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 | owwoweri/@dessity through an ul tra-w deband (UVB) speschoimooddB
systens can achi eve hi gh speed data rate conmunication with | ow power
consunption. [0003] However, the performance of the UWB systens may be
degraded frominterference that may exist due to the presence of signals
from ot her existing wireless comunication systens. For a 3-5 GHz | R UVB
system interference sources are for exanple signals froma 802. 11a W.AN
system whi ch occupy the 5-6ABtEnNaAdRessIveR Ldraiityna s from a 802. 11b/ g
WLAN system covering the 2.4-2.48 GHz frequency band. In addition, the

depl oyment of W Max systemin the 3.5 GHz frequency band al so introduces

i nband interference. Wthout pr&B&HNKEEFIELDn, a strong interference
signal from W.AN or W Max systens can saturate a UMB RF front-end easily
and desensitise the _receiver. Hence, robustness to both the inband/out-band
i nt er f er encel9091] npdhe gmyention relaigy® gncanisnpa and p sreeiveneircuito004] | n
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 interfereRACKGRAUNLS filters with nultiple |

st op- band function have been proposed. However, these filters are usually

i npl enented on a PCB board, leading to an increase in the circuit size and
al so resul ti HY0Rh aBditansmistingsienelsiyettlovmeyeridensityocbouglSamukratwidebahd| t er s

bef b i S, ion | oss. will .djrect] tribute to th
ncrease of ARGD s i oy WAE Rl PaRiell gt tpeFE b PR TP RGOS,

sensi tivity. withd6&|pblver énswunjitions a need to i mprove i nband and out - of - band

interference ,ection of receivers and also to provide an _integrated
system t hat Q{?ﬁ@r es Haweysiythy performancy of the, Y WR syptems apayebeniees fegmt em

Z :O; Iei :: 2 tc Ir gﬁs tricteric@ TRt Hbly $Risi dueSY HeSHFedRBEd S TEARSdR bihRf 86 abirddB
communication systems. For a 3-5 GHz IR-UWB system, interference sources are
for example signals from a 802.11a WLAN system, which occupy the 5-6 GHz
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 usually 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 |layer fornmed on a portion of a
top surf awe ofuydshs2substrate; a first slot forned wthi rcrise2condewoti ve

| ayer; a conductive stub disposed within the first slot, the conductive
stub tuned to reject a first frequency band; and a second slot forned
within the conductive |ayer, the second slot tuned to reject a second
frequency band. [0007] According to various enbodi nents, the conductive

| ayer nmay be a |l ayer,c bl e of. receiving.and sending signals.. The first
slot and the sec?B%an%F’ggr??{ﬁ%?eb‘@mé"r‘fglsﬁeéﬂ%%ﬁéﬁge%‘? ocoF‘?‘fgﬂ’i“fsﬁénééiﬁﬁchti ve

| ayer such t hatfordfant&fs braati@@UWBRpplicatire encl osed 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 the sane material as
the conductive layer or the conductiy@vMANRy™y be made of different

mat erial which is capable of receiving and sending signals. [0008] Accordi ng
to various enbodi nents, the conductive |ayer nay have any one of the

foll owi ng sh . ci,rcular, trapezoidal .or elljptical. The first slot may
be forned frmﬁ‘i’ny SRerdips; 1o PV%vﬁ"ﬁ’é’dg’i’\ sl g (prgyided o R A3URANAr of

el liptical. HHtudapnduycbitae; 8lcohdudBye RFMFoAnddesit APEUbA LT & RePGurfate 8heONe Of
the foll ow ng other shapes:; a squar atriangle, a circle or an ellipse.

e
The second sF¥istraig,2 Hestslof fasened Mathinathy copduciye layer; » sondystivgystabdispesedar c,
arrowhead or i afyandi
partially suﬁgtﬂntge.?ﬂ% S}‘ol[tgggg(ls dg%t?%lesn ot Egdrgggrr%gdé %E?’g?@e@g@é‘g‘%éﬁ@xy ot
may not surr seennd sleg férinredt withiot the cOBiLOTivic tagerditing s¢cond aldt ausedewhejtcnent s,

there is pr O\S/eicgg&iﬁg urelelge'g/%r circuit including an antenna including: a
substrate; a°conducti®ve’ é’yér formed on a portion of a top surface of the

substrate; a[0DoT|st At@irdihgrorearioustduibadinkts; erdetsidimeel IRy maybe ansist i ve
stub disposed wjthin the first slot, the conductive stub tuned to reject a

first frequeffBpPlsaideceiiite andseading signals. {The et sitand the sreordrlgumey be | ayer,
t he i d ghcMsed URBE elcBed ﬁioﬁlc{he%oﬁtﬁﬁlﬂ_{?? 1dyE LR NaM J?g&{[gg a?ﬁn?dﬁp&' th €r

connected to the antenna; and a notch filtér connecte e anplifier.
[ 0011] Accor denvdpsed arearaf dhes fiestrblotiandethe secondh glog is devpidoofi the dorductve layer;
circuit thereby leaving exposed substrate. The conductive stub may be made of the same
material as the conductive layer or the conductive stub may be made of different
material which is capable of receiving and sending signals.

[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. BROEPIIDBSGR PTI ON OF THE DRAW NGS [0012] I n t he @®CaUSGag®/00000%ke

reference characters generally refer to the sanme parts throughout the

different views. The drawi ngs are not necessarily to scale, enphasis

I nstead generally being placed upon illustrating the principles of the
invention. In the follow ng description, various enbodi nents of the

[ ti d i bed with ref to the follow dr awi ng | n whi ch:
10013] Figur e 1 SR8 SoBIbERee QVEr R cprest oo SPPRRGOrBIHELIcHF L oct ur e

of a recei veantehda¢bihd a foie filtdriRomterddateaniplifief enbodi nent of the present
i nvention. [0014 FLgure_Z shows a side view of the antenna, built in
e

accor dance t 04 BRTHBRTO FRriQusecpbesiments.i thorenisipsavidest a Fpepives circuit

[ 0015] Fi gur ej21slvs Rorth She? whBRiRH, el tindIfRCEOTAANE S n
enbodi nent of the presentq?EVeR?ﬁgﬁ,Qdfqﬁﬁgh?@kl}n?gﬁ%G f%ﬁggfl Em?o 31
each show a whé@mcbkancun@eamaqmvmthbmkmdmmddﬁmcaombﬁam:enbodinent_of t he
present invention. [0017]Figure 4 shows a circuit |evel inplenmentation,
built in accordance to an enbodi nent of the present invention, of the

anplifier shown in Fi gBREER DESCRIPTION OF THE DRAWINGS

[0012]  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: |

[0013] 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]  Figure 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 antenna, 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 level 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.



[ 0018] Fi gure 5A shows a circuit level inplenmentation, built in accordance
to an enbodi nent of the present invention, of the notch filter shown in

Fi gure 1.wpQOWABFSgure 5B shows an equival ent circuit dipagrssaviofooatee not ch
filter shown in Figure 1. [0020] Figure 6 shows the neasured nornalized
receiver front-end transfer function of a receiver circuit built in
accordance to an enbodi nent of the present invention. DESCRIPTION

[ 0021] Wi | e enbodi nents of the invention have been particularly shown and
described with reference to specific enbodinents, it should be understood
by those skilled in the art that various changes in formand detail may be
made therein wi thout departing frDESCREPFPONI t and scope of the invention
as defined by the appended clains. The scope of the invention is thus

i ndi cat ed by appended cl ai apd all changes which co i thin the
meani ng and W?ﬁg]e o%@uﬁ%‘%ﬂdgﬂ%& BF%CHQV?F’QP:}%V&I’@“E Wé?tlé‘f‘g%@%ﬂ%r?ﬂéd to be
enbraced. |t dedckibedwithRpfeRBtaitphetifiambodifiRAsH¥BEAU e uHIBHobd bl kst €l evant
drawi ngs, refer to components that serve a simlar or the sane purpose.

