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PCT/ SG2016/ 000007 Antenna and Receiver Circuit TECHNI CAL FI ELD
[ 0001] The invention relates to an antenna and a receiver circuit.
BACKGROUND [0002] By transmtting signals with | ow power density
t hrough an ultra-w déband (UWB) spectrum UWB systens can achy 100000
hi gh speed data rate comunication with | ow power consunpti oﬁéﬁFg‘%%‘?{ 7
However, the performance of the UWB systens nay be degraded from
interference that may exist due to the presence of signals from other
..existing wreless communication syst . For a 3-5 GHz | R-UWB system
Anfe %g‘ﬁﬂ&ﬂs‘:ﬁﬁ!‘n a 802.1la WAN
system which occupy the 5-6 GHz spectrum and signals froma
802.11b/g M LAN system covering_the 2.4-2.48 Gz frequency band. In
addi tion, the depl oynment of WNHE%FW@% 3.5 GHz frequency
band al so i ntroduces inband interference. Wthout proper suppression,
a strong inte en signal f W.AN or W.Max systens can saturate
a UWB RF fron[ofogﬂd gghsel Tv%ng%ndr o %g}aon%lli fifenga pde rl"%eééﬁr\?g?“.‘t‘ Hence,
robustness to both the inband/out-band interference is inportant to a
UVB receiver front-end. [0004]1n ﬁ&ek@ﬂ?@lﬁﬂ receivers, a band-pass
filter is placed between the antenna and the RF front-end to filter
out the out-of-band interference signals. In order to block in-band
interference, (gggRd- PEs fadshnliti st e b REH ti.qQ have
been pr oposed[. Hi(}me\egéf tsﬁket{suggrs?ﬁ%er sﬂgr ogjseﬁ%ﬁ%%@p?]prrp ef?ﬂeﬁﬁécﬂlg%a%
PCB board, | ebdWhy spestrum, (VB eystems gantdchievs highispeedi data mtedcamimsmication
resulting in @g{gil' - d insertion loss. Since this filter
is before an amlﬁper,rc?%?‘@p?%gerti on loss will directly contribute
to the increa®80df |Hvrver, dceperfornanoe o€ tiei W systenascinmg bt degladpd Febad
recei ver sensjll i ) re i.s thus a.nee 0 i nprove. i nhand
and out - of - baiﬁ1 r%’éh{néer ?’é‘?lg%cggﬁgg?eggheg ﬁesg?cerogélgflg%bgmao T 5’9%‘5’&“8“51&53
provi de an i ntegnaticaios \spdtams. Fhas 3sSUGH: dARIEWB silbenr interference sources are
PCT/ SG2010/ 000007 . and out d i r.ter Wi f hout, .system si z
i ncrease and gocrm%?%' $% |fr%aﬁs1°§'§tag§r9?ﬂé? fvgﬁ nsé’étepoﬁ”tlﬁé’;g“tcf’%a‘cj\é GHz
appl i cation. spectrum; and signals from a 802.11b/g WLAN system covering the 2.4-2.48 GHz

frequency band. In addition, the deployment of WiMax system in the 3.5 GHz
frequency band also introduces inband interference. Without proper suppression, a
strong interference signal from WLAN or WiMax systems can saturate a UWB RF
front-end easily and desensitise the receiver. Hence, robustness to' both the in-
band/out-band interference is important to a UWB receiver front-end.

[0004]  In conventional receivers, a band-pass filter is placed between the antenna
and the RF front-end to filter out the out-of-band interference signals. In order to
block in-band interference, band-pass filters with multiple stop-band function have
been proposed. However, these filters are usunally implemented on a PCB board,
leading to an increase in the circuit size and also resulting in additional pass-band
insertion loss. Since this filter is before an amplifier, this insertion loss will directly
contribute to the increase of input referred noise figure, leading to degraded receiver
sensitivity,

[0005)  There is thus a need to improve inband and out-of-band interference

rejection of receivers and also to provide an integrated system that suppresses inband



SUMVARY [ 0006] According to various enbodi nents, there is provided an
antenna including: a substrate; a conductive |ayer forned on a
portion of a top surface of the substrate; a first slot formed within
t he conductive layer; a conductive stub disposed w thin the pif852010/000007
slot, the conductive stub tuned to reject a first frequency band; and
a second slot formed within the conductive |ayer, the second sl ot
tuned to reject a second frequency band. [0007] According to various
enbodi nents, th uctiye | a a laye abl e of r.eceiving
and sending si gcﬁgllﬁgauq‘llﬁe ] e?%et%gtf 61?& éﬁﬁﬁu tet g%ﬁ%a“afgf%?pwcﬁ%syStem
encl osed ar eaperfiirmhed forrpmticdl@ WBnRgplchiioke | ayer such that at |east a
portion of the enclosed area of the first slot and the second slot is
devoid of the conductive |ayer, thereby |eaving exposed substrate.
The conductive stub may be nmade of tdigvispqeeymaterial as the
conductive |l ayer or the conductive stub may be nade of different
materi al which is capable of receiving and sending signals.

[ 00081Accor di jpgod)0 Vadchite 6TasioER NnbodifiBtsC ARG Clsi. ﬁf‘ovid%uesn NRYeni2V €
any one of the foll ow ng shapes: circul ar, trape20|da or elliptical.

The first sl otﬂcwavgbeswtr%d cPRAFYIpYe Aermsdl op a@ortisin| of witerysushiepefithe
circular, rechageid; @rfuwslﬁlféu&rféh il the bcﬁadﬁawé qﬁkté%oﬁ%ﬁ%v%b Hi@'%o%etii

rectangular Shgﬁe or _any one of the follow ng ot apes uar e,
a triangle, dheotingt slefnthe cpidygtive S’!"rbeﬂn@ﬁéd@ meicas B dtrst feequdney bandyrent] a

fromany one Qf,tdhQof %Mmsﬂég eqr e Pt l'RI?del% % a

100091l n one enbodi nent, the secon y partra Iy surroun
first slot. ﬁm@ﬁﬂemuewﬂbamhents the second sl ot may not surround

the first sl O[b 7[] 00]z&]cé(&ﬁl%rtg'ﬂg?&sgﬁﬁr?gﬁﬁn%ﬂﬁh@enggdu%v% isaa'er IQ%F ge a%ayer

provi ded a recelver circult inc an a na 1 nc
substrate; a ecpadeot icpevingypnd Sdndmmsitndn Ahebirst slonamifthas&copd siut fhagke of

t he SUbSt rat e éd £I§£S Jih%rd f{] U.Cp\ll nlatg%}esuc P-ﬁ gtt ll Vgalc’p[ao {e;)rél’ lgﬁh%

conductive stdb I'sp ose |rs
tuned to rej egrclosed aresof Ilhc g elmc gmcbcha secomd slotis sleemd df theabnduztivelyer,

110 1 SR e i CHOGEANRORB P Bt 3 o>

ant enna; and matagdlcds the btbrelnctmrimctoedlet @nﬂﬁmwmbuﬁawbe made of different

[0011] Accor di kg At iU B BPALITRRL Sua LRGESaibSal! OVI ded a recel ver
[0008]  According to various embodiments, the conductive layer may have any
one of the following shapes: circular, trapezoidal or elliptical. The first slot may be
formed from any one of the following shapes: circular, rectangular or elliptical. The
conductive stub may have a rectangular shape or any one of the following other
shapes: a square, a triangle, a circle or an ellipse. The second slot may be formed
from any one of the following shapes: arc, arrowhead or polygonal.
[0009] In one embodiment, the second slot may partially surround the first slot.
In other embodiments, the second slot may not surround the first slot.
[0010]  According to various embodiments, there is provided a receiver circuit
including an antenna including: a substrate; a conductive layer formed on a portion
of a top surface of the substrate; a first slot formed within the conductive layer; a

conductive stub disposed within the first slot, the conductive stub tuned to reject a

first frequency band; and a second slot formed within the conductive layer, the



including a notch filter, wherein the notch filter includes an active
el ement configurable to change a frequency rejection band of the
notch filter. BRI EF DESCRI PTI ON OF THE DRAW NGS 100121In the

drawi ngs, like reference characters generally refer to the %r:f(fs 1b
t hroughout the different views. The drawi ngs are not necessarl % 700007

scal e, enphasis instead generally being placed upon illustrating the
principles of the invention. In the follomﬁng description, various
enbodi nents of the invention are desc |bed mn reference to the

P on ot ar ctseomEab i e BGasora dagnmmey baid) snampibroRRn D the

represent at i Oghtébha;f2n88 hoeR HitécohiecRa tdHhe a@plifery €Cei ver circuit built
i n accordance _to an enbqdi nent of the present inventjon. [00141Figure

2 shows a si d80WAl ewASFording to Yodensembndiments, these: isoprasided: atrecesyer circuit

enbodi ment  of ixkl@nPr£568Rkh filLeRnkRh oaf nEﬂcHuﬁl?erlmd[lQ&léll Rlegiy %le?hent
shows a view of theé antenna, built in accordance to an enbodi ment

the present i%pEgmpdato Céﬁnamad‘meenr-yregm%]amd@jﬂ@smehﬁlmr 31 each show
a view of an antenna built in accordance to an enbodi nent of the
present invention. [0017]Figure 4 shows a circuit |evel
i npl enent ation, built BRIEECHEYIRIPIION QF THRHDRAWINGSf t he present
I nvention, of the anplifier shown in Figure 1. [0018] Fi gure 5A shows
a circuit level inplenentation, built in accordance to an

f0012]  In the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In
the following description, various embodiments of the invention are described with
reference to the following drawings, in which: |

[0613]  Figure 1 shows a block level representation of front-end architecture of a
receiver circuit built in accordance to an embodiment of the present invention.

[0014] TFigure 2 shows a side view of the antenna, built in accordance to an
embodiment of the present invention, of Figure 1.

{0015] Figure 3 shows a view of the anmtenna, built in accordance to an
embodiment of the present invention, of Figure 1.

[0016]  Figures 3A to 31 each show a view of an antenna built in accordance to an
embodiment of the present invention.

[0017]  Figure 4 shows a circuit leve] implementation, built in accordance to an
embodiment of the present invention, of the amplifier shown in Figure 1.

[0018]  Figure 5A shows a circuit level implementation, built in accordance to an
embodiment of the present invention, of the notch filter shown in Figure 1.

[0019]  Figure 5B shows an equivalent circuit diagram of the notch filter shown in
Figure 1.

