;uve3e>g$>dl 46T$AI ) 24 Novenber 2004 AN " ENNA | NTERFACE *166166* FIELD OF
THE | NVENTI ON The invention relates generally to a Tine D vision Duplex
(1'DD) radio 5 transceiver, nore particularly, to an an2éhesember2d0dce f or
a tinme Division Duplex (TDD) radio transcei ver. BACKGROUND OF THE | NVENTI ON
Traditionally) a radio transceiver requires both a Low Noise Amplifier 10
(LNA) for clear reception of a radio signal transmitted to sce ver
and a Power Anplifier (PA) for transnitting a radio signal m m,ﬁ ”"””m
transcei ver over long distances: lii a Tine D vision Duplex

transceiver, a transmtter and ANTENNXINTERFAOCL utiliser sinufitddseously.
Typically, when the tansmtter of a transceiver is 15 on, the receiver of
the transceiver is off. 'f Likewi se when the receiver is on, the
transmitter is off. For a typical TDD transceiver, to conserve power, the

receiver Low Noise Anplifier (3iifn during a transmt cycle,
"and the transmt power tunpl |£re%wm down during a receive
cycle. In the pas ‘% t ever, i screte
conponents 2U andtrpﬁ e "ﬁgﬁg‘?e'%‘@tﬁedf"%ﬁ?@b’éwaié?ﬂ %‘E’gﬁ% h ot her for
their owngopt, efore L aye n using
their own seit agl%mggﬁ%re 6“%%‘5%%&8’1?%@& 'bﬁf“ plexn
antenna. For |s deS| gned to use its own set cat' matching
conponent s téfgggpwd?&s#eﬁ i npedance to an anternna i npedance to obtain
t he maxi num power transfer far a received signal from Enpfangs; AVMENDED
SHEET 24 Novenber 2004 la an antenna to a LNA. On the other hand, a PA
is designed to use its own set of matchin conponents to obtain a required
red output toad inpedance tHAGKREGRQUNDIQETHEINVENHON i cati on with naxi mum

efficiency, U S Patent No. 4,055,807 relates to an antenna of a transceiver
coupl ed Traditionally, a radio transceiver requires both a Low Noise Amplifier

10 (LNA) for clear reception of a radio signal transmitted to the transceiver and a
Power Amplifier (PA) for transmitting a radio signal from the transceiver over long
distances.

In a Time Division Duplex (TDD) transceiver, a transmitter and a receiver
m-é not utilized simultaneously. ijically, when the transmitter of a transceiver is

15 on, the receiver of the transceiver is off. T.ikewise, when the receiver is on, the -
transmitter is off, Fora typibal TDD transceiver, to conserve power, the recsiver
Low Noise Amplifier (LNA) is powered down duting a transmit eycle, and the
transmit power amplifier (PA) is powered down during a receive cycls.

In the past,a LNA and aPAina tr;msceiver have been discrete components,

20  and they have been designed independently from each other for their own optimum
performance. Therefore, a LNA and a PA have been usix%g their own set of different
matching componerts to interface with an antenna. For example, a LNA is design;:d

10 use its own set ol matching components to match its input impedancs to an

anienna impedance (o obtain the maximum power transfer for a received signal from

LT
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5 through |l ow pass filter to the input port of a high pass filter' network.
Further, a nmesas for effectively switching art antenna between a receiver
and transnitter, which neans al so provides an effective2fdipvembesld e t he
receiver fromthe transmtter when the systemis in the transmt node. 8P 0O
$83 241 relates t0 an oscillating Signal that is controlled in a nmutually
10 alternative first.active conmponent (gl ) and a second active conponent
(321, which both Call be set to.an active state by a first value of a
control signal and which are in an inactive state with a second value of to
control signah. 4 &l AlaVi Si dupl ex. transcei ver
where a ref e?grﬁgggggﬁﬁ%i?b?ﬂiﬂg@%ﬁ%ﬁ%%glp?&clgrqggr?%ﬁ Fg%ﬁégg{éiolvfrgs[eg?f (41 ) whose
output is sw ' ecel ve made.at a switch
AR ArgeRRACR bt L IAURH ol SR BB ST FplREBer o

bef ore being passed to the

- rapidly and rg j W » a fransnmt and a receive node.
Recently) as pI %F%ﬁ@t%gﬁ@ ‘?‘@Eﬁ'ﬁm lg'(?ﬁWOI ogi es inprove, nuch effort has
been . made to int ' nctional bl ocks. as possible on a single
chip to 2U reduce%‘???ageggﬁc."aqﬁ@%sqogé? atF%Peagﬁ‘r“&{eP%"tdeé’s‘E rspepled PA onto a
single clgp uir areful attention, For exanple) it a LNA and a
PA use di fe?‘gﬁﬁ& pilrnﬁ"g),asﬁ ﬁg%?%{beg}ﬁuéﬂﬂy&,@l%ﬂa# g[tFW&P' ted Faghetoygl e bet ween
a LNA input P i put a TDI) system However, an antenna switch is
costly and wﬁ?qiq“gf‘%'?f’g%d@gﬁ?’i‘F &9 @%ﬁﬂ'ﬁ‘?i’“‘""mﬂm’é{mﬁ@@mﬂm 00/ 72457
PCT/ US00/ 136Q6..2 the transm{ and.receive signals sopewhat. In addition, a
control ci rcgvlq't'c%rr%sefmﬁéoﬂg"é *t B“E‘%?“E‘Eﬁwﬁm-?ié‘ﬂ@‘ém?ée?ﬁmq@?“b@ﬁwe_en a
transmt cycle and a receive cycle. Al so, a Balun (Balanced/LJnbal anced)
circuit is u?@ﬂs‘?ﬁeﬁwémﬁ%ﬁ&te Ioin e LmpyRit@pdhtial . A Balun circuit and an
i npedance mat chi ng Circui Itim are used i,n both transmit and receive paths.
Furthernore) twi cEFLS88hadh relptaniosaiogaillatingisignakthetds eantrellpd in(a mywwpxkage pi ns
are need?g to interface the transceiver with the inpedance matching
ci rcui t s I¥or GRS first agtvesearnopens (34) sod & sepand activa hemportent(38h whicle i r cui t
the extra i n’ggjganc ‘matching circuit, and the extra transceiver |C package
pi ns make. a CPR Bf 8 &0 Geecliyg Sty afirsfevalug of i zentenh digmui@hd i ¢h @y pensi ve. 1
O It is with respect to these and other considerations that the present
i nventi on hadn Beetivasiate withuyreory vare sHEcImoESignaN
EP 0333 .41_'9 relutes to a time division duplex transceiver where a reference
oscillator is a crystal controlled oscillator (41) whose output is switched as between
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 between a transmit
and a receive mode.
Recen‘tly, as Integrated Circuit (IC) technologies improve, much affort hay
been made to integtate as many functional blocks as possible on a single chip to
20  reduce its cost and size. Integration of a LNA and a PA onto a single chip often
requires careful attenﬁon. For example, ifa LNA and a PA use different pins, then
an antenna switch i required to toggle between a LNA input and a PA output in a |