[ 0022] Fi gur e Skilleh ddhe, ag| hatvarioys changsy dn dprmtand rdegil mayrhe anade éheusdrin]E ecth ure
100 of a recegj | it 8 | | r . L rent t he
present i nveﬁ)'tlti‘(lglélt. &%ﬂ(’)agtgiﬁ fﬁ%@ tthrgo 'Hteér?g %(ragﬁiof? gg?ﬁ?\}a& lgg a?%ﬁ?% es yatrlllgant enna
102, a not chappendedt claivs. aftie anopengll the iievention .is Anlsoindicated ebyatiipl dppérgied ( LNA)

T 0 952 Lt A R 0 S PRGSO
the claims are therefore intended to be embraced. It will be appreciated that common
numerals, used in the relevant drawings, refer to components that serve a similar 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
UWRB (ultra wide band) antenna designed 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 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



[0024] I n the enbodi ment shown in Figure 1, the antenna 102 may be a pl anar
UWB (ultra w de band) antenna designed to have a first frequency band

rej ecti orwetoawmsmsd 5.2 GHz and a second frequency bandPCgjSeeoio®noo@t ar ound
2.4 GHz. The antenna 102 facilitates out-of-band rejection, i.e. filtering
interference that may occur fromsignals in the 2.4 G4 and 5.2 Gz
frequency bands. The LNA 106 is equi pped with a fixed rejection frequency
band (or notch) at around 1.8 GHz and a tunabl e notch between the

frequenci es of abouj, 2.GHz tq abput 3.6 . . Jhe LNA 106 facilitates inband
rejection, i.e. ¥f P{léq'vi“}ggani %Q@a'}"jg‘i’aé‘ﬂd’ésstﬁgztr' H:giﬁ%%aéjéﬂ?af‘fdb‘ﬁ?%?yﬁﬁﬁ YZ%et ween
the 2.4 Gz a@fhe; By Shihidatifg URNE%d IBNES on bBAA HApabIflterd irdsBRR 16485

recei ver structure (not shown) which includes a conventional antenna

coupl ed to affdyeedsBgraly aprovisggeceiver semsitivithi ch is used to facilitate

out - of - band uen LEecti it &SRR Aol t - e rchitecture 100
with the kno(/?mbsﬂ\/\B ?%ecgﬁbg%ds'?@lﬁ% ur e?mp%sf @gn{()hgﬂglgag%ﬁﬁ? 2t ore 160

el i m nates known &8¥B aécehay isthartan. @y bmambidingahd amasm 02| dndrthe TN& 1b€ads to
a reduced systemsize., Further,. by elimnating.the need I an _qQn-board
band pass fi ?’f"é‘fePCY ﬁ%’@r Feie5Hen 8@&‘3{§herr&?ﬁﬂ%‘bl?pegﬁllé’f‘%‘%oﬁew;‘g\y?ig(l%éégver
sensi tivity. 106646 bEhdlelinea! re@nshihe dkdige Bt AT heENAN A6 Lld! RVhAEh

advant ages over the known UWB receiver structure. By conbining the antenna

102 and the fike 166 f Veeplisndie bartineteh catenan HBi hlong can herovidp e ) odB
i ficati - 0 N iated. . ing th
dostgn dirri RbaRcs g SRGHE g HadORE LA 1085 Al B BlvdeRPI 1D 1

band- not ch aattesnatéonlid2tha l20h &Hzalandr dkirtherrBer Obyl Burdilg éhreumditcto frequenthef 2. 4 GHz

band, hence 106 only needs to provide 10 dB atte tjion in the 2.4
Gt bana. - Fub Rl s {Fecler 76 ‘ekrndl SHOPREE ey S A 48 HEPhg a
varactor, thactaateadl OwiehviRandid, dhds DIGHANGidndbGsh 6f the LN ASE6 &3l 5
increased. On_the other hand, the 5.2 GHz attenuation of the LNA 106 is
around 5 dB, 48 Vhh theeanignoa i A3 camsnbuting anoBisr L Ad Salibettrapation tognesB degigrenuat i on
to neet design gpg&inki cations. 100271Anot her advantage of the front-end
architecture 100 1s the elimnation of bul ky pre-select and band-notch
filters by dfBZUdi ngnather aduantagde-didhel fibnteepdearchitecwre t®0 srthé aliminiaton bfit o t he

antenna 102 i £ hout i ncreasin e..slize of .the antenn 2 nd on-chip in
the integrat ]ge‘\glqé PR aﬁgﬁ’(?gd'%gﬁgcfi‘ﬂ?\e ¥ t%ﬁeen%lifggléﬁ ti‘? fg.'o%gﬂ%%‘eﬁeﬂm e 2
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substrate 202 having a top surface 202t and a_bottom surface 202b opposite
the top surf Q?éa‘i‘%)?g'?h’ecb‘hg’ﬁd‘?tf?$éte Sijeis houee redpgingghe systent $z6red on each of

the top and (9edjom Mkt aCesws A4idedEly 20 JBSREA0D b8 IFYgurd PO3RL GhHES 3
shows a view of the Substrate 202 where both the conducti ve
102 has a substrate 202 having a top surface 202t and a bottom surface 202b

opposite the top surface 202t. Conductive layers 204 and 206 are formed on each of
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 wll be appreciated that the view shown
in Figurewddp@s7450t mean that both conductive | ayers 2@4Tacdo@®6o0sr € on a
common surface. Rather, Figure 3 serves to illustrate how t he conductive

| ayer 206 on the bottom surface 202b is positioned relative to the
conductive | ayer 204 on the top surface 202t. 100301From Figure 3, it can
be seen that the antenna 102 includes the substrate 202. The conductive

| ayer 204 is forned on ortion of .the . to rf 02t of the suybstrate
bon At irst s dEsmgub 0B MsoNss vt tschiet it A0 vES eagBietve sub A0S
uctive stub aﬁi@dlmé;eomqﬁ@ldfraqubﬁuyrbahbepisdcﬁﬁd §loP808R%l1sd fRme@ GG hye stub

306 tuned to reJNgct a first frequency band. A second slot 304 is al so
fornmed withi gondyetiveolapyOtthe 150&9@1512@4)4 taned te sgient @ seqond fQuencybertl-t o rej ect

a second 11 CRMSICY RARE chbfifhbd"stbls STPOGTSN hed AREh Rof !n S dhar t NE

antenna 102 as a pl anar nonopole structu Rion at
around 2.4 aMnapduMCﬁua“ﬂalbmq HQ8I2 fublhgorsatlasdund2e4 &iParbasl ﬁzdil—ﬁl. ectric

constant FEr rou thic ss T of around 0. 63 The
substrate 20 ?E"e%@%ﬁ gqflél?%ﬁng‘ 6%1?0&‘58“%1 i t‘ﬁmwdog@arﬂ@nﬁl 30 mMm
It will be aﬂﬁémssat eflatotidd 069t TRE sibs@h@ QP ihas & WSHADbf BfouM@lubesn t he

|l ength L and width Wyvalues will vary accaordingly. 033] The conductive

| ayer 204 i s 3ppdtidWapt pionnd BR mampglt wall desappreciied that farnetheroielaettic ve
| aver 208 1S catihPUARes e R 1SR Wia WP 9araes @Hi%g?&c%(dllgﬁ conductive

| ayer 204, is capabl recel ving an I ng sign is also a

radi ating el ©683it) . TW cdndnctt\/leéa)@oﬁ%(stdlswsuhwﬁhmZﬁdsu&shete(zﬁ)admﬂlatvthe st ub
306 is c‘onnect%cllzlt Ere nt 308 g the fi rtSt sla ﬁsgr nducti ve
strip 310. | céver}ﬁ‘r'neﬁ 1§ PEOReg P ran gt PR S afehe V¥e strip

310 form a Tiaybapes QOMHEIE:QH redéivapTandaiendingl siphdds (he i%pﬂﬁ@ apfaeiéhﬁlgzd by
the first slot 302. thx 34] The, T-shaped conductor has a length L1 (Li is
al so the | engemesy- - ik goRdur e lérfif|2;94 Jhecofduptive ste39q sspnngcsd 1p2)  of

around 6 mm segh%np@osﬂaf:&ﬂevw&lm 9023%(3 £35S gtﬂﬁ%ﬁby m NHaldd3f ¢ @gmi‘nt

308 to forma feed Iine 312 of the antenna 102. ignal recelved
ant enna 102 fendugtavespirb t364§ amsl tmecq_nmctMGstancB hOhébrrnoacB-Shmedecrond@uorvl a the
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portion of a[0p84]i meTler Teshapddeconductor has a length L; (L, is also the length of the
conductive strip 310 within the first slot 302) of around 6 mm. The conductive strip ‘
310 extends linearly beyond the segment 308 to form a feed line 312 of the antenna
102. A signal received by the antenna 102 is transmitted to the LNA 106 and the
notch filter 104 via the feed line 312. Signals to be transmitted by the antenna 102
are also sent through the feed line 312.
[0035] The second slot 304 is adjacent to a portion of a perimeter of the
conductive léyer 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 Lgq 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



conductive |ayer 204 and has a curved sl ot shape corresponding to the
perineter of the conductive |ayer 204. As shown in Figure 3, the second

sl ot 304 woesimstssextend to cover the entire portion adparscrotmodlos
perimeter of the conductive layer 204. In the enbodi nrent shown in Figure 3,
t he second sl ot 304 has an arc |length Loot of around 32 mm and partially
surrounds the first slot 302. [0036] The conductive | ayer 204 has a circular
shape and the first slot 302 has a circul ar shape with a radius r snaller
than a radius R the uctive l.a er In this ner he conducti ve
| ayer 204 forns ‘& raf(ﬁlél Ed aélda%l T ‘t?dtoérle”rgtalﬂ?rﬂgn F%?‘W"%Found
10.5 nm and giupk rlffefhel’@ﬁlklli&nfe Rier 200troddRURE antéHiih Fdle“%rﬁwaaébaﬁhape of
the conductive |ayer 204 provides the antenna 102 with a w deband

char act eri st FearaQ@o¢] There is an offset LD of |ength around 4r nm along a z
axis 314 (i | on f 0 t rate
202) bet \/veenﬁ,tﬂ’(ia1 cegltééggs%aﬁﬁéggi#%&%ﬁgﬁg ?(l)(ﬁ%zi:% ?%/153I ayer %’55 and

t he circul ar tehgdpeedoff the gop strfdce M2t of/&teysiwbgrattdﬂizm)otba‘tweén tthr&nmw ofethea neans

to control antenna,matching. .of . the t C tive |layer
206 (formed SR SBIRAS ndjybiise Javgb 2 Phsdcl ?f”é‘é’iﬂrz% c#fs‘t i bs TUNE 202)
serves as a giosidt Dp pridRd 8 nthnd e oanblentand Rdichi riidUnt@ngnopnd pl ane

