. ; e3e AHADDEG VG H6HTHj.s/ ADAPTABLE MULTI - BAND ANTENNA SYSTEM [ fl 001]
" BACKGROUND OF THE I NVENTI ON The present invention generally is related to
antennas, and particularly is related to adaptable nulti-band antennas.
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~ such thghqg to a quarter wavelength of the frequency of interest. .

o [0003] Such results suggest that one simply should equip a given radio frequency
receiver, trénsmittér, or transceiver, with a half wavelength dipole or quarter waveléngfh'
monopgle as desired. Howeirer, the use bfr a fixed length anténna becomes problemafic
for systems intended to operate a muitiple frequehcy bands. Such multi-band
applications typigally employ so-called multi-band anten_nas‘that' may be configured for .
operation in one of two or more frequency ban.ds. Examples of configurable antennas
rh_ay be found, for exarhple, in United States Patent No. 6,384,797 and in United States
Patent No. 5,541,614, which introduce the use of Micro-Eléctro'-Mechanica!-Switches

(MEMS) to make the length of antennas physically changeabie.
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requency band of interest. For-




. frequency band of the antenna i s set based on the detected frequency.'ThUS, o |

" according to the present invention, an antenna system provi des adapt abl e,
mul ti -band antenna whose effective electrical length and, therefore,
frequency band, changes in response to changes in the detected frequency

[ 0006]

An exenpl ary nethod of antenna adaptati on conprises detecting a

f requenqpoed] an Hdmbél@aurrait%ténaa&,gasﬁﬁs%%@Bﬁﬁ#i@fbgrﬁeés%s?&ﬁif&n' circuit

t-hat includes an . array of frequency-selective sens

rs and, setting

a conbi 'tié@bcﬁiﬂ? iRQlen@abMniafest B %ﬁtuﬁg ﬁggﬁ{%@m& ]aﬁf%ﬁg fkﬁa} géfrrés%loﬁ&ihig vely

openi.ng -and ¢

osing inter-segnent s S 10 configure

SWi t che ARt Eon ' - ' | _Thus, the
axenpl oty oo oo Rondoay, St 4 SRR RUB e A TR o1 g BaLeIl G ol
~ conbi Ratoflird ' ' th e ant

7S a0 ey o Aol AR et R e aRErH AR ARE IS BRI, S Cr et

- The det %hﬂ‘@rﬁﬁ&ﬂbﬁﬁgm%ﬂﬁa’g%Ie%trf&ﬁﬂ&ﬁ mIifﬁfe%Hﬁﬁ%ytagﬁ%ﬁaegﬂqgﬁehggn? .?e;ing }[’"ﬁ\e’e

i'nci dent. on".the Hf

sensor array

antenna system may thus adjust its frequency band to match to the center

~ frequency of a received el ectromagnetic signal. 2 [ 0008] In .an exenplary: L

=,,enbod'i'ment , the antenna Sy'mﬁﬁ%f:

d segnent antenna that

. ‘includes two or nore conducCtlve anteniglislglyﬁ\émcggem th each segnent havi ng
- defi t j e . - segnent itch ( | ectively -
it or coteesst"he e BAfeRRuHioh fah el iRy APPoit EcR e s ban that

}I nt er connect nei g

oring, ace such that a~

onbi né Ae.ant by selectiyel eni —d' 
" epn! neeBBSHTNY SRk hea A S B bR, AR I MR S BB S T e
ot er oot o o2t AU aBrd ERERG Qe PebeBRo I et
it orf ags ety BU IR aRA bol RO g SebatauBiah s Bieordifetos) an
I | : | preuit includes.the af ti d
array of YEFRERTERenin REptFhE SR BbIRd: bolius o SRRl s e
| eduli _ R : ' di
CouD RS il RRb kOGRS BB Bond e Bnd R SSRRAS B Y
circul tchaﬁ'lg%ﬁﬁ%eﬁdbt@ct@&’w %ﬁgal line silicon beam structure that is

"tuned," or is otherwse C

ured, to respond to-a particular frequency:

The contdsdl C! &N biofigb/ s of BRel e AUBRG b chagLh o TmANSLe, vove

that is incident on

e sensor array

nsser 11 Shapeidpnt SSRARRett Sghald o Brtofior Bk B8 e BN S ob10) 10

assertion of

~autput | ReohCS FSREH PR R oo P PR bR b aa Bty Shab e "o cui

 basebandisHEUREERRAEEEhnd BPLeBlED dRfind IR Yos et Bt RmillB i ng
1 equiengspBRORR!Atcnd btk i S RARB A bl DB e 1O G reui

nonitors t.
active.

array,

e resonator o signhal's, Hfield sensor is

0P, T80 ool S A TR R A i 17

- configurable combined segment length, wherein a combined segment length of the

antenna is adjusted responsive to detecting a frequency of a signal of interest. The

detected frequency may be a center frequency of an electromagnétic wave incident on

the H-field sensor array within the detection circuit, and the antenna system may thus

adjust its frequency band to match to the center frequency of a received electromagnetic

. signal.