[0020] Figure 6 shows the measured normalized receiver front-end transfer
function of a receiver circuit built in accordance to an embodiment of the present

invention.



enbodi mrent of the present invention, of the notch filter shown in
Figure 1. [0019] Fi gure 5B shows an equival ent circuit diagramof the
notch filter shown in Figure 1. [0020] Figure 6 shows the neasured
normal i zed receiver front-end transfer function of a.receiyqﬁfﬁééﬁﬂbbomXﬁ
built in accordance to an enbodi nent of the present invention:

PCT/ S020101000007 DESCRI PTI ON [ 0021] Wi | e enbodi nents of the

I nvention have been particularly shown and described wth reference
to specific enbodinents, it should be understood by those skilled in
the art that various changes in formand detail nmay be nade therein
wi t hout departing fromthe spiritpESdrsEPRON Of the invention as
defined by the appended clains. The scope of the invention is thus

i cated b i nGRIE G 3SR  RES a

t he meaning a nge 0 urv %ﬁcy
i ntended to bdeseritedaeiddrefdréncevid dpetific appsdinins, dtlsHonRl beo@meRDod YT S,

used in the rel.gvant .drawi.ngs, .refer to.c onent,s that serv .
simlar or t hgklfie Bﬁraﬁt\(l)\lhég Vf‘?ﬂ‘)‘% ﬁgﬁhf”e?&r&s eté‘_ﬁ?"ﬁ’c‘ke F’ég“e&c_rem
repr esent at i owithéut fdeparting Iﬁ@nﬁﬂﬁnh%ﬁrﬁ_catnu r@oﬂe?@f ﬁ{e ﬂwérﬁibﬂlt as_enﬂcfﬁabc{ ®Yithe
108 built in accordance tq_.an enbodi nent of f{ present invention.

[ 0023] The f ro?RPPB‘{F (msyay ?‘3’&5&?@ &‘g%e IHEPITel HHS Hdicstrdby1the appended ch

filter 104 anglaiait sndnllichimges WRith cdind Mithin SieSBeaAY dnllirGige Of MiMivdlEéy BE
used for the np|ifier 106. The LNA 106 is caonnected to the antehna
@eﬁ £ the

102, while th re infendedito be prbragedy It will beappresiated dhat payomen | n
the enmbodi menfumdigldustdinhe wWlvart drdvifesA PFGNE RorhPeniBYhR &ede BISENRF or

the same purpose.

[0022]  Figure 1 shows a block level representation of front-end architecture 100
of a receiver circuit 108 built in accordance to an embodiment of the present
invention.

[0023]  The front-end architecture 100 includes an antenna 102, a notch filter 104
and an amplifier 106. A low noise amplifier (LNA) may be used for the amplifier
106. The LNA 106 is connected to the antenna 102, while the notch filter 104 is
connected to the LNA 106.

{0024]  In the embodiment shown in Figure 1, the antenna 102 may be a planar
UWB (ultra wide band) antenna designed to have a first fréquency band rejection at
around 5.2 GHz and a second frequency band rejection at around 2.4 GHz. The
antenna 102 facilitates out-of-band rejection, i.e. filtering interference that may occur
from signals in the 2.4 GHz and 5.2 GHz frequency bands. The LNA 106 is
equipped with a fixed rejection frequency band (or notch) at around 1.8 GHz and a
tunable notch between the frequencies of about 2 GHz to about 3.6 GHz. The LNA
106 facilitates inband rejection, i.e. filtering interference that may occur from signals
between the 2.4 GHz and 5.2 GHz frequency bands.

[0025]  Consider a known UWB receiver structure (not shown) which includes a
conventional antenna coupled to an on-board band pass filter, which is used to
facilitate out-of-band frequency rejection. Comparing the front-end architecture 100

with the known UWB receiver structure, the front-end architecture 100 eliminates



UWB (ultra w de band) antenna desi gned to have a first frequency band
rejection at around 5.2 GHz and a second frequency band rejection at
around 2.4 GHz. The antenna 102 facilitates out-of-band rejection,

i.e. filtering i'nterference that may occur fromsignals in
GHz and 5.2 GHz frequency bands. The LNA 106-is equi pped wt 5%’2@8@00007

rejection frequency band (or notch) at around 1.8 GHz and a tunable
notch between the frequencies of about 2 GHz to about 3.6 GHz. The
LNA 106 facilitates inband rejection, i.e. filtering interference
that nay occu?heF‘Piﬂirﬁ@P\jﬁ%iP‘kmb’I&*’We'@ﬂdPhﬁ fijten, iy leadsdo 3 reduggdsyptemgirency
bands. [0025] Gaaek, 35" elihikdtayhe MBd 'rGCH $f2boatd bR e ﬁ(taoﬁnsg.g;eaggansa is

whi ch includes a conventional antenna couple on- boa
pass filter, UWHvEH theehysimpravingmrereiver teasiiviut - of - band f r equency

rejection. Cogpgg)i Nark Neont-bAN Lichindlnad Gbb o %n%@%ﬂ%&@?t%g@ SRk

UWB receiver structure, the front-end architecture nates
PCT/ S02010/ 000®%R UWB reeciver sfrudterei My combiningd teradtebsn t02pasisthé LNAe 06

Fo S an a0 o Sl ROARE GURbE I e (EULI A opeiRYeSh b EAR AR GRERRE S

for an on-boar ter,’Insertionloss rsre
i nprovi ng rectl6yaill bealisviated] tegucinglibe B¢signadifficolty ofthel LAIAC 16t and tthey otk 0

has the foll oy.ng,advant ages, oyer, t known eceiver str re.
By conbi ni ng %‘% gﬁt eﬁ%ﬁﬁ%ogh%nan%ﬁogﬁlme%% e Bade ;Jig]‘dejéi%i on
ability, the atepetibh dntheRet GHiz batd, enefthe BNA bicoay (ddd topdviloqp am | |
be alleviated, re uci.ng};iﬂgcﬂgzs%agﬁ dPlng cult)i) of the LNA 106 and tfhe
notch filter TGA"2UPR JhMe ¢ d-"WEPEHOL (P g 3 2t Bequgpcy o

pr ?)vi de g 1? HIBA 06 gﬁiﬂ@.h ngtb??hhﬁa&o&hﬁﬂd\tﬁﬁﬂﬂg tﬁwﬁﬁgeg_lz dé‘lzel GOk
only needs to. prov a in e 2. nd,

Fur t her nor e, ‘B@‘eisﬁ‘?n ﬁﬂl‘g%‘gﬁﬂg‘ﬂ‘ﬁ%er %hgﬂ#ﬁ}wﬂ‘?auﬂﬂlﬁé%é‘% ﬁwgma?mund 3
varactor, thedB,otith theehteihaiap dvhtdbltingiinbiier 1RNDEB QftentatdonGoZndente

increased. On the other hand, the 5.2 GHz attenuation of the LNA 106
is around 5 dBEHWAA™ he antenna 102 contributing another 10-15 dB

attenuation tjpoampet AdeteOnivaRee Jf thairbaisd aldRelMbh & tha eNaithad o]
t he front-enqﬁ‘ rchitecture 10Q is the elimnpation_o ky pre-sel ect
c

: f bul ky
and band- not | P?e_'éF]§°tb§Pde1i’?B€ﬂaYchgmfeffebY)l?_fnbﬁqdﬁlfaﬂﬁ Tu-gfbandcffequency
rej ection fungfetth fuRdtRntifte BOhRERA 100 Fwltbid Riasinp KL HOE RBtediaZ ©
of the antenng _102) and on-chip in the integrated Circuit, hence
reduci ng t he YW7daeAnsghinin thegptoprpied giseuit, bengp sducing die qystsm 86¢- of t he

antenna 102 qboJs) JUFgute 2 et AMRMAY P heNAfnth SOHEARE 1290 ALY 2

top surface 202t and a bottom surface 202b opgosme the top surface
202t . Conduct 10Zehas 8, eybstratg 203 favinge fapeswriseer@f2torndeadntterh surface: 3p2band

L = oAl 9y p b VLA G ke
the top and bottom surfaces 202t and 202b respectively.
{0029]  Figure 3 shows a view of the substrate 202 where both the conductive
layer 204 on the top surface 202t and the conductive layer 206 on the bottom surface
202b are shown. It will be appreciated that the view shown in Figure 3 does not
mean that both conductive layers 204 and 206 are on a common surface. Rather,
Figure 3 serves to illustrate how the conductive layer 206 on the bottom surface 202b
is positioned relative to the conductive layer 204 on the top surface 202t.
[0030]  From Figure 3, it can be seen that the antenna 102 includes the substrate
202. The conductive layer 204 is formed on a portion of the top surface 202t of the

substrate 202. A first slot 302 is formed within the conductive layer 204. A



| ayer 204 on the top surface 202t and the conductive | ayer 206 on the
bottom surface 202b are shown. It will be appreciated that the view
shown in Figure 3 does not nean that both conductive | ayers 204 and

206 are on a common surface. Rather, Figure 3 serves to ill

how t he conductive |ayer 206 on the bottom surface 202b is p%@slg(%%or%gl 00007
relative to the conductive | ayer 204 on the top surface 202t.

[ 0030] From Figure 3, it can be seen that the antenna 102 includes the

substrate 202, Th ayer 0 on a rt.ion of the

top surface 2[:)(5‘5]u fre Sﬁ’g)uﬁ&blg ?ség émt,&e%lr ts‘"‘i qg%a’t thg 59 @?W%F%&Oé

\é\/lot6h| n Ejhe COﬁ1§bﬂ:tol reject ANt ?r?@éncyﬂ;anﬂ?c:ﬂ{fgﬁﬁﬂh]sﬁﬁ@@@g@ﬂs&ﬂﬂﬂ'd@wtl)ﬁigjotgé ub
i s di sposed within irst ot , .t he, conductjve stu

tuned to rej efﬁndﬁ"q‘vie agpr#l} G‘ﬁé‘??evfﬂ%fr?&g“ﬂeé@crﬁﬁﬁf ajegqndrpquensy pndo

formed withinovy candueleinbedilmanmeshodB4in Rifde KRS dnhd I@MmJ Wfhat O
reject a second frequency band. /100311l n the enbodi nent shown in

