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5 ftransceiver, more particularly, to an antenna interface for a Time Division Duaplex

(TDD) radio transceivet.

BACKGROUND QOF THE INVE INVEN'}'ION

Trad:tionaﬂ ly, a radio trauscewer requires both aLow Noise Amphhf;‘r
10 (LNA) for clear reception of a radio signal transmiited to the transceiver and a
Power Amplifier (PA) for transmitting a radio signal from the trﬁnsceivcr'over long
distances.
In a Time Dmsxon Duplex (TDD) transoewcr, a trammttcr and a receiver
are not utilucd bunultaneoush Typwally, whien the transmitter of a transceiver is
15 on, the recelver uf the transceiver ic off. Tikewise, when the receiver is on, the -
trensmitter is off. Fora typiéal TDD transceiver, to conserve power, the reosiver
Low Noise amplifier (LNA) is powered down during a transmit eyele, and the
transmit power amplifier (PA) is powered down duringA a receive cycle.
| In the past, s LNAand a PAina tr;nisceivér have beet: discrete cornponents,
20  and thay have been designed independently from each other for their own optimum
performance. Therefore, a LNA and aPA have been llsix.'lg their own set of different
matehing companerts to interface with an antenna. For example, a LNA is designed

to use its own set of matching compunents to match its inptt impedance to an

antenna impedance (o obtain the maximum power transfer for a received signat from
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Abstract: An antenna interface for a Time Division Duplex (TDD) radio
transceiver allows a transceiver to be attached to an antennal/filter

wi t hout the #eudernato abNAntChnhaothwhandh aireisaetigmdao isitisrovacst bfncl udes a
single Balun circuit to convert a single-ended signal to/fromdifferential
si gnal s, andmatchinggbepinepts ttesttedn ardquired guipitadiiinpbdantPlo@x@niz figedance at
an output of the single Balun circuit with an input i'npedance of a Low

-Noi se Anpl i fpﬁﬁer@mﬁﬂﬁcaﬁﬁnmﬂlmmﬁﬁcﬂ}&%&ﬂ provi de as output inpedance of a
Power Amplifier (PA) of a transmtter: lie single inpedance matching

GIToUit 'S coupl eulS! PN, 4055 A0VAeRR S RifhoRihna SHEIRRIoliEs PA are

based on CMOS technol ogy and nade Wi thin a s ngl e 1 nt egrate circuit.

Novenber QO%d@ﬁWMﬁltME@:eﬁ%tgﬁ@B% @;%%BB) radl o Me | pventi on

rel ates generally to a Tinme D vi'si transcel ver, nore

particul ar | ymed® féverRBRRWvilchih ‘ ‘gﬁg ex (TDD)
radi o transcei ver. BACKG%@NB éﬁ#ﬁ%@?ﬁﬁgg\vﬁ?ﬁe&l@f t| onaf' ;l;{ radi o

transcei ver wigeh hdes al%tpi’o\@dé(aﬂ"eﬁ@ti%@ Wwoi"a‘élh@rthe r&@ex@rﬁ@n l1jlgr cl ear

reception of a radio signal transmtte transceiver and a ' Power

Anplifier (%Mer%éﬁlﬁ%ys nf'ﬁiﬁ‘tﬂe@%hﬁ*nﬂnggg fromthe transceiver over

| ong distances VI ST on DD) transceiver, .a transmtter

and a receiver g B9l adibithled fhn s BHhd G N i Jaﬁ%ﬁéd Ik milgR, t he

transnitter of a transceiver
10 aiternative first active component (:I) and u second active component (32), whlch

both can be set to an active state by a first value of a control signal anel which are in
an inactive state with # second value of a control signal. ‘
| EP 0 333 41 9 relates_ to & time division duplex transceiver where a reference
oscillator is 8 crysial controlled ostillator (41) whose output is switched as betwesn
15 transmit mode and reccive mode at.a switch before being passed to the loop phase
detector (28). The transceiver is rapidly and repeatedly switched bctwee;n a {ransmit
and a receive mo.de-. _ .
_ Receziﬂy, as Integrat;d Circuit (IC) technologies improve, much effort has
been made to integtate as many funcrional blocks as ﬁossible ona singlé chipto
20 reduce its cost and size. Integraﬁon of a LNA and a PA onto a single chip often
reqmres careful attention, For example, if a LNA and a PA dse different pins, then
4n antenna switch iy reqmred to toggle between a LNA i input and a2 PA owpwt in & .

TDD system. However, an antenna switch is costly and will still adversely attenuate




15 on, the receiver of the transceiver is off, Likew seosWifBniRE2diRcel ver
is on, the transmtter is off. For a typical TDD transceiver, to conserve
power, the receiver Low Noise Anplifier (LNA) is powered down during a
transmt G nd the transmt power anplifier (PA) | d down
during a rece)?z\fgﬁcycl e. In the past, a LNA and a PAin ‘?r{‘@eé\)@rg@i ver have
been di screte conponents. 20 and theg¢ have been desi gned i ndependently
from each otthetankwit andwesceivasignais pormewtiat. Ipedditionyanatrol dhattaferte, a LNA anal a

PA have been I ng..t.heir own sot of different matching conponents to

i nterface wlfsﬁétgﬁ%?hmgﬁﬁg‘?m%‘?”?@ﬁ%%? iransmiAYFle %%ﬁeﬁgi\?d‘yg@'o use its. own
set of nat chAlRg aGamACBAMcEd/UabIMRESD chdult id QRYIr I IFRSHRNCEA h@ an antenna

i npedance to_obtain the maxi mum power transfer for a received signal -from

Enpf angs; Avidifirential-p-Ralnn cisgyit anday impedacematehingeirauii e used in bptA.  On t he

other hand, @,BAi ' | 0 f . matchi conponents to
obt ain aryrjequi r@é@u@%ﬁegﬁ%ﬁg’dﬁ ‘?t#pgzﬂ%ééhgvgc? %V”mn%;g&%& chlvgr?gt%gaiégkr

anpl i fi cati dfironit (I€) peckignpinsatd neededneinterfabeShe Paisediter With th, ilpedaB&7 rel ates to

an antenna Qf_.a.transceiver couple 5 through | ow s filter to the input
“port of a hi%%a’b%cém?lﬁ“ﬁ?re?anﬂ@ﬁ‘%ﬂgmﬁﬂ?"?ﬁé‘ﬂ‘.‘ﬁ% Th‘?éé&gg?lk‘;’i‘ ciEphe i vel y

