WD 2007/ 025309 PCT/ US2006/ 033772 TUNABLE DUAL- ANTENNA SYSTEM FOR
MULTI PLE 8BS TeNGYe BAND OPERATION Field [00011 The pregeis2006/033772
application relates generally to communications, and nore
specifically, to a tunabl e dual -antenna system Background [0002]

W r el ess comuni cation devices, such as nobil e phones, may have a
single antenna for transmtting and receiving signals. A desire to
support nultiple frequency bands and nultiple wireless comunication

standards may r } i i i {5t a or
"nstal | ng addi t OnATCNH gfm Wﬁ%@%ﬂﬁ@
newer W rel ess devices wti P SCRI PTI ON OF
THE DRAWNGS [0003] FIG 1A illustrates a systemwth a single
transmt/receive antenna. [0004] FIG 113 illustrates a systemwth
multiple transmt/receive antennas. [0005] FIG 1Cillustrates a
system w t lpjggpar ate non-tunabl e transmt and receive antennas.
[0006] FIG 2A illustrates a device with two tunable antennas in

accor (¥t wi t hTha preseidianplication tdltes sgepbiatimt tooreonjro@@Fgtiors,Gand1tore

illustrate . ice Wt | t,i pl e tunabl e ant ennas, which may
provi de ¢ SNy SE by CHd L B Gt R $%y. [0008] FIG 3A
illustrates antenna frequency response in terns of reflected power

for a transmt and receive frequency band for the systemof FIG |A
[0009] FI GBaghgroupfyst rates ant enna frequency response in terms of

refle power t ] : d i fre d he .
Syst oA B TE s B RIS, Kty BT Suii el € sinate
response i anteemarior ofansreftting tedl rqpeivitg digmals. t Aadesire to anghoraneitiple frequency
frequency bands for the systemof FIG, 1 C 011] FIG 4 illusirates
antenna r egﬂ?ﬁcﬁjﬁf’d FIF‘@WSS %{ﬁ?%gﬁwg@lqaﬂw %tﬁﬁ‘i@[“g? maRfqagEe é@re%&&é?‘e pige of
transmt apg &eee ‘éﬁteﬁﬁ@%@%ﬁin@%ﬂgﬁioﬁﬂradéﬂﬁas? Yie8TbSHiork!fRatprolfems for
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newer wireless devices with small form factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A illustrates a system with a single transmit/receive antenna.

[0004] FIG. 1B illustrates a system with multiple transmit/receive antennas.

[0005] FIG. 1C illustrates a system with separate non-tunable transmit and receive
antennas.

[0006] FIG. 2A illustrates a device with two tunable antennas in accordance with an

embodiment of this application.

[0007] FIG. 2B illustrates a device with multiple tunable antennas, which may provide
transmit and/or receive diversity.

[0008] FIG. 3A illustrates antenna frequency response in terms of reflected power for a
transmit and receive frequency band for the system of FIG. 1A.

[0009] FIG. 3B illustrates antenna frequency response in terms of reflected power for

| transmit and receive frequency bands for the system of FIG. 1B.

[0010] FIG. 3C illustrates antenna frequency response in terms of reflected power for
transmit and receive frequency bands for the system of FIG. 1C.

[0011] FIG. 4 illustrates antenna resonant frequency response in terms of reflected

power for transmit and receive frequency bands for the system of FIG. 2.



2 [00121 FIG 5 illustrates a configuration where two antennas are
posi ti oneq%' i ear or on a top portion of a device i I
board of t %9"3’2@?53@ [00131 FIG 6 illystrates a confi gqu{f’.Ug%"%&{qg#?
two antennas are positioned substantially orthogonal to a horizontal
pl ane (cross-sectional view) of a device or a circuit board of the
device. [0014] FIG 7 illustrates a configuration where one antenna
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devi ce can Hi€e2one nulti-band antenna, but is required to add a

mul ti r or i e- pol e- tiple-throws switch to route the
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transmtter and receiver of each band. [0018] Simlarly, a

"mul ti-node" device can use one transmt/receive antenna for each
communi cation standard and t huBERAJEERPESCIRIPIIMN:ni t / r ecei ve
ant en FI G r ivel a, nulti-nodeg" vice gan use

i 01 17t emoieay B ARhR oo T s RE “gp T Bhifes M i %
si ngl e- pol epenatet nfithemultipdsvsregbihBands O(“aREE-BLRT”) Smerem‘adtfﬁ@é @8Smunication
standards, such as EV-DO (Eyol ution Data Optim zed) and MO )
(Mil tiple B dads NUPRftsmede))s priish ey nged aimididend anigmapeand/eramultiple

need addi t i;gRa 1ot a : u | nce and
voi ce qual iat y. a‘lshe @gg?@ebggrgﬂﬂopﬁ?%ﬁ? ﬁ;ﬁg%ﬁ%%ﬁé%& 4 nftf fb%&r%m%gna be
electrically bigger than a single-band antenna to function over the required frequency

bands. A “multi-band” device can use one transmit/receive antenna for each frequency
band and thus have multiple transmit/receive antennas (FIG. 1B). Alternatively, a
“multi-band” device can use one multi-band antenna, but is required to add a
multiplexer or a single-pole-multiple-throws switch to route the antenna signal for each
frequency band to the appropriate transmitter and receiver of each band.