316, having Ieaﬂth L2 of around 12 mmis printed to only cover the

mcrostrip fE888l i nEhexopductive lajen &f (fprmesdeonsa pprio of thebotiemesudacsadent i onal
t | 3
rectangul ar spaReubdMte E@%Q@fveé‘a% LIRGAR Hale ﬂtsa@f:thgg%treggﬂ%mg 'gte e 3

so as to minimze ground plane e ot her
shapes for t pwougd plmd 3rbﬁ,ahme'lr&16nfgthdlszemwrslerﬂ mm kscpriirted shande doseaethgr ound

E: Sﬂrez 2)162X|t (éa(trgs toed E ?ﬁé? ﬁ@%tgr%ﬂgirpéae’%ggfahé‘% A olf‘A ga%B%‘Qe'?’Hé“anttom

surface 202bre0fangth€r gupstmtrahaoz napézroeﬁpemb @s iowih a1 Blgtltbe3)c QPANGH i ve
| ayer 204 is formed on the portion of the top surface 202t of the substrate

202. [ 0039] TH&NFHZ5EHernd pisne efiegt. i1t Wflbbtrwr%at%d that qthes shages ferethe groupdn
surface 202bpgfe § Iineitae b Ring czldard éﬁaﬁ@@%%ﬁn@ BlankO3 OS0! AB; ¥ f*‘lgulte?e

conducti ve Iayer 204 on the top surface of "the substrate 20
Accor di ngly, 3altedl mmgwelyi) C Ma&rego&ésne begurad) existsl betweer ¢l godndylanbie

conductive | 20 ie d ane ,316. In
thi s manner, ﬁg()ﬁgncc)lrm dw? ?F%en% P ¥ EHfb f?%{lef&’ gg{%%g FrSSqoﬂg’f’gg? a
gener al m)nowhére tbmtcmdnemcealaydaezogbt &brﬂed on[tﬂé)ﬁ&]uﬁh\&mhd ptsutfhe Zo2ednd pl ane

316 does not havbe a szto&ai ght profile edge (due to the trapezoidal shape of
the ground pi§iEPs¥3¥)202¢ he gap 208 ranges over distances of around 0.3 mm

tnce)t :lr og tmrzlI é [\!IIMU%?[]LOO\A?M %h@n(f plakk iR B8hrded Sn & poiidn BrIROBtidnP stk 30w t h
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 1 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 Iine 312. WO

2011/ 087450RCT/BEZ210/ 000007 t] At the resonance frequen®g¢TsiG2ot@o@onducti ve
strip 310, the current distribution of the circular ring nonopole (i.e. the
conductive layer 204) will be disrupted, resulting in the mal function of
ring nonopole in the resonant frequency range. The expression for the
approxi mate notch frequency cal cul ation (which is also the expression for

tuni ng the condygti vy ES: t 4qE,(Li +h), . 3]wher ef . orch]
is the rejected’ irgﬁiﬁéggﬁé%%% §§H5§&8°?gh%ﬁgng%%€' 5?£?ﬁéhff:ﬁpnﬁg t he
substrat e 203istilwitivatafi the coradaranhg nichopdle (1.ende keoadudiive 1dyes Pape ik daduct or

and h is the shortest gap .betweepn a fee oi nt (denoted segnment 308 on
Figure 3) of dfsﬁ‘é’tﬁ‘gﬁﬁ%‘ ieva t#‘ea &”‘?{‘J‘ﬂné’gdpﬂ& BRPPINGE FFReniy freguencice 202t

of the subst rafge. 20% &QFdsESRISNHhE BhppRxithRé otcherdfueidcAbditonIHWhidnSisf or med
on the portioﬁ&%f the@%Btton1surfag% 202b o? théggubstiate 283. ﬁr&%

equat i on (1) alspike exprassipr fprityning the centyettcsstifaitf) dan be changed by tuning
the conductive stub 306 as follows. One way of tuning the conductive stub

306 is to vary the Ieﬁ@&m:tﬁ?§f=%he conductive strip 310 connected to the
conductive stub 306. [0044ﬂ he $8kond sl ot 304 is tuned aqgprding to the

b

expression: fnotch 2 = 24/0, /67, 5 [0045]where fnotch2 is the rejected
second frequt¥¥d3! baftderedroir is thereigsted dirgiirdquensy, band, c is the speed of light, ¢ is

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

R @
[0045] where froch2 is the rejected second frequency band, c is the speed of light,
€. is the substrate 202 dielectric constant and Lg 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.e. around 3 GHz to around 5 GHz), wherein the rejected
first frequency band f..; is around 5.2 GHz and the rejected second frequency band
Jroten2 1s 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 feh2, it will



Er is the substrate 202 dielectric constant and Lnor is the length of the
second sl ot 304 (being shaped in an arc as shown in Figure 3). From

equat i on WwoRo1/as74s21 | be appreci ated that the rejected etsedoforeguency
band can be changed by changing the |l ength of the second slot 304. [0046]1n
t he enbodi nent shown in Figure 3, the antenna 102 is adapted to operate in
the UWB range (i.e. around 3 GHz to around 5 GHz), wherein the rejected
first frequency bandfnotchi is around 5.2 GHz and the rejected second

frequency band fnot.c is around 2.4 GHz.. [0047]Wiile Figures 2 and 3 show
a circul ar shapé%re?‘f‘{‘]’gtthgtl %4‘“3%‘21’% #h pé’ssfl-’lLstﬂa?ﬁ ve SHeluEEBIeny rejggtiony e

rejection of bandsi B&¢h bth&FHEFE ard bW fid FRhfiBAdBd1an arc- shaped second sl ot
304 to achieve rejection of a second frequency bandAOtch2, it wll

)preci at ed t 94#8lot hBiguzsh 3deto 3k eachshew A wewfanhimenmadifgh t6 rleQubuwilsyin
rejection ba t 0 RlgL t 1.

[0043] Fi gur oo 3 pA ceaMALGEn B Re Bt dh, Ty RhRe Hed 3 M9 OB 1 i
accor dance t epmecigeddui tenntanha sitestrpte dsamgare Rigard 8)0i3.not Bhdvingforake sket 0 31,
it will be appreciated.that the antenna,substrate (conpare Figure 3) is not
shown for thgpsC Y- of “foarﬁthfyr.esmc%e, Cpﬂ@c}%gplg}ﬁrf }éo“@gﬁ)d@g)f‘i \ﬁgewgg}ws 204a
to 204i are glpRimpsisaedverBRHCEsH¢Te bfvGhd plaBsPS Fdd 16€3 i OWhste At ah&Snos16a to
316i, where it does not mean that both the conductive |layers 204a to 204i

and their regsatpylothihe readyqtive dayers 2H4a ton2041 gnd theis renpectiveionnd anek ace.

[ 0049] The anggqng 316208 EL&H% &fApd 3 share simlar characteristics to
each of the antennas iozrzla to ggls %8’050] Each of the antennas 102a to 102i

has a subst r[@049]( nofhesdntenmp 102 of Rigurs 2 @pd 3 shiracamidardharaltetistiwats eachat e
opposite thettogt suarfl@get Iquconducti ve | ayer 204a to 204i is forned on a
portion of eXERMFBMSIOPT ! Phn surface of the substrate. A ground plane

316a to 316i[0050]f or Pt offhetanfdihby [022@f 1@AGHs 4 AFRRAE (YR shobh) vl 8ge Of
t he substrate. 208a to 208i exists between the respective ground

A ga . -
pl ane 316a t Prizee ngﬁ (ﬂ’ogolﬁoﬁ“ffP?PnORPBSIf%@e Ber ewca ury aensluetive layersiiiiatte at e
cor r espondi ngn4; & fBRBEEo] § BofiBs BEEdch YEpEARd ?"%t %}uYﬁcé e stglgs%%tet. %N gRdha' S

formed on the portion of the top surface o e substrate.
plane 316a to 316i is formed on a portion of each respective bottom surface of the

substrate. A gap 208a to 208i exists between the respective ground plane 316a to
3161 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 306i 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.