swi t chi ng aremmnmmcmamﬁ@ciacun,%s&%@&u@ﬂﬂm&a@ama&sge,pmswmkeIa means al so
provides as effectiyve way to isolate the receiver Tromthe transmtter
when the sy@ﬁfﬁ@l‘ﬁfﬁﬁéﬂlﬁ%ﬁmlw%a@chm@pe@pme-zm rel ates to an
osci | | atjgng si gngl | I | 0. tive first
active ng nponent 3(183‘%%??3&58 gg%:e(r)%g oglg}f %o@gﬁ%rg@%gﬁlgk%e F%%nﬂn&vﬁl{dé both can
be set to ahaplsenmedstate by a first value of a control signal and which
are in an inactive state with a second value of a control signal. EP 0 333
419 relates to a tine division duplex transceiver where a reference
oscillator is a crystal-cosUumMiihey oBTHEMtenT(@t) whose output is swtched
as between 15 transmt node and recei vé node at a switch before being
passed to the | olfFcEAidaee Witk tisipyentiong the abpyee and athetmphlems weresalyeddl v and
repeat edky $Which ' : ' Recently, as

I ntegrated OWPCuW(ﬁ%gﬂ%%%yzg%ﬁﬁggvﬁ%E-\é{%fcg&tjtgﬁlgs been nmade to
i nt egrat e asgntpEnsdfilenvwithqubiha neddl foznsneengessh.bl e on a single chip to 20
reduce its caost lze. |nteqgratian of LNA and a. . PA onto a single chip
of ten .requires c%p)gF E‘:ﬂg‘%{"?%n%%n%ﬂé“% "“‘é*)‘(cae%‘b"l TANBGEIVAT IRRCOLTRICSYVEA i se

di fferent pilegrintiblenof thepraseheinveatiomintRllesionlyond BaludGirkyt th @a@lert abet ween a LNA

i nput and a .,PA output i.n . .
P ~ " sing e-en&e% signal to/%‘om differential signals, and only one impedance matching

20 circuit to match an impedance at an output of the Balun circuit with an input
impedance of a Low Noise Amplifier (LNA) of a receiver and to provide an output
load impedance required by a Power Amplifier (PA) of a transmitter, wherein the
impedance matching circuit is coupled to both the LNA and the PA. “The LNA and
the PA are based on CMOS technology and made within a single integrated circuit.

25 In one embodiment, a Time Division Duplex (TDD) transceiver system in
accordance with the principles of the present invention includes an antenna for
receiving and transmitting a signal; a bandpass filter to filter out noise received from
the antenna; an antenna interface coupled between the bandpass filter and a
transceiver; and the transceiver including a receiver Low Noise Amplifier (LNA) to

30 amplify a signal received from the bandpass filter and a transmit Power Amplifier
(PA) to amplify a signal transmitted to the bandpasé filter. The antenna interface

includes only one Balun circuit, coupled to the bandpass filter, to convert a single-




TAD system However, an antenna switch is costly and w I, bibepsitRy sel y
attenuate 24 Novenber 2003 WO 00/ 72457 PC US00/ 13606 szrgv?bgﬁgmt and
receive signals sonewhat. In addition, a control circuit nust be wused to
switch the antenna switch between a transnmit cycle and a receive cycle.

Al so, a BaM@PTHE! anced/ Unbal anced) circuit is used if a@drvsomseéa PA are
differential. A Balun circuit and an ijyipedance matching circuit are used in

both 5 transp ' aths. FEurthernmore, tw ce as.much transceiver
| nt'egr at ed g‘%’%%ﬁ’tﬁl EO?@%lag gt%iefglﬁ?arlussa(f NI FRBeGRRCs Mt REYE he

transcei ver vaupledtdibe Balne diasaitand the trebbddeir, @b ieieh b ihddaideab@bulght ng and
recei ving si g{}ﬁlﬁ ,TEe extra Balun circuit, the extra i nEedance mat chi ng
circuit, and®t'fle %13?? EGT?V&M?%WHC@%%@WEP%AW&@@% NADW & r anscei ver
Syst em | ar gerdoélve? edPtoRRtidBis bu1ad it PRI EuirtPby b PbiorahfligefSPECt 1O
these and_ot her considerations that the present Phvention Fhas been made.
SUMVARY OF THHA) oRRAasmetiqr whersinghe tkpedasceunstbhingtiscuitiisempled m bottttee above and

ot her probl epigags I 5 ovidin enna interface that

all ows a transc\é@vglﬁ?()\/@ng %@#@?ﬁt%egﬁe@%waf%%@r%ne But the need
for an ant enwihisasingle intégratehérceirbodi ment, an antenna interface for a
transceiver in a corq%nce \?/M".th the principles of the present invention

i ncl udes only ond™ B eRpedipr 2p gnterniainterface betwpengneantsnereamdsi gnal t o/ from
di fferenti al r@k@ihat i ac@hnedivh A BrircIPRS SAME BrdBHt HiVeibn iffudeh 5,ﬁ¥:jpt to match
t

an i npedance at an output of the Balun circuit wth an 1npu edance of a
Low Noi s&0 Angaicitppedance matohingieirgiit te snatohan antersa fropgsiancei with awrinmiit put | oad

[ d b | Fi PA) .of 11t wh inth

| npedance m‘f'g%;aﬁ%m%‘ﬁ?% BRI D B Pere MRS ER A oA, he LA
d the PA larddmipedect roqmieViBBa Peedriohyi AYl o Bt gnsitdisten isthe gl