[0018] Similarly, a “multi-mode” device can use one transmit/receive antenna for each
communication standard and thus have multiple transmit/receive antennas (FIG. 1B).
Alternatively, a “multi-mode” device can use oné multi-band antenna with additional
multiplexers or single-pole—multiple—throWs switches to operate. Some wireless
standards, such as EV-DO (Evolution Data Optiniized) and MIMO (Multiple Input
Multiple Output), 'may use diversity schemes that need additional antennas to enhance
data throughput performance and voice quality. The desire for more multi-band
antennas on a wireless communication device has grown and has become an issue due
to an increase in size and cost of wireless devices. Handset manufacturers are under

pressure to reduce cost and size of their devices.
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t heir devices. WD 2007/ 025309 PCT/ US2006/ 033772 3 [0019] FIG 1A
illustrates a system 100 with a single transmt/receive antenna 102,
a duplexer 104, transmt circuitry 106 and receive circuitry 108.
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As shown'in FIG 3C, the transmt frequency band 304 overlaps with
t he recei veandumie@ixdnoy rivaiveg (B@Bﬁeq%wl@}’lbm3®dbsﬁwlsmtémfl&oé?f@éGolA

noij se the tr ece circuitries 126 E
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transmit and receive frequency bands 3024, 302B for the system 110 of FIG. 1B.

[0024] FIG. 3C illustrates antenna frequency response in terms of reflected power for

transmit and receive frequency bands 304, 306 for the system 120 of FIG. 1C.

[0025] As an example, an ideal transmit frequency band may be 824-849 Megahertz
(MHz), and an ideal receive frequency band may be 869-894 MHz in one configuration.
As shown in FIG. 3C, the transmit frequency band 304 overlaps with the receive
frequency band 306, which may cause interference or noise in the transmit and receive
circuitries 126, 128. Filters or isolators may have to be added to limit such interference
or noise.

[0026] FIG. 2A illustrates a device 220 with two tunable antennas 202, 203, a frequency
controller 210, transmit circuitry 206 and receive circuitry 208, in accordance with an
embodiment of this application. The device 220 has one set of separate transmit and
receive antennas 202, 203 that are tunable for multiple frequency bands and/or multiple
wireless communication modes. The device 220 may be a wireless communication
device, such as a mobile phone, a personal digital assistant (PDA), a pager, a stationary

device, or a portable communication card (e.g., Personal Computer Memory Card



or noise. [0026] FIG 2A illustrates a device 220 with two tunable
ant ennas frequency controller 210, transmt

206 and ré)gge?%%%gﬁrogwtry 208, in accofdance with an n’thlﬁéw}’oéﬂz
this application. The device 220 has one set of separate transmt and
recei ve antennas 202, 203 that are tunable for nultiple frequency
bands and/or multiple wreless communi cati on nodes. The device 220
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W rel ess standards 0029 exa e an nas 202, 203 may be
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CDVA 800MHz, Extended d obal System for Mbi | conmmuni cat i ons
900MHz, d otizllesPendards| ng System ( GPS) 1575M—Iz,
[0029] For example, the antennas 202, 203 may be tuned to operate in any frequency

band of multi-band wireless applications, such as Code Division Multiple Access
(CDMA) 450MHz, CDMA 800MHz, Extended Global System for Mobile
communications (EGSM) 900MHz, Global Positioning System (GPS) 1575MHz,
CDMA1800MHz, CDMA1900MHz, Digital Cellular System (DCS) 1700MHz,
Universal Mobile Telecommunications System (UMTS) 1900MHz, etc. The antennas
202, 203 may be used for CDMA 1x EV-DO c'ommum'cation, which may use one or
more 1.25-MHz carriers. The system 200 may use multiple wireless standards (multiple
modes), such as CDMA, GSM, Wideband CDMA (WCDMA), Time-Division
Synchronous CDMA. (TD-SCDMA), Orthogonal Frequency Division Multiplexing
(OFDM), WiMAX, etc.

[0030] The tuning elements of antennas 202, 203 may be separate elements or
integrated as a single element. The tuning elements may be controlled by separate
control units in the transmit and receive circuitries 206, 208 or be controlled by a single
control unit, such as frequency controller 210.

[0031] FIG. 4 illustrates a reflected power for transmit and receive frequency bands
400, 402 for the system 200 of FIG. 2. There is no overlap of the bands 400, 402 in
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[0034] By using separate and small TX and RX antennas 202, 203 with narrow
instantaneous bandwidth to provide high isolation between the antennas 202, 203, the
system 200 may allow certain duplexers, multiplexers, switches and isolators to be
omitted from radio frequency (RF) circuits in multi-band and/or multi-mode devices,
which saves costs and reduces circuit board area. |

[0035] Smaller antennas provide more flexibility in selecting antenna mounting
locations in the device 220.

[0036] The system 200 may enhance harmonic rejection to provide better signal quality,
i.e., better voice quality or higher data rate.