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



In accordance with this invention, the above and ot her problens were sol ved
15 by providing an antenna interface that allows a tran%f&i ver to be
attached to an antenna/filter without the need for an afit SRMEMEGE4QH. 1 n
one enbodi nent, an antenna interface for a transceiver in accordance with
the princi¥¥P8¥724¥ t he present invention includes only orRETBEONIBG6EE rcuit to
convert a single-ended signal to/fromgifferential signals, and only one

i npedance ma i : i i R ' danc t. an_out.put of the

Bal un circui {tl@ﬁa?ﬁmﬁ%dﬁ%%ﬁ}té Slfgrr}%)lgs ancegt()? Hgaﬁ@v’ %I%?ngrg?%%VﬂuiStee (LNA) of a
recei ver and usad tpswondhdiee aenoaidwitch betwach 4 iPeGARRGE: LRl edede dIMea Powver
Amplifier (PA) of transm r erein the | mpedance matching circuit
coupled to b W’?ﬁgluﬂ lﬂ‘ﬁﬁj&‘bﬁélaﬁgﬂ?ﬂ)q*ﬁ@‘tﬂﬁ\%e‘éﬁélt%m]ﬂﬁpa*éwbased on CMOS

t echnol ogy addferendsl. W BiidciRus® hﬁtgdn%[?éggfi&r At @I Edifchi be-uséBin bPtnONe

enbodi ment) a Tinme Division Djé_glléex ( ~transcelver systemin accordance
with the pri Hepsgreandsgceivppathy. dauthermorsy byied asmuch tlensdeizerdntegmteénna f or

recei ving anghthitfieMhdekd a9, i : s filter to.filter out noise
recei ved fromltﬁlenagk enr%g,gmgﬁ'% é‘%{:hghﬁoaﬁfe%ée]cﬂﬁ%%aém%%‘(fﬁVvétatﬁbeéfl% “% he
bandpass fi | mmatchingdirenits farsuomitting andiredeiving siphiad) Stieiexses Balog tivtdlitnge a r ecei ver
Low Noi se Ampl.if.ier (LNA) to 30 anplify a signal ceived fromthe bandpass
filter and ggftfaalﬂ?ﬁ’ii c%&é‘?’“&ﬂfﬁ"l‘%@f”@ﬁ? tr C%YFﬁﬁq?PVkég@"b‘ﬁ%ketar ansnitted
to the bandpa®m frinkdepler syblef laigt RINIR ahdiREH A6R kpirkiveles only one Bal un
circuit, coupled to the bandpass filter, to convert a single 24 Novenber
2004 WO D8/ 72457 PiEstvithygepeatis theseand othengogpidérations thabihe giesdné nventionl  si gnal s;
and only onepidpedaage matching circuit, coupled to the Balun circuit and
the transceiver, to match an i npedance at an output of the Balun Crcuit

wi th an input inpedance of a Low Noise Anplifier (LNA) of a receiver and to
provi de an out put Ioadirrpﬁggw [ ired r Anplifier (PA) of a
transmtter, wherein the i uu..é“ﬁvomé. @gﬁxﬁ@ﬁf is coupled to both the

C

LNA and the PA  Thexcédfaneenliti thés ifAnass teasewk 28 oeMRobiaa i weleaeand made
within a single i%grated circuit. In another enbodi nent, an antenna

i nt er f acé? bePHBWXIANE 2 Iptepadnigriese shat allgves adransceiverio e adachedHednwi t h t he

principl es ofnitdiR/ieLsRibut ihe Y&t OR dnikfdbddGsnonl y 10 one inpedance mat ching
circuit to match an antenna I npedance with an input inpedance of a Low

Noi se Amplifier (Innyembodimensniaptennadintrface for ovindesivaninaotqrdinct will | npedance

requi red by P ifi . . Of transm r,.wherein the inpedance
mat chi ng ci r?ﬁipﬁ “@éle%@l}lﬁ% é"é‘% g‘ to&g@%lﬂn {nﬁ@d?fl\?ﬂpya%ﬁaﬁ‘é‘ CBRULPILENRR and the PA
are based onsigyieSndedaipnal toGymatifferemidbsigialshand oalyséndGpedandeaidtétigd Circuit.
15 In anggher. en‘qodi {"TfEnt a . Tinme Division Dugl ex (TDD) transceiver system
i n accor d&nc & YR TRHE 2B imapdanse atan putouhef the Balum eirquif wahan &Pyt nel udes an
antenna for hassdhnte88a BOW Nofsd AsipIitibd (18149 08h BR@Ver afd RARGRASS Jukdut er to
filter out noise received fromthe antenna; an antenna interface coupled

bet ween t he Pafépeedance irequised byvPewer Ampdifier (PA) of amahsifitsr, twhareirctbe ver
Dot et . : = ; S
;2 SRRSO LS S AL L 088 N 00

received fromthe ban er “an er (PA) to
anplify a si giedlA are bassdron CHMOS techinblogypanidnaie svithid 4 single Htugratsitoronia i nter f ace

i ncl udes,gnly one, i dance mat.chi Cirecuit, | ed t o bandpass filter
and the tzrganscei 5‘3??9?’8@?95‘{‘%’ e ‘é'&‘&?l@éplﬁ’f ('Qﬁ FRGtVeptYSeRedn bandpass
filter with asotdapsetwithhestiiptesOf the pkeaiit MvesonAfoNdel hibintddaifdr Of a receiver
and to provide an g&tput 25 load i npedance required by a Power Anplifier