Figure 3, themapepRelfiruges withhand-poteh Bnctinnab prored 24 apd argprd §i2 OHLz.
band- not ch f upgsajon Bl @bt 28 ﬁaa@ddlaeaamoést&t%f JrQﬁiﬁZh“Eb%d a

substrate 202 has a dielectric constant Er of around

thi ckness T otickpessFpfarannd 463 mme Thembstraie 202l aHasgﬁaLloé ngmnd 40 ot
d 40 d
aroun MM 240, idth A b Wehd 300HA! Is@mfrmé gf)ﬁfﬁﬂ'&tk{l 0 £ ﬁp@ﬁgﬁ%akﬁggt )

that for other dielectric constant Er va engt
W val ues wi | | copstest eqvadensdhe length L{a@@&@c}tlrﬂévaimsdauwmv@c¢ca¢eglyzo4 is

di sposed wt he ; aye
i's surroundeglb E%/jl an ]Zlgleegﬁ%?ﬁ ‘g?%%gé?%&%? %egbﬂﬁuﬁﬁ%%g%# Ma:eztoitzi/%a/0 "ziatéger
204, is capabtaadusftive éayet MMgsmn@érbmangwsw@nmosed(aubstrata STl cs»odtutwe

radi ating el t i V, 4 the conduct

stub 306 is co ér%e%:tA}éXg :C%!agl sgkeﬁe%%?ﬂgoaghosg éﬁ%% an st sI ot al Vi vfcla
conductive st ¢lemper@)l O¥ithin thdnoadwmmleyer 204 ehonductive steb 306113 cancmdc £ he
The space provEsl By AR Al sBr 3L a0 gR R, sy ST B Cipertien T
conduct or hasctmdiuewgtstubLBO(( hnd itte edmdoctivh estitie 3¢ od at Meshaped deonthncee,
strip 310 within ( | ot 30 aro The conducti ve
strip 310 ext 1S ||§"“r15¢edar§hm S Bacapfqgldoé%%ﬁsqﬁgég&o forma feed |ine
312 of the anDé3fha IM2. T~$hapecgmaiduttacBasvedhn@gh LheLaist fifn ehellBRgth f the
transmttedtoth d t ter 04 VI t he, feed line
312. Signals ?Ogdf)c Ve %ﬁéﬁﬁ Bﬁ‘th F'Esﬂsgm;ﬂ?{e % &gndugtiye stnp
through the fEHdextdndelidhly b{aﬁﬁ&ﬂiestgnaﬁewdm ﬁshﬂfa f%m@l&@fﬁﬁﬂﬂ&nﬁp a
portion of a ripmeter, of t nducti v an cur,ved
slot shape colPespSiRIPHEeEYs Eiﬁetﬁ‘b@? F’Wét@? &Hdg“cpﬁ@e?qﬁaaﬁ’ér‘he
204. As shownndtth fritegUune v, thé tbed:ﬁﬁ@@ml Sip@ds t3Q)4: tﬁﬁ&ﬁm@ﬂ)bﬁ%ﬁﬁ‘&ni 002

cover the entire, porti.on ent to the perinmeter of the conductive
| ayer 204. | n™F A &hh ‘WEEH Wﬁ3|1?1 Figure 3, the second slot 304

has an arc | gogis) Lsrhetseeéndaﬂ@u BO4 32 adjtdBnBRsl aPértibR!dfYa PeFimelN@$ e

first slot 30czonduct1ve layer 204 and has a curved slot shape corresponding to the perimeter of
the conductive layer 204. As shown in Figure 3, the second slot 304 does not extend
to cover the entire portion adjacent to the perimeter of the conductive layer 204. In
the embodiment shown in Figure 3, the second slot 304 has an arc length Lo of
around 32 mm and partially surrounds the first slot 302. _
{0036] The conductive layer 204 has a circular shape and the first slot 302 has a
circular shape with a radius r smaller than a radius R of the conductive layer 204. In

this manner, the conductive layer 204 forms a ring monopole, with an outer radius R



[ 0036] The conductive |ayer 204 has a circular shape and the first

slot 302 has a circular shape with a radius r smaller than a radius R

of the conductive layer 204. In this manner, the conductive |ayer 204
forms a ring nonopole, with an outer radius R PCIT/S&010/0

| engt h around 10.5 nun and an inner radius r of length ar Ou%g:ng](}ﬁw/oooom
The circul ar shape of the conductive | ayer 204 provi des the antenna

102 with a w deband characteri sti c. [0037] There is an offset LD of

| engt h around Anm.al o 314 n the ane f the top
surface 202t %ﬂfgwﬂ%ﬁ’r ?‘)“rﬁlgétﬁg’é‘ﬁ f’hlg @é circular
circul ar shapﬂﬂpmﬂdhmondacﬂmyﬁperzm gﬁdﬂb&l@hd?hﬁtﬁﬂiaalozs kwcne&i willdbahd

sl ot 302. Var%/mmg s offset LD provides a neans to control antenna
mat chi ng of t feifna 102. [ 0038] The conductive |ayer 206 (forned

on a portion [0d37] he Theietionn sfieet B 6f RAZR aQfund bﬁnﬁﬂbﬁi%ﬂs%@@héﬂ&@s
as a ground pl ane 312 of the antenna_102. The finite ground plane

316, having | BRglaRe o5 thr top spifacg 202t phibe subsirpiet208) befwsen the ceniets qfnbe
mcrostrip feggula BRpeilondidife Hyetd b ANCciddhEr 4ApS HRQL slS'ta.a\()Q &

conventi onal rectan%@l ar shape, "but rather a trapezoi dal shape _
shown i n Fi guthis offset d’re\édqsemﬁam tmczrér@wemmﬁtmtéfmmenmm || be

appreciated t h@és ot g cémg@\% 1k {'?éfh(?orgfeﬁ’ldﬂq %%%Fﬁ%aoot&&ﬁlsﬁ%eg

sem -circul ar shape (see groun anes 316a t I gures
31 respect i vetfythe subsgatp 20 e(@ees Figtrung pl@)leéiﬁ of thetratenee 02 h@hegﬁmtmd

202 corr esporr b Lauer o i HEeHER 1 aHhA e BRI pfined IPoRY ASU

portion of t hwicraspipsfeed dive 3102t Thef giohmd $=lilbst3rléttbeszﬁlﬁt h:i\(éOé%@@ﬁHemxonal

d pl j s f he hott f 202b of
Phe subgt r at oo BAE Buedad PbbdoBalihal oo SROR I BRECET 087
| ayer 204 on mingnizeprognd planeefRORtIt will bd’@p&uﬁb&d itheek eth&&ﬂlapesdmﬁhdgrng{dy
el ect r-orragnetlﬂ&evgﬁée&l&& he . r%%h%t o(gege:%cel ve T“&ﬁé %1‘8 3(i8‘n° ti ve

| ayer 204 wi t'hout” "being sh
manner, an ondA di BIemet;peotm[ly)r Aigat 2osg(s¢mt=1ge:rer2)$xi31sll@twéeﬁ thd gromad plane

general nono Ie ntenna c obt [ hat t he,.gr ound
pl ane 316 dollelgs)1 no&‘jl vleonaongtEE Eﬁ ?ng ggbeeSL? ctoFfesP‘mdng to
trapezoi dal shisgpethefcohdietigy Iayadzophaftﬁde&) thet goetiqhadt B topl safgRS200v 61

di stances of ro nd O(gzrrmto around 1 mm [0041] The feed line 312 is
a 500 microst ff) T EFwith metal strip width W of

[0039]  The ground plane 316 is formed on a portion of the bottom surface 202b

of the substrate 202 in such way not to overlap with the conductive layer 204 on the
top surface 202t of the substrate 202. Accordingly, electromagnetic waves can be
radiated or received by the conductive layer 204 without being shielded by the
ground plane 316. In this manner, an omnidirectional radiating pattern similar to
that of a general monopole antenna can be obtained.

[0040]  Given that the ground plane 316 does not have a straight profile edge (due
to the trapezoidal shape of the ground plane 316), the gap 208 ranges over distances
of around 0.3 mm to around | mm. :
[0041]  The feed line 312 is a 50Q microstrip design with metal strip width W, of
around 1.5 mm. The T-shaped conductor within the first slot 304 has the same width
as the microstrip feed line 312.



around 1.5 mm The T-shaped conductor within the first slot 304 has
the sane width as the mcrostrip feed line 312. [0042]At the
resonance frequency of the conductive strip 310, the current

distribution of the circutar ring nonopole (i.e. the conduct] r .
204) will be disrupted, resulting in the malfunction of rin ‘ﬁ@ﬁ@%ﬁﬁﬁmom”

In the resonant frequency range. The expression for the approxi mate
notch frequency cal culation (which is also the expression for timng

t he conductiv ub is: inotchl = C.446,. (Li + h

[ 0043] wher e/ n t"gﬂ/ i‘gtot S P YPRE éﬁq‘ﬁﬁi"‘rys?f #?eeaff&‘s{&?/"ebé‘ﬁ‘é, 310, jthe cpprent
speed of |i ghtlistributios of ke Gebist fing moAbpblelied. et cinduabBSb@nt204)-will Be

| engt h. of the T-shaped .conductor. and h is the shqortest gap between a
f eed poi nt (dgﬁg‘?’é‘%’ wsyHes I By za *P@Bk En%)m"&f’l"{?ﬁ@ ﬁ’ﬁﬁgﬂ?ﬁﬂt\f@q?e&%r
204 and a por tangel Qe teRredsion forithE approRfddie Adtch ReqeHBs tAalIRio Qdhich is
correspondi ng to where thgbr round pl ane 316 is fornmed on the portion

of the bot t onfSRiesXRress ing; Qe osustivestbA§9) iSFr om equati on (1),

the rejected first freguency kand can be changed by tuning the
conductive stub 306 a wﬁofg$$§§fﬁﬂz way of tuning the conductive stub
306 is to vary the length L1~ conductive strip 310 @pbnnected to

t

e, conduet vapgo A LS AL THE o5yl L WREP RS
the substrate 202 dielectric constant, L, the length of the T-shaped conductor and h is
the shortest gap between a feed point {denoted segment 308 on Figure 3) of the
conductive layer 204 and a portion on the top surface 202t of the substrate 202
corresponding to where the ground plane 316 is formed on the portion of the bottom
surface 202b of the substrate 202. From equation (1), the rejected first frequency
band can be changed by tuning the conductive stub 306 as follows. One way of
tuning the conductive stub 306 is to vary the length L, of the conductive strip 310
connected to the conductive stub 306.
[0044]  The second slot 304 is tuned according to the expression:

(4

Jrownz =
2 2L:Io:‘\/£_f s (2)

[0045]  where fuowen2 is the rejected second frequency band, c is the speed of light,
€ is the substrate 202 dielectric constant and Ly, is the length of the second slot 304
(being shaped in an arc as shown in Figure 3). From equation (2), it will be
appreciated that the rejected second frequency band can be changed by changing the
length of the second slot 304.

[0046] In the embodiment shown in Figure 3, the antenna 102 is adapted to
operate in the UWB range (i.¢. around 3 GHz to around 5 GHz), wherein the rejected
first frequency band f;,,..s; is around 5.2 GHz and the rejected second frequency band
Jfrotenz1s around 2.4 GHz.