[ 0051] A first slot 302a to 302i is formed within the respective conductive
| ayer 204a to 204i. A conductive stub 306a to 306i is disposed within the

respect i weoforigis74skot 302a to 302i, the conductive stubpr8@fe201w/08@67 tuned
toreject a first frequency band. A second slot 304a to 304i is also forned
wi thin the respective conductive | ayer 204a to 204i, the second sl ot 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

ductive stub 306a to 306i, bei ect.ed ti t 308a
(0 3081 of the resplit i fpfud i FOMRSRREnL B4 peRRN BT  pbmeerelle "

conducti ve staspgtisd Oenductivklityer 204n tH1208i. manner, the conductive stub 306a to
306i and the rgﬁgle)c,yﬂve conductive_strip 310a to 310i forma T-shaped
conductor, al0@ d A eenibethieayere2Q4346 L08¢ baveia irpylar shepe.c Oncthe iother s| ot

302a to 302i hand, the conducfil€ IHREODEUS kPB02PhavE Q §%)égz?1id§1 réﬁyggp%he ttg%)?li

portion of a perineter of thé respective conducti aye 4a to
[ 0054] The cosenduetivedayery804g RRP4i haye 204dliptiwaleshapei Thus, dhe ®hdypwive Qyet he

ot her hand, 0 i | ayer d 304f have a trapezoi dal ., shape,

while the coﬁggctfel \Eog’%lggyﬁéoﬁg a%fgn%t%fo%mo Ve ﬁﬂapgf'l ?'fﬁ“ﬁaé’aﬁa%%g%@. °Thus,

t he conduct i siéiptieyer nmay be forned from any one of the foll ow ng shapes:

circul ar, tr[ﬁﬁ oi %,l or EI I i@?ti&pcal . LOOSS] Further, the first slot 302g has

acircular s gé thee (Bt HeY siohrAtie pavea rirpuler dhape.s Ogothg otirn JBnd, 3bed, 3026

and 302h havfysk Sletsa3t24! BbSHedae 502eWia! ®2h hGvd }Jc%glhgglﬁﬁeg’sg%?nﬂewgﬁrsﬁnd 302i
e r

have el li ptical shapes. Thus, the first slot nmay or om any one of
the fol | owi ngotsFABes302E prdo312a haveradlintieashanes. oFhus| thiefirstcddt. may| 0fohed n
addition, th 4 e,. 304f 304i ane. .nqgt forned parall el
to the portifc%cr)ﬁl?)d?'9{a ﬂeegi;)tg%?orlré% é’?g Scl)lgg {éhgrcr%gasf’prgétt%?%ugarc%ﬁgw 1fxi‘qve | ayer 204b,
204e, 204f t[6026)41 Ihaiditione tledseacmhtlotso304bh 8 08€c30ud t61304E arkOAd, foaldet, 304e
to 304i are arcﬁ%ha ed and §i mlar to EH}; second slgt 304 of Figure 3. On
the second sPaeliehithepguion of thenstimster of g gespeqife condyrtive kyeraP4b ¢4eg304d has

a pol ygonal zh@pe204iihts, aré AfaceRCONGhE s@londBItR04H03HR I3 d4eWBoNarORE- Of the
fol | owi ng shapes: arc, "arrowhead or polygonal . [0057] From Figures 3, 3A to

31, it will Berehydeimiady theyseconddotidi of Fignre 3hOm theeaernd; sbot 3@ hasyi t ed by
t he shape of WG YEEdeY & nh Ve secd 9 fW;éb ir o] [ 4 he shape
of the seconzg1t %F%t. ‘For IJcf):’ne errbocﬁe'r:ns\llril!lteSl not  Show ,qy%&ngf%hg \L"airhgﬁﬁatt%%d
conduct i ve | segend steymanbofopned fremaniyions tof shedfollbaingnshapes siraperawiead bs ei t her
circul ar, rec(;t ano%ﬂ ar or elliptical; and a second slot having a shape that
is either arP AY%, an arrowhead or a polygon. In another enbodi ment (not

shown), a tr[egsnoi dabmshigies 3¢ GANUCII] ViewlIRYE lappaYiaied GRADABE efigR of ithst S| ot
havi ng a shape that is either circular, rectangular or elliptical; and a

second sl ot HASAPAGS BPtdimifsd bytihg shege ef thaspndigtivg kayeratheahpratiabrifio: slat
pol ygon. | n gnge BIRHE of AR ot ( BOE o NBHdim (§$t| shg&lh)gﬁlcirémﬁlﬁ%gped

conductive layer may incorporate a first slot having a ‘shape t I's either
circul ar, rewndngivedayesmayl ingqpiratgla fishdloa hawogadhspeothahmwithgr cirsbmpe t hat

I's either anreggaﬁgulz%noraglﬁﬁyggﬁ%gd Usedo Osllgtgl?ar\]/ing a shape 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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WO 2011/ 087452PCT/ SG2010/ 000007 1l n addition, the conductive stub (306,
306a to 306i) of the enbodi nents of the antenna shown in Figures 3 and 3A
to 31 hasweuausa4sgul ar shape. In other enbodi ments (noPCIIsemp/00600T he
antenna, the conductive stub may have a shape being a square, a triangle, a
circle or an ellipse. [0059]Simlar to the antenna 102 of Figures 2 and 3,
at the resonance frequency of the conductive strip 310a to 310i, the
current distribution of the respective conductive |ayer 204a to 204i w |l

be disrupted, resul{ing.in | fupction i res nt _frequency range. The
expressi on for te]he %‘paﬁgg’ff‘ éorfﬁgleYF %W%{}Bé%aé%? %ﬁ'&‘%ﬁ‘%ﬁﬁf@ﬁtsi al so
the expressi @R dnfdnnh WROWE iR FGEreS 3tAE TORSIUEhhy @ redtiisul300@pd O 13Qfet i S:
frzotchl - 4Ver éLI + h) [0060]where friotchl is the rejected first

frequency baf@bodiments (pet showay obfthq prfpana, the ¢ondudtivesyls mraxt kavdi abhaper i c
constant, L1tk abﬁﬁ&ign%ﬁlkh?cﬁﬂé?ﬁ&?gn%%”dUCtor and h (see Figures 3A to
SR est gap betweé '

31) is the or ween a feed polnt (denoted segnent 308a to 308
on Figures 38089 313imolar tohihe mptemect 012vef Kiguresi2 tand 8, dtahie resdfidhae fiequdddy and a

portion on the top surface .of. the s trate correspondi ng.to where the
respective g?gf}}?dg?ﬂd&ﬁtéveﬁ%‘a %lé)aSthil’l qul’s o PYRER St loﬂo& thEnTSPeCti®E bot t om

surface of tbsndasthat lagdre204ar @M2EE UALL B dishipted! P&ultRigeRt Adiffidiih hrgguency
band can be changed by tuni ng each of the conductive stubs 306a to 306i as

fol | ows. OnerRBANbfreqummecy dangeehThe oxprssiem fucthe \appeximate 3odeh fisq®mey i s to
he | : : he. t ¥4 ' th
o e e RSB L455506 o B0 Ly 4 SORIBRLE b (S

respective conductive stug he secon t 304a
to 304i is t30fedode@prsding to the expression: fnotch2 =

c

f;zotc e e
" afe (L +h) W

[0060]  where forcns is the rejected first frequency band, c is the speedlof light, €; is
the substrate dielectric constant, L; the length of the T-shaped conductor and h (see
Figures 3A to 3]) is the shortest gap between a feed point (denoted segment 308a to
308i on Figures 3A to 3I) of the respective conductive layer 204a to 204i and a
portion on the top surface of the substrate corresponding to where the respective
ground plane 316a to 316i is formed on the portion of the bottom surface of the
substrate. From equation (1), the rejected first frequency band can be changed by
tuning each of the conductive stubs 306a to 306i as follows. One way of tuning each
of the conductive stubs 306a to 306i is to vary the length L, of the conductive strip
310a to 310i connected to the respective conductive stub 306a to 306i.
[0061] Each of the second slot 304a to 304i is tuned according to the expression:
c

Jnotenz = Lode | -
[0062] where frochz is the rejected second frequency band, c is the speed of light,
€ is the substrate dielectric constant and L, 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
304a to 304i.
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2410t 1,/. (

(2), it will

WO 2011/ 087452PCT/ SG2010/ 000007 1Each antenna 102a to 102i

operate in t
rejected fir

circuit | evehrounpBaiiéntoiron 5 b}HzJ)twheiexaaﬁ@féjm&Bﬁisoﬁaqneﬂ
present invent

h
GW ’A C&?%m%é greiqeied seqQad frsguency Dand heyhais arousdi2AGiHz st age

enbodi ment s

2) [0062]where fiorch2 is the rejected second frequency band,
c is the speed of light, Er is the substrate dielectric constant and Loor

i s the | ewgtbiwefs74she respective second sl ot 304a to 304ipCTRGaMo@GasdY i ON

be appreciated that the rejected second frequency band can be
changed by changing the length of the respective second slot 304a to 304i.