T

(PA) of a tr 5ReKingeRt rangmitting ssignsh ajbapdnassftlier tediltehpyt@oise received kam coupl ed t o
bot h the LNAjgRgchfi®alftenhlftdres cgaggle& g@twg%% tﬂ%_ﬁar}agassgﬂgg}nmm technol ogy

and nmade within a single integrat circui ese and various other
features as wersceives; andvhetranspeiverincluding h eaceietrdromzNoishAmplifies €DINA) fovent i on

wll be pa fr a_readi.ng of, the followng detajled 30 description
and a re??ewargﬁﬁflyﬁé%glélsr%cgfvgggragdﬁea%"%aﬁ gfter?%f\é Rﬁ%ﬁ"b‘g)t"wfbﬁﬁ‘p T001 72457
PCT/ US001136(FA)40 BiRblil aBighaliahShhittdd (oftheTaRdfat R INCBhRahéns int@fapow t o t he

drawi ngs in whi ((:ih I ilke reference nunbers represent
includes only one Balun circuit, coupled to the bandpass filter, to convert a single-

is




correspondi ng parts throughout: FIGURE 1 illustrates a typical antenna
interface for a Tine Division Duplex (TDD) radio transceiver. FIGJRE 2
illustrates a block di agram of one enmbodi ment of an ant éhNevember?Qde for a
Time Division Duplex (TDD) radi o transceiver in accordance with the

princi pl es i gdrAgs7pr esent invention. FIGURE 3 illustrateg, Ei‘m%h@ﬁgqﬂi agram
of anot her enbodi nent of an antenna 10 interface for a Ti ﬁe on Dupl ex
(TDD) radio transceiver in accordance With the principles of the present

i nvention, FlesdrEsignal tifiont difieremsiabsighatsc aridtont}i ang trapedaficeanachiipandiiqent of an

| npedance mat ¢hi | reul t .of. an, antenna interface in accordance with the
pﬂ)nci pl es ofC%P é}lggtﬁﬁ%es%ag‘tm S ARG tﬁ%{.rmf%e“ﬁf’mc an {mRgdanes plA oyt ow chart

of oper ati onsoffterBaluenEitcuit Withan Sip@iidipedaiceo e oW NSIs€X b Bfier TLIGWBT 6
illustrates a flow chart of operations for transmtting a sighal in a

transmit cyclEeVshandq Rioyispamputpyyiqat impedpnre roquiredby wBpwes Adepdidier pti on of t he
present i nvenphpsta ttAERIHEN MRerl HBHHda0 C Wl higs Wi ch
forma part xr gofa, and in Wf’]i ch igﬁg{[ﬁo%ﬁﬁgﬂﬁa@@?w‘{opﬂgﬂﬂﬁh&ﬁespeci fic
enbodi ment s i liNAvardcthe PAe Thol¥Atand the Pdyardieasal aoEMOSdechhblogysandngkde st ood t hat
ot her enbodi : Ill.zed and structural changes may be 25 nade

W t hout depa%ﬁ%ﬁa%%nﬁ eattegccbrﬁlggof the present invention. The present

i nvention allows fraanothet érbvdithdnt, @h aRertha intérRGEbWEen 4A adtedhdBadd Vi Si on Dupl ex
(TDD) transceiver.to be a tachgg to,an antenna/filter port wthout the need
for an antenﬁ?"%vﬁrclﬂ?c"’f negrve _hipq%@éﬁﬁ@f@_ﬁpﬁﬁwpﬂe@l%m@m&ﬂﬁa interface
whi ch confy nese anpediicbigiafRingRbdif th %{atcﬁ'ah\'@ﬁtednlg f(:)edgﬁ:qvﬁ hpaﬂ"éggut Ampl ifier (PA)
30 output into a single path so that external c rrponen%s, uch as a Bal un
circuit and dmpe adewniseimplifist LNAtof a esapivirand keprevide an @dputlovenber
2004 WD 00/ 7345 : ln._a..Ti . vi si on Dupl ex (TDD)

transcei ver éé@tleﬁ]g&géeg ?@%’%‘r}]ﬁ??g?é%n pglﬁre %@Zﬁ) \Ic:)t? &W@ﬁﬁ&‘ﬁlﬁqlq \S‘Eed

si mul t aneouslimpedanceopstching drodit iskeewplédte bbth ARIINA b&T the PAOThE ONA dngansmi t
cycle, ther lver .is off, d when the receiver is on in a receive cycle,
the transm tﬁg&’i“ arebaged op Wﬁ] }eﬁm’gﬁ’ﬁr apdppde, withinea yiagle injegrated dirsWit-Noi se

Apl i fier15{ LNA) i tn 40WeF Ghodiieht, b TiODRAIMHDRINETDD) RradkclisGSiMen CYCl €, the
transmtter's Power Amplifier {PA) is powered down to conserve power. One

of the chal | dhgreardpeeidhitee rrinaiples OEde prssenbinyerition insludeswah Angepsa foo get t he
most power  pPQaiivilgtind GaRaiEh L St Uahdisd Bitker B fite? B moisDlivid RS ™M T ers

are

the antenna; an antenna interface coupled between the bandpass filter and a
transceiver; and the transceiver including a receiver Low Noise Amplifier (LNA) to

20 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 to 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 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.

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.



preferably designed to provide maxi num power output and efficiency into a
50-ohm 10 | oad. Sone antennas can provide a 50-ohmload to the transmtter
over a wide range of frequencies. These antennas can be2¢bRveaberR0dr ect |y
to the transmtters. O her antennas have inpedances that vary widely with
frequency @erhomidde surrounding environment. |n these casgaruaf i enna
interface nust be used. Also, a Low Noise Anplifier in a recelrver requires
i npedance matching so as_not to attenuéte an input 1 S signal fromthe
antenna. FIGURE 1 il | ustBRIEEDESGRIBTION OF THEPRAMWINGSf ace 100 for a Tine

Di vi si on Dupl ex ( - | i ver, . . The antenna interface 100 is
coupl ed bet ween aﬁ%g%g@g%tb{ @&%ﬁl‘%ﬁhﬁéﬂﬁﬁée%ﬂﬁﬁgﬁ%%fepieﬁTt The bandpass
filter 104 i sorfespdnding peathioaghoud an ant enna 106. 20 The antenna interface
100 incl udes an aﬂbi%%al witch 108 ?witchi, ng between a transmt path 110
and a receive pat . Tales & Spesl anps iterfage fox a dimg Piyisiaaduplexa

recei ve/ t pangrom) 8B aMceiGérl CUit 114, In a transmit cycle, the antenna
switch 108 is swtched to couple to the transmt path 110. In a receive
cycl e, the ant ennBGHRBE Zillustragesa dlosk diagtamcpfione erhodinent of antaptenmecei ve pat h