[0047)  While Figures 2 and 3 show a circular shaped first slot 302 with a T-
shaped conductor to achieve rejection of a first frequency band f,,.cs; and an arc-

shaped second slot 304 to achieve rejection of a second frequency band f, 42, it will



[ 0045] where fnotch2 is the rejected second frequency band, c is the

speed of light, Er is the substrate 202 dielectric constant and Lsi ot

Is the length of the second slot 304 (being shaped in an arc as shown

in Figure 3). Fromequation (2), it will be appreciated thatg,

rej ected second frequency band can be changed by changi ng tﬁghﬂgﬁg?%@mXM7
of the second slot 304. [0046] hi the enbodi nent shown in Figure 3,

the antenna 102 is adapted to operate in the UAB range (i.e. around

3 GHz to around 5 Gz wherein the rej Eed first frequency band

frtchi is ar opfn@PPseciied fhat pther P‘Fse?r‘éé’f’%‘é’%B’cﬁ?b&vﬁrdé’ahg'ﬁwn%ﬁdmmﬂ
fnotch2 is areusgg Such offiorshah@Qde/sh¥¥h iEFikirys 2% #. and 3 show a

circular shaped first slot 302 with a T- shaped conductor to achieve
rejection of 3048l stFigyreseifeiey! pach#how pofehPL amanternag}Q2a te HARicknilt in

second sl ot 3QbokincB e iYL Jifth& bf BOpREenfin QBRI FiEGHERNE Yo HARL i be
fnotch2, it will _ PeT/S&010/ 000007 %e appreci ated That other shapes

are possi bl e pregiEFddha threntermp sehstpie fcompprecigwn 3hisrmbs shaurcfor thermake
shapes are shgeiatify. Fi A5 thed s @il LAMRITIAULCS08A G03! oA SHENOW
a view of an antenna 102a to 102i built 1n accordance to an _
ermbodi nent of supgrempased evar theiy easpdctive groandplanes 468 0 8 b6i3Wheretit daes Inobe
appreciated t { DRl re Fl.gqure 3) 1S nqQ

shown for t heﬁg%lge %}9 2}1 gﬁh%&&&%%%&b@ ?la(etg(riggl Saélgtt }lle\l/%e%,pgﬁt(lj‘%?&r ?u\?g p:l Ber s
204a to 204i 3Hetshénereonpesrmmposethcover their respective ground

pl anes 316a t [ re i t hat .both the conductiyve
| ayers 204a t[gm%m Tz]i%\lg&fﬁl& Itroz(rggg%g%? ?\%@%F{}gﬂen%mﬁ}?ra ARciergies Pooeaﬁ]tl%q
are on a conmmbeamgentat@®atg 0Q49] The antenna 102 of Figures 2 and 3
share si i | aitofdir AGLEr bhd GReahis FRSIH i RS LSS, K038 Kk Q%0

surface and a bottom surface opposite the top surface. A conductive layer 204a to

204i is formed on a portion of each respective top surface of the substrate. A ground
plane 316a to 316i is formed on a poﬁion of each respective bottom surface of the
substrate. A gap 208a to 208i exists between the respective ground plane 316a to
316i and a portion on the bottom surface of the substrate corresponding to where the
respective conductive layer 204a to 204i is formed on the portion of the top surface
of the substrate.

[0051] A first slot 302a to 302i is formed within the respective conductive layer
204ato 204i. A conductive stub 306a to 306i is disposed within the respective first
slot 302a to 302i, the conductive stub 306a to 3061 tuned to reject a first frequency
band, A second slot 304a to 304i is also formed within the respective conductive
layer 204a to 2041, the second slot 304a to 304i tuned to reject a second frequency
band.

[0052] The conductive stub 306a to 306i is disposed within the respective first
slot 302a to 302i, the conductive stub 306a to 306i being connected to a respective
segment 308a to 308i of the respective first slot 302a to 302i via a respective
conductive strip 310a to 310i. In this manner, the conductive stub 306a to 306i and
the respective conductive strip 310a to 310i form a T-shaped conductor,

accommodated within the space provided by the respective slot 302a to 302i.



[ 0050] Each of the antennas 102a to 102i has a substrate (not shown)
having a top surface and a bottom surface opposite the top surface. A
conductive | ayer 204a to 204i is fornmed on a portion of each

'respecti ve top surface of the substrate. A ground plane 3163 %@25%/000007
is formed on a portion of each respective bottom surface of

substrate. A gap 208a to 208i exists between the respective ground

pl ane 316a to 3161 and a portion on the bottom surface of the
substrate cor on S n |ve I 204a
Co 204 15 1 OO0 ERehA BPYRa LS4 BRRELKS s SRRONEE i o
[ 0051] A fi rstrespegtuveamﬁ@mme EfrZBO4aSoﬂ0¢1ned Wi t hi n the respectl ve
conductive | 4120 tQ 204i to

di sposed w tﬂ heﬁgscoréé] tl“{?ela X rs L{?EPX%WS atcdmglﬁﬁihap? Rthe Sther
conducti ve sthdnd,?,ﬂﬁacmdua%ula}temnmndt © B@jfehdveaa fiap&bidal eiyeneLild and.

A second sl ot_ 304 30 for dvmt re tive
conducti ve | acgféla %ﬁgayf %Eﬂﬁff ﬁﬁh@”%éﬁ& iyl § apgohg (Sh%g?&& uctiye Byet o
rej ect a seco:ﬁﬁly fbe efathediC o adigt. one OSISRE T RowWiAE iR dsY Biréilld#D trR88idb100r

306i is dispo \é\fsthi n the respective first slot 302a to 302i, the
conductive st@¥PH8B%a to 306i bei ng connected to a respective segment

308a to 3081 (04551 he FuRERehE Iﬁvse sfot B@Zg BdsQf ciRQidA shipe3WR th\é'oﬂw@hand the

respective co du%l ve strip.3 310i. In this manner,

conductive st 630%303%6102%3102?!?@ r3@%lpb€{elr9‘é%}¢ﬂétﬂpmé"h§? ﬂlepﬁrglOa
to 310i for mgotd 3612PET a6@B6H GER elli ligheq aﬁﬁds \metﬂ'sm&t% d
provi ded by the respectlve slot 302a to 0053] The sécon ﬁot

304a to 304i Iram amy enesthedfelloyinghapesirciplap f?féfﬂghbt errelligficalhe
respective cqosksgt i \ﬁeahm&{ t@eﬂéeaoﬁdos@%m,[ 9&@4%{;}% ?ﬁaﬁgfeétféo\égfgh&‘éefs

204a to 204c have a circul ar. sh ape. On the other uctive
| ayers 204d tRaradighio thapasticn of thenspimegnpf tbhsqgeectmmqnéuqthre laofgrmt;xzoae,

layers 2049 tQigRhbald¥eaAdiglehi Bt Fﬁ@heca‘;mﬁﬁg 3EE£HJ§0 9@4&996'4{%}4

| ayer nmay be fornmed from any one o S ées circu
trapezoi dal chapsdiangsinglar to thogse]d-uett 304 rof Ftﬁmeeh Ostthasseg@ndmg’omahasa

circul ar shapg, ;) nthes) %{hugmdsec&'aesl&'aro?% b3 £ by PP ap0 Py e

302e and 302h have rectah ar shapes, whi

302f and 302lsemd@1®mawbplf®mbd Shmpay ond hithe follvaving shapessirof anshedaioor
formed from % Efq of the follow ng shapes: circular, rectangul ar or
elliptical. ? n addition, the second slots 304b, 304e, 304f to
304i are not [#¥Thed Fpax &iguas 3 SAt focs3Ipanwilloe gfprécimeedpihat e tdesigrobf tHee

respective cq ah. 20, 2041.tq 204i they are

adj acent to. ﬂegﬁ fssié;él gtn%‘%?s&fe%ﬁygt 9%%35? °ég%%?nggéﬁlgq?ygr’%f{ha%%ﬁer fistildped
and simlar tw tMMamemfahdsw¢rldtslc30Eomneﬁr@udmeﬁt (nohsHoll), aerowlar shhwid
304b has an arr ea e econd sl

ol ygonal - shasetuiiE eyl AR et it a B REFRE e Mes Bt iy icHlesof
the fol | owi ngesthmppias or alipticalirand wheashd Glot aliyig @ndhbpe that is either an arc, an

arrowhead or a polygon. In another embodiment (not shown), a trapezoidal shaped

conductive layer may incorporate a first slot having a shape that is either circular,
rectangular or elliptical; and a second slot having a shape that is either an arc, an
arrowhead or a polygon. In one more embodiment (not shown), an elliptical shaped
conductive layer may incorporate a first slot having a shape that is either circular,
rectangular or elliptical; and a second slot having a shape that is either an arc, an

arrowhead or a polygon.
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[ 0057] From Figures 3, 3A to 31, it will be appreciated that the
design of the antenna is not Iimted by the shape of the conductive
| ayer, the shape of the first slot or the shape of the second slot.
For one enbodi ment (not shown), a circul ar shaped conductlvamhﬁy
may incorporate a first slot having a shape that is either circular,
rectangul ar or elliptical; and a second slot having a shape that is
either an arc, an arromhead or a polygon. In another embodi ment (not

21Ot g, SOART% HERTRCEe RS R Sl SRR SRS bf
el liptical; ane aﬂteﬁﬁCQﬂdeih(IhgthébVS gd 3 AStaagIChak Rdfectasguirt Sh8pe. A aiher

an arrovx/nead or on. e nore enbodi nent (not shown),
el liptical slﬂﬂ’é’g"%a d@B‘t F}k? ﬁéﬁe FRISANRNES CpRAuSE Ul maythaye (9t3hape

having a shapginghaiquirs, aHid®d, a Cirél6 bt A elligs@€Ct angul ar or el l'iptical;
and a second sI ot having a_shape that is either an arc, an arrowhead

or a pol ygonl 5[9b05§]nluh"I &H@F@P@hﬂa {Reof Figwers 2and 8, at the resemaee Bopwnayo
306i ) of the gnpedionBRl%e Sfipt P23t SIVMHS Qq;%ht'distgbﬁ%eﬁfo gqegA%t 0

31 has a rect angml ar shag I'n ot her enbodi nents ot s
antenna, the SSBSLEe fayer 204anton2H vl cbeadispipd rewiltng i mqifmceon an the

triangle, S i n of
Figures 2 angl%romjllﬁ @Jqﬁg&?’:ljsa%énegngge 1@ glge}g%ieoﬁc%} (Il)lﬁ ]%goélg%gﬁ%%ﬁ%vfe}&g%g%
310a to 310i ,calchiation (whish iscalsy Hielazpiessiom for tterang e@belftthveombmimﬂubse

| ayer 204a t%o@?fbjso\éi 4 be disrupted, resulting in nmalfunction in the
resonant frequency range The expression for the approxi mate notch
frequency cal cul ation (WhJ ch £s also the expression for tuning each
of the conductive stu‘é%“BOQﬁ (Lor@06i) is: fnotchl 4ver (I(I +h)

[ 0060] wherefnoichi is the rejected first frequency band, _|s t he

Ispeedhof f | i ﬁimu?oﬁr Wherbmchzubﬁdkﬁmd ﬁtsﬁfr&ﬁx%ﬁdg%aﬁd}ﬂﬂﬁ glitspeeug{;lgﬁ & IS
engt of the, T- onduct or n see I gures to

shortest gap ﬂb‘éf@é‘&ﬁ g‘ *%8'58 al('d@n‘&é@él%@@ P%‘CFE’&‘I‘EC(SO"%&I’ (6‘??