?Et egra’?ed circuit. %E;:‘Iiun .on.e?e%?% Iﬂﬁr,@agi‘?'i me [S)lm\l/i s:vghrﬁlgﬁplagxe(TDD)

transcei ver %g‘#"g‘?ﬁq‘ Cung AGPH R Few 't{’rﬁo ke L¥A Aed the 8BA. Jhe LNA s8d esent

i nvention i nié Pules bakdah CMOSttRlogy B5Erhite Mt Wsih 12 RedEiddd dgui@ Si gnal ; a
bandpassbsfl lter to filter out noise received from  the antenna; an antenna

i nterfac® coupl eth %ﬁ%@ﬁquﬁ@nb&ﬁémﬁgbiﬂfqnl RuplexBDY trapsceingrspsitaner ; and t he
S gnal rscei el BEREKRS oAb BlE G B jockBes feMebndfr avpl 1 i er”
(PA) to anplredeiving ani fresmitting a sigid;tadrindpasst fitter todtiepestaiofst kdeeived Fdne ant enna
perrace  WREIRS of Bt ARl Rl bEedn s Bl gl nd§ PandPass Triter,
transceiver; and the transceiver including a receiver Low Noise Amplifier (LNA) to
2.0 amplify a signal received from the bandpass filter and a transmit Power Amplifier
(PA) to amplify a signal transmitted to the bandpass filter. The antenna interface

includes only one impedance matching circuit, coupled fo bandpass filter and the

transceiver, to match an impedance at an output of the bandpass filter with an input
impedance of a Low Noise Amplifier (LNA) of a receiver and to provide an output
25 load impedance required by a Power Ampiiﬁer (PA) of a transmitter, wherein the
impedance matching circuit is coupled to both the LNA and the PA. The LNA and
the PA are based on CMOS technology and made within a single integrated circuit.
These and various other features as well as advantages which characterize the
present invention will be apparent from a reading of the following detailed |

30  description and a review of the associated drawings.




24 Novenber 2003 WO 00/ 72457 PCT/ US00/ 13606 3 ended si gngloeh{bkF 960
differential signals; and only one inpedance matching circuit, coupled to
the Balun circuit and the transceiver, to match an i npedance at an out put
of the Balun Circuit with an input inpedance of a Low Noise Anplifier (LNA).
of a receWO&74d to provide an output |oad i npedance PeRUsIAABY a Power
Amplifier 5 (PA) of a transmtter, whgrein the inpedance matching circuit
is coupled to both the §Cﬁﬂ*}“ [ ot he PA are based on
CMOS t echnol ogy and nadgh&%\wﬁtﬁﬁu T i@ﬁgﬁjt}%ui?%. a&gﬁ circuit. In another
enbodi ment; an arReéeming nowtte the doevings inveltich hike refoteatenmnhed represttanscei ver in
accordance . wth th ringi ples of the present invention includes only 10
one ir‘rpedan\(lzgeog—rr@rsﬁ]tmé ﬁ%"‘“ﬁﬁ}r&?ﬁ?m‘to mat ch an ant enna i npedance with an i nput
i npedance of a L@IGURE $6lluAGRE o thsibal bhsdihh irfirfae F0 8 TiMEDIVH DuplRr OVi de an
out put chq)ad L npedance required by a Power Amplifier (PA) of a transmtter,
wherein t° (T%é@%@és%%hi ng circuit is coupled to both the LNA and the
PA. The LNA and p&8rEA; bass, e wthin a
singl e integrat eclll:i Cl rcg\iﬂ?{SE{%S I n&éﬁ%ﬁ%£%§@%ﬁ%°§ﬂ%%% vi si on Dupl ex
( TDD) - t r ans datexfeae foryaskimeDivigioraldupdexd DR radict thansdeivepiniatidaheswiti thé he pr esent

i nventiion | antenna f.or receiving and transmtting a signal; a
bandpass fi {hﬁgﬁgﬁgoftﬁwrg FUBY "Bt se received from the antenna; an antenna

interface coupl eHIGERES histdie dbdstd @agHn dflahQfier dffodmedtfASARIMET ;. and the
transcei ver .i ncl udi ngr,a receiver Low Noise Anplifier (LNA) to 20 anplify a

si gnal r'¥ceilbieriace 15 % Time Diyasiendeplex(TPDg radigrtenseeiverin gerordamesweith therp| i f i er

(PA) to amplgihYipRs 6f tBikschtidafidd t €d to the bandpass filter. The antenna
interface includes only one Inpedance matching circuit, coupled to
bandpass filter HKIRE¢illustrasgsscutwiatiagran ofmicembadimenpé daingedaike an out put  of
t he bandpas Wkt ek W i nput - i npedance of Law.Noi se Anplifier (LNA)
of a recei VZ?Jt%h!rL{I& rgmpgr%{l/?%gmgﬁﬁ{%rgatcf)ﬁltac%&%%ﬂ’ﬂi‘ﬁ'ﬁ@ﬂ’éﬁ‘ﬂg“ %&ﬁu red by a
Power Anpl i fpresent R&)tionf a transmtter, wherein the inpedance natching
circuit iss coupl gmg th the LNA and the PA. The LNA and  the PA are
based of>CMOS te : ﬁlu%PF?&eSﬁé’a&Wﬂmmaﬂwﬁ@réceiwge@iwb@aci rcuit. These
and vari ous r@kfhigeydeat ures as well as advantages which characterize the
present invention will be apparent froma reading of the follow ng detail ed
30 description aR@URE ¢ilingtwiest Sowshatstpemtiod fortemsmiging 23%mNdvenber 2003 WO

00/ 72457 PCRLISAQ, 13606

20 DETAILED DESCRIPTION

In the following description of the present invention, reference is made to the

accompanying drawings which form a part hereof, and in which is shown by way of

illustration specific embodiments in which the invention may be practiced. It is

understood that other embodiments may be utilized and structural changes may be
25  made without departing from the scope of the present in;.rention. |

The bresent invention allows for a fransmitter and a receiver in a Time

Division Duplex (TDD) transceiver to be attached to an antenna/filter port without

the need for an antenna switch. The present inveﬂtion provides an antenna interface

which combines a Low Noise Amplifier (LNA) input and a Power Amplifier (PA)
30 output into a single path so that external components, such as a Balun circuit and an

- impedance matching circuit, can be shared,




4 BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the 44aMnpas ohds Whi ch
| i ke reference nunbers represent corresponding parts thr40ughout: WGJRE 1
illustrates a typical antenna interface for a Tinme Division Duplex 5 (TDD)
radio tra ' . FIGQURE 2 illustrates a bl ock diagra pbodi ment
of an ant gﬁf@h&%terface for a Tinme Division Duplex (T&)?I"Pg"gﬁ%‘ﬁ?ranscei ver
in accordance with the principles of 5t he present invention. FIGURE 3

il lustrates a bl dekTitiedRivision Suplen (TDRY tranpdzdat systein, oframmitenimima 10

i nterface faq ' Di..v:i si on | ex (TDD) .radi,o transcejver i.n accordance
wth the preseiel g Botiti e BT, fraRith Woen B RRSA T T Ac oo o
circuit di agtansmiotyds)theestbioet 6 and whamth FREIVENE 6h inFBLdeiieRGeigitHeCUi t of an
antenna interface in gccordance with the principles of the resent