Bal i (Bal anbid Chioal Aaon) e B R b AES bl coa &i gnal

t o bal anced grigpiglésf the presemdamwenticni ng di fferential signals to a single-ended

signal. In additi j.npedan fching circuit 118 is coupled to the
Bal un circuit 116‘9[?%’%'\'711‘"_'é"“’fﬁéﬁégﬁiam&ﬁ%@ﬁﬁ@é"‘&{m@tlﬁ’é%t@m put so that
maxi mm powe inté@facé 1@ a T BAsidnaslpRR (BOBN Ak thARelvEEn LERARBRGI Wil md 02 can be
delivered to the antenna 106. In the recelive path 112, the antenna

i nterface 1007RGiRIesRidhs piesERylinMentimBal anced/ Unbal anced) circuit 124 which
converts the bal A : . v [..2404 \WO 00172497

PCT/ US00/ 13606 6 !urnébaaiisa‘inglgghzﬁség‘a{?‘?‘ ‘}‘f‘%é” %ﬁ%ﬂ%&?} f"r‘%é“’g‘ of pimREdanceied si gnal
to diff er ent maichivg gireditof an anterohd iiritéréace incaacdrdgnectanis thepeinapleseftid rcuit 126 i s
coupled to the Bgl untci rcuit 124 to match i npedance at the output of the
Bal un circui f 12418 an i nput inpedance of the Low Noise Anplifier (LNA)
128 of the recei VEIGUKEHS illMiealesia TIRRUARE 6f dperafiontBbCR@iving Bt pover of a
signal is transferred fromthe antenna 106 to the transcerver 102. The
receive/tran&See ek rol circuit 114 controls the transition between a
transmt cycle anfiUREEH . 18 .S\ t oggl es
bet ween a trans mnl? cycl emgﬁg“égxgigg’eclﬁ{}%eQ%{’)Eﬁg?ﬁs?ﬁ%%%rgns 5 %‘E‘ﬁ?é‘z may

i ncl ude an etratsmitcyelecontrol circuit 132 which controls the power on/off
for the PA 120 and the LNA 128. As descri bed above, the antenna switch 108
is costly and will still adversely attenuate the transmt and receive
signal s 2@dnewhat. In additi onDET?dLEP@HEHSCRIPTI@MNN t control circuit 114
nmust be used to Sngctg the gntenna swtch 108 15 between a transmt cycle
and a receive cycitdhe elloyig fescrirfon s fhg presens inyertion, teferareis aedg todhe cui ts and
t wo i npedanc gcgimb &ty ShrihEUWHi A it erface
100 if the LNA aggmlf?ggre %ﬁ% ?r%ﬁ?%%@hééﬁorfﬁg%n%@g‘ l}t% P]-e p@r}g&‘dofp t he
transcei ver lystration spackicembeylimentt in which the inykutips maydegratitedd]tif or exanpl e,
four pins fo [Melat-1R= . Bal [ [ he extra 20

i npedance mﬁ:‘ﬁ?ért\%ag?aggﬁh 3?1131 e}ﬁgnagé%ﬁaghgﬁgﬁd;sééc@g# leaag%é%?gjﬁe pi ns

i ncr ease 2§ he mafle witizowtideparting Gbmt theschpeofainegiresent iddatio:| GURE 2 il lustrates a
bl ock di agram of .gne errbtodi ment .of an antenpa interface 134 for a Time

Di vi si on Dupl ex ( es?’éd?vgn?wggﬁﬁ\?ér"ali%“‘?rﬁ“%@E‘ﬁ?‘&%{ﬁ‘&%TW"c h the

princi pl es oDitifién DER&TDD)wéedREVE e bd Et&cl@eatt@ﬁknﬁuélﬂwrté@%ﬁ withdut! S coupl ed
25 between a bandpass filter 138 and the transceiver 136. The bandpass
filter 138 iﬁleﬁiﬁﬁfio%?n Bup? Btitcho Thprasentinyrutiomprovideseangntenkainterfaeer f ace | 34

i ncl udes a si " ; . ), &l It j.Gh converts
an unbal ance:‘zlwlmslih(r%cg);ll?rgil-n %ﬁﬁ&gﬁggﬁﬁ&ﬁgﬂg‘gg aﬂlgf‘ ? g‘?"éerﬁbfnljf éﬁie}é\@gﬁal sin a
recei ve é§cl eutpuidnto @singletpsthisa ttmhedenal icbhponent,isath siaBshinsircwit ad ad0

unbal anced Siuﬂ%' gﬁcenq1 . Sl gnatl Eiw&a transmt cycle. The antenna interface
134 al so i nclURFSERCE MafehinE §HpNY canRe SR circuit |44 coupled to the Bal un
circuit 142 to




mat ch the i npedance at the output of the Balun circuit 142 with an input

i npedance 24 Novenber 2004 wo ooi ~zas~ PCTI US00113606_ of a Low Noi se
Anplifier (LNA) 150 of a receiver 152 and to provide an2blieyRmberc(g4

i npedance required by a Power Anplifier (PA) 146 of a transmtter 148. \Wen
t he i npedaW@&0fd45Tat ched at the antenna interface, maxi npor/psoorIcef a
transmt/receive signal is transferredsfromto the antenna 106 to/fromthe
transcei ver 102. , PA; . based on CIVD§ t echnol ogy and
made within a si nfgﬁpgrlﬁﬁ%rggl?ggp%myﬁtmﬁc yer qgmbae?aﬁs?lé r%r}(élracuit desi gns
of the PA 14@eceimet akd\iot iftlized sineltheendgivasla opérbficd whaBthe angmide isoatieana 140 can

be inplenmented in various ways 0 jn the art and are not the focus of
the present ?rﬁ{‘fgﬁtﬁyfi g tgiffcﬁ'%lﬁ%‘ég@w}”_}‘ﬂ’s‘k‘? BPRET S By IBAReGVAGYAMitST an
al ternative eqaledidryyft. ofn Afansnit e tetb@iveAS Eovt Rbisk UmAlinilh (TR A1 Si on

r
Dupl ex (TDD) radio transceiver |56 in accordance wth the principles of the
present i AveRPVHPd doppdoconsamve epwesr In &Bceivancyble, thetransmitter’sPowbie t r anscei ver

136 shown i n ARl GdREDPY i HoWeted ! filter 158 and an antenna 160
can be the samg agE(t ﬁ%lsﬁgwﬁggéw?folaﬁogréﬁ%%gagrhd the antenna 15 140 shown in
FI GURE 2. |n Fl GUREe & the dhellddgbsin radio cuintunicatiomirt id$efind Whe teggial is a

si ngl e- ended untbal anced t he si.gnal is not converted to

i |, 1.e,
bal anced di f f'er é’ﬁﬁcﬁﬁ’osgl)%lrtl‘gg%e{aﬁl@egFﬁﬁsﬂ‘&lV}g“ﬁhé\d%ﬁ‘lfré?fﬁﬁm’trﬁ?rérface 154

i ncl udes onl yrefubly mgﬂmqmmdeqﬁuxnﬂmﬁbw&iohtf&@&d\e’m%c& e Psmbighl bet ween
t he bandggss filter 158 and the transcei ver 156. A PA 164 of a transmitter