. 3 - corresponding frequency resonator asserts its resonator output signal

" (detection output signal) for detection by the control circuit. [0011]
Supporting such functionality, an exenplary control circuit includes a :
digital logic circuit, such as a mcroprocessor circuit, that is progranmed
to control the sw tched-segnent antenna responsive to identifying-the -
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- [901 0] in an exemplary embodiment of the de_tection circuit, each H-field sensor
“output signal is coupled to the corresponding frequency resonator circuit througha
, down-converter that mixes the_sénsor oﬁtput signal down to a baseband signal, wh.ich is
then amplified and.input to the corresponding frequency resonator. With this
configuration, then, the control circuit monitors the resonator output signals, to determine

which H-field sensor is active. That is, when an incident waveform impinges on the H-

field sensor array, the sensor having a matching frequency becomes active, and its




. Invention, and upon inspection of the acconpanying draw ngs. However; the
" follow ng details should be understood as .exenplary, and should not be
~construed as limting the present invention: BRI EF DESCRI PTION OF THE
DRAW NGS (0015] Fig. 1 is a diagramof an exenpl ary antenna .system
according to the-present invention. Fig.. 2 is a diagram of exenplary

- detan ) oA BARC] Rl ooty ol sl LB ¢ o d
- .sensor Cééf%ﬂ'fbrgate@tlﬂnsoytgegomﬁolgﬁc di agram of an exenpl ary antenna -

|nterface clrcurt ram of an exenplary switch-segnent
cont 1 gurS9Tns' BipFe opeé"gt%ﬂ%‘t&‘?maﬁﬂeé%ﬁpiasr&Iq%ét‘?'@t%“ﬁn@uﬁ?oaﬁtzn%y bands.
FrSquendPRERGE St & £ BBEStech Mt ieP Bo g aatB bbb dient “ant enna.
ovi t chad"Rehec OO %ﬂaoaéw” SEaf f?l%ﬁhié‘géezgﬁriﬁétrﬁmﬁ%%yb?ﬁt faist r at es
ocor ol he et bhsalof e HRb RN ﬁe;aﬁt&{ogaq.,gt, SePiaban U ARBRar y

“hori zont k att rn for ol.e antenna system accordi ng to the
present -Iéhlnvté'a?"tgj 'ﬁfﬁ* RFE P%\?@E 'wrmmm@wes so-called |

= mtcrocontrollers that offer extens:ve dlgltal /0, and whlch may be preferable for
'monttonng dtscrete detector output s;gnals and for prov:dlng dlscrete control output
: Slgl"laIS for controllmg the antenna mterface
) '[0012] Regardtess, an exemplary antenna interface circuit inclu_des-a'pturality of |
switch lconttol circuits, which may be imblementedras relay control cirouits that each
include a logic circuit_rc-:ou'pled toa relay drive circuit, The reiay drive circuits .each
actuate one or more inter-segment switches in the switohed-segment antenna. An
- exemplary logic circuit provides an input to receive a detect:on output signal, such that
recetvmg an electromagnetlc signal at the detectlon circuit actuates one or more inter-
segment switches in the swﬂched-segment antenna, and further provides an addltlonal
: lnput to receive a mlcroprocessor-controiled signal, such that each relay control Cll’CUIt o
may be driven addmonally or alternatlvely by the control gircuit.
[0013] Comp!ementlng the antenna interface circuit's relay control circuits, an
exemplary switched-segment antenna compnses a non- conducttve central support and
two or more conductlve antenna segments surrounding the support. For example the
central support may be implemented as a central supporting rod, and the conductive
antenna segments may comprise cylindrical segments concentrically surrounding the
eupporting rod. Neighboring segntents, that is adjacent conductive segments are
selectively connected and disconnected by an inter-segrnent switch that is actuated via
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. [0016] Ref erri ng to Fig. 1, an exenplary ant enna -syst'e__m generally
"referred to by the nuneral - 10, conprises a detection circuit 12, a control

. circuit 14, an antenna intertace, circuit 16, and a sw tched- segnent

~antenna 18. In general, the control circuit 14 nonitors the detection
circuit 12, which provides one or nore signals that indicate the frequency
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- mcrocontroll er and the MOTOROLA 68HCO5 mi crocontroller, both of which are
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- Here, aﬁhgﬁﬁcﬁ,hw conprises conductlve segrrents 28, i.e., 28-1 A/ B, 28-2A B,
and so t are selectively interconnected by i nt er - segnent swit ches,
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con i t'{loﬁ'l amc]L lilusz.t}ates 1nger -segment switch conflguratlons for operation of the
anten_na_ln selectable frequency bands.

Fig.. 7 illustrates inter-segment sWitch configurations for selectable frequency
bands for a monOpo.le embodiment of the switched segment antehna.
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so‘on. Wth all sw tches closed, t he conbi ned segnent |ength for each side

" of the di pole is L1 + L2 + L3 + L4 + L5. By setting the open/closed state

of inter-segnent switches SWA/B... SWhA/ B appropri ately, one obtains :
conbi ned segnent | engths that correspond to desired frequency bands: In . an
advant ageous enbodi nent, the length L1 is set to a half wavelength of a

frequency of Figitiliesttates denpar cribisebticial étails foP iHeSswhehediséithdntwavel engt h

of anot her frequency of interest, and so on. For a nonopol e confi guration;

‘the conlaintenhh@fFige! 6 2AETERK ck@fglehs may be set for quarter wavel engths of

‘different-frequencies of interest. [0022] Turning now to exenplary details .~

pu—
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- of setting the matching conbi ned” segnen

ant enna

11 ust r%&ﬁém@@ﬁ’fﬂirﬁ:{ﬁbtﬁ@b?ﬁsbﬁt ififdntibRe array of Hfield sensor circuits 20.

Here, the array includes sensor circuits 20-1 through 20-5, which are

ST T PRI S0 ok KSR i RS O0E i AL, ©

“‘detect 'a different frequency

terest.