[0037] The system 200 may enable integration of antennas with transmitter and/or
receiver circuits to reduce wireless device size and cost. The frequency-tunable transmit
and receive antennas 202, 203 of system 200 may enable size and cost reduction of host

- multi-mode and/or multi-band wireless devices by reducing the size and/or number of
antennas.

[0038] The system 200 may be used to implement a diversity feature, e.g., polarization
diversity (FIG. 7) or spatial diversity (FIG. 2B), for example, in EV-DO or MIMO



Q and narrow band ant ennas may provide high isolation between TX and

RX chai ns dupl ex system such as a CDVA syste 4] B
usi ng separa /szﬁioémall TX and RX antennas 202, 203 Wtﬁ]CﬁQ%Siqg)ow%z

i nst ant aneous bandwi dth to provide high isolation between the
antennas 202, 203, the system 200 rmay all ow certain dupl exers,
mul tipl exers, switches and i sol ators to be onmtted fromradio

frequency (RF) cirgcuts, I and angd/ o e devi ces,

whi ch save y%%)@f’s Pg[k?d Zﬁ%alf'}é%f& eélar @ﬁYlfe B‘B&lr Hlugﬁ% %Tt TS| , 232B,
antennas ppeyAde3sBl eiidiexiR piovide Bafeliediverst a&i@&naecmnaﬂvagny Any
| ocations in the device 220. [0036] The system 200 may enhance

ha_rm)ni c r &pEbey ofifundly ransneibangkien ispeity @ﬁ@naawmwmp queated. pet t er
vol Ce io' ty oip 'a%%%aéjf(?% o3t F1E09R Tha aJ §§8 Sﬁ %OQV%?/%@% Eand

i nteg atl n of a ennas tFansm f ter ecel ver Circuit
reduce w r &ocatiendiavide e dsvize 220 dFEHS15-7 proeidersomeenayipiesnabl e transm t

and receive ant a 02, 203 of, system. 200 nabl e si ze and. cost

r eductlfHhl of hodtl: ﬁﬁﬁ% S oGP OM L PR HET W &t m@wgﬁﬁwng
reduci ng t RRNRINES SBR0SE arB YIRRon&d insRIR! ROAPRS on[aotgﬁ%]ort_ﬂheotsé/ 368 80or a
may be used to inpl ement a di versity feature, e.g., pol arization

diversity @lﬁlteapr Fyiront bgpad phthedievises FiG. iﬁllscashtzﬁ) trarfspit @daepdivg cirguitries
BV- DO or g?é@fSSOQ PCT/ US2006/ 033772 6 systens. FIG 2B
i |lustrat eé’rﬁouﬂﬁf h multiple tunabl e antennas 232A, 232B,

233A, [B3A8B, whi FIGNB Ytk deohfigiatidl (cbssaestidndl antiview) ered i antennas
diversity. Any nunber of tunable transmt and/or receive antenna

may be i mpPEEitieds rpRbaT stheantilymserendigplar mhmzmraéplazlAOﬁﬁﬁe%e 600
configured r f n t epn?

Flos, - 7 oF vEpRCARRY R lnd kel fhic A3 (BRI bR P aBHLE S Shhenna
confi gur at I(EMA()T FO@t 6 aﬁse\al)owmtemnﬂmdaMeemm&u(tmbi 604, 608.ng el enents)

500 o421 pr ot oTdp & SRR BaPErTthtaRy Ve B §18| SgrdRoll i
e SHOSHORE ABEAOAN Sl M ShciSro Sc LORELI S
ant ennas a circuit board of the device. FIG. 7 also shows transmit and receive circuitries 706,
708.
[0043] FIG. 8 illustrates an example ‘of measured reflected power to demonstrate
frequency tunability of the TX/RX antenna pair 202, 203 of FIG. 2. A top half of FIG.
8 shows a transmit antenna reflected power with a center frequency of 853 MHz and a
capacitance of 1.8 picoFarads (pF). The top half also shows a receive antenna reflected
power with a center frequency of 899 MHz and a capacitance of 1.8 pFs. A bottom half
of FIG. 8 shows a transmit antenna reflected power with a center frequency of 837 MHz
and a capacitance of 2 pFs. The bottom half also shows a receive antenna reflected
power with a center frequency of 876 MHz and a capacitance of 2 pF. Other data may
be measured using various configurations and parameters of the antenna systém 200.
[0044] FIG. 9 illustrates a method of using the antenna system 200 of FIG. 2, In block
900, the system 200 transmits signals with a first antenna 202 and receives signals with
a second antenna 203 using a first frequency range associated with a first wireless
communication mode. The first frequency range may be a set of channels, e.g.,
channels defined by different codes and/or frequencies.
[0045] In block 902, the device 220 determines whether there has been a change in

frequency range and/or mode. If not, the antenna system 200 may continue in block
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t her e[joag) been FThefapOskillhin the £ uRLRYuidRighdahal Biforiden ahdl sipbls thiiebe
antenna system 200 may continue in bl ock WO 2007/ 025309 )
PCT/ US2006F@peseried ysingany| of ¢ Heristynat diffemnin frehnelpgigs and tsligygspodor
transition I . | v d 1 r .
frequency réyééﬁgpelg’ag%l; ’oir%gé%%[;(gﬁcgf %%}éié%gss’sﬁ%%nm{%}?%g |£01%1 ﬁﬁsﬁgg&%@g’v?@egmp s
better comhanimay ibenrdfpichedd drrowdivat sShgnbbve desypipition, msy grakepresentai Stey

ratio (SNR), frane error_rate (FER), bit error _rate (BER), etc.) _than
the first FPUARSEIOFreniSaft§eToRegnsHS 3@{%1» SUEngin FiEiF o ?‘6‘1@% l.ca? 1085

particles, or any combination thereof.