166 and LN}Qa§-6§°’B‘f AR PEWVide@ S9pbmdpashta therimnsmigenivsce widsraigeng ci rcui t
162 in the ag E&#ﬂ@ndiég:[ ¢hds8 Sferhnad cantle Chilfecidd hxuct@ {d @k ﬁ?nsﬂ}it?ér{. Bthdy, di agram of
one enbodi nent of an inpedance matching circuit”in an antenna i nterface in
accor dance wantpnnahhkavp impeslandes thatofaryt Widely vaéthdidquénoy emt the surrofadiag exanpl e, t he
i npedance ma i ircuit 162 of a si.ngl.eended unbal anced syst.em as shown
in FI GURE 3 %@%@%&lﬁi F)neﬁcsﬁechgf’ﬁ." apipnadnisiace mys i“zi‘fdgdq h& Pl$¢pedance
mat chi ng ci r amiplifierdin aadcdivelrequdiep impdarice matchnk 86 &01bt B/ fiepidMn ihpd t he scope
of the present il'rgrven ion. In FIGURE 4, the inpedance matching circuit 162

i s made ﬁg of 8% ISR ™R of i nduct ance and capacitance to transform or
mat ch the i npedaneigUKE t MRstd Yty Mrerdh ihdlfacE | 6E#E b TS t he inpedance
at the output (RoutI% of the 30 c?rélcui t616é ?rncg ‘?‘ﬁféé?ﬁe"@@@’@“ and to

t r ansf or m or Diydlex (TYPradipprensseiver 182. Theantenpaiinteffieat0p inéoupled betiveerui t 162 and
t he i npedanc Ri t jrcuit 1 iLp,a transmt cycle.

Rl represent g bfﬁﬁlgﬁ%g ?rr&lrl)tgttlj@ﬁc%}eld glfe t@%lscé{%?rel rlalg'aﬁ:%cr ba&maé%ﬁli%lp? lsef\t"r.thCFQZ 24
Novenber 2004oupledd®avaddnria 168CTNSO0/ 13606 8 represents an input inpedance of

t he LNA bﬁ a recetve %égl.ets' nce i.n the receive _CC}IIC| e, PAis off and

provi des 2Ri gh i npelfARieans intepfage 0P dicludgs anaatenpa,syritch HO8 spitchingdretyese | NA and
theref ore doesamsit fatiTl@rand b eectios BitN €120 Ple Rhie 3 switth | 6%is bdiRlledind, R2

represents an output |ogad i npedance of the PAin a transmt cycl'e since in

the 5 transnffecgiye/ransmigrantrolsireut Yt Impansmis\eyelesheanigmng swpischiRB és i n
paral l el to thgHe ' .;ﬁq;a f re..does not

hi nder the tran.sm&ljﬁomg%peﬂt?gftﬁ%%r%' n a&]?lelg'eﬁl%%%@éc??lgtthggl&%gf‘gn%omred on,
and its inpullQispeiched to coupls ta the recaivepatbi 1R2 to match Rout of the circuit

162 so that nmaxi receiye L | power can transferred fromthe

ant enna ??}lterfacewﬁgfcl)e?%‘5m¥R&bﬁlgq€W%“P?‘§W§ﬁfetl%§)}?ﬂl ,°S?ﬁé{“P>A i s powered on
and del i ver s(BdtmcaifUstialancgd) tirduitd 16 wiivhlcombt® arinbhiah@d GignhI balsRedance
matching circuit 162. The PA.is designed based on the value of Rout, i.e

R2 in the pr& %"f'r?f)’é‘ﬁ‘ftf’lﬁ_rﬂiffefﬁéial Hgetrdn e singlareadndsignel e additiongan j ar r anged
to provide thﬁpcﬁﬁﬁbgﬁmﬁg _Igi[r)%lipﬂtshs éoupRl & HE BN bifeit 6 % plofile et cycle. As

an exanple, in a 90
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 a Balun

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



15 transceiver system Rl is 50 Om R2 is 100 Chm when COis 8 pF, Cl is
3 pF, C2is 3.8 pF, L1is 7 nH, and L2 is 2 nH The resistance "l ooks in"
fromR is 50 Chmwhen R2 is 100 Ohm R2 is 100 Ohrn whéhNQvemgeng00dnm | ¢
is appreciated that other suitable specifications or conbinations of

Capaci t anc¥O@#T ance can be used to provide the desiredCRRston3doet h a
receive cycle and a transmt cycle. 20 JSIGURE 5 illustrates a flow chart of
operations f G A Sd i I iV l.e. l.n a receive cycle,
an oper at i ongllqnbi51 lﬁgév%vu\éitgg?i@' rng%%é %?) ?5’?‘%@ﬁ’gﬁgggﬁléf%FeB%%is\ggalﬁfﬁdet ect a
signal at an aMiton/mm ib8élanckhearchirigiresit I26ak cRpiRlas tHeBatiGhcat aAnsIpass fil ter
i n operation 182‘?. Negt, tt}g skhglgaé ig converted to bal anced differenti al
signal's via a"B&PFPERTER ithe QuPth pEthe Briyn caut 124mdth aninput igpgdasreofar ¢ 25

delivered to waLbwprikeReIe: CNA)I28 bf thelickeivi956, W%Qni'{lx?é%%@ e is matched
6 xt, the signal is

a2
wi th an input inpedance of the LNA in operation 186.
anpl i fi ed by THehedNnayimuEPeretof g 5ignalds tiandfemed fromshe dntenna 596 tothet he r ecei ver
in operation gQQ..ivEhed» the operational flow term nates. FIGURE 6
illustrates a flow chart of operations for transmtting a signal in a 30
transmt cycle. | Tharaceixe/traismitepota ciranit ldgeomtdlohe tradsitwbstnaéd $ from an
operation 19 o send a.signal tq the PA Next, the signal is anplified by
the PA in opéf a rf’?)ﬁy‘%éﬁfl.d afgcéhv,e CY‘ﬁ%S"\sﬁﬂﬁéﬁhF@’é‘F%“atsWémthﬁglFﬁ hefee8Rgnal i nto

the i npedanceramghit bydidardiarédéivie cycle ATRNAMABIRREr KRG ayIniMticGh cRippyi des the
out put | oad i npedances_ that the PA. requires in operation 195. Next, the

