬁﬂ(ﬁi’eqﬁ&idys | ocked

ecej yed signal ...Once I rst t 60 th d

osci | | at or®% eﬁ%Oﬁarpéaﬂlagqraéﬁt.\,Su%qggeﬁylo Sgéysﬁ%ﬁc}%%‘?@q\%ei egonV\D
?rlle 29980 R@%@ﬁﬁ%@heq&n@rmmgm _ssdmaﬁttb?ao 284 thé Zregelificys pf them

guency tuner 4 uses a receiyve signal. fro ' t first [
chain Wy aitdpot SROSEBHERs s e Eraretendi Rl 6 oriBethl At ors 60
gnd_ 68 If5 sﬁgi&h/kicyﬁﬁe&ﬁajh?ecurrﬁnt |y active and comunicating with the
evi ce , sec 0SCl, or_68 is acti . th t f th
second osci | | at%g?‘%g\ocﬁgcatb@ﬁ\ganf ARE T RHEY a\ﬁL' ﬁquér%grdt@aaé:?%ﬁﬁ#%o%eé% gesi rgd
rel alt : otns héamh(ﬁﬁ%lkﬁ\eﬁ&)ﬁonbei theeepreséret inwvention fare @asiic pedbrihéxd biyi ot
osci |l I at or ar : ut put. freauenc Ci Qr _68.
Subseqeunt?‘%?n?“ﬁlé’ S&I}E':tdg’r‘ﬁ ﬁ?eaﬁgem acﬁféé?%&ig’;}&gﬁfﬁ%p@n g%tkk .itliulae'l%;opéqeuncy of
}3 he L i st ﬂ&s'? lskilledrinaBie andwilhappreeiatatiay thé seperateOransmindnd geddiveat or 68
ased on the. | Nl ' . he: ; [
chai n 6. SAOHE AR DR GRS Rorh AftoRl Wi Plp df ve SERAE ! Ve
acconmodat singleatansmipthain and aisinglefeceive chaizsthat emplayriunableditersand | y
per f or med B%(%Lﬁg‘g oQthdlt mggixﬁgggu&@ dESﬁlyaic!apeéd,f&u_a%%’? sbftwlahe present

e e e Bt ool e b ek GBS o "
gf’m}mb&at c;mmdﬁyé_t@ﬁ thlﬁeé"@éd. bén raaltfsie cthieYostillatbRObE ahd68s faly béai n and a
naret eC?ép\ifce% ba}l gthter ?ytpeggylfrgzué#cg%ghgce]; ISLE’.I‘? as a%ggbinaﬁon 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 fully
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 count 2 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 system controll er/conputer 56, to acconm)g@‘ he
GSM or the 20 CDVA system as needed. In addition, the oscillators alq
may be rewoaeeMWEby ot her types of frequency sources suck€3 FUSIBW i nat i on
of tunable phase-locked | oops (PLLs)l4and/or direct digital synthesizers

(DDSs), angedvalifisd @ited GheiRied chiixadye Thy d?eﬁﬂé@ﬂumbtehaﬂ dwauemag fromthe

scope of the re i nvention. 25 .In err
pr edet er micERt Ekf’ég}eo?l‘%tﬁiub %Jé}f‘?/\é%ﬁnflﬁ’éc &dqgr ’r‘ﬁiﬁ XS ?sst hdé}tl | | at or
60 and thQ:oHe@ﬁMﬁ:thtb @He§1i‘t@i SSMP gyl t’ﬁé@ﬁff&&ncd BetfeeRah Id@axaédto the

difference ( t 2 as dj SS nore full
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during 2 ghy nghéﬁ@ éﬁkﬁféﬁieﬁﬁﬁ%ﬁé&i&ﬁzi dceigh] dhédsareesur{tdf shé admber count 2

as di scussed re fully bel ow g&ttl me interval is asured via
t he out putofgiyclesef the §PtRY§cq I gtsgﬁongoosc °Te§<&olﬁfﬂuénn5fd% Er&¥eDscil | at or