I s adapted to

he UWB range (i.e. around 3 GHz to around 5 GHz), wherein the

f t h j ected
second f requztnc r ggﬁglﬂc%tet%ngpisa g’ric:)dt}r ds ﬁdaz?{ E?S%% 3‘% rz?gg"lr‘lﬁxﬁgca

NA 106 sho in Figure 1. [OOGgiln t he

current-r GUSQQGQSI Shgﬁﬁ% 4 sRRRALKirdulAevel hﬁxple%n@a%@n h@gi1tan fa béo?(?ang@w gﬁ

stage 402 and a second anplification stage 404. The out put
in Figure 4) e@bochmentquﬁl@tprmﬂ inyéntign,i QfthSLT&Qel%GBOWB lrcFlgunedt ed to the input

P o B8 iR St in FEGROLIR [UASlos P binfeahagy o* 20°

of the seco
402 has two

ors
four-stage current-reuse resistive feedback LNA. The LNA 106 has a first

amplification stage 402 and a second amplification stage 404. The output (labeled
Port X in Figure 4) of the first amplification stage 402 is connected to the input of
the second amplification stage 404.

[0066]  The first amplification stage 402 has two transistors (NM; and NM,), five
capacitors (Cs, C4, Cs, Cg and Cgecoupiing), three resistors (Rg, VR and R)) and two
inductors (L, and Ls). '

[0067]  The gate terminal (NM;)g of the transistor NM; is connected to capacitor
Cs. The source terminal (NM;)s of the transistor NM; is connected to a reference
potential 406, being at ground level for the embodiment shown in Figure 4. The
drain terminal (NM,)p of the transistor NM; is connected to resistor Ry, inductor L,
and capacitor C,4. The resistor Ry is in turn connected to the capacitor Cs.

[0068] The gate terminal (NM,;)g 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 Caeconpling and reference potential 408, denoted V44 in Figure
4. The capacitor Cgecoupling 15 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,

12
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capacitors (C3, ¢4, C5, C6 and Caecoupiing), three resistors (Rn, VRl and
R1) and two inductors (L2 and L3). [0067] The gate termnal (NM)O of the
transi st owONM1/(8345eonnect ed to capacitor C3. The sour cePCESGR2ouAI00¢0BM ) s of
the transistor NM is connected to a reference potential 406, being at
ground | evel for the enbodi nent shown in Figure 4. The drain term nal
(NM)O of the transistor NM is connected to resistor Rn, inductor L2 and
capacitor C4. The resistor Rnis in turn connected to the capacitor

[ 0068] The gate r i stor d

capaci t or rgé)ﬂl?éam(gcl\m% }h% b%ﬂdlthﬁ”he S@l@?t agt "éprur%u&%ll0§ gc@g tqug

t ransi st or NRIF mglad:cﬁnneﬂ]heﬂtemﬂa cod &k Rigur€d) amdrst the IJNIdLlOB G/ﬁa input 41e

capaci t or s.in tuLnf connected to the reference potential 406. The drain

term nal ( NI\/E;‘@ ingctop L {51 fumgGogpeckggptoicapacanEaierey the spracker Gris in

resistor Rl apflc&mRaed idthe @ereﬁ%kmma% e bBAdRg Wereld16, Second
anplification stage 404) VRL is vari able resistor which is also connected

to the capack®dH CsThg odegpmhe an(éﬁiesctapamm Gascoumeted tiegeries, forouz sotal L3. The
duct C C t,0 an reference
atant oy SaolsSotdicl Hef R IBEOLA t GBAGL O FRERAUR! TR dSRSEE T

pot enti al enot e din Frgure e capacl

t urn connect &dquency. Thisrmitelr fesguenaygh.eni Ais dé@ﬁmn[e&)BYO] The LNA 106 i nput

mat chi ng network includes capacjitors Cl, C2, inductor L1 and input bondi ng
w re 410. The capaci tg;o,chqm,&nd_ﬂ]Lng inductor Li are both cgynected to the
gat e term nal (NM)O of the f4wWé&iC transi stor NM. The capacitor Cl

turn connect a bondi n to .an | ut 412 of. the 106. The
RF si gnal ‘gﬁ‘i‘st h’§ Sﬁﬂ? SRTA2NG et"goég 4%8??@“3‘55 % qﬂegcx Fréecfia b 1‘5%’\&"% i nput
412. The i ndh&ﬁﬁl‘iﬁerhl)ﬂ $n the eboBinfensRWnaH Figuré 3PARE INK 166 prodhRS 8 iked he
capacitor C2 is in turn connected to the reference potential 406 via the

bondi ng wi r enofgiof propyd | $riaHz. n§@6P]6rValP£S aiscastfadowsi{8et2 pF. €3 ofsetted in
Zter It ﬁz sfe(r)ir a F‘rdzg'(i)'rsl rlicte:if""pg'%ﬁgn Iﬁ?ﬁ%@ﬂ Qqﬁgncyé nowﬁ W% poten
det ermi ned bsnd RF@0ohm) NA1 = (3)

[0072]  The second amplification stage 404 has two transistors (NM; and NM,),

seven capacitors (C;, Cg, Co, Cio, C11, Ci2 and Cgecoupling), three resistors (Rp, VR,

and R;) and three inductors (L4, Ls and L).

[0073] The gate terminal (NMj3)g of the transistor NMj is connected to inductor

Ls. The source terminal (NMj3)s of the transistor NM3 is connected to the reference

potential 406. The drain terminal (NM;)p of the transistor NM; is connected to

resistor VR, inductor Ls and capacitor Cy. The resistor VR is in turn connected to

the capacitor Cz. The capacitor Cg is in turn connected to the capacitor C; and the

inductor L.

[0074])  The gate terminal (NMy)g of the transistor NM, is connected to capacitor

C1 and the capacitor Cy. The source terminal (NMy)s of the transistor NM, is

connected to capacitor Cyo 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 R, resistor R; and capacitor Cy,. 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 Cgecoupling and the reference potential 408. The capacitor
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2.7r Thus, the serial resonance network 420 determ nes a frequency
rejection band of the anplifier 106. In the enbodi nent shown in Figure 4,

t he LNA W6 2priosi4bes a fixed notch of around 1.8 GHz. Saopise2e@oo@®7 are as
follows: (C3=2 pF, C4=3 pF, C5=4 pF, C6=1.5 pF, Cdecoupling=100pF, L2=2.4
pF, L3=2.4 pF, RD=600 ohm VR1=800 ohm and R1=20 ohm [0072] The second
anplification stage 404 has two transistors (NM3 and NW4), seven capacitors
(Cr, Cg, C9, C10, C11, C12 and Cdecoupiing), three resistors (Rf2, VR2 and
R2) and three i ngliscisan gurf kkdnnected ao thelréfierenk® paBhildl @0gat Sainplefanak afd\MyB) 0 of

t he transi st e d 4. The source termnal (NM3)s

of the trans?%'tlov\f l\q:&s? $§ o‘ﬁmégt 88 ld(; fﬁe‘%e‘%@rér&fe GuTén af127846. PFI'he

drain term nals(MyB10o0 pF Eﬁ%kL@ﬂ%asﬁmg%o bEmC VRS0 nt gldrrs%tébg& =
e o e

i nductor L5 and capacit resistor VR2 is In turn connec
capaci tor Cgl0%fAk cJBQBP?BﬁI‘EQIQ%(S?%FWd)e%mme@eﬂtqfbetlma‘\ ¢apaicparox. C7 and

e aduct of Tt hORSEh HRr 48, LELELIA"o () fheohoot BERHEAISHSIOL AWM 1°

connected to capacitor CL1 and the capacitor
of the transicewrtsXiithei ssctmdmmﬂﬁieahdmtmpl@m HoweCai) itanit] Hehppicomtedithat LS.