bal anced H! f fop&plcirgpit H2gvhishsconirels the mowen andpff for the PAniP0endthd &N Aunbal anced
signal by theagalun circuit in operation. |1iJ8. Then, the signal passes
t hrough the bandpass filter in operation 200. Next, the signal is
transmitted out viAs desseibedrbeve theianteomemmatch 008 2@astly Bhewill iflledogestyt i onal

flow term nat t.1S..appreciated.that in Fl .o apnd 6, operations 184
and 198 can bagé%uﬁh tgz?l%?m ‘aggrsefﬂ& %@ﬁ&g@mﬁ%ﬁ@ﬁ?@gné%nm is used. It is
al so appr eci ateiveftiwimit bentrabetetit dBSBndt BE dsed Ny SRthARSantaRa BRtcARBs i ed to

ot her suifabl e devices) .suc a‘? wi rel ess nodens or arty other

anal og/ di tﬁat aQetqqgnlalxgp%xEteqyg AU a pegeiy e @iclen tFurtherpistodtplunhat t he terns, such as
antenna, ant gBBRndealiGbH te andl bl j e a specific
TDD radio tr gnsc_ei ver. mlait?c_%‘ii)s&g%gragg :wg(t?gg)%{i g%/mg?ﬁgﬁtc ?Jllt% h%\%tetg Bl

recei vi ng/ t r a49edinithe antengeinteciace HAAS the LNAfand P4 wredifforentisd eBurthermorp| ement  t he
present invenyl r odi rent s, sho i GURES 2- 4,
coupling Ii ng{s1é %ES 5’&5?"8? aggragwﬁs@%ﬂt%&%(efﬁﬁg%w( jagpge %P%*ﬂ%‘f conmponent s.
It will be appampledbecpitsforbatmeaiipnaki TheektiaBaltheiaiit, thdwirat he coupl i ng

| i nes or égf res can be re&%’aced by infrared or other suitable wreless

coupl i ng Fevi'TREINE HAEH %rcf“rtrea"éFl'ier‘?&rﬂr&sc%\‘ergq%Ba"ﬂfﬁwm‘ifﬁ%ﬁﬁi on. 20 It
i's to be undeiztadcbst bfthe RamedeiveRoopgh nunerous characteristics and

advant ages of various enbodi nents of the present invention have been set
forth in the fore§HPHRE dadustrates 3 blagk diegyem pEenegmbodidentofiag awennahe st ruct ur e
and function; it 3 b i ion. This disclosure is
illustrative lgt%ll.fyc,% 13&1)? g hénggismn%ﬁ'ﬂg&m )ir%mg{e?%ﬂgl %}ve\fm]-ﬁllnr?c‘foﬁée:an%eri nci pl es
of the preserwith thgprnciples of thetpheser? Siviehtininl Tehe tusterinaiinehifat B4liskyugidde terns in

whi ch theysapRenslets SAbAE iRt 384RE R SSheE 1389%he Ao Rler 158 0

further coupled to an antenna 140.

=

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

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

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



24 Novenber 2004 10. Cains Wat is clainmed is: |. An antenna interface
(t34) between an antenna (140) and a transceiver ( @B6) having a receiver
(1S2) and a transnitter (148), conprising: a single i npehba¥ember299ing
circuit ( 144) to snatch an inpedance of the antenna (x40) with an input
i npedance WO ®/7R45%v Noi se Anplifier LNA (150) of the recepegfisiohdeds and to
provi de stn output |oad inpedance of a fower Amplifier (PA (14G of the
transmtter (1 .. The antenna jn face of claimt, wherein, the LNA ( 1
SO - and the P&‘A”?Q‘rw Wiy ‘SPBE‘E%ZE&A%%O%?CF%}M&%V PEYadeARABIOHE ¢ hi n a
singl e int egr Ra@ingelinGeliequired byA POWRBARDNfic (04 18Rk § arlsrlikdP) 48, I RRGCEl ver
system conprising: an antenna (t40) for receiving and transmtting a
Signal ; a bantigugedanceisgpatghed g the antennp interfages manisisepoveref ved from t he

antenna an an L f et bandpass filter
(138) and ot raaRithesigiR oo RURtSil BTG 10 b BF WRRE e ng
recei ver (452)0Zhaving n Low Noise Anplifier (LNA) (15U) to anplify a signal
received fromthe .an i rface (134), and a transmtter (t48) having a
Power Anplifier (Igiﬁetp?in%g)a"?%ﬁéﬂgﬁﬂﬂ&’a%?ﬁﬂ&ws terbioasy epdaadevitiie ant enna
i nterface (1343inglanegdie oﬁBﬁiB(lO{zl THeldtafI RCHrckif $4ignS OFRE Igﬁ'lg@émd-L single

: an

i npedance matching circuit (144 coupl ed between the pass filter (13y
and the transt¥ e bandpagsyijter 138 and the antennaif@¢ambeimplementedin yariounf t he filter

(138) with ap{askpsin i JerTelet ' ifier (LNA) (150) of
t he receiver (?Lysszzizfmsflr?gpfo pl’%\rll gétﬂg?%&gﬁtgﬁégggﬁp%nﬁﬁ%dance of the Power

AmplifierlQPA) (148GUBE 3tilestrateamblotk diegrarh b &) alteanativerdnsiodintent dfansi ngl e

i npedance mat ¢hing. ¢i kcuj I i.s .coupl ed oth the LNA (150) and the
PA (146). Ema aéﬁ‘gg’l‘g‘%{féﬁﬂétﬂ fé'ﬁé@f‘e Ds“é‘i‘%@\‘}@ﬁ’b{éﬁ)@d'e&lf?ns‘fﬂ%ﬂ#w Di vi si on
Dupl ex (TDD) dccodamewith theyiatiples 6f the pradel idventibe! Bhdtraniddfel 148 chinlf)) and the
PA (146) are based on CMAS technol ogy and nade within A single Integrated

circuit. 5. AfCSREHIMNE TRIEMFLIS showBnFIGURER. Simitslyet bandpess filr6) havi ng a
transmi ter (15hnfa utila 360 G8% Yiluhd Sk GRTRIS R0928 4o] AELSRI Un of roui