60 is tungde tﬁte@v%écbﬁﬂpﬁnﬁx?u@fto kBe @8(:6\4‘@ ogﬁﬂaﬂoi- g8hss gifvefuehtye period
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is approximately 1 Second S ured ountin praxj mat el y
19.68 x 1oty sigaal (desigd coupbar IB'FaSF F‘P%tt @rq ?’9[‘:6?0"68‘ O?r'rb‘ﬁ t he

number  of R Sigial i 8pplcativh c:@iE atrtaedé;@éim%%ro&@ EQif JR&lagsslr ri ng
during the&}(rll(gllasulr%.%l i se%ﬁocnd 1 2@ 03 " WD 01/299 I%J?%OO’ 2?121 14

intervi iemployatedhosotdisdin tEdmt W W@%é‘?f‘é‘ﬁ“ﬁ&hﬁé‘?m
(desired ﬁ%@éttﬂén@édstdﬂegw&p&# liedtidrhe second oscillator 68 is 13.00 x 106

cycles, which corresponds eS|r d GSMfre. uen The rence
bet ween the de<PRes 2’6 @rég %SWB a?%%r%\?%@% {?vﬁe system

control | erfy, SRAYh& viathe Qre@ugﬁ@ W ‘Sl)‘Zl,’ld‘kE’ gmemrfrejqiﬁnc}anmarhe act ual
nmeasur ed count of the nu

f. C t he ouI C,

osci | | at or 1 ¥scad\cis§rd F?Fﬁ‘vgarsﬁgfb‘?ﬁ?é‘}/&tsg i relcm ?ilgn%/(;;%n i s input
to thel§eg%€né&§¢dw@tﬂim&% %Shmefnbﬁﬁlbwna{tors:éibliandIG&lgslalresule,sbotbd count 2
- nmeasured c exact,, for t of the s'. I
appl i cati oﬂi‘gl%éﬂsé)oér%@ Rl AR t%ent%éls?v}#%é ag{l?g dl’.%werrpl oyed.
Those ski | CEMAMMbdE thérbb)n/allbwktm bffiriend hindofis bemeen@nm:mumsatgzm to
neet the neesof | tygrth@0 and t he
second osc?Yﬁ w%ggfggggaﬁg ggﬁtfb?ﬂ%%cgj? g &erggﬁg }??nrdb\?fsa%ﬁetgf?gquency
synchr oni zmacﬁiesystmswgﬂmmﬁ@ﬁmpwmdﬁéﬁm 14 can use a received signal
from el her theHTehééHx f é{-&zf‘sgﬂ%bﬂoﬂ&eﬁmﬂi%pll@% akDeffiReab ehetitsdfote chai n

ato

46 to fltne bot h 6sc] a result, bqth
tuning the oscillator 60 or 68 that is not locked-on to a received signal to be close
to that of the assodiated 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

"1
N5

second communications system, i.e., the GSM system.

Those skilled in the art will appreciate that the separate transmit and
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 f uned when the device 110 is in either a
GSM or  CDVA node, thereby allowi ng for efficient handoffs between; NAf 2003

comuni catiaQs /?S%Qs/tems wi t hout degraded performance or dlj;@m@gdmbﬁﬁld
due to the A% e system s oscillatgy not being properly tuned. 20

Hence, the frequ nc roni.zer 112 enpl oys an efficient nethod for
tuni ng the %’5@?511%3% a%lggfs 3§ phEAsies rederense Gq‘bwcﬁ'os%urFéc@}‘g@Btm gnal

to be cl osedeptagma gbn-pﬁhetsjs@ea&&n@ Akedt ifPeEN. cat i ons system frequency. For
exanple, if the__active systemis a CDVA syst fir | I at or 60
i s | ocked onto tfﬁg aﬂ%%&%%de@éﬁidéq%ﬁ%d ?%‘é%‘g?mi"ég‘&‘?qtiﬁ%rc’% €is tuned
via the freﬂ&g&t“r&gf &Hﬂb(ﬁlibfe@nﬂlzeﬁf HE? 3t oalen pdfetince @R FIGHE3 dﬁ&hI aHe
frequenc%/_ ssoci ated wi i%‘ second Co ni cati pns s%/ ézm § t he GSM
noSECBam AP N ien At Hrsh GOUNiRE e 2iSRFINY FRUNHTE2, SABSRRB6R t r ansm t