Scircuit 20-1 [ f | _
“circuit 34; a local oscillator 36, and a-power anplifier 38. Wth this
~..configuration, -an Hfield sensor output signal is coupled through the

- ‘mat ched i npedance ci rgeTAILED [E@gcmlmpwlgywéﬁr, i.e:, better

conpri'ses an Hfield sensor 30, a matching circuit 32, a m xer

detection sensitivity, into thé mxer circ Xer circuit 34 .
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frequency. "Thus, |ocal osc es at 1.05

TGz to dewpronvEg s ﬁmrate%ngﬁrg%ﬁrns Rt bndhAd Bt 18, 28 HolgnPgpeband

signal . For this exenplary co uration, t'8quenci es

N the olehfilayRIbiof Circud fesi'naQ%%é ﬁna %rr%g%?rﬁ?%ne%c%l s?ﬂcir%ﬁitsgz—g pand 5. 05

GHz. [002y Each Hfield sensor € 'a conductive or resistive

- 1 oop,  ald 5RO UBBIA% dbteed @ag%glt@gamﬁ&@&%@@é@gg@gﬁ;@@ﬁ%@@ 5 in

interest and coupled to a correspo oné 0

an exemﬁaaays.&peﬁééﬂ&gtng r?tnla&? 8??:—5%3&1 r BRLiE 2Bt rlr?hg%?%é@ﬂ?gﬁ%oc@irﬁgntam enna

system are i nplenente rinted circurt boar det ection

e TR Rl AU O s o

SENsOor Sp 34 f bHPS i i ioned on the PCB nearby or at the point where the
SWi tched&@eié%nt gﬁt@%ﬁéasrtw is coupled to the antenna interface. circuit 16.

[0018] H-field sensor output signals from the sensor circuits 20 couple directly or
indirectly to the control circuit 14 for monitoring thereof. Here, the sensor output signals
couple indirectly through an array of radio frequency (RF) resonator circuits 22. Thus, in
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. [0026] Figs. 4A-4C illustrate exenplary details for resonator circuits 22-i

" through 22 5. In general, the resonator circuits 22 should be designed to -
resonate at a desired center frequency, which, for the exenplary enbodi nent
illustrated here, is the 50 MHz baseband frequency provided by m xer '
circuits 34. Also, the quality factor (Q. of the exenplary resonator
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0 the resof |
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physical construction for "an RF resonator circ Includes a -
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42-1 and 42-2, first and sécond electro es

‘addi t i OnAdidgeRithe krrid@bhidrsor aRdik vht her illustrates the use of an optional
rest.ori ng beam 48; _tﬁg use o¥ ﬁfc%bls expl ai ned | ater herein. Fig. 4C
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- Thus, SW1A is opened or closed together with SW1B, SW2A is opened or closed in

unison with SW2B, ahd SO on.
~.

[0021]  Operating under control of the control circuit 14, the antenna interface circuit
16 opens all inter-segment switches to obtain the shortest segment length (L1), closes

SW4A and SW4B to obtain the next shortest combined segment length (L1 + L2), and
7



. :The control circuit 14 determines the detected frequency by identifying
" which particular resonator circuit 22 is active, and generates the

appropriate control signal outputs-for the antenna intertace 16 to _
configure the switched-segnment antenna 18 for a frequency band that is
appropriate for the detected frequency. The m croprocessor circuit 24 of

or otherw se hol

. the contgon. OV Hil bwhéhdsSodeB @b oh ' t. - RLOAr ' store,
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indicate a change in the detecte quency.
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- ,corresp%@'gjffggenﬂrédyé&iéQ& iuﬁ‘l?Fe%?n“y detected frequency, and holds that
: 2 f

configuration untl

~a new dency is detected. [0032] Fig, 5 illustr ateé

 axenp! ane %oy WO P SRl So RS o BBt lng e obp i et on

r o t nSARRghe R S5hBH ORI B o SRR S hstha ol o pur

B

 Turn: canerke 1, PlopPlicnbiet oib oy BRBIN R ool pensclius M, 1"

eray oo e el Pl s Shish hof 208 RO 2 e ke SBATIR Compr i see an
OF 921 caelof iy BELASPUTTS) G s 5kl AP syt
S B b e
circuit ﬁ?d? %y %eeﬁg\;)gf" ?ée%t %ﬂéjl ﬁg@é@%%{%n 'g‘é‘gpfse@ .S°f|%qc-jé,m?‘ﬁ@"%%ﬂg"1%ér§‘ggoa| is
14 To. ariReE gt ofja BeAbebiRF 86 3 ool aFifiherip. Wi WS eEMBiadion  om

yinan oRnEhfda Seniolfius donls bR bMud i bt oo opdirt bt fos ol

5 br ovEBEhh ponErat AR . b el SR IR o ARAGEAL Ut 01 G
1 ou t S Aa0uFeCRHS e farift bboddhigr 4 PasebenlSiabé WERR BT Vel -t o

Corr usp AR BHegbaR bR i s wRb AL Zqor'i@‘%’t*i??ﬁ%ﬁﬁ%ﬁlﬁﬁi%ﬁ?@'owﬁasihmt es
| onds’t . o . the shortest -
ot cot 1 Boaohyf bedsilhf 3Eha X b o iRfuttviRe el bl ol *

Circul t §nd Y maré moderate bandwidth power amplifier circuit. The amplified, baseband signal
output by the power amplifier 38 provides a robust input signal for RF resonator circuit
22-1, which forms an exémpiary part of the array of resonator circuits 22. Note that |

| where the frequencies of interest, i.e., the frequencies to be detected, are within a




. .[0035] Wth the above configuration, receiving an incident el ectromagnetic
wave on the array of detection sensor circuits 20 causes a .particul ar
sensor.circuit to respond, and therefore activates a particular one of the
resonator circuits 22. Activation of a particular resonator circuit 22
- causes assertion of a particular one of the resonator output signals, which

drives tgracticar bty H@gr&p{m fsohtBr EIRYAL200 Md ik éeﬁgbﬂé‘o rﬁQ)( bg the

antenna interface 16, an hereby cl oses the correspondi ng 1 nter-segnent .

swi t ch @oupletiidirbety tothé PesoRaloPBiRcit 181, [ 0036] “For exanpl e, receiving an
i nci dent: wave having a 1 GHz center frequency woul d cause sensor circuit