i nvention. IBUENEGRECH: I p Fanspahcyele.dhe teegivesls Aow Nofsedyanlifier Yior receiving
a signal gn FRABIWN B GHSHR- ( 1 t J art of

oper ati ons f‘??”cg ransmtting goﬂagna rﬁgﬁ&%k%?efgﬁﬁ&frﬁ%%éﬁ?ﬁgo DETAI LED
DESCRI PTI ON Amplifiee (RAJ|is pomierag ddws ¢o ¢opssreaponder.t he present invention,
reference is nmad h acconmpapyi ng dr.aw ngs. whi.ch forma part hereof,
and in which is 9%‘%\?{1&’%&3“‘” Sop Ry F‘l?g'f‘?‘a‘f%“%g%ﬁé%ﬁ‘r ¥ 8dMent s in whi ch
the inventi Gilostpywddpossibieab perrehie dndl taismitd @8 tMed nhitalingt ier enbodi nent s

may be utili zgd alng structural changes may be 25 nmade without departing
fromthe sc&paegply oJENHds MYdEim pavermpuptdsiiticoeyiint SGeIm| | ows for a

{r ansii ty0er 164 Samé SRS LanipfbndteH STl & o EXoVe PR LiPSCel ver Lo

be attached to an antenna/filter port wthout t nee an-ant enna
swi t ch. The obfreaneneies. Thesgmpiommap canlicdonneated dindctly hethe trorenfittere Othdri ch conbi nes

a Low Noi se LEL.ar Loput and a .Power Ampljfier (PA) 30 output into
a single patﬁ soag%‘gtlmé%eﬁg‘ﬁap‘é b%ﬁlé’rWlE‘, @HW%’QE%"&H rcuit gnd an

i npedance nehvhinngnicili thedetcases,an abenBlifedite nddt B¥axargso, 300% W¥Re00/ 72457
PCT/ US00/ 13(}06].f.5 Jn a Time Division Duplex (TDD) transceiver system a
transmtter 1 151' 1n a recelver requires impedance matching so as not to attenuate an input

15  signal from the antenna.

| FIGURE 1 illustrates a typical antenna interface 100 for a Time Division
Duplex (TDD) radio transceiver 102, The antenna interface 100 is coupled between
a bandpass filter 104 and the transceiver 102. The bandpass filter 104 is further

coupled to an antenna 106.

20 The antenna interface 100 includes an antenna switch 108 switching between
a transmit path 110 and a receive path 112. The antenna switch 108 is controlled by
a receive/transmit control circuit 114. In a transmit cycle, the antenna switch 108 is
switched to couple to the transmit path 110. In a receive cycle, the antenna switch
110 is switched to couple to the receive path 112.

25 In the transmit path 110, the antenna interface 100 includes a Balun
(Balanced/Unbalanced) circuit 116 which converts an unbalanced signal to balanced
signals, i.e. converting differential signals to a single-ended signal. In addition, an
impedance matching circuit 118 is coupled to the Balun circuit 116 to provide the
optimum impedance at the PA output so that maximum power of the transmitted

30  signal from the transceiver 102 can be delivered to the antenna 106.

In the receive path 112, the antenna interface 100 includes 2 Balun

(Balanced/Unbalanced) circuit 124 which converts the balanced signals to an




receiver are not utilized simultaneously. In operation, m&e grz 03
transmtter is on in a transmt cycle, the receiver is off, an \A%en t he

receiver is onin a receive cycle, the transmtter is off. In a transmt
cycle, theysgsaer's Low Noise Amplifier (LNA) is 5 p [ Hg wn to
conserve power. In a receive cycle, the transmtter's P%:ﬁ'[”g& %Pfier (PA)
i's powered down to conserve power. Onetof the challenges in radio

conmuni cat i onnkalancedssignal, {.¢.wanvieeting atsinglgehdddnggnalo Hiffepaiglsiga@s.sinbl e t o

generate and _Lransmt _a.signal.. Most. transmtters are preferably designed
to provide rraaéclilﬁr%nm%%%fmﬁ%fnﬁk m%ﬂ&“@ﬂ??@icéﬁﬂ?l o theBaunsicwh 4t0 | oad. Sone
ant ennas can npichiing@latice20the Butpht@Z theHR 1 REclif %Witrﬁnpu?}iﬁﬂeﬂﬁc%pe range of

frequenci es. ,These antennas can be connected direc to'the transmtters.

O her  ant enffgdomaNss Amplifics GNA)Y 128 of tha repeinerdDy Wihien impedagaisncy and t he
surroundi B pRRUL] AARERN nd : an.antenna interface nust be
used. Al'so, a Low Noise %n“%f%ﬁ&alﬁgﬁg‘%&gggiﬁ\?&ﬁ?gg?ﬂn?i@gﬁo%edance

mat chi ng so &ensagjvertl@2.at t enuate an i nput 15 signal fromthe antenna.
FIGURE 1 illustrates a.typical aptenna jnterface 100 .for a Tinme Division
Dupl ex ( TDD) radia'ig)hetrre%hvé?)c(%‘ *COTB‘Q‘.C“‘T‘HEI Lipertoiathe frepsitfoRdetveea i s coupl ed
between a bamdpasscltihd SreccReyalo duch Mt iHeARSRE! MBlch &R ndpass filter
104 is further coupled to an gntenna 108: 20 %hefaglot%gﬁ%gé&i%ne?grface 100

i ncl udes an SHSEREEECIE 4Rd 2ascelvsryelei Thatranscelyer 1amay iacludecansnible path 110 and a
recei ve pat heckidi citbl 189NN GnS | Ll | Rd

recei ve/trangm't %ront rol ci rcgﬁwsa@%?%?lﬁoné&{%gnﬂlsen%b?f@?é‘ﬁe% ant enna
switch 108 i 8. switched to couple to the transmit path 110. In a receive

cycle, the antenng .sw 110 is switch 0 couple to the receive path
S s 1 thet iy e ahote el et S 1ok & ciind s s uctos. a
Bal un  (Bal aseeditdihbatmmiedl) retiveidalskbBewhiiC ih £AMAIhe an unbal anced
signal to bal anced sij gglal E i,e. converting differential signals to a
si ngl e- ended™&§ STyt FOTRQLEIEE A 14 Bpst bp pysd dapwitchithe amtanngysvatchd08 t 118 i s

coupl ed t9 tHpwdaladRnahif S)dietand 3 Reckio Vi | rum i npedance at the
PA out put so that naxi rmﬁép?oa\rllver 8%1 ?ﬂ{ggf rlzgﬁg%rﬁht?’toe signal fromthe

transcei ver (Polnesdiinbalagpsil) cirspitshnd bve inpedarce mamhih@ Gircuits hiveao becei ve pat h