system

and recei Vg, hpaiahsr 98, arkB.a $@btradier 50, OAnt HpEOSITHHE ﬁ?étl amtéleydge 110 may
be replaced by a _si ngI e transm t chalg and _a single cel ve Chal%yt hat

enpl oy 30 teAnAISFtedtp RROREPWLRS the fzsiiop a@éf’ph*é’ta“tﬁ‘é’i)‘t 9 CHRPATAIY and
easi |y adapjgdlto as belfp@Sofiye 28iripaadter H8INAIMNGH g&&ﬂhﬁe sacohearsouatiroalis er /
5P 2

conputer 56, to ccommdate the GS st.em as e In
addi ti on, t%meefgatppapm@l @é%ﬂc@%ﬂ%ﬁ%@ 3 IRputRS ?Fa?‘%?&eés
ST s s e ot wosssien b

s) and/or dir |g| a
synt hesi zer SutpEb! §§1 igtoep 3 gecen WW&%W%BHCJ&WP
geltoarlt I ggdf bpmets ﬁeﬁ%ﬂ&oﬂérﬁcbﬁxp@xﬁég%mvlﬁ(ﬂh MdBSasﬁ%:ﬂ ﬁr&mmm
etaile [ refer enbodi regue
synchr oni zea"elf%ﬁt 8?S‘W§fjé°“§t é‘ﬁrﬁt ‘F‘B‘f“e‘?{egﬁﬁi tfl"Bgél‘%%"mgCtﬁﬂ FP\%
synchr oni zeghelskZond 66hntdes?, anﬁlahsdiu Qumﬁml‘elaﬁh%memmud:tezbtmimgMe a latch
96, a cqpparatar 98 and ct ol 94.. An Y e oynter 90
i's  connect &Rl ﬂf g‘uﬁﬁ‘?ﬁﬁl{ ﬁg H%?s‘%gecl ‘?‘Si Ogdhéggbkﬁ&?’%pggtﬁof a
conpar at or @fhnecteddtotan autpatibptite sybtenh eortooliay edmpuss 56 Awhichpprovistest he
second count.er 92 | .C he second oscillator 68,
to a first i 43?5%88{}&?3%%8‘8&8&@%8%&%%% 04ut put of the conparator 98.
The conpar at or OB dperatinm ghe et cxmver 90serpty themuprker of FYqlesQSERFEIE D0, to a

second i ”puh\% t%ﬂ?of a-tecéiks%sqmér EPuAEl Qldtiihber0bs éyhﬁssaﬁaeéytﬁ@mmol ler/
conput er 56 rovi nal rep es nt ativ the fi rstgglem red

count. A&O0fi ﬂéﬁ“?%ﬁﬂﬂnt(ﬂs lf‘ﬁga?egts agpately Bmamecfﬁf'}mfa BF 78 he
second CoOUNtTRE nBdch SipfalasedsitHeuialds ik e fit @dﬂu&ﬁr YGamdbtirartad dounternegat i ve
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 employing
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.



15 termnal of the subtractor 94. A positive termnal of the subt rﬁwr 94
Is connected to an output of the systemcontroller/ conputer 56, 2003
provi des the second desired count as input to the subtractor 94. In
operation, Wwomihesst counter 90 counts the nunber of cycl FETRERIRM NG in
the output of the first oscillator 60 intil the nunber of cycles matches

the first %%e%?siefﬁﬂz S@B0E oPthel BLASLEY4 Wil DeBHEdiive BPAbgaBYE luef rom t he

conpar at or . The match signal resets the values in the first counter 90
and the secwhigshaepresents anrrRRgignak ches the value that is stored in the

second counter $g.hyaf )| if Bk HBR oskifthh 6965 hedl@ttor Bea SR GigHalt er 92 i's
reset. Those skil red I the art wll appreciate that when e I%isl 2‘9 25
L %h

asynchr onouthen 8iag gecond @esiligtor bR iresyncimenized HelaHye 1 thefest ersila i nput of
t he Secé)”dtfh?soéé@&%e %2‘“?‘9‘ ek s?@tgadg@# 54wl BOah ek Bifinal ?ﬁ?oﬁ-ﬁ'&\a@ edrpar at or