'20-i to[oezqiond As@ethd, BREIEShSBF SMLHS.R It iébgé',te]ngiis@rtﬁ'tl is%nti@x&g?o n
22-1

correspondi ng resonator circuit , I ch ™ wou assert | output si'_gnal

R Si._Adegdck b‘ﬁfﬁé?énﬁm%iueﬂwﬂntﬁfésgg{@é, R Aol ePbnSdihaA ihﬁﬂéﬁq 'E(gverter '

gate 78 of relay control circuit u present a i ng

input - sidgth frb&u%iél?ét%,baﬁﬂ.éil&,ﬁEﬁfg\/xa%yﬁr@ﬁéﬁﬁiﬁﬁi éﬁ&ﬁ%‘f' rcuit 70-1 |

“on, -whi ch woul'd cl ose I nter-segnel ches _ t he di pol e
ol o dor e 200 SRR BReR 20 Y EROURDLS Hre coRfigdeiicrel CBERRBRISLE  Ch *
 cont ouics aqokehe o oA, CORAMEn, o S IR ARl 4 o ESRUBIRY. 00,
~yand. thuooSien dorSdf SRRy lnfdiel £F8 ch B PoL G R ARere T Or e, i n
- the pebt‘”‘ze?%ﬂ"‘?" ?ﬁ%@%ﬁ%@?‘f’afﬁg?fﬁﬁﬁﬁ puf%éUE%ﬂ-bPéa?_rf ?%%J & Q%ngtea Wn[_ﬁgd
maxi nu%cgg‘?%ﬁ?go? %'é'gﬁgﬁet‘: &F%@Ls'a%&s@% %%bﬁadg\\%]\%{'ﬁpg?g Hﬁ? ary antenna
cont | gut nTBRn Gorolfeti, heIER deche PR AN AP et iy 4 g
and 5 ‘Gae 58 LIS FFRL, .05 Bifihya Llosidig, dot ected fTequency is about 1

GHz, the.m croprocessor circult asserts MS1... M $4 to close

| i;)?t 1 PR P PRI dafbinpr Y Poltuktln 1 BEFR B BEERS e e
: [ ] Gl jt,24 MS2...M &4
e e P R A
S0 g 0 B e D v, 5

frequency Is abod Croprocessor- C 'fes M S3...M54

| ongt - S PanGEHRThopehd G118 Ak Sy B0l B eo e OSBRI

P s e R s T B T AR
350t 80, obuichtod 0L Pl o8 RAMBRA,BIRHLCL 7 o o
that al sersBt80 HBARY postoh&BR the PCB nearby or at the point where the switched-
segment antenna 18 is coupled td the antenna interface circuit 16. |
[0026] Figs. 4A-4-C iIIUstréte exemp.lary detail,s'for'resonator circuits 22-1 through 22-
5. In general, the resonator circuits 22. should be desighed to resonate at a desired
center frequency, which, for the exemplary embodimerﬁ illustrated here, is the 50 MHz

baseband frequency provided by mixer circuits 34. Also, the quality factor (Q) of the

exemplary resonator circuits 22 should be relatively higher, greater than 20,000 for




. SWA/B..: SWMAB, open, for a conbined segnent |ength of Lt, i.e., the

" shortest possible length. [U038 Fig. 7 illustrates similar inter-segnent
“switch operations for a nonopol e version of antenna 18. Here, the conbi ned
segnent | ength may be adjusted fromLi to Li + L2 + L3 + L4 + L5 by

sel ectively opening and closing the inter-segnent -switches SW1...SW, as

O oss- s ep BRI dorRRRot elIRIT R e Ehrel G et (O Wb bl pbosdl, "ot

di pol e '%“u?pégefbﬂﬁﬁl e configurations. A non-conductive central supporting
structure such as a non-conductive support rod, supports the

the condudny Co P B ReRAe A SRR Rt A o RRe Sy Bl cn L hat

~ switch g ? Wwhich preferabl K _
B g e S
 conduct oM 5 2R, St RERRchnd ek od U R g RASES swanve,
whi ch ) . fhat . i it t 1 . b nnected to th .
i o b DR PR LR M TSR eRBIS BRI S ch
6 ana 105 1B eRLR Brodned Rensfoino Rl A lstaes gropaine arical | O
r tivel f ‘h l, nt e 18 in-a dipol fi ation. Th
1 esal t s SRS el asSFny SR wE et sessieios v 40 BoARRCting |
" Gasi r od “BEATLAES R 2 T oS o beiPes Bnd et cble wCRE piopBlsafoes are, 4
respect SPosanian REEBLaSHETRonado GRS Widhay' R jeseoliaing rosaie’ %62 62,
78: 02+ 70, .80..35 4 [193_19.. .and 78.92 + 91 49, f he 1-5 Gz itch
cont 1 ouPEKBcaPatiioRs 54 B 56, A LBS Yok sScurda b 4 Tirst FiH@IOKBE2nA SIPR YT at ol y
‘app_r‘eci %é th%%,- the five detecti onqrre uenci es_used for the exenplary
~di scussi Iﬁag& & S5e8NY, GPURNGTRSISHer 66, AngarseconghRi<£Noke,88.ant enna syst em 10

2o AR, O BB, S Y S e s e
o B8, S8 iy o B0 Sl R S kiR s 1
roeine Bpbut LT ool 8 o S e B sBiwdic =
ComocacBeH Ponhi bl i Wk o S e
Vi ot e IRR o SBlfisSag BRBAR ad W aredeten e oy BRsERel Bt Petcee © °
to” dor oldsoPRRTEIENCY plierin 30 R Seet hed G HBBNG. M AR ERRFRT or m and
P L R G o N R
' (igrrpr ' SER Br mp%{ gi%gl? ‘Realstor§ isﬁ%lﬁidtssonr\ayolgg Lejgedd\;\ﬂ iirtu ?rle gir%giit % I(i:rlmrt gbjriréntt hat '

when the resonator beam is shoned. In this regard, hoWever, resistor 52 preferably is

less than one-fifth the equivalent seriés resistance"of the reéohator to avoid splitting off
- too much of the input RF signal, but the output resistor 66 may be made as large as

practicable for reduced power consumption. Generally, resistor 66 will be sized with

respect to the signal input characteristics of the control circuit 14 and the antenna

interface 16, which may be high-impedance logic gate inputs, for example.
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- signal using a detection - circuit t