Fi gures 3A t@1@ﬂ:és3)¢td3’[§15rt@éﬂﬁﬁb§t\g® saﬂ%q&yﬁpdmaén&&%g&an%@ﬁ to@nd

a portion on E surface_of the substrate correspaondi ng wher e

t
the respectivd ’g?’b% e5134np 3 @f theTesnestve %"“fiﬁ‘i*’l’fédalf‘}ﬁ Zpﬁfbtop%%‘laéﬁ aof
the bottom sibftimeonOihe tthe st tof@ﬁeesubﬁl‘di?érbcﬁ‘%ﬁnﬂﬁ% tb Jherd bR fe§leBfleed

first frequency and can be cha%% tuni ng each of the conductive
stubs 306a t@&aWgirlape X6 tQRko! 1 @ﬂwéwndhe? pm gt thechptiom gystace of the

conductive stsibra@068oh®qdfh (15 thedre e&' frfd Greln30Y Bardd cadfvel dien dgcd by

conductive strip 310a_to 310i ;connected to the respective conductive

st ub 306a t o BBg cach obbe pensduptivsrstubp d0Gade 30 agfoapwsoﬂae way gbtphing gach
tuned accor digpghd &namv@&%seaﬁsmsoé@ to[ﬂgﬁ[%l Y@a &ébédhaww

rejected second frequency band, c i1s the sp eed |gh
substrate di e’418@:10r311 i coppRstediie themespeative FoﬁdBCtchémbéﬂ@ftﬂq 366i. t he

respective sesysifl SEQH F%aeldAd3IN¢s04ak 95 fs%'x?etd'acg&r&g%to tgé %Mﬁuj—:sglop e

appreci ated that the rejected second frequency band d by
changi ng the length offthe r Fectl ve second sl ot 304a to 3041.
noteh2 ZLTD, E , (2)

[0062]  where fhoh2 is the rejected second frequency band, ¢ is the speed of light,
€ is the substrate dielectric constant and Ly is the length of the respective second
slot 304a to 304i. From equation (2), it will be appreciated that the rejected second
frequency band can be changed by changing the length of the respective second slot
304ato 304i.
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[ 0063] Each antenna 102a to 102i is adapted to operate in the UVVB

range (i.e. around 3 GHz to around 5 GHz), wherein the rejected first
frequency band Aotou is around 5.2 GHz and the rejected second

frequency bandfnOw. h2°is around 2.4 GHz. [0064] Figure 4 Sho‘f’g?"[‘?SGZOIOI 0007
circuit level inplenentation, built in accordance to an enbodinent o

the present invention, of the LNA 106 shown in Figure 1. [0065]In the
enbodi nent shown in Figure 4, the LNA 106 is a single-ended

four-stage c t- e d 6 has

first anpli fﬂggﬁ?on Egtaggnet&%gzﬁﬂy gfzggscﬁﬁhr‘éd wﬁ??gga? |hlon S a 64%2

The out put (| abeidedl Gﬁano apquinch 5 FiHp)rehetgin dfe rcjeeteiﬂ lfmtfreqmnby bmﬂ@‘iolcﬂﬁs

204 "1 0066] THESHRES Biteui B0FidRE oot b0 S R0 o B e P2 R (ot
and NWMR), fi \,{Qﬂtiﬂdipa(f'iglmﬂf 4 shc@& a Gﬂqult(]}&el Gﬁplamdltﬁdmc Bulii:tllhhgr.)ordahw @ean

resistors (Rn, .V c and [ 0067] The
gate term nal T%%W&Pm{tﬁ%grﬁeﬁ oy %?8?’ Oilkiﬂ %ﬁ&éﬁ%@@éﬂbﬁg edapaci t or
C3. The sour de0asgr mh:naﬂe (Iﬁlﬁ%i)rﬁenﬁfshdvhﬁmt F@gﬁuﬁttﬂf L?M 10? ;sCzO%ti)iggIeﬁabdt o
a reference pptential 406 ein un ve or. .t he enbodi nent
shown in Fi guiPB-SREeTRETSRFERNSE t"’e“‘ égdgﬁbfbk& t hiee dMNAh<08 ke anirst s
connected to a[m}ﬂiﬁ‘e‘ﬁtﬁih deipe 40MdRTH @écohe?alﬁﬂlﬁi‘idéﬁ&ﬁ&héé)40404rherﬁﬁnuE BakeRddor
Rn|5|ntur2P tedﬁ e_capacitor C3. [0068] The gate term nal
(NM2) 0 of th )w@ég Urst gRMEicetiep tirpecilid de Fengpctesstogheiinphieof

capacitor Ca. tha'g@omgﬁﬁmcﬁt%magahog( NVMR)5 of the transistor NM2 is
connected to caq%am tor and the inductor L2. The ca(glam tor Csis in

turn connect 48086  Hhe ﬁéﬂ aPRiHficatigottags 0 hayioe, trappistops (BiMy and Nilofive
(NMV2) 0 of thecagmeﬁl(@% ., DV 8d €Q0NGCY Gtel eslsd A0 fvﬁ/Fsihd R P 1aShRr
Rl and capacitor C7 acitor C/ bel el’ongs to the séc

anpl i ficati ormduckye( @m‘) MR is a vari abl e resistor Wmch is also
connected toj jca erfrl ' to
nduct or L3, 81 £ THRE RO terafinl CRGFLTE daRaial O Moduleck A0 B for
Cdecoupl i ng ded Tltﬂf@ﬁ@ﬁé@mp@i @il )alof f@grangistanN g 1v4qnnented:ﬂgmréer4nceThe

282“' tor CdegaiRhl 408, béing B Ll £OAMECHE LnduBalfdfic LRLE 6 MO AL 2l

drain terminal (NMi)p of the transistor NM is connected to resistor Ry, inductor L,
and capacitor Cs. The resistor Ry is in tum connected to the capacitor C.

[0068]  The gate terminal (NM;)c of the transistor NM; is connected to capacitor
Cs and the capacitor C4. The source terminal (NM;)s of the transistor NM; is
connected to capacitor Cs and the inductor L,. The capacitor Cs is in turn connected
to the reference potential 406. The drain terminal (NM,)p of the transistor NM; is
connected to resistor VR, resistor R; and capacitor C;. (Capacitor C; belongs to the
second amplification stage 404) VR, is a variable resistor which is also connected to
the capacitor Cg,

[0069] The résistor R, is connected to inductor L;. The inductor L, is in turn
connected to capacitor Cyecoupting and reference potential 408, denoted V4 in Figure
4. The capacitor Caecoupling iS in turn connected to the reference potential 406.

[0070] The LNA 106 input matching network includes capacitors C;, C,, inductor
L; and input bonding wire 410. The capacitor C; and the inductor L, are both
connected to the gate terminal (NM;)g of the first transistor NM;. The capacitor C;
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[ 0070] The LNA 106 i nput matching network includes capacitors C, C2,

i nductor L1 and input bonding wire 410. The capacitor C and the

I nductor LI are both connected to the gate termnal (NM)o of the

first transistor NM. The capacitor C1 fnotch LIJVAL = 2r¢( 3)P(,21’I§€‘}20101000007
Thus, the serial resonance network 420 determ nes a frequency

rejection band of the anplifier 106. In the enbodi nent shown in

Figure 4, the LNA 106 provides a fixed notch of around 1.8 GHz.

Caotoupl | ng-10 et EyBhisP it et gty B T ubbru R Gelieio R I, The

R1=20 ohm) [ ORF3jghhlefrere dienahtannpll02 (eafigure bl ages 4RAMASI06 Wi input 412.
transistors . gn V4 seven capacitors 7, \ , Cm Cl1, Ci12
and Cdecoupt |( n e)',ng't‘“g?rg{é 1% L8 %)r"gec%éﬁ? th?{%g’ Wﬁ%g‘é’hggtcﬁ?aé’é"r (}2 1S in

i nduct or s ( 14turd nagukdlt6 the rEfoRd%] pbieatig 406 viaahidBonding (WWifd3)10. of t he

t ransi stor Nﬁﬁ #li connected to i@ﬂ}u?ctor,m. The source termnal
(NVB) s of t hd¥0nsilde dpducion L end Gisfapacdar €y coRmeciedsia serigse fqse: & parink|
406. The dr ai Rsémafdd RavorlkNIR) *Bichfcah HRovided B H23t AStcHNMB thieS seri@N RBGH-A t O
resistor VR2, inductor. L5 apnd capacitor C9.. The resistor VR2 is in

turn connect efieqUEaYh Ehig BYIsh freiencygrocimye it dgierBnRedbYCy is in turn
connected to the capacitor C7 apd the inductor L4. [0074] The gate
term nal (NW4)O of t he/ster_avsT =.NM4 is connected to capdcitor Cl1
and the capacitor C9. The source' terminal (NMs of the transistor NW
i s connect ed Tiusciapaaal psoraaék: meatbrk BB dachniicdh flequenth Sejéotipa Ghddadr tiel O
is in turn conn e the reference potential 406. The drajin

Lorni nal ( NNHFEEIES {0 Tov i DO Grenn bR EgHrch tteck ¥ P8 BTouidst  fised
resistor R2 ainkchcafmainddrs Cl2. SThpleauliey ark a5 Fo10ds: ﬁi3=2 B, CABH Lo
Cl12 forns the Fo%tpu 414 (al sq éjenot_ed RFOUT) of the LNA 106.

[0075] The r esitsf6r!-RBE i Csecreinfvd 80RKe L1754 Bie [et2ot PE: Bgi=08¢, ghm YRaT8ohme
is in turn comdegErotin® capacitor Cdecoupung and the reference

potential 408, The capacitor . )
(0072]  The second amplification stage 404 has two transistors (NM; and NM,),

seven capacitors (Cy, Cg, Cs, Cio, Cii, Cj2 and Ciecoupling), three resistors (R, VR
and Ry) and three inductors (Ly, Ls and Lg).

[0073]  The gate terminal (NM3)g of the transistor NM;j is connected to inductor
Ls. The source terminal (NM;)s of the transistor NM; is connected to the reference
potential 406. The drain terminal (NMs)p of the transistor NM; is connected to
resistor VR;, inductor Ls and capacitor Cs. The resistor VR is in turn connected to
the capacitor Cg. The capacitor Cg is in turn connected to the capacitor C; and the
inductor Ls.