The capamto 1 urn onnect ed t reference potential 406. The
drain term ndl C}%I‘\lklf ’H%y? ﬁglcg?ri??teﬁlﬁﬁof re%‘ﬁﬁeﬁltcgoast%e et ef e Re,

resistor R2 ﬁlﬁdaﬁ@ﬁﬂé‘atfbﬁrstagézoz e 6 of&l%sl&&ﬁl' ﬁc%rpﬁ Goyor  C12
forns the out ut 414 (al so denoted RF of the L 106. 75] The

resistor R2 1%78onnEiglEdA showi eirait lpwl lmnlémewetm duilt @ acsondnncteUO an
connected to eﬁnﬁ@cﬁﬁieﬁﬂff e QP i Bt ANGE thggot[:ﬁﬁﬁ% el'b‘ies BOh §I'F Iggxl'e {108. The

capaci t or upling is in turn conhecte o PRy ILE potential 406.
Sanpl e val uel0@8le athe abichbvllter (UA=Basp#, G2 aGiveFind@3e2 pbrtioh, 50210Fhe pF,

onm - VRe=800 SR AP IS SR R Pt et EEmeR] T cronfigw ablede chinger o 1)
i s connect edatﬁ@qﬁdneyl:d}&tlbﬁﬁaxﬁiomﬁéﬁot&lﬁfféirbl$)4 the notch filter 104 is

connected to \ﬁgﬁre &he fj rrpl i fication stage 402 connects to the second
anpl i fi cati off’&tlage onpled o trapble peuvg;ipduckns PapionSYR arcerpatitars Ehe andt ch

filter 104 nmy, &t Solsb&)uﬁféari@(t‘ﬁéaﬁm%le Qémrm&?dn?}tﬁ%m&%@z @% 1 96; t&?gwl of the
t e Ssecon anp1

first anpllflcatlon stage 402 or the outpu rcation
stage 404. [ GovF|iFitgnrcensatedHowsrta of the LNA 1@6/6eke Figpteetentativivamiectteal | t i n

accor dance t orfiflunication between the notch 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 Cy, 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 (NM,)g of the first transistor NM, is connected to the
gate terminal (NMs)g of the second transistor NMs. Both the gate terminals (NM,)g

and (NMs)g are connected to the source terminal (NMs)s of the second transistor
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enbodi ment of the present invention, of the notch filter 104 shown in
Figure 1. [0078] The notch filter 104 has a tunable active inductor portion
502. The wonables74set i ve inductor portion 502 has an act iPce/Selern®nt00s04
configurable to change a frequency rejection band of the notch filter 104.
[0079] Coupl ed to the tunable active inductor portion 502 are capacitors Cp.
and Cvar. Cpara is coupled to the tunable active inductor portion 502 via a
switch SM. Cvar is in turn connected to port x of the LNA 106 (see Figure
4) to allow el ect in tad maomania t@atol esmixed \i@EVIs)E hef tiet eborfd frirtistot @dMaRd t he

LNA 106. In the ephodi ment shown in Figure 5A, Cvar iS a varactor.
[ 0080] The actcf’{}réecgﬁ(atﬂe%f’or%’ tﬂHgnaAr}QﬂW@AtofﬁP? st CasistyuNMei oflso.Tthe

current m rr @bntesNErnGhdl ANNIDRbE MSsctoHl HhsRIbr NMUK ASE EontRbi® (Ph shfge not ch
filter 104. In this manner, the current mrror configuration provides

coar se t uni ngowrolicd derminad; ((MMs)sloE fhesesand tiansistooNMshe notch filter 104.

i rrof cont | Buat ool BF e KR RS, b D o WO REh R shoordr Lna
106 (see Fi gtmesistyrstNivipugd NMy trexconiiéuged aptheirefevencelpotantisl 406ar Dpiodingdes
[0082] The cuPPEHEYtor 1> QENITGHSE (RGP Ao U088 (olsrenFaReleatitr 400Nt and
NVB, and a bi@®hd drefepsiics tgdienfigl, WP skcond 6€on[trgﬁ§<§]tg_rlﬂﬁnﬁaf(_ﬁl\g4?§] ?Ib\lflc/g%eO ﬁg?m) 0 of

the first transistor NW is connected to the gate termn t he
second trans{TéRByoMNEL ipsemestsd teyatsecandrmfenciics poNNKI0 and vhenivb) Gecané

connect ed t 0 §AR1RQWikhal RNMS’}S‘} lof 1B d HankiliGr REEQD QodreARg toh2 Second
reference potential.
[0085]  The drain terminal (NMy)p of the second transistor NM, is connected to
the capacitive element C,,.. In this manner, a first controlled terminal (NMy)p of the
first transistor NM4 is connected to the capacitive element C,,;.
[0086] A biasing resistor network 506 connects the first controlled terminal
(NMs;)p of the second transistor NMs to the first reference potential 508. The biasing
resistor network 506 includes a plurality of resistors R; and R; arranged in parallel.
Each 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 controlled
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 Rj).
[0087] The remainder of the tunable 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 C,,,, the switch SW1, the drain terminal of
the (NMa)p of the first transistor NMy [or the first controlled terminal (NM4)p of the
first transistor NM,] and the gate terminal (NM,)g of the transistor NM,. The drain
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In this manner, a control termnal [(NWb)O0O] of the second transistor NVb
is connected to a control termnal [(NWA)0O] of the first transistor NW.
Al so, thewoantwmsi4seermi nal [ (NWVb)0] of the second transiPSTEG20MUBI®T7 al so
connected to a first controlled termnal [(NWb)5] of the second transistor
NVb. [0084] Both the source termnals (NM4)5 and (NWMb)s of the first and the
second transistors NVA and NVb are connected to the reference potenti al
406. Denoting potential \Tad as a first reference potential 508 and
ref erence pot entmazh(NM))ﬁD cifsheatrmmmmefs&foﬁﬁ&@edﬂ@tr@d‘@tbxaiLO Burtéi Qhdce I

controll ed ter %é@l 1]) a5,\Iﬁnef|rst transistor NMdé is connected to a
second ref er &R e stapferente potefahA%-ei n a second control |l ed terninal

[ (NVB) s] of fdmiecqrﬂ@l sbrae Sdritiufi] (N‘Mﬁmf gRNPAGIEA B! Bonraand gler ence

potential. [0085] The drain term nal e sec transis IS
connect ed t os¢aad sefpraece pajential @#emfer@ﬁalpotemaltéﬁ)@s Thedein teaminial G*#MZ)D

capaci ti ve el b tehsleOMNR AP hordied |0 Gbaciof Pl B bl OB B MBE Lt he.
first controthegonsistonNMel (NMs) D of the second transistor NVb to the first
istor network 506 includes a

f | .508. The bi
bl ur el 10y of OPRU: o DS eate Wrentid (MM Goche Hepsiien Nof, iesemeaid ethe
plurality of rdsRfrS10had (RlcapibdoRe). The aRMNRELEL mﬂeofft{]tf ﬁ%ns'is%r%l@lnce

potential 508. A switch SW2 conneCts to the firs ntro term na
(NVB) D of t his coBesstrd te thefssigipoRa 2udBhe qumeentsoutasz.SW2 i s operabl e to connect

the first c |1 opd. tr.ansi st
first refer ggggﬂposﬁe&nt%?glﬁb% %wévgn&)h%nec ?%enpr\flt referencs no, g?‘é"a\“\%%s of the
pl ;J!‘ al i _tydof ctﬂf i siher potérRibl dhd aRZl()je reE?&&Z]ﬁﬂn?xtmenaNanﬁaEgngé 4. gﬁNﬁ%maQI e
r n
e D Ly I ML M s,
[ 0088] The ga['oe91]er nrmmném/bét@ve%dﬁdf& Por@dtS 56 RIrmMY thirg &@é?%%ﬁ@@ﬂm&l?

resi stor gnd capaci t or . The source termnal (NM)s o transi stor
NM is conne ]tt"édtogﬁh?‘h%“tba‘bﬁ&?ﬁ%ﬁlveaelemﬁes Eapatiid Cve elhenpreposedaactive he

switch SWL,  ihBgersl 8hd af 4J3LHRG! %ﬁ%tOE msgglw e(a %Jou%lg'eed fcél cBlie ttcl;}g 93, StﬂM NIVK

[or the first controlled term T sty ranst and
the gate termmbra(dmwm@ilcﬁbd tltmeletneatasmsbf)thel\ﬂh@dbameossjnaglﬂanon technique. (NM ) D
current source 12 and

?Let Pler ts,[ ans#'lgf, g)'ré]sc céonb%etnsatfoglr}? e %vedtbc))/ t{"a?lgllst%}‘ %3 W 1ch 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 (NM,, NM:s) biasing resistors R; and R, using switch SW,. The
control signal for the current mirror 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 (Cyar) 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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[ 0089] The source term nal (NM2)5 of the transistor NM is connected to the
second reference potential (i.e. reference potential 406). The drain

term nal WOIMB)1IDSofs2t he transi stor NMR is connected to capascron/ogwoand t he
source termnal (NM3)s of the transistor NM3. [0090] The gate term nal
(NMB) G of the transistor NM3 is connected to the resistor 510 and the
capacitor Cp. The drain termnal (NMB)D of the transistor NMB is connected
to the resistor Ita and the current source 12. [0091]1n the enbodi nent
shown in Fi gureSpA, Fighee SBrsiibws ehesqiretenp eireiit idadgr®Sfithe ndfcht fler SAAE
potential Vvdd as t reference potential 408 of Figure 4. It wll be
appreci at ed ARV MY E st reference potential 508 may use anot her
potential vajoo®7) [ 0RZhdWe if ENAR agtd i q i f a
third order (Elcti]ve notch filter %ggé%ée%gsglgﬁ thegfnggéggltck(tgﬁsg(%é?ec%ﬁs Cpar a
and C. The prepessaigd dot avRLC nparelledrconfiguratiompatliet RLGpamilelr cofigyativased
grounded casgogle; a i rgtes a.npdj fi.ed igqpl enentagfion of the
f eedback | osg- r eéaﬁgs?élt%y%“éc%ﬁ?ﬁ’g‘%ﬁ&%’ﬁ?“l 8%‘2 I%ﬁ%&%w iﬂ% feﬁlsgﬁﬁ{“é’\/‘éd by
transi stor Meomiecieh ircseeias with shesiaducesr InggSimple valasd &t anedlowki @),-0FpEnsat es
for the Iossis_gg‘glg Q”éhﬁlﬂm hﬁy ggt"u\ée devices in the tunable active

i nductor 502.* FFH ohm#nd Rer={8hME of the notch filter 104 is tunable
by Swi t Chi NQ[UBONCERor e cfabsdifidhts ThowRin Filfes sHVER 41 A5k S&shataley RL and
R2 using switch SW2., The control signal for the current mrror also

control s sw theromhfilterhed eanrbeadstived fromthe folowigyeqpativnsdes a coar se tuni ng
to the overall notch frequency of the notch filter 104. [0094] On t he ot her
hand, fine tuning of the notch filter 104 is achieved by the varactor (C
whi ch can be controlled by an on-chig, BAG (digital to anal og converter).