. programed or otherw se configufed to set thé conbi ned segnent_léngth of .
“the antenna to a frequency band appropriate for the detected frequency. As
such, the present invention is not limted by the foregoing exenplary

details, but rather is Ilimted only by the follow ng clainms and the
reasonabl e equivalents thereof. 16 CLAIMS Wat is clainmed is: 1. A nmethod

of settijoag) T r fgaRRisARS Morid b behAdose AR RILEBRREISRS! ST N0
antenna segnments that are selectively connected Vvia inter-segnent sw tches,

- Lhe Mot haekealbyithé BasindWhRadd St 60, HRHE R0 FHcIBulcBC B Wpfl SGtdgTRanet | ©

at 1'ncludes an array of -

fr equencyuf@ @ heie ald Vbels@uﬁ:%[‘%cbgoﬁﬁlﬁg?(gilﬁe:reg(gfatlér'?ﬂc&} §,|9 iy tﬂneo‘agﬁ egnent .

| engt h- of the sw tched-segnment ante ective ppeni.ng and cl osi ng

N t h . t . - . . ‘ . . _ L f

T cquency Bande ot irey Bamade SRRV HGe I Bt Pl R Pl PR cant
| ect h&-irsi; rBne ' | £l t ing th

Fr cauencg e AR88R Shoring 01 Re PEcdhall Peafi | ttes BBTRSRIIR TR 10, "

6l et r o PIORSEOCRARET Ak, uPal Fond i i Ko R I0G e 1o

- di fferendy e &l videSRRENCY such that a particular one of the Hfield o
-sensors-responds to the'incident electromagnetic signal. 3. The nethod of

- S o0k L s Rahg & . BRI 565 iE0S o bR
PLural | oual s oBRAR er et Ef 28 b SRR S RHRRY. o1 o
e T8 R T4 SOE HeALAbelnc SEERSd EIER BRI S
et i e 22l Seas 306 RSRIANRY bR o e ASBURSURREC,
) Gnet = Rl gl SRR e B R
Lo SR ot bR L SRS o B e BB Pt ol o
' control circuit 14 is, in at least one embodiment, programmed to store, or otherwise
“hold” this current frequency band configuration until a diffe'rent 6ne of the resonator
circuits 22 becomes active, which wduld indicate a change ih the detected fréquency.
'[0031] Supporting th'is functiona!rity, upon recognizing thét a particutar resonator
~ circuit 22 h'c_ls become active, the microprocessor circuit 24 may remdve the dc bias from
. that resbnator circuit 22, such as by disabling or disconnecting its bias voltage source
- 60. Further, the microprocessor circuit 24 may energize the optional restorer 48 in the
- activated resonator circuit 22 to restore the resonatihg beam 40 to its non-shorted
condition. The microprocessor circuit 24 may leave this particular resonator circuit 22
un-energized until a remaining one of the resonator circuits 22 becomes active,

indicating a change in the detected frequency. With this approach, then, the

microprocessor circuit 24 configures the antenna 18 for a frequency band corresponding

11




., resonator. 5. The nethod of claim3, wherein nonitoring the resonator

" output signals to determ ne which Hfield sensor responded to the incident

el ectronmagnetic signal conprises coupling the resonator output signals to a
m croprocessor circuit that is programred to identify a frequency band for
~the incident electromagnetic signal based on nonitoring the resonator

out put 36 giRAutrenfly 1diRe:oBFHeAAENG) afid ROER fhiar ELVRICHRARI FhPRe Rl 119 the

resonator output signals to an antenna iIn e clrcuit suc
asserti gaiRfeg@ particular resonator output signal actuates a-corresponding
one of the I'nter-segnment switches. 7. The nmethod of claim6, further

_ conpri si 6&2@ urteg’s ﬁfﬁgf_?%ljer n te%méfaaﬁﬂprﬁ)ﬁ %ﬁ%&goﬁgcff itfié.ggrﬂghr?a ihfsrfce circuit

m cropr c.e'_s‘Or crrcurt Q_ _m)_nl.‘t ri’ng, an_. o :
et SRR RIS Al O SRR L2, e
L._EFSL‘ Zggffé?{éffté@“%ﬁeciﬁ%%%ﬁic@ﬁ@ﬂ‘f?ag@%ah{?@ro: i é@palf{fr:ﬂﬁﬁ%%ém‘?%sﬁﬁfESSS;fve -
SRR R S e A R R L A
R R A A

' ileale(rint IESV;W' I ht_' r_ :r'mr_i {3 rfmni, ;V\_@t'chin Sont.rol Wi 're.s ferglrant ﬁe ° :
- inter sSYHAB SIEHE AR HembHa e oo &riR TS Snefes A B8R o2 nna
-~ interf ageq r%@kglp%cfé%hﬁft Itial space defined between the center sup.po‘rt_ |

_and t-he.‘su r I conduct i ng §é-g'mant_s. 19 10. A swi t ched- segnent )
R T b e R e R o
R T Ly e RO A e
sel ecti ¥8|Jré’sp%88ﬂigr}gsoa}n%"ijqrcclirgl.%{ Equttc? & h%grr]lt-aesrsé &¢ lB%%tsigergu.t 6?83&59, if
' different iogic assertion is used,'the 'invérter gate may not be needed. Those skilled in

-ihe art will‘ recognize thét the details of the logic- circuit 72 may be varied as needed or

desired. Here, the exemplary goal is to permit either or both the detectioh Circuit 12 and

_fhe control Circuit 14 io0 drive,.t'he relay control circuits 70. in any case, the output from

logic cifcuit 72 serves as an.input for the relay drive c_ircuit 74, which, in an exemp[ary-

embodiment, qomprises a transistor 80 with an optional'emitter resistor 82.