[0074]  The gate terminal (NM,)g of the transistor NM, is connected to capacitor
Ci and the capacitor Cy. The source terminal (NMy)s of the transistor NM; is
connected to capacitor Cyjo and the inductor Ls. The capacitor Cyo is in turn
connected to the reference potential 406. The drain terminal (NM,)p of the transistor
NM; is connected to resistor Rp, resistor R; and capacitor Cy2. The other terminal of
the capacitor C; forms the output 414 (also denoted RFOUT) of the LNA 106.
[0075]  The resistor R; is connected to inductor Lg. The inductor Lg is in turn

connected to capacitor Caecoupling and the reference potential 408. The capacitor
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PCT/ SG2010/ 000007 Ca.:coupling is in mmconnected to the reference
potential 406. Sanple values are as follows: (C7=6 pF, 'Cs=2.5 pF,

C9=2.5 pF, Cl0=4 pF, Cl1=2 pF, Cl12=2.5 pF, Cdeepuons=100 pF, L4=
L5=L6=1.43 nH, Rf2=800 ohm VR2=800 ohm and R2=20 ohm) [ 007

notch filter 104 (see Figure 1) is connected to the LNA 1066%‘3:&%9??10/000007
X. Thus, the notch filter 104 is connected to where the first
anplification stage 402 connects to the second anplification stage

404. However, Gakoupligli$ intemagpprieeaidad € reforicd fiRential 405, f idabple vhllfks BRYas

al so be connegt.ed at -.oth oi.nt s ich.as. the input of the first
anpl i ficat i on st G B LR oé?fpgg"%? o i B d CartRl PK.i €ut?-8rpF,
stage 404. [ 0@ZLlriy8100FoBy=sineNg=143GiH, Ry=B00d dhitg 'VH, B0 IRDARIR,C 00 o).
built in accoklgz ce t&% an _enbodi m(=nt of the present invention, of the
notch filter shoWif qoFh Hishr & Gee Figere d) wrrennested io theilbs 1804 pegis:. a
tunabl e acti v@hig)dhchdieh ARér 102Ns 20hecttP o WhBRLLE f@&%‘bﬁﬁbﬂ%ﬂ%&%@ 402
portion 502 has an active elenment 504 configurable to change a

frequency rej ESTEYH AR EFcord apRlificationstage P4 Howaver [ipwitidieGpopstieted timat
the tunabl e agfeinéethi AIRHGOPMmaP Alsh bR RomRetedLE '

Cp. is coupled to the t_unablag gctivg inguctcgﬁég%%t%’g{rll%%ﬂ%?@q%&m
switch SWi. Cfist applification stage 487 aribe evtputef gssecond eplifiatioMRage0®4( see
Figure 4) to gbbaw af 3N Al ' . filter
104 and 1 he. LR Ao e PRSRgrESCHoui 16 fle G b iy B8 e 4%
varact or. [ 00sobodiacry ef the presens ireyamtioBoef themoteh fdter | @hshowinrmoFigure 1.
configuration € Gl ' nf i t] al ]l ows t yni ng..an

i nduct ance vaﬂgae_tﬁof t e_elﬁnn%ht gh&{ |ﬂf4t g'% %ﬁﬁﬁ@n&ﬁﬂ? éndr?ﬁtﬁﬁé’P%boPh%2CuFP%nt
m rror confi gtwnahle amivp induétdeprrioaildias amactige démeh S04 cadiganble to change
rej ecti on ban ' 4 1] The capacitive el enent
Cy., has one ?grg%%e%‘gﬁejgg%o%%é{%éf@%n%%eﬁlé%?rg‘gnt mrror configuration
and an ot her 087Hi ndlouplsd et uhable atthve imduplor pordon 509 ard BdpatisReCEl, i €

4) through pogt T. itiye el ement. rovide i ne tuning of
the fr equencyéF’é;&é”c“tlpg?l&pgan% %? \ﬁnﬁ@e ASHE H“ﬁcf)otré’f’mffi%.og ["EI’O%EY*F‘TPegWI'
current mrro€wacient hgueemneaed forpktudefthe WAL YOB(SdeHigurs 4 NWalRRckIdddal
and a bi asi ngcgﬁﬁxﬁéa?lgn Qgtgv\é\gnr éfle %gt%h filter 104 and the LNA 106. In the embodiment

shown in Figure 5A, C,,; is a varactor.

[0080]  The active element 504 has a current mirror configuration. The current
mirror configuration allows tuning an inductance value of the notch filter 104. In
this manner, the current mirror configuration provides coarse tuning of the frequency
rejection band of the notch filter 104.

[0081]  The capacitive element C,, has one terminal connected to the current
mirror configuration and an other terminal connected to the amplifier LNA 106 (see
Figure 4) through port x. The capacitive element C,,, provides fine tuning of the
frequency rejection band of the notch filter 104.

[0082]  The current mirror configuration includes two transistors NM, and NMs;,
and a biasing resistor network 506.

[0083]  The gate terminal (NM4)g of the first transistor NM, is connected to the
gate terminal (NMs)g of the second transistor NMs. Both the gate terminals (NM.a)s

and (NM;s)g are connected to the source terminal (NM;)s of the second transistor
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[ 0083] The gate term nal (NMA)O of the first transistor NM4 is
connected to the gate termnal (NVMb)0O of the second transistor NWb.
Both the gate termnals (NMOG and (NVMb) 0 are connected to the source

terminal (NWb)s of the second transistor PCT/S&010/ 000007
Befisc3dlor00007

this manner, a control termnal [(NVb)0] of the second transis
I's connected to a control termnal [(NWA)O0] of the first transistor
NVA. Also, the control term nal RNVb)01l of the second transistor NVb

i s al so connediMgd anfhﬁ nhdnh&t a camfol Gdrnawl [(ﬂm‘ﬂaiftﬁe(mtﬁﬂ-ar@fsto} s is
second transistor t [008 ] Bot.h t(t%@oi: g rm nal.s (Nnos and
(NMB) s of t he “PTEgEd A °P’H‘E e [OVVialE PF they Srshigmnsister NG cdleo, the

connected to thgrol &ﬁﬁi’n@hﬁﬂ&m}&ﬂ Gﬂiﬁe%kcoﬁ@@angﬁi&oﬂmgs BIRS e8tdeatkd MO riRE @
first reference gantlal ref erence potential 406 as a second

08
ref erence pot 8‘?1“( termiggl { 5) thespqond trapsisterAMs-[ (NM4) s] of the
first transi sfooss)NVABILE tHeQBREE tetinkiR mmg%ﬂ@&ﬁ{s%ﬁﬂ&ﬁmi’%de&l g&hﬁd
e secon

and wherein a second controll ed termnal eé)
transi stor NvVEaRsistery Nivlcand NMp aferongeciedrig th‘éf PreRreepoprptialndQ6al Denoting

[ 0085] The dr apétedefal W,ad a(ﬁ}lgt\/ﬂe@r&cﬁ) O&Hf?alsﬁ% zﬁlq ek RORL fptof&m%l%ﬁ & a

connected to the capacitive el enent I S manne
control | ed tepaspthreferaceqnotentioh, 2 ﬁecomi roswtltr@ilednmmelr [M)slsofcmenﬁmt ed

to the capaci Ehﬁéﬁto‘?ll\gﬂ?ﬂtco&c 398614 H?ﬁiﬁ}g%% ﬁd}érﬁ%ap B SInAREK, 2 second

connects the first c term na e "Second
transi st or Nveengrgliedernfinal SENMad] of thesecopd tramstistaNMOB coffiieeted tathi sgond

resi stor net Q udes a plurality of resistors Rl and R2
arranged in \é\%r?égflﬁ ?mbﬁggh of the plurality of resistors (RL and R2)

i s connect ed (0889 he Thierstin tehimab(N4)p of dretseadnd30Bsistbr SIMLL i€ RoE@ed to

connectstot e r.m nal f. the

transi stor go Iﬁ?&%c &Qﬂ}%mgw ﬁlsdl%p%armé fl %&{ g/B %gﬁﬂ%%ttm?’ﬁéwg{"f the
controlled teﬁm trenisisONIVB A Gs @thmtchﬂ te deeaghcitiva alemehial,, NVb to the first
reference pot[rg aI 5%8 L hr ou ne of, the

plurality of st o DPRE rﬁsﬁ ‘(f)“%’%)é@@%#fl@gtfgthéleHgfg%"e“?ff’ﬁ?dl‘n?"nmal
tunabl e acti v@JM;)ﬁIuﬁme)secmhtamﬁﬂmslm&ietfﬁlﬂ&efé:feﬂd%sldosdnﬁﬁlssoksll\ﬂrhe Biddingand
Ca. 100351 The AP AP ErH A RIRKT § SRbpY RERraRotd IoRIRned it B
ga ted
to resistor Reach of the plurality of resistors (R; and R;) is connected to the first reference
potential 508. A switch SW2 connects to the first controlled terminal (NMs)p of the
second transistor NMs. The switch SW2 is operable to connect the first controfled
terminal (NMs)p of the second transistor NMs to the first reference potential 508
through connection via a selected one of the plurality of resistors (R; and Ry).
[0087]  The remainder of the funable active inductor portion 502 includes
transistors NM;, NM, and NMj; resistors R, and 510; a current source I, and
capacitors Cp and C,.
[0088]  The gate terminal (NM])g of the transistor NM, is connected to resistor R,
and capacitor C;. The source terminal (NM;)s of the transistor NM, is connected to
the capacitor C,, the capacitive element Cy,, the switch SW1, the drain terminal of
the (NMy)p of the first transistor NM; [or the first controlled terminal (NMy)p of the
first transistor NM4] and the gate terminal (NMa)g of the transistor NM,. The drain
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and capacitor Ca. The source termnal (NM)s of the transistor NM is
connected to the capacitor Ca, the capacitive el enent Cvar, the
swtch SW,, the drain tenninal of the (NM4)0 of the first transistor

NVA [or the first -controlled termnal (NW)O of the first t i
NMa] and the gate terminal (NM2)0O of the transistor NWR. Thé%ﬁﬁa(ia?%"omom

PCT/ S02610/ 000007 term nal (NMOD of the transistor NM is connected
to resistor 510, current source 12 and the first reference potenti al

508. [0089] Themur(mmlyrﬁdiﬂﬁw&hns(sm 1@Eortnhﬁe& forestitst ﬂro M¥fent Source I,
connected to t %@% % reference potential (i.e. reference

potential 406} et BYERUALIO8 NMR) D of the transistor NVR is
connected to [0@89CI tTDE soPre@REmAMAE (RO, Qﬁtﬁ@ﬁ%s‘f@&r I(IEWBIE Softlecte %o

transi stor NM3. [0090] The gate term fal L transi s
i s connect ed ¥eendefereacs peteptiakhie. f&f?éPﬂFhEDt@ﬁqg %Qﬁr)offhcprammemdnla(NMz)o

terninal ( NVB){QuOfrarkshi®r WMS b&h@&ed\l'}a’%ﬁﬁa%gé‘r{g% ﬁttl’?edsoﬁﬁ Re%nf tor R

and the current source 12. [0091]I rrent shown in
5A, the firsttheBasisisdMpot ential 508 is of the sane potenti aI Vdd as

the ref erencqogpjenihal .k Ognﬁ{ngfm &l ttm)q% %{Br Rﬁw ntr;?en%ie&?/‘gq%t hat

the first reference potentla use ano
[ 0092] The t urfagister Hdtanddhd eagemitoo ;. thEt drein t&6ind ﬂﬂNB)Daofttli‘a trghsiztos 8IM;

active notch a aC|t| e elenments Cl. and
Cyan The pr opl%)gée g&e({t%gﬁéﬂgg uwg“oﬁdhas g”gap & or gyrator (GG based

grounded casddifd] t oprothe gylbadldlentrshmmpmrlhgtes 54, the st refetenddPoRARAIT5H8 isON
of the feedb ech ue. The ensation is
achi eved by fo (r%gﬂés?%’?op gt%&la?t\}d&ﬁs chreer(‘flc X c%pgtg?tfaés‘ﬁgé’é%g‘g%qr egi‘?ﬁahf?ce
whi ch corrpensaapeslafedthattheﬁlrabses‘ersnddlpeteﬁtial 508mey feelanolibd poenfleMiaiRs | N
t he tunabl e I r 502.. [ 0093] The _.induct or val ue of  the
notch fil ter%y slrpuﬁ'g'ﬂﬁ RV IDITOR P B‘Oﬁépag‘érﬁ‘st%@"&ﬂqeéﬁ?“‘fﬁ‘?‘?éﬁh
(NVA, NVB) biféier negethes indthohs chflachivel eRenerisi O, aid IGD. SMR. prbp&ics QBtiveO!
signal for the cgﬁrrent m nor also ¢ T%e current

t tch SW.
mirror topol SHCISF GUF b SARRCUYapTRI0Y EEI C;?OL%SBSVE%‘%S%FQCP"%&R?FPEY and

frequency of ihdeeponaésch nfoidifleg rlmﬁﬁﬂaentﬁmgéﬂt&l féeb@acﬁtlbﬁfreé’iﬁimn tkdHRRue.
tuni ng of therhgqtch filter 104 i s S\%hl eved by the