[ 0095] Si nce both the inductance ngh_%@paci tance of the notch fi4ter 104
are tunable, the active notch filter, 1 Zfzcan cover much wi der notch
frequency range. In the, erltf@vdﬁm%ﬂﬁ%iﬁérwﬁg:ingﬁicgu?(é’) A the frequen(%é
rejection band of the nétch filpeg2 104 4% areand 2 Gz to around 3°6GHz.

w,L, Em8Emr8&ms | Ca +Cys
0=—" "=\/ (G +Cea) (6)

Rlass Cg:l Cdsl g 13
1

ﬁu'gh notch = (7)
h 2”'\' Leq_lowCVAR

1
flow_natch = (8)

2z Loy high (Cpara + CVAR)

Cg1 and Cy; are the gate source capacitances of the transistors M; and M,
respectively. Cqs is the drain source capacitance of the transistor M. gp, gmi and
Zm3 are the transconductances of the transistors M;, M, and M; respectively. g,
8ds2 and gus3 are physical drain conductances of the transistors M;, M, and M;
respectively. Leq tow and Leq nign are respectively the lowest and highest inductance
values of the notch filter 104, determined by which of the transistors NM, 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: (Cp=1 pF,
Cpara=0.8 pF, Cyar=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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Figure 5B shows an equivalent circuit diagramof the notch filter 104 shown
in Figure 1. [0097] As shown in Figure 5B, the tunable active inductor
portion 580 20mmsbe2represented by a RLC paral l el confi gecaisicoo/ovive7 RLC
parall el configuration includes resistors Rth, R oss, capacitor Cmand

I nductor Leq. The resistor Rioss is connected in series with the inductor
Leq. Sanple values are as follows: (Cth=0.5 pF, Leq=5 nH, Rth=2 ohm and

Ri Oss=1 ohm). [0098] For the enbodi ments shown in Figures 5A and 5B, various
paraneters of t en detmich fikdranclddbd an antiveceletaent\(sgk for Qfﬁtdnb@ defiVd ElenB® ‘

SO ons gl TR SRS RS S
change a frequency rejection band of the notch filter 104.

[00100] The front-end architecture 100 provides an integrated solution for inband
and out-of-band interference rejection through the receiver circuit 108 and the
antenna 102. The antenna 102 and the receiver circuit 108 work in conjunction to
provide a high interference rejection. The antenna 102 and -the receiver circuit 108
can be co-designed to achieve the desired inband/out-of-band interference
mitigation.

[00101] In-band frequency refers to the range of around 3 to 5 GHz, while out-of-
band frequency refers to the ranges below 3 GHz or above 5 GHz. As the notch
filter of the receiver circuit 108 is tunable in the range of around 2 to around 3.6 GHz
(i.e. overlapping the lower ranges of both the in-band frequency and the out-of-band
frequency), the notch filter provides a tunable filter that operates in the in-band and
out-of-band frequencies and may be used for unknown interference searching.

[00102] 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.

[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
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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27-14 Leg _|awCvAR 1 eq _high (Cpara CVAR) Cgsi and Cgs2 are the gate
source capacitances of the transistors ML and M2 respectively. Cdsi is the
drai n souwoeonApsaset ance of the transistor M. gm, gm pam$Glondoeoz t he
transconduct ances of the transistors M, M2 and M3 respectively. gdsl, gds2
and gds3 are physical drain conductances of the transistors M, M2 and M3
respectively. Leqg |ow and Leq_high are respectively the | owest and hi ghest

i nduct ance val ues of the notch filter 104, determ ned by which of the
transi stors NVA @End Wihie (lse énvientgpr (ha5A)sernfpaxtt1helaﬂ3arsrhewh aid dedcribed fwigur at i on

i s i nstantaneogusl| ctivated t he it fact f the notch filter
104. Sanpl e valuese ar ®e4Le FS@P@%E““(%QTQ%EL @%ﬁ '% n theprt
Ca=0.5 pF, Rak&GAriolyohangksie Sl aﬂ%télmzﬁg@m@a@%erem%ﬁ&uﬁw artIII%%}nt he

above, and returning to Figure 1, the receiver circuit 108 i1 hcludes a notch
filter (see fiBf SRIFisEngcape %@e hnweptl@lzeas dedined by ke appeml@ml@nsA)The scope tin
the notch fil e

el enent 504 h(;af\elifl% Iglgﬂlgh{gﬂffse%? ° r?rrlfdtrléra\(geﬁa ?#EE% 5 ocr%glg{sgh%)m ﬁf‘gﬁ téh %‘A)
configurabl e Cpmecwahlgetha mheapipgeacd rangf exft dqoivaleacyl offthé hmmotaw therdfoRr 104.
1001001 The fngm%ﬂg ﬁ h|t cture 100 provides an integrated solution for
i nband and odt ARG © ?%3 erence rejection through the receiver circuit
108 and the antenna 102. The antenna 102 and the receiver circuit 108 work
in conjunction to provide a high interference rejection. The antenna 102
and the receiver circuit 108 can be co-designed to achi eve the desired

i nband/ out - of -band interference mtigation. [00101] In-band frequency
refers to the range of around 3 to 5 GHz, while out-ofband frequency refers
to the ranges below 3 GHz or above 5 GHz. As the notch filter of the
receiver circuit 108 is tunable in the range of around 2 to around 3.6 Giz
(i.e. overlapping the | ower ranges of both the in-band frequency and the
out - of - band frequency), the notch filter provides a tunable filter that
operates in the in-band and out-of-band frequencies and nay be used for
unknown interference searching. [00102] Figure 6 shows the neasured
normal i zed receiver front-end transfer function of a receiver circuit built
in accordance to an enbodi nent of the present invention. [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 case is
normalized to its maxi num [00104] It can be seen a maxi mum attenuation of
40 dB and a m nimum attenuation of 20 dB occurs at a frequency of 2.4 GHz.
The maxi num attenuation is achieved when the notch filter of the receiver
circuit is tuned to this frequency. The nmaxi num 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
fromb5.16 Giz to 5.82 GHz. The inband notch produced by the active notch
filter is tunable between 1.9 Giz to 3.3 GHz, where the neasured
attenuation at 3.2 GHz is around 20 dB.
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15] While the invention has been particularly shown and described with
reterence to specific enbodi nents, it should be understood by those skilled
in the arwothatosvaei ous changes in formand detail nay PpeTsadelotob@ori n

wi t hout departing fromthe spirit and scope of the invention as defned by
t he appended cl ains. The scope of the invention is thus indicated by the
appended cl ains and all changes which cone within the neani ng and range of
equi val ency of the clains are therefore intended to be enbraced. CLAIM
1. An antenna conprising: a substrate; a conductive |layer fornmed on a
portion of a top surface of the substrate; a first slot formed within the
conductive | ayer; a conducti veCEAIMS di sposed within the first slot,
t he conductive stub tuned to reject a first frequency band; and a
second sl dt f orAreanteging RPmprisieg:conducti ve | ayer, the second slot tuned to
reject a seconqsh&ﬁg%pncy band. 2. The antenna of claim1l, wherein the
conductive layer 1s drsposed within the substrate, so that the conductive

| ayer is surrourdadictiye hyerdfbaeddn £yl £i0psufadedf thesubdthie;ant enna of

claims 1 or 2, erein the conductive stub is connected to a segnent of the
first slot via? “@éﬁﬂﬁﬁ?@gé” rﬂ&BFmgchH%PY@he conductive stub and the

conductive striaRohdiciivéstlb SRARRE wiRRMUE 62¢ slot, 4he JJh?u@tWe%%arm?Jd t8 r;% {:cq ne of

the precedi ng clains, wherein the second slot Is adjacent to a portion of a
peri met er adirstfrpguensiibaed;iapd | ayer .

a second slot formed within the conductive layer, the second slot tuned to reject a

second frequency band.