[0034] in the illustrat_ed example, detection circuit 12 provides five detaction output

signals, R_S1 through R_S8S, all bf which are coupled to the control cfrcuit 14 for

monitofing by the microprocessor circuit 24. Signal‘s R_S1 through. R_54 further are

coupled, respectively, to relay control circuits 70-1 through 70-4. As detection signal

R_S5 corresponds to a detected freqUency of 5 GHz, which requires the shortest

antenna length (ali switches open) it is coupled to control circuit 14 for detection

purposes, but is not used to drive any of the relay control circuits 70.
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~_signal for |nput
r-"iY?fzﬁ.”l ‘iﬁﬁ Fof Pt dafay a6 Rt it A Sﬁﬂééﬁéesrsé HBAEH5H r cquency
TN o s T
R e A il T A
of the riRePRAEt B SRR A% BRSRiMIPek SRRl e ?es&eeer %t claim 15y

p—_

) a detection circuit to detect a frequency of an incident electromagnetic.
" signal; an antenna interface circuit to control the inter-segnent swtches;

and a control circuit to generate control signals for the antenna interface
circuit responsive td nonitoring the detection circuit, and thereby set a
frequency band of the sw tched-segnent antenna based on the detected

f requenqgoss) thWitf{‘ﬁb%gB@fe €0 hfa@iﬁﬁ% %l{llﬁ%%h%en’[ Stbetrahs r?e;ﬂl:ﬁiépéoﬁyﬁ em of

claim 10, wherein etectl n CII’CUI an arra

Sensors. thé’ 8RBy Bpgﬁgcﬁdﬁ SonB&Y difchiitd 54 céqs%g S‘éed(}‘f'%'c& ai]léggs rgﬁéu@gﬁ%ﬁoﬂﬁ f requency

of .the incident ectronmagneti c ‘s1rgna yIrhg a

Gl ect 1 oreaRRiE At iget iﬁmﬁgf‘%ﬁ% % the RlspbFRRERRs 22 ﬁs@ﬁ‘iﬂﬂgﬁﬁﬁﬁe. " the

 Cor r oSpaRTald felorplth R é%?*tﬁ??.e%@'&é@%@w@ YR GRSy
" Fesonat sy e Rhich SR B EPrh el o Fe G ol fen "

i xer c PR ehREs 18 o hepy Bofes R BhmAttitio RefSairied B RRE, ol
si gnal t%lt@h%ﬁ%ﬁ?%&ehégggency signal and anplify the baseband frequency

T r espondi ng frequency resonator. 14.' The antenna

cont o PFSHbGRAE 1, AHBRIBDRGREG <GP Bind TETn efiio i e 2o %ra:L of at

| LE?ZL " Rierbil S BERREH a0 Sl 7R A6 SR o 55 BB s0me o B :f Sones of
o the. SRS Sy B ‘*ﬁ%éw@(eceﬁﬁé’%ﬁﬁqn CEA D ?ﬁo@fwaa@ybféﬁneof cl ai m 16,

—

par 1 cuSroRsE a8 Ehel 2 BB ER-TR SRR i ST ety ol 2y contro

15 ek 8ﬁﬁ%ﬂ%bﬁ%ﬁn$%?ﬁ® R RGeS0 1Y o KNy b | ses o

Cont | uPaeBfetedol B derdeidl F@ZQFG@@EPW%MH%ﬁt%%ﬁ@ﬂw%ﬁwurqt'ﬂat

mat ches é}q

e B PSR o) St SIS o o

closure of all inter-segment swntches Therefore, in response to detecting the 1 GHz

- frequency of interest, the microprocessor circuit 24 would assert all of its output control
signals, M_S1...M_84, and the.r'eby close all inter-segment switches SW1A/B...SW4A/B
to obtain the maximum combined segment length.-
[0037]  Continuing with exémp!ary antenna operations, Fig. 6 illustrates the various

- inter-segment switch configurations for anienné 18 corresponding to 1 GHz, 2 GHz, 3
GHz, 4 GHz, and 5 GHz frequencies of interest. f the detected freqUency is about 1 |
GHz, the microprocessor circuit 24 asserts M_81...M_S4 to close inter-segment
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thé-r_el ay control circuits open and cl ose the I nt er-segnent sw tches .-as'_"

" need to achieve the desired antenna frequency band. 19. The antenna system

of claim 10, wherein the switched-segnenf. antenna conprises a _
non- conductive den#ral support, two or nore conductive segnments surroundi ng

"the central support, and one or nore inter-segnent switches to selectively

R

et

‘connect M@héé@MWBP.rﬂV@WHP% icé{@@gglﬁﬁﬁpﬁlgg S}ér?grtr(;) %Pn‘;-hﬂrﬂé%'\_’b% gyst@n of

claim19, wherein swtch contr e I'nter-segnent

ai m 19, n sw tch _ B eh cgrichn
i oul t (e S LIS} 3f e B PSR R AR BB Ene contral

o §ohedEpidesSH a2t B 3 W SHIRBR B PamePanfiiRe ant onna

L 0 SR Sl A e LT P Al
cam et SBUBRTY| e A0eb BB g AR e S o B L

glr‘]tégtn Pgr?ggﬁgﬂﬂgggfgﬁnagfo%&%t?g er%‘%ﬁrsg‘ﬁ' gﬁ?nsgg‘ﬁﬂ%fﬂé Q’&%éﬁ@”ﬂg ?‘f‘f@ det ection |

| TSR P18 SRR SRR R (o

e confre Al BhoBarGRE b FikIPBRen bl Ce AT Moo gRe Efveu t and &

ona SRANBR e el cHuBlnkBleab BhFiefih LA o 1B B0 58

i cui ¢ R, B bR bbb hebfither o biH A cuR e ReRpPtrisalclfin.