98 does " not cause a latching o romthe oqutput Of second counter
92 as a r esthetfraguengnerrerefdha opmutiod thesecerd perillatares. pigrgxamples fdhe put i s

| atched by g,?& Aigﬁéaafis gggaﬁvzh&eﬂ @Megﬁé{ég{z/l&sd'cﬁté@{viﬂlﬁﬁb' k@ dWeanatepP! oyi ng

synchr onous T ogl 1S preferra I%/@errpl ed by the present invention to
i npl enent  t 6ikist oedughapd shpnichpe feduged bysan amounh propagBRlcPEle 8F%F he fir st
oscil I ator %gnén%?t?rgﬁtﬁwfﬁﬁ%ﬁﬁ rfotEd BySthé Yinalile 8¢RnASERELY

synchroni ze _the ou ne latch 96 wil] “"match  the second desired
count an@ téRirorespomseto thpsecripl ofactasirod sighrl sorEesPoBdng t the PRWBHH3 WO

01/ 29980 PGHUSAM 293284 1heChibRbW fefturkdof @hé Bedord oddiiBats 88 g} be 94 wil |

be a positive or negative value, which represents an error signal. For

exanpl e, i f implemented iy seiryrre; Qyrhaggwaze PISE’R%&-’%H*‘PE}' g“ﬁ%@é‘i‘ ﬁr@oaq'glaﬁ?ual ,

then the segpnd g@@sgk@g@rpréﬁnk&agmﬂgﬂr oni zed relative to the first '

oscillator 60. Tn s this case, the output of the subtractor 94 will be an
rotrope

error signal propd? PRRRof the spiract SEREA™ GFO% EPRIPYES P¥ he
second qsci theddeRbnd 8sciltaxor 6% amdjtist thé frefjeencyrof de sicgnd lostiliatoeéfibased, t hen

the frequency associ at ed, wi.t h t he,se ci.l | [ ' | and

shoul d be r8RGRGETRY Sighal, &W%B%@%Q%é?a#%sr%ge fe g'gerﬂc?'sol %‘%‘gm&ﬂhi s

frequency r @isdcond dseillaesri6s stethabyhd aizot sigadll eutpet froth deesubtrctor 940 68 in

response to the recei | ' t put of
P @&erq.hg’]-\g %gﬁf@%?%é@gu?ﬁg e l:&ge%p{an&b?o @t p

t he subtrac®8F® res ot the second oscil'lator 68 may be
i npl enment ed first controhsigralalisduasefwboveby one ordinarily skilled in the art

and hawjng acceggs te;tNfofl §iailld ER3Fh Rthe 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)



The output of the subtractor 94 represents an error signal enployed by 15
the second oscillator 68 to. adjust the frequency of the second oski MARL0ST
68 based on the error signal. The second oscillator 68 adjusts the
frequency oMOPU2998) om the second oscillator 68 so that tPe/8$0N2s; gnal
output fromthe subtractor 94 goes td7zero. The error signal output from
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4 with the he o
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di vi der 512Qub&act@yto@tﬂno@mervm@h depeddirgpBnadk ebrial farmidtisl rea@dibf af the
| atch 96; a secon nput of the latch 96 is connected to an output of the
system cont&‘Yﬂr!%RH B‘gﬁbuter 56, which is also connected to reset inputs of