[0049] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[0050] The various illustrative logical blocks, modules, and circuits described in
cornection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other



[0046] In block 904, the system 200 tunes the antennas 202, 203 with
el ements 210 212 according to a second frequency range_associ at ed
with the MP207P ess comunication mode or a second BETAISWE/033772
comuni cati on node. The second frequehcy range may be a set of
channel s, e.g., channels defined by different codes and/or
frequencies. [0047] In block 906, the system 200 transmts signals
with the first antenna 202_and receives signals w t{] t he ,secon%?{

ant enna 20BrogEIgablee lagle ofRYie, cdsrariey 23tangle . ransisieg) Lot s disgetes bardware
in the art caﬁg&&n%Q)‘Frai?%ﬁlﬂiﬁﬁfon'tﬂér%f'@és?é?ﬂdatﬂcf)eﬂbﬂﬂ%é FRYioBE described
represented using any of a variety of different ‘technol ogi es and

t echni quesheox A gruerpl mirpokstpagcessos traydieiaonsroprosassordisyt in ffecaliertative the
signals, bits, synbol S and chi atelhat may be {Ie@erenced th?rﬁ)ughouEate
the above BESEFPHIPON HhagmheoPiaul iiase sy CoBrPiged i CaPpaNs, o ¢
el ect r omaghfkhihe WVAKe proddB@RehiE afsbebdd smplenfeatddi & @Scordfthaital of icoh@iating
or particles, or any conbination thereof. [0049] Those of skill
woul d f urt Hevicesppe-Bei at eombizatietheofy ar RSP and| gs DHeropRsesseli @aplurality of
bl ocks, nody [ L CuUi . i t. Al i

connecti ongnvlv‘ll’rt(8 fofﬁggogséﬁggglr%&g?s1%?@8%%% lﬁgﬁaﬂﬁ&%{ﬁ@gaﬂgﬁé}%ﬁt@eaﬂy
as el ectropiher hdoafiguradomput er software, or conbi nati ons of both.
To clearly illustrate this interchangeability of  hardware and

sof t wit81T var i odgei pFRsttfapi Fethadmesnegerthny| drsgdbedndy tepaectian, ¢ dhe
and st eDSﬁB@M@{ﬁ%ﬁﬁndfg@ﬁ%& H&?inaﬁgy edamsidied Hirsdliyt B AlrdRhre RElal software
functionality. Wiether such unctionality 1s I nplenmented as hardware
or sof t war emodefeenxasutap by a precesaor prin acombipptiércat thertwand Alesfteare module
constraints inposed the querall syst ki,] L ed artisan

o erment - EH TGS 17 HUHP T CETBR TRy TONy Py et oFR R Memory
particul ar (RE®h) Ccatlb@callyPUPrédtehiniabll EREM at (BPROMY, S EReicalloul Brabable
be interpreted as causi&&a departure from the scope of the present

i nvent i on. PfaosoinatieR Q¥ (BPROM),uegiptgrsi hard|digh & sgmovabladisk, tRdIM, or
and ci rcui i hed. i [ L t I | j :
nerei n may DeOfREUAERS st SARELIANY] lhel BE AHORCHPRED ioEle8 Tl i
processor, ceuplkdid thle gobepasdr Fchales sioy probSSdy; canredd phiocahticanfrobpend irite
Integrated Grcujit (ASIC), a Field Progranmable Gate Array (FEPGA) or
ot her WO 20d¥omepsvncte, Hrsrstorsgegaediuyy 7 thg alternative, the storagé medium ‘may be.

integral to the processor. The processor and the storage medium may reside in an.

ASIC. The ASIC may reside in a user terminal. In the alternative, the processor and the-
storage medium may reside as discrete components in a user terminal.