nt t t I gital ' Lrcuit selectiyvel d cl
The. i nt 2 10Ms M I S S Fennd S ool ph i sairebtomibodi onal s (rom the

it cno sV EARE PN boen o BIGA SeBhantebalibe i ettt ST oct i vely

connect Egséflj)lgléﬂbttﬁr' segnent switches, the nmethod conpri sing:

[0038] Fig. 7 iliﬁstrates sirnilar inter—segmeni switch _operatidné, for a monopole
version of antenna 18. Here, the combined segment length may be adjusted from L1 to
Li+i2+13+L4+1L5 by selectively opening and éiosing the inter—segmént switches |

- SW1...5W4, as needed or desired based on the detected fraquency.
[0039] Fig.8isa cross—sectibnal view of an éxemplary switched-segrﬁent antenna
18 for both dipolre and manpoIe configurations. A non-condugctive cehtral_supporting
structure 90, such as a non-conductive support rod, supports the surrounding conductive
antenna segments 28. In .an exemplar'y configuration, the concentrically surrounding |
Conductive segmenté 28 ére sized such that switch signal ‘conducfors 92, which

| preferably are insulated to prevent electrical contac':twith the conductive segments 28,
reside within an interstitial space defined betWeen the central support 90 and the
conductive segments 28. Thus, the inter-segment switches SW1A/B...SW4A/B, which
may be IVIIIEMS, that reside within antenna 18 may be connected to the antenné interface
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- open or closed state of particular 1n

oralt cemnantcrgbRetpaty e a4 AIFRABIRR ARSI BEIRC O Lhono e
he f d :
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- ant enna oA, Wi RO Ghor B R BRGH B0 SRnRF uBRERel Wit Bangi ngan |
center fkieg VH@rﬂﬁfeea?equIIIP% éhﬁcﬁ é?ﬁagﬁ‘ﬂ Sl @pa! 185 c'oPrEasepro%%mg drffonna

. det ectl ng a frequency of an el ectromagnetic signal of interest based on
" nmonitoring a detection circuit that includes an- array of

frequency selective Hfield sensors; and setting a freguency band of the
swi tched segnent antenna based on the detect ed frequency of the -

‘el ectromagnetic signal of interest by controlling he inter-segnent switches

to sel ecairbuefo\r oﬁ@ﬁ!’@%@é sfich SRR G5 S\?l %bng rﬂﬁnﬁﬁg M ink et N2
T urt

segnents. e nmet hod of claim 24, er co mal htal ning the . -
inter- s%ae@w,tﬁwgn@é}eé a current switch configurati on until a new

- frequency is detected vi a the detection circuit. 26. The nethod of claim

25, f ur trbe4ICOMPIgsSH Bﬁ?%ﬁl%ﬁé@'d&ﬁncﬁl %}g&rﬁﬁoﬁ%ﬁt&ﬂaﬁf&%h BHAGHL O 1O change the |

segnent SW s needed to
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- [0042] Indeed, the present invention generally is dlrected to an antenna system that,
in an exemplary embodiment, uses frequency-selective H-field sensors and
corresponding micro RF resonators to detect the center frequency of an incident
electromagnetic waveform, and adapt the slectrical length of a switched-segment

~ antenna responsive to the detected frequency. An exemplary control cireuit supporting
such adaptation comprises a microprocessor circuit or other digital logic circuit that is
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~ invention is not limited by the forégbing exemplary de'tai!s,rxbut rather is limited only by

the following claims and the reasonable equivalents thereof.

-
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 antenna segments that are selectively connected wa mter—segment switches, the -
H “method comprising: 7 |
detecting a frequency of an incident élect'romagnetic sig_nal using a]detect'ion
circuit that inciudes an array of fréquency-selective H-field Sensors; and
settlng a combmed segment fength of the sw:tched-segment antenna by
: selectlve[y openmg and closing the mter-segment swutches to confugure '
the swntched—segment“antenna fqr a_rfrequency band correspondmg to the

detected frequency of the incident electromagnetic signal.

2. The method of claim 1, wherein _detecting the frequency of tne incident

electfomagnetic sfgnal using the detection cirguit éomprises__detecting a centér frequency
* of the incident electromagnetic signal using the array of H-f'_ield sensors, each tuned to a

different cénter frequency such that a particular one of the H-field sensors responds to |

_ the incident electromagnetic signal.

3. The method of claim 1 wherem detecting the frequency of the incident
electromagnetlc signal comprlses '
recelvmg the incident electromagnetlc signal at a pIurallty of H-fxeld sensors,
each tuned to a different frequency response;
coupiing sensor output signals from the plurality of H-field sensors to respet:tiye
onesina plurali_ty of frequenéy resonators; and |
monitoring resonator output signals from the frequency resonators to determine
which H-ﬁéld sensor responded to the incident' electromagnetic signal.
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compnses downoonvertmg each sensor output S|gnal to a baseband frequency signal,
end amplifying the baseband fr_equency signal for mput o the-corresp_ondlng frequency

" resonator.

5. | The method of claim 3 wherem monitoring the resonator output signalsto |

} determlne whlch H-fleld sensor responded to the lnoldent electromagnetlc signal

_ compnses oouphng the resonator output S|gnals to a'mlcroprocessor c;rcuut that is
programmed to identify a frequency band for the mcudent electromagnetlc signal based

~on monltonng the resonator output signals.

6. The method of claim 3, further comprising coupling the resonator output signals
to an antenna interface circuit such that assertion of a particutar resonator output signal

- actuates a corresponding one of the inter-segment switches.

7. 'The method of'claim 6, further comprising further coupling the resonator output
signalsto a mscroprocessor circuit for monitoring, and couplmg mmroprocessor—
controtled switch control signals to the antenna interface c:rcuut such that a controlhng
_ mlcroprocessor circuit opens and closes the inter-segment switches as needed for the
desired frequency band responsive to an assertion of a particutar resonator output

signal.