112, the ant ' [ O dnRet U a | un.. (Bal.anged/ Unbal anced)
circuit 124 ‘\%ﬁ?gﬂhé;%“ﬁ%“ég?‘ge %‘%ﬁéﬁﬂ@%%ﬂ?ﬁﬂgd ceggpl, er 2003 WO
00/ 72457 PCTh¢|809fot 880hnsceiverioa lraexaed Cha@MAIC) fackige GRAYMILI, T 2

n

si ngl e- ended _si gn to djfferential signals. |
9 _ exam e?llourpmsdtjor ba?anced signals. Tﬁ’e extra Balun circuit, the extra

20  impedance matching circuit, and the extra transceiver IC package pins increase the
size and cost of the transceiver 102.

FIGURE 2 illustrates a block diagram of one embodiment of an antenna
interface 134 for a Time Division Duplex (TDD) radio transceiver 136 in accordance
with the principles of the present inven_tion. The antenna interface 134 is coupled '

25  between a bandpass filter 138 and the transceiver 136. The bandpass filter 138 is
 further coupled to an antenna 149, |

The antenna interface 134 includes a single Balun (Balancedfljnbalanced)
circuit 142 which converts an unbalanced single-ended signal to balanced
differential signals in a receive cycle and converts balanced differential signals to an

30  unbalanced single-ended signal in a transmit cycle. The antenna interface 134 also
includes an impedance matching circuit 144 coupléd to the Balun circuit 142 to

match the impedance at the output of the Balun circuit 142 with an input impedance




addi tion, an inpedance matching circuit 126 is coupled tf Yol reui t
124 to match i npedance at the output of the Balun ci rcu?%t %ﬂ%}tﬂoan

i nput i npedance of the Low Noise Anplifier (LNA) 128 of the receiver 130.
When imedﬁ’ﬂ%ﬁ%ﬁ% 5 mat ched, maxi num power of a signal is transferred from
the antenna o the transceiver 102. The recei ve/t r ZASHSPVBHKE r o
circuit 114 controls the transition befween a transmt cycle and a receive

cycle such t hdt LobeNcstanlifics@WNAg h50 800kaNeP 5MRa % frovilid M\ cycl e and a
receive cyclﬁ? The transceiver 102 may include an enable 10 control circuit

132 whi ch’ confdmecdance TpBied binPoTer Amsifie{BAPMGIGRD tanwmitierd 4BNKher 28,  As
descri bed abqy@impemp@i@hﬁgéﬂéﬁa?‘t‘}ietaﬁ@nrga%eﬁ‘f:?oeﬁggﬁﬁl Ig?gg?r\/gflal still adversely

attenuate the transmt and recelve signhals sone n-addition, the

r ecei ve/ t r andrensmitiseeivagignel is gansferred fromrts the hatenmdd6 tasframitieatanichiverant enna
switch 108 15gbetween a transmt cycle and a receive cycle. Further, two
Bal un (Bal anced/ Unbal anced) circuits and two i npedance matching circuits

have to be used The PAedGuidemNIal S0kebhard G0sidchhdlSgylddnaswRfinar €
differential. Furthernore, .the pins for the transceiver 1 02 Integrated

Gircuit (IC) *FHelcdeeeard cieryit fiQaThe dspailedsirmnis designs ofithe BAg6 ot LBAI anced
signal . The 185 hcbaRBlai it 12hd md ARabX 14ceat Be LAEAANGS, PRI no o reuit,
and the extra transceiver |C package pins Increase e Size and cost of

t he transcei Ways krown isrthegmdare hotdist foatseftha phsant knvelitingr am of one enbodi nent

of an antygnna i Iﬁé:.14fo ime Di.vi sion Duplex,. (TDD) radio
transcei vlgr 136 P%\l‘%{accofl g%f:attaesa\liluot%h ltag.r&m&fﬁalfemagge %T“b‘{a cnh PeAlant

i nvention. Thmteramtisenfize iIbei'ﬁiﬁ&Uiﬁi@ioh&)ugmdpfm @i HRhI06I98 136 handpass
filter 138 and the tr, ngqcyei ver 136. The bandpass filter 138 is further
coupl ed to aAAHERTYARPrneples ghthe Arssent fventipa.c Theltmpsqeiver Liesn be si ngl e

Bal un (Bal anaRdhbbahangative pighi niddutdl£ BARNEL bigBll e anced

si ngl e-ended signal to bal anced di %erentla receive cycle

and conver t s 1¥fsAnd e anfepiaflf@ eanrbeithel sami gntlib bandpasa filtai 38 nivhihaantenhasi ngl e- ended
pedance mat opy o o FIEERE 2 JHGORE IR, BbSrARy a0 et IR s o mat ch
't he i pedancesiagleehded aubgantedofignial) e. Biad sighalis hétWohvehd@ totialdfcedn | nput
L\rrp_e_da_nce 24 \éﬁ ' glrg}lﬁago b ?‘\%g’/ Zh?fégtzggdq/ Usoo/ 13602 7 of a Low Noi se
mplifier (L P ‘ terdacs d 6% ingludespnbians ut
P impedance matching circuit 162 which is coupled between the bandpass filter 158
and the transceiver 156. A PA 164 of a transmitter 166 and a LNA 168 of a receiver
20 170 share one impedance matching circuit 162 in the antenna interface 154.
FIGURE 4 illustrates a circuit diagram of one embodiment of an impedance
matching circuit in an antenna interface in accordance with the principles of the
present invention. As an example, the impedance matching circuit i62 of a single-
ended unbalanced system as shown in FIGURE 3 is described herein. It is
25 appreciated that the impedance matching circuit can also be applied to a balanced
system within the scope of the present invention. _
In FIGURE 4, the impedance matching circuit 162 is made up of a
combination of inductance and capacitance to transform or match the impedance at
the input (Rin) of the circuit 162 and the impedance at the output (Rout) of the
30 circuit 162 in a receive cycle, and to transform or match the impedance at the input