[0052] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

[0053] WHAT IS CLAIMED IS:



programuabl e | ogi ¢ device, discrete gate or transistor |ogic,

di screte hardware conponents, or any conbi nation thereof designed to
performthe functions described herein. A general purpose processor
may be a m croprocessor, but in the alternative, the processor nay
be any conventional processor, controll%r, mcrocontroller, or state
machi ne. A processor nmay al so be inplenented as a conbi nati on of
conputing devices, e.g., a conbination of a DSP and a

m croprocessor, a plurality of micrebAB¥Sssors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configuration. [0051] The steps of a nethod or algorithmdescribed in
connect i on- wi t i wielesseapbodimentios ddvisctasedinger ei n nay be enbodi ed

directly in har b ] sof t war dul e ecut ed a processor,
or in a conbi ngg L}Qggr’fg%fi htt@'ﬁe ‘fv{/\o?\ﬁaﬁ\st g“é‘?%&fe eﬁ{g@&%éngen% St té%"rsﬂlét Gguency
Random Ac besd advbomtey WilRAMirstfdoastiuni®nel YnodRead ebbnd Mai¥miityfredutdY) band
El ectri cal Isy Pr r.%gtga | e ROM (EPROV), Electrically Erasable _
Pr ogr ammaf 8‘"@6%%’(‘ f CORBYNEARIBMOARETE rand cogimeieatiapineodgi whereig
CD- ROM  Ofhe BRY taBRY clEQEM BfcoftrON RISy TEHLUBHLAL Wit i By Ergx?shnﬁgsﬁons% the
exenpl ary storage nediumis coupledto the processor such that the
pr ocessor Ugayni gennargnd mahteceniions byrthedradsmit antenna, whereirathi transnot artérema
storage nedj, t I td.Vv e medi um be.
integral to F ﬁaetdp@ggggosngrt.}a%%ﬁg Pﬁerqg%nec ls]:)(;ea}l gtg%%%t “ethstd8¥1§§§g‘§%‘i“m% Wey"
resi de i nmere ofASlighal-TheoibStaBor(BNR), esfiralee érforaatd SEER Y, @fidrh BAlerrot fatd (BER)

alternative, .th raogcessor . and th stora medi um may reside as
di screte 853%81,%&%‘5@ tﬁ?..sego%g?n%}%%aqlqy k[ag&ﬁf‘}j The previous
description of atleith a6leaseAvitMAOtchRN tabR PeR¥hAdH choh RS al¥ive

person skilled in the art to make or use the present invention.
Vari ous nbeiEneatbantassasiatedadid tepbiest wemmmigation eodeetad | secernsh aaceint

to those gki i1t t eri i.nci pl es defj.ned

ner ei n ey b aopl Pda "ithlad, Ptk LB, RENTLppRELRRBER, 7R Ssron

t he spiritomnusicgpa wmbd¢, hehérainetht isocond Tlnkshle Eleenept &S edttroil By &Ftd @6tohs

not intengloeg Lo .3;-1,' limted t(% t he enbodi nents shown herein but is to
"PhEM I Y SEoRIBHEY ROFEPIYE BREYR #H! ReferapmIEIops BY tagpceive

be accorde

novel f eadnk@s, Whaeinabeebchioe @hBnnali9 ARl WM Tedord el Licicy Band AL

on the device determining one or more of a signal-to-noise ratio (SNR), a frame error rate

(FER), and a bit error rate (BER) associated with the second receive frequency band.

2. The device of Claim 1, wherein the frequency bands comprise at least two of
Code Division Multiple Access (CDMA) 450MHz, CDMA 800MHz, Extended Global
System for Mobile communications (EGSM) 900MHz, Global Positioning System (GPS)
1575MHz, CDMAI800MHz, CDMAI900MHz, Digital Cellular System (DCS)
1700MHz, and Universal Mobile Telecommunications System (UMTS) 1900MHz.

3. The device of Claim 1, wherein the first transmit frequency band is at least 100

MHz higher than the second transmit frequency band.

4, The device of Claim 1, wherein the first and second communication modes

comprise at least two of CDMA, GSM, Wideband CDMA (WCDMA), Time-Division



1. Awreless comruni cation device conprising: a transmt antenna
with a first tunable elenent to change a first transmt frequency
band associated with a first conmmuni cati on node to a second transmt
frequency band associated with the first comruni cati on node or a
second comuni cation node, wherein thefirst tunable elenent is
controlled by a first control unit for transm ssions by the transmt
antenna and not receptions by the transmt antenna, wherein the

transnmit NEGERROUS| & etiMPSGINAY e E5thasenahndrguenty elivisierny Multiglexing
based on ?@%vgmkg{m ning one or nore of a signal-to-noise

ratio (SN a'frame error rate (FER), and a bit error rate (BER)
associated with the second transmt frequency band; and a receive

antenna wi.th a.second t le el enent to change first receive )
frequency “band | %s(fc%xlic%toggét)%m‘hle’t‘ﬁgg?lflr it 8‘6‘??1’?8‘???3&”“ er‘?i)e&éenfsoc%{npnse
second r eeeliage- vdriabpueRe) cloarsimasgsahbdyedmaitiEMEe first

communi cati on node or the second conmunication node, wherein the

second tunable element is controlled by a second control unit for

receptiong by fhe deeegiorechih eNnan@ad ML akd @%%%hégﬂgé e dnfk€compris

receive antenna, wherein the receive antenna Is tun to the secon
recei ve freltpgerveyadelierrodidestric amaditoes.devi ce det ermining one or nore
of a signal-to-noise ratio (SNR), a frane error rate (FER), and a
bit error rate (BER) associated with the second receive frequency
band. 2. The déké devied ofICkim 1, whdreinehe firfiarahs@l Uai@yndyatuid HArpE ifise
at least two of. Code Division Miltiple Access (CDVA) 450MHz, CDMVA
800MHz, EXCENaLgIEngHarnd %%‘Et@mn%‘ﬁy RRBier droansATiAMeEt | ons ( EGSM)
900MHz, d obal Positioning System (GPS) 1575MHz, CDVA1800MHz,