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 claims 1 or 2, wherein the conductive stub is connected to a
segment of the first slot via a conductive strip, so that the conductive stub and the

conductive strip form a T-shaped conductor.

4. 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.

5. 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.

6. 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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5. The antenna of any one of the preceding clains, further conprising a
ground plane fornmed on a portion of the bottom surface of the substrate,
wher ei n awgapri@srsts bet ween the ground pl ane and a por carscaootob@obot t om
surface of the substrate corresponding to where the conductive |ayer is
formed on the portion of the top surface of the substrate. 6. The antenna
of any one of the preceding clains, wherein the conductive |ayer has any
one of the follow ng shapes circular, trapezoidal or elliptical.

he antenna of any @ﬁnzp(];f &E%n@é?ﬁl@%&&?diﬁk 3alhR , uM%‘Fe{u? tHe ﬁrge ft!hras;[m Sln%t has
any one of the follow ng shapes circular; rec%angu ar or-e ?lp?léa?. 8.
The ant enrd theffoddwingshdpes cirGylaryieetangulartdrelliptingluct i ve | ayer ‘has a circul ar
shape and the first slot has a circular shape with a radius smaller than a
radi us of the conductive layer. 9. The antenna of any one of the preceding

claims, wser ei ITht hateARe 6NElaidisOf tSSWRHnARE cOdubtive faQbd I NGB RREsHear C.
arrowhead or polygonal. 10. The antenna of clains 3'to 9, whereinthe

conduct i vénd thefirtsletpas g cliedarshensgvitiva radiussrpmiles b a radiet afithe eondudtjvieg, (LI
+ h ) whejgefnotchl is the rejected first frequency band, c is the speed of
light, Er i's the substrate dielectric constant, L1 the Iength of the

T- shaped conductor and h is the shortest gap between a feed point of the
conductivg | ay aqg a(ﬁortion 0 t he top iurfac of Ehe substrate
correspondi ng t 0°AREFE A LY SRS QTeéﬁ%cefi’élgfc RS BHeRHRS Br5PRT IRt BAS a8V hot t om
surface obné bfths tdlkiwing chapeslake, afdwhaddt &pafygehalany one of the preceding
clainms, wherein the second slot is tuned according to the expression

fnotch2 = 2410, VT,. where fnotch2 is the rejected second frequency band, c
i's the spggd ofrnt hidhna & cldithsiae &URREGIAHR DnBh&RE sufb ﬁ%e%%&orﬂﬂ@ gySbot i's

the I ength of the second slot.
the expression

c
-f;lDC =
4 fe, (L +h)
where frocns is the rejected first frequency band, c is the speed of light, ¢, is the substrate
dielectric constant, L; the length of the T-shaped conductor and h is the shortest gap
between a feed point of the conductive layer and a portion 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.

11.  The antenna of any one of the preceding claims, wherein the second slot is tuned
according to the expression
C
f;wtch2 =
2Lxlot\/; '
where fuochz 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.
12. 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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12. The antenna of any one of the preceding clains, wherein the antenna is
adapted to operate in the UMB range, wherein the rejected first frequency
band i s avound/B742CGHz and the rejected second frequencyChscdoiogoeawound 2. 4
GHz. . receiver circuit conprising an antenna as clainmed in any one of the
preceding clains; an anplifier connected to the antenna; and a notch filter
connected to the anplifier. 14. The receiver circuit of claim 13, wherein
the notch filter conprises an active el enment configurable to change a
frequency reject {aa.Band.@to Eﬁean tch filter. 15. The receiver circuit of
claim 14, wherein the active nt has a current mrror configuration,

t he current m rmmntennnﬁsro@lmad lmanyajnle«»\ﬁkheg;réaedingglaaﬁsi nduct ance val ue of the
notch filter, the c rent mr conf ur tion providing coarse tuning of

t he frequency P8 E‘Qﬁ otP ﬂ?eh@ ilter. 16. The receiver circuit
of claim 15, \Araaro&ihrﬁlteheoxﬁle&tedrtcfﬂlktaﬁbhﬁwther conprises a capacitive

el emrent with one term nal connected to the current mrror configuration and
an other term nal connected to the anplifier, the capaci ti ve el enent

rovi di ng {f4 ne f epgcy. ' notch. filter.
27 The reléer vghegF%tf?tCI% ?OFacrﬂr]n}ﬁlgf %e‘ﬁ‘gﬁ#?’ﬁ%@g&ém p\I/.leese ne?r%lnvt is a
var act or . clen@nt fandigneblei tv ehange rdteqersly rgkatiombad®of the hdtch filieer.ei n t he current
mrror configuration conprises: a first transistor, a first controlled
term nal of which connected to the capacitive elenent; and a second

transi st orys. a qoeirélvet Eikdhit et cldin lmlvﬂi&réi@ﬂfé%heéiel'éﬁleﬁ't RNt ullent &lrfgrnal  of
the first transistor, the caontrol term nal of the second transistor also
connect ed “Blgrtjons the cument Grimacandigniatian abewing @@%@h@d@q{ms veluppfthe19. The
receiver %fcﬁ%ﬁerotfl'le(é'uﬁfbﬁp Iﬁﬁ'ror%ﬁﬁ?ﬁrg xérh?ro@wtlﬁégcédrée n (gfttlﬂgrfr gﬁ Lises a
bi asing resistor network to connec th Irst tontro e& ermn of the
second t r apisétiondend of the hiptck filteref er ence potenti al .

16.  The receiver circuit of claim 15, 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.

17.  The receiver circuit of claim 16, wherein the capacitive element is a varactor.
18.  The receiver circuit of claims 16 to 17, 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.
19.  The receiver circuit of claim 18, 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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WO 2011/ 087452PCT/ SG2010/ 000007 20. The receiver circuit of claim 19,
wherein the biasing resistor network conprises a plurality of resistors
arranged wo 2pavmb4sel , each of the plurality of resistoreCtsoneooedot o the
first reference potential; and a switch connected to the first
controlled termnal of the second transistor, the switch operable to
connect the first controlled termnal of the second transistor to the first
ref erence potential through connection via a selected one of the plurality
of resistors. 21. The receiver circuit of clains 18 to 20, wherein a '
second controlled termnal of the first transistor is connected to a second
r ef er ence 2pot efThe adceivancironiter efaii 49, 5eteo¢ia tietiiising tesistol aétWorladoniriséhe second
transistor is conne ted.to.the seco%d.refe nce poéential. 22. The

recei ver circuPtPBRIB 8f fesisioss agranged ippaallel eppd ot dhpuehvelity of devistos band

of the not«,sllihetiehtt@ﬂleifﬁstaéméageI?ot%l;tagdar ound 3.6GHz. 23. The receiver
circuit of clains 13 to 22, wherein the anplifier further conprises:. a

first anplificatswétshsoprgsteddadhe first coptreliadoistmiaahpf fhecatomntratsate, thaher ei n
an out put sfelltt?ﬁ gﬁeriﬂlé ﬁ)t comt 'tlIe' Qttéoﬂf?ol?édqgl%ﬁhﬁ ocf?lpe]? sl%ﬁérgcftr%ngisg)g hc;ntzlgﬁésaot Ot he

second anp I cati on stage and wherern the notch

wher e t herdfereste ppitiaf thoatgh conrstiagevias aneleatd oficcofitheplhedionel @embisf i cati on
stage. 24. The receiver circuit of claims 13 to 23, wherein the anplifier
further conprises a serial resonance network, the serial resonance network

determini ng. a Theeeteney cirqiitsitdlams 1818 20f whBRirPaBLdohll €bntrolRa terhfial 'UECEI Ver
circuit of claim?24, wherein the serial resonance network conprises an

i nduct or  Hfdfizst EapuLon Sreogpsrtrdctoet seoand eefrence potgntiathend wheieines seiondui t  of
claims 2440 Aed tMeiebht B&ohd BILERGYs LEnEGLd P @&%nﬁ) ];eference potential.

22. The receiver circuit of claims 13 to 21, wherein the frequency rejecﬁon band of

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

23.  The receiver circuit of claims 13 to 22, 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.

24, The receiver circuit of claims 13 to 23, wherein the amplifier further comprises
a serial resonance network, the serial resonance network determining a frequency

rejection band of the amplifier.

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

an inductor and a capacitor connected in series.

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

the amplifier is around 1.8 GHz.
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the anplifier is around 1.8 GHz. WD 2011/ 087452PCT/ S&G010/ 000007 27. A
receiver circuit conprising a notch filter, wherein the notch filter

conpri seswanonasiise el enent configurable to change a frequseeyiornegetti on
band of the notch filter.

27. A receiver circuit comprising a notch filter, wherein the notch filter comprises an

active element configurable to change a frequency rejection band of the notch filter.
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