(Rout) of the circuit 162 and the impedance at the output (Rin) of the circuit 162 in a

transmit cycle. R1 represents the impedance of an antenna or antenna/filter. R2




| oad |rrpedance required by a Power Amplifier (PA) 146 ofpaydefibafbbber 148.
Wien the inpedance is natched at the antenna interface, maxi mnum power of a
transmt/receive signal is transferred fromto the antenna 106 to/fromthe
transcei ve{yoggirdd2- - - The PA 146 and LNA 150 are based g.p’.{['}g/@gg gchnol ogy
and made within a single integrated circuit (1C. The al é circuit
designs of the PA 146 and LNA 150, th8 bandpass filter 138, and the

ant enna 140 d&ﬂeﬁétslaﬁmpmm@npewﬁﬂwéﬂﬁomareqmysydhm)wemthetdoeivart and are

not the focus 10 F l.ustrates a bl ock
di agram of an’ f’tlse&rﬁéy?{ veﬁﬂé%%{ésg‘\{%‘ehp elﬁparﬁ%féﬁﬁﬁmipﬁtt%‘?? 54 for a
Ti me Divi si onth®iNKaxd thﬁBﬁ))e doasiha hindenbeRtaney opdiaor. On tﬁ@@tﬁéxdﬂﬂd} gawi th the
princi pl es of thepgresent vention. The transcelver 156 can be the sane

as the transdEPRGEPS 18U IRff imppdncespfthe BA imp famseiticycle sngsdndSass filter .
158 and ary aﬂP&&ﬁ@cﬁc@ﬂﬁ@NAh?oﬁf%?d;ﬁ%s%gtEﬁg &ﬂ%%géﬁneﬁtdth@éu 8 and the

antenna 15 140 shown in Fl GJ un clirc i S not
used. The si dﬁ%ﬂ“ﬂpgdﬂﬂ%@Thﬁdﬂ@ﬂéﬂmrldmmaﬁumw&mgmslrmwpﬂatwrt he signal is

not converted to nt| al Accor di t he ant enna
interface 154 i nc?‘?%%g&% Y‘f/lgot{r)geﬁwg éctrr‘f@@g flshﬁ}nﬁgj“gﬂp?d@ﬂ%ts\éﬁgf which is
coupl ed bet vvemluetohﬁzhnandﬂmwﬂthéﬁfcuﬁ5& soahil niali@nunt oG elisipas] pbwr A PA 164
of atransmtte %66 aﬁp lhg 8.of a recejver 20 170 share one inpedance
mat ching ci ré’ﬂ? fropet ﬁ’i‘t@?ﬂ*}é‘“?rlfﬂcéf‘of @bNAS4A.  FIGURE 4 -illustrates a

circuit digagram ofn DRsBIBRWY, ﬂE'PIA19%0%&%@@3%1’3tﬁ@ﬁo%f-ﬁlgplﬁ'ieﬂcu't in an

antenna interface in accordance with the principles of the present
i nventi on. Agigaal asfedihtheough %élmmam@hmpwtd@ cThedRA is dedignedf a si ngl e-

ended unbal any oﬁY@%ﬁb@@{oﬁx@?Wﬂﬂﬁ 1§ven€ descri bed herein. It is 25

appreci ated t the i ance nat ch ircuitocan al so be applied to a
bal anced syst em Wietllmpndamaanﬂdmmmﬁn lt’iﬂas ptamgedio providithd desired R2 ikl GURE 4,

t he i npedanc tChl n U|t 16 de up |on of

i nduct ance aﬁa cf’a{ﬁ%?vegﬁﬁ ﬁ@’f’%r Pgﬂl'u"’c‘h@%méﬁﬁ ce at the

i nput (Ri18) @fbndckiGerGhdanliRl lg.ﬁ?omﬂokzllaqowomd@%@oﬁaswecpgtswtcﬁ Rout) of
the 30 circuit_162 in a receive cycle, and to transform or match

i npedance at 1&Hépk gt 7 ilRed L isgh . h'Ehe(,*’Fﬁi%mct’“lm@@ldh@DmﬁéqurWHance at the
out put (RI 1) wihen RBS @0l 'R250700 huftwinbd RIATY oY G BapiRteikiGPhgsCN S 1 he

| npedance of an antenna or antenn ter WO 00/ 72457
PCT/ US00/ 13608er Ritsdpspeeifentionsam comipinationspiChpacienaf IndivantdNanibausedr ecei ve
cycle since ko prEmSe {heﬁesnecFRz in both a receive cycle and a transmit cycle.

20 - FIGURE 5 illustrates a flow chart of operations for receiving a signal in a

receive cycle. In areceive cycle, an operational flow starts from an operation 180 to
receive or detect a signal at an antenna 180. Then, the signal passes through a
bandpass filter in operation 182. Next, the signal is converted to baiauced
differential signals via a Balun circuit in operation 184. Then, the signals are
25  delivered to an impedance matching circuit where the impedance is matched with an
input impedance of the LNA in operation 186. Next, the signal is amplified by the
LNA in operation 188 and sent to the rest of the receiver in operation 190. Then, the
operational flow terminates. '
FIGURE 6 illustrates a flow chart of operations for transmitting a signal in a
30  transmit cycle. In a transmit cycle, an operational flow starts from an operation 192
to send a signal to the PA. Next, the signal is aml.ﬂiﬁed by the PA in operation 194.
Then, the PA delivers the amplified signal into the impedance matching circuit




cycle, PAis off and provides high inpedance in paraIIeI Ao 65§

i npedance of the LNA and therefore does not hinder the recelve operatlon.
On the other hand, R2 represents an output |oad i npedance of the PAin a

transmt cycle since-in the 5 transmt cycle, the LNA is off and provides

hi gh i npedance in parallel to the.output |oad inpedance of the PA and '
t heref ore does not- hinder the transmt ®peration. In a receive cycle, the

LNA is powered on, and its input inpedance sets the value of R2 to match

Rout of the circuit 162 so that maxi numreceived signal power can be

transferred wm@mpmme@ﬂk%n@at 1oBd ﬁﬁ;ﬁ@&%e%t mquwﬁune%qn bferftidd B&SM t cycle,
the PAis p re el ivers the power-anpli signal onto R1

t hr ough the%ﬁ\gﬂég%ggén E*’@ﬁ“‘r?@a]c‘il%@iﬁm&@Zﬂﬂeﬂﬁeamglésﬂ'ﬁe%i“@ﬂwced)ased on .
the val ue ofgkauby e Bl Fé%c{u'i‘nﬁgﬁaa%ﬁ%%‘trhéﬁ g%iégﬂpa@éﬁ ﬁ@gx goce mat ching

circuit 162. Ts arrang e the de receive cycle
and a transrhmdwa:ﬁbsrmqumm&ﬁﬁplb&xt,n mgrsmummwmmwmtmanmma\/er