CDVAI 900MHz, Digital Cellular System (DCS) 1700MHz, and Universal
Mobi | e Teb-econhfievige dridaigy btvepr¢iureSyans@f@amenna 8. orthhgorddy ipositiofed to
Claim1, i irst transmt frequency band is at |east 100
MHz hi ghe%r{){@?ﬁgln‘;ata %ﬁg%cond transmt frequency band. 4. The device of
Claim1, wherein the first and second conmuni cati on nodes conprise

at least fwo / . Wdeband CDVA, (WCDMA), Ti ne-Division 10
Synchr ono%s Cgbif %Wﬂeﬁfﬁﬁm lcf“fﬁﬁrgmrlsﬁ}geﬁﬁéﬂ reFiYF @nispna with a third
Ml ti pl exiufgble élemBMto ppdddNebéve difersitile device of Claim 1, wherein
first and second tunabl e el enents conpri se

10.  The device of Claim 1, further comprising a second transmit antenna with a third

tunable element to provide transmit diversity.

11. A wireless communication device comprising:

a transmitting means with a first tuning means to change a first transmit frequency
band associated with a first communication mode to a second transmit frequency band
associated with the first communication mode or a second communication mode, wherein
the first tuning means is controlled by a first control unit for transmissions by the
transmitting means and not receptions by the transmitting means, wherein the
transmitting means is tuned to the second transmit frequency band based on the device
determining one or more of a signal-to-noise ratio (SNR), a frame error rate (FER), and a

bit error rate (BER) associated with the second transmit frequency band; and



vol tage- variable mcro-electro nmechanical systenms (MEMS). 6. The
device of Caiml, wherein first and second tunable el ements conprise
vol tage-vari abl e Ferro-El ectric capacitors. 7. The device of Claiml,
wherein the first transmt frequency band and the first receive
frequency band are substantially isolafléd fromeach other. 8. The
device of Claim1, wherein the transmt antenna is orthogonally
positioned to the receive antenna. 9. The device of Qaim1, further
conpri sing a s@dBYRIVIPREEAIEVERESPRPAd WIS Betnsite @han[ggﬁébﬁtere@qltqr%mue@@
provi de reggi ‘c’lﬁogi'aﬁéﬁrvﬁ'tﬁ Mre S colHRuflENiof §n e tﬁl B reE é 'ﬁ@{iue %)a d
conprising a second transnt antenna wth a tun element to
provi de t rajesisiad dithethsi fingt carhmuaicafione imesls Qrothﬁusenmait cmnmdeic'at'ml mode,
conprisin t neans. e
SO ror ¢ insRib PRI R ARG b BoRtal i lacbat ool B or B SRES
conmuni cattheorceividg nicangases@ntntmBsns by fhe eepetmty mbardwhasmaGt e ing
with the first,. co ni.cati on node or a second communi cati on node,

wherei n  {Ha"¥ {sturedio fhegoondarecivsreaaprydiand fassg og the devicedsirmating eiet

for transg} $&jr088 al¥erR-ndif2RBB (ERRNG FBARSRP LD PFERLCRRL @P@rr&yrate
the transmtting neans, wherein the transmttl ng neans 1s tuned

t he secondBERA#spgiated M@fdmbmeyorbhwqelmﬁerdwow bdnd. devi ce det ermi ni ng
one or nore of a signal-to-noise ratio (SNR), a franme error rate
(FER), and a bit error rate (BER) associated with the second
transmt flZequeneirelbssndmnamicalibn daviceaamﬁprishg means wth a second

t uni ng means to chan r.ecei ve f uen band_associated with

f
the first cor‘r‘r’rﬁma’é%?‘fgglﬁg‘?ﬁ?:]"réﬁi Bt E@é@ﬁ& E‘io%a‘?geeaqf(féh%%ﬁs’é%frf&quency

associ at edetWbt Bhinnelst hds6diate® MM o€ &tdt A RHBCBon t H6deS 8¢ WNdecond transmit
comuni cati on node, wherein the second tuning neans is controlled by

a second G6MENEY senpf chasnels easegsidteshwithythe ¥ qosyein¢atign rmeedvsomadeonot
transm Ssbﬁgﬁupﬁéaﬁ(gmemro@&%%r f (e as ’tul)@-{g aseg? c&%f(ﬁfgxé)g/\gﬁ (f:'lr %Qr%trdls

tuned to t second rece€ive requency
det er m ni ngit t‘méransmssmnsebpﬂwaraasxgnnaﬂltemlmamdmmequoﬁs boife) tranamitraa@na,