(142) to convert a single-ended signa eren Srgnals; a
si ngl e i npedalOshern BHIAYREI2 dwFIGYRE 3)the Balumtichit ot ngedd Thesdgmt isan out put

of the singlo 0. i i i t.h an Ji.nput i npedance. qf tt Low Noi se
Amplifier (1. ly?rf(ﬁggﬁilﬂag?e(dgs %llr‘}é\éctglle\féﬁnal('ig(g)c°'évgﬁ8&jtt°3’agp i de an out put
| and i npt danediffatntal fgnuby. Adcandingfy| the aftBie intdrdey 154 nblRdésloaRsowet t er (148). 6.
The antenna interface of. claim gzwghe[ei n the LNA (1501)1 and the PA (146)
are based on W%‘@ﬁﬁ%?&)ﬂ?“ﬁﬁ 9B is Gopmipdbeswesn g handpese@lread & circuit.
7 A Time D vinaiigrosielvexi ST DA 184 GNSASINEE: S5 ShETLNAOIBR 2 telvera ANt enna

(140) for_receiving and transmtting a signa
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 162 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



a bandpass filter ( 138) to filter out noise received fromthe antenna an
antenna interface ( 134) coupl ed between the handpass fllter (.13 . 8) and a
transcei ver (136); the transceiver (135) including a r e€d g@m Q" 4havi ng
a Low Noise Anplifer (LNA) (150) to anplify a signal received fromthe
antenna i nW§ge487 ( 134), and a transmtter (148) havi ng BCRUs®aeepl i fer
(PA) (14G to si rrplify a signal transmgted to the antenna interface (134);

and the anten e n a single Balun circuit (142))
coupl ed to th% IS'Q& pz{éllsugﬁf "i(pge ﬁ@g%)m?d“%ﬁeﬁ?}é?‘fy‘%sgi"ﬁ& Eergﬁ?i\éed si gnal
t o/ from di ffemm; PAIxsfogmaﬂrahd@hfghhgbﬁammﬂﬁméﬁtoﬁﬁéﬁﬁltﬂﬁpéﬁhﬁd&%ﬁ (144),

142), sand the transceiver 136), to match an

coupled to th un cj rcui
i npedance at g‘ﬁﬁﬁft ﬁlq‘td’eﬁqueﬁBéSéPh jnder therecsive ppegefion. PM%OWGIrPH’daRZl nput
i npedance of ﬁebfeséfmnwpﬁﬂomgeadneéofﬁwm(aléa%mf?teJl Je%féﬁbvef (152) and

to provide_ an output |oad i ance of the Power A PA) (,146) of
the transndtt Bansmiteggle, twﬁmféﬁﬂsarmmmeme in paaliebiediEeipu? 004

wherein the s d s.coupled to both the
LNA (150) endlt lﬁcﬂ%ﬂ???@gﬁAﬁﬁ &géeﬁge VI sgr{ldg}g? @Psfmltlﬁﬁﬁ tfcfnanscel ver
sé')\//sbts em OL c: aim 7, In\a/menege nydld:ﬁlellmm (sbB@i)redi&d ahdigs lﬁﬁ\gﬁmﬂéaﬁaceaétetmas ed on
t t t t t
E~vf an:g ~2§/E&%wa€|§%éqmﬁm%h Q'i\il’f ‘s:‘:&{] 62esolthr11t gla)l;liinuem rcgélJeg l.«'fllgnal power
?. ASN. Asa. ANY A /b dred AMnfie ANGmElefBM fo the LNA.,
_| wr rmc"Y%ca] ca] cal ca]calcalc é g a] ca] cg] cea ca ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal®”a] ca] dBpiAREEH| walectht RAlispowered ongr dehvers the power-amplified

|/ #<) I
o] oa] ca] ca] S8 A ?ég]q]'ﬁ?*%?*ei?@ FoECnaBlife AGRIEF) TR RIBER STt ook, &
| &&&&&( (p(c) ~yas©dd1tm:l}'dae] afdong]. adibﬁaicwdsaa}minm] ca)ca)ca)ca]ca]ca]ca]ca]c
A . Ic *K o~ /1Y122-3
oL ALy e it GBSt L1 o
cay] ca] ca] ca] béh & edceia E)eCenll @ ahhsli @aheaﬂ &l peddooaaTopl ca

56W77v99: ;| <<<<</ >N?? BDDDr FFEFFFEF+1 el 2J~xr nhC"YI d_zZU) ca] ca] ca] ca] ca] caU
] caV] ca 15  transceiver system, R1 is 50 Ohm, R2 is 100 Ohm, when CO is 8 pF, C1 is 3 pF, C2

W] cal] ca] ca] gals, e3lorin ahe ) &) Go] fdl:6aidhtahoal sl £ RIS Gial o2l cal cal ¢

al ca
’?!JJJ* K} KLf LL MVRmMRAISIO2PORmPRROGRIOFSIMS S HLoRYSI0Whe. rThis hplirediated thata] ca] ca] ca] ¢

et ol amalplecl et batin i
] ca] ca] ca] ca] wajrevidecthd dairedbRZ | odl el get ari Ladmemltepdie€al cal] ca] cal] cal] ca

]b(t:)gtl:J] gs(ljJ]d 1‘ 1(‘: %‘U]W(f: 3“1898@4 lnstrates a flow ehart of gparations ferapapjving asignabin@a) ca] cal cal ¢

a] ca] ca] ca] cajegalé Eahcﬁieﬁél&c?ykﬁadrﬂébéﬂaﬁéﬂaﬁdv@&Lﬁ@ﬂ-&ﬁ‘h&@ﬂ&%ﬁ%&ﬁ] ca] ca] ca]
ca] ca- Ei K- ML0% h& () - F10% h&' ()
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 balanced
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 atransmit cycle, an operational flow starts from an operation 192
to send a signal to the PA. Next, the signal is ambliﬁed by the PA in operation 194.

Then, the PA delivers the amplified signal into the impedance matching circuit



S 10% h& ()- yLgl0% h& ()- F z10% h& ()- 310% & ()- mL0% h& ()-][i K- s%10%
h& ()- # 10% h& ()- y!s10% h& ()-10% h& ()-10% h& ()- s_10% h& ()- yl 10%
h& ()-ZZ8i K- >&10% h& ()- , 210% h& ()-L0:!110% h& ()- f.nddbeyrmber20041 09,
h& ()- ), 10% h& ()-3' 10% h& ()- M K>&10% h& ()-
@LO%& ()-3910%& ()-3 10%& ()- Z10% ()-10 h10 h10 h#s<10% h& ()- |
=i K- KyMLOY&' () - 3f 109&' ()-3 " 109%&' () -
| 109& () - 4f 109& ()-3s109%& ()-30109& ()- < r iK-Ks' 109%& ()-3sl %
109&' ()-ZS#s10%&' ()-Yy! 10%& ()- @O0% ()- 109%& ()- s- 10% ()-Y &x qi K-Ky5
109%& () - nB10%& ()- 31t 10%& () - YOy/ 109%& ()-Z-, 109%& () - Zf | +&10%& ()- G ) YLO%&' (
Y-1/"Ay5 10%a@hi YlyleSsze/&!tpt)Llotgtﬁnmwem émbmateq&ﬁn(s)m gperation 196.