Vapr B oot dOe i ADeiRnC P oks' Tnt Trom d |3 50

Chm when R2 is 10B afjmeriat thas in KIGURES Svweh6, Bfierations 0 8Oand 19% canseappr eci at ed

that other s .S eC| i,cati.ons,or cqQnbinations of

Capaci t ance- R #aﬁf@?él %gﬁ eﬂémh%l@éf'zdﬂgn F?)’ﬁeg‘e the desired R2 in both- a
receive cycle andtaalqbappmmte@mk medg&ﬁc%&&vbﬁdmbﬁ%@@pﬁe&toow chart of
operations for r\%&%lk’s‘{%ﬂ“@% signal, in a - receive cycle. In a receive cycle,

an oper at i orfihersg SP‘F%V&H’I??BMF’%W%WBMQJ%@ Ve or detect a
signal 30 anfraMepRAa 180. Then, the.signal passes through a bandpass
filter in operation 182. Next, the signal is converted to bal anced
differential sigrfartesitis uptekthatihe termoyistch as anjonni aptonaigurfacey ets,, dtthe
signal s are Za. rﬁz'gﬂé m r t he

i npedance is na‘?q%é&/t% aasﬂleér%ﬂ%’t |rrp§ ;B%‘ége\éag' lﬁisﬁ?ﬁkkﬁa}?&operatl on 186.
Next, the s|0gmlsu1taé11m¢ﬁlwmgleehsluyﬁhagdevme¢thndnuterpfweatancheu&ﬁBtaand sent to the
rest of the; 4N 190. Then, the operational flow

term nates. ‘éﬁ%ﬁeéab%ﬁgg&%esp a flow chart of operations f or

t ransni 46i ng a sﬂgﬂalprefmai enfbdimems shobmdy FIGURES 2a4 bmimﬁmlmeﬁmcl e, an
operatlonal I s .from an operation 192 to c{@a sregnal to the PA
Next, the, si® FF&I““T ?Caﬁw?%@?%a%ﬁﬂﬁﬂcwmmﬂmswﬂ&t APPIERIREd 102 pa
del i ver's t hoemnmskifld 154 G0aar ibBtouARS Ih@@&dﬂ?&ﬁmﬂﬁéf‘ealaaaimrnﬁwd 24
Novenber 20Q3 which rov es the output |oad i npedance that the PA requires

in oper ati offf P86r suitablganireless saupling deviess i@mmervpémrwmpéﬂsghﬁ&legxmt
converted. t gnanBbigl €- ended unbal anced signal by the Bal un ci rcwt in

operatlgg 198. Then t he signal passes through the
It is o be understood that even thongh numerous charactensncs and

advamages of various embodiments of me presept jnvention bave been set forth in

the foregoing description, fogether with deta113 of the structure and function of

various embodiments of the invention, This disclosure is illustrative only, and

changes may be made in detail within the principles of the present invention to the
25  full extent indicated by the terms in which the appended claims are expressed.

Earfanes: AMENDED SHEET




bnndpass fitter in operation 200. Next, the signal is tranglehibgFoid Vi
the antenna S in operation 202. Then, the oper ati onal flom/ternlnates I
" is appreciated that in FIGURES S and 6, operations 184 and 198 can be
optional if a single-ended unbal anced siignal is -used. it is also
appreci ated that the above described inventions-can be applied to other
sui tabl e devi ces, such as w reless nodens or any other anal og/digital 10
transceivers. Further, it is noted thatlsftsie terms, such as antenna, antenna
Interface, etc., are nerely used to iTlUStrate a specific TDD radio
transcei ver. OhatiscRRR¢SG! ated that other suitable receiving/transmtting
devices and interfaces can be used to 15 inplenent the present invention.
In the preferred enbodi mrents shown FI GURES 2-4,coupling lines or wres are

used to connect vagh SenINbGRS (H14) QR Inegm\%%a%@ e%(tﬂe ed to a

person.skilled in the art that the coup |n epl aced
by infrared Wiﬁtmﬁﬁlmﬁlﬂbﬁ@W@M@S(Mﬁhpbmpgm@w ces to achieve the

Phough” nuner ous. cRuaLt dmedyté Bk bl (el o ot 800 ot s of
t he present |mmna(biﬁ)Waheuhnaanmﬂartb@o:lt&unmNoisb@\xﬁﬁl{&g(nm;* dseyef ption, .
together wt St I, nd function of = variouys enbodi ments
of the mvenﬁl‘gn%&%ﬁg%ldg‘ﬁ%@rﬂp c%ré %ﬁ%r‘%i"iﬁ@%‘?ﬁ@“’%& mpifiehges may be
made in det aI(PA\)\(RmPOfﬁ}hBaqmlmmm(M%S of the presént invention to the 25

full extent indicated. by the'terms in which the appended clains are
expressed. Enpfangsz SHEET 24 Novenber 2003 10 O ains. What is clained is:

(1132\;1 aﬂt enn&.i-nt @hﬁamm(ahﬁigizfa&ﬁﬁ\oﬁﬁﬂd | ZwherdiA HIRR, ?f(%%’d)})an@&léf%(!ﬁ@?scel ver
avin an trangmtter conpri-sing; a

single |nped§fFi]€asﬁ‘g ﬁ%éﬁ?‘&’ @@‘W”éhlﬁﬁtﬁ edﬁtegmd%!ﬁ%%- of the -

antenna (140) with an input |rrpedance of a Low Noise Anplifier -(LNA) (150)

of the receiyver (l'gl,‘n and. to provide an output |oad inpedance of a Power
Anplifier (|3A) ( Pabyneddivision QuplexdFPDY) srnsceirey system, Tmeprisingnna i nt er f ace of

claimi, wherein LRghhid (ﬁfﬁ%ﬂ@&gﬂﬁé]&d%ngrﬁﬂ@g a signal;

a bandpass filter (138) to filter out noise received from the anlenne;

an antenna jnterface (134) coupled between the bandpass filter (138) and a
transeeiver (136), and . .