error rateig 31)11 and t eLror I t ER) assocj at ed vmtht{;u
second rel8PGE ¥F éiﬁ‘}%rﬁﬁya“ SRRy Is fye %’ gﬁe s Siraag UERYoTEt QEgiangels
conpri si nased on the device determining one or more of a signal-to-noise ratio (SNR), a frame
error rate (FER), and a bit error rate (BER) associated with the second transmit frequency
set of channels; and
a receive antenna with a second tunable element to change a first receive
frequency set of channels associated with the first communication mode to a second
receive frequency set of channels associated with the first communication mode or the
second communication mode, wherein the second tunable element is controlled by a
second control unit for receptions by the receive antenna and not transmissions by the
receive antenna, wherein the receive antenna is tuned to the second receive frequency set
of channels based on the device determining one or more of a signal-to-noise ratio
(SNR), a frame error rate (FER), and a bit error rate (BER) associated with the second

receive frequency set of channels.

13. A method for wireless communications, the method comprising:



a transmt antenna with a first tunable el enent to change a first
transmt frequency set of channels associated with a first

comuni cation node to a second transmt frequency set of channels
associated with the first comruni cati on node or a second

comuni cati on node, wherein the first tunable elenent is controlled
by a first control unit for transm ssions by the transmt antenna
and not receptions by the transmt_antenna, wherein the transmt
antenna is tun@@“?@“ﬂﬁemgeéﬁﬁﬂﬂtFdﬁ@hﬂ@fmﬁeaﬁbﬁ@@Vggtﬂémﬂ%heﬁhéhﬁﬂmd
based on o I g

a0 (SN A PHERs AP A AR RoREE vl R ALOBRL Lt Region
associ at ednaget h t he second transmt frequency set of channels and a
recei ve antenn t enent to change a fir

receive fr equgjﬁq\%g @8?‘ r%tfa gﬁg‘%ﬂ%’éﬁg{%& i asteg?i“%ﬁ?qr‘i‘e? e ReS %stsomated with
conmuni catheofirstrosl@mificati@e e or E%&n‘d&vi‘rél@ﬁ%ﬁﬁ{urﬁ&hoﬁfm&ﬁaWh@lleﬁl the
aSSOC|ated W th E%grflrst communi cation node or the second

communi cafy"éi NobershaFRIas ceErodled Bra firsisanre ualt derdrnsinissionnby deifisd
by a secop@nfoMdr Qe rwfé'pjéloﬁsoﬁy [HRGRRL driHia B¥d ttllf@[uflﬁl%ﬁj\{ﬁe LA AR AN
not transm ssions by thé receive antenna, wherein-the recelve

ant enna i sontiphled byo at 5I*i‘@o@;ce(slellilt@jolreruelf«.rterefcmeqmlenbz:syth;ae1secooc[i apbemnaedng not

based on i ne .or r t 0- noi se
Pars TSk BRI R el P SRl e
associ at ethevdeténd freqeecpnahge rbewll ore afwiedess niRyics Qtete@inrﬁri'gaﬂlﬁtebﬁ mots3 of &
nmet hod for, vmlrel ess corm(ﬁwﬁ ns, the nmethod conprising

transmitt PEY P GPRIF SAUP f 2r BME fER rratea HiERe @8 va b §1ir@fn£ﬁt§ (RERY
a second aRbamea withithdscRofd frﬁueﬁ%ex‘ﬂlégé”%{drange associated with a
first wirel ess conmunication uning the first and second
antennas to a $¥BBHENE rse@elém@yﬂ Fh&r@fet e iand aeLeniingsignde withrtbe second
conmuni ca £5s communi cation node, wherein
the tuni %ldgt ofarﬁgﬂgt |Sreg?l§§frfl‘?(@ éé”h{a@ controlled by a first control
unit for transm ssions by the f| rst antenna and not receptions by

the first, ant na and .t un| of, t he second antenna is_ controlled
by a seconZ(F:Il co Hi?lql‘%e? éb‘itl}ecSrFé’”W‘s‘t‘lﬁe LLEFHEE avhetish dhe srsopdt

t ransmi SSWQQISssbyorhﬂﬂﬁmsmnQloa@tI:ﬂWi@es vher %bﬁ‘ln{dﬁﬁ:afxbﬁ Shan@fd ﬁﬁ?%felless
antennas are tuned to the second frequency range based on w reless

devi ce delAHFagNECor nore of a

.-’

15. The method of Claim 13, wherein the frequency ranges comprise at least two of
Code Division Multiple Access (CDMA) 450MHz, CDMA 800MHz, Extended Global
System for Mobile communications (EGSM) 900MHz, Global Positioning System (GPS)
1575MHz, CDMA1800MHz, CDMA1900MHz, Digital Cellular System (DCS)
1700MHz, and Universal Mobile Telecommunications System (UMTS) 1900MHz.

16.  The method of Claim 13, wherein the first frequency range is at least 100 MHz

higher than the second frequency range.