the fi s: coggtewﬁi@aa&t@?w@@ preestt t?ﬂﬂ'{(ihﬁ ft?ﬁse clﬁa%aﬁﬂggkm&a ih HiReartof fjhe
conpar at or |1S.C C an ou 0 e al C con
Cnput of t AR Bﬁ@ﬂ@e@ée@aﬁh%%&rfsq\&sﬁ%g?meanm of Bie e dod 30

fromthe Suﬁ&@{ﬁdioﬁkgmdx Eb&?ﬁw oﬁfthE| tean cdir[hcﬁl&f&ﬂm mited b6;
conpar af or pr ovi e fir to the frequency,tuner
114, whi%ch %%qusm ‘gq ?’éd ISgrchame %’o&r %%or por at e

the first Q@tﬂt5691:our&e$%|aﬂdrﬁzola@@ﬁ5 earcbﬁtparmw 98, ahd thecpimahicsiageal s. The
control signal el by the conparator 98 fromthe system 35 controller
/ conput er §§CFJ§5§‘£ %g ‘ntative of a desired ratio (13.00/19.68) 1 7 MAR
1003 WO 01/ 299amu5>cme p&@hﬂﬁﬁ:@ﬂndﬂhmﬂm&m&mﬂ‘dﬁ renéipwith referedme tbiar st

measur ed r PB4 STPRAR Y S0 PPl i bBY TR B i pBPRRIC), P "

the first dantheohrtsamghadccessato ithe ipmesent tteadlhagswﬂlemcogmeqwim;tomlner 114.

The conpar at tractor or
anot her ci rct‘i)&’tﬂ%%epehﬁﬁgﬁJd L’fﬁ?&éﬁﬁgcﬁ or ma %‘geg%éj%d‘ﬁeépp gi ven
appl i cation. Wﬂhmahmﬁgeumtm&eﬂwwmenéa@hhngsto tavesanornt] alhsuchy skil | ed

in the art aﬁﬂi&aeéz%l o HitAtsbraNehd &b SRt il ehe §&EH'0$|tﬁ@pf‘e@EﬁOnentS of
t he present, nvention including software running on the system

controll er/@lﬁ?ﬁsﬁﬂ‘br 56, 10 the frequency synchronizers 82 and 112, transmt
and recq ve chaiggodtin 1@8, 50, and 56, counters 90 and 92, Iatches 96,
conparators 98, and the comuni cati ons

WHAT IS CLAIMED IS:



- WHAT IS

circuits 54 and 66. Thus, the present invention has been described herein
with reference to a particular enbodinent for a particular appli chfiMsh 2003
Those having ordinary skill 15 in the art and access to the present
teachings will recognize additional nodifications, applications and
enbodi ments within the scope thereof. 18t is therefore intended by the
appended clains to cover any and all such applications, nodifications and

enbodi W.ihidy it.he scope of the present invention. 20 Accordingly,
%%1&%&?@:‘ 1 7 MAR 1003 18 What is clained is: 1. A systemfor

synchroni zing a second receive chain relative to a first receive chainin a
mul ti-nogde co nication,system co i Si.ng. first. de Lning a
first freque f)yséeg% IR R N %cﬁ{’]igJﬁ‘ef?‘é‘fCJChraglcrg}%b‘é%ﬂa;ﬁ rrs]t‘:rgéeu?el érh‘;a{n% Eequency
synt hesi AauRgmB&RdMhwHicafibe Systdnepniprisingst si gnal having the first

frequency; a gsecond freguency synthesizing neansg f.or producin second

si gnal havi ngt%rétt means fy dg?F‘B’g’.fi/I@ stfEegyency CW"?H“&W@%sfﬁgdﬁﬁl_ e@@i"Ve chai n;
and second meaRss fRquatl Ushihedzihg Sneafs FdproBRAnE B Chirstodi gl GiéhhigN@le irst
frequencg control signal "for adjusting the second frequency to the second

f requencycB¥hAthesi zi ng means, wherein the frequency control signal is

N i R RN R T

second frequency. 2. . stem _ nl wherein the requency
synt hesi frequgnereassasiateowithlthe secopd reseive ekadmilandt or, t he second frequency