0ss compensation is achieved by transistor M3 which creates a series negative
resistance which compensates for the losses due to the other active devices in the
tunable active inductor 502.
[0093]  The inductor value of the notch filter 104 is tunable by switching between
the current mirror (NM4, NM;) biasing resistors R; and R, using switch SW;. The
control signal for the current mirmror also controls switch SW,. The current mirror
topology provides a coarse tuning to the overall notch frequency of the notch filter
104.
[0094]  On the other hand, fine tuning of the notch filter 104 is achieved by the
varactor (Cvy) which can be controlled by an on-chip DAC (digital to analog
converter).
[0095]  Since both the inductance and the capacitance of the notch filter 104 are
tunable, the active notch filter 104 can cover a much wider notch frequency range.
In the embodiment shown in Figure 5A, the frequency rejection band of the notch
filter 104 is around 2 GHz to around 3.6GHz.
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varactor (C..) which can be controlled by an on-chip DAC (di gltal to
anal og converter). [0095] Since both the inductance and 't he
capaci tance of the notch filter 104 are tunable, the actlve not ch

filter 104 can cover a nuch wider notch frequency range.

enbodi mrent shown in Figure 5A, the frequency rejection band Pfgff%tﬁ%omloooom
notch filter 104 is around 2 GHz to around 3.6GHz. [00961Fi gure 5B

shows an equivalent circuit diagramof the notch filter

104 shown in

Figure 1. [00@mDpéls skigwe 5anﬂawgtmeecﬁ&,alehhmuunﬁbgrﬁnaﬁtthyﬁoicﬂqg&}%4
portion 502 can be rg}gﬁr esented by a RLC parallel configuration.

RLC paral | el

n i ncludes resistors 1210, Rion,

capaci tor

Cm and i nduct pmi]ap A’&ﬁmﬁﬂsih%@i’re Bhs ﬁle'tﬁnﬁ%ﬁ?ﬁ% Gflubdr ﬁ&’hbﬁ%gﬁ“ch{‘ pLhe

i nductor Leg. Sanple values are as foll

Rme2 ohm and F?i’l?smiedohl‘r)a %m%rcmﬁ@rgmodﬂherﬁlscmww F‘Pﬂfl?gllgaoms
5A and 5B, Vaficpuss %@@fgekg,rﬁ,osofcabmomﬁ C!.hdf inmrlgﬁ dﬁ%ﬂ ﬁtgg&s gd

fromthe fol |l ow ng equations.

gnR2c2S(W] Al segsdedya series avithzhe mduwgm Fgmarm&,r@s are as follows: (Cig=0.5 pF,

Leq=5 nH, Ri=2 ohm and Rys=1 ohm).

[0098]  For the embodiments shown in Figures 5A and 5B, various parameters of

the notch filter 104 can be derived from the following equations.

I C, +Cppp
-

EmEmz
Em28asi8usy + 0 I:gm3c 52~ 8m2C SZS(w):'
gmlg:2grn3 +a gmlgm3cg:2
Q _ a’oqu gmlgngml (C + CgsZ)
Rioss Cen Cirlg @1
1

-ﬁn’gh _notch =
2’7\/[@;; _towCrar

1
27’\/ g h!gh C ra+CV.4R]

&,

oss

ﬁow noteh =

(4)

C)

7

(8)

Cgs1 and Cgp are the gate source capacitances of the transistors M; and M,

respectively. Cqs is the drain source capacitance of the transistor M;. gg1, gm and

8m3 are the transconductances of the transistors M;, M, and M; respectively. g,

8as2 and g4s3 are physical drain conductances of the transistors M;, M, and M;

respectively. Leg tow and Leq nign are respectively the lowest and highest inductance

values of the notch filter 104, determined by which of the transistors NM4 and NM;

(see Figure 5A) of the current mirror configuration is instantaneously activated. Q is

the quality factor of the notch filter 104, Sample values are as follows: {Co=1 pF,
Cpara=0.8 pF, C\»=2 pF, C,=0.5 pF, R,=300 ohm and resistance 510=400 ohm).
[0099]  Thus, from the above, and returning to Figure 1, the receiver circuit 108

includes a notch filter (see for instance, notch filter 104 shown in Figure 5A),
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Q _WOLeqgrnlgnagm (Ca c2 Crica243 1 fir h n h 2gligl9 jaa,C'R

flow notth Cps, and Cps2 are the gate source capacitances of the
transistors ML and M2 respectively. Cdsi is the drain source

capaci tance of the transistor M. gm, gm and gnB8 are the
transconductances of the transistors ML, M2 and M3 respectl\P&'g/SG%Oa{Qwooom
gdo and gdo are physical drain conductances of the transistors M,

and M3 respectively. L.4_10,, and Leg_hi ph are respectively the

| owest and hi gdhetstn thedorch filtercinsiaday as acivetdutnen0lsed fdrithdt@ice, dve element

det ermi ned by &tﬁ] of the transistors NWA and NV (see Figure 5A) of
the current nift8FV 7 AFTTEHIHR cPuigurtionthowasisk ‘?“’30514)\/%“@6‘"3@ |t%

t he qual i ty falcatngera&Eqdch@xﬂ}é&ﬁdﬁﬁ‘ahdéﬁheﬂcﬁ&ﬁl&@me val ues are as

fol |l ows: éo_@ f8 F, . Cyan pF, Ca=0.5 pF, 124=300 ohm and

resi stance 51 Bb Cﬁﬁ‘)m‘{Q b yFhiirgare ]fqod’l’f?‘tlﬂfé atpigerated salufion fﬂfmhﬂrgdto
Figure 1, theaﬁasﬂdtafan@llﬁ@mr&ncé%euml tﬁ?&fgh ah8 Qb&elvel | il 1 f)§ %818 B
instance, notch filter 104 shown.in Figure 5A), PCIT/S02010/ 00000
wherei n the ntteRaslops die apepnaghdl and tiecesayver sirenie 18 warkeinfeonjunction to

| nstance, act pveide LB ttnliAN oDn? BRI, 107 LA mEORLAGNGALL 8
shown in Figure 5A) configurable to change a?requency rejection band
of the notch $3 tér ca-dasignedoKOCehiTtre the ofesiresh dnkandfoint-efthand e it@ference
provides an iptegigfed solution for inband and out-of - band
interference rejection through the receiver circuit 108 and the

ant enna 102. [6H81]antlehard fremengydefetdo thegaigead agund ditd 5 X8z, wehilk outrof-
conjunction t r f C echion nt.enn 102
and the recei f\:-'/)aerH %ﬁ?g‘&h eﬂ%}os% tﬁm&ﬁ eseo g’egld’ﬁé%f%bgv%éh(ﬂei%/e% ¢ notch
desired i nbanﬁl/t@@f m@ﬁedsa'ndcncnttéﬁs mmmahle imiht rapge Dﬁdlou:{cUDﬂJQﬂ:c]unH B:6tGHR
frequency ref

n out - of banpd
frequency ref rs ‘{egdli e ‘?“gg"gi%%b“% y 0?% %('ﬁ&m%rm%g_‘z@n%y Eﬂ—cgth q(}}l? d
notch filter béquety), rtbc:mtvieﬁlterlplr@mdeb alﬂﬁblesﬁlteu tabbgerates inhke insbage af

around 2 to a over t he | ranges of bot h
P bang {OMR ek feclibeick and e Helopd R whob el et
filter provi WQ02 t Figind & ’s]ndetsethet inedsumﬂ)eio&hﬂﬁzeﬂ Nrebdi@eri ﬂorh&ﬁﬂi tﬁ&l@fer

out - of -band f uenci es _an e, used f unkno terference :
sear chi ng. @Egﬂ |gﬁ’?°éve6 Cérﬁ uijt i afgon ?"eH’ ﬂb%‘ﬂ dheoprgent

front-end tramsémnnfunctl on of a receiver circuit built in accordance
to an enbodi of .1 he r sent vention.
ﬁﬁﬁBB] F]igure ows the ont-end transfer functions 602 and 604 of the

receiver circuit operating with notching at 3.2 GHz and 2.4 GHz respectively. To

compare the band-notch performance at these two notch frequencies, each case is
normalized to its maximum.

[00104] It can be seen a maximum attenuation of 40 dB and a minimum
attenuation of 20 dB occurs at a frequency of 2.4 GHz. The maximum attenuation is
achieved when the notch filter of the receiver circuit is tuned to this frequency. The
maximum attenuation in the 5 GHz frequency band is around 35 dB at a 5.5 GHz
frequency. The notch frequency band in the 5 GHz range, where attenuation greater
than 20 dB occurs, is from 5.16 GHz to 5.82 GHz. The inband notch produced by
the active notch filter is tunable between 1.9 GHz to 3.3 GHz, where the measured
attenuation at 3.2 GHz is around 20 dB.
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[ 00103] Figure 6 shows the front-end transfer functions 602 and 604
of the receiver circuit operating with notching at 3.2 GHz and 2.4
GHz respectively. To conpare the band-notch performance at these two
notch frequencies, each caseis nornalized to its maxi mum [

can be seen a maxi num attenuation of 40 dB and a nininun1attg§i§¢#8h&WXMO7
of 20 dB occurs at a frequency of 2.4 GHz. The maxi nrum attenuation is
achi eved when the notch filter of the receiver circuit is tuned to
this frequencip0108je Weéhilermhen intdntonidihé Ger Partindarly Svd GREURASHeD I
is around 35 dB.at a 5.5, f rrequencgy. e notch frequency band in
the 5 GHz rand& RfePEPHt Cefiﬂ]’é’fjln%ﬁ‘tsg’r’ é‘é‘i“grbet‘ﬁ'gﬁ"s‘fed Etveethilled ip ghefartom
5.16 GHz to 5.tRi védibus chitged mlfomeanuiodetdil miyoskiaar @&eihhﬁmaﬁﬁdeﬁﬁfﬁﬁ%hsm

filter is tunaple.between 1.9 G4z to 3.3 Gz, where the neasure
attenuation atSPFIEDY scepegf figipvestionas defipedrpstis @pprmderbelatms GBheGsae
Wi | e the i nvettheMvhamnlie @isIadibdtsdibRileYapdBrItd Bfls 965 aii ié:ﬂ%%e%ﬁh