17. The method of Claim 13, wherein the first and second communication modes

comprise at least two of CDMA, GSM, Wideband CDMA (WCDMA), Time-Division



signal-to-noise ratio (SNR), a frane error rate (FER), and a bit
error rate (BER) associated with the second frequency range; and
transmtting signals with the first antenna and receiving signals
with the second antenna using the second frequency range. 14. The
met hod of Cl aim 13, further conprisingi3determ ning whether the second
Wi rel ess conmuni cati on node provi des better conmunication than the
first wwreless comunication node. 15. The nethod of C aim 13,

wher ei n t Benghreapys nePMA N GEI-SE3HIA).s Ordpgonah skrequgncy f Divisdere NdiNipkixong
Mul tiple VN A400MHz, CDVA 800MHz, Extended G obal System
for Mobi l ggﬁ@ﬁnr} catl oég (EGSM 900MHz, d obal Positioning System
(GPS) 1575MHz, CDVA1800OMHz, CDMA1900MHz, Digital Cellular System

(DCS) 17 and v al bile Tel ec nmruni cati ons stem (UMIS)
Soomz 18 e el OB (i 1 el RO AT (s RRs 181 e e e
range is %q&@x@?baﬂc@@hd‘b’lﬁ% subbt&hﬁﬂlyﬁmd Hem e8&RHef r equency range.

17. The nethod of Caim13, wherein the first and second

comuni cati on nodes conprise at |east tvvo of CDMA, GSM W deband

CDVA  (V\CDW) | Thmngﬂlcyd %!f()@laﬂ‘l:r}’ 138%1'{’ IS%/%EBE %A&th f third

Ot hogonal ~ Frequency Division Mifti p eX| n

The met hodntefina@p gravidezeceihedizemity.he first antenna and second antenna
use frequency bands that are substantially isolated from each other.
19. The method of Claim 13, further conprising receiving signals with
a third antenfhe hethydovf diaithersi Mehdti soeipsising. trad@mitling stBbROWitOf third
Claim 13, further rising.transmtting signals with a third

ant enna tGHWWP(HEQVf‘EgF?é‘ﬁWtdéIYe\%Wm ty. 21. A nethod for wireless
conmmuni cations, the nethod conprising: transmtting signals with a
first antenna and receiving signals with a second antenna using a
first fredlencs mahodfor @h@%ﬁ@@nmmgﬁioas gl miethhd gorhpriseg:wi r el ess

??gg‘dging;‘t isg'[] lg%}gﬁ"h tlh%r% @ﬁlst wﬁhfé rf%stt an e%ng %8 nr%cea}\%lg ns?ga}l%lst with & secongJ
antenna using a first frequency set of channels associated with a first wireless
communication mode;

tuning the first and second antennas to a second frequency set of channels
associated with the first communication mode or a second wireless communication mode,
wherein the tuning of the first antenna is controlled by a first control unit for
transmissions by the first antenna and not receptions by the first antenna and the tuning of
the second antenna is controlled by a second control unit for receptions by the second
antenna and not transmissions by the second antenna, wherein the first and second
antennas are tuned to the second frequency set of channels based on a wireless device
determining one or more of a signal-to-noise ratio (SNR), a frame error rate (FER), and a
bit error rate (BER) associated with the second frequency set of channels; and

transmitting signals with the first antenna and receiving signals with the second

antenna using the second frequency set of channels.

22. A processor readable storage medium having instructions for:



associated with the first comunication node or a second wireless
comuni cati on node, wherein the tuning of the first antenna is
controlled by a first control unit for transm ssions by the first
antenna and not receptions by the first antenna and the tuning of

the second antenna is controlled by a $&cond control unit for
receptions by the second antenna and not transm ssions by the second

ant enna, wherein tht.fi rst and segtgxnd antennas are tuned to the
second frequendy"WRFingr Sigpay a2 s aNtEHI2aaRg FsPRde enalg avith a second

det er m ni ngteMNe usihg MOfit Geqdertl MR h1RoARES Sviftah | st WYBkss SordifhfiBation
error rate (FER), and a bit error rate (BER) associated wth the
second fr&Hi§éncy set of channels; and transmitting signals with the
first antenna apghd 8684 Mg sstBQ i th .t SER Lng .

t he second frequeng(r:y sert og Sc%anﬁaéfegmsfg.a %&for chc@g%cﬂ%égﬁgs%?cggte@%lth
st orage méi fist heraimpgichtiet made iooasset@d: witdesst doansuriitdtion gnsdeg Bak&innihe h
a first antenn nd receivi.n ignals with a second antepna using _a
first fr eg}d‘g @“ﬁ%ﬁrgséargg%n&éf SR bR e e 8501 G RSB bR on b e
node;  t uniemgnitahendf ot StcoptiohsSBL MR dirsdr@iind and therufi BEUTAhd EQRQHE Af¥nna is
range associ atle?(]i W th %&g first conmunication node or a second

wirel ess EOHAlIAT o PoffC &Nt ot ﬁblt FFéePtt%ﬁit?Ygf}t?f sgered fantegna gnd ernta
i's controkh@thiforR byl the beoRBbhRhnd! WHerdiP et f8NSH s%%én%%t{}ééa§ RS e(is[{;l
antenna and not recéptions by the first antenna and the tuning of the
second anthersseondsfrequsney oarigedbabsd en g exioslehs alemice aleteumiring one peoept bbHas
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