Sy hes! 2110 Jegfi 061025, Apf S5 UORESLILL by pRRABLS, s BBy aRHeon 1 o

signal adjust’s e second osc he 'system of claim
| wher ei sigsaAifat admsingithesansd freqicngets theeseomndffraquerey eyrbdsizgngsmeans, f r equency

| si | . b diff bet. | d f d id
First 17 equolgoancle hdletty FRURCHEY dbrmied, Bhah Riccpatney HERRGKRTC 2

t he nunbpétwedn by Gt fequphcyind thgsecond fauéndyst signal during a tinme interval,
and said second frequency corresponding to a second count of the numnber of
cycles occurring in the second signal. 4. The systemof claim3 wherein the

frequency, contdlysemdsialaims WasEH tignfirgt flédubtiyasyaesiting weai iaclpdsdefier m ned
nunmber of cycles and an_actual nunber of%a%gcl S.in a sidgnal outagéjited by
il 9e 289

the secoR¥ile: feateernhEsiisPan “athsF e h udefRoppard oscill Heem of
clai m 4 wagleabycontroPsi SRt adjtstéBe Bhtput WTithidREorl stillhtoact or for

3. The system of claim 1 wherein said second means includes means for generating said
frequency control signal based on a difference between said second frequency and said first
frequency, said first frequency corresponding to a first count of the number of cycles
occurring in the first signal during a time interval, and said second frequency corresponding

to a second count of the number of cycles occurring in the second signal.

4, The system of claim 3 wherein the frequency control signal is based on a difference
between a predetermined number of cycles and an actual number of cycles in a signal

outputted by the second oscillator measured during the time interval.

5. The system of claim 4 wherein said second means includes a subtractor for

calculating the difference.

6. The system of claim 5 wherein said second means includes a frequency tuner for

adjusting the outputs of the first and second oscillators.



calculating the difference. 6. The systemof claim5 wherein said second
means. i ncl udes a frequency tuner for adjusting the outputs of the {7 s 10
and second oscillators. 1 7 MAR 2003 19 7. The systemof claiml wherein
the predetermned relationship is based on a ratio of said first frequency
to said second frequency and a predetdgom ned desired ratio of said first
frequency to said second frequency. 8. The systemof claim7 wherein said
second neans includes nmeans for generating said frequency control signal
based on a conparison of a ratio between said first frequency and, said
second f 7equeTlysysteth oheaipr bodiersimihe gredgtsshined relationghip s Yasedhom airafior ofr st
frequency.. j LI . j : U.cat 1 ons
devi'co. bt A3 13 8 e E Helucih BER Bedemi e e Ao T o ds
conpri si frgquehty wtsaidesecsndffequeregei ving a first signal formatted in
accordance with a first digital comunications standard, said first neans
synchroni zed to a first frequency; second neans for receiving a second

si gnal f @r mat {RésysRnaeTMitan®Rerdintshidaccnd amtdns idtlgdésaheans fongeneatinigamnail
standard, said second neans synchroni zed Eo second frecy;gnc?%q and W@i rd
means f offegieney epmitpl signgl bagedopia cPBRYAR T £ 5219 RRONPTFGREL HBAYPRH¥hey i n
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reception of said second signal by said second neans, wherein the third
means pr eaifl desired s¢aoad freguepcxont rol signal to the second neans to adj ust
t he second frequency, and the frequency control signal is based on a
predeterm ned relationship between the first frequency and the second
frequency. 10A Twieelesss cemmuhications mdgvigsh epasPmmegdatingf mere Wagn e ndigiges a

first transceiver ctlon,. systemof claim9 wherein said second
means i n&PHIEERICAT E%%%%Rg%%%%seﬁxeﬁﬁmgecti on. 12. The systemof claim9
wherei n said first mbane forsreiaiving defirstasifuad dommattyd sty actordante withonfirst digital t