reference to specific¢ enbodi nents, it should be understoo t hose
skilled in t h&®EFtwithimthe, mepning apd, sange of | aquivalenayasfdthgetlaims areyhdgefore
made therein Wbkt sleRdrideng fromthe spirit and scope of the
invention as defined by the appended cl ai ns. The scope of the
invention is thus indicated by the appended clains and all changes
whi ch conme within the neaning and range of equival ency of the clains
are therefore intended to be enbraced. CLAIMS 1. An antenna
conprising: a substrate; a conductive layer forned on a portion of a
top surface of the substrate; a first slot formed within the
conductive | ayer; a conductive stub disposed within the first
slot, the conductive stub tuned to reject a first frequency band; and
a second slot formed within the conductive |ayer, the second sl ot
tuned to reject a second frequency band, wherein the first slot and
t he second sl ot have different shapes, and wherein the
conductive stub is connected to a segnent of the first slot via a
conductive strip, so that the conductive stub and the conductive
strip forma T-shaped conductor. 2. The antenna of claim1l, wherein
the conductive |layer is disposed within the substrate, so that the
conductive layer is surrounded by an area of exposed substrate. 3.
The antenna of any one of the preceding clains, wherein the second
slot is adjacent to a portion of a perineter of the conductive |ayer.
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4. The antenna of any one of the preceding clains, further conprising
a ground plane formed on a portion of the bottom surface of the
substrate, wherein a gap exists between the ground plane and a
portion on the bottom surface of the substrate correspondi ng to where
the conductive layer is formed on the portion of the top surface of
the substrate. 5. The antenna of any one of the preceding clains,
wherein the conductive | ayer has any one of the foll ow ng shapes
circular, trapezoidal or elliptical cLam@s The antenna of any one of
the preceding clains, wherein the first slot has any one of the

fol | ow nq. shapagalﬁmﬁﬁwbﬁlpnsmgct angular or elliptical. 7. The antenna
of clains 1 to 4, wherein the conductive |ayer has a circul ar shape
and the first asubitrattis a circul ar shape with a radius smaller than a
radi us of the f f the
precedi ng cl alafrcgﬂ%v\&%gl?gaﬁ#t %?a%% defo ?thgﬂgﬁ%oofﬁlg%o@%%%

fol I owi ng shapdystala, fomerdowfreame(mnqhmhyghmat 9. The antenna of

| 1, wh t b ding Lo
SRR R WA S R s R

f r equencys fa8iequendyshahligangpeed of light, er is the substrate
dielectric constant, L1 the |ength of the T-shaped conductor and h is

the shortest JaEcPesigidprmedregun fhsiqondestive keess diccgeandyadot| tagedrto zeiet
portion C

B ound. plianad o Gt 116 SR At Y e SpEds AT DG P U,
substratend 10. The antenna of any one of the preceding clai m;
wherein the segond ds I{.luned accordi to the exp si.on

PAT0. \Fr ahos ek i sofdeb L i I SPhirelad b o’ ebrusih BH B BRIt o &
t he speedonductivgbirip, b6 that thdeorBlubisler alleatt Blohdictive eitpt ford ATAhiRat

is the Ieng&h of the second slot.
conductor,

2. The antenna of claim 1, wherein the conductive layer is disposed within the

substrate, so that the conductive layer is surrounded by an area of exposed substrate,

3. The antenna of any one of the preceding claims, wherein the second slot is

adjacent to a portion of a perimeter of the conductive layer.

4. The antenna of any one of the preceding claims, further comprising

a ground plane formed on a portion of the bottom surface of the substrate,
wherein a gap exists between the ground plane and a portion on the bottom surface of the
substrate corresponding to where the conductive layer is formed on the portion of the top

surface of the substrate.

5. The antenna of any one of the preceding claims, wherein the conductive layer has

any one of the following shapes circular, trapezoidal or elliptical.
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11. The antenna of any one of the preceding clains, wherein the
antenna i s adapted to operate in the UAB range, wherein the rejected
first frequency band is around 5.2 GHz and the rejected second
frequency band is around 2 4 GHz. 12. A receiver circuit conprising
an antenna as clained in any one of the precedi ng cl ai ns; an
anplifier, conngct he ant a, notch filter. connected to
the anpli |ernﬁl fgemﬁn éﬁe\?g&‘eé’ér?‘:é climy, Wfierqia ef%ﬁe’*?"é?‘ﬁs ePne
notch fi |delieE;ﬂﬂWh‘lgssﬁ5peaﬂlraﬂ§ﬂ, wetaabdaedHelIGRRAl gur abl e to change a
frequency rejection band of the notch filter. 14. The receiver
circuit of claim13, wherein the active elenent has a current mrror
configuraj i 0n1THer%ﬁ1 él'b?@fauﬁ%p’t&ﬁ %Hélfef gﬂié%ﬁcﬂf&u@é L}?Wﬁ!ﬂ o LY shdbe

i nduct ance val ue o e not filter, "he- current

conf i gur anddlime fmrsbslothang Cirodmsﬁapamu}ng rmﬁus $naalier thgo e nadus efjtectdndacthand
of the nqgtch filter. 15. The receiver circuit of claim 14, wherein
the notch®™%1ter further conprises a capacitive elenent with one
term nal connected to the current nmirror configuration and an other
term nal connected to the anplifjier, the capacitive el enment providing
fine tunifg of Thezatenpa of @cspe ol jthecpieendingasletmss whersinibe seeond plophas anyg.
The receiygr r aRvw capacitive elenent is a
var act or 0Y1%0f,.EHC fgfé%\%lélgg?@g?étg} rcwh}téQ(g?l%c{ly%toﬂgl 15 to 16, wherein the
current mrror conflguratlon conprises: a first transistor, a first

controll ter fhch co ect dtot c acitiv ele

a secondeétjr angﬂgtagrema ks IFloll ﬁlgl Cod]fiu% L BnfB ‘f%cc‘fo dgne% o the"
control teepressiod of the first tranS|stor, t he control term nal of the
second transi stor al so connected to a first controlled term nal of

the secong t i 18. The receiver circuit of claim17, wherein
the notch ?I It ¢ flyrther conprises a biasing resistor network to
connect the first_controlled termnal of the second transistor to a
first refdrehbenpsthigested firgidrequencyrbandio/is thecspeedipf light, e issthersulgtrate

wherei n t#8.Riash k i l. f
resistors arr ange %gan eElaﬁitglq , eac{T%ﬁgﬁq éo%ﬁar%rﬂarkﬁ;/ﬁ‘ #h%éeégllms‘t SreP
connect edetweeh hefded rrmint rodgftbe eosincpot byt ad a gioetion on the top surface of the

substrate corresponding to where a ground plane is formed on the portion of a bottom

surface of the substrate.

10.  The antenna of any one of the preceding claims, wherein the second slot is tuned

according to the expression

f;rofcIrZ
.slo: \}

where fuocnz is the rejected second frequency band, c is the speed of light, ¢ is the

substrate dielectric constant and Ly, is the length of the second slot.
11.  The antenna of any one of the preceding claims, wherein the antenna is adapted to

operate in the UWB range, wherein the rejected first frequency band is around 5.2 GHz

and the rejected second frequency band is around 2.4 GHz.
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a switch connected to the first controlled term nal of the second
transistor, the switch operable to connect the first controlled
termnal of the second transistor to the first reference potenti al

t hrough connection via a selected one of the plurality of resistors.
20. The receiver circuit of clainms 17 to 19, wherein a second
controlled termnal of the first transistor is connected to a second
r ef er encel?pot €hisCalver GHYILRPBPESIAS a second control led terminal of the

second transi $}QhtehsSa £0MRRH & 1 nsesoRdink ef.gLeNnce potential .
21. The receiver gir%uit of clgﬁﬁ% 1% t§ﬁ20,n gré?n t he frequency

rej ecti on bandneplifier eponedted fioltheantémmapandund 2 GHz to around 3 6GHz.

22. The receizﬁku%hﬁguit of n? to 21, wherein the anplifier

| aj 1
further conprisest a F?EFmggﬁT#?agyﬁﬁgh stage; and a second
anplification stage, wherein an output of the first anplification

stage is connected to an input of the second anplification stage and
wherei n the. noMEHEsSYearcnd o B B heeinrihs BolCRellie comprises A active

anpl i fi cafid.ae é&ﬁ%&%@ﬁ&_ﬁgef&@hﬁ)@g@g&% RS Bfljhﬁ%ticﬂ $f age. 23.

The receiver circuit of clains 1 erein the anplifier
further conprises a serial resonance network, the serial resonance

net wor k dl%t er rfhgirg 'V%r f]p{rcg q{’] gtn (ﬁ%l&{ ?%me\né teié(_gﬁ tl{beﬁag:ggg]%llctgﬂ%gtr %gp&L%{ﬁf'gg 1'nirr02r4'

The receiver circuit o arm
net wor kK cofifgirsitam, diz dufditchidfor andigira@pallbwg tanacingactite Sakik @S the

25. The receiyer circuit of claggs 23 to 24, wherein the frequency
rej ecti of© tegs t h“élr‘ﬁﬂb?’inf"?re‘?o guEatey, ﬁH"’ld.I% epgse tuning of the frequency

rejection band of the notch filter.

15.  The receiver circuit of claim 14, wherein the notch filter further comprises a
capacitive element with one terminal connected to the current mirror configuration and an
other terminal connected to the amplifier, the capacitive element providing fine tuning of

the frequency rejection band of the notch filter.
16.  The receiver circuit of claim 15, wherein the capacitive element is a varactor.

17.  The receiver circuit of claims 15 to 16, wherein the current mirror configuration
comprises:
a first transistor, a first controlled terminal of which connected to the capacitive
element; and
a second transistor, a control terminal of which connected to a control terminal of
the first transistor, the control terminal of the second transistor also connected to

a first controlled terminal of the second transistor.
18.  The receiver circuit of claim 17, wherein the notch filter further comprises a

biasing resistor network to connect the first controlled terminal of the second transistor

to a first reference potential.
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19.  The receiver circuit of claim 18, wherein the biasing resistor network comprises

a plurality of resistors arranged in parallel, each of the plurality of resistors
connected to the first reference potential; and

a switch connected to the first controlled terminal of the second transistor, the
switch operable to connect the first controlied terminal of the second transistor to the first

reference potential through connection via a selected one of the plurality of resistors.

20. The receiver circuit of claims 17 to 19, wherein a second controlled terminal of
the first transistor is connected to a second reference potential; and wherein a second

controlled terminal of the second transistor is connected to the second reference potential.

21, The receiver circuit of claims 12 to 20, wherein the frequency rejection band of

the notch filter is around 2 GHz to around 3.6GHz=.

22.  The receiver circuit of claims 12 to 21, wherein the amplifier further comprises:
a first amplification stage; and
a second amplification stage, wherein an output of the first amplification stage is
connected to an input of the second amplification stage and wherein the notch filter is
connected to where the first amplification stage connects to the second amplification

stage.
23. The receiver circuit of claims 12 to 22, wherein the amplifier further comprises
a serial resonance network, the serial resonance network determining a frequency

rejection band of the amplifier.

24.  The receiver circuit of claim 23, wherein the serial resonance network comprises

an inductor and a capacitor connected in series.

25.  The receiver circuit of claims 23 to 24, wherein the frequency rejection band of

the amplifier is around 1.8 GHz.
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