P%g%‘g/‘&/é) ( ;LO 1%%8(, @%ﬂaﬂ@}l{% /éﬁ?f?egﬁ/ﬁ sgg&alls fm]eo%q%ﬂréx)ed to a single-ended unbalanced
s- 109&! ( }}i[gﬁab&y&hﬁBalﬂﬁ@ﬁ“&h(ipdpémﬂdﬁ)m ()Tl'tCh,’Ltﬁé’&g(lal-phﬂscL BHOHR' t(\c) F' 1
1358‘;{‘%? 10 B Bt Syopetey 04 BB il Bt dqmstpaintd
1 210%g& (3- ' iﬂ&@ra(tion 2020 F8ex(, ):he dpk%ifﬁ f(o)vtcrr{uhktes "} oP1f F10%& () -
MO%& () - 10gMgM It is appreciated that in FIGURES 5 and 6, operations 184 and 198 can be
optional if a single-ended unbalanced signal is used.
1t is also appreciated that the ubove deseribed inventions can be- apphed to
other suitable devices, such as wireless modems or any other analog/digita)
- 10 transcefvers. | .
Further, it is noted that the terms, s{:ch as antenna, antenna interface, cle., are
merely used to illustratc a specific TDD radio transceiver. 1t is appreciated that
other suitable receiving/transmitting aeVices and interfaces can be used 10
implenient the present invention. _ |
15 In the preferred embodiments shown in FIGURES 2-4, coupling lines or
wires are used to connect various devices or components. It will be appreciated to
person sKilled in the art that the coupling lines or wires can be replaced by infrared

or other suitable wireless coupling devices {0 achxeve the principles of the presont
invention.

20 It is 10 be understood that even thongh numerous characteristi'cs and
advantages of various embodiments of the present invention have been set forth in
the foregoing deseription, together with d—etails 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 (o the

25  full extent indicated by the terms in which the appended claims are expressed.

Eavfanss: AMENDED SHEET



10gMyM 10gMgM 6010%gMyM& () - ! 001098V () -! 1" GLOYR () - " " #O####} ~"?20P1f F@
109& () -, 10%& ()- @O%&' () -  doyamhenad e
109%& ()-1fF10% [ & ()-!0f FLOUWKKE () - #7$\ $$$! 99@BoP1f F! 31844oyembergdos) - 10%
()- @y109%& ()-109%& () - SyLl0%& () - Y94 &) &&FIEOPLT F! s% 109 () -

| 11096 ()- @& ((b(<)) aBoPTf Fy5Y100@ 1) - 0@0%: ()

% () - && Bo $ - - | |
l@jvl)_ll(i({f/‘&'(%)-s((lg%aczg?! @(,10(%: ()-SL' 109 ()-))))))*++~\ =f LMLO%! () - ! qFL0%!
()-!F10%&' ()- 0% ()- 10 10 10710% . % y-. ./ wWX9~\= f109& () -

@LO%& () -1 6109 ()-1100@&. ()~ 110%& ()- !10% ()-/1Y122-3y323}"24=

oL’ -
5?18&% 85 109&' ()-3!1s. 10%& ()-3s-109%& ()-! @FYA0%& () - 3z3{3| 3334=5N5gH=
10L10‘V6I'&()-Ir1110‘V6I'&( lInTLO%t&é-'BI mMOo%&' ()- mlo%& ()- 10
10N55966W7782['9 %wtﬂacilﬁL‘ gy yen egpotarmel149) and a transceiver (136)

léflﬁgci/“g‘%fsé&y?‘?ﬁé ?E%“?&oc?)é? i”*‘@%‘&““*‘%’i‘v O3, SBBE) | 410040 ()11
a4b 10T
109& () - | <<<<<<<</ agiggkomp m@cggéh@gmgty @iatoﬁmmw dance AR () -
0T, 89100
'Ilgjxléfyqq&g() %sé%&& (‘3"%‘?@ o ‘&M # éﬁé@%&b&%ﬂi@k‘é 10! 10qq

10qq! 1110%yq&the)reogiver (1529 andHg x)t()wd@ﬁi@m@ad Jmp édance of a Power Amplifier

9- 10%{& ()-! @Ap@(@bﬂeQEﬁﬁfﬁg%il MiCIT 1094 " & ()-

2, The antenna interface of claim {, wherein the LNA (150) and the PA (146)
are based on CMOS technology and made within o single integeated circuit,

3." A Time Division Duplex (TDD) transceiver system, comprising;

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

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

an antenna jnterface (134) coupled between the bandpass filter (138) and a
transceiver (136j; and .

the transceiver (136) including a receiver (152) having a Low Noisc
Amplifier (LNA) (150) to amplify a signal 'réccivcd from the antenna interface '
(134), and & transmitter (148) having a Power Amplifier (PA) (146) to amplify a
signal transmitted to (he antenna interface (134); and

the antenna interface (134) comprising: |

~ asingle impedance matching cireujt (144), coupled between the
bandpass filter (138) and the wansceiver (136), to match an impedance at un output
of the bandpass filter (138) with an input impedance of the Low Noise Amplifier
(LNA) (150) of the receiver (152) and 1o provide an output load impedance of the
Power Amplifier (PA) (146) of the transmitter (148);
and
wherein the single iinp_edance matching circuit (144) is coupled to

both the LNA (150) and the PA (146),
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.-and a receiver (152), comprising: '

a smgle Balun circuit (142) to convert a single-ended signal to/from
differential sxgnuls.

a single impedance matching circuit (144) to match an lmpcdance atan
output of the single Balun circuit (142) with an input impedance of a Low Noise
Amplifier (LNA) (150) of the receiver (152) and to provide an output load
impedance of a Power Amplifier (PA) (146) of the transmitter (148).

6. The antenna interface of claim 5, wherein the L.NA (150) and the PA (146)
are based on CMOS technology and made within a single integrated circuit.

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 imerface (134) coupled between the hmdpass filter (138) and a
transceiver (136); _

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

the antenna interface (134) comprising;

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

convert a single-ended signal to/from differential signals;

_ a single impedance matching circuit (144), coupled to the Balup |
circuit (142) and the transceiver (136), to match an impedance at an output of the
single Balun oircuit (142) with an input impedance of the Low Noise Amplifier
(LNA) (150) of the receiver (152) and o provide an output load impedance of the
Power Amplifier (PA) (146) of the transmitter (148); and
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