having a first. counter for suring said first .and a second
count er CEPMURCARQNS isﬁ‘ﬂdgg'i Sa@&‘dﬁe&“??@gfb‘%‘éﬁf{mf F?Et%ﬂﬁ;&%%b% 20 13. The
system of cl akdbodd m¥amy Rir ReceBiing 4 Bédofld Bigasisfoimatied de siccurdanse fath astcost | ng
said second frequency in response to . a |lock-on to.said fi Lgnal by
said fi rﬂg‘%%ﬂ?é‘?’“‘iﬁqt%%%%éar‘r‘? Seond RPS pivaAst ?10 %g?néf %%ih?%&h%}gns
i ncl udes meansifdome@i¥Plop ¥ljugtingNsaid> sdcpid fiefuchey to hidesitedcsramcs frequedcyam out put
of said ?‘Ss(;:)grl;]s% tg %unqga%\rxrein%ntporfosva{ddgrstt fr}querrlqutlEI)e agiYitate the reception of said second

signal by said second means,

wherein the third means provides a frequency control signal to the second means to
adjust the second frequency, and the frequency control signal is based on a predetermined

relationship between the first frequency and the second frequency.
10.  The system of claim 9 wherein said first means includes a first transceiver section.

11.  The system of claim 9 wherein said second means includes a second transceiver

section.

12.  The system of claim 9 wherein said third means includes a frequency synchronization
circuit having a first counter for measuring said first frequency and a second counter for

measuring said second frequency.



control signal indicative of a difference between said second frequency and
said desired second frequency. 15. The system of claim 14 wherein i
second neans further includes nmeans for changing said second freqhzmﬁlzqﬂa)
sai d desired second frequency in response to said frequency control

signal. 16. The systemof claim 15 warein said neans for enploying

i ncludes nmeans for conputing a ratio of said first frequency and said

second fyequemheXystd ofmﬁnawmlﬁfsma @k dinths AT & In&ak Gor RRENd 8did
enpl oyi ng i ncl udes means for conparing said ratio to a predetermned ratio

of sai d sdewidfeduency inrgsiiansstoarek-emie seidifustisignsltby spiddiystaneans.and provi di ng
said frequency control signal in response thereto. 18. A wreless

comuni cati ons devi ce accommodating nore than one digital comrunications
syst em stdanddhdsysenpfickimd?2 whdrdin saidrthicdaimms ihdndesenﬁinvifmgemplbyingan si gnal

formatted in accordance with a fir Lcat standard

soi 11 e of 69 SRR Put il gudhof el jofong, Bl Y PERISTIRE ARREREET ;o
recei vi n@nfolSEgn dnditaginelof faodiffeiechelbétvearr 644 dedone qutxlsnog z&ﬂcai‘cﬁdesﬂ‘leﬂl t al
comuni cati ons standard, said second neans synchroni zed to second
frequencgﬁcongrﬁfq‘ée“wequency control circuit for adjusting said second
frequency to a desired second frequency in response to a neasurenent of
said first frequency to facilitate the reception of said second signal by
sai d secdnd ribarysteiphef elaim tI4ewheraiguait yeqopd tmesns dptlhagi inclydesymgans for
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frequency, requency control sl gna on a predeterm ned
rel ati onfsdqupncyesontedsignple first frequency and the second frequency.

16.  The system of claim 15 wherein said means for employing includes means for

computing a ratio of said first frequency and said second frequency.

17. The system of claim 16 wherein said means for employing includes means for
comparing said ratio to a predetermined ratio of said desired second frequency and said first

frequency and providing said frequency control signal in response thereto.

18. A wireless communications device accommodating more than one digital
communications system standards comprising:

a first receiver for receiving a first signal formatted in accordance with a first digital
‘communications standard, said first means synchronized to a first frequency;

a second receiver for receiving a second signal formatted in accordance with a second
digital communications standard, said second means synchronized to second frequency; and

a frequency control circuit for adjusting said second frequency to a desired second
frequency in response to a measurement of said first frequency to facilitate the reception of
said second signal by said second means,

wherein the frequency control circuit provides a frequency control signal to the
second receiver to adjust the second frequency, and the frequency control signal is based on a

predetermined relationship between the first frequency and the second frequency.