Lae transeeiver (136) inchuding areceiver (152) having aLow Noise
Amplifier- (LNA) (150) to amplify a signal received from the antetna interface
(134), and a transmitter (148) having & Power Amplifier (PA) (146) 1o amphfy a
signal transmitted to the antenaa interface (134): and

the antenna interface (134) compnsmg:

. agingle impedance matching circuit (144), coupled between the
bandpass filter (138) and the transceiver (136), to match an impedance 6t an output
of the bandpass filter (138) with an input impedance of the Law Noise Amplifier
(LNA) (150) of the receiver (152) and to provide an output load impedance c;f the
Fower Amplifier (PA) (146) of the transmitter (148);
and '

a
t

wherein the single xmpedunce matching cirounit (144) is coupled 10
both the LNA (150) and the PA (146),

, Emnfanss:AMENDED SHEET




are based on CMOS technol ogy and made within a single inyeahierShgsuit. A
Time Division Duplex (MD) transceiver system conprising; an antenna (140)
for receiving and transmtting a signal; it bandpass filter (138) to altar
out noi se received fromthe antenna; an antenna interface (134) coupled

bet ween t he .bandpass filter (138) and a transceiver (136); and . the -

transcei ver: £136)i "8 WO Qs | s hav) : | . lifier
(L) (150) Fo anDy PrDIttich InERE (PDYeedstivdfysieh ol SRfan 80 103
and a transnbNAL5Q)a8 theRA [ Y§) areBasedronAOSieamoloRARnd 1488 withincapl i fy a

si gnal transm’tléﬁﬂ t-otFéh.e ntenna, interface (134): and the antenna

I nterface (1%915 3 P’ﬁ‘a‘."a singl e i npedance matching circuit (144),

coupl ed between the bandpass filter (138) and the transceiver (136), to
mat ch an i npedance at an output of the bandpass filter (138) with an input
i npedance of %t he Awantamiadntorpgi (134)der o tunepgiver(336) having mdransmitter £148) 152) and

to provide a&d%%eél)(?fé’n#ﬁﬁgggce of the Power Anplifier (PA) (146) of

the transmtter. R in the single inpedance matching circuit
(144) is coupl ed &waglpBaknicirouit N42) wEdpvaraisingle-cided sigdif to/fminn f angs;
AMVENDED SHEES s nfa [ 2003 4. The Time Division Duplex ('1)D)

transcei ver system of- claim 3, wherein the LNA (150) and the PA (146) we
based on CMOS t eciwsindle gupaiaccermatehing tinguit (844)10 mpgitoh anritnpgdakedt @i rcuit. S,
An antenna. | rftace. for nsgei ver (,136) havji.ng a.transmtter
(148 “and” S Plier Bidunelchiion fiod 0D HErw pnetiamERF R EPRNERT T0n) ' Fo
convert a Slmgﬁﬁﬁf(d._w\)f(_lm)%TtHeQécfeiﬂﬁtlﬂ?’]ﬁﬂ@Eoﬂi%ﬁﬂéa@bﬂﬁﬁ’ﬂl&dda single

i npedance mat chi ng ci:-rcuit éﬁ%ﬁﬁ)ﬁ to match an inpedance at an output of the
single )ul nmpﬁ@%_ £ oI g Rawer Amplifier(PANIA6) pfipe tramssaitter (148). ow Noi se
Amplifier (LNA) (150) of 'the receiver (152) and to provide an output |oad

i npedance of a Power Anplifier (PA) (146) of the transmtter (148). 6. The
ant enna i nt & f ac élhsfantenpd intSfacehbelainms tierdifithe INATQ] SGndd theeP XAI46046) are

based on CVGE, hRGHRRICAYS nOBEP it bk el LSRRG o0t

7 | A Time Djvision Duplex (TDD) transceiver system, comprising:

an antenna (140} for receiving and transmitting a signal;

a bandpass filter (138) to filter out noise received from the antenna;

an antenna interface (134) coupled berween the bandpass filter (138) and a

- transeeiver (136); | B

the transceiver (136) including a receiver (152) having a Low Noise
Amplifier (LNA) (150) to amplify 4 signal received from the antenna jinterface
(134), and a transmitter (148) having a Power Amplifier (PA) (146) 1o amplify a
signal transmitted to the antenna interface (134); and ' '

thie antenna intesface (134) comprising: |

a single Balun circuit (142), coupled to the bandpass filter (138), to

convert & single-ended signal to/from differential signals;
L d single impedance matching circuit (144), coupled to the Balun
circuit (142) and the transcefver (136), to match an impedance at an output of ihc
single Balun circuit (142) with an ioput impedance of the Low Noise Amplifier
(LNA) (150) of the recciver (152) and w provide an output load impedance of the
Power Aniplifier (PA) (146} 0f the transmittor (148); and |

Erfanss AMENDED SHEET




A Time Division Duplex (TDD) transceiver system conpri ssf@overfbbraBbgnna
(140) for receiving and transmtting a signal; a bandpass leter (138) to
filter out noise received fromthe antenna; an antenna interface (134)
coupled between the bandpass filter (138) and a transceiver (136); the
transcei ver (136) including a .receiver (152) having a Low Noise Anplifier
(LNA)Y (150) to anplify wheintielsingkdempedaeed maching eiramitt(b4d) & donpledt@ce (134),
and a transm tter ) ving-a,.Poywer Amplifier (PA) (146) to anmplify, a
si gnal _-trans#&tl@w‘gqmaﬁcﬂﬁgﬁﬁﬁmt erface (134); and the antenna )

interface (134) corrpri sing: a single Balun circuit (142),coupled to the

bandpass filt conyer 1.ngl e- ended si |, to/from
“differential ?r gna @Tlﬁleg?*ﬂ’d}%\f?%i%m@ggmﬁmfﬁ&w 8&1?‘?‘%%‘“’1 MSupl ed to
the Balun ci W(lsoﬂﬁalbﬁ?ﬂ(mfﬁﬁarblb@déﬂﬁﬁcmsfeéﬁﬁlogﬁhﬁd@&&h;%d npedance
at an out put O{&ﬁfﬁhe mggl e BaI un circuit (142) with an input inpedance of
the Low Noi se ) (150) of ‘the receiver (152) and to provide
an out put | oad inpedance of the Power Anplifier (PA) (146) of the
transmttor (2148); and Enmpfangs AMENDED SHEET 24 Novenber .2003 wherein the
singl e i npedance matching circuit (144) is coupled to both the LNA (150)
and the PA (146). 8. The Tine.Di visian Duplex (TDD) transceiver system of
claim7, wherein the LNA (150) and the PA (146) are based on CMOS

technol ogy and made within a single integrated circuit. Enpfangs AMENDED
SHEET " :

Empf
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