8. The method of claim 1, further comprising configuring the switched-segment

antenna as a non-conductive center support and one or more series of conducting
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8. Themethod of claim 8, furiher comprising running switching control wires from
the inter-segmeht'switches in the switched segment enfenna to the antehna interface

- within an mterstutlal Space defined between the center support and the surrounding

conductlng segments
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: 7 a swntched-segment antenna that mcludes two or more conductive antenna . -
o segments, each se‘gment having a defined length, and one or more inter-
segment s‘Witches to selectivety interconnect neighboring eegments such .
that a combined segment Iength of the antenna is set by selectlvely
‘opening and closmg the mter—segment swnches
a detect[on circuit to detect a frequency of an mcldent electromagnetic sngnal
- an anterina interface circuit to cont_ro_i the mter-segment switches; and.
| a control circuit to generate contrct signals for the antenna interface circuit
| respcnsive tc _monitoting'tne' detection cirrcu_rit, and thereby set a
frequency band of the switched-segment antenna based on the detected
~ frequency of the incident electromagnetic signat.
11.  The antenna system cf claim 10, wherein the detection circuit includes an array
- of H-field sensors, each tuned to a particularrfrequency,. such that a center frequency of

the incident electromagnetic signal is determined by identifying a particular one of the H-

- field sensors that respcnds to the incident electromagnetic signal.

12.  The antenna system of claim 11, wherein the detection circuit further includes an
array of frequency resonators corresponding to the array of H-field sensors, such that
‘each H-field sensor output signal is coupled to an input of a corresponding frequency

resonator.

1'3.' The antenna system of claim 12, wherein the detection circuit further includes, for

each sensor output signal, a corresponding mixer circuit and amplifier circuit to down-
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o 14.’ The antenna system of claim 12, wherern the c.ontrol circuit monrtors the
detectron carcurt by monitoring | resonator output srgnals from the array of. frequency -
resonators wherem assertron ofa part:cular one of the resonater output srgnals

: |dentsfres the center frequency of the mcadent electromagnetlc signal.

15-.- : The antenna system of clatm 10 wherein the detectlon circuit generates a -
pluratrty of detectlon output s19na|s, witha partrcular detection output signal being

asserted responsrve to the detected frequency of the mcrdent electromagnetic srgnal

16_. The antenna systent of elaim 15, wherein the antenna interface circuit comprises
a pturatity of relay control circuits, each relay control circuit controlling actuation of at
least one inter-segment switch and driyen by a corresponding oné of the detection

| output signals, such that a particular one or particular ones of the inter-segment switches

are closed responsive to the detected frequency of the incident electromagne_tic signal.

17." The antenna system of claim 16, wherein each control signal generated by the
control circuit drives a particular one of the relay controf circuits such that each relay

control circuit may be driven by the detection circuit and by the control circuit.

18. The an‘tenna system of_claim 17, wherein the control circuit comprises a
microprocessor circuit that is programmed to determing a switch configuration
corresponding to a desired antenna frequency band that matches the detected
frequency of the incident electromagnstic signal, and to set the control signals such that
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- the desired antenna frequency band.

- 19, .The antenna system of claim 10, whe'rein the switched segment antenna-
compnses a non- conductlve centraf support two or more conductlve segments :
' surroundlng the central support and one or more mter-segment swutches to selectlvely

connect the two or more conduct!ve segmenis.

20. The antenna system of c!alm 19, wheretn swntch control signal lines from the o
" inter-segment swutches connectmg the lnter-segment swutches to the antenna interface
- circuit run within an mterstltiat space defined between the central support and the

surreunding conductive segments. -
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-3 P A'SWEtched-segmen’; antenna system comprising:
a switched-segment antenna having an ele'ctriéai length that is set by selectively
' opening:ari'd closing a plurality of inter’-segment switches; =
a'd'etec_tion ciréuit to deteét a center freq'u_en'cy of an In_cidehi 'electromagneﬁc
| | signal; and | o | |
" a control and interface circuit to sfet_lt_r-ne electrice! length of the ;'.witched-segment
ahtenn_a based ph .th'e deie_cfed' center frequency of the incident -

electromagnetic signal.

S22, The system of claim 2'1',‘ wherein the detection circuit includes a plurality of H-
_ﬁeld sensors and a correspondihg piurality of resonator circuits, wherein each H-field

sensor is tuned to detect a different center frequency.

23. The system of claim 22, wherein the controi and interface circuit comprisés: |
a digital logic circuit and a switch control circuit;
said -digitai logic circuit having one or mbre signal inputs coupled to the resonator
~ Circuits and one or more signal outputs coﬁpied to the switch control |
circuit; and 7
- said switch control circuit coupfed to the Inter-segment switches of the switched-

segment antenna such that the digital logic circuit selectively opens and
closes the inter-segment switches based on monitoring output sugnals

from the resonator gu‘cunts.
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method comprising: | _ |
, detecting a frequen'cy of an eIectfomagnetic signal of interest based on
momtonng a detechon circuit that includes an array of frequency—se!echve
H-field sensors and |
- settir.ig a fl_'equency band of the_ switched segmént antenna based on the |

detected frequency of the elestrorhaghetic signal'of' interest by sontrolting ,
the inter-segment switches to 'selecﬁ'\_/elyconnect and disconnect

individual ones of the antenna segments.

25.  The method of claim 24, further comprising maintaining the inter-segment |
| ~ switches in a current switch configuration until a new frequency is detected via the

detection circuit.

26.  The method of claim 25, further comprising determining a new switch
configuration to change the open or closed stafe of particular inter—segmerit switches as
needed to change the frequency band of the switched-segment antenna based on the

- new detected frequency.

- 27. The nﬁethod of siaim 24, further compfising changing the frequency band of the
switched-segment antenna as needed resbsnsive to detecting changsd frequencies of
the electromagnetic signal of interest, such that the switched-segment antenna operates
as an adaptable, multi-band an{enna having an electrical length that changes in

response to changing center frequencies of the electromagnetic signal of